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ABSTRACT

Transfection reagents facilitate foreign DNA entry into cells, and thus provide an
alternative to other gene transfer procedures available for shrimp. This study explored the
application of four commercially available transfection reagents (SuperFect, Effectene,
Lipofectamine 2000, and JetPEI) to carry a partial sequence of the Taura Syndrome Virus
coat protein (TSV-CP) into Litopenaeus vannamei zygotes and Artemia franciscana eggs.
Suitable reagents were selected based on shrimp hatching, transient gene expression via
reverse transcription-polymerase chain reaction (RT-PCR), or transgene detection via
polymerase chain reaction (PCR). The percentage of hatched nauplii was not
significantly different among treatments in shrimp or Artemia, however, reduced hatching
was observed in shrimp exposed to DNAILipofectamine 2000 compared to the mock­
treated shrimp and shrimp exposed to DNA alone. Further data analysis showed that the
manipulation of shrimp eggs prior to the formation of the hatching envelope (up to 16
minutes post-spawning), yielded poor nauplii hatching (percentage of hatched nauplii in
mock-treated eggs = 5.8 %), as zygotes were more sensitive to the experimental
procedure. In addition, the percentage of hatched nauplii increased significantly as
shrimp zygotes were manipulated after the hatching envelope was developed
(approximately 17-55 minutes post-spawning, mean % hatching = 46 %). TSV-CP
expression was detected in nine-day old shrimp that were previously exposed to DNA
alone, Effectene, and jetPEIIDNA complexes during the one-cell stage, and in Artemia
transfected with with Effectene and jetPEI DNA complexes, but not with DNA alone.
TSV-CP expression was detected in shrimp transfected in the presence of jetPEI up to
191 days post-spawning. In an effort to study the green fluorescent protein (GFP) as a
reporter gene for the shrimp system, both shrimp sperm cells and Artemia eggs were
transfected with a GFP construct. Endogenous fluorescence was present in both the
Artemia and shrimp sperm cells which made it difficult to detect GFP using either
confocal or epifluorescence microscopy. However, Artemia that were previously
transfected with the GFP exhibited higher fluorescence in the cells lining the end of the
midgut just prior to the hindgut joint. In addition, Artemia that were previously
transfected with GFP and jetPEI also exhibited fluorescence in the wall of the gastric
caeca organ. Although the GFP gene and its expression were detected in Artemia via
PCR and RT-PCR, this reporter gene may not be suitable for easy screening of transgenic
shrimp due to the shrimp's endogenous fluorescence. In conclusion, this study indicates
that both Effectene and JetPEI can successfully deliver foreign DNA into shrimp zygotes
and Artemia eggs, although, jetPEI's transfection capabilities are uninhibited by the
presence of the hatching envelope in shrimp.
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CHAPTER 1: INTRODUCTION

Problem and its setting

This study will determine the effectiveness and suitability of cationic transfection

reagents to transfer foreign DNA into the Pacific White Shrimp Litopenaeus vannamei as

an alternative to current gene transfer procedures for shrimp.

Subproblems

1. The first subproblem is to select a suitable transfection reagent to deliver

foreign DNA into shrimp zygotes based on the ability of zygotes to hatch after exposure

to reagent/DNA complexes and expression of the transgene.

2. The second subproblem is to evaluate the effect of cationic transfection

reagents to enhance foreign DNA transfer into shrimp sperm and thus aid in sperm­

mediated gene transfer. Transfection of sperm cells will be evaluated by the expression

of the green fluorescent protein (GFP) reporter gene.

3. The third subproblem is to determine transgene stability and its effect on

shrimp survival over time.

Hypotheses

The first hypothesis is that cationic transfection reagents enhance foreign DNA

uptake, and thus, increase transfection efficiency compared to uptake of DNA alone.
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The second hypothesis is that the combination of transfection reagents and sperm­

mediated gene transfer can significantly improve delivery of foreign DNA to eggs during

fertilization with reduced impact on fertilization and hatching.

The third hypothesis is that the expression of the transgene does not interfere with

normal larval development.

Delimitations

This study will limit itself to the development of an alternative gene-transfer

technology for shrimp using transfection reagent and sperm. It will address the detection

of transient expression of the transgene via reverse transcription-polymerase chain

reaction (RT-PCR) and the detection of the gene itself through polymerase chain reaction

(PCR). This study will also address the use of GFP as a reporter gene in the shrimp and

brine shrimp systems for the purpose of developing a more efficient protocol for

screening transgenic shrimp. However, this study will not address the efficiency of

transfection reagent and/or sperm mediated-gene transfer to integrate into the shrimp's

genome. Further work will be necessary to address transgene integration (transgenesis)

via Southern hybridization and transfer into future generations.

Definitions of Terms

Transfection reagent. Cationic polymers or lipids that interact and compact DNA

based on molecule surface charges. Such interaction enables the formation of positive

charged spherical complexes (polypIexes or lipoplexes) that are attracted to cell surfaces

and may be more readily uptaken through endocytosis than DNA alone.
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Transgenic. Shrimp that was trasfected with a foreign gene, which subsequently

has integrated into the animal's genome.

Transient expression. Foreign DNA entered and is expressed in the transfected

shrimp. However, transgene integration with organism's genome is not detected.

Stable expression. Foreign DNA is expressed and has integrated with shrimp's

genome (transgenic).

Assumptions

The first assumption is that genetically modified shrimp will enhance production

of cultured marine shrimp by allowing the introduction of economically important traits

such as disease resistance.

The second assumption is that the combination of a transfection reagent and

sperm-mediated transfection during fertilization will provide a safer and more efficient

gene transfer procedure for shrimp than the current methods in use today.

Importance of the Study

Selective breeding is the main source of domesticated marine shrimp lines with

improved resistance to specific pathogens that currently plague the aquaculture industry.

However, breeding for disease resistance is costly and requires several generations. In

addition, breeding for a specific trait may result in the loss of other viable traits such as

growth. As an alternative, shrimp can be genetically modified with a disease resistant

gene to generate transgenic lines that are resistant to specific pathogens. So far, the

methods currently studied to develop transgenic shrimp are too harsh for newly fertilized
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eggs. Such methods as microinjection, electroporation, and particle bombardment

require large number of eggs for significant transfection efficiency, but larval survival

and hatching are still poor. As an alternative to these methods, transfection reagents may

provide a safer and less damaging procedure for DNA transfer into zygotes. These

reagents, in combination with sperm-mediated gene transfer, may allow a greater number

of eggs to be targeted at once with minimal damage to the organism. In addition, this

alternative method may increase the chances of transgene integration into the host's

genome and replication into all of the organism's cells.
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CHAPTER 2: LITERATURE REVIEW

Why transgenic shrimp?

The marine shrimp farming industry faces devastating problems associated with

infectious disease. Among the pathogens that cause the greatest problems in

aquacultured shrimp are bacteria, fungae, and viruses (Brock & Bullis, 2001). The most

serious pathogens are viruses such as the white spot syndrome virus (WSSV) (Lightner et

ai. 1997; Wang et ai. 1995), Yellow-head virus (Lu et ai. 1995), infectious hypodermal

and haematopoietic necrosis virus (lHHNV) (Bonami et al. 1990; Lightner 1996;

Lightner et ai. 1983; Lightner et ai. 1983b), baculoviruses (LeBlanc & Overstreet 1990;

Sano & Fukuda 1987; Stuck & Wang 1996), and Taura syndrome virus (TSV) (Bonami

et al. 1997; Brock 1997; Hasson et al. 1995; Lightner 1996; Lightner et. ai1995;

Lightner et ai. 1997). Currently, there is no treatment for these viral diseases, although

efforts to control and prevent disease were implemented for aquacultured shrimp.

Genetic manipulation of organisms has been extensively explored to develop disease

resistance in agricultural crops such as papaya (Fitch et al. 1992; Lius et ai. 1997), lettuce

(Pang et ai. 1996), squash (Pang et ai. 2000), and tomato (Jan et ai. 2000). These crops

were developed and their safety was tested for human consumption. The acceptance of

these transgenic crops allowed the restoration of farms in regions where early viral

outbreaks devastated and halted production of certain crops. Although still controversial,
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transgenic technology offers great promise in preventing disease outbreaks and enhancing

shrimp production worldwide.

Disease prevention in shrimp aquaculture. Current measures to prevent disease

outbreaks among aquacultured shrimp include strict quarantine protocols for introduced

seeds; periodic screening of stocks for known pathogens; the use of Specific Pathogen

Free lines (Brock & Bullis 2001; Lotz 1997; Moss et al. 2001; Pruder 1994; Wyban et al.

1993); improved growout systems that include both biosecure measures, increased

stocking densities, disinfection of influent water, and reduced water exchange protocols

(Menasveta 2002; Moss et al. 2001); as well as other best management practices

described by Brock and Bullis (2001). The use of immunostimulants and vaccination are

also employed for shrimp although their effectiveness in preventing disease is not proven

(Roch 1999). In an effort to improve resistance to a specific virus, researchers at the

Oceanic Institute began to selectively breed SPF stocks for TSV resistance in the early

1990's (Argue 2002; Moss et al. 2001). A decade later, TSV selected lines showed

significant resistance when challenged with the live virus (TSV) (Argue 2002). The

concept of breeding domesticated shrimp stocks for specific pathogen resistance was

further expanded into many other research institutions worldwide (Moss et al. 2001) to

include additional viruses such as the WSSV. Disadvantages of breeding shrimp that are

disease resistant include the potential loss of other viable traits of economic importance

and decreased overall performance (Roch 1999). In addition, effective breeding

programs are very costly, time consuming, and may not be appropriate for small farmers.

Therefore, seedlings from few breeding institutions must be distributed to farmers
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worldwide and those shrimp mayor may not adapt to the different local environments.

As an alternative, breeding programs must balance the selection criteria to include genes

for pathogen resistance as well as for adaptability to different environments. These

multiple selection criteria further add to the complexity of the breeding process.

Transgenic shrimp aid in disease prevention. The introduction of one or more

genes that confers resistance to pathogens would prevent disease outbreaks in the

transgenic shrimp due to pertinent pathogens. In conjunction with breeding programs,

shrimp lines that were previously selected for economically important traits can be

genetically engineered (within just one to two generations) to resist specific pathogens

without altering or interfering with the selection process. In addition, shrimp farmers

worldwide may benefit from genetic modification of their local shrimp stocks, since these

lines are already adapted to the local environment and may benefit from the introduced

disease-resistance gene.

Gene Transfer Technology

In order to introduce a gene into shrimp, various gene transfer protocols have

been developed including microinjection, e1ectroporation, and particle bombardment.

Although the expression of transgenes was detected after transfection of shrimp eggs

using the above methods, reproducibility and efficiency are still being addressed.

Sperm-mediated Gene Transfer. In addition to the manipulation of the gene

transfer protocols mentioned above, a different gene transfer approach is worthy of
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evaluation: the use of sperm to deliver foreign genes into oocytes. The advantages of this

approach include:

1. Increased numbers of eggs that can be targeted at once.

2. Reduction of oocyte damage during the gene transfer procedure due to

manipulation and treatment of the eggs (eg. microinjection, electroporation, or particle

bombardment).

Sperm-mediated gene transfer was first developed in mice (Lavitrano et al. 1989)

for the purpose of simplifying the production of transgenic mice for research. This

technology was further explored for pigs (Lavitrano et al., 1997), fish (Tsai et al. 1997),

prawns (Li & Tsai 2000), and other farmed animals. In mice, epidydimal sperm as

opposed to ejaculated sperm are utilized in gene transfer procedures due to the presence

of inhibitors of DNA-sperm interaction within the seminal fluid of ejaculated sperm

(Carballada & Esponda 2001; Lavitrano et al. 1992). In other species, ejaculated sperm

is washed and separated from seminal fluid prior to incubation with foreign DNA in order

to remove the factors that intervene with DNA-sperm binding. Two classes of inhibitors

have been described in the literature: 1) DNAses that act directly on the DNA and require

Ca+2 to be activated (Carballada & Esponda 2001), and 2) inhibitors (ie. inhibitor factor

(IF)) that acts on the DNA binding proteins on the surface of the sperm and prevent

interaction with DNA (Lavitrano et al. 1992; Lavitrano et al. 1997; Zani et ai. 1995). The

binding of sperm surface proteins and DNA appears to require ionic interactions between

the proteins and DNA, and further internalization is also mediated by these proteins

(Lavitrano et al. 1992; Lavitrano et ai, 1997; Zani et al. 1995). Additional experiments
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also emphasize that anions compete for the binding and internalization into the sperm

with DNA, and cations enhance the uptake of DNA into the sperm heads (Lavitrano et al.

1992). In addition, the presence of seminal fluid significantly inhibits the interaction

between DNA and sperm, perhaps inhibiting the molecules that participate in the uptake

and internalization of DNA. However, in prawns, researchers obtained a gene transfer

rate of 70 % when microinjecting DNA directly into the spermatophore and further

transfering the spermatophore onto female prawns (Li & Tsai 2000). This study suggests

that the seminal fluid present in prawn spermatophore does not significantly inhibit the

DNA-sperm interaction.

1. vannamei sperm is concentrated within a pair of spermatophores located just

before the first pair of pleopods. Sperm cells in this open thelycum species mature and

are capacitated within these spermatophore structures (Wang et al. 1995). During natural

mating, a male shrimp ejaculate its spermatophores or just its contents onto the female's

abdomen. Researchers at the Oceanic Institute (Arce et al. 2000) described an efficient

artificial insemination procedure that involves extrusion of the sperm mass from the

sperm-packet (or spermatophore) and further transfer into the seminal receptacle of a

mature female shrimp. This method allows for broodstock selection, and thus, it is the

preferred approach for propagating genetically selected lines. In addition, this procedure

may prove effective in allowing the delivery of transgenes into oocytes during sperm-egg

contact at fertilization.

Transfection Reagents. Transfection reagents provide a unique mode of action in

facilitating the delivery of foreign DNA into cells with minimal physical damage to the
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orgamsm. Early reagents studied for their potential to transfect animal cells include

calcium phosphate (Graham & van der Eb 1973; Wigler et al. 1977) and DEAE-dextran

(al-Moslih & Dubes 1973; McCutchan & Pagano 1968). Although both of these methods

enable interaction of DNA with the cell membrane and entry into the cells via

endocytosis (Nikcevic et al. 2003), these chemicals can also be harmful to cells (Smith et

aI.1993). In 1987, Fegner et al. developed a lipid-mediated transfection procedure,

which was more efficient and less toxic to cells than previous reagents. Since then, the

number oftransfecting reagents commercially available has increased greatly. They

include both cationic polymers and lipids which are extensively explored as alternatives

to viral delivery systems (Huang et al. 1998). These cationic reagents have a positive

surface charge (eg. amine group or other), which interacts with negative phosphate

groups in the DNA molecule. Such interaction enables the formation of spherical

complexes (polyplexes or lipoplexes), thus surrounding, compacting, and protecting

DNA from enzymatic degradation (1998).

Transfection reagents have also been explored for their potential to deliver foreign

DNA into host animals and develop transgenic organisms. They offer an alternative to

more physical procedures such as electroporation, microinjection, and particle

borbardment, which may damage gametes and zygotes. Lipofection, or liposome­

mediated transfection, was first employed to develop transgenic mice by Bachiller et al.

in 1991; however, transgene integration into the mice genome was not observed.. In that

study, radioactively labeled DNA was visualized within cells using confocal microscopy

and transgene expression was detected via reverse transcription. Subsequent lipofection
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of organisms included chicken (Rottmann et ai. 1992) and fish (Szelei et ai. 1994) with

varying degrees of success. In 2000, Carballada et al. (2000) were able to produce

transgenic mice by first transfecting sperm with DNA/lipid complexes and subsequently

fertilizing eggs with the transfected sperm. In this later study, over 1 % of the mice

generated showed integration of the transgene through Southern blot and hybridization

analysis. This work demonstrated that transfection reagents may be used to produce

transgenic lines, although optimization procedures may differ from organism to

organism.

In an attempt to develop techniques to deliver foreign DNA into the Pacific White

shrimp Litopenaeus vannamei, both microinjection and electroporation were extensively

studied in Dr. Sun's laboratory. Although both of these methods proved to be effective in

carrying a vector containing a target gene into shrimp zygotes, they are very time

consuming (microinjection) and require expensive equipments. In addition, hatching

rates vary greatly and survival of the shrimp larvae may be compromised by the physical

nature of these procedures. The goal of this study is to explore the use of transfection

reagents (lipofection) as an alternative method to deliver foreign DNA into shrimp in

order to minimize physical damage and to improve hatching of the shrimp larvae. Four

different transfection reagents were selected based on their chemistry and mode of action.

They include Superfect, Effectene, Lipofectamine 2000, and jetPEI. Although these

reagents are based on publicly available technologies, their exact composition is

proprietary. Therefore, a brief description of each reagent will follow based on

manufacture's product information and published technologies.
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SuperFect. This reagent belongs to a class of dendrimers called glycodendrimer

due to its extensive mannose units. Superfect dendrimers are spherical molecules

composed of a core functional group or moiety with radiating branches. Superfect is

further classified as an activated polyamidoamine (PAMAM)-dendrimer due to its

alternating amine and amido bonds to form each branching layer. PAMAM-dendrimers

used for gene transfer have six to seven layers, a diameter of 6-1 0 nm and a molecular

mass of 30-50 kDa. The terminal amines give the dendrimers a net positive charge at pH

7-8 (Cloninger 2002; Dennig & Duncan 2002). Superfect is manufactured by Qiagen.

Effectene. This non-liposomal transfection reagent represents an advancement in

the originallipofection procedure introduced in 1987. Unlike the double lipid membrane

liposomes that most lipofecting reagents form, Effectene forms positively charged

micelle structures that are very uniform in size. DNA is first condensed into a compact

structure when its phosphates interact with a positively charged enhancer, which is a

component of Qiagen's Effectene kit. Although the chemistry of the enhancer present in

the Qiagen's kit is not publicly available, other compounds including polybrene and

synthetic peptides were described to enhance transfection efficiency by interacting with

and compacting DNA (Abe et al. 1998; Schwartz et al. 1999; Uchida et ai. 2002). An

additional role of enhancers is to enable transfection to take place in the presence of

serum, which is usually an inhibitor of this procedure. The complex of enhancer and

DNA is further coated with cationic, non-liposomal Effectene lipid micelle. The

positively charged DNA/Effectene micelles are thought to be attracted to the negative

surface of cells and enter cells via endocytosis. One of the most important advantages of
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this reagent among other lipid reagents is that it requires about five times less DNA for

efficient transfection than other reagents (The Qiagen Transfection Resource Book). This

is important because increased concentrations of DNA may be cytotoxic to cells

(Nikcevic et al. 2003).

Lipofectamine2000. This cationic liposome reagent forms small positively

charged liposomes of about 100-400 nm in size in aqueous solution under optimal

conditions. The positive charges of these liposomes are due to amine groups present in

the outer layer, which allow Lipofectamine2000 liposomes to bind and coat each DNA

plasmid through interaction with negative charges of phosphates in the DNA molecules

(Uchida et al. 2002). According to FeIgner et al. (1987), about two to four liposomes

surround a DNA plasmid of about 5 kb in size and ultimately shield the negatively

charged DNA resulting in a positively charged complex. This in tum, enables the

complex to interact with the surface of cells and to be uptaken by endocytosis. Similar

transfection reagents are widely explored for their potential in gene therapy and gene

expression studies due to their ability to transfect a variety of cell lines. In addition,

Lipofectamine was the first and only transfection reagent to be employed in the

transfection of shrimp cells from the lymphoid organ of Pennaeus stylirostris (Tapay et

al. 1995). Other types of cells and organisms that were successfully transfected via

cationic liposome based reagents include Xenopus embryos (Holt et al. 1990), avian

embryos (Hartig & Hunter 1998; Malone 1989; Oshop et al. 2003), mice sperm

(Bachiller et al. 1991), and avian sperm (Rottmann et al. 1992). Lipofectamine is a

proprietary formulation of Invitrogen.
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jetPEI. This reagent was first explored as a potential gene vector for transfection

due to its high positive charge potential at most pHs (Boussif et al. 1995). PEl stands for

polyethylenimine, and JetPei consist of linear PEl polymers of approximately 10 nm in

diameter. jetPEl and DNA complexes form positively charged compact particles that are

thought to interact with proteoglycans present on the cell surface and enter cells via

endocytosis (Dass 2002). This reagent further buffers the pH within the endomes by

acting as a "proton sponge" and prevents DNA from degradation (Dass 2002). Studies

demonstrated that the continuous uptake of protons by jetPEl within the endosome

eventually causes the endosome to rupture and DNA to seep into the cytoplasm (Ahn et

at. 2002). This reagent is made by PolyPlus transfection for Qbiogene.
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CHAPTER 3: MATERIALS AND METHODS

Animals.

Mature 1. vannamei broodstock males (>35 g) were kindly provided by the

Oceanic Institute Shrimp Program, Waimanalo, HI. Mature and gravid females (>45 g)

were purchased from Chen Lu Farms, Kahuku, HI. Animals were transported to

laboratory at University of Hawaii, Honolulu, HI in aerated seawater at a salinity of

approximately 35 ppt. Animals were then transferred into designated holding tanks.

Males were placed in lO-gallon aquaria with seawater and aeration until the experimental

procedure. Females were individually placed into 30-L red plastic buckets with low

aeration for spawning. Female tanks were covered with black plastic and were constantly

monitored using a flashlight until the shrimp spawned. After spawning, each female was

removed from its tank so that eggs could be collected at different intervals post­

spawning.

Hatching. The percentage of hatched nauplii was determined by individually

counting the number of nauplii and unhatched eggs from each treatment:

% hatch=(number ofnauplii/(number ofnauplii + eggs))*lOO

This method was used when shrimp zygotes were exposed to foreign DNA in the

presence or absence of a transfection reagent. Hatching was assessed 24-48 hours after

spawning.
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Hatchery phase. Shrimp nauplii were transferred into sterile 1000 ml beakers as

they were counted. The beaker was pre-filled with 1000 ml of 35 ppt (salinity) filtered

seawater at 28°C (.2 J.1m, Millipore). Water was exchanged daily and larvae were fed

new live microalgae (Chaetocerous neogracile) starting at stocking day (48 hours post-

spawning). When shrimp larvae reached the mysis stage (approximately 6-7 days post-

spawning) they were fed newly hatched Artemia (San Francisco Bay Brand) after water

exchanges in conjunction with microalgae. At the post-larvae stage, the shrimp were

transferred into 10-L aquarium tanks and raised to 0.5 g in size. They were fed Artemia,

microalgae and dry feed daily. Tanks were siphoned as needed.

Expression Vectors

pB-ActinP2-TSV-CP. The expression vector pP-ActinP2-TSV-CP, prepared by

Sun et at. (2002) was used in this study in conjunction with various transfection reagents

to transfect shrimp zygotes. The map of this construct is shown in figure 3.1. This

construct consists of a modification of the pEGFP-NI vector (Clontech) to incorporate

493 bases of the TSV coat protein in the sense and antisense orientation, under

transcription regulation of the shrimp p-actin P2 promoter.

T 1'(') 'Vl'oly A

(
~-Actin P2l

Figure 3.1. Map of the expression vector p p-ActinP2-TSV-CP (S). The map of p p-ActinP2-TSV-CP
(AS) only differs in the orientation of the TSV-CP.
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5'CTTAATTAATGCCTGCTAACCCAGTTGAAATTGATAATTTTGATACA
3' GAATTAATTACGGACGATTGGGTCAACTTTAACTATTAAAACTATGT

ACAACCAGTGGAGGACTAATTCCAGGAGGTAGTGTTACGAACAGTGAAGGTTCTACAATC
TGTTGGTCACCTCCTGATTAAGGTCCTCCATCACAATGCTTGTCACTTCCAAGATGTTAG

TTGATGAATGATATCCCAATCACTAATCAGAATGTAGTGCTGTCTAAGAATGTAACAGAT
AACTACTTACTATAGGGTTAGTGATTAGTCTTACATCACGACAGATTCTTACATTGTCTA

AACCTGTTTGAAGTCCAGGACCAAGCTCTCATTGAATCTCTCTCTCGCGACGTTTTACTT
TTGGACAAACTTCAGGTCCTGGTTCGAGAGTAACTTAGAGAGAGAGCGCTGCAAAATGAA

CATAACGACAGTTGGACATCTAGTGATGATGAAATTGGCACAACTATGACGCAGGAACAG
GTATTGCTGTCAACCTGTAGATCACTACTACTTTAACCGTGTTGATACTGCGTCCTTGTC

CTTGCAACAGAATTCAATCAGCCATACTTATATGAAATTTCCCTACCTGATGACATTGTA
GAACGTTGTCTTAAGTTAGTCGGTATGAATATACTTTAAAGGGATGGACTACTGTAACAT

CGTAAATCGCTGTTTATGTCTAATAAATTAGCGAATATTGCATATATGCGATGTGATTAC
GCATTTAGCGACAAATACAGATTATTTAATCGCTTATAACTGTATATACGCACACTAATG

GAGGTTACTGTACGAGTACAAGCCACGCCCTTTTTACAAGGAGCATTGTGGCTGTGGAAT
CTCCAATGACATGCTCATGTTCGGTGCGGGAAAAATGTTCCTCGTAACACCGACACCTTA

AAGATGAATGCTAAGCAGACATCAAT 3'
TTCTACTTACGATTCGTCTGTAGTTA 5'

Figure 3.2. Sequence of the double stranded TSV-CP sequence within the expression
vector ~-ActinP2-TSV-CP amplified using primer-pair 1 (sense TSVCP5'2 and antisense
TSVCP-7431-7409) is shown using double underline and corresponds to 493 base pairs.
A 302 base pair sequence is amplified using the nestle primers (sense TSVCP6980-7002
and anti-sense TSVCP-7280-7259) shown by single underline. Sequence information
was obtained from Gene Bank (accession number AF277675).

pEGFP-C1. The expression vector pEGFP-C1 was purchased from Clontech and

used to transform Top 10F Eschericia coli cells (Invitrogen) for vector propagation

following the methods described in the Original TA Cloning Kit Version D (Invitrogen).

This retroviral based expression vector encodes for a modified green fluorescence protein

(EGFP) regulated by the Cytomegalovirus promoter (CMV). Both the CMV promoter

(PCMV) and EGFP sequences are present within the Moloney murine leukemia virus
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(MoMuLV) long terminal repeat (LRT) sequences (5' and 3'). However, pLEGFP-CI

does not contain the structural gag, pol, and env genes needed for retroviral packaging

and replication. The map of pEGFP-C I is shown in Figure 3.3.

EcoR I

EcoR I

<=!l. EGFP-C Sequencing PrilT1lr

..... 3' pLNCX Seq/peR PrilT1lr

MCS

Figure 3.3. Map ofpLEGFP-CI by Clontech (www.clontech.com).

A total 20 Ilg of the vector was diluted with 40 III ofTE (composition?) buffer to

yield a 500 ng/Ill DNA solution. 1 III of this solution was further diluted into 499 III of

TE buffer to make a 1 ng/Ill pLEGFP-CI solution from which 2 III (2ng) of the vector

was used to transform TOP 10F cells. Prior to transformation, 2 III of 0.5 M ~-

mercaptoethanol was added into a fresh thawed vial of TOP 10F cells and the mixture

was gently mixed with the pipette tip. Next, 2 III of the vector (or 2 ng) was added to the

cells. The mixture was incubated for 30 minutes on ice and then heat shocked in a water

bath at 42°C for 30 seconds. Mixture was transferred to ice for 2 minutes. Then, 450 III

of SOC medium (2.0 % Tryptone, 0.5 % yeast extract, 10.0 mM NaCl, 2.5 mM KCI, 10.0

mM MgCh, and 20.0 mM glucose) was added and the vial was vigorously shaken at 37

°C for 1 hour at 225 rpm in a rotary shaking incubator to allow the cells to recover from
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the procedure. Transformed cells were then plated into Luria-Bertani (LB) agar plates

containing 100 ~g/ml of ampicillin growth and selection of transformants. Agar plates

were incubated for 17-18 hours at 3TC incubator. Up to 20 colonies were screened for

positive transformation using Polymerase Chain Reaction (PCR) to verify the presence of

EGFP in the cells. Figure 4 shows the sequence ofEGFP that was amplified using

specific EGFP primers. Two to three colonies were then transferred into two 250-ml

flasks containing 50 ml each of LB medium and 100 ~g/ml of ampicillin and were grown

for 18 hours in a rotary shaker at 3TC. Plasmid DNA was isolated from these cells using

the Qiaprep Spin Miniprep Kit Protocol (Qiagen). LB medium containing the cell was

centrifuged to separate cells from medium. Pelleted bacterial cells were resuspended in 5

ml of buffer PI containing Rnase A. Then, 5 ml of Buffer P2 was added to cells and the

mixture was gently inverted a few times and incubated for 5 minutes. Finally, 7 ml of

Buffer N3 was added to the cells and the solution was gently mixed by inversion. The

mixture was then centrifuged for 10 minutes at 4
0

C and the supernatant was transferred

into 20 QIAprep Spin Column by pipetting. Columns were centrifuged for 1 minute at

14000 rpm and the flow-through was discarded. Columns were washed with 0.5 ml

Buffer PB and centrifuged for 1 minute. The flow-through was again discarded and the

columns were washed with 0.75 ml Buffer PE and centrifuged for another minute. Flow­

through was discarded and the columns were transferred into clean 1.5 ml

microcentrifuge tubes. 50 ~l of double distilled and autoclaved water (ddH20) was added

to each column and allowed to stand for 1 minute. Columns were centrifuged for 1

minute for elution of the plasmid DNA from the column. All of the microcentrifuge

tubes were combined for quantification of plasmid DNA concentration via
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spectrophotometry. A total 2 III of sample was diluted into 498 III of ddH20 in a glass

cuvette and placed into a spectrophotometer for analysis using an excitation wavelength

of 260 nm. The concentration of plasmid DNA was estimated by:

((Measured absorbance) X (50 Ilg/ml (optical density of DNA)) X (500 III

water/2lll of sample))/1 000= Ilg of plasmid DNA/Ill

Plasmid preps were stored at -20
oe for later use.

5' ACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGT
3'TGGTAGAAGAAGTTCCTGCTGCCGTTGATGTTCTGGGCGCGGCTCCA

GAAGTTCGAGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGG
CTTCAAGCTCTCCCGCTGTGGGACCACTTGGCGTAGCTCGACTTCCC

CATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGT
GTAGCTGAAGTTCCTCCTGCCGTTGTAGGACCCCGTGTTCGACCTCA

ACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAG
TGTTGATGTTGTCGGTGTTGCAGATATAGTACCGGCTGTTCGTCTTC

AACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGG
TTGCCGTAGTTCCACTTGAAGTTCTAGGCGGTGTTGTAGCTCCTGCC

CAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCG
GTCGCACGTCGAGCGGCTGGTGATGGTCGTCTTGTGGGGGTAGCCGC

ACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCC
TGCCGGGGCACGACGACGGGCTGTTGGTGATGGACTCGTGGGTCAGG

GCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCT
CGGGACTCGTTTCTGGGGTTGCTCTTCGCGCTAGTGTACCAGGACGA

GGAGTT 3'
CCTCAA 5'

Figure 3.4. Sequence of a 370 base pairs corresponding to a portion of the EGFP gene within the
expression vector pLEGFP-CI that is amplified using the primer-pair EGFP 970-991 (5'­
ACCATCTTCTTCAAGGACGACG-3') and EGFP 1349-1328 (5'- AACTCCAG
CAGGACCATGTGA-3 '). Underlined regions correspond to forward and reverse primer
sequences. Sequence information was obtained Clontech.
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In addition to the plasmid vectors described above, another GFP construct

(PNZA) was kindly provided by Dr.Lu from Pacificic Biomedical Research Center

situated at Leahi Hospital, Honolulu, HI. The map of this vector in not publicly available

and is not shown here. This vector contain the green fluorescent reporter gene under the

control ofthe CMV promoter. The plasmid was propagated in Top 10 E. coli cells as

described for pLEGFP-C1. Plasmid isolation and quantification involved the same

procedures as described above.

Transfection Reagents

Four transfection reagents were evaluated for their ability to carry the expression

vector pBetaActinP2-TSV-CP into shrimp zygotes. The reagents are Lipofectin 2000

(Invitrogen), SuperFect (Qbiogene), Effectene (Qbiogene), and JetPEI (Quiagen).

Manufacturer's recommendations were followed to determine the concentration of DNA

and transfection reagent complexes for each treatment (Table 4.1). DNA and transfection

reagent complexes were prepared as master mixes and then added to 60 mm sterile dishes

or 12 well-plates prior to the addition of eggs. DNA and transfection reagent mixture

was incubated for at least 15 minutes (and up to two hours) for complex formation. An

equal volume of autoclaved and filtered seawater (mock-treatment), DNA/transfection

reagent, DNA alone, or transfection reagent alone was added to each 60 mm dish

depending on the treatment and a 1 ml filtered and autoclaved seawater was added per

dish prior to the addition of eggs. Shrimp zygotes (single-cell fertilized eggs) in 3 ml of

seawater were pipetted into the 60 mm sterile dishes (manufacturer) using a 3-ml

disposable polyethylene transfer pipette (Fisher Scientific), within the first 50 minutes
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after spawning. Zygotes were incubated in the respective solution. After incubation, the

shrimp eggs transferred into l-L beakers containing seawater filtered through a O.2-flm

nitrocellulose filter (Millipore) at room temperature. Beakers were placed in heated

water baths to maintain temperature at 28-30 °C. Each beaker was aerated using a 1 ml

pipette tip connected with air tubing to an aquarium air pump.

Transfection ofArtemia eggs

Due to the unavailability of shrimp zygotes, decapsulated Artemia eggs were

exposed to a fixed concentration of DNA (p~-actinP2TSVCP (As) and the four­

transfection reagents as described in table 4.3. Artemia cysts were previously hydrated in

fresh water for 1 hour prior to decapsulation. Decapsulation consisted of exposing the

cysts to sodium hypochlorite (0.5 g per gram of cyst), in the presence of sodium

hydroxide (0.15 g per gram of cyst) and freshwater (14 ml per g of cyst). Cysts were held

in a 1OO-~.Im screen in a water bath containing the mixture just described under vigorous

mixing. As soon as the color of the cysts turned to orange, they were rinsed in freshwater

and transferred into a solution of 0.1 % sodium thiosulfate for dechlorination.

Decapsulated cysts were rinsed thoroughly prior to use.

Artemia eggs (decapsulated, as described above) were also transfected with GFP

containing vectors for observation under fluorescence microscopy. In this experiment,

the eggs were incubated in 12-well plates for up to 48 hours. Plates were placed in a

water bath at 28°C. The treatments consisted of a control (1 ml of seawater and 50 fll of

150 mM NaCl), DNA alone (1 ml of seawater, 1 flg of either pLEGFP-CI or pNZA in 50

~l of 150 mM NaCI) and DNA/jetPEI (1 ml of seawater, 1 ~g of either pLEGFP-C1 or
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pNZA in 50 III of 150 mM NaCl, and 2 III ofjetPEI in 50 III of 150 mM NaCl). Hatched

Artemia were transferred into l-L beakers with seawater and were aerated. Beakers were

placed in a water bath at 28°C and the water was exchanged daily by filtering the brine

shrimp though a 100 Ilm screen. Artemia larvae were fed a fresh diatom diet of C.

neogracile and Thalassiosira weisjlogi daily.

Transfection of shrimp sperm

Spermatophore from mature males were extruded and immediately stored in

sterile seawater. Sperm cells from expressed from spermatophores were immediately

transferred into 60 mm dishes containing approximately 2 ml of sterile seawater. The

treatments consisted ofa control (seawater and 50 III of 150 mM NaCI), exposure to

DNA alone (seawater and 21lg of pLEGFP-C1 in 50 III of 150 mM NaCI), and

DNA/jetPEI (seawater, 21lg ofpLEGFP-Cl in 50 III of 150 mM NaCl, and 4 III ofjetPEI

in 50 III of 150 mM NaCI). DNA andjetPEI in NaCI were incubated for at least 15

minutes prior to mixing with the seawater. Undisturbed spermatophores were

microinjected according to table 3..3.

Table 3.1. Description of the three different treatments that were used in the sperm
transfection experiments.

Water Total
JetPEI (ul (ul) microinjected

Treatment Description DNA* (Ilg) of DNA) volume (ul)
1 DNA alone 1 none 2 3
2 JetPEI/DNA* 1 2 -- 3
3 control (mock) none none 3 3

* DNA= pLEGFP-Cl
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Microinjected spermatophores were incubated for up to 48 hours at room

temperature in sterile petri dishes. Spermatophore was expressed at 22 and 48 hours

post-transfection for visualization of GFP at the Biological Electron Microscopy facility,

University of Hawaii.

Genomic DNA isolation

Depending on the stage and size ofthe shrimp or brine shrimp (Artemia), 5-10 mg

of tissue from pleopods or the entire body were homogenized with a mortar and pestle in

liquid nitrogen for total genomic DNA isolation. DNA was isolated from tissue using the

Purescript DNA Isolation Kit (Gentra Systems). The DNA was precipitated with 300 III

of isopropanol and washed twice with 300 III of75 % ethanol. The final DNA pellet was

air-dried, resuspended in 10 mM Tris HCl (pH=8.0), hydrated overnight, and stored at­

20°C for PCR amplification. The quality of the isolated DNA was analyzed by gel

electrophoresis in a 0.6% agarose gel.

Polymerase Chain Reaction (PCR)

Detection of TSV-CP. Putative transgenic shrimp was screened via PCR for the

presence of the target gene according to the procedures described by (Sun 1994) using the

GeneAmp PCR Core Kit (Applied Biosystems). Primer-pair 1 was used to amplify a

493 base pairs (bp) fragment ofthe TSV-CP transgene (Figure 3.2). Each PCR tube

contained 2 mM MgCb (Applied Biosystems), IX PCR Buffer II (Applied Biosystems),

ddH20, 200 11M dNTP mixture (dATP, dTTP, dCTP, dGTP), 0.6-1.2 11M of each primer,

2.5 units of AmpliTaq DNA polymerase (Applied Biosystems), and 1-2111 of template for
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a total volume of 50 or 100 Ill. PCR was performed by a DNA Thermal Cycler (Perkin-

Elmer 9600) programmed as follows:

9YC (denaturation) for 5 minutes
95T for 1 minute (denaturation
50°C for 30 seconds (annealing)~ 35 cycles
60°C for 45 seconds (extension)~
72°C for 7 minutes (final extension)

Amplified PCR products were transferred into a 0.9 % agarose gel to detect the 493 bp

sequence. When necessary a second round PCR was performed using primer-pair 2 to

amplify a 302 bp fragment (within previously amplified sequence; figure 3.2). Each

reaction mixture consisted of 2 mM MgCh (Applied Biosystems), IX PCR Buffer II

(Applied Biosystems), ddH20, 800 IlM dNTP mixture (dATP, dTTP, dCTP, dGTP), 0.6-

1.2 IlM of each primer, 2.5 units of AmpliTaq DNA polymerase (Applied Biosystems),

and 1-2 III of template for a total volume of 50 Ill. The PCR program was as follows:

95T (denaturation) for 5 minutes
95°C for 1 minute (denaturation)
49°C for 30 seconds (annealing)~ 30 cycles
58°C for 45 seconds (extension) ~
noc for 7 minutes (final extension)

Amplified PCR products were transferred into a 1.5 % agarose gel to detect a 302 bp
sequence.

Detection ofEGFP. Amplification of a 370 bp fragment of the EGFP gene was

performed using PCR and the primer-pair EGFP 970-991 and EGFP 1349-1328 (Figure

3.4). Each reaction mix consisted of2X Pfx Amplification Buffer (Invitrogen), 1mM of

MgS04 (Invitrogen), ddH20, 200 IlM dNTP mixture (dATP, dTTP, dCTP, and dGTP),

200 IlM of each primer, 1.5 units of Platinum Pfx DNA polymerase (Invitrogen), and 1 III
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oftemplate (sample DNA) in a total volume of 50 Ill. The peR program used was as

follows:

95°C (denaturation) for 5 minutes
95°C for 1 minute (denaturation)
54°C for 30 seconds (annealing)~ 35 cycles
60°C for 45 seconds (extension)~

RNA isolation

Total RNA isolation was performed using the Purescript RNA isolation kit

(Gentra Systems). 5-10 mg ofpleopod or whole body tissue (up to the early post-larval

stages) was transferred into a 1.5 ml ependorf tube containing cold Phosphate Buffer

Solution (PBS) on ice. PBS was removed and tissue was transferred into a frozen 1.5 ml

ependorf tube and immediately stored in dry ice. Samples were placed on ice prior to the

homogenation and washed with 500 III of cold PBS (IX). Samples were centrifuged for

3 minutes at 14000 RPM and PBS was removed. 300 III of cell lysis solution (Gentra

Systems) was added per tube and tissue was homogenized using a microcentrifuge pestle.

100 III of protein-DNA precipitation solution (Gentra Systems) was added to each tube.

Tubes were inverted 10 times and left on ice for 5 minutes. Ependorf tubes were

centrifuged at 14000 rpm for 10 minutes and the supernatant was transferred into new

tubes. Samples were centrifuged for an additional 5 minutes and the supernatant was

transferred into 300 III of isopropanol (100%). Tubes were inverted 50 times and

centrifuged for 10 minutes at 4°C. Tubes were inverted and drained to remove

isopropanol and the RNA pellet was air dried for approximately 30 minutes. RNA pellets

were washed with 300 III of75 % ethanol at 4°C and centrifuged in the cold room for 10
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minutes. Ethanol was then removed by inversion and pellets were air dried for

approximately 90 minutes or until dry. RNA pellets were resuspended in hydrating

solution (Gentra Systems) for 30 minutes, vortexed and pulse spinned for mixing. RNA

was stored in -80°C for the Reverse Transcription (RT) procedure. Late post-larvae (>

PL-10) and older shrimp, including pleopod muscle, were homogenized using a mortar

and pestle in liquid nitrogen instead of microcentrifuge pestle.

Reverse Transcription

This procedure was performed using 500 ng of RNA (described above) according

to Sun (1995) using the Gene Amp RNA PCR Core Kit (Applied Biosystems). Either the

sense (forward) or antisense (reverse) primers from primer-set 1 (Figure 2) was used as

the downstream primer depending on the vector and transgene orientation that was used

for the transfection procedure. RT reaction was performed using a DNA Thermal Cycler

(Perkin-Elmer 9600) according to the following program: 42°C for 60 minutes, 99°C for

5 minutes. RT product (cDNA) was amplified using the PCR procedures described in

PCR section above to detect the presence of the transgene.

Detection of GFP fluorescence

Confocal microscopy. Shrimp sperm samples were transferred into glass slides

and examined with an MRC-I024 (Bio-Rad, Hemel Hempstead, UK) laser sacanning

confocal microscope attached to a Nikon Optiphot-2. Putative GFP in sperm cells was

excited with a 488 nm krypton/argon mixed gas laser and fluorescence emission was

collected using a 522DF32 nm emission filter. Samples were scanned using both a 20X
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dry and 60X oil objective lens (Numerical Aperture (NA) 0.75 and 1.4 respectively).

Data was processed and presented using Bio-Rad LaserSharp software, version 3.2.

Adobe Photoshop was used to create images of transmitted light overlaid with green

fluorescence (only when fluorescence was observed).

Epifluorescence. Artemia larvae transferred into glass slides and examined in a

Nikon Eclipse TE 2000-U inverted microscope with epifluorescence capability. The

samples were viewed under a GFP filter (ENGFPHQ, excitation at 488 nm, and emission

at 520 nm), and a red filter (G-2E/C, excitation at 540125, and emission at BA 605/55).

Images were captured by an Optronics Magnifire SP (single pass) and viewed using

Adobe Photoshop 7.0. Images were adjusted using Corel Photo Paint 8 to enhance the

fluorescence appearance (signals). All images were enhanced in exact the same manner.
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CHAPTER IV: RESULTS

Selection of a suitable transfection reagent for shrimp

The selection of a suitable transfection reagent to deliver foreign DNA into

shrimp zygotes was based on the ability of the shrimp zygotes to fully develop into

nauplii and hatch from the eggs, as well as, transgene expression via RT-PCR. Within

each treatment type, zygotes were exposed to at least three different ratios of transfection

reagent to a fixed DNA concentration since it was not known how the different

concentrations of transfection reagent affected shrimp hatching and transfection

efficiency. Table 4.1 describes the experimental treatments including the concentrations

oftransfection reagent and DNA tested. This table also summarizes the results for TSV­

CP expression, as well as, nauplii hatching for each treatment. Results in table 4.1 are

grouped by treatment type, ratio oftransfection reagent to DNA, and spawn. It was

necessary to group the results within a spawn since a high degree of variation was

observed in the percentage of hatched nauplii from different spawns. A total often

spawns were used for the experiments, however, five of the spawns yielded little to no

hatching and the shrimp larvae from these spawns (2, 3,5,6, and 7) did not survive long

enough for analysis oftransgene expression. Within the remaining five spawns (l, 4, 8,

9, and 10), TSV- CP expression via RT-PCR was detected in shrimp larvae that were

previously exposed to DNA alone (0.5-2 ug/ml), or in conjunction with the transfection

reagents Effectene (Reagent/DNA Ratio of25:1 and 50:1) and JetPEI (all NIP ratios

tested). However, TSV-CP was not detected in shrimp transfected with DNA in the
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presence of SuperFect or Lipofectamine2000 under the experimental conditions

described. In addition, there was no apparent correlation between the percentage of

hatched nauplii, concentration of transfection reagent used, and TSV-CP expression.

Effect of time of exposure on hatching and transfection efficiency

In addition to the discrepancy in nauplii hatching that was observed among

spawns, the percentage of hatched nauplii was also influenced by the time at which the

shrimp zygotes were transferred into the experimental plates (from 0-55 minutes post­

spawning). Shrimp zygotes were more susceptible to experimental manipulation when

they were first spawned, as shown by reduced hatching when transferring occurred within

the first 16 minutes post-spawning (mean hatched nauplii < 10%). However, the

percentage of hatched nauplii increased (mean hatched nauplii >30%) when zygotes were

manipulated after 23 minutes post-spawning (figure 4.1).

Shrimp zygotes were observed and photographed under a dissecting microscope

connected to a digital still camera (figure 4.2). Fertilized eggs were observed to divide at

approximately 55 to 60 minutes post-spawning. Within the single cell stage, fertilized

eggs underwent several changes to their outer layer as described in the literature (Clark et

al. 1980; 1984; Pillai and Clark 1988; Clark et al 1991). These surface developmental

changes may have affected the zygotes sensitivity to experimental manipulation

(resulting in poor hatching), as well as, the ability of the eggs to uptake foreign DNA. In

this study, extrusion of the jelly precursor (lP) to push out the vitelline envelope as

described by Pillai and Clark (1988), was observed at approximately 3 minutes post-
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Table 4.1. Expression of TSV-CP and nauplii hatching results for shrimp that were previously exposed to pBeta-ActinP2TSV-CP (AS)
in the presence of four different transfection reagents.

Treatment DNA Ratio of Ratio of Larval Stage Age of Shrimp Espression of % Hatch N Spawn
(uglml) Transfection Transfection (when shrimp were (days old) TSV-CP (Mean±

Reagent to DNA Reagent to DNA sacrificed) (RT-PCR) Standard error)
(ullug) (uglug)

SuperFectDNA 3,5, 2:1 6:1 Post-larvae 17 - 27.5±2.7 3 1

SuperFect:DNA 3,5, 5: 1 15: 1 Post-larvae 17 - 42.6±0.7 3 1

SuperFect:DNA 3,5, 10:1 30:1 Post-larvae 17 - 41.0±2.1 3 1

SuperFect:DNA 1 2:1 6:1 Mysis 9 - 4.7±1.3 3 8

SuperFect:DNA 1 5: 1 15:1 Mysis 9 - 4o4±1.7 3 8

SuperFect:DNA 1 10:1 30:1 Mysis 9 - 2.5±1.7 3 8

Effectene:DNA 004 23:1 23:1 Mysis 9 + 3404±5.3 18 4

Effectene:DNA 004 13:1 13:1 Mysis 10 - 70.7±1.0 2 9

Effectene:DNA 0.4 25:1 25:1 Mysis 10 + 4204±17.0 2 9

Effectene:DNA 0.4 50:1 50:1 Mysis 10 + 38.8±36.4 2 9

Effectene:DNA 0.4 13: 1 13: 1 Mysis 10 - 1.5±0.2 2 10

Effectene:DNA 0.4 25:1 25:1 Mysis 10 + 2.7±2.2 2 10

Effectene:DNA 0.4 50:1 50:1 Mysis 10 + 17.9±16.6 2 10

Lipofectamine2000:DNA 2 1: 1 1: 1 Mysis 9 - 1O.0±1.1 3 8

Lipofectamine2000:DNA 2 2:1 2:1 Mysis 9 - 6.7±2.7 3 8
Lipofectamine2000:DNA 2 3:1 3:1 Mysis 9 - 2.7±1.7 3 8

jetPEI:DNA 0.5,1 2:1 5 (*N/P) Mysis 10 - 62.1±22.3 2 9

jetPEI:DNA 0.5 3: 1 8 (*N/P) Mysis 10 - 37.4±7.7 2 9

jetPEI:DNA 0.5 4:1 10 (*N/P) Mysis 10 - 27.2±0.8 2 9
jetPEI:DNA 0.5, 1 2:1 5 (*N/P) Mysis 10 + 6.1±1.4 2 10

jetPEI:DNA 0.5 3: 1 8 (*N/P) Mysis 10 + 3.1±1.0 2 10

jetPEI:DNA 0.5 4:1 10 (*NIP) Mysis 10 + 5.1±0.9 2 10

DNA alone 0.5 - - Mysis 10 + 52.9±4.6 6 4

DNA alone 1 - - Mysis 10 - 71.2±12.4 2 9

DNA alone 1 - - Mysis 10 - 3.3±0.0 2 10

DNA alone 2 - - Mysis 9 + 6.1+3.0 3 8

DNA alone 11 - - Post-larvae 17 - 34.1 1 1

Expressed as a ratio of nitrogen GetPEI) to phosphates (DNA) since the concentration ofjetPEI stock is given as mmoles of nitrogen residues per liter. There
are 3 nmoles of phosphate per ug of DNA. Calculation ofN:P ratios is given by the formula N/P=(ul of JetPEI x 7.5 mM)/(ug of DNA x 3). N= the number of
instances.
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Figure 4.1. Manipulation of shrimp zygotes at different time intervals post-spawning and
its effect on hatching (%). Error bars represent standard error of the mean.

spawnmg. lP continued to push against the vitelline envelope until the envelope

dissipated into the water, and a thick "flocculent jelly layer" surrounded the egg. Within

10 minutes, the vitelline envelope and jelly layer had completely dissipated in the

seawater and the egg was left naked (without a visible coating layer). This naked stage

lasted for approximately 5-6 minutes, after which, a thin layer or surface coat emerged

(about 17 minutes post-spawning). The surface coat was pushed out and elevated from

the surface of the egg by the emerging hatching envelope, which formed a thick layer at

approximately 30 to 40 minutes. The hatching envelope surrounded the egg throughout

embryogenesis and was subsequently ruptured by the nauplii during hatching.
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Figure 4.2. Developmental stages of 1. vannamei eggs from spawning to the first cell
division.

Table 4.2. Effect of time of exposure on transfection efficiency of shrimp zygotes.

jetPEI:
DNA

Lipofectamine2000:
DNA

SuperFect:
DNA

N/A ++
N/A ++
N/A ++
N/A ++

N/A N/A ++
N/A N/A

51-55 N/A N/A

Time of Mock- DNA Effectene:
Exposure Treatment alone DNA

0-5 + N/A
6-10 + N/A
11-15 + N/A
16-20 + +-
21-25 +-- ++++
26-30 +-- ++++
31-35 + -- ++++
36-40
41-45
46-50

The number of +/- signs is equivalent to the number of times the procedure was repeated. A + sign
indicates detection of TSV-CP expression and a - indicates that the coat protein was not detected via RT­
PCR of total RNA.

The time of exposure to foreign DNA and transfection reagents affected

transfection efficiency. Table 4.2 summarizes the results of the RT-PCR analysis to

detect the expression ofTSV-CP considering ofexposure within the first cell stage.

Expression of the transgene was observed when transfection with DNA alone occurred

prior to 35 minutes. However, subsequent exposures with DNA alone within 21 to 35
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minutes did not yield positive expression of the transgene in the shrimp larvae. Detection

of TSV-CP expression was consistently detected in shrimp previously transfected with

Effectene/DNA complexes within 21-35 minutes post-spawning and once before 20

"minutes. On the other hand, TSV-CP expression was detected in shrimp transfected with

jetPEIIDNA complexes from 21 to 45 minutes post-spawning. jetPEI transfection was

the least affected by the time of exposure. However, under the experimental conditions

described, the time of exposure did not affect transfection with SuperFect or

Lipofectamine2000 and DNA complexes.

Artemia experiments

Decapsulated and hydrated Artemia eggs were exposed to similar treatments as

described for shrimp in order to further explore the four transfection reagents and their

ability transfer foreign DNA into zygotes. This experiment allowed me to transfect eggs

at approximately the same developmental stage; therefore, transfection was less

dependent upon the time of exposure. Table 4.3 reflects the results for hatching and

detection of TSV-CP expression for Artemia that were previous exposed to pB-

ActinP2TSV-CP (AS) and transfection reagent complexes. As observed for shrimp, both

Effectene andjetPEI transfection reagents were able to deliver the transgene into the

Artemia. TSV-CP was detected in four out of five Artemia transfected with Effectene,

and three out of five Artemia transfected with jetPEI. DNA alone, SuperFect, and

Lipofectamine2000 were not able to transfect Artemia eggs.

34



Table 4.3. Detection of TSV-CP in Artemia transfected with p13-ActinP2TSV-CP (AS)
and transfection reagent complexes.

Treatment DNA Reagent Reagent Ratio of Detection Hatched N
Concentration Concentration Concentration Transfection ofTSV- Nauplii

(f.lg/ml) (f.lll/ml) (f.lg/ml) ReagentDNA CP (AS) (%)

(ul/Ug)

Effectene:DNA 20 20 20:1 ++++ - 46.1±6.1 3

SuperFectDNA 2 6 6: 1 40.9±1.4 3
Lipofectamine200
O:DNA 2 2 2:1 34.1±5.2 3

jetPEI:DNA 2 5 (*N/P) 2:1 +++-- 47.l±5.4 3

DNA alone 35.3±5.7 3

Mock-treatment 32.8+2.0 3
Detection of the transgene via PCR of genomic DNA from individual adult Artemia (+ and - for each
Artemia that tested positive or negative for TSV-CP respectively)

Nauplii hatching were higher for treatments withjetPEI and Effectene, although

statistically there were no significant differences among treatments (analysis of variance,

SPSS 10.0). Slight temperature differences in the water bath may have accounted for

differences in hatching.

Survival of transfected shrimp and stability of TSV-CP gene

The construct p13-ActinP2TSV-CP (S) was delivered into zygotes ofthe Pacific

White shrimp L. vannamei via JetPEI (spawn 11) using a 2:1 ratio oftransfection reagent

to DNA (NIP ratio of 5, 2 ~l ofjetPEI and 1 ~g of DNA per ml of seawater). One week

after treatment, the survival of shrimp exposed to jetPEIIDNA complex (54.0 %) was

comparable to the mock treated shrimp (59.7 %, Figure 4.3). However, the experimental

shrimp exhibited lower survival (11.4 %) than the mock treated shrimp (30.5 %) at the

end of four weeks.
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Figure 4.3. Comparison of survival between mock-treated shrimp and shrimp
transfected with jetPEI and pBActinP2TSV-CP complexes.

Experimental shrimp (shrimp exposed to jetPEI and DNA) were assayed at

different times post-transfection date to evaluate the retention and expression of the

foreign gene overtime (transgene stability). The expression of TSV-CP was detected

via RT-PCR up to 90 days from hatching of experimental shrimp (Figure 4.4 a and b).

When shrimp reached 30 days old, they were assayed individually for the purpose of

determining the efficiency of gene transfer usingjetPEI under the experimental

conditions tested.
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Figure 4.4. (a) Detection of TSV-CP expression via RT-PCR in shrimp previously
exposed to pP-ActinP2TSV-CP (S and AS)/JetPEI (E=experimental) and mock-treatment
(C=control). N is the number of shrimp harvested for RNA isolation. Five 30-day old
shrimp and ten 41-day old shrimp were sampled and assayed individually, however only
positive expression of TSV-CP is shown (30-day old =1 shrimp out of 5, and 41-day
old=2 shrimp out of 10). (b) TSV-CP expression in 90-day old shrimp. Lanes 1 and 3
represent RT-PCR on experimental shrimp; lanes 2 and 4 represent peR on the same
RNA samples of 1 and 3 respectively. Lanes 5 and 6 represent the mock-treated shrimp.
c) TSV-CPexpression in 138-day old (4.6 months old; lanes I and 2) and 19Q-day old
(over 6.3 months old; lanes 3 and 4) shrimp. d) Detection of TSV-CP via PCR
amplification of genomic DNA isolated from pleopods of shrimp in item c. MWM
stands for the 100 bp DNA ladder, and TSV-CP corresponds to the amplification of the
pP-ActinP2TSV-CP used as a positive control.

37



Detection of GFP in shrimp sperm

Shrimp sperm expressed from the spermatophore and transfected with pLEGFP­

C1 in the presence or absence ofjetPEI showed some fluorescence when viewed at

approximately 39 hours post-transfection (30% laser power, figure 4.5). Very faint

fluorescence was observed in the mock-treated sperm at 100 % laser power. At 48 hours

post-transfection, shrimp sperm samples were fixed in 4% formaldehyde and later viewed

under a confocal microscope. Fixed samples showed no differences in fluorescence

among all treatments, as all samples showed fluorescence at 30 and 100% laser power.

To avoid possible fluorescence from the fixing agent, the above experiment was

repeated using fresh samples of sperm. This time, sperm were transfected within the

spermatophore structure as well as after they were expressed (separate treatments).

Differences in fluorescence intensity were not observed among the treatments as in the

previous trial using fixed samples. Unlike the previous sperm sample, sperm samples

from the second transfection trial may not have been fully separated from spermatophore

membrane and contents, as sperm samples were very concentrated. This may have added

additional background fluorescence to all images, which made it impossible to detect

differences among treatments in shrimp sperm samples at 20-22 hours and 48 hours post­

transfection (figure 4.6). In actuality, control (mock-treated) sperm exhibited higher

fluorescence than transfected sperm with either DNA or jetPEIIDNA complexes.
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Figure 4.5. Detection of GFP in shrimp spenn transfected with pLEGFP-C I llsing confocal microscopy. Experiment 1 shows images
of green flllore.scence from 20-22 hours post-transfection. a) mock-treated sperm; b) sperm transfected with DNA alone; and c) sperm
rransfecte.d with pLEGFP-Cl and jetPEI. Experiment 2 shows brighttield images overlayed with green tlllorescence taken at 48 hours
post-transfection. d) Mock-treated sperm; e) sperm transfected with pLEGFP-CI; and t) sperm transfected with pLEGFP c'lncl jetPEI.
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Detection of GFP in Artemia nauplii

Artemia nauplii (24-48 hours after exposure to treatments) from previous

exposure to pLEGFP-CI in the presence or absence ofjetPEI, were placed in glass slides

over an inverted microscope with epifluorescence. Mock-treated Artemia were used as

controls. No differences in fluorescence signals were observed between mock-treated

and experimental Artemia (images are not shown). Detection of GFP expression via RT­

PCR was inconclusive as all experimental treatments showed a fragment amplification of

about 500 bp. In contranst, amplification ofpLEGFP-CI using the same primers yielded

a 374 bp fragment

The experiment above was repeated to confirm the results. This time an

additional construct (PNZA) containing the GFP gene was included in addition to

pLEGFP-CI. Artemia from different treatments were viewed individually under lOX,

20X, and 40X magnification power using epifluorescence. A high degree of

autofluorescence was observed in all treatments, and no apparent differences were seen

under lOX. Artemia that were previously exposed to pLEGFP-CI in the presence or

absence ofjetPEI showed increased fluorescence in the cells lining the hind gut (figure

4.7). This observation was similar for Artemia transfected with pNZA with or without

jetPEI. In addition, Artemia that were transfected with either construct of GFP in the

presesence ofjetPEI also exhibited fluorescence in the lining of a round structure located

in the head (figure 4.8). This was not observed in Artemia transfected with DNA alone
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either vectors) or the control Artemia. Differences in fluorescence intensity were only

observed under magnifications of 20-40X.
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Figure 4,6. Detection of GFP in Al'lelllia that we,'e previously exposed to difTcrent treatments using
cpitluorescence (end gut view). a and e) Al'll?lIIia end gut in bright field. b) Mock-treatment. c)
pLEGFP-C I alone. d) pLEGFP-C Iand jctPE!. I) pNZA and jetPE!. g) pNZA alone. h) ArlClIlICl end
gut and feces.
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Figure 4.7. Detection ofGFP in Artemia using epifluorescence. a) and b) Bright field images of the head in 20 and 40X respectively. c and d)
Mock-treated Artemia mouth parts and mid-gut at 40X under a GFP and red filter respectively. e and f) Arfemia treated with pLEGFP-C I alone at
20X under GFP filter and red filter. g and h) Artemia exposed to pEGFP-CI andjetPEI at 10 and 40X respectively. i andj) Artemia exposed to
pNZA alone at 20 and 40X respectively. k and I) Artemia exposed to pNZA and jetPEI viewed at 40X using the OFP and red filters respectively.

Arrow indicates the distinctive feature of the treatment.
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CHAPTER V: DISCUSSION

Selection of a suitable transfection reagent for shrimp

In previous attempts to deliver foreign DNA into marine shrimp, researchers

relied on microinjection and electroporation (Cabrera et al. 1995; Tseng et al. 2000).

Both methods are widely employed to produce transgenic organisms, although

researchers reported them to be too disruptive for shrimp zygotes, and often two-cell

embryos had to be used instead (Tseng et al. 2000) yielding mosaic expression and

detection of the transgene. On the other hand, the shrimp zygotes that were exposed to

the selected transfection reagents in this experiment were not significantly impacted by

the experimental treatment compared to the mock-treatment. However, shrimp hatching

was greatly influenced by the time of experimental manipulation, as shrimp zygotes were

more sensitive to pipetting and transferring immediately after spawning (figure 1).

During the first 15-17 minutes following spawning, the shrimp eggs were very fragile and

any disturbances such as pipetting and swirling of the water column caused the eggs to

break apart. This observation was compared to descriptions of egg surface coat changes

following fertilization in the marine shrimp Syciona ingentis (Clark & Pillai 1988; Clark

et al. 1990; Clark et al. 1991). As shown in figure 2, the hatching envelope does not

begin to develop until several minutes after fertilization and spawning, (in the present

experiment, around 17 minutes post-contact with the water column). At this time,

zygotes were less susceptible to experimental procedures and were able to survive and

hatch (up to 50 % hatching when exposure to experimental treatments occurred after 17
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minutes post-spawning compared to less than 10 % when exposure occurred from 3 to 16

minutes after spawning; figure 1).

Detection of foreign gene expression (TSV-CP) was also dependent upon the time

of exposure, perhaps due to the inability of DNA alone to penetrate the emerging

hatching envelope (table 4.2). The ~-actinP2TSV-CP vector was able to enter shrimp

zygotes when first exposed to the construct during the first 15-16 minutes post-spawning.

However, when the transgene was combined with Effectene or jetPEI, it was able to

penetrate the hatching envelope as TSV expression was detected in nine-day-old larvae

transfected after 17 minutes post-spawning. In addition, the presence of a fully

developed hatching envelope did not inhibit transfection of shrimp zygotes with TSV-CP

construct in the presence ofjetPEI (up to 45 minutes post-spawning; table 4.2). The

ability of Effectene andjetPEI to penetrate the embryonic barrier was further

demonstrated during transfection of decapsulated Artemia eggs (table 4.3). As shown for

shrimp, DNA alone cannot penetrate the hatching envelope ofArtemia without the aid of

transfection reagents. Under the conditions tested here, only jetPEI and Effectene were

successful to deliver foreign DNA into the Artemia eggs as shown by gene expression

analysis of transfected organisms.

The concentrations of DNA and transfection reagent are among the most critical

factors for optimization of transfeetion procedures (Sakurai et ai. 2000; Tseng et ai.

2000; Benns et al. 2002; Uchida et al. 2002; Nikcevic et al. 2003). In this experiment, at

least three different concentrations of transfection reagent to a somewhat fixed

concentration of DNA (0.4-1 Ilg) were used determine the appropriate ratio for

transfection of shrimp zygotes. The DNA concentrations selected in this experiment
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were based on manufacture's recommendation, due to the ability oftransfection reagents

to enhance the uptake of DNA into cells. It was also noted that high concentrations of

DNA have been shown to be toxic to shrimp embryos (Tseng et aI., 2000). However, the

ratio of transfection reagent to DNA must be optimized for each type of cell as well as

the specific DNA molecule. In this study, Effectene was shown to be an effective carrier

of DNA into shrimp zygotes when used in concentrations from 20 to 50 times that of

DNA (jlg:jlg; table 4.1). Detection of foreign gene expression was not observed in the 12

to 1 (12:1) ratio of Effectene to DNA. Therefore, further optimization within 20 to 50

times Effectene to DNA may result in increased gene expression and transfection

efficiency with this reagent. On the other hand, the concentration ofjetPEI needed for

successful transfection of shrimp zygotes was much lower (2-4 times the amount of

DNA). All of the ratios ofjetPEI to DNA (N/P=5, 8, and 10) yielded successful

transfection as a measurement of gene expression in nine-day old shrimp larvae. jet-PEl

was the most cost-effective transfection reagent compared to Effectene, and was therefore

selected for future transfection experiments with 1. vannamei zygotes.

Survival of transfected shrimp and stability of TSV-CP gene

A fixed concentration ofjetPEI to DNA (2:1) was used to transfect a spawn of

shrimp zygotes. The survival was then monitored over a period of 41 days and compared

to a group of shrimp that were mock-treated (control group) with sterile seawater.

Results from this experiment (figure 4.3) indicated that hatching and initial survival of

the experimental shrimp was similar to the survival of shrimp in the control group.
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However, after one week, the survival of the treated shrimp (experimental group) was

reduced compared to the control. These results may indicate a negative impact of foreign

gene expression (TSV-CP) in normal development, or possible unrecoverable physical

damage during the transfection withjetPEI. Further optimization of the transfection

procedure may reduce damage to fertilized eggs. Despite the lower survival observed in

transfected shrimp, this procedure is still less damaging than conventional electroporation

and microinjection procedures which can cause severe damage to the shrimp zygote and

disrupt further development (Cabrera et at., 1995; Tseng et at., 2000). In both studies

mentioned above, the jelly coat was chemically removed in order to facilitate the uptake

of DNA during microi~ection and electroporation, and may be the cause of additional

damage to zygotes and the need to use two-cell embryos instead. The fact that jetPEI

was able to penetrate the jelly and hatching envelope of the single celled shrimp further

adds to the versatility and safety of this transfection reagent for gene transfer in shrimp.

TSV-CP was actively maintained in the developing shrimp following transfection

withjetPEI and B-actinP2TSV-CP. Although, assays to verify integration of the

transgene was not attempted in this study, there was significant evidence for stable

transfection since the TSV coat protein expression was verified throughout the shrimp

development after six months post-transfection date (figure 4.4 a-d). The fact that TSV­

CP transgene was amplified in genomic DNA of four-month old shrimp but not in six­

month old shrimp may be due to other factors affecting stable versus transient gene

expression. Primarily, the ability of TSV-CP to integrate into the shrimp's genome via

transfection with jetPEI may occur during sperm and egg pronuclei fusion and further

depend on the time that foreign DNA is introduced following fertilization.
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Detection of GFP in shrimp sperm

Sperm cells are becoming very popular vehicles for foreign DNA transfer into

oocytes. This technology was first introduced for mice by researchers in Italy (Lavitrano

et at., 1989). Sperm-mediated gene transfer was further developed for pigs (Lavitrano et

at., 1992), fish (Muller et at., 1992; Powers et al., 1992; Tsai et at., 1997), chicken

(Rottmann et al., 1992), and prawns (LiTsai, 2000). Methods for first introducing a

transgene into sperm cells varies from incubation with DNA alone, electroporation, and

lipofection. In this study, marine shrimp sperm cells were transfected with a

commercially available vector containing the GFP reporter gene, and gene expression

was studied via detection of GFP fluorescence. My results indicate that only the sperm

cells that were excited approximately 38 hours post-transfection starting time showed

significant GFP fluorescence. However, no fluorescence was observed prior to 24 hours

or after 48 hours post-transfection. Li and Tsai, also reported difficulties in detecting

GFP fluorescence in prawns that were transfected with GFP under the transcriptional

regulation of the CMV promoter (2000). Possible explanations suggested include low

expression levels of GFP using this promoter, as well as, rapid degradation of GFP by

endogenous enzymes present in the shrimp system (Sun, personal communication). GFP

fluorescence can be observed from 24 to 48 hours following transient transfection, since

it requires sufficient time for expression, translation and folding into the functional

conformation. The fact that sperm cells transfected with either GFP construct alone or in

the presence ofjetPEI showed increased fluorescence only at 38 hours but not at 48 hours

post-transfection may indicate that GFP has been degraded by 48 hours post-transfection.
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Detection of GFP in Artemia

Due to inconclusive detection of GFP in shrimp sperm, decapsulated Artemia

cysts were transfected with two different constructs of GFP in the presence or absence of

jetPEI. Artemia was used as a model to verify the detection of GFP expression for

screening putative transgenic shrimp. However, Artemia cysts are arrested in the gastrula

stage (Martinez-Lamparero et af., 2003), and thus, mosaic foreign gene expression is

expected as only some cells may have taken in the foreign gene. In this study, detection

of GFP fluorescence was seen within the cells lining the midgut, just anterior to the

hindgut in all treated organisms (except the mock-treated group). In addition,

Decapsulated cysts transfected in the presence ofjetPEI exhibited fluorescence

surrounding the gastric caeca, a thoracic organ anterior to the hepatopancreas. This

observation was not seen for Artemia groups transfected with GFP constructs alone and

may suggest that jetPEI enhanced the transfection of additional cells during this

procedure. However, visualization of GFP fluorescence in the organs described was only

possible at magnifications of 40-60X. This was due to background autofluorescence

from the exoskeleton and other chitin producing cells in the Artemia. Since shrimp also

possess a chitinous exoskeleton, a reporter gene that would emit light outside the

wavelength range in which autofluorescence is observed would be more suitable to aid in

the screening of putative shrimp.

Conclusion
JetPEI proved to be an effective carrier of foreign DNA into L. vannamei zygotes.

Transgene expression was stable up to six months after transfection, although
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southern blot analysis and further breeding must be performed to confirm gene

integration and the production of a transgenic shrimp line.Screening putative

transgenic shrimp is still a challenge without a suitable reporter gene for the shrimp

system. Although, some differential expression of GFP was observed among Artemia

treatments, the shrimp's auto fluorescence make it difficult for screening transgenic

animals immediately after spawning. Future work must focus on a more appropriate

reporter system for shrimp as well maturation and propagation of putative transgenic

shrimp.
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