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ABSTRACT 

This thesis describes an in situ hybridization protocol applicable 

to preimplantation mouse egg and embryo sections for the detection and 

localization of RNA transcription products. 

Histological techniques for the fixation, embedding and sectioning 

of early mouse embryos were developed. To assess RNA retention by 

cytological fixatives, morula or blastocyst stage embryos were 

pre-labelled with [3H]-uridine or [3H]-adenine and the incorporated 

radioactivity was measured after various fixation procedures and 

autoradiographs of sections subjected to a mock hybridization were 

compared. paraformaldehYde (4%) and Carnoy's fixative were found to be 

optimal. Previously published in situ hybridization pretreatment 

protocols applied to embryo sections were necessary in order to deter 

non-specific binding of probe and increase access of probe molecules 

through the cellular matrix. 

In situ hybridization results with an oligolabelled, tritiated 

histone H3.2 DNA probe to paraformaldehYde- or Carnoy's-fixed embryo 

sections were variable and generally unsatisfactory. The low signal-to-

noise ratios obtained were probably due to probe self_reassOciatiOn with 

concomittant impedence to target mRNA sites. Artefactural enhancement 

of the hybridization signal was also observed in ribonuclease A 

pre-treated ( control) sections. Furthermore, signals generated with 

• tritiated DNA probes required lengthy exposure times, thereby reducing 

the efficiency of detection. 



In situ hybridizations with asymmetric RNA probes were successful 

in detecting histone H3 and Ui snRNA gene transcripts. A 0.9 kb histone 

H3.2 fragment was cloned into the pT7/T3-18 and pT7/13-19 transcription 

vector systems, [35S]-UTP labelled anti- sense ( probe) and sense 

(control) strand RNA transcripts were synthesized in vitro with 13 

polymerase and hybridized to Carnoy's-fixed egg and embryo sections. 

Histone H3 mRNA was observed to be evenly distributed at all embryonic 

stages tested. On the basis of relative grain densities, however, a 

reduction in the hybridization signal at the 2- cell stage was observed. 

This finding is in agreement with previously published biochemical data 

for histone H3 expression in early mouse embryos. Hybridizations were 

also performed on identical embryonic stages with in vitro transcribed 

[35s]-UTP labelled Ui snRNA anti-sense transcripts. Ui snRNA was 

observed to be stable and preferentially localized to the nuclei of 

developing eggs and embryos and dispersed throughout the cytoplasm of 

the unfertilized egg upon the breakdown of the germinal vesicle. 

Results with the Ui probe are in accordance with the nuclear splicing 

function of Ui small nuclear ribonucleoproteins ( snRNPs). 
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INTRODUCTION 

A fundamental concern of developmental biologists is how cellular 

heterogeneity can be generated from a precursor population of 

genotypically identical cells. Information about the mechanisms 

involved in the elaboration of cellular heterogeneity is derived from 

both morphological and molecular lines of investigation; namely, ( 1) 

cellular interactions and positional differences of embryonic cells and 

(2) differential gene expression of embryonic cells. This thesis is 

concerned with the description of a molecular cytological technique 

applied to early mouse embryos that has the potential to facilitate the 

investigation of the above mechanisms. 

The preimplantation mouse embryo is a useful experimental system to 

study the changes involved during early mammalian embryonic development. 

Mice are relatively inexpensive, embryo numbers can be increased by 

superovulation ( Gates, 1971), and techniques for the recovery, 

manipulation and culture of preimplantation mouse embryos have been 

firmly established ( see Hogan et al., 1986). Through the induction of 

ovulation, via the timed administration of gonadotrophins ( superovula-

tion), yields of 30 to 35 eggs ( or early embryos) are possible in 

reproductively mature female mice. Of equal importance is the fact that 

eggs ( and subsequently early embryos after fertilization) are 

more-or- less developmentally synchronized within a group of mice 

subjected to the same regimen of hormonal stimulation. Finally, the 

• development of preimplantation mouse embryos is sufficiently slow to 

allow particular developmental events to be investigated; cleavage times 

vary between 12 to 24 hours and it takes 4.5 days to proceed from 
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ovulation and fertilization to embryo implantation at the blastocyst 

stage. By this stage, the first two cell types are clearly 

distinguishable by both morphological and biochemical criteria. 

1. Morphogenesis of the Preimplantation Mouse Embryo  

The differentiative fate of mouse embryonic cells is dependent upon 

the number of cell contacts that are made during early cleavage stages 

and is also related to their subsequent positional differences ( Johnson, 

1981). Early morphogenesis can be divided into three major events: 

early cleavage, compaction and polarization. Photomicrographs of the 

various stages of preimplantation mouse development are provided in 

figure 1. 

Approximately 20 hours post-fertilization, the one- cell mouse egg 

enters the first cleavage division to generate the 2-cell embryo. 

Successive cleavages follow at roughly 12 hour intervals as the early 

embryo travels along the distance of the oviduct to reach the 8-cell 

stage, a time when blastomeres are still of an equal size and distinct 

in outline. Dramatic reorganization ( called compaction) of cell 

structure occurs at the late 8- cell stage, when individual blastomeres 

flatten out against each other to maximize cell contact and to minimize 

intercellular space. Specialized intercellular junctions are formed. 

Concomittant with compaction, the blastomeres become radially polarized 

as judged by the apical location of microvilli and ligand binding sites 

(Ziomek and Johnson, 1980), while the nucleus occupies a basal position 

(Reeve and Ziomek, 1981). The result of compaction and polarization is, 

ultimately, a fixation of cell. position with respect to the inside or 

outside of the embryo ( Tarkowski and Wroblewska, 1967). 
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Figure 1  

Mouse oocytes, eggs and preimplantation stages of development. 

Stages are as follows: 

(a) mature oocyte with surrounding follicular cells just prior to 

ovulation, 

(b) unfertilized egg with one polar body at 16 hours post-HCG, 

(c) fertilized egg with two polar bodies at 20 hours post-HCG, 

(d) 2- cell embryo at 42 hours post-HCG, 

(e) 4-cell stage at 54 hours post-HCG, 

(f) non-compacted 8- cell embryo at 66 hours post-I-ICG, 

(g) compacted 8-cell morula at 73 hours post-HCG, 

(h) early cavitating blastocyst at 90 hours post-HCG, 

(i) mid-blastocyst stage at about 100 hours post-HCG. 

All times are given in hours after administration of human 

chorionic gonadotrophin ( HCG) to initiate ovulation. Abbreviations used 

are: p, polar body; zp, zona pellucida; 1CM, inner cell mass; t, 

trophectoderm. The scale bar in panel h is 50 tim. All photomicrographs 

were taken with a Zeiss IM- 35 inverted phase contrast microscope. 
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- Once compaction and polarization, of the early embryo are complete, 

it is transported from the oviduct to the uterus. The two sets of cells 

generated are not only phenotypically distinct but also tend to 

differentiate along different lineages depending upon the position which 

they previously had within the compacted morula. The outer cells which 

have a distinct pole of microvilli and ligand binding sites contribute 

primarily to the outer trophectoderm within the 64- to 128- cell 

blastocyst. Inner apolar cells are uniformly covered with a sparse coat 

of microvilli, are more adhesive and tend to generate the inner cell 

mass ( 1CM) ( Ziomek et al., 1982). These two cell lineages, the 

trophectoderm and 1CM, are of extreme importance to the preimplantation 

embryo. The 1CM, prior to implantation, differentiates into primitive 

ectoderm and primitive endoderm. The trophectoderm along with the 

latter tissue give rise to the embryonic component of the placenta. The 

primitive ectoderm develops into the embryo proper. 

Gene Expression in the Preimplantation Mouse Embryo  

Over the past decade a vast amount of information has been compiled 

with respect to the molecular events associated with preimplantation 

mouse development ( for review see Schultz, 1986a). The major levels at 

which control over the differential expression of a particular gene can 

be exerted are: ( 1) transcription, ( 2) post-transcription, ( 3) transla-

tion, and ( 4) post-translation. 

The initiation and rate of messenger RNA (mRNA) transcription by 

RNA polymerase II is considered the most important level of control. 

Once synthesized most mRNA species undergo a number of processing ( post-

transcriptional) steps which include the addition of a methylated 
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guanbsine cap (m7GS'pppSXmpY ... ) to the 5' end ( capping), the removal 

of intervening sequences ( splicing) and the 3' addition of adenosine 

residues ( polyadenylation). The initiation and efficiency of 

translation of the mRNA species into a polypeptide product constitutes 

the next leVel of control. Once translated, the polypeptide can be 

enzymatically modified to yield the final protein product. 

Direct and indirect experimentation has assessed the above levels 

of control of differential gene expression during early oocyte growth to 

the ovulated egg and early embryonic development to the blastocyst 

stage. In brief, the preimplantation mouse embryo relies heavily upon 

the maternal inheritance ( post-transcriptional control) of informational 

macromolecules for its first cleavage but development from the 2-cell 

stage onward is largely controlled by active transcription of the zygote 

genome ( transcriptional control). 

The newly-ovulated mouse egg is fully equipped with critical 

developmental proteins and the machinery necessary for protein synthesis 

(for review see Bachvarova, 1985). Specifically, each egg contains 

about 28 ng of protein ( Brinster, 1967), 0.35 to 0.5 ng of total RNA 

(Olds et al., 1973 and Piko and Clegg, 1982) and approximately 20 pg of 

poly(A ' RNA ( Piko and Clegg, 1982) that constitutes about seven percent 

of the total RNA content. The inhibition of transcription, either by 

physically enucleating eggs or a-amanitin treatment ( Braude et al., 

1979; Petzoldt et al., 1980; Flach et al., 1982; Bolton et al., 1984) 

does not affect the pattern of protein synthesis and protein 

modification during early development of the egg to the early 2-cell 

stage. That is, changes are regulated post-transcriptionally and 
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development to the 2-cell stage can occur in the absence of 

transcription. Experimental investigation has provided evidence for the 

transition from maternal inheritance to active transcription by. the 

zygotic genome during the period of this first cleavage ( for review see 

Schultz, 1986b). 

A primary means of studying RNA synthesis is to provide 

[3H]-uridine as a precursor and to measure the absolute rate of 

synthesis based on the specific activity of precursor pools ( Clegg and 

Piko, 1977). Clegg and Piko ( 1983a, 1983b) have re-examined earlier , 

pre-labelling experiments with [3H]-adenosine as the precursor of choice 

since it is more readily taken up by early mouse embryos than uridine. 

Although they did measure a very low level of heterogeneous RNA 

synthesis in one-cell embryos, their results concurred with earlier 

studies in which the synthesis of the major classes of RNA was not 

readily detected until the 2-cell stage ( Clegg and Piko, 1977; Levey et 

al., 1978; Piko and Clegg, 1982). When RNA polymerase activity in 

fertilized eggs is inhibited by c-amanitin or actinomycin D, development 

does not proceed beyond the 2-cell stage ( Golbus et al., 1973; Warner 

and Vesteegh, 1974). These results indicate a need for active 

transcription for embryonic development to proceed beyond this point. 

Other studies have utilized the expression of the paternal genome after 

fertilization as an indicator of zygotic transcription since the sperm 

does not contribute mRNA to the egg. The presence of genetic variants 

of paternal -glucuronidase ( Wudl and Chapman, 1976) and 2-niicroglobu-

lin ( Sawicki et al., 1982) have been detected at the late 2-cell stage 

confirming the utilization of the embryonic genome by this period of 

development. 
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By pre.- labelling RNA during oocyte growth, Bachvarova and DeLeon 

(1980) demonstrated a 40% loss of bulk maternal RNA within 24 hours of 

fertilization. Indirect methods utilizing the hybridization of 

[3H]-poly(U) to embryonic poly(A) RNA have also demonstrated the 

decline in maternal mRNA stores. Levey et al. ( 1978) hybridized 

[3H]-poly(U) in solution to poly(A) ' RNA extracted from eggs and early 

embryos, whereas Piko and Clegg ( 1982) showed the cellular distribution 

of poly(A) tracts by hybridizing radiolabelled poly(U) to sections of 

eggs and early embryos in situ. Both groups observed a 70% loss of 

total poly(A) RNA by the late 2-cell stage followed by a steady 

increase in later stages ( presumably due to active transcription). 

Furthermore, exogenously introduced ylobin mRNA, although initially 

translated in the one-cell egg, is actively eliminated by the 2-cell 

stage (.Brinster et al., 1980). 

Recently, the changes in abundance of specific classes of 

non_polyadenYlated ( histone) and polyadenylated ( actin) mRNA have been 

examined. These genes were chosen because of earlier reports of the 

substantial synthesis of histone ( Kaye and Church, 1983) and actin 

(Abreu and Brinster, 1978) proteins in preimplantation mouse embryos and 

the availability of recombinant probes and techniques to measure the 

mRNAs coding for these proteins. Total nucleic acid was extracted from 

pools of eggs and early embryo stages, resolved electrophoretically, and 

following Northern transfer was hybridized to 32 P-labelled histone H3.2 

(Sittman et al., 1981; Giebeihaus et al., 1983) and actin DNA ( Fyrberg 

et al., 1981; Giebelhaus et al., 1985). By comparing the level of 

hybridization of early eggs and embryos to histone and actin probes with 

that of a standard RNA preparation, they were able to calculate the 
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amount of the specific mRNAs at each developmental stage ( Giebelhaus et 

al., 1985; Graves et al., 1985). Their results showed a marked decline 

in the level of histone and actin mRNA at the mid 2-cell stage compared 

to ovulated eggs.This was followed by a steady increase in the amounts 

of both messages from the late 2- cell stage to the blastocyst. A 

similar pattern was observed utilizing probes from histone H2a and H2b 

(Graves et al., 1985). The results they obtained paralleled the 

observations of Piko and Clegg ( 1982) and Clegg and Piko ( 1983a) for the 

loss of total maternal poly(A) mRNA and a later recovery of mRNA 

content by active embryonic transcription. 

Development of In Situ Hybridization Methods  

Many of the advances in molecular biology can be attributed to the 

discovery and use of restriction endonucleases to allow production of 

recombinant DNA molecules that can be used to identify homologous 

sequences in DNA and RNA through nucleic acid reassociation methods. 

The kinetics and parameters affecting nucleic acid reassociation in 

solution have been well-defined ( Britten and Kohne, 1968; Britten et 

al., 1974). Similar conditions and parameters appear to apply to 

situations where one nucleic acid strand in solution is hybridized to 

another immobilized on a solid support ( Southern and Northern blots) 

except that the rate of reassociation is markedly reduced ( see Meinkoth 

and Wahl, 1984, for review). 

In the late 1960s the researchers Gall and Pardue ( 1969) introduced 

cytological or in situ hybridization techniques to detect specific 

nucleic acid sequences immobilized in their cellular environments. The 

further improvement of in situ hybridization protocols and the 
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interpretation of the corresponding results has depended heavily upon 

developments in the areas of solution and filter hybridization 

techniques. 

There are two general types of in situ hybridization: ( i) to 

nuclear DNA and ( ii) to cellular RNA. Hybridization to nuclear DNA was 

the first to be described and has been instrumental in mapping the 

chromosomal locations and functional organization of specific gene 

sequences ( for review see Pardue and Gall, 1975). Hybridization to 

cellular mRNA is somewhat more recent and has allowed researchers the 

ability to study the expression of a particular gene at the level of a 

single cell ( for review see Angerer, R.C. et al., 1985). The potential 

of in situ hybridization to detect, quantitate and localize mRNAs at the 

cellular level has made it an appealing technique to molecular, cellular 

and developmental biologists. It is especially promising in systems 

where amounts of material are limiting such that conventional techniques 

of dot and Northern blotting for RNA detection are inappropriate. 

Abundant cellular mRNA ( Venezky et al., 1981) and transcripts of 

viral origin ( Brahic and Haase, 1978) have been detected in whole tissue 

culture ( Godard and Jones, 1979; Harrison et al., 1973) or animal cells 

(Saber et al., 1983; Haase et al., 1982) and in sectioned tissues 

(Maitland et al., 1981; McAllister et al., 1983) or embryos ( Angerer and 

Angerer, 1981; Jeffery et al., 1983) using in situ techniques. Probes 

for the detection of RNA transcripts have included synthetic poly(U) 

(Lamb and Laird, 1976; Capco and Jeffery, 1978; Angerer and Angerer, 

1981), cDNA ( John et al., 1977; Jeffery et al., 1983) or double-stranded 

cloned DNA ( Venezky et al., 1981; Jeffery et al., 1983) and single-

stranded in vitro transcribed RNA ( Cox et al., 1984; Angerer, L.M. et 
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al., 1985). Detection of hybrids has used both autoradiographic and 

non_autoradiographic methods depending upon the initial label on the 

probe molecules. Radioactive probes are commonly used, and although 

tritium has been the label of choice ( Angerer and Angerer, 1.81; Edwards 

and Wood, 1983) several researchers have found success with 
125 1 

(Scheller et al., 1984; McAllister et al., 1983), 35S ( Kornberg et al., 

1985; Zawatzky et al., 1985), and 32 P ( Hudson et al., 1981; Coghlan et 

al., 1985). Non_autoradiOgraphic detection is based upon 

immunohistochemical protocols whereby the probe is labelled with 

biotin-substituted nucleotides ( Langer et al., 1981) and detected by 

biotin-specific antibodies which are conjugated to fluorescent ( Singer 

and Ward, 1982) or enzymatic agents ( Brigatti et al., 1984). 

Although in situ hybridization procedures to nuclear DNA have 

become generally quite standardized, researchers who have taken 

advantage of techniques to detect cellular mRNA concur that there is not 

a single, optimal cytological hybridization protocol. This seems to be 

associated directly with the heterogeneity of cells, tissues or embryos 

under study. Thus, hybridization protocols are altered or adapted to 

each biological system. There are, however, basic requirements which 

must be met by every protocol in order for cellular mRNA to be detected. 

Cytological hybridization techniques must preserve the morphology of 

cells or tissues of interest, must not remove, modify or change the 

location of target mRNA and must leave cellular mRNA accessible to the 

hybridization probe. 

Cytological preservation via fixation has proven to be one of the 

most critical and variable components of in situ hybridization 

techniques. Although few studies have compared the effect of different 
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fixatives on resultant hybridization signals (Angerer and Angerer, 1981; 

Bentley and Singer, 1985; Moench et al., 1985), it is accepted that the 

choice of fixative involves a compromise between the preservation of 

morphological detail and the accessibility of probe to target mRNA. 

Fixatives used fall under two categories: ( i) coagulants, such as 

ethanol:acetic acid which precipitate macromolecules and, ( ii) additive 

fixatives which chemically crosslink RNA to proteins and includes the 

aldehyde classes of fixatives. Thus, accessibility would be increased 

in preparations fixed with coagulants and morphological detail would be 

superior with additive fixatives. Successful hybridization signals have 

been attained generally with ethanol : acetic acid fixatives (Akam, 1983; 

Edwards and Wood, 1983), glutaraldehyde ( Angerer and Angerer, 1981; Cox 

et al., 1984) and paraformaldehyde ( Gee and Roberts, 1983; Hafen et al., 

1983). 

Specimens for cytological hybridization are visualized under the 

light microscope. Thus they must lie relatively flat on microscope 

slides. Whole cells have been used and are generally grown as 

monolayers or dispersed onto microscope slides and fixed before 

hybridization. Generally tissue or embryos once fixed are mounted in a 

supporting medium such as paraffin wax ( Angerer and Angerer, 1981; 

Jeffery et al., 1983; Brigatti et al., 1984) or methacrylate ( Jamrich et 

al., 1984) or quick-frozen whole ( Gee and Roberts, 1983; Hafen et al., 

1983) and sectioned between 1 pm to 10 pm in thickness and attached to 

slides. 

Pre-treatment of fixed whole cells or sections has been necessary 

to increase the accessibility of probe for hybridization and to decrease 

the background binding of probe to cellular material ( Brahic and Haase, 
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1978). Mild protease treatments with pronase ( Hafen et al., 1983; 

Brigatti et al., 1984) or proteinase K ( Brahic and Haase, 1978; Angerer 

and Angerer, 1981) before hybridization have been found to increase the 

hybridization signal by partially removing cellular proteins. 

Optimization of the signal is dependent upon the choice of protease, its 

concentration' and digestion time in conjunction with the fixative 

previously used ( Angerer, R.C. et al., 1985). Cellular proteins are 

often acetylated with acetic anhydride to reduce non-specific binding of 

probe by changing their net charge ( Hayashi et al., 1978). Verification 

that target sequences are indeed RNA involves the use of an appropriate 

RNAse control. Prehybridization with an appropriate reaction mixture 

excluding the labelled probe also contributes substantially to a reduced 

background ( signal-to-noise ratio). 

Hybridizations are done in a buffered solution containing the 

solubilized, labelled probe. The components of the mixture provide the 

necessary elements to promote hybrid formation and a reduction in non-

specific binding of the probe ( i.e., noise). Thus salt and unlabelled, 

non-specific carrier nucleic acids are standard inclusions. Formamide 

is added to lower the temperature of hybridization ( McConaughy et al., 

1969), a necessary step for retention of sections on slides during the 

procedure. The effective concentration of probe in the hybridization 

solution is increased by the addition of dextran sulfate (Wetmur, 1975; 

Wahl et al., 1979). The latter has also been found to be important in 

protecting cellular mRNA from nuclease degradation ( Bentley and Singer, 

1985), thus maximizing the hybridization signal. 

As in solution hybridization, the temperature for in situ  

hybridization and thermal stability of duplexes is based upon the size 
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of the probe used, the type of nucleic acid probe ( i.e., symmetric DNA 

probe or asymmetric RNA probe)'; the concentration of salt and formamide 

in the hybridization mixture, and the difference in destabilizing effect 

of formamide on symmetric and asymmetric probes ( for review, see Angerer 

et al., 1985). 

Once hybridization has been completed it is necessary to remove 

unreacted probe by washing. Although washing procedures are variable, 

stringent conditions are chosen by a combination of temperature and salt 

concentration slightly lower than the Tm of the hybrids ( Cox et al., 

1984; Angerer, R.C. et al., 1985). Preliminary in situ hybridizations 

are generally done at slightly reduced criteria to assess the signal 

produced by the probe and compare it with that of the control probe. 

The use of RNA probes requires digestion with RNAse A to reduce 

background noise by removingunhybridized single-stranded probe from the 

cellular matrix while leaving double-stranded hybrids intact ( Cox . et 

al., 1984). 

Autoradiographic methods are frequently employed to detect the 

presence of hybrids ( Angerer, R.C. et al., 1985). After the unreacted 

probe is removed, the slides are dehydrated, coated with 

autoradiographic emulsion containing silver halide cystals in a gelatin 

matrix, and exposed in the dark. Beta radiation emitted from the 

hybrids, enters the emulsion layer and hits the silver halide crystals. 

A latent image, or reduced speck of silver, appears in the crystal. 

Development reduces the silver halide to metallic silver which appears 

as a visible black dot over the site of origin in the specimen ( i.e. the 

location of the hybrid) at the level of the light microscope. ( Rogers, 

1979). 
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The isotope, tritium, has generally been employed for use with 

small cytological structures as it is a low energy beta emitter. Thus, 

particles in the specimen penetrate less than 3 pm through cellular 

material and provide for superior resolution (Mauer and Primbsch, 1964; 

Peic and Welton, 1967). Although tritium- labelled probes offer several 

advantages, including relative safety and stability, their major 

disadvantage is that long exposure times are required for detection 

(Coghian et al., 1985). Autoradiographic sensitivity and efficiency can 

be increased by using isotopes of higher specific activities such as 

125k ( Jeffery et al., 1983) and 35S ( Haase et al., 1984) which reduce 

the time necessary to detect the signal from hybrids formed in situ. 

Thus, exposure time is variable and is dependent upon the radioisotope 

used and the abundance of message to be detected ( Angerer, R.C. et al., 

1985). 

After development and fixation of the slides the specimen under 

investigation is stained. The choice of cytological stain(s) is 

dependent upon its ability to penetrate the emulsion and the cellular 

constituents which need be visualized. Furthermore the stain must not 

interfere with the detection of silver grains or promote loss of grains 

(Rogers, 1979). Generally only light cytoplasmic and/or nuclear 

staining is required. 

Cellular Localization of mRNAs in Development  

The application of cytological hybridization to a variety of 

developmental systems has provided researchers with a method for 

analyzing patterns of gene expression during embryonic development ( for 

review, see Angerer, R.C. et al., 1985). Temporal, and more 
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importantly, spatial information with respect to the regulation of 

specific mRNAs can be gained in systems where embryonic material is 

limited or the separation of embryonic cell lineages is not possible. 

The method also has the potential to detect less abundant mRNAs coding 

for particular proteins that may be critical for cellular 

differentiation and that would not normally be detected using 

conventional biochemical procedures. 

Hybridization protocols to cellular mRNA were established using 

poly(U) as a probe because it generates significant signals over short 

periods of time due to its low complexity, its high specific activity 

when all nucleotides are labelled and because of the abundance of 

poly(A) tracts in embryonic material. Thus the net changes and 

distribution of bulk mRNA have been assayed in such diverse embryos as 

insects ( Lamb and Laird, 1976; Capco and Jeffery, 1978), ascidians 

(Jeffery and Capco, 1978), nematodes ( Hecht et al., 1981), annelids 

(Swalla et al., 1985), sea urchins (Angerer and Angerer, 1981), frogs 

(Wakahara, 1981; Capco and Jeffery, 1982; Phillips, 1985) and mice ( Piko 

and Clegg, 1982). Hybridization protocols were subsequently refined 

using available double-stranded cloned DNA or single-stranded cDNA 

probes to detect known abundant message such as histone ( Venzky et al., 

1981; Jamrich et al., 1984) and actin ( Jeffery et al., 1983; Edwards and 

Wood, 1983) in early developing embryos. With the availability of 

transcription vector systems whereby large amounts of high specific 

activity RNA transcripts can be efficiently made, there has been a 

general trend towards using asymmetric RNA probes for cytological 

hybridizations due to the increased sensitivity which they offer ( Cox 
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et al., 1984; Angerer, L.M. et al., 1985; Angerer et al., 1986; Cox et 

al., 1986). 

The focus of this thesis is the development of in situ  

hybridization techniques for the study of mRNA localization in mouse 

eggs and early embryos. The value of this molecular approach in early 

mouse embryology cannot be overemphasized because the limited numbers of 

eggs or embryos per mouse available render conventional analyses of gene 

expression both expensive and time consuming. The bulk of the studies 

were conducted to optimize the method and were directed toward the 

analysis of histone H3 mRNAs. These mRNAs were chosen because the genes 

are expressed throughout early mouse development and the mRNAs are 

abundant ( Giebeihaus et al., 1983; Graves et al., 1985). Because of 

their abundance, it was hypothesized that times required for 

autoradiographic detection would be relatively short, thereby providing 

a useful system to compare a number of variable parameters within the 

procedure. Both coagulant and additive fixatives have been analyzed as 

well as a comparison of cloned DNA probes versus complementary 

ri boprobes. 

On the basis of the identification of the most successful set of 

parameters in detection of histone H3 mRNAs in mouse eggs and early 

embryonic material, the in situ hybridization procedure was then applied 

to an analysis of Ui small nuclear RNAs. During the 

post-transcriptional process of splicing of messenger RNA precursors in 

mammalian cells, recognition of the 5' boundary of an intron involves 

small ribonucleoprotein particles ( nRNPs) containing Ui small nuclear 

RNA ( Black et al., 1985; Kramer and Maniatis, 1985). In Xenopus  

oocytes, the Ui RNA content is high in growing Oocytes that are in the 
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process of accumulating stored maternal mRNA but the amount of Ui snRNA 

decreases 25-fold in the ovulated egg and early embryo when 

transcription is negligible. The content increases again when 

transcription resumes in the blastula to gastrula transition period of 

embryogenesis ( Zeller et al., 1983; Fritz et al., 1984). Using lupus 

antibodies ( anti-Sm) it was also demonstrated that in Xenopus  

fully-grown oocytes and embryos prior to gastrulation, snRNPs containing 

Ui snRNA are relatively depleted in nuclei ( their site of function) but 

an excess of snRNA-binding proteins is stored in the cytoplasm ( Zeller 

et al., 1983). The stored proteins presumably are available to complex 

with new Ui snRNA transcripts when transcription resumes at the gastrula 

stage. It is of interest to note that, on the basis of Northern blot 

experiments, Ui snRNA content in growing mouse oocytes, unfertilized 

eggs and fertilized eggs remains more-or- less constant and is comparable 

to the amount in somatic cells ( Kaplan et al., 1985). It was, 

therefore, of particular interest to define the subcellular location of 

the Ui snRNAs during nuclear breakdown of the germinal vesicle during 

meiotic maturation of mouse oocytes and the resultant reappearance of 

zygote nuclei following fertilization. The relative abundance and 

subcellular location of. U1 snRNAs in 2-cell embryos and later stages of 

development that are actively undergoing new mRNA synthesis has also 

been examined. 
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MATERIALS AND METHODS 

I. Animals and Embryo Recovery  

Superovulation of seven week-old female Swiss random-bred CD1 mice 

(Charles River, Canada) was induced by intraperitoneal ( i.p.) injection 

with 7.5 I.U. of pregnant mare serum gonadotrophin ( Folligon, Invert. 

Cambridge, U.K.) followed 48 hours later with an i.p. injection of 7.5 

I.U. of human chorionic gonadotrophin ( HCG, Sigma). Females used for 

the recovery of fertilized eggs and embryos were single-mated overnight 

with CD1 males. The presence of a copulation plug the following morning 

was the criterion used to indicate insemination had occurred and was 

designated day one of pregnancy. 

On day one, approximately 16 hours post-HCG, females were 

sacrificed and their oviducts removed. Unfertilized or fertilized eggs 

were dissected from the ampullary segment of the oviduct and freed from 

cumulus cells by exposure to hyaluronidase ( 355 units 1 ml; ovine 

hyaluronidase, Gibco) in M2 medium ( Whittingham, 1971) containing 0.4% 

(w/v) bovine serum albumin ( BSA; Pentex Bovine Albumin Crystalline, 

Miles Laboratories Inc.) for 10-15 minutes at room temperature. Medium 

containing eggs and cumulus cells was passed through a filter made with 

Nitex monofilament screen mesh ( B. and S.H. Thompson, St. Laurent, 

Quebec). The smaller cumulus cells passed through the mesh with media 

washes. The screen was then inverted and the eggs collected with fresh 

medium in a clean, glass culture dish. Egg preparations were then freed 

from any remaining clumps of contaminating cumulus cells by several 

transfers to fresh M2 medium using a pulled Pasteur pipette. 
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Two-cell, four-cell, non- compacted eight-cell and early morula 

stage embryos were recovered at 42-44, 54-56, 66-68 and 74-76 hours 

post-HCG, respectively, by flushing M2 medium through the firmbriated 

end of the oviduct with a syringe and #30G needle ( Becton, Dickinson and 

Co.). For blastocyst stage embryos, uteri from females at 92-94 hours 

were flushed post-HCG with medium. Embryos were washed by several 

transfers through fresh medium and morphologically abnormal or 

stage- retarded embryos were discarded. 

Ovarian oocytes were isolated in a different manner. Female mice 

received an i.p. injection of 7.5 I.U. of pregnant mare serum 

gonadotrophin and their ovaries were dissected out 40-42 hours later. 

Adipose and "connective tissue were removed and the ovaries punctured 

with a #26G needle ( under a dissecting microscope) to release both 

mature and immature follicles. The released follicular clumps were 

dissociated by gentle pipetting and transferred to fresh medium ( Schultz 

et al., 1979; Sanford et al., 1984). 

II. Fixation, Embedding and Sectioning of Preimplantation Mouse 

Embryos  

The following protocols were designed to comply with standard 

histological procedures for the fixation, embedding and sectioning of 

tissue ( Lillie, 1965). The small size of preimplantation mouse embryos 

was a major obstacle. Thus, alternative methods were introduced to 

compensate for the difficulties in manipulation and visualization of the 

eggs and early embryos during processing steps. 
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A. Fixation  

Once eggs or embryos of a particular stage were collected, batches 

of 100 to 200 were transferred to autoclaved 0.5 ml polypropylene 

Eppendorf tubes containing 50 ui of M2 medium. All manipulations were 

monitored under a Wild Heerbrugg dissecting microscope. Unless 

otherwise stated, fixatives, buffers and ethanol solutions were passed 

through 0.45 1.im filter units ( Millex; Millipore) prior to their use. 

In addition, borosilicate Pasteur pipettes were previously washed with 

distilled water to remove packaging dust and debris, sterilized by 

baking and flame-pulled into an L- shape to facillitate the removal and 

replacement of solutions into the Eppendorf tubes. These manipulations 

were essential to eliminate the possibility of introducing particulate 

debris into the tubes. Such foreign material was difficult to remove 

and not only interferred with proper sectioning but also marred the 

morphology of embryo sections when in close proximity. 

The embryos were allowed to settle to the bottom of the Eppendorf 

tubes before excess medium was drawn off. Fixative was then carefully 

introduced into the tubes so as to leave the group of eggs or embryos at 

the bottom of the conical end. The less the embryos were dispersed ( and 

maintained a position near the tip of the tubes), the less likely they 

were of being lost or dehydrated in subsequent stages because of 

adherence to the sides of the tubes. 

Three types of fixatives were used in this study: ( i) 4% 

paraformaldehyde ( Fisher) in 0.1 M sodium phosphate buffer, pH 7.4; 

(ii) 1% or 4% glutaraldehyde ( 8% aqueous E.M. grade, Polysciences) in 

0.1 M sodium phosphate buffer, pH 7.4; and ( iii) Carnoy's fixative 

[ethanol/chloroform/acetic acid; 6:3:1 ( v/v)]. Fixation in 
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paraformaldehyde was conducted for 15 minutes at room temperature, 

whereas a thirty-minute fixation time at room temperature was used for 

glutaraldehyde and Carnoy's fixatives. 

B. Dehydration and Embedding in Paraffin  

After the appropriate time, the fixative was withdrawn until only 

about 5 jil remained, an amount just sufficient to cover the eggs or 

embryos at the bottom of the tube. Embryos fixed with paraformaldehyde 

or glutaraldehyde were washed in the Eppendorf tubes for five minutes by 

several changes of - 0.1 M sodium phosphate buffer, pH 7.4, whereas 

Carnoy's fixed embryos were washed with absolute ethanol. The purpose 

of the post-fixation wash was to prevent overfixation and to remove 

residual fixative which could interfere with hybridization ( Goddard and 

Jones, 1980; Capco and Jeffery, 1982; Gee and Roberts, 1983; Bigati et 

al., 1984). 

Buffer was removed from paraformaldehyde- and glutaraldehyde-fixed 

embryos and replaced with 40% ethanol. The embryos were allowed to 

settle and were resubmerged in fresh 40% ethanol. It was necessary to 

rinse the embryos well in large volumes of low percentage ethanol to 

remove the phosphate which would otherwise precipitate out at higher 

ethanol concentrations. The embryos were then dehydrated by 10-minute 

treatments through a graded series of , 70%, 80%, 95%, and absolute 

ethanol. The absolute ethanol treatment was repeated a second time. 

Once in ethanol there was a greater tendency for the embryos to remain 

at the bottom of the tubes and losses of eggs or embryos through 

manipulation were relatively minor in this step of the protocol. 

To aid visualization of embryos during paraffin embedding 

rocedures,.they were prestained, once dehydrated, by incubation in 0.1% 
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(w/v) eosin B (MCB Laboratories) in absolute ethanol for 10 minutes. 

There were three other advantages to using eosin to prestain the 

embryos. Firstly, prestaining provided an indication of complete 

dehydration as embryos would not take up the dye until all traces of 

water were removed. Secondly, eosin readily washed out with water after 

sectioning and did not interfere with autoradiography ( Rogers, 1979). 

Finally, eosin was ultimately used again as a stain in conjunction with 

haemotoxylin once hybridized slides were developed. 

Dehydration steps were not necessary for Carnoy's fixed eggs and 

embryos. Hence, after washing with absolute ethanol they were 

prestained as above. Interestingly, the intensity of prestaining varied 

with the choice of fixative. Carnoy's fixed material prestained the 

most intensely and paraformaldehYde-fixed embryos stained with the least 

intensity. 

Following prestaining, the eosin B solution was removed completely 

and immediately replaced with clearing solution. Xylene was chosen as 

the clearing agent over chloroform because the latter tended to disperse 

the embryos from their submerged location at the bottom of the tube and 

resulted in greater losses. Embryos were cleared for 30 to 45 minutes 

with at least to changes of fresh xylene. At this point any noticeable 

debris was removed. Once cleared, as much xylene as possible was 

removed from the embryos. Failure to remove excess xylene resulted in 

improper infiltration during the embedding process and, subsequently, 

fragile sections. 

Paraplast Pl usTm tissue embedding medium (melting point 56°C, 

Fisher) was carefully introduced into the Eppendorf tubes and placed in 

a paraffin oven at 56°C. Paraplast Plus contains dimethylsulfOxide 
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(DMSO) and penetrated the eggs and embryos faster than standard 

Paraplast and resulted in shorter embedding times, a slightly reduced 

melting temperature, and better sections at 5 um thickness. 

Approximately 15 to 20 minutes later (when the paraffin was completely 

melted), the Paraplast Plus was removed with a warm Pasteur pipette 

without disturbing the bottom one-quarter volume in the tubes and 

replaced with fresh Paraplast Plus. Two more changes of Paraplast Plus 

were required after 10 to 15 minute intervals. Once infiltration was 

complete, the Eppendorf tubes were removed from the oven and cooled at 

4°C for one hour. 

The snap-cap portion of the tubes were cut off with a razor blade 

and a narrow slit made down the side in order to free the paraffin 

block. At this point one could determine if the embedding process was 

successful as properly embedded material was easily released from the 

tubes and the paraffin appeared translucent as opposed to being brittle 

and opaque. 

Although the eggs and embryos were, at this point, embedded it was 

necessary to re-embed them in a square mold with a flat surface for 

sectioning. Under a dissecting microscope the position of the 

prestained embryos in the tubular block was noted and the part of the 

block containing eggs or embryos was cut off with a razor blade and 

transferred to the centre depression of a 7 mm x 7 mm x 5 mm metal 

embedding mold ( Tissue Tek, Miles Scientific) previously treated with 

mold release (Tissue Tek, Miles Scientific). The molds were placed in 

the paraffin oven and the paraffin allowed to melt completely ( 10-15 

minutes) to ensure that the embryos would settle to the bottom prior to 

addition of sufficient Paraplast Plus to completely fill the mold. The 
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molds were then cooled at 4°C for one hour and the paraffin blocks 

released from the molds. 

The central depression portion of the block was retained and excess 

paraffin removed from the block with a razor blade. The block was 

mounted on a wood chuck 3 cm x 2.5 cm x 2 cm by melting paraplast on one 

side of the chuck, affixing the embryo block to it, and sealing the 

edges with more liquid paraplast using a flamed spatula. The mounted 

block was cooled to 4°C before sectioning. Blocks of embedded eggs or 

embryos were stored up to two months at 4°C. 

C. Cleaning and Subbing Glass Slides  

Gold Seal 76 mm x 26 mm microscope slides ( Canlab) were soaked in 

1 N HC1 overnight in glass slide mailers. They were rinsed under cold 

running tap water for two hours, immersed for one hour in absolute 

ethanol to remove traces of grease, thoroughly rinsed with running 

distilled water and air dried before subbing ( Pardue and Gall, 1975). 

Two types of subbing solutions were used. Initially, acid-washed 

slides were subbed with a 0.1% (w/v) gelatin solution made by dissolving 

calf skin gelatin ( Sigma) in distilled water at 37°C for one hour ( Gall 

and Pardue, 1971). Overheating the gelatin solution altered its 

properties such that sections tended to float off during washes ( Cox et 

al., 1986). The gelatin was cooled to room temperature and chromium 

potassium sulfate added to a final concentration of 1 ug/Ml to inhibit 

fungal growth ( Gall and Pardue, 1971). The solution was filtered 

through Whatman No. 1 paper, degassed to removed air bubbles and 

transferred to a Coplin jar. Slides were briefly dipped into the 

subbing solution twice, air dried in a vertical position and stored in a 

dust-free slide box at room temperature until used. 
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Due to the large number of losses of sections incurred during 

washing steps in initial hybridization experiments, it was decided to 

sub slides with poly-L- lysine. Poly-L- lysine tightly bound egg and 

embryo sections to the slides even when sections were pretreated with 

proteases. Acid-washed slides were immersed for 10 minutes at room 

temperature in a freshly prepared solution of poly-L- lysine ( 50 Pg/ml in 

10 mM Tris-HC1, pH 8.0) in a Coplin jar ( Angerer et al., 1985). The 

slides were air dried in a vertical position and stored at 4°C in a 

dust-free slide box. 

D. Cleaning and Siliconizing Glass Coverslips  

Corning glass coverslips ( 22 mm x 22 mm; Canlab) were soaked in 1 N 

HCl overnight in small Coplin jars ( Columbia jars, Fisher), rinsed and 

air dried in the same manner as described for the glass slides. Acid 

washed coversliPS were used to mount the sections following staining 

with haematoXYlifl-:eosin ( see Materials and Methods). CoverslipS used in 

hybridizations were siliconized, once cleaned, by brief immersion in 

siliconizing agent ( 5% chlorosilaflé in chloroform). They were washed 

well in running distilled water, heat-baked at 250°C for 3 to 4 hours 

and stored in a dust-free coverslip box. 

E. Sectioning  

Sectioning mouse eggs and embryos imposed the greatest number of 

problems due, again, to their small size. Better sections were obtained 

when the embryos were well dispersed in the block face rather than when 

clumped together. In the latter, the clumped embryos tended to fall out 

of the block when the microtome blade passed by rather than being cut 

smoothly. Quality of sections was further improved by keeping the knife 

and block face cool with an ice-pack. Due to the small area of the 
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block face it was not necessary to trim away excess paraffin to ensure 

small sized sections. Thus, several sections could be mounted on a 

small area of the slide to conserve the amount of probe and 

hybridization mix used during hybridization experiments. Sections of 

5 urn nominal thickness were cut on a Reichert and Jung microtome with 

the angle of the microtome knife set at 110. 

Short ribbons of three sections were floated onto a drop of 

degassed distilled water ( to prevent the formation of air bubbles 

between the sections and slide) previously placed on an acid-washed, 

subbed slide. The slides were warmed on a slide warmer set at 40°C and 

the sections allowed to stretch to their original size. Excess water 

was removed by touching the edge of the water drop with Bilbus paper 

(Fisher). Slides were then screened for the presence of eggs or embryos 

within sections under a Zeiss microscope. Those with less than five 

eggs or embryos per section) were discarded. At this point the 

embedding process could be assessed. Improperly infiltrated eggs or 

embryos did not section properly and sections cut from blocks of 

Paraplast Plus which had been overheated during infiltration ( i.e. > 

60°C) fragmented during spreading. 

The slides were returned to the slide warmer for 48 hours if 

gelatin subbed ( Angerer and Angerer, 1981; Cox et al., 1984) or two 

hours if poly- L- lysine subbed ( Cox et al., 1986; Hogan et al., 1986). 

The area encompassed by the sections was dernarked by circling the 

underside of the slide with a diamond pencil. This not only defined a 

small area to conserve the amount of probe to be used in hybridization 

but also facilitated the localization of eggs or embryos in 

post-hybridization procedures. 
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111. Determination of Loss of mRNA During Fixation 

A. In vitro Labelling of Mouse Embryos with [3H]-Adenine or  

[3H]-Uridine  

1. Protocol #1 

Morula or blastocyst stage embryos were collected and labelled in 

M2 medium containing 200 pCi of [8-3H]-adenine ( 25 Ci/mmole; Amersham) 

or [ 5, 6-3H] -uridine ( 41 Ci/mmole; Amersham). A typical incubation 

mixture contained 500 p1 of 2x M2 medium, 300 pl sterile distilled water 

and 200 pl of [3H] .-adenine or [3H] -uridine. The embryos were incubated 

at 37°C for two hours and then washed six times in fresh M2 medium 

without radioactive label. Groups of 10 embryos were spotted on GE/C 

glass fibre filters ( Whatman), air dried and used to determine either 

total or acid-precipitable radioactivity. The remaining embryos were 

fixed in either 4% paraformaldehyde, 1% or 4% glutaraldehyde or Carnoy's 

fixative in glass culture dishes for an appropriate length of time ( see 

Materials and Methods). Groups of 10 embryos were then spotted on glass 

filters for determination of total and acid-precipitable radioactivity 

to assess the , percentage of label retained by the embryos after 

fixation. 

Filters used for total radioactivity were directly counted in a 

toluene-based scintillation cocktail containing 10% BBS-3 ( Beckman), 

whereas acid-precipitable counts were obtained by washing the filters 

twice with 10 ml of trichloroacetic acid ( TCA) and 10 ml of absolute 

ethanol, air drying and counting cocktail containing' 10% BBS-3. 

2. Protocol #2 

Embryos were collected and labelled as above in [3H]-uridine. 

Groups of 10 labelled embryos were transferred to 1.5 ml Eppendorf tubes 
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containing 25 pl of embryo lysis buffer ( 0.14 N 2-mercaptoethanOl, 1% 

SDS, 0.01 N sodium phosphate buffer, pH 7.2) and subjected to three 

cycles of freezing and thawing to promote complete embryo disruption 

(Fishel, 1984). The lysate was then spotted onto glass fibre filters 

and treated as above to assess uptake and incorporation prior to 

fixation. Parallel groups of 10 labelled embryos were transferred to 100 

pl of fixative in 0.5 ml Eppendorf tubes and incubated for the 

appropriate length of time. The fixative was removed and replaced with 

25 pl of embryo lysis buffer, freeze-thawed three times and spotted onto 

filters. The filters were processed as described in protocol #1 and 

counted. 

B. Autoradiography of in vitro Labelled Mouse Embryos  

Morula stage embryos were labelled with 200 pCi of [3H]-uridine as 

described above. They were washed well in M2 medium, fixed in batches 

of 50-100 embryos in either 4% paraformaldehYde, 1% glutaraldehyde, or 

Carnoy's fixative, embedded in Paraplast Plus, sectioned at 5 pm and 

mounted on subbed microscope slides. The slides were de-waxed, carried 

through a mock hybridization ( see Materials and Methods), dehydrated and 

air dried ( Angerer and Angerer, 1981; Lawrence and Singer, 1985). The 

slides were dipped in photographic emulsion ( see Materials and Methods) 

and exposed at 4°C for one to seven days. Finally the slides were 

developed ( see Materials and Methods) and photographed with a Zeiss 

photomicroScope II before and after staining with eosin and haematoxylin 

(see Materials and Methods). 
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IV. Preparation of DNA Probes for in situ Hybridization  

A. The Histone H3.2 Subclone  

The subclone, pMH3.2 ( panel A, Figure 2), used to hybridize to 

histone mRNA in situ, is a 900 base pair ( bp) EcoRI, Sall fragment 

prepared from the genomic mouse histone cluster MM221 and cloned into 

the EcoRI and Sall sites of the Tetracycline resistance gene (Tetr) of 

pBR322 ( Sittman et al., 1981). The fragment contains the C-terminal 

region of the H3.2 gene for amino acids 58-135 and its adjacent flanking 

region ( Sittman et al., 1983). E. coli HB101 cells were transformed 

with the subcloned plasmid and ampicillin-resistant colonies were 

selected for plasmid amplification. Plasmid amplification and 

purification was carried out by conventional procedures as described in 

Maniatis et al. ( 1982). 

B. Plasmid Amplification and Purification  

A glycerol stab of pMH3.2 was streaked onto Luria-Bertani ( LB) 

petri plates ( 1% Bactotryptone, 0.5% Bacto yeast extract, 0.5% Bacto 

agar [Difco Laboratories] and 1% NaCl) containing 50jig/ml ampicillin 

(Sigma) and incubated at 37°C overnight. Using a flamed platinum 

inoculating loop a single, well- isolated bacterial colony was trans-

ferred from the agar to 5.0 ml of LB media ( 1% Bactotryptone, 0.5% Bacto 

yeast extract and 1% NaCl, containing 50 ig/ml ampicillin). The starter 

culture was incubated in a shaking incubator at 37°C overnight. 

A flask ( 1.0 litre) of LB media containing 50 pg/ml ampicillin was 

inoculated with one starter culture and returned to 37°C with rigorous 

shaking. The growth of the bacterial culture was monitored every hour 

by absorbance measurements at 550 nm until the culture reached the late 

log phase (A = 0.6 to 0.8). Bacterial growth was stopped by the 
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Figure 2 

The histone H3.2 DNA probe used for in situ hybridizations. The 

left side of panel A is a diagrammatic representation of the subclone 

pMH3.2 ( dark bar) inserted into pBR322. The right side of panel A is 

the ethidium bromide stained gel pattern of the recombinant plasmid 

following treatment with the restriction endonucleases EcoRI and Sail. 

The 0.9 kb excised H3.2 fragment was used for oligolabeiling. Panel B 

is an autoradiograph of the oligolabelled H3.2 ( left lane) and pBR322 

DNA ( right lane) electrophoresed on amethyl mercury agarose gel. 
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addition of chiorampheniCol ( 200 pg/mi; Sigma) and the culture returned 

to the 37°C shaking incubator overnight for plasniid amplification. 

The bacterial cultures were chilled on ice for 30 minutes and 

transferred to 1.0 litre centrifuge tubes. The bacterial cells were 

pelleted at 5000x g for 10 minutes at 4°C. The supernatant was decanted 

and the bacterial pellet gently resuspended in 10 ml of 1 mM EDTA, 10 mM 

Tris-HCl, pH 8.0. The cell suspension was transferred to siliconized 15 

ml Corex tubes and centrifuged for five minutes at 3000x g. The 

supernatant was decanted and the cells resuspended in 2 ml of 25% 

sucrose, 40 mM EDTA, 50 mM Tris-HCi, pH 8.0 by gentle vortexing. 

The bacterial cells were lysed by the addition of 0.5 ml of freshly 

prepared lysozyme solution and -gentle inversion for 5 minutes on ice. 

Lysozyme activity was stopped by the addition of one ml of 0.5 M EDTA, 

pH 8.0. While on ice, 0.4 ml of predigested 10 mg/ml pronase was added 

and the tube mixed by inversion. Five minutes later, 7.5 ml of lysis 

buffer ( 0.3% Triton X-100, 62.5 mM EDTA, 50 mM Tris-HC1, pH 8.0) was 

added and the tube, still on ice, was inverted every five minutes for a 

total of twenty minutes. The contents of the tubes were subjected to 

centrifugation at 35,000x g at 4°C for one hour. The supernatant 

containing plasmid DNA was carefully decanted until the more viscous E. 

coli chromosomal DNA was encountered. 

The volume of the supernatant was measured and 0.915 g of CsCl 

(optical grade, ultrapure; Schwarz/Mann Biotech) was added for each 

milliliter of supernatant. Ethidium bromide ( EtBr; Sigma) was added to 

a final concentration of 300 pg/mi. The solution was mixed well at room 

temperature and transferred to 13 ml quick- Seal polyallomer 

ultracentrifuge tubes ( Beckman No. 342413). The tubes were filled with 
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a balancing solution made with lysis buffer and the same concentration 

of CsCl/EtBr, heat-sealed with a Beckman tube sealer ( No. 342420) and 

centrifuged for 60 hours at 30,000x g and 10°C in a Beckman L2-65B 

ultracentrifuge. 

At the end of centrifugation, the sides of the polyallomer tubes 

were punctured with a #21G hypodermic needle just below the plasmid DNA 

band and the solution dripped into a siliconized 15 ml Corex tube. The 

plasmid sample was extracted three times with an equal volume of CsCl 

and water-saturated isopropyl alcohol to remove the EtBr. The solution 

was transferred to dialysis tubing ( Spectropor #3, molecular weight cutoff 

3,500; Fisher) and dialyzed overnight at 4°C against two changes of two 

litres of 1 mM EDTA, 10 mM Tris-HCl, pH 8.0. 

The DNA solution was recovered after dialysis and extracted three 

times with redistilled phenol saturated with 10 mm Tris-HC1, pH 8.0 

containing 0.1% hydroxyquinOlifle. The aqueous phase was re-extracted 

three times with SEVAG ( 24 chloroform:1 iso-amyl alcohol [v/v]) then 

three times with water-saturated-ether. Excess ether was removed under 

a stream of nitrogen gas. The sample volume was measured and adjusted 

to 0.25 M by addition of 5 M ammonium acetate. Absolute ethanol ( 2.5 

volumes) was added and the preparation was left to precipitate overnight 

at -20°C. The DNA was pelleted by centrifugation for 20 minutes at 

35,000x g for 20 minutes in a Sorval RC- 5B Refrigerated Centrifuge, 

washed with 75% ethanol and repelleted at 35,000x g for 20 minutes. The 

final pellet was vacuum-dried and dissolved in 500 Ml of sterile water. 

The concentration of the DNA solution was determined spectr0ph0t0metri 

cally at 260 nm. The plasmid DNA solution was aliquoted and stored at 

-700C. 
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C. Restriction of pMH3.2 DNA  

1. Restriction Digestion of pMH3.2 

The 0.9 kb H3.2 fragment was excised from pBR322 by incubation with 

the restriction endonucleases EcoRI and Sail ( Pharmacia) in 1 x standard 

restriction buffer [SRB; 1 mM dithiothreitol ( DTT), 4 mM spermidine, 10 

MM MgCl 2, 10 mM Tris-HCl, pH 7.8] containing 100 mM NaCl at 37°C for 

four hours. A typical large-scale digestion contained 20 jig of pMH3.2 

DNA, 50 units of EcoRI and 200 units of Sall in a reaction volume of 125 

pi. The reaction was stopped by the addition of 20 pl of 6x agarose dye 

mix ( 0.1% Xyiene Cyanol, 0.1% Bromophenol blue, 50 mM EDTA, pH 8.0, 50% 

sucrose). 

2. Agarose Electrophoresis 

The histone fragment was separated from the plasmid sequences by 

horizontal electrophoresis in a 1.2% (w/v) agarose gel prepared in 10 mM 

EDTA, 40 mM Tris-acetate, pH 7.9 containing EtBr at a final 

concentration of 0.5 jig/mi. Aliquots ( 25-50 iii) of the digested DNA 

were loaded in each well and electrophpresedat 4-6 v/cm in lx agarose 

buffer containing 0.5 jig/ml EtBr until the histone fragment had clearly 

separated from the piasmid DNA. The gel was photographed under long-

wave ultraviolet ( UV) light with Polaroid type 667 ( ASA 3000) film. 

3. ElectroeiutiOn and Purification of the Histone Fragment 

The histone fragment was located in the gel by direct visualization 

under a long-wave UV lamp and excised with a clean razor blade. 

Electroelutiorl of the fragment was carried out as described by McDonnell 

et al. ( 1977). The agarose slice was transferred to dialysis tubing 

containing 0.1x agarose buffer, clamped securely, immersed in a flat 

electrophoresis tank ( Biorad) containing lx agarose buffer, and 
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electrophoresed at 100 V for about one hour until the DNA had moved out 

of the agarose completely as visualized under UV light. In order to 

release the DNA from the walls of the tubing, the polarity of the 

current was reversed for 30 seconds. One end of the tubing was opened 

and the buffer carefully transferred with a Pasteur pipette to a 15 ml 

siliconized Corex tube. The tubing was rinsed twice with distilled 

water that was combined with the original buffer for purification and 

concentration of the DNA. The DNA solution was extracted three times 

with butanol and water-saturated ether to reduce the aqueous volume and 

applied to an ElUP_Tmd column ( Schleicher and Schuell) to concentrate 

the DNA solution and to remove contaminating agarose particles and 

debris. 

Prior to loading the DNA sample, a 3 cc syringe containing 2.0 ml 

of high salt solution ( 1 N NaCl, 1 mM EDTA, 20 mM Tris-HCl, pH 7.5) was 

attached to the column. The high salt solution was slowly passed 

through the column and then replaced with a 5 cc syringe containing 5.0 

ml of low salt solution ( 0.2 M NaCl, 1 mM EDTA, 20 mM Tris-HC1, pH 7.5). 

The histone DNA sample dissolved in low salt solution was taken up 

in a 3 cc syringe, attached to a 0.45 jim cellulose acetate filter 

(FP0712; Schleicher and Schuell) and slowly forced through the column 

with gentle pressure. The syringe and filter were removed and the 

column matrix containing bound DNA was washed with 3.0 ml of low salt 

solution. A 1 cc syringe was loaded with 0.4 ml of high salt solution 

which was forced slowly through the column to elute the DNA which was 

collected in a 1.5 ml Eppendorf tube. Two volumes of cold absolute 

ethanol were added to the tube and precipitation allowed to occur at 

-20°C overnight. The DNA was pelleted at 12,000 rpm in a 
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microcentrifuge, washed twice with 75% ethanol to remove salt, air 

dried, and dissolved in sterile distilled water and stored at -70°C. 

4. Restriction of pBR322 

The control DNA chosen for hybridization in conjunction with the 

histone probe was the plasmid pBR322. The pBR322 DNA was linearized by 

digestion with EcoRI in SRB containing 100 mM NaCl for 4 hours at 30°C. 

The DNA was extracted twice with phenol, twice with chloroform:iso-amyl 

alcohol ( 24:1,v/v), ethanol precipitated and redissolved in sterile 

water. 

D. Radiolabelling the Histone H3.2 Fragment and pBR322 DNA  

Tritium-labelled DNA's of high specific activity were obtained 

using random hexadeoxyribonucleotide primers and the large Klenow 

fragment of DNA polymerase I as described by Feinberg and Vogelstein 

(1983). 

An aliquot of 100 jCi of deoxy [ 1',2',5-3H]cytidine 5'-triphosphate 

(31-I-dCTP; 50 Ci/mmol, Amersham) was lyophilyzed to dryness in a 1.5 ml 

Eppendorf tube. To the dried radioactivity, 200 ng of H3.2 or pBR322 

DNA, previously heat-denatured at 90°C for five minutes and chilled on 

ice for 10 minutes, was added. A 10 pl aliquot of 5 xoligo-labelling 

buffer ( OLB buffer) was then added ( Feinberg and Vogelstein, Addendum 

1983). OLB buffer consisted of three solutions. Solution A was one ml 

of 0.125 M MgCl 2, 1.25 M Tris-HCl, pH 8.0 into which 18 pl of 

2-mercaptoethanol and five i.il each of 0.1 N deoxyadenosine tri,phosphate 

(dATP), deoxythymidine triphosphate ( dTTP) and 0.1 M deoxyguanosine 

triphosphate ( dGTP) previously dissolved in 0.2 mM EDTA, 3 mM Tris-HC1, 

pH 7.0, were added. Solution B consisted of 2M 4_(2_hydroxyethyl)-1-
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piperazine-ethane-sulfonic acid ( Hepes), pH 6.6. Solution C was a 

suspension of hexadeoxyribonucleotides ( P-L Biochemicals No. 2166) at 90 

absorbance units/ml (-4.5 pg/i1) in 0.2 mM EDTA, 3 mM Tris-HC1, pH 7.0). 

OLB buffer was made by mixing solutions A:B:C in a ratio of 100:250:150. 

To the reaction mixture, 2 pl of 10 mg/ml BSA and 1 pl of the large 

Kienow fragment of DNA polymerase I (6 units/pl; Pharmacia) was added. 

Sterile water was introduced to bring the final reaction volume to 50 

pl. The oligolabelling reactions were mixed well and incubated at room 

temperature overnight. The reactions were stopped by the addition of 2 

pl of 0.5 M EDTA, pH 8.0 and 1 pl of 20% (w/v) sodium dodecylsulfate 

(SDS; Biorad). 

An aliquot of the reaction mixture ( 1.0 p1) was spotted on a GF/C 

glass fibre filter, dried, washed twice with 10 ml of 10% TCA and once 

with 10 ml of absolute ethanol. The filter was air dried and counted in 

BBS-3 scintillation cocktail. 

Radiolabelled DNA was separated from unincorporated mononucleotides 

by passage through a 5 ml Sephadex G-75 column equilibrated with 1 mM 

EDTA, 10 mM Tris-HCl, pH 8.0 ( low TE, pH 8.0) and presaturated by 

passage of 200 pg calf thymus or yeast tRNA, 250 pg sheared, 

heat-denatured E. coli or salmon sperm DNA, 25 pl of 0.5 lvi EDTA and 5 pl 

of 20% SDS through the column. Fractions containing 8 drops (-400 ui) 

were collected in 1.5 ml Eppendorf tubes and 2 pl aliquots of each 

fraction counted directly in BBS-3 cocktail. The fractions containing 

the peak of excluded material ( i.e. radiolabelled DNA) were pooled in a 

15 ml siliconized Corex tube. 

The volume was reduced to about 100 pl by several butanol 

extractions and •transferred to a 1.5 ml Eppendorf tube. The butanol was 
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removed by three extractions with water- saturated ether. The ether was 

removed under a stream of nitrogen ( N2) gas. Carrier nucleic acid ( 10 

.'g of calf thymus or yeast tRNA;, Boehringer/Mannheim) was added, the 

salt concentration adjusted to 0.25 M ammonium acetate, and 2.5 volumes 

absolute ethanol added to precipitate the DNA as previously described. 

The pellet was washed with 75% ethanol, dried, dissolved in about 25 jil 

sterile water, and stored at -20°C until used. An aliquot ( 1.0 jil) was 

counted to determine an accurate measure of the cpm/il of the radio-

labelled DNA so that an appropriate dilution could be made before 

hybridization. 

E. Determination of the Size of Radiolabelled Histone and  

pBR322 DNA  

The 1-13.2 fragment and linearized pBR322 DNA ( 200 ng) were 

radioactively labelled using hexadeoxyribonucleotide primers and 50 tCi 

of [c32P]-dCTP ( 3000 Ci/mmol; Amersham) in the same manner as previously 

described for oligo-labelling with [3H]-dCTP ( see Materials and 

Methods). Radioactively labelled DNA was separated from mononucleotides 

on a Sephadex G-75 column, ethanol precipitated with carrier yeast tRNA, 

redissolved in sterile water, and analyzed on a methyl mercury agarose 

gel ( Bailey and Davidson, 1976) as described by Maniatis et al., 1982 

(panel B, Figure 2). 

A 1.5% agarose gel was prepared in lx methyl mercury gel- running 

buffer ( 50 mM Boric acid, 5 mM sodium borate, and 10 mM sodium sulfate) 

containing 10 mM methyl mercury hydroxide (Alfa-ventron Products, 

Corp.). Aliquots ( 10,000 and 20,000 cpm) of oligo-labelled H3.2 DNA and 

pBR322 DNA, xDNA restricted with Hind II and Hind III and RNA loader 
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markers ( BRL) were mixed with equal volumes of 2x sample loading buffer 

(1.0 ml contained 20 ill of lOx methyl mercury buffer, 40 jil of 50% 

glycerol, 40 Ml of sterile water, and 0.1% bromophenol blue [w/v]). 

The samples were heat denatured at 90°C for 1 minute in the sample 

loading buffer, chilled on ice for 5 minutes, and loaded onto the methyl 

mercury gel. The gel was' eletrophoresed at 70 mA for 3 hours in 

recirculating lx methyl mercury gel-running buffer so as to avoid 

generating a pH gradient in the gel. After electrophoresis the gel was 

removed and stained for 30 minutes at room temperature in 150 ml of 0.5 

M ammonium acetate, 4.8 mM 2-mercaptoethanol and 4.5 jig/ml EtBr and 

photographed under UV light to denote the position of the marker DNA. 

The gel was air-dried on a glass plate, placed in an x-ray cassette with 

Kodak XAR-5 film ( Picker, Canada Ltd.) with an intensifying screen 

(DuPont Cronex Lightning- Plus; Picker Canada Ltd.). The film was 

exposed at room temperature for about one hour and developed. 

V. 'Preparation of RNA probes for in situ Hybridization  

A. Cloning the H3.2 Fragment into the Transcription Vectors  

PT7/13-18 and p17/T3-19  

The plasmid vectors pT7/13-18 ( 2238 bp) and pT7/13-19 ( 2238 bp) 

were obtained from BRL. They are' recombinant, dual promoter vectors 

designed for the transcription of either strand of DNA inserted into the 

multiple cloning site ( MCS) by either 13 RNA polymerase ( Davanloo et 

al., 1984) or 17 RNA polymerase ( Bailey and McAllister, 1980). The H3.2 

fragment from pMH3.2 was cloned into both vectors in a similar manner as 

described by Green et al. ( 1983) and used to synthesize both anti-sense 
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RNA complementary in sequence to the histone mRNA ( probe) and sense RNA 

with the same sequence as histone mRNA ( control) ( panel A, Figure 3). 

1. Linearization of the Plasmid Vectors 

The strategy used to clone the H3.2 fragment into the plasmid 

vectors was based on the restriction sites available in the MCS and 

those sites utilized to remove the H3.2 fragment from its original 

vector. As stated previously, the histone fragment is a 0.9 kb 

SalI-EcoRI insert and both sites are present in the MCS of pT7/T3-18 

(p18) and pT7/T3-19 ( p19). Thus, 4 jig each of p18 and p19 were digested 

with the restriction endonucleases Sall and EcoRI. Aliquots of both 

reactions were analyzed electrophoretically on 1.2% agarose gels to 

verify that they were completely linearized before proceeding. •The cut 

ends of the plasmids were dephosphorylated by the addition of 1 Ill of 

bacterial alkaline phosphatase ( BAP, 2500 u/12.5 jil; Pharmacia) to the 

digestion mixture and incubation for two hours at 37°C. 

The enzyme was removed by phenol and chloroform extractions, 

ethanol precipitated, air dried and the pellet dissolved in sterile 

water. An aliquot was run on a 1.2% agarose minigel along with 

dilutions of A DNA ( Pharmacia) cut with HindII and Hindlil ( Pharmacia) 

to estimate the concentration of plasmid DNA. 

The H3.2 fragment was inserted into linearized p18 and p19 using 14 

ligase ( 6.5 u/jil, Pharmacia). A ratio of 3 jig H3.2 insert DNA to 1 jig 

of vector DNA was incubated with 6.5 units of T4 ligase in 30 pl of 

ligase buffer ( 66 mM MgCl 2, 10 mM DTT, 66 mM lris-HC1, pH 7.6) at 12°C 

for 3 hours. Additional 14 ligase ( 6.5 units) was added to the reaction 

mixture and incubation continued at 4°C overnight. 
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Figure 3 

Structure of the histone H3.2 recombinant transcription vectors 

pT7/T3-180 and pT7/T3-19E used for in situ hybridization. The left side 

of panel A is a diagrammatic representation of the original 

transcription vectors pT7/T3-18 and pT7/13-19 into which the 0.9 kb 

histone H3.2 fragment ( dark bar) was cloned in opposite orientations 

into the EcoRI and Sail sites of the multiple cloning sites of the 

plasmids. The right side of panel A depicts the direction of 

transcription of the linearized vectors with 13 polymerase to produce 

H3.2 anti-sense RNA transcripts ( upper) and H3.2 sense RNA transcripts 

(lower). Panel B is the ethidium bromide stained gel pattern of the 

recombinant transcription vector pT7/T3-18D in its uncut form ( lane 2), 

linearized with EcoRI ( lane 3) and digested with EcoRI and Sail to 

remove the H3.2 fragment ( lane 4). 
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2. Transformation of E. coli HB101 Bacterial Cells with the 

Plasmid Vectors 

To prepare competent cells, a single colony of E. coli HB1O1 

bacteria, previously grown on an agar LB plate, was inoculated into 5 ml 

of LB media and incubated at 37°C overnight in a shaking incubator. The 

culture was, in turn, used to inoculate 45 ml of LB media, returned to a 

shaking incubator at 37°C and grown until it reached A550 = 0.6. The 

culture was transferred to two siliconized 30 ml Corex tubes and 

centrifuged at 3,000x g for 10 minutes at 4°C to pellet the bacterial 

cells. The supernatant was decanted and the cells resuspended in 17 ml 

of ice-cold transformation buffer ( TFB, 10 mM 2[N.-morpho]inO]-

ethane-sulfonic acid, 100 mM rubidium chloride, 45 mM manganese 

chloride, 10 mM calcium chloride and 3 mM hexamine cobalt chloride). 

The cells were chilled on ice for 15 minutes and pelleted at 3000x 

g for 10 minutes at 4°C. The cells were resuspended in 5 ml cold TFB. 

The cells were permeabilized by the addition of 175 jtl of DMSO 

(spectroquality DMSO; Matheson, Coleman and Bell) while on ice. After. 5 

minutes 175 jil of 2.25 M dithiothreitol ( DTT), 40 mM potassium acetate, 

pH 6.0 ( DTT/kAc) were added and chilled on ice for 10 minutes before an 

additional 175 pl of DMSO was added. The cells were kept on ice for 5 

minutes. 

The competent cells were aliquotedinto 50 jil volumes in sterile 

1.5 ml Eppendorftubes and 30 T'l cold 10 mM calcium chloride, 10 mM 

magnesium chloride, 10 mM Tris-HCl, pH 7.0 ( TCM) was added to each tube. 

The ligated plasmid vectors p18 and p19 containing the H3.2 fragment 

were added in a2 Ill volume ( approximately 40 ng total) to the competent 

cells and kept on ice for 30 minutes. The cells were then heat shocked 
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at 43°C for three minutes, chilled on ice and 120 iii of LB medium was 

added prior to incubation at 37°C,, for 50 minutes to allow , for the 

expression of the ampicillin resistance '(Amp r) gene. The cells were 

spread on LB plates containing 50 pg/ml ampicillin, allowed to dry, and 

incubated at 37°C overnight. 

The transformed colonies were picked up with a sterile inoculating 

loop. One-half of each colony was streaked onto a new LB Amp plate and 

grown overnight, while the other half was inoculated into two ml of LB 

media containing ampicillin ( 50)1g/ml) in sterile 5 ml polypropylene 

tubes. Six transformed colonies were selected for p18 and five for p19 

and were designated with an alphabetical number (A-F for p18 and A-E for 

P19). 

The liquid cultures were grown with shaking at 37°C until turbid. 

From each culture 1.0 ml was transferred to a sterile glass tube 

containing autoclaved glycerol, mixed well and stored at -70°C as a 

permanent stab culture. To the remainder of each culture, an aliquot 

(1.0 l) of ethanol saturated with chioramphenicol ( 34 mg/ml) was added 

and culture continued in a shaking incubator at 37°C overnight to 

promote plasmid amplification. 

3. Mini Plasmid Preparations of Clones for Colony Screening 

Cells were pelleted from the 1.0 ml cultures for five minutes at 

3,000x g, the supernatant decanted, the cells resuspended in 400 j.il of 

8% sucrose, 10 mM EDIA, 100 mM Tris-HCl, pH 8.0 containing 50 111/ml 

freshly dissolved lysozyme, incubated at room temperature for 10 minutes 

and transferred to 1.5 ml Eppendorf tubes. Next, 200 jil of 0.2% SOS in 

10 mM EDTA, 10 mM Tris-HC1, pH 8.0 was added and incubated at 37°C for 

10 minutes. Finally, 200 iil of 5 M potassium acetate ( kAc) was added, 
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mixed well and left on ice for 30 minutes. The mixture was centrifuged 

at 12,000 rpm for 15 minutes in a clinical centrifuge at 4°C to 

precipitate the bacterial' chromosomal DNA. The supernatant was decanted 

into fresh 1.5 ml Eppendorf tubes and 800 pl of absolute isopropanol 

added to precipitate the plasmid DNA. The tubes were spun at 12,000 rpm 

for 15 minutes at 4°C, the supernatant decanted and the pellets washed 

twice with 75% ethanol. The pellets were air dried and resuspended in 50 

pi of 0.01 mM EDTA, 1.0 mM Tris-HC1, pH 8.0. 

From each mini-DNA preparation 5 ,tl was removed and digested with 

EcoRI and Sail to positively determine if they contained the H3.2 

fragment ( panel B, Figure 3). The DNA was electrophoresed on a 1.2% 

agarose minigel with marker DNA and photographed. Of the six colonies 

grown from p18 only p18B did not contain the H3.2 insert, whereas all 

five clones for p19 contained recombinant plasmids. Large-scale plasmid 

preparations of p18D and p19E were grown and purified in the same manner 

as previously described. 

B. In vitro Transcription  

1. Linearization of the Recombinant Vectors 

DNA ( 1.0 jig) from p18D and p19E was linearized by incubation with 

the restriction endonucleases EcoRI and Sail, respectively, at 37°C for 

four hours. The reverse digestion was also employed whereby p18D was 

restricted with Sail and p19E was restricted with EcoRI. In the former 

reaction the DNA's served as templates for transcription with T3 

polymerase, whereas in the latter reaction the templates were 

transcribed with T7 polymerase. 
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After complete digestion was attained, the reaction volume was 

brought up to 100 pl by the addition of sterile water, extracted twice 

with phenol/Sevag, 1:1 ( v/v) and the aqueous phase extracted twice with 

Sevag. During the second Sevag extraction the aqueous phase was 

transferred to a clean 1.5 ml Eppendorf tube, 20 tg of yeast tRNA added 

and ethanol precipitated. The pellet was washed with 75% ethanol, air 

dried and dissolved in 5 jil of di ethyl pyrocarbonate-treated ( DEPC) 

sterile water and used for transcription. 

2. Transcription Reaction 

The linearized templates p18D cut with EcoRI and p19E cut with 

Sall were transcribed using 13 polymerase and the RNA labelled by 

supplying 35[S]-uridine as a nucleotide precursor. 

Each DNA ( 1 jig) was incubated at 37°C for one hour in a transcrip-

tion reaction mixture ( 50 l) containing 15 mM MgCl 2, 5 mM DTT, 40 mM 

Tris-HCl, pH 8.0, 0.5 mM each of ATP, CIP, and GTP, 22 pM unlabelled 

c-S-UTP, 125 1iCi of 35 [S]-uridine 5'-[c -thio] triphosphate ( 1240-1285 

Ci/mmol; Amersham), 48 units of RNasin ( Promega Biotec), and 20 units of 

13 polymerase ( BRL). 

The reactions were stopped by chilling on ice and two 1.0 jil 

aliquots were removed and spotted on glass filters to measure total and 

TCA-precipitable radioactivity. The amount of RNA transcribed and its 

specific activity was calculated. 

3. Removal of the Template 

Once transcribed, the template was removed by digestion in a 

reaction mixture containing 20 ig of yeast tRNA, 80 units of RNasin and 

1 unit of RQ1 TM_ DNase l ( from bovine pancrease; Promega Biotec) at 37°C 

for 10 minutes. 
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4. Purification of Transcribed RNA 

Rather than phenol extracting and ethanol precipitating the 

transcribed RNA, it was purified from unwanted protein and 

unincorporated nucleotides on NEN TM_ SORB columns ( New England Nuclear) 

as it proved to be more efficient and less time-consuming. The 

components of the column consisted of NEN-SORB cartridges and cartridge 

adaptors to which sterile disposable 3cc and icc syringes could be 

attached. The strategy involves priming of the column with buffer, 

loading and binding of nucleic acids ( DNA or RNA) to the column, and 

elution of nucleic acids with methanol. 

The column was rinsed with two ml of HPLC grade methanol ( MEOH; 

Fisher), the adaptor attached to form an air-tight seal, and an air 

loaded 3cc syringe connected to the adaptor. The MEOH was slowly forced 

through the column at a flow rate of about 1 drop per 2 seconds. Prior 

to loading the RNA sample, 2.0 ml of reagent A ( 1 mM EDTA, 10 mM 

triethylamine (TEA; Fisher), 0.1 M Tris-HC1, pH 7.7) was passed through 

the column. Reagent A ( 200 to 400 il) was added to the RNA sample, 

mixed well, the column adaptor removed and the sample directly loaded on 

the column. The adaptor was reattached and the sample was forced 

through with an air-loaded syringe. The bound RNA was washed with 3 ml 

of reagent A followed by 3 ml of sterile water to remove salts. The RNA 

was then eluted from the column bed with, 1 ml of reagent B ( 50% HPLC 

grade methanol) and the effluent collected in 5-10 drop fractions in 1.5 

ml Eppendorf tubes. An aliquot ( 1.0 p1) of each fraction was counted in 

BBS-3 scintillation cocktail and those fractions containing RNA 

(generally the first two fractions) were pooled and lyophilized to 

dryness. The RNA was dissolved in 50 pl of sterile DEPC-water 
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containing 10 mM DTT. A small fraction ( 1.0 was counted to determine 

accurately the cpm/pl. The remainder of the sample was stored at -20°C 

until used. 

5. Hydrolysis of the in vitro Synthesized RNA 

Full-length transcripts ( 0.9 Kb) of the H3.2 fragment were 

hydrolyzed in sodium bicarbonate buffer with the aim of producing pieces 

of about 150 nucleotides ( NT's) since shorter probes give higher 

hybridization signals ( Angerer and Angerer, 1981; Lynn et al., 1983; 

Brahic and Haase, 1978). The RNA was incubated at 60°C in 40 mM sodium 

bicarbonate ( NaHCO3), 60 mM sodium carbonate ( Na 2CO3), pH 10.2 for 55 

minutes. Incubation time followed the relationship: 

t = Lo - Lf  

KLoLf 

where t = time in minutes 

La = initial length of transcript in Kb 

Lf = desired length ( 150 NT's) in Kb 

K is approximately 0.11 cuts/Kb/mm ( Cox et al., 1984). Generally an 

equal volume of transcript ( 50 p1) in 10 mM DTT was incubated in 2 x 

hydrolysis buffer. The reaction was neutralized by the addition of an 

equal volume ( 100 111) of 0.2 11 sodium acetate, pH 6.0, 1% glacial acetic 

acid, 10 mM DTT. To the above, 20 pl of 3 M sodium acetate, pH 5.2, was 

added. The neutralized RNA was then precipitated with ethanol, 

recovered by centrifugation and the pellet dried. The pellet was 

redissolved in 10 mM DTT to a volume of 50 pl. An aliquot ( 1.0 p1) was 

spotted on a glass filter and again counted in BBS-3 cocktail to 

accurately determine the number of cpm/pl before it was used for 

hybridization. 
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VI. Hybridization of Radiolabelled Histone Probes in situ  

A. Hybridization with the Tritium-Labelled H3.2 DNA  

1. Pretreatment of Slides 

Groups of 10 slides were transferred to horizontal trays ( Fisher) 

and the sections dewaxed by immersion and gentle shaking in two changes 

of xylene for 10 minutes each. Sections were hydrated by three minute 

incubations, with shaking, in a series of 95%, 80%, 70% and 40% ethanol 

followed by distilled water. Five slides each were transferred to a 

Coplin jar containing 1jig/ml proteinase K ( Boehringer/Mannheim) in 

proteinase K buffer (.2 mM CaCl 2, 20 mM Tris-HCl, pH 7.6; Brahic and 

Haase, 1978; Angerer and Angerer, 1981) and incubated at 37°C for 30 

minutes. After the protease treatment, the slides were rinsed in two 

changes of proteinase K buffer (without enzyme), rinsed for 5 minutes in 

distilled water and incubated for 5 minutes in 200 ml of 0.1 M 

Triethariolamine ( Fisher) buffer, pH 8.0. The slides were acetylated 

according to Hayashi et al. ( 1978) by the addition of 0.5 ml acetic 

anhydride ( Fisher) to the buffer at a final concentration of 0.05 M and 

the slides were incubated in the buffer for 10 minutes. This was 

followed by a five-minute wash in 2x SSC ( SSC is standard saline citrate 

= 0.15 M NaCl, 0.015 M Na3citrate, pH 7.0). The slides were then 

dehydrated through the same ethanol series used above and air dried 

before hybridization. 

A set of control slides were incubated for 30-60 minutes in 20 

jig/ml RNase A in RNase A buffer ( 0.5 M NaCl, 1 mM EDIA, 10 mM Tris-HC1, 

pH 8.0) at 37°C followed by a brief rinse in RNase A buffer prior to the 

protease treatment outlined above. 
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2. Hybridization  

Immediately prior to hybridization the 3H- labelled H3.2 fragment or 

control pBR322 DNA was heat-denatured at 90°C for 5 minutes and quick 

chilled on ice for 10 minutes. Approximately 0.2-0.7 pg/ml denatured 

labelled DNA was added to the in situ buffer consisting of 50% deionized 

formamide ( MCB), 0.6 M NaCl, 1 mM EDIA, 10 mM Tris-HCl, pH 8.0, lx 

Denhardt's ( 0.02% BSA, 0.02% Ficoll, and 0.02% Polyvinyl pyrollidone), 

10% dextran sulfate, 200 jig/ml sonicated E. coli DNA and 100 jig/ml yeast 

or calf thymus tRNA. 

The hybridization mixture was briefly centrifuged to remove air 

bubbles and 10 1.d ( corresponding to 1 x 10 to 5 x 10 cpm) was applied 

to each slide to the left-handed side of the sections. A heat-baked 

siliconized 22 x 22 mm coverslip was positioned at a 450 angle to the 

left edge of the hybridization drop and carefully idwered onto the 

slide, allowing the hybridization mixture to evenly spread across the 

area underneath the coverslip. The edges of the coverslip were sealed 

with rubber cement adminiterëd through a 10 cc disposable syringe with 

a #16G hypodermic needle attached. 

The slides were transferred to square 100 mm x 15 mm plastic petri 

dishes ( Miles Laboratories) which served as moist incubation chambers to 

prevent evaporation of the hybridization buffer. The bottom of the 

chambers were covered with cut paper towels soaked in 4x SSC ( the same 

salt concentration as used in the hybridization mixture) to prevent 

distillation and subsequent salt concentration changes in the 

hybridization mixture. The slides were supported above the wet towels 

with rods cut from 2 ml giass pipettes ( Pardue, 1985). The slides in 

the chambers were incubated at 37°C overnight ( 16-20 hours). 
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3. Post-hybridization Treatment of Slides  

The slides were removed from the incubation chambers and 

transferred to Coplin jars containing 4x SSC. They were soaked until 

the edges of the rubber cement lifted from the slides and with gentle 

agitation the c'overslips floated freely away. The post-hybridization 

washing steps were varied in terms of stringency for some experiments. 

In general, however, slides were transferred to Wheaton glass dishes 

containing 200 ml of 2x SSC. They were washed in three changes of 2x 

SSC ( the first SSC wash containing 0.05% SDS) then in 3 changes of lx 

SSC followed occasionally by 3 changes of 0.1x SSC ( see Results). Each 

wash step was conducted for 1 hour at room temperature. 

To dehydrate sections, slides were treated for 3 minutes in each of 

a graded ethanol series (40%, 70%, 80%, 95%, 100%) containing 300 mM 

ammonium acetate ( used to deter the denaturation of in situ hybrids; 

Brahic and Haase, 1978). The slides were air dried for one hour before 

dipping them in autoradiographic emulsion. 

B. Hybridization with Sulfur-Labelled H3.2 RNA Transcripts  

1. Pretreatment of Slides 

Slides were dewaxed, hydrated, treated with proteinase K, 

acetylated and dehydrated before hybridization as previously described. 

2. Hybridization 

Prior to hybridization, sulfur- labelled p18D sense RNA (control) 

and p19E anti- sense RNA ( probe) in 10 mM DTT were heated at 80°C for 3 

minutes to dissaggregate the RNA. RNA at a concentration of 0.2 - 0.3 

jig/ml was added to hybridization buffer consisting of 50% deionized 

formamide, 0.3 M NaCl, 1 mM EDTA, 10 mM Tris-HCl, pH 8.0, lx Denhardt's, 

10% dextran sulfate, and 500 jig/ml yeast tRNA. As in hybridizations 
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with DNA probes, about 5 Ul of labelled mRNA was added to 50 p1 of 100% 

formamide and 50 pl of 2x hybridization buffer. Aliquots of 10 p1 of 

hybridization mix corresponding to about 5 x 1O5 cpm were applied to 

each slide, sealed with siliconized coverslips and incubated in humid 

chambers at a new hybridization temperature of 47°C for 16-20 hours. 

3. Post-hybridization Treatment of Slides  

The coverslips were removed, as previously described, in 4x SSC 

with 10 mM DTT. All slides were then incubated in 20 pg/ml RNase A in 

RNase A buffer at 37°C for 30 minutes followed by 30 minute incubation 

in RNase buffer without enzyme at 37°C to remove non-specifically 

hybridized RNA to reduce autoradiographic background ( Cox et al., 1984). 

The slides were washed initially for 30 minutes in 2x SSC containing 10 

mM DTT and 0.05% SDS followed by two 30 minute washes in 2x SSC 

containing 10 mM DTT, all at room temperature. Slides were then washed 

in three changes of lx SSC and 0.1x SSC, containing 10 mM DTT, for 30 

minute intervals at room temperature. The final wash was in 0.1x SSC 

containing 10 mM DDT at 47°C for 30 minutes. Slides were dehydrated in 

an ethanol series containing 300 mM ammonium acetate and air dried 

before autography. 

VII., In situ Hybridization with Ulb Small Nuclear RNAs  

The mouse Ulb small nuclear RNA gene, used for hybridizations in 

situ to preimplantation mouse sections, was kindly provided as a gift by 

Dr. W.F. Marzluff. A 6.9 Kb Eco RI mouse genomic DNA fragment 

containing two Ulb genes, originally isolated from a Balb/C mouse sperm 

DNA library ( Marzluff et al., 1983; Moussa et al., 1985) was subcloned 

into pACYC 184 ( Chang and Cohen, 1978) and denoted as pU1.3. 
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Restriction with Eco RI and Sst II of this plasmid generated two 

fragments which contained the Ulb gene and were subsequently subcloned 

in the Eco RI - Sst II sites of the same plasmid generating the 

subclones pU1.1 and pU1.2. The subclone pU1.1 was then subcloned. into 

the RiboprobeTm ( Promega Biotech) gene transcription vector system 

(Melton et al., 1984). The 394 bp Eco RI - Sst II fragment containing 

the single Ulb gene was cloned into the Eco RI and Sal I MCS of pSp64 

and pSp65 ( results not published) in opposite orientations ( panel A, 

Figure 4). The plasmids were used to transform E. coli HB1O1 cells, 

large-scale plasmid preparations grown and the plasmid DNA purified as 

previously described. 

DNA ( 1.0 jig) from the recombinant pSp64-Ulb and pSp65-Ulb plasmids 

(panel B, Figure 4) was linearized by restriction digestion with the 

endonucleases Eco RI and Hind III, respectively in a similar manner as 

previously described. Linearized templates were used as templates for 

transcription with Sp6 polymerase ( Promega Biotech) and [ 35S]-UTP, using 

the equivalent transcription reaction mixture components as described 

for the production of histone RNA probes, in Riboprobe transcription 

buffer ( 6 mm MgCl 2, 2 mm spermidine, 10 mM NaCl, 40 mM Tris-HCl, pH 

7.5). The reactions were incubated at 37°C for one hour and 1.0 ill 

aliquots counted to determine total and acid-precipitable radioactivity. 

The DNA templates were removed by a short ( 10 minute) incubation in 

RQ-DNase I and the high specific activity ( approximately 1.6 x 10  

cpm/iig) RNA transcripts purified on NEN-SORB columns, lyophilyzed to 

dryness, redissolved in . DEPC-treated sterile water and stored at -20°C 

until used. Approximately 1.2 pg of sense RNA and anti-sense RNA were 

transcribed, respectively, from the vectors Sp6-64 and Sp6-65. 
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Figure 4 

Structure of the U1b recombinant transcription vectors pSp64-U1b 

and pSp65-U1b used for in situ hybridization. The left side of panel A 

is a diagrammatic representation of the original RiboprobeTM 

transcription vectors pSp64 and pSp65 into which the 0.4 kb U1b gene 

(dark bar) was cloned in opposite orientations into the EcoRI and 

Hiridill sites of the multiple cloning sites of the plasmids. The right 

side of panel A depicts the direction of transcription of the linearized 

vectors with pSp6 polymerase to produce U1b sense RNA transcripts 

(upper) and tUb anti- sense RNA transcripts ( lower). Panel B is the 

ethidium bromide stained gel pattern of the recombinant transcription 

vector pSp65-U1b in its uncut form ( lane 2), linearized with Hindlil 

(lane 3) and digested with EcoRI and Hindlil to remove the U1b gene 

(lane 4). 
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For in situ hybridization the transcribed RNA's were heat-denatured 

with 500 pg/mi yeast tRNA for 3 minutes at 80°C and mixed with lx 

hybridization buffer ( 0.3 M NaCl, 1 mM EDIA, 10 mM Tris-HC1, pH 7.6, lx 

Denhardt's, 10% Dextran sulfate and 50% deionized formamide). An 

aliquot ( 10 p1) of hybridization mixture corresponding to 3 ng ( 5 x 10 

cpm) was applied to each slide and hybridized at 47°C. Slides were 

post-hybridization washed in the same manner as previously described for 

histone RNA transcripts, dehydrated, and dipped in photographic 

emulsion. The slides were exposed at 4°C for 3 to 6 days, developed, 

stained with eosin and haeniatoxylin and photographed. 

VIII. Sizing of in vitro Transcription Products  

Small aliquots of the [ 35 S] -labelled transcription reaction 

products of p18D ( unhydrolyzed and hydrolyzed) and pSP6-65 were prepared 

in 35% formaldehyde and 50% formamide, incubated at 65°C for 5 minutes, 

and run on a 17 cm long and 0.5 cm thick 1% agarose gel containing 2.2 M 

formaldehyde ( Maniatis, 1982) along with marker RNA ladders ( BRL) and 

adult liver cytoplasmic RNA ( Figures 5 and 6). Electrophoresis was 

conducted at 4-6 v/cm in 1 mM EDTA, 10 mM sodium acetate and 40 mM 

morpholinopropane sulfonic acid, pH 7.0 ( MOPS buffer) for four hours. 

At this point the bromophenol blue dye front had migrated 12 cm. The 

markers were excised and stained with 0.5 pg/mi EtBr in MOPS buffer and 

photographed. The lanes containing radiolabeiled in vitro transcribed 

RNA were cut into 0.5 cm sections and each section placed in 10 ml of 

BBS-3 scintillation cocktail and counted. The size of the transcripts 

was determined by comparing the peaks of radioactivity with the distance 

of migration of the known RNA markers. 
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Figure 5 

Size of the histone H3.2 RNA transcripts synthesized in vitro. The 

upper portion of the figure shows the ethidium bromide stained gel 

pattern and sizes ( in kilobases) of RNA ladder markers ( upper lane) and 

adult cytoplasmic RNA markers ( lower lane) electrophoresed in a 

denaturing formaldehyde gel. 

The lower portion of the figure is a histogram relating measured 

cpm of [ 35S] -labelled non-hydrolyzed and hydrolyzed H3.2 transcripts 

with the distance migrated in the same denaturing gel. The 

non-hydrolyzed histone RNA sample peaks at 8.5 cm, consistent with a 

size of about 900 nucleotides for full-length transcript The 

hydrolyzed histone RNA sample peaks at 11.5 to 12.0 cm, very near the 

tRMA ( 4S) marker at 80 to 100 nucleotides. 
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Figure 6 

Size of the U1b RNA transcripts synthesized in vitro. The upper 

portion of the figure shows the sizes of RNA markers ( see Figure 5 and 

Materials and Methods) separated on a denaturing formaldehyde gel. The 

lower histogram relates the measured cpm of [ 5S]-labelled U1b 

transcripts with the distance migrated in the same denaturing gel. The 

U1b RNA sample peaks at 10 cm, slightly less than the 0.3 kb marker, and 

appears to represent full-sized transcripts at about 370 to 390 

nucleotides. 
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IX. Autoradiography  

A. Aliquoting the Autoradiographic Emulsion  

The nuclear tract emulsion NTB-2 ( Kodak) was purchased in 112 ml 

batches and stored at 4°C away from any radioactive sources to prevent 

exposure. Each batch of emulsion was aliquoted by the procedure 

outlined below. The solid emulsion was heated for 2 hours at 45°C in an 

incubator until liquid. The emulsion package was then opened in the 

darkroom. ( Note that all procedures involving the use of emulsion were 

done in complete darkness.) Five 20 ml aliquots or seven 15 ml aliquots 

were removed from the bottle with a 30 cc disposable syringe attached to 

a #16G hypodermic needle. The correct volume was removed from the 

bottle by previously cutting notches into the inside barrel of the 

syringe when pulled out to the -15 or 20 cc level. The aliquots were 

transferred to 20 ml nylon screw cap scintillation vials ( Beckman) with 

plastic caps, closed securely and placed in small aluminum canisters 

with lids, covered in three 'layers of aluminum foil and stored at 4°C 

until diluted. 

B. Diluting the Emulsion  

The emulsion was diluted with distilled water just before slides 

were dipped. Dilution produced thinner and more even coating and less 

background. An aliquot was melted at 45°C for .112 hours and transferred 

to a 50 ml screw cap polypropylene centrifuge tube. For slides in which 

tritium labelled material was being assessed, the emulsion was diluted 

1:1 with distilled water after prewarming at 45°C. For 35 [S] labelled 

probes, the emulsion was diluted 1:2 with distilled water to reduce the 

signal-to-noise ratio ( K.A. Mahon, personal communication). Once the 

water was added to the emulsion it was gently mixed by acid washed 
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microscope slides to avoid the generation of air bubbles. Air bubbles 

produced by mixing generally persisted at the top of the emulsion and 

were consequently removed by skimming the top of the emulsion off with a 

few clean slides. The emulsion was transferred to a metal rack in a 

waterbath set at 45°C. 

C. Autoradiographic Procedure  

Individual slides were slowly dipped in a vertical position into 

the emulsion for about 3 seconds and withdrawn. The slides were drained 

briefly and the backside of the slide carefully wiped with a damp 

J-cloth strip. To avoid confusion, the right side ( i.e. section-side) 

of the slide was marked with a small piece of masking tape on the 

non-dipped end of the slide. The slides were transferred to a vertical 

slide rack, placed near a plastic tray cQntaining paper towels soaked in 

distilled water and covered with a large cardboard box lined with black 

paper. This humid environment allowed the emulsion to -dry slowly to 

prevent stretching artifacts ( see Results). The slides were dried at 

room temperature for about two hours. They were transferred to black 

slide boxes containing packets of Drierite ( Canlab) to maintain dryness. 

The edges of the slide box were sealed with black electrical tape and 

covered with 3-4 layers of aluminum foil. The boxes of slides were 

stored at 4°C on their edges to prevent any moisture accumulation onto 

the surface of the sections which coul d cause a fading of the latent 

image. The exposure time varied from 1 to 16 weeks for slides 

hybridized with [3H]-labelled DNA probes and 3 to 20 days for slides 

hybridized with [35S]-labelled RNA probes. Replicates of slides from 

each experiment were thus boxed individually for an appropriate period 

of time. 
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D. Developing Slides  

Black slide boxes were removed from their 4°C storage place and 

left at room temperature for 15 minutes to allow them to reach ,a 

temperature of about 15°C. In the darkroom the slides were removed from 

the slide box, transferred to slide holders and immediately developed. 

The developer, stop bath and fixer were all maintained at 15°C in'glass 

slide holders placed within a large photographic tray filled with cold 

water and ice. It was very important to ensure that all three solutions 

were all at the same temperature or else cracking and folding of the 

emulsion occurred. The slides were developed with gentle shaking for 2 

minutes in Deketol Developer ( Kodak) diluted 1:1 with distilled water. 

Once developed, they were rinsed in distilled water for 30 seconds ( stop 

bath) and fixed in Kodak Hardening Fixative for 5 minutes. The slides 

were rinsed in 15°C distilled water for 15 minutes, followed by a rinse 

in cold running tap water for 15 minutes. Finally, they were air dried 

to prepare them for staining procedures. 

X. Staining Slides  

Autoradiographed slides of embryo sections or non-hybridized 

sections which had been previously dewaxed and hydrated, were stained in 

Coplin jars containing Harris' hematoxylin ( purchased from Van Waters 

and Rogers) for 3 minutes. The slides were destained briefly in cold 

running tap water followed by dehydration for 1 minute each in a graded 

ethanol series to absolute ethanol. They were then stained in 0.1% 

eosin B in 70% ETOH, 0.5% acetic acid for one minute and destained for 3 

seconds in fresh absolute ethanol. Slides were immediately immersed in 

xylene. After several changes of fresh xylene, the excess xylene was 
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drained off and 1-2 drops of Permount ( Fisher) placed over the area of 

the sections, an acid washed coverslip placed on top, air bubbles 

removed by gentle force on the centre of the coverslip, and the Permount 

hardened by heating on a slide warmer at 40°C for 2 hours. Excess 

Permount was removed with a Q-tip soaked in xylene. 

XI. Microscopy  

Slides were viewed under a Zeiss photomicroscope II using 

bright-field optics and examined with the 100X Planachromat 

oil- immersion objective. For hybridization experiments the depth of 

field was increased ( through condenser adjustment) to ensure that a 

larger proportion of silver grains could be included in one focal plane. 

Images of haematoxylin and eosin stained egg and embryo sections before 

and after in situ hybridization were recorded on 35 mm Technical Pan 

film ( ASA 100, Kodak) and selected prints from the negatives were made 

on Kodak F2 paper ( Trek Photographics). 

XII. Quantitation of in situ Hybridization: Data Analysis  

Mouse oocyte and egg diameters in vivo are 85 urn and 70 urn 

(measured from the zona pellucida), respectively. Oocyte, egg and 

embryo sections, cut directly through their centers to maximize the 

diameter, were chosen and photographed. The diameters of oocyte and egg 

sections were measured in centimeters from the photographs and paper 

tracings of the sections weighed on a Mettler balance. Relative average 

areas based on diameters and weight were converted to square micrometers 

(urn2) by calculations using appropriate magnification ( scale) 

adjustments. Each photograph of sections hybridized in situ with 
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histone H3.2 or Ui RNA riboprobes was then overlayed with a clear 

plastic sheet with 0.25 cm2 grids superimposed on it. The total number 

of grains per section were counted and recorded. The number of grains 

overlying nuclear or cytoplasmic regions of the sections were also 

recorded. Nuclear areas were calculated with the same scale parameters 

used to establish area measurements on total sections. Cytoplasmic area 

was derived by subtracting nuclear area from the total area of the 

section. Grain densities were then calculated as grains per 100 urn2 for 

the total sections and nuclear and cytoplasmic compartments, 

respectively. Calculations were averaged from counts of five individual 

sections, all subjected to the same hybridization and autoradiographic 

procedures. 

For both histone H3.2 and Ui riboprobe hybridization experiments, 

background or noise was calculated in the same manner from sections 

hybridized with sense ( control) riboprobes. Net corrected grain 

densities were obtained by subtracting the control noise grain density 

from the signal grain density obtained with the anti-sense RNA 

transcript. Means and standard deviations were calculated on a Texas 

Instrument programmable calculator. 



67 

RESULTS 

I. Determination of Loss of mRNA During Fixation  

Morula or blastocyst stage embryos were pre-labelled with 

[3H]-adenine or [3H]-uridine, fixed in glutaraldehyde, paraformaldehyde 

or Carnoy's fixatives, and acid-precipitable radioactivity was assessed 

in post-fixed embryos and compared to pre- labelled, unfixed embryos of 

the same embryonic stage. Table 1 is a compilation of retention data 

obtained using both protocols described in Materials and Methods. 

Protocol #1 involved spotting the embryos onto glass fiber filters 

without prior lysis followed by washes with TCA. Comparing embryonic 

stages and radioactive precursor used ( experiments 1-7 non-fixed 

column; Table 1) it was observed that the incorporation of [3H]-adenine 

into RNA was, as expected, higher in blastocyst stage embryos than in 

morula stage embryos. Incorporation with either precursor at the 

blastocyst stage was comparable. Data obtained to assess retention of 

TCA-precipitable RNA from embryos pre-labelled with [3H] -adenine fixed 

with either of two concentrations of glutaraldehyde ( 1% or 4%) were 

variable with protocol # 1. Some unincorporated precursor appeared to 

be trapped within the fixed material and inaccessible to ICA washes 

since the cpm retained was observed to be greater than in non-fixed 

embryos ( experiments 1-2, Table 1). This was especially noted when 1% 

glutaraldehyde, as a fixative, was used. Retention values greater than 

100% were not observed when blastocyst stage embryos were used and 

fixed with either concentration of glutaraldehyde ( experiments 3-7, 

Table 1). Furthermore, post-fixation retention values were much lower 

for blastocysts than morulae. 



Table 1 

Retention of Pre-labelled RHA During Fixation Procedures 

TCA-Precipltable Radioactivity (cpm [3 HI/embryo )a 

Experiment Stage Isotope Precursor Non-fixed 4% glutaraldehyde 1% glutaraldehyde 4% paraformaldehyde Carnoy's  

Protocol #1 b 
1 Morula - 3H-Adenine 589 ± 40 415 ± 63 ( 70%) 1834 ± 295 (311%) 

2 Morula 3H-Adenine 515 ± 19 780 ± 109 (151%) 906 ± 138 (176%) 

3 Blastocyst 311-Adenine 488 ± 97 216 ± 24 ( 45%) 442 ± 29 ( 92%) 

4 Blastocyst 3H-Adenine 1242 ± 161 525 ± 163 ( 42%) 665 ± 81 ( 55%) 

5 Blastocyst 3H-Uridine 1112 ± 112 164 ± 25 ( 15%) 415 ± 78 ( 37%) 

6 Blastocyst 3H-Uridine 1416 ± 286 464 ± 46 ( 33%) 

7 Blastocyst 3H-Uridine 1360 ± 186 272 ± 48 ( 20%) 

Protocol #2 3 
8 Morula H-Uridine 150 ± 53 22 ± 12 ( 14%) 160 ± 23 ( 107%) 

9 Morula 311-Uridlne 100 ± 23 8 ± 0.6 ( 8%) 60 ± 25 ( 60%) 89 ± 25 ( 89%) 

10 Morula 311-Uridine 97 ± 28 12 ± 6 ( 12%) 79 ± 26 ( 81%) 52 ± 18 ( 66%) 

11 Blastocyst 3H-Uridine 2291 ± 99 371 ± 184 ( 16%) 1443 ± 665 ( 63%) 2298 ± 36 (108%) 

a Embryos were labelled in vitro in the presence of 200 uCl/ml of [3H]-adenine for 2 hours and assayed as described in Materials and 
Methods. Each value is tlThiian ± S.D. of three groups of 10 embryos per group 

b Numbers in paranthesis are the percent retention in fixed material relative to non-fixed embryos ( taken as 100%) 
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Since trapping of radiolabelled precursor appeared to occur in 

glutaraldehyde-fixed morulae, the experimental protocol was revised 

such that embryos were subjected to lysis prior to being spotted onto 

glass fiber filters and assayed for TCA-precipitable radioactivity ( see 

protocol #2, Materials and Methods). The retention of pre-labelled RNA 

was reassessed for three fixatives: 1% glutaraldehyde, 4% 

paraformaldehyde and Carnoy's fixative. Incorporation of [3H] -uridine 

into RNA by morula stage embryos was again less than for blastocysts 

(experiments 8-il, nonfixed column, Table 1). The retention of 

[3H]-uridine labelled RNA in both morula and blastocyst stage embryos 

fixed with 1% glutaraldehyde was found to be quite low compared to 4% 

paraformaldehyde or Carnoy's fixed embryos ( experiments 8-il, Table 1). 

Data obtained from embryos fixed with either 4% paraformaldehyde or 

Carnoy's was slightly variable, nonetheless the amount of pre-labelled 

RNA remaining in fixed embryos was consistently greater than 60% 

relative to non-fixed embryos with both fixatives ( Table 1). 

Interestingly, the efficiency of lysis could also be visualized under a 

dissecting microscope. Non-fixed embryos lysed immediately and did not 

require freeze-thawing for complete disruption, whereas embryos fixed 

with any of the three fixatives used required freeze-thawing for 

disruption to become more obvious. Cellular debris was always present 

and consistently more intact for glutaraldehyde-fixed embryos than for 

paraformaldehyde- or Carnoy's-fixed embryos ( in that order) adding 

further proof to our initial supposition that the trapping of soluble 

radioactivity was the cause of our initial inconsistent results with 

gl utaral dehyde. 
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Pre- labelled and fixed embryos were also embedded in paraffin, 

sectioned, subjected to a mock hybridization ( see Materials and 

Methods) and carried through autoradiographic procedures as an 

alternative method to compare RNA retention with various fixatives. 

Relative grain densitie§ observed ( Figure 7) were consistent with 

biochemical measurements of RNA retention in Table 1. That is, morulae 

fixed with Carnoy's ( panel A) and 4% paraformaldehYde ( panel B) yielded 

higher grain densities than morula fixed with 1% glutaraldehyde ( panel 

C) after an identical autoradiographic exposure time. 

It is interesting to note that grain densities are much higher 

over nuclei ( the site of RNA synthesis) than over cytoplasmic regions 

with the pre- labelling time used in these experiments. Such 

observations stressed the importance of taking care that comparisons 

being made were always based on photographs taken from sections cut 

through equivalent regions of embryos. 

II. Fixation, Embedding and Sectioning Preimplantation  

Mouse Embryos  

Once fixatives that led to relatively high RNA retention ( 4% 

paraformaldehyde and Carnoys) were identified, it was necessary to 

devise appropriate methods by which fixed embryos - could be processed 

for embedding and sectioning ( see Materials and Methods). This imposed 

the greatest difficulty due to the small size of the embryos and the 

technical problems which needed to be overcome in order to manipulate 

them through the several processing steps. Eventually reliable .5 lim 

sections could be produced with paraffin using embryonic material fixed 

in either fixative. - 
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Figure 7 

utoradiOgraPhY of in vitro labelled morula stage embryos. Morulae 

were prelabelled with [3H]-uridine fixed with Carnoy'S fixative ( A), 4% 

paraformaldehYde ( B), or 1% glutaraldehYde ( C) and sectioned at 5 pm. 

Sections were carried through a mock hybridization and coated with 

toradiographic emulsion. Exposure time was seven days. 
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Although paraffin as an embedding medium was ultimately our 

preferred choice, frozen or methacrylate sections from 

paraformaldehyde-fixed embryos were made and analyzed. Frozen sections 

were deemed not very useful as cytoplasmic and nuclear detail was poor, 

5 im sections were difficult to cut, and slides with sections could not 

be stored for any great length of time. Methacrylate embedding was 

difficult and very time-consuming. In addition, eggs or embryos could 

not be pre-stained with eosin B for enhanced visualization as the dye 

leached out during the embedding processes. This imposed problems in 

detecting embryonic material in the block. When it was reported by 

Jamrich et al. ( 1985) that, although materials embedded in methacrylate 

were morphologically superior, the hybridization signals achieved were 

2- to 4-fold less than for material embedded in paraffin, methacrylate 

embedding procedures were discontinued. 

Although sectioning imposed its own problems it was found that 

Carnoy's fixed eggs or embryos did yield better sections than 

paraformaldehyde-fixed embryonic material. This difference probably 

lies within the natures of these two types of fixatives and the round 

shape of the embryos being analyzed. Paraformaldehyde, being an 

additive fixative, crosslinks cellular proteins such that paraffin 

molecules are less easily penetratable. Carnoy's, a coagulator, 

precipitates macromolecules and the presence of chloroform, which 

inherently extracts lipids, probably serves to enhance paraffin 

penetration during embedding. Furthermore, tissues for histological 

sectioning are generally prepared in a cube shape, thus providing 

reasonably straight horizontal and vertical boundaries. Eggs and 

embryos are spherical in shape. This tended to cause the microtome 
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knife to " skip" by them or pull them directly out of the block. This 

was especially true if the paraffin of the block was not in complete 

contact with the egg or embryo surface. Such a problem with sectioning 

was more often the case for paraformaldehyde-fixed embryonic material 

than for Carnoy's-fixed material. 

Morphologically, paraformaldehyde-fixed and sectioned eggs or 

embryos were superior to those fixed in Carnoy's on the basis of 

preservation of zona pellucida, cell membrane and in vivo size. The 

zona and outer membranes of Carnoy's-fixed eggs or embryos were often 

pulled away, missing, or slightly wrinkled and eggs or embryos were 

slightly larger than their original unfixed size. On the other hand, 

general shape and cytoplasmic and nuclear detail were in no way marred 

or less superior in Carnoy's-fixed material than in paraformaldehyde 

(see Figures 11 and 12, haematoxylin and eosin stained Carnoy's-fixed 

sections of preimplantation embryos). 

III. In situ Hybridization Using DNA Probes  

Initial in situ hybridization attempts sought to evaluate 

available pretreatment protocols, hybridization conditions, and 

post- hybridization washing conditions for the detection of cellular 

levels of histone H3 mRNA with tritium labelled double-stranded DNA 

probes. 

Flistone H3.2 ( probe) and pBR322 ( control) DNAs were radiolabelled 

using the oligolabelling procedure ( see Materials and Methods). This 

method yielded a 10-fold higher specific activity than that obtained by 

nick-translation. Probe specific activities ranging from 6 x 1O7 

cpm/g to 1.1 x 108 cpm/.ig were achieved while control pBR322 plasmid 
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sequences yielded even higher specific activities of between 1 x 108 

cpm/ig and 1.8 x 10  cpm/iig. Radiolabelled DNAs were stable and could 

be stored for two to three months without a major loss of radioactive 

label. The size, for both probe and control sequences, of the 

[3H1-labelled fragments ranged from about 0.2 kb to 1.0 kb with a mean 

size equal to about 0.3 kb ( panel B, Figure 2). 

Acetylation of cellular proteins with acetic anhydride ( Hayashi et 

al., 1978) was found to reduce background binding of probe, as 

expected, and become a routine inclusion as a pretreatment procedure in 

the protocol. Protease digestion of sections before hybridization 

(Brahic and Haase, 1978; Angerer and Angerer, 1981) was found to be 

necessary. Although greater losses of sections were incurred little 

signal could be detected, after several weeks of exposure, if it were 

not included. A digestion period of 20 to 30 minutes with proteinase K 

at a concentration of 1 ig/ml did not cause detrimental damage to the 

morphology of embryo sections fixed with either 4% paraformaldehyde or 

Carnoy's fixative. Increasing the time of digestion, however, did 

cause more sections to dissociate from the slides. Pretreatment with 

RNase A, provided as an extra control situation, also did not alter 

general cellular morphology. 

Dehydration of sectioned material before hybridization facilitated 

the application of the hybridization' mixture and ensured that probe 

concentrations were not diluted by the presence of liquid on the 

slides. Furthermore, dehydration is thought to enhance penetration of 

the probe into cells ( Brahic and Haase, 1978). The inclusion of 

Denhardt's solution and dextran sulfate in the hybridization mixtures 

was found to reduce background binding of the probes to the slide. 
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Figure 8 

In situ hybridization of histone H3.2 and pBR322 DNA to sections of 

unfertilized eggs. Unfertilized eggs were fixed with 4% 

paraformaldehyde and hybridized with 5 x 10 cpm of [3H] -dCTP 

oligolabelled pBR322 DNA ( specific activity = 1.2 x 10  cpm/ig) in 

panels Al and Bl or H3.2 DNA ( specific activity = 6.5 x 10 cpm/pg) in 

panels A2, A3, B2, and B3. Panel 2 was treated with Rnase A in each 

case. The final wash was performed at room temperature in O.lx SSC. 

Exposure time was one week ( column A) or four weeks ( column B). 
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When salt concentrations lower than 0.6 M NaCl were used during 

hybridization, little signal could be detected even after long 

exposures. 

Figure 8 is an example of in situ hybridization results obtained 

for paraformaldehyde-fixed unfertilized egg sections with DNA probes 

using our finalized hybridization protocol to assess the stringency of 

the final wash. No significant hybridization signal was obtained after 

one week ( column A) or four weeks ( column B) of exposure although the 

grain densities for probe and control hybridizations were slightly 

higher at four weeks. Silver grains tended to be randomly distributed 

over the sections. While slight discrimination between signal ( H3.2 

DNA, panels A3 and B3, Figure 8) and noise ( pBR322 DNA, panels Al and 

Bi, Figure 8) was sometimes observed,, grain densities were too low to 

be conclusive. 

In an attempt to increase autoradiographic signal, the stringency 

of the final wash was reduced ( at room temperature),by increasing the 

salt concentration from 0.1x SSC to lx SSC. Signals obtained after 

this on sections of unfertilized eggs fixed with either 4% 

paraformaldehYde or Carnoy's fixative ( but otherwise using identical 

conditions and procedures previously used) are shown in Figure 9. As 

shown, a one week exposure time was still insufficient to provide a 

detectable hybridization signal and was not limited to the fixative 

used even when the stringency of the final wash was reduced. Signals 

were detectable after long exposure times ( four months) but very 

unexpected results were obtained. 

Using paraformaldehyde-fixed egg sections ( columns A and B, Figure 

9), it was found that RNase pretreatment and hybridization with pBR322 
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Figure 9 

Comparison of in situ hybridization signal of radiolabelled histone 

H3.2 and pBR322 DNA to fixed sections of unfertilized eggs. 

Unfertilized eggs were fixed with either 4% paraformaldehyde ( columns A 

and B) or Carnoys fixative ( columns C and D). Hybridization was 

performed with 5 x 10 cpm of [3H]-labelled pBR322 or H3.2 DNA per slide 

in all cases. The specific activity of the pBR322 control DNA was 1.6 x 

10  cpm/ug and that of H3.2 DNA was 1.1 x 10  cpm/ig. The final wash 

was performed at room temperature in lx SSC. Panels Al 'and Cl contain 

sample sections stained with haematoxylin and eosin. Other details are 

as follows: 

Al - 4% paraformaldehyde-fixed unfertilized egg section; 
haematoxylin-eosin stained. 

A2 - hybridized with pBR322; one week exposure 
A3 - RNase A pre-treated; hybridized with H3.2; one week exposure 
A4 - hybridized with H3.2; one week exposure 
B1 - Rnase A pre-treated; hybridized with pBR322; four months exposure 
B2 - hybridized with pBR322; four months exposure 
B3 - RNase A pre-treated; hybridized with H3.2; four months exposure 
B4 - hybridized with H3.2; four months exposure 
Cl - Carnoy's-fixed unfertilized egg section; haematoxylin-eosin stained 
C2 - hybridized with pBR322; one week exposure 
C3 - RNase A pre-treated; hybridized with H3.2; one week exposure 
C4 - hybridized with H3.2; one week exposure 
Dl - Rnase A pretreated; hybridized with pBR322; four months exposure 
D2 - hybridized with pBR322; four months exposure 
D3 - RNase A pre-treated; hybridized with H3.2; four months exposure 
D4 - hybridized with H3.2; four months exposure 

Abbreviation used: MC, meiotic chromosomes 
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control DNA ( panel Bi) resulted in a low noise signal compared to 

sections that were not RNased ( panel B2). However, the hybridization 

signal ( panel B4) was still not much greater than that of the pBR322 

control ( panel B2) or control sections pretreated with RNase A prior to 

hybridization with the H3.2 DNA ( panel B3). On several occasions the 

signal was actually more pronounced with RNased sections hybridized 

with H3.2 compared to non-RNased sections ( results not presented). 

With Carnoy's-fixed material ( columns C and D, Figure 9) just as 

with paraformaldehyde fixation, strong signals were obtained only after 

long exposure times. In this set of experi(ments, the density of silver 

grains observed in sections hybridized with H3.2 DNA was actually lower 

than that in sections hybridized with control pBR322 DNA ( compare 

panels D4 and D2). Moreover, the signal observed when labelled H3.2 

DNA was hybridized to RNase-treated sections was, surprisingly again, 

much greater than that obtained in untreated sections ( compare panels 

D3 and D4). That is, results opposite to that expected in 

RNase-treated control sections were repeatedly obtained in Carnoy's-

fixed material and more pronounced than in paraformaldehyde-fixed 

sections. This phenomenon consistently occurred even when several 

different lots of RNase A were used. 

The anomalous and unexpected results obtained with RNase-treatment 

of sections was not confined to the unfertilized egg stage. Sections 

of blastocysts fixed with 4% paraformaldehyde and subjected to the same 

experimental parameters used for egg sections again yielded 

inconclusive data ( Figure 10). As observed for unfertilized eggs, a 

larger grain density was achieved after four weeks of exposure. Again, 

silver grains were observed to be randomly distributed over the 
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Figure 10 

In situ hybridization of histone H3.2 and pBR322 DNA to sections of 

blastocyst stage embryos. Blastocysts were fixed with 4% 

paraformaldehyde and hybridized with 5 x 10 5. cpm of [3H] -.dCTP 

oligolabelled pBR322 ( specific activity = 1.4 x 108 cpm/ig) in panels Al 

and B2 or H3.2 DNA ( specific activity = 6.6 x 1O7 cpm/jig) in panels A2, 

A3, B2, and B3. Panel 2 was treated with RNase A in each case. The 

final wash was performed at room temperature in lx SSC. Exposure time 

was one week ( column A) or four weeks ( column B). 
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sections. Although randomly distributed the silver grains occasionally 

appeared clumped together as shown in Figure 10. Clumping of silver 

grains appeared in hybridized unfertilized egg sections fixed with 

either 4% paraformaldehyde ( see panels A3 and B2, Figure 9) or Carnoy's 

fixative ( see panels C3, C4, Dl, D3 and D4, Figure 9) and constituted 

as yet another anomalous result. A lower grain density was observed in 

blastocyst sections pre-treated with RNase A and hybridized with H3.2 

DNA ( panels A2 and 82, Figure 10). However, there was no visible 

difference in the grain densities of sections hybridized with either 

control pBR322 ( panels Al and Bi, Figure 10) or probe H3.2 ( panels A3 

and B3) DNAs. Because the results obtained with [3H]-labelled DNA 

probes were so variable and contrary to expectation with RNase control 

treatments, experiments to use asymmetric RNA probes derived from 

transcription vectors were initiated. 

IV. In situ Hybridization Using RNA Probes  

The 0.9 kb EcoRI-SalI histone H3.2 fragment was successfully 

cloned into the transcription vectors pT7/13-18 and pT7/T3-19. The two 

clones chosen, pl8D and pl9E, respectively, were linearized and T3 

polymerase was used to produce [35S]-UTP labelled anti-sense RNA 

transcripts, complementary to histone H3.2 mRNA, and sense RNA 

transcripts having the same sequence as histone H3.2 mRNA. The 

specific activity obtained was 1.1 x 10 8 cpm/g for both riboprobes. 

Transcription of this DNA insert was not effective with 17 polymerase. 

The full-length transcripts ( probe and control), once synthesized, were 

reduced in size to 80 to 100 nucleotides by limited alkaline hydrolysis 
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and confirmed by electrophoresis in a denaturing gel system ( see 

Materials and Methods and Figure 5). 

Anti- sense H3.2 transcripts were then hybridized to Carnoy's-fixed 

sections of preimplantation mouse embryos ( right column, Figure 11). 

Comparable in situ hybridization experiments were conducted with the 

appropriate control RNA transcripts ( middle column, Figure 11). After 

a reasonably short autoradiographic exposure time ( 14 to 20 days), 

relatively high silver grain densities of hybridized probe to H3 mRNA 

molecules were observed. Silver grains were distributed evenly over 

the entirety of the sections, regardless of the embryonic stage 

examined. That is, no preferential cytoplasmic or nuclear location of 

histone H3 message was obvious from the mature oocyte to the blastocyst 

stage, a result consistent with the distribution of translationally 

active template RNA in the cytoplasm. Although a relatively noticeable 

background silver grain density for hybridizations using control RNA 

transcripts was observed ( Figure 11), the noise level was well below 

that of the signal level. 

In the results shown in Figure 11, sections from the five 

embryonic stages used (mature oocyte, unfertilized egg, fertilized egg, 

2- cell embryo and blastocyst) were treated identically, that is all 

were hybridized, washed and subjected to autoradiography in the same 

manner. Thus quantitative comparisons of grain densities without 

allowances for differences in the procedure were possible. Grain 

counts were made directly from photographs of sections hybridized with 

[35S]- labelled RNA transcripts and are tabulated in Table 2. Grain 

densities were determined for embryonic stages on a total section area 

basis and were also calculated for cytoplasmic and nuclear 
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Figure 11 

In situ hybridization of histone H3.2 riboprobes to preimplantation 

mouse embryo sections. Oocytes ( A, B, C), unfertilized eggs ( ID, E, F), 

fertilized eggs ( G, H, I), 2-cell embryos ( J, K, L) and blastocyst stage 

embryos (M, N, 0) were fixed with Carnoy's fixative, embedded in 

paraffin and sectioned at 5 urn thickness. Representative stained 

sections of each embryonic stage used are presented in the left column 

(A, ID, G, J, N). Sections that were hybridized with 5 x 105 cpms of 

[355]-uridine labeled H3.2 control sense RNA transcripts ( specific 

activity = 1.1 x 10  cpm/pg) are presented in the middle column in 

panels B, E, H, K, and N. Sections hybridized with 5 x 10 cprn of 

[355] -uridine labeled anti- sense RNA transcripts complementary to 

histone H3 mRNA sequences ( specific activity = 1.1 x 10  cpm/g) are 

shown in the right column in panels C, F, I, L, and 0. Autoradiographic 

exposure time was 17 days. Abbreviations used: GV, germinal vesicle; 

PN, pronucleus; 1CM, inner cell mass; and 1, trophectoderm. The scale 

bar in panel N is approximately 25 pm. 
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compartments. As shown in Table 2, total section grain density 

obtained from hybridization with sense RNA transcripts ( noise) never 

exceeded that of signal grain density ( see also Figure 11) and were 

comparable at each stage. When noise levels were subtracted from 

signal levels it became obvious that there was an approximate 4-fold 

reduction ( on a unit area basis) in grain density as development 

proceeded from the egg to the 2- cell stage. As development progressed 

to the blastocyst stage, the grain density was again comparable to that 

of the egg and was approximately 4 to 5 times that of the 2-cell 

embryo. When grain densities in the cytoplasmic and nuclear 

compartments for each stage were compared, it was noted that they were 

very similar over all portions of the sections. 

Since discriminatory signal to noise ratios were obtained with the 

histone H3.2 riboprobes and since the overall quantitative 

relationships observed were consistent with reported histone H3 mRNA 

levels in early mouse embryos ( Graves et al., 1985) the distribution of 

Ui snRNA transcripts in preimplantation mouse embryos was also 

analyzed. This gene product was chosen because it was expected -to have 

a localized intracellular distribution. The recombinant riboprobe 

vectors pSp64-U1b and pSp65-Uib containing the 394 base pair mouse U1b 

snRNA gene were linearized and SP6 polymerase used to produce [ 35S] -UTP 

labelled sense RNA transcripts ( control) and anti-sense RNA transcripts 

(probe). The specific activity of the riboprobes were 1.7 x 10  cpm/pg 

and 1.6 x 10  cpm/iig, respectively. Full-length transcripts, as 

confirmed by electrophoresis on a denaturing gel system ( see Materials 

and Methods and Figure 6) were used for in situ hybridizations. 
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Table 2 

Hybridization of Histone H3.2 Riboprobes 
to Sections of Mouse Eggs and Early Embryos 

Silver Grain Density ( Grains per 100 urnt)a 

Total Section Cell Compartments  

b c Nucleus Cytoplasm 
Stage Signal Noise Signal-Noise (Signal-Noise) Signal-Noise 

0ocyte 24.1±1.6 13.7±1.7 10.4±1.2 8.4±6.2 10.6±2.1 

Unfertilized Egg 27.8±3.1 10.4±2.1 17.4±3.4  d 17943•4d 

Fertilized Egg 24.6±2.6 12.3±1.1 12.3±3.1 7.3±2.7 13.0±3.2 

2-cell Embryo 15.1±0.7 11.0±1.3 4.1±1.0 6.0±2.9 4.6±0.6 

Blastocyst 35.4±9.1 14.5±3.5 20.9±3.3 21.4±4.0 17.8±6.9 

a 

b 

c 

d 

Each value represents the mean±S.D. silver grain counts ( per 100 jima area) derived 
from five sections all hybridized and autoradiographed under identical conditions. 
Grain counts and area measurements were made as described in Materials and Methods. 

Signal refers to sections hybridized with the [35S]-labeled anti-sense riboprobe. 

Noise refers to control sections hybridized with the [35S]-labeled riboprobe that had 
the same sequence as the H3.2 RNA. 

Because the unfertilized egg is at metaphase of the second meiotic division, no 
nucleus exists. The cytoplasmic grain density is the same as that of the total 
section. 
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Sections of mature oocytes with germinal vesicles, ovulated 

unfertilized eggs at metaphase II of meiosis, fertilized eggs at the 

pronuclear stage, 2-cell embryos, and early- to mid-blastocyst stage 

embryos ( 32 to 64 cells) were hybridized with [35S]-labelled anti-sense 

U1b RNA transcripts complementary to Ui mRNA ( right column, Figure 12) 

and with appropriate control in vitro synthesized U1b sense RNA 

transcripts having the same sequence as Ui mRNA (middle column, Figure 

12). Relatively high silver grain densities of hybridized probe to Ui 

mRNA molecules was observed after three to six days of autoradiographic 

exposure. 

The hybridization signal obtained with anti-sense U1b riboprobe 

was found to be distinctly higher than that of hybridization with the 

control Uib riboprobe ( Figure 12). Silver grains, indicative of 

hybridization to Ui mRNAs, were preferentially localized to the 

germinal vesicle at the mature oocyte stage ( panel C) although visible 

grains (well above background levels) were also present in the 

cytoplasm. The hybridization signal was observed to be. uniformly 

distributed over the cytoplasm of the unfertilized egg ( panel F). At 

this particular embryonic stage the germinal vesicle nuclear membrane 

has broken down with meiotic maturation that accompanies ovulation. 

Interestingly, there was no preferential localization of Ui RNA 

molecules around or near the condensed maternal chromosomes, which are 

arrested in metaphase of the second meiotic division, at this time. 

Upon fertilization and formation of the pronucleus there was again an 

observed nuclear localization of Ui RNA transcripts ( panel I). This 

predominant nuclear location of Ui RNA molecules was maintained at the 

2-cell stage ( panel L) and at the blastocyst stage ( panel 0), although 
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Figure 12 

Localization of U1b snRNA in preimplantation mouse embryo sections 

by in situ hybridization. Oocytes ( A, B, C), unfertilized eggs ( D, E, 

F), fertilized eggs ( G, H, I), 2-cell embryos ( J, K, L) and blastocyst 

stage embryos ( M, N, 0) were fixed with Carnoyts fixative, embedded in 

paraffin and sectioned at 5 urn thickness. Representative stained 

sections of each embryonic stage used are presented in the left column 

(A, D, G, J, M). Sections that were hybridized with 5 x 10 cpm of 

[35S] -uridine labeled U1b control sense RNA transcripts ( specific 

activity = 1.7 x 10  cpm/ug) are shown in panels B, E, H, K, and N in 

the middle column. Sections hybridized with 5 x 10 cpm of 

[355J -uridine labeled anti-sense U1b transcripts ( specific activity = 

1.6 x 10  cpm/g) to identify U1b snRNA molecules are shown for oocytes 

to blastocysts in the right column in panels C, F, I, L, and 0. 

Autoradiographic exposure time was 6 days. Abbreviations used: GV, 

germinal vesicle; MC, meiotic chromosomes; PN, pronucleus; 1CM, inner 

cell mass; and T, trophectoderm. 
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the smaller cell size and large numbers of grains made observations of 

nuclear localization in the blastocyst less obvious than with previous 

embryonic stages. Although, visually, silver grains appeared to be 

preferentially localized within nuclei (when present), they were also 

found to be distributed over the cytoplasm at each stage. However, 

there was no nuclear predominance of background silver grains when 

control riboprobe was hybridized in situ ( panels B, E, H, K, and N, 

Figure 12). Rather, silver grains appeared to be evenly distributed at 

a very low density over the entirety of the sections. 

All in situ hybridizations with U1b RNA transcripts within a 

complete set of embryonic stages were also done under identical 

conditions ( as discussed for hybridization with H3.2 RNA transcripts). 

Hence, grain density quantitation and comparisons were also done in an 

identical manner. Grain densities were again calculated on a total 

section area basis and also determined for the nuclear and cytoplasmic 

compartments of each embryonic stage ( see Table 3). Noise levels were 

very low with sense-strand U1b RNA transcripts and were very similar 

between stages. On a total area basis the grain density declined by 

approximately 60% from the oocyte and egg stages to the 2-cell stage. 

Blastocyst stage embryos were observed to have a slightly higher Ui RNA 

grain density than the egg ( Table 3). When the grain densities were 

calculated separately for nuclear and cytoplasmic compartments, with 

the exception of the unfertilized egg, the distribution of grains was 

found to be much higher in the germinal vesicle nucleus, the fertilized 

egg pronucleus and nuclei of the 2- cell and blastocyst stage embryos 

(Table .3). Although the cytoplasmic grain density for blastocysts 
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Table 3 

Hybridization of U1b Riboprobes to Sections 
of Mouse Eggs and Early Embryos 

Silver Grain Density ( Grains per 100 um2)a 

Total Section Cell Compartments  

b Signal- Nucleus 
Stage Signal Noise C Noise (Signal-Noise) 

0ocyte 19.4±1.6 4.0±0.7 15.4±1.8 39.1± 6.1 

Unfertilized Egg 22.4±2.5 4.1±1.1 18.3±2.0  d 

Fertilized Egg 22.5±4.7 7.2±1.0 15.3±3.6 77.7±18.9 

2.-cell Embryo 10.7±1.7 4.3±0.7 6.4±1.7 37.3± 9.4 

Blastocyst 26.2±3.0 5.7±0.7 20.5±2.7 40.4±12.3 

a 

b 

c 

d 

Cytoplasm 
(Signal-Noise) 

7.7±0.5 

l8.3±2.0' 

7.8±4.6 

0.8±1.0 

14.0±3.6 

Each value represents the mean±S.D. silver grain counts ( per 100 im2 area) 
derived from five sections all hybridized and autoradiographed under identical 
conditions. Grain counts and area measurements were made as described in 
Materials and Methods. 

Signal refers to sections hybridized with the [35S-labelled anti-sense 
ri boprobe. 

Noise refers to control sections hybridized with the [355]-labelled riboprobe 
that had the same sequence as the Ui RNA. 

Because the unfertilized egg is at metaphase of the second meiotic divisi on, no 
nucleus exists. The cytoplasmic grain density is the same as that of the total 
section. 
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appeared to be relatively high, the grain count data still indicated a 

preferential localization to the nuclear compartment. It must be noted 

that in situ hybridizations to comparable material fixed in 4% 

paraformaldehyde ( results not presented) with U1b transcripts were done 

and a nuclear localization observed. However, higher signal to noise 

ratios ( for the results shown) were obtained with Carnoy's fixative. 
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DISCUSSION 

The purpose of the work described in this thesis was to develop a 

reliable in situ hybridization protocol which could be applied to 

sections of preimplantation mouse embryos to detect cellular RNAs of 

developmental interest. It was recognized at the outset that although 

in situ hybridization protocols were in existence for mRNA detection in 

other embryonic systems ( for review see Angerer, R.C. et al. 1985) the 

procedures required for successful application of the method to the 

small amount of embryonic material available within early mammalian 

developmental systems might well require adaptation and refinement of 

pre-existing techniques. In the design of the protocol, i.t was 

acknowledged that the optimization of in situ detection and 

localization of cellular mRNA required that embryonic material be fixed 

with a fixative that preserved cellular morphology, did not cause 

excessive loss of target mRNA during the fixation procedure and left 

cellular mRNA accessible to the hybridization probe. Thus, the first 

concern was to choose an appropriate cytological fixative. 

I. Fixation and RNA Retention  

RNA retention in fixed material was evaluated by determining the 

loss of incorporated acid-precipitable radioactivity or by assessing 

the relative grain densities of autoradiographs of pre-labelled embryo 

sections subjected to fixation, embedding and a mock hybridization. 

Based on earlier reports that glutaraldehyde led to good RNA retention 

and preserved the morphology of sea urchin eggs and embryos ( Angerer 

and Angerer, 1981) initial efforts were focused on evaluating 
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radioactive precursor was abolished and a more accurate assessment of 

RNA retention with respect to the type of fixative used was possible. 

At this time, 4% paraformaldehYde and Carnoy's fixatives were included 

in the study as the early results suggested that glutaraldehyde was, 

perhaps, not the optimum fixative for early mouse embryos. The 

experimental results showed that the level of retention of pre-labelled 

RNA was more than 5 times higher in both paraformaldeh,Yde and 

Carnoy's-fixed embryos than in glutaraldehyde-fixed embryos ( see Table 

1). In support of this interpretation ( although not actually 

quantitated with respect to absolute grain density) was the observation 

that pre- labelled, glutaraldehyde-fixed and sectioned morulae carried 

through a mock hybridization displayed lower grain densities as 

compared to embryos fixed with paraformaldehYde or Carnoy's fixatives 

(see Figure 7). The reduction in grain density was especially noted in 

the cytoplasmic compartments of the morulae. 

It was surprising that retention values for the two additive 

fixatives ( glutaraldehyde and paraformaldehYde) tested were so 

different considering their mode of fixation is very similar. Both 

fixatives react chiefly with the amino group of lysine in proteins. 

parformaldehyde, however, penetrates tissues faster ( Hopwood, 1969). 

Thus, a fixation time of 30 minutes was used for glutaraldehyde 

compared to 15 minutes for paraformaldehYde. These times were chosen 

because of the relatively slower rate of penetration of glutaraldehyde. 

It should be noted that no fixation protocols for preimplantation mouse 

embryos that would have aided selection of an appropriate fixation time 

have been published. Length of fixation time has been known to effect 
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hybridization signals. Over-fixation is critically associated with a 

reduction in grain densities of autoradiographs. While, the precise 

mechanism is not known, it is assumed that prolonged fixation either 

extracts cellular RNA binding proteins or renders ribonucleoprotein 

complexes inaccessible to the hybridization probe via excessive 

cross-linking of cellular proteins ( Brahic and Haase, 1978; Capco and 

Jefferey, 1982). 

Only a few , other studies have measured the effects of different 

fixatives on the extent of hybridization in particular preparations. 

Comparisons have been made either by pre- labelling cells with 

[3H]-uridine and using autoradiography to measure the amount of 

radioactivity retained after a mock hybridization ( Godard and Jones, 

1979; Angerer and Angerer, 1981) or by directly assessing the extent of 

hybridization with a particular probe as a function of fixation 

technique ( Bentley and Singer, 1985; Moench et al., 1985). Using 

autoradiographic techniques Godard and Jones ( 1979) found that a 3:1 

ethanol:acetic acid fixation ( similar to Carnoy's fixative) yielded 

more grains than 0.1% glutaraldehyde for mammalian monolayer tissue 

culture cells. Angerer and Angerer ( 1981), on the other hand, 

demonstrated a 5.5-fold greater retention of cytoplasmic RNA for 

glutaraldehyde-fixed sea urchin embryos than for Carnoy's-fixed embryos 

while nuclear grain densities were equivalent. Comparative 

auto radiography, however, is not particularly quantitative as only the 

disintegrations of labelled molecules lying within the range of the 

photographic emulsion will be detected, thus the procedure cannot 

define the loss of a particular type of RNA ( Godard and Jones, 1979). 
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Bentley and Singer ( 1985) labelled chicken embryonic muscle 

cultures with [31-l]-uridine and fixed them in either 4% 

paraformaldehyde, 1% glutaraldehyde, or Carnoy's fixative and 

hybridized the cells to either [32 P]- labelled actin or control pBR322 

DNA to assess the effect of fixation protocol on both cellular RNA 

retention and efficiency of hybridization. Although RNA retention 

values were equivalently high for the two additive fixatives compared 

to Carnoy's, they observed a startling higher efficiency of 

hybridization with paraformaldehyde and better signal to noise ratio. 

Furthermore, Carnoy's as a fixative gave even a slightly lower 

hybridization signal compared to glutaraldehyde. The interpretation of 

their results was that the additive fixatives obviously were better in 

cross- linking cellular proteins to preserve RNA; however, if a cellular 

matrix is tightly bound it impedes probe penetration and effectiveness 

of post-hybridization washes to reduce non-specific binding ( as with 

glutaraldehyde). 

Moench et al. ( 1985) directly compared the hybridization signal of 

measles or visna viruses to infected and uninfected cell cultures fixed 

in one of a variety of fixatives. Although they observed a better 

hybridization signal with cells fixed with periodate-lysin-paraformal-

dehyde-glutaraldehyde ( PLPG; 0.5% paraformaldehyde, 1% glutaraldehyde) 

compared to 1% glutaraldehyde, 4% paraformaldehyde or Carnoy's fixative 

their results were also dependent upon the probe size. Thus, better 

signals were obtained with small probes ( 70 nucleotides) and PLPG as a 

fixative and intermediate or large probes ( 140 to 350 nucleotides) 

hybridized better with paraformaldehyde fixation. 
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The discrepancies in the reports cited above suggest that a 

comparison of hybridization efficiency with respect to fixation is 

necessary with each unique type of histological material. Based on the 

higher retention values and autoradiographic grain densities attained 

with 4% paraformaldehyde and Carnoy's fixation in labelling studies in 

this thesis, both fixatives were used for in situ hybridizations in 

subsequent studies with DNA probes. 

II. In situ Hybridization with a Histone H3.2 DNA Probe  

As the primary concern was to develop an in situ hybridization 

protocol for preimplantation mouse embryos, the choice of histone H3.2 

as a probe was based on the reported abundance of histone H3 mRNA in 

early eggs and embryos and the availability of a cloned H3.2 probe. 

Procedures with cloned DNA fragments as probes were initiated because 

of reports that symmetric DNA probes led to potential amplification of 

the hybridization signal by formation of probe hyperpolymers ( Wahl et 

al., 1979) on target mRNAs in the sections ( Bentley and Singer, 1985). 

This amplification of signal is reported to be more pronounced when 

associated vector sequences in the recombinant DNA molecule are 

included with the probe sequence and when probe molecules that are 

quite large ( an average of 1500 nucleotides) are used in the 

hybridization mixture ( Bentley and Singer, 1985). While greater 

sensitivity in detection of low-abundance mRNA should result from these 

approaches, large probe lengths have also been reported to be less 

accessible to target mRNAs yielding poor in situ hybridization signals 

(Brahic and Haase, 1978; Angerer and Angerer, 1981; Gee and Roberts, 

1983). 
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The evaluation of pretreatment protocols presented for in situ 

hybridization using sections fixed with 4% paraformaldehyde or Carnoy's 

fixatives were, not surprisingly, in accordance with reports from other 

researchers. Procedures that reduced non-specific binding of probe 

such as acetylation of cellular proteins and the inclusion of 

Denhardt's solution in the hybridization mixture were found to be 

essential. Removal of some cellular proteins was also found to be 

necessary to allow access of probe to target RNA. Proteinase digestion 

has been found by others to work within a critical optimum with respect 

to maximum hybridization signal and preservation of cytological 

structure. In this study, a large range of proteinase K treatment 

parameters were not conducted because it was found that at 

concentrations above 1 jig/ml or for digestion times longer than 30 

minutes, sections were lost from slides, rendering analysis impossible. 

It is interesting to note that Bentley and Singer ( 1985) found that 

proteinase K digestion did not markedly enhance hybridization signals 

in paraformaldehyde-fixed cells and long digestion times ( 30 minutes) 

caused extensive cellular damage and extraction of cellular RNA. Their 

examination, however, was based on a proteinase K concentration 5- times 

greater than is normally used. 

Because of the relative abundance of histone mRNA in 

preimplantation mouse embryos and reports by other laboratories that 

shorter DNA probes provided higher signals for in situ hybridizations, 

via increased accessibility, the H3.2 fragment was removed from the 

pBR322 vector and vector sequences were utilized as a control for 

hybridizations. 
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The hybridization temperature chosen to promote DNA/RNA hybrids in 

situ was derived from the equation: 

Tm = 81.5°C + log 16.6 M+ 0.41 ( G+C) 00.61 (% formamide) 

L 

where NI equals the Na+ concentration in moles/litre and L is the length 

of the probe sequence. Using a salt concentration of 0.6 NI, an average 

fragment length of 300 nucleotides, a G+C content equivalent to 56% 

(Sittman et al., 1981) and hybridization in 50% formamide the Tm of the 

probe DNA/DNA duplex is calculated to be 67.6°C. Since the optimum 

rate of hybridization occurs at 25 to 30°C below the Tm ( Britten et 

al., 1974), a hybridization temperature of 37°C was chosen. 

The results obtained for in situ hybridization using DNA probes 

were, unfortunately, highly variable and generally contrary to 

expectations. Two major problems were associated with these 

experiments. First, although oligolabelling with tritiated 

deoxyribonucleotides was used as a technique to generate reasonably 

short probe and control ( about 300 nucleotides) fragments with high 

specific activities and excess probe was used in the reaction mixtures, 

adequate hybridization signal was obtained only after very long 

exposure times of up to four months. Obviously, the- success or failure 

of an experiment to detect histone H3 mRNA could not be rapidly 

determined. 

The lack of a detectable signal is most likely attributable to 

self-reassociation of the probe in solution which concomitantly reduces 

the amount of probe available for hybridization in situ. Despite the 

results of Bentley and Singer ( 1985), this has been found to be a 

general problem in in situ hybridization experiments ( Szabo et al., 
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1977; Brahic and Haase, 1978). Thus, high concentrations of probe are 

required in order to achieve a significant signal within short periods 

of time. In addition, available probe molecules must have access to 

target RNAs. Although the average probe length used in experiments 

was 0.3 kb, some fragments up to full length 0.9 kb size were produced 

in the oligolabelling reactions and possibly added to the problem by 

reducing the amount of short probe available for hybridization or by 

formation of partial duplexes ( from self-reassociation) that impeded 

penetration through the cellular matrix to target mRNA. 

The second problem encountered in these hybridizations concerned 

results obtained by RNase -pre-treatment of sections. Rather than 

observing a reduction in signal of the in situ hybridization reaction 

an amplification was obtained ( see Figure 9). In this regard it is 

interesting to note that Godard and Jones ( 1979) and Guelin et al. 

(1985) report that they too have observed a strong enhancement of a 

specific hybridization signal using sections treated under the 

aforementioned conditions. In the work of Guelin et al. ( 1985) this 

particular artefact stopped occurring without explanation and they 

attributed the result to be due to variations in batches of RNases. 

Godard and Jones ( 1979) argued that the pre-RNasing effect was 

non-specific to their tissue culture cells since it did not occur with 

other cell types tested. These explanations are not entirely 

satisfactory since in the experiments in this thesis the artefact was 

never eliminated by changing lots of RNase A and the artefactual result 

occurred independently of embryonic stage (unfertilized egg or 

blastocyst) or the type of fixative used in section preparation ( 4% 

paraformaldehyde or Carnoy's). It was noted that the 
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signal-enhancement was stronger with Carnoy's-fixed material than with 

paraformaldehyde-fixedeggs or embryos. 

There is no simple explanation for the artefactual enhancement of 

signal via RNase pre-treatment. This effect was originally described 

by Gillespie and Spiegelman ( 1965) for DNA/RNA filter hybridizations. 

It has been suggested that probe molecules may bind to RNase molecules, 

which are basic proteins ( Gillespie and Spiegelman, 1965). Binding may 

also •be promoted by changes in electrical charge following enzymatic 

hydrolysis with proteinase K or RNase A ( Godard and Jones, 1979). 

These factors alone or in combination with physical entrapment of probe 

molecules to disrupted cell structures could provide an explanation for 

the increased signal ( Godard and Jones, 1979). Physical disruption of 

cellular structure would obviously be facilitated using Carnoy's 

fixative as the cellular matrix is not cross- linked tightly as with 

paraformaldehyde, and could explain the greater enhancement using 

Carnoy's-fixed eggs or embryos. 

Another possible explanation is that the RNase A predigestion 

(coupled with the previous proteinase K digestion) possibly allowed 

more histone mRNA sites to be exposed for hybridization rather than 

completely destroying all mRNA molecules as was intended. The 

concentration of RNase A ( 100 pg/ml) and digestion time ( one hour at 

37°C) was identical to that which is routinely used by other 

investigators (Angerer and Angerer, 1981; Venezky et al., 1981). 

Generally mRNA in vivo is bound or associated with protein molecules 

rather than existing as a free entity. Carnoy's, as a fixative, 

precipitates macromolecules such as protein and nucleic acids as 

opposed to paraformaldehyde which cross-links proteins. An increase in 
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histone H3 mRNA sites via nicking and unfolding of ribonucleoprotein 

complexes combined with reduced steric constraints on probe molecules 

within Carnoy's-fixed cellular structures might lead to an increase in 

hybridization signal compared to that in paraformaldehyde-fixed 

sections. This was, in fact, observed. Further support for this 

hypothesis is derived from the difference in the signal of pre-RNased 

sections hybridized with probe versus control DNA. As was shown, the 

signal achieved with RNased sections was greatly reduced when control 

pBR322 was used for hybridizations. This latter result is expected 

since pBR322 sequences should not form stable duplexes with exposed 

histone mRNA tracts ( see panels Dl and D4, Figure 9). 

Upon the availability of transcription vector systems to produce 

RNA transcripts in vitro and the reported improved success of in situ 

hybridizations using asymmetric RNA probes compared to DNA probes, 

experiments involving the cloning of the histone H3.2 fragment into a 

transcription vector system were initiated. 

III. In situ Hybridization with Riboprobes  

Although the cloning of the H3.2 fragment into the dual promoter 

transcription vector system was successful, it was found that 

transcripts of the linearized DNA could not be made in vitro using T7 

polymerase. Other researchers have reported such premature 

transcription termination near the promoter, especially with templates 

containing poly dG stretches adjacent to poly dA sequences ( Angerer, 

R.C. et al., 1985; Krieg et al., 1981). This particular histone 

fragment could also not be transcribed in an Sp6 riboprobe 

transcription system when inserted with the EcoRI site near the Sp6 
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promoter sequence ( W.F. Marzluff, personal communication). The reverse 

orientation, SalI-EcoRI yielded a template that could be transcribed. 

Similarly, successful transcription was achieved in the pT7/T3 vectors 

when T3 polymerase was used and full-length transcripts were generated. 

As a second probe, to test the effectiveness of in situ hybridizations 

using RNA transcripts, the mouse U1b snRNA gene ( Marzluff et al., 1983 

and Moussa et al., 1985) previously •cloned into, the Sp6 riboprobe 

transcription vector system of Melton et al. ( 1984) was used. 

Transcription of the linearized plasmid with Sp6 polymerase produced 

full-length transcripts of high specific activity. 

On the basis of reports that short RNA probes of 150 nucleotides 

in length yielded optimal signals for in situ hybridization ( Cox et 

al., 1984), the H3.2 RNA transcripts synthesized in vitro were reduced 

in size by limited alkaline hydrolysis. To provide for fragments of an 

average length of 150 nucleotides from the 900 nucleotide histone H3.2 

transcript the hydrolysis time set by the equation given in the 

Materials and Methods, was calculated as 55 minutes. The actual length 

obtained was slightly smaller ( average of 90 nucleotides) than that 

predicted. Since the U1b sequence inserted into the Sp6 vector was 

already quite short ( approximately 300 nucleotides) and since there is 

difficulty in controlling the alkaline hydrolysis reaction in very 

precise terms, transcripts from the U1b gene were used directly without 

hydrolysis. This was judged to be preferable to the possibility of 

generating fragments (<50 nucleotides) too short to be thermally stable 

in the in situ hybridization reaction. Indeed, the full-length U1b 

transcripts used were found to yield a good hybridization signal within 

a very short autoradiographic exposure time. 
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The development of in situ hybridization protocols using 

asymmetric RNA probes has progressed substantially within the past five 

years and the kinetics of the hybridization reaction and practical 

considerations necessary to promote RNA/RNA hybrid formation have been 

analyzed in detail ( see Cox et al., 1984). Using asymmetric RNA 

probes, Cox et al. ( 1984) observed an 8-fold increase in hybridization 

efficiency in situ over that observed with symmetric DNA probes. The 

kinetics of the hybridization reaction are not strictly 

pseudo-first-order, driven by excess probe and hybridization time, and 

such variables are not interchangeable as found for symmetric probes. 

As the level of hybridization with asymmetric RNA probes terminates 

below saturation ( after five hours) of available target sites 

regardless of the large probe excess the implication is that only a 

small fraction of the probe participates in the in situ hybridization 

reaction. Their data has provided a guideline concentration of 

asymmetric probes for in situ hybridizations to be approximately 0.3 

g/ml probe per kb of probe complexity ( Angerer , R.C. et al., 1985; Cox 

et al., 1984). Hybridization temperature is also critical and the Tm 

of in situ hybrids was found to be only 5°C lower than comparable 

hybrids formed in solution. It should also be noted that the 

destabilizing effect of formamide on RNA/RNA duplexes was found to be 

greatly decreased, relative to DNA/DNA duplexes. That is, thermal 

stability is altered by only 0.35°C per percent formamide compared to 

0.61°C to 0.70°C per percent formamide for DNA/DNA hybrids ( McConaughy 

et al., 1965). With these considerations in mind, the proposed Tm 

-25°C for histone H3.2 ( hydrolyzed, average length 90 nucleotides) and 

U1b RNA transcripts ( full length, 300 nucleotides) in the hybridization 
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mixture were calculated to be 46°C and 49°C, respectively. The 

hybridization temperature of 47°C used was, thus, in accordance with 

predictions with the promotion of optimal RNA duplex formation. 

Stringent post- hybridization wash conditions ( 0.lx SSC at 47°C) were 

also included to reduce the retention of mismatched duplexes. 

Hybridization or post-hybridization wash temperatures much higher than 

those used were not practical since section morphology was observed to 

deteriorate and sections became detached from the slides. As expected, 

post-hybridization RNase treatment to destroy unhybridized 

single-stranded RNA strands was also found to be necessary as 

discrimination between signal and noise could otherwise not be made. 

The in situ hybridization results obtained using the histone probe 

were deemed successful on the basis of comparison of hybridization 

signal achieved using anti-sense and sense H3.2 RNA transcripts ( see 

Figure 11). Three major points can be drawn from results obtained 

using the histone H3.2 probe. Firstly, autoradiographic silver grains 

were observed randomly over the entirety of the sections, and when 

grain densities for nuclear and cytoplasmic compartments were compared 

they were found to be equal. ( see Table 2). This finding argues against 

any subcellular location of histone H3 mRNA at the preimplantation 

stages tested. Secondly, in accordance with previous quantitative 

estimates of histone mRNA content during preimplantation mouse 

development ( Giebelhaus et al., 1983; Graves et al., 1985) a reduction 

in the hybridization signal at the 2-cell embryonic stage was observed. 

Finally, earlier studies have shown that histone synthesis occurs at 

all preimplantation developmental stages. Using cytosine arabinoside, 

to inhibit DNA synthesis, Kaye and Church ( 1983) reported that DNA 



109 

synthesis and histone synthesis are not temporally coordinated during 

early mouse cleavage stages. Histone synthesis does, however, become 

more coordinated with respect to DNA replication as development 

proceeds beyond the blastocyst stage. The in situ hybridization 

results presented in Figure 11 support the suggestion that histone and 

DNA synthesis are not coordinated in early mouse development. Silver 

grain density, indicative of histone H3 mRNA, is uniform in both cells 

of the 2- cell embryo and essentially uniform in the blastocyst even 

though synchrony of DNA synthesis in individual blastomeres and cells 

of the early embryo is lost after the first cleavage ( Schultz, 1986a). 

Background or noise was observed to be much higher for in situ 

hybridizations using histone H3.2 sense RNA transcripts than with U1b 

sense RNA transcripts. This can be attributed to the high G+C content 

of the histone H3.2 coding region ( approximately 67% G+C, Sittman et 

al., 1981). The ability of such G+C rich regions to base pair and form 

intramolecular, nuclease-resistant structures could possibly account 

for this elevated background. More importantly though, backgrounds 

observed did not differ over the embryonic stages tested ( see Table 2). 

IV. Intracellular Localization of U1b snRNA Molecules  

The in situ hybridization results obtained with U1b RNA 

transcripts revealed a subcellular localization of Ui snRNA to the 

nuclei of preimplantatiOn mouse embryos ( see Figure 12). Upon the loss 

of a nuclear compartment, as in the case for unfertilized eggs, Ui 

snRNA was present uniformly over the cytoplasm and was not 

preferentially associated with or in proximity to the condensed 

maternal chromosomes. It must be noted, however, that Ui snRNA is not 
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completely restricted to the nucleus as transcripts were present, 

randomly distributed,in the cytoplasm of all embryonic stages tested 

in levels well-above background. Furthermore, the observed signal was 

due to hybridization of U1b RNA transcripts to target nuclear ( and 

cytoplasmic) Ui RNAs and not as a consequence of binding of weakly 

homologous sequences, since the RNase-resistant duplexes formed in situ 

displayed a high degree of thermal stability. 

Substantiation of a nuclear, subcellular localization of Ui 

transcripts, rather than hybridization to nuclear DNA or non-specific 

binding to chromatin, is derived from the following: 

(1) The specific hybridization signal was observed using two different 

fixation protocols ( Carnoy's- or paraformaldehyde-fixed eggs and 

embryos) thus localization cannot be simply attributed to a 

general fixation artefact. 

(2) Steps in the in situ hybridization protocol used were not 

sufficient to denature DNA. 

(3) A nuclear hybridization signal was not observed with control 

riboprobe consisting of the opposite RNA strand. 

(4) A nuclear hybridization signal was not achieved with H3.2 RNA 

transcripts, thus constituting a second control. 

(5) The nuclear hybridization signal could not have resulted from a 

higher relative retention of or accessibility to Ui RNAs as a 

consequence of developmental stage as all embryos with nuclei 

tested demonstrated a nuclear localization. 

In order to analyze further the nuclear localization of Ui RNA and 

to quantitate the relative levels of Ui RNA present at different 

embryonic stages total section, nuclear and cytoplasmic silver grain 
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densities were determined ( see Table 3). As was expected, the 

distribution of grains was much higher in the nuclear compartment of 

all embryonic stages with nuclei present as compared to the cytoplasmic 

compartment. The level of Ui mRNA appeared to be relatively constant 

as development proceeded from the mature oocyte to the fertilized egg, 

based on total section grain densities. At the 2-cell stage the amount 

of Ui mRNA fell by about 60% but by the blastocyst stage, the Ui 

content had increased to levels slightly higher than egg stages. This 

relationship of a reduction in Ui snRNA at the 2-cell stage was not 

observed, however, when nuclear grain densities were examined. In 

fact, nuclear Ui content appeared to be about the same in 2-cell 

embryos as in oocyte and blastocyst stages. Cytoplasmic Ui content, on 

the other hand, was the lowest at the 2-cell stage and the highest for 

blastocyst stage embryos when nucleated embryos were compared. For 

this reason total section grain densities ( Ui content) were 

correspondingly lower at the 2- cell stage. As was noted for 

blastocysts, nuclei were smaller, thereby making allocation of silver 

grains to nuclear and cytoplasmic compartments more difficult (with 

correspondingly higher variations in the data). 

It has been reported that there is a large degree of variability 

in comparing hybridization signals between experiments even when 

hybridizations are carried out under the same conditions ( Angerer and 

Angerer, 1981; Cox et al., 1984). Variability of the absolute signal 

is attributed to the narrow optimum for proteinase K digestion to yield 

maximal hybridization and the fact that the hybridization signal is 

dependent upon the length and amount of hybridizable probe. Also, the 

hybridization signal is reduced as a function of the age of the probe. 
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On the other hand, variability of grain yields within an experiment was 

not found to be a problem even when comparisons of results were made 

among different slides ( Cox et al., 1984). Accurate estimates of 

relative content of a particular message can be made when random 

sections are analyzed ( Cox et al., 1984). To ensure that experimental 

variability with respect to grain density was excluded in the work 

reported in this thesis, sections for the data analyses presented were 

all from single experiments. Experimental variability was also 

observed in these studies. For example, higher grain densities were 

achieved using freshly prepared Ui riboprobes compared to older 

preparations when hybridized under identical conditions. 

Some of the variability within an experiment may have been derived 

from the incorrect assignment of silver grains to a nuclear or 

cytoplasmic compartment. Grains just within the boundary of the 

nuclear membrane or grains over nuclei, which were counted as nuclear, 

may in fact result from hybridization to -  adjacent cytoplasm or 

overlying cytoplasm, respectively. Thus, accurate quantitation is 

difficult but some of the counting error is eliminated if assignment of 

grains is done in a consistent manner. A strict cytoplasmic or nuclear 

assignment of grains in the results presented is not highly critical 

since Ui RNA is located in both compartments, albeit with nuclear 

predominance. Such assignments do become critical, however, in studies 

aimed at delineating whether a macromolecule is localized absolutely to 

one cell compartment as in the case of the pronuclear location of 

variant histone mRNA in sea urchin eggs ( DeLeon et al., 1983). 

Counting errors are further increased with respect to nuclei when 

tritiated probes are used because self-absorption of disintegrations by 
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tissue sections are reported to be proportional to density. This 

effect is greater for nuclei which lie below the surface of the section 

than for cytoplasm ( Peic and Welton, 1967). Based on the problem of 

self-absorption, estimates of a nuclear hybridization signal may be 

much lower than expected. In the results presented, [35S]-labelled 

probes, having greater disintegration energy, presumably were less 

affected by self-absorption phenomena in a nuclear location. 

Consequently estimates of grain densities should be more accurate with 

[35S]- labelled probes although larger scattering of disintegration 

energy to cytoplasmic regions could create a problem especially with 

long exposure times. This, however, was not noted using the exposure 

times indicated ( 3 to 20 days). 

The preferential location of Ui mRNA to the nuclei of 

preimplantation mouse embryos is in accordance with the cellular 

function and observations made by other researchers with respect to 

snRNPs. Ui snRNA exists in cells in stable association with eight 

different proteins ( Hinterberger et al., 1983; Kinlaw et al., 1983). 

The Ui snRNP particle binds to the 5' splice site of pre-mRNA and 

functions in the process to remove, or splice out, intervening 

sequences from messenger RNA ( pre-mRNA) precursors ( Black et al., 

1985). Ui snRNPs are abundant in mammalian cells ( about i06 

molecules/cell; Mimori et al., 1984). ' Splicing in vivo or in vitro can 

be inhibited by the addition of antibodies which recognize subsets of 

Ui snRNP proteins ( Lerner et al., 1981). Based on its apparent 

processing function on pre-mRNA, a subcellular location at the site of 

mRNA synthesis would be predicted. Zeller et al. ( 1983) and Fritz et 

al. ( 1984) utilized a specific antibody produced in patients with the 
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autoimmune disease systemic lupus erythromatosus, to determine the 

distribution of Ui snRNPs during oogenesis and development in Xenopus  

laevis. The antibody, called Sm, reacts with two protein moieties in 

snRNPs ( Lerner and Steitz, 1979). It was observed that the Sm antigen 

was nuclearly located in previtellogenic oocytes but predominantly 

cytoplasmic in fully grown oocytes. The overall level apparently falls 

in concentration by 25% from Dumont stage 2 to Dumont stage 6 oocytes. 

In later embryonic development ( late blastula to early gastrula) 

reaccumulation of Ui snRNPs is observed due to a resumption in 

transcription of Ui snRNAs which are complexed with the cytoplasmically 

stockpiled snRNA-binding proteins. In addition, injection of Ui snRNA 

into the cytoplasm of mature oocytes resulted in a migration of Ui 

snRNPs to the nucleus. Jamrich et al. ( 1984) hybridized early stage 

oocyte sections in situ with transcripts of U2 snRNA and found that 

most of the signal was localized in the nucleus, in agreement with 

results obtained using antibodies ( Zeller et al., 1983). 

Kaplan et al. ( 1985) have conducted a study on the nuclear 

concentration of Ui RNA during mouse cogenesis for comparison to 

studies on developing frog oocytes. Using Northern blot techniques and 

a Ui RNA-specific probe, they observed that the concentration of Ui 

snRNA in mouse oocytes was about the same as than in somatic cells and 

its level remains constant during oocyte maturation. The results 

presented in this thesis for hybridizations of Ui RNA transcripts in 

situ support the quantitative aspects of Kaplan's study. However, it 

has been additionally shown that during oocyte maturation, the Ui RNA 

becomes dispersed following germinal vesicle breakdown but returns to a 

nuclear location following fertilization. The nuclear presence of Ui 
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snRNA, in association with nuclear binding proteins, is probably 

critical in processing pre-mRNA molecules during preimplantation mouse 

development. This would apparently occur for accumulation of maternal 

mRNA during oogenesis and de novo transcription from the zygote genome 

at post-fertilization stages of development. 

The comparative autoradiographic grain densities obtained for Ui 

RNA transcripts (6 days of exposure) and those obtained for H3.2 RNA 

transcripts ( 17 days of exposure) were about the same using probes of 

similar specific activities and equivalent hybridization conditions. 

It can be concluded, based on the known H3 mRNA content in individual 

mouse eggs and blastocysts ( Graves et al., 1985), that the number of Ui 

RNA molecules is at least equal to or greater than 5 x 10 molecules 

per egg or blastocyst-stage embryo. 

V. Concluding Remarks  

The success of in situ hybridization with asymmetric RNA probes, 

to detect histone H3 mRNA and define the subcellular location of Ui 

snRNA in early mouse eggs and embryos has provided a detailed protocol 

which can be applied to the detection and localization of other RNA 

transcripts. That is, the in situ hybridization method can be used as 

a tool to relate the expression of other genes to particular embryonic 

stages of development. The gene products which were studied correspond 

to abundant messages. Previous data has shown Ui snRNA accounts for 

about 0.2% of total RNA in the mature oocyte ( Kaplan et al., 1983) and 

0.7% of total egg RNA is comprised of H3 mRNA ( Graves et al., 1985). 

However, in situ hybridization methods have the power of resolution to 
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detect RNAs that are present in as few as 20 to 75 copies per cell ( Cox 

et al., 1984). 

Thus, the in situ hybridization protocol which has been developed 

for preimplantation mouse embryos has more far-reaching applications. 

The method will allow for hybridization analyses using far lower 

numbers of mouse eggs and embryos than traditional hybridization 

methods. Furthermore, refinement in the sensitivity of the protocol 

will be potentially useful for the detection of less abundant messages 

in analyzing the onset of expression of a particular mRNA during mouse 

development, determining the subcellular locale of a message, or 

following the sequestration of an mRNA species to a specific cell 

lineage following cleavage. 
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