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ABSTRACT 

Administering an effective dose of glutenase to a Celiac or 
dermatitis herpetiformis patient reduces levels of toxic gluten 
oligopeptides, thereby attenuating or eliminating the damag 
ing effects of gluten. 
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FIG. 5 

LQLQPFPQPQLP?PQLPYPQPQLPYPQPQPF (SEQ ID M0112) 

before perfusion 
LQLQPFPQPQLPY QPQLPYPQPQLPYPQPQPF 

(SEQ ID NO: 12) 

after perfusion 

5 10 15 20 25 30 Minutes 

QLQPFPQPQLPY 
QLQPFPQPQ Y 3V” (SEQID NM) 
(SEQ ID NO: 1) 

before gerfuslqn 

‘ M after Qerfusion 

5 10 15 20 25 30 Minutes 





55 5.5.2850 @258 i 

as we 2 mm“. 5? 56::2. )1 

mmm 23 comm-Ema ‘ 
5:253 222 <\ 

4/ 

US 2009/0280555 A1 00 

w whim if. - Q88 

h 

s o 

w 

m 5:. 8 2 8 t 2 3 3 2 2 i 2 m 

n, v. 0 N 

i1 4% 

EE cm "H EEQnF 
5 “oz a. $8 umEEEJQQQQEJUQQQEJQQGEQQJQJ 

N .@E 

Patent Application Publication 



US 2009/0280555 A1 

ENZYME TREATMENT OF FOODSTUFFS 
FOR CELIAC SPRUE 

GOVERNMENT RIGHTS 

[0001] This invention Was made With Government support 
under contract 9910949 awarded by the National Science 
Foundation. The Government has certain rights in this inven 
tion. 

BACKGROUND OF THE INVENTION 

[0002] In 1953, it Was ?rst recognized that ingestion of 
gluten, a common dietary protein present in Wheat, barley and 
rye causes disease in sensitive individuals. Gluten is a com 
plex mixture of glutamine- and proline-rich glutenin and 
prolamine molecules, Which is thought to be responsible for 
disease induction. Ingestion of such proteins by sensitive 
individuals produces ?attening of the normally luxurious, 
rug-like, epithelial lining of the small intestine knoWn to be 
responsible for e?icient and extensive terminal digestion of 
peptides and other nutrients. Clinical symptoms of Celiac 
Sprue include fatigue, chronic diarrhea, malabsorption of 
nutrients, Weight loss, abdominal distension, anemia, as Well 
as a substantially enhanced risk for the development of 
osteoporosis and intestinal malignancies (lymphoma and car 
cinoma). The disease has an incidence of approximately 1 in 
200 in European populations. 
[0003] A related disease is dermatitis herpetiformis, Which 
is a chronic eruption characterized by clusters of intensely 
pruritic vesicles, papules, and urticaria-like lesions. IgA 
deposits occur in almost all normal-appearing and perile 
sional skin. Asymptomatic gluten-sensitive enteropathy is 
found in 75 to 90% of patients and in some of their relatives. 
Onset is usually gradual. Itching and burning are severe, and 
scratching often obscures the primary lesions With eczemati 
zation of nearby skin, leading to an erroneous diagnosis of 
eczema. Strict adherence to a gluten-free diet for prolonged 
periods may control the disease in some patients, obviating or 
reducing the requirement for drug therapy. Dap sone, sulfapy 
ridine and colchicines are sometimes prescribed for relief of 
itching. 
[0004] Celiac Sprue is generally considered to be an 
autoimmune disease and the antibodies found in the serum of 
the patients supports a theory of an immunological nature of 
the disease. Antibodies to tissue transglutaminase (tTG) and 
gliadin appear in almost 100% of the patients With active 
Celiac Sprue, and the presence of such antibodies, particu 
larly of the IgA class, has been used in diagnosis of the 
disease. 
[0005] The large majority of patients express the HLA 
DQ2 [DQ(al *0501, bl*02)] and/or DQ8 [DQ(al*030l, 
bl *0302)] molecules. It is believed that intestinal damage is 
caused by interactions betWeen speci?c gliadin oligopeptides 
and the HLA-DQ2 or DQ8 antigen, Which in turn induce 
proliferation of T lymphocytes in the sub-epithelial layers. T 
helper 1 cells and cytokines apparently play a major role in a 
local in?ammatory process leading to villus atrophy of the 
small intestine. 
[0006] At the present time there is no good therapy for the 
disease, except to completely avoid all foods containing glu 
ten. Although gluten WithdraWal has transformed the pro gno 
sis for children and substantially improved it for adults, some 
people still die of the disease, mainly adults Who had severe 
disease at the outset. An important cause of death is lym 
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phoreticular disease (especially intestinal lymphoma). It is 
not knoWn Whether a gluten-free diet diminishes this risk. 
Apparent clinical remission is often associated With histo 
logic relapse that is detected only by revieW biopsies or by 
increased EMA titers. 
[0007] Gluten is so Widely used, for example in commercial 
soups, sauces, ice creams, hot dogs, and other foods, that 
patients need detailed lists of foodstuffs to avoid and expert 
advice from a dietitian familiar With celiac disease. Ingesting 
even small amounts of gluten may prevent remission or 
induce relapse. Supplementary vitamins, minerals, and 
hematinics may also be required, depending on de?ciency. A 
feW patients respond poorly or not at all to gluten WithdraWal, 
either because the diagnosis is incorrect or because the dis 
ease is refractory. In the latter case, oral corticosteroids (e.g., 
prednisone 10 to 20 mg bid) may induce response. 
[0008] In vieW of the serious and Widespread nature of 
Celiac Sprue, improved methods of treating or ameliorating 
the effects of the disease are needed. The present invention 
addresses such needs. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides methods for treating 
the symptoms of Celiac Sprue and/or dermatitis herpetifor 
mis by decreasing the levels of toxic gluten oligopeptides in 
foodstuffs, either prior to or after ingestion by a patient. The 
present invention relates to the discovery that certain gluten 
oligopeptides resistant to cleavage by gastric and pancreatic 
enzymes, that the presence of such peptides results in toxic 
effects, and that enzymatic treatment can remove such pep 
tides and their toxic effects. By digestion With glutenases, 
these toxic oligopeptides are cleaved into fragments, thereby 
preventing or relieving their toxic effects in Celiac Sprue or 
dermatitis herpetiforrnis patients. In one aspect of the inven 
tion, a foodstuff is treated With a glutenase prior to consump 
tion by the patient. In another aspect of the invention, a 
glutenase is administered to a patient and acts internally to 
destroy the toxic oligopeptides. In another aspect of the 
invention, a recombinant organism that produces a glutenase 
is administered to a patient. In another aspect of the invention, 
gene therapy is used to provide the patient With a gene that 
expresses a glutenase that destroys the toxic oligopeptides. 
[0010] In one aspect, the invention provides methods for 
the administration of enteric formulations of one or more 
glutenases, each of Which may be present as a single agent or 
a combination of active agents. In another aspect of the inven 
tion, stabilized forms of glutenases are administered to the 
patient, Which stabilized forms are resistant to digestion in the 
stomach, eg to acidic conditions. Alternative methods of 
administration include genetic modi?cation of patient cells, 
e.g. enterocytes, to express increased levels of peptidases 
capable of cleaving immunogenic oligopeptides of gliadin; 
pretreatment of foods With glutenases; the introduction of 
micro-organisms expressing such peptidases so as to tran 
siently or permanently colonize the patient intestinal tract; 
and the like. 

[0011] In another aspect, the invention provides pharma 
ceutical formulations containing one or more glutenases and 
a pharmaceutically acceptable carrier. Such formulations 
include formulations in Which the glutenase is contained 
Within an enteric coating that alloWs delivery of the active 
agent to the intestine and formulations in Which the active 
agents are stabilized to resist digestion in acidic stomach 
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conditions. The formulation may comprise one or more glu 
tenases or a mixture or “cocktail” of agents having different 
activities. 
[0012] In another aspect, the invention provides foodstuffs 
derived from gluten-containing foods that have been treated 
to remove or to reduce to non-toxic levels the gluten-derived 
oligopeptides that are toxic to Celiac Sprue patients, and 
methods for treating foods to hydrolyze toxic gluten oli 
gopeptides. In other aspects, the invention provides recombi 
nant microorganisms useful in hydrolyZing the gluten-de 
rived oligopeptides that are toxic to Celiac Sprue patients 
from foodstuffs; methods for producing glutenases that digest 
the gluten-derived oligopeptides that are toxic to Celiac Sprue 
patents; puri?ed preparations of the glutenases that digest the 
gluten-derived oligopeptides that are toxic to Celiac Sprue 
patents; and recombinant vectors that code for the expression 
of glutenases that digest the gluten-derived oligopeptides that 
are toxic to Celiac Sprue patents. 
[0013] These and other aspects and embodiments of the 
invention are described in more detail beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIGS. 1A-1B. Brush border membrane catalyZed 
digestion of the immunodominant gliadin peptide. FIG. IA: 
LC-MS traces of peptides as shoWn, after digestion With 27 
ng/ul rat brush border membrane (BBM) protein for the indi 
cated time. Reaction products Were separated by reversed 
phase HPLC and detected by mass spectroscopy (ion counts 
m/Z:300-2000 g/mol). The indicated peptide fragments Were 
con?rmed by characteristic tandem MS fragmentation pat 
terns. The SEQ ID N012 pyroQLQPFPQPQLPY peak corre 
sponds to an N-terminally pyroglutaminated species, Which 
is generated during HPLC puri?cation of the synthetic start 
ing material. FIG. 1B1 Abundance of individual digestion 
products as a function of time. The peptide fragments in FIG. 
1A Were quanti?ed by integrating the corresponding MS peak 
area (m/Z:300-2000 g/mol). The resulting MS intensities are 
plotted as a function of digestion time (With BBM only). The 
digestion experiment Was repeated in the presence of exog 
enous DPP IV from Aspergillusfumigalus (Chemicon Inter 
national, CA, 0.28 JU DPP IV/ng BBM protein) and analyZed 
as above (open bars). The relative abundance of different 
intermediates could be estimated from the UV280 traces and 
control experiments using authentic standards. The inserted 
scheme shoWs an interpretative diagram of the digestionpath 
Ways of SEQ ID N011) QLQPFPQPQLPY and its interme 
diates, the BBM peptidases involved in each step, and the 
amino acid residues that are released. The preferred break 
doWn pathWay is indicated in bold. APN:aminopeptidase N, 
CPP:carboxypeptidase P, DPP IV:dipeptidyl dipeptidase 
IV. 
[0015] FIG. 2A-2B. C-terminal digestion of the immun 
odominant gliadin peptide by brush border membrane. FIG. 
2A: (SEQ ID N013) PQPQLPYPQPQLPY Was digested by 
27 ng/ul brush border membrane (BBM) protein preparations 
for the indicated time and analyZed as in FIG. 1A. The iden 
tity of the starting material and the product (SEQ ID N014) 
PQPQLPYPQPQLP Was corroborated by MSMS fragmenta 
tion. The intrinsic mass intensities of the tWo peptides Were 
identical, and the UV280 extinction coe?icient of (SEQ ID 
N014) PQPQLPYPQPQLP Was half of the starting material 
in accordance With the loss of one tyrosine. All other inter 
mediates Were 21%. The scheme beloW shoWs the proposed 
BBM digestion pathWay of (SEQ ID N013) 
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PQPQLPYPQPQLPY With no observed N-terminal process 
ing (crossed arroW) and the removal of the C-terminal 
tyrosine by carboxypeptidase P(CPP) in bold. Further C-ter 
minal processing by dipeptidyl carboxypeptidase (DCP) Was 
too sloW to permit analysis of the subsequent digestion steps 
(dotted arroWs). FIG. 2B1 In?uence of dipeptidyl carbox 
ypeptidase on C-terminal digestion. (SEQ ID N013) 
PQPQLPYPQPQLPY in phosphate buffered saline1Tris buff 
ered saline:911 Was digested by BBM alone or With addition 
of exogenous rabbit lung DCP (Cortex Biochemicals, CA) or 
captopril. After overnight incubation, the fraction of accumu 
lated SEQ ID N014) PQPQLPYPQPQLP (compared to ini 
tial amounts of (SEQ ID N013) PQPQLPYPQPQLPY at t:0 
min) Was analyZed as in FIG. 2A, but With an acetonitrile 
gradient of 20-65% in 6-35 minutes. 
[0016] FIG. 3. Dose dependent acceleration of brushborder 
mediated digestion by exogenous endoproteases. As seen 
from FIG. 2A-2B, the peptide (SEQ ID N014) 
PQPQLPYPQPQLP is stable toWard further digestion. This 
peptide Was digested With 27 ng/ul brush border membranes, 
either alone, With increasing amounts of exogenous prolyl 
endopeptidase (PEP, speci?c activity 28 uU/ug) from Fla 
vobaclerium meningoseplicum (US Biological, MA), or With 
additional elastase (E-1250, Sigma, Mo.), bromelain 
(B-5144, Sigma, Mo.) or papain (P-5306, Sigma, Mo.) (12). 
After one hour, the fraction of remaining (SEQ ID N014) 
PQPQLPYPQPQLP (compared to the initial amount at tIO 
min) Was analyZed and quanti?ed as in FIG. 1. 
[0017] FIG. 4. Products of gastric and pancreatic protease 
mediated digestion of B2-gliadin under physiological condi 
tions. Analysis Was performed by LC-MS. The longest pep 
tides are highlighted by arroWs and also in the sequence of 
B2-gliadin (inset). 
[0018] FIG. 5. In vivo brush border membrane digestion of 
peptides. LC-UV215 traces of 25 GM of (SEQ ID N0112) 
LQLQPFPQPQLPYPQPQLPYPQPQLPYPQPQPF before 
perfusion and after perfusion (residence time:20 min). LC 
UV215 traces of 50 GM of SEQ ID N011 QLQPFPQPQLPY 
before perfusion and after perfusion (residence time:20 
min). 
[0019] FIG. 6. Alignment of representative gluten and non 
gluten peptides homologous to (SEQ ID N0112) LQLQPF 
PQPQLPYPQPQLPYPQPQLPYPQPQPF. 
[0020] FIG. 7. BreakdoWn and detoxi?cation of 33-mer 
gliadin peptide With PEP. In vitro incubation of PEP (540 
mU/ml) With the 33-mer gliadin peptide (100 GM) for the 
indicated time. In vivo digestion of the 33 -mer gliadin peptide 
(25 GM) with PEP (25 mU/ml) and the rat’s intestine (resi 
dence time:20 min). 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0021] Celiac Sprue and/or dermatitis herpetiforrnis are 
treated by digestion of gluten oligopeptides contained in 
foodstuffs consumed by individuals suffering from one or 
both conditions. Gluten oligopeptides are highly resistant to 
cleavage by gastric and pancreatic peptidases such as pepsin, 
trypsin, chymotrypsin, and the like. By providing for diges 
tion of gluten oligopeptides With glutenase, oligopeptides are 
cleaved into fragments, thereby preventing the disease-caus 
ing toxicity. 
[0022] Methods and compositions are provided for the 
administration of one or more glutenases inhibitors to a 

patient suffering from Celiac Sprue and/or dermatitis herpe 
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tiformis. In some patients, these methods and compositions 
Will allow the patient to ingest glutens Without serious health 
consequences, much the same as individuals that do not suffer 

from either of these conditions. In some embodiments, the 
formulations of the invention comprise a glutenase contained 
in an enteric coating that alloWs delivery of the active agent(s) 
to the intestine; in other embodiments, the active agent(s) is 
stabilized to resist digestion in acidic stomach conditions. In 
some cases the active agent(s) have hydrolytic activity under 
acidic pH conditions, and can therefore initiate the proteolytic 
process on toxic gluten sequences in the stomach itself. Alter 
native methods of administration provided by the invention 
include genetic modi?cation of patient cells, e.g. enterocytes, 
to express increased levels of glutenases; and the introduction 
of micro-organisms expressing such glutenases so as to tran 
siently or permanently coloniZe the patient’s intestinal tract. 
Such modi?ed patient cells (Which include cells that are not 
derived from the patient but that are not immunologically 
rejected When administered to the patient) and microorgan 
isms of the invention are, in some embodiments, formulated 
in a pharmaceutically acceptable excipient, or introduced in 
foods. In another embodiment, the invention provides foods 
pretreated or combined With a glutenase and methods for 
treating foods to remove the toxic oligopeptides of gluten. 
[0023] The methods of the invention can be used for pro 
phylactic as Well as therapeutic purposes. As used herein, the 
term “treating” refers both to the prevention of disease and the 
treatment of a disease or a pre-existing condition. The inven 
tion provides a signi?cant advance in the treatment of ongo 
ing disease, to stabiliZe or improve the clinical symptoms of 
the patient. Such treatment is desirably performed prior to 
loss of function in the affected tissues but can also help to 
restore lost function or prevent further loss of function. Evi 
dence of therapeutic effect may be any diminution in the 
severity of disease, particularly as measured by the severity of 
symptoms such as fatigue, chronic diarrhea, malabsorption of 
nutrients, Weight loss, abdominal distension, anemia, and 
other symptoms of Celiac Sprue. Other disease indicia 
include the presence of antibodies speci?c for glutens, the 
presence of antibodies speci?c for tissue transglutaminase, 
the presence of pro-in?ammatory T cells and cytokines, dam 
age to the villus structure of the small intestine as evidenced 
by histological or other examination, enhanced intestinal per 
meability, and the like. 
[0024] Patients that can bene?t from the present invention 
may be of any age and include adults and children. Children 
in particular bene?t from prophylactic treatment, as preven 
tion of early exposure to toxic gluten peptides can prevent 
initial development of the disease. Children suitable for pro 
phylaxis can be identi?ed by genetic testing for predisposi 
tion, eg by HLA typing; by family history, by T cell assay, or 
by other medical means. As is knoWn in the art, dosages may 
be adjusted for pediatric use. 
[0025] Although the present invention is not to be bound by 
any theory of action, it is believed that the primary event in 
Celiac Sprue requires certain gluten oligopeptides to access 
antigen binding sites Within the lamina propria region interior 
to the relatively impermeable surface intestinal epithelial 
layer. Ordinarily, oligopeptide end products of pancreatic 
protease processing are rapidly and ef?ciently hydrolyZed 
into amino acids and/or di- or tri-peptides by gastric pepti 
dases before they are transported across the epithelial layer. 
HoWever, glutens are particularly peptidase resistant, Which 
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may be attributed to the usually high proline content of these 
proteins, a residue that is inaccessible to most gastric pepti 
dases. 

[0026] The normal assimilation of dietary proteins by the 
human gut can be divided into three major phases: (i) initia 
tion of proteolysis in the stomach by pepsin and highly e?i 
cient endo- and C-terminal cleavage in the upper small intes 
tine cavity (duodenum) by secreted pancreatic proteases and 
carboxypeptidases; (ii) further processing of the resulting 
oligopeptide fragments by exo- and endopeptidases anchored 
in the brush border surface membrane of the upper small 
intestinal epithelium (jejunum); and (iii) facilitated transport 
of the resulting amino acids, di- and tripeptides across the 
epithelial cells into the lamina propria, from Where these 
nutrients enter capillaries for distribution throughout the 
body. Because most proteases and peptidases normally 
present in the human stomach and small intestine are unable 
to hydrolyZe the amide bonds of proline residues, it is shoWn 
herein that the abundance of proline residues in gliadins and 
related proteins from Wheat, rye and barley can constitute a 
major digestive obstacle for the enZymes involved in phases 
(i) and (ii) above. This leads to an increased concentration of 
relatively stable gluten derived oligopeptides in the gut. Fur 
thermore, because aminopeptidase and especially carbox 
ypeptidase activity toWards oligopeptides With proline resi 
dues at the N- and C-termini, respectively, is loW in the small 
intestine, detoxi?cation of gluten oligopeptides in phase (iii) 
above is also sloW. By administering peptidases capable of 
cleaving such gluten oligopeptides in accordance With the 
methods of the invention, the amount of toxic peptides is 
diminished, thereby sloWing or blocking disease progression. 
[0027] Tissue transglutaminase (tTGase), an enZyme found 
on the extracellular surface in many organs including the 
intestine, catalyZes the formation of isopeptide bonds 
betWeen glutamine and lysine residues of different polypep 
tides, leading to protein-protein crosslinks in the extracellular 
matrix. The enZyme tTGase is the primary focus of the 
autoantibody response in Celiac Sprue. Gliadins, secalins and 
hordeins contain several sequences rich in Pro-Gln residues 
that are high-a?inity substrates for tTGase; tTGase catalyZed 
deamidation of at least some of these sequences dramatically 
increases their a?inity for HLA-DQ2, the class II MHC allele 
present in >90% Celiac Sprue patients. Presentation of these 
deamidated epitopes by DQ2 positive antigen presenting 
cells effectively stimulates proliferation of gliadin-speci?c T 
cells from intestinal biopsies of most Celiac Sprue patients. 
The toxic effects of gluten include immunogenicity of the 
gluten oligopeptides, leading to in?ammation; the lectin 
theory predicts that gliadin peptides may also directly bind to 
surface receptors. 
[0028] The present invention relates generally to methods 
and reagents useful in treating foodstuffs containing gluten 
With enZymes that digest the oligopeptides toxic to Celiac 
Sprue patients. Although speci?c enZymes are exempli?ed 
herein, any of a number of alternative enZymes and methods 
apparent to those of skill in the art upon contemplation of this 
disclosure are equally applicable and suitable for use in prac 
ticing the invention. The methods of the invention, as Well as 
tests to determine their ef?cacy in a particular patient or 
application, can be carried out in accordance With the teach 
ings herein using procedures standard in the art. Thus, the 
practice of the present invention may employ conventional 
techniques of molecular biology (including recombinant 
techniques), microbiology, cell biology, biochemistry and 
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immunology Within the scope of those of skill in the art. Such 
techniques are explained fully in the literature, such as, 
“Molecular Cloning: A Laboratory Manual”, second edition 
(Sambrook et al., 1989); “Oligonucleotide Synthesis” (M. J. 
Gait, ed., 1984); “Animal Cell Culture” (R. I. Freshney, ed., 
1987); “Methods in EnZymology” (Academic Press, Inc.); 
“Handbook of Experimental Immunology” (D. M. Weir & C. 
C. Blackwell, eds.); “Gene Transfer Vectors for Mammalian 
Cells” (J. M. Miller & M. P. Calos, eds., 1987); “Current 
Protocols in Molecular Biology” (F. M. Ausubel et al., eds., 
1987); “PCR: The Polymerase Chain Reaction” (Mullis et al., 
eds., 1994); and “Current Protocols in Immunology” (J. E. 
Coligan et al., eds., 1991); as Well as updated or revised 
editions of all of the foregoing. 
[0029] As used herein, the term “glutenase” refers to an 
enZyme useful in the methods of the present invention that is 
capable, alone or in combination With endogenous or exog 
enously added enZymes, of cleaving toxic oligopeptides of 
gluten proteins of Wheat, barley, oats and rye into non-toxic 
fragments. Gluten is the protein fraction in cereal dough, 
Which can be subdivided into glutenins and prolamines, 
Which are subclassi?ed as gliadins, secalins, hordeins, and 
avenins from Wheat, rye, barley and oat, respectively. For 
further discussion of gluten proteins, see the revieW by Wieser 
(1996) Acta Paediatr Suppl. 412:3-9, incorporated herein by 
reference. 

[0030] In one embodiment, the term “glutenase” as used 
herein refers to a protease or a peptidase enZyme that meets 
one or more of the criteria provided herein. Using these cri 
teria, one of skill in the art can determine the suitability of a 
candidate enZyme for use in the methods of the invention. 
Many enZymes Will meet multiple criteria, including tWo, 
three, four or more of the criteria, and some enZymes Will 
meet all of the criteria. The terms “protease” or “peptidase” 
can refer to a glutenase and as used herein describe a protein 
or fragment thereof With the capability of cleaving peptide 
bonds, Where the scissile peptide bond may either be terminal 
or internal in oligopeptides or larger proteins. Prolyl-speci?c 
peptidases are glutenases useful in the practice of the present 
invention. 

[0031] Glutenases of the invention include protease and 
peptidase enZymes having at least about 20% sequence iden 
tity at the amino acid level, more usually at least about 40% 
sequence identity, and preferably at least about 70% sequence 
identity to one of the folloWing peptidases: prolyl endopep 
tidase (PEP) from F meningoseplicum (Genbank accession 
number D10980), PEP from A. hydrophila (Genbank acces 
sion number D14005), PEP form S. capsulala (Genbank 
accession number AB010298), DCP I from rabbit (Genbank 
accession number X62551), DPP IV from Aspergillusfumi 
galus (Genbank accession number U87950) or cysteine pro 
teinase B from Hordeum vulgare (Genbank accession num 
ber U19384; Protein Information Resource number JQ11 10). 
[0032] In one embodiment of the present invention, the 
glutenase is a PEP. Homology-based identi?cation (for 
example, by a PILEUP sequence analysis) of prolyl endopep 
tidases can be routinely performed by those of skill in the art 
upon contemplation of this disclosure to identify PEPs suit 
able for use in the methods of the present invention. PEPs are 
produced in microorganisms, plants and animals. PEPs 
belong to the serine protease superfamily of enZymes and 
have a conserved catalytic triad composed of a Ser, H is, and 
Asp residues. Some of these homologs have been character 
iZed, eg the enZymes fromE meningosceplicum, Aeromonas 

Nov. 12, 2009 

hydrophila, Aeromonas punclala, Novosphingobium capsu 
lalum, Pyrococcusfuriosus and from mammalian sources are 
biochemically characterized PEPs. Others such as the Nosloc 
and Arabidopsis enZymes are likely to be PEPs but have not 
been fully characterized to date. Yet others, such as the E. coli 
and M xanlhus enZymes, may not be PEPs but are homolo 
gous members of the serine protease superfamily, and can be 
useful starting materials in protein engineering to make a PEP 
useful in the practice of the present invention. Relative to the 
F meningosceplicum enZyme, the pairWise sequence identity 
of this family of enZymes is in the 30-60% range. Accord 
ingly, PEPs include enZymes having >30% identity to the F 
meningosceplicum enZyme (as in the Pyrococcus enZymes), 
or having >40% identity (as in the Novosphingobium 
enZymes), or having >50% identity (as in the Aeromonas 
enZymes) to the F meningosceplicum enZyme. 
[0033] A glutenase of the invention includes a peptidase or 
protease that has a speci?c activity of at least 2.5 U/mg, 
preferably 25 U/mg and more preferably 250 U/mg for cleav 
age of a peptide comprising one of more of the folloWing 
motifs: Gly-Pro-pNA, Z-Gly-Pro-pNA (Where Z is a benZy 
loxycarbonyl group), and Hip-His-Leu, Where “Hip” is hip 
puric acid, pNA is para-nitroanilide, and 1 U is the amount of 
enZyme required to catalyZe the turnover of 1 |:Imole of 
substrate per minute. 
[0034] A glutenase of the invention includes an enZyme 
belonging to any of the folloWing enZyme classi?cations: EC 
3.4.21.26, EC 3.4.14.5, or EC 3.4.15.1. 
[0035] A glutenase of the invention includes an enZyme 
having a kcat/ Km of at least about 2.5 s'1 M_l, usually at least 
about 250 s-1 M-1 and preferably at least about 25000 s-1 M-1 
for cleavage of any of the folloWing peptides under optimal 
conditions: (SEQ ID NO:1) QLQPFPQPQLPY, (SEQ ID 
NO:3) PQPQLPYPQPQLPY, (SEQ ID NO:13) QPQQSF 
PQQQ, (SEQ ID NO:14) QLQPFPQPELPY, (SEQ ID 
NO:15) PQPELPYPQPELPY, (SEQ ID NO:16) QPQQSF 
PEQQ. A glutenase of the invention includes peptidase or 
protease having a speci?city kcat/Km>2 mM‘l s-1 for the 
quenched ?uorogenic substrate SEQ ID NO:28 AbZ 
QPQQP-Tyr(NO2)-D. 
[0036] A glutenase useful in the practice of the present 
invention can be identi?ed by its ability to cleave a pretreated 
substrate to remove toxic gluten oligopeptides, Where a “pre 
treated substrate” is a gliadin, hordein, secalin or avenin pro 
tein that has been treated With physiological quantities of 
gastric and pancreatic proteases, including pepsin (1:100 
mass ratio), trypsin (1:100), chymotrypsin (1:100), elastase 
(1:500), and carboxypeptidases A and B (1:100). Pepsin 
digestion may be performed at pH 2 for 20 min., to mimic 
gastric digestion, folloWed by further treatment of the reac 
tion mixture With trypsin, chymotrypsin, elastase and carbox 
ypeptidase at pH 7 for 1 hour, to mimic duodenal digestion by 
secreted pancreatic enZymes. The pretreated substrate com 
prises oligopeptides resistant to digestion, e.g. under physi 
ological conditions. 
[0037] The ability of a peptidase or protease to cleave a 
pretreated substrate can be determined by measuring the abil 
ity of an enZyme to increase the concentration of free NH2 
termini in a reaction mixture containing 1 mg/ml pretreated 
substrate and 10 Bg/ml of the peptidase or protease, incu 
bated at 370 C. for 1 hour. A glutenase useful in the practice of 
the present invention Will increase the concentration of the 
free amino termini under such conditions, usually by at least 
about 25%, more usually by at least about 50%, and prefer 
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ably by at least about 100%. A glutenase includes an enzyme 
capable of reducing the residual molar concentration of oli 
gopeptides greater than about 1000 Da in a 1 mg/ml “pre 
treated substrate” after a 1 hour incubation With 10 ug/ml of 
the enzyme by at least about 2-fold, usually by at least about 
5-fold, and preferably by at least about 10-fold. The concen 
tration of such oligopeptides can be estimated by methods 
knoWn in the art, for example size exclusion chromatography 
and the like. 

[0038] A glutenase of the invention includes an enzyme 
capable of reducing the potency by Which a “pretreated sub 
strate” can antagonize binding of (SEQ ID N0117) 
PQPELPYPQPQLP to HLA-DQ2. The ability of a substrate 
to bind to HLA-DQ is indicative of its toxicity; fragments 
smaller than about 8 amino acids are generally not stably 
bound to Class II MHC. Treatment With a glutenase that 
digests toxic oligopeptides, by reducing the concentration of 
the toxic oligopeptides, prevents a mixture containing them 
from competing With a test peptide for MHC binding. To test 
Whether a candidate glutenase can be used for purposes of the 
present invention, a 1 mg/ml solution of “pretreated sub 
strate” may be ?rst incubated With 10 ug/ml of the candidate 
glutenase, and the ability of the resulting solution to displace 
radioactive (SEQ ID N0118) PQPELPYPQPQPLP pre 
bound to HLA-DQ2 molecules can then be quanti?ed, With a 
reduction of displacement, relative to a non-treated control, 
indicative of utility in the methods of the present invention. 
[0039] A glutenase of the invention includes an enzyme 
that reduces the anti-tTG antibody response to a “gluten chal 
lenge diet” in a Celiac Sprue patient by at least about 2-fold, 
more usually by at least about 5-fold, and preferably by at 
least about 10-fold. A “gluten challenge diet” is de?ned as the 
intake of 100 g bread per day for 3 days by an adult Celiac 
Sprue patient previously on a gluten-free diet. The anti-tTG 
antibody response can be measured in peripheral blood using 
standard clinical diagnostic procedures, as knoWn in the art. 
[0040] Excluded from the term “glutenase” are the folloW 
ing peptidases1 human pepsin, human trypsin, human chy 
motrypsin, human elastase, papaya papain, and pineapple 
bromelain, and usually excluded are enzymes having greater 
than 98% sequence identity at the amino acid level to such 
peptidases, more usually excluded are enzymes having 
greater than 90% sequence identity at the amino acid level to 
such peptidases, and preferably excluded are enzymes having 
greater than 70% sequence identity at the amino acid level to 
such peptidases. 
[0041] Among gluten proteins Withpotential harmful effect 
to Celiac Sprue patients are included the storage proteins of 
Wheat, species of Which include Trilicum aeslivum; Trilicum 
aelhiopicum; Trilicum baeolicum; Trilicum mililinae; Triti 
cum monococcum; T rilicum sinskajae; T rilicum Zimopheevii; 
T rilicum Zurgidum; T rilicum urarlu, T rilicum vavilovii, T rili 
cum zhukovskyi; etc. A revieW of the genes encoding Wheat 
storage proteins may be found in Colot (1990) Gene! Eng (N 
Y) 121225-41. Gliadin is the alcohol-soluble protein fraction 
of Wheat gluten. Gliadins are typically rich in glutamine and 
proline, particularly in the N-terminal part. For example, the 
?rst 100 amino acids of 0t— and y-gliadins contain ~35% and 
~20% of glutamine and proline residues, respectively. Many 
Wheat gliadins have been characterized, and as there are many 
strains of Wheat and other cereals, it is anticipated that many 
more sequences Will be identi?ed using routine methods of 
molecular biology. In one aspect of the present invention, 
genetically modi?ed plants are provided that differ from their 
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naturally occurring counterparts by having gliadin proteins 
that contain a reduced content of glutamine and proline resi 
dues. 

[0042] Examples of gliadin sequences include but are not 
limited to Wheat alpha gliadin sequences, for example as 
provided in Genbank, accession numbers AJ133612; 
AJ133611; AJ133610; AJ133609; AJ133608; AJ133607; 
AJ133606; AJ133605; AJ133604; AJ133603; AJ133602; 
D84341.1; U51307; U51306; U51304; U51303; U50984; 
and U08287. A sequence of Wheat omega gliadin is set forth 
in Genbank accession number AF280605. 

[0043] For the purposes of the present invention, toxic glia 
din oligopeptides are peptides derived during normal human 
digestion of gliadins and related storage proteins as described 
above, from dietary cereals, e.g. Wheat, rye, barley, and the 
like. Such oligopeptides are believed to act as antigens for T 
cells in Celiac Sprue. For binding to Class 11 MHC proteins, 
immunogenic peptides are usually from about 8 to 20 amino 
acids in length, more usually from about 10 to 18 amino acids. 
Such peptides may include PXP motifs, such as the motif 
PQPQLP (SEQ ID N018). Determination of Whether an oli 
gopeptide is immunogenic for a particular patient is readily 
determined by standard T cell activation and other assays 
knoWn to those of skill in the art. 

[0044] As demonstrated herein, during digestion, peptidase 
resistant oligopeptides remain after exposure of glutens, e.g. 
gliadin, to normal digestive enzymes. Examples of peptidase 
resistant oligopeptides are provided, for example, as set forth 
in SEQ ID N015, 6, 7 and 10. Other examples of immuno 
genic gliadin oligopeptides are described in Wieser (1995) 
Baillieres Clin Gastroenterol 9(2): 1 91-207, incorporated 
herein by reference. 
[0045] Determination of Whether a candidate enzyme Will 
digest a toxic gluten oligopeptide, as discussed above, can be 
empirically determined. For example, a candidate may be 
combined With an oligopeptide comprising one or more Gly 
Pro-p-nitroanilide, Z-Gly-Pro-p-nitroanilide, Hip-His-Leu, 
SEQ ID N0129 Abz-QLP-Tyr(N02)-PQ, SEQ ID N0130 
Abz-PYPQPQ-Tyr(N02), SEQ ID N0131 PQP-Lys(Abz) 
LP-Tyr(N02)-PQPQLP, SEQ ID N0132 PQPQLP-Tyr 
(N02)-PQP-Lys(Abz)-LP motifs; With one or more of the 
oligopeptides (SEQ ID N011) QLQPFPQPQLPY, (SEQ ID 
N013) PQPQLPYPQPQLPY, (SEQ ID N0113) QPQQSF 
PQQQ, (SEQ ID N0114) QLQPFPQPELPY, (SEQ ID 
N0115) PQPELPYPQPELPY, (SEQ ID N0116) QPQQSF 
PEQQ or (SEQ ID N0112) LQLQPF 
PQPQLPYPQPQLPYPQPQLPYPQPQPF; or With a pre 
treated substrate comprising one or more of gliadin, hordein, 
secalin or avenin proteins that have been treated With physi 
ological quantities of gastric andpancreatic proteases. In each 
instance, the candidate is determined to be a glutenase of the 
invention if it is capable of cleaving the oligopeptide. Glute 
nases that have a loW toxicity for human cells and are active in 
the physiologic conditions present in the intestinal brush bor 
der are preferred foruse in some applications of the invention, 
and therefore it may be useful to screen for such properties in 
candidate glutenases. 
[0046] The oligopeptide or protein substrates for such 
assays may be prepared in accordance With conventional 
techniques, such as synthesis, recombinant techniques, isola 
tion from natural sources, or the like. For example, solid 
phase peptide synthesis involves the successive addition of 
amino acids to create a linear peptide chain (see Merri?eld 
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(1963) J. Am. Chem. Soc. 85:2149-2154). Recombinant 
DNA technology can also be used to produce the peptide. 
[0047] Candidate glutenases for use in the practice of the 
present invention can be obtained from a Wide variety of 
sources, including libraries of natural and synthetic proteins. 
For example, numerous means are available for random and 
directed mutation of proteins. Alternatively, libraries ofnatu 
ral proteins in the form of bacterial, fungal, plant and animal 
extracts are available or readily produced. Extracts of germi 
nating Wheat and other grasses is of interest as a source of 
candidate enZymes. Natural or synthetically produced librar 
ies and compounds are readily modi?ed through conventional 
chemical, physical and biochemical means, and such means 
can be used to produce combinatorial libraries. Known phar 
macological agents may be subjected to directed or random 
chemical modi?cations, such as acylation, alkylation, esteri 
?cation, and amidi?cation, to produce structural analogs of 
proteins. 
[0048] Generally, a variety of assay mixtures are run in 
parallel With different peptidase concentrations to obtain a 
differential response to the various concentrations. Typically, 
one of these concentrations serves as a negative control, i.e. at 
Zero concentration or beloW the level of detection. A variety 
of other reagents may be included in a screening assay. These 
include reagents like salts, detergents, and the like that are 
used to facilitate optimal activity and/ or reduce non-speci?c 
or background interactions. Reagents that improve the e?i 
ciency of the assay may be used. The mixture of components 
is added in any order that provides for the requisite activity. 
Incubations are performed at any suitable temperature, typi 
cally betWeen 4 and 400 C. Incubation periods are selected for 
optimum activity but can also be optimiZed to facilitate rapid 
high-throughput screening or other purposes. Typically, 
betWeen 0.1 and 1 hours Will be su?icient. 
[0049] The level of digestion of the toxic oligopeptide can 
be compared to a baseline value. The disappearance of the 
starting material and/or the presence of digestion products 
can be monitored by conventional methods. For example, a 
detectable marker can be conjugated to a peptide, and the 
change in molecular Weight associated With the marker is then 
determined, e.g. acid precipitation, molecular Weight exclu 
sion, and the like. The baseline value can be a value for a 
control sample or a statistical value that is representative a 
control population. Various controls can be conducted to 
ensure that an observed activity is authentic, including run 
ning parallel reactions, positive and negative controls, dose 
response, and the like. 
[0050] Active glutenases identi?ed by the screening meth 
ods described herein can serve as lead compounds for the 
synthesis of analog compounds to identify glutenases With 
improved properties. Identi?cation of analog compounds can 
be performed through use of techniques such as self-consis 
tent ?eld (SCF) analysis, con?guration interaction (CI) 
analysis, and normal mode dynamics analysis. 
[0051] In one embodiment of the invention, the glutenase is 
a prolyl endopeptidase (PEP, EC 3.4.21.26). Prolyl endopep 
tidases are Widely distributed in microorganisms, plants and 
animals, and have been cloned from F lavobaclerium menin 
goseplicum, (Yoshimoto et al. (1991) J. Biochem. 110, 873 
8); Aeromonas hydrophyla (Kanatani et al. (1993) J. Bio 
chem. 113, 790-6); Sphingomonas capsulala (Kabashima et 
al. (1998) Arch. Biochem. Biophys. 358, 141-148), Pyrococ 
cusfurious (Robinson et al., (1995) Gene 152, 103-6); pig 
(Rennex et al. (1991) Biochemistry 30, 2195-2030); and the 
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like. The suitability of a particular enZyme is readily deter 
mined by the assays described above, by clinical testing, 
determination of stability in formulations, and the like. Other 
sources of PEP include Laclobacilli (Habibi-Naja? et al. 
(1994) J. Dairy Sci. 77, 385-392), from Where the gene of 
interest can be readily cloned based on sequence homology to 
the above PEP’s or via standard reverse genetic procedures 
involving puri?cation, amino -acid sequencing, reverse trans 
lation, and cloning of the gene encoding the target extracel 
lular enZyme. 

[0052] In another embodiment of the invention, glutenases 
are peptidases present in the brush border, Which are supple 
mented. Formulations of interest may comprise such 
enZymes in combination With other peptidases. Peptidases 
present in brush border include dipeptidyl peptidase IV (DPP 
IV, EC 3.4.14.5), and dipeptidyl carboxypeptidase (DCP, EC 
3.4.15.1). The human form of these proteins may be used, or 
modi?ed forms may be isolated from other suitable sources. 
Example of DPP IV enZymes include Aspergillus spp. (e.g. 
Byun et al. (2001) J. Agric. Food Chem. 49, 2061-2063), 
ruminant bacteria such as Prevolella albensis M384 (NCBI 
protein database Locus # CAC42932), dental bacteria such as 
Porphyromonas gingivalis W83 (Kumugai et al. (2000) 
Infect. Immun. 68, 716-724), lactobacilli such as Laclobacil 
lus helvelicus (e.g. Vesanto, et al, (1995) Microbiol. 141, 
3067-3075), and Laclococcus laclis (Mayo et al., (1991) 
Appl. Environ. Microbiol. 57, 38-44). Other DPP IV candi 
dates can readily be recogniZed based on homology to the 
above enzymes, preferably >30% sequence identity. Simi 
larly, secreted dipeptidyl carboxypeptidases that cleave 
C-terminal X-Pro sequences are found in many microbial 
sources including Pseudomonas spp (e.g. OgasaWara et al, 
(1997) Biosci. Biotechnol. Biochem. 61, 858-863), Strepto 
myces spp. (e.g. Miyoshi et al., (1992) J. Biochem. 112, 
253-257) and Aspergilli spp. (e.g. Ichishima et al., (1977) J. 
Biochem. 81, 1733-1737). Of particular interest is the 
enZyme from Aspergillus sailoi (Ichishima), due to its high 
activity at acidic pH values. Although the genes encoding 
many of these enZymes have not yet been cloned, they can be 
readily cloned by standard reverse genetic procedures. The 
DCP I enZymes can be puri?ed from the extracellular medium 
based on their ability to hydrolyZe (SEQ ID NO:19) Z-Gly 
Pro-Leu-Gly-Pro, Z-Gly-Pro, or Hip-Gly-Pro. Alternatively, 
putative DCP I genes can be identi?ed based on homology to 
the E. coli enZyme (N CBI protein database Locus 
CAA4 101 4.) 
[0053] In another embodiment of the invention, glutenases 
are endoproteases found in developing grains of toxic cereals 
such as Wheat, barley and rye. For example, DomingueZ and 
Cejudo (Plant Physiol. 112, 1211-1217, 1996) have shoWn 
that the endosperm of Wheat (i.e. the part of the grain that 
contains gliadin and glutenin) contains a variety of neutral 
and acid proteases. Although these proteases have not been 
individually characterized, they are expected to be an espe 
cially rich source of glutenases. Moreover, although the genes 
encoding these proteases have not yet been cloned, 
DomingueZ and Cejudo have established a convenient SDS 
PAGE assay for identi?cation and separation of these pro 
teases. After excision of the corresponding protein bands 
from the gel, limited sequence information can be obtained. 
The cDNA encoding these proteases can therefore be readily 
cloned from this information using established reverse 
genetic procedures, and expressed in heterologous bacterial 
or fungal hosts. Of particular interest are proteases that hydro 
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lyZe (x2-gliadin Within the 33-mer amino acid sequence iden 
ti?ed in Example 2 below. Of further interest are the sub set of 
these proteases that retain activity at acidic pH values (pH2-5) 
encountered in the stomach. 
[0054] The amino acid sequence of a glutenase, eg a natu 
rally occurring glutenase, can be altered in various Ways 
knoWn in the art to generate targeted changes in sequence and 
additional glutenase enzymes useful in the formulations and 
compositions of the invention. Such variants Will typically be 
functionally-preserved variants, Which differ, usually in 
sequence, from the corresponding native or parent protein but 
still retain the desired biological activity. Variants also 
include fragments of a glutenase that retain enZymatic activ 
ity. Various methods knoWn in the art can be used to generate 
targeted changes, eg phage display in combination With 
random and targeted mutations, introduction of scanning 
mutations, and the like. 
[0055] A variant can be substantially similar to a native 
sequence, i.e. differing by at least one amino acid, and can 
differ by at least tWo but usually not more than about ten 
amino acids (the number of differences depending on the siZe 
of the native sequence). The sequence changes may be sub 
stitutions, insertions or deletions. Scanning mutations that 
systematically introduce alanine, or other residues, may be 
used to determine key amino acids. Conservative amino acid 
substitutions typically include substitutions Within the fol 
loWing groups: (glycine, alanine); (valine, isoleucine, leu 
cine); (aspartic acid, glutamic acid); (asparagine, glutamine); 
(serine, threonine); (lysine, arginine); and (phenylalanine, 
tyrosine). 
[0056] Glutenase fragments of interest include fragments 
of at least about 20 contiguous amino acids, more usually at 
least about 50 contiguous amino acids, and may comprise 100 
or more amino acids, up to the complete protein, and may 
extend further to comprise additional sequences. In each case, 
the key criterion is Whether the fragment retains the ability to 
digest the toxic oligopeptides that contribute to the symptoms 
of Celiac Sprue. 
[0057] Modi?cations of interest that do not alter primary 
sequence include chemical derivatiZation of proteins, e.g., 
acetylation or carboxylation. Also included are modi?cations 
of glycosylation, e. g. those made by modifying the glycosy 
lation patterns of a protein during its synthesis and processing 
or in further processing steps; eg by exposing the protein to 
enZymes that affect glycosylation, such as mammalian gly 
cosylating or deglycosylating enZymes. Also embraced are 
sequences that have phosphorylated amino acid residues, e.g. 
phosphotyrosine, phosphoserine, or phosphothreonine. 
[0058] Also useful in the practice of the present invention 
are proteins that have been modi?ed using molecular biologi 
cal techniques and/or chemistry so as to improve their resis 
tance to proteolytic degradation and/or to acidic conditions 
such as those found in the stomach, and to optimiZe solubility 
properties or to render them more suitable as a therapeutic 
agent. For example, the backbone of the peptidase can be 
cycliZed to enhance stability (see Friedler et al. (2000) J. Biol. 
Chem. 275:23783-23789). Analogs of such proteins include 
those containing residues other than naturally occurring 
L-amino acids, eg D-amino acids or non-naturally occurring 
synthetic amino acids. 
[0059] The glutenase proteins of the present invention may 
be prepared by in vitro synthesis, using conventional methods 
as knoWn in the art. Various commercial synthetic appara 
tuses are available, for example, automated synthesiZers by 
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Applied Biosystems, Inc., Foster City, Calif., Beckman, and 
other manufacturers. Using synthesiZers, one can readily sub 
stitute for the naturally occurring amino acids one or more 
unnatural amino acids. The particular sequence and the man 
ner of preparation Will be determined by convenience, eco 
nomics, purity required, and the like. If desired, various 
groups can be introduced into the protein during synthesis 
that alloW for linking to other molecules or to a surface. For 
example, cysteines can be used to make thioethers, histidines 
can be used for linking to a metal ion complex, carboxyl 
groups can be used for forming amides or esters, amino 
groups can be used for forming amides, and the like. 

[0060] The glutenase proteins useful in the practice of the 
present invention may also be isolated and puri?ed in accor 
dance With conventional methods from recombinant produc 
tion systems and from natural sources. A lysate can be pre 
pared from the expression host and the lysate puri?ed using 
HPLC, exclusion chromatography, gel electrophoresis, a?in 
ity chromatography, and/ or other puri?cation techniques. 
Typically, the compositions used in the practice of the inven 
tion Will comprise at least 20% by Weight of the desired 
product, more usually at least about 75% by Weight, prefer 
ably at least about 95% by Weight, and for therapeutic pur 
poses, usually at least about 99.5% by Weight, in relation to 
contaminants related to the method of preparation of the 
product and its puri?cation. Usually, the percentages Will be 
based upon total protein. 
[0061] In one aspect, the present invention provides a puri 
?ed preparation of a glutenase. Prior to the present invention, 
there Was no need for a glutenase that could be ingested by a 
human or mixed With a foodstuff. Thus, prior to the present 
invention most glutenases did not exist in a form free of 
contaminants that could be deleterious to a human if ingested. 
The present invention creates a need for such glutenase prepa 
rations and provides them and methods for preparing them. In 
a related embodiment, the present invention provides novel 
foodstuffs that are derived from gluten-containing foodstuffs 
but have been treated to reduce the concentration and amount 
of the oligopeptides and oligopeptide sequences discovered 
to be toxic to Celiac Sprue patients. While gluten-free or 
reduced- gluten content foods have been made, the foodstuffs 
of the present invention differ from such foodstuffs not only 
by the manner in Which they are prepared, by treatment of the 
foodstuff With a glutenase, but also by their content, as the 
methods of the prior art result in alteration of non-toxic (to 
Celiac Sprue patients) components of the foodstuff, resulting 
in a different taste and composition. Prior art foodstuffs 
include, for example, Codex Alimentarius Wheat starch, 
Which is available in Europe and has <l00 ppm gluten. The 
starch is usually prepared by processes that take advantage of 
the fact that gluten is insoluble in Water Whereas starch is 
soluble. 

[0062] In one embodiment of the present invention, a 
Celiac Sprue patient is, in addition to being provided a glu 
tenase or food treated in accordance With the present meth 
ods, provided an inhibitor of tissue transglutaminase, an anti 
in?ammatory agent, an anti-ulcer agent, a mast cell 
stabiliZing agents, and/or and an-allergy agent. Examples of 
such agents include HMG-CoA reductase inhibitors With 
anti-in?ammatory properties such as compactin, lovastatin, 
simvastatin, pravastatin and atorvastatin; anti-allergic hista 
mine H1 receptor antagonists such as acrivastine, cetiriZine, 
desloratadine, ebastine, fexofenadine, levocetiriZine, lorata 
dine and miZolastine; leukotriene receptor antagonists such 
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as montelukast and Za?rlukast; COX2 inhibitors such as cele 
coxib and rofecoxib; p38 MAP kinase inhibitors such as 
BIRB-796; and mast cell stabilizing agents such as sodium 
chromoglycate (chromolyn), pemirolast, proxicromil, repiri 
nast, doxantraZole, amlexanox nedocromil and probicromil. 
[0063] As used herein, compounds Which are “commer 
cially available” may be obtained from commercial sources 
including but not limited to Acros Organics (Pittsburgh Pa.), 
Aldrich Chemical (Milwaukee Wis ., including Sigma Chemi 
cal and Fluka), Apin Chemicals Ltd. (Milton Park UK), Avo 
cado Research (Lancashire UK), BDH Inc. (Toronto, 
Canada), Bionet (Cornwall, UK), Chemservice Inc. (West 
Chester Pa.), Crescent Chemical Co. (Hauppauge NY), 
Eastman Organic Chemicals, Eastman Kodak Company 
(Rochester N.Y.), Fisher Scienti?c Co. (Pittsburgh Pa.), 
Fisons Chemicals (Leicestershire UK), Frontier Scienti?c 
(Logan Utah), ICN Biomedicals, Inc. (Costa Mesa Calif.), 
Key Organics (ComWall U.K.), Lancaster Synthesis 
(Windham NH), Maybridge Chemical Co. Ltd. (Cornwall 
UK), Parish Chemical Co. (Orem Utah), PfaltZ & Bauer, Inc. 
(Waterbury Conn.), Polyorganix (Houston Tex.), Pierce 
Chemical Co. (Rockford Ill.), Riedel de HaenAG (Hannover, 
Germany), Spectrum Quality Product, Inc. (NeW Brunswick, 
N.J .), TCI America (Portland Oreg.), Trans World Chemicals, 
Inc. (Rockville Md.), Wako Chemicals USA, Inc. (Richmond 
Va.), Novabiochem and Argonaut Technology. 
[0064] Compounds useful for co-administration With the 
glutenases and treated foodstuffs of the invention can also be 
made by methods knoWn to one of ordinary skill in the art. As 
used herein, “methods knoWn to one of ordinary skill in the 
art” may be identi?ed though various reference books and 
databases. Suitable reference books and treatises that detail 
the synthesis of reactants useful in the preparation of com 
pounds of the present invention, or provide references to 
articles that describe the preparation, include for example, 
“Synthetic Organic Chemistry”, John Wiley & Sons, Inc., 
NeW York; S. R. Sandier et al., “Organic Functional Group 
Preparations,” 2nd Ed., Academic Press, NeW York, 1983; H. 
O. House, “Modern Synthetic Reactions”, 2nd Ed., W. A. 
Benjamin, Inc. Menlo Park, Calif. 1972; T. L. Gilchrist, “Het 
erocyclic Chemistry”, 2nd Ed., John Wiley & Sons, NeW 
York, 1992; J. March, “Advanced Organic Chemistry: Reac 
tions, Mechanisms and Structure”, 4th Ed., Wiley-Inter 
science, NeW York, 1992. Speci?c and analogous reactants 
may also be identi?ed through the indices of knoWn chemi 
cals prepared by the Chemical Abstract Service of the Ameri 
can Chemical Society, Which are available in most public and 
university libraries, as Well as through on-line databases (the 
American Chemical Society, Washington, DC, WWW.acs. 
org may be contacted for more details). Chemicals that are 
knoWn but not commercially available in catalogs may be 
prepared by custom chemical synthesis houses, Where many 
of the standard chemical supply houses (e.g., those listed 
above) provide custom synthesis services. 
[0065] The glutenase proteins of the invention and/or the 
compounds administered thereWith are incorporated into a 
variety of formulations for therapeutic administration. In one 
aspect, the agents are formulated into pharmaceutical com 
positions by combination With appropriate, pharmaceutically 
acceptable carriers or diluents, and are formulated into prepa 
rations in solid, semi-solid, liquid or gaseous forms, such as 
tablets, capsules, poWders, granules, ointments, solutions, 
suppositories, injections, inhalants, gels, microspheres, and 
aerosols. As such, administration of the glutenase and/or 
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other compounds can be achieved in various Ways, usually by 
oral administration. The glutenase and/or other compounds 
may be systemic after administration or may be localiZed by 
virtue of the formulation, or by the use of an implant that acts 
to retain the active dose at the site of implantation. 

[0066] In pharmaceutical dosage forms, the glutenase and/ 
or other compounds may be administered in the form of their 
pharmaceutically acceptable salts, or they may also be used 
alone or in appropriate association, as Well as in combination 
With other pharmaceutically active compounds. The agents 
may be combined, as previously described, to provide a cock 
tail of activities. The folloWing methods and excipients are 
exemplary and are not to be construed as limiting the inven 
tion. 

[0067] For oral preparations, the agents can be used alone 
or in combination With appropriate additives to make tablets, 
poWders, granules or capsules, for example, With conven 
tional additives, such as lactose, mannitol, corn starch or 
potato starch; With binders, such as crystalline cellulose, cel 
lulose derivatives, acacia, corn starch or gelatins; With disin 
tegrators, such as corn starch, potato starch or sodium car 
boxymethylcellulose; With lubricants, such as talc or 
magnesium stearate; and if desired, With diluents, buffering 
agents, moistening agents, preservatives and ?avoring agents. 
[0068] In one embodiment of the invention, the oral formu 
lations comprise enteric coatings, so that the active agent is 
delivered to the intestinal tract. Enteric formulations are often 
used to protect an active ingredient from the strongly acid 
contents of the stomach. Such formulations are created by 
coating a solid dosage form With a ?lm of a polymer that is 
insoluble in acid environments, and soluble in basic environ 
ments. Exemplary ?lms are cellulose acetate phthalate, poly 
vinyl acetate phthalate, hydroxypropyl methylcellulose 
phthalate and hydroxypropyl methylcellulose acetate succi 
nate, methacrylate copolymers, and cellulose acetate phtha 
late. 

[0069] Other enteric formulations comprise engineered 
polymer microspheres made of biologically erodable poly 
mers, Which display strong adhesive interactions With gas 
trointestinal mucus and cellular linings and can traverse both 
the mucosal absorptive epithelium and the follicle-associated 
epithelium covering the lymphoid tissue of Peyer’s patches. 
The polymers maintain contact With intestinal epithelium for 
extended periods of time and actually penetrate it, through 
and betWeen cells. See, for example, MathioWitZ et al. (1997) 
Nature 386 (6623): 410-414. Drug delivery systems can also 
utiliZe a core of superporous hydrogels (SPH) and SPH com 
posite (SPHC), as described by Dorkoosh et al., (2001) J 
Control Release 71 (3):307-18. 
[0070] In another embodiment, a microorganism, for 
example bacterial or yeast culture, capable of producing glu 
tenase is administered to a patient. Such a culture may be 
formulated as an enteric capsule; for example, see US. Pat. 
No. 6,008,027, incorporated herein by reference. Altema 
tively, microorganisms stable to stomach acidity can be 
administered in a capsule, or admixed With food preparations. 

[0071] In another embodiment, the glutenase is admixed 
With food, or used to pre-treat foodstuffs containing glutens. 
Glutenase present in foods can be enZymatically active prior 
to or during ingestion, and may be encapsulated or otherWise 
treated to control the timing of activity. Alternatively, the 
glutenase may be encapsulated to achieve a timed release 
after ingestion, eg in the intestinal tract. 
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[0072] Formulations are typically provided in a unit dosage 
form, Where the term “unit dosage form,” refers to physically 
discrete units suitable as unitary dosages for human subjects, 
each unit containing a predetermined quantity of glutenase in 
an amount calculated su?icient to produce the desired effect 
in association With a pharmaceutically acceptable diluent, 
carrier or vehicle. The speci?cations for the unit do sage forms 
of the present invention depend on the particular complex 
employed and the effect to be achieved, and the pharmaco 
dynamics associated With each complex in the host. 

[0073] The pharmaceutically acceptable excipients, such 
as vehicles, adjuvants, carriers or diluents, are commercially 
available. Moreover, pharmaceutically acceptable auxiliary 
substances, such as pH adjusting and buffering agents, tonic 
ity adjusting agents, stabiliZers, Wetting agents and the like, 
are commercially available. Any compound useful in the 
methods and compositions of the invention can be provided as 
a pharmaceutically acceptable base addition salt. “Pharma 
ceutically acceptable base addition salt” refers to those salts 
Which retain the biological effectiveness and properties of the 
free acids, Which are not biologically or otherWise undesir 
able. These salts are prepared from addition of an inorganic 
base or an organic base to the free acid. 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. Pre 
ferred inorganic salts are the ammonium, sodium, potassium, 
calcium, and magnesium salts. Salts derived from organic 
bases include, but are not limited to, salts of primary, second 
ary, and tertiary amines, substituted amines including natu 
rally occurring substituted amines, cyclic amines and basic 
ion exchange resins, such as isopropylamine, trimethylamine, 
diethylamine, triethylamine, tripropylamine, ethanolamine, 
2-dimethylaminoethanol, 2-diethylaminoethanol, dicyclo 
hexylamine, lysine, arginine, histidine, caffeine, procaine, 
hydrabamine, choline, betaine, ethylenediamine, glu 
cosamine, methylglucamine, theobromine, purines, pipera 
Zine, piperidine, N-ethylpiperidine, polyamine resins and the 
like. Particularly preferred organic bases are isopropylamine, 
diethylamine, ethanolamine, trimethylamine, dicyclohexy 
lamine, choline and caffeine. 
[0074] Depending on the patient and condition being 
treated and on the administration route, the glutenase may be 
administered in dosages of 0.01 mg to 500 mg/kg body 
Weight per day, eg about 20 mg/day for an average person. A 
typical dose of glutenase in patients Will be in at least about 1 
mg/adult, more usually at least about 10 mg; and preferably at 
least about 50 mg; usually not more than about 5 g, more 
usually not more than about 1 g, and preferably not more than 
about 500 mg. Dosages Will be appropriately adjusted for 
pediatric formulation. In children the effective dose may be 
loWer, for example at least about 0.1 mg, or 0.5 mg. In com 
bination therapy involving, for example, a PEP+DPP IV or 
PEP+DCP I, a comparable dose of the tWo enZymes may be 
given; hoWever, the ratio Will be in?uenced by the relative 
stability of the tWo enZymes toWard gastric and duodenal 
inactivation. 

[0075] Those of skill Will readily appreciate that dose levels 
can vary as a function of the speci?c enZyme, the severity of 
the symptoms and the susceptibility of the subject to side 
effects. Some of the glutenases are more potent than others. 
Preferred dosages for a given enZyme are readily determin 
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able by those of skill in the art by a variety of means. A 
preferred means is to measure the physiological potency of a 
given compound. 
[0076] Other formulations of interest include formulations 
of DNA encoding glutenases of interest, so as to target intes 
tinal cells for genetic modi?cation. For example, see US. Pat. 
No. 6,258,789, herein incorporated by reference, Which dis 
closes the genetic alteration of intestinal epithelial cells. 
[0077] The methods of the invention are used to treat foods 
to be consumed or that are consumed by individuals suffering 
from Celiac Sprue and/or dermatitis herpetiformis by deliv 
ering an effective dose of glutenase. If the glutenase is admin 
istered directly to a human, then the active agent(s) are con 
tained in a pharmaceutical formulation. Alternatively, the 
desired effects can be obtained by incorporating glutenase 
into food products or by administering live organisms that 
express glutenase, and the like. Diagnosis of suitable patients 
may utiliZe a variety of criteria knoWn to those of skill in the 
art. A quantitative increase in antibodies speci?c for gliadin, 
and/or tissue transglutaminase is indicative of the disease. 
Family histories and the presence of the HLA alleles HLA 
DQ2 [DQ(al*050l, bl*02)] and/or DQ8 [DQ(al *0301, 
bl*0302)] are indicative of a susceptibility to the disease. 
[0078] The therapeutic effect can be measured in terms of 
clinical outcome or can be determined by immunological or 
biochemical tests. Suppression of the deleterious T-cell activ 
ity can be measured by enumeration of reactive Th1 cells, by 
quantitating the release of cytokines at the sites of lesions, or 
using other assays for the presence of autoimmune T cells 
knoWn in the art. Alternatively, one can look for a reduction in 
symptoms of a disease. 
[0079] Various methods for administration may be 
employed, preferably using oral administration, for example 
With meals. The dosage of the therapeutic formulation Will 
vary Widely, depending upon the nature of the disease, the 
frequency of administration, the manner of administration, 
the clearance of the agent from the host, and the like. The 
initial dose can be larger, folloWed by smaller maintenance 
doses. The dose can be administered as infrequently as 
Weekly or biWeekly, or more often fractionated into smaller 
doses and administered daily, With meals, semi-Weekly, or 
otherWise as needed to maintain an effective dosage level. 
[0080] The folloWing examples are put forth so as to pro 
vide those of ordinary skill in the art With a complete disclo 
sure and description of hoW to make and use the present 
invention, and are not intended to limit the scope of the 
invention or to represent that the experiments beloW are all or 
the only experiments performed. Efforts have been made to 
ensure accuracy With respect to numbers used (e.g., amounts, 
temperature, and the like), but some experimental errors and 
deviations may be present. Unless indicated otherwise, parts 
are parts by Weight, molecular Weight is Weight average 
molecular Weight, temperature is in degrees Centigrade, and 
pressure is at or near atmospheric. 

Example 1 

Detection of lmmunodominant Peptides from Glia 
din and Enzymes that Degrade Them 

[0081] The folloWing examples describe the discovery and 
characterization of a small number of immunodominant pep 
tides from gliadin, Which account for most of the stimulatory 
activity of dietary gluten on intestinal and peripheral T lym 
phocytes found in Celiac Sprue patients. The proteolytic 
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kinetics of these immunodominant peptides Were analyzed at 
the small intestinal surface. Brush border membrane vesicles 
from adult rat intestines Were used to show that these proline 
glutamine-rich peptides are exceptionally resistant to enZy 
matic processing, and that dipeptidyl peptidase IV and dipep 
tidyl carboxypeptidase are the rate-limiting enzymes in their 
digestion. Supplementation of the brush border membrane 
With trace quantities of a bacterial prolyl endopeptidase leads 
to rapid destruction of these gliadin peptides. These results 
provide the basis for enZyme-mediated therapies for treating 
food for provision to Celiac Sprue patients, and for treating 
such patients directly that offer distinct advantages over the 
only current therapeutic option, Which is strict exclusion of 
gluten containing food. 
[0082] To investigate the digestion of gluten, liquid chro 
matography coupled mass spectroscopy analysis (LC-MS 
MS) Was utiliZed to investigate the pathWays and associated 
kinetics of hydrolysis of immunodominant gliadin peptides 
treated With rat BBM preparations. Because the rodent is an 
excellent small animal model for human intestinal structure 
and function, rat BBM Was chosen as a suitable model system 
for these studies. 
[0083] BBM fractions Were prepared from rat small intes 
tinal mucosa as described in Ahnen et al. (1982) J. Biol. 
Chem. 257, 12129-35. The speci?c activities of the knoWn 
BB peptidases Were determined to be 127 ul/ug for Ami 
nopeptidase N (APN, EC 3.4.11.2), 60 [LU/pg for dipeptidyl 
peptidase IV (DPP IV, EC 3.4.14.5), and 41 [LU/pg for dipep 
tidyl carboxypeptidase (DCP, EC 3.4.15.1) using standard 
assays. No proline aminopeptidase (EC 3.4.11.5) or prolyl 
endopeptidase activity (PEP, EC 3.4.21.26) activity Was 
detectable (<5 [LU/pg). Alkaline phosphatase and sucrase 
Were used as control BBM enZymes With activities of 66 
[LU/pg and 350 BU/ug, respectively. 
[0084] BBM fractions Were partially puri?ed from the 
small intestinal mucosa of adult female rats maintained on an 
ad libitum diet of Wheat-based standard rodent choW. Total 
protein content Was determined by a modi?ed method of 
LoWry With BSA as a standard. Alkaline phosphatase activity 
Was determined With nitrophenyl phosphate. Sucrase activity 
Was measured using a coupled glucose assay. DPP IV, proline 
aminopeptidase and APN Were assayed continuously at 30° 
C. in 0.1M Tris-HCl, pH 8.0, containing 1 mM of the p-ni 
troanilides (B:8,800 M-1 cm-1) Gly-Pro-pNA, Pro-pNA or 
Leu-pNA, the latter in additional 1% DMSO to improve solu 
bility. DCP activity Was measured in a 100 pl reaction as the 
release of hippuric acid from Hip-His-Leu. PEP activity Was 
determined continuously With 0.4 mM Z-Gly-Pro-pNA in 
PBS1H201dioxane (811.2108) at 30° C. One unit is the con 
sumption of 1 umol substrate per minute. 
[0085] DPP IV and DCP are both up-regulated by a high 
proline content in the diet. HoWever, APN activity using 
standard substrates Was found to be higher than DPP IV even 
When fed extreme proline rich diets. Also, although a higher 
DCP vs. CPP activity has been observed With the model 
peptide Z-GPLAP at saturating concentrations, a difference 
in Km values could easily account the reversed ratio mea 
sured. The amount of 100 GM Was chosen as the initial 
peptide concentration, because non-saturating kinetics (kcat/ 
Km) Were considered to be physiologically more relevant 
than the maximal rates of hydrolysis (kcat). 
[0086] Proteolysis With the BBM preparation Was investi 
gated using the peptide (SEQ ID N011) QLQPFPQPQLPY, a 
product of chymotryptic digestion of ot-9 gliadin (ArentZ 
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Hansen et al. (2000) J. Exp. Med. 191, 603-12). This peptide 
has been shoWn to stimulate proliferation of T cells isolated 
from most Celiac Sprue patients, and hence is considered to 
possess an immunodominant epitope. It Was subjected to 
BBM digestion, folloWed by LC-MS-MS analysis. A stan 
dard 50 pl digestion mixture contained 100 [1M of synthetic 
peptide, 10 [1M tryptophan and CbZ-tryptophan as internal 
standards, and resuspended BBM preparations With a ?nal 
protein content of 27 ng/ul and exogenous proteins, as indi 
cated, in phosphate buffered saline. After incubation at 37° C. 
for the indicated time, the enZymes Were inactivated by heat 
ing to 95° C. for 3 minutes. The reaction mixtures Were 
analyZed by LC-MS (SpectraSystem, ThermoFinnigan) 
using a C18 reversed phase column (Vydac 218TP5215, 2.1>< 
150 mm) With Water1acetonitrile1formic acid (0.1%)1tri?uo 
roacetic acid (0.025%) as the mobile phase (?ow: 0.2 ml/min) 
and a gradient of 10% acetonitrile for 3 minutes, 10-20% for 
3 minutes, 20-25% for 21 minutes folloWed by a 95% Wash. 
Peptide fragments in the mass range of m/Z:300-2000 Were 
detected by electrospray ioniZation mass spectroscopy using 
a LCQ ion trap and their identities Were con?rmed by MSMS 
fragmentation patterns. 
[0087] While the parent peptide (SEQ ID N011) QLQPF 
PQPQLPY disappeared With an apparent half life of 35 min, 
several intermediates Were ob served to accumulate over pro 

longed periods (FIG. 1A). The MS intensities (m/Z:300-2000 
g/mol) and UV280 absorbances of the parent peptides (SEQ 
ID N011) QLQPFPQPQLPY and (SEQ ID N013) 
PQPQLPYPQPQLPY Were found to depend linearly on con 
centration in the range of 6-100 uM. The reference peptides 
(SEQ ID N014) PQPQLPYPQPQLP, (SEQ ID N015) 
QLQPFPQPQLP, (SEQ ID N016) QPQFPQPQLPY and 
(SEQ ID N017) QPFPQPQLP Were generated individually 
by limited proteolysis of the parent peptides With 10 Bg/ml 
carboxypeptidase A (C-0261, Sigma) and/or 5.9 Bg/ml leu 
cine aminopeptidase (L-5006, Sigma) for 160 min at 37° C. 
and analyZed by LC-MS as in FIG. 1. 

[0088] Indeed, the subsequent processing of the peptide 
Was substantially retarded (FIG. 1B). The identities of the 
major intermediates Were con?rmed by tandem MS, and sug 
gested an unusually high degree of stability of the (SEQ ID 
N018) PQPQLP sequence, a common motif in T cell stimu 
lating peptides. Based on this data and the knoWn amino acid 
preferences of the BBM peptidases, the digestive breakdoWn 
of (SEQ ID N011) QLQPFPQPQLPY Was reconstructed, as 
shoWn in the insert of FIG. 1B. The preferred pathWay 
involves serial cleavage of the N-terminal glutamine and leu 
cine residues by aminopeptidase N (APN), folloWed by 
removal of the C-terminal tyrosine by carboxypeptidase 
P(CPP) and hydrolysis of the remaining N-terminal 
QP-dipeptide by DPP IV. As seen in FIG. 1B, the intermediate 
(SEQ ID N016) QPFPQPQLPY (formed by APN attack on 
the ?rst tWo N-terminal residues) and its derivatives are 
increasingly resistant to further hydrolysis. Because the high 
proline content seemed to be a major cause for this proteolytic 
resistance, digestion Was compared With a commercially 
available non-proline control peptide (SEQ ID N019) 
RRLIEDNEYTARG (Sigma, St. Louis, Mo.). Initial hydroly 
sis Was much faster (tl/2:10 min). More importantly, diges 
tive intermediates Were only transiently observed and cleared 
completely Within one hour, re?ecting a continuing high 
speci?city of the BBM for the intermediate peptides. 
[0089] Because the three major intermediate products 
(SEQ ID N0110) QPFPQPQLPY, (SEQ ID N017) QPF 
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PQPQLP, (SEQ ID N0111) FPQPQLP) observed during 
BBM mediated digestion of (SEQ ID N011) QLQPF 
PQPQLPY are substrates for DPP IV, the experiment Was 
repeated in the presence of a 6-fold excess activity of exog 
enous fungal DPP IV. Whereas the relatively rapid decrease of 
the parent peptide and the intermediate levels of (SEQ ID 
N015) QLQPFPQPQLP Were largely unchanged, the accu 
mulation of DPP IV substrates Was entirely suppressed, and 
complete digestion Was ob served Within four hours. (FIG. 1B, 
open bars). 
[0090] To investigate the rate-limiting steps in BBM medi 
ated digestion of gliadin peptides from the C-terminal end, 
another knoWn immunodominant peptide derived from Wheat 
U-gliadin, (SEQ ID N013) PQPQLPYPQPQLPY, Was used. 
Although peptides With N-terrninal proline residues are 
unlikely to form in the small intestine (none Were observed 
during BBM digestion of (SEQ ID N011)QLQPFPQPQLPY, 
FIG. 1A), they serve as a useful model for the analysis of 
C-terrninal processing, because the N-terrninal end of this 
peptide can be considered proteolytically inaccessible due to 
minimal proline aminopeptidase activity in the BBM. As 
shoWn in FIG. 2, this peptide is even more stable than (SEQ 
ID N011) QLQPFPQPQLPY. In particular, removal of the 
C-terrninal tyrosine residue by carboxypeptidase P(CPP) is 
the ?rst event in its breakdown, and more than four times 
sloWer than APN activity on (SEQ ID N011) QLQPF 
PQPQLPY (FIG. 1B). The DCP substrate (SEQ ID N014) 
PQPQLPYPQPQLP emerges as a major intermediate folloW 
ing carboxypeptidase P catalysis, and is highly resistant to 
further digestion, presumably due to the loW level of endog 
enous DCP activity naturally associated With the BBM. To 
con?rm the role of DCP as a rate-limiting enZyme in the 
C-terrninal processing of immunodominant gliadin peptides, 
the reaction mixtures Were supplemented With rabbit lung 
DCP. Exogenous DCP signi?cantly reduced the accumula 
tion of (SEQ ID N014) PQPQLPYPQPQLP after overnight 
incubation in a dose dependent manner. Conversely, the 
amount of accumulated (SEQ ID N014) PQPQLPYPQPQLP 
increased more than 2-fold in the presence of 10 [1M of 
captopril, a DCP-speci?c inhibitor, as compared With 
unsupplemented BBM. 
[0091] Together, the above results demonstrate that (i) 
immunodominant gliadin peptides are exceptionally stable 
toWard breakdown catalyZed by BBM peptidases, and (ii) 
DPP IV and especially DCP are rate-limiting steps in this 
breakdoWn process at the N- and C-terminal ends of the 
peptides, respectively. Because BBM exopeptidases are 
restricted to N- or C-terrninal processing, it Was investigated 
if generation of additional free peptide ends by pancreatic 
enZymes Would accelerate digestion. 0f the pancreatic pro 
teases tested, only elastase at a high (non-physiological) con 
centration of 100 ng/ [1.1 Was capable of hydrolyZing (SEQ ID 
N013) PQPQLPYPQPQiLPY. No proteolysis Was detected 
With trypsin or chymotrypsin. 
[0092] Alerted by the high proline content as a hallmark of 
most immunogenic gliadin peptides, a proline-speci?c 
endopeptidase Was tested for the generation of neW, free 
peptide termini. A literature search on available proteases led 
to the identi?cation of prolyl endopeptidase (PEP) from F la 
vobaclerium meningoseplicum, Which is speci?c for the 
C-terrninal cleavage of prolines and readily available from 
recombinant sources (Yoshimoto et al. (1991) J. Biochem. 
110, 873-8). The stable (SEQ ID N014) PQPQLPYPQPQLP 
intermediate Was digested With BBM in the presence of exog 
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enous PEP. FIG. 3 shoWs the dose dependent acceleration of 
(SEQ ID N014) PQPQLPYPQPQLP digestion With increas 
ing PEP concentration. As little as 3.5 pg PEP/27 ng BBM 
protein Was su?icient to double the extent of proteolysis of 
this gliadin fragment compared to incubation With BBM 
alone. In comparison, other commonly used proteases like 
papain, bromelain or porcine elastase Were much less e?i 
cient, requiring 30-fold (papain) or 3000-fold (bromelain, 
elastase) higher amounts of enZyme compared to PEP to give 
similar results. Their proteolysis Was restricted to the cleav 
age of the Gln4-Leu5 and/ or Glnll-Leul2 bonds. 

[0093] Prolyl endopeptidase (EC 3.4.21.26) had a prefer 
ence for the Pro8-Gln9 and to a lesser extent the Pro6-Tyr7 

bond of the (SEQ ID N014) PQPQLP],YP\|,QPQLP peptide. 
A similar preferential cleavage Was found for (SEQ ID N011) 
QLQPFP J, QPQLPY. This is in agreement With the preference 
of this prolyl endopeptidase for a second proline in the S2‘ 
position (Bordusa and Jakubke (1998) Bioorg. Med. Chem. 6, 
1775-80). Based on this P],><P motif and on the present data, 
up to 16 neW, major cleavage sites can be predicted in the 
(x2-gliadin sequence, a major source of immunodominant 
epitopes identi?ed thus far upon PEP treatment. All of them 
are located in the critical N-terrninal part. The internal cleav 
age by PEP can be expected to generate additional (otherWise 
inaccessible) substrates for DPP IV and DCP thereby 
complementing the natural assimilation process of gliadins 
by the BBM. Thus, the speci?city of prolyl endopeptidase is 
ideally suited for detoxi?cation of persistent immunoactive 
gliadin peptides in Celiac Sprue. 
[0094] The above data demonstrates that proline-rich glia 
din peptides are extraordinarily resistant to digestion by small 
intestinal endo- and exopeptidases, and therefore are likely to 
accumulate at high concentrations in the intestinal cavity 
after a gluten rich meal. The pathological implication of 
digestive resistance is strengthened by the observed close 
correlation of proline content and celiac toxicity as observed 
in the various common cereals (Schuppan (2000) Gaslroen 
Zerology 119, 234-42). This analysis of the digestive path 
Ways of immunodominant peptides also provides a mecha 
nism for determining Whether enZymes capable of 
accelerating this exceptionally sloW process can be therapeu 
tically useful in the Celiac Sprue diet. 
[0095] Addition of exogenous DPP IV and DCP can com 
pensate for the intrinsically sloW proline processing by the 
BBM, although both enZymes rely on ef?cient generation of 
free N- and C-termini by endoproteolytic cleavage. In a pre 
ferred embodiment, a soluble bacterial prolyl endopeptidase 
(PEP) is used, Which Was shoWn to be extremely e?icient at 
hydrolyZing the proline-rich gliadin fragments. Although 
PEP is expressed in human brain, lung, kidney and intestine, 
no such activity has been reported in the brush border. 
[0096] Supplementation of the Celiac Sprue diet With bio 
available PEP (With or Without DPP IV and/ or DCP), by 
virtue of facilitating gliadin peptide cleavage to non-toxic 
and/or digestible fragments, is useful in attenuating or elimi 
nating the in?ammatory response to gluten. Such a treatment 
regimen is analogous to the enZyme therapy treatment used to 
treat lactose intolerance, Where orally administered lactase is 
effective in cleaving and thereby detoxifying the lactose in 
milk products. Prolyl endopeptidases are Widely distributed 
in microorganisms, plants and animals and have been cloned 
from Aeromonas hydrophyla (Kanatani et al. (1993) .1. Bio 
chem. 113, 790-6); Pyrococcus furious (Robinson et al. 
(1995) Gene 152, 103-6) and from pig brain (Rennex et al., 




































