
APPROACHES TO THE PURIFTCATION OF

H5 MRNA SEQUENCES

A thesis submitted to the

UniversitY of Adelaide'

for the d.egree of Doctor of Philosophy

by

PAUL ANTHONY KRIEG, B.Sc. (Uons.)

Department of BiochemistrY'

University of Adelaide,

South Australia.

lL

October' 1980.

ûtt-'(/L', ú o{ ?,i



SUMMARY

aches to the Purification of H5 mRNA S uences

1. The mechanism of control of gene expression is

one of the major interests of modern molecular biology.

The work described in this thesis was directed towards

understanding a small part of this total problem, in

particular, the relationship of the genes coding for

the red-blood-ceIl specific histone H5 to the other

histone genes, and the implications of this relation-

ship on H5 glene expression.

fn order to carry out these investigations, a

pure probe for H5 mRNA sequences is required. Two main

approaches hrere used. Firstly, purification of H5 mRNA

hras attempted so that complementary DNA probe could be

prepared from this template. Secondly, as soon as

the appropríate bio-hazard facilities were available'

attempts rlrere made to isolate pure H5 mRNA sequences

using molecular cloning techniques.

2. Po1ysomal RNA was prepared from reticulocytes,

since H5 is the only histone synthesised in these cells,

and reticulocyte mRNA was used to optimise the wheat-

germ cell-free translation system. Polysomal RNA was

fractionated on the basis of poly A content using

oligo-dT-ce1lulose and poly-U-Sepharose affinity

columns. No useful enrichment of H5 mRNA could be

achieved using these affinity chromatography techniques.



3. The translation and affinity chromatography

techniques, developed for use with reticulocyte RNA'

were applied to a 7-1ts RNA fraction isolated from

5-day chicken embryos. Translation product profiles

showed that the non-adenylated RNA fraction contained

all five of the normal histone mRNAs, and no other

detectable mRNA activity. cDNA probe prepared from

this RNA fraction has been used to determine the

reiteration frequency of the histone genes in the

chicken genomal DNA. (Similar preparations of CDNA

have been used by others in this laboratory to

isolate clones containing genomic chicken histone

DNA sequences).

4. Reticulocyte RNA was electrophoresed on several

high resolution acrylamid'e gel systems. Although

control experiments showed the gels to be capable of

separating mRNA species of very similar molecular

weights r rìo usef uI fractionation of globin and H5 mRNA

sequences could be achieved. Resolution may have been

less than optimal in this case due to the presence of

poly-A-tracts on the globin mRNA, and so the mRNA was

deadenylated by incubation with ribonuclease H in the

presence of oligo-dT. Once againr Do useful resolution

of globin and H5 mRNA was observed.

5. Since it had proved impossible to isolate H5 mRNA

by conventional physicat techniques, recombinant DNA

methods were used in an attempt to isolate cloned



H5 mRNA sequences. Double-stranded cDNA was prepared

from reticulocyte polysomal RNA, inserted into a

plasmid vector using the dC-dG tailing procedure and

transformed into competent E. coLí cell-s. The

resultant recombinants were screened to eliminate

those cfones containing globin and ribosomal RNA

sequences. Colonies containing H5 nRNA sequences

should be found amongst those recombinants remaining

after this screening.

6. Four recombínants potentially carrying H5 mRNA

sequences were characterised in detail and the DNA-

sequence of portions of the inserted DNA of each of

the clones \^tas determined. In no case \^Ias the nucleo-

tide sequence determined consistent with that expected

for a clone contaíning H5 ¡RNA sequences. Each of the

four recombinants gave the same simple 'Southern blot'

pattern to genomal DNA.

7. In view of the results of the recombinant DNA

experiments, the translation products of reticulocyte

RNA were examined under high stringency conditions.

The results of these experiments indicated that H5

mRNA may be present in reticulocyte RNA at much lower

concentrations than previously suggested.
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TNTRODUCTION
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TNTRODUCTION

The work presented in this thesis focusses on one

aspect of differentiation. In particular it concerns

the mRNA for a special histone, H5, which is expressed

exclusíveIy in certain nucleated red blood celIs. While

the experimental work has a narro\^¡ perspective, the

introduction to this thesis considers the process of

differentiation in a wider context. It reviews aspects

of early embriology, of cellular determination' the role

of cytoplasmic determinants on gene expression and the

effects of ceII position in the embryo on the subsequent

fate of the cells. At the more molecular level, current

knowledge of eukaryote gene structure and expression are

described and detailed information about histone gene

systems is presented. Fina1ly, the properties of

histone H5, and the possible relationship of the H5 gene

to the other histone genes is discussed.

How gene expression is programmed to control the

development of a single cell into a multi-cellular

organism composed of many cel1 types, each expressing

different specialised functions, is one of the fundamental

questions of eukaryote biology. The developmental process

can be split into two convenient, if somewhat arbitrary,

parts, determination and differentiation. Determination

is the acquisition, bY a group of eells, of a committment

that precisely defines the fate of their descendants, while

differentiation is the process by which a precursor cell

changes into a particular ceII type in which character-

istic specialised functions are expressed.
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1.1 DETERMINATÏON

1.1.1 During development cells become committed to

increasínq1y more specific developmental prograÍrmes

The fertilised egg has the opportunity to

differentiate into all the ceII types found in the

organism, and so a single zygote will give rise to

hundreds of different ceII types during an organism's

development. However, âs development proceeds,

the range of options available to a particular

cell is narrowed. Early in embryogenesis a cell

becomes committed to a broad path of development

such as the formation of either ectodermal, (skin

and nervous system), mesodermal (skeleton and

muscle) or endodermal (respiratory and digestive

tract) precursor cell 1ines. After further divisions,

progeny cells will become involved in the formation

of individual tissues or organs.

A good example of an increasingly specific

d.evelopmental pathway is the production of haemo-

globin synthesisíng red blood ceIIs. After the

original fertilised egg has divided a number of

times (7-8 divisions in chick embryo), a determined

haematopoietic stem cel1 is produced that is committed

to the formation of the three major types of blood

cells; white blood ceIls, platelet-producing cells

and red blood cells (erythrocytes). One progeny cell

of this precursor stem cell subsequently divides to

produce an erythroid stem ce1l which, under the

influence of the hormone erythropoietin, divides
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and differentiates into mature haemoglobin syn-

thesising erythrocytes, (review, Ingram, J-974) .

The stage of embryonic development at which

the reductj-on of a cell's developmental options

is first observed. differs from species to species.

Any one of the 16 cells of the hydromedusa blastula

has the ability to produce complete adult organisms,

(Wilson, L925) , demonstrating that no committment

of ce1ls to specific developmental pathways has

occurred at this stage. After the next division

however, (the 32-ce11 stage), the cells are no

longer equivalent and cannot give rise to adult

organisms. On the other hand, in the nematodet

the two cells resulting from the first division

of the zygoLe already have a reduced range of

developmental options, the anterior cell giving

rise to the primary ectoderm while the posterior

cell is the precursor of the germ-line tissue,

(Nigan eú aL., 1960; Hirsh and Vanderslice, I976).

I.L.2 The initial determination of a cell mav depend

on its position in the embryo

During the first few divisions of the

fertilised egg, the egg cytoplasm is distributed

amongst the cel1s of the developing b1astula. In

many organisms, the developmental fate of a cell

is at least partiatly determined by the portion

of the egg cytoplasm that it receives- In

Dt osophíLa, for example, the germ line cel1s are
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always derived from those cells that receive the

cytoplasm from the posterior pole of the fertilised

egg during the early divisions. Illmensee and

Mahowald, (1974) , showed that injection of posterior

pole cytoplasm from the egg into the anterior end of

developing embryos causes the production of germ

line cells at this position. Genetic marker

experiments show that, despite their abnormal

starting position, these germ line cells can migrate

through the embryo and take up their position in the

developing gonad, giving rise to functional gametes'

(Illmensee and Mahowald, I976) .

While the composition of the maternal cyto-

plasm received by the cells of the developing

embryo has been shown to be important, there is

evidence suggesting that, in the absence of any

detectable partitioning of the egg cytoplasm' the

position of the celI in the developing embryo plays

a role in determining the future development of that

ceIl. For example, in mammalian embryos, all blasto-

meres of the 4-ce11 embryo can give rise to either

trophoblast tissue or inner-cell-mass tissue and

so apparently have not been committed to a course

of development by cytoplasmic composition. However,

when these blastomeres are placed on the outside of

other embryos, they always form trophoblast tissue

and conversely, when the blastomeres are completely

surrounded by other embryo cells they always from

inner cell- mass cells, (Hillmaî et aL-, 1972; Stern

1973). These experiments indicate that in this case'
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position is more important than cytoplasmic compo-

sition in determining the developmental fate of a

ce1l.

Tt is probable that in most developing

embryos both cytoplasmic composition and the position

of the cell in the embryo are important. Classical

embryology has establíshed that precursor cells for

various adult tissues occupy specific locations in

the embryo and that patches of several cells can

become determined. simultaneously to follow a par-

ticular developmental pathway. This situation has

been examined in great detail- in experiments performed

with Dz,osophiLa mosaics, (review, Postlethwait and

Schneiderman, I973) .

Since Dv'osophiLa males are XY or XO and females

are XX, the male is hemizygous for X-linked genes. A

heterozygous female cell can thus be changed to a

hemizygous male cel1 by the loss of an X-chromosome.

Any recessive genes on the X-chromosome retained by

the male cells may then be expressed, while pre-

viously their effect was hidden in the heterozygous

female cel1s. In embryos developing from female

zygotes containing one normal X-chromosome and one

ring-X chromosome, certain nuclei sometimes lose the

ring-X chromosome earty in development, (Hal1 et aL-,

1973). During subsequent cell division and differ-

entiation these altered cells retain the same position'

relative to other cel1s, that they occupied in the

embryo. Using recessive X-chromosome markers it is

possible to examine the adult ffy and decide in

which region of the embryo the original chromosome
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Ioss occurred. The probability that two features

on the adult fly wiII show different marker pheno-

types is proportional to the distance between the

embryonic cells that gave rise to these features,

and so maps of the developmental potential of the

dífferent parts of the embryo can be prepared.

These studies indicate that the precursor cells

of the various structures of the adult f1y always

occupy precise positions in the embryo' once again

showing that the position of a cell in the embryo

d.etermines the range of options available in its

sr'lbsequent development.

The remarkable abitity of t,he embryo to

control the expression of cells contained within

it, is illustrated by the experiments of Mintz and

Illmensee, (I975), who injected differentiated mouse

teratocarcinoma cells into blastocyst stage mouse

embryos. These cells went on to divide and form

functional tissues in the resulting ad,u1t mice,

presumably becoming dedifferentiated in the embryonic

environment and then differentiated once again,

according to the instructions of the developing embryo.

1.1.3 The Stability of the Determj-ned. State

Certain aspects of DrosophiLa development

illustrate clearly the stability of the determined

state of cells. In Dz'osophíLa, most of the structural

features of the adult fly are constructed during the

pupal period from a set of imaginal discs' which

form in the embryo and grow during larval development.
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These imaginal discs have no apparent larval

function and,, while the disc cells show no sign

of differentiation, they are committed rigidly

to specific developmental pathways. For example,

during metamorphosis the wing imaginal discs form'

the wing itself as well as parts of the thorax

belonging to the wing segment.

These discs can be transplanted from one

larva to almost any position on a second larva,

where, during pupal development, they will differ-

entiate into the particular structures that they

would have formed in the original fly, (Ursprung'

1967). For example, if a wing disc is transplanted,

the first larva will develop into an adult with only

one wing, while the second larva will metamorphose

into an adult with a third wing at the position of

the transplanted disc.

The determined state of the original imaginal

disc cell-s ís inherited by all its descendants.

While the number of determined cel1s comprising the

imaginal disc rises from about 10-40 when they first

appear in the late embryo, up to several thousand in

the final larval stage, (Postlethwait and Schneiderman,

L973) , each disc maintains its determined state and

differentiates appropriately during metamorphosis.

Furthermore, discs can be cultured for long periods

by serial transplantation into the abdomens of adult

f1ies, (where the cells proliferate but do not differ-

entiate, (Bodenstein, L943)) , and when transplanted
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into a larva the disc cells sti1l respond to

hormonal stimulation and undergo metamorphosis

and differentiation along with the host, producing

specific adult structures, (tladorn , L963) .

The acquisition of a special state of

d.etermination seems to correlate with the ability

of determined cells to recognise and associate

with like cells, and. to dissociate f rom unli.ke

cells. Cells from a given imaginal disc, after

dissociaLi.on in uitno, wilI reassociate and form

organised patterns of cells. However, when cells

from different types of disc are mixed, they will

separate out from each other and reassociate with

tike cells to form separate patterns, (Nöthinger'

1964, Garcia-Bellido, 1966) .

1.1.4 Changes in the Determined State

Mutations are sometimes observe.d in

DrosophiLa in which a normal structure of the adult

fly is reptaced by other normal structures that

would usualty be found elsewhere in wild-type f1ies.

For example, mutations in lu};'e btthoraæ giene transform

the anterior part of the haltere into anterÍor wing,

mutations in the spineless-aristapedia gene trans-

forms the antenna into a 1eg and mutations in the

opthaLnoptera gene allow a wing to develop in the

position where the eye would normally be. These

mutatíons are called homoeotic mutations and they

cause an imaginal disc committed to one developmental
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programme to produce a tissue that is character-

istic of a different prografllme.

The homoeotic genes are single loci which

determine the developmental pathways taken by

groups of ceIls, and the existence of, for examPle,

Lhe bithoraæ mutant, indicates that there is at

least one time in the normal development of the

haltere at which the alternative of whether to

make a haltere or a wing is open. Specific disc

cells require a continuous supply of the wild-type

product of the homoeotic genes for the maintenance

of their state of determination, from the late

embryo stage when the discs first appear, right

through to the final larval stage (Morata and

Lav¡rence, 1975¡ Morata and Garcia-Be1lido, 1976).

If the acti-vity of the homoeotic aene is interrupted

the state of determination will change and the groups

of ce1ls will be switched from one developmental

pathway to another.

I.2 DIFFERENTIATÏON

achieved

variable

systems

will be

The process of ceII differentiation is

through variable gene expression.

In this section evidence supporting the

gene activity mechanism, and opposing other

as the general mechanism of differentiation,

presented and discussed.

I The DNA composition of differentíated cellsr.2

A large body of evidence has accumulated
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showing that the DNA composition of all cells of an

organísm is identical, and that specific irreversible

changes in either the composition of the DNA or the

arrangement of the sequence are not the mechanisms

of differentiation.
To the limits of accuracy of the technique,

DNA-DNA reassociation studies have shown that the same

repeated and single-copy sequences are present in the

DNA extracted from any tissue of an organism, (Davidson

and Hough, I97L; Schultz et qL., 1973) . For example,

Kohne and Byers, (1973), have shown that DNA extracted

from catf kidney cells reassociates with itself with

precisely the same kinetics that it shows when

bybridised to DNA extracted from calf brain, thymus

and liver ceIIs.

Even if these differentiated cells appear to

have the same DNA content and composition it seems

possible that stable changes in the DNA' (mutations) r or

in the organisation of the DNAr or amplification or

deletion of specific sequences might cause the differ-

entiation of ceIls. In general, these changes would

not be detectable in total DNA hybridisatíon studies-

Nuclear transplantation experiments have demon-

strated that if any changes are made in the composition

or arrangement of the DNA in the course of differ-

entiation, these changes are, at least, readily revers-

ible. Gurdon, (I962) , reported that Xenopus tadpoles

could be produced from enucleated eggs injected with

a nucleus derived from a differentíated tadpole

intestinal ce1l. Subsequent experiments have shown
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that nuclei derived from primary cultures of adult

Xenopus Iung, kidney, heart, testis and skin are able

to give rise to differentiated tadpoles, when injected

into enucleated eggs, (Laskey and Gurdon, 1970).

Experiments yielding similar conclusions have

since been performed with Dv'osophiLa, (Illmensee,

1972; Okada et aL., 1974) , and mouse, (Mintz and'

Illmensee, I975) , using genetically marked donor

nuclei, making removal of the recipient genetic

material unnecessary" Mintz and Illmensee, (I975) ,

have shown that the DNA of cultured, malignant, terato-

carcinoma cells gives rise to a large range of normal

differentiated tissues when injected into normal

blastocysts" The tissues so far detected include

melanoblasts, hair follicle dermis, erythrocytes,

leucocytes, liver, thymus' kidney and sperm. Progeny

mice have been produced from eggs fertilised with

these tumour-derived sperm. This ability of embryonal

carcinoma cells to form normally functioning adult

tissues demonstrates that even conversion to the

differentiated malignant state does not involve

irreversible structural changes in the genome' but

rather a change in gene expression.

I.2.2 Gene Amplífication

It seems possibte that specialised cells might

contain extra copies of certain genes, especially those

required for intense, specialised activities. The ribo-

somal-RNA gene amptification in amphibian oocytes is a

well-kno\^rn case in which selective replication of the

ribosomal genes is used to augment ribosomal RNA
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synthesis when large amounts of this RNA are required

during oogenesis, (GaIl-, t96B) . lrfhile this mechanism

is not unique to amphibia and is observed in a number

of different phyletic groups, (Hourcade et aL., 1974),

it is far from being a general biological mechanism

for ribosomal RNA regulation. In the chicken, for

example, DNA extracted from a wide range of tissues

always contained the same number of ribosomal cistrons,

even though the rates of ribosomal RNA synthesis

differed markedty between these tissues, (Ritossa

et aL. , 1966) .

Measurements have also been made on a number

of genes coding for specialised protein products,

including haemoglobin, (Harrison et aL., l-974), and

ovalbumin, (Sullivan et aL., 1973) . These genes

\^rere found to be present at only about one or two

copies per haptoid genome regardless of whether the

DNA was extracted from cells actively synthesising

the specific protein or from any other tissue.

Recently, Al-t et aL., (1978) ' have shown

that the genes for dihydrofolate reductase can be

amptified up to 200-fold in tissue culture cells

resistant to methoxytrexate, a drug that blocks

purine synthesis by inhíbiting dihydrofolate reductase.

This gene amplification results in a corresponding

20O-fold increase in dihydrofolate reductase mRNA

and enzyme Ievels, effectively making the cells

resistant to the drug. fn most cases, when methoxy-

trexate is removed from the culture medium the amount



13

of dihydrofolate reductase present decreases and

this is paralleled by a drop in the gene reiter-

ation. White this is an example of the ampli-

fication of a structural gene in order to regulate

the leve1s of a required mRNA, the extreme selective

pressure placed on the system suggests that this

mechanism may not be generally used in the normal

course of ceII development.

I.2.3 Rearrangement of Genes

Hozumi and Tonegar^Ia, (1976) , using res-

triction and hybridisation analysis of mouse DNA,

have demonstrated that the DNA coding for the lambda

light chain immunoglobulin protein is not in the

same arrangement in cells synthesising immunoglobulin

as it is in germline DNA. These observations \^¡ere

verified by cloning and sequencJ-ng experiments,

(Bernard et aL., L978) , and have since been extended

to the DNA coding for kappa light chain proteins,

(Max et aL., 1979; Sakano et aL., 1979) .

The immunoglobulin light and heavy chain

molecules consist of two regions, a constant (C)

region and a variable (V) region and in each case

the V region is involved in antigen recognition.

Restriction enzyme and cloning experiments showed

that the DNA sequences coding for the V and C regions

of kappa and lambda chains \^lere well-separated. in DNA

from germ-Iine tissue but close together, (as close

as L.2 kb in lambda light chain genes), in DNA from

tissues synthesising antibodies. The final gene
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stil1 includ.es intervening sequences within the

coding region of the lambda and kappa chains,

(Brack and Tonega\^ra, 1977¡ Max et aL., L979,

respectively), however, the V and C regions are

no\^r apparently included in the same RNA transcript

and the intervening sequences removed by RNA

splicing, (review, Abelson, L979). Thus, DNA

rearrangement during development appears to be

necessary to form the functional gene in the differ-

entiated anti-body producing cell.

Evidence for movable elements in eukaryotic

chromosomes has been available for many years.

McClintock, (1956) ' working with maize, showed

that drastic alterations of chromosome organisation,

including inversions, deletions and duplications,

occurred at sites containing 'controlling elements' ,

and that the controlling elements $¡ere capable of

transposition to new sites. Vühile this particular

system has not been characterised in molecular

terms, evidence has recently been obtained for the

presence of transposable elements in the DNA of

Dz,osophiLa meLanogaster, (Finnegan et aL., L977)

and yeast, (Cameron et aL., 1979). The 'copia'

sequences of D. meLanogaster and the 'TyI' sequences

of yeast are both moderately repeated, about 35

copies of each being dispersed throughout their

respective genomes, and are terminated with short

direct repeats, making overall structures extremely

similar to those of some bacterial transposons,
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(Ptashne and Cohen, 1975). Both the copia and

TyI sequences are transcribed and represent a

significant proportion of the non-ribosomal RNA

present in a cell. Copia sequences' for examPle'

can comprise up to 3 percent of the poly-A-containing

RNA from a number of D. melanogaster tissues. It has

been suggested, (Cameron et qL., L979) , that the TyI

sequence may have an effect on the pattern of gene

expression in yeast, and, because it is movable,

it may have the ability to alter this pattern-

Despite this evidence for the presence of

movable elements in eukaryotic DNA there is little

reason to betieve that rearrangement of the DNA

plays a significant role in controlling the

expression of specific structural genes- Ïn a

number of systems investigated, including rabbit

globin, (Jeffreys and Flavel1, 1-977) , chicken oval-

bumin, (Breathnach et aL., 1977) , and chicken

keratin genes, (Saint , 1979) , restriction enzyme

studies have shown the arrangement of DNA sequences

cod.ing for the protein to be identical in tissues

actively synthesising the protein and in tissues

in which the protein is not produced. In these

cases at least, expression must therefore involve

the activation of pre-existing control regions

rather than the insertion or rearrangement of control

regions adjacent to the gene- These conclusions

suggest that the DNA rearrangement observed for the

immunoglobulin genes may have evolved specifically
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as a means of generating at least part of the

remarkabl-e variability required by the immune

system, and. is not a feature common to most

eukaryote structural genes.

L.2.4 Evidence for Transcriptional Control of Gene Activity

Evidence has been presented above' suggesting

that the DNA content of all the somatic cells of

an organism is identical, and that there is little

evidence that gene amplificationr or deletion t ot

rearrangement plays a significant part in the

control of cell differentiation. Observations from

a number of other studies, however, suggest that

transcriptional control is the major mode of gene

regulation.

Experiments have shown that only a small

proportion of the genome is transcribed in differ-

entiated cells, the RNA produced presumably being

that required for maintenance of the cell and for

the specific differentiated ceII functions. For

example, the total RNA extracted from metabolically

active mouse liver cells only hybridises to 2-5

percent of mouse single-copy DNA, (Grouse et aL.,

L972). In addition, when the RNA transcripts from

mouse liver, spleen and kidney cells were compared,

more than 70 percent of the RNA sequences uTere shown

to be unique to each celI type, (Grouse et qL., L972) ,

indicating that overlapping but clearly distinct sets

of RNA sequences are synthesised in various differ-

entiated ceII types.
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Evidence for transcriptional control of
gene expression can be obtained from the cytological

examination of dipteran polytene chromosomes. The

polytene chromosome puffs have been shown to be

the sites of intense RNA synthesis, and these

features can be localised to specific chromosomal

regions, varying according to the state of differ-

entiation, (Pelling, 1964; McKenzie et aL., 1975) .

A good example is the Balbiani rings of Chiz,onomus

salivary gland chromosomes, (Oaneho1t and Hosick,

1974). The synthesis of specific RNA and protein

products has been associated with specific puffs

and three of these chromosomal puffs are responsible

for about B0 percent of the RNA synthesis in the

ceII, while apparently representing only a few

percent of the total genomic DNA. Both the secretory

peptides arising from the puff transcripts and the

puffs themselves are specific to only certain

salivary gland cells, indicating that the activity

of a limited set of genes is responsible for the

differentiated function of these cells.

A nr:rnlcer of developmental systems have been

studied in which the amounts of a certain protein

rise from very low or undetectable levels to the

very high leveIs characteristic of the mature, differ-

entiated cell. Measurements made using complementary

DNA probes to determine the levels of mRNA for, haemo-

globin in the erythroid cell series, (Hunt, 1974)

ovalbumin in the chicken oviduct, (Palmiter, L973)
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and keratin in the developing chick feather'

(PoweII et aL., 1976) , have shown that during the

process of differentiation, the increase in

specific protein synthesis is due to the increase

in the concentrations of the specific mRNAs. For

example, in the d.evelopíng embryonic featherr rlo

keratin mRNA is detectable until day 12, when the

first keratin protein is also observed. Maximum

levels of keratin mRNA occur at about day 14 when

maximal keratin protein synthesis is also observed.

In the 1I-14 day interval, the number of molecules

of keratin mRNA increases over 600-fold with a

corresponding increase in the amount of keratin

protein, (Powell et aL.' L976).

L.2.5 Control of Transcri l_on

While the evidence presented above adequately

demonstrates that, in general, the expression of a

specific gene is controlled at the transcriptional

Ievel, the problem of how transcription is controlled

now arises.

A great deal of experimental evidence has

shown that steroid hormones are capable of specific-

alty altering the expression of certain genes. At

the genetic level, the best understood steroid hormone

is ecdysone, the hormone responsible for the trans-

ition from the Iarval to the pupal stage in insect

development. Tn DrosophiLa, (Grossbach, I973), for

example, there are only about ten puffs visible in

the salivary gland chromosomes during the larval stage.
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However, when ecdysone is added, the pre-existing

puffs begin to regress while a number of new puffs

suddenly appear. During the transition from the

larval to the pupal stages, about I20 new puffs

eventually appear, each puff arising at a specific

time after the add.ition of ecdysone and lasting for

a very specific period. The first puffs arise

within 5 minutes of ecdysone addition and appear

to be direct responses to the hormone' since their

appearance is not affected by inhibitors of protein

synthesis. However, the late puffs' which only

arise some hours after hormone treatment do not

appear when protein synthesis is blocked and so it

seems like1y that protein products of some of the

early puffs induce the formation of the late puffs.

The molecular biology of steroid hormone

action has been most thoroughly investigated in the

chicken oviduct system, where administration of

oestrogen or progesterone immediately induces the

synthesis of mRNAs coding for egg-white proteins,

of which ovalbumin is a major component, (Harris

et aL., 1975) . Upon entering the cell, steroid

hormones are initiatly bound to specific cytoplasmÍc

receptor proteins. The hormone-receptor complex

moves from the cytoptasm into the nucleus where it

binds to sj-tes on the target ceII chromatin. This

is fotlowed by the activation of specific genes'

resulting in the appearance of new species of mRNA.

The progesterone receptor of chicken oviduct cells
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has been purified and its properties extensively

investigated, (Vedeckis ¿t aL., 1978) . The

receptor has been shown to be a protein-dimer,

one subunit locating the hormone-receptor complex

to specific regions of the chromatin, while the

other sr:bunit appears to alter the structure or

conformation of the specific chromatin-DNA sites

so that initiation of new RNA synthesis can occur,

(O'Malley et aL., 1978).

Transcription in eukaryotic cells is also

controlled by differenL RNA polymerase molecules,

(review, Chambon, L975). Three types of RNA poly-

merase have been identified in eukaryotic cells and

these can be distinguished by their different

sensitivities to o-amanitinr ârì inhibitor of RNA

synthesis. RNA polymerase type I transcribes the

genes for 1BS and 2BS ribosomal RNA, RNA polymerase

type III transcribes IRNA and 55 ribosomal RNA

sequences and RNA polymerase II apparently trans-

cribes mosÈ other DNA sequences, making it respon-

sible, therefore, for mRNA synthesis. Whether

additional controlling elements can bind to RNA

polymerase type II and further affect th-e specificity

of the sequences it transcribes, (as observed during

the bacteriophag" T4 infection of prokaryote ce1ls,

(Schmidt et aL., 1970) ) is yet to be determined.

The appearance of a functional protein

product may be controlled at a number of othe,r

stages after the formation of the original RNA trans-

cript. There may be control during the processing of



2L

the original nuclear transcription products into

mRNA or during the transport of mRNA sequences

across the nuclear membrane. There is evidence'

for example, suggesting that chicken globin pre-

mRNA is processed at different rates in erythro-

blasts and reticulocytes, (Crawford and hÏelIs, 1978).

Cases are known where control of gene

expression is exercised at the translation 1evel,

for example, in amphibian oocytes, where maternal

mRNA exists in the cytoplasm for some time until

translation of these mRNAs is stimulated by fertil-

isation, (Smith and Ecker, 1965 ¡ 1970) . Some

proteins require post-translational modification

to become functional. Examples are trypsinogen

the precursor of trypsin and proinsulin the pre-

cursor of insulin. Activation of both these

inactive precursor forms involves the excision of

specific polypeptide fragments by proteolytic

cleavage, (Steiner et aL., I974) .

L.2 .6 Models of Transcriptional Control

Vühile every possible mechanism of control

is probably utitised at some stage during the develop-

ment and differentiation of a complex organism, an

overwhelming weight of evidence shows that the primary

control of gene expression occurs at the leve1 of

gene transcription.
It seems likely that regardless of the mechanism

of transcription control; via hormone-receptor action

or different RNA polymerase specificities, the crucial
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step vri1l involve the recognition of a specific

DNA control sequence. Since initiation of trans-

cription of eukaryotic aenes must occur at some

point, it is like1y that transcription control

regions, perhaps similar to those detected in pro-

karyote systems, (for example, the Lac operon system'

(Jacob and Monod, 1961) ), are present adjacent to

the coding regions of eukaryotic genes. Britten

and Davidson, (1969), have proposed a model for

eukaryote gene control which is basically an

extension of the bacterial operon model, and which

attempts to explain how the enormous number of

genes could be co-ordinated and controlled during

eukaryote differentiation and development.

The model suggests that aII genes required

to be co-ordinately expressed have a coÍlmon control

element adjacent to those genes. Every set of co-

ordinately expressed genes would need to have a

different control sequence and so expression of a

gene on more than one occasion would require more

than one control element adjacent to it' each

corresponding to the set of genes expressed at the

dj-fferent stages. Since these control regions will

be present next to more than one gene' these sequences

will appear as moderately repeated sequences in the

eukaryote genome.

White there is no direct evidence for the

Britten and Davidson model, there is considerable

data showing that short, moderately repeated sequences
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are interspersed between longer unique sequences

in eukaryote genomes, (Davidson et qL., 1973¡

Schmid and Deininger, L975) , as predicted by the

model. This model should be directly testable when

the regions adjacent to co-ordinately expressed

genes are isolated and examined in d.etail. Infor-

mation on this problem may be available very soon'

since three adjacent genes, all under the control of

the hormone, oestrogen, and expressed in the chicken

oviduct, have recently been isolated, (Roya1 et aL.,

L979) .

1.3 RECOMBINANT DNA

The use of restriction endonucleases to

reproducibly generate defined fragments of DNA'

and the resultant development of recombinant DNA

technology has brought about a new era in biochemical

genetic research. The application of recombinant DNA

technology to the question of eukaryote gene

structure and function has yielded a remarkable

amount of information. Through the use of cloned

mRNA sequences, to produce pure gene sequence probes,

and the cloning of precisely defined fragments of

genomic DNA, it has finally become possible to

examine eukaryotic genes at the biochemical leveI.

It is important to realise, however, that

many of the results of the recombinant DNA research

would not have been possible without the availability

of the recently-developed rapid DNA-sequencing tech-

niques. The enzymatic, dideoxy chain termination
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procedure of Sanger et aL., (1977) , and the

chemical, chain cleavag-e method of Maxam and

Gilbert, (1977), are both ideally suited to the

sequencíng of the pure defined fragments of OUa

produced by recombinant DNA techniques.

Some of the most significant discoveries

concerning eukaryote gene structure, that have

arisen as the result of recombinant DNA research,

witl be discussed in the following sections.

1.3. I Interveninq Sequences

Extra DNA sequences, contained within a

region of DNA normally considered to be a gene,

were first detected in the 28S ribosomal RNA gene

of Dz.osophiLa, (Glover and Hogness' L977: White

and Hogness, L977), and in the yeast tRNA genes,

(Goodman et aL., L977) . Soon afterwards, inter-

vening sequences were found, within the protein-coding

sequences of structural genes, fot example, ovalbumin

genes, (Breathnach et aL., 1977), globin genes,

(Tilghman et aL,, L978 a) , and immunoglobulin genes

(Tonegawa et aL., 1978). The large number of reports

of intervening seguences in structural genes, from a

wide variety of organisms, now makes it appear likeIy

that most eukaryote genes will contain intervening

sequences. Some genes contain a remarkably large

number of intervening sequences. The rat serum

albumin gene contains at least 13 intervening sequences'

(Sargent et aL., 1979) , and the half of the sheep
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collagen gene that has been examined in detail

contains L2 to 16 intervening sequences' (Tolstoshev -
pers. commun).

Currently, the best characterised set of

intervening sequences are contained within the

chicken ovalbumin gene. The sequence which appears

in the cytoplasm as mRNA is interrupted in the

genomic DNA by seven DNA sequences, varying in

length from about 0.3 to I.4 kilobase pairs. All

but one of these sequences is contaj-ned within the

coding region of the mRNA, the remaining inserted

seguence appearing in the 5' untranslated region,

(Dugaiczyk et aL., L978; Gannon et qL., L979) .

These intervening sequences appear in the original

precursor mRNA transcripts of the gene and are

presumably excised by processing enzymes to yield

the final cytoplasmic mRNA, (Roop et aL., 1978).

The DNA sequence at the junctions between each

structural and intervening sequence in the ovalbumin

gene has been determined, (Catterall et aL., 1978)

and the 'consensus' sequence obtained agrees with

that observed at the junctions in the mouse lambda

immunoglobulin gene (Tonegawa et qL., L978) and the

mouse beta-globin gene' (Tilghman et aL., 1978 b).

This evidence suggests that the junction sequences may

have been conserved during evolution.

Analysis of the beta-globin genes of mouse,

(Konkel et aL., 1978) and rabbit, (van den Berg et aL.,

L97B) and human, (Lawn et aL., 1979) , has shown that
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the two intervening sequences occupy identical
positions in these genes. While the inserts are

found in the same place in the genes, their lengths

and sequences have been found to be quite dissimilar.

Within a species, the mouse beta-globin (major) insert

sequence has been shown to have diverged considerably

from the mouse beta-globin (minor) sequence, (Miller

et aL., 1978). When mouse beta-globin (major)

intervening sequence \^ras used as a probe back to

restricted genomal DNA, only the beta-globin genes

hrere detected, showing that the insert sequence is

unique.

It has been suggested that the intervening

sequences flank regions of the gene that code for

domains in the protein product that have a par-

ticular functional role. During evolution, new

proteins might be constructed very quickly by bringing

together pre-formed DNA-sequences coding for domains

in the final protein, (reviewed by Blake, L979\ . While

the idea seems consistent with the arrangement of

intervening sequences in the immunoglobulin genes,

(Sakano et aL., 1979) , it does not explain the

existence of an intervening sequence in the 5' untrans-

lated region of the ovalbumin gene.

Perhaps one of the most interesting consequences

of the existence of intervening sequences is that they

make complete eukaryote genes extremely large; far

Iarger than would be expected from the size of the cyto-

plasmic RNAs. For example, the genomic ovalbumin gene,

and the primary RNA transcript I are more than four times
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Ionger than the ovalbumin mRNA. Obviously much of

the total genomic DNA, and especially unique sequence

DNA, can be accounted for by intervening sequences.

I.3.2 Eukaryotic Promoters

By analogy with prokaryote genes, trans-

cription of eukaryote genes should be initiated at

a well-defined promoter region, located somewhere

before the start of the mRNA sequence. The 5' regions

of a number of eukaryote genes have been sequenced

in the hope of findíng a contmon sequence which might

act as the eukaryotic promoter. Analysis of the

Dz.osophiLa histone genes has shown the presence of

a putative promoter sequence about 70 bases to the

5' side of the initiation codons of each of the

histone sequences. This sequence shows similarities

to the 'Pribnow box' prokaryote promoter sequence.

Like the prokaryote promoter, this sequence is very

A-T rich, and has been called the 'Hogness box',

(review, Proudfoot, L979). The 5' end regions of

other eukaryote genes, including sea-urchin histones,

silk-worm fibroin, mouse and rabbit alpha-globin and

yeast isocytochrome C, each contain sequences showing

partial homology with the Hogness box sequence.

Recently, Gannort et aL., (1979) , have sequenced the

5' end of the chicken ovalbumin gene, and, once again,

a sequence bearing símilarity to the Hogness box

sequence has been detected about 25 bases away from

the start of the mRNA sequence.
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While the evidence for the eukaryotic

promoter sequence is currently based on a relatively

few sequences, data from many more eukaryotic genes

and from RNA polymerase binding and transcription

studies can be expected to confirm or question

the proposed sequence, in the near future.

1.3.3 Re ulato Se uences

DNA-sequencing experiments have shown the

presence of highly conserved sequences at the 3'

end of each of the five histone genes in the sea

urchin Psammechínus míLiarís, (Busslinger et qL.,

1979). Incomplete sequence data from another sea-

urchin species, Strongylocentrotus put'puratus'

shows the presence of a remarkably similar sequence

at the 3' end of, êt least, the H2At H2B and H3

histone genes. The longer conserved sequence in

these genes is patindromic and if transcribed into

mRNA would form a stable hairpin structure. It has

been proposed that a signal structure such as this

may play some role in the maturation or termination

of histone RNA transcriPts, (BussLinger et aL., 1979).

Other putative regulatory sequences have

been detected in eukaryotic aenes. The sequence AAUAAA

has been detected towards the 3' end of aII eukaryote

mRNAs sequenced, except those of the sea urchin histone

genes, (Proudfoot and Brownl-ee I L976). The absence of

this sequence in the histone mRNAs, (Sures et aL.,

1978; Grunstein and Grunstein, L977; Schaffner et aL.,

1978) , shows that it is not a signal sequence essential
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for all eukaryotic mRNAs, and, since the histone

mRNAs are unusual in that they are not, in general,

polyadenylated, the AAUAAA sequence may act as a

polyadenylation signal. The DNA sequences of more

eukaryotic genes, and in particular the histone genes

of different species, will be required before this
proposition can be accepted with confidence.

1.3.4 Gene Movement

The application of restriction enzymes and

recombinant DNA techniques to the question of gene

rearrangement has been discussed earlier, (section

I.2.3), with particular reference to the mouse

immunoglobulin genes, (Hozumi and Tonegahra, L976¡

Bernard et aL., I97B) , and to the transposable copia

and TyI genes of Llne Dz,osophiLa and yeast genomes

respectively.

Like so many of the recently discovered

features of the eukaryote genome, the precise function

of these transposable elements is unknown.

1. 3. 5 Future developments

Many of the studíes currently in progress into

the composition and arrangement of the eukaryote genome

will be continued and extended in the future and it is

likely that the information available on the detailed

structure and sequence of specific eukaryote genes

will be vastly increased in the next few years.

In addition, however, studies involving the

combined transcription and translation of specific

eukaryote genes, under precisely defined conditions,
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should contribute a great deal to the understanding

of how the eukaryote gene is controlled. Work along

these lines is already in progress.

Experiments have shown that yeast tRNA

precursor molecules are correctly processed into
functional IRNA when injected into Xenopus oocytes,

(oe Robertis & Olson, 1979) , indicating that Xenopus

is able to recognise and excise the yeast inter-
vening sequences and then rejoin the RNA to form

the final IRNA product. As a next step, the trans-
cription and processing of RNA from clones containing

the yeast tRNA genes is currently being investigated

in a Xenopus cell-free system, (HalI, cited by Wolfe,

L979) . Hinnen et aL., (L978) , have shown that bacter-

ial plasmids containing cloned DNA sequences may be

used to transform yeast. fn recent experiments,

yeast have been transformed with a plasmid containing

the rabbit globin genes and. assocíated sequences,

(Beggs, cit,ed Wolfe, J-979). While globin sequences

were transcribed ín the yeast system, transcription
stopped in the second intervening sequence and the

first intervening sequence \^ras not excised from the

transcript. This result suggests that despite the

success of the Xenopus cell free system in processing

yeast precursor molecules, this may not be a general

case, and it may be necessary to study transcription
and translation in an homologous system where possible.
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THE HISTONE GENE SYSTEM

I The Histone Proteins

The histones are a set of five small basic

proteins. They are the fundamental structural

proteins of chromatin and are found in all eukaryotic

organisms. Four of the histones I H2A, H2B' H3 and

H4 interact with DNA and with each other to form

the nucleosome core, the fundamental unit of

chromatin structure. The fifth histone, HI, apparent-

ly plays a role in the higher order structure of

chromatin and is found in chromatin at about half

the molar concentration of the other histones,

(Kornberg, L974; NoII and Kornberg, L977) .

The primary sequence of the histone proteins

has been highly conserved during evolution. The

amino acid sequence of histone H4 is considered to

be the most stringently conserved protein sequence

known, the H4 of peas and cows differing in only 2

of I02 amino acid residues. Recently, however,

sequencing of histone H4 of Tetrahymena, (Glover

and Gorovsky, L97B) , has shown considerable differ-

ences between the amino acid sequences of this, and

other H4 proteins. The other histones show a high

degree of primary sequence conservation in several

regions of the protein and it is presumably these

regions that are critical for molecular interactions

within or outside the nucleosome.
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I.4.2 Histone mRNA

Histone protein synthesis is closely coupled

to DNA replication in the somatic cells of animals,

(Robbins and Borun, 1967) , yeast, (MolI and

Wintersberger, L976) and protozoans, (Prescott,

1966), and the availabl-e evidence shows that there

is a rapid loss of histone mRNA activity from the

cytoplasm and polyribosomes when DNA replication

is stopped, (Robbins and Borun, L967; Ga1lwitz

and Mueller, 1969).

The mature histone mRNAs are about 95 in

size and in general are not polyadenylated.,

(Adesnick and Darnell, 1972). Since the poly-A-

tract has no function in protein synthesis,

(Will-iamson et aL., 1974¡ Bard et aL., L974) , it

has been proposed that it acts as a nuclease

inhibitor, (Levy et qL., L975) and could therefore

effect the stabitity of the mRNA. The demonstration

that other naturally occurring mRNAs that lack

poly-A-tails are also rapidly processed,

(Milcarek et aL., 1974; Nemer eú dL., L974) ,

supports this view. This could explain the rapid

turn-over of cytoplasmic histone mRNA sequences

at the end of S-phase, (GallwiLz, 1975), which is

not observed for most of the other cytoplasmic

mRNAs. Recently, evidence has accumulated showing

that at l-east a subfraction of histone mRNAs may

be polyadenylated, (Borun et aL., L977 i Ruderman

and Pardue, L97B), and it has been proposed that
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these differences may be related to stage specific

switches of histone mRNA sequences. For examP1e,

although considerable amounts of histone mRNA from

Xenopus oocytes are found in the poly-A containing

fraction of RNA, after fertilisation most of the

histone mRNA activity is found in the poly-A-minus

fraction, (Ruderman and Pardue, 1978).

While it seems generally agreed that the

regulation of histone mRNA activity is controlled

at the transcriptional IeveI, the evidence for

this is not convincing, with conflicting results

being reported from different stud.ies. Melli

et aL., (L977a), find putative histone mRNA

sequences in the nuclear RNA of HeLa ce11s

throughout the cel1 cycle and so suggest that

processing or transport of mRNA from the nucleus

to the cytoplasm may be more important than trans-

cription ín controlling histone protein synthesis.

Stein et aL., (L977) , on the other hand, only detect

histone mRNA sequences in HeLa cells during DNA

replication, and so conclude that the mechanism

of control is transcriptional. Further studies

with pure mammalian histone probes will probably be

required before this question is resolved.

There is evidence that histone mRNA may be

transcribed in a high molecular weight precursor

form, at least twice as long as the final mRNA, in

sea urchin gastrulae, (Kunkel et aL., 1978) ,
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but no such precursor molecules have been detected

in cleavage stage embryos, (Childs et aL., 1979).

Evidence for a high molecular weight precursor of

histone mRNA has also been found in HeLa cells,
(Melli et dL., L977b; HacketL et aL., 1978) , but

these studj-es disagree considerably on the size of

the initial RNA transcript. As yet, there is no

reason to believe that any of these precursors are

polycistronic.

L.4.3 The Histone Genes

1.4.3 (i) Sea Urchin

The histone genes of sea urchin are perhaps

the best characterised of all eukaryotic structural
genes, with almost complete DNA sequences available

for two species , StrongyLocentnotus punpuratus,

(Sures et aL., L978) and Psammechinus míLíaris,

(Schaffner et aL,, 1978).

The genes for the five different histones,

HI, H2A, HzB, H3 and H4 are clustered into a unit

that is tandemly repeated in the genome. Restric-

tion analysis of sea urchin genomal DNA, (for

example, P. míLiarís), showed the presence of an

approximately 6 kilobase long repeat unit, in

which genes coding for each of the five histone

proteins were interspersed with one another, and

that spacer DNA was located between each of the

coding regions (Cohn et aL., L976; Schaffner

et aL., 1976, Kedes , 1976) . The repeat
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unit r^ras cloned into a phage vector and thermal

denaturation was used to examine A-T rich spacer

regions under the electron microscope, (Portmann

et aL., 1976) .

Gross et aL., (I976a), isolated the

individual sea urchin histone mRNA species and

then, using restriction enzymes, limited exo-

nuclease digestion of cloned DNA and hybrid-

isation with purified histone mRNAs, was able

to demonstrate that the polarity of the histone

gene cluster in P. miLiarís is,
+-'+->->

5, HI H4 H2H* H3 H2A 3.

with all mRNAs transcribed from the same DNA

strand, (Gross et aL., L976b). Similar studies

on ^9. purpuratus using restriction, (Cohn

et aL., L976) , and electron microscopic,

(Wu ¿t aL., 1976), techniques, demonstrated that

the polarity of the histone repeat and the position

of A-T rich spacer regions are conserved between

these two species.

Direct DNA-sequencing of cloned histone

gene repeats, (Schaffner et aL., L978; Sures

et qL., 1978) , has indicated that the coding

sequences are colinear with the amino acid sequences

and so no intervening sequences are present within

these histone genes. The A-T rich spacer regions

are made up of relatively simple nucleotide arrange-

ments, but do not show any evidence of internally

repetitive sequences.
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L.4 .3. ( ii\ D. meLanogastev' hísLone genes

The histone genes of D. meLanogaster are

the only ones other than sea urchin that have

been extensively characterised, and they are

present at about 100 copies per haploid genome.

A number of clones of D. meLanogaster DNA con-

taining histone mRNA coding sequences have been

isolated, (Lifton et aL., L977) . These were

selected from a collection of cloned sequences

by their ability to hybridise to sea urchin histone

nRNA.

Two major types of repeating unit \¡¡ere

found. In both cases all five histone coding

sequences \^¡ere contained within a repeat, and

the coding regions were separated by A-T rich

spacer DNA. The two types of repeat are 4.8 and

5.0 kilobase pairs long and they only differ by

the presence, in the longer repeat, of a piece

of DNA inserted into a spacer region. Analysis

of the position and polarity of the genes has

shown that, contTary to the sea urchin situation,

the direction of transcription is not the same

for all the histone mRNA species, and that mRNA

is transcribed from both strands of the DNA.

The arrangement of the gene= 
i",

5. Hl H2B H2A H4 H3 3-,

requiring at least two independent sites for

initiation of transcription, (Lifton et aL.,

1977) . In the absence of any evidence for
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polycistronic precursor RNA it seems likely that

each of the mRNA transcripts is independently

initiated. This is in conLrast to the situation

in sea urchin where, in theory at least, only one

initiation event would be required for coordinate

expression of the histone genes.

1.4. 3. (iii) Other Invertebrate Species

Very little data is currently available on

the d.istribution and arrangement of the histone

genes in species other than D. meLanogaster and

sea urchin. Restriction and hybridisation techniques

have been used to determine the size of the histone

gene repeat unit for a number of invertebrates

(Freigan et aL., I976) , including the horseshoe

crab, (4.1 kb), clam (4.5 kb), oyster (6.3 kb)

and worm (5.2 kb). Hybridisation with different

histone probes suggests that, once again, the genes

coding for each of the histone proteins are clus-

tered within a repeat unit, in these species.

Recently recombinant DNA techniques have

been used to isolate yeast DNA clones containing

histone coding sequences, (Hereford and Fahner,

cited Kedes, 1979). Two clones isolated from diff-

erent regions of the yeast genome contain H2A and

H2B genes on1y, and these are on opposite strands

of the DNA. This shows that in yeast, ât least,

the histone genes are not all contained in an

ordered unitr âs has been found in sea urchins and

D. meLanogaster.



3B

1.4.3. (iv) Vertebrate Histone Genes

Until very recently, the only information

available on vertebrate histone genes concerned

the reiteration frequency of the genes and some

in situ hybridisation data. However, the wide

variation in arrangement of the histone genes

in those species already investigated makes the

organisation of the histone genes in higher

eukaryotes a particularly interesting area of

research.

DNA excess hybridisation experiments have

shown the reiteration frequency of the histone

genes to be 20-50 fold for Xenopus Laeuis,

(Jacob et aL., 1976) | 10-20 fold for mouse,

(Jacob et aL., 1976) and 30-40 fold for human

DNA (Wilson and Melli, L977) . These numbers are

considerably smaller than the reiteration

frequencies of the histone genes of several

lower eukaryotes, for example, l-OO-fold in

D. meLanogaster, (Lifton et aL., 1977 ) and

300-400 fold for sea urchin, (Kedes and Birnstiel,

1971).

In situ hybridisation studies using human

histone H4 mRNA and cloned sea urchin histone

genes have shown that the human histone coding

sequences are located on the long arm of chromo-

some 7, (Yu et aL., 1978; Chandler et aL., 1978).

Since identical- results \^Iere obtained using probes

from different sea urchin genes, it is likely that
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the human histone genes are all incorporated into

a repeating unit, and these are tandemly arrayed

in the genome.

Recently, work in this laboratory has

produced some preliminary data on the chicken

histone genes.

Histone mRNAs have been isolated from 5-day

old chicken embryos and complementary DNA probe

prepared from this mRNA has been used to determine

the reiteration frequency and the size of the

histone gene repeat unit in the chicken genome,

(Crawford et aL., 1979) . (The characterisation

of the histone mRNA, and the determination of

the histone gene reiteration frequency are des-

cribed in detail in this thesis).

Harvey and Wells, (1979) , have selected a

clone containing histone genes from a library of

chicken DNA sequences inserted into the lambda

phage vector, Charon 4A, (B1attner et qL., 1977) .

This cl-one contains two regions of histone coding

sequences separated by at least 7 kilobases of

spacer DNA, and limited DNA-sequencing information

and restriction mapping have shown that the Hl and

H2A genes are adjacent in this clone. The Hl and

H2A genes are adjacent in sea urchin, but separated

in the D. meLanogas ú¿r histone gene repeats.

The two DNA strands of the chicken histone

clone have been separated on low-percentage aga-

rose gels and then probed with labelled cDNA



40

prepared from histone nRNA, (Bruschi, I979). Auto-

radiography clearly shows hybridisation to both DNA

strands, indicating that histone mRNA is transcribed

from both strands of the DNA, a situation similar to

that observed for D. meLanogastey,, but different
from sea urchin, where all transcription is from

the same strand of DNA.

Together, the information from the gene order

and the transcription experiments suggests that the

organisation of the chicken histone genes differs
from that observed in either sea urchin or

D . meLanogas tey, .

Experiments are in progress to determine the

order and polarity of the histone coding sequences.

DNA-sequencing will then be carried out so that a

detailed comparison may be made between the chicken

histone genes and those of other species.

I.4.4 Tissue-specific Histone H5

The nucleated erythrocytes of birds, reptiles,
amphibians and fish, contain a basic histone H5 that
partially, but not completely, replaces histone HI in
the mature erythrocyte, (Neelin eú qL., 1964) ¡

Champagne et aL., 1968; Micki and Neelin, 1975) .

The histones Hl and H5 show many similarities to

each other, and they differ from the other histones

in many respects. They are both considerably

higher in molecular weight than any of the other

histone proteins and they have a much higher lysine
content, (Johns, I97J-). Despite their very basic
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nature, however, they are the first fraction to

be extracted from chromatin on raising the ionic

strength, (Ohlenbusch et aL., 1967) . Neither

H1 nor H5 is present in the nuc1eosome core

structure.
H1 and H5 both show considerable sequence

heterogeneity. HI is the most variable of the histones,

and there are several distinct subtypes of HI with

tissue-specific and species-specific differences in

amino-acid sequence, (review, Cole, 1977) . Despite

the variations in size and sequence observed in the

Hl protein, the molecule contaj-ns regions in which the

sequence has been highly conserved and these are pre-

sumably the sites of interaction with the nucleosome

core or with DNA. H5 also exhibits sequence variation

both within species and between species. H5 isolated

from chicken erythrocytes may contain either a glutamine

or an arginine residue at amino acid position IS,

(Greenaway and Murray, I97L) , and the histone H5

proteins isolated from goose and chicken show differences

at 22 of the 160 amino acid positions that have been

determined for both molecules, (SeLigy et qL., 1976).

Conformational studies have shown that H1 and

H5 are very similar, with each molecule showing the

presence of three well-defined domainsr ëtn N-terminal

disordered region, a compact globular central region

and a 1ong, disordered C-terminal chain. The

major difference between the HI and H5 proteins is

that the N-terminal domain of H5 is shorter by about
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12 residues and. has a much lower net positive charge,

(Aviles et aL., 1978) .

These lysine-rich histones have the ability

to act as chromatin cross-linking agents and may

in this way be able to effect transcription. For

example, chromatin gels in water can be induced

to shrink to about I0 percent of their original

volume by dialysis against salt solutions, but only

in the presence of histone Hl, (Bradbury et aL.,

1973). Pure HI-DNA complexes react in a similar

way and NMR data suggests that the HI molecule

und.ergoes changes in its physical structure during

this process, (BradbLtry et aL., L974a) .

Hl has also been implicated in the contrac-

tion of chromatin at metaphase, (Bradbury et aL.,

]'974b). There is evidence that the modification

of histones, particularly the phosphorylation of

HI, may be responsible for at least some aspects

of this contraction. Specific sites on the Hl

protein are phosphorylated, (Adler ¿ú aL., L97L) ,

and this reduces the tendency of the histone to

bind to DNA, (Ad1er et aL., L972) . Similarly,

histone H5 is also phosphorylated at specific

sites and undergoes a conformational change that

effects the strength of binding to DNA, (Tobin

and Seligy, 1975). This effect may increase

histone-histone interactions in the chromatin and

so facilitate contraction.
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The similarities between the HI and H5

molecules and their involvement in higher order

chromatin structure has prompted the suggestion,

(Johns, I97L) , that, in species containing

nucleated erythrocytes, H5 has evolved to

suppress all RNA synthesis and hence protein

synthesis; a situation equivalent to the

enucleation process seen in mammals. RNA

synthesis decreases in red blood cells as they

mature, (Attardi et aL., l-970) , and the chromatin

changes from a diffused to a highly condensed

state, (Brasch et aL., 1971). During this process,

H5 is the only histone made in the non-dividing

reticulocyte, (Appels and lVeIIs, L972) , until

in the mature erythrocyte, about 80 percent of

the Hl protein is replaced by H5. Thus H5 may

be responsible for a gross form of gene control

in erythroid cells by causing a change in the

chromatin structure, making it. inaccessible to

RNA polymerase, and thus terminating al-l trans-

criptional activity. It should be noted, however,

that this repression is readily reversible. When

terminally differentiated red blood cells are fused

with HeLa cells, the condensed chromatin rapidly

becomes dispersed, (the nuclear volume increases

20-30 fold), and the erythrocyte nucleus recommences

RNA and DNA synthesis, (Harris,1967i Bolund et qL.,

1969) .
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Recentlyr ërs protein sequences for large

portions of Hl (Cole , L977 ¡ Macleod, 1977) and

H5, (Sautiere et aL., 1975, 1976¡ Champagne -
pers. conunun) r have become available, a great

amount of sequence homology has been detected in
these two histones. Yaguchi et aL., (L977), have

shor^rn that, when the first 1I1 known residues of

H5 histones are compared to Hl sequences, from

different species, 63 of these residues corres-

pond to id.entical residues in at least one of the

Hl species. At least 8 other conservative sub-

stitutions are found in this region of the Hl

and H5 sequences indicating that the homology

between the two molecules is perhaps even more

extensive. A gap of L2 residues was introduced

into the H5 sequence to facilitate the alignment

of amino acid residues in the two sequences, and

it was observed that the region of this gap corres-

ponds to a homologous repeating sequence in HI.

This suggested a deletion or duplication in this
region, and that the genes for Hl and H5 histones

may have evolved from a common ancestral gene,

(Yaguchi et aL., 1977) .

In the only two systems examined in detail,

sea urchin and D. meLanogaster, the Hl gene is
interspersed with the other histone genes, and

preliminary evidence suggests that this is also

true in the chicken histone gene system, (Harvey

and We11s, 1979). Scott and Vüel1s, (L976\, have
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shown that the H5 gene is reiterated about 10-fo1d

in the chicken genome and Crawford et qL., (1979) ,

have shown that the other histone genes are

reiterated to about the same extent. The arrange-

ment of the H5 genes, and the rel-ationship between

the H5 genes and the genes coding for the other

histone proteins, is therefore, a question of

considerable interest. It remains to be determined

whether the H5 genes are included in the histone

gene cluster or whether they are linked to the

other histone genes at all. While the normal

histone genes appear to lack intervening sequences

it will be interesting to find out whether the H5

gene has acquired intervening sequences since the

Hl and H5 genes have diverged. Research into these

questions and other related questions on gene

evolution and regulation of gene expression will

require a pure probe for H5 gene sequences.

I.5 Aims of the Project

Using indirect immunoprecipitation techniques,

Scott and Well-s, (1976) , were able to prepare small

amounts of pure H5 nRNA, and cDNA copied from this

RNA template was used to determine the reiteration

frequency of the H5 genes in the chicken genome.

In repeated experiments, however, the immuno-

precipitation procedure proved to be extremely

unreliable, and H5 mRNA coul-d not be reproducibly

obtained using this method. The aim of the project
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described in this thesis is, therefore, to develop

a straightforward physical procedure for the

isolation of pure H5 mRNA sequences. Probe

prepared from these sequences would be used to

examine the relationship of H5 to the other histone

genes.



CHAPTER 2

MATERÏALS AND METHODS
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2.I MATERTALS

Chemicals. AII chemicals were of analytic

reagent grade or of the highest available purity.

Column chromatography materials. Oligo-dT-

cellulose (fg grade) was purchased from Collaborative

Research. Poly-U-Sepharose and Sephadex G-50

and Sephadex G-150 were purchased from Pharmacia.

Nitrocellulose filter paper, was obtained

from Sartorius.

Enzymes. The enzymes used in the course of

obtained from the sources listedthis work were

beIow.

Creatine phosphokinase : Sigma.

RNA-dependent DNA-polymerase, (reverse tran-

scriptase), was a gift from J.W. Beard and the

N.I.H. Cancer Program.

E. coLi DNA-polymerase I : Boehringer, Mannheim.

S, nuclease : Boehringer, Mannheim.

Ribonuclease A : Sigma.

E. coLi Deoxyribonuclease I : Sigma.

Proteinase K : E. Merck, Darmstadt.

Calf-thymus terminal deoxynucleotidyl transferase,

was supplied by D.J. Kemp.

Bacterial alkaline phosphatase, \^tas supplied by

R. Richards.

Polynucleotide kinase : Boehringer, Mannheim.

Restrictíon Enzymes. The restriction endonuclease

Eco RI was prepared using basically the method of

Yoshimori, (1971) . Other restriction enzymes \^rere
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obtained from the sources listed below.

Hind III, was supplied by R. Harvey and

J. R. E. Vüells.

' Pst Ît was supplied by C.P. Morris.

Hae III : New England Biolabs.

Hpa II : New England Bio1abs.

AIu I : New England Biolabs.

Cloned Sequences. The o, and ß-globin cDNA

clones used in the screening experiments were supplied

by R. Richards. The keratin cDNA clone, pK23, was

supplíed by R. Saint.

2.2 IVIETHODS

2.2.L Preparation of Erythroid Ce1ls

Reticulocytes were obtained from the cj-rculation

of White Leghorn-Australorp pullets which had been

rendered anaemic by five daily injections of 2-52

phenylhydrazine in 47.52 ethanol , (v/v\, PH 7 -0.

All blood was obtained by heart puncture into NKM'

(0.14 M NaCl, 5 mM KCt, 2 mM tttgClr), containJ-ng

Img/mt of heparin. The red cells were washed several

times by centrifugation (1000g, 5 minutes) ' and'

resuspension into ice-cold NKM. The white-cell

layer was removed during this operation by aspiration.

2.2.2 Isolation of RNA

All procedures
oc using sterile

involving RNA \^Iere carried out

solutions and glassware.atO
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Preparation of chicken reticuloc 1OS RNA

Basically the method of Pemberton et dL., (f972) .

Washed reticulocytes r,'rere Iysed. by the addition

of 10 volumes of 2 mM MgC1, and vortex mixing for

about 5 minutes. l/20 volume of 10 x TKM,

(ltKtvt = 0.01 M Tris-CI pH 7.0, 0.2 M KCl' 2 mM

IttgCLr), r^/as then added to restore tonicity, and

the nuclei were removed by centrifugation'

(10,000g for 10 minutes). This step was repeated

to remove any remaining nuclei. Polysomes hlere

collected from the supernatant by centrifuging'

(2I0,0009 for 60 minutes) through a pad of 50å

(w/v) sucrose in TKM, in a Beckman Ti50 rotor.

The polysome pellet was rinsed twice with TK

(10 mM Tris-CI pH '7.0, 15 mM KCl). The polysomes

were resuspended in TK buffer and. I/rc volume of

0.3 M EDTA pH 7.6 was added. This dissociated the

polysomes into ribonucleoprotein, (RNP) particles

which \^/ere fractionated by centrifugation '
(160,000g, 16 hours), through linear l0-40U (w/v)

sucrose gradients in TK, in the Beckman SW41 rotor.

The 205 RNPs h¡ere collected and recovered from

solution by ethanol precipitation. They were then

dissolved in 10 mM Tris pH 7.6, 0.2e" SDS' heated to

65oC for 10 minutes and fractionated once more on

sucrose gradients in NET buffer, (0.1 M NaCl, 10 mM

Tris-Cl pH 7.6, 1 mM EDTA) . The 10S RNA was

collected and stored as an ethanol precipitate.
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Preparation of 7-115 RNA from chicken embryos.

Basically the method of Seeburg eú aL., (1977a) .

About 30 five-day-old chick êmbryos were snap-

frozen in liquid nitrogen, then homogenised in 7 M

guanid.inium-Cl , 20 mM Tris-CI pH 7.5, I mM EDTA'

1? (w/v) Sarkosyl in a Dounce homogeniser in a final

volume of 30 mls. Tota1 RNA from this homogenate

was recovered as material centrifuged through 5.7 M

CsCI. The clear RNA petlets were resuspended in

10 mM Tris-Cl pH 7.5, 1 mM EDTA, 5Z Sarkosyl and

5Z phenol, then made 0.1 M in NaCI and extracted

with an equal volume of phenol:chloroform (LzI v/v).

RNA from the aqueous phase was coll-ected after

ethanol precipitation' resuspended in 10 nM Tris-Cl

pH 7.5,1mM EDTA, 0.54 SDS, heated at 65oC for 5

minutes, chilled and centrifuged on 10-40% sucrose

gradients, (2I0,0009 for 16 hours) . The 7-115 RNA

was col-lected and then refractionated on a second

10-40U sucrose gradient.

Preparation of total RNA from chicken red blood

cells. (John Brooker - personal communication).

Ce1ls hrere homogenised in a Dounce homogeniser in

6 M guanidinium-C1, 0.2 M Na-acetate pH 5.2 and

1 mM 2-mercapto-ethanol using about l0 m1s of this

solution per 1 mI of packed ce1ls. The homogenate

r^7as passed through a French pressure ceII at 12000

psi and then an equal volume of ethanol was added-

After standing at -2OoC for at least one hour the

suspension \^Ias centrifuged at I0r0009 for 15 minutes
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to recover the insoluble material. The pellet was

suspended in half the original volume of 6 M

guanidinium-C1 , 0.2 M Na-acetate pH 5.2, 10 mM

EDTA and again precipitated by addition of an equal

volume of ethanol , (-20oC, J- hour). The insoluble

material was recovered by centrifugation (10'000g

for 15 minutes) and the pe1let resuspended in I/4

of the original volume of 7 M urea, 0.1 M Tris-CI

pH 8.5, 0.1 mM EDTA, 0.13 SDS, at room temperature,

(to prevent crystallisation of the urea). The

suspension \^/as extracted twice with an equal

vorume of water-saturated phenor,/chloroform (1:1)

and then the aqueous phase extracted with chloro-

form. The aqueous phase was adjusted to 0.1 M

K-acetate pH 5.0 and the nucleic acid precipitated

by the addition of two volumes of ethanol. The

pellet was resuspended in 5 mls of ice-cold 2M

LiCl. DNA and 1ow molecular weight RNA, (less than

about 7S), are soluble in this solution, while the

high molecular weight RNA remains insoluble. The

RNA is recovered by centrifugation, (f5'0009 for 15

minutes), washed with ethanol and stored as an

ethanol precipitate.

2.2.3 In oitt,o Translation of RNA: Wheat-germ ce1l-free

system

The wheat-germ translation extract was prepared

from commercial wheat germ, (Adelaide Milling Co. ) ,

using the method of Marcu and Dudock, (L974).
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Ce1l-free translations \^rere carried out using

the conditions described by Roberts and Paterson'

(1973). The 50 uI reaction mix contained 20 mM

HEPES-KOH pH 7.5, 75 mM KCl' 3 mM Mg-acetate'

2 mM DTT, 1 mM ATP' 20 UM GTP, 8 mM creatine

phosphate, 4 pg/ml creatine phosphokinase, 5 uCi

of 3H-I"rrcirr", 3H-1y=ine or 3ss-methionine, 25 pM

of the other unlabelted amino-acids and 25 uI of the

wheat-germ extract. About 0.I to 0.5 Ug of mRNA

was added to each 50 Ul translation mix and

incubations were carríed out at 25oC for I hour.

For determination of incorporated radio-

activity, aliquots of the translation mix $lere

spotted onto GF/A filters, washed in several changes

of 2Oeo TCA and then rinsed with ethanol and ether.

After drying, toluene scintillant was added to the

filters and the radioactívity determined in a Packard

scintillation spectrometer.

For analysis of the labelled products of the

cell-free system, the translation mix was precipitated

by the addition of 3 volumes of acetone:ether, (3:1)'

and washed 3 times by centrifugation and resuspension

in the same solution. The protein was dissolved in

the appropriate loading buffer and analysed on poly-

acrylamide gels.

2 .2 .4 Analysis of Labelled Translation Products
L4Preparation of C-Iabe1Ied marker protein.

Electrophoretically-pure samples of globin, H5 and
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total chicken histone were labelled', in uitro,

with 14c o"irrg potassium l4c-.y.rrate. 10 uci of

r-14c-.yanate was added to 1 ng of protein dissolved

in 100 p1 of 10 mM Tris-HCl pH 8.8. This was

incubated at 45oC for 3 hours and then dialysed

against several changes of 10 mM ammonium bicar-

bonate pH 8.5. The specific activity of the
-l 

¿.resulting *-C-protein was about 2000 dpm per pg.

SDS-urea tube gels. (Swank and Munkres, l-97I).

The 0.6 cm diameter by B cm long tube gels contained

10U acrylamide, 6 M urea, 0.13 SDS in Tris buffer

pH 6.8 and were electrophoresed at 1.5 mA per gel

for t6 hours. Electrophoresis buf fer \^¡as 0. I M

Tris-HrPOn pH 6.8,0.1U SDS.

Low pH-urea tube gels. (Panyim and Chalkley,

1969) . GeIs contained 153 acrylamide, 2.5 l'4 urea

in 0.9? acetic acid, (v:v), and were electrophoresed

at I.75 mA per geI for 3 hours with the anode on top.

Electrophoresis buffer was 0.92 acetic acid.

Analysis of tube qel profiles. For the analysis

of labelled proteins on either tube ge1 system, the

gels were frozen with dry ice and sliced into I mm

slices with a Mickle gel slicer. The slices r¡tere

incubated at 37oC, overnight, in 0.2 mI of 0.2s" SDS

solution. 2 ml of toluene-triton scintillation

fluid, (62.52 toluene, 0.2U PPO | 0.022 POPOP, 37.52

triton x-1I4), \^ras added and radioactivity was

determined in a Packard scintillation spectrometer.

Discontinuous Slab Gel-s. (Laemmli, 19 70 ) .
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Slab gels, (L4 cm X 14 cm X 0.3 cm)' contained a

3eo acrylamide stacking gel and a 12.5å acrylamide

separating ge1 in 0.375 M Tris-HCI pH 8-8, 0.Iu

sDs. These were electrophoresed for about 2% hours

at 100 V. Electrophoresis buffer was 25 mIt'I Tris-

glycine pH 8.3, 0.tU SDS.

Labelled products separated on slab gels

\^rere examined by fluorography. The gels were

prepared for fluorography essentially as d.escribed

by Bonner and Laskey, (1974), except that 252

naphthalene' 1A PPO replaced PPO/POPOP as the

fluorescing agent. The dried gel was placed into

contact with X-ray film in the presence of an

intensifying screen, (flford, fast tungstate) r

and exposed at -80oc.

2.2.5 effinity ChromatograPhY

oliqo -dT-ceIIulose. 0.2 9 of oligo-dT-cellulose

was packed into a small water-jacketted column.

After flushing with 0.1 N NaOH to destroy ribo-

nuclease, the column was equilibrated with high-salt

buffer, 0.3 M NaCl, 10 mM Tris-HCI pH 7.0 and I mlt

EDTA. After heat disaggregation, (80oC for 3 minutes),

RNA was loaded onto the column in high-salt buffer and

the Arrn elution profile was followed using a Uvicord

column monitor. The unbound RNA was reapplied to the

column, re-eluted and stored. The bound RNA was then

eluted with 10 mM Tris-HCl pH 7.0, 1 mM EDTA. Ïn

general chromatography was carried out at 2ooc although
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some experiments were performed at Ooc. Alt RNA

fractions \^rere recovered from the elution buffers

by ethanol precipitation.

Poly-U-Sepharose. (Lindberg and Persson,

1972) . 0.2 g of poly-U-Sepharose was packed into

a small, water-jacketted column and equilibrated

with 0.3 M NaCl, 10 mM Tris-HCl pH 7.4. After

heat disaggregation, RNA was loaded onto the

column in high-salt buffer and the elution profile

followed with a column monitor. The unbound RNA

\^ras re-passaged through the column and collected.

The bound RNA was etuted by flushing the column

with 90U de-ionised formamíde, 1 mM EDTA adjusted

to pH 7.4 with Tris base. 3 volumes of water were

added to the bound RNA fraction to dilute the

formamide and the RNA was then recovered by ethanol

precipitation.

Tn general, the RNA fractions obtained by

affinity chromatography procedures \^Iere centrifuged

on sucrose gradients prior to use in translation

experiments.

2.2.6 rn uítz,o Synthesis of Labelled. DNA

OIiqo-dT-primed reverse transcription. Oligo-

dT-primed reverse transcription was carried out in a

20 pI reactíon mix containíng up to 2 Ug of mRNA,

l mM each of dATP, dGTP and d.TTP, about 0.1mM

o-32n-dcrn, (10-50 cilmmo1e), 50 mM Tris-HCI pH 8.3,

I0 mM MgClr, 10 mM 2-mercaptoethanol and 20 ug/mt
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of oligo-dTr'. I UI of reverse transcriptase was

added and the solution incubated at 42oC for 30

minutes. The RNA template was removed by alkaline

hydrolysis with 0.3 N NaOH for 30 minutes at 65oC,

and the solution neutralised by the addition of

HCI to 0.3 M and Tris-HCI pH 7 .5 to 0 - 1 M- The

mix was extracted with an equal volume of phenol :

chloroform, (1:1) and the aqueous phase loaded

onto a 0.4 cm X 4 cm Sephadex G-50 column and

eluted with 10 mM Tris-HCI pH 7 .6, I mM EDTA, to

remove the unincorporated nucleotides.

Random-pr imed reverse transcription. Priming

of RNA lacking a 3' poly-A tract was achieved by

the random hybridisation of oligo-nucleotides of

salmon-sperm DNA, prepared as described by Taylor

et aL., G976). Conditions for the synthesis of

this cDNA were exactly as described for the oligo-dT-

primed reaction, except that oligo-dTl' was replaced

by a 2 mg/mI final concentration of oligo-nucleotide,

and the mix was incubated at 37oC for 60 minutes.

The cDNA synthesised was isolated as described for

oligo-dT-primed synthesis .

Nick-translation of double-stranded DNA.

Labelling double-stranded DNA using E. eoLi DNA poly-

merase I was carried out essentially as described by

Maniatis et qL., (1975). The 50 p1 incubation mix

contained 50 mM Tris-HCt pH 7.8, 5 mM MgCtr, 10 mM

2-mercaptoethanol, 50 Vg/mI bovine serum albumin,

5 pM each of 32n-dcrn and 32n-detn, (100-200 cirlmmore)
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and unlabetled dATP and dTTP. The DNA v/as nicked

by the ad,dition of 20 pg of E. coLi DNAase I and

the reaction was started by the addition of 2 units

of E. eoLí polymerase I. The solution was incubated

at 15oc for 90 minutes, phenolr/chloroform extracted

and the unincorporated nucleotides removed as

described for oligo-dT-primed reverse transcription.

If the labelled DNA was to be used as a hybridisation

probe, the DNA strands were separated by boiling the

solution for 2 minutes and then snap-cooling-

2.2.7 Generation of C t Curves
o

5 ul of a I0 mg/ml solution of sonicated DNA

in hybridisation buffer, (0.18 M NaCl' I0 mM

Tris-HCl pH '7.0, I mM EDTA, 0.I% SDS) ' and containing

about 5000 dpm of the appropriate labelled hybrid-

isation probe was sealed into 20 pl micro-capillary

tubes. After boiling for 2 minutes to separate the

DNA strands, hybridisation was commenced by immersing

the capillary tubes in water at 65oC. The capillary

tubes \^¡ere removed from the 65oC water-bath and Snap-

cooled at times corresponding to approPriate Cot

values. The percentage of the labelled-DNA in

double-stranded form was determined using the single-

strand specific nuclease SI, (Vogt, 1973) , under the

S, nuclease assay conditions described by Kemp'

(le75). ACto curve was usually generated from 12

to 15 separate Cot Point determinations.
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2.2.8 Gel-electrophoresis of RNA

Agaros e-acrylamide -urea gels (Schuerch

et aL., 1975). The 0.6 cm X I cm tube gels con-

tained 2.Ieo acrylamíde, 0.6? agarose, 6 M urea in

Leoning gel buffer, (36 mttl Tris, 30 mM Na-HrPOnr

1 mM EDTA, pH 7.8). Electrophoresis was carried

out at 4oC for 4 hours at 3 mA per get. The gels

were stained with a 0.01U solution of ethidium

bromide in 20 mM Na-acetate and the RNA visualised

under UV light.

Ac Iamide-urea els, (Sanger and Coulson'

1975). The tube gels contained either 4Z or 6Z

acrylamide and B M urea in 25 mM Tris-glycine

pH 8.3. Electrophoresis was carried out at room

temperature for 4 hours at 2 mA per gel using 25 mM

Tris-glycine pH 8.3 electrophoresis buffer. The

gels were stained with toluidene-blue and destained

in distilled water, in the dark at 4oC, to prevent

degradation of the RNA, (Popa and Bosch, 1969).

Formamide ge1s, (Pínder et aL., L974) . The

tube gels \^¡ere 4Z or 6Z acrylamide, 20 mM diethyl-

barbituric acid pH 9.0, (adjusted with NaOH) , in

de-ionised formamide. These \4lere overlaid with

formamide buffered to pH 9.0 vtith 20 mM diethyt-

barbituric acid and the RNA sample layered under

this in buffered formamide containing 5i3 sucrose.

Electrode buffer was 0.02 M NaCl which was circulated

constantly to maintain the pH. Gels were electro-

phoresed at 4 mA per geI for 4 hours at AoC, stained
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with et.hidium bromide and destained in water. The

RNA was visualised under UV 1ight.

2.2.9 Electrophoretic el-ution o f RNA from acrylamide qels.

During the course of the work concerned with

the fractionation of RNA species on polyacrylamide

gels an efficient and simple method was developed

to electrophoretically elute RNA from slices of

polyacrylamide gel.

Slices of polyacrylamide 9e1, containing RNA,

were supported on a piece of gauze located about

5/6 of the way down a perspex gel tube. The bottom

of the tube was sealed with 18/32 dialysis membrane

to permit the flow of current through the gel tube

but to prevent the migration of eluted RNA out of

the tube. Electro-elution was carried out at 4oC

for 30 minutes using a current of I mA per geI tube.

The electrode buffer was 40 mM Tris-acetate pH '1.8,

30 mM Na-acetate, 20 mM EDTA containing 0.22 SDS.

The electro-eluted RNA was recovered from the volume

of buffer between the gel slice and the dialysis

membrane. This volume was approximately 0.4 mI.

Experiments with 32p-I.b"tled RNA showed that,

using these electro-elution conditions, greater than

B0? of the RNA could be recovered from the gel slice

in intact form. Longer elution times or removal of

SDS from the elution buffer resulted in increased

breakdown of the eluted RNA.

The 0.4 mI of RNA solution recovered from the
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bottom of the elution tube was extracted with an

equal volume of phenol,/chloroform (1:t) and centri-

fuged hard, (120009 for 15 minutes) , to separate

the phases and to sediment any contaminating acry-

lamide. The RNA was recovered from the aqueous

phase by ethanol precipitation and aliquots of the

RNA were used in translation experiments.

2.2.L0 Restriction and Analysis of DNA

Restriction dr est conditions. Restriction

endonuclease digestion of DNA with either commercial

or non-commercial preparations of enzyme vtere

carried out using the conditions for the appropriate

enzyme detailed in the New England Biolabs catalogue.

A1I reactions r¡Iere stopped by the addition of EDTA

to a final concentration of 25 mM. The reaction mix

was extracted with an equal volume of phenol/

chloroform, (1:1), and the aqueous phase ethanol

precipitated.

Agarose gel electrophoresis. Electrophoresis of

DNA for analytical purposes or for transfer to

nitrocellulose was carried out on 14 cm X 14 cm X

0.3 cm slab gels contaíning lU agarose. Electro-

phoresis buffer consisted of 40 mM Tris-acetate

pH 8.2, 20 mM Na-acetate, I mM EDTA and electro-

phoresis was carried out at 60 mA for about 3 hours.

DNA was visualised by staining with 0.02? ethidium

bromide solution for 15 minutes and examination under

W light.
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2.2.II Preparation and Tailing of double-stranded cDNA

Synthesis of the first strand.

Polyacrylamide gel electrophoresis. Electro-

phoresis of DNA specíes less than about I kilobase

in length was carried out on vertical L4 cm X 14 cm

X 0.3 cm gels containing between 4Z and 88 acryla-

mide. Electrophoresis buffer was 0.09 M Tris-borate

pH 8.3, 2.5 mM EDTA and electrophoresis was performed

at 150V for 2 hours. DNA was visualised by

ethidium bromide staining.

Transfer of DNA to nitrocellulose and hvbrid-

isation with a labelled probe. Restricted DNA

fractionated on J-eo agarose slab gels was transferred

to nitrocellulose filter paper using the method of

Southern, (L975) , as modified by Wahl et aL., (L979) .

fn this procedure the rapid transfer of DNA from the

gel to the nitrocellulose is facilitated by a

partial hydrolysis of the DNA in the gel with 0.25 N

HCI, and the transfer is complete within about 2

hours.

The prehybridisation, hybridisation and washing

conditions for the nitrocellulose filter in the

Southern blot experiments were exactly as described

by Wahl et aL., (1979). The washed, dried nitro-

cellulose filter was placed ín contact with X-ray

film and exposed at -80oc in the presence of an

intensifying screen.

Random-primed

10S RNA templatesynthesis of the first strand on the
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was carried out as described in section 2.2.61

except that the concentration of the labe1led

nucleotide was increased to 1 mM with cold nucleo-

tide, to ensure maximum cDNA synthesis. After
alkaline hydrolysis of the RNA temptate and

neutralisation, the mix was passaged through a

Sephadex G-50 column to remove the unincorporated

nucleotides and the oligonucleotide primer

sequences. The cDNA was ethanol precipitated in
preparation for the second strand synthesis

reactions.

Synthesis of the second strand. The second

strand synthesis reaction was carried out with
E. coLi DNA polymerase It using basically the

method of Seeburg eú aL., (l-977b). The first
strand cDNA was resuspended in a 50 U1 reaction
volume containing 50 mM Tris-HCl pH g.l, 20 mM

KC1, 7 mM MgClr, 10 mM 2-mercaptoethanol, 0.1 mM

EDTA, 400 UM each of dATP, dCTp, dcTp and dTTp

and 15 units of DNA polymerase f. Unlike Seeburg

et aL., the reaction was carried out at 15oC for
6 hours rather than at 40oC for 2 hours.

Sr cleavage of ds cDNA. The second strand

reaction mix was diluted directly into a 2OO UI

final volume containing 30 nM Na-acetate pH 4.6,

0.3 M NaCI, 4.5 mM ZnCI, and 130 units of St

nuclease. The S, digestion mix was incubated at
37oC for 30 minutes and then extracted with an equal

vol-ume of phenol/chloroform, (1:1). The agueous



63

phase was passaged through Sephadex G-50 and the

ds cDNA collected.

Size selection and tailinq of ds cDNA. The

ds cDNA eluate from the Sephadex G-50 column was

loaded directly onto a 10-40? sucrose gradient and

centrifuged at 160,000 g for 16 hours. 0.5 ml

fractions were collected across the gradient and

different size classes of ds cDNA \^rere pooled

and ethanol precipitated.

Poly-dC nucleotide tails r^rere added to the

ds cDNA using calf thymus terminal deoxynucleotidyl

transferase. 500 pmoles of 3H-dCrP wa= dried down

and resuspended in a 25 pl volume containing

0.1 M Na-Cacodylate pH 7.4, 40 mM Tris-HCl pH 7.4,

1 mM CoCIr,0.2 mM DTT and 0.07 pmoles of ds cDNA.

0.5 pl of terminal deoxynucleotidyl transferase

\^/as added and the reaction, ât AoC, followed by

the conversion of the 3H-¿Crp to a trichl-oroacetic

acid-insolubl-e form. When an average of 10-20

nucleotides per end had been added, the reaction

\^ras stopped by the addition of EDTA to a final

concentration of 5 mM.

2.2.L2 Anneali Tailed cDNA and Vector DNA and Transformation.

Annealing to vector. 0.04 pmoles of pBR 322

DNA, cleaved with Pst I and tailed with deoxyguanosine,

as described above, was annealed to an equimolar

amount of deoxycytosine-tailed cDNA in 0.2 M NaCl,

10 mM Tris-HCl pH 8.2 by heating for 10 minutes at
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65oc, incubating for l- hour at 45oc and finally

allowing the solution to cool slowIy to 4oC.

The annealed DNA was stored at this temperature.

Transformation of E. coLí. E. coLi strain

ED8654:rO mO

night at 37o

sup E sup F trp F was grown over-

in Luria broth and then diluted

f/50 into fresh Luria broth and grown to .t A600

of 0.6-0.8. The cells were chilled on ice for

30 minutes, pelleted by centrifugation and

resuspended in L/2 volume of ice-cold 0.1 M

MSCIT. The cells were pelleted, immediately and

resuspended in L/20 of the origínal volume of ice-

cold 0.1 M CaCIr. The cells were kept on ice for

at least one hour. 0.2 mI of these competent

cells was added to 0.1 ml of the DNA in 0.1 M

Tris-HCl pH 7.4 and stood on ice for 30 minutes,

with occasional stirríng. The ce1ls were heat-

shocked at 42oC for 2 minutes, kept on ice for a

further 30 minutes and then warmed slowly to room

temperature. 0.5 mI of L-broth was added to the

transformed cells and incubated at 37oC for 20-30

minutes. The transformed cells were mixed with

3 m1s of 0.72 L-agar and plated on 1.5å L-agar

ptates containing 15 pg/mL tetracycline. These

\,\rere incubated overnight at 37oC.

2.2.L3 Detection and Examination of Recombinants

Colony Screening. (Grunstein

+

c

and Hogness, 1975).

transferred byColonies from a transformation were
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toothpick to a master plate and to a sheet of

nitrocellulose that had been boiled three times

in distilled water and lain onto an L-agar plate

containing 15 vg/mL tetracycline. The colonies

were grown overnight on the nitrocellulose at

37oc, and the colonies lysed by transferring the

nitrocellulose sequentially onto 3 MM paper

saturated with 0.5 N NaOH for 7 minutes, I M

Tris-HCI pH 7.4 for 2 minutes, 1 M Tris-HCI pH 7.4

for 2 minutes and 1.5 M NaCl, 0.5 M Tris-HCl

pH 7.4 for 4 minutes. The nitrocellulose filter

was washed in g5Z ethanol and then baked at BOoC,

under vacuum, for 2 hours. Hybridisation and

washing conditions \^tere as described for Southern

blot experiments. In some cases, after the initial

hybridisation and detection of colonies, annealed

probe was removed from the filters by boiling for

10 minutes in 2 changes of distilled water. The

hybridisation procedure was then repeated using a

different labe1led hybridisation probe.

Miniscreen examination of plasmid recombinants.

fsolation of plasmid DNA from smalI cultures was

carried out as follows. 1.5 mI cultures of each

recombinant were gro\^In overnight in L-broth contain-

ing 15 Ug/ml tetracycline. The cells \^lere pelleted

by centrifugation for 30 seconds in an Eppendorf

centrifuge, washed in 10 mM Tris-HCI pH 9-0, I mM

EDTA, pelleted again and resuspended in 150 Ul of

153 sucrose, 50 mM Tris-HCl pH 9.0 and 50 mM EDTA.
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50 UI of freshly prepared 4 mg/mL lysozyme solution

v/as added and the solution incubated at room

temperature for 15 minutes and at OoC for 30

minutes. 200 ul of ice-cold water was added and

the sotution heated to 72oC for 15 minutes. The

solution was centrifuged at 30r000 g for 20 minutes

and the supernatant removed from the white,

filamentous pellet and ethanol precipitated. The

plasmid DNA was resuspended in water and an aliquot

removed for linearisation with Eco RI restriction

enzyme in a 200 Ul digestion mix. The DNA r^¡as

extracted with an equal volume of phenol/chloroform,

ethanol precipitated and electrophoresed on lZ

agarose slab gels as described-

2.2.74 Large-s cale Preparation of Recombinant Plasmid DNA

500 m1 cultures of recombinant cells were grown

in L-broth to .. 4600 of 1.0 and then chloramphenicol

\^ras added to a f inal concentration of 150 Vg/mL.

The cel-Is r^rere incubated overnight at 37oc to allow

amplification of the plasmid DNA, (crewerr, r972) '

The cells were pelleted by centrifugation' (10'000 g

for 5 minutes), and resuspended in l0 mIs of 15?

sucrose, 50 mM Tris-HCI pH 9.0, 50 mM EDTA. 2 m1s

of 6 mg/mt lysozyme solution was added and the cells

were incubated. at room temperature for 15 minutes

and at OoC for 30 minutes. 10 mls of boiling-hot

50 mM Tris-HCl pH 9.0, 50 mM EDTA was added with

vigorous mixing and the solution was heated at 72oc
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for 15 minutes. The lysate was centrifuged at

301000 g for 30 minutes, the supernatant removed

and treated with DNAase-free RNAase A, (20 Vg/mL) ,

for 30 minutes at 37oC and Proteinase K, (50 vg/m].),

for 30 minutes at 37oC. The solution was extracted

with an equal volume of phenol,/chloroform and the

aqueous phase ethanol precipit.ated. The plasmid

DNA was resuspended in 2 mls of water, adjusted.

to 0.2 M NaCl and chromatographed through a

2.5 cm X 20 cm Sephadex G-150 (medium) column

equilibrated with 0.2 M NaCl, 10 mM Tris-HCI

pH 7.6, I mM EDTA, to separate high-molecular

weight DNA from degraded RNA. The material eluting

at the exclusion vofume was collected and examination

on gels showed this to be plasmid DNA free of RNA

and containing not greater than 103 contamination

with bacterial chromosomal DNA. Using this procedure

it was routinely possible to prepare more than I mg

of plasmid DNA from 500 ml of bacterial culture.

2.2.L4 Preparation of DNA fraqments for Sequencinq and DNA

Sequence Determination.

All DNA fragrment preparation and DNA-sequencing

procedures lrere carried out exactly as described by

Maxam and Gilbert, (L977, L979) , with the exception

of the (G+A) -specific chain cleavage reaction which

u¡as performed with 100å formic acid, (R. Richards

personal communication), rather than with pyridinium

formate pH 2.0, and the C and (C+T) stop reactions
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which were carried out by adding 200 ul of 0.1 mM

EDTA and 200 UI of 0.3 M NaCl, 0.1 mM EDTA res-

pectively, (Busslinger et aL., 1979). End-

labelling was achieved using polynucleotide kinase

.rrd y-32P-ATP that had been prepared by R. Richards.

DNA labelled at a single site, and therefore

suitable for sequencing, was obtained by strand

separation rather than by cleavage of the DNA

fragment with a second restriction enzyme.

2.2.I5 Conta inment facilities.

All work involving recombinant DNA was carried

out under C3/EK1 containment conditions for work

involving viable organisms and CO containment con-

ditions for work not involving viable organisms'

as defined and approved by the Australian Academy

of Science Committee On Recombinant DNA and by the

University Council of the University of Adelaide.



CHAPTER 3

AFFINITY CHROMATOGRAPHY FRÀ,CTIONATION

OF GLOBIN AND H5 mRNAS



69

3.1 INTRODUCTTON

Tt had been shown previously that although

all histones \^Iere expressed in dividing erythro-

blasts, H5 was the only histone synthesised in

non-dividing reticulocytes, (Appe1s and WeIIs,

1972\ . Using the indirect immunoprecipitation

procedure of Shapiro et dL., (I974) , Scott obtained

a polysome fraction from reticulocytes whichr orl

the basis of ín uí,tz'o translation studies, con-

tained H5 mRNA, (Scott and Well-s, 1976) . Because

the immunoprecipitation approach lacked repro-

ducibility, (Scott and Wells, 1978), and was not

suited to routine isolation of H5 mRNAr €trl alternate

physico-chemical method for purification of H5 mRNA

was considered essential.

With the mícrogram quantities of H5 mRNA

available, Scott was able to show that it was 10S

in size and lacked a poly-A tract on the 3' end of

the RNA. The absence of poly-A sequences on the

RNA was demonstrated ín two $¡ays, firstly by the

failure of the mRNA to bind to oligo-dT-cel1u1ose

affinity columns, and secondly by the failure of

the mRNA to æt as a template for cDNA synthesis

when oligo-dT was used as a primer. In this respect

H5 mRNA resembles other histone mRNAs, since histone

mRNAs isolated from a number of species do not bind

to oligo-dT cellulose and therefore apparently lack

any substantial poly-A tract, (Adesnick and Darnell'

L972i Destree et aL., 1977; Burckhardt and Birnstiel,
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L97B) . The oligo-dT-cellulose chromatography

evidence is supported by experiments which demon-

strate the absence of ribonuclease-resistant

poly-A-containing oligonucleotides in radio-

actively-labelled hístone mRNA, (Grunstein

et dL., L976) .

The isolation of pure H5 mRNA from

reticulocytes is complicated by the fact that

H5 mRNA and globin nRNA are both 10S in size.

The major protein product of the reticulocyte is
globin, which constitutes greater than 90 percent

of all protein synthesised in the ce1l, (Sadgopal

and Kabat, 1969). Isolated 10S mRNA from reticu-

locytes yields greater than 95 percent globin

protein when translated in cell-free systems,

(Scott, 1975¡ Knöche1, 1975) , inferring that by

far the largest proportion of mRNA present in the

10S fraction is grlobin mRNA. It has been estimated,

(Scott and Wells, L975) , that only about 4 percent

of the polysomal mRNA consists of H5 mRNA sequences.

Many eukaryotic mRNAs have a polyadenylic

acid tract at their 3- terminus, (Lee et aL., L97I¡

Edmonds et aL., I97I; Darnell et qL., t97f) , and

it has been shown that the majority of globin mRNA

sequences, isolated from chicken reticulocytes,

bind to oligo-dT affinity columns, due to the

presence of poly-A tracts on the RNA, (Knöchel,

L975; Scott, 1975) .
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The available information suggests that a

very useful enrich¡nent for H5 mRNA sequences

would be achieved by fractionating chicken reticu-

locyte I0S RNA according to its poly-A content.

While aLl the H5 mRNA should be found in the poly-

A mínus fraction, the majority of the globin mRNA

should be present in the poly-A plus fraction.

V'IhiIe an absolute purification of H5 mRNA sequences

is most unlikely to be achieved using affinity

chromatography techniques alone, the non-

polyadenylated RNA should be considerably enriched

for H5 mRNA, representing a useful first step in a

purification protocol.

Before attempting to enrich for H5 nRNA

using affinity chromatography, it is necessary

to prepare large amounts of 10S RNA from chicken

reticulocytes.

Method.s for preparation of mRNA falI'

broadly, into two classes either involving the

isolation of total cellular nucleic acids from

whole cells, prior to a size selection of RNA'

or involving the preparation of polysomes before

selecting mRNA. Since H5 mRNA is to be isolated

from the non-polyadenylated RNA fraction, which

wiII also include ribosomal RNA and ribosomal

RNA breakdown products, it is essential that

the 10S RNA used in these experiments should

contain the minimum possible amounts of degraded

RNA. Vühile a number of preparative techniques were

tried, the highest yields of undegraded RNA were
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obtained using the method of Pemberton et qL, '
(Lg72). In this approach, ribonuclease degradation

of mRNA is minimised by only partially dissociating

polysomes, j-nto ribonucleoprotein particles, in

the first step of the procedure. Ribonucleo-

protein particles containing mRNA are then

selected from a sucrose gradient before being

dissociated with SDS and recentrífuged so that

specific size-classes of RNA can be isolated.

Using this method, large yields of intact 10S

RNA could routinely be obtained from chicken

reticulocytes.
Since H5 mRNA is only a minor mRNA species

in the chicken reticulocyte' a sensitive and

efficient assay system is required if H5 mRNA

is to be detected in unfractionated 10S RNA and

in the various RNA subfractions produced by

affinity chromatography. The wheat germ celI-

free translation system of Roberts and. Paterson'

(1973), \^/as chosen for use in all routine assays

because it can be progranmed with very sma1l

amounts of mRNA and has a very low background'

essential if minor translation products are to be

detected and quantitated easily. In addition, the

wheat germ extracts are simple to prepare and

retain full activity even after prolonged storage.

The wheat germ translation system was

optimised for translation of chicken 10S mRNA

and analysis of the labelled translation products
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\^ras carried out on polyacrylamide ge1s. The

assay of the tabelled translation products was

performed by slicing and counting polyacrylamid'e

tube gels rather than fluorography of slab gels

for two main reasons, firstly because the detection

of small amounts of tritium-labelled protein may

require an extremely long exposure time using

fluorography, while being readily detectable by

liquid scintillation counting techniques and,

secondly, because it is very difficult to

quantitate the distribution of a protein product

amongst various fractions using fluorography.

On the other hand, quantitation of even small

amounts of labelled protein is relatively simple

using radioactivity Profiles.
Having established a reproducible method

for the preparation of reticulocyte 10S RNA and'

a reliable cell-free translation system' affinity

chromatography fractionation of the reticulocyte

RNA was investigated.

A nuniber of techniques have been developed

utilising the poly-A segment as a specific method

for the selection of mRNA. Materials used include

Millepore f ilters, (Lee et aL. , I97I) , unmod.if ied

cellulose, (Schutz et qL., L972) , poly-U bound to

filters, (Kates I L973), to cellulose, (Kates, L970)

or to Sepharose, (Lindberg and Persson, L972) and

oligo-dT bound to cetlulose, (Aviv and Leder, 1972) -
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The more efficient methods involve the formation

of stable base-pairing between the poly-A tail

of the mRNA and complementary nucleotide bases,

(poly-U or oligo-dT), attached to an inert support.

Since the original observation that H5 mRNA

was not polyadenylated was made using oligo-dT-

ceLlulose chromatography, (Scott and V'IeIIs, I976') ,

and since oligo-dT cellulose is a reliable and

efficient chromatography material, this was

chosen for use in the initial fractionation

experiments.

I¡Ihite in theory the separation of poly-

adenylated globin mRNA from nonpolyadenylated

H5 mRNA shoutd, be a simple procedure, in practice

no well-defined localisation of H5 mRNA to the

unbound fraction could be achieved. Despite

repeated attempts, using a number of different

chromatography conditions, it was not possible

to fractionate H5 and globin mRNA sequences using

oligo-dT ce1lulose.

It had been suggested, (e. Partington -
pers. commun. ) , that poly-U-Sepharose was a

more sensitive and reliable chromatography material

than oligo-dT cellulose, and so the fractionation

experiments were repeated using this material.

The results obtained using poly-U-Sepharose

closely resembled those obtained with oligo-dT

cellulose and, once againr rro effective fraction-

ation of H5 and globin mRNA sequences could be

achieved.
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This chapter describes the preparation

of 10S RNA from reticulocytes, the optimisation

of the wheat germ celI-free translation system

for reticulocyte 10S RNA and the experiments

performed using affinity chromatography tech-

niques in an effort to isolate a fraction of

RNA enriched. for H5 mRNA sequences.

3.2 RESULTS

3.2.I Preparation of 10S RNA from reticulocytes

Reticulocytes $rere obtained from the blood

of chickens, made anaemic by phenylhydrazine

treatment, and 10S RNA was isolated from these

ceI1s using essentially the method of Pemberton

et eL., (L972). A nr¡rùcer of small modifications

have been made to the original method and these

are described in detail in chapter 2.

Absorbance profiles obtained when ribo-

nucleoprotein particles and isolated RNA are

fractionated on sucrose gradients are shown in

figure 3.la and 3.lb respectively. The l-0S RNA

represents a single sharp peak on the sucrose

gradient profile and this material can be collected,

effectively free of IRNA, 55 RNA and ribosomal RNA

contaminants. Using this RNA preparation procedure,

yields of 0.5 to 1.0 micrograms of 10S RNA per

millilitre of anaemic blood could routinely be

obtained.



Figure 3.I

PreparaÈion of 10S reticulocyte RNA from

ribonucleoprotein particles .

a. Fractionation of RNP-particles on a

10-40? sucrose gradient.

b. Fractionat,ion of RNA obtained from

20S RNPs on a 10-408 sucrose gradient.
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3.2.2 Cell-Free Translation and Analysis of Labelled

Protein Products

All ín uitv'o translations were carried ouÈ

using the wheat germ cell-free translation system

of Roberts and Paterson' (1973). The wheat germ

extract itself was prepared as described by

Marcu and Dudock, (L974).

3.2.2 (í) Translation of reticulocyte 10S RNA

Addition of 10S reticulocyte RNA to the

wheat germ translation system stimulated the

incorporation of 3H-1er-,cirr" into high molecular

weight protein Products.

Labelled protein was recovered from the

translation reaction mix by precipitation with

acetone,/ether 3: l, and was washed several times

before resuspending in the appropriate gel loading

buffer. Control experiments using purified
I4c-Irb"Iled H5 and globin protein had shown

that, in the presence of carrier protein' 100

percent of the H5 and globin protein could be

recovered, from solution using this method.

Figure 3.2 shows the radioactivity profiles

obtained when 10S RNA translation products were

electrophoresed on SDS-urea ge1s, (Swank and'

Munkres, I}TL') and on low pH-urea gels, (Panyim

and Chalkley, 1969) , in the presence of
14"-rrb"11ed H5 marker protein.

In both profiles, the major translation

product is globin protein, (Scott, L975) - The



Figure 3.2

Analysis of the in uitro translation products

of reticulocyte 10S RNA. mRNA was translated

in the wheat-germ cell-free system and. the
a
'H-leucine labelled products examined by

electrophoresis ortr

a. SDS-urea polyacrylamide gels.

b. Iow pH-urea polyacrylamide gels.

3u-I.b"11ed Èranstation products.È--{

L4o-o C-Iabe1led H5 standard..
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SDS-urea 9e1, (figure 3.2a), shows the presence

of a sccond, small peak, comprising about 2

percent of the labelled products, which corres-

ponds in position to the H5 marker protein. The

shoulder of labelled material on the leading edge

of the major globin peak probably consists of

premature termination products of the globin

protein chains, hotarever, centrifugation of the

translation mix, to remove polysomes prior to

preparation of the sample, does not significantly

effect the size of this peak. The nature of this

material is therefore uncertain.

The low pH-urea geI, (figure 3.2b), again

shows a major peak of globin protein, but also

shows a number of smaller peaks electrophoresing

at about the position of the H5 marker. These

peaks are probably also prematurely terminated

globin chains and, unfortunately, are always

present in sufficient amounts to make detection

of small amounts of H5 protein impossible using

this gel system.

When reticulocytes are pulse-labelled with
14"-1"rr.ine, the radioactivity recovered in H5

indicates that the amount of H5 protein synthesised

is about 4 percent that of globin, (Scott and Vùe11s,

unptrblished) . Although Scott was unable to detect

H5 in cell-free translation products from un-enriched

l0S RNA, the translation system used in these experi-

ments lacked sensítivity, (see section 3.2.3). With



78

the more sensitive assay system used here, it was

possible to detect a translation product from tOS

RNA, constituting about 2 to 4 percent of the

total in uitv,o translation products, (for effect

of labelled amino-acid see section 3.2.2(ii)) ,

which co-electrophoresed with marker H5 protein

in the SDS-urea ge1 system. This was entirely

consistent with the pulse-Iabelling results

mentioned above. When detected in the translation

products of enriched RNA fractions, Scott' (1975) ,

identified this protein peak as H5.

Therefore, since H5 protein is readily detect-

able amongst the translation products of 10S RNA when

these are analysed on SDS-urea gels, and because H5

protein electrophoreses well a\^Iay from other

unidentified peaks on this geI system, SDS-urea

gels \^rere used to assay cell-free translation products

in all further experiments, (following the routine

procedure of Scott, (I97 5) ) .

3.2.2 (i-t-) Labe1led amino-acid
3H-I"r-,.ine was the labelled amino-acid used

in the preliminary translation experiments, and,

because the amino-acid compositions of globin and

H5 are not identical, the relative areas under the

peaks on the radioactivity profile do not necessarily

índicate the relative amounts of protein translated.

Table 3.1 shows the amino-acid composition of H5

and of chicken o and ß globin. The globin chains

contain about twice as many leucine residues,



Tab1e 3.1

Amino acid composition of chicken globin chains

and chicken histone H5. The amino acid

composition data was obtained from the following

sources:

chicken H5; Sautiere et dL., (1975).

chicken oo globin; Matsuda ¿ú aL., (1971)

chicken oo globin; Takei et dL., (1975)

chicken oS globin; Richards and Wells, (1980)

chicken ß globin; Matsuda et aL., (1973)
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Amino acid H5

os oA *D ß

Asp

Thr

Ser

Glu

Pro

Grv

A1a

VaI

Met

f1e

Leu

Tyr

Phe

Lys

His

Arg

Trp

cys

Gln

Asn

2

6

26

3

13

9

29

I
t
6

8

3
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44

3
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11

6

4
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11
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15

4

7

13
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2

2

3

4

7

I

7

6

5
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L7

11

1

7

L7

3

8

13

9

3

2

2

5

5

1

6

7

I

9

5

7

L7

11

4

2

15

5

7

1I

6

4

I

1

I

7

6

7

7

7

5

I

16

t2

1

7

18

2

I
10

7

6

4

3

5

7

Total 189 141 141 14I L46
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3.2.2 ( iii)

peï mole of protein, as histone H5 and therefore,

the labelled translation product profiles under-

estimate, by about half, the amount of H5 protein

translated, relative to globin.

H5 contains a much higher molar ratio of

lysine than globin, (Tab1e 3.1) ' and so
)
'H-lysine would appear to be a better label than

leucine for detecting sma1l amounts of H5 protein.
)

When 'H-lysine was used in the wheat germ trans-

lation system, (figure 3.3), the relative

amounts of radioactivity appearing in the H5

and globin peaks changed, approximately as

expected, but the total number of counts incor-

porated into translation products was much less

than that obtained when using 3H-le,rci.,", and

so the sensitivity of the system for detecting

H5 protein was actually reduced. Consequently,
3tt-lerrcine \^ras used in all further translation

experiments.

Determination of OPtimum SaIt Concentration

It has been reported that d'ifferent mRNAs

require different salt concentrations for optimal

translation in celI-free systems, (Efron and

Marcus , 1973¡ Schmeckpeper et aL., L974) ' This

has been observed even for mRNAs that would

normally be expressed in the same cel1, (Palmiter,

I974). Consequently, the salt optimum for total

I0S RNA translation was determined, (figure 3.4),



Figure 3.3

Analysis of the 3H-tysine labelled translation

products of reticulocyte l-0S RNA on SDS-urea

polyacrl'lamide geIs.

3o-{ H-labe1led translation products

I4o-o C-Iabelled H5 marker
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Figure 3.4

Effect of varying KCI concentration on the

efficiency of translation of reticulocyte

10S RNA. The RNA was translated with a

constant MgCL, concentration, (3 mM) ' but

at varying KCI concentrations.

o-o Wheat-gelln preparation 1.

o-o Wheat-germ preparation 2.
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and then the translation products synthesised

at each salt concentration were examined

independently on SDS-urea gels, to determine

whether H5 and globin had. different salt optima.

These translation product profiles, (shown in

figure 3.5) , indicate that futl-length globin

and H5 proteins were produced at all salt con-

centrations and that the relative proportion

of H5 to globin remained constant' suglgesting

that the salt optimum was the same for both

mRNAs. Therefore, all subsequent translations

hTere performed at the optimum salt concentration

for total 10S RNA to ensure the maximum

incorporation of label. In addition, the levels

of mRNA used in translation experiments were

non-saturating, (less Lhan about 0.5 microgram

of mRNA per translation mix), to minimise the

effects of any possible d.ifferential translation

efficiencies of the mRNAs.

In the final, oPtimised wheat germ
2

translation system, using 5 uCi of 'H-leucine

per 50 microlitre incubation mix, it was routinely

possible to incorporate about 2000 d.p.m' of
3H-lerrci.re into labelled protein per nanogram

of added 10S RNA.

In aII cases, it is most imPortant to

remember that the relative amount of each protein

synthesised in a translation system will only

reflect the relative amount of each mRNA added



Figure 3.5

Analysis of the in uitz,o translation product.s

synthesised at different KCI concentrations,

(see figure 3.4).

a. 60 mM KCI

b. 70 mM Kcl

c. 80 mM KCI

d. 90 mM KCl
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to the system' if all the mRNAs have identical

translational activity. In fact, there are many

instances where mRNAs that are normally expressed

in the same cell have d.ifferent translational

activities in ceII-free systems, for example'

rabbit o globin mRNA translates more efficiently

than rabbit ß globin mRNA in the wheat germ

system, (Roberts and Paterson, L973) and oval-

bumin mRNA always translates more efficiently

than conalbumin in the reticulocyte lysate system,

(Palmiter, L974). Therefore, the relative amounts

of protein translated in cell-free systems is, at

best, only an indication of the relative amounts

of mRNA present.

3.2.3 oliqo- dT-Cellulose Chroma raphv

Total 10S RNA from reticulocyte polysomes

\^ras prepared as described previously and then

passaged through an oligo-dT-cellulose column

as described in chapter 2. A typical column

elution profile is shown in figure 3.6, and

shows the presence of a small peak of RNA that

passes straight through the column without

bínding, and a larger peak of RNA that is initially

bound to the oligo-dT-ceIluIose. The bound and

unbound fractions were then centrifuged on sucrose

gradients, (figure 3.7), and samples of RNA from

each of the fractions used to programme the wheat

germ translation sYstem.



Fisure 3.6

Uvicord elution profile of reticulocyte

lOS RNA chromatographed on oligo-dT-cellulose.

(The ArUn scale is logarithmic and so the

areas under the peaks do not indicate the

relative amount of RNA in each fraction).

Bound and unbound material was collected as

indicated.
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Figure 3.7

Sucrose gradient examination of oligo-dT-

ceIlulose fractions.

a. RNA bound to the column.

b. RNA unbound to the column.
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When labelled translation products were

electrophoresed on gels, (figure 3.8), the major

product observed in both fractions \^Ias globin'

but H5 protein was also detected in both the bound

and unbound fractions. The relative proportion

of H5 to gtobin differs in the two profiles, about

4 percent of, the translation products of the

unbound fraction being H5, while only about 2

percent of the protein products of the bound

materiat ran at the H5 position. Scott, (L975) ,

however, reports the presence of the H5 peak only

in the protein products of the RNA unbound to

otigo-dT-cetlulose. This was almost certainly

d,ue to the insensitivity of the translation assay

system used, which was unable to detect any

products other than globin when total I0S RNA was

translated. (The sensitivity of the system used

here was almost 100-fold higher than that used

by Scott).

The presence of H5 mRNA in the fraction of

RNA bound to oligo-dT-cellulose suggests that

either a proportion of the H5 mRNA is polyadenylated,

(and its adsorption to the oligo-dT is a consequence

of this), or that the H5 mRNA appears in the bound

fraction due to aggregation or other non-specific

effects. Such non-specific binding has been

noted by Suzuki et dL., (1972) , and Bant1e et aL.,

(L976) who showed that non-adenylated ribosomal

RNA may appear together with poly-A containing RNA

in the fraction bound to the column-



Figure 3.8

SDS-urea acrylamide gel analysis of the

ín uítro translation products of 10S

reticulocyte RNA fractionated. by oligo-dT-

cellulose chromatography. Equal amounts

of RNA, (0.2 Ug) were added to each

translation mix.
1

a. 'H-Iabelled products of RNA bound

to oligo-dT-cellulose.
)

b. 'H-labelled products of RNA unbound

t,o oligo-dT-cellulose.
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A number of experiments were performed to

determine whether the binding of H5 mRNA to the

oligo-dT-cellulose column was specific, or the

result of aggregation. These experiments can be

grouped as follows;

a) Heat disaqgreqation of RNA Prior to

chromatoqraphv. The oligo-dT-ceIlulose column

was jacketed in an ice/water slurry and all

solutions r^¡ere held at gog. The low temperature

should aid the efficiency of the column by stabilis-

ing any A-T hybrids formed. The RNA samples were

disaggregated by heating to 65oC for I0 minutes

or SOoC for 3 minutes and then snap-cooled to

OoC before loading onto the column.

b) Alteration of chromatograph ic solutions.

fn an attempt to minimise aggregation and non-

specific binding to the column, toading solutions

were reduced from 0.5 M NaCI to 0.3 M NaCI and

then to 0.1 M NaCI. Some loss of poly-A containing

RNA from the bound fraction is observed when binding

is carried out at 0.1 M NaCI, (Bantle et aL., 1976).

c) Chromatography Ín the presence of excess

ribosomal RNA. In all affinity chromatography

experiments performed with 10s RNA, the fraction

of RNA bound to the column was always the larger'

and it seemed possible that some H5 mRNA was always

co-eluting with the larger fraction, possibly due

to non-specific interactions. In order to preclude

non-specific binding of H5 mRNA to the polyadenylated
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RNA fraction, a five-fold excess of ribosomal

RNA was added to the 10S RNA prior to chromato-

graphyr so that when passaged through oligo-dT-

cellulose, the unbound RNA was the much larger

fraction. In this experiment, the denaturation

and chromatography conditions were exactly those

used in (a) above.

d) Batch of oliqo-dT-cellulose used.

Two commercial and one non-commercial batch of

oligo-dT-cellulose were compared using the

standard chromatography procedure d,escribed in

chapter 2t together with heat denaturation

prior to chromatography. The non-commercial

preparation of oligo-dT-cellulose \^/as the same

one used by Scott and Wells, (1976).

e) Multipl e passages through columns.

Fractions obtained. when heat-denatured 10S RNA

was chromatographed through oligo-dT-cellulose

were adjusted to the appropriate salt concentration,

heat denatured, and repassaged through the same

column. In these circumstances, none of the RNA

that is unbound to oligo-dT-cellulose binds on a

second passage through the column, and greater than

90 percent of the RNA bound to oligo-dT-cellulose

on the first passage through the column rebinds

when passed through the column a second time' A

small proportion of the RNA previously bound to

oligo-dT noi^l appears as an unbound fraction'
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For each of the experiments detailed above,

samples of RNA from each fraction were translated

and the labelled translation products identified

on gels. In every case, the RNA fraction bound

to oligo-dT-cellulose contained H5 mRNA and H5

protein never represented less than 2 percent

of the bound fraction translation products. The

unbound fraction always showed H5 protein when

transtated, however this never amounted to more

than about 5 percent of the total protein syn-

thesised. The small RNA fraction that did not

bind when re-passaged through oligo-dT-ce11ulose,

( (e) above), appeared similar to normal unbound

RNA and showed about 5 percent H5 protein when

translated.

To summarise the results obtained using

oligo-dT-ce11ulose, the RNA fraction unbound to

oligo-dT is 2-3-fo1d enriched for H5 sequences

over unfractionated RNA, while the bound fraction

has an H5 mRNA content very similar to that of

unfractionated RNA. None of the experimental

approaches employed was able to localise H5 nRNA

to the unbound fraction as blas expected if H5

mRNA was not polyadenylated. Despite the small

enrichment for H5 sequences, because the unbound

RNA is the smaller fraction, and because this

fraction also contains non-messenger RNA species,

such as ribosomal RNA breakdown products, that will
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not be detected by translation assays, it is likely

that the unbound fraction contains less of the

total H5 mRNA than the bound fraction. The com-

bination of H5 mRNA loss to the bound fraction and

globin mRNA contamination of the unbound fraction,

has resulted in very little useful fractionation

of H5 mRNA sequences using oligo-dT-cellulose

chromatography.

3.2.4 Poly-U-Sepharose Chromatography

PoIy-U linked to Sepharose beads has been

used. successfully to separate poly-A containing

RNA from non-polyadenylated RNA species, (Lindberg

and Persson, L972). As non-specific binding of

RNA to oligo-dT-cellulose has been attributed to

contaminants in the cellulose, (Sullivan and

Roberts, 1973; Bant1e et aL., 1976), the use of

an inert agarose support might avoid these problems.

Therefore, a series of experiments was undertaken

to determine whether poly-U-Sepharose could be

used to efficiently separate globin and H5 mRNA

sequences.

Tota1 10S RNA was heat-denatured and

fractionated on a poly-U-Sepharose column using

the procedure described in chapter 2. Figure 3.9

shows a typical loading and elution profile, the

very large second peak of absorbance being due to

the presence of formamide in the elution buffer.

After dialysis, to remove the formamide, the

absorbance of the fractions was read and the



Fisure 3.9

Uvicord elution profile of reticulocyte

10S RNA chromatographed on poly-U-Sepharose.

The very large second peak of absorbance is

due to the presence of formamide in the

elution buffer.
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distribution of RNA between the bound and unbound

fractions determined. Typically about 75 percent

of the 10S RNA bound to poly-U-Sepharose, compared

to only about 60 percent binding when the same

RNA preparation was applied to oligo-dT-cellulose.

Samples of the RNA from the fractions bound

and unbound to poly-U-Sepharose \^/ere translated

and the products examined on SDS-urea geIs, (figure

3.10) . The major product observed in each

fraction is globin, and H5 comprises about 2

percent of the protein products of the bound RNA

and about 6 percent of the protein products of

the unbound RNA fraction.

In repeated experiments, the results using

poly-U-Sepharose chromatography were essentially

identical to those obtained using oligo-dT-cellulose.

The use of a new affinity material and a new, inert

support matrix has not significantly altered the

distribution of H5 mRNA sequences and has not

resulted in the removal of H5 mRNA from the bound

fractíon. The íncreased sensitivity of the poly-U-

Sepharose affinity column has merely resulted in

an increased fraction of the total H5 mRNA being

found in the bound fraction. Therefore, the

ability to bind to poly-U-Sepharose seems to be

a real property of H5 mRNA and not merely the result

of aggregation with poly-A containing RNA or non-

specific interaction with the column material.



Fisure 3.10

SDS-urea acrylamide gel analysis of the

in uitz.o translation products of 10S

reticulocyte RNA fractionated on poly-U-

Sepharose. Equa1 amounts of RNA were added

to each translation mix.

a. products of RNA bound to poly-U-

Sepharose.

b. products of RNA unbound to poly-U-

Sepharose.
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3.2.5 Double-column Chromatography

Since poly-U-Sepharose binds about 75

percent of added. 10S RNA, while oligo-dT-

cellulose only binds about 60 percent, poly-U

binds a proportion of the 10S reticulocyte RNA

that is not bound to oligo-dT-cellulose, (perhaps

RNA carrying an intermediate length poly-A tract).

In an experiment designed to determine the

nature of this intermediate RNA fraction, RNA

that was unbound to oligo-dT-cellu1ose, (and

had previously been translated to give 5 percent

H5 protein) , \¡ras passaged through poly-U-Sepharose

and the two resulting RNA fractions collected.

Approximately half of the RNA formerly unbound

to oligo-d,T-cellulose was found to bind to

poly-U-Sepharose. Samples of these bound and

unbound RNA fractions u/ere translated and the

labelled products analysed on geIs.

As shown in figure 3.11, of the labelled

translation products, H5 protein was present as

5 percent and B percent respectively of the bound

and unbound fractions. The RNA fraction that

passes through oligo-dT-cellulose but binds to

poly-U-Sepharose has about the same H5 content

as the unbound RNA obtained from a single-column

fractionation using either chromatography material,

however, in comparison, it should be essentially

free of contaminating ribosomal RNA breakdown



Fisure 3.11

SDS-urea gel analysis of i'n uítro translation

products. lOS reticulocyte RNA that was not bound

to oligo-dT-celtulose was passaged' through poly-U'

Sepharose and the bound and unbound fractions

collected. Equal amounts of RNA, (0.I Þ9), were

added, to each translation mix.

a. 3n-I.b"lled translation products of RNA

unbound to o1igo-dT-cellulose and bound

to PolY-U-SePharose.

b. 3H-1"b"t1ed translation products of RNA

unbound to oligo-dT-celtulose and unbound

to PoIY-U-SePharose.
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products. These and other non-polyadenylated

sequences should be localised exclusively to

the unbound fraction.

While far from achieving a purification of

H5 mRNA, the combination of oligo-dT-cellulose

and poly-U-Sepharose affinity chromatography

techniques has made possible the isolation of a

fraction of 10S polysomal RNA that is enriched

for H5 sequences and that is relatively free from

contaminating non-polyadenylated sequences.

Unfortunately, thís fraction represents only a

very small proportion of the original 10S poly-

somal RNA preparation, but use of this RNA fraction

in association with other separation techniques

may make a useful enrichment for H5 mRNA sequences

poss ible.



CHAPTER 4

CHARACTERISATION OF 7-11S RNA

FROM CHICKEN EMBRYOS
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4.I INTRODUCTION

Investigation of the relationship between

the H5 genes and the other, normally expressed,

histone genes requires molecular probes for both

sets of genes. The preparation of cDNA probes

and the construction of dscDNA clones require a

suitabte, enriched, mRNA template, and so a

series of experiments was carried out in order

to isolate histone mRNAs from chicken cells.

Histone mRNA has been isolated, in varying

degrees of purity, from a nurnl¡er of species

including Xenopus, (Destree et aL., L977) ,

DrosophiLa, (Burckhardt and Birnstiel, l-978) |

human (HeLa) cel1s, (Stephens et dL., L977 ) and

sea urchin, (Gross et aL., L976) . In all cases

except sea urchin, where histone mRNA accounts

for more than 30 percent of the polysomal RNA in

the rapidly dividing embryos, (Moav and Nemer,

197I), histone mRNA has been isolated from tissue-

culture cells. Because, apparently, histone mRNA

is only synthesised while DNA replication is in

progress, (Stein et aL., 1977) , it has been

found necessary to synchronise the cultured cells

so that maximum yields of histone mRNA could be

extracted from S-phase celIs. It was reasoned

however, that, by analogy with the sea urchin

case, rapidly developing chicken embryos should

contain significant amounts of total histone mRNA'
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and so efforts were directed towards the

isolation of histone mRNA from this source.

Tota1 RNA was prepared from 5-day chicken

embryos using a guanidinium-C1 method, (Seeburg

et aL., I977a), and 7-1IS RNA isolated by sucrose-

gradient centrifugation. The techniques of cell-

free translation and affinity chromatography,

developed while attempting to enrich reticulocyte

RNA fractions for H5 mRNA' were applied to the

7-115 RNA fraction in order to determine the

nature of any mRNA sequences present.

The experíments described in this chapter

show that the 7-115 RNA contained histone mRNA,

and that after passage through a poly-U-Sepharose

column, the unbound fraction contained aII five

histone mRNAs but no other detectable mRNA

activities.
After removal of ribosomal sequences,

cDNA prepared from the unbound RNA fraction was

used to estimate the reiteration frequency of the

histone genes in the chicken genome.

4.2 RESULTS

4.2.L Preparation of 7-tls RNA from chicken embrvos

Total RNA was prepared from 5-day chicken

embryos using the guanidinium-C1 method of

Seeburg et aL., G977a), and this material was

centrifuged on sucrose gradients. The RNA running

between the 7 and tIS positions on the gradient
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b¡as selected and re-centrifuged. The sucrose

gradient profites of the total cellular RNA and

of the re-centrifuged 7-115 RNA are shown in

figure 4.L, parts a and b respectively. In an

average preparation, using 36 chicken embryos'

yields of about 50 micrograms of 7-IIS RNA were

routinely obtained.

4.2.2 Translation of 7-115 RNA

Addition of samples of the 7-115 RNA to

the wheat germ cetl-free translation system

stimulated the incorporation of 3H-l"ocirr" into

high molecular weight products, indicating that

the RNA preparation contained mRNA. The 3"-

labelted translation products h¡ere co-electrophoresed

with I4c-rri=tone marker proteins on two different

gel systems, and the resulting translation

product profiles are shown in figure 4.2. Clear1y

the 7-11S RNA contains mRNA species which translate

to yietd protein products, some of which co-migrate

with authentic histones on two gel systems.

While histone proteins seem to be present

amongst the translation product's, it is quite clear

that other proteins are also present- Especially

notabte is the large peak of labelled protein that

runs at the position of Ht on the 1ow pH-urea geI,

(figure 4.2a), and at the position of H4 on the

SDS-urea gel system, (figure 4.2b). The anomalous

migration of this major protein product on the two

gel systems suggests that the protein is not a histone.



Figure 4.I

Preparation of 7-1tS RNA from 5-day old chick

embryos, (see section 2.2.2).

a. 10-40? sucrose gradient fractionation

of total cellular RNA.

b. Rerun of 7-115 RNA fraction selected

from the first gradient.
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Figure 4.2

Analysis of the in uítro translation products

of 7-11S RNA isotated from 5-day chick embryos.

mRNA was transtated in the wheat'-germ celI-free

system and the 3H-Ieucirre labelted products

examined by electrophoresis on polyacrylamide

gels in the presence of l4c-l.b"tled histone

markers.

a. low pH-urea gel.

b. SDS-urea gel.

3u-t.b"1ted translation productso-o
L4o-o C-labe1led histone standards
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Using hybridisation techniques, it has

been shown that up to 10 percent of the embryonic

7-1IS RNA fraction consists of globin sequences,

(Crawford - pers. commun.), and it is known that

gtobin protein co-electrophoreses with histone HI

on low pH-urea gels, (Appels and Wells, 1972).

If the 7-11S RNA preparation d.oes contain globin

mRNA or any other polyadenylated mRNAs, chromato-

graphy of the RNA through a poly-U-Sepharose

column will remove most of these contaminating

species, while leaving the histone mRNA in the

unbound fraction.

4.2.3 Poly-U-Sepharose chromatoqraphy of 7-115 RNA

After heat denaturation and snap-cooling,

the embryonic 7-115 RNA was passed through a

poly-U-Sepharose column and the bound and unbound

RNA fractions collected. OnIy about 10 percent

of the RNA loaded bound to the column. Samples

of the bound and unbound RNA were translated in

the wheat germ cell-free system and the labelled

products analysed on polyacrylamide gels- Figure

4.3 shows the radioactivity profiles resulting

when the translation products of the bound and

unbound RNA were electrophoresed on low pH-urea

gels and figure 4.4 shows the radioactívity

profiles of the two fractions on SDS-urea gels-

On both gel systems, the translation

product profiles of the bound and unbound fractions

d.iffer greatly from each other. The large peak of



Fiqure 4.3

Low pH-urea gel analysis of El;re in uitz'o trans-

lation products of 7-I1S chick embryo RNA

fractionated by poly-U-Sepharose chromatography'

Equal amounts of RNA' (I50 n9), hrere added to

each translation mix.

a. RNA bound to PoJ-Y-U-SePharose

b. RNA unbound to poly-U-Sepharose

o-a

o-o

3"-1"b"1led translat.ion products

l4c-r.b"tled histone rnarkers
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Figure 4.4

SDS-urea gel analysis of L}:e in u¿tro translation
products of 7-11S chick embryo RNA fracÈionated

by poly-U-Sepharose chromatography. 0.I Ug of

RNA was added to each translation mix.

a. RNA bound to poly-U-Sepharose.

b. RNA unbound to poly-U-Sepharose.

o-a 3"-Irb"lled translation products.

L4o-o C-Iabelled histone markers.
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non-histone protein observed in the translation

products of unfractionated RNA' (figure 4-2), is

now located exclusivety in the prod'ucts of the

bound RNA fraction, and a number of other minor

protein peaks which do not co-electrophorese with

histones also appear in the bound fraction profile.

The translation profiles of the unbound material

however, mimic exactly the profiles of the marker

histones.

Reference to the two gel systems shows that

all five histones are represented amongst the

translation products of the unbound RNA, and that

there are no other detectable proteins present in

this material. lrlhile histone HI appears to be

poorly represented amongst the translation products,

retative to the other histone proteins, Hl mRNA has

been reported to translate poorly in the wheat germ

system, and in all other cell-free translation

systems, (Gallwitz et aL.,1978).

The hybridisation and translation data

suggest that globin mRNA is present in the total

7-11S RNA, and this is extremely likely since globin

mRNA is approximately 10S in size, and the embryo

has a well-developed circulatory system at the

5-day stage. It is interesting to note that in

these experiments' apparently 100 percent of the

globin mRNA and other polyadenylated mRNAs were

bound. to the poly-U-sepharose column, while in the
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experiments described in the previous chapter'

(section 3.2.4) , only 70-80 percent of the total

globin mRNA activity could be bound. This infers

that the newty synthesised embryonic mRNA carries

longer poty-A tractsr orl average, than the mRNA

isolated from adult reticulocytes.

In addition to the putative globin protein

peak, the poly-U-Sepharose bound RNA translation

profile shows the presence of a number of other

minor protein peaks' some of which correspond in

position to the histone markers. Especially

noticeable is the peak of protein co-electro-

phoresing with histone H1 marker on the SDS-urea

geI system, (figure 4.4). It is possible that a

proportion of the histone mRNA is bound to the

poly-U-Sepharose, since polyadenylated sr:bfractions

of total histone mRNA have been reported in Xenopus

(Levenson and Marcu, L976), HeLa tissue culture

cells, (Borun et dL., L977 ) and sea urchin,

(Ruderman and Pardue, L9781 .

lVhile the translation assay is limited, and

may not reflect the actual frequency of an mRNA

species in a population, (see sections 3.2.2(íi)

and 3.2.2 (iii) ) , the results presented above show

that the 7-tls RNA fraction unbound to poly-U-

Sepharose contains at1 five histone mRNAs, and is

free of other detectable mRNA contaminants.
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4.2.4 Preparation of histone cDNA

Vthile the translation experiments have

shown that 7'115 embryonic RNA unbound to poly-U-

Sepharose contains histone mRNA but is free from

other detectable mRNA species, this RNA fraction

is certain to be contaminated with ribosomal

RNA breakdown products. Therefore, cDNA prepared

using this RNA as template will contain sequences

complementary to ribosomal RNA. If this cDNA

preparation is to be used to determine an un-

ambiguous reiteration frequency for the chicken

histone genes, it is desirable that the cDNA be

free of any contaminating ribosomal sequences-

Therefore, the following approach was used to

remove the ribosomal sequences from the cDNA

preparation.

cDNA was synthesised from the unbound

7-115 RNA fraction using the random-primed method

of Taylor et aL., (L976) . (In this technique

non-polyadenylated RNA may be copied into cDNA

using short, random oligo-nucleotides as primers

in place of the usual oligo-dT primer). The

cDNA was then hybridised to a large excess of

lBS and 2BS ribosomal RNA. Hybridisation was

continued. until all ribosomal cDNA had annealed

to the ribosomal RNA molecules, (effective Rot:l),

and the hybridisation mix was loaded onto a sucrose

gradient. The sucrose gradient solutions were all
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in 0.4 M NaCl to ensure the stability of the

RNA-cDNA hybrids during centrifugation.

The ArUO and radioactivity profiles

resultíng after sucrose-grad.ient centrifugation

are shown in figure 4.5. About 30-40 percent of

the radioactive label is associated with the

ribosomal RNA, while the remainder of the

labelled material is at the top of the gradient

at about the 55 position. When the 55 cDNA was

used to detect sequences in restriction digests

of chicken genomal DNA, the bands corresponding

to the ribosomal genes were not detected,

(Crawford et aL., L979) , showing the 5S cDNA

to be free of ribosomal cDNA sequences.

However, the 55 cDNA did hybridise to

cloned sea urchin histone genes, (Eehinus

escuLentus histone genes: À clone 55, gift

from K. Murray), and detected the histone genes'

specifically, in restriction digests of total

sea urchin genomal DNA, (Crawford et aL., 1979) ,

thus proving that the 5S cDNA contained histone

gene sequences.

4.2.5 Reiteration freguency of the histone senes in

the chicken qenome

32p-l"b"lled 5s histone cDNA, prepared as

described above, \^Ias mixed with a vast excess of

chicken genomal DNA that had been sonicated to an

average length of about 300 bases, (approximately



Figure 4.5

Sucrose gradient fractionation of cDNA prepared

to 7-I1S chick embryo RNA. cDNA was prepared

using the random priming procedure, (section 2.2.6),

and then hybridised to an excess of purified

chicken 18S and 28S ribosomal RNA in 200 UI of

0.18 M NaCl, 10 mM Tris-HCI pH'7.0, l mM EDTA'

0.53 SDS, for 2 hours at 65oC. The hybrid-

isation mix was loaded directly onto a 10-408

sucrose gradient and centrifuged at. 160'000 g

for 16 hours. The cDNA sedimenting at about 55

was pooled and used as a histone gene probe.
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the same length as the cDNA probe). A sma1l
)

amount of 'H-labelled chicken genomal DNA was

included as a marker for the reassociation of

unique sequencesr which comprise the major

portion of the genomal DNA' (Su1tivan and Roberts,

1973). Identicat hybridisation mixes \^lere set

up in capillary tr:bes, allowed to hybridise at

65oC for various time intervals and then the

percentage of DNA in double-stranded form was

assayed using the single-strand specific

nuclease SI, (Vogt, L973) . The Cot curve

generated is shown in figure 4.6.

The unique sequences reassociated with a

C t, value of 1.2x103, while the 55 histone cDNA
OYz

hybridised to the total chicken DNA in a single

sharp transition with a CoL, value of about J-20 -

Atthough factors such as the length, and G + C

content, (Britten and Kohne, L968), of the

reassociating DNA are known to effect the rate

of hybridísation, they are unlikely to influence

the C-t, figure to any significant extent. This
Ovz

C t, value of L20, compared to the unique sequenceo4
value of I.2x103 indicates that the hybridisation

of chicken histone sequences to total DNA occurs

about ten times faster than the unique rate and

that, therefore' the histone gene sequences are

reiterated about ten-fold in the chicken genome.

Included in figure 4-6 is the Cot curve

for the hybridisation of ribosomal cDNA seguences



Figure 4.6

Estimat,ion of the histone gene reiteration frequency

in the chicken genome. Reassociation reactions of
3H-trb"t1ed total chicken genomal DNA in the

presence of either 32p-1.b.11ed histone cDNA or

ribosomat cDNA were assayed at various times using

nuclease St. At the highest Cot values the maximum

level of hybridisation was about 702¡ the points

have been renormalised to 1003.

o-o 3H-1"b"1led chicken genomat DNA.

o-o 32p-t.b"lled histone cDNA.

t-r 32p-t.b"lred ribosomar .DNA.
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to the chicken genomal DNA. The Cot* value of

the ribosomal gene curve is 12, indicating a

reiteration frequency of about 100 for the

ribosomal genes in the chicken genome. Clearly

the C^t curves produced by ribosomal cDNA ando

the 55 histone cDNA are distinctly different,

once again showing that the histone cDNA

preparation is free of contaminating ribosomal

cDNA sequences.

The reiteration frequency value of t0 for

the histone genes in chicken is similar to the

value of 10-20 observed in mouse, (Jacob, 1976)

and 30-40 observed in man, (Wilson and Melli,

L977) | but far less than the histone gene

reiteration value of several hundred observed in

sea urchin, (Kedes and Birnstiel, L97L). Scott

and Ï¡üe1ls, (L976) , obtained a reiteration fre-

quency of I0 for the tissue specific histone H5,

in the chicken genome. Either the genes for H5

and the other histones are unlinked, and merely

happen to have a similar reiteration frequency, or

the H5 and normal histone genes share the ten-fo1d

reiteration because they are physically associated.

With the limited information avai-lable it is not

possible to decide which of these two options is

correct.
In sumrnary, histone mRNA has been isolated

from 5-day chick embryos and the mRNA identified
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by ín uítro translation. cDNA enriched for

histone sequences has been used to obtain an

estimate of the reiteration frequency of these

genes. Similar preparations of histone cDNA

have been used to select genomal histone genes

from a chicken library, (Harvey and Wells, 1979).



CHAPTER 5

STZE FRACTTONATTON OF GLOBIN

AND H5 MRNAS



EXPLANATORY NOTE

Some of the results presented in this chapter

were obtained in association with other students.

AII electrophoresis of RNA on acrylamide gels

and sr:bsequent elution of RNA from the gel was

carried out in association with Alan Robins, who

analysed the reticulocyte RNA translation products

for their cr, and ß globin composition.

The ribonuclease-H enzyme r,rras prepared by

Richard Harvey, who also carried out the de-

adenylatíon of the chicken and rabbit reticulocyte

RNA.
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5.1 INTRODUCTION

While H5 mRNA has previously been purified'

and shown to centrifuge at the 10S position on

sucrose gradients, (Scott and VÙeIls, L976), the

purified mRNA was only available in microgram

quantities and so it did not seem profitable to

electrophorese the whole preparation on formamide

gels in order to determine the size of the mRNA

more accurately. From the sucrose gradíent size

estimate, one can calculate that the molecular

weight of H5 mRNA should be in the range of

about 200'000 to 230,000 daltons. Unfortunately,

the globin mRNAs so far isolated also faII in

the molecular weight range 200-230'000 daltons.

(Bishop et aL., L972; Hamlyn and Gould' 1975¡

Lewin , J975).

Unless the sj-ze estimate for H5 mRNA is

greatly in error, it seems unlikely that H5

nRNA would be resolvable from globin mRNA on

sucrose gradients. Preliminary experiments by

Scott, (L975) , suggested that the two mRNAs

could not be separated on sucrose gradients' but

the lack of sensitivity of the translation assay

used, hampered the interpretation of these

results. Nevertheless, the inherently low

resolution of sucrose gradients is likely to

offer, ât best, only a partial purification of

the H5 mRNA.
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The most powerful technique for isolating

individual species of RNA molecules from complex

mixtures, is polyacrylamide gel electrophoresis.

Recently there have been a number of reports of

successful fractionation of RNA species that

have only very small differences in molecular

weight. For example, polyacrylamide gel electro-

phoresis has been used to separate the five

individual histone mRNAs, from the complex

mixture of RNA isolated from DrosophíLa tissue

culture cells, (Burckhardt and Birnstiel' 1978)

and from sea-urchin embryos, (Gross et dL.,

I976a). Rabbit and mouse, (Morrison et dL- '
L974) and human, (Nudel et aL., 1977 ) ' o and ß

globin mRNAs have been separated on gels even

though the molecular weights of the two mRNA

species are very similar, about 200r000 and

230rOO0 daltons for o and ß sequences respectively-

When separating mRNAs, the presence of hetero-

geneous length poly-A tracts on the nRNA

further complicates the separation, because

each species of RNA no longer electrophoreses

as a single discrete entity on the gel.

A number of acrylamide gel systems were

available for investigation and each was claimed

to yield excellent resolution of single-stranded

nucleic acids. There is little point, however,

in separating different mRNA species on an

acrylamide gel if the RNA cannot be recovered
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from the gel in a biologically active form, and

the literature contains a number of reports of

the difficulty of recovering RNA from acrylamide

gets in active form and in adequate yields,

(Hamlyn and Gou1d, 1975; Nudel et aL., 1977) .

Schuerch et GL., (1975) ' described a gel

system that not only provided excellent resolution

of single-stranded RNA species of up to about

3x106 d.Iton", but also allowed recovery of

greater than 50 percent of the RNA from the

gel in translatable form. It hlas claimed that

the agarose-acrylamide-urea gel system described

\4ras superior in resolution to equivalent

acrylamide-urea and acrylamide-formamide gel

systems. A series of experiments was undertaken

to determine the effectiveness of the agarose-

acrylamide-urea gel system for the separation

of globin and H5 mRNA sequences- In the course

of this work, a very useful general technique

for the electrophoretic elution of RNA from

ge1s, in high yields' was developed, and this

procedure \^ras used in all subsequent polyacrylamide

gel experiments. (The technique is described in

detail in chapter 2). In practice, the results

obtained using the agarose-acrylamíde ge1s were

disappointing. V'Ihen the RNA was visualised in

the gel using ethidium bromide staining, it was

visibte as a single band spread out over a broad

region of the geI. Translation experiments showed
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that no separation of globin and H5 mRNA had'

been achieved. Overall, the results obtained

suggested that this ge1 system was not really

suitable for low molecular weight RNA molecules.

fn an effort to achieve much better

resolution of low molecular weight single-

stranded RNA, another gel system was investigated.

The DNA-sequencing gels of Sanger and Coulson'

(]..975') , were reported to have excellent

resolving power for single-stranded nucleic acids.

8M urea is included in the gels in an attempt

to ensure complete denaturation of second.ary

structure. This is essential if nucleic acids

differing in length by only a single nucleotide

base are to be clearly resolvedr âs required in

sequencing experiments. While maximum resolution

is obtained using high percentage acrylamide

gels, this would make the recovery of RNA from

the gels very difficult, and so as a compromise

4 percent acrylamide gels were used in the initial

experiments. When 10S reticulocyte RNA was

electrophoresed on these gels and visualised by

staining, two sharp bands of RNA were observed,

apparently analogous to the bands observed when

rabbit and mouse globin mRNA were electrophoresed

on ge1s, (Morrison et aL., 1974) . The results

of translation experiments however, showed the

RNA to be broadly distributed on the ge1 and gave

no evidence for a resolution of H5 and globin mRNA

sequences.
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Assuming that secondary structure in the

mRNA molecules was at least one of the factors

contributing to the broad distribution of RNA

across the gel, and preventing resolution of H5

and globin mRNA sequences' fractionation was

attempted using 98 percent formamide geIs'

(Pínder eú aL., L974) . While this type of gel

had previously been used to separate rabbit

o¿ and ß globin mRNAs, (Hamlyn and Gould, l-975')

and human clr, and ß globin mRNAs, (Nudel et aL.,

L977) , and so had the proven ability to separate

mRNAs of very similar size, problems in recovering

translatable RNA from these gels had been reported,

(Hamlyn and Gould, 1975). It was hoped that the

ethidium bromide staining procedure and the

electro-elution techniques used in the previous

experiments would allow the recovery of trans-

latable RNA from these gels. 10S chicken

reticulocyte RNA \^¡as electrophoresed on these

gels but, once againr rro resolution of H5 and

globin mRNA sequences' or resolution of the

different globin mRNA species from one another,

was observed. In a control experiment, rabbit

globin mRNA was electrophoresed on formamide gels.

Translation assays indicated that a significant

fractionation of the rabbit cl and ß globin mRNA

sequences had been achieved, and this result

suggested that the problems experienced in attempting

to fractionate H5 mRNA from globin nRNA, and chicken
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G and ß globin mRNAs from each other' \^Iere problems

associated with the chicken mRNA system and not

problems with the gel technique or RNA handling

and assay procedures.

One of the reasons for the low resolution of

mRNAs on gels is the presence of poly-A sequences,

which are known to be heterogeneous in length'

(Vournakis et aL., L974') , causing a broadening

of the size distribution of any single RNA species.

Vournakis et aL., (1975), were able to separate a

number of previously unresolvable mRNAs, coding

for silk moth chorion proteins, by removing the

poly-A tails from the RNA, (using calf thymus

ribonuclease H), and so making each mRNA species

a discrete length. These poly-A minus mRNAs ran

as tight bands on acrylamide gels and migrated

faster than the poly-A plus RNA because they \^/ere,

on average, about 60 bases shorter.

Removing the poly-A tracts from chicken

10S RNA should prove useful in two ways. Firstly'

the globin mRNAs will each become a discrete length

and should therefore, run as tight bands on gels'

so increasing resolution between the species, and

secondly, since H5 mRNA is not polyadenylated'

(Scott and Wells, L976), the poly-A minus globin

mRNAs should now migrate further into the geI,

leaving the H5 mRNA at its original position. The

expected reduction in length of a"bout 50 bases,

(Scott, L975i Crawford, L977) , should cause a



l-07

sufficient difference in migration to achieve

at l-east a partial resolution of H5 mRNA

from globin mRNA, provided that H5 mRNA really

does remain unaltered in size.

Samples of both rabbit and' chicken 10S

RNA were de-adenylated by treatment with ribo-

nuclease H, and the RNA electrophoresed on

formamide ge1s. The de-adenylated RNA samples

migrated further into the gel and gave sharper

bands than the untreated RNA samples electro-

phoresed on identical gels. The de-adenylated

rabbit globin mRNA showed extremely good

resotution of the cr and ß globin mRNA species,

but the de-adenytated chicken a and ß globin

mRNA species $/ere only partially resolved. Even

after ribonuclease H treatment, the H5 mRNA and

globin mRNA sequences continued to coelectrophorese.

This chapter describes the efforts made to

utilise any small d.ifference in size that might

exist between the globin and H5 mRNAs to bring

about a separation of the two mRNA species on

polyacrylamid.e gels. Despite the excellent results

obtained using rabbit globin mRNA in control

experiments, no useful enrichment of H5 mRNA

sequences could be achieved using any of the high

resolution polyacrylamide gel systems.
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5.2 RESULTS

5.2.L E lectrophoresis of 10S Reticulocyte RNA on

agaros e-acrvlamide-urea qels

A simple electrophoretic elution procedure

was developed to recover RNA from polyacrylamide

gels. The characterisation experiments were

performed using 32p-1abe11ed E. coLi ribosomal

RNA and it was possible to demonstrate approx-

imately 100 percent recovery of intact ribosomal

RNA from agarose-acrytamide-urea gels, (data

not shown). Before attempting to interpret the

results of experiments using electro-eluted mRNA

however, a control experiment was performed.

A sample of 10S chicken RNA was loaded

onto an agarose-acrylamide-urea gel and. electro-

phoresed a short distance into the 9e1. V'lhen

visualised by ethidium bromide staining under

UV light, the RNA was visible in a single sharp

band. This section of the gel was excised and

the RNA electro-eIuted. A sample of the RNA

was translated. in the wheat germ cell-free

system and the products analysed on an SDS-urea

gel. The radioactivity profile produced,

(figure 5.1), was identical to that obtained

when total IOS RNA' (that had not been electro-

phoresed or electro-eluted), $¡as translated, (see,

for example, figure 3.2). Thís result demonstrated

that translatabte mRNA coutd readily be recovered

from gels and that neither the H5 nor the globin



Figure 5.1

Analysis of thre í.n uitro translation products

of RNA electrophoretically eluted from an

agarose-acryJ-amide-urea gel. The 3H-leucine

labelled translation products \^rere examined

on an SDS-urea tube gel.
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mRNA was preferentially broken down in the gel

or preferentially electro-eluted out of the 9e1.

Therefore, the distribution of mRNAr âs indicated

by translation experiments, will faithfully

represent the distribution of mRNA in the gel-

With the successful completion of the

control experiment, an attempt was made to

separate the H5 and globin mRNA sequences. Total

lOS RNA isolated from reticulocytes was heated

to 80oC for 3 minutes to disaggregate the RNA,

snap-cooled and then loaded' onto a 0.6 percent

agarose-2.I percent acrylamide-6M urea tube 9el'
(Schuerch et aL., 1975) . In a standard

experiment, 5 micrograms of 10S RNA \n/as loaded

per ge1. After electrophoresis, the gel was

removed from the tube and the RNA visualised

under UV light by ethidium bromide staining.

The RNA was visible as a broad fluorescent band

about 4 centimetres d.own from the top of the gel.

The two bands observed when chicken globin mRNA

was electrophoresed analytically on 98 percent

formamide gels , (Crawford, 1977) , \^lere apparently

not resolved under these electrophoresis

conditions. The region of the ge1 containing

RNA was sliced with a sterile scalpel blade and

seven approximately equal sections of gel were

removed. As shown in figure 5-2a, these slices

included. sections of the gel in which no RNA at



Figure 5.2

Electrophoresis of reticulocyte 10S RNA

on agarose-acrylamide-urea tube gels.

a. General appearance of ethidium

bromide stained RNA on the gel.

The arrows mark the position of

the slices.

b. Efficiency of translation of the

eluted RNA fractions in the wheat-

germ cell-free system.
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all \^ras visible. The RNA was eluted from each

gel slice and samples were translated in the

wheat germ ceII-free system. As illustrated

in figure 5.2b, RNA eluted from every slice

was able to stimulate translation to a level

significantly above background. This was an

encouraging result because it showed that even

very small amounts of RNA could be recovered

from the gel and detected using the trans-

lation assay.

The labelIed translation products,

progranìmed by RNA derived from each of the

seven gel slices ' were individually analysed

on SDS-urea gels and the amount of radio-

activity present in H5 protein was determined

for each fraction. The number of H5 protein

counts j-n each fraction, expressed as a percentage

of the total number of counts in H5 protein in

all fractions combined, \^Ias calculated, and

the distribution of H5 mRNA across the gel

represented on this basis. The same analysis

\^¡as applied, to globin translation products.

The H5 and gtobin mRNA distributions are

presented in figure 5.3a. If the two mRNA

species had been clearly resolved by the 9e1'

the two distributions shown in the diagram

would not overlap. Reference to the diagram

shows that although the H5 mRNA sequences might



Figure 5.3

Distribution of total globin and H5 protein

detected in the translation products of

RNA eluted from agarose-acrylamide-urea

tube gels. In each case the main band of
RNA had been electrophoresed about 4 cm

into the gel.

a and b. Results of duplicate experiments.

@,-s globin protein

O-O H5 Protein
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show a slight displacement towards the top of

the geI, the H5 mRNA also appears to be spread

over a greater length of the ge1 than the

globin mRNA.

Figure 5.3b shows the results of a

second experiment using the agarose-acrylamide

geIs. Once again the RNA appeared as a broad

featureless band when stained with ethidium

bromide and again, the distributions of H5

and globin mRNA overlap almost completely.

Vùhile the majority of the translatable

RNA \^ras eluted from the stained regions of the

9eI, a considerable amount of mRNA was recovered

from slices of the gel weII removed from the

stained RNA bands. This seems to indicate

that the RNA was very broadly distributed and

not localised to sharp bands at aII. However,

there is an alternate explanation for the

apparent broadness of the RNA distribution.

The wheat germ preparation used in these

translation experiments was saturated by the

addition of about 0.5 Ug of globin mRNA,

(figure 5.4), and above this quantity the

amount of label incorporated into protein

products drops markedly. Because of the un-

certainties of recovery of translatable RNA

from gets, it is possible that the aliquot

of RNA from the peak fractions exceeded the

saturating level of the translation system, and

so the number of counts incorporated under-



Figure 5.4

Effect of increasing amounts of RNA on

the efficiency of translation in the

wheat-germ cell-free system. Standard

50 UI reaction mixes, (see section 2.2.3) ,

contained the ind.icated amounts of tOS

reticulocyte RNA.
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estimates the amount of RNA present. (In these

experiments, if I00 percent of the RNA was

extracted from the gel in translatable from,

the peak fractions could contain up to about

L.2 micrograms of mRNA). The amount of RNA

eluted from the unstained slices, however, is

sure to be sub-saturating. This interpretation

suggests that the actual distribution of ntta

across the gel may be much sharper than

indicated by the translation assay.

Due to the lack of sharP visual RNA

bands on the ge1s, the spread of translatable

RNA over a broad area and the lack of any

effective resolution of H5 and globin mRNA

sequences, experiments using the agarose-

acrylamide gels were discontinued. The results

obtained suggested that this gel system was not

really suitable for the fractionation of low

molecular weight RNA molecules and so a series

of experiments vrere carried out using the high

resolution acrylamide-urea gels used for DNA-

sequencing.

5.2.2 Electrophoresis of 10S reticulocyte RNA on

acrylamide-urea qels

As a compromise between maximum resolution,

(requiring a high percentage acrylamide), and

ease of recovery of nNA from the gels, (low

percentage acrylamide), tube gels with a final



113

concentration of 4 percent acrylamide were used

in these experiments. 4 percent acrylamide-8M

urea tube gels u/ere prepared, exactly as

described by Sanger and Coulson, (L975) , and

about 5 micrograms of heat-denatured 10S RNA

was loaded onto the ge1s. In parallel experi-

ments, rabbit globin mRNA and chicken 10S RNA

\^/ere electrophoresed about 2 centimetres into

the acrylamide-urea gets before staining with

totuidene-blue and destaining in sterile water.

All staining and d.estaining operations \^lere

carried out in total darkness to prevent the

tight-catalysed degradation of RNA by

toluidene-blue stain, (Popa and Bosch, 1969).

Figure 5.5a shows the appearance of

chicken 10S reticulocyte RNA and of I0S

rabbit globin mRNA on a gel after destaining.

In both cases, two slightly diffuse stained

bands can be observed, with the chicken RNA

bands apparently better separated than those

of the rabbit RNA. The get containing chicken

10S RNA was sliced, (as shown in figure 5.5a)

and the RNA electro-eluted and translated.

RNA from all gel slices stimulated translation

in the wheat germ system' as indicated in

figure 5.5b, and' once again, fractions con-

taining little or no visible RNA were able to

stimulate the translation system to a level

many times above background.



Figure 5.5

Electrophoresis of reticulocyte I0S RNA

on acrylamide-urea tube ge1s.

a. Appearance of toluidene-blue

stained rabbit globin mRNA and chicken

reticulocyte 10S RNA, (2 Ug of each),

etectrophoresed for 4 hours at 2 mA per

gel on acrylamide-urea tube gels.

A, chicken 10S reticulocyte RNA' B' rabbit

globin mRNA, C, 18S and 28S chicken ribosomal

RNA markers.

b. Efficiency of translation of eluted

RNA fractions in the wheat-germ cell-free

system.
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The translation products of each fraction

\^/ere examined independently on SDS-urea gels

and the proportions of H5 and globin protein

calculated. The distribution of H5 and globin

coding sequences is illustrated in figure 5'6'

vühile the distribution of mRNA sequences is not

as broad as those observed in the previous

experiments, (figure 5.3), this is probably

at least partly due to the fact that the RNA

\^ras not electrophoresed as far into the gel'

The centres of the H5 and globin mRNA distri-

butions once again, coincide, showing that there

has been no effective resolution of the H5 and

globin mRNA sequences-

lilhen the fractionation of chicken cr and ß

gtobin coding sequences \^Ias tested, (Allan Robins),

there was found. to be no resolution of the

different species of mRNA, despite the clear

separation of two RNA bands on the gels' It

seems that the high visual resolution apparently

afforded by the 4 percent acrylamj-de-8M urea

gels was targely artifactual, since these 9e1s

were no more effective than the agarose-

acrylamide gels in achieving a separation of

H5 mRNA from globin mRNA or of c¡ and ß globin

mRNA sequences from each other.

The lack of resolution of the acrylamide-

urea gels may have been due to residual secondary

structure in the RNA' since Sanger and Coulson'



Figure 5.6

Distribution of total globín and H5 protein

detected in the translation products of RNA

eluted from acrylamide-urea tube ge1s. The

ge1 slices are shown in figure 5.5a.

o-o globin protein

o_o H5 protein
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(1975), suggested that these gels hlere most

denaturing when electrophoresis was carried

out at elevated temperatures. Rather than

raise the temperature of electrophoresis of

the acrylamide-urea gels, and risk degradation

of the RNA, secondary structure effects could

Iargely be eliminated by electrophoresis of

the RNA in gels containing 9B percent formamide.

Because formamide gels had already been used to

separate oú and ß-globin mRNA sequences' (Hamlyn

and Gould, 1975; Nudel et dL. ' L977) , this gel

system was used in all further experiments.

5.2.3 Electrophoresis of 10S reticulocyte RNA on

formamide gels

4 percent acrylamide gels containing 98

percent formamide (Pinder et aL., 1974) , \^Iere

prepared in 16 centimetre long tubes. These

gels \^rere twice as long as those used in previous

experiments since it had been shown that migration

over a greater distance permitted greater

separation of individual RNA species. f'or

example, Longacre and Rutter, (L977), reported

better separation of chicken gtobin mRNA species

when these üIere electrophoresed long distances

into the gel.

5 micrograms of 10S reticulocyte RNA was

heat denatured in 80 percent formamide, Ioaded

onto the get and electrophoresed overnight.
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hrhen visualised by ethidium bromide staining

the RNA was visible as two broad diffuse

bands about t0 centimetres down from the top

of the gel. The gels \¡tere slicedr ês indicated

in figure 5.'la, the RNA electro'eluted and

samples translated in the wheat germ cell-free

system. The amount of translation stimulated

by RNA from each slice is illustrated in

figure 5.7b. Translated material was electro-

phoresed on SDS-urea gels and the proportion

of H5 and globin protein present was estimated

for each fraction. The distribution pattern

of the t\^/o mRNA species across the six gel

slices is shown in figure 5.8.

Unfortunately, it seems that the use of

formamide gels has not solved the resolution

problem. vühile fractions I and 2 appear to be

somewhat enriched for H5 mRNA sequences' the

peak of the H5 mRNA distribution still lies

directly under the peak of the globin mRNA

distribution. If anything, the H5 distribution

is broader than the gtobin distribution and it

is this factor that has led to the enrichment

of the H5 mRNA in the top two slices. Simul-

taneous experiments, in which the distributions

of the different globin species \^tere examined,

showed that there was no separation of the

chicken cr and ß globin mRNAs on these long

formamide gels, (4. Robins unpr-rblished data).



Figure 5.7

Elect,rophoresis of 10S reticulocyte RNA

on formamide tube gels.

a. General appearance of ethidium

bromide stained gel. Arrows mark the

position of the slices.

b. Efficiency of translation of

the eluted. RNA fractions in the wheat-

germ cell-free system.
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Figure 5. B

Distribution of total globin and H5 protein

in the translation products of RNA eluted

from formamide tube ge1s.

o-o
o-o

globin protein

H5 protein
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These results \^Iere discouraging, since

others had reported litt1e difficulty in

separating mammalian o and ß globin mRNAs on

formamide gels, (Morrison et dL., 1974; Hamlyn

and Gould, L975; Nudel et aL., L977) . To show

that the formamide gel system was performing

acceptably and that the techniques of electro-

elution and translation¡ âs used' \^Iere

adequate to demonstrate a fractionation of

mRNAs if it occurred, an attempt was made to

separate rabbit globin mRNA into its o¿ and ß

components.

5.2.4 Electrophoresis of rabbit I Iobin mRNA on

formamide gels

5 micrograms of rabbit globin mRNA was

loaded onto a 4 percent acrylamide-98 percent

formamide tube 9e1, and electrophoresed until

the mRNA had migrated about 4 centimetres into

the gel. Two slightly diffuse RNA bands were

visible when the gel was stained with ethidium

bromide. The gel was sliced as shown in

figure 5.9a and RNA eluted from the gel segments

and translated, (figure 5.9b). The labelled

translation products \^tere separated on gels

containing Triton X-100, (Zweidler and Cohen,

L972). As shown in figure 5.10a, these gels

were able to resolve the two rabbit globin

proteins. The translation product profile of

unfractionated rabbit globin mRNA is presented



Fisure 5.9

Electrophoresis of rabbit globin mRNA on

formamide tube gels.

a. General appearance of the ethidium

bromide stained gel. Arrows mark the

position of the slices.

b. Efficiency of translation of the

eluted RNA fractions in the wheat-germ

ceII-free system.
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Figure 5.10

Analysis of rabbit globin protein on

acrylamide gels containing Triton X-100,

(Zweidler and Cohen, 1972) .

a. Appearance of rabbit q and ß

globin protein electrophoresed on a

Triton slab gel and stained with

Coomassie-blue. The relative position

of the s and ß proteins uras not determined.

b. Electrophoresis of 3H-leucine

labelled. translation products of rabbit
globin mRNA on Triton tube gels.
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in figure 5.10b and the translation profiles

of RNA eluted from slices L, 2 and 3 of the

formamide ge1 are shown in figure 5.11.

Obviously there is a very marked

dífference between the proteins synthesised

by different RNA fractions across the 9e1,

especially the adjacent fractions 2 and 3.

Hamlyn and Gould, (1975), have shown that the

ß-gtobin mRNA is the slower migrating species

on formamide gels and so the major protein

product of this RNA band will- be ß-globin.

When RNA from the slower migrating band'

(stice 2) , was eluted and translated' the

major product synthesised corresponds in

position to the trailing peak on the Triton

9e1, (figure 5.10). Therefore, it may be

concluded that the leading and. trailing peaks

on the Triton gel are o, and ß globin respectively.

RNA eluted from the toP slice of the

formamide gel, (slice l, figure 5.9)' yields a

single peak of ß-globin protein when translated

and therefore contains apparently pure ß-globin

mRNA. Slice 2 yields protein products showing

a major peak of ß-globin and a minor o-globin

peak, while slice 3 RNA translated primarily

into c-globin protein. Reference to the trans-

lation product profile of unfractionated rabbit

gtobin mRNA, (figure 5.IOb), alIows the calculation

of the relative amounts of o¿ and ß-globin mRNA in



Figure 5. Il

Analysis of the dn uitro translation products

of rabbit globin mRNA eluted from a formamide

tube 9e1, (sliced as shown in figure 5.9a).

a. 3H-l.b"tled. products of RNA eluted

from slice 1.

b. 3H-hb.IIed products of RNA eluted

from slice 2.

c. 3H-1.b"11ed products of RNA eluted

from slice 3.
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each fraction, if we assume that the two mRNAs

are present in equal amounts initially, (Hamlyn

and Gould, 1975). On this basis, fraction 2

RNA is 65 percent $-globin mRNA, while the

adjacent fraction 3 contains nearly 90 percent

cl-globin mRNA. Clearly' a very significant

fractionation of the two mRNA species has been

achieved, and, in fact, these results are

almost identical to those reported by Ham1yn and

Gould , (1975) . The success achj-eved using rabbit

globin mRNA and the formamide gel system, suggests

that the problems experienced in attempting to

fractionate H5 mRNA from globin mRNA and

chicken cl and ß globin mRNAs from each other,

are problems associated with the chicken globin

mRNA system and not problems with the gel

technique or RNA handling and assay procedures.

One observation made during the course of

this work is worth mentioning. For reasons

already described, the trailing peak on the

Triton gels has been ascribed to ß-globin protein.

This means that the major protein peak observed

when unfractionated rabbit globin mRNA was

translated in the wheat germ system, (figure 5. lOb) ,

hras also ß-globin. This result is not consistent

with other reports, (Roberts and Paterson, I974¡

Longacre and Rutter, 1977), which suggests that

o-globin is preferentially translated in the

wheat-germ system. Vühile this question was of

some interest, it was not pursued since it did not



L20

effect the basic conclusion of the experiment;

that the two rabbit globin mRNAs could readily

be separated using techniques that would not

resolve the components of chicken 10S mRNA.

5.2.5 Ribonuclease H treatment of 10S reticulocyte RNA

In an attempt to increase separation of
H5 and globin mRNA sequences and to improve the

resolution of the globin mRNA species, chicken

10S RNA was treated with ribonuclease H to

remove the heterogeneous-length poly-A tracts

from the mRNA molecules. A control experiment

using rabbit globin mRNA was also included.

Ribonuclease H was prepared from E. coLi

using the method described by Berkower et aL.,

(1973). Rabbit and chicken tOS RNA were

deadenylated in the following manner in a

duplicate experiment, (performed by R. Harvey).

10 micrograms of globin mRNA was suspended

in 600 microlitres of ribonuclease H digestion

buffer and divided into two 300 microlitre

fractions. To one of these fractions, 2 micro-

grams of oligo-dTr' was added, and the mixture

was incubated at room temperature for 15 minutes

to facilitate hybridisation to poly-A tracts.

Ribonuclease H enzyme was added to both fractions,

which was incubated at 37o for tO minutes and

then phenol extracted. Pheno1 extraction uras

carried out at pH 9.0, since specific loss of

poly-A containíng RNA has been reported to occur
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at lower pH, (Brawerman et aL., L972').

Äfter ethanol precipitation the RNA

fractions were electrophoresed on 4 percent

acrylamide-98 percent formamide ge1s. These

v/ere stained with ethidium bromide and examined

under UV Iight.. Photographs of the stained gels

are presented in figure 5.L2. In the case of

both the chicken and rabbit RNAs the differences

caused by ribonuclease H treatment are notice-

abIe. The diffuse bands have become sharper

and the ribonuclease H treated RNA has migrated

further into the 9e1, indicating that it is

shorter than untreated RNA.

Four, 3 millimetre slices \^/ere excised

from each of the gels shown in figure 5.L2, one

slice containing each visible RNA band, and one

slice above and below the bands. The RNA was

electro-eluted from all slices and translated.

Translation products from all four gel slices

were analysed on Triton gels to d'etermine the

effj-ciency of o and ß globin mRNA fractionation,

(4. Robins), while the translation products of

ribonuclease H treated and untreated chicken RNA

fractions were electrophoresed on SDS-urea gels

and the amounts of H5 protein and globin protein

determined for each gel slice. The H5 and

gtobin mRNA distributions are presented' in

figure 5. t3 , for both adenylated and deadenylated

chicken RNA.



Fiqure 5.I2

Electrophoresis of ribonuclease H-treated

and untreated RNA on formamide tube gels.

a. Chicken reticulocyte I0S RNA.

A. treated with ribonuclease H

B. untreated control RNA

b. Rabbit globin mRNA.

A. treated with ribonuclease H

B. untreated control RNA
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Figure 5. 13

Distribution of total globin and H5 protein

detected in the translation products of

ribonuclease H treated and untreated reticu-

locyte 10S RNA eluted from formamide gels.

o-o globin protein - untreated RNA

.-o H5 protein - untreated RNA

tr-D globin protein - ribonuclease

H-treated RNA

l-¡ H5 Protein - ribonuclease

H-treated RNA



%
 o

F
 T

oT
A

L 
m

R
N

A
 A

cr
vl

rY

.¡
(¡ o

o

= õ v Þ -l õ z J J J



122

fn both cases the H5 and globin mRNA

distributions coincide exactly. This is the

expected result for adenylated RNA since it has

been observed before, (figure 5.7), but it is

not consistent with the predictions for ribo-

nuclease H-treated RNA. If H5 mRNA was

unaffected by ribonuclease H treatment, as

expected, the H5 mRNA should have migrated

exactly the same distance into the gel as it

did in the untreated RNA experiment. This would

have ptaced the peak of the H5 mRNA distribution

about 2 millimetres behind the peak of the

globin distribution, (since globin mRNA has

migrated about 2 millimetres further into the

ge1 due to the removal of the poly-A tails).

In the control experiment, using rabbit

globin mRNA, the ribonuclease H treatment

achieved a further improvement in the separation

of the o and ß globin mRNAs. Adjacent slices

2 and 3 of the ribonuclease H-treated rabbit

globin mRNA showed 85 percent pure ß-globin

mRNA and 99 percent pure o-globin mRNA res-

pectively. The chicken cl and ß globin mRNAs

remained effectively unfractionated after

deadenylation, adjacent slices yielding 55

percent pure ß-globin mRNA and 65 percent pure

cl-globin mRNA.

Two explanations are available for the

failure of deadenylation to separate H5 and
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globin mRNAs. First1y, there may be interactions

between globin and H5 mRNA sequences such that

even 98 percent formamide is not sufficient to

achieve complete disaggregation. Secondly,

contrary to previous observations, H5 mRNA may

be polyadenylated. ff H5 mRNA carried a poly-A

tract with a length similar to that carried by

globin mRNA, ribonuclease H treatment would shorten

the H5 mRNA by about the same amount that gIobin

mRNA was shortened and so the two mRNA species

would continue to coelectrophorese on gels.

5.3 DISCUSSION

The resul-ts of this chapter show that it has

not been possible to separate H5 mRNA from globin

mRNA using polyacrylamide gel electrophoresis.

While a number of gel systems have been studied,

each reported to yield excellent resolution in

specific cases, none of these has proved to have

sufficient resolution to separate H5 and globin

mRNA.

In the control experiments using 98 percent

formamide gels it was shown that rabbit globin

mRNA could readily be fractionated into its o¿

and ß mRNA components. This demonstrated that

both the gel electrophoresis and the assay systems

$rere working weII, and that the problems of

separating H5 from globin mRNA and cl-globin from

ß-globin mRNA were associated with the chicken
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RNA itself and not the techniques employed.

The precise coincidence of the H5 and

globin mRNA d.istributions ¡ oo all gel systems

investigated, suggests that H5 mRNA must be

very similar in size to the chicken globin

mRNAs. Indeed, the broad distribution of H5

mRNA on the gels suggests that the H5 mRNA

might be heterogeneous in length, either due

to polyadenylation or to d.ifferent length mRNA

transcripts from the different copies of the

H5 genes, (Scott and Wells, L976). Since poly-

adenylated cr-globin mRNA has a molecular weight

of about 200,000 and ß-globin mRNA a molecular

weight of around 230r000, the molecular weight

of H5 mRNA probably lies very close to these

values.

Treatment of rabbit globin mRNA with

ribonuclease H produced a marked improvement

in the fractionation of the oú and B-globin mRNAs,

but had little effect on the separation of

chicken I0S RNA sequences. The question of

polyadenylation of the H5 mRNA is raised again

by the results of the rj-bonuclease H digestion

experiments. If H5 mRNA is not polyadenylated,

the deadenylation of globin mRNA and its con-

sequent increased migration on denaturing gels

should have, ât least, started to separate the

H5 and globin mRNAs. Instead, the two mRNA

species coelectrophoresed exactly, suggesting
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that the H5 nRNA had also been shortened. Since

the ribonuclease H treatment, as performed, r^ras

specific for poly-A sequences, it seems very

likely that the observed increase in the

migration of H5 mRNA was due to the removal of

a poly-A tract.

lrlhile the failure to resolve the H5 and

gtobin mRNA sequences and the o¿ and ß gtobin

mRNA sequences using polyacrylamide gels was

disappointing, it is reassuring to note that

this is probabJ-y because the fractionation is

inherently difficult. While a number of attempts

have been made to fractionate the chicken globin

mRNAs, (Knöchel and Grundmann I L977; Longacre

and Rutter, l-9771, a successful fractionation

has not been reported.



CHAPTER 6

MOLECULAR CLONTNG OF RETTCULOCYTE

lOS RNA SEOUENCES
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6.1 INTRODUCTION

Chapter 3 descrj-bed the use of affini'ty

chromatography techniques as a means for

enriching an RNA fraction for H5 mRNA sequences.

hÏhile there seemed to be a tendency for H5 nRNA

to fractionate with the non-adenylated RNAr Do

clear fractionation could be achieved, and, at

best, an RNA fraction containìng about I percent

H5 nRNA was obtained, assuming approximately equal

efficiencies of translation of H5 and globin mRNAs.

Chapter 5 described attempts made to

fractionate H5 and globin mRNA sequences by the

use of high resolutÍon polyacrylamide gel electro-
phoresis. Although a control experiment utilising
rabbit globin mRNA demonstrated that the ge1

system was working weIIr rro resolution of H5

and globin mRNAs could be achieved.

The results of these previous experirnents

make it quite clear that a purification of H5

mRNA sequences by conventional physical methods

will be very difficult to achieve. Furthermore,

it will always be difficult to obtain H5 mRNA ìn

reasonable amounts, due to both the low starting
concentration of H5 mRNA and to the large losses

of H5 mRNA incurred durÍng the enrichment procedutes.

The isolation of pure nRNA sequences from

a complex mixture of RNA species can be achieyed

by the use of recombinant DNA techniques. This

procedure rras first used in the purification of
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rabbit ß-globin mRNA sequences, (Rougen and

Mach, 1976; Maniatis et aL., L976; Rabbitts'

L976).

AIl approaches to the molecular cloning

of mRNA species have used the same general

procedure, involving the synthesis of a double-

stranded complementary DNA molecule (ds cDNA),

the sequence of which is derived directly

from the starting mRNA. Each ds cDNA molecule

is then joined to a vector DNA molecule, usually

a plasmid, that has the ability to replicate

autonomously in the bacterial cell. These

recombinant molecules are used to transform

competent E.coLi cells which are then plated

out for single colonies. Since each colony is

derived from a single ceII, and cond.itions are

used such that each cell accepts only a single

recombinant molecule, each colony carries copies

of only a single mRNA sequence. If all steps in

the cloning procedure are general, and do not

tend to select for, or discriminate against,

certain nucleotide sequences, then the final

poputation of recombinants will reflect exactly

the starting population of RNA molecules.

The generat procedure used in the cloning

experiments is shown in figure 6.1. Synthesis

of cDNA on the RNA template using avian

myeloblastosis virus, (A¡'IV), reverse trans-

criptase is the first step in the ds cDNA

synthesis procedure. The most commonly used



Figure 6.1

Diagramatic representation of Èhe procedure

used to clone reticulocyte 10S RNA sequences

into plasmid pBR 322 vector, using the tailing
procedure.
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primer for this reaction is oligo-dTr' ' which

binds to the 3' poly-A tract that is present in

most nRNA molecules. Poly-A sequences have been

added to histone mRNAs, (ThraII et aL., L974) ,

and to non-coding RNA species such as ribosomal

RNA, (Hagenbüchle et aL., 1978), both of which

lack 3' poly-A tracts in uiuor so that oligo-dT

primer may be used for first-strand cDNA synthesis.

A potential problem with oligo-dT priming

from the 3' end of the RNA has been reported by

Hagenbüchle et aL., (1978) , who have shown that

cDNA synthesis is blocked at a point less than 20

bases from the end of 18S ribosomal RNA isolated

from several eukaryote species. Therefore, long

cDNA molecules cannot be synthesised when 18S

ribosomal RNA is primed from the 3' end. Taylor

et aL., (1976) , have reported an alternative method

for priming cDNA synthesis. Oligonucleotides of

10-15 bases length, formed by the DNAase I

digestion of a complex population of DNA sequences'

(for example, salmon sperm DNA) ' have been shown to

prime cDNA synthesis from a large number of sites

on an RNA motecule, thus generating a distribution

of different length cDNA molecules. Using this

method, no in uitv'o polyadenylation of RNA molecules

is required, and specific blocks to cDNA elongation

may be avoided. Although it introduces short lengths

of foreign sequence into the cDNA molecule, it was

decided to use the random-priming method in attempts

to clone H5 mRNA sequences' because it was the most

general approach available.
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AMV reverse transcriptase leaves a short

hairpin loop at the 3' end of the newly syn-

thesised cDNA' (figure 6.1), and this segment

of DNA is abte to act as a self-primer,

(Efstratiad.is et aL., 1975). The second step

in the ds cDNA synthesis involves extending the

cDNA back along the moleculer using either

E. eoLi DNA polymerase lt (Efstratiadis et aL.,

I976), or AIvIV reverse transcriptase, which can

also act as a DNA-dependent DNA-polymerase'

(Rougen and Mach, L976) . It has been reported

that although mouse immunoglobulin light chain

cDNA can be copied-back efficiently using E. coLi

DNA polymerase I' the same is not true for AMV

reverse transcriptase, which will not form the

second strand of cDNA, (Rougen and Mach, 1976).

It seems therefore, that, using AMV reverse

transcriptase, the efficiency of the second-

strand synthesis reaction is not the same for

all nucleotide sequences, and, if this is the

case, all seguences in a population of RNA

molecules will not be equally represented in a

population of ds cDNA molecules. For this reason,

E. coLi DNA polymerase f hras used in preference

Èo AMV reverse transcriptase in all second-strand

synthesis reactions.

Because the two strands of ds cDNA are

covalently joined by the primer loop at one end,

the final step in the synthesis is the cleavage
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of this end-loop, and the removal of any other

single-stranded portions of the molecule, with

the single-strand specific nuclease Sr, (Vogt, I973) .

The resulting double-stranded DNA molecule has

free 3' hydroxyl and 5- phosphate groups at

both ends.

The ds cDNA molecule may be joined to the

vector DNA molecule in one of two ways. The first
is by the addition of homopolymeric tails to the

3' end of the DNA using terminal deoxynucleotidyl

transferase, (Jackson ¿ú qL., L972; Lobban and

Kaiser, L973) . When complementary base-pairing

nucleotides are added to the ds cDNA and vector

DNA respectively, the tails anneal to form a

circular molecule that will transform competent

E. coLi cells, (figure 6.1). A-T base-pairing

has been used by Maniatis et aL., (1976) , and

Rabbitts, (1976), for the cloning of rabbit,

ß-globin mRNA sequences, and G-C tailing for

the cloning of Xenopus globin mRNA sequences,

(Humphries et aL., 1978) and rat preproinsulin

mRNA sequences, (Villa-Komaroff et aL., t978).

The second method utilises the blunt-
end ligation properties of Tn-ligase to add a

synthetic oligonucleotide linker sequence to

the ends of the ds cDNA. These linkers contain

the recognition sequence for a specific
restriction endonuclease and so cleavage with
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a restriction enzyme yields complementary base-

pairing sequences that may be annealed to similar

sequences in the vector DNA molecule. After

tigation the closed circular recombinant molecule

is used to transform competent E. coLi cells.

This approach has been used by Ullrich et aL.,

(L977), for the cloning of rat insulin mRNA

sequences.

It was decided to use the tailing approach

for the insertion of ds cDNA into the vector

mol-ecule for two reasons. Firstly, it is a very

straightforward procedure involving minimal

handling of small amounts of ds cDNA. Secondly'

as demonstrated by Bolivar et aL., (L977) , if a

poly-dG tail is added to Pst I cut vector DNA

and this is joined to poly-dC tailed ds cDNA'

it is possible to regenerate the Pst I cleavage

site, allowing convenient excision of the inserted

ds cDNA sequences.

The plasmid. pBR322, (Bo1ivar aú aL- '
Lg77) , r,'ras chosen as the vector molecule for use

in the ds cDNA cloning experiments because it is

small, well-characterised and carries two anti-

biotic resistance glenes which aid in the selection

of recombinant molecules.

Using the synthesis techniques described'

it should be possible to prepare a population of

recombinant DNA molecules representing the starting

population of RNA species in 10s chicken reticulocyte
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RNA. A certain proportion of the recombinants

should contain H5 mRNA sequences.

This chapter describes the preparation

of ds cDNA from chicken 10S RNA sequences and

the molecular cloning of these sequences.

6.2

6.2.L

RESULTS

Preparation of ds cDNA from 10S RNA sequerÌces

6.2.1. (i) Synthesis of the first strand of cDNA

It seemed ad.visable to use the RNA fraction

most enriched for H5 mRNA sequences as the

starting material for ds cDNA synthesis. Tn

chapter 3, the isolation of a fraction of 10S RNA

enriched. for H5 mRNA sequences and supposedly free

of ribosomal RNA sequences was described.

Synthesis of cDNA from this I0S RNA template was

carried out using AMV reverse transcriptase and

the random-priming method of Taylot et aL.,

(I976). For preparative synthesis, 5 micrograms

of RNA was used as template, yielding about 2

micrograms of cDNA.

6.2.1. (ii) Synthesis of the second strand of cDNA

Both E. coLí, DNA polymerase I and AMV

reverse transcriptase may be used to extend the

cDNA into double-stranded form. Although experi-

ments \^rere carried out with both enzymes, for

reasons explained previously, E. coLi DNA

polymerase I was used in preference to reverse

transcriptaser so that all sequences copied into
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cDNA would also be represented in the ds cDNA.

The reaction conditions used for the DNA

polymerase I extension were those of Seeburg

et qL., (I977b), except that the reaction was

carried out for 6 hours at 15oc, (Efstratiadis

et qL., 11976) , rather than for 2 hours at 40oC

as recoflrmended by Seeburg et aL.

The double-stranded cDNA formed was diluted

into 200 microlitres of digestion buffer and

cleaved with S, nuclease, (Vogt, 1973). When

the second strand synthesis reaction was carried

out at 40oC, only about 10 percent of the radio-

activity incorporated into the first strand

remained in high molecular weight material after

St cleavage, indicating about 10 percent back-

copy. Ho\nrever, when the reaction was carried

out for 6 hours at 15oC, about 40 percent of

the single-stranded cDNA was converted. to the

dor-rble-stranded form. Therefore, in an experiment

starting with 2 micrograms of single-stranded

cDNA, about 1.6 micrograms of ds cDNA remained

after S, nuclease treatment. Typical Sephadex

G-50 elution profiles of cDNA, and cDNA after DNA

polymerase I extension and St diSestion, are shown

in figure 6.2. Gel electrophoresis demonstrated'

that the great majority of the ds cDNA molecules

\^rere greater than 200 bases in length, and that

a small proportion represented almost full-length

copies.



Figure 6.2

Preparation of double-stranded cDNA suitable

for cloning.

a. Sephadex c-50 elution profile. After
alkaline hydrolysis and neutralisation the

first-strand cDNA reaction mix was passaged

through a 0.4 cm x 4 cm Sephadex G-50 column

to remove unincorporated nucleotides.

b. Sephadex c-50 elution profile. After
DNA polymerase I back-copy and nuclease S,

treatment the reaction mix was passed through

the same Sephadex column. About 202 of the

1abel contained in the original cDNA was present

in ds cDNA after this step.
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6 .2 .I.

The ds cDNA was fractionated according

to size on 10-40 percent sucrose gradients.

While most of the label appeared in high molecular

weight ds cDNA, (greater than 200 bases long), it

\^ras most important to remove as much of the low

molecular weight DNA as possible, because these

molecules may have been in a very great molar

excess over the high molecular weíght molecules.

The presence of a large number of short ds cDNA

molecules causes difficutties in estimating the

number of residues added during tailing reactions,

and results in the cloning of many very short

ds cDNA sequences.

The sucrose gradient profile of the final

preparative ds cDNA preparation is shown in

figure 6.3. 'Ihree high molecular weight classes

of d,s cDNA were selected, precipitated by the

addition of two volumes of ethanol, washed with

ice-cold ethanol and then resuspended in water.

The final yield of the highest molecular weight

fraction of ds cDNA was about 100 nanograms'

after starting with 5 micrograms of I0S RNA.

(iii) Tailing of ds cDNA

Homopolymer tailing of the ds cDNA was

performed using calf-thymus terminal

deoxynucleotidyl transferase and dCTP as

substrate. Although it allows tailing from

single-stranded nicks in the ds cDNA molecules'

CoCl, was used in the tailing solution rather



Figiure 6.3

Size fractionation of ds cDNA on sucrose gradients.

The ds cDNA eluted from the Sephadex c-50 column,

(figure 6.2b), \^ras loaded directly onto a 10-40å

sucrose gradient and centrifuged at 160r000 g

for 16 hours. Three size classes, A, B and C

v¡ere selected, of which only B and C were used

in the preparation of recombinants.
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than MgCI, because the reaction is more efficient

in the presence of the cobalt ion, (Roychoudhury

et aL., L976). Figure 6.4 shows a typical time

course for the addition of nucleoti-des to the

ds cDNA. Vühen an average of 10-30 residues had been

added to each end of the molecule, the reaction

\^ras stopped by the addition of the chelating

agent EDTA.

6.2.2 Tailingi of vector plasmid DNA

Plasmid pBR322 DNA was linearised by two

consecutive Pst I digestions to ensure that

cleavage was complete. Deoxyguanosine tails

vrere added to the 3' OH groups of the linear

plasmid molecule, but in this reaction MgCl,

\^ras used in the solutions, so that tailing occurred

only at the Pst I site and not at internal single-

stranded nicks. The reaction was stopped by the

addition of excess EDTA when about 25 dG residues

per end. had been added.

6.2. 3 Annealing and transformation

Equimolar amounts of dG-tailed pBR322 and

dC-tailed ds cDNA l^/ere annealed, using a high-

salt hybridisation mix to stabilise G-C base-

pairing, and the resulting circular molecules

vrere used to transform competent E. eoLi cel1s.

Tr^ro transformation procedures and a number of

strains of E. coL'L host cells \^/ere tested to

determine which combination gave the greatest

efficiency of transformation. The most effective



\

Figure 6.4

Poly-dC-tailing of ds cDNA. The ds cDNA was

incubated with terminal deoxynucleotidyl

transferase and 3"-dc*n ." described,

(section 2.2.IL). 1 Ul samples of the

reaction mix were taken and the amount of

acid-insoluble radioactivity determined. The

dotted line indicates the number of counts

incorporated equivalent to the addition of
an average of 20 dC residues per 3' end of

the molecules.
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system, (the Edinburgh procedure Ken Murray,

pers. commun. ) , resulted in a transformation

efficiency of 2xIO7 colonies per microgram of

pBR322 DNA. Under the same conditions, the Pst I

d.igested, dG-taited pBR322 transformed with an

efficiency of only IO3 colonies per microgiram.

VrÏhen 3 nanograms of pBR322, annealed to tailed

ds cDNA, blas transformed into E. coLi, about

300 colonies containing the recombinant sequences

resulted. This is approximately 100-fold greater

than the background and equivalent to 105 trans-

formants per microgram of pBR322 annealed to

d.s cDNA.

The colonies resulting from transformation

experiments using recombinant DNA hlere transferred

to fresh agar plates using sterile toothpicks.

After overnight growth at 37o, these rmaster

plates' \n/ere stored at 4oC.

6.2 4 Detection of recombinants using the 'miniscreen'

proced.ure

As a preliminary check that the colonies

resulting from the transformation procedures

actualty contained recombinant plasmids, small

amounts of the plasmids \^tere prepared using the

'miniscreen' procedure and samples l¡tere electro-

phoresed on I percent agarose gels. Figure 6.5

shows the appearance of a numl¡er of miniscreen

preparations of plasmid that have been linearised



Fiqure 6.5

Miniscreen analysis of recombinant plasmids.

Small amounts of plasmid DNA \^¡ere prepared,

from a random selection of colonies, by the

rniniscreen procedure, (section 2.2.13),

linearised by Eco RI digestion and electro-
phoresed on leo agarose gels. Linearised

parental pBR 322 was included in all tracks

as a size marker. Tracks labelled A contain

Iinear pBR 322, tracks labelled B a ß-globin

recombinant with a total insert length of

1200 base pairs, and all other tracks contain

samples of linearised recombinant plasmid DNA.
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with Eco Rf restriction enzyme. Linear pBR322

was included in each track as a marker. The

presence of a higher molecular weight band. in

a track indicated the presence of a recombinant

plasmid molecule carrying a ds cDNA insert.

The molecular weight markers used on this gel

hrere linearised pBR322 recombinants containing

either inserted a-globin mRNA sequences or a

dor¡ble insert of ß-globin mRNA sequences. These

inserts increase the length of the linear

pBR322 DNA by about 600 and L200 bases

respectively, (Rob Richards pers. commun.).

The double-stranded DNA inserts observed in

these preparations seem to range in sj-ze from

about 200 base pairs up to approximately 450 base

pairs in length.

The results presented in this chapter show

that it has been possible to form ds cDNA in

reasonable yields from I0S RNA. Every effort

has been made to ensure that all sequences present

in the original 10S RNA population will also be

represented in the final ds cDNA preparation.

The ds cDNA was joined to r¡ector plasmid

molecules and transformed into E. eoLi at a very

high efficiency, each nanogram of the final'

tailed ds cDNA population yielding approximately

I000 molecular clones. The screening of these

recombinants for H5 nRNA sequences is described

in the next chapter.



CHAPTER 7

SCREENING OF ds cDNA RECOMBINANTS

PREPARED FROM RETICULOCYTE lOS RNA
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7.L TNTRODUCTION

Most recombinants so far isolated have been

selected by hybrídisation of the cloned sequences

to a cDNA probe made from an mRNA preparation

highly enriched for the desired sequence. Examples

are the selection of recombinants containing

immunoglobulin, (Seidman et aL., l-978) , ovalbumin,

(Humphries et aL., L977 ) and procollagen,

(Lehrach ¿ú dL., L978), sequences.

Despite the attempts, reported in previous

chapters, to achieve a significant enrichment

for H5 mRNA sequences ' it has not been possible

to prepare an RNA fraction containing more than

a few percent H5 mRNA, and so a direct, positive

probe for cloned H5 sequences is not availabl-e.

In other cases where a pure probe has not been

available, special procedures have been undertaken

to ensure that the ds cDNA cloned was highly

enriched for the desired sequences, so that a

minimum of screening \^las required to identify the

recombinants. For example, Shine et aL., (L977') ,

cloned a specific restriction fragment of ds cDNA

copied from mRNA containing human chorionic

somatomammotropin sequences. This restriction

fragment had previously been shown to contain the

desired sequence by DNA-sequencing of the equivalent

single-stranded cDNA fragment, (Seeburg et aL., 1977a).

DNA bound to DBM-cellulose, (Noyes and Stark,

1975) , has been used to isolate complementary
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sequences from a complex mixture with a high degree

of specificity, (for example the isolation of

Dt osophí.La histone mRNA by Lifton et qL., (1977)) .

In theory, globin cDNA sequences could be removed

from total 10S cDNA probe by prior hybridisation

to cloned globin sequences bound to DBM-cellulose'

thus enriching the remaining cDNA for H5 mRNA

sequences. V'Ihile it may have been possible to

enrich cDNA probe for H5 sequences in this wâY,

some special features of the reticulocyte 10S

RNA system suggested a straightforward alternative

approach.

When total l0S mRNA is translated, only two

protein products are observed on SDS-urea ge1s,

H5 protein and globin protein, (figure 3.2a). The

reticulocyte 10S RNA appears to contain only these

two major mRNA activities, and so the recombinants

formed from total 10S RNA should contain only H5

and globin mRNA sequences and some ribosomal RNA

sequences. Since pure globin and, pure ribosomal

probes can be obtained, it should be possible to

identify recombinants containing these sequences.

If H5 nRNA is indeed the only other mRNA species

present in the I0S RNA, the recombinants remaining

when globin and ribosomal clones have been eliminated

will contain H5 mRNA sequences.

Because H5 mRNA represents only a small per-

centage of the population of sequences copied into

ds cDNA, a large number of colonies will need to be
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screened to be certain of detecting H5 mRNA recom-

binants. The colony hybridisation procedure

developed by Grunstein and Hogness, (L975) , is

ideally suited to this purpose. Plasmid recom-

binants are detected by growing colonies directly

onto nitrocellulose filters placed in contact

with nutrient plates, lysing the cel-l-s in situ,

binding the released, denatured DNA to the filter

and then probing with radioactive sequences

complementary to those of the desired recombinant-

Globin sequences will be the most cotnmon

sequences in a population of recombinant molecules

formed from reticulocyte 10S RNA. Elimination of

those recombinants containing globin sequences

will therefore represent a considerable enrichment

for H5 mRNA sequences amongist the remaining clones.

In initial experiments, hornologous o¿ and ß globin

cloned DNA were not available, and so the selection

of globin clones was attempted using radioactive

cDNA prepared from rabbit globin mRNA. Rabbit

reticulocytes contain no H5 protein and so the

probe wil-l be free of H5 mRNA sequences, however,

the conservation of globin sequences between species

will ensure cïoss-reaction between the rabbit globin

gDNA and the chicken globin recombinants. Unfortunately

the results of colony hybridísation experiments using

this probe were most unsatisfactory. The intensity

of response varied greatly from colony to colony and

a largre number of colonies, later shown to contain
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globin mRNA recombinants ' \^Iere not detected at all.

It seemed preferable to use homologous chicken

globin probe and. fortunately at this time it became

possible to use clones containing chicken o and ß-

globin mRNA sequences' (due to the completion of

the facilities required for recombinant DNA work).

Ribosomal sequences might also be expected

to be present in a population of recombinants

representing 10S RNA sequences and so filters hlere

probed with ribosomal cDNA to identify those

colonies containing ribosomal recombinants.

As a final step in the preliminary screening

all- colonies were probed with cDNA prepared from

total I0S RNA to ensure that all recombinants

actually contained sequences derived from the

starting RNA.

Those recombinants that had been screened as

negative to both globin and ribosomal probes' but

positive to cDNA prepared from reticul-ocyte 10S

RNA, \¡rere selected for rnore detail-ed examination.

SmaII preparations of plasmid DNA were made and the

recombinants examined on agarose ge1s. The plasmid

DNA was transferred to nitrocellulose filters using

the procedure of Southern, (1975) , and the clones

again screened for the presence of globin or ribo-

somal sequences.

This chapter describes the experiments under-

taken to identify possible H5 recombinants. As

described above, the negative screening procedure
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ínvolves the removal of those members of the popu-

l_ation of ds CDNA recombinants that contain globin

and ribosomal sequences. Any H5 mRNA sequences that

have been cloned wiII be found amongst the

recombinants remaininq after this selection.

RESULTS

I Prepa ration of Globin seguence Probes

Richards et dL., G979) , have inserted chicken o

and ß globin mRNA sequences into pBR 322 vector

molecules using the oligonucleotide linker method

of Ultrich et aL., (L977) - DNA sequencing data,

(Richards and Ï{ells, 1980), has shown that the

cloned cr-globin sequence does not correspond to

the nucleotide sequences of either c)¿A or oD globin,

predicted from the amino-acid sequences, (Matsuda

et aL., I97I; Takei et aL., L975) - It does however,

correspond to the 'stress' cl-globin sequence, (or) ,

reported by Cummings et aL., (1978) ' which is

bel_ieved to arise in response to the phenylhydrazine

treatment used to induce anaemia in chickens, (see

chapter 2). While crr-gtobin differs from the

expected cro and crD sequences at a number of sites

within the coding region alone, a large d'egree of

cross-reaction can still be expected between the

cloned, sequence and the true cro and oi' sequences '

The non-coding regions should also exhibit a high

degree of homologYr as these sequences have been

shown to be highly conserved in the chicken globin
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mRNAs, (R. Richards personal communication).

Since the reticulocyte 10S RNA used in the

preparation of the ds cDNA clones was also isolated

from phenylhydrazine-treated chickens, it is likely

that all the cl-globin sequences ín this population

are also cs-globin and so wÍII react strongly with

the cloned probe.

The DNA-sequence determined from the B-globin

mRNA clone, (Richards et qL., 1979) , agrees exactly

with that predicted by the amino-acid sequence of

the ß-gtobin protein, (Matsuda et aL., 1973) .

A problem arises in the use of these cloned

globin mRNA sequences as probes because they are

carried by the plasmid vector pBR 322. Since this

is the same vector used in the recombinant DNA

experiments in which reticulocyte 10S RNA sequences

\^/ere cloned, all pBR 322 sequences wiII have to be

removed before the cl and ß globin mRNA sequences can

be successfully used as probes. Unless this is done,

all colonies will yield a positive response to the

cloned globin probe, regardless of the nature of

the inserted sequence, due to the presence of pBR 322

sequences in the labelled probe and bound to the filter.

The o-globin plasmid used in these experiments

carried a 600 base-pair insert of cr-globin mRNA

sequence and the ß-globin plasmid carried two frag-

ments of ß-globin mRNA sequence, 630 and 550 base-

pairs long respectively, incorporated into the vector

molecule as a double insert. These inserts \^7ere
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excisable by cleavage of the recombinant plasmids

with Hind III restriction endonucfease. Large

amounts of both the o and ß-globin plasmid DNA

were prepared by a modified heat-shock lysis

procedure and separation of the DNA from low

mol-ecular-weight RNA by Sephadex column chromato-

graphy, (detail-s are presented, in chapter 2). This

procedure \^ras very quick and efficient and yields

of I.4 to 1.6 milligrams of plasmid DNA per litre

of culture \^/ere routinely obtained. 100 micrograms

of each plasmid preparation was digested with

Hind III enzyme and the globin insert sequences

separated from the vector DNA on sucrose gradients,

(figure 7.1). An aliquot of the insert DNA was

labelled by nick-translation, (Maniatis et dL.,

1975), and the labelled DNA electrophoresed on I

percent agarose ge1s, to achieve a further

separation of insert sequences from contaminating

pBR 322 DNA. The intact labell-ed insert DNA was

eluted from the gelo boiled, and then used as pure

globin probe in the screening experiments.

7.2.2 Preparation of cDNA from Ribosomal RNA and

Reticulocyte 10S RNA sequences

18S and 28S ribosomal RNA prepared from chicken

scale tissue was used as template for the synthesis

of ribosomal cDNA. Scale tissue ribosomal RNA was

used, in preference to erythroid cel-l RNA, to ensure

that no H5 mRNA sequences contaminated the ribosomal



Figure 7.I

Isolation of cloned cr' and ß globin mRNA sequences.

About 50 ug of each recombinant plasmid was

d.igested with Hind rrr restriction enzyme to

excise the insert. The digestion mix was adjusted

to 0.5å SDS, loaded directly onto a 10-404 sucrose

gradient and centrifuged for 16 hours at 160'000 g.

The S-globin plasmid contained two insert sequences,

(550 and 630 base pairs long), and so the ß insert

peak is about twice as large as the peak resulting

from the single cl, ínsert.

a. Hind III digested o-globin plasmid.

b. Hind III digested ß-globin plasmid.
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probe. Labelled 10S cDNA was prepared by conying

total unfractionated reticulocyte 10S RNA,

(figure 3.1). Both the ribosomal and 10S cDNA

probes r^rere prepared using the random-primed cDNA

synthesis method of Taylor et aL., (1976).

7.2.3 Preparation of Filters and Colony Screening

The preparation of fil-ters for colony screeninE

fol-lows essentially the method of Grunstein and

Hogness, (L975) . 100 individual recombinant

colonies \^rere transferred from the master plates

to a sheet of nitrocellulose lying in contact with

a nutrient agar p1ate. The toothpick used to transfer

the bacteria was touched to the surface of the

nitrocellulose twice, to give rise to two identical
colonies side-by-side on the filter. Thís precaution

was taken to prevent confusion between a spot due to

true hybridisation to a colony and the other

spurious spots that sometimes appear on auto-

radiographs. fncluded on the filter \^/ere a number

of controls, including colonies containing parental

plasmid pBR 322 and colonies containing keratin

ds cDNA sequences inserted into pBR 322 by the

dC-dG-tailing procedure, (keratin clones supplied

by Rob Saint). The colonies containing plasmid

alone will give an estimate of the background

hybridisation of the system and the keratin sequence-

containing colonies will provide an estimate of the

extent of hybridisation, if âny, due to the presence

of dC-dG joining sequences.
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The filters i,'rere prepared for colony screening'

(Grunstein and Hogness, 1975) , and the hybridisation

and washing procedures were carried out as described

by V{ah1 et aL., (1979). The results of the colony-

screening experiment, usíng cloned o¿ and ß-globin

mRNA probes, are presented in figure 7.2.

Two observations may be made immediately.

Firstly, aII colonies, even the parental pBR 322

and keratin recombinant colonies' can be detected

on the autoradiograph. This indicates that, despite

the precautions taken, the isolated o¿ and ß-globin

sequences still contain some labelled pBR 322

sequences and these have hybridised to plasmid

sequences bound to the filter. Despite the presence

of this background exposure it is possible to

identify globin recombinants with some certainty

since many colonies exhibit a degree of hybridisation

to the globin probe well above the background Ievel.

Examination of the autoradiographs suggested that of

the 300 colonies screened | 208 contained globin

sequences.

The second feature to note is that, ignoringt

the backgrorrnd response common to all colonies ' many

of the colonies have not hybridised to the globin

probe. The lO0-fotd increase in the number of

transformants obtained with the annealed ds cDNA-

pBR 322 DNA, over that obtained for the vector DNA

a,lo¡re, (section 6.2.3) , suggests that most of the

colonies contain recombinant molecules. The initial



Figure 7.2

Detection of globin sequences, amongst recombinants

formed from reticulocyte 10S RNA, using the colony

screening procedure. Colonies containing recom-

binant plasmids were denatured in situ, immobilised

onto nitro-ce1lulose filter paper, annealed to
aa
"P-labelled o and ß globin sequences, washed in

O.2 x SSC, dried and autoradiographed. (Colonies

were grown on the nitrocellulose in duplicate).

a. Distribution of control colonies and

newly-formed recombinant colonies on

the nitro-cellulose filter.

b. Autoradiograph resulting when filters

were annealed with cloned cl and ß

globin mRNA sequences.
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miniscreen plasmid preparations also suggest that

most colonies contain recombinants, (figure 6.5).

Since the 10S RNA used as the inÍtial template

for the preparation of the ds cDNA had been bound

to poly-U-Sepharose' it seemed unl-ike1y that ribo-

somal sequences should comprise a major proportion

of the recombinant PoPulation.

The nitrocellulose filters were boiled for

10 minutes in double-distilled water to elute most

of the labelled globin sequences hybridised to the

filters. The filters were then hybridised with

ribosomal CDNA, washed, and placed in contact with

X-ray film. The resulting autoradiograph is shown

in figure 7 .3.

Contrary to predictions a large proportion of

the col-onies exhibited a positive response to

ribosomal probe. Of 300 recombinant colonies screened,

72 appeared to contain ribosomal RNA sequences.

Assuming equal copy of all sequences during the

cloning procedure, nearly a quarter of the original

10s RNA used as template consisted of ribosomal RNA

despite the fact that this material had been bound to

poly-U-Sepharose.

The nitrocellulose filters \^Iere again boiled,

to remove most of the hybridised 1abel, and then

\^/ere hybridised with CDNA preoared from total 10s

RNA. The autoradiograph resulting from this experiment

is shown in figure 7.4. All the colonies originally

detected with the purified globin probes have shown



Fiqure 7.3

Detection of ribosomal RNA sequences amongst the

recombinants formed from reticulocyte I0S RNA.

The filter annealed with globin mRNA sequences,

(figure 7.2b), was boiled in distilled water

to remove most of the labe1 and then probed

with ribosomal cDNA. Some residual 1abel,

however, is present at the position of the

colonies originally detected by the globin probe.

The colonies finally determined to contain non-

globin, non-ribosomal sequences are circled on

the diagram.
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Figure 7.4

Detection of reticulocyte RNA sequences amongst

the recombinants formed from reticulocyte 10S

RNA. The nitro-cellulose filter previously

annealed to globin and ribosomal RNA sequence

probes, (figures 7.2 and 7.3) , was boiled in

distitled water and probed with cDNA prepared

from reticulocyte 10S RNA. Comparison of this

autoradiograph with the autoradiographs

resulting from the previous two experiments

allow the colonies hybridising to non-globin,

non-ribosomal sequences to be detected. These

colonies are circled on the diagram.
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up once aqain with the 10S cDNA probe, many with
considerably increased intensity. vühil-e in general

the colonies containing globin sequences have been

confirmed by the use of probe to reticulocyte
10S RNA sequences, five new colonies, (circled on

the diagram), have appeared on the autoradiograph

for the first time when probed with I0S cDNA.

These colonies contain sequences present in the
total 10S RNA that are not detected with either
cloned globin or pure ribosomal probes.. Any H5

mRNA sequences that have been cloned should be

found amongst this group of recombinants, which

represent the non-globin, non-ribosomal sequences

present in reticulocyte 10S RNA.

7.2.4 Gel and Southern Bl-ot Experiments

Smal_1 preparations of plasmid DNA \^/ere made

from each of the non-globin, non-ribosomal colonies,
(p1, p25, p29, p43 and p50) , using the miniscreen
procedure. In addition plasmid DNA was prepared

from colonies containing a ribosomal sequence,

(pR7), a globin sequence, (pG3) and one lacking
an inserted sequence, (pO2) , as judged from the
autoradiographs. The plasmids were l-inearised with
Eco Rf restriction endonuclease and electrophoresed
on a 1 percent agarose geI. A sample of l-inear pBR 322

DNA, (about 50 nanograms), rnras added to each track to
act as a size marker. plasmids containing inserted
DNA sequences will migrate more slowly than the
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parental pBR 322 DNA because of their increased

molecular weight.

Samples of linearised plasmid DNA r¡rere

electrophoresed on a gef and. stained with ethidium
bromider âs shown in figure 7.5. The first four
tracks of the gel contain plasmid preparations

which act as molecular weight markers and which

will act as hybridisation controls in future
experiments. The next eight tracks contain the
minj-screen plasmid DNA preparations. The gel

shows that all except one of the I0S RNA clones,
(pO2), contains a visible insert, and that these

range in size from about 150 up to nearry 500 base

pairs in length. The plasmid preparation apparentry
lacking an inserted sequence r,,/as derived from the
colony that gave no response to any of the laberled
DNA probes, and is probably a parental pBR 322

plasmid.

The DNA was transferred from the ge1 to nitro_
celluIose using the method of Southern, (1975), as

modified by Wahl et aL. , (1979) . After pïe-
hybridisation, the nitrocellulose filter was

hybridised to different 1abe1led DNA probes. The

hybridisation and washing procedures fol-]owed the
method of Wahl et aL., (1979) . The washed filter
was placed in contact with X-ray film and exposed

at -Booc.

The

ribosomal

results of hybridisation of tabelled globin,
and reticulocyte 10S RNA probes to the



Figure 7.5

Examination of recombinant plasmids on agarose

gels. A number of recombinants were selected

for closer examination on the basis of their

response in the colony-screening experiments.

A small amount of plasmid DNA was prepared using

the miniscreen procedure, linearised with Eco RI

and electrophoresed on a 1å agarose ge1. Each

track contained 50 ng of linear pBR 322 as a size

marker. The tracks are as follows:

A : Iinear pBR 322

B : cl-globin recombinant, (insert size 600 bp)

C : ß-globin recombinant, (double insert,

total 1200 bp)

D : keratin recombinant, pK 23, (insert size

74o bp)

E : plasmid pl non-gIobin, non-ribosomal

F : plasmid p02 - no response to probes

G : plasmid pG3 globin positive

H : plasmid pR7 ribosomal positive

ï : plasmid p25 - non-globin, non-ribosomal

J : plasmid p29 - non-globin, non-ribosomal

K : plasmid p43 - non-globin, non-ribosomal

L : plasmid p50 non-globin, non-ribosomal
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plasmid DNA immobilised on the nitrocellulose
filter are shown in figure 7.6 (a, b and c

respectively). The autoradiograph resulting from

the hybridisation of globin probe to the nitro-
cellu1ose, (figure 7.6a), once again demonstrates

the presence of contaminating pBR 322 DNA

sequences in the probe. Every plasmid has shown

up to some extent and this makes interpretation
of the results somewhat difficult, however, it
is quite clear that both the cl and ß-globin mRNA

plasmids, from which the probe \^/as derived, and

the selected globin recombinant, pG3, have shown

up strongly and certaínIy to a much greater extent

than the control plasmids. The lack of hybrid-

isation to the keratin sequence clone, containing

a 740 base pair keratin sequence inserted by the

dC-dG tailing procedure, shows that the presence

of dC-d.G sequences in a recombinant does not cause

anomalous levels of hybridisation to be observed.

While the tracks containing the recombinant plasmids

pO2 and pR7 seem to show a response to the globin

probe, this is probably due to contamination of
these tracks with minute amounts of plasmid pG3 DNA.

None of the other plasmids show hybridisation to

the globin probe to any greater extent than that
exhibited by the pBR 322 marker plasmid in the same

track. Vühile the results are not completely clear,

it. seems likely that of the I0S RNA recombinants

tested, only the selected plasmid pG3 contains a

globin sequence.



Figure 7.6

Characterisation of recombinant plasmids using

the Southern blot procedure. Recombinant plasmid

DNA was transferred from an agarose gel,

(figure 7.5) , to nitro-cellulose filter paper

and then annealed to 32n-l.b"rred sequence

probes. Between hybridisation experiments the

filter was boiled in distilled water to remove

annealed label.

a. Hybridisation to cloned cl and ß globin

sequences

b. Hybridisation to 18S and 28S ribosomal cDNA

c. Hybridisation to cDNA prepared from

reticulocyte 10S RNA

(see figure 7.5 for details of the tracks)
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The experiment using ribosomal cDNA probe'

(figure 7.6b), gives much clearer results, due to

the low background hybridisation obtained when

using cDNA probes. The recombinant plasmid, PR7'

included as a control for ribosomal sequences,

gives an extremely strong response to the ribo-

somal probe. Plasmids pl and pO2 show an extremely

low level of hybridisation to the ribosomal cDNA.

This may be due to contamination of these two

tracks with ribosomal sequences from plasmid pR7

or may indicate the presence of short ribosomal

sequence inserts in both these plasmids. Notably,

none of the other four plasmids prepared from

colonies giving a non-globin, non-ribosomal

response in the colony-screening experiments have

shown a significant response to either the globin

or ribosomal sequence probes.

Figure 7.6c shows the results of an experiment

using totat 10S cDNA probe. As expected' the known

globin sequence recombinants show a very clear

response, but, for the first time, the recombinants

p25, p29, p43 and p50 show significant hybridisation

to the labelled probe, indicating that they contain

sequences present in 10S RNA. pI has also shown up

to a small extent, perhaps d.ue to the presence of

ribosomal sequences in the total 10S probe, however,

the faiture of the ribosomal control, PR7, to show

a similar response leaves the exact nature of the

p1 insert sequence in some doubt.
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The overall result of these Southern blot

experiments has been to confirm, at a much more

sensitive leve1, the results of the colony hybrid-

isation experiments. Recombinant plasmids p25,

p29, p43 and p50 all contain sequences found in

10S RNA but which are not globin or ribosomal

sequences. The clones chosen to represent globin

and ribosomal sequence controlsr on the basis of

their response during the colony-screening

experiments, have both hybridised extremely strongly

to their respective probes. Vthile pl appeared to be

non-gIobin, non-ribosomal from the colony hybrid-

isations, the results of the Southern blot experiments

have left the nature of the pI insert sequence

uncertain.

7.3 DTSCUSSÏON

Making use of pure globin and pure ribosomal

sequence probes, it has been possible to identify

those members of the population of ds cDNA recom-

binants that contain globin and ribosomal RNA

sequences, and to exclude these from further study.

When these clones are removed, a small group of

recombinants containing 10S RNA sequences remaín.

If H5 mRNA sequences have been successfully cloned

they will be detected amongst this remaining population

of recombinant molecules. Since this negative screening

approach, involving the elimination of all identifiable

non-H5 recombinants from further study, has been taken
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as far as it can go, it is now essenLial to make

a positive identification of H5 mRNA sequences.

The next chapter describes the detailed
examination, including DNA-sequence determination,

of four non-globin, non-ribosomal recombinants,

p25, p29, p43 and p50.



CHAPTER 8

DETAILED EXAMINATION OF SELECTED

ds cDNA RECOMBINANTS
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8.1 TNTRODUCTÏON

The complete amino acid sequence of goose

H5 protein is known, (Yaguchi et aL., L979) , and

160 of the 189 residues of the chicken H5

protein have been sequenced (Sautiere et aL.,

1975; 1976¡ Champagne pers. commun). Of the

remaining 29 unordered residues in the chicken

H5 protein, 12 are lysine. Where the amino acid

sequences of both goose and. chicken H5 are known,

a great deal of homology is observed, (differences

occurring at 22 out of 160 positions), with most

of the substitutions being conservatj-ve. Since

the amino-acid sequence of H5 is known' the DNA

sequence can largely be deduced and there is

Iittle doubt that a recombinant carrying an H5

coding sequence could readily be identified from

its DNA sequence.

Since H5 mRNA is 10S in size' (Scott and

Well-s, 1976) , corresponding to a length of

approximately 650 bases, about 600 of which are

required for amino acid coding, H5 mRNA is expected

to have quite short non-coding regions. Any DNA

sequence derived from an H5 mRNA clone is therefore

very likely to include a portion of the amino acid

coding sequence.

The four recombinant plasmids previously

selected as non-globin, non-ribosomal, but contain-

ing 10S RNA sequences, \,vere prepared in bulk, and

a preliminary characterisation of the inserted DNA
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was carried out. Fragments of the inserted DNA

from each of the recombinants were sequenced

using the chemical-, chain-cleavage method,

(Maxam and Gilbert, 1977), to determine whether

any of these 10S nRNA clones carried an H5 mRNA

sequence.

While in theory it would be practical merely

to excise the inserted DNA with Pst I restriction

enzyme, label the ends of the excised DNA, cleave

the insert with another restriction enzyme and

then sequence, this approach was not used for a

number of reasons. Firstly, the ends of ONe

molecules formed by Pst I cleavage are quite

difficult to label. The polynucleotide kinase 5'

end-Iabelling reactions do not work well at Pst T

sites, probably due to the 3' overhang,ing sequence

generated by the Pst I cut, but, even when the

DNA strands are separated by heating, the J-abelling

is not as efficient as that observed at other

sites, (Richards personal communication). While

'end-fill' labelling, using the Klenow fragment of

E. coLi DNA polymerase I (Klenow et aL., I97I¡

Englund, L979) , should work efficiently at the

Pst f site, the lack of really high specific
32.activity s-"-P-triphosphates has made it very

difficult to achieve sufficient label-Iing using

this method. Secondly, sequencing from the Pst I

sites of the insert DNA is less desirable than

sequencing from internal sites because of the
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presence of the poly dc-dG tracts adjacent to the

Pst I sites. A significant amount of I0S mRNA

sequence information might be lost by sequencing

Iong stretches of dC and dG residues.

For these reasons, sequencing was carried

out from internal sites in the insert DNA. The

procedure started with the cleavage of excised

insert DNA with Hae III restriction endonuclease,

which cuts at a four-base recognition sequence

yielding blunt ends that labe1 very efficiently.

AIl the resulting restriction fragments had

their 5' terminal phosphate groups removed with

bacterial alkaline phosphatase' and then $tere

32n-S'-end labelled using polynucleotide kinase.

Rather than search for restriction sites in the

short lengths of labelled double-stranded DNA,

the DNA was separated into single-strands and

then electrophoresed on polyacrylamide gels to

yield end-Iabelled single-stranded DNA molecules

suitable for DNA-sequencing, (l{axam and Gilbert,

r979) .

Fragments of the insert DNA from each of the

four unidentified plasmids hlere subjected to the

chemical degradation reactions of the Maxam and

Gilbert procedure and the cleavage fragments

separated on high-resolution acrylamide-urea gels

so that the DNA-sequence could be determined.

This chapter describes the results of the

DNA-sequencing experiments in detail.
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8.2 RESULTS

8.2.I Preparation of Plasmid DNA

Cultures of cell-s containing recombinant

plasmids \^Iere treated with chloramphenicol to

amplify the number of copies of plasmid per celI'

(CleweII , 1972), and the cel-ls \^¡ere then lysed,

using a heat-shock procedure. The plasmid DNA

\À¡as separated from RNA by chromatography on a

Sephadex G-150 column. Using this method,

described in detail in chapter 2, L.4-1.6 milligrams

of clean plasmid DNA could be produced from one

litre of amplified culture. A typical G-150

elution profile and a gef showing samples of four

plasmids prepared by this procedure are shown in

figure 8.1.

8.2.2 Excision and Sizing of Insert Sequences

Samples of each plasmid DNA were digested with

Pst I enzyme to excise the inserted DNA. Fiqure 8.2

shows the results of electrophoresing these digests

on aqueous 4 percent polyacrylamide gels. Fragments

of Hae ITI digested pBR322 DNA \^rere used as the

molecular weight markers on these 9e1s, (Sutcliffe,

1978). The size of the inserts ranqe from about

L20 base pairs up to 450 base pairs long. Vühile

the G-C tailing procedure is designed to regenerate

the Pst I site after annealing and ligation, it has

been reported that as few as 40 percent of DNA

sequences inserted in this way are finally excisable



Figure 8.1

Large-scale preparation of plasmid DNA, (section

2.2.t4) .

a. Etution profite of recombinant plasmid

p43 chromatographed on Sephadex G-150. The

material eluting at the exclusion volume was

collected as ptasmid. DNA. The second' very large'

peak of absorbance is due to degraded RNA.

b. UndigesÈed first-peak material electro-

phoresed on a 1å agarose 9e1. Tracks A, B' C

and D contain ptasmid P25, P29, p43 and p50 DNA

respectively.
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Figure 8.2

Sizing of insert sequences on aqueous acrylamide

geIs. DNA from each of the recombinants

prepared in bulk was digested with Pst I and

etectrophoresed on an aqueous 4Z acrylamide gel.

Hae III cleaved pBR 322 fragrments were used as

size markers, (Sutc1iffe, L978).

Tracks are as follows:

A and G : Hae III cleaved PBR 322.

B : Pst I cleaved Pl.
C : Pst T cleaved' P25.

D : Pst I cleaved P29.

E : Pst I cleaved P43.

F : Pst I cleaved P50.
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by Pst I cleavage, (Villa-Komaroff et aL., 1978) .

As figure 8.2 shows, four of the five inserted

sequences could be excised by Pst I. Plasmid pI

was linearised by Pst I cleavage, indicating the

loss of the Pst f site at one of the insert-

vector joins. fn this smal1 sample studied, 9

out of 10 Pst I restriction sites \^/ere regenerated

using the G-C tailing insertion procedure' making

about 80 percent of the inserts excisable by Pst I

cleavage.

The accurate sizes of the four excised DNA

fragments were determined by reference to the

pBR322 marker tracks. The lengths of the inserts

of plasmid.s p25, P29, p43 and p50 are 150' I20, 450

and 350 base pairs respectively. While the p43 and

p5O inserts are quite large, it is possible that

p25 and p29 carry only short lengths of 10S RNA

sequence, since the total lengths of these inserts

include poly dc-dG tracts at each end and possibly

also a rand.om primer DNA sequence of L0-20 bases

length.

8.2.3 Hae III Cleavage of Recombinant Plasmíd oxa

Due to the problems involved with the labelling

of the Pst I sites at the ends of the excised insert

sequences, it was necessary to label insert DNA at

new ends grenerated by restriction cuts within the

insert sequence. Samples of each plasmíd DNA \^rere

digested with Hae III restriction endonuclease and



Fiqure 8.3

Hae III digestion of recombinant plasmids , P25,

p29, p43 and p50. 3 ug of each of the recombinants

was digested with Hae III and electrophoresed on

an aqueous 6eo acrylamide 9e1. Hae IfI digested

pBR 322 DNA was also electrophoresed to show which

of the fragments were derived from the vector

molecule.

The tracks are as follows:

A : Hae III digested PBR 322-

B : Hae III digested' P25 -

C : Hae III digested ç,29 -

D : Hae III digested P43.

E : Hae III digested P50.
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the products electrophoresed on 6 percent poly-

acrylamide gels, (figure 8.3). Parental pBR 322

\^/as digested with l{ae III and the fragments run

on the same gel to indicate the digestion pattern

of the vector molecule. Any new bands appearing

must be due to the presence of extra DNA inserted

into the vector plasmid. As shown in figure 8.3'

band number 6 of the parental plasmid, (containing

the Pst I site), is not present in the digestion

pattern of any of the recombinant plasmids, but

is replaced, in each case, by at least three

extra bands of varying sizes. This indicates

the presence of at least two Hae III restriction

sites within the insert sequence of each of the

recombinants. It is interesting to note that in

no case is an extra band common to more than one

of the recombinants, and so there is no indication

at this stage whether the plasmids share a common

inserted sequence.

Simíl-ar digestion experiments were carried

out in which plasmid DNA was digested with the

four-base specificity restriction enzymes Hpa II

and Alu I. In these casesr no restriction sites

for these enzymes were detected within the inserted

DNA sequences of any of the plasmids.

The presence of Hae IIT restriction sites

within the inserted DNA will- enable the fragrments

of the insert to be efficiently end-labelled'

using polynucleotide kinase, in preparation for

DNA-sequence determination.
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8.2.4 Preparative Scale Isolation of Insert DNA

Results of previous experiments have shown

that the insert DNA is readily resected by Pst I

digestion of the recombinant plasmid and that

each of the inserts contains the internal res-

triction endonuclease sites required for efficient

end-labelling of the DNA. Since these require-

ments have been met, the first step in the DNA-

sequencing procedure involves the isolation of

working amounts of pure, insert DNA.

About 100 microg-rams of each recombinant

plasmid DNA was digested with Pst I restriction

enzyme, and the resulting DNA fragments electro-

phoresed on preparative polyacrylamide gels.

When ethidium bromide stained, the gels showed

the presence of two bands; the excised insert DNA

and the linear pBR 322 vector molecule. The

preparative gels, used for the isolation of each

of the insert DNAs, are shown in figure 8.4. The

lower band, containing the insert DNA in each

case, \^ras cut f rom the gel and the DNA electro-

phoretically eluted from the gel slice.

Attempts v'¡ere made to separate insert DNA

from the parent vector molecule using sucrose-

gradient centrifugation. Whil-e sufficient

resolution of the insert and vector molecules was

achieved, DNA from these preparations labelled very

poorly after Hae III cleavage, possibly due to the

presence of large mol-ar amounts of RNA contaminating



Figure 8.4

Large scale isolation of insert DNA. 50 Ug of

recombinant plasmid DNA was digested with Pst f

to excise the insert sequence and electrophoresed

on a 58 aqueous acrylamide geI. The insert band

was excised from the gel and the DNA electro-

phoretically etuted from the gel slice.

a. Pst I digested plasmids p25 and p29.

b. Pst I digested plasmids p43 and p50.
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the insert DNA. Since the presence of RNA in the

polynucleotide kinase 32P-"t"hange reaction

interferes with the efficient labelling of DNA,

it is essential that the DNA preparation is free

of contaminating RNA. The preparative gel procedure,

however, allows excellent separation of the insert

DNA from both the plasmid vector DNA and from

residual RNA and, using electrophoretic elution,

almost quantitative recovery of oUA from the gel

can be achieved.

8.2.5 Restriction and end-label-ling of insert DNA

The methods employed for the preparation of

end-Iabelled DNA and for the chemical degradation

of DNA in the sequencing reactions hlere essentially

those described by lvlaxam and. Gilbert, (1977; L979).

Any alterations to these procedures will be noted

in the text or described in chapter 2.

One microgram of each insert DNA was cleaved

with Hae III enzyme in an overnight incubation,

to ensure complete digestion. High specific

activity y-Iabe1led 32p-otn, (supplied by

R. Richards) , \^Ias used, with polynucleotide kinase,

to end-Iabel the Hae IfI digested DNA fragments

by forward phosphorylation of the 5--hydroxyl

groups, (Lillehaug et aL., 1976). Forward phosphory-

lation of the ends of restriction fragrments requires

that the 5'-phosphaLes be removed beforehand, and so

the Hae IfI restriction fragments of the insert DNA



r62

were dephosphorylated. with bacterial alkaline

phosphatase. After phenol-extraction to remove

the alkaline phosphatase the dephosphorylated

insert DNA was heated in the kinase buffer, in

the presence of spermidine, to separate the two

DNA strands, and then the polynucleotide kinase

end-Iabelling reaction was carried out.

8 .2 .6 Separation of 32P end-Iabel1ed strands

The separation of dissociated DNA strands

was first reported by Hayward, (1972), for whole

bacteriophage DNA using agarose gels, and since

then the technique has been applied to much smaller

pieces of DNA using polyacrylamide ge1s, (Maxam and

Gilbert, L977) . Making use of a DMSO denaturation

and loading buffer and a modified gel composition,

complementary DNA strands several hundred.s of

nucleotides long can be successfully resolved,

(Maxam and Gilbert, L979) .

The Hae III digested, end-labelled insert DNA

was DMSO dissocíated and electrophoresed on a 5

percent strand-separation geI and the position of

the labeLled DNA detected by autoradiography.

Figure 8.5 shows the position of single-stranded,

end-l-abeIled DNA fragments when insert DNA from

recombinant plasmid p50 was electrophoresed on a

strand separation geI. Clearly separation of the

DNA strands has been achj-eved, because the pattern

of bands is much more complex than would. be observed



Figure 8.5

32Strand separation of P-labelled insert DNA

fragments. Purified p50 insert DNA, (figure 8.4) ,

vras digested with Hae III and the fragments 5'

end-Iabe1l-ed. The DNA strands were separated by

heating in 30å DMSO and then loaded directly

onto a strand separation el.

Track A : double-stranded 32n-Itb.I1ed 
DNA

fragments.

Track B : single-stranded. 32p-I.b.1led 
DNA

fragments.

The 5' ends of oua contained within the Pst r

cleavage sites label very poorly and so two single-

stranded fragments of DNA present in track B are

not visible on the autoradiograph.
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for the intact double-stranded restriction fragments

of the insert DNA. The DNA fragments containing the

Pst I site 5'ends are poorly labelled and so are

not visible on a short exposure. ft has also been

observed, (Harvey and trVells, 1979), that short

pieces of DNA label more efficiently than long

pieces, in the polynucleotide kinase reaction, and

this differential l-abelling effect is visible in

figure 8.5.

An autoradiograph was accurately aligned over

the strand separation geI, by reference to the marker

spots, and the regions of the gel containing labelled

DNA were excised. The single-stranded DNA was

electrophoretically eluted from the gel slices

into dialysis bags and, in general, more than 80

percent of the labelled DNA was recovered from the

gef slice. As a convenient rule, it was practícal

to proceed with the DNA-sequencing reactions if

about l-05 d.pm of 32p-rrb"1 was present in each

single-stranded fragment of DNA, at this stage.

reactionsnc

Base-specific chemical cleavage reactions \^/ere

carried out exactly as described by Maxam and

Gitbert, (1979), except for the guanine plus adenine,

(G + A), specific reaction, where pyridinium formate

pH2 was replaced by 100 percent formic acid.

sampres of 32p-hb"11ed single-stranded DNA

were separated into four aliquots and each aliquot
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\^ras taken through one of the base specific sequencing

reactions. (Wherever possible, at l-east 6000 dpm

of 32n-o*o r.= used per sequencing reaction). After

chemical stand-cleavage each reaction mix was dried

down, resuspended in formamide loading buffer and

loaded onto a separate track of a 0.5mm x 30 cm x

40 crlrr I0 percent polyacrylamide sequencing gel.

Electrophoresis was carried out at the maximum

possible voltage, (1200 v) until the bromophenol-

blue tracker dye, (which runs at a position

equivalent to about a 20 nucleotide-Iong piece

of single-stranded DNA) , \¡/as 2 centimetres from

the bottom of the ge1. The ge1 was transferred

from the glass plate onto a large sheet of exposed

film which acted as a support for the gel during

handling. After covering the gel with plastic-wrap,

the gel was placed in contact with X-ray film and

exposed at -80oC in the presence of an intensifying

screen. A 24 hour exposure \^ras usually suf ficient

to give a clearly discernable banding pattern from

which a DNA-sequence could be read.

Fígure 8.6 shows the autoradiograph resulting

when the base-specific cleavage products of a

fragment of the p29 insert DNA were separated on

a sequencing ge1. From this autoradiograph it

\^ras possible to determine the nucleotide sequence

of nearly 60 bases of the p29 insert. In the same

manner DNA sequences were determined for fragments

of the insert DNA of plasmids p25, p43 and p50.



F igure 8. 6

DNA sequence determination. Aliquots of single-

stranded end-Iabetted p29 insert DNA were

degraded using the base-specific cleavage

reactions of Maxam and Gilbert, (1977), and

electrophoresed on a 10% acrylamide DNA-sequencing

gel. On this gel the DNA-sequence starts at about

20 bases from the tabelled end of the DNA fragment.
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Examination of the autoradiograph, (figure 8.6),

shows the presence of a faint band in every track

when the actual nucleotide in that position is a

guanine. This is thought to be due to impurities

in the hydrazine causíng a low l-evel of cleavage

at all guanine residues, (R. Richards personal

communication). Fortunately the presence of these

extra bands in the other tracks does not interfere

with the reading of the correct nucl-eotide sequence.

In the course of these experiments several

fragments that contained the dc-dC joining regions

and the terminal Pst f site \^/ere sequenced.

Figure 8.7 shows the sequencing gel of a terminal

fragments of the p25 insert. The cytosine-

specific track shows the presence of 26 consecutive

dC residues making up the joining-region between

the vector and ds cDNA sequences. The two other

joining regions sequenced contained dC or dG tracts

43 and 23 bases in length. The 43 base length was

considerably longer than expected from the kinetics

of the tailing reaction, (figure 6.4), but no doubt

indicates the heterogeneity in lengths of tails

added to the ds cDNA and vector molecules.

8.2.8 Examination of the DNA-Sequences

The major DNA sequences determined, represent-

ing portions of the inserts from each of the

recombinant plasmids, are presented in figure B. B.

While in each case the sequence of only one strand

has been determined, the complementary nucleotide



Figure 8.7

DNA sequence of a fragment of the p25 insert

containing the dC-dG joining region. Details

are the same as for the previous figure.
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DNA sequences determined from the recombinant

plasmid inserts. The overlapping sequences

detected in the P25, p43 and p50 inserts have

been aligned.



25.r

43.r

50.3

29.r

43.4

50. I

5, CTGGGCTGAGCAACCTGCATGCCTACAACCTGCG

GACC C GACTC GTT GGAC GTAC GGATGTTGGAC GC

5. CAACCTGCATGCCTACAACCTGCGCGTTGCCCCGCCATTTCAGCTCTG

GTTGGACGTACGGATGTTGGAC GC GCAACGGGGC GGTryV\GTCGAGAC

5 - TGCATGCCTACAACCTGCCCCCC

AC GTAC GGAT GTT GGAC GGGGGG (18)

5. CCACCACCCTGCTGCCCTGACCCCGGAGGCCATGCTTCCTGGACAAGTTCTT

GGTGGTGGGACGAC GGGAC TGGGGCC TCC GGTAC GAAGGACC T GTTCAAGAA

5- GTGACCTGGGGCGCC

CACTGGACCCCGCGG

5, GGGTGGAGCTGAGGCCGGCTAGGATGTTCACCACCATCCCCAGGCC

CC CACC TC GAC TCC GGCCGATCC TACAAGTGGTGGTAGGGGTCC GG
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sequence of the other strand has been included in

the diagram to make interpretation of the results

eas ier.
Inspection of the sequences shows that three

of the clones, P25' P43 and p50, share a conìmon

nucleotide sequence. This is a rather fortunate

observation considering that only a small proportion

of the total nucleotide sequence of the recombinants

was d.etermined. The detection of a common nucleo-

tide sequence is important for two reasons, firstly

because it demonstrates that the DNA-sequences

obtained are accurate, (since 100 percent sequence

ag,reement was found in the three independent

sequencing determinations), and secondly, because

it suggests that these three clones were derived

from the same original RNA species. No overlap

between the sequence determined for p29 and any

part of the other plasmid DNA-sequences could be

found. At this stage therefore, it is not possible

to decide whether p29 was derived from the same

original RNA species as the other clones, oY

represents a totally independent sequence.

The first question to ask is whether any of

the nucl-eotide sequences determined represent sequences

from the coding region of H5 mRNA. Figure 8.9 presents

the available amino-acid sequence data for chicken

histone H5. H5 is an extremely lysine-rich protein,

lysine residues accounting for 44 out of the total

of 189 amino-acids, (Sautiere et aL., I976) - While



Fiqure 8.9

The amino-acid sequence of chicken histone

H5, (Sautiere et aL,, 1975; L977¡ Champagne

personal communication). The order of the

Iast 29 residues has not been determined.



PRIMARY STRUCTURE OF CHTCKEN HISTONE H5

Thr-GIu-S er -Leu-Va 1-Leu- Ser -Pro-AIa-Pro-A1a-Lys -Pro -Ly s_GIn
Arg

Va 1 -Ly s -A }a - S er -Arg-Ar9- Ser -Al a- S er - H i s -P ro -Thr -Tyr - S er -G I u

Met- I le-AIa-AIa-AIa- I Ie-Ar9-Ala-GIu-Lys -Ser-Arg-GIy-GIy-Ser-

ser-Arg-Gln-ser-I 1e-GIn-Lys-Tyr- I Ie-Lys-Ser-Hi s-Tyr-Lys-VaI-

Gty-Hi s -Asn-Ala-Asp-Leu-G In- I 1e-Lys -Leu-Ser- I Ie-Arg-Arg-Leu-

Leu-Al a-Ala-GIy-Va I-Leu-Lys-G1n-Thr-Lys -Gly-Va I -GIy-Ala- Ser-

Gly- ser-Phe-Arg-Leu-Ala-Lys-ser-Asp-Lys-AIa-Lys-Arg-Ser-Pro-

Gly-Lys -Lys -Lys -Lys -41 a-VaI -Ar9-Arg-Ser-Thr- Ser-Pro -Lys -Lys -

AIa-AIa-Arg-Pro-Arg-Lys -AIa-Arg- Ser-Pro-AIa-Lys -Lys -Pro-Lys -

AI a-Thr-AIa-Arg-Lys-AIa-Ar9-Lys-Lys -Ser-Arg-AIa-Ser-Pro -Lys -

Lys -AIa-Lys -Lys -Pro-Ly s -Thr-VaI -Lys -Arg-

(Ser, LysI2 ProU Ar93 AlaU Valt GIyt)
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the lysine residues are concentrated at the C-

terminal end of the protein, (figure 8.9), there

is no segment of protein more than 22 residues

long that does not contain at least one lysine'

and, in general, lysine residues occur much more

frequently than this. The nucleotide-triplet

codon for lysine is either AAA or AAG' with a

strong preference for the AAG codon observed in

eukaryotes. In the sea urchin histone qenes, for

example, about 25 in every 40 lysine residues are

coded for by the AAG triplet, (Kedes, L979) .

Inspection of the DNA-sequences presented

in f J-gure 8. B shows the presence of very few

potential lysine codons. The number of possible

Iysine codons is, in fact' even fewer still, since

several- of the putative lysine codons appear ín

conflicting reading-frames and so could not all

contribute to the final protein prod'uct. If the

reading-frame of the sequence is aligned so that

any particular AAG or AAA sequence is read as a

lysine, the amino-acid sequence around the putative

lysine residue can be determined from the DNA-sequence.

Vühen this is doner rìo correspondence is found between

the potential amino-acid sequence, dictated by the

nucleotide sequence, and the known amino-acid sequence

of H5 protein, (sautiere et aL., 1975¡ I976i Champagne

personal communication). The remaining regions of

the H5 protein that contain no lysine residues have

also been examined, and' once againr flo agreement
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is found between the predicted and known amino-

acid sequences. V'IhiIe it is possible that the

DNA-sequences determined' might belong to the

untranslated regions of the H5 mRNA, this seems

unlikely since sequences from all four independent

clones have failed to detect any H5 coding

sequences, and because the untranslated regions

comprise only a very small part of the total- length

of the H5 mRNA mol-ecuIe, (sectíon 8.1) .

The failure to detect a recombinant containing

H5 mRNA sequences amongst the clones formed from

10S RNA was both disappointing and surprising.

Certainty it was expected that, after globin and

ribosomal RNA, the most common component of 10S

reticulocyte RNA would be H5 mRt{A, and so the

failure to detect an H5 mRNA clone amongst the four

non-globin, non-ribosomal candidates was difficult

to understand.

The plasmid insert sequences were examined to

determine whether they corresponded to any known

nucleotide sequence that migiht appear in chicken

reticulocyte RNA. Two RNA species that could have

been present at a low level in the 10S RNA are

5.8S and 55 ribosomal RNA. The chicken 5. BS ribo-

somal RNA, (Khan and Maden, 1977) and the chicken

55 ribosomal RNA' (Pace et aL., L974; Brownlee and'

Cartwright, ]-975), have been sequenced, but neither

molecule shows any homology with the nucleotide

sequences determined for the plasmid inserts. In
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addition, none of the known chicken globin mRNA

sequences, (Richards et dL., I979; Richards and

lrlell-s, L980), (including the 5' and 3' untranslated

regions), show any similarity to the insert DNA-

sequences.

8.2.9 Southern-Blot ExPer iments

In an effort to determine something of the

nature of the cloned sequences, DNA fragments

homologous to the insert-DNA sequences were

detected in restriction enzyme digests of chicken

genomal DNA. Eco RI and Hind III restriction

endonuclease-digested chicken DNA was electro-

phoresed on a low-percentage agarose 9e1' trans-

ferred to nitro-ce1lulose using the method of

Southern, (L975) , and the filter probed with
32p-1u.b"1Ied nick-translated. DNA representing

each of the insert sequences. The resulting auto-

radiograph is shown in figure 8. I0.

Despite smal1 differences observed when

Hind III-cleaved chicken DNA was probed with

plasmid p43 insert, it is clear that the same

genomal-DNA fragments are being detected by each of

the cloned probes. Although limited nucleotide

sequence data had failed to show homology between

p29 and the other clones, this result shows that all

four selected recombinants contain common sequences.

Presumably therefore, each of these molecular re-

combinants arose from a separate copy of the same

RNA species, originally present in the reticulocyte
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Detection of fragments homologotls to recombinant

sequences in Eco RI and Hind IÏI-d'igested

chicken genomal DNA. Chicken DNA was digested

to completion with either Eco RI or Hind III

restriction enzyme, electrophoresed on a 0.8%

agarose ge1 and transferred to nitrocellulose

filter. One track of each digest was hybridised

to 32p-1.b"I1ed p25, p29, p43 and p50 insert DNA'

washed at high stringency, (0.I X SSC) and auto-

radiographed.
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I0S RNA. The bands detected in the genomic DNA

show no resemblance to the pattern obtained when

chicken DNA is probed with either ribosomal

sequences, (Saint , L979) , or wíth chicken globin

sequences, (EngeÌ and Dodgson' 1978; A. Robins,

personal communication), and so the recombinants

clearly contain non-globin, non-ribosomal sequences,

as suggested by previous experiments. The weakness

of the response to the labelled probe suggests that

the genes located in the genomal DNA are present

at only a very low copy number and are possibly unique.

Labelled p43 insert DNA detects an extra band

in Hind IlÏ-digested chicken DNA. Since the p43

insert is the longest of the four, it is reasonable

to assume that it contains sequences that are not

found in any of the other plasmid inserts and so

may detect an extra fragment in genomal-DNA digests.

The Southern transfer experiments have been

useful for two main reasons, firstly, to demonstrate

quite clearly that the selected clones contain

neither globin nor ribosomal sequences' and secondly,

to show that all the selected recombinants were

derived from the same original RNA species. The

experiments have yielded no clue as to the nature

of the cloned sequences. While the original RNA

molecule may be a non-coding species, it is al-so

possible that it is an mRNA coding for a protein

that is not readily detected in the translation assay

system used. lVhi1e extensive amino-acid sequence
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data on proteins that are expressed in the red blood

ceII might allow identification of the cloned

sequences, it seems unlikely that any positive

identification will be made without further experi-

ments being performed, (perhaps, for example, using

the hybrid-arrested translation procedure, (Paterson

et al., l-9771) . At present it is sufficient to know

that the cloned sequences are not H5 mRNA sequences.



CHAPTER 9

RE-EXAMINATÏON OF RETTCULOCYTE

RNA TRANSLATION PRODUCTS
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9.1 INTRODUCTÏON

The failure to detect H5 mRNA sequences in

any of the non-ribosomal, non-globin recombinants

suggested that a major error had been made in the

estimation of the proportion of H5 nRNA sequences

in the 10S RNA used as the original template for

cDNA synthesis.

Only two translation products of 10S reticu-

Iocyte RNA are visible on polyacrylamide tube gels'

with the minor non-globin protein comprJ-sing only

a few percent of the total translation products.

This peak has been identified as H5 protein because

it co-electrophoreses with authentic histone H5

marker, (Scott, L975, and section 3.2.2 (i) ) - Tn

the recombinant-DNA studies, four non-ribosomal,

non-globin clones were isolated and analysed in

detail. These clones comprised only a few percent

of the total recombinants and while Southern-blot

experiments, (section 8.2.9), demonstrated that

each of these clones contained parts of the same

gene sequence, DNA-sequencing studies showed that

the recombinants did not contain H5 mRNA sequences.

only one kind of non-globin, non-ribosomal

sequence was detected amongst the recombinants

formed from 10S RNA' and. only one non-globin

protein was observed in the translation products of

IOS RNA, and so it seems possible that the cloned

RNA-sequence may code for this protein. Since the

ds cDNA clone does not contain H5 mRNA sequences,
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it is possible that the non-globin protein peak

observed in the transl-ation products of I0S RNA

is not histone H5. A series of experiments was

undertaken to test this possibility.

For reasons explained previously, (section 3.1) '
aII assays for H5 protein amongst the translation

products of 10S RNA \nlere performed by slicing and

counting SDS-urea tube gels. An identical assay

procedure was used by Scott, (1975) , to analyse the

translation products of RNA factions during the

isolation of H5 mRNA by the immunoprecipitation

technique. Using this assay system the minor' non-

globin translation product co-electrophoresed

with authentic H5 marker protein, (see figure 3.21 -

In order to determine whether the minor trans-

lation product was in fact H5 protein it was necessary

to apply more stringent assay conditions, and so the

lOS RNA translation products were electrophoresed

on high-resolution discontinuous SDS slab ge1s.

The translation products were labelled with
3ss-methionine and the slab gels were fluorographed

to detect the position of the protein products.

Due to the very tight bandíng pattern obtained with

discontinuous slab gels and the high resolution of

the fluorographic technique, this system provides

a much more rigorous assay of protein products than

that previously obtained using tube gels.

Electrophoresis of the 3Ss-I.b"Il-ed translation

products of tOS reticulocyte polysomal RNA on the

slab gels showed no observable translation product
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at the position of the histone H5 marker. However,

the mj-nor protein peak observed on tube gels

resolved into two closely-migrating bands on the

slab 9el, and both bands migrated a small but

significant amount more slowly than the H5 marker

protein. This experiment suggested that the

double-band of protein had been mistakenly

identified as H5 in all experiments using tube

gels, and that H5 protein was not detectable

amongst the translation products of 10S RNA.

H5 mRNA had previously been isolated from

reticulocyte polysomes, (Scott and V'IeIIs, L975¡

1976), and so H5 protein should have been detected

in the translation products of the I0S reticulocyte

RNA used in these experiments, (since the method of

Pemberton et aL. , (L972) , also involves the isolation

of polysomes as the initial step in the RNA pre-

paration procedure). To ensure, however, that no

selection had been mad.e against H5 mRNA sequences

by the particular RNA preparation procedure used,

total cell-ular RNA was isolated from reticulocytes,

chromatographed through oligo-dT-cellulose and

the bound and unbound RNA samples fractionated

on sucrose gradients. Samples of the RNA ranging

in size from about 75 to 165 were translated in the

wheat-germ ceLl--free system. The labelled translation

products from all experiments were electrophoresed

on slab gels in the presence of histone H5 markers.

Once againr ûo translation product was observed to
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co-electrophorese with the H5 marker under these

high-resolution conditions .

The experiments described in this chapter

show that, contrary to the interpretation of

previous experiments, the non-globin translation

product of reticulocyte 10S RNA observed on tube

gels does not correspond to the mature H5 protein

isolated from erythrocytes. Further, since H5

protein is undetectable in the translation products

of any fraction of reticulocyte RNA' the results

of these studies suggest that H5 mRNA is only

present at extremely low levels in reticulocytes.

9.2 RESULTS

9.2.I Anal sis of 10S' RNA translation

on discontinuous SDS gels

10S RNA prepared from reticulocyt e polysomes,

(section 3.2.I) , \^ras translated in the wheat-germ

cell-free translation system using 3Ss-methionine

as the labelled amino-acid. WhiIe most proteins

contain few methionine residues, the use of 35S

in fluorography procedures all-ows high sensitivity

with reasonably short exposure times, (Bonner and

Laskey, I974). Reference to the amino-acid

compositions of histone H5 and. the o, and ß chicken

globins, (Table 3.1), shows that each of the poly-

peptides contains a single methj-onine residue and

so the amount of 3Ss-methionine label in each

protein will reflect the amount of each protein

translated.

S
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The 35s-I.b"I1ed translation products \^lere

precipitated from the translation mix solution and

electrophoresed on discontinuous SDS slab 9e1s'

(Laemmli, 1970) , using a 3 percent acrylamide

stacking geI and a L2.5 percent acrylamide

separating gel. The gels \^Iere prepared for f luoro-

graphy, (Bonner and Laskey, 1974), placed in

contact with X-ray film and exposed at -80oC in

the presence of an intensifying screen.

Unfortunately, although the use of SDS-urea

slab gels, (Swank and Munkres' L97I), would have

provided a direct comparison with the previous

tube gel results, this ge1 system could not be

used. in these experiments because' in repeated

attempts, the gels cracked during the drying-down

process, permitting no useful interpretation of

results. 3H-l.belled H5 marker was electrophoresed

in tracks adjacent to the 35s-lu.b"Iled translation

products. rn a control experiment, 3tt-l.b"IIed H5

v/as added to a translation mix and incubated at

25oC for the normal 60 minute translation period,

to determine whether any degradation of H5 protein

occurred during the incubation. The fluorograph

showing the results of the translation and control

experiments is shown in figure 9.1.

The shorter exposure, (figure 9.la), shows

a very intense band of globin protein and a less-

intense double band of protein electrophoresing

just above the position of the H5 marker. Together'



Figure 9.1

Analysis of reticulocyte RNA translation products

on discontinuous-SDS slab gels, (Laemm1i, 1970) -

The tOS RNA samples were prepared from polysomes

using the RNP-procedure, (PembertoÍL et aL., 1972).

The 35s-I.b"11ed translation products were

visualised using fluorography. The tracks are as

follows:

A: translation products of polyadenylated

chicken liver RNA' (control).
)'H-Iabe1led H5 marker.

translation products of 10S reticulocyte

RNA, preparation 1.

translation products of 10S reticulocyte

RNA, preparation 2.

translation products of 10S reticulocyte

RNA, preparation 3.

translation products of 10S reticulocyte

RNA, preparation 4.
?
'H-labelled H5 marker, taken through the

complete translation Procedure.
a
'H-labelled H5 marker.

wheat-germ background.

a. 11 hour exposure.

b. 58 hour exposure.

E

B

c

D

F

G

H
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the double bands account for several percent of the

labelled translation products and almost certainly

represent the material that co-electrophoresed'

(as a single peak on the low-resolution tube gels),

with the H5 marker on the SDS-urea tube gels'

(figure 3.2). Under the high resolution conditions

used in these experiments, the H5 marker is clearly

resolved from this double band of protein. Apart

from the globin and the double-band of protein,

no other translation products at all are visible

on the fluorograPh, either at the position of the

H5 marker or elsewhere on the gel.

The longer exposure, (figure 9.Ib), shows

the presence of protein bands that were undetected

in the short initial exposure. None of these

proteins represent more than a fraction of a per-

cent of the total labelled products. Despite the

sensitivity of the assay, it is not possible to

identify any translation product that

co-electrophoreses with the H5 marker, indicating

that H5 protein must represent only a very small

fraction of the total translation products-

Since both Knöche1, (1975) and Scott and

We1ls, (L975¡ 1976) , have shown the presence of

H5 protein in the translation products of

reticulocyt e polysomal RNA, it is not clear whY

H5 protein was not detected in the 35s-1.b.1ted

translation products analysed on the slab ge1s.

As described previously, (section 3.2.2 (i)),
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H5 mRNA \^¡as expected to account for a few percent

of the total 10S RNA, and so the failure to detect

any H5 protein at all in the translation products

of this RNA suggested that some step in the 10S

reticulocyte RNA preparation procedure may have

setected against H5 mRNA sequences. To check this

poss ibility, total cellular RNA was isolated from

reticulocytes and assayed for the presence of

H5 mRNA.

9.2.2 Preparation of total cellular RNA from reticulocytes

and analysis of translation products

Total cellular RNA was extracted from reticu-

locytes, using a guanidinium-HCl denaturation

procedure, and then the RNA was separated into

polyadenylated and non-polyadenylated fractions

by oligo-dT-cellu1ose chromatography. (Complete

details of the extraction procedure are contained

in chapter 2). The absorbance profiles obtained

for oligo-dT-cellulose bound and unbound RNA

samples, fractionated on sucrose gradienÈs, are

shown in figure 9.2. Fractions of RNA from about

75 to 165 in size \^/ere selected from the gradient,

as indicated, and aliquots translated in the

wheat-germ celI-free system. Since H5 mRNA is not

polyadenylated, (Scott, I975; Scott and Wells, I976) ,

the 10S RNA fraction unbound to oligo-dT-cellulose

should be considerably enriched for H5 mRNA

sequences.



Figure 9.2

Sucrose gradient fractionation of total chicken

reticulocyte RNA, (prepared as described in

section 2.2.2) . Samples of RNA r¡rere collected

as indicated.

a. reticulocyte RNA unbound to oligo-dT-

cellulose.

b. reticulocyte RNA bound to oligo-dT-

ceIlulose.
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The 35s-1tb.11ed translation products of all

RNA fractions were electrophoresed on discontinuous

SDS slab geIs, (Laernmli, 1970) , together with
3H-I.b.Iled H5 marker protein, and the position

of the labelled proteins detected by fluorograPhY'

(figure 9.3) .

The translation products of these RNA fractions

contain a number of proteins that \¡¡ere either absent

fromt or present in only very small amounts in,

the products of 10S polysomal RNA, (figure 9.1).

These proteins may have been coded for by mRNAs

that \^rere not present in the polysomal fraction

of reticul-ocyte RNA or, alternatively' the

polysome/ribonucleoprotein-particle preparation

technique, (Pemberton et aL., 1972) , may have

selected against these mRNA species specifically.

Despite the increase in the number of proteins

observed in the translation products of the total

cellular RNA preparationsr rlo observable band, in

any fraction, co-electrophoreses with the H5

marker protein.

The translation products of the RNA fractions

bound and unbound to oligo-dT-ce11ulose show

d.ifferences in the intensity of specific bands '
but no protein seems to be localised entirely to

either the bound or unbound fraction. Despite the

prediction that H5 mRNA will be considerably

enriched in the non-polyadenylated RNA, no H5

protein is visible in the translation products of

the unbound RNA.



Figure 9.3

Analysis of reticulocyte RNA translation products

on discontinuous-SDS slab ge1s. Tracks A, J, K

and T contain 3u-1rb.11ed H5 marker. The other

tracks contain the 35s-lrb"lled translation
products produced by the following RNA fractions,
(fraction numbers refer to figure 9.2) :

B : reticulocyte 10S RNA prepared from

polysomes, (preparation I).

C : reticulocyte I0S RNA prepared from

polysomes, (preparation 2) .

D:fractionIRNA.
E : fraction If RNA.

F : fraction III RNA.

c:fractioniRNA.

H : fraction ii RNA.

I : fraction iii RNA.

L : fraction iv RNA.

M:fractionvRNA.

NrOrPrQ and R : reticulocyte RNA fractions
from an unrelated experiment.

S : wheat-germ background.
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9.3 DISCUSSION

Control experiments have shown that authentic

H5 proteín may be recovered, quantitatively, from

the translation mix in undegraded form, (figure 9.1),

and amino-acid composition data indicates that H5

contains a methionine residue, (Sautiere et aL.,

1975) , and so histone H5 should have been detected

amongst the translation products of the reticu-

Iocyte RNA preparations.

Several explanations are possible for the

failure to identify H5 protein arnongst the

reticulocyte RNA transl-ation products. Firstly,

H5 protein may be synthesised in a precursor or

unmodified form in the wheat germ cell-free

translation system, and so may not electrophorese

at exactly the same position on the gel as the

mature H5 marker protein. For example H5 isolated

from erythroid cells may be phosphorylated at two

specific sites, (Tobin and Seligy, I975) , while

the ín uitro synthesised protein will probably

not be phosphorylated. Such a difference in

phosphorylation, ho\,ùever, is unlikely to signJ-ficantly

effect the migration of the protein on SDS ge1s.

In the only other reports of detection of H5

protein as an in uitro translation product,

(Knöchel, L975¡ Scott and WeIIs, L975¡1976) , the

translated protein co-electrophoresed with the

authentic H5 marker. Knöchel, (I975), translated

reticulocyte RNA in the Ehrlich ascites ceIl-free
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system, (Housman et aL., 1971) , and. analysed

the products on low pH-urea tube ge1s, (Panyim

and Chal-kley, 1969) . Scott and We1Is, (1975 i L976) ,

translated mRNA in the wheat-embryo cell-free

translation system, (Shih and Kaesberg, L973) ,

and detected translation products which co-

electrophoresed with H5 on low pH-urea tube ge1s,

(Panyim and Chalkley, 1969) , and SDS-urea tube

ge1s, (Swank and Munkres' 1971). These in uitt'o

translation results, analysed using low-resolution

ge1 systems, T¡Iere taken as evidence that H5 mRNA had

been positively identified and purified, and also

suggest that the wheat-germ cell-free system

(Roberts and Paterson, 1973) , will synthesise

an H5 protein that co-electrophoreses with the

authentic H5 ¡narker.

Secondly, H5 mRNA may translate very bad1y,

or not at aII, in the wheat germ translation system,

and so H5 protein will not be observed in the

translation products. The results of Scott , (L975) ,

however, show that when added to the wheat-embryo

cel-l-free system, equal amounts of purified H5 mRNA

and globin mRNA stimulated the incorporation of

equal amounts of 3H-leucine into the respective

protein products. Since H5 contains only about

half as many leucine residues as the globin protein

chains, (see Ta-ble 3.I), this result indicates

that H5 mRNA translates about twice as efficiently

as globin mRNA in the wheat embryo cell-free system,
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(in the absence of competing mRNA). Since globin

mRNA itself has been shown to be an extremely

efficient mRNA, these results demonstrate that

H5 mRNA translates remarkably efficiently in

cell-free systems, and suggest that H5 protein

will be synthesised even when only small amounts

of H5 mRNA are used to prograntme the wheat-germ

cell--free system.

The third possible reason for the failure

to observe H5 protein in the in uitro translation

studies is that H5 nRNA is present at such low

concentrations in the added RNA that' even with

efficient transl-ation, detectable amounts of H5

protein are not produced. This seems to be the

most likely explanation of the results.

Knöche1, (1975) , identified H5 protein as a

component of the translation products of globin

mRNA isolated from reticulocytes. The total

translation products \^Iere extracted at high ioníc

strength and an acid pH to specifically sel-ect

for histone H5, (and similar basic proteins),

and the extracted proteins were identified on low

pH-urea ge1s. Vühile this study made no estimate

of the amount of H5 mRNA present in the reticu-

Iocyte mRNA preparation, the data presented indicate

that H5 protein comprises only a minute proportion

of the total labelled translation products,

(certainly much less than one percent). The amount

of labelled H5 detected was extremely small even
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though the labelled amino-acid used was 3H-lysine,

which will tend to overestimate the amount of H5

present relative to other proteins, (due to the

extremely high lysine content of H5).

Scott and Wells, (I976), isolated microgram

amounts of H5 mRNA from reticulocyte polysomes.

If these yields had been quantitative, H5 mRNA

would Tepresent about one percent of the reticulocyte

polysomal mRNA, but claims that the yields were

extremely low, (Scott, 1975) , suggest that H5 mRNA

initially represented a much higher proportion of

the total- reticulocyte mRNA. The results of

Knöche1, (1975), and the results presented in this

chapter are not consistent with a concentration of

H5 mRNA of more than a fraction of a percent of

the total reticulocyte mRNA and therefore disagree

with the estimate of about 4 percent of the

polysomal mRNA made by Scott and WeIIs, (1975).

When reticulocyte 10S RNA was passaged through

oligo-dT-cellulose, Scott, (1975) , observed H5

protein only in the translation products of the

RNA unbound to oligo-dT-cellulose, where it

comprised about I0 percent of the labelled products.

This result was verified by Scott on both the

SDS-urea and the 1ow pH-urea gel systems, however,

it. seems most unlikely that H5 mRNA could be

present at anything approaching this level in the

I0S RNA unbound to oligo-dT-ce1lulose, and remain

undetected in the translation studies described in
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this chapter and in chapter 3.

The results presented in chapter 3, (figure

3.2), show that the Iow pH-urea gel system is

unreliable for the identification of H5 protein

due to the presence of other labelled material

electrophoresing at the H5 position. In addition,

the results presented in this chapter show that

the protein peak that co-electrophoreses with H5

marker on the SDS-urea tube gels does not

co-electrophorese with marker H5 on higher

resolution ge1s. Tt seems possible that in the

oligo-dT-cellulose chromatography experiments,

and perhaps in other experiments, Scott over-

estimated the amounts of H5 mRNA present and the

purity of the H5 mRNA preparations due to

inadequacies in the gel assay systems used.

If H5 mRNA is in fact present at leveIs rnuch

lower than those estimated by Scott and VüeI1s'

(L975) , ít is doubtful whether any physico-

chemical approach could achieve a useful puri-

fication of H5 mRNA. Even with 100 percent

recovery at each step, very large amounts of

reticulocyte RNA would have to be handled to

isolate even the smallest practical quantities of

H5 mRNA. If H5 mRNA is present at the very l-ow

level-s suggested by the slab ge1 experiments, it

is not surprising that no H5 nRNA sequences were

detected in the ds cDNA recombinants prepared from
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10S RNA. Despite this failure, however, recombinant

DNA techniques probably provide the only practical

means to the isolation of H5 mRNA sequences.



CHAPTER 10

GENERAL DÏSCUSSION



IB6

10. GENERAL DISCUSSION

The discovery that the original estimate of

the concentration of H5 mRNA in reticulocyte RNA'

(Scott and, Well-s, Ig75) , might be error was delayed

by the wait for appropriate containment facilities

Lo perform recombinant-DNA experiments' once a

population of recombinant molecules had been pro-

duced from reticulocyte 10S RNA, the failure to

isolate a clone containing H5 mRNA sequences

immediately suggested that at teast one of the

basic pieces of information about H5 mRNA, (Scott

and Wells, Lg76), was wrong. Examination of the

translation products of reticulocyte RNA on high-

resolution gels indicated that the peak of protein

that had been identified as H5 protein in experi-

ments using low resolution gels, (Scott , L975) , no

Ionger electrophoresed at the position of the H5

marker. No translation product was detectable

at the position of authentic H5 marker on the

high-resolution ge1s. This chapter, therefore,

consists of a retrospective discussion of the

results of the previous chapters with particular

reference to the information that the minor protein

product observed when 10s RNA translation products

are assayed on sDs-urea tube gels is not histone H5 '

and that H5 mRNA is probably present at only very

Iow levels in reticulocyte RNA. (For the purposes

of this discussion the proteins that together com-

prise the major, non-globin translation products of
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l-0S reticul-ocyte RNA have been ca1led, collectively,

protein U, (for unknown) ).
The results of the initial- characterisation

experiments, (chapter 3), showed that undegraded

l0S RNA could be reproducibly isolated from

chicken reticulocytes and translated efficiently

in the wheat germ cell-free translation system.

When assayed on SDS-urea tube gels, the trans-

lation products of 10S RNA showed the presence

of just two protein peaks, one corresponding to

globin protein and the other co-electrophoresing

with authentic histone H5 marker. The 1ow pH-urea

tube gels gave a complex radioactívity profile

that did not permit the ready identification of

minor translation products. Scott, (1975),

assigned the larger and smaller peaks of translated

protein as globin and H5 respectively, because

they co-electrophoresed with the appropriate marker

proteins on both SDS-urea and Iow pH-urea tube gels

and because the minor peak of protein represented

about that proportion of the total translation

products expected for H5, (based on celI-labeIling

studies, (Scott and Wells, 1975)). This identifi-

cation of translation products was followed through

all the early experiments described in this thesis.

In experiments designed to separate H5 mRNA

from globin mRNA on the basis of poly-A content'

protein-U was always found' to be slightly enriched

in the translation products of the non-polyadenylated
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RNA, (as expected for genuine H5), but always to

be present, in signifícant amounts, in the poly-

adenylated RNA translation products. While this

result apparently contradicted the observation,

(Scott and Wells, 1976) , that H5 mRNA lacked a

poly-A tract, the failure of Scott and V'IeIls to

detect H5 mRNA in the fraction of RNA bound to

oligo-dT-cellulose coul-d be explained by the lack

of sensitivity of the wheat-embryo translation assay

used. Since at no stage in the affinity-

chromatography experiments, (described in chapter 3) '
\^ras authentic histone H5 detected in the translation

products of the various RNA fractionsr rlo conclusion

can be d.rawn as to the localisation of H5 mRNA to

either the polyadenylated or non-polyadenylated

RNA fractions, or as to the degree of enrichment

of H5 mRNA relative to globin mRNA in any of the

fractions. The translation assay results do suggest,

however, that the combination of affinity-

chromatography techniques did achieve some enrich-

ment for protein-U mRNA sequences.

llhen applied to RNA preparations from 5-day

old chick embryos, (chapter 4) , the transl-ation

assay system permitted the positive identification

of histone mRNA sequences and the affinity-

chromatography techniques achieved a clean

fractionation of histone and globin mRNA sequences.

cDNA prepared from the RNA fraction enriched for

histone mRIIA has since been used to select clones
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containing the genomic histone genes, (Harvey and

ú'Ie11s , 1-979) .

In retrospect alsor no conclusions concerning

the distribution of H5 mRNA sequences can be drawn

from the resul-ts of the experiments designed to

separate globin mRNA and H5 nRNA on polyacrylamide

geIs, (chapter 5). Certainly the results show that

it was not possible to fractionate the mRNA coding

for protein-U from globin mRNA on these gels, even

under conditions where rabbit o¿ and ß-globin mRNA

\^rere clearly resolved. ft is no longer surprising

that the ribonuclease H treatment of the mRNA

did not enhance the resolution of the two mRNA

species, and the result merely indicates that the

protein-U mRNA and globin mRNA are polyadenylated

to a similar extent. Because H5 was not detected

in the translation assay it j-s not possible to show

whether H5 mRNA was resolved from globin mRNA but,

if H5 mRNA is indeed 10S in size, (Scott and Wel1s,

1976), the results obtained suggest that it would

have been extremely difficult to separate globin and

H5 mRNA sequences. Chicken globin mRNA has proved

to be difficult material to work with, and, despite

a number of attempts, (Knöchel and Grundmann, 1977¡

Longacre and Rutter, 1978) , no successful fraction-

ation of chicken globin mRNA into its component

mRNA species has been reported.

In a series of experiments using recombinant-

DNA techniques, a large number of ds cDNA clones

\^/ere prepared from 10S reticulocyte RNA and screened
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for H5 nRNA sequences, (chapters 6,7 and 8). The

recombinants \^Iere characterised using hybridisation

and DNA-sequence criteria, and so the identification

of clones \^ras independent of errors mad.e using the

translation assay. However, the RNA used as

template for the preparation of the ds cDNA had

been sel-ected because it was enriched for H5 mRNA

seguences, on the basis of the translation assay,

and. sor unfortunately, the recombinant-DNA experi-

ments \^/ere not totally independent of the trans-

tation assay errors. The RNA fraction used as

template was enriched for protein-U coding seguences

and had formerly been unbound to oligo-dT-cellulose

and bound to poly-U-sepharose' (see section 3.2.5).

If authentic H5 mRNA is non-polyadenylated, (Scott

and !Ve11s, 1976) , then H5 mRNA would have been

largely el-iminated when the RNA was bound to poly-

U-Sepharose. It is interesting to note however,

that despite the affinity-chromatography proced.ures

employed, a number of ribosomal RNA sequences vTere

detected amongst the recombinants, demonstrating

that non-polyadenylated sequences \^tere cloned. If

H5 mRNA sequences had been present as a sizeable

percentage of the poly-A-minus RNA they may stil-I

have been detected amongst the non-globin, non-

ribosomal clones.

Technically, the recombinant-DNA experiments

\^/ere very successful-. Large numbers of ds CDNA

clones !ìIere prepared at high efficiency and the
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selection procedure employed rapidly eliminated

those clones containing ribosomal RNA and globin

mRNA sequences from further consideration. The

four clones examined by DNA-sequencing were found

to contain sequences other than H5 mRNA sequences.

While these cloned sequences have not been

associated with a specific protein product, and

may not even be coding sequences, it is possible

that they contain mRNA sequences that code for

one of the proteins that comprise the minor trans-

lation peak observed on tube gels, (protein-U).

This proposition could be tested using hybrid-

arrested translation procedures, (Paterson

et aL., 1977). If the recombinants coul-d be shown

to contain sequences coding for an erythroid-cell

specific product they could be of considerable

interest in gene-control- studies.

While the ,cl-oning experiments did not achieve

the goal of isolating a specific H5 mRNA sequence,

it was the results of these experiments that

suggested that an error had been made in the inter-
pretation of previous results. The use of the high

resolution slab ge1 assay system to analyse the

reticulocyte RNA translation products showed that
the minor translation product of 10S RNA, previously

interpreted as H5 protein, did not coelectrophorese

with authentic H5 marker. Further, these experiments

suggested that H5 mRNA was present at very low

concentrations in l-0S RNA. Despite their incomplete
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nature these experiments suggest that Scott and

lrlells, (1976) , may have over-estimated the amount

and purity of H5 mRNA isolated from chicken

reticulocyte polysomes by the indirect immuno-

precipitation procedure.

Even if H5 nRNA is present in reticulocyte

RNA at only a very low l-evel it may stil-l be

possible to use recombinant DNA techniques to

prepare clones containing H5 mRNA sequences.

Seeburg eú aL., (I977b), and Shine ¿ú aL.,

(1977) , have shown that it is possible to select

specific fragments from restriction digests of

complex mixtures of ds cDNA and to clone these

fragments directly. Provided that a suitable

restriction fragment can be found, this method

shoul-d be applicable to mRNA sequences, such as

H5 mRNA, which comprise as little as one percent of

the original mRNA population.

Alternatively, deoxyoligonucleotide primers

have been used to selectively prime the synthesis

of cDNA frorn specific mRNA molecules, (for example

pig gastrin mRNA, (Noyes et dL., L979) , and rat
insulin mRNAs, (Chan et aL", 1979)) , where the

mRNA comprises only a small- percentage of the total
mRNA population. (Gastrin mRNA represents only

0.6 percent of the polyadenylated mRNA fraction).

If the amino-acid sequence of a protein is known,

oligonucleotide primers specific to a portion of

the corresponding mRNA nucleotide sequence, may be
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prepared. cDNA can be specifically synthesised

from these mRNA molecules and the sequences

subsequently inserted into recombinant DNA vectors.

Since most of the amino-acid sequence of chicken

H5 protein is known, it may be possible to

synthesise a primer specific for H5 mRNA. Using

this primer double-stranded cDNA containing H5

mRNA sequences could be prepared and cloned.

The fascinating question of the evolutionary

relationship of H5 and Hl histones, and of the

physical association of the H5 gene and the other

histone genes justifies further attempts to isolate

a clone containing H5 mRNA sequences.



CHAPTER 1I

POSTSCRÏPT
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11. POSTSCRIPT

Recent results obtained by Molgaatð' et aL.,

(1980), are very relevant to the discussion of

the work presented in this thesis. Using a pro-

cedure similar to that used by Scott and We1ls,

(I976) , involving the indirect immunoprecipitation

of polysomes, Molgaard et aL., have been able to

isolate a fraction of chicken reticulocyte RtrIA

enriched for H5 mRNA. Further studies of this

RNA fraction indicate that H5 mRNA is poly-

adenylated, that H5 mRNA, (incl-uding poly-A tail) '
is about 1000 bases long and that H5 mRNA accounts

for no more than 0.6 percent of reticulocyte mRNA

activity. Similar to the results presented in

chapter 9 of this thesis, Molgaatd et aL., were

unable to detect H5 protein in the translation

products of unenriched reticulocyte mRNA.

The findings of Molgaard et aL. , concerning

H5 mRNA, therefore contradict those of Scott and

lVeIIs, who found H5 mRNA to be non-polyadenylated,

10S in size, (about 650 bases long), and to be

present at about 3 to 4 percent of the total mRNA

activity.
Since the results presented in this thesis

do not confirm any of the data of Scott and Wel-ls

concerning H5 mRNA, it seems that the results of

Molgaard eú aL., are more likely to be correct.
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