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ABSTRACT

Interleukin-11 is an active signaling molecule in the host immune
response to infection and the cytokine network. In this study, IL-11a and IL-11b were
studied from the Nile tilapia (Oreochromis niloticus). The open reading frame of Nile
tilapia IL-11a and IL-11b contained 717 and 603 bp, with a calculated molecular mass
of 27.4 and 22.9 kDa, and a theoretical pl of 9.02 and 8.73, respectively. Both IL-11a
and IL-11b consisted of a potential N-linked glycosylation site and a cysteine residue,
and their genes are organized similarly, with 5 exons and 4 introns according to
phylogenetic analysis, the IL-11a and IL-11b from Nile tilapia were categorically
isolated from other IL-11 molecules and classified with those from other species. The
tissue distribution of IL-11a in healthy fish was highly expression in spleen, liver,
intestine and trunk Kkidney, while IL-11b showed higher expression levels in the
spleen and tail. At 6 hours after infection by Streptococcus agalactiae, IL-11b was
significantly up-regulated in the gills, intestines, spleen, and liver while IL-11a was
significantly up-regulated at the same time but only in the spleen and liver. To
provide new insights into the role of IL-11 in fish - immune responses, a recombinant
protein of 1L-11 (rlL-11) was produced in bacterial system. In addition, IL-11a and
IL-11b were -up-regulated expression in Peripheral blood leukocytes (PBLS) by
Lipopolysaccharides (LPS), Polyinosinic:polycytidylic acid (Poly 1:C) and rIL-11
stimulation. Moreover, adjuvant effect of riL-11 in the streptococcosis formalin-killed
vaccine of the Nile tilapia was investigated. After the vaccination, the specific IgM
antibody level of fish vaccinated with formalin killed cell (FKC) combined with riIL-
11 was increased from 1 to 2 week post vaccinated and peak at 2 w.p.v. compared
with control group (P<0.05). Lysozyme activity (LZM), myeloperoxidase activity,
glutathione peroxidase activity and glutathione reductase activity in the fish
vaccinated with FKC combined with rIL-11 group was also significantly higher than
that of the FKC and control groups (P<0.05). The expression of the innate and



adaptive immune gene was up-regulated at early time point examined. Overall, our
findings suggested that rIL-11 could be used as vaccine adjuvant, and elicited the
potential immune responses post vaccination against S. agalactiae infection. This
study suggests that rlL-11 could be a potent vaccine adjuvant for Nile tilapia
aquaculture.

Keyword : Interleukin-11, Nile Tilapia, Streptococcus agalactiae, Immune Response,
Gene Expression
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Chapter 1

Introduction

1.1 Introduction

Streptococcus agalactiae, is a Gram-positive bacterium in a wide range of
hosts (Garcia et al., 2008). Up to the present time, S. agalactiae has been isolated
from several animal species, including humans and fish (Evans et al., 2009). Among
fish species, Nile tilapia (Oreochromis niloticus) is very sensitive to S. agalactiae, so
continuous outbreaks of infection have been reported in Nile tilapia aquaculture
throughout the world. Nile tilapia is an important fish for the economy, especially in
Thailand. However, infectious diseases caused by S. agalactiae have been severe in
recent years, resulting in great economic losses. Vaccination as a means of
controlling diseases is one of the most significant and successful health practices
within the aquaculture industry, and has helped to reduce the use of environmental
unfriendly antibiotics to control this bacterial disease. Inactivated whole cell vaccines
have been widely applied and used successful against bacterial diseases in fish for
many Yyears. Formalin-killed cell (FKC) vaccine, which is generally used in
aquaculture, is effective against extracellular pathogen in fish. The advantage of
inactivated bacterial vaccines is the safety offered by formalin treatment, which is a
reliable and cheap way to kill the pathogen (Austin, 2012). FKC vaccine is known to
be a strong inducer of humoral immunity in fish (Tu et al., 2010). However, the
disadvantage of this type of vaccine is that it may require an adjuvant to elicit an
adequate immune response.

Cytokines are key regulators of the immune system in all vertebrates.
Cytokines drive inflammatory signals that regulate the capacity of resident and newly
arrived phagocytes to destroy the invading pathogen (Wang and Secombes, 2013). In
higher vertebrates, many cytokines have been proved to be used as adjuvants to
enhance protective immunity and improve the efficacy of vaccines, and several
cytokines had been reported to be efficient adjuvants for vaccines to obtain
satisfactory immune responses. Interleukin (IL)-11 belongs to the IL-6 family that

serves to stimulate hematopoietic progenitor cells and exerts a series of important



immunomodulatory effects (Wang et al., 2005). IL-11 is produced by many cell types
throughout the body and is also an anti-inflammatory cytokine that inhibits the
production of proinflammatory cytokines from lipopolysaccharde (LPS) stimulated
macrophages (Trepicchio et al., 1997). To date, identification of IL-11 gene in fish
have been reported in Atlantic halibut (dvergard et al., 2011), rainbow trout (Wang
et al., 2005), cobia (Tran et al., 2019), and Japanese flounder (Santos et al., 2008).
However, IL-11 has not been cloned and characterized in Nile tilapia. Therefore, this
research aims to characterize the structure of IL-11 of Nile tilapia and to investigate
the distribution and expression pattern of IL-11 in various tissues and highlight its
role during bacterial infection. Also, another goal of this research is to produce a
recombinant protein of 1L-11 (rIL-11) and investigate its potential role to be a highly
effective adjuvant by adding rlL-11 to S. agalactiae FKC vaccine. After vaccination,
both cell-mediated and humoral immunity responses triggered by rIL-11 were studied
using gene expression analysis and measurement of antibody titer by ELISA. In
addition, challenge test was performed of vaccinated Nile tilapia and evaluated the

effectivity of FKC + rIL-11 vaccine by calculating survival rate of infected fish.

1.2 Objectives

1.2.1 To clone and characterize of IL-11a and IL-11b genes in Nile tilapia

1.2.2 To investigate the distribution and expression pattern of IL-11a and IL-
11b in various tissues of healthy Nile tilapia and highlight its role during S. agalactiae
infection

1.2.3 To produce a recombinant protein of IL-11 (rlL-11) and investigate its
potential role to be a highly effective immunostimulant in peripheral blood leucocytes
(PBL): in vitro study

1.2.4 To investigate its potential role to be a highly effective adjuvant by
adding rlL-11 to S. agalactiae FKC vaccine: in vivo study

1.3 Scope of research

In this study, molecular cloning and characterization of IL-11a and IL-11b in
Nile tilapia were investigated. A recombinant protein of 1L-11 (rIL-11) was produced
in bacterial system and its potential role to be a highly effective immunostimulant in



vitro and in vivo was investigated. The effectiveness of rIL-11 as adjuvant by adding
riL-11 to S. agalactiae FKC vaccine in Nile, both cell-mediated and humoral immune
responses triggered by the rlIL-11 was evaluated using innate and adaptive immune
parameters. In addition, challenge test of vaccinated fish was performed and the
effectivity of FKC + rlL-11 vaccine was tested by calculating survival rate of infected
fish.

1.4 Expected benefits and research utilization

To the best of this research, molecular characterization and expression
analysis of IL-11a and IL-11b in Nile tilapia in vitro and in vivo were reported for the
first time and shed new insight into the function of IL-6 family in fish. The rlL-11
produced may act as adjuvant and may effectively stimulate the immune response
against S. agalactiae in Nile tilapia. The results of this study may provide basic
information that can be used in future research on adjuvant effect of recombinant
cytokine in teleost.



Chapter 2

Literature review

2.1 Nile tilapia

Nile tilapia (Oreochromis niloticus) is one of the commercial fish species and
has increased year by year to provide staple protein source for world demand of fish
products (FAO, 2017). This fish species can be grown quickly over a range of
temperatures and does not require stringent water quality. Since the 1950s, production
of this species has been increasing, in particular in Asia. It is a freshwater fish species
for aquaculture and wild stock fisheries. Moreover, among commercial fish species,
tilapia aquaculture has one of highest economic impacts worldwide (Kumar and
Engle, 2016). It is now recorded to be present in at least 70 different countries
globally. Total world production reached 1.5 million tones (MT) in 2003 and was
recorded in 2014 as being over 3.6 MT with a total export value around USD 5
billion. Thailand is by far the main producer of farmed Nile tilapia. By 2021 annual

production had risen to nearly 97,000 tones.

2.2 The immunity of fish

The fish immune system is physiologically similar to that in higher
vertebrates, although there are some differences. Thus, the fish immune system can be
divided into the innate and adaptive immune response, with the latter conferring

specific immunity.

2.2.1 The innate immune

The innate immune system plays a key role in disease resistance of fish during
pathogen infection (Kilpi et al., 2013). It is mainly composed of physical barriers, and
a variety of cellular and humoral components (Secombes and Wang, 2012). The major
cellular components include monocytes, macrophages, neutrophils and cytotoxic cells
(Cammarata et al., 2012). Phagocytosis is one of the most important cellular
processes in innate immunity, and the bacteria are killed after ingestion by production

of reactive oxygen species (ROS) or by a range of proteases and hydrolytic enzymes



(Seierstad et al., 2009). The main cells involved in phagocytosis in fish are
neutrophils and macrophages (Jensch-Junior et al., 2006), although B cells are also
known to be phagocytic in fish (Li et al., 2006).

Pattern recognition receptors (PRRs) are recognition of microbial pathogens
and extremely important for the start of innate immune responses. The PRRs is able to
detect a conserved molecular structure of pathogen as called pathogen-associated
molecular patterns (PAMPS), it stimulates subsequent host immunity via a variety of
signaling pathways, helping to eliminate the infection (Janeway and Medzhitov,
2002). The receptors responsible for recognition of PAMPs are found in a variety of
regions within the cell including Toll-like receptors (TLRs), Rig-like receptors
(RLRs), NOD-like receptors (NLRs), and C-type lectin receptors (CLRS).

Additionally, the complement system appears to be one of the major
immunological responses in innate immune system of fish. The classical, alternative
and possibly also the lectin pathways have been described in several fish groups
(Nonaka and Smith, 2000; Zardakis et al., 2001). With a recent literature, fish contain
multiple functionally active complement components. In spite of differences in the
catalytic residues of the protein, fish complement components maintain a differential
affinity for a number of substrates, and they are likely the result of several
polymorphic genes (Sahu and Lambris, 2001).

2.2.2 The adaptive immunity

The adaptive immunity plays a significant role in protection of host against
infection by generating memory cells (cell-mediated immune response) and specific
soluble antibodies (humoral immune response) (Yamasaki et al., 2013). The
responses are affected by lymphocytes, that exist as T or B cells, and possess antigen
receptors to recognize foreign molecules. In the case of T cells, the receptors require
presentation of peptides by major histocompatibility complex molecules, whereas
surface immunoglobulin (Ig) on B cells can recognize soluble proteins (Thompson,
2017). These responses allow the efficient elimination of fish pathogens in a specific
way, whereby a second encounter gives both faster and larger responses that are
qualitatively different to the primary responses. The recognition of pathogen specific

molecules in this way allows vaccination to be used to prime the fish, rather than a



natural first encounter with an infectious agent (Yamasaki et al., 2014; Utke et al.,
2008).

T cells can identify the presence of intracellular pathogens, since infected cells
can exhibit pathogen peptides and products on the cell surface. Major
histocompatibility complex (MHC) molecules deliver these peptides, which in turn
initiate the generation of adaptive immunity against infections. MHC can generally be
divided into 2 groups: MHC class | for initiating CD8* cytotoxic T cell mediated
cellular immunity and MHC class Il for activating CD4" helper T cell-mediated
humoral immunity.

Immunoglobulins (Igs), which are specially produced by B cells, are essential
components of adaptive immunity. Two forms of Igs have been identified: B cell
receptor (BCR), a molecule that is membrane-bound and functions as an antigen
receptor on the surface of B cells and the well-known antibody that plasma cells
release. It has a key role in modulating humoral immunological reactions. In
mammals, five classes isotypes of Ig have been described and are named IgM, IgD,
IgG, IgA, and IgE, each performs unique effector roles (Abbas et al., 2010; Janeway
et al., 2001). In fish, Igs are discovered and named IgM, IgD and IgT/Z (for
teleost/zebrafish). The first Ig class found in fish was IgM. It can be expressed as an
antibody on the surface of B cells. IgM multimerizes into a tetrameric form in either
serum or mucus and plays a role in both innate and adaptive immunity, as well as
complement activation, which lyses and opsonizes pathogens (Boshra et al., 2004).
While 1gD was first discovered in human serum in 1965 (Rowe and Fahey, 1965). Its
function is to bind the specific receptor to trigger the production of opsonizing, pro-
inflammatory, antibacterial, and B cell activating proteins (Chen et al., 2009). 1gT/Z
is believed to be the most significant Ig of mucosal surfaces in bony fishes, if not a

specialized mucosal Ig isotype, according to several datasets (Mashoof et al., 2014).

2.3 The cytokine network in fish

Cytokines are produced at the site of entry of a pathogen, and drive
inflammatory signals regulating the capacity of resident and newly arrived phagocytes
to destroy the invading pathogen. Additionally, they control antigen-presenting cells

(APCs) go to lymph nodes to activate the adaptive immune response. In mammals,



Naive CD4" T cells undergo rapid proliferation and differentiation into at least four
distinct T-helper (Th) cell subsets such as Thl, Th2, Th17, and T-regulatory (Treg)
cells, when they detect a foreign antigen-derived peptide given in the presence of
MHC class 1l on APCs. The kind and quantity of cytokines released by activated
CD4" T cells and other cell types in response to the invasion of a foreign organism or
other danger signals determine to a significant extent whether subsequent immune
responses will be advantageous or disadvantageous to the host. The pro-inflammatory
cytokines have a crucial role in starting the inflammatory response and regulating host
innate immunity. They are released by a variety of immune cells, including T-cells
and macrophages. Interleukin (IL)-18, IL-6, IL-8, IL-11, tumor necrosis factor (TNF)-
o are main pro-inflammatory cytokines that are well-known for playing a significant

role in regulating inflammation (Takeuchi and Akira, 2010).

2.3.1 Interleukin 6 (IL-6) family

IL-6 is a highly pleotropic cytokine and has a significant role in both innate
and adaptive immunity. IL-6 along with IL-1p and TNF-a are important mediators of
inflammatory responses. The classification of LIF, CNTF, OSM, IL-11, and CT-1
genes share their similarities in structure and function of IL-6 subfamily as well as

their sharing of the same receptor component.

2.3.2 Interleukin 11 (1L-11)

IL-11 is a member of the IL-6 family. It was first discovered in a non-human
primate, later discovered in humans, mice and teleost fish (Morris et al., 1996). This
gene was originally described as a haemotopoietic cytokine. Additionally, this gene
has been associated to bone metabolism, immune modulation, and protection of the
gastrointestinal mucosa (Keith, 2003). The first report of the isolation of IL-11,
outside mammals, was from rainbow trout and green spotted pufferfish (Wang et al.,
2005). Recently, IL-11 gene has been reported in common carp (Cyprinus carpio),
Japanese flounder (Paralichthys olivaceus), and zebrafish (Danio rerio). With recent
advances of genome technology, at least two distinct types of 1L-11 (putatively named
as IL-11a and IL-11b) have been reported from fish that included fugu (Tetraodon

nigroviridis) (Huising et al., 2005). Despite low identities shared among the fish and



mammalian IL-11 genes, critical residues important for the binding to the receptor
complex are conserved (Huising et al., 2005; Wang et al., 2005). The genomic
structure of fish IL-11a and IL-11b followed 5 exons and 4 introns structure similar to
its mammalian counterparts. The expression of fish IL-11 was mainly in gut and gills
that may have the protective effects, as seen in mammals where this gene is found to
give protection of the gut mucosa. The presence of 2 distinct IL-11 genes in fish will
pave-way for future studies to determine their respective functions.

2.4 The organs of immune in fish

2.4.1 Kidney

Fish hematopoiesis and immune system depend on the kidney, also known as
the head kidney. Additionally, it primarily contains lympho-myeloid cells (Press and
Evensen, 1999). The entire kidney is involved in the early immune response and the
generation of immune cells. Blood flow to the kidney decelerates as fish mature,
exposing them to more antigens. Melanoacrophage centers, which are clusters of
reticular cells, macrophages, lymphocytes, and plasma cells that may be involved in
antigen trapping and possibly contribute to immunologic memory (Galindo-Villegas
and Hosokowa, 2004). Two Y-shaped arms that extend beneath the gills create the
head kidney, also known as the anterior kidney (pronephros), which is the active
immunological component. Additionally, the kidney has anatomy is unique, it is a
well innervated organ, and it is also an essential endocrine organ that releases
corticosteroids and other hormones similar to the adrenal glands in mammals. As a
consequence, the kidney serves as an important organ with important regulatory roles,
the center for immune-endocrine interactions, and even for neuroimmuno-endocrine

connections (Press and Evensen, 1999; Tort et al., 2003).

2.4.2 Thymus

The thymus is a paired bilateral organ found in the dorsolateral area of the gill
chamber, beneath the pharyngeal epitelium. But it appears that seasonal shifts and
hormonal cycles affect the thymus’ growth (Galindo-Villegas and Hosokowa, 2004).

The thymus appears as a primary lymphoid organ where the pool of virgin



lymphocytes in the circulation and other lymphoid organs. Additionally, lymphocytes
cells that have been identified from fish migrate through the thymus before the kidney
and spleen (Tatner and Findlay, 1991). Thymus is responsible for the production of T-
lymphocytes, as in other vertebrates (Alvarez-Pellitero, 2008). The data generally
show a connection between the development of the cell-mediated immune response,
appearance of lymphocytes in peripheral lymphoid organs, and the histological
maturation of the fish thymus (Zapata, 1996).

2.4.3 Spleen

The spleen is the major peripheral and a secondary lymphoid organ in fish and
is primarily made up of haemopoietic and lymphoid cells. It is thought to play a role
in immune response and blood cell development (Galindo-Villegas and Hosokowa,
2004). The majority of fish spleens are not completely divided into red and white
pulp, as in mammals, but red and white pulp is still identifiable. It is composed of
multiple immature and mature plasma cells, macrophages, and lymphocytes of
various sizes, all supported by-a network of fibroblastic reticular cells. Fish spleen
contains lymphocyte and macrophages, which are located in unique capillary walls
known as ellipsoids. Additionally, ellipsoids seem to have a specialized role in
immune complex and plasma filtration. It is known that spleen is a
malanomacrophage centers, where the majority of macrophages are located. Antigens
may be stored for a long time in these sites as immune complexes. Although the
lymphoid tissue in the fish spleen is underdeveloped, more lymphoid tissue does form
after antigenic stimulation (Galindo-Villegas and Hosokowa, 2004). Additionally, the
spleen of fish has been associated to the elimination of immune complexes and
bloodborne antigens in splenic ellipsoids, as well as the antigen presentation and the

initiation of the adaptive immune response (Alvarez-Pellitero, 2008).

2.4.4 Liver

The liver is one of immune related tissues because it produces acute phase
proteins and components of the complement cascade in mammals, both of which are
crucial for the animals. It has also been established that the liver of fish serves a

similar function (Fletcher, 1981). In vertebrates, the liver is a large organ situated in
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the anterior section of the peritoneal cavity. It contains natural killer cells,
lymphocytes, and cleaning phagocytic cells that play a role in the innate immune
response (Racanelli and Rehermann, 2006). The liver has also been discovered to be a
major immunological organ in fish, exposed to circulating antigens and endotoxins.
According to a recent study, the fish liver produces a variety of substances that
promote the innate immune system and immune homeostasis. This is involved in
detoxification and the metabolism of carbohydrate, lipid, and protein into

physiologically useful substances in vertebrates (Panserat et al., 2009).

2.4.5 The mucosal tissues

In fish, the gut, skin, and gills are mucosa-associated lymphoid tissues that
surround the intestine, enhancing the structure’s physical and chemical defenses
(Dofiate Jimeno, 2009). Although there is evidence that skin, gills, and intestine
contain populations of leucocytes and that innate and adaptive immunity respond in
case of attack by microbes, fish lack structured mucosa-associated lymphoid tissues
similar Peyer patches of mammals (Ellis, 2001). Recent study has revealed the
immune response in fish mucosal membranes, including the gill generation of nitric
oxide and the skin creation of antimicrobial peptides and proteins (Tort et al., 2003;
Galindo-Villegas and Hosokowa, 2004). Moreover, liver serves as a crucial physical
barrier for fish, these tissues also play a role in the host-parasite interaction and
secrete proteins or antimicrobials (Tort et al., 2003; Galindo-Villegas and Hosokowa,
2004; Alvarez-Pellitero, 2008). The previous studies on lg presence in mucus suggest
that mucus 1g is not a result of antibody transduction from the serum (Shoemarker et
al., 2001). Mucus, which is secreted by mucous or goblet cellsand acts as a barrier of
immunedefense. The mucus on skin contains a variety of humoral factors with

antimicrobial properties (Galindo-Villegas and Hosokowa, 2004).

2.5 Disease and control strategies

In Thailand, Nile tilapia is classified as the highest produced freshwater fish
species. Recently, the production of Nile tilapia has been increasing, with Thailand
becoming one of the top five producers worldwide. However, infection with a wide

variety of pathogens (viral, bacterial, fungal and parasitic) has accompanied the rapid
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expansion in fish production resulting in major financial losses in recent years during
outbreaks. Intensive aquaculture of Nile tilapia as well as other tilapia species is often
exposed to stressful conditions which have a negative impact on their growth and
immunity. Recently, the tilapia aquaculture in Thailand has been hampered by
Streptococcus spp., which is are the major causative agent. Among different genus, S.
agalactiae is the main etiological cause of streptococcosis in wild and farmed tilapia
fish (Kannika et al., 2017). In addition, tilapia lake virus (TiLV) has recently been
reported in tilapia culture in Thailand (Tattiyapong et al., 2017). For many decades,
antibiotics have been used as a bacterial disease prevention tool in aquaculture but
with considerable risks to the aquatic species, the environment and to humans.
Therefore, alternative ways to avoid disease or induce disease resistance have been
explored and are now an important component of farm management practices. To get
a better understanding of the infectious disease process is necessary to consider
aspects of the host in response to pathogens (Kube et al., 2012).

Nowadays, number of fish pathogens, both bacterial and viral, can cause
disease in Nile tilapia. Basic-methods to control infectious diseases on a farm
generally consist of drug therapy and vaccination. However, improving disease
resistance by genetic selection is also an alternative because of its prospects for
prolonged protection. Genetic improvement has already been shown to improve
growth and disease resistance in some fish species (Zhang et al., 2014). In addition,
the use of probiotics, prebiotics and immunostimulants have also received increasing
consideration for use in aquaculture (Huu et al., 2016). Importantly, understanding of
the immune mechanism can be applied to aquaculture research to improve our

understanding of factors that are critical for survival.

2.6 Fish vaccination and administration

The application of fish vaccination is to prevent disease and enhance the
specific immune response against pathogens. The main advantage of vaccine in
aquaculture is that it is a prophylactic treatment applied before a disease outbreak,
rather than trying to solve a disease problem after infection. At present, vaccine
administration in fish is a critical component of fish health management, and it is

generally accepted that vaccination is the most practical tool to control infectious
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diseases (Huang et al., 2014). Vaccines have a significant positive impact on reduced
usage of antibiotics in fish farming, resulting in a rapid decline of antibiotic drugs
(Pridgeon and Klesius, 2013). Nevertheless, fish vaccines must be safe, cheap to
produce and induce long lasting immunity. Moreover, the vaccines should be stable
and easily administered for mass production. To date, vaccines are available for more
than 17 species of fish, protecting them against more than 22 different bacterial
diseases and 6 viral diseases (Brudeseth et al., 2013).

In general, administration of fish vaccines is via a number of different routes,
including immersion, injection, or orally (Chettri et al., 2013). Injection vaccination is
the most commonly used method for administration of commercial fish species. It
provides a long duration of protection and allows the incorporation of adjuvants
(Mutoloki et al., 2008). Injection vaccines can be delivered by intramuscular injection
(1.M.) or intraperitoneal injection (I.P.), although the latter is most commonly used to
prevent any damage to the fillet. However, the disadvantage of injection vaccination
is that it is time consuming and requires skilled personnel. Immersion vaccination is
also an effective method for mass vaccination and is widely used for vaccination of
small fish for some diseases (Esteve-Gassent et al., 2004). This procedure has reduced
stress for the fish and it is less labour intensive (Villumsen and Raida, 2013). Some
oral vaccines have also been developed and are designed to be administered with the
feed. This gives a very easy method of application, improved safety, and substantial
reduction on the stress imposed to the fish. However, its effectiveness is limited,
likely as a consequence of vaccine degradation in the fish digestive system
(Vervarcke et al., 2004). Thus, the only commercial use of oral vaccines is limited to
booster vaccines. The choice of delivery method is therefore based on a number of
factors such as the fish size, duration of protection required, type of pathogen and
likelihood of encounter and cost (Deshmukh et al., 2012). Several vaccines have been
shown to have high protection efficacy for bacterial and viral diseases (Chettri et al.,
2015). Determination of the effectiveness of vaccines is usually calculated as the

relative percent survival (RPS) (Amend, 1981).
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2.7 Inactivated whole cell vaccines

Vaccine development has become an essential tool for preventing diseases in
farmed fish. Different types of vaccines exist, broadly categorized as inactivated
vaccines, live attenuated vaccines, DNA vaccines and subunit vaccines (Gudding and
Muiswinkel, 2013). Inactivated vaccines have been a widely applied and used
successful against bacterial diseases in fish for many years (Brudeseth et al., 2013).
Formalin-killed = vaccines (FKC) are most commonly used and have been
commercially developed for controlling diseases in aquaculture. The vaccine against
ERM, which is the commercial FKC vaccine and was licensed in the late 1970s
(Amend et al., 1983). The advantage of inactivated bacterial vaccines is the safety
offered by formalin treatment, which is a reliable and cheap way to kill the pathogen.
However, the disadvantage of this type of vaccine is that it may require an adjuvant to
elicit an adequate (long-term) immune response if injected or require booster
vaccination if administered by a mucosal route (Thu Lan et al., 2021). Currently,
commercial fish vaccines are available in North America, Chile, Japan, Australia and

Europe.

2.8 Adjuvants for fish vaccines

In fish vaccination, adjuvants have been recommended to combine with
vaccine due to its properties can enhance vaccine efficacy (Tafalla et al., 2013).
Adjuvants can also help reduce the number of doses needed or the quantity of antigen
required per dose. Since 1990 oil-adjuvanted vaccines have been applied for
aquaculture (Ribeiro and Schijns, 2010), and have been deemed a very real successful
in the control of many bacterial diseases.

Basically, adjuvants can be classed according to their chemical nature or
physical properties. The activation of specific T and B lymphocytes, which form the
adaptive immune system, is a key requirement of vaccine adjuvants (Schijns, 2001).
However, it is now recognized that an effective immune response against pathogens
involves initial recognition of microbes by the detection of PAMPs, through PRRs
such as TLRs, NLRs, and RLRs which are predominantly found on cells of the innate
immune system (Awate et al., 2013). Consequently, molecules that target these

receptors are also useful adjuvants. Hence, the main functions of vaccine adjuvants
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are; (1) increasing the immunogenicity of antigens and enhancing the protection after
vaccination, (2) modulating antibody responses, (3) stimulating of cytotoxic T cells in
case of viral infection, (4) promoting the induction of mucosal immunity, (5)
decreasing the dose of antigen needed in the vaccine, (6) helping to overcome antigen
competition in combination vaccines, (7) improving antigen presentation and (8)
reducing the demand for booster immunizations. Moreover, some vaccine adjuvants
that have been trialed in fish aid differentiation of Th cells to T cell lineages such as
Th1, Th2, Treg and Th17 cells (Tafalla et al., 2013).
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Chapter 3
Methodology

3.1 The experimental fish

Healthy Nile tilapia weighing 50 g were purchased from a commercial fish
farm at Roi-Et province, Thailand and maintained in a 1000-liters fiberglass tank in
the aquarium of the division of fisheries, Mahasarakham University. Fish were fed
twice a day on a commercial pellet diet containing 30% crude protein, acclimatized
and certified to be pathogen-free for at least 2 weeks before use. Throughout the
experiment, the water quality parameters including temperature, dissolved oxygen,
ammonia nitrogen and pH were 26x1 °C, 6.5+0.3 mg/L, < 0.05 mg/L and 7.7+0.1,

respectively.

3.2 Ethical statement

This research was conducted in strict accordance with the recommendations
for the use of animals regulated by the Institute of Animals for Scientific Purposes
Development (IAD) of Thailand. The experimental protocols were approved by the
ethics committee at Mahasarakham University (IACUC-MSU-30/2021).

3.3 Cloning and characterization of IL-11 in Nile tilapia

Taking advantage of the recent release of Nile tilapia whole genome shotgun
contigs (WGS), candidate WGSs for IL-11 were identified using the known rainbow
trout IL-11. The basic local alignment search tool search was carried out with the
NCBI (http://blast.nchi.nlm. nih.gov/Blast.cgi) and resulted in the identification of IL-
11 of Nile tilapia. Primers were designed for the Nile tilapia IL-11a and IL11b to
obtain the full-length sequences of IL-11a and IL-11b genes. Amplification template
of cDNA was performed using PCR. Amplification conditions were: 1 minute (min)
at 94 °C; then 40 cycles at 63 °C for 45 seconds (s), and 72 °C for 45 s. The cloning,
sequencing and protein sequence analysis was described previously (Wang et al.,
2018).



Table 1 Sequences of forward (Fw) and reverse (Rv) primers used for PCR cloning

and gRT-PCR analysis.
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Annea-
Gene Accession no. Primer Primer Nucleotide sequence 5°’- 3’
ling T (°C)

B-actin MMO003443127 Fw ACAGGATGCAGAAGGAGATCACAG 60
Rv GTACTCCTGCTTGCTGATCCACAT

IL-1B FF280564 Fw AAGATGAATTGTGGAGCTGTGTT 60
Rv AAAAGCATCGACAGTATGTGAAAT

TNF-a NM001279533 Fw AGGGTGATCTGCGGGAATACT 60
Rv GCCCAGGTAAATGGCGTTGT

IFNy NM_001287402.1 Fw GAAACTTCTGCAGGGATTGG 60
Rv CTCTGGATCTTGATTTCGGG

MHC-laa MMO026157132 Fw TTCTCACCAACAATGACGGG 60
Rv AGGGATGATCAGGGAGAAGG

MHC- JN967618 Fw GAGGAACAAGCTCGCCATCG 60

P Rv AGTCGTGCTCTGACCTCGAG

IgM JJ676389 Fw GGATGACGAGGAAGCAGACT 59
Rv CATCATCCCTTTGCCACTGG

IL-8 NM001279704 Fw GCACTGCCGCTGCATTAAG 58
Rv GCAGTGGGAGTTGGGAAGAA

IL-6 XM_019350387.2 Fw ACAGAGGAGGCGGAGATG 60
Rv GCAGTGCTTCGGGATAGA

IL-11at XM_013274585.3 Fw GTGACAATCAGCGGCATTCATTG 60
Rv CAAATGCATGCTCCTTCAGCAGTT

IL-11b  XM_003450684.5 Fw TGCCTATCTCTTGGATCCGAACCA 60
Rv CAAATGCATGCTCCTTCAGCAGTT

IL-11a2 XM_013274585.3 Fw TACTTGAACTTGAAAGGACAAGA 63
Rv CACATTCTGAAGTTTTTATTTCA

IL-11b2 ~ XM_003450684.5 Fw ATTGGACTTACCACACTCGCA 63
Rw CACGGTCATGAAAAAGGGCTTA

CD4 MMO031744220 Fw TTCAGTGGCACTTTGCTCCTAA 60
Rw TGGGCGATGATTTCCAACA

TCRf HM162889 Fw GGACCTTCAGAACATGAGTGCAGA 60
Rw TCTTCACGCGCAGCTTCATCTGTT

CD8a MMO031747820 Fw ATGGACCAAAAATGGCTTCTG 60
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Rw GCTGAAAGATCCAATGAATTC

Table 1 Sequences of forward (Fw) and reverse (Rv) primers used for PCR cloning
and gRT-PCR analysis (Cont.).

Gene Accession no. Primer Primer Nucleotide sequence 5°- 3’ Annea-
ling T (°C)
COX-2 XM_003445052 Fw TGCTGAAAGAGGTCCACCCATACT 60
Rw CGCTCAGATGCTGCACGTAGTC

Abbreviations: IL-1p: Interleukin 1 beta; TNF-o: Tumor necrosis factor alpha;
MHC-la: Major histocompatibility complex class | alpha; MHC-1IB: Major
histocompatibility complex class Il beta; IgM: Immunoglobulin M; IL-8: Interleukin
8; IL-11a: Interleukin 11a; IL-11b: Interleukin 11b; CD4: Cluster of differentiation 4;
TCRp: T-cell receptor beta; CD8a.: Cluster of differentiation 8 alpha; COX-2:
cyclooxygenase 2.

Note: 1: primer for qRT-PCR; 2: primer for cloning.

3.4 Bioinformatics analysis

The nucleotide sequences of IL-11 gene of Nile tilapia were searched with the
NCBI website (http://blast.ncbi.nim.Nih.gov /Blast.cgi) and 2 paralogues as called IL-
11a and IL-11b were found. EXPASy-Translate (http://web.expasy.org/translate/) was
used to translate the nucleotide sequence, and the molecular weight and theoretical
isoelectric point (pl) of the protein were determined using the ExPASy-Compute
pl/Mw tool (http://web.expasy.org/compute_pi/). Amino acid sequence identity and
similarity of vertebrate IL-11 were performed using the EMBL-EBI service
(http://lwww.ebi.ac.uk/Tools/psa/femboss_needle/).. Multiple sequence alignment was
evaluated by CLUSTALW and BOXSHAD  (http://www.ch.embnet.org/software-
/IBOX_-form:html).

The synteny and gene organization analysis were predicted by using the
Genomicusv100.01program(https://www.genomicus.biologie.ens.fr/genomicus100.01
[cgibin/search.pl). Phylogenetic tree was analysed using the neighbor-joining method
with the bootstrap set to 10,000 times in the Molecular Evolutionary Genetics
Analysis software version 10 (MEGA10).
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3.5 Tissue distribution of Nile tilapia IL-11a and IL-11b genes in Nile tilapia

Gene expression analysis of IL-11a and IL-11b genes in several tissues was
investigated by quantitative real-time PCR (qRT-PCR). The primer sequences for
gene expression were designed so that at least one primer crossed an intron to prevent
amplification of genomic DNA. gRT-PCR was performed using a CFX96 Touch
Real-Time PCR Detection System (Bio-Rad). The RNA preparation and cDNA
synthesis were described previously (Wangkahart et al., 2016). Briefly, three healthy
Nile tilapia (~100 g) were killed and eleven tissues (gills, skin, muscle, liver, spleen,
gonad, head kidney, trunk Kkidney, intestine, heart and tail fins) were collected and
homogenized in TRI reagent (Sigma, UK). Each sample was placed in a new 2 mL
microtube containing a magnetic bead, and then 1.5 mL TRI reagent (Sigma, UK) was
added and homogenized with a TissueLyser (Qiagen, Germany). After that, the TRI
reagent solution containing the disturbed tissue was centrifuged at 12,000 rpm for 5
min. The supernatant was collected into a new 2 mL tube. TRI reagent (Sigma, UK)
was added to 1 mL, and the mixture was homogenized once more. Three hundred
microliter of chloroform was then added to the sample and mixed by homogenizer.
Subsequently, centrifugation step 12,000 rpm for 15 min and was carefully by
pipetting the remaining 550 pL of the sample into a clean 1.5 mL tube. Seven hundred
microliter of cooled 2-propanol was added into the sample, mixed and centrifuged at
12,000 rpm for 10 min at 4°C. A pellet forms on the side and bottom of the tube. The
RNA pellet was washed twice with 1,000 pL cooled 70% ethanol (Sigma-Aldrich)
and mixed by vortexing. The solution was centrifuged at 12,000 rpm for 10 min at
4°C. The supernatant was removed, and the pellet was recovered and air-dried at
room-temperature for about 10 to 15 min.

The 'synthesis of DNA from an RNA template, was applied to reverse
transcription, produce complementary DNA (cDNA). After the pellet was air-dried,
32 pL of Oligo dT (d(T)28VN) was added, mixed and then spin-down tube.
Afterward, incubated at 72 °C for 2 min. In.a new 0.6 mL PCR microtube, 29.4 uL of
sample was added, followed by 10.6 uL of cDNA master mix included were: 8 pL of
5x buffer, 1.6 pL of 25 mM dNTP and 1 pL of reverse transcriptase. 500 pL TE
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buffer was added into the tube. RT-PCR conditions were: 1 hour (h) at 42 °C; 30 min
at 45 °C; 30 min at 50 °C, and 90 °C for 5 min.

The gRT-PCR condition followed by a 10 min denaturation at 95 °C, then 49
cycles of 95 °C for 30 seconds (s), 66 °C for 30 s and 72 °C for 30 s. The qRT-PCR
reactions were run as a standard 18 pL reaction included 4 pyL template cDNA, 2 pL
dH20, 10 pL primer (IL-11a and IL-11b), and 10 pL of immolase cocktail solution.
The expression level of each gene in different tissues was normalized to the
expression of B-actin and expressed as arbitrary units. These calculations were
performed according to the double-delta CT (224¢") method (Livak and Schmittgen,
2001) in Microsoft Excel.

3.6 Gene expression of IL-11a and IL-11b genes in Nile tilapia during bacterial
infection

Sixteen Nile tilapia were injected with S. agalactiae intraperitoneally (1.P.) at
the concentration of 1 x 10" CFU in 0.5 mL PBS into fish and four fish of a control
group were injected with PBS only (0.5 mL/fish). Basically, the infected fish start to
show signs of disease at day 3 under the same challenge dose, which causes 100%
mortality, thus five control and infected fish were sampled at 6, 24, 48 and 72 h post
infection, with spleen, liver, gills and intestine tissues being collected. The fish tissue
collected were anaesthetized by immersing 0.5% of 2-phenoxyethanol overdose for 5
min and checking that they were completely insensitive. Total RNA extraction, cDNA

synthesis and gRT-PCR analysis were conducted as described in section 3.5.

3.7 Peripheral blood leucocyte (PBL) preparation by hypotonic lysis

The PBL of Nile tilapia was modified from method previously (Hu et al.,
2018). Briefly, 3 healthy Nile tilapia was collected blood 1 -mL and before collected
blood fish were anaesthetized by immersing 0.5% of 2-phenoxyethanol for 5 min and
checking that they were completely insensitive. The blood was derived from the
caudal vein and using a K3EDTA blood collection tube (MediPlus, China) for anti-
coagulation. 9 mL of water for molecular biology (ITW Reagents, USA) and 1 mL of
10X PBS were cooled on ice before using. Blood was transferred to 15 mL Falcon
tube, added 9 mL ice-cooled water and mixed inverted for disrupted of red blood cell.
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1 mL of 10X PBS was added to return the solution isotonicity and put on ice for 5-10
min immediately. Then passing through a 70 pm EASYstrainer (Greiner Bio One,
UK) was using separated PBL from cell debris, centrifugation at 12,000 rpm for 5
minute and washed once with Leibovitz medium L-15 (HyClone, USA). PBL was
resuspended into L-15 medium and counted the cell number using Trypan blue

exclusion.

3.8 Immune stimulation of PBL

PBL freshly were seeded into 12-well cell culture plates 2 mL (2 x 10°
cell/mL) and stimulated with polyinosinic: polycytidylic acid (Poly 1:C 100 ng/mL,
Sigma, UK) and lipopolysaccharide (LPS, 1 ng/mL, Sigma, UK) at 20°C for 4, 8 and
24 h and stimulated with LPS and Poly I:C different concentration (1 pg/mL, 10
pg/mL and 100 pg/mL) at 4 h. Gene expression analysis of PBLs in several
stimulation was investigated by gRT-PCR. The RNA preparation was modified from
previously (Wangkahart et al., 2016). Briefly, at 4, 8 and 24 h after PBL stimulated
were collected and homogenized in TRI reagent (Sigma, UK). Each sample was
placed in a new 2 mL microtube, and then 1.5 mL TRI reagent (Sigma, UK) was
added and homogenized with a TissueLyser (Qiagen, Germany). After that, the TRI
reagent solution containing the disturbed PBL cell was centrifuged at 12,000 rpm for
5 min. Three hundred microliter of chloroform was then added to the sample and
mixed by homogenizer for 1 min. Subsequently, centrifugation step 12,000 rpm for 15
min and was carefully by pipetting the remaining 750 pL of the sample into a clean
1.5 mL tube. Seven hundred microliter of cooled 2-propanol containing glycoblue
was added into the sample, mixed and centrifuged at 12,000 rpm for 10 min at 4°C. A
blue pellet forms on the side and bottom of the tube. The RNA pellet was washed
twice with 1,000 pL cooled 70% ethanol (Sigma-Aldrich) and mixed by vortexing.
The solution was centrifuged at 12,000 rpm for 10 min at 4°C. The supernatant was
removed, and the pellet was recovered and air-dried at room temperature for about 10
to 15 min. The synthesis of DNA from an RNA template, was applied to reverse
transcription, produce cDNA and gRT-PCR condition followed previously method in

section 3.5.
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3.9 Preparation of competent cells

The Escherichia coli BL21 Star (DE3) and E. coli DH5a were used for the
competent cell. Both E. coli BL21 Star (DE3) and E. coli DH5a were streaked on a
Luria-Bertani (LB) agar plate for colony isolation and incubated at 37°C overnight. E.
coli BL21 Star (DE3) and E. coli DHSa were cultivated as a single colony in 3 mL of
LB medium by shaking at 2,000 rpm, 37°C, overnight. The cell suspension was
diluted in LB media 1:50 and cultivated at 37°C with 2,000 rpm of shaking until the
bacteria reached late log phase (ODsoo = 0.5). The culture spent 10 min in an ice bath
and 100 mM CaCl2 and 80% glycerol were cooled on ice before using. The cell
suspension was centrifuged at 2,400 rpm, 4°C for 10 min and removed of supernatant.
Added 1.6 mL of 100 mM CaCl2 cooled to cell pellet for resuspended by swirled
gently on ice. The resuspended cell after incubated 30 min was centrifuged at 2,400
rpm, 4°C for 10 min and removed the supernatant. Added 1.6 mL of 100 mM CacCl2
cooled to cell pellet for resuspended cell again by swirled gently on ice and incubated
on ice for 20 min. The resuspended after incubated was centrifuged at 2,400 rpm, 4°C
for 10 min and removed supernatant. 80% glycerol cooled was added 1 mL to the cell

pellet and mixed, pellet cell was aliquoted and stored at —80 °C.

3.10 Production of Nile tilapia recombinant IL-11 (riL-11)

Two transcripts of both IL-11a and IL-11b are produced by alternative use of
the first exon. IL-11a is more likely and has a signal peptide predicted and IL-11b has
an upstream ATG that may affect translational efficiency and skip the first ATG of
the main ORF. Therefore, the similar structure of both molecules was edited and used
for recombinant protein production. Production of a recombinant Nile tilapia 1L-11
(rIL-11) genes was performed. Briefly, open reading frames of IL-11a and IL-11b
were amplified by PCR using specific primers containing restriction enzyme sites and
the high-fidelity enzyme. The amplified product was cloned to a pXN vector
(Novagen) and a his-tag (ASSAHHHHHHHHHH) was added at the C-terminus for
protein purification (kindly help by Dr. Tiehui Wang, the University of Aberdeen).
Principally, the rIL-11 will be 200 amino acids, with a calculated molecular weight of
23.23 kDa and a theoretical pl of 9.35. T4 DNA ligase was used to ligate the PCR

product and pXN vector. The ligation product was transformed into E. coli DH5a
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competent cells (Invitrogen) and was isolated from an ampicillin resistant
transformant. The positive cloned was plasmid DNA extraction and verified by DNA
sequencing.

The E. coli heat shock transformation was used to transform the pXN-IL-11
plasmid into E. coli BL21 Star competent cells (Invitrogen). Briefly, the 50 pL
competent cells were spent 20-30 minute on ice bath and combined 1-5 pL of DNA
were extracted from E. coli DHS5a competent cells, then mixed by vortexing.
Competent cells and a DNA mixture tube were incubated on ice for 20-30 minute.
After that, the competent cells and DNA mixture was incubated into 42°C for 30-60
second and returned the tube to ice for 2 min. Five hundred microliter of LB medium
was added and incubated at 37°C for 1 h.

Following transformation of the pXN-IL-11 plasmid into E. coli BL21 Star
(DE3) competent cells (Invitrogen) for the production rlL-11 protein. The
transformed cell was incubated in LB medium with 100 pg/mL ampicillin at 37°C
overnight until the bacteria reached late log phase (OD600 = 0.5). Added IPTG to the
final concentration of 0.8 mM and incubated again at 30°C for 18 h. After that, the
cultured was centrifuged at 2,400 rpm, 4°C for 10 min and removed of supernatant.
The cell pellet was resuspended in dissolving buffer, the dissolving buffer for lysis
(LBO) was contained 7 M GuHCI, 500 mM NaCl, 50 mM Tris-HCI, 5 mM Imidazole
and 5 mM TCEP. The cell pellet 1 gram was dissolved in 15 mL of LBO and
incubated at 37 °C with 50 rpm of shaking for 3 h. The cell suspension was
centrifuged at 4,000 rpm for 30-90 minute and collected of supernatant. The
supernatant 10 mL was sonicated at 100% power for 1 minute. Added Triton X-100 to
1.5% (0.75 mL to 10 mL lysate) with 50 rpm of shaking for 1 h. After that, the
supernatant was centrifuged at 4,000 rpm for 60 min and supernatant collected for

purification.

3.11 Purification of Nile tilapia recombinant IL-11 (rlL-11)

The purification under denaturing conditions, refolding, re-purification under
native conditions, SDS-PAGE analysis of proteins and quantification of protein
concentration of Nile tilapia rlL-11 was performed as described previously
(Wangkahart et al., 2016). Briefly, the wash buffer (WB1) was used under denaturing
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conditions contained 6 M GuHCI, 500 mM NaCl, 50 mM Tris-HCI, 10 mM
Imidazole, 1.5% Triton X-100 and 5 mM TCEP, that effectively remove membrane
proteins e.g. Lipopolysaccharide (LPS). The refolding buffer (RF7.4-Refolding) was
contained 1X PBS, 10% glycerol, 500 mM Arginine Monohydrochloride, 50 mM
Glutamic acid and 1 mM TCEP. Then, the elution buffer (RF7.4-Elution) was
contained 1X PBS, 10% glycerol, 500 mM Arginine Monohydrochloride, 10 mM
Glutamic acid, 1 mM TCEP and 300 mM Imidazole. The DNEB buffer was contained
6 M GuHCI, 500 mM NaCl, 50 mM Tris-HCI, 500 mM Imidazole and 5 mM TCEP.
Supernatant was poured in the column and added 10 mL WBL1 to balance the
column and prevent it from drying out during the run. Added 10-20 mL lysate LBO
for lysis and was washed twice with 12.5 mL WB1. Added 12.5 mL of RF7.4-
Refolding buffer for refolding and added 6 mL of RF7.4-Elution buffer. After that, 5
mL of DNEB huffer was added for eluting proteins. After sterilization with a 0.2 um

filter, the rIL-11s was aliquoted and stored at —80 °C ready for used as adjuvant.

3.12 SDS-PAGE analysis of Nile tilapia recombinant IL-11 (rlL-11)

After purification the rlL-11 was analyzed by SDS-PAGE. Briefly, 12%
separating gel (GenScript, UK) was used and loaded into the wells. The gel was run at
60 volt for 30 min.

3.13 Immunostimulant effect of riL-11in PBL

PBLs isolated from blood of Nile tilapia by hypotonic lysis were described in
section 3.7. PBLs freshly were seeded into 12-well cell culture plates 2 mL (2 x 10°
cell/mL) and stimulated with rlL-11 (5, 50 and 500 ng/mL) at 4 h. Total RNA
extraction, cDNA synthesis and gene expression analysis of IL-11a, IL-11b, IL-1p,
IL-6, IL-8, TNF-a, IFN-y and COX-2 by RT-gPCR analysis were conducted as

described in section 3.5.

3.14 Formalin-killed cell (FKC) vaccine preparation and fish vaccination
A FKC vaccine was prepared at the Laboratory of Fish Immunology and
Nutrigenomics, Applied Animal and Aquatic Sciences Research Unit, Faculty of

Technology, Mahasarakham University. Briefly, S. agalactiae was grown in BHI
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broth and culturing at 37°C for 24 h. Bacterial cells were then collected by
centrifugation at 3,000 rpm. The bacterial suspension was treated with 100 uL of
formalin (1% of bacterial suspension volume) and incubated at 37 °C for 24 h, with a
shaking speed of 50 rpm. The prepared solution was then centrifuged at 5,000 rpm for
20 min, washed twice with sterile phosphate-buffered saline (PBS), and resuspended
in 10 mL of sterile 1X PBS.

The rIL-11 of Nile tilapia prepared were adjusted to 10 pg/mL and was used
as an adjuvant candidate. Before vaccination, fish were anaesthetized with 0.5% 2-
phenoxyethanol and then intraperitoneally vaccinated with each vaccine formulation.
Group 1: mock vaccination as the control group, injection of 0.1 mL PBS; Group 2:
injection of 0.1 mL FKC (1 x 10°cells/mL); Group 3, injection of 0.1 mL FKC
(1 x10° cells/mL) formulated with riL-11. Experimental schedule is summarized in

figure 1 vaccinated fish was maintained in 500 litter fiberglass tanks.
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Figure 1 Schematic representation of the trial in this study.

3.15 Gene expression analysis after vaccination

Four fish from the vaccinated and control group were Killed at 1, 3 and 14
days post vaccination.. Spleen and liver were collected and homogenised separately in
TRI reagent (Sigma, UK). Total RNA extraction and cDNA synthesis were performed
as described in section 3.5. The fish were anaesthetized by immersing 0.5% of 2-
phenoxyethanol overdose for 5 min and checking that they were completely
insensitive and tissue were collected. gRT-PCR was used to study the expression of
immunology gene included IL-1f3, IL-8, TNFa, IL-11a, IL-11b, IL-6, MHC-Ila,
MHC-IIB, IgM, CD4, CD8a and TCRB.
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3.16 IgM antibody titer measurement by enzyme-linked immunosorbent
(ELISA) assay

Blood was collected at 7, 14, 21, 28 and 35 days post vaccination (dpv) from 8
fish in each group. Blood was incubated overnight at 25°C. The blood was
centrifuged at 5,000 rpm for 10 min and then the serums were collected. The ELISA
were used to determine the IgM antibody titres level against S. agalactiae. FKC-
specific IgM antibody titres in serum samples were determined by ELISA using
mouse anti-tilapia IgM provided by Vertebrate Antibody Limited (Aberdeen, UK).
Briefly, the concentration of S. agalactiae was determined by wet pack cell mass
weight, then the sample was re-suspended in PBS and briefly sonicated. The antigen
was diluted to 20 pg/mL in coating buffer (carbonate bicarbonate buffer) (Sigma) and
50 pL was added to each well of a 96 well ELISA plate. The plate was incubated at
37°C for 2 h and washed twice using washing buffer (1% w/v skimmed milk in PBS).
Serum was serially diluted (2-fold) in washing buffer and 50 pL was added to each
well and incubated overnight at 4 °C. After washed in washing buffer 50 uL of anti-
tilapia IgM, 200 uL of PBS containing 5% (w/v) skimmed milk powder was added to
each well and the plate incubated at 37 °C for 2 h. Afterwards the plates were washed
3 times with wash buffer, the secondary antibody (anti-mouse IgG labelled with
horseradish peroxidase (1:2000 in 1X PBS, 1% milk) was added (50 pL/well) and
incubated for 1 h at 37°C. Plate was washed twice with washing buffer and developed
by adding 50 pL /well of 3, 3", 5, 5'-tetramethylbenzidine (TMB) Liquid Substrate,
Supersensitive, for ELISA (Sigma) and incubated for 15-30 min. The reaction was
stopped by adding 50 pL/well of 0.5 M sulfuric acid (H2SO4), and the optical density
(OD)-was read using an ELISA plate reader at 450 nm. All serum sample was

examined in duplicate.

3.17 Innate immune response analysis

Serum lysozyme activity (LZM) in fish serum was measured by turbidimetric
assay (Saurabh and Sahoo, 2008). Twenty-five microliter of serum was added into 96-
well plate. Then, 100 uL of 0.05 M Micrococcus lysodeikticus in PBS, pH 8.4 was

added. The absorbance was measured at 450 nm after 30 and 180 seconds. LZM
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activity was calculated using the by following formula. LZM activity (Unit/mL) =
((OD30s-0D180s)/2.5) x1,000 in Microsoft Excel.

Myeloperoxidase activity (MPO) was measured as described by Sahoo (Sahoo
et al., 2005). Briefly, 20 uL of serum was diluted with 80 uL of 1X PBS in 96-well
plate. Then, 35 uL TMB (Sigma, USA) and 35 uL of hydrogen peroxide (H202) was
added. The color change reaction was stopped after 1 min by adding 35 pL of 2% v/v
H2S04. The OD was measured at 450 nm using microplate reader (VersaMax™,
Molecular devices). MPO activity was calculated by following method. MPO activity
= Absorbance OD at 450 nm in Microsoft Excel.

Glutathione reductase activity (GRD) was modified by previously method
(Meng et al., 2021). Briefly, Stock solution containing of Tris-EDTA (TE) buffer and
18 mM glutathione (GSSG) in DI water and the solution 50 pL and 50 uL of serum
was added in 96-well plate. After incubated at 25°C for 2 min, 50 uL of 3 mM
NADPH was added. The OD was measured at 450 nm using microplate reader
(VersaMax™, Molecular devices). GRD activity was calculated by following method.
GRD activity (U/mL) = (Absorbance OD at 450 nm/60) x 1,000 in Microsoft Excel.

Glutathione peroxidase activity (GPx) was modified by previously method
(Meng et al., 2021). Briefly, 20 uL of serum was added in 96-well plate, and then 20
uL of first substrate (50 mM PBS + 0.1% Triton X). Added 20 pL of second substrate
(24 pmol glutathione +12 U GRD + 4.8 pmol p-nicotinamide adenine dinucleotide
(NAD+). 35 uL of 1% v/v H2SO4 was added. The absorbance measured at 405 nm
using microplate reader (VersaMax™, Molecular devices) after incubated at 25 °C for
3 min. GPx activity (U/mL) = Absorbance OD at 405 nm/0.00622 in Microsoft Excel.

3.18 Challenge study

S. agalactiae serotype I11 was used for the challenge test. In order to determine
the LDso concentration of the bacteria used, fish was administered with 0.1 mL of the
bacterial suspension by I.P. injection.

After 35 d.p.v., fish from the 3 groups were administered I.P. injections
containing 0.2 mL of a 1x 108 CFU/mL bacterial suspension. The challenged fish was

maintained in 500 L fiberglass tanks. Clinical signs of disease and cumulative
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mortalities were monitored twice a day for 21 days after injection. The percentage
survival of each group was monitored to assess vaccine efficacy using the relative
percentage survivals (RPS). RPS was calculated by following method (Amend, 1981).
RPS = {1 — [% mortality (vaccinated)/% mortality (control)]} x 100

3.19 Data and statistical analysis

The results were expressed as mean * standard error of mean (SEM).
Statistical analysis of the gene expression data and antibody titre among three group
means were performed using one-way ANOVA and the LSD post-hoc test was used
to analyze the gene expression data. Difference between two group mean was
analyzed using Student's t-test, between treatment and control groups considered
significant (P<0.05).
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Chapter 4

Results

4.1 Molecular structure of Nile tilapia IL-11 genes

The nucleotide sequences and deduced amino acid sequences of Nile tilapia
IL-11a and IL-11b as showed in Figure 2. The cDNA sequence of IL-11a and IL-11b
consisted of 5,794 and 10,137 bp encoding 238 and 200 amino acids, respectively.
Both molecules contained the potential N-glycosylation site (NQT) at the positions of
80-82 and 42-44, respectively. The 2 cysteines in IL-11a at the positions of 37 and
220, while IL-11b had 1 cysteines at the position of 182. In addition, both of IL-11a
and IL-11b had 7 methionine at the positions 1, 60, 86, 113, 165, 169 and 180 for IL-
11a and at the position 1, 42, 48, 75, 127, 131 and 142 for IL-11b. The instability
motifs (ATTTA) of IL-11a and IL-11b were present in the 3’-UTR and 5’-UTR,
respectively.
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Figure 2 Full-length nucleotide sequences and deduced amino acid sequences of IL-
11a (A) and IL-11b (B) in Nile tilapia.
The start (ATG) and stop (TGA) codons were marked with gray and bold,

respectively.

4.2 Bioinformatics analysis for IL-11 genes discovery in Nile tilapia

The amino acid length and theoretical pl/Mw of 1L-11 gene between the Nile

tilapia and selected fish and vertebrate species as showed in Table 2. The potential

peptide of Nile tilapia IL-11a and IL-11b were 238 and 200 amino acids, respectively.

A theoretical .isoelectric point (pl) of Nile tilapia IL-11a and IL-11b were 9.02 and

8.73 and molecular weight (Mw) were 27.4 and 22.9 kDa, respectively. The

isoelectric point (pl) of protein was identified as the pH where a protein molecule has

no charge. Therefore, the negative charge of proteins at a pH over their pl and

positive charge at a pH under their pl. The protein pl ranges from 4.0 to 12.0, which

ranges from extremely acid to strongly base values. Moreover, pl values have been
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applied for protein isolation, separation, purification, crystallization, etc. to identify

distinct proteins. In addition, 3D structure of IL-11a and IL-11b were presented in

Figure 3.

Table 2 The species name, accession number, the amino acid length and theoretical

pl/Mw of IL-11 gene between Nile tilapia and other species.

Species Accession no. Length (aa) Theoretical
pl/Mw (kDa)
Mammal IL-11
Gallus gallus XP_046791319.1 350 10.91/21.47
Rattus narvegicus NP_598203.4 199 10.64/21.54
Mus musculus NP_032376.1 199 10.90/21.52
Homo sapiens NP_000632.1 199 10.64 /21.43
Sus scrofa XP_020950667.1 199 10.87/21.33
Equus caballus XP_005596605.1 246 11.10/21.39
Felis catus XP_003997447.1 199 10.87/21.30
Fish IL-11a
O. niloticus Un-submitted 238 9.02/27.40
O. aureus XP_031600140.1 201 9.35/23.20
Nothobranchius furzeri XP_015830724.1 215 9.52/15.39
Mastacembelus armatus ~ XP_026173364.1 200 9.44/23.23
Gasterosteus aculeatus XP_040021782.1 201 9.52/23.19
Takifugu rubripes XP_003966297.1 201 9.12/23.27
Tetraodon nigroviridis CAI61344.1 201 8.97/23.17
Salarias fasciatus XP_029959064.1 201 9.38/23.20
Amphiprion ocellaris XP_023150780.2 201 9.38/23.12
Sphaeramia orbicularis XP_030013797.1 201 9.24/23.34
Oncorhynchus mykiss XP_036824640.1 241 9.30/27.43
Salmo trutta XP_029603119.1 208 9.99/23.77
S. salar XP_045555938.1 248 9.42/27.98
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Table 2 The species name, accession number, the amino acid length and theoretical

pl/Mw of IL-11 gene between Nile tilapia and other species (Cont.).

Species Accession no. Length (aa) Theoretical
pl/Mw (kDa)
Fish IL-11b
O. niloticus 200 8.73/22.92
O. aureus XP_039461968.1 201 8.73/22.99
Hippoglossus XP_034456886.1 201 9.35/22.66
hippoglossus
Gymnodraco acuticeps XP_034055634.1 198 6.79/22.24
T. rubripes CAI61343.1 202 6.63/23.23
T. nigroviridis CAI61345.1 211 5.38/20.02
Paralichthys olivaceus BAF80790.1 201 6.82/22.90
Xiphias gladius XP_039977943.1 202 7.20/22.58
M. armatus XP_026156860.1 201 7.82/22.88
Echeneis naucrates XP_029370652.1 228 9.64 / 25.80
Danio rerio CAI61347.1 194 8.46/22.29
O. mykiss XP_021445673.1 204 9.77/23.31
S. salar XP_045555939.1 205 9.77/23.26
S. trutta XP_029603128.1 204 9.83/23.32
Fish IL-11 fish
Anabarilius grahami ROI36420.1 151 9.72117.22
Ctenopharyngodon idella  AUN43464.1 199 9.81/22.66
Labeo rohita RXN28148.1 224 9.62/25.74
Carassius auratus AHJ60479.1 198 10.00/22.92
Chanos chanos XP 030641447.1 199 9.67/22.76
Pygocentrus nattereri XP_017561517.1 201 9.52/23.0
Bagarius yarrelli TSR75269.1 226 9.71/ 25.64
Ictalurus punctatus XP_017325999.1 196 9.76 / 22.53
Clupea harengus XP_042565075.1 144 9.46/16.62
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Figure 3 3D protein structures model of IL-11a (A) and IL-11b (B) were predicted by

Swiss-model

4.3 Amino acid identity and similarity of the IL-11 gene

The identity and similarity of IL-11 and known IL-11 genes are presented in
Table 3. White boxes indicate amino acid similarity and gray boxes indicate amino
acid identity. IL-11a of Nile tilapia shared 34.6-81.5% similarity and 20.9-73.9%
identity with other fish and mammalian species. IL-11a shared high similarity with
Trachinotus carolinus (81.5%), Micropogonias undulatus (80.3%), Takifugu rubripes
(79.9%) and Tetraodon fluviatilis (79.4%), respectively. The amino acid identity of
IL-11a shared with T. carolinus (73.9%), T. rubripes (73.6%), M. undulatus (73.5%)
and T. fluviatilis (69.7%), respectively. When compared to fish and mammalian
species, 1L-11b Nile tilapia shared 40.7-98.0% similarity and 23.2-89.5% identity. IL-
11b shared high similarities with T. carolinus (98.0%), M. undulatus (96.5%), T.
rubripes (96.0%) and T. fluviatilis (95.5%), respectively, and shared high identities
with T. carolinus (89.5%), T. rubripes (89.1%), M. undulatus (89.0%) and T.
fluviatilis (84.5%), respectively.
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Table 3 Identity and similarity of Nile tilapia IL-11 and known IL-11 genes.

White boxes indicate similarity and gray boxes indicate identity.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 Homo sapiens IL-11 87.4 869 27.7 274 283 259 256 229 250 252 209 21.7 242 20.6 245
2 Mus musculus IL-11 970 264 27.1 267 264 249 22.0 256 245 214 222 224 247 244
3 Rattus narvegicus IL-11 89.9 264 271 267 253 249 220 257 245 214 217 225 234 244
4 Ctenopharyngodon Idella TL-11 42.1 413 758 783 478 468 555 455 453 39.7 262 239 235 473
5  Carassius auratus IL-11 42.1 419 429 949 557 562 655 554 552 464 298 269 245 56.7
6 Cyprinus carpio IL-11 434 424 429 818 57.7 572 67.7 569 56.7 48.1 314 27.1 257 58.7
7 Micropogonias undulatus 1L-11 435 453 442 632 721 925 480 886 B840 73.5 30.1 284 258 89.0
8  Trachinotus carolinus IL-11 442 441 451 632 741 746 88.6 86.0 73.9 30.7 282 236 895
9 Danio rerio 1L-11a 38.6 37.7 38.1 636 745 764 629 47.1

10 Takifugu rubripes IL-11a 42,1 433 435 614 718 723 940

11 Tetraodon fluviatilis 1L-11a 40.8 40.7 417 627 73.6 741 935

12 Oreochromis niloticus 1L-11a 346 37.5 387 527 603 61.1 803

13 Danio rerio 1L-11b 267 357 361 419 512 539 50.0

14 Takifugu rubripes IL-11b 41.1 399 408 39.0 453 481 465

15 Tetraodon fluviatilis IL-11b 36.7 40.8 399 373 399 422 440

16  Oreochromis niloticus 1L-11b 40.7 423 432 627 726 73.6 965

4.4 Amino acid sequence analysis of 1L-11 genes

Recently, the 1L-11 gene has been discovered in several fish genomes such as
T. rubripes, O. niloticus, Mastacembelus armatus and O. aureus and mammalian
species such as Homo sapiens, Mus musculus, Rattus narvegicus and Gallus gallus.
Figure 4 showed multiple alignments of 1L-11 were produced using ClustalW (1.2.4)
from the predicted peptide sequence to further understand the conservation of IL-11.
The alignment showed four a-helices.in the boxed. Only Nile tilapia and other fish
IL-11 had one conserved cysteine residue (C1). There are sixteen consensuses. in the
black box or under the star symbol (*) that means the residues in that column are
identical in-all sequences in the alignment. Twenty-six of conserved under the colon
symbol (:) means that conserved substitutions have been observed, and there was nine
semi-conserved under period symbol (.) that means amino acid was replaced by one

having similar characteristics.
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helix A
Homo sapiens IL-11 M- 14
Mus musculus IL-11 - 14
Rattus norvegicus IL-11 - 14
Gallus gallus IL-11 ML 15
Takifugu rubripes IL-1lla 22
Oreocchromis niloticus IL-lla MSLLLGELTWLDLVY II¥TTESRTYRVACVTISGIHY

Hastacembelus armatus IL-1lla
Orecchromis aureus IL-lla

Takifugu rubripes IL-1lk MDVIEDSAPCLIHLE:
Oreochromis niloticus IL-11b HELLLDSSSSLLFSL:
Mastacembelus ammatus IL-1lb MFY PDSTPCLIHLL —
Orecchromis aureus IL-1lb TIFHDSTSFLLYLVT] —

1
I

B3B3 B B3R 1D e b

[ N TR

helixB
to¥ o Tz
Homo sapiens IL-11 WEDTAVAPGEPPGPPRVSPDPRAELRSTVLLTRSWLADTROLARCIADEFE - ADEDHNLD 73
Mus musculus/IL-11 WEDRVVAPGEPAGSERVSSDPRAD LS AV LL.TRSILADTROLARCME DEFE-ADEDHSID 73
Rattus norvegicus IL-11 WEDRVVAPGEFPAGSPRVS SDPRAD LIRS AVLLTRSILADTROLE 2OMR DEFE—ADGDHNLD 73
zallus gallus IL-11 YPG--LCPSLPARPRPREPDPRADLS VS LAKRIRLIDTEAF LLOLASAFE-RECGEHELD 72
Takifugu rubripes IL-lla D LSHOTEHRMHL.TOELLREHS FOSDVE PHF-RFT 70
Orecchromis niloticus IL-1lla LS N TENIEMET.TTELLEEHR FOSEVE PH- - REE lo8
Mastacembelus amatus IL-lla RLSNOTEMNEMEL.TOELLREHAFDSDVE PH-—RER 70
Oreochromis aureus IL-1lla ' LSNOTENMHT.TTELLEEHAFDSEVE PH-—REFE 70
Takifugu rubripes IL-1llb IVHSASRPASSPRPCRTFRST FHOVELIMCLSREJSHIT.SDEDVIM: FESMENRID T4
Oreochromis niloticus IL-1llb FIS-——-——-. ASPVEQRR P———-ND LK LSHOTENIEMET. TTELLEEHRFDSEVE PH-—REE 70
HMastacembelus ammatus IL-1llb FVHSSSRPTENPSLOGHMFGSMVEAD VR LTNL.YEFIRHRT.SDIELE LVAVEHRIH 77
Orecchromis aureus IL-1llb FVHSSSRPT—PCPYSVFEPHTHOTSKITT S SEEJHGT FMDIEHELD 73
helix C
: E* EE ook
Homo sapiens IL-11 12-MsPCA A LOLDCVIRTRIR ADLL 130
Mus museulus IL-11 [2-MSECTIES LOLECY) RVILMY 130
Rattus morvegicus IL-11 LA-MSECTIESTOLDEY) RUDLMY 130
Gallus gallus IL-11 ~MSETENSHIQEDG. ADLCH 12s
Takifugu rubripes IL-1lla IMMLELKET) LEIY 128
Oreochromis niloticus IL-1lla EMSNRSEHDINNLELE DT STLEL 1€
HMastacembelus armmatus IL-1lla DUMNLELEFT LETY l2s
Orecchromis aureus IL-lla DUMNLELEFT SDLEY l2s
Takifugu rubripes IL-1lb EYHRS FEVHES| SLHTQS 132
Orecchromis niloticus IL-1lb DUMNLELEFT SDLEY l2s
Mastacembelus ammatus IL-1llb Q-HTEAHRSSLEVHE S| 3 13&
Oreochromis aureus IL-1llb TE-HTEAHI I ES 132
helixD
-z. f - - =z - B Bl -t *
Homo sapiens IL-11 ARLDRSIRBL.OLIMSRLAT.POPHSDPPAPPLAPPSSENCC IR AH AT LOCGLHLT IONIAT) 1s0
Mus musculus IL-11 ARLERIRRTL.OLIMSRLATEC, DL EVIPLCPPASENGSIRE AH AT L.CCLHLT IOER T 1s0
Rattus morvegicus IL-11 ARLE QLIMSRLALPO, DO PAVPLGPPASENGSIRARH T LECCLHLT TDMAT) 1350
Gallus gallus IL-11 ARLE DHLLSRLSLSR- PPHPALEPEGSEWAR VDR BHAVIECLHLHIDEA 18¢
Takifugu rubripes IL-lla FEMERITT.LHCOML.EVELDRT T PSLPPHL- PYQFDIVIQS SHELLOHFELF COA ) 187
Orecchromis niloticus IL-1lla REMESSITTT.HROML.RVE DR L.! Y PSLPPHL-PYQFDVLOSTHNELLOHEELE CDNIR ) 225
Mastacembelus ammatus IL-1lla BEIESIINITHROMI.OVEAPRLA=AT P SLEDHL- PYOFDVLOS SHELLOHFELE COfA ) 187
Orecchromis aureus IL-lla BEMESfITLLHRCML.AVERAPRL! TPSLEPHL-PYQFDVIOSTHNELLOHFELFCT{A ) 187
Takifugu rubripes IL-1llb LELSHRINAST.H-: -MNEE! LPPLSLPIASTSFDVLOFSVELSDRLETFCHES lgse
Orecchromis niloticus IL-1lb I T PSLEPHL- PYQFDVIOSTNELLOHFELF DA ) 187
HMastacembelus ammatus IL-1lb g RLPSPSLEVASTRAFDVLOFSTEMSERLERVECDES 151
Orecchromis aureus IL-11lb il FRSPSLOVVSTAFESIRFSVELSDRLOVECHS 187
C1
S~
Homo sapiens IL-11 GLLLMETRL: 199
Mus muasculus ITL-11 GLLLUETRL: 199
Rattus norwvegicus IL-11 GLLLMETRL: 199
Gallus gallus IL-11 ELVLMENRL: 155
Takifugu rubripes IL-11la LFLSWEDEUNART 201
Oreochromis niloticus IL-1lla AFL.SMEPEVIAVD 238
HMastacerbelus armmatus IL-1lla AFISMEPEVERVD 200
Oreochromis aureus IL-lla AFLSWEDEVTAVD 200
Takifugu rubripes IL-1llb VLRYORLNR--———CPEH- 202
Oreochromis niloticus IL-1lb AFLSMEPEVTRAVD 200
Hastacembelus ammatus IL-1llb RLSR———CPKH 205
Oreochromis aureus IL-1lb ILE RSD-————CSKH: 201

Figure 4 Amino acid sequence alignment of IL-11 from Nile tilapia and other fish
and mammalian species.

The multiple alignment was produced using ClustalW (1.2.4).
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4.5 Synteny analysis by using Genomicus Database

Synteny and gene organization of IL-11 between the Nile tilapia and other fish
and mammalian species are presented in Figure 5. Human, mouse, chicken, horse,
fugu, zig-zag eel, and blue tilapia reference genomes were used for the synteny
analysis of IL-11a and 1L-11b for information to support their relationship. IL-11a of
fugu (Chr. 7), Nile tilapia (Chr. LG11), zig-zag eel (Chr. OOHQ01000011.1) and blue
tilapia (Chr. VASH01006871.1) shared a conserve syntenic relation as the gene mé6pr,
2(gc:92606, trpv6, ephb6, slc2a3b, cox6b2, rasipl, natl4, aicda, sbk3, epnl, foxj2,
isoc2, atgl2, si: ch211-149k23.9, and rcvrn2 and IL-11b of fugu (Chr. 12), Nile
tilapia (Chr. LG22), zig-zag eel (Chr. OOHQ01000103.1) and blue tilapia (Chr.
VASH01000140.1) the gene si:ch211-171h4.3, necapl, 2zgc:194578, si:ch211-
232m10.6, rcvrn3, tmem?238a, ccdcl06b, shisa7b, and dbpa shared a conserve
syntenic relationship. It was observed that the IL-11a of fish syntenic genes were
conserved more than IL-11b, and there were not conserved between IL-11a of fish
and IL-11 of mammalian.
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IL-11 Human
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IL-11a Zig-zag eel
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“ IL-11b Nile Tilapia
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IL-11b Blue tilapia
Chr VASHO1000140.1

Figure 5 Gene synteny of 1L-11 between Nile tilapia and other species were predicted
using the Genomicus v100.01 program.
Arrows show the direction of genes.

4.6 Genome organization analysis by using Genomicus database

The exon and intron size of IL-11a and IL-11b genes from fish and
mammalian species are presented in Figure 6. The IL-11a and IL-11b genes of fish
and IL-11 gene of mammals had 5 exons and 4 introns, except for IL-11b in zig-zag
eels, which had 4 exons and 3 introns. Exon 3 of IL-11 mammalian and IL-11a of fish
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were relatively similar. Except for the zig-zag eel’s IL-11b, all fish IL-11a and IL-11b
had a conserved exon in exon 3 (96 bp). The IL-11a of fish had a conserved exon in
the exon 3 (96 bp) and exon 4 (162 bp), while IL-11b had a conserved exon in the
exon 3 (96 bp) and exon 4 (168 bp). The IL-11a and IL-11b of Nile tilapia were

generally relatively similar to those of fish species.

1362 199 111 2032

= 153 7 173 87 162 171 1625 |  Human IL11
1482 108 90 2140

= 155 7 173 87 162 171 1194 |——  Mouse IL11
1510 108 109 2896

2 114 . 173 87 162 171 960 j— Rat [L11]
2436 819 793 688

1 2 7 170 87 159 165 419 e Chicken IL11
423 200 123 1027

= 814 148 173 87 162 171 634  lmm— orse [L11
644 2331 99 93

= 883 7 158 96 162 183 1388 e Fugu IL11a
247 2584 121 98

= ? 121 158 92 162 180 1434 e Nile Tilapia IL11a
789 2714 152 149

= 413 7 158 96 162 180 | 133] e Zig-zag ecl IL11a
743 2595 121 97

- 50 1 158 92 162 180 396 e By tilapia [L11a
288 168 145 111

4 o 7 167 96 168 171 ? e Fugu [L11b
7218 470 109 574 . )

= 113 7 161 96 168 171 1133 Nile Tilapia IL11b

285 84 298 .

—T 186 93 168 171 1133  |je— 7ig-zag ccl IL11b
394 470 109 628

- 7 10 161 92 168 171 ? — Blue tilapia [L11b

Figure 6 Comparison of the gene intron/exon sizes between Nile tilapia IL-11 and
known IL-11 genes.

The number of base pairs in the introns and exons of the IL-11 genes is shown where
numbers indicate the regions containing the coding sequence. White boxes indicate

coding regions and gray boxes indicate untranslated regions of exons for each gene.
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4.7 Evolution relationship of IL-11 genes by phylogenetic tree analysis

The phylogenetic tree of the IL-11 based on multiple alignments of IL-11a and
IL-11b as showed in Figure 7. There were 2 major distinct clades, fish and other
mammalian 1L-11. The 1L-11 of teleost fish had 2 clades included IL-11 and IL-11b,
while IL-11a were within IL-11 teleost clade. The teleost IL-11a clade contains both
IL-11a and IL-11b of O. niloticus in addition to the IL-11a paralogues of Gasterosteus
aculeatus, Salarias fasciatus, Amphiprion ocellaris, O. aureus, M. armatus,
Sphaeramia orbicularis, T. rubripes and T. nigroviridis. In addition, both IL-11a and
IL-11b O. niloticus were within the IL-11a of teleost branch, as same the IL-11a and
IL-11b of Salmo trutta. Nile tilapia IL-11a and IL-11b, there were closed by O.
aureus IL-11a.
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Homo sapiens, NF_000632.1

Rattus norvegicus, NP_598203.4

Mus musculus, NP_032376.1
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Ictalurus punctatus, XP_017325999 1
Bagarius yarrelli, TSR75269.1
Pygocentrus nattereri, XP_017561517 1
Chanos chanos, XP_030641447 1
Carassius auratus, AHJB0479.1
Labeo rohita, RXN28148.1
Ctenopharyngodon idella, AUN43464 1
Anabarilius grahami, ROI36420.1

IL-11a, Gasterosteus aculeatus aculeatus, XP_040021782 1
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Figure 7 Phylogenetic tree of IL-11.

IL-1 1b, Hippugiu us hippugiu us, XP_U34456886.1
IL-11b, Xiphias gladius, XP_039977943.1

IL-11b, Tetraodon nigroviridis, CAIG1345.1

IL-11b, Takifugu rubripes, CAI61343.1

IL-11b, Mastacembelus armatus, XP_026156860.1
IL-11b, Echeneis naucrates, XP_029370652 .1
IL-11b, Danio rerio, CAIG1347 1

The phylogenetic tree was constructed using the neighbor-joining method with the

bootstrap value of 10,000. times in the Molecular Evolutionary Genetics Analysis
software version 10 (MEGA10).

4.8 Tissues distribution analysis of IL-11 genes in Nile tilapia

The expression of IL-11a and IL-11b was analyzed in 11 tissues of healthy

Nile tilapia to gain further about their potential functions, and level of B-actin was
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used to normalize the relative expression level. As shown in Figure 8, tissue
distribution was expressed in all the tissues examined. The expression of I1L-11a was
found to be higher in the spleen, liver, intestine and trunk kidney, and low expression
in the gonad, skin, muscle, head kidney and gills, and low expression in the tail and
heart. While IL-11b was higher expression in the spleen and tail, and less expression
in heart, liver, gonad, skin and intestine, and low expression in trunk kidney, muscle,
head kidney and gills. The results showed that the most predominant expression levels
of IL-11a were detected in spleen, liver, intestine and trunk kidney and IL-11b were

detected in spleen and tail, respectively.
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Figure 8 Tissue distribution of IL-11a and IL-11b in 11 tissues of Nile tilapia.
The level of B-actin was used to normalize the relative expression level. The results
are the mean + SEM of three fish (N=4).

4.9 IL-11 expression analysis in the immune tissues of Nile tilapia after S.
agalactiae infection

To better clarify the responses and the immunological functions of Nile tilapia
IL-11a and IL-11b to S. agalactia challenge, its expression in the gills, intestine,
spleen and liver of Nile tilapia as different time point from post infection is presented
in Figure 9. In the gills, the expression of IL-11b was significantly higher than IL-11a
and it was increased from 6 to 72 h and reached the peak at 6 h (P<0.05). In the
intestine, the expression of IL-11b was significantly higher than of IL-11a and
reached the peak at 6 h (P<0.05). In the spleen, the expression of IL-11a and IL-11b
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were significantly higher expression at 6 h (P<0.05). In the liver, the expression of IL-
11a and IL-11b were significantly higher expression from 6 to 24 h and reached the
peak at 6 h (P<0.05). The expression of IL-11a gene was not significantly different in
the gills and intestine, but in the spleen and liver was up-regulated and reached the
peak at 6 h (P<0.05). It was interesting that in all tissues analyzed, IL-11a expression
was lower than IL-11b at the peak expression and can be assumed that IL-11b was

responsible for the resistance of pathogens when infected.
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Figure 9 Gene expression of 1L-11a and IL-11b in gills, intestine, spleen and liver of
Nile tilapia during bacterial infection.
The level of B-actin was used to normalize the relative expression level. The results

are the mean + SEM-of 4 fish.

4.10 Gene expression of immune-related genes in PBL stimulanted by LPS and
Poly I:C at different time point

Expression of IL-11a, IL-11b, IL-1B, IL-6, IL-8, TNF-a, IFN-y and COX-2 in
PBLs stimulated with LPS (1 pug/mL) and Poly I:C (100 pg/mL) at different time
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point is presented in Figure 10. At 4 h, the PBLs stimulated with LPS and Poly I:C
groups could induce the expression of IL-11a, IL-11b, IL-1B and IFN-y compare with
control (P<0.05). The PBLs stimulated with LPS could induce the expression of IL-6
and COX-2. At 8 h, when stimulated with LPS, the expression of IL-1p, IL-6, IL-8,
TNF-a and IFN-y were up-regulated compared with control (P<0.05), while the PBLs
stimulated with Poly 1:C group could increase the expression of IL-11a. Lastly at 24
h, the expression of all genes examined were not significant different when stimulated
with LPS or Poly I:C (P<0.05).
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Figure 10 Gene expression of IL-11a, IL-11b, IL-1pB, IL-6, IL-8, TNF-a, IFN-y and
COX-2 stimulated by LPS (1 ng/mL) and Poly I:C (100 ng/mL) at 4, 8 and 24 h in the

PBLs.
The level of B-actin was used to normalize the relative expression level. The results

are the mean + SEM of 3 fish.
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4.11 Gene expression of immune-related genes in PBL stimulant by LPS at
different concentration

The expression of IL-11a, IL-11b, IL-1pB, IL-6, IL-8, TNF-a, IFN-y and COX-
2 in PBLs stimulated with LPS at different concentration (1, 10, 100 ng/mL) is
presented in Figure 11. At the concentrations of 1 ng/mL LPS, the expression of IL-
11a, IL-11b, IL-1B, IL-6, IL-8, TNF-a and COX-2 were up-regulated, while the
expression in gene IFN-y was up-regulated at 1 and 10 ng/mL LPS compared with
control group (P<0.05). As a result, the expression of IL-11a, IL-11b, IL-18, IL-6, IL-
8, TNF-a. and COX-2 in PBLs stimulated by LPS showed higher at 1 ng/mL,
suggesting that 1 ng/mL was optimum concentration to induce PBLs more than 10
and 100 ng/mL.
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Figure 11 Gene expression of IL-11a, IL-11b, IL-18, IL-6, IL-8, TNF-a., IFN-y and
COX-2 in the PBLs stimulated by LPS with-different concentrations.

The level of B-actin was used to normalize the relative expression level. The results

are the mean + SEM of 3 fish.
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4.12 Gene expression of immune-related genes in PBL stimulant by Poly I:C at
different concentration

The expression of IL-11a, IL-11b, IL-1p, IL-6, IL-8, TNF-a, IFN-y and COX-
2 in PBLs stimulated by Poly I:C at different concentration (1, 10, 100 ng/mL) is
presented in Figure 12. At the concentrations of 100 pg/mL Poly I:C, the expression
of IL-11a, IL-11b, IL-1p and TNF-a. were up-regulated, and the expression in gene
COX-2 was up-regulated at 10 and 100 ng/mL Poly I:C, while the expression of gene
IL-6, IL-8 and IFN-y were not significant up-regulated in all concentration compared
with control (P<0.05). As a result, expression of IL-11a, IL-11b, IL-1p and TNF-a in
PBLs stimulant by Poly I:C showed higher at 100 ng/mL, suggesting that 100 ng/mL

was optimum concentration to induce PBLs more than 1 and 10 ng/mL.



IL-11a

Fold change
< in i ;
é 1%
Fold change
< L g T
’

Control 1 10 100
Concentration (ng/mL)

IL-1p

UI

Fold change
T + % % £ 9
é be
*
*

Control 1 10 100
Concentration (ng/mL)

IL-8

Fold change
T T o "

Control 1 10 100
Concentration (ng/mL)

IFNy

e
)

Fold change
< T 5 s

Control 1 10 100

Concentration (ng/mL)

47

IL-11b

x

Control 1 10
Concentration (ng/mL)

[
=

Fold change
= = - -
= wn = wn

Control 1 10 100
Concentration (ng/mL)

TNFa

Fold change
= L3 5 ;
E *
*

Control 1 10 100
Concentration (ng/mL)

COX-2

Fold change
y ) ¥

(=

0.
Control 1 10
Concentration (ng/mL)

Figure 12 Gene expression of 1L-11a, IL-11b, IL-1pB, IL-6, IL-8, TNF-a, IFN-y and
COX-2 in the PBLs stimulated by Poly 1:C with different concentrations.

The level of B-actin was used to normalize the relative expression level. The results

are the mean + SEM of 3 fish.
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4.13 Protein expression and purification

A protein with the predicted molecular weight of 22.005 kDa was induced by
IPTG stimulation of transformed BL21 cells and extensive washing in 1% Triton X-
100 buffer under denaturing conditions to remove LPS as showed in Figure 13. The
riL-11 gene was efficiently expressed after IPTG induction (lane 2). The expressed

riL-11 was purified and used for adjuvant preparation (lane 3).

kDa

225—~
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52 =
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Figure 13 SDS-PAGE.
Lane M, protein molecular marker; lane 1, pXN-IL-11 without IPTG induction; lane

2, pXN-IL-11 with IPTG induction; lane 3, purified rlL-11 protein.



49

4.14 Gene expression of immune-related genes in PBL stimulant by rIL-11 at
different concentration

The expression of IL-11a, IL-11b, IL-1p, IL-6, IL-8, TNF-a, IFN-y and COX-
2 in PBLs stimulated with rIL-11 at concentration 5, 50, 500 ng/mL is presented in
Figure 14. At the concentrations of 50 ng/mL rIL-11, the expression of IL-11a, IL-
11b, IL-1B, IL-6, TNF-a, IFN-y and COX-2 were significantly up-regulated (P<0.05),
while the expression of gene IL-8 was not significant up-regulated in all concentration
compared with control (P<0.05). The results showed that the most predominant
expression levels were up-regulated and can be detected in PBLS stimulant by riL-11
at 50 ng/mL, that was the optimum concentration to induce PBLs more than 5 and 50
pg/mL. In addition, results suggested that PBLs stimulant by riL-11 induced the
expression of I1L-11a, IL-11b, IL-1f, IL-6, TNF-a, IFN-y and COX-2.
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Figure 14 Gene expression of IL-11a, IL-11b, IL-1pB, IL-6, IL-8, TNF-a, IFN-y and
COX-2 in the PBLs stimulated by rlL-11 with different concentrations.
The level of B-actin was used to normalize the relative expression level. The results

are the mean + SEM of 3 fish.



51

4.15 Adjuvant effect of rIL-11 in the streptococcosis fomalin-killed vaccine on
gene expression analysis in spleen after vaccination

The relative expression levels of IL-1B, IL-8, TNF-a, IL-11a, IL-11b, IL-6,
MHC-lo,, MHC-11B, IgM, CD4, CD8a and TCRf in spleen were assessed using RT-
gPCR is presented in Figure 15. At day 1, the expression of IL-8, TNFa, IL-11a, IL-
11b and IL-6 in the FKC + rIL-11 group was significantly up-regulated compared
with the PBS group (P<0.05). The expression of IL-8 and IL-11a in FKC group was
significantly up-regulated compared with the PBS group (P<0.05). On the other hand,
expression of IL-13, MHC-la, MHC-IIB, IgM, CD4, CD8a and TCRpB were not
significant in all group (P<0.05). At day 3, the expression of IL-1f3, IL-8, TNF-o and
IL-6 in FKC + rIL-11 and FKC group was significantly up-regulated when compared
with the PBS group (P<0.05). The expression of IL-11a, IL-11b, MHC-la,, MHC-IIB,
IgM, CD4, CD8a and TCRB were not express significant in all group (P<0.05).
While at day 14, all of genes examined were not significant differences in all group
(P<0.05). As a result, expression of I1L-1p8, IL-8, TNF-a. and IL-6 in FKC + riL-11
group showed higher tendency at 1 and 3 days post vaccination and returned to the
control level at 14 days post vaccination, suggesting that these expression profiles
may suggest multiple cells or signaling pathways are activated by riL-11 in different

tissues.
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Figure 15 Gene expression in spleen of Nile tilapia post vaccination.

The level of B-actin was used to normalize the relative expression level. The results

are the mean + SEM of 4 fish.
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4.16 Adjuvant effect of rIL-11 in the streptococcosis fomalin-killed vaccine on
gene expression analysis in liver after vaccination

Gene expression of IL-1B, IL-8, TNF-o, IL-11a, IL-11b, IL-6, MHC-la,
MHC-I1IB, IgM, CD4, CD8a and TCRp in liver collected from vaccinated fish were
analyzed and is presented in Figure 16. At day 1, the FKC + rIL-11 and FKC group
could be induce the expression of IL-8 and TNF-a compared with the PBS group
(P<0.05). On the other hand, expression of IL-1p, IL-11a, IL-11b, IL-6, MHC-la,
MHC-I1j, IgM, CD4, CD8a and TCRf were not significant difference in all groups
(P<0.05). At day 3, the FKC + rIL-11 and FKC group could be induce the expression
of IL-8 and TNF-a compared with the PBS group (P<0.05). The expression of IL-1,
IL-11a, IL-11b, IL-6, MHC-la, MHC-I1B, IgM, CD4, CD8c. and TCR were not
significantly different in any groups (P<0.05). While at day 14, the FKC + rlL-11
group could be induced the expression of IL-8, IL-11a and IL-11b compared with the
PBS group (P<0.05). The expression of IL-13, TNFa., IL-6, MHC-lo., MHC-II, IgM,
CD4, CD8a and TCR were not significantly different in any groups (P<0.05). As a
result, expression of TNF-a in FKC + rlL-11 group showed higher tendency at 1 and
3 days post vaccination, and returned to the control level at 14 days post vaccination
and IL-8 was expression in all time point. However, expression of IL-11a and IL-11b
showed higher at 14 day post vaccination, suggesting that rlIL-11 control the

expression of humoral and cell-mediated immune response in liver tissue.
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Figure 16 Gene expression in liver of Nile tilapia post vaccination.

The level of B-actin was used to normalize the relative expression level. The results

are the mean + SEM of 4 fish.
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4.17 Antibody titer measurement by enzyme-linked immunosorbent assay
(ELISA)

To examine the IgM antibody production in vaccinated fish, antibody titer was
measured by using Nile tilapia serum at 0, 1, 2, 3, 4 and 5 week post vaccination
(w.p.v.) and is presented in Figure 17. The result revealed that at each time points,
serum from the FKC + rIL-11 group had the highest antibody levels, and significantly
higher compared to the control group (P<0.05). In fish that injected the adjuvanted
and vaccines, the antibody IgM levels increased from 1 to 2 w.p.v. and peak at 2
w.p.v., then decreased until 5 w.p.v. (P<0.05). While, the FKC group the IgM
antibody level was significantly lower than that of FKC + rlL-11 group at 1-5 w.p.v
although the IgM antibody titer decreased at 1-3 w.p.v. (P<0.05). These responses
suggested that, in the humoral response production can be induced by rlL-11 when

combined with FKC vaccine.
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Figure 17 Specific antibody (IgM) levels in serum of Nile tilapia vaccinated with
inactivated vaccine.

Serum was collected at different time points post vaccination from fish vaccinated
with PBS (control), FKC and FKC + rlL-11, respectively. Data are presented as mean
+ SEM (N=6). Specific IgM antibody level were determined by ELISA measuring at
OD450 nm. Different letters above each bar showed the significant different (P<0.05).
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4.18 Innate immune response analysis

Serum LZM activity of Nile tilapia vaccinated with FKC, FKC + rlIL-11
compared with PBS as a control group is presented in Table 4. The LZM activity of
the FKC + rIL-11 group was significantly higher than that of the PBS and FKC
groups at 2 and 4 w.p.v. (P<0.05). At 1, 3 and 5 w.p.v. the LZM activity was not
different. The highest LZM activity was found in the FKC + rlL-11 group at 4 w.p.v.
(P<0.05). These results suggested that the LZM activity can be induced by rIL-11.

Serum MPO activity of Nile tilapia vaccinated with FKC, FKC + rlL-11
compared with PBS as a control group is presented in Table 4. The result showed the
MPO activity of FKC + rIL-11 group was significantly higher than that of the PBS
and FKC groups at all the time points post-vaccination excepted week 3 (P<0.05).
The highest MPO activity was found in the FKC + rIL-11 group at 4 w.p.v. (P<0.05).
These results suggested that the MPO activity can be induced by rlL-11.

Serum GRD activity of Nile tilapia vaccinated with FKC, FKC + rlIL-11
compared with PBS as a control group is presented in Table 4. The group vaccination
with rIL-11 showed significantly higher levels of GRD at all the time point post-
vaccinated experimental when compared to those treated with PBS and FKC only.
The highest GRD activity was found in the FKC + rIL-11 group at 5 w.p.v. (P<0.05).
These results suggested that the GRD activity can be induced by rlL-11.

Serum GPx activity of Nile tilapia vaccinated with FKC, FKC + rIL-11
compared with PBS as a control group is presented in Table 4. Serum was collected at
different time points post-vaccination, the highest increase in- GPx activity was
observed in FKC + rlL-11 group and the lowest increase was observed in PBS control
group. The result showed the GPx activity of FKC + rlL-11 group was significantly
higher than that of the PBS and FKC groups at 2 and 4 w.p.v. (P<0.05). At week 1, 3

and 5, the GPx activities were not significantly different.



Table 4 Serum LZM activity, MPO activity, GRD activity and GPx activity of Nile

tilapia vaccinated with inactivated vaccine.
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Serum was collected at different time points post vaccination from fish vaccinated

with PBS (control), FKC and FKC + rlL-11 (N=8).

Parameters Control FKC FKC + Pooled P-value
riL-11 SEM
LZM(U/mL)
Week 1 1.68 1.84 1.76 0.37 0.956
Week 2 2.08% 1.762 2.72° 0.20 0.049
Week 3 2.32 3.20 3.28 0.31 0.182
Week 4 2.722 3.84% 5.30° 0.42 0.008
Week 5 4.00 4.32 4.56 0.40 0.734
MPO (OD at 450 nm)
Week 1 1.522 1.502 2.31° 0.21 0.044
Week 2 1.232 1.302 2.09° 0.14 0.005
Week 3 0.97 0.95 1.64 0.24 0.157
Week 4 1.352 1.362 1.87° 0.09 0.008
Week 5 2.192 2.37® 2.65° 0.08 0.012
GPx (U/mL)
Week 1 17.36 17.49 19.16 0.71 0.305
Week 2 16.942 15.18?2 21.54° 0.71 0.000
Week 3 25.34 24.44 28.07 1.13 0.145
Week 4 15.242 17.46%® 21.00° 1.47 0.050
Week 5 25.88 30.32 23.83 2.36 0.187
GRD(U/mL)
Week 1 3.322 3.60? 4.74° 0.21 0.003
Week 2 3.52P 2.812 5.38¢ 0.14 0.000
Week 3 5.66% 5.032 7.18° 0.24 0.026
Week 4 4.35% 5.62% 6.75° 0.09 0.012
Week 5 5.672 5.56% 12.77° 0.08 0.000

4.19 Survival rate of vaccinated fish in challenge study

The survival rate statistics may show as effectively the non-specific immune

system defends against bacteria. In all groups, the dead fish was not seen during the

vaccination period (35 days after vaccination). As showed as Figure 18, after

challenge by S. agalactiae injection, the dead fish were first observed 3 days post

injection. RPS was calculated to determine the effectiveness of the FKC + rIL-11
vaccine. The RPS of FKC and FKC + rIL-11 vaccinated fish were 61.28 and 77.41%,

respectively.
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Figure 18 Survival rate of vaccinated Nile tilapia challenged with S. agalactiae for
long immunity duration.

After vaccination, fish in vaccinated group and control group were I.P. challenged
with 1.0 x 10® CFU/fish of S. agalactiae. Fish mortality was recorded for 21 days
until there were no dead fish. The experiment was conducted in triplicate. Error bars
represented standard deviations.
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Chapter 5

Discussions and Conclusions

5.1 Discussions

IL-11, 1L-6 family members plays an important role in the host immunological
response to infection and the cytokine network. It promotes the proliferation and
differentiation of both primary and secondary hematopoietic progenitors, either by
itself or in conjunction with a number of other growth factors (Du and Williams,
1994; Du and Williams, 1997). IL-11 is able to stimulate generation of variety acute
phase plasma protein in hepatocytes as well as promotes B cell immunoglobulin
synthesis. Through reducing macrophage and production of ROS, IL-11 has an impact
on the inflammatory response (Waxman et al., 1998). It also defends and repairs
mucosal of respiratory and gastrointestinal in response to injury (Redlich et al., 1996).
In fish, IL-11 plays a key role as the coordinator of immune response and antibacterial
and antiviral mechanisms (Mulero et al., 2005; Huising et al., 2005). Recently, the IL-
11 molecule has been discovered and characteriezed in fish (Huising et al., 2005). In
this study, we characterized and sequence analysis of both I1L-11a and I1L-11b of Nile
tilapia between known other species IL-11 gene.

Characterization of IL-11a and IL-11b gene in Nile tilapia, with ORF of 717
and 603 bp and the amino acid sequence consisted of 238 and 200, respectively. The
potential N-glycosylation site (NQT) were located at positions 80-82 and 42-44 in IL-
11a and IL-11b, respectively, while it was located at positions 42-45 in IL-11 of
common carp (Huising et al., 2005). 3D structure was predicted by Swissprot
databases and encoded amino acid sequence IL-11la and IL-11b Nile tilapia by
BLAST. Additionally, the Nile tilapia IL-11a and IL-11b predicted structure was in
support of a-topology with four a-helices that is maintained by the interaction of
hydrophobic internal surfaces and hydrophilic solvent exposed surfaces.

The presence of an IL-11 gene is confirmed across all teleost fish species, and
the similarity between IL-11 peptides of different fish species reduces with increasing
phylogenetic distance, according to a systematic study of the genome databases of

other teleost fish species (Huising et al., 2005). Interestingly, our genome alignment
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investigations of fugu, zig-zag eel, and blue tilapia fish found that the synteny and
gene organization of fish IL-11b shares only identity some gene with the mammalian
IL-11 sequence and also share limited gene identity with I1L-11a fish. Furthermore, the
fish IL-11a and IL-11b and mammalian IL-11 are encoded by genes having 5 exons
and 4 introns, with the exception of IL-11b in zig-zag eels, which had 4 exons and 3
introns. Moreover, there were no significant variances in exon sizes across the
different IL-11 genes, although exon 3 of the IL-11 mammalian species and IL-11a of
fish were had relatively similar. In addition, IL-6 family cytokines are encoded by less
than 5 exons are CNTF, LIF, OSM, M17 and by more than 5 exons are 1L-12p35
(Fujiki et al., 2003; Bi et al., 2018). The identity of IL-11a and IL-11b Nile tilapia
with other species shared between 20.9-73.9% and 23.2-89.5%, while the similarity
shared with other species as 34.6-81.5% and 40.7-98.0%, respectively. IL-11a and IL-
11b shared the highest identities and similarities with Trachinotus carolinus IL-11.

In phylogenetic analyses and amino acid sequence alignment of IL-11 teleost
fish with mammalian IL-11, by using high bootstrap value supported. The alignment
between IL-11a and IL-11b teleost fish and IL-11 mammalian contained 4-helix
sequences (Huising et al., 2005). The phylogenetic tree revealed that 1L-11a and IL-
11b of fish were clustered in the clades of their teleost, but separated from the
mammalian IL-11. Also, IL-11aand IL-11b of Nile tilapia were clustered within IL-
11a of teleost fish which was similar to Oreochromis aureus.

Distribution of IL-11a in several tissues revealed that the spleen, liver,
intestine and trunk kidney were the mainly sites of gene expression, while the spleen
and tail were higher expression levels of IL-11b. However, it was widely expressed in
the heart of crucian carp (Podok et al., 2014), and mainly expressed in the intestine
and gills of rainbow trout (Wang et al., 2005). Basically, intestine is key location
tissue where fish-is ‘exposed to foreign disturbances such as bacterial, viral, and
parasitic infection as well as environmental pressures. Hematogenesis, as well as the
production of antibodies and granulocytes, depend on the spleen and liver (Long et
al., 2021). Additionally, it was found that stomach, colon, and lungs were the main
tissue of IL-11 expression in mice (Davidson et al., 1997). It hypothesizes that 1L-11
serves as an anti-inflammatory cytokine in the gills, lung, and intestine, suggesting a



61

conserved role for this substance (Fung et al., 2022), although the gills, head kidney
and trunk kidney of healthy fish express IL-11 at low levels.

The expression of 1L-11a and IL-11b were significantly up-regulated at 6h in
the gills, intestine, liver and spleen post bacterial infection. Previous studies showed
that IL-11 expression was significantly up-regulated in liver gills at 12, 24 and 48 h
and in spleen at 6, 12 and 24 h after S. agalactiae infection in golden pompano (Wu et
al., 2019b), and up-regulated in kidney at 6 h, then decreased at 12, 24, 48 and 72 h of
crucian carp after A. hydrophila infection (Podok et al., 2014). According to these
results, IL-11 might play function in the host defense against bacterial infection
through these immune organs (Wang et al., 2005). Recent studies have suggested that
the gills contain a high level of interleukin expression and is a primary site where
foreign insults are first encountered (@vergard et al., 2011; Wang et al., 2013b).

Peripheral blood leucocytes (PBLs) are mature lymphocytes, including
neutrophils, monocytes, eosinophils, basophils, and lymphocytes (Carrick and Begg,
2008). The results of the present study showed that after stimulation by LPS and Poly
I:C, the expression of IL-11a, IL-11b, IL-1B and IFNy were significantly up-regulated
at 4 h in PBLs. However, IL-11 in head kidney macrophages stimulated with LPS was
significantly up-regulated within 2 h in common carp (Huising et al., 2005), and all
increased expression of 3, 7 and 24 h in RTS-11 cell line stimulanted with LPS in
rainbow trout (Wang et al., 2005). The mRNA expression in macrophages cells of
large yellow croaker and found that the expression of IL-1B and IL-6 were
significantly up-regulated within 3 to 6 h post Poly I:C stimulation (Li et al., 2020).
Among the pro-inflammatory cytokines, IL-1B is the first cytokine involving in
inflammation and control of other cytokines and chemokines (Guo et al., 2018). IL-6
is inflammatory cytokines induced by IL-13, demonstrating its functional role as pro-
and anti-inflammatory properties. 1L-8 is a cytokine promoting the leukocyte
proliferation and migration in lymphoid organs and protects host against bacterial and
viral infection (Guo et al., 2018). IFN-y is regulated of gene transcription and has a
variety of immunoregulatory roles in innate and adaptive immunity (@vergard et al.,
2011).

In the present study, PBLs stimulated by LPS with different concentration,
showed IL-11a, IL-11b, IL-1pB, IL-6, IL-8, TNFa and COX-2 were up-regulated at 1
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pg/mL. LPS is the main components of the outer surface membrane found in Gram-
negative bacteria, and potent inducer of innate immune response (Steimle et al., 2016).
The receptor responsible for recognizing LPS in mammals is Toll-like receptor (TLR)
4 when the receptor interacting with microbial ligands, it stimulates the signaling
pathway and induced proinflammatory cytokines. In teleost fish, the NOD1 receptor
can respond to LPS and then encourage the expression of inflammatory cytokines by
activating the NF-«B signal pathway (Bi et al., 2018). Poly I:C is an immunostimulant
structurally comparable to the double-stranded RNA found in several viruses, which
interact with TLR3 (Li et al., 2015). Our result found that IL-11a, IL-11b, IL-1p and
TNF-a. were significantly up-regulated at 100 pg/mL post Poly I:C stimulation.
Moreover, PBLs stimulated by rIL-11; showed IL-11a, IL-11b, IL-18, IL-6, TNF-a,
IFN-y and COX-2 were higher expression at 50 pg/mL.

The expression of key immune-related genes was studied at 1, 3 and 14 day by
RT-gPCR in spleen and liver post vaccination. The spleen is an important systemic
lymphoid tissue, contains a variety of immune cell types, including B cells and T
cells, which are essential for triggering the immunological response (Kobayashi et al.,
2016). Acute phase proteins (such as SAA), antimicrobial peptides, complement
factors, and proinflammatory cytokines are all produced mainly in the liver
(Wangkahart et al., 2016). In teleost, TNF-a has been shown to have important
biological effects, such as increasing the expression of pro-inflammatory cytokines,
stimulating the growth of leukocytes, and attracting granulopoiesis to inflammatory
sites. IgM is the first antibody molecule made during an immune response, and it is
essential for fish humoral immunity (Wu et al., 2019a). The T cell recepter molecule,
which is present on the surface of T cells, is in charge of identifying antigen
fragments as peptides attached to MHC molecules (Yazawa et al., 2008). Our result
showed that at 1 d.p.v. the expression of IL-8, TNF-a, IL-11a, Il-11b and IL-6 in
spleen and IL-8 and TNF-a in liver-in all 'vaccination groups were significantly higher
than the PBS group. At 3 d.p.v. the expression of IL-1, IL-8, TNFo and IL-6 in
spleen and IL-8 and IL-11a in liver in all vaccination groups were significantly higher
than the PBS group. The expression of IL-8, IL-11a and IL-11b was significantly

higher in liver, while in spleen were not significant expression at 14 d.p.v. compared
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with control group. The expression of IL-11a was significantly higher at 1 d.p.v. in
spleen and in liver at 14 d.p.v. of all vaccination group. However, the expression of
IL-11b was significantly higher in spleen and liver of the FKC + rIL-11 group at 1
and 14 d.p.v., respectively when compared with control group. Thus, this is evidences
that the vaccine and adjuvant were able to increase the immune response and may
stimulate the adaptive immunity afterward as seen in other fish species post
vaccination (Guo et al., 2017; Wangkaghart et al., 2021).

Antigen-specific IgM antibody levels is frequently used to assess the
effectiveness of vaccines in fish and other animals (Adams, 2019). The result of this
study showed that the level of specific IgM antibody of fish vaccinated with FKC +
riL-11 was significantly higher than compared with PBS and FKC groups at 1-5
w.p.v.. In earier studies, the antibody IgM level vaccinated flounder was increased
and reached their peak levels at 3 w.p.v. (Huang et al., 2019), and in Nile tilapia
receiving the adjuvanted vaccines remained at high levels from 1 w.p.v. to the end of
the experiment (Wangkaghart et al., 2021). IgM is a recognized key player in the
humoral immune system and is thought to be the primary serum antibody in teleost
fish (Park et al., 2019). Research on Nile tilapia and other fish species demonstrates a
continuous correlation between the production of antibodies and the protective effects
of the vaccine (Wang et al., 2019a). Therefore, the present results support the
monitoring of serum IgM levels as a correlate of S. agalactiae defense in Nile tilapia.

The innate immune response plays a crucial function in the first protection
from pathogen infection. Several innate immune parameters-in this studied included
LZM, MPO, GPx and GRD showed significantly higher in the FKC + rlIL-11 group
than that of the PBS and FKC groups (P<0.05). LZM is found in all organism and
functions as a significant indicator of fish innate immunity (Wang et al., 2013a). MPO
IS a neutrophil antioxidant enzyme that produceshypohalous acids to destroy
microorganisms during an-infection (Noia et al., 2021). GPx is a preventative
intracellular antioxidant enzyme that helps to protect molecules from oxidative
damage (Rocha-Santos et al., 2018). GRD is an essential molecule for protecting cells
from oxidative damage and preserving their reducing environment (Deponte, 2013).

In the previously studied in Nile tilapia showed that the level of LZM showed
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significantly increased in serum from vaccine + rIL-8 group compared with PBS +
Freund’s adjuvant and PBS groups (Ma et al., 2020). A previous study in Nile tilapia
vaccinated with bacterial ghost vaccine mixed with 2 commercial adjuvants,
Montanide 763B and Montanide GELO02 found to increased significantly when
compared with control group. Also, the MPO activity in vaccinated + GEL02 group
was increased compared with control group (Wangkaghart et al., 2021). The result
suggested that the innate immune response of vaccinated Nile tilapia was activated
and offered some disease resistance and defense against S. agalactiae infection. Due
to the bacterial membrane remains intact of membrane protein and immune-
stimulatory components, dendritic cells and macrophages that are associated to the
host can distinguish between different antigens and then consume them to stimulate
the immune response (Wang and Lu, 2009).

The survival rate in our study showed, vaccinated group were significantly
higher than when compare with control group. The RPS of FKC and FKC + rIL-11
vaccinated fish were 61.28 and 77.41%, respectively. As a previous study, In Nile
tilapia were immunized with FKC of S. agalactiae showed RPS values of 92.3% after
challenged (Wang et al., 2019b) and vaccinated fish showed the highest RPS value
after challenge with S. agalactiae (Ma et al., 2020). In general, over 60% RPS is
necessary demonstrate sufficient vaccination effects (Amend, 1981).

5.2 Conclusions

In this study, molecular cloning and characterization of IL-11a and IL-11b in
Nile tilapia were investigated. It found that IL-11a and IL-11b were expressed widely
in tissues of Nile tilapia, especially in the major immune organs, and that displayed
significant and varied alterations in. mRNA levels in response to S. agalactiae
infections. Furthermore, both IL-11a and IL-11b were expressed in PBLs cell when
stimulated by LPS and Poly 1:C. In general, LPS and and poly I:C represents as
bacterial infection and viral infection, respectively. The expression of immune-
relative genes was dependent on the type of pathogen, tissue type, and infection stage.
These results provide the study of IL-11a and IL-11b against bacteria, thus promoting
the current understanding of the function of these cytokines in the immune system

against pathogen infection. Additionally, the FKC vaccine and rIL-11 increased level
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of protective immunity after S. agalactiae challenged, indicating that rIL-11 could be
applied as a potent immune adjuvant for the vaccine development in control and

prevention of streptococcosis in
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10X Phosphate buffered saline (PBS)

NaCl
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KH2PO

NazHPO4 (anhydrous)

Deionized distilled water to

Autoclave 121°C, 15 Ib, 15 minutes and store at 4 °C

1X PBS
10X PBS
Deionized distilled water

Autoclave 121°C, 15 Ib, 15 minutes and store at 4 °C

1X Tris (pH 8.0)
Tris-base
Deionized distilled water

Autoclave 121°C, 15 Ib, 15 minutes and store at 4 °C

1X TE buffer
1M Tris pH 8.0

80.00
2.00
1.20
9.10

1,000.00
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mL
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05MEDTA
Deionized distilled water to
Autoclave 121°C, 15 Ib, 15 minutes and store at 4 °C

2XYT

Tryptone

Yeast extract

NaCl

Deionized distilled water to

Autoclave 121°C, 15 Ib, 15 minutes and store at 4 °C

Brain heart infusion broth (BHI broth, pH 7.4)
Calf Brain, infusion form

Beef heart, infusion form

Peptone

NaCl

NazHPO4

Dextrose

Deionized distilled water to

Autoclave 121°C, 15 Ib, 15 minutes and store at 4 °C

Brain heart infusion agar (BHI agar, pH 7.4)

Calf Brain, infusion form

Beef heart, infusion form

Peptone

NaCl

NazHPO4

Dextrose
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Deionized distilled water to

Autoclave 121°C, 15 Ib, 15 minutes and store at 4 °C

81

931 g
1,000.00 mL
16.00 g
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5.00 g
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10.00 g
500 g
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Reagents for competent cells preparation

1. Luria-Bertani broth (LB broth)

Yeast extract

Tryptone

NaCl

Deionized distilled water to

Autoclave 121°C, 15 Ib, 15 minutes and store at 4 °C

2. Luria-Bertani agar (LB agar)
Yeast extract

Tryptone

NaCl
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Deionized distilled water to

Autoclave 121°C, 15 Ib, 15 minutes and store at 4 °C

3. 100 mM CaCl2
CaCl:
Deionized distilled water to

Autoclave 121°C, 15 Ib, 15 minutes and store at 4 °C

Reagents for agarose gel electrophoresis

1. Agarose gel preparation
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TBE
0.8% agarose 0.80¢g
1.5% agarose 1509
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10.00
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IXTAE or 1X

100.00 mL

100.00 mL
100.00 mL

0.04
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Glycerol 85%
10X TAE

3. 100 bp DNA marker
100 bp DNA
6X Loading dye

Deionized distilled water t

4. 50X Tris-acetate buffer (TAE)
Tris-base

CH3COOH

0.5M EDTA pH 8.0

Deionized distilled water to

Autoclave 121°C, 15 Ib, 15 minutes and store at 4 °C
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Deionized distilled water

Autoclave 121°C, 15 Ib, 15 minutes and store at 4 °C

6. 10X Tris-boric buffer (TBE)
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0.5 M EDTA pH 8.0
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Deionized distilled water
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Reagents for His-tagged protein purification
1. LBO for lysis

GuHCI

5 M NaCl

1 M Tris pH 8.0

2 M Imidazol

0.7 M TCEP

Deionized distilled water to

Autoclave 121°C, 15 Ib, 15 minutes.and store at 4 °C

2. WB1 + 1.5% Triton X-100
GuHCI

5 M NaCl
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20% Triton X-100

Deionized distilled water to

Autoclave 121°C, 15 Ib, 15 minutes and store at 4 °C

3. DNEB

GuHCI

5 M NaCl

1 M Tris-HCI pH 8.0

2 M Imidazol

0.7 M TCEP

Deionized distilled water to

Autoclave 121°C, 15 Ib, 15 minutes and store at 4 °C

4. RF7.4-Refolding
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7.00
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5.00
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10X PBS

50% Glycerol

1M Arg

1M Glu

0.7 M TCEP

Deionized distilled water to

Autoclave 121°C, 15 Ib, 15 minutes and store at 4 °C

5. RF7.4-Elution

10X PBS

50% Glycerol

1M Arg

1MGlu

0.7 M TCEP

2 M Imidazol

Deionized distilled water to

Autoclave 121°C, 15 Ib, 15 minutes and store at 4 °C

6. Storage buffer

10X PBS

50% Glycerol

1M Arg

1M Glu
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Deionized distilled water to

Autoclave 121°C, 15'1b, 15 minutes and store at 4 °C

Reagents for real-time PCR preparation
1. Immolase cocktail

Immolase buffer

50 mM MgCl:
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1.40
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25 mM dNTP
SYB green
0.7 M TCEP

Immolase enzyme

Deionized distilled water to

2. Mix for real-time
Deionized distilled water

Primer
Immolase cocktail

cDNA template

Reagents for cDNA synthesis preparation

1. Mix for cDNA
5X buffer

25 mM dNTP
Reverse transcriptase

Sample

2.25 mM dNTP
100 mM dATP

100 mM dCTP
100 mM dGTP
100 mM dTTP

Reagents for PCR reaction preparation

2X Tag mastermix
50 mM MgCl:
Primer

DNA template

160.00
40.00
1.40

10.00

2.00
2.00
10.00
4.00

8.00
1.60
1.00
29.40
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100.00
100.00
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25.00
2.00
2.00
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Figure A2 pXN expression vector for expression protein.
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