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ABSTRACT

The HOM-C homeobox genes are responsible for regional specification

along the anterior-posterior axis of the embryo which results in the determination

of body structures. TgHbox1, an Antennapedia-class homeobox gene related to

homeobox genes in the HOM-C cluster has been previously described in the sea

urchin Tripneustes gratilla (Dolecki et aI., 1986).

This dissertation is an investigation into the function of the TgHbox1 gene

during sea urchin embryogenesis. Due to the lack of the ability to perform

classical genetic studies to examine gene function in the sea urchin, a

paragenetic approach was designed. This was accomplished by microinjection

of batches of sea urchin eggs with one of the following gene-specific reagents:

phosphorothioate-modified oligonucleotides with TgHbox1 antisense sequence,

TgHbox1-specific polyclonal antibodies, a synthetic lacZ-TgHbox1 fusion mRNA

encoding a potential dominant negative protein, or a bacterially expressed

truncated TgHbox1 protein to inhibit function of the endogenous protein. The

embryos were fertilized and followed visually through embryogenesis. The

authenticity of all reagents was confirmed in vitro as well as in vivo. Additionally,

the persistence of the reagents or their products were demonstrated to be in

excess of the endogenous target molecules and to be present in the embryo

during the relevant development stages. Morphological analysis of the embryos

injected with the four different TgHbox1-specific reagents yielded no specific

mutant embryonic phenotype or perturbation of embryogenesis.

The findings suggest are consistent with any of the following: TgHbox1

function was not inhibited sufficiently by any of the gene-specific reagents,

redundant homeobox genes or other genes were able to functionally
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compensate for the loss of TgHbox1 gene function, TgHbox1 has no function in

the stages of development studied, or there was an unidentified conceptual or

experimental flaw in each of the four approaches.
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CHAPTER I

INTRODUCTION

Development is one of the most fascinating and complex areas of study in

the field of biology. In the early embryo, fields of cells are specified and

determined to form structures of defined size and shape in an appropriate

location. The experimental examination of a group of genes designated the

homeotic genes have contributed immensely to our understanding of this

process. Bateson used the term homeosis to describe mutations which exhibited

a transformation of one body segment into the likeness of another (1894) which

was later changed to the currently used term homeotic. An extreme form of such

a mutation in Drosophila, generated by E. B. Lewis, was a fly with four wings

instead of two. He made the critical observation that the homeotic gene's wild­

type function effects a specific region of the fly during development (Lewis,

1963, 1978). In Drosophila, a group of genes known as the bithorax complex

(BX-C) is responsible for the middle and posterior body parts while another

cluster of homeotic genes, the Antennapedia (Antp) complex (ANT-C) specifies

more anterior structures (Kaufman et aI., 1980, 1990). These two complexes,

comprising eight genes, are referred to collectively as the homeotic complex

(HOM-C) due to the phenotypes that result from mutations in gene members.

The cloning of the homeotic genes lead to the surprising discovery that all

of the homeotic genes isolated contained a conserved 180 base pair (bp) DNA

sequence, designated the homeobox (McGinnis et aI., 1984, Scott and Weiner,

1984). DNA sequence analysis revealed that homeoboxencodes a sixty amino

acid DNA binding domain denoted the homeodomain (Scott et aI., 1989).



Furthermore, their universal localization to the nucleus suggested an ability to

function as transcription factors (Scott et aI., 1989).

McGinnis and coworkers (1984) were the first to report DNA cross

hybridization on Southern blots containing an array of organisms with

homeobox-specific probes derived from the Drosophila HOM-C clones.

Subsequently, the molecular cloning and sequencing of the homeobox genes in

many organisms led to the discovery of the HOM-C homologs in diverse

organisms (reviewed by McGinnis and Krumlauf, 1992, Akam, 1989, Scott et aI.,

1989). I will use the term ortholog to refer to the homologous genes in different

homeobox clusters. A comparison of the different genes within a cluster (same

chromosome) allowed the identification of thirteen paralogous groups which are

defined by amino acid sequence identity and their physical position along the

chromosome (Duboule and Dolle, 1989). The conservation of the homeobox

sequence throughout evolution is remarkable in some cases. For example, the

Antp-class homeobox of the human Hox-A7 differs from its Drosophila ortholog

in only one out of sixty amino acids it encodes despite more than 500 million

years since their divergence (Gehring et aI., 1994).

Homeobox clusters (Hox) similar to the HOM-C have been identified in;

mouse (Duboule and Dolle, 1989), human (Boncinelli et aI., 1988), nematode

(Kenyon and Wang, 1991), the beetle Tribolium castaneum (Beeman et aI.,

1989), the crustacean Artemia (Averof and Akam, 1993) and recently the

cephalochordate, Amphioxus (Garcia-Fernandez and Holland, 1994). Unlike the

others, the mouse and human have four Hox clusters (a-d), each containing nine

to eleven genes (reviewed by Krumlauf, 1992; 1994) which are thought to have

arisen through duplication of the vertebrate chromosome complement during

evolution (Hart et aI., 1985; Kappen et aI., 1989). It has been thought that the
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conservation of multiple clusters may be related to the evolution of structures

unique to the vertebrates. The single Hox-"like" cluster in Amphioxus contains

ten paralogs which suggests the possibility that the ancestral vertebrate cluster

is more related to the larger cluster found in vertebrates than in Drosophila

(Garcia-Fernandez and Holland, 1994; Krumlauf, 1994). Finally, no cluster

discovered thus far contains all thirteen paralogs, implying that some duplicated

genes have been lost.

Analysis of the expression patterns of the genes in the Hox clusters by

Northern blot analysis and in situ hybridization demonstrated a colinearity

between their physical order along the chromosome and their expression along

the anterior-posterior (AP) axis of the embryo (Holland and Hogan, 1988;

Duboule and Dolle; 1989; Graham et aI., 1989). The Hox genes are usually

expressed in many cell types throughout development but the timing and spatial

location is stage specific (Graham et aI., 1991; Izpisua-Belmonte et aI., 1991;

Dolle and Duboule, 1989). Furthermore, orthologs are expressed in similar

locations in the different organisms. For example, the Antp-class ortholog in the

mouse (Hoxb-6) is expressed in the cervical region of the central nervous

system, which corresponds approximately to the posterior-thoracic to anterior

abdominal region of the epidermis in the fly.

In general, but not always, loss of function mutations result in the

appearence of anterior structures in a more posterior location while neomorphic

mutations result in posterior structures in a more anterior location (reviewed by

Krumlauf, 1994; McGinnis and Krumlauf, 1992; Akam, 1987; Lewis, 1978). The

classical example of this is the appearence of legs in place of antennae as the

result of a gain of function mutation in the Antp-gene in Drosophila (reviewed by

Lewis, 1978; Kaufman et aI., 1980; 1990). Analysis of the Hox expression by in
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situ hybridization demonstrated that in loss of function mutants there is a

spreading of the anterior Hox gene expression into the expression domain of the

ablated gene while neomorphic mutants usually demonstrate an expansion of

the posterior Hox gene's expression into the domain of the anteriorly located

mutant allele (reviewed by Krumlauf, 1994; McGinnis and Krumlauf, 1992; Akam,

1987; Lewis, 1978). The dominance of posterior genes to their anterior

neighbors is referred to as posterior dominance (Drosophila) or prevalence

(vertebrates) (Krumlauf, 1994; McGinnis and Krumlauf, 1992).

In Drosophila, the colinear expression of the HOM-C results from an

antecedent cascade of genes many of which also encode a homeoprotein. The

expression of the maternal gene bicoid, for example activates the expression of

the zygotic gap and pair rule genes which in turn activate different HOM-C

genes in different regions of the embryo. Hox expression in vertebrates is

established during gastrulation as opposed the case in insects which occurs

before cellularization of the embryo refered to as the syncitium and therefore the

regulators of Hox induction may be different (Krumlauf, 1994). Control of the

ordered expression of the Hox genes in vertebrates has yet to be elucidated but

some clues are emerging. It has been demonstrated in cell culture that

homeobox genes are differentially sensitive to the morphogen retinoic acid

(Simeone et aI., 1991) in a time and concentration dependent manner. Izpisua­

Belmonte et al. (1991) used the differential sensitivity of homeobox genes to

retinoic acid (RA) to explore the complex expression profiles of the Hox genes in

the chicken limb development. A bead soaked with RA was implanted into the

anterior region of the limb bud which coincides to where all of the Hox-4

expression domains overlap (Duboule, 1992). This led to a mirror image

duplication of ectopic expression of Hox-4 genes at anterior positions which
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resulted in the mirror image duplication of the digit pattern. The experiment also

highlighted the importance of the homeobox genes in determining the ultimate

fate of cells into different structures, in regions of the embryo.

Recently, data has emerged that describes at least part of the mechanism

involved in maintaining Hox expression. Both the positive and negative

regulators of Hox expression are encoded by conserved gene families that are

implicated in altering chromatin structure (reviewed by Krumlauf, 1994). trithorax,

a zinC-finger containing gene, and brahma, an ATPase, are two classes of

positive regulators (Kennison, 1993; Tamkun et aI., 1992) which are thought to

activate transcription by maintaining an open chromatin conformation (Kennison,

1993).

Mutations in genes of the Polycomb family (Pc-G) result in the inability to

maintain proper Hox expression during subsequent stages of development

causing the formation of mutant structures due to aberrant Hox expression

patterns (Paro, 1993; 1990; Struhl and Akam, 1985). The Pc-G genes are similar

in function to heterochromatic proteins and are thought to suppress the

transcription of Hox genes by inducing the formation of heterochromatin (Paro

and Hogness, 1991).

Due to conservation of sequences between the different classes of

homeobox containing genes it is assumed that all homeodomains will have a

similar three-dimensional structure (Kissinger et aI., 1990). I will denote the

products of homeobox genes by using all capitol letters of the abbreviated gene

name.

Laughon and Scott (1984) and Shepard and colleagues (1984) predicted

a helix-tum-helix (HTH) conformation for the homeodomain similar to the

prokaryotic DNA-binding repressors (Pabo and Sauer, 1984). The three-
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dimentional structure of the homeodomain was determined by nuclear magnetic

resonance (NMR) spectroscopy of the ANTP homeodomain (Otting et aI., 1990,

Billeter et aI., 1993), and X-ray crystallography of the engrailed (EN) (Kissinger

et aI., 1990) and MATa2 (Wolberger et al.,1991) homeoproteins. The

homeodomain folds into a tight globular structure composed of three helices,

with Helix I being preceeded by a flexible N-terminal arm. Helix I (residues 10­

22) and helix II (residues 28-37) pack against each other in an antiparallel

arrangement perpendicular to the major groove of the consensus DNA site while

helix III (residues 42-58) is perpendicular to helicies I and II and fits directly into

the major groove (Kissinger et aI., 1990). Helix II and III form a helix-turn-helix

(HTH) motif. The HTH motif has been described for prokaryotic transcription

factors (Pabo and Sauer, 1984) and demonstrated to be structurally identical

(Qian et aI., 1989; Gehring et aI., 1990).

Sequence-specific DNA binding of homeoproteins was shown by DNA

footprint assays and gel-mobility shift assays (Gehring et aI., 1994; Kalionis and

O'Farrell, 1993; Laughton, 1991). The three important regions of the

homeodomain that are involved in DNA binding are: the N-terminal arm

(residues 1-6), the loop between helices I and II and the N-terminal part of helix

II, and helix III. Genetic experiments have shown that the N-terminal arm of the

homeoprotein contributes to the different functional specificity between ANTP

and sex combs reduced (SCR) (Furukubo-Tokunaga et aI., 1993; Zeng et aI.,

1993) as well as deformed (DFD) and ultrabithorax (UBX) (Chan and Mann,

1993; Lin and McGinnis, 1992; Mann and Hogness, 1990). Helix swapping

experiments between fushi tarazu (FTZ) and SCR and FTZ and the muscle­

specific homeobox (MSH) demonstrated that the loop between helices I and II is

required for efficient target site recognition (FurLJkubo-Tokunaga et aI., 1992).
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Finally, helix III, the DNA recognition helix, makes many contacts with both

strands of the DNA which stabilizes the binding to the consensus DNA sequence

(5'-TAAT-3') (reviewed by Gehring et aI., 1994).

The binding specificity of at least some homeodomains is dictated by the

amino acid at position nine of helix III (residue 50). This was first described for

the bicoid homeoprotein (Hanes and Brent, 1989) in yeast. Hanes and Brent

(1989) generated bicoid mutants that contained substitutions in helix III of the

homeodomain to determine if there would be a switch in the DNA consensus

sequence preference. It was determined by DNA-binding studies with the

mutants and the bicoid DNA consensus sequence that substitution of glutamine

(gin) for lysine (Iys) at residue 50 changes the DNA consensus sequence target

specificity. This result suggested that the interaction between the homeoprotein

and its DNA target sequence is direct.

Schier and Gehring (1992) confirmed and extended this hypothesis in an

elegant series of experiments which demonstrated that the FTZ homeoprotein

can regulate its own expression in vivo by binding to its autoregulatory sites.

Previous work had identified high affinity autoregulatory sites upstream from

the ftz gene (Hiromi and Gehring, 1987; Pick et aI., 1990) which contained the

DNA consensus sequence CCATTA (Muller et aI., 1988; Percival-Smith et aI.,

1990) or CAATTA (Hiromi and Gehring, 1987; Pick et al.,1990). Percival-Smith

and colleagues (1990,1992) showed that the FTZ homeodomain could also bind

weakly to the bicoid binding site GGAITA. The study noted that converting the

amino acid 50 of the FTZ homeodomain from glutamine to lysine (as in the

bicoid homeodomain) enables the mutant FTZ (ftzQ50K) to bind with high affinity

to the bicoid consensus site.
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To determine if the interaction between the FTZ protein and the

autoregulatory sites was direct or indirect, Schier and Gehring (1992) used the

above observations to engineer flies that contained a parallel modification in

their homeodomain and its binding site in the regulatory region which drives a

lacZ reporter construct. Briefly, they generated transgenic flies containing a

mutated ftz autoregulatory element (AE-A3BCD) in which two bicoid core

consensus sequences were substituted for two ftz sites in the regulatory region

of a lacZ producing construct. The AE-A3BCD and ftzQ50K flies were crossed

and the progeny were analyzed by mobility shift assays and in situ staining for

the lacZ reporter. The results of the mobility shift assay demonstrated that the

mutant FTZ (ftzQ50K) protein binds specifically to the altered sites in the AE­

A3BCD, as predicted. Additionally, the ability of this interaction to drive the

reporter construct was shown by the in situ staining. This clearly demonstrates

the ability of the progeny to overcome the down-regulatory effects of the mutated

binding sites by the direct binding between the mutated homeoprotein and the

mutated autoregulatory element.

The highly conserved nature of the homeobox gene structure, their

organization into a homologous cluster(s) of genes, and the precise temporal

and spatial (anterior-posterior) expression patterns of the paralogs, strongly

suggests the possibility that the mechanisms specifying positional identities may

be conserved (reviewed in McGinnis and Krumlauf, 1992). Multiple cis-regulatory

elements appear to be involved in the temporal and spatial expression of

individual homeobox genes (reviewed in Dessain and McGinnis, 1991). Support

for the assertion of conserved mechanisms for establishing region-specific gene

expression along the anterior-posterior axis of the embryo has recently been

reported for the autoregulatory element of the Drosophila deformed gene (Dfd )
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(Malicki et al.,1992) and its human homolog HOX4B (Awgulewitsch and

Jacobs,1992).

In both papers, as in the paper of Schier and Gehring (1992) discussed

above, an autoregulatory element was cloned into a lacZ reporter construct

which was then used in the generation of transgenic animals. But here the

purpose was to test the possibility that the regulatory mechanisms are

conserved in the different organisms. If so, then the constructs should produce

lacZ expression in an identical or similar spatial pattern. Awgulewitsch and

Jacobs (1992) prepared transgenic mice with a reporter construct that contained

the upstream autoregulatory region of the Drosophila Dfd gene. Conversely.

Malicki et al. (1992) used the upstream autoregulatory region of the human Dfd

cognate, HOX4B, to generate transgenic flies. The results from both

experiments were similar and demonstrated that the constructs directed

expression in a subdomain of the orthologs normal expression. Therefore, the

data taken together support the conclusion that the autoregulatory loop of Dfd is

conserved in insects and chordates.

Although it is possible to change the binding specificities of different

classes of homeoproteins and swap regulatory regions from different species

one should not assume that the altered proteins are functionally identical. For

example, as described above an FTZ protein's DNA binding specificity can be

converted to that of bicoid but would not be able to replace its function in vivo.

Interestingly, some mutations are less severe than would be predicted.

This may be explained by functional compensation from other Hox genes due to

the overlapping nature of their expression (Krumlauf, 1994). Alternatively, there

could be parallel regulatory pathways or cofactors which are involved. In

Drosophila the mutation extradenticle, induces transformations without altering
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the HOM-C expression patterns (Peifer and Wieschaus,1990). Thus, this

suggests that either extradenticle functions independently on the same targets

as the HOM-C or is a cofactor essential in their regulation.

Even though the homeobox genes have been studied for more than a

decade at the molecular level only a few targets have been discovered including:

genes encoding transcription factors (apterous, Distal-less, teashirt, empty

spiracles), growth factors (decapentaplegic, wingless), and cell adhesion

molecules (N-CAM) (reviewed by Botas, 1993). Future identification of Hox

targets should add significantly to our understanding the mechanisms of

morphogenesis.

The remarkable conservation of homeobox genes and parts of their

regulatory components in diverse organisms strongly suggests that they are

important not only in development but also may have a role in evolution. There

are several ways in which Hox may fulfill this role and there is supporting

evidence for each case. First, Hox proteins may acquire new activities. A

characteristic of Hox is the temporal expression of differentially spliced

transcripts. Wright et al. (1989) demonstrated that two transcripts from the

Xlhox1 had antagonist effects. Second, changes in Hox expression may

generate a new pattern of positional cues which results in altered structures.

This has been shown for Ubx in Drosophila. When Ubx expression is extended

to posterior segement 4 (PS4) and PS5, the region develops with a new pattern

containing large thick denticles in a unique way (reviewed in Duncan, 1987).

Another effect of altered Hox expression is seen in chick limb development.

Here, the misexpression of Hox generates the formation of extradigits (Morgan

et aI., 1992; Morgan et al., 1994). Finally, there is an interesting case in which

Hox genes are responsible for the generation of a new structure. A gene
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knockout mutation of Hoxa-2 in the mouse results in a jaw bone that is of a

morphology intermediate between mammals and reptiles (Rijli et aI., 1994;

Gendron-Maguireet aI., 1994).

In conclusion, Hox genes have regions that are highly conserved in all

organisms studied thus far and represent a set of genes critical in

morphogenesis which may also playa role in the complex and largely undefined

process of evolution.

The sea urchin has been model system to study development for more

than a century due to its relatively short embryonic development, its simplicity of

form, and the ability to trace the migratory behavior of cells due to the

transparency of the single layer thickness of cell sheets. Although a large

number of developmentally regulated genes have been cloned and studied

extensively at the molecular level (see Davidson, 1986), the role of any of these

genes in development remains unknown due to the lack of genetic analysis in

the sea urchin. Therefore, I designed four paragenetic approaches to assay

gene function in the sea urchin in order to bypass this deficiency.

A paragenetic approach is intended to be the functional instead of genetic

elimination of a gene function. This was accomplished by the microinjection of

gene-specific reagents designed to generate a dominant negative mutational

type of interference into batches of eggs. Development will be examined

through the pluteus stage to determine any phenotypic changes induced by the

gene-specific reagents. A dominant negative mutation can have a dramatic

inhibitory effect on the target gene's function, therby allowing the identification of

processes the gene is directly or indirectly involved in. The function of a gene

can be blocked at several levels. In this dissertaion I focused on the mRNA and

protein levels as described in the subsequent chapters.
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The focus of this dissertation was to investigate the role of TgHbox1, an

Antp-ortholog homeobox gene, during sea urchin embryogenesis. TgHbox1,

was isolated from a Tripneustes gratilla genomic lambda Charon 4 library upon

screening with a Drosophila sex combs reduced (scr) probe. A single lambda

clone with a 14.6 kb insert that contained the last exon of the TgHbox1 gene

(Dolecki et al., 1986) was discovered. The genomic clone was used as a probe

to isolate a 3.4 kb cDNA from an oligo (dT) primed lambda gt11 gastrula cDNA

library (Angerer et al., 1989). Sequence analysis revealed that TgHbox1 was an

Antp-class homolog (Dolecki et al., 1986).

TgHbox1, like most homeobox genes, produces multiple forms of mRNA

that exhibit specific patterns of expression during development. A 6.7 kb

transcript is expressed at blastula which continues to accumulate through

gastrula when a second 7.7 kb message is detected. After gastrulation, the 7.7

kb message is no longer detected and expression of the 6.7 kb transcript

decreases several fold (Dolecki et al., 1986). Angerer et al. (1989) demonstrated

by in situ hybridization of various stage embryos with an 856 bp fragment from

the genomic clone (Dolecki et aI., 1986) of TgHbox1 that the transcripts are

localized to the ectodermal cells of the mid-dorsal region at blastula and become

progressively more restricted to the cells of the vertex by the pluteus stage.

Analysis of the formation of the vertex of the pluteus embryo revealed that

it is likely formed as the result of the dorsal extension of the embryonic triradiate

spicules. These spicules are laid down by the migrating primary mesenchyme

cells whose movements have been extensively studied (see Czhiak, 1975) and

are easy to follow visually through development. Since another Antp-class

homeobox, mab-5, in Caenorhabditis elegans was shown to directly effect the

migratory behavior of specific blastomeres (Salser and Kenyon, 1992), it was
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predicted that the TgHbox1 gene would have a similar effect on the dorsal

migration of the primary mesenchyme cells in the sea urchin.

I proposed to use paragenetic approaches to inhibit the function of

TgHbox1 during development by the microinjection of dominant negative

reagents. There are well established techniques for microinjection in sea

urchins (McMahon et aI., 1985; Colin, 1986). These techniques have been used

successfully to inject: linearized plasmid DNA constructs (DeAngelo et aI., 1993;

Fei and Childs, 1993, Palla et aI., 1993; Xiang, et al., 1991; Gan et aI., 1990;

Zhao et aI., 1990; Diliberto et aI., 1989; ai et aI., 1989; 1988; Colin et aI., 1988;

Flytzanis et aI., 1987; 1985; Hough-Evans, et al., 1987; McMahon et aI., 1985; ),

mRNA (Colin et aI., 1986), synthetic mRNA (Cameron et aI., 1994), monoclonal

antibodies (Dinesmore and Sloboda, 1989; Wright et aI., 1993), purified protein

(Browne et aI., 1990) and fluorescent dyes (Cameron et al., 1990). Therefore,

the use of microinjection is one possible method to deliver the various gene­

specific reagents to sea urchin eggs and to evaluate the importance of TgHbox1

in sea urchin morphogenesis.
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CHAPTER II

MATERIALS AND METHODS

Microinjection

The microinjection of sea urchin eggs was performed essentially as

described by McMahon et al. (1985) with several modifications. Tripneustes

gratilla eggs were collected from gravid females into sea water after

intraceolomic injection with 0.5 M KCI. The eggs were filtered through 102 urn

nitex filter, washed twice and settled two successive times with Millipore filtered

sea water. Eggs are de-jellied by rinsing briefly in calcium-magnesium-free sea

water (10 mM KCI, 0.55 M NaCI, 10 mM Tris, pH 8.5) and then attached to 60

mm diamter petri dishes treated with 0.001 % protamine sulfate. A total volume

of -2 pi of the desired reagent was injected into each egg as estimated by

calibration with the optical micrometer according to the method of Jaffe (1987).

Note, all injection solutions contain 10 mg/ml tetramethylrhodamine dextran' (rnw

10,000, Molecular Probes, Eugene, OR) and are filtered through 0.2 um nylon or

cellulose acetate spin filter (PGC, Gaitherburg, MD or Millipore, Bedford, MA)

before use. Subsequently, the eggs were fertilized with 50 ul of dilute (1:100)

semen. Upon appearance of the fertilization membrane, the media was replaced

with filtered sea water buffered with 10 mM Tris pH 8.5, 0.01% sulfadiazine and

cultured at 24oC.
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Microinjection parameters

In order to calculate the final molarity of the injection solution it was

necessary to determine the volume of the Tripneustes gratilla egg. This was

accomplishedwith the assistance of Dr. Robert Kane by measuring the diameter

of the egg with an optical micrometer (85 um) and calculating the volume of a

sphere (v=322 pi).

An injection volume of 2 pi was chosen for all experiments because it is

approximately equal to the volume of the nucleus (Dr. Robert Kane, personal

communication) which serves as a convenient visual reference. Also, it is

significantly less than the 3.5% total volume limit known to be detrimental to

embryo viability (Jaffe, 1987, MBL Embryology Course Protocols).

All injection solutions included 10 mg/ml of tetramethylrhodamine dextran

(R-dex) as a tracer. The tracer was also injected alone as a control in the same

buffer as the experimental to monitor any batch variation in response to

microinjection.

Oligodeoxvnucleotides

Microinjections were carried out with three 19mer's S-ODN, KH-1, KH-2,

and KH-3 which correspond to the sense, reverse complement and antisense

respectively, to the cDNA of TgHbox1 position 91-109 (Angerer, et. al 1988)

which is 5' to the homeobox domain. This sequence was selected to avoid the

possibility of cross-hybridization with another homeobox transcript due to the

sequence conservation within this gene family.

All oligonucleotides were analyzed for the formation of fold-back loop

structures by Oligos Etc. (Wilsonville, OR) which would render them ineffectual.

Phosphorothioate-modified and standard oligodeoxynucleotides were purchased
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from Oligos Etc. Inc.. The sequence of the three 19mer S-ODN used for

microinjection are as follows: KH-1, (sense strand, last exon of TgHbox1 cDNA

positions 91-109, Angerer et aI., 1988) S'-ACT CTC ATC GTG TGC TTT C-3',

KH-2, (reverse complement) S'-TGA GAG TAG CAC ACG AAA G-3', KH-3,

(antisense) S'-GAA AGC ACA CGA TGA GAG T-3'. A 1Smer standard ODN

(complementary to KH-2) was also produced for the gel-shift assay, KH-4, S'­

ITT CGT GTG CTA CTC-3.

Specific Degradation of Antisense S-ODN:TgHbox1 transcripts by RNase H in

vitro.

A 1% agarose-formaldehyde gel of reactions containing the in vitro

transcripts of TgHbox1 with the sense and antisene S-ODN in the presence of

RNAse H was run. pcHOM1 was linearized with 8g111 and transcribed in vitro

using SP6 RNA polymerase. The transcripts were incubated with S-ODN at

2SoC for 3.S hours, then incubated at 370C for 1S minutes in the presence of 2

units RNAse H (Gibco-8RL), extracted with phenol-chloroform, precipitated in

ethanol, electrophoresed on a 1% agarose-formaldehyde gel, and visualized by

ethidium bromide staining

Oligodexvnucleotide Persistence

The persistence of the microinjected OON was determined as follows:

sea urchin eggs were microinjected with a 1 mg/ml solution of KH-2 (S'-TGA

GAG TAG CAC ACG AAA G-3') as described above. Approximately 500

injected and SOO uninjected embryos were harvested at 2, 19 and 24 hours post­

fertilization, resuspended in 100 ul annealing buffer (67 mM Tris pH7.6, 13 mM

MgCl, 6.7 mM DTT, 1.3 mM spermidine, 1.3 mM EDTA, 1% SDS, 40 ug/ml
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Proteinase K) and incubated at 550C for 2 hours. Nucleic acids were purified by

extracting once with phenol and chloroform, and annealed to 500 pg (-1x106

cpm) of the complementary standard 15mer KH-4 (5'-TIT CGT GTG CTA CTC­

3') which was end-labeled with 32p-dCTP with T4 polynucleotide kinase (NEB,

Beverly, MA) according to the manufacturer's recommendations. The annealing

reaction was incubated at: 880C for 2', 650C for 10', 500C for 15' and finally, at

370C for 10'. The solution was then put into a spin vac until the desired volume

was achieved. The appropriate amount of 10x DNA dye (0.02% bromophenol

blue, 0.02% xylenecyanol, 70% glycerol) is added and the DNA mix run on a

20% non-denaturing polyacrylamide gel and exposed to X-ray film. The gel-shift

bands were excised and put into 3ml Ecolume (DuPont, Boston, MA) for

scintillation counting.

Antibodies

Rabbit polyclonal antibodies against bacterially expressed TgHbox1

peptides were generated by Gordan Vansant in our laboratory. One was directed

against the protein encoded by the sequence in the TgHbox1 cDNA clone

(Angerer et aI., 1988) 5' of the homeodomain. The other was directed against the

peptide encoded by the last exon of the gene in theTgHbox1 genomic clone

(Dolecki et ai, 1986). The antibodies were shown to be specific for the

bacterially expressed proteins used to generate them by western analysis of the

proteins with the generated antibodies (Vansant, unpublished observation).

Antibody Persistence

Antibody persistence was determinied after microinjecting a 1mg/ml

Rabbit IgG solution into sea urchin eggs as described above. Embryos were
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harvested at 2, 24, and 48 hours, re-suspended in 1x protein sample buffer

(0.4% SDS, 250 mM DTT, 330 mM Tris pH 6.8, 20% glycerol, 0.02% B­

mercaptetanol, 10 uM PMSF. 0.04% BPB) heated to 90oC, put on ice, then

electrophoresed on a 12.5% SOS-PAGE. Western transfers were produced

then reacted with 1:15,000 dilution of horseradish peroxidase conjugated-goat

anti rabbit IgG (#A0545, Sigma, St. louis, MO) and developed with the Eel kit

(Amersham, Arlington, Il) according to manufacturer's instructions.
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SOS-PAGE

Proteins were separated on polyacrylamide slab gels containing SOS

(laemmli 1970). Generally, 12.5 or 15% polyacrylamide slab gels were cast in

the Mini-Protein gel-casting apparatus (Bio-Rad, Hercules. CA). The separating

gel contained 0.1 % SOS and1.5 M Tris (final pH 8.8) and was polymerized with

100 ul of 10% ammonium persulfate (APS) and 10 ul of N. N, N'. N'­

tetramethylethylenediamine (TEMED) (Bio-Rad). The 5 % stacker gel contained

0.1% SOS and 0.5 M Tris (final pH 6.8) and was polymerized with 25 ul 10%

APS and 10 ul TEMED into a mix of 15 mls. The gels were run for 1 hour at 100

Volts in Protein Reservoir Buffer (200 mM glycine. 25 mM Tris, 0.1% SDS). The

gels were stained in Coomasie-R250 or Serva-Blue (Sigma,) for 20 min, and

then destained in destain solution (10% methanol, 10% acetic acid).

Western Transfer

The protein gels were transferred to 0.45 urn nitrocellulose (Schleicher

and Schuell, Kenne. NH) according to the manufacturer's recommendations in

the Mini Trans-Blot Electrophoretic Transfer Cell (Bio Rad). Blots were blocked

with 1x TBST (20 mM Tris. pH 7.6.137 mM NaCI, 0.1 % Tween-20). 1% BSA for

1 hour at RT. incubated with primary antibody at stated dilution for 1 hour,

washed three times with TBST for 10 minutes each at RT. The blots were then

incubated with the appropriate dilution of the secondary antibody for 30 minutes

at RT, washed three times with TBST as before, and finally, developed with the

ECl kit (Amersham) according to the manufacturer's instructions and exposed to

X-ray film.

19



Fluorography

Fluorography was performed by the method of Laskey and Mills (1975).

Briefly, the polyacrylamide gels were equilibrated in dimethyl sulfoxide (DMSO)

for 30 minutes, incubated in 22% PPO (2,5-Diphenyloxazole, in DMSO) for 1

hour at RT, rinsed with tap H20 for 15 minutes, placed on 3MM paper

(Whatman), dried on a gel-drier (Bio-Rad) at 800C for 15 minutes, and exposed

to X-ray film.

DNA Construct for the Synthetic LacZ-TgHbox1 Fusion RNA

The LacZ-TgHbox1 fusion RNA-producing plasmid pBT100 was

constructed in three steps. First, the pBT98 construct was cloned by an

exonuclease reaction with Klenow of the Sphl site in the poly linker of pSpec1

(Gan et. ai, 1988). The pBT99 construct was cloned by digestion of plasmid

pBT98 with EcoRI (which drops out the SV40 poly-adenylation signal), filled-in

with Klenow, then blunt-end ligated with a BamHI phosphorylated 10mer linker

(NEB). The plasmid pBT99 was partially digested with BamHI, and the linear

form isolated, filled-in with Klenow, and then blunt-end ligated with the filled-in

3.4 kb EcoRI fragment of pcHOM1 (Angerer, et. ai, 1988) (see Figure 7).

DNA Construct for the Truncated-TgHbox1 Protein

The pBT106 plasmid produces a truncated-TgHbox1 protein with a six

histidine amino acid tail for easy purification. The TgHbox1 genomic clone

p2/RH (Dolecki et. ai, 1986) was digested with Afllll (NEB), filled-in with Klenow,

digested with EcoRI and the resulting 432 bp fragment isolated. The plasmid

p24A (Novagen, Madison, WI) was digested with Xhol, filled-in with Klenow,

digested with EcoRI, and then ligated to the 432 bp p2/RH (Dolecki, et al. 1986)
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fragment forming pBT105. The plasmid pBT105 was digested with Pstl, 3'

exonucleased with T4 DNA polymerase, digested with BamHI, filled-in with

Klenow, and then ligated to a BamHI phosphorylated 10mer linker (NEB); this

resulted in the construct pBT106 (Figure 12).

DNA Isolation

Plasmid DNA was typically extracted from a 1.5 ml overnight culture of E.

coli by the rapid boiling water method of Holmes and Quigley (1981) and

resuspended in TE (10 mM Tris, 1 mM EDTA, pH 8.0).

DNA Isolation: Cesium Chloride Gradient

Large plasmid isolation (0.2-1 Liter) was performed by the method of

Krieg and Melton (1984). The contaminating proteins and RNA were separated

from the plasmid DNA by cesium chloride gradient centrifugation (Sambrook, et.

al,1989). The bands pulled off the gradient were extracted with iso-amyl-alcohol

until colorless (five to six times), and then either dialyzed against TE with three

successive changes at 40C for one, three and at least twelve hours, respectively

or diluted with 3 volumes ddH20 and precipitated with isopropanol at -20oC

overnight, resuspended in TE, re-precipitated with isopropanol and 0.3 M

sodium acetate pH 5.2, washed with 70% ethanol and re-dissolved in TE.

DNA Modification

DNA modifying enzymes (restriction endonucleases, kinases, etc.),

linkers, and primers were used according to standard procedures (Sambrook et.

ai, 1989) or the manufacturer's recommendations. Treated DNA was re-purified
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by phenol-chloroform extraction and ethanol or isopropanol precipitation, or by

Sephadex G-50 spun columns (Sambrook et. ai, 1989).

Polyacrylamide or agarose gels were used to isolate DNA fragments. The

DNA was extracted from the polyacrylamide by the method of Maxam and Gilbert

(1980) or from agarose by the use of GENE CLEAN (Bi0101). Once

precipitated, the DNA was resuspended in ddH20 or TE and stored at -200C.

Ecoli Competent Cells

Competent cells were either purchased from GIBCO-BRL (Gaithersberg,

MD) or prepared by the method of (Mandel and Higa, 1970). Briefly, 0.4 ml of

an overnight culture was inoculated into 40 ml LB shaken at 370C for 2 hours at

200 rpm, spun 5 minutes at 5000 rpm in a Sorvall SS34 rotor, aspirated and the

pellet re-suspended in 12 ml 0.1 M magnesium chloride (ice cold), spun 5

minutes at 5000 rpm, aspirated and the pellet re-suspended in 0.9 ml 0.1 M

calcium chloride and put on ice for at least 30 minutes before use.

Bacterial Cell Transformation

Transformation of competent 100 ul E.coli cells was accomplished by

incubating competent cells with -100 ng of ligated or supercoiled plasmid

construct for 30 minutes on ice, heat shocking the cells at 37 or 420C for 2

minutes followed by a brief incubation on ice, and adding 0.9 ml LB. The cells

were incubated at 370C for 1 hour, and then 0.2 ml of the cell suspension was

plated on an LB plate containing the appropriate antibiotic(s).
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In vitro Transcription

Synthetic RNA was produced from linearized plasmid constructs by in

vitro transcription with T3, TI, or SP6 RNA polymerase (Pharmacia, Piscataway,

NJ or NEB) according to the method of Krieg and Melton (1984).

The riboprobes were generated by the inclusion of 50 uCi of 32p-CTP

(NEN, Boston, MA) in the above reaction. The 5' capped synthetic RNA was

produced with the mMessage mMachine kit (Ambion, Austin, TX) according to

the manufacturer's recommendations.

Poly A Tailing

Poly A tails were added to the 5' capped messages with yeast poly A

polymerase (USB, Clevland, OH) according to a protocol kindly provided by Dr.

Fred Wilt (University of California, Berkely). Briefly, the reaction was assembled

in the following order: 16 ul RNA (8 ug), 8 ul 10 mM ATP, 16 ul 5x buffer (100

mM Tris pH 7.0, 250 mM KCI, 3.5 mM MnCI2, 1 mM EOTA, 500 ug/ml acetylated

BSA, 50% glycerol), 36 ul dH20, 500 units yeast poly(A) polymerase (USB).

The reaction was incubated at RT for 10 minutes, terminated with 5 mM EDTA

pH 8.0, 0.1% SOS (final volume 200 ul), extracted once with phenol and once

with chloroform, and precipitated with 1/10 volume 3 M sodium acetate pH5.2

and 2.5 volumes 95% ethanol. The DNA was pelleted in a microfuge at 14 krpm

for 15 minutes at 40C and the pellet washed once with 70% ethanol, and re­

dissolved in ddH20.
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In vitro Translation

The 5' capped synthetic RNA was in vitro translated in a nuclease-treated

mRNA-dependent reticulocyte lysate at 300C kindly provided by Dr. Eric

Rosenthal (University of Hawaii) and prepared according to the method of

Pelham and Jackson (1976). Typically, 1-2 ul of mRNA (-0.2-0.5ug) were

added to 10 ul of reticulocyte lysate and incubated at 300C for 1 hour.

Reactions were terminated by the addition of 5 volumes of 1x protein sample

buffer (Laemmli, 1970) and stored at -20 0C until needed.

Protein Induction and Purification

BL21 (DE3) lysS cells containing the pBT106 plasmid were grown

overnight at 370C in media (LB, 50 ug/ml kanamycin, 34 ug/ml chloramphenicol).

The overnight culture was diluted 1:100 and grown until the 0.0.595 = 0.6-1.0.

The culture was induced with 100 mM IPTG and incubated with shaking for 30

minutes at 5000 rpm. Cells were pelleted by centrifugation in a GSA rotor at

5000 rpm for 5 minutes, re-suspended in 1x binding buffer (20 mM Tris, 500 mM

NaCl, 5 mM imidazole, pH 7.9) containing 0.1% triton X-100 (Sigma), and

incubated at -800C for 40 minutes. After thawing, the sample was sequentially

pushed through an 18 and 22 gauge needle, then spun at 39,000 rpm in a

Beckman swinging bucket SW24 rotor for 20 minutes at 40C. The supernatant

is then filtered through a 0.22 urn syringe filter (Nalgene, Rochester, NY) and

loaded onto a nickle-sepharose column. The nickle-sepharose column was

prepared according to the manufacturer's recommendations (Novagen, Madison

WI). The column was washed with four column volumes of 1x binding buffer,

then 6 volumes 1x wash buffer (20 mM Tris, 500 mM NaCl, 60 mM imidazole, pH

7.9), and the protein eluted off the column with 1 volume of strip buffer (20 mM
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Tris, 500 mM NaCl, 100 mM EDTA, pH 8.0). Finally, the eluted protein was

concentrated by centrifugation through a 5000 MW spin filter (Milipore).

Antibody Purification

The antibodies were ammonium sulfate precipitated and purified on a

protein A-sepharose column (Pharmacia) as described by Harlow and Lane

(1988). The antibodies were concentrated by lyophilization and re-suspended in

PBS (100 mM phosphate, 100 mM NaCI).

Four-Cell Acetone Powder

Acetone powder was prepared from four cell embryos. Embryos were

grown to the four cell stage (-2.5 hours), pelleted by centrifugation (1,000 rpm, 5

minutes, 40C in a SS-34 rotor), re-suspended in 10 volumes ice cold acetone (­

200C), dounce homogenized for 5 minutes, and respun at 1,000 rpm for 5

minutes. This was repeated two more times, after which the supernatent was

aspirated and the pellet lyophilized.

Antibody Pre-Adsorption

Antibodies were incubated with four-cell actone powder (final, 0.1 g/ml) at

40C rotating (Labquake) for 1 hr. The solution was centrifuged for 2 minutes in

a microfuge before use.

Embryo Fixation

Embryos were fixed in 3.7% formalin, 10 mM Tris, pH 8.0 in FSW for 3

hours, washed three times in PBS and then if desired, permeabilized with ice

cold 100% acetone for 10 minutes and washed three times in PBS.
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An alternate method of fixation in methanol was kindly provided by Dr.

Linda Waterman (University of Washington, Seattle). Briefly, embryos were

fixed in ice cold 100% methanol for 15 minutes, washed consecutively with a

solution containing 70% methanol and 30% PBS, then 30% methanol and 70%

PBS, and finally with PBS. The embryos were then either processed further

according to the immunofluorescence protocol or stored at 40C in PBS, 0.02%

sodium azide or at -200C in 70% ethanol.

Immunofluorescence

The embryos were fixed by one of the two methods stated above and

subsequently blocked with blocking buffer (PBS, 1% NGS) for 1-2 hours. The

embryos were then incubated with the appropriate dilution of the primary

antibody for 1 hour at RT, washed three times with PBS for 10 minutes at RT,

incubated with the appropriate secondary antibody for 30 minutes to 1 hour, and

washed three times with PBS. The epi-f1uorescence was observed on a Zeiss

Axiophot equipped with a #48 77 02 filter set and 160T Ektachrome film.
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CHAPTER III

MICROINJECTION OF PHOSPHOROTHIOATE-OLIGODEOXYNUCLEOTIDES

INTRODUCTION

In Xenopus, microinjection of synthetic antisense oligodeoxynucleotides

targeted to specific homeobox genes have demonstrated defined phenotypic

abnormalities during development directly related to the cells that normally

express these homeobox genes (Wright et aI., 1989; Cho et aI., 1988). In

addition, a variety of genes transcripts have been differentially degraded in a

range from ten to ninty percent (Dagle et al.,1990; and Woolf et al. 1990; Akagi

et aI., 1989; Cazenave et aI., 1989; 1986; Dale et aI., 1989; Minshull et al. 1989;

Mori et aI., 1989; Jessus et aI., 1988; Shuttleworth et al. 1988; Audet et aI.,

1987). In these studies the level of target mRNA degradation was determined by

Northern analysis of total RNA extracted from the embryos co-injected with in

vitro transcribed mRNA and the antisense oligonucleotide.

Phosphorothioate-modified oligodeoxynucleotides (S-ODN) have a sulfur

group instead of an oxygen on the phosphate backbone. S-ODN were used in

several of the above studies and were found to be more effective over a period

of development in ablating target-gene transcripts than unmodified

oligodeoxynucleotides (Cazenave et aI., 1989; Woolf et aI., 1989; Dagle et aI.,

1990). The S-ODN demonstrated an increased stability and persistence (due to

its resistance to most endonucleases and exonucleases) while maintaining the

ability to form a hybrid that is degraded by the endogenous RNase H.
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There are several problems one encounters when designing antisense

oligonucleotide (OON) experiments. The first, and perhaps most frustrating, is

the difficulty in predicting effectiveness in ablating a specific target transcript.

There is no hard and fast rule one may follow to select an effective antisense

oligodeoxynucleotide. For example, Shuttleworth et al. (1988) used ten different

antisense oligonucleotides for the Vg1 message and saw a range of target

degradation from 10-90% determined as described above. Thus, this

demonstrates the hit-or-miss dilemma of this approach.

Secondly, it is important to use short oligonucleotides (15-20 bp) to

decrease the possibility of mismatch base pairing with non-target transcripts and

also, the formation of secondary structure, especially fold back loops which

renders them ineffective. Fold-back loop structures can be screened by most

DNA folding programs and in these prodictions was performed by the

manufacturer.

The specificity of the antisense CON for the target transcript must be

determined to rule out cross-reactivity with other messages. Woolf et al. (1992)

have stated the concern that the antisense CON may degrade non-target

transcripts. They injected an OON that contained perfect or imperfect matches

to a fibronectin or Vg1 mRNA along with random controls. The results showed

that the imperfectly matched OONs did decrease the target message to some

degree which was greater than that by the "random" control OON. This

demonstrated that a target message may be degraded by an imperfect OON but

did not show a direct effect on other messages nor the subsequent generation of

the observed phenotype. Therefore, it is unlikely that this is significant in most

cases where the screen is for a deviation in morphology. The base composition
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of antisense and control ODNs should be identical to ensure that the

hybridization kinetics are the similar for both.

The phosphorothioate-oligodeoxynucleotides are known to be toxic above

a threshold concentration (>25 uM in Xenopus) (Shuttleworth et aI., 1988) in all

living systems studied thus far. Therefore, the level of tolerance of a system

must be empirically determined and subsequently evaluated as to whether it is

possible to inject a sufficient quantity of antisense S-ODN to ablate the pool of

target transcripts. Other factors which may be involved but are difficult to

address are: the ability of RNase H to recognize mismatch duplexes, the stability

of hybrids, the kinetics of hybrid formation and oligomer degradation, and the

oligomer concentration.

Here, the antisense S-ODN were microinjected into eggs to attempt to

degradeTgHbox1 mRNA in vivo. The antisense S-ODN (KH-3) was designed to

target positions 91-109 (Angerer, et. al 1989), which is 5' to the homeobox, to

avoid the problem of cross-hybridization with other Hox-Iike elements which may

have a similar sequence. The control S-ODN, which corresponded to the

reverse-complement (KH-2) and sense strand (KH-1) of the antisense S-ODN,

were injected in parallel in all experiments.

RESULTS

Specific Degradation of Antisense S-ODN:TgHbox1 transcripts by RNase H in

vitro

S-ODN are used in antisense studies under the premise that the hybrids

they form with the target mRNA will serve as a substrate for RNase H which

cleaves the message along the DNA-RNA base-paired region, thus allowing the
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S-ODN to be recycled. This property allows them to be used in submolar

concentrations.

To test the ability of the S-ODN to serve as a substrate for RNase Hand

to demonstrate the specificity of this interaction with the antisense S-ODN, in

vitro transcripts of TgHbox1 were annealed to KH-3, the antisense S-ODN, and

then incubated with RNase H. The control reactions contained the sense S­

ODN and the TgHbox1 synthetic mRNA incubated with RNase H. The

transcripts were incubated at 250C for 3.5 hours, then incubated at 370C for

fifteen minutes in the presence of 2 units RNAse H (Gibco-BRL), extracted with

phenol-chloroform, and precipitated in ethanol. The samples were then

electrophoresed in a formaldehyde agarose gel and visualized with ethidium

bromide staining. As observed in lane 3 (Figure 2), there is cleavage of the

antisense-S-ODN-TgHbox1 hybrid but no cleavage in lane 4, which contains

the transcript and the sense S-ODN. Lanes 1 and 2 contain mRNA alone or

incubated with RNase H and exhibit no degration confirming the integrity of the

procedure. Therefore, S-ODN/mRNA hybrids can serve as subtrates for RNase

H and the cleavage is specific for the antisense-TgHbox1 hybrid.

Titration of Phosphorothioate-Oligodeoxvnucleotide Toxicity

A series of experiments were done to determine the maximum non-toxic

concentration of the S-ODN for microinjection. Eggs were injected with S-ODNs

to a final concentration of 0.5, 1.0, and 1.5 uM, along with Rhodamine-dextran

(R-dex) as a marker to determine success of injection and observed under the

microscope at: 1-2, 18-24, 36-48, 66-72 hours post-fertilization. In all

experiments the number of eggs injected on a plate were recorded as well as the

number of embryos harvested at the various time points using a 1-200 ul thin
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pipette tip (Gilson). The embryos were scored for toxicity and for abnormal

development.

The assay for toxicity in these experiments was the percent recovered

viable embryos, defined as embryos which formed a blastocoel at the selected

time points. This criteria was chosen because the gene under investigation is

not expressed until after blastulation and any defects occuring prior to this event

would be attributable to non-specific toxicity of the S-ODNs.

The injection of the sense, reverse complement or the antisense S-ODN

at 0.5 ug/ul (0.5 uM final) or 1.0 ug/ul (1.0 uM final) caused no reduction in

viability from control injected embryos without S-ODN (Table 1). In contrast,

every injection of 1.5 ug/ul (1.5 uM final) S-ODN solutions created many

defective embryos (Table1) with less than fifty-percent of the embryos surviving

to 24 hr and less than twenty-five percent of those were normal. Subsequently,

all experimentswere carried out with S-ODN at 1.0 ug/ul.

S-ODN Persistence

Since TgHbox1 is not expressed until the blastula stage (-18hrs), a

critical question is, "How long does the injected S-ODN persist?" Since

radioactively labeled S-ODN are not commercially available and standard end­

labeling regimes are neither efficient (data not presented) nor reliable due to the

possibility of the exchange of the terminal phosphates in the injected cells, a

novel assay was developed.

A 19-mer S-ODN was microinjected into batches of eggs. Samples were

harvested at various times of development, nucleic acids extracted, and the

preparation annealed to a radioactive, end-Iabled 15-mer standard DNA

oligonucleotide complementary to the injected S-ODN (KH-4). The duplexed
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15mer was detected, as a gel-shift band on a non-denaturing 20%

polyacylamide gel by autoradiography. The band was quantitated by counting

the radioactivity in the gel-shift band excised from the exposed gel.

Figure 2, lanes 2 to 4, show the gel-shift bands of the end-labeled 15mer

produced by the reaction with nucleic acids extracted from approximately five

hundred embryos at 2, 19 and 24 hours of development after injection of the

eggs with 2 pg of the 19mer S-ODN (KH-2). Substantial gel-shift bands are

observed in all three lanes although the band in lane 4 seems slightly weaker.

These results establish that significant S-ODN persists for at least 24 hours. No

gel-shift band was evident in the unreacted 15mer (Figure 2, lane 1) or in the

reactions with extracts from uninjected embryos (Figure 2, lanes 5 to 7). A

comparison of these gel-shift bands from injected embryos with the shift bands

produced by standard amounts of S-ODNs ranging from 100 ng to 50 pg (Figure

2, lanes 8 to 11) provides a basis of a visual estimate of the persisting S-ODN in

the injected embryos. The band at 24 hours appears similar in intensity to the

band in lane 10 produced by 100 pg of S-ODN (Figure 2).

To quantitate the S-ODN, the gel-shift bands were excised from the gel

and counted for radioactivity. Figure 3 shows the gel-shift counts as a function

of the developmental time course of the injected embryos of lanes 2 to 4

(squares) of Figure 2. To determine the background level of counts, portions of

the gel were cut from the gel-shift area of the control embryos lanes 5 to 7

(diamonds) in Figure 2, are also shown in Figure 3. This demonstrates that less

than half the counts are lost from 2 to 24 hours. Therefore, S-ODN are present

in the embryo at the time of TgHbox1 transcripts are detected (after 18 hours

post-fertilization).
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To approximate the amount of S-ODN detected in the gel-shift assay,

control annealing reactions that contained known quantities of the S-ODN and

the end-labeled 15mer were carried out. The gel-shift band of each reaction

was excised and its specific activity determined by scintillation counting. Figure

4 shows the counts in the gel-shift bands obtained from the standard lanes, 8 to

11 in Figure 2. In this assay in which with 500 pg of end-labeled 15mer (2x107

cpm/ug)was used there was an approximately linear increase in gel-shift counts

with increasing S-ODN from 50 to 500 pg. Above 500 pg, the reaction was

saturated with most of the radioactive 15mer reacted as indicated by the minimal

unreacted 15mer at the bottom of lane 8 of Figure 2.

The persistence of the S-ODN determined from the comparison of Figure

3 and 4, demonstrate that 0.5 pg/embryo persists to 20 hours. 0.5 pg of S-ODN

represents 5x107 molecules. There are approximately 1x107 RNA molecules in

the sea urchin embryo (Fregein, 1982) of which TgHbox1 is estimated to

contribute less than 0.1 percent. Therefore, there is on the order of a five

thousand fold excess of S-ODN to TgHbox1 message.

Microinjections of 1.0 ug/ul S-ODN

The results of twelve sets of injections of S-ODN at 1.0 ug/ul comprising

over twelve thousand embryos indicated that embryos injected with the

antisense S-ODN, KH-3, were not less viable than embryos injected with the two

control S-ODN (Table1). The average percent-viable for the control S-ODN

(KH-1, KH-2) was 62.13% (+/- 11.9), 63.44% (+/- 7.0) respectively, while the

antisense (KH-3) is 46.15% (+/- 17.1) (Table1). Therefore, the percent-viable

values are within the standard deviations of each other. The antisense had a

higher standard deviation than the other S-ODN but the cause of this is unclear.
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Analysis of the percent normal embryos for seven sets of injections was

performed. Control injections had a range from forty to ninety-six percent normal

embryos after twenty-four hours of development, whereas the antisense injected

embryos exhibited a range from zero to seventy percent over the same time

period (TABLE 2). The comparison of the percent normal development for the

controls and the antisense injected embryos at forty-eight hours yielded an

average of 84.2, 81 and 69 for R-dex, KH-1, KH-2 and 52.5 percent normal for

the antisense injected embryos (TABLE 3). At the seventy-two hour time point

there was almost uniformly normal embryos for all injection solutions (TABLE 3).

In addition, the antisense injected embyos did not exhibit any specific

altered phenotype. Abnormal development was observed in all cultures, the

extent of which was batch dependent. The distribution of abnormal phenotypes

appeared similar in batches of embryos injected with each of the three S-ODN.

Interestingly, it appears that the negative effect of injection of S-ODN were

usually expressed before or during gastrulation (-24 hr) after which eighty

percent of the embryos which gastrulate normally formed healthy normal plutei.

DISCUSSION

Phosphorothioate-modified antisense oligodeoxynucleotides have been

useful to investigate gene function in several systems with varying degrees of

success. Here, the specificity of the antisense S-ODN (KH-3) for the TgHbox1

transcript and the ability of the resulting hybrid to be degraded by RNAse H has

been demonstrated. It has also been shown that the phosphorothioate-modified

oligodeoxynucleotide persists at approximately a two thousand-fold molar

excess for at least 24 hours post-fertilization.
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How is it possible that the antisense oligonucleotide treatment did not

have an effect on early development even though it can specifically degrade the

TgHbox1 transcript and is present in a prodigious excess? There are several

possible reasons and all may be a contributing factor to the lack of phenotype

observed.

A property inherent in all studies using antisense oligonucleotides as

mentioned in the introduction is the inability to predict the effectiveness of an

antisense oligo for a given RNA target sequence. Although the antisense

0ligonucleotidefTgHbox1 mRNA-hybrid can serve as a substrate for RNAse H in

vitro, it may not be as efficient in the embryo. Such differences in efficeincy has

been demonstrated previously by Shuttleworthet al. (1988) in Xenopus.

It is possible that even if the antisense oligonucleotide achieved 90

percent ablation of theTgHbox1 mRNA pool, transcription of the remaining 10

percent could be sufficient to accomplish its function. This seems especially

possible since homeoproteins are transcription factors and may be required in

very low numbers per cell (reviewed in Krumlauf, 1994, McGinnis and Krumlauf,

1992).

An alternate explanation is that another homeobox gene may compensate

for the loss of function of TgHbox1. Also, since the TgHbox1 is expressed at

first as a 6.7 kb transcript at 18 hours followed by a 7.7 kb transcript at 24 hours,

it is theorectically possible that the second message does not contain the

sequence targeted by the antisense construct and that this mRNA is adequate

for function of TgHbox1.
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CHAPTER IV

MICROINJECTION OF TgHbox1 -SPECIFIC

POLYCLONAL ANTIBODIES

INTRODUCTION

The microinjection of antibodies into cells has been used successfully to

ablate and investigate the function of many proteins (Cary and

KlymkowskY,1994, Jhun et aI., 1394, Kosako, et aI., 1994, Moreau, et aI., 1994,

Reinhard et aI., 1994, Rose, et aI., 1994; Xiao et aI., 1994) including

homeoproteins (Wright et aI., 1989; Cho et aI., 1988). Antibodies against

specific sea urchin proteins have also been microinjected into the sea urchin egg

to inactivate the function of the protein (Wright et aI., 1993, Dinsmore and

Sloboda, 1989). Although the cytoplasmically injected antibodies do not

passively diffuse into the nucleus (Einck and Bustin, 1984; Moreau et aI., 1994,

Stacey and Allfrey, 1984) they may enter with their antigen protein after binding

in the cytoplasm (Madsen et aI., 1986, Tsuneoka et aI., 1986, Sugawa et aI.,

1985). Thus, the microinjection of antibodies has been useful in studying DNA­

binding proteins.

Cho et al. (1988) injected antibodies specific for the homeoprotein,

XIHbox 1, in the Xenopus embryo. This gene is expressed predominantely in

the cervical spinal cord of swimming tadpoles at about three days of

development (Carrasco and Malacinski, 1987). Structures derived from the cells

which express the gene were ablated. Since the expression of the gene and the

morphogenesis of these structures occur only after three days of development.,
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this suggests that the injected antibodies are stable and useful for blocking the

function of genes that are expressed later in development.

My study used rabbit polyclonal antibodies generated against two

different bacterially-expressed, truncated TgHbox1 proteins (Vansant, personal

communication). One set of antibodies were generated against a portion of the

TgHbox1 protein 5' to the homeodomain encoded by the cDNA (Angerer et. ai,

1989). The other set of antibodies was generated against the last exon of

TgHbox1 which includes the homeodomain encoded by the genomic clone

(Dolecki et. ai, 1986). Thus, the injection of antibodies was specifically designed

to block the binding of the endogenous protein to its target sequence in the

promoters of genes under its regulation or to block other proteins from

interacting with the endogenous protein thereby inhibiting its ability to form an

active transcriptional complex.

RESULTS

Determination of polyclonal antibody toxicity

A set of microinjections were conducted to ascertain if high

concentrations of immunoglobulins would produce any deleterious effects on

early sea urchin development. The eggs were injected with 2 pi of 1, 10, 20, and

30 ug/ul of rabbit IgG preparation (Sigma), fertilized, and cultured until they

reached the pluteus stage (-62 hrs). No developmental defects were observed

even at the 30 ug/ul concentration in the three trials done. Injection of IgG

above 30 ug/ul is not feasibile due to the high viscosity that limits fluid flow in the

microinjection needle.
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Distribution and Persistence of Injected IgG

The persistence of the injected antisera was demonstrated by Western

analysis and indirect immunofluorescence of embryos injected with rabbit IgG.

Western transfer of Iysates prepared at 2, 24, and 48 hours post-fertilization

from embryos injected with 10 ug/ul of rabbit IgG was reacted with the

appropriate secondary antibody and visualized by the Eel reaction (Amersham).

As seen in Figure 6A lanes 1 to 3, the injected antibody persists for at least 48

hours. No bands are detected in the Iysates prepared from the uninjected

embryos in lanes 4 to 6. Approximate visual quantitation is possible due to the

reaction seen in lanes 7 and 8 containing 100 and 50 ng of rabbit IgG

respectively. Thus, approximately all of the 20 pg/embryo remains after 48

hours.

In order to determine if the the distribution of the injected polyclonal

antisera was uniform or localized which could have direct effects on their

efficacy, embryos were injected, fixed and stained with fluorescently-Iabeled

secondary antibody. The four cell embryo in figure 68 is representative of the

staining I observed. Notice that there is no clear difference between the

cytoplasmic and the nuclear staining, indicating that the antisera is uniform in

distribution. Therefore, the possibility that the TgHbox1-specific antibody is

ineffective due to a restriction in its localization is ruled out.

Microinjection of TgHbox1-specific polyclonal antibodies

The two sets of TgHbox1-specific rabbit purified IgG used in my studies

were generated by Gordon Vansant in our laboratory (unpublished). One was

directed against the protein encoded by positions 1-284 (Angerer et aI., 1988) of

the TgHbox1 eDNA clone, 5' of the homeodomain. The other was directed

38



against the peptide encoded by the last exon of the genomic clone (Dolecki et ai,

1986).correspondingto positions 540-745 of the cDNA sequence (Angerer et aI.,

1988)

Purified IgG from both sets of polyclonal antisera were injected at

concentrations of 1, 10, 20, and 30 ug/ul. Eighteen sets of the various

concentrations were microinjected and the embryos observed visually through

the pluteus stage (-62 hrs). There are -1000-3000 molecules of a given

transcription factor per embryo (Davidson, 1986). 30 ug/ul of IgG is equal to

2x105 molecules/embryo for a 2 pi injection. Therefore, there would be

approximately 100 antibody molecules for every TgHbox1 molecule.

Nevertheless, no specific developmental defects attributable to the injection of

the specific antisera were observed in any of the embryos.

All solutions were passed through spin filters prior to filling the

microinjectionneedle to eliminate particles which might block the needle. Due to

the possibility that the nylon filters (PGC) might be binding the antibody,

microinjection of another set of the polyclonal antibodies using low protein­

binding cellulose-acetate filters (Milipore) was undertaken.

Nineteen additional microinjection sets whose solutions were filtered

through a low protein binding cellulose-acetate membrane (Millipore) was

completed. Embryos were injected at a concentration of 30 mg/ml with rabbit

IgG or the TgHbox1-specific antibodies and scored for normal development until

the pluteus stage. The average percent normal embryos at twenty-four, forty­

eight, and seventy-two hours was calculated for the above injections. Embryos

injected with rabbit IgG had an average of seventy-six, eighty-eight, and eighty­

eight percent normal development while the embryos injected with TgHbox-1­

specific antibodies had a sixty, eighty-two, and eighty-three average percent
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normal development at twenty-four, forty-eight, and seventy-two hour time

points, respectively (TABLE4). Comparison of the abnormal embryos failed to

produce any specific developmentally altered phenotype.

TgHbox4 is expressed primarily at a posterior-ventral location

(Vansant,1994) whereas TgHbox1 is expressed primarily at posterior mid-dorsal

location (Angerer et aI., 1989) at the pluteus stage. Zhao et al. (1992) have

previously shown that the TgHbox4-specific antibodies can specifically compete

out binding of the adb-B homeobox to its consensus target DNA sequence.

In an attempt to eliminate the potential of compensatory activity by

another homeoprotein, a final set of injections with a mixture of TgHbox1 and

TgHbox4 (adb-B homologue, Vansant, 1994) -specific antisera was completed.

Unfortunately, the equimolar addition of the TgHbox4-specific antibodies had no

specific phenotypic effect on development.

DISCUSSION

In this chapter, it has been shown that the injection of 2 pi of a 30 ug/ul

polyclonal antibody into sea urchin eggs was non-toxic, that the injected

antibodies persisted for at least 48 hours during embryogenesis. This level of

injected IgG is present in excess of the predicted number of endogenous

TgHbox1 protein molecules, and has a uniform distribution in the cells.

The injected TgHbox1-specific polyclonal antibodies did not detectably

perturb early development indicating that none of the four IgG preparations used

block a functionally important site(s) of this protein. It is conceivable that the

function of the TgHbox1 protein is redundant and the absence of the TgHbox1

protein function is compensated for by another homeobox gene. It is also
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possible that TgHbox1 does not have a critical function until later in

development.
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CHAPTERV

MICROINJECTION OF A LacZ-TgHBox1 -fusion RNA

INTRODUCTION

Microinjection of in vitro transcribed RNA into embryos has proven to be a

powerful tool in the analysis of gene function in early embryogenesis (Vize,

1991). A wide range of proteins have been investigated, including

homeoproteins (Niehrs et aI., 1994; Niehrs et aI., 1993; Steinbeisser et aI., 1993;

Cho et aI., 1991; and Niehrs and De Robertis, 1991). In all of the above studies

there was a specific perturbation of development. For example, the injection of

goosecoid (gsc) mRNA into the ventral side of the embryo resulted in the

formation of a secondary body axis. This was attributed to the anterior migation

of a group of cells recruited by the descendants of the injected blastomere.

Recently, this method was used to overexpress a neurotransmitter in the sea

urchin (Cameron et aI., 1994).

In the above studies, the experimental approach used was a full length

message. The alternate approach is to attempt to generate a dominant inhibitory

effect by the overexpression of a truncated form of the gene (Herskowitz, 1987).

This has been successful in Xenopus for the basic fibroblast growth factor

receptor (Amaya et al., 1991). The cytoplasmic domain of the receptor was

deleted and the mRNA from the transcriptional construct injected into embryos

which resulted in defects in the head and trunk regions.

Here, a truncated form of TgHbox1 was constructed which lacks the 5'

end of the message but still retains the portion encoding the DNA-binding
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homeodomain. The variant protein when expressed should be able to bind to

and saturate its target sequences in promoters but not interact with other

important proteins, necessary for forming an active transcription complex.

Binding of functional, endogenous wild type protein would be competed out and

thus could not activate the genes specifying the normal developmental

patterning.

RESULTS

LacZ-TgHbox1 translational construction

A translational fusion construct (pBT100) was cloned to produce a lacZ­

TgHbox1 fusion RNA which contains the 3.4 kb TgHbox1 cDNA (Angerer et aI.,

1989) in frame with the lacZ gene. The plasmid pBT100 was constructed in

three steps. First, the pBT98 construct was cloned by an exonuclease reaction

with Klenow of the Sphl site in the poly linker of pSpec1 (Gan et. ai, 1988). The

pBT99 construct was cloned by digestion of plasmid pBT98 with EcoRI (which

drops out the SV40 poly-adenylation signal), filled-in with Klenow, then blunt-end

ligated with a BamHI phosphorylated 10mer linker (NEB). The plasmid pBT99

was partially digested with BamHI, and the linear form isolated, filled-in with

Klenow, and then blunt-end ligated with the filled-in 3 4 kb EcoRI fragment of

pcHOM1 (Angerer, et. ai, 1988) (Figure 7).

The reasons for the construction of a LacZ-TgHbox1 fusion were two fold.

First, it was to stabilize the in vitro transcribed RNA due to the lack of the 5' end

of the TgHbox1 message. Secondly, the lacZ coding region of the fusion could

be used to aid in the detection of the translated product either by X-gal staining

(Gan et aI., 1988) or indirect immunofluorescence with B-galactosidase specific
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polyclonal antibodies of fixed embryos. I later determined that deletion of the

extreme carboxyl terminal of the B-galactosidase encoding sequences during

cloning, rendered the X-gal staining technique ineffective (data not shown). The

polyclonal antibodies (Sigma) specific for B-galactosidase, on the other hand,

were successful in detecting the fusion protein, as presented later.

LacZ-TgHbox1 in vitro transcription and poly-adenylation

All in vitro transcription was performed with linearized DNA plasmids and

the mMessage mMachine kit (Ambion). The T3 RNA polymerase was used and

all messanger RNAs were 5' capped using the cap analog provided in the kit.

Two constructs were used: pBT98, which contains the lacZ gene and produces

a 4.1 kb transcript and pBT100, which is the lacZ-TgHbox1 fusion RNA and

encodes a 6.8 kb transcript.

To further stabilize the message, the above 5' capped transcripts were

poly-adenylated with yeast poly(A) polymerase (USB) as described in the

methods section. In a typical reaction approximately 500 bp were added in 10

minutes at 30 0 C. Figure 8A, shows the 4.1 kb lacZ transcript produced from

the pBT98 construct in lane 1 and the transcript after the poly-adenylation

reaction in lane 2. Similarly, lane 3 shows the 6.8 kb lacZ-TgHbox1 transcript

from the pBT100 construct and the poly-adenylated mRNA in lane 4.

In vitro translation

The 5' capped and poly-adenylated transcripts were in vitro translated

with a rabbit reticulocyte lysate in the presence of 35S-methionine to confirm the

integrity of the constructs and the expected size of the translated products.

Figure 8B, exhibits the results of the experiment which show sharp bands of
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apparent molecular weight of 120 kd for the lacZ protein and 150 kd for the

LacZ-TgHbox1 fusion protein. The band present in aI/lanes at about 65 kd is an

artifact of the reticulocyte lysate.

To confirm the authenticity of the fusion protein, a Western transfer of the

in vivo translation was reacted with the TgHbox1-specific antibodies. Figure 9A

demonstrates that this antibody reacts with the lacZ-TgHbox1 fusion protein in

lanes 4 and 5 but not with the the lacZ protein in lanes 2 and 3.

32_p labeled mRNA detection level

In an attempt to determine the half-life of the injected RNA several sets of

injections were performed with 32P-labeled RNA. The embryos were harvested

at various times after fertilization and total RNA extracted. The RNA was

electrophoresed on formaldehyde-agarose gels which were exposed to X-ray

film for two weeks as described in the methods section. There was no visible

signal on the autoradiographs (data not shown). Therefore, the level of

detection of this method was investigated. A series of dilutions were made of

the 32-P-labeled RNA and electrophoresed on an formaldehyde-agarose gel as

previously described. The results demonstrates that one hundredth of a

microliter of labeled RNA can be detected by this method (figure 98). Since the

injection volume is 2 pi per egg, one would have to inject about 5000 embryos

per time point to detect the mRNA by this method (in an ideal situation). Since

only a few hundred eggs can be injected in an experiment, determination of the

mRNA's half-life by this approach is not feasible.
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Persistence of the in vivo translated LacZ-TgHbox1 fusion protein

Due to the inability to measure the half-life of the injected RNA, the

persistence of the translated protein was determined by Western blot analysis.

Embryos were injected with the lacZ-TgHbox1 fusion RNA and harvested at

three and twenty-four hours for lysis, electrophoresis and Western transfer. The

Western blot was reacted with a mouse polyclonal antibody specific for 8­

galactosidase. Figure 10 showsthe presence of the characteristic 150 kd LacZ­

TgHbox1 fusion band in the lanes derived from the injected embryos (lanes 2

and 4) but not in the lanes from the uninjected embryos (lanes 3 and 5). This

result demonstrates that the lacZ-TgHbox1 fusion RNA is translated efficiently in

vivo and persists for at least twenty-four hours.

Distribution of LacZ-TgHbox1 fusion protein in vivo

The pSpec1 vector was chosen in part because it contained a nuclear

localization signal which should direct the LacZ-TgHbox1 fusion protein to the

nucleus. To confirm this the synthetic fusion mRNA was injected into eggs, fixed

at the four cell stage and reacted with the appropriate dilution of the primary and

the secondary antibodies. Surprisingly, although this construct has been used

successfully in the sea urchin Strongylocentrotus purpuratus (Gan et aI., 1990),

it did not direct the fusion protein as derived from my construct to the nucleus of

Tripneustes gratilla to any dectable extent, as shown by the limited staining of

the nucleus in the four cell embryo (Figure11).

Microinjection of a LacZ-TgHBox1-fusion RNA

Microinjections were performed with the lacZ-TgHbox1 fusion RNA to

determine the effect on early sea urchin development. A control RNA,
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transcribed from the plasmid pBT98, which lacks the TgHbox1 eDNA, was

injected in parallel in all experiments. The RNAs were injected at concentrations

of 1 or 2 ug/ul which corresponds approximately to one-half and one million RNA

molecules per embryo, respectively. Embryos were scored for normal

development at twenty-four, forty-eight, and seventy-two after fertilization. Both

controls and the lacZ-TgHbox1 fusion mRNA injections had an average percent

normal development between seventy and ninty percent during this time course

(TABLE 5). Analysis of the phenotypes of the abnormal embryos form the

control and experimental batches resulted in no observable specific effect on

early development.

DISCUSSION

Microinjection of in vitro transcribed RNA has been used in many systems

especially in Xenopus. The injection of dominant-negative constructs has been

useful in the determination of gene function (Hemmati-Brivanlou and

Melton,1992; Amaya et al., 1991; Herskowitz, 1987) .

In this chapter, it has been shown that the in vitro transcription of the lacZ­

TgHbox1 plasmid, pBT100, produces a transcript of the predicted size (6.8 kb)

which can be translated by a reticulocyte lysate as well as in vivo. Furthermore,

the analysis of Iysates prepared from RNA injected embryos demonstrated that

the translated protein persists for at least 24 hours. Although the fusion mRNA

was specifically designed to contain the nuclear localization signal it didnot

readily enter the nucleus.

The analysis of the persistence data leads to the conclusion that the

injected RNA was present in significant excess of the endogenous TgHbox1
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protein which cannot be detected in the uninjected control. The assumption in

these studies was that the truncated fusion protein would act as a dominant­

negativecompetitor of the native protein as supported in the literature (Hemmati­

Brivanlou and Melton, 1992;Amaya, et aI., 1991).

The observation that the truncated fusion protein had no observable

effect on early sea urchin development leads to three distinct possibilities: the

translated fusion protein is acting as a dominant-negative and influencing the

expression of target genes but this perturbation is a molecular one which does

not result in a phenotype within the developmental stages that were

investigated; the translated protein is unable to act as a competitor for the

endogenous protein and therefore, has no effect on gene expression; or the

translated protein is actually functionally equivalent to the endogenous protein

but the overexpression of this gene in the sea urchin has no deleterious effect.

Unfortunately, even though a prodigious amount is known about

homeodomain proteins, there is scant information about their targets. Without

such data the only studies one can do to address the validity of the explanations

presented above would be to perform South-Westerns in which the embryo

Iysates and the bacterially expressed proteins are individually separated on a

gel and labeled Antp consensus recognition sequence is used to target the

cognate protein. Another approach would be to perform fragment retardation

assays in which labeled Antp consensus recognition sequence is run in the

presence or absence of embryo Iysates from different time points or bacterially

expressed "cognate" protein treated with embryo Iysates in the presence with the

Antp concensus recognition sequence and competition experiments using

embryo Iysates and bacterially expressed protein. There are several problems

to note about these types of analysis. First, using a bacterially expressed protein
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is not the same as the lacZ-TgHbox1 fusion protein discussed in this chapter

and therefore the results are not directly applicable (or "only indicative").

Secondly, no studies have been performed with the Antp concensus sequence

and Tripneustes gratilla Iysates to see if this is feasible. Thirdly, it would be

impossible to distinguish between the explanations above due to the fact that

binding of the sequence may not be the only criterion for proper activation or

inactivation of the target gene transcription. Specifically, one possible

alternative way to be a successful dominant-negative competitor without binding

to the concensus sequence would be to act through protein-protein interactions

with the molecules which are essential for the activation of transcription of the

target genes. Also, what if the TgHbox1 protein reacts with a co-factor which is

required to cause a conformational change for it to work. This interaction could

be direct or in combination with another protein. For these reasons, examining

the ability of a mutant protein to compete with an embryo lysate by binding to a

DNA concensus sequence in Southwesterns or gel-retardation is conceivably

not a valid method to establish its action in vivo.
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CHAPTER VI

MICROINJECTION OF A BACTERIALLY EXPRESSED

TRUNCATED TgHBOX1 PROTEIN

INTRODUCTION

The injection of a functional polypeptide is another method to investigate

the role of a gene product during morphogenesis. One study of this nature has

been published; Browne et al. (1990) demonstrated that the protein kinase

inhibitor (PKI) is functional after its microinjection into sea urchins.

My approach was to generate a dominant negative inhibition of TgHbox1

function by the microinjection of a truncated bacterially expressed TgHbox1

protein. Although, no experiments demonstrating the direct injection of a

truncated protein for this purpose have been published, the injection of mRNA

encoding a truncated dominant-negative protein has been described in Xenopus

(Hemmati-Brivanlou and Melton, 1992; Amaya et aI., 1991). Here, the injection of

the truncated fibroblastic growth factor receptor resulted in head and trunk

defects due to the blockage of signal transduction.

A truncated form of TgHbox1 protein was constructed which lacks the

amino terminus of the protein but still retains the homeobox DNA-binding

domain. The truncated protein was isolated under native conditions to optimize

its ability to remain functional. In theory, the truncated protein should be able to

bind to its target DNA sequences but not interact with other important (unknown)

proteins, and thereby competes with the endogenous wild type protein and

disturbs developmental patterning.
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RESULTS

Truncated TgHbox1 protein expression construct pBT106

A 345 bp BamHI-AflllI TgHbox1 genomic fragment (Dolecki et. ai, 1986)

was cloned into the pET-24a vector (Novagen). The details of the cloning are

shown in Figure12. The vector has a T7 promoter which drives the transcription

of the insert upon the addition of 1.0 mM IPTG to the media. The advantage of

the pET-24a vector is the addition of a six amino acid histidine tag on the

carboxyl terminus of the induced protein which allows the purification of the

expressed protein via a nickle-sepharose column (see materials and methods).

In order to verify that the expressed protein is in frame, the junction between the

insert and the vector was sequenced by the dideoxy-nucleotide chain

termination method.

In vitro transcrition and reticulocyte lysate translation of pBT106

In vitro transcription of the pBT106 clone was done to confirm the

integrity of the construct. The plasmid pBT106 was linearized by digestion with

Styl and transcribed in vitro with T7 RNA polymerase by the method of Melton et

al. (1984) and run in a formaldehyde-agarose gel. As pedicted, a 414 bp

transcript is produced (Figure13A).

Finally, before proceeding to the bacterial induction system, the synthetic

mRNA was translated with a rabbit reticulocyte lysate in the presence of 35S_

Met (Pelham and Jackson, 1976). The autoradiograph shows a single protein

product of approximately 18.4 kd, which is slightly larger than the predicted size

of 15.18 kd (Figure 138).
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Induction of TgHbox1 protein expression

pBT106 was transformed into four different strains of E. coli (BL21 (DE3),

BL21 (DE3) pLysS, BL21 (DE3) pLysE, HM8174), and grown in three different

types of media (LB, TB, and N-Z-amine) to optimize the induction of the

truncated TgHbox1 protein. However, even under the best conditions tested

(BL21 (DE3) pLysS, LB), the induction was poor. Confirmation of the induced

protein's identity was demonstrated by its reactivity to the TgHbox1-specific

polyclonal antibody in the Western transfer in Figure 14A. Although there was

no visible difference between the induced and un-induced lanes on the 80S­

PAGE gel, a faint band was detected in the lane containing the eluted fraction

from a nickle-sepharose column (Figure 14B). The reason for the low induction

was unclear but it may have been that the proteins' ability to act as a

transcription factor was interfering with the regulation of bacterial expression or

the sequence was toxic by some unknown mechanism. Another possibility could

be a difference in codon usage in E. coli.

Truncated TgHbox1 protein persistence assay

A series of injections were done to determine how long the injected

proteins persisted. Five plates of eggs (-1250) were injected and harvested,

and the Iysates prepared as described previously at 24 and 42 hrs of

development. Control (uninjected) embryos were prepared simultaneously.

Twenty ng and ten ng of protein were included as a quantitation standard on the

gel that was Western transfered and reacted with TgHbox1-specific antibody. A

comparison between the detection level of the procedure (standard lanes, 20 ng)

with the predicted quantity of the injected protein (0.25 ng) demonstrates an

approximately 100 fold difference (Figure 15). Due to the pausity of the protein
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and the physical impossibility of injecting 12,500 eggs/timepoint, the study was

terminated.

Injection of the truncated TgHbox1 protein

The column purified protein was concentrated by centrifugation through a

5,000 MW spin filter (Milipore) to a concentration of 100 ng/ul, injected into sea

urchin eggs, fertilized and followed visually to the pluteus stage. Three sets of

injections were carried out, comprising four thousand five hundred embryos

microinjected with the truncated TgHbox1 protein, B-galactosidase, or the un­

injected controls and followed to the pluteus stage. Embryos were scored for

normal development at twenty-four and seventy-two hours post-fertilization. The

percent normal embryos during this time course was similar for all injections

(TABLE 6). Analysis of the morphology of the embryos yielded no detectable

specific phenotypic difference between the truncated TgHbox1 and the B­

galactodase protein injected embryos and the un-injected controls through the

pluteus stage. Therefore, the injection of approximately 7.8 million molecules of

the truncated protein had no effect on the development.

DISCUSSION

A truncated TgHbox1 protein containing the homeodomain has been

produced and purified from E. coli. The microinjection of an 8000 fold excess did

not adversely effect early sea urchin development. The reason for this could be

that the truncated protein did not effectively out compete the endogenous

TgHbox1 protein or that its function was carried out by another protein (perhaps
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another homeodomain protein). An alternate explanation is that TgHbox1 does

not have a function during the stages of development studied.

The mechanisms which were not addressed in this study were: the

persistence of the injected protein or its ability to enter the nucleus due to the

inability to get the proper level of specific fluorescence to background staining of

the fixed embryos. The failure of either of the above would eliminate the chance

of the truncated protein achieving its desired effect.
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CHAPTER VII

EPILOGUE

The research contained in this dissertation constitutes a paragenetic

approach to determine the role of the TgHbox1 gene during sea urchin

embryogenesis through the pluteus stage. Four separate gene-specific

reagents were microinjected into the egg and the development was followed

visually until the pluteus stage. Although the reagents or their products were

demonstrated to be in excess of the endogenous molecules and to be present in

the embryo at the appropriate time, no perturbation of development was noted.

The findings are consistent with any of the following interpretations: TgHbox1

function was not inhibited sufficiently by any of the gene-specific reagents,

TgHbox1 has no function in the stages of development studied, redundant

homeobox genes or other genes were able to functionally compensate for the

loss of TgHbox1 gene function, or there was an unidentified flaw in each

experiment.

This dissertation attempted to add a new level of experimentation to the

analysis of gene function in the sea urchin through the use of paragenetic

approaches designed by compensate for the lack of genetic analysis. It has

contributed to the field of sea urchin development by defining some of the

parameters critical in this type of approach. For example, developing a sensitive

technique to quantitate the injected antisense S-ODN persistence,

demonstrating that microinjected antibodies are uniformly distributed and persist

for at least forty-eight hours, and finally, demonstrating that synthetic messenger
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RNA can be injected, translated efficiently in vivo, and its protein products

persist for at least twenty-four hours.
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TABLE1

PERCENT VIABLE

0.5uM 1.0uM 1.5uM

(av) (SD) (av) (SD) (av) (SD)

R-dex 92 (8.3) 74 (11.5) 83 (7.9)
KH-1 93 (2.8 62 (12.0) 50 (1.0)
KH-2 89 (11.7) 63 (7.0) 32 (11.0)
KH-3 88 (17.0) 46 (17.1) 42 (7.1)

The average percent viable embryos recovered from 15 sets of injections
(2@0.5, 12@1.0, 3@1.5) at 24 hours post-fertilization, is shown. Viability is
defined as the ability to form a blastocoel. Injections were performed with 0.5
ug/ul, 1.0 ug/ul, and 1.5 ug/ul. of S-ODN (final molarity is shown in table). av,
average; SD, standard deviation.
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TABLE2

PERCENT NORMAL EMBRYOS

1.0 uM S-OON (24 HRS)

TRIALS

1 2 3 4 5 6 7 av (SO) n

Rdex 96 72 76 78 77 84 50 76.1 (13.9) 1748
KH-1 73 62 89 63 65 72 73 71.0 (9.3) 1476
KH-2 40 66 68 64 80 63 58 62.7 (12.1) 1833
KH-3 35 02 73 31 30 37 00 30.0 (24.5) 2065

Embryos were injected with the sense, KH-1, reverse complement, KH-2,
antisense, KH-3, 19mer S-oligonucleotides or 10 mg/ml rhodamine-dextran
harvested at 24 hours (HRS) and scored for normal development. av, average.
SO, standard deviation. n, number of embryos.
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TABLE 3

PERCENT NORMAL EMBRYOS AT 48 AND 72 HOURS

48HRS 72HRS

SOLUTION AV. % N #OFTRIALS N.av (SO) AV.%N # OF TRIALS N.av (SO)

R-dex 84.2 4 41 11.7 97.3 3 18 4.6

KH-1 81.0 4 34 16.6 98.4 3 28 2.8

01 KH-2 69.0 4 36 24 100 3 21 0
<0

KH-3 52.5 4 31 42 100 3 17 0

All solutions were injected at a concentration of 1.0 uglul. AV. %N, average percent normal embryos, #,
number, N.av, average number of embryos scored for normal development, SO, standard deviation.



TABLE 4

ANTIBODY INJECTIONS

PERCENT NORMAL

SOLN HRS TRIALS av (SD) Nav

RlgG 24 100 76 91 33 83 74 76 25.3 18

48 100 50 100 96 100 100 74 82 88 18.2 20

72 86 78 100 100 75 88 11.8 10
m
0

HB1 24 91 91 10 20 87 83 33 46 50
38 100 66 50 75 60 28.8 10

48 75 79 70 17 89 80 100 100 82
82 100 75 100 100 100 100 84
100 80 66 53 60 82 20.4 11

72 63 90 83 91 100 88 100 73 90
91 82 43 87 83 15.7 11

Embryos were injected with antibodies specific for TgHbox1, denoted in the above table as
HB1 or with rabbit IgG at a concentration of 1-30 mg/ml. Embryos were scored for normal
development at the time indicated. SOLN, injection solution; av, average percent normal; SO,
standard deviation; Nav, average number of embryos scored at each time point.



Solution Time

TABLE 5

RNA INJECTIONS

PERCENT NORMAL av (SD) Nav

Trials 1 2 3 4

R-dex 24hrs 78 55 91 75 75 14.5 38

48hrs 91 69 79 100 85 13.5 44

72hrs 87 89 88 1.1 24

BT100 24hrs 66 75 100 33 69 27.7 19

48hrs 100 66 77 64 81 17.7 17

72hrs 78 95 88 57 80 16.5 43

BT98 24hrs 88 60 93 40 70 24.7 15

48hrs 95 75 75 50 74 18.3 26

72hrs 100 83 100 94 9.8 40

Embryos were injected with synthetic mRNA derived from the lacZ contruct, pBT98,
or the lacZ-TgHbox1 fusion mRNA synthesized from the pBT100 construct. Control
injections were performed with 10 mg/ml Rhodamine-dextran (R-dex). Embryos
were scored for normal development at the above time (hrs, hours). av, average
percent normal; SD, standard deviation, Nav. average number of embryos scored
for normal development per trial.
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TABLE 6

TRUNCATED PROTEIN INJECTIONS

PERCENT NORMAL

HOURS

24

72

R-DEX

63

81

B-GAL

82

80

106

71

75

Embryoswere injected with 100 ng/ul of the truncated 106 protein or 500 ug/ul of
B-galactosidase. Approximately 32 embryos were scored for normal
development in each experiment. B-GAL, B-galactosidase; R-DEX, rhodamine­
dextran, and 106, truncated-TgHbox1 protein expressed from the pBT106
plasmid.
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Figure 1. Specific Degradation of Antisense S-ODN:TgHbox1

transcripts by RNase H in vitro. A 1% agarose-formaldehyde gel of

reactions containing the in vitro transcripts of TgHbox1 with the sense and

antisene S-ODN in the presence of RNAse H. pcHOM1 was linearized

with BgllI and transcribed in vitro using SP6 RNA polymerase. The

transcripts were incubated with S-ODN at 250e for 3.5 hours, then

incubated at 370 e for 15 minutes in the presence of 2 units RNAse H

(Gibco-BRL), extracted with phenol-chloroform, precipitated in ethanol,

run on a 1% agarose-formaldehyde gel, and visualized by ethidium

bromide staining. Lane 1, RNA only; 2, RNA and RNAse H; 3, RNA,

RNAse H, and KH-3 (antisense S-ODN); 4, RNA, RNAse H, and KH-1

(sense S-ODN). Arrow indicates the positio of the cleaved mRNA product

in lane 3.
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Figure 2. Gel Shift Assay for S-ODN. An autoradiography of the

radioactively end-labeled 15mer (500 pg) annealed with the 19mer S­

OON or extracted from injected embryos and electrophoresed on a 20%

non-denaturing polyacrylamide gel is shown. Lane 1, end-labeled 15mer

alone; Lanes 2-4, DNA extracts from 500 S-ODN injected embryos at 2,

19, and 24hrs, respectively, annealed to the end-labeled 15mer; 5-7,

DNA extracts of 500 control embryos at 2, 19, and 24 hrs annealed with

the end-labeled 15mer (2x107 cpm/ug); 8-11, gel-shift with the 19mer s­

OON of 1DOng, 500pg, 100pg, and 50pg, respectively, annealed to the

end-labeled 15mer.
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Figure 3. Persistence of the S-ODN. The square boxes are the

scintillation counts of the gel slices that were cut out from the gel-shifted

bands of the S-ODN injected embryos at 2, 19, and 24 hrs as shown in

lanes 2 to 4 of Figure 2. The diamond boxes are the control scintillation

counts in the gel-shift assay for the uninjected control embryos at 2, 19,

and 24 hrs as shown in lanes 5 to 7 of Figure 2.
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Figure 4. Quantitation of the Gel-Shift Assay. A Graphic representation

of scintillation counts in the gel slices cut out from the gel-shifted bands in

Figure 2 lanes 8-11 for the standard amounts of S-ODN is shown. cpm,

counts-per-minute; pg, picograms.
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Figure 5. Distribution of Injected Antibody in Blastula Embryo. The

top panel is the Differential Interference Contrast (DIC) photo. The bottom

panel is the visualization of the antibody injected embryo by indirect

immunofluorescenceof the embryo injected with 10 ug/ul rabbit IgG (right)

and an uninjected embryo (left). The embryos were fixed as described,

and reacted with 20ug/ml Cacade Blue conjugated goat anti-rabbit

antibody (Molecular Probes).
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Figure 6A. Western 810t Demonstrating the Antibody Persistence.

Western transfer of Iysates prepared embryos injected with 10 ug/ul

polyclonal antibody and uninjected controls is shown. Lanes 1-3, antibody

injected embryos harvested at 2, 24, and 48 hours, respectively; 4-6,

uninjected controls at 2, 24, and 48 hours, respectively. 7, 100 ng rabbit

IgG. 8, 50 ng rabbit IgG; and9, 20 ng rabbit IgG.

Figure 68. Distribution of the Injected Antibody in the Four-Cell

Embryo. Four cell embryo injected with antibody and visualized by

indirect immunofluorescence is shown. The four cell embryo was fixed in

3.7% formaldehye in Tris-buffered filtered sea water (pH8.5) and reacted

with 20 ug/ml Cascade Blue conjugated-goat anti-rabbit IgG (Molecular

Probes).
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Figure 7. LacZ-TgHbox1 Fusion Construct. A diagram of the cloning

of the pBT100 is shown. A translational fusion construct (pBT100) was

cloned to produce a lacZ-TgHbox1 fusion RNA which contains the 3.3 kb

TgHbox1 eDNA (Angerer et aI., 1989) in frame with the lacZ gene. The

pBT98 construct was generated by an exonuclease reaction with Klenow

of the Sphl site in the poly linker of pSpec1 (Gan et. ai, 1988). The

pBT99 construct was generated by digestion of plasmid pBT98 with

EcoRI (which drops out the SV40 poly-adenylation signal), filled-in with

Klenow, then blunt-end ligated with a BamHI phosphorylated 1Orner linker

(NEB). The plasmid pBT99 was partially digested with BamHI, and the

linear form isolated, filled-in with Klenow, and then blunt-end ligated with

the filled-in 3 3 kb EcoRI fragment of pcHOM1 (Angerer, et. al, 1988).

exo'd, exonuclease treated. ", means blunt end site. H, Hind III, Sp, Sphl,

S, Sal
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Figure 8A. pBT98 and pBT100 In Vitro Transcription. A 1% agarose­

formaldehyde gel of the in vitro transcription is shown. In vitro

transcription and poly adenylation of the pBT9S and pBT100 constructs.

paT9S was linearized with Styl, pBT100 was linearized with Mscl , then in

vitro transcribed with T3 RNA polymerase. Aliquots of each were

polyadenylatedwith yeast polyA polymerase (USB). Lane 1, pBT9S RNA;

2, pBT9S RNA-An.; 3; pBT100 RNA; 4, pBT100 RNA-An.

Figure 8B. pBT98 and pBT100 In Vitro Translation. An

autoradioradiograph of in vitro translated mRNA of pBT98 and pBT100 is

shown. One ug of each transcribed mRNA-An was added to a

reticulocyte lysate which contained 35S-Met. Lane 1, reticulocyte lysate

without addition of mRNA; 2, pBT9S mRNA; 3, pBT9S mRNA at a 1:10

dilution; 4, pBT100 mRNA; 5, pBT100 mRNA at a 1:10 diltion; and 6,

reticulocyte lysate control.
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Figure 9A. Western Blot Analysis of pBT98 and pBT100 In Vitro

Translation Products. Western transfer of in vitro translation reacted

with TgHbox1 specific antibodies and developed by ECl detection

(Amersham) is shown. lane 1, reticulocyte lysate without the addition of

mRNA; 2, pBT9S mRNA; 3, pBT9S mRNA at a 1:10 dilution; 4, pBT100

mRNA; and 5, pBT100 mRNA at a1:10 dilution.

Figure 98. 32p-RNA Dectection Level Limits. The autoradiograph of

various dilutions of radioactively end-labeled pBT100 mRNA (7 day

exposure) is shown. The RNA was end-labeled with 32p-CTP as

described (specific activity= 3x105 cpm/ug RNA). lane 1, 1:20; 2, 1 ul

(undiluted); 3, 1:20; 4, 1:50; 5, 1:100; and 6, 1:100, where each value

represents 1 ul of the stated dilution.
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Figure 10. Western Blot of LacZ-TgHbox1 Fusion Protein. A Western

transfer of Iysates prepared from embryos that were injected with 1 ug/ul

pBT100 mRNA or uninjected at the specified time points (hours post­

fertilization) is shown. The blot was reacted with antibodies specific for B­

galactosidase (Sigma). Lane 1,3 hour lysate from embryos injected with

pBT100 RNA; 2, 3 hour uninjected lysate; 3, 24 lysate from pBT100 RNA

injected embryos; and 4, 24 hour uninjected lysate.
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Figure 11. Distribution of lacZ-TgHbox1 Fusion Protein In Vivo. In

direct immunofluorescence of a 4 cell embryo injected with pBT100 mRNA

that was reacted with anti-B-galactosidase monoclonal antibody (Sigma)

and developed with 20 ug/ml Cascade Blue conjugated goat anti-rabbit

IgG (Molecular Probes) is shown.
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Figure 12. pBT106 Construct. The truncated TgHbox1 vector construct

is shown. The pBT106 plasmid produces a truncated-TgHbox1 protein

with a six histidine amino acid tail for easy purification. The TgHbox1

genomic clone p2/RH (Dolecki et. ai, 1986) was digested with AfllJl (NEB),

filled-in with Klenow, digested with EcoRI and the resulting 432 bp

fragment isolated. The plasmid p24A (Novagen, Madison, WI) was

digested with Xhol, filled-in with Klenow, digested with EcoRI, and then

ligated to the 432 bp p2/RH (Dolecki, et al. 1986) fragment forming

pBT105. The plasmid pBT105 was digested with Pstl, 3' exonucleased

with T4 DNA polymerase, digested with BamHI, filled-in with Klenow, and

then ligated to a BamHI phosphorylated 10mer linker (NEB); this resulted

in the construct pBT106. A", AfII" cleaved site filled in with Klenow; B,

BamHI; MeS*, multi-cloning site of pET24a which contains the BamHI site

shown in pBT105 and 106; P, Pstl; RI, EcoRI; and TI, TI promoter
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Figure 13A. p8T106 In Vitro Transcription. A 1% agarose­

formaldehyde gel of the transcribed RNA is shown. pBT106 was

linearized with either Clal or Mscl and transcribed with T7 RNA

polymerase. Lane 1, RNA markers; lane 2 , empty, 3, pBT100 RNA; 4,

pBT106 RNA (digested with Clal); and 5, pBT106 RNA (degested with

Mscl).

Figure 138. pBT106/n Vitro Translation. An autoradiograph of in vitro

transcription of pBT106 RNA is shown. pBT106 RNAs were added to a

reticulocyte lysate that contained 35S-Met. Lane 1J reticulocyte lysate

without any RNA; 2, translated pBT106 RNA from plasmid digested with

Clal; and 3. translated pBT106 RNA from plasmid digested with Mscl.
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Figure 14A. Western Blot of pBT106 Bacterial Induction Products. A

Western transfer of Iysates from the bacterial induction of pBT106 is

shown. Lane1, uninduced; 2, induced (T=30 minutes); 3, flow through

fraction of column; 4-5, column wash; and 6, eluted fraction.

Figure 14B. Truncated TgHbox1 Protein Purification. An SDS-PAGE

of protein purification is shown. Purification of the truncated protein by

nickle-sepharose column chromotography. Lane 1, protein mw markers;

2, flow through fraction; 3-4, column wash fractions; 5-7, column elution

fractions; 8, uninduced lysate; and 9, induced lysate.
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Figure 15. Western Blot Demonstrating Truncated TgHbox1 Protein

Persistence. A Western transfer of Iysates prepared from embryos

injected with 100 ng/ul truncated TgHbox1 protein or uninjected controls

is shown. Lane 1, 24 hour injected lysate; 2, 48 hour injected lysate; 3,

24 hour uninjected lysate; 4, 48 hour uninjected lysate; 5, 100 pg

truncated TgHbox1 protein; and 6, 20 pg truncatedTgHbox1 protein.
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