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Characterization of serine-proteases from P. hypophthalmus epithelial mucus as a

potential feedstock for biocosmetic applications

by
Avila Rodriguez, Maria Isabela
Abstract

Chemical peeling is a cosmetical treatment that promotes skin renewal, by the remotion of
skin layers through the appliance of corrosive compounds. It has proven to be successful for
the removal of acne, scars, photoaging, and pigmentary lesions. Yet this procedure is
aggressive and can produce several complications, among them infections, eruptions,
erythema or scarring. As an alternative, enzymatic peelings have been proposed. Enzymes
lead natural desquamation processes, principally by serine proteases (SP). SP have also been
identified in fish epithelial mucus. As well, empirical evidence has shown that direct contact
with Iridescent shark (Pangasius hypophthalmus) epithelial mucus, promotes skin
regeneration. Hence, through the present study, the characterization of the proteases present
in P. hypophthalmus epithelial mucus was held, in order to identify new SP with potential
cosmetical use. Epithelial mucus was extracted by rinsing specimens in extraction buffer
(NaCl 50mM pH 7.4) in polyethylene bags and held back to tank. The obtained extracts were
pooled and centrifuged. Supernatant was concentrated and desalted using vacuum
evaporation and PD-10 columns. Protease activity was evaluated through caseinolytic
activity and zymography using casein and gelatin universal protease substrates. Also in-gel
inhibition (PMSF, benzamidine, EDTA, O-phenanthroline, and iodoacetamide) and
activation (Zn?*, Ca?", K*, Na* and no ion) for specific protease families were evaluated.
Caseinolytic activity was detected (5.33 = 0.37 U/mg at 25 °C). As for zymography, active
bands within 130-15 kDa were identified for gelatin, while only one active band of 63 kDa
was identified for casein. Compared to control treatment (Zn?>"), K and Na* enhanced
gelatinolytic activity of medium weight bands (63, 58 and 48 kDa), while Ca2* depleted most
protease activity. Serine and cysteine protease inhibitors, PMSF and iodoacetamide,
excerpted similar inhibition by reducing 63 kDa and inhibiting 58, 56, 30 kDa activity. MMP
inhibitors exerted slight inhibition to superior weight bands (114, 90 and 71 kDa).
Benzamidine only depleted 45 kDa activity. The present study proves the presence of the
MMPs and SPs within P. hypophthalmus epithelial mucus. This positive result opens the
possibility for further protease characterization and isolation for their evaluation as feasible
agents for biocosmetic treatments.

Keywords: serine proteases, Pangasius hypophthalmus, enzymatic peeling, desquamation,
epithelial mucus
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Chapter 1

Introduction



1. Introduction

Cosmetical industry has been in constant development for the renewal of efficient products
and methods to give a healthier and younger skin (1). Since its early beginnings, in 10,000
BC in ancient Egypt (2), to its boom after cosmetic surgery development in the 1900’s (3),
the tendency of facial treatments marked a path by passing from: creams with herbal extracts,
then to surgical methods and currently to non-invasive methods. The classification
cosmetical treatments is currently stablished by surgical and non-surgical, were surgical are
defined as invasive procedures in which a professional practitioners modifies patients body,
in order to improve its appearance (4). While non-surgical methods, also known as
minimally-invasive, using less drastic methods in order to perform body modifications, this

includes the use of apparatus, substances and injections (5).

Just in 2015, 15.9 millions of surgical and minimally-invasive cosmetic procedures were
performed in the US (6). Among them, minimally invasive alternatives including Botox®,
hyaluronic acid fillers, photo-rejuvenation and chemical peelings, are gaining leadership over
the user demand. This has been a consequence of the need of more pain-free and quick
recovery treatments (7). From the cluster of minimally invasive procedures, chemical
peelings constitute one of oldest and most commonly used alternative, especially for the

treatment of acne, scars, age marks and hyperpigmentation (6).

Through chemical peelings, the epidermis or dermis is artificially removed by the appliance
of corrosive substances to achieve a new and better texture (8). Depending on the skin depth
removal, chemical peels are classified as: A) very superficial only reaching the stratum
corneum; B) superficial which partially or totally removes the epidermis; C) medium which
removes epidermis and part of papillary dermis; and D) deep, which removes up to the
reticular dermis (9). Depending on the depth needed on the treatment, corrosives substances
like alpha-hydroxyacids (glycolic acid), resorcinol, trichloroacetic acid, phenol or jessner
solution, are used in concentrations from 20% to 50% in superficial to medium peelings and

up to 70 to 88% on medium to deep procedures (10).

This approach has proved to be successful in the removal of acne, acne scarring, photoaging,
and pigmentary lesions (11). Nevertheless, chemical peelings are aggressive, non-specific

and require high concentrations of reagents to be effective. Also, several complications like



infections, acneiform eruptions, hyper- and hypo-pigmentation, erythema, herpetic lesions
and scarring (10,12,13) are prone to appear after the treatment application as part of the skin

healing process.

To overcome the prior mentioned risks of chemical peeling, enzymatic components are
starting to be used as active agents for dermatological treatments, including peeling
procedures (14—16). For this, topically formulated proteases, including collagenases,
bromelain and papain, have been applied to the affected area to enhance skin exfoliation,
debridement or to stimulate desmolysis (17,18), with low concentrations of the active agent.
It has been proved that the use of topic enzymatical formulations ameliorates several
dermatological pathologies, such as: contact dermatitis, pruritus, debridement of chronic
wounds, psoriasis, skin flaking as well as increasing moisturizing or chemical peelings

effects when used as a pretreatment (17,19).

Concerning these applications, vegetal, bacterial and animal proteases have been
characterized and included in to several commercial and clinical formulations. Among the
common proteases found as part of cosmetical and dermatological applications, bromelain
(20), papain (21), collagenases (22), keratinases (23), elastases (24), or serine proteases (25)

are the most common proteases found in wound healing and cosmetic compositions.

For instance, human skin natural peeling (desquamation) is mediated by several enzymes
(Figure 1.1). Through this process, the outer layer of skin epithelium, stratum corneum, is
constantly renewed by the detachment of dead skin cells called corneocytes (26). Corneocyte
detachment occurs as a consequence of the balance among the synthesis and degradation of
specific cellular attachments (corneodesmosomes) (24), mainly cathepsin-like and serine
proteases (25).

Among the serine protease family, kallikrein type 5 and 7 have been reported to be expressed
in stratum corneum and participate in the desquamation process (27). Serine proteases have
been also, described to be present in fish epidermal mucus. Fish epidermal mucus is a
protective matrix that is constantly secreted through goblet cells to serve as a
physicochemical barrier that permits osmoregulation, respiration, nutrition, locomotion and

innate immune response against pathogenic agents (28,29).



Detached
R
corneocyte . KLK 5

® xik7

\ corneodesmosome

\ . \/ \ .\/ }gzl(‘i;;)(l)};syitse
@ \ o
/ @ —\ -
\ / —1

Figure 1.1 Schematic representation of human stratum corneum desquamation process (30)

This barrier is normally composed by glycosaminoglycans, lysozyme, immunoglobulins,
complement, carbonic anhydrase, lectins, C-reactive protein, calmodulin, crinotoxins,
pheromones and proteases (31). Within the proteolytic enzymes present in epidermal mucus,
serine proteases have been reported to be in major proportion on the epithelial mucus of
several fish species such as Cirrhinus mrigala, Labaeo rohita, Catla catla, Rita rita and

Channa punctate (28).

In the case of the Iridescent shark (Pangasius hypophthalmus), no information has been
described on its mucosal protease profile. This specie, native from Vietnam, is processed in
a rate of 3,500 tons daily and distributed to over 80 countries around the world (32). As part
of the production process, when specimens are reared, they have to be moved to bigger tanks
by manual manipulation. After performing this exercise, workers from an aquaculture farm

from Cuernavaca, México, evidenced softer skin texture in their hands, in spite of hard labor.

Hence through this study, the characterization of the protease profile present within P.
hypophthalmus epithelial mucus is presented. Through this analysis, the identification and
comparison of the found serine proteases to human KLKS5-7, led to proposal of a candidate

protease to be tested as a feasible agent for selective desquamation of human skin.



1.1 Hypothesis

The epithelial mucus secreted by P. hypophthalmus contains one or several proteases with
similar family class and substrate preference to human serine protease kallikrein 5 and 7, then

they can be a feasible feedstock for biocosmetic applications.
1.2 General objective

To identify and characterize which from the proteases present within the secreted epithelial
mucus, belongs to the serine protease family in order state their homology to KLK 5 and 7,

and propose their evaluation for its use as suitable agents for cosmetic enzymatic peelings.

1.3 Specific objectives

1.3.1 Screen the protein and protease profile of P. hyphophthalmus secreted epithelial
mucus by SDS-PAGE and zymography.

1.3.2 Identify which of the proteases belong to the serine protease family through inhibition
zymography.

1.3.3 [Isolate and analyze the secreted serine protease isoforms and isoelectric points

through 2D-PAGE and 2D zymography.
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2. Background

2.1 Facial cosmetic treatments

Beauty treatments have been part of human well-being since ancient times. Records of such
go back to the 1500 b.c, where Egyptians employed alabaster dust, animal mineral oils,
sandpaper and milk baths to exfoliate facial and body skin (33). As well, Eritreans and
Hokkaido inhabitants used natural solutions such as camel milk or soy flour facial masks for
skin cleansing (34). With the advance of technology, the knowledge over chemistry, human
physiology and biology, became available to the cosmetic industry. This opened a window
of possibilities over the topic of beauty and skin management, and sat base for the world’s

cosmetic industry, with an approximate worth of tens of billions of US dollars (35) .

Currently the demand for cosmetical procedures and products is still on the rise. According
to the “Cosmetic Europe” association reports, users manifest an increasing necessity of
achieving good health and confidence by taking care of their appearance (36). Only in 2018,
over 1.5 and 3.3 millions of surgical and non-surgical procedures where performed in the
United States. In Figure 2.1, the annual expense in US billion dollars for the top 5 surgical

and non-surgical cosmetic procedures is depicted.

Non-surgical procedures constituted the first option for facial improvement, where the top
four alternatives were botulinum toxin (Botox®), hyaluronic acid, photo rejuvenation and
chemical peels. On the other hand, from the top surgical performed procedures, only eyelid

surgery was the only one that target facial correction (37).

By comparing all of the mentioned procedures (Figure 2.1), most of the methodologies used
for facial skin treatments are non-surgical. This agrees with the necessity of consumers to
have quick and painless methods for a healthier appearance (7), and explains why the trend
over less invasive and more cost-effective procedures is pushing innovation in to functional
cosmetics that can cope with this necessity (38). As well, from the four mentioned
alternatives, Botox®, hyaluronic acid and photo-rejuvenation are treatments that need to be
performed by a qualified practitioner. While chemical peelings can be found in professional

and household formats, which makes this technique even more available to consumers.
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Figure 2.1 Total annual expense of the top five A) non-surgical and B) surgical procedures performed in
the USA during 2018 * Information adapted from ASAPS statistics 2018, NSFR: non-surgical fat reduction,
PH-R: photo rejuvanation

Nevertheless, chemical peelings represent an aggressive treatment as it requires the
unselective ablation of facial skin in order to obtain the desired results (8). As variants of
chemical peelings, systematic and enzymatic peelings have been proposed in order to provide
a more controlled facial skin removal. On the following sections these three main types of

facial peelings will be described.



2.1.1 Chemical peelings

A chemical peeling is a process in which the destruction of epidermis to papilar dermis is
endorsed, mainly through the application of corrosive substances. This in order to eliminate
imperfections and stimulate the growth of healthier skin (39). The first register of this practice
goes back to the 1900s, where doctor George Mackee used phenol for periods of 30 to 60

seconds in order to remove wrinkles and acne scars from its patients (40).

In actuality, chemical peelings continue to be used with a slightly changed format, in which
skin removal depths were characterized in relation to the concentration of the corrosive used.
The four stablished depth categories for this procedure are very superficial, superficial,

medium-depth and deep peelings (13), which target different cell layers of human skin.

Stratum
corneum

Stratum
granulosum

Epidermis
l

Stratum
spinosum

Stratum
basale

[

Figure 2.2 Schematic diagram of the anatomy of human skin

Dermis

Human skin is comprehended by three main layers: epidermis, dermis and hypodermis
(Figure 2.2). Epidermis in particular, is divided in other sublayers denominated as: A)
stratum corneum, B) stratum lucidum, C) stratum granulosum, D) stratum spinosum, and E)
stratum basale (41). When superficial peelings are performed, the stratum corneum cells, also
called corneocytes (27), get detached by the degradation of their cell junctions (corneosomes)

generating epidermolysis and exfoliation.

As for medium-depth peelings, coagulation of membrane proteins occurs, devitalizing the
cells of the entire epidermis. In the case of deep peelings, a complete epidermolysis and

protein coagulation occurs. This leads to total dermal restoration and restructure of basal



layer (12) Several caustic agents have been reported for skin artificial degradation, including
a/B-hydroxyacids, B-lipohydroxy acids or combinations depending of the goal depth (11).
The most common classification and peeling solutions used for chemical peelings are

described in Table 2.1.

Table 2.1 Type of chemical peelings classified under target depth (9-11,13)

. Time and
Type Corrosive agent Removal Therapeutic frequency of
yp Depth indication
treatment
Glycolic acid (30-50%)
* 1 :
Very Jessner solutlog (Ito3 cgats) Stratum 1 up to 10 min
. Low-concentration resorcinol . Repeated
superficial o corneum Acne, wrinkles, ..
(20-30%) : d phot applications
*TCA (10% and 1 coat) e o PRt
Glycolic acid (50-70%) ging .
. 2 to 60 min
. Jessner solution (4 to 10 coats) . .
Superficial Resorcinol (40-50%) Epidermis Repeated
= (V] . .
TCA (10-30%) applications
Glycolic acid (70%)
Jessner solution (4 to 10 coats)
Resorcinol (40-50%) Epidermis and Photoaging, 3 to 30 minutes
Medium- TCA (35-50%) part of lentigos, pigment 5 days of
depth Augmented TCA (CO2 +35% papillary lesions and desquamation
TCA) dermis atrophic scars One-off procedure
Jessner + TCA 35%
Glycolic acid 70% + TCA 35%
Depends on method
Dee Phenol 88% Up to reticular Severe photo 10-14 days for re-
P *Baker -gordon phenol formula dermis aging, scarring epithelization

Single session

*TCA: Trichloroacetic acid; Jessner solution (14 % salicylic acid, 14% lactic acid and 14% resorcinol in 95%
ethanol (42); Baker Gordon phenol formula (Phenol USP 88%, liquid soap and croton oil (43)

Despite the good results and versatility of corrections that chemical peelings can offer (Table
2.1), several complications can appear as part of the final result. This includes: prolonged
erythema, infection by bacteria (Stafilococcus aeureus) or virus (Herpes simplex), acne
induction, blistering, hypo/hyper-pigmentation, and milia (10). In the case of deep peelings,
the patient requires of cardiopulmonary monitoring due to phenol cardiotoxicity in
circulatory system (44). By which the effectiveness of this treatment plays a risk with well-
being of the patient, as the re-appearance of certain undesired facial defects is feasible even

though these were the main motive to start treatment in the first place.

10



2.1.2 Physical peelings

A physical peeling is defined as the process in which the removal of the epidermis achieved
by means of abrasive materials. At initial stages, abrasion was opposed through salts and
sterile sandpaper. This methods permitted skin exfoliation, yet there was no control over the
process and sand paper in particular lead to erythema, hemorrhages and proinflammatory
pigmentations (33). Physical peelings may be classified as ablative, where a detachment of
skin layers occurs, and non-ablative where modification of skin surface is obtain without

generating deep wounds (45).

Among the most common non-ablative procedures it may be found micro-needling (46),
microdermabrasion (33), radiofrequency and non-fractionated low intensity lasers (45). The
microinjuries generated by these treatments stimulate formation of new collagen in order to
heal the wound, and as a desired effect a more youthful skin. In the case of ablative
procedures, dermabrasion or laser resurfacing are the gold standard (47). This types of
procedures are considered mainly for deep skin removal and for the treatment of similar
conditions treated by chemical peelings suchlike facial rhytids, scars, acne, photo aged skin,

lentigo or melasma (48,49).

Dermabrasion uses diamond fraises to excerpt a cut force to epidermal tissue in velocity
ranges from 10,000 to 85,000 rpm. The patient must be sedated and the area to treat most be
previously cryo-anesthetized (49). As for laser resurfacing, several types of beams and modes
have been utilized, including pulsed and continues wave CO2 and ER:YAG (erbium:yttrium-
aluminum-garnet) (50) in wavelength ranges between 10,600 nm and 2940 nm respectively
(51). CO; treatments removed tissue and promoted immediate coagulation, yet unspecific

thermal necrosis was the main drawback of this technology (51).

As chemical deep peelings, total removal of epidermis leaves to edema, exudation and
sloughing in the first three days of treatment (48). Also this procedure is considered
chirurgical, in most of the cases with elevated costs as it requires a medical staff, an operating

room and antimicrobial prophylaxis during the whole process (52).
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2.1.3 Enzymatical peelings

Enzymatical peelings appear as an emerging variant of chemical peels, as the exfoliation in
this case is catalyzed by proteases, conferring the advantage of selective degradation of skin.
In this case exfoliation happens by the enzymatically enhanced desmolysis of corneocytes
(17,18) through the use of proteases from animal, vegetal of bacterial sources through topical

administration.

In normal conditions, corneocyte detachment happens through skin desquamation process.
Within a turnover period of two to four weeks, stratum corneous layer is continuously shed
by the degrading action of kallikreins and cathepsins endogenous proteases (27) over
corneocyte specialized junctions (corneodesmosomes) (53). This allows the proper

conversion of keratinocytes to corneocytes and maintain the proper layer thickness (54,55).

In several studies, enzymatical peelings have proved accelerated skin cell remotion. This was
evidenced by Lopes (2008) who tested papain 0.2% (w/v) solution over human breast skin
culture. After treatment, a decreased corneosome crosslinking was evidenced (56). As well,
cathepsins were tested as treatment in a sample of 30 subjects, within an age range of 30-45
years old. These were randomly separated in two testing groups, where one group used serum

with 15% cathepsin D (10,000 Ul/mg) and the other just serum.

As a result, patients that used topical formulation containing cathepsin D, resulted in
significant improvement over epidermal properties compared against the placebo group (57).
Also, it was demonstrated that cod trypsin was effective in degrading keratin from human
plantar callus in vitro (58). Topically applied proteases such as subtilisin and trypsin have
proved to be successful agents for epidermal ablation through murine and human in vitro and

in vivo skin samples (59).

Enzymatic peelings apart of skin exfoliation, has been proposed as therapeutic agents for
other dermatological conditions. Including the treatment of actinic keratosis, epidermal
neoplasm, acne vulgaris, anti-aging, and debridement in wound healing (59). Debridement
comprises the second most used application for proteases, as enzymatical formulations help
to eliminate dead scaffold promoting the healing of chronic wounds. For example, a clinical
trial carried out on 32 patients with 50 pressure ulcers demonstrated that cod trypsin hydrogel

(5 U/mL) acted on a superior manner over other four conventional treatments (60).
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Even though enzymes have started to be used in cosmetic products because of good consumer
appeal and improved performance (35), little information is known over the cosmetical
application of the already mentioned proteases. Nor information of different techniques apart
from topical and injectable applications. Most of the information that is offered in present

literature only evaluates proteolytic activity.

As well, no structural or sequence analyzes of the resemblance of used protases with the ones
present in human skin has been done. As well no scientific validation over secondary effects
for cosmetical approach of enzymatic peelings have been assessed. By which this type of
treatments could be study in closer detail in order to prove its effectivity as cosmetical feed

stock and offer a less aggressive non-invasive treatments to the consumer.

Other types of proteases that have been used and proposed for cosmetical have been found
to provide by marine sources. Also, animal secretions rich in proteases, including skin
epithelial mucus of fishes, have proved therapeutic and exfoliating action over human skin,

including the species Netuma barba (61), Channa striatus (62), and Clarias gariepinus (63).

In the case of the fish Pangasius hypophthalmus, no information on its mucosal protease
profile has been reported. As part of their production process, specimens are handled to
bigger tanks. After performing this exercise, the fish secreted mucus. Workers from an
aquaculture farm from Cuernavaca, México, after prolonged exposition to this secretion

evidenced softer skin texture in their hands, in spite of hard labor.
2.2 General description of Pangasius hyphophthalmus

Pangasius hypophthalmus, also known as stuchi catfish, iridescent shark-catfish, and striped
catfish (Figure 2.3), is a riverine freshwater specie from the pangasidae family original from
the Mekong River in Vietnam (64). It is well known because of its great spawning capacity
and big size of 130 cm and almost 44 kg. This specie is benthopelagic, which means that
lives in the nearest water layer of the bottom of the body of water in which it lives (65,66).

typically at temperatures of 22-26 °C within pH ranges of 6.5 to 7.5 (67).
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Figure 2.3 Picture of the Iridescent shark (Pagnasius hypophthalmus) (68)

P. hypophthalmus lacks of scales, by which its first defense mechanism against
environmental burdens is the epithelial mucus (66). This secretion is continuously produced
through specialized cells identified as goblet, club and sacciform cells (69), which are evenly

distributed through the stratum espinosum of fish epidermis.

Once goblet cells releases mucosal secretion, they are not able to discharge new mucosal
content, by which a continuous turnover of epidermis occurs in order to maintain an adequate
thickness of the mucosal barrier (70). The mucus secretion could increase or diminish

depending on the external stimuli, this includes pathogen presence, handling and wounding
(71).
2.2.1 Fish epithelial mucus and its relation to proteases

Epithelial mucus is a barrier that constitutes an important component of fish innate immune
system as: 1) it avoids microbial colonization by its continues re-motion, and 2) it confers
protection as the present immune molecules within the matrix have antibacterial effects (28).
The innate components that have been described to be present within fish epithelial mucus
are principally: mucins, glycosaminoglycans, lysozyme, immunoglobulins, complement,
carbonic anhydrase, lectins, C-reactive protein, calmodulin, crinotoxins, pheromones and

proteolytic enzymes (31).

Proteolytic enzymes act against pathogenic agents (72). Among the reported proteases
present within epithelial secreted mucus, trypsin (serine-protease), cathepsin B/L (cysteine-
protease), cathepsin D (aspartic-protease) and metalloproteases (73) have been extensively
identified. From this mentioned cluster, serine and metalloproteases have proved to be in

greater proportion within the epithelial mucus of several fish species (74).
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Proteases are a type of enzymes that belong to the hydrolase class, with specific action over
peptidic bonds (75). Depending on their catalytic core, these enzymes can be classified as
metalloproteases, cysteine proteases, threonine proteases and aspartic proteases (76).
Concomitant, the general characteristics and involvement of the previously mentioned

proteases in skin remodeling processes, will be described.

Metalloproteases exist in two tightly related families, which are matrix metalloproteases

(MMPs) and metalloprotease-desintegrins (ADAMs) (77).

The MMPs family is characterized by its dependence to Zn+2 in order to permit catalysis. As
well, MMPs are the main participants in skin remodeling processes, as they mediate extra
cellular matrix (ECM) modification through several stages of skin homeostasis and in all of

the steps of skin wound healing(78,79).

This family has also been detected in fish mucosal secretions as fish matrix
metalloproteinases (FMMPs) 9, 13 and meprins (FMM) (80,81). ADAM family is similar to
MMPs, but it counts with a trans-membranal union site (77). This family has been described
to be strongly involved in fertilization processes and regulating of shedding activity in

humans (82). Yet, this type of proteases has not been reported for fish epithelial mucus.

In contrast, serine, cysteine and aspartic proteases are characterized by having a well-
established catalytic triad, with a marked nucleophilic amino acid, by which the name of the
protease is given. The most common catalytic triads for these enzymes are: Asp-His-Ser for
serine proteases (83), Cys-His-Asn for cysteine proteases (84) and Asp-Ser-Gly for aspartic
proteases (85). As previously mentioned, cathepsins L, B, D and trypsin proteases have been

described to be present in fish epithelial mucus.

These types of enzymes, are also present in human organisms and participate in several
cellular events, including human skin remodeling and wound healing. In the case of
cathepsins, it has been reported that they have a strong roll in skin desquamation (27). As
well they participate in hemostasis (86), ECM remodeling (87), and keratinocyte migration
(88). As for serine proteases, they have been described as regulators of miscellaneous
physiological processes (89), including signaling cascades, epidermal homeostasis and
hemostasis (90,91), ECM remodeling for cellular proliferation (92) and desquamation among

other functions.
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In the case of skin desquamation, kallikrein (KLK) serine proteases are involved in this
process. This type of enzymes has been identified in human body with more than 15 variants.
From this cluster, it has been described that all of chymotrypsin-like and 50% of the trypsin-
like activity in stratum corneum can be described by KLK 7 (chymotrypsin-like) and KLK 5
(trypsin-like) (53). Serine proteases also appear to be present in mucosal secretions (96). Yet

poor substrate and structure characterization over these specific variants is available.

After contrasting the current state of the art, it is clear that the anectodical event of skin
softening by P. hypophthalmus skin secretions, is a consequence of the presence of proteases
within this colloid. As well, skin desquamation and remodeling processes are highly
mediated by several type of proteases, yet the current cosmetic techniques, more in specific,
peelings, have not been well characterized in order to take advantage of this mechanisms to

develop less aggressive methodologies.

Through this research, the characterization of the protease profile and the identification of
the serine proteases present in P. hypophthalmus epithelial mucus, is presented. This study
is the first one to describe the proteases content within this specie skin secretions, and to
describe its serine protease structural homology to KLK 5 and KLK 7. Giving notions of

applicability of proteases in biocosmetic applications.
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Chapter 3

Materials and methods
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3. Materials and Methods

In order to describe which from the total protein components belonged to the protease
family, more in specific to serine proteases, three fundamental steps were endorsed. These
were sample collection and adequation, were total protein and protease activity is confirmed.
Protein and protease profile screening were total protease bands of fish epithelial mucus can
be screened. And protease profile characterization, were specific protease family features
can be obtained through inhibition, ion zymography and bidimensional electrophoresis
analysis. In the following chapter, the description of each of the methods used for the

previously stablished steps will be described.
3.1 Reagents

Sodium chloride, sodium hydroxide, chloridric acid, zinc chlorine, calcium chlorine, sodium
chlorine, potassium chlorine, B-casein, gelatin, L-tyrosine, sodium azide (NaN3), sodium
tartrate, trichloroacetic acid, copper sulphate pentahydrate, folin-ciocalteu reagent 2 N,
ammonium persulphate, TEMED, sodium thiosulphate, formaldehyde solution 36.5-38%,
acetic acid, tricine, aluminum sulfate hydrated, orthophosphoric acid, Triton X 100 and
tergitol were acquired from Sigma Aldrich in reagent grade. 30% Acrylamide:Bisacrylamide
29:1 (3.3% crosslinker concentration), 10 X Tris-glycine-SDS, Tris-HCL, Tris, Tricine,
rehydration buffer (8 M urea, 2% CHAPS, 50 mM DTT, 0.2% Bio-Lyte ® ampholyte,
0.001% bromophenol blue), ReadyPrep ™ Reduction-Alkylation Kit, ReadyStrip™ IPG
strips pH 3-10, bromophenol blue, Xdual Pro protein ladder, IEF standardad (pH range 4.45—
9.6, catalog no. #1610310), carrier ampholytes (40% Biolyte 3/1° ampholyte), silver nitrate,
coomassie blue G-250, low fusion point agarose, running buffer 10 X were acquired from
BioRad ®, United States. Sodium carbonate anhydrous, pierce BCA Protein Assay Kit and
sodium dodecyl sulphate were acquired from Thermo Fisher scientific ®, United States.
Acetonitrile HPLC grade was acquired from J.T Baker. Glycerol, Isopropyl alcohol,

methanol, ethanol, mineral oil was acquired from DEQ, México.
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3.2 Animal Maintenance

Four iridescent sharks (Pangasius hypophthalmus) specimens with average weight of 20 +
0.3 g of an approximate age of one to six months, were acquired from a local pet store. The
care conditions were held under the guidelines of the FAO sanity pisciculture manual (93).
Animals were reared at 25 °C within an 80 L freshwater tank and an oxygen pump coupled
with an active carbon filter (Bio-Bag ®, Tetra). Fishes were fed ad /ibitum with commercial

pellet brand (Tetrafin ®, Tetra).
3.3 Sample collection and preparation

Mucus extraction from P. hypophthalmus was performed according to Subramanian et al.
(2007) (94) protocol with modifications. The protocol with modifications will be described
below. Unanesthetized specimens were transferred one per one into polyethylene bags
(Ziplock ®) containing 10 mL of extraction buffer (NaCl 50 mM, pH 7.4). Then, these were
gently massaged within a period of 1 minute, in order to trigger mucus excretion due to
handling stress response (95). This protocol was authorized by the bioethics committee

CICUAL from Tecnologico de Monterrey University under protocol number 2019-017.

The mucus solubilized in extraction buffer, was pooled and centrifuged at 5000 g for 15
minutes at 4 °C. The obtained supernatant was denominated crude mucus extract (ME). ME
was aliquoted in fractions of 10 mL and concentrated through centrifugal vacuum
evaporation for 5 hours (GeneVac EZ-2 ® series, SP Scientific, New York, United States).
Once this process was finished, a second pooling of concentrated samples was performed.

The resulting sample was denominated evaporated mucus extract (EME).

For SDS-PAGE, EME samples were desalted by Sep-Pak C18 cartridge (96) and PD-10
column (5 kDa MWCO) under supplier instructions (Amersham Bioscience). For 2D SDS-
PAGE and 2D-zymography, EME was desalted through PD-10 column only. Total protein
concentration was determined through bicinchoninic acid colorimetric essay as described by
supplier (BCA Protein Assay kit, Thermo Fisher). All samples were stored at 4 ° C until use
until one month. Sample collection was repeated with a minimum period of one month

between each extraction in order to allow total goblet cells reconstitution in skin epithelium

(70).
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3.4 Protein and protease activity screening

3.4.1 SDS-PAGE and 2D-PAGE

Total protein profile, molecular weight estimation and total isoform screening of epithelial
mucus was described through this method. For gel electrophoresis, 1.5 ug of ME, EME and
desalted samples through Sep-Pak and PD-10 columns (C18ME and DME) were loaded in
to a 12% Tircine SDS-PAGE gel (97). The essay was run at 30 V for 30 minutes, and then at
90 V until the running front touched bottom of the gel. For 2D SDS-PAGE electrophoresis,
10 ug of DME in 125 uL rehydration buffer, were loaded through passive rehydration
overnight into a 7 cm immobilized pH strip (IPG) of broad range (pH 3-10). After,
Isoelectrofocusing (IEF) was done by an Ettan IPGphorTM 3 (GE Healthcare, Uppsala,
Sweden) with the following voltage ramp: step of 500 V for 4 hours, a linear gradient of 500
to 1000 V for 1 hour, and a linear gradient from 1000 V to 8000 V until 49,880 V/h where
reached. IPG strips were reduced and alkylated under supplier instructions (ReadyPreo™ 2-
D Starter kit). Then, strips were submerged six times in running buffer and casted into a 12%
Tricine SDS-PAGE gel, which was ran at 90 V using a mini-PROTEAN tetra cell (Biorad,
Hercules, CA, United States). Both type of gels were stained with silver nitrate staining

method (98).
3.4.2 1D and 2D Zymography

Protease activity profile of P. hypophthalmus epithelial mucus was evaluated through
zymography, using gelatin and casein as substrates. As well, the effect of reported KLK
activator ions and different reported protease inhibitors were evaluated. For this essay, 1.5
ug of EME were loaded with non-reducing loading buffer (12% SDS, 30% glycerol, 0.05%
Coomassie blue G-250 and 150 mM Tris-HCl) in to a 12% polyacrylamide gel
copolymerized with 0.3% w/v of the mentioned substrates. Gels were run at 4°C at 30 V for
30 minutes and then, at 90 V until the running front touched bottom of the gel. After, these
were treated with 50 mL of washing buffer (2.5% Triton X 100, 50 mM Tris-HCl, 5 mM
CaCla, 0.02% NaN3; pH 7.5) twice for 30 minutes. Concomitant, gels were treated with 50
mL of incubation buffer (50 mM Tris-HCI, 5 mM CaCl,, 0.02% NaN3, 1% Triton X 100, 1
uM ZnCl, ; pH 7.6) overnight (16 h) at 37 °C and 60 rpm (99,100). For ion effect evaluation,
1 uM of CaCl,, NaCl, KCl, ZnCl, and no metal salt were stablished as treatments. Inhibition
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assay was held by adding 5 mM benzamidine, 2 mM PMSF (serine proteases), SmM
iodoacetamide (cysteine proteases)), 5 mM EDTA, and 5 mM O-phenanthroline
(metalloproteases) during the incubation step (101) (102). Gels were washed from incubation
solution with distilled water twice per 30 minutes and stained with colloidal Coomassie

(103).

Total active isoforms of epithelial mucus were identified through gelatin 2D-zymography
analysis. For this assay, 10 ug of DME in 125 ulL non-reducing rehydration buffer (1%
tergitol, 5% glycerol, 0.001% bromophenol blue and 0.25% carrier ampholytes - 40% Biolyte
3/1° ampholyte Biorad), were loaded through passive rehydration overnight into a 7 cm
immobilized pH strip (IPG) of broad range (pH 3-10). IEF was performed using the
previously described voltage ramp, until 50,118 V/h were reached. Then, strips were
incubated in 1.5 mL equilibrium buffer (0.375 M Tris-HCI, 2% SDS, 20% glycerol) for 10
minutes. After, it was submerged 6 times in running buffer and casted into a 12%
polyacrylamide gel co-polymerized with 0.3% of gelatin. The resulting gel processed as
previously described 1D zymography methodology (104). Gel was then washed with distilled
water twice per 30 minutes and stained with colloidal Coomassie blue (103). Active isoforms
were compared with the obtained spots of 2D-SDS PAGE through Image J (Fiji) software
(105). The identified spots were cut out from the SDS-PAGE gel with sterile scalpel and
forceps. Excised pieces were placed in sterile microcentrifuge tubes and preserved in 1 ml of

ultrapure water at - 20 °C.
3.5 Molecular weight and optical densitometry analysis

Image Lab software (Biorad ®) was employed for the estimation of the apparent molecular
weight and densitometry analysis. Molecular weight calculated by selecting the “lanes and
bands” command. Then, in the “Lane” tab, the manual selection of lanes was performed by
adjusting the pre-defined frame to the image. Then in the “Band” tab, the “Add band”
command was selected in order to mark the visible bands present in each of the lanes. After,
the size of the bands was adjusted to its correct width. Once this process was finished, the
“molecular weight analysis” command was selected. Within this menu, the “Bio-rad X dual

pro” option for “standard” was chosen. As well, the lane containing the ladder was ticked in
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order to identify it as the standard. Then the general report command in the main menu was

executed in order to obtain the resulting molecular weights.

Densitometry analysis was held with the same program by using “quantity tools command”.
For this, the bands within the same molecular weight range were previously selected through
the already mentioned protocol. Once bands and lanes were defined, in the “Relative” tab,
the “select” button was activated. Once this tab was blue, the band that was defined as control
treatment was clicked. Then the general report command in the main menu was executed in
order to obtain the resulting relative quantities. These data were then graphed through Prisma

software.
3.6 Caseinolytic activity

Protease activity of ME, EME was evaluated through caseinolytic activity under Das & Col
2013 protocol with modifications (106). Using a 1:3 sample to substrate proportion, reaction
tubes were constituted by preheating 100 uL of sample (5 ug) at 25 ° C and 37 ° C for 5
minutes. Then, 200 uL of substrate (casein 1% w/v in Tris-HCl 20 mM, pH 7.4) were added
to start the reaction. Samples were subsequently incubated and agitated at 25 ° C and 37 ° for
1 hour. To stop the reaction, 700 uL of ice-cold TCA 0.4 M were added. Samples were
centrifuged at 2000 rpm for 15 minutes, and supernatant was measured by Lowry
colorimetric assay (107) using L-Tyrosine as standard. Each reaction was measured by
triplicate. Negative control was considered as substrate with sample solvent. A unit per

milliliter of caseinolytic activity was defined by equation 1 (108).

Tyr
protease activity (%) = % (eq. 1)
e

Tyr,q, = L-Tyrosine equivalents (umol)
V; = total reaction volume (ml)
V¢gr = colorimetric reaction volume (ml)
V, = Enzyme volume (ml)
t = time of assay (min)

3.7 Isoelectric point estimation

Isoelectric point estimation of the identified active variant of P. hypophthalmus epithelial
mucus was done by using Fiji software (Image J), Photoshop CC 2019 ® and RF vs pl
correlation. Through photoshop, pl standard gel (pI2D) and sample gel (S2D) images in RGB
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format, were normalized in size and color by using routes: Image>Image size and
Image>adjustments> match color. Once this was accomplished these images were settled in
a same plane and saved as TIFF format. The obtained file was then opened on Fiji application,
were line marks for the beginning and ending of total running front were fixed. Spots of each
gel were marked with circular and line tools. Once each of the spots were identified, line tool
was used to measure the distance of the spot to the initial boundaries of the horizontal
dimension with an angle of 180 °C for each measurement. The obtained distances were
passed to Rf (eq.2) and transformed to a logarithmic scale in order to calculate the pI of S2D

according to pl 2D pattern.

Migration distance of protein

Rf =

- Migration distance of dye fron

x 100 (eq.2)

3.8 Statistical analysis

All of the measurements for the experiments here presented, where held at least by triplicate.
The statistical analysis was performed with central tendency methods, except for optical
densitometry and molecular weight analysis. All numerical measurements are expressed as
mean and standard deviations. As for molecular weight analysis, a correlation coefficient was
used to state accuracy upon the molecular weight and migration distance of the obtained

bands.
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Chapter 4

Results and discussion
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4. Results and Discussion

Through the present chapter the discussion of the obtained results will be held. After
proceeding with the previously stated experimental strategy (Chapter 3), serine protease
activity as well as kallikrein characteristic features could be confirmed. Through gelatin
zymography a protease profile of ten bands could be screened. From inhibition and ion
activity tests, one potential candidate of 63 kDa with only one isoform of pI 6.8 was identified.
The comparison and analysis of each of the obtained results will be developed in the following

subsections.

4.1 Sample collection and preparation

In order to obtain the highest amount of analyte and maintain animal welfare according to
the three Rs for animal research (109), refinement of mucus extraction process was held.
Epithelial mucus was extracted (ME), clarified and concentrated through vacuum
evaporation (EME). Protease activity and total protein concentration was measured for both
of sample states (ME and EME). After performing the previously described method, protease
activity could be confirmed for ME and EME by caseinolytic activity at 25 °C, temperature
of P. hypophthalmus habitat, and 37 °C, human physiological temperature. Specific total

activity for samples ME and EME at different temperatures are shown in Table 4.1.

Table 4.1 Temperature effect over mucus extract caseinolytic activity

Protease activity (U/mg)

Sample
25°C 37°C

Crude extract (ME) 504.80 +£93.31 21.31 +18.46

Vacuum evaporation (EME) 5.33 +£0.37 1.67 +£0.31

Total specific activity diminishes after vacuum evaporation process in 25 °C and 37 °C
conditions, and in greater extent at 37 °C. This decrease could be explained as in first
instance, P. hypophthalmus is a specie that grows in temperatures of 22-26 °C (28). Even
though 37°C is a common condition to test, as it is considered a physiological temperature

for humans (107), is outside the range of the normal temperature of P. hypophthlamus.
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Normally, when proteases are exposed to non-optimal temperatures, their activity could be

inhibited due to destabilization (108).

The inhibitory effect of vacuum evaporation occurs as a consequence of the presence of
different molecules, apart from proteases, in the mucus extract. These molecules represented
contaminants, that when they are not removed, a significative decrease of the specific activity
occurs (110). Yet, in other studies when no concentration step was performed, no detectable
levels of proteases activity could be characterized on rainbow trout, Coho salmon and

Atlantic salmon mucus samples (111).

Hence in order to make suitable this process contaminant molecules must be removed from
the total mixture. As an example, Ong (1976) reported an increase of 53.4 U/ml to 261 U/ml
and of 6.92 mg/ml to 31.68 mg/ml when concentrating thermocyclase from filtrated crude
media through vacuum evaporation at 45 °C (112). It is important that a first titration of
sample is performed before any purification process to avoid over-manipulation of the
analyte, and misguided results. Despite of the decrease of specific activity, vacuum
evaporation was a necessary step as mucus extract solubilization (ME) yielded low protein
concentrations that were not suitable for the sensitivity of gel electrophoresis. The total

protein profile of ME and EME can be observed in Figure 4.1.

A e
Figure 4.1 Protein profile of P. hypophthalmus epithelial mucus where ME (2 pg), EME (1.9 pg) were

loaded to a 12% SDS-tricine PAGE stained with silver nitrate. No change on the number of bands is appreciable

within profiles.
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Most of SDS-PAGE methodologies rely on increasing protein concentration or the sensitivity
of the detection method (113), in order to avoid sample underloading. This problem is one of
the most common troubleshooting’s on electrophoresis, in which minor components and
major bands become too faint for reproducible screening (114). It can be solved by loading
40 to 60 ug of total protein of crude samples when staining with Coomassie Blue (115) or
100 fold less when using silver nitrate as its sensibility at nanogram range (116). In this case,
the increase of protein concentration was a useful step to improve band resolution, as it
allowed the proper screening of the protein profile of P. hypophthlamus epithelial mucus. As
shown in Figure 4.1, an increase on band definition could be achieved after sample
pretreatment, increasing total protein concentration from 51.50 + 1.67 ug/mL to 257.5 +

11.77 ug/mL.

4.2 Protease profile of P. hypophthlamus epithelial mucus

Protease profile of P. hypophthalmus epithelial mucus was screened through Zymography
analysis, using universal protease substrates, gelatin and casein (117). In Figure 4.2, EME

protein (Lane 2) and protease (lane 2 and 3) profile is shown.

kD:
2 kDa

250 —
150 m—

100 m—

Figure 4.2 Protein and protease activity profile of EME from P. hypophthalmus. 1) EME 1.9 pgina 12%
SDS-tricine PAGE stained with silver nitrate. 2) Zymography of EME (1.5 pg) in 12% SDS-PAGE gel
copolymerized at 0.3% w/v gelatin. 3) EME (1.5 pg) in 12% SDS-PAGE gel copolymerized at 0.3% w/v casein.

Both lanes were incubated with at 37 °C in pH 7.6 and revealed in coomassie blue.
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From the total profile (16 bands) of P. hypophthalmus epithelial mucus (Figure 4.2 lane 1),
10 bands (179, 114, 90, 71, 63, 58, 56, 48, 36 and 30 kDa) presented gelatinase activity
(Figure 4.2 lane 2). The obtained pattern is similar to the one reported by Salles et al 2007,
who describes seven proteases of similar molecular weights (130, 100, 73, 69, 53, 43, 36 and

15 kDa) in Tambacu hybrid fish mucus (118).

As well, protease profile of epithelial mucus of the species Channa punctata, Cirrhinus
mrigala, Labeo rohita, Catla catla and Rita rita display similar molecular weights to the
ones obtained by the present study (75, 60, 50, 40, 22, and 17 kDa) (101). The case is the
same for Oncorhynchus mykiss, O. kisutch and Salmo salar epidermal mucus (102,111) and

Myxine glutinosa mucus protease activity (119).

In the case of caseinolytic activity (Figure 4.3 lane 3), a 63 kDa band revealed activity. The
obtained band does not match with the ones reported for Paralichtys olivaceus mucus (24
kDa) (120), Tambacu mucus (73 and 100 kDa) (118) and Sparus aurata mucus (12, 15, 76
and 80 kDa) (121). This could lead to the consensus that similar protease profile is shared

among several fish species when looking at gelatin zymography.

Yet this profile may have variations due to the conditions and niche in which the specie
develops (101). On the other hand, only one band had substrate selectivity for casein and
gelatin. These substrates have different structural conformations, as casein is globular (122)
and gelatin, composed mainly by collagens, which are fibrillar proteins (123). By which it
could be presumed that the 63 kDa protease could participate in two roles, as remodeling and
activator agent. This behavior is generally attributed to multifunctional enzymes, which
contain various catalytic activities (124). By which it could be presumed that P.
hypophthalmus does present a protease activity with a dual substrate proteases. This
reinforces the initial hypothesis as KLK 5 and 7 can as well catalyze globular (125,126) and
fibrillar substrates (127,128).
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4.3 Effect of ions over protease activity

The role of ions over protease activity has been well characterized, as these can regulate,
stabilize and activate them. Metal ions have been classified in two types, where type I refer
to cofactor-like behavior and type II as allosteric effector behavior (129). The selected type
IT ions have been reported as activators of KLK 5 serine proteases (130,131). While Zn™?

a well-known cofactor in metalloprotease catalysis (79). Through the present assay, the
enhancing and inhibitory effects ions type I (Zn™?), type II (Ca*", K" Na*) and no ions were
tested. For this assay, Zn*? was taken as control treatment as this ion has been reported to
enhance activity for hydrolases in higher frequency for both ion behaviors (132). In Figure
4.3, Figure 4.4 and Figure 4.5 the modulating effects of the previously mentioned ions over

universal protease substrate activity (gelatinolytic and caseinolytic) of EME is shown.
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Figure 4.3 Ion effect on gelatin protease profile. EME (1.5 ng) ran in a 12% polyacrylamide gel
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copolymerized with 0.3% w/v of gelatin incubated without (w/0) and with different ions (ZnClz, CaCl2 NaCl
and KCl) in incubation solution at 37 °C and pH 7.6. Gels were stained with Coomassie blue to reveal protease

activity.

As a result, protease profile of the control treatment (Zn*>*) showed 10 active bands (Figure
4.3), mentioned previously in section 4.2 Protease profile of P. hypophthlamus epithelial
mucus. This ion has been reported to intervene in redox and non-redox catalysis. In both

mechanisms enzymes increase their activity as Zn>" could increase nucleophilicity, act as an

29



activator or an electrostatic stabilizer (132). This could explain the increased number of bands
when using Zn?>* as modulator agent. When no ion treatment was endorsed, gelatin
zymography revealed 5 bands within the high molecular weight range (179-71 kDa) of the
protease profile bands (Figure 4.3). This result shows that most of the proteases within the
cluster interact with ions in order to stabilize or modulate their activity. In most of the cases,
enzyme activity is enhanced through weak interaction of large monovalent cations by
kosmotropic structural stabilization (118). A more detrimental effect was obtained when
treating the samples with Ca?*, as only 4 active bands appeared. On the other hand, K* and
Na" affected lesser extent the catalytic activity, as 7 and 6 bands gave signal (Figure 4.3).
Nevertheless, band intensity through these two treatments was greater than the ones form the
control sample, by which it could be presumed that the proteins present in EME could belong
to KLK class. In order to quantitatively measure and compare the change on band intensity,
a densitometry analysis (133) per band on gelatinolytic and caseinolytic activity was held. In

Figure 4.4 the densitometry analysis of the gelatinolytic activity of EME is shown.

According to densitometry analysis (Figure 4.4), K* treatment favored the gelatinase activity
of several proteases (90, 63, 58, 36, and 58 kDa). In several cases it has been describes K™ as
an allosteric promoter of substrate binding through conformational modifications (129). Na™,
also enhanced protease activity with greater extent in the 30 kDa band. These results resemble
the ones reported by Olivera (2010), were alkaline protease activity was enhanced up to 220%
when testing 2 mM NacCl (134). Such increment was also reported for subtilase with and
increment of 280% when using 600 mM (135). By which Na* acts as a type I ion by enhancing

activity, nevertheless K* excerpts a greater aid to protease activity.

In contrast, Ca’’ treatment exerted higher decrease on band activity in comparison to control
treatment, where 71, 48, 36 and 30 kDa were the proteases that showed less activity in
comparison to the control. This disagrees with the results obtained by several authors, who
report activation of proteases when using calcium as modulating agent. Such was the case
for colicin V (CvaB) cysteine protease (136), subtilase serine protease (135), and cathepsin
D aspartic protease (137). As for metalloproteases, Ca*" ions are needed for correct structural

conformation, as these count with a calcium binding domain (138).
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Figure 4.4 Densitometry of the ion effect on gelatin protease profile. Densitometry analysis of each of the
ion per band where Zn+2 is considered as the 100 % of relative activity

The obtained effect could translate to a change in conformation of the protease substrate. In
general, Ca?" has been reported to stabilize protein structure due to its ionic force (139,140).
As a consequence, an increase on catalytic activity in proteases happens (141). As part of the

washing steps of zymography, CaCl: is used to enhance protein refolding (142,143). Yet, it
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has been demonstrated that CaCl, could act as mild denaturant, loosening substrates structure
(144). Hence by adding this ion in greater proportion, substrates conformation could not have

been in an adequate state for proper reaction.
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Figure 4.5 Ion effect on protease profile A) EME (1.5 pg) ran in a 12% polyacrylamide gel copolymerized
with 0.3% w/v of gelatin incubated without (w/0) and with different ions (ZnClz, CaCl> NaCl and KCI) in
incubation solution at 37 °C and pH 7.6. Gels were stained with Coomassie blue to reveal protease activity. B)

Densitometry analysis of each of the treatments were Zn*?is considered as the 100 % or relative activity.

In the case of casein zymography (Figure 4.5-A), the 63 kDa protease did not lose activity
with ion treatments, while no ion almost reduced its total signal. As well, its relative quantity
increased 3.7 times when treated with potassium (Figure 4.5-B), similar behavior to the one

obtained with gelatin activity, where this same protease increased its relative intensity up to
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2.0 in comparison to control treatment. As well sodium treatment enhanced in the same

quantity caseinolytic and gelatinolytic activity.

The obtained results confirm that K" and Na* act as activators of several proteases within P.
hypophthalmus epithelial mucus. More in specific, 63, 58 and 48 kDa bands had higher
relative quantity in comparison to the control treatment. By which it could be presumed that
these bands could be possible kallikrein type protease candidates. Yet, serine protease
activity had to be confirmed in order to relate these to the KLK family. For which inhibition

assays were proposed.

4.4 Effect of inhibitors over protease activity

Proteases are hydrolyses that have been classified in four principal categories due to its
catalytic core (metalloproteases, serine protease, cysteine proteases and aspartic proteases)
(145). In order to identify which type of enzymes exists in a complex mixture, specific
substrates or specific inhibitors for these protease families can be tested. In zymography
analysis, the copolymerization of specific peptides for protease families is not feasible as
most of these are artificial peptides with short stability at normal incubation temperatures

(25-37°C). By which inhibition assays are more suitable for zymography screening.

In the specific case of skin epithelial mucus, trypsin (serine-protease), cathepsin B/L
(cysteine-protease), cathepsin D (aspartic-protease) and metalloproteases (70) have been
identified (119). Hence through inhibition zymography, EME protease profile classification
was endorsed by using PMSF, benzamidine (serine protease), EDTA, O-phenanthroline
(metalloprotease) and iodoacetamide (cysteine protease) inhibitors as treatments (94,101). In
Figure 4.6, the inhibition effect of well characterized protease inhibitors over the activity

pattern of EME is shown.
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Figure 4.6 Effect of different inhibitors on protease profile of EME (1.5ug) ran in a 12% polyacrylamide

gel copolymerized with 0.3% (w/v) of A) casein and B) gelatin incubated with different inhibitors, including
PMSF 2mM, Benzamidine 5mM, EDTA 5mM, O-Phenantroline 5 mM and Iodoacetamide 5 mM. Incubation
was held at 37 °C and pH 7.6. Gels were stained with Coomassie blue to reveal protease activity. Control was

sated as sample incubated without inhibitor.

The effect of different inhibitors over the protease profile or P. hyphophthalmus epithelial
mucus were evaluated as describe in section 3.4.2 of materials and methods. This in order
to identify the possible protease families present in the extract (Figure 4.6). Inhibition tests
were held by incubating EME gelatin and casein zymograms with PMSF (serine proteases
and papain), Benzamidine (trypsin, trypsin-like and serine proteases), iodoacetamide
(cysteine proteases), O-phenantroline (metalloproteases) and EDTA (metalloproteases)
(139,146). PMSF and iodoacetamide treatment inhibited 58, 56, 30 kDa bands and reduced
63 kDa gelatinolytic activity (Figure 4.6).

As for 114, 90 and 71 kDa bands, slight inhibition could be detected after metalloprotease
inhibitor (EDTA and O-phenanthroline) treatments. Through caseinolytic activity, the 63
kDa protease got strongly inhibited with PMSF, benzamidine and O-phenanthroline. Slight
inhibition was exerted with iodoacetamide and no inhibition was exerted by EDTA. The
inhibition through O-phenantroline in the bands that classify as serine proteases could be
attributed to their need of ions to induce structure stabilization as previously explained in ion

assays. The obtained results, regarding the bands that previously were described as potential
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kallikrein type proteases (63, 58, and 48 kDa), indicate that these could be classified as
cysteine or serine proteases. Such inhibitions and molecular weights are similar to the ones
reported in several fish species epithelial mucus. Serine proteases with 60, 62 and 66 kDa
have been describe in L. rohita and C. migrala epithelial mucus (101). As well, serine
proteases within molecular weight of 55, 45 and 44 kDa were identified in Salmo salar and
Oncorhynchus mykiss species (102,111). In the case of cysteine proteases, 73 and 40 kDa
proteases were described for Hag fish and Tambacu species (94,118). With the obtained
results it could be confirmed that the most probable kallikrein candidates are the bands within
the molecular weight range of 63, 58, and 48 kDa. Hence to continue proper characterization,
it is important to see if these protease bands are composed by one of more isoforms, as well
as their pl. The knowledge of these parameters facilitates further characterization analysis
including mass sequencing, purification strategies and kinetic characterization. By which
isoelectrofocusing and bidimensional zymography represent powerful alternatives to

determine these parameters from complex mixtures.
4.5 Isoform and isoelectric point determination of candidate serine protease

Isoelectric point (pl) is the pH in which the net charge of a molecule, such like a protein, is
equal to zero (147). Through pl, the estimation and understanding of different protein states
and behaviors is possible including: stability, solubility, enzyme-substrate interaction, or
isoform diversity (148). IEF is normally coupled to SDS-PAGE in order to visualize all the

present isoforms of a complex mixture in a bidimensional manner.

Yet when this second dimension is a zymography, bidimensional analysis is simplified as
only protease isoforms are screened avoiding overlapping activity that normally happen on
1D zymography (149,150). Through 2D-PAGE and 2D-zymography, pl and total protease
isoforms of P. hypophthalmus epithelial mucus was obtained. These profiles are depicted on
Figure 4.7. Few 2D-zymography studies of fish epithelial mucus can be found in literature,
2D PAGE studies are more common and available, by which comparison of the obtained

results will be contrast with both techniques.

From the observed cluster (Figure 4.7-A), the obtained pl range for all the identified isoforms
was within 5.15-9.02 pH. As for serine protease bands (63, 58, and 48 kDa), the identified
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i1soelectric point pH was of 6.62, 7.15 and 6.3. Protease activity was also screened at pH 6.8
(Figure 4.7-B). In the case of the high molecular weight bands (179, 114, 90, and 71 kDa)
only clear spots could be identified for 71 kDa in both bidimensional screenings. Similar
results were obtained by Wilkesman S. (2007), who characterized marine sponge proteases
obtaining a 66 kDa protease with pl 8.0 on gelatin substrate. As well higher molecular weight
bands (>150 kDa) could not be detected on bidimensional analysis. According to this author,
two main causes could induce this shift: A) Aggressive sample treatment for
isoelectrofocusing and/or B) high molecular weight proteases are composed by subunit that

get scattered after 2D-electrophotesis (151).
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Figure 4.7 Protease isoform screening of E-ME (80 pg) in a bidimensional electrophoresis elaborated with
an IPG of 7 cm (pH 3-10) in a 12% polyacrylamide gel, where A) depicts a tris-tricine SDS PAGE and B)
depicts a gelatin zymography (0.3% w/v). Gel was incubated with 50 mL of incubation solution with Zn** as
ion at 37 °C and pH 7.6. Spots marked in red circles are the ones identified as serine proteases. Both gels were

stained with coomassie blue.
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Subunit scattering has been detected for matrix metalloproteases, which in most of the cases
have represented the high molecular bands present in several fish epithelial mucus
(94,102,118). MMP complexes can be detected on 1D zymography with molecular weight
sizes of 240 kDa to 130 kDa (133), explaining why the presence to absence from 1D to 2D

electrophoresis screening of high molecular weight bands happened.

When comparing with other fish mucosal extracts, Paralichtys olivaceus (olive flounder)
presented a shorter pl range (4.2-6.8 pH) of proteases within 24-165 kDa in comparison to
the obtained results (120). Similar was the case of Sparus aurata (gilthead seabream) skin
mucus with a pl range of 4.0-6.5 (152). On the contrary, Godus morhua (Atlantic cod)
presented a similar pl range of 4.0-8.0 (153). This variability could be normally explained
due to the niche and environmental conditions in which the specie lives in (101). In the case
of the specie P.hypophtalmus, in contrast to the previously mentioned species, inhabits fresh

water basis on benthopelagic behavior (32).

With the obtained results, the complete mapping of serine protease presence in Pangasius
hyphophthalmus could be confirmed. The presence of single isoforms facilitate further
proteomic characterization as only one spot will be needed to characterize the mapped

protease on the sequence level.
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Chapter 5

Conclusions and final remarks
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5. Conclusion and final remarks

The concept of beauty has always been an important feature for human wellbeing. Nowadays,
off the shelf concepts, also known as non-surgical procedures, are gaining more strength due
to quicker results with less pain and less investment. From these, chemical peelings are still
one of the most commonly used in spite of the uncomfortable process and secondary effects.
As a solution, enzymatic peelings have started to appear as a more suitable approach, yet few

efforts have been done to improve or develop a concise enzymatic agent for this method.

Through the present study, the preliminary identification and characterization of serine
proteases in P. hyphophthalmus epithelial mucus was achieved. Among the obtained protease
profile of ten active bands, the presence of a 63 kDa serine protease was demonstrated. This
protease could be classified as such due to its positive results on three characteristic tags for
the serine protease family, including: positive inhibition by PSMF and benzamidine,
activation by reported KLK activating ions K* and Na* and multi-substrate specificity for
gelatin and casein, where in casein it was the only active band. Also, several metalloproteases
could be identified as part of the mucus extract through inhibitory and substrate assays. As
well, through 2D-PAGE vs 2D-zymography, it could be stated that this protease is present in
just one isoform with an estimated pl of 6.62. Furthermore, homology analysis of the
identified serine protease with human KLK 5 and 7 needs to perform to confirm similarity
and comprehend feasible catalytic mechanisms to state target substrate and catalytic rate.

This data is necessary for the development of a topical enzymatic treatment.

From the obtained data, it could be stated that serine proteases are conserved among species
and are located on similar tissue levels. Metalloproteases and serine proteases on normal
basis, participate as principal mediators of skin remodeling processes, which could explain
the presence of these proteases in epithelial fish mucus and the exfoliating action of it over

the skin of the aquacultures who manipulated the specie for rearing purposes.

Even though the presence of serine proteases was confirmed in the epithelial mucus of the
iridescent shark, further studies must be done to evaluate and prove its potential as an
effective enzymatic agent for cosmetical peeling treatments. In order to follow through, a

heterologous production of the characterized serine protease must be accomplished, this in
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order to propose an adequate model of its catalytic activity, stability, production and

formulation process for dermatological applications.

The development of this bioprocess will lead to further feasibility evaluation from the
technical and economical point of view. For the technical validation, the heterologous
production of the enzyme from upstream to downstream must be achieved within local
regulations to assure process acceptance by law entities. As well kinetic characterization of
the obtained enzyme must be performed, as to comprehend within which parameters the
active agent could work. This includes physicochemical characterization of pure and in-
formulation enzyme, as well as the evaluation of its catalytic mechanism on skin cell lines in
order to comprehend which are the target substrate of the enzyme when applied to skin, hence
the mechanism in which the developed formulation will enhance skin peeling. These assays
also will allow to estimate total treatment time of the formulation, identify cell migration and
how much this process could be enhanced by the appliance of both enzymatic presentations
(pure and formulated). Once bench scale process is validated, an economic analysis of the
bioprocess most be endorsed, in order to detect if the formulation development can become

a sustainable product for the actual economical state of cosmetic industry market.

Also, other epithelial treatment applications could be explored. As previously mentioned, the
two main groups of enzymes present in tissue remodeling processes are metalloproteases and
serine proteases. By which other type of regeneration mechanisms from different epitheliums
such as eyes, organs or skin disruptions (wounds) could be feasible targets for enzymatic

treatment. Such application could be managed from catalysis or modulation perspectives.

Modulatory effects of ions over enzymatic catalysis has mainly been evaluated under the
focus of understanding kinetics and possible molecular switches that could induce changes
over enzymatic behavior. Nevertheless, no attempt on using salt as a therapeutic application
has yet been proposed. By which modeling of enzymatic activity in function of ions could be
implemented in order to enhance endogenous KLK activity and avoid external protease

applications.
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consistente cuidando los derechos de autor y de atribucién, reconociendo el trabajo intelectual de
terceros. Esto incluye haber dado crédito a las contribuciones intelectuales de terceros que hayan
participado como coautores, cuando los resultados corresponden a un trabajo colaborativo.

De igual manera, EL AUTOR declara haber dado reconocimiento y crédito de autoria a
cualquier parte de LA OBRA que haya sido previamente sometida, para obtener un grado académico,
titulacion y/o certificacion en ésta o cualquier otra universidad. Incluyendo la debida atribucién a
través de cita y/o referencia bibliografica en LA OBRA a conceptos, escritos, imagenes y cualquier
representacion intelectual al consultar publicaciones académicas, cientificas, culturales o artisticas de
otros autores, asi como la fuente de su obtencion.

EL AUTOR establece su deseo de conceder esta autorizacion de forma voluntaria y gratuita, y
que de acuerdo a lo sefialado en la Ley Federal del Derecho de Autor y la Ley de Propiedad Industrial,
el ITESM se compromete a respetar en todo momento la autoria y a otorgar el crédito correspondiente
en todas las actividades mencionadas anteriormente de LA OBRA.

De la misma manera, EL AUTOR manifiesta que el contenido académico, literario, la edicion y
en general cualquier parte LA OBRA presentada es de su entera responsabilidad, por lo que deslinda
al ITESM por cualquier violacion a los derechos de autor y/o propiedad intelectual o cualquier
responsabilidad relacionada con LA OBRA frente a terceros.

Maria Isabela Avila Rodriguez

.~
Nombre completo y firma autdgrafa de EL AUTOR


Isabela Avila Rodriguez
María Isabela Avila Rodríguez
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