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General Introduction.

1. Cytological Aspects.

(a) Historical.

Since the discovery, in-1665 by Hooke, of the cellular
naturé of cork, the study of Cytology has progressed far.
Today, all that remalns to remind us of the work carried
out by that early investigator is the term which he intro-
duced, the name "cell', Although similar observations
were carried oubt on other plant tissues by Grew and
Malpighil, later in the seventeenth century, it was not un-
til the beginning of the nineteenth century that man was
able to look beyond the cell membrane into the cell itself,
| One of the most important advances was the disg-
covery of the nucleus, in the "cellular juice" of the
orchid, by Brown in 1831. This was followed by the obser-
vation of Dujardin in 1835, that the cells of lower organisms,
such as Rhizopoda and Foraminifera contain "a gelafinous
substance, perfectly homogeneous, elastic, contractile,
dmphanoué, insoluble in water and without traces of
organization". This substance, which Dujardin described so

precisely, was given the name "Protoplasm" by Purkinji and

von Mohl.
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It was oniy with the coming of improved optical
instruments and lmproved techniqueé that Altmann (1896)
was able to show that the cytoplasm, that part of the cell
gsurrounding the nucleus and bounded by the cell membrane,
contains granules. It was thus that the large rod~shaped

particles, now known as Mitochondria, were observed to be

present in the cytoplasm of all cells. In animal cells
other cytoplasmic elements, such as the reticular apparatus

-~ the Golpl Body, were also observed.

- The introduction of dark field illumination made

- visible extremely small bodies which were highly refringent.

These small particles are now termed Microsomes.

Subsequent studles on the structure of the cell
were mainly carried out with the aid of dyestuffs. Thus
in 1900, Michaelis introduced the use of Janus Green B,
ag a specific staln for mitochondria. Mitochondria stained
by this dye are green~blue in colour. On incubating the
gtalned mitochondria at 370°C, the colour changes to red and
then complete decolorization occurs. This test 1s used to
identify mitochondria ,sndit has been suggested by Lazarow
and his associates (Lazarow & Cooperstein 1953% Cooperstein,
Lazarow & Patterson 1953; and Cooperstein & ILazarow 1953)
that it i1s based on the fact that the dye i1s specifically

re-oxidised by cytochrome oxidase, an enzyme found only in
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mitochondria. The .ability: of the cell components to
absorb basic dyes (Berg 1934) has been used to differentiate
the cell contents.

One important contribubtlon was the development by
Feulgen and Rossenlbeck in 1924, of a gstaining technique,
now known as the Feulgen reaction. In this reaction, the
nucleus ig stained bright purple, while the remainder of
the cell i1s unstained. The exact nature of this reaction
is still controversial. Some workers (Brachet 1946, 1947;
Stowell 1946, 1947; Di Stefano 1948a, 1948b; Barber &
Callan 1949; Caspersson 1949; Overend & Stacey 1949) be-

lieve that the Deoxyribonucleic Acid (DNA) of the nucleus

ig partially hydrolysed by the dilute mineral acid and the
hydrolysis products formed restore the colour of basic
fuchsgin which has been decolourized with sulphurous acild
(Schiff's reagent). On the other hand, Stedman & Stedman
(19472, 1947b, 1950) claim that the dye produced by the
interactlon of hydrolysed DNA and the fuchsin reagent is
water soluble and is strongly adsorbed by the non-histone
protein, chromosomin, of the nucleus. Thus, although the
dye is only produced in the presence of DNA, the structures
stained by it consist of protein rather than of DNA, which
is destroyed during the hydrolysis procedure. No matter

which interpretation is taken of the mechanism involved in
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the Feulgen reaction, it still demonstrates that the
chemical composition of the nucleus differs from that of
the cytoplasmic particles.

- A great part of our present knowledge of the
chemical composition of the nucleus comes from the classical
chemical studies of Miescher (1897) and Kossel (1888) on
pus cells, fish spermatozoa, haesmolysed bird erythrocytes
and on léucocytes and cells of the thymus and liver sub-
mitted to peptic digestion. From such tissues, these
workers isolated an acldic compound which is now recognised
as the nucleic acid, deoxyribonucleic acid (DNA), It was
subsequently shown that nucleic acids were normal con-
stituents of all cells and tissues.

Hydrolysis of the nucleic acid, obtained from
thymus, was found to yleld a mixture of the purine bases,
adenine and guanine, the pyrimidine bases c¢ytosine and
thymine, a sugar, which was eventually shown by Levene and
Mori (1929) to be D(-)2-deoxyribose, and phosphoric acid.

The nucleic acid obtalned from plant sources,
namely yeast, was found to give different products on hydro-
lysais. The bases obtained were adenine, guanine, cytosine
and the pyrimidine uracil, a pentose sugar, which was
eventually ldentified as D(-) ribose (Barker & Gulland

1943; Barker, PFarrar & Gulland 1947) and phosphoric acid.
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The different composition of the two nucleic acids,
obtained from plant and animal sources, gave rise to the
belief that the nuclelc acid in animal cells was of the
deoxyribose type, while that from plants was of the ribose
type. However, 1t was not long before many workers found
evidence to the contrary, among them Hammarsten (1894),
and Jorpes (1924, 1928 & 1934), From the evidence put
forward by these and other workers, i1t became evident
that ribonucleic acids (RNA) were normal constituents of
animal as well as plant tissues. About the same time, the
presence of DNA in plant cells was being demonstrated
(Feulgen & Rossenbeck 1924; Kiesel & Belozerski 1934;
Belozerski 1938, 1939). Jones and Perkins (1924-5) ex-
pressed the view that "the distinction between plant and
animal nucleic acids will in future not be so definitely
drawn® . Recent work has confirmed this view completely and
it is now clear that both-DNA and RNA are abundant in all
cells.,

For some time it wasassumed that nucleic acids were
essentially nuclear constituents, but Caspersson & Schultz
(1938, 1939) demonstrated that the cytoplasm of certain
rapidly proliferating cells contained large amounts of RNA.
The cytoplasm of these rapidly growing cells when examined

in ultraviolet light showed absorption in the region of
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260 mp, which is characteristic of the nucleic acids.
Application of the Feulgen test gave negative results, de-~
monstrating the absence of DNA, The presence of RNA in

the cybtoplasm was confirmed by Brachet (1940), using a
mixture of basic dyestuffs. This mixture of basic dye-~
stuffs, known as Unna Pappenheim stain, contalns pyronine,
which stains RNA red, and methyl green, which staing DNA
green., Using this staining technigue in conjunction with
the enzyme ribonuclease, first isolated from pahcreas by
Jones (1920), Brachet (1940, 1941) showed that when btlssue -
sections were incubated with the enzyme and subsequently
stained, the basophilic granules had lost theilr capacity

to take up the pyronine, whereas the chromatin of the
nucleus still had the ability to take up the methyl green.
He, therefore, concluded from this that the RNVNA of the cell
was located mainly in the cytoplasmic particles and wlth a
small amount in the nucleolus, whille the DNA was entirely
present in the nucleus of the cell.

While histochemical studies glve indications of the
location of the nucleic acids in the cell, it is not possible
by these methods to determine accurately the nucleic acid
content of the cell or its component parts. However,
modifications of the histochemical technique, whereby the

amount of visible light absorbed by the stained tissue is
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used to estimate the amount of nucleic acid present, have
been developed. Using this microspectrophotometric tech-
nique, Pollister and his associates (Pollister 1950, 1952;
Pollister, Himes & Ornstein 1051; Pollister,lSwift & Albert
1951) and Mirsky and Ris (1951) have determined the amount
of DNA in cell nuclei stained by the Feulgen procedure.
Caspersson (1936, 1940, 1947, & 1950) has developed and
used quantitatlve miorospectrophptometry employing ultra-
violet light. With this technique, the section of tissue
does not require to be previously stained, and the amount
of nucleic acid present is estimated by the amount of ultra-
violet light absorbed. The disadvantage of microspectro-
photometry using visible light is that it assumes that the
intensity of the staining is proportional to the amount of
nucleic acid present. Ultraviolet microspectrophotometry
reqguires an elaborate quartz optical system. It 1s im-
possible by this method to distinguish between free bases,
nucleosides or nucleotides, nor can it differentiate be-
tween DNA and RNA, The amounts of nucleic acids present in
the cell and its component parts can only be determined

with accuracy by chemical means on whole tissue or the

lsolated cell particles themselves.

(b) Isolation of cell components.

I. Nuclei



I. DNuclei.
The preparation of nucleil on a large scale, by chemical
or physicochemical methods, dates Pack to the work of
Miescher (1871), who isolated pus cell nuclei by a rather
drastic method, which included the use of a pepsin-hydro-
chloric acld mixture to digest away the cytoplasm. Miescher
also used dilute acild alone to liberate nuclei of fish
sperm,

Behrens (1932, 1935) obtained nuclei by subjecting
ground dried tissue to specific gravity flotation and
differential centrifugation in organic solvents. Feulgen,
Behrens and Mahdihassan (1937) and Behrens (1938) obtained
isolated nucleil from plant as well as animal tissue, and
were the first to show that plant nuclel, so ilsolated,
contained DNA,

In 1937, Crossman observed that strong citric acid
solutions liberated muscle cell nuclei in a microscopic
preparation. Stoneburg (1937) made use of this to isolate
cell nuclei from muscle on a large scale. In this pro-
cedure, however, use was also made of pepsin~-hydrochloric
acld digestion.

Many other worksrs, among them Marshak (1941), Haven
and Levy (1942) and Mirsky and Pollister (1946), def¥eloped

procedures for isolating nuclel using citric acid. A
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method of isolating nuclel suitable for enzyme sbtudies

was developed by Dounce (1943a, 1943b, 1950), who based his
method upon the previously developed ciltric acld techniques.
Dounce {(1943a, 1943b) found that nuclei could be liberated
and isolated from liver cells in digtilled water adjusted
accurately to pH 6.0 with dilute citric acid. Schnelder

and Hogeboom (1951), in btheilr review of cell fractionation
technigques, claim that the nuclei, lsolated by the Dounce
(1943a, 1943b) procedure, are not morphologically intact.
Schnelder and Hogeboom (1951) claim that nuclei isolated

in eithef isotonic or hypeftonic sucrose, as described by
Hogeboom, Schneider and Palade (1948), Ris and Mirsky (1949),
and Kurnick (1950), are morphologically intact. Peterman
and Schneider (1950, 1951) found that better yields of
nucleil were obtained when a small amount of calcium chloride
wags added to the sucrose solution, to prevent the disruption
of the nuclei during homogenising.

Analysis of the nuclel isolated by these various methods
all show the presence of DNA and RNA, although the amounts
found depend on the isolating technigque used. Pollister and
Leuchtenberger (1949) found that the ratio of protein to
DNA estimated on ﬁuclei isolated in citric acid was lower
than that found in tissue sections. Dounce, Tishkoff,

Barnett and Freer (1950), using nuclei isolated by the

Behrens (1932) method, observed that these nuclei had a
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much higher protein-DNA ratio than did nuclel obtalned
using citric acid. However, nuclel isclated by the Behrens
(1932) procedure were pecullar in that their RNA content
was greater than thelr DNA content.

Investigations on the enzymes contained in isolated
rat liver nuclei, carried out by Lan (1943, 1944) and
Dounce (1943b) have shown the presence of aldolase, d-amino

oxldase, arginase, alkaline phosphatase and uricase.

II. Cytoplasm.
The isolation of cytoplasmic particles dates back to the

year 1934, when Bensley and Hoerr reported the isolation

of mitochondria from frozen dried material. This initial
success was followed by the development of the differential
centrifugation technique in which Claude (1940a, 1943a,
1943b, 1946) and Lazarow (1943) were the fore-runners.

Claude (1940a, 1943a, 1943b, 1946) made use of
alkaline 0.85% (w/v) sodium chloride as homogenising medium,
but thils method often gave non-uniform, contaminated and
damaged particles. The malin objection to this method is
that there is agglutination of the cytoplasmic particles;
consequently agglutinated mitochondria are sedimented wilth
the nucléar fraction and agglutinated microsomes are sedimented
with the mitochondrial fraction. The mitochondria obtained by

this procedure are not morphologically the same as those
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of the intact cell (Hogeboom et al. 1948), since they are
ggherical and not rod-like in shape and do not stain with
Janus Green B as do those of intact cells.

In 1948, Hogeboom et al., found that a preparation
of mitochondria, uniform and fairly unaffected in the
morphological and cytological sense, could be obtained if
the tilssue was homogenised in 0.88 M.~ sucrose solution.
The mitochondria, obtained by this procedure, retain their
rod-like appearance and their ability to stain with Janus
Green B, This method, however, requires very high centri-
fugal forces to separate the cytoplasmic particles. More-
over, the high concentration of sucrose used partially
inhibits some of the enzyme systems present in the cyto-
plasmic fractions.

A number of more or less extensive modifications
have subsequently been made in the basic method of Hogeboom
et al. (1948). The most important variant of the sucrose -
method, now widely used, is that of Schneider (1948), in
which 0.25 M.- (isotonic) sucrose replaces the 0.88 N -
sucrose previously utilised. This renders the preparation
easier, in that lower centrifugal fields are required to
cause sedimentation of the particles. Furthermore, it
eliminates the inhibitory effect of high sucrose concen-

trations on certaln enzyme systems and thus facilitates
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biochemical studies (Schneider & Hogeboom 1950).

Ifa. Mitochondria.

Mitochondria, in the narrower meaning of-the term, are
cytoplasmic particles of a magnitude between 0.5 - 1.0 n,
and stainable with Janus CGreen B.

The mitochondrial content of the cells varies
greatly from tissue to tilissue. Mitochondria, prepared
from homogenates of rat liver in sucrose, accounted for
23-26% of the total nitrogen (Hogeboom et al. 1948;
Schneider 1948; Schneider & Hogeboom 1950; Schneider &
Potter 1949) and 30-33% of the total protein (Price,

Miller & Miller 1948; Price, Miller, Miller & Weber 1949)
of the original homogenate. The latter value is also
obtalned by calculation on the basis of succinoxidase
activity. This enzyme,which is %totally bound to the mito=-
chondria, affords a suitable index of yield when mito-
chondria are isolated by centrifugation.

Chemically, mitochondria consist mainly of lipo-
protein; in addition they contain small amounts of RNA and low-
molecular. welght components. Proteins, lipids and nucleic
acid together accoﬁnt for 92% of the dry weight of the
mitochondria {(Ada 1949).

In the estimation of the RNA content of mitochondria,

both cytologlsts and chemists have been confronted by the
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same difficulty, namely to make observaltions on the
relatively large mitochondria poor in nucleic acid, un-
influenced by the small, but nucleic acld rich microsomes.

Meyer (1920) was probably the first to- show that
mitochondria contained nuclelc acid. Chantrenne (1947),
and subsequently . Jeener (1948), in their studies on the
chemical and enzymlc heterogenelty of the cytoplasmic
‘particles, found that the fraction with-thekhighest sedi-
mentation rate, namely that which represented the purest
possible mitochondrial fractlon, showed the lowest RNA
content. In terms of the dry weight, this content of
RNA was about 0.5%.

Hogeboom et al., (1948) found that the RNA content
of mitochondria decreased with incréased washing of the
preparation, until it finally attained a constant value.
The value of the RNA content of mitochondria obtained
by Hogeboom et al. (1948) agreed well with the findings
of other workers (Schneider 1946a, 1948; Hogeboom 1949;
Schneider & Potter 1949; Muntewyler, Seifter & Harlkness
1950) and had a mean value of llpg. RNA-phosphorus per
mg. Gotal nitrogen, which corresponds approximately to the
percentage value obtained by Chantrenne (1947) and Jeener
(L948).

Mitochondria have been shown by Opie and Lavin (1946)
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to be Peulgen-negative, which indicates that they contain
no DNA.

The lipid content, mainly phospholipid, of mito-
chondria has been estimated by several authors (Claude
1946; Schneider 1946a, 1946b; Barnum & Huseby 19483 Ada
1949) and was found to account for 25-30% of their dry
weight.

Ada (1949) showed that the protein content of
mitochondria may bé taken as 65-70% of the dry weight.
From the purely chemical point of view, the mitochondrial
protein has not been the object of detalled study. The
main interest in this protein fraction hag centred round
its enzymic properties. The earliest discovered enzymic
property of miﬁochondria was their content of cyltochrome
oxidase and certain related respiratory enzyme systems
(Hogeboom, Claude & Hotchkiss 1946). In 1948, Green,
Toomis & Auerbach showed that mitochondrial preparations
were capable of oxidising pyruvic acid, fatty acids and
amino aclds to COg and HgO through the citric acid cycle.
The presence of ribonuclease and deoxyribonuclease was
demonstrated by Schneider and Hogeboom (1952b), while
Schneider, Claude and Hogeboom (1948) showed that cytochrome
¢ was also to be found in the mitochondria. Uricase has

been shown to be present by many workers (Schein, Podber &
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Novikoff 1951; Schneider & Hogeboom 1952a; Novikoff, Podber,
Ryan & Noe 1953).

IIb. Microsomes.

Microsomes are strongly basophlilic, Feulgen-negative, sub-
microscopic particles of about 50-150 mp in diameter (Claude
1940b)., They are stained by iron haematoxylin (Vendrely
1950). The basophilic and siderophilic properties of micro-
somes are explained by their high content of RNA.

The microsomes constitute a very large proportion
of the cyboplasm. In studies of rat liver fractions
(Hogeboom et al. 1948; Schneider 1948; Schneider & Potter
1949), 18-20% of the total nitrogen of the whole tissue was
accounted for by submicroscopic particulate material. The
most striking chemical characteristic of the microsomes ié
their high coﬁteﬁt of RNA and lipids. The high proportion
of RNA was first observed by Cilaude (1944, 1946). 1In later
studies (Hogeboom et al., 1948; Schneider 1948; Schneider &
Potter 1949; Schneider, Hogeboom & Ross 1950), it has been
shown that approximately 50% of the RNA of whole rat or mouse
liver is present in the microsomal fraction. When RNA phos~
phorus 1s expressed relative to nitrogen, a value of 63 P8
phosphorus pe® mg. nitrogen is obtained for the microsomal
fraction compared with 27 Pe. phosphorus per mg. nitrogen for

the tissue as a whole.



The tobal lipid content of the microsomes is about

43% of the dry weight and 21% of the total lipid content of

" the cytoplasm (Claude 1946; Ada 1949; Huseby & Barnum 1950;

Levin & Chargaff 1952). 30% of the dry weight consists of
phospholipidé, which corresponds to 65% of the total cyto-
plasmic phospholipids.

At present few enzymes are lkmown to be located in
the microsomes and still fewer appear to be specifically
concentrated there. There appears to be no doubt of the
presence of DPN-cytochrome c,reductase (Hogeboom 1949;
Hogeboom & Schneider 1950b) and TPN-cytochrome ¢ reductase
(Hogeboom & Schneider 1950a), thé former being found in
higher concentrations in the micrasoﬁes than in any other
fraction. Hers, Berthet, Berthet and DeDuve (1951) have
shown that the specific phosphatase,glucose~6-phosphatase,
in liver and in kidney, as well as alkaline phosphatase of
kidney and intestinal mucosa, are located in the microsomes.
S0 marked is this concentration, that glucose-6-phosphatase
actlvity has been used by DeDuve, Appelmans and Wattisux

(1952) as a test for microsomes.

ITc. Cell sap.
This fraction of the cytoplasm contains all the non-sedi-

mentable or soluble material present in the cell, as well

as any material, such as lipid droplets, which migrate
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centripetally due to its low density. It is to Dbe noted,
however , that the preparation of this fraction is usually

an arbitrary one, depending on the centrifugal force
available. The conditions employed by Schneider and Hoge-
boom (1950) to prepare microsomes, sedimented particles as
small as 50 mp.in diameter. Thus, cell sap, or supernatant,
contained all the particles smaller than SOmp. or, in terms
of molecular weilght, all particles having molecular weights
less than about 100,000,000.

The soluble fraction comprises a considerable pro-
por tion of the tissue in terms of total nitrogen or protein.
32-44% of the total nitrogen of rat liver (Hogeboom et al.
1948; Schneider 1948; Schneider & Hogeboom 1950) and 49%
of rabbit liver (LePage & Schneider 1948) have been recovered
in this fraction.

RNA is also present in the ¢ell sap, although
generally its concentration in this fraction is lower than
in the whole tigsue. Hogeboom et al. (1948) and Schneider
(1948) reported that 21=23% of the total RNA present in rat
“liver is found in the cell sap fraction.

The main component of the cell sap appears to be
protein in nature. Thus, Price et al. (1949) reported that
39% of the total protein of rat liver was to be found in the

cell sap. Among the enzymes, which have been reported present

in the cell sap of rat and mouse liver, are cytochrome ¢
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(8chneider et al. 1945; Schneider & Hogeboom 1950), isocitric
dehydrogenase (Hogeboom & Schneider 1950a) and acid and
alkaline phosphatases (Novikoff, Podber & Ryan 1950).

Julen, Snellman & Sylven (1950) fractionated/mast
cells with a view to investigating the intracellular dis-
tribution of heparin. They ground ox liver with lsotonic
phosphate buffer and fractionated the resulting homogenate
into mitochondria, microsomes and a final supernatant, which
they obtained by centrifuging for 5~6 hours at 60,000 g,

The supernatant, which was so obtained, was found to contain
82% of the total heparin present in the homogenate. Micro-
grapiis of this material showed the presence of particles

wlth an estimated diameter of less than 10 mp., Electro-
phoretic and ultracentrifugal studies indicatéd that the
heparin was bound to these particles in the form of a protein

complex.

2 Estimafion of Nucleic Acids.

Various methods have been described for estimation of nucleic
acilds in whole tissue and in the components of cells. The
chemical methods for determining the nucleic acid content of
a Tissue may be based on (a).the phosphorus content; (b) the
sugar content; and (¢) the amount of purine(or pyrimidine)

present. Whichever method of estimation is employed, it is
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first necessary to remove from the tissue any interfering
substances, such as simple nucleotides or nucleosides. It
is, therefore, usual to first extract the tissue with acild,
e.g. trichloracetic acid (TCA), to remove acid soluble

phos phorus compounds, such as mono- and di-nucleotides, and
then with lipid solvents to remove lipid phosphorus (LP).
The residue contains acid-insoluble-non-1lipid phosphorus
(AINLP), which is protein bound and made up mainly of ribo-
nucleic acid phosphorus (RNA.-Pland deoxyribonucleic acid
phosphorus (DNA=-P) along with phosphoprotein phosphorus (PP),
and small amounts of other phosphorus compounds.

In the fractionation scheme described by Schmidt
and Thannhauser (1945), the extracted tissue residue, con-
taining AINLP, is incubated overnight with warm dilute alkali
which hydrolyses the RNA ©To acid soluble ribose mono-nucleo-~
tides, without affecting DNA in any way. When the alkaline
digest is acldiflied, the DNA 1s precipitated along with the
degraded protein, and may be determined as DUAP, The
soluble matter present in the supernatant fluid contains the
nuc leotides cytidylic acid, adenylic acid, guanylic acid and
uridylic acid, derived from the RNA, which may be estimated
as RNAP., Any éhosphoprotein phosphorus present may be deter-
mined by precipitation of the inorganic phosphorus from the

geld supernatant fluid. The difference between the inorganic
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phosphate and the total phosphate represents mainly the

amount of RNAP.

In the procedure of Schneider (1945), the nucleic
acids are exbracted from the AINLP with dilute TCA at 90°C
for 15 minutes. The nucleic acids are split off as soluble
products in the acld extract; which can then be determined
by their ribose and deoxyribose content. Schneider st al.
(1950) and Ogur, Minkler, Lindegren and Lindegren (1952)
have modified the Schneider (1945) procedure by using per -~
chloric acid in place of TCA.

It has been shown by Davidson, Gardner, Hutchison,
McIndoe, Raymond and Shaw (1949) and Davidson, Frazer and
Hutchison (1950) that the nucleic acid fractions obtained by
these methods are contaminated with inorganic phosphate and
that the phosphoprotein obtained by the Schneider (1945)
method was always greater In amount than that obtained by
the Schmidt and Thannhauser (1945) procedure: When the
amount of RNA, obtained from the AINLP by the Schmidt and
Thannhauser (1945) method is calculated from ribose estimations,
and when 1t 1s fractionated by the method of lonophoresis,
descriped by Davidson and Smellie (19524 ) more phosphorus is
- found to be esent than can be accounted for by the four
nucleotides alone. Davidson and Smellie (1952b)Yhave shown

that in liver tissue only 80% of the phosphorus of the A2S,
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bbtaiﬁed by the Schmidt and Thannhauser (1945) procedure,
is nucleotide phosphorus, the remainder being derived from
other phosphate esters.

The procedure descrined by Ogur and Rosen (1950,
by which the AINLP residue is treated with N-perchloric acid
for 18 hours at 4°9C to remove RNA, and the residue, remaining
after N-perchloric acid, is then treated with 0.5 N-perchloric
acid for 20 minutes at 70°C to remove the DNA, was originally
designed for plant tissues. With animal btissues, it is
recommended that the DNA be extracted with N-perchloric acid
at 800C for 30 minutes. Ogur et al, (1952) have shown that
with this procedure some of the DNA is extracted with the
first acid extraction, and appears in the RNA fraction.

The methods of estimating nucleic acids by their
sugar content are dependent on colour reactions of the pentose
and deoxypentose sugars. Most of the techniques of determining
pentose depend upon the liberation of furfural when the
pentose~containing material is heated with hydrochloric acid.
Reeves and Munro (1940) have descrivbed a procedure whereby
the furfural formed 1s trapped in xylene and allowed to react
with aniline acetate to form a red colour. This method has
been used by Davidson and Waymouth (1944) for the estimation
of RNA. Another method of estimating pentoses is dependent

on their reaction with orcinol (Mejbaum 1939). This technique
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has also been used by Davidson and Waymouth (1944) for the
estimation of RNA. The most commonly employed method for
deoxypentose estimation is the Dische (1930) diphenylamine
reaction. This reaction 1s dependent upon the formation of
a blue colour when DNA is heated with diphenylamine in
acid solution. More recently, Ceriotti (1952) described a
quant itative co lour reaction with indole, which can be used
for determining DNA,

The usual method of estimating nucleic acids based
on their purine content is that of Graff and Maculla (1935),
in which the purines are precipitated as copper complexes.
Vendrely (1947) has modified this technique so that micro
amounts of purine nitrogen may be determined. The main
disadvantages of methods based on the purine content of
nucleic acids, are that they are tedious to carry out and
that they do not distinguish between RNA and DNA.

After the separation of RNA and DNA from the ATINP
residues, by the method of Schmidt and Thannhauser (1945)
or that of Ogur and Rosen (1950), the amount of nucleic acid
in each fraction may readlly be determined by the extinction
of the solution in the ultraviolet in the quartz spectro-
photometer (Ogur & Rosen 1950; logan, Mannell & Rossiter 1952;
Patterson & Dackerman 1952). When.the extinction of the

solution in the ultraviolet 1is to e used as a means of
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determining the amount of nucleic acid in the solution,
perchloric aéid i1s a useful extracting and precipitating
agent , since 1t has a lower extinction in the ultraviolet
than does TCA, which absorbs strongly at 260 IO

Of all the methods available for the determination
of the nucleic acid content of tissues, the Schmidt and
Thannhauser (1945) procedure, in conjunction with the
ionophoresis technique of Ddvidson and Smellie (1952a),re-
mains the simplest and most convenient method of estimating
the RNA content. The Schmidt and Thannhauser (1945) pro-
cedure alone, while 1t gives sgatisfactory results for DNA-P
content, has a tendency to give high values for the RNALP
content; However, if the concomitant phosphorus compounds
are removed from the ribonucleotides by ionophoresis, or
the amount of RNA 1s determined by a method other than by
phosphorus content, the Schmidt and Thannhauser (1945)
procedure gives gpod results for the RNA content of the
material.

Smellie, Kay, Humphrey and Davidson (1955) have
recently employed a modification of the Kay, Simmon and
Dounce (1952) method of isolation of DNA from tissues using
the detergent sodium dodecyl sulphate (Empicol) to obtain
a purified DNA fraction from the acild insoluble residue

after alkaline digestion of the AINLP fraction.

Some of the results obtained for the nuéleic




Table 1.

Nucleic Acid Content of Various Tissues.

(Method of Schmidt & Thannhauser 1945)

——

mg.P/100 g.fresh tissue

Tissue Species RNAP DNAP | Ratio R/D
Liver Rat (200-240g.) 77-110 21-25 4,0
Rat (60-80g.) 106-122 28-37 3.6
Rat (pregnant female) [110-118 21l-23 5.2
Rat (embryo) 87-134 35-65 2.2
Rabbit 44-76 16-29 2.9

Rabbit (pregnant

fenale) 67-138 1417 6.8
Raiobit (embryo ) 87-105 61-84 1.3
Man 37 =74 16 =25 3.0
Pancreas Rabbit 108-130 44~61 .3
0ox 170-185 21-22 B.1
Man {one sample) 42 31 3.6
Xidney Rat 2O =41 33=43 0.7
"| Brain Rat 20-35 15-19 1.5
Spleen Rat (200-240g.) 63-86 7 685 0.9
~ Rat (60-80g.) 70-82 68~78 1.0
Rabbilt 6779 81L-96 0.8
Man (one sample) 36 7 0.5
Thymus Rat (200-240g.) 87~116 181-242 0.5
Rat (60-80g. ) 114-135 181-26 1 0.6
Rabbit 89~99 181-250 0.4
Calf 80-100 224 =250 0.4




Table 2.

e e e e ot Ak gt

Concentration of Nucleic Acids in Normal and Malignant

Tigssues as Determined by the Method of Schneilder{1945)

(Schneider & Klug 1946),

T |
mgephosphorus per 100 g.
fresh tissue
Tigaue
RNAP DNAP
Rat skeletal muscle 4,7-10.4 3.6~9,.4
Rat cardiac muscle 9.6-15.3 10.8-19.7
Rat brain 14 ,7-19.8 11.9-12,9
Rat lung 11.7-24 .4 46,6-80.7
Rat kidney 2%4.9~30.2 33.1~42 .6
Rat thymus 28,6-47 .2 240-309
Rat spleen 3G 7T-53.7 115-135
Rat pancreas 147 -234 3 248,82
Rat liver 55.,0~-71.5 20.8-31.3
Rat hepatoma 32.9=-69,1 438,0-84,9
Flexner Jobling rat hepatoma| 35.2-64.0 47 .2-62.6
Jensen rat sarcoma 47 ,0-59.2 52.0-75,9
Walker No. 256 rat carcino-
garcoma 92 .4~65,0 5l.,3-72.1
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acid content of tilssues, using the Schmidt and Thannhauser
(1945) procedure are given in Table 1. Results obtained
by Schneider .and Klug (1946),using the Schneider (1945)
method of determining the nucleic acid content of tissues
are gikven in Table 2. It can be seen that the straight-
forward Schmidt and Thannhauser (1945) procedure gives much
higher RNA values than does the Schneider (1945) procedure.

With Tthe aid of the cell fractionation techniques
and using these methods of estimating nucleic acids several
workers have studied the distribution of nucleic acids in
the nuclel and cytoplasmic components of many tissues. Some
of the results obtained are listed in Table 3. These
results show that DNA is to be found exclusivelﬁ in the
nucleli, as was shown by histochemical techniques. The
distribution of RNA in the cell is to be hoted. The
nuclear RNA appears to account for approximately 15 per cent
of the total RNA of the cell. In the cytoplasm, the micro-
somes would appear to be richest in RNA, accounting for
nearly 50 per cent of the cytoplasmic RNA, while the

mitochondria contain only a small amount of RNA.

3. The Bilological Activity of the Nuclele Acids.

The metabolism of the nucleic acids has been extensively

studied by several groups of workers, using the isotope
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technigues which have become available in recent years.
The problem of nucleic acid turnover may be investigated
by the administration of radioactive phosphorus (38p), in
the form of inorganic phosphate, toc the experimental
animal, or by administering compounds labelled with radio-
active carbon (14C) or heavy nitrogen (+5N). It is possible
to study theé metabolic activity of the nucleic acids, by
determining the incorporation of these labelled compounds
into the nucleic acilds of the tissue.

It has been possible to examine the turnover rafes;
of the bases of both RNA and BNA of various tissues, by
using precursors of nucleic acids labelled with either Y%¢

or 19N, Davidson and Raymond (1948) fed ammonium citrate

labelled with 1°W to pigeons and rats, and found that the
isotope was incorporated into the RNA of the liver, but

that there was negligible incorporation into the DNA of the
1iver; In 1944, Plentl and Schoenheimer showed, with the
aid of labelled guanine, that guanine did not act as a
precuréor of tissue nucleic acid purinesor pyrimidines.
Brown, Roll, Plentl and Cavlieiri (1948) found thaf labelled
adenine was incorporated into the adenine, and to a 1essér
extent into the guanine, of tissue nucleic acids. Brown,
Petermann and Furst (1948) fed labelled adenine to rats and

found that in the RKNA fraction of the viscera 15.9 per cent
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of the adenine and 9.1 per cent of the guanine was derived
from the dietary adenine. In the DNA fraction, the
corresponding amounts were only 0.59 per cent and 0.32
per cent. LePage and Heidelberger (1951) obtained rapid
incorporation of 14C-g1ycine into the purines of both
RNA and DNA of rat liver and bumour.

- Several workers, among them Marshalk and Calvet
(1949), Jeener (1949a), Barnum and Huseby (1950}, Jeener
and Szafarz (1950) and McIndoe and Davidson (1852),have
found that S2P is incorporated much more rapidly into
the nuclear RNA than into the RNA of the cytoplasmic com=~
ponents.

Davidson et al. (1951) showed that in experiments
using 3%2P it was.not merely sufficient to separate the
various phosphorus components of the tissues by some pro-
cedure,such as that of Schmidt and Thannhauser (1945,
since the fractions containing RNA and DNA also contain
other phosphorus compounds which have much higher activities
than those of the nucleic acid fractions.

Jeener (1949a, 19490 ) had recognised the dangers
of contamination of the nucleic acid fractions, as pre-
pared by the method of Schmidt and Thannhauser (1945),

with compounds highly labelled with 92P, To remove these

actlive phosphorus compounds, Jeener (1949, 1949b) added
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carrier inorganic phosphate to the wash solutions used
in preparing the nucleic acid fractiong.

The ilonophoretic procedure of Davidson and Smellie
(1952a)has been shown to be invaluable in eliminating
these active phosphorus compounds and for the purification
of tge RNA nucleotidesvfor gpecific activity measurements.

The object of this work was to study the ribonucleic
acids of the cell and to investigate the possible mechanisms
by which the RNA of the different cell particles may be
syntheéised.

The initial approach to this investigation was
made by studying the rate of incorporation of 32p into
the RNA of the cellular fractions in relation to time.
This was done so that any differences in the rates of
incorporation of the isotope into the various cytoplasmic
particles and into the nuclei of liver cells might be
determined. The physiological state of the experimental
animal was then studied in relation to the incorporation
of 32P into the nucleic acids of the cytological components
of liver cells.

Since in vivo studies did not appear to éive any
indications of the method of synthesis of the RNA of the
cell, an atbtempt was made to establish an in vitro system

whereby the synthesis of HENA might be studied.




PART ONE,

A Study of the Metabolism of the Phosphorus Compounds in

Liver in vivo, Investlgated with the Ald of Radioactive

Phosphorus.
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1. Introduction.

Tt has been shown by Marshak (1948), Marshak and Calvet
(1949), Barnum and Huseby (1950) and Jeener and Szafarz
(1950) that the incorporation of S2P into the RNA of the
cell nucleus is much more rapid than into the RNA of any
cytoplasmic fraction.

Jeener (1949a), using mouse embryo, chick embryo
and pigeon crop gland, has shown that the greatest incor-
poration of 32p into the cytoplasmic RNA fractions was to
be found in the RNA of the cell sap, with the incorporation
into the RNA of the microsomes being the lowest of all,
Jeener and Szafarz (1950), however, found that in resting
rat liver, the greatest incorporation of 32P into the
nucleic acid fraction was to be found in bthe RNA of the
microsomes. Barnum and Huseby (1950), on the other hand,
found that with mouse liver the incorporation of 52P into
the RNA of The mitochondrial and microsomal fractions was
approximately the same, while the incorporation into the
cell sap RNA was markedly higher.

In the following work, the uptake of 9P into the
pho gphorus compounds, and in particular the nucleic acids,
of the nuclel and cytoplasmic fractions of rabbit liver
have been investigated with relation to time. The effect

of the physiological state of the experimental animal on
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the uptake of S2P into the phosphorus fraction of the liver

have also been investigated, using fowls.

2. Methods.

(a) Biological.

In the experiments, in which the incorporation of radioactive
phosphorus (%2P) at different times after administration
of the isotope, was studied, the animals used were adult
female chinchilla rabbits, bred in the department. The
weights of these animals were between 2 and 3 kg. Through-
out the experimental perlod, they were fed stock diet ad 1ib.

In the experliments, in which the effect of the
physiological state of the animals In relation to the in-
corporation of 52p was studied, the animals used were fowls.
Birds of differing physiologlcal states, e.g. cock, laying
hen, hen at the end of 1ts laying perlod and non-laying hen,
were used. A non-laying hen bearing a GRCH 15 tumour (Peacock
1933) was also examined.

In both series of experiments the animals received
50 pe. 5%P/100 g. body weight, as carrier-free inorganic
phosphate, by intramuscular injection.

In the rabblt experiments, in order that comparison
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might be made between two animals receiving 9P at
different times and to eliminate differences in the amount
of isotope injected, blood was withdrawn from the ear vein
2 hours after the injection of the isotope. The blood was
collected in a beaker containing potassium oxalate, to
prevent clotting, and set aside in the cold, before
separating out the blood acid soluble inorganic phosphate
fraction.

In the fowl experiments, it was not found practical
to withdraw blood at 2 hours after the injection of the
isotope, therefore a portion of the isotope solution injected
was sebt aslde so that the number of counts injected might be
estimated.

Rabbits were killed by cervical dislocation, at
intervals of 2, 18, 24, 30, 37 ar 48 hours after the injection
of the 52P, Fowls were killed 4 hours after the in jection
of the 1lsotope. The abdomen was quickly opened and a sample
of blood. taken by opening the heart and collecting the
blood into a beaker conbtalining potassium oxalate.

The livers were perfused with 0.9% (w/v) sodium
chloride solution through the portal vein, and were then
rapldly excised, extraneous tissue removed, weighed and

chilled in ice.

The liver tissue wasg finely minced with scissors and




" FIGURE 1.

The Fraction of Cytoplasmic Practions by the Schneider (1948)

Procedure.

Homogenate

. 800 g for 10 minutes

\

Nuclel, cell debris Whole Cytoplasm (C)
and unbroken cells

Purified in 0.05 M- 8,500 g for 10 minutes
cltric acid , I

I
Mitochondria (LG) Supernatant

|

18,008 g for 1 hour
|

400 g for 5 minutes

Nuclei (N)

\
Microsomes (M) Superhatant (3)
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homogenlsed in 0,20 M. sucrose, in the proportion of 1 g.
of tissue to 4 volumes of sucrose solution. The homo-
genisation was carried out in a M.S.E., Nelco blendor
(Measuring and Sclentific Equipment Ltd. ﬁondon, S.W.1)
with the blades replaced by a paddle. This process was
controlled microscopically and continued until optimal
cellular breakdown with minimai nuclear breakdown was ob-
served.

The homogenate, so obtalned, was strained thrdugh
gauze and fractionation (Schneilder 1948) carried out as
follows (Figure 1). The homogenate was centrifuged for
10 minutes at 600 g (I. E. .C. refrigerated centrifuge,
horizontal yoke). The supernatant fluid was decanted and
the sediment washed twilce with one volume of 0.25 M~ sucrose.
The original supernatant and washings were combined and an
aliquot taken for whole cybtoplasm (C) analysis.

The sediment, which contained the nuclei, unbroken
cells and cellular debris, was given to Dr. W.M, McIndoe,
who isolated nucleil from it. The sediment was rehomogenised
in 0,05 M=~ citric acld, and the homogenate,so obtained,was
centrifuged at 400 g ( I..E..C.refrigerated centrifuge,
horizontal yoks ). The sediment was washed with 0,0l ¥~
citric acid, until microscopic examination showed that the

nuclel were free from extranecus material. The isolated




FIGURE 2.

Scheme of Separation of Phosphorug Colpounds in Tissues.

(Modified Schmidt & Thannhauser (1945) procedure).
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nuclel (N) were then analysed.

The remainder of the sucrose suspension was then
centrifuged for 10 minutes at 8,500 g = (10,000 r.p.m.;
T.BE.C. multispeed attachment). The supernatant was decanted
and the sediment collected. The sediment (LG) contained
the large granules (mitochondria).

The supernatant, after sedimentatlon of the large
granules, was centrifuged for one hour at 18,000 g
(18,000 rep.m.; I.E.C, multispeed abttachment).

The supernatant (8), corresponding to the cell sap,
was decanted and the sediment (M), containing the microsomes,
collected.

The nuclei (N) and the cytoplasmic constituents
(C, LG, M and 8) were then submitted to a modification of
the Schmidt and Thannhauser (1945) method of fractionation

ghown in Figure 2.

(b) Chemical.

The cellular. fractions were suspeﬁded in distilled water,
treated with 0.5 volume of 30% trichloracetic acid (TCA),
and allowed to stand for 30 minutes in ice. The resulting
precipitate was centrifuged down and the precipitate washed

twice with ice cold 10% TCA., The sample of whole cytoplasm

(C) was likewlse treated with TCA and the acid extract and
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washings combined and set aside for further fractionation
into acid soluble inorganic (P1) and acid soluble organic
(S81) phosphorus fractions.

The material precipitated by the TCA from the nuclel
and all four cyboplasmic fractions were then extracted
successively with acetone, ethanol, ethanol-CHClz(3:1),
ethanol-ether (3:1) (twice) and ether. The extracts were
collected, combined and taken to dryness on a hot water
bath. The dry residue was extbacted with CHClz to provide
the lipid fraction (Lipid P).

From the acid-insoluble~non-lipid (AINLP) residue
RNA was extracted. Two different procedures were used to
obtain RNA from this AINLP residue.

Procedure 1.

The me thod used to extract RNA from the AINLP obtained from
the nuclei from both the rabbit and fowl liver tissue and
from the cytoplasmic material from the rabbit tissue was as
follows. The dry residue was suspended in distilled water
(1 ml./150 ng. dry residue), 5 N-KOH added to a final con-
centration of 0.3 N-KOH, and incubated overnight at 37°C.
The digest was acidified to pH 1 with 10 N-perchloric acid
in the cold, and the precipitate centrifuged off. The
extract was adjusted to pH 3.6 with 5 N-KOH and the

precipitate of potassium perchlorate removed by centrifugation.




-34 -
The supernatant (A9S ) was decanted and retained.

THe precipitate from the perchloric acid acidification
was washed twice with 104 (w/v) TCA and the residue dissolved
in N-NaOH. This solution was used to determine the deoxy-
ribonucleic acid phosphorus (DNAP).

Procedure 2.

Tt has been shown by Davidson and Smellie (1952b) that the
A28 solution, prepared as described avove, contains highly

labelled phosphorus concomitant compounds, which give
erroneous specific activity values for the RNA nucleotides.
A modification of the Schmidt and Thannhauser (1945) pro-
cedure was therefore used to isolate the ribonucleic acid
phosphorus (RNAP) fraction from the cytoplasmic components
of fowl liver.,

The dry residue, obtained after extraction of the
lipids, was extracted three times at 100°C with 25 ml. of
10% (w/v) NaCl. The NaCl solution removed most of the
nucleic acids, together with some protein, from the tissue
residue. The nucleic acids were precipitated from the salt
extract by the addition of 2 volumes of absolute alcohol,
and the precipitate washed with 70% alcohol (v/v), absolute
alcohol and ether and dried. The dry powder was then
Incubated ovemight at 37°C with 0.3 N-KOH, in the proportion

of 20 mg. dried powder/ml. The hydrolysed material was then
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acidified to pH 1 with 10 N-perchloric acid, and the acid
extract readjusted to pH 3.6 with 5 N-KOCH. The precipitated
potassium perchlorate was removed by centrifugation, and

the supernatant (AzS) decanted and retained.

Aliquots of the blood, collected from the ear vein
of the rabbits 2 hours after the injection of the isotope,
and of the blood, collected at the time of killing of both
rabbits and fowl, were treated with 0.5 volume of 30% (w/v)
TCA and the pmrecipitate centrifuged off. The TCA extracts
of the blood and of whole cytoplasm were then fractionated
into acid soluble inorganic phosphate (Pp) and acid soluble
organic phosphorus (S7) fraction as follows.

Mathison's (1909) reagent was added (1 ml./10 ml.
extract) and the mixture made allkaline to phenolphthalein
with NHgOH (S.G. 0.88). After standing overnight in the
refrigerator, the precipitate was centrifuged down and the
supernatant decanted through a Whatman No. 42 paper. The
precipitate was washed twice with 10% (v/v) NH4OH and
dissolved in N-HCl. Thils provided the inorganic phosphate
fraction Py. The mother liquor and washings were taken as
acld soluble organic phosphorus fraction S

Suitable portions of the phosphorus containing
fractions were taken for determination of P by a modification

of Allen's (1940) method. 1.2 ml. 10 N-HpS04 was added to
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the phosphorus solution in a 50 ml. micro~XKjeldahl flask
and the mixture heated until it was colourless; where
necessary a few drops of 100 vol. M,A.R, hydrogen peroxide
were added to oxidise any orgaenic matter present. After
cooling, the acid solubtion was diluted with a little water,
1 ml. 8.3% (w/v) ammonium molybdate and 2 ml. Amidol reagent
( 2 g« Amidol, 40 g. sodium bisulphite and 200 ml. water), and
the total volume made up to 20 ml. with water. The blue
colour, which developed, was measured between 10 and 30
minutes after the addition of the reagents, on a Spekker
absorptiometer, using an Ilford red filter (No. 608). The
reading was converted into pg. P from a curve obtained
using standard phosphorus solutlons.

JFor the determination of radicactivity, portions of
each of the bluw solutions, used for the determination of
phosphorus content, were pipetted into a liquid counter (Type
M6, mnufactured by 20th Century Eléotronics) attached to a
conventional probe unit and a scaling unit (Type 200,
manu factured by Dynatron Radio, Ltd.). All specific
activities (S.A.) were calculated as counts/min/100 ng. P.
In the experiments on rabbits,it was felt necessary to have
a common denominator to which all specific activities migﬁt
be related, especially when results obtained at different

tlme intervals were being compared. The specific activity
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of the blood Py at 2 hours, after tbe injection of the isotope,
was determined and used for the calculation of relative
specific activities (R.S.A.). Where fowls were used, since
it was not practicable to obtain blood 2 hours after the
administration of 52P, 0.1 ml. of the isotope solution adminis-
tered was diluted to 100 litres and the counts per minute of
the administered solution determined. All the specific activitiles
were then calculated relative to an administered dose of 101Ei
counts/min., to give the R.S.A.

The ionophoresis procedure of Davidson and Smellie
(1952a) was used to separate the nucleotides of RNA from the AsS
and AgS solutions. Portions of the AéS and AzS solutions were
applied to strips of Whatman 3m.m. filter paper(73 cm. x 7 cm.) at
a distance of 7 cm.from one end. The solution was applied to the
paper, using an Agla micrometer syringe (manufactured by Burroughs
Wellcome & Co., London) with a blast of cold air behind the paper
torspeed drying. The volume of solution applied to the paper
was adjusted so that it contained between 60 and 90 pg. P. The
paper was then wetted with 0.02 M-citrate buffer pH 3.6(33 ml.
M.~ citric acid, 11 ml.'M-trisodium cltrate made up to 2.2
litres). The wet paper was then suspended over a glass rod
so that each end dipped 1 cm. into the vessels, which contained
500 ml. citrate buffer, so that the cathode was nearer

the spot on the paper. The whole apparatus was enclosed
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in a glass case. The electrodes were connected to a D.C.
supply, consisting of a valve rectifier capable of a smoothed
output of 600 V., and 300mA, . but which on a small load delivered
about 800 V. The output was controlled by means of a Variac
trans former in the input stage, making availlable a continuous
range of output from 100-800 V. The current was then switched
on, and the voltage adjusted so that the fall in potential
along the paper was approximately 11 V./cm. At the end of 18
hour s, the current was switched off and the paper dried by
suspending it in fromt of two 250 W. infrared. lamps.- The
nucleotlide spobts on the dried paper were located in ultra-
violet light, by the procedure of Holiday and Johnson (1949).
The nucleotides were recovered quantitatively on elution, by
the technique of Consden, Gordon and Martin (19%47), into
graduated tubes and the eluate made up to 5 ml., with distilled
water. The radiocactivity was determined by pipetting 4 ml.
into a liquid counter. The solution was returned to the same
tute after the count was completed. The determination of P
was then carried out by the modified Allen (1940) method,

using one fifth of the amounts of all the reagents.
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Results

Rabbit Liver Experiments

In preliminary experiments some difficulty was encountered in
relating the specific activity of the varlous phosphorus
fractions to the amount of isotope administered owing to
variations in dosage and in adsorption of the 32p from the
site of injection. It was therefore necessary to find a
suitable factor in terms of which the results of radiocactivity
measurements might be expressed. The factor chosen was the
specific activity of the blood inorganic P (Blood Pl) 2 hours
after the administration of the 32P, which was taken as 1,000,
and the speoific activities of all other phosphorus fractions
~were calculated in relation to it. By this means, it was
hoped to eliminate any differences between the animals and
the isotope administered.

The Relation of the Activities of Rabbilt Liver Inorganic and

Acid Soluble Organic Phosphates with Time,

Table 4 and Figure 3 show the relationship between the time
of administration of 32P and the relative gpecific activities
of blood inorganic P (Blood Pq), blood acid soluble organic P
(Blood S87), cytoplasmic inorganic P (Cytoplasmic B) and
cytoplasmic acid soluble organié P (Cytoplasmic Sq).

The relative specific activity of Blood Pq falls

rapidly from 2 hours to 18 hours after the injection of the




Table 4.

Specific Activities of Total Blood Phosphorus, Blood Acid
Soluble Inorganic and Acid Soluble Organic Phosphate and

Vhole Cytoplasmic Acid Soluble Inorganic and Acid Soluble
Organic Phosphate of Rabbits, Related to Blood Inorganic

Phosphate at 2 hours, as 1,000,

Hours after Injection of Sep

g 18 24 30 48

Total Blood Phosphate 210 189.5 169 165 154

Blood Acid Soluble - 1000 242 217 213 122
Inorganic P

Blood Acid Soluble 220.4 247 304 159.5 173

Organic P

Cytoplasmic Acid Soluble 458 269 229 187 111.5
Inorganic P

Cytoplasmic Acid Soluble 187 162 174 129.5 101.5
Organic P
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isotope. There then appears to be a gradual fall in activity
to the lowest value at 48 hours after the injection of 32p.

The relative specific activity of Blood Sq shows
very llttle increase between 2 hours and 18 hours, where it
would appear to have. the same relative specific activity as
Blood Pj. There is a slight increase in activity to the 24
hours‘level, from whence it would appear to fall off fairly
rapidly to the 30 hour level. Thereafter, the level of
activity of Blood S1 would appear to rise very slightly to
the value obtained at 48 hours after the administration of
the 1sotope.

Cytoplasmic Pl shows a falrly gradual decrease in
relative speclfic activity between 2 hours and 48 hours after
the admihistration of 2P, where the lowest value for Cyto-
plasmic Pl was recorded.

Cytoplasmic S31 shows very little change in relative
specific activity betwesn 2 hours and 30 hours, after which
it apparently falls to the 48 hour level of activity. The
relative specific activity of Cytoplasmic S would appear to
have a lower level of activity at all the time intervals

investlgated, other than at 30 hours after the injection of

the 1sotope.

The Relation of the Activities of the Phospholipid of RabbitLiven

Cytoplasmic Fractions with Time.




Table 5.

Specific Activitles of Phospholipids of Whole Cytoplasm,
Mitochondrial, Microsomal and Supernatant Fractions of
Rabbit Livers,Related to Blood Inorganic Phosphate at

2 hours as 1,000,

Hours after Injection of S2p

2 18 24 30 48
Whole Cytoplasm 9.2 72 138 122.5 98.4

Mitochondrial Fraction - 8.2 66.4 138 116 08.8

Microsomal Fraction 9.95 Y1.6 197 126.5 101.2

Supernatant Fraction 8.22 66,7 118 175 91.2
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After the sedimentation of the mlcrosomal fraction there was

a 1lipid layer on the surface of the supernatant liquid. The
supernatant was decanted without disturbing this 1lipid layer,
which was later collected along with the microsomal fraction.
It was not always possible to avoid transferring part of the
1lipid layer with the supernatant liquid. It is thersfore

very difficult to state exactly the origin of the lipid
material extracted from the ¥arious cytoplasmic fractions in
the initial stages of the modified Schmidt & Thannhauser (1945)
procedure.

Table -b and Figure 4 show the specific activities of
the phospholiplds extracted from the whole cyt&plésm and the
cytoplasmic fractions. These values were again related to
Blood P, at 2 hours after the injection of 52p,

The rate of uptake of S2P during the time interval 2
to 18 hours after the administration of 32P is fairly constant
.for all fractions. The Bytoplasmic and Mitochondrial phospho-
lipid levels rise more rapidly to the 24 hour levels of
activity, thereafter falling off more gradually to their 48
hour levels of activity. After 18 hours, the rate of uptake
of the microsomal phospholipid rises very rapidly to its
maximum value at 24 hours, then it appears to fall rapidly to
the 30 hour value, after which 1t fell off at a much less

rapld rate to the 48 hour value. The supermatant phospholipid
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activity, on the other hand, appears to show a gradual
uniform rise to a maximum at 30 hours, before dropping

gradually to ifis 48 hour level of activity.

The Helation of the Nucleic Acids of the Nuclear and Cyto-

plasmic Fractions of Rabbit Liver with Time.

In order to determine whether any breakdown of nuclei had
occurred during homogenation, with the liberation of deoxy-
ribonucleic acid phosphorus (DNA-P), the DNA-P content of
each of the cytoplasmlc fractions was estimated.

The dry residue obtained by the modified Schmidt &
Thannhauser (1945) procedure was digested with 0.3 N-KOH
overnight and then acidified with 12 N-perchloric acid. The
supernatant (A9S) was then used to determine the activities
of the nucleotides. The precipitate was washed twice with
10% (w/v) TCA and then dissolved in N-NaOH and pnosphorus
determinations carried out on this alkaline solution as
previously degcribed. The phosphorus of this solution is
present mainly as DNA-P, but 1t 1s possible that other
organic phosphorus-containing compounds are also present, as
was shown to be the case with bacterial preparations by
Mitchell and Moyle (1951). The DNA-P was compared with the

phosphorus content of the ApS solution. The values obtained

are gilven in Table 6. It can be ssen that there was very




Table 6.

Average“Deoxyribonucleic Acid Phosphorus"Present in the
Ribonucleotide Solution Obtained from the Whole Cyto-

plasm, Mitochondrial, Microsomal and Supernatant Frac-
tions of Rabblt Liver

pg DNA-F/100pg RNA-P.

Whole Cytoplasm 3.7

Mitochondrial Fractlon 5.9

Microsomal Fraction 8.2

Supernatant Fractlon 4,4
Table 7.

Specific Activity of the Deoxyribonucleic Acid Present in

the Nuclel of Rabbit Liver, Related to Blood Inorganic
Phosphate at 2 hours as 1,000,

Hours after the Injection of 52P.

DNA 3.7 14.6 8.15 7.88 S.17



Figure 5.

Ultraviolet print (A) and autoradiograph (B) of the
corregponding ionophoretic run of the ribonucleotilde
fraction of rabbit liver prepared by procedure 1.
Separation of the nucleotides 1s adequate,
but uridylic acid is accompanied by components D and .
E which appear in the autograph but not in the ultra-
violet print.
Cvy., cytidylic acid; Ad.,.adenylic acld;

Gu., guanylic acid ; Ur., uridylic acid.




Figure 5.
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little DNA-P present in the AoS solution of the cytoplasmic
fractions, the microsomal fraction containing the most (8.2
pg: DNA-P/100 pg. A42S-P). B8ince rabbit liver nuclei have been
shown by Davidson and McIndoe (1949) to contain approximately
10% of the total nucleic acid as RNA, there can be little
contamination of the cytoplasmlie fractions by nuclear RNA(less
than 1% nuclear RNA present) due to nuclear breakdown.

Davidson, Gardner, Hutcﬁison, McIndoe, Raymond and
Shaw (1949) and Davidson, Frazer and Hutchison (1951) have
commented on the contamination of the ribonucleotide (ABS)
fraction obtained by application of the modified Schmidt &
Thannhauser (1945) procedure. The AoS solution was therefore
sub jected to lonophoresis (Smellle & Davidson 1952a) in order
to separate the nucleotides and to eliminate contamination by
gmall amounts of highly active inorganic and organic phosphates.
The separation of the nucleotldes achleved by this method 1s
illustrated in PFigure HA, (obtained by phobtographing an
ionophoretic strip in ultraviolet light), from which it is
apparent that a good resolution of the nucleotides can be
obtained. The nucleotides separate in the order cytidylic
acid, adenylic acid, guanylic acid and uridylic acid, in
increasing order of mobility.

Prelimlnary experiments indicated that uridylic acid
oceurred in association with organic phosphorus compounds of

high specific activity. The presence of these organic P
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compounds can be demonstrated by placing the filter paper
strip, on which the nucleotides have been separated by ilono-
phoresis, in contact with an X-ray film (Standard X-ray film,
Code 6, manufactured by Kodak Ltd., London) for 2 weeks. On
developing the X-ray film, radioautograph of the ionophoretic
strip is obtained (Figure 5B). Radioautographs show the
presence of an organic P compound immediately preceding
uridylic acid (Component D)}, and one following immediately
after uridylic acid (Component E). Component D was taken as
a 3 cm. strip immediately in front of the urildylic acid spot
and E was taken as the 2 cm. strip immediately behind the
uridylic acid spot, together with 1 cm. of the trailing edge
of the uridylic acld spot as seen in ultraviolet 1light. Even
taking these precautions to remove the concomitants fprom the
uridylic acid fraction, the relative specific activities of

this fraction were still much higher than were expected,

suggesting that there were still concomitants present. Hultin,

Slautterback and Wessel (1951) reported that the uridylic
acid fraction which they obtained by separating a chicken liver

ribonucleotide solution, labelled With52P, on a Dowex 50

(cation exchange) column was also grossly contaminated.
Table 7 shows the relative specific activity (RSA)
values obtained for the DNA of the purified nuclear fraction.

Table 8 shows the RSA values obtained for the ribonucleotides
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Relative Specific Activity.

Figure 6. |
Specific Activities of DNA and of

‘the Adenylic Acids from the RNA
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of the nuclei and cytoplasmic particles. In Figure 6, the
RSA of the DNA fraction has been plotted against time. On
the same figure has also been plotted the RSA of the édenylic
acid fraction of the nuclear and cytoplasmic RNA's. The
other three nucleotides give similar patterns.

The relatlive specific activity-time curves of the
nucleotides of Whole Tytoplasm aﬁd of the Mitochondrlial and
Microsomal fractions all follow each other fairly closely and
the rate of uptake of 32p 1g apparently the same in all cases.
There is an initial slow rate of incorporation of 32P up to
18 hours, thereafter the rate Ilncreases markedly until,24 hours
after the administration of the isotope, the maximum is
reached. After the 24 hour level of activity is reached, there
is a gradual decrease In activity until the 48 hour level is
attalned. The supernatant nucleotide activity, on the other
hand, 1s slightly higher at all times although it follows the
same type of curve.

In all cases the highest level of activity at all
times was to be found in the nucleotides derived from nuclear
RNA. 2 hours after the administration of the isotope, the
nuclear nucleotides show: an activity approximately ten times
that of any of the cytoplasmic fractions. The activity increases
relatively slowly until 18 hours, after which it increases

rapidly untlil 1ts maximum is reached at 24 hours. The activity
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then drops rapidly untll the 48 hour level of actlvity il1s
reached.

The activity of the DNA was found to be low at all
times. There was a small increase in activity between 2 and
18 hours after the injection of 58P, after which there appeared
to be a very gradual decrease In activity until the 48 hour level
of activity was reached.

These results have been included in a paper published

by Smellie, McIndoe, Logan, Davidson and Dawson (1953).

Fowl Experiments.

In preliminary experiments, using fowls, it was not fiound to
be practicable to withdraw a blood sample from the bird at 2
hours after the administration of the isotope. In order that
there should be a common factor between individual experiments,
a sample of the injected isotope solution was counted and all

the speciflc activitles obtained were calculated relative to this

The Relatlonship of the Activities of Inorganic and Acid Soluble

Organic Phosphates to the Differing Physiological Conditiong of

the Experimental Blrds.

There 1s a very wide scatter of results, as shown in Table 9 and
Flgure 7. In the two laying hens studied, only the relative

specific activities of the cytoplasmic acid soluble organic P




Table ©O.

Specific Activities of Blood Acld Soluble Inorganic
Phosphate and Acid Soluble Organic Phosphate and Liver
Whole Cytoplasm Aclid Soluble Inorganic Phosphate and
Acid Soluble Organic Phosphate of Fowls, Related to
Countg/minute injected (x 107).

LHI LHII ¢ T™H T N.L.H.
Blood
Inorganic P 5,400 6,780 47 32.6 - 232
Blood
Organic P 228 3,270 278 86 - 4,100
Cytoplasmic

Inorganic P 3,640 14,500 1,840 306 285 26,000

Cytoplasmic
Organic P 13,000 13,550 1,260 237 215 22,400

LHI - lLaying hen at middle of laylng period
LHIT ~ Laying hen at end of laying period.

C - Cock

TBH - Hen bearing GRCH 15 tumour

T ~ GRCH 15 tumour

N.L.H.~ DNon-laying hen.




Flgure 7.

L.H.I. Laying hen at middle of laying period.
L.H.II., Laying hen at end of laying period.
C. Cock

T.B.H. Hen bearing GRCH 15 tumour.
T, GRCH 15 tumour.

N.L.H. DNon-laying hen.
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show any agreement. The hen which 1s in the middle of its
laying period shows much lower activities in the Blood Pq,

Blood 87 and Cytoplasmic Pq 1In comparison with the values

obgerved for the hen at the end of its laying period. The

cock used in this experiment showed a very low uptake of 52p
into all of the inorganic and acid soluble fractions of blood
and cytoplasm. The lowest incorporation of 52P was observed
in the hen bearing a GRCH 15 tumour. In the case of the non-
laying hen, the value of the Blood P, at 4 hours after the
injection of the isotope was low, while that of the Blood S
was approximately the same as that recorded for the hen at
the end of its laying period. The ¢ytoplasmic P and Sy
fractions of the hon-laying hen were extremely high. In all
instances, except in that of the laying hen in the middle of
its laying period, the Cytoplasmic S3 fraction éhowed a lower
activity than that of the Cytoplasmic P; fraction, while in
all Instances both fractions were appréciably higher than the
values observed for the Blood phosphorus fractions. The
Cytoplasmic P; and S; fractions of the tumour tissue itself
had approximately the same level of activities as those of
the llver cytoplasmic phosphorus components obtained from the

same bird.

The Relationship of the Activities of the Phospholipids of




Table 10,

Specific Activities of Phospholipids of Whole Cytoplasm,
Mitochondrial, Microsomal and Supernatant Fractlons of
Fowl Livers, Related to Counts/minute injected (x 107).

ILHI LHII ¢ TBH T  N.L.H.

Whole Cytoplasm 6,540 8,600 3,610 134 26.1 10,600

Mitochondrial
Fraction 5,720 7,390 3,190 124 - 7,250
Microsomal -
Fraction 6,250 8,550 5,000 158 - 5,880
Supernatant
Fraction 6,380 6,750 4,400 72,9 - 6,250
LHI - Laying hen at middle of laying period.
LHIT - Laying hen at end of layingpperiod.
C - Cock
TBH - Hen bearing GRCH1S5 tumour

T - @RCH15 tumour

N.L.H. - Non-laying hen.




Figure 8.

L.H.I. Laying hen at middle of laying period.
L.H.II. Laying hen at end of laying perlcd.

C. Cock.

T.B.H. Hen bearing GRCH 15 tumour

T, GRCH 15 tumour.

N.L.H. Non-laying hen.




Figure 8.
 Specific Activities of the Phospholipids
of the Cytoplasmic Cellular Components

Relative to an Injected Dose of
IO’ Counts/Minute.
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the Cytoplasmic Fractlons with Respect to the Differing

Physiological Conditions of the Experimental Birds.

The phospholipids isolated from the cytoplasmic particles of
any one experimental bird show approximately the same level
of activity. This is illustrated in Table 10 and Pigure 8.
The main difference to be observed is that the tumour-bearing
bird again shows the lowest levels of activities, while the
values obtalined from the liver of the cock appear to be
slightly lower than those obtained from the livers of the

hens, no matter whether they are in lay or not.

The Relationship of the Activities of the Ribonucleotides of

the Cytoplasmic Particles with Respect to the Diffsring

Physiological Conditions of the Experimental Birds.

In this series of experiments the second procedure, previously
described, was used to prepare the ribonucleotides from the
AINLP residue, obtained after extraction of the tissue with

TCA and lipid solvents. It has been found in preliminar&
experiments that extraction of the RNA from the AINLP residue
with NaCl, prior to alkaline hydrolysis, removed most of the
highly active concomitant phosphorus compounds. The‘ionOphoresis
of the nucleotide solution, so obtained, showed only the presence

of the four ribonucleotides. A typical separation obtained by

this procedure is shown in Figure 9. It can be seen that




Figure 9.

Ultraviolet print (A) and autoradiograph (B) of the
corresponding lonophoretic run of the ribonucleotide
fraction of fowl liver prepared by procedure 2.

The nucleotides are adequately separated

and no concomitsnts are visible,

Cy., cytidylic acid ; Ad., adenylic acid;

Gu., guanylic acid ; Ur., wuridylic acid.




Figure 9.
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Figure 10.

L.H.I. Laying hen at middle of laying period.
L.H.II. Laying hen at end of laying period.

C. Cock.

T.B.H. Non-laying hen bearing a GRCH 15 tumour.
T. GRCH 15 tumour

N.L.H. Non-laying hen.
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there 1s no evidence, either in the ultraviolet light photograph
or in the autoradiograph, of the presence of Components D and E.
This is borne out by the fact that the relative specifiec
activities of the uridylic acid approaches more closely that of
the other nucleotides.

The activities of the cytoplasmic RNA's obtained are
shown in Table 11l. The activities of the adenylic aclid of the
various cytoplasmic fractions of the different experimental
birds are shown in Figure 10,

In all instances the activities of the Whole Cytoplasm
and the Mitochondrial and Microsomal fractions are of the same
order. In all of the livers ezxamined, other than that of the
hen at the end of its 1ayiﬁg period, the supernatant fraction
shows a higher uptake of S2p than do the other cytoplasmic
fractions.

The non-laying hen shows a remarkably high
incorporation of ©2P into the ribonucleotides of the liver
cytoplasmic fraction, in compariscon to those of the other
birds. |

The activity of the Whole Cyboplasm of the tumour
tilssue again shows a value very close to that of the Whole

Cytoplasm of the liver from the same bird.
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Discussion.

One of the first points, which was considered at the beglinning
of this work, was the technique of breaking down the tissue
cells. The Waring type of blendor produces such a powerful
shearing actioﬁ that, In sucrose medium, the cellular com-
ponents, particularly the nuclel, are disrupted. In thelr
review of the methods of isolating cell components, Schneilder
and Hogeboom (1951) advocate the use of a homogenlser devised
by Potter and Elvehjem (1936). The main objections to this
type of homogeniser are that it is only capable of handling
small amounts of material, and in addition a small amount of
powdered glass is produced which interferes with the subseguent
analysis. It is possible to overcome the secound objection by
using a plastic pestle, but again only small amounts of
material can be handled. It was found, during preliminary
experiments, that it was convenient to use a Nelco.homogeniser,
with a paddle attachment, since it was capable of taking up to
70 ml. of material at one time. By this means it was found
possible to obtaln good disruption of cells in sucrose without
undue destruction of nuclei.

Microscopic examination of these sucrose homogenates
showed that there was still a very large number of free and

apparently undamaged nuclel present, together with some whole
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cells, It 1is inevitable that there are some whole cells
present, for it 1s impossible to obtain complete breakdown of
cells without at the same time causing the disintegration of
a large number of nuclei. The results shown in Table 6 confirm
that there was very little nuclear breakdown since very little
DNA-P was to be found on analysis of the Whole Cytoplasmic
fraction, after the removal of the nuclei. Since rabbit liver
nucleil contain approximately 10% of the total nucleic acid as
RNA (Davidson & McIndoe 1949), it.is unlikely that the cyto-
plasmlic fractlions were contaminated by nuclear RVA due to
nuclear breakdown, although 1t 1s possible that some RNA may have
been leached out of intaet nuclel during the initial stages of
fractionation.
| Using the Schneider (1948) procedure of differential
centrifugation, it was found possible to obtain discreet mito-
chondrial and microsomal fractions. ZExamination of the
particulate fractions by means of electron microscopy (Plate 1)
indicated that the mitochondrial fraction was free from con-
tamination by microsomes, and consisted of well-defined spherical
granules, while the microsomal fraction, although less homo-
geneous 1In appearance, was free of contamination by large
granules,

The relative specific activity-time curves obtalned

from the liver Ilnorganic P of rabbits (Figure 3) agree with




Plate 1.

Electron micrographs of cytoplasmic particles pre-
pared by differential centrifugation from a homogenate
of rabbit liver in 0.25 M=-sucrose.

Magnification x 18,000. Shadowed at 15° with

palladium.

Upper plcture, mitochondria; lower picture, microsomes.
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those obtained by Barnum and Huseby (1950) and Barnum, Huseby
and Vermund (1953) using mice, and Griffiths and Pace (1953)
using rats. All of these workers find that there 1ls a rapid
fall off in the tissue inorganic P activity until approximately
18 hours after the administration of SEP; thereafter the fall
in the activity becomes more gradual.

The relationship between time and the specific
activities of the phospholipids has been studied by Ada (1949)
using rabbits, and Popjgk and Muir (1950) and Griffiths and
Pace (1953) using rats. Griffiths and Pace (1953) found that
peak of" the curves of all of the cytoplasmic particles was at
approximately 6 hours after the injection of the isotépe.
Popj;k and Muir (1950) found that the greatest activity of
the phospholipids of whole rat liver was reached 12 hours after

. s 32
the administration of

P. On the other hand, Ada (1949) found
that the maxima of the curves of the cytoplasmic particles of
rabbit liver was about 24 hours after injection. The order of
activities of the cytoplasmic particles, as found by Ada (1949),
was microsomes) mitochondria) supernatant, while Griffiths and
Pace (1953) found the mitochondria to have the highest activity
of all the particles and the microsomes to have the lowest.

The results obtained during the present investigation (Figure 4)

would appear to suggest that the microsomes have the highest

and the mitochondrla have the lowest activity, with both of
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them reaching their peak of activity at about the same time,

32

namely 24 hours after the injection of thse P. The supernatant

fraction appears to be Intermediate in its level of activity
and to reach its maxiﬁum activity 30 hours after the adminis-
tration of the isotope. These values, however, are not
abgolute, since the separation of the different 1lipid fractions
was not absolute, and since small errors in the determination

of P or activities give considerable errors in the relative

~gpecific activity values.

In the case of the phospholipid activities obtained
from the fowls, there would appear to be little uniformity,
sinée each bird appears to have its own particular pattern of
the order of activities from the different cytoplasmic particles.
Davidson, Frazer and Hutchison (1951) showed that the
determination of the specific activities of protein bound
compounds presented many difficulties due to the presence of

highly labelled non-nucleotide phosphorus compounds. By using

“the lonophoresis technique of Davidson and Smellie (1952a) it

was possible to remove these interfering phosphorus compounds,
as shown by Davidson and Smellie (1952b). The results obtained
from rabbit liver, shown in Table 8, and those obtained from
fowl livers, shown in Table 11, indicate that the incorporation
of 3%p into the RNA is of the same order in all four nucleotides

from any one of the cellular components. The activity of
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adenylic acid, however, appears to be slightly highepy,and of
guanylic acld slightly lower, than those of thevpyrimidine
nucleotides. This is in agreement with the findings of Volkin
and Carter (1951). The high uridylic acid values, found in the
experiments were rabbit tissue was studied, appear to be due to
the presence of highly active compounds as found by Davidson
and Smellie (1952b). The high specific activity values found
in the uridylic acid fraction of chicken liver by Hultin et al.
(1951) 1s probably due to the presence of these highly labelled
concomitants., By preliminary extraction of the RNA from the
AINLP residue wifh NaCl before alkaline hydrolysis, as was done
in the fowl experiments, these active concomitants appear to
be almost completely removed, and the uridylic acid values
obtalned approach those of the other nucleotides more closely.
In both series of.experiments, the specific activity
of the supernatant fraction of the cytoplasm.would'appear on
the whole to be higher than those of the cytoplasmic particles,
which have approximately the same order of activities,with the
microsomal fraction tending to have a slightly lower activity
than the mitochondrial fraction. Barnum and Huseby (1950),
using saline homogenates of the livers of mice which had
received S2P, found that the supernatant fraction had a much
higher activity than the microsomal fraction. Hultin et al.

(1951), in their experiments with S52P, found that the supernatant
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fraction had a higher level of activity than those of the
other cytoplasmic fractions. In the present serles of in-
vestigations, the results obtained for rabbit liver 2 hours
after the administration of the isotope are in agreement with
these finding, the order of activities at 2 hours being
supernatant) mitochondria® microsomes. The results obtained
for the fowl livers 4 hours after injection of 52P are not
conc lusive, since although the supernatant fraction appears
to be more active in most instances, in the case of the hen
at the end of its laying period, the mitochondria woul@
appear to be the most active fraction; and while in almost
every instance the mitochondria have the same or a higher
activity than the microsomes, in the case of the non-laying
hen the microsomes have an activity appreciably higher than
that of the mitochondria.

Jeener and Szafarz (1950) found that In non-multiplying
cells the incorporation of 88p a1 2 hours into the RNA of the
cytoplasmic fractions was in the order supernatant) microsomes
) mitochondria. They found, however, that with multiplying
cells, such as mice embryos, the order of incorporation of S2p
was supernatant) mitodhondria)rmicrosomes. It should be
emphasised that Jeener and Szafarz (1950) homogenised their
tissues in a Waring Blendor with phosphate buffer, and in

their centrifugation procedure they used considerably higher
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centrifugal fields than were used in the present investigations.
Consequently, the mitochondrial fraction as isolated by them

1s more than 1likely to be contaminated with agglutlinated
microsomes, and.the microsomal fractlion contaminated with
ribonucleoprotein from the supernatant fraction. This

tendency would be aggravated by their use of phosphate buffer
in place of sucrose as a homogenising medium.

On the other hand, Griffiths and Pace (1953) found
that the incorporation of 32P into the cytoplasmic fractions of
rat liver was in the order mitochondria » microsomes » supernatant,
2 hours after the administration of 52P. It must be pointed out,
however, that Griffiths and Pace (1953) carrvied out their
activity determinations on crude phosphorus fractions obtained
by the Schneider (1945) procedure. Davidson, Prazer and
Hutchison (1951) have shown that the nucleic acid components
of the tissue, as 1soclated by the Schneider (1945) procedure
contain other phosphorus compounds, which have a higher activity
than the nucleic aclilds themselves. It may well be that these
active compounds differ in thelr activities according to the
cytoplasmic fraction from which they are derived, and that it
is these concomitants which are responsible for the order of
activities of the cytoplasmic fractions observed.

The very high incorporation of 92F into the nucleotides

of nuclear RNA is consistent wilth the findings of other workers
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(Marshak & Calvet 1949; Barnum & Huseby .1950 ; Jeener &
Szafarz 1950; Davidson, McIndoe & Smellie 1951; McIndoe &
Davidson 1952) using 52p, Similar results have been obtained
using l4c-formate (Smellle, McIndoe & Davidson 1953), l4g-
orotic acid (Potter, Recknagel & Hurlbert 1951) and 19N-
glycine (Smellie, McIndoe & Davidson 1953). The present
studies show that this rapid rate of incorporation of S<p
Into the nuclear RNA of rabbit liver cells holds for all four
nucleotldes, which are labelled to almost the same extent.

At all of the time intervals after administration of 52?, the

nuclear RNA had a specific activity much greater than the

RNA derived from any of the cytoplasmic fractions. The peak
of actlivity of the nuclear RNA would appear to fall about 24
hours after the adminlistration of the isotbtops, while that of
the cytoplasmic fractions would appear to fall between 24 and
37 hours after injection. However, Smellie, McIndoe, Logan,
Davidson and Dawson (1953) found that the peak of activity of
the nuclear RNA was somewhat earlier, namely about 18 hours
after the animal had received SZP. The present investigation
also shows that the activity of the DNA of the nucleus is at
all times very much lower than any of the RNA fractlons, with
its peak of activity falling aboubt 18 hours after the isotope
had been received.

Marshak and Calvet (1949), using rabbits injected with
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52P, isolated the nuclei from the liver tlssue by the citric
acld method of Marshak (1940, 1941), and then used the super-
natant to prepare the cytoplasmic fractions. They found that
the peak of nuclear RNA activity was between 3 and 13 hours
after the injection of 52P. It was also found that the ribo-
nucleotide solution of the microsomal fraction had the highest
level of activity throughout the time Interval 1 hour to 73 hours
after injection, with the pealk of activity falling at about 12
hours after injection. On the other hand, the mitochondrial
activity was still rising 73 hours after the administration of
the isotope. Thelr method of isolation of the cytoplasmic
fractions cannot be regarded as ideal, since Hogeboom et al.
(1948) and Schneider and Hogeboom (1951) have shown that
electrolytes cause agglutination of the cytoplasmlc particlss.
Another objection to their findingé 1s that they used the
whole ribonucleotide fraction (obtained from the Schneider
(1946¢) modification of the Schmidt & Thannhauser (1945)
procedure ) ,which has been shown by Davidson, Frazer and
Hutchison (1949) to contain active phosphorus~containing con-
comitants. |

Barnum & Huseby (1950) also obtained a specific
activity-time curve for the cytoplasmic fractions between 1

and 24 hours after administration of 32P to mice. They carried

out thelr determinations on isolated RNA from the various
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cytoplasmic fractions. Although the speciflc activities of
the cytoplasmic RNA was still increasing up to 24 hours, they
did not proceed with the determinations beyond this time.

The maximum Incorporation into the nuclear RNA they found was
about 2 hours after administration of the °<P.

Hurlbert and Potter (1952) found that the maximum
incorporatlon of radiocactive orotic acld into nuclear RNA of
rats bearing multiple Flexner~Jobling bumours occurred about
4 hours after administratilon.

Hurlbert and Potter (1954) sbtudied the conversion of
labelled orotic acid to uridine compounds and 1its incorporation
into the uridylic acid of the RNA of the nucleus and cytoplasmic
fractions of normal rat liver. They found that the orotic acid
was incorporated into the ufacil of nuclearREA very rapidly,
the maximum lncorporation being about 4 hours after administration
At the same time, the orotlc acid was also incorporated into
the pyrimidines of the cytoplasmic RNA, with the maximum peak
of activity falling at about 16 hours after injection. Hurlbert
and Potter (1954), from their results, suggest that the orotic
acld was first converted to uridine phosphate which acts as an
immediate metabolic precursor of the uracil of huclear RNA and
as a major, although possibly indirect, source of the pyrimidines

of the cytoplasmic RNA.

It has been suggested by Mauritzen, Roy and Stedman
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(1952), that nuclear RNA may be an Iimpurity adsorbed from the
cytoplasm during the process of isolation. Every 1lndication,
from isotopic studies, would appear to indicate that this is
not the case, since the nuclear RNA appears to incorporate 32p
much more fapidly than does any of the cytoplasmic particles,
and this would appear to be confirmed by the present
investigation.

In 1948 Marshak pub forward the hypothesis that the
nucleus contains a nucleoprotein which bshaves as a precursor
of the RNA of the cytoplasmic particles of non-proliferatling
tissues. Marshak and Calvet (1949) claimed that their results
were in agreement with this theory and that the specific activity
of the microsomal fraction rose until it reached the same level
of activity as that of the nuclear RNA. As already stated, the
isolation procedure of Marshak and Calvet (1949) is questionable,
and also highly active concomitants have been shown to be
present in the ribonucleotide fractions which they used.

Jeener and Szafarz (1950) have extended the theory of
Marshak (1948) on the basis of thelr findings at 2 hours after
the injection of 52P. They propose that the nucleus synthesises
RNA which then passes into the cytoplasmic cell sap. This RNA
in the cell sap was then incorporated into the microsomes, which
in turn aggregated to form the mitochondria. If thls hypothesis

were true, the RNA of the supernatant fraction would turn over
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more raplidly than that of the microsomes which in turn would
turn over more rapldly than the mitochondrial fraction.

The present findings, using rabbit tissue, do not
support the hypothesis of Jeener and Szafarsz (1950), since all
the nucleotides of all the cytoplasmic fractions have the same
order of relative specific activities, and thelr relative
specific activity curves all follow the same pattern, With
their maximum activity about 24 hours after the administration
of the B2P. At the time intervals studied, the specific
activities of the nucleotides of the cytoplasmic fractions do
not attain the level of activity of the nuclear nucleotides,
From the fowl experiments, although only one bird of each type
was studled and although there is a very wide scatter of
results obtained from birds of different physiological states,
a similar picture, as far as the cytoplasmic particles are

concerned, is to be found.




PART TWO.

A Study of the Metabollism of the Phosphorus Compounds of

Liver, Spleen and Intestinal Mucosa, in vitro, Investigated

with the Ald of Radicactive Phosphorus.
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1. Introductlon.

The study of the metabollism of a tissuwe in the inbtact animal,
while of great importance, cannot glve a complete under-
standing of the pathways and enzyme systems involved. 1In
order to do thls, the metabollism of the tlssue under
Investlgation must be studied in vitro. By using in vitro
techniques, it 1s possible to control the experimental
conditions much more rigidly. It is also possible to study
Individually all of the substrates and precursors of the
system under investigation, while at the same time using as
& control some of the same tissue, to which no addition of
swostrate or precursor has been made. This is not possible
using intact anlmals, since the control and test experiments
must be carried out on different animals. By means of
metabolic inhibiltors, it is possible to determine in vitro
the other systems whlch may influence the one under inves-
tigation. These iIn vitro studies can be carried out either
on tissue slices or on tissue homogenates

Friedkin and Lehninger (1949) reported that they
were able to detect the incorporation of 32p into the RNA
and -phospholipid fractions of rat llver homogenates which

had been incubated in the presence of radicactive inorganic
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phosphate. They also found that the DNA of this rat liver
homogenate did not incorporate S2P under the conditions
employed.

Mann and Gruschow (1949) studied the incorporation
of 32P into the nucleic acid and phospholipid fractions of
tissue slices from rat liver and rat Walker tumours. Their
results showed that the 1ncorporation of the isotope into
these fractions was dependent bn the presence of oxygen.

Goldwasser (1953), using[?—l4é]adenine, was able
to show that tissue slices of rat liver, rat spleen and
plgeon liver and pigeon liver homogenates were capable of
incorporating the labelled adenine into their nucleic acid
fractions.

In the present investigation, whole tissue homo-
genates and isolated cellular fractions were incubated with

inorganic phosphate labelled with 9P so that a further study

might be made to determine whether RNA was indeed synthesised

in the nucleus and then passed out into the cytoplasm for
inclusion in the cytoplasmic particles, as was postulated

by Jeener and Szafarz (1950).
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2, Experimental.

Preliminary BExperiments.

(a) Biologlcal.

In the preliminary experiments the livers from albino rats,
from the departmental stocks, were used. The animals were
killed by exsanguinetion and the livers removed, chilled
and minced with scissors. The minced livers were then homo-
genised in four volumes of 0.25 M-sucrose, in an M.S.E.
Nelco blendor, with the blades replaced by a paddle. To
portions of homogenate, corresponding to 4 g. of tissue,
were added 3.2 ml. of buffer pH 7.4, and 50 pc. 52P and

the total volume made up to 20 ml.

Two types of buffer solutlon were used,

(1) 0.5 M~-phosphate buffer in 0.25 M-sucrose (89.0 g.
NazHPO4.2H20 10'ml, 10 W-HC1l, diluted to 1 1litre with 0.25
M~-sucrose).

(2) 0.75 M~glyecine buffer in 0.25 M-gucrose (H56.25 g.
glyeine dissolved in 0,25 M-sucrose and adjusted to pH 7.4
wlth N-NaOH).

All solutions and apparatus were sterilised before
use to eliminate complications due to the possible presence
of bacteria and fungi in the incubation mixture.

The sucrogse solution was gassed with 5% CO2- 95%

02 mixture for one hour before use. The homogenates were
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incubated at 37°C in 100 ml. Pyrex conical flasks, stoppered
with rubber bungs.

A series of preliminary experiments was carried
out to find the optimal time of incubation., The reacfions
in the flasks were stopped, after O, 1, 2, 3, 4 and 5
hours incubation, by the addition of 10 ml. 30% (w/v) TCA.
In general, the incubations were carried out for 2 hours
in a thermostat at 37°C, with gentle shaking. A control
flask, in which the reaction was stopped immediately, was
also set up.

The effect of the addition of wvarious substances
was also investigated. Among those studled were adenosine-
tripﬁOSphate (ATP), diphosphopyridine nucleotide (DPN),
cytochrome ¢ (cyt. ¢), MgCly,, NagHPO,, sodlum pyruvate,
sodium succinate, sodium fumarate and sodium malate. Rach
of these compounds was dissolved in sterile distilled water,
so that the final solution contained 0.2 mg./ml.. 0.1 ml.
of the solution of the substance under investigation, was
gdded to the homogenate immediately before incubation.

The offect of glucose on the incorporation of S2p
into the phosphorus-containing components was also studizd.
0.05, 0.1, 0.5 and 1.0 ml. of glucose solution(containing
20 mg./ml.) was added to the incubation mixture.

The different cellular fractions were isolated,
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from 0.25 M-sucrose hombgenates of rat liver, by the
procedure of Schneider (1948), described in Part One.
The cellular fractions, so isolated, were incubated at
37°C. for 2 hours, as described in the protcols for the
individua} experiments.

The reaction in the flasks was stoppped by. the
addition of 0,5 volume of 30% TCA. The contents of the
flasks were then transferred to a 50 ml. centrifuge tube
and the phosphorus containing fractions prepared by the
modified Schmidt and Thannhauser (1945) procedure, as

described in Part One.

(b) Chemical.

It was invariably found that the nucleiec acid fractions,
isolated by the modified Schmidt and Thannhauser (1945)
procsdure, breviously described in Part One, contailned
traces of inorganic phosphate labelled with 32p, Many
methods of removing this inorganic 32p were tried, including
(1) addition of NagHPO; to the 10% (w/v) TCA wash solutions
(2 g. NagHPO,.2H,0/100 ml. 10% TCA solution).

(2) preparation of the RNA fraction by Procedure 2, as

described in Part One. In some instances the RNA, so prepared,

was redissolved in 10% (w/¥) NaCl and reprecipitated with

2 volumes of ethanol. In one case the RNA was dissolved in

NaCl and reprecipitated 4 times.
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(3) the RNA fraction, as prepared by Procedure 2, was
dissolved in the minimum volumse of water and reprecipitated
by the addition of 2 volumes of glaclal acetic acid, as
described by Davidson, PFrazer and Hutchison (1951). The
precipitated RNA waslwashed with 70% ethanol, ethanol and
ether and finally driesd.

The inorganic phosphate, acid soluble organic
phosphate and phospholipid fractions were isolated by the
methods used in Part One. The RNA, isolated by any one of
the above procedures, was hydrolysed overnight with 0.5
N-KOH and the resulting nucleotlde solution fractionated into
its individual nucleotides by the procedure of ionophoresis
(Davidson & Smellie 1952a). The determination of the
phosphorus content and of the activities of the solution was

carried out as in Part One.

The Study of the Transfer of S2P from a Labelled Cellular

Iraction into Other Non-radiocactive Cellular Fractions.

(a) Blological.

In these experiments, albino rat liver, albino rat spleen,
albino rabbit liver and alblno rabbit intestinal mucosa were
used. Two series of animals were used; in one, the animals
received 9P labelled inorganic phosphate 18 hours before

sacrifice; rats received 1 me. S2p each, while rabbits
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received 3 me. each. In the other series, the animals
recoeived no treatment prior to being sacrificed. The rats
were killed by exsanguination, whille the rabbits were killed
by cervical dislocation. The organs were removed quickly,
and in the case of the liver and spleen, minced finely with
scligsors and chilled. Rabbit small intestine, after removal
from the animal, was washed through with ice~cold 0.25 M-
sucrose and slit up. The mucosa was then removed by
scraping, collected and chilled.

The tissuves,from both series of animals, were
homogenised separately with 2 volumes of 0.25 M-sucrose, in
an M.S.E. Nelco blendor,with the blades replaced by a paddle.
The resulting homogenates were separated into their component
cellular fractions by the technique of Schneider (1948), as
described in previous sections. The cellular particles,
after washing with 0.25 M-sucrose, were suspended in sucrose
solution.

A "composite" homogenate was then prepared by mixing
in a 100 ml. Pyrex conical flask, the radloactive cellular
fraction or fractions from one animal with the.non-radioactive
cellular fraction or fractions from aﬂother animal. At the
same time, 6.2 ml. of glycine buffer (pH 7.4) in sucrose
were added together with the appropriate additions, such as

ATP, DPN, cyt. o, NaBHPOQ, MgCl2 and sodium malate. The
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final volume was made up to 40 ml.'wiﬁh 0.25 M=-sucrose
solution. In all cases 4 simllar flasks were set up, =

of which were incubated for 2 hours, while the reaction in
the other 2 was stopped immediately by the addition of 0.25
M-sucrose - M-citric acid solution. All the solutions and
glassware were sterilised before use.

Where dialysed cell sap was used, the cell sap was
transferred to a dlalysis sac and dialysed against a known
volume of sterile distilled water In a rocking dialyser
apparatus, for 8 hours in the cold room. At the end of this
time the dialysate was removed, collected, and its volume
reduced by freeze-drying. The freeze-dried dialysate was
then made up to a known volume with 0.25 M-sucrose. Mean-
while, the cell sap was dialysed further against water, with
frequent changes, for 16 hours. The dialysed cell sap was
collected and made up to a known volume.

Protein fractions were obtalned from diaiysed coll
sap, by fractional precipiltation with ammonium sulphate.
Three protein fractions were prepared, namely those pfe—
cipitates at 0-33% saturation and 33-66% saturation of the
cell sap with ammonium sulphate, and a third fraction which
included éll the material not precipltated at 66% ammonium

sulphate saturation.

The procedure used in the fractionation of dialysed
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cell sap into protein fractions was as follows:-

One half volume of saturated ammonium sulphate solution was
added to dialysed cell sap, to give 33% saturation with
respactto ammonium sulphate. The resulting precipitate was
removed by centrifugation at 600 g. (I.E.C. refrigerated
centrifuge, horizontal yoke) for 20 minutes. The precipitate
was collected, dissolved in water and the resulting solution
dialysed against water to remove the ammonium sulphate
present (Fraction I).

The supernatant fluld was then made 66% saturated
with respect to ammonlium sulphate, by the addition of the
caleulated amount of solid ammonium sulphate. The resulting
precipitate was centrifuged off as before, collected,
dissolved In water and this solution dialysed against water
(Fraction II).

The supernatant liquid from the second precipitation
was dialysed to remove ammonium sulphate, and corresponds to
the material which was not precipitated by 66% ammonium
sulphate saturation (Fraction III).

All manipulations in the preparation of these
protein fractions were carried out aseptically in the cold
room.

The test suspensions were incubated in a thermostat,

with gentle shaking, for 2 hours at 37°C. Similar
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suspensions were set up as controls. The reaction in the
contprols was stopped immediately, while that of the tests
was stopped at the end of the incubation period, by the
addition of 4 ml., 0.25 M-sucrose - M-citric acld solution.

AOnce the reaction had been stopped by the addition
of the citric acid solution, the contents of the flasks
were transferred to a Potter and Elvehjem (1936) homo-
geniser, with a plastic pestle. After gentle homogenising,
the suspension was centrifuged for 10 minutes at 400 g
(I.E.C. refrigerated centrifuge, horizontal yoke). The
sadiment was washed with 0.01 M-citric acid, until microscopic
examination showed that ‘the nuclel were free of extraneous
material. The isolated nuclel (N) were then analysed. The
supernatant fraction (S) obtalned after centrifuging at
400 g was collected and analysed.

10 ml. of 10% (w/v) TCA was added to the nuclear
fraction, and 0.5 volume of 30%.(w/v) TCA added to the
supernatant fraction. The phosphorus containing fractions
were then obtained by the modified Schmidt and Thannhauser

(1945) procedure, as previously described in Part One.

(b) Chemical.
The inorganic phosphate (Pq), acld soluble organic phosphate

(83) and phospholipid (LP) fractions were prepared as

described in Part One.
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The ribonucleotides of the nuclei were prepared

by Procedure 1, used in Part One, while the ribonucleotides
of the supernatant were prepared by Procedure 2. The
ribonucleotides were separated by the technique of Davidson
and Smellie (1952a).

The DNA-P of the nuclear fractlion was preparsed
by a modification of the Kay et al. (1952) procedure. The
residue obtained on acidification of the alkaline hydrolysis
of the AINLP residue, was collected by centrifugation ahd
used to prepare the DNA~-P fraction, while the supernatant
was used to obtain the nucleotides derived from the nuclear
RNA. The residue, conbalning the DNA, was washed with 0.5
N-perchloric acid, ethanol, sthanol ether (3:1) and finally
ether and then dried. The dried powder was suspended in 5 ml.
0.9% (w/v) NaCl and 0.5 ml. sodium dodecyl sulphate solution
(6% sodium dodecyl sulphate in 45% ethanol/water) added.
After standing 1 hour, with occasional stirring, the solution
was made molar with respect to NaCl, by the addition of the
calculated amount of solid NaCl. The solution was then
centrifuged and the supernatant fluid decanted. Two volumes
of ethgnol were added and the preclpitated DNA centrifuged

down. The precipitate was then washed with 70%'ethanol,

ethanol and ether and finally dried. The total material

obtained was then used for the determination of phogphorus
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content and of specific activity.

All of the phosphorus fractlons derived from the
nuclear material were eétimated using one-fifth of the
amounts of the reagentg of the modified Allen (1940) method;
otherwise the phosphorus determinations and specific activity
determinations were carried out as described in Part One.

In certain instances the purines and pyrimidines
of the ribonucleotide solution, obtained after hydrolysis
of the RNA by the modified Schmidt and Thannhauser (1945)
procedure, were examined chromatographically. The ribo-
nuc leotide solution was taken to dryness and hydrolysed for
one hour at 100°C with 12 N-perchloric acid (Marshak & Vogel
19561; Wyatt 1851). The pH of the hydrolysate was adjustedto
pH 3 with b5 N-KOH and the precipitated potassium perchlorate
was removed by.centrifugation. A portlion of the hydrolysate
was then applied to Whatman 3 mm. filter paper. The nucleic
acid bases were then submitted to chromatography in iso-
propanol - HCG1 mixture (65 ml. iso-propanol +16.5 ml. conc.
HCl + distilled water to 100 ml.) according to the procedure
of Wyatt (1951). After the filter paper had been dried, the

bases were detected in ultraviolet 1light, by the method
devised by Holiday and Johnson (1949). The Rp values were
determined, and the spots ldentified. The spots were cut

out and eluted with 0.1 N-HC1l, except In the case of guanine
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(a)

A

which was eluted in 1.6 N-HCl. The concentration of base

In the eluate was then determined by measuring the extinction
of{ultraviolet light, of the appropriate wavelength, in a

Beckman Model bU spectrophotometer.

Preparation of Compounds labelled with Radioactive Phosphorus.

Various phosphorus~containing fractions of liver tissue, such
as total acid soluble phosphorus compounds, acid soluble
Inorganic phosphate, phospholipids and RNA, were prepared from
the livers of animals which had recelved 52p-labelled inorganic
phosphate. Thess labelled phosphorus compounds were then
Investigated as possible sources of phosphorus for the

synthesis of the nuclear nuclelc acids,

Acid Soluble Phosphorus and Aclid Soluble Inorganic Phosphate.

Liver tissue from albino rabbits, which had received 2 me.

32P labelled inorganic phosphate, 18 hours prior to sacrifice,
was homogeniged In 2 volumes of 0.25 M-sucrose. The

reaulting homogenate was centrifuged for 75 minutes at 40,000 g
(Spinco ultracentrifuge, Rotor No. 21). The supernatant was
removed and sufficient 60% perchloric acid to give a final
concentration of 0.5 N-perchloric acid. The resulting

mixture was centrifuged for 10 minutes at 600 g (I.E.C.
refrigerated centrifuge, horizontal yoke). The precipitate

was washed with 0.5 N-perchloric acld and the supernatant
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and washings combined.

Mathison!s (1909) reagent was added to a portion
of the extract (1 ml./10 ml. extract) and the resulting
solution made alkaline to phenolphthalein with NH40H
(3.G. 0.88). After standing overnight in the refrigerator,
the prepipitate was collected by filtering through a Whatman
No. 42 paper. The precipitate was washed with 10% (w/v)
NH40H and dissolved in N-HCl. This acid solution was then
passed through a Dowex 50 (HY form) column (1 cm. diameter,
8 em. long) to remove NH' and Mg* ions. The eluate was
then made up-to a known volume (Radioactive Pq).

The remainder of the extract was adjusted to pH 7
with 5 N~KOH and the potassium perchlorate formed was

removed by centrifugation. The supernatant was then made

up to a known volume (Radioactiye Acid Soluble Phosphorus).

(b) Phospholipids.

Liver derived from albino rabbits, which had received 3 mc.
32p labelled inorganic phosphate, 18 hours before sacrifice,
was homogenised in 4 volumes 0.9% (w/v) NaCl solution. One
half volume of 30% (w/v) TCA was added to the resulting
homogenate. The precipitate formed was collected by
centrifugation and washed twice with‘i%% (w/v) TCA. The
material precipitated by the TCA was then extracted

successively with acetone, ethanol, ethanol ether (3:1)
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(twice), and ether. The extracts were collected, combined
and taken to dryness on a boiling water bath. The dry
residue was extracted with CHClz and the extract again

taken to dryhess. The resulting residue was then emulsified
with a known volume of 0.25 M-sucrose, in the presencs of

a trace of bile salts (Radioactive Lipid P).

(¢} Rtbonucleic Acid.

RNA was prepared from albino rabbit liver, excised 18 hours
after the animal had received 3 mc. 2P as inorganic
phosphate. The preparation was carried out using the
méthod of Kay and Dounce (1953).

The tissue was homogenised in 0.9% (w/v) NACL,
containing 0.01 M-sodium ciltrate. The resulting homogenate
was centrifuged at 1,000 g (I.E.C. refrigerated centrifuge)
horizontal yoke) for 30 minubes. The supernatant ligquid
was decanted and recentrifuged to remove any residual
precipitate. The final supernatant fluld was decanted and

the pH adjusted to 4.5, by the addition of N-HCl. The

precipitate formed was removed by centrifugation and the
supsrnatant liquid discarded. The sediment was then
suspended in 0.9% (w/v) NaCl solution, so that the final
volume was 100 ml., 9 ml. of sodium dodecyl sulphate solution

(5% sodium dodecyl sulphate in 45% ethanol) was added with
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stirring. The pH of the solution was then raised to

7 by the additlon of BN-NaOﬁ, and the stirring contliaued
for 3 hours. At the end of this tlme, the solution was
made molar with respect to NaCl, by the addition of the
calculated amount of solid NaCl. The slightly

viscous solution was centrifuged at B0,000 g (Spinco
ultracentrifuge, Rotor No. 21) for 30 minutes and the
supernatant fluld collected. The RNA present 1in the

supernatant 1iquid was precipitated by the addition of

- 2 volumes of ethanol. The RNA, so precipltated, was

centrifuged down and washed with 70% ethanol, ethanol
and ether and finally dried in air. The dried
powder.was weighed and dissolved in 0.25 M-sucrose,

so that 5 ml. of solution contained 50 mg. RWA (Radio-
active RNA).
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3¢ Results.

Preliminary Experiments.

The main object of the preliminary experiments, listed in

Table 12, was to obtain a suitable system for studyiag the
incorporatién of 92p into the phosphorus compounds, and in
particular into the RNA, of tissue homogenates.

0.25 M-sucrose was used as the homogenlising medium
in preference to Krebs-Ringer buffer, since it was intended
to fractionate the tissue homogenate into its sub-cellular
components and to study the Incorporation of the isotope
into these isolated fractions. Media, containing high
concentrations of electrolytes, such Krebs-Ringer buffefs,
cause agglutination of the cytoplasmle particles and thus
prevent the isolation of the intracellular components
{Sehneider & Hogebdom 19561).

In the first experiment of the series (Experiment
No. 1, Table 12,), the effect of adding various substances
to rat liver homogenates was studied. The substances,
chosen because of thelr importance 1n the metabolism of
tissues in vivo, were adenosine triphosphate (ATP), diphos=-
phopyridine nucleotide (DPN), cytochrome ¢ (eyt. ¢/ and
sodium succinate. .Qf these compounds, cytochrome c appears

to increase the incorporation of S%p into the RNA of rat
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liver homogenates as compared with the controls, while ATP
and DPN do not. Succinate, on the other hand, seems to
reduce the incorporation of the isotope in comparison with
that observed in the control.

A second control was set up at the same time 1in
order to investlgate whethef traces of inorganic phosphate,
labelled with S<P, were be ing carrled over into the RNA
fraction during the isolation procedure. In this second
control, the RNA, isolated by extraction with hot 10%

(w/v) NaCl solution, was redissolved in 10% NaCl solution
and reprecipitated with ethanol. It was found that the

RNA obtained from this secénd control had half the activity
of that 1isolated by straight NaCl extraction. This would
appear to indicate that labelled inorganic phosphate was
still present as a contaminatht in the NaCl extracted RNA.

The effect of bacterial growth on the incorporation
of 92P into the RWA of tissue homogenates was investigated
in Experiment Wo. 2, Table 12. It was found that when
sterile solutions and glassware were used, there was a
marked decrease in the amount of activity detectable in the
RNA fraction, isolated from the liver homogenate after
incubation. At the end of the period of iIncubation, small
amounts of the homogenates were spread over the surface of

agar plates. These agar plates were incubated at 37°C for
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three days. When the plates were examined, no bacterial
colonies were found in the culture from the homogenate in
which sterile solufions and glassware had been used. On
the other hand, cultures from the homogenate, where no
speclal precautions had been téken, showed the presence
of several unldentliflied bacterial colonies. Although
th; number of bacterial cells shown to be present was
small, it was possible that they could give rise to erronsous
results, since these bacterial cells were capable of
incorporating the 92P into their own RNA. In consequence,
all further experliments were carried out under aseptic
conditions.

In Bxperiment No. 3, Table 12, two points were
studied simultaneously, a) the effect of adding ATP, eyt.
¢ and succinate in the presence and absence of Mg'** ions,
and b) whether the presence of carrier phosphate in the
NaCl solution, used to extract the RNA, would remove ahy
contamina ting inofganic 32p present in the RNA fraction.
It was found that the addition of Mg'tions increases the
incorporation of the 1sotope into the RNA of whole rat
liver homogenate, when ATP, cyt. ¢ and succinate are also
present. The addition of carrier phosphate to the NaCl

solution, used to extract the RNA, was also found to reduce

the contamination due to inorganic 32p,
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In order to investigate further this problem of
contamlnation of the RNA fraction with traces of radio-
active Inorganic phosphate, Experiment No. 4, Table 12,
was carried out. 9%P was added to rat liver homogenates
which were immediately treated with 30% (w/v) TCA and
the fractions isolated. The RNA fraction was isolated and
purified by 4 different methods. These methods were:-
(a) NaCl extraction of the AINLP residue and the precipi-
tation of the extracted RNA with ethanol.
(b) After the initial precipitation of the homogenate with
30% TCA, the precipitate was washed twice with 10% NaGl
solution which had NagHPO4 added to it. The AINLP residue,
so preparsd, was extracted with NaCl solution and the RNA
precipitated from the extract with ethanol.
(c) Carrier phosphate was added to the initial NaCl solution
used to extract the RNA from the AINLP residue. The RNA
was then redissolved in NaCl solubtion and reprecipltated
4 times.
(d) The RNA, extracted wilth NaCl solution, was precipitated
with ethanol. This RNA was then dissolved in a small
volume of water and repreclpitated by the addition of 2
volumes of glacial acetic acid, as described by Davidson,
Frazer and Hutchison (1951).

The specific activity:..of the RVA obtained by these different




Flgure 11l.

Whole rat liver homogenate, from 4 g. tissue was
incubated for varying lengths of time.

The buffer system used was phosphate
buffer pH 7.4, and ATP, DPN; cytochrome ¢, and MgClog
golutions were added.

The pH of the homogenate was found to be
unchanged throughout the incubation periods studied.

The RNA fraction was isolated by NaCl
extraction and purlified by reprecipltating from water

with glacial acetic acid.
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methods was then determined. Any activity found in these
fractions must therefore be due to contaminatlon with
inorganic S52p, In this way, 1t was found that the best
method of removing traces of radioactive inorganic phosphate
from the RNA fraction, was by reprecipitating the RNA,
obtained with NaCl extraction, from water with glacial
acetic acid; but even so, there was still an appreciable
amount of activity detected, and therefore in all later
experiments a control at O hours was always carried out.

) The effect of the length of incubation on the
incorporation of S2P into the RNA of rat whole liver homo-
genates 1s shown in Figure 11. The homogenate was incubated
for varying lengths of time up to 5 hotrs, and throughout
this period the pH of the medium remained approximately

at 7.4. From the graph, it would seem that the optimum
incorporation of 32P into the homogenate RNA, under the
condltions used, occurs after about 2 hours incubation at
37°C. A 1likely explanation of the fall in activity of the

RNA fraction, after it has reached a maximum level of

incorporation in 2 hours, is'that the rate of breakdown of

.the RNA becomes much more rapid than the rate of incorporation

of the isotope. In view of these findings, all incubations

thereafter were carried out for 2 hours at 570@.

A preliminary separation of rat liver homogenate
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into whole cytoplaém and nuclel was carried out and these
two cellular fractions were incubated with inorganic 3%P.
It was found that both whole cytoplasm and nuclei were
capable of incorporating S2P into their RNA fractions
independently (Experiment No. 5, Table 12). The uptake of
32P into the RNA of whole cybtoplasm, from 4 g. of liver,
was notleceably Nigher than that observed in the RNA of
whole liver homogenate, from the same amount of tissue. , On
the other hand, the incorporation of S2P into the RNA of
isolated nuclei, from 4 g. of tissue, was much lower than
that observed with either whole liver homogenate or whole
cytoplasm.

It Experiment No. 6, Table 12, a comparison is
made between the incorporation of isotope observed when
phosphate buffer pH 7.4 and glycine buffer pH 7.4 were
used in the incubation medium. Although higher incorporation
was observed when phosphate buffer was used, it was found
that much less contaminating inorganic phosphate was
present 1n the RNA preparations, when glycine buffer was
used. It was, therefore, decided to use glycine buffer

in all future work.

The effect of wvarious substrates, in the presence
and absence of DPN, was studied in Experiment No. 7, Table

12. It was observed that the greatest incorporation occurred



Figure 1Z2.

Rat liver shole cytoplasm, from 4 g. tissue, was in-
cubated with glucose in the presence of ATP, DPN,
cytochrome ¢, MgClo, NaoHPO,, sodium malate and glycine
buffer for 2 hours at 37°C.

The RNA fraction was isolated by NaCl
extraction and purified by reprecipitating from water

with glacial acetic acid.
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whem sodium malate was used, wilth or. without BPN. The
uptake of 2P into the RNA in the presence of succinate
was enhanced by the addition-oijPN, while 1t was inhiibited
in the presence of pyruvate on the addition of DPN. The
incorporation of the isotope was hot affected by DPN when
fumarate or malate was present. It was, therefore,
decided that in future experiments malate be used as
substrate, with added DPN.

Incubation of whole cytoplasm and isolated
cellular fractions wlth radiocactive inorganic phosphate
(Experiment No. 8, Table 12) gave rise to incorporation of
32P into the RNA fractions of whole cytoplasm, nuclei and
mitochondria. When isolated mlcrosomes were incubated with
S2P labelled inorganic phosphate, no uptake of the isotope
Into the microsomal RNA fraction was observed. Cell sap,
on incubation with radiocactive phosphorus, appeared to
show a loss in activity of the RNA fraction. The high
activity of the nuclear and cell sap RNA fractions, observed
at O hours incubation, is probably due to traces of radio-
active inorganic phosphate still remaining after rigorous
purification of the isolated RNA.

Figure 12 shows the effect on the specific activity
of the RNA when whole cyboplasm was incubated with

increasing concentrations of glucose. The lower concentrations
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of glucose, up to 50 mg./100 ml. have a marked inhibitory
effect on the uptake of 352p into the cybtoplasmic RNA. The
maximum inhibition (40-50%) was obtained at concentrations
of 10 mg. glucose/100 ml., Glucose concentrations of 5 and
50 mg. ;/* 100 ml. gave rise to approximately 40% inhibition.
The highest concentration of glucose used, namely 100 mg./
100 ml. appeared to show a very slight increase (6%) in the
activity of the RNA fraction, as compared with that of the
control,

Throughout these preliminary experiments, the
maln dlfficulty encountered was the removal, from the
isolated phosphorus compounds, of all traces of radioactive
inorganic phosphate. Although it was essential to have
sufficient O%P present to give measurable labelling of the
phosphorus fraction, such an isotope concentration gave rise
to adsorption effects and results which were difficult to
interpret. There were also indications that inorganic
phosphate did not act as an immediate source of phosphorus
for RNA synthesis. In view of this, it was decided to
investigate the transfer of 32P from radioactive cellular
fractions to non-radloactive cellular fractions on incubatlon.
This would eliminate the necessity of synthesising S%2P

labelled precursors, In order to study thelr effect on RNA

synthesis. At the same tine, by investigating the transfer
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of phosphorus from one cellular fraction to another, it
would be possible to test the hypothesis of Jeener and
Szafarz (1950), that the nucleus synthesises RNA, which
then passes out into the cytoplasm, for Inclusion into the

cytoplasmic particles.

The Study of the Transfer of Radioactive Phosphorus from

Radiocactive Cellular Fractlon or Fractions to Non-radio-

active Cellular Fraction or Fractions.

Table 13 shows the results obtained when radicactlive nuclel
from rat liver were incubated with non-radicactive whole
cytoplasm from another rat liver. The activities of all
the phosphorus fractions of the radioactive nuclei, with
the exception of lipid P, were observed to fall after 2
hours incubation with non-radioactive whole cytoplasm; in

the whole cytoplasm only the activities of the inorganic P,

"acid soluble organic P and 11pid-P were found to rise, while

no change in activity of the whole cytoplasmic RNA fraction
was observed.

Also shown in Table 13, are the results obtalned
when non-radiocactive nuclel of rat liver were incubated
with radioactive whole cytoplasm. With the exception of
inorganic P, all of the'phosphorus fractions of radiocactive

whole cytoplasm showed a fall in activity after 2 hours
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Incubatlon with non-radicactive nuclei. At thé same time
there was a fall in activity of the nuclear inorganic P,
acid soluble organic P and 1lipid-P fractions, bubt the
nuclear RNA-P and DNA-P fractions showed a marked increase
in activity.

Tables 14 and 15 show the results obtalned when
gsimilar techniques were applied to rat spleen and rabbit
intestinal mucosa homogenates. On incubating non-radio-
active nuclei of rat liver or rabbit intestinal mucosa with
radioactive whole cytoplasm of corresponding tissues for
2 hours, there was an increase in the activitlies of the RNA-P
and DNA-P fractions of the nuclel, as was found with rat
liver. On the other hand, while no increase in activity was
noted in the RNA-P of non~radiocactive rat llver cybtoplasm
after incubation with radicactive nuclei from rat liver, the
activities of the RNA-P fractions of both non-radioactive

rat Spléen and rabbit intestinal mucosa were found to increase

on incubation with radiocactive nuclei.

In order to determine whether the results obtained
with radioactive nuclel and non-radicactive cytoplasm of rat
spleen and rabblt intestinal mucosa were due to actual transfer
of S2p from the radicactive nuclel to the RNA of the cytoplasm,
‘or to contamination of the cytoplasm with nuclear material,

the cytoplasmlic RNA was hydrolysed to its constituent bases




Table 16.

The molar ratios of the bases present in the AzS solutlons
obtained from non-radloactive rat spleen and rabbit
intestinal mucosa cytoplasm after incubation with radio-
active nuclel.

Molar Ratio of Bases Relative to Adenine Value of 10.0

O hr. 2 hr.
Rat Spleen Whole Cytoplasm
Guanine 19.0 - 4.07
Adenine 10.0 : 10.0
Cytosine .78 8.02
Uracil 8.68 4.35
Thymine | - 7.48
Rabbit Intestinal Muéosa

Whole Cytoplasm.

Guanine 16.95 17.60
Adenine 10.0 10.0
Cytosine 8.563 . 15.43
Uracil 7.93 .88

Thymine - -
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and these separated by paper chromatography.

The molar proportions of the bases, relative to
adenine as 10, obtained for rat spleen and rabbit intestinal
mucosa cytoplasmic RNA before and after incubatlion with
nuclel, are shown iﬁ Table 16. The results show that the
RNA obtained from rat spleen whole cytoplasm, after
incubation with nuclei,‘contained appreciable amounts of
thymine. The - only possible source of thymine was nuclear
DNA which must have been broken down by autolysis during
incubation. Consequently, the increase in acﬁivity detected
in the RNA-P of non-radiocactive rat spleen cytoplasm, after
incubation with radioactlive rat spleen nuclei, can at least
in part be attributed to the presence of hydrolysis products
of nuclear nuclelc acids. On the other hand, chromatographic
analysis of the bases present in the RN4 isolated from
intestinal mucosa cytoplasm, after incubation with nuclei,
showed no evidence of the presence of thymine, although
there was a considerable change in the molar ratiocg of
cytosine and uracll as compared with those found before
incubation. Therefore, the activity detected in the RNA-P of
non-radioactive rabbit intestinal mucosa cytoplasm, after
incubation with radiocactive intestinal mucosa nuclei, was in
all probablility due to the transfer of 52P from the nucleus
into the RNA of the cytoplasm,
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The effect of cyanide on the transfer of S2p from
radloactlive rabbit intestinal mucosa cytoplasm to non-
radiocactive nuclel is shown in Table 17, Nelther 10-3n0b
10'1 M-cyanide was found to inhibit the transfer of 32? from
the radiocactive cytoplasm to non-radiocactive nuclel of
rabblit intestinal mucosa, and these results show that the
process is not dependent on oxidative mechanisms, particularly
those involving the cytochrome system, which is extremely
sensitive to the presence of cyanide.

Shown in Table 18 are the results obtalned for the
transfer of 9P from various radicactive cytoplasmic
fractions to non-radicactive nuclei, in the presence and
absence of other non—fadioactive cytoplasmic fractions. Liver
was used for this investigation, since it 1s the tissue which
is most readily differentiated into cytoplasmic fractions,
and rabbits were used as convenlent sources of large amounts
of material., In order to compare the results obtained from
different mixtures of cytoplasmic fractions, it was desirable
to have a common factor. The factor decided upon was that the
increment in specific activity of DNA-P after 2 hours in-
cubation would be taken as 100. The change in specific
activity of all other phosphorus fractions, was,therefore,
caleculated relative to an increase in DNA-P specific

activity of 100 on incubation (Relative/\.S.A.).




The "composite" homogenates were made up of the nuclei
from 9 g. tissue and the cytoplasmic fraction or
fractions from 6 g. tissue. The "composite" homogenate
was incubated in the presence of ATP, cyt ¢, DPN, MgCk,,

NaoHPO,, sodium malate and glycine buffer.

Relativel S.4. =~ this expression was derived by

calculating the difference between the specific activities
(counts/min. /100 pg. P)(S.4.) of the phosphorus-
containing fractions at O hours and 2 hours, relative to

a difference between the S.A. of DNA-P, at these times,

of 100,




Table 18.

The transfer of éBP into non=-radiocactive nuclei of rabbit
liver from radioactive cellular fractions of the sams tissue,

{a) Non-radioactive NMucleil and Radioactive Cell Sap

Counts/min./100pg.P of
nuclear materlal.

0 hr, 2 hr. Relative A S.A. =
Inorganic P 4,930 6,700 +2,200
Acid Soluble
Organic P 10,975 14,085 +5,1.00
Lipid P 77 3,140 +5,050
RIA-P 109 1,468 +2,2530
DNA-P ' 16 i +100

(b) Non-radioggyiznguclei and Non-radioactive
Cytoplasmic Particles and Radioactlive Cell Sap

Inorgenic P 6,165 5,080 - 794
Acid Soluble

Organic P 14,800 9,310 -3,780
Tinid P 208 4,290 +2,780
RNA-P 1.06 2,641 +1,725
DNA-P 2 153 +1.00

{c) Non~radioactive Nuclel and Radioactlve
Cytoplasmic Particles.

Inorganic P 1,833 1,721 ~ 99
Acid Soluble

Organic P 6,275 4,040 ~1,9756
Lipid P 373 1,695 +1,170
RNA-P 243 501 + 227
DNA-P 15 128 +100

(d) Non-radioactive Nuclei and Non-radioactive
Cell oap and HNadiocactive Cytoplasmic Particles.

Inorganic P 2,460 1,149 -728
Acid Soluble ,
Organic P 1,223 1,098 =170
Lipid P . 107 760 .+ 353
REA-P 46 184 + 77

DNA-P 82 262 +100
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From the results, shown in Table 18, 1t would
appear that when non-radioactive rabbit liver nuclel are
incubated with radloactive rabbllt liver cell sap there 1s
a considerable transfer of S2P to the nucleic acids of the
nuclsus. However, when non-radioactive cytoplasmic
particles are also incubated with non-radiocactive nuclel
In the presence of radicactive cell sap, there is a
considerable reduction in the transfer of S2P from the
radiocactive cell sapto the nucleic acid fractions of the
nucleus. The effect of the cytoplasmic particles is
possibly due ®ither to a dilution of the level of 32P of
the radiocactive cytoplasm, or to the transfer of 32P from
the radloactive cytoplasmto the non-radiocactilve cytoplasmic
particles as well as to the non-radiocactive nucleil.

When radiocactive cytoplasmic partlicles afe
incubated with non-radiocactive nuclseil, there is very little
transfer of S2P to the nucleic acids of the nucleus. The
addition of non-radloactive cell sap to an incubation
mixture , contalning radiocactive cyteoplasmic particles and
non-radiocactive nmuclei, reduces the amount of S2P transferred
to the RNA-P of the nucleus, without decreasing the transfer

of 92P into the DNA-P of the nucleus.

These results would suggest that the cell sap

provides a source of phosphorus for transfer 1Into the




Table 19.

The effect of dialysis on the transfer of 52p from radio-
active cell sap into non-radioactive nuclei of rabbit liver.

Specific activity of Nuclear Components AS.A.
{counts/min. /100 ng. P)

(a) Whole Cell Sap

O hr, 2 hr.
Inorganic P 2,410 5,915 +1,305
Acid Soluble Organic P 9,165 10,420 + 1,265
RNA-P 68 1,605 + 1,637

DNA-P 29 103 + 74

(b) Dialysed Cell Sap

Inorganic P 3,500 2,640 -~ 860
Acid Soluble Organic P 10,900 7,140 - 3,780
RNA-P 70 1,038 + 968
DNA-P 9 o8 + 89

(c) Dialysate

Inorganic P 2,605 1,420 -1,185
Acid Soluble Organic P 3,860 3,010 ~ 8580
RNA-P 15 - 96 + 82
DNA~P 5 60 + 55

(d) Bialysed Cell Sap and Dialysate

Inorganic P 2,945 2,213 - 732
Acid Soluble Organic P 11,125 8,730 -~ 2,395
RNA-P 49 1,174 +1,125
DNA-P 21 46 + 25

A S.A. is the difference 1n specific activity between
0O and 2 hr. values.

The "composite" homogenate was made up of the non-radioactive
nuclei from 9 g. tissue and the radioactive cell sap ( or
dialysed cell sap and/or dialysate) from 6 g. tissue. The
"composlte" homogenate was incubated in the presence of

ATP, cyt ¢, DPN, NaBHPO4 , Sodium malate and glycine buffer.
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nucleic acids of the nuclseus, particularly the RNA.

The effect of dialysis of radiocactive rabbit liver
cell sap, on the transfer of 32p to non-radiocactive rabbit
liver nuclel, is shown in Table 19 and Figure 13. When
dialysed radioactive cell sap was incubated with non-radioactive
nuclel, there was a reduction in the transfer of 52p into _
the RNA~P of fhe nuc leus, as compared with whoie radloactive
cell sap. At the same.time,-transfer of S2p from dialysed
cell sap into the DNA-P of the nucleus would appear to have
been slightly enhanced, compared with that observed with
whole cell sap.

When the dilalysate from radiocactive cell sap alone
was incubated with non-radiocactive nuclel, there was very
1ittle transfer of 9P into the nuclear RNA. At the same
time, there,wds an décrease in the activity of the DNALP
fraction compared with that observed with whole cell sap.

However, when dialysed cell sap and dialysate were

both present, an increase in the transfer of 32P into the

nuclear RNA was observed, although the transfer of phosphorus
into the~DNA_P appeared to fall off,

It would appear from these results that both the
non-dialysable material and dialysable components of the cell
Sap are necessary for the transfer of phosphorus from the

cell sap into the RNA of the nucleus. However, it is



Table 20.

Incorporation of 92P derived from Total acid soluble P or
Inorganic P into non-radioactive rabbit liver nuclei in
the presence and absence of non-radloactive cell sap.

(Counts/ﬁin./yg.P).

(a) Radioactive Acid Soluble Phosphorus

In absence of Cell Sap#®  In presence of Cell Sap%

O hr. 2 hr. AS.A. Onhr. 2 hr. AS.A.

Inorganic P 12,250 8,350 -3,900 1,226 550 ~876
Acld Soluble = | :
Organic P 10,925 7,106 -3,8g0 2,370 1,296 ~1,075

LP 6 34 +28 217 Q -208
RNA-P 11 30 +19 0 62 + 62
DNA-P 0 4 r 4 51 607 +546

{b) Radioactive Inorganic P .

Inorganic P 2,695 667 -2,028 4,280 2,405 ~1,875
Acid Soluble S
Organic P 3,155 2,520 -638 3,840 3,445 -395

LP 0 8 + 8 108 8 ~-100
RNA-P 23 59 t o2 O 73 *'73
DNA-P 16 23 + 7 0 138 +138

# In the absence of added cell sap, the ftotal acld soluble
P and inorganic P added to the incubation mixtures was
derived from cell sap from 6 g. rabbit liver.

In the presence of added cell sap, the total acid soluble P
added was derived from cell sap from 1.2 g. tissue, while the
inorganlic P was. derived from 12 g. btissue.

The amounts of radiocactive P added was calculated so that
the final concentration of P in the "composite" homogenate
was 8imilar to that found in whole tissue.

The "composite" homogenates consisted of the non-radioactive
nuclei from 9 g. tissue, and where non- radloactlve cell sap
was added, it was derived from 6 g. tissue. The "composite!
homogenate was incubated in the presence of ATP, cyt ¢, DPN,
NgCls, sodium malate and glycine buffer.
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difficult to interpret the results obtained for the transfer
of phosphorus from the cell sap to the nuclear DNA-P. The

dialysed cell sap would appear to be able to transfer S2p much

more readlly to the DNA fractlon than does the whole cell sap
or dlalysed cell sap and dialysate. The dialysate alone
apparently 1s more capable of transferring phosphorus to the
DNA-P than is the reconstituted cell sap. It seems, therefore,
that the purity of the DNA-P fractions must be questioned.
Table 20 and Figure 14 show the results obtained
when the radiocactive acid soluble phosphorus components of
rabbit iiver cell sap were incubated with non-radiocactive rabbit
liver nucleil, 1n the presence and absence of non-radioactive
cell sap. These acid soluble phosphorus fractlions of cell
sap were studied because the effect of cell sap in trans-
ferring pheosphorus to the nucleus may be due to its inorganic
phosphate content or to the presence of soluble organic
phosphorus~contalining compounds in the cell sap. In the
process of cellular fractionation, these soluble phosphorus
compounds are almost exclusively isolated in the cell sap
frgetion. The results obtalined would suggest that, in the
absence of cell sap, inorganic P and total acid soluble P
are not capable of acting as sources of phosphorus for
transference to the nucleic acids of the nucleus. Even in

the presence of cell sap, these phosphorus fractions do not
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appear to participate in the transfer of phosphorus to the
nuclear RNA. Both of these phosphorus fractions, however,
transfer phosphorus to the DNA of the nuclsus when cell sap
is present. Total acid soluble P, which contains organic
phosphorus compounds as well as inorganic phosphate, seems to
be a better donor of phorphorus for inclusion into the DNA-P
fraction than inorganic phosphate alone. Hence the action of
cell sap’.is not due merelyto its inofganic phosphate content.

In Table 21 and Figure 15, the results, obtained
when radiocactive 1lipild-f and RNA-P were incubated with non-
radioactive rabbit liver nuclel, in the presence and ébsence
¢f nmon-radioactive cell sap, are shown. Lipid-P would
appear to be inactive in the absence of cell sap, but when
cell sap was also present a marked *transfer of 92p into the
the nuclear RNA fraction was observed, without any apparent
transfer of “2P into the DNA-P fraction of the nucleus.
It was noted, however, during the isolation of the nuclei,
after incubation wilth added 1llpid, that there were large
amounts of 1lipild material adsorbed on to the isolated nuclei.
The observed transfsr of phosphorus into the nuclear RNA may,
therefore, be due to the contamination of the nuclear RNA
fraction with 1lipld material or 1ts degradation prodﬁcts.
Incubation of non-radiocactive nuclel with radiocactive RNA-P

in the absence of any cell sap would appear to give rise to




Table R2.

The effectiveness of different fgﬁctiuns of dialysed radio=-
active cell sap in transferring P to non=~radioactive nuclel
on incubation (counts/min./100 pg. P).

{a) Dialysed Cell Sap and Dialysate

O hr. 2hr. As.a.
Inorganic P 3,810 7,615 + 35,805
Acid Soluble Organic P 1,455 15,650 +14,195
RNA--P 104 061 + 45%
DNA-P 228 504 + 76

{(b) Fraction I of Dialysed Cell Sap (pre-
cipitated with 0-35%( NH4 )2S04Saturation)
and dialysate

Inorganic P 726 4,765 +4,039
Acid Soluble Organic P 10,975 12,275 +1,300
RNA-P 80 265 + 185
DNA-P 41 _RY7 + 186

{(c) Fraction II of Dialysed Cell Sap (pre-
cipitated with 33-66%{NHz 2504 8aturation)
and dialysate

Inorganic P 2,060 4,050  +1,990
Acid Soluble Organic P 15,750 12,175 =575
RNA-P 179 &7Y +498
DNA~P 32 90 + 58

{d) Fraction IIT of Dialysed Cell Sap (not
precipitated with 66%{NHs )2804Satur ation)
T Tand dialysate o

Inorganic P 5,995 2,595 —3,400

Acid Soluble Organic P 10,340 8,765 —L,8675
RNA~P 120 433 + 313

DNA-P 11 56 +48

The "composite" homogenate was made up of the non-radiocsasctive
nuclei from 9 g. rabbilt liver and dialysed cell sap (or fraction)
_and dialysate from 6 g. radioactive liver. The ®composite"
homogenate was incubated in the presence of ATP, cyt ¢, DPN,
NaoHPO,, sodium malate and glycine buffer,
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the transfer of phosphorus to both of the nuclear nucleic

acld fractions, Addition of non~radiocactive cell sap
to the incubation mixture gives rise to a marked reduction
in the amount of phosphorus transferred from the labelled
RNA-P to the nuclear RNA. The DNA fractions in this
experiment were both lost and consequently, no observations
can be made as to.whether RNA can act as a donor of
transferable phosphnorus for DNA synthesis. The results
obtained in these experiments on the transfer of 98P from
labelled RNA to nuclear RNA, could be explained by the
adsorption of the labelled RNA on to the nuclel. Such
adsérbed RNA would therefore contaminate the nuclear RNA.
Fractionation of radiloactive cell sap, with
saturated ammonium sulphate, into three protein fractions,
which were then incubated with non-radicactive nuclel gave the
resﬁlts-shown in Table 22 and Filgure 16. From these results,
it is clear that the various protein fractions diffaered in
thelr abilities to transfer 32P to nuclear RNA and DNA.
Fraction I of dlalysed cell sap, i.e. that fraction
precipitated by‘O-SS% ammonium sulphate saturation, seesms
to be very active in transferring phosphorus to the DNA-P
fraction of the nucleus. It 1s much less active in the
transfer of phosphorus to the nuclear RNS& In comparison with

whole cell sap or the other protein fractions of cell sap.
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Fraction II of dilalysed cell sap, l.e. that
fraction precipitgted by 33-66% ammonlium sulphate saturation,
is very active in the transfer of 32P to nuclear RNA. It
is more active than whole cell sap as a source of transferable
phosphorus for inclusion into the nuclear RNA. On the:other
hand, it is not as active as whole cell sap or Fraction I in
transferring phosphorus to the DNA-P of the nucleus.

Fraction III of dialysed cell sap, i.e. that fraction
not precipitated by 66% ammonium sulphate saturation, although
more active in the btransfer of phosphorus into nuclear RNA
than Fractilon 1, is not as active as whole cell sap or
Fraction II. It would also appear that Fraction III 1s less
capable of supplying phosphorus for transfer into the DNA-P

of the nucleus.




4, Discussion.

One of the main difficulties encountered, in these studies

of the incorporation and transfer of S2p in homogenates, has

" been to differentiate between true incorporation and transfer
of the radiocactive phosphorus, on the one hand, and
adso;ption or‘exchange of the labelled inorganic phosphorus

in the nucleic acld fractions, on the other, True incor-
poration of 32P into the nuclelc acids occurs when the nucleilce
acid 1s Eynthesised from its precursors. During this

process, the radiocactive pﬂosphorus is transferred from the
precursors to the newly formed nucleic acid molecule., This
process differs from exchange, since during exchange there is
a transient break in the nucleic acid molecule at the phosphate
group with the liberation of phosphate. The liberated phos-
phate group then exchanges with the phosphate of the medium
before the nucleic acld chain is reconstituted. If this
occurs in the presence of inorganic S52P, the 92P atoms of the
medium can exchange with the 51P atoms of the nucleic acid
molecule. On the other hand, when adsorption occurs, the
radlcactive inorganic phosphate is bound to the nucleic acid
by purely physical means, rather than by entering into

chemical comblination with it.

In the preliminary experiments, when zero time control
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flasks were set up, it was invariably found that the isolated
nucleic acid fractions contained traces of adsorbed radioactive
phosphorus which could be partially removed by drastic puri-
fication of the isolated compound. Howwver, even the ribo-
nucleotides, 1solated by ionophoresis, contained 52p; all had
approximately the same specific activity. Since the inorganic
phosphate is not found in the same regions of the ionophoretic
paper as any of the nucleotide spots, this activity could not,
therefore, be due to contamination by radiocactive inorganic
phosphate. This activity must, therefore, be dus to exchange
of the %2P atoms of the labelled inorganlc phosphate with the
S5lp atoms of the nucleic acid molecules. Because of this
exchange reactlon, 1t was imperative to carry out\control
experiments in order that allowance could be made for these
exchange and adsorption effects. Thus, when the effect of
adding known compounds was being studied, a control experiment,
where no addition was made, was also carried out. Zero time
controls were determined in almost all cases, and any activity
detected was due entirely to exchange and adsorption of the
radiocactive phosphorus.

Friedkin and Lehninger (1949) found the same
difficulty, in thelr investigations of the incorporation of 32p
into the nucleic acids of cell-free rat liver homogenates.

Even after treatment of the nucleic acid fractions of the
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unincubated rat liver homogenates with carrier phosphate and
subsequent precipitation with magnesia mixture, they were still
able to detect S2P in the RNA fraction. In the present studies,
the zero time controls were found to contain traces of 32P

in the RNA after purification by reprecipitation from water
with glacilal acetlic acid, and separation of the nucleotides

by ilonophoresis,

In most of the in vitro studies, in which either
tissue sllces of tissue homogenates have been used, the medium
has invariably been of the Krebs-Ringer type. In the initial
experiments of this series, the ultimate alm was the study &
the incorporation of S2P into the cellular fractions. It was,
therefore, decided to use a system whereby these cellular
fractions could be isolated and studied. Since it has been
shown that the presence of electrolytes prevent the preparation
of clean cytoplasmic particles (Schneilder & Hogeboom 1951), and
the best known method of preparing cellular fractions utilises
0.25 M-sucrose solution (Schneider 1948), it was decided to
devise an incubation medium whlich had sucrose as its basis.

The final incubation medium suffered from certain
disadvantages, but these were, on the whole, outnumbered by
the advantages. The main disadvantage of sucrose solutlon as
an incubation medium is that it does not test the metabolism

of the tissue under physiological conditions, since it is not
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a normal constituent of the tissue fluids. 0.25 M-sucrose is,
however, isotonic with respect to the cellular components,
and consequently doss not injure the intracellular fractions
to the same extent as would hypertonic or hypotonic solutions.
Schneider (1948) clalmed that 0.25 M-sucrose solution did not
inhiblt the asctivity of the enzyme systems of the cellular
fractlons to the same extent as did 0.88 M-sucrose. Even so,
1t is possible that 0.25 M~-sucrose does inhlbit some of the
enzymes present in the intracellular components. Another
defect, in the use of 0.25 M~sucrose dolution, 1ls that the
nuclel prepared in this medium are much larger and more fragile
in comparison with those prepared in citric acid (Douncs 1945a,
1943b, 1950). However, it 1is impracticél to use ciltric acid
nuclel, since the cytoplasmic components are completely
agglutinated by the low pH and may not subsequently be isolated
and moreover most of the enzymes will be inactivated. Peterman
and Schneider (1950, 1951) have advocated the addition of
calcium chloride to the sucrose solution used in the preparation
of nuclel, to reduce their fragility. Since the effect of
calcium chloride on the cytoplasmic partlcles, particularly
during incubation, was not known, this technique was rejected.
0.25 M~-sucrogse - 0.03 M-phosphate buffer solutlion was
uged as incubation medium by Siekevitz (1952) in his

investigation of the metabolism of rat liver homogenates and of




-100-

the isolated cellular fractions. Siekevitz (1952) found that
h-14é]-alanine was incorporated into the proteins of the
microsomal fraction of sucrose homogenates of rat liver much
more rapldly than into the nuclear, mitochondrial or cell sap
fractions. No incorporation of labelled alanine into the
proteins of either isolated microsomes or mitochondria occurred
on incubation, but when the mitochondrial and microsomal
fractions were incubated together, marked incorporation of
radicactive alanine was observed. Using the same incubation
medium, Allfrey (1954) found that isoclated calf thymus nucleil
were capable of incorporating‘é-léé]-alanine into their
proteins, 1In the presence of added o<ketoglutarate, as long
as the nuclear DNA was still intact. These findings indicate
that the sucrose medium does not affect the metabolism of
igolated cellular fractions to any marked extent.

The Schneider (1948) procedure for the ilsolation of
intracellular components has been found by many workers to be
a very useful method of preparing clean and homogeneous cellular
fractions., It has the added advantage that it does not require
prolonged centrifugation at high centrifugal speeds, which in
themselves may have an adverse effect on the enzymes present
in the intracellular particles. In addition, the pH of the
sucrose soluticn 1is readily adjusted by means of relatively

weak buffer solutions. Moreover, as an incubation medium it
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offered the opportunity of reisolating the cytoplasmic
particles after incubation.

In the study of the transfer of 32P from radiocactive
cell fractions to non-radiocactive cell fractions, it was
found advantageous to isolate the nuclel initially in 0.25 M-~
gucrose (Schneider 1948) and subsequently to re-isolate the
nuclei, after incubation, using the modified citpic acid
method already described. By uslng both methods of obtaining
nucleil from liver tissue, it was possible to obtain the
Initial nuclel free from electrolytes and with their enzymes
relatively intact. After incubation, it was no longer
necessary to exclude electrolytes or to preserve the nuclear
enzyme systems, and so the much more drastic citric acld
method was employed to re-isclate nucléi free from cytoplasmic
contamination.

It must be pointed out, however, that the nuclel re-
1solated after incubation were changed 1n appearance, when
examined microscopically, and also in theilr ability to stain
with methylene blue. The nucleil, before incubation, were
large round discrete bodies, which stalned readily with
methylene blue, but after incubation, the nuclel obtalned were
small irregular godies, which did not stain readily.

Glycihe buffer was used in preference to phosphate

buffer in the incubation medium, since, although it did not
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glve rise to such a high uptake of S2p into the RNA fractions
of the rat liver homogenates, it avoilded the presence of a
large excess of inorganic phosphate ions in the medium (Experi-
ment No. 6, Table 12). Although the phosphate buffer did not
appear to reduce the incorporation of the labelled phosphate
by dilution effects, 1t did increase the difficulties of
isolating the phosphorus containing fractions, particularly the
RNA-P and DNA-P fractions, due to adsorption of phosphate ions
on the precipltated material,

Throughout these in vitro experiments, the time of
Incubation used was 2 hours. In the experiment, in which the
optimum time of incubation was investigated (Figure 11), it
was found that the uptake of 52P into the RNA of whole rat
liver homogenate Increased with time up to 2 hours, and there-
after decreased rapidly. This may be due to the upfake of the
lsotope being greater than ¥he autolysis of the RNA fraction
with periods of incubation up to 2 hours, but durlng longer
periods of incubation, autolysis may increase to a marked
‘ 32p.

oextent and outstrip the incorporation of the The length

of incubation was restricted, therefore, to 2 hours at 37°C.
Friedkin and Lehninger (19249) found that there was

incorporation of 92p into the RNA of suspensions of rat liliver

nucleil and mitochondria, on incubation with inorganic 52p, This

incorporation was observed even after rigorous purification of
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the RNA fraction. They obtained, however, no evidence of
incorporation of the isotope into the nuclear DNA. Their
incubation mixture contained ATP,KCl, MgSO4 and they found
that the presence of malate greatly increased the incor-
poration. During the present investlgations, Experiment No.
7, Table 12, the uptake of “P into the RNA fraction of rat
liver whole eytoplasm.susﬁénsions, in the presence of ATP,
DPN, cytochrome c, MgClB and NaBHPO4, was also found to be
enhanced by the addition of sodium malate. It was also
observed that malate was superior to succinate, fumarate or
pyruvate in its effect on the incorporation of the lsotope.

Mann and Gruschow (1949) were able to demonstrate

%3p into the nucleic acids of

the incorporation of inorganic
rat liver, rat kidney and rat Walker tumour slices. They
showed at the same time that oxygen was necessary for this

to occur. The addition of glucose to the tissue slices was
capable of partially reversing the inhibition brought about

by anaerobic conditions. A}though it is very difficult to
compare results obtained by tissue slice and homogenate tech-
niques, it was found during the present work that the addition
of glucose, to the incubation medium‘in the presence of oxygen,
did not increase the incorporation of 52P, but rather inhibited

this process, particularly at low concentrations of glucose

(Figure 12).
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Rossiter and his co-workers (Deluca, Rossiter &
Strickland 1953; Findlay, Rossiter & Strickland 1963; Strick-
land & Rossiter 1953) showed that braln slices were capable
of incorporating 58P into the RNA, although when brain homo-
genates were used no uptake was observed. The incorporation

52? into the RNA of cat brain slices was greatly increased

of
by the addition of glueose to the incubation medium. Succinate
and malate both had inhibiltory effects, while pyruvate and
lactate stimulated the incorporation of the isotope. It is
difficult to draw comparisons between thelr findings and
those found during the present investigation, since two
different techniques were used, namely tlssue slices and tissue
homogenates, as well as two different tissues, brain and
liver. It is possible, however, to point out the main
differences between the two sets of results. The present
work showed partial inhibition of incorporation of 52p into
the RNA of liver tlssue in the presence of glucose (Figure 12).
It was also found that pyruvate and succinate did not enhance
the incorporation of the isoﬁope into the RNA of llver whole
cytoplasm, while malate did increase the uptake of 92p into the
nucleic acids of liver whole cytoplasm suspensions (Experiment
No. 7, Table 12). |

Khouvine and Montreuil (1984), following up their in

vivo studles on the incorporation of SBP into the RNA of the
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li¥ers of normal and Guerin epithelioma-~bearing rats and the

S%p by the RNA

Guerin epithelioma, investigated the uptake of
of the same tissues 1n vitro, using the tissue slice technique.
fhey found that 92P was incorporated into the nucleic acids of
these tissues in the presence of oxygen, but under anaerobic
conditions there was partial inhibition of the uptake of the
lsotope. They also studied the effects of such inhibitors as
2,4~dinitrophenol, malonate and mono-iodoacetate. With the
exception of malonate, all of these compounds gave rise to the
inhibition of the incorporation of the 58P, These findings are
in agreement with those obbtained in the present work, in that
it is possible to show that 32P is incorporated into the
nucleic acids of liver tissue after its removal from the body.
However, since no work was carrisd out on the effect of inhibi-
tors, it 1s not possible to compare further the present
findings with those obtained by Khouvine and Montreull (1954).
Hokin (1952),and Hokin and Hokin (1953, 1954), in
their studles on proteln synthesis, have investigated the
secretion of amylase by pligeon pancreas slices and the simul-
taneous uptake of 52P into the RNA of the tissue. It is
intersesting to note that while they found the addition of a
mixture of all known amino acids stimulated the incorporation

of 52p into the RNA of the pancreas slices, omission of

tryptophan, from the amino acid mixture, inhibited the
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secretion of amylase without affecting the uptake of 32P into
the RNA. Hokin and Hokin (1953, 1954), therefore, came to the
conclusion that RNA did not act directly'in the synthesis of
protein in pigeon pancreas slices. While of no direct bearing
“on the present work, these findings do show that the uptake of
58P gan be observed in widely different types of tissues, and
that different tilssues may be utilised to study different
‘aspects of nuclelc acid metabolism in vitro.

Other works rs havé demonstrated the incorporation of
labelled purines and pyrimidines into the nucleic acids of
tissues in vitro. Goldwasser (1953), using [é-l4é1-adenine,
was able to show that it was incorporated in vitro into the
RNA of rat liver, rat spleen and plgeon liver 4. ices and of
plgeon liver homogenates. This incorporation of labelled
adenine regquired the presence of oxygen and was inhibited by
the presence of cyanide. From the results obtained by Gold-
wasser (1953), 1t would appear that the incorporation of
adenine was a true Iincorporation and not adsorption of the
labelled adenine.

Grossman and Visser (1954) found that [_-léé]-cytidine
was incorporated into the RNA of rat liver slices. They were
'also able to show that the uptake of the labelled cytidine
into the nuclear RNA was much more rapid than that observed in

the cytoplasmic RNA. These in vitro findings of Goldwasser(1953)
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and Grossman and Visser (1954) are in agreement with those
obtained in intact animals and support the conclusion that
the results obtained by in vitro studies are due to true
incorporation and not to contamination or exchange reactions
during incubation.

Jeener and Szafarz (1950) have put forward the
hypothesis that the nucleus is the site of RNA synthesis in
the cell. The RNA so formed, they postulated, was passed
out of the nucleus into the sap of the cytoplasm where 1t was
bullt up into the cytoplasmic particles. In the present work
with rat liver homogenates (Experiment No. 8, Table 12), it
was possible to demonstrate that the RNA of the whole cyto-
plasm was capable of incorporating 52P. At the same time 1t
was found that the l1lsolated nuclel also incorporated the
isotope into the nuclear RNA. This would indicate that the
cytoplasm was able to synthesls its own RNA.

The findings of Brachet and Szafarsz (1955), who
showed that both the nucleated and enucleated fragments of

the algae, Acetabularia mediterranga, were capable of assimi-

1ating[?-14éJ-orotic acid into their nucleic acids up to 71

days after section in the presence of oxygen, lends further
support to this conclusion.
Reichard (1952), using regenerating rat liver slices,

has demonstrated that the nitrogen of 15NH401 was incorporated

into the pyrimidines of RNA. The first step in the
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Incorporation of the labelled nitrogen is apparently the
formation of labelled corotic acid, which in turn is converted
to labelled pyrimidine bases.

It is, therefore, reasonable to suppose that under
the conditions used by Brachet and Szafarz (1953) the labelled
orotic acid was incorporated directly into the nucleic acid
pyrimidines, without previously being degraded to some com=-
pound of lower molecular weight.

Lang and his co-workers (Siebert, Lang, Lucius and
Rossmuller 1¢83; Lang, Lang, Siebert and Lucius 1953; Lang,
Slebert & Rossmuller 1953) have studied the metabolism of
isolated pig kidney nuclel, in relation to the source of
phosphorus and carbon compounds required for the synthetic
processes of the nucleus. Siebert et al. (1953) were able to
show that inorganic phosphate labelled with S2p was incorporated
into the RNA and DN& of isclated pig kidney nuclei. They
concluded from thelr results that the incorporation of the
inorganic phosphate into the nuclele acids of the nucleus did
not require the formation of high energy bonds. Lang, Siebert
& Rossm&ller (1953) investigated the possibility that phospho-
l1ipid phosphorus was capable of acting as a source of phos-
phorus for the synthesis of nuclear RNA and DNA. They found
that S2p labelled phospholipid did not act as a source of

phosphorus for the synthesis of nuclear RNA and DNA. Lang,
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146 1abelled glycine,

Lang, Siebert and Luclus (1953), using
were able to show that the glyclne was incorporated into the
purine of the nucleﬁs, as well as into the nuclear proteins.
They were, therefore, able to show that total synthesis of the
purine ring can occur in the nucleus in vitro,

The observations made by Siebert et al. (19563), using
inorganic 32P incorporation into isolated pig kidney nuclei,
are in agreement with those obtained, in Experiment No. 9,
Table 12, on the uptake of phosphorus into isolated rat liver
nuclei,

Stich and Hgmmerling (1953) have studled the uptake

of radioactive phosphorus into isolated nucleocli, obtained

from the algae Acetabulapla mediterranea. They found that

there was incorporation of the 2P into the RNA and protein of
the nucleolus, which would appear to indicate that the nucleolus,

as well as the nucleus as a whole, is capable of synthesising RNA

The evidence put forward by Lang, Lucius and Rossmuller
(1953), Lang, Lang, Siebert and Lucius (1953) and Siebert et
al. (1953) suggeststhat the nucleus 1s capable of synthesising
its own nucleic aclds, as well as precursors such as the purine
bases. The incorpora?ion of radiocactlive phosphorus observed in
the present work, using isolated rat liver nuclei, 1s in
keeping with this view. The findings of Stich and Hgmmerling

(1953) indicate that one part of the nucleus, namely the
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nucleolug, isg particularly concerned with the synthesis of RNA.
Brachet and Szafarz (1953), using nucleated and

enucleated sections of Acetabularia mediterranea, have confirmed

our findings with rat liver homogenates that the cytoplasmic
oonstitueﬂté of the cell sap are able to incorporate labelled
precursors intc the cytoplasmic RNA and so ac¢t independently

of the cell nucleus. These observations invalidate the earlier
hypothesis of Heener and Szafarz (1950) that the nucleus
synthesises all the nuclelic acid éf the cell and that the RNA
formed in the nucleus passes out into the cell sap where it

is built up into the cytoplasmic particles.

The evidence against the Jeener and Szafarz (1950)
theory would seem to be further substantiated by the results
obtained when the transfer of 52? from radiocactive rat liver
nuclei to non-radicactive rat liver whole cytoplasm was in-
vestigated (Table 13). If the Jeener and Szafarz (1950)
theory were correct, it would be expected that transfer of 32P
from the radicactive nuclei into the RNA of the non-radiocactive
cytoplasm would be observed. However, there was no evidence of
such:.a transfer occurring; on the contrary, when non-radioactive
rat liver nuclel were incubated with radiocactive rat liver
cytoplasm, a very marked transfer of 58P from the radiocactive
cytoplasm to the nucleic acids of the non-radiocactive nucleil

was obtained (Table 13). Thils suggests that the cytoplasm
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contains some active precursor of nuclear nucleic acids, and
that once the nucleic aclds have been synthesised 1In the
nucleus, they cannot diffuse out through the nuclear membrane.

The results, obtained when rat spleen (Table 14) and
pabbit intestinal mucosa (Table 15) were used,lconfirm that
there 1s a transfer of radioactive compounds from the cytoplasm
into the ﬁueleus where they are used in the synthesis of the
nuclear nucleic acids. However, when the transfer of S2p from
the nucleus to fhe cytoplasm of these tissues was examined,
the results at first appeared to indicate that the nucleus was
acting as a source of cytoplasmic RNA. Chromatography of the
bases « obtained from the cytoplasmic nucleilc acid of rat spleen
tlssue, however, showed the presence of the base thymine (Table
16). Thymine can be.derived only from DNA, which in turn
could be present in the cytoplasmic fraction only if autolysis
of the nuclel occurred during incubation. Consequently, if
nuclear DNA was detected in the cytoplasmic nuclelc acid frac-
tion of spleen homogenates, there must be some nuclear RNA also
present, since 1t would be released from the nuclei by autolysis
at the‘same time. The activity detected in the cytoplasmic RNA
fraction of spleen, when non-~radiocactive cytoplasm was incubated
in the presence of radiocactive nucleil, can therefore be
accounted for by the release of active nuclear nucleic acids.

When non-~radioactive wytoplasm from rabbit intestinal
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‘mucosa was incubated in the presence of radiloactive nuclei,

the results.cannot be explained on this basis, sinece no

thymine was detected when the bases derived from the cytoplasmic
nucleic acids were separated by chromatography. The ratios

of the bases obtained on chromatography, however, suggest that
there has been some enzymic reaction taking place, other than
straighfforward transfer of phosphorus, since there is a rise
in the relative amount of cytosine and uracil present although
there 1s no change in the relative amounts of adenine and
guanine found (Table 16). Other than this redistribution of
the relative amounts of bases in the cytoplasmic RNA, therse

is no evidence for autolysis of the nuclei during incubation of
the intracellular components of rdbbit intestinal mucosa. It
would seem, therefore, that in the case of intestinal mucosa
there is some evidence of a transfer of phosphorus from the
nucleus to the cytoplasmic RNA.

The effect of cyanide on the transfer of 52p from the
radicactive rabbit intestinal mucosa cytoplasm to non-radiocactive
rabbit intestinal mucosa nuclei (Table 17 ) indicates that the
transfer mechanisms involved are independent -of the cytochrome
systems. Findlay et al. (1953) showed that the incorporation
of 521? into the RNA of cat brain slices 1s almost completely
abolished by addition of cyanide to the medium. Goldwasser

(1953) found that cyanlde had the same effect on the incor-

poration of labelled adenine into rat liver, rat spleen and
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pigeon liver slices and into pigeon liver homogenates. It

seems, therefore, that the transfer of phosphorus from the
cytoplasm into the nucleic acids of the nucleus 1s controlled
by different mechanisms from those involved Iin the inceorporation
of precursors into the nucleic aclds of the cell. It also
suggests that cyanide inhibition affects preferentially the
mechanism of incorporation of the labelled compounds into
precursors of the nucleic acids.

When the transfer of radioactive phosphorus from
different radiocactive ecytoplasmic fractions to non-radiocactive
nuclelcof rabbit liver was investigated (Table 18), it was
found that, of all the possible combinations, radiocactive
cell sgap was the best source of transferable phosphorus for
the synthesis of nuclear nuclelc acids. The presence of
non-radiocactive cytoplasmic particles reduced the amount of
phosphorus transferred from the cell sap tc the nueleus. This
effect was possibly due to the dilution of the 58P present,
or more probably to the transfer of the 92p rrom the radiocactive
cell sap to the non-radiocactive cytoplasmic particles them~
gelves, since the cell sap is the most likely source of phos-
phorus for the synthesis of the components of the cytoplasmiec
particles.

Radiocactive cytoplasmic particles would not appear to

be a good source of btransferable 32p for the synthesis of nuclear
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RNA, elther in the presence or absence of non~radicactive cell
sap. However, they appear to act as a source of transferable
phosphorus for the synthesis of nuclear DNA. It may be con-
cluded from these observations that the phosphorus required
for the synthesis of nucleaf RNA and DNA 1s derived from
different sources.

The results, shown in Table 18, indicated that the
soluble phosphorus compounds of the cell sap were the most
likely sources of phosphorus for transfer from the cell sap
into the nuclear nucleic acids. In order to test this hypo-
thesls, the cell sap was dialysed agalnst water and the dia-
lysed cell sap and dialysate from radioactive rabbilt liver
tested for thelr abilities to transfer phosphorus to the
nucleus. The results shown in Table 19 and Figure 13, show
that the transfer of the‘phosphorus from the cell sap to the
nucleus required the presence of both the dialysate and the
dialysed material. It may be, therefore, that this transfer
of phosphorus is hot simply a diffusion effect, but is under
the con£r01 of one or more enzymes.

The sources of transferable phosphorus was further
Investigated by studying the transfer of phosphorus from the
different phosphorus fractions prepared from radiocactive cell
sap. From Table 20 and Figure 14, it was concluded that the
acid soluble phosphorus combounds, particularly the

acld soluble organic phosphorus compounds, could act as a
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gource of phosphorus fegr transfer from the cell sap into the
nuclear DNA. These organic phosphorus-contalning compounds
include many mononucleotlides. The results also suggest that
these acid soluble compounds were not a good source of phos-
phorus for ftransfer from the cell sap into the nuclear RNA.

Siebert et al. (1953) showed that isolated pig kidney
nuclel, in the absence of any other intracellular fraction,
were capable of incorporating inorganic S2p into the RNA and
DNA of the nucleus. This was also demonstrated in the pre-
liminary experiments of the present series (Expsriment No. 8,
Tabie 12). The addition of non-radioactive cell sap greatly
enhanced the incorporation of the inorganic 32?, but even so,
the incorporation into the DNA was not as great as when radlo-
active acid soluble phosphorus compounds were used as a source
of phosphorus. This suggests that the organic phosphorus
compounds,’ probably the soluble nucleotides, act as precursors.

It is suggested by the results, shown in Table 21 and
Figure 15, that phospholipids may act as a source of phosphorus
for transfer Into the nuclear RNA. This would be in keeping
with the views of Brachet (1950) who postulated that lipid
phosphorus was a precursor of RNA. However, the nucleil isolated
after incubation, in the presence of phospholipids, contained
large amounts of adsorbed lipid material, and as has previously

been polnted out, it is possible that this adsorbed lipid or
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its degradation products could give rise to the activities
noted iIn the nuclear RNA fraction,

Lang, Siebert and Rossmaller (1953) have also inves=-
-tigated phospholipid as a precursor of nuclear nucleic acids,
but they were unable to detect any incorporation:of 92P into
the nuclear nuclelc acids. However, 1n theilr ekperiments
isolated pig kidney nuclel were incubated with radloactive
phOSpholipid material, without any added cell'sap. It may
be the case that the cell sap contains enzymes which hydrolyse
the phosbholipid to some more readlly accepbtable phosphorus
donor, or precursor for nuclear RNA synthesis.

When radiocactive RNA was incubated with non-mwadio-
active nuclei, the results obtained (Table 21 and Figure 15)

S2p into the nuclear RNA

show that there is apparent uptake of
and DNA fractions, particularly in the absence of added cell
sap. Although these results seem to Indicate that the cell

sap RNA was acting as a donor of phosphorus for incorporation
of mnuclear nucleic acids, 1t 1s more probable that they are

due entirely to the adsorption of the radiocactive RNA on to

the nucleus, and subsequent estimation of the adsorbed material
as being derived from the nucleus. It is possible, however,
that the uptake noted in the DNA fraction of the nucleus in

absence of added cell sap, 1s true incorporation and not due to

adsorption effects. Again, this would be in keeping with the
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hypothesis put forward by Brachet (1950) who postulated that
RNA was converted to DNA in the nucleus.

Fractionation of radloactive cell sap into protein
fractions, by means of ammonium sulphate, shows that the three
protein.:fractions obtained differ from sach other and from
whole cell sap in thelr abillities to transfer phosphorus to the
nuclear RNA and DNA (Table 22 and Figure 16). These obser-
vations definitely indlcate that the transfer of phosphorus from
the cell sap to the nuclear nuclelc acids is an enzymic process,
and that different mechanisms are involved in the tranzafer to
RNA and DNA of the nucleus. Fraction I of the cell sap would
appear to be involved in the transfer of phosphorus to the
nuclear DNA, while Fractions II and IIT apparently control the
trangfer of phosphorus to the nuclear RNA.

Khouvine and Mortreuil (1954), in their work on the
incorporation of 52P into the nucleic acids of liver slices
from normal and Guerin tumour-bearing rats, also came to the
conclusion that the mechanlsm of supplying phosphorus for the
gynthaesis of the two types of nuclear nucleic acids was an
enzymlc process and that two different pathways were involved.
It is a reasonable supposition that two such mechanisms do.
exist, since in vivo studles have shown that nuclear RNA and

DNA incorporate labelled precursors at entirely different rates.

Throvghout the present series of experiments, it has also been
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apparent that nuclear RNA and DNA require different sources of
‘phosphorus for incorporation into their molecular structure.

In a recent paper, Brawerman and Chargaff (1954) re-
ported that they were able to obtain from rat liver extracts
enzymes which were capable of transferring phosphorus frém
sodium mono-phenylphosphate to certain nucleosides. These nuclea
side phosphotransferases, they clalimed, were important in the
synthesis of the nuclelc acids of the cell. The effectw which
have been observed in the present study of the transfer of phos-
phorus from the cell sap of rabbit liver to the nuclei of the
same tissue, may well be due to the action of these nucleoside
phosphotransferases. It would be possible to explain the incor-

52P into the nuclear nucleic acids obtained when

poratlion of
Isolated nuclel were incubated in the presence of the different
protein fractions of cell sap. The results obtained when huclel
were Incubated with different labslled compounds in the presence
of cell sap could easily be explained by the action of such
phosphdtransferases, however, 1t would not account for some of
the raesults observed when no cell sap was added., The dialysis
experiments carried out in the present work do indicate that the
bPransfer of phosphorus into the nucleus 1s an enzymic process,
and this ls further supported by the evidence obtained when

dialysed cell sap was separated into protein fractlons by

ammonium sulphate fractionation.
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Sulmary .
1. The incorporation of radloactlve phosphorus (52P) into
the phospholipids and ribonucleic acid (RNA) of the ilsolated
nuclei, mitochondria, microsomes and cell sap and into the
deoxyribonuclelic acid (DNA) of the isolated nuclei of rabbit
liver has been investigated at various time intervals after
administration of the isotope. ' The nuclear RNA showed a
greater uptake of 9P than was found in the RNA of the
cytoplasmic fractions. The uptake of 92P into the RNA was
approximately the same in the different cytoplasmic fractions.
Maximum incorporation into the RNA of all fractions occurred
about 24 hours after the administration of the isotope. The
incorporation of 3P into the DNA was very low and the
maximum was reached about 18 hours after administration.
2 The incorporation of 32P into the phospholipids and RNA
of the liver cytoplasmic fractions of fowls, ia different
physiologiecal states, was studied. No-correlatioﬁ was found
between the physiological state of the birds and the incor-
poration of the isotope. |
3. An ionophoretic separation of the nucleotldes of the RNA
fractions of rabbit and fowl livers was carried out. It was

found that the specific activities of the nucleotides of

any one RNA fraction were all of the same order.
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4, The in vitro incorporation of inorganic 2P into the RNA
of sucrose homogenates of rat liver was invemilgated. Such
rat liver homogenates were found to be capable of incorporating
52p into RNA in the presence of ATP, DPN, cytochrome c¢,
Na HPO, and MgClg.
5. It was found that isolated nuclel and wholse cytoplasm of
rat liver were each able to incorporats Sep into their RNA
fractions on incubation. Incorporation of inorganic 2P into
the RNA of isolated mitochondria was also demonstrated, but
no uptake of S2P into the RNA of isolated microsomes or cell
sap was observed.,
6. The transfer of S52P from radiocactive cellular fractions
into non-radiocactive cellular fractions of rat liver, rat
spleen, rabbit liver and rabbit intestinal mucosa was
investigated.
7. Using rat liver, rat spleen and rabbit intestinal mucosa,
it was found that there was a transfer of 32P from radioactivd
whole cytoplasm into the nuclelc acids of non-radioactive
nucleli. No evidence was obtained for the transfer of phos-
phorus from radiocactive rat liver nuclei into the RNA of
non-radiocactive rat liver cytoplasm. However, la'rat spleen and
rabbit intestinal mucosa, it was observed that some transfer
of S2P from the radiocactive nuclei to non-radioactive cytoplasm

occurred.,




-121-~
8. The transfer of 92P from radioactive cytoplasm to non-
radioactive nuclei of rabbit intestinal mucosa was not in-
hibited by gyanide.
9. Investigation of the transfer of phosphorus from radio-
active cytoplasmic components to non-radiocactive nuclei of
rabblt liver showed that cell sap was the best donor of
phosphorus for incorporation Into nuclear nuclelc acilds.
10. Dialysis of radioactive cell sap, prior to incubation
with non-radicactive nuclel of rabbit 1iver; partially in-
hibited the transfer of 32P into the nuclear nucleic aclds.
1l. Various phosphorus compounds. of the radioactive cell
sap were investigated as possible donors of phosphorus for
inclusion into thw RNA and DNA of the nucleus.
i2. Three protein fractions were obtailned from radioactive
cell sap, by ammonium sulphate fractionation. It was
demonstrated that they differed in their abilities to promote

the transfer of S2P to the RNA and DNA of the nucleus.
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