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SUMMARY,

The method described by Yeoman, Dyer and Robertson (1965)

for the culture of explants of Helianthus tuberosus tuber

tissue was develobeditbigive:a‘sy%tém:suitwble for the study
of RWA metabolism in cell division. The system developed is
convenient to handle and involves bulk cultiure of explants
in a completély defined liquid medium, About 90% of the cells
eﬁter'the synchronous first division., Light is a potent in-
hibitor of cell division, The tissut has a constant response
for six months of the year. The systenm prov;des a unique
opportunity for the examination of the.biochemistry of cell
divisicn and its induction in higher plant tissues,

Methods were developed for the rapid estimation &f the
DA, RiA and protein contents of explants,

Present knowledge of the place of RITA in the bontrol
of growth. is consldered, The temporal and causal relations
between RNA and protein synthesis and cell division are re-
viewed faor a variety of organisms, Various aspects of RIA
synthesis were exaemined in the artichoke explants using
polyacrylamide gel electrophoresis, Methods for the extrac-
tion of RNA from the tissue were investigated with regard
to RIJA yield, subecellular fractionation and degradation of
RNA during extraction, Using this'knowledge, the syathesis
of riboscmzl RNA was investigoated. Kinetic and base comﬁg-
sition data suggest that an RVA of molecular weight 2,07
miliion is a précursor to both ribosomel RNA molecules,
This precursor is comﬁared with precursors in animal cells,

A rapid laebelling of ribosomal RVA by an unknown mechanism



wvas also found, Heterodisperse, rapidly labelled fractions
were found in the nucleus and cytoplasm, That in the nucleus
is heavier than the cytoplesmic heterodisperse fraction, and
does not appear to be a simple precursor to it,

Studies of RVA synthesis during the early cell divisions
showed stepwise accumulation of ribosomal RWA, with max-
imum rates of accumulation Jjust before the onset of DNA
synthesis and at the time of the first division, Protein
accumulation and phosphete uptalke also increased at thesc
times, .

Various DNA-binding antibiotics, Se-fluoro-uracil, hor-
mone conditions in the medium and light were investigated
for their effects on cell-division and on DA, RNA and pro-
tein accumulation, It was found that protein accumulation
cail occur withouf RMA accumulaticn, and that protein and
R¥A accumulation can occur without cell division, The
pattern of HWA accumulation remained stepwise when DNA syn-
thesis wes inhibited by mitomycin. Thesec results favour an
interpretation of the peripdicity of early metabolism as a
consequence of excision and 2,4~D supply rather than as a
conseauence of the cell division cycle., Huperimconts with
S5-fluoro=-uracil and thymnidine showed that a period of
RITA éynthesis is required for the induction of DNA synthesis
and cell division. Later RNA synthesis, not required for thé
first division, is reguired for the occurrcace of the

second and subsequent divisious,
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ABBREVIATIONS,

DNA deoxyribonucleic acid, ' fe foot candles
RHA ribonucleic acid. ' Aseo Absorbance at
r-RNA ribosonal ribonucleic acid, 260 nm,
t~RHA transfer ribonucleic acid, Kl mnillion,
m=-RiA messenzer ribonucleic acid, S sedimentation
D=RNA DNA-like ribonucleic acid, - co~efficient,
Iy Adenvylic acid (AMP).

C Cytidylic acid (CMP).

G Guenylic acid (GMP).

il Uridyliec acid (UMP),

T Thynidylic acid (TMP).

TP Thywidine triphosphate,

TCA Trichloroacetic acid,

PCA Perchloriec acid.

tris tris(hydroxymethyl)aminomethane,

DMsO Dimethyl sulphoxide,

LDTA Bthylenedieaminetetraacetic acid,

THS Sodium tri-isopropylnaphthal enesulphonate,

REE Sodiuvm napathalene 1, 5-disulphonate,

LmAS Sodium Leamino salicylate, |

SDs éodium dodecyl sulphate,

244=D 2y 4=dichlorophencxyscetic acid,

POP 2,5=diphenyloxazole,

POPQOP a—p—phenyleﬂkbis(5—phenyloxazole)

5=-FU 5=fluoro-uracil i
FUdR 5-fluoro~deoxyuridine, ‘
Diase deoxyribonuclease,

Rilase ribonuclezse,
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INTRODUCTION,

Little is known of the molecular mechanisms controlling
cell division and its ounset in previously non-dividing tissues,
E:dsting work points to an important role of ribonucleic acid
in these controls, This thesis is an examination of RNA meta~
bolism and its coﬁnection with cell division in dividing Jer-

usalem Artichoke tuber cells,

1., The development of a system for cell division studies,

Growth in micro-organisms is basically cell division
combined with the maintenance of cell size, This simplicity
has prompted many investigations into cell dvision in these
organisms, In higher organisms, growth is more complex, involy-
ing cell expansion, cell specialisation and inter-cellular co-
ordination as well as cell division, The study of cell divisién
in higher organisms is therefore facilitated by choosing a s%t— .
uation in which cell diviéion occurs in some degree of isola;
tion from the other growth processes, Some criteria of an iieal
syatem for the study of cell division are:

Uniformity of cell type.

Uniformity of cell behaviour, A high percentage of dividing
cells is desirable té eliminate possible side~effects from tge
metabolism of non-dividing cells. l

Syanchrony of division permits the determinatioﬁ of temporal
relations between céll division and other aspects of metabols

ism, Systems in which éynchrony is inherent or induced mech—F



anically are preferable to those in which synchrony is a re-
sult of chemidal treatment, which might introduce undesirable
side effects,

The material must be available in amounts sufficient for
biochemical analysis, and should be available for use for most
of the year,

Freedom from growth processes other than 6ell division,

In the ¢ase of tiésue cultures, a completely defined med-
ium is desirable, to eliminate the chance of side effects from

unknown components,

In higher plants, various situations provide partial
fulfilment of these conditions,

Root and shoot tins, Meristematic regions containing cells

active in division, Culture of excised tips is possible (Gau-.
theret, 1932, 1959; Bonner and Addicott, 1937; Heyes, 1963).
However the organ contains a variety of cell types, and pro=-
ducts of division quickly embark on an expansion phase of
growth, The divisions are not synchronous, though Clowes (1%62)
has observed a éircadian rhythm in mitotic frequency in ggg"
root tips, Higher degrees of division synchrony have been i@y,
duced in root tips by treatment with S-amino-uracil, (Smith;'
Fursell and Kugelman, 1963; Clowes, 1965; Mattingly, 1966) :
Root tips have been of most value in studies of the developf'
ment of the cell from the embryonic state to the mature, diffe-
erentiated state. (Brown, 1963; Heyes, 1963). |

Gametogenesis. In the'gymnosperms, many cases of inherently

synchronous division occur in the formation of the female

gametophyte., These have been reviewed in detail by Erikson
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(1964), Little other than descriptive cytological work has been
reported for these tissues..They are not suitable for biochem-‘
ical studies because of the difficulty of obtaining large
amounts of material,.

The developing microspores of the liliaceous genera Lillium
and Trilliuu provide material with highly synchronous division;
which have been the subjects for considerable researche The
effects of radiation dasmage (Sparrow, 1951), changes in resp-
iration (Erikson, 1947) and nucleic acid metabolism (Hotta and
Stern, 1963, 1963a; Hotta,Parchman and Stern, 1968) are among
the aspects investigated, The disadvantages of this system in-
clude the difficulty of obtaining large amounts of material
and the long duration of the divisions., Only two divisions
occur, of which the first is a reduction division,

Tmbryoclogical situations, The nuclear divisions occurring during

the formation of ecndosperm have been studied by Bajer (1958,
1958a) and Bajer and Molé&~Bajer (1954). Although the division;
are synchronous, the synchrony has not been exploited for bioé
chemical study because of the difficulty of obtaining suffic-ﬂ
ient material, and because the divisions are dependent on fert-
ilisation, :

The growth of the embryo itself is a situation involving
cell division, Haber, Carrier and Foard (1961) and Haber (1952)
have studied the effects of auxin and kinetin on cell divisipn
and cell expansion as separable processes in this location,

kY

Local stimulation of division, Growth may be stimulated locafly

in previously non-dividing tissues, Micro-organism infection,
2eZs root nodules produced by the Rhizobium - legume symbio-

sis, and crown gall tumours induced by Agrobacterium may




provide especially convenient sites for the study of the in-
duction of cell division, Among aspeets of growth already
studied is the occurrence of endopolyploidy in the constituent
cells of the nodule (Mitchell, 1965).

Renewed cell division lecding to callus gzrowth is a
common reaction to physicgl damage in plants, (Haberlandt, 1921,
1922; Noel, 1968). This response forms the basis of most plaﬁt
tissue culture work, The capacity of highly differentiated plént
cells to revert to an embryonic, dividing state is an expression
of the hizh totivotency of plant cells, Thig is in direct con-
trast to the situaticin in higher animal c¢ells., Only rather t
atypical mammalian cells, such as the tumorogs HeLa line
(Scherrer, Syverton and Gey, 1953) or the baby hamster kidney'
line BHK 21 (MacPherson ond Stoker, 1962; Russel et. al. 1964)
will undergo protrzcied division and sub-culture satisfactoriiy.

In plznts, it was until recently only tissuves frowm dicoty-
ledons which yielded satisfactory tissue cultures, However iQ;
is now possible to establish cultures from monccotyledons such
as asparagus. (Wilmar, Hellendoorn and Maria, 1968)

Individuwal »lant cells may be cultured (Muir et. ale 1954;
Street énd Henshaw, 1963) but cell divisions are infrequent,:

Eriksson (1966) hes induced paritial synchrony ef division in.

suspension cultures of Happlopgppgglcells by Beamino=-uracil
or hydroxyurea Lreatméent,

Callus cultures with high levels of cell division have been
established using secondary phloem of carrot (Caplin and
Steward, 1948), potato tuber tissue (Steward =snd Caplin, 1951)

tobacco stem pith (Silberger and Skoog, 1963) and Jerusalenm
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Artichoke tuber tissue, (Yeoman, Dyer and Robertson, 1965).

Most of the work has been directed to the investigation of the
cffects of plant growth substances on growth and the develop~-
ment of new roots and shoots., For oxeample, Steward ot, al. (1964
described the growth of a complete carrot plant from a single
phloem tissue culture cell., One of the few studies directed at
the understanding of cell division as such was by Evans (1967)

with the artichoke tuber tissuc,

Cultures of artichoke tuber tissue have particular ad-
vantages for the study of cell division, These include a high
reproducibility of response.from individual explants (Robertw
son, 1965) and a year-round supply of adequate amounts of mat-
erial, The cells are uniformly parenchyma, except for a fraction
of one percent of tracheids., {Naik, 1965). Robertson (1965) aéd
Yeoman and Evans (1967) showed that the early cell divisions
are inhcrontly synchronous, Adamson (1962) and Mitchell (1967%
have shown that the cells of the tuber are all in the 2C staté,
and Mitchell (1967a) has shown that all cells contain similar
amounts of protein and RNA, The synchrony appears to be a re-
sult of placing similarly endowed cells in conditions stimul-
ating division at the same time.

There is also a useful background of other work on the
tissue, Robertson has investigated the long term growth of
callus cultures (Robertson, 1965), and Naik (1965) has studied
temperature ceffects, The influence of hormones onh cell divisibn
and cell expansion havc been considered by Adamson (1962) and
Sectterficld (1963), Other aspects studied include the effects

of auxin on expansion growth and respiration ( Bonner, Bandur-
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ski and Millerd, 1953; Hackett and Thimann, 1952); the effects
of auxin on expansion growth and protein synthesis (Thimann and
Loos 1957; Noodén and Thimann, 1963) and carbohydrate metaboligm,
{(Jofford and Edelman, 1963).

Some disadvantages of the sytem used by Yeoman, Dyer and
Robertson (1965) for short term division studies included the
use of an undefined medium and a culture method which did not
permit the growth of large amounts of material. Division activ=-
ity wes low, with only about 40% of the cells entering the first

division, Also, the response was subject to seasonal variation,

Section 1 of this thesis is conéerned with the following

ﬁodifications to the system to one more suited to the study of
RNA metabolism and cell divisions _
A. The system as déscribed by Yeoman et, al (1965, 1967) involv-
ed the culture of individual explants of tissue (8 mg fresh
weight) on agar or in roller tubes, The time required for setiing
up the cultures by this method limits the size of an experi—:f
ment to about 150 explants. A liguid medium, bulk culture system
was designed which permitted experiments involving 3000 expléﬁts.
é. Robertson (1965) showed that long term callus growth depegds
on the hormones 2,4=D and coconut milk, An examination of thé; |
stimulant requirements for short term growth permitted the
elimination of coconut milk giving a completely defined mediﬁ@.
The 2,4~D concentration was altered to the optimum for short
term growth, These modificafions increased the percentage ofr
cells entering the first diviéion from 4O to 65.

The effects of Kinetin, known to affect cell division ip

this tissue (Setterfield, 1963) were examined briefly,



-7 -

C. Haberlandt (1921, 1922) recognised the importance of mate
erials from the outer damaged cells in stimulating cell div~
ision in potato. tuber slices. Many reports record the secretion
of materials inﬁo the medium by growing tissues, including
amino acids (Tulecke and Rutner, 1965), chelating agents
(Devillers-Anson, 1961).and peroxidase (Lipetz and Galston,
195%). Robertson, (l965) reported gradual aﬁtolysis in the
outer cells of artichoke explants during culture,

The accumulation of materials in the medium during culture
was examined, An éttempt was made to find the significance of
the material from the outer, damaged cells for the process of
cell division in the tissue;

D. The culiure technigque used by previous workers with this
system involved excision and planting of explants in fluor-
escent light, followed by culture in total darkness, The effects
of light on other non-green tissue cultures are generally to
inhibit growth. Zeevaart and Kivilaan (1966) claimed an inhibiy
tion of cell division in flax cultures byl900 fca blue light, |
but baéed their measure of division on fresh weights only.

Klein (1964) found that green and near ultra-violet light in-
hibited the fresh weight increases of various tissue cultures
and crown gall cultures, while DeCapite (1955) reported a depend-
ence of carrot and virginia creeper growth on light and temp- |
erature,

In this investigation of the artichoke, light was found %9
be a potent inhibitor of cell division., Ixcision and plant- :
ing in dim green 1ight_raised the percentage of cells enter-.
ing the first division to 85 - 90,

T Robertson {(1965) and Evans (1967) showed that the tissue
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response rémained conétant for six months after harvesting the
tubers in November., After six months, tﬂé'lég ohase before the
first diviéion'began to lengthen. The séaséﬁal variation in re-
éponse of the.qﬁlture system developed in this thesis was exw
amined for = nqmber of factors. This permitted an evaluation
of the suitabiiity of the system for yegr_round examination of

nucleic acid metabolism and cell division,

2. RNA metabolism and the control of growth,

Ia bacteria, much is now knowh of the way in which RNA is
involved in the control of growth and response to cnviropnmental
change., The control mechanism hyvothesis of Jacob and Monod
(1961) was based on observations on induction and repression of
enzyme synthesis resulting from changes in the composition of
‘the culture medium, They postulated that information from the
gene for the synthesis of a specific protein is carried to the
site of protein synthesis by an unstable messenger RNA., The gene
from which the messenger is transcribed is a structural gene; Its
activity is controlled by a repressor, the product of a regulétor
gene, which by bindihg to an operator gene ajacent to the stfuctur-
al gene prevents transcription. Substances from the environment
cqntrol the activity of the structural gene by binding with ﬁhe
repressor, either to reduce or to increase its affinity for ?he
operator, ‘ E

The hypothesis has received considerable experimental veri=-
fication, Brenner, Jacob and Meselson (196L) and Gros est. al.

(1961) demonstrated an RNA fraction with messenger properties in
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bacteria, This m~RN4 has been shown to stimulate amino acid
incorporation into polypeptides in cell free systems, (Nirene
berg and Matthaei, 196l; Artman, Silman and Engleberg, 196?)?
Recently, Gilbert and Miller-Hill have isolated a protein :
which they claim is the repressor for the Lac genes,

In higher organismé, there are few examples of situations
where environmental change leads to specific and completely
understood biochemical reaction. Enzyme induction does occur
in higher plants, for exemple the induction of nitrate reductaée

by NO, (Xey and Ingle, 1964) but the phenomenon is rara,., There

3
are nany situations where envircnmental change leads to a
specific biological reéponse. Howaver the mechanism of this
response 13 often much more complex than the simple case of
enzyme induction or repression. Often a complex biochemical'or
biophysical mechanism is an intermediate between the stimulus
and its biological expression. Examples include the phytochrome
system in the photopseriodic induction of flbwering, and auxi§
in the tropic response of young shoots towards unilateral light.
Yet under different conditions, one intermediate mechanism méy
have diverse effects. Auxin, for example, may stimulate cell
divisioa or expansion in tissue cultures, yet c¢can reduce cell
expansion in root tissue and alse has effects on abscissionrof
lezaves and fruits, .

To explain development of cells in a constant environment,
it is necessary to vostulate internal control of gene action.
For example, in the roct tip, = cell beginrs in the dividing
state, and progresses through expansion and differentiation
phases during root growth, Brown (1963) has proposed that the

netobeolic state of the cell at any time acts as the inducer for
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the suéceedingzstage of development,

From _studies with inhibitors, it is known that RNA and
protein sfnﬁhesis are required for the?indgction of biologicgl
response aind the control of develdpment..Kgy (1964) has showﬂ
that RVA and protein synthesis are necessary for auxin induced.
cell expansion. A requirement for RNA and protein synthesis"f'éi
the develoﬁmeﬁt of respiration in potato tuber slices was shown
by Click and Hackett (1963). In the daveloping root cell system,
studies with 8-aza-guanine (Heyes, 1963) and ribonuclease
(Yeoman, 1962) have shown that RWA synthesis is necessary for
the induction of the succeeding sfage in the development.

Although the gross involvement of RHA synthesis is well
established, the precise mechanisms of gene control and RﬁA‘
action in higher organisms arc unknown, While a control systeﬁ
such as that proposed for the bacterial situation (Jacob and
Monod, 1961) might have a part to play in the mediation of
higher organism growth and response to environment, it is pdgs—
.ible that other control mechanisms are involved, including éqn—
trol at sites othor than the gene. Clearly a dotailed know-
ledge of the behaviour and syanthesis of RNA in higher organism
cells is necessary for a fuller ﬁnderstanding of the control of
biological events, Section 2 of this thesis deals with two

aspects of RNA metabolism in the artichoke tissue.

Synthesis of ribosomal RINA,

In bacteria, Hecht and Woesec (1968) have suggested sep=
arate precursors for the 233 and 16s ribosomal RNAs. The pre-
cursor to 168 appears to be 130,000 daltons heavier than the

16s; the »recursor to 23s 50-100,000 daltons heavier than 23s.



- 11 -

Hecht and Woese note the possibility that the fragments ro-
moved during the processing of the precursors mlght give rise:
to the 5z ribosomal RNA., This is consistent w;th tho rGSths of
Hecht, Blcyman end Woese (1963), which indicate an 1nd1roct
origin for 58 rather than & direct transcrivntioh frdm'kﬁuh

The synthesis of r-RNA in HeLa cells involves aiﬁéiygf§¥¥6n4
ic! 453 precursor synthesised in the nucleolus. (Perry, l9éé;
Scherrer, Lathams and Darnell, 1963; Penman 1966), This iz pro-
cessced in the uwucleolus through a serics of intermediates %o
yvield one 283 and one 18gs r-RNA moleculc, (Weinberg et. al..
1967), which then pass ianto the cytoplasm. The scheme suggested
for the precursor procassing is:

r-=RMA cistrons

on DA nucleolus,
L5 pils p3Es(?)—b325 p28s
5 ,
205(%) 5185 B cytoplasm.

In the toad Xenopus, Birnstiel cte ale (1968) have showq
that the 185 and 288 cistrons alternate along the DA, A4 heaﬁy
precursor, with a molecular weight of 2.5m 1s the first detegt-
able product of thesc genes,.

In plants, Lomberg-Holm (1967) reported a heavy, rapidly
labelled RKEA, which was not further characterised, Loocning
(1967) observed a high wmolcecular weight, highly labelled RNQ
in pea roots which was zimilar to the ribosomal precursor iﬂ

animal cells. Murphy and Lovett (1966) reported a hcavy, raﬁiﬂé

ly labcolled RNA in Rlastocladiella, which decreased in specific
cetivity during the 'chsse' incubation while the specific
activity of the r«~RWA increascd. There have been no other re-

ports, and no detailed characterisation of precursors in plant
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material.

In Section 2, a heavy RNA fraction is desecribed in artichoke
tissue. Anslyses of basc compositions and the kinetics of labell-
ing of this RNA and of the ribosomal RNAs suggest that the heavy
Ri¥4A is a precursor to r-RNA, in some ways éimilar to those re-

ported in animal cells.

Messonger RHEA.

According to the hypothesis of Jacob and Monod (1961),
messenger RNA should Ee hetarogeneous in weight, should label
ranidly and decay quickly, should reflect the base composition
of the DNA and should be made in the nucleus and transported to
tha cytoplasm,'thore to associate with ribosomes for protein
synthcsis. £11 thesce conditions are satisfied in the bcecteria,

In higher organisms, the situation is less well understood.
A hosvy, rapidly labelled, heterodisperse RFA is produced in tﬁe
nucleus of animal cells, (Scherrer, Latham and Darnell, 1963).;
Most of this iz broken down in the nuclegs. (Scherrer ct, al.,
1966; Harris, 19643 Bramwell and Harris, 1967; Birnboim, Pene
and Darnell,1967). A possible explanation was that this was
polycistronic messenger, such as has been found in bacteria
(Fricsen, 1968), which was broken down selectively so that the
messenger for one of the proteins only enterced the cytoplasm;
While this would account for the lower s values of the cyto-
plasmic'heterodispcrse RNA, rqunt raesearcn by Ponman, Vesco
and Pcnman (1968) suggests that in HeLa cells, nuclear and cyto-
piesiiic hetcrodisperse fractions are unrelated in their kinetics
of formation,

L .

In the cytoplasm, not a1l of the heterodisperse RIMNA appears



- 13 =

to be messenger, Penmén ete 31y (1968) reported a heterodis~
perse fraction in the cytorlasm of HeLa cells sedimenting be=
tween 10g and 705 which was distinctly different from the hetgro-
disperse RNA associated with the polyribosomes, sedimenting
between 8 and 30s, Clearly heterodisperse nature is no indication
of messenger functicn. .

The associsticn with polyribosomes might be considered
the best eritericn of messenger nature, This has focussed re-
search on cytoplasmic megsenger on thg reticulocyte, which pro-
duces about 90% of its protein as haemoglobin. (Lamfron, l96li.
But even im this simple situation, confusion oxists as to thcg
exact nature of the haemoglobin messenger, The triplet code |
hypothesis leads to an estimated sedimentdticn co~afficient o?
8s for the moessongere. Drach and Lingrel (1965) suggested a homo-
geneous 165 messenger, while Mathiés, Williamson and Huxley
(1964) proposed a hetcrodisperse (145 to 40s) distribution.
Gould, Arnstein and Cox (1966) presented data consistent with an
8s messcnger which is covalently bound to ribosomallRNA. |

The ultimate tcst of messenger nature is the ability of a
specific RWA to stimulate the production of a gpecific protein
in a cell free system from another organisms So far this has‘only
boen satisfactorily acheived with viral RNA (Ohtaka and Spiegel-
man, 1963)s Drach and Lingrell (1966) found that reticulocyte
‘messcnger RWAY did stimulate amine acid incorporation in an
B.coli cell frec systou, but the polypeptides produced re-

semblod E.coli proteins more than hacmoglobin., Arnstein and

Rahemimo£f (1$68) have suggested that differences in the method
of protein chain initiation betwesn animals and E. coli may
prevent transcription of hacmoglobin and other animal messengers

in the E. coli cell free systcil,
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In plants, RNAs with certaln messenger characteristics
have been reporteds, Loening (1962, 1965) found a rapidly turn-
ing over fraction in pea roots with a DNA-like basc compo=
sition., In the soybcan, a rapidly turning over, heterogeneous
in size‘RNA with DNA-like base composition was found to be
necessary for growth. (ingle, Key and Holm, 19653 Key and Ingle,
19643 Key, L966). An association of .some of this RNA with poly-
ribosomes has been demonstroted by Lin, Key and Bracker (1966).
While thiese fractionsg in plants probably contain messenger RNﬁ,
they might also include RN¥As similar to the nuclear heavy hetgro-
dispersc and cytoplasmic non-messenger fractions of HeLa cellé;
(Penman, c¢t, al. 1968), It is important for the fuller under-.
standing of control systems in the higher plant cell that the
naturc of the cytoplasmic messenger and its production are underv
stood, and that the significance of the other heterodisperse |
fractioas is determined.

This uncertainty about the nature of m-RNA makes it pre-
mature to attempt to explaiﬁ biclogical cevents on the basis of
changes in the synthesis of m-RNVA., In the artichoke tissue,
the investigation of heterodisperse RNA was limited to the
domonstration of such fractions in the nucleus and cytoplasm,

and a prelifiinary assesment.of their kinetics of labelling.

Techniques,.

Various techniques have baen empioyed for the study of
R4 metabolism, Autoradiography (c.ge Perry, 1962) has the
advantazc that it is not necessary to extract RNA from the tissue,
and the intracellular location of the newly synthesised RNA may

be determined. Woods and Zubay (1965) have developed a method
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with Vicia root tips for the selective extraction of t-RWA
from sections, This permits the examination of the location of
synthesis of known types of RNA

All other important mcthods for RNA study invelve the
extraction of RNA from thé tissue and its fractionaticn into
different molecular species by various methods, The extraction
method is regulred to gilve a.high yicld of RNA, it should noi
changs the nafure of the RNA, ce.g. by permitting degradation,
and it mey be reguired Yo give a meaningful sub-cellular frag-
tionation. Plant material prescnts special nroblems for RNA exe-
traction. The cell wall is teough and must be disrupted, This;
lcads to the danger of damage to the nuclous spoiling the cell
fractionaticn, and damage to the vacucle and other organelleéw
releasing acids and nucleases, Variocus methods of ‘tissue disé
ruption, sub=-ccliular fractionation and RNA extracticn weres
_ tested on the artichoke tissuc. Factors influencing the degréd—
ation of r-RNA during extracticn werc studied., From these
preliminery investigations, it was possible teo arrive at suitable
methods for the preparation of RNA from the tissue.

RNA may be fractionated by clectrophoresis on polyacryl-
amide gels (Loening, 1967) or on agar gels (Tsancv, 1965;
McIndoe and Muaro, 1967). Polyacrylamide gel clactrophoresis
was the method chosen for the study of artichoke RN¥A, The
fractionation is largely by molecular weight differenceé. The
resolution obtained by gol electrophoresis is much higher than
that obtainable by column chromatography on MAK (methylateq
albwzin-kieselguhr) (Mandell and Herschey, 1960) or by density
gradient centrifugation, twe other commonly used fractionation
methods, Polyacrylamide gel electrophoresis is also suitable for

the rapid processing of large numbers of RNA samples.
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3, RNA synthesis and cell division.

Studies on the relation between RNA synthesis and cell
divisicn may be divided into two groups, those which seek to
dofine the tcmporal rclations botween RNA synthesis and cell
division, and thosc which seek to interpret the Significance‘qf
Riia synthesis in the control of cell division,.

Clearly, many aspects of metabolism are closely linked to
INA synthesis and c¢oell division, Also, in the prescent state of
ignorance of messsnger RNA function and gene transcription conw
trol in higher organisms, the study of enzyme synthesis pro-
vides the best, though indirect, mcans of examining m-RNA active
ity. For thesc rcasons, DNA and protoin synthesis as well as=
RNA syntﬁesis have becn considerced ier the review of dividing

systems below and in the experimental work in Scection 3.

Studics on temporal reolations in the cell division cycle,

Al though asyanchronously dividing cells may be studicd by
the appropriatce microscopic techniques (e.g. Seed, 1963
Killander and Zetterberg, 1965), the majority of studies in

this field have beon made with synchronously dividing cells.

Mitosis, During mitosis the nuclear membranc is absent, An -
abrupt releasc oflRNA frof the nuclcecus fto the eytoplasm at‘ghe
time of disappearance of the membrane has beon reported in
Jmocba (Rabinowitz and Plaut, 1956) and HeLa cells (Prescotf
and Bender, 12962).

The nuclecolus, known to be the site of ribosomal RWA syn-

thesis (Perry, 1962; Birnsticl, 1967) disappears during nmitosis,
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and the chromosomes contract., Many reports suggest that this
affects their abllity to act as templates for RNA synthesis, In
the slime mould Physarum, Mittermayer, Braun and Rusch (1964)
found a reduccd rate of RYA synthesis during mitosis, Mitter1
mayer, Braun, Chayka and Rusch (1966) found a temporary decrgasc
in the proportion of ribosomes prescnt as polyribosomos shorﬁly
after mitosise They suggested that this was a result of ree |
duced m=RNA syanthesis during mitogis.

Using the meiotic division during microgametogenesis in
liliaceous plants, Hotta and Stern (1963) showed high rates of
RUA synthesis from pachytenc to diakinesis, and a lower rate
at metaphase., Hotta and Stern (1L966) reported that isolated
leptotenc nuclei or chromosomes (uncontracted) supported higher
ratces of RIA éyrlltllesis in vitro than did isolatced metaphase
nuclei or chromosomecs (contrascted). An interesting study by
MacKenzie, Heslop~Harrison and Dickinson (196?) suggested that
" most of the ribosomes are destroyed and resynthesised during :
meiosis.

In synchfonised HeLa cells, Bcharff and Robbins (1965)
showed lower rates of RNA synthesis during witosis. All types
of RN4 synthesis aprnearcd to be depressed. Johnson and Holl%ﬁd
(1965) reported that when Hela cells werc maintainced in netg-
phasec by vinblastince trcatment, protein and RNA synthesis wére
almost completely suppressed, and active polysomes disappeaﬁed.
The ﬁbsence of any RNA synthesis in an in vitro systen wheng
vurificd RNA polymerasc was added suggests that the contracged
]ji"-"f; wag unaveilable as a template, |

Measurements of gross RNA and protein contents of arti-

choke ecxplants (Evans, 1967, Mitchell, 1948), show that both
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components arc increasing rapidliy at the time of the first
mitosis. Only % of cells dividod in the system used by these
workers, but Mitchell (1967a) has‘suggested that only dividing

cclls acecunulate RNA,

Interphase, L crucial event in interphass is the replicaticn

of the cells Difh. In bacteria growing in log-phase, this occu{
pies virtually the whele of intcrphasc,. (Schacchter, Bentzon
and Maalgo, 1959). In the vast najority of higher organisms,
DA synthesis cccupies only part of ianterphasc. The terminology
of Howard and Pole (1953) is cou&onient in this connection, Tﬁe

period of DITA synthesis is S-phase, the period of interphase

procoeding it is GL and the period succecding it is G2, The

4]

rclative lengths of Gl, S8 and G2 vary greatly in different organe

&

isms. (Proscott, 1964}, In the artichoks system, a complication
is that thoe cells reguire a poeriocd of adjustment (GO) boefore
they can enter Gl. Evans (1967) has calculated the durations of

the phases as G0 + @GL, 8 hours; S, 14 tc 16 hours; G2, 0 to 2

During interphesc, different orgenisms exhibit diverse
pattarns of RNA, gross protein and specific enzyme synthesis.
Decrcasaed RiIL synthesis ratces during DNA replication have begn
observed in slime moulds (Wygaard, Gittes and Rusch, l960)ané

during microgameltogenesis in ¥radescantia, (Moses and Taylor,

1955; Siskin, 1959) and Tulbaghia.(Taylor, 1958),..This ﬁg;théught
to be because replicating DHA 1s unavallable as a template f?r
R4 synthesis. Confirmation of this comes from work on the mgcro-
nucleus of the ciliate Fuplotes. Prescott and Kimball (1961)

found RVA synthesis in all parts of the nucleus apart from those

N



regions making DNA, Various workers with HelLa cells, however?

have found no impairment of RNA synthesis during S-phase, 7
(Seed, 1963; Killander and Zetterberg, 1965; Scharff and Robbins,
1965). Reiter and Littlefield (196L4) did report a decrease iﬁ
nuclear RNA synthesis during early S-phase, but this may havé
been a side effect of division synchronisation by FUAR treatﬁent.
Scharff and Robbihs (1965) have calculated that less than Fhy
and probably only 1% of the HeLa cell genome replicates at one
times Nevertholess it is remarkable tuat the replicatidn of the
40C ribosomal RiIA cistrons, which are groupsd together, has no
e¢ffect on the raté‘of r-RNA synthesis,

Various organisms show marked periodicity of'syntheses
during interphase, In the slime moulds, Mittermayer et, 21,
(196L, 1966) have shown periods of increased RNA and protein
synthesis in early and late inferphase, with decreased activify
in mid-interphase. The DHA replication in this system occurs in
ecrly internhase. (Hygaard et. al. 1.960) Hotta.and Stern (19@55%
1963a) have shown a period of thymidine kinase synthesis just
before S-phase in microgametogenesis in Lillium, Hotta, Parcﬁman
and Stern (1968) have suggested that proteins essential forg
chiromosoie pairing and chiasma formation are synthesised be%
tween zygotene and pachytene, Robbins and Borun (1967) in HéLa

;
cells, and Prescott and Kimball (1961) with Euplotes observéd
that histones are synthesised at the same time as DNA.

The bacteria and yezasts provide many examples of perio%ic
enzyme synthesis in synchronously dividing material. (Maste%s
et. al., 1964; Hanawalt and Wex, 1964; Kuempel, Masters and
Pardee, 1965). In fission yeast, Bostock et. al, (1966) reported

that certain enzymes, such as aspartate and ornithine trans-
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carbamylase increase periodically, whils others, such as maltase
aﬁd sucrase increasse linearly during the division cyele,

The periodic increases in enéymes in bacteria and yeasts’are
not reflections of increzses in c¢istron number during DA ré%:
plication, Increases may occur at times other than S~phase.
(Bostock et, al. 1966) No increase in enzyme activity occursl
between the stéps. Nevertheless the time of increase in the
cell division cycle does appear to depend on the position of :
the geno on the chromosomes (Halvarson, 1966)

A similar periodicity for RNA synthesis has been reporteg
in E. coli.(Rudner et, al, 1964, 1965). Base composition analyses
sugrested that the RNA synthesised was rredominantly ribosomai.
The time of the burst of synthesis was also related to the cai-
culated positions of the genes on the chromosome. |

In the artichoke tissue, Bvans (1967) znd Mitchell (1962%,
1968) have shown a periocd of increase of RNA and protein just

before the beginning of the first S-phase. The RNA and protein

contsgys remained constent during the S-~phase and the short
Py .

.or

G2, and then increased at the time of the first division. fnl
Section 3 of this thesis, the first aim was the description 6f
changes in-r-RNA, t-RNA and protein during the first few divisions
in tissues with high levels of cell division., All three features
showed a narked periodicity of‘accumulation. In an attempt to
relate this to the cell division cycle, changes were examined in
explants prevented from dividing by strong light, hormone coh—
ditions and mitomycin C., Iyer and Szybalski (1963) have shown
that mitomycin C is a specific inhibitor of DKA synthesis in
bacteria, with little effect on RN¥A synthesis. The action appeafs

te be by a cross-linking of the DNL strands,
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On discovering that the periodicity of RIA synthesis was
independent of DNA synthesis and cell division, an attempt was
made teo relate the periodicity to the processes of excision and

hormone supply.

The significance of RNA and protein synthesis in the control of

cell divisione.

When Tetrahymena is grown in medium deficient in pyrimidines,

R¥A accunmulation is blocked. (Lederberg and Mazia, 1960, Pres-
cott, 1960) Cell division and DNA synthesis continue for extended
periods under these conditions,. Prescott (1964) has shown that
net synthesis of RNA continues, using precurscors from degraded
RifA.

Mozt studies on the necessity of INA and protein synthesis
for cell division have involved the use of inhibitors of these
syntheses, For example, Morris (1967) found that cycloheximide
had an immediate effect on protein synthesis in Chlorella. DNA
synthesis and cell division were inhibited after a short delay,
Baserga, Estensen, Petersen and Layde (1965) found that actino-
mycin had an immediate inhibitory effect on RNA synthesislon
Bhrlich ascites tumour cells, and thet DNA synthesis and cell
division were inhibited later.,

Cleavage in the sea urchin egg presents a contradictory
result, Gross and Cousineau (1963, 1963a) found that actinomycin
treatment inhibited RWA synthesis but did not inhibit cell
division, Inhibition of protein synthesis by puromycin {Timour=-
ian 2nd Unoc, 1967) does inhibit cell division, The explanat;on
is that very stable messengers required for the first few
divisicns seem te be synthesised before fertilisation, and immed-

iately after fertilisation in a period when the egg is imper-
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meable to actinomycin. (Gross and Fry, 1966).

Many attempts have been made to find the times in the cell
cycle of the periods of RNA and protein synthesis required for
cell division, Working with Ehrlich ascites tumour cells,
Baserga, Estensen and Petersen (1965) showed by actinomycinvp
treatment a pericd of RNA synthesis during Gl which was nécé%sary-

for DNA synthesis, Nachtwey and Dickinson (1967) found that .

division could be inhibited in Jetrahymena by actinomycin-D if
apprlied early enough in the cell cycle., Inhibition of cell |
division by later trestment was possible only if a higher con-
centration of actinomycin-D was used,.

Investigations with mammaliz=n cells suggest that cells in
G2 are highly competent to complete division. Buck, Granger énd
Holland {1966) failed to inhibit mitosis in Hel.a cells with
actinomycin-D or puromycin applied up to 2 hours before mitosgis,
Kishimoto and Lieberman (1964) found that actinomycin-D applied
during G2 did not inhibit cell division in cultured kidney cPrtex
cell;. Puronycin did inhibit division but p—fluorophenylalaqine
(FPA) did not. They suggest that this may indicate that G2 is
characterised by the synthesis of structural proteins requi?ed
for division, which can function adegquately when containing:FPA.
Hotta, Parchman and Stern (1968) have shown that protein synthe-
sis 1s essential during the esrly stages of meiosis in micrp—

gamelogenesis,

Systems in which cell division is induced in previously
non=dividing cells provide a uaique opportunity for the study
of the necessity of Ri¥A and protein synthesis for the induction

of D2 synthenis and cell division. These systems include the
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regeneraticn of rat and nouse liver after partial hepatectomy,
the culture of mammalian kidney cortex cells and the culture
of explanis from the guiescent artichoke tuber, the system usad
in this thesis,

When kidney cortex cells from rabbit are cultured, RNA
and protein increasa 1.5 to 2 fold before DNA synthesis begins.
{Lieberman and Ove, 1962) Inhibition of either RNA or protein
synthesis prevents DNA synthesis. Lieberman, Abrams and Ove
(1963) havsa shown a stepped doubling of the rate of RNA synthesis
during the pre-DNA synthels period. Low concentrations of actino-~
mycin=D had no effect on the initial rate of RNA synthesis, but
inhibited the rise in rate of synthesis and the subsequent DNA
synthesis, |

In the regeneration of liver, Bollus and Potter (1953) have
shown a several-ifold increase in DNA polymerase activity before
S-phase, and Tsukada and Lieberman (1964) detected anrincreése
in RIA polymersse activity in the nucleolus, The pattern of:RNA
and protein accumulations, and the dependence of DNA synthesis
on preceedinz RNA and protein synthezis are similar to the events
in cultured kidney cells, (Fujicka, Koga and Lieberman, 1963).
Church and McCarthy (1967, 1967a) have shown that more of the
DifA becomes available for hybridisation with labelled RNA ih
hepatectomised liver than in normal liver, Comparing the cyto-
plasmic and nuclear heterodisperse fractions, Church and Mcparthy'
(1967b) showed increases in both cytoplasmic and nuclear hyfrid—
isable RNA, They claim thalt some of the nuclear heterodisperse
stimvlated by partial hepatectomy remains in the nucleus, but
that some RNA normally confined to the nucleus appears in the

cytoplasm in the regenerating liver, In view of the lack of
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knowlege of thensliire of the heterodismerse RNA and the lack of
specificity of the hybridlisation reaction, it is perhaps an over-
simplification %o claim the production of new cytoplasmic mess~
engers and a general de-repression of genes,

In the artichoke tissue, Evans(1967) and Mitchell (1967a,
19686) have shown increases in RNA and protein prior to S~phase,
In Section 3, studies with DZVA synthesis inhivitors suggest
that RNA synthesis is required for the induction of cell division
in this tissue., Inhibition of RNA synthesis after the first

divigion inhibited the later divisions.

Inhibitors, The investigation ¢f the dependence of cell division
on RNA synthesis invelved the use of various types of inhibitgrs.
A, DifA=binding antibiotics inhibiting both DNA and RNA syntheéis.
Proflavine (Lerman, 1961 ;Peacocke and Skerret,‘l965), ethidium

and daunomycin (Ward, Reich and Goldberg, 1965) inhibit by
intercalation of the flat, polycyclic melecule belween adjacent
bose pairs on the DN4A. The resulting distortion of the double
helix inhibits its use as a template,

BE. Base-specific DiWA~binding antibiotics, inhibiting RWA synthesis,
It was originally hoped to differentiate between the signifi-
conces of different classes of RNA for cell division, Actinoﬁycin—D,
at low concentration has heen éhown to inhibit r-RNA synthegis
preferentially in mammalison cells and bacteria. (Perry, 1963;
Perry, Srinivasan and Kelley, 1964; Samarina 1964; Harel et, al,,

" 1964) Key (1966) olso found this effect in soybean hypocotyls,

but higher concentrations slso inhlbited DmRNA synthesis and
growth, Other examples of actinomycin-D inhibition of messenger-

type RNA synthesis include the studies on rat-liver polyribosome
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brezizdown by Stahelin, #ettstein and Woll (1963) and Scherre;;
atham and Darnell's {(1963) observations on uanstable nuclear |
]4 in Hela cells,

An explenation for the preferential inhibition of r-RiA S T=
thesis night come from the base binding specificity of actinoj
mycin~D. The binding is to the minor ~roove —NH2 group of
guenine reeidues, (Lersten, 1961l; Ward, Relch znd Goldberg, 1965)
Miiller and Crothers (1963) have sugrested that the actinomycin
caromovhors is intercalated betweon DFA beses at this point.,
Ribosomzl RIA has & hicher G + C content then mnessenger type RVA, .
Its parcnt DifA would therefore be expeeted to havse more binding
sites zvzilable for actinomycin—D. Differeuces in the sites of the
cimsirons, those for r-AFA beins nucleolar ~nd those for m~RNA
ca the chromatin (Perry, 1962, Hotsude wnd 3iegel, 1967) might
aleo influence this effect,

In this study, the effects of actinomybin-D anc two other
Gespecliic binding sntibiotics, chromomycin A3 and olivomycin‘
(Kersﬁen, 1961; Werd, Reich and Goldboerg, 1965) were exnminced.

In an attempt to obtaim preoferential inhibition of m-RNA syn-
thesis, the sntibiotic nogalamycin was‘tested. This binds brg-
ferentially to A-T rich DFA. (Bhuyan and Smith, 1965), The
possibility of dalffersatial action derived from diffsrent base=
bindiag behaviour is considered in the discussion in the light of
the effcets of theze drugs and base compositions of RNA species

eternined in Secition 2,

o

Co Another attemnt Lo inhibit selectively the synthesis of r-R¥A

a

involved the RNA base analogue S=-fluoro-uracil, Key (1966) found
that the analogus wes incorvorated into all classes of RNA in

soybean hyvocotyls, Ribosomal RIA synthesis was inhibited, but
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D-RNA and protein synthesisz were not. This suggests that the
function of R¥A as a template for »rotein synthesis was not

ts 3-TU content. Levin (1966) has presented

-

inhibited by
evidence for an active moessenger RNA in bocteria containing
anothicr bxse amnalogue, B-aza-zuanine,

Koy (1966} also reported an inhibition of DA synthesis
by S-TU. In becteria, this inhibition is known to operzte through
an inhibition of the enzyme thyaidylats synthetase, (Cohen et;
al., 1958; Aronson, 196la, Heidelberger, 1963.,), leading to
a suortege of TTP for DA synthesis. The dircct inhibition of
Di A éynthesis in becteria may be relieved by a thymidine supply.
A similar effect of thymidine on 5-¥U action on DNA synthesisf
was souzht and found in the artichoke tissue, This permitted the
simpler interpretation of the consequsnces of 5-FU inhibitioﬂ af

RIA syntaesis for ccll Jivision.

For muéh of the Qtudy of the relation botween RYNA and
nroteiln syntlhesis and cell division, it was nscessary to pro-
cess large numbers of szmples. The later experimeants were there-
fore confined to cstimation of totsl quantities of RiA, DA and
protein. Appondix 1 deals with the development of methods for

mediing such measurements in the artichoke tissue,
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SECTION 1,

This section describes experiments to adapt the
artichoke tuber tissue culture system of Yeoman, Dyer and
Robertson (1965) for use in the study of RNA metabolism and
cell division. A& ligquid bulk culture system was'de§elopcd,
using a completely defined medium ‘and yielding 85 & $0%
of cells entering the first divielon, An inhibitory effect

of light on cell division was discovered.
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MATERIALS AND METHODS,

Tubers, A clone of Jerusalem Artichoke, Helianthus tuber-

osus L. var, Bunyard's Round was maintained at the Depart-
ment of Botany, King's Buildings, Edinburgh. Tubers were
harvested in November and stored in damp sand in polythene
bags at 4°C. Sprouting of buds commenced in May of the followes

ing year,

GlLassware, All glasaware wag immersed in 50% methylated spirig,
N NaOH for 24 hours, washed with hot water, immersed in N/10
HCl for 24 hours and rinsed with distilled water before dry-

ing at 95°c,

Chemicals. 211 chemicals were B,D.H., 'Analar' grade where

obtainable,

Culture media, Culture was in a liquid medium based on that
of Bonner and Addicott (1937) as modified by Yeoman, Dyer and

Robertson (1965)., The pH was 5.5

Basic composition sucrose ' L.0g
( Fecl3 2.0mg
Solution B I{HaPO,+ l2.0mg
( KCci 65.0mg
Solution € E KNOB' 81,.,0mg
( MgS0, « 7H,0 36.0mg

Water to 1.0 litre.
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Stock solutions of A, B and C were made up at 100 times the
final concenfration and stored at 0°C,

In addition, various combinations of the following were in-
cluded:
2,4=D. 2,2mg dissolved / ml ethancl, and included in thé medium

8

to final concentrations of 10™° to 107> M.

Kinetin., Dissolved in warm water to a concentration of 5 x 107

8

and included in the medium at concentrations of 5 x 107~ to

5 x 1077 M.

Coconut milk, Milk was extracted from fresh Ceylon coconuts,
filtered, autoclaved and stored at -20°C, Milk was thawed, fil-

tered and included in the medium at a concentration of 20% v/v.

Sterilisation. Culture medium, in the vessels to be used for

culture, instruments for the planting process and assembled
Milliporé filters were sterilised by autoclaving for 15 minutés
ét l5rlb / sq. inch pressure.

Tubers were scrubbed to remove soil and surface sterilised
by immersion for 30 minutes in a 10% v/v solution of sodium
hynochlorite, Any tubers showing signs of surface damage or in-

fection were rejected.

Preparation and nlanting of explants., The surface sterilised

tubers were rinsed twice with sterile water. A slice 3 cn long
‘was cut transversely from the middle of the tuber, From the
slice, cores of secondary xylem parenchyma were cut using a

2 mm diameter cannula., The long axis of the core was parallel
to that of the tuber. The cores were cut into explants 2.4 mm

long using a cutter holding 10 parallel razor blades. Explants
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were transferred to the culture vessels, 100 ml conical flasks,
2.5 1 Thomson bottles and various sizes'cf{petri dish were
used, All'planting operations were performed in an ultra~viclet
light sterilised room. This was illuminated by fluorescent |
light forléarly experiments, and by a dim éreen gafelight later.
{(Ilford No. 909, 25 watt buldb, 50 cm from working surface)
Incubation was in total darkness at 25 * 0.5°C, The cul=-
turgs were agitated on-a 'Hearson' reciprocating shaker opef{

ating at 50 cycles / minute with a 5 cm stroke,

Sampling, During the incubation, samples were removed aseptic-'
ally in fluorescent, and later in dim green light. The foilow-
ing determinations were made:

Fresh weight. Explants were blotted lightly on tissue
paper and weighed to the nearest 0.1 mg.

Dry weight. Explants.were dried for 48 hours at 95°¢,
cooled in a dessicator and weighed to the nearest 0.0l mg.

RNA, DWA and protein contents were measured as describgd
in Section 3. |

Cell number. 5 explants were placed in 2 ml 5% chromic:
acid, After 24 hours at room temperature, the tissue was macer-
ated by drawing tﬁe fluid into a Pasteur pipette and expelling
it rapidly five times. Cell number was derived from this

macerate by two methods.

1. The haemocytometer technigque. (Brown and Rickless, 1949)
Using a Fuchs-flosenthal haemocytometer'slide, the cell numbers
in six grids, each containing 3.2 pl of the suspension were

counted, Knowing the total volume of macerate and the number of
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explants, the cell number per explant was calculated,

2, The incremental méthod. Evans (1967) reported that aftér
cell division, the dsughter cells remained together during
maceration, forming a 'pair' of cells separated by a recog-
nisably thin wall., Similarly, the second.and third divisions
gave rise to recognisable !'fours' and !eights! iﬁ the macérate,
From the examination of a sample of cells in a macerate, and
counts of total cells {(T), pairs, fours, etc, the increment in
cells in that sample during culture is

I = 1 xpairs + 3 x fours + 7 X eights.....
The number of cells in that sample at the beginning of culture,
is: X = T - I,
The number of cells present in the macerate per 100 original-
cells is: T/X x 100
This value is defined as the Relative Cell Number (RCN) and
is a measure of the amount of division, For example, a RCN of

400 represents a four fold increase in cells during culture,

Figure 1,1 (Opposite) Changes in cell number during the culture
of expiants, determined by the haeﬁocytometer --3--) and
incremental (—B¥—) methods. Changes in numbers éf_pairs,

fours etc, derived by the incremental method are also showng
Maccrates of 5 explant samoles. Incrementsal data from counté

of 500~ccll samples,
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The incremental method depends on the daughter cells from
divisions remaining together during maceration; any separ-
ation would lead to an underestimation of cell number increasé.
Figure 1,1 compares the data derived by the haemocytometer and
incremental methods from macerates imade during a culture, The
close agrecment between the two curves shows that no separ-
ation of daughter cells occurred,

The incremental method has three advantages:

1, The division of a few percent of cells can be detected with
accuracy. Changes of less than 10% in cell number determined
by the hacmocytometer method are not statistically significan?
(Evans, 1967). |

2. The numbers of cells present as singles, pairs, fours etc.:
may be calculated and plotted as in Figure 1.l.

6.g. Numbers of cells as fours (i.e. second division products)
per 100 original cells, ¥ = 4 X n x 100, where n is the
number of fours in a sample,withxcoll nunber X at the start é
culture, Calculations of this type have proved useful in |
piving a more detailed analysis of division in the system than
simple cell number., For example, in Figure 1.1l they show tha£
cells which did not enter the first division did not divide
later; the singles count remained constant after division 1.
3, The time taken to make a count by the incremental method is
about 1/5 th of that required for a count by the haemocytomgier
method, |

The incremental method has two disadvantages:

1, No zbsolute number of cells per explant is obtained, If
this absolute coun£ is desired, the incremental method could

be calibrated by haemocytometer counts on any of the macerates
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2. The method is restricted to the early divisions; as after

four divieicns the cell grbups become too dense to examines

Bvans (1967) and other workers with this tissue have always
" counted empty cells. and substantial wall fragments as single
cells, allowing for the loss of cell contents during maceration.
This lcads to a lower estimate of cell division by either method
of counting. |

Figure 1.1 shows that thé count of empity cells plus sub-
stantial fragments remained constant at 11 during culture., Exe-
emination of the culturc medium showed that it contained no
detached empty cells or fragments,

Wnen the explant ie excised from the tuber, the outermost
cells sre damaged, Calculations from the cell size data of
Robertson (1965) and explant dimensions suggest 18 damaged cells
por 100 undsmaged cells. Of this 18, half will be large enough
to count as empty cells or substantial wall fragments. This est-
imate ig based on a perfectly cylindrical explant with only the
outermost layer of cells damaged, Irregularities of shape and
slizht demage to the underlying cell layers shown in anatomical
studies by Robortson (1965) will increase the number of damaged
cells slightly. v

Phe calculated figure for cells damaged at excision (9?
agrees with the observed counts of empty cells and wall fragments
(11). Thus there is no loss of cell contents during maceration,
and the exclusion of cmpty cells from the counts is justified.

For most of the following cxperiments, cell division wés
.measured by the incremental method, ignoring empty cells and
wall fragments in the counting. 300 = 600 celis were counted in

each macaerate.
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Figure 1.2 Fresh weight, dry weight and cell number per
‘explant after culture for O (&), 49 (8), 96 (O) and
336 (¥ ) hours with various volumes of medium / 20
explants. Weight data'.from samples of 10 explants, cell
number dé.ta by counts of macerates of 5 explants‘ by the

haemocytometer method.
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RESULTS,
1, The establishment of a liquid medium bulk culture system

A, Bffects of medium volume per explant,

Cultures of 20 explants were established in 100 ml coni-
cal flasks with 3.5, 645, 12.5 or 25.0 ml medium, The medium

included 10"6

M 2,4=D and 20% coconut milk. Planting was in
fluorescent light., 3.5ml of medium was the smallest volume
which would move the explants during shaking, desirable for
the eliminagion of possible pelarity effects.

Figure 1.2 shows that the greatest increases in fresh
weight, dry weight and cell number occurred with the smaller
volumes of medium, The high weights of the explants grown with
3.5 ml medium at 3%6 hours prove thaf there was no shortage of
nutrients with this treatment,

For all subsequent experiments, the conditions of the
3,5 ml flask were followed, namely 0,175 ml medlum and 0.75 cm2

surface area of medium per explant,

B. Effects of vessel gize and sghave,

..6M

Cultures were established in medium containing 10
244=D and 20% coconut milk, in fluorescent light, in three
types of culture vessel:

100 ml conical flask closed by a glass cap. 20 explants,
.3.5 ml medium,

9 cm petri dish., 85 explants, 15 ml medium,. A

2.5 1 Thomson bottle lying on its side, the neck closed

by a cotton wool plug. 400 explants, 70 ml medium,



Age, hours 0 27 49 76 _ 96, | 336
Ci%
Fresh wt / 20 | 8.5 847 9.8 | 10,7 | 12,9 | 29,0
explant, mg - 0 | 8.5 | 8.6 {10.0 | 114 | 11,6 [15.1
Dry wte / 20 | 0.68 % 1.20| 1.43]| 1,76 | 2:16 | 6.00
explant, mg 0O 0«68 41;20 1i35]1 1,75 | 1,85 | 3.18
Cell No. / 20 2246 ) 32.3 1 59.6| 113.1f 164,1 | =~
explant x10™> 0 | 22.6 | 30i0 | 60.8|103.3! 110.6 | -

Table 1,1 Fresh weight, dry weight and
plant after various times of growth in medium contednifg
10™6y 2y4=D, with and without 20% coconut milk (CM){ Fresh
and dry weights from 15 explant samples, cell numbers by

cell number per ex-

haemocytometer counts of macerates of 5 explants.,

Age, hours, 2,4=D concentration. (M)
| 0 1077 107® 1077  10™% 1073
30 112 127 143 161 128 100
48 128 186 207 261 228 100

Table 1.2 Relative cell numbers after growth for 30 and 48
hours in media with various 2y4~D concentrations, Data from

macerates of 5 explants by the incremental method,

Kinetin conc, M. 0 5x10~7 5x10-6 5x10'5‘

244=D conc, Age,
- (M) hours,

0 20 106 107 103 104

L8 106 104 107 102

10™7 30 107 106 110 106

. 48 121 111 112 119

10-0 30 136 111 134 122

48 183 151 181 170

1077 30 161 149 136 109

48 216 202 184 161

Table 1.3 Relative cell numbers at 30 and 48 hours after
growth in media with various concentrations of kinetin and
244~D, Data from macerates of 5 explants by the incremental

! method,
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Analysis of fresh weight and relative cell number at
2L and L8 hours showed that the growth of explants was identi-
czl in all vessels,

For most subsequent experiments, petri dishes of 9, 12
and 15 cm diameter were used, This provided adequate flexibility

of culture size, and ease of planting and samplinge.
2o BEffects of medium compositlon.

A, Omission of coconut milk,

To investigate the feasibility of a completely defined
medium, cultures were established in sucrose and salts medium

containing either 10™6M 2,4=D or 10~6

M 2,4-D and 20% coconut
milk, The explants were planted by fluorescent light in 100 ml
conical flasks.

The results in Table 1.1 show that initially, no differ-
ences existed between the treatments, After 76 hours, by when
cell number had increased 4 to 5 fold, all three parameters
were lower in the absence of poconut milk, 2,4=~D alone, while

unsuitable for long term growth studies, equally maintained

the early growth, including the early synchronous divisions.

B, Determination of optimum 2,4-D concentration,

Explants were plantcd in 100 ml conical flasks by fluor-
escent light. The medium contained sucrose, salts and 2,L4-D
at 0, 1077, 107°, 1077, 107% or 1072 M,

Table 1,2 shows that éhe highest division performance
was with a 2,4=D concentration of 10™7 M, and that division
was completely inhibited at 10-3 M, Small amounts of divisien

occurred in the absence of 2,4-D,
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FIGURE 1. §Ultra-violet absorption spectra of culture media.
20 explants were groyg in 3.5 ml medium. Continuous lines:
medium containing 107~ M 2,4-D and 20% coconut milk, ‘
measured at.0, 10 and 24 hours. Broken line: medium con-
taining 10 “M 2,4~D measured after 29 hours of growth.



- 35 w

Ce ffects of kinetin,

Cultures were established by fluorescent light in 100 ml
conical flasks., The medium contained sucrose, salts and various
combinations of 2,4-D at 0, 1077, 10~° or 10™° M and kinetin

6or 5 x 1072 Mo

at 0, 5 x 10‘7, 5x 10°
Results presented in Table 1.3 show that in the abscnce
of 2,4=D, kinetin had no stimulatory effect on division, With
2,4=D at 10”7 and 10“6 M, kinetin at all concentrations used
had little effect on the amounts of division. With .2,4~D at
10"5 M, kinetin produced an inhibition of cell division, in-
creasing with concentration. The possibility that still lower

concentrations of kinetin might have had a2 stimulatory effect

on cell division was not investigated.
%¢ Materials from the outer, damaged cells and cell division, .

A, Changes in the ultra=-violet absorption spectrum of the medium,

Explants were grown in two types of culture medium:

=6 y 2y4=D, 20% coconut milk.

Sucrose, salts, 10
Sucrose, salts, 1077 M 2,4~D.
After varicus times of growth, samples of medium were centri-
fuged for 5 minutes at 2000 r.p.m. The ultra-viclet absorption
snectra were determined in the SP800 recording spectrophotometer,
Figure 1,3 shows that during culture, there was an in-
crease in thé ultra-violet absorbance of both types of medium,
The increase was greater with the medium containing coconut
millk, This mey have been dué in part to the bfeakdown of solid

materials such as fragments of nuclei in the coconut milk in

the course of culture.



Prewash, None Sucrose | Trypsin Pronase
Additions to | Age, * salts
sucrose and hours. { medium
salts medium 4
None 28 118 113 112 110
_ L8 131 115 119 113
2,4~D 28 152 147 147 iis
L8 192 183 :%89 178
coconut 28 140 140 145 137
milk 48 148 150 161 158
coconut 28 153 149 152 152
milk + 2,4~=D L8 210 217 ; 203 209

Table 1,4 Changes in relative cell number after various pre-
washes and culture in various media. Data from counts by the

incremental method on macerates of 10 explants,

Standard Disc
Explants. Explants,
Age, hours, 20 48 30 L&
Mean % empty cells 17.3 - 14,5 -
Culture medium :
sucrose + salts +
107% M 2,4-D 128 228 108 170
1072 M 2,4-D 161 271 135 215 .
10~ u 2,4=D 143 207 124 190
1076 2, heD
+ 20% CM, 137 201 150 212

Table 1,5 Relative cell numbers of standard and disc explants

after culture for 30 and 48 hours in media including various

2,4«D concentrations, with and without coconut milk (CM).

Data derived from counts by the incfemental method on

macerates of five explants or ten discs.
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B. BEnzyme prewashes and medium composition,

Cultures were established by fluorescent light in 100 ml
conical flosks after the following pretreatments:

1., None, Exviants planited after excision.

Ze Explanfs washed for 15 minutes in 25 ml sucrose and
salis medium,

%3¢ Dxplants wasﬁed for 15 minutes in 25 ml trypsin solﬁtiqn.

4, Explants washed for 15 minutes in 25 ml »pronase solution.
Both enzymes were dissolved in sucrose / salts medium adjust-
ed to vl 7.4 with Kaﬂpoq’ and sterilised by passing through'a
0.22u Millipore filter., Explants from pretreatments 3 and L
were rinsed fwice with sterile sucrose and salis medium before
planting to remove adhering enzyme,

Txplants were grown in sucrose and salts medium with the
following supnlements:

l. None

2. 10'6

M 2,4=D,

3. 20% coconut milk,

I, 10—6 M 2,4=D and 20% coconut milk,

Table 1.4 shows that in the absence of 2,4-D and coconuf
milk, all three prewashes effected a reduction iﬁ the small |
amount of cell division océurring. The proteclytic enzymes had
no greater activity in preventing division than medium along,;
Wo significant effects of washing on division appeared when
either or both of 2,4~D and coconut milk were present, %

At 28 hours, 2,4=D and coconubt milk had separately séim—
ulated division slmost as much as when together, By 43 hours,

stimulation by coconut milk alone was fzlling off, while .

stimulation by 2,4~D alone was still as effective as when both
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FIGURE }.4Changes in i;elative ¢ell numdber with
time for cultures grown with sucrose and salts
medium (@=--), after a 30 minute prewash (5—3)
with tissue homogenate addgg to the medium (V—=¥)
and in medium includind 10 “¥ 2,4~D @A—=A&}

Data from counts by the incremental method on
macerates of five explants,
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stimulan®s were present,

C. Effecté of—prewashing and added tissﬁe homogenate,

Cultufgs_were established by dim greén safelight in
15 cm petri dishes, each-containing 240 exprlants and LO ml
medium, Four‘ffeatments were applied, 2.;‘

1. IExplants planted in sucrose and salts medium,

2+ Explants prewashed fog 20 minutes in sucrose and salts
medium before planting in sucrose and salts medium. o
| 3. 20 explants were homogenisedrin‘B ml sucrose and salts
medium using a glass in glass homogeniser, The homogenate was -
added to a paetri dish containing 240 explants and 37 ml suéros@
and salts medium.

i+ Explants were planted in sucrose and salts medium con-
taining 1077 M 2, 4-D.

The data presented in Figure 1.4 show that division was
much reduced in the absence of 2,4~D, In none of the cases
without 2,4-D did eny second division occur, The tissue homoQ
genate caused a doubling of the number of cells entering the:
first division in the absence of Z,Q-D. In this case, pfewasqr

ing did not reduce the number of cells dividing.

D, Bffects of explant size,

Robertson (1965) observed that the first cell divisibns are
localised in the periphery of the expiant. To test the éugg-
estion that this is a consequence of oxygen étarvation or 002
accumulation in the inside of the explant, two sizes of explant
were used,

1. Standard explants, 2mm diameter, 2.Lmm 1ong, maximun
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diffusion path dmm,

2o DlSC explants. 2mm diameter, 1, hmm long. Maximum diffus-
ion path Of?1cm; The discs were cut frquthg usual 3> cm x 2 mm
cores usiné'ﬁhe;gel—Chopping apparatus (Saefion 2). The chopper
was sterilised by rinsing with alcohol énd'drying under ultra-‘
violet ligﬁ%.

Both types of explant were cultured in 100 ml conical flasks,
with 20 sta ndard or 35 disc explants in 3. 5ml medium, The medium
was sucrose and salts with 10 “,.10 5.or 107 -6 M a,q—n or 10~ -6 M?
2y4=D and 20% poqénut milk, Plenting was in fluqrescent light.

The results presented in Table 1.5 sbow‘thgt the disc ékplqnts
divided less than the standard explants when 2,4-D alone was pre-
sent, The prese@ce of ctoconut milk with 2,4-D had no effect on;a

the division of the standard explant, but caused a marked stime

ulation of division in the disc explants.
4o The effects of light on cell diViéion.‘

A. Continucus illumination,

Cultn:esfwera“established in 9 em petri dishes cdntgining
sucrose and salts medium with 10-? M. 2,4=D, Illumination during
excision and planting was by dim green safelight. The explants:
were then grown in total darkness or under light intensities of
120 and 450 foot,candles. Both light sources were mixed tungsten
and fluorescent,

It is cléar from the results presentgd in Figure 1.5 t%ét
continuous light had a strong depressive effect on cell division.
With 120 fc illumination, the numbers of cells at the ends of

the first and second divisions were. smaller than in the dar%
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treatment, although the net rate of cell accumulation was
the same in both. treatments, The divisions occurred more guick-

ly with 120 fc illumination.

t

B, Initial illumination.

The results of the above experiment suggested that the
practice of excising and planting explants by fluorescent lléﬁt
might have an inhibitory effect on cell division, To test this!
explants were excised in dim.green‘safelight and the exposed .
for 30 minutes to one of the following light regimes:

Control, Total darkness.

A. 18 fc fluorescent light, (the sterile room illumination,
nreviously used for excision and planting,). '

B. 120 fc) ‘

) Mixed fluorescent and tungsten.

C. 450 fe) |
Subsequent incubation was in total darkness.

In the dark control explants, 90% of cells entered the
flrst division, compared with 6% for the fluorescent llght
treatment and 50% after 120 and 450 fc treatments, {Figure 1, 6)
Clearly the period immediately following excision is extremely
sensitive to light inhibition of cell division., Thus the praé-
tice of excising and planting by fluorescent light leads to l
a significant decrease in the number of cells enfering the
first division,.

Figure 1,7 presents a mo?e detailed analysis of division
in the control and treatment G, With the 30 minute iﬁitial;
light treatment, there was.a second increase in 'pairs) ané

a corresponding decrease in 'singles'at the time of the sec-

ond division at 30 hours., This second wave of divislon of
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previously undivided cells is a feature of treatments where
substantial numbers of cells fail to divide at the time of

the first division, A second wave of 'pair' formation at the
time of the second division has also been observed by Evans
(1967) and Mitchell (1967a) in cultures grown with 10"6 M

244=D and 20% coconut milk. Under their conditions, 40% of cells

enter the first division proper,
5. Seasonal variations in tubers and growth response,

A. Seasonal changes in tubers,

In table 1.6 are shown DNA, RNA and protein conténts of
freéhly cut explants from various tuber types. The immature
tubers were from plénts grown out‘of season in a greenhouse, the
méture tubers from nlants grown outside and harvested in Nov—i?f
ember,

DNA content per explant was higher in the small, immature
tubers, probably a2 consequeﬁce of a larger number of smaller:
cells per explant., The DNA content of explants from mature |
tubers remained constant during storage at 1 ps / explant, RNAf
and protein contents were both low in explants from immature

tubers, Both resched pezk values just after harvest, and showed

declines with prolonged storage of the tubers,

B, Seasonal variation in resvonse.

f

The lag vhase before the first division remained constant
at 22 hours from harvesting until the following April. Immature
tubers and tubers stored for longer periods had longer 1ag

phases. (Table 1.6) The amount of division occurring was inde-
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pendent of the length of the lag phase, .

Figure 1,8 shows the time courses of RNA and protein
accumulation in explants from immature and stored mature
tubers, Long~stored tubers showed longer lag Phases before
accunulation commenced. The rates of accumulation subsequent tg
the lag phases were similar in all mature tubers. Immature tub?rs

showed no lag phase but lower rates of accumulation.

" Tuber

diameter 1.5 245 5 5 5 5
cil, - : :

Month - - Nov, Dec, April July;
Be RNA / ‘ ' 3
explant 2.8 6.0 7e5 845 740 Dokt -
ug DNA /

explant 1ok 1.5 0.9L4L 1.10 0.98 1.15
peg protein /

explant 20 32 33 5L - 25
lag phase, ) T
hours Lo 30 22 22 22 - 45
% first ‘
division. 85 = 85 80 - 85

Table 1,6 DNA, RNA and protein contents of freshly cut explgﬁfs,
lag phase before first division and percentage of cells entering
the first division, for explants from immature tubers and maﬁﬁre
tubers after various times of storage. All data from experiménts
reported in Section 3, ALl cultures planted in green light 1n
medium containing 10~ =5 M 2,4=D,

1
f

i
J
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. DISCUSSION.

l, Factors affecting c¢ell division,

Stimulants, Considerable changes occurred in the ultra-=violet

absorption spectrum of the medium during culture. (Figure 1,3)
Measurements of RNA and protein per explant showed a drop during
the first few hours of culture. (Figure 1.8). Robertson (1965)
has observed an increecse in phosphatase activity, a symptom of
autolysis, in the cells immediately underlying those damaged
during excision during the early part of culture, There is there-
fore a loss of materials from the outer regions of the explant
‘to the medium.

These materials appear to act as a stimulant to cell divi=-
sion., When explants were cultured in a medium containing only
sucrose and mineral salts, a small amount of division occurred.
Thig amount was reduced by prewashing the tissue, and increased
by the addition of tissue homogenate to the medium, The higher
growth rates observed when explants were cultured in smaller
volumes of medium may reflect the higher concentrations of
damaged cell material maintained in the medium,

The inclusion of either or both E,A-D and coconut milk in
the medium promoted more vigorous division. 2,4=-D alone would
support a 5 « 10 foldlincrease in cells (Table l.i); coconut
milk alone rather less (Table l.4). For long term callus
growth, involving a 100 fold increase in cells, Robértson (1965)
has shown that both stimulants must be present,

Haberlandt (1921, 1922) observed a 'wound hormone' from

damaged cells of potato tuber slices, which together with a
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'leptohormone', a diffusable chemical from the phloem, would
promote cell division. Coconut milk is the product of endo-
sperm breakdown, and hence bears similarities to the damaged
cell products, It is possible that division stimulants arising
from the damaged cells might compensate for the absence of coco-
nut milk in medium containing only 2,4~D as stimulant, but be~
come depleted after the 5 to 10 fold increase in cell number.
Coconut milk itself has been shown to contain a number of com-
ponents which stimulate division., (Pollard, Shantz and Stew-
ard, 1961; Steward and Mohan Ram, 1961). Possible some of these act-
ad . in the place of 2,4=-D to promote some division when 2,4~D
was not present in the medium, but were insufficient for pro-
tracted division. |

Some confirmation of the similarlty between coconut milk
and the damaged cell materisl comes from the experiment with
disc explants. (Table 1.5). The discs showed a smaller pro-
portion of damaged cells than the standard explants, probably
a result of the different cutters used, The small amount of
division in the disc explants compared to the standard explants
when only 2,4=D was supplied may have_been the result of a small~-
er amount of 'wouﬁd hormone' derived from the damaged cells, The
equal amounts of division in the two types of explant when coco=-
nut milk and 2,4~D were supplied could then be because the

coconut milk eliminated the difference in wound hormone supply.

Gaseous exchange. The influence of gaseous exchange in deter-

mining the amount of division is difficult to examine, since
any attempt to increase the surface area / volume ratio will

result in an increase in the proportion of wounded tissue.
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Evans (1967) observed similar amounts of division in 1 and

2 mm diameter explants and in hollow explants, but lower amounts
in 3 mm explants. Yeoman, Naik and Robertson, (1968) have

grown explants under higher partial preassures of oxygen, with

no increase in the proportion of cells dividing. However, both
these experiments were conducted with explants planted by fluor-~

escent light, with 10~6

M for the 2,4-D concentration, With
the possibility that division was restricted by light and sub-
optimal 2,4-D, gaséous exchange may not have been a limiting
factor,

The approach adopted in the development described in this
section was to maximise opportunity for gaseous exchange, by
using the minimum zmount of medium and loosggiclosed vessels.
The 90% division obtained in the fully develéped system proves
that gascous exchange rates do not limit cell division., The
poorer growth with larger volumes of medium (Figure 1,2) may

have been a result of slower gaseous exchange caused by the

longer diffusion path in the liquid phase,

Light, Clearly light is a potent inhibitor of cell division

in this system. Davidson (1968) has confirmed the effect for
longer periods of culture, and has shown that light stimulates
expansion growth in the later part of culture, Apart from the
high levels of division obtained by planting in dim green safe-
light, there is a further advantage in that division of pre-
vicusly undivided cells at the fime of the second division
becomes impossible., This may be considered as an improvement to
the synchrony of the systenm,

The 10% of cells which did not divide when explants were
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planted in dim green light are likely to have been the cells
near fhe outside crushed during the excision of the éxplant.’?ﬂf
The sutolytic nature of metabolism in these cells (Roberi-
son,.l965) suggests that it may not be possible to stimulate
them to divide.

Explants planted by fluorescent light in medium contain-

ing 10~6

M 2,4~D and 20% coconut have been shown to contain
two regions of non-dividing cells, the autolysing region referre
ed to above, and a central core, It is probable that explants
planted by fluorescent light in medium containing 16"5 M 2,4~D,
in which 40% of cells failed to divide, also contained such a
non=-dividing core., The paradoxical situation then arises that
cells in the centre, where the light intensity was lowest,
were most inhibited from division by light. Some sort of
interaction, in which light partially destroys a division
stimulating facter arising from the outer regions may be in-
volved,

The distribution of dividing cells, the wavelengths of
light involved and other aspects of the light effect are

being investigated by Davidson in this depariment.
2e The suitability of the system for cell division studies,

The system developed here goes some way to satisfying the
criteria of an ideal system set out in the introduction (Page
1), It provides a tissﬁe of uniform cell type whic@ may be
handled conveniently, with a high percentage of cells entering

synchronous division, The medium is completely defined,
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Synchrony, The first division in thié tissue lasts for 6 to
8 hours, (Figures l.1, 1,7). BEvans (1967) has calculated the
time taken by an individual cell to undergo mitosis as 3 hours.
The synchrony is thercfore not complete; it also lasts only
for a.few divisions, each division being less synchronous than
the previous one,

Figures 1.1l and 1,7 show that under conditions in which
80 to 90% of cells enter the first division, cells which did
not enter into any of the divisions failed to divide later. The
capacity to undergo repeated division appears theraefore to be
localiged in the individual cell rather than in the tissue as

a whole,

Other growth proceéses. Figure 1,2 shows that a 9.5 feld increase
in cell number was accompanied by a 1.7 fold increase in fresh
welghts There is therefore very little expansion growth of
cells during the early growth of the tissue,

A process of loss of differentiation, or de-~differenti-
ation, accompanies the cell divisions.nThe cells change from
the highly vacuolate storage parenchyma type of the tuber to
smaller, non-vacuolate meristematic or embryonic types. This
is a reversal of thé trend in primary growth of the intact
pPlant, No redifferentiation of cells to new specialised cell
types occurs, but Robertson (1965) has reported the formation
of 'nodules', resembling the root tip meristem in structure,
after much longer periods of culture with coconut milk,

During storage at'4°c, the tubers may be assumed to be
relatively quiescent. Exclsion and 2,4~D treatments, while

stimulating cell division, might also stimulate other, unconn-.
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epted processes, The de-differentiation of cells and the possible
side effects of excision make the behaviour of.the system more
complex than simply cell division. Caution is therefore re-
guired before interproting any observation as having any

causal relation with cell division. In section 3, the relation
between observed events and cell division is coﬁsidered in this

light.

Seasonal variation, With immature tubers, or those stored for

long periods, the lag phase before the first division was long-
er than in freshly harvested tubers, Similar results have been
obtained by Robertson (1965) and Evans (1967) for explants

6 M 2,4~D and 20% cdconut

cultured in medium containing 10~
milk, Mitchell (1967, 1967a) has shown that the S-phase remains
constant at 14 - 16 hours and @2 at 0 ~ 2 hours at all times

of year. The increase in pre-~division lag phase therefore re-
presents an increase in the duration of the pre~S-phase,

The high DNA / explant content of tissue from immature
tubers (Table 1l.6) suggests that these tubers were growing by
cell expansion as well as by cell division. The long-stored
tubers were breaking down to support the developing buds
(Jefford and Edelman, 1961) as is evident from their declining
RNA and protein contents, Both expanding and breaking down
conditions appear to require longer periods of adjustment before
becoming competent to synthesise DNA, This variation in start-
ing point for a process of differentiation to the dividing
state may provide a useful tool for the study of the induction
of cell division,

The low RNA and protein contents of explants from immature
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tubers suggests that RNA and protein accumulations occur
during the growth of the tuber, This may explain the lack

of lag phase before RNA and protein accumulation in explants
from immature tubers, The short and long stored mature tubers,
which are not accumulating RNA and protein,_again require a
period Qf adjustment before accumulation may begin,

For the period November to April, the ngcleic acid and
protein contents of the tubers, and the performance of explants
in culturé remains constant, While it would have been desir-
able to restrict experimental work to this period, this is
clearly impossible. The seasonal variation has two disadvantages.
The comparison of experiments conducted at different times of
year is difficult, and the designing of experiments when the
pre-division lag phase is increasing becomes uncertain,

Yeoman (1967) has grown artichoke plants out of season in a
greenhouse, and hopes to secure a year round supply of constant

response material by this method,

Deaspite the constant characteristics and response of
tubers and explants from November to April reported above,
other workers have found that certain fundamental changes
occur in the tuber during this period of storage. Jefford
and Edelman (1961, 1963) found that storage at 2% magni fied
the conversion of fructosans to oligosaccharides. There was
also a change in the dormancy of buds. After less than 7
weeks of storage, when the tubers were placed in higher
temperatures, daughter tubers were produced. After 7 or more
weeks at ZOC, the bud sprouted when the tuber was placed in
'a higher témperature. These results have been confirmed by

Yeoman (1967}, Thus during the early part of storage, the
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tubers become vernalised, Effects of this change on the

tissue cultures have not yet been detected.
3. Conclusion,

With the above reservations, the system provides a
unique opportunity for the study of the induction of cell
division and the events accompanying cell division in
higher plant tissue,

The culture conditions developed in Section 1 and
used for most experiments in Sections 2 and 3 are listed:
1., Explants are excised and planted in dim green safelight,
and cultured in total darkness,

2. Culture is in liquid medium in petri dishes or conical
flasks.

3y The culture medium contains sucrose, salts and 10"'5 M
2,4+-Ds It is fully defined and does not contain coconut-
milk,

&, Under these conditicns, 80 to 90% of cells will take

part in the first divisicn.



SECTION 2,

R¥A synthesis was examined in artichcke explants by
polyacrylamide gel electrophoresis. The extraciion of RNA fro@'
the tissue, and the degradation of ribosomal RNA during extra;a
tion were investigated. The synthesis of ribosomél RNA was
found to involve two heavy precursors, Heterodisperse 1abe111

ed RNAs were found in nuclear and cytoplasmic fractions,
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MATERIALS AND METHODS.

Tissue, Explants were cultured by the method developed in
Section 1. Cell number was estimated routinely after the first

division to check that culture conditions were correct,

Chemicals., Acrylamide (Eastman Kodak) was recrystallised from
chloroform, and methylene bisacrylamide (Koch=Light or B.D,H.)
was recrystallised from acetone, as described by Loening (1967).
Sodium naphthalene 1,5 disulphonate (NDS)} and sodium tri-

isopropyl naphthalene sulphonate (TINS) ﬁere obtained from

Fastman Kodak, N, N, N', N'—tetramethylethylenediamine ( TMED)
from Koch-Light., Tris was B,D.H. specially purified or Sigma
VTpisma', Deoxyribonuclezse was Sigma electrophoretically

purified. Sodium dodecyl sulphate (SDS) was B.D.H. specially .
purified grade, m-cresol was redistilled. A1l other chemicals

were B,D.H,, 'Analar' grade when obtainable.

Glassware, Non-radiocactive glassware was cleaned as described
in Section 1. Radicactively contaminated glassware was clean-

ed and deconfaminated in a 2 v/v solution of Decon 75 for éqf

hours.

Labelling of explants with 32-P, 15 - 30 explants were 'pres-
incubated! in 10 ml of culture medium containing sucfose,
salts, 1072 M 2,4~D, but no phosphate, for 1 minute, This
treatment was to remove residual phosphate-containing meduim
from the intercellular spaces.

For the 'pulse' incubation, high specific activity 32-P




Aphosphate ;éﬁ fo 97 c/mg P,‘Radiochemigglél¢entre, Amersham)
was dried uh@eg vacuuin to remove HCL, fé;P ﬁas taken up in
phosphate-;fée culture medium to give an activity of 1 mc per
6 to 25 mltﬁedium. 32 ml of pulse solutiqn'were used for each
bateh of e}'cplgr.l“ts. .'

The effecéé of the period of expoé;re ko phosphate—frée‘
medium .on RHA labelling;weré checkad, Expiants were‘pre-incﬁbéfr
ed @n pnosphate-free medium for 60 minutes before labelling,.
The resulting RNA labelling pattern and amount were similarAto-
those obtained with & 1 minute phosphate~free pre-incubation.
This suggests that no detrimentzl effects to RNA synthesis‘
arise‘from the short exposure to phosphate-free medium,

‘Théi'chase'3incubation—Was.in 10 ml standard culturs med-
fum (KHaﬁoq concentration 12 mg / 1.) |

‘Por the labelling, expiants were placed in a 50 ml
"Spiuco' cellulose acetate centrifuge tube with a perforated
bage, The explants were lifted in this between the incubation
solutions, which were held in 100 ml 'Spinco' tubes, This
arrangement also permitted.agitation and aeration of the solum

tions, by raising and lowering the inner tube,

Sterile precautions, Generally no attempt was made to main-

tain absolute sterility during lebelling. Autoclaved medium
and phosphate-~free mediumeere‘used to prepare the incubation
soluticns, which were stored at -~ 20°C-and”brought to 2500
just before reguired,

In one experimenf, ihvestigating the breakdown cof ribo-
somal RNA to particles similar in size to bacterial r-RNA,

additional sterile precautions were observed to prevent any
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FIGURE 2.1 Electrophoresis of whole tissue RNA, prepared from
explants exposed to three light regimes;

A, Culture and radicactive incubation in total darkness, hand-
ling operations in daylight.

B. Culture and incubation in 430fc. mixed fluorescent and tung-—
sten light. ' N\

¢. Culture and radioactive incubation in total darkness; hand-

1ling operations by dim=-green safelight, .
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complication of results by bacterial RNA synthesis. 352-P
concentrated solution, assumed to be self-sterilising, was
dried in a2 sterile beaker covered by sterile tissue. Cellulose
acetate tubes were exposed to ultra-violet light for 24 hours
after rinsing with alcohol, Sterile aluminium foil caps cover-

ed the tubes during the incubation.

Light effects. Radioactive incubation was in an incubator ip

the dark at 2500. Transfer of explants to and between incubation
solutions resulted in a few minutes exposure to daylight or .
fluorescent light. The effects of this light on the RNA labell-
ing were checked,

Explants were grown and labelled under three light condigigns:
4, Culture and radicactive incubation in total darkness, but o
handling operations in daylight.
B. Culture, incubafion and handling in 450 fc mixed fluor-
escent and tungéten light.
€. Culture and radicactive incubaticn in totoal darkness,
handling operations by dim green safelight.

29 hour old explants were labelled by a &0 minuté pulse
and a 1 minute cﬁase. Total nucleic acid was prepared by homogen-
ising and method 1 extraction (see below). RNA was fraction- I
ated by clectrophoresis on 2.4% gels for 90 minutes.

’ The optical scans of Figure 2.1 show similar total amounts
of ribosomal RNA for all treatments., Results presented in
Section 3 confirm that light has no effect on the gross rate
of RNA accumulation, The labelling pattern was similar in eéch

case, but the amount of labelling was greater in the two light

treatments than in the dark treatﬁent. This suggests that light
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might either increase the rate of turnover of RNA or increase
the uptake of 32-P into the tissue.

To distinguish between these two possiﬁilities, explants
cultured and labelled under the three cénditions were crushed

on planchsts and counted:

Treatment counts / 100 sec / explant.
A, L52 x 103
By 513 x 107
c. - 171 x 107

‘TheSe results show that 32-P uptéke wag stimulated even by the
short exposure to daylight during transfer of explants to the
iﬁéﬁbatibn solutions. While it would have been best to elim-
iﬁéte the possibility of unknown light effects on the RNA
metabolism by handling in dim green szfelight, it was not
practical to handle radicactive materials in the darkroom as

a routine measure,,

7 ssue disruption, Two methods were used to break the tissue

prior to extraction of nucleic acids:

A. The explants were frozen with solid CO, to the platform of
the gelmsiicing apparatus described below, and chopped atl50 B
intervals. As the cells are on average 100'9 long (Robertson,
1965) this ensured that every cell was broken. The material
was then suspended in extraction medium. This method will/be
referred to as 'chopping'.

B. The explants were homogenised in a glass~-in-glass homogen-—
iser, motor driven, at full speed, for 20 seconds, in the
appropriate extraction mediume. This method will be referred

to as 'homogenisation',
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Various other methods of tissue disruption were tried,
including homogenisation with a "Teflon' homogeniser and
grinding in a-pestle and mortar with solid 002. These methods
were incapable of breaking up the tissue in a reasonable length

of time.,

Sub=cellular fractionation and RNA extraction, Two methods

were used for the extraction of RN4, based .on the fraction-
ation of the tissue into cytéplasmic and nuclear fractions by
mechanical or chemical means,

A. Method 1, A mechanical separation into crude nuclear (chroma-
tin and_cell walls) and cytoplasmic fraction was effected by
the technique used by Loening (1965) with pea root tissue.

15 - 30 explants (120 - 240 mg fresh weight) were homogenised
in 2 ml hémogenising medium at OOC, or were added to thé med€

ium after chopping.

Homogenising medium: ~Sucrose 0u3M
| - tris : 30mM
KCI 50mM

Cleland's reagent 5mM
HCL to pH 7.6 at 0°C.

This medium differs in two respects from that used by
Loening (1965), The sucrose concentraticn was reduced from
0.5M to 0,3M to ensure separation of the agueous and phénol
phases during deproteinisation (see below), Cleland‘s_r%agent
(dithiothreitol, Cleland, 1964) was necessary to preven£
browning of the homogenate, probably a result of oxidation of

polyphenols,
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In an attempt tgﬁ@?gvent nuclease activity during homo-
genisation leading to degradation of RNA, tissues were also
homogenised in homogenising medium containing 0,5% NDS,

The homogenate was separated into cytoplasmic {supser
natant) and nuclear (debris) fractions by centrifuging at
2000 r,pe.m, for 5 minutes at o?c. The nuclear Jfraction was re-
suspended in 2 ml homogenising medium, When no fractionatién
to cytoplasmic and nuclear was required, totalhnucleiC‘acid‘was
extracted from the entire homogenate.

TN$ and L-aminosalycylate (4-A48) (Kirby, 1965) were added
to the fractions to final concentrations of 1 and 4% respectiver
ly. Deproteinisztion was effected by emulsifying with an equal -

volume of phenol / cresol mixture at 3°C.

Phenol / cresol: Phenol 500 g

(Kirby, 1965) m-cresol 70 ml
water about 150 ml

8~hydroxy-quinoline 0.5 g

The organic énd agueous phases were separated by centrifug-
ation at 3000 r.p.it.s for 15 minutes., The phenol layer was
discarded and the agueous phase and interfacial precipitate
re-oxtracted with a further phenol / cresol treatment, The
agueous phase was made to 3% NaCl and extracted for a third time
with phencl / cresol, Nucleic acids were precipitéted by mix-
ing the aqueous phase with 2 volumes of ethanol, and storing:
for 12 hours at ~ 20°C. .
This method of extraction and fractionation will be
referred to as 'method l's.
B. Method 2. A4 separation of cytoplasmic and nuclear_materials

may be based on the finding that nuclear DNA and at least some
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nuclear RNA are not released by phenol extraction in the
absence of detergents, (Georgiev et, al.-l960, 19633 Kirby
1965; Hastings and Kirby, 1966). |
15 to 30 explants were homogenised in &4 ml NDS buffer
with 4 ml phenol / cresol mixture, or were mixed with these
after chopping., 411 operations were at 5°¢, The mixture w%s
emulsified thoroughly and centrifuged at 10,000 x g for 15
minutes. The 'cytoplasmic' RNA was then in the aqueous phase,
and the 'nuclear RNA and DNA in the interfacial precipitate
and phenol / crescl layer, Nuclear fraction nucleic acids were
released by mixing the interfacial pfebipitate and phenol layeq
with &4 ml Kirby medium, and centrifuging for 15 minutes at |
3000 TY.peis THWS to 1% and L~AS to 5%.were added to the cyto-
plasmic fraction, which was then emulsified with an equal
volume of phenol / cresol and centrifuged at 3000 r.p.m. for

15 minutes,

NDS buffer: NDS 0. 5%
NaCl SOmM
tris _ 10mM

HC1 to pH 7.4 at 0°C,

'Kirby medium! TNS 1%
phenol / cresol 6%
L=AS ' 6%
NaCl' 0.15M

The nucleazr and cytoplasmic. fractions were made to 0,5M
NaCl and extracted once more with equal volumes of phenol/
cresol, Wuclelc acids were précipitated from the final aéueous
phase by mixing with 2 volumes of ethanol ana leaving atfo°c

for 12 hours.



S
Y
~ 58 =
.

Where no fractionaition te nuclear and cytoplasmic RNA
was required, total DNA and RNA was extracted by homogenising
the tissues in 4 ml 'Kirby' medium, followed by phenol / cresol
treatments as above,

This method of extraction and fractionation will be referr-
ed to as fmethod 2!,

Precipitated nucleic acids from both methods of extraction
were pelleted by centrifugation at 0°c¢ for 5 minutes at 2500
TePotte A rough estimate of 32-P uptake by the tissue was obtain-
ed by measuring the radioactivity of the alcoholic supernatant.:
3 x 50 pl samples of the supernatant were dried an Whatman 3MM
filter papeq;mounted on planchets and counted. Values were

corrected for supernatant volume and explant number,

Further purification of RNA, To remove 32-P containing im-

purities, the nucleic acid precipitate was dissolved in O, 5ml
of 3DS / acetate mixture.
sDS / acetates SDS 0. 5%
sodium acetate, pH 6, to  0.1BM
Reprecipitation was effected by addition of 2 volumes of ethanol
and overnight storage at -20°¢C, The re-precipitation proceduré

was repeated once or twice,

Dliase treatment. After one SDS / acetate reprecipitation,

nucleic acids were washed twice with 80% alcohol to remove
SDS, and dried briefly under vacuum to remove alcohol.fThe
nucleic acids were dissolved in 0,2 ml buffer at o°cs

tris 50mM

magnesﬁim acetate 2e 5mM Acetic acid te pH 7.15, 20°¢C,
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The buffer was added through a millipofe filter to pre-
vent RNase from contaminating bacteria from degrading the RNA,
DNaselwas stored at = 20°C at a concentration of 500 pe / ml
in the same buffer including 10% DMSO, The DNase solution was
thawed at 0°C without shsking and added to the nucleic acid
solution to a final concentraticn of 50 pg / ml., After 20 min-
utes digestion at OOC, nuclease action was ferminated by the
addition of 0,8 ml 8DS / acetate mixture, The solution was
extracted once with phenocl / cresol and RNA was wrecipitated by
2 volumes of ethanol at ~20°C for 12 hours. This was followed

by another SDS / acetate reprecipitation,

Preparation of RNA for electrophoresis. RNA or nucleic acids

were washed twice by resuspending in 80% ethanol, The pellet wag
dried under vacuum and dissolved in 0,1 to 0.2 nl of 1/5 th
strength electrophoresis buffer containing 9% sucrose. To ob-
tain a measure of the total nucleic acid content of the pre=-
paration, 10 Pl were diluted to 0.5 ml with distilled water,

The relative nucleic acid content was estimated from the absogb—

nace at 260 nm,

Preparation of gels, A stock solution of acrylamide was pre-

pared: Acrylamide 1%%

bis adrylamide 0.75%
This solution could be stored at SDC in the dark for 3 m9nths.
Gels of final acrylamide concentrations of 2,2 and 2.4% were

prepareds



c c
C
A B o5 BV |
it Kl
L .
B D f
e .
E . .-
B —
FIGURE 2.2 Section of gel FIGURE 2.5'ﬁﬁcleotide elect~
electrophori.sis appaﬁatus. rophoresis apparatuéz
Scale X 1/2 Scale X 1A0

A Top bqfferfcompartment. B Bottom.b;ffer.compartment.

C Platinum electrode., D Perspex gel tube., E Gel retaining ring
I Grommet G RNA sample. H White spirit. J Péper-support bar,
glass rod. K Whatman 3'M paper. L Base line.

- Directlon of movement,

9}

v
0
-000Q,
0

geeele

-1000
0000

FIGURE 2.6 Separation of nucleotides obtained by high-voltage

electrophoresis, Scale x 1/5. .
M Marker dye spots. N Base line, 1 - 6 blanks. C,4,G,U
nucleotide spots visualised in ultra-violet light. .
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Final Stock Tlectrophoresis Water,
Acrylamide Acrylamide huffer
concentration solution
2e2% 5 ml 6.8 ml 22,0 ml
2.4% 5 ml 6.25 ml 19,7 ml
Electrophoresis tris 36mM
Buffer, NaHaPO‘r+ 30mM
EDTAN;E 1mM

pH 7.6 to 7.8 at room temperature,

Mixing the buffer with acrylamide aid water to make the
gels diluted it to a strength equal %o that of the running
buffer,

The mivture of acrylamide, buffer and water was degassed un-
der vacuum for 20 seconds, 25 pl TMED and 0,25 ml of a freshly'f
prepared 10% solution of ammonium persulphate were added, The
solution was mixed, avoiding aeration, then pipetted immediatgly
into the gel tubes to within 1,5 cm of the top., Water was care~
fully layered onto the top of the mixture to obtain a flat gai
surface. The gels were allowed to set for 30 minutes at 2506.?

The gel tubes were of Dverspex, 0.25 inch internal diamet;r,
and 2.5 inches long., Into the bottom end was inserted a ring ﬁf
PVC tubing, about 2 mm thick, which prevented the gel from sliding
out of the tube during electrophoresis, While the gels were |
being cast and set, the hole in the ring was plugged by a

piece of glass rod,

Tlectrophoresis, 6 or 8 gel tubes were mounted vertically in

the electrophoresis tank as shown in Figure 2.2, The running

buffer was the electrophoresis buffer diluted five times and
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including 2 g / 1 SDS. About 200 ml were placed in each buffer
compartment, The buffer was used once only. The immersion of
the gel tubes in the buffer over most éf their length prevent=-
ed overheating during electrophoresis. Caré-was taken to ex-
cludeibubblés from the holes in the gel retaining rings.

fhe geis were 'pre-run! for 30 = 60 minutes to remove
polymgrisation catalysts and unpclymerised;mohomer, and to
allowaDS to enter the gel. The current was 5 ma per gel at 50 v
at roéﬁ temperature, 10 to 100 pl of the RNA solution, contain~
ing uﬁzto 100 ug of RWA was layered on top of the gel, Electro=-
phoresis was continued for 1 to 2% hours depending on the degreq

of separation required.

Optical scanning, Gels were scanned for absorbance at 265 am

in a Joyce Loebl Chromoscan, This was fitted with a mercury
vapour lamp, a slit about 0,8mm x 0.05mm, and interference
(265 nm) and liquid filters, The liquid filter was a solution of
para dimethylaminobenzaldehyde, 10 - 12 mg / 100 ml methanol -
The gel was held in a parallel sided quartz cuvette. The
machine was set to expand the scanned length of the gel 3 times.
Tour full scale deflection valuss for absorbance were available
to suit the RNA concentration of the gel, Of these, the highest,
2 0.D., gave a non-linear response with concentration, while the
others, 0.D.5 1, 0.5 and 0.35 gave = roughly linear response,
In the latter cases, the area of a scan peak was linearly pro-
portional to the concentration of the RWA in the peak.Ingle 2
(1968) has shown that an estimate of the amount of an RNA
species present may be obtained by measuring its optical peak

area, This was done by weighing a tracing of the peak. Figure
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Figure 2.4 Electrophoresis of cytoplasmic fraction RNA
‘prepared by method 1. Scan A, gel scanned immedlately
after electrophoresis. Scan B, gél washed for 4 hours
in distilled water before scanning, 0 « 0,5cm =
baseline set for distitled watéf.
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2e3 shows the total nucleic acid per explant estimated in
two ways, by the gel peak area method and by the absorbance
at 260 nm of the RNA solution prepared for electrophoresis,
The two methods gave very similar curves for the change in
total nucléic acid per explant during culture.

It was frequently found that gels had a high backgroﬁnd
absorbance, often localised neér the top of the gel. The amount
secemed to increase with prolonged storeage of the gels hefore |
electrophoresis. It was removed by soaking gels in distilled
water fur 2 - 4 hours before scanning. TFigure 2,4 shows the
reduction of background absorbance obtained by a four hour
wash, Burns (1968) has calculated that no ribosomal RFA is lost
during washing, but that 20% and 50% of transfer RNA is lost

after L and 24 hours washing.

Radiocactivity scanning., The gel was frozen in an aluminium

trough lying horizontally on sclid, powdered coa. No 002 was
allowed to touch the gel directly, as this caused distortion
during freezing. The frozen gel was frozen to the platform of )
a chopper developed by Loening (1967), and similar to the
McIlwain tissue slicer (McIlwain and Buddle, 1953). The gel was
allowed to thaw slightly and was cut into transverse slices
0.5 mn long., -‘These were dried on adhesive labels, or on every
second frame of the non-emulsion side of 16 mm cine film, Ad-
hesive label mounted slices were stuck to planchets and counted
in the Beckman 'Lowbeta'! low background gas flow counter, Film
mounted slices were counted with an IDL scaler. This was fitted
with a geiger tube in a lead castle, a sample changer derived

from a cine camera film magazine, and print out and control unitise
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Two meﬁhods were used to ensure eccufete aligmment of
radloact1v1ty and optical scans: -
A, Before optlcal scanning, two fine Indla ink marker lines
were 1n3ected inte the gel at right angleg to the long axis.
The gel was frozcn with a stopper agalnst the top end to pre-
serve its ehﬁpe and with the bottom end free. The markers 'were
reqdlly 1dent1f1able in the optical scan and in the dried gel
slicesi The region between the markers on- the optical scan was
divided into the countednuimber of slices between the. marked
slices, and the same scale was extended beycnd the markers,
B. The length of the unfrozen gel was determined from the op-
tical scan, The gel was held at the same length during freezing
by stoppers at both endas, The length of gel which was not cut |
was subtracted from the total. The remainder was divided into

as many sections as slices were cut.

Molecular weight determination. Bishop, Claybrook and Spiegel-
man (1967) and Loening (1963) showed a linear relationship b%—
tween log, molecular weight and electrophoretic mobility,. Loening
has determined the molecular weights of higher plant rlbosomal
RKA as 1,28m and 0,70m, by comparison with mammalian r-RNA |
(Taken as 1.75m and 0.70m from Hamilton, 1967) and with E. coli
r-RNA (1,08m and O.56m, Stanley and Block, 1965).

Figure 2,7 shows how a plot of log molecular weight
against distance was established for a gel by reference to the
r-=RYA positions and known weights, and demonstrates the deter-

mination of a molecular weight for another peak,

Base compositions. Gel slices were removed from the film and
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and incubated with 2 ml of:

Piperidine 10%
EDTANaa 1mM
Yeast RNA 0.25 mg / ml,

for about 48 hours at €0°C in a tightly closed bottle,

The supernatant, containing RNA hydrolysed to mononucleo=
tides, was removed and the gel slices extracted for 1 hour w1th
2 ml piperidine solution without added yeast RNA., The supernatants
were combined and evaporated to dryness at 60°C, The nucleotides

were dissolved in a few drops of buffer:;

Acetic acid 7 b
pyridine 0.75%%
PH 3.5

The nucleotides were applied to a sheet of Whatman 3MM
paper as a streak 1.5 cm long.(Figure 2.6) A marker spot of O.E@
orange G, 0.5% acid fuchsin was also applied. The remainder ofﬁ;
the paper was soaked with buffer applied so as to sharpen the
nucleotide bands, After blotting off surplus buffer, the paper was
placed in the electrophoresis tank (Figure 2,5) and a current‘of
.60 ma at 1200 V was applied for about 1 hour. By this time, t@éf
maricer dyes hoad almost feached the lower buffer region,

The paper was air dried overnight. The added yeast RVA
allowed nucleotide spots to be marked out by inspection in ultra=-
viclet light., (Figure 2,6). Nucleotide spots and blanks_weqe‘cut
out ond mounted on planchets for counting in the Lowbeta ﬁéunter,
or were immersed in scintillation fluid:

Toluene 1000 ml
PPO 28

POPOP - 0.03 g
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for counting with the packard 'Tri~Card' ligquid scintillation
spectrometer. 4 minimum of 1000 counts, and normally more than
2000 counts above background were collected for each nucleotide,
(95 confidence limits of counts less than %% of count) Sep- |
arations in which the blank counts were more than 10% of the nuc-
leotide count were rejected, Base compositions were calculated

{

as percentages of the total nucleotide count,

The amount of radioactivity in an RNA specles was detere
mined from the number of counts in its radiocactivity scan peak.

A correction was made for the background of heterodisperse

label,
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Figure‘a,lq Electrophoresis of cytoplasmic fraction RNA pre-
pared by method 1., A, Homogenised in homogenising medium. '
B, Homogenised in hdmogenising medium containing C.5% NDS.
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RESULTS,.

1.Ribosomal RN¥A bresakdown,

A. Detection,

Cytoplasmic fraction RNA was prepared by homogenisation
and method 1. One sample was exposed to room temperature (2500)
for 5 minutes after homogenissation, the other was processe&
gquickly at OOG. Eléctrophoresis of the RNA was on 2..4% gels
for 90 minutes,

Ribosomal RNA from the 0°C treatment occurred as two
symmetricol peaks (Figure 2.8). The 25°C treatment resulted in
the appearance of additional shoulders of molecular weights
about l.lm and O.6m.

It was frequently observed that in experiments involving
large numbers of samples, héncé a delay in nrocessing, suéh
lgwer molecular weight shoulders increased at the expense of
the 1.28m and 0,70m ribosomal peaks, even though the samples
were stored on ice between homogenisation and addition of de=-
tergent, Thus during the early stages of method 1 extraction,
ribosomal RNA appears to be. susceptible to degradation to

slightly smaller units,

B. Breakdown in old and newly synthesised r-RNA,

Explants from freshly harvested tubers were cultured
for 27 hours bgfore lazbelling by a 30 minute pulse in 32-P
followed by 30, 90 or 210 minute chases, Labelling was under
sterile conditions. RNA was prepared by homogenisation and |
method 1, Blectrophoresis of the RNA was on 2.4% gels run for

110 minutes,
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Figure 2.9 Electrophoresis of cytoplasmic fraction RNA pre-
pared by method 1 from explants from freshly harvested tubers
(A,B,C) and from tubers stored for 12 months (D,E). Labelling
was by a 30 minute pulse followed by chases of. 3¢ min, (4,D)
90 min (B) or 210 min. (C,E) | '
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In figure 2,9,4,B,C, optical scans for all samples show
shoulders on the .two ribosomal RNA peaks, About 35 of the total
r-RNA occurred in the degraded form, The radicactive scan for
the 30 minute chase shows about 70% of the labelled, i.e. newly
synthesised RNA, in the degraded form. With longer chase timinés,
this percentage dropped, until after 210 minutes chase, only“’
10% of label was in the degraded form,

Newly synthesised r-RNA appears therefore to be more sus-

ceptible to degradation than older RNA.

¢, Effect of tuber age on breakdown,

Explants from tubers stored for 12 months were cultured,
labelled and used for RNA preparation at the same time and in
the same was as described in B ébove.

The optical scans (Fligure 2.9, D,E) show amounts of degrad-
ation of r-RNA similar to those obtained with new tubers. The |
amount of breakdown of the newly synthesised RNA was much higher

with the old tubers than with the newyfor all chase timings.

D, Effocts of NDS in the homogenising medium,

27 hours old explants from 12 months-stored tubers were'
labelled by a 30 minﬁte pulse and a 30 minute chase, RNA was
prepared by method 1, Homogenisation was either in homogenising
medium or in homogenising medium containing 0.%5% NDS. Electro=
phoresis of the RNA was on 2.4% gels for 110 minutes,

Figure 2,10 shows that in both cases, %% of the total rwRHA;
and 100% of the labelled r~RNA were in the 1,1lm and O.6m de=
graded forms, NDS therefore had no inhibiting action on the

degradation of r-RNA,
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E. Further effects of RNA preparation method on degradation.

RNA was prepared from freshly exciséd explants by three
methods: T

As Totsal RNA was extracted by homozenisation in Kirby medium,

B, Cy%bplaSmic and nuclear fraction RNAs were extracted
by homogeniéétion and method 2. |

Ce Cyféplaémic and nuclear fraction RAs were extracted by
homogenisation and method 1.
£11 samples were DNase treated and snalysed by electrophoresis
on 2.2% gels run for 90 minutes,

With RNA prenaration by method 2 or by homogenisation in
Kirby medium, no breakdown of ribosomal RNA was detectable in
the optical scans., (Figure 2,11, 1,2,3) With method 1, no
breskdown was visible in the nuclear fraction, but the cytoplasmlic
fraction showed breakdown products with molecular weights 6f" |
1.1m and O.6m as before and a third peak with a weight of O.5m.

r=RNA is therefore susceptible to degradation during ex~

traction by method 1 but not during extraction by method 2.

F. Plostid ribosomal RNA,

The 1l.1m and O.6m labelling pesks detected above are sim-
ilar in size to the plastid ribosomal RNAs found by Loening and
Ingle (1967). A chock was made on the artichoke tiséue to find
if plastid ribosomal RFEA was synthesised under any conditioné.

Bxplants were grown for 67 hours under various horirone |
conditions (2,4~D O to 1077 M, coconut milk O or 20%), variou?-
light conditions (dark, 50fc,'450 fc, continuous or for the
- first 30 minutes of culture oﬁly) and various combinations of

light and hormone treatments. RNA was exitracted quickly by method
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Figure 2,12 Flectrophoresis of nuclear fraction RNA and

DA, Pprepared by homogenisation and method 1., A - Oot
Dlase treated B - DNase treated, a = e indicate regions
for which base composition was determined (Table 2.1)

B O — S SRR m----%%—
' Sample M. Wt _ Base Composition « M
: % counts in o G+C o
C A G U - A+T .
a 2e1m 21,3 26.8 33.9 18.9 . 1.19
b S 1.3m 20,6 28.7 32,0 18.7 1.11
c 0.7m 19.3 28.3 29,3 23,1 0.95
do ) 20,4  30.4 26,9 22,2 0.90 .
® ©17.5 33.4 25,0 2kl 007k
TABLE 2,1 Base compositions of RNA fraciions from gel regions
shown in Figure 2,12 C
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1 and examined on 2.4% gels, In no case was any evidence of 1l,1lm
and 0.,6m RNA found, and none of the treatments csaused the ex-
plants to turn green. Plastid ribosomal RHA synthesis does not

therefore apprear to occur in the cultured artichoke explant,

G.Conclusiol,

Ribosomal RNA may be extracted without degradation to l.1lm
. and O.,6m species by method 2, and by method 1 provided that the
homogenisation and centrifugation are carried cut rapidly at

o°c.
2. The efficiency of extraction of ribosomal RNA.

The aim of this experiment was tc examine the yields of
RNA, and the nature of the sub-cellular fractionation given
by the two methods of tissue disruption and the two RNA extrace
ticn procadures. |
Explants were cultured for 24 hours, and labelled by a
pulse of 15 minutes. The chase incubation was for 75 minutes,
Tlssueb were disrupted by homogenisation or by chopping whlle
frozen with solid 002. Sub-=cellular fractionation to 'cytoplasm-
ic! and *nuclear! fractions, and extraction of nucleic acids
were by method 1 or method 2, Each sample was divided into
two equal parts, one of which was DNase treated. The RNA was

fractionated by clecirophoresis on 2.2% gels for 90 minutes;

A, Features of gels,

Figure 2,12 shows representative scans. The optical scans
show DN.L at 0,6 cm, and ribosomal RNAL at 1.4 and 2+5 cm, DNase

treatment removed most of the DNL, but disclosed a small optical
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RNJ“;.

Frac DI

prep. tion ase. Totals Radioactivity.
%:meth°d‘ 1.28n 0.70m DNA | 2.07m 1.28m 0.70m
| Homogen~ c - 208 110 0 6.7 31,8 1?.§
isationi C + 229 125 0 9.5 uhos 27.§
method ey . 80 35 33 | 61,5 58.5 5.6
;— N+ 72 32 3 | 34h3 528 7.3
P c - 102 4 O | k44 8.6 4.8
ShOPIRE o 4 92 k4 O | 3.2 8.5 7.6

N - 102 54 30 | 52.7 5247 6.9

| Homogen- © - 194 11k 0 2.8 24,0 2044
iS'c'ltion.’ G +* 192 96 0 2-9 17.2 16.6
E method 2. N " 24 12 3 049 5.6 1.5
i1 + 20 9 0 3e3 7.6 2.2

¢ - 154 80 0 | 43 18,9  15.3
GAPDIRE o s 158 8 0 | 3.2 20,8 1549
N - 15 Vi 1] l.2 6. 1.9

¥ + 20 7 0

St 849 1ok

i

tj.o Ne

‘Table 2,2 Quantities of 1,28m and 0,70m ribosomal RNL and DA/ 3C
ioxpiant, neasurcd by gel peak areas (Arbitrary units); radicgactiv
ity of 2.07m, 1.28n and 0.70m peaks on gels (Counts /400 seé/

30 explants x 10—3), after tissue disruption by chopping or{
homegenisation and extraction by method 1 or method 2, withfand

without DMNase trecatnent., C-cytoplasmic fraction, N-Nuclear frac-
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optical peak at 0O.8¢cm,

Radioactivity peaks were associated with both ribosomal
optical pesks. A small peek of radicactivity at 2.0 cm between
the two ribdéomal peaks was found in cytoplésmic and nuclear
fractions from all methods of preparation. The large radicactive
peak at 0,8cm corresponds to a molecular weight of\2.07m. If.
had a higher mobility than the DNA optical peak, and was DN;s;I
resistant, - |

BExamination of base compositions (Figure 2,12, Table 2,1)
shows that the 2.07m peak had a ribosomal type base composition,
with a high G + C content, Base compositions of the small peak
at 2,0 cm and of tﬁe polydisperse labell at 3,5 cm were high in

A + U content,

B, Comparison of extrsctlion methods,

Total yieldss .
- DN4, The yiel& of DNA from method 2 was about L/10 th of that obw
tained by method 1, (Table 2,2) DHase treatment removed over -
90% of the DNA, and had no effects on the RNA recoveries.

r-RNfi, Choppring of the tissue gave lower recoveries of r-RNA than
homogenising; as expected of the visibly less eificient tissue’
breakagé. Method 2 extraction gave lower recoveries than method
1. The ratio of the amounts of l.28mrto 0.,70m r-RNA components
was close to the theoretical 1,85 with all methods of prepar-r
ation, (Table 2.3)

Distribution between fractions. The distribution of extracted

r-RiNA between cytoplasmic and nuclear fractions varied greatly.

Relatively more RN was obtained in the nuclear fration with method



1.28m / Q.70m

RN A c/u

Prepe. DNase _ ratio ratio,

method, total counts total counts,
Homogenisation = 2e7 045 1.99 3,88
Method 1, + 3ol 0.86 1,92 2.79
Choppol, - 0.91 0.16 2.17 5024
Method 1 3 0.89 0.16 2,11 3,16
Honogenisation -~ 8.5 569 1.73 1.34
Method 2 + 9,9 248 2,02 1.32
Chopper, - 1141 1418 1.94 “1.46
Method 2. + 1.87 l.72

942

2.9L

Table 2.3 Ratios of optical amounts of L,28m # O0,70m and
rodicasctivities of 2.07m + 1,28m + 0,70m in cytoplﬁsmic

and nuclear fractions (C / N);

ratic of optical amounts

or counts in 1.28m to O.70m. (1.28m / 0.70m) Data from

electrophoresis of RNL prepared DY two extraction methods

and two tissue disruption methods, with and without DNase

treatment,
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.1 than with method 2. The method of tissue disruption made

no difference to the distribution when method 2 exiraction was
used, With mothod 1 however, chopping thc tissue resulted in

a higher proporfion of r-RNA in the nuclear fraction than homo-
gonisation., This again is consistent with the less efficient
tissue breakage by chopping, and with greater adhesion of cytom=

plasm to the nuclear debris,

Labélled RMA yielqsa
2,07m As in the case of DNA, the labelled 2.07m component was
obtained in nmuch greaﬁer amounts by method 1 than by method 2,
(Table 2.2) DNase treatmentlhad no effects on the amount of 2.07m
label except in the homogeniser / method 1 freatment, where thef
amount of 2,07m label was halved by DNase treatment. This findiqg
is contrary to all other experience, and is considered the resuét
ofasome expefimental error, |
r=Ri{d, Recoveries of 1.28m r-RNA label were alsc higher with
method 1 extraction than by method 2..Yields of O,7m r-RNAL were .
similar with both methods of extraction, With method 1 extraction,
homogenisation gave higher label recoveries in the cytoplasmic‘
fraction than did chopping. Yields in the nuclear fraction were
similar with both metheds of tissue disruption. With method ai'
extraction, the met%od of. tissue disruption did not affect the
yield of r-~RNA label,

The ratios of label in 1,28m to label in 0.70m were in
the range 3 to 5 with method 1 and 1,3 to 1.7 with method 2,

The ratlo did not depend on the mcthod of tissue disruption,

Distribution between fractions. Generally, the propgrtlon of the

RNA label recovered in the nuclesr fraction was higher than;the



R4 Frac-  DN- Specific fctivity of:
Prop. tion, ase.
method 2,07m 1,28m 0.70m frac- tiss-
_ ‘ tion, ue,
e ¢ - 21 153 162 177
Eéiifiﬁj N - 535 731 160 1092 420
Method 1f G 27 193 221 230
N 33 733 228 746 384
c - 31 . 84 120 125
-ﬁ}éﬁﬁﬁgri, N - | 338 517 128 720 4356
C + 2k g2 173 142
X | 359 517 29 pp9 479
c - 9 124 179 153
TonitenT W - 25 233 1% 231 161
Method 1, i 10 90 173 - 127
N 113 380  2nh . 452 157
¢ - | 18 123 191 165
e I - 55 407 271 417 186
c 13 132 181 162
N 126  L45 200 507 196

Table 2.4 Specific activities of 1.28m and 0,70m r~RNL, of
- 2.07m expressed relative to total ribosomal amount; mean
specific activities of sub-cellular fractions and whole tissucs,
expressed as total counts in 2,07m, 1.28m and 0.70m / total
- amount of 1,28m and 0.,70m in the fraction or tissuc. Units
of specific activity counts/L00 sec,/gel pesk area unit,.
RNL extracted using two methods to disrupt tissue, two
- methods for RNAL extraction, and with and without IDNase treat-

meilte
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7 proportion-of the total RE¥A, With method 1 extraction, the vast
majority of the 2.07n label was recovered in the nuclear fraciion,
heThod 2 extracteﬁ a higher proportion ol tolsl label in the cyto=~
plasmic fraction than in the nuclear; method 1 extracted a high-
er nroportlon of the total label in the nuclear fraction than in
the cytopleemic, The failure of method 2 to extract 2,07m label
and nuclear 1,28m lobel was the major cause of this difference.
Chopping resulted in a higher proportion of label in the nucleapr
fractioh than homogenisation with method 1 extraction, but made
no difference with mcthod 2 cxtraction. Thus the effects of_tisgue
disruption method on labol distribution were similar to those on

tofal améunt'distribution.

Specific activitics (Table 2.4)
2.07m The specific activity of the 2.07m labelled RNA was
calculated ﬁith reference to the total amount of r-RNA present,
beccuse of tne impos sibiity of measuring the area of the,Z.O?m:
Voptlcal peak with accuracye. Wlth method 1 extraction, the Z. O?m
anec1flc activity was much higher in the nuclear fraction than
in the cytoplasmic fraction. |
r-RNA. The 1,28m specific act1v1ty was greater in the nuclear
fration than in the cytoplasmic fraction in all cases. 0.70m;
specific activities were similar in both fractions., For the tissue
as a whole, method 1 extraction yielded RNA of 2,5 times the
specific activity of that from method 2 extraction., Tissue

disruption method had no effects on Specific activitye.

¢. Conclusion., For the study of 2,07m and r-RiA synthesis

reported below, homogenisation and methcd 1 were chosen because
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of the high recoveries obtained, The quality of the substellular
fractionation given by the various methods is considered in detail

in the discussion,
34 The synthesis of ribosomal RNA,

The ribosomal-type base composition of the 2.,07m 1abelied.
RNA peak found in the previbus experiment, and its high specifi?
activity suggested that it might be a precursor to ribosomal RNA
similar that that reported in HelLa cells (Scherrer et.al. 1963;i
Weinberg et, al,l967). This experiment was designed to investiggte
the kinetics of labelling of the 2.,07m and ribosomal RNAs.

Explants were cultured for 4O hours. The pulse incubation
wzs for 15 minutes, Chase incubations were for 1, 15, 30, 45, ?5!
165 and 345 minutes. RWA was extracted by the homogeniser / :
method 1 procedure. Care was taken throughout to keep the fraqtiéns
at 0°C and to start the detergent extraction as soon as possi@lg
to eliminate the chance of r-RNA degradation. The experiment @gg
carried out twice; in one casc all samples were DNase treated.RNA
was froctionated by electrophoresis on 2.2% gels, which were run

for 2 hours.

A, 32-P 'uptake'!, The 32~P content of the alcohol soluble fraction

decreazed after the end of the pulse, (Figures 2.15, 2.19),

B. DNA., Labelling was apparent by 15 minutes. (Figure 2.17)

and remained constant after 45 minutes,

C. Total RNA labelling, This was measured as the sum of the
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label in the 2.07m, l.im, 1,28m and 0,70m peaks. No account
was taken of polydisperse label between the peaks. The polydis-
perse 'background'labelling in the peaks was estimated and sub=—
tracted from the total label in the pesk. 'Total' RNA labelling
therefore represents label in the ribosomal RNA molecules and
their precursors,

Total RY¥A labelling increased steadily for 3 hours (FMigure
2,19), In Figure 2.15, a decrease in rate of labelling became

apparent after 3 hours,

D. 2,07m labelling, The 2,07m label peak in the‘nuclear fraction
inereased until 45 minutes, and then decreased. (Figure 2.14)
The small amount of this label in the cytoplasmic fraction
followed a similar pattern,

Detorninations of molecular weight from 16 scans gave the
mean value for this peak as 2,07m. All individual valueslweré

within + 0.04 of the mean.

E, Ribosomal RNA labeclling,

Scans. The clectrovhoresis scans shown in Figure 2415 show
that in the supernatant fractions, the labelling peak asgociated
with the 1.28m ribosomal RNA optical peak was coincident with it
for all pulse~chase timings. In the nucléar fracticn, coinci-
dence of the optical and radiocactive peaks was observed for
chases up to 30 minutes, and with chases lasting 75 minutes
znd longer, But with a 45 minute chase, the radiocactivity peak
was distinctly heaviér than the opticzl peak, Examination qf
6 scans gave a mean molecular weight value of 1.40m for the

heavy label peak. ALl individual values were within + 0,03m of
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the mean., The 1,40m radiocactivity peak was constantly observed
in nuclear fractions after comparable radiocactive incubation
timings,

The 0.,70m radicactivity and optical peaks were coincident at

all times in both fractions,.

Nuclear fraction. The rate of l.40m « 1.28m labellilig
increased for 45 (Figure 2.17) or 60 (Figure 2,14) minutes,
followed by a decrease in the rate of labelling. During the first
60 minutes of incubation, the rate of 1,28m label increase in the
nuclear fraction was greater than the rate in the cytoplasm. 6!?0m
labelling was low in the nuclear fraction at all times, about ?

1/5th of the l,bm + 1,28m labelling

Cytoplasmic fraction. Considerable changes in the rates of

accumulation of 1,282 and 0.70m labelling in the cytoplasmic ?éac-
tion occurred during the early stages of incubation. In Figur%t
2e1lL, the labelling of the 1.,28m component was at twice the rétg
for the 0.70m for the first 15 minutes. There was then a slight.
211l in the amounts of both types of label, before both compqnents
incressed at the same steady rate until three hours, Theraaf@gf

no further increase in 0,70m labelling occurred; the 1,28m laﬁell-
ing increased until 6 hours.

In a separate experiment, (Figure 2,17), a similar patte?n
wzs shown, Labelling wos at a high rate between 15 and 30 mintics;
the rate of 1.28m increase agailn being greater than that of 0,70m.
Between 30 and 60 minutes, both components increased little in
radicactivity. After 60 minutes, higher, constant rates of
labelling were maintained until the experiment cnded at 3> hours,
During this last pericd of labelling the 0.70m labelling rate

was lower than that for 1.28m.



2.07m radicactivity peak. Nuclear fraction. No,

Pulse chase c A G U Detns.
i5 1 2247 2947 0.4 17.2 1
15 15 2l.2 27.3 31.7 19.9 2
15 20 20,9 27.6 31,0 20,6 2
15 40 = 345 2l.3 26,8 - 30,8 2l.3 5
1,40m radiocactivity peak. Nuclear fraction, No.
Pul se chase c A G U Detns,
15 L5 20.7 29,2 3043 19.9 2
1.28m radicactivity peak.
Pulse chase Nuclear fn. cytoplasmic £&n.

c o L G U Det, C L G U Det.
15 1 18.2 33.1 27.7 21.0 1 21.8 26.9 33.0 18.3 1
15 15 19,8 29.2 30.5 20.4 2
15 45 20.1 29,6 32.0 18.4 1
15 75-345 21,4 27.6 31,6 19.4 4 21.8 28.4 31.4 18.5 5

0.,70m radicactivity peak.
Pulse chase Nuclezar fne. cytoplasmic fn.

c Fil G U Dets. C A G U Det,.
15 1 18,7 29.1 26,9 25.3 1 1949 26.4 30.4 23,2 1
15 30 19:0 31.6 26,3 23,1.1
15 45-345 2047 27 7 27 5 24.1 3 20,4 2743 28 6 23.7 6

Region between the 1, 28m and 0,70m peaks.

Pulse chase C L G U Detns.

15 1=-15 15.9 33,0 26.h 2le 7 1

15 L5=305 20.5 28.5 2749 23.0 3

Region lighter than 0.70m,

Pulae chase C L G U Detne.
15 20=75 19,2 32.8 25.2 2249 2 (Nuclear)
15 1165 19.0  36.7 23.2 21,1 1 (cytoplm.)

Table 2.5 Percentago bgéé'ébmpositions of RNA fractions from gels
shown in Flgurc 2 13, and ‘number of 1nd1v1dual determinations

nede for cach base COﬁpOSltlon.
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(lobOm + 1,28m) / 0.70m l=belling ratio, In both experiments,

the ratio for the whole tissue rosc from a value clese to 2 at
15 minutes to about 3 by 1L hour. (Figures 2.16, 2.18) During
the remainder of the incubation, the raﬁipi;fell again to values
closer to 2,

The'ratio of label in the cytoplasmic fraction was 2 at
15 minutes, fell rapidly to Jhust over 1, then rose to 2 again by
6 hours. In the other experiment (Figure 2.16) the ratio followed
a similar pattern;_rising from 1 to 1,6 between 30 minutes and

% hours,

F. 1.0m labelling peak, The small radicactivity peak beiween the

two ribosomal RNA peaks was visible in all cytoplasmic and nuc-
lear fraction scans (Figure 2.,13), though less distinct with long-
er chase timings. Because of its comparatively low radioactiviﬁy;

it was not possiblc to obtain measurecmcnts for kinetic data.

G. Base compositions. (Table 2.5) The 1.28m and 0.70m RNA labelied
in the nuclear fracticn after 1 and 15'minute chases had slighfly
lower G + C contents than similar pceaks from longer chase timiﬁgs.
Otherwise there were no significant changes in the base'compositions
of 2,07m, L.28m and 0,70m RNAs with chase time. Therc was no -
difference between the base compositions of the l.40m and 1.28%
pesks in the nuclear fraction. 1.28m basc composition was simjlar
in the nuclear and cytoplasmic fractions, The nuclear O.?bm h?d
a slightly lewer G + C content than the cytoplasmic O.70m. {

In confirmation of the results in Table 2.1, the G-+ c can-
tent of the 2,07m poak (Mean 52%) was higher than that of the

1.28m (Mean 50%) which was higher than that of the 0.70m (Mecan 48%).
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The 1.0m peak base composition increased in G + C content
from an initial 4% to 50% by 6 hours. The base compositicn of

the RMA lighter than 0.,70m was high A, low G + C content,

4, Effects of 5-fluoro-uracil on r-RNA synthesis,

Aty [
Uep
e

Gw=fluorec~uracil was added to a concentration of 1 mM ;fter
various times of culture., The radicactive incubation pre-wash,
pulse and chase solutions also contained 1 mM 5-FU, A control
treatment received no 5-FU, After'a 15.minute pulse and a 75
minute chase, RNA was prepared by homogenisation and method 1,
All-sampleslwere DNase treated,

211l treatments showed similar values for the 32-P content
of the alcohol supernatant., 5=FU therefore‘had no effects on éagP
uptake, | o

The control treatment (Figufe 2,20, E) showed 2.,07m, 1;a§m‘
mand a small 0,70m labelling pezks in thenucleafl fraction, and
aﬁd L.28m and 0.,70m labelling peaké in the cytoplasmic fractgbn.

When 5-FU was present from O hoﬁrs, no labelfpeaks were visi?le

Figure 2,20 (Opposite) Electrophoresis of cytoplasmic and nyc-
lear fraction RNWA. Nuclear fraction E and cyteplasmic fractié%
D were on 2,2% gels, all otheré on 2.4%Vgels. B—fluoro-uracii
was supplied at a concentration of 1 mM from O (A), 1?;(3),

21 (C} and 22 (D) hours during culture, Labelling c&mm;nced

at 22 hours, B - control, no 5«FU treatment,
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in the nuclear fraction (Figure 2,20, A). The cytoplasmic fragc-
tion showed a label pesak coincident with the 0.70m optical peék.
Very small 1,28m and 0,70m radicactivity peaks were visible in
the cytoplasmic fraction when 5-FU was added 5 hours before ine-
cubation, (Figure 2,20, B) ?he 2407m peak was the only one
labelled in the nuclear fraction, ' pL;‘

When 5-FU was sdded 1 hour before incubation or at the
start of incubation, (Figure 2,20, €, D), 1.28m and 0.70m labell~
ing pealks were detectable in the cytoplasmic fraction, though in
smaeller amounts than in the control, In the nuclear fractions,.
amounts of 2,07Ym labelling greater than in the control were
apparent, The labelling associated with the 1.28m optical peak
was of the heecvier, 1.40m form, in contrast to the 1,28m

label of the contrel,
5. Polydisperse labelled RNA.

A. Extractions.

Freshly cut explants were labelled b& a pulse of 120
minutes followed by a chase of 60 minutes., RNA was extracted
by three methods,

A.Bxtraction of total RNA by homogenisation in Kirby medium,

B.Extractivn of cytoplasmic and nuclear fractlion RWAs by
homegenisaticon and method 2.

- C,Extraction of cytoplasmic and nuclear fraction RNAs by

homogenisation and method 1,
A1l samples were DNase treated, 2.2% gels were loaded with 1/4

of the RNA yield from 50 explants for treatments & and B, and
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with 1/6 th for trcecatment C, Electrophoresis was for 90 minutes.
With treatment A, the radicactivity scan shows 2.07n,
1.28m and 0,70m labelling pcaks on a background of polydisperse
labelling between the origin and 4 cm. (Figure 2,21 A) Both
methods of tissue fractionation resulted in the appearance of
this pclydisperse label in thg cytoplasmic fraction, (Figupe.
2,21, B, D), Little polydisperse label was detectable in the'
nuclear fractions, (Figure 2.21, €, E). The amount of polydis=-
perse labelling extracted was simiiér with all three methods

allowing for the diffcerences in the smount of RNA loaded onto the

gels,

B, Kinetics of labelling,

This cxperiment was carried out with explants cultured
for only 1 hourto reduce the amount of r-RWA and r-RNA pre-
cursor labelling. Figure 3.1 shows that the incorporation of
32-p into r-RNA is very low in the early part of culture,

Explants were labelled by a 60 minute pulse, followed by
1, 30 and‘lao minute chases, RNLA was prepared by homogenisatioh
and method 1, In an attempt to reduce cytoplasmic contaminatibn
of the nuclear fraction, the debris from the homogenate was
resuspended in 1 ml homogenising medium and re—sedimented{,fhe
supernatant was added to the cytoplasmic fraction. Elecﬁfo-
phoroesis was for 90 minutes on 2.4% gels. |

Little ribosomal RNA labelling occurred in thié young
tissue, and the rate of appearancg of labelled r-RNA molecules
was slower then with the material cultured for longer pgriods.

(Figure 2.13) After 61 and 90 minutes labelling, a small 2407m
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peak was visible in the nuclear fraction., (Figure 2,22) By
180 minutes, 2,07m and l.40m labelling poaks were apparent in
the nuclear fraction, and small asmounts of 1.28m and 0,70m had
appeared in the cytoplasmic fraction,

Pelydisperse labelling, with a maximum at l.4 cm, was most
marked in the cytoplasmic fraction after 90 minutes incubation,
and declined with the longer chase, In the nuclear fraction,

a polydisperse region of lower mobility than that of the cytoglasm
(maximum less than 1 cm) was visible after 90 minutes, and waé
most prevalent at 180 minutes,

The low molecular weight 32-P containing contaminant,
beyond 4 cm, was most common in the cytoplasmic fractions, It

decreased with longer chase incubation,



~ DISCUSSION,

l. RNA extraction.

Yields,

Polydisperse labelled RNA was extracted equally by method 1
and by method 2. -

Method 2 gave lower yields of DA and of the larger ribosomal
RIA molecules = 2,07m and 1.28m - from the nuclear fraction than
did method 1, i.e, the Kirby medium failed to extract these
molecules from the phenol and interfacial »Hrecivitate. Figure
2.2l shows that when tissues were honogenised directly in Kirby
medium to extract total nucleic acid, a yield of 2,07m ecual to
that obtesined by method 1 extraction was obtained, The prelime
inary extraction of cytoplasmic RNA in method 2 by NDS buffer /
phenol therefore reduces the esase of subsecuent extractionlof
high molecular weight r-RNA and DA by Kirby medium,

This might be a result of denatured proteins binding to
the nucleic acids, as was coansidered by Kirby {1965), Burns
(1963) found that r-~RNA was difficult to extract from fern
gametophyte material when & phenol-~detergent method was used,
but that a preliminary mild deproteinisation with chloroform/
octanocl resulted in higher yields,

~ No effects offtemperature {CGeorgiev and Mantieva, 1962)

on extraction were examined with the artichoke waterial, though
in view of the protection from nuclease actlon and the more
satisfactory sub-celluler fracticnation (see below) with

method 2, this could still be worthwhile,.
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Degradation of r~RNA during extriction,

It is evident that while method 1 of RNA preparation
gives high yields, it exposes the RNA to the danger of degrad-
ation, probably by endogenous nuclease action, fxplants fron
old tubers appear to have a higher Rilase content than those
from freshly harvested tubers, This is consistent with the
State of breakdewn in the old tubers to support the developing
buds, The higher susceptibility to degradation of newly syn-
thesised RNA (Figure 2,9) implies that a measure of protection
from RNase attack is conferred by the addition of ribosomal
proteins to the RITA, Burns (1968) has shown that treatment of
homogenates of higher plant tissue with trypsin for short per-
i1cds leads to extensive degradation of ribosomal RNA.

The persistence of degradation when O.%% NDS was added
to tiae homogenising medium used for method 1 extraction (Fig-
ure 2,10) suggests that this hydrophilic salt alcone is not
an inhibitor of RNass, Protecticn from nuclezse action was
obtained with the NDS buffer / phenol homogenisation of
method 2, {(Tigure 2.,11l), a conseguence of the phenol rather
than the NDS, Homogenisation in Kirby medium also preveanted
nuclease action (Figure 2,11)., The TiIS component of this med-
ium is known to be a strong nuclease inhibitor, (Hamstings and
Kirby, 1966; Parish and Kirby, 1966).

Apart from inhidbition by detergents such as THS, various
other methods have been suggested for the inhibition of
nuclease action during RVA extrcctiion, These include the add-
ition of proteins (Hallaway, 1965) or polyvinyl sulphate
(Clark et. al.,, 1964) to the homogenising medium to prevent

rupture of RNase-contsining lysosomes, binding proteins to
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bentonite, providing inhibitory concentrations of zinc or
magnesiﬁm ions (Holden and PiRie, 1955) and extracting at
higﬁ RH; where nucleases are less active, (Click and Hackett,
1966) In genersl, these methods have to be used for cell
fractionation, but are less effective than inhibition by
anionic'detergents.~

The specific breakdown of r-RNA to two distinct radio-
active pesks (1l.lm and 0.6m) or to two or three opticzl peaks
{(l.1lm, O.6m and Q.5m) suggests that there may be particularly
exposed or sensitive sites on the molecules, or exiremely
gpecific ribonucleéses. Ingle (1963) has observed similar
breakdown to specific molecules in bean tissue, including
breakdown of plastid r-RNA, He concludes that at least some
of this breskdown may be by a natural process in vitro, In view
of the resulis iﬁ.Figure 2.3, the breakdown in srtichoke RNA

seems to be entirely after homogenisation,

Suh=cellular fractionatione.

Combinations of the two methods of tissue disruption and
the two methods of RNA extraction gave variocus distributions
of the RNA between the *‘nuclear' and'cytoplasmic’® fractions.
(Table 2.%)., The 10:1 cytoplasmicinucleur ratio for r-RNA ob-
toined with method 2 is similar to the values quoled by
McLeish (1963) from chemical determinatibns of RNA on cells /
an¢ isolated nucleis

The lower retics obtained by method 1 suggest cyto-
plasmic contamination of the nuclear fraction. This was.
especially high when the chopping method of tissue disruption

was used, consistent with the less efficiont tissue breakages
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In method 1, there was also evidence for a small amount of
nuclear fraction contaminating the cytoplasmic fraction. About
1/10 th of the tissues 2.07m labellinz appeared in the cytow
plasm, as well as = little Diif, This could be a result of

damage to a proportion of nuclei during tissue disruwntion,
2. Ribosomzl R¥A synthesis,

In the cytoplasmic fraction, the labelling of l.23m and
0.70m seemed to occur in two stages. (Figures 2.14;2.17),

1, An early labelling during the pulse,’which stopped or
declined in the esrly stioges of the chase,

2., A progressive increase in lebel, beginning early in
the chase, and continuing for some hours,

It is proposed that this later labelling wes a labelling
involving compléte synthesis of the r-RNA molecuies and complex
rrecursors, qnd that the ecrly labelling was by some means not
involving complete synthesis or precursors, There is further
circumstantial evidence for a ducl lzbelling of r~RiiA:

1.,The ratio of 1,28m to 0,70m labelling in the tissue was
areater than the theoretical 1.85:1 during the esrly stages
of the incubation. (Figures 2,16; 2.138) This is inconsistent
with a labelling by complete synthesis of tﬁe molecules, where
labelling in proportiion to molecular weight is expected, Later
in the chase, when molecules labelled by synthesis were pre-
sumably present, the r~-itio fell towsrds the theoretical value,

2. In the nuclear fraction, l.23m lebelling was present
with chases of 1 to 30 minutes, wa2s absent at 45 minutes, and

was present again with cheses of 75 minutes or longer. This
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suggests an early labelling of 1.28m which wzs either degraded
or exported to the cytoplasm, followed after a gap by labelling
resulting from de novo synthesis,

3., In the pea root, Loening (1963) did not detect labelled
0.,70m and 1.28m in the cytoplasm until 40 and 60 minutes re-
spectively. These times are similar to those shown in Figure
2.17 for the start of the second increase in cytoplasmic

labelling.

Labelling involwving the gsynthesis of new molecules,

(In this part of the discussion, the early labelling
behaviour of r-RNA is disregerded.}

The 2,07m pesk in the nuclear froction lzbelled faster

han the other r-RNA pezks during the pulse and early chase,
Later in the chase, it decreased in radioactivity, wiaile the
labelling of the 1,28m and 0.70m peaks increased. The high
specific activity of the 2.07m peak suggests a rapid turnover,
Its bese composition was similar to that of ribosomal RNA,
All this evidence supports the hypothesis that the 2,07m peak
is a precursor to ribosomal RNA,

In the nuclear fraction after a 45 minute chase, there
was little radioactivity associated with the 1,28m r-RNA
optical peak. (Figure 2,13), but a radicactivity peak of mole-
cular weight 1.40m was present. After longer chases, 1.28m
label was evident, but there was no 1,40m laobel., The restriction
to the nuclear frncfion, ribosomal~type bose composition and
appearance after the 2,07m labelling susgests that the 1.40m
peak is an intermediate in the processing of the 2,07m pre-

cursor, The scheme proposed for the processing of the 2.07m
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precursor may be represented as:

2¢07m = Lo bOni-——p.1.28m
g & Nucleus

- ' Oo '?Om

St o e aum —

1,28m
0.70m 1.28m - _Ey;;pi;sgj

It will be noted that in this scheme, the entry of l.28m
into the cytoplasm is later then the 0,70m, because of the
extra stage involving the 1,40m precursor, This is consistent
with the 1.28m:0.70m labelling ratio in the cytoplasm, which
was below the theoretical 1.85:1 in the early part of the
chase, and increased later. (Figures 2.16; 2.18).

Loening (1969) has found a similar pair of precursors in
the pea root.

The measuremnent of the molecular wéeight of the first
precursor, 2,07m #+ 0,04m is 0,09m greater than the combined
molecular weights of the 1.28m and 0,70m r-RNAs, This implies
that part of the precursor molecule is not conserved during
processing. Clearly there is a loss of weight in the stage
from l.40m + 0.0%m to l.28m, which is within the limits of
measurement error of the calculated totzl weight lost in 2.07m
precursor processing. But there is also evidence from the base
composition data of Table 2.5 for a loss ofxweight during
the initial splitting of the 2,07m molecule, The mean G + C
content of the 2,07m is 52%, of the l.40m and 1,.20m 50% and
of the 0,70m L. This suggests the loss of a piece of RNA of
high @ + C content, No correction for the low & + C content
heterodisperse RNA (Table 2.5) was made in estimating the
bese compositions of the precursor ond ribosomal RNA, as the
amount of heterodisperse RNA relctive to the label in the peaks

was small (Figure 3,13), and Figure 2,21 shows that heterodis=-

3
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digsperse contamination was . likely to affect 2ll pezls fo
sinilar degrees,

While the base composition data sugzest a loss of RNA in
the first split of the 2.07m precursor, the molecular weight
determinations do not show any leoss of RNA, The weight of the
portion lost might be within experimentsl error, or the weight
of the 2,07m precursor mizht have been underestimated for
two reasons, A higher G + C content might increasse the amount
of fo;ding in the molecule, making it more compzct and hence
more mobile in the gel. Alternatively, the layering of water
over %the top of the gel before polymerisation mizght lead to
a reduced gel concentration at the top, resulting in initially
gre: ter mobility of the 2.07m. It has been noticed that when
gels were run for 1 hour, the calculated molecular weilght of
the precursor is less than 2.07m.

Studies with animal cells alsc suggest a loss of RNA with
a high G + C content during the processing of the precursor.
In Hel.a cells, Weinberg et., al (1967) conclude that up to
50% of the weight of the 4.6m precursor is lost during pro-
cessing, from megsurements of molecular weights by zel electro-
vhoresis, In the base composition studies of Willems et, al,
(1968), the 45s (4.6m) precursor was found to have 70% G + C,
and the 23s + 18s 64%. They concluded that the discarded por-
~tion wus 57 -~ 77% G + C, Jeantur et. al (1968) have found S8
sequences of non-ribosomal type, with very low A content, in
the L5353 and 32s intermediate, They concluded that %0 to 50%
of the weight of the 45s is lost during processing.

In the study of the r-RNA cisirons of Xenopus DNA by

Birnsteil et, al, (1968), it is concluded that the 238s and
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18s templates alternste along the DNA, separated by lengths
of DNA with 35 G + C countent, The precursor in this case is
of 2.5% molecular weight, with a higher G + C content than
the finzl r-RiiAs. The leoss of RNA during processing is about
O, 3m.

The discarded high G + C content portion was not de-
tected in the artichoke tissue or in the animal cells,
suggesting a rapid degradation., The significance of the
high G + C contont regions is open to question, Presumably
they must be capable of exerting coansiderable influence on the
secondary structure of the precursor molecule., It is perhaps
relevant that the amount of discarded, high G + C material
increases with increasing size of the fipnal r-~RNA molecules,

(Loening, 1969),

r-RIA proportion of pre-
molecular weights, curser not conserved,
Artichoke 1,28m; 0.70m c, T
Xenopus 1.5m O,7m c.12%
Hela 1.75m O.70m 30-50%

One function for the high G + C regions might be to
hold the ribosomal RiT4 in certain configurations during the
addition of ribosomal proteins, This 'folding function!
might be recuired to a greater extent with larger r-RNA

molecules,

5=F0J and r-RNA synthesis,

S5=fluoro=-uracil when applied 5 or more hours before
lobelling completely inhibited the labelling of r-RUA and
2,07m precursor. The effect when the inhibitor was added

just before incubation with 32-P was.- to reduce the amounts
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of label in 1,28m and 0,70m, while incressing 2.07m labell-
ing end preventing the conversion of 1.40m to 1,28m. (Fig-
ure 2.,20)., Willen and Stenran (1966) reported an accumulation
of presumed heavy precursors of r-RNA in rat liver after in-
jection of 5-FU, QOther conditions may lead to anaccumulation
of precursor, including poliovirus infection (Weinberg et.
al., 1967), phosphate starvation and the inhibiticn of protein

synthesis by cycloheximide (Willlens et. al., 1968)

The early lsbelling of r-=RNA,

Various explanations may be considered to esccount for the
early labelling belhsviour of the r-RNA, The label is unlikely
to represent the precursors to bacterial r-RiiA (Hecht and
Woese, 1968) in view of the sterile precautions taken. The
1.28m r-RNA of the artichoke is also significantly heavier
than the precursor to bacterial 23s r-RiA. Plant plastid r-RNA
has been shown to have ﬁolecular welghts similgr to bacterial
r-RN4., (Loening and Ingle, 1967). It is not yet known if the
plastid r~RNA follows 2 similar precursor pattern to the
bacteria, Even if this were_the casce, it is unlikely that
plastid ribosomal RHNA precursors would be preoduced in a
non-green tissue which does not show any finished plastid
r-RNA,

The early labelling micht be a consequence of precursor
breakdown by nuclease action following on homogenisation, rather
than by a slower in vivo processing of the 2,07m, The high
early 1.28m:0.70m labelling ratios argue sgainst this intef-
pretation,

The possibility that the easrly labelling is a result of
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messenger RNA fractioneting with the r-RiA is discounted
by the ribosomal type base composition of the early 1,28m
and 0,70m labelled pesks., (Table 2.5)

The possibility that non-nucleic acid phosphate might
be contributing to the labelling of ths pecks is ruled out
by the normal recoveries of total counts in the nucleotides
in bese composition determination,

A further possibility is that already synthesised r-RiA
olecules mizht be labelled invsome way, This cannot be by
the turnover of only a few terminal nucleotides as occurs
in transfer RN4 (Ingle, Key and Holm,1966), as this would
give a distorted base composition, whereas that observed
was close to normal ribosomal, The high 1,28m:0,70m labell-
ing ratio observed during early incubation suzgests that
the larger r-RWA molecule might have more of such labelling
sites per unit wedght than the smzller r-RVA,

Thus the machanism of this early labelling remains

unresolved,

34 Heterodisperse labelling.

Two polydisperse labelled fractions were detected in
the artichoke tissue, a heavier one in the nuclear fraction
and a lishter one in the cytoplasmic fraction. (Figure 2,22)
The fact th:t the cytoplasmic was zlresdy beginning to chase
out by the time of maximum zccumulation of the nuclear labell-
ing suggests that the nuclear material cannct be simply a
precursor to the cytoplasmic, In this respecbthe situation

is similar to that found in HeLa cells by Penman, Vesco and



-9l -

Penman, (1968).

Although an extensive analysis of bise compositions was
not carried out, the determinations from the light hetero-
disperse regions of other gels (Figure 2,13; Table 2.5) show-
ed a high A content similar to the messenger fraction from
pea roots described by Loening (1965) and %o the D-RFA and
polyribosome~associated RNA of soybean roots. (Lin, Key and
Bracker, 1966)

The polydisverse RNA of the artichoke exhibits three
characteristics proposed for messenger RNA: Heterogeneity of
weight, base composition and in the cytoplasm a hizgh rote of
turnover, But without further information on their behaviour
and synthesis, no definite functional significance can be

assigned to these fractions.
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SECTION 3.

4 detailed study of ENA synthesis during the first few cell
divisions was made using polyacrylamide gel clectrophoresis.
The remainder of the Section is concevirned with an examination
of the relation between RNA, DNA and protein syhtheses and
cell division. Conditions known to inhibit cell division, such
as light, hormone conditions and mitomycin, werc used to test
the depcndence of RNA and protein changes on cell division.
Inhibitors of nucleic acid synthesis were oexamined for their
effects on the tissue, and used to determine the necessity of

RNA synthesis for cell division.



MATERIALS AIID METHODS,

Cgltu;gdqpnditions. Explants wore obtained, planted and cultured

as doescribed in Section 1. Except where otherwise specified,
planting wes by dim green light and culture in total darkness.
The medium contained sucrose, aslts and 2,4-D at 10'5 M. Culture

was in various sizes of petri dish or 100 ml conical flasks.

Chemicals, All chemicals were B,D,H., 'inalar' grade when ob-
tainable. Antibiotics were a gift from Dr. K. Jones. Antibiotics
and S5-fluoro-uracil were dissolved in water to a concentration
10 times that required in the culture medium. Addition of the
antibiotics to the culture medium was made aseptically through

a Millipore filter,

Gel electrophoresis, %2-P labelling of explants, RNA prepar=-

ation, clectrophoresis and derivation of data from scans were

carricd out as described in Section 2.

Cell number was estimated by the incremental method described

in Scction 1, on samples of 3 - 5 explants,

DNA, RNL and protein estimations., The devclopment of the methods

used for guantitative estimation of DNL, RNL and protein is
described in Lppendix 1.

Explants were storcd in methanol at 0°C between harvoste
ing and analysis, Washing to remove contaminating materials
was by tho method of Holdgate and Goodwin (1965), The cxplants

were processed without homogenisation for the washings and for
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nucleic acid and protein extraction.

Nucloeic acids werc extracted by the procedure of Schuneider
(1945). 8 «‘10 explants were incubated with 1 ml 0,58 PCA for
20 miniites at 70°C, The tissue was washed with O,.5ml PCA. RNA
was calculated from the difference in absorbance at 260 and 315
nm of the combined supernatant and wash. SP500 and SP800 spectro-
photometers were used, o

The exﬁlants were extracted a further three tinmes witﬁ 0.5
ml aliguots of C.,5N PCA for 20 minutes at 7006. A1l PCA extracts
were combined and used for the measurement of DNA .by the di-
phenylamine colour reaction for deoxyribose, (Burton, 1956).

The colour intensity was taken as the difference in absorbances
at 600 and 650 nm, measured using 40 mm cells in the SP500
spectrophotometer,

Protein was exiracted into 1 ml N Na0H at room temperature
‘for 24 hours, and measured by the colour produced with Folin
and Ciocalteau's reagent in the Lowry method (Lowry et, al.
1557)

Absolute amounts cof DNA, RNA and protein were calculated
using B.D,H., calf thymus DNA sodium salt, B.D.H. yeast RNA,
sodium salt and Calbiochem bovine serum albumin, grade B as
standards, The DA and RNA standards were found to be only
7% pure; the absolute values reported in the results section
are therefore 2% high.,

411 DNA, RWA and protein measurcments quoted in the results
section are the means of threé individual determinations. Almost

all individual values were within + 10% of the mean.
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RESULTS .,
1. Descripticn of RNA synthesis during twe cell divisions,

Cultures of 30 explants were established in 100 ml con-
ical flasks with 3,5 ml medium, Planting was carried out five
times at iﬁtervals of 12 hours, For each planting, one large
tuber was uscd. All tubers in the experinent came from the
same plant,

Following the final planting, one flask from each plant-
ing was used for RNA preparation, This was repeated at three
hourly intervals for twelve hours. This procedure made it poss-
ible to sample a total culture time of 60 hours at three hour-
ly intervals., & check that all plantings were dividing at the
same time was made by withdrawing explants for cell number
determination at times during culture,

From each flask, 3 explants were used for cell number
determination and the remainder for RIA preparation., Labelling
was by a 30 minute pulse followed by a 60 minute chase. Total
RNA was extracted by homogenisation and method 1. The homogen=-
ising medium contained 0.%6 1¥DS. The RNA was fractionated on

242% gels for 90 minutes,

In this seriés of cultures, the first division lasted
from 35 hours to 42 hours. (Figure 3,1) The second division
commenced at 47 hours, DNA labelling began some time before
%0 hours, though it was difficult to distinguish DNA label
from the redicactive 2,07m r-RNA precursor,.This also explains

the orratic nature of the DNA labelling curve, DNA guantity
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increased after about 20 hédrs. From these data, and from
measuremcnts of the length of S-phasc and G2 by Mitchell (1967)
‘and Evans (1967), it may be concluded that the first S-phase
occurred between 20 and 3L hours, -

For the first L6 hours, litile change occurred in the
amounts of r-RNA or t-RNA; although the 32-P incorporation
curves show that some synthesis of RNA was oécurring, even in
the earliest scmple, Just before the beginning of S-phase, there
was‘a rise in the rate of 32-P incorporation into r-RNA, and
a rise in the amount of r-RNWA, though not of t-RF¥A. The rate
of 32-P incorporation into r-RNA remained stzady between 20
and 35 hours, le.e,virtually for the duration of S~phase, During
this period the r-RNA totals increased at a slow rate. 4
second rise in the rate of 32-P incorporation into r-RNA began
at about the same time as the first division. The rate of
total r-RNA accumulation increased at the same time, and t-RNA
accumulation commenced, Towards the end of the first division,
42 hours, the rate of »2-P incorporation into r-RNA began to
decline, as did the rate of accumulation of total r-RNA, t-~-RNA
accumulation also slowed down at this point, but resumed the
previous higher rate of accumulaticn at 48 hours, After 50
hours, the rate of 32-P incorporation into r-RNA declined, the
accurniulation of total r-RNA was at a low rate, but t-RNA;and
DNA accumulations and cell division continued unimpaired,

The 32=P content of the alcohol supernatant (!3%2-P uptake!)
showed an increzse with time,‘marked_by two distinct peaks at
the times of rising incorpcration of 32-«P into r-RNA, i.e,
at 20 and 45 hours,

The curves showing the accumulation of total r-RNA have

,
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been analysed by computer by Mr. A, G, Hill, 4 stepped line,
as dravm, wes found to be a better fit than a straight line by
a factor of 1l00Q,

It was not possible to obtain data for isotope incorporf
ation into t-RNA, 32-P containing contaminants obscuéed the’
labelling of this region on the gels, although they could have
been removed by further SDS/acetate reprecipitations, 32-P_‘
may also be incorporated into existing't-RNA\molecules by end=

group turnover,{}

2e Effects of conditions known to affect cell division on RNA,

DNA and protein accumulations.

A, Light,

In Section 1, initial or continuous illumination was
found to be a potent inhibitor of cell division.

Bxplants were excised and‘planted in dim green safelight,
Light treatments were applied as follows:

1. Subsequent culture in total darkness,

2. Culture in 50 fc. continuous illumination,

3. Culture in 450 fc¢, continuous illumination,

4. Exposed to 50 fc, light for 30 minutes after planting,
then cultured in total darkness,

S« IExposed to 430 fc, light after planting for 30 mimutes,
then cultured in total darkness, )
Both light sources were mixed tungsten and fluorescent.

Continuous illumination (Figure 3.2) supressed DNA syn-
- thesis and cell division, but had no effects on protein acec-

unulation, RNA accumulation was initially unimpaired, but after
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50 hours, by which time a 2 fold increase had occurred, both
light intensities gave values lower than the dark treatment,
Initial illumination {(Figure 3.3) had slight inhibitory
effects on DNA synthesis and cell division, but no significant
effect on RIA or protein accumulation,

'
AL

B, 2,4-D concentration and coconut miik,

In section 1 it was established that cell division was
dependent on the concentration of 2,4~D in the medium, but not
on the presence of coconut milk,

Cultures were established in media containing 2,4~D at

6 M with 20% coconut milk,

0, 1078, 107%ana 2077 M, and at 10~
Figure 3,4 shows results with various 2,4~D concentrations.
The lower the concentration of 2,4-~D, the lower the amounts of
DNA synthesis and cell division., Protein accumulation was equal
at all 2,4~D concentrations until 50 hours; thereafter slightly

8 M 2,4-D.

Llower rates of accumulation occurred with O and 107
After an initial decrease,probably a result of the loss of
cytoplasm from the outer, damaged cells, RNA accumulation occurr-
ed in all treatments. The rate of increase until 40 hours was
lower in the absence of 2,4~D., After 50 hours, no further acc-

8

umulation of RNA occurred in explants grown with O or 107° M

Figure 3,3 (opposite}. Changes in relative cell number, DNA,
RNA and protein per explant with time, Explants cultured in
darkness after exposure for the first 30 mirnutes to dark

(- —), 50 fc light (——v-j and 450 fc light (—C—)
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2,4=D; explants with 10~
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6

continuing accunulationse.

M or 1077 N 2,4~D showed similar,

R.C.N. | pg DiA / pg ENA / pg protein /|
explant, explant, explant,
coconut .
millk, 0 20% 10 20% 0 209 0 20%
O hours | 100 1.20 5.3 25
24 hours | 100 100 |1.05 0,78 | 4.6 L.7 | 22 22
L2 hours | 100 00 (1,33 1.13 GO 6.3 31 29
51 hours | 131 120 |1.90 1.4l | 9.4 9.2 38 39
67 hours | 205 160 [2.31 1.78 | 13.8 12.4 l S5k L9
. —1
Table 3,1 Changes in relative cell number, DNA, RNA and pro-
tein per explant with time for cultures grown with 106 u

2,4=D, with and without 20% coconut milk,.

The inclusion of 20% coconut milk in medium containing

10‘6

M 2,L4-D had no effect on the rates of RNA or protein

accumulation. Cell division and DYA accumulation appeared

to occur slightly later when coconut milk was present, but

the rates of increase were similar to those in cultures witih-

out coconut wmilk,

C.®Bxplant pre-washing and added tissue homogenate,

Two experiments were conducted to find what signifi-

cance the material from the outer, broken cells has in the

DNA, RNA and protein accumulations, The experiment also

tested the effects of prewashing with medium containing
dimethylsulphoxide (DMS0O), which was subsequently used

in. an attempt to aid penetration of inhibitors.
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(i) Zxplants from smell, immature tubers, 1.5 cm in
diameter, ﬁere‘freated as follows:

1. Gontroi, planted after exncision,

2. Explahﬁslpre—washed for 50 minutes in culture medium
before plantiag,

5.‘Expiants waghed for 30 minutes in wmedium including 109
DMSO before ﬁlanting in DMSO-Tree medium,
The culthre_medium conteined sucross, salis and 10_5 M 2;4=D.

Prewashing with mediuww had no effects on cell division
(Figure 3.5), confiraming the results of Section 1, Table 1,k,
RNA, DNA and protein dccumulation rates were slizhtly lower
after prewashing, DiISC in the prewash produced a furfher re-
duction of these rates of accumulation, and also a reduction or

deley of cell division,

(ii} This experiment tested the ability of broken cell
products to stimulate RIA accumulastion and cell division in the
absence of 2,L-D, Zuplants were trezted as follows:

"1, Coéntroel. Grown in medium contalning 10™2 M'Z,hnD.‘

2. Grown in medium containing sucrose and salts only,

5. Prew-shed for 530 minutes in sucrose and salts mediwmnm;
cultured in szucrose and szlts mediwa,

Lo 20 explants were homogenised in 3 ml sucrose and salts

Figure 5,5 (Opposite) Changes 1n relative c¢ell number, DA, RNA
and protein per exwlant with time, (—e-—) Control. (~—0O-—) Ex-
plants prewashed 30 minutez in cultiure medium, (~QO—) Hxplants

prewzshed 20 minutes in culture mediwm containing 10% DMSO,.
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medivm. The homogenate was added tc a culture of 240 egplants
in %7 ml sucrose and salts mediuil.

As shown in firure 1.4, a little cell division occurred
in the trestments without 2,4-D, Prewashing did not reduce the
amount of division. Tissue homogenate doubled the amount of
division occurring in the zbsence of 2,4~D.

Sach treatment without 2,4-D showed a small rise in RNA,
that with tissue homogenzte being greatest, Prewashed and
normsl tissues without 2,4-D showed similar accumulations,
though that in the prewashed tissue occurred faster, (Figure
346)

Thus in the absence of 2,4-D, the material ffom broken
celié appears to promote small amounts of cell division and
WA accusulation. &5 noted in Section 1, prewsshing does not
appear to remove material from the cut surface of the explant
efificiently

.

D. The effects of mitomycin end light on the patterns of RNA

and protein accumrlaotion.

The results in Figure 3.1 indicated that the early accum=-
uwlation of RKA-occurs in a stepwise manner, This conclusgion
is confirmed by the results of Zvans (1967) and Mitchell
(l967a, 1968) who have shown that protein accumulation is also
stepwise, To test for a relatlon between these steps and DA
Synthesis and cell division, two conditions were chosen which
allow RUA end protein sccumulation while inkibiting D¥A syn—
thesis and ceilldivisioh. The conditions were treatment with
ﬁitodeiﬁ (Figure 3;8) an, °t“0né‘1iﬂhﬁ (Fiﬂure.é.a).

prlqats were excised fr m mature tubers stored for 1
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month and planted in dim green light in medium containing
10“5 M 2,L=~D, The following treatments were applied:

1. Control, Cultureq in darkness,

2« Mitomycin was added to the medium to a concentration
of 1 ke } mi, Culture was in darkness,

%e Cultured in mixed fluorescent and tungsten'light of.
L50 fe intensity.

With the control treatment, (Figure 3.7) division commenced
at 22 hours, and some 80% of cell entered the first division.
RNA and protein totals showed the initial drop associated with
the loss of material from the cut cell on the surface of the
explant, Thereafter, increasses in both occurred, with plateaux
between 20 and_a? hours.

Ia the ﬁresence of mitomycin, cell division was delayed
until 30 hours, and much reduced in smount. The RNA accumﬁla—
tién showed a definite plateau between 20 and 27 hours. Until
just after 30 hours, the patiern of RFA zscumulation was
identical to that in the contrel. The second plateau in the
REA accumulation curve with mitomycin was probably a consequence
of inhibition of RNA accumulation by mitomycin: ithe results for
57 hour old cultures presented in Figure 3,8 show a 50% in-
hibition of REA accumulation by mitomycin by this time. The

curve for protein accumulation in the presence of mitomycin

Figure 3,7 tOpposite) Changes in percentzge increase in cell
nﬁmber, R¥A and protein contents of explants with time, for

control cultures incuﬁated in derkness, cultures incubatedin
darkness with 1 pa / wl mitomycin, and cultures incubated in

450 fc light.
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showed a gross rate of accumulation similas to that in the
contrcl, More data would be reguired to estabiish whether the
protein accumulation was stepwise or not i the presence of
mitomycine
. ¥

Cell division in cultures grown in tae lizht was delayed
and reduced comprred to the control, RNA accumulation was
at a lower rross rate than in the control, and the curve was
not stepped, Protein accuipulation voLuITwsd at the, same overall
r=te as in the control, but the accumulacion curve was lineer,
not stepped.

Thus the periodicity of Rih accumulation during early
srowth, and possibly also of protein accumulation, is unrelated
to DNA synthesis and cell division., The periodicity is cde-

stroyed by strong light trestment, but not by mitomycine
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3, Wffects of inhibitors of nucleic acid synthesis.

A, Bxamination of inhibition by variogg,antibioticsa

Various Diii-binding antibiotics were screened for effects on
cell division, DNA, RNA and protein accumulation. The antibiotics
tested were actinomycin~-D, Chromomycin AB’ olivomycin, nogala~
nycin, proflavine hemisulphate, dattnomycin, ethidium bromide
and mitomycin-C, at concentratiecns oi 1, Z and 20 g / ml in the
culture medium, It was nof nossible to dissolve nogalamycin
completely in either water or absolute slechols Agueous and alco=
holic solutions werc centrifuged to reicve insoluble residues
and used at nominal concentrations of L,> and 20 pg / ml: the
true concentrations being somewhat lower.

Cell number was determined during the growth of cultures.
RNA, DA end protein contents of explants were determined at
57 hourse.

Figure 3.8 shows results for four of the antibiotics. With
the exception of mitomycin, all antibiolius showed very similar
effects, Cell divisgion and DNA syntlhesiz were the parameters most

inhibited, RiA accﬁmulatiOn was slightly less inhibited by the

Figure 3.8 (Opposite) Changes in relative cell number with
time for explants grown with O (~-0O—), 1 (~®—), 5 (-—&-—)
and 20 (—® —) pg / ml antiblotic in the medium,

Relative cell number (—0-—), pg Dia / explant (—&—),
ps Rilh / explant (—®—) and pg protein / explant (—@ —)

after 57 hours growth in media containing various concentrations

of antibiotics.
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three intercalating agents, daunomycin, ethidium and pro=-
flavine, thean by the antibiotics binding to specific bases.

In all cases protein accumuiation was the factor showing least
inhibition. The alcoholic and agueous solutions of nogala—
mycin were closely similar in effects, though the alcoholic
solution had slightly stronger inhibitory effacts on RNA and
protein accumulation than the agucous,

The effects of mitonycin on RNA and protein accumulation
were similar te those obtained by the cther antibiotics, but
mitomycin was a wmore potent inhibitor of DA syntheéis and cell
division than any other antibiotic,

Actinomycin-D and mitomycin-C were scelected for further

studye.

B, The effects of actinomYcin-D.
Txplants were excised from small, immature tubers. Culture
was in medias containing actinomycin-D at 0, 0.5 or 5 pe / ml.,
Cell division end DNA synthesis were both strongly inhibited
by 5 p& / ml of actinomycin-D, With an antibiotic concentration
of 0,5 P& / ml, therc was no immediate'effect on ¢cll division,
The marked inhibitien of DA zccumulation by this concentration

suggests that inhibition of cell division might occur after

longer poeriocds of culture, (Figure 3.9) In the experiment re-

Figure 3,9 (Opposite). Changes in relative cell number, DNA,
RYA and protein per explant with time of culture in media

containing various concentrations of actinomycin-D.
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poF¥ted in Figure 3,8, an actinomycin-~D concentration of l.Pg /
ml had little effect on cell division until 50 hours, and then
cauvused complete inhibition,. |
Until 41 hours, protein-accumulation was uwninhibited by
actinomycin~D, and RNA accumulation was ouly slizhtly inhibited.
After 41 hours, both protein and RNA accumulation ceased in

the presence of aciinomycin=D,

The long delay observed before inbhibition of RHA and
protein accumulation in this experiment suggested that the
uptake of zctinomycin~D into the cells might be delesyed., The
effects of DMSO on the inhibitions produced by actinomycin
were investigeted on explants from the same tuber type, by
preweshing explants in medium containing 10% DMSO for 30 minutes,
{DMSO is known to aid the penetration of the skin by certain
substances, and has been used in place of injection,)

Little difference in the effects of actinomycin-D on RUNA,
DA and protein accumulations showed after DMSO prewashing.
Bitlhier DM30 did not speed up the penstration of the cells by
actinomycin-D, or a delay in the upteke of the antibiotic is
not responsible for the delay in the inhibition of RNA and

protein accumulatiocn.

Ce The effects of adding actinomycin-D after various times of

¢culture,

Lxplants were obtained from mature, freshly harvested
tubers, Actinomycin-D was added to the medium to a concentration
of 5 pg / ml after 0, 5, 8 or 18 hours of culture, & control

treatnent received no actinomycin-D,
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Division in the control treatment commenced commenced
at 22 hours (Figure 3.,10). From the results of Mitchell (1967)
and Bvans (1967), it follows that S-phase began at about &
hours, Addition of actinomycin-D to cultures at 0, 5 or 8
hoﬁrs led to a delayed first division, though with almost as
many cells eventuzally dividing @s in the control, The second
division was elther inhibited or delayed until aftep the~end
of-the experiment, Cultures to which actinomycin-D was added
at O or 5 hours showed no 'fours' (i,e, second division pro-
ducts) in the macerates at 50 hours. A small number of !fours'
was obsérved in the macerate of 50~hour old explants to which
actinomycin~D had been added at 8 hours., Actinomycin~D added
at 18 hours, L hours before the beginning of the first division,
had no effect on the first division. The second division was
slightly inhibited, Dxamination of the macerate at 50 hours
showed that Teights'! were present, i.e. some third division
occurred,

DNA accumulation was inhibited by actinomycin~D added
at all times, generally the ecrlier the addition the greater
the inhibition.

NA accumulation was strongly inhibited, The inhibition
appeared immediately after the addition of sctinomycin-D, This

finding contrasts with the delay before inhibition reported in

Figure 3,10 (Opposite). Chanzes in relative cell number, DNA,

R¥A and protein per explant with time in cultures to which
actinomycin~D was adde¢ to a concentration of 5 pg / wul
-y
r:?f_,--_._) .
after 0 (—@»¥), 5 (—BO~—), 3 @) or 18 (--4--) hours.

{(—®—) control, no actinomycin=-D,



5-FU
A ® (0N
160 o . Pnl.IM O.U_..D- Q——o0
| |la—a 25 - Control
|g——010 -
2 | °
$1007 a8
m. a
W K
P 3 9
= E
O 5 1
g
“~ — O A "
O 24 48 O 24 48
12 60,

: £
T g |
W el
~ g
~ £
< ]
=
: k
2 5l
: = 1
A A " N O N o a e
6 24 48 o 24 48
Hours. Hours.

Figure3,ll1Changes in cell number, DNA, RNA and protein per .
explant with time of culture in media containing various con~- '

centrations of 5-fluoro-uracil., N

{
B

-
& -

L e A e e 1 . dr e e e P e e ——————



-~ 108 -

Figure 3,9, With actinomycin-D addition at O hours, no RHNA
accunulation cccurred until after the first division had
commenced,

When actinomycin-D was added at O hours, protein accum-
ulation was at a reduced rate, and ceased by 40 hours, Addition
of actinomycin=-D at 5 hours caused no immediate effect on the rate
of protein accumulatiocn, but accumulation ceased after 20 houfs.
Addition of the drug at 8 or 18 hours had little effect on the

subsequent rate of protein accumulation,

D, The effectg of 5-flucro=uracil,

Bxplants were obtained from small, immature tubers; 5=~-FU
was added to the culture medium to final concentrations of
C, Ou«l, 0.5, 2.5 or 10 mM.

5-FU inhibited cell division completely at all concentrations,
and had also very strong inhibitory effects on DA and RNA
accumulations. (Figure 3,11), Protein accumulation was in-

hibited, but to a lesser extent than RNA and DNA,

Prewashing for 30 minutes in medium containing 10% DMSC

ond 5-FU had no effects on the subseqguent inhibitions by 5-FU.

E, The effects of 5-fluoro=~uracil with and without thymidine,

when added after various times of culture,

The experiment wss conducted in two parts.
(i) Explants were excised from small, immature tubers. Thymidine
and 5=FU were added to the medium at the beglnning of culture

as follows:
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Treatment, 5-F0 Thymidine.
1. 0.1 mM
2e 0.1 mM 0e33 uM
S 0.5 mM
’ L 0.5 mM 0e¢33 uM
Je 0435 mM

6. Control, ilo additions.
The concentration of thymidine was calculated to give 100
times the amount reguired for DNA synthesis for a 90% first
division. Treatment 5 tested for -uy effects of thymidine on
cell division. Excess thymidine {2.5 mM) blocks DNA synthesis

in HeLa cells (Xeros, 1962; Rao and Engelberg, 1966).

(ii) BExplants were obtained from a mature tuber, 5~FU (0.1 mM)
with and without thymidine (0.33 mM) was added after 0, 23, 1,
L5 or 57 hours of incubation, Thymidine alone was added to other
cultures after 0 or 31 hours, Control culiures received no

additions.

Tizure 3,12 (Opposite) Changes in relative cell number, RNA,

DNA and protein per explant with time of growth in media
‘containing 0.1 mM 5-FU (—A—); 0,5 md 5-FU (—=DO—); 0.1 m
5-FU + 0¢3% mM thymidine (—A&~—); 0¢5 mM S5-FU + 0,35 mM
thymidine (—@—); 0.33 mM thymidine (—&-—); control, with

neither 5~FU nor thymidine (—O— )},
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In the first part of the experiment, thymidine alone had
no effect on the rate of RYA accumulation, (Figure 3,12) DNA
accumulation was at a slightly lower rate than in the control,
conzistent with the slower cell division rate with thymidine,
Protein accumulation was slightly inhibited after 50 hours,

The addition of 5-FU alone to cultures caused inhibitions
similar te those in the previous experiment, {(Figure 3,11) The
addition of thymidine to cultures with 5-FU did not affect the
5-FU dinhibitions of cell division, or of DNA and protein
accumulation, Thymidine had no efféct cn the 5-~FU inhibition of
BNA accumulation when the 5«FU concentration was 0,5 mM. With
a 5=FU concenfration cf 0,1 mM, the addition of thymidine

appeared to intensify the 5-FU inhibition of RNA accumulation,

In the second part of the experiment (Figure 3.13), the
first division in fhe control treatment commenced at 39 hours.
The onset of S~-phuse ftherefore occurred at about 26 hours,
(Mitchell, 1967; Bvans, 1967).

Thymidine alone added at O or 31 hours had no effects on
cell division,

Addition of 5-FU alone at 0, 23 or 31 hours resulted in
comple£e inhibition of the first cell division. When added at
L5 hours, just after the first division, some second diviqion
occurred before coﬁplete inhibition of division by 57 hours.,
Addition of 5~FU during the second division, at 57 hours, gave
a lower rate of cell number increase, with complete inhibition of
division after 96 hours. Thus whenever 5-FU was added during
culture, inhibiticn of cell division followed, though the lag

before complete inhibition of division increased with the age
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of the culture at the time of addition.

Considering the treatments where both 5=-FU and thymidine
were added:

Thymidine had little effect in relieving the inhibition of
cell division by 5~FU when the addition was made at the start
of culture, By 120 hours, only 40% of the cells had divided;

Addition at 23 hours, just before the time calculated for
the beginning of S-phase, permittied the samé percentage of cells
as in the control to coﬁplete the first division, but the
division was delayed., The second division was very much inhibit-
ed and delaysd,

Addition at 31 hours, i.e. during S-phase, allowed an
unimpaired first division. The second division was reduced
and delayed.

When the cddition was made at 45 or 57 hours, éubsequent

rates of division were a little lower than in the control,
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DISCUSSION,

The results presented in Section 3 show that considerable
changes in the DNA, RNVA and protein contents of explants occur
during the [irst few divisions. The first nart of this discussion
considers whether these changes are related to the cell diwision
cycle or whether they occur independently, The sccond part of
the discussion analyses the oprosite question, the dependence

of cell division on RNA synthesis,

l. The dependence of DifA, EA and protein chenges on the cell

division cycle,

DNA, In &ll the treatments applied in Section 3, DA synthesis
preceeded cell division. This is consistent with Mitchell's
(1967) finding that all cells in the freshly cut explant are
in the 2C state, With no treatment did DNA synthesis occur
without subseqqent cell division, Mitchell (1967) has found
that no endopolyploidy occurs.,

DNA synthesis is therefore intimately linked with cell

division,

Protein, In the dividing tissue, the protein content per ex-
plent doubles between excision and the end of the first division.
The accumulaticn is stepwise, with periods of rapid accumul-
ation just before S-phese and at the time of the first division
(Figure 3.7).

When explants were incubated with mitomycin (Tigure 3,7)

or in a high light intensity, (Filgures 3,7; 3.2) protein
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accunulation was unimpaired, while DNA synthesis and cell
division were strongly inhibited, Protein accumulation does
not therefore depend on the occurrence of cell division.

. When explants were cultured in medium containing no 2,4~=D,
(Figure 35.4), and also in medium éontaining actinomycin~D
and 2,4~D, {(Figure 3,10), considerable protein accumulation
occurred with reduced or absent RNA accumulation. Protein
accumulation therefore does not rely on a concurrent increase
in ribosomes. Electron microscope studies by Bagshaw (1963)
on the artichiocke tuber show that the freshly cut explant has
a hizgh content of ribosomes.

Although net increase in proiein may occur in the
ebsence of RNA accumulation, DNA accumulation or cell divisicn,
1t cannot be claimed that this incresse is of the same kind
of proteins as occurs in the dividing, control system. This
problem might be examined by characterisation of protein come
rlements for tissues grown under different conditions by poly-

acrylamide gel electrophoresis.

RHA. In dividing explants, RNA content has doubled by the end
of the first division., The esrly accumulation is in a step=-
wise manner, with periods of rapid accumulation, and increases
in the rste of 32~P incornoration into r-RNA just before the
beginning of S~phase and at the time of the first division.
(Figure 3,1}, While it might be argued that the increased
labelling of the r-RVA ig merely a reflection of the increased
%2-P uptake =t these times, the close correspondence between
r-RVA amounts and labellinz suggests that both labelling and

uptake were manifestations of increased metaboelic activity in
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the tissue at these times.

The raote of 32-P incorporation into r-RWA remained
constant during S-phase, (Figure 3,1) Any unavailability of
DA for tremscription while engaged in replication, and any
effect of the doubling of cistron number during S-phase
therefore have no effect on the rate of r-RN4 synthesis,

The maximun rates of RNA accumulation and r-RVA labelling
which occur at the time of the first division are in contra-
diction teo the known lower rates of RNA synthesis duriag
metaphase in other cell itynes, However the artichoke tissue

”
locks complete synchrony. Evans (1967) has shown that
diviszion in the individual cell lasts for 3 hours; in the
whole tissue division laests for 6 to & hours, A high rate of
RNA synthesis close to mitosis could obscure any reduction
in rate during mestarhase,

When explants were grown in strong light (Figures 3,2;
547}, or with mitomycin (Iigure 3,7), RiA accumulation
occurred at almost the same rate as in the control, but in
the virtual absence of D4 synthesis and cell division., Not
only is the occurrence of RNA accumulation independent of
DMA syﬁthesis, but the periodicity of accumulation is also
indexendent of DNA synthesis and the cell division cycle,
(Figure 3,7, mitomycin treatment).

A non~dependence of RNA accumulation on DNA synthesis has

been reported for other organisms., Kanazir and Lrrera (1954)

and Klein and Forssberg (1954) have reported in E. coli and

Ghrlich ascites tumours respectively that temporary elime

ination of DNA synthesis by irradiation did not interfere

with the rete of RNVA accumulation. Mitchell (1967a) on the
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other hand has concluded that in the artichoke explant only
cells which synthesise DA can accumulatei?RNA. The lower
2,L=D concentration used in the culture medium by Mitchell -

6

107° M, might explain the contradicticn in results, as 2,4~D

stimulates RNA accumulation. (Figure 3,4). Key (1963}, Key

and Shannon (1l964) and Izawa (196l) among others have report-

ed stimulation of RMNA synthesis in plant material by applied
auxins, Setterfield (1963) recorded a stimulaticn of RNA
synthesis by auxin and kinetin treatmeiht of artichoke tuber
discs., Chrispeels and Hanson (1962) and Key, Lin, Gifford
and Dengler (1966) have suggested that the é,q-n gtimuvlation
of RNA accumulation in soybean involves malnly ribosomal RNA,
It is possible that there is sewvsonal variation in the
duration of BNA accumulation in the cultured explant, The tissues
used for figures 3.1 and 3.6 showed a declining rate of RWA
accunulation hy the time of the second division; both were
using tubers stored for 6 months., Bxperiments using tubers
stored for shorter periods, e.g. Figures 3.7; 3,10, showed no

decline in the rate of RVA accumulation,

Conclusion, The early growth of the explants is character-

ised by two pericds of intense metabolic activity, invelving
high rates of RNA and protein accumulation and 32-P uptake
(Figure 3.1) and occurring just before the beginniﬁg of S-phase
and at the time of the first division, Evans (1967) has shown
that the uptakes of thymidiﬁe and uridine have peaks at times
similar to those for phosphate uptake, Yeoman (1967) hes shown
that the rate of respiretion incresses during these two periods,

and Bvans (1967) and Mitchell (1967) have shown that DNA syne

-



- 116 -

thesis for the first and second divisions follows closely on
the first and second periods of intense activity respectively.
The dewmonstration thrt the periodicity of REA(and nerhaps
protein accumnulation) is independent of DNA synthesis and cell
division sugsests that these periods of intense metabolic
activity are not the result of a rhythm based on the cell
division cycle, The question then arises what causes this

neriodicity of metabelic activitys The following -explanatiohn

is proposed for the periodicity of R4 accumulations

VWhen euxplsants were grown in_the absence of 2,4~D, a slight
rise in RVA content occurred, at the same time and oI the
sane slze as the First incresse in RNA in explants grown with
2,h=D (Figure %.4). Yeoman {1567} has found that the addition
of 234-D to explants grown for a periecd without 2,4-D causes
a Turther ricze in RWA, These obhservations lezd te the hypo-
thesis that in explants grown with 2,4~D, the first rise might
be stimulated by the broken cell matericls and cutolysis pro=

ducts, the second rise in RNA by the 2,4~D. The stimulation

(=

of RiWA accumulation by tissue homogenate acdded to medium

¥

containing no 2,4=-D is consistent with this explancticn. A
sensitive test of the similarity Letween the rise in RNA in
the absence of 2,L«D and the first rise in the presence of
2,L=D would be provided by meassuring chenges in the amounts
of r-RN¥A and t-Ri. on gel electrophoresis separations: Figure
%,1 shows that the first rise with 2,4~D present involves only
r=Ril4,

""he hypothesis may be extended in an attempt to explain
the destruction of the periodicity of RMA accumulation by

strong light. (Figure 3.7). Light tre=ztment causes explants
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to turn brown during cultiure, probably by some effect on

the damaged and autolysing cells of the outside, Light also
increzses the rate of 32~F uptake, (Section 2). Thus the

way in which iight destroys the periodicity of RNA accumulation,
and also changes the timings of the cell divisions (Figure 1.5)
might be through an influence on the suprly and upt&ké

rates of stimulants,

A study of changes in solute uptake rotes, respiration
etc, in tissues inhibited from division by mitomycin would
determine whetner this hyrothesis can be extended %o explain
cther cspects of the tivo pesks of metabolic mctivity in the

early growth of explants,

2. The dependence of DA synthesis and cell division on RNA

aynthesis,

The inhibitors chosen for this investigation wereg
selected in the hope of obtaining selective inhibition of
specific classes of RNA syntheslis. The extent to which this
aim was realised will be considered first, and then the effects
of inhibiting RUA synthesis on cell division will be dis~
cussed;

\

A. The effects of inhibitors on RHA, DA and protein synthesis,

Sefluoro-uracils This was a potent inhibitor of DNA and RNA

acecumulation, Protein accumulation was inhibited to a lesser
extent, (Figure 3.11). The inhibition of cell division, and

therefore of DNA synihesis, was eliminated when thymidine
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was supplied with 5-FU just before the beginning of S~phase,
while 5=FU alone supplied at this time still inhibited division,
This strongly suggests that a mechanism similar to that in
bacteria (Cohen et. al., 1953; Aronson, 196la) is in operation
in artichoke tissuve, with thymidine 'short circuiting' the
inhibitory effect of 5-FU on thymidylate synthetase. But in
the absence of DA totals for the experiment reported in
Figure 3,13, especielly for the treatment where 5-FU alone was
added at 23 hours, the mechanism by which thymidine relieves
the 5-TFU inhibition of cell division is not conclusively proved,
The inhibition of protein accumulation recorded in Fig-
ure 3.11L is in contradiction to the results of Key (1966) with
soybean, who found that 5=-TFU had no eifect on protein synthesis
although it was incornvorated into the messenger-like D-RNVA.
In the artichoke tissue, the 5-FU may cither inhibit messenger
synthesis, or the incorporation of 5-FU into m-RUA may inhibit
its function. In bacteria, Aroanson (1961) has suggested that
the inhibition of protein synthesis by 5«~FU is indirectly
through the production of abnormal ribosomes. Andoh and
Chargaff (1965) have comfirmed the production of abnormal
ribosomes in B. coli, and have shown that up to 70% of the
uridylic acid may be replaced by the fluoro- derivative, 4n
inhibitioh of protein synthesis in the artichoke tissue by
abnorrnsl ribosome production is considered unlikely, in
view of the rapid and camplete inhibition of r-RNA synthesis
by 5=-FU, (Figures 3,11, 2.20) and the high content of ribo-
somes of the freshly excised explant. (Bagshaw, 1963), It
is, however, a possibility that the ribosomes cxisting at

the time of excision are in some way less capable of
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supporting protein synthesis than those synthesised during

culture,

Antibiotics, With the exception of mitomycin, all the DA~

binding antibiotics tested caused very similar amounts of
inhibition of DNA, RNA and protein accumulation and e¢éll
division, This is surprising in view of the different modes
of zction and the known differences in effect in other sit-
uctions. For example, in bazcteria, Hurwitz et, al, (1962)
have found conditions in which actinomycin-D inhibited RNA
synthesis Ly 80% and not DA synthesis, sad in which pro- '
flavins inhibited RNA synthezis by 30% but DNA synthesis by
8.

Considering the pogsibility of differential action of
antibioiics on r-RWNA and m-RNA synthesis on the basis of
differences in bazse~binding specificity, Table 3.2 shows
the calculatcd percentoges of bases in r-RNA and 'm-RNAY
cistrons available for binding Ge~specific or A-T specific
antdbioticsas On this interpretation, actinomycin-D, a Ge-
binding antibiotic, would be expected to inhibil r-RNA syn-
thesis ~referentially, while the A~-T-binding nogalamycin
would inhibit m-~-R¥A more, However the differences in aveil-
able binding sites are small, It should also be noted that
the ribosomal RNA of artichoke tissue is of lower G + C
content (50%) than r-~R¥A of tissues in which r-RNA synthesis
iz preferentially inhibited by actinomycin. For example,
Willens ct. al. (1968) have quotéd a G + C conteat of 64%
for the r-RNA of HeLa cells. This suggests that the differ-

ential effect of actinomycin-D in artichoke tissue might be
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less clear cut than in Hela cells,

The twe ewperiments with actinomycin in the artichoke
tissuc showed sowme variation in effect. With immature tubers,
cell division and DNA synthesis were most inhibited, while
RNA and proitein accumulatiocns were only inhibited after a
delay of 45 hours, It is unlikely that DNA synthesis was wmore
inhibited than RNA synthesis in view of the highly selective
action of actinomycin-D on RNA synthesis in bvacteria, (Hur-
witz et. al, 1962)., A possible explanation of the effects is
that certain RVA synthesis, necessary for cell division, was
more sensitive to actinomycin-D than that required for RNA
accumulation and net protein synthesis,

There is evidenco in animal tissues which supports the
nypothesis that induced enzyme or RNA synthesis is morc
sensitive to actinemycin inhibition than is normally
‘occurring enzyme or RNA synthesisy

Licberman, Abrams and Ove (1963) found that low con-
centrations of actinomycin-D, which did not affect the initial
rate of RNA synthesis in explanted kidney cells, prevented
the rise in RYA synthesis rate which was necessary for the
induction of DNA synthesis., Holtzer et, al (196L4) found that
actinomycin inhibited the rise in deoxycytidylate deaminase
activity following pesrtial hepatectomy of rais, but had no
effoct on enzyme activity over long periods in intact liver,
Garren, Howell, Tomkins and Crocco (1964) found that actino-
mycin supressed the rise in tryptorhan pyrrolase activity
produced by hydrocortisone injection, but had no effects on
the enzyme activity at its basal level in non-injected ratis.

Applying this hypothesis to the situation in the arti-
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chioke, DNA synthesis is an induced event, but the data of
figure 1.8 and Table 1,6 suggest that net protein and RNA
accumulations are occurring in the immature tuber, and are not
induced by excision and culture,

With freshly harvested mature tubers, the inhibitions of
protein accumulation, DVA synthesis and cell division were
similar to those obtained with immature tubers, but the RNA
accumulation was immediately and strongly inhibited, (TFigure
5.10). The data in this casc suggest a preferential inhibition
of r-RNA synthesis., They are also consistent with the above
hypothesis, In the mature ituber, net R4 accumulaiion has
ceased, (Table 1.6)., This then tekes r-RNA synthesis into
the category of events induced by excision and culture, and
rallows of a stronger inhibition by actinomycin,., Protein syn-
thesis appears to continue for scme time after the maturation
of the tuber (Table 1.6). This may exnlain why net protein
accunulation remained relatively uninhibited, while the
presuned cnzyme synthesis necessary for DNA synthesis was
strongly inhibited.

In conclusion, neither actinomycin nor 5-«FU provided a

definite selective inhibition of any class of RNA synthesis,

B, The effects of the inhibiters on cell division,

Although 4% has not proved possible to conclude anything
about the significance of particular RIA types for cell divi-
sion, the experiments with inhibitors do imply that certain
periods of RNA synthesis are necessary for the occurrelice of

cell division.
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When 5-7U (Together with thymidine to eliminate the direct
inhibition of DNA synthesis) was supplied from the beginning of
cuiture, no cell divisicn occurred. (Figure 3,13). Supply of
5«F0 + thymidine just before the beginning of S-phase allowed
the first division to occur., It is concluded that there is a
period of RNA synthesis before S-phase which is necessary for
the first division. Resulis with actinomycin-D support this
conclusion, although actinomycin-D was a less effective inhibitor
than 5-FU, Addition of actinomycin~D at any time bhefore the
beginning of S~phase cused a delay in the first division, but
adaition at the end of S-phase had no effect on the division.
One observation with actinomycin~D (Figure 3%,10) susgests that
although r-RWA synthesis occurs during the pre~S-period (Fig-
ure %,1) this is not regquired for cell division. With actino-
mycin-D present from the beginning of culture, no increase in
total RVA occurred until the first division was under way,.

Although a normal number of c¢ells completed the first divi-
sion when 5«FU + thymidine were added to culitures just before the
beginning of S-phase, the division was delayed, Addition of
5=FU0 + thymidine in the middie of S-phase permitted the first
division to occur at the same time as in the control, Thus RNA
synthesis during the first half of S-phase is involved in the
controel of the first division,

The failure of actinomycin-D added near the end of 8-
phase (Fig %.10) or of 5-FU + thymidine added in the middle of
S=phase to affect the first division suggests that cells are
already competent to complete the first division towards the
end of S-phase.

Addition of the inhibitors in the later part of the [irst

1

S=-phi=nse did, however, affect the second division. Actinomycin-D
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slowed the rate of division, and 5-FU + thymidine strongly in-
hibited the second division. Thus RVUA synthesis occurring late
in the first S—-phase but before the end of the first division
is essential for the occurrence of the second division.

in the experiment involving addition of 5«FU + thymidine
at the begiunning or middle of the first S~-phase, it might be
argued that the inhibition of the second cell division was
because thymidine supply was running low after being used for
DA synthesis for the first divisions This possibility can be
discounted by comparing the effects of adding thymidine and
S=PU at 23 and 45 hours. In the latter, thymidine permitted
a relative cell number increcse of at least 600; thymidine was
recuired to support a relative cell number increase of only
250 with additiocn at 23 hours,

Additicn of 5-FU + thymidine at the end of the f{irst division
or in the wmiddle of the second resulted in subseguent rates
of cell division only slightly lower than in the control., This
need not necessarily imply a reduced requirement for RNA syn-
thesis by cell division. The exponential nature of cell number
increase in this system implies that later in culture, larger
absolute numbers of cells are competent to divide, The effects
of inhibition of essential R¥A synthesis would not appear until

this incresse in cell number had taken place,

From these experiments with inhibitors, it is concluded
that RNA synthesis is necessary for the induction of cell
division, and that later RNA synthesis, not recuired for the

first division, is reguired for subseguent cell divisions,
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APPENDIX 1.,

The quantitative estimation of DNA, RNA and protein.
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INTRODUCTION,

In their review of methods for determining nucleic acids
in biological materials, Hutchison and Mﬁnro (1961) conclude
that different methods must be tested to find the most suit-
able approach for eaci~tissue,‘Théfaim'af this investigation
was to test and develop satisfé@%@ﬁydmethode for thé determins
ation of DNA, RWA and protein contents of artichoke explants,

Several features were required of the methods
1. It must be possible to store samples until a time conven-~
ient for analysis.

2. The. process must be rapid enough %o permit the analysis of
large numbers of samples,

%, The determinations must be accurate. The extraction of sub- °
stances interfering with final determinations must be gffect~
ive,

L., DNA, RNA and protein must not be lost during the procedure,

Washing, The initial step in published schemes for analysis
of nucleic acid c¢ontent involves the removal of substances
interfering with the final determinations. Acid washing in the
cold removes small, soluble molecules such as free nucleo-
tides. This is followed by organic solvent treatment to re-
move 1ipids and phospholipids,

The commonly used procedure of Schmidt and Thannhauser
(1945) involves the washes: 10% TCA, > times; éthanol, 2
times; &1l at:OOC; ethanol / ether 3:1, 6000, ether, Several
authors have questioned this'procedure. Marko and Butler (1957)

reported that two washes with cold ethanol were insufficient
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to remove all TCA, which subsequently caused=degradatioﬁ of

DA to apurinic acid in the hot ethanol / ether extraction.

They prevented this by saturating the first ethanol wasgh with
sodium acetate, which effectively removes the TCA. A similar
conclusion was drawn for plant material by Holdgate and Goodwlin
(1965), who substituted two washes Wwith 90% ethanol saturated |
with sodium acetate for the first ethanol wash. As ah addisfonsl
precavtion, the hot ethanol / ether treatment was rénlodéed By
room temperature ethanol / chloroform washes, as first suggest-
ed by Berenblum, Chain and Wheatley (L959);

Part of this investigation compared the yields of nucleic
acids and protein with the two methods of washing outlined
here., For convenience they will be referred to as 'standard!
washing (Schmidt and Thannhauser, 1945; ethanol; hot ethanel /
ether) and 'Holdgate! washing (Holdgate and Goodwin 1965; sod-

ium acetate / ethanol; ethanol / chloroform),

Extraction., Both procedures lead Lo an ether ary residive from

which nucleic acids are extracted f6r medsurement, Tlirec main
methods have been developed for this extraction:

The method of Ogur, Erickson, Rosen, Sax and Holden (1951)
is based on a claimed difference in solubility of RNA and DNA
in cold perchloric acid. Many workers have questioned the sep~
arability of DA and RNA by this method, {Eeyes 1960, Kessler
and Engleberg 1962). It was not investigated here,

Schneider (1945) suggested the removal of DNA and RNA to-
gether by hot PCA, This method has the disadvantage that DNA
and RNA must be measured in the same solution,

Thé procedure of Schamidt and Thannhauser (1945) is based on
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the differential solubility of DNA and RNA in alkali, The RNA
is hydrolysed to acid soluble fragmenfs in KOH, the DNA pre-
cipitated by lowering the pH at low temperatures and subsequent-
1y hydrolysed by hot PCA.

Many authors have found neither the Schneider noxr the
Schmidt-Thannhauser methods as such to be completely satisfac-
tory. Holdgate and Goodwin (1965) were unable to obtain satis-
factory ultra-violet absorption Spectra, orcinal colour reactions
for ribose or total phosphate values without further purifi-
cation. Ingle (1963) was unable to measure RNA on Schneider ex-
tracts of corn embryos. He found the Schmidt-Thannhauser ex-
traction suitable for RNA measurement only after further puri-
fication of the KOH extract, but unsuitable for DNA estimaticn.
De Deken-Grenson and De Deken (1959) have also found purifi-
cation of KOH extracts of RNA necessary for valid RVYA measure-
ments in »lent maoterial.

fn this investigation, the procedures of Schmidt and Thann-
houser (1945) and of Schneider (1945) were tested on the arti-

choke material.

Determinations. The estimation of nucleic acids in extracts may
be based on three properties: the ultra-violet absorption of
the bases, colour reactions for ribose or deoxyribosec and
neasurement of phosphate. ALl may suffer from errors arising
from contaminating substances, and discrepancies of 100 fold
between determinations by different methods on the same sample
have been reported by Ingle (1963).

| In this investigation, it was possible to obtain satisfac=-

tory values for RNA by ultra-violet absorption, and for DNA by
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he colouf reéction of deoxyribose with.diphenylaminé (Dische,
1930, Burton, i956) Evans (1967) was unable to obtain realsitic
phosphate determlnatlons from the artlchoke tlssuo. Orcinal deter-
minations of rlbose (Bial 1902) and ultra~v1olet absorption
detcrmlnatlon of INA were not pOSSlblC as }hb Schineider method .
of extractloﬁ.was usecd. Conflrmatlon of RNA and DNa values obu‘.f
tained waé'sought from polyacrylamlde gel oeparatlons and micro=
densitoﬁetry;ﬁ(ﬁitbﬁéli 1967) . | o o

The nrotéiﬁ content of a tissue may be meééﬁfed.in several

ways, Estimation of amino nitrogen is the ba51s of many methods,
. Se Conway (1962) Thesc methods 1nvolve the time consuming
process of convertiﬁg ~ITH, to (NHq) 250, by acld digestion., The
mathod uvsed here was that of Lowfy, Rlsebrough, Farr and Rane=
dall (1957). The protein is extractéd into NaOH, and measured
by the coiour produced by the reaétion between Folin and Cip—
calteau's reagent and tyfosine residues and a copper-protein com-
plexs o other moethods were tested for comparison, as this was
poséible‘from‘the miéro;Conway:measurements of Evans (1967) and
histochemical determinations by Mitchell (1963) on the same

tissue,
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MATERIALS AND METHODS.

Tissue, Tubers which had been stored for various times wercec used.
Thus some similarly treated experiments conducted at differ-

ent times have different conireol values, becausce of changes in
the nucleic‘acid content of the tubers during storage, With~
in any one experiment, all explants were drawn from the same
tuber, For'convenience, experiments were conducted on uncultur-
ed explants, Storage of explants botween harvesting and analﬁ-
sig, and homogenisation of exnlants ére described in the re-

sults section,

Washing, Two methods werce used to remove contaminating mater-
ials. |

1, 'Standard! washing. (Schmidt and Thannhauser, 1945)
10% TCA, 3 times; cthenol, 2 times; all at 0°C, Ethanol / ether
. 60°C; ether, 20°C.

. 2. 'Holdgate' washing. {(Holdgate and Goodwin, 1965).

10% TCA, 3 times, 90% cthanol saturated with sodium acetate, 2
times; all at 0°C., 95 cthanol, ethanol / chloroform 3:1, twice,
ethanol / ether 1:1, twice, ether; all at 20°¢,
ALY washes were of 15 minutes duraticn. The handling of the

material during washing is discussed in the results section,

Oxtraction, Two methods were used to extract the nucleic acids

from the cther-dry tissue residuec.
1. The method of Schmidt and Thannhauser (1945).10 ox-
plants were incubated in 1 ml 0.3N KOH for 60 minutes at 37°C.

After cooling to OOC, C.5N PCL was added to'feduce the pH to
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2. The precipitate was spun down and the supernatant removed
for RIA determination. The precipitate was extracted with O.5ml
0.bN PCA for 20 minutes at 70°C. The supernatant was rcmoved
and the tissue residuc extracted a further three times. DNA was
determined on the bulked supernatants,

2. The method of Schneider (1945). 10 ekplants wera ine
cubated in 1 ml O.5N PCA for 20 minutes at 70°C. The super-
natant was withdrawn, and the residuc washed with 0.5ml cold
Q.58 PCi. The two supernatants were combined and used for RNA
measurensnt. The remaining regidue was extracted three times
with 0.5ml 0.5N PCA at 70°C. All the supernatants, including

hose used for RNA mcasurement, were combined and used for DNA
mceasurement,

4, Protein extraction, The tissue residue from the nucleic
acid extraction was placed in 1 ml N lNaOH for 24 hours at 2000.
The supernatant from this was used for protein determination.

A1)l centrifugation was at 2000 r.p.m. for 5 minutes at OOC.

Determinations.

1. RN wasz measured by the difference in ultra-violet ab-
sorption of the extract at 260 and 315 nm. Lbsorption specira
w erc obtained using the SP800 Recording Spcectrophotometer or
the SPS00 spscirophotometer, In cach case, the absorption at
235 nm wos notad as a check on the amount of contamination in
the RNL extract. B.D.H. yeast RNL sodium salt was used as a
reference standard for the calculation of absolute quantities.

2. DNL was mcasured by the difference in absorption at
600 and 650 nﬁ of thc colour produced by the rcaction of de=-

oxyribose with diphenylamine, using Burton's (1956) modifi-
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cation of the Dische (1930) method., 40 mm cells were used in
he SP500 spectirophotometer. B.D.H. calf-thymus DA sodium
salt was used zs the reference standapd fof the calculation of
absolute amounts of DL in oxtracts,
3. Protein was measured by the colouf produced at 750 nm
By the mothod of Lowry ety al. (1957), Calbiechen bBVine'sefnm

albumen, grade B, was usced as the reference standard,

Chemicals, 411 chemicals used were BeD.H., 'lLhalar?' grade
where obtainable, Tighly polymerised calf-thymus DNA (Type 1)

was obtained from Sigma,



Storage. pg. RNL / explaﬂt .. Mean,
(10 explant samples)

L. Fresh explants 5.94 5.71 5,99 5.88
Frozen %n water, | 6.48 5,84 6,04 6,12

at -20 Co
Frozen in 10% TCL j 4.88 5.09 5.14 5.04

at "‘20 Ca'
B, Fresh explants 5.00 4.9% 4,93 .h.95
Stored in mothanol} 5,48 4,80 5,32 5.20

Table 4.1, Yields of RN4L from freshly cut explants and o
from explants stored for 2 wecks under various conditions,
A. BExplants from 4 months stored tubers. B. Explants
from 9 months stored tubers,

Homogcnisation pg. RN4L / explant, Mean;
(10 explant samplos)

L. None 1‘5‘005- Ll-ong' LI'.BO f+.1+2

In 10% TC4, 0°C 4,87 4,58 3.99 Lo 148
B. None, 5.00 494 4.93 : L.95
In 85% methanol 2.68 2.05 2.60 2 lily

at 0°C.

Table h4.2. Yields of RNL from explants washed and éx-
tracted with andzgﬁthout prior homogenisatidn. fia Stan-
dard washing,'Schmidt—Thannhauscr extraction., B. Hold-

gate washing, Schneider extraction,
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RESULTS.

1, Storage ‘of Explants.,

Batches of 10 ekplants were cut and stored for 2 weeks in
2 ml water or 10% TCA at -20°C, or in 2 ml methanol at 0°¢.
Freshly cut exvlants were used as controls, The explants,
which were not homogenised, were washcd by the Holdgate method,
RN/ was exfracted by the Schneider method,

Table 4,1 shows that with the exception of a slightly
lower recovery of RN.L aftcr storage in TCL, the storced tissues
gove similar yields to the freshly cut explants. The cold meth-
anol method was adopted, as tissue frezen in water occasion-

ally turncd brown,

2. Homogenisgation.

Samples of 10 explants were homogeniscd in 2 ml mediunm
using a motor driven 5lass-in~glass homggeniser. The precip-
itate waé resuspended after each step in the washing procedure,
and centrifuged for 5 minutes at 2000 r.p.m. to re-pellet,

Tvans (1967) using formic acid / methanol washing of arti-
choke tissues, and Hefes {1967) using pea root tips have observ-
ed that these tissues may bc washed and éxtracted without
prior homegenisation. To check this, entire exﬁlants were imm-
ersed for 15 minutecs in each washing solution. No ccentrifugation
Was INeCleIsaly.

With standard washing and Schmidt-~Thannhauser extraction,
homogenised and entire explants gave similar yields of RN/L.
(Pable 4.2) The ultra=-violet absorption spectra were satis-

factory in both cases. The ommission of homogenisation does not



Washing ‘ 'Standard’ 'Holdgats!

procedure : !
pe. total nucleic L, 21 ‘ 5.68
acid ('RWA') / 45k 5439
explant, - _ 5.09 5.07
:Mean. ' ’-{. 61 ) 5. 38
DNA / explant. : : 0.033 0.071
(Diphenylamine - - O.04lL 0.070
Optical density) 0.034 . 0.060
Mean, - . 0.037 0,067
Protein / o C.415 0. 510
Explant. (Lowry , O.457 0. 547
ontical density) 0,447 ‘ 0, 517
Moah. | 0. 44O 0.525

Table 4,3, Yields of total nucleic acid ('RNA'), DNA and
brotein per explant after washing by the standard and

Holdgate procedures,
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restrict the removal of contaminants absorbing in the ultra-
viclet, (Figure 4.l)

Homogenisation followed by Holdgate washing and Schneider
extraction gave RNA yields 50% lower than the unhomogenised
explants. Tﬁe ethanol /.chloroform washes of this treatment are
so densc that centrifugation at 2000 r.p.m. is unablc to sed-
iment the precipitate. Again the ultra-violet absorption spec-
trum of the extract from the entire explants was satisfactory
for RNA measurement.

For all subsequent investigations, washing and extraction
were performed on entire explants. The ommiséion of homogen=-
isation and centrifugation halves the time required. A further
saving in time was effected by a rapid wash-changing system,
Explants were placed in 3 ml M.S.E., polypropylene centrifuge
tubez with narrowrslits in the bottom, Batches of these tubes
were placed in polypropylene beakers with perforated bases.
Changing washing solutions then became simply a matter of 1ift-
ing the beaker from a trough of one solvent, dralning and place
ing in a trough of the next solvent. This made it possible to
change washing solutions for 100 samples in a few seconds, and
aliow ed simple agitation of the explants during each wash,

by raising and lowering the beakers,

3, Washing,

Batches of 10 explants were washed by the standard or
Holdgate procedures., Nucleic acids were extracted by the Schnei-
dor method, and protein by NaOi for 24 hours.

Washing by the standard procedurc gave DNA recoveries

4% lower than thc Holdgate washing method., (Table 4.3) These
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findings are similar to those of Marko and Butler (1951), who
found a loss of DNA caused by TCA persisting into the hot
ethanol / ether extraction of the standard washing procedure,
Holdgate and Goodwin (1965) have drawn a similar conclusion
for rye tissue,

For most ekperiments reported below, and for experiments

in Section 3, weshing was by the holdgste method.

L, Extraction of RNA or total nucleic acid,

A. The procedure of Schmidt and Thannhauser (1945). This
involves the extraction of RNA without DNA by KOH. The strength
of alkali, time of extraction and temperature have been sub-
ject to considerable variation. (See review by Hutchison and
Munro, 1961). Holdgate and Goodwin (1965) recommended 16 hours
at 57°C with 0.3N KOH for rye tissue.

Figure 4.1 shows ultra-violet absorption spectra obtain-
ed by incubating 10 explants in 0.3N KOH for 1, 2 and 4 hours
at 5700. Incubation fo; more than 1 hour did not increase the
amount of RHNA extracted, but did increase the extraction of
contaminants absorbing in the ultra-violet, as shown by the
decreased A260/A235 ration (Table L.5).

B, The Schneider (1945) procedure, DNA and RNA are ex-
tracted together by hot PCA, The acid strength, time of incu-
bation and temperature have been varied by many workers, (Hut-
chison and Munro, 1961).

Figure 4.l shows absorption spectra of successive ex~
tracts of 10 explants with 1 ml 0.5 PCA for 20 minutes at 7°C
At least 90% bf_the tgtal nucleic acid was extracted by the

first treatment., The increase in the wavelength of maximum



pg RNA /-Explanf

pg‘to

tal aucleic

extracted by KOH, acid / explant
0.3, 1 hr., 37°C. extracted by PCA,
0.5, 20 wmin., 70°C
14,80 5.39 :
Meann 5420 Mean 5,38

Table Lel4. RNA or total nucleic acid per ‘explant ex-

tracted by the Schmidt-Thannhauser or the Schneider

procedure,

7 Spectrum of A260/A235- | E315/A260
 B.D.H. yeast RNA, 2,27 0
KCH hydrolysed
Artichoke RMNA, KOH
extracted for 1 hour 1.89 0.02
2 hours 1.74 0.04
3 hours 1.46 0,07
Artichoke RNA, PCA
extrsicted for 20 mins. 237 0.02
60 mins. 1.80 0.03

Table 4.5, A26O/A255 and A315/A260 ratios calculated from

ultra-violet absorption spoectra of yeast RNA and arti- -

choke RNA extracted by the Schmidt-Thannhauser or the

Schneider procedure for wvarious times.,
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FIGURE 04,3 Ultra=-violet absorpiion spectra of PCA extracts of
total nuclelc acid from explants cultured for O, 24, 42, 51
and 66 hours, : '
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absorption in extraction 3 suggests that material other than
RN¥A, probably polypeptide, was being extracted.

C., Comparison of the Schmidt-Thannhauser and Schneider
extraction methods, Table 4.4, shows that both methods of ex-
traction gave similar yields of RNA or total nuclelc acid,
(The aﬁsorption spectré of extracts by the/two methods in Fig-
ure L.l provide no measure of absolute amounts extracted,) Tabe
le 4.5 compares the ultra=violet absorpticn spectra of the ex-
tracts from the two methods, and from purified yeaét RNA as
standard, The Schneider procedure extracted the nucleic acid
with less contamination of the absorption spectrum, as deters

nined by the A and A315/A260 ratioe, than the extrac-

260”4235
tion of RN& by the Schmidt-Thannhsuser procedure, Prolonged
PCA extraction also resulted in increzsed contamination.

D. Effects of culturing the explants on spectrum quality.
To check for any increase in the contamination of ultra-violet
absorption spectra of nucleic ascids during the growth of explants,
total nucleic acid was extracted by the Schneider procedure
from expkants grown for 24, 42, 51 and 66 hours. The absorp-

tion spectra in figure 4,3 show that no increasce in spectral

contamination occurred during culture,

5, Extraction of DiA. - .

A, Schneider Extraction, Figure L.l shows the amounts of
INA extracted by successive incubations with 1 ml aliguots of
0.5H PCA at ?OOC for 20 minutes, 4 extractions were necessary
to extract all the DNA from the tissue. ‘

B. Check for interference from RNA, The diphenylamine

method will also produce colours with cert=ain other sugars.



ne calf thymus pg yeast RNA Diphenylamine
DNA colour
20 0 0.066
LO o} 0.135
20 30 0.077
40 10 0.157

Table 46, Diplienylamine colours (A600-A650)1pr0duded _
by mixtures of yeast RNA and‘Calf'thymus‘DNA after hydrom;
lysis im O.5N PCA for 30 minutes at 70°Cs

diphenylamine colour) from explants extractéd by the
Schmidt-Thannhauser and Schneider procedures,

DNA / Explant DML / Explant !
Schmidt-Thannhauser Schneider
~extraction, - extraction,
0,046 0,060
0.045 0.063
0.048 0,065
0.044L 0.063
Mean 0.046 0.063
Table 4,7, Yields of DA / explant (A6OO—A65O- of
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(Burton, 1956). To check that the ribose of the RNA present
in the Schneider extract was not interfering, mixtures of
yeast ENA and ¢alf thymus DNA were hydrelysed with PCA and
tested with diphenylamine,

Table 4,6 shows that RNA did slighfly increése the coloﬁr,.
and that RNA alone gave a very slight reactioh. The effect is
too small to produce any significant error in DNA measurements,
The possibility that the yeast RNA may have contained some DNA
must also be allowed for. Burten (1956) reported that ribose
or RNA gave less than 0,2% of the colour given by an equal
weight of DNA.

C. Check for degradation of DNA., Burton (1956) reported that
incubation of DNA in PCA for 60 minutes lead to a drop in the
colour intensity of 14%. While it would have been desirable to
check this on artichoke DNA, by measuring the diphenylamine
colour produced by an extract after various times of incuba-
tion, the removal of all solublised DNA at 20 minute intervals
was likely to keep degradation to insignificant proportions.
The ultra=-violet absorption spectra in Figure 4.2 do not show
any change in absorbance with time of incubation of calf thymus
DA in PCA at 70°C,

D. Schmidt=Thannhauser extraction. A sample of Sigma highly
polymerised calf thymus DNA was extracted by fhe Schmidt-Thann~
hauser procedure, Figure 4,5 shows the ultra~-violet absorption
spectra of the KOH incubation supernatant after addition of
PCA to pH2, and of the PCA_digest of the precipitate. The pre-
sence of considerable ultra-violet absorbing material in the
supernatant from the KOH digest suggests incomplete precip~

itation of DNA by cold PCA. Ingle (1963), working with corn
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embryos, concluded that a portion of the DNA became cold acid
soluble during XOH extraction,.

E. Comparison of Schmidt-Thannhauser and Schnéider ekxtrac-
tion procedures for DNA., Table 4,7 compares DNA yields from
explants extracted by the two procedures, The yield of DNA
was lower with .Schmidt-Thannhauselr extraction, consistent with
the partial failure of DNA to precipitate after KOH extractien

of RNA,

6o Purity of RNA and DNA reference standards,

The percentage purity of esch sté@ndard was estimated by
comparison of the absorbance of a solution of.known'concen-
tration (X) with the absorbance calculated for a 100% pure
sample {(Y¥)., Percentage purity was calculated as X/Y x 100%.
Calculations of theoretical absorbances were made on the basis
of appropriate solutions of mononucleotides, by the method of
Chargaff and Zamenhof (1948), who defined:

E(P) = A/C.4
B(P) is the absorbance of a nucleid'a@id‘solution‘COntaining
1 gm atom of phosphorous / litre. & is the absorbance of the
- sample, C is the concentration in gm atoms of phosphorous /
litre, and ¢ is the internal 1ight path of the cell in cm, in

this case 1, Therefore the theoretical absorbance, A = E(P).C

Percentage phosphorous values were calculated from the moléc-
ular formulae of sodium salts of DN4 and RNA, assuming an
cqual frequency of bases., The EB(P) value for DA as moho=
nucleotides was obtained from Beaven, Holiday and Johnson,
(1955),' The E(P) for RNA as mononuclcotides was calculated

from molar absorbtivities of individusl nucleotides (Beaven,



{  =mua DNA
Observed values. |
concentration ug/ml 31 20 -
Absorbance at 260 nm 0.86 0.48

Calculated values,

E(P) - 12400 10000

% phosphorous 9.3 9.7

Absorbance at 260 nm 1,14 0,63
. L

% vurity of sample ‘ 75 77

Table 5.8, -Observed absorbances, calculated absorbances
and derived percentage vurities of DNA and RNA refer-

ence standards,.

Determination by RNA DNA RNVA/DNA

Polyacrylamide gel 306 hL 745
clectrophoresis . 271 4O 6e9
(Arbitrary units) 33 Ll 7+6
Mean 7.3

Chemical 7e5 0.94 8.0
measurement, 8.5 1.10 7.7
(pg / explant) €.8 0.98 7.0
- Mean 7.6

Table 4e9. DNA and RNA per explant and RNA/DUA ratios
determined by chemical measurement and electrophoresis

methods for freshly cut explants,




..]_38_

Holiday and Johnson, 1955). All values were correct for pH 1.5
solutions,

Measzsurements of actual abserbances were made on samples
hydrolysed in 0,5N PCA for 20 minutes at 7000. |

The calculated percentage purity figures (Table 4.,8) in-
dicate that the DNA and RNA reference standards contained 25%
by weight foreign matter, proébable salt and absorbed moisture,
In confirmation of these results, the B,D.H. Biochemicals
Catalogue, 1968, gquotes the percentage phosphorous of both
standards as "about %', compared with the theoretical values
of over %%,

Thus all absolute values for RNA and DFA quoted in this
thesis are 25 too high. Relative differences in DNA or RNA

content, and RNA/DNA ratios are not affected.

7. RNA/DNA ratios.

Table 4.9 compares RNA/DNA ratios derived by two methods.
Chemical measurements were made on freshly cut-explanté, using
Holdgate washing and Schneider extraction. RNA and DNA amounts
were aiso calculated froﬁ optical peak areas of scans of poly-
acrylamide gel electrophoresis separations of nucleic acids
from uncultured explants (Section 3.) %% was added to the RNA
measurements to allow roughly for the polydisperse messenger
type RHA not measured in the gel peaks,

There is close agreement between the two methods on a
RMA/DIA ratio of 7 to 8. Mitchell (1967a) has arrived at a
ratio of 9 from measurements by microdensitometry on gallow

cyanin stained sections of this tissue,



A, Protein extracted Protein extracted Total

by 30 minutes in by a further 18 hr. Protein
N NaQH, in N NaOH extracted.
0.097 0,222 C.319
0.080 0. 209 0,289
0.096 0,200 0.296
0,112 0,156 0.268
G114 0,187 0.301
Mean 0,100 0,195 0.295
B, Protein extracfed Protein extracted Total
by 24 hours in by a further 24 protein
N NaoOH, ‘ hours in N NaOH. extracted,
0,510 0 0. 510
0.547 O 0.547
CibL7 0 04517
0.462 0 0. 462
04515 0 0.515
0-509 0 0‘509

Table 4.10, Yields of protein (Colour at 750nm in the
Lowry reaction) per explant after various times of ex-
traction by N NaOH, A. Standard washing, Schmidt-Thannhaus-

er extraction. B, Holdgate washing, Schneider extraction.

Protein / explant. Protein / explant
Schmidt-Thannhauser extraction, Schneider extraction.
0. 231 0,217 0.291
0,174 0,219 0.264
0.149 0,283 O.245
0.163 0,238 0.257
0,155 0,279 0.270
Mean 0174 0. 256

Table-#.ll. Yields of protein (Colour at 750 nmm in the
Lowry reaction) per explant after extraction of nucleic
acids by the Schmidt-Thannhauser and Schneider pro-~
cedures, Frotein extracted by N NaOH for 2L hours,
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8o E#traction of nrotein,

A, Extraétion time., After extraction of nucleic acids,
protein waé-exéracted by N NaOH. A brief investigation of the
time required for protein extraction is reported in Table q.lo;
25 hours at room temperature extracted all alkali soluble pro-
tein, It is not known if this long exposure to NaOH has any
degrading action on the protein.

B, Nucleic acid extraction and protein yicld, PréﬁéiﬁﬁW&é
extracted for 24 hours from explants from which the nucleic
acids had been removed by either the Schneider or the Schmidt-
Thannhauser procedurc, Yields after Schmidt~Thannhauser extrac-
tion were lower than after Schneider extraction (Table 4.11)
This may be duc to loss of protein during the KOH extraction
of RNA., This interpretation is consistent with tﬁe more cohm-
taminated ultra=violet absorption spectra obtained by KOH ex-«

traction,
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DISCUSSION,

The suitability of storage in methanol, the ommission of
homogenisation and the rapid method developed for washing ex-
plants fulfil the first two c¢riteria of the method reguired in
the introduction, those of storage and rapid processing of large

numbers of samples. .

Washing, The standard method of washing to remove contaminants:
(Schmidt and Thannhauser, 1945) was shown to be less satisfac-
tory than that used by Holdgate and Goodwin (196.}. The stan-
dard method gave 40% lower yields of DNA than the Holdgate
method. This was probable a result of the degradation of DNA
to apurinic acid (Marko and Butler, 1957) or to acid soluble
fragments by TCA persisting into the hot ethanol / ether wask.
Hot TCQ will also hﬁdrolyse R¥A to azcid soluble fragments
(Schneider, 1945) which could account for the 15% lower yields
of RNA with the standard washing method,

It is, of course, impossible to claim from this evidence
that the Holdgate washing procedure does not also involve losses
6f nucleic acids and proteins. Some check of this could be made
by subjecting known amounts of pure nucleic acids and pro£eins
to the washing procedure,

The other vossibility for error lies in the inefficient
extraction of contaminating materials, Holdgate and Goodwin
(1965) reported that no further phosphorous was extracted by
a fourth TCA was, and that all lipid phosphorous was extracted
by their lipid removal procedure, While the former is a good

indication that all mononucleotides have becn removed, elim-
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“inating a possible source of error in the estimation of RNA
from 'clean' ultra-violet absorption spectra, they note the poss-
ibility of previously insoluble carbohydrates bresking down
during hot acid extraction of nucleic acids and interfering
with the sugar colour reactions., Plant cell walls contain poly-
mers of galacturonic acid, arabinose and xylulose. Burton (1956)
reported that the last two were interfering substances in the
diphenylamine reaction, However, for reasons discussed below,
the measurement of DNLA by diphenylamine in this tissue is thought
to be accurate, and does not appear to suffer from interfering
substances,

Since none of the determinations used in this investi=
gation depended on phosphate content, it may not have been
necessary to remove phospholipids by organic solvent washinge.
Schneider (1945) noted that ommission of lipid solvent treat-
ment did not affect DNA and RNA measurement in rat liver and
brain when the determinations were by colour reactions for
ribose and doexyribose, Fleck and Munro (1961) reached similar
conclusions for ultra-violet ébsorption determinations of RNA
in rat liver, The lipid extraction procedure was retained here
for two reasons, to remove TC#, which absorbs in the ultra-
violet, and to remove pigments should they arise during growth,
Explants have been observed to turn brovn or red if grown in
strong light or medium without 2,4~D, These colours were paft-
ly removed by the lipid extraction procedure, and do lead to
a deterioration in the quality of the ultra-viclet absorpticn
spectrum of the Schneider extract.,

S8ince this work was commenced, Evans {1967) has obtained

satisfactory results from a washing procedure involving methanol

’ - '!
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and formic acid, (Kupila, Bryan and Stern, 1961). Comparisons
of yields are difficult, as Evans does not quote absolute values,

but changes during culture are of similar size.

Extraction and Measurement. Neither the Schneider (1945) nor

the Schmidt-Thannhauser (1945) methods gave completely satis-

- factory extractions of RNA and DNA, The Schmidt-Thannhauser
method was unsuitable for DNA‘measurement, as some DNA was lost
in the extraction of RNA. The ultra-violet‘absorption épectrum
of the RNA extract was more contaminated than that obtained

by the Schneider method, probably by polypeptide material, The
Schmidt-Thannhauser method alsoc gave lower yields of protein
than the Schneider method.

While the Schneider method hydrolysed both DNA and RNA, the
ultra=violet absorption spectrum of the first PCA extract is
considered to give a good measure of the RNA conteﬁt for the
following reasonss

Firstly, it was observed that the first PCA extraction re-
moved at least 90% of the total nucleic acid (Figure 4,1), but
oﬁly L0% of the DNA. The DNA'content of this tissue represents
about 13%% of the total nucleic acid (Table 4,9). Thus the first
PCA extract contained oniy a few percent of DWA, insufficient to
cause any significant error in the RNA value,

Secondly, the spectra obtained were reasonable free from
contaminating materials, with A260/A235 ratios of 2.1 to 2.4.
Confirmation of RNA values was not sought from the orcinal col-
our reaction for ribose. (Bial, 1902, Dische and Schwarze, 1937)
for various reasons. It was assumed that RNA determinations from

clean ultra-violet spectra were accurate, Various authors, in=

;-
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cludihg Holdgate and Goodwin (1965) and De Deken-Grenson and
De Deken (1959) have found plant material especially product-
iva of orcinal-reacting impurities in the RINA extract,

In an attempt to correct for contaminating material in the
uitra—violet spectrum, the absorbance at 315 nm was subtracted
from the absorbance at 260 nm. Among authors who have tried to
correct for contaminating material by taking the difference be-
tween absorbances at two wavelengths as the mezasure of RNA con- -
centration are Warburg and Christian (1942) and Tsanev and
Markov (1960). The method requires an exact knowledge of the
absorption spectrum of the contaminant for accuracye.

It is fortunate that the artichoke yields RNA extracts
suitable for ultra-violet spectroscopy without further purifi-
cation, Steward et, al. {(1964) have obtained RNA extracts with
satisfactory ultra-violet spectra from cultured carrot root
celis. These findings contrast with reports of highly contamin-
ated RNA extracts from germinating and seedling plants (Ingle,
1963, Holdgate and Gooawin, 1965)

The diphenylamine determination of DNA content could not
be cheéked directly on the extract, as the presence of RNA
prevented phosphate and ultra-violet absorption determinations,
In view of the similarity of RNA/DNA ratios derived from chem~
ical measurement, polyacrylamide gels and microdensitometry
(Mitchell, 1967a), the measurement of DNA by diphenylamine
is considered to be reasonably accurate, Although diphenylamine
will feact with many other substances (Disphe, 1955, RBurton,
1956) the colours produced are often different from the blue
produced with deoxyribose, Reading the absorbance at two wavew

"lengths hedps to eliminate errors from spurious colours.
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Although developed on freshly-cut explants, these methods
for RNA and DNA determination are also applicable to cultured
material. RNA spectra remained satisfactory over long periods of
culture, (Figure 4,3) No increase in non-blue colours with di;
phenylamine was noted with cultured explants, The DNA quan=-
tities determined by the diphenylamine method for growing tissue
in Section 3 were generally iﬁ good agreement with the amounts
of DNA synthesis expected from cell division data.

The investigation into protein measurement reported here
leaves certain guestions unanswered, notable the possibility of
degradation of protein by long exposure to alkali, and the
accuracy of the Lowry technique compared with methods for
measuring amino nitrogen. It was hoped to check the results
against data from the micro~Conway method by Evans (1967), but
ne absolute values are available for these determinations,
Changes in protein content observed during the growth of explants
eorrespond in timing and magnitude to those described by Evans
(1967) and also to those found by Mitchell (1968) using histo-
chemical techniques.

The absorption spectira obtained by repecated PCA extraction
of nucleic acids (Figure 4,1) show maximum absorption at wave-
lengths greater than 260 mm, It is probable that this was poly-
peptide, Thus only the hot-PCA insoluble, alkali scluble |
fraction of the total protein was measured by the Lowry method,
But in view of the agreement with the results of Evans (1967)
and Mitchell (1968) for protein changes during growth, the
Lowry method provides a reasonably reliable measure of protein

content with the virtues of speed and simplicity.
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It will be seen from the values quoted for individual
determinations of DNA, RNA and protein in this section that
most values were within 5% of the mean, and almost all within
10%. The methods selected and developed by this investigation
satisfy the four requirements detailed in the introduction,
by providing rapid and éccurate determinations of the RNA, DNA

and protein contents of large numbers of samples.
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(Reprinzed from Nawire, Vol. 213, No. 5103, p. 873 only,
August 19, 1967)

Effect of Light on Cell Division in Plant
Tissue Cultures :

LigHT strongly influences many aspects of growth in
olants. There have, however, been few studies on the
sffects of light on cell division in non-green plant tissue
sultures. In the sourse of investigating the physiology of
swell division in developing callus cultures of Helionthus
uberosus it has been observed that light can have an in-
hibitory effect on cell division.
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Petri dishes, at 25° €. Agitation was on a reciprocating shaker operating
at 50 efs with a 7 cm dispiacement. ‘The explants were grown in total
darkness (&), 120 Tt,-candles (@) and 450 tt,-candles (l). Both light
gourees were mixed fluorescent and tungsten, Cell number data wera
derived {Tom counts on b per cent ehromie acid magerates of five explant
samples,
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Fig. 2. Percentage increase in ecll number per explant with time of in-

cubation, Explants were prepared and cultured as deseribed in Eig 1.

Yor the first 30 min alter excision, the explants were exposed to totwl

darkncss (4 ), 18 fi_.candles flugrescent light (O) and 120 It.-candles (@)

and 450 ft.-candlcs ( ), mixed fluorescent and tungsten light. Subse-

quent cultnre was in total darkness. T'he vertical line represents the 8, %,
of the difference between the dark and light treatments.

Observations'-* have shown the course of change in ce
number with time in explants taken from tubers of th
Jerusalem artichcke and cultured in contact with
medium eontaining 20 per cent coconut millk and 10
molar, 2,4-dichlorophenoxyacetic acid. It has also bee
shown?®3? that the first few divisions are synchronous
These observations were made with an experiment:
procedure which involved exposure of the tubers and «
the excised explants for periods of 30-90 min to abou
18 ft.-candles from a fluoresecent source, and exposure t
the light from a tungsten lamp when the cultures sver
being inspected. Subsequently it has been found that th
proportion of cells in the explant that divide at the firs
synehronous division increases from 45 to 90 per cent whe
the explant is removed in low intensity green light an
then cultured in total darkness on a medium withou
coconut milk but in the presence of 2: 4-dichlorophenox;
acetic acid (2,4-13} at 10-* moles/l,

Results of two experiments designed to show the ligh
effect in division are given in Figs. 1 and 2. The explan
were obtained with techniques described elsewhere', an
grown in bulk culture in a liquid moedium.

In the first experiment (Fig. 1), the explants remove
in low intensity green light were exposed throughout th
period of culture to two intensities of light, and the
growth compared with a control in total darkness. In th
second experiment (Fig. 2), the explants were exposed t
various light intensities for a period of 30 min afte
excision. They were then cultured in total darkness.



It is clear from the results presented in Fig. 1 that the
rumber of cells formed at the first division is significantly
rreater in the dark than in the light. Continuous light
herefore has a strongly depressing effect on cell division.

Preliminary exposure for a short period after exeision
as a sharply depressing effect on division at all light
ntensities (Fig. 2). The explants excised in greon light
wnd cultured in total darkness form considerably more
ells at the first synchronous division than do, those exposed
.o light for the first 30 min after excision. Clearly radia-
jon other than dim green light has a strongly depressive
sffect on division in this system and most of the effect is
yxerted in the period immediately after excision, It may
he fnioted that the synchronous pattern is displayed in all
sonditions in this experimental series.
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