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CHAPTER I 

INTRODUCTION 

General 

Gene transfer technology for the creation of transgenic organisms or cells has become 

an estabhshed and powerfid technique for basic and applied research in modem biology 

(Hew and Gong, 1992). In the past several years, transgenic Caenorhabditis elegans 

(Stinchcomb et aL, 1985), fiiiit flies (Rubin and Spradhng, 1982; Spradhng and Rubin, 

1982), sea urchins (McMahon et aL, 1985, Flytzanis et al., 1985), frogs (Etkin et al., 

1984), laboratory mice (Palmiter et al, 1982; Palmiter and Brinster, 1986), farm mammals 

(Hammer et aL,1985) and several species of fishes (Hew et aL, 1992; Hackett, 1993) have 

been produced by introduction of heterologous DNA. The successfid transfer of 

"beneficial" genes to inq)rove the phenotypic characteristics of both plants and animals are 

of interest to many biotechnology industries (Goodman et aL, 1987; F îrsel et aL, 1989). 

Specific examples of agricultural benefits of biotechnology mclude: (1) increased growth 

rates of animals by transfer of exogenous growth enhancing genes, (2) introduction of 

appropriate bacterial enzyme genes into an animal's genome to enable the synthesis of 

certain essential amino acids, (3) introduction of specific immunoglobulin or disease-

resistance genes, and (4) expression of human proteins by the mammary gland, specific 

organs, or specific cells of farm animals for the mass production of usefiil human health 

products (Pursel and Rexroad, 1993). Transgenic technology can also benefit basic 

research. For exart^le, this technology can be used to explore the mechanisms by which a 



gene is controlled as well as the fimctions of the gene product (Murphy and Carter, 1992). 

Therefore, transgenic techniques provide an ideal opportunity to study and manipulate the 

expression and the fimction of genes. 

Status of transgenic fish research 

The use of fishes as experimental animals for transgenic studies is gaining wide 

acceptance. Females of many fish species can produce thousands of eggs which are 

extemally fertilized by males. Some species have short generation times and relatively 

large gamete sizes. These reproductive characteristics make fishes very convenient 

models for transgenic research (Hew and Gong, 1992; Hackett, 1993). Also, desirable 

phenotypic traits from the point of view of agricultural biotechnology, such as resistance 

to bacterial infection and resistance to freezing temperatures, have been identified in some 

fishes. The genes which code for these particular phenotypes can be transferred to other 

animal or plant species to potentially enhance their performance using transgenic 

techniques. 

There has been significant progress in transgenic fish research over the last several 

years. For exan^le, in the first study with fishes, the himian growth hormone (GH) gene 

was introduced into goldfish where it successfidly promoted body growth (Zhu et aL, 

1985). Subsequently, several human GH gene and rainbow trout GH cDNA or gene 

constructs have been used in diflferent species of fishes with various levels of success in 

terms of integration into the host genome and expression of the active hormone (Dunham 

etaL, 1987;BremetaL, 1988; Guyomard et aL, 1989; Rokkones et aL, 1989; Zhang et 



aL, 1990; Lu et aL, 1992; Inoue et aL, 1993). A construct composed of the ocean pout 

antifreeze protem (AFP) gene promoter hnked to chinook salmon GH cDNA was 

introduced into Atlantic salmon with good results in terms of growth enhancement (Hew 

et aL, 1993). 

However, in spite of these significant advances, most previous research with 

transgenic fish has used either mammahan or viral gene promoters, which may face 

technical as well as societal difficulties. Namely, these taxonomically distant promoters 

are unlikely to be as effective in fishes as fish gene promoters would be, and transgenic 

fishes with viral promoters integrated into their genome may face rejection in the 

marketplace (Du et aL, 1992b). (In this paper, we define the promoter as a fimctional 

DNA fragment including the TATA box as well as the other transcription binding 

recognition sequences which associated with the transcription of a gene.) Among the fish 

gene promoters tested in transgenic fish research are those for carp p-actin (Liu et aL, 

1990a, b; Moav et aL, 1992, 1993; Cavari et aL, 1993), rainbow trout metallothionein 

gene (Zafarullah et aL, 1988; Cavari et aL, 1993; Hong et aL, 1993), carp a-globin 

(Yoshizaki et aL, 1990, 1991), and several AFPs (Shears et aL, 1991; Du et aL, 1992a, b; 

Hew et aL, 1992, 1993; Wang et al., 1995). However, most fish gene promoters used to 

date present some disadvantages. For example, the metallothionein gene is induced by 

heavy metals, and could face rejection in the food market because of health 

considerations; the various p-actin genes have different tissue expression pattems, and 

therefore the promoter constructs developed may yield hmited expressions (Du et al., 

1992b); and similarly, the antifreeze protem gene is expressed mamly in the liver (Hew et 



al., 1991). Therefore, at present there is still a need to develop promoter systems that 

provide high and stable levels of foreign gene expression for use in studies with transgenic 

fishes for both commercial and scientific purposes (Hackett, 1993). 

Zebrafish as research model 

Zebrafish have recently become an important model for the development of gene 

transfer technology and for its apphcation to biological research (Stuart et aL, 1988, 1990; 

Kahn, 1994; Midlins et al., 1994). Female zebrafish maintained in aquaria can release 

hundreds of eggs in each spawn, which are then extemally fertilized by males. This 

species also has a short generation time, reaching sexual maturity in 2-3 months at a water 

ten^erature of 28 °C. Moreover, zebrafish eggs are also of relatively large size, making 

their handling easy. Spawning of zebrafish can be mduced by setting the photoperiod 

regime to a 10-h dark, 14-h Hght cycle in which spawning and fertilization occur just after 

the onset of the hght phase. Therefore, its short generation time combined with year-

round breeding makes zebrafish a very convenient model for studies of inheritable 

transgenes (Weinberg, 1992; VieUdnd, 1992). 

riirrent limitations in transgenic fish research 

There are still several problems to be resolved before the fidl potential of transgenic 

fish research can be reahzed (Hackett, 1993; Powers et al., 1993). First, adequate large 

scale gene transfer techniques are unavailable. Techniques for DNA deUvery such as 

electroporation have been only partially successfid, and DNA microinjection into fertilized 



eggs requires considerable skill and is time consuming. Second, the gene integration 

frequency and the survival rate of transgenic animals need to be inq)roved. Third, simple 

and sensitive screening methods to detect the mtegration of foreign genes must be 

developed. In this regard, the application of the polymerase chain reaction (PCR) 

technique for the detection of foreign DNA promises to be usefid. Last, the available 

promoter systems for transgenic fish production generally have yielded relatively low 

levels of expression of transgenes. Therefore, the development of promoter-gene 

constructs which are regulatable both in terms of developmental timing and level of 

expression would provide substantial contributions to this field (Hackett, 1993). This last 

problem is of particular interest to our laboratory. Specifically, in this study we were 

interested in identifying and testing promoter systems that drive common gene products, 

such as housekeeping genes, that may support a predictable and efficient generalized 

expression of transgenes. 

Polypeptide chain elongation factor and its regulatory elements 

Polypeptide chain elongation factor-alpha (EF-la) is a protein which promotes the 

binding of aminoacyl-transfer RNA to ribosomes during eukaryote protein synthesis 

(Moldave, 1985). Because of this in^ortant role, EF-la is expressed in most cells at 

relatively high levels in most species, from yeast to human (Moldave, 1985). In the frog 

Xenopus laevis, there are at least four members of EF-la gene family. Of these four 

genes, one {42Sp50, or thesaurin a) is expressed only in previtellogenic oocytes (Dje et aL, 

1990); another gene (EF-laO) is expressed in late previtellogenic and vitellogenic oocytes 



as well as m male germ cells (Abdallah et aL, 1991); and a third gene (EF-laS) is 

expressed in somatic cells after the neunda stage (Abdallah et aL, 1991). 

Concerning the effectiveness of EF-la gene promoter in transgenic research, the 

human EF-la promoter can direct in vitro transcription in HeLa cells at least 2-fold more 

effectively than the adenovirus major late promoter (Uetsuki et aL, 1989). Also, an 

e?^ression vector (pEF-BOS) containing the 5' flanking region, first exon and first intron 

of the human EF-la gene was shown to be a powerfid expression vector in several cell 

lines (Mizushima and Nagata, 1990). Further, similar results were obtained with the 

human EF-la promoter coupled with the bacterial chloramphenicol acetyltransferase (cat) 

gene as a reporter gene in in vitro cell lines and in transgenic mice (Kim et aL, 1990; 

HanaokaetaL, 1991). 

Recently, several researchers have also tested the regulatory element from Xenopus 

EF-laS gene in transgenic research. Results obtained with X. laevis showed that this 

promoter works very effectively to express foreign genes during embryonic development 

(Johnson and Krieg, 1994). The Xenopus regulatory element was also tested in zebrafish, 

and the results obtained showed that this element can also yield efficient expression and 

that it is transmitted through the germ hne (Lin et aL, 1994). However, it seems hkely that 

a fish EF-la regulatory element would be more efficient and reUable m transgenic fish 

work than an amphibian regulatory element, particularly if homologous elements are used. 

This hypothesis formed the basis of our present research with zebrafish. 



Objectives 

The long-term objective of this study is to identify a promoter system that yields high 

levels of foreign gene expression m zebrafish. The specific aims were to isolate and 

sequence the zebrafish EF-la gene promoter and enhancer regions, and to determine 

its ef&cacy in supporting foreign gene (chloran^henicol acetyltransferase) expression in 

this species. 



CHAPTER n 

ISOLATION AND EVALUATION OF A 

HOMOLOGOUS GENE PROMOTER FOR 

THE PRODUCTION OF TRANSGENIC ZEBRAFISH 

Introduction 

Foreign DNA has been successfiilly expressed in several species of fishes by use of 

mammahan, viral, and a few fish gene promoters enhancer complexes (Hackett, 1993). 

Fish promoter-enhancer regions tested to date include those for carp p-actin gene (Liu et 

aL, 1990a,b; Moav et aL, 1992, 1993; Cavari et aL, 1993), rainbow trout metallothionein 

gene (Zafarullah et aL, 1988; Cavari et aL, 1993; Hong et al., 1993), carp a-globin gene 

(Yoshizaki et al., 1990, 1991), and several antifreeze protein genes (AFPs) (Shears et aL, 

1991; Du et aL, 1992a,b; Hew et aL, 1992, 1993; Wang et aL, 1995). For example, a 

construct composed of the ocean pout AFP promoter-enhancer linked to chinook salmon 

GH cDNA was introduced into Atlantic salmon with good results in terms of growth 

enhancement (Hew et al., 1993). However, most fish gene promoter-enhancers used to 

date present some disadvantages. For exan^le, the metallothionein gene promoter-

enhancer is induced by heavy metals, and could face rejection in the food market because 

of health considerations; the various p-actin genes have different tissue expression 

pattems, and therefore the promoter constructs developed may yield hmited expressions 

(Du et aL, 1992b); and sunilarly, the antifreeze protern gene is expressed mainly in the 

fiver (Hew et aL, 1991). Therefore, at present there is still a need to develop promoter-

8 



enhancer systems that provide high and stable levels of foreign gene expression for use in 

studies with transgenic fishes for both commercial and scientific purposes (Hackett, 1993). 

Zebrafish, Brachydanio rerio, has recently become an important model in gene 

transfer technology and developmental biology (Stuart et aL, 1988, 1990; Kahn, 1994; 

Midlins et al., 1994). Its rapid development, relatively large egg size, and extemal 

fertilization make this species a very convenient model for transgenic studies (Weinberg, 

1992; Vielkind, 1992). Transgenic zebrafish have been made using DNA constructs 

containing an]|)hibian, mammahan, and viral heterologous promoter-enhancers (Stuart et 

aL, 1988, 1990; Culp et aL, 1991; Bayer and Campos-Ortega, 1992; Moav et aL, 1993; 

Lin et aL, 1994; Reinhard et aL, 1994; Kuo et aL, 1995). 

Polypeptide chain elongation factor-alpha (EF-la) is a protein which promotes the 

binding of aminoacyl-transfer RNA to ribosomes during the protein synthetic process of 

eukaryotes (Moldave, 1985). Because of this in^ortant role, EF-la is expressed in most 

cells of the body at relatively high levels (Moldave, 1985; Uetsuki et aL, 1989). The 

human EF-la promoter-enhancer has been shown to be an effective promoter for the 

expression of foreign genes in a number of cell lines and in transgenic mice (Uetsuki et 

aL,1989; Kim et aL, 1990; Mizushuna and Nagata, 1990; Hanaoka et aL, 1991). Also, the 

Xenopus EF-la promoter-enhancer worked effectively to express foreign genes during 

Xenopus embryonic development (Johnson and Krieg, 1994), and in a study wdth zebrafish 

this promoter-enhancer also yielded good results (Lin et al., 1994). However, in the latter 

study (Lin et al., 1994), the efficiency of the Xenopus EF-la promoter was not compared 

to that of other commonly used promoters in studies vsith fishes, nor to the efficiency of 



homologous zebrafish gene promoters. In this study, we isolated the homologous putative 

promoter-enhancer of zebrafish EF-la and detemuned its activity as driver of foreign 

gene expression in relation to that of viral and fish gene promoter-enhancers as well as the 

Xenopus EF-la promoter-enhancer. 

Experimental and Discussion 

Isolation and characterization of the first intron 
region of EF-la gene 

The first intron of zebrafish EF-la was obtained by PCR amplification. The primers 

for this amplification were designed according to the sequence of an embryonic zebrafish 

EF-la cDNA obtained from the GenBank database (Gao et aL; accession number, 

L23807). The forward primer (5' CAGCAGCTGAGGAGTGATCT 3') was located in the 

putative first exon, and the reverse primer (5* TTCCATCCCTTGAACCA 3') m the 

putative fifth exon (exon-intron structure was estimated on the basis of the human EF-la 

gene structure; Uetsuki et aL, 1989). Genomic DNA pooled from zebrafish males and 

females, suspended m 1 x TE buffer (pH 8.0), was used as tenq)late. The reaction was 

performed in 100 îl (final volume) of reaction buffer (50 mM KCl, 10 mM Tris-HCl (pH 

9.0), 0.1% Triton X-100) containing 1 mg genomic DNA, 0.2 mM of each dNTP, 1.5 mM 

MgCl2, 2.5 units of Taq DNA polymerase (Promega) and 10 pmol of each primer. The 

basic anq)hfication cycle (Model 480, Perkin Ehner) consisted of 1 min at 94 °C, 2 min at 

50 °C, and 2 min at 72 °C, and this cycle was repeated 30 times. The denaturing step of 

the first cycle was 4 min, and the polymerization step of the last cycle was 7 min. A 
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fragment of the expected size (1.8 kb) was anq)hfied which presumably contained the first 

to fifth exon and first to fourth mtron (Uetsuki et al., 1989). This DNA fragment was 

isolated from a 0.7% agarose gel, purified by Prep-A-gene DNA Purification System (Bio-

Rad), and cloned into pGEMT (Promega). The plasmid DNA (pGEMT-A) contaming 

the ampHfied fragment was digested with Sail to ehminate most of the coding part of the 

second exon as well as the remaining downstream region. The remaining fragment 

contaming mainly the first intron was subcloned into pBluescript n SK Phagemid 

(Stratagene). This insert was sequenced using Sequenase version 2.0 DNA sequencing kit 

(U.S.B.). Sequence analysis showed the presence of two Apl binding recognition sites ki 

the first mtron (Fig. 1). 

Isolation and characterization of 5' upstream region of EF-la gene 

We used Southem blot analysis of restriction fragments of zebrafish genomic DNA to 

localize and isolate the 5' region of EF-la. The first intron of EF-la was used as probe. 

Ten micrograms of zebrafish genomic DNA were digested with Accl, EcoBJ, HincU, 

Hindm or Pstl (Promega), electrophoresed on a 0.7% agarose gel, and transferred to a 

Hybond™ -̂N+ nylon membrane (Amersham). The HindlU site is foxmd in the zebrafish 

EF-la cDNA sequence (GenBank database), and thus we anticipated that this enzyme 

would be usefiil to find our target DNA. Restriction enzymes other than HindlU were 

selected randomly. To obtain the first intron, pGEMT-A (see above) was digested with 

Sail (Fig. 1). The probe was labelled vsdth a-"P dCTP by random priming. Pre-

hybridization was carried out in 10 ml Rapid Hybridization Buffer (Amersham) at 65 °C 
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for 1 hr. Hybridization was carried out for 5 hr at 65 °C. The membrane was rinsed with 

2 X SSC at roomten^erature briefly, then washed with 1 x SSC for 15 min at 65 °C, and 

0.2 x SSC for 30 min at 65 °C. Autoradiography was performed by exposure of blots to 

X-ray film (Kodak XAR-5) overnight at -80 °C in cassettes hned with intensifying screens. 

One fragment of about 4 kb from the HindlU digestion and one of about 3 kb from the 

Pstl digestion were detected after autoradiography. We chose the //mdlll-restricted 

fragment for fiirther analysis with inverse PCR 

One microgram of zebrafish genomic DNA was digested with HindlU and allowed to 

self-hgate at 16 °C overnight in the presence of T4 DNA Ugase. This circular double-

stranded DNA was used as template for inverse PCR The forward primer 

(5' TGCTGAGCTCAAGGAGAAGA 3'), was based on the sequence of zebrafish cDNA 

(putative seventh exon; GenBank database), and the reverse primer 

(5' AGCCTCAATATACGCAT 3') on the sequence of the first intron (Fig. 1). The 

inverse PCR was carried out under the same conditions as the first PCR A fragment 

within the expected size range (1.35 kb) was detected after nmning the inverse PCR 

product on an agarose gel. This fragment was recovered from the gel, purified, cloned 

mto pGEMT vector system (Promega) (termed pGEMT-B), and sequenced as described 

above. 

Sequence analysis revealed the presence of a TATA box at 42 bp upstream from the 

putative start site of the fiirst exon. This fragment was A/T rich and contained two 

additional Apl binding recognition sites (Fig. 1). 
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Preparation of promoter/ca/ constructs 

pGEMT-A and pGEMT-B were digested with Sail and Clal (Fig. 1), and the 

fragment cleaved from pGEMT-A (containing the first intron) was hgated to pGEMT-B 

(containing the 5' upstream region). The resulting plasmid, pGEMT-ZEF, and pea/ basic 

vector (Promega) were hnearized with Sail, and the Sail sites were destroyed by Mung 

Bean Nuclease (Promega) to make blunt ends for adjusting the reading frame of the cat 

gene. These hnear plasmids were then cleaved with HindSl and a new construct, 

pZEF/cflf/, was created by Ugation at the ^mdin site and the blunt-ended Sail site. 

The cat gene linked to the long terminal repeat of Rous sarcoma virus (pRSV/ca^ has 

been tested in rainbow trout (Yoshizaki et aL, 1992) and was used in this study. Dr. Paul 

A. Krieg (The University of Texas at Austin) Idndly gave us a vector, pXeX/ccr^ 

containing the Xenopus EF-laS promoter and enhancer linked to cat gene (Johnson and 

Krieg, 1994). The ocean pout antifreeze protein (OPAFP) gene promoter-enhancer 

cloned in pUC was a gift from Dr. Choy L. Hew (Du et aL, 1992b); this vector was 

digested with Hpal and Hgated to ^cat basic vector (Promega) that had been cleaved with 

Banl and Xbal and blunt-ended by Klenow fragment. 

Before microinjection, the OPAFP/ca/ construct was cleaved with BarriHi to remove it 

from pUC; the XeX/cat with Xhol and BglU; and the KSV/cat with Nrul and BamUl. 

Finally, ZEF/cat construct was cleaved with HindlU and Bamlil. 
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Efficiencv of homologous and heterologous promoters for 
the expression of cat genes in zebrafish embryos 

Twenty adult zebrafish were maintained in a twenty gallon tank under a 10-h dark and 

14-h hght photoperiod regune at 28 T . Spawning and fertihzation were induced by 

separating two females and four males in respective floating cages overnight and then 

placing them into a single cage just after the onset of the hght phase. Usually, several 

hundred eggs could be collected from one spawn. The eggs were briefly rinsed with 10% 

Hanks solution containing 1.3 mM CaClj, 1 mM MgCl2, and 4 mM NaHCOj (Stuart et aL, 

1988), and kept at room temperature during injection. Fifty nanograms of each construct 

DNA in about 300 pi were injected into the fertilized eggs prior to first cleavage using a 

Narishige Microinjector System IM-200. Lijected eggs and control uninjected eggs were 

collected at the late gastrula stage for CAT activity analysis. 

Ten eggs from each experimental group were homogenized in 150 ^1 of 0.25 M Tris-

HCl (pH 7.5) using a tissue homogenizer (Tekmar Co.) and freeze-thawed three times. 

The homogenates were centrifiiged at 10,000 x g and the supematants were collected and 

used for fiuther analysis. In a preliminary experiment, we determined that heatmg the 

san:^le (which is a common procedure for CAT assays) was unnecessary to optimize cat 

activity in zebrafish embryos. Therefore, the supemanants were used for CAT assay 

directly without heat treatment. The CAT assay mixture contained 2 ^l of 1-deoxy 

(dichloroacetyl-l-^'^C) chloramphenicol (25 ^Ci/ml, Amersham), 20 ^1 of 4 mM acetyl 

coenzyme A, and 100 ^g tissue protein in 200 ^l final volmne. After mcubation for 2 h at 

37 ''C, an additional 20 îl of 4 mM acetyl coenzyme A were added to the mixture and 
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incubated overnight at 37 X . The reaction was stopped by extraction with 600 îl ethyl 

acetate. The organic layer was separated into a clean test tube, dried, resuspended in 15 

|iil of ethyl acetate, and spotted on a sihca gel thin layer chromatography plate. 

Resuspension in ethyl acetate and spotting was performed a second time to maximize 

transfer efficiency and minimize variabihty of results. The plates were autoradiographed 

following chromatography m chloroform-methanol (95:5) 

Surprismgly, XeX showed by far the highest promoter-enhancer activity among the 

various promoters tested (Figs. 2, 3). TEVIcat yielded about 6% of XeX/ca/ activity, but 

the activity of the RSV and AFP promoter-enhancers was even lower than that of ZEF 

(Figs. 2, 3). 

The much lower CAT activity of ZEF/ca/ compared to XeX/cat could be due to the 

much shorter length of the zebrafish EF-la promoter used in this study. XeX contains a 

truncated 4.5 kb Xenopus EF-la promoter which mcludes 175 bp of EF-la enhancer 

fragment, 280 bp of EF-la promoter fragment, and 39 bp of 5' untranslated sequence of 

the EF-la gene (Johnson and Kreig, 1994). This truncated vector was shown to maintain 

the same transcription activation properties of the complete 4.5 kb promoter-enhancer 

region (Johnson and Kreig, 1994). Therefore, the lack of distal EF-la enhancer regions 

in our ZEF/cat construct could have ini^aired its fiill promoter activity. However, unlike 

the Xenopus EF-la promoter, the human EF-la gene promoter-enhancer activity is 

found vsdthin and around the first intron region (Kim et al., 1990; Mizushuna and Nagata, 

1990). 
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EarUer studies have demonstrated that there are at least four forms of EF-la gene 

expressed in X. laevis. Some of these gene forms {42Sp50, EF-laO) are expressed 

preferentially in germ cells, whereas others {EF-laS) are expressed in somatic cells (Kreig 

et aL, 1989; I>je et aL, 1990; AbdaUah et aL, 1991). Presumably, the forms expressed in 

germ cells would have relatively low promoter activity in whole embryo extracts. 

However, XoX/cat contains the promoter-enhancer of EF-laS (somatic form), which may 

explain its relatively high activity in total embryo extracts. This generalized expression 

pattem for the EF-laS promoter was confirmed in zebrafish embryos by in situ 

visualization of lacZ reporter gene expression (Lin et al., 1994). It is unclear how many 

types of zebrafish EF-la exist and, if there is more than one, which type was used in our 

study. However, if ZEF/cat contains the promoter-enhancer of a putative germ cell type 

of zebrafish EF-la, this could also explain its low promoter-enhancer activity con]5)ared 

to that of XeX/cat. 

The CAT activity yielded by AFP/cat and KSV/cat were both lower than ZEF/cat 

(Figs. 2, 3). The AFP protem is expressed predominantly in liver, and therefore OPAFP 

presumably directs transgene expression to the liver but not to other tissues (Hew and 

Gong, 1992). KSV/cat had neghgible promoter-enhancer activity in zebrafish. Similar 

low activity for KSV/cat was obtained m a study with in vitro cell fines, in which a 

construct containing the human EF-la promoter-enhancer was shown to be 1.5 - 50 

tunes more potent than a construct containing the T^F promoter-enhancer (Mizushima 

and Nagata, 1990). However in a study with rainbow trout, KSV/cat yielded relatively 

high cat gene expression (Yoshizaki et aL,1992). 
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Fig. 1. Sequence of zebrafish EF-la gene 5' noncoding region. Some restriction enzyme 
sites used in this study {Cla\, ///rtdlll, Pstl, and Sa\l) are indicated in the figure. The Cla\ 
site is the restriction enzyme site used for ligating the first intron region with the 5' 
upstream region. Four Apl recognition sites are shown in boxes. ^, TATA box; TSC, 
translation start codon; *, forward primer region for the first PCR and reverse primer 
region for the inverted PCR, respectively. Boxed single nucleotides: putative start of first 
exon (IE), start of first intron (II), and start of second exon (2E). 



1 AAGCTTGTCC TGCTCAGCAA GGCTGCATTT ATTTATAAAA AATACAGTAC 
Hind III 

51 AAATTGTACA ATTGTGAAAT GTTATTGCAC TAGAAAATAA CTATTTAAAG 

101 TAGTGTATCA TTTAGTTTAA TAATTTATTC CAGTGATATT ATTGATGAAT 

151 TTTCAGCTTC GTTACTCCAG TTTTCAJSAGT CACATGATCC TTCAGAAATC 

201 CCTCTATTAT TATTATTATT ATTACTACTA CTATTATTAT TATTGTTGTT 

251 ATTATTATTA TTGTTATTAT TATTATTATT AATAATAATG GTAATATTAA 

301 TTAAAGCAAT TATGACTTGA ATAATAATTT CATTTAAAAC TACATGCAAT 

351 AAGTAATAAT TAAATATTTA ATAAATATGT ATTTAACAGT TTGAAAAAAA 

401 TCATTTAATA AATGCCGCTT TGACAAACAG AACAACAACA ACAACAATAA 

451 TAATAATAAT AATAATAATA ATAATAATAA TAATAAATAA ACTGACCCCA 

501 AACTTTTGAC CGGTAGTGAA GTTATGTTTT AAGTAAAATG TATTTTTTGT 

551 TTTATTCTGT TGTACTGATG ACATTTCATC CAAATGTGAA ATAAATGTAA 

601 TTTAGAGCAT TTTTCTGCAT TAAAATAATC ATATATGTAA CATTTGTTTT 

651 TATCAATCTT TGGACAGCCT AACACCATTG TTTTTTTAAA TCAACATTTG 

701 ATCAAATAAA TCTGATCATG ACAAAATTAA GCATTTGTTA TTGTGATGAA 

751 TATAAATTTT TCTAGAATTT AAGATAAAAA GAAATGCAAA AGTCAATATT 

801 TATATTTAGA AATTATGAAG AAATG|TTGTC AGJ^CTTTCAT AGGATGAAAC 
Apl 

851 AAAAATTAAA TTAAATATGA ATAAGTAACA TACTTTATTC /yyVCCTACGA 

901 GTAAATCGAG AAATTTTCTC AAATAATATA GCCTACACTG ACATTCATGT 

951 TAAGATGGTC ATCTTCTCCC TACTGCAGAT TTAGTAGATA TCCATCAGTT 
Pst I 

1001 CTCCTGTTCA TCTCTTATTA CATCTGCAAT ATTAGT7\AAT CTACTGTATG 

1051 ACACACTCAG CCAGATGATG GGCGAAACAA AGTGGTGACG TCAGCCTGAC 

1101 GAGGCGGGGA GATTTTCAGT CAATTGTGTG TGATTTGCGG GTCGATCAGG 

1151 AAGCGGGGGG TTGCAGCCGG CCGCTCGGTC CTCCTCCCGC ATATAAATTC 
^ A\ ^ ^ ^ r\ r\ 

1201 TCCAACCAAA GCGTTTTTCT TCCTCTTTCT GTlQcCTGGC 7VAAGGGGAGC 
IE 
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1251 AGCAGCTGAG GAGTGATCTC TCAATCTlEb TGAGTACTAT AGGCTAGGCC 
* * * * * * * * * * * * * • * * • * * IT-

ISO 1 TTGGCTTTTT AATTCTTGTA TCGATAACTT TAATGCGTAT ATTGAGGCTT 
Cla. I ********* ******** 

1351 TTCTTCACGG TGGCGGATGT TTTTATGACA TTTTCACGCG GCGGTTTGTT 

1401 ATCCGGCGAG CTIITTGTCAGI TTATTTTATG TTCGGTTTTC TATGTGGCTT 

1451 GTATGTCTTT CTTAAATGTT TTATTTTAAT AAGTAGTGCG TTTTAAAGTT 

1501 GACTTTGTTG TCTCTTTATA TTTCTGCTGT TTCCGTTATT TTGTGTGTGA 

1551 AATGACACCG GGAAAGACAA AGGCACAAGC GTTTGAAGTC ACGGTCCGTT 

1601 AAAGCCTATC ACACATTCCC GCATCCAGCA ACTGTACATG GCCGGAGAGC 

1651 CAGATGTCTG CCTCAGTTTG GATTCCGTTC AGACATTTCT GTTTTTTTTA 

1701 ATCATCCTGT AACTTAACAC CGTCTTACTC TAAAGAAACA CGTGTCGCAG 

1751 CTGCCTTATG GTGAACTAGG CCGGTTCAAA CTCTGGGCCA TqrTGTCACfr 
Apl 

1801 TGTGTTACGA AATCACCGCT CAAAAGTTTT AATAATGAGA AATATGTATT 

1851 TTTGTGGTCC ATCATTAACT TTCACATTTT ATCTTGGTCC GCA§\AACTT 
2E 

1901 ATCAATCATG GGAAAGGAAA AGACCCACAT TAACATCGTG GTTATTGGCC 
TSC 

1951 ACGTCGAC 
Sal I 
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CHAPTER n i 

CONCLUSIONS 

From the results of my study, the following conclusions were made: 

(1) I isolated a homologous putative gene promoter-enhancer region for tests of its 

efficacy in the production of transgenic zebrafish. This region contained 1.2 kb of the 5' 

upstream region of the zebrafish EF-la , as well as the first exon, first intron and the 

second exon non-coding region. 

(2) Using the cat reporter system, we con^ared the ef&cacy of the zebrafish EF-la 

promoter-enhancer to that of the Xenopus EF-1 aS, ocean pout AFP, and RSV. I 

determined that the Xenopus EF-laS promoter-enhancer (pXeX) construct was by far the 

most potent promoter, followed by the zebrafish EF-1 a promoter. The AFP and RSV 

promoter-enhancers showed very httle activity. 

(3) A possible reason for the lower activity of the zebrafish EF-la promoter-enhancer 

in relation to that of Xenopus EF-laS promoter-enhancer may be that the former is 

derived fi*om a much shorter 5' flanking region. Altematively, it is also possible that the 

zebrafish EF-la gene promoter-enhancer used in this study corresponds to a gene type 

showing a restricted tissue expression pattem such as that of the Xenopus 42Sp50 or EF-

laO, whose expression is restricted to germ cells {Xenopus EF-laS is expressed in 

somatic cells). 

(4) The results of this study confirm the eflicacy of the Xenopus EF-laS promoter-

enhancer as a driver of generaUzed foreign gene expression in zebrafish (Lin et al, 1994) 
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USA 88 (1991) 9277-9281. 

Bayer, T. A. and Campos-Ortega, J. A. A transgene containing lacZ is expressed in primary 
sensory neurons in zebrafish. Development 115 (1992) 421-426. 

Brem, G., Brening, B., Horstgen-Schwark, G. and Wmnacker, E. Gene transfer in tilapia 
{Oreochromis niloticus). Aquaculture 68 (1988) 209-219. 

Cavari, B., Hong, Y., Funkenstein, B., Moav, B. and Schartl, M. All-fish gene constructs 
for growth hormone gene transfer in fish. Fish Physiol. Biochem. 11 (1993) 345-352. 

Culp, P., Ntisslein-Volhard, C. and Hopkins, N. High-frequency germ-line transmission of 
plasmid DNA sequences mjected into fertilized zebrafish eggs. F*roc. Natl. Acad. Sci. 
USA 88 (1991) 7953-7957. 

Dje, M.K, Mazabraud, A., Viel, A., Make, M.L., Denis, H, Crawford, E., Brown, D.D. 
Three genes imder different developmental control encode elongation factor 1-a in 
Xenopus laevis. Nucleic Acids Res. 18 (1990) 3489-3493. 

Du, S.J., Gong, Z.Y., Hetcher, G.L., Shears, M.A., King, M.J., Idler, D.R, Hew, C.L. 
Growth enhancement in transgenic Atlantic salmon by the use of an "all fish" chimeric 
growth hormone gene construct. Biotechnology 10 (1992a) 176-181. 

Du, S.J., Gong, Z.Y., Hew, C.L. and Tan, C.H, and Fletcher, G.L. Development of an 
all-fish gene cassette for gene transfer in aquaculture. Mol. Mar. Biol. Biotechnol. 1 
(1992b) 290-300. 

Dunham, KA. Eash, J, Askins, J., and Townes, T.M.. Transfer of the 
metallothionein-human growth hormone fiision gene into channel catfish. Trans. Am 
Fish. Soc. 116(1987)87-91. 

Etkin, L.D., Pearman, B., Roberts, M., and Bektesh, S. Rephcation, integration and 
expression of exogenous DNA injected into fertihzed eggs of Xenopus laevis. 
Differentiation 26 (1984) 194-202. 

25 



Flytzanis, C.N., McMahon, A.P., Hough-Evans, B.K, Katula, KS., Britten, R.J. and 
Davidson, E.H. Persistence and integration of cloned DNA in postembryonic 
sea-urchins. Dev. Biol. 108 (1985) 431-442. 

Goodman, R.M., Hauptli, H., Crossway, A. and Knau^ V.C. Gene transfer in crop 
m^rovement. Science 236 (1987) 48-54. 

Guyomard, R., Chourrout, D., Leroux, C, Houdebine, L.M. and Pourrain, F. Integration 
and germ line transmission of foreign genes microinjected into fertilized trout eggs. 
Biochimie 71 (1989) 857-863. 

Hackett, P.B. The molecular biology of transgenic fish. In Hochachka and Mommsen 
(Eds.), Biochemistry and Molecular Biology of Fishes. Elsevier Science Pubhshers, 
New York, 1993, pp.209-240. 

Hammer, KE., Pursel, V.G, Rexroad, C.E., Jr., Wall, R.J., Boh, D.J., Ebert, KM., 
Palmiter, R.D. and Brinster, R.L. Production of transgenic rabbits, sheep and pig by 
microinjection. Nature 315 (1985) 680-683. 

Hanaoka, K, Hayasaka, M., Uetsuki, T., Fujisawa-Sehara, A. and Nabeshima, Y. A stable 
cellular marker for the analysis of mouse chimeras: the bacterial chloran]5)henicol 
acetyltransferase gene driven by the human elongation factor 1 a promoter. 
Differentiation 48 (1991) 183-189. 

Hew, C.L., Davies, P.L. and Fletcher, G Antifreeze protein transfer in Atlantic salmon. 
Mol. Mar. Biol. Biotechnol. 1 (1992) 309-317. 

Hew, C.L. and Gong, Z.Y. Transgenic fish: A new technology for fish biology and 
aquaculture. Biol. Mtematl. 24 (1992) 2-10. 

Hew, C.L., Du, S.J., Cong, Z., Davies, P.L., Gauthier, S.Y., Shears, M.A., King, M.J. and 
Fletcher, G.L. Transgenic salmon with enhanced growth and freeze resistance. Biol. 
Intematl. 28(1993)87-94. 

Hong, Y., Winkler, C, Brem, G and Schartl, M. Development of a heavy metal-mducible 
fish-specific expression vector for gene transfer in vitro and in vivo. Aquaculture 111 
(1993)215-226. 

Inoue, K., Yamada, S., and Yamashita, S. Introduction, expression, and growth-enhancing 
effect of rainbow trout growth hormone cDNA fiised to an avian chuneric promoter in 
rainbow trout fiy. J. Mar. Biotechnol. 1 (1993) 131-134. 

26 



Johnson, A.D. and Krieg, P. A. pXeX, a vector for efficient expression of cloned 
sequences in Xenopus embryos. Gene 147 (1994) 223-226. 

Kahn, P. Zebrafish hit the big tune. Science 264 (1994) 904-905. 

Kim, D.W., Uetsuki, T., Kaziro, Y., Yamaguchi, N. and Sugano, S. Use of the human 
elongation factor la promoter as a versatile and efficient expression system Gene 91 
(1990)217-223. 

Kreig, P.A., Vamum, S.M., Wormington, W.M. and Mehon, D.A. The mRNA encoding 
elongation factor 1-a (EF-la) is a major transcript at the midblastula transition in 
Xenopus. Dev. Biol. 133 (1989) 93-100. 

Kuo, C.H., Uetsuki, T., Kun, C.H., Tanaka, H, Li, B.S., Taha, E., Higuchi, H, Okamoto, 
H., Yoshikawa, K. and Mild, N. Determination of a necdin cis-acting element required 
for neuron specific expression by using zebra fish. Biochem Biophys. Res. Comm. 211 
(1995)438-446. 

Lin, S., Yang, S. and Hopkins, N. lac Z expression in germline transgenic zebrafish can be 
detected in living embryos. Dev. Biol. 161 (1994) 71-83. 

Liu, Z.J., Moav, B., Faras, A.J., Guise, K.S., Kapuscinski, A.R. and Hackett, P.B. 
Functional analysis of elements affecting expression of the p-actin gene of carp. Mol. 
CeU. Biol. 10 (1990a) 3432-3440. 

Liu, Z., Moav, B., Faras, A.J., Guise, KS., Kapuscittski, A.R. and Hackett, P.B. 
Development of expression vectors for transgenic fish. Biotechnology 8 (1990b) 
1268-1272. 

Lu, J.K, Chen, T.T., Chrisman, C.L., Andrisani, O.M. and Dixon, J.E. Integration, 
expression, and germ-Une transmission of foreign growth hormone genes in medaka 
{Oryzias latipes). Mol. Mar. Biol. Biotechnol. 1 (1992) 366-375. 

Madsen, H.O., Poulsen, K, Dahl, O., Clark, B.F.C. and Hjorth, J.P. Retropseudogenes 
constitute the major part of the human elongation factor 1 alpha gene family. Nucleic 
Acid Res. 18(1990) 1513-1516. 

McMahon, A.P., Flytzanis, C.N., Hough-Evans, B.R., Katula, KS., Britten, RJ. and 
Davidson, E.H. Introduction of cloned DNA into sea-urchm egg cytoplasm: 
rephcation and persistence during embryogenesis. Dev. Biol. 108 (1985) 420-430. 

Mizushima, S. and Nagata, S. pEF-BOS, a powerfid mammahan expression vector. 
Nucleic Acid Res. 18 (1990) 5322. 

27 



Moav, B., Liu, Z., Groll, Y. and Hackett, P.B. Selection of promoters for gene transfer 
into fish. Mol. Mar. Biol. Biotechnol. 1 (1992) 338-345. 

Moav, B., Liu, Z., Caldovic, L.D., Gross, M.L., Faras, A.J. and Hackett, P.B. Regulation 
of expression of transgenes in developmg fish. Transgenic Res. 2 (1993) 153-161. 

Moldave, K Eukaryotic protein synthesis. Ann. Rev. Biochem 54 (1985) 1109-1149. 

Mullins, M.C., Hammerschmidt, M., Haflfer, P., and Niisslein-Volhard, C. Large-scale 
mutagenesis in the zebrafish: in search of genes controlling development in a 
vertebrate. Curr. Biol. 4 (1994) 189-202. 

Mxuphy, D. and Carter, D. Transgenic approaches to modifying cell and tissue fimction. 
Curr. Opm. Cell. Biol. 4 (1992) 274-279. 

Palmiter, KD. and Brinster, R.L. Germ-line transformation of mice. Ann. Rev. Genet. 20 
(1986)465-499. 

Palmiter, KD., Brinster, KL., Hammer, KE., Trumbauer, M.E., Rosenfeld, M.G, 
Bimberg, N.C. and Evans, KM. Dramatic growth of mice that develop from eggs 
microinjected with metallothionein-growth hormone fiision genes. Nature 300 (1982) 
611-615. 

Powers, D.A., Chen, T.T. and Ehmham, KA. Biotechnology of aquatic animals: a new 
frontier with imphcation for both basic and apphed research. Biol. Intematl. Special 
Issue 28 (1993) 17-25. 

Pursel, V.G, Pinkert, C.A., Miller, KF., Bolt, D.J., Campbell, KG, Pahniter, RD., 
Brinster, KL. and Hammer, KE. Genetic engineering of livestock. Science 244 (1989) 
1281-1288. 

Pursel, V.G. and Rexroad, C.E., Jr. Status of research with transgenic farm animals. J. 
Anim Sci. 71 (1993) 10-19. 

Reinhard, E., Nedivi, E., Wegner, J., Pate Skene, J.H. and Westerfield, M. Neural 
selective activation and temporal regulation of a mammahan GAP-43 promoter m 
zebrafish. Development 120 (1994) 1767-1775. 

Rokkones, E., Alestrom, P., Skjervold, H. and Gautvik, KM. Microinjection and 
expression of a mouse metallothionem hmnan growth hormone fiision gene in fertilized 
sahnonid eggs. J. Comp. Physiol. Biochem 158B (1989) 751-758. 

28 



Rubin, G.M. and Spradling, A.C. Genetic transformation of Drosophila with transposable 
element vectors. Science 218 (1982) 348-353. 

Shears, M.A., Fletcher, G.L., Hew, C.L., Gauthier, S, and Davies, PL. Transfer, 
expression, and stable inheritance of antifreeze protein genes in Atlantic salmon 
{Salmosalar). Mol. Mar. Biol. Biotechnol. 1 (1991) 58-63. 

Spradling, A.C. and Rubin, G.M. Transposition of cloned P elements mto Drosophila 
germ hne chromosomes. Science 218 (1982) 341-347. 

Stinchcomb, D.T., Shaw, J.E., Carr, S.H. and Hush, D. Extrachromosomal DNA 
transformation of Caenorhabditis elegans. Mol. Cell. Biol. 5 (1985) 3484-3496. 

Stuart, G.W., McMurray, J. V. and Westerfield, M. Rephcation, integration and stable 
germ-hne transmission of foreign sequences mjected into early zebrafish embryos. 
Development 103 (1988)403-412. 

Stuart, G.W., Vielkind, J.K, McMurray, J.V. and Westerfield, M. Stable hues of 
transgenic zebrafish exhibit reproducible pattems of transgene expression. 
Development 109 (1990) 577-584. 

Uetsuki, T., Naito, A., Nagata, S. and Kaziro, Y. Isolation and characterization of the 
human chromosomal gene for polypeptide chain elongation factor-la. J. Biol. Chem 
264(1989)5791-5798. 

Vielkind, J.K Medaka and zebrafish: ideal as transient and stable transgenic systems. In 
Hew, C.L. and Fletcher, G.L. (Eds.), Transgenic Fish. World Scientific, Singapore, 
1992, pp.72-91. 

Wang, KX., Zhang, P.J., Gong, Z.Y., Hew, C.L. Expression of the antifreeze protein 
gene in transgenic goldfish and its imphcation in cold adaption. Mol. Mar. Biol. 
Biotechnol. 4 (1995) 20-26. 

Wemberg, E.S. Analysis of early development in the zebrafish embryo. In Hennig, W. 
(Ed.), Results and Problems in Cell Differentiation. Springer-Verlag, Berhn, 1992, 
pp.91-150. 

Yoshizaki, G, Oshko, T. and Takashuna, F. Introduction of carp a-globin gene mto 
rambow trout. Nippon Suisan Gakkaishi 57 (1990) 819-824. 

Yoshizaki, G, OsMro, T., TakasMma, F., Hirono, I. and Aoki, T. Germ hne transmission 
of carp a-globin gene introduced in rainbow trout. Nippon Suisan Gakkaishi 57 
(1991)2203-2209. 

29 



Yoshizaki, G, Kobayashi, S., Oshiro, T. and Takashima, F. Introduction and expression 
of CAT gene in rainbow trout. Nippon Suisan Gakkaishi 58 (1992) 1659-1665. 

Zafarullah, M., Bonham, K and Gedamu, L. Structiu-e of the rambow trout 
metallothionein B gene and characterization of its metal-responsive region. Mol. CeU. 
Biol. 8(1988)4469-4476. 

Zhang, P.J., Hayat, M., Joyce, C, Gonzalez-Vdlasenor, L.I., Lm, CM., Dunham, KA. 
and Chen, T.T. Gene transfer, expression and mheritance of pRSV-rainbow trout-GH 
cDNA m the common carp, Cyprinus carpio (Lmnaeus). Mol. Reprod. Dev. 25 (1990) 
3-13. 

Zhu, Z., Li, G, He, L. and Chen, S. Novel gene transfer into the fertilized eggs of goldfish 
{Carassius auratus L. 1758). Z. Angew. Ichthyol. 1 (1985) 31-34. 

30 


