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Abstract

Various enzymatic modifications are applied to proteins and peptides during
food processing. Treatment with microbial transglutaminase (TGase) can lead to
improvements in the physicochemical properties of food proteins by introducing
inter- and intra-molecular cross-links between amino acids. However, the effect of
the polymerization of proteins/peptides with TGase on their biofunctional properties
is still relatively unexplored. The aim of this research was to determine the effect of
TGase treatment in conjunction with enzymatic hydrolysis on the physicochemical
and bioactive properties of sodium caseinate (NaCN).

NaCN was treated with TGase prior to and after hydrolysis with a Bacillus
proteinase, Prolyve, leading to hydrolysate samples TGase/Prolyve and
Prolyve/TGase, respectively. The non-TGase-treated sample was submitted to
hydrolysis with Prolyve (Prolyve) and intact NaCN was used as a control. The
degree of hydrolysis (DH) of the samples was ~ 17%. The physicochemical
properties were characterized chromatographically, using gel permeation (GPC) and
reverse phase (RP) approaches, showing similar profiles between the three
hydrolysates generated. The hydrolysates were submitted to simulated
gastrointestinal digestion and reached DH% values of ~ 33% showing no significant
differences between samples.

The in vitro dipeptidyl peptidase IV (DPP-1V) and angiotensin converting
enzyme (ACE) inhibitory activity of the hydrolysates was significantly higher in
comparison with intact NaCN. However, no significant differences were found
between the TGase treated and non-TGase treated samples. Similar results were
found with the in vitro antioxidant activities. At a cellular level some specific
differences were found in cell proliferation depending on the cell line studied. The
three hydrolysates had the ability to inhibit the production of the interleukin-6 (IL-6)
cytokine, which suggested an anti-inflammatory activity. The three hydrolysates
demonstrated cytotoxic properties in the carcinogenic Caco-2, HepG2 and MCF-7
cell lines and induced apoptosis in the U937 cell line.

The hydrolysates were tested for their transport/bioavailability using the
Caco-2 cell monolayer model. The percentage peptide permeation observed was
between 2-5%, which is similar to the results reported in literature. The contents in
the basolateral chambers of the cells incubated for 2 h with the hydrolysates were
collected and freeze-dried. RP-HPLC analysis showed hydrolysate-dependent
differences in the profiles. The highest oxygen radical antioxidant capacity (ORAC)
activity was observed in the basolateral fluid obtained from the Prolyve/TGase
treated cells. Ultra-performance liquid chromatography (UPLC) - mass-spectrometry
analysis (MS/MS) of the basolateral contents of the Prolyve/TGase treated cells
revealed that a high number of peptides were translocated across the Caco-2 cell
membrane. Among these, a total of 124 peptides were previously reported as
bioactive mainly displaying antioxidant, ACE and DPP-IV inhibitory activity.

The results presented above indicate that, depending on the order of cross-
linking, prior or following to hydrolysis, TGase-treated NaCN hydrolysates may
have potential as multifunctional food ingredients.
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1.1 Enzymatic modification of proteins and peptides with transglutaminase
(TGase)

1.1.1 Abstract

Different methods of protein modification are constantly being developed which may
afford better quality products for an increasingly demanding market. Protein cross-
linking is a method of polymerization which is gaining popularity in the food
industry due to the ability to create intra- or inter-molecular links between amino
acids and therefore to change the structure of the protein resulting in modified
physicochemical properties. In particular, the enzyme transglutaminase (TGase) can
create isopeptide bonds between the amino acids Lys and Gln in proteins. TGase has
been applied to dairy, meat, fish and vegetable proteins and it forms polymers that
can improve texture, color, appearance, gelation and emulsification properties of the
resultant products. The protein polymers generated have also been applied in the
formation of food films and for oil encapsulation. Some studies have also reported
that the combination of cross-linking treatment with the hydrolysis of proteins may
create new bioactive compounds with potential to be used as nutraceutical/functional
food ingredients. This review examines the evidence regarding the potential techno-
and biofunctional applications of TGase mediated protein and peptide cross-linking

in the food industry.
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1.1.2 Introduction

The current life style in Western societies has changed dietary patterns of consumers
which is now becoming increasingly dominated by fast food and ready-to-eat meals.
Poor nutrition and lack of physical activity has led to an increase in certain illnesses
such as obesity, diabetes and cardiovascular diseases which are the main causes of
mortality in developed countries (WHO, 2013). Consumers are increasingly aware of
the need for a healthy diet and lifestyle. The high consumer demand for functional
foods has stimulated the food industry to create new products. The food industry is
therefore in continuous evolution developing new methods and processes in order to
obtain not only nutritious and functional but also biofunctional products for the

market.

Bioactive peptides (BAPs) have been widely studied and products containing
BAPs have been introduced in the pharmaceutical and functional foods market.
BAPs may be considered as natural health enhancers generally obtained from the
hydrolysis of proteins. Hydrolysis is achieved during digestion in the gastrointestinal
tract, during fermentation or by the use of food-grade proteolytic enzymes that
release peptides from the parent protein (Korhonen and Pihlanto 2006). These
peptides may be generated from different protein sources and they possess a wide
range of bioactivities that may contribute to the improvement of human health e.g.
antioxidant, antihypertensive, anti-diabetic or anti-inflammatory activities (Pihlanto
2006, Power et al. 2014, Nongonierma and FitzGerald 2015, Nongonierma et al.
2016).

Different approaches are currently being studied to obtain new biofunctional
peptides such as the generation of Maillard reaction products or the application of
high pressure treatments (Schuh et al. 2010, Jiang et al. 2013). The enzymatic cross-
linking of proteins, which introduces covalent bonds between proteins or peptides,
has also been studied for the generation of BAPs. Cross-linking changes the
structural characteristics of the final product. Furthermore, cross-linking treatment
may generate new bioactive peptides when combined with enzymatic hydrolysis

(Heck et al. 2012).
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This review focuses on the cross-linking processes used in the food industry,
particularly using TGase and its effect on the technofunctional as well as the
biofunctional properties of peptides. Furthermore, the possible uses of TGase in the

food industry are reviewed.

1.1.3 Cross-linking of food proteins

The concept of cross-linking refers to the creation of new covalent bonds
between proteins (or peptides) thereby modifying and/or improving their techno- and
biofunctional properties. This allows the food industry to create or enhance the
characteristics of existing or new products. For instance, TGase, a cross-linking
enzyme, is commonly called “meat-glue” due to its capacity to introduce covalent
cross links between the proteins in meat pieces, resulting in better appearance,

organoleptic properties or higher quality protein (Figure 1.1).

Figure 1.1 Cross-linking effect of microbial transglutaminase on chicken and beef
(left) and salmon and tuna (right).

There are two main types of cross-link reactions used in food processing depending
on whether the cross-linking agent is of chemical or enzymatic origin. Chemical
cross-linking is performed by the use of reagents that are able to derivatise protein
chains and create links such as disulfide bonds between them (Chen et al. 2011).
Although these reagents are commercially available, some of them are not food-

grade and therefore, not allowed for use in the food industry. The most common
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reagents used for chemical cross-linking of proteins are glutaraldehyde (Migneault et
al. 2004) and formaldehyde (Gerrard 2002). Although chemical cross-linkers are
restricted to some food processes, they are more and more being used in the
generation of protein films and coatings in the food industry (Biscarat et al. 2015).
Cross-linking can also be performed enzymatically. Transferases and transpeptidases
produce a direct covalent bond between proteins whereas oxidoreductases create the
links indirectly via reactive species. For example, the enzyme tyrosinase (EC
1.14.18.1), responsible for the browning reaction in fruits and vegetables, uses a two-
step process where it first oxidizes a phenolic compound and the resulting oxidized
phenol can create a covalent link between proteins. In a study carried out by
Thalmann and Lotzbeyer (2002), tyrosinase was shown to cross-link a-lactalbumin
and B-lactoglobulin in the presence of caffeic acid. Although the enzyme is able to
cross-link amino acids by itself, the presence of phenolic compounds facilitates the
reaction. Laccases (EC 1.10.3.2) are another group of oxidoreductases that use a
method of action similar to tyrosinases to catalyse cross-links (Struch et al. 2015).
Oxidoreductases are often used when the composition of the food proteins are not
suitable for the application of transferases or hydrolases, for instance, during the
polymerization of some gelatins with low GIn contents (Jus et al. 2012).
Transpeptidases are able to cross-link proteins via transpeptidation reaction. Sortase
A (EC 3.4.22.70), a transpeptidase from Staphylococcus aureus, is found in the
bacterial cell wall, and is used in the formation of the pili and to polymerize proteins
added to the cell wall (Spirig et al. 2011). Finally, TGase is probably the most
widely used cross-linking enzyme and it belongs to the transferase family.
Transferases are enzymes that catalyse a transfer reaction between a donor and an
acceptor molecule. In particular, TGase catalyses a transamidation reaction between
Gln and Lys residues in proteins creating isopeptide bonds leading to the cross-

linkage (Motoki and Nio 1983).
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Figure 1.2. Structure of microbial transglutaminase (TGase).
Taken from Yokoyama ef al. (2004).

1.1.4 TGase: characteristics and methods of action.

TGase characteristics

As already stated, TGase (EC 2.3.2.13), is a y-glutamyltransferase, which
belongs to the transferase family. TGase activity has been found in microorganisms,
plants, invertebrates, amphibians, fish and birds (Beninati and Piacentini 2004).
Among these, Factor XIII (human TGase) and Guinea pig liver TGase were the most
characterized TGase’s in the 1970s. However, these enzymes were calcium
dependent, resulting in their precipitation in some foods such as casein and myosin
(Mariniello et al. 2008). The difficulties in the production and application of
eukaryotic TGase led to the discovery of an alternative TGase. In the late 1980s a
microbial TGase was obtained from Streptovermicillium spp. with many benefits.
This microbial TGase is easy to obtain, food friendly and non-calcium dependent and
thus can be used in different food matrices (Mariniello et al. 2008). The industrial
production of non-calcium dependent TGase is achieved using Streptovermicillium
mobaraense. However, more recently other microbial sources of TGase have been
investigated such as Streptomyces platensis and Streptomyces hygroscopicus (Lin et

al. 2006, Liu et al. 2011, Liu et al. 2015).
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TGase from Streptovermicillium mobaraense is a single polypeptide chain
with 331 amino acids having a molecular mass of 37.8 kDa. It has a globular
conformation and has a mainly hydrophilic surface, although some hydrophobic
regions are also found on the surface of the enzyme (Kanaji et al. 1993). The
secondary structure is composed of 11 a-helix and 8 B strands (Figure 1.2)
concentrated at the amino and carboxy ends of the protein, respectively (Kashiwagi
et al. 2002). The tertiary structure described by Kashiwagi et al. (2002) has a plate-
like shape with one deep cleft at the edge of the molecule. While the tertiary
structure of microbial TGase is completely different from that of the Factor XIII
(human TGase), it was found to share very similar secondary structure. This implies
a functional relationship between the enzymes (Kashiwagi et al. 2002). Its active
centre is composed of three amino acids, Cys, His and Asp or Asn. The reaction
catalysed by TGase is optimal at 37°C and at pHs between 6 and 7 (Ando et al.
1989). However, microbial TGase is still active at temperatures around 10 °C

(Yokoyama et al. 2004).

Microbial TGase reactions and mechanism

TGase catalyzes three different reactions; cross-linking, amine incorporation

and deamidation (Ozrenk 2006).

Figure 1.3 Transglutaminase (TGase) catalysed reactions: A. Acyl transfer reaction,
B. Cross-linking reaction, C. Deamidation. Taken from Jaros et al. (2006).
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Amine incorporation

When the protein is rich in g-amino groups such as in Lys residues, these are
directly involved in the cross-linking reaction with TGase forming isopeptide bonds.
However, if the Lys groups are blocked or unavailable, polymerization does not
occur and the acyl transfer reaction takes place by the incorporation of free amines
(Figure 1.3A). By means of a maleylation process, lkura et al. (1984) was able to
block the Lys residues in og- and B-casein and no polymerization was found on
subsequent incubation with TGase. This reaction allows the use of TGase to
incorporate amino acids into the food matrix and potentially improve the nutritional

value of the resultant products (Nonaka et al. 1996).

Cross-linking

The cross-linking reaction is an acyl transfer reaction in which the &-
carboxyamide group of a Gln residue, the acyl donor, interacts with the e-amino
group of Lys residues, the acyl acceptor, resulting in a e-(5-glutaminyl) Lys
isopeptide bond (Figure 1.3B). As a result, TGase creates intra and intermolecular
links between amino acids resulting in protein polymerization. Microbial TGase
possesses a catalytic triad consisting of one Cys®, one Asp> and one His*"* residue.
The mechanism of reaction is still unclear, but Kashiwagi et al. (2002) proposed that
TGase exerts its function in six different steps (Figure 1.4). Initially the Cys residue
attacks the acyl donor GIn (Figure 1.4A). Asp then donates a proton and an
acyl/enzyme complex is created (Figure 1.4B). The Asp ion now attacks a Lys
residue that will react with the acyl/enzyme (Figure 1.4C). During the next step the
acyl/enzyme is released and the side chain of Asp attacks the acyl acceptor (Figure
1.4D). This results in an isopeptide bond between Gln and Lys (Figures. 1.4E and
1.4F). The His>"* residue is not essential for the reaction since the substitution of His
by Ala showed that only half of the enzyme activity was lost (Kashiwagi et al. 2002).
The resulting isopeptide bonds contribute to the formation of a stable protein
network via inter- and intramolecular cross-links. The intermolecular bonds are
formed within proteins. When intramolecular bonds are formed it creates a complex

protein network (Mariniello et al. 2007).




‘ Enzymatic modification of proteins and peptides with transglutaminase (TGase)

His274 B s
AsSpEss "“pﬁs
S ys6d Cyshd
N N1 0701 j Ny N-H—0T"0-H g
AV ef'g B
. /(:ln " }q_c{(}ln
N o
H
- l E o T
Hisg274 His274
Aspl55 AspZss
S A ysod H "ystid
Ny N1 0704 ‘)S Ny N—H- 07 0-H q)
S 3
(zln _~Gln
B H-N—C
& /
Ijll (8] Lys :)%
) D
Tlis274 is2T4
Asplss Aspl5s
5 vsid 5 yshd
NVN_“_......()@(\U . ) - NWN—H----—-{‘I-’('\O : j
1 1
- H N
Ha.rfll l)}-\(.}ln ||—|~(\/(-J%\Gln
H Lys

Figure 1.4 Hypothetical mechanism of TGase. Proposed by Kashiwagi et al. (2002).

Deamidation

TGase catalyses the hydrolysis of the y-carboxyamide group of Gln residues,
resulting in deamidation (DeJong and Koppelman 2002) (Figure 1.3C). This reaction
is limited by the amino acid composition of the substrate. It is produced when the
substrate has a high content of Gln residues and few Lys residues. In such cases, the
cross-linking reaction does not occur between Lys and GIn and therefore
deamidation takes place. Deamidation is the main reaction in substrates with these
characteristics such as gluten proteins (Agyare et al. 2009). Furthermore, if the
primary amine groups are blocked, the cross-linking reaction is inhibited and
deamidation occurs instead (Motoki and Nio 1983). Deamidation supresses
polymerisation via cross-linking and extensive deamidation may increase protein
solubility, emulsification and foaming properties (Babiker ef al. 1996). A study by
Hong and Xiong (2012) using porcine myofibrillar proteins reported that the

deamidation reaction occurs at low pH whereas the cross-linking reaction is
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dominant at higher pH. Another study found that during the first 30 min of skim milk
protein incubation with TGase, the cross-linking reaction was dominant while
deamidation and/or amine incorporation were favored after 30 min incubation

(Sharma et al. 2001).

1.1.5 Physicochemical changes exerted by TGase in food proteins/hydrolysates

The dietary intake of proteins is necessary from a nutritional point of view
due to the extensive number of functions that proteins perform in the organism.
These functions include enzymatic, hormonal, regulator, defensive and transport
activities. Apart from the nutritional characteristics, proteins are responsible, in part,
for the physicochemical and organoleptic properties of food. Gelation, solubility,
foaming or emulsion properties are some of the functions of proteins in food and

these depend on the quality and structure of the proteins.

The addition of TGase to fish proteins has been demonstrated to be very
efficient in the formation of more rigid and stronger gels which are used in the
production of fish derived products such as surimi (Cardoso ef al. 2011, Kaewudom
et al. 2012, Yaqin Hu et al. 2015). These gels can be enhanced when thermal
treatments are applied in combination with TGase due to the combined formation of
isopeptide bonds (Figure 1.5), disulphide bonds and hydrophobic interactions
(Herranz et al. 2013). TGase has been shown to improve the rheological capacity of
pea protein isolate (PPI) gels by increasing gel strength and elasticity (Shand et al.
2008). However, not all proteins are susceptible to cross-linking with TGase, the
structure of the substrate strongly affects TGase activity. It is been reported that
some proteins such as pea albumin, despite possessing a high content of Lys and
Gln, are not good substrates for TGase (Djoullah et al. 2015). It would appear that
the conformation of this protein prevents its interaction with the active centre of
TGase. In contrast, the conformation of globular pea proteins permits the enzyme to
access the amino acid residues allowing polymerisation to take place. A study from
Al-Saadi ef al. (2014) showed that goat milk caseins were more efficiently cross-
linked by TGase than whey proteins. Furthermore, - and B-caseins from bovine
milk were more susceptible to TGase-induced crosslinking than a-casein (Sharma et

al. 2001). Thereby, the efficiency of TGase appears to depend directly on the
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conformation of the protein. The TGase-induced gelation of soya or pea proteins
allows the creation of foods such as vegetarian sausages. However, TGase was not
effective in soup applications due to polymerisation of the ingredients creating
undesirable lumps (Jaros et al. 2010). The production of low fat and low salt
products is associated with various issues regarding rheological properties which in
turn influence organoleptic characteristics. Consumers reject these kind of products
alleging a lack of texture and flavour. However, the use of TGase in addition with
sodium caseinate (NaCN) or low fat milk powder in low fat poultry for the
production of kebabs avoided the appearance of non-uniform pieces and improved
the texture and therefore, the organoleptic quality (Askin and Kilic 2009). The
addition of TGase during yogurt production instead of additional fat and protein or
stabilisators improved the chemical and sensory properties of low fat yogurt (Ozer et
al. 2007). The formation of polymers with TGase in cheese and yogurt also
improves the water holding capacity due to the extensive protein network and
therefore avoids undesirable syneresis (Farnsworth et al. 2006) (Figure 1.6).
However, the network of proteins formed produce high proteolysis resistance,
therefore, the fermentation process of cheese or yogurt takes longer and it is not as
effective as non-cross-linked products (Ozer et al. 2007). Despite the fact that gluten
proteins are not rich in Lys, which is required for cross-linking by TGase; gluten is a
good substrate for TGase deamidation. This reaction improves rheological
properties such as gelation, texture and water holding capacity and is being applied,
for instance, in the improvement of pasta dough (Wu and Corke 2005, Wang et al.
2007).

Figure 1.5 Representation of the isopeptide bond.
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One of the negative points after cross-linking is the reduced digestibility of the
resultant products. The protein polymers formed are reported to possess a high
resistance to proteinases. This, in turn, may prevent the digestive enzymes in the
stomach breaking down proteins resulting in poor digestibility. Zhang and Zhao
(2013) reported that a TGase cross-linked soy-bean gel had low digestibility

compared to the non-cross-linked soy proteins.

Figure 1.6 Visible physicochemical changes (improvement on water retention and gel
strength) in cheese following transglutaminase (TGase) treatment. Non cross-linked cheese
(left) and TGase cross-linked cheese (right). Taken from
http://www.bdfingredients.com/en/transglutaminase-products/probind/dairy.html

The enzymatic hydrolysis of proteins is a common process in the food
industry. Proteins are submitted to proteolytic enzymes that hydrolyze and release
peptides and free amino acids. The hydrolysates generated are used to modify the
composition of different food products. For example, the use of hydrolysates from
casein in yogurt improved the viscosity and reduced the syneresis of the final
product (Farnsworth ef al. 2006). Flanagan and FitzGerald (2003) reported that the
combination of TGase and hydrolysis in NaCN solution resulted in higher viscosity
and significantly improved its emulsification and foaming properties. Furthermore,
TGase treatment increased the heat stability and nitrogen solubility of NaCN
(Flanagan et al. 2003). The combination of TGase treatment together with the
Maillard reaction in soybean hydrolysates improved sensory properties such as
umami, mouthfulness, continuity, meaty flavour and overall acceptance (Song et al.
2013). The emulsifying properties of fish protein hydrolysates were also enhanced
when the samples were incubated with TGase prior to and after hydrolysis. In

particular the most effective combination resulted when TGase was added after
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hydrolysis (Hu et al. 2011). In a study by O’Sullivan and FitzGerald (2012) the
authors stated that the order of TGase cross-linking and hydrolysis in NaCN
hydrolysates had no effect on the physicochemical properties tested such as extent

of hydrolysis or chromatographic profile.

1.1.6 Potential health benefits of TGase in food protein hydrolysates

Many hydrolysates/peptides have been shown to demonstrate biofunctional
activities that may have benefits for human health enhancement. Bioactive peptides
have potential as antioxidant, anti-inflammatory, anticancer and antihypertensive
agents (Segura-Campos et al. 2011). The combination of protein cross-linking and
hydrolysis may improve or create new biofunctional peptides. The change of
protein/peptide structure by the formation of covalent isopeptide bonds and the
additional hydrolysis of the product may create new peptide structures. Thus, new
biofunctional products may be created. There is a limited amount of information in
the literature on the potential health benefits of hydrolysis and TGase cross-linking,

however, some studies have reported a positive effect.

Figure 1.7 Schematic representation of cross-linking and hydrolysis

A study using milk proteins and different cross-linking enzymes showed that
oxidoreductases such as laccase, lactoperoxidase and glucose oxidase were able to
improve the antioxidant activity of the proteins whereas TGase did not have any
effect (Hiller and Lorenzen 2009). A study with soybean peptides reported no effect
on antioxidant activity, using the 2,2-Diphenyl-1-picrylhydrazyl (DPPH) and ferric

reducing antioxidant power activity (FRAP) assays, when the peptide sample was
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cross-linked with TGase (Song et al. 2013). Similar results were reported by Fan et
al. (2005), where gels made with peptic hydrolysates of soy protein did not improve
their DPPH activity with the addition of TGase, although the rheological properties
were improved. The addition of TGase to glycopeptides from fish gelatin, obtained
by glycosylation and proteolytic hydrolysis with Alcalase, showed that cross-linked
peptides improved cellular antioxidant activity and inhibited lipid oxidation in
comparison with non-cross-linked peptides (Hong et al. 2014). However, as it was
seen in other studies, DPPH radical scavenging activity was not changed between the
samples (Hong et al. 2014). Similar trends were demonstrated in results reported by
Gottardi ef al. (2014) where Alcalase gluten hydrolysates glycosylated with TGase
did not improve the DPPH activity values in comparison with non TGase treated
hydrolysates. In both cases glucosamine (GIcN), an amino sugar possessing a free
amino group, was used as an amine donor which allowed TGase to cross-link its a-
amino group to a Gln-containing peptide. From these results, it seems that the
antioxidant potential of the hydrolysates is related more to the hydrolysis process
rather than the cross-linking process. O’Sullivan et al. (2013) reported no significant
differences in glutathione content in Jurkat T cells incubated with NaCN
hydrolysates treated with TGase prior to and post hydrolysis. However, the
production of the anti-inflammatory cytokines interleukin-2 (IL-2) and IL-10
decreased significantly when NaCN was incubated with TGase prior to enzymatic
hydrolysis. Therefore, it seems that TGase treatment could play a potential role in
creating immunomodulatory peptides. Some studies have reported the ability of milk
protein hydrolysates to induce anticancer activities (Sah et al. 2015). However, a
study performed by Jeong and Hong (2012) using a-lactalbumin against three
different types of cancer cells, reported that the addition of TGase decreased

anticancer activity.

Treatment with TGase appears to produce protein networks or hydrolysates
which are more resistant to proteolysis. TGase creates a network between amino acid
residues that changes the conformation of the protein/hydrolysates therefore the
proteinases are not able to cleave the specific amino acids and the hydrolysis reaction
is limited. Monogioudi et al. (2011) reported that TGase cross-linked B-casein was
more resistant to pepsin hydrolysis than the parent protein. This trend was found with

other protein sources such as soy protein isolates (Tang et al. 2006) and egg-derived
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proteins (Ma et al. 2015). Evaluation of the resistance to proteolysis is considered an
important tool to determine the allergenic potential of proteins (Villas-Boas et al.
2012). The antigenic determinants of proteins, usually consisting of six to seven
amino acid residues, generally contain Lys, Arg, Asp and/or GIn (Otani and Hosono
1987). Studies have reported contradictory results concerning the antigenicity of
proteins polymerised with TGase. Treatment of pasta dough with TGase did not
change the immunoreactivity of the gliadin for celiac patients (Ruh et al. 2014).
TGase cross-linked casein did not have an effect on antigenicity reduction (Stanic et
al. 2010, O’Sullivan and FitzGerald 2012, O’Sullivan et al. 2013). The antigenic
properties of B-lactoglobulin were found unchanged when cross-linked with TGase
after hydrolysis with three different proteolytic enzymes (Sabadin ef al. 2012). No
antigenic response was found either when egg white protein and ovoalbumin
hydrolysates were cross-linked with TGase and treated with high pressures (Ma et al.
2015). On the other hand, Wroblewska et al. (2008) and Villas-Boas et al. (2015)
reported that the polymerisation of B-lactoglobulin hydrolysates with TGase reduced
the immunoreactive properties of the hydrolysates. In particular, it was proposed that
cross-linking may change the structure of proteins in the epitope region responsible
for the allergic reaction and therefore the affinity to bind immunoglobulin E (IgE)
was decreased in allergic patients’ sera. Similar results were found in bovine casein
proteins obtained from fermented milk beverages, the addition of TGase was directly
related with the suppression of casein allergenicity (Wroblewska et al. 2009,

Wroéblewska et al. 2013).

1.1.7 Industrial applications of TGase

TGase has been recognised as Generally Regarded As Safe (GRAS) by the
Food and Drug Administration (FDA, USA), and it is currently being investigated
by the European Food Safety Authority (EFSA). Currently, EFSA allows TGase
use as a food processing aid (Regulation (EC) 1332/2008). Table 1.1. summarises
some reviews on different uses of TGase in the food industry. Due to the
generation of isopeptide bonds, TGase can modify properties such as solubility
(Hu et al. 2015), gelation (Romeih et al. 2014), emulsification (Flanagan et al.
2003), foaming (Babiker et al. 1996), water-holding capacity (Aaltonen et al.
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2014) and viscosity (Flanagan and FitzGerald 2003) in different protein substrates.
Furthermore, it can improve food quality by the addition of essential amino acids
and helps in the generation of low-fat, low-salt foods. In the baking industry,
TGase is used to improve the physicochemical and technological properties of
dough or the texture of bread and pasta (Moore et al. 2006). TGase is also used in
the generation of gluten-free bread. The addition of guar gum and TGase to rice
flour produced a high quality gluten free bread with good sensory properties
(Mohammadi et al. 2015). Furthermore, TGase has been used to generate gluten
free drinks by cross-linking gluten peptides which are subsequently removed by
filtration (Wieser and Koehler 2012). The application of TGase may be very useful
in the production of vegetarian products which show negative sensory properties.
Ingredients such as soy or pea protein isolates are commonly applied in the
production of meat-free products for vegetarian consumers. The gels formed by
polymerisation with TGase can improve the organoleptic and techno-functional
properties of the vegetarian products (Dube et al. 2007). TGase has also been used
to restructure tilapia fish parts (Monteiro et al. 2015, Wongthahan and
Thawornchinsombut 2015) and to produce low salt crab gels (Martinez et al.
2014). Fish such as tuna or mackerel contain high levels of free amino acids. The
decarboxylation of these amino acids forms biogenic amines which are considered
harmful for humans (Punakivi et al. 2006). Some authors suggest that TGase
treatment is capable of polymerising the free amino acids and therefore help to
avoid or retard the formation of biogenic amines (Punakivi ef al. 2006, Yerlikaya
et al. 2015). In the meat industry, TGase is frequently used to restructure low value
meat parts (Kuraishi et al. 1997, Romero de Avila et al. 2010) and create low fat
and low salt products (Hemung 2015). The polymers formed when TGase is added
to yogurt produce a network of proteins that increase water holding capacity of the
gel thus improving yogurt texture and minimising syneresis. The generation of low
fat or reduced fat dairy products such as ice cream and cheese may also be
enhanced using TGase (Farnsworth et al. 2006, Ozer et al. 2007, Ozer et al. 2013).
TGase can be applied in the production of biofilms for food and
pharmaceutical usage (Mariniello et al. 2014). Edible protein-based films are more
resistant than those created with polysaccharides or lipids. The production of these
biodegradable films has been promoted due to the increased awareness by

consumers about environmental contamination with packaging materials. The
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edible polymers formed must have specific properties such as water solubility,
thickness, flexibility and vapour permeability (Oh ef al. 2004). It has been reported
that TGase cross-linking reduces the permeability of the film layers and blocks
oxygen permeability or water transmission through whey protein films (Schmid et
al. 2014).

The consumption of vegetables and marine products rich in ®-3 and -6 fatty
acids is low in many parts of the world. One of the main techniques for lipid
supplementation is the microencapsulation of oils. The microencapsulation of oils
with antioxidant compounds can minimize the alteration of these fatty acids due to
oxidation and rancidity. The polymerization of casein with TGase produces a
hydrogel that can be used for the microencapsulation of algae-oils (Bao et al. 2011,
Mora-Gutierrez et al. 2014). Casein hydrogels have also been applied in the
encapsulation of probiotics resulting in the maintenance of viability and an
improvement in survival against gastric digestion (Heidebach et al. 2009).

The complex formed by the action of TGase and gelatine leads to a product
that can be used as a surgical sealant. The gelatine-TGase adhesive confers greater
bonding strength than other sealants (Liu et al. 2009, Duarte et al. 2012, Yu et al.
2015).

Table 1.1 Literature reviews in relation to the characteristics, production and applications of microbial
transglutaminase (TGase).

Main topic Authors

Nielsen (1995), Chiya et al. (1996), Katsuya et
al. (1996), Motoki and Seguro (1998), Kuraishi et
al. (2001), DeJong and Koppelman (2002), Zhu
and Tramper (2008), Shleikin and Danilov
(2011), Kieliszek and Misiewicz (2013), Strop

Characteristics and methods of action

(2014)
Wieser and Koehler (2012), Lerner and Matthias
Gluten
(2015)
Low salt Low fat products Lee and Chin (2010) (In Korean)
Dairy Jaros et al. (2006), Ozrenk (2006)
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Fish and seafood Kumazawa (2002) (In Japanese)

Vegetable products Dube et al. (2007)

Zhang et al. (2010) Kieliszek and Misiewicz

Recombinant TGase production (2013)

Biofilms Porta et al. (2011), Mariniello et al. (2014)
Protein based fibres Fu et al. (2015)
Polyethylene glycol polymers (PEGylation) Fontana ef al. (2008)
Therapeutic applications Strop (2014)

Novel applications: tissue engineering collagen

Zhu and Tramper (2008)
scaffolds

1.1.8  Conclusion

The literature shows that cross-linking of proteins with TGase has many
potential applications in the food industry. It has been demonstrated that TGase is
involved in improvements of the technological, rheological and nutritional properties
of foods and it can generate new products for the food market. However, further
research is necessary to quantify the effect of TGase treatments on biofunctional
properties. The combination of cross-linking with TGase and enzymatic hydrolysis
of proteins represents an alternative approach to the current techniques used to
generate new peptide structures. Therefore, there is a need for further investigations
to understand the potential of these treatments to develop new bio- and

technofunctional products with human health benefits.
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1.2 Transport of food-derived peptides through the intestinal epithelial:
Caco-2 model

1.2.1 Abstract

Bioactive peptides (BAP’s) may exert positive effects on human health.
However, for a BAP to be biofunctional in vivo, it may have to be bioavailable. The
absorption of BAP’s at an intestinal level is generally very low and the majority of
peptides are poorly absorbed or degraded by intestinal enzymes. Studies on
enhancing peptide bioavailability have been aided using in vifro models. In
particular, the Caco-2 cell model is the most widely used technique for in vitro
intestinal absorption studies. The differentiation of this cell line creates a monolayer
of cells with similar functional and structural characteristics to the human gut. This
section focuses on the use of the Caco-2 monolayer model to study the pathways of
peptide transport through the intestinal barrier, the bioavailability of food-derived
peptides as well as providing a summary of the main techniques used to enhance

peptide permeation.
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1.2.2 Introduction

Food derived BAP’s are natural products which can be obtained as a result of
protein hydrolysis. These peptides are released by proteolytic enzymes and they
possess a wide range of bioactivities (Korhonen and Pihlanto 2006, Power et al.
2012, Power et al. 2014, Nongonierma et al. 2016). BAP’s are a potential alternative
to synthetic drugs with benefits such as being food-derived, natural, efficient and
non-toxic. However, in order to be effective, these orally taken peptides may need to
be bioavailable, i.e., to be resistant to digestive proteinases and peptidases in the
human gastrointestinal tract, to be absorbed by the epithelial enterocytes and finally
to reach the target organ where they exert their function. It is known that many of
these peptides, due to their physicochemical characteristics are able to resist the
hydrolytic activities of the gastrointestinal juices of the digestive system
(Samaranayaka et al. 2010, Ao and Li 2013, Villas-Boas et al. 2015). They are
usually short peptides <1 kDa with acidic residues (Agudelo et al. 2004, Picariello et
al. 2010). However, it is well recognized that some of these characteristics also limit
their intestinal permeability (Wang et al. 2014). Low values of transepithelial
transport, ranging 1-20%, have been reported using in vitro Caco-2 cell monolayers
(Satake et al. 2002, Cing-Mars et al. 2007, Samaranayaka et al. 2010). Some
peptides are not taken up by the cells, and other peptides experience further
degradation due to intestinal peptidases. As a consequence, new investigations are
being conducted on absorption, transport and degradation of peptides. Furthermore,
different techniques are also being investigated to enhance permeability across the
intestine. The use of in vitro cell models helps to understand the mechanism of
transport at the intestine level. The reference model for peptide permeation is the
Caco-2 cell model. Caco-2 cells are a carcinogenic cell line which generate
monolayers and differentiate leading to an enterocyte-like shape with similar

morphology and functionality to that of the human gut.

This review outlines existing knowledge regarding intestinal peptide
transport. A particular emphasis is placed on the in vitro Caco-2 cell model used to

predict the in vivo mechanism of peptide absorption in the human intestine.
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1.2.3 Pathways for the absorption of peptides across the intestinal epithelium

The small intestine is one of many barriers present in the human body. The
main function of the intestine is to selectively allow the entrance of certain
substances into the blood stream and to discern those that are a potential danger to
the organism. The average length of an adult human small intestine is approx. 6
meters. Although the large intestine also permits the absorbance of nutrients, most of
the absorption process takes place in the small intestine. The small intestine is
covered by a brush border membrane that contains microvilli which increase the
surface area for absorption. The enterocytes are intestinal cells responsible for the

absorption of substances located within the microvilli (Figure 1.8).

Figure 1.8 Representation of the enterocyte. Modified from Nelson (2004).

The intestinal epithelial is composed of enterocytes but also endocrine cells
that release hormones, goblet cells that produce mucus and Paneth cells which
release antimicrobial substances. Cells are separated by interstitial gaps called tight
junctions (TJ) that connect the apical with the basolateral side of the cell (Figure
1.8). Inside the TJ are located transmembrane proteins that permit the direct
permeation of certain substrates. On the surface of the enterocyte, some peptidases,
such as dipeptidyl peptidase, are responsible for substrate hydrolysis and protein
transporters which transfer molecules from the apical to the basolateral side by active

transport.
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Previously, scientists believed that proteins were completely hydrolysed into
amino acids prior to absorption by the gut. However, more recent findings
demonstrated that some oligopeptides, up to 17 amino acid residues, are transported
directly into the bloodstream (Regazzo et al. 2010). In fact, some authors suggest
that short peptides are better absorbed than free amino acids (Webb 1990, Lister et
al. 1995). The complete mechanism of transport is still unknown, but the transport
pathways have been reviewed previously. Figure 1.9 schematically summarizes the
different transport pathways. Permeation of peptides across the cell membrane takes
place by two main mechanisms: paracellular and transcellular diffusion. Which
transport mechanism is utilized depends on a peptide’s physicochemical properties
such as hydrogen bonding capacity, polarity or molecular size and flexibility (Ingels

and Augustijns 2003).

Figure 1.9 The different mechanisms of peptide transport; 1. Paracellular via tight
junctions, 2. Passive diffusion, 3. Endocytosis and 4. Carrier-mediated transport.
Taken from Miner-Williams et al. (2014).

1.2.3.1 Paracellular transport:

Passive paracellular diffusion via tight junctions

The paracellular route is an aqueous extracellular pathway between the
epithelia. Peptides can pass through the junctional complexes, i.e., TJs, or “gaps”
between the cells by passive diffusion (Pauletti et al. 1996). TJs represent narrow
interstitial spaces between the cells formed by a network of transmembrane proteins
(Giinzel and Yu 2013). TJs have a depth of 100—800 nm, are set around the cell and
seal the intracellular space (Cereijido and Anderson 2001). The TJ’s intracellular

depth is approx. 8-20 A, depending on the cell line (Mitic and Anderson 1998). Thus,
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this may determine why the transport of some peptides is limited by molecular size.
Moreover, some positively charged proteins which are located within the TJ can
regulate the paracellular flux of the peptides. In particular, negatively charged
peptides or hydrophobic peptides can interact with the cell membrane. Among these
transmembrane proteins, claudins and occludins are the major determinants of
paracellular permeability (Giinzel and Yu 2013). These proteins have two different
functions; a barrier function that maintains the ion gradient in the cell layer and also
separates the lipid and protein components of the apical and basolateral domains and
a gate function that regulates the transport of molecules through the paracellular
route (Salamat-Miller and Johnston 2005). Most protein and polypeptide drugs
diffuse through the aqueous-filled tight junctional pathway due to their hydrophilic
nature. A study by Pappenheimer et al. (1994) reported that rats which were
previously fed with a solution containing glucose, creatinine and an octapeptide
(Glu-Ala-Ser-Ala-Ser-Tyr-Ser-Ala) were secreting 50% of the intact peptide in the
urine. The authors explained that the addition of glucose produced a distention of the
TJ and therefore the peptide was transported intact by passive transcellular diffusion.
Another octapeptide, Gly-Ala-Hyp-Gly-Leu-Hyp-Gly-Pro, contained in chicken
collagen hydrolysates was released intact to the basolateral side of the epithelial
membrane. The transport mechanism of the peptide was studied by modulation of the
TJ with Cytochalasin B, a TJ modulator, and the permeation flux of the peptide was
enhanced, which demonstrated that transport occurred via the paracellular pathway
(Shimizu et al. 2010). Another study using a B-casein hexapeptide, Leu-His-Leu-Pro-
Leu-Pro, with angiotensin converting enzyme (ACE)-inhibitory and antihypertensive
activities suggested that the peptide was hydrolysed by cellular peptidases to His-
Leu-Pro-Leu-Pro and possibly transported via passive diffusion (Quirds et al. 2008).
Similarly, Satake et al. (2002) suggested that the peptide Val-Pro-Pro, from milk
fermentation, was partially hydrolysed by intracellular peptidases releasing the free
amino acids Val and Pro, but intact peptide was also found to translocate the
membrane using the paracellular way. However, the transport of peptides may not be
efficient. For instance, a known ACE inhibitory peptide Ala-Leu-Pro-Met-His-Ile-
Arg, derived from a tryptic digest of B-lactoglobulin was transported intact across the
membrane, however, the concentration of the translocated peptide was low and its

ACE inhibitory activity was undetectable (Vermeirssen ef al. 2002).
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1.2.3.2 Transcellular transport:

The absorptive area of the cells is more than 1000 times greater than the
paracellular area; therefore the absorption of molecules is mostly carried out by the
transcellular pathway (Lin and Lu 1997). However, there are several characteristics
such as the polarity or molecular mass of the compound that may limit permeation.
The cell membrane composition of the enterocyte varies depending on the region of
the intestine. It consists of a lipid bilayer with embedded proteins (Figure 1.10). The
thin layer of lipids is formed by amphipathic phospholipids with an hydrophilic head
and two hydrophobic tails. The head regions are in contact with the extracellular and
intracellular sides of the bilayer whereas the tails are kept inside avoiding the
permeation of certain molecules such as ions and sugars. Due to the characteristics of
the cell membrane, short and hydrophobic peptides usually follow this route of
transport. There are three main pathways for transcellular permeation; passive

transcellular diffusion, transcytosis and membrane transporters.

Figure 1.10 Representation of the cell membrane lipid bilayer. Taken from
http://biofoundations.org

28




Chapter 1 Section 2

Passive transcellular diffusion

For a molecule to reach the blood stream by passive transport, it needs to
cross the lipid bilayer on the apical side, then pass through the cytoplasm avoiding
degradation by intracellular peptidases and again exit across the lipid bilayer on the
basolateral side. However, the physicochemical conditions for this transport are not
yet established, since the study of cell membranes is complex. Highly lipid-soluble

peptides may enter the enterocyte by passive diffusion.

Lyrmphatic
drainage

Nature Reviews | Immunolc
Figure 1.11 Representation of the Peyer’s Patches and the M
cells. Taken from Cheroutre and Madakamutil (2004)

Endocytosis/transcytosis

Some macromolecules such as insulin or transferrin overpass the lipid
membrane by transcytosis. Macromolecules are captured in vesicles on one side of
the cell, drawn across the cell, and ejected on the other side. This is mainly carried
out by the M-cells of the intestine in the Peyer’s Patches (Figure 1.11). These are
follicles of lymphoid tissue which contain M-cells. Some peptides have been
demonstrated to use this pathway. Studies using a basic fluorescent-labelled peptide
001-C8, H-MeTyr-Arg-MeArg-D-Leu-NH(CH;)sNH,, showed that its transport was
mediated via endocytosis in Caco-2 cells and in situ rat intestinal perfusion (Sai ef al.
1998a, Sai et al. 1998b). The permeation of an ACE inhibitory drug peptide,
bradykinin, was studied in the Caco-2 cell model (Shimizu et al. 1997). The authors
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reported that bradykinin was transported by transcytosis. However, a positively
charged synthetic bradykinin (with the amino acid Arg) was found at a lower level in
the basolateral chamber of the Caco-2 monolayer. Thus, it was concluded that the
hydrophobicity of a peptide was associated in a positive manner with transport across
the Caco-2 monolayer (Shimizu et al. 1997). The common feature of all these
peptides and oligopeptides is that they have a long amino acid chain. In contrast with
the paracellular or the carrier mediated transport, long chain peptides seem to be
transported by the transcytosis pathway. For instance, the hydrophobic peptide from
bovine B-casein, composed of 17 amino acids (B-CN, 193-209) was found intact in
the basolateral side of the Caco-2 cell monolayer. Studies using selective inhibitors
of the different transport routes, demonstrated that the main mechanism of transport

was transcytosis via vesicles (Regazzo et al. 2010).

Carrier mediated transport

Unlike the long peptides that may follow the transcytosis route, short peptides
containing 2 or 3 residues attach to membrane transporters. These are transport
proteins located on the cell membrane surface and translocate peptides into the
enterocyte by an active system. The energy needed is obtained from ion gradients or
ion pumps. PepT1 and PepT2 are proton coupled oligopeptide transporters also
known as SLC15A1 and SLCI5A2, respectively (Figure 1.12). Apart from the
intestine, PepT1 is also expressed in the pancreas, bile ducts and kidneys. In general,
PepT1 admits di- and tri- peptides but does not recognize free amino acids or tetra
peptides. However, not all di- and tri-peptides are PepT1 substrates, some peptide
characteristics such as charge, hydrophobicity, molecular mass and side chain
flexibility are limiting factors for transport (Vig et al. 2006). SOPT1 and SOPT?2 are
Na’ coupled oligopeptide transport systems which have been described in
mammalian intestinal cells (Chothe et al. 2010). These transport systems are distinct
from PepT1/PepT2 since they have been demonstrated to translocate oligopeptides
consisting of 9-17 amino acids (Chothe et al. 2011). A recent study by Vij et al.
(2016) reported that the peptide Val-Leu-Pro-Val-Pro-Gln-Lys from bovine casein
was previously hydrolysed by brush border peptidases to Val-Leu-Pro-Val-Pro-Gln
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and then translocated intact through the Caco-2 membrane, suggesting that the

SOPT?2 transporter mediated its transport.

Figure 1.12 Schematic mechanism of the PepT1 transporter.
Taken from Koeppen and Stanton (2009).

In general, passive transport and active transport of peptides coexist in
biological membrane permeation. In terms of BAP’s, di- and tripeptides may be
mainly transported by means of the PepT1 transporter whereas oligopeptides or long
chain peptides may be absorbed intact via paracellular, passive diffusion, the SOPT

transporter and transcytosis systems.

1.2.4 Invitro model for transport of peptides: Caco-2 cell model.

Bioavailability is defined as the rate and extent to which an active ingredient
is absorbed from a food product and becomes available at the site of action (FDA
2015). The main limiting factor for the bioavailability of a compound is its
absorption at intestinal level (Ekmekcioglu 2002). Thus, before the
commercialization of a potential bioactive component, its bioavailability must be
properly studied. The in vivo determination of the intestinal uptake of bioactive
ingredients is difficult and expensive, therefore, in vitro models have been developed

in an effort to reproduce intestinal absorption (Xie ef al. 2013).

The Caco-2 cell monolayer is a well characterized human colon
adenocarcinoma cell line used for over 30 years as an in vifro model of human

intestinal absorption. The use of Caco-2 cell monolayers is increasing in popularity
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as they are functionally and structurally similar to human enterocytes (Mukhopadhya
et al. 2015). When the cells differentiate, they form monolayers with the same
characteristics as a human enterocyte (Figure 1.13, Ingels and Augustijns 2003). This
in vitro model can be used to predict the absorption of peptides in vivo. The
absorption and bioavailability of peptides has been widely evaluated using Caco-2

cell monolayers.

Figure 1.13 Differentiation process of Caco-2 cells. Differentiation of Caco-2 cells over
21 days post-confluence. a,b: With reaching confluence, cells have built a monolayer and
rudimentary microvilli are visible; ¢,d: 7 days after formation of a confluent monolayer
microvilli are pronounced; e,f: 14 days post-confluence cells are grown to a columnar
epithelium, the microvilli have increased, tight junctions are formed and the glycocalyx
between and on the top of the microvilli is visible; g,h: 21 days post-confluence all
structural attributes of intestinal epithelial cells are formed. Upper panel (a,c,e,g): Scale
bar, 5 um, lower panel (b,d,f,h): Scale bar, 1 um. Taken from Sinnecker et al. (2014).

1.2.4.1 The Caco-2 cell line
The Caco-2 (Cancer coli-2) cell line is a colorectal adenocarcinoma obtained

from a 72 year old Caucasian man. Caco-2 cells were isolated by Fogh et al. (1977).
Cultured Caco-2 cells are able to differentiate spontaneously to form a confluent
monolayer which expresses microvillus structure and TJ at the apical side. The
permeability of the TJ of the Caco-2 cell monolayer is lower than the human
intestine since the cells are tighter. The pore radius of the TJ in Caco-2 is ~4.5 A
whereas that of human intestine is ~ 8-13 A (Sun et al. 2008). It is likely therefore,
that in vitro assays underestimate the transport of substances. However, studies
comparing the absorption of compounds by Caco-2 cells and oral intake in human
have shown a high correlation, particularly when the transport is paracellular via TJ

(Artursson and Karlsson 1991, Cheng et al. 2008). Differentiated Caco-2 cells
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express the majority of the human intestinal transporters such as, uptake transporters
responsible for the absorption of bile acids, large neutral amino acids, biotin,
monocarboxylic acids and PepTl, and efflux transporters such as, P-glycoprotein,
BCRP, MRP2 and MRP3. It also expresses numerous brush border membrane
peptidases, such as esterases, and sulfatases (Xie et al. 2014). The presence of
aminopeptidase N, dipeptidyl peptidase IV, peptidyl dipeptidase A (angiotensin-
converting enzyme), aminopeptidase P, aminopeptidase W, endopeptidase-24.11,
gamma-glutamyl transpeptidase and membrane dipeptidase were reported in

differentiated Caco-2 cells by Howell et al. (1992).

Figure 1.14 Representation of the differentiation of Caco-2 cells in the
Transwell plate. A) Caco-2 cells are added to the transwell, B) Caco-2 cells
create a confluent layer, C) Caco-2 cells differentiate and create an
enterocyte-like monolayer. Taken from Lea (2015).

1.2.4.2 Properties of the Caco-2 cell model
For transport experiments through monolayers, Caco-2 cells are routinely

differentiated on a permeable filter insert between an upper chamber and a lower
chamber (Figure 1.14 and 1.15). Test samples are usually applied on the apical
chamber and after a certain period of time, the basolateral contents are collected. The
difference between the concentration of test sample in the basal chamber and the
initial concentration added in the apical chamber gives information on peptide
transport across the Caco-2 monolayer. This model has been developed to follow the
absorption of dietary peptides after ingestion. The strength and integrity of the barrier
is usually determined by transepithelial electrical resistance (TEER), measuring the
voltage through the epithelium. It measures the membrane potential of the cell, thus

the more degenerated the cell membrane, the lower is the potential. Several authors
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reported that TEER, proliferation rate and enzymatic expression was shown to

increase at high cell passage number (Lu ef al. 1996, Yu et al. 1997).

Figure 1.15 Representation of the Caco-2 cell model in a Transwell plate.
Taken from http://www.brunswicklabs.com/food-nutrition/caco-2-
permeability-assay

However, this model has limitations. Table 1.2 outlines some disadvantages
of the use of Caco-2 cell monolayers for transport experiments. For instance, despite
being a very simple and reproducible method, it lacks some of the human intestine
properties such as the mucus layer produced by goblet cells. Some studies reported
that the co-culture of Caco-2 cells monolayer with the mucin secreting cell line HT29
increased the absorption of nutrients (Contreras ef al. 2012). Lea (2015) suggested
that the mucus layer and also the unstirred water layer, which are lacking in Caco-2
cells, could interact with peptides and influence uptake by the cells. However, the co-
culture of cells involves a more complex experiment. Another limitation is the low
expression of intestinal cytochrome P450 isozymes present in the human enterocyte.
It has been reported that the expression of this enzyme increased in Caco-2 when the

cells were treated with 1a,25-dihydroxyvitamin D3 (Fisher ef al. 1999).
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Table 1.2 Limitations of the Caco-2 cell model. Taken from Ingels and Augustijns (2003)

Limitations Alternatives

Absence of mucus Mucus-producing cell lines, co-cultures

No cellular heterogeneicity

No CYP3A4 (P450 isozymes) Upregulation, transfection

Variable expression of metabolic enzymes

Inability to study regional differences Ussing chambers, perfused intestinal membranes
Tightness of epithelium

Thickness of unstirred waterlayer Shaking

Variable transporter expression

1.2.5 Bioavailability of food-derived peptides across the Caco-2 cell model

Despite the bioavailability of peptides, in general being low, some peptides
are able to translocate intact across the Caco-2 cell epithelia. Table 1.3 summarizes
studies on the transepithelial transport of food-derived peptides using the Caco-2 cell

model.

The size and lipophilicity of peptides are two critical features in determining
their permeability through intestinal epithelium (Ding ef al. 2014). Some authors
suggest that smaller peptides are preferently absorbed across the intestinal epithelium
(Osborne et al. 2014). However, a peptide composed of 17 amino acid residues from
B-casein was found to translocate the Caco-2 membrane intact via transcytosis
(Regazzo et al. 2010). The 8-residue antihypertensive peptide from a chicken
collagen hydrolysate, Gly-Ala-Hyp-Gly-Leu-Hyp-Gly-Pro, was found to be absorbed
intact through Caco-2 cells (Shimizu et al. 2010). The proteolytic preparation used to
obtain the hydrolysates seems to be another important factor. Xie et al. (2013)
reported that casein hydrolysates obtained on hydrolysis with Alcalase were more
likely to be absorbed in comparison to those hydrolysates obtained with digestive
enzymes. This could be explained by the specificity of the proteolytic enzymes to
cleave at certain amino acids and the extent of hydrolysis achieved. An in vitro Caco-
2 cell model experiment with whey protein hydrolysates at a low and a high extent of
hydrolysis showed that the amino acids found in the basolateral side of the
monolayer were mainly Ile, Leu and Arg in both samples. However, transport of Tyr
was only observed in the sample with the low degree of hydrolysis (Goulart et al.

2014).
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Human B-casomorphins (B-CM) were found to pass through the membrane of
the Caco-2 cells, however, derivatives of the B-CM were also detected due to the
degradation of the peptides by dipeptidyl peptidase (Iwan et al. 2008). Similar results
were found in the study carried out by Osborne et al. (2014) with bovine B-CM7 and
B-lactoglobulin (B-Lg), both proteins were found in the basolateral chamber although
smaller derived peptides were also detected due to the action of peptidases. The egg
white peptide, Ovokinin (Phe-Arg-Ala-Asp-His-Pro-Phe-Leu), was absorbed intact
through the Caco-2 cell epithelium, although it was also susceptible to the action of
brush-border aminopeptidases and shorter fragments were released (Miguel et al.
2008). The authors reported that the tripeptide Tyr-Pro-Ile, also from egg white
proteins, was resistant to cellular peptidases and was transported through the

monolayer.

As mentioned above, most BAP’s are hydrolyzed by the action of peptidases,
however, some of the peptide fragments or intact peptides translocated through the
membrane maintain their bioactivity. For instance, three casein peptides, Ile-Glu,
Ser-Asp-Lys and Ala-Tyr-Pro-Ser, were identified in the basolateral membrane of
the Caco-2 transwell and Ala-Tyr-Pro-Ser showed oxygen radical absorbance
capacity assay (ORAC) and 2.2°-Azino-bis(3-ethylbenzothiazoline-6-sulphonate)
(ABTS+) antioxidant properties (Xie et al. 2014). ACE inhibitory and antioxidant
peptides from fish protein hydrolysates passed through Caco-2 cells and the
permeates showed ABTS+ radical scavenging activity, however, no ACE-inhibitory
activity could be detected (Samaranayaka et al. 2010). The ACE inhibitory peptide
Ala-Leu-Pro-Met-His-Ile-Arg from lactokinin was transported intact through the
Caco-2 monolayer, but in concentrations too low to exert an ACE inhibitory activity
(Vermeirssen et al. 2002). Similarly, ACE inhibitory peptides from pea digests and
whey hydrolysates were submitted to bioavailability studies with Caco-2 monolayers
and the permeates demonstrated a low amount of remaining activity (Vermeirssen et

al. 2005).

The bioavailability of peptides may also have a nutritional implication. For
instance, a bioavailable peptide may itself potentially increase the bioavailability of

metals. A Zn-peptide complex showed higher permeation when compared with the
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inorganic Zn salt (Zhu et al. 2015). Similar results were reported by Foong et al.

(2015) using defatted rice protein hydrolysates with iron chelating properties.

Table 1.3 Studies on transepithelial transport of bioactive peptides using Caco-2 cells monolayers.

Bioactive peptide Protein Peptide Transport route Reference
precursor sequence
. . Satake et al.
Antihypertensive VPP Paracellular (2002)
s . Vermeirssen et
ACE inhibitory B-Lactoglobulin ALPMHIR - al. (2002)
S . Geerlings et al.
ACE inhibitory Goat milk TGPIPN - (2006)
o Fish protein Cing-Mars et al.
ACE inhibitory hydrolysate ) (2007)
IPP Paracellular
ACE inhibitory Synthetic transport and Fo(lzté gé)a L
VPP passive diffusion
ACE inhibitory Synthetic VLPVP Paracellular Lei et al. (2008)
Ovokinin oy
RAT Transepithelial
ACE inhibitory Egg (F HPFL) Micuel et al
iguel et al.
YPI (PEpT1) (2008)
AW
R Several R Pentzien and
ACE inhibitory (synthetics) VF Transepithelial Meisel (2008)
VY
ACE inhibitory and  B-casein peptide Quirds et al.
antihypertensive f(133-138) HLPLP Paracellular (2008)
- AF
ACE inhibitory Salt-free soy ; Zhu et al. (2008)
sauce IF
. Sienkiewicz-
Opioid L v . Szlapka et al.
(2009)
Antihypertensive KVLPVP Paracellular Sun et al. (2009)
Transcytosis Regazzo et al.
Immunomodulatory  B-CN (193-209) Paracellular (2010)
Antioxidant and Fish protein ) Samaranayaka et
ACE inhibitory hydrolysates al. (2010)
ACE inhibitory Chicken collagen GAXGLXGP Paracellular Shlrggllloe)t al
0 -casein (o- R
Anxiolitic casozepine and HLPLP Pe.lrace}lular. Cakir-Kiefer et
f(91-97) passive diffusion al. (2011)
RYLGY Contreras et al
ACE inhibitor Casein Transepithelial '
Y AYFYPEL P (2012)
s Egg Bejjani and Wu
ACE inhibitory ovotransferrin IRW Paracellular (2013)
RRWQWR A -
Antihypertensive Lactoferricin B Q Paracellular Ferndndez
wQ Musoles et al.
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RWQ (2013)
Caseig Several Several Picariello et al.
(synthetic) (2013)
it SR o Db
ACE inhibitory oljfiilgl?rirtlfn QIGLF Paracellular Ding et al. (2014)
B-casomorphin-7 YP Paracellular
Opioid peptide B- lactoglobulin GPI Transcellular OSb(Ozr(I)lf 4e)t al.
FPGPI
IE
Antioxidant Casein SDK - Xie et al. (2014)
AYPS

1.2.6 Techniques used for determination of peptide transport, quantification

and identification

1.2.6.1 Quantification and identification of peptide sequence
The quantification of peptides is usually performed by chromatographic

techniques. Reverse phase-high performance liquid chromatography (RP-HPLC) is
the most common technique used for the quantification of peptides. The apical and
basolateral samples from the transwell are collected, filtered and loaded on the
HPLC. The concentration of the peptide is calculated by integration of the peak
areas. The HPLC systems are usually connected to mass spectrometry (MS) devices
that can identify the peptide sequences.

Matrix-assisted laser desorption/ionization-time of flight (MALDI-TOF) is an
MS analysis approach used to detect biomolecules that fragment by ionization. The
sample is dispersed on a slide matrix which absorbs UV light, and the pulses of light
cause volatilization of the matrix and the sample. The ions formed are accelerated by
a high voltage supply and detected by a TOF detector. The mass of the sample is
determined by the “time of flight”, which means that heavier particles reach lower
speeds (Caprioli ef al. 1997). Similar to this method, electrospray ionization (ESI) is
a technique used in peptide analysis that leads to the ionization of the sample by an
electrospray. The sample is dissolved in a solvent and is conducted through a
capillarity tube under atmospheric pressure that results in the nebulization of the

sample into charged ions. The MS measures the mass/charge ratio of an ion, which is
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compared in silico with peptide databases. The MS is usually connected to an HPLC
system, thus permiting the quantification of % transport of the sample by

measurement of the area of the peak.

1.2.6.2 Rate of peptide transport across the enterocytes
The rate of peptide transport across the transwell membrane can be
determined by calculating the apparent permeability coefficient (P,pp) Which reflects

the velocity of passage through the epithelium.

aQ 1 _ 1
=—=X=X—=X
PP ar T A7 ¢ 4

Fo
Where dQ is the change in peptide concentration in the basolateral chamber in
pmoles; dt is the transport time in seconds; A is the surface area of the transwell
membrane (cm?), Co is the initial concentration of peptide applied to the apical
chamber (umoles mL™") and V is the volume of the basolateral chamber. Papp units
are cm s | (Osborne et al. 2014). Another approach used to quantify transport was by
employing the 2,4,6-trinitrobenzenesulfonic acid (TNBS) method. This method is
based on the reaction of primary amino groups with TNBS reagent that leads to the
formation of a chromophore with a maximum wavelength of absorbance at 340 nm
(Adler-Nissen 1979). By measuring the free amino nitrogen in the apical and
basolateral chambers of the Caco-2 cell monolayer it is possible to quantify the

amount of nitrogen translocated through the membrane (Samaranayaka et al. 2010;

Xie et al. 2013)

1.2.6.3 Pathway of transport

In order to identify which transport routes are involved in the Caco-2
transepithelial absorption of peptides a series of inhibitory or competitor molecules
are used. Cytochalasin D and Cytochalasin B are TJ disruptors. The cytochalasins
alter the actin filaments located in the TJ producing morphological and functional
changes and consequently higher permeability (Ma ef al. 2000). Wortmannin and
phenylarsine oxides are molecules that inhibit transcytosis. They inhibit vesicular
transport processes that are stimulated by protein kinase A activators (Hansen ef al.
1995). Sodium azide, an adenosine triphosphate (ATP) synthesis inhibitor, is
commonly used to investigate whether the pathway of transport followed is energy

dependent or not. As mentioned previously, some peptides translocate the membrane
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through carriers by active transport. The energy needed for the active transport is
obtained from ion gradients such as Na+/K+-ATPase. Sodium azide inhibits the ATP
gradient through the membrane and therefore the transporters are constrained.
Finally, Gly-Pro is a dipeptide that competes with other peptides for the PepTl
transporter. All these inhibitors are exposed to the Caco-2 monolayers before the

transport experiment with the peptides is performed (Ding ef al. 2014).

1.2.6.4 Resistance to peptidases
The resistance of peptides to brush border membrane peptidases is also

studied. Membrane dipeptidyl peptidase IV (DPP-IV, EC 3.4.14.5), is a major brush
border membrane peptidase which can be inhibited by Diprotin A. It has been shown
that when Caco-2 cell monolayers are preincubated with Diprotin A the peptidase is
blocked and permeation efficiency of peptides increases. Ding et al. (2015)
demonstrated that by the inhibition of DPP-IV in Caco-2 cells, the presence of the
pentapeptide Arg-Val-Pro-Ser-Leu from ovotransferrin was 1.23-fold higher in the
apical chamber. However, the amount of peptide found in the basolateral chamber

was unaltered.

1.2.7 Other methods to assess transport

1.2.7.1 Ussing chambers (ex-vivo)
The Ussing chamber was invented by Hans Ussing (Ussing and Zerahn

1951). It consists of a chamber and an electrical circuit. The chamber is a U-shaped
glass tube where a removable insert is located with the epithelial tissue sample. The
electrical circuit translocate the test compounds from one side of the chamber to the
other through the epithelial tissue and the voltage is computerized (Li et al. 2004),
Figure 1.16). A study by Foltz et al. (2008) compared the transport of the peptides
Ile-Pro-Pro and Val-Pro-Pro across Caco-2 monolayers and Ussing chambers
reporting 10-times higher Papp values for the ex-vivo experiments than the Caco-2
monolayers. It was concluded that the extent of transport of the peptides was

inhibited due to the tightness of the Caco-2 cell monolayers.
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Figure 1.16 Representation of the Ussing chamber. Taken from Li et al.
(2004)
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1.2.7.2  Isolated/reconstituted cell membranes
Some animal cell membranes such as the porcine brush-border membrane

(BBM) are used to quantify the permeability of peptides. Aito-Inoue et al. (2007)
reported the uptake of the peptide Gly-Pro-Hyp using BBM vesicles. The peptide
was partially hydrolysed by peptidases into Gly and Pro-Hyp and these were
transported through the BBM membrane. A study by Rubas et al. (1993) compared
the permeability of Caco-2 cells, to those of the BBM of rabbit, monkey, dog and
human (Jezyk et al. 1992). The results suggested that Caco-2 cells were twice as
permeable as rabbit and five times as permeable as monkey BBM whereas no
relationship was established between Caco-2 cells and dog BBM permeability. The
correlation between Caco-2 cells and human colon absorption was positive
suggesting that the permeability of the Caco-2 model could be used as a

representative of human intestinal absorption.

1.2.7.3 In situ, in vivo and in silico studies
In situ and in vivo peptide permeability studies are usually performed in rats.

The small intestine is exposed by an abdominal incision, and two cannulae are
inserted at the proximal and distal ends. The intestine is returned to the abdominal
cavity. The test solution containing the peptide or drug is added using a syringe and a

pump. Aliquots of perfusion solution are then removed and analysed. In a study
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using an in situ loop model in rats, a synthetic cationic peptide labelled with a
fluorescent molecule was reported to perfuse intact by transcytosis (Sai et al. 1998a).
A good correlation (r= 0.94) was observed between the permeation values
determined for peptides in the in situ perfused ileum model and permeation values
determined in the in vitro Caco-2 cell culture model (Conradi et al. 1993). However,
studies performed by Kim et al. (1993) reported that the use of in sifu intestinal rat
perfusion had poor correlations with the P,,, values of lipophilic compounds, and
suggested the use of Caco-2 cells for the prediction of human intestinal absorption.
In vivo animal models are expensive and designed for the analysis of drug transport
rather than food-derived peptides (Thomsen et al. 2004). The prediction of peptide
absorption using computational methods is also being investigated. These methods
are based on models of absorption obtained from statistical analysis of databases.
Some of these methods were reviewed by Egan and Lauri (2002), Antunes et al.

(2013), Sun et al. (2013).

1.2.8 Enhancement of peptide permeation

There are different approaches to increase the permeability of peptides. The
most used technique is modification of the intestinal barrier by the administration of
absorption enhancers or TJ modulators. Some substrates can improve the
permeability of TJs by the regulation of claudins. Claudins are a family of
transmembrane proteins located in the TJs that regulate the flow of molecules from
the intercellular to the intracellular space. Therefore, the modulation of these proteins
may increase the transport of the peptides (Chang ef al. 2013). Fatty acids and bile
salts are capable of enhancing permeability across the epithelia by modulating TJs
(Renukuntla ef al. 2013). Bile salts interact with phospholipids in cell membranes
enhancing permeation. Transport of a-casozepine and fragment f91-97 (from bovine
casein) across Caco-2 monolayers increased significantly, in the presence of bile
salts (Cakir-Kiefer et al. 2011). Medium chain fatty acids (MCFA) such as lauric
acid (C12) or capric acid (C10) were found to modulate the TJ and increase
permeation of the marker molecule sodium fluorescein (Lindmark et al. 1998) and
insulin (Schilling and Mitra 1990). Other compounds such as chelators (citric acid)

or surfactans (sodium lauryl sulphate) also have a modulatory function at TJ level.
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However, continuous exposure to these molecules has been reported to cause

irritation and damage in the gut (Renukuntla et al. 2013).

Peptide encapsulation is an approach that uses polymeric nanoparticles which
entrap the peptides and thereby help avoid peptidase digestion. Hydrogels are three
dimensional polymeric networks that can absorb and retain large amounts of water.
The hydrogels form a network of cross-links which possess certain properties.
Studies with hydrogels have been shown to improve the delivery of interferon § and
calcitonin through the intestine (Kamei et al. 2009). The derivatization of peptides
using polyethylene glycol (PEG) has been employed in order to protect them from
enzymatic degradation (Calceti et al. 2004). Chitosan is a natural polysaccharide
polymer which is considered a mucoadhesive. This means that chitosan can increase
the time that the peptide/molecule is in contact with the enterocyte. Furthermore,
chitosan opens the TJ by ionic interaction, thus increasing peptide bioavailability
(Pillay et al. 2012). In addition, inclusion of chitosan offers protection from
enzymatic degradation (Prego et al. 2005). A chitosan coating has been shown to
improve the oral absorption of salmon calcitonin (sCT) (Prego et al. 2006a) and
insulin (Wu et al. 2004). The combination of chitosan with PEG resulted in a
nanocapsule that enhanced permeation of the peptide sCT across Caco-2 cell

monolayers (Prego et al. 2006b).

The lipidisation of the peptides permits manipulation of their hydrophobicity.
This technique attaches lipophilic functional groups to peptides such that the
physicochemical properties of a molecule changes to enhance its transport by the
transcellular route (Pauletti ef al. 1996). N-methylation of peptides is mostly applied
for pharmacological purposes. This technique increases the rigidity of peptides,
improving their stability against proteolytic degradation and leads to a structure

which may be more favourable for membrane permeability (Wang ef al. 2014).

1.2.9 Conclusion

Generally, for a peptide to be active following oral ingestion, it needs to be resistant
to gastrointestinal enzymes, absorbed by the intestinal epithelial and released to the

bloodstream. Therefore, bioavailability studies are necessary to determine the

43



Transport of food-derived peptides through the intestinal epithelial: Caco-2 model

functionality of a BAP. Among the different assessments to detect peptide
bioavailability, the most used is the in vitro Caco-2 cell model. This model provides
reliable information of peptide permeability representing an alternative to in vivo
studies. The general low bioavailability of food-derived peptides, due to the action of
peptidases or the peptide properties, has forced industry to develop different
approaches to improve their permeability. Enhancement of transport of BAPs across
the intestinal barrier by means of peptide modification and absorption enhancers may
improve their bioavailability such that they can be used as functional food

ingredients.
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1.3 Background and objectives

1.3.1 Background and objectives

In the last three decades world milk production has increased by more than
35 %, from 482 million tonnes in 1982 to 754 million tonnes in 2012. The countries
with the highest milk production levels are New Zealand, the United States of
America, Germany, France, Australia and Ireland (Faye and Konuspayeva 2012).
Milk protein is extensively used in the food industry not only because of its excellent
nutritional but also for its functional properties such as gelling, emulsifying and
foaming characteristics. Proteins from milk, caseins and whey proteins, when
hydrolysed have also been demonstrated to possess excellent bioactive properties and
are used as biofunctional ingredients. Sodium casein (NaCN) derived hydrolysates
can be obtained by digestion, fermentation or enzymatic hydrolysis of NaCN. The
resulting hydrolysates contain peptides which exert bioactivities such as antioxidant
(Power et al. 2012), angiotensin converting enzyme (ACE) inhibition (FitzGerald et
al. 2004), dipeptidyl peptidase IV (DPP-1V) inhibition (Nongonierma and FitzGerald
2014), immunomodulatory (Altmann et al. 2016) and anticancer activities (Sah et al.
2015). As outlined in Chapter 1 Section 2, in order to be physiologically relevant
these bioactive peptides may need to be bioavailable, i.e., to be resistant to digestive
proteinases and peptidases in the human gastrointestinal tract, to be absorbed by the

epithelial enterocytes and to reach the target organ in order to exert their function.

Currently, the enzymatic and chemical modification of proteins/peptides to
enhance their bioactivity is an active area of research. For instance, different food-
grade proteolytic preparations can be used to generate hydrolysates with specific
bioactivities which may depend on their hydrolytic specificity (Luo et al. 2014).
Cross-linking treatment applied to proteins and peptides may modify their final
structure and thus, their physicochemical and biofunctional properties (Flanagan and
FitzGerald 2003). The research outlined in this thesis examines the ability of
transglutaminase (TGase), a crosslinking enzyme, to modify protein/peptide structure
with a view to creating novel bioactive peptides. As outlined in Chapter 1 Section 1,
the combination of cross-linking and enzymatic hydrolysis of casein may lead to the
generation of peptides with new bioactivities due to intra- and inter- molecular cross-

links created within the casein and the casein hydrolysate structures. Previous studies
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with TGase treated food derived hydrolysates have shown positive results on their
bioactivities. O’Sullivan et al. (2013) reported that NaCN hydrolysate samples
generated by TGase cross-linking prior to enzymatic hydrolysis with Prolyve
produced an anti-inflammatory response in Jurkat T cells, while TGase treatment
following hydrolysis and non-cross-linked hydrolysates showed no response. A
recent study from Bagheri et al. (2014) reported a significant improvement in in vitro
antioxidant activity of TGase cross-linked whey protein hydrolysates in comparison
with the non-cross-linked hydrolysates. Hong et al. (2014) reported that the addition
of TGase to fish gelatin derived glycopeptides, obtained by glycosylation with
glucosamine and proteolytic hydrolysis with Alcalase, was able to improve the
cellular antioxidant activity in HepG2 cells and inhibit lipid oxidation. Bovine o-
lactalbumin cross-linked with microbial TGase showed cytotoxic effects in the
carcinogenic cell lines HCT 116, NCI-N87 and SJSA-1 (Jeong and Hong 2012).
These studies show the potential of the combination of TGase cross-linking with
enzymatic hydrolysis to generate novel bioactive hydrolysates. However, overall the
level of information currently in the literature is limited and some contradictory
results have been reported regarding the effects of TGase/hydrolysis treatments on

bioactive properties.

The main objective of this thesis was to generate bioactive hydrolysates from
NaCN with and without TGase treatment in order to compare whether the addition of
TGase had an effect on the physicochemical and bioactive properties of the
hydrolysates. Additionally, the bioavailability of these novel hydrolysates was also

studied in vitro using an epithelial cell model system.
Specific research objectives were as follows:

1. To generate NaCN hydrolysates using (a) the proteolytic preparation
Prolyve and (b) using a combination of hydrolysis and cross-linking with

TGase prior to and after hydrolysis.

2. To determine the effect of TGase treatment on the physicochemical

properties of the hydrolysates generated.

3. To assess the DPP-IV and ACE inhibitory properties of TGase-treated
and non-TGase-treated hydrolysates.
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4. To assess the chemical and cellular antioxidant and immunomodulatory
activities of the TGase-treated and non-TGase-treated NaCN

hydrolysates.

5. To investigate the effect of TGase treatment on the antiproliferative
activity of three carcinogenic cell lines and the nature of the apoptotic

effects involved.

6. To examine the bioavailability of the generated hydrolysates using a
Caco-2 cell model, to determine their bioactivity after transport and to

identify the sequences of the bioavailable peptides.
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Chapter 4

4.1 Abstract

Casein hydrolysates possess biofunctional properties. The combination of
transglutaminase (TGase) cross-linking and enzymatic hydrolysis of milk proteins
has been shown to improve hydrolysate physicochemical properties. However, little
is known about the effect of TGase treatment on the bioactivities of hydrolysates.
The aim of this study was to assess the effects of TGase treated and non-TGase-
treated sodium caseinate (NaCN) hydrolysates on cell cytotoxicity and to determine
their potential to induce apoptosis in cancer cells grown in culture. Three
hydrolysates; NaCN hydrolyzed with Prolyve (Prolyve), NaCN treated with TGase
prior to hydrolysis (TGase/Prolyve) and NaCN treated with TGase following
hydrolysis (Prolyve/TGase) were tested for antiproliferative activity in the
carcinogenic cell lines Caco-2, MCF-7 and HepG2 at increasing concentrations (0-50
mg mL™). The three hydrolysates inhibited proliferation in all cell lines. MCF-7
colony forming was inhibited by all NaCN hydrolysates, where Prolyve/TGase
showed the highest inhibition. The apoptotic potential of the hydrolysates was
determined by analysis of nuclei fragmentation using Hoechst staining in the U937
cell line. All the hydrolysates induced apoptosis however, no significant differences
were found between TGase treated and non-TGase-treated samples. Apoptosis was
additionally confirmed by DNA fragmentation with Prolyve and TGase/Prolyve
treated cells. Flow cytometry analysis showed apoptotic activity in all the samples
tested. The results highlight the ability of NaCN hydrolysates to induce apoptosis in
carcinogenic cells. However, further studies are needed to investigate the apoptotic

mechanism induced by these hydrolysates.
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4.2 Introduction

Bioactive peptides from milk proteins may play an important role in
physiological functions and hence may act as health promoters. These peptides are
encrypted in the primary sequence of proteins and can be released by the action of
proteolytic enzymes from different sources (Meisel 2005). The biological functions
of the peptides depend, among other factors, on their amino acidic composition.
Casein in particular, contains high quantities of Pro and Gln residues which confers
multiple biological activities to the peptides generated therefrom (Phelan et al. 2009).
Dairy protein-derived bioactive peptides have been reported to prevent cancer
proliferation (Sah et al. 2015). Whey proteins such as lactoferrin have been shown to
possess a strong anticancer effect (Pepe et al. 2013). However, caseins may also have
a role in cancer prevention. It has been reported that five different casomorphin
peptides were able to decrease proliferation of the breast cancer cell line T47D
(Hatzoglou et al. 1996). Furthermore, a combined diet rich in caseins and whey
proteins was shown to be protective against intestinal tumors in rats (McIntosh et al.
1995). An hydrolysate obtained by the fermentation of casein with L. helveticus
CICC 2217 demonstrated growth inhibition and induced apoptosis in Caco-2 and
IEC-6 cells (Zhao et al. 2014). Casein phosphopeptides (CPP), obtained by
enzymatic digestion also demonstrated anticancer and apoptosis activity in intestinal
tumor HT-29 cells and Caco-2 cells (Perego et al. 2012, Perego et al. 2013).
Apoptosis is a pathway of programmed cell death that leads to morphological and
biochemical changes in the cells such as blebbing, nuclear condensation or DNA
fragmentation. The apoptosis pathway is the result of a systematic network of
proapoptotic proteins that induce the action of a family of cysteases named caspases.
Caspases-8,-9,-10, are responsible for the initialization of a cascade of reactions to
activate the executor caspases-3,-6,-7 which perform the apoptotic process (Rossi
and Gaidano 2003). Unlike necrotic cells, which release the intracellular content to
the tissue fluid, the apoptotic cell is divided into apoptotic bodies that are ingested by
phagocytic cells preventing a possible inflammatory response (Fink and Cookson
2005). Hydrolysates with apoptotic activities may be considered as potential human

anticarcinogens (Lopez-Exposito and Recio 2008).
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Transglutaminase (TGase) cross-linking is a process used in the food industry
to improve the physicochemical and functional characteristics of proteins. Microbial
TGase (2.3.2.13) catalyses the cross-linking reaction between the amino acids Lys
and GIn generating isopeptide bonds within and between proteins. Cross-linking
combined with enzymatic hydrolysis has been shown to improve the solubility,
foaming and emulsifying properties of NaCN (Flanagan and FitzGerald 2003,
Flanagan et al. 2003). Moreover, the combination of these approaches, cross-linking
and hydrolysis, may release novel peptides with potent biofunctional activities.
Recently, it has been reported that tryptic hydrolysates of bovine a-lactalbumin
showed lower cytotoxicity in the carcinogenic cell lines HCT 116, NCI-N87 and
SJSA-1 than the non-hydrolysed bovine a-lactalbumin cross-linked with microbial

TGase (Jeong and Hong 2012).

Although food protein derived hydrolysates have been reported to exhibit
antiproliferative activities in cell culture systems, little information regarding cross-
linking treatments on bioactivity of hydrolysates is currently available in literature.
Therefore, the main objective of this study was to investigate the effect of TGase
treatment on the antiproliferative activity of NaCN hydrolysates in addition to the

apoptotic effects involved.

4.3 Material and Methods

4.3.1 Cell culture and chemicals

Dulbecco's modified Eagle's medium (DMEM), Royal Park Memorial
Institute (RPMI)-1640 medium and non-essential amino acids were purchased from
Sigma-Aldrich Chemical Co. (Dublin, Ireland). Human histiocytic lymphoma cells
(U937), human hepatoma cells (HepG2 cells), human carcinoma cells (Caco-2 cells)
and human breast cancer cells (MCF-7) were purchased from the European
Collection of Animal Cell Cultures (Salisbury, UK). Fetal bovine serum was
purchased from Invitrogen (Paisley, Scotland). Cell culture plastics were supplied by
Cruinn Diagnostics (Greiner Bio-One, Frickenhausen, Germany). Annexin V FITC

Apoptosis Detection Kit was purchased from Sigma, Chemical Co. (Dublin, Ireland).
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All other cell culture chemicals and reagents were from Sigma Chemical Co.

(Dublin, Ireland) unless stated.

4.3.2 Generation of cross-linked NaCN hydrolysates
The NaCN hydrolysates were generated as described in Chapter 2 (section
2.3.2 and 2.3.8).

4.3.3  Measurement of MCF-7, HepG2 and Caco-2 cell proliferation

The antiproliferative activities of hydrolysates were assessed in MCF-7,
Caco-2 and HepG2 human cancer cell lines. Cells at a density of 1x10° cells mL™" in
growth media were seeded in 96-well flat-bottom plates. Cells were incubated with
hydrolysates (0-50 mg ml") at 37 °C for 24 h. Following incubation, cell viability
was determined  using the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay (MTT I proliferation kit, Roche Diagnostics;
Burgess Hill, West Sussex, UK). Briefly, media was removed and 100 pL of new
media was added to the wells. MTT reagent 1 (SuL) was added and cells were
incubated for 4 h at 37 °C. Then, MTT reagent 2 (100uL) was added to the cells and
the plate was incubated overnight at 37 °C. The absorbance was measured on a
microplate reader (ThermoScientific Varioskan Flash) at 570 nm. The half maximal
effective concentration (ECsy) values were calculated using GraphPad Prism 4 and

-1
expressed as mg mL™.

4.3.4 Colony formation assay

MCEF-7 cells (1 x 10° cell/well) were seeded in 6-well plates and incubated for
24 h at 37 °C. After incubation, the cells were treated with NaCN, non-TGase-treated
NaCN hydrolysate (Prolyve) and TGase-treated NaCN hydrolysates (TGase/Prolyve
and Prolyve/TGase) at several concentrations (10, 13 and 15 mg mL™"), whereas
DMEM without FBS was used as a positive control. After 24 h of incubation with
the test samples, the media was replaced with fresh media (DMEM with 10% FBS)
every two days. After 9 days, the cells were fixed with methanol for 5 min and air
dried. Giemsa staining was performed as described by Zhang ef al. (2015). Cells

were stained for 30 min and the wells were washed with distilled water. The colonies
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were counted and the results were expressed in relation to the control (untreated)

cells.

4.3.5 Apoptosis studies

4.3.5.1 Nuclei fragmentation assay

Nuclear morphology of control and treated cells was assessed by fluorescence
microscopy after staining with Hoechst 33342. Briefly, 1x10°cells/mL of U937 cells
were incubated for 24 h at 37 °C in 6 well plates with samples at the EC;y, ECsy and
ECgy approximated values as obtained from the MTT experiments. After incubation,
cells were centrifuged (Sigma 4K 15, Labcare, UK) at 1500 rpm, sonicated and the
pellet was resuspended in 200 puL of Hoechst 33342 stain (5 pg mL™). Samples were
incubated again for 30 min at 37 °C and then 25 pL. were placed on a microscope
slide and examined under UV light. A total number of 300 cells per sample were

analyzed and the percentage of condensed nuclei was calculated.

4.3.5.2 DNA fragmentation

Detection of small DNA fragments was performed according to the method
described in O’Callaghan er al. (2010). Briefly, 2x10° cells were harvested and the
pellets were lysed with 20 pL of 50 mM Tris, 10 mM EDTA and 0.5% sodium lauryl
sarcosinate. RNAse A (0.25 mg mL") was added and the samples were incubated at
50° C for 1 h. A volume of 10 uL of proteinase K (5 mg ml") was added. The
samples were then incubated for a further hour and stored at 4 °C up to 24h. Samples
were loaded into the wells of a 1.5 % (w/v) agarose gel. Electrophoresis was carried
out at 3 V/cm in tris/borate/ethylenediaminetetraacetic acid (TBE) buffer. DNA was
visualised under UV light using a transilluminator (Syngene, Cambridge, UK)
following ethidium bromide (0.4 pg /mL) staining.

4.3.5.3 Flow cytometry

Annexin V-positive cells were detected using the Annexin V FITC Apoptosis
Detection Kit. U937 cells (1x10° cells/mL) were centrifuged (Sigma 4K 15, Labcare,
UK) at 14000 rpm and washed with cold PBS. The pellets were resuspended in 500
pL of annexin binding buffer. Annexin V FITC (5 pL) and propidium iodide (PI)

121



In vitro cytotoxicity and apoptotic potential of cross-linked sodium caseinate hydrolysates

(10pL) were added to the cells. PI was used to stain dead cells whereas Annexin V
FITC was used to stain apoptotic cells. The cells were incubated for 10 min at room
temperature in the dark. After incubation, the cells were analyzed by flow cytometry

using a Flow Cytometer BD FACScalibur, Becton Dickinson, Oxford, UK.

4.3.6 Statistical analysis

All data represents the mean and standard error values of at least three
independent experiments. Data were analysed by one-way analysis of variance
(ANOVA) followed by Dunnett's test (or Tukey's multiple comparison test, where
appropriate), using Graph-Pad Prism 4 (Graph-Pad software, California, U.S.A.).

4.4 Results and discussion

4.4.1 Antiproliferative activity of NaCN hydrolysates

The antiproliferative potential of NaCN hydrolysates was examined in three
carcinogenic cell lines; Caco-2 colorectal cells, MCF-7 breast cells and HepG2
hepatic cells, using the MTT method. The MTT assay is used as an indicator of the
mitochondrial function of cells. Concentrations between 0-50 mg ml”' of NaCN
hydrolysates were analysed as shown in Figure 4.1. The cytotoxicity of the
hydrolysates was cell line dependent. The half maximal effective concentration (ECsg
values) for each hydrolysate in the different cell lines was calculated and is shown in
Table 4.1. Intact casein (NaCN) produced no inhibition of cell growth, therefore, it
was not possible to determine an ECs, value. The hydrolysates were more cytotoxic
in the MCF-7 cell line, showing the lowest ECs value, followed by the Caco-2 and
HepG?2 cell lines (Figure 4.1, Table 4.1). However, within each cell line none of the
three NaCN hydrolysates had a significantly different effect on the ECsy values.
TGase-treated NaCN hydrolysates have been previously reported to have cytotoxic
activity in leukaemic Jurkat T cells (O’Sullivan et al. 2013). Jeong and Hong (2012)
reported that treatment of a-lactalbumin with TGase alone resulted in higher
cytotoxic effects in different carcinogenic cell lines than the combined treatment with
TGase and hydrolysis. However, the present study showed no significant differences

between the TGase treated and non-TGase treated NaCN hydrolysate ECsy values
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within each cell line. A study by Wu et al. (2014) demonstrated that casein
hydrolysates with ACE inhibitory activity had no cytotoxic effects in Caco-2 cells at
concentrations ranging from 0.01-0.20 mg mL'. Additionally, casein
phosphopeptides (CPP) at concentrations of 1 mg mL™" showed no growth inhibition
effects in Caco-2 and HL-60 cells (Hartmann and Meisel 2004). In the present study,
a wide range of hydrolysate concentrations was studied. Concentrations of
hydrolysate lower than 13 mg mL" did not inhibit proliferation of the cell lines

tested supporting the results reported in the literature.

Figure 4.1 Effect of sodium casein (NaCN) (e), NaCN non-transglutaminase (TGase)-treated
hydrolysate (Prolyve) (m) and NaCN TGase-treated hydrolysate (TGase/Prolyve) (A)
(Prolyve/TGase) (V) samples on cell proliferation of (a) Caco-2, (b) MCF-7, (¢) HepG2 and (d)
U937 cell lines. The discontinuous line represents 50% of proliferation.

U937 is a monocyte blood cell line commonly used as a model for apoptotic
studies (Hori et al. 2008). Previous apoptotic studies in our lab were unsuccessful

using the HepG2 and Caco-2 cell lines (O’Callaghan et al. 2001, O’Callaghan et al.
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2002). Therefore, U937 cells were selected to detect apoptosis induced by the NaCN
samples. U937 cells were also tested for cytotoxicity using the MTT assay. The ECs
values are shown in Table 4.1. The TGase/Prolyve sample showed a higher ECsg
value in comparison to Prolyve and Prolyve/TGase in U937 cells which indicated
that higher concentrations of TGase/Prolyve were needed to inhibit the proliferation
of the cells. Although unhydrolyzed NaCN had no cytotoxic effect on the adherent
cell lines, it showed an effect on U937 cell viability. The inhibition of growth in the
U937 cell line can be explained by the specific characteristics of these cells. Whereas
Caco-2, MCF-7 and HepG2 are cells from vital organs which are enzymatically
developed, U937 is a blood type cell line which grows in suspension, and it is not

enzymatically as active.

Table 4.1 Growth inhibition of the different cell lines incubated with sodium casein (NaCN), NaCN
non-cross-linked hydrolysate (Prolyve) and NaCN transglutaminase (TGase) cross-linked
hydrolysates (TGase/Prolyve and Prolyve/TGase)

Sample ECso (mgmL™)

Caco-2 MCF-7 HepG2 U937
NaCN - - - 31.61£1.18"
Prolyve 35.56+2.46° 13.414£2.50* 36.19+5.2° 13.94+1.57°
TGase Prolyve 30.16+4.38° 13.40+2.85" 31.85+0.5" 22.69+5.76°
Prolyve TGase 26.33+3.85" 13.71+2.45° 28.10+5.4" 15.091.58"

Mean of three independent experiments. For each cell line, samples with different letters are
significantly different at p<0.05. ECs, values represent the concentration of hydrolysates that inhibits
50% of cell growth.

4.4.2 Colony forming activity

The antiproliferative activity of the TGase-treated and non-TGase-treated
NaCN hydrolysates against MCF-7 cells was confirmed by the ability to inhibit the
formation of cell colonies (Figure 4.2). The colony formation assessment method is a
clonogenic assay, based on the ability of a single cell to reproduce and grow into a
colony (Franken et al. 2006). This assay is very useful to quantify the sensitivity of a
cancer cell line when incubated with cytotoxic compounds. The NaCN hydrolysates

(Prolyve, TGase/Prolyve and Prolyve/TGase) significantly reduced the number of
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colonies formed in comparison to the untreated cells at the three concentrations
tested. Prolyve/TGase showed the highest colony forming inhibition effect followed
by TGase/Prolyve and Prolyve. At a concentration of 15 mg mL™' the TGase-treated
sample, Prolyve/TGase, showed significantly higher inhibition than the non-TGase-
treated hydrolysate, Prolyve. NaCN at a concentration of 10 mg mL" did not
significantly reduce the number of colonies, however, concentrations of NaCN of 13
and 15 mg mL™"' significantly decreased the number of colonies formed with respect
to the control. The results differ from those obtained with the MTT assay which
showed that the Prolyve treated cell sample was more proliferative than the
TGase/Prolyve treated cells at a concentration of 10 mg mL™" (Figure 4.1b).
However, the principles of the two assays are different. The MTT assay determines
mitochondrial activity of cells, whereas the colony forming assay determines
independent growth of the cells by their ability to reproduce. Anchorage-dependent
cells (adherent cells) need an appropriate surface to develop growth factors. If the
cells lose this anchorage dependency by external factors such as the toxicity of the
hydrolysates, their proliferation may be inhibited. This may explain the observations

herein.
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Control
Control no FBS
NaCN

Prolyve
TGase/Prolyve
Prolyve /TGase

JoEnmn

Figure 4.2 Effect of sodium caseinate (NaCN) and NaCN hydrolysates (Prolyve),
transglutaminase (TGase)/Prolyve and Prolyve/TGase on the MCF-7 cells ability to form
colonies.
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4.4.3 Apoptotic effects of NaCN hydrolysates

The nuclear condensation assay was performed in the U937 cell line exposed
to the different hydrolysates to determine potential induction of apoptosis. For dose-
response experiments, cells were treated with the test samples at concentrations
corresponding approximately to their EC;y, ECsy, and ECgy values (Table 4.2).
Doxorubicin was added as a positive control at increasing concentrations (0.25, 0.50
and 0.75 pg/mL) based on the ECs, value obtained by Kenny et al. (2012). The cells
were harvested and stained with Hoechst 33342 to reveal the apoptotic features of
U937 cells such as apoptotic bodies, cell shrinkage and membrane blebbing (Figure
4.3). Results are shown in Table 4.3. As expected, doxorubicin treated cells showed a
dose response effect on apoptotic activity. At the EC;y values, the number of
apoptotic nuclei increased slightly in all the samples but these were not significantly
different in comparison with the control (p>0.05). At the ECsy values, the NaCN
sample showed highly fragmented cells, therefore, it was not possible to determine
its apoptotic activity. Moreover, the number of apoptotic nuclei also increased in all
the samples at the ECsg. In particular, the TGase/Prolyve sample showed 18.9% of
apoptotic nuclei, higher than Prolyve/TGase with 9.3% and Prolyve 3.4%. However,
no significant differences in % apoptotic nuclei were found between the hydrolysates
and the control. At ECgy concentrations, the apoptotic effects in the cells were
significantly increased with all samples. It is interesting to note that at the ECg
values the cells became smaller, with high levels of nuclei fragmentation (Figure
4.4). Therefore, the possibility of the presence of necrotic cells at ECgy values should
not be discarded due to the difficulty to distinguish between necrosis and late

apoptosis.

Figure 4.3 Images of Hoechst 33342-stained nuclei in U937 cells. Green
arrows indicate early apoptotic cells, blue arrow indicates necrotic cell and
red arrow indicates non-apoptotic cells.
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Table 4.2 Concentrations of sodium casein (NaCN), NaCN non-cross-linked hydrolysate (Prolyve)
and NaCN transglutaminase (TGase) cross-linked hydrolysates (TGase/Prolyve and Prolyve/TGase)
used in U937 cells for apoptotic experiments corresponding to their EC;y, ECsy and ECg, values.

Sample ~EC/o(mgml™) ~ECso(mgml™) ~ECgo(mgml™)
NaCN 15 30 50
Prolyve 7.5 15 30
TGase Prolyve 10 20 40
Prolyve TGase 7.5 15 30

ECyy, ECsy and ECg, values represent the half maximal effective concentration of hydrolysates that
inhibits 10, 50 and 80% of cell growth, respectively.

Table 4.3 Effect of sodium caseinate (NaCN) and Prolyve, transglutaminase (TGase)/Prolyve and
Prolyve/TGase NaCN hydrolysates on % apoptosis in U937 cells.

Treatment EC % Apoptotic nuclei
Control (untreated cells) 1.31£0.2
NaCN 10 4.8+1.6"
Prolyve 10 2.7+0.6
TGase Prolyve 10 3.9+1.6°
Prolyve TGase 10 2.8+0.7°
Doxorubicin 0.25 pg mL 70.3+8.7""
NaCN 50 -
Prolyve 50 3.4+0.5°
TGase Prolyve 50 18.9+6.9°
Prolyve TGase 50 9.3+3.4°
Doxorubicin 0.50 pg mL 90.3+9.6"
NaCN 80 -
Prolyve 80 90.6+9.3 "
TGase Prolyve 80 81.8+8.1"
Prolyve TGase 80 84.8+4.7%
Doxorubicin 0.75 pg mL 99.8+0.11*

U937 cells were treated with concentrations corresponding to EC;y, ECsq and ECg of the samples and
increasing concentrations of doxorubicin, stained with Hoechst 33342 for apoptosis and analysed by
fluorescence microscopy. EC;y, ECsy and ECg, values represent the half maximal effective
concentration of hydrolysates that inhibits 10, 50 and 80% of cell growth, respectively. Values are
means + standard error of at least three independent experiments. Different letters denote significant
differences between each group of values, * denotes significant differences in comparison with control
(untreated cells), - denotes not possible to determine.
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Control NaCN Prolyve TGase/Prolyve  Prolyve/TGase Doxorubicin

IC 0.25pg/mL

0.50pg/mL

0.75ug/mL

Figure 4.4 Hoechst 33342 staining assay of U937 cells incubated for 48h with sodium caseinate (NaCN),
Prolyve NaCN hydrolysate, transglutaminase (TGase)/Prolyve and Prolyve/ TGase NaCN hydrolysates at
different concentrations. Control: untreated cells.

Cell death by apoptosis was confirmed by the DNA fragmentation assay
(Figure 4.5A). U937 cells were incubated with samples at concentrations
corresponding with their ECsy values for 24 h, loaded in an agarose gel and
submitted to electrophoresis. Treatment of U937 cells with Prolyve and
TGase/Prolyve showed visible DNA ladders as well as was the case with the positive
control Doxorubicin treated cells (Figure 4.5A). Despite the fact that the
Prolyve/TGase sample showed nuclei fragmentation in the Hoechst assay, no DNA
laddering was observed in the gel. Since DNA fragmentation is a result of the late
apoptosis stage, the experiment was repeated after 48 h of exposure to the
hydrolysates (Figure 4.5B). However, only Prolyve and TGase/Prolyve treated cells
showed DNA ladders.

129



| In vitro cytotoxicity and apoptotic potential of cross-linked sodium caseinate hydrolysates

Figure 4.5. Induction of DNA fragmentation by test samples in U937 cells following
a) 24h and b) 48h of incubation. MW: Molecular weight marker, Lane 1: Non-treated
cells, Lane 2: Doxorubicin (positive control), Lane 3: Sodium caseinate (NaCN), Lane
4: NaCN hydrolysate (Prolyve), Lane 5: transglutaminase (TGase) NaCN hydrolysate
(TGase/Prolyve), Lane 6: TGase NaCN hydrolysate (Prolyve/TGase).

The annexin V/Propidium iodide (PI) assay was performed to verify the
induction of apoptosis by the hydrolysates in U937 cells. Annexin V cleaves
phosphatidylserines (PS) translocated on the cell surface (early apoptosis) and
propidium iodide (PI) measures the loss of phospholipid membrane integrity (late
apoptosis/necrosis). The translocation of PS to the plasma membrane is an apoptotic
event that occurs earlier than DNA fragmentation and therefore, the assay was
performed after 24 h incubation with the samples prior to flow cytometry analysis.
The results showed that the amount of non-apoptotic cells in quadrant 4 (Q4)
decreased in all the test samples in comparison with the control (Figure 4.6). In
contrast, the early stage (Q3) and late stage (Q2) apoptotic cells increased
considerably with the NaCN and the three NaCN hydrolysates, therefore, all the
samples tested induced apoptosis in U937 cells. To the best of our knowledge there is
no information regarding apoptosis by TGase-treated hydrolysates currently
available in literature. However, previous studies reported the ability of NaCN
hydrolysates to induce apoptosis in cancer cells. CPPs showed apoptosis in
undifferentiated and in transfected Caco-2 cells (Perego et al. 2013) and
undifferentiated HL-60 cells (Perego et al. 2012). An hexapeptide from bovine
casein, Pro-Gly-Pro-Ile-Pro-Asn, was reported to inhibit the proliferation of SKOV;
mice ovarian and human primary ovarian cancer cells due to apoptosis induction

(Wang et al. 2013). On the other hand, unhydrolyzed casein has been found to
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protect non-carcinogenic cell lines such as mice marrow bone cells (Ledesma-
Martinez et al. 2012). Furthermore, casein hydrolysates were reported to have a
genoprotective effect on human osteoblastic cells (hFOB1.19) (Pan and Zhao 2015)
and bovine granulosa cells (Shimizu et al. 2014) by means of apoptosis inhibition at
0.05 mg mL™" and 1 pM, respectively. Therefore, on the basis of the results obtained
from this study, further analysis using non carcinogenic cells needs to be investigated
to understand the potential anticancer properties of TGase treated and non-TGase

treated NaCN hydrolysates.
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Ql Q2 Ql Q2
Q4 Q3 Q4 Q3
Ql Q2 Ql Q2
Q4 Q3 Q4 Q3
Ql Q2 Ql Q2
Q4 Q3 Q4 Q3

Figure 4.6 Apoptosis analysis by the Annexin FITC/PI assay of U937 cells incubated with sodium
caseinate (NaCN), Prolyve NaCN hydrolysate, transglutaminase (TGase)/Prolyve and Prolyve/ TGase
NaCN hydrolysates. Q1: dead cells (PI+, Annexin-), Q2: Late apoptotic cells (PI+, Annexin+), Q3:
Early apoptotic cells (PI-, Annexin +), Q4: alive cells (PI-, Annexin -).
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4.5 Conclusion

The NaCN hydrolysates studied herein showed an antiproliferative effect in
Caco-2, MCF-7, HepG2 and U937 cell lines. The different hydrolysate samples
demonstrated the ability to significantly inhibit MCF-7 cell colony formation at low
concentration (10 mg mL™), in comparison with the untreated cells and NaCN.
However, the Prolyve/TGase sample was the most effective colony forming
inhibitor. TGase treated and non-TGase-treated NaCN hydrolysates had the ability to
induce apoptosis in U937 cells, however, no significant differences were found
between treatments. The effect of TGase treatment of NaCN hydrolysates on their
apoptosis activity remains unclear and further research needs to be performed to

confirm their effects.
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Chapter 6

6.1 General discussion

The main objective of this thesis was to assess the role of microbial
transglutaminase (TGase) treatment on the physicochemical and biofunctional
properties of sodium caseinate (NaCN) hydrolysates. TGase treatment was carried
out prior to and after hydrolysis, with Prolyve 1000™, to determine whether the
order of addition of TGase had an impact on the properties of the resultant NaCN
hydrolysates. A range of physicochemical and biofunctional properties were
examined during the course of this thesis. Furthermore, in vitro bioavailability
assessments of the hydrolysates/peptides were performed as bioavailability may be a
key factor in determining the hydrolysates potential to act as biofunctional

ingredients.

Generation of sodium
caseinate hydrolysates

with and without _— Chapter 2
transglutaminase
Phy31coch§m1ca1 Chapter 2
properties ->
Biofunctional
properties _—> Chapter 2-3-4
Bioavailability
—
assessment Chapter 5

Identification of

peptides _— Chapter 5

Figure 6.1 Schematic representation of the thesis objectives and workflow.
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Chapter 1 reviews the literature concerning TGase cross-linking of proteins in
Section 1 and the transport of peptides across the Caco-2 cell model is reviewed in
Section 2. While much information is reported on the physicochemical and
technofunctional properties of TGase-treated hydrolysates, only a limited number of
studies report on the effect of TGase treatment and hydrolysis on bioactive
properties. No studies to date appear to report on the bioavailability of TGase cross-

linked hydrolysates.

The research chapters of this thesis are mainly based on the previous
investigations reported by O’Sullivan and FitzGerald (2012) and O’Sullivan et al.
(2013) with the objective of extending the knowledge on the effect of TGase
treatment on NaCN hydrolysate properties. The main findings of the experimental

chapters are summarized in Table 6.1.

Chapter 2 involved the generation of NaCN hydrolysates, with and without
TGase treatment. The hydrolysates were generated as described by O’Sullivan et al.
(2013). Non-TGase-treated hydrolysates (Prolyve) and TGase-treated hydrolysates
prior to (TGase/Prolyve) and following hydrolysis (Prolyve/TGase) were analysed by
GPC- and RP-HPLC. The chromatographic profiles obtained were found to be
similar for all samples with no visual differences between the different
hydrolysates. Sabadin ef al. (2012) found that TGase cross-linking of B-lactoglobulin
prior to hydrolysis produced a decrease in the DH due to polymerization of the
protein. However, in the present study similar degree of hydrolysis (DH) values were
obtained between TGase-treated and non-TGase treated NaCN hydrolysates. This
result may, in part, relate to the fact that caseins are generally considered to be
flexible open type structures where cross-linking might expect to have limited effects
of accessibility of the proteolytic enzyme to the substrate. Both the physicochemical
and biofunctional properties of hydrolysates may be modified due to digestion with
gastrointestinal enzymes (Segura-Campos et al. 2011). The NaCN hydrolysates were
submitted to two-stage in vitro simulated gastrointestinal digestion (SGID) process
using pepsin and Corolase PP, gastric and pancreatic enzymes, respectively. The RP-
HPLC profiles of the SGID treated samples showed a range of new peaks in the
hydrophilic region of the chromatogram and the %DH increased significantly due to

the further degradation of the NaCN hydrolysates by the gastrointestinal enzymes.
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However, no significant differences (p>0.05) in the extent of hydrolysis was found

between TGase-treated and non-TGase-treated hydrolysates.

The size and the polarity of peptides are important characteristics related with
their bioactivities (Pihlanto 2006, Ao and Li 2013). Therefore, in vitro angiotensin
converting enzyme (ACE) and dipeptidyl peptidase IV (DPP-IV) inhibitory studies
were performed using the NaCN hydrolysates with and without SGID treatment in
order to determine whether the change in hydrophobicity of the samples had any
effect on the bioactivities. NaCN hydrolysates were demonstrated to possess
significantly (p<0.05) higher ACE and DPP-IV activity in comparison to
unhydrolyzed NaCN. The values obtained were in line with other studies reported for
casein hydrolysates by Nongonierma and FitzGerald (2013) and Hayes et al. (2007)
for DPP-IV and ACE inhibitory activities, respectively. However, TGase treatment
showed no effect on the bioactivities. Similarly, NaCN hydrolysate bioactivities were

not significantly (p>0.05) altered after SGID treatment.

Chapter 3 describes the in vitro antioxidant and immunomodulatory activity
of the hydrolysates generated in Chapter 2. The antioxidant and immunomodulatory
activities are considered to be directly related, i.e., oxidative stress at a cellular level
may induce a pro-inflammatory response (Gu and Wu 2016). A previous study by
O’Sullivan et al. (2013) reported that NaCN hydrolysates treated with TGase prior to
hydrolysis showed a decrease in the induction of the pro-inflammatory cytokine
interleukin-2 (IL-2) in Jurkat T cells. However, no antioxidant activity was detected
within the cells. In the present study, the anti-inflammatory potential of the TGase-
treated and non-TGase treated NaCN hydrolysates was screened by measuring the
IL-2 and IL-6 cytokine production in Jurkat T cells. No reduction was observed in
the production of IL-2. However, it was shown that the Prolyve, TGase/Prolyve and
Prolyve/TGase hydrolysates significantly reduced IL-6 cytokine production, in
comparison to untreated cells, in a dose-response manner. It was interesting to note
that unhydrolyzed NaCN showed a high inhibition of IL-2 and IL-6 production in
Jurkat T cells. However, this reaction is not considered physiologically relevant,
since NaCN is degraded by the gastrointestinal and intracellular enzymes prior to
reaching these cells following oral ingestion. The NaCN hydrolysates were also

tested for their cellular antioxidant activity, measuring intracellular glutathione
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(GSH) content. However, no effect was observed which is in agreement to that
previously reported by O’Sullivan ef al. (2013). NaCN hydrolysates showed no 2,2-
Diphenyl-1-picrylhydrazyl (DPPH) or 2.2°-Azino-bis (3-ethylbenzothiazoline-6-
sulphonate) (ABTS+) scavenging activity. However, the oxygen radical absorbance
capacity ORAC and ferric reducing antioxidant power (FRAP) activities of the
NaCN hydrolysates were significantly enhanced in comparison with intact NaCN.
However, no significant (p>0.05) differences between TGase-treated and non-
TGase-treated hydrolysates were found. Overall, these results indicated that the
effect of NaCN hydrolysates on the bioactivities was more dependent on the
hydrolysis process rather than on the TGase cross-linking process since TGase-
treated hydrolysates showed no differences in physicochemical properties as well as
antioxidant, immunomodulatory, ACE and DPP-IV inhibition activities in
comparison to the non-TGase treated hydrolysate. However, the non-TGase treated
sample (Prolyve) showed a protective effect on the DNA damage when U937 cells
were oxidised with H,O,. This effect was absent in cells were incubated with TGase
treated hydrolysates. Therefore, this may suggest that cross-linking with TGase had a

different effect on cell metabolism.

The antiproliferative effect of the samples in different cancer cell lines: Caco-
2 colorectal cells, HepG2 hepatic cells and MCF-7 breast cells were studied in
Chapter 4. A previous study by Jeong and Hong (2012) reported that the addition of
TGase to a-lactalbumin, decreased the cytotoxicity of three different carcinogenic
cell lines. In contrast, in the present study, the NaCN hydrolysates showed a cell line
dependent inhibition of proliferation whereas the parent protein NaCN showed no
effect on proliferation. Only the Prolyve/TGase hydrolysate was found to inhibit the
colony formation ability of MCF-7 cells at low concentrations (10 mg mL™). The
colony forming activity is an indicator of anticancer activity, since the cells lose their
ability to anchor to surfaces and as a consequence their proliferation is limited. One
of the key points on anticancer compounds is their mechanism of cell dead. Cells
dying by apoptosis develop apoptotic bodies that are phagocytised by macrophages
and therefore avoiding an inflammatory response (Zimmermann and Green 2001).
Some of the apoptotic studies carried out herein resulted in contradictory results. For
instance, DNA fragmentation, a known apoptosis feature, was assessed by gel

electrophoresis and it was observed only when U937 cells were incubated with
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TGase/Prolyve. However, under the same conditions, using flow cytometry assays,

all the NaCN hydrolysates were found to induce apoptosis in U937 cells.

In summary, the results presented in Chapters 2, 3 and 4 showed specific
bioactivities depending on the hydrolysate, the assay and the cell line used. Overall,
NaCN hydrolysates had higher bioactivities than unhydrolyzed NaCN. However, the
effect of TGase was only detectable in the colony forming inhibition assay. The final
aim on the research was to test the bioavailability of the hydrolysates using a Caco-2
cell model. The Caco-2 cell model was reviewed in Chapter 1 Section 2 and it is the
main approach used for bioavailability studies. The TNBS method was used in order
to test the transport of the NaCN hydrolysates across the Caco-2 cell. This approach
had been used previously in bioavailability studies of complex hydrolysates (Xie et
al. 2013, Xie et al. 2014). The Caco-2 cell monolayers were incubated with the
different hydrolysate samples and the % of transport was calculated by measuring the
amino N on the basolateral well after 2 h and this value compared with the amino N
that was added to the apical well at time zero. The transport values obtained were in
accordance with the values reported in the literature for different hydrolysate/peptide
samples, i.e., between 2-7% transport (Contreras et al. 2012). HPLC studies showed
different profiles for each basolateral sample including the control (untreated cells)
following the 2 h transport experiment. The basolateral contents of the transwells
were assessed for ORAC antioxidant activity and the basolateral content of the cells
incubated with Prolyve/TGase showed the highest ORAC activity following by
TGase/Prolyve and Prolyve. These results may indicate that, despite the fact that the
% of transport was not significantly different between the samples, more potent
antioxidant peptides passed through the Caco-2 monolayer when these were
incubated with TGase treated hydrolysates. This concept has not previously been
studied, thus this result was unexpected. The basolateral contents of the
Prolyve/TGase incubated cells were submitted to UPLC-MS/MS analysis to identify
the peptide sequences of the sample. A total of 1155 peptides were identified.
Among these 124 peptides were previously reported to be bioactive following
analysis for the presence of these sequences in the BIOPEP database. Interestingly,
some of these peptides were also identified on the basolateral contents of the control
(untreated cells) thus, some of these peptides may be secreted by the Caco-2 cells per

se. The MS analysis also revealed some post-translational modifications (PTM) of
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the peptides that may have been produced as a result of TGase cross-linking, cell

metabolism or the conditions used during the generation of the samples.

In summary, this research has shown that TGase treatment in conjunction

with hydrolysis of NaCN may generate bioactive and bioavailable peptides. To the

best of our knowledge, no information regarding TGase cross-linked hydrolysates

and bioavailability has previously been reported. The results indicate that the use of

TGase treatment in conjunction with hydrolysis may improve the bioavailability of

peptides. However, further research is necessary to determine the differences

between TGase-treated and non-TGase-treated NaCN hydrolysates

6.2

Recommendations for future work

The use of additional alternative proteolytic enzymes with different
proteolytic activities, e.g.., Alcalase and Flavourzyme, may be helpful in
order to determine the effect of the combination of TGase and enzymatic
hydrolysis on NaCN hydrolysates bioactive properties.

Further studies on antiproliferative activity should include the use of a non-
carcinogenic cell line in order to compare the effects on cancer and normal
cell lines.

Further work is required in the identification of peptide sequences in the
basolateral contents of Caco-2 cells incubated with Prolyve and
TGase/Prolyve in order to compare the PTMs observed and the peptides
released.

The development of new methodology is required to detect cross-link bonds
by mass spectrometry using synthetic cross-linked peptides as well as to test
in vitro bioactivities of the modified cross-linked resulting peptides.

In vivo animal studies are required to assess the potential antioxidant, ACE
and DPP-IV inhibitory effects associated with the peptides released to the

basolateral chamber of the transwells.
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Table 6.1 Summary of the main results obtained within this thesis

Experimental chapters
and objectives

Main results

Chapter 2

Generation of NaCN
hydrolysates with and
without TGase treatment

Physicochemical
properties

Effect of in vitro
gastrointestinal digestion

ACE and DPP-IV
inhibitory activities

GPC- and RP-HPLC profiles showed similar peaks for the three
NaCN hydrolysates generated.

In vitro digestion changed chromatographic profile. New hydrophilic
peaks were obtained.

NaCN hydrolysates with and without TGase treatment showed
higher ACE and DPP-IV inhibitory activity in comparison to NaCN.
In vitro SGID did not alter ACE and DPP-IV inhibitory activity.

Overall, no significant differences in NaCN hydrolysates
physicochemical and biofunctional properties with and without
TGase treatment were observed.

Chapter 3

Immunomodulatory
activities

Antioxidant activities

Genoprotective activities

NaCN hydrolysates showed a decrease in the production of IL-6 in
Jurkat T cells.

NaCN hydrolysates showed ORAC and FRAP antioxidant activity.

The Prolyve hydrolysate decreased the DNA damage produced by
H,0, in U937 cells.

Chapter 4

Antiproliferative activity

Inhibition of colony
forming activity

Induction of apoptosis

NaCN hydrolysates inhibited the proliferation of Caco-2, HepG2
and MCF-7 cells. The effect was cell dependent.

NaCN hydrolysates inhibited the colony formation activity of the
MCEF-7 cell line. Prolyve/TGase showed the highest extent of colony

forming inhibition.

All the samples showed apoptosis induction in the U937 cell line.

Chapter 5

Transport across Caco-2
cell monolayer

Physicochemical
properties of the
basolateral contents

Antioxidant activities of
the basolateral contents

Identification of the
basolateral contents

After 2 h of incubation the NaCN hydrolysates showed a % transport
ranging from 2-7%. TGase-treated samples showed a higher %
transport than Prolyve. However, no significant differences were
found.

HPLC profiles of the different basolateral contents showed specific
peaks for the different samples.

The basolateral contents of the transwell incubated with
Prolyve/TGase showed the highest ORAC activity.

The basolateral contents of the transwell incubated with
Prolyve/TGase were identified by MS. A total of 1155 peptides were
identified, among these 124 had been previously been reported to be
bioactive. Some of the PTMs could be as a result of the TGase
treatment.

NaCN:sodium caseinate, TGase: transglutaminase, ACE: angiotensin converting enzyme, DPP-IV:
dypeptidyl peptidase IV, SGID: gastrointestinal digestion, ORAC: oxygen radical absorbance
capacity, FRAP: ferric reducing antioxidant power, HPLC: high-pressure liquid chromatography, MS:
mass-spectrometry, PTM: post translational modification.
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Appendix A: Wide-range peptide sequence analysis of the basolateral chamber of the transwell plate incubated with

Prolyve/transglutaminase (TGase). Results limited to Bos Taurus in SwissProt database.
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Appendix B

Appendix B: De novo short-peptide sequence analysis of the basolateral chamber of the transwell
plate incubated with Prolyve/transglutaminase (T Gase).

Peptide Lfllll g ?,};)C m/z z | RT Local confidence (%)
F* 1 78 | 166.0867 | 1 3.89 [ 79

R 1 80 | 175.1181 1 1.17 | 80
W 1 79 | 205.0901 1 42.31 | 79

Y 1 771 182.0817 1 235178
AF 2 68 | 237.1239( 1 6.67 | 67 69
AL** 2 73 203.139 | 1 4.68 | 6878
AM 2 68 | 221.0959( 1 2.88 | 67 69
AV 2 69 | 189.1264 | 1 2.12 [ 6770
AW 2 68 | 276.1335( 1 8.15 ] 67 69
CD 2 64| 237.1239( 1 5.05 16363
CM 2 66 | 2529736 1 38.54 | 65 67
DF 2 66 | 281.1169 | 1 6.45 | 69 63
DL 2 70 | 247.1162 | 1 5516871
DL 2 70 | 247.1158 | 1 54316972
EK 2 731 276.1579 | 1 3917472
EL 2 84 261.144 | 1 531 ] 8286
EM 2 68| 279.1372 1 4.16 | 68 67
EV 2 65| 247.1325( 1 2.6 | 6762
FA 2 70 | 237.1284 1 3.14 |1 6773
FE 2 61 | 295.1431 1 19 | 6556
FF 2 67| 313.1532 | 1 13.17 | 66 67
FL 2 711 279.1689 | 1 11.2 | 66 76
FM 2 67| 297.1264 | 1 9.31 | 66 69
FP 2 66 | 263.1393 | 1 8.99 | 68 62
FQ 2 75 | 294.1521 1 4.09 [ 7278
FR 2 67 322.1862 | 1 4.24 | 66 69
FS 2 64| 253.1505 | 1 4.34 | 6565
FV 2 67| 265.1547 | 1 7.29 | 66 68
HL 2 70 269.118 | 1 3.75 1 6575
HP 2 75 253.134 | 1 4.83 | 7873
HY 2 76 | 319.1408 | 1 2.15 (7478
KE 2 63 | 276.1525| 1 3.51 ] 7156
KF 2 72 294152 | 1 39317470
KL 2 82| 260.1603 | 1 2.26 | 79 86
KP 2 751 244.1346 | 1 637 | 7872
KY 2 77| 310.1746 | 1 2.32 |1 7877
LE 2 71 261.144 | 1 3.46 | 74 69
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LF 2 711 279.1688 | 1 12.16 | 74 68
LL 2 76 | 245.1153 1 25.77 | 7577
LM 2 711 263.1412 ( 1 7.12| 74 67
LN 2 71 2462422 1 22.8 | 74 68
LP 2 68 229.118 | 1 6.2 17561
LR 2 721 2882022 1 2.71 | 74 69
LS 2 711 2191377 1 2.04 | 74 67
LT 2 72 233.1494 ( 1 2.79 [ 75 69
LV 2 711 231.1697 | 1 5.89 | 7568
LW 2 731 318.1802 ( 1 12.49 |1 76 70
LY 2 721 295.1642 ( 1 6.85 17569
MH 2 63 287.121 1 1.24 | 6561
ML 2 68 | 263.1492 | 1 7.89 | 6572
MP 2 61| 247.1152 1 5.38 | 66 56
MV 2 67 249.127 | 1 4.98 | 66 68
MY 2 67| 313.1215( 1 6.2 | 66 68
NF 2 66 280.129 | 1 6.14 | 66 68
NK 2 64 | 261.1287 | 1 7.33 | 6363
NL 2 71| 246.1449 | 1 4.26 | 66 76
NP 2 61 | 230.1166 | 1 1.47 | 6559
NQ 2 67| 261.1233 | 1 7.58 | 66 68
NY 2 66 | 296.1241 1 3.79 | 66 66
PQ 2 63 244126 | 1 6.75 | 59 68
PV 2 63| 2151412 1 2.62 | 5768
PW 2 62 | 302.1401 1 10.86 | 57 67
QL 2 82 | 260.1606 | 1 4.47 179 86
QW 2 78 | 333.1555| 1 8217879
RF 2 72| 3221874 | 1 4.04 1 6975
RL 2 70 | 288.1965 1 8.9 [ 6674
RS 2 72 2621334 1 1.93 [ 6975
RY 2 79 | 338.1827 | 1 2.58 17979
SF 2 80 | 253.1192 ] 1 5.58 |1 79 81
SH 2 65| 243.1378 | 1 5.27 | 6567
SL 2 70 | 219.1335( 1 4.58 | 66 75
SM 2 67 | 237.1041 1 2.94 | 66 68
SM 2 63 | 237.1184 | 1 2.92 1 6362
SP 2 61 | 203.0558 | 1 1.49 | 6559
SW 2 68 | 292.1288 | 1 7.77 | 6769
SY 2 68 | 269.1141 1 3.59 | 6769
TE 2 66 | 249.1297 | 1 5.1 16368
TF 2 78 | 267.1393 | 1 3917879
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TH 2 66 | 257.1439 | 1 10.25 | 66 67
TK 2 751 248.1536 ( 1 272 | 7673
TL 2 79 | 233.1494 ( 1 245 (77 81
™ 2 80 | 251.1062 ( 1 3.04 | 7981
TP 2 62| 217.0853 1 1.64 | 6559
TV 2 67| 219.1342 1 249 | 67 68
™W 2 731 306.1439 [ 1 8.44 17075
TY 2 68 | 283.1284 ( 1 4.17 | 67 69
VK 2 66 | 246.1863 1 1.23 ] 6568
VL 2 721 231.1707 | 1 7.08 | 6777
VM 2 68 | 249.1273 1 4.92 [ 67 69
VP 2 66 215139 | 1 4.07 | 69 63
VR 2 66 274193 | 1 1.18 [ 65 67
\'AY% 2 68 | 217.1553 1 3.54 | 6769
\'A4 2 68 | 281.1478 | 1 4.82 | 6769
WL 2 72 | 3182022 | 1 9.04 | 6779
wQ 2 66 | 333.1668 | 1 29.48 | 66 67
YA 2 65| 253.1186 | 1 3.3 16563
YF 2 76 | 329.1486 | 1 10.14 | 78 74
YH 2 66 | 319.1392 | 1 2.08 | 65 67
YK 2 65 31018 | 1 2.29 | 6565
YL 2 711 295.1652 ( 1 8.82 16676
YM 2 67 | 313.1221 1 6.26 | 66 68
YP 2 63 | 279.1335| 1 5.43 | 66 60
YQ 2 771 310.1702 | 1 23517778
YR 2 63| 338.1879 | 1 2.37 [ 63 61
YS 2 66 | 269.1146 | 1 3.74 | 66 67
YT 2 67| 283.1279 | 1 2.38 | 66 68
ALV 3 67 302.1585| 1 8.96 | 727552
APK 3 62 315208 | 1 31735954
APK 3 63| 3152037 | 1 2.83 [ 74 60 56
ARL 3 70 | 359.2279 | 1 8251747067
ASL 3 711 290.1734 | 1 6.11 | 74 69 69
AVE 3 70 | 318.1656 | 1 2.69 | 7570 65
CYE 3 62| 414.1314 | 1 2.86 | 7263 51
DAL 3 65| 318.1802 | 1 12.6 | 756555
DLQ 3 721 375.1916 | 1 3.57 | 7876 61
DVQ 3 68 | 361.1714 | 1 3.52 1 78 68 59
EAE 3 78 | 348.1384 | 1 1.5 | 858069
EAL 3 74 | 3321802 | 1 6.75 | 7777 69
EAM 3 70 | 350.1375 | 1 4.36 [ 78 70 61

196




Appendix B

ECE 3 66 | 380.1964 [ 1 9.07 | 826651
EDL 3 751 376.1764 | 1 6.53 | 78 80 69
ELA 3 711 3321804 | 1 4.95 7777 60
ELL 3 82| 3742276 1 10.77 | 86 86 74
EQL 3 65| 389.2077( 1 6.33 | 74 60 61
ESM 3 60 | 366.2187 | 1 424 (746543
EVL 3 721 360.2129 | 1 9.23 1777070
EVV 3 69 | 346.1953 1 6.3 1776961
FDS 3 62| 368.1454 ( 1 5921737043
FGE 3 60 352192 | 1 7.01 | 735055
FLN 3 64| 393.1885 | 1 8.93 | 7174 46
FLP 3 66 | 3762177 1 11.92 | 74 77 48
FLQ 3 67 | 407.2453 1 9.76 | 7374 55
FPL 3 68 | 3762223 | 1 14.43 | 7561 67
FPL 3 64| 3762206 ( 1 14.34 | 7559 57
FQR 3 67| 225.6275| 2 3.85 | 777354
FRQ 3 70 | 225.6313 | 2 3.79 | 78 77 55
FSD 3 70 | 368.1443 1 5.48 | 75 69 66
FSL 3 62| 3662077 1 8.12 ] 70 65 54
FYQ 3 69 | 4572226 1 7.52 1 7374 60
GAW 3 60 | 333.1552( 1 9.32 | 516861
GLD 3 62 | 304.1564 | 1 4.05 1497463
GLN 3 61 | 303.1707 | 1 3.04 | 507557
GYL 3 62| 3521859 1 10.38 | 51 68 69
HLE 3 76 | 398.2084 [ 1 2.92 [ 818563
HLQ 3 78 | 3972179 | 1 2.46 | 858665
HML 3 64 | 400.1958 | 1 10.51 | 72 65 55
HYQ 3 75 | 447.2056 | 1 23 (827963
LAL 3 66 | 3162232 1 6.99 | 79 63 55
LAQ 3 69 | 331.1971 1 3.39 | 826955
LAT 3 66 | 304.1908 | 1 4.73 179 66 54
LAV 3 73 | 3022074 | 1 9.3 1867955
LDL 3 74 | 360.2122 | 1 9.78 | 8173 67
LEE 3 711 390.1935 ( 1 5.13 |1 807261
LEK 3 70 1 195.1269 | 2 2.26 | 8276 50
LEL 3 75| 3742284 | 1 11.04 | 81 7370
LEQ 3 71 389.2028 | 1 3.85 | 827261
LLQ 3 73 | 373.2437 | 1 6.71 | 8278 61
LLR 3 67| 201.1508 | 2 9.99 | 827743
LLV 3 71| 3442608 | 1 12.23 | 80 75 57
LML 3 73 | 3762228 | 1 14.6 | 82 69 69

197




Appendix B

LNN 3 68 | 360.1937 | 1 1.89 [ 80 67 57
LPF 3 61| 376.1889 1 15.72 1 79 59 45
LPL 3 65| 3422009 | 1 8.89 1 79 59 56
LPQ 3 67| 357.2139( 1 5441 826159
LPV 3 66 | 3282285 1 9.34 | 816059
LQD 3 721 3751875 1 4.25 | 8269 65
LSE 3 66 | 348.1842( 1 4.7 1796754
LSL 3 711 3322244 1 12.17 | 81 69 63
LSM 3 68 350.18 | 1 9.1 816954
LSQ 3 72| 347.1926 | 1 3291 827260
LST 3 65| 320.1856 | 1 4.9 | 80 68 46
LSV 3 69 | 3182077 1 9.51 | 816957
LTE 3 70 | 362.1984 [ 1 4.8 |1 816960
LVL 3 74 | 344.2547 | 1 13.13 | 8270 69
LVM 3 69 | 362.2156 | 1 9.68 | 80 69 57
LVQ 3 711 3592279 | 1 4.11 |1 827061
LVT 3 70 | 3322147 1 5.9 1 817060
LVV 3 68 330243 | 1 9.62 | 806757
NLL 3 67 | 359.2311 1 11.2 | 7176 55
NNL 3 64 | 360.2201 1 9.25 1716654
NTM 3 67| 365.1544 1 3411736959
QEL 3 65| 389.2011 1 6.84 | 695670
QLL 3 73 3732426 | 1 10.62 | 747670
QLQ 3 64 | 388.2021 1 5.68 | 69 66 57
QSL 3 71| 347.1905 | 1 5.94 1 75 69 69
QVL 3 73 359.235 | 1 836 | 747570
RLH 3 711 213.1383 | 2 1.77 | 83 82 50
RVV 3 70 373.251 1 9.06 | 76 74 60
SAL 3 69 | 290.1761 1 551736867
SFM 3 68 | 384.1574 | 1 10.94 | 74 70 60
SHA 3 60 | 314.1711 1 508 1716743
SLL 3 72| 3322187 | 1 11.79 | 74 77 65
SLM 3 68 | 350.1738 | 1 9.02 | 7272 60
SLQ 3 70 | 347.1931 1 3.81 1747759
SSL 3 751 306.1703 | 1 493 17979 68
SWM 3 65 423.176 | 1 12.45 | 73 68 52
TAL 3 63 | 304.1866 | 1 4.63 | 70 63 54
TAV 3 67 290.1706 | 1 4.12 1 74 69 59
TFQ 3 60 [ 395.1969 | 1 5.07 | 71 63 45
TLQ 3 76 | 361.1899 | 1 3.77 | 818561
TLS 3 69 320.187 | 1 3.17 | 7376 57
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TSL 3 711 320.1811 1 6.35 | 757068
TTL 3 60 | 334.1967 | 1 4.7 796139
TTP 3 62 | 318.1951 1 443 [ 816740
TVQ 3 771 347.1939 ( 1 1.89 | 858067
VAL 3 711 302.2051 1 9.43 1757069
VAN 3 66 | 303.1656 | 1 3451736759
VAT 3 671 290.1714 | 1 3.23 | 746957
VDQ 3 62| 361.1708 | 1 2.87 | 7270 44
VEN 3 65 361.179 | 1 1.61 | 7170 54
VEP 3 66 | 344.1828 | 1 4.98 [ 7472 51
VEV 3 63| 346.1978 | 1 5981706259
VLE 3 70 360217 | 1 5211737760
VLL 3 74 | 344.2529 | 1 12.52 | 757870
VLM 3 69 | 362.2165( 1 9.66 | 7477 56
VLP 3 67 | 3282228 ( 1 7.9 1747750
VLQ 3 711 359.2282 1 4.75 | 74 78 60
VLS 3 70 318.203 1 4.64 1 7478 59
VLT 3 69 | 332.2213 1 5.92 1737659
VNE 3 70 | 361.1706 | 1 2.95 [ 7570 63
VNQ 3 68 | 360.1873 [ 1 1.67 | 7570 60
VPL 3 771 3282228 | 1 9.38 | 857371
VPQ 3 63 | 343.2029 | 1 3.66 | 7459 57
vQv 3 61 | 3452125 | 1 9.27 1726744
VSL 3 69 | 318.2069 | 1 9.56 | 7469 63
VVM 3 66 | 348.1969 [ 1 7.83 | 746757
VVT 3 60 | 318.2061 1 478 | 71 63 44
YLQ 3 71| 423.2213 1 6.32 | 7578 61
YPE 3 65 408.187 | 1 6.01 | 73 60 60
YPQ 3 63 | 407.2007 | 1 531 736057
AGPV 4 61 343.164 | 1 834161317479
ALPN 4 69 | 4142422 | 1 6.49 | 88 80 56 54
AMED 4 69 465.169 | 1 4.2 | 91 86 5249
AQLL 4 85| 4442797 | 1 11.33 | 92 858282
ASPL 4 90 | 387.2282( 1 7.51 90899094
AVES 4 93 |1 405.2033 1 3.01 1 95939491
CEPL 4 69 | 4612493 | 1 11.94 | 8873 49 68
CHLA 4 69 | 443.2186 | 1 9.35 57517889
CQvv 4 63 | 4482487 | 1 14.08 | 75 73 38 66
CVPK 4 65| 223.6298 | 2 2.92 [ 78 61 62 60
CYEQ 4 77 542.1853 | 1 3.18 | 605994 95
DDEV 4 65| 4772182 | 1 5.78 | 82656251
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DDSQ 4 87| 464.2042 1 1.29 [ 90 81 94 85
DENL 4 771 4902137 | 1 7.03 |1 90 78 60 81
DGAN 4 64| 376.1926 | 1 7194544562
DLLM 4 80 491.281 1 13.03 | 95887563
DLSL 4 62 | 447.2561 1 12.89 | 54 51 68 74
DMPL 4 80 | 475.2301 1 11.69 | 88 66 82 86
DMPS 4 74| 449.2157 ( 1 7.8 198876250
DMSP 4 711 449.2119 1 7.74 | 858263 52
DNTF 4 61| 248.5818 | 2 5.86 | 62497659
DPPL 4 751 4413126 1 13.25 [ 9572 65 68
DQEE 4 70 | 520.1881 1 2.28 [ 62518284
DSDL 4 65 | 449.2071 1 7.75 | 867648 51
DSLD 4 711 449.1996 | 1 7.68 | 89 8656 52
DTDK 4 73 | 4782365 | 1 7.58 1 91826951
DTDY 4 73 513.174 | 1 5.71 1 90 82 56 63
DTPL 4 72 | 4452538 | 1 18.89 | 70 56 79 84
EAHA 4 731 214.1177 | 2 6.45 197925646
EAPQ 4 83 | 4442357 1 10.53 | 898277 84
EDHP 4 63 | 249.1379 | 2 8.05 [ 66 5571 60
EDLK 4 96 | 252.6384 | 2 349197979795
EDPQ 4 84 | 488.2508 | 1 9.29 | 89878677
EFEL 4 751 269.1277 | 2 9.95| 77598282
EFGV 4 64| 4512448 | 1 11.87 | 72 54 5476
EFSQ 4 71| 255.6614 | 2 7.46 | 83696170
EGEQ 4 68 | 4622185 | 1 3171339376
EGGL 4 75 3751873 | 1 6.21 | 88655692
EHEQ 4 87| 542.1857 | 1 3.15 1 88799290
EHTF 4 82| 267.1464 | 2 2.79 | 8272 88 86
EKLK 4 81| 259.1719 | 2 1.91 | 7267 94 94
ELEE 4 74 | 519.2249 | 1 6.22 | 90 86 51 68
ELNL 4 78 244.634 | 2 10.82 1 93855974
ELNQ 4 68 | 503.2786 | 1 11.04 | 86 78 48 62
ELPE 4 66 244129 | 2 6.92 | 92 66 62 45
ELPK 4 60 | 243.6365| 2 3.57 | 62635656
ELPY 4 72 | 521.2686 | 1 18 | 79 72 65 74
ENEE 4 60 | 520.1932 | 1 2.24 | 826744 46
ENEK 4 69 | 260.1567 | 2 6.39 | 756266 74
ENPE 4 60 488.249 | 1 7.23 | 55485582
ENPQ 4 71| 244.1336 | 2 6.89 | 68 558578
EPAH 4 74 | 227.1047 | 2 1.91 | 887073 67
EPAQ 4 61| 222.6309 | 2 6.45 | 79 57 44 66
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EPLL 4 62| 236.1559 | 2 3.55193515249
EPML 4 61| 4893137 1 17.35 | 79 54 45 63
EPPR 4 721 249.5907 | 2 6.41 | 796279 68
EPRT 4 66 | 251.6422| 2 6.69 | 71 5075 68
ERSQ 4 66 | 260.1554 | 2 6.88 | 78 60 63 63
EYLY 4 711 587.2836 1 7.02 169578771
FAVT 4 82| 219.1126 | 2 3.68 | 9290 79 66
FAVV 4 70 | 4352332 1 18.62 [ 76 7559 71
FDLP 4 68 | 491.2654 ( 1 13.09 | 8584 63 40
FDMT 4 62| 257.1519| 2 9.43 |1 66 69 59 56
FFSD 4 941 5152229 1 10.78 |1 939097 97
FFTT 4 76 | 5152125 1 10.84 | 85 89 68 63
FLEL 4 62 | 521.2663 1 17.83 | 69 74 54 50
FLMA 4 721 481.2372( 1 9.41 | 88855957
FLPL 4 60 | 4893037 1 17.49 | 83 7724 55
FNPT 4 69 478241 1 7.63 | 88 8249 57
FNTP 4 67 4782358 | 1 747 | 91825244
FPKP 4 63 | 4882497 | 1 8.94 7976 57 39
FPLN 4 63| 490.2105( 1 4.82 [ 8169 6141
FPPQ 4 971 4882496 1 7.68 | 98 97 98 98
FQPQ 4 76 | 260.1554 | 2 6.97 | 808069 75
FSDK 4 90 | 248.6284 | 2 3.74 | 9590 89 89
FSDQ 4 78 | 248.6296 | 2 3.84 | 86 858260
GAPQ 4 60 | 372.1831 1 7.09 | 55576762
GHSV 4 67 | 399.2651 1 10.15 | 6279 56 69
GLHA 4 73| 397.2155| 1 4.77 1 76 90 59 68
GLPE 4 73| 4152232 1 7.77 | 5571 8186
GYLE 4 63 | 481.2338 | 1 9.21 | 78 74 52 46
HCLA 4 90 | 443.2121 1 9.14 | 88789797
HETF 4 78 | 267.1386 | 2 6.47 | 62679392
HHVN 4 88 | 5063188 | 1 10.72 | 86 8591 93
HPLK 4 93 | 247.6625 | 2 2.06 | 949497 89
KALL 4 74 | 4442876 | 1 11.01 | 62 56 90 86
KDPE 4 64| 4882493 ( 1 9.38 | 51595688
KELK 4 85| 259.1656 | 2 1.66 | 82 88 87 84
KFPQ 4 771 260.1508 | 2 6.97 | 73737979
KLEK 4 89 | 259.1755| 2 1.78 | 859492 88
KNPK 4 88 | 243.6385 | 2 3.54 | 899089 85
KVPQ 4 911 236.1513 | 2 3.35 1959588 86
KVPQ 4 721 236.1511 | 2 3.19 | 737272 68
LCDY 4 73 513.193 | 1 5.71 | 6554 86 90
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LCPL 4 65| 4452448 | 1 19.06 | 5943 67 90
LDLT 4 721 461.2946 ( 1 16.53 | 88 88 62 49
LEEE 4 60 | 5192379 1 6.05 | 54446578
LEEL 4 971 503.2687 | 1 11.07 | 9796 99 99
LELL 4 921 4873079 1 15.73 [ 93 9091 95
LGLP 4 69 | 399.2626 | 1 10.15 | 9562 70 49
LGPV 4 79 | 385.2431 1 10.04 |1 96 79 69 72
LGVD 4 87 403.226 | 1 7.19 1 937490 92
LGVN 4 90 | 402.2338 1 6.47 | 96 80 95 89
LHFP 4 89 | 257.1458 | 2 10.3 |1 99 97 88 74
LHML 4 76 | 257.1459 | 2 11.02 | 94 88 57 63
LHPF 4 951 257.1455| 2 10.5 [ 999992 90
LLAE 4 971 445.2641 1 7.21999797 96
LLDR 4 86 | 5163113 1 11.76 | 98 93 89 62
LLHP 4 86 | 240.1526 | 2 8.15 (95928278
LLPE 4 83 | 471.2901 1 18.46 | 9894 63 79
LMLL 4 81| 4893055 1 17.6 | 89 66 83 88
LMPQ 4 70 | 4882487 1 7.86 | 655281 82
LNRE 4 85| 266.1527 | 2 3.08 | 90 84 84 84
LPLH 4 89 | 240.1574 | 2 827 [ 959091 81
LPLP 4 941 439.2866 | 1 13.85 194949792
LPMT 4 69 | 461.2854 ( 1 15.86 | 78 79 54 67
LPPL 4 74| 439.2882( 1 12.69 | 98 89 51 59
LPVL 4 75 | 441.3061 1 13.07 | 90 68 66 78
LQDK 4 92 | 252.1457 | 2 2.38 1 9691 93 88
LQDQ 4 68 | 252.1504 | 2 2.67 [ 74 80 79 38
LONE 4 67| 252.1456 | 2 2.53 [ 9079 5545
LQPK 4 90 | 243.1624 | 2 3.28 | 97 94 88 81
LTON 4 61 | 4752478 | 1 9.11 [ 90 76 41 38
LVES 4 69 | 447.2403 1 4.85 191824952
LVGA 4 86 | 359.2267 1 4.17 [ 99957776
LVVM 4 87| 461.2812 1 12.64 | 94 87 86 84
LYAT 4 69 | 234.1467 | 2 10.43 | 86 86 57 48
LYLF 4 60 | 5552914 | 1 11.53 | 5744 81 59
MAPK 4 91| 223.6258 | 2 3.11 { 9393 90 89
MDPL 4 63 475.221 1 11.79 | 54 52 62 84
MEQN 4 73 | 521.2567 | 1 17.85 1 89 8766 51
METP 4 70 | 477.2537 | 1 8.94 [ 86 78 63 51
MFDT 4 75| 257.1453 | 2 11.07 | 86 83 77 52
MKPW 4 78 | 281.1475| 2 10.86 | 93 88 71 62
MLEP 4 90 | 489.3051 1 17.7 | 86 91 90 92
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MLGV 4 82| 419.2393 1 11.67 | 91 85 66 88
MLPE 4 68 489307 | 1 17.45 | 86 8943 52
MLPQ 4 63| 4882596 1 9.61 | 83834044
MMLP 4 79 1 491.2849 ( 1 12.93 | 79 63 88 84
MMMM 4 60 272.084 | 2 6.6 | 79794140
MPGQ 4 61| 4322198 1 12.84 | 80672473
MPWP 4 70 | 530.2941 1 16.58 | 81 70 63 65
MVEV 4 69 | 477.2197 | 1 5.63 | 55548978
NEEE 4 68 | 520.1804 [ 1 2.23 [ 82795455
NELD 4 70 | 4902225 1 4.99 [ 8183 6055
NELN 4 921 489.2307 | 1 444 85919897
NLSV 4 81| 432.2247( 1 12.7 | 80 8576 84
NPEV 4 66 | 4582516 | 1 14.32 | 83555471
NPLP 4 90 | 440.2486 | 1 13.62 1 9090 95 86
NPPS 4 63| 4142415 1 7.25 |1 79 6749 57
PATH 4 68 | 213.1385| 2 1.67 | 60 63 68 79
PDVM 4 72 | 461.2415| 1 11.07 | 706276 79
PETR 4 62 | 251.6428 | 2 6.75 | 70 78 59 40
PFPQ 4 70 | 488.2523 ( 1 9.05 | 85825560
PLLV 4 88 | 4413054 1 12.87 1 94958778
PLVL 4 86 | 4413138 1 13.19 1 94937583
PNLP 4 72 | 440.2619 | 1 13.62 | 727372 69
PYPQ 4 74 | 504.2454 | 1 9.77 171667583
QLDK 4 72 252.141 | 2 241 [ 65728070
QLEK 4 871 259.1758 | 2 1.74 | 90 89 80 88
QNFL 4 60 | 521.2684 | 1 17.88 | 727543 52
RAPS 4 68 | 430.2396 | 1 4.63 1 7976 56 60
SAPL 4 96 | 387.2292 | 1 7.43 | 97 96 95 98
SEVE 4 72| 463.2026 | 1 3.8 155568690
SFSM 4 78 | 236.1269 | 2 2.55 [ 7371 8581
SFSP 4 79 | 437.2023 1 5.55 | 887980 72
SLPQ 4 76 | 222.6309 | 2 6.31 | 8786 66 67
SPAQ 4 75 | 402.2466 | 1 1.9 189757263
STNN 4 67| 4352112 1 4.71 | 828646 55
SVEQ 4 91| 4622268 | 1 2.96 | 89 889493
TCGL 4 70 393.197 | 1 11.08 [ 74 59 59 86
TDVE 4 94 | 463.2023 | 1 3.88 195949594
TEEV 4 66 | 477.2127 | 1 5.89 | 898344 50
TESQ 4 89| 464.1989 | 1 1.31 | 898993 86
TGAL 4 61 361213 | 1 6.44 | 835641 62
TGPL 4 77| 387.2303 | 1 7.31 172519095
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THEE 4 81| 515.1364 | 1 2.1 | 846690 85
TLEV 4 63| 461.2505( 1 17.22 1 50 50 63 87
TMLP 4 66 | 461.2399 1 11.42 | 91 825535
TMPL 4 88 | 461.2421 1 11.57 | 91 89 86 88
TTMP 4 83| 449.2085 1 7.88 | 88 828580
TVGA 4 81| 347.1932( 1 1.92 | 92 88 63 80
TYPL 4 66 | 247.1284 | 2 231 (86683773
VAGV 4 61| 3452175 1 9.22 | 88652667
VDDK 4 90 | 238.6247 | 2 1.4 192949182
VDEL 4 73| 4752456 | 1 9.02 | 90 84 57 60
VENL 4 67| 4742489 | 1 8.17 1 90 79 40 57
VEVQ 4 64| 4742656 | 1 8.1 7974 6045
VKLT 4 63| 230.6649 | 2 599 | 746756 52
VLEM 4 76 | 491.2856 | 1 11.12 | 86 9156 72
VLGV 4 91| 3872206 | 1 11.65 | 94958294
VLPV 4 64 | 427.2167 | 1 8.12 [ 85765045
VLSE 4 70 | 447.2522 | 1 4.81 [ 69637770
VLVM 4 67| 461.2905 ( 1 12.69 | 525972 84
VMEV 4 83| 477.2178 | 1 5.74 [ 93917872
VNEL 4 83 | 474.2541 1 872 (92887579
VNKN 4 81 474264 | 1 8.7 189827084
VPPP 4 61 | 409.2881 1 11.26 | 74 5445 69
VSPE 4 60 431.206 | 1 4.95 89723149
VSQV 4 63 | 4322304 | 1 12.68 | 76 72 40 63
VVPL 4 65| 4272962 | 1 11.43 | 88 65 43 63
VYLP 4 87| 491.2853 | 1 12.87 |1 93 88 88 79
WGPE 4 64 | 4882587 | 1 7.41 | 54 48 66 90
WYPS 4 63 | 552.2261 1 6.25 | 78 8246 48
YCEQ 4 72 | 5421937 | 1 3.32 154529091
YLPH 4 74 | 265.1481 | 2 7.75 | 8789 63 56
YMKF 4 83 | 294.6559 2 13.14 | 86 88 77 82
YVAH 4 62 | 489.2307 | 1 15.27 | 83 8045 43
AAEPT 5 66 | 244.6311 | 2 10.83 | 54 5573 81 67
ACPPT 5 66 | 244.6338 | 2 7.84 1 71795570 51
ADEQK 5 73 | 295.6636 | 2 2.25 15778 83 8263
AETPL 5 66 | 265.6531 | 2 16.05 | 5057 61 75 86
ALNPS 5 68 | 501.2653 | 1 5.41 1 60738657 61
ALPPK 5 88 | 263.1776 | 2 4.19 |1 84959290 80
AMAPE 5 64 | 5182845 | 1 19.71 | 55555273 82
AMAPK 5 88 | 259.1465| 2 3.86 | 9194918875
AMKPW 5 80| 316.6702 ( 2 11.09 | 8387737979
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AMYQP 5 78 305.159 | 2 5.44 19090 815970
ANEEE 5 70 | 591.2348 1 2.76 | 46 49 66 94 96
APLAH 5 68 254.635 | 2 4.51 [ 5756 73 69 83
ARVRN 5 67| 308.1717 | 2 3.52 | 5655777772
AVEST 5 66 | 5062544 ( 1 3.9 15663896757
AVLPQ 5 62| 5273247 1 11.45 | 54 5778 63 56
AVMPL 5 70 | 265.6583 | 2 16.33 [ 50 55 65 83 95
AVPYP 5 88 | 546.2916 1 10.91 | 96 95 83 82 88
AYPPV 5 70 | 273.6297 | 2 5.87 1 6986785961
CACSD 5 711 249.5924 | 2 6.24 | 858879 5250
CAMSS 5 65| 249.5864 | 2 6.41 |1 929269 38 33
CAPPT 5 70 244.634 | 2 7.23 |1 596279 86 63
CHQPL 5 75 597.2964 | 1 9.92 | 5557749397
CSQPL 5 64 | 5472965 1 9.98 | 54545073 86
CVMLP 5 61 | 5622848 1 12.73 | 54 61 89 66 35
CVMPL 5 81| 281.6547 2 12.37 | 67 72 81 88 96
CVNAR 5 65 | 281.6496 | 2 12.35 | 63 71 558055
CVNNL 5 64 | 281.6501 | 2 12.25 |1 62 5938 77 86
DAYSP 5 61 | 5522299 ( 1 6.94 | 6052776749
DLELV 5 70 294.691 | 2 18.45 | 5159619290
DLPMT 5 65| 288.6839 | 2 12.23 | 8895703534
DLPTM 5 77| 288.6842 | 2 12.42 | 899779 76 45
DMPLQ 5 93 302.145 | 2 9.81 | 96 9594 96 87
DPHPS 5 66 | 276.6191 | 2 6.67 | 574941 88 95
DSYPQ 5 74 305.153 | 2 5.46 | 56 56 83 88 85
DYPNQ 5 81| 318.6723 | 2 15.54 | 899072 80 75
EAAPT 5 61 | 244.6341 | 2 10.77 | 85563573 54
EDYEK 5 79 | 3421753 | 2 9.24 | 77 69 828879
EEYPE 5 62| 6662707 | 1 14.86 | 4852726373
EFPLQ 5 85| 317.1835 | 2 11.37 | 79 75 89 95 &9
EFVQP 5 61| 310.1512 | 2 9.68 | 776779 40 44
EGLAH 5 90 | 263.6411 | 2 6.01 | 9691 95 88 83
EGLHA 5 95| 263.6363 | 2 6.06 | 9792979595
ELLPL 5 841 292.6979 | 2 10.12 | 80 89 80 74 99
ELVPN 5 61 286.164 | 2 8.86 | 52705067 63
EPLYT 5 721 311.6892 | 2 6.01 | 7351788079
ERLEE 5 81| 338.1738 | 2 5.87 | 7577 66 92 97
ERLGV 5 67 287.137 | 2 2.17 | 61 67 8543 80
ERNKE 5 69 | 338.1688 | 2 5.72 1 69 70 30 80 96
EVFPQ 5 791 310.1813 | 2 10.41 | 8693855179
EVKML 5 79 1 310.1823 | 2 10.46 | 76 68 82 86 86
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EVLPN 5 721 286.1638 | 2 8.34 | 8682825755
EVMLA 5 60 | 281.6542 | 2 12.53 |1 6575854529
EVVNR 5 941 308.6812 | 2 3.74 1 9898939192
EVVRN 5 951 308.6761 | 2 3.67 | 9596 96 95 94
FDFMT 5 60 | 330.6851 | 2 14.42 | 56 68 71 55 50
FDHGL 5 61 294.6617 | 2 13.27 | 48 56 72 44 84
FERSH 5 76 | 338.1757 | 2 5.62 19290755173
FLHFP 5 78 | 330.6858 | 2 14.55 | 79 88 63 8276
FLHPF 5 70 | 330.6837 | 2 14.47 | 79 86 73 54 55
FLRDP 5 81| 324.1667 | 2 8.33 | 778783 88 74
FMPPQ 5 951 310.1563 | 2 12.14 [ 94 97 96 95 94
FNKPQ 5 871 317.1768 | 2 3.36 | 8479909392
FNQPK 5 67| 317.1831 | 2 3271 7363695673
FNQPQ 5 8 | 317.1775 | 2 3.59 | 9388727892
FPGAP 5 88 | 488.2484 | 1 10.51 | 959376 89 90
FPLLV 5 70 294.698 | 2 18.4 | 51 505994 97
FPLVL 5 771 5883732 1 18.94 | 90 88 89 57 61
FSPVP 5 731 273.6299 | 2 5.75 | 74 86 63 60 80
GDALN 5 60 [ 489.2292 | 1 4.35 12352349696
GPFLP 5 74 | 530.2964 | 1 16.43 | 3859879793
GPFPL 5 721 265.6582 | 2 16.28 | 41 63 76 8598
HGDYQ 5 67| 310.1488 | 2 12.05 | 654955 85 82
HLLPP 5 66 | 288.6799 | 2 12.68 | 69 82 60 44 75
HLPLP 5 91| 288.6834 | 2 12.28 | 7991 93 98 98
HPLGA 5 78 | 247.6593 | 2 2.12 1 779095 51 81
HPLNL 5 65 297.197 | 2 618365614570
HVGVN 5 67| 5252724 | 1 10.07 | 57 63 60 84 68
KLPGA 5 64 | 243.1561 | 2 3.18 | 66 88 73 27 65
KMLSE 5 711 304.1998 | 2 7.94 | 52599369 82
KNLPL 5 62 | 292.6921 | 2 10.18 | 61 54 72 34 89
KNPLL 5 63| 292.6842 | 2 10.29 | 6362356193
KVAAE 5 64| 259.1719 | 2 1.83 [ 5575525778
KVPPL 5 87| 277.1704 | 2 13.87 | 76 83 9593 88
KYVPQ 5 94 | 317.6875| 2 7.6 19196979791
LANPS 5 62 | 501.2657 | 1 5.77 | 6557795057
LAPPK 5 88| 263.1761 | 2 7.78 | 86 86 94 92 82
LCAPS 5 62| 490.2226 | 1 3.94 | 5957875652
LDVPS 5 61 | 5303085 | 1 16.55 | 52 54 68 67 65
LEVNP 5 67 5713073 | 1 8.96 [ 5051738279
LEVPD 5 61 | 5723044 | 1 9.24 1 5050756170
LFDMT 5 66 | 313.6924 | 2 13.34 | 73 86 56 61 54
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LGPVR 5 65| 271.1744 | 2 7.18 | 96 89 82 33 25
LHLPP 5 60 | 288.6793 | 2 12.46 | 79 60 45 30 87
LHPLP 5 74| 288.6847 | 2 12.86 | 67 6346 97 97
LHSML 5 67| 300.6674 | 2 9.85 | 686970 61 66
LLHPF 5 871 313.6935 | 2 13.51 1 999895 76 69
LMLLV 5 60 | 5883686 1 18.36 | 5448577470
LMLVL 5 92 588.373 1 18.82 [ 9491 96 88 91
LMMMT 5 751 313.6862 | 2 13.55 17372827870
LNMGP 5 66 | 266.1534 | 2 3.19 | 8986833239
LNPPL 5 84 | 277.1763 | 2 13.6 [ 6769939798
LPFLV 5 76 | 294.6957 | 2 18.48 | 77 675094 93
LPSEN 5 651 280.1735| 2 891 | 7051457286
LQPGA 5 67 | 243.1585| 2 3.24 | 8290833545
LSDME 5 83 | 594.2568 | 1 7.25 1 6563919898
LTENL 5 731 589.2819( 1 9.84 1 9187894554
LVYRE 5 711 340.2042 | 2 2.09 [ 6762717379
MAYPQ 5 751 305.1588 | 2 5.26 | 85808167 65
MDPLQ 5 87 302.15 | 2 9.64 | 73 86 90 96 92
MFPPQ 5 711 310.1549 | 2 9.89 19192514178
MKEPG 5 76 | 281.1467 | 2 10.93 | 85907375 54
MKPVS 5 731 281.1523 | 2 10.76 | 90 89 68 76 44
MLGVN 5 67 5332834 | 1 9.74 | 8590 59 55 46
MLLLV 5 66 | 294.6979 | 2 18.57 | 50 655279 &5
MLPWP 5 63| 322.1994 | 2 19.16 | 6371 63 70 48
MLVYK 5 69 | 327.2045| 2 12.14 | 8580 75 40 63
MMFMT 5 75 1 330.6768 | 2 14.56 | 60 66 91 85 74
MMPSP 5 78 | 281.6501 | 2 12.41 | 9590 68 77 63
MNAAF 5 721 277.1752 | 2 14.14 | 77 74 59 62 86
MPGEP 5 91| 265.6534| 2 16.14 | 9797 90 88 85
MPKLM 5 70 310.169 | 2 10.48 | 90 88 79 50 44
MPMPR 5 80| 316.1716 | 2 9.71 | 8278 84 65 89
MPMPS 5 67 | 281.6538 | 2 12.32 | 8582655054
MPMSP 5 80 | 281.6535| 2 12.22 1 92928572 61
MPMTP 5 66 | 288.6779 | 2 13.04 | 656569 60 72
MPRVM 5 741 317.2004 | 2 11.94 | 92 93 73 69 43
NAVTA 5 67 | 238.1466 | 2 2.98 1 5059758071
NFKPQ 5 82 317.182 | 2 3.54 | 60 73 87 9596
NGPPE 5 64 513.286 | 1 17.23 | 5239 67 81 83
NKVPD 5 70 | 5722926 | 1 9.32 | 527292 65 66
NLHGL 5 90 | 277.1709 | 2 13.49 | 8394859297
NLPPL 5 89 | 277.1766 | 2 13.5 1 71 86 93 98 99
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NPLPL 5 81| 2771776 | 2 14.1 [ 8261 68 9599
NQVPN 5 731 286.1592 | 2 8.66 | 547290 82 69
PFLLV 5 771 294.6977 | 2 18.63 | 63 67 61 96 96
PGFPL 5 88 | 265.6587 2 16.07 | 80 73 92 9599
PLGVD 5 85| 500.2557 1 12.92 90 95 68 85 86
PNTTT 5 63| 267.1333 | 2 6.43 | 4151718766
PPDYQ 5 66 | 310.1557 | 2 12.05 | 56 56 73 73 72
PSNPS 5 70 | 251.1427 | 2 5.48 | 46 6278 84 80
PSPPK 5 82| 263.1739 2 4.26 | 7176 93 92 80
PVPEF 5 711 294.6604 | 2 12.95 | 54 68 5191 92
QALTT 5 63| 267.1386 | 2 6.41 | 7554438161
QGLHA 5 88| 263.1079 | 2 5941 8585939287
QVPPL 5 85 277171 | 2 13.42 1 627493 97 98
QVVRN 5 84 | 308.1746 | 2 3.55 | 72 83 8990 88
RAAPS 5 63 | 251.1427 | 2 5.57 152604876 78
RAPPL 5 84 | 277.1697 | 2 13.92 | 5976 9596 97
SACSW 5 60 | 277.1536 | 2 8.42 1 6560337271
SANLE 5 67| 267.1458 | 2 2.87 [ 6559706677
SDYKP 5 76 | 305.1536 | 2 5.26 | 90 86 8271 49
SDYPQ 5 88 | 305.1539 | 2 5.38 19290091 84 85
SEVEN 5 69 | 577.2391 1 3918988714555
SGYTT 5 61| 264.6244 | 2 5.8 19156714939
SHVPN 5 731 277.1582 | 2 8.71 | 61 65 81 80 80
SLDME 5 71 5942415 | 1 7.48 | 44 5563 96 98
SSPPT 5 62 | 244.6349 | 2 10.97 | 50 54 67 79 57
SVYPS 5 731 276.6249 | 2 6.69 | 69708672 67
SVYSP 5 771 276.6241 | 2 6.5 ] 8281858551
SYVPS 5 76 | 276.6238 | 2 6.63 | 7469 74 82 82
TDAPS 5 82 | 490.2136 | 1 3.96 | 8992916970
TDCCC 5 67 | 2725726 | 2 3.81696649 7379
TDVEN 5 61| 289.1319| 2 3517074404871
TLPSE 5 84 273.629 | 2 5.81 | 75828690 86
TPDLP 5 62 | 5423059 | 1 18.65 | 61 5575 8239
TTYPQ 5 82 305.154 | 2 5.11 | 6674919091
VAEST 5 79 | 506.2556 | 1 3.68 | 5765918896
VALQP 5 64 | 5273104 | 1 11.59 1 79798559 19
VAPGA 5 86 | 414.2351 1 7.31 192939369 84
VLPVP 5 69 | 5243403 | 1 13.4 1 9494 52 56 50
VLQEW 5 79 | 337.7024 | 2 11.29 | 8994 78 82 54
VLYPL 5 68 | 604.3566 | 1 16.72 | 54 65 70 65 85
VQPLP 5 63 553326 | 1 15.32 | 86 84 74 50 22
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VYSPL 5 77 578329 | 1 10.26 | 86 8570 67 76

WVMFA 5 77 327.1872 | 2 6.16 | 68 88 57 86 86

YAKPA 5 81| 275.1584 ( 2 4.54 | 88 90 80 79 69

YKVPQ 5 96 | 317.6818 | 2 7.56 | 9597 99 98 93

YLHFP 5 771 338.6828 | 2 12.96 | 74 78 85 81 66

YLHLM 5 90 | 338.6753 | 2 13 |1 8592939486

YLHPF 5 92| 338.6837| 2 12.86 | 959795 89 85

YVAWK 5 62| 333.6689 | 2 3.64 | 54556670 65

YVHAV 5 62| 294.6603 | 2 13.32 | 86 88 7732 28

YVKPQ 5 76 | 317.6865 | 2 7.42 19291 856251

AANSGQ 6 77 2741377 | 2 1.76 | 85 82 82 85 60 69
AAPKPV 6 721 291.6718 | 2 5.92 1826231769091
AATELV 6 62 | 302.1583 | 2 8.81 [ 627244507473
ACKALQ 6 85| 317.1878 | 2 11.28 | 88 89 76 70 92 95
AGDVNQ 6 731 302.1679 | 2 8.64 | 80 81 60 73 68 75
AGNVPN 6 65| 286.1635| 2 8.56 | 604040928474
AMEDLK 6 93 | 353.6821 | 2 7.22 1 949594 93 93 89
AMEDLQ 6 771 353.6781 | 2 7.51 | 66 87 85 82 82 60
AMGAPW 6 731 316.6646 | 2 11.14 | 8593 73 63 68 60
AMLLAN 6 63| 316.6658 | 2 11.09 | 8993 88 68 19 25
ANAHPV 6 69 | 304.6514 | 2 3.36 | 698074793876
ANGVPN 6 62 | 286.1637 | 2 8.53 [ 525415908478
APAKPV 6 68 | 291.6707 | 2 5.83 | 556335758495
AQFGMT 6 64 | 327.6941 | 2 12.24 | 52 62 66 32 84 85
AVESAV 6 751 288.1959 | 2 6.73 | 60 62 81 75 86 86
AVFPPE 6 78 | 330.1737 | 2 12.51 | 6963 67 71 97 99
AVPFPE 6 83| 330.1733 | 2 12.68 | 656679 93 98 99
AVPQEV 6 85| 321.6779 | 2 11.44 | 77 81 86 83 88 95
AVPYPQ 6 94| 337.6857 | 2 9.4 1869295999898
AVPYQP 6 72| 337.6858 | 2 9.76 | 66 7179 74 77 65
AVYPPQ 6 66 337.679 | 2 9.96 | 62 66 54 48 81 87
CDMEAM 6 63 | 350.1354 | 2 4.23 1 48552668 91 92
CPMAPQ 6 75 323.672 | 2 4.86 | 555182929277
CVEDLK 6 65| 353.6822 | 2 7.52 | 57 56 44 5590 88
DDFPPQ 6 83| 359.6851 2 12.03 [ 66 71 86 89 92 93
DELQDK 6 82| 374.1883 | 2 5.18 | 66729591 88 83
DELQKD 6 81| 374.1749 | 2 5.19 1 9798 98 89 44 61
DLLPTM 6 63| 3452171 | 2 15.97 | 54 68 91 80 41 43
DMPLGA 6 79 1 302.1499 | 2 9.52 1 7070 8493 71 86
DMTNPL 6 771 345.7029 | 2 10.39 | 8990 77 46 69 89
DSEDLQ 6 76 | 353.6816 | 2 7.43 | 596084889173
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DVPLCR 6 82| 351.6812 2 5.15 1909293 89 50 76
DVPPFK 6 69 | 351.6809 | 2 5.02 | 858379675150
DVPSER 6 78 | 351.6808 | 2 5.08 | 6870 87 88 86 68
EAKLCC 6 69 | 333.6644 | 2 3.94 1 90934479 46 60
EAMAPK 6 83| 323.6714 2 4.94 (919283827777
EDLQDK 6 88| 374.1844 (| 2 5.13 |1 78 86 96 90 92 87
EDLSVQ 6 72| 345.6682 | 2 10.61 | 63 844471 84 88
EDVVPT 6 731 330.1741 | 2 12.88 | 67 63 7470 89 76
EEAGVQ 6 60 | 316.6647 | 2 11.22 [ 74 75 68 37 48 59
EELGVE 6 63| 338.1707 | 2 5.82 17676 51 17 60 96
EGGGTV 6 65| 260.1556 | 2 7.1 1936046625570
EKCLLL 6 69 | 359.6922 | 2 14.04 | 55433890 96 94
ELFPKP 6 72 365.682 | 2 11.57 | 7272 8277 65 63
ELREEL 6 72 | 394.7107 | 2 11.26 | 68 7744 61 91 94
ELTMPQ 6 69 | 359.6925 | 2 14.22 | 7786 51 67 62 72
EMLDPF 6 63 | 376.1849 | 2 15.16 | 52 5439 52 88 92
EMPEDK 6 70 | 374.6854 | 2 11.26 | 9296 93 66 39 33
EMPFKP 6 731 374.6949 | 2 11.71 | 68 6774 80 78 74
EMPFPK 6 94 | 374.6885| 2 11.62 | 94 94 91 95 96 96
EMPFPQ 6 84 | 374.6956 | 2 11.29 | 8289839088 74
EMPRSE 6 64| 374.6851 | 2 11.32 1 9596 84 3531 45
ENYAGQ 6 67| 341.1779 | 2 6.72 | 828670 59 34 69
EPKNPE 6 69 | 3572136 | 2 9391 896748437691
EPNPPQ 6 771 341.1838 | 2 6.74 | 85737879 82 66
EPVNPL 6 73 | 334.6913 | 2 13.65 | 56 46 63 81 93 98
ERLEEL 6 78 1 394.7109 | 2 11.22 |1 63 70 66 74 97 99
ETEDPQ 6 67| 359.6909 | 2 14.45 | 62 5538 82 83 81
ETEPDQ 6 60 | 359.6743 | 2 12.94 | 86 63 35347470
ETFPPQ 6 93 359.69 | 2 14.58 | 84 81 98 99 99 99
ETFPQP 6 771 359.6733 | 2 13.12 1 797280757578
ETFQPP 6 85| 359.6812 2 14.71 | 9492 88 82 79 76
ETPGWS 6 711 338.6867 | 2 12.19 | 61 60 70 74 82 80
EVAHPE 6 74 | 341.1849 | 2 6.82 | 69 6562 88 74 86
EVAMAL 6 68 317.209 | 2 12.02 | 515163678292
EVLCGL 6 79 | 317.2011 | 2 1191 7569927771 95
EVMDPQ 6 69 359.687 | 2 14.12 | 6870457976 78
EVPYPF 6 70 | 376.1939 | 2 15.28 | 73 6232619497
FDARGT 6 60 333.664 | 2 4.1 [ 495967 8237 66
FELAPV 6 69 | 338.1762 | 2 5.66 | 97 98 96 56 30 38
FELLGP 6 &3 338.169 | 2 5.62 1 98 99 98 83 60 60
FELPVA 6 61| 338.1658 | 2 5.73 1949793302528
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FLEVPF 6 65| 376.1938 | 2 15.45 | 486343499296
FLMEPY 6 67| 4002135 | 2 16.57 | 51673273 86 90
FLMPPF 6 81| 376.1951 2 15.4 | 5269859295 96
FLPHLS 6 82| 3572131 2 9.34 1 9698916579 63
FLPYPY 6 78 400.212 | 2 16.71 | 5571 68 9292 92
FPVVPT 6 85| 330.1734 ( 2 12.72 1 9297 93 78 85 69
FVASPL 6 66 | 3172076 | 2 11.9 | 485146 61 94 96
FVMPPQ 6 651 359.6904 | 2 12.24 | 49542773 93 95
GLWPAV 6 67| 321.6822| 2 11.56 | 7291 69 38 50 84
GQAPVH 6 731 304.6531 | 2 291 [ 578585795771
HATQPQ 6 64| 341.1848 | 2 6.89 | 4955287990 85
HAVSAM 6 64| 308.1757 | 2 3.39 | 4854387983 82
HKAATE 6 61 328.684 | 2 2.14 1 6551357552 86
HLLPPL 6 78 | 3452209 | 2 16.38 1 95907272 59 79
HLPLLP 6 81| 3452207 ( 2 16.33 | 75 86 59 8594 88
HLPLPL 6 94| 3452284 | 2 16.15 | 86 93 93 99 98 98
KAPYGL 6 61 | 324.6589 | 2 3.87 | 6256 628039 65
KDHSYL 6 61 | 381.7267 | 2 6.29 | 659579513148
KNNNEL 6 63| 366.2079 | 2 8.23 1 605959347590
KSCCPW 6 62| 362.1802 | 2 10.73 | 575239697579
KVPQLE 6 93| 357.2208 | 2 9.06 | 8288959799 99
KVQPLE 6 60 | 357.2132 | 2 9.02 | 5950253298 98
KVVVGN 6 78 | 308.1752 | 2 3.5 889390 8352 66
KYKFPQ 6 751 405.7106 | 2 8.77 |1 55557890 88 84
LAYGTM 6 65| 328.1497 | 2 3157496654 8082
LCGEPL 6 60 | 316.1725| 2 9.81 | 66521056 8590
LEFVPN 6 67 | 359.6911 | 2 14.16 | 524957 73 82 86
LFPYFL 6 93 | 400.2123 | 2 16.81 | 9393939791 92
LFPYPY 6 871 400.2023 [ 2 16.61 | 747191 97 95 95
LHLPLP 6 65| 3452192 | 2 16.78 | 61 5741 60 90 83
LLHPLP 6 72| 3452273 | 2 16.77 | 8279514693 84
LLNPPK 6 60 | 341.1829 | 2 6.75 | 828073752325
LPHLLP 6 91| 3452277 | 2 16.3 | 93 88 869595 92
LTEEEK 6 81| 374.6969 | 2 4.5 7667827890 96
LTPGVT 6 64| 294.1496 | 2 6.06 | 90 90 67 49 41 45
LTPSER 6 74 | 351.6804 | 2 497 (7467747776 77
LVMSPQ 6 61 337.697 | 2 11.59 [ 68 62 65574071
LVPVPQ 6 921 326.7111 | 2 11.67 | 858595989791
MDVGAP 6 64| 2951513 | 2 9.98 | 91 93 86 354040
MEERSH 6 871 3947113 | 2 10.92 1 96 98 94 90 71 78
MENMHS 6 60 | 374.6881 | 2 12.04 | 51 66 60 49 55 80

211




Appendix B

MEPEDK 6 65| 374.6886 | 2 11.36 | 576675 61 60 73
MEPFPK 6 83| 374.6887 2 11.68 | 6270 85 94 95 95
MFSALY 6 71 366.194 | 2 8.06 | 98 98 8943 51 46
MLFPPF 6 79| 376.1934 | 2 15.2 | 5569 69 88 98 98
MLLYPY 6 84 | 400.2147 | 2 16.81 [ 93 9561 66 9597
MMPLEV 6 721 360.2169 | 2 9.78 | 54 698092 75 63
MPDVEP 6 60 | 344.1826 | 2 5241 4439287091 88
MPLMVV 6 69 | 3452277 | 2 15.8 | 90 8994 75 31 38
MPLPPE 6 72| 3422052 | 2 8.97 1 504173879091
MPLPTM 6 751 3452212 | 2 16.1 | 889596 86 44 41
MSVPPE 6 711 330.1791 | 2 12.67 | 48 48 55 78 98 98
MVFPPQ 6 88 | 359.6905 ( 2 12.02 | 79 80 86 94 95 95
NFKVPF 6 68 | 376.1942 | 2 15.65 | 455165679192
NGMATN 6 61 | 304.1374 | 2 13.4 | 85777871 27 29
NLLPPL 6 72 | 333.7195| 2 17.21 | 527270 67 75 95
NLLPPQ 6 70 | 341.1827 | 2 6.94 | 51 6648 8192 85
NPDLPL 6 68 334681 | 2 13.89 | 575451628793
NPGGPF 6 63| 294.6605 | 2 13.11 | 46 44 46 62 90 88
NPLPVE 6 64 334.681 | 2 13.95 | 46 46 43 75 85 89
NPNNPL 6 68 | 334.6852 | 2 13.5 | 555150807892
NPNYPF 6 74| 376.1872 | 2 15.31 | 554957919798
NPPMPL 6 63 | 334.6904 | 2 13.6 | 656032399096
NPPVPE 6 62| 326.7037 | 2 12.13 | 50 50 27 80 79 84
NQPFPK 6 76 | 365.6903 | 2 14.26 | 54 63 88 90 84 82
NSTVAP 6 66 | 5882969 | 1 6.03 | 4854729572 56
NVPFPL 6 68 | 343.7095 | 2 14.09 | 54 5940 63 96 97
NYNEPY 6 63| 400.2093 | 2 16.74 | 48 54317579 91
PDFAPQ 6 63 337.696 | 2 11.47 | 48 63 71 73 60 66
PDLYPF 6 82| 376.1936 | 2 15.13 | 61 69 81 90 96 98
PDPTLH 6 76 | 340.1944 | 2 1.85 | 90 90 62 70 65 81
PENPPQ 6 79 | 341.1829 | 2 6.58 | 869280528478
PMFLPF 6 74 376.1927 | 2 15.33 |1 5955657296 98
PMWNTF 6 69 | 398.1968 | 2 5.99 | 6176 56 77 65 82
PNLDPL 6 65| 334.6915| 2 13.47 | 3948 50 74 86 92
PVEYPF 6 78 | 376.1937 | 2 15.51 [ 70 74 48 82 96 98
QDVSGE 6 65| 317.6808 | 2 7.71435983755079
QLPMPR 6 70 | 371.1871 | 2 8.22 1809370713567
QVLPPQ 6 62 | 341.1816 | 2 6.98 | 455152638675
RAPQLE 6 88 357215 2 8.94 [ 83 8878 84 98 96
RGPFLP 6 62 | 343.7093 | 2 14.02 | 572921839491
RTGAPK 6 751 315.1848 | 2 3.6 1748261916679
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RTPEPF 6 60 | 373.7398 | 2 15.22 [ 394154757478
SAPALN 6 64| 572.2761 1 13.09 | 61 5048 59 85 80
SDTSSL 6 88| 305.1586 | 2 5.09 |1 929090 86 85 89
SMCDVA 6 711 313.1235| 2 8.57 |1 827368507578
SNTGSS 6 82| 276.6246 | 2 6.58 | 81 6871 829697
SPRGPL 6 60 | 313.7033 | 2 5.56 | 827944215977
SSLPAE 6 63| 302.1498 | 2 9.71 | 68 69827143 48
STPTLE 6 65| 324.1762 | 2 831 | 515941499397
TAEYAA 6 62| 313.1228 | 2 8.68 | 737151394492
TAMCEA 6 61| 313.1225| 2 8.53 1 6763504871 65
TCTSSL 6 751 306.1657 | 2 5.05 | 56 50 68 92 94 93
TDYALA 6 61| 327.1425| 2 5.95 | 6875484557 74
TEFPPQ 6 69 | 359.6845 | 2 11.97 | 7376 86 45 41 92
TFEPPQ 6 84| 359.6915 | 2 13.92 | 62 66 8593 98 98
TGCKPQ 6 871 317.1835 | 2 3.25 18273799798 94
THLPSA 6 76 | 313.1189 | 2 8.54 | 87 8090 49 66 82
TKSAPQ 6 68 | 316.1723 | 2 9.96 | 70 61 33 80 82 82
TKYFLL 6 64 | 392.7435| 2 11.62 | 63 50344593 95
TLALEE 6 74| 338.1759 | 2 5.55 17076356998 99
TLEEEK 6 61| 374.6976 | 2 4.47 (737734347576
TLPQLM 6 731 351.6808 | 2 542176797569 72 68
TLPSER 6 84 | 351.6747 | 2 5.25 | 80 83 85 88 85 82
TLPWVS 6 711 351.6809 | 2 5.26 | 63787973 69 66
TPSLEE 6 80 | 338.1759 2 5.74 | 7870 57 78 97 99
TSLVSP 6 64| 3022133 | 2 5.7 1 656669 7945 62
TSMTSL 6 72 | 320.1857 | 2 6.23 | 57724489 85 85
TSPARP 6 70 | 3147111 | 2 10.27 | 74677276 72 59
TVEMAL 6 61 | 332.1808 | 2 6.64 | 68 75395944 85
TVMAPQ 6 771 323.6636 | 2 4.94 75749193 80 52
VAGPPL 6 69 | 277.1767 | 2 13.77 |1 49 59 18 93 95 98
VAPFPE 6 92 330.173 | 2 12.56 | 90 90 80 94 99 99
VAPYPQ 6 94 | 337.6865| 2 9.22 1 85909799 99 99
VCEDLK 6 88 353.682 | 2 7.2 1 78 8589939589
VDPSER 6 74| 351.6749 | 2 5441 6273858671 65
VFQSPL 6 87| 345.6968 | 2 10.44 | 82 887583 9597
VLPVPQ 6 97| 326.7056 | 2 11.36 [ 97 99 98 99 97 94
VLQPFA 6 84 | 337.6954 | 2 11.37 [ 90 95 83 78 77 84
VLQVDT 6 70 | 337.6969 | 2 11.43 | 8993 75 54 59 54
VLQVES 6 62| 337.6959 | 2 11.53 [ 8993 69 3033 59
VQLPGA 6 66 | 292.6979 | 2 10.17 | 8990 88 56 28 48
WGYELE 6 65| 398.7154 | 2 7.71 | 46 44 8583 63 70
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YAGAPA 6 771 275.1605 | 2 4.82 [ 7990 35 85 82 88

YEVPPF 6 76 | 376.1862 | 2 15.26 | 5763 71 84 90 92

YMTTDY 6 68 | 397.1801 | 2 13.45 | 4548 60 80 86 88

YPDLPF 6 82| 376.1872 2 15.13 | 845957 97 99 99

YPDTQE 6 67| 376.6605 | 2 9.89 | 888782444557

YPMPPF 6 721 376.1851 | 2 15.49 | 56 52 50 86 93 95

YPVEPF 6 731 376.1866 | 2 15.66 | 63 59458591 95

YQGPLV 6 64 338.693 | 2 12.34 | 59 66 28 50 93 91

YTADLA 6 67 327.149 | 2 6.02 | 60627067 6578

YTDAPS 6 78 | 327.1479 | 2 5.82 | 56 62599899 98

YVHRPQ 6 79 400.247 | 2 17.23 | 60 65 85 86 86 90

AAEPYPQ 7 65| 388.2085| 2 10.21 | 4556 46 63 79 81 86
AALTEEL 7 71 373.7267 | 2 10.01 | 54 5751748779 95
AATANVQ 7 60 | 337.6859 | 2 9.82 1 596946 65605270
AATPFDP 7 72 | 359.6897 | 2 14.64 | 514837 87979093
ACAEPPV 7 71| 343.6927 | 2 11.4 | 515748 86 87 83 82
ACLLLLQ 7 64 387.216 | 2 11.78 | 7279 99 92 45 27 38
ADSTSPL 7 65| 345.6693 | 2 10.65 | 5271 69 67 43 67 88
AFPLQNS 7 63 | 388.7432 | 2 14.63 | 52 59 88 84 62 32 62
AHGQFDL 7 79 | 394.1968 | 2 11.82 | 66 67 67 8291 91 91
AKQLALV 7 60 | 371.7363 | 2 19.98 | 52493068 40 91 89
ALLYPLS 7 64| 388.7373 | 2 14.62 | 48 60 51 35 82 88 82
ALNGVPN 7 64 | 3427061 | 2 12.66 | 5272343490 86 79
ALNPYPQ 7 61| 401.7275| 2 8.4 1 56 6635607067 74
AMAGSVP 7 62| 316.6713 | 2 11.03 | 91 93 8245 68 30 27
AMVLPLV 7 751 371.7288 | 2 20.11 | 57628071 67 96 94
ANGVGGP 7 63| 286.1591 | 2 8.46 | 565628917061 82
ASDPTSV 7 60 | 338.6882 | 2 12.28 | 54 66 46 57 55 54 85
ASNCLPF 7 62 | 376.1956 | 2 15.76 | 45493532889293
AVDEPEV 7 86 | 379.7153 | 2 16.36 | 74 88 74 88 93 94 90
AVMLEPV 7 731 379.7151 | 2 15.64 | 87 89 8270 60 40 83
AVPFPEV 7 81| 379.7079 | 2 15.93 1 9393 9595555583
AVPLTPT 7 73 | 349.7146 | 2 10.11 | 54 62 59 66 89 90 90
AVPVGTV 7 64 | 321.6829 | 2 11.39 | 57 69 82 70 39 43 87
AVVECPY 7 711 390.7068 | 2 15.96 | 68 66 78 5776 73 77
CALDPLQ 7 86 380.195 | 2 8.39 1 677093 889298 97
CAPLDLQ 7 78 | 380.2023 | 2 8.23 1 60 62 68 79 88 95 94
CAPMPLQ 7 65| 380.1941 | 2 8.84 [ 60 614051 69 89 86
CLGTSPL 7 70 | 345.6755| 2 10.6 | 69 68 26 79 68 87 95
CLVRPSE 7 70 | 402.1943 | 2 6.24 | 446137749393 91
CVATSPL 7 73| 345.6872 | 2 10.42 | 60 6039 82799297
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DDERTPS 7 60 | 410.2201 | 2 8.7 | 666780355259 62
DFLLEQN 7 64| 439.7253 | 2 17.17 | 49 44 43 88 83 73 69
DLFLEEL 7 71 439.725 | 2 17.07 [ 5970 39 85 86 88 71
DLLPLCC 7 70 | 388.7363 | 2 16.4 | 48 62 90 85 86 54 66
DLLPLGY 7 61| 3957494 | 2 16.77 | 49 65 95 86 84 16 35
DLLPLMT 7 68 | 401.7596 | 2 19.2 | 46 6290 71 90 60 54
DLSLELS 7 68 | 388.7434 | 2 14.8 | 44 5249 84 82 81 82
DLTCGYN 7 64| 393.1882 | 2 9.12 | 71 68 66 59 22 81 80
DQLTPLL 7 67 400235 | 2 17 1 59656068 52 71 91
DSLPNPL 7 88| 3782071 2 13.18 | 78 8293 86 90 92 95
DTPPELN 7 84| 393.1952 2 8.99 | 78 7279 81 95 96 90
DVPGFPA 7 82| 351.6806 ( 2 536 | 768293778579 79
DVPSVVS 7 65| 351.6812| 2 5211 67729583613445
DYPLEEL 7 84 | 4397323 | 2 17.04 | 72 809293 89 89 76
DYPLEQN 7 81 | 4397252 | 2 16.59 | 98 97 9594 83 41 61
DYPLFSH 7 88 | 4397211 | 2 16.9 | 9796 909290 77 78
EAAMPLQ 7 741 380.2023 | 2 8.26 | 72 62 49 55 89 98 95
EAMAAGP 7 67 | 323.6665 | 2 4.9 17489939466 19 34
EAPRVPQ 7 80 398.715 | 2 7.5 1 898371529290 82
EAYPPLV 7 62 | 394.7547 | 2 17.13 | 54 6034 21 8592 91
EFLAPLQ 7 62 409.257 | 2 14.7 | 655743247493 78
EKVNSGL 7 73 3737177 | 2 9.98 | 80858567 614091
ELAFPLS 7 74| 388.7434 | 2 14.87 | 48 63 86 68 87 85 83
ELFPQLE 7 77| 4382481 | 2 9168795069 839695
ELLHVAL 7 80 | 397.7008 | 2 10.96 | 61 76 90 86 88 71 88
ELSVDPQ 7 65| 3942306 | 2 13.22 | 60 62 54 43 81 77 80
EMDEQCR 7 66 | 4557135 | 2 11.07 | 829286 81 62 27 32
EMELPGL 7 76 | 394.7187 | 2 11.21 | 70 62 89 90 65 68 88
EMELPGL 7 74| 394.7114 | 2 10.97 | 69 56 84 89 63 65 91
EMPFYSH 7 65 | 4557099 | 2 11.14 | 71 79 96 95 45 34 38
EPPGGPQ 7 70 | 341.1763 | 2 6.77 | 78 60 84 44 60 82 86
EPPSELN 7 67| 393.1891 | 2 8.74 | 74 66 54 38 73 85 82
EPTMALV 7 60 380.739 | 2 15.62 | 69 61414067 60 79
ETGPAAP 7 711 321.6773 | 2 11.58 | 92 69 63 79 88 60 48
EVNPPPK 7 69 | 390.7521 | 2 10.56 | 60 48 4578 8097 78
EWASSPV 7 64| 388.1972 | 2 5.36 | 6148596769 6676
FESSTGH 7 61| 382.6938 | 2 8.61 | 528673 81452862
FLDGTVP 7 61| 374.6903 | 2 12.15 [ 55 66 74 25 71 69 65
FLELGPL 7 82| 394.7193 | 2 10.71 | 62829391 63 8597
FLMTMPK 7 64 | 4342688 | 2 10.55 [ 54 63297579 84 66
FMPHHLP 7 74| 439.7234 | 2 16.62 | 7578 62 68 63 88 82
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FNVPLPQ 7 65 407.729 | 2 10.78 | 74 74 89 90 86 20 27
GCTKSGE 7 66 | 341.1815| 2 7.09 | 29578079 83 68 63
GPFVFVV 7 71 382,726 | 2 19.97 | 859494793743 67
HAATGPQ 7 67| 341.1895| 2 6.52 | 46 6252 8273 84 69
HLLPLPL 7 741 401.7714 | 2 19.28 | 46 63 67 63 98 94 89
HLLPPLA 7 78 380.745 | 2 15.24 | 77 86 72 44 89 93 85
HLLPPLS 7 68 388.746 | 2 14.44 | 51 67 56 3583 9591
HLLPPLT 7 69 | 3957519 | 2 14.94 | 49 66 59 38 91 95 89
HLLPPLV 7 751 3947628 | 2 17.26 | 56 71 65 44 93 98 96
HLPLPLS 7 69 | 388.7441 | 2 14.68 | 456029 63 94 97 96
HLPLPLT 7 751 3957534 | 2 14.69 | 54 68 51 80 95 95 86
KDPVLPF 7 721 4082375 | 2 15.02 | 3954798991 7776
KEEVLGV 7 82| 387.2218 | 2 11.98 | 637077 81 98 92 93
KNFPAGL 7 77 373.7174 | 2 10.15 | 46 54899492 74 95
KSTNKPQ 7 62 | 401.7268 | 2 821 [ 6359454343 8592
KVDPPPK 7 65 390.76 | 2 10.32 | 57 67 55 65 63 88 60
KVGAPLE 7 62| 3572181 | 2 9 1596729394598 98
KVGPALE 7 721 3572205 | 2 9.35191945635439393
KVLPVPQ 7 80 | 390.7607 | 2 10.55 | 5561 8892 97 90 82
KVPAGLE 7 68 | 357.2127 | 2 9.1 |72756055329292
KYGHLGV 7 65| 3872142 | 2 11.88 | 61 551569937688
LAVAPGA 7 80 | 299.7004 | 2 6.35 1 889286878746 73
LDLPLTM 7 66 | 401.7663 | 2 18.95 1 59 66 98 89 84 33 35
LDLPLWS 7 61 | 4222493 | 2 17.54 | 54 60 95 87 75 26 28
LFNEPYP 7 61 | 440.2255| 2 17.27 | 48 43 26 55 68 92 91
LLNPVPQ 7 78 1 390.7589 | 2 10.66 | 6568 73 81 91 91 82
LLYAVLP 7 771 3947628 | 2 17.02 | 68 70 69 76 90 90 74
LMVVVVV 7 771 379.7082 | 2 15.99 | 60 57 8290 82 78 90
LPLHPLA 7 711 380.7375 | 2 15.39 | 814954 41 87 9590
LPLHPLT 7 67 | 395.7529 | 2 14.86 | 56 48 61 43 86 92 87
LPLHPTL 7 74| 395.7444 | 2 14.86 | 60 57 66 70 91 88 88
LTDSVAP 7 61| 351.6754 | 2 5.17 |1 625279353877 79
LTLLALV 7 76 | 371.7277 | 2 19.92 | 6559 88 88 68 86 78
LVLPVPQ 7 75| 383.2555| 2 15.59 | 63 75 84 65 94 85 60
MALNPPL 7 77 3782084 | 2 13.29 [ 70 54 63 76 82 96 98
MAVTFPE 7 771 397.6987 | 2 11.09 | 59669594 78 74 71
MEELAPV 7 79 394719 | 2 10.98 | 95979794 51 57 66
MEELAVP 7 721 394.7115 | 2 11.07 [ 81 919090 71 44 38
MEELPGL 7 69 | 394.7112 | 2 10.8 | 7490 88 88 38 18 89
MENKFLP 7 68 | 439.7323 | 2 16.61 [ 44 61337576 95 89
MFPLEEL 7 86 | 439.7319 2 16.76 | 799095 97 82 86 75
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MKNVASV 7 70 374.696 | 2 4.67 | 4146707290 85 83
MLCLLPL 7 791 401.7716 | 2 18.94 | 79 86 44 61 93 97 98
MLMVVPL 7 62| 401.7715| 2 19.03 | 78 884538337277
MLPNPDL 7 73 400.252 | 2 16.97 | 49 71 82 80 78 67 88
MLPTLPQ 7 60 400.248 | 2 17.15 | 56 69 79 41 46 66 62
MLTADLP 7 60 | 380.7481 | 2 16.78 | 60 5532 61 69 80 65
MLVAPEV 7 791 379.7143 | 2 16.25 | 627479 77 85 90 89
MLVVEHA 7 70 | 266.8062 | 3 4.58 | 66 6048 78 7579 82
MNTPLDP 7 66 | 3942127 | 2 12.36 | 40 57 82 82 90 62 50
MPEAAAT 7 721 3457018 | 2 10.34 | 94 9590 54 74 50 49
MPLPFVV 7 70 | 401.7716 | 2 19.37 | 89 899575 69 32 39
MPLPLGY 7 76 | 395.7392 | 2 16.75 | 93 93 98 94 90 23 44
MPLPLNY 7 75 | 424.2527 | 2 16.66 | 86 8795 89 85 35 45
MPLPLTM 7 62| 401.7622 | 2 19.01 | 55619078 86 31 32
MPLVMLV 7 751 401.7617 | 2 19.24 | 87 8595 76 74 56 50
MPPLLGY 7 75 395.753 | 2 16.62 | 94 95 89 89 89 24 46
MPPLLMT 7 71 401.762 | 2 19.35 | 858349 56 90 67 69
MTPLEVT 7 66 | 395.7528 | 2 15.11 | 889383372851 80
MTPLPMT 7 69 | 395.7437 | 2 15.04 | 4549 68 88 83 67 85
MVMVLPL 7 62| 401.7707 | 2 19.47 | 73 56 59 41 85 51 68
MVPLMVV 7 89| 394.7619 | 2 17.37 | 859095 94 88 90 86
NAPTCAF 7 67 362.178 | 2 10.78 | 51 61 69 65 59 81 86
NGSPRLV 7 60 371.736 | 2 20.04 | 46 3037 62 60 94 91
NMDPLPQ 7 66 | 407.7402 | 2 10.95 | 40 543971 9586 74
NPGGNPL 7 60 | 334.6897 | 2 13.38 | 5550312679 88 94
NQPFGAP 7 66 | 365.6926 | 2 14.21 | 51 6791 77 60 46 68
NYPQPYP 7 75 | 439.7344 | 2 17.23 1 48 56 72 81 92 90 89
PHGLPLQ 7 63 381229 | 2 10.44 | 40 56 22 89 95 82 56
PLCFPLS 7 69 | 388.7441 | 2 14.52 | 41 66 40 68 90 94 84
PLLHPLA 7 70 380.746 | 2 15.46 | 46 70 59 39 91 95 92
PLLHTPL 7 74 | 395.7544 | 2 16.72 | 41 70 61 56 93 95 97
PLSYPLQ 7 62 | 409.2598 | 2 14.49 | 375933 52898975
PPSGQGH 7 60 340.199 | 2 1.9 1 6267684473 2878
PTPPFLN 7 69 | 393.1975| 2 871 162735140719392
PYNQPYP 7 68 | 439.7321 | 2 16.81 | 655033 68 88 90 86
SASFPYN 7 61 393.188 | 2 8.77 | 5648 33 5568 84 84
SCASNTV 7 74 | 341.1897 | 2 7.04 | 5256 77 86 83 82 81
SDLLGSW 7 711 389.1882 | 2 13.45 | 90 93 95 92 55 34 37
SDLNPPL 7 64| 378.1996 | 2 13.41 [ 60 61 76 33 34 90 96
SECGYLN 7 61 393.1945| 2 8951727643 15459091
SEPPELN 7 86 | 393.1959 | 2 8.75 | 6580879196 9590
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SGNGEPA 7 64| 316.1275| 2 12.53 | 88 56 89 76 80 27 35
SGNPRLV 7 64| 371.7352 | 2 19.9 [ 50 30 65 62 52 94 92
SHAEFLP 7 60 400.734 | 2 19.41 | 4148 63 43 69 82 75
SSAESPL 7 65| 345.6758 | 2 10.49 | 5559306277 7597
SSLDPLQ 7 86 | 380.2018 [ 2 8.09 1 677091 8992 98 98
STGFPYN 7 751 393.1882 | 2 8.87 1 7377398579 83 89
SYPLPLS 7 78 | 388.7424 | 2 14.57 | 67 65 61 78 94 95 90
TAALNEL 7 67| 366.2079 | 2 8.17 |1 66 674543767795
TAALRSL 7 66 | 366.2034 | 2 8.17 |1 63574579 62 66 88
TALANEL 7 60 | 366.2016 | 2 8.13 1 6357411963859
TALLEEL 7 69 394719 | 2 10.81 [ 69 59 56 56 52 92 96
TDVVPEV 7 731 379.7063 | 2 16.28 | 62 61 59 85 80 80 81
TDVVVEP 7 751 379.7151 | 2 15.74 | 68 71 86 88 86 57 67
TDVVVPE 7 82| 379.7075 | 2 16.1 | 79 79 92 93 86 81 66
TELPGEP 7 67 371.7291 | 2 20.25 [ 4349838674 6570
TERVELE 7 63 | 438.2466 | 2 8.94 [ 48 56 28 63 59 96 95
TGCLLNQ 7 63| 374.6887 | 2 11.42 | 65445079 68 62 74
TGNAAPE 7 751 330.1804 | 2 12.81 | 66 37 5579 96 98 98
THSQVPQ 7 68 | 398.7151 | 2 7.6 | 797960447270 69
TKNPALV 7 65| 371.7361 | 2 19.93 | 48 5140 67 6295 95
TKQCTPL 7 721 395.7508 | 2 16.68 | 67 66 73 44 77 88 93
TLAEPDV 7 61| 372.6893 | 2 6.03 1 4961 78 6743 65 65
TLALEEL 7 65| 3947115 | 2 11.13 | 67 60 38 56 55 89 94
TLEFAAP 7 60 | 374.6914 | 2 4.48 | 738692 8041 2624
TLPGFPA 7 65| 351.6756 | 2 5.02 | 56759178 843341
TLPSEGV 7 63| 351.6758 | 2 5.07 15576929178 1533
TLPSGDL 7 721 351.6708 | 2 5.09 | 66 829595 68 48 54
TMGQAPF 7 711 376.1871 | 2 15.53 | 70 66 30 72 68 96 97
TNGAAPE 7 74 | 330.1796 | 2 12.38 | 61 5521 86 98 99 99
TNKDLHA 7 67 | 266.8063 | 3 4.77 1 72402876 90 89 71
TPLETLN 7 741 3942214 | 2 12.52 | 66 63 70 52 8594 92
TPLMVLN 7 70 | 3942125 | 2 12.52 | 57 56 74 57 67 90 88
TPRFPEV 7 63 | 423.2234 | 2 16.15 | 554026 61 77 92 91
TPSLEEL 7 80 | 394.7187 | 2 10.93 | 77 69 66 92 79 79 97
TSGESPL 7 63 | 345.6757 | 2 10.72 | 76 48 15 66 79 63 96
TSPTPPF 7 65| 373.7396 | 2 15.16 | 50 56 86 61 65 60 73
TSTFCQE 7 84 408.162 | 2 7.61 | 94 959491 90 59 68
TVAAPPL 7 67 | 334.6848 | 2 13.39 | 63 66 5045 66 89 92
TVAMPLQ 7 76 | 380.2024 | 2 8.15 [ 69 69 55629097 94
TVSDPLQ 7 80 | 380.2024 | 2 8.41 [ 68 66 59 90 90 96 94
TWGGGLH 7 62| 243.1285| 3 3.09 | 54464344 679290
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VALPTPT 7 771 349.7078 | 2 10.21 | 75 81 65 48 92 90 90

VAPLTPT 7 82| 349.7085 | 2 9.99 | 827067 77 94 94 95

VAPLTTP 7 741 349.7079 | 2 9.81 | 787946 6393 8576

VAVHQQV 7 751 390.6969 | 2 15.8 1 949594 86 74 35 49

VESEGGL 7 61| 345.6753 | 2 10.65 | 79 77 63 56 24 33 92

VFPVVVV 7 751 379.7075 | 2 16.23 | 50 547795 87 79 87

VKDPPPK 7 631 390.7599 | 2 10.6 | 39447271 62 92 65

VKDPPPQ 7 71 390.76 | 2 10.21 | 40 51 86 81 70 90 75

VLLPVPQ 7 85| 383.2482 2 15.79 | 73 8596 90 87 82 80

AAANGSSV 8 62 | 338.6928 | 2 12.4 | 79 75 66 65 52 40 40 83
ADPPPHGA 8 61| 381.1833 | 2 53151662828 75866586
AELFDAQK 8 751 4612175 | 2 8.25 1 88939693 75 67 34 56
ALKGAALV 8 70 | 371.7271 | 2 20.03 [ 597041 21 88 89 98 96
ALVMLPEV 8 67| 436.2563 | 2 18.08 | 59 733522709095 90
AMTRHLGV 8 78 | 4427304 | 2 14 | 56 60 82 71 85 94 81 93
ARLVDLLV 8 66 449.779 | 2 17.98 | 555244 6549 69 96 97
ATLAELGV 8 771 387.2216 | 2 11.83 | 60 69 55 61 8598 94 96
AYVPFPEV 8 61 461.248 | 2 17.27 | 54 5241 21 69 82 82 86
CTALPFPQ 8 64| 292.8337| 3 9.21152613761707879 73
DDLPARLV 8 62| 449.7891 | 2 17.92 | 75 60 78 60 28 26 86 85
DFMLPGLP 8 62| 4452539 | 2 18.84 | 46 5939517471 87 68
DLMRNRPN 8 65 | 508.2648 | 2 10.32 | 61 634826707579 98
DMPTARMYV 8 63 | 460.7466 | 2 15.47 | 74 75 81 28 22 66 78 83
ETCQCPLQ 8 61| 461.2229 | 2 8.21 | 66 60322040 8294 92
EVGTVLGV 8 78 | 387.2221 | 2 11.93 | 66 68 37 86 8599 91 94
FLQPGSLN 8 67 | 4382373 | 2 8.97 | 96 98 91 80 75 34 23 35
FMYPLENQ 8 76 | 521.2512 | 2 17.71 | 93 9598 95 96 61 31 43
FVQLSSLQ 8 67 | 461.2277 | 2 8215051484679 83 88 89
GSNPGVLV 8 64| 371.7278 | 2 20 | 25483263 69 8693 92
KNTVVVAV 8 69 | 4152278 | 2 16.2 [ 50 5590 96 94 63 52 56
KNVGSLRN 8 72 444245 | 2 10.28 | 5961 51 27 84 98 96 98
KSSHLAPQ 8 77| 4342769 | 2 10.81 | 66 72 56 78 95 89 84 79
KTNPNLLV 8 62 | 449.7758 | 2 17.69 | 80 81 75 5429 50 61 68
LMPGGPDL 8 75 400251 | 2 17.04 | 57 5483 7577 85 88 85
LSNGNENK 8 61| 438.2479 | 2 9.08 | 46 43 3559 81 68 66 86
LTQPPGHL 8 64 | 431.7085| 2 4.24 19496887172 142552
LTVFPYPQ 8 64 | 4827532 | 2 8.18 [ 524937327391 8994
LVAPFPEV 8 70 | 436.2456 | 2 18.22 [ 71 66 89 88 93 54 50 52
MEDFANSP 8 61| 4557234 | 2 11.28 [ 737791858246 17 19
MFPQCGVP 8 67| 439.7252 | 2 17.12 1 9395958637 1641 75
MLPNPGCH 8 68 | 434.7339 | 2 16.28 [ 929797 92 8522 29 34
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MLPSTPML 8 64| 4452443 | 2 18.91 | 46 5939 81 60 67 74 86
MLVVAEVV 8 721 4302291 | 2 16.23 | 6569 50 82 85 85 62 82
MMANMGHT 8 64 | 446.7057 | 2 11.29 | 7378 76 71 66 66 38 43
MPLPLANP 8 731 426.7483 | 2 18.37 1 9291 98 95 96 54 24 33
NGSLPGVV 8 68 | 371.7263 | 2 20.22 1 45314589 86807393
NQPFATSK 8 62| 446.6952 | 2 13.9 | 81919293 38302546
PEAVGVPQ 8 721 398.7075| 2 7.57 146 6557927993 72 69
PEVNLAPQ 8 64 | 4342756 | 2 10.94 | 37 54 32 59 96 85 85 66
PTVVGVPQ 8 68 | 398.7144 | 2 7.55 1394978895087 8172
SLAAPPPK 8 611 390.7598 | 2 10.51 [ 375029 74 86 79 80 52
SSATPPNN 8 63| 3942121 | 2 12.64 | 455038 7581 77 67 67
SSLMPAAP 8 70 | 387.2236 | 2 11.88 | 62 69 96 85 78 59 55 55
STGCAHPL 8 62| 393.1942 | 2 8.87 |1 65652176 85814459
TAVAPPPK 8 70 | 390.7488 | 2 10.13 | 4148 66 79 98 94 73 59
TCGQLPGL 8 65 394711 | 2 10.86 | 69 5518 7590 75 40 94
TDHHAPEV 8 69 | 453.2498 | 2 1892 1 6061 657179716579
TELFPSEV 8 70 | 461.2491 | 2 17.33 | 55484077 79 84 89 85
TGVMLPEV 8 65| 4232318 | 2 16.23 | 602770526279 89 83
TKLKVEPQ 8 69 | 471.7877 | 2 9.79 | 62547569 51578793
TKSSGPLQ 8 64 | 409.2587 | 2 14.56 | 374333727793 89 73
TLESLDAN 8 63| 431.7192 | 2 431 [ 6577485569 675072
TLGAPPPK 8 61 390.7528 | 2 10.32 | 57 57 28 65 65 69 87 62
TLLSPMAV 8 65| 4162162 | 2 10.05 | 7576512562 7672 82
TLVWMVHS 8 62 | 486.7595 | 2 18.05 | 54729590 76 52 27 31
TSGTPLPD 8 711 394.2122 | 2 12.47 | 757172 84 73 85 44 63
TSLVAPSE 8 79 1 402.1987 | 2 6.16 | 68 70 60 51 94 98 98 98
TSVLAPSE 8 751 402.2007 | 2 6.1 1 7367495275969490
TTVAVPSE 8 64| 402.1908 | 2 6.15 1 62603729 56859394
TVAPFPEV 8 69 | 430.2396 | 2 16.32 | 546257 32 82 88 86 89
TVVAMLLE 8 64 | 438.2406 | 2 9.3 | 686752324481 8087
VDGADLPL 8 66 | 400.2405 | 2 17.09 | 41 51 1561 8493 89 94
VEAGANYE 8 63 426.718 | 2 10.29 | 68 8290 60 70 67 27 41
VFPCVMPL 8 65 453253 | 2 18.97 | 57 61 80 46 59 67 63 82
VPTVGVPQ 8 60 | 398.7154 | 2 7.68 | 8043 376224827478
VSAPFPEV 8 79 423218 | 2 16.09 [ 8892958991 57 60 62
VTAPFPEV 8 721 4302195 | 2 16.23 | 77 82 60 49 88 69 75 76
VYPFYLES 8 61| 5092877 | 2 14.98 | 8294957926 3531 48
VYVESPEV 8 61| 461.2406 | 2 17.39 | 67 67 83 78 81 34 38 45
YDDEANSP 8 66 | 455.7146 | 2 11.63 | 46 526072 81 69 74 71
YPTVPYPQ 8 64 | 482.7528 | 2 8 165333032759093 96
YVPDPVNY 8 61| 483.7751 | 2 20.12 | 353937 88 87 89 49 69
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AAPELDLGV 9 66 | 442.7304 | 2 14.05 | 656143 65555490 74 90
AGELDLGVN 9 69 | 4442455 | 2 10.17 | 60 46 57 65 49 90 83 90 82
AGSSHLAPQ 9 60 | 4342673 | 2 10.87 | 453435357195737673
AHAVVVPEV 9 63| 460.7431 | 2 15.61 | 4846323461 7893 91 85
ALVACPLLV 9 68 | 449.7784 | 2 17.86 | 59 71383571 62 83 9796
AMVNLVYTL 9 731 5122802 | 2 18.8 [ 86 86 88 98 99 96 48 21 38
ATATLPLLV 9 60 | 449.7891 | 2 18.12 [ 555733313251 889898
CLGDHPFPQ 9 69 | 338.5138| 3 8351 75672549768091 8571
DAAPVLGPV 9 65| 419.7458 | 2 14.09 | 51 50 354045939190 92
DNYPAMMPL 9 63| 5262085 | 2 12.21 | 7749 43 66 66 49 78 57 85
DRPPMLGVN 9 60 | 499.7615| 2 12.37 | 59 5737 30 28 86 74 86 82
EPDVVGLGV 9 60 | 442.7392 | 2 13.92 [ 5962 50453921938292
FSPVANPSF 9 60 | 483.2122 | 2 6.13 | 86837986 73 34 26 28 48
GSLSLPLLV 9 65| 449.7788 | 2 17.61 | 26 5578 45 60 63 88 88 86
KCGTPCAAH 9 61 444235 2 10.27 | 48 5773 92 85 83 48 26 33
KDPFMPHAA 9 60 | 338.5107 | 3 8.2 6570668790 76322434
LASAPLAPQ 9 65 | 4342769 | 2 10.72 | 514632708091 657573
MMLMPPAVL 9 69 | 501.7812 | 2 21.46 | 86 90 93 94 90 46 30 35 56
MSEPDNVHQ 9 66 | 528.7737 | 2 17.13 1 8892928662 7561 16 21
RDPMPLGVN 9 651 499.7604 | 2 12.08 | 46 633941379186 92 85
SPSAPLAPQ 9 61| 4342598 | 2 10.54 | 46 44 3576 90 97 79 43 40
SSAVLLKPQ 9 61| 471.7798 | 2 9.99 | 46 56 32 37 46 88 82 82 82
TADTPLGVN 9 63 | 444.2354 | 2 10.22 | 57 51 37 60 49 82 68 80 79
TLGLSHGGP 9 63| 419.7456 | 2 13.7 | 44 62 54 96 87 68 60 29 71
TLGLVPAAP 9 79| 419.7374 | 2 14.1 [ 79 86 60 99 89 74 69 70 83
TPPFQLPPE 9 60 | 513.2862 | 2 17.06 | 4946 43 38 65 83 66 71 85
VVFPPLQPE 9 79 | 513.2977 | 2 17.42 1 61 679088829179 71 82
VVPFPLQPE 9 64 | 513.2968 | 2 17.21 | 52574946 6079 74 71 86
VVPFQLPPE 9 80| 513.2825 | 2 17.03 | 959589 86 80 86 74 48 68
AGDQQPLGVN 10 66 | 499.7613 | 2 12.52 ] 543037 28 65 86 98 87 92 85
AMAWMGLGVN 10 60 | 5252734 | 2 10.22 | 56 51 48 40 28 54 90 72 8279
AQLFMGLGVN 10 66 | 5252746 | 2 10.13 | 524543 50 43 70 94 79 92 87
DFPHGNPLLP 10 68 | 553.7854 | 2 17.97 | 81 81 829148 73 82 60 44 41
EAPALDLGVN 10 741 499.7531 | 2 12.24 1 79 66 43 54 66 65 97 93 95 89
KAGSLPVPLP 10 66 | 489.7821 | 2 16.44 | 46 51 56 75 60 63 87 95 73 54
KDLAPCMLGV 10 63 | 523.7659 | 2 13.66 | 50 67 46 39 25 62 57 9592 97
LADPHGFVPL 10 62 533.248 | 2 10.24 | 5749 69 71 54 39 82 77 49 67
LGGNTYAFPL 10 84 | 526.8091 ([ 2 17.25 | 93 86 81 82 79 90 88 90 68 82
LSAALPTPPL 10 64| 4902721 | 2 16.95 | 56 49 48 54 79 49 93 94 55 69
MVGNMPMGVN 10 89 | 525.2606 | 2 9.99 1 9294 81 83 84 84 97 94 90 92
TPPLNEWPVV 10 60 [ 384.5439 | 3 7.42 | 51352152216675908897
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TVLLPQWPTP 10 751 384.5379 | 3 7.44 | 68 68 6391 68 76 79 70 82 86
VVVNQLQVEP 10 66 | 562.8151 | 2 19.2 [ 697392703777 81 84 40 35
VYPFPPGLHN 10 65 570.793 | 2 14.54 1 8592979892 51 18 60 28 32
YVPFPGSFLN 10 63| 570.7961 | 2 14.74 |1 61 6176 653940 71 76 69 75
YVPVVPVSPQ 10 86 542799 | 2 17.65 | 8690 97 100 99 96 96 91 50 55
FVTPLQVDLNQ 11 66 | 6373121 | 2 12.07 | 7576 92 90 94 74 69 72 30 21 30
TVLLAHGSRPT 11 62| 384.5374| 3 7.38 | 57606191 50355474556877
WVGLPCCLGVN 11 70 | 580.7717 | 2 11.92 | 809284 90 3528 74 98 61 68 63
QASGLMGNLGVD 12 68 | 581.2661 | 2 12.67 | 76 85 8579 94 82 21 39 89 43 60 68
gSSCDCAQQQTEDE 17 79| 9493691 | 2 10.81 g? gg gz 2;71 gg 579395929598 98

*Peptides in red were also found in the basolateral chamber of untreated cells.
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