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ABSTRACT

Seeds of Vicia faba (L)take about 130 days from the
fertilisation of the ovule to become fully mature, After an
initial phase of cell division, storage protein is synthesised
in the cotyledon cells and accumulates in organelles termed
protein bodies, During the latter phase, the RNA contents of
cotyledon cells increase sixfold, Methylated albumin-kieselguhr
chromatography revealed that the new}y synthesised RNA consists
of 13% low molecular weight RNA and 87% ribosomal RMNA, suggesting
that storage protein synthesis may be mediated by the mRNA/tRNA/
ribosome mechanism,

Isolated protein bodies contain only traces of RNA,
indicating that storage protein is not synthesised in these
organelles, Biochemical methods show that, during tﬁe phase
of cell division, there are many free ribosomes and relatively
few membrane bound ribosomes, Correlated with the onset of
storage‘protein synthesis, there is a large increase in the
numbers of membrane bound ribosomes, but the numbers of free
ribosomes remain approximately constant, Experiments with (3H) -
uridine show that there is no interconversion of these two classes
of ribosomes, and both were shown to incorporate amino-acids "in
vivo", It is suggested, therefore, that each class of ribosomes

may be synthesising different groups of proteins, the membrane



bound ribosomes being responsible for the synthesis of
storage protein,

At the cessation of nutrient reserve accumulation,
seeds dehydrate and there is a gradual loss of membrane bound
ribosomes with a subsequent rise in the numbers of free ribosomes.

Upon germination, endoplasmic reticulum with associated
ribosomes is formed once more, Experiments with (32P) - ortho-
phosphate indicate that these ribosomes are synthesised "de novo,
rather than being formed by the attachment of pre-existing, free
ribosomes to membranes,

The breakdown of various types of nucleic acids was
studied during the senescence of testas in seed development,

and cotyledons in seed germination,
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- INTRODUCTION

The presence. of nucleic acid in living organisms
wés dis;overedia little less than a century ago, by Miescher
in 1871. Technical limitations over the next fifty years
l;mitéd further research to simple chemical analyses,
Miescher himself demonstrated that the compound was of high
molecular weight and had a phosphorus content of 9.59%, a
value which compares favourably with modern estimates.
Miescher's students, and others, isolated and partially
characte?ised the constituent purine and pyrimidine bases,
though these cpmponents were not fully.characterised until
the advent of paper chromatography in 1947.

The heterogeneous nature of nucleic acid was
discovered by Levene between 1910 and 1930, who identified
the sugar in yeast nucleic acid as ribose and that in thymus
nucleic acid as deoxyribose; This information initially led
to the belief that nucleic acid containing ribose, ribonucleic
acid *(RNA), occurred in plant tissues and deoxyribose
containing nucleic acid, deoxyribonucleic acid (DNA),
occurred in animal tissues. The development of two techniques,
a basophilia histochemical test involving ribonuclease,
Brachet (1940), for the detection of RNA, and the Feulgen
* The abbreviations and conventions used throughout this

thesis are those recommended in "The Biochemical Journal,

(Biochem;J;, 66, 8 (1957).
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nucleal reaction, Feulgen and Rossenberg (1924), for the
detection of DNA, showed that DNA and RNA occurred in both
animal and plant tissues., These authors also demonstrated
that RNA occurred predominantly in the cytoplasm and DNA.
pccurred in the nucleus of cells;

By about 1940, therefore, it was realised that
'nﬁcleic acid consisted of three components, phosphate, a
pentose sugar, and four organic bases. Three of the four
bases are common to both DNA and RNA, namely adenine, guanine,
. and cytosine; the fourth base in DNA is thymine and in RNA is
uracil., The early history of nucleic acids is reviewed by
Chargaff & Davidson (1955);

The possible connection between DNA and genetic
inheritance has been realised almost since the original
discovery of nucleic acid: Mies;her, between 1880 and 1890,
discovered sperms to be an excellent source of nucleic acid,
particularly salmon sperm heads which contained almost 50%
nucleic acid. Positive proof that DNA is the genetic
matefialAdeveloped from the classic transformation_experiments
of Avery, Macleod and McCarty (1944): They found that the
transforming principle, which Griffith (1928) obtained from

encapsulated Pneumococci and enabled non-encapsulated strains

to make a capsule, was chemically identical to DNA, A
chemical explanation of the ability of a molecule of DNA to

store genetic information and to divide and so duplicate the
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information was formulated by Watson and Crick (1953) on the
basis of published chemical. analyses and x-ray diffraction
studies, The predictions made by the hypothesis have since
been confirmed by experiment.

The first suggestions as to the function of RNA
came from Caspersson.(1941) using a quantitative ultra-violet
spectrophotometry method for the estimation of RNA, and later
by Davidson and Weymouth (1943) who estimated RNA by chemical
methodsé Both groups of workers showed that the cells richest
in RNA.were either growing rapidly, e;gl embryonic tissue, or
synthesising protein, e;g. exocrine pancreas, and therefore
concluded that RNA must be involved in protein synthesis;

The intracellular location of protein synthesis was
not discovéred until the advent of the electron microscope
and the ultracentrifuge; Sfudies on the "in vivo" incorpor-
ation of labelled amino-acids into the livers of chicks, mice,
and rats were made, followed by cell fractionation and differ-
ential centrifugation, The microsome fraction was more
highly labelled than any other fraction (Keller, 1951);
Rat liver fractions were incubated with (14C) ~ alanine
"in vitro" by Siekevitz (1952), and the highest specific
activity was found in the microsomes, When the microsome
fraction was treated with the detergent sodium deoxycholate:
to remove 1ipids,Athe radio-activity was found to be associated

with small particles called ribosomes, which were characterised
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by centrifugal analysis and electron microscopy..
Jacob and Monod (1961), in their hypothesis

concerning induced enzyme systems of Escherichia coli,

proposed(that a messenger molecule is rapidly synthesiséd
adjacent to, and complementary with, a strand of DNA, and
is then transferred to the cytoplasmic ribosomes where it
codes for the synthesis of a protein, and then breaks down.
Volkin and Astrachan (1957). had previously detected an RNA.
molecule having such properties; They infected Escherichia
coli with T2 phage and identified a particular type of RNA
containing only a small percentage of the total RNA,as having
a high rate of synthesis and breakdown,and a very similar
nucleotide composition to the infecting phage DNA (after
takiﬁg into account the substitution of uracil for thymine
in RNA). The presence of this RNA, meséenger RNA (mRN4),
in uninfected bacterial systems, has since been confirmed by
(1) "pulse" and "chase" labelling experiments designed to
preferentially label RNA which is highly metabolicj; (ii)
molecular annealing experiments between RNA and homologous
DNA, indicating the degree of complementary base sequences
between the two molecules; (iii) cell free amino-acid
incorporation systems which test the ability of RNA molecules
to act as templates for protein synthesis, and (iv) sucrose
gradient analysis and electron microscopy which distinguish

ribosonal aggregates engaged in protein synthesis (polyribosomes)
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and inactive ribosomes, e.g; Gross; Hiatt, Gilbert, Kurland,
Risebrough and Watson (1961), Watson (1963), and Nakada (1963).

The final process in the synthesis of protein is
the condensation of amino-acids into protein agains£ the mRNA
template;’ It is now certain that a sequence of three
nucleotides of the mRNA.codes for one amino-acid. Furthermore,
all the possible sequences: of three nucleotides (the codons)

have been assigned to amino-acids for Escherichia coli with

the exception of UAA, UAG, and UGA, which are chain terminator
codes called ochre, amber, and opel respectively. It is
apparent that as many as four codons can code for one amino-
acid; Research relating to the genetic code is adequately
reviewed by Woese (1957).

Crick (1957) thought it unlikely that an amino-acid
would be capable of binding to a particular site on the mRNA
template, and postulated adaptor molecules which would stereo-
chemically recognise particular nucleotide triplets. Working
with "in vitro" protein synthesising systems, Hoagland, Zamacnik,
Sharon, Stulberger, Lipman and Boyer (1957) showed that their
"pH 5 enzyme" fraction, obtained from rat liver, contained
about 5%fRNA; Experiments with (}4C) ~ leucine demonstrated
an RNA labelled amino-acid complex, which in the presence of
a microsomal suspension became dissociated, the radio-active
amino-acid being incorporated into microsomal protein; This.

RNA fraction was called soluble RNA. (sRNA) or more appropriately

transfer (tRNA)..
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Iq the transfer process, an amino-acid is first
activated with adenosine triphosphate (ATP) by an enzyme
called an amino-acyl~tRNA synthetase which is specific for
that particular amino-acid, so that an enzyme-AMP amino-
acid complex is formed. The enzyme then binds the amino-
acid to a specific tRNA"molecule; The transfer of amino-
acids to the ribosome-mRNA. complex is reviewed by Simpson
(1962) and Schweet and Heintz (1966).

tRNA:molecules have a molecular weight of approxi-
mately 23,000 and a sedimentation coefficient of about L4s,
There appears to be considerably more tRNA molecules than
prgtein amino-acids and by 1962, Sueoka and Yamane showed by
methylated albumin kieselguhr chromatography that some amino-
acids become attached to two or more different tRNA molecules:
Min vitro', A1l tRNA molecules have a terminal. cytidyl-cytidyl-
adenosine sequence, and it is the final adenosine residue to
which thé amino-acid becomes attached by an ester linkage;
Another characteristic of tRNA is the presence of unusual
purine and pyrimidine bases, which in yeast-tyrosine-tRNA.
amounted to 20% of the total nucleotides, Madison, Everett
and Kung (1966)..

For a tRNA molecule to participate in protein
biosynthesis, it must have at least two unique sites, one
site which is recognisable solely by its specific amino-acyl-
tRNA. synthetase, and the other to recognise the appropriate

codon on the mRNA template. Another site, common to all tRNA
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molecules, may also occur which is able to recognise a
particular site on the ribosome; These sites are no doubt
intrinsic to the nucleotide sequence and tertiary structure
of the tRNA;

Holley, Apgar, Everett, Madison, Marquisee, Merrill,
Penswick and Zamir (1965) achieved a major advance into these
problems when they purified and then determined the complete
sequence of yeast alanine tRNA; The use of two enzymes,
takadiastase ribonuclease Tl and pancreatic ribonuclease at
0° which cleave RNA at.specific nucleotide bonds, and the
presence of unusual nucleotides in small quantities which
acted as markers in sequence determinations, were fundamental
to elucidating the final sequence; Since then, several tRNAs
have been sequenced, including yeast tyrosiﬁe tRNA (Madison
et al, 1966); two yeast serine tRNAs (Zachau, Dutting, Feldman,

Melchers and Kavan, 1966), and Escherichia coli N=-formyl

methionine tRNA (Dube, Marcker, Clark and Cory, 1968);

Holley et al (1965) suggested three possible
secondary structures for alanine tRNA based on maximal base
pairing, the unpaired nucleotides splaying out in the form of
loops. Examination of other tRNAs whose sequences have been
determined suggests the so-called clover leaf model is the
most probable, in which three major loops occur at approximately
right angles to one'another; In all these tRNAs, a sequence of

three nucleotides (an anticodon), capable of hydrogen bonding
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with the relevant codon of the mRNA template, appears in the
same loop of the clover leaf model. Lake and Beeman (1968)
measured x-ray scattering at low angles by yeast tRNA in aqueous
solution, Several published secondary structure conformations
were compared with the results obtained,and the clover leef model
appeared most probable, A better fit with the results was
obtained, however, if the loops were tightly accommodated against
the central axis of the molecule..
| It is probable that the tertiary structure of the fRNAA

will not be elucidated until it can be crystallised. Crick (1966)
and Woese, Dugre, Dugre, Kondo and Saxinger (1966) are of the
opinion that eome of the unusual nucleotides present in tRNA. are
intimately involved in its tertiary structure.

When animal or plant cells are incubated with a labelled
RNA. nucleotide, tRNA.molecules are first detected in the nucleus.
Molecular annealing experiments between homologous DNA and
denatured tRNA. suggest that a small portion of the DNA codes for
tRNA. Giancomoni and Spiegelman (1962), working with Escherichia
coli demonstrated that 0;023%.of the DNA is complementary to. tRNA
and more recently Morell, Smith, Dubnau, and Marmur (1967). obtained

& similar result, 0.04% for Bacillus subtilis.

Pools of tRNA.are found in isolated pea seedling nucleoli,
Birnsteil, Borek & Fleissner (1963), and since 7-10% of the dry
mass of the nucleolus is DNA (Birnsteil, 196?), it is possible
that tRNA may be synthesised there, though this is a matter of

dispute (see Birnsteil, 1967). The issue was compllcated by the.
) , presence of a 5s.
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RNA which does appear to be synthesised in the nucleélus,
and was thought to be a precursor of tRNA, but is now known
to be a constituent of ribosomes; Two experiments strongly
suggest synthesis of tRNA does not occur in the nucleolus.
(1) Autoradiographs of L cell nuclei after incorporation
of (BH)-cytidine show that radio-activity is localised in
the chromatin and not the nucleolus, Perry (1965). (ii) tRNA
synthesis proceeds as efficiently in an anucleolate mutant of
Xenopus as in the wild type, Brown and Gurdon (1964).

As much as 85% of the RNA in cells is ribosomal
RNA (rRNA) and in nature occurs almost exclusively in
ribonucieoprotein particles: There are three kinds of
rRNA in the cytoplasm of plant cells; Two are large compared.
with tRNA. and have molecular weights of about 1;7 million and
0.7 million, (Loening, in preparation) and sediment at 28s
and 18s respectively, whereas the third.is the same order of
size as tRNA, has an approximate molecular weight of 41,000
(Lomb and Zehavi-Willner, 1967) and a sedimentation coefficient
of 55; Animal cells have éimilar rRNAs though the 28s and 16s
molecules at least have slightly larger molecular weights,
ﬁmening,lin preparation); The three rRNAs of plant chloroplasts,
plant and animal mitochondria; and prokaryotes are considerably
smaller, Loening and Ingle (1967), Dyer and Leech (1968), and

Loening (1968).
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Neither the primary, secondary or tertiary
structures of 28s and 18s rRNA are known, though base ratio
determinations suggest little base pairing occurs; Brownlee,
Sanger, and Barrell (1967), however, determined the nucleotide

sequence of Escherichia coli 5s RNA uniformly labelled with

(32P); The molecule consists of 120 nucleotides and does
not contain the minor nucleofides present in tRNA, A
secondary structure was constructed on the basis of
(i) maximal base pairing and (ii) the resistance of poly-
nucleotide fragments to digestion by ribonucleases; Base
pairing is less common than in tRNA, though, as with this
molecule, it occurs between the two ends of the polynucleotide
chain: Recently, Forget and Weissman (1967) determined the
nucleotide sequence of a mammaiian 5s RNA and suggested a
similar secondary structure; They noticed a sequence of
5 nucleotides common to both bacterial and mammalian 5s RNA
which was not involved in base pairing, But‘was complementary
to a sequence -of 5 nucleotides present in one of the unpaired
loops of all the tRNAs so far sequenced, and suggested these
sites may be responsible for the attachment of tRNA to the
ribosone,

The ribosome has a sedimentation coefficient of
80s (chloroplasts, mitochondria, and prokaryotes have 70s
ribosomes), and at low magnesium concentrations or at pH 8

or above, (Petermann, 1964) dissociateé reversibly into two
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sub-units, one sedimenting at 60s and the other at 40s.
The rRNA of the larger sub-unit was originally thought to
contain two molecules of 18s RNA, Midgley (1965), but recent
work using more adequate ribonuclease inhibitors suggests one
molecule of 28s (e.g; Click and Tint, 1967)1 In bacteria,
at least, the 5s RNA component is also attached to the 60s
sub-unit, Rosset, Monier and Julien, (1964); The 40s sub-
unit on the other hand contains one molecule of 18s RNA,

Investigations into the structural proteins of
ribosomes have been hampered by contamination of cytoplasmic
proteins which become absorbed on to the ribosomes during
extraction procedures; This problem has now been partially
overcome by serially washing ribosomes, McQuillan and Bayley,
(1966), or by subjecting ribosomes to DEAE cellulose
chromatography (Stanley and Watiba (1967). Ribosomal proteins
appear to be-predominantly basic though a few are a@eidic,
Osawa (1965). Moore, Traut, Noller, Pearson, and Delius (1968)
have sﬁcceeded in purifying 13 of the 26 préatein components of

the smaller sub-unit of Escherichia coli ribosomes. The.

molecular weights of the proteins range from 4,500 to 27,600

and have an average molecular weight of 14,500; Quantitative.
methods suggest there is one molecule of each ofAthe proteins

to each sub-unit, making it possible that there are approximately

60 different proteins associated with an intact ribosome.
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DNA - rRNA hybridisation studies by several workers,
using a variety of organisms, suggest rRNA is synthesised against
a DNA template. In pea seedlings (Chipchase and Birnsteil, 1963)
about 0.3% of the total genome, that is about 5QO cistons, is
complementary to the rRNA; Birnsteil, Wallace, Sirlin”and Fischberg
(1966) iéolated a minor component of DNA from the nucleolus of
Xenopus by cesium chloride centrifugation in an angle rotor and it
amounted to some 0;2%.of the total DNA., It hybridised specifically
-to rRNA and was found to be absent in the anucleolate mutant.
Huberman and Attardi (1967) demonstrated that the cistrons for rRNA
occurred solely in the chromosomes involved in nucleolus formation,
It seems likely therefore that rRNA is synthesised against a DNA.

template in the nucleolus.

Vaughan, Warner and Darnell (1967), working with Hela cells,
described pulse chase experiments with (BH) ~ uridine in which a
rapidly labelled RNA, haviﬁg a sedimentation coefficient of Lss,
could be detected in the nucleolus. The 45s RNA rapidly broke down
to two molecules, 18s RNA and 32s RNA, The 18s RNA combined with its
full complement of structural ribosomal proteins and passed into the
cytoplasm as the 40s ribosome sub-unit after 10-15min., The 32s RNA.
broke down further to 28s RNA in the nucleolus, combined with ribo-
somal protein and passed into the cytoplasm as the 60s sub-unit, the
whole procedure taking about 1 hr., Weinberg, Loening, Willems and
Penman (1967) used polyacrylamide gel electrophoresis to detect

ribosomal precursor RNAs instead of the more usual sucrose gradient

centrifugation
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methods and detected several other short-li§ed RNA inter-
mediates. Preliminary results by Loening (1967), using

pea seedlings, suggest that a similar mechanism of rRNA
synthesis occurs in plant tissues; Approximate molecular
weight determinations by Weinberg et al (1967) suggest that
"just over one half of the 45s RNA becomes rRNA and the rest
is lost during processing. This is in contrast to plant
tissues, Loening (in preparation), where most of the 45s RNA
appearsto be ribosomal,

The mechanism of the coating of 28s and 18s RNA.
molecules with stfuctural proteiﬁs is ndt clear. The process
is a sequential one and requires some 15 to 20 min, "in vivo"
with Hela cells, Warner (1966). It presumably occurs in the
nucleus since rRNA ﬁever occurs free of protein in the cyto-
plasm, Girard, Latham, Penman, and Darnell (1965) and Joklick

and Becker (1965);

The presence and function of the nucleus in higher
organisms complicates the definition and identification of
mRNA proposed by Jacob and Monod (1961): After a history
of conflicting ideas, it is now generally agreed that a large
part of the messenger-like RNA of the nucleus is broken down
in the nucleus and does not reach the cytoplasm, Birnboim,
Pene and Darnell (1967) and Bramwell and Harris (1967)& This:
RNA is not therefore a messenger in the strict sense since it

does not direct protein synthesis in the cytoplasm. Experiments




cellbe.

attempting to study mRNA from extracted nuclei may therefore
be difficult to interpret,.

The identification of mRNA in the cytoplasm
associated with ribosomes on the other hand is unequivocal.
Since the expected length of mRNA appeared too long to be
accommodated on one ribosome, the concept of the polyribosome,
or polysome, arose as an aggreg%te of ribosomes joined by a
strand of mRNA; Experimental'evidence by electron microscopy
and sucrose gradient analysis has confirmed such structures,

Flectron micrographs of fixed tissues suggest that
polysomes usually occur in coils or helixes attached to
membranes, or free in the cytoplasm (ezgl for plant tissues,
Bonnet and Newcombe, 1965); In many cases a fine thread is
visible connecting the ribosomes together, and since it has
the dimensions expected of mRNA and is very sensitive to
ribonuclease, it has been concluded to be mRNA, '

Single ribosomes and polysomes may be separated
from one another by density gradient centrifugation; Brieff
"in vivo" incorporation of labelled amino-acids into soya
bean roots, (Lin, Key, and Bracker, 1966) and cotton seedlings
(Waters and Duve, 1966) resulted in a preferential labelling
of polysomes over the free ribosomes; Treatment of the
microsome suspension with low concentrations of RNAase,

brior to gradient centrifugation, resulted in a loss of the

polysome fraction.
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The polysome fraction appears to be heterogeneous
in most tissues and electron microscopy shows that the number
of ribosomes in a polysome is variable; This heterogeneity,
it is believed, reflects the varying sizes of the mRNAs;

In a reticulocyte cell, where effectively only one protein,
namely haemoglobin is formed, the polysomes predominantly
consist of 5 ribosomes (Rich, 1963),as opposed to a range

of 10-50 in plant cells: Since mRNA is unstable, very
careful methods have to be employed to preserve the polysome
structure, and it is possible that some of the heterogeneity
obtained by sucrose gradients could be polysomal fragmentation;
In spite of this, the polysome is a very good source for the
isolation of mRNA, and indeed since polysomes of different
sizes can be partially separated by density gradients, it
makes possible the isolation of different mRNA molecules
from the same tissue;

Polysomes, unfortunately, cannot be prepared in
quantity, and since naked mRNA in particular is very susceptible
to breakdown, mRNA has not yet been truly isolated. Drach and
Lingrel (1966) were able to isolate an RNA fraction from
reticulocyte polysomes which had a molecular weight expected
for a mRNA acting as a template for haemoglobin synthesis.

The fraction stimulated the "in vitro" incorporation of amino-
acids into haemoglobin only when reticulocyte ribosomes were

used, With Escherichia coli ribosome preparations, the RNA
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stimulated incorporation but not into haemoglobin. The
authors suggested therefore that RNA was acting as an
_activator rather than a messenger;

mRNA. synthesis is catalysed by a specific enzyme,
RNA polymerase; (for review see Singer and Loder, 1966).
The mechanism by which mRNA is transferred from the nucleus
to the cytoplasm is not understood; It is widely believed
~however that the mRNA travels in the form of a particle so
that it is protected from ribonuclease activity, Two different
partic}es have been claimed to contain mRNA, Work by Jocklick
and Becker (1965), Latham and Darnell (1965) and McConkey and
Hopkins (1965) on mammalian cells suggests that mRNA is
transferred to the cytoplasm attached to the 40s ribosomal
sub-unit; When the Hela cell was infected with polio virus,
Jocklick and Becker (1965) were able to detect a rapid pulse
labelled RNA, presumably mRNA,in the nucleus, which after
30 sec;‘became attached to a particle sedimenting at a
similar rate to the smaller ribosome sub-unit; This pulse
could be very rapidly chased into the cytoplasm and finally
into polysomes: They could not detect this mechanisny in
uninfected cells however; McConkey and Hopkins (1965)
prepared naturally occurring free 40s ribosomal sub-units
from the.uninfected HeLa qell cytoplasm and found that the
RNA. hybridised with 8% of fhe homologous DNA suggesting that

mRNA was present;
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Spirin, Belitsina, and Ajtkozhin (1964) and Spirin
and Nemer (1965) discovered a new particle in the cytoplasm
of sea urchin embryos which had a similar sedimentation
coefficient to the 40s ribosomal sub-unit and consisted of
RNA and protein; Unlike the 40s sub-unit, the particle.
contained considerably more protein than RNA, and the RNA
iwas conclusively shown not to be ribosomal but appeared to
have. similar properties to those expected of mRNA, since it
stimulated amino-acid incorporation in an "in vitro" protein
synthesising system, and annealed to 40% of the total DNA.
genome; Spirin et al (1964) appropriately called these
particles "informosomes"; Samarina, Krichevskaya, and
Giorgiev (1966) obtained evidence that infogg%mes could be
involved i& transferring mRNA from the nucleus to the cytoplasm,
when they identified such particles in the nuclei of rat liver,
They experienced great difficulties in extracting and character-
ising the RNA.because of its great instability, but suggested
a sedimentation coefficient of approkimately 30s, Recently,
Infante and Nemer (1968) have further characterised these
particles in the sea urchin embryo and by treatment with
formaldehyde followed by cesigm chloride centrifugation,
demonstrated that they were heterogeneous, the heterogeneity

being a function solely of the RNA, which varied from 10s to

4os;
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It is difficult to assess the validity of these
two mechanisms. Infante and Nemer (1968) suggested the 40s
sub-unit-mRNA complex is an artefact of extraction since RNA.
extracted from informosomes of sea urchin embryos preferent-
ially bound very tightly to 40s ribosomal sub-units. Although
there is 1little doubt that informosomes exist, their function
has not been fully"substantiated; It is possible that they
may solely serve as cytoplasmic storage organelles for mRNA.
and not be directly concerned with protein synthesis;

Although the mechanism of the transfer of mRNA from
the nucleus to the cytoplasm is not understood, a. clearer

"picture of the. actual synthesis of protein on the ribosomes

is now emerging, It is fully appreciated why the ribosome

is so complex. and is synthesised in a complicated though

ordered and precise manner., The ribosome must have the ability
to stereochemically recognise and bind with mRNA, tRNA and
probably several enzymes and co-factors,

Takanami and Okomoto (1963) tested the ability of
several synthetic polynucleotides to bind to isolated ribosomes..
In all cases, they bound specifically to the smaller ribosome
sub-unit. Takanami and Zubay (1964) discovered that when
ribonuclease was added to a mixture of ribosomes and the
polynucleotide, poly U "in vitro", a small amount of poly U,
presumably thét part which was chemically bound to the ribosome,

was not degraded. Chromatographic methods revealed that the
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undengraaed portion of poly U consisted of 27 residues;
Calculating the linear lenéth of this chain, and knowing the
dimensions of the 40s sub-unit, they were able to conclude
that the polynucleotide could only bind along the long axis.
of the particlé, i.e. at right angles to the long axis of
the 60s sub-unit , assuming binding occurs in one plane only..
The nature of the binding of mRNA to the ribosome was elucidated
by Moore (1966) who chemically altered different chemical groups
of the ribosomes and tested their ability to bind synthetic poly
nucleotides; He was able to show that binding occurred by
hydrogen bonding between the amino-groups of rRNA and the
phosphate groups of the polynucleotide. Such specific
bonding would not occur in the absence of ribosomal protein
suggesting that the protein establishes a precise three
dimensional structure for rRNA,

Cannon, Krug, and Gilbert (1963) established that
amino-acyl tRNA. "in vitro" attaches solely to the larger
ribosome sub-unit; They went on to suggest that binding
occurs through Mg** bridges by phosphate groups of tRNA and
28s RNA.. Recent work (see review by Schweet and Heintz,

1966) suggests that there are two sites on the ribosome for
the: attachment of tRNA, One has been called the "acceptor
site" and here the amino-acyl tRNA, whose anticodon is
complementary to the codon of the mRNA - 4Os sub-unit complex,

attaches itself to the ribosome. The amino-acyl tRNA. - mRNA
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complex simultaneously formed then becomes associated at a
second ribosomal site, the '"polymerisation site'', where the
amino-acyl residue forms a peptide bond with the adjacent
amino-acyl residue of the growing peptidei

The mRNA. appears in this mechanié@ to move in one
direction relative to its attached ribosomés with the. con~
comitant growth of the polypeptide chains at each ribosome;
Wettstein, Stachlin, and Noll (1963) confirmed this movement
of the mRNA relative to the ribosomes and further showed a
stepwise movement, successive groups of three nucleotides
becoming attached to the ribosome to be paired with the.
complementary nucleotides of the tRNA; It is uncertain as
to which component of the polysome actually moves, but in the
case of polysomes attached to membrane, it would seem probable
that it is the mRNA strand.

Electroﬁ microscopic investigations suggest that
some ribosomes occur attached to the endoplasmic reticulum;
Blobel and Potter (1967), working with rat liver, treated
membrane bound ribosomes both "in vivo' and "in.vitro" to
chemically remove mRNA and tRNA, The ribosome - membrane
association was not affected, suggesting there is a binding
site on the ribosome for the attachment of membrane. Sabatini,
Tashiro, and Palade (1966) added increasing concentrations of
EﬁTAﬁto isolated guinea pig hepatié membrane bound fibosomes

and showed a preferential detachment of the 40s sub-units.
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Much higher concentrations of EDTA were required to detach
60s units from the membrane, and they concluded that the 60s
sub=unit montained the membrane binding site; This was
tentatively corroborated by electron microscopy;

Ribosomes, as well as being attached to endoplasmic
reticulum, also exist free in the cytoplasm; Different cells
or even the same cells at different stages in their life history
have varying numbers of free and membrane bound ribosomes.
Generally; cells which are actively dividing tend to have
mainly free ribosomes, whereas undi#iding, differentiating
cells have mainly membrane bound ribosones, Secretory cells,
e.gl from the liver, pancreas and mammary gland, have almost
exclusively membrane bound ribosomes, and suggestions have
been made that these are preferentially synthesising enzymes
and proteins for "export"; Caé%ell and Sargent (1967).
Assuming interchange of the. two ribosome species does not
occur, a point which has as yet not been clarified, it might
well be possible that there is a structural difference betwéén
the two ribosome species, one having a membrane binding site
and the other lacking this site;

Although the cytoplasm.can be regarded as the chief
site of protein synthesis, organelles such as the chloroplast
and mitochondrion are also capable of ﬁrotein synthesis,
Indeed, it has become established that these two organelles

have their own nucleic acid complement which is distinct from
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those of the cytoplasm; Recent evidence suggests that
mitochondria and chloroplasts are only semi-autonomous,for
although plastid DNA codgs for some proteins, others are
coded for by nuclear DNA (Kirk and Tilney-Basset, 1967).

Morton and Raison (1963) and Morton; Palk and
Raison (1964) reported that the storage protein of wheat
endosperm accumulates in plastids called protein bodies,
from which could be isolated ribosomes, amino-acid activating
enzymes, and tRNA; Preparations of protein bodies were
found to incorporate radio-active amino-acids into several
protein components separable by starch gel electrophoresis,
Morton and Raison,(1964): Unfortunately, no attempts were
made to avoid bacterial contamination and subsequent work by
Wheeler and Boulter (1967) using broad bean seed protein
bodies and by Wilson (1966) using maize protein bodies,
obtained high levels of amino-~-acid incorporation "in vitro'
when bacteria were present, but when these were eliminated,
oﬁly slight incorporation occurred; Electron microscopic
investigations by Briarty (1967) suggested that broad bean
protein bodies are not plastids since they appeared to arise
"de novo" rather than arising from proplastids; He also
could not detect ribosome-like particles in protein bodies,
unlike. Morton et al (1964)..

These. findings therefore cast doubts on the results

of the Morton group, but the fact that the ribosomes removed
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from wheat protein bodies by sonic disruption have a
sedimentation coefficient less than that of cytoplasmic.
ribosomes (as has been reported for chloroplast and mito-
chondrial ribosomes) suggest that these are not contaminating
cytoplasmic ribosomes; It is possible, therefore, that the
protein bodies of wheat may be fundamentally different from
.those of maize and the broad bean.

Plants, in contrast to animals, often store energy
reserves in the form of protein; This situation is probably
mo§t developed in the maturation stages of seeds of leguminous

plants, In Vicia faba (L), the broad bean, for instance,

massive protein accumulation 6ccurs over a period of approxime—
ately 40 days, at the end. of which 20% of the dry weight of
the seed, i;e. O;2g;, is storage protein; Assuming, therefore,
that nucleic acids are involved in storage protein synthesis,
this tiésue would be an ideal source for studying nucleic acid
metabolism: Furthermore, since storage protein consists
essentially of only two components, vicilin and legumin (
(Danielson, 1952), the tissue may eventually be useful for
attempting to isolate an mRNA coding for a known protein;

In the present study, the site of synthesis of
storage protein has been investigated; This has involved
RNA. determinations of extracted protein bodies and an
examination of the function and properties of free and membrane.

bound ribosomes throughout the development of the seed, A
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detailed analysis of the occurrence and change in levels of
the major nucleic acids during development was also under-
taken and related to other developmental processes occurring
in the seed, reported by Grzesiuk, Mierzwinska, and Sojka (1962),
Wheeler and Boulter (1966 & 1967), Davis (1967) and Yarwood (1968).
The function and fate of the nucleic acids and free and membrane
bound ribosomes dufing the germination of the seed, when the
nutrient reserves of the cotyledon are mobilised for transport
to the growing embryo, is also investigated;

In this thesis, heavy ribosomal RNA (the major RNA.
associated with the larger ribosomal sub-unit) is termed 28s
RNA, and light ribosomal RNA (the major RNA associated with
the smaller ribosomal sub-unit) is termed 18s RNA, These
are descriptive terms and do not imply that these molecules

sediment at exactly 28s and 18s respectively;
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MATERIALS AND METHODS

1, Biological Material

A, The developing seed

Seeds of Vicia Faba (L) var. Triple White were
obtained from Forizo & Co;Ltd;, Liverpool. Plants were
grown at The University of Liverpool Botanic Gardens, Ness,
Cheshire, during_l966; The F1 generation were grown at the
Science Laboratories, Durham City, during 1967;. Seeds. were
sown in pots dufing Februér&:in heated gfeenhouses, and the
young plants planted out of doors at the end of March. Other
sowings after this date were ﬁade directly in the open;
Crops were watered ﬁanually during drought;

Flowers were labelled on the-first day on whiéh
they were observed £o be fully open; At each age, pods of
approximately the same size were selécted for collection and
the material further standardised by selecting seeds of
approximately the same size from ;ach age of pod, In all
cases, large quantities of seed Qere picked and a random
selection used for the different analyses. Seedss for all

.experiments were used within 18hr. of collection;

B.. The dormant seed

130 day seeds of the 1966 crop were detached from

o )

the. parent plants and dried in a ventilated warm room at 25,
' to a constant weight., The dry seeds were stored in a dry

cupboard at room temperature,
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C.. The germinating seed

Dormant seeds derived from the 1966 crop were
imbibed in running tap-water for 24hrs;, and surface. sterilised
by rapidly shaking with 5 vol. 10%'7W/v) calcium hypochlorite
solution for 20min; The seeds were directly placed in moist.
vermiculite at a depth of approx; L cm: below the surface, and
were germinated at 20° with a 12hr. light, 12hr, dark cycle;
The. vermiculite, which contained a nutrient medium (Hewitt,
,1952)’ was watered with sterile tap water periodically.

Large. quantities of seeds were germinated, and
cotyledons of average size and weight were selected; A strict
examination for infection was maintained, and contaminatéd -
cotyledons were rejected;

2, Chemicals

Except for those listed below, chemicals were
obtained from British Drug Houses Ltd., or May & Baker Ltd.,
and were of analytical grade when availablel |
Hyflo Super-cell ) John=Manville Products Co;, London

Whatman Chromedia CF 11 Baltson Ltd., London

)
)
Fibrous cellulose powder )

Bovine serum albumin, fraction V. ) Sigma Chemical Co.Ltd.
) -

‘Sodium deoxycholate ) London.
Nonidet, P.40. ). Shell Chemicals U.K. Ltd,

Oxo0id nutrient broth No.2

Ringer solution tablets Oxoid Ltd., London

)
)
)
)
)

(quarter strength)
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2- mercaptoethanol. ) Kodak Ltd., London.

Chloramphenicol. ) Parke, Davis & Co., Hounslow, England,
2 - 5 diphenyloxazole (PPO); )  Beckman Instruments Inc;,
1, 4 - bis (2 = (5 - phenyl % California, U.S.A,
oxazolyl) - benzene.(POPOP); i
Dowex.1l x 4 (200 - 4OO mesh) ) Dowex Chemical Co.,,
g Michigan, U.S.A,

Solid carbon dioxide. ) The Distillers Co,Ltd., Bootle, Lancs.,

("Cardice") ; and Gateshead, Co. Durham,.
Difco malt extract 2 Difco Laboratories, Detroit,

; Michigan, U.S.A.

Radio=-active chemicals

Radio~active chemicals

Radio-chemical Centre, Amersham,

were purchased from The

Bucks., and were :=-

Uridine =5 -.(3H). High specific activity (18 -- 20

curies/mM) and sterilised.

D;l. - leucine =-- (BH.) .

uniformly labelled., High.
specific activity (20 - 25

curies/mM) and sterilised.

Orthophosphate:—-(szP); High specific activity

(43 ~-95 curies/mg;phosphorus)

and sterilised.
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3; Preparation of reagents and solutions

M01ybdivanadate solution for the determination

of phosphorus

Solution A.

Ammonium metavanadate 1.25g:

Dilute nitric acid (1 part nitric acid conc; and

1 part water) :1;;; 100ml;

Solution B,

Ammonium molybdate 50g.

Distilled water 400m1.,

Pour solution B into solution A, dilute to I 1.

with distilled water and mix.

Solutions for Lowry's Folin method of protein

determination

Stock solution A;
| Sodium carbongte.(anhydrous) 20.0g,
O;OlN sodium hydréxide solufion to 1 l;
Stock solution B; '
Copper sulphate (5HéO)‘ l.Og;
Distilled water to 100mi..
Stock solution C;
Sodium or potassium tartrate 2.0g;

Distilled water to 100ml,
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Working solution D. (Made up on the day of protein

determinations).

Stock solution A 50,0ml..
Stock solution B, 0.,5ml,
Stock solution C; O.Sml;

Solution B is mixed with solution C before
solution A is added;
Working solution E;

1l N Folin and Ciocalteu's phenol reagent;

Extractant for protein body isolation

0.5M sucrose
0.002M magnesium chloride
0.1M potassium phosphate buffer, pH 7.0

Extractant for microsome isolation

0.45 M sucrose

0;005 M magnesium chloride

0.016 M potassium chloride

0.007 M 2 - mercaptoethanol

0.05 M tris buffer, pH 7.60 at 0°.

Solutions for sucrose density gradient analysis

of microsomes and ribosomes

10%. (w/v), 15% (w/v), 34% (w/v), and 68% (w/v)
sucrose in =

0;005 M magnesium chloride

OiOl6 M potassium chloride

0.05 M tris buffer, pH 7.60 at 09,
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Scintillation fluid

I. PPQ. 5.0%.
Naphthalene - 100g;
Dioxane to 1 l;

II. PPO. | 6.0g.
Dimethyl POPOP | 0.10g.
Tolwene . to I.l:

Nutrient medium for germination of seeds

Calcium nitrate (4H20) 0;80g.
Potassium nitrate - 0,3k4g.,
Magnesium sulphate (7Hé0)- 0.38g.

Sodium dihydrogen orthophosphate

(2H,0) 0.20g.
Ferric chloride. 0.07g.
Distilled water to 1 1.

Microbiological materials

I: Nutrient agar:
Oxoid No;2 nutrient broth powder 25g;
Davis New Zealand agar A 6g;
Distilled water to 1 l;
II; Malt agar:
"Difco" malt extract 20g1
Davis New Zealand agar 15g.

Distilled water
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III., Beef peptone agar;

"Bovril" beef extract 3g.

Peptone lOg;
Davis New Zealand agar ng;
Distilled water to 1 1,

L4, Water content of seeds

50 or more seeds were selected from each of the
various ages collected, separated into cotyledons and testas,
and weighed before and after lyophilisation.

5., The extraction and estimation of RNA of seeds

A, Extraction

The extraction procedures of Smillie & Krotkov (1960)
and Hutchinson & Munro (1961) were modified and combined for
use with lyophilised bean meal in a similar manner to that
of Wheeler (1965);

Approximately O;Sg. bean meal was stirred in a
centrifuge tube with 10ml; methanol. containing 1 drop of
formic acid for 5min; at room temperature; The suspension
was then centrifuged and the residue treated in a similar
manner with two more aliquots of methanol and formic acid.

The final residue was stirred with IOml; 5% (w/v) trichloro-
acetic acid (TCA) at 2° for lmin;, and the slurry centrifuged.
The procedure was repeated twice on the residue.

.. The residue was next stirred with 10 ml., of each

of the following solvents, centrifuging between each treatment :-
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(1) Briefly with 10 ml.. absolute ethanol;

(i1) 10 ml. ethanol for 1Omin.

(iii) 10 ml. ethanol/chloroform (3:1)(v/v) for 10min.
(iv). 10 ml.. ethanol/ - vs 39 9y 1Smin.

(v) lO.ml;-ethanol/ether (3:13)(v/v) for iOmin;

(vi) ,, . . sy 93 3 l5min.
(vii) 10 ml. ether.

The final residue was dried by holding the centrifuge.
tube in a water-bath at 609 and gently stirring the residue;
When dry, the contents of the tube were hydrolysed with 10 ml..
O;3N potassium hydroxide for 18hr. at 370; The tube was then
cooled at OP and the contents acidified to pH 2 with perchloric
acid solution (pH paper) and left to stand for 30min; in an ice-
bath; The precipitate formed was removed by centrifugation
and washed three times with perchloric acid solution, pH2 at
20; The supernatant fluid plus washings were adjusted to
pHi 8 with a concentrafed solution of potassium hydroxide and
made up to a known volume with distilled water.

This solution, containing RNA nucleotides, was
purified on a 5 x 1 cm. column of Dowex 1, chloride form..
After applying a known volume of sample to the column, the
column was washed with 20 ml; O;OlM sodium chloride solution
and the RNA.nucleotides eluted '"en masse'" by 50 ml. 0.37M

sodium chloride, 0.77N hydrochloric acid, and made up to a

known volume,
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B.. Estimation

RNA was estimated by its absorption at 260 mp
against the sodium chloride, hydrochloric acid eluting
solution, assuming a molar extinction coefficient of 10.8 x 103v

C.. The estimation of contaminating compounds

during the extraction procedure

I; Free nucleotides by their phosphorus
content;

Phosphorus was estimated by the method described in
Method Sheet No.53 of Unicam Instruments Ltd. (1960), modified
for use with RNA extracts from bean meal by Wheeler (1965).

A. calibration graph was prepared (Figll) using
solutions of "Analar" grade potassium dihydrogen orthophosphate,
previously dried at 1050 for 24hr;, containing a range of
phosphorus concentrations from O to 40 ug;/ml;

II; Protein

Protein was estimated by the method of Lowry,
Rosebrough, Farr and Randall (1951); A calibration graph
was prepared (Fig.2) using solutions of bovine serum albumin,
previously dried "in vacuo" over conc; sulphuric acid for
48hr:; containing a range of protein concentrations from Q
to 120 ng./0.6ml..

6; Cell number determinations of developing cotyledons

Two methods were used; method I was used at all
stages in cotyledon development, whereas method II was used

only on cotyledsons aged between 27 and 35 days.
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Fig.2. Calibration graphs for the determination of protein

by the method of Lowry et al (1952)
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Method i;

This method was modified from that of Loewenburg
(1955) ..

60 to 80mg; of lyophilised cotyledon material were
placed in a specially elongated Thunberg tube of internal
diameter 1 cm:, and 4ml; of 7;5%"(w/v) chromic acid in 0.8N
nitric écid was added; A drop of n-octanol was added to
reduce frothing and the mixture was contihuously infiltrated
for 18hr: The tube was then violently shaken for 10min, and
the solution reduced with excess sodium bisulphite; The sides
of the tube were washed with distilled water and the volume
reduced to less than 5ml. with an infra-red evaporator,
Finally, a drop of 1% fast green was added, the volume was
made up to 5ml;, and the cells were counted on an haemocytometer
slide.

Method II.

This~method is simi}ar to that of Brown and
Rdckless-(l949) but has been modified to give a more vigorous
" maceration procedure;

60 to 80mg; of lyophilised cotyledon material were
placed in a modified Thunberg tube described above, and
continuously infiltrated with 4mI; of 5% (w/v) chromic acid
and one drop of n-octanol for 12hr; The sample was then

further treated as described in method I..
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7. Methylated albumin-kieselguhr chromatography of seed

nucleic acids

A, - Esterification of serum albumin

Methylated serum albumin was prepared as described
by Mandell and Hershey (1960),.

B; Preparation of methylated albumin-kieselguhr

i éolumné
Methylated albumin-kieselguhr (MAK) columns were
prepared as described by Mandell and Hershey (1960) with
improvements suggested by Sueoka and Yamane (1962) and
Yamane and Sueoka (1963). The columns were l;8cm. in
diameter and about SCm; in height;
4g; kieselguhr (hyflo suRer-cell) were added to
20m1; of 0.,1M sodium chloride in O;OEM.sodium phosphate
buffer, pH.6;7, in one beaker, and O;Bg. kieselguhr was
added to 5ml, buffered 0.1M sodium chloride in a second
beaker; The contents of both beakers were boiled to remove
dissolved air and then cooled; To the first suspensiion,
1ml. 1% (w/v) methylated albumin in water was slowly added
with stirring; Then,a further 7;5m1: of O;lM sodium chloride
was introduced;

The sinter of the glass column was covered with a
Smm, thick pad of moist cellulose powder, The methylated
serum albumin kieselguhr suspension was then carefully poured

into the column and packed under air pressure, /ﬁme column was
oand wao fellauned ‘-»a Yaa antvroducWNom  of Vg
k.«e.sn_lnu.\:\: Tuotansian,
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washed with at least lOOmll O;BM sodium chloride in O;OSM
sodium phosphate buffer, pH.6;7,and stored in a cold room
at 2 - 4° until required; A column was used for only one

nucleic acid fractionation,

C. Extraction of nucleic acids

A modified phenol extraction method (Kirby, 1965)
was used:

10 --l5g; of sliced cotyledons or testas were
homogenised with 40ml; 6% (w/v) 4