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(57) ABSTRACT 
The invention described herein relates to methods and com 
positions for treatment of gluten intolerance and related con 
ditions (e.g., celiac disease and gluten sensitivity), or inhibi 
tion of inflammation and/or immune response in the intestine 
due to antigenic food peptides, by administration of a phar 
maceutical composition comprising one or more Nepenthes 
enzymes. 
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COMPOSITIONS AND METHODS FOR 
TREATING GLUTEN INTOLERANCE AND 

DISORDERS ARISING THEREFROM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Application Nos. 62/012,865, filed Jun. 16, 2014, and 62/118, 
396, filed Feb. 19, 2015. The content of each prior application 
is incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

0002 Provided herein are compositions and methods for 
the treatment of gluten intolerance and related conditions, 
Such as celiac disease or gluten sensitivity. Further provided 
herein are compositions and methods for attenuating or pre 
venting intraepithelial lymphocyte (IEL) infiltration induced 
by the presence of food protein antigens in the intestine. Such 
food protein antigens include difficult to digest proline rich 
foods such as proteins found in wheat, barley, rye, etc. that 
contain gluten. Gluten, in particular, is partially hydrolyzed in 
the gastrointestinal tract and can lead to IEL infiltration and 
production of antibodies including endomysial IgA and anti 
tissue transglutaminase. The compositions and methods of 
this invention provide for reduced amounts of such food 
protein antigens in the intestine which, in turn, reduces the 
amount of IEL infiltration of the intestine. 

BACKGROUND OF THE INVENTION 

0003. Several diseases are mediated by reactions to anti 
genic food proteins in Susceptible individuals. For example, 
ingestion of wheat, barley, and rye, which contain antigenic 
food proteins (e.g., gluten) may cause abnormal autoimmune 
responses, such as celiac disease, wheat allergy and dermati 
tis herpetiformis, in gluten intolerant individuals. Gluten is a 
mixture of glutamine- and proline-rich glutenin and prolamin 
protein molecules. 
0004 Celiac disease is an autoimmune disorder affecting 
the small intestine. Most of the individuals having the abnor 
mal autoimmune responses characteristic of celiac disease 
express the human leukocyte antigen (HLA) DQ2 or DQ8 
molecules. Symptoms of the disease are caused by a reaction 
to gluten proteins, and may also include other storage proteins 
in the grain products consumed (e.g. serpins, purinins). Clini 
cally, the disease is detectable in part through the quantitation 
of antibodies specific for gluten and tissue transglutaminase 
(tTG). The autoimmune responses result in the development 
of Small intestinal mucosal villous atrophy with crypt hyper 
plasia and mucosal inflammation. Symptoms of celiac dis 
ease can vary from individual to individual, and may include 
one or more of fatigue, chronic diarrhea, constipation, mal 
absorption of nutrients, weight loss, abdominal distension, 
anemia, as well as a Substantially enhanced risk for the devel 
opment of osteoporosis and intestinal malignancies (lym 
phoma and carcinoma). 
0005 Type I diabetes is a risk factor for celiac disease. 
Autism is also associated with celiac disease, and a gluten 
free diet may help alleviate Some symptoms of autism. Simi 
larly, it is believed that some people with attention deficit 
hyperactivity disorder exhibit fewer symptoms when gluten 
is removed from their diets. Other conditions that may benefit 
from elimination of dietary gluten include rheumatoid arthri 
tis and fibromyalgia. 
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0006 Treatment for gluten intolerance, especially celiac 
disease, commonly involves a lifelong, strict gluten-free diet. 
However, gluten-free diet is inconvenient, restrictive, and 
gluten is difficult to avoid. Therefore, effective alternative 
treatments of gluten intolerance and celiac disease are 
needed. 

SUMMARY OF THE INVENTION 

0007. This invention relates to the discovery that admin 
istration of a pharmaceutical composition comprising one or 
more Nepenthes enzymes as described herein, incombination 
with a potentially antigenic food protein, results in a decrease 
in immune response to the antigenic food protein after inges 
tion, including a decrease in infiltration and/or production of 
intraepithelial lymphocytes in the intestine. Intraepithelial 
lymphocytes are T cells that are interspersed between epithe 
lial cells of the large and small intestine. An increased T cell 
count is an early indicator of inflammation and is potentially 
associated with gluten intolerance, including celiac disease. 
0008. The toxic properties of gluten proteins (e.g., glia 
dins and glutenins) are believed to be largely due to proline 
and glutamine-rich peptides that are produced during incom 
plete degradation of the proteins by human digestive enzymes 
(including pepsin). Gastric and pancreatic endoproteases are 
unable to cleave these toxic or immunogenic peptide byprod 
ucts of incomplete degradation, at least in part due to the fact 
that such enzymes lack specificity for proline and/or 
glutamine. The peptides are believed to cause numerous 
intestinal symptoms in sensitive individuals, including 
intraepithelial lymphocytosis, Villous atrophy, and/or inflam 
mation. Other proteins present in wheat may also be impli 
cated in the autoimmune response, including serpins, purin 
ins, alpha-amylase/protease inhibitors, globulins, and 
farinins. 
0009 T cells are a first responder to antigenic insult (i.e., 
presence of toxic food peptides) in a sensitive individual. T 
cells react quickly to antigen insult and cause inflammation 
and, in Some cases, degradation of the intestine. A reduction 
in T cells in the intestine thus indicates a decreased immune 
response, and is a potential indicator of reduced or eliminated 
symptoms associated with immunogenic food (e.g., gluten) 
consumption in sensitive individuals. 
(0010. Without being bound by theory, it is believed that 
contacting gluten (or other antigenic protein) with a pharma 
ceutical composition as described herein breaks down the 
protein into Small polypeptide fragments that reduces or 
eliminates an immune response (i.e., are not toxic or are less 
toxic). 
0011. It is contemplated that a pharmaceutical composi 
tion as described herein can be used to degrade dietary pro 
teins, particularly proline- and/or glutamine-rich proteins, 
that are not effectively degraded by digestive tract enzymes. It 
is further contemplated that Such degradation would increase 
absorption of the proteins and/or decrease immunogenicity. 
Such a result may have beneficial effects on the symptoms of 
intestinal diseases and disorders (e.g., celiac disease, gluten 
intolerance, irritable bowel syndrome, colitis, Crohn's dis 
ease, food allergies and the like). In one embodiment, admin 
istration of the pharmaceutical composition improves nutri 
ent absorption. 
0012. The pitcher secretions of Nepenthes, a carnivorous 
pitcher plant commonly known as monkey cups in tropical 
regions, include a number of proteases. Concentrated Nepen 
thes pitcher fluid has high specificity for proline- and 
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glutamine-rich gluten peptides. U.S. Patent Application Pub 
lication Nos. 2014/0186330 and 2014/0140980, incorporated 
herein by reference in their entireties, describe the activity 
and specificity of concentrated Nepenthes pitcher fluid and 
recombinant Nepenthes enzymes. The pitcher fluid is acidic, 
and the enzymes therein are generally most active at acidic 
pH. 
0013 Nepenthesin (EC 3.4.23.12) is an aspartic protease 
that can be isolated or concentrated from Nepenthes pitcher 
secretions, as well as a variety of other plant sources. Tökés et 
al., Digestive Enzymes Secreted by the Carnivorous Plant 
Nepenthes macferlanei L., Planta (Berl.) 119,39-46 (1974). It 
has been found that the activity of nepenthesin is higher than 
that of pepsin (EC 3.4.23.1), an enzyme present in the stom 
ach of humans that is partly responsible for degrading food 
proteins into peptides. Nepenthesin has two known isotypes: 
nepenthesin I (known to have two variants: nepenthesin Ia 
and nepenthesin Ib) and nepenthesin II. 
0014. In one aspect, this invention relates to the discovery 
of a novel prolyl endopeptidase, neprosin, which possesses a 
high proteolytic activity for cleaving proline-rich proteins 
and oligopeptides (such as gluten proteins). Neprosin can be 
isolated or concentrated from the pitcher secretions of Nepen 
thes, is active at a broad pH range, and is especially active at 
low pH (e.g., about 3 to 5). The neprosin protein sequence is 
not homologous to any other known protein in the genomic 
databases. Neprosin can efficiently cleave peptides on the 
carboxy (C)-terminal side of proline. This cleavage appears to 
be highly specific. 
0015 Neprosin, nepenthesin I, and nepenthesin II, alone 
or in combination, are able to cleave toxic food peptides into 
Smaller, non-toxic peptides. Because the enzymes are active 
at a broad acidic pH range, digestion by the enzymes can 
initiate in the acidic environment of the stomach. 

0016. This invention is further based on the discovery that 
Such enzyme compositions are capable of degrading food 
protein antigens to a level where the immune response in the 
intestine, as measured by IEL infiltration, is attenuated or 
eliminated when used in combination with food. IEL infiltra 
tion due to the presence of peptidic food antigens) is an early 
biological indicator of sensitivity to food antigen (e.g., glu 
ten). Accordingly, in one aspect, this invention is directed to a 
method for attenuating or preventing an immune response to 
food protein antigens in the intestine of a mammal, which 
method comprises administering to the mammal an effective 
amount of a pharmaceutical composition comprising at least 
one Nepenthes enzyme. In one embodiment, the at least one 
Nepenthes enzyme is nepenthesin I, nepenthesin II, neprosin, 
a variant thereof, or a mixture thereof. In one embodiment, the 
amount of the pharmaceutical composition is effective to 
attenuate or prevent IEL infiltration of the intestine due to the 
presence of the peptidic food antigen(s). In one embodiment, 
the IEL infiltration is due to incomplete digestion of a poten 
tially antigenic food protein by endogenous gastric and/or 
intestinal enzymes. In one embodiment, the composition is 
administered to the mammal prior to ingestion of a potentially 
antigenic food or protein. In one embodiment, the composi 
tion is administered to the mammal withingestion of a poten 
tially antigenic food or protein. In one embodiment, the com 
position is administered to the mammal after ingestion of a 
potentially antigenic food or protein. In one embodiment, the 
composition is administered to the mammal irrespective of 
consumption of a potentially antigenic food or protein. In one 
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embodiment, the potentially antigenic protein is gluten. In 
one embodiment, the potentially antigenic protein is one or 
more wheat proteins. 
0017. In one embodiment, intestinal inflammation is char 
acterized by infiltration and/or proliferation of IELs in the 
intestine. Accordingly, in one aspect, this invention is directed 
to a method for attenuating or preventing intestinal inflam 
mation due to the presence of peptidic food antigen?s) in the 
intestine of a mammal, which method comprises administer 
ing to the mammal an effective amount of a pharmaceutical 
composition comprising at least one Nepenthes enzyme. In 
one embodiment, the at least one Nepenthes enzyme is nepen 
thesin I, nepenthesin II, neprosin, a variant thereof, or a mix 
ture thereof. In one embodiment, the amount of the pharma 
ceutical composition is effective to attenuate or prevent 
intestinal inflammation due to the presence of the peptidic 
food antigenCs). In one embodiment, the intestinal inflamma 
tion is due to incomplete digestion of a potentially antigenic 
food protein by endogenous gastric and/or intestinal 
enzymes. In one embodiment, the composition is adminis 
tered to the mammal prior to ingestion of a potentially anti 
genic food or protein. In one embodiment, the composition is 
administered to the mammal with ingestion of a potentially 
antigenic food or protein. In one embodiment, the composi 
tion is administered to the mammal after ingestion of a poten 
tially antigenic food or protein. In one embodiment, the com 
position is administered to the mammal irrespective of 
consumption of a potentially antigenic food or protein. In one 
embodiment, the potentially antigenic protein is gluten. In 
one embodiment, the potentially antigenic protein is one or 
more wheat proteins. 
0018. In one aspect, this invention is directed to a method 
for attenuating or preventing intraepithelial lymphocytosis 
due to the presence of peptidic food antigenCs) in an intestine 
of a mammal, which method comprises administering to the 
mammal an effective amount of a pharmaceutical composi 
tion comprising at least one Nepenthes enzyme. In one 
embodiment, the at least one Nepenthes enzyme is nepen 
thesin I, nepenthesin II, neprosin, a variant thereof, or a mix 
ture thereof. In one embodiment, the amount of the pharma 
ceutical composition is effective to inhibit intraepithelial 
lymphocytosis in the intestine. In one embodiment, the com 
position is administered to the mammal prior to ingestion of 
a potentially antigenic food or protein. In one embodiment, 
the composition is administered to the mammal with inges 
tion of a potentially antigenic food or protein. In one embodi 
ment, the composition is administered to the mammal after 
ingestion of a potentially antigenic food. In one embodiment, 
the composition is administered to the mammal irrespective 
of consumption of a potentially antigenic food or protein. In 
one embodiment, the potentially antigenic protein is gluten. 
In one embodiment, the potentially antigenic protein is one or 
more wheat proteins. 
0019. In one embodiment, the effective amount of the 
pharmaceutical composition is between about 1 mg and about 
1 g. In one embodiment, the effective amount of the pharma 
ceutical composition depends on the amount of potentially 
antigenic protein consumed. 
0020. In one embodiment, this invention is directed to 
treating and/or ameliorating at least one symptom associated 
with an immune response to the presence of gluten or other 
antigenic protein in the intestine of a patient. Symptoms 
include, without limitation, "foggy mind', depression, anxi 
ety, ADHD-like behavior, abdominal pain, bloating, diarrhea, 
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constipation, headaches, migraines, bone or joint pain, 
chronic fatigue, Small intestine damage, development of tis 
Sue transglutaminase (tTG) antibodies, severe acne, Vomit 
ing, weight loss, irritability, iron-deficiency anemia, arthritis, 
tingling numbness in the extremities, infertility, and canker 
sores of the mouth. 

0021. In one aspect, this invention is directed to a method 
for attenuating or preventing villous atrophy due to the pres 
ence of peptidic food antigenCs) in an intestine of a mammal, 
which method comprises administering to the mammal an 
effective amount of a pharmaceutical composition compris 
ing at least one Nepenthes enzyme. In one embodiment, the at 
least one Nepenthes enzyme is nepenthesin I, nepenthesin II, 
neprosin, a variant thereof, or a mixture thereof. In one 
embodiment, the potentially antigenic protein is degraded by 
the pharmaceutical composition so as to inhibit villous atro 
phy in the intestine. In one embodiment, the potentially anti 
genic protein is gluten. In one embodiment, the potentially 
antigenic protein is one or more wheat proteins. 
0022. In one aspect, this invention is directed to a method 
for reducing T cell response to a peptidic food antigen, the 
method comprising contacting the peptidic food antigen with 
an effective amount of a pharmaceutical composition com 
prising at least one Nepenthes enzyme. In one embodiment, 
the at least one Nepenthes enzyme is nepenthesin I, nepen 
thesin II, neprosin, a variant thereof, or a mixture thereof, 
under conditions wherein said antigen is degraded so as to 
reduce T cell response to the antigen. In one embodiment, T 
cell response in an intestine of a mammal is reduced. In one 
embodiment, the antigen is contacted with the pharmaceuti 
cal composition in the stomach of a mammal. In one embodi 
ment, the antigen is contacted with the pharmaceutical com 
position ex vivo. In one embodiment, the antigen is gluten. In 
one embodiment, the antigen is an immunotoxic gluten pro 
tein. 

0023. In one aspect, this invention is directed to a method 
for attenuating or preventing a manifestation of celiac disease 
arising from the presence of partially hydrolyzed wheat pro 
tein in an intestine of a patient having celiac disease, com 
prising administering to the patient an effective amount of a 
pharmaceutical composition comprising at least one Nepen 
thes enzyme. In one embodiment, the at least one Nepenthes 
enzyme is nepenthesin I, nepenthesin II, neprosin, variant 
thereof, or a mixture thereof. So as to attenuate or prevent a 
manifestation of celiac disease. 

0024. In one aspect, this invention is directed to a method 
for improving digestibility of a protein from a food in a 
mammal with an intestinal disorder, which method comprises 
administering to the mammal an effective amount of a phar 
maceutical composition comprising at least one Nepenthes 
enzyme. In one embodiment, the at least one Nepenthes 
enzyme is nepenthesin I, nepenthesin II, neprosin, variant 
thereof, or a mixture thereof, under conditions wherein the 
protein in the food is degraded by the pharmaceutical com 
position. In one embodiment, degradation of the protein 
improves absorption of the protein in the intestine. In one 
embodiment, at least one symptom of the disorder is attenu 
ated or prevented. In one embodiment, the intestinal disorder 
is Crohn's disease, irritable bowel syndrome, or colitis. In one 
embodiment, protein absorption from the food is increased. 
0025. In one aspect, this invention is directed to a method 
for treating insufficiency of pancreatic enzymes in a patient in 
need thereof, comprising administering to the patient an 
effective amount of a pharmaceutical composition compris 
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ing at least one Nepenthes enzyme. In one embodiment, the at 
least one Nepenthes enzyme is nepenthesin I, nepenthesin II, 
neprosin, variant thereof, and a mixture thereof. In one 
embodiment, one or more pancreatic enzymes in adminis 
tered. The one or more pancreatic enzymes may be adminis 
tered concurrently with the pharmaceutical composition, or at 
a different time. In one embodiment, the pancreatic enzyme is 
a lipase, an amylase, a protease, or a mixture thereof. In one 
embodiment, the insufficiency of pancreatic enzymes is due 
to pancreatitis, cystic fibrosis, Shwachman-Bodian-Diamond 
syndrome, gallstones, lupus, celiac sprue, pancreatic cancer, 
or pancreatic Surgery. In one embodiment, the pancreatitis is 
chronic pancreatitis. 
0026. In one embodiment, the Nepenthes enzyme is con 
centrated, isolated, or extracted from the pitcher fluid of a 
Nepenthes plant. In one embodiment, the Nepenthes enzyme 
comprises recombinant nepenthesin I, recombinant nepen 
thesin II, recombinant neprosin, a variant thereof, or a mix 
ture thereof. 
0027. In one embodiment, the variant thereof comprises a 
protein, the amino acid sequence of which has at least 85% 
sequence homology to the amino acid sequence selected from 
the group consisting of SEQID NO.1, SEQID NO. 5, SEQ 
ID NO.: 6, SEQID NO. 7, SEQID NO.: 8, SEQID NO.:9, 
SEQ ID NO. 20, and SEQID NO. 21. In one embodiment, 
the variant thereof comprises a protein, the amino acid 
sequence of which has at least 85% sequence homology to the 
amino acid encoded by the cDNA selected from the group 
consisting of SEQ ID NO.:2, SEQ ID NO.:4, and SEQ ID 
NO:14. 

0028. In one embodiment, the food is a liquid. In one 
aspect, the food is a solid. In a preferred embodiment, the 
pharmaceutical composition is orally administered. 
0029 Even when a patient adheres to a strict gluten-free 
diet, gluten is hard to avoid. Numerous foods, particularly 
processed foods, are contaminated with Small amounts of 
gluten. Consumption of even minute amounts of gluten can 
lead to a recurrence of symptoms in a patient with celiac 
disease. Such is also true of other potentially immunogenic 
foods. 
0030. In one embodiment, the pharmaceutical composi 
tion is administered irrespective of whether the patient has 
ingested (e.g., knowingly ingested) afood containing a poten 
tially immunogenic protein. In one embodiment, the pharma 
ceutical composition is administered on an as-needed basis, 
e.g., before, during, and/or after a meal that might be con 
taminated by a potentially immunogenic protein, or in which 
the potentially immunogenic protein content is unknown. In 
one embodiment, the pharmaceutical composition is admin 
istered on a regular basis. In one embodiment, the pharma 
ceutical composition is administered at least one time per day. 
In one embodiment, the pharmaceutical composition is 
administered two, three, four, or more times per day. In one 
embodiment, the pharmaceutical composition is adminis 
tered in conjunction with (e.g., before, during, or after) each 
meal and/or Snack. In one embodiment, the pharmaceutical 
composition is included as part of a Sustained release formu 
lation where there is a continuous release of enzyme(s) to 
allow for intermittent Snacking, etc. without regard to the 
antigenic protein content of the food. 
0031. In one embodiment, the pharmaceutical composi 
tion is maintainedinanaqueous system at about pH2 wherein 
the free amino groups of said enzyme are charged. In one 
embodiment, the composition is maintained at neutral pH 
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prior to contact with acids in the stomach. In one embodi 
ment, the pharmaceutical composition comprises a pharma 
ceutically acceptable buffer, such that the pH of the compo 
sition remains at pH 5 or 6 upon contact with acids in the 
stomach. 

0032. In one embodiment, the effective amount of phar 
maceutical composition is between about 1 mg and about 1 g. 
In one embodiment, the effective amount of pharmaceutical 
composition is between about 1 mg and about 1 g per 1 g 
Substrate (e.g., gluten or other potentially immunogenic pro 
tein). In one embodiment, the pharmaceutical composition 
comprises more than one of nepenthesin I, nepenthesin II, 
neprosin, or a variant thereof. 
0033. In one embodiment, the mammal is a human. In one 
aspect, the human Suffers from gluten sensitivity or celiac 
disease. In one aspect, it is contemplated that intestinal anti 
gen protein sensitivity correlates, directly or indirectly, with 
attention deficit hyperactivity disorder, autism, rheumatoid 
arthritis, fibromyalgia, and/or dermatitis herpetiformis. It is 
further contemplated that removing Such antigenic intestinal 
proteins from the intestine using compositions of this inven 
tion will have a positive effect on attention deficit hyperac 
tivity disorder, autism, rheumatoid arthritis, fibromyalgia, 
and/or dermatitis herpetiformis. In a preferred embodiment, 
the human Suffers from celiac disease. 
0034. In one aspect, this invention is directed to a pharma 
ceutical composition comprising nepenthesin I, nepenthesin 
II, neprosin, variant thereof, or a mixture thereof. In a pre 
ferred embodiment, the pharmaceutical composition com 
prises neprosin or a variant and/or salt thereof. In a further 
preferred embodiment, the pharmaceutical composition fur 
ther comprises at least one additional Nepenthes enzyme. In 
one embodiment, the additional Nepenthes enzyme com 
prises nepenthesin I, nepenthesin II, a variant thereof, and/or 
a salt thereof. 
0035. Without being bound by theory, it is believed that 
nepenthesin I, nepenthesin II, and neprosin are less active or 
substantially inactive at neutral to basic pH. This can be 
important where there is a potential for undesirable digestion 
by the enzyme(s). For example, where the pharmaceutical 
composition is administered orally, buffering of the compo 
sition to pH 6.5 or greater may result in a less active form of 
the enzyme(s) such that the oral mucosa, esophageal mucosa, 
and other cells that may come into contact with the compo 
sition will not be digested by the enzyme(s) therein. Likewise, 
when the composition is added to a food, the buffered enzyme 
(s) will be unable to (or less able to) digest the food before it 
is consumed. In Such situations, introduction of the compo 
sition to the acidic environment of the stomach will result in 
a decrease in the pH and activation of enzyme(s). 
0036. In one embodiment, the pharmaceutical composi 
tion is buffered to about pH 6.5 or higher. In a preferred 
embodiment, the composition is buffered to about pH 6.5 to 
about pH 8.5. In one embodiment, the composition is in liquid 
form. In one embodiment, the composition is in Solid form. In 
one embodiment, the pH of the composition is adjusted in 
liquid form and the composition is dried to form a solid. 
0037. In one embodiment, the pharmaceutical composi 
tion comprises one or more additional proteases. In one 
embodiment, the one or more additional protease is an aspar 
tic protease, a serine protease, a threonine protease, a cysteine 
protease, a glutamic acid protease, or a metalloprotease. In 
one embodiment, the pharmaceutical composition comprises 
one or more additional exoproteases, such as, leucine ami 
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nopeptidases and carboxypeptidases. In one embodiment, the 
one or more additional protease is trypsin. In a preferred 
embodiment, the one or more additional protease is active at 
acidic pH (e.g., pH 2-6). 
0038. In one aspect, the invention is directed to a formu 
lation comprising the pharmaceutical composition of the 
invention, wherein the enzyme(s) is present in a delayed 
release vehicle Such that the enzyme(s) is released continu 
ously while the formulation is present in the stomach. In one 
embodiment, the formulation has a pH of greater than about 5 
prior to contact with acids in the stomach. In one embodi 
ment, the formulation comprises a biologically acceptable 
buffer, such that the pH of the composition remains at about 
pH 5 or 6 for at least a period of time upon contact with acids 
in the stomach. 

0039. In one embodiment, the invention is directed to a 
unit dose formulation of the pharmaceutical composition. For 
example and without limitation, the unit dose may be present 
in a tablet, a capsule, and the like. The unit dose may be in 
solid, liquid, powder, or any otherform. Without being bound 
by theory, it is envisioned that a unit dose formulation of the 
pharmaceutical composition will allow for proper dosing 
(e.g., based on the amount of immunogenic protein ingested) 
while avoiding potential negative side effects of administer 
ing an excessive amount of the composition. 
0040. In one embodiment, the invention is directed to a 
proenzyme form of the nepenthesin I, nepenthesin II, nepro 
sin, and/or variant thereof. In one embodiment, a propeptide 
is present on the enzyme. In a preferred embodiment, the 
propeptide is removed by acidic pH, thereby activating the 
enzyme. In one embodiment, the propeptide comprises the 
naturally-occurring propeptide amino acid sequence for the 
enzyme. In one embodiment, the propeptide is an artificial 
propeptide or a meterologous propeptide (i.e., an acid-labile 
propeptide from a different protein and/or species). 

BRIEF DESCRIPTION OF THE DRAWINGS 

0041 FIG. 1 shows an alignment of the protein sequences 
for nepenthesin Ifrom Nepenthes mirabilis (SEQID NO. 5), 
Nepenthes alata (SEQID NO.: 6), Nepenthes gracilis (SEQ 
ID NO.: 7), Zea mays (SEQ ID NO.: 10), and Oryza sativa 
(SEQID NO. 11), and nepenthesin II from Nepenthes mira 
bilis (SEQID NO. 8), Nepenthes gracilis (SEQID NO.: 9), 
Oryza sativa (SEQID NO. 12), and Zea mays (SEQID NO.: 
13). 
0042 FIG. 2 indicates the sizes of recombinant nepen 
thesin proteins. A: Coomassie-stained gel of nepenthesin I. B: 
MALDI-TOF MS analysis of acid activated nepenthesin I. C: 
Coomassie-stained gel of nepenthesin II. D: MALDI-TOF 
MS analysis of acid activated nepenthesin II. 
0043 FIG. 3 indicates the sizes of natural nepenthesin I 
and nepenthesin II (pooled from 2-3 species) by MALDI 
TOF MIS. 

0044 FIG. 4 is a photograph of a Coomassie-stained gel 
SDS-PAGE gel indicating the molecular weights of gluten 
fragments after digestion with recombinant nepenthesin II, 
Nepenthes extract, or pepsin. 
0045 FIG. 5A is a photograph of vials containing a slurry 
of gluten protein digested with pepsin (40 g) or the indicated 
amount of recombinant nepenthesin I or recombinant nepen 
thesin II. FIG. 5B is a photograph of vials containing a slurry 
of gluten protein digested with pepsin (40 g) or the indicated 
amount of Nepenthes extract. The vials incubated with nepen 
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thesin or Nepenthes extract are less cloudy than the pepsin 
vial, showing more vigorous digestion of gluten. 
0046 FIG. 6 shows the average length of all peptides 
identified from digestion of gliadin from wheat with enriched 
Nepenthes fluid, using LC-MS/MS, after 1, 5, 10, 15, 30, 60, 
130, 360 or 810 minutes at 37° C. A 95% confidence cut-off 
(p<0.05) on the scores were used to REDUCE false positive 
identification. Relative standard deviation of the peptide 
length is shown in the inset figure. 
0047 FIG. 7 displays the number of peptides identified by 
LC-MS/MS after 1, 5, 10, 15, 30, 60, 130,360 or 810 minutes 
digestion at 37°C., grouped by length. Data as in FIG. 6. 
0048 FIG. 8 displays the same data as in FIG. 6, as a 
cumulative probability of obtaining a certain length after 10, 
60, 120,360 or 810 minutes digestion at 37° C. 
0049 FIG.9 shows cleavage preferences at (A) the P1 or 
N-terminal side of the cleavage site and at (B) the P1’ or 
C-terminal side of the cleavage site for the indicated enzymes. 
Left bars for each residue indicate digestion with Nepenthes 
extract, the middle bars indicate digestion with purified 
Nepenthes extract, and the right bars with recombinant 
nepenthesin I. The % cleavage represents the number of 
observed cleavages at the given residue, relative to the total 
number of peptides present. Data were obtained from digests 
of gliadin. 
0050 FIG. 10 shows the ion exchange purification profile 
for Nepenthes fluid. Peaks corresponding to neprosin and 
nepenthesin are indicated by arrows. The boxed region indi 
cates the collected fractions. 

0051 FIG. 11 shows body weights of mice during the 
course of treatment. Negative control (O) animals were not 
challenged with gliadin. Positive control () animals were 
challenged with gliadin digested by pepsin. Treatment 1 (A) 
animals were challenged with gliadin digested with Nepen 
thes extract. Treatment 2 (V) animals were challenged with 
gliadin digested with recombinant nepenthesin II. 
0052 FIG. 12 is a photograph of the immunohistochem 
istry for CD3-positive IELs in the intestine of treated mice. 
0053 FIG. 13 shows the average number of CD3-positive 
intraepithelial lymphocytes (IELs) per 100 enterocytes in the 
intestine for each treatment group. *p-0.05: ***p<0.001 
0054 FIG. 14 shows the average villous to crypt ratios for 
each treatment group. 
0055 FIG. 15A shows a sampling of the portions of glia 
din that are digested by neprosin, as detected by data-depen 
dent LC-MS/MS. 

0056 FIG.15B shows the digestion profile of gliadin after 
digestion with neprosin. Periods indicate cleavage sites. 
0057 FIG.16 shows the location of polymorphisms in the 
amino acid sequence of neprosin from different species of 
Nepenthes. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0.058. It is to be understood that this invention is not lim 
ited to particular embodiments described, as such may, of 
course, vary. It is also to be understood that the terminology 
used herein is for the purpose of describing particular 
embodiments only, and is not intended to be limiting, since 
the scope of this invention will be limited only by the 
appended claims. 
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0059. The detailed description of the invention is divided 
into various sections only for the reader's convenience and 
disclosure found in any section may be combined with that in 
another section. 

I. DEFINITIONS 

0060. Unless defined otherwise, all technical and scien 
tific terms used herein have the same meanings as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although any methods and materials simi 
lar or equivalent to those described herein can be used in the 
practice or testing of the present invention, the preferred 
methods, devices, and materials are now described. All tech 
nical and patent publications cited herein are incorporated 
herein by reference in their entirety. Nothing herein is to be 
construed as an admission that the invention is not entitled to 
antedate such disclosure by virtue of prior invention. 
0061. As used in the specification and claims, the singular 
form “a”, “an and “the include plural references unless the 
context clearly dictates otherwise. 
0062. As used herein, the term “comprising is intended to 
mean that the compositions and methods include the recited 
elements, but not excluding others. “Consisting essentially 
of when used to define compositions and methods, shall 
mean excluding other elements of any essential significance 
to the combination. For example, a composition consisting 
essentially of the elements as defined herein would not 
exclude other elements that do not materially affect the basic 
and novel characteristic(s) of the claimed invention. “Con 
sisting of shall mean excluding more than trace amount of 
other ingredients and Substantial method steps recited. 
Embodiments defined by each of these transition terms are 
within the scope of this invention. 
0063 As used herein, a “potentially antigenic food or 
protein' is any food or protein that can cause an immune 
and/or inflammatory response in the intestine of a sensitive 
individual. In a preferred embodiment, the individual is a 
human and the food is a food intended for human consump 
tion. Potentially antigenic foods include, without limitation, 
wheat, rye, barley, peanuts, nuts and seeds. In one embodi 
ment, potentially antigenic proteins from these foods include 
prolamin proteins, 2S albumins, non-specific lipid transfer 
proteins, bifunctional C-amylase/protease inhibitors, soy 
bean hydrophobic protein, indolines, gluten, serpins, purin 
ins, alpha-amylase/protease inhibitors, globulins, and farin 
ins. In a preferred embodiment, the potentially antigenic 
protein (or peptide) is rich in proline and/or glutamine resi 
dues. In an especially preferred embodiment, the potentially 
antigenic protein is gluten. In another preferred embodiment, 
the potentially antigenic protein is a wheat protein. 
0064. As used herein, the term “gluten' generally refers to 
the proteins present in wheat or related grain species, includ 
ing barley and rye, which have potential harmful effect to 
certain individuals. Gluten proteins include gliadins such as 
C-gliadins, B-gliadins, Y-gliadins and ()-gliadins, which are 
monomeric proteins, and glutenins, which are highly hetero 
geneous mixtures of aggregates of high-molecular-weight 
and low-molecular-weight subunits held together by disulfide 
bonds. Many wheat gluten proteins have been characterized. 
See, for example, Woychiketal. Amino Acid Composition of 
Proteins in Wheat Gluten, J. Agric. Food Chem., 9(4), 307 
310 (1961). The term gluten as used herein also includes 
oligopeptides that can be derived from normal human diges 
tion of gluten proteins from gluten containing foods and 
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cause the abnormal immune response. Some of these oli 
gopeptides are resistant to normal digestive enzymes. Gluten, 
including the above-mentioned proteins and oligopeptides, is 
believed to act as an antigen for T cells (e.g., IELs) in patients 
with gluten intolerance (e.g., celiac sprue). The term gluten 
also refers to denatured gluten, Such as would be found in 
baked products. 
0065. As used herein, the term “gluten sensitivity and 
related conditions' refers to any condition stemming from 
intolerance or sensitivity to gluten proteins or peptides. These 
include, without limitation, celiac sprue (celiac disease), 
wheat allergy, gluten sensitivity, gluten-sensitive enteropa 
thy, idiopathic gluten sensitivity, and dermatitis herpetifor 
mis. Related conditions also include, without limitation, 
autism, attention deficit hyperactivity disorder (AMID), 
rheumatoid arthritis, fibromyalgia, Crohn's disease, nutrient 
maladsorption, and irritable bowel syndrome (IBS). 
0066. The term “neprosin” refers to a prolyl endoprotease 
with a molecular weight of approximately 29 kilo Daltons 
(kDa). Neprosin can be isolated from the pitcher secretions of 
Nepenthes species. Neprosin cleaves proteins carboxy-termi 
nal to proline, with high specificity. The enzyme is active at 
about pH 2 to about pH 6. In one embodiment, neprosin has 
the amino acid sequence of SEQ ID NO.: 1. The neprosin 
amino acid sequence is not homologous to any other known 
protein. In one embodiment, neprosin is encoded by the 
cDNA sequence of SEQ ID NO.: 2. In one embodiment, 
neprosin comprises a signal sequence. In one embodiment, 
the signal sequence comprises the amino acid sequence of 
SEQID NO. 3. In one embodiment, neprosin does not com 
prise a signal sequence. 
0067 Neprosin includes all isoforms, isotypes, and vari 
ants of neprosin, recombinant neprosin, and salts thereof. 
Salts refer to those salts formed by neprosin with one or more 
base or one or more acid which retain the biological effec 
tiveness and properties of the free neprosin, and which are not 
biologically or otherwise undesirable. Salts derived from 
inorganic bases include, but are not limited to, the Sodium, 
potassium, lithium, ammonium, calcium, magnesium, iron, 
Zinc, copper, manganese, aluminum salts and the like. Salts 
derived from organic bases include, but are not limited to, 
salts of primary, secondary, and tertiary amines, Substituted 
amines including naturally occurring Substituted amines, 
cyclic amines and basic ion exchange resins, such as isopro 
pylamine, trimethylamine, diethylamine, triethylamine, 
tripropylamine, ethanolamine, 2-dimethylaminoethanol, 
2-diethylaminoethanol, dicyclohexylamine, lysine, arginine, 
histidine, caffeine, procaine, hydrabamine, choline, betaine, 
ethylenediamine, glucosamine, methylglucamine, theobro 
mine, purines, piperazine, piperidine, N-ethylpiperidine, 
polyamine resins and the like. Acids that can form salts 
include, but are not limited to, inorganic acids such as hydro 
chloric acid, hydrobromic acid, Sulfuric acid, nitric acid, 
phosphoric acid and the like, and organic acids such as acetic 
acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, 
maleic acid, malonic acid, Succinic acid, fumaric acid, tartaric 
acid, citric acid, benzoic acid, cinnamic acid, mandelic acid, 
methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic 
acid, salicyclic acid and the like. 
0068 Examples of proteases include, without limitation, 
aspartic proteases, serine proteases, threonine proteases, cys 
teine proteases, glutamic acid proteases, and metallopro 
teases. Proteases that can be useful in the present invention 
include, without limitation, BACE, cathepsin D, cathepsin E, 
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chymosin (or “rennin'), napsin, pepsin, plasmepsin, preseni 
lin, renin, trypsin, chemotrypsin, elastase, and cysteine 
endoprotease (EP) B2 (also known as EPB2). Proteases 
include those described, for example, in U.S. Pat. Nos. 7.320, 
788; 7.303,871; 7,320,788; 7,628,985; 7,910,541; and 7,943, 
312. PCT Pat. Pub. Nos. 2005/107786; 2008/115428; 2008/ 
115411; 2010/021752; 2010/042203; 2011/097266 each of 
which is expressly incorporated herein by reference. In a 
preferred embodiment, the at least one additional protease is 
active at acidic pH. Such as that found in the stomach (e.g., pH 
1.5 to 3.5). 
0069. The term "nepenthesin refers to the aspartic pro 
tease having the Enzyme Commission number EC 3.4.23.12. 
and includes all isoforms, isotypes, and variants of nepen 
thesin Such as nepenthesin I and nepenthesin II, nepenthesin 
isoforms, and recombinant nepenthesin, and salts thereof. 
Nepenthesin (EC 3.4.23.12) is an aspartic protease of plant 
origin that can be isolated or concentrated from a variety of 
plant Sources, such as the pitcher secretions of Nepenthes, a 
carnivorous pitcher plant, commonly known as monkey cups 
in tropical regions. Nepenthesin is described in detail in U.S. 
patent application Ser. No. 13/843,369, filed Mar. 15, 2013, 
which is incorporated herein by reference in its entirety. 
Sequence alignment of the known nepenthesin protein 
sequences (and putative nepenthesin protein sequences) is 
shown in FIG. 1. 

0070. In one embodiment, “effective amount refers to 
that amount of a composition that results in inhibition or 
amelioration of symptoms in a subject or a desired biological 
outcome, e.g., improved clinical signs, delayed onset of dis 
ease, etc. The effective amount can be determined by one of 
ordinary skill in the art. The selected dosage level can depend 
upon the severity of the condition being treated, and the 
condition and prior medical history of the mammal being 
treated. However, it is within the skill of the art to start doses 
of the composition at levels lower than required to achieve the 
desired therapeutic effect and to gradually increase the dos 
age until the desired effect is achieved. 
(0071. The term “manifestations of celiac disease' refers to 
any of the symptoms or clinical presentations of celiac dis 
ease. Such manifestations include, without limitation, intes 
tinal inflammation, "foggy mind', depression, anxiety, 
ADHD-like behavior, abdominal pain, bloating, diarrhea, 
constipation, headaches, migraines, bone or joint pain, 
chronic fatigue, Small intestine damage, development of tis 
Sue transglutaminase (tTG) antibodies, severe acne, Vomit 
ing, weight loss, irritability, iron-deficiency anemia, arthritis, 
tingling numbness in the extremities, infertility, and canker 
sores of the mouth. Manifestations further include small 
intestinal mucosal villous atrophy with crypt hyperplasia, 
mucosal inflammation of the intestine, malabsorption of 
nutrients, abdominal distension, as well as a Substantially 
enhanced risk for the development of osteoporosis and intes 
tinal malignancies (lymphoma and carcinoma). 
0072 “Concurrent administration” or "co-treatment, as 
used herein includes administration of the agents together, or 
before or after each other. 

0073. The term “modulate, “attenuate” or “ameliorate' 
means any treatment of a disease or disorderina Subject, Such 
as a mammal, including: 

0074 preventing or protecting against the disease or 
disorder, that is, causing the abnormal biological reac 
tion or symptoms not to develop; 
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0075 inhibiting the disease or disorder, that is, arresting 
or Suppressing the development of abnormal biological 
reactions and/or clinical symptoms; and/or 

0076 relieving the disease or disorder, that is, causing 
the regression of abnormal biological reactions and/or 
symptoms. 

0077. As used herein, the term “preventing or “inhibit 
ing refers to the prophylactic treatment of a subject in need 
thereof. The prophylactic treatment can be accomplished by 
providing an appropriate dose of a therapeutic agent to a 
Subject at risk of Suffering from an ailment, thereby Substan 
tially averting onset of the ailment. 
0078. As used herein, the term “condition” refers to a 
disease state for which the compounds, compositions and 
methods provided herein are being used. 
0079. As used herein, the term “patient” or “subject” 
refers to mammals and includes humans and non-human 
mammals. In particular embodiments herein, the patient or 
Subject is a human. 
0080. The term “about when used before a numerical 
value indicates that the value may vary within a reasonable 
range: +5%, +1%, or +0.2%. 
0081. A polynucleotide or polynucleotide region (or a 
polypeptide or polypeptide region) having a certain percent 
age (for example, 80%, 85%, 90%, or 95%) of “sequence 
identity” to another sequence means that, when aligned, that 
percentage of bases (or amino acids) are the same in compar 
ing the two sequences. The alignment and the percent homol 
ogy or sequence identity can be determined using software 
programs known in the art, for example those described in 
Current Protocols in Molecular Biology (Ausubel et al., eds. 
1987) Supplement 30, section 7.7.18, Table 7.7.1. Preferably, 
default pardmeters are used for alignment. One alignment 
program is BLAST, using default parameters. Examples of 
the programs include BLASTN and BLASTP using the fol 
lowing default parameters: Genetic code-standard; 
filter-none; strand=both; cutoff=60; expect=10; 
Matrix=BLOSUM62: Descriptions=50 sequences; sort 
by HIGH SCORE: Databases—non-redundant, GenBank 
EMBL--DDBJ--PDB+GenBank CDS translations+Swis 
sProtein--SPupdate--PIR. Details of these programs can be 
found at the following Internet address: ncbi.nlm.nih.gov/ 
cgi-bin/BLAST. 
I0082) “Homology” or “identity” or “similarity” refers to 
sequence similarity between two peptides or between two 
nucleic acid molecules. Homology can be determined by 
comparing a position in each sequence which may be aligned 
for purposes of comparison. When a position in the compared 
sequence is occupied by the same base oramino acid, then the 
molecules are homologous at that position. A-degree of 
homology between sequences is a function of the number of 
matching or homologous positions shared by the sequences. 
An "unrelated' or “non-homologous' sequence shares less 
than 40% identity, or alternatively less than 25% identity, 
with one of the sequences of the present disclosure. 

II. METHODS 

0083. In one aspect, this invention relates to methods for 
modulating a condition mediated by gluten intolerance in a 
patient, comprising administering to the patient an effective 
amount of a pharmaceutical composition comprising a 
Nepenthes enzyme. In a preferred embodiment, the condition 
is celiac disease or a wheat allergy. 
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I0084. In another aspect, this invention relates to a method 
for attenuating or preventing production and/or recruitment 
of IELs in the intestine due to the presence of a peptidic food 
antigen in an intestine of a mammal. In one embodiment, the 
method comprises administering to the mammal an effective 
amount of a pharmaceutical composition comprising a 
Nepenthes enzyme. In one embodiment, the gluten protein is 
degraded by the pharmaceutical composition so as to attenu 
ate or prevent production and/or recruitment of IELs in the 
intestine. 
I0085. In one aspect, this invention relates to a method for 
attenuating or preventing intestinal inflammation due to the 
presence of a peptidic food antigen in the intestine of a mam 
mal. In one embodiment, the method comprises administer 
ing to the mammal an effective amount of a pharmaceutical 
composition comprising a Nepenthes enzyme. In one 
embodiment, the peptidic food antigen is degraded by the 
enzyme(s) so as to attenuate or prevent intestinal inflamma 
tion. 

I0086. In one aspect, this invention relates to a method for 
attenuating or preventing intraepithelial lymphocytosis due 
to the presence of a peptidic food antigen in an intestine of a 
mammal. In one embodiment, the method comprises admin 
istering to the mammal an effective amount of a pharmaceu 
tical composition comprising a Nepenthes enzyme. In one 
embodiment, the peptidic food antigen is degraded by the 
pharmaceutical composition so as to attenuate or prevent 
intraepithelial lymphocytosis in the intestine. 
I0087. In one aspect, this invention relates to a method for 
attenuating or preventing villous atrophy due to the presence 
of a peptidic food antigen in an intestine of a mammal. In one 
embodiment, the method comprises administering to the 
mammal an effective amount of a pharmaceutical composi 
tion comprising a Nepenthes enzyme. In one embodiment, the 
peptidic food antigen is degraded by the pharmaceutical com 
position so as to attenuate or prevent villous atrophy in the 
intestine. In one embodiment, the villous atrophy is a result of 
inflammation of the intestine. 

I0088. In one embodiment, the Nepenthes enzyme is 
nepenthesin I, nepenthesin II, neprosin, variant thereof, or a 
mixture thereof. In a preferred embodiment, the pharmaceu 
tical formulation is a Sustained release formulation. 

I0089. In one embodiment, the variant is a protein having 
an amino acid sequence having at least 85% sequence homol 
ogy to the amino acid sequence of SEQID NO.: 1, SEQID 
NO. 5, SEQID NO.: 6, SEQID NO.:7, SEQID NO.:8, SEQ 
ID NO.: 9, SEQ ID NO.:20, or SEQ ID NO.:21. In one 
embodiment, the variant is a protein having an amino acid 
sequence having at least 85% sequence homology to the 
amino acid sequence of SEQID NO.: 1. In one embodiment, 
the variant is a protein having an amino acid sequence having 
at least 85% sequence homology to the amino acid sequence 
of SEQID NO.: 5. In one embodiment, the variant is a protein 
having an amino acid sequence having at least 85% sequence 
homology to the amino acid sequence of SEQID NO.: 6. In 
one embodiment, the variant is a protein having anamino acid 
sequence having at least 85% sequence homology to the 
amino acid sequence of SEQID NO.: 7. In one embodiment, 
the variant is a protein having an amino acid sequence having 
at least 85% sequence homology to the amino acid sequence 
of SEQID NO.: 8. In one embodiment, the variant is a protein 
having an amino acid sequence having at least 85% sequence 
homology to the amino acid sequence of SEQID NO.: 9. In 
one embodiment, the variant is a protein having anamino acid 
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sequence having at least 85% sequence homology to the 
amino acid sequence of SEQID NO. 20. In one embodiment, 
the variant is a protein having an amino acid sequence having 
at least 85% sequence homology to the amino acid sequence 
of SEQID NO. 21. 
0090. In one embodiment, the pharmaceutical composi 
tion comprises an extract of Nepenthes pitcher fluid. In one 
embodiment, the pharmaceutical composition comprises 
nepenthesin I, nepenthesin II, and/or neprosin purified from 
an extract of Nepenthes pitcher fluid. In one embodiment, at 
least one of nepenthesin I, nepenthesin II, neprosin, or variant 
thereof is a recombinant protein. In one embodiment, the 
pharmaceutical composition is between about pH 5 and about 
pH 8 prior to administration. Pharmaceutical compositions 
for use in the methods described herein are discussed in more 
detail below. 
0091. In a preferred embodiment, the mammal is a human. 
In one embodiment, the human Suffers from a disease 
selected from the group consisting of gluten intolerance, 
celiac disease, attention deficit hyperactivity disorder, 
autism, rheumatoid arthritis, fibromyalgia, and dermatitis 
herpetiformis. In one embodiment, the human suffers from a 
food allergy. 
0092. In one embodiment, the pharmaceutical composi 
tion is orally administered prior to, during, or immediately 
after consumption of a gluten-containing food. 
0093. In some embodiments, the pharmaceutical compo 
sition is administered to the Subject prior to ingestion by the 
subject of the food comprising gluten or suspect of compris 
ing gluten. In some embodiments, the pharmaceutical com 
position is administered within a period that the enzyme is at 
least partially effective (for example, at least about 10%, 
20%, 50%, 70%, 90% of original activity) in degrading gluten 
in the food that the subject will ingest. In some embodiments, 
the pharmaceutical composition is administered not more 
than about 4 hours, 3 hours, 2 hours, 1 hour, or 30 minutes 
prior to ingestion of the food by the subject. 
0094. In some embodiments, the pharmaceutical compo 
sition is administered to the Subject concurrently with inges 
tion by the Subject of the potentially immunogenic food. In 
Some embodiments, the enzyme composition is administered 
with the food. In some embodiments, the pharmaceutical 
composition is administered separately from the food. 
0095. In some embodiments, the pharmaceutical compo 
sition is administered to the Subject shortly after ingestion by 
the Subject of the potentially immunogenic food. In some 
embodiments, the pharmaceutical composition is adminis 
tered within a period that at least part (for example, at least 
about 10%, 20%, 50%, 70%, 90%) of the antigencs) in the 
food is still in the stomach of the subject. In some embodi 
ments, the pharmaceutical composition is administered not 
more than 4 hours, 3 hours, 2 hours, 1 hour, or 30 minutes 
after ingestion of the food by the subject. 
0096. Typically, the pharmaceutical composition is 
administered in an amount that is safe and Sufficient to pro 
duce the desired effect of detoxification of peptidic food 
antigens). The dosage of the pharmaceutical composition 
can vary depending on many factors such as the particular 
enzyme administered, the subjects sensitivity to the food, the 
amount and types of antigen-containing food ingested, the 
pharmacodynamic properties of the enzyme, the mode of 
administration, the age, health and weight of the recipient, the 
nature and extent of the symptoms, the frequency of the 
treatment and the type of concurrent treatment, if any, and the 
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clearance rate of the enzyme. One of skill in the art can 
determine the appropriate dosage based on the above factors. 
The composition may be administered initially in a suitable 
dosage that may be adjusted as required, depending on the 
clinical response. In vitro assays may optionally be employed 
to help identify optimal dosage ranges. The precise dose to be 
employed in the formulation will also depend on the route of 
administration and/or the seriousness of the disease or disor 
der, and should be decided according to the judgment of the 
practitioner and each subjects circumstances. 
0097. The dosage or dosing regimen of an adult subject 
may be proportionally adjusted for children and infants, and 
also adjusted for other administration or other formats, in 
proportion for example to molecular weight or immune 
response. Administration or treatments may be repeated at 
appropriate intervals, at the discretion of the physician. 
0.098 Generally, the pharmaceutical composition is 
administered when needed, such as when the subject will be 
or is consuming or has consumed a food comprising an anti 
genic protein or Suspected of comprising an antigenic protein. 
In any case, it can be administered in dosages of about 0.001 
mg to about 1000 mg of enzyme per kg body weight per day, 
or about 1 mg to about 100g per dose for an average person. 
In some embodiments, the enzyme can be administered at 
0.001, 0.01, 0.1, 1, 5, 10, 50, 100, 500, or 1000 mg/kg body 
weight per day, and ranges between any two of these values 
(including endpoints). In some embodiments, the enzyme can 
be administered at 1 mg, 10 mg, 100 mg, 200 mg, 500 mg, 700 
mg, 1 g, 10g, 20 g, 50 g., 70 g., 100 g per dose, and ranges 
between any two of these values (including endpoints). In 
Some embodiments, it may be administered once, twice, three 
times, etc. a day, depending on the number of times the 
Subjectingests a food comprising an antigenic protein and/or 
how much of Such food is consumed. The amount of enzyme 
recited herein may relate to total enzyme or each enzyme in 
the composition. 
0099. In some embodiments, the amount of pharmaceuti 
cal composition administered is dependent on the amount (or 
approximate amount) of Substrate (e.g., gluten and/or other 
protein or potentially antigenic protein) consumed/to be con 
Sumed. In one embodiment, about 1 mg to about 1 g of 
enzyme is administered per 1 g of Substrate. In one embodi 
ment, about 5 mg to about 1 g of enzyme is administered per 
1 g of substrate. In one embodiment, about 10 mg to about 1 
g of enzyme is administered per 1 g of Substrate. In one 
embodiment, about 100 mg to about 1 g of enzyme is admin 
istered per 1 g of substrate. In one embodiment, about 1 mg to 
about 500 mg of enzyme is administered per 1 g of substrate. 
In one embodiment, about 1 mg to about 250 mg of enzyme is 
administered per 1 g of Substrate. In one embodiment, about 
1 mg to about 100 mg of enzyme is administered per 1 g of 
Substrate. In one embodiment, about 1 mg to about 10 mg of 
enzyme is administered per 1 g of substrate. This includes any 
values with these ranges (including endpoints), and Sub 
ranges between any two of these values. 
0100. In one embodiment, the ratio of substrate to enzyme 
administered is between about 1:1 and about 10000:1. In a 
preferred embodiment, the ratio of substrate to enzyme is 
between about 10:1 and about 1000:1. In one embodiment, 
the ratio of substrate to enzyme is between about 10:1 and 
about 100:1. 
0101 The pharmaceutical composition of this invention 
can be administered as the sole active agent or they can be 
administered in combination with other agents (simulta 



US 2016/0022785 A1 

neously, sequentially or separately, or through co-formula 
tion), including other compounds that demonstrate the same 
or a similar therapeutic activity and that are determined to 
safe and efficacious for Such combined administration. 
0102. In some embodiments, the pharmaceutical compo 
sition is administered with an additional enzyme, such as a 
gastric protease, an aspartic protease (such as pepsin, pepsi 
nogen or those described by Chen et al., Aspartic proteases 
gene family in rice: Gene structure and expression, predicted 
protein features and phylogenetic relation, Gene 442: 108 
118 (2009)), and enzymes such as another prolyl endopepti 
dase (PEP), dipeptidyl peptidase IV (DPP IV), and dipeptidyl 
carboxypeptidase (DCP) or cysteine proteinase B (described 
in U.S. Pat. No. 7,910,541). In one embodiment, the other 
enzyme is administered in the form of bacteria that produce 
and/or secrete the additional enzyme. In one embodiment, the 
bacteria are engineered to produce and/or secrete nepenthesin 
I, nepenthesin II, neprosin, and/or a variant thereof. 
0103) In some embodiments, the pharmaceutical compo 
sition is administered to the Subject with another agent. Non 
limiting examples of agents that can be administered with the 
pharmaceutical composition include inhibitors of tissue 
transglutaminase, anti-inflammatory agents such as amy 
lases, glucoamylases, endopeptidases, HMG-CoA reductase 
inhibitors (e.g., compactin, lovastatin, simvastatin, pravasta 
tin and atorvastatin), leukotriene receptor antagonists (e.g., 
montelukast and Zafirlukast), COX-2 inhibitors (e.g., cele 
coxib and rofecoxib), p38 MAP kinase inhibitors (e.g., 
BIRB-796); mast cell-stabilizing agents such as sodium chro 
moglycate (chromolyn), pemirolast, proxicromil, repirinast, 
doxantrazole, amlexanox nedocromil and probicromil, anti 
ulceragents, anti-allergy agents such as anti-histamine agents 
(e.g., acrivastine, cetirizine, desloratadine, ebastine, fex 
ofenadine, levocetirizine, loratadine and mizolastine), inhibi 
tors of transglutaminase 2 (TG2), anti-TNFO. agents, and 
antibiotics. In one embodiment, the additional agent is a 
probiotic. Probiotics include, without limitation, lactobacil 
lus, yeast, bacillus, or bifidobacterium species and strains. In 
one embodiment, the other agent is elafin. In one embodi 
ment, the other agent is administered in the form of bacteria 
that produce and/or secrete the additional agent. 
0104. In some embodiments, the other agent comprises an 
enzyme (e.g., protease) that is active in the intestine. Without 
being limited by theory, it is believed that such enzymes may 
act synergistically with the enzyme(s) of the pharmaceutical 
composition to further degrade immunogenic proteins. 
0105. Also provided herein is the use of an enzyme com 
position comprising nepenthesin I, nepenthesin II, neprosin, a 
variant thereof, and/or a salt thereof in the manufacture of a 
medicament for the treatment or prevention of one of the 
aforementioned conditions and diseases. 

III. PHARMACEUTICAL COMPOSITIONS 

0106 The pharmaceutical composition can be adminis 
tered in a variety of compositions alone or with appropriate, 
pharmaceutically acceptable carriers, excipients, or diluents. 
0107 Accordingly, in another aspect, provided herein is a 
composition comprising nepenthesin I, nepenthesin II, 
neprosin, a variant thereof, and/or a salt thereof. In some 
embodiments, the composition is a pharmaceutical composi 
tion. The compositions may be formulated into Solid, semi 
Solid, or liquid forms, such as tablets, capsules, powders, 
granules, ointments, Solutions, injections, gels, and micro 
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spheres. Administration of the composition can be achieved 
in various ways, for example, by oral administration. 
0108. In some embodiments, the pharmaceutical compo 
sition comprises a therapeutically effective amount of nepen 
thesin I, nepenthesin II, neprosin, variant thereof, or mixture 
thereof and a pharmaceutically acceptable carrier. In a par 
ticular embodiment, the term “pharmaceutically acceptable' 
means approved by a regulatory agency of the federal or a 
state government or listed in the U.S. Pharmacopeia or other 
generally recognized pharmacopeia for use in animals, and 
more particularly in humans. The term “carrier refers to a 
diluent, adjuvant, excipient, or vehicle with which the thera 
peutic is administered. Such pharmaceutical carriers can be 
sterile liquids, Such as water and oils, including those of 
petroleum, animal, vegetable or synthetic origin, such as pea 
nut oil, soybean oil, mineral oil, Sesame oil and the like. 
Saline solutions and aqueous dextrose and glycerol solutions 
can also be employed as liquid carriers. 
0109 Suitable pharmaceutical excipients include starch, 
glucose, lactose. Sucrose, gelatin, malt, rice, flour, chalk, 
silica gel, Sodium Stearate, glycerol monostearate, talc, 
Sodium chloride, dried skim milk, glycerol, propylene, gly 
col, water, ethanol and the like. The composition, if desired, 
can also contain minor amounts of wetting or emulsifying 
agents, or pH buffering agents. These compositions can take 
the form of solutions, Suspensions, emulsion, tablets, pills, 
capsules, powders, Sustained-release formulations and the 
like. Examples of Suitable pharmaceutical carriers are 
described in “Remington's Pharmaceutical Sciences” by E. 
W. Martin, incorporated in its entirety by reference herein. 
Such compositions will contain a therapeutically effective 
amount of the enzyme(s), preferably in purified form, 
together with a suitable amount of carrier so as to provide the 
form for proper administration to the subject. The formula 
tion should suit the mode of administration. 
0110. For oral administration, the pharmaceutical compo 
sition can be used alone or in combination with appropriate 
additives to make tablets, powders, granules, capsules, Syr 
ups, liquids, Suspensions, etc. For example, Solid oral forms 
of the composition can be prepared with conventional addi 
tives, disintegrators, lubricants, diluents, buffering agents, 
moistening agents, preservatives and flavoring agents. Non 
limiting examples of excipients include lactose, mannitol, 
corn starch, potato starch, crystalline cellulose, cellulose 
derivatives, acacia, corn starch, Sodium carboxymethylcellu 
lose, talc, magnesium Stearate, flavors and colors. In some 
embodiments, the formulation releases the enzyme(s) in the 
stomach of the Subject so that the peptidic food antigens) can 
be degraded by the enzyme(s). 
0111. The composition can be lyophilized from an aque 
ous solution optionally in the presence of appropriate buffers 
(e.g. phosphate, citrate, histidine, imidazole buffers) and 
excipients (e.g. cryoprotectants such as Sucrose, lactose, tre 
halose). Lyophilized cakes can optionally be blended with 
excipients and made into different forms. 
0112. In another aspect, provided are methods for treating 
gluten intolerance or an associated condition, such as celiac 
disease, wheat allergy, gluten sensitivity and dermatitis her 
petiformis, in a patient in need thereof, comprising treating a 
food comprising gluten or Suspected of comprising gluten 
with an effective amount of the composition prior to con 
Sumption by the patient. In some embodiments, the food is 
combined with an effective amount of the composition during 
its preparation. In one embodiment, the composition is added 
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after any heating steps in the food preparation. In one embodi 
ment, the composition is added before one or more heating 
steps in the food preparation. 
0113 Nepenthesin I, nepenthesin II, and neprosin occuras 
proenzymes in Nepenthes prior to activation. That is, the 
protein includes a propeptide that is cleaved in order to acti 
vate the enzyme in the pitcher fluid. In one embodiment, the 
composition comprises nepenthesin I, nepenthesin II, nepro 
sin, a variant thereof, and/or a salt thereof comprising a 
propeptide. In one embodiment, the propeptide is adjacent to 
the N terminus of the enzyme. In one embodiment, the 
propeptide is the naturally-occurring propeptide for the 
enzyme. In one embodiment, the propeptide is a heterologous 
propeptide (e.g., from a different protein or species, or syn 
thetic). In one embodiment, the propeptide is cleaved by 
acidic conditions. In one embodiment, the propeptide is 
cleaved by an enzyme. In one embodiment, the presence of 
the propeptide results in delayed activity of the enzyme in the 
stomach (e.g., due to the time required to remove the propep 
tide and produce the mature enzyme). In one embodiment, the 
propeptide is engineered to be removed more slowly in order 
to delay activity of the enzyme in the stomach. In one embodi 
ment, the propeptide is engineered to be removed more 
quickly in order to speed up activity of the enzyme in the 
stomach. 
0114. In a preferred embodiment, the formulation is a 
controlled release formulation. The term “controlled release 
formulation' includes sustained release and time-release for 
mulations. Controlled release formulations are well-known 
in the art. These include excipients that allow for sustained, 
periodic, pulse, or delayed release of the drug. Controlled 
release formulations include, without limitation, embedding 
of the drug into a matrix: enteric coatings; micro-encapsula 
tion; gels and hydrogels; and any other formulation that 
allows for controlled release of a drug. 
0115. In some embodiments, the composition is adminis 
tered as a food additive together with a food comprising or 
Suspected of comprising a potentially antigenic food protein. 
In one embodiment, the food comprises or is Suspected of 
comprising gluten, for example bread, pasta, cereal, and the 
like, made from wheat, rye and barley, etc. In some embodi 
ments, the composition is added as an ingredient in Such food. 
In some embodiments, the composition is dispersed into a 
food prior to consumption, optionally at a pH where it is 
inactive, such as a pH of about or above 5. In some embodi 
ments, the composition can be made or incorporated into a 
powder, a spread, a spray, a sauce, a dip, a whipped cream, 
etc., that can be applied to the food when the food is being 
consumed by a patient. In some embodiments, the composi 
tion can be made into forms that appeal to one’s appetite, Such 
as candies, chewing gums, dietary Supplement chews, syrup, 
etc. for easy administration. In some embodiments, the com 
position can be mixed with common food items. Such as 
Sugar, salt, Salad dressing, spices, cheese, butter, margarines, 
spreads, butter, frying shortenings, mayonnaises, dairy prod 
ucts, nut butters, seed butters, kernel butters, peanut butter, 
etc. Preferably, the food items or additives comprising the 
composition do not require heating before being ingested by 
a patient so that possible loss of activity of the enzyme(s) due 
to elevated temperature can be minimized. 
0116. In one embodiment, the enzyme(s) in the composi 
tion is activated upon contact with acid (i.e., in the stomach). 
0117. In another aspect, provided is a food product com 
prising neprosin, nepenthesin I, nepenthesin II, a variant 
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thereof, or a combination thereof. In some embodiments, the 
food product comprises gluten or is Suspected of comprising 
gluten, Such as bakery products (e.g., cakes, muffins, donuts, 
pastries, rolls, and bread), pasta, crackers, tortilla chips, 
cereal etc. made from wheat, rye and barley. In some embodi 
ments, the food product can be consumed with another food 
product comprising gluten or Suspected of comprising gluten. 
Non-limiting examples of Such food include a powder, a 
spread, a spray, a sauce, a dip, a whipped cream, candies, 
chewing'gums, syrup, Sugar, Salt, Salad dressing, spices, 
cheese, butter, margarines, spreads, butter, frying shorten 
ings, mayonnaises, dairy products, nut butters, seed butters, 
kernel butters, peanut butter, etc. 
0118. In some embodiments, the composition comprising 
neprosin, nepenthesin I, nepenthesin II, a variant thereof, or a 
combination thereof is admixed with food, or used to pre-treat 
foodstuffs containing glutens. The composition present in 
foods can be enzymatically active to reduce the level of gluten 
in the food prior to or during ingestion. 
0119. In one aspect of the invention, a composition com 
prising neprosin, nepenthesin nepenthesin II, a variant 
thereof, or a combination thereof is added to food before the 
food is consumed. In one embodiment, the invention is 
directed to a dispenser comprising an inner excipient and an 
effective amount of the pharmaceutical composition to digest 
gluten. In one embodiment, the pharmaceutical composition 
and/or inner excipient are added to food before the food is 
consumed. In one embodiment, the food comprises gluten or 
is suspected to comprise gluten. In one embodiment, the inner 
excipient comprises sodium chloride or sodium iodide, or a 
mixture thereof. In one embodiment, the pharmaceutical 
composition and/or inner excipient are in granular form, sized 
to efficiently dispense from said dispenser. 
I0120 In some embodiments, the composition (such as 
pharmaceutical composition or edible composition) or food 
product comprises from about 0.1% to about 99%, from about 
0.5% to about 95%, from about 1% to about 95%, from about 
5% to about 95%, from about 10% to about 90%, from about 
20% to about 80%, from about 25% to about 75% of the 
enzyme(s). In some embodiments, the amount of enzyme in 
the composition (such as pharmaceutical composition or 
edible composition) or food product is about 0.01%, about 
0.1%, about 0.5%, about 1%, about 5%, about 10%, about 
20%, about 25%, about 30%, about 35%, about 40%, about 
45%, about 50%, about 55%, about 60%, about 65%, about 
70%, about 75%, about 80%, about 85%, about 90%, or about 
95% of the total composition or food product, or a range 
between any two of the values (including end points). 
0121. In some embodiments, the composition comprises 
neprosin and nepenthesin, or a variant thereof. In some 
embodiments, the nepenthesin is nepenthesin I and/or nepen 
thesin II, or a variant thereof. In some embodiments, the 
nepenthesin is recombinant nepenthesin I and/or recombinant 
nepenthesin II, or a variant thereof. In some embodiments, the 
nepenthesin is recombinant nepenthesin I and recombinant 
nepenthesin II, or a variant of each thereof. In some embodi 
ments, the neprosin is recombinant neprosin, or a variant 
thereof. In a preferred embodiment, the composition com 
prises nepenthesin I, nepenthesin II, and/or neprosin compris 
ing the amino acid sequence(s) of nepenthesin I, nepenthesin 
II, and/or neprosin from a Nepenthes species, or a variant(s) 
thereof. 
0.122 Nepenthesin I mRNA/cDNA sequences have been 
described from several Nepenthes species, for example, 
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Nepenthes mirabilis (GenBank Accession No. JX494401), 
Nepenthes gracilis (GenBank Accession No. AB114914), 
and Nepenthes alata (GenBank Accession No. AB266803). 
Nepenthesin II mRNA/cDNA sequences have been described 
from several Nepenthes species, for example, Nepenthes 
mirabilis (GenBank Accession No. JX494402), and Nepen 
thes gracilis (GenBank Accession No. AB114915). 
0123 Nepenthesin I protein sequences have been 
described from several Nepenthes species, for example, 
Nepenthes mirabilis (GenBank Accession No. AFV26024; 
SEQ ID NO. 5), Nepenthes gracilis (GenBank Accession 
No. BAD07474; SEQID NO. 7), and Nepenthes alata (Gen 
Bank Accession No. BAF98915; SEQ ID NO.: 6). Nepen 
thesin II protein sequences have been described from several 
Nepenthes species, for example, Nepenthes mirabilis (Gen 
Bank Accession No. AFV26025; SEQ ID NO.: 8), and 
Nepenthes gracilis (GenBank Accession No. BAD07475; 
SEQID NO.: 9). The sequences are also found in U.S. Patent 
Application Publication No. 2014/0186330, which is incor 
porated herein by reference in its entirety. 
0.124. Each of the sequences represented by the GenBank 
Accession Nos. provided herein are incorporated herein by 
reference in their entireties. 
0.125. In some embodiments, the nepenthesin is a variant 
of nepenthesin having at least about 85% sequence homology 
to an amino acid sequence of nepenthesin I (e.g., SEQ ID 
NO. 5; SEQID NO.: 6: SEQIDNO.: 7; or SEQIDNO.: 21). 
In some embodiments, the variant has at least about 90% 
sequence homology to an amino acid sequence of nepen 
thesin I. In some embodiments, the variant has at least about 
95% sequence homology to an amino acid sequence of 
nepenthesin I. In some embodiments, the variant has at least 
about 96% sequence homology to an amino acid sequence of 
nepenthesin 1. In some embodiments, the variant has at least 
about 97% sequence homology to an amino acid sequence of 
nepenthesin I. In some embodiments, the variant has at least 
about 98% sequence homology to an amino acid sequence of 
nepenthesin I. In some embodiments, the variant has at least 
about 99% sequence homology to an amino acid sequence of 
nepenthesin I. In one embodiment, the nepenthesin comprises 
the amino acid sequence of SEQID NO. 5; SEQID NO.: 6: 
SEQID NO.: 7; or SEQID NO. 21. 
0126. In some embodiments, the nepenthesin is a variant 
of nepenthesin having at least about 85% sequence homology 
to an amino acid sequence of nepenthesin H (e.g., SEQ ID 
NO.: 8: SEQ ID NO. 9; or SEQ ID NO.: 22). In some 
embodiments, the variant has at least about 90% sequence 
homology to an amino acid sequence of nepenthesin H. In 
some embodiments, the variant has at least about 95% 
sequence homology to an amino acid sequence of nepen 
thesin II. In some embodiments, the variant has at least about 
96% sequence homology to an amino acid sequence of 
nepenthesin II. In some embodiments, the variant has at least 
about 97% sequence homology to an amino acid sequence of 
nepenthesin II. In some embodiments, the variant has at least 
about 98% sequence homology to an amino acid sequence of 
nepenthesin II. In some embodiments, the variant has at least 
about 99% sequence homology to an amino acid sequence of 
nepenthesin II. In one embodiment, the nepenthesin com 
prises the amino acid sequence of SEQ ID NO.: 8: SEQ ID 
NO.: 9; or SEQID NO.: 22. 
0127. In one aspect of the invention, the ratio of neprosin 
to nepenthesin I and/or II in the composition is such that the 
peptidic food antigen is cleaved into Sufficiently small and/or 
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innocuous fragments so as to prevent gluten intolerance, 
celiac disease, wheat allergy, or dermatitis herpetiformis, 
inflammation, IEL proliferation or recruitment, intraepithe 
lial lymphocytosis, and/or villous atrophy, or any symptom 
thereof, in an intestine of the Subject. In some embodiments, 
the neprosin: nepenthesin ratio is between about 1:100 to 
about 100:1. 

I0128. In some embodiments, the composition comprises a 
ratio of neprosin to nepenthesin (nepenthesin I and/or II) of at 
least about 100:1. In some embodiments, the composition 
comprises a ratio of neprosin to nepenthesin of at least about 
90:1. In some embodiments, the composition comprises a 
ratio of neprosinto nepenthesin of at least about 70:1. In some 
embodiments, the composition comprises a ratio of neprosin 
to nepenthesin of at least about 60:1. In some embodiments, 
the composition comprises a ratio of neprosin to nepenthesin 
of at least about 50:1. In some embodiments, the composition 
comprises a ratio of neprosin to nepenthesin of at least about 
40:1. In some embodiments, the composition comprises a 
ratio of neprosinto nepenthesin of at least about 30:1. In some 
embodiments, the composition comprises a ratio of neprosin 
to nepenthesin of at least about 20:1. In some embodiments, 
the composition comprises a ratio of neprosin to nepenthesin 
of at least about 10:1. In some embodiments, the composition 
comprises a ratio of neprosin to nepenthesin of at least about 
5:1. In some embodiments, the composition comprises a ratio 
of neprosin to nepenthesin of at least about 4:1. In some 
embodiments, the composition comprises a ratio of neprosin 
to nepenthesin of at least about 3:1. In some embodiments, the 
composition comprises a ratio of neprosin to nepenthesin of 
at least about 2:1. In some embodiments, the composition 
comprises a ratio of neprosin to nepenthesin of at least about 
1:1. In some embodiments, the composition comprises a ratio 
of neprosin to nepenthesin of at least about 1:2. In some 
embodiments, the composition comprises a ratio of neprosin 
to nepenthesin of at least about 1:3. In some embodiments, the 
composition comprises a ratio of neprosin to nepenthesin of 
at least about 1:4. In some embodiments, the composition 
comprises a ratio of neprosin to nepenthesin of at least about 
1:5. In some embodiments, the composition comprises a ratio 
of neprosin to nepenthesin of at least about 1:10. In some 
embodiments, the composition comprises a ratio of neprosin 
to nepenthesin of at least about 1:20. In some embodiments, 
the composition comprises a ratio of neprosin to nepenthesin 
of at least about 1:30. In some embodiments, the composition 
comprises a ratio of neprosin to nepenthesin of at least about 
1:40. In some embodiments, the composition comprises a 
ratio of neprosinto nepenthesin of at least about 1:50. In some 
embodiments, the composition comprises a ratio of neprosin 
to nepenthesin of at least about 1:60. In some embodiments, 
the composition comprises a ratio of neprosin to nepenthesin 
of at least about 1:70. In some embodiments, the composition 
comprises a ratio of neprosin to nepenthesin of at least about 
1:80. In some embodiments, the composition comprises a 
ratio of neprosinto nepenthesin of at least about 1:90. In some 
embodiments, the composition comprises a ratio of neprosin 
to nepenthesin of at least about 1:100. 
I0129. In one aspect of the invention, the ratio of nepen 
thesin I to nepenthesin II in the composition is such that the 
peptidic food antigen is cleaved into Sufficiently small and/or 
innocuous fragments so as to prevent inflammation, IEL pro 
liferation or recruitment, intraepithelial lymphocytosis, and/ 
or villous atrophy in an intestine of the Subject. In some 
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embodiments, the nepenthesin I:nepenthesin II ratio is 
between about 1:100 to about 100:1. 
0130. In some embodiments, the composition comprises a 
ratio of nepenthesin I to nepenthesin II of at least about 100:1. 
In some embodiments, the composition comprises a ratio of 
nepenthesin I to nepenthesin II of at least about 90:1. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 70:1. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 60:1. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 50:1. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 40:1. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 30:1. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 20:1. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 10:1. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 5:1. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 4:1. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 3:1. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 2:1. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 1:1. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 1:2. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 1:3. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin H of at least about 1:4. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 1:5. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 1:10. In Some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 1:20. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 1:30. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 1:40. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin H of at least about 1:50. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 1:60. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 1:70. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 1:80. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 1:90. In some 
embodiments, the composition comprises a ratio of nepen 
thesin I to nepenthesin II of at least about 1:100. 

IV. METHODS OF PREPARATION 

I0131) It is contemplated that nepenthesin and/or neprosin 
can be concentrated (or extracted) or purified by methods 
known in the art, for example (but not limited to) filtration or 
affinity purification based on immobilized pepstatin, from a 
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natural source, including pitcher secretions of plants such as 
Nepenthes. Classical protein chromatography, such as size 
exclusion chromatography (also known as gel permeation 
chromatography) and/or chromatofocusing chromatography, 
may also be used to concentrate (or extract) or purify nepen 
thesin and/or neprosin. Chromatofocusing may be used prior 
to or after size exclusion. Nepenthesin I, nepenthesin II, and 
neprosin are found in relatively small quantity in natural plant 
Secretions. Production of nepenthesin I, nepenthesin II, and/ 
or neprosin can be increased, for example, using bioengineer 
ing technologies to create transgenic plants that express and/ 
or secrete increased amounts of the desired enzyme(s), or a 
variant thereof. 

(0132 Besides being isolated from a plant source, the 
Nepenthes enzyme or variant thereof may be prepared by 
chemical synthesis. Chemical synthesis can be achieved by 
coupling of the amino acids according to the sequence of the 
desired enzyme or variant. Various peptide coupling methods 
and commercial peptide synthetic apparatuses are available to 
Synthesis peptide or proteins, for example, automated synthe 
sizers by Applied Biosystems, Inc., Foster City, Calif., Beck 
man, and other manufacturers. 
I0133. In another aspect, provided is a method of preparing 
Nepenthes enzyme or variant thereofusing recombinant pro 
duction systems by transforming or transfecting a cell with 
the DNA (e.g., cDNA) and/or messenger RNA of the enzyme 
(s) so that the cell is capable of producing the enzyme(s). For 
example, nepenthesin can be produced by establishing host 
Vector Systems in organisms such as Escherichia coli, Sac 
Charomyces cerevisiae, Pichia pastoris, Lactobacillus, 
Bacilli, Aspergilli, and plant cell cultures, such as tobacco 
cells, etc. 
I0134 Vectors and host cells, such as E. coli, comprising 
polynucleotides and compositions containing any of the poly 
nucleotides or polypeptides as described herein are also pro 
vided. 

I0135) In another aspect, provided is a method for produc 
ing recombinant Nepenthes enzyme (nepenthesin I, nepen 
thesin II, and/or neprosin, or a variant thereof) comprising 
expressing in a chosen host organism a nucleic acid sequence 
which encodes said enzyme, and inserting the nucleic acid 
sequence into an appropriately designed vector. In one aspect, 
the recombinant enzyme is nepenthesin I or a variant thereof. 
In one aspect, the recombinant enzyme is nepenthesin II or a 
Variant thereof. In one aspect, the recombinant enzyme is 
neprosin or a variant thereof. In one aspect, the recombinant 
enzyme is a mixture of nepenthesin I, nepenthesin II, and/or 
neprosin or variant thereof. 
0136. In another aspect, provided is a composition com 
prising recombinant nepenthesin such as nepenthesin I and/or 
nepenthesin II or a variant thereof. In one aspect, the recom 
binant nepenthesin is nepenthesin I or a variant thereof. In one 
aspect, the recombinant nepenthesin is nepenthesin II or a 
Variant thereof. In one aspect, the recombinant nepenthesin is 
a mixture of nepenthesin I and nepenthesin II or variants 
thereof. 

0.137 In one aspect, this invention relates to a cDNA as 
described herein. In one embodiment, this invention relates to 
a vector comprising a cDNA as described herein. In a pre 
ferred embodiment, the vector is an expression vector. In one 
embodiment, this invention relates to a cell expressing recom 
binant nepenthesin I, recombinant nepenthesin II, recombi 
nant neprosin, a variant or mixture thereof. 



US 2016/0022785 A1 

0.138. In some embodiments, biosynthesis of Nepenthes 
enzyme(s) can be achieved by transforming a cell with a 
vector comprising a cDNA that encodes nepenthesin I, for 
example the nucleotide sequence of SEQID NO. 4, SEQID 
NO. 5, SEQID NO.: 6, GenBank Accession No. JX494401, 
GenBank Accession No. AB114914, or GenBank Accession 
No. AB266803. In some embodiments, biosynthesis of 
nepenthesin can be achieved by transforming a cell with a 
vector comprising a sequence homologous to a cDNA which 
encodes nepenthesin I, which sequence encodes a protein 
with protease activity. The sequence may have at least about 
60% homology to a cDNA that encodes nepenthesin I. The 
sequence may have at least about 70% homology to a cDNA 
that encodes nepenthesin I. The sequence may have at least 
about 80% homology to a cDNA that encodes nepenthesin I. 
The sequence may have at least about 85% homology to a 
cDNA that encodes nepenthesin I. The sequence may have at 
least about 90% homology to a cDNA that encodes nepen 
thesin I. The sequence may have at least about 95% homology 
to a cDNA that encodes nepenthesin I. The sequence may 
have at least about 96% homology to a cDNA that encodes 
nepenthesin I. The sequence may have at least about 97% 
homology to a cDNA that encodes nepenthesin I. The 
sequence may have at least about 98% homology to a cDNA 
that encodes nepenthesin I. The sequence may have at least 
about 99% homology to a cDNA that encodes nepenthesin I. 
In a preferred embodiment, the sequence encodes a variant of 
nepenthesin I that retains glutenase activity. In a particularly 
preferred embodiment, the sequence encodes a variant of 
nepenthesin I that degrades at least one toxic gluten peptide. 
0.139. In some embodiments, biosynthesis of Nepenthes 
enzyme(s) can be achieved by transforming a cell with a 
vector comprising a cDNA that encodes nepenthesin II, for 
example the nucleotide sequence of SEQID NO.: 8, SEQID 
NO.: 9, GenBank Accession No. JX494402 or GenBank 
Accession No. AB114915. In some embodiments, biosynthe 
sis of nepenthesin can be achieved by transforming a cell with 
a vector comprising a sequence homologous to a cDNA 
which encodes nepenthesin II, which sequence encodes a 
protein with protease activity. The sequence may have at least 
about 60% homology to a cDNA that encodes nepenthesin II. 
The sequence may have at least about 70% homology to a 
cDNA that encodes nepenthesin II. The sequence may have at 
least about 80% homology to a cDNA that encodes nepen 
thesin II. The sequence may have at least about 85% homol 
ogy to a cDNA that encodes nepenthesin II. The sequence 
may have at least about 90% homology to a cDNA that 
encodes nepenthesin II. The sequence may have at least about 
95% homology to a cDNA that encodes nepenthesin II. The 
sequence may have at least about 96% homology to a cDNA 
that encodes nepenthesin II. The sequence may have at least 
about 97% homology to a cDNA that encodes nepenthesin II. 
The sequence may have at least about 98% homology to a 
cDNA that encodes nepenthesin II. The sequence may have at 
least about 99% homology to a cDNA that encodes nepen 
thesin II. In a preferred embodiment, the sequence encodes a 
variant of nepenthesin II that retains glutenase activity. In a 
particularly preferred embodiment, the sequence encodes a 
variant of nepenthesin H that degrades at least one toxic 
gluten peptide. 
0140. In some embodiments, biosynthesis of Nepenthes 
enzyme(s) can be achieved by transforming a cell with a 
vector comprising a cDNA that encodes neprosin, for 
example the nucleotide sequence of SEQID NO.: 2. In some 
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embodiments, biosynthesis of neprosin can be achieved by 
transforming a cell with a vector comprising a sequence 
homologous to a cDNA which encodes neprosin, which 
sequence encodes a protein with protease activity. The 
sequence may have at least about 60% homology to a cDNA 
that encodes neprosin. The sequence may have at least about 
70% homology to a cDNA that encodes neprosin. The 
sequence may have at least about 80% homology to a cDNA 
that encodes neprosin. The sequence may have at least about 
85% homology to a cDNA that encodes neprosin. The 
sequence may have at least about 90% homology to a cDNA 
that encodes neprosin. The sequence may have at least about 
95% homology to a cDNA that encodes neprosin. The 
sequence may have at least about 96% homology to a cDNA 
that encodes neprosin. The sequence may have at least about 
97% homology to a cDNA that encodes neprosin. The 
sequence may have at least about 98% homology to a cDNA 
that encodes neprosin. The sequence may have at least about 
99% homology to a cDNA that encodes neprosin. In a pre 
ferred embodiment, the sequence encodes a variant of nepro 
sin that retains prolyl endoprotease activity. In an especially 
preferred embodiment, the sequence encodes a variant of 
neprosin that retains glutenase activity. In a particularly pre 
ferred embodiment, the sequence encodes a variant of nepro 
sin that degrades at least one toxic gluten peptide. 
0.141. Without being bound by theory, it is believed that 
inflammatory response to gluten in the intestines of affected 
individuals is due to the incomplete hydrolysis of gluten 
proteins, leading to the formation of toxic (immunotoxic) 
gluten peptides. Several immunotoxic and/or potentailly 
immunotoxic gluten peptides are known. These include, but 
are not limited to, the 33-mer (SEQ ID NO.: 15, LQLQPF 
(PQPQLPY),PQPQPF) and p31–49 (SEQ ID NO.: 16, 
LGQQQPFPPQQPYPQPQPF) from C-gliadin; Gly-156 
(SEQ ID NO.: 17, QQQQPPFSQQQQSPFSQQQQ) from 
low molecular weight glutenin; and the nonapeptide repeat 
(SEQ ID NO.: 18, GYYPTSPQQ) and hexapeptide repeat 
(SEQ ID NO.: 19, PGQGQQ) from high molecular weight 
glutenin. 
0142. In some embodiments, nepenthesin I, nepenthesin 
II, neprosin and/or a variant thereof is synthesized by trans 
fecting, infecting, or transforming a cell with one or more 
vectors comprising a cDNA sequence of each desired 
enzyme. That is, a single cell, cell line, or organism may be 
engineered so as to produce two or more enzymes. In some 
embodiments, the desired enzymes are synthesized by sepa 
rate cells and combined in the pharmaceutical composition. 
In a preferred embodiment, the recombinant nepenthesin I. 
nepenthesin II, neprosin and/or a variant thereof is not gly 
cosylated. In one embodiment, the recombinant nepenthesin 
I, nepenthesin II, neprosin and/or a variant thereof has a 
different glycosylation pattern than the natural enzyme (i.e., 
nepenthesin I, nepenthesin II, or neprosin isolated from a 
Nepenthes plant). 
0143. The synthetic (e.g., recombinant) Nepenthes 
enzyme(s) can be concentrated or purified according to 
known methods, such as those for isolating Nepenthes 
enzyme(s) from the plant pitcher liquid. 
0144. In some embodiments, the protein product isolated 
from a natural source or a synthetic (e.g., recombinant) source 
comprises at least 20% by weight of at least one Nepenthes 
enzyme or a variant thereof. In some embodiments, the iso 
lated protein product comprises at least about 50%, about 
75%, about 90%, about 95% by weight of the Nepenthes 
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enzyme or variant thereof. In some embodiments, the isolated 
protein product comprises at least 99% by weight of the 
Nepenthes enzyme or variant thereof. 
0145. In some embodiments, the recombinant Nepenthes 
enzyme or variant thereof comprises Substantially only 
recombinant nepenthesin or variant thereof. In some embodi 
ments, the recombinant nepenthesin or variant thereof com 
prises Substantially only recombinant nepenthesin I or variant 
thereof. In some embodiments, the recombinant nepenthesin 
or variant thereof comprises Substantially only nepenthesin II 
or variant thereof. In some embodiments, the recombinant 
nepenthesin or variant thereof comprises nepenthesin I and 
nepenthesin II, or variant thereof. In some embodiments, the 
recombinant nepenthesin or variant thereof comprises a ratio 
of nepenthesin I to nepenthesin II (or variant of each thereof) 
of at least about 100:1. In some embodiments, the recombi 
nant nepenthesin comprises a ratio of nepenthesin I to nepen 
thesin II of at least about 90:1. In some embodiments, the 
recombinant nepenthesin comprises a ratio of nepenthesin I 
to nepenthesin II of at least about 70:1. In some embodiments, 
the recombinant nepenthesin comprises a ratio of nepenthesin 
I to nepenthesin II of at least about 60:1. In some embodi 
ments, the recombinant nepenthesin comprises a ratio of 
nepenthesin I to nepenthesin II of at least about 50:1. In some 
embodiments, the recombinant nepenthesin comprises a ratio 
of nepenthesin I to nepenthesin II of at least about 40:1. In 
Some embodiments, the recombinant nepenthesin comprises 
a ratio of nepenthesin I to nepenthesin II of at least about 30:1. 
In some embodiments, the recombinant nepenthesin com 
prises a ratio of nepenthesin I to nepenthesin II of at least 
about 20:1. In some embodiments, the recombinant nepen 
thesin comprises a ratio of nepenthesin I to nepenthesin II of 
at least about 10:1. In some embodiments, the recombinant 
nepenthesin comprises a ratio of nepenthesin I to nepenthesin 
II of at least about 5:1. In some embodiments, the recombi 
nant nepenthesin comprises a ratio of nepenthesin I to nepen 
thesin II of at least about 4:1. In some embodiments, the 
recombinant nepenthesin comprises a ratio of nepenthesin I 
to nepenthesin II of at least about 3:1. In some embodiments, 
the recombinant nepenthesin comprises a ratio of nepenthesin 
I to nepenthesin II of at least about 2:1. In some embodiments, 
the recombinant nepenthesin comprises a ratio of nepenthesin 
I to nepenthesin II of at least about 1:1. In some embodiments, 
the recombinant nepenthesin comprises a ratio of nepenthesin 
I to nepenthesin II of at least about 1:2. In some embodiments, 
the recombinant nepenthesin comprises a ratio of nepenthesin 
I to nepenthesin II of at least about 1:3. In some embodiments, 
the recombinant nepenthesin comprises a ratio of nepenthesin 
I to nepenthesin II of at least about 1:4. In some embodiments, 
the recombinant nepenthesin comprises a ratio of nepenthesin 
I to nepenthesin II of at least about 1:5. In some embodiments, 
the recombinant nepenthesin comprises a ratio of nepenthesin 
I to nepenthesin II of at least about 1:10. In some embodi 
ments, the recombinant nepenthesin comprises a ratio of 
nepenthesin I to nepenthesin II of at least about 1:20. In some 
embodiments, the recombinant nepenthesin comprises a ratio 
of nepenthesin I to nepenthesin II of at least about 1:30. In 
Some embodiments, the recombinant nepenthesin comprises 
a ratio of nepenthesin I to nepenthesin II of at least about 1:40. 
In some embodiments, the recombinant nepenthesin com 
prises a ratio of nepenthesin I to nepenthesin II of at least 
about 1:50. In some embodiments, the recombinant nepen 
thesin comprises a ratio of nepenthesin I to nepenthesin II of 
at least about 1:60. In some embodiments, the recombinant 
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nepenthesin comprises a ratio of nepenthesin I to nepenthesin 
II of at least about 1:70. In some embodiments, the recombi 
nant nepenthesin comprises a ratio of nepenthesin I to nepen 
thesin II of at least about 1:80. In some embodiments, recom 
binant nepenthesin comprises a ratio of nepenthesin I to 
nepenthesin II of at least about 1:90. In some embodiments, 
the recombinant nepenthesin comprises a ratio of nepenthesin 
I to nepenthesin II of at least about 1:100. 
0146 In some embodiments, the recombinant Nepenthes 
enzyme or variant thereof comprises Substantially only 
recombinant neprosin or variant thereof. In some embodi 
ments, the recombinant Nepenthes enzyme or variant thereof 
comprises neprosin and nepenthesin or variant thereof. In 
Some embodiments, the recombinant Nepenthes enzyme or 
variant thereof comprises neprosin and nepenthesin I or vari 
ant thereof. In some embodiments, the recombinant Nepen 
thes enzyme or variant thereof comprises neprosin and nepen 
thesin II or variant thereof. In some embodiments, the 
recombinant Nepenthes enzyme or variant thereof comprises 
neprosin, nepenthesin I and nepenthesin II, or variant thereof. 
In some embodiments, the recombinant Nepenthes enzyme or 
variant thereof comprises a ratio of neprosin to nepenthesin 
(or variant of each thereof) of at least about 100:1. In some 
embodiments, the recombinant Nepenthes enzyme comprises 
a ratio of neprosin to nepenthesin of at least about 90:1. In 
Some embodiments, the recombinant Nepenthes enzyme 
comprises a ratio of neprosin to nepenthesin of at least about 
70:1. In some embodiments, the recombinant Nepenthes 
enzyme comprises a ratio of neprosin to nepenthesin of at 
least about 60:1. In some embodiments, the recombinant 
Nepenthes enzyme comprises a ratio of neprosin to nepen 
thesin of at least about 50:1. In some embodiments, the 
recombinant Nepenthes enzyme comprises a ratio of neprosin 
to nepenthesin of at least about 40:1. In some embodiments, 
the recombinant Nepenthes enzyme comprises a ratio of 
neprosin to nepenthesin of at least about 30:1. In some 
embodiments, the recombinant Nepenthes enzyme comprises 
a ratio of neprosin to nepenthesin of at least about 20:1. In 
Some embodiments, the recombinant Nepenthes enzyme 
comprises a ratio of neprosin to nepenthesin of at least about 
10:1. In some embodiments, the recombinant Nepenthes 
enzyme comprises a ratio of neprosin to nepenthesin of at 
least about 5:1. In some embodiments, the recombinant 
Nepenthes enzyme comprises a ratio of neprosin to nepen 
thesin of at least about 4:1. In some embodiments, the recom 
binant Nepenthes enzyme comprises a ratio of neprosin to 
nepenthesin of at least about 3:1. In some embodiments, the 
recombinant Nepenthes enzyme comprises a ratio of neprosin 
to nepenthesin of at least about 2:1. In some embodiments, the 
recombinant Nepenthes enzyme comprises a ratio of neprosin 
to nepenthesin of at least about 1:1. In some embodiments, the 
recombinant Nepenthes enzyme comprises a ratio of neprosin 
to nepenthesin of at least about 1:2. In some embodiments, the 
recombinant Nepenthes enzyme comprises a ratio of neprosin 
to nepenthesin of at least about 1:3. In some embodiments, the 
recombinant Nepenthes enzyme comprises a ratio of neprosin 
to nepenthesin of at least about 1:4. In some embodiments, the 
recombinant Nepenthes enzyme comprises a ratio of neprosin 
to nepenthesin of at least about 1:5. In some embodiments, the 
recombinant Nepenthes enzyme comprises a ratio of neprosin 
to nepenthesin of at least about 1:10. In some embodiments, 
the recombinant Nepenthes enzyme comprises a ratio of 
neprosin to nepenthesin of at least about 1:20. In some 
embodiments, the recombinant Nepenthes enzyme comprises 
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a ratio of neprosin to nepenthesin of at least about 1:30. In 
Some embodiments, the recombinant Nepenthes enzyme 
comprises a ratio of neprosin to nepenthesin of at least about 
1:40. In some embodiments, the recombinant Nepenthes 
enzyme comprises a ratio of neprosin to nepenthesin of at 
least about 1:50. In some embodiments, the recombinant 
Nepenthes enzyme comprises a ratio of neprosin to nepen 
thesin of at least about 1:60. In some embodiments, the 
recombinant Nepenthes enzyme comprises a ratio of neprosin 
to nepenthesin of at least about 1:70. In some embodiments, 
the recombinant Nepenthes enzyme comprises a ratio of 
neprosin to nepenthesin of at least about 1:80. In some 
embodiments, recombinant Nepenthes enzyme comprises a 
ratio of neprosin to nepenthesin of at least about 1:90. In some 
embodiments, the recombinant Nepenthes enzyme comprises 
a ratio of neprosin to nepenthesin of at least about 1:100. 
0147 In some embodiments, the protein product isolated 
from a natural Source or a synthetic source comprises an 
amino acid that is at least about 70% homologous to the 
amino acid sequence of Nepenthes nepenthesin I (e.g., SEQ 
ID NO. 5; SEQID NO.: 6: SEQID NO.: 7; SEQID NO. 21). 
In one embodiment, the protein product retains protease 
activity. The protein may be at least about 80% homologous 
to Nepenthes nepenthesin I. The protein may be at least about 
85% homologous to Nepenthes nepenthesin I. The protein 
may be at least about 90% homologous to Nepenthes nepen 
thesin I. The protein may be at least about 95% homologous 
to Nepenthes nepenthesin I. The protein may be at least about 
96% homologous to Nepenthes nepenthesin I. The protein 
may be at least about 97% homologous to Nepenthes nepen 
thesin I. The protein may be at least about 98% homologous 
to Nepenthes nepenthesin I. The protein may be at least about 
99% homologous to Nepenthes nepenthesin I. 
0148. In some embodiments, the protein product isolated 
from a natural source or a synthetic source comprises a pro 
tein that is at least about 70% homologous to Nepenthes 
nepenthesin II (e.g., SEQID NO.: 8: SEQID NO.: 9: SEQID 
NO. 20). In one embodiment, the protein product retains 
protease activity. The protein may be at least about 80% 
homologous to Nepenthes nepenthesin II. The protein may be 
at least about 85% homologous to Nepenthes nepenthesin II. 
The protein may beat least about 90% homologous to Nepen 
thes nepenthesin II. The protein may be at least about 95% 
homologous to Nepenthes nepenthesin II. The protein may be 
at least about 96% homologous to Nepenthes nepenthesin II. 
The protein may beat least about 97% homologous to Nepen 
thes nepenthesin II. The protein may be at least about 98% 
homologous to Nepenthes nepenthesin II. The protein may be 
at least about 99% homologous to Nepenthes nepenthesin II. 
0149. In some embodiments, the protein product isolated 
from a natural source or a synthetic source comprises a pro 
tein that is at least about 70% homologous to Nepenthes 
neprosin (e.g., SEQ ID NO.: 1). In one embodiment, the 
protein product retains protease activity. The protein may be 
at least about 80% homologous to Nepenthes neprosin. The 
protein may be at least about 85% homologous to Nepenthes 
neprosin. The protein may be at least about 90% homologous 
to Nepenthes neprosin. The protein may be at least about 95% 
homologous to Nepenthes neprosin. The protein may be at 
least about 96% homologous to Nepenthes neprosin. The 
protein may be at least about 97% homologous to Nepenthes 
neprosin. The protein may be at least about 98% homologous 
to Nepenthes neprosin. The protein may be at least about 99% 
homologous to Nepenthes neprosin. 
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0150. In some embodiments, the protein product isolated 
from a natural Source or a synthetic source comprises nepen 
thesin or a variant thereof with at least about 10% of the 
original protease activity of Nepenthes nepenthesin I. In some 
embodiments, the protein product comprises nepenthesin or a 
variant thereof with at least about 20% of the original protease 
activity of nepenthesin I. In some embodiments, the protein 
product comprises nepenthesin or a variant thereof with at 
least about 30% of the original protease activity of nepen 
thesin I. In some embodiments, the protein product comprises 
nepenthesin or a variant thereof with at least about 40% of the 
original protease activity of nepenthesin I. In some embodi 
ments, the protein product comprises nepenthesin or a variant 
thereof with at least about 50% of the original protease activ 
ity of nepenthesin I. In some embodiments, the protein prod 
uct comprises nepenthesin or a variant thereof with at least 
about 60% of the original protease activity of nepenthesin I. 
In some embodiments, the protein product comprises nepen 
thesin or a variant thereof with at least about 70% of the 
original protease activity of nepenthesin I. In some embodi 
ments, the protein product comprises nepenthesin or a variant 
thereof with at least about 80% of the original protease activ 
ity of nepenthesin I. In some embodiments, the protein prod 
uct comprises nepenthesin or a variant thereof with at least 
about 90% of the original protease activity of nepenthesin I. 
In some embodiments, the protein product comprises nepen 
thesin or a variant thereof with greater than about 100% of the 
original protease activity of nepenthesin I. 
0151. In some embodiments, the protein product isolated 
from a natural Source or a synthetic source comprises nepen 
thes in or a variant thereof with at least about 10% of the 
original protease activity of Nepenthes nepenthesin II. In 
Some embodiments, the protein product comprises nepen 
thesin or a variant thereof with at least about 20% of the 
original protease activity of nepenthesin II. In some embodi 
ments, the protein product comprises nepenthesin or a variant 
thereof with at least about 30% of the original protease activ 
ity of nepenthesin II. In some embodiments, the protein prod 
uct comprises nepenthesin or a variant thereof with at least 
about 40% of the original protease activity of nepenthesin II. 
In some embodiments, the protein product comprises nepen 
thesin or a variant thereof with at least about 50% of the 
original protease activity of nepenthesin II. In some embodi 
ments, the protein product comprises nepenthesin or a variant 
thereof with at least about 60% of the original protease activ 
ity of nepenthesin II. In some embodiments, the protein prod 
uct comprises nepenthesin or a variant thereof with at least 
about 70% of the original protease activity of nepenthesin II. 
In some embodiments, the protein product comprises nepen 
thesin or a variant thereof with at least about 80% of the 
original protease activity of nepenthesin II. In some embodi 
ments, the protein product comprises nepenthesin or a variant 
thereof with at least about 90% of the original protease activ 
ity of nepenthesin II. In some embodiments, the protein prod 
uct comprises nepenthesin or a variant thereof with greater 
than about 100% of the original protease activity of nepen 
thesin II. 

0152. In some embodiments, the protein product isolated 
from a natural source or a synthetic source comprises nepro 
sin or a variant thereof with at least about 10% of the original 
protease activity of Nepenthes neprosin. In some embodi 
ments, the protein product comprises neprosin or a variant 
thereof with at least about 20% of the original protease activ 
ity of neprosin. In some embodiments, the protein product 
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comprises neprosin or a variant thereof with at least about 
30% of the original protease activity of neprosin. In some 
embodiments, the protein product comprises neprosin or a 
variant thereof with at least about 40% of the original protease 
activity of neprosin. In some embodiments, the protein prod 
uct comprises neprosin or a variant thereof with at least about 
50% of the original protease activity of neprosin. In some 
embodiments, the protein product comprises neprosin or a 
variant thereof with at least about 60% of the original protease 
activity of neprosin. In some embodiments, the protein prod 
uct comprises neprosin or a variant thereof with at least about 
70% of the original protease activity of neprosin. In some 
embodiments, the protein product comprises neprosin or a 
variant thereof with at least about 80% of the original protease 
activity of neprosin. In some embodiments, the protein prod 
uct comprises neprosin or a variant thereof with at least about 
90% of the original protease activity of neprosin. In some 
embodiments, the protein product comprises neprosin or a 
variant thereof with greater than about 100% of the original 
protease activity of neprosin. 
0153. Unless stated otherwise, the abbreviations used 
throughout the specification have the following meanings: 

0154 g gram 
0155 kDa-kiloDalton 
0156 kg kilogram 
O157 L=liter 
0158 LC-liquid chromatography 
0159 mg-milligram 
(0160 min-minute 
(016.1 mL milliliter 
(0162 mM=millimolar 
0163 MS-mass spectrometry 
0.164 nM-nanomolar 
(0165 pM= picomolar 
(0166 s.d.-standard deviation 
(0167 uCi-microcurie 
0168 ug microgram 
(0169 uL-microliter 
(0170 uM=micromolar 
0171 um-micrometer 
(0172 °C. degree Celsius 

0173 These one-letter symbols have the following mean 
ing when representing amino acids: 

0.174 A=Alanine 
(0175 R=Arginine 
0176 N=Asparagine 
(0177 D-Aspartic acid 
(0178 C=Cysteine 
0179 E=Glutamic acid 
0180 Q=Glutamine 
0181 G=Glycine 
0182 H=Histidine 
0183 I=Isoleucine 
0.184 L=Leucine 
0185. K-Lysine 
0186 M=Methionine 
0187 F=Phenylalanine 
0188 P=Proline 
(0189 S=Serine 
0190. T=Threonine 
(0191 W=Tryptophan 
(0192 Y=Tyrosine 
(0193 V=Valine 
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EXAMPLES 

Example 1 

Nepenthesin Extract Preparation Chemicals 
(0194 Water and acetonitrile, HPLC grade form Burdick 
and Jackson, were purchased from VWR. Formic acid, Tris, 
and glycine were purchased from Sigma Aldrich: 

Plant Culture 

0.195 Transplants of Nepenthes rafflesiana, Nepenthes 
ampularia, Nepenthes mirabilis, and Nepenthes globosa 
were purchased from Keehns Carnivores (www.keehnscarni 
vores.ca). These were potted with wood bark, perlite, peat 
moss and humus (40, 35, 10, 5% respectively). Growth con 
ditions involved 14 hours of light per day, 80% humidity and 
temperature in the 23°C. to 28°C. range with 2 to 3 waterings 
a week. Upon pitcher maturity, plants were fed with one or 
two Drosophila per pitcher and the pitcher fluid harvested one 
week later. Pitchers and their secretions were left to recover 
for one week prior to a second round offeeding and extrac 
tion. 

Extract Preparation 
(0196. Pitcher fluid was collected from all four species of 
plants and combined. The crude pitcher fluid was first clari 
fied through a 0.22 um filter, then concentrated 80 to 100 fold 
using an Amicon Ultra centrifugal 10 kDa molecular weight 
cut-off filter (both from Millipore). Prior to use indigestions, 
the concentrate was acid-activated with 100 mMGlycine HCl 
(pH 2.5) for 3 hours, then washed 3x with 100 mM Glycine 
HCl (pH 2.5) in the filtration device, using 10x fluid volume 
for each wash. The final isolate was then rediluted to an 11x 
concentration based on the original sampling of pitcher fluid. 

Characterization of Pitcher Fluid Extract 

0197) The fluidic secretions of the pitcher plant were con 
centrated and the digestion enzymes activated by pH reduc 
tion (pH 2.5). The impact of the enrichment process and the 
activation on the fluid proteome was determined using pro 
teomics methods. First, to confirm the presence of nepen 
thesin enzyme, the inactive concentrate was separated by 
SDS-PAGE. Seven contiguous gel Zones with very faint coo 
massie staining were digested with trypsin and analyzed by 
nanoLC-MS/MS using standard methods. This is not 
expected to be a complete catalog of the activated fluid pro 
teome, but the analysis confirmed the presence of the aspartic 
protease nepenthesin I/II, as well as a glucanase, chitinase, 
carboxypeptidase and peroxidase of plant origin, plus modest 
levels of drosophila and bacterial contamination. The low 
complexity of the fluid proteome is consistent with recent 
analyses, Hatano N. Hamada T (2012) Proteomic analysis of 
secreted protein induced by a component of prey in pitcher 
fluid of the carnivorous plant Nepenthes alata. Journal of 
Proteomics 3: 75(15):4844-52 (Epub Jun. 15, 2012), but 
nepenthesin-I was found distributed over a much wider mass 
range in this analysis (40-70 kDa). 
0198 The acid-activated fluid was then processed and 
analyzed in a similar fashion. The activation process reduced 
the overall protein yield, and also appeared to simplify the 
composition. Aside from nepenthesin-I, only minor contami 
nation from keratin and actin were in evidence. These analy 
ses point to the low complexity of the enriched fluid, where 
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nepenthesin is the major component. The total protein con 
centration of the activated and 80x enriched fluid was mea 
Sured by a BCA assay to be 22ngful. This value is consistent 
with an earlier study describing enrichment of the fluid. Tokes 
ZA, et al., Digestive-Enzymes Secreted by Carnivorous Plant 
Nepenthes-Macferlanei-L. Planta 119(1):39-46 (1974). 

Example 2 

Nepenthesin Extract Purification 

Purification of Extract 

0199 Sepharose-immobilized pepstatin in a 50x2 cm ID 
column was equilibrated in 20 mM Glycine-HCl, pH 2.5-3. 
The filtered pitcher fluid (prepared as described in Example 
1) was cycled twice through the column, and the column 
washed with 100 mL equilibration buffer (20 mM glycine 
HCl, pH 2.5). The column was eluted with 100 mM ammo 
nium bicarbonate pH 8.7 and fractions collected. In order to 
preserve maximum the enzyme activity, the pH was 
decreased to 4 right after fraction collection with 2M glycine 
HCl, pH 2.5. Activity was verified using a digestion assay, and 
the most active fractions combined and concentrated to 
approximately 80x, based on original fluid Volume. 
0200. The only endoproteases found at detectable levels in 
the Nepenthes fluid and/or extract are aspartic proteases and 
prolyl endoprotease. 

Example 3 

Recombinant Nepenthesin I 
0201 The gene for nepenthesin I (SEQID NO: 4; encod 
ing amino acid residues 20-413, from N. gracilis, without the 
plant signal sequence) was prepared from nepenthesin I 
cDNA, and placed between Ndel and HindIII restriction sites. 
This sequence was cloned into pET21a, using T4DNA ligase 
(1 U) (New England Bio, NEB), T4 DNA ligase buffer 
(NEB), ATP (0.5 mM)(NEB), 0.5ugpET21a vector and 2 ug 
of the nepenthesin I cDNA. This was incubated at 18°C. for 
4 hours. The ligation mixture (5uL) was added to 200 uL of 
NovaBlue competent cells and incubated on ice for 15 min 
utes. Cells were transformed by heat shock (45 seconds at 42 
C., then immediately on ice, with 1 ml of LB medium) and 
incubated for 1 hour at 37° C., and plated with antibiotics 
(tetracycline and amplicillin). After confirming gene presence 
in several white colonies, a representative colony was chosen 
for maxiprep. The resulting recombinant plasmid plT21a/R. 
NepI was transformed into E. coli C41 by heat-shock as 
above, for expression under induction by IPTG. Here, cells 
were grown up to an ODeo of 0.6 and induced with 0.1 mM 
IPTG for four hours at 37° C. The expressed protein went to 
inclusion bodies. 
0202 Inclusion bodies were isolated as follows. Cells 
were centrifuged, sucrose lysis buffer was added (25% sac 
charose, 50 mM TrisCl pH 7.4, 1 mM EDTA, 1 mM NaNs, 
and protease inhibitors), and the cells were subjected to four 
rounds of freeze/thaw and sonication. This was followed by 
the addition of DNAse and RNAse for a 30 min. incubation at 
room temperature. The preparation was centrifuged (~15 
min. at 5000xg) to pellet the inclusion bodies and membrane 
fragments. This pellet was resuspended in Triton buffer (50 
mM TrisCl pH 7.4, 10 mM NaCl, 1 mM f-mercaptoethanol, 
1 mM NaN, 0.5% Triton X100+protease inhibitors) and 
Sonication performed on ice. This was once again centri 
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fuged, to pellet the inclusion bodies, and the pellet was 
washed twice on ice (with mixing and Sonication) in a buffer 
free of Triton (50 mM TrisCl pH 7.4, 10 mM. NaCl, 1 mM 
f3-mercaptoethanol, 1 mM NaN, protease inhibitors). 
0203 The protein pellet was then subjected to refolding. 
One g of inclusion bodies was suspended into 1 L of 50 mM 
CAPS pH 10.5, 8 Murea, 1 mM EDTA, 1 mM glycine, 500 
mM NaCl, 300 mM B-mercaptoethanol and shaken for 1 hr. 
The suspension was dialysed against 50 mM Tris, pH 11, 
twice for 1 hour at a time, followed by one day of dialysis 
against 50 mM Tris, pH 7.5, and finally, dialysis against 
phosphate buffer with 300 mM NaCl, pH 7.0. 
0204 The solution was centrifuged at high speed 
(10000xg for 15 min.) to remove any un-refolded protein, and 
the supernatant filtered through a 0.22 um membrane. Nepen 
thesin I was activated at pH 2.5 (glycine-HCl) overnight at 4 
C. Yields range from 10 to 100 mg of folded, activated pro 
tein, starting from 1 L of cell culture. 

Example 4 

Recombinant Nepenthesin II 

(0205 The cDNA of nepenthesin II (see SEQID NO. 14) 
from N. gracilis, without the plant signal sequence) was used 
to prepare nepenthesin II clNA. This sequence was cloned 
into pET21a between Ndel and HindIII restriction sites, using 
T4 DNA ligase (1 U) (New England Bio, NEB), T4 DNA 
ligase buffer (NEB), ATP (0.5 mM) (NEB), 0.5 ug pET21a 
vector and 2 g of the nepenthesin H clNA. This was incu 
bated at 18°C. for 4 hours. The ligation mixture (5 LL) was 
added to 200 uL of NovaBlue competent cells and incubated 
on ice for 15 minutes. Cells were transformed by heat shock 
(45 seconds at 42°C., then immediately on ice, with 1 ml of 
LB medium) and incubated for 1 hour at 37° C., and plated 
with antibiotics (tetracycline and ampicillin). After confirm 
ing gene presence in several white colonies, a representative 
colony was chosen for maxiprep. The resulting recombinant 
plasmid plT21a/R.NepI was transformed into E. coli C41 by 
heat-shock as above, for expression under induction by IPTG. 
Here, cells were grown up to an ODeo of 0.6 and induced 
with 0.1 mM IPTG for four hours at 37° C. The expressed 
protein went to inclusion bodies. 
0206 Inclusion bodies were isolated as follows. Cells 
were centrifuged, sucrose lysis buffer was added (25% sac 
charose, 50 mM TrisCl pH 7.4, 1 mM EDTA, 1 mM NaNs, 
and protease inhibitors), and the cells were subjected to four 
rounds of freeze/thaw and sonication. This was followed by 
the addition of DNAse and RNAse for a 30 min. incubation at 
room temperature. The preparation was centrifuged (~15 
min. at 5000xg) to pellet the inclusion bodies and membrane 
fragments. This pellet was resuspended in Triton buffer (50 
mM TrisCl pH 7.4, 10 mM NaCl, 1 mM f-mercaptoethanol, 
1 mM NaN, 0.5% Triton X100+protease inhibitors) and 
Sonication performed on ice. This was once again centri 
fuged, to pellet the inclusion bodies, and the pellet was 
washed twice on ice (with mixing and Sonication) in a buffer 
free of Triton (50 mM TrisCl pH 7.4, 10 mM. NaCl, 1 mM 
B-mercaptoethanol, 1 mM NaN, protease inhibitors). 
0207. The protein pellet was then subjected to refolding. 
One g of inclusion bodies was suspended into 1 L of 50 mM 
CAPS pH 10.5, 8 Murea, 1 mM EDTA, 1 mM glycine, 500 
mM NaCl, 300 mM B-mercaptoethanol and shaken for 1 hr. 
The suspension was dialysed against 50 mM Tris pH 11 twice 
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for 1 hour at a time, followed by one day of dialysis against 50 
mM Tris pH 7.5, and finally, dialysis against phosphate buffer 
with 300 mM NaCl, pH 7.0. 
0208. The solution was centrifuged at high speed 
(10000xg for 15 min.) to remove any un-refolded protein, and 
the supernatant filtered through a 0.22 Lum membrane. Nepen 
thesin II was activated at pH 2.5 (glycine-HCl) overnight at 4 
C. Yields range from 10 to 100 mg of folded, activated pro 
tein, starting from 1 L of cell culture. 

Example 5 

Glycosylation of Nepenthes Enzymes 

0209 Recombinant production of nepenthesin I (A) and II 
(C) from refolding of purified E. coli inclusion bodies is 
shown in FIG. 2. Each step of the refolding procedure was 
monitored and is shown as: total solubilized protein from 
purified E. coli inclusion bodies (Lane 1), refolded nepen 
thesin after final dialysis (lane 2), 24-hour acid activation 
(100 mM glycine-HCl, pH 2.5) of refolded product (lane 3). 
MALDI-TOF MS analysis was performed on the 24-hour 
acid activated nepenthesin I (B) and II (D) enzymes. LC-MS/ 
MS analyses of in-gel digests of the acid-activated bands (A 
and C, lanes 3) confirmed the presence of pure nepenthesin I 
and II respectively. 
0210 MALDI-TOF analyses of natural nepenthesins 
(pooled from 2-3 species) was performed. Results are shown 
in FIG.3. The mass at 37.200 is believed to be nepenthesin II 
and the mass at 38,951 to be nepenthesin I. Either way, they 
are different than the masses of the recombinant enzymes, as 
shown in Table 1. 

TABLE 1. 

Mass of Recombinant V. Natural Nepenthesins 

Nepenthesin 1 Mass (Daltons)* Nepenthesin II Mass (Daltons)* 

recombinant 37,460 recombinant 37,506 
natural 38,949 natural 37,199 
Difference: 1,489 -307 

*1 Dalton is subtracted for the proton added by MALDI. 

0211 Without being bound by theory, we believe that this 
confirms nepenthesin I is glycosylated in nature. The active, 
mature enzyme of recombinant nepenthesin II is larger than 
what exists in nature. It remains possible that natural nepen 
thesin II is even Smaller in protein sequence but has some 
minor glycosyation. The masses of the natural enzymes 
reported herein differ from Athauda et al. likely because mass 
spec is a more accurate technique than SDS PAGE for deter 
mining the mass of a molecule. 

Example 6 

Comparison of Nepenthes Enzymes with Pepsin 
0212 SDS-PAGE was performed on gliadin digested by 
the indicated enzyme. SDS-PAGE roughly profiles proteins 
according to molecular weight. Gliadin digestion with pep 
sin, purified Nepenthes extract, or recombinant nepenthesin II 
was performed at a Substrate to enzyme ratio of approxi 
mately 100:1. Gliadin (5 mg) was incubated with the indi 
cated preparation at 37°C. for 2 hr. FIG. 4 shows an SDS 
PAGE gel of gliadin digestion by recombinant nepenthesin II, 
Nepenthes extract, or pepsin. The gel shows that digestion of 
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gliadin by recombinant nepenthesin II results in a different 
digestion pattern and digestion into Smaller peptides than 
does pepsin. This is particularly noticeable in the boxed areas 
of the gel. Nepenthes extract is so efficient at degrading glia 
din that no residual gliadin protein is observed in this region. 
0213 Table 2 indicates preferred, low probability, and 
forbidden residues for C-terminal cleavage by pepsin, recom 
binant nepenthesin I and II, and Nepenthes extract. C-termi 
nal cleavage specificity, the classic way enzymes are classi 
fied, is Summarized based on a large collection of protein 
Substrates. The nepenthesins are quite different from pepsin 
in cleavage specificity, indicating that nepenthesin and pepsin 
are very different enzymes. The pepsin data provided in Table 
2 is summarized from the literature (e.g. “Determining the 
Specificity of Pepsin for Proteolytic Digestion', a thesis by 
Melissa Palashoff available at: books.google.ca/ 
books?id=7OlnU4-6T 
wC&printsec=frontcoveriiv-onepage&q&f=false). Nepen 
thes enzyme data is Summarized from digestions studies Such 
as that described in U.S. Patent Application Publication No. 
2014/0186330, which is incorporated herein by reference in 
its entirety. 

TABLE 2 

C-terminal Cleavage 

Nepenthesin I and 
Pepsin II Nepenthes extract 

Preferred F, L, M F, L, M, K, R, D, F, L, M, K, R, 
E, C. Y. A D, E, C, Y 

Low W. C. Y. D, E, G, W. G., N, Q, V, T H, I, A. P.. N, Q 
probability Q, N, S, T 
“Forbidden I, V, K, R, P, H, G G, I, S, P G, S, T, W, V 

0214 LC-MS assay was performed to determine the abil 
ity of each enzyme to cleave the 33-mer toxic gluten peptide. 
33-mer was incubated with the indicated enzyme for 0.5 h at 
a 100:1 ratio (substrate:enzyme), and the amount of undi 
gested 33-mer determined relative to a standard, following 
common practice. Data is provided as percent of the control 
(33-mer with no enzyme added). 
0215 Table 3 provides the digestion of the pepsin-resis 
tant fragment from gluten protein that is called the “33-mer 
(LQLQPFPQPQLPYPQPQLPYPQPQLPYPQPQPF) SEQ 
ID. 15. This sequence is strongly linked to celiac disease and 
is often termed a toxic gluten peptide. Like the whole gluten 
proteins themselves, the 33-mer is rich in Q. P and L amino 
acids. Extended digestion times using just pepsin did not have 
much of an effect on this peptide it was very resistant to 
pepsin digestion. In contrast, nepenthesin I, nepenthesin II 
and the high molecular weight fraction (>approx. 10 kDa) of 
Nepenthes extract (fluid) exhibited the ability to digest this 
peptide. Data are provided as % of control (33-mer with no 
enzyme). 

TABLE 3 

33-mer Digestion 

Relative Peak Area 
Enzyme for Digestion (%) 

Control 1OOO 
Nepenthes fluid O.O 
Nepenthesin I 78.7 
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TABLE 3-continued 

33-mer Digestion 

Relative Peak Area 
Enzyme for Digestion (%) 

Nepenthesin II 34.O 
Pepsin 93.2 

0216 Gliadin protein slurry (5 mg gluten) was incubated 
with 40 or 200 ug of recombinant nepenthesin I or recombi 
nant nepenthesin II, or 40 g of pepsin and examined for 
degree of digestion (as determined by the degree of cloudi 
ness of the relative solutions). Increasing amounts of pepsin 
have no effect on the cloudiness of the slurry (data not 
shown). FIG. 5A is an image of vials containing gliadin slurry 
and the indicated amount of recombinant nepenthesin I. 
recombinant nepenthesin II, or pepsin. FIG. 5B is similar, but 
used 5, 20, or 100 g of Nepenthes extract. The vials incu 
bated with nepenthesin or Nepenthes extract were less cloudy 
than the pepsin Vial, showing more vigorous digestion of 
gliadin. 
0217. These data show that the gliadin protein digests are 
different between Nepenthes enzymes and pepsin at the gel 
level (which shows the “larger digestion products), the pep 
tide level (processing of the 33-mer), and at the slurry level 
(clarifying the Solution). Pepsin, neprosin, and nepenthesin 
are very different proteins with distinct cleavage specificities, 
particularly with regard to gluten proteins. Simply put, pepsin 
does not adequately digest gluten in a manner to avoid gluten 
toxicity whereas the Nepenthes enzymes do. 

Example 7 

Digestion of Gliadin by Nepenthes Extract 
0218. Digestions of gliadin by nepenthesin were per 
formed in solution using a LEAP HTX-PAL autosampler and 
dispensing system designed for hydrogen/deuterium 
exchange (HDX) applications. Data were collected using an 
AB Sciex Triple-TOF 5600 QqTOF mass spectrometer. Pep 
tides were identified using Mascot (v2.3) from MS/MS data. 
Briefly, 12 pmol of crude gliadin (purchased from Sigma 
Aldrich) were mixed with 2 LL of 100x concentrated extract, 
produced as described in Example 1. After digestion the 
entire Volume was injected into a reversed-phase LC system 
connected to the mass spectrometer. The peptides were 
trapped on a 7 cm, 150 um i.d. Magic C18 column and eluted 
with an acetonitrile gradient from 10% to 40% in 10 or 30 
minutes. Peptides detected in these analyses were selected for 
CID fragmentation in multiple information-dependent acqui 
sitions of MS/MS spectra. Spectra were searched against a 
miniature database containing the sequences for all identified 
wheat gliadin (C, B, Y. (D) proteins plus the low and high 
molecular weight glutenin. 
0219 FIG. 6 shows the average length of all peptides 
identified from the nepenthes extract digestion of gliadin 
from wheat, using LC-MS/MS, after 1, 5, 10, 15, 30, 60, 130, 
360 or 810 minutes at 37° C. A 95% confidence cut-off 
(p<0.05) on the scores were used to reduce false positive 
identifications. Relative standard deviation of the peptide 
length is shown in the inset figure. 
0220 FIG. 7 displays the number of peptides identified by 
LC-MS/MS after 1, 5, 10, 15, 30, 60, 130,360 or 810 minutes 
digestion at 37°C., grouped by length. Data as in FIG. 6. 
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0221 FIG. 8 displays the same data as in FIG. 6, as a 
probability of obtaining a certain length after 10, 60, 120,360 
or 810 minutes digestion at 37°C. 
0222 For digest mapping, gliadin digestion was per 
formed as described above, except that the substrate to 
enzyme ratio was approximately 1000:1. Gliadin was 
digested at 37° C. for 2 hr with nepenthesin extract, purified 
nepenthesin extract, or recombinant nepenthesin I. 
0223) The P1 cleavage preference of recombinant nepen 
thesin I is very similar to that of the concentrated fluid extract, 
as well as the purified fraction of the extract (FIG. 9A). 
Surprisingly, the extract showed a higher preference for 
glutamine than either the purified extract or recombinant 
nepenthesin I. 
0224. The P1" cleavage preference of recombinant nepen 
thesin I is very similar to that of the concentrated fluid extract, 
as well as the purified fraction of the extract (FIG. 9B). 
Surprisingly, the extract showed a higher preference for pro 
line than either the purified extract or recombinant nepen 
thesin I. 
0225. The extract contains nepenthesin I, nepenthesin II, 
and neprosin, but the purification strategy recovers more 
nepenthesin Ithan the other two enzymes. Without wishing to 
be bound by theory, it is believed that the heightened cleavage 
at the PIglutamine position and the PI'proline position by the 
extract are due to neprosin, nepenthesin II, and/or synergy 
between two or more of the enzymes. 

Example 8 

Preparation of Neprosin Extract 

0226 Neprosin was extracted from Nepenthes sp. digest 
ing fluid. The fluid was collected from the plantpitcher 5 days 
after feeding with frozen fruit flies. The collected liquid was 
filtered to removed dead insects and repeatedly washed with 
20 mMammonium acetate pH 5.0 by multiple concentration/ 
filtration cycles through a 10 kDa molecular weight cut-off 
membrane. 
0227 Neprosin was partially purified away from nepen 
thesin on a mono P 5750 GL column. 5 mL of 1.5x concen 
trated fluid was injected onto the mono P column equilibrated 
at low ionic strength (20 mMAmmonium acetate pH 6). The 
proteins were eluted with a 40 min NaCl gradient (0 to 1M) at 
0.5 ml/min. The fractions were collected every 0.5 ml. Nepro 
sin activity was tested in each fraction by digesting an intrin 
sically-disordered proline-rich protein, APLF. The peptides 
generated were separated on a C8 column and analyzed by 
LC-MS/MS on a tripleToF 5600 (AB Sciex). Fractions 19-22 
were enriched for neprosin (FIG.10) and are termed the crude 
neprosin extract; neprosin is distinct from nepenthesin, which 
was enriched in later fractions. 

Example 9 

Efficacy of Nepenthes Enzymes in Inhibiting 
Inflammation in the Intestines of Gluten-Intolerant 

Mice 

0228 
0229. To test the efficacy of in vitro digestion of gliadin 
using Nepenthes extract or recombinant nepenthesin II in 
preventing in vivo gliadin-induced damage using gliadin 
sensitized NOD-DQ8 mice. 

Objective: 
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0230 Experimental Design: 
0231 NODDQ8 mice were sensitized with cholera toxin 
(CT) and gliadin to break oral tolerance to gliadin. Negative 
controls were treated with CT and gliadin, but left free of 
Subsequent oral gliadin challenges. Gliadin challenges were 
performed with a porcine protease (pepsin) digest of gliadin 
containing a variety of toxic and immunogenic derived pep 
tides. Treatment groups were challenged with gliadin predi 
gested with Nepenthes extract or recombinant nepenthesin II 
(for 90 minutes at 37 degrees Celsius). It is hypothesized that 
Nepenthes extract- or recombinant nepenthesin II-gliadin 
digests will be less immunogenic in vivo than pepsin-gliadin 
digests. 

Groups: 

0232 Positive Control (n=8): 
0233 Sensitized and gliadin challenged. Mice were sen 
sitized with cholera toxin (CT) and pepsingliadin (P-G) (1x 
per week for 3 weeks). During the experimental period, mice 
were gavaged with P-gliadin (3x per week for 3 weeks). 
0234 Negative Control (n=8): 
0235 Sensitized (then gliadin free). Mice were sensitized 
with cholera toxin (CT) and pepsin gliadin (P-G) (1x per 
week for 3 weeks). During the experimental period, mice 
were gavaged with vehicle (3x per week for 3 weeks). 
0236 Treatment 1 (n=8): 
0237 Nepenthes extract. Mice were sensitized with chol 
era toxin (CT) and pepsin gliadin (P-G) (1x per week for 3 
weeks). During the experimental period, mice were gavaged 
with Nepenthes extract-digested gliadin (3x per week for 3 
weeks). 
0238 Treatment 2 (n=8): 
0239 Mice were sensitized with cholera toxin (CT) and 
pepsin gliadin (P-G) (1x per week for 3 weeks). During the 
experimental period, mice were gavaged with nepenthesin 
II-digested gliadin (3x per week for 3 weeks) 

Results: 

0240 All 4 groups of mice were sensitized with pepsin 
gliadin digest plus cholera toxin. Negative controls were left 
free of gliadin challenge after sensitization. Positive controls 
and the treatment groups were orally challenged with gliadin 
after sensitization. The difference in the treated groups was 
that the gliadin challenge was pre-digested with Nepenthes 
extract or nepenthesin II. In this way, the “negative controls” 
were not totally naive of gliadin (since they were exposed 
during sensitization phase), and thus mimicked the clinical 
situation of a celiac patient going into remission while adher 
ing to a gluten-free diet. 
0241 Clinical/Toxic Effects: 
0242. Overall appearance of the mice (movement, eye 
opening, grooming) was evaluated. No ill effects were 
observed in any of the treatment or control groups. Body 
weights were recorded throughout the experiments and no 
weight loss was observed in any of the groups (FIG. 11). 
0243 Innate Immune Changes to Gliadin Challenge: 
0244 Immunohistochemistry for CD3+intraepithelial 
lymphocytes was performed on the intestines of mice from 
each treatment group (FIG. 12). This is a quick and early 
innate immune marker of intestinal gliadin exposure in the 
model. Gliadin exposure resulted in increased IEL counts 
compared to negative control mice and to mice exposed to 
gliadin that was pre-digested with Nepenthes extract or 
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nepenthesin II (FIG. 13). No differences in IEL counts were 
observed between Nepenthes extract and nepenthesin II 
treated groups. 
0245 
0246 Non-significant trends were observed for lower vil 
lus/crypt (V/C) ratios in the positive control group (FIG. 14). 
Nepenthes extract and nepenthesin II treated groups had a 
trend for higher ratios compared to the positive and negative 
controls. 

Villus to Crypt Ratios: 

Interpretation/Discussion: 

0247 A three-week challenge with gliadin pre-digested 
with Nepenthes extract or nepenthesin II was safe and did not 
induce short-term decreases in body weight or any clinical 
adverse event in mice. 

0248 Oral gliadin challenges led to significant increases 
in Small intestinal IEL counts in previously sensitized in 
mice. The IEL increase was not observed in mice that were 
challenged with gliadin that had been pre-digested with 
Nepenthes extract or nepenthesin II. This suggests a lower 
luminal antigenicity of the gliadin treated with Nepenthes 
extract or nepenthesin II. 

0249 Reduction in V/C ratios was very mild in the posi 
tive control group. However, there were non-significant 
trends for higher V/C ratios in mice that were challenged with 
gliadin that was predigested with Nepenthes extract or nepen 
thesin II. Reduction in V/C ratios in this animal model is 

moderate and varies with the duration and dose of the gliadin 
challenge. The differences are more marked between positive 
and negative controls when the latter are completely naive of 
gliadin/gluten (non-sensitized). It is believed that differences 
in V/C ratios using predigested Nepenthes extract or nepen 
thesin II in a more chronic setting and/or compared to mice 
that are completely naive of gliadin (non-sensitized) would be 
more pronounced. 

0250 

0251. The results show an effect of pre-digestion of glia 
din with Nepenthes extract or nepenthesin II to reduce the 
antigenicity of the gliadin peptides in the Small intestinal tract 
of sensitized NOD/DQ8 mice. 

Overall Conclusion: 

Example 10 

Gliadin Digestion by Neprosin 

0252 Crude neprosin extract was incubated with gliadin 
at pH 2.5 and the resulting peptide fragments analyzed by 
MS. The results are shown in FIGS. 15A and 15B (a dot. 
indicates a cleavage site). The protein sequence coverage by 
the extract was 61%. Approximately 57% of the potential 
proline (P) cleavage sites (C-terminal) in gliadin were pro 
cessed by the crude neprosin extract. Without being bound by 
theory, it is believed that at least a portion of the glutamine 
cleavage sites were due to a small amount of contamination of 
the extract with nepenthesin proteins. 
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SEQUENCE LISTING 

<16O is NUMBER OF SEO ID NOS : 150 

<210s, SEQ ID NO 1 
&211s LENGTH: 38O 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polypeptide 

<4 OOs, SEQUENCE: 1 

Met Glin Ala Lys Phe Phe Thr Phe Val Ile Leu Ser Ser Val Phe Tyr 
1. 5 1O 15 

Phe Asn Tyr Pro Lieu Ala Glu Ala Arg Ser Ile Glin Ala Arg Lieu Ala 
2O 25 3O 

Asn Llys Pro Lys Gly. Thir Ile Llys Thir Ile Lys Gly Asp Asp Gly Glu 
35 4 O 45 

Val Val Asp Cys Val Asp Ile Tyr Lys Glin Pro Ala Phe Asp His Pro 
SO 55 6 O 

Lieu. Leu Lys Asn His Thr Lieu Gln Met Glin Pro Ser Ser Tyr Ala Ser 
65 70 7s 8O 

Llys Val Gly Glu Tyr Asn Llys Lieu. Glu Gln Pro Trp His Lys Asn Gly 
85 90 95 

Glu Cys Pro Lys Gly Ser Ile Pro Ile Arg Arg Glin Val Ile Thr Gly 
1OO 105 11 O 

Lieu Pro Val Val Lys Lys Glin Phe Pro Asn Lieu Lys Phe Ala Pro Pro 
115 12 O 125 

Ser Ala Asn Thr Asn His Glin Tyr Ala Val Ile Ala Tyr Phe Tyr Gly 
13 O 135 14 O 

Asn Ala Ser Lieu. Glin Gly Ala Asn Ala Thir Ile Asn. Ile Trp Glu Pro 
145 150 155 160 

Asn Lieu Lys Asn Pro Asn Gly Asp Phe Ser Lieu. Thr Glin Ile Trp Ile 
1.65 17O 17s 

Ser Ala Gly Ser Gly Ser Ser Lieu. Asn. Thir Ile Glu Ala Gly Trp Glin 
18O 185 19 O 

Val Tyr Pro Gly Arg Thr Gly Asp Ser Glin Pro Arg Phe Phe Ile Tyr 
195 2OO 2O5 

Trp. Thir Ala Asp Gly Tyr Thr Ser Thr Gly Cys Tyr Asp Lieu. Thir Cys 
21 O 215 22O 

Pro Gly Phe Val Glin Thr Asn Asn Tyr Tyr Ala Ile Gly Met Ala Leu 
225 23 O 235 24 O 

Gln Pro Ser Val Tyr Gly Gly Glin Glin Tyr Glu Lieu. Asn Glu Ser Ile 
245 250 255 

Glin Arg Asp Pro Ala Thr Gly Asn Trp Trp Lieu. Tyr Lieu. Trp Gly. Thir 
26 O 265 27 O 

Val Val Gly Tyr Trp Pro Ala Ser Ile Tyr Asn Ser Ile Thr Asn Gly 
27s 28O 285 

Ala Asp Thr Val Glu Trp Gly Gly Glu Ile Tyr Asp Ser Ser Gly Thr 
29 O 295 3 OO 

Gly Gly Phe His Thr Thr Thr Gln Met Gly Ser Gly His Phe Pro Thr 
3. OS 310 315 32O 

Glu Gly Tyr Gly Lys Ala Ser Tyr Val Arg Asp Lieu. Glin Cys Val Asp 
3.25 330 335 
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- Continued 

Thr Tyr Gly Asn Val Ile Ser Pro Thr Ala Asn Ser Phe Glin Gly Ile 
34 O 345 35. O 

Ala Pro Ala Pro Asn Cys Tyr Asn Tyr Glin Phe Glin Glin Gly Ser Ser 
355 360 365 

Glu Lieu. Tyr Lieu Phe Tyr Gly Gly Pro Gly Cys Glin 
37 O 375 38O 

<210s, SEQ ID NO 2 
&211s LENGTH: 1480 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polynucleotide 

22 Os. FEATURE: 

<221 > NAMEAKEY: modified base 
<222s. LOCATION: (1448) ... (1449) 
<223> OTHER INFORMATION: a, c, t, g, unknown or other 

<4 OOs, SEQUENCE: 2 

acatggggac ggcctaatta gtaatctoraa gtttgatgtt taaaaggctt caactatgca 

agctaagttt ttcacatttgttatactitt.c citctg tattt tatttcaact atc ctittggc 

tgaa.gcaaga t cattcaag caagattagc caataaacca aaggg tacta t caaaac cat 

aaagggagat gatggagagg toggttgattgtttgatata tataagcaac Cagcttittga 

ccacccactt ttaaaaaatc acactttaca gatgcaa.ccc agttcatacg catccaaggit 

cggtgaatac aataagcttgaacaac catg gCataaaaat ggtgagtgcc ctaaaggttc 

aatcc caatt agaaggcaag titat cactgg tot coccgtc gtgaaaaaac aattt cotaa 

cittgaaattit gcc ccaccaa gtgcaaatac aaaccaccag tatgctgtca ttgcatactt 

ttacggcaat gcatcattgc aaggagcaaa tdcaaccatt aacatatggg agcc.caatitt 

gaaaaaccct aacggggact t cagt cttac toaaatttgg atctotgct g g cagtggat C 

Cagcttgaat accattgagg caggatggca agtgt at CC a ggaagaacag gtgacticaca 

gccaagattt tt catatatt gga cago.cga tiggittatact tcgacgggitt gctatgattit 

aacatgcc.ca ggatttgtgc aaactaacaa ct attatgcc attgg tatgg cqttaca acc 

Ctctgtgtac ggcggacaac aatatgagtt aaacgaatcc atacaaaggg acccagcgac 

cggaaactgg tectic tacc ttgggggac tttgtcgga tactggc.cgg C9tcgatata 

Caactic cata act aacggtg cc.gat accgt agaatgggga ggagagattt acgacticgt.c 

cggalaccggt ggattic caca caca actica gatgggaagc ggt catttt C Caccgaagg 

titatggaaaa gcaa.gctacg tacgtgat ct t caatgcgta gatacct acg ggaatgtcat 

atct cogacg gcgaac agct tcc agggaat agctic ctdcg ccgaattgtt ataactato a 

gttt cagcaa ggcagotctgaactgtat ct ctitttacggt ggc cctggat gcc agitgaat 

galactataat attgcaggcc tictgataata agagggggag agaga.gagag aggggggcag 

ctggctagoc tataaataag to cacacact gtagctttgt gtttctittga caataatgca 

gcggtcatga aggatgttga acgcactagg gCtttitt Ctt CC9tt cactt Ctgatttgaa 

tggat.cgaga agacagoatt gaactgtatg acctaaattt ttittctattt attittgatat 

Caatggginna aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa. 

<210s, SEQ ID NO 3 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

14 O 

2OO 

26 O 

32O 

44 O 

Jan. 28, 2016 





US 2016/0022785 A1 Jan. 28, 2016 
24 

- Continued 

Met Ala Ser Ser Lieu. Tyr Ser Phe Lieu. Leu Ala Leu Ser Ile Val Tyr 
1. 5 1O 15 

Ile Phe Val Ala Pro Thr His Ser Thr Ser Arg Thr Ala Lieu. Asn His 
2O 25 3O 

His His Glu Pro Llys Val Ala Gly Phe Glin Ile Met Lieu. Glu. His Val 
35 4 O 45 

Asp Ser Gly Lys Asn Lieu. Thir Lys Phe Glu Lieu. Lieu. Glu Arg Ala Val 
SO 55 6 O 

Glu Arg Gly Ser Arg Arg Lieu. Glin Arg Lieu. Glu Ala Met Lieu. Asn Gly 
65 70 7s 8O 

Pro Ser Gly Val Glu Thr Pro Val Tyr Ala Gly Asp Gly Glu Tyr Lieu. 
85 90 95 

Met Asn Lieu Ser Ile Gly Thr Pro Ala Glin Pro Phe Ser Ala Ile Met 
1OO 105 11 O 

Asp Thr Gly Ser Asp Lieu. Ile Trp Thr Glin Cys Gln Pro Cys Thr Glin 
115 12 O 125 

Cys Phe Asin Glin Ser Thr Pro Ile Phe Asin Pro Glin Gly Ser Ser Ser 
13 O 135 14 O 

Phe Ser Thr Lieu Pro Cys Ser Ser Glin Lieu. Cys Glin Ala Leu Glin Ser 
145 150 155 160 

Pro Thr Cys Ser Asn Asn Ser Cys Glin Tyr Thr Tyr Gly Tyr Gly Asp 
1.65 17O 17s 

Gly Ser Glu Thr Glin Gly Ser Met Gly Thr Glu Thir Lieu. Thir Phe Gly 
18O 185 19 O 

Ser Val Ser Ile Pro Asn Ile Thr Phe Gly Cys Gly Glu Asn Asn Glin 
195 2OO 2O5 

Gly Phe Gly Glin Gly Asn Gly Ala Gly Lieu Val Gly Met Gly Arg Gly 
21 O 215 22O 

Pro Leu Ser Leu Pro Ser Gln Lieu. Asp Val Thr Lys Phe Ser Tyr Cys 
225 23 O 235 24 O 

Met Thr Pro Ile Gly Ser Ser Thr Ser Ser Thr Lieu Lleu Lieu. Gly Ser 
245 250 255 

Lieu Ala Asn Ser Val Thr Ala Gly Ser Pro Asn Thr Thr Lieu. Ile Glu 
26 O 265 27 O 

Ser Ser Glin Ile Pro Thr Phe Tyr Tyr Ile Thr Lieu. Asn Gly Leu Ser 
27s 28O 285 

Val Gly Ser Thr Pro Leu Pro Ile Asp Pro Ser Val Phe Llys Lieu. Asn 
29 O 295 3 OO 

Ser Asn Asn Gly Thr Gly Gly Ile Ile Ile Asp Ser Gly Thr Thr Lieu. 
3. OS 310 315 32O 

Thir Tyr Phe Ala Asp Asn Ala Tyr Glin Ala Val Arg Glin Ala Phe Ile 
3.25 330 335 

Ser Gln Met Asn Lieu. Ser Val Val Asn Gly Ser Ser Ser Gly Phe Asp 
34 O 345 35. O 

Lieu. Cys Phe Gln Met Pro Ser Asp Glin Ser Asn Lieu. Glin Ile Pro Thr 
355 360 365 

Phe Val Met His Phe Asp Gly Gly Asp Leu Val Lieu Pro Ser Glu Asn 
37 O 375 38O 

Tyr Phe Ile Ser Pro Ser Asn Gly Lieu. Ile Cys Lieu Ala Met Gly Ser 
385 390 395 4 OO 

Ser Ser Glin Gly Met Ser Ile Phe Gly Asin Ile Glin Glin Glin Asn Lieu. 
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- Continued 

4 OS 41O 415 

Lieu Val Val Tyr Asp Thr Gly Asn Ser Val Val Ser Phe Leu Phe Ala 
42O 425 43 O 

Glin Cys Gly Ala Ser 
435 

<210s, SEQ ID NO 6 
&211s LENGTH: 437 
212. TYPE: PRT 

<213> ORGANISM: Nepenthes alata 

<4 OOs, SEQUENCE: 6 

Met Ala Ser Ser Lieu. Tyr Ser Phe Lieu. Leu Ala Leu Ser Ile Val Tyr 
1. 5 1O 15 

Ile Phe Val Ala Pro Thr His Ser Thr Ser Arg Thr Ala Lieu. Asn His 
2O 25 3O 

His His Glu Pro Llys Val Ala Gly Phe Glin Ile Met Lieu. Glu. His Val 
35 4 O 45 

Asp Ser Gly Lys Asn Lieu. Thir Lys Phe Glu Lieu. Lieu. Glu Arg Ala Val 
SO 55 6 O 

Glu Arg Gly Ser Arg Arg Lieu. Glin Arg Lieu. Glu Ala Met Lieu. Asn Gly 
65 70 7s 8O 

Pro Ser Gly Val Glu Thr Pro Val Tyr Ala Gly Asp Gly Glu Tyr Lieu. 
85 90 95 

Met Asn Lieu Ser Ile Gly Thr Pro Ala Glin Pro Phe Ser Ala Ile Met 
1OO 105 11 O 

Asp Thr Gly Ser Asp Lieu. Ile Trp Thr Glin Cys Gln Pro Cys Thr Glin 
115 12 O 125 

Cys Phe Asin Glin Ser Thr Pro Ile Phe Asin Pro Glin Gly Ser Ser Ser 
13 O 135 14 O 

Phe Ser Thr Lieu Pro Cys Ser Ser Glin Lieu. Cys Glin Ala Leu Glin Ser 
145 150 155 160 

Pro Thr Cys Ser Asn Asn Ser Cys Glin Tyr Thr Tyr Gly Tyr Gly Asp 
1.65 17O 17s 

Gly Ser Glu Thr Glin Gly Ser Met Gly Thr Glu Thir Lieu. Thr Phe Gly 
18O 185 19 O 

Ser Val Ser Ile Pro Asn Ile Thr Phe Gly Cys Gly Glu Asn Asn Glin 
195 2OO 2O5 

Gly Phe Gly Glin Gly Asn Gly Ala Gly Lieu Val Gly Met Gly Arg Gly 
21 O 215 22O 

Pro Leu Ser Leu Pro Ser Gln Lieu. Asp Val Thr Lys Phe Ser Tyr Cys 
225 23 O 235 24 O 

Met Thr Pro Ile Gly Ser Ser Asn Ser Ser Thr Lieu Lleu Lieu. Gly Ser 
245 250 255 

Lieu Ala Asn Ser Val Thr Ala Gly Ser Pro Asn Thr Thr Lieu. Ile Glin 
26 O 265 27 O 

Ser Ser Glin Ile Pro Thr Phe Tyr Tyr Ile Thr Lieu. Asn Gly Leu Ser 
27s 28O 285 

Val Gly Ser Thr Pro Leu Pro Ile Asp Pro Ser Val Phe Llys Lieu. Asn 
29 O 295 3 OO 

Ser Asn Asn Gly Thr Gly Gly Ile Ile Ile Asp Ser Gly Thr Thr Lieu. 
3. OS 310 315 32O 
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- Continued 

Thir Tyr Phe Val Asp Asn Ala Tyr Glin Ala Val Arg Glin Ala Phe Ile 
3.25 330 335 

Ser Gln Met Asn Lieu. Ser Val Val Asn Gly Ser Ser Ser Gly Phe Asp 
34 O 345 35. O 

Lieu. Cys Phe Gln Met Pro Ser Asp Glin Ser Asn Lieu. Glin Ile Pro Thr 
355 360 365 

Phe Val Met His Phe Asp Gly Gly Asp Leu Val Lieu Pro Ser Glu Asn 
37 O 375 38O 

Tyr Phe Ile Ser Pro Ser Asn Gly Lieu. Ile Cys Lieu Ala Met Gly Ser 
385 390 395 4 OO 

Ser Ser Glin Gly Met Ser Ile Phe Gly Asin Ile Glin Glin Glin Asn Lieu. 
4 OS 41O 415 

Lieu Val Val Tyr Asp Thr Gly Asn Ser Val Val Ser Phe Leu Ser Ala 
42O 425 43 O 

Glin Cys Gly Ala Ser 
435 

<210s, SEQ ID NO 7 
&211s LENGTH: 437 
212. TYPE: PRT 

<213> ORGANISM: Nepenthes gracilis 

<4 OO > SEQUENCE: 7 

Met Ala Ser Ser Lieu. Tyr Ser Phe Lieu. Leu Ala Leu Ser Ile Val Tyr 
1. 5 1O 15 

Ile Phe Val Ala Pro Thr His Ser Thr Ser Arg Thr Ala Lieu. Asn His 
2O 25 3O 

Arg His Glu Ala Lys Val Thr Gly Phe Glin Ile Met Lieu. Glu. His Val 
35 4 O 45 

Asp Ser Gly Lys Asn Lieu. Thir Lys Phe Glin Lieu. Lieu. Glu Arg Ala Ile 
SO 55 6 O 

Glu Arg Gly Ser Arg Arg Lieu. Glin Arg Lieu. Glu Ala Met Lieu. Asn Gly 
65 70 7s 8O 

Pro Ser Gly Val Glu Thir Ser Val Tyr Ala Gly Asp Gly Glu Tyr Lieu. 
85 90 95 

Met Asn Lieu Ser Ile Gly Thr Pro Ala Glin Pro Phe Ser Ala Ile Met 
1OO 105 11 O 

Asp Thr Gly Ser Asp Lieu. Ile Trp Thr Glin Cys Gln Pro Cys Thr Glin 
115 12 O 125 

Cys Phe Asin Glin Ser Thr Pro Ile Phe Asin Pro Glin Gly Ser Ser Ser 
13 O 135 14 O 

Phe Ser Thr Lieu Pro Cys Ser Ser Glin Lieu. Cys Glin Ala Leu Ser Ser 
145 150 155 160 

Pro Thr Cys Ser Asn Asn Phe Cys Glin Tyr Thr Tyr Gly Tyr Gly Asp 
1.65 17O 17s 

Gly Ser Glu Thr Glin Gly Ser Met Gly Thr Glu Thir Lieu. Thr Phe Gly 
18O 185 19 O 

Ser Val Ser Ile Pro Asn Ile Thr Phe Gly Cys Gly Glu Asn Asn Glin 
195 2OO 2O5 

Gly Phe Gly Glin Gly Asn Gly Ala Gly Lieu Val Gly Met Gly Arg Gly 
21 O 215 22O 

Pro Leu Ser Leu Pro Ser Gln Lieu. Asp Val Thr Lys Phe Ser Tyr Cys 
225 23 O 235 24 O 
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Met Thr Pro Ile Gly Ser Ser Thr Pro Ser Asn Lieu Lleu Lieu. Gly Ser 
245 250 255 

Lieu Ala Asn Ser Val Thr Ala Gly Ser Pro Asn Thr Thr Lieu. Ile Glin 
26 O 265 27 O 

Ser Ser Glin Ile Pro Thr Phe Tyr Tyr Ile Thr Lieu. Asn Gly Leu Ser 
27s 28O 285 

Val Gly Ser Thr Arg Lieu Pro Ile Asp Pro Ser Ala Phe Ala Lieu. Asn 
29 O 295 3 OO 

Ser Asn Asn Gly Thr Gly Gly Ile Ile Ile Asp Ser Gly Thr Thr Lieu. 
3. OS 310 315 32O 

Thr Tyr Phe Val Asn Asn Ala Tyr Glin Ser Val Arg Glin Glu Phe Ile 
3.25 330 335 

Ser Glin Ile Asn Lieu Pro Val Val Asn Gly Ser Ser Ser Gly Phe Asp 
34 O 345 35. O 

Lieu. Cys Phe Glin Thr Pro Ser Asp Pro Ser Asn Lieu. Glin Ile Pro Thr 
355 360 365 

Phe Val Met His Phe Asp Gly Gly Asp Lieu. Glu Lieu Pro Ser Glu Asn 
37 O 375 38O 

Tyr Phe Ile Ser Pro Ser Asn Gly Lieu. Ile Cys Lieu Ala Met Gly Ser 
385 390 395 4 OO 

Ser Ser Glin Gly Met Ser Ile Phe Gly Asin Ile Glin Glin Glin Asn Met 
4 OS 41O 415 

Lieu Val Val Tyr Asp Thr Gly Asn Ser Val Val Ser Phe Ala Ser Ala 
42O 425 43 O 

Glin Cys Gly Ala Ser 
435 

<210s, SEQ ID NO 8 
&211s LENGTH: 437 
212. TYPE: PRT 

<213> ORGANISM: Nepenthes mirabilis 

<4 OOs, SEQUENCE: 8 

Met Ala Ser Pro Lieu. His Ser Val Val Lieu. Gly Lieu Ala Ile Val Ser 
1. 5 1O 15 

Ala Ile Val Ala Pro Thr Ser Ser Thr Ser Arg Gly Thr Lieu. Lieu. His 
2O 25 3O 

His Gly Glin Lys Arg Pro Gln Pro Gly Lieu. Arg Val Val Lieu. Glu Glin 
35 4 O 45 

Val Asp Ser Gly Met Asn Lieu. Thir Lys Tyr Glu Lieu. Ile Lys Arg Ala 
SO 55 6 O 

Ile Lys Arg Gly Glu Arg Arg Met Arg Ser Ile Asn Ala Met Lieu. Glin 
65 70 7s 8O 

Ser Ser Ser Gly Ile Glu Thr Pro Val Tyr Ala Gly Ser Gly Glu Tyr 
85 90 95 

Lieu Met Asn. Wall Ala Ile Gly Thr Pro Ala Ser Ser Lieu. Ser Ala Ile 
1OO 105 11 O 

Met Asp Thr Gly Ser Asp Lieu. Ile Trp Thr Glin Cys Glu Pro Cys Thr 
115 12 O 125 

Gln Cys Phe Ser Gln Pro Thr Pro Ile Phe ASn Pro Glin Asp Ser Ser 
13 O 135 14 O 

Ser Phe Ser Thr Lieu Pro Cys Glu Ser Glin Tyr Cys Glin Asp Leu Pro 
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145 150 155 160 

Ser Glu Ser Cys Tyr Asn Asp Cys Glin Tyr Thr Tyr Gly Tyr Gly Asp 
1.65 17O 17s 

Gly Ser Ser Thr Glin Gly Tyr Met Ala Thr Glu Thr Phe Thr Phe Glu 
18O 185 19 O 

Thir Ser Ser Val Pro Asn Ile Ala Phe Gly Cys Gly Glu Asp Asn Glin 
195 2OO 2O5 

Gly Phe Gly Glin Gly Asn Gly Ala Gly Lieu. Ile Gly Met Gly Trp Gly 
21 O 215 22O 

Pro Leu Ser Leu Pro Ser Gln Leu Gly Val Gly Glin Phe Ser Tyr Cys 
225 23 O 235 24 O 

Met Thr Ser Ser Gly Ser Ser Ser Pro Ser Thr Lieu Ala Leu Gly Ser 
245 250 255 

Ala Ala Ser Gly Val Pro Glu Gly Ser Pro Ser Thr Thr Lieu. Ile His 
26 O 265 27 O 

Ser Ser Lieu. Asn Pro Thr Tyr Tyr Tyr Ile Thr Lieu Gln Gly Ile Thr 
27s 28O 285 

Val Gly Gly Asp Asn Lieu. Gly Ile Pro Ser Ser Thr Phe Gln Leu Gln 
29 O 295 3 OO 

Asp Asp Gly Thr Gly Gly Met Ile Ile Asp Ser Gly Thr Thr Lieu. Thr 
3. OS 310 315 32O 

Tyr Lieu Pro Glin Asp Ala Tyr Asn Ala Val Ala Glin Ala Phe Thr Asp 
325 330 335 

Glin Ile Asn Lieu Ser Pro Val Asp Glu Ser Ser Ser Gly Lieu. Ser Thr 
34 O 345 35. O 

Cys Phe Gln Leu Pro Ser Asp Gly Ser Thr Val Glin Val Pro Glu Ile 
355 360 365 

Ser Met Glin Phe Asp Gly Gly Val Lieu. Asn Lieu. Gly Glu Glu Asn. Wall 
37 O 375 38O 

Lieu. Ile Ser Pro Ala Glu Gly Val Ile Cys Lieu Ala Met Gly Ser Ser 
385 390 395 4 OO 

Ser Glin Glin Gly Ile Ser Ile Phe Gly Asin Ile Glin Glin Glin Glu Thr 
4 OS 41O 415 

Glin Val Lieu. Tyr Asp Lieu. Glin Asn Lieu Ala Val Ser Phe Val Pro Thr 
42O 425 43 O 

Glin Cys Gly Ala Ser 
435 

<210s, SEQ ID NO 9 
&211s LENGTH: 438 
212. TYPE: PRT 

<213> ORGANISM: Nepenthes gracilis 

<4 OOs, SEQUENCE: 9 

Met Ala Ser Pro Leu Tyr Ser Val Val Lieu. Gly Lieu Ala Ile Val Ser 
1. 5 1O 15 

Ala Ile Val Ala Pro Thr Ser Ser Thr Ser Arg Gly Thr Lieu. Lieu. His 
2O 25 3O 

His Gly Glin Lys Arg Pro Gln Pro Gly Lieu. Arg Val Asp Lieu. Glu Glin 
35 4 O 45 

Val Asp Ser Gly Lys Asn Lieu. Thir Lys Tyr Glu Lieu. Ile Lys Arg Ala 
SO 55 6 O 
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Ile Lys Arg Gly Glu Arg Arg Met Arg Ser Ile Asn Ala Met Lieu. Glin 
65 70 7s 8O 

Ser Ser Ser Gly Ile Glu Thr Pro Val Tyr Ala Gly Asp Gly Glu Tyr 
85 90 95 

Lieu Met Asn Val Ala Ile Gly Thr Pro Asp Ser Ser Phe Ser Ala Ile 
1OO 105 11 O 

Met Asp Thr Gly Ser Asp Lieu. Ile Trp Thr Glin Cys Glu Pro Cys Thr 
115 12 O 125 

Gln Cys Phe Ser Gln Pro Thr Pro Ile Phe ASn Pro Glin Asp Ser Ser 
13 O 135 14 O 

Ser Phe Ser Thr Lieu Pro Cys Glu Ser Glin Tyr Cys Glin Asp Leu Pro 
145 150 155 160 

Ser Glu Thr Cys Asn Asn Asn Glu. Cys Glin Tyr Thr Tyr Gly Tyr Gly 
1.65 17O 17s 

Asp Gly Ser Thr Thr Glin Gly Tyr Met Ala Thr Glu Thr Phe Thr Phe 
18O 185 19 O 

Glu Thir Ser Ser Val Pro Asn Ile Ala Phe Gly Cys Gly Glu Asp Asn 
195 2OO 2O5 

Glin Gly Phe Gly Glin Gly Asn Gly Ala Gly Lieu. Ile Gly Met Gly Trp 
21 O 215 22O 

Gly Pro Leu Ser Leu Pro Ser Gln Leu Gly Val Gly Glin Phe Ser Tyr 
225 23 O 235 24 O 

Cys Met Thr Ser Tyr Gly Ser Ser Ser Pro Ser Thr Lieu Ala Lieu. Gly 
245 250 255 

Ser Ala Ala Ser Gly Val Pro Glu Gly Ser Pro Ser Thr Thr Lieu. Ile 
26 O 265 27 O 

His Ser Ser Lieu. Asn Pro Thr Tyr Tyr Tyr Ile Thr Lieu. Glin Gly Ile 
27s 28O 285 

Thr Val Gly Gly Asp Asn Lieu. Gly Ile Pro Ser Ser Thr Phe Gln Leu 
29 O 295 3 OO 

Gln Asp Asp Gly Thr Gly Gly Met Ile Ile Asp Ser Gly Thr Thr Lieu. 
3. OS 310 315 32O 

Thr Tyr Lieu Pro Glin Asp Ala Tyr Asn Ala Val Ala Glin Ala Phe Thr 
3.25 330 335 

Asp Glin Ile Asn Lieu Pro Thr Val Asp Glu Ser Ser Ser Gly Lieu. Ser 
34 O 345 35. O 

Thr Cys Phe Glin Gln Pro Ser Asp Gly Ser Thr Val Glin Val Pro Glu 
355 360 365 

Ile Ser Met Glin Phe Asp Gly Gly Val Lieu. Asn Lieu. Gly Glu Glin Asn 
37 O 375 38O 

Ile Lieu. Ile Ser Pro Ala Glu Gly Val Ile Cys Lieu Ala Met Gly Ser 
385 390 395 4 OO 

Ser Ser Gln Leu Gly Ile Ser Ile Phe Gly Asn Ile Glin Glin Glin Glu 
4 OS 41O 415 

Thr Glin Val Lieu. Tyr Asp Lieu. Glin Asn Lieu Ala Val Ser Phe Val Pro 
42O 425 43 O 

Thr Glin Cys Gly Ala Ser 
435 

<210s, SEQ ID NO 10 
&211s LENGTH: 472 
212. TYPE: PRT 
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<213> ORGANISM: Zea mays 

<4 OOs, SEQUENCE: 10 

Met Ala Phe His Ser Cys Thir Ile Ile Pro Ala Ser His His Ser Ser 
1. 5 1O 15 

Met Ser Ser Ser Thir Ser Glin Met Ala Ser Lieu Ala Wall Lieu Val Phe 
2O 25 3O 

Lieu Val Val Cys Ala Thr Lieu Ala Ser Gly Ala Ala Ser Val Arg Val 
35 4 O 45 

Gly Lieu. Thir Arg Ile His Ser Asp Pro Asp Thir Thr Ala Pro Glin Phe 
SO 55 6 O 

Val Arg Asp Ala Lieu. Arg Arg Asp Met His Arg Glin Arg Ser Arg Ser 
65 70 7s 8O 

Phe Gly Arg Asp Arg Asp Arg Glu Lieu Ala Glu Ser Asp Gly Arg Thr 
85 90 95 

Ser Thir Thr Val Ser Ala Arg Thr Arg Lys Asp Lieu Pro Asn Gly Gly 
1OO 105 11 O 

Glu Tyr Lieu Met Thr Lieu Ala Ile Gly Thr Pro Pro Leu Pro Tyr Ala 
115 12 O 125 

Ala Val Ala Asp Thr Gly Ser Asp Lieu. Ile Trp Thr Glin Cys Ala Pro 
13 O 135 14 O 

Cys Gly Thr Glin Cys Phe Glu Gln Pro Ala Pro Leu Tyr Asn Pro Ala 
145 150 155 160 

Ser Ser Thr Thr Phe Ser Val Lieu Pro Cys Asn Ser Ser Leu Ser Met 
1.65 17O 17s 

Cys Ala Gly Ala Lieu Ala Gly Ala Ala Pro Pro Pro Gly Cys Ala Cys 
18O 185 19 O 

Met Tyr Tyr Glin Thr Tyr Gly Thr Gly Trp Thr Ala Gly Val Glin Gly 
195 2OO 2O5 

Ser Glu Thr Phe Thr Phe Gly Ser Ser Ala Ala Asp Glin Ala Arg Val 
21 O 215 22O 

Pro Gly Val Ala Phe Gly Cys Ser Asn Ala Ser Ser Ser Asp Trp Asn 
225 23 O 235 24 O 

Gly Ser Ala Gly Lieu Val Gly Lieu. Gly Arg Gly Ser Lieu. Ser Lieu Val 
245 250 255 

Ser Gln Leu Gly Ala Gly Arg Phe Ser Tyr Cys Lieu. Thr Pro Phe Glin 
26 O 265 27 O 

Asp Thr Asn. Ser Thr Ser Thr Lieu. Lieu. Lieu. Gly Pro Ser Ala Ala Lieu 
27s 28O 285 

Asn Gly Thr Gly Val Arg Ser Thr Pro Phe Val Ala Ser Pro Ala Arg 
29 O 295 3 OO 

Ala Pro Met Ser Thr Tyr Tyr Tyr Lieu. Asn Lieu. Thr Gly Ile Ser Leu 
3. OS 310 315 32O 

Gly Ala Lys Ala Lieu Pro Ile Ser Pro Gly Ala Phe Ser Lieu Lys Pro 
3.25 330 335 

Asp Gly Thr Gly Gly Lieu. Ile Ile Asp Ser Gly. Thir Thr Ile Thr Ser 
34 O 345 35. O 

Lieu Ala Asn Ala Ala Tyr Glin Glin Val Arg Ala Ala Wall Lys Ser Glin 
355 360 365 

Lieu Val Thir Thr Lieu Pro Thr Val Asp Gly Ser Asp Ser Thr Gly Lieu. 
37 O 375 38O 
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Asp Lieu. Cys Phe Ala Lieu Pro Ala Pro Thr Ser Ala Pro Pro Ala Val 
385 390 395 4 OO 

Lieu Pro Ser Met Thr Lieu. His Phe Asp Gly Ala Asp Met Val Lieu Pro 
4 OS 41O 415 

Ala Asp Ser Tyr Met Ile Ser Gly Ser Gly Val Trp Cys Lieu Ala Met 
42O 425 43 O 

Arg Asn Gln Thr Asp Gly Ala Met Ser Thr Phe Gly Asn Tyr Glin Glin 
435 44 O 445 

Gln Asn Met His Ile Leu Tyr Asp Val Arg Glu Glu Thir Lieu. Ser Phe 
450 45.5 460 

Ala Pro Ala Lys Cys Ser Thr Lieu. 
465 470 

<210s, SEQ ID NO 11 
&211s LENGTH: 453 
212. TYPE: PRT 

<213> ORGANISM: Oryza sativa 

<4 OOs, SEQUENCE: 11 

Met Arg Gly Val Ser Val Val Lieu Val Lieu. Ile Ala Cys Trp Lieu. Cys 
1. 5 1O 15 

Gly Cys Pro Val Ala Gly Glu Ala Ala Phe Ala Gly Asp Ile Arg Val 
2O 25 3O 

Asp Lieu. Thir His Val Asp Ala Gly Lys Glu Lieu Pro Lys Arg Glu Lieu 
35 4 O 45 

Ile Arg Arg Ala Met Glin Arg Ser Lys Ala Arg Ala Ala Ala Lieu. Ser 
SO 55 6 O 

Val Val Arg Asn Gly Gly Gly Phe Tyr Gly Ser Ile Ala Glin Ala Arg 
65 70 7s 8O 

Glu Arg Glu Arg Glu Pro Gly Met Ala Val Arg Ala Ser Gly Asp Lieu. 
85 90 95 

Glu Tyr Val Lieu. Asp Leu Ala Val Gly Thr Pro Pro Gln Pro Ile Thr 
1OO 105 11 O 

Ala Lieu. Lieu. Asp Thr Gly Ser Asp Lieu. Ile Trp Thr Glin Cys Asp Thr 
115 12 O 125 

Cys Thr Ala Cys Lieu. Arg Gln Pro Asp Pro Leu Phe Ser Pro Arg Met 
13 O 135 14 O 

Ser Ser Ser Tyr Glu Pro Met Arg Cys Ala Gly Glin Lieu. Cys Gly Asp 
145 150 155 160 

Ile Lieu. His His Ser Cys Val Arg Pro Asp Thr Cys Thr Tyr Arg Tyr 
1.65 17O 17s 

Ser Tyr Gly Asp Gly. Thir Thr Thr Lieu. Gly Tyr Tyr Ala Thr Glu Arg 
18O 185 19 O 

Phe Thr Phe Ala Ser Ser Ser Gly Glu Thr Glin Ser Val Pro Leu Gly 
195 2OO 2O5 

Phe Gly Cys Gly Thr Met Asn Val Gly Ser Lieu. Asn Asn Ala Ser Gly 
21 O 215 22O 

Ile Val Gly Phe Gly Arg Asp Pro Lieu. Ser Lieu Val Ser Glin Lieu. Ser 
225 23 O 235 24 O 

Ile Arg Arg Phe Ser Tyr Cys Lieu. Thr Pro Tyr Ala Ser Ser Arg Lys 
245 250 255 

Ser Thr Lieu. Glin Phe Gly Ser Lieu Ala Asp Val Gly Lieu. Tyr Asp Asp 
26 O 265 27 O 
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Ala Thr Gly Pro Val Glin Thir Thr Pro Ile Leu Gln Ser Ala Glin Asn 
27s 28O 285 

Pro Thr Phe Tyr Tyr Val Ala Phe Thr Gly Val Thr Val Gly Ala Arg 
29 O 295 3 OO 

Arg Lieu. Arg Ile Pro Ala Ser Ala Phe Ala Lieu. Arg Pro Asp Gly Ser 
3. OS 310 315 32O 

Gly Gly Val Ile Ile Asp Ser Gly Thr Ala Lieu. Thir Lieu Phe Pro Val 
3.25 330 335 

Ala Val Lieu Ala Glu Val Val Arg Ala Phe Arg Ser Glin Lieu. Arg Lieu 
34 O 345 35. O 

Pro Phe Ala Asn Gly Ser Ser Pro Asp Asp Gly Val Cys Phe Ala Ala 
355 360 365 

Pro Ala Val Ala Ala Gly Gly Gly Arg Met Ala Arg Glin Val Ala Val 
37 O 375 38O 

Pro Arg Met Val Phe His Phe Glin Gly Ala Asp Lieu. Asp Lieu Pro Arg 
385 390 395 4 OO 

Glu Asn Tyr Val Lieu. Glu Asp His Arg Arg Gly His Lieu. Cys Val Lieu. 
4 OS 41O 415 

Lieu. Gly Asp Ser Gly Asp Asp Gly Ala Thir Ile Gly Asn. Phe Val Glin 
42O 425 43 O 

Glin Asp Met Arg Val Val Tyr Asp Lieu. Glu Arg Glu Thir Lieu. Ser Phe 
435 44 O 445 

Ala Pro Val Glu. Cys 
450 

<210s, SEQ ID NO 12 
&211s LENGTH: 486 
212. TYPE: PRT 

<213> ORGANISM: Oryza sativa 

<4 OOs, SEQUENCE: 12 

Met Ala Asp Arg Ile Thr Val Lieu Ala Ile Ala Lieu. Lieu Val Lieu. Ile 
1. 5 1O 15 

Lieu. Ser Pro Gln Met Ala Val Glin Gly Llys Pro Ala Ala Gly Asn Thr 
2O 25 3O 

Ala Ser Pro Arg Pro Llys Glin Glin Glin Lieu. Gly Asn. Phe Phe Llys Llys 
35 4 O 45 

His Gly Ser Asp Ile Ala Gly Lieu. Phe Pro Arg His Arg Asin Gly Gly 
SO 55 6 O 

Ser Ser Gly Ser Tyr Ser Gly Glin Ala Val Pro Ala Asp Gly Gly Glu 
65 70 7s 8O 

Asn Gly Gly Gly Gly Glin Ser Glin Asp Pro Ala Thr Asn Thr Gly Met 
85 90 95 

Tyr Val Lieu Ser Phe Ser Val Gly Thr Pro Pro Glin Val Val Thr Gly 
1OO 105 11 O 

Val Lieu. Asp Ile Thr Ser Asp Phe Val Trp Met Gln Cys Ser Ala Cys 
115 12 O 125 

Ala Thr Cys Gly Ala Asp Ala Pro Ala Ala Thir Ser Ala Pro Pro Phe 
13 O 135 14 O 

Tyr Ala Phe Lieu. Ser Ser Thir Ile Arg Glu Val Arg Cys Ala Asn Arg 
145 150 155 160 

Gly Cys Glin Arg Lieu Val Pro Glin Thr Cys Ser Ala Asp Asp Ser Pro 



US 2016/0022785 A1 Jan. 28, 2016 
33 

- Continued 

1.65 17O 17s 

Cys Gly Tyr Ser Tyr Val Tyr Gly Gly Gly Ala Ala Asn. Thir Thr Ala 
18O 185 19 O 

Gly Lieu. Lieu Ala Val Asp Ala Phe Ala Phe Ala Thr Val Arg Ala Asp 
195 2OO 2O5 

Gly Val Ile Phe Gly Cys Ala Val Ala Thr Glu Gly Asp Ile Gly Gly 
21 O 215 22O 

Val Ile Gly Lieu. Gly Arg Gly Glu Lieu. Ser Pro Val Ser Glin Lieu. Glin 
225 23 O 235 24 O 

Ile Gly Arg Phe Ser Tyr Tyr Lieu Ala Pro Asp Asp Ala Wall Asp Val 
245 250 255 

Gly Ser Phe Ile Lieu. Phe Lieu. Asp Asp Ala Lys Pro Arg Thir Ser Arg 
26 O 265 27 O 

Ala Val Ser Thr Pro Lieu Val Ala Ser Arg Ala Ser Arg Ser Lieu. Tyr 
27s 28O 285 

Tyr Val Glu Lieu Ala Gly Ile Arg Val Asp Gly Glu Asp Lieu Ala Ile 
29 O 295 3 OO 

Pro Arg Gly. Thir Phe Asp Lieu. Glin Ala Asp Gly Ser Gly Gly Val Val 
3. OS 310 315 32O 

Lieu. Ser Ile Thr Ile Pro Val Thr Phe Lieu. Asp Ala Gly Ala Tyr Lys 
3.25 330 335 

Val Val Arg Glin Ala Met Ala Ser Lys Ile Glu Lieu. Arg Ala Ala Asp 
34 O 345 35 O 

Gly Ser Glu Lieu. Gly Lieu. Asp Lieu. Cys Tyr Thr Ser Glu Ser Lieu Ala 
355 360 365 

Thir Ala Lys Val Pro Ser Met Ala Lieu Val Phe Ala Gly Gly Ala Val 
37 O 375 38O 

Met Glu Lieu. Glu Met Gly Asn Tyr Phe Tyr Met Asp Ser Thr Thr Gly 
385 390 395 4 OO 

Lieu. Glu. Cys Lieu. Thir Ile Lieu Pro Ser Pro Ala Gly Asp Gly Ser Lieu. 
4 OS 41O 415 

Lieu. Gly Ser Lieu. Ile Glin Val Gly Thr His Met Ile Tyr Asp Ile Ser 
42O 425 43 O 

Gly Ser Arg Lieu Val Phe Glu Ser Lieu. Glu Glin Ala Pro Pro Pro Pro 
435 44 O 445 

Ser Gly Ser Ser Arg Glin Ser Ser Arg Arg Arg Ser Ser Ser Ala Pro 
450 45.5 460 

Pro Pro Lieu. Thir Ser Pro Ala Wal Wal Wall Ile His Lieu. Met Lieu. Wall 
465 470 47s 48O 

Val Val Tyr Met Phe Lieu 
485 

<210s, SEQ ID NO 13 
&211s LENGTH: 471 

212. TYPE: PRT 

<213> ORGANISM: Zea mays 

<4 OOs, SEQUENCE: 13 

Met Ala Met Met Ala Cys Asn. Asn. Thir Arg Pro Arg Llys Lieu. Ser Lieu. 
1. 5 1O 15 

Pro Cys Arg Thr Arg Thr Phe Glin Ala Lieu. Ile Leu Ser Thr Ala Val 
2O 25 3O 
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Phe Leu Ala Ala Ser Thr Ala Val Val Val Gly Lys Glu Pro Gln Pro 
35 4 O 45 

Pro Ser Ser Ser Gly Gly Gly Cys His Tyr Arg Phe Glu Lieu. Thir His 
SO 55 6 O 

Val Asp Ala Asn Lieu. Asn Lieu. Thir Ser Asp Glu Lieu Met Arg Arg Ala 
65 70 7s 8O 

Tyr Asp Arg Ser Arg Lieu. Arg Ala Ala Ser Lieu Ala Ala Tyr Ser Asp 
85 90 95 

Gly Arg His Glu Gly Arg Val Ser Ile Pro Asp Ala Ser Tyr Ile Ile 
1OO 105 11 O 

Thir Phe Tyr Lieu. Gly Asn Glin Arg Pro Glu Asp Asn. Ile Ser Ala Val 
115 12 O 125 

Val Asp Thr Gly Ser Asp Ile Phe Trp Thir Thr Glu Lys Glu. Cys Ser 
13 O 135 14 O 

Arg Ser Lys Thr Arg Ser Met Leu Pro Cys Cys Ser Pro Llys Cys Glu 
145 150 155 160 

Glin Arg Ala Ser Cys Gly Cys Gly Arg Ser Glu Lieu Lys Ala Glu Ala 
1.65 17O 17s 

Glu Lys Glu Thir Lys Cys Thr Tyr Ala Ile Ile Tyr Gly Gly Asn Ala 
18O 185 19 O 

Asn Asp Ser Thr Ala Gly Val Met Tyr Glu Asp Llys Lieu. Thir Ile Val 
195 2OO 2O5 

Ala Val Ala Ser Lys Ala Val Pro Ser Ser Glin Ser Phe Lys Glu Val 
21 O 215 22O 

Ala Ile Gly Cys Ser Thr Ser Ala Thr Lieu Lys Phe Lys Asp Pro Ser 
225 23 O 235 24 O 

Ile Lys Gly Val Phe Gly Lieu. Gly Arg Ser Ala Thir Ser Lieu Pro Arg 
245 250 255 

Gln Lieu. Asn Phe Ser Lys Phe Ser Tyr Cys Lieu Ser Ser Tyr Glin Glu 
26 O 265 27 O 

Pro Asp Lieu Pro Ser Tyr Lieu. Lieu. Lieu. Thir Ala Ala Pro Asp Met Ala 
27s 28O 285 

Thr Gly Ala Val Gly Gly Gly Ala Ala Val Ala Thir Thr Ala Lieu. Glin 
29 O 295 3 OO 

Pro Asn Ser Asp Tyr Lys Thr Lieu. Tyr Phe Val His Leu Glin Asn Ile 
3. OS 310 315 32O 

Ser Ile Gly Gly Thr Arg Phe Pro Ala Val Ser Thr Lys Ser Gly Gly 
3.25 330 335 

Asn Met Phe Val Asp Thr Gly Ala Ser Phe Thr Arg Lieu. Glu Gly Thr 
34 O 345 35. O 

Val Phe Ala Lys Lieu Val Thr Glu Lieu. Asp Arg Ile Met Lys Glu Arg 
355 360 365 

Llys Tyr Val Lys Glu Glin Pro Gly Arg Asn. Asn Gly Glin Ile Cys Tyr 
37 O 375 38O 

Ser Pro Pro Ser Thr Ala Ala Asp Glu Ser Ser Lys Lieu Pro Asp Met 
385 390 395 4 OO 

Val Lieu. His Phe Ala Asp Ser Ala Asn Met Val Lieu Pro Trp Asp Ser 
4 OS 41O 415 

Tyr Lieu. Trp Llys Thir Thr Ser Lys Lieu. Cys Lieu Ala Ile Tyr Lys Ser 
42O 425 43 O 

Asn. Ile Lys Gly Gly Ile Ser Val Lieu. Gly Asn. Phe Gln Met Glin Asn 
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435 44 O 445 

Thir His Met Lieu. Lieu. Asp Thr Gly Asn. Glu Lys Lieu. Ser Phe Val Arg 
450 45.5 460 

Ala Asp Cys Ser Llys Val Ile 
465 470 

<210s, SEQ ID NO 14 
&211s LENGTH: 1317 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polynucleotide 

<4 OOs, SEQUENCE: 14 

atggcct cac cactatactic tdtgg tactt ggcttagcaa tagtttctgc cattgttgca 6 O 

c caacaagct c cacct caag aggaaccott citt catcatg gtcagaaaag gocacaa.ccc 12 O 

ggcctt.cgtg ttgat Ctcga gcaggtogat t cqggcaaga atttgaccala atacgagctic 18O 

atcaaacgtg ct atcaag.cg tdgggagagg aggatgcgala gcattaatgc tatgttgcag 24 O 

agct cotc.cg gtattgaaac toctgttt at gcgggagacg gtgaatat ct aatgaacgta 3OO 

gcaattggta citccggatag ttctittct cq goc attatgg at accqqcag tdatctgatt 360 

tggacgcaat gcgagc catg tacgcagtgc titcagt caac citacgcc cat tittcaac cca 42O 

Caggact.cgt. Ctt CCttcto tacCCttcct tcgaga.gcc agt attgcca agatctt CC 480 

agcgaalacct gcaataataa taatgccaa tatacatacg gatacggaga C9gttccaca 54 O 

acccalaggtt atatggcaac Cagacct tc actitt.cgaga cagctc.cgit gcc.gaat at C 6OO 

gcgttcggitt gcggggaaga CaacCaggga titcgggcaag goaacggggc tiggcctgat C 660 

gggatgggitt ggggg.ccgtt atcgct tcct tct Caacticg gcgtgggtca gttct ctitac 72 O 

tgcatgacct c ctatoggaag ctic ct caccc agcactic tog cacttggat.c cqcagc.cagt 78O 

ggagtgcc tig aaggct cocc gag tacgacc ct catccata gttctittgaa tocaacgtac 84 O 

tatt at atta cqcticcaagg tataacggitt ggtggcgata atttgggitat tccatcgagt 9 OO 

acttitt Caac ttcaagacga tiggaactggc gggatgataa ttgactic.cgg gaCaacgctic 96.O 

actitat ctitc. cacaagacgc titacaatgcg gtag cacaag cott cactga ccagataaat 1 O2O 

citcc ccaccg togatgaatc ct cagoggc ct cagtacgit gct tccagda accqtcc.gac 108 O 

ggat Caaccg tdaagttcc ggagatttica atgcagtttg atggtggggit gctgaactta 114 O 

ggggalacaga atatattgat Ctctic cagct gaaggggtga tatgcttggc gatgggalagt 12 OO 

t catcgcagc tigggaatttic catttittggg aatat coagc agcaagaaac gcaggtgctic 126 O 

tatgacct tc agaatttggc cgtgtcgttc gttcc tactic agtgtggtgc gtcgtag 1317 

<210s, SEQ ID NO 15 
&211s LENGTH: 33 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polypeptide 

<4 OOs, SEQUENCE: 15 

Lieu Gln Leu Gln Pro Phe Pro Gln Pro Glin Leu Pro Tyr Pro Gln Pro 
1. 5 1O 15 
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Gln Leu Pro Tyr Pro Glin Pro Gln Leu Pro Tyr Pro Gln Pro Glin Pro 
2O 25 3O 

Phe 

<210s, SEQ ID NO 16 
&211s LENGTH: 19 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 16 

Lieu. Gly Glin Glin Gln Pro Phe Pro Pro Glin Gln Pro Tyr Pro Gln Pro 
1. 5 1O 15 

Glin Pro Phe 

<210s, SEQ ID NO 17 
&211s LENGTH: 2O 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 17 

Glin Gin Gin Glin Pro Pro Phe Ser Gin Gin Gin Glin Ser Pro Phe Ser 
1. 5 1O 15 

Glin Glin Glin Glin 
2O 

<210s, SEQ ID NO 18 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 18 

Gly Tyr Tyr Pro Thr Ser Pro Glin Glin 
1. 5 

<210s, SEQ ID NO 19 
&211s LENGTH: 6 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 19 

Pro Gly Glin Gly Glin Gln 
1. 5 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 359 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polypeptide 

Jan. 28, 2016 
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<4 OOs, SEQUENCE: 2O 

Gln Ser Ser Ser Gly Ile Glu Thr Pro Val Tyr Ala Gly Asp Gly Glu 
1. 5 1O 15 

Tyr Lieu Met Asn Val Ala Ile Gly Thr Pro Asp Ser Ser Phe Ser Ala 
2O 25 3O 

Ile Met Asp Thr Gly Ser Asp Lieu. Ile Trp Thr Glin Cys Glu Pro Cys 
35 4 O 45 

Thr Glin Cys Phe Ser Gln Pro Thr Pro Ile Phe Asn Pro Glin Asp Ser 
SO 55 6 O 

Ser Ser Phe Ser Thr Lieu Pro Cys Glu Ser Glin Tyr Cys Glin Asp Leu 
65 70 7s 8O 

Pro Ser Glu Thr Cys Asn Asn Asn Glu. Cys Glin Tyr Thr Tyr Gly Tyr 
85 90 95 

Gly Asp Gly Ser Thr Thr Glin Gly Tyr Met Ala Thr Glu Thr Phe Thr 
1OO 105 11 O 

Phe Glu Thir Ser Ser Val Pro Asn Ile Ala Phe Gly Cys Gly Glu Asp 
115 12 O 125 

Asn Glin Gly Phe Gly Glin Gly Asn Gly Ala Gly Lieu. Ile Gly Met Gly 
13 O 135 14 O 

Trp Gly Pro Leu Ser Leu Pro Ser Gln Leu Gly Val Gly Glin Phe Ser 
145 150 155 160 

Tyr Cys Met Thr Ser Tyr Gly Ser Ser Ser Pro Ser Thr Lieu. Ala Leu 
1.65 170 175 

Gly Ser Ala Ala Ser Gly Val Pro Glu Gly Ser Pro Ser Thr Thr Lieu. 
18O 185 19 O 

Ile His Ser Ser Lieu. Asn Pro Thr Tyr Tyr Tyr Ile Thr Lieu. Glin Gly 
195 2OO 2O5 

Ile Thr Val Gly Gly Asp Asn Lieu. Gly Ile Pro Ser Ser Thr Phe Glin 
21 O 215 22O 

Lieu. Glin Asp Asp Gly Thr Gly Gly Met Ile Ile Asp Ser Gly. Thir Thr 
225 23 O 235 24 O 

Lieu. Thir Tyr Lieu Pro Glin Asp Ala Tyr Asn Ala Val Ala Glin Ala Phe 
245 250 255 

Thir Asp Glin Ile Asn Lieu Pro Thr Val Asp Glu Ser Ser Ser Gly Lieu. 
26 O 265 27 O 

Ser Thr Cys Phe Glin Gln Pro Ser Asp Gly Ser Thr Val Glin Val Pro 
27s 28O 285 

Glu Ile Ser Met Glin Phe Asp Gly Gly Val Lieu. Asn Lieu. Gly Glu Glin 
29 O 295 3 OO 

Asn. Ile Lieu. Ile Ser Pro Ala Glu Gly Val Ile Cys Lieu Ala Met Gly 
3. OS 310 315 32O 

Ser Ser Ser Glin Lieu. Gly Ile Ser Ile Phe Gly Asn Ile Glin Glin Glin 
3.25 330 335 

Glu Thr Glin Val Lieu. Tyr Asp Lieu. Glin Asn Lieu Ala Val Ser Phe Val 
34 O 345 35. O 

Pro Thr Glin Cys Gly Ala Ser 
355 

<210s, SEQ ID NO 21 
&211s LENGTH: 359 

212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polypeptide 

<4 OOs, SEQUENCE: 21 

Asn Gly Pro Ser Gly Val Glu Thir Ser Val Tyr Ala Gly Asp Gly Glu 
1. 5 1O 15 

Tyr Lieu Met Asn Lieu. Ser Ile Gly Thr Pro Ala Gln Pro Phe Ser Ala 
2O 25 3O 

Ile Met Asp Thr Gly Ser Asp Lieu. Ile Trp Thr Glin Cys Gln Pro Cys 
35 4 O 45 

Thr Glin Cys Phe Asn Glin Ser Thr Pro Ile Phe Asn Pro Glin Gly Ser 
SO 55 6 O 

Ser Ser Phe Ser Thr Lieu Pro Cys Ser Ser Gln Lieu. Cys Glin Ala Leu 
65 70 7s 8O 

Ser Ser Pro Thr Cys Ser Asn Asn Phe Cys Glin Tyr Thr Tyr Gly Tyr 
85 90 95 

Gly Asp Gly Ser Glu Thr Glin Gly Ser Met Gly Thr Glu Thir Lieu. Thr 
1OO 105 11 O 

Phe Gly Ser Val Ser Ile Pro Asn Ile Thr Phe Gly Cys Gly Glu Asn 
115 12 O 125 

Asn Glin Gly Phe Gly Glin Gly Asn Gly Ala Gly Lieu Val Gly Met Gly 
13 O 135 14 O 

Arg Gly Pro Leu Ser Lieu Pro Ser Gln Lieu. Asp Val Thr Llys Phe Ser 
145 150 155 160 

Tyr Cys Met Thr Pro Ile Gly Ser Ser Thr Pro Ser Asn Lieu. Leu Lieu. 
1.65 17O 17s 

Gly Ser Leu Ala Asn Ser Val Thr Ala Gly Ser Pro Asn. Thir Thr Lieu. 
18O 185 19 O 

Ile Glin Ser Ser Glin Ile Pro Thr Phe Tyr Tyr Ile Thr Lieu. Asn Gly 
195 2OO 2O5 

Lieu. Ser Val Gly Ser Thr Arg Lieu Pro Ile Asp Pro Ser Ala Phe Ala 
21 O 215 22O 

Lieu. Asn. Ser Asn. Asn Gly Thr Gly Gly Ile Ile Ile Asp Ser Gly Thr 
225 23 O 235 24 O 

Thr Lieu. Thr Tyr Phe Val Asn Asn Ala Tyr Glin Ser Val Arg Glin Glu 
245 250 255 

Phe Ile Ser Glin Ile Asn Lieu Pro Val Val Asn Gly Ser Ser Ser Gly 
26 O 265 27 O 

Phe Asp Lieu. Cys Phe Glin Thr Pro Ser Asp Pro Ser Asn Lieu. Glin Ile 
27s 28O 285 

Pro Thr Phe Val Met His Phe Asp Gly Gly Asp Lieu. Glu Lieu. Pro Ser 
29 O 295 3 OO 

Glu Asn Tyr Phe Ile Ser Pro Ser Asn Gly Lieu. Ile Cys Lieu Ala Met 
3. OS 310 315 32O 

Gly Ser Ser Ser Glin Gly Met Ser Ile Phe Gly Asn Ile Glin Glin Glin 
3.25 330 335 

Asn Met Leu Val Val Tyr Asp Thr Gly Asn Ser Val Val Ser Phe Ala 
34 O 345 35. O 

Ser Ala Glin Cys Gly Ala Ser 
355 
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<210s, SEQ ID NO 22 
&211s LENGTH: 319 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
polypeptide 

<4 OOs, SEQUENCE: 22 

Met Lys Thr Phe Lieu. Ile Lieu Ala Lieu. Lieu Ala Ile Val Ala Thir Thr 
1. 5 1O 15 

Ala Thr Thr Ala Val Arg Val Pro Val Pro Gln Leu Gln Pro Glin Asn 
2O 25 3O 

Pro Ser Glin Glin Glin Pro Glin Glu Glin Wall Pro Leu Val Glin Glin Glin 
35 4 O 45 

Glin Phe Pro Gly Glin Glin Glin Glin Phe Pro Pro Glin Gln Pro Tyr Pro 
SO 55 6 O 

Gln Pro Gln Pro Phe Pro Ser Glin Gln Pro Tyr Lieu Gln Leu Glin Pro 
65 70 7s 8O 

Phe Pro Gln Pro Gln Pro Phe Pro Pro Glin Leu Pro Tyr Pro Gln Pro 
85 90 95 

Gln Ser Phe Pro Pro Glin Gln Pro Tyr Pro Glin Glin Gln Pro Glin Tyr 
1OO 105 11 O 

Leul Glin Pro Glin Glin Pro Ile Ser Glin Glin Glin Ala Glin Glin Glin Glin 
115 12 O 125 

Glin Glin Glin Glin Glin Glin Glin Glin Glin Glin Glin Ile Leul Glin Glin Ile 
13 O 135 14 O 

Lieu. Glin Glin Glin Lieu. Ile Pro Cys Arg Asp Val Val Lieu. Glin Gln His 
145 150 155 160 

Asn Ile Ala His Ala Ser Ser Glin Val Lieu Gln Glin Ser Thr Tyr Glin 
1.65 17O 17s 

Lieu. Lieu. Glin Glin Lieu. Cys Cys Glin Glin Lieu. Lieu. Glin Ile Pro Glu Glin 
18O 185 19 O 

Ser Glin Cys Glin Ala Ile His Asn Val Ala His Ala Ile Ile Met His 
195 2OO 2O5 

Glin Glin Glin Glin Glin Glin Glin Glu Gln Lys Glin Glin Lieu. Glin Glin Glin 
21 O 215 22O 

Glin Glin Glin Glin Glin Glin Leul Glin Glin Glin Glin Glin Glin Glin Glin Glin 
225 23 O 235 24 O 

Gln Pro Ser Ser Glin Val Ser Phe Glin Glin Pro Glin Glin Glin Tyr Pro 
245 250 255 

Ser Ser Glin Wal Ser Phe Glin Pro Ser Glin Lieu. Asn. Pro Glin Ala Glin 
26 O 265 27 O 

Gly Ser Val Glin Pro Glin Gln Leu Pro Glin Phe Ala Glu Ile Arg Asn 
27s 28O 285 

Lieu Ala Leu Gln Thr Lieu Pro Ala Met Cys Asn Val Tyr Ile Pro Pro 
29 O 295 3 OO 

His Cys Ser Thr Thr Ile Ala Pro Phe Gly Ile Ser Gly Thr Asn 
3. OS 310 315 

<210s, SEQ ID NO 23 
&211s LENGTH: 8 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
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<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 23 

Ala Val Arg Val Pro Val Pro Glin 
1. 5 

<210s, SEQ ID NO 24 
&211s LENGTH: 8 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 24 

Ala Val Arg Val Pro Val Pro Glin 
1. 5 

<210s, SEQ ID NO 25 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 25 

Ala Val Arg Val Pro Val Pro Gln Lieu 
1. 5 

<210s, SEQ ID NO 26 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 26 

Ala Val Arg Val Pro Val Pro Glin Lieu. 
1. 5 

<210s, SEQ ID NO 27 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 27 

Ala Val Arg Val Pro Val Pro Glin Lieu. Glin 
1. 5 1O 

<210s, SEQ ID NO 28 
&211s LENGTH: 12 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 28 

Ala Val Arg Val Pro Val Pro Gln Leu Gln Pro Gln 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Jan. 28, 2016 
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<210s, SEQ ID NO 29 
&211s LENGTH: 12 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 29 

Ala Val Arg Val Pro Val Pro Gln Leu Gln Pro Gln 
1. 5 1O 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 12 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 30 

Ala Val Arg Val Pro Val Pro Gln Leu Gln Pro Gln 
1. 5 1O 

<210s, SEQ ID NO 31 
&211s LENGTH: 13 
212. TYPE PRT 
<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 31 

Ala Val Arg Val Pro Val Pro Gln Leu Gln Pro Glin Asn 
1. 5 1O 

<210s, SEQ ID NO 32 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 32 

Ala Val Arg Val Pro Val Pro Gln Leu Gln Pro Glin Asn Pro Ser 
1. 5 1O 15 

<210s, SEQ ID NO 33 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 33 

Ala Val Arg Val Pro Val Pro Gln Leu Gln Pro Glin Asn Pro Ser 
1. 5 1O 15 

<210s, SEQ ID NO 34 
&211s LENGTH: 15 
212. TYPE: PRT 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Jan. 28, 2016 
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<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 34 

Ala Val Arg Val Pro Val Pro Gln Leu Gln Pro Glin Asn Pro Ser 
1. 5 1O 15 

<210s, SEQ ID NO 35 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 35 

Ala Val Arg Val Pro Val Pro Gln Leu Gln Pro Glin Asn Pro Ser 
1. 5 1O 15 

<210s, SEQ ID NO 36 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

< 4 OO SEQUENCE: 36 

Ala Val Arg Val Pro Val Pro Gln Leu Gln Pro Glin Asn Pro Ser 
1. 5 1O 15 

<210s, SEQ ID NO 37 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OO > SEQUENCE: 37 

Ala Val Arg Val Pro Val Pro Gln Leu Gln Pro Glin Asn Pro Ser 
1. 5 1O 15 

<210s, SEQ ID NO 38 
&211s LENGTH: 2O 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 38 

Ala Val Arg Val Pro Val Pro Gln Leu Gln Pro Glin Asn Pro Ser Glin 
1. 5 1O 15 

Glin Gln Pro Glin 
2O 

<210s, SEQ ID NO 39 
&211s LENGTH: 2O 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
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peptide 

<4 OOs, SEQUENCE: 39 

Ala Val Arg Val Pro Val Pro Gln Leu Gln Pro Glin Asn Pro Ser Glin 
1. 5 1O 15 

Glin Gln Pro Glin 
2O 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 2O 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 4 O 

Ala Val Arg Val Pro Val Pro Gln Leu Gln Pro Glin Asn Pro Ser Glin 
1. 5 1O 15 

Glin Gln Pro Glin 
2O 

<210s, SEQ ID NO 41 
&211s LENGTH: 2O 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 41 

Ala Val Arg Val Pro Val Pro Gln Leu Gln Pro Glin Asn Pro Ser Glin 
1. 5 1O 15 

Glin Gln Pro Glin 
2O 

<210s, SEQ ID NO 42 
&211s LENGTH: 2O 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 42 

Ala Val Arg Val Pro Val Pro Gln Leu Gln Pro Glin Asn Pro Ser Glin 
1. 5 1O 15 

Glin Gln Pro Glin 
2O 

<210s, SEQ ID NO 43 
&211s LENGTH: 2O 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 43 

Ala Val Arg Val Pro Val Pro Gln Leu Gln Pro Glin Asn Pro Ser Glin 
1. 5 1O 15 

Glin Gln Pro Glin 
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<210s, SEQ ID NO 44 
&211s LENGTH: 2O 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 44 

Ala Val Arg Val Pro Val Pro Gln Leu Gln Pro Glin Asn Pro Ser Glin 
1. 5 1O 15 

Glin Gln Pro Glin 
2O 

<210s, SEQ ID NO 45 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 45 

Pro Glin Leul Glin Pro Glin Asn. Pro Ser 
1. 5 

<210s, SEQ ID NO 46 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 46 

Pro Glin Leul Glin Pro Glin Asn. Pro Ser Glin Glin Glin Pro Glin 
1. 5 1O 

<210s, SEQ ID NO 47 
&211s LENGTH: 12 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 47 

Leul Glin Pro Glin Asn. Pro Ser Glin Glin Glin Pro Glin 
1. 5 1O 

<210s, SEQ ID NO 48 
&211s LENGTH: 12 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 48 

Leul Glin Pro Glin Asn. Pro Ser Glin Glin Glin Pro Glin 
1. 5 1O 
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<210s, SEQ ID NO 49 
&211s LENGTH: 12 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 49 

Leul Glin Pro Glin Asn. Pro Ser Glin Glin Glin Pro Glin 
1. 5 1O 

<210s, SEQ ID NO 50 
&211s LENGTH: 12 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 50 

Leul Glin Pro Glin Asn. Pro Ser Glin Glin Glin Pro Glin 
1. 5 1O 

<210s, SEQ ID NO 51 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 51 

Pro Glin Asn. Pro Ser Glin Glin Glin Pro Glin 
1. 5 1O 

<210s, SEQ ID NO 52 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 52 

Pro Glin Asn. Pro Ser Glin Glin Glin Pro Glin 
1. 5 1O 

<210s, SEQ ID NO 53 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 53 

Pro Glin Glu Glin Wall Pro Leu 
1. 5 

<210s, SEQ ID NO 54 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 
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peptide 

<4 OOs, SEQUENCE: 54 

Pro Glin Glu Glin Wall Pro Leu 
1. 5 

<210s, SEQ ID NO 55 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OO > SEQUENCE: 55 

Pro Glin Glu Glin Wall Pro Leu 
1. 5 

<210s, SEQ ID NO 56 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 56 

Pro Glin Glu Glin Wall Pro Leu 
1. 5 

<210s, SEQ ID NO 57 
&211s LENGTH: 8 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OO > SEQUENCE: 57 

Pro Glin Glu Glin Wall Pro Leu Wall 
1. 5 

<210s, SEQ ID NO 58 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 58 

Glin Wall Pro Leu Wall Glin Glin Glin Glin 
1. 5 

<210s, SEQ ID NO 59 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OO > SEQUENCE: 59 

Pro Leu Val Glin Glin Glin Glin Phe Pro 
1. 5 
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<210s, SEQ ID NO 60 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 60 

Pro Leu Val Glin Glin Glin Glin Phe Pro Gly 
1. 5 1O 

<210s, SEQ ID NO 61 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 61 

Pro Leu Val Glin Glin Glin Glin Phe Pro Gly 
1. 5 1O 

<210s, SEQ ID NO 62 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 62 

Pro Leu Val Glin Glin Glin Glin Phe Pro Gly 
1. 5 1O 

<210s, SEQ ID NO 63 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 63 

Pro Leu Val Glin Glin Glin Glin Phe Pro Gly Glin Glin Glin Glin Phe Pro 
1. 5 1O 15 

Pro Glin 

<210s, SEQ ID NO 64 
&211s LENGTH: 18 

212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 64 

Pro Leu Val Glin Glin Glin Glin Phe Pro Gly Glin Glin Glin Glin Phe Pro 
1. 5 1O 15 

Pro Glin 
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<210s, SEQ ID NO 65 
&211s LENGTH: 8 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 65 

Val Glin Glin Glin Glin Phe Pro Gly 
1. 5 

<210s, SEQ ID NO 66 
&211s LENGTH: 8 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 66 

Val Glin Glin Glin Glin Phe Pro Gly 
1. 5 

<210s, SEQ ID NO 67 
&211s LENGTH: 8 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OO > SEQUENCE: 67 

Val Glin Glin Glin Glin Phe Pro Gly 
1. 5 

<210s, SEQ ID NO 68 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 68 

Gln Glin Glin Glin Phe Pro Gly 
1. 5 

<210s, SEQ ID NO 69 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 69 

Gln Glin Glin Glin Phe Pro Gly 
1. 5 

<210s, SEQ ID NO 70 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 
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peptide 

<4 OO > SEQUENCE: 7 O 

Gln Glin Glin Glin Phe Pro Gly 
1. 5 

<210s, SEQ ID NO 71 
&211s LENGTH: 13 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 71 

Gln Glin Phe Pro Gly Glin Glin Glin Glin Phe Pro Pro Gln 
1. 5 1O 

<210s, SEQ ID NO 72 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 72 

Glin Glin Glin Glin Phe Pro Pro Glin Glin 
1. 5 

<210s, SEQ ID NO 73 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OO > SEQUENCE: 73 

Gln Glin Glin Phe Pro Pro Glin Gln Pro Tyr 
1. 5 1O 

<210s, SEQ ID NO 74 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 74 

Gln Glin Glin Phe Pro Pro Glin Gln Pro Tyr 
1. 5 1O 

<210s, SEQ ID NO 75 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OO > SEQUENCE: 75 

Gln Glin Glin Phe Pro Pro Glin Gln Pro Tyr 
1. 5 1O 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 
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<210s, SEQ ID NO 76 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OO > SEQUENCE: 76 

Pro Glin Gln Pro Tyr Pro Gln 
1. 5 

<210s, SEQ ID NO 77 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OO > SEQUENCE: 77 

Pro Glin Gln Pro Tyr Pro Gln 
1. 5 

<210s, SEQ ID NO 78 
&211s LENGTH: 8 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OO > SEQUENCE: 78 

Pro Glin Gln Pro Tyr Pro Gln Pro 
1. 5 

<210s, SEQ ID NO 79 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OO > SEQUENCE: 79 

Pro Glin Gln Pro Tyr Pro Gln Pro Glin 
1. 5 

<210s, SEQ ID NO 8O 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 80 

Pro Glin Gln Pro Tyr Pro Gln Pro Glin 
1. 5 

<210s, SEQ ID NO 81 
&211s LENGTH: 11 

212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 81 

Pro Glin Gln Pro Tyr Pro Gln Pro Gln Pro Phe 
1. 5 1O 

<210s, SEQ ID NO 82 
&211s LENGTH: 12 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 82 

Pro Glin Gln Pro Tyr Pro Gln Pro Gln Pro Phe Pro 
1. 5 1O 

<210s, SEQ ID NO 83 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 83 

Pro Glin Gln Pro Tyr Pro Gln Pro Gln Pro Phe Pro Ser Glin 
1. 5 1O 

<210s, SEQ ID NO 84 
&211s LENGTH: 17 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 84 

Pro Glin Gln Pro Tyr Pro Gln Pro Gln Pro Phe Pro Ser Glin Gln Pro 
1. 5 1O 15 

Tyr 

<210s, SEQ ID NO 85 
&211s LENGTH: 12 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 85 

Pro Gln Pro Gln Pro Phe Pro Ser Glin Glin Pro Tyr 
1. 5 1O 

<210s, SEQ ID NO 86 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 
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<4 OOs, SEQUENCE: 86 

Pro Gln Pro Phe Pro Ser Glin Gln Pro Tyr 
1. 5 1O 

<210s, SEQ ID NO 87 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OO > SEQUENCE: 87 

Pro Gln Pro Phe Pro Ser Glin Gln Pro Tyr 
1. 5 1O 

<210s, SEQ ID NO 88 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 88 

Ser Glin Gln Pro Tyr Lieu Gln Leu Gln Pro Phe Pro Gln Pro Glin 
1. 5 1O 15 

<210s, SEQ ID NO 89 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 89 

Ser Glin Gln Pro Tyr Lieu Gln Leu Gln Pro Phe Pro Gln Pro Glin 
1. 5 1O 15 

<210s, SEQ ID NO 90 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 90 

Gln Glin Pro Tyr Lieu. Glin Leu Gln Pro Phe Pro Gln Pro Glin 
1. 5 1O 

<210s, SEQ ID NO 91 
&211s LENGTH: 12 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 91 

Pro Tyr Lieu Gln Leu Gln Pro Phe Pro Glin Pro Gln 
1. 5 1O 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 
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<210s, SEQ ID NO 92 
&211s LENGTH: 12 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 92 

Pro Tyr Lieu Gln Leu Gln Pro Phe Pro Glin Pro Gln 
1. 5 1O 

<210s, SEQ ID NO 93 
&211s LENGTH: 11 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 93 

Tyr Lieu Gln Leu Gln Pro Phe Pro Gln Pro Gln 
1. 5 1O 

<210s, SEQ ID NO 94 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 94 

Glin Leul Glin Pro Phe Pro Glin Pro Glin 
1. 5 

<210s, SEQ ID NO 95 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OO > SEQUENCE: 95 

Glin Leul Glin Pro Phe Pro Glin Pro Glin 
1. 5 

<210s, SEQ ID NO 96 
&211s LENGTH: 8 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 96 

Leul Glin Pro Phe Pro Glin Pro Glin 
1. 5 

<210s, SEQ ID NO 97 
&211s LENGTH: 13 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 
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peptide 

<4 OO > SEQUENCE: 97 

Leul Glin Pro Phe Pro Glin Pro Glin Pro Phe Pro Pro Glin 
1. 5 1O 

<210s, SEQ ID NO 98 
&211s LENGTH: 13 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 98 

Leul Glin Pro Phe Pro Glin Pro Glin Pro Phe Pro Pro Glin 
1. 5 1O 

<210s, SEQ ID NO 99 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 99 

Pro Phe Pro Gln Pro Gln Pro Phe Pro Pro Gln Leu Pro Tyr 
1. 5 1O 

<210s, SEQ ID NO 100 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 1.OO 

Pro Gln Leu Pro Tyr Pro Gln Pro Glin 
1. 5 

<210s, SEQ ID NO 101 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 101 

Pro Gln Leu Pro Tyr Pro Gln Pro Glin 
1. 5 

<210s, SEQ ID NO 102 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 102 

Pro Gln Leu Pro Tyr Pro Gln Pro Glin Ser Phe Pro Pro Glin 
1. 5 1O 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 
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<210s, SEQ ID NO 103 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 103 

Pro Glin Gln Pro Tyr Pro Glin Glin Glin 
1. 5 

<210s, SEQ ID NO 104 
&211s LENGTH: 11 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 104 

Pro Glin Gln Pro Tyr Pro Glin Glin Gln Pro Gln 
1. 5 1O 

<210s, SEQ ID NO 105 
&211s LENGTH: 11 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 105 

Pro Glin Gln Pro Tyr Pro Glin Glin Gln Pro Gln 
1. 5 1O 

<210s, SEQ ID NO 106 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 106 

Gln Glin Pro Tyr Pro Glin Glin Gln Pro Glin 
1. 5 1O 

<210s, SEQ ID NO 107 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 107 

Gln Glin Pro Tyr Pro Glin Glin Gln Pro Glin 
1. 5 1O 

<210s, SEQ ID NO 108 
&211s LENGTH: 7 

212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 108 

Pro Glin Tyr Lieu Gln Pro Gln 
1. 5 

<210s, SEQ ID NO 109 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 109 

Pro Glin Glin Pro Ile Ser Glin Glin Glin Ala 
1. 5 1O 

<210s, SEQ ID NO 110 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 110 

Pro Glin Glin Pro Ile Ser Glin Glin Glin Ala 
1. 5 1O 

<210s, SEQ ID NO 111 
&211s LENGTH: 11 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 111 

Pro Glin Glin Pro Ile Ser Glin Glin Glin Ala Glin 
1. 5 1O 

<210s, SEQ ID NO 112 
&211s LENGTH: 11 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 112 

Pro Glin Glin Pro Ile Ser Glin Glin Glin Ala Glin 
1. 5 1O 

<210s, SEQ ID NO 113 
&211s LENGTH: 14 

212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 113 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 
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Pro Glin Glin Pro Ile Ser Glin Glin Glin Ala Glin Glin Glin Glin 
1. 5 1O 

<210s, SEQ ID NO 114 
&211s LENGTH: 25 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 114 

Pro Glin Glin Pro Ile Ser Glin Glin Glin Ala Glin Glin Glin Glin Glin Glin 
1. 5 1O 15 

Glin Glin Glin Glin Glin Glin Glin Glin Glin 
2O 25 

<210s, SEQ ID NO 115 
&211s LENGTH: 11 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 115 

Glin Glin Glin Ile Lieu. Glin Glin Ile Lieu. Glin Glin 
1. 5 1O 

<210s, SEQ ID NO 116 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 116 

Glin Glin Ile Lieu. Glin Glin Ile Lieu. Glin 
1. 5 

<210s, SEQ ID NO 117 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 117 

Glin Glin Glin Glin Glin Lieu. Glin Glin Glin Glin 
1. 5 1O 

<210s, SEQ ID NO 118 
&211s LENGTH: 13 

212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 118 

Leul Glin Glin Glin Glin Glin Glin Glin Glin Glin Glin Pro Ser 
1. 5 1O 
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<210s, SEQ ID NO 119 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 119 

Leul Glin Glin Glin Glin Glin Glin Glin Glin Glin Glin Pro Ser Ser 
1. 5 1O 

<210s, SEQ ID NO 120 
&211s LENGTH: 12 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 120 

Glin Glin Glin Glin Glin Glin Glin Glin Glin Gln Pro Ser 
1. 5 1O 

<210s, SEQ ID NO 121 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
& 22 O FEATURE; 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

peptide 

<4 OOs, SEQUENCE: 121 

Ser Ser Glin Wal Ser Phe Glin Glin Pro Glin 
1. 5 1O 

<210s, SEQ ID NO 122 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 122 

Ser Ser Glin Wal Ser Phe Glin Glin Pro Glin 
1. 5 1O 

<210s, SEQ ID NO 123 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 123 

Ser Phe Glin Gln Pro Glin Glin Glin Tyr 
1. 5 

<210s, SEQ ID NO 124 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 
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<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 124 

Pro Glin Glin Glin Tyr Pro Ser Ser Glin Val 
1. 5 1O 

<210s, SEQ ID NO 125 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 125 

Pro Glin Glin Glin Tyr Pro Ser Ser Glin Val 
1. 5 1O 

<210s, SEQ ID NO 126 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 126 

Pro Glin Glin Glin Tyr Pro Ser Ser Glin Val 
1. 5 1O 

<210s, SEQ ID NO 127 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 127 

Pro Glin Glin Glin Tyr Pro Ser Ser Glin Val Ser Phe Gln Pro Ser 
1. 5 1O 15 

<210s, SEQ ID NO 128 
&211s LENGTH: 16 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 128 

Pro Glin Glin Glin Tyr Pro Ser Ser Glin Val Ser Phe Gln Pro Ser Glin 
1. 5 1O 15 

<210s, SEQ ID NO 129 
&211s LENGTH: 2O 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 129 

Pro Glin Glin Glin Tyr Pro Ser Ser Glin Val Ser Phe Gln Pro Ser Glin 
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1. 5 1O 15 

Lieu. Asn. Pro Glin 
2O 

<210s, SEQ ID NO 130 
&211s LENGTH: 12 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 130 

Glin Wal Ser Phe Glin Pro Ser Glin Lieu. Asn. Pro Glin 
1. 5 1O 

<210s, SEQ ID NO 131 
&211s LENGTH: 17 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 131 

Phe Glin Pro Ser Glin Lieu. Asn Pro Glin Ala Glin Gly Ser Val Glin Pro 
1. 5 1O 15 

Gln 

<210s, SEQ ID NO 132 
&211s LENGTH: 15 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 132 

Pro Ser Glin Lieu. Asn Pro Glin Ala Glin Gly Ser Val Glin Pro Glin 
1. 5 1O 15 

<210s, SEQ ID NO 133 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 133 

Ser Glin Lieu. Asn Pro Glin Ala Glin Gly Ser Val Glin Pro Glin 
1. 5 1O 

<210s, SEQ ID NO 134 
&211s LENGTH: 12 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
peptide 

<4 OOs, SEQUENCE: 134 

Lieu. Asn Pro Glin Ala Glin Gly Ser Val Glin Pro Gln 
1. 5 1O 
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<210s, SEQ ID NO 135 
&211s LENGTH: 11 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 135 

Asn Pro Glin Ala Glin Gly Ser Val Glin Pro Gln 
1. 5 1O 

<210s, SEQ ID NO 136 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 136 

Pro Glin Ala Glin Gly Ser Val Glin Pro Glin 
1. 5 1O 

<210s, SEQ ID NO 137 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 137 

Pro Glin Ala Glin Gly Ser Val Glin Pro Glin 
1. 5 1O 

<210s, SEQ ID NO 138 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 138 

Pro Glin Ala Glin Gly Ser Val Glin Pro Glin 
1. 5 1O 

<210s, SEQ ID NO 139 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 139 

Pro Glin Ala Glin Gly Ser Val Glin Pro Glin 
1. 5 1O 

<210s, SEQ ID NO 140 
&211s LENGTH: 10 

212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 140 

Pro Glin Ala Glin Gly Ser Val Glin Pro Glin 
1. 5 1O 

<210s, SEQ ID NO 141 
&211s LENGTH: 7 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 141 

Pro Glin Glin Lieu Pro Glin Phe 
1. 5 

<210s, SEQ ID NO 142 
&211s LENGTH: 8 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 142 

Pro Glin Glin Lieu Pro Glin Phe Ala 
1. 5 

<210s, SEQ ID NO 143 
&211s LENGTH: 8 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 143 

Pro Glin Phe Ala Glu Ile Arg Asn 
1. 5 

<210s, SEQ ID NO 144 
&211s LENGTH: 9 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 144 

Pro Glin Phe Ala Glu Ile Arg Asn Lieu. 
1. 5 

<210s, SEQ ID NO 145 
&211s LENGTH: 10 

212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 145 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 
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Pro Glin Phe Ala Glu Ile Arg Asn Lieu Ala 
1. 5 1O 

<210s, SEQ ID NO 146 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 146 

Pro Glin Phe Ala Glu Ile Arg Asn Lieu Ala 
1. 5 1O 

<210s, SEQ ID NO 147 
&211s LENGTH: 11 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 147 

Glu Ile Arg Asn Lieu Ala Lieu. Glin Thr Lieu Pro 
1. 5 1O 

<210s, SEQ ID NO 148 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 148 

Arg Asn Lieu Ala Lieu. Glin Thr Lieu Pro Ala 
1. 5 1O 

<210s, SEQ ID NO 149 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 149 

Arg Asn Lieu Ala Lieu. Glin Thr Lieu Pro Ala 
1. 5 1O 

<210s, SEQ ID NO 150 
&211s LENGTH: 8 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
peptide 

<4 OOs, SEQUENCE: 150 

Lieu Ala Lieu. Glin. Thir Lieu. Pro Ala 
1. 5 

Synthetic 

Synthetic 

Synthetic 

Synthetic 

Synthetic 
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1. A method for attenuating or preventing intestinal inflam 
mation arising from the presence of peptidic food antigens in 
a patient in need thereof, which method comprises adminis 
tering to the patient an effective amount of a pharmaceutical 
composition comprising an enzyme selected from the group 
consisting of nepenthesin I, nepenthesin II, neprosin, a vari 
ant thereof, and mixtures thereof. So as to cleave said antigens 
into non-antigenic peptides, thereby attenuating or prevent 
ing said intestinal inflammation. 

2. The method of claim 1, wherein the intestinal inflam 
mation is characterized by infiltration and/or proliferation of 
intraepithelial lymphocytes (IELs) in the intestine of the 
patient, and further wherein the infiltration and/or prolifera 
tion of IELs in the intestine is attenuated or prevented. 

3-4. (canceled) 
5. The method of claim 1, wherein the peptidic food anti 

gens include partially hydrolyzed gluten protein. 
6-8. (canceled) 
9. The method of claim 1, wherein the patient suffers from 

a disease selected from the group consisting of gluten sensi 
tivity, celiac disease, attention deficit hyperactivity disorder, 
autism, rheumatoid arthritis, fibromyalgia, nutrient malab 
Sorption, and dermatitis herpetiformis. 

10. The method of claim 1, wherein the inflammation is due 
to celiac disease aggravated by the presence of gluten. 

11. A method for attenuating or preventing a manifestation 
of celiac disease arising from the presence of antigenic par 
tially hydrolyzed wheat protein in an intestine of a patient 
having celiac disease, which method comprises administer 
ing to the patient an effective amount of an enzyme compo 
sition comprising an enzyme selected from the group consist 
ing of nepenthesin I, nepenthesin II, neprosin, variant thereof, 
and a mixture thereof. So as to cleave said partially hydro 
lyzed wheat protein into non-antigenic peptides, thereby 
attenuating or preventing a manifestation of celiac disease. 

12. The method of claim 11, wherein the partially hydro 
lyzed wheat protein is a partially hydrolyzed gluten protein. 

13. The method of claim 1, wherein the pharmaceutical 
composition is a Sustained-release formulation. 

14. The method of claim 1, wherein the pharmaceutical 
composition comprises an extract of Nepenthes pitcher fluid. 

15. The method of claim 1, wherein at least one of nepen 
thesin I, nepenthesin II, neprosin, or variant thereof is a 
recombinant protein. 

16. (canceled) 
17. The method of claim 1, wherein the pharmaceutical 

composition is between about pH 5 and about pH 8. 
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18. A method for attenuating or preventing intraepithelial 
lymphocytosis due to the presence of peptidic food antigens 
in an intestine of a patient in need thereof, which method 
comprises administering to the patient an effective amount of 
enzyme pharmaceutical composition comprising an enzyme 
selected from the group consisting of nepenthesin I, nepen 
thesin II, neprosin, and mixtures thereof, under conditions 
wherein said antigens are degraded so as to attenuate or 
prevent intraepithelial lymphocytosis in the intestine. 

19-24. (canceled) 
25. The method of claim 1, wherein the effective amount of 

the pharmaceutical composition is between about 1 mg and 
about 1 g. 

26-31. (canceled) 
32. A solid pharmaceutical composition comprising nepro 

sin and a pharmaceutically acceptable buffering agent, 
wherein the neprosin is a protein comprising an amino acid 
sequence having at least 90% sequence homology to the 
amino acid sequence of SEQID NO. : 1 and further wherein 
the buffering agent maintains the composition at a pH of 6.5 
or above prior to administration, such that said composition is 
formulated for oral administration. 

33. The pharmaceutical composition of claim 32, wherein 
the amino acid sequence of the neprosin comprises an amino 
acid sequence having at least 90% sequence homology to the 
amino acid sequence of SEQ ID NO. : 1 without the signal 
Sequence. 

34. The pharmaceutical composition of claim 33, further 
comprising at least one additional Nepenthes enzyme or vari 
ant thereof. 

35. The pharmaceutical composition of claim 34, wherein 
the at least one additional Nepenthes enzyme or variant 
thereof is nepenthesin I, nepenthesin II, and/or a variant 
thereof. 

36. The pharmaceutical composition of claim 32, which is 
a Sustained release formulation. 

37-39. (canceled) 
40. The pharmaceutical composition of claim 34, wherein 

the neprosin and/or Nepenthes enzyme(s) comprises a 
propeptide. 

41. (canceled) 
42. A pharmaceutical formulation comprising the compo 

sition of claim 32, wherein the neprosin is present in multiple 
layers such that the neprosin is released continuously while 
the formulation is present in the stomach. 

43-50. (canceled) 


