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(ABSTRACT)

Crude gliadins isolated from three wheat varieties (Karl, Tam 107 and CS-
93) were subjected to in vitro hydrolysis by the extracellular enzymes pepsin,
peptidase and pancreatin. Gliadins from one variety (Karl) also were exposed
to the intracellular enzymes cathepsins B and D. A reverse phase high
performance liquid chromatography (RP-HPLC) method was developed to
separate unhydrolyzed and hydrolyzed gliadins. The unhydrolyzed crude
gliadins were resolved into 12-14 peaks, with at least five peaks that appeared
to be common to all three wheat varieties. Gliadin peptides were resolved
into between 44 and 71 peaks, suggesting that a large numbers of peptides are
derived from proteins present in more than one of the four major gliadin
fractions (i.e.; o, B, v, and w- gliadins). No major differences were detected
between chromatograms of extracellular digests and those of
extracellular /intracellular digests indicating that cathepsins B and D may not
contribute to more complete gliadin digestion. The molecular weights and
amino acid sequences of gliadin peptides will need to be determined by HPLC-
mass spectrometry (HPLC-MS) for accurate qualitative and/or quantitative
comparisons of individual digests. Owur in vitro hydrolysis/RP-HPLC
methods may be applicable, however, in the generation of celiac active

peptides for future toxicity testing.
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INTRODUCTION

Gluten sensitive enteropathy (GSE), or celiac disease, is one of the most
serious gastrointestinal diseases in children and adults. Individuals with GSE
cannot consume gluten-containing foods, particularly wheat, but also rye,
barley, and possibly oats, without developing symptoms ranging from
diarrhea to joint pain. The symptoms classically include poor growth, weight
loss, malnutrition, diarrhea and steatorrhea, although the disorder may
present with a wide variety of other symptoms, such as behavioral
disturbances, anemia and constipation. These symptoms are associated with
gluten-induced abnormalities in small intestinal structure and function
(Davidson and Bridges, 1987). These abnormalities, in their most florid form,
are characterized histologically by a 'flat' appearing mucosa with atrophy at

the villi and micro-villi and hypertrophy of the crypts.

GSE is neither a very prevalent nor a rare disease. Approximately one
out of every thousand people worldwide will be diagnosed as having GSE.
However, the prevalence of asymptomatic cases of the disease may be
substantially higher (Troncone and Auricchio, 1991). In addition, there are
several disease complications such as refractive sprue, ulcerative jejunoileitis,
and dermatitis herpetiformis, which may have devastating effects on patients
with GSE. Certain malignancies of the gastrointestinal tract, including
carcinoma and lymphoma, appear to occur much more frequently in patients

with GSE (Falchuk, 1979).



Early research, starting in 1930, established that the disease is caused by
ingestion of wheat-containing foods and that the toxic factor resided in wheat
gluten or, more specifically gliadin, the ethanol soluble fraction of gluten
(Van dé Kamer et al., 1953). It was later found that GSE susceptibility is, at
least in part, inherited (Falchuk et al., 1972). However, the exact etiology of
GSE is still unknown, and the only satisfactory long term treatment is to

remain on a gluten-free diet.

Three main hypotheses have been put forward in the interim to
account for the known toxicity of wheat to certain susceptible individuals
(Falchuk, 1979). The "missing enzyme" hypothesis, the first of the three,
attributes GSE to an inherited metabolic defect, the absence of a brush border
enzyme, peptidase or carbohydrase, which causes incomplete digestion of
wheat gliadin resulting in release of peptides which are cytotoxic to small
intestinal enterocytes. The second hypothesis presumes that some
derivative(s) of gliadin has lectin-like properties and binds to glycoproteins
on the enterocyte membrane, again starting a series of cytotoxic, possibly
immune mediated events. The third hypothesis, called the "immune"
hypothesis, states that GSE is due to an inappropriate, likely inherited

immune response to ingested gliadin (Falchuk, 1979).

Although, the above three hypotheses are often discussed as if they
were mutually exclusive, the three theories are in agreement on one

important point: gliadin must contain some toxic component(s) capable of



producing profound morphological changes in the intestinal epithelium of
GSE patients. Most past research related to GSE, therefore, has been aimed at
one or more of the following objectives:

1. Identifying the molecular weights and amino acid sequence(s) of the gliadin
proteins and peptides that are toxic in celiac patients.

2. Understanding the mechanisms of the mucosal damage in celiac intestine.
3. Assessing the possibility of protecting the celiac intestine from the toxic

activity of gliadin peptides.

In response to the first of these objectives, several studies were
conducted using in vitro digests of gliadin (Frazer, 1959; Jos et al., 1982; De
Ritis et al., 1988). These investigators began with in vitro digestion of gliadin
by pancreatic enzymes, then fractionated the digests using ion exchange, and
gel permeation chromatography techniques. These fractionated peptides were
tested for toxicity using organ cultures of celiac and normal mucosa. Results
from these studies indicate that gliadin is detoxified by complete acid
hydrolysis (Van de Kamer and Weijers, 1955), but not by exposure to
proteolytic enzymes (Frazer, 1959). All four gliadin fractions i.e a, B, Yy and o—
gliadins were found to be celiac active and contained 7-8000 dalton peptides
rich in glutamine and proline, and poor in aromatic amino acids and
carbohydrates (Jos et al., 1982). The amino acid sequencing of toxic peptides
indicated that the largest common sequences consist of -Pro-Ser-Gln-Gln- and

-GIn-GIn-GIn-Pro- (De Ritis et al., 1988).



Despite the abundant information obtained from the past and ongoing
research, the investigation of the causative agent(s) in GSE is still incomplete
since the exact molecular structure(s) of the toxic peptides and the mechanism
of their action are, as yet, unknown. In addition, there is no study to date, in
which wheat gliadin was subjected to the full array of digestive enzymes that
may be present in the human gastrointestinal (GI) tract, including brush
border peptidases and intracellular (lysosomal) enzymes which would
hydrolyze gliadin into smaller peptides. It is our assumption that wheat
gliadin would be exposed to at least all of the extracellular and intracellular
proteases found in human GI tract, not just to pepsin and trypsin as in PT
digests of Jos et al. (1982), and that any toxic celiac peptides would have to be
refractory to hydrolysis by these same enzymes. Thus, it was hypothesized
that exposure of wheat gliadin to all these enzymes will lead to the
accumulation of some of the so-called "putative peptides" that are toxic to
celiac patients. Therefore, as a first step toward this goal to develop a
procedure for concentrating these peptides, this study was designed to subject
wheat gliadin to in vitro digestion by both proteolytic intestinal and
lysosomal enzymes and to separate the resulting peptides by RP-HPLC. The
information obtained will be used in a subsequent study to determine the

toxicity of these peptide fractions to GSE patients.



REVIEW OF LITERATURE

Wheat

Role of Wheat in Human Nutrition

Bread has often been described as the staff of life. Wheat and wheat
foods, long recognized as a major staple and source of calories in the diets of
people in many cultures, also are a substantial source of protein, vitamins,
and minerals when consumed as a major component of the diet (Betschart,
1988). People all over the world consume wheat in different forms such as
leavened breads, flat breads, pasta, and porridge. Wheat has become an
indispensable part of peoples’ diets around the globe, consumed daily in
various forms: as a cereal or muffin for breakfast, as bread, biscuits or pasta for
lunch and dinner, and as crackers, pastries and cakes for snacks and desserts.
The importance of wheat as a bread grain outstrips that of all other cereals, a
fact that largely depends on taste, custom, aesthetic appeal and price (Imperial

Bureau of Animal Nutrition, 1936).

Wheat Proteins

The wheat kernel, as a complex living organism, contains many

different protein components. The endosperm contains most of the protein



of the kernel (about 70% of the total). The protein of the endosperm is largely
storage protein and is high in glutamine and proline (Kasarda et al., 1974).
Although the amino acid sequences of these storage proteins show many
similarities, three groups of closely related proteins can be recognized: the
sulfur-rich, the sulfur-poor, and high molecular weight (HMW) polypeptides
(Troncone and Auricchio, 1991). Osborne divided the proteins of wheat and
other cereals into four major fractions: the albumins, which are water-
soluble; the globulins, soluble in neutral salt solution; the prolamines which
are soluble in 70% ethanol; and the glutelins, insoluble in alcohol but soluble
in dilute acid or alkali (de Man, 1990). A schematic representation of this
classification of wheat proteins based on their solubility characteristics is
given in Figure 1. The ethanol soluble prolamines of wheat or gliadins are
believed to be present in the grain chiefly as monomers, and the alkali soluble
glutenins as aggregates stabilized by intermolecular disulfide bonds (Troncone
and Auricchio, 1991). Gliadin is known to consist of at least 40 different
proteins that can be categorized on the basis of differences in electrophoretic
mobility into four major fractions: o, B, y, w-gliadins (Kagnoff, 1988). Each
fraction in turn, contains several different polypeptides such as B3, B2, B3-
gliadins; 1, 75, ¥3- gliadins; and wj, w2, w3, w4- gliadins. Gliadins of o, B, and y;
fractions share a similar amino acid composition and an amino-terminal
sequence called the o-type sequence. The amino terminal portions of vy, v3,
and w-gliadins differ markedly from the o-type sequence and are referred to as
v-type sequence. A-gliadin, which will be referred to later in this section, is

one of the major components of a-gliadin (Kagnoff, 1988).



Wheat Proteins
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Figure 1: Schematic representation of classification systems for wheat proteins



Gluten Sensitive Enteropathy

History

The first description of GSE, a disease which has had different names
over the years, was probably given in the second century AD by Aretaeus
(Paveley, 1988). Aretaeus's definition of GSE was as follows: "The stomach
being the digestive organ, labours in digestion when diarrhoea seizes the
patient. If this diarrhoea does not proceed from a slight cause of only one or
two days’ duration, and if, in addition, the patient’s general system be
debilitated by atrophy of the body, the celiac disease of a chronic nature is
formed” (Paveley, 1988). Aretaeus, however, thought that this illness
affected only adult patients. Treatment consisted of rest and fasting. It was not
until October 1887, 1700 years later, that Dr. Samuel Jones Gee again drew
attention to GSE (Paveley, 1988). Samuel Gee published his description of the
disease in 1888. He was the first one to note that the GSE affected individuals
of all ages, especially children between one and five years of age. According to
him, signs of the disease are yielded by the faeces, being loose, not formed but
watery;, more bulky than the food taken would seem to account for; pale in
color, as if devoid of bile; yeast, frothy, an appearance probably due to
fermentation; stinking, stench often very great, the food having undergone
putrefaction rather than concoction. (Paveley, 1988). After Samuel Gee, there
were a few investigators, namely Gibbons, Cheadle Herter, and Still, who had
published additional observations on the symptoms of the disease. In 1924,

Sidney Haas reported a study in which eight out of ten celiac patients were



treated by a banana diet. He claimed that those eight were clinically cured,
whereas, the the two untreated had died. From that time there was hardly
any form of diet that has not been recommended, including a carbohydrate
diet, beef steak cure, and milk diet (Van Berge Henegouwen and Mulder,

1993).

In 1941, Dicke, a Dutch pediatrician, first reported on the beneficial
effects of a wheat-free diet. The history of Dicke's discovery can be
summarized as follows: In Chapter III of Dicke's thesis, entitled: "Treatment
with a wheat-free diet", he stated that the origin of his idea on the wheat-free
dietary treatment was based on observations of ME van Dusseldorp and HA
Stheeman while treating a celiac patient in 1932 (Pena, 1991). A young
mother's statement about her celiac child's rash improving rapidly after
removing bread from the diet also alerted him to the benefits of a wheat-free
diet (Van Berge Henegouwen and Mulder, 1993). Dicke was particularly
interested in one hospitalized child who had three severe episodes of
diarrhoea each time he had bread. Since there was not enough to eat during
the war, Dicke ordered tulip bulbs to supplement the children’s hospital food.
Occasionally, the children had Dutch rusks (a dehydrated form of bread) and
the children with celiac disease became ill. Dicke was then convinced that
wheat had to be the offending agent for these children. He had another
chance to test his hypothesis when Allied aircraft came and dropped Swedish
white bread over occupied Holland and children with celiac disease became ill

again.



Dicke's observations opened a new era in the treatment of childhood
celiac disease (Pena, 1991). Based on the findings from his experiments with
standardized diets, Dicke concluded, in 1950 in his M.D thesis, that wheat
flour, and not wheat starch, or rye flour caused the disease. Together with
Van de Kamer and Weijers, he subsequently published a paper that, for the
first time, incriminated the ethanol soluble gliadin component of wheat
protein in the etiology of GSE (Van de Kamer et al.,, 1953). The Dutch
observations were soon confirmed in Scandinavia, England, and Germany

(Van Berge Henegouwen and Mulder, 1993).

Etiology

Although more than forty years have past since Dicke's discovery, the
precise mechanisms by which gliadin causes damage in GSE have yet to be
understood. It is unclear whether gliadin is intrinsically toxic to human
intestinal mucosa, or becomes so only in GSE. If one or more gliadin
polypeptides are intrinsically toxic, then it is necessary to explain the clinical
and morphological effects found only in certain individuals but not in others.
It may be that certain individuals lack elements of a critical detoxification
process which may normally happen in others. If gliadin is not intrinsically
toxic to normal mucosa, then GSE must reflect the abnormal handling of

these cereal proteins by some individuals (Davidson and Bridges, 1987).
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The question of whether wheat proteins may be toxic to normal
mucosa was addressed in some studies that were originally designed to
investigate gluten toxicity in patients with GSE, but used normal subjects as
controls. These investigators reported that when wheat flour was directly
instilled into the proximal ileum, patients with GSE had clinical
manifestations of the disease, while diarrhea occurred in some of the control
subjects (Rubin et al., 1962). Minor changes in fat absorption in 4 of 10 control
subjects after gluten ingestion were found in another study (Levin et al,,
1966). Townley et al. (1973), found that in vitro testing of jejunal mucosal
biopsy specimens in the presence of one fraction (fraction 9) from a
pepsin/trypsin/'cotazym' digest of gliadin produced ultrastructural damage
in half of the controls tested. However, some studies found no such
histological changes after gluten doses (Simpson et al., 1983; Bramble et al.,
1985). Hudson et al. (1976), directly addressed the issue of intrinsic gluten
toxicity. They showed that cultured normal human embryonic intestinal
cells as well as a number of other cell types were severely damaged when
cultivated in the presence of gliadin. Mothes et al. (1985) found that gliadin
inhibited the differentiation of cultured fetal rat intestine. These two studies
suggest that gluten may be intrinsically toxic to immature or undifferentiated

cell types (Davidson and Bridges, 1987).

Regardless of whether gluten peptides are intrinsically toxic to normal
mucosa or to only celiac mucosa, an enormous amount of research has been
directed at understanding the pathogenesis and etiology of the disease. In the

process, several hypotheses have been put forward by investigators in an

11



attempt to explain why wheat gliadin is apparently toxic to patients with GSE

and possibly others.

The Missing Enzyme Hypothesis

The "missing enzyme" hypothesis, the earliest theory on the etiology
and pathogenesis of GSE, became popular in the 1950s. This hypothesis
suggests that GSE is due to a hereditary deficiency of a specific peptidase
involved in the detoxification of gluten proteins or peptides (Davidson and
Bridges, 1987). The studies by Frazer and his colleagues (Frazer et al., 1956;
Frazer, 1959), helped to support the missing enzyme hypothesis. These
studies showed that pretreatment of gluten with pepsin and trypsin prior to
ingestion by GSE patients did not detoxify it (Frazer, 1959), whereas it was
detoxified when pretreated with fresh porcine intestinal mucosal
homogenate (Frazer et al., 1956). These results were interpreted as indicating
that enzymes that can detoxify gluten were present in porcine and normal
human intestinal mucosa, but not in the GSE intestinal mucosa (Davidson
and Bridges, 1987). However, despite intensive investigation, this hypothesis
has not been validated. Several researchers have shown that the pattern of
gliadin digestion in GSE and normal subjects is not different. A sensitive
fluorometric assay was used to measure the hydrolysis of a peptic-tryptic
digest of gliadin by both normal and celiac brush borders. The celiac brush
borders were as efficient as those from controls in hydrolysing gliadin

peptides and showed no depression of any specific peptidase activity (Bruce et

12



al., 1984). Neverthless further research should be done before discarding the
missing enzyme hypothesis including a careful re-examination, using
modern biochemical techniques, of the enzymes and processes involved in
both the mucosal and the intraluminal phases of protein digestion in GSE

and normal individuals (Davidson and Bridges, 1987).

The Lectin Hypothesis

A second hypothesis was proposed by Weiser and Douglas in 1976.
They suggested that GSE intestinal epithelial membrane glycoproteins may be
incomplete or abnormal and therefore susceptible to lectin-like binding by
gluten. Once bound, these cereal peptides might induce perturbations in
these epithelial cells, ultimately leading to their death. This hypothesis is
based on three distinct premises: (a) that plant lectins are capable of inducing
cytotoxicity in intestinal epithelial cells; (b) that gluten or a constituent gluten
peptide displays lectin-like activity; and (c) that cell surface glycoproteins of
GSE gut epithelium are abnormal, resulting in enhanced lectin-like binding

of gluten (Davidson and Bridges, 1987).

The cytotoxic potential of plant lectins has been recognized by many
investigators such as Weiser and Shoham (Weiser, 1972; Shoham et al., 1970).
However, there have been conflicting findings on the lectin-like nature of
gluten. A study by Kottgen et al. showed that gluten has properties of a lectin

with oligomannosyl specificity (Kottgen et al., 1982), while Colyer and his co-
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investigators could not find lectin-like activity in either digested gluten or
purified gliadins when tested against various cell types such as human, rabbit,
rat, guinea pig, and calf erythrocytes, rat small intestine crypt cells, rat and
human enterocytes (Colyer et al., 1986). A study by Ruhlmann et al. (1993),
also could not find evidence for the presence of lectin-like components in
wheat gluten preparations (Ruhlmann et al., 1993). The premise that GSE
intestinal epithelial cells exhibit abnormal or incomplete glycosylation also

does not have sound evidence to support it (Davidson and Bridges, 1987).

The Mucosal Permeability Defect Hypothesis

The observations of Bjarnason et al. (1985), have formed a basis for a
third hypothesis. His studies suggested that GSE may involve a primary
defect in intestinal mucosal permeability. Enhanced entry of gluten peptides
into the GSE enterocyte might initiate lysosomal damage and/or increased
permeation into mucosal and submucosal intercellular spaces might trigger a
series of immunological events leading to intestinal disturbances. Bjarnason
et al. (1985), used 51-Cr-EDTA as a marker to measure the intestinal mucosal
permeability and found permeability to be higher in 79% of GSE patients who
were in remission and on a gluten-free diet anywhere from 6 months to 23
years. This increased 51-Cr-EDTA absorption in CD patients who were
clinically in remission and whose jejunal morphology appeared normal on
light microscopy, suggested that the defect may be primary. However, it was

also reported that 11 out of 17 successfully treated GSE patients with normal
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jejunal mucosa on light microscopy had persisting enterocyte lesions when
examined by scanning electron microscopy (Stenling et al., 1984). This could
be due to incomplete resolution of the initial cereal-induced injury or due to
damage from trace amounts of toxic peptides in the diet. Thus, it is not clear
whether the increased mucosal permeability observed by Bjarnason et al.
(1985), is a primary defect that causes GSE or it is the result of the damage
caused by trace amounts of toxic peptides. There has also been some
controversy over the methodology used to demonstrate the intestinal
permeability in GSE (Davidson and Bridges, 1987). It is not clear whether
toxic gliadin peptides use the same route to permeate the intestinal mucosa,
as the 51-Cr-EDTA probe and whether these peptides are capable of inducing
mucosal damage. It seems that many issues need to be clarified before the
data of Bjarnason et al. (1985), can be used to support this hypothesis
(Davidson and Bridges, 1987).

The Adenovirus Inmune Hypothesis

Kagnoff et al. (1984) proposed that an encounter of the immune system
with antigenic determinants produced during intestinal viral infection may
be important in the pathogenesis of GSE, because of chance immunologic
cross-reactivity between a viral protein and dietary gliadin. This concept was
based on their studies which demonstrate that A-gliadin shares a region of
amino acid sequence homology with the 54-kD Elb protein of human

adenovirus type 12 (Ad12), an adenovirus commonly isolated from the
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human intestinal tract. Kagnoff et al. postulated that, because of this shared
epitope, an immune response to Ad12 might render genetically susceptible
individuals to become sensitised to gluten in such a way as to lead to GSE.
They found that antibody that reacts with Ad12 Elb protein specifically cross-
reacts with A-gliadin and a synthetic heptapeptide of A-gliadin (Kagnoff et al.,
1984).

This theory is also supported by a study by Mantzaris et al. (1990), who
investigated cellular immune responses to a synthetic peptide from the
corresponding viral epitope (Ad12 Elb residues 384-395) in celiac patients and
control subjects and compared the results with those obtained concurrently
using a synthetic dodecapeptide from gliadin. Their results showed that there
is pronounced cross reactivity in celiac patients at the level of T cell
recognition between synthetic peptides derived from the Ad12 and A-gliadin
(Mantzaris et al., 1990). However, data from a study by Howdle et al. (1989),
suggest that celiac patients show little evidence of humoral immunity to the
specific Ad12 Elb- 58 kD protein. This study sought to measure specific
antibodies to the Ad12Elb protein in 23 GSE patients and 10 normal
individuals by subjecting the sera to analysis by radioimmuno-precipitation
with metabolically labelled Ad12-transformed rat cells. None of the celiac
sera had detectable antibodies to the E1b protein (Howdle et al., 1989). Ellis et
al. (1992), raised monoclonal antibodies against a dodecapeptide of A-gliadin,
which shares amino acid homologies with the Ad12 Elb protein. The
antibodies were tested against prolamines that are toxic and non-toxic to

patients with GSE (Ellis et al., 1992). Results indicated that the antibodies did
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not cross react with celiac-toxic prolamines. Therefore, it can be concluded
that direct evidence is needed to substantiate or refute the hypothesis that
antigenic cross-reactivity between Ad12 Elb protein and gliadin, due to shared

amino acid homology, is a causative factor in GSE.

The Immune Hypothesis

The immune hypothesis states that GSE is due to a genetically-
determined abnormal immune response to wheat gliadin and other
structurally-related cereal proteins (Falchuk, 1979), that ultimately leads to
immune cytotoxicity of gastrointestinal epithelial cells. The immune
hypothesis is supported by a considerable amount of data. The immune
response in GSE is comprised of abnormalities in both the afferent and
efferent limbs of the immune system (Strober, 1986). In the afferent limb,
specifically committed lymphoid cells (B cells and T cells) recognize gluten
when associated with molecules coded by certain human leukocyte antigen
(HLA) genes and become activated. In the efferent limb, the intestinal
mucosa exposed to gluten becomes the target of the immunological reaction

(Troncone and Auricchio, 1991).

The interest in the association between GSE and major
histocompatibility complex (MHC) class II genes (that is, HLA-D region genes)
resides in the fact that these genes code for molecules whose predominant

function is to bind selected antigens and thus make them recognizable by T
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cells. The HLA class II D region is divided into several distinct subregions
including HLA-DR, -DQ, and -DP. HLA class II molecules are primarily
expressed on B lymphocytes, monocytes or macrophages, and dendritic cells,
but they can also be induced by interferon gamma and tumor necrosis factor
in several cell types including fibroblasts and epithelial cells (Sollid and
Thorsby, 1993). The strongest association with GSE has been found with the
DQw?2 specificity (Tosi et al., 1983). However, it was reported that allelic
variants of MHC class II genes found in GSE patients appear to be not
different from those found in unaffected individuals (Kagnoff et al., 1989).
Approximately 25% of normal persons possess HLA antigens commonly seen
in GSE patients (eg. HLA-B8 and -DR3) (Falchuk et al., 1972; Keuning et al.,
1976). These data argue against the possibility that a single defective HLA
gene underlies GSE.

The induction of an immune response involves uptake of antigen,
which is done by antigen presenting cells (APCs), which process it and present
it to T cells. T cells recognize antigen on the APC surface, only when antigen
is associated with cell surface glycoproteins coded by genes located in the
MHC. Antigen recognition initiates a cascade of events leading to the
expression of both humoral and cell-mediated immune responses. In the
GSE mucosa, gliadin is presumably presented as an antigen by APCs,
activating helper T-cells, which leads to recruitment and activation of other
lymphoid and non-lymphoid effectors. The end result is the production of a
high amount of specific antibody and the characteristic structural changes in

the mucosa (Troncone and Auricchio, 1991). However, the reasons of such a
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deranged immune reactivity to gliadin in GSE are poorly understood. The
obvious immune system abnormalities in GSE seem to be the migration of
intra epithelial lymphocytes (IELs) into and between epithelial cells and the
presence of markedly elevated levels of anti-gliadin antibodies,
predominantly immunoglobulin (Ig) A and Ig M in serum and intestinal
secretions. These levels correlate with disease activity and tend to fall when

the patients are adequately treated (Strober, 1986).

Several mechanisms have been proposed, to account for the
morphological changes in GSE, including the possibility that anti-gliadin
antibodies may form immune complexes with gliadin, activating tissue
damaging effector mechanisms, including complement (Kagnoff, 1988).
Complement is a series of eleven protein components present in normal
serum which are involved in such defense mechanisms as opsonization,
local inflammation, and bacterial cell lysis. The first stage of activation is
provoked by combination of antigen with Ig G or Ig M antibody, which leads
to binding of the first component of complement, C1. This bound C1 in turn
activates several molecules of the next component in the chain in a self-
amplifying cascade. The end result of this complement cascade is the
activation of terminal components which can punch a microscopic hole in
the membrane causing cell lysis (Cunningham, 1978). Another possible
mechanism is injury to the intestinal epithelium via a killer cell mediated,
antibody-dependent, cell mediated cytotoxic reaction, directed by anti-gliadin
antibody when it recognizes gliadin peptides bound to mucosal structures

(Kagnoff, 1988).
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Although the immune hypothesis is the best supported of the various
GSE hypotheses, several aspects of the hypothesis such as a single mechanism
that accounts for an immune response leading to cell lysis and destruction in

GSE patients but not in others need to be identified and clarified.

Gliadin Toxicity

Regardless of the different ways that the above hypotheses may and
may not be related to the actual pathogenesis of GSE, they all are based on one
fact, that consumption of wheat proteins triggers the disease. The toxic amino
acid sequence(s) residing on one or more gliadin polypeptides have not been
identified to date. There has however been abundant research focused on

elucidating the molecular determinants of gliadin toxicity.

It is known that the toxicity of gluten in GSE resides in some, but not
all, of its protein and peptide components (Davidson and Bridges, 1987).
Complete acid hydrolysis and acidic de-amidation were shown to detoxify
gliadin (Van de Kamer and Weijers, 1955). However, the peptides resulting
from in vitro digestion of gliadin with the proteolytic enzymes trypsin and
pepsin retained the capability to damage the absorptive epithelial cells of the
small intestine and induce the symptoms of celiac disease (Frazer et al., 1959).
While the a-gliadins had been considered to be the most toxic of all the

gliadin proteins (Kendall et al.,, 1972), more recent in vitro studies have

demonstrated that not only a-gliadin, but -, y-, and w-gliadins are also toxic
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(Jos et al., 1982; Ciclitira et al., 1984; Howdle et al., 1984; Cornell, 1990),
suggesting that there is a common peptide in each of these gliadins that is
responsible for celiac toxicity. The recognition of this common sequence has
therefore, been one goal of investigators. Cornell and Maxwell (1982)
fractionated a pepsin/trypsin/'cotazym' (PTC) digest of gliadin by ion
exchange chromatography and incubated the fractions with intestinal
mucosal homogenates from GSE patients in remission and healthy controls.
They found a single fraction (no.9) to be 50% less well hydrolyzed by the
mucosal homogenates of GSE patients, compared with controls. The
unhydrolysed residues were found to be primarily comprised of glutamine,
proline, serine and glycine, suggesting that toxicity may reside in some
unique combination of these particular amino acids, possibly indigestible for

CD patients but not for controls (Cornell and Maxwell, 1982).

The complex and heterogeneous nature of wheat proteins makes it
difficult to isolate a large amount of toxic peptides with the purity necessary to
be able to test for toxicity in celiac patients. Hence, suitable methods had to be
developed in order to fractionate gliadin and to collect the pure peptides.
Investigators have used different techniques such as dialysis, ultrafiltration,
chromatography and electrophoresis in an attempt to isolate the peptides in

quantities sufficient for further immunological testing.
Jos et al. (1982), used a chromatographic procedure to isolate gliadin

subfractions from pepsin/trypsin (PT) digests, since earlier ultrafiltration

techniques gave poor reproducibility and were judged inadequate for the
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separation of relatively pure peptide fractions. A crude gliadin preparation
was fractionated by ion exchange chromatography into «-, B-, y-, and -
gliadins. PT digests of o gliadin and its components were then fractionated by
gel filtration on Biogel P-10. Pooled fractions were freeze-dried and were later
tested for toxicity in organ cultures of duodeno-jejunal biopsies taken from
celiac and normal children. The fractionation of o gliadin PT digests yielded
eleven absorbance peaks (fractions), with fraction V significantly (p<0.01)
affecting celiac jejunal mucosa in organ culture systems. Fraction V from f-,
y- and w-gliadins also displayed significant toxic effects. Fraction VI which
contained peptides with a lower molecular mass (about 4500 daltons) did not
show any significant cytotoxic activity and, moreover inhibited the toxicity of
fraction V. The toxic fraction(s) V contained 7000-8000 dalton peptides rich in
proline and glutamine and poor in aromatic amino acids and carbohydrates,
implying that carbohydrate containing fractions are less likely to be toxic. The
authors also concluded that B-gliadins should be further tested since they

were found to contain high amounts of toxic peptides (Jos et al., 1982).

The examination of a-, B-, y-, and w-gliadins and their peptide fractions
B2 and B3 by Wieser et al. (1982), has shown that the toxic effect of gliadin on
celiac patients is caused not just by one protein fraction, but all four major
gliadin fractions i.e. a-, B-, y-, and w-gliadins. Therefore, Weiser and
coworkers fractionated PT digests of whole gliadin, by several successive
separation steps using ultrafiltration, gel filtration, cation-exchange
chromatography, anion-exchange chromatography and HPLC and subjected

the fractions obtained from each step to amino acid analysis and a leukocyte



migration inhibition factor (LIF) test, a measure of cell mediated immunity,
and organ culture tests. Results showed that the most active fractions
contained high amounts of Gln ( >40%), Pro ( >20%), and Phe ( >5%) and low
amounts of S-containing and basic amino acids (0 and <2% respectively) and
that the celiac-specific activity depends on the molecular weight with active
peptides having a molecular weight range of 7,000 to 14,000 daltons. The
peptide fraction B3142 obtained after HPLC, showed LIF response in all the
celiac patients (n=7). A similar high activity was shown by fraction B3,
separated by gel filtration. The peptide B3142 consisted of 53 amino acid
residues namely: Glnpg4, Pros, Valg, Phe3, Sery, Leup, Asxy, Glyq, Tyrg.
Rechromatography of this fraction indicated that it is a pure peptide. Based
on the composition of fraction B3142, Wieser et al. (1982) concluded that not
only do the dominating amino acids Glx and Pro, but also the hydrophobic
amino acids (Val, Phe and Leu) play an important role in the pathogenesis of

celiac disease.

These results are in good agreement with the findings of Jos et al.
(1982), in that, the amino acid composition of their fractions separated on
Biogel P-10 are very similar to the B2 and B3 fractions of Weiser et al.
Fractions V and B3 also have similar molecular weight distributions (7,000 to
8,000 and 7,000 to 14000 daltons respectively). Agreement is also shown in
celiac activities of the various fractions, fractions V and B3 exhibited strong

effects while fractions VI and B2 very weak effects.
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Wieser et al. extended the above study in 1984, by examining the
fractions B3142-B3146 for celiac activity in larger groups of celiac patients
(n=53) and normal controls (n=20). Peptides B3142 and B3146 gave the
highest number of positive tests in a group of patients consuming normal
diets. B3142 was active in 88% and B3146 was active in 80% of the patients
examined. The response rate was significantly less in patients consuming a
gluten free diet. Additionally, the celiac activity of B3142 was examined in
organ cultures with mucosa samples from four GSE patients and two
controls. B3142 induced a strong reduction in alkaline phosphatase (AP)
activity with two patients, but the effect was weaker in another patient and no
effect was observed in fourth patient. AP is secreted by the villus tip of small
intestinal enterocytes and hence AP activity is reduced in active celiac disease.
The N-terminal sequence analysis (Edman degradation), the C-terminal
sequence analysis and the sequence determination of peptides, obtained from
B3142 by digestion with papain and chymotrypsin, resulted in the following
amino acid sequence: H-Val-Pro-Val-Pro-Gln-Leu-Gln-Pro-Gln-Asn-Pro-Ser-
GIn-GIn-Gln-Pro-Gln-Glu-Gln-Val-Pro-Leu-Val-GIn-GIn-GIn-GIn-Phe-Pro-
Gly-GIn-GIn-GIn-Pro-Phe-Pro-Pro-Gln-Gln-Pro-Tyr-Pro-Gln-Pro-Gln-Pro-Phe-
Pro-Ser-GIn-GIn-Pro-Tyr-OH (Wieser et al., 1984).

This work was further extended by partially hydrolyzing the celiac
active peptide B3142 with a-chymotrypsin (Wieser et al., 1986). The two
resulting peptides, CT-1 (positions 1-22 of B3142) and CT-2 (positions 23-53),
were separated by HPLC on octadecyl silica gel and purified by gel filtration on

Biogel P2. The fragment peptide CT-1 was found to be toxic in organ culture
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tests in a few more cases than B3142, particularly at the concentration of 20
png/ml, although the toxicity of CT-1, CT-2 and B3142 did not differ
significantly. Wieser and his colleagues therefore concluded that the celiac
toxicity of B3142 was preserved after the treatment with chymotrypsin, which
was not surprising because during in vivo digestion, gliadin and gliadin
peptides are also exposed to the chymotryptic activity without loss of toxicity.
However, the fact that the chymotryptic fragment peptides CT-1 and CT-2 are
similarly toxic inspite of different amino acid compositions and sequences,
was a surprise to the authors. The only common tetrapeptide sequence found
in both the CT-1 and CT-2 peptides was -Pro-Ser-GIn-GIn- which does not
occur in proteins like caseins which of course do not cause celiac disease

(Wiesers et al., 1986).

In 1988, De Ritis et al. prepared specific peptides from «-gliadin (A-
gliadin) of known amino acid sequence. A-gliadin was cleaved by cyanogen
bromide and chymotrypsin and the resulting peptides were fractionated by gel
permeation chromatography on Biogel P-60. The three peptides derived from
the cyanogen bromide cleavage spanned the complete sequence of A-gliadin
(266 residues). Four peptides derived from chymotryptic digestion covered
the N-terminal sequence through residue 68. These fractions were tested for
toxicity in celiac disease by organ culture of tissue biopsies from the small
intestine of celiac patients. Stunting of enterocytes was used as an indicator of
the toxicity of these peptides to cultured tissues. Five of seven peptides tested
significantly inhibited increases in enterocyte height. Inspection of the amino

acid sequence of toxic peptides revealed that the largest common sequences
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were -Pro-Ser-Gln-GIn- and -GIn-GIn-GIn-Pro-. These sequences were absent
in the non-toxic peptides. The results of this study were also in agreement
with the findings of Wieser et al. (1984, 1986), and Jos et al. (1982) whose
composition of toxic peptides were similar to the toxic peptides found by

De Ritis et al. (1988). The authors stated that it is presently unclear how these

in vitro studies apply to the in vivo situation and that definitive
identification of the toxic sequences must be ultimately confirmed by feeding
studies. However, since feeding studies require large amounts of purified
gliadin peptides which are difficult to prepare, it was suggested that as much
information as possible be obtained first from organ culture studies before

proceeding with feeding tests (De Ritis et al., 1988).

Cornell and colleagues (Cornell, 1988; Cornell et al., 1992) found that
gliadin peptides exposed to digestive enzymes of the celiac duodenal mucosa
were cytotoxic to rat liver lysosomes. Reversed phase HPLC was used to
separate peptides including a peptic-tryptic-pancreatinic (PTP) digest fraction
of wheat gliadin previously shown to be toxic to celiac patients. Toxic
fractions were then subjected to amino acid analysis. One fraction was
purified by rechromatography at pH 6.0 and was shown to contain a
dodecapeptide sequence, H- Arg- Pro- GIn- GIn- Pro- Tyr- Pro- GIn- Pro- Gln-
Pro- GIn- OH. Preliminary results indicated that although this peptide did
not contain the tetramotifs identified by De Ritis et al. (1988), it was active in
two in vitro models of celiac disease and that it could be the source of one of

the undigested peptides (Hexapeptide II) obtained from celiac mucosal
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digestion of fraction 9. Tests for toxicity using rat liver lysosomes indicated

that subfractions 13 and 20 may be toxic also (Cornell et al., 1992).

Another study by Kocna et al. (1991) dealt with mathematical
prediction of regions in the primary structure of a-gliadin which have a high
tendency to be exposed on the molecule surface, and which could function as
immunodeterminants or as binding sites important for the presumed
association with the brush border membrane in GSE patients. Peptides found
by this prediction were synthesized and tested for toxicity using the fetal chick
duodenum as an in yitro model. The results supported the previous
suggestion of De Ritis et al that peptides containing the tetramotifs Pro-Ser-
GIn-Gln and GIn-GIn-GIn-Pro may be involved in pathogenesis of GSE
(Kocna et al., 1991).

However, results from a study by Cornell and Mothes (1993), suggested
that the key sequences GIn-GIn-Gln-Pro and Pro-Ser-GIn-Gln may not be that
toxic to celiac patients. A fraction of a PTP digest of wheat gliadin (fraction 9),
together with synthetic peptides containing key gliadin sequences, were tested
for toxicity on fetal chick intestine and on rat liver lysozymes. Only Fraction 9
and a dodecapeptide corresponding to residues -Arg-Pro-GIn-GIn-Pro-Tyr-Pro-
GIn-Pro-GIn-Pro-GIn- of A-gliadin displayed appreciable activity in both
assays. Two serine-containing peptides containing the key sequence -Pro-Ser-
GIn-GIn- were found to be non-toxic, as was the hexapeptide -Pro-Ser-Gln-
GIn-GIn-Pro- (Cornell and Mothes, 1993). Therefore, further tests on

synthetic peptides will be necessary to define the sequences of highest toxicity.
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Another study by Fluge et al. (1994) found that the N-terminal amino
acid sequence of a toxic peptide was not homologous to previously reported
sequences of toxic gluten peptides. Frazer fraction III was separated by HPLC
into subfractions and the toxicity of the subfractions was tested using
duodenal biopsies from 25 patients with active GSE, 2 patients with partial
villous atrophy, and 10 nonceliac controls. Enterocyte height was again used
as a measure of toxicity. One fraction, designated Frazer III-2-VIII was
markedly toxic to duodenal explants from patients with active GSE. No
toxicity was found in duodenal explants from nonceliac controls. The N-
terminal amino acid sequence was GIn-Ile-GIn-Val-Phe-Pro-Ser-Gly-Gln-Val-

GIn-Trp-Pro-GIn-GIn-GIn-Gln-Pro-Phe-Pro (Fluge et al., 1994).

Sturgess et al. (1994), synthesized three 19-amino acid oligopeptides
corresponding to amino acids 3-21 (A), 31-49 (B), and 202-220 (C) of A-gliadin.
Four patients with GSE were challenged by intraduodenal infusion of 1 g of
gliadin or 200 mg of the synthetic peptides. Biopsies were taken before and at
hourly intervals for 6h after starting the infusion. Toxicity was tested by
measuring morphometric variables and counting intraepithelial
lymphocytes. Significant histological changes occurred in the small intestinal
mucosa after challenge with a synthetic peptide B. The N-terminal peptide A,
did not cause histological changes in any of the patients. Minor histological
changes were seen in one of the four patients, following challenge with a
peptide C. These results suggest that the oligopeptide B is toxic in vivo, but

there is no evidence for toxicity of the far N-terminal peptide A. The C-

28



terminal peptide C may contain an epitope to which GSE patients display
variable sensitivity. All three peptides when analysed by HPLC-MS were
shown to contain the putatively active tetrapeptide motifs -GIn-Gln-Gln-Pro-
and/or -Pro-Ser-GIn-Gln- described by Wieser et al. (1986) and de Ritis et al.
(1988). Therefore, this study also does not support toxicity of the key
sequences -Pro-Ser-GIn-Gln- and -GIn-GIn-GIn-Pro (Sturgess et al., 1994).
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GOALS AND OBJECTIVES

One of the long term goals of this research is to identify the putative
peptides which presumably act as etiological agents in disease pathogenesis of

GSE.

The specific objective of the present study was to develop a procedure
to isolate peptides derived from wheat gliadin(s) which are resistant to

digestion by extracellular and intracellular mammalian proteases.
These peptides will subsequently be used in another study to determine

if subjects with GSE have quantifiable levels of circulating antibodies and/or a

demonstratable cell mediated immune response(s) to any of the peptides.
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METHODS AND MATERIALS

Experimental Design

Crude gliadins extracted from three different wheat varieties were
subjected to in vitro digestion with pepsin for 2 hr, and then with pancreatin
and peptidase enzymes for 6 hr. One of the three varieties of crude gliadin
was subjected to a second treatment. It was hydrolysed for an additional two
hours with intracellular enzymes cathepsin B and cathepsin D. A two-step
dialysis technique was used to separate the resulting gliadin peptides with an
approximate molecular weight range of 1000-3500 daltons. The peptides were

then analysed by RP-HPLC. All procedures were done in triplicate.

Wheat Flour Samples

Three samples of wheat flour, C5-93, a commercial sample of medium
bread baking quality, and samples milled from two cultivars of hard red
winter wheat, Tam 107 and Karl, were used in this study. The flour samples
were obtained from the Department of Grain Science and Industry at Kansas
State University, Manhattan, Kansas. The protein content of the CS-93, Tam
107 and Karl flours was predetermined by investigators at Kansas State

University to be 10.8%, 10.8% and 11.8%, respectively.
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Isolation of Crude Gliadin

Flour samples (2.5g) were suspended in 20 ml of 70% (v/v) ethanol
containing 1% (v/v) 2-mercaptoethanol in each of eight centrifuge tubes
which were closed tightly with screw caps. The resulting slurry was stirred at
room temperature by placing the centrifuge tubes horizontally in a shaker at
speed 6 for 30 minutes and then centrifuged at 12,000g for 20 minutes. After
centrifugation, the supernatant was pooled, transferred into dialysis bags with
a molecular weight cut off (MWCO) of 6-8000 daltons (Cat. No. 08-670B,
Spectrum Medical Industries, Inc., Los Angeles, CA), and exhaustively
dialyzed against distilled de-ionized (D.I) water (3x8 liters) for 24 hours to
remove ethanol and 2-mercaptoethanol. The dialysate was then transferred
to a 900ml lyophilization flask (Cat. No. 10-269-63, Labconco, Kansas City,
MO), and freeze dried on a freeze drying unit (Cat. No. 75034, Labconco,
Kansas City, MO). The freeze dried extract referred to as crude gliadin was
tranferred into labelled plastic containers and stored in a freezer at -20°C until

use in the next step.

In Vitro Hydrolysis of Crude Gliadin Samples

The in vitro protein digestion procedure of Kim and Barbeau (1991),
was followed with some modifications. Crude gliadin (1 g) was initially
suspended in 100 ml of 0.1 N HCI (pH 1.5 approx). The sample was incubated

at 37°C on a stirplate. The digestion was initiated after 30 minutes by the
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addition of 10 mg of porcine pepsin A (EC 3.4.23.1, Cat. No. P-6887, Sigma
Chemical Co, St. Louis, MO). After two hours, the pH was rapidly adjusted to
7.0 by adding granulated sodium hydroxide and then carefully adjusted to pH
8.0 by adding a dry mixture of sodium carbonate (55 mg) and sodium
bicarbonate (45 mg). A mixture of porcine pancreatic enzymes, pancreatin
(Cat. No. P-7545, Sigma Chemical Co, St Louis, MO), and a mixture of porcine
intestinal enzymes, peptidase (Cat. No. P-7500, Sigma Chemical Co, St. Louis,
MO) were then added to the gliadin-enzyme suspension to give a 1:100
enzyme to protein ratio. The mixture was left to digest for an additional six
hours at 37°C. This procedure was performed in triplicate on each of the

three flour samples.

In Vitro Hydrolysis with Intracellular Enzymes

Karl, one of the three flour samples, was subjected to a second
treatment. Following the eight hour pepsin/pancreatin/peptidase digestion,
the pH of the hydrolysate was brought down to 5.0 by adding 108ul of
concentrated glacial acetic acid and 375mg of sodium acetate. One hundred
units of cathepsin B (EC 3.4.22.1, Cat.No. C-6286, Sigma Chemical Co, St.
Louis, MO) and 40 units of cathepsin D (EC 3.4.23.5, Cat.No. C-3138, Sigma
Chemical Co, St. Louis, MO) 9.9 mg and 7.6 mg, respectively of each enzyme
were subsequently added by rinsing the small vials that the enzymes were
purchased in with the hydrolysate. Dithiothreitol (5mg), a reducing agent,

also was added, and the mixture was left to digest for two hours at 37°C. This
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procedure was done in triplicate. However, since the cathepsins were
relatively expensive, the enzymes used in the first digest had to be reused in
the second and third digests. This was accomplished by freeze drying the
hydrolysate after the two-step dialysis and adding it to the next digest in place

of cathepsins.

Two-Step Dialysis

A gliadin peptide fraction containing peptides with approximate
molecular weights of 1000-3500 daltons was isolated from the crude gliadin
digests by a two step dialysis procedure. Complete digests of crude gliadin
were placed in dialysis bags with a MWCO of 1000 daltons (Cat. No. 08-670-
12C, Spectrum Medical Industries, Inc., Los Angeles, CA) and exhaustively
dialyzed against D.I water (4x8 liters) for 24 hours to remove low (< 1000
daltons) MW contaminants, (e.g., inorganic salts, amino acids, lipids, mono
and disaccharides, etc). After this step, digest samples were transferred to
another set of dialysis bags with a MWCO of 3500 daltons (Cat. No. 08-670-5C,
Spectrum Medical Industries, Inc., Los Angeles, CA) and again exhaustively
dialyzed against D.I water (1 liter) for 24 hours. At this point, the diffusate
(material from the digest passing through the membrane into the water) was
collected and transferred into three lyophilization flasks (Cat. No. 10-269-63,
Labconco, Kansas City, MO) and lyophilized by a freeze drying unit (Cat. No.
75034, Labconco, Kansas City, MO). All the dialysis was done in a walk-in
refrigerator to help prevent bacterial growth in the digests. The lyophilized
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extract was expected to contain gliadin peptides in approximate MW range of
1000 - 3500 daltons. The lyophilization flasks with the dry gliadin peptide
sample were rinsed with 500ul of 15% acetonitrile (HPLC grade) containing
0.1% trifluoroacetic acid (TFA) each. Care was taken to dissolve all the dry
material in the liquid. The sample was then transferred to small vials which

were stored at 40C until further analysis by HPLC.

HPLC Analysis of Gliadin Peptides

Gliadin peptides obtained from the above procedure were further
separated using reverse phase (RP) size exclusion HPLC. To prepare the
sample, gliadin peptides in 15% acetonitrile with 0.1% TFA were centrifuged
and the supernatant was collected. A Hi-pore reverse phase column
(250 X 4.6 mm), RP-318 with 300 A pores (Biorad Lab, Richmond, CA) was
used to separate the peptides. The mobile phase solvents were HPLC grade
acetonitrile and water, both containing 0.1% TFA. The gradient (see Table 1)
and the flow rate (Iml/min) of the mobile phase were controlled using a
Waters model 600E multisolvent delivery system. The 50ul samples were
injected using Waters 700 satellite WISP automatic sample injector. The
column temperature was maintained at 40°C by a built-in column heater.
Fractions coming off the column were monitored for UV absorbance at 214
nm by a Waters 484 tunable absorbance detector. Baseline software on a NEC

Power Mate SX Plus data handling station was used to program the
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Table 1: Gradient system used for HPLC separation of gliadin peptides.

# Timel Composition
min %A3 %BP
1 0.00 2 98
2 30.00 15 85
3 60.00 30 70
4 70.00 50 50
5 75.00 80 20
6 80.00 60 40
7 90.00 40 60
8 100.00 15 85
9 110.00 2 98
10 120.00 2 98

# Gradient levels

1 Elapsed time from injection of the sample to when the particular gradient
fraction reaches the detector

a Relative percentage of HPLC grade acetonitrile containing 0.1% TFA

b Relative percentage of HPLC grade water containing 0.1% TFA



chromatographic method and to record the data. The chromatograms were

printed by a NEC Pin writer P6200.
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RESULTS AND DISCUSSION

Reverse Phase High Performance Liquid Chromatography

To develop reverse phase high performance liquid chromatography
(RP-HPLC) conditions that gave good separation for gliadin proteins,
experimentation with different solvents and gradient systems was
undertaken. HPLC grade water and 0.05M acetic acid were used as a mobile
phase and for dissolving gliadin samples. Different flow rates of 0.5 ml/min
and 0.8 ml/min with gradients of 10 to 100% mobile phase solvents over 30 to
60 minutes were tried at different wavelengths, eg. 280 nm and 200 nm.
Column temperature was maintained at 25° instead of 40°C. These
conditions led to poor resolution of gliadin proteins and peptides. Only a RP-
HPLC system with a mobile phase of HPLC grade acetonitrile and water both
containing 0.1% TFA with a gradient of 2 - 80% acetonitrile over 75 min at a
flow rate of 1 ml/min with column temperature maintained at 40°C, and UV
detection at 214 nm resulted in satisfactory separation of both crude gliadin

and its hydrolysate products.

A standard peptide/polypeptide mix consisting of oxytocin,
neurotensin, and insulin B with 1mg/500ul concentration and molecular
weights of 1007, 1672, and 3495 daltons, respectively, was used initially to
determine the ability of our RP-HPLC system to resolve peptides in the

molecular weight range of 1000-3500 daltons. The standard mix (see Figure 2)
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was resolved into three well separated peaks eluting between a concentration
gradient of 15 and 50% acetonitrile. The reproducibility of this RP-HPLC
method was tested by injecting the standard mix several times. The
chromatograms of each run were extremely similar with only slight
differences in retention times, suggesting that the RP-HPLC procedure gave

consistent results.

Isolation and Separation of Crude Gliadin

Approximately 1g of crude gliadin was obtained from 20g of wheat
flour regardless of differences in wheat varieties. The chromatograms of the
crude gliadins from Karl, Tam 107 and CS5-93 wheat flours (Figures 3, 4, and 5)
did not show any major differences. The separation of gliadin polypeptides
occurred over a very short time period of approximately seven minutes.
However, computer assisted scale expansion facilitated a better view of the
separation. Figures 3-5 illustrate the high resolving power of the RP-HPLC
system used for gliadin proteins in this study. It is comparable with the
resolution obtained in other HPLC studies (Bietz, 1983; Huebner et al., 1990;
Primard et al., 1991; Khan et al., 1992). Furthermore, the solvents, column,
gradient, flow rate, run time, and column temperature used for HPLC in this
study are comparable to the conditions used by other investigators to separate
cereal proteins by RP-HPLC. The crude gliadins were resolved into 12-14
peaks, eluting between 50 and 60% acetonitrile. There were at least five major

peaks common to gliadins from all three flour samples. These peaks are
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numbered 7-10 and 12 in Figure 3 with retention times 72.27, 72.90, 73.55,
75.06, and 76.19 minutes, respectively. In figure 4, the corresponding peak
numbers are 5-8 and 10 with retention times 72.32, 72.88, 73.57, 75.03, and 76.21
minutes, repectively. In Figure 5, the corresponding peaks are numbered 6-9
and 11 with retention times 72.27, 72.86, 73.54, 75.03, and 76.16 minutes,
respectively. These five peaks have total percent areas of 72.8, 73.86, and 79.38,
respectively (these percent area totals are different from those in appendices
B-D, as off scale peaks are also included). Bietz reported that a low molecular
weight gliadin was resolved into 36 peaks eluting between 34 and 45%
acetonitrile (Bietz, 1983), which does not agree with the results of this study.
In another study that used RP-HPLC to separate gliadins, approximately 12
peaks were resolved from gliadin (Khan et al.,1992), which is similar to our
results. However, it is difficult to compare the results of these studies because
they were experimenting with different classes of wheat proteins on RP-
HPLC. It is not clear, therefore, which of those gliadins correspond to the

crude gliadin in this study.

Gliadin Hydrolysis with Extracellular Enzymes

The fact that our in vitro hydrolysis procedure was functioning is
demonstrated by the difference between the chromatograms of hydrolyzed
crude gliadin (Figure 6) and of unhydrolyzed gliadin (Figure 3). The
hydrolyzed gliadin was resolved into 71 peaks (Figure 6) which is
substantially higher than the 14 peaks yielded by unhydrolyzed gliadin
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(Figure 3). Most of the peaks in Figure 6 eluted prior to the peaks in Figure 3,
suggesting that the peaks in Figure 6 represent smaller peptides with lower
molecular weights than the polypeptides separated in Figure 3. These
differences indicate that the crude gliadin was broken down to many smaller

peptides during in vitro hydrolysis.

The function of the two-step dialysis in this study was to concentrate
gliadin peptides with approximate molecular weight ranges of 1000-3500
daltons. This is important because it gives us a chance to study peptides
which have been hypothesized to be in the molecular weight range of
peptides presented as antigens by HLA class II heterodimers (peptides with 10-
12 amino acid residues and a molecular weight range of 1000-3500 daltons).
Whether or not the two-step dialysis was working as it was supposed to be is
hard to determine since information on molecular weights of the gliadin
peptides is not available in this study. Comparison of chromatograms of the
standard mix (Figure 2) and of the gliadin peptides (Figure 6) suggests that the
molecular weights of all the gliadin peptides might be less than 3495 daltons,
since all the peaks eluted before 70 minutes, which was when insulin B with
molecular weight of 3495 daltons eluted in the standard mix (Figure 2). There
were several peaks that eluted before 43 minutes which was when oxytocin
with molecular weight 1007 daltons eluted. Hence there might also be
peptides with molecular weight less than 1000 daltons. This could be a result
of incomplete dialysis when using membranes with a MWCO of 1000 daltons.

However, caution is required in this interpretation because the elution of
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proteins in RP-HPLC is governed primarily by the polarity of the mobile

phase rather than the size of the proteins (Bietz, 1983).

The in vitro hydrolysis procedure was performed in triplicate on
gliadin isolated from a single wheat variety (Karl) to test the reproducibility of
the procedure. The gliadin peptides collected from each hydrolysate were
then subjected to RP-HPLC. The chromatograms generated from each of the
triplicate runs (Figures 6, 7, and 8) were relatively similar, although there
were some differences in the number of peaks, their retention times and peak
areas. The number of peaks were 71 in Figure 6, 44 in Figure 7, and 59 in
Figure 8. Although the retention times of some peaks were almost identical,
their areas were considerably different. For example, peak 23 in Figure 7 and
peak 31 in Figure 8 had retention times of 31.86 and 31.89 minutes
respectively, but the difference in their peak areas was 31.52 %. Some of these
differences can be explained by differences in the concentration of the injected
sample. Individual peak areas are proportionate to the concentration of each
peptide in the sample. If one sample was less concentrated than the other, the
peptides that are already in low concentration in the sample may not be
detected by RP-HPLC. This leads to differences in the number of peaks and
peak areas. The concentration of the gliadin peptide samples could not be
controlled in this study because the rinsing method chosen to collect the
minute amounts of freeze dried gliadin peptides made it impossible to

measure their sample weight or volume.
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Crude gliadins from all three flour samples were subjected (in
triplicate) to in vitro hydrolysis with extracellular enzymes. Once again there
were some differences seen in the chromatograms of the three samples
(Figures 6, 9, 12) in terms of the number of peaks resolved, peak areas and
slight differences in the retention times of corresponding peaks. However,
differences in these three chromatograms were nearly the same as differences
among triplicate chromatograms of a single sample. Therefore, with the
limited information available, it is difficult to attribute any significance to the
observed differences in the RP-HPLC chromatograms from the three wheat
varieties. Since there were no major differences detectable at this level
among the three samples, only one sample (Karl in Figures 6-8) will be
discussed in detail. The duplicate and triplicate chromatograms of the other

two samples are given in Figures 10, 11, 13 and 14.

The number of peaks resolved in Figures 6, 7, and 8 ranged from 44 to
71, most of them eluting between 2 and 30% acetonitrile, implying that
hydrolysis of crude gliadin with extracellular enzymes yielded around 60
peptides. The yield of such a large number of gliadin peptides implies that
they were derived from more than one gliadin protein. It is possible these
gliadin peptides were derived from each of four gliadin fractions (i.e.; o, B, v,
and - gliadins) which is consistent with the finding that all four fractions
may be toxic to celiac patients (Howdle et al., 1984). Further analyses on some
of the major peaks is necessary for molecular characterization of these
peptides so they can be compared with peptides obtained from PT and PTP
digests in other GSE studies (Jos et al., 1982; Cornell, 1992; Wieser et al., 1986).
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Analyses providing information on molecular weights and amino acid
sequences would be particularly informative in determining whether the
peptides obtained from the hydrolysis procedure used in this study contain

any of the "celiac-active" peptide motifs of de Ritis et al. (1988).

Different substrate specificities of different enzymes used in this study
appear to be satisfactory for gliadin hydrolysis. Pepsin has been reported to
cleave the following peptide bonds with high probability: Phe-Tyr, Phe-His,
Met-His, Try-Met, Trp-Gln, Phe-Ala, Trp-Ile, Met-Met, Cys (Cm)-Tyr and Met-
Ser (Powers et al., 1977). These peptide bonds contain GIn and Ser, both of
which are included in the celiac active tetra motifs. Pancreatin that was used
in our study contained trypsin and chymotrypsin. Trypsin is known to cleave
peptide bonds involving basic amino acid residues lysine and arginine, and
chymotrypsin cleaves peptide linkages involving aromatic amino acid

residues (Dixon, 1979).

It was important to subject crude gliadin to intracellular enzymes in
addition to extracellular enzymes because, after hydrolysis by intraluminal
proteases, food proteins also may be exposed to the intracellular enzymes.
Involvement of lysosomes in protein degradation was established by several
investigators (Dean, 1980; Barrett, 1977; Goldberg et al., 1980; Mortimore et al.,
1980). Thus, gliadin peptides derived from the in vitro hydrolysis procedure
involving both extra- and intracellular proteases used in this study might

possibly consist of some of the actual putative peptides in GSE.
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Gliadin Hydrolysis with Intracellular Enzymes

The intracellular enzymes used in this study were cathepsin B and
cathepsin D. Due to the relative high cost of these enzymes, only one of the
three wheat samples (Karl) was subjected to hydrolysis that involved
cathepsins in addition to extracellular enzymes. Among the triplicate runs of
that one sample, the intracellular enzymes had to be recycled. Interestingly,
freeze dried peptide samples obtained from this hydrolysis were larger in
volume (approximately, not weighed) than those that were refractory to
hydrolysis by only extracellular enzymes. Within the three runs, duplicate
and triplicate runs yielded higher volumes of freeze dried samples than the
first run. This could be explained by the increased amounts of substrate due
to the enzyme recycling method used. Another possible explanation is that
cathepsins could have been degraded by autolysis releasing peptides from

cathepsins B and/or D into the hydrolysate.

Chromatograms of each run did not iook identical. However, they did
not seem to be particularly different from those of samples collected from
extracellular enzyme digests. The sample from the first run (Figure 15) was
resolved into 61 peaks, while the duplicate (Figure 16) was resolved into a
maximum number of 75 peaks, and the triplicate (Figure 17) into 55 peaks.
These numbers are comparable with 71, 44, and 59 peaks resolved from the
triplicate runs of extracellular hydrolysis of crude gliadins from the same
flour. Most peaks eluted between 2 and 30% acetonitrile, however, some

minor peaks in Figures 16 and 17 eluted after 30% acetonitrile (i.e. after 60
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minutes). Since these chromatograms are not much different from those of
extracellular enzyme digests, it is difficult to determine whether or not
cathepsins hydrolysed any peptides. The two-step dialysis which was done
after the hydrolysis runs makes it even harder, because even if cathepsins
cleaved some larger peptides into smaller peptides, they could have been
removed during the dialysis step. However, if cathepsins had made a large
difference in the hydrolysis, the concentration of larger peptides would have
decreased while the concentration of smaller peptides increased, the effect of
which could have been seen as differences in peak areas on chromatograms.
Major differences in peak numbers and peak areas were, however, not
observed in chromatograms generated from the extracellular and

extracellular/intracellular digests.

Several factors, such as the pH of the hydrolysate and substrate
specificity of cathepsins, could have influenced their activity. For example, a
pH of 6.0 was reported to be optimum for cathepsin B activity, although for
some protein substrates, the optimum pH is much lower (eg., 3.5 for
collagen), which is probably due to effects of certain substrates on the enzyme
(Barrett and Kirschke, 1981). Since pH ranges of 3.5 - 5.5 were reported to be
optimum for cathepsins B and D (Barrett, 1977), a pH of 5.0 was used in this
study. Although, cathepsins in general are known to be the most active
proteinases in the body, meaning that they hydrolyse more peptide bonds
than the other proteinases, cathepsin B and cathepsin D seem to have
different specificities for cleaving peptides (Barrett and Kirschke, 1981). The

bonds most susceptible to cathepsin D are Leu-Phe, Leu-Tyr, Phe-Tyr and Ala-
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Leu-Tyr-Leu (Woessner, 1977). Cathepsin B has been reported to cleave bonds
between Phe-Val, Asn-Gln, His-Leu, Gly-Ser, and Pro-Lys (Barrett, 1977).
These specificities have to be studied in depth before making any conclusions
about the activity of cathepsins in this study. Molecular weight
determination of separated peptides would also aid in understanding these

matters.

Although, it seems as if the addition of lysosomal enzymes did not
contribute to more complete hydrolysis of gliadin in the present study, the
resulting peptides might still contain some of the celiac active peptides based
on a couple of hypotheses proposed in the literature. Bland (1988) attributed
hypothetical roles for enterocyte class II molecules. He proposed that peptide
sequences produced mainly by intraluminal protease digestion, which are
antigenic in an individual, are selected for within an endosome compartment
by the genetically encoded, restricted sequences of the individual's class II
molecules. Those peptides selected for may be presented directly to T cells.
Alternatively, the class II molecule may act as a receptor, shuttling
immunologically relevant sequences across the cell in a protected endosome
compartment. Only nonimmunogenic sequences that are not bound to class
II molecule would pass on to the lysosome compartment for terminal

degradation (Bland, 1988).
Gjertsen et al. (1994), suggested that gluten may be differently processed

by antigen presenting cells in the small intestinal mucosa compared to

peripheral blood, leading to generation of mainly DQ-binding peptides and
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thereby mainly DQ-restricted responses in the gut. The relative increase of
DQ restriction among gluten specific T cells observed in the peripheral blood
of patients with GSE in their study supports the hypothesis that gliadin may
be preferentially presented by disease associated DQ molecules in the
intestinal mucosa (Gjertsen et al., 1994). Based on these two hypotheses, it is
not necessary for gliadin peptides to be hydrolyzed by intracellular enzymes,

for them to be celiac active.

Applications of the study

This study was designed as a preliminary step in investigation of the
causative agent(s) in GSE. The purpose of the experimental methods
employed was to concentrate gliadin peptides that are refractory to hydrolysis
by both extracellular and intracellular enzymes and possibly trigger GSE.
From the results, it is clear that this in vitro hydrolysis procedure followed by
two-step dialysis and freeze drying was successful in collecting the gliadin
peptide sample of primary interest. However, more analyses of the sample
are necessary to determine the activity of intracellular enzymes. The RP-
HPLC method developed in this study also proved to be a reliable,
reproducible way of separating gliadin peptides. If this RP-HPLC procedure is
interfaced with mass spectrometry (HPLC-MS), it can potentially be an
excellent method for separation and characterization of the gliadin peptides,
according to their molecular weights and amino acid sequences. This

information, in turn, will be useful in the toxicity tests of the peptides. The
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collected peptides can be tested against sera of patients with GSE to see if any
of them illicit a humoral and/or cellular immune response. The next step
will be to synthesize these peptides so that they can be used in larger scale

toxicity tests.

The RP-HPLC conditions identified in this study can also be employed
for separation and characterization of other cereal proteins, not just wheat
gliadins or gliadin peptides. Perhaps the procedure could be used for quality

control, varietal identification and registration of different cereals.
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SUMMARY AND CONCLUSIONS

The present study was conducted as a preliminary step in investigation
of causative agent(s) in GSE. The goal, therefore, was to separate gliadin
peptides that are refractory to hydrolysis by extracellular and intracellular

proteases, some of which may be the actual putative peptides in GSE.

From the results of this study, the following conclusions can be made:

1. The RP-HPLC conditions developed in this study are suitable for separation

of both crude gliadin and its hydrolysate products.

2. The gliadin peptides in our extracellular and intracellular hydrolysates are
likely to be derived from proteins present in more than one of the four
gliadin fractions i.e. «, B, ¥, and w- gliadins, which is consistent with the
finding that all four gliadin fractions are toxic to GSE patients (Howdle et al.,

1984).

3. The use of cathepsin B and cathepsin D did not appear to lead to more
complete hydrolysis of wheat gliadin, although molecular weight and amino
acid sequence determination is required to detect minor differences in the

extracellular and intracellular hydrolysates.
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From the chromatography results it appears that the in vitro hydrolysis
and RP-HPLC procedures in this study are promising in generating celiac

active peptides that can be used in future toxicity tests.
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SUGGESTIONS FOR FURTHER RESEARCH

The purpose of this study was to separate gliadin peptides that are
resistant to hydrolysis by both extracellular and intracellular proteases, which
could be used in a subsequent study to test their toxicity in GSE. Satisfactory
procedures were developed for subjecting gliadin to
extracellular/intracellular hydrolysis and for separating the resulting gliadin
peptides. Suggestions for further research include some steps that need to be

conducted before proceeding with the toxicity tests.

The results of this study should be confirmed by adding fresh
extracellular/intracellular enzymes to each of the triplicate runs in the in

vitro hydrolysis procedures.

Molecular weights and amino acid sequences of fractions eluted from
RP-HPLC should be determined by mass spectrometry coupled with RP-HPLC,
which would be useful for
a) comparing the gliadin peptides derived from extracellular and
extracellular/intracellular digests,

b) determining whether the hydrolysates contain gliadin peptides with celiac
active tetra motifs -GIn-GIn-Gln-Pro- and -Pro-Ser-GIn-GIn- of de Ritis et al.
(1988)

c) synthesis of peptides for future toxicity tests.
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Gliadin peptides derived from in vitro hydrolysates of the current
study should be used in immunological toxicity testing. Intestinal biopsy
specimens from both GSE and normal subjects can, for example, be cultured

in vitro in the presence of various gliadin peptides.
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Appendix A

Peak integration report for Figure 2

Peak |Retention time Peak area Peak height Area
number (minutes) (microvolt-sec)| (microvolt) percent
1 43.708 >22272299 >980412.96 off scale
51.400 10826286 535332.74 46.54
3 69.608 12436256 902548.66 53.46
Total 23262542 1437881.4




Appendix B

Peak integration report for Figure 3

Peak
number

=

O 0 NI & e Ny

T T S S G
B W N =R O

Total

Retention time

Peak area

Peak height

(minutes) (microvolt-sec) (microvolt)=
68.483 558090.31 96051.824
69.842 3620157.9 258976.01
70.367 3203050.2 247233.90
70.908 1968895.5 220955.52
71.625 4061766.4 375676.56
71.883 8241268.6 560235.45
72.267 16877502 784650.42
72.900 >48796292 >980411.41
73.550 17538552 836304
75.058 >21547294 >980414.75
75.542 6110407.4 347348.97
76.192 4738345.0 258923.44
76.667 10339307 402427.24
77.608 27847114 228883.17

80042053 4617666.8

Area
percent

0.70
4.52
4.00
2.46
5.07
10.30
21.09
off scale
21.91
off scale
7.63
5.92
12.92
3.48
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Appendix C

Peak integration report for Figure 4

Peak

O 0 NN N kW

P Y
N R O

Total

number (minutes)

Retention time Peak area Peak height Area
(microvolt-sec) (microvo__lﬂ percent
69.942 9672694.9 306414.28 14.04
71.175 6224933.7 221093.44 9.04
71.683 906791.31 118685.02 1.32
71.875 3723508.0 241017.61 5.41
72.317 14853606 799860.33 21.57
72.883 >38880202 >980427.86 off scale
73.567 12988615 788069.82 18.86
75.033 9428574.3 688509.78 13.69
75.558 2488632.4 275285.75 3.61
76.208 3449764.8 295517.48 5.01
76.575 799721.32 115989.10 1.16
77.583 4332509.3 333387.06 6.29
68869351 4183829.7
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Appendix D

Peak integration report for Figure 5

Peak
number

O 00 NI N Ok N

O S Sy
W N =R ©

Total

Retention time

(minutes)

69.850
70.350
70.883
71.592
71.858
72.267
72.858
73.542
75.033
75.517
76.158
76.683
77.642

1489592.6
1640160.1
1558650.9
2312251.7
5162631.4
11783959
>41749324
15970808
13755171
4131614.0
3515495.7
3295319.4
2922808.2

67538462

182653.93
184631.50
184001.23
213478.59
357351.23
584272.10
>980422.85
658951.96
751159.40
253019.96
182905.46
191975.97
163795.13

3898196.4

Peak area Peak height Area
(microvolt-sec)| (microvolt) percent

e I n—

221
243
231
3.42
7.64
17.45
off scale
23.65
20.37
6.12
5.21
4.88
4.33
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Appendix E

Peak integration report for Figure 6

Peak
number

O 0 NN N ok W R

e S e O S
O O N & U b W N = O

Retention time
(minutes)

4.017
5.392
5.800
6.450
7.508
8.058
10.700
13.733
14.425
14.983
16.000
16.608
17.150
17.483
18.250
19.442
20.408
20.742
21.667

Peak area
(microvolt-sec)

>75118848
483689.96
3343971.18
916464.49
555443.44
1149339.0
32963999
5958562.9
5189944.2
11234304
11728094
4186673.4
1225301.1
2159176.2
14926058
>46088372
20921968
1351567.0
6612827.5

Peak height
(microvolt)

>980440.14
34267.310
140743.87
63738.784
33281.688
68692.931
389068.89
213732.51
196538.95
415811.71
388546.99
177022.12
88652.860
94529.044
293218.77

>980438.11
529007.62
68984.755
273242.15

Area
percent

off scale
0.07
0.49
0.14
0.08
0.17
4.86
0.88
0.76
1.66
1.73
0.62
0.18
0.32
2.20

off scale
3.08
0.20
0.97
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Appendix E  (cont’d..)

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

22.017
22.458
22.908
23.808
24.842
25.642
25.958
26.625
27.358
28.367
29.050
29.517
29.908
30.367
30.642
31.217
32.317
32.850
33.667
34.967
35.750
36.142
36.658
38.025

4812914.7
13420709
475537.26
20616834
14284220
16491507
11201715
11225919
27405431
33444536
8206640.7
6362666.7
11030796
9119303.4
8972243.9
25586913
28544614
191563327
11718898
33069948
6063709.3
8317128.7
21672216
8076068.4

286018.17
338891.31
40830.617
515217.60
429107.48
511710.59
482429.56
420610.72

834462.74

742751.57
350568.22
323027.17
440654.09
444555.69
450162.94
648821.92
663533.77
588220.79
346098.70
601696.32
330710.45
338815.37
504310.91
200108.79

0.71
1.98
0.07
3.04
2.10
243
1.65
1.65
4.04
4.93
1.21
0.94
1.63
1.34
1.32
3.77
4.21
2.82
1.73
4.87
0.89
1.23
3.19
1.19
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Appendix E  (cont'd..)

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

39.167
39.608
40.667
41.058
41.583
42.317
42.958
43.625
44.283
45.083
45.750
46.335
47.308
48.033
48.675
49.617
50.408
51.225
51.867
52.417
53.342
53.742
54.142
54.600

10162895
10474842
3902708.7
4549660.5
9275120.4
11460495
10703491
8722099.8
8795719.7
18520574
9042325.6
11536020
8120751.8
12601519
11806629
6116808.0
8612018.2
3319507.2
2476030.8
2224317.2
3567215.8
2789647.3
1316193.1
988547.49

269500.29
282676.85
159360.90
201241.76
405771.78
391312.77
465343.41
258522.90
262785.11
756202.43
289909.04
399408.75
201685.21
417750.41
365385.70
284254.82
402796.44
110820.19
99289.071
74822.673
136069.79
132630.48
70101.985
51271.326

1.50
1.54
0.58
0.67
1.37
1.69
2.76
1.29
1.30
2.73
1.33
1.70
1.20
1.86
1.74
0.90
1.27
0.49
0.36
0.33
0.53
0.41
0.19
0.15
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Appendix E  (cont’d..)
68 55.825 1313895.9 92562.090 0.19
69 56.375 3320020.5 172919.06 0.49
70 59.658 324874.37 39415.483 - 0.05
71 60.100 447886.54 43804.293 0.07
Total 6.78673E8 21139011
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Appendix F

Peak integration report for Figure 7

Peak

O 0 NN o gk W R

T T S e e S T O T O O S S S Y
O 0 NN N O ok W=, O

Retention time

4.275
6.108
12.200
15.442
16.000
16.908
17.492
19.275
20.550
21.233
22.892
23.600
24.175
25.208
26.017
26.492
27.042
28.017
28.717

Peak area

>63722675
484624.95

14481424
421075.12
3409977.3
2020420.7
1362121.7
2697244 .4
>45682286
2961353.8
6360849.5
420290.84

10401086
4615138.8
6281573.4
7370427 .4
6551632.6
20697292

22134098

Peak height

number (minutes) (microvolt-sec)| (microvolt) percent

>980439.42
28911.952
232342.75
41097.765
203772.69
99025.500
111140.26
127672.45

>980430.48
117086.66
220314.65
29667.739
287993.11
210047.51
250680.60
323307.31
266211.18
779208.99
540223.07

Area

off scale
0.18
5.40
0.16
1.27
0.75
0.51
1.01

off scale
1.10
2.37
0.16
3.88
1.72
2.34
2.75
2.44
7.71
8.25
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Appendix F  (cont'd..)

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

29.650
30.367
31.017
31.858
32.775
34.092
35.267
36.008
37.150
38.267
39.467
41.300
41.883
42.583
43.067
44.042
44.475
45.333
46.058
46.658
47.767
48.417
49.075

6447271.5
3573313.4
14588453
12786042
28360181
2654417.3
18374303
3160844 .4
11501734
767807.97
4350525.6
393275.21
3366936.8
4347849.2
8136809.8
3173189.2
1324693.7
12152216
1073843.7
3417833.2
488793.58
4849690.3
3032542.3

296923.08
183585.78
314149.30
450824.43
486045.90
120378.63
447931.34
139879.36
258372.22
70331.820
122238.77
36320.571
202291.51
201117.54
209623.00
111427.20
66724.666
532452.41
53521.997
172883.29
30504.230
262654.46
149982.59

2.40
1.33
5.44
4.77
10.57
0.99
6.85
1.18
4.29
0.29
1.62
0.15
1.25
1.62
3.03
1.18
0.49
4.53
0.40
1.27
0.18
1.81
1.13
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Appendix F  (cont’d..)
43 50.017 662701.01 70889.005 0.25
44 50.842 2649788.8 176785.73 0.99
Total 2.68306E8 9036543.0
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Appendix G

Peak integration report for Figure 8

Peak

O 00 N3 N U o NN

T S e T g O Sy '
O 0 N o A b W N = O

Retention time

number (minutes)

4.308
6.083
6.683
11.767
14.142
14.633
15.017
15.550
16.492
17.133
17.700
18.442
18.958
20.183
21.108
21.900
22.750
23.483
24.225

Peak area Peak height Area
(microvolt-sec) | (microvolt) percent
>83619712 >980433.70 off scale
2029352.1 74686.536 0.44
443101.54 41031.366 0.10
22224230 288412.25 4.85
773151.77 53439.147 0.17
586497.76 31858.686 0.13
2316219.7 119225.04 0.51
5147635.9 272565.52 1.12
5191456.3 194493.91 1.13
3499746.2 175028.82 0.76
671445.37 49836.284 0.15
283206.45 34016.852 0.06
7792179.0 202967.67 1.70
>38511214 >980434.53 off scale
15269951 457348.40 3.33
1086346.3 77615.986 0.24
12849252 304162.42 2.80
24083698.3 97350.371 0.53
12329218 442419.58 2.69
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Appendix G (cont’d..)
20 25.275 9965697.1 289945.40 2.17
21 26.158 10679958 327150.86 2.33
22 26.658 9138013.5 363150.88 1.99
23 27.208 8026586.0 275907.31 1.75
24 28.033 21955212 728081.91 4.79
25 28.875 23380514 658615.55 5.10
26 29.433 5772241.6 285455.26 1.26
27 29.850 7014641.5 291953.72 1.53
28 30.508 6507022.5 288238.80 1.42
29 30.942 9861900.1 416552.12 2.15
30 31.175 9113196.0 401830.36 1.99
31 31.892 16816590 621301.01 3.67
32 32.933 36768218 567840.64 8.02
33 34.308 8041844.8 238451.99 1.75
34 35.483 30091375 545378.15 6.56
35 36.225 787511.01 47842.031 0.17
36 37.275 19291103 403179.69 4.21
37 38.458 2796235.1 133886.59 0.61
38 39.100 2119500.3 81573.138 0.46
39 39.717 13446850 213996.20 2.93
40 41.542 2691958.9 116862.07 0.59
41 42.067 7284519.0 335007.59 1.59
42 42.800 7257889.1 313932.58 1.58
43 43.175 8394731.1 320882.12 1.83
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Appendix G (cont’d..)

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

Total

43.533
44.175
44.675
45.542
46.258
46.792
47.550
47.867
48.467
49.075
50.000
50.817
51.675
53.717
54.175
56.783

5822854.1
7081970.0
5101594.8
21626600
1172899.2
786936.5
2865837.1
2690391.3
9340724.6
7993292.3
2661729.8
6523479.6
1839175.8
1362524.3
1279536.5
1143081.3

4.58480E8

333857.46
198629.16
173000.71
680443.84
61828.621
306963.36
124331.01
153469.70
438498.55
282000.58
148704.31
307747.40
78096.876
83271.871
67662.247
100715.65

14722696

1.27
1.54
1.11
4.72
0.26
1.72
0.63
0.59
2.04
1.74
0.58
1.42
0.40
0.30
0.28
0.25
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Appendix H

Peak integration report for Figure 9

Peak [Retention time Peak area Peak height Area
number (minutes)ﬁ_ (microvolt-sec) (microvol’c)ﬁ percent
1 3.900 >47122914 >980456.83 off scale
2 11.567 15134673 199980.16 5.00
3 15.008 7755693.8 205331.95 2.56
4 15.992 2900517.7 110372.91 0.96
5 16.567 1165889.3 65941.580 0.39
6 17.350 1254490.1 60489.185 0.41
7 18.167 4178805.6 150727.53 1.38
8 19.417 >44626797 >980461.95 off scale
9 20.233 4313110.1 106284.04 1.43
10 21.317 3330147.4 124977.01 1.10
11 21.983 6702386.1 182492.64 2.21
12 22.617 2117146.4 93377.721 0.70
13 23.408 9505377.5 380877.42 3.14
14 24.083 1888506.0 108960.64 0.62
15 24,492 3320869.1 156441.59 1.10
16 24.892 2968374.3 165319.22 0.98
17 25.292 4036634.2 227093.96 1.33
18 25.633 7613500.5 289546.05 2.52
19 26.267 5050722.5 191316.15 1.67
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Appendix H (cont’d..)

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

27.133
27.975
28.533
28.975
29.517
30.258
30.950
31.925
32.408
33.217
34.475
35.508
36.075
37.500
38.683
39.067
40.075
40.542
41.108
41.833
42.533
43.183
43.925
44.700

17168134
19431606
4773112.6
5394477.8
7013623.5
11801405
13770508
28016761
1241177 .4
6882116.5
17855611
6127222.2
10065971
2140660.2
3944042.4
2515068.2
1679457.0
1117905.2
3512566.5
5195091.7
7695875.1
2912487.8
780881.24
10897839

619031.98
467002.81
237173.23
258842.98
266716.87
289148.96
545875.50
493077.93
77451.596
216531.18
410276.94
183689.26
256648.93
67891.844
142205.02
129719.63
57130.224
64317.234
195049.67
164498.83
231931.00
126228.94
48261.052
544276.18

5.67
6.42
1.58
1.78
232
3.90
4.55
9.26
0.41
2.27
5.90
2.02
3.33
0.71
1.30
0.83
0.55
0.37
1.16
1.72
2.54
0.96
0.26
3.60
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Appendix H (cont’d..)

44
45
46
47
48
49
50
51
52

Total

45.358
45.933
46.750
47.492
48.242
49.192
49.817
50.775
53.458

2932305.1
6815290.2
667173.02
4766164.6
2294851.2
1245238.6
7518071.0
399491.08
810165.07

3.02619E8

115476.15
193495.65
36827.926
219566.73
134226.93
95102.083
310038.84
33023.242
59520.967

10109786

0.97
2.25
0.22
1.57
0.76
0.41
248
0.13
0.27
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Appendix I

Peak integration report for Figure 10

Peak |Retention time Peak area Peak height Area
gl:ber (minutes) (mic__:rovolt-sec)ﬁ (microvolt) percent
1 3.917 >58666049 >980442.64 off scale
2 5.025 9356230.4 374407.46 1.94
3 10.308 21234314 376695.80 4.40
4 14.050 1473542.5 60184.486 0.31
5 14.750 8137310.5 282989.77 1.69
6 15.858 3042018.2 132442.49 0.63
7 16.600 1911288.1 88227.998 0.40
8 17.433 3984749.5 191482.45 0.83
9 18.125 7848988.4 182571.43 1.63
10 19.492 >65393268 >980447.77 off scale
11 20.975 1522405.8 103386.77 0.32
12 21.742 9060764.9 256526.86 1.88
13 22.525 10847063 248404.06 2.25
14 23.858 12528789 390593.34 2.60
15 24.592 5159367.0 186182.40 1.07
16 24.933 5249234.1 245719.34 1.09
17 25.300 4250948.7 237360.86 0.88
18 26.000 17007937 412321.74 3.52
19 26.725 7134753.5 286403.81 1.48

—
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AppendixI (cont'd..)
20 27.425 22719254 753464.07 4.71
21 28.417 33332609 580362.15 6.90
22 29.008 347306.43 34641.389 0.07
23 29.442 7589716.3 351541.08 1.57
24 29.883 10828582 412391.83 2.24
25 30.342 6792361.0 363716.41 1.41
26 30.633 8751928.9 380104.83 1.81
27 31.283 19451313 686584.79 4.03
28 32.233 25844487 613281.56 5.35
29 32.775 12393439 464599.66 2.57
30 33.592 11391065 306308.31 2.36
31 34.858 25221350 535288.64 5.22
32 35.925 10357840 299108.42 2.15
33 36.450 15225338 374981.92 3.15
34 37.683 2436480.2 121431.01 0.50
35 37.942 3498378.2 126005.31 0.72
36 39.042 8367037.3 255728.51 1.73
37 39.433 4666109.9 219586.88 0.97
38 40.375 5463494.3 139188.19 1.13
39 40.875 3210617.9 149784.58 0.67
40 41.417 6494447 .4 308551.47 1.35
41 42.150 12812181 260272.65 2.65
42 42.842 8376698.0 339638.99 1.74
43 43.508 5814579.5 199778.58 1.20
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AppendixI  (cont’d..)
44 44.242 2726993.1 115814.22 0.56
45 45.017 15481663 674046.60 3.21
46 45.733 4892676.7 165540.83 1.01
47 46.275 10089430 244622.50 2.09
48 47.300 2026673.2 85381.518 0.42
49 48.158 8272733.2 260004.55 1.71
50 48.850 5798830.5 222601.20 1.20
51 49.850 3848912.2 182941.34 0.80
52 50.467 13138708 498962.34 2.72
53 51.417 2829941.8 103491.91 0.59
54 52.425 1203128.8 47000.771 0.25
55 52.725 806833.52 44996.505 0.17
56 53.950 5371545.8 175574.20 1.11
57 54.383 908508.99 57107.336 0.19
58 54.800 983502.68 57514.198 0.20
59 55.200 266138.30 26749.256 0.06
60 55.892 874517.95 51763.422 0.18
61 56.525 1564351.9 63432.582 0.32
62 59.142 515274.14 48276.907 0.11
Total 4.82737E8 15458064
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Appendix ]

Peak integration report for Figure 11

Peak |Retention time Peak area Peak height
number (minutes) (microvolt-sec)| (microvolt)
ﬂ_———

1 4.333 >24740290 >980452.18
2 4733 >24451758 >98052.54
3 6.108 >59500388 >98053.97
4 12.825 16044536 248703.51
5 15.767 2180441.3 101272.24
6 16.317 3824507.7 162768.26
7 17.417 2750156.6 133278.03
8 17.992 527612.18 36392.097
9 19.808 3067843.0 109175.46
10 20.825 877593.07 66744.336
11 21.342 >45580815 >980450.15
12 23.575 5018069.2 161805.65
13 24.283 1050050.1 52852.637
14 24.858 2550884.2 187520.65
15 25.083 7226783.6 216576.24
16 26.025 1455270.4 90952.050
17 27.392 9598378.9 242850.81
18 27.933 4774630.4 230910.33
19 29.075 34713251 607781.96

Area
percent

off scale
off scale
off scale
7.97
1.08
1.90
1.37
0.26
1.52
0.44
off scale
2.49
0.52
1.27
3.59
0.72
4.77
2.37
17.23
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Appendix] (cont'd..)
20 30.575 5109771.2 241579.56 2.54
21 31.317 3458202.0 149769.80 1.72
22 31.925 9972143.0 271730.46 4.95
23 32.500 4403728.3 207256.94 2.19
24 33.150 10900185 386762.31 5.41
25 33.817 21522842 472277.34 10.69
26 35.792 3804204.4 199556.97 1.89
27 36.250 12514351 358003.30 6.21
28 37.308 2342949.1 82598.696 1.16
29 38.167 7876685.5 174012.68 3.91
30 39.250 581567.27 50640.470 0.29
31 40.333 2720291.4 136304.87 1.35
32 42.850 2347703.4 107400.91 1.17
33 43.375 1780637.3 97732.556 0.88
34 44.167 2605644.4 72084.793 1.29
35 44.808 1228940.7 54338.223 0.61
36 46.158 6945373.8 393265.18 3.45
37 46.892 940418.88 51510.698 0.47
38 47.450 1674804.3 104775.92 0.83
39 49.050 508948.95 49929.029 0.25
40 49.308 1002297.1 67597.516 0.50
41 49.692 774433.27 72631.010 0.38
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Appendix] (cont'd..)
42 51.183 489746.86 57064.659 0.24
43 51.758 261209.53 30930.761 0.13
Total 2.01427E8 6539338.9
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Appendix K

Peak integration report for Figure 12

Peak |Retention time Peak area Peak height Area
number (minutes) (microvolt-sec) (microvo=lt) percent
1 4.158 >93158219 >980413.67 off scale
2 5.875 820609.35 63420.303 0.29
3 6.175 414249.40 36875.968 0.14
4 10.342 14324689 256076.96 4.99
5 13.150 4911885.1 151752.49 1.71
6 14.292 42601267.9 21104291 1.48
7 15.225 9131812.7 415356.69 3.18
8 15.775 1612521.3 97225.082 0.56
9 16.608 2748280.3 128387.35 0.96
10 17.342 6050981.6 146672.27 2.11
11 18.125 1447250.1 97594.511 0.50
12 18.617 >58368872 >980403.90 off scale
13 19.983 866018.50 57803.519 0.30
14 20.725 3123381.2 151739.73 1.09
15 21.617 9590733.3 198935.17 3.34
16 22.708 4339456.3 251099.85 1.51
17 22.933 6465281.6 252386.12 2.25
18 24.067 3320819.7 145381.23 1.16
19 25.000 14439705 348048.85 5.03
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Appendix K (cont'd..)

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

25.842
26.617
27.608
28.558
29.033
29.833
30.550
31.533
32.017
32.767
34.050
35.267
35.667
35.983
37.142
38.133
38.667
39.758
40.192
40.758
41.433
42.117
42.825
43.550

6320985.0
21708729
21399076
6686912.7
5744649.9
13869477
14541674
19410713
11604576
6003335.1
14825889
4711034.6
4159932.8
4845461.7
1561842.9
2859388.4
2491028.3
935022.87
552916.74
2855550.3
3340933.9
6361433.6
1912348.8
488445.25

250603.35
686903.32
542838.76
267068.42
255671.05
336580.91
603976.08
461027.92
424198.92
196227.93
408629.23
145029.80
210276.63
220519.69
86190.711
117273.46
133424.77
48566.943
48829.919
172028.20
149359.72
231875.80
118270.29
37665.968

2.20
7.56
7.45
2.33
2.00
4.83
5.06
6.76
4.04
2.09
5.16
1.64
1.45
1.69
0.54
1.00
0.87
0.33
0.19
0.99
1.16
221
0.67
0.17
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Appendix K (cont’d..)

44
45
46
47
48
49

Total

44.350
44.892
45.550
47.142
47.833
49.550

9603930.2
568274.77
3988477.9
2624742.2

967390.41

2470205.3

2.87282E8

503524.84
34110.431
139759.08
134821.79
75856.218
168562.19

10219471

3.34
0.20
1.39
0.91
0.34
0.86
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Appendix L

Peak integration report for Figure 13

Peak |Retention time Peak area Peak height Area
number (minutes) (microvolt-sec)= (microvolt) percg

1 4.000 >72848661 >980432.87 off scale
2 5.717 1644140.9 79041.967 0.38
3 11.092 15806462 224838.52 3.62
4 13.767 1653495.6 108145.73 0.38
5 14.458 1221435.5 63329.823 0.28
6 15.025 4386106.3 212481.40 1.00
7 15.975 3495699.8 137812.99 0.80
8 16.625 2764143.9 135247.25 0.63
9 18.225 5186565.3 122850.67 1.19
10 19.425 >35859679 >980437.28 off scale
11 20.308 13288302 344827.93 3.04
12 21.408 1901685.2 109059.59 0.44
13 22.017 11124352 270194.80 2.55
14 22.675 612760.77 45637.971 0.14
15 23.467 11635590 404151.96 2.66
16 24.183 2355831.8 147876.64 0.54
17 24.542 5400032.5 243708.76 1.24
18 25.342 10400874 335652.15 2.38
19 25.658 7571824.9 346652.43 1.73
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Appendix L (cont’d..)

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

26.250
27.108
27.975
28.608

20.442

29.942
30.200
30.875
31.892
32.350
33.192
34.392
35.592
36.085
36.250
37.433
38.533
39.000
40.058
40.450
41.042
41.750
42.450
43.108

5880213.3
19483671

21144489

18605972
7018676.1
7824006.3
9006032.6
16471850
21101108
13863547
9844454.5
21973555
7069547.0
7120161.8
6702624.5
3660771.0
5608082.3
5948767.7
3339324.8
2660756.8
6833546.9
7660251.5
14211251
6782928.7

252631.58
648099.98
574136.09
508556.55
309037.48
369005.60
402400.54
619098.62

500738.80

445663.15
256755.98
498712.72
205091.62
312335.77
312038.34
124614.73
169578.81
196966.08
136595.03
132045.64
327469.27
282116.45
417147.81
192449.83

1.35
4.46
4.84
4.26
1.61
1.79
2.06
3.77
4.83
3.17
2.25
5.03
1.62
1.63
1.53
0.84
1.28
1.36
0.76
0.61
1.56
1.75
3.25
1.55
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Appendix L  (cont’d..)

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

Total

43.792
44.575
45.217
45.833
46.642
47.483
48.158
49.100
49.892
50.708
51.350
51.925
52.833
53.233
53.658
54.067
55.900
56.233

4681046.3
16960940
7190394.2
9907178.7
5261484.1
10412035
7223265.9
3534352.9
8826489.1
2416304.3
1069370.2
1335788.0
2123501.2
2195846.5
845667.57
288254.85
1877978.6
686271.43

4.37101E8

166754.38
746355.38
238310.13
317431.73
138795.27
358475.73
248952.90
155094.76
405815.89
95243.823
55074.460
46883.469
90930.950
106699.96
54133.422
28019.074
112466.71
54954.059

14945189

1.07
3.88
1.65
227
1.20
2.38
1.65
0.81
2.02
0.55
0.24
0.31
0.49
0.50
0.19
0.07
0.43
0.16
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Appendix M

Peak integration report for Figure 14

Peak |Retention time Peak area Peak height Area
number (minutes) (microvolt-sec) | (microvolt) | percent
1 4.058 >82040755 >980441.69 off scale
2 5.758 2061648.2 87340.604 0.89
3 11.125 17274846 228808.43 7.47
4 13.625 2015774.4 97893.846 0.87
5 14.342 1092237.2 72785.029 0.47
6 14.917 4147396.8 220602.42 1.79
7 15.833 4909379.4 207230.59 2.12
8 16.450 2126016.3 138447.30 0.92
9 18.033 5076072.6 141124.38 2.19
10 19.258 >36983889 >980453.37 off scale
11 20.100 12069909 338273.57 5.22
12 21.108 1171686.9 62150.009 0.51
13 21.742 8621818.1 229852.23 3.73
14 22.408 507202.35 37554.626 0.22
15 23.167 9593296.7 353396.93 4.15
16 24.250 3080736.4 169641.28 1.33
17 25.067 6116016.5 25284794 2.64
18 25.367 7419832.5 313061.04 3.21
19 25.950 5503855.7 223941.23 2.38
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Appendix M (cont’d..)

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Total

26.825
27.717
28.333
28.733
29.258
29.992
30.667
31.683
32.175
33.017
34.217
35.442
36.017
38.400
38.858
41.667
42.367
44.575
45.792
47.358

19446676
18038055
7767120.7
3584785.4
4619599.2
12710595
13014957
17473136
8258101.9
4579681.2
11340682
1709721.4
6110482.3
1216043.0
551907.87
1587016.1
1663492.6
3700189.7
500061.90
650262.23

2.31310E8

693805.66
473721.56
302365.82
212107.33
230673.94
319794.34
545436.09
444979.60
328337.11
164489.65
353939.58
67433.246
177001.38
67745.455
41986.828
82135.210
110396.04
263369.23
47538.286
53284.175

8155492.0

8.41
7.80
3.36
1.55
2.00
5.50
5.63
7.55
3.57
1.98
4.90
0.74
2.64
0.53
0.24
0.69
0.72
1.60
0.22
0.28
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Appendix N

Peak integration report for Figure 15

Peak |Retention time Peak area Peak height Area
number (minutes) (microvolt-sec) | (microvolt) percent
1 4.533 >38934051 >980441.33 off scale
2 4.783 >17371715 >980441.45 off scale
3 5.542 6575210.3 312216.20 1.04
4 6.167 24504471 641151.27 3.88
5 13.533 5161471.3 199105.88 0.82
6 15.692 2678391.3 164375.56 0.42
7 16.075 3207334.6 159830.61 0.51
8 16.742 79266589.1 315245.19 1.25
9 17.658 4419602.7 207124.62 0.70
10 18.150 1968884.8 123379.13 0.31
11 18.592 355916.74 30417.565 0.06
12 18.992 1252805.9 88116.418 0.20
13 19.608 5228886.1 138700.38 0.83
14 20.800 1997566.8 100250.14 0.32
15 21.633 27405770 842539.65 4.34
16 22.492 4760192.7 283584.03 0.75
17 22.817 7646446.1 332481.90 1.21
18 23.667 13679981 382544.44 2.16
19 24.375 3032588.8 138936.06 0.48
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Appendix N (cont'd..)

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

24.917
25.383
25.867
26.908
27.525
27.933
29.358
30.325
31.042
31.683
32.833
33.075
33.767
34.175
36.258
36.767
37.758
38.192
39.233
40.383
40.817
41.650
42.050
43.300

5642897.1
9070753.7
21307978
11210198
6057828.0
15401509
34817847
37436785
1134870.2
40079681
10937951
7290182.4
24924256
26225949
41048728
15188760

72091744

13999816
5518741.6
16651460
8389774.8
3601744.6
3609944.7
15923403

312126.44
342625.06
515030.92
342576.90
317927.52
558859.18
777554.96
954757.09
88192.235
934861.53
362814.59
376831.34
711248.36
640535.91
679203.23
433370.64
325379.05
407297.54
132864.13
472381.41
224735.17
157828.83
184768.46
505564.39

0.89
1.43
3.37
1.77
0.96
244
5.51
5.92
0.18
6.34
1.73
1.15
3.94
4.15
6.49
2.40
1.14
221
0.87
2.63
1.33
0.57
0.57
2.52

110



Appendix N (cont'd..)

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

Total

43.717
44.100
45.233
46.058
46.792
47.458
48.092
48.475
48.983
49.650
51.292
51.708
52.083
52.808
54.150
55.492
56.675
57.242

8593299.4
13528523
14308617
19901681

6073644.2
17649932

5184541.2

3927371.2
13807952

8176133.6

2695642.2

41652229

3698817.6

1322595.0
1021477.9

528051.05

2165464.5

929802.34

6.32161E8

362859.65
347503.58
338703.91
723579.02
186556.36
732717.36
224949.74
224408.18
489152.97
404346.87
181417.49
181423.33
151510.73
44251.090
56828.267
48001.176
145948.31
86169.849

20149762

1.36
2.14
2.26
3.15
0.91
2.79
0.82
0.62
2.18
1.29
0.43
0.66
0.59
0.21
0.16
0.08
0.34
0.15
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Appendix O

Peak integration report for Figure 16

Peak area

Peak height

(microvolt-sec) | (microvolt)

Peak |Retention time
=r_1=umber (minutes)

1 4.517

2 5.450

3 7.108

4 12.292
5 12.800
6 14.733
7 15.567
8 16.208
9 17.192
10 17.700
11 18.142
12 18.492
13 18.983
14 19.475
15 20.233
16 20.917
17 21.525
18 22.425
19 23.242

>58165743
47743893
1628426.2
25261924
16517796
760269.53
15223910
12978607
11132823
4550843.1
4201950.3
3107523.5
7805076.0
9029886.8
8749401.6
>60867354
1349587.7
17685811
27305854

>980450.87
874575.72
63862.570
126806.99
280754.60
52340.037
359503.55
434217.27
393225.00
224807.05
201648.02
182786.72
311828.77
268230.11
254627.38

>980457 .42
84038.864
498385.61
524148.17

Area
percent

off scale
4.04
0.14
0.21
1.40
0.06
1.29
1.10
0.94
0.39
0.36
0.26
0.66
0.76
0.74

off scale
0.11
1.50
2.31
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Appendix O (cont'd..)

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

23.992
24.558
24.917
25.475
25.658
26.533
27.175
28.658
29.092
30.050
30.767
31.450
32.550
33.317
33.875
34.658
35.867
36.492
36.767
37.408
37.858
38.942
40.050
40.533

561133.66
9835093.3
13656934
11835335
9608746.3
23363438
31580072
27469796
29531633
28464509
12675985
45918598
25911017
65746013
2129129.8
2072511105
71680364
797675.69
1583890.2
13064391
30117582
16344178
26457288
17260802

36602.382
495123.56
498758.02
557197.76
544687.46
587026.31
631089.05
797162.03
750803.44
912120.33
522305.31
902105.80
696514.93
902567.85
96894.753
535251.44
919489.85
61837.204
98746.550
594053.10
714609.95
355910.70
677159.27
503325.88

0.05
0.83
1.16
1.00
0.81
1.98
2.67
2.33
2.50
241
1.07
3.89
2.19
5.57
0.18
1.75
6.07
0.07
0.13
1.11
2.55
1.38
2.24
1.46
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Appendix O (cont'd..)

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

41.342
42.967
43.750
44.225
44.875
45.733
46.500
47.150
47.783
48.200
48.692
49.350
50.133
51.025
51.358
51.942
53.092
53.950
54.425
55.233
56.467
57.058
57.842
59.225

22895867
35885569
42077087
360041.41
30919508
>36538561
20718195
26656134
15460259
9693331.5
26829047
36131545
1296954.5
15035026
10296693
20325859
15760686
14404956
14742209
12537804
17042375
15082275
11119727
5238771.9

462647.49
705687.96
673525.77
32306.079
648805.10
>980457.66
560217.33
829215.63
578568.41
516781.75
868375.40
740120.98
38867.478
633099.51
476608.81
433231.88
365907.36
406203.91
354457.90
327089.83
458450.01
534282.75
322046.80
206316.14

1.94
3.04
3.56
0.03
2.62
off scale
1.75
2.26
1.31
0.82
2.27
3.06
0.11
1.27
0.87
1.72
1.33
1.22
1.25
1.06
1.44
1.28
0.94
0.44
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Appendix O (cont’d..)

68
69
70
71
72
73
74
75

Total

59.825
60.267
60.708
61.483
61.917
62.450
62.975
65.633

2571973.0
7290900.5
7362701.7
797124.88
1600540.6
2143773.9
5941757.3
4093336.3

1.18093E9

142461.32
335205.59
215984.49
41850.214
81380.019
112123.50
210298.21
140938.78

30980186

0.22
0.62
0.62
0.07
0.14
0.18
0.50
0.35
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Appendix P

Peak integration report for Figure 17

Peak |Retention time Peak area
number (minutes) (microvolt-sec)

1 4.817 >54743940
2 11.142 3508235.6
3 15.108 10361492
4 17.767 988116.91
5 18.342 3665923.7
6 20.283 >65876705
7 21.850 12857025
8 23.308 5249737.2
9 23.942 10386086
10 24.583 14275520
11 25.500 13780194
12 26.042 7299963.8
13 26.583 19872360
14 27.908 44174149
15 29.117 22115873
16 30.017 8929539.3
17 30.683 44866707
18 32.533 49918981
19 33.100 32815306

Peak height
(microvolt)

>980449.20
55614.955
143115.78
46954.757
84521.542

>980451.46
246009.14
239594.49
308723.01
408986.14
420345.71
328942.58
532332.60
834054.21
674210.99
351965.71
779548.62
854500.16
648466.66

Area
percent

off scale
0.48
141
0.13
0.50

off scale
1.75
0.72
1.42
1.95
1.88
1.00
271
6.03
3.02
1.22
6.12
6.81
4.48
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Appendix P (cont’d..)

20

21

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

35.075
35.917
36.633
37.167
38.325
39.342
39.917
40.467
40.833
41.508
42.442
42.950
43.225
44.525
45.367
46.133
46.850
47.567
47.975
48.517
49.258
50.217
50.967
52.017

45107391
18575273
10851606
21411117
7990624.4
20085628
8836642.8
7459280.8
11113834
5981130.7
22166237
9409749.7
175589089
28653796
>34082743
16815881
19116544
10388669
6830754.5
19608617
16192067
8771513.5
16616763
13211542

831219.18
469441.23
413399.03
427696.88
226081.40
584673.71
320043.84
307017.48
321219.12
232711.82
556950.16
470156.25
463743.74
501559.56
>980448.84
475948.99
476269.42
391813.80
343346.04
573172.40
519316.97
227961.33
465273.55
269772.92

6.16
2.54
1.48
2.92
1.09
2.74
1.21
1.02
1.52
0.82
3.03
1.28
2.40
3.91
off scale
2.29
2.61
1.42
0.93
2.68
2.21
1.20
2.27
1.80
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Appendix P (cont'd..)

44
45
46
47
48
49
50
51
52
53
54
55

Total

53.250
54.267
54.767
55.700
56.958
57.558
58.367
59.675
60.650
61.025
63.342
64.067

8728213.9
7852616.7
8775261.5
6343179.8
10044781
9073402.1
4126177.5
1215687.7
4544218.8
1972692.8
1415307.5
822461.98

7.32733E8

211724.66
221643.71
199173.24
176797.05
298319.73
361073.89
180234.33
86236.368
219473.39
121253.62
85179.220
60471.780

19048257

1.19
1.07
1.20
0.87
1.37
1.24
0.56
0.17
0.62
0.27
0.19
0.11
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