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Abstract

In a previous study, we reported a peptide derived from Crocodylus siamensis
hemoglobin hydrolysate, named QL17 (QAIHNEKVQAHGKKVL); that exhibited
antimicrobial, anti-inflammation and antioxidant. To improve the antimicrobial activity of
this peptide, it was used as the template to design novel effective peptides. The helical wheel
diagram was used to monitor and evaluate amphipathic after the position change and
substitution of certain amino acids. Lysine (K) and arginine (R) were appropriately selected
to extend the hydrophilicity, whereas hydrophobic residues such as leucine (L), isoleucine
() or tryptophan (W) were used to increase the hydrophobicity. As appropriate, the results of
novel peptides design were given 5 peptides; named as IL15NJ1 (IKHWEKVWKHGKKYVL),
IL15NJ2 (IKHWKKVWKHGKKVL), IL15NJ3 (IKHWKKVWKHAKKYVL), IL15NJ4
(IKHWKKVWKHWKKKL) and IL15NJ5 (IRHWRRVWRHWRRRL). There was net
charge +4, +6, +6, +7 and +7, respectively which containing hydrophobicity about 40-46%.
The results found that all novel designed peptides have potent antimicrobial efficacy than
template and less cytotoxic to macrophage cell, human red blood cell, human white blood
cell and human skin cell (i.e. human keratinocyte (HaCaT) and normal human dermal
fibroblasts (NHDF). The IL15NJ3 displayed great antimicrobial against both Gram-positive
and Gram-negative bacterial. The cell selective of IL15NJ3, as selectivity index, indicating
the value was increased up to 500-fold compared to QL17 parental peptide. In agreement
with the results of cell-selective, the flow cytometry results revealed that IL15NJ3 exhibited
antibacterial efficacy over than mammalian cell membranes leading to maximize
antimicrobial activity while minimizing to toxicity. The scanning electron microscope
showed that IL15NJ3 interacted with outer membrane components, activated a structural
modification damaging cell membranes, which lead to death of bacteria cell. Interestingly,
IL15NJ3 could inhibit Pseudomonas aeruginosa biofilm and successfully disrupted biofilm
degradation. Moreover, the protein expression response from P. aeruginosa biofilm
formation when treated with IL15NJ3 was then investigated using proteomic approach. The
result demonstrated that the expression of proteins in the group that acted in the movement

and adhesion to the surface, such as flagellin protein and type 1 fimbrial protein was reduced



in their expression level. In addition, the expression of proteins involved in the quorum
sensing system, such as TrbL protein and phenazine biosynthesis protein, also decreased.
Considering other biological effects, our result found that the intact hemoglobin (Hb) and
Crocodylus siamensis hemoglobin hydrolysates (CHHSs) derived from trypsin and papain
digestion at concentrations of 125-500 ug/ml show a decrease in nitric oxide production in a
dose-dependent manner. The strongest anti-inflammatory activity was found for CHH
derived from 2-h papain hydrolysis. For IL15NJ3 peptide, the results exhibited the reduction
of NO production by LPS-stimulated RAW264.7 cell at the concentration of 100 and 200
ug/ml. Finally, Hb, CHHSs and all of designed peptides were suppressed free radical which
showed antioxidant activity. All observation herein revealed that IL15NJ3 peptide could be
promising to develop broad-ranging medical peptides with the ability to treat and prevent
against drug-resistant bacteria that produce biofilms via the suppression of bacteria

endotoxins and scavenge radical.

Keywords : Antimicrobial peptide, Antibiofilm, Antibiotic resistance, Cell selectivity,
Crocodile
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CHAPTER I
INTRODUCTION

1.1 Introduction to the research problem and its significance

Antimicrobial resistance is a complex global public health challenge, and no
single or simple strategy will suffice to fully contain the emergence and spread of
infectious organisms that become resistant to the available antimicrobial drugs. The
development of antimicrobial resistance is a natural phenomenon in microorganisms,
and is accelerated by the selective pressure exerted by use and misuse of antimicrobial
agents in humans and animals. The current lack of new antimicrobials on the horizon to
replace those that become ineffective brings added urgency to the need to protect the
efficacy of existing drugs. Similarly in the case of bacteria in biofilm also show up to
1000 times greater tolerance to antibiotics and biocides (Ceri et al. 1999). One of those
bacterial resistance is bacterial biofilms that are communities of microorganisms living
at an interphase (solid-liquid or liquid-air), where they attach to each other through the
extracellular polymeric substance (EPS) also known as the biofilm matrix. The EPS,
which consists of extracellular DNA, proteins, lipids and polysaccharides, offers
structural stability and protection (Flemming and Wingender, 2010). Bacterial
infections account for a significant proportion of the global infectious disease burden,
and morbidity and mortality rates caused by infectious microbial agents pose serious
public health concerns. This is exacerbated by increasing resistance to antibiotics which
is significant in an era where the development of new, synthetic antibacterial drugs lags
the emergence of antimicrobial resistance (Mbah et al. 2012). It is therefore paramount
to broaden the search for new antimicrobial substances, including the exploitation of
novel sources where possible (Song et al. 2012).

The Antimicrobial peptides (AMPs) are one of among agents that have been
interested, isolated and characterized from a wide range of animal, plant and bacterial
species and are known to play important roles in the host defence system and innate
immunity of all species (Zasloff, 1992; Andreu et al. 1998; Zasloff, 2002 and Hancock
et al. 2006). AMPs are effective at low micromolar concentrations against a broad range
of microorganisms, including in many cases those resistant to traditional antibiotics
(Hurdle et al. 2011). AMPs are defined as short (10-50 amino acids) peptides

possessing an overall positive charge (in general, +2 to +9) and a large percentage (>



30%) of hydrophobic amino acids (Zhang et al. 2016). Unlike conventional antibiotics
that kill or inhibit the growth of microorganisms by targeting various biosynthetic
processes in growing bacteria such as proteins synthesis, RNA synthesis, DNA
synthesis, bacterial cell wall synthesis (i.e. the synthesis of peptidoglycan or folic acid)
or enzyme inhibitors. AMPs can destabilize and compromise the physical integrity of
the bacterial membrane and therefore are unlikely to evoke bacterial resistance (Ahmad
et al., 2012; Zhang et al. 2016). In this context, AMPs appear as an alternative weapon
against infectious antibiotic-resistant bacteria. However, therapeutic applications of
these AMPs have been hindered by their cytotoxicity in mammalian cells or ability to
lyse eukaryotic cells (Porto et al., 2012; Zhang et al. 2016). To resolve this obstacle,
numerous structure-function studies of both natural and synthetic antimicrobial peptides
have been employed to improve AMPs activity against the interested pathogen and
reduce toxicity at the therapeutic dose. It has therefore become necessary to broaden the
search for new antimicrobial substances including the exploitation of novel, natural
sources where possible (Song et al., 2012). One such growing area of research has
begun to focus on protein hydrolysates of animal origin (Arroume et al., 2006; Arroume
et al., 2008; Adje et al., 2011; Osman et al., 2016). Among natural agents, crocodile
bloods are considered to be a rich source of bioactive substances that suitable for
therapeutic applications. One of crocodile blood major components is hemoglobin
which carries oxygen throughout the body. It had been long associated with a broad
spectrum of biological activity, for instance including antimicrobial (Srihongthong et
al., 2012; Pakdeesuwan et al., 2017), antioxidant (Jandaruang et al., 2012; Srihongthong
etal., 2012; Phosri et al., 2014; Maijaroen et al., 2016; Pakdeesuwan et al., 2017; Phosri
et al.,, 2017) and anti-inflammatory activity (Phosri et al., 2014; Jangpromma et al.,
2017; Phosri et al., 2017). Recent studied of Lueangsakulthai et al (unpublished work,
with permission) reported that a peptic hemoglobin hydrolysate from Crocodylus
siamensis has also been shown to possess antibacterial activity represented the MICso
values against Escherichia coli, Staphylococcus aureus, Klebsiella pneumoniae and
Pseudomonas aeruginosa at concentrations of 20, 20, 20 and 10 mg/ml (w/v),
respectively. Antibacterial peptide QAIIHNEKVQAHGKKVL (QL17) from
C. siamensis hemoglobin hydrolysate with 41% hydrophobicity and +2 net charges was
identified. However, natural peptide had short half-life in mammalian reticulocytes (in

vitro) when estimated by ProtParam tool (http://web.expasy.org/protparam). As the

future designing of novel AMPs will need to minimize the cytotoxicity in mammalian
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cells and enhance antibacterial activity for use as antibiotic drugs (Maccari et al. 2013).
Toward this goal, design and synthesized peptide should be urgently and extensively
investigated. Rational design of AMPs is a modern approached to antibiotic
development which can classify into three major classes including physicochemical,
template-based and de novo methods. Two methods use a previously known AMP as
the basis for designing studies. While physicochemical approaches generate several
analogues with different physicochemical properties, the template-based methods
search for size reduction, adding selectivity and/or Killer activity to known sequences.
Furthermore, de novo methods that generate AMP without a template sequence, using
only frequencies or patterns (Porto et al. 2012).

The activity of many AMPs depends principally on membrane permeabilization
or lysis, and several mechanisms of action have been proposed, ranging from the
formation of highly organized transmembrane pores, to that of the more dynamic
supramolecular peptide/lipid complexes leading to toroidal pores, or to membrane
damage via a relatively disorganized, detergent-like disaggregation due to hydrophobic
and/or electrostatic interactions with the membrane surface (Zelezetsky and Tossi
2006). One important class of membrane-interacting AMPs assumes an amphipathic, o.-
helical conformation that permits insertion of a well defined hydrophobic sector into the
lipid bilayer (Tossi et al. 2000; Zelezetsky and Tossi 2006). They represent one of the
most successful designs in nature, being produced by all types of organisms from
bacteria to mammals (Zelezetsky and Tossi 2006). Generally, AMPs possessed an
overall positive charge and a large percentage of hydrophobic amino acids which permit
the peptides to fold into amphipathic conformations upon contact with cell membranes,
and the positively charged polar face help the molecules bind to the biomembrane via
electrostatic interaction with the negatively charged head groups of phospholipids.
Then, the nonpolar face of the peptides allows insertion into the membrane through
hydrophobic interactions, causing increased permeability and loss of barrier function of
bacterial cells (Brogden, 2005; Zhang et al. 2016). As a rule of thumb, the cationicity of
a peptide especially lysine (K) or arginine (R) was used to increases in direct proportion
with inclusion of polar amino acids. Moreover, incorporation of hydrophobic residues
such as alanine (A), leucine (L), isoleucine (1), phenylalanine (F) or tryptophan (W) to
stabilizes the peptide structure and plays an important role in the membrane interaction

by anchoring into the membrane interfacial region (Zelezetsky and Tossi 2006;



Thankappan et al. 2013). Consequently, based on the properties of amino acids and the
QL17 peptide template, several series of peptides were designed and synthesized by
using standard Fmoc solid phase of GL biochem (Shianghai, PR China). Each peptide
was purified to > 95% purity by using reverse-phase high-performance liquid
chromatography (RP-HPLC). The molecular weight of each peptide was confirmed
using electrospray ionisation mass spectrometry (ESI-MS). The in vitro antimicrobial
and antibiofilm activity of the peptide against human pathogenic strains with different
concentration and time intervals were performed. Moreover, the hemolytic property and
the cytotoxicity to normal cells line were also determined to confirm the non-toxicity of

peptide.

1.2 Objectives

The present research was aim to design, synthesis and characterize antibacterial
peptide using natural peptides template from Siamese crocodile (C. siamensis) in order
to improve their half-life, enhance performance of antibacterial activity and potent
antibiofilm activity with cell selectivity, non-toxic against normal cell lines as well as

no hemolytic activity.

1.3 Scope of research

The QL17, hemoglobin hydrolysate from C. siamensis (QAIIHNEKVQAHGKKYVL)
was used as the template to design several series of peptides in order to improve their
half-life, enhance performance of antibacterial activity and potent antibiofilm activity
with cell selectivity, non-toxic against normal cell lines as well as no hemolytic activity.
The peptide was synthesized then was characterized their secondary structure in
solution (water) and membrane-mimicking environments (1 mM liposome, 50 mM
SDS, 20 mM Tris-HCI and 50% TFE) by using Circular dichroism (CD). The
antimicrobial activity against Gram-positive and Gram-negative bacteria was
determined by broth dilution and disc diffusion assay. The hemolytic property against
human erythrocytes and the cytotoxicity against human peripheral blood mono nuclear
cell (PBMC), Macrophage RAW 264.7 cells, normal human keratinocytes (HaCaT) and
normal human dermal fibroblast (NHDF) were explored in order to screening of the
non-toxic concentration rage of peptides. The selectivity index (SI) and flow cytometry
was proposed to evaluate the selectivity of peptides. The potential membrane



destruction mechanisms of the peptides were investigated using flow cytometry and
microscopic techniques. The antibiofilm of P. aeruginosa was studied in stage of
inhibition of bacterial initial attachment, inhibition of biofilm formation and
degradation. Moreover its mechanism was investigated to determine the effects of

peptides on bacterial cells.

1.4  The anticipated outcomes
4.1 Novel synthetic peptide have potent antimicrobial activity and cell selective.
4.2 Mode of action of novel antimicrobial peptide is acquired.
4.3 Ability of novel peptide against biofilm, inflammatory and oxidant are
acquired.



CHAPTER I
LITERATURE REVIEW

For several decades antimicrobial resistance (AMR) has been a growing threat
to the effective treatment of an increasing range of infections caused by bacteria,
parasites, viruses and fungi. AMR results in reduced efficacy of antibacterial,
antiparasitic, antiviral and antifungal drugs, making the treatment of patients difficult,
costly, or even impossible. The impact on particularly vulnerable patients is most
obvious, resulting in prolonged illness and increased mortality. The magnitude of the
problem worldwide and the impact of AMR on human health, and on costs for the
health-care sector and the wider societal impact, are still largely unknown. Some
estimates of the economic effects of AMR have been attempted, and the findings are
disturbing. For example, the yearly cost to the US health system alone has been
estimated at US $21 to $34 billion dollars, accompanied by more than 8 million
additional days in hospital. AMR is a complex global public health challenge, and no
single or simple strategy will suffice to fully contain the emergence and spread of
infectious organisms that become resistant to the available antimicrobial drugs (WHO
report). Some of the problematic drug-resistant pathogens encountered today include
Staphylococcus aureus, Escherichia coli, Klebsiella pneumonia, Pseudomonas
aeruginosa, Staphylococcus epidermidis and Bacillus subtilis.

Escherichia coli

Escherichia coli is a gram-negative rod-shaped that normally inhabits the
intestines of humans and other mammals. Most strains of E. coli are harmless, but
actually some stains are important pathogenic causing serious illness, such as
hemorrhagic colitis and hemolytic uremic syndrome (Wang et al., 2015). E. coli can be
divided into four classifications base on their specific virulence factors and phenotypic
traits (Jafari et al., 2012). Frist, enteropathogenic E. coli (EPEC), is a special kind of E.
coli that lets it attach to intestinal cells, causes acute intestinal infections in infants in
the developing world. Infection typically spreads through contaminated food and water
and leads to severe, watery diarrhea (Chen and Frankel, 2004). Second, enterotoxigenic
E. coli (ETEC) can produced enterotoxins, which may be heat labile and/or heat stable,
and colonization factors which allow the organisms to readily colonize the small

intestine and thus cause diarrhea (Qadri et al., 2005). Vero toxin-producing/Shiga toxin-



producing E. coli (VTEC/STEC) which include its well-known subgroup
enterohaemorrhagic E. coli (EHEC), enteroinvasive E. coli (EIEC), enteroaggregative
E. coli (EAEC). These produce Shiga toxin or Shiga-like toxin (verotoxin), which is the
essential virulence factor, which can cause diarrhea, hemorrhagic colitis, hemolytic
uremic syndrome, and death (Smith et al., 2014). Finally, diffusely adherent E. coli
(DAEC), which is the bacteria uniformly, cover the entire cell surface. DAEC is a cause
of acute diarrhea (Isabel et al., 2002).

Klebsiella pneumonia

Klebsiella pneumonia is a gram-negative opportunistic pathogen, which causes
hospital-acquired urinary tract infections, pneumonia, septicemias, and soft tissue
infections. The principal pathogenic reservoirs for transmission of Klebsiella are the
gastrointestinal tract and the hands of hospital personnel. Because of their ability to
spread rapidly in the hospital environment, these bacteria tend to cause nosocomial
outbreaks. (Podschun and Ullmann, 1998).

Pseudomonas aeruginosa

Pseudomonas aeruginosa is an efficient biofilm-forming gram-negative, rod-
shaped opportunistic pathogenic bacterium responsible for both acute and chronic
infections. It is commonly found in soil, water and man-made environments, however,
this bacterium has also been known to cause serious disease in animals and humans
often times with generalized inflammation of the lungs, urinary tract and kidneys
(Cotton et al., 2009; Das et al., 2017). A long-standing problem in patient care is the
ability of P. aerugionsa, to form biofilms on implanted and indwelling devices. These
localized infections can be difficult to detect with routine clinical microbiology and
very frequently fail to resolve with aggressive antibiotic therapy (Mulcahy et al., 2014).
Moreover, biofilms of P. aeruginosa can cause chronic opportunistic infections, which
are a serious problem for medical care in industrialized societies, especially for
immunocompromised patients and the elderly. They often cannot be treated effectively
with traditional antibiotic therapy. Biofilms seem to protect these bacteria from adverse
environmental factors. Several hypotheses have been formed to explain the reduced
susceptibility of biofilms to antimicrobials (Mulcahy et al., 2014). It has been observed
that biofilm-forming bacterial strains develop antibiotic resistance very fast. Thus, the

treatment of microbial biofilm with conventional antibiotics becomes troublesome.



Therefore, the uses of new antibacterial and anti-biofilm compounds have drawn more

attention in order to prevent microbial growth and biofilm formation (Das et al., 2017).

Staphylococcus aureus

Staphylococcus aureus is gram-positive bacterium that naturally presents on
human skin and find ubiquitously in the environment, which can cause numerous
illnesses, from minor skin infections to life-threatening diseases, such as abscesses,
pneumonia, meningitis, endocarditis, and septicemia (Chang et al., 2013). Moreover, S.
aureus is one of the most commonly isolated foodborne pathogen and it is considered as
a major cause of foodborne illnesses worldwide. S. aureus had capable to produce a
numerous of toxins including Staphylococcal enterotoxins, toxic shock syndrome toxin-
1 (TSST-1) and leukocidin, which cause damage to biological membranes by
interacting directly with the host, leading to the cell death (Rubab et al., 2018).

Staphylococcus epidermidis

Staphylococcus epidermidis is a gram-positive bacterium, commensal bacterium
that colonizes the skin and mucous membranes of mammals and is the most prevalent
staphylococcal species found in humans (Fey and Olson, 2010). S. epidermidis is
prominent role in the hospital-acquired and foreign body infections, such as breast
prostheses, peritoneal dialysis catheters, and vascular grafts (Demirer et al., 2001).

Bacillus subtilis

Bacillus subtilis is a gram-positive, spore-forming bacterium, that normally
found on soil and capable grow in diverse environments including the gastrointestinal
tracts of animals. B. subtilis has also known to related genera troublesome to food
producers on account of their resistant endospores (Earl et al., 2008). B. subtilis has
been implicated in foodborne illness with vomiting as the commonest symptom, but
accompanying diarrhoea was frequently reported too (Logan, 2011).

One of serious antimicrobial resistance (AMR) is bacterial biofilms that are
communities of microorganisms living at an interphase (solid-liquid or liquid-air),
where they attach to each other through the extracellular polymeric substance (EPS)
also known as the biofilm matrix. The EPS, which consists of extracellular DNA,
proteins, lipids and polysaccharides, offers structural stability and protection (Flemming
and Wingender, 2010). One of the most important EPS is alginate that controlled by the

algACD operon, is a linear polymer has been shown to increase biofilm attachment to



solid surfaces. Of high importance to alginate productions are the algD genes that
encode the guanosine diphosphate (GDP) manose dehydrogenase enzymes, which rate-
limiting those catalyses the production of GDP-mannuronic acid from GDP-mannose of
P. aeruginosa (Cotton et al., 2009; Laverty et al., 2014). Then microcolonies expand
into a mature biofilm. Also during this stage, EPS that serve as an adhesive matrix and
trap nutrients from the environment continue to be produced. In P. aeruginosa biofilm
model, produced the outer membrane porin from OprF gene, is a general outer
membrane porin that acts as transport of extracellular products into the cell (nutrient
and oxygen) (Fito-Boncompte et al., 2011). Furthermore, the increase in cell density
also leads to the activation of quorum-sensing systems. Quorum sensing (QS) or cell-to
cell signaling controls the expression of extracellular virulence factors. The most
defined quorum sensing pathways in Pseudomonas aeruginosa are the las and rhl
systems. The las system comprises of the transcriptional activator protein LasR and the
autoinducer synthase enzyme Lasl, coded for by lasR and lasl, respectively (Laverty et
al., 2014; Rasamiravaka et al., 2015). Biofilms constitute a protected mode of growth
that allows survival in a hostile environment. The structures that form in biofilms
contain channels in which nutrients can circulate (DeBeer et al., 1994), and cells in
different regions of a biofilm exhibit different patterns of gene expression (Davies et al.,
1993). The complexity of biofilm structure and metabolism has led to the analogy of
biofilms to tissues of higher organisms (Costerton et al., 1995). These sessile biofilm
communities can give rise to nonsessile individuals, planktonic bacteria that can rapidly
multiply and disperse. Biofilms develop preferentially on inert surfaces, or on dead
tissue, and occur commonly on medical devices and fragments of dead tissue such as
sequestra of dead bone (Lambe et al., 1991); they can also form on living tissues, as in
the case of endocarditis. Biofilms grow slowly, in one or more locations, and biofilm
infections are often slow to produce overt symptoms (Ward et al., 1992). Sessile
bacterial cells can release antigens and stimulate the production of antibodies, but the
antibodies are not effective in killing bacteria within biofilms and may cause immune
complex damage to surrounding tissues (Cochrane et al., 1988). Even in individuals
with excellent cellular and humoral immune reactions, biofilm infections are rarely
resolved by the host defense mechanisms (Khoury et al., 1992). However antibiotic
therapy typically reverses the symptoms caused by planktonic cells released from the
biofilm, but fails to kill the biofilm (Marrie et al., 1982). For this reason biofilm
infections typically show recurring symptoms, after cycles of antibiotic therapy, until
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the sessile population is surgically removed from the body. Planktonic bacterial cells
are released from biofilms, and evidence supports the notion that there is a natural
pattern of programmed detachment (Costerton et al., 1995). Moreover bacterial biofilms
are inherently resistant to antimicrobial agents. One mechanism of biofilm resistance to
antimicrobial agents is the failure of an agent to penetrate the full depth of the biofilm.
Polymeric substances like those that make up the matrix of a biofilm are known to
retard the diffusion of antibiotics (Cheema et al., 1986), and solutes in general diffuse at
slower rates within biofilms than they do in water (Stewart, 1998). Antibiotics have
been shown to penetrate biofilms readily in some cases and poorly in others, depending
on the particular agent and biofilm (Hoyle et al., 1992). A second hypothesis to explain
reduced biofilm susceptibility to antibiotics posits that at least some of the cells in a
biofilm experience nutrient limitation and therefore exist in a slow-growing or starved
state (Brown et al., 1988). A third mechanism of reduced biofilm susceptibility, which
is more speculative than the preceding hypotheses, is that at least some of the cells in a
biofilm adopt a distinct and protected biofilm phenotype. This phenotype is not a
response to nutrient limitation; it is a biologically programmed response to growth on a
surface.

In this light, it is not surprising that an impressive number of chronic bacterial
infections involve bacterial biofilms, which are not easily eradicated by conventional
antibiotic therapy. Thus, there is an urgent need to develop new therapies against this
important human pathogen. New approaches, such as dispersal agents and microbial
interference, are currently being developed for treating biofilm-associated infections
(Taylor et al., 2011; Shah et al., 2013; Nguyen et al., 2015). As microorganisms are
developing resistance to all the major antibiotics, there is an increased demand for the
development of alternative methods for resisting microbial infections (Babu et al.,
2016; Chatterjee et al., 2016). In this daunting scenario, host defense (antimicrobial)
peptides (HDPs) have emerged as a promising alternative to traditional antibiotics for
the treatment of persistent infections caused by biofilms (Jorge et al., 2012; de la
Fuente-Nafiez et al., 2016). HDPs were originally termed antimicrobial peptides
(AMPs) that constitute the major component of the innate immune system of most
living organisms, including mammals, insects, bacteria and fungi. In conferring
protection to the organism from microbial attack, these molecules exhibit multiple
mechanisms of action and, consequently, a low potential to select for resistance in
bacteria (Fjell et al., 2012; de la Fuente-Nufiez et al., 2016). The AMPs may have a
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broad spectrum of antibacterial and antifungal activities. Moreover, in some cases,
antiviral, antiparasitic and antitumor activities have also been observed (Nijnik and
Hancock, 2009; Porto et al., 2012). These peptides are generally small in size ranging
from 12 to at least 50 amino acids in length and are cationic due to the presence of
excess lysine or arginine amino acid residues (Porto et al., 2012; de la Fuente-Nufiez
and Hancock, 2015). AMPs also contain a high proportion (usually>50%) of
hydrophobic residues, which allows them to interact with, and often translocate across
bacterial and host membranes, thus enabling their antimicrobial, immunomodulatory
and antibiofilm activities (de la Fuente-Nufiez and Hancock, 2015). Such physical
characteristics allow HDPs to interact with membranes and translocate into negatively
charged bacterial and host cells, thus enabling their diverse biological properties. These
include their ability to directly kill planktonic microorganisms through their well-
studied antimicrobial activity, modulation of the immune system to control infections
by means of their immunomodulatory properties, and their antibiofilm activity that
enables them to inhibit and disperse biofilms (Figure 2.1) (de la Fuente-Nufiez et al.,
2016).

The AMPs are molecules of great relevance to the pharmaceutical,
biotechnology and food industries. The structural diversity and chemical nature
displayed by these molecules is a condition that has led researchers to consider them as
natural antibiotics, an innovative alternative to conventional antibiotics as a new class
of drugs to prevent and treat systemic and topical infections (Gordon et al., 2005; Porto
et al. 2012). Due to these facts, some AMPs are already utilized with clinical and
commercial purposes, including ambicin (nisin), polymixin B and gramicidin S
(Bradshaw, 2003; Porto et al. 2012). However restrictions on the use of AMPs for
therapeutic use have been limited by their cytotoxicity in mammalian cells or ability to
lyse eukaryotic cells (Porto et al., 2012; Zhang et al. 2016). To overcome this obstacle,
numerous structure-function studies of both natural and synthetic antimicrobial peptides
have been employed to improve AMPs activity against the interested pathogen and
reduce toxicity at the therapeutic dose. It has therefore become necessary to broaden the
search for new antimicrobial substances including the exploitation of novel, natural
sources where possible (Song et al., 2012). One such growing area of research has
begun to focus on protein hydrolysates of animal origin, such as the use of goat whey
protein hydrolyzed by treatment with alcalase, and which shows broad spectrum

antibacterial activity (Osman et al., 2016). Similarly, a peptic hemoglobin hydrolysate
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from bovine hemoglobin has also been shown to possess antibacterial activity (Adje et
al., 2011; Arroume et al., 2006; Arroume et al., 2008; Daoud et al., 2005; Froidevaux et
al., 2001). In this context, crocodile blood represents one of the natural origins that
considered a rich and valuable source for bioactive compounds. Scientific research
covering potential applications for crocodile blood is predominantly focused on the
utilization as treatment or supplement for human health. Notable examples are the
application as alternative antibiotics and artificial blood products (Shim-Prydon and
Camacho-Barreto, 2007). Moreover, traditional Chinese medicine uses crocodile blood
and other components, such as oil, bile and gall bladder to treat a broad variety of
ailments in patients, ranging from bronchitis, coughing, allergy, skin problems, high
blood pressure and cancer (Shim-Prydon and Camacho-Barreto, 2007). With regard to
our previous studies about blood of the Siamese crocodile (Crocodylus siamensis), we
found potent antimicrobial property in all investigated components, including serum
(Preecharram et al., 2008), plasma (Preecharram et al., 2010; Kommanee et al., 2012),
hemoglobin (cHb) (Srihongthong et al., 2012) and white blood cell extract (cWBC)
(Pata et al., 2011). In addition, these blood components were shown to exhibit
promising anti-cancer, anti-inflammatory, antioxidant and wound healing activity
(Phosri  etal., 2014; Theansungnoen et al., 2014; Patathananone et al., 2015;
Jangpromma et al., 2016; Pakdeesuwan et al., 2016; Phosri et al., 2017). With respect to
cHb, our previous studies by Lueangsakulthai et al (unpublished work, with permission)
demonstrated that hemoglobin hydrolysate from C. siamensis blood (CHH), hydrolysed
for 8 h with pepsin has been shown to possess antibacterial activity represented the
MICso values against E. coli, S. aureus, K. pneumoniae and P. aeruginosa at
concentrations of 20, 20, 20 and 10 mg/ml (w/v), respectively. The active peptide from
8h-CHH was determined as QAIIHNEKVQAHGKKVL name QL17 with 41%
hydrophobicity and +2 net. However natural peptide had short half-life in mammalian
reticulocytes (in vitro) when estimated by ProtParam tool
(http://web.expasy.org/protparam). As the future design of novel AMPs will need to
minimize the cytotoxicity in mammalian cells and enhance antibacterial activity for use
as antibiotic drugs (Maccari et al, 2013). Toward this goal, design and synthesized
peptide should be urgently and extensively investigated. Consequently, the series of
peptides have been design and synthesis either by modification of QL17 natural
templates combine with physicochemical method and have been optimized for

improved cell selectivity and enhanced antimicrobial and potent antibiofilm activity.
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The first rational design methods were based on the most commonly proposed
AMP mechanism of action, which is membrane disruption. This process is first
mediated by electrostatic interactions among positive charged residues and negatively
charged lipid heads, and then by insertions of hydrophobic residues into the membrane
(Porto et al., 2012). Cationic a-helical amino acids represent an important class of
naturally occurring AMPs, well scrutinized and characterized biologically (Thankappan
et al. 2013). Using this approach, Dathe et al. (1997) (in Porto et al., 2012) developed
several magainin 2 analogues and an 18 residue model peptide with KLA repetitions,
modulating their activity by changing only hydrophobicity, hydrophobic moment and
the angle of positively charged face helix. Moreover other features were conserved,
such as helix propensity and total charge. This showed that when the hydrophobicity
and hydrophobic moment increase, the antimicrobial and hemolytic activities from
those peptides also increase (Dathe et al., 1997 in Porto et al., 2012). On the other hand,
very low hydrophobicity abolishes the antimicrobial activity of those peptides, which
can be compensated by increasing the hydrophobic moment. Therefore, while
increasing those parameters the peptide becomes unspecific, a selective peptide may be
reached with moderated hydrophobicity, increasing the hydrophobic moment and

keeping the angle of charged face small (Porto et al., 2012).
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Figure 2.1 Potential biotechnological uses of HDPs and their synthetic analogs. HDPs

and their derivatives can act both by direct killing of biofilms (alone or in

combination with conventional antibiotics), being able to cause damage to

the membrane of the targets cells, as well as by interfering with the

homeostasis of the intracellular environment; and by immunomodulation,

where the peptides possess the ability to recruit and activate cells from the

immune system, facilitating bacterial clearance and increasing wound
healing (de la Fuente-Nufiez et al., 2016).



15

CHAPTER I
RESEARCH METHODOLOGY

3.1 Design of antimicrobial peptides

Antibacterial peptide QAIIHNEKVQAHGKKVL (QL17) from Crocodylus
siamensis hemoglobin hydrolysate with 41% hydrophobicity and +2 net charges was
selected as a template for design several series of novel peptide with cell selective and
enhanced their performance against resistant bacteria and potent antibiofilm activity. The
cationicity of a peptide especially lysine (K) or arginine (R) was used to extend positively
charge whereas the hydrophobic residues such as alanine (A), leucine (L), isoleucine (1),
phenylalanine (F) or tryptophan (W) to selected to invariable of peptide structure. We
therefore designed new peptide to have the charges at around 4-7 with 40-46% of
hydrophobicity. The 2-D structures of QL17 and its derivatives were constructed and the
helical wheel projection was constructed online using the Emboss :: Pepwheel:

http://www.tcdb.org/progs/?tool=pepwheel.

3.2 Solid-phase peptides synthesis

Fmoc solid phase methodology (GL Biochem, Shanghai, China) was obtained to
synthesize all peptides. Then, the purification of all peptides was estimated using reversed
phase high-performance liquid chromatography. >95% purity was choosing. The resulted

peptides were confirmed molecular mass by electrospray ionization-mass spectrometry.

3.3 Circular dichroism (CD) spectrum of the peptides

Peptides (0.1 mg/ml) in PBS were dissolved to a suspension of phosphate buffered
saline solution, and trifluoroethanol (TFE). CD spectra was recorded at a scanning speed
of 20 nm/min in wavelength from 176 to 260 nm using circular dichroism spectroscopy.

Data are displayed as mean residue elasticities.

3.4 Antimicrobial activity
3.4.1 Microbial growth conditions
The bacterial applied were Escherichia coli ATCC 25922, Klebsiella
pneumoniae ATCC 27736, Pseudomonas aeruginosa ATCC 27853, Bacillus subtilis


http://www.tcdb.org/progs/?tool=pepwheel
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ATCC 6633, Staphylococcus aureus ATCC 25923 and Staphylococcus epidermidis
ATCC 12228. All bacterial was grown in Nutrient broth to mid-log phase at 37 °C.

3.4.2 MIC and MBC measurements

The broth microdilution assay was utilized to evaluate antimicrobial efficacy
of all peptide. The experiment was performed by follow previous study (Zhang et al.
2016). In sort, the bacteria suspension at concentration 1x10% CFU/ml (in a 50 pl final
volume) was loaded to each well together with 50 ul of serially diluted peptide in sterile
96-well plate. Incubation was 18-22 h at 37 °C, the value of OD at 600 nm in each well
was measured for bacterial growth with microplate reader. The inhibition was estimated
as following formula; % inhibition = [(ODsoo of control - ODsoo of sample) / (ODeoo of
control - ODsoo of blank)] % 100. The minimum concentration that inhibited more than
90% of bacterial growth was exposed as the minimal inhibitory concentration (MIC). The
spread plate was also tested.

The spread plate assay was performed using nutrient agar. After broth
microdilution method, 100 ul of the co-culture medium in each well was pipetted and
spread on nutrient agar plate. Plates were maintained at 37 °C for 24 h. The colony growth
around the plate was counted to analytical antimicrobial activity. The minimal
bactericidal concentration (MBC) is lowest concentration that not has growth of bacterial
on agar plate.

To insist bactericidal efficacy of peptide, resazurin test was used to determine
MBC of peptide according to Elahikh et al. (2016). In sort, 0.01% w/v resazurin dyes (at
50 ul) was loaded per each well and maintained again a 37 °C for 18 h. Blue coloration
is representing that peptides can completely kill the bacteria, while wells with pink
coloration represent that bacterial can growth in this condition. The minimum

concentration of the wells with blue coloration was considered to he MBC value.

3.5 Toxicity and cytotoxicity
3.5.1 The peptides ability toward red blood cell hemolysis
The ability of peptides toward red blood cell hemolysis was evaluated with
hemolysis assay. Fresh human erythrocytes were carefully mixed with PBS (1:3) and
centrifuge at 853 rpm x g for 2 min. Cell pellet was diluted to 2% in PBS. 100 ul of 2%
hRBCs was incubated together with 10 ul of two-fold serial dilutions of peptides (final

concentrations ranging from 12.5-100 pg/ml). The sample was maintained for 1 h at 37
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°C. After treatments, plate was centrifuged. The supernatant was taken to determine
absorbance at 415 nm using a microplate reader. All result hemolysis was compared with
1% Triton X-100; it is cause 100% hemolysis. The hemolysis was estimated by using the
formulation as following; % hemolytic activity = (As1s of test sample / As1s of positive
control) x 100. 1% Triton X-100 was applied as positive control and the negative control
as PBS buffer.

3.5.2 Preparation of peripheral blood mononuclear cells (PBMCs)

Whole blood sample from healthy humans was obtained from Blood
Transfusion Center Faculty of Medicine Khon Kaen University (ethical approval number
HE601010). PBMCs were isolated using Ficoll medium (GE Healthcare, Uppsala,
Sweden). Whole blood was mixed together with PBS (1:1) and gently overlay on Ficoll
medium. Further, mixture solution was centrifuged for 40 min at 20 °C. PBMCs layer
were collected and transferred to sterile tube and washed with PBS. Then, centrifuge at
200 x g was used to separate layer of PBMCs for 15 min at 20 °C. After that, cell pellet
was suspended in media (RPMI 1640) and kept at 37 °C to further use.

3.5.3 The peptides ability toward cytotoxicity

The human peripheral blood mononuclear cells (PBMC), normal human
keratinocytes (HaCaT), normal human dermal fibroblast (NHDF) and macrophage RAW
264.7 cells were used elucidated the toxicity of peptide by a standard MTT assay
according to the method of (Phosri et al., 2014). Cells were seeded into 96-well plate.
Plate was maintained at 37 °C for overnight. Afterward, serial diluted peptides were
added to the cell culture. After incubated on 5 % (v/v) COz incubator for 24 h, medium
culture was removed and MTT solution (in a 0.05 mg/ml final concentration) was loaded.
The plate was maintained for 30 mins. Thereafter, medium was removed and DMSO was
loaded per well. The absorbance at 570 nm was determined on a microplate reader. Cell
viability was estimated following equation; % viability = (As7o of test sample / Aszo of

untreated control) x 100.

3.6 Selectivity index
Selectivity index (SI) is a normal parameter used to quantify selectivity of AMPs.

Sl is defined as the ratio between the concentrations due to 50% lysis of red blood cell
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(HCs0) or 50% cell death of normal cell death (ICso) and the minimum bactericidal
concentration (MBC) following formula; SI = HCso or ICso / MIC.

3.7 Time-killing Kinetics measurement

An overnight growth of E. coli ATCC25922 and S. epidermidis ATCC12228 were
diluted into nutrient broth to 1x10%° CFU/mI. The time-killing kinetics of peptide was
determined as described previously by Yaraksa et al. (2014). 50 pl of diluted bacterial
suspension were incubated together with 50 pl of the peptide solution (final concentration
of 1xMIC). And the mixtures were incubated at 37 °C. Aliquots of 10 pl treatment
solutions were removed at regular time intervals (0, 15, 30, 60, 180, 360, 540, 720, 900,
and 1080 mins), diluted and cultured on nutrient agar plates for 24 h. Then, bacterial cells
were counted in colony-forming units (CFU). Results were assayed using plotting a graph
of the log CFU/ml against incubation time.

3.8 Cell selectivity

Fibroblast (NHDF), E. coli and S. epidermidis cells were selected to determined cell
selectivity of FITC-labelled peptide using flow cytometry technique. Briefly, 2x10°
cells/ml of NHDF cells were seeded into 12-well plate and incubated for overnight. After
incubation, cells were co-incubated with 0.5xMIC, 1xMIC and 2xMIC of FITC-labelled
peptide, which growing E. coli and S. epidermidis at log-phase. After 1 h later, NHDF
cells were harvested by trypsinization. Then, all cells were centrifuged at 12,000 rpm for
10 min. Cell pellets were washed with PBS buffer and re-centrifuged. Cells were
dissolved with Annexin binding buffer. Cell selective was measured using flow

cytometer.

3.9 Scanning Electron Microscopy (SEM) technique

A modified SEM method was utilized to determine the effect of peptide on the
bacterial membrane. In sort, bacterial were treated with peptide at concentration of
0.5xMIC, 1xMIC and 2xMIC. The treatments were incubated for 1 h at 37 °C. After that,

the cell pellets were gently pipetted on 0.2 um polycarbonate membrane for 10 min.
Then, 2.5% (v/v) glutaraldehyde was added for fixation of cells for 1h. Bacterial cells
were dehydrated in a series of ethanol containing 30%, 50%, 70%, 90% and 100% for
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15 min at each concentration. Dry bacterial specimen was placed on a stub with carbon

tape. Finally, stub was overlay using gold palladium and photographed by SEM.

3.10 Antibiofilm activity

The activity of peptide inhibits P. aeruginosa performed biofilm in 24 h was studied
according to previously described method with some modification (Mishra et al., 2017).
Briefly, cultures of P. aeruginosa were diluted to 1x10°% CFU/ml in LB medium and
cultured at 37 °C for 24 h. Then, 100 pl of peptide solution was pipetted to well and
again maintained at 37 °C for 24 h. Planktonic bacterial cells were gently to remove using
pipette out and rinsed with PBS to clear non-attach cells. After that, 1.2% glutaraldehyde
was pipetted to each well, maintained for 30 min and removed solution. Adherent cell
was stained by 0.41% crystal violet dye for 2 min and rinsed with PBS. Then, 95%
ethanol was added to each well for dissolve crystal violet in cells. The absorbance at 595
nm was estimated by using microplate reader. The results were reported compare to
untreated control. The initial attachment inhibition of peptide was calculated following
formula; %initial attachment inhibition = 100 —[(A595 of test sample / A595 of untreated
control) x 100].

3.11 Proteome analysis in P. aerogenosa biofilms

P. aerogenosa wide-type strain ATCC27853 was performed to biofilm formation
expression analysis. After P. aerogenosa was treated with or without of peptide at 1xMIC
for 24 h, the cells were harvested by centrifugation. The extraction of protein from cells
pellet was eventually brought out by 0.5% SDS in 50mM Tris-HCI pH 7.0 and sonication
at 80%, 3sec using sonicator. The supernatant solution was precipitated in cold-buffer
containing 12.5%TCA in acetone for 16 h, washed protein pellet with cold-acetone.
Protein concentration was measured using Lowry method (Lowry, 1951). Trypsin was
then added (ratio 1:20), and the protein was incubated at 37 °C for 12 h. Peptide was
separated by UPLC, C18-Reverse phase chromatography and the mass of peptide was
measured using Mass Spectrometer (n=3) version SynaptHDMS (Waters, U.K.).
Quantitative data was analyzed using DecyderMS 2.0 program (Johansson et al., 2006;
Thorsell et al., 2007). The protein was identified by Mascot program (Perkins et al.,
1999) base on Homo sapiens database (Swissport, Dec, 18). The expression of protein
was showed in Heatmap using Multi Experiment Viewer (Mev) software version 4.6.1
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(Howe et al., 2010). The function of protein expressed was classified by PseudoCAP-

based functional classes (http://www.pseudomonas.com) (Winsor et al., 2016)

3.12 NO production via LPS-induced RAW264.7 cells

NO production was determined by measuring the accumulation of the nitrite level
in culture medium. The RAW264.7 cells at the density of 2x10% cells/well were
stimulated with LPS (100 ng/mL) with or without peptide (final concentration ranging
from 0-200 pg/ml) for 24 h. Then, 100 ml of culture mediums from each condition was
incubated at room temperature with the equal volume of Griess reagent (1 %
sulfanilamide in 5% phosphoric acid and 0.1% N-(1 - Naphthyl) ethylenediamine
dihydrochloride) for 10 min. The absorbance at 540 nm was measured using a microplate
reader. The cell was treated with LPS only as a positive control while without LPS and
samples as an untreated group. All samples were compared with LPS group. The NO
production was calculated following equation;

%NO production = [(A540 of test sample / A540 of LPS) x 100]

3.13 Antioxidant activity

For 2,2-diphenyl-1-picrylhydrazyl (DPPH) Radical Scavenging Assay, double
distilled water (50 pl) was added to a 96-well plate. Next, CHHs (50 pul) and 0.0004 M
DPPH (50 ul) were added and mixed for 5 min. The reaction was kept in dark for 25 min
and absorbance was measured at 490 nm using DPPH with double distilled water as a
blank. All samples were analyzed in triplicate. Radical scavenging activity was
determined as the percentage antioxidant inhibition (%Al) value that was calculated
based on the followingformula;

% Antioxidant inhibition = [(AbScontrol — AbStest)/ AbScontrol] X 100

The antioxidant activity using ABTS (free radical cation) reagent [2,2'-azino-bis-
(3 -ethylbenzothiazoline-6 - sulphonic acid) with potassium persulphate] was modified
from Phosri et al. (2014). The ABTS stock was diluted in distilled water, to an absorbance
of 0.70 £ 0.02 at 734 nm. 10 pl of peptide was added to 100 pl of diluted ABTS solution
at room temperature for 6 min. The absorbance value was determined at 734 nm using
microplate reader. The ABTS scavenging activity of the samples was estimated by using
the formulation as following;

% ABTS scavenging = [(A734control — A734test sample) / A734control] X 100.
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CHAPTER IV
RESULTS

4.1 Peptide design, characterization and synthesis

Antibacterial peptide QAITHNEKVQAHGKKVL (QL17) from Crocodylus
siamensis hemoglobin hydrolysate with 41% hydrophobicity and +2 net charges was
selected as a template for design several series of novel peptide. Removal of glutamine
(Q) and alanine (A) amino acid at the N-terminal of QL17 was performed resulting in
new peptide namely IL15. The series of IL15 peptide analogues were continually
designed based on effect of positively charge and hydrophobic property. The lle2 and
Ala9 of IL15 was replaced with Lys in order to enhance the positively charge, whereas
Asn4 and GIn8 was replaced with Trp which is a hydrophobic amino acid, to increase
the hydrophobicity property. This peptide that was named IL15NJ1 contained positive
net charge +4 and 40 % hydrophobicity. The Glu5 of IL15NJ1 was further substituted
with Lys that called IL15NJ2. The IL15NJ2 contained +6 total net charges and also
40 % hydrophobicity. Therefrom, Gly11l and Val14 of IL15NJ2 were replaced with Trp
and Lys respectively and called IL15NJ4 which the positively charge was increased to
+7 and the hydrophobicity was still maintained at 40%. The increasing of positively
charge was designed in hydrophilic face of peptide. Furthermore, we design novel
peptide based on effect of hydrophobicity. Tryptophan (W), which is a hydrophobic
amino acid, was selected to increase the hydrophobic property. The Gly11 of IL15NJ2
was substituted with Ala, named IL15NJ3 results in increase in hydrophobicity from
40% to 46%. The literatures have been described that arginine display cytotoxicity on
red blood cell higher than lysine. Thus, in order to study the effect of positively charged
residue on the cytotoxicity and antimicrobial activity of peptide, the comparison of
arginine and lysine was constructed. The Lys2, 5, 6, 9, 12, 13, and 14 residues of
IL15NJ4 were substituted with Arg to generate new derivative named IL15NJ5. It has
total net charge +7 and 40% hydrophobicity correspond to the positively charged of
IL15NJ4. The sequences and physicochemical properties of designed peptides were
shown in Table 4.1. The peptides design in above were generated for preserve the
amphipathic a-helix by replacing the hydrophobic residues on one segment and the
cationic residues on the other segment as displayed in helical wheel data (Figure 4.1).
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The predictions of secondary structure of all peptides were displayed as Figure
4.2. The QL17 and IL15 peptide were contained C-terminal random coil, a-helix and N-
terminal random coil. IL15NJ1 and IL15NJ2 comprised of C-terminal random coil and
a-helix. Moreover, IL15NJ3, IL15NJ4 and IL15NJ5 had shown only a-helix.

The HPLC profile in Figure 4.3A-4.9A indicated that all of synthetic peptides
showed high purify. The purity of the synthetic peptides was all more than 95%. Mass
spectrometry result was showed in Figure 4.3B-4.9B. We found that molecular weight
between the experimental and calculated by ProtParam tool online showed no different.

Suggest that peptides were generated to the required particular.



Table 4.1 The sequences and physicochemical properties of designed peptides.

Half-life
) Calculated Observed mass o Net
Peptide Sequence % Hydrophobicity in mammalian
mass MW?2 MW? charge
reticulocytes
QL17 QAIIHNEKVQAHGKKVL 1913.25 1913.27 41% +2 0.8 hours
IL15 ITHNEKVQAHGKKVL 1714.04 1714.02 40% +2 20 hours
ILI5NJ1  IKHWEKVWKHGKKYVL 1916.35 1916.31 40% +4 20 hours
ILI5NJ2  IKHWKKVWKHGKKVL 1915.40 1915.37 40% +6 20 hours
IL15NJ3 IKHWKKVWKHAKKYL 1929.43 1929.40 46% +6 20 hours
ILI5NJ4 IKHWKKVWKHWKKKL 2073.61 2073.57 40% +7 20 hours
ILI5NJ5 IRHWRRVWRHWRRRL 2269.70 2269.66 40% +7 20 hours

aMolecular weight (MW) was calculated using ProtParam tool online at website: (http://web.expasy.org/protparam).

bMolecular weight as estimated by mass spectroscopy
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Figure 4.1 Helical wheel projection diagrams of the QL17 peptide and its derivative peptides. By default, the output presents the
polar/basic residues in red, polar/acid residues in blue, polar/uncharged residues in green and nonpolar residues in yellow.
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Figure 4.2 The secondary structure predicted of the QL17 peptide and its derivative peptides. All peptide structure was performed by
PEP-FOLD servers.
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Figure 4.6 HPLC profile (A) and mass data (B) of IL15NJ2.
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Figure 4.9 HPLC profile (A) and mass data (B) of IL15NJ5.
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4.2 Secondary structure of the peptides by CD spectroscopy

The secondary structure of all peptides was evaluated in various environments
such included PBS (aqueous environment) and 50% trifluoroethanol (TFE, mimicking
the hydrophobic environment of the microbial membrane) by CD spectroscopy.
Figure 4.10 displayed spectrums of peptide for 1 mg/ml of PBS and 50% TFE. In the
exposure of water, all peptide displays random coil conformation as evaluated by
deep and shallow minimums at 200 and 228 nm, respectively. In contrast, under
mimicked-membrane (50% TFE) environment, the peptides were exhibited a-helical
structure, as demonstrated by the behavior of two double negative bands at 208 and
222 nm. Substitution the number of positive residues slightly increased the helical,
noticeable from the lower mean residue ellipticity values at 222 nm. In the presence
of high hydrophobicity, IL15NJ3 exhibited strong a-helical characteristic.

A PBS
10
— QL17
--- 1115
5 = IL15NJ1
—g 190 195 200 205 210 215 220 225 230 235 240
= -+ IL15NJ2
B O 4 50% TFE
20 — ILI5NJ3
10
o - [L15NJ4
-10
-20 - IL15NJ5

-30
-40
-50
-60

190 195 200 205 210 215 220 225 230 235 240

Wavelength (nm)

Figure 4.10 The CD spectrum of all peptides in any environment, (A) PBS and (B)
50% TFE.
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4.3  Activities of peptides against microbial

The antimicrobial activity of all peptides and rational antibiotic were evaluated
in vitro against difference microbial strains are given in Table 4.2. The results
obviously showed that synthetic QL17, IL15 and IL15NJ1 have poor antimicrobial
activity, with MIC > 200 ug/ml. Similarly, the result of IL15NJ2 also exhibited low
antimicrobial activity against K. pneumonia, P. aeruginosa, S. aureus and
S. epidermidis (MIC > 200 pg/ml), except for E. coli and B. subtilis stain that showed
the MIC values at 100 and pg/ml, respectively. Conversely, the antibacterial activity
of IL15NJ3, IL15NJ4 and IL15NJ5 considerably against all of tested bacterial strains
were higher than those of QL17, IL15, IL15NJ1 and IL15NJ2. The MIC values were
found to range between 4-12 for IL15NJ3, 4-12 for IL15NJ4 and 8-75 for IL15N5,
respectively. Whereas, the MBC values were found to range between 6-25 for
IL15NJ3, 6-50 for IL15NJ4 and 12-100 for IL15N5, respectively. Among all the
peptides, IL15NJ3 exhibited the most potent AMPs followed by IL15NJ4 and
IL15NJ5.



Table 4.2 MICs and MBCs of peptides against several bacterial strains.

_ _ QL17 IL15 IL15NJ1 IL15NJ2 IL15NJ3 IL15NJ4 IL15NJ5
Microorganism
MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
E. coli 200 >200 >200 >200 >200 >200 100 150 4 6 4 6 15 25
K. pneumoniae >200 >200 >200 >200 >200 >200 >200 >200 10 25 14 50 75 100
P. aeruginosa >200 >200 >200 >200 >200 >200 >200 >200 10 18 10 14 35 50
S. aureus >200 >200 >200 >200 >200 >200 >200 >200 @12 25 12 25 25 50
B. subtilis >200 >200 >200 >200 >200 >200 50 60 8 12 6 10 8 12
S. epidermidis >200 >200 >200 >200 >200 >200 >200 >200 9 12 9 12 12 15

&> mean there is percentage inhibition less than 90

Ge
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4.4  Toxicity of peptides
4.4.1 Effect of peptides on lysis of human erythrocytes

In order to determine the toxicity effects of parent and novel designed
peptides, hemolytic activity assay was measured against human erythrocytes. The
percentage of hemolysis was determined by considering the absorbance value of
human erythrocytes treated with 1% Triton-X100 to represent 100% hemolysis and
phosphate buffer saline (PBS) treated group was used as a negative control. As a
result, all of tested peptides at the concentration ranging from 1.56 to 200 pg/ml
exhibited insignificant lower hemoglobin release than that of Triton-X100 (<10%)
(Figure 4.11A). At the concentration of 250-2000 pg/ml, the hemolysis of QL17,
IL15, IL15NJ1, IL15NJ2, IL15NJ3 and IL15NJ4 on human erythrocyte was about
15% (Figure 4.11B). The slightly increased in hemolytic rate was found in IL15NJ3
which increasing hydrophobicity to 46%. Considering to the peptide substitution with
K and R, the toxicity to human erythrocytes in K (IL15NJ4) was lower than R
(IL15NJ5). At the concentration of 2000 pg/ml, K (IL15NJ4) was exhibited 20%
hemolysis, while the toxicity to human erythrocytes at 60% was observed in R
(IL15NJ5). The hemolytic concentration 50% (HCso) value that defined as the lowest
peptide concentration caused 50% hemolysis for IL15NJ5 was 896 pg/ml (Table 4.3).
However, the hemolytic activity results suggested that all of peptides at the

concentration at MIC and MBC had no or slightly toxic towards red blood cells.
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Figure 4.11 Hemolytic activity of peptides against human erythrocytes. (A) human

erythrocytes incubated with 1.56-200 pg/ml of peptides. (B) human
erythrocytes incubated with 31.3-2000 pg/ml of peptides. Each value is
expressed as the mean + SD. Different letters (a-f) on the top of each bar

indicated statistically significant differences (p < 0.05).
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Table 4.3 The concentration of peptide that induced human red blood cell hemolysis

to 50%.
Peptide Hemolysis concentrationso (pg/ml)
QL17 >2000
IL15 >2000
IL15NJ1 >2000
IL15NJ2 >2000
IL15NJ3 >2000
IL15NJ4 >2000
IL15NJ5 896

4.4.2 Cytotoxicity observation on normal cell

The cytotoxicity effect of QL17, IL15, IL15NJ1, IL15NJ2, IL15NJ3,
IL15NJ4 and IL15NJ5 were evaluated toward normal cell lines using MTT assay. The
concentration corresponding to 50% cell death (1Cso0) was determined from a plot of
peptide absorbance versus peptide concentration. ICso was the peptide concentration
corresponding to one-half-maximum absorbance was illustrated in Table 4.4. At the
concentration of 200 pg/ml, the highest percentage of cell viability for all mammalian
cell lines was observed in IL15NJ1 and IL15NJ2 (>80%), while 1L15NJ3, IL15NJ4
and IL15NJ5 showed cells viability less than 80% (Figure 4.12-4.13, A-D). The
IL15NJ5 has the highest toxicity toward mammalian cells (i.e. 113 pg/ml for PBMC,
251 pg/ml for RAW 264.7 and 200 pg/ml for HaCaT). The ICso values of IL15NJ4
and IL15NJ3 for RAW 264.7 were 142 pg/ml and 198 ug/ml, respectively (Figure 12-
13). The increasing of toxicity could be observed when positively net charge of
peptide enhanced to +7 (IL15NJ4 and IL15NJ5).
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Table 4.4 The concentration corresponding to 50% cell death toward normal cell

lines.
Peptides €0 (g/mD
PBMC RAW 264.7 HaCaT NHDF

QL17 >200 >200 >200 >200

IL15 >200 >200 >200 >200
IL15NJ1 >200 >200 >200 >200
IL15NJ2 >200 >200 >200 >200
IL15NJ3 >200 198 >200 >200
IL15NJ4 >200 142 >200 >200
IL15NJS 113 251 200 >200

45  Selectivity index

The selectivity index (SI) of the peptides was calculated as the ratio of the 50%
hemolysis (HCso) or 50% cytotoxic in normal cell line (1Cso) concentration of peptide
to MIC of the testing antimicrobial peptides. The high Sl index was indicated the
greater selectivity of peptides toward bacterial cell membranes over the mammalian
cell membranes. Considering HCso values, the highest tested concentration of 2000
png/ml were used for QL17, IL15, IL15NJI, IL15NJ2, IL15NJ3 and IL15NJ4 SI
calculation, while the concentration of 896 pg/ml (HCso) was used for IL15NJ5 Sl
calculation. Even for normal cells, the SI was calculated by using the highest tested
concentration of 200 pg/ml, except for IL15NJ3 and IL15NJ4 treated RAW 264.7 cell
and IL15NJ5 treated PBMC, RAW 264.7 and HaCaT cells. The calculated SI values
are shown in Table 4.5 and Table 4.6. The obtained results suggested that IL15NJ3
exhibited the highest cell selectivity than those of QL17, IL15, IL15NJ1, IL15NJ2,
IL15NJ4 and IL15NJ5 (Table 4.5 and Table 4.6). Therefore, IL15NJ3 was considered
for used in the further experiments.
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Figure 4.12 Cytotoxicity of peptides determined using MTT assay against PBMC

(A) and RAW 264.7 cell (B) following exposed at a final concentration

200 pg/ml. Each value is expressed as the mean
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Figure 4.13 Cytotoxicity of peptides determined using MTT assay against HaCaT
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Table 4.5 Selectivity index of peptide against Gram-negative bacteria.

Selectivity index

E. coli K. pneumonia P. aeruginosa
Peptide N~ ~ ~
O S = L O S = L O S = mn
s =z S & 2 ® 2 ¢ 8 2 &8 =2 g 4§ 2
o o = f Z o o} = j—_u z o o = f 2
< < <
o o o
QL17 - - - - - - - ; - ] ] ) ) ] ]
IL15 - - - - - - - - - - - - -
IL15NJ1 - - - - - - - - - - - - -
IL15NJ2 20 2 2 2 2 - - - - - - - -

ILI5NJ3 500 50 50 50 50 200 20 20 20 20 200 20 20

IL15NJ4 500 50 36 50 50 143 14 10 14 14 200 20 14

IL15NJ5 60 8 17 13 13 12 2 3 3 3 26 3 7

4%



Table 4.6 Selectivity index of peptide against Gram-positive bacteria.

Selectivity index

S. aureus B. subtilis S. epidermidis
Peptide N~ ~ ~
< < <
o 2 g K %5 o ¢ g L & o 2 & T Y
m % > Q T s} % = Q I 0 % = < L
as o < T Z o o X T z o o < T pza
o o o
QL17 - - - - - - - - - - - - -
IL15 - - - - - - - - - - - - -
IL15NJ1 - - - - - - - - - - - - -
IL15NJ2 - - - - - 40 4 4 4 4 - - -
IL15NJ3 167 17 17 17 17 250 25 25 25 25 222 22 22
IL15NJ4 167 17 12 17 17 333 33 24 33 33 222 22 16
IL15NJ5 36 5 10 8 8 112 14 31 25 25 75 9 21

ey
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4.6  Time kinetics of Killing bacteria

The growth kinetic rate of E. coli and S. epidermidis after exposure with
IL15NJ3 at MIC concentration was evaluated base on time killing kinetics assay. The
results showed that IL15NJ3 were able to inhibit the growth kinetic rate of E. coli and
S. epidermidis within 60 min and 180 min, repectively (Figure 4.14 A and B). The
colony number of each peptide treated conditions was lower than untreated controls.
The peptide displayed more quickly against Gram-negative bacteria than Gram-
positive bacterial. Moreover, the time-kill kinetic results exhibited the complete

killing of tested E. coli and S. epidermidis in 180 min and 360 min, respectively.
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Figure 4.14 Killing kinetic efficient of IL15NJ3. (A) time-kill study of E. coli and (B)
time-kill study of S. epidermidis treated with IL15NJ3 at 1XMIC
concentration for 0, 15, 30, 60, 180, 360, 540, 720 min.
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4.7  Peptide selectivity using flow cytometry technique

Cell selectivity of IL15NJ3 peptide was evaluated using flow cytometry
technique. Flow cytometry results demonstrated fluorescence signal of peptide-
labeled FITC was only 0.4%, 0.1% and 0% for the absence peptide-labeled FITC
treated NHDF, E. coli and S. epidermidis groups, respectively, indicating viable cell
membranes (Figure 4.15 and 4.16). Whereas, the 78.7%, 95.9% and 98.4% of FITC
signal was observed in 0.5 MIC, 1XMIC and 2XMIC peptide-labeled FITC treated
E. coli Gram-negative groups, respectively. The peptide-labeled FITC treated E. coli
groups exhibited fluorescence signal higher than NHDF cell groups that were 1.3%,
3.9% and 4.9%, respectively (Figure 4.15). The similar results were obtained in the
S. epidermidis Gram-positive groups, as 52.3%, 68.3% and 72.1% of FITC signal was
observed in 0.5 MIC, 1XMIC and 2XMIC peptide-labeled FITC treated
S. epidermidis while in the NHDF cells exhibited FITC fluorescence about 0.8%,
2.8% and 14.5% for 0.5 MIC, 1 XMIC and 2XMIC peptide-labeled FITC treatment,
respectively (Figure 4.16). The enhance of intensity in FITC positive with a dose-
dependent manner indicated that IL15NJ3 peptide was capable to damage the E. coli
and S. epidermis cells. Additionally, IL15NJ3 peptide showed high selective toxicity

against bacterial cells over mammalian cells.
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Figure 4.15 The cell selective of FITC-labelled IL15NJ3 to NHDF cells and E. coli,
as determined by flow cytometry technique. The control group in both
mammalian and bacterial cells was processed without peptide-labeled
FITC. The treatment groups were co-incubated with 0.5 MIC, 1 XMIC
and 2XMIC of peptide-labeled FITC. (A) peptide-labeled FITC treated
NHDF cells and (B) peptide-labeled FITC treated E. coli Gram-negative

bacteria.
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Figure 4.16 The cell selective of FITC-labelled I1L15NJ3 to NHDF cells and
S. epidermidis, as determined by flow cytometry technique. The
control group in both mammalian and bacterial cells was processed
without peptide-labeled FITC. The treatment groups were co-incubated
with 0.5 MIC, 1XMIC and 2XMIC of peptide-labeled FITC. (A)
peptide-labeled FITC treated NHDF cells and (B) peptide-labeled
FITC treated S. epidermidis Gram-positive bacteria.
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4.8  Ability of peptide on bacterial membrane disruption

The morphology change of E. coli and S. epidermidis were observed base on
scanning electron microscopy (SEM) method. The result in Figure 4.17A
demonstrated that E. coli cells were incubated without IL15NJ3 (untreated control)
displayed smooth membrane surface and represented rod-shaped morphology. While,
the exposure of peptide to E. coli for 1 h showed the bacterial cell membrane
destruction in dose-dependent manner (Figure 4.17B-D). In the treatment of
0.5XMIC, the external membrane of the E. coli cells was altered to rough and
exhibited cell clump (Figure 4.17B). After 1 X MIC treatment, the surface membranes
of E. coli were exhibited dramatic shrinking and became ruptured of the cell wall
(Figure 4.17C). For a highest of tested concentration (2XMIC), the cell walls of
bacteria were showed seriously degraded and collapsed, and absolutely damaged
(Figure 4.17D).

For S. epidermidis, SEM micrographs showed that the bacterial cells were intact
coccal morphology with a smooth surface membrane (Figure 4.17E). However,
significant destroys and lysis of bacterial cells membrane were found after treatment
with the various concentrations of peptide (0.5XMIC, 1XMIC and 2XMIC) to
S. epidermidis cells for 1 h (Figure 4.17F-H). After treatment with peptide at
0.5XMIC, the S. epidermidis cells membrane were exhibited slight damage (Figure
4.17F). For up to 1XMIC of peptide treatment, the shrinking of bacterial cell
membrane was found after 1 h (Figure 4.17G). IL15NJ3 at 2XMIC was clearly
exhibited complete loss of integrity of S. epidermidis cell membrane and cell wall
resulting in the released of intracellular content into an outer area (Figure 4.17H).
This data suggested that IL15NJ3 provide bacteriostatic or bactericidal via interrupt

membrane.
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E. coli S. epidemidis

Control
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200nm

1xMIC

200nm
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Figure 417 The SEM images of E. coli and S. epidermidis after exposure to
IL15NJ3 at 0.5XMIC, 1XMIC and 2XMIC concentration for 1 h.
(A) E. coli without IL15NJ3, (B) E. coli with 0.5XMIC IL15NJ3,
(C) E. coli with 1XMIC IL15NJ3, (D) E. coli with 2XMIC IL15NJ3,
(E) S. epidermidis without IL15NJ3, (F) S. epidermidis with 0.5XMIC
IL15NJ3, (G) S. epidermidis with 1XMIC IL15NJ3, and (H)
S. epidermidis with 2XMIC IL15NJ3.
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4.9  Antibiofilm activity

The ability of IL15NJ3 to inhibit preformed biofilm was consequently
determined. As displayed in Figure 4.18, the significantly reduced the preformed
biofilm of P. aerogenosa were observed at 1 XMIC, 2XMIC and 4 X MIC of peptide.
Preformed biofilm is considered as the final stage for biofilm development. In this
stage bacterial in biofilms must detachment and spread cells into the environment to
colonize new space. Hence, it can conclude that IL15NJ3 excellently inhibit biofilm

development in P. aeruginosa biofilm.

120
100
80 L b
60
40

20

Preformed biofilm (%of control)

Control IxMIC 2xMIC 4xMIC

Figure 4.18 Anti-biofilm results of the IL15NJ3 peptide. Each value is expressed as
the mean = SD. Different letters (a-c) on the top of each bar indicated

statistically significant differences (p < 0.05).

4.10 Proteomics analysis in P. aerogenosa biofilms

The expression levels of protein in P. aerogenosa biofilms with or without
peptide were displayed in the Heatmap diagram (Figure 4.19). This shows the 200
different quantity of protein from P. aerogenosa when compared between control and
IL15NJ3 peptide treated conditions. Of these proteins identified, 190 proteins were
exhibited in both conditions, 6 proteins were found only in untreated control
P. aerogenosa biofilms, whereas 4 proteins were found only in IL15NJ3 treated
P. aerogenosa biofilms (Figure 4.20). The type of proteins that found only in each
condition was illustrated in Table 4.7. Then, all of 200 proteins were classified for
their function using PseudoCAP category. As demonstrated in Figure 4.21, the 55.5%
of proteins were identified as unknown function, whereas 44.5% of protein cloud

identified to be known function. Depend on PseudoCAP, the 44.5% of the known
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proteins functional cloud divided into 21 function classes as demonstrated in
Table 4.8. The example of protein fictional class was the amino acid biosynthesis and
metabolism class. The 4.4% of known function protein was found in this class.
Remarkably main of the proteins of this class were expressed at equal levels between
the two conditions. The protein class of carbon compound catabolism had 1 down-
regulated protein (allantoicase), 1 equal expression of protein (phosphogluconate

dehydratase) and 2 up-regulated proteins (aliphatic amidase and glyceraldehyde-3-

phosphate dehydrogenase). Three proteins of central intermediary metabolism
class were up-regulated in two conditions that were metallothionein, alkaline
phosphatase and glutathione-dependent formaldehyde dehydrogenase. Moreover, only
one protein (DNA primase) was up-regulated in the DNA replication, recombination,
modification and repair class when exposed to peptide.

The largest single structure of a bacterium is the bacterial membrane. The

homeostasis of this structure is maintained by upholding the integrity of the cell that
plays an important role in the survival of bacteria in the diverse environments.
Therefore, the proteins that associated with the structure of bacteria were mainly
observed. The results in Table 9 also demonstrated the 5.9% of protein class of fatty
acid and phospholipid metabolism that showed 1 down-regulated protein (alpha/beta
hydrolase), 2 up-regulation proteins (cardiolipin synthase, partial and acyl-CoA
dehydrogenase) and 1 equal expression protein in both conditions (acyltransferase).
The class of transcriptional regulators was slightly expressed at high levels.
The highest percentages of proteins (19.1%) were found in the translation, post-
translational modification, degradation class.

The flagellin in motility and attachment class and type 1 fimbrial proteinin cell
adhesion class were found down-regulated in their expression level in IL15NJ3
peptide treated P. aeruginosa biofilm. In addition, TrbL protein (plasmid) and
phenazine biosynthesis protein in protein secretion system and secreted factors
(toxins, enzymes, alginate) class were down-regulated. By PseudoCAP, these proteins
have been previously document involved with quorum sensing pathway in

P. aeruginosa biofilm formation (www.pseudomonas.com).


http://www.pseudomonas.com/
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Table 4.7 The listed of protein expression found in P. aeruginosa biofilm that with
or without IL15NJ3.

ID

Name

Control group
01524107607
0i|1148843158
gi|1205073142
0i|1244535903
gi|685986031

gi|685977940

Treated group
0i|1543310493
01159854540
gi|1546849704
gi|959949557

LysR family transcriptional regulator
phenazine biosynthesis protein, partial

SulP family inorganic anion transporter, partial
5-0x0-L-prolinase

periplasmic-like protein

alpha/beta hydrolase

DUF262 domain-containing protein
zinc ribbon domain-containing protein
amino acid permease

hypothetical protein
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Figure 4.19 The heatmap diagram of P. aeruginosa biofilm formation with or
without IL15NJ3.
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Control Untreated

Figure 4.20 The Venn-diagram display the quantity of shared and exclusive protein

between control and treated condition from P. aeruginosa biofilm.

Known function

Unknown function

Figure 4.21 The percentage of group of protein functional classification.



Table 4.8 PseudoCAP functional classification of the protein in P. aeruginosa biofilm formation.

Protein expression (No.) %pgrc])tem
No. Functional Class functional
Down Up Equal Total class

1  Adaptation, - - . mo+B161lecular 3 4.4

protection chaperone DnaK

. universal stress protein,
partial
. cold-shock protein

2 Amino acid - 1. arginine deiminase . argininosuccinate lyase 3 4.4

biosynthesis and . 4-hydroxyphenylpyruvate

metabolism dioxygenase
3 Antibiotic resistance - - . antibiotic biosynthesis 1 1.5

and susceptibility monooxygenase
4 Carbon compound 1. allantoicase 1. aliphatic amidase . phosphogluconate 4 5.9

catabolism 2. glyceraldehyde-3- dehydratase

phosphate
dehydrogenase

5  Cell adhesion 1. type 1 fimbrial protein - - 1 1.5
6  Central intermediary - 1. metallothionein - 3 4.4

metabolism 2. alkaline phosphatase

3

. glutathione-dependent

formaldehyde
dehydrogenase

G



Table 4.8 PseudoCAP functional classification of the protein in P. aeruginosa-biofilm formation. (Cont.)

i ) %protein
_ Protein expression (No.) in
No. Functional Class functional
Down Up Equal Total class
7  Chaperones & heat 0 . chaperonin GroEL 1 1.5
shock proteins
8  Chemotaxis 1. chemotaxis protein . methyl-accepting 2 2.9
CheA chemotaxis protein
9  DNA replication, 0 . DNA primase . HU family DNA-binding 2 2.9
recombination, protein
modification and
repair
10  Energy metabolism 0 . succinate . electron transfer 5 8.8
dehydrogenase iron- flavoprotein subunit
sulfur subunit alpha/FixB family protein
. succinate . cytochrome ¢
dehydrogenase
flavoprotein subunit
. FOF1 ATP synthase
subunit beta
11  Fatty acid and 1. alpha/beta hydrolase . cardiolipin synthase, . acyltransferase 4 5.9

phospholipid
metabolism

partial

. acyl-CoA

dehydrogenase

99



Table 4.8 PseudoCAP functional classification of the protein in P. aeruginosa-biofilm formation. (Cont.)

Protein expression (No.) %pFOte'”
No.  Functional Class funcltri]onal
Down Up Equal Total class
12 Motility & 1. flagellin 0 1. diguanylate cyclase 2 2.9
Attachment
13 Nucleotide 0 1. ribonucleotide- 0 1 1.5
biosynthesis and diphosphate reductase
metabolism subunit beta
14 Protein secretion 1. TrbL protein (plasmid) 0 0 1 1.5
system
15 Putative enzymes 0 1. dihydrolipoyllysine- 1. EAL domain-containing 5 8.8
residue Protein
acetyltransferase,
partial
2. DNA helicase 2. UDP-N-acetylglucosamine
diphosphorylase/
glucosamine-1-phosphate
N-acetyltransferase, partial
3. GTP-binding protein,
partial
16 Related to phage, 1. conjugal transfer 1. conjugal transfer 0 3 4.4

transposon, or
plasmid

protein TraG

protein

. transposase

LS



Table 4.8 PseudoCAP functional classification of the protein in P. aeruginosa-biofilm formation. (Cont.)

Protein expression (No.) %pFOte'”
No. Functional Class funcltri]onal
Down Up Equal Total class
17 Secreted Factors . phenazine biosynthesis 1. non-ribosomal 1. triacylglycerol lipase 3 4.4
(toxins, enzymes, protein, partial peptide synthetase
alginate)
18 Transcription, RNA . DNA-directed RNA . DNA-directed RNA 0 2 2.9
processing and polymerase subunit polymerase subunit
degradation beta’ beta
19 Transcriptional . LysR family . AraC family 0 2 2.9
regulators transcriptional transcriptional
regulator regulator
20 Translation, post- . elongation factor G . elongation factor Tu, 1. peptidase 13 19.1

translational
modification,
degradation

. 30S ribosomal protein

S14

. D-tyrosyl-tRNA(Tyr)

deacylase

. ribonuclease R
. CAMP-activated global

transcriptional
regulator CRP

partial

2. 30S ribosomal protein S1
3. 50S ribosomal protein L11

4. elongation factor Tu

89



Table 4.8 PseudoCAP functional classification of the protein in P. aeruginosa-biofilm formation. (Cont.)

Protein expression (No.) %pFOte'”
No. Functional Class funcltri]onal
Down Up Equal Total class
20  Translation, post- . sigma-54-dependent 13 19.1
translational Fis family
modification, transcriptional
degradation regulator
. 50S ribosomal protein
L1
. RHS repeat protein,
partial
21  Transport of small . MFS transporter 1. amino acid permease 1. ABC transporter substrate- 4 59

molecules

binding protein

2. polyamine ABC
transporter substrate-
binding protein

65
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411 Anti-inflammatory activity

The anti-inflammatory activity of intact hemoglobin (Hb) and Crocodylus
siamensis hemoglobin hydrolysates (CHHs) from trypsin and papain digestion at
different incubation times (2, 4, 6 and 8 h) were evaluated on the NO production
against macrophage RAW 264.7 cells. After induction of inflammation in
macrophage RAW 264.7 cells by LPS addition for 24 h, the percentage of nitric oxide
production was defined as 100%. Figure 4.22, intact Hb and CHHSs at concentrations
of 125-500 pg/ml show a decrease in nitric oxide production in a dose-dependent
manner. CHH derived from papain hydrolysis by 2-h hydrolysis (2h-CHHp),
4h-CHHp, 6h-CHHp and 8h-CHHp at a concentration of 500 pg/ml show nitric oxide
production at 46.86, 66.26, 52.27 and 52.94%, respectively. CHH derived from
trypsin hydrolysis by 8-h hydrolysis (8h-CHHt) at a concentration of 500 pg/ml show
nitric oxide production at 76.50%. This result shows that CHHs derived from papain
hydrolysis had high efficacy to reduce nitric oxide production than CHHs derived
from trypsin hydrolysis

2004
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Figure 4.22 The effect of CHHSs derived from trypsin and papain digestion on NO
production in LPS-activated macrophage RAW 264.7 cells. Each bar
displays the mean + SEM of four demonstrations. (* P < 0.05, ** P <
0.01 and *** P < 0.001) probability levels compared with LPS treatment
alone.
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The effect of IL15NJ3 peptide on anti-inflammatory activity was constructed.
The RAW264.7 macrophage cells were co-incubated with lipopolysaccharide (LPS)
for 24 h. Then, the nitric oxide (NO) production was measured as nitrite concentration
in the culture medium by Griess reagent assay. NO production was significantly
decreased in the presence of IL15NJ3 at the concentration ranging from 100-200
pg/ml. At 100 and 200 pg/ml of IL15NJ3, the percentages of NO production were 19
and 54%, respectively (Figure 4.23). Our data indicated that IL15NJ3 shown anti-

inflammatory activity though inhibition of NO production.
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Figure 4.23 The effect of IL15NJ3 on NO production by LPS-stimulated
macrophages. Each value is expressed as the mean + SD. Different
letters (a-d) on the top of each bar indicated statistically significant
differences (p < 0.05).

4.12 Antioxidant activity

DPPH method was to determine the antioxidant activity of Crocodylus
siamensis hemoglobin hydrolysates (CHHs) obtained from trypsin and papain
digestion at different incubation times (2, 4, 6 and 8 h). DPPH scavenging activity of
CHH derived from trypsin was similar to intact hemoglobin (Hb). CHH derived from
papain hydrolysis by 8-h hydrolysis (8h-CHHp) showed the highest DPPH
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scavenging activity at 56.86% antioxidant inhibition with 1C50 value of 31 pg/ml
(Figure 4.24)

ABTS was used to evaluate antioxidant activity of all synthetic peptides. As
shown in Figure 4.25, all designed peptide exhibited significantly increase ABTS
scavenging as dose dependent manner. Indeed, the design peptide indicated excellent
antioxidant efficacy when compared to their parent peptide (QL17 and IL15) at all
experiment concentration (3.13 - 200 ug/ml). Regarding to the highest concentration
(200 ug/ml), the ABTS-scavenging efficacy of QL17 and IL15 were calculated to be
11% and 12%, whereas the ABTS suppression of design peptide (i.e. IL15NJ1,
IL15NJ2, IL15NJ3, IL15NJ4 and IL15NJ5) exhibited the significant suppression
percentage about 61%, 63%, 66%, 66% and 52%, respective. These finding suggested
that all design peptide were inhibition free radical greater than parent peptide.
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Figure 4.24 Antioxidant effect of CHHSs derived from trypsin and papain digestion in
DPPH radical scavengingassay. Each bar displays the mean + SEM of
three demonstrations. (*** P < 0.001) probability levels compared with

vitamin C.
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Figure 4.25 ABTS radical scavenging activity of IL15NJ1 (A), IL15NJ2 (B),
IL15NJ3 (C), IL15NJ4 (D) and IL15NJ5 (E) were compared with both
QL17 and IL15. Each value is expressed as the mean + SD. Different
letters (a-j) on the top of each bar indicated statistically significant

differences (p < 0.05) compared all treatment.
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CHAPTER V
DISCUSSION

Antimicrobial peptides (AMPs) are alternative routes to manage resistant
bacteria. They are the crucial polypeptides in host defense, and stand as a significant
weapon in the innate immune system to potentially kill a broad range of Gram-negative
and Gram-positive bacteria, viruses, and parasites (Reinhardt and Neundorf, 2016;
Zhang et al., 2016; Bahar and Ren, 2013). Previously, there was a report that QL17
with the multifunction of antimicrobial activity, anti-inflammatory activity, and
antioxidant activity. However, these multifunctional peptides were found to relatively
low antimicrobial peptide and had short half-life in mammalian reticulocytes (in vitro)
when estimated by ProtParam tool. In addition, as the application use consideration,
peptide will need to minimize the cytotoxicity in mammalian cells with the effective
antimicrobial activity. Therefore, in order to achieve the potent AMPs with very low
cytotoxicity, the design of novel AMPs follow by the combination of template base
design and physiochemical properties method was performed using QLI7 as template.
Based on the evidence that the complete amphipathic peptide exhibited the excellent
bactericidal activity and cell specificity (Zhang et al., 2016; Khara et al., 2017), the
peptide was designed by replacing the hydrophobic amino acid tryptophan (Trp) on
hydrophobic part and the cationic amino acid lysine (Lys) or arginine (Arg) on the
hydrophilic part. Trp is a hydrophobic amino acid with an aromatic side chain that was
purposed to help AMP for adhering to the bacterial membrane and to interrupt
membranes by affecting the interfacial area of the lipid bilayers (Han et al., 2016). For
lysine, lysine provided the positive charge for interacting with the negative charge of
the exterior of microbial lipid membranes, resulting in the interruption of bacteria
membranes (Zhang et al., 2016). These cationic amino acids can also be considered to
interact with negatively charged exterior of microbial lipid membranes (Reinhardt and
Neundorf, 2016). As their positive charge enhancement, peptides were observed to
display higher binding with bacteria membranes and antimicrobial efficacy.

In this research, the novel design peptides were observed the key physiochemical
properties using the online tool. The positively net charge of design peptide was found
in the ranging from +2 to +7, and the percentage of hydrophobicity was observed in the

ranging from 40%-46%. Generally, the excellent antimicrobial peptide shares some
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common feature such include exhibit positive net charge ranging from +2 to +9, large
hydrophobicity as > 30% and short (<50 residues) (Hancock and Sahl, 2006). Our
peptides were found to have such properties in the range of the good antimicrobial
peptide, suggesting the high possibility of these peptide to exhibit the well antimicrobial
activity.

The evaluation of the secondary conformations of peptide under the membrane-
mimicking environment using CD spectroscopy was performed, the CD result exhibited
that all peptide was observed to form random coil conformation in aqueous solution,
while, in the membrane-mimicking environment (50% TFE), all peptide was observed
to adopt to be a -helical structure. This result agreed with the previous reports that
AMPs were formed to the a-helical structure in the membrane environment which
significantly increased the partition of peptide to the membrane and corresponded to
antimicrobial efficacy (Lyu et al., 2016; Beevers and Dixon, 2015; Chen et al., 2010).

After the investigation of the key physiochemical properties, antibacterial activity
was further investigated. The collected result indicated design peptide with the increase
of positive net charge amino acid residues exhibited the increase of antibacterial against
Gram-negative and Gram-positive bacteria. When compare the design peptides with the
same hydrophobicity, the increase of positive net charge was found to increase
antimicrobial activity, which agreed with the previous report that the increase of the
positive net charge in peptide was found to increase antibacterial activity, resulting from
the positive charge of peptide facilitate the peptide to interaction with negative charge
bacterial membrane through electrostatic interaction (Zhang et al., 2016; Han et al.,
2016). Whereas, when compare the design peptides with the same positive net charge,
the increase of hydrophobicity was found to increase antimicrobial activity. Moreover,
we also found that the increase of both positive charge and hydrophobicity, IL15NJ3,
displayed the highest potent antimicrobial efficacy from among all peptides. These
evident suggested that positive net charge and hydrophobicity of peptide play a key role
in antibacterial activity. In comparison between Lys and Arg in the modification of the
peptides, the result indicated that IL15NJ4 containing Lys showed antimicrobial
property better than IL15NJ5 containing Arg. This might be the result from the smaller
size of the amino acid side chain may lead to the deep insertion of the peptide into the
membrane (Zhang et al., 2016).

For investigation the possibility of the design peptides in the application use, the

toxicity of the peptides against mammalian cells was evaluated by measuring their
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erythrocyte lysis effect and normal mammalian cell line viability. The significant
difference of the hemolytic efficiency and cytotoxicity with the increase of the positive
net charge from +4 to +6 was not found. Whereas, the highest positive net charge
(IL15NJ4 (+7)) was observed to slightly toxic to RBC, PBMC, HaCaT and NHDF cell
and the high toxicity against RAW264.7 cells was found at only the highest tested
concentration. Furthermore, the result also showed that increase of the total of positive
residues Lys could enhanced both microbial and hemolysis. This result agreed with the
previous report that the increase of positive net charge of peptide to +7 could enhance
antimicrobial activity, while the remarkable increasing of undesirable hemolysis was
occurred (Jiang et al., 2008). These results indicated that there is the threshold of the
increase of positive net of antimicrobial peptide for elevation of antimicrobial activity.
For hydrophobicity of peptides, IL15NJ3 (+46 hydrophobic) exhibited the higher
selective index (SI) than IL15NJ2 (+40 hydrophobic), suggesting the hydrophobicity of
the peptides could increase the cell selectivity of peptides. Furthermore, substitution of
Arg to Lys was found to increase more hemolytic efficiency and cytotoxicity. It is
possible that larger R-side chain of Arg residues than Lys might be cause the high
interfere with mammalian cell (Zhang et al., 2016). The SI was popularly utilized to
attribute the representation of the cell selectivity of antimicrobial therapeutic agent. The
higher Sl rate demonstrated the excellent antimicrobial specificity. The Sl of IL15NJ4
toward Gram-negative and Gram-positive bacteria was increased approximately 6 and
25-fold, respectively, as compared to IL15NJ2 (Table 7-8). When Compared IL15NJ3
with IL15NJ4, the SI of IL15NJ4 toward Gram-negative and Gram-positive bacteria
was observed to slightly lower. These findings suggested that increase of positive net
charged residues and hydrophobicity in suitable place will enhance the SI of peptide
(Khara et al., 2017; Matsuzaki, 2009). Previously, Yin et al. (2012) exhibited that the
cell selective of AMPs do not involve only one factor but rather require a good balance
among (i) peptide helicity, (ii) optimum hydrophobicity of the core segment, (iii)
positive charges and their distribution, (iv) dimerization and/or oligomerization ability
in the membrane, and (v) minimization of aggregation.

Based on the great SI and antibacterial activity, IL15NJ3 was selected to
investigate the effect for killing the Gram-positive and Gram-negative bacteria in
stationary-phase of development. In 1xMIC, IL15NJ3 was found to mostly kill the E.
coli (Gram-negative) within 60 min, while this peptide was observed to mostly kill the

S. epidermidis within 180 min, suggesting that the effectiveness of peptide to kill
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bacteria is based on the components of bacterial membrane. Although, the gram-
positive bacteria lack the outer membrane, however, gram-positive bacteria have the
peptidoglycan thicker than gram-positive bacteria (Malanovic and Lohner, 2016). Thus,
the thick peptidoglycan might prevent the damage peptide better than the thin
peptidoglycan, resulting in the higher antimicrobial activity toward Gram-negative
bacteria when compare to gram positive bacteria.

To confirm cell specificity, IL15NJ3 was selected for the selective study. After
the holding IL15NJ3-labelled FITC together with bacteria cells or mammalian cell line
at the same time, FITC fluorescence intensity was increased in E. coli and S.
epidermidis in dose-dependent manner. In contrast, the incubation with mammalian
cells line, FITC fluorescence intensity was not increased when increase concentration of
peptide, demonstrating that IL15NJ3 showed the selection with microbial higher than
mammalian cell membranes, leading to maximize of antimicrobial activity with the
minimize of toxicity.

To understand the killing mechanism of peptide toward bacterial, SEM was
carried out to investigate morphology change. The result showed that the treatment of
bacterial cell with IL15NJ3 resulted in the dramatic shrinking or blebbing, collapsed,
and the absolute damaged on the cell surface. The previous studies have found that the
general a-helical antimicrobial peptides showed antimicrobial efficiency by interrupt
membrane integrity (Khara et al., 2017; Zhang et al., 2016; Reinhardt and Neundorf,
2016). The first process of AMPs killing bacteria was the electrostatic interaction
between peptides with negative net charge components of phospholipids in the outer
membrane (Zhang et al., 2016). After that, the peptides can subsequently create the
membrane leaking, leading to both intrinsic and extrinsic metabolites free diffusing and
bacteria death (Khara et al., 2017).

Most frequently infections in humans are caused by bacterial biofilms, which
P. aeruginosa has the potentiality to transform from free living (planktonic) to biofilm
phenotypic process of living. P. aeruginosa biofilms occur in a kind of clinical settings
in cystic fibrosis lung, urinary catheters, and contact lenses (Waite et al., 2005). The
bacterial in the community of biofilm was coated with polysaccharides, DNA, and/or
proteins (Flemming and Wingender, 2010). The ultimate dramatic appearance of
biofilm-related infections is that they are extremely resistant to conventional antibiotics
against planktonic cells (de la Fuente-Nunez, 2015). Therefore, the exposure of

antimicrobial agents that combat both planktonic microorganisms and biofilms is a key
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for public health. The present study found that IL15NJ3 inhibited the initial attachment
and biofilm formation process of P. aeruginosa. The ability of AMPs to inhibit
bacterial biofilm might be the result from the inhibition of biofilm directly against
planktonic bacteria, resulting in the suppressing of biofilm formation by reducing of the
population of bacterial cells. Previously, LL-37 peptides, cationic and helical
antimicrobial peptide, can affect the proteins expression that inhibits biofilm formation
(Overhage et al., 2008). Thus, it is possible that IL15NJ3 might also inhibit bacterial
biofilm by affecting the expression of protein involves with biofilm formation.
Therefore, in order to investigate the effect of peptide toward the expression of
protein involves with biofilm formation and understands more inhibitory mechanism of
peptide against P. aeruginosa biofilm, proteomic analysis was used. The expression
levels of protein in P. aerogenosa biofilms with or without peptide were displayed in
the heatmap diagram. This result showed the 200 different quantity of protein from
P. aerogenosa when compared between control and treatment. All protein expression
was separated by PseudoCAP category. The result found that 55.5% of protein cloud
unknown function where 44.5% of protein cloud identified to known function. Depend
on PseudoCAP examination, the main of the known proteins was found to categorize in
21 functional classes of protein. Interestingly, when considering the known function
proteins, the results indicated IL15NJ3 could suppress protein expression of TrbL
(plasmid) protein which is important in quorum sensing (QS) pathway (Winsor et al.,
2016). Quorum sensing is the important process for P. aeruginosa virulence property,
motility and biofilm formation, which is essential for cell communication for
controlling population density. P. aeruginosa has two major QS systems, composing
with las and rhl, which drive the production (throughout synthases Lasl and Rhll) and
the perception (by the transcription factors LasR and RhIR) of the autoinducer signaling
molecules that involved with the formation of bioflim (Jimenez et al., 2012). Previous
research exhibited that the suppressing of P. aeruginosa quorum sensing (QS) system
interrupted biofilm formation and virulence effect (Rasamiravaka et al., 2015).
In addition, TrbL protein (plasmid) was also important for phenazine biosynthesis. The
phenazine is influences to the swarming motility and the surface to volume ratio of
mature biofilms (Ramos et al., 2010). Furthermore, IL15NJ3 was observed to down
regulate the type 1 fimbrial protein and flagellin. These proteins are the key protein of

P. aeruginosa for cell motility, adhesion, and attachment (Koczan et al., 2011; Merritt
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et al., 2007). Therefore, it is possible that this peptide could inhibited P. aeruginosa-
biofilm formation though reduced adhesion and motility of planktonic cell.

Host innate immune responses during sepsis were found to involve with the
presence of gram-negative bacterial outer membrane components. Lipopolysaccharide
(LPS) is one of bacteria membrane components which is produced by gram-negative
bacteria and could elevate the inflammation process by stimulation the production of
NO. Thus, the inhibition of inflammation process causing from sepsis by interfering the
LPS-stimulated inflammation is interested. This research, IL15NJ3 was found to
potentially suppress NO levels in LPS-stimulated RAW264.7 cell, suggesting the potent
ability of peptide to prevention of inflammation. Previously, AMPs were report to
neutralize the endotoxin-induced NO and inflammatory mediator production by LPS via
the direct bind to LPS or prevent the binding of LPS with LPS-binding protein (LBP)
(Scott and Hancock, 2000; Scott et al., 2007). As a result, it is possible that IL15NJ3
might prevent the LPS-stimulated inflammation by using its positive segment to interact
with phosphate groups of LPS via electrostatic interactions and hydrophobic residues to
from hydrophobic interaction with non-polar region of LPS, resulting in LPS cannot
bind to LBP and macrophages were not activated the inflammation process.

After the infection with bacteria, outer bacterial membrane component, including
LPS (Gram-negative) and LTA (Gram-positive), can activated immune system of host
cell to produce free radical and caused the oxidative stress in the biological system.
Oxidative stress is the causes of numerous diseases, comprising with rheumatoid
arthritis, chronic asthma, multiple sclerosis, diabetes, cancer, cardiovascular problems
and other degenerative disorders (Cai et al., 2014). Therefore, the suppression of
oxidative stress via the scavenging of free radical is the interesting way to prevent the
effect of oxidative stress. This research, all of designed peptides were found to exhibit
ABTS radical scavenging activity. The amino acid composition and sequence plays a
crucial role in antioxidant activity of peptide. The higher content of hydrophobic amino
acids in peptides was found to show the greater scavenge radical (Zou et al., 2016). The
peptides containing His and Trp residues could exhibit the property of chelates capacity
(Phosri et al., 2014; Zou et al., 2016). The positively charge residues (Arg and Lys) is
believed to evince a significant part in ion chelation activity (Memarpoor-Yazdi et al.,
2012; Zou et al., 2016). As the result, the antioxidant activity of designed peptides

might result from amino acid residues such as Trp, Arg, and Lys.
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ABSTRACT

Crocodylus siamensis hemoglobin hydrolysates (CHHs) were obtained by trypsin and papain
digestion at different incubation times (2, 4, 6 and 8 h) at 37 °C and subjected to antioxidant and
anti-inflammatory activity assessment. DPPH scavenging activity of CHH derived from trypsin
was similar to intact Hb. CHH derived from papain hydrolysis by 8-h hydrolysis (8h-CHHp)
showed the highest DPPH scavenging activity at 56.86% antioxidant inhibition with IC,, value
of 31 pg/ml. CHH dertived from papain hydrolysis by 2-h hydrolysis (2h-CHHp) showed the
highest reducing power activity at 0.99 mM Trolox equivalent and 4h-CHHt showed reducing
activity at 0.16 mM Trolox equivalent (at concentration of 500 ug/ml). The linoleic peroxidation
activity of CHH derived from papain hydrolysis by 6-h hydrolysis (6h-CHHp) and CHH derived
from trypsin hydrolysis by 8-h hydrolysis (8h-CHHLt) was increased in a dose-dependent manner
with IC,, value of 5 pg/ml. The strongest anti-inflammatory activity was found for 2h-CHHp,
which displayed a high efficacy in decreasing NO production of macrophage RAW 264.7 cells
(46.86%) with no toxicity and significantly reduced pro-inflammatory cytokines interleukin-6
(IL-6) production to about 25.73 pg/ml. Taken collectively, the results of this work demonstrate
that CHHs derived from papain hydrolysis possesses antioxidant and anti-inflammatory activities,
which provides support for the application against inflammation and oxidative stress-related
disorders.

Keywords: hemoglobin hydrolysate, papain hydrolysis, trypsin hydrolysis, anti-inflammatory,
antioxidant
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1. INTRODUCTION

Free radicals are created as a consequence
of adenosine triphosphate (ATP) production
by the mitochondria. These by-products are
generally reactive oxygen species (ROS) as
well as reactive nitrogen species (RNS). At
low or moderate levels, ROS and RNS exert
beneficial effects on cellular responses and
immune function. At high concentrations,
they generate oxidative stress, a deleterious
process that can damage all cell structures
such as proteins, lipids, lipoproteins, and
deoxyribonucleic acid (DNA) [1-2]. Oxidative
stress plays a major part in the development
of chronic diseases in humans such as cancet,
arthritis, aging, autoimmune disorders, diabetes,
infection, cardiovascular, inflammation and
neurodegenerative diseases |3]. Within the human
body has various mechanisms to counteract
oxidative stress by producing antioxidants,
which are either naturally produced, or externally
supplied through foods and/or supplements.
Endogenous and exogenous antioxidants act
as “free radical scavengers” by preventing and
repairing damages that caused by ROS and
RNS [4]. Inflammation is the immune system’s
physiological response to injury or infection
[5]. Acute inflammation is a part of the body
defense response, chronic inflammation is thought
to be lead to numerous diseases for example
cancer, diabetes, cardiovasculat, pulmonary,
and neurological diseases [5-6]. However, high
expression of inflammatory cytokines such as
tumor necrosis factor-a (TNF-a), interleukin-18
(IL-1B) and IL.-6 have been exhibited to have a
role in oxidative stress-induced inflammation
[7-8]. The imbalance between reactive oxygen
species and endogenous antioxidant defense
mechanisms leads to an unhealthy circle which
may affect cellular components and trigger
various diseases including inflammation [9].

Protein hydrolysate have begun to attracta
lot of attention because of the growing belief
that protein hydrolysate should possess health-
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promoting qualities. Recent biochemical research
has shown that the protein hydrolysate not
only furnishes amino acids but also provides
bioactive peptides after digestion [10-11].
Consequently, bioactive peptides produced
from both animal and plant sources are now
being intensively investigated and have been
reported to have antioxidant [12-13] and anti-
inflammatory activity [14-16].

Crocodylus siamensis, commonly called Siamese
crocodile, is a small freshwater crocodilian
populating parts of Southeast Asia. Recently,
several components of C. siamensis blood, i.e.
plasma, serum, white blood cells and hemoglobin
have been reported to possess a broad spectrum
of biological properties, mainly attributed to
the abundance of a number of biologically
active peptides and proteins. Among these,
hemoglobin constitutes the most abundant
component and has been shown to exhibit
antioxidant [17-22], antimicrobial [17-18, 22]
and anti-inflammatory activity [19, 23-25].

Therefore, this study is aimed at investigating
the antioxidant and anti-inflammatory of
C. siamensis hemoglobin hydrolysates (CHHs)
derived from trypsin and papain digestion.
2,2-diphenyl-1-picrylhydrazyl (DPPH), linoleic
peroxidation and ferric reducing power assays
were conducted to determine the antioxidant
activity whereas 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT), nitric
oxide (NO) (of macrophage RAW 264.7 cells),
IL-10 and IL-6 assays were used to investigate
the anti-inflammatory activity. The amino acid
composition was analyzed to determine the
amino acid composition of protein hydrolysate.

2. MATERIALS AND METHODS

2.1 Crocodile Hemoglobin Preparation
Crocodile (C. siamensis) blood was purchased

from Sriracha Moda Farm., Ltd., Chon Buri,

Thailand. The animal ethic approval record

number is ACUC-KKU-52/60 (reviewed and

approved by the animal ethics committee of
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Khon Kaen University). Crocodile blood samples
were withdrawn from the supravertibral branch
of the internal jugular vein of crocodiles aged
between 1-3 years. Blood was collected and
transferred to 15-ml sterile tubes containing
0.08 g of EDTA. Blood samples were stored
at 4 °C overnight to allow blood cells to
settle. Red blood cells (bottom layer) were
collected in sterile tubes. Isolated red blood
cells were washed three times with phosphate
buffer saline (PBS), pH 7.0, and centrifuged at
3,000 X g for 5 min at 4 °C. Ice-cold distilled
water of five-fold volume was added to the
RBC pellet, followed by vigorous mixing and
allowing the mixture to settle for 10 min. After
centrifugation at 10,000 X g for 20 min at 4 °C,
the supernatant was collected for Iyophilization
and then stored at -70 °C.

2.2 Trypsin and Papain Hydrolysis

Enzymatic hydrolysis was performed
according to the method of Yu ez al. [26].
Shortly, the hemoglobin solution was digested
by trypsin / papain with a ratio of enzyme to
substrate of 1:100 (w/w) at 37 °C for 2,4, 6 and
8 h and boiled at 95 °C for 10 min to quench
the reaction by inactivating the enzyme. The
hydrolysis condition was performed at pH 7.5
(adjusted with 1 M HCl), followed by removal
of insoluble components by centrifugation at
7,168 X g for 20 min. The supernatant was
collected and adjusted to pH 7.0 by addition of
1 MHClor 1 M NaOH. Finally, the supernatants
were lyophilized and stored at -20 °C.

2.3 Degree of Hydrolysis

The degree of hydrolysis was determined
by following the method of Benjakul e al. |27].
Briefly, 125 ul of CHHs (1 mg/ml) were added
to 2.0 ml of 0.21 M sodium phosphate buffer,
pH 8.2, followed by addition of 1 mlof 0.01%
TNBS solution. The mixture was incubated in
a water bath at 50 °C for 30 min in the dark,
then 2 ml of 0.1 M sodium sulfite was added
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to stop the reaction. The mixture was then
allowed to cool for 15 min. The absorbance
was measured at 420 nm and the ax-amino
acid content expressed in terms of L-leucine.
The percentage of the degree hydrolysis was
calculated using the formula:

DH = [(L,— L)/ (L — L)l X 100

where I determines the amount of «-amino
acid expressed in the sample, L, corresponds
to the amount of a-amino acid released at time
tand L. determines the maximum amount
of a-amino acid after hydrolysis by 5 M HCI
at 100 °C for 24 h.

2.4 2,2-diphenyl-1-picrylhydrazyl (DPPH)
Radical Scavenging Assay

Double distilled water (50 pl) was added
to a 96-well plate. Next, CHHs (50 ul) and
0.0004 M DPPH (50 pl) were added and mixed
for 5 min. The reaction was kept in dark for
25 min and absorbance was measured at 490
nm using DPPH with double distilled water as
ablank. All samples were analyzed in triplicate.
Radical scavenging activity was determined as
the percentage antioxidant inhibition (%0Al)
value that was calculated based on the following
formula;

% Antioxidant inhibition

= [(Abs Abs,..)/Abs,,] X 100

cont con

2.5 Ferric Reducing Power Assay

Ferric reducing power assay was modified
from the method of Girgih ez4/. [28]. CHHs (100
ul) and positive control (glutathione) (100 ul)
were added. Then 250 pl of 0.2 M phosphate
buffer pH 6.6 and 150 pl of double distilled water
were added. Potassium hexacyanoferrate 1%
(w/v) 250 pl was added, vortexed and incubated
at 50 °C, for 20 min. The reaction was stopped
by adding 250 ul of 10% TCA and incubated
for 10 min before centrifugation at 800 X g for
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10 min. Reactions were then performed in a
96-well plate. The reaction contains sample (30
ul), double distilled water (160 ul) and 0.1%
(w/v) fertic chloride (10 wl). The reaction was
mixed and incubated at room temperature
for 10 min. The absorbance was measured
at 700 nm and all samples were analyzed in
triplicate. The activities were measured as the
equivalent to trolox value and were calculated
based on the equation of the standard curve
of the positive control.

2.6 Linoleic Peroxidation Assay

This assay was performed following the
method of Ledesma ¢z a/. [29] with modifications.
CHHs (5-500 pg/ml) (50 ul) were mixed
with 50 ul of linoleic acid and 0.07 M ABAP
(10 pl). The solution was mixed for 10 min.
Acetic acid 20% (v/v) 150 ul was added and
incubated at 70 °C, for 1h and reactions were
performed in a 96-well plate. The reaction
contains sample (20 pl), 75% ethanol (160 pl),
15% Ammonium thiocyanate (10 pl) and 10
mM ferrous chloride (10 pl). The reaction was
mixed and incubated at room temperature for
3 min. The absorbance was measured at 500
nm. All samples were analyzed in triplicate.
The activity was determined as the percentage
antioxidant inhibition (%Al) value that was
calculated using the following formula;

% Al (antioxidant inhibition)

= [Abs.,, — Abs,.)/Abs,,.] X 100

cont con

2.7 Measurement of Nitric Oxide and Cell
Viability

This assay was conducted according to the
method of Lueangsakulthai ef a/. [25]. RAW
264.7 cells (1 X 10° cells/ml) were cultured
on a 96-well plate overnight. CHHs (125-500
ug/ml) were co-incubated with LPS (100 ng/
ml) and the resulting solution incubated with
RAW 264.7 cells. Another incubation was set
up between LPS and RAW 264.7 cells at 37 °C
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in a 5% CO, humidified atmosphere for 24 h.
After incubation for 24 h (NO assay), 100 ul of
culture medium from each CHHs were mixed
with 100 pl of Griess reagent and incubated at
25°C for 10 min. The absorbance was measured
at 540 nm using a microplate reader (BioRad,
Model 680, USA). Nitric oxide (NO) production
was calculated as percentage of control. After
incubation for 24 h (Cell viability assay), the
medium was discarded. 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT)
(0.5 mg/ml) was added to RAW 264.7 cells and
incubated at 37 °C in a 5% CO, humidified
atmosphere for 30 min before the medium was
discarded. DMSO was added and the reaction
mixture incubated at 25 °C for 30 min. The
absorbance was measured at 570 nm and the cell
viability evaluated by comparing the absorbance
with that of the control for each sample. All
samples were analyzed in quadruplicate.

2.8 Measurement of IL-10 and IL-6
Aliquots of culture medium employed in the
NO assay were further used for determination
of I1L-10 and IL-6 expression using the ELISA
kit and following the instructions in the

manufacturer’s manual (R&D, Minneapolis,
MN, USA).

2.9 Amino Acid Composition Analysis

Amino acids were determined by using
ion-exchange chromatography. Their contents
were identified using the amino acid analyzer
(Biochrom 30+, Cambridge, UK) with post-column
ninhydrin derivation and spectrophotometric
detection. One hundred microliters of the
prepared mixture was automatically injected
into an amino acid analyzer.

2.10 Statistical Analysis

Statistical analysis was performed using
ANOVA and followed by Dunnett’s test (Prism
5.0, GraphPad Inc., San Diego, CA, USA). Data
are presented as mean + SEM. A value of P <
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0.05 was accepted to be significant (*P < 0.05,
P <0.01, #+P < 0.001).

3. RESULTS AND DISCUSSION
3.1 Degree of Hydrolysis (DH)

To obtain active protein fragments, crocodile
hemoglobin was hydrolyzed by trypsin and
papain digestion at different reaction times 2,
4, 6 and 8 h. Trypsin prefers to hydrolyze at
Arg and Lys N-terminal position, while papain
prefers to hydrolyze at hydrophobic side chain
amino acid residues [30]. Trypsin is produced
in the intestine and is one of the main digestive
enzymes in the digestive system of humans and
many other animals. Trypsin was used in order
to mimic the intestinal digestion. Papain is one
of the enzymes that used in commercial to
produce active peptides. Degree of hydrolysis
(DH) is defined as the proportion of cleaved
peptide bonds in a protein hydrolysate. The
TNBS method is based on the reaction of
primary amino groups with trinitro-benzene-
sulfonic acid (TNBS) reagent [31]. The extent of
hemoglobin hydrolysate using trypsin digestion
was evaluated by degree of hydrolysis (DH)
which was 3.64%, 4.31%, 6.65% and 9.61% for
2h,4h,6hand 8 h of incubation, respectively.
The extent of hemoglobin hydrolysate using

20 -
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papain digestion was 5.75%, 8.05%, 11.27% and
18.94% for 2h, 4 h, 6 h and 8 h of incubation,
respectively (Figure 1). Results indicated that
cleavage of peptide bonds, free amino acid and
small peptides were higher content in longer
enzymatic hydrolysis. Degree of hydrolysis was
increased when incubation time rose. Trypsin has
specific hydrolyzed position resulting in a slight
increase of DH when compared with papain
hydrolysis. Several protein hydrolysates that
were hydrolyzed by trypsin and papain exhibited
antioxidant [32-34] and anti-inflammatory
activity [35]. Moreover, the radical scavenging
activities of the hydrolysates were positively
correlated with the DH (%) [306].

3.22,2-diphenyl-1-picrylhydrazyl (DPPH)
Radical Scavenging Activity

DPPH method is widely used for antioxidants
screening because of its ability to scavenge
oxidants compound [37]. In this assay, the
different concentrations of CHHs (15-62 pg/
ml) showed antioxidant activity. CHH derived
from papain hydrolysis has higher antioxidant
activity than CHH derived from trypsin hydrolysis,
CHH derived from papain hydrolysis by 8-h
hydrolysis (8h-CHHp) at the concentration
of 15, 31 (IC,, value) and 62 pg/ml showed

—e— CHH derived from
trypsin digestion

—a— CHH derived from
papain digestion
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Figure 1. Degree of hydrolysis (YoDH) of CHH after trypsin and papain digestion for 2, 4, 6

and 8 h. Hemoglobin hydrolyzed enzymatically displayed a direct correlation between the rate
of hydrolysis (DH) and the time of incubation (h).
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42.03,56.86 and 61.28% antioxidant inhibition
(AD), respectively. CHH derived from trypsin
hydrolysis by 4-h hydrolysis (4h-CHHt) at the
concentration of 15,31 (IC, value) and 62 pg/
mlshowed 48.73, 51.68 and 54.66% antioxidant
inhibition (Al), respectively (Figure 2). CHH
derived from papain hydrolysis had better
scavenging effect when compared with that of
CHH derived from trypsin hydrolysis. This result
suggests that the increased degree of hydrolysis
of CHH derived from papain hydrolysis could
enhance the hydrolyzation in small protonated
peptides resulting in an increase in DPPH
scavenging activity. Scavenging of DPPH radical
by a proton donating substance changes color
from violet to yellow, which is detectable at
absorbance of 490 nm [38]. Moreover, CHH
derived from papain hydrolysis showed the
ability to quench the DPPH radicals similar
to the papain hydrolyzed from Camellia oleifera
seed cake protein hydrolysate [32].

3.3 Ferric Reducing Power Assay

Ferric reducing power assay is the method
that exhibited an ability to reduce ferric cyanide
complex [Fe’ (CN),] into ferrous cyanide
complex [Fe”"(CN)] by donating electrons.
The results show that CHH derived from
trypsin hydrolysis by 4-h hydrolysis (4h-CHH¢),
CHH derived from trypsin hydrolysis by 6-h
hydrolysis (6h-CHHt), CHH derived from papain
hydrolysis by 2-h hydrolysis (2h-CHHp) and
CHH derived from papain hydrolysis by 8-h
hydrolysis (8h-CHHp) at the concentration (500
wg/ml) displayed significant ferric ion reducing
power. 2h-CHHp displayed the highest reduction
activity equivalent to Trolox of about 0.99
mM, while intact Hb, 4h-CHHt, 6h-CHHt and
8h-CHHp displayed reduction equivalents of
0.82,0.16,0.05 and 0.81 mM Trolox, respectively
(Figure 3). Moreover, 500 pg/ml glutathione
(positive control) effected significant ferric
ion reduction equivalent to Trolox at 18.60
mM (data not shown). An absorbance increase
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can be correlated to the reducing ability of
antioxidant. The compound with antioxidant
reacts with potassium ferricyanide to form
potassium ferrocyanide and this reacts with
ferric trichloride, yielding ferric ferrocyanide,
a blue coloured complex, with a maximum
absorbance at 700 nm. It has been reported
that protein hydrolysates containing Ile, His,
Tyr, Pro and Lys residues with high reducing
power show antioxidant activity as well as a
great ability to donate electrons to form stable
compounds and thereby interrupt the free
radical chain reactions [39-40].

3.4 Linoleic Peroxidation Assay

Lipid peroxidation is considered to be a free
radical process which occurs from unsaturated
lipid oxidation process. Lipid peroxidation can
damage double layer cell membranes leading
to numerous products such as hydrocarbon
compounds, ketone and aldehyde (especially
malondialdehyde, MDA) [41]. The results of
the linoleic peroxidation assay reveal that the
different concentrations of CHHs (5-500 pg/
ml) effected significant inhibition of linoleic
peroxidation in a dose-dependent manner when
compared with Trolox. CHH derived from
trypsin hydrolysis by 8-h hydrolysis (8Sh-CHHLt)
at the concentration of 5 (IC;, value), 50 and 500
ng/mlshowed 76.34,96.99 and 97.85% linoleic
peroxidation inhibition, respectively. Meanwhile
CHH derived from papain hydrolysis by 6-h
hydrolysis (6h-CHHp) at the concentration
of 5 (IC;, value), 50 and 500 pg/ml showed
91.95, 100 and 103% linoleic peroxidation
inhibition, respectively (Figure 4). Moreover,
Trolox (5, 50 and 500 pg/ml) showed 90.18,
92.73 and 93.99% of linoleic peroxidation
inhibition and intact Hb (5, 50 and 500 p.g/ml)
showed 88.12, 88.99 and 91.55% inhibition.
The results indicated that CHH derived from
papain hydrolysis had significantly better linoleic
peroxidation inhibition when compared with
that of CHH derived from trypsin hydrolysis.
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Figure 4. Linoleic peroxidation activity of CHHs derived from trypsin and papain digestion at

a concentration of 5-500 pg/ml. Each bar displays the mean = SEM of three demonstrations.
(** P < 0.01 and *** P < 0.001) probability levels compared with Trolox.

The inhibitory effect of CHHp was similar
to the hydrolysate of hoki skin gelatin where
amino acid composition is rich in Gly, Pro,
Glu, and Ala residues [42].

3.5 Measurement of Nitric Oxide, Cell
Viability and Inflammatory Cytokines (IL-
10 and IL-6) Production

The anti-inflammatory activity of intact
Hb and CHHs were evaluated on the NO
production, cell viability and inflammatory
cytokines production against macrophage RAW
2064.7 cells. The capability of inhibiting either the
activity or production of nitric oxide (NO) can
reduce the detrimental effects of inflammation.
Afterinduction of inflammation in macrophage
RAW 264.7 cells by LPS addition for 24 h, the
percentage of nitric oxide production was defined
as 100%. Figure 5a, intact Hb and CHHs at

concentrations of 125-500 ug/mlshow a decrease
in nitric oxide production in a dose-dependent
manner. CHH derived from papain hydrolysis
by 2-h hydrolysis (2h-CHHp), 4h-CHHp,
6h-CHHp and 8h-CHHp at a concentration
of 500 pg/mlshow nitric oxide production at
46.86, 66.26, 52.27 and 52.94%, respectively.
CHH derived from trypsin hydrolysis by 8-h
hydrolysis (8h-CHHt) at a concentration of
500 pg/ml show nitric oxide production at
76.50%. In order to evaluate cytotoxic effects
of CHHs against macrophage RAW 264.7
cells, the viability of RAW 264.7 cells treated
with defined concentrations of CHHs were
examined (Figure 5b). The results indicate that
all CHHs derived from trypsin hydrolysis and
papain hydrolysis had no observable effect
on cell viability. This result shows that CHHs
derived from papain hydrolysis had high efficacy
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to reduce nitric oxide production than CHHs
derived from trypsin hydrolysis. The report of
O’Sullivan ¢ al. [35] showed that bovine lung
hydrolysates prepared using papain exhibited
anti-inflammatory activity by decreasing 11.-6,
1L-18, and NO production in RAW264.7 cells
and IL-2 production in Jurkat T cells. However,
the decrease was likely due to cytotoxicity of
this hydrolysate toward these cell lines. With
excellent agreement with Phosrti ef al. [24],
Jangpromma e al. |23] reported that crocodile
Hb provides anti-inflammatory activity via the
suppression of nitric oxide synthase (INOS),
which inhibits the NO production and decreases
inducible nitric oxide synthase (iINOS). The
reports of Lueangsakulthai ¢f a/. |25] revealed
that hemoglobin hydrolysate with pepsin
digestion showed anti-inflammatory activity
with decreasing pro-inflammatory cytokines
and cytokine mediator production such as NO,
1L-0, IL-18 and PGE,. Similarly, the current
results indicated that 2h-CHHp showed the
highest activity to inhibit IL-6 production
(25.73 pg/ml) compared to LPS. 4h-CHHp,
6h-CHHp and 8h-CHHp showed the activity
to inhibit IL.-6 production about 28.36, 26.60
and 29.84 pg/ml, respectively (Figure 6a).
Notably, 4h-CHHt, 6h-CHHt and 6h-CHHp
showed significantly ability to reduce 1L.-10
production to about 90.41, 91.52 and 87.07 pg/
ml compared to LPS (Figure 6b). 2h-CHHp
showed non-significantly ability to reduce
anti-inflammatory cytokines IL-10 (109.30 pg/
ml). The results conclude that CHH derived
from papain hydrolysis has better efficacy than
trypsin hydrolysis, CHH derived from papain
hydrolysis by 2-h hydrolysis (2h-CHHp) was
found to exhibit anti-inflammatory effects
without toxic towards macrophage RAW 264.7
cells and possessed ability to decrease pro-
inflammatory cytokine IL-6 production. The IL-6
is mediator for the production of inflammatory
biomarkers, which consequently facilitates the
progression of inflammation. IL.-10 is an anti-
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inflammatory cytokine, which facilitates the
progression of anti-inflammation. IL-6 also
induces the expression of multiple factors
with anti-inflammatory properties, including
IL-1R antagonist, soluble TNF receptors,
IL-10, acute phase reactants, glucocorticoids,
protease inhibitors (such as tissue inhibitor
of metalloproteinase-1), and suppressors of
cytokine signaling (SOCS)’ proteins [43]. IL-6
was decreased resulting in the decreasing of
1L-10 production. Thus, the decreasing of 1L.-6
cytokines could retard or alleviate inflammation
[44]. The collected results in this work indicate
that the anti-inflammatory activity of CHH
might be related to an interaction with the
JAK/STAT pathway by their ability to decrease
pro-inflammatory cytokine [45].

3.6 Amino Acid Composition Analysis
The amino acid composition is a characteristic
feature of this protein. CHH derived from
trypsin hydrolysis by 4-h hydrolysis (4h-CHHLt)
and CHH derived from papain hydrolysis by 2-h
hydrolysis (2h-CHHp) both exhibited higher
activity than other hydrolysates and the latter
showed better antioxidant and anti-inflammatory
activity. Both 4h-CHHt and 2h-CHHp were
evaluated for their amino acid composition.
4h-CHHt contains 10 amino acids, including
Thr, Gly, Cys, Val, Ile, Leu, Tyr, Phe, His
and Lys at 9.74, 48.91, 15.14, 174.45, 61.11,
179.96,32.76,67.21,137.30 and 101.24 umol/1,
respectively. 2h-CHHp contains 15 amino
acids, including Thr, Glu, Pro, Gly, Ala, Cys,
Val, Met, Ile, Leu, Tyr, Phe, His, Orn and Lys
at 32.96, 66.94, 400.44, 276.62, 594.30, 24.93,
294.25, 28.36, 77.07, 563.54, 143.83, 246.75,
259.23,38.97 and 103.06 umol/1, respectively
(Table 1). The papain hydrolysis showed
higher antioxidant and anti-inflammatory
activity than trypsin hydrolysis, the amino
acid composition results revealed that papain
hydrolysis has more amino acid residues that
contain a higher quantity and variety of amino



Chiang Mati J. Sci. 2019; 46(5)

()

925

800+
600- ] o ot
=
£
S
2
2 4001
brs
=
2004
*kk * kK
0 - R —
L 5 § € ®» & F§ & ®
|
& &
& &
s y .&Q
& &2
Y & &
(@) &Q C &
& 2
(b) Concentration (500 pg/ml)
1501
=
g .
E
44224
= %%
= 55
! 42229
= 95
= %53%
44444
%5%%
5
%%
BRRA
955

Concentration (500 pg/ml)

Figure 6. The effect of CHHs derived from trypsin and papain digestion at a concentration of
500 pg/ml on LPS-stimulated (a) IL-6 and (b) IL-10 productions. Each bar represents the mean
+ SEM of three demonstrations. (* P < 0.05 and *** P < 0.001) probability levels compared

with LPS treatment alone.

acids than trypsin hydrolysis. Several studies
showed that antioxidant protein hydrolysates
hydrolyzed by trypsin and papain are enriched
in Pro, Ala, Leu, Tyt, Phe, Cys, Gly, His and Val
residues [46-51] which are major constituent
amino acids in CHH papain hydrolysis. The

antioxidant and anti-inflammatory activity of
protein derived from papain hydrolysis results
from elements of antioxidant amino acid
residues and thiol groups that are presented
in their molecule. In a previous study, Qian
et al. [39] reported that lle, His, Tyr, Pro and
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Table 1. Amino acid composition of CHH derived from trypsin hydrolysis by 4-h hydrolysis
(4h-CHHt) and CHH derived from papain hydrolysis by 2-h hydrolysis (2h-CHHp).

Sample
Amino acid (umol/1)
4h-CHHt 2h-CHHp

L-Aspartic (Asp) - -
L-Threonine (Thr) 9.74 32.96

L-Serine (Ser) - -
L-Glutamic (Glu) - 66.94
L-Proline (Pro) = 400.44
L-Glycine (Gly) 48.91 276.62
L-Alanine (Ala) - 594.30
L-Cystine (Cys) 15.14 24.93
L-Valine (Val) 174.45 294.25
L-Methionine (Met) - 28.36
L-Isoleucine (Ile) 61.11 77.07
L-Leucine (Leu) 179.96 563.54
L-Tyrosine (Tyr) 32.76 143.83
L-Phenylalanine (Phe) 62.71 246.75
L-Histidine (His) 137.30 259.23
L-Ornitine (Orn) - 38.97
L-Lysine (Lys) 101.24 103.06

L-Arginine (Arg)

- Defines non-detection.

Lys are assumed to contribute to the reducing
power of protein hydrolysates. In addition,
peptides containing His and Tyr residues have
been documented to exhibit protective effects
against lipid peroxidation [52]. Hydrophobic
amino acid side chains (e.g. Leu, Phe, Val and
Ile) as well as positively charged amino acids
(Lys, Arg and His) were documented to have
a major influence on the anti-inflammatory
activity of peptides [53-58].

4. CONCLUSION

Hemoglobin hydrolysate was derived from
trypsin and papain hydrolysis of C. siamensis
hemoglobin. CHH derived from papain

hydrolysis is not only able to attenuate radical
secretions of DPPH, ferric reducing and
linoleic peroxide, but is also able to suppress
LPS-induced nitric oxide production and pro-
inflammatory cytokine IL-6 secretions in murine
macrophages. These findings clearly indicate that
CHH derived from papain hydrolysis possesses
antioxidant and anti-inflammatory activities,
which provide support for the application of
hemoglobin hydrolysate against inflammation
and oxidative stress-related disorders, however,
further studies are required to identify active
peptide sequences.
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Recently, several peptides have been reported for their biological functions
and promised for the clinical therapy. This due to the peptide eases modifications
and rapid synthesis. Consequently, this work was demonstrated the potent |
antioxidant and anti-inflammatory of IL-R (IRHWRRVWRHWRRRL), the |
modified peptide design by using IL15 (ITHNEKVQAHGKKVL) derived from
Crocodylus siamensis hemoglobin peptic hydrolysates as a template. Antioxidant |
activity was measured according to the DPPH (1,1-diphenyl-2-picrylhydrazyl)
radicals scavenging method. The results revealed that tryptophan (W) substitution
of IL-R emerged out as the higher antioxidant than IL15 with a concentration
dependent manner. At the concentration of 50, 100 and 200 pg/ml, IL15 showed
inhibition percentages of 16.7%, 17.3% and 22.5%, while IL-R showed inhibition
percentages of 25.1%, 43.7% and 50.8%, respectively. Moreover, IL-R displayed
anti-inflammatory property with a high efficacy in decreasing NO production of
lipopolysaccharide (LPS) stimulated macrophage RAW 264.7 cells. The dose
dependent suppression of NO approximately 13.3%, 53.6% and 77.7% were
observed when co-treatment with the defined concentrations of IL-R. Additionallx.
the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay
guaranteed that IL-R at a concentration of 50-200 pg/ml had no cytotoxic effects
on RAW 264.7 cells. It is therefore concluded that TL.-R peptide possesses a great
potential to scavenge free radical and inhibit NO production in macrophage cells.
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In a previous study, we reported an antibacterial peptide derived from
Crocodylus siamensis hemoglobin hydrolysate, named QL17 (QAIITHNEKVQ
AHGKKVL); however this peptide has a narrow spectrum of activity. To
improve the antimicrobial activity of the peptide, it was used as the template to
designnovel effective peptides. The helical wheel diagram was used to monitor and
evaluate hydrophobicity and hydrophilicity after the positional change and
substitution of certain amino acids. Lysine (K) and arginine (R) were appropriately
selected to extend the hydrophilicity, whereas hydrophobic residues such as
leucine (L), isoleucine (I) or tryptophan (W) were used to increase the
hydrophobicity. As appropriate, two novel peptides were synthesized and named
as IL-K (IKHWKKVWKHWKKKL) and IL-R (IRHWRRVWRHWRRRL), which
had the same hydrophobicity and net charge at 40% and +7, respectively.
Evaluation of the antimicrobial activity by broth microdilution assay revealed that
IL-K had a slightly higher inhibition activity than IL-R at concentrations of 12.5,
25, 50 and 100 pg/ml. Both peptides had approximately 2-fold percentage
inhibition higher than penicillin and as the QLI17 parental peptide against
Klebsiella pneumoniae and Staphylococcus aureus. Our findings suggest that the
novel designed peptides are promising to be new antibacterial agents for further
development and for use as antibiotics.
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Abstract

In a previous study, we reported an antibacterial peptide derived from Crocodylus
siamensis hemoglobin hydrolysate, named QL17 (QAIIHNEKVQAHGKKVL); however
this peptide has a narrow spectrum of activity. To improve the antimicrobial activity of the
peptide, it wasused as the template to design novel effective peptides. The helical wheel diagram
was used to monitor and evaluate hydrophobicity and hydrophilicity after the positional change
and substitution of certain amino acids. Lysine (K) and arginine (R) were appropriately selected
to extend the hydrophilicity, whereas hydrophobic residues such as leucine (L), isoleucine (1)
or tryptophan (W) were used to increase the hydrophobicity. As appropriate, two novel peptides
were synthesized and named as IL-K (IKHWKKVWKHWKKKL) and IL-R
(IRHWRRVWRHWRRRL), which had the same hydrophobicity and net charge at 40% and
+7, respectively. Evaluation of the antimicrobial activity by broth microdilution assay revealed
that IL-K had a slightly higher inhibition activity than IL-R at concentrations of 12.5, 25, 50
and 100 pg/ml. Both peptides had approximately 2-fold percentage inhibition higher than
penicillin and as the QL17 parental peptide against Klebsiella pneumoniae and Staphylococcus
aureus. Our findings suggest that the novel designed peptides are promising to be new
antibacterial agents for further development and for use as antibiotics.

Introduction

Over the last decade, drug resistance to bacteria has caused serious problems in
bacterial infectious disease therapeutics. Thereby, this has become an issue of interest to the
World Health Organization (WHO) to find solutions to the problem of drugs being powerless
or having limited use. Drug resistance makes the treatment of patients difficult, requiring
increased healthcare costs and even unfortunately making it impossible to eradicate certain
pathogen bacteria. Accordingly, it is urgently necessary to improve or develop new medical
drugs to demolish those resistant bacteria. To overcome this obstacle, antimicrobial peptides
(AMPs) are alternative routes to manage resistant bacteria. They are crucial polypeptides in
host defense, and stand as a significant weapon in the innate immune system to the potent
killing of a broad range of Gram-negative and Gram-positive bacteria, viruses and parasites at
low concentrations™?2. Unlike traditional antibiotic drugs interrupting bacterial growth by
various specific intracellular targets, including inhibiting synthesis of DNA, RNA, protein, or
cell wall and enzyme inhibitors, on the contrary most AMPs target membranolytic mechanisms
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via barrel-stave, carpet and toroidal-pore models to directly disrupt bacterial membrane
permeability*. In addition to other bacterial killing mechanisms, some AMPs can diffuse inside
the cell and eventually inhibit particular intracellular processes®>¢. AMPs generally consist of
a short length of 10-50 amino acids along with positive net charges such as +2 to +9. These
characteristics help them to react with phospholipid groups of negatively charged bacterial
membrane components via electrostatic forces?. Moreover, important AMP features enhancing
bacterial attack are amphipathicity, in which they should comprise segments of hydrophilic and
hydrophobic parts. Such features contribute to AMPs accelerated approach to the bacterial cell
membrane and then insert themselves through the cell wall to adhere to phospholipids in the
lipid bilayer. When several AMPs cross the bacterial membrane and associate with each other,
they can subsequently create membrane leaking, leading to both intrinsic and extrinsic
metabolites freely diffusing and bacteria death*®.

Our previous studies have reported that a Crocodylus siamensis hemoglobin
hydrolysate-derived antimicrobial peptide, QL17, displayed MICso values killing Gram-
negative strains Escherichia coli, Klebsiella pneumoniae and Pseudomonas aeruginosa and
Gram-positive strain Staphylococcus aureus at concentrations ranging from 10 to 20 mg/ml
(w/v). The QL17 peptide containing 17 amino acid residues has 41% hydrophobicity and +2
net charges. The peptide killed bacterial cells through iron dysregulation and an oxidative stress
mechanism’. However, this peptide has relatively low antibacterial activity.

The improvement of natural peptides to increase the bactericidal rate has been presented
by various methods. The first method is de novo design that chooses patterns or frequencies of
amino acids to create new AMPs without a previously known sequence. But it is restricted to
establishing an AMP similar database®. The second method is physicochemical, based on
structural and chemical properties of amino acid composition®. The last method is a template-
based design performing by substitution or deletion, particularly in amino acids. It can create
novel AMPs with enhanced antimicrobial effect and cell selectivity?. Actually, this method
needs some information about the physicochemical properties to develop novel AMPs®, In the
present study, physicochemical and template-based methods were selected to design novel
peptides to improve antimicrobial activity.

In this study, QL17 (QAIIHNEKVQAHGKKVL) was used as a peptide template for
designing novel peptides with improvement of antimicrobial activity. The QL17 template was
substituted with positively charged amino acid residue on a polar segment. The antimicrobial
efficiency against Gram-negative and Gram-positive bacteria of peptides was subsequently
measured.

Methodology
Peptides design

Antibacterial peptide QAIIHNEKVQAHGKKVL (QL17) from C. siamensis
hemoglobin hydrolysate with 41% hydrophobicity and +2 net charges was selected as a
template for a novel peptide design. The cationicity of a peptide, especially lysine (K) or
arginine (R), was used to increase polarity, whereas the hydrophobic residues such as leucine
(L), isoleucine (1) or tryptophan (W) were selected to stabilize the peptide structure. The
charges of new peptides were designed at around +7 with 40-46% hydrophobicity. The helical
wheel projections of QL17 and its analogues were constructed online using the NetWheels:
Peptides Helical Wheel and Net projections maker: http://Ibgp.unb.br/NetWheels/.

Peptide synthesis
The parent peptide and designed peptides were synthesized using Fmoc solid phase
methodology (GL Biochem, Shanghai, China). Peptides were purified by reversed phase high-
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performance liquid chromatography. The purity of peptides was greater than or equal to 95%.
Then, resulting peptides had their molecular masses confirmed by electrospray ionization-mass
spectrometry.

Antimicrobial activity assay

The bacteria used were Klebsiella pneumoniae ATCC 27736 and Staphylococcus
aureus ATCC 25923. Antimicrobial activity of all peptides was determined using the broth
microdilution assay. The method was performed according to a previous study?. Briefly,
bacterial cells were grown to mid-log phase in nutrient broth at 37 °C, and the bacteria were
diluted to 10 CFU/mI. 50 pl of bacterial suspension was added to each well, together with 50
pl of two-fold serially diluted peptide in a 96-well plate. After incubation at 37 °C for 18-22 h,
the value of OD at 600 nm in each well was observed for bacterial growth with a microplate
reader (Biochrom, Cambridge, UK). The percentage of inhibition was calculated according to
the following formula: % inhibition = [(ODegoo nm, control — ODe0o nm, sampte) / (ODes0o nm, control —
ODs00 nm, blank)] % 100. All % inhibition tests were performed in triplicate.

Statistical analysis

Statistical values of all experimental results were calculated using ANOVA, followed
by Duncan’s test using statistix 8.0. These data are presented as mean = SD. The p value of
< 0.05 was considered as being significant.

Results and Discussion
Peptide design and characterization

In this study, the antimicrobial peptide QL17 was used as a template. Novel peptides,
namely IL-K and IL-R, were designed by substituting Lys (K) or Arg (R) residues in
hydrophilic segments, and Trp (W) residues in hydrophobic segments of parental peptide.
However, the replacement of some amino acid residues (Asn, GIn and Gly) in the parent
peptide is less essential for membrane-penetrated activity of the peptide®°. Hence, we replaced
negatively charged parts and some amino acids with selected amino acids Lys or Arg to
increase the hydrophilic area, while Trp was chosen to increase the hydrophobic area. The
implementation of our study was to design peptides with preserved facial amphipathic helical
parts with an increase of the cationic charge and with a large percentage (> 30%) of
hydrophobic amino acids?. The hydrophilic residues of Lys and Arg were selected to study
toxicity, because previous reports have demonstrated that Arg shows toxicity over Lys even
when both of them show the same polarity?. On the other hand, the selection of Trp was made
because the aromatic side chain of Trp can form hydrogen bonds with the phospholipid bilayer
of a bacterial cell membrane interface, whereby the peptide is able to permeate deeply and lyse
the cell membrane®*.

Table 1 shows the sequences and physicochemical properties of the parent peptide and
novel peptides. The molecular weights of QL17, IL-K and IL-R were 1913.25, 2073.61 and
2269.70 Da, respectively. Furthermore, the net positive charges on IL-K and IL-R were +7,
while, the charge of QL17 was +2. Cationicity is the one crucial features of the antimicrobial
efficacy of peptides. Besides, it is involved in interaction formation between cationic peptides
and negative charges on the bacterial cell wall, which contain phosphate-head groups of the
lipid membrane!!. On the other hand, the mammalian cell membrane had zwitterionic
phospholipids such as phosphatidylcholine, phosphatidylserine and cholesterol that interrupt
the attachment of peptides into the membranel®. Another feature of AMPs is their
hydrophobicity property. Both parent peptide (QL17) and novel peptides (IL-K and IL-R) have
a high value of hydrophobicity at 41%, 40% and 40%, respectively. The hydrophobicity of
peptides help them to penetrate into the cell membrane, leading to cell membrane pore
formation and the occurrence of cell death®. However, bulky hydrophobic residues resulted in
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strong affinity for mammalian cell membranes and lower cell selectivity*. Hence, designed
peptides with altered hydrophobic amino acid residues must be considered. The helical wheel
projections present the amino acid sequences and properties (Figure 1).

Table 1. Sequences and physicochemical properties of the parent peptide and novel peptides.

Peptide Sequence MW (Da)? % Hp® Net charge
QL17 QAIIHNEKVQAHGKKVL 1913.25 41.18% +2
IL-K IKHWKKVWKHWKKKL 2073.61 40% +7
IL-R IRHWRRVWRHWRRRL 2269.70 40% +7

aMolecular weight (MW) was calculated using an online tool at website
https://web.expasy.org/compute _pi/
bPercentage of hydrophobicity (% Hp) was calculated using an online tool at website

https://www.peptide2.com/N peptide hydrophobicity hydrophilicity.php
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Figure 1. Helical wheel diagrams of the QL17 peptide and its derivative peptides. By default the output
presents the polar/basic residues in red, polar/acid residues in blue, polar/uncharged residues in green,
and nonpolar residues in yellow.

Antimicrobial activity

The antimicrobial activities of peptides and a conventional antibiotic, penicillin, were
evaluated against Gram-negative (K. pneumoniae) and Gram-positive (S. aureus) bacteria. IL-
K and IL-R exhibited higher antimicrobial activity against both Gram-negative and Gram-
positive bacteria than penicillin and QL17 at concentrations ranging between 12.5-100 pg/ml
(Figure 2). Noticeably, IL-K and IL-R displayed higher antimicrobial activity against S. aureus
than K. pneumoniae at the same concentrations (ranging from 12.5-100 pug/ml). The A Gram-
negative bacterium has an outer membrane to protect and reduce the damage induced by a
peptide. In contrast, Gram-positive bacteria lack the outer membrane, thus peptides can directly
damage cell walls and activate the loss of membrane permeability®. The treatment of IL-K on
K. pneumoniae and S. aureus in concentrations of 100 pg/ml displayed a 3-fold and 1-fold
percentage inhibition, respectively, compared to parental QL17 and penicillin. Likewise, IL-R
showed a 2-fold and 1-fold inhibition against K. pneumonia, compared with parental QL17 and
penicillin, respectively. In addition, IL-R exhibited increased killing efficiency on S. aureus by
3-fold and 2-fold compared with QL17 and penicillin, respectively. The results indicate that
IL-K showed significantly better antimicrobial property than IL-R. Decrease in the size of the
amino acid side chain may lead to the deep insertion of the peptide into the membrane. The
results demonstrate that the positive charge of the peptide plays a major role in antimicrobial
efficiency. These investigations are supported by the premise that the addition of positively

© The 6™ International Conference on Biochemistry and Molecular Biology (BMB2018)


https://web.expasy.org/compute_pi/
https://www.peptide2.com/N_peptide_hydrophobicity_hydrophilicity.php

charged amino acid residues is efficacious for the initial electrostatic interactions between
peptides and negatively charged lipid heads!®?!,
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Figure 2. The inhibition percentage of K. pneumoniae (A) and S. aureus (B) treated with different
concentrations of the parent peptide and novel peptides. The letters at the top of each bar indicate
significant difference between treatments (p<0.05).

Conclusion

Two novel template-based designed peptides, namely IL-K and IL-R, which were
designed by increasing the positive net charges, exhibited an increase in antibacterial property
against Gram-negative (K. pneumoniae ATCC 27736) and Gram-positive (S. aureus ATCC
25923) bacteria when compared to that of a template peptide, QL17. Substitution with Lys
residue in the hydrophilic segment of the parent peptide could obtain higher antimicrobial
activity than the substitution of Arg. From the results, it is suggested that the size of the peptide
affects the bacteria killing mechanism. In addition, a smaller peptide might easily access and
insert itself into the membrane, resulting in bacterial cell damage. Hence, the novel designed
peptides could be used as an alternative choice for therapeutic agents in the future.
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Nisachon __Jangpromma'**, Sirinthip Sosiangdi’”®, Boonpob Nowichai®®, Anupong
Tankrathok®, Sakda Daduang®, and Sompong Klaynongsruang®

! Department of Integrated Science, Forensic Science Program, Faculty of Science, Khon
Kaen University, Khon Kaen 40002, Thailand

? Protein and Proteomics Research Center for Commercial and Industrial Purposes (ProCCI),
Faculty of Science, Khon Kaen University, Khon Kaen 40002, Thailand

? Department of Biochemistry, Faculty of Science, Khon Kaen University, Khon Kaen
40002, Thailand

b Department of Biotechnology, Faculty of Agro-Industrial Technology, Kalasin University,
Kalasin 46000, Thailand

* Division of Pharmacognosy and Toxicology, Faculty of Pharmaceutical Sciences, Khon
Kaen University, Khon Kaen 40002, Thailand

*Email: nisaja@kku.ac.th
ABSTRACT

The natural antimicrobial peptide, IL15 (IIHNEKVQAHGKKVL) was previously
purified from pepsin digestion of Crocodylus siamensis hemoglobin. This peptide was used
as the template to design a novel peptide in order to enhance performance of its antibacterial
activity. The o-helical arginine (R) rich (+7 net charge) peptide, called IL-R
(IRHWRRVWRHWRRRL) was designed from IL15 template and synthesized. The
antimicrobial activity of the synthesized peptides was quantitatively determined by reduction
in number of Staphylococcus epidermidis ATCC 12228 corresponding to their optical density
at 600 nm. The minimum inhibitory concentration (MIC) of IL-R was 12 pg/ml. While, the
template, IL15 peptide showed MIC at >200 pg/ml. Moreover, IL-R elicited a significant
decrease in the amount of nitric oxide (NO) production of lipopolysaccharide (LPS)
stimulated macrophage RAW 264.7 cells. The half maximal inhibitory concentration (ICsq)
value of IL-R was found to be 103 pg/ml. Using MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] assay, the obtained data guaranteed that IL-R at a
concentration of 25-200 pg/ml had no cytotoxic effects on RAW 264.7 cells. And the
designed peptide also was nontoxic effects to human red blood cells.

This research was supported by Thailand Research Fund (TRF) (MRG6180159) and Protein
and Proteomics Research Center for Commercial and Industrial Purposes (ProCCI), Faculty
of Science, Khon Kaen University, Thailand.
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Abstract: Known antimicrobial and antioxidant peptide IL15 (IIHNEKVQAHGKKVL) from
Crocodylus siamensis hemoglobin hydrolysate was used as a template for the design of new
cationic amphipathic peptide IL-K (IKHWKKVWKHWKKKL). Antioxidant activity was measured
according to the 2,2'-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid (ABTS) radicals
scavenging method. The results indicated that IL-K exhibited higher antioxidant than IL15.
The average percentage of radicals scavenging by 64% was observed in IL-K, while the average
efficiency in radicals scavenging of IL15 was 16%. To determine the antioxidant activity of both
peptides on HaCaT human keratinocytes cell, hydrogen peroxide (H,0;) was selected as
the oxidant. The 3-(4,5-dimethylthiazol-2-yl)-2,5- diphenyl tetrazolium bromide solution (MTT)
assay demonstrated that the oxidative damage induced by H,0, to HaCaT cells led to a significant
reduction of cell growth (21% cell viability). A protective effect against this damage was
observed upon co-culture of the cells with IL15 and also IL-K. The HaCaT cell viability of IL15
was determined as 29% while IL-K showed cell viability as 35%, respectively. It is therefore
concluded that IL-K that modified from Siamese crocodile hemoglobin possesses a great
potential to scavenge free radicalin cells.

Acknowledgments: This research was supported by National Natural Science Foundation of
China (NSFC)-Thailand Research Fund (TRF) Joint Research Fund (DBG6080006), Thailand
Research Fund (TRF) (MRG6180159) and Protein and Proteomics Research Center for
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Abstract: The hydrolyzed Crocodylus siamensis hemoglobin peptide namely IL15
(IHNEKVQAHGKKVL) was previously described for their antibacterial activity. However, this
peptide had short half-life in mammalian reticulocytes (/n vitro) when estimated by ProtParam
tool. Accordingly, the present research was aimed to design novel antimicrobial peptide by
substitution of lysine (K) residue in IL15 to extend the cationic net charge from +2 to +6. Whereas
tryptophan (W) residue was chosen to increase the percentage of hydrophobicity from 40% to
46%. The antimicrobial activity was evaluated against Gram-negative bacterium using broth
microdilution assay and plate count methods. IL15-modified exhibited strong antimicrobial
activity against Escherichia coli with minimum inhibitory concentration (MIC, that percentage
inhibition more than 90) value of 4 pg/ml and minimum bactericidal concentration (MBC, that
killed bacteria) value of 6 ug/ml. Furthermore, the kinetic killing analysis results showed that
IL15-modified could destroy £. col/i within one hour at MIC value. Mode of action of this peptide
was further elucidated using scanning electron microscope (SEM) technique. The results
revealed that the bacterial cell membrane is dramatic destruction as a dose-dependent
manner. This study is expected that the IL15- modified peptide can develop as the next
generation of antibiotics and might solve antimicrobial resistant problem in the future.
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