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ABSTRACT

Prawns and shrimp are the most interesting group of resources, they are
also one of the most widely traded fishery products on the international market
and they are one of the few that can be considered a "commodity,” generating
significant economic benefits, especially for many developing countries. In
Thailand, shrimp culture (such as giant freshwater prawn, banana shrimp and
black tiger shrimp) is economically important of market. Nowadays, the number
of shrimps in natural is decreased. Therefore, the conservation of shrimp species
is important to prevention. Cryopreservation has been used to preserve germ
cell of many endangered species. However, this method has not been established
for cryopreservation of spermatogonia cell in shrimp. Therefore, in this study
aimed to identify the spermatogonia cells developmental stage for
cryopreservation and optimize the equilibration time (15, 30 and 60 min) for
slow freezing method, type and concentration of cryoprotectants (dimethyl
sulfoxide (DMSO), glycerol (GLY), and magnesium chloride (MgCl,) at 5%,
10%, and 15%), and thawing temperature (10 and 27°C) for preserve
spermatogonia cell of giant freshwater prawn, banana shrimp and black tiger
shrimp by compare between slow freezing and vitrification methods for a long-
term preservation of spermatogonia cells. The viability and recovery percentage
of fresh and frozen spermatogonia cell of shrimp were assessed by staining

spermatogonia cell with trypan blue.

The result was obtained in equilibration time tested of giant freshwater

prawn spermatogonia cells were incubated in cryomedium containing



viii

cryoprotectants (10% DMSO, 10% GLY and 10% MgCl,) and extender for 15,
30 and 60 min, there was not significantly difference. In next experiment,
among three cryoprotectants tested, the best result of viability and recovery
percentage was obtained with 10% DMSO for spermatogonia cell of giant
freshwater prawn and banana shrimp and 10% GLY for spermatogonia cell of
black tiger shrimp. The best thawing was found at 10 °C for giant freshwater
prawn, banana shrimp and black tiger shrimp. For long-term cryopreservation,
the recovery of spermatogonia cells preserved in liquid nitrogen at 6 months
with vitrification method were significantly higher than of preserved with slow
freezing method in all shrimps and the total cells were observed after preserved
not apoptosis during cryopreservation for both methods. This study provide
evidence that spermatogonia cell in giant freshwater prawn, banana shrimp and
black tiger shrimp can be preserved long-term in liquid nitrogen. Importantly, our
study demonstrate that cryopreservation can be successfully performed without
requiring no special or expensive equipment (freezing container and -80 °C

freezer) by using vitrification method.
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CHAPTER 1

INTRODUCTION

1.1 Background and Rationale

Prawns and shrimp are the most interesting group of resources, the life cycle is
complicated, ranging from tropical estuarine habitats to shallow shelf environments,
deep seas, and continental slopes. They are also one among the most popular widely
fisheries products that have been traded on the international market, having a market
capitalization of ten billion dollars (or 16 percent of global fishery exports), it is one of
the few that can be considered a "commodity”, producing substantial economic
advantages, particularly for many developing markets. They make a significant
contribution to the livelihoods of poor and vulnerable communities, particularly as a
source of income (FAO. 2008). In Thailand, shrimp culture (such as Giant freshwater
prawn, Banana shrimp and Black tiger shrimp) is important for economic with an output
of 378,300 tons per year in 2016 reaching a market value of approximately 1875 million
US$ (Fisheries Statistics of Thailand. 2018).

On the environmental field, climatic factors have a major impact on shrimp.
However, coastal habitat loss is a common occurrence (FAO. 2008), such as
aquaculture's destruction of mangroves or illegal trawling's destruction of seagrass beds
in coastal areas, climate change, habitat destruction and life cycle of shrimp, etc. The
number of shrimps in natural is decreased. Therefore, the conservation of shrimp

species is important to prevention.

Cryopreservation is a well-known technique that uses liquid nitrogen (-196 °C)
as a refrigerant to keep biomaterial samples working during long-term storage (Chao et
al. 2009) and it can be used in biotechnology, animal husbandry, aquaculture, and

endangered species conservation. (Golshahi et al. 2018). However, egg of aquatic



animals is the large size and high lipid and yolk content of eggs, it remains extremely
difficult to cryopreservation (Yoshizaki and Lee 2018). Thus, in this research, we
concentrated on spermatogonia cells which are sufficiently small (10-um diameter)
(Seki et al. 2017) and small enough to be cryopreserved. Also, spermatogonia cells
which have the ability to develop into functional gametes (sperm and eggs) by
transplanting them into a recipient of a species that is closely related to the donor. The
recipient will be able to develop donor-derived gametes until they reached adulthood
(Yoshizaki and Lee 2018) that has proven to be successful in a variety of fish species.

Therefore, spermatogonia cells can be a viable alternative to gamete cryopreservation.

Although the cryopreservation method has already been used to successfully
preserve fish spermatogonia cells, such as Nile tilapia (Higaki et al. 2018), rainbow
trout (Lee et al. 2013), and common carp (Fran¢k et al. 2019), but not yet report
mentioned successful cryopreservation of spermatogonia cell in shrimp. Therefore, this
study aims to identify an optimal condition (equilibration time, cryoprotectant type and
concentration and thawing temperature) and compare the cryopreservation efficiencies
of slow freezing and vitrification methods for a long-term preservation of

spermatogonia cells of shrimp.



1.2 Review of Literature

1.2.1 Giant freshwater prawn (Macrobrachium Rosenbergii)

Giant freshwater prawns are the common name of Macrobrachium
Rosenbergii (De Man 1879), is the aquatic invertebrate from the palaemonidae, the
crustacean class and the phylum is arthropoda of animal kingdom. Giant freshwater
prawns are widespread in the tropical and subtropical seas of the Indo-Pacific area
(Ling 1969), including Thailand, Malaysia, India, the Philippines, Myanmar,
Indonesia, Sri Lanka, Bangladesh, and Vietnam. The majority of species that spend
their early lives in saltwater are related to the sea in some way, giant fresh water
Prawns are the most commonly cultivated of all the freshwater prawns (Chow et al.
1982) and widespread in regions of Southeast Asia. Thailand has been cultured
continuously for a long time and can be cultured in all regions of the country
because it is in demand of the market while in nature has decreased.

1.2.1.1 Biological and taxonomic characteristics

Giant freshwater prawns (Macrobrachium Rosenbergii) are the
Macrobrachium species with the largest size. Males and females have maximum
recorded sizes of 33 cm and 29 cm, respectively. The cephalothorax is divided
into five indistinct segments in the head and eight in the thoracic region. The
abdomen is divided into six movable terga segments. A pair of biramous
pleopods are found in each abdominal segment (swimming legs). Two pairs of
antennae, three pairs of jaws, three pairs of maxillipids, and five pairs of
walking legs make up the cephalothorax. Laterally, the second and largest
abdominal tergum overlaps the first and third abdominal tergum. Abdominal
carapace has a smooth, rounded dorsal surface. The rostrum is long and slender,
bent upwards. The rostrum has 8-10 ventral teeth and 11-14 dorsal teeth that
reach beyond the antennal scale. Male prawns are much larger and thicker than

females as they reach maturity, and the second pair of chelipeds is much larger



and thicker than in females. Males have a wider head and a smaller belly in
comparison to females. Unlike some other Macrobrachium species, M.
rosenbergii has equal-sized left and right chellipeds. They grow exceptionally
long in adult males, reaching well beyond the rostrum's tip. The genital pores of
males are found at the base of the fifth walking leg, whereas the genital pores
of females are found at the base of the third walking leg. The telson's tip reaches

beyond the spines of the posterior telson (Jayachandran 2001).

Figure 1: Giant freshwater prawns (Macrobrachium Rosenbergii)

Reference:  (FAO. 2020).



1.2.1.2 Life cycle

Giant freshwater prawn (Macrobrachium Rosenbergii) populates in
both brackish and fresh water, adult inhabit in fresh water and moved to
brackish water in mating season because the larvae only develop and grown in
brackish water. M. rosenbergii is a nocturnal, bottom-dwelling, and slow-
moving species. They prefer shallow, detritus-rich, and vegetated areas during
the day and remain half buried in sediments during the day (FAO. 2020). A
freshwater prawn goes through four stages in its life: egg, larva, juvenile, and
adult (Figure 2). Freshwater prawns, like other crustaceans, moult. The number
of moults and intermoult durations are not defined and are affected by the

climate, especially temperature and food availability.

The larvae of Giant freshwater prawn live on a non-permanent
zooplankton when floating in the water, with the head below and the tail
pointing upwards and move towards the light (Ling 1969). After hatching into
larvae, the food of shrimp during this period is small organisms that float in the
water such as small water rotifers, larvae of crabs and molluscs, etc. In this
stage, young larvae float along the stream, so they often become food for the

fish and there are few shrimp larvae that can survive and grow.



Figure 2:  The life cycle of Giant freshwater prawns (Macrobrachium

Rosenbergii)
Reference: https://www.slideshare.net/rnsimran/biology-of-prawn-

macrobrachium- rosenbergii


https://www.slideshare.net/rnsImran/biology-of-prawn-

1.2.2 Banana prawn (Fenneropenaeus merguiensis)

Banana prawn is the common name of Fenneropenaeus merguiensis (de Man,
1888), from the merguiensis species, Penaeus genus, the penaeoidea super family of
the penaeidae family (penaeid prawns), the dendrobranchiata suborder of decapoda
order, the malacostraca subclass of crustacean and the phylum is arthropoda of animalia
kingdom. Banana shrimp (Fenneropenaeus merguiensis) is found in tropical and
subtropical seas across the Indo-West Pacific area. In South-East Asia and Australia,
F. merguiensis is a significant species for prawn fishing and substantial prawn farms.
(Peterson and Daniels 1992).

1.2.2.1 General features and distribution

The F. merguiensis, white banana prawns have characteristics in
common with other species of the genus Penaeus that has a high, toothed rostral
crest and a poorly developed gastro-orbital ridge, shown in Figure 3. Their
bodies are light yellow or transparent, with reddish brown spots strewn
throughout them (Meager et al. 2003). The maximum recorded total length is
240 mm (approximately 60 mm carapace length) for female and 200 mm total
length (approximately 50 mm carapace length) for males. Female banana
prawns can weigh up to 69 g, males up to 59 g. Prawns have all the second
abdominal side plates overlapping tile-like from the front which is different
from the shrimp. Tough they are readily available in the wild, they can be
produced in great densities since larval rearing is simple, and they thrive in both
extensive and semi-intensive ponds, they tolerate a wide range of salinities and
temperatures, they have poor protein requirements, and small size variations
(Staples and Vance 1987).



Figure 3: Banana shrimp (Fenneropenaeus merguiensis)

Reference: Awustralian Institute of Marine Science.

Banana prawns inhabit tropical and subtropical waters. The preferred
habitat of White banana prawns can be found in coastal waters ranging from
shallow estuarine and intertidal waters to 45 meters deep. They spend the
majority of their lives in turbid waters, swimming in muddy estuaries and on
muddy beaches off the coast. In a sheltered mangrove area, juveniles live in
small creeks and rivers with water ranging from almost fresh to highly saline
(more than 70 parts per thousand). Adult white banana prawns prefer low-and
medium-energy coasts, although they can survive high-energy cyclones. They
favor normal (35 parts per thousand) or slightly less saline seawater than do
juveniles. At high tide, F. merguiensis move into the mangrove forest, with
more prawns found at the mangrove-creek edge (5-8 meters into the forest) than
a further 25 meters into the mangrove forest. The reasons for this are uncertain,

but food availability or tidal inundations are suggested (Meager et al. 2003).



1.2.2.2 Life cycle

Dall et al. (1990) and Yano (1993) revealed that the normal life cycle of
a marine shrimp begins with adult organisms moving up to several kilometers
offshore, developing, and spawning (Figure 4). The maximum life span for
white banana prawns is 12- 18 months. Mating occurs in during molting. Prior
to the next molt, the eggs are shed into the water and fertilized externally by
sperm from the male's spermatheca. Individual prawns are partial spawners and
each female can lay several batches of eggs each year. In captivity, banana
shrimp generate 50,000-400,000 eggs every spawning, but in the wild, they
produce 100,000-1,000,000 eggs per spawning. From egg to postlarvae, larval
development is complicated and involves three stages: nauplius, protozoea, and
mysis. Over the course of two to three weeks, larvae grow and molt from
floating fertilized eggs. Juveniles like shallow salty water along marsh margins,
where plants offer cover and debris, and microorganisms thrive in the
softbottom (Rosenberry 2002). The juvenile growth rate is rapid in white banana
prawns, with increases of approximately 1.2 mm carapace length per week
(Stapels 1980). As an opportunistic omnivore on the sea floor, the adult shrimp
continues to develop in size in the gulf, and its current niche is largely as a
source of food for a large number of people. White banana prawns prefer coastal
water, which varies in depth from shallow estuary and intertidal seas to 45
meters. Unfortunately, only a few adult shrimps can live long enough to
reproduce when the water column temperature rises sharply, restarting the cycle
by causing the females to spawn and produce thousands of eggs.



Estuary

Not to Scale

Figure 4:  The typical life cycle of marine shrimps

Reference: (Rosenberry 2002).
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1.2.3 Black tiger shrimp (Penaeus monodon)

Black tiger shrimp is the common name of Penaeus monodon (Fabricius 1798)
belong to the Arthropoda, the animal kingdom's largest phylum. This group of creatures
is distinguished by the presence of paired appendages and a protective cuticle or
exoskeleton that surrounds the whole animal. Crustacea is a subphylum of Crustacea
that contains 42,000 species, mostly aquatic, divided into ten groups. Shrimp, lobsters,
crayfish, and crabs are all members of the Decapoda order, which is part of the
Malacostraca class. Black tiger Shrimp is a shrimp that adaptable to the environment,
patient, easy to raise and has a good texture. In the past (during 1992-1997), Thailand
is considered the number one exporter of black tiger shrimp in the world. Which makes
the total export income of not less than 30,000 million baht per year. Therefore, it is

popular shrimp and important export product.

1.2.3.1 Morphology

A cephalothorax with a distinctive rough rostrum and a segmented
abdomen distinguishes penaeid shrimp on the outside (Figure 5). The
cephalothorax houses the majority of the organs, including the digestive system,
gills, and heart, while the abdomen houses the muscles. Cephalothorax
appendages differ in appearance and function. Sensory functions are performed
by antennules and antennae in the head field. The jaw-like structures involved
in food absorption are formed by two pairs of maxillae and the mandibles . The
maxillipeds are the first three pairs of appendages in the thorax, while the
walking legs are the next five pairs, which are specialized for food processing
(pereiopods).On the abdomen, there are five pairs of pleopods (swimming legs).
(Bailey-Brock and Moss 1992).



12

adostral carina
hepatic carina
hepatic spine
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Figure 5:  The external morphology of Penaeus monodon

Reference: (Primavera 1990).

Figure 6 depicts the internal morphology of penaeid shrimp. The blood
and blood cells of penaeids and other arthropods are referred to as haemolymph
and haemocytes because they have an open circulatory system. Crustaceans
have a muscular heart in the cephalothorax that is located dorsally. The heart's
valved haemolymph channels branch numerous times before reaching the
sinuses, which are located around the body and serve as a conduit for the
exchange of substances. The haemolymph returns to the heart through three
deep non-valved openings after passing through the gills. The hepatopancreas
occupies a substantial portion of the cephalothorax in penaeid shrimp.
Diverticula of the intestine make up this digestive gland. Haemolymph sinuses
are spaces between hepatopancreatic tubules. The hepatopancreas key functions
include nutrient absorption, lipid storage, and digestive enzyme production
(Johnson and Otto 1981). The lymphoid organ, which filters the haemolymph,
receives one of the haemolymph veins that leaves the heart. This organ is
surrounded by the hepatopancreas, which is positioned ventro-anteriorly. The
haematopoietic system produces haemocytes. This organ is located throughout

the cephalothorax, although it is most visible around the stomach and at the start
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of the maxillipeds. Figure 6 does not display the lymphoid organ or

haematopoietic tissue.

ova
stomach L dorsal abdominal

ventral nerve

hepatopancreas cord

Figure 6:  The internal anatomy of a female Penaeus monodon

Reference: (Primavera 1990).

1.2.3.2 Distribution and life cycle

The giant black tiger shrimp can be found through most of the Indo
Pacific zone, from Japan to Taiwan, east to Tahiti, south to Australia, and west
to Africa. The life cycle of penaeid is divided into many phases that can be
observed in a number of environments (Figure 7). In their natural habitat,
juveniles prefer brackish coastal lines and mangrove estuaries. The majority of
the adults move to shallow coastal regions with greater salinity, where they mate
and reproduce. Each spawning, females emit between 50,000 and 1,000,000
eggs. The eggs hatch into the nauplius, which is the first larval stage. For a few
days, the nauplii feed on their stocks before developing into protozoeae. The
protozoeae consume algae before transforming into myses. Myses consume
algae and zooplankton, and they retain many characteristics with adult shrimp.

They mature into megalopas, also known as postlarvae (PLs). Larval stages
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survive in surface waters rich in plankton off the coast and migrate to the coast
as they mature. Figure 7 shows the life cycle of the Penaeus monodon shrimp.
After fertilization, the eggs hatching within 16 hours. Nauplius (6 stages in 2
days), protozoea (3 stages in 5 days), mysis (3 stages in 4-5 days), and megalopa
are the larval stages (6-35 days). Megalopa and early juvenile stages are referred
known as postlarvae. It takes 135-255 days for a juvenile to mature into a

subadult, and 10 months for sexual maturity.
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Figure 7:  The life history of Penaeus monodon

Reference: (Motoh 1984).
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1.2.4 Spermatogenesis in shrimp

The first investigation of spermiogenesis and spermatogenesis in decapod
crustaceans was carried out in an astacidea, Procambarus clarkia, using light and
electron microscopes (Moses 1961). For P. clarkia, the process of the primordial testis
maturing into a fully mature testis was also described in detail (Taketomi et al. 1996).
The testis of this crayfish is made up of numerous seminiferous tubules that contain
sertoli cells and germ cells at various stages of development. The tubules of
seminiferous join together to forming channels for collecting that lead to the vas
deferens. Spermatogonia is division during mitosis, then differentiate into primary
spermatocytes and secondary spermatocytes, and finally spermatids. After that,
spermatids develop into mature sperm, which have a radical arms, acrosome, and a

nucleus with strongly decondensed chromatin.

Many species of palaemonid decapods have been studied for their
spermatogenesis and sperm structure of the male reproductive system. Poljaroen et al.
(2010), they have examined categorized the differentiation of male germ cells stage
during spermiogenesis and spermatogenesis in Macrobrachium resenbergii, which is
the most commonly cultivated freshwater prawn in the world (Chow et al. 1982). It was
reported that there are 12 stages in the development of male germ cells, including
spermatogonia, primary spermatocyte (6 phase: leptotene, zygotene, pachytene,
diplotene, diakinesis and metaphase), secondary spermatocyte, spermatids (3 stages)
and mature sperm. The developing germ cells in spermatogenesis contain features that
are comparable to those of other invertebrates, such as spermatogonia, that are found in
the seminiferous tubules. A spermatogonium is a cell that is oval in form and has a big
central nucleus with mainly euchromatin and one or two prominent nucleoli, measuring
around 8-10 m in diameter. (Ruiz et al. 2020), they describe the male freshwater prawn
M. carcinus’s reproductive morphology and spermatogenesis (Figure 8). The male
freshwater prawn M. carcinus’s reproductive system comprised the lobed of testes that
were attached to the vas deferens. M. carcinus’s testis was separated into many lobules.
Each lobule was generated by surrounding a cluster of germ cells with connective tissue
and nurse cells. The acinus wall is made up of thin connective tissue and nurse cells. In

the spermatogenic process, germinative cells form on the inside. Primary spermatocytes
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of similar size are produced by peripheric spermatogonia. The main spermatocytes give
rise to secondary spermatocytes, which are smaller and have a more compact nucleus,
at the end of the first meiosis stage. Spermatids are irregularly shaped spermatocytes
that form at the end of the secondary spermatocytes meiosis. The spermatozoa are
formed when the spermatids are completely polarized. Spermatogenesis occurs in the

lobule in the opposite direction of germ cell differentiation.

Secondary

Primary Spermatocyte

Spermatocyte Spermatid

Spermatozoa

Connective tissue

Figure 8: Diagram illustrating the structure of testicular lobule

References: (Ruiz et al. 2020).

The morphology of reproductive in penaeoidean shrimps has been investigated
in a lot of species. Fransozo et al (2016), they described about testis and
spermatogenesis of the white shrimp Litopenaeus schmitti (Burkenroad 1936)
(Crustacea, Penaeidea). Each lobule of the testis has a digitiform structure surrounded
by connective tissue. Seminiferous tubules form a convoluted net runs through the
lobule. Somatic tube filled with spermatozoa and germinal cells can be seen in the
seminiferous tubules. The seminiferous duct, which is filled with spike less free
spermatozoa, is enclosed by a simple columnar epithelium. The seminiferous tubule's
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periphery, generally at the opposite pole of the seminiferous duct, the spermatogonia
form a germinal center. Normally, spermatogonia’s germinal center is discovered
simultaneously with spermatid development. The accessory or Sertoli cells that
surround the seminiferous tubules raise their thin cytoplasm during spermiogenesis,
becoming eosinophilic and readily apparent. The accessory or The Sertoli cells have
many a smooth endoplasmic reticulum and mitochondria and during spermatogenesis.
The spermatogonia reveal a big nucleus with at least one nucleoli on transmission
electron microscope (TEM). The cytoplasm contains a few of organelles as well as
rough endoplasmic reticulum (RER), mitochondria, and tiny electron-dense entities in
the perinuclear cytoplasm. The spermatogonia are found on a connective tissue that thin
and separates the germinal core from the region where spermatocytes are forming. The
nucleus of a primary spermatocyte is larger than that of spermatogonia, and the
cytoplasm is slightly larger. Synaptonemal complexes are used to examine and
document different stages of meiotic prophase. RER is found in the cytoplasm, and a
huge membrane-bound electron-dense vesicle may be observed in some cells. This
eosinophilic granule is useful for identifying initial spermatocytes under light
microscopy. Spermiogenesis starts in the initial stages spermatid, which features big
heterochromatin blocks that grow less condensed as time goes on. Several scattered
proacrosomal vesicles mix with one another in the cytoplasm, the cell expands and
migrates to the cell periphery. The RER, Golgi bodies, and mitochondria are among the
organelles found in the cytoplasm. Large proacrosomal vesicles can be seen on the
contrary pole to the nucleus of the mid-spermatid in initial stages. Despite the
cytoplasm remains enormous and the nucleus has heterochromatin blocks and RER, the
proacrosomal vesicle is referred to as the acrosomal vesicle. The cytoplasm becomes
filled with tiny vesicles in the mid-spermatid, and the nucleus has mitochondria with
minimal cristae and barely thin chromatin filaments. The spike less late spermatid is
discharged into the seminiferous duct. In the spherical main body, the acrosomal cap
contains two prominent electron-dense regions that create the potential spike base in
longitudinal sections. The acrosomal cap expands inversely on the main body,
generating curved lateral extensions. The acrosomal vesicle is generated by the less
electron-dense lateral expansion of the acrosomal cap and the spike base in the late
spermatid. The granular material beneath the potential spike base differs from the
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filamentous chromatin of central and big nuclei. In contrast to the acrosomal, the

cytoplasm is constrained to a small area.

1.2.5 Cryopreservation

Cryopreservation is a well-known technique in which liquid nitrogen (-196 °C)
is used as a refrigerant to keep biomaterial samples functional for long periods of time
(Chao et al. 2009) and it has applications in aquaculture, biotechnology, animal
husbandry, and endangered species protection (Golshahi et al. 2018). But
cryopreservation of eggs is difficult due to their big size, high lipid and yolk content.
Although, the cryopreservation process has been successfully used to preserve
spermatogonia cells of fish species such as Nile tilapia (Lacerda et al. 2010), rainbow
trout (Lee et al. 2013), and common carp (Fran¢k et al. 2019) but only recent reported
cryopreservation of sperm and spermatophores in shrimp, not yet report mentioned

successful cryopreservation of spermatogonia cell.

Cryopreservation involved several conditions that need to increase post-thaw
survivability, these conditions including type and concentration of cryoprotectant,
equilibration time (Ciereszko et al. 2014), thawing temperature (Nynca et al. 2017), and
method for preserved that required for successful cryopreservation.

1.2.5.1 Research of cryopreservation

Cryopreservation of germ cell has been investigated in a variety of
animals. Higaki et al. (2018), they used slow-cooling (freezing) and rapid-
cooling (vitrification) techniques to examine the possibility of cryopreservation
of oogonia and spermatogonia in the highly endangered cyprinid honmoroko
(Gnathopogon caerulescens). First, they investigated toxicity of the testicular
cell and properties of glass-forming in 5 cryoprotectants: dimethyl sulfoxide
(DMSO), propylene glycol (PG), ethylene glycol (EG), glycerol (GC), and 1,3-
butylene glycol (BG), and estimated cryoprotectant concentrations appropriate

for freezing and vitrification solutions, respectively. Then, freezing solutions of
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EG, GC, DMSO, PG, and BG at 3, 2, 3, 2, and 2 M, and vitrification solutions
at 7, 6, 5, 5, and 4 M were prepared, respectively. The testicular cells, which
mostly contained spermatogenic cells in their early stages (such as primary
spermatocytes and spermatogonia), were cryopreserved and cultured for seven
days before being immunochemically tagged against the germ cell marker
protein Vasa. Vasa-positive cell-infested areas were suggested that the
vitrification resulted in higher germ cell survival than freezing, and the best
performance was achieved with 5 M PG, which resulted in roughly 50% germ
cell recovery after vitrification. The cells were cryopreserved by vitrification
with 5 M DMSO resulted in the greatest oogonia survival in ovarian cells
including oogonia and stage I, Il, and Illa oocytes, with cell numbers
comparable to those cultured without vitrification. The current findings imply
that adequate cryoprotectants for spermatogonia and oogonia can be used to
effectively cryopreserve gonial cells of male and female endangered species G.

caerulescens.

Abualreesh et al. (2020), they discovered the best permeating (DMSO,
EG, glycerol, and methanol) and non-permeating (trehalose or lactose with BSA
or egg yolk) cryoprotectants, their optimal concentrations of cryoprotectants,
and the best freezing rates at —0.5, —1.0, —5.0, —10 °C/min till —80 °C that yield
the most viable type A spermatogonia cells. All parameters had a significant
impact on formation and viability of cell after thawing, according to the
findings. At 1.0 M concentration, DMSO was the most efficient penetrating
cryoprotectant. Because of interactions between the two components, the
efficient concentration in each cryoprotectant differed depending on the
specification of cryoprotectant. In comparison to the 1.0 M DMSO control, 0.2
M lactose with egg yolk consistently improved type A spermatogonia
production and viability among the non-permeating cryoprotectants. 1 °C/min
was the best overall freezing rate, however, 0.5 °C/min had similar results. To
achieve the greatest cryopreservation results, they recommend freezing
testicular tissues of blue catfish in DMSO at 1.0 M concentration with lactose

at 0.2 M concentration and egg yolk at a rate of -0.5 or 1 °C/min.
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Although the cryopreservation method has been used to successfully
preserve fish’s spermatogonia cells, but cryopreservation in shrimp not yet
report mentioned successfully preserve spermatogonia cell. The
cryopreservation in shrimp has been used to successfully preserve sperm such
as: Vuthiphandchai et al (2007), they determined the effect
of cryoprotectants on sperm viability and developed a freezing method for long
period  storage  spermatophores  of P. monodon. Spermatophores
were suspended for 30 minutes in calcium-free saline (Ca-F saline) containing
the cryoprotectants: DMSO, EG, PG, formamide, and methanol at 5, 10, or 20%
concentrations were examined using a modified eosin—nigrosine staining
technique. Because DMSO caused the least losses in apparent sperm viability,
a freezing process utilizing Ca-F saline including 5% DMSO was designed.
Three protocols were used to cryopreserve spermatophores: cooling to a final
temperature (30, 80, or 80 °C) and then rapidly freezing to liquid nitrogen at 2,
4, 6, 8, 10, 12, 14, or 16 °C/min colling rated. After cryopreservation,
spermatophores were thawed at 30, 60, 70, or 90 °C for 2 minutes. To
successfully cryopreserve spermatophores in liquid nitrogen used cool at a rate
of 2 °C/min between 25 and 80 °C in one step. After cryopreserving at 210 days,
spermatophores were thawed for 2 minutes in a 30 °C water bath and provided
viable sperm. Average of sperm viability in fresh spermatophores (97.8 + 2.9%)
and cryopreserved spermatophores preserved for less than 60 days
(87.3 £ 4.1%) did not difference (P > 0.05); however, spermatophores were
cryopreserved between 90 to 210 days were lower (P < 0.05) and ranged from
27.3+3.4 to 53.3+4.3%. Fertilized eggs were produced using thawed
spermatophores that had been stored in liquid nitrogen for fewer than 62
days(fertilization rates of 71.6-72.2% and hatching rates of 63.6-64.1% and
fresh spermatophores rates of 70.8-78.2% and 66.3-67.8%, respectively).
Finally, cryopreserved spermatophores were stored in liquid nitrogen for up to
210 days, sperm within cryopreserved spermatophores maintained their

viability.


https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cryoprotectant
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/monodon
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Castelo-branco et al. (2015), they used soy lecithin as an extracellular
cryoprotectant for Litopenaeus vannamei sperm cryopreservation by using the
vitrification technique. Three intracellular cryoprotectants (DMSO, EG, and
MeOH at final concentrations of 5, 10, and 30% (v/v)) in sterile calcium-free
saline solution (Ca-F) were evaluated in the toxicity assay. After extrusion, the
sperm masses were immersed for 10, 30, and 120 min in 0.5 ml of
cryoprotectant solutions. Then apparent sperm viability (ASV) was determined
by staining with eosin—nigrosine. Methanol was chosen because it had a
minimal decrease of ASV (21%) at 30% concentration and 120 min exposure
duration. In vitrification procedure, soy lecithin was tested as an extracellular
cryoprotectant, whether or not it was combined with methanol. For vitrification,
sperm masses were submerged in cryoprotectant solutions follow: (1) CaF
+ 0.4 M trehalose as the base solution, (2) base solution + 30% MeOH, (3) base
solution + 30% MeOH + 1% soy lecithin (4) base solution + 30 % MeOH + 2%
soy lecithin (5) base solution + 1% soy lecithin and (6) base solution + 2% soy
lecithin. Then, the samples were stored in liquid nitrogen by using vitrification
procedure at 1, 30, 60, and 120 days and evaluated with fluorescence
microscopy. Trehalose was supplemented with soy lecithin that is an excellent
extracellular cryoprotectant by using vitrification procedure, it remained high
and consistent for all studied solutions over the period at 120 days (88.6%). The
vitrification procedure found to be effective for L. vannamei sperm mass
cryopreservation with high rates of sperm membrane integrity. This appears to
be the first report for cryopreservation of penaeid sperm mass by using the
vitrification method.

Memon et al. (2012), they investigated the effects of several
cryoprotectants on sperm viability and optimized the cryopreservation
procedure for spermatophores for long-term storage of Banana shrimp (Penaeus
merguiensis). Spermatophores were suspended in Ca-F saline for 15 min, then
thawed at 27°C using Ca-F saline with MgCl, at 15 % concentration and
equilibrated at room temperature (25°C) for 15 minutes. Exposure and cooling
rate at 25, 20, 16, 4, 2, -4, -20, -80, -150°C/10 min were selected. A modified
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eosin-nigrosine staining technique was employed to examine sperm viability.
Although MgCl, caused the smallest losses in apparent sperm viability, the
freezing process was devised using Ca-F saline with MgCl, at 15 %
concentration. Spermatophores were stored for 180 days at -196°C in liquid
nitrogen utilizing the above exposure/cooling rate. Sperm viability of fresh
spermatophore (93.8+1.3%) and cryopreserved spermatophore retained at 24 h
and 60 days (83.5+0.6 and 61+1.2) had similar sperm viability (p>0.05),
however for spermatophore preserved in liquid nitrogen at 90 to 180 days had
reduced (p<0.05) (55.4+0.3 — 16.4+1.2). Previously, the spermatophore was
stored in liquid nitrogen at 60 to 90 days, sperm vitality was decreased
significantly (p<0.05) after storage at 90 days. The viability of spermatophore
preserved at 120 and 150 days were 48.9+0.9 and 32.4+0.9%, respectively and
the viability of spermatophores preserved at 150 and180 days was low (<35%).
F. merguiensis females were artificially inseminated with cryopreserved
spermatophore that maintained in liquid nitrogen for 7 to 30 days and 60 to 90
days had fertilization rates of 73.9+1.5 to 66.7+3.1 and 67.3+3 to 64.1+2.1%,
respectively but fresh spermatophore had fertilization rates of 88.2+1.5%. Eggs
were fertilized with cryopreserved spermatophore that retained in liquid
nitrogen for 7 to 30 days and for 60 to 90 days had hatching rates of 77.6£2.5
to 722435 and 81.5+12.1 to 62.5+1.5, respectively which were not
significantly (p>0.05) from the control group (76.2+13.5%). In summary,
sperm viability in cryopreserved spermatophore that maintained in liquid
nitrogen for 90 days was high, but sperm viability in cryopreserved

spermatophore that maintained in liquid nitrogen for 180 days was decreased.

1.2.5.2 Freezing process

There are two cryopreservation techniques that are often utilized: slow-

freezing and vitrification.

1.2.5.2.1 Slow freezing
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The slow cooling cryopreservation, which is the most used
technique worldwide (Gurruchaga et al. 2018) and has been the
conventional technique. Slow-freezing permits cryopreservation to take
place at a slow sufficient rate to allow for appropriate cellular
dehydration while limiting intracellular ice accumulation. (Rienzi et al.
2017) and cryoprotectants (CPAs) permeability, which refers to the
diffusion effect of CPAs across cell membranes, protects cell natures
(Zhang et al. 2018).

Lee and Yoshizaki (2016), they successfully cryopreservation
of spermatogonia. Whole testes of dangerously endangered
Manchurian trout (Brachymystax lenok) were cryopreserved in
cryomedium containing 1.3 M of methanol, 0.2M of trehalose
and 10% of egg yolk at -1°C/min cooling rate, then stored for 2

days in liquid nitrogen and thawed in a water bath at 30°C.

1.2.5.2.2 Vitrification

Vitrification is a modern cryopreservation method that combines
an incredibly fast cooling rate for cells with an extremely high
concentration of CPAs in the cell suspension, which will lower the
freezing temperature before rapid cooling (Guven and Demirci 2012).
Cell culture media containing a high concentration of CPAs underwent
a rapid transformation from liquid to glass during the vitrification phase,
minimizing cell harm (Zhang et al. 2018). Vitrification reduces the risk
of mechanical damage to cells by preventing the development of ice
crystals. Vitrification, in comparison to slow freezing, has the benefits
of being a time saving, quick process that requires no special or costly
equipment. Vitrification has also been shown to maintain the
morphologic integrity of stromal cells better than slow freezing. (Shi et
al. 2017).
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Vitrification appears to be a burgeoning alternative to slow
freezing, as it has proven to be successful. Seki et al. (2017) applied for
cryopreservation for whole testes of medaka. Whole testes of medaka
on a copper mesh were directly immersed to liquid nitrogen after 20
minutes of exposure in vitrification solution containing 30% (v/v) EG,
21% (w/v) ficoll, and 0.35M sucrose at 0°C, warmed by direct
immersion in 0.2M sucrose at 25°C, and whole testes were submerged
to L-15 medium. Therefore, they have been cryopreserved effectively

for spermatogonia cells and have a high viability.

Both approaches have disadvantages for cryo-injured cells
during the cryopreservation process, such as ice injury (Zhurova et al.
2010) from cooling phase ice crystal formation, osmotic injury from
loading and unloading CPAs, and CPAs toxicity. Both cryopreservation
methods can result in a loss of cell viability and function due to the
permeability and concentration of CPAs (Zhang et al. 2018). Therefore,
identifying an optimal type and concentration of cryoprotectant is

necessary for a long-term preservation of spermatogonia cells of shrimp.

1.2.5.3 Cryoprotectants (CPAS)

Cryoprotectants are used to prevent or minimize cold shock damage,
intracellular ice formation, thawing recrystallization, and membrane instability.
By the amount of liquid fraction in the sample, cryoprotectants will lower the
sample's freezing point and the amount of solutes and salts, as well as preventing
the development of ice both outside and inside cells (Royere et al. 1996). While
the oxygen atoms in molecules of water bind with hydrogen bonds between
membrane phospholipids in biological structures, Water replaces cryoprotecting
molecules such as glycerol. The integrity of the membrane is dependent on these
bonds (Crowe et al. 1984). A successful the cryoprotectant should be soluble in
water and have a low toxicity level (Alvarenga et al. 2005). Cryoprotectants
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may be classified as penetrating or non-penetrating cryoprotectants based on

their mechanism of action (Figure 9).

Penetrating cryoprotectant

Dehydration

CPA CPA CPA

o Solute

B. Non-penetrating cryoprotectant

FL0 Dehydration

CPA CPA

Figure 9:  Groups of cryoprotectants (CPAS): A. Penetrating cryoprotectants
and B. Non-penetrating cryoprotectants

Reference: (Chian and Quinn 2010).

1.2.5.3.1 Penetrating cryoprotectants

Penetrating cryoprotectants which have a low of molecular
weight allows them to penetrate cells. They can influence both the

extracellular and intracellular environments in this way.

Because of the chemical potential of water differential between
the outside and inside of cells, cytosolic water travels to the cell’s outer
milieu when cryoprotectant is added to the cell suspension. Due to the
concentration variation, the penetrating cryoprotectant penetrates cells.

This process continues until the extracellular and intracellular conditions
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for both cryoprotectant and water have established equilibrium.
Intracellular ice formation (11IF) may be avoided or avoided by lowering
the intracellular medium 's freezing point. Penetrating cryoprotectants
enter cells, breaking hydrogen bonds between water molecules to create
new hydrogen bonds and changing the water structure as a result. The
cryoprotective feature is demonstrated in this way by avoiding the cells
from accumulating high ion concentrations and avoiding significant
dehydration as a result of water loss during freezing (Sagirkaya et al.
2003).

Glycerol, DMSO, and PG are penetrating cryoprotectants which
change the physical characteristics of intracellular solution, decrease
intracellular ice formation, increase resistance to cold shock, regulate
the protein and lipid structure of the cell membrane, and increase
membrane fluidity to influence spermatozoa during cryopreservation
(Purdy 2006).

Glycerol (GLY)

Three hydroxyl groups are found in a glycerol molecule. Each
glycerol molecule has the ability to bind to three molecules of water.
Glycerol can quickly move through the membrane pores due to its
smaller molecular size. The hydroxyl bonds produced between water
molecules strengthen and solidify as the temperature decreases. As a
result, the frozen water increases and causes cell damage. Glycerol
functions as a cryoprotectant by attaching with the hydrogen atoms of
water molecules and interlocking them during freezing to prevent large-

volume ice crystals.
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Dimethyl sulfoxide (DMSO)

At room temperature, DMSO is a liquid that ranges in hue from
colorless to yellow. Chloroform, acetone, ethanol, diethyl ether,
benzene, and aromatic compounds are all soluble in it. DMSO has
bacteriostatic, anti-inflammatory, diuretic, tranquilizing, and local
analgesic properties in addition to being a cryoprotectant for sperm. It's
both a penetrant and a messenger, and it can boost insulin’s effectiveness
(Pope and Oliver 1966).

Ethylene glycol (EG)

When ethylene glycol reacts with water, it changes the hydrogen
bonding. Freezing point of purified ethylene glycol has around 12°C and
the freezing point drop when mixed with 40% water and 60% ethylene
glycol, making it incapable of forming crystalline structures. Ethylene
glycol is the most effective choice for cryoprotection because of its
capability. However, ethylene glycol has been linked to gastrointestinal
discomfort, pulmonary edema, and lung inflammation (Bhattacharya
2018).

Propylene glycol (PG)

Propylene glycol or propane-1, 2-diol is a molecule of synthetic
organic with the chemical formula C;HgO, that is non-irritating. It has
a mildly sweet flavor and is colorless and odorless. It is a diol
chemically, and it is miscible with water, chloroform, and acetone. It is
a common deicing fluid for planes. RV or marine antifreeze are both
brands of propylene glycol. It also has the antifreeze property of an
automobile (Bhattacharya 2018).
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1.2.5.3.2 Non-penetrating cryoprotectants

Non-penetrating cryoprotectants are cryoprotectants that do not
enter the sperm membrane and solely work in the extracellular
environment. They often work by integrating the structure of membrane
or lowering the medium's freezing point (Purdy 2006). The two
categories of cryoprotectants that are typically divided are high
molecular weight cryoprotectants and low molecular weight
cryoprotectants. (Woelders 1997). Non-penetrating cryoprotectants with
low molecular weight include monosaccharides: glucose and galactose,
disaccharides: sucrose and trehalose, and trisaccharides: raffinose and
melezitose. Cryoprotectants with a high molecular weight such as ficoll
70, polyvinyl alcohol (PVA), polyethylene glycol (PEG), polyvinyl
pyrrolidone (PVPP), polyethylene oxide (PEO), and others work by
lowering the number of ice crystals that form on the outside of cells

during the freezing/thawing process, thereby reducing cellular damage.

Sugars are used as an energy source, a cryoprotectant, an osmotic
pressure regulator, and a reducer ice formation of cellular during sperm
cryopreservation (Bucak and Tekin 2007). Trehalose which is a
disaccharide produced by joining two D-glucose molecules and
increases the distance of membrane phospholipids by attaching to the
polar portion of the cell membrane’s phospholipids These cavities in the
membrane enable the outflow of water from the cell freezing, preventing
the harmful effects from cellular dehydration, preventing the formation

of ice in the cell and stabilizing the cell membrane.

Cooling sperm consumes energy from the environment, VVan der
Waals forces cause phospholipids to accumulate, and the liquid crystal
phase changes to the gel phase. In the cell membrane during thawing,
irregular voids form. This results in membrane disruption, leakage of
ions and water into and out of the cell, as well as cell death (Patist and
Zoerb 2005). As trehalose is applied to the medium which generating
gaps in the cell membrane between phospholipids, preventing them from
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aggregating during freezing and protecting the membrane structure's
integrity after thawing (Ahmad et al. 2012).



30

1.3 Objectives of Research

1.3.1 To identify the germ cells developmental stage for cryopreservation.

1.3.2 To optimize the equilibration time for slow freezing method, type, and
concentration of cryoprotectants, and thawing temperature for preserve spermatogonia
cell of shrimps including Marcrobrachium Rosenbergii, Fenneropenaeus merguiensis

and Penaeus monodon.

1.3.3 To compare the efficiency of slow freezing and vitrification methods for

a long-term preservation of spermatogonia cells.
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Chemicals

Company

3-Aminopropyltriethoxysilane
5-bromo-4-chloro-3-indolyl phosphate (BCIP)

Acetic acid

Acetic anhydride

Agarose gel

Antibiotic-antimycotic

Blocking reagent

Bovine serum albumin (BSA)

Calcium chloride dehydrate (CaCl, - 2H,0)

Chloroform

Citric acid dihydrate

Collagenase H

Dextran sulfate

Diethyl Pyrocarbonate (DEPC)

Dimethyl sulfoxide (DMSO)

Di sodium hydrogen phosphate (Na,HPO,)

Sigma
Roche

RCI Labscan
RCI Labscan
Vivantis
Invitrogen
Roche
Sigma
LOBA chemi
RCI Labscan
RCI Labscan
Roche
Sigma

Bio basic
RCI Labscan
LOBA chemi
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Chemicals Company
Dispase Il Sigma
DNAse | Sigma
Entellan neu Merck

Eosin Leica

Ethanol RCI Labscan
Ethylenediaminetetraacetic acid (EDTA) LOBA chemi
Ethylene glycol RCI Labscan
Fetal Bovine Serum (FBS) Gibco
Formalin RCI Labscan
Formamide LOBA chemi
Glacial acetic acid Lab scan
Glucose RCI Labscan
Glycerol Ajax chemical
Guava Nexin® Reagent Merck
Hematoxylin Leica
HistoVT one NACALAI Tesque
Hydrogen chloride (HCL) RCI Labscan
Hydroxyethyl piperazineethanesulfonic acid (HEPES) Promega
Isopropanol RCI Labscan
Magnesium chloride Hexahydrate LOBA chemi
Leibovitz’s L-15 powder medium Life technologies
Maleic acid RCI Labscan
Nitroblue tetrazolium (NBT) Roche
Paraformaldehyde RCI Labscan
Picric acid RCI Labscan
Potassium acetate RCI Labscan
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Chemicals Company
Potassium chloride LOBA chemi
Potassium hydrogen phosphate (KH,PO,) LOBA chemi
Proteinase K Invitrogen
Sodium citrate RCI Labscan
Sodium chloride RCI Labscan
Sodium dodecyl sulfate (SDS) Himedia
Sodium hydrogen phosphate (Na,HPO,) RCI Labscan
Sodium hydroxide (NaOH) RCI Labscan
Sodium pyruvate Sigma
Sucrose RCI Labscan
Trehalose New Jersey
Tris-base Himedia

Tris buffer LOBA chemi
Tri-sodium citrate dihydrate RCI Labscan
TRIzol® reagent Gibco
Trypan blue Gibco
Tryptone Himedia
Tween 20 LOBA chemi
Yeast extract Himedia
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Chemicals Company
100 bp DNA Ladder Promega
10x EcoR I buffer Promega

10x Ligation buffer

Alexa Fluor 488

Ampicillin

AMYV reverse transcriptase

Apa | enzyme

CutSmart buffer

Deoxynucleoside triphosphate (ANTP)
EcoRI enzyme

Go taq® green master mix

Heparin

Polyclonal rabbit anti-vasa antibody
Random primer

RNase inhibiter

Spe | enzyme

Taq DNA polymerase Prime SATAR

Taq DNA polymerase buffer Prime SATAR

T4 DNA Ligase
Xylene
Yeast tRNA

Thermo Scientific
Invitrogen
Biobasic
Promega

Biolab

Biolab

TaKaRa
Promega
Promega
Himedia

Abcam

Promega

Roche

Biolab

TaKaRa

TaKaRa

Thermo Scientific
RCI Labscan

Invitrogen
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2.1.2 Bacteria

Escherichia coli (Top 10 F’) Genotype: F’ {laclq Tn10(TetRO } mcrA A (mrr-
hsdRMS-mcrBC) ®80lacZAM15 AlacX74 recAl araD139 A(ara-leu)7697
galU galK rpsL (StrR) endAl nupG, Invitrogen, Netherlands.

2.1.3 DNA vector
pGEM®-T Easy vector (Promega, Madison, USA)

2.1.4 Oligonucleotide primer

Primers

Sequence (5> — 3°)

Forward Vasa-741
Reverse Vasa-741
Forward Vasa-846
Reverse Vasa-846
Forward f -actin

Reverse f -actin

5’-TCC AGG GGA GGT GGT AGA GG-3’
5’-ACT CCC TGT CTG AGC ACA GC-¥
5’- TCC AGG GGA GGT GGT AGA GG -3’
5’-GAT CACCAG TCC CGT TGG TT-3°
5’-GCT ACA GCT TCA CCA CCA CCG-3
5’-GAT GTC CAC GTC RCACTT CAT-3’

2.1.5 Animals
2.1.5.1 Giant freshwater prawn

Giant freshwater prawn, Marcrobrachium Rosenbergii (n = 62) with
mean body weight of 36.15 + 8.78 g and total body length of 16.04 + 1.40 cm
were obtained from Songkhla lake in Songkhla province, Thailand. Male giant
freshwater prawns were maintained to cement pond (1.5 x 2 x 0.5) containing
half tap water at 27-28 °C for 12 h light and 12 h dark and they were fed twice
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a day with commercial feed by dividing into two equal portions for the morning
and evening feeding. Shrimp were held for 5-7 days before the beginning of the
experiment and water were exchanged daily at approximately 50% until
finished in the experiment.

2.1.5.1 Banana shrimp

Banana shrimp, Fenneropenaeus merguiensis (n = 68) with mean body
weight of 11.74 + 2.36 g and total body length of 12.25 £ 0.89 cm were obtained
from Trang Coastal Fisheries Research and Development Centre, Trang
province, Thailand. All males were maintained in cement pond (1.5 x 2 x 0.5)
containing sea water (30 ppt) at 27-28 °C for 12 h light and 12 h dark and they
were fed twice a day with commercial feed by dividing into two equal portions
for the morning and evening feeding. Shrimp were held for 5-7 days before the
beginning of the experiment and water were exchanged daily at approximately

50% until finished in the experiment.

2.1.5.3 Black tiger shrimp

Black tiger shrimp, Penaeus monodon (n = 66) with mean body weight
of 12.62 £+ 1.68 g and total body length of 12.29 + 0.97 cm were obtained from
Chana district, Songkhla province, Thailand. All males were maintained in
cement pond (1.5 x 2 x 0.5) containing sea water (30 ppt) at 27-28 °C for 12 h
light and 12 h dark and they were fed twice a day with commercial feed by
dividing into two equal portions for the morning and evening feeding. Shrimp
were held for 5-7 days before the beginning of the experiment and water were

exchanged daily at approximately 50% until finished in the experiment.



2.2 Equipment

0.45 nylon um-pore nylon filter
24 well plate

48 well plate

Analytical balance 4 digits
Autoclave

Automatic pipette

Automatic tissue processor
Biosafety cabinet class Il
Centrifuge

Copper mesh (clever, Aichi, Japan)
Cryovials (NEST)

Embedding Center

Flow cytometer

Fluorescence microscope
Freezer container

Freezer -20 °C

Freezer -80 °C

Gel documentation

Gel Electrophoresis machine
Heat box

Hematocytometer

Hot air oven

Hybridization oven

Incubator

Incubator shaker

Laboratory Chemical Fume Hood
Light microscope

Liquid Nitrogen container

Magnetic stirrers
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Microcentrifuge tube
Microtome

Nano drop

PCR thermal cycler

PCR tube

pH miter

Polymerase Chain Reaction (PCR) machine
Refrigerated Centrifugation
Shaker

Surgical instruments
Water bath
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2.3 Methods

2.3.1 Samples collection

The males of shrimp were euthanized by immersion on ice then weighed
and measured the length. The various organs including muscle, gill,
hepatopancreas, heart, intestine, thoracic ganglion, lymphoid, and testes were
aseptically removed and excised from adult shrimp. For tissue distribution
analysis, all of tissues were store in TRIzol® reagent (Ambion® by life
technologies, USA) at -80 °C until RNA extraction. For histological analysis,
whole testes were fixed into Bouin’s solution (1% Acetic acid , 24% Formalin
and 75% Picric acid, which is a fixative solution) at 4 °C for 7 h then transferred
into 70% ethanol until histology and for cryopreservation experiments, whole
testes were transferred into Leibovitz’s L-15 medium (pH 7.8) (Gibco®, USA)
containing 27.75 mM D-Glucose (RCI Labscan), 10% Fetal Bovine serum
(FBS) (Gibco®, USA) and 1% antibiotic—antimycotic (Invitrogen) before used.
All experiments were carried out according with the Guidelines for the Care and

Use of Laboratory Animals, Prince of Songkla University, Songkhla, Thailand.

2.3.2 Immunohistochemical analysis

For identification of germ cells developmental stages in testes gonads of
the giant freshwater prawn. The whole testes of shrimp were fixed in Bouin’s
solution fixative at 4 °C for 7 h, dehydrated in ethanol series, embedded in
paraffin, and then the tissue blocks were sectioned into 5 um serial sections. After
deparaffinization, some slides were stained with hematoxylin and eosin (H&E)
(Leica, Leica Biosystems Richmond, Inc., USA). For immunohistochemical
analysis, adjacent deparaffinized slides were immunohistochemically stained
with the protein Vasa, which is a marker for germ cells (Raz 2000), by

deparaffinized slides were subjected to antigen retrieval using HistoVT One (pH
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7.0; NACALAI Tesque, INC. Kyoto, Japan) for 20 min at 90 °C. After
incubation, the slides were moved to distilled water (DW) immediately and 2 min
washed for three times, and once in 1x Phosphate-buffered saline containing
0.1% Tween 20 (PBST) for 2 min with shaking. Slides were then incubated in
blocking reagent (Block Ace powder, KAC Co. Ltd., Japan) in the moisturizing
box for 1 h at room temperature with shaking. Then, slides were mounted with
polyclonal rabbit anti-vasa antibody (ab2099710, Lot:GR3256982-6, Abcam;
Diluted to 50 times with PBS (-)) in immunostain Solution A; diluted 1:200
(Can Get Signal®, Code: NKB-501, TOYOBO) at 4 °C overnight. Subsequently,
slides were incubated with diluted Alexa Fluor 488-conjugated goat anti rabbit

IgG (Invitrogen, US) in immunostain Solution B; diluted 1:200
(Can Get Signal®, Code: NKB-601, TOYOBO) for 1 h at room temperature in

the dark area. Images were obtained using fluorescence microscope (Olympus-
IX 70, Olympus, Tokyo, Japan), and germ cell stages were identified according

to the classification reported in the giant freshwater prawn (Poljaroen et al. 2010).

2.3.3 Tissue distribution analysis by RT-PCR

Various tissues (testes (T), muscle (MU), gill (G), hepatopancreas (HP),
heart (H), intestine (IN), brain (BR), thoracic ganglion (TG) and lymphoid
(LY)) from adult of banana shrimp and black tiger shrimp were homogenized
and utilized for total RNA extraction with TRIzol® reagent, the tissues were
homogenized in 1.5 ml tube with TRIzol® reagent using homogenizer and
placed at 15-30 °C for 5 min. Then, the tissues were added chloroform, mixed,
placed at 15-30 °C for 2-3 min, centrifuged for at 12,000 rpm for 15 min at 4
°C and removed the supernatant to new 1.5 ml tube. The supernatant was added
isopropanol, placed at 15-30 °C for 10 min, centrifuged for at 12,000 rpm for
10 min at 4 °C and discard the supernatant. Total RNA precipitate forms a white
gel-like pellet at the bottom of the tube. The pellet was washed with cold

absolute ethanol, centrifuged for at 12,000 rpm for 5 min at 4 °C and discard
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the supernatant. The pellet was dried at room temperature for 30 min and
resuspended in RNase-free water. The quality of the isolated RNA was then
assessed using nano drop spectrophotometers (Thermo Fisher SCIENTIFIC).
Two micrograms of purified total RNA were reverse transcribed to cDNA using
AMV Reverse Transcriptase (Promega, Madison, USA), two micrograms of
purified total RNA and the random primers (Promega, Madison, USA) were
mixed in 1.5 ml tube, incubated in heat box at 70 °C for 5 min and incubate on
ice for 5 min immediately. 10 mM dNTP, 5x RT buffer, AMV and RNase free
water were added to 1.5 ml tube in a total volume 25 pl and incubated at 48 °C
for 2 h. The cDNA was used for PCR.

For banana shrimp, the PCR reaction were carried out using 1000 ng of
cDNA, 0.625 mM of dNTP, 0.25 uM of each primer, 5x Prime STAR buffer
(Mg?*plus) and 2.5 units of Prime STAR HS DNA polymerase (Takara, Japan)
in a total volume of 12.5 pl, performed at 94°C for 5 min; followed by 35 cycles
of 30 s at 94°C, 30 s at 65°C, and 30 s at 68°C; followed by a final elongation
step of 68°C for 10 min, with Vasa-specific primers (Vasa F: 5’-TCC AGG
GGA GGT GGT AGA GG-3’, Vasa_R: 5’-ACT CCC TGT CTG AGC ACA
GC-3’) that were designed from the highly conserved regions of vasa homologs
in shrimp species with the following GenBank accession numbers; Litopenaeus
vannamei: DQ095772.2 and Fenneropenaeus merguiensis: MZ173499 and p -
actin-specific primers (f -actin _F: 5’-GCT ACA GCT TCA CCA CCA CCG-
3’, B -actin _R: 5’-GAT GTC CAC GTC RCA CTT CAT-3’) as an internal
control designed to amplify the 741- and 300-bp amplicons, respectively. Then,

PCR products were detected using 1.5% agarose gel electrophoresis.

For black tiger shrimp, the PCR reaction were carried out using 1000 ng
of cDNA, Go taq® green master mix, 2x (Promega, Madison, USA) and 1 uM
of each primer in a total volume 12.5 pl, performed at 94°C for 5 min; followed
by 35 cycles of 1 min at 94°C, 1 min at 65°C, and 1 min at 72°C; followed by a
final elongation step of 72°C for 7 min, with Vasa-specific primers (Vasa F: 5’-
TCC AGG GGA GGT GGT AGA GG -3°, Vasa R: 5’-GAT CAC CAG TCC
CGT TGG TT-3") that were designed from the highly conserved regions of vasa
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homologs in shrimp species with the following GenBank accession numbers;
Litopenaeus vannamei: DQO095772.2 and Fenneropenaeus merguiensis:
MZ173499 and B-actin-specific primers (B-actin _F: 5’-GCT ACA GCT TCA
CCA CCA CCG-3, B-actin _R: 5’-GAT GTC CAC GTC RCA CTT CAT-3’)
as an internal control designed to amplify the 846-bp and 300-bp amplicons,
respectively. Then, PCR products were detected using 1.5% agarose gel

electrophoresis and showed the predicted molecular weight.

2.3.4 The Vasa Probes synthesis

Total RNA was isolated from testes of adult banana shrimp and black

tiger shrimp males using the TRIzol® reagent according to manufacturer’s
instructions. Two micrograms of total RNA were used for cDNA synthesis.
First-strand cDNA were synthesized using AMV Reverse Transcriptase and the
PCR reaction of Vasa were performed to the method describe in 2.3.3. After
that PCR products were separated on a 1.5% agarose gel, the cDNA fragments

that showed the predicted molecular weight were isolated and purified using
QIAquick® PCR Purification Kit (QIAGEN, Hilden, Germany). The purified
cDNA fragments were cloned into the pGEM®-T Easy vector (Promega,

Madison, USA). The ligation of purified cDNA fragments with pGEM®-T Easy
vector were carried out using vector DNA, insert DNA, 10x buffer, T4 DNA
ligase and DI water in a total volume 5 pl and incubate at room temperature for
3 h. Then, the ligated cDNA fragments were transformed to competant cell,
taped, incubated on ice for 30 min, heat shock for 90 s, incubated on ice for 5
min immediately, added LB broth and shaked at 180 rpm at 37 °C for 2 h. After
that, transformed cDNA were spreaded on LB agar with ampicillin plate and
incubated at 37 °C for 16-18 h. The colony were picked and cultured in LB
broth at 37 °C for 16 h. Bacteria culture were centrifuged at 12,000 rpm for 1
min, discard the supernatant and remove any media. The cell pellet was

completely resuspended in solution | by vortexing, incubated at room
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temperature for 5 min, added solution Il and mixed by inverting; the cell
suspension should be clear immediately and incubated on ice for 5 min. Protein
were precipitated with solution I11 by inverting and incubated on ice for 30 min.
The cell suspension was centrifuged at 12,000 rpm at 4 °C for 15 min. A
compact white pellet will from along the side or at the bottom of the tube,
carefully removed all of the clear lysate to new tube. DNA were precipitated
with isopropanol by inverting, incubated at -20 °C at least 30 min, centrifuged
at 12,000 rpm at 4 °C for 15 min and discarded the supernatant. The pellet of
DNA was washed with 70% ethanol, centrifuged at 12,000 rpm at 4 °C for 15
min and discarded the supernatant. The pellet DNA were dried at room

temperature for 30 min and resuspended with DI water. The cDNA was detected

using 1% agarose gel electrophoresis and using pGEM®-T Easy vector as a
control. Inserted cDNA fragments were sequenced (1st BASE, Inc., Singapore).

Then, the sequences were confirmed using the BLAST program.

For creating VVasa probes, the plasmid clones were purified with Plasmid
Miniprep Plus Purification Kit (GMbiolab Co., Ltd., Taiwan). Then, 3-5 ug of
the purified plasmid were used to linearized with the restriction enzyme that do
not cut the DNA insert but cut the vector by using Apal (Biolab) and Spel
(Biolab), the reaction were carried out using 1x buffer enzyme of Apal, 5 pug of
plasmid DNA, 5 units of Apal restriction enzyme and DW in total volume 100
pl for Apal tube and 1x buffer enzyme of Spel, 5 pg of plasmid DNA, 5 units
of Spel restriction enzyme and DW in total volume 100 pl for Spel tube, then
incubated each tube at 37 °C for 2-3 h and DNA precipitated with 3M sodium
acetate pH 5.2 and absolute ethanol by inverting and incubated at -20 °C for 2
h or -80 °C for overnight then centrifuged at 13,000 rpm at 4 °C for 15 min and
discarded supernatant. After that, DNA were washed with 70% ethanol,
centrifuged at 13,000 rpm at 4 °C for 5 min. The pellet DNA were dried at room
temperature for 5-10 min and resuspended with DEPC water by vortexing. The
quality of the isolated RNA was then assessed using nano drop

spectrophotometers (Thermo Scientific™).
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The linearized plasmid was used as template to synthesize antisense and
sense RNA probe by in vitro transcription using digoxigenin (DIG)-labeled
uridine triphosphate (UTP) with T7 or SP6 RNA polymerase (Roche
Diagnostics, Germany) according to the manufacturer’s instructions. Briefly, 1
pg linear plasmid were mixed with 0.5 pl of DIG RNA labeling (10x conc.), 1.4
pl of T7 buffer (10x conc.), 0.5 pl of T7 or Sp6 RNA polymerase (20 U) , 0.5
pl of RNase Inhibitor (20 U) and DEPC water in total volume 14 pl, then
incubated at 37°C for 2 h, treated with 2 pl of DNase (20 U) (Roche Diagnostics,
Germany) at 37°C for 15 min and precipitated with ethanol by using 100 ul of
100% ethanol, 3 pl of 3M sodium acetate and 1 pl of 10 mg/ml Yeast tRNA.
Then, RNA probe synthesis was checked by dot blot on paper and detected with
NBT/BCIP. Antisense and sense probe were aliquoted to made concentration

1 pg/ul per tube and stored at -80°C until use.

2.3.5 In situ hybridization analysis

In situ hybridization (ISH) was performed on testes section of banana
shrimp and black tiger shrimp. The fragment of a 741 and 846 base pair (bp)
cDNA vasa for banana shrimp and black tiger shrimp, respectively.

For the tissue in situ hybridization, testes of banana shrimp and black tiger shrimp were
fixed in Bouin’s solution fixative at 4 °C for 7 h. After fixation, testes were dehydrated
as follows: 70% ethanol for 1 h, 85% ethanol for 1 h, twice in 95% ethanol for 1 h,
twice in 100% ethanol for 1 h, twice in xylene for 1 h, and twice in paraplast for 1.3 h.
Then testes were embedded into paraffin wax, paraffin-embedded tissue samples were
serial sectioned at 5 um with a microtome, mounted on glass slides coated with 3-
Aminopropyltriethoxysilane, deparaffinized and dehydrated in xylene-ethanol
gradient. The paraffin sections were stained with hematoxylin-eosin (H&E) or ISH by
hybridized with DIG-labeled RNA probes. For ISH, the paraffin sections were
permeabilized with proteinase K for 30 min at 37 °C, acetylated, and hybridized at 65
°C for 18 h with a hybridization solution containing 1 pg/ml antisense or sense DIG-



45

labeled RNA probe, 50% (v/v) of formamide, 10% (v/v) of 20x saline sodium citrate
(SSC) (pH 4.5), 50 pg/ml transfer RNA (tRNA), 50 pg/ml heparin, 2% (v/v) of sodium
dodecyl sulfate (SDS) (10%), and 40% (v/v) of dextran sulfate (25%). After
hybridization, the sections were washed as follows: twice in 2x SSC/50% formamide
for 30 min at 65 °C, three times in 1x SSC/50% formamide for 20 min at 65 °C, and
once in 0.5x SSC/25% formamide for 10 min at 65 °C. To reduce background, the
sections were treated with 10 pg/ml RNase A for 10 min at 37 °C to digest nonspecific
binding probes. After RNase digestion, the sections were washed twice in NTE buffer
(5 M NaCl, 2 M Tris-HCI pH 8.0, 0.5 M EDTA pH 8.0) at 37 °C for 5 min, three times
in 0.5x SSC at 65 °C for 20 min, cool samples at RT for 30 min and then washed three
times in 1x Tris-buffered saline containing 0.1% Tween 20 (TBST) for 5 min at RT.
Non specific binding was blocked with 2% blocking reagent (Roche Diagnostics,
Germany ) /TBST for 15 min in moist chambers at RT. The sections were incubated
with anti-DIG-AP Fab fragments (diluted 1:500 in the blocking reagent) for 2 h at RT,
then washed three times in PBST followed by once in NTMT solution (5 M NaCl, 2 M
Tris—HCI pH 9.5, 1 M MgCl2, 0.1% Tween 20) for 5 min at RT. Hybridization signals
were then detected by incubation in NTMT solution containing nitroblue tetrazolium
(NBT; Roche Diagnostics, Germany) and 5-bromo-4-chloro-3-indolyl phosphate
(BCIP; Roche) and placed in dark area at RT. After detection the signals, the section
slides were mounted using Entellan® New (Merck, Darmstadt, Germany) and observed

the results under fluorescence microscope.

2.3.6 Cryopreservation experiment
2.3.6.1 Optimal incubation time for slow freezing method

To optimize incubation time of testes in cryomedium containing
cryoprotectant for slow freezing method. Dissected testes (0.018-0.02 g)
of giant freshwater prawn were transferred into 1.8 ml cryovials
(NEST®) containing 500 upl cryomedium contained cryoprotectant
(DMSO, GLY and Magnesium chloride (MgCl,)), 100 mM Trehalose,
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15% Bovine serum albumin (BSA) (Sigma, USA) and 2x extender
contained 10x extender (19 mM hydroxyethyl piperazineethanesulfonic
acid (HEPES), 130 mM Sodium chloride (NaCl), 2 mM Potassium
chloride (KCL), 8 mM Potassium hydrogen phosphate (KH,PO,), 1 mM
Sodium hydrogen phosphate (Na,HPO,) and 1 mM Sodium pyruvate),
0.9 mM Calcium chloride dehydrate (CaCl, - 2H,0) and 0.5 mM
MgCl, - 6H,0. Samples were incubated for 15, 30 and 60 min on ice,
and cooled at -1 °C/min for 90 min using a freezing container (Bicell;
Nihon Freezer Co., Ltd., Japan) located in a -80 °C. After cooling, the
samples were plunged into liquid nitrogen (-196 °C) and were stored for
a week before analysis. Freshly testes were used as a control, five

replicates were prepared (N=5).

2.3.6.2 Effect of cryoprotectant type and concentration on

spermatogonia cells viability

To evaluate the toxicity of type and concentration of
cryoprotectants for cryopreservation protocol; 5, 10 and 15% of DMSO,
GLY and MgCl, were used as cryoprotectant. For a slow freezing method,
dissected testes (0.018-0.02 g) were transferred into 1.8 ml cryovials
containing 500 pl cryomedium contained cryoprotectant, 100 mM
trehalose, 15% BSA and 2x extender contained 10x extender (19 mM
HEPES, 130 mM NaCl, 2 mM KCL, 8 mM KH,PO,, 1 mM Na,HPO,
and 1 mM Sodium pyruvate), 0.9 mM CaCl, - 2H,0 and 0.5 mM MgCl,, -
6H,0. Samples were incubated for 60 min on ice and cooled at -1 °C/min
for 90 min using a freezing container located in a -80 °C. After cooling,
the samples were plunged into liquid nitrogen (-196 °C) and were stored
for a week. For a vitrification method, the testes were placed on copper
mesh (Clever, Aichi, Japan) and then transferred into 24 well plate
containing 1 ml vitrification solution contained cryoprotectant, 200 mM
trehalose, 15% of Ethylene glycol, 20% of Fetal bovine serum (FBS)
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(Gibco Invitrogen Co.) and 3.3x extender contained 10x extender (26.8
mM HEPES, 182.1 mM NaCl, 3.5 mM KCL, 11.2mM KH,PO,, 1.5 mM
Na,HPO, and 1.75 mM Sodium pyruvate), 1.3mM CacCl, - 2H,0 and 0.7
MgCl, - 6H,0. After incubation for 30 min on ice, samples were removed
from vitrification solution, transferred into 1.8 ml transparent cryovials
and then the samples were plunged immediately into liquid nitrogen (-196
°C) and were stored for a week (Seki et al. 2017). In both methods, freshly

testes were used as a control. Five replicates were prepared (N=5).

2.3.6.3 Effect of thawing temperature on spermatogonia cells viability

To optimize thawing temperature for slow freezing and
vitrification methods, the testes were cryopreserved with 10% DMSO and
10% GLY for banana shrimp and black tiger shrimp, respectively. For
slow freezing method, the frozen testes in cryovial were thawed at 10 °C
and 27 °C by shaking cryovial in a water bath and for vitrification method,
the piece of frozen testes placed on copper mesh were taken out from
cryovial and thawed in Leibovitz’s L-15 medium at 10 °C and 27 °C and
removed from copper mesh. Then, thawed testes of both methods were
rehydrated in three times by shaking in Leibovitz’s L-15 medium (pH 7.8)
containing 27.75 mM D-Glucose, 10% FBS and 1% antibiotic—
antimycotic and dissociated. To assess spermatogonia cell viability, the
testes cells were stained with the trypan blue (Gibco, USA) and counted
using a hematocytometer under a light microscopy, five replicates were
prepared (N=5).

2.3.6.4 Long-term cryopreservation

The ultimate purpose of this study was to optimize the conditions

for long-term cryopreservation of testes of shrimp, 10% DMSO were used
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for long-term cryopreservation of giant freshwater prawn and banana
shrimp and 10% GLY were used for long-term cryopreservation of black

tiger shrimp.

Control group was freshly dissected testes (0.018-0.02 @)
collected from shrimp. In the experiment group of slow freezing method,
samples were transferred into cryovial containing 500 pl cryomedium
contained cryoprotectant, 100mM trehalose, 15% BSA and extender.
Samples were equilibrated for 60 min on ice and cooled at -1 °C/min for
90 min using a freezing container located in a -80 °C. And in the
experiment group of vitrification method, samples were placed on copper
mesh and then transferred into 24 well plate containing 1 ml vitrification
solution contained cryoprotectant, 200mM trehalose, 15% Ethylene
glycol, 20% FBS and extender. Samples were equilibrated for 30 min in
vitrification solution on ice, then were transferred into transparent
cryovials. The samples of slow freezing and vitrification methods were
plunged into liquid nitrogen and were stored at 1, 2, 3 and 6 months, then

testes were thawed at 10 °C. Five replicates were prepared (N=5).

2.3.6.5 Dissociation procedure

To assess spermatogonia cell viability, after the frozen testes were
thawed and rehydrated in three changed Leibovitz’s L-15 medium (pH
7.8) containing 27.75 mM D-Glucose, 10% FBS and 1% antibiotic—
antimycotic. The frozen testes were dissociated in Leibovitz’s L-15
medium (pH 7.8) containing 1.665 mg/ml of dispase Il (33.3 mg/ml)
(Sigma, USA), 2 mg/ml of collagenase H (40mg/ml) (Roche, Germany)
and 0.45 u/ul of DNase I (15 u/pl) (Sigma, USA) in total volume 500 pl
by cutting for 5 min and pipetting every 30 min for 1 h at 25 °C. The cell
suspension was inactivated of enzyme by adding Leibovitz’s L-15
medium (pH 7.8) containing 27.75mM D-Glucose, 10% FBS and 1%
antibiotic—antimycotic and filtered through a 42 pum-pore nylon screen
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and centrifuged at 300 g for 10 min. The harvested cells were resuspended
with Leibovitz’s L-15 medium (pH 7.8) containing 27.75mM D-Glucose,
10% FBS and 1% antibiotic—antimycotic, stained with the trypan blue;
ratio 1:1 and counted using a hematocytometer under a light microscopy.
The dead cells were stained blue and the live cells were unstained. The
calculation followed the formula described by Octavera and Y oshizaki
(2020): cell viability (%) = number of trypan blue-negative cells / total
number of cells (trypan blue-positive and blue-negative cells) x 100. The
rate of cell recovery was calculated as the percentage of live cells isolated
from the cryopreserved tissue compared with the number of live cells
isolated from the fresh tissue, while correcting for the tissue size using the
following formula: recovery rate (%) = (total live cryopreserved cells /
total live fresh cells) x (weight of fresh tissue / weight of cryopreserved

tissue) x 100. All data were obtained from five independent experiments.

2.3.7 Flow cytometry

Dissected testes (0.018-0.02 g) were preserved with 10% DMSO for
giant freshwater prawn and banana shrimp and 10% GLY for black tiger shrimp
at 1-3 months. Then, cryopreserved testes were thawed at 10 °C, dissociated and
spermatogonia cells suspension were prepared in Guava Nexin Reagent
(Merck), following the manufacturer’s protocols of Guava Nexin Assay by
using flow cytometer (Flow Cytometer Guava EasyCyte 8HT). Spermatogonia
cells suspension were incubated with Guava Nexin Reagent by pipetting 100 pl
of spermatogonia cell suspension into 96 well, adding 100 pl of Guava Nexin
Reagent to 96 well and then, incubate for 20 min at room temperature in the
dark. Twenty-five thousand events were recorded, and cell populations were

determined based on cell size. Percentage of apoptotic cells were recorded, and
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percentage of viable cells, early apoptosis, late apoptosis, and debris cells were

analyzed with Guava System.

2.3.8 Statistical analysis

The results were expressed as mean * standard deviation (SD). The data
were tested for normal distribution and equal variances by using SPSS program.
Data were analyzed using repeated measures one-way analysis of variance
(ANOVA) followed by Tukey’s post hoc test. All analyses were performed at a
significance level P < 0.05.
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CHAPTER 3

RESULTS

3.1 Immunohistochemical analysis

The testes of giant freshwater prawn were identified the germ cells
developmental stages by immunohistochemical analysis which performed on testes
section of giant freshwater prawn, some deparaffinized testes slides were stained with
hematoxylin and eosin (H&E), which is tissue stains used in histology (Figure 10 A).
The protein vasa, which is a germ cell marker, was immunohistochemically stained on
adjacent deparaffinized testes slides (Figure 10 B). After deparaffinized testes slides
were incubated with polyclonal rabbit anti-vasa antibody (15t antibody) and Alexa
Fluor 488-conjugated goat anti rabbit 1gG, which is used for the indirect detection of a

target to which a specific primary antibody is first bound.

Testes slides were immunohistochemically stained with anti-Vasa antibody, the
signals were specifically detected in only spermatogonia cell (SG) but not detected in
spermatocyte (SC) and sperm (S) as morphology of germ cell stages were identified
according to the classification reported in the giant freshwater prawn (Poljaroen et al.
2010).

Spermatogonia

Spermatogonia are found on the outside edges of seminiferous tubules. A
spermatogonium is an oval-shaped cell with one or two large nucleoli and a large
centrally placed nucleus containing predominantly euchromatin. Ribosomes and
mitochondria abound throughout the cytoplasm. Nurse cells can also be found near the

spermatogonia in the tubule's periphery.
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Spermatocyte

Primary spermatocytes are spherical cells with moderately basophilic nuclei and
patchy heterochromatin dispersed throughout, measuring 10-14 pm in diameter.
Primary spermatocytes can be divided into six phases (Leptotene spermatocyte (LSc),
Zygotene spermatocyte (ZSc), Pachytene spermatocyte (PSc), Diplotene spermatocyte
(DSc), Diakinesis spermatocyte (DiSc), Metaphase spermatocyte (MSc)) based on the
arrangement of chromatin fibers. The first meiotic division of a primary spermatocyte
generates two secondary spermatocytes with highly condensed cord-like components

that are collected together in its chromatin.

Sperm

A testicular sperm is composed of a dense anterior part with a spike-like
projection and its base plate, like an everted umbrella, and a globular and transparent
posterior part. It spans 8-9 pum across the globular part's midsection, which includes the
nucleus surrounded by a thin cytoplasmic border.

Figure 10. Immunohistochemistry with anti-Vasa antibody in the testes of giant

freshwater prawn. Paraffin sections of testes were stained with hematoxylin and eosin
(A), immunohistochemically stained with anti-Vasa antibody (B), and merged (C).
Antibody signals were detected on spermatogonia cells (yellow arrow) but not detected
on spermatocyte (white arrow) and sperm (red arrow). Bars represent 20 pm.
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3.2 Tissue distribution analysis by RT-PCR

For analysis the expression of vasa in different tissue of adult banana shrimp
and black tiger shrimp. RT-PCR was used to determine the tissue distribution patterns
of vasa RNA in adult tissue (testes , muscle , gill , hepatopancreas , heart , intestine ,
brain , thoracic ganglion and lymphoid ) and RNA was used for cDNA synthesis using
vasa-specific primer, which generate amplicons of 741 bp and 846 bp for banana
shrimp (Figure 11 A) and black tiger shrimp (Figure 11 B), respectively and g-actin
was amplified as an internal control and no cDNA template as a negative control. The
abbreviation MW stands for molecular weight marker (100-bp DNA ladder).

The results of banana shrimp and black tiger shrimp showed specially expressed
predicted molecular weight of 741 bp and 846 bp in the testes, respectively and was not
expressed in other tissues including muscle, gill, hepatopancreas, heart, intestine, brain,

thoracic ganglion and lymphoid.
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MW T MU G HP H IN BR TG LY NC

Vasa
(741 bp)

B-actin
(300 bp)

MW T MU G HP H IN BR TG LY NC
Vasa

(846 bp)

B-actin
(300 bp)

Figure 11. RT-PCR analysis of vasa mRNA expression in banana shrimp (A) and black
tiger shrimp (B). cDNAs were synthesized using total RNA isolated from various
tissues (testes (T), muscle (MU), gill (G), hepatopancreas (HP), heart (H), intestine
(IN), brain (BR), thoracic ganglion (TG) and lymphoid (LY)) using vasa-specific
primer, which generate amplicons of 741 bp and 846 bp for banana shrimp and black
tiger shrimp, respectively and g-actin was amplified as an internal control. There was
no cDNA template in Lane NC, which served as a negative control. The abbreviation
MW stands for molecular weight marker (100-bp DNA ladder).
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3.3 In situ hybridization analysis

In situ hybridization (ISH) was used to identify stage of spermatogonia cells
expression in adult testes of banana shrimp (Figure 12 A-C) and black tiger shrimp
(Figure 12 D-F) by using vasa RNA probes, which used for identification stage of
spermatogonia cell expressed in adult testes of banana shrimp and black tiger shrimp.
ISH was performed on testes section, some deparaffinized testes slides were stained
with hematoxylin and eosin, which is tissue stains used in histology and were

hybridized with antisense and sense DIG-labeled vasa RNA probes.

The results of hematoxylin and eosin stains showed mainly stages of
spermatogonia and spermatid in testes of both shrimp as follow described about the
reproductive morphology of penaeoidean shrimps (Fransozo et al. 2016). The signals
of vasa RNA were specifically detected in only spermatogonia cell of banana shrimp
(Figure 12 A-A’) and black tiger shrimp (D-D’), no signals of vasa RNA were detected
in spermatid. Conversely, no hybridization signals were observed in any of the cells of
banana shrimp (Figure 12 B-B’) and black tiger shrimp (E-E’) when the sense probes

were performed on testes section.
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Antisense Sense H&E

Figure 12. Histological characterization and vasa mRNA expression in testes of banana
shrimp (A-C) and black tiger shrimp (D-F) by in situ hybridization using vasa antisense
and sense probes. Sequential sections hybridized with an antisense vasa probe (A and
D), sense vasa probe (B and E) and stained with H&E (C and H). No signal is detected
with sense probe. The vasa mRNA signal is specifically expressed in spermatogonia
cell (SG). Picture (A’, B’ and C’) is high magnification of the black region of picture
(A, B and C,) and picture (D’, E’ and F’) is high magnification of the black region of
picture (D, E and F), respectively. Scale bars represents 50 um (A-F) and 20 um (A’-
F’). SG; spermatogonia (arrowheads) and S; spermatid.
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3.4 Cryopreservation experiment of testes

3.4.1 Effect of equilibration times in cryoprotectants on viability and recovery

of spermatogonia cell

To determine the suitability equilibration times in cryoprotectants of
shrimp, testes of giant freshwater prawn was incubated in cryomedium
containing 10% DMSO, 10% GLY and 10% MgCl, and extender for 15, 30 and
60 min, and cryopreserved by using slow freezing method. The viability of
spermatogonia cells incubated with 10% DMSO for 15, 30 and 60 min was
97.45 + 2.68, 96.81 + 3.45 and 94.32 + 4.23%, 10% GLY was 92.78 + 3.75,
90.91 +2.81 and 88.42 + 3.04% and 10% MgCl, was 93.71 + 2.92, 96.59 + 3.23
and 89.53 + 3.65%, respectively (Figure 13 A). The recovery of spermatogonia
cells incubated with 10% DMSO for 15, 30 and 60 min was 96.48 + 3.61, 93.74
+3.05 and 92.99 + 3.32%, 10% GLY was 87.05 + 3.22, 89.51 + 4.78 and 84.12
+ 4.49% and 10% MgCl, was 89.80 + 4.38, 93.28 + 2.97 and 84.67 + 5.30%,
respectively (Figure 13 B). In each of equilibration times in cryoprotectants on

viability and recovery of spermatogonia cell was not significantly different.
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Figure 13. Optimization of equilibrate conditions by using slow freezing method for
spermatogonia cell of giant freshwater prawn. (A) The viability of spermatogonia cell
(%) and (B) The recovery of spermatogonia cell (%) equilibrated for 15, 30 and 60 min
on ice with cryomedium containing cryoprotectants at 10% concentrations. Each bar

represents the mean £ SD (N=5).
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3.4.2 Effect of cryoprotectant type and concentration on viability and

recovery of spermatogonia cell

3.4.2.1 Effect of cryoprotectant type on viability and recovery of

spermatogonia cell

To preserve the cells and retain high viability and recovery of
spermatogonia cells, it is essential to prevent intracellular ice formation
during cooling and warming by dehydration and permeation of
cryoprotectants including DMSO, GLY and MgCl,. For slow freezing
method, the viability and recovery of spermatogonia cells of giant
freshwater prawn were preserved using 10% of DMSO, GLY and
MgCl,was 87.84 + 2.74 and 75.58 + 4.30%, 85.39 + 2.68 and 67.46 +
4.20%, and 82.78 + 4.56 and 62.41 + 8.68%, respectively, in each
cryoprotectant was not significantly different. The viability and
recovery of spermatogonia cells of banana shrimp were preserved using
10% of DMSO was 90.68 + 4.77 and 58.85 + 2.69% and GLY was 82.37
+ 8.45 and 42.26 + 5.55% and black tiger shrimp were preserved using
10% of DMSO was 87.27 £ 2.55 and 82.92 + 8.12% and GLY was 86.17
+ 2.08 and 89.58 + 8.96%, respectively, was significantly higher than
that preserved using 10% of MgCl, (Figure 14 A, B). For vitrification
method, the viability of spermatogonia cells preserved using 10% of
DMSO and GLY of giant freshwater prawn was 90.87 + 1.39 and 84.45
+ 2.49%, banana shrimp was 80.70 £ 3.22 and 76.40 £ 3.05%, and black
tiger shrimp was 85.66 + 6.99 and 79.37 + 4.31%, respectively and
recovery of spermatogonia cells preserved using 10% of DMSO and
GLY of giant freshwater prawn was 71.79 + 3.29 and 71.02 + 6.04%,
banana shrimp was 53.69 = 7.95 and 39.87 + 5.56%, and black tiger
shrimp was 85.00 = 5.97 and 86.67 + 8.15%, respectively, was
significantly higher than that preserved using 10% of MgCl, (Figure 14
C, D). However, when testes in banana shrimp were preserved by using
slow freezing and vitrification methods with 10% of DMSO (58.85 +
2.69, 53.69 + 7.95%), the recovery of spermatogonia cells was
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significantly higher than that of preserved in 10% of GLY (42.26 +5.55,
39.87 £ 5.56%), respectively. But the recovery of spermatogonia cells
of giant freshwater prawn were preserved with 10% of DMSO (75.58 +
4.30 and 71.79 £ 3.29%) and 10% of GLY (67.46 = 4.20 and 71.02 +
6.04%) and black tiger shrimp were preserved with 10% of DMSO
(82.92 £ 8.12 and 85.00 + 5.97%) and 10% of GLY (89.58 + 8.96 and
86.67 + 8.15%), was not significantly different for slow freezing and
vitrification methods, respectively (Figure 14 B, D).
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Figure 14. Optimization of cryoprotectant type condition for giant freshwater prawn,
banana shrimp and black tiger shrimp spermatogonia by using slow freezing and
vitrification method. (A and C) The viability of spermatogonia cell (%) and (B and D)
the recovery of spermatogonia cell (%) after freezing with cryomedium containing 10%
of dimethyl sulfoxide (DMSO), glycerol (GLY) and Magnesium chloride (MgCl,). The
control group, freshly testes were dissociated in L-15 medium without cryoprotectants.

Each bar represents the mean £ SD (N=5).

3.4.2.2 Effect of cryoprotectant concentration on viability and

recovery of spermatogonia cell

Based on effect of cryoprotectant type result, concentrations at
5%, 10% and 15% of DMSO for giant freshwater prawn and banana
shrimp and GLY for black tiger shrimp were observed by using slow
freezing and vitrification methods. For slow freezing method, the
viability of spermatogonia cells of giant freshwater prawn were
preserved using 5% of DMSO (96.98 + 2.00%) was significantly higher
than using 10% of DMSO (87.93 + 2.74%) and 15% of DMSO (87.77 +
2.85%), banana shrimp were preserved using 10% of DMSO (85.59 +
2.39%) and 15% of DMSO (84.44 + 2.94%) was significantly higher
than using 5% of DMSO (70.51 + 7.43%) and black tiger shrimp were
preserved using 10% of GLY (90.01 £ 6.12%) was significantly higher
than using 5% of GLY (77.77 = 4.46%) and 15% of GLY (73.68
5.82%) (Figure 15 A). For vitrification method, the viability of
spermatogonia cells of giant freshwater prawn were preserved using 5%
of DMSO (94.23 + 3.26%) and 10% of DMSO (88.59 + 4.31%) was
significantly higher than using 15% of DMSO (82.98 + 2.89%) but
banana shrimp were preserved using 5%, 10% and 15% of DMSO
(81.45 + 4.26, 83.28 £+ 3.81 and 87.19 + 8.44%) and black tiger shrimp
were preserved using 5%, 10% and 15% of GLY (85.38 £+ 6.36, 86.50 +
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3.66 and 85.21 + 5.29%), respectively, was not significantly different
(Figure 15 C). However, the recovery of spermatogonia cells were
preserved by using slow freezing and vitrification methods with 10% of
DMSO for giant freshwater prawn (75.58 = 4.30 and 83.38 + 3.29%),
and banana shrimp (64.65 + 3.94 and 61.15 + 8.83%) and 10% of GLY
for black tiger shrimp (87.50 + 9.32 and 90.83 + 8.67%), respectively,
was highest (Figure 15 B, D).
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Figure 15. Optimization of cryoprotectant concentrations for giant freshwater prawn,
banana shrimp and black tiger shrimp spermatogonia by using slow freezing and
vitrification method. (A and C) The viability of spermatogonia cell (%) and (B and D)
the recovery of spermatogonia cell (%) after freezing with different concentrations (5%,
10% and 15%) of cryomedium containing DMSO for giant freshwater prawn and
banana shrimp and glycerol (GLY) for black tiger shrimp. Each bar represents the mean
+ SD (N=5).

3.4.3 Effect of thawing temperature on viability and recovery of

spermatogonia cell

In thawing experiments, the frozen spermatogonia cells were preserved
in liquid nitrogen (-196 °C) by using slow freezing and vitrification methods.
For slow freezing method, the viability of spermatogonia cells of giant
freshwater prawn and banana shrimp were thawed at 10 °C (92.26 + 2.82 and
84.78 £ 3.26%) was significantly higher than thawed at 27 °C (78.92 + 3.64 and
76.29 + 4.12%), respectively, and the viability of spermatogonia cells of black
tiger shrimp was not significantly different between 10 °C (83.72 + 3.53%) and
27 °C (69.06 + 14.76%) (Figure 16 A). For vitrification methods, the viability
of spermatogonia cells of giant freshwater prawn and black tiger shrimp was
not significantly different between 10 °C (91.38 + 3.89 and 82.80 + 3.62%) and
27 °C (88.34 £ 2.28 and 83.33 + 5.80%), respectively and the viability of
spermatogonia cells of banana shrimp were thawed at 10 °C (86.96 + 3.42%)
was significantly higher than thawed at 27 °C (70.18 + 3.04%) (Figure 16 C).
However, the recovery of spermatogonia cells in giant freshwater prawn,
banana shrimp and black tiger shrimp thawed at 10 °C (91.23 + 1.56, 79.20 *
4.69, 89.58 + 5.71% and 89.63 + 3.24, 83.04 + 2.93, 88.33 £ 6.69%) was
significantly higher than at 27 °C (50.12 + 2.78, 34.66 £ 3.71, 20.42 + 5.78%
and 57.86 £ 3.11, 40.51 + 6.04, 21.25 £ 5.78%) for slow freezing and
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vitrification methods, respectively (Figure 16 B, D). Thus, thawing temperature

of 10 °C was suitable for thawing the frozen testes.
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Figure 16. Optimization of thawing temperature for giant freshwater prawn, banana
shrimp and black tiger shrimp of frozen-thawed spermatogonia by using slow freezing
and vitrification method. (A and C) The viability of spermatogonia cell (%) and (B and
D) the recovery of spermatogonia cell (%) after thawed at 10 °C and 27 °C. Each bar
represents the mean + SD (N=5).
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3.4.4 Long-term cryopreservation

For long-term cryopreservation of spermatogonia cells, the dissect testes
were preserved at 1, 2, 3 and 6 months by using slow freezing and vitrification
methods. In giant freshwater prawn, the viability of spermatogonia cells at 1
month (89.37 + 2.12 and 94.29 + 1.85%) was not significantly different with 6
months (84.13 + 2.49 and 92.03 + 2.63%) for slow freezing and vitrification
method, respectively (Figure 17 A) and the recovery of spermatogonia cells at
1 month (72.94 + 3.18%) was significantly higher than at 6 months (50.93 +
6.61%) for slow freezing but not significantly different between 1 month ( 94.80
+ 4.44) and 6 months (86.42 + 5.88%) for vitrification method (Figure 17 B). In
banana shrimp, the viability of spermatogonia cells at 1 month (85.50 + 2.33
and 91.10 + 1.69%) was not significantly different with 6 months (82.50 + 2.28
and 88.51 + 3.14%) for slow freezing and vitrification method, respectively
(Figure 17 C). Whereases, the recovery of spermatogonia cells at 1 month
(54.66 + 4.29 and 89.31 + 6.25%) was significantly higher than at 6 months
(40.99 + 7.69 and 71.02 + 3.07%) for slow freezing and vitrification method,
respectively (Figure 17 D). In black tiger shrimp, the viability of spermatogonia
cells at 1 month (86.92 + 2.53 and 89.07 + 2.60%) was not significantly different
with 6 months (84.12 + 4.66 and 87.68 * 2.01%) for slow freezing and
vitrification method, respectively (Figure 17 E) and the recovery of
spermatogonia cells at 1 month (91.21 + 7.62 and 92.04 + 4.60%) was higher
than at 6 months (60.81 + 4.93 and 77.91 + 6.48%) for slow freezing and
vitrification method, respectively (Figure 17 F). However, the recovery of
spermatogonia cells preserved with vitrification method for long-term storage
period at 6 months were significantly higher than of preserved with slow

freezing method in all shrimps.
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Figure 17. Comparison viability and recovery of spermatogonia cells between slow
freezing and vitrification methods for giant freshwater prawn (A and B), banana shrimp
(C and D) and black tiger shrimp (E and F), which preserved in liquid nitrogen for long-
term storage period up to 6 months. The control group, freshly testes were dissociated

in L-15 medium without cryopreservation. Each bar represents the mean + SD (N=5).
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3.5 Flow cytometry

To determine apoptosis cells from cryoprotectants toxicity after
preserved in liquid nitrogen at 1-3 months with slow freezing and vitrification
methods. Percentage of apoptosis cell identified by the Guava Nexin Reagent
and analysed with the Guava Nexin Assay utilizes Annexin V-PE to detect PS
on the external membrane of apoptotic cells. The cell impermeant dye, 7-AAD,
is also used in the Guava Nexin Assay as an indicator of cell membrane
structural integrity. In giant freshwater prawn, the viable cells (73.95 + 1.33 and
74.80 + 9.69%) were significantly higher than early apoptosis (0.19 + 0.07 and
0.37 £ 0.06%), late apoptosis (0.23 £ 0.07 and 0.97 + 0.49%) and debris cells
(25.62 + 1.41 and 23.9 £+ 9.30%) for both slow freezing and vitrification
methods, respectively (Figure 18 A). In banana shrimp, the viable cells (79.17
+ 3.30 and 82.53 £ 7.52%) was significantly higher than early apoptosis (1.23
+ 0.67 and 0.60 + 0.26%), late apoptosis (0.87 + 0.29 and 0.90 % 0.44%) and
debris cells (18.73 + 3.70 and 16.00 + 7.96%) for both slow freezing and
vitrification methods, respectively (Figure 18 B). In black tiger shrimp, the
viable cells (76.66 + 3.46 and 86.50 + 5.57%) was significantly higher than early
apoptosis (2.70 £ 2.33 and 1.03 + 0.71%), late apoptosis (1.73 = 1.63 and 0.97
+ 0.67%) and debris cells (18.80 + 3.36 and 11.50 + 4.42%) for both slow
freezing and vitrification methods, respectively (Figure 18 C). However, the
total cells were observed after preserved not apoptosis during cryopreservation
for both methods.
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Figure 18. Flow cytometry of cryopreserved spermatogonia cells labeled with Annexin
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banana shrimp (B) and black tiger shrimp (C) between slow freezing and vitrification
methods for long-term cryopreservation (3 months). Each bar represents the mean £ SD
(n=3).
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CHAPTER 4

DISCUSSION

4.1 ldentification of germ cells developmental stages in testes gonads of the giant

freshwater prawn, banana shrimp and black tiger shrimp.

Spermatogonia cell have the ability to develop into functional gametes (sperm
and eggs) and they are sufficiently small (10-pum diameter in medaka (Seki et al. 2017)
and 8-10-um diameter in giant freshwater prawn (Poljaroen et al. 2010)) and small
enough to be cryopreserved. In order to preserve the spermatogonia cell (SG) of giant
freshwater prawn, banana shrimp and black tiger shrimp for cryopreservation studies,

it is important to identify and isolate spermatogonia cell population for preserving.

VASA is an important member of DEAD-box family. It is one of the important
regulatory factors that determine the development of the reproductive system (Wang et

al. 2012). It is a conserved gene whose expression is restricted to germ cells.

Therefore, in the present study, we focused on spermatogonia cell used VASA
for identification spermatogonia cell in giant freshwater prawn, banana shrimp and

black tiger shrimp for cryopreservation studies.

4.1.1 ldentification of germ cells developmental stages in testes gonads of

the giant freshwater prawn by immunohistochemical (IHC) analysis.

To identify the germ cells developmental stage for cryopreservation of
giant freshwater prawn, identification of vasa protein in giant freshwater prawn
was immunohistochemically stained on the section testes with anti-Vasa
antibody. The signal of vasa protein was specifically detected in stages of

spermatogonia cell (SG) but was not detected in stages of spermatocyte (SC)
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and sperm (S), demonstrating that anti-Vasa antibody staining can be used as a
powerful tool for investigating germ cell development stages in testes gonads
of the giant freshwater prawn. Expression of vasa protein in spermatogonia cell
of giant freshwater prawn testes is consistent with observation on Vasa protein
expression in the Gibel Carp (Xu and Hong 2005), during spermatogenesis, the
Gibel Carp Vasa is stained most intense in spermatogonia cell and disappears

in sperm.

4.1.2 Expression analysis of vasa mRNA in banana shrimp and black tiger
shrimp testes by RT-PCR and in situ hybridization (ISH)

Vasa gene is play an important role in spermatogenesis (Wang et al.
2012) and specifically expressed in the germ cell (Nakkrasae and Damrongphol
2007) that has been demonstrated in many organisms. The functions of vasa
gene are vary depending on animal species. In Drosophila, mutations in the vasa
gene cause a defect in the development of germline precursor cells (Tomancak
et al. 1998); the vasa gene is necessary for the development of oocytes and
spermatocytes during early stages of oogenesis and spermatogenesis (Styhler et
al. 1998; Tomancak et al. 1998). In zebrafish, Yoon et al (1997) showed that
vasa homolog transcripts were only found in PGCs, and that vasa RNA positive
cells could be traced back to many cells at different stages of cleavage and vasa
was specifically expressed in germ cells in frogs, mice, zebrafish, medaka, and
rainbow trout. (Fujiwara et al. 1994, Komiya et al. 1994, Olsen et al. 1997,

Shimomiya et al. 2000, Yoon et al. 1997; Yoshizaki et al. 2000). The vasa gene

is thus an excellent candidate for using as a general molecular marker of

primordial germ cell (PGC).

In situ hybridization, vasa-positive cells were detected in the testes of
adult banana shrimp and black tiger shrimp. In adult testes, which contained
mainly spermatogonia cell and spermatid, vasa-positive signals were
specifically detected in spermatogonia cell, and no signals of vasa RNA were
detected in spermatid. Expression of vasa mRNA in banana shrimp and black
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tiger shrimp testes is consistent with previous studies in bluefin tuna (Nagasawa
et al. 2009), vasa mRNA was thus predominantly localized in the type A
spermatogonia cell, with weak expression observed in type B spermatogonia
cell of bluefin tuna testes. Furthermore, no vasa mMRNA was observed in
spermatid, spermatozoa, or any of the gonadal somatic cells, which
corresponding with tissue distribution patterns of vasa mRNA were analyzed in
adult male of banana shrimp and black tiger shrimp tissues by RT-PCR.
Therefore, we conclude that the cell identified in this study is the spermatogonia
cell, which is primordial germ cell of banana shrimp and black tiger shrimp and

used it for cryopreservation studies.

4.2 Cryopreservation experiment of testes

Cryopreservation method has been used to successfully preserve the
spermatogonia cells in fish species, such as rainbow trout (Lee et al. 2013), Nile tilapia
(Higaki et al. 2018) and common carp (Fran€k et al. 2019); but not yet report mentioned
successful cryopreservation of spermatogonia cell in shrimp. In this study, we have
optimized factors for the cryopreservation experiment for giant freshwater prawn, black
tiger shrimp and banana shrimp spermatogonia cell through slow freezing and
vitrification methods of testes tissue. Because the cryopreservation method involved
several factors that need to increase post-thaw survivability, also requires a type and
concentration of cryoprotectant to prevent ice formation and thawing optimal

temperature.

Previously, the effectiveness of DMSO for cryopreservation of sperm has been
reported in various groups of animals, including tench (Tinca tinca) and goldfish
(Marinovi¢ et al. 2017; Fran¢k et al. 2019), salmonids (Lee et al. 2013, Lee and
Yoshizaki 2016; Fran€k et al. 2019), cyprinids (Marinovi¢ et al. 2017, Linhartova et
al., 2014; Fran¢k et al. 2019), shellfish (Gwo et al. 2002; Chao et al. 2009), and mud



74

crab (Scylla serrata) (Chao et al. 2009). In other studies, glycerol was found to be most
effective for sperm cryopreservation of horseshoe crab, Limulus polyphemus (Behlmer
and Brown 1984; Chao et al. 2009) and MgCl, has been used as a cryoprotectant for
banana shrimp spermatophores (Memon et al. 2012). However, this study demonstrated
that spermatogonia cell of giant freshwater prawn, black tiger shrimp and banana
shrimp could be preserved from cryopreservation of testes. These findings reveal that
giant freshwater prawn and banana shrimp germ cells can be preserved in DMSO and
black tiger shrimp germ cells can be preserved in GLY. Interestingly, MgCl, could not
protect germ cells in banana shrimp and black tiger shrimp during either slow freezing
or vitrifcation, but contrasts with the result of viability and recovery in giant freshwater
was 82.78 = 4.56 and 62.41 + 8.68%, respectively when stored in 10% of MgCl, with
slow freezing method. These contrasting results can be explained by differences in the

species. Thus, cryoprotection methods need to be optimized for each species.

Cell integrity is affected by cryoprotectant concentration. Because of the
electrical characteristics of the cryoprotectant solution, a concentration that is too low
may be insufficient to protect the cell against ice crystal formation, whereas a
concentration that is too high may be hazardous to the cell membrane. Cryoprotectant
concentrations that work best are between 5% and 15% (Wowk et al. 2000). Although
giant freshwater prawn, banana shrimp, and black tiger shrimp germ cells survived at
all concentrations of DMSO and GLY, cell recovery was dependent on the dosage
during slow freezing and vitrification. Excessive doses of cryoprotectant have been
found in studies to reduce ice crystal formation during vitrification; yet high amounts
can harm cells by inducing metabolic and osmotic injuries. According to these studies,

the most efficient concentration for vitrification is 10%.

In cryopreservation, the temperature at which the ice is thawed is critical.
Warming frozen cells can cause recrystallization, cell hydration, and intracellular
devitrification. Cell damage from these occurrences can be avoided with the right
thawing temperature (Karlsson 2001). For giant freshwater prawn, optimal thawing
temperatures are 30 °C (Akarasanon and Poolsanguan 2004) and for banana shrimp and
black tiger shrimp spermatophores, optimal thawing temperatures are 27-30 °C and
30 °C, respectively (Memon etal. 2012; Nimrat et al. 2020; Vuthiphandchai et al.
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2007). Lower thawing temperatures have been linked to improved sperm viability in
studies. We used data from other species because there aren't many publications on
germ cell cryopreservation in crustaceans. The germ cells of rainbow trout, common
carp, and Siberian sturgeon have been preserved at temperatures of 10, 26, and 38 °C,
respectively (Lee et al. 2013; Penika et al. 2016; Yoshikawa et al. 2018). As a result,
we tested thawing temperatures of 10 and 27 °C and discovered that when the thawing

temperature was lower, the recovery rates of shrimp germ cells increased.

For long-term survival of giant freshwater prawn, banana shrimp, and black
tiger shrimp germ cells, vitrification was more successful than gradual freezing,
according to our findings. The reason of effective of spermatogonia cell from
vitrification method might be because that vitrification is a modern cryopreservation
technique that combines an extremely rapid cooling rate for cells with an extremely
high concentration of CPAs in cell suspension to lower the freezing temperature before
abrupt cooling (Guven and Demirci 2012). Cell culture media containing a high
concentration of CPAs underwent a rapid transformation from liquid to glass during the
vitrification phase, minimizing cell harm (Zhang et al. 2018). Vitrification reduces the
risk of mechanical damage to cells by preventing the development of ice crystals.
Several studies conducted fish (Luji¢ et al. 2017, Marinovi¢ et al. 2018), bird and
mammalian testicular (Liu et al. 2013) and ovarian tissue (Wang et al. 2008) indicated
that when compared to the slow freeing process, vitrification has a number of
advantages, including cost and time savings, as well as the use of less liquid nitrogen.
Thus, vitrification method is useful for long-term storage of spermatogonia cell in giant
freshwater prawn, banana shrimp and black tiger shrimp.

These findings indicate that cryopreservation can successfully preserve shrimp germ
cells. Thus, the full developmental competence of theses cryopreserved spermatogonia
cells need to be confirmed differentiation and proliferation ability of cryopreserved
spermatogonia cells using in vivo and/or in vitro gametogenesis followed by artificial

insemination and/or transplantation in future studies.

4.3 Flow cytometry
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Apoptosis or the process of programmed cell death, is generally characterized
by distinct morphological characteristics and energy-dependent biochemical
mechanisms. Apoptosis is considered a vital component of various processes including
normal cell turnover, proper development and functioning of the immune system,
hormone-dependent atrophy, embryonic development, and chemical-induced cell
death.

For cryopreservation experiment, the total cells after thawing from testes
frozen in liquid nitrogen were determined apoptosis by flow cytometry analysis. It
demonstrates that spermatogonia cell after preserve can viable and not apoptosis
during cryopreservation. The results suggest that the method is well accepted and
whether there is any possibility of further improvement remains to be studies in the

future.
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CHAPTER 5

CONCLUSION

This study examined an optimal factor for cryopreservation of giant freshwater
prawn, banana shrimp and black tiger shrimp spermatogonia cell by slow freezing and

vitrification methods.

For identification of spermatogonia cell in giant freshwater prawn, banana
shrimp and black tiger shrimp, VASA is specifically expressed in the spermatogonia
cell, which is germ cell. It is a potential molecular marker for study of spermatogonia

cell cryopreservation.

For cryopreservation studies, 10% of DMSO was the best cryoprotectants for
spermatogonia cell of giant freshwater prawn and banana shrimp and 10% of GLY was
the best cryoprotectants for spermatogonia cell of black tiger shrimp and thawing
temperature at 10 °C was suitable temperature for spermatogonia. Spermatogonia cell
of shrimp can preserved in liquid nitrogen for long-term storage period up to 6 months
and the total cells were observed after preserved not apoptosis during cryopreservation
for both methods. This study showed that cryopreservation of spermatogonia cell in
giant freshwater prawn, banana shrimp and black tiger shrimp can be successfully.
Importantly, our study demonstrate that cryopreservation can be successfully
performed without requiring no special or expensive equipment (freezing container and
-80 °C freezer) by using vitrification method. Additionally, the recovery of
spermatogonia cells preserved with vitrification method were significantly higher than
of preserved with slow freezing method in all shrimps, thus vitrification is optimal

method for long-term storage.



78

REFERENCE

Abualreesh, M., Myers, J.N., Gurbatow, J., Johnson, A., Xing, D., Wang j., Li, S,
Coogan, M., Vo, K., Husseini, N.E., Dunham, R.A., Butts, l.LA.E., 2020.
Development of a spermatogonia cryopreservation protocol for blue catfish,
Ictalurus furcatus. Cryobiology. 97, 46-52.
https://doi.org/10.1016/j.cryobiol.2020.10.010.

Ahmad, H.F., Simpson, N.E., Lawson, A.N., Sambanis, A., 2012. Cryopreservation
effects on intermediary metabolism in a pancreatic substitute: A 3C nuclear
magnetic resonance study. Tissue Engineering - Part A. 18, 21-22.
https://doi.org/10.1089/ten.tea.2011.0702.

Akarasanon, K., Damrongphol, P., Poolsanguan, W., 2004. Long-term
cryopreservation of spermatophore of the giant freshwater prawn, Macrobrachium
rosenbergii. Aquaculture Research. 35 (15), 1415-1420.
https://doi.org/10.1111/j.1365-2109.2004.01163.x.

Alvarenga, M.A., Papa, F.O., Landim-Alvarenga, F.C., Medeiros, A.S.L., 2005.
Amides as cryoprotectants for freezing stallion semen: a review. Animal
Reproduction Science. 89 (1-4), 105-113.
https://doi.org/10.1016/j.anireprosci.2005.07.001.

Bailey-Brock, J.H., Moss, S.M., 1992. Penaeid taxonomy, biology and zoogeography.

Marine Shrimp Culture. 9-27. https://doi.org/10.1016/b978-0-444-88606-
4.50008-4.

Behlmer, S.D., Brow, G., 1984. Viability of cryopreserved spermatozoa of the
horseshoe crab, Limulus polyphemus L. International journal of invertebrate
reproduction and development. 7 3), 193-199.
https://doi.org/10.1080/01688170.1984.10510089.

Bhattacharya, S., 2018. Cryoprotectants and their usage in cryopreservation process.

Cryopreserv. Biotechnology in Biomedical and Biological Sciences.


https://doi.org/10.1016/j.cryobiol.2020.10.010

79

https://doi.org/10.5772/intechopen.80477.

Bucak, M.N., Tekin, N., 2007. Protective effect of taurine, glutathione and trehalose on
the liquid storage of ram semen. Small Ruminant Research. 73 (1-3), 103-108.
https://doi.org/10.1016/j.smallrumres.2006.12.001.

Castelo-branco, T., Batista, A.M., Guerra, M.M.P., Soares, R., Peixoto, S., 2015. Sperm
vitri fi cation in the white shrimp Litopenaeus annamei. Aquaculture. 436, 110-
13. https://doi.org/10.1016/j.aquaculture.2014.11.005.

Chao, N., Chen, Y., Shieh, W.Y., Lin, K., 2009. Cryopreservation of spermatophores
in the white shrimp (Litopenaeus vannamei). Taiwan Fisheries Research. 17 (2),
67-76.

Chow, S., Ogasawara, Y., Taki, Y., 1982. Male reproductive system and fertilization
of the palaemonid shrimp Macrobrachium Rosenbergii. Nippon Suisan Gakkaishi.
48 (2), 177-183. https://doi.org/10.2331/suisan.48.177.

Ciereszko, A., Dietrich, D.J., Nynca, J..v Dobosz, S., Zalewski, T., 2014.
Cryopreservation of rainbow trout semen using a glucose-methanol extender.
Aquaculture. 420-421, 275-281.
https://doi.org/10.1016/j.aquaculture.2013.11.014.

Crowe, J.H., Crowe, L.M., Chapman, D., 1984. Preservation of membranes in
anhydrobiotic organisms: the role of trehalose. Science. 223 (4637), 701-703.
https://doi.org/10.1126/science.223.4637.701.

Dall, W., Hill, B.J., Rothlisberg, P.C., Staples, D.J., 1990. The biology of penaeidae.
Advances in Marine Biology. 27, 1-489. https://doi.org/10.1016/S0065-
2881(08)60170-4.

Franék, R., Marinovi¢, Z., Luji¢, J., Urbanyi, B., Fu¢ikova, M., Kaspar, V., PSenicka,
M., Horvéth, A., 2019. Cryopreservation and transplantation of common carp
spermatogonia. PLO0S One. 14 4), 1-17.
https://doi.org/10.1371/journal.pone.0205481.

Fransozo, V., Fernandes, A.B., Lopez-Greco, L.S., Zara, S.J., Santos, D.C., 2016.



80

Functional Morphology of the male reproductive system of the white shrimp
Litopenaeus schmitti compared to other Litopenaeus. Invertebrate Reproduction
& Development. 60 (3), 161-174.
https://doi.org/10.1080/07924259.2016.1174158.

Fujiwara, Y., Komiya, T., Kawabata, H., Sato, M., Fujimoto, H., Furusawa, M., Noce,
T., 1994. Isolation of a DEAD-family protein gene that encodes a murine homolog
of drosophila vasa and its specific expression in germ cell lineage. Proceedings of
the  National Academy of Sciences. 91 (25), 12258-12262.
https://doi.org/10.1073/pnas.91.25.12258.

Golshahi, K., Aramli, M.S., Nazari, RM., Habibi, E., 2018. Disaccharide
supplementation of extenders is an effective means of improving the
cryopreservation of semen in sturgeon. Agquaculture. 486, 261-265.
https://doi.org/10.1016/j.aquaculture.2017.12.045.

Gurruchaga, H., L. del Burgo, L.S., Hernandez, R.M., Orive, G., Selden, C., Fuller, B.,
Ciriza, J., Pedraz, J.L., 2018. Advances in the slow freezing cryopreservation of
microencapsulated cells. Journal of Controlled Release. 281, 119-138.
https://doi.org/10.1016/j.jconrel.2018.05.016.

Guven, S., Demirci, U., 2012. Integrating nanoscale technologies with cryogenics: a
step towards improved biopreservation. Nanomedicine. 7 (12), 1787-1789.
https://doi.org/10.2217/nnm.12.158.

Gwo, J., Chen, C., Chengb, H., 2002. Semen cryopreservation of small abalone (haliotis
diversicolor supertexa). Theriogenology. 58(8), 1563-1578.
https://doi.org/10.1016/S0093-691X(02)01055-5.

Higaki, S., Todo, T., Teshima, R., Tooyama, I, Fujioka, Y., Sakai, N., Takada, T., 2018.
Cryopreservation of male and female gonial cells by vitrification in the critically
endangered cyprinid honmoroko gnathopogon caerulescens. Fish Physiology and
Biochemistry. 44 (2), 503-513. https://doi.org/10.1007/s10695-017-0449-X.

Jayachandran, K.V., 2001. Palaemonid Prawns: Biodiversity, taxonomy, biology and

management. Hydrobiologia. 515, 247-254.



81

https://doi.org/10.1023/B:HYDR.0000027378.24442.27.

Johnson, P.T., Otto, S.V., 1981. Histologyl of a bilateral gynandromorph of the blue
crab, Callinectes sapidus rathbun (decapoda: portunidae). The Biological Bulletin.
161 (2), 236-245. https://doi.org/10.2307/1540801.

Karlsson, J.O., 2001. A theoretical model of intracellular devitrification. Cryobiology.
42 (3), 154-169. https://doi.org/10.1006/cryo.2001.2318.

Komiya, T., Itoh, K., Ikenishi, K., Furusawa, M., 1994. Isolation and characterization
of a novel gene of the DEAD box protein family which is specifically expressed
in germ cells of Xenopus laevis. Developmental biology. 162 (2), 354-363.
https://doi.org/10.1006/dbio.1994.1093.

Lacerda, S.M.S.N., Batlouni, S.R., Costa, G.M.J., Segatelli, T.M., Quirino, B.R.,
Queiroz, B.M., Kalapothakis, E., Franca, L.R., 2010. A new and fast technique to
generate offspring after germ cells transplantation in adult fish: the nile tilapia
(Oreochromis  niloticus)  model. PLoS ONE. 5 (5, 1-9
https://doi.org/10.1371/journal.pone.0010740.

Lee, S., Iwasaki, Y., Shikina, S., Yoshizaki, G., 2013. Generation of functional eggs
and sperm from cryopreserved whole testes. Proceedings of the National Academy
of Sciences of the United States of America. 110 (5), 1640-1645.
https://doi.org/10.1073/pnas.1218468110.

Lee, S., Yoshizaki, G., 2016. Successful cryopreservation of spermatogonia in critically
endangered manchurian trout (Brachymystax lenok). Cryobiology. 72 (2), 165-
168. https://doi.org/10.1016/j.cryobiol.2016.01.004.

Lee, S., Katayama, N., Yoshizaki, G., 2016. Generation of juvenile rainbow trout
derived from cryopreserved whole ovaries by intraperitoneal transplantation of
ovarian germ cells. Biochemical and biophysical research communications. 478
(3), 1478-1483. https://doi.org/10.1016/j.bbrc.2016.08.15

Ling, S.\W., 1969. The general biology and development of Macrobrachium
rosenbergii (de Man). FAO Fisheries Reports. 57 (3), 589-606.



82

Linhartova, Z., Saito, T., Psenicka, M., 2014. Embryogenesis, visualization and
migration of primordial germ cells in tench (Tinca tinca). Journal of Applied
Ichthyology. 30 (1), 29-39. https://doi.org/10.1111/jai.12429.

Liu, J., Cheng, K.M., Silversides, F.G., 2013. Production of live offspring from
testicular tissue cryopreserved by vitrification procedures in japanese quail
(Coturnix  japonica). Biology of reproduction. 88 (5), 124.
https://doi.org/10.1095/biolreprod.113.108951.

Luji¢, J., Marinovié, Z., Bajec, S.S., Djurdjevi¢, |., Kasa, E., Urbanyi, B., Horvath, A.,
2017. First successful vitrification of salmonid ovarian tissue. Cryobiology. 76,
154-157. https://doi.org/10.1016/j.cryobiol.2017.04.005.

Marinovié, Z., Lujiéa, J., Kéasaa, E., Bernatha, G., Urbanyia, B., Horvatha, A., 2017.
Cryosurvival of isolated testicular cells and testicular tissue of tench Tinca tinca
and goldfish Carassius auratus following slow-rate freezing. General and
comparative endocrinology. 245, 77-83.
https://doi.org/10.1016/j.ygcen.2016.07.005.

Marinovi¢, Z., Lujié, J., Késa, E., Csenki, Z., Urbanyi, B., Horvath, A., 2018.
Cryopreservation of zebrafish spermatogonia by whole testes needle immersed
ultra-rapid cooling. Journal of visualized experiments. 133, 1-6. https://doi.org/
10.3791/56118.

Meager, J.J., Vance, D.J., Williamson, 1., Loneragan, N.R., 2003. Microhabitat
distribution of juvenile Penaeus merguiensis de Man and other epibenthic
crustaceans within a mangrove forest in subtropical Australia. Journal of
Experimental Marine Biology and Ecology. 294 (2), 127-144.
https://doi.org/10.1016/S0022-0981(03)00241-7.

Memon, A.J., Talpur, A.D., Khan, M.I., Fariddudin, M.O., Safiah, J., Abol-Munaf,
A.B., Ikhwanuddi, M., 2012. Optimization of spermatophores cryopreservation
protocol of banana shrimp (Penaeus merguiensis) (de Man, 1888). Journal of
Animal and Veterinary Advances. 11 (10), 1688-1704.
doi:10.3923/JAVAA.2012.1688.1704.



83

Moses, M.J., 1961. Spermiogenesis in the crayfish (Procambarus clarkii). I. structural
characterization of the mature sperm. The Journal of Biophysical and Biochemical
Cytology. 9 (1), 222-228. https://doi.org/10.1083/jcb.9.1.222.

Motoh, H., 1984. Biology and ecology of Penaeus monodon. SEAFDEC Aquaculture
Department. 27-36.

Nagasawa, K., Takeuchi, Y., Miwa, M., Miyaki, K., Kadomura, K., Yoshizaki, G.,
2009. CDNA cloning and expression analysis of a vasa-like gene in pacific bluefin
tuna Thunnus orientalis. Fisheries Science. 75, 71-79.
https://doi.org/10.1007/s12562-008-0021-9.

Nakkrasae, L., Damrongphol, P., 2007. A vasa-like gene in the giant freshwater prawn,
Macrobrachium rosenbergii. Molecular Reproduction & Development. 72 (7),
835-842. https://doi.org/10.1002/mrd.

Nimrat, S., Noppakun, S., Sripuak, K., Boonthaic, T., Vuthiphandchaib, V., 2020.
Cryopreservation of banana shrimp  (Fenneropenaeus merguiensis)
spermatophores with supplementation of medicinal plant extracts: development of
a programmable controlled-rate method and a practical method. Aquaculture. 515,
734537. https://doi.org/10.1016/j.aquaculture.2019.734537.

Nynca, J., Judycka, S., Liszewska, E., Dobosz, F., Ciereszko, A., 2017. Standardization
of spermatozoa concentration for cryopreservation of rainbow trout semen using
a glucose-methanol extender. Aquaculture. 477, 23-217.
https://doi.org/10.1016/j.aquaculture.2017.04.036.

Octavera, A., Yoshizaki, G., 2020. Production of chinese rosy bitterling offspring
derived from frozen and vitrified whole testis by spermatogonial transplantation.
Fish Physiology and Biochemistry. 46, 1431-1442.
https://doi.org/10.1007/s10695-020-00802-y

Olsen, L.C., Aasland, R., Fjose, A., 1997. A vasa-like gene in zebrafish identifies
putative primordial germ cells. Mechanisms of development. 66 (1-2), 95-105.
https://doi.org/10.1016/S0925-4773(97)00099-3.

Patist, A., Zoerb, H., 2005. Preservation mechanisms of trehalose in food and



84

biosystems. Colloids and Surfaces B: Biointerfaces. 40 (2), 107-113.
https://doi.org/10.1016/j.colsurfb.2004.05.003.

Peterson, J., Daniels, H., 1992. Shrimp industry perspectives on soil and sediment
management. In : Proceedings of the Special Session on Shrimp Farming. World
Aquaculture Society, Baton Rouge, LA, USA. 182-186.

Poljaroen, J., Vanichviriyakit, R., Tinikul, Y., Phoungpetchara, I., Linthong, V.,
Weerachatyanukul, W., Sobhon, P., 2010. Spermatogenesis and distinctive mature
sperm in the giant freshwater prawn, Macrobrachium rosenbergii (de Man, 1879).
Zoologischer Anzeiger. 249 (2), 81-94. https://doi.org/10.1016/j.jcz.2010.03.002.

Pope, D.C., Oliver, W.T., 1966. Dimethyl Sulfoxide (DMSO). Canadian Journal of

Comparative Medicine and Veterinary Science. 30 (1), 3-8.

Primavera, J.H., 1990. External and internal anatomy of adult penaeid prawns/shrimps.

Aguaculture Department, The Philippines, Poster.

Psenicka, M., Saito, T., Rodina, M., Dzyuba, B., 2016. Cryopreservation of early stage
siberian sturgeon acipenser baerii germ cells, comparison of whole tissue and
dissociated cells. Cryobiology. 72 (2), 119-122.
https://doi.org/10.1016/j.cryobiol.2016.02.005.

Purdy, P.H., 2006. A review on goat sperm cryopreservation. Small Ruminant
Research. 63 (3), 215-225. https://doi.org/10.1016/j.smallrumres.2005.02.015.

Raz, E., 2000. The function and regulation of vasa-like genes in germ-cell development.
Genome Biology. 1 (3), 1-6. https://doi.org/10.1186/gb-2000-1-3-reviews1017.

Rienzi, L., Gracia, C., Maggiulli, R., LaBarbera, A.R., Kaser, D.J., Ubaldi, F.M.,
Vanderpoel, S., Racowsky, C., 2017. Oocyte, embryo and elastocyst
cryopreservation in ART: systematic review and meta-analysis comparing slow-
freezing versus vitrification to produce evidence for the development of global
guidance. Human Reproduction Update. 23 (2), 139-155.
https://doi.org/10.1093/humupd/dmw038.

Rosenberry, B., 2002. World shrimp farming. Shrimp News International.



85

Royere, D., Barthelemy, C., Hamamah, S., Lansac, J., 1996. Cryopreservation of
spermatozoa: a 1996 review. Human Reproduction Update. 2 (6), 553-559.
https://doi.org/10.1093/humupd/2.6.553.

Ruiz, T.F.R., Vidal, M.R., Gardinal, M.V.B., Ribeiro, K., Vicentini, C.A., Vicentini,
I.B.F., 2020. Morphology of the male reproductive system of freshwater prawn
Macrobrachium carcinus (decapoda, caridea): functional and comparative
aspects. Journal of morphology. 281 (4-5), 476-490.
https://doi.org/10.1002/jmor.21115.

Sagirkaya, H., Bagis, H., 2003. Memeli embriyolarinin kriyoprezervasyonu. Uludag
Univ Vet Fak Derg. 22 (1-2-3), 127-135.

Seki, S., Kusano, K., Lee, S., Iwasaki, Y., Yagisawa, M., Ishida, M., Hiratsuka, T., =
Sasado, T., Naruse, K., Yoshizaki, G., 2017. Production of the medaka derived
from vitrified whole testes by germ cell transplantation. Scientific Reports. 7 (1),
1-11. https://doi.org/10.1038/srep43185.

Shi, Q., Xie, Y., Wang, Y., Li, S., 2017. Vitrification versus slow freezing for human
ovarian tissue cryopreservation: a systematic review and meta-anlaysis. Scientific
Reports. 7 (1), 1-9. https://doi.org/10.1038/s41598-017-09005-7.

Shinomiya, A., Tanaka, M., Kobayashi, T., Nagahama, Y., Hamaguchi, S., 2000. The
vasa-like gene, olvas, identifies the migration path of primordial germ cells during
embryonic body formation stage in the medaka, Oryzias latipes. Development,
growth & differentiation. 42 (4), 317-326. https://doi.org/10.1046/j.1440-
169x.2000.00521.

Stapels, D.J., 1980. Ecology of juvenile and adolescent banana prawns, Penaeus
merguiensis, in a mangrove estuary and adjacent off-shore area of the gulf of
garpentaria. l. immigration and settlement of postlarvae. Marine and Freshwater
Research. 31 (5), 635-652. https://doi.org/10.1071/MF9800635.

Staples, D.J., Vance, D.V., 1987. Comparative recruitment of the banana prawn,
Penaeus merguiensis, in five estuaries of the south-eastern gulf of carpentaria,
Australia. Marine and Freshwater Research. 38 (1), 29-45.



86

https://doi.org/10.1071/MF9870029.

Styhler, S., Nakamura, A., Swan, A., Suter, B., Lasko, P., 1998. Vasa is required for
GURKEN accumulation in the oocyte , and is involved in oocyte differentiation
and germline cyst development. Development. 125 (9), 1569-1578.
https://doi.org/10.1242/dev.125.9.1569.

Swain, J.E., Smith, G.D., 2010. Fertility cryopreservation. Cambridge University Press.
22-38. https://d0i:10.1017/CB0O9780511730207.005.

Taketomi, Y., Nishikawa, S., Koga, S., 1996. Testis and androgenic gland during
development of external sexual characteristics of the crayfish Procambarus
clarkii. Journal of  Crustacean Biology. 16 (1), 24-34.
https://doi.org/10.2307/1548927.

Tomancak, P., Guichet, A., Zavorszky, P., Ephrussi, A., 1998. Oocyte polarity depends
on regulation of gurken by vasa. Development. 125 (9), 1723-1732.
https://doi.org/10.1242/dev.125.9.1723

Vuthiphandchai, V., Nimrat, S., Kotcharat, S., Bart, A.N., 2007. Development of a
cryopreservation protocol for long-term storage of black tiger shrimp (Penaeus
monodon)  spermatophores.  Theriogenology. 68  (8), 1192-1199.
https://doi.org/10.1016/j.theriogenology.2007.08.024.

Wang, Y., Chen, Y., Han, K., Zou, Z., Zhang, Z., 2012. A vasa gene from green mud
crab Scylla paramamosain and its expression during gonadal development and
gametogenesis.  Molecular  biology reports. 39 (4), 4327-4335.
https://doi.org/10.1007/s11033-011-1220-5.

Woelders, H., 1997. Fundamentals and recent development in cryopreservation of bull
and boar semen.  Veterinary  Quarterly. 19 (3), 135-138.
https://doi.org/10.1080/01652176.1997.9694758.

Wowk, B., Leitl, E., Rasch, C.M., Mesbah-karimi, N., Harris, S.B., Fahy, G.M., 2000.
Vitrification enhancement by synthetic ice locking agents. Cryobiology. 40 (3),
228-236. https://doi.org/10.1006/cryo.2000.2243.



87

Wang, Y., Xiao, Z., Li, L., Fan, W., Li, SW., 2008. Novel needle immersed
vitrification: a practical and convenient method with potential advantages in
mouse and human ovarian tissue cryopreservation. Human reproduction. 23 (10),
2256-2265. https://doi.org/10.1093/humrep/den255.

Xu, H., Gui, J., Hong, Y., 2005. Differential expression of vasa RNA and protein during
spermatogenesis and oogenesis in the gibel carp (Carassius auratus gibelio), a
bisexually and gynogenetically reproducing vertebrate. Developmental Dynamics.
233 (3), 872-882. https://doi.org/10.1002/dvdy.20410.

Yano, I., 1993. Ultraintensive culture and maturation in captivity of penaeid shrimp. In

Handbook of Mariculture: Crustacean Aquaculture. 289-313.

Yoon, C., Kawakami, K., Hopkins, N., 1997. Zebrafish vasa homologue RNA is
localized to the cleavage planes of 2- and 4-cell-stage embryos and is expressed in
the primordial germ cells. Development. 124 (16), 3157-3165.
https://doi.org/10.1242/dev.124.16.3157.

Yoshikawa, H., Ino, Y., Shigenaga, K., Katayama, T., Kuroyanagi, M., Yoshiurab, Y.,
2018. Production of tiger puffer Takifugu rubripes from cryopreserved testicular
germ cells using surrogate broodstock technology. Aquaculture. 493, 302-313.
https://doi.org/10.1016/j.aquaculture.2018.05.016.

Yoshizaki, G., Lee, S., 2018. Production of live fish derived from frozen germ cells
via germ cell transplantation. Stem Cell Research. 29, 103-110.
https://doi.org/10.1016/j.scr.2018.03.015.

Yoshizaki, G., Sakatani, S., Tominaga, T., Takeuchi, T., 2000. Cloning and
characterization of a vasa-like gene in rainbow trout and its expression in the germ
cell lineage. Molecular Reproduction and Development: Incorporating Gamete
Research. 55 4, 364-371. https://doi.org/10.1002/(S1C1)1098-
2795(200004)55:4<364.

Zhang, C., Zhou, Y., Zhang, L., Wu, L., Chen, Y., Xie, D., Chen, Y., 2018. Hydrogel
cryopreservation system: an effective method for cell storage. International
Journal of Molecular Sciences. 9 (11), 3330.



88

https://doi.org/10.3390/ijms19113330.

Zhurova, M., Woods, E.J., Acker, J.P., 2010. Intracellular ice formation in confluent
monolayers of human dental stem cells and membrane damage. Cryobiology. 61
(1), 133-141. https://doi.org/10.1016/j.cryobiol.2010.06.007.



APPENDIX

89



90

1. Preparation of chemical stock solution for gel electrophoresis
0.5 EDTA (pH8.0, 1000 ml)

Add 148 g of EDTA to 800 ml of DW, dissolved with magnetic stirrer.
Adjust pH to 8.00 and fill up to 1000 ml with DW. Sterilize by autoclave at
121 °C for 15 min and keep at RT.

10X TAE buffer (Tris acetate EDTA buffer, 1000 ml)

Add 48.80 g of Tris-base, 20 ml of 0.5 EDTA and 11.42 ml of Glacial
acetic to 500 ml of DW in beaker. Fill up to 1000 ml with DW, mix and
sterilize by autoclave at 121 °C for 15 min and keep at RT.

2. Preparation of chemical stock solution for cloning
Luria-Bertaini (LB) broth (1000 ml)

Add 10 g of Tryptone, 5 g of Yeast extract powder and 5 g of NaCl to
500 ml of DW. Fill up to 1000 ml with DW, mix and sterilize by autoclave at
121 °C for 15 min, cooled and keep at 4 °C.

Luria-Bertaini (LB) agar (1000 ml)

Add 10 g of Tryptone, 5 g of Yeast extract powder, 5 g of NaCl and
15 g of agar to 500 ml of DW. Fill up to 1000 ml with DW, mix and sterilize
by autoclave at 121 °C for 15 min, aliquots to plate and keep at 4 °C.

Ampicillin (80 mg/ml)

Sterilize DW by autoclave at 121 °C for 15 min, cool, add 80 g of
Ampicillin sodium salt, mix and keep at 4 °C.

10% SDS (50 ml)

Add 5 g of SDS to DW, fill up to 50 ml with DW. Sterilize by autoclave
at 121 °C for 15 min, cool and keep at RT.
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1 N NaOH (50 ml)

Add 2 g of NaOH to DW, fill up to 50 ml with DW. Sterilize by

autoclave at 121 °C for 15 min, cool and keep at RT.
Solutions for Plasmid extraction
Solution I (50 ml)

Add 015 g of Tris to 30 ml of DW and adjust pH to 8.0 with HCL. Add
0.45 g of glucose and 0.19 g of EDTA and fill up to 50 ml with DW. Sterilize
by autoclave at 121 °C for 15 min, cool and keep at 4 °C.

Solution Il (50 ml) (Prepare before use)

Add 100 pl of 10% SDS, 200 pl of AN NaOH and fill up to 1 ml with
DlI.

Solution 11 (50 ml)

Add 14.72 g of Potassium acetate to 30 ml of DI, add 5.1 ml of Glacial
acetic acid and fill up to 1 ml with DI. Sterilize by autoclave at 121 °C for 15

min, cool and keep at RT.

3. Preparation fixative solution
Bouin’s solution (Prepare before use)

Add 1 ml of Acetic acid, 5 ml of Formalin and 15 ml of Picric acid to
tube, mix and keep at 4 °C.

8% Paraformaldehyde (PFA) stock (15 ml)

Add 3.24 of 37% PFA to DEPC water, mix and keep at RT.

4. Preparation chemical stock solution for immunohistochemical analysis

PBS buffer (pH 7.4, 100ml)
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Add 0.144 g of Na,HPO,, 0.02 g of KH,PO, , 0.8 g of NaCl and 0.02 g
of KCL to 90 ml of DW. Adjust pH to 7.4 with NaCl and adjust the final
volume to 100 ml with DW. Sterilize by autoclave at 121 °C for 15 min,
cooled and keep at RT.

10X TBS (pH 7.5, 500 ml)

Add 40 g of NaCl, 1 g of KCL and 15 g of Tris to 400 ml of DW. Adjust
pH to 7.5 with HCI and fill up to 500 ml with DW. Sterilize by autoclave at
121 °C for 15 min, cool and keep at RT.

1X TBST (500 ml)
Add 50 ml of 10X TBS and 0.5 ml of Tween to 450 of DW, mix and
keep at RT.

Preparation chemical stock solution for in situ hybridization
DEPC water (2000 ml)

Mix 2 ml of DEPC with 2000 ml of DI in Duran. Incubate for ~1-2 h at
RT with magnetic stirrer. Sterilize by autoclave at 121 °C for 15 min, cool
and keep at RT.

Proteinase K buffer (Prepare before use)
Mix 7.5 pl of Proteinase K stock solution (20 mg/ml) with 50 ml of

TBST in Duran and incubate in 37 °C before use.
Acetylation buffer (pH 8.0, 500ml)

Add 6.1 g of Tris to 450 ml of DEPC water and dissolve. Adjust pH to
8.0 and fill up to 500 ml with DEPC water. Sterilize by autoclave at 121 °C
for 15 min, cool and keep at RT.
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Moisting buffer (50 ml)
Add 25 ml of Formamide, 12.5 ml of 20X SSC (pH 4.5) and 12.5 ml of
DEPC water to Duran, mix and keep at RT.

20X SSC (pH 4.5, 500 ml)

Add 87.6 g of NaCl with 44.1 g of Trisodium citrate dihydrate to 400 ml
of DEPC water in Duran. Adjust pH with 10N NaOH, fill up to 500 ml with
DEPC water. Sterilize by autoclave at 121 °C for 15 min, cool and keep at
RT.

Maleic buffer (500 ml)

Add 5.5 g of Maleic acid and 4.385 g of NaCl to 400 ml of DEPC water
in Duran. Adjust pH with 20N NaOH and fill up to 500 ml with DEPC water.
Sterilize by autoclave at 121 °C for 15 min, cool and keep at RT.

10% Blocking reagent (200 ml)

Dissolve 20 g of Blocking reagent with Maleic buffer, warm in the
microwave or hot water and shaking. After dissolve completely fill up to 200
ml with Maleic buffer and homogenize by shaking. Sterilize by autoclave at
121 °C for 15 min, cool and keep at -20 °C.

Blocking solution (150 ml)

Mix 30 ml of 10% Blocking reagent with 120 ml Of TBST in Duran
and keep at -20 °C.

5 M NaCl (500 ml)

Dissolve 146.1 g of NaCl with 400 ml DEPC water by magnetic stirrer
and fill up to 500 ml with DEPC water. Sterilize by autoclave at 121 °C for
15 min, cool and keep at RT.
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2 M Tris HCL (pH 8.0) (1000 ml)

Dissolve 242.2 g of Tris base with 800 ml DEPC water by magnetic
stirrer, adjust pH to 8.0 with HCL and fill up to 1000 ml with DEPC water.
Sterilize by autoclave at 121 °C for 15 min, cool and keep at RT.

0.5 M EDTA (pH 8.0) (100 ml)

Dissolve 18.61 g of EDTA with 80 ml DEPC water by magnetic stirrer,
adjust pH to 8.0 with HCL and fill up to 100 ml with DEPC water. Sterilize
by autoclave at 121 °C for 15 min, cool and keep at RT.

1 M MgCl, (100 ml)

Dissolve 20.3 g of MgCl, - 6H,0 with 80 ml DEPC water by magnetic
stirrer and fill up to 100 ml with DEPC water. Sterilize by autoclave at 121
°C for 15 min, cool and keep at RT.

2 M Tris HCL (pH 9.5)

Dissolve 242.2 g of Tris base with 800 ml DEPC water by magnetic
stirrer, adjust pH to 9.5 with HCL and fill up to 1000 ml with DEPC water.
Sterilize by autoclave at 121 °C for 15 min, cool and keep at RT.

NTE buffer (Prepare before used)

Mix 100 ml of 5M NaCl, 5 ml of 2M Tris HCL (pH 8.0) and 2 ml of
0.5M EDTA (pH 8.0) in Duran.

RNAse buffer (Prepare before used)
Add 50 pul of RNAse stock (10 mg/ml) to 50 ml of NTE buffer and mix.
NTMT buffer (Prepare before used)

Add 3 ml of 5M NaCl, 7.5 ml of 1M MgCl,, 7.5 ml of 2M Tris HCL (pH
9.5) and 150 pl of Tween to Duran. Fill up to 150 ml with DEPC water.
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6. Preparation chemical stock solution for cryopreservation
Leibovitz’s L-15 medium (pH 7.8, 100 ml)

Dissolve 1.37 g of Leibovitz’s L-15 and D-Glucose in 88 ml of DI with
magnetic stirrer for 4 hours at room temperature. Adjust pH to 7.8 and add 10
ml of FBS and 1 ml of anti-anti. Then filtered through a 0.45 pum-pore nylon

screen into tube and keep at 4 °C.
1 M trehalose

Dissolve 3.7833 g of Trehalose with 10 ml of DI by shaking and keep at
4 °C.
1 M Cacl, - 2H,0

Dissolve 1.4702 g of CaCl, - 2H,0 with 10 ml of DI by shaking and
keep at 4 °C.

Dissolve 2.0330 g of MgCl, - 2H,0 with 10 ml of DI by shaking and
keep at 4 °C.

10X Extender stock

Add 4.61 g of HEPES, 7.68 g of NaCl, 0.19 g of KCL, 1.1 g of KH,PO,,
0.19 g of Na,HPO, and 0.14 g of Sodium pyruvate to DW and fill up to 70
ml with DW and mix. Sterilize by autoclave at 121 °C for 15 min, cool and
keep at 4 °C.

2X Extender (Prepare before use)
Add 294 pl of 10X Extender, 3.9 ul of CaCl, - 2H,0, 2.1 ul of MgCl, -
2H,0, and fill up to 1.5 ml of DW. Mix and incubate on ice.

3.3X Extender (Prepare before use)

Add 485.1 ul of 10X Extender, 6.435 ul of CaCl, - 2H,0, 3.465 pl of
MgCl, - 2H,0, and fill up to 1.5 ml with DW. Mix and incubate on ice.
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Cryomedium (Prepare before use)

Add 176 pl of 2X Extender, 50 ul of 1M Trehalose, Cryoprotectant, 50
pl of BSA and fill up to 0.5 ml with DW. Mix and incubate on ice for 10 min

before use.
Vitrification solution

Add 300 pl of 3.3X Extender, 200 pl of FBS, 200 pl of 1M Trehalose,
Cryoprotectant, 150 pul of Ethylene glycol and fill up to 1 ml with DW. Mix
and incubate on ice for 10 min before use.

7. Preparation chemical stock solution for dissociation cell
DNase | stock (15 u/ pl)
Mix 1.5 pl of DNase | with 998.5 pl of DI by shaking. Keep at -20 °C.
Collagenase H (40 mg/ml)
Mix 40 mg of Collagenase H with 1 ml of DI by shaking. Keep at -20°C.
Dispase 11 (33.3 mg/ml)

Mix 33.3 mg of Dispase Il with 1 ml of DI by shaking. Keep at -20 °C.

Dissociation cell solution

Add 435 pl of Leibovitz’s L-15 medium, 25 pl of Dispase Il, 25 pl of
Collagenase H, 15 pl of DNase | and mix by pipetting.
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