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CHAPTER 1 

I N T R O D U C T I O N 

It is generally accepted that certain viruses are able to induce tumors, 

either benign or malignant, under certain conditions. These viruses are 

classified as oncogenic viruses. The mechanism by which these viruses 

promote cellular growth is unknown. There is still a question as to why 

some of them cause cancer in certain animals while in others they are 

responsible for onl\ a mild disease. It seems very likely that investigations 

on the molecular le\el, especiall) the relation between the viral genome 

and host cell DNA, may contribute to the solution of this problem. 

Many laboratories have focused their attention on the replication 

mechanism of oncogenic \iruses. In addition to replication of the viral 

nucleic acid, production of virus-specific proteins must occur. It is well-

established that the biosynthesis of proteins takes place on polysomes. 

Reviews of the recent literature on this field of research have been given 

by Spirin (1968) and Konings (1969). Messenger RNA becomes asso

ciated with ribosomes thus, forming a complex known as polysome. 

Λ viral RNA often represents an outstanding example of a large mes

senger RNA. Therefore, it may be expected that a distinct group of 

large polysomes can be detected in virus-infected cells. This phenomenon 

has earlier been observed in HeLa cells after infection with poliovirus 

(Penman, Scherrer, Becker and Darnell, 1963). 

The aim of this study was to investigate whether virus-specific poly

somes can be detected in mice after infection with an oncogenic virus. 

We chose the Rauscher murine leukemia virus, primarily for practical 

reasons. This RNA-containing virus causes an erythroid leukemia in a 

significantly large group of mice shortly after infection. The animals 

develop enlarged, easily palpable spleens within two weeks (Rauscher, 

1962). Most other murine leukemia viruses require a much longer period 

before any significant sign of manifest leukemia can be observed (Mo

loney, 1962). 

We have investigated the influence of Rauscher virus infection on the 

polysomal profiles and the occurrence of free and membrane-bound poly

somes in the infected spleen as compared to the situation in the normal 

spleen. 
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The above-mentioned experiment ha\e been performed with splenic 
tissues in vivo. There is no doubt that experiments with the intact animal 
offer considerable difficulties from the experimental point of view. It is 
almost impossible to achieve ideal and identical circumstances for the 
different experiments. Too many factors which affect animal behavior, 
(e.g., stress), and which undoubtedly have implications on the biochem
ical level, cannot be adequately controlled at present. In addition, 
when studying the viral proliferation mechanism in the leukemic spleen 
one also has to deal with a process of cellular transformation (Thomson, 
1969). 

It is clear that experiments with a more simple system that lacks these 
disadvantages is preferable to experimental work performed in vivo. 
Cells in tissue culture seem to have the advantages of such a relatively 
simple system. Furthermore, they offer a good opportunity to study the 
changes on the molecular level caused by infection of the cells with a 
virus. 

We have set up such a cell culture and sub«equentlv infected a part 
of the cells with the Rauscher virus. The characteristics of the culture 
are also described in this study. Moreover, we have investigated the virus-
producing capacity of the culture and determined at which moment the 
cells are maximally s\nthesi/ing virus. The results of these experiments 
have been employed to verify whether differences exist between the poly-
somal profiles of Rauscher virus-infected and uninfected tissue culture 
cells. 

12 



CHAPTER 2 

CLASSIFICATION O F T H E ONCOGENIC VIRUSES 

2.1. INTRODUCTION 

In general, viruses are considered as a distinct group of biological 

agents, different from other living organisms. They multiply only in 

living cells, and their nucleic acid is either DNA or RNA. The presence 

of one t\pe of nucleic acid in the virus has been used as the main char

acteristic for virus classification. Classification of all animal and plant 

viruses, including their most important characteristics, has recently been 

given by Fraenkel-Conrat ( 1969 ). In this chapter only the major groups 

of tumor viruses are described, and particular attention is paid to the 

murine leukemia viruses. 

2.2. ONCOGENIC DNA VIRUSES 

The most important oncogenic DNA viruses belong to the groups of 

the adeno-, papova- and poxviruses. It must be stressed that these viruses 

are highly oncogenic in certain animals but generally not in their nat

ural host, where they cause either minor disturbances or benign tumors. 

Adenoviruses (80-90 m// diameter), for instance, are common agents 

in humans ('common cold' virus), monkeys and cattle, but several types 

cause malignant tumors in hamsters and rats ( Huebner, Rowe and Lane, 

1962). 

The name papovaviruses (30-50 m,« diameter) is a collective name 

for the groups of the papilloma virus, which causes a wart-like disease in 

rabbits (Shope, 1933), the polyoma virus, which causes a variety of 

malignancies in mice, rats and hamsters (Stewart, 1960), and the va

cuolating agent SV 40. The SV 40 virus, which is common in monkeys, 

causes a subcutaneous fibrosarcoma in bab\ hamsters (Girardi, Sweet, 

Slotnick and Hilleman, 1962). 

Oncogenic viruses of the poxvirus group (brick-shaped 100 χ 200 χ 300 

m//) are, among others, the rabbit fibroma, the rabbit myxoma and the 

squirrel fibroma viruses (Woodroofe and Fenner, 1965; Fenner, 1965). 

It is supposed that at least part of the viral DNA is integrated into the 

host-cell genome. The mechanism of cellular transformation is not 
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known. The present state of knowledge of the oncogenic DNA viruses 
has been recently reviewed by Habel (1968), Eckhart (1968) and 
Dulbecco (1969). 

2.3. ONCOGENIC RNA VIRUSES 

Contrary to the DNA viruses, the oncogenic RNA viruses cause malig
nant tumors in their natural host. These viruses are more or less 
interrelated as far as their biological and chemical properties are con
cerned, and the name leukoviruses has been proposed for them ( Huebner, 
1968; Fraenkel-Conrat, 1969). They can be subdivided into the groups 
of the avian leukosis-sarcoma viruses, the mouse mammary tumor virus 
and the murine leukemia-sarcoma viruses. 

2.3.1. The avian leukosis-sarcoma viruses 

This group represents a large number of viruses which can cause either 
a sarcoma or a leukemia in birds. Two of the most extensively studied 
viruses in this group are the avian myeloblastosis virus and the Rous 
sarcoma virus. The first causes fulminating myeloblastosis in chickens, 
whereas the second produces sarcomas or endotheliomas in the same 
animals. 

More extensive information is given in the review reports by Beard 
(1968), Dougherty (1968), de-Thé (1968) and Temin (1968)'. 

2.3.2. The mouse mammary tumor virus 

An agent present in the filtrate of mouse milk is able to induce breast 
cancer in mice (Bittner, 1939). This agent appears to be a virus and the 
complex interactions between strain susceptibility, hormonal influences 
and the virus on the development of the mammary tumors has been 
demonstrated (Mühlbock and Boot, 1959; Nandi, 1966). 

2.3.3. The murine leukemia-sarcoma viruses 

Gross was the first to detect the clear relationship between leukemia 
and virus in mice. A cell-free filtrate prepared from leukemic tissues of 
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AK mice and inoculated in newborn C . Î H mice caused a lymphatic 
leukemia after 6 to 9 months ( Gross, 1951 ). Since that time mam 
reports of leukemias induced in mice upon inoculation of cell-free 
extracts have been published. Table 1 gives a surve) of some leukemia 
viruses. More complete reviews have been given b\ Moloney (1962), 
van Gorp (1966) and Rich (1968). 

Table 1 Survey of some murine leukemia-sarcoma viruses 

Virus designation Disease 

Gross (lOSl) lymphatic leukemia 

Graffi (1957) myeloid leukemia 

Friend (1957) erythroid leukemia 

Schoolman-Schwart? (1957) lymphatic leukemia 

Moloney (1959) lymphatic leukemia 

Rauscher (1962) erythroid leukemia 

Harvey (1964) sarcoma 

Rich (1965) lymphatic leukemia 

Moloney (1966) sarcoma 

The various virus strains are identified by the name of the investigator 
who reported their respective isolation. This does not mean that these 
viruses represent specific and distinct strains. Their biochemical compo
sition, morphological structure, dimensions and susceptibility to physico-
chemical influences are basically identical. The Ivmphatic leukemias, 
with predominant involvement of the thymus, induced by the Gross, 
Moloney or Rich viruses are often histologically and clinically indis
tinguishable. This is also true for the er)throid leukemia, which is caused 
by the Rauscher or Friend viruses. 

These last two viruses appear to be antigenically identical in neutrali
zation studies (Steeves and Axelrad, 1967). The antigenic relationship 
between the Gross, Moloney and Rich viruses has not been defimteh 
established (Moloney, 1962; Gross, 1965; Rich, Geldner and Meyers, 
1965). These and other investigators, who employed the complement-
fixation test, the cytotoxicity test or vaccines, were not able to establish 
a clear relationship between the different viruses. For instance, com
plement-fixing antibodies induced by the Rauscher virus are reactive 
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against the Rauscher, Friend and Moloney viruses but not against the 
Gross virus (Hartley, Rowe, Capps and Huebner, 1965). Anti-Rauschcr 
virus vaccine gave protection against Friend virus but not against 
Moloney virus, and anti-Molone\ virus vaccine gave partial protection 
against Friend virus but not against Rauscher virus (Rich, 1968). 

Notwithstanding these differences in immunological behavior, which 
could be caused by the origin of the viruses from different tumors, Gross 
( 1964a; b) suggested that all the viruses represent recoveries of the same 
leukemia virus or its closely related variant strain. Only the agents pre
sent in the Rauscher and Friend viruses which are responsible for the 
involvement of the erythropoietic mechanism are considered as different 
entities. 

Whether or not the Rauscher virus has to be considered a distinct 
agent among the murine leukemia viruses goes beyond the scope of this 
study. However, the conclusion seems to be justified that all these often 
contradictory studies do not provide uniform criteria for a simpler classi
fication of the murine leukemia viruses. 
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CHAPTER 3 

CHARACTERISTICS OF T H E RAUSCHER VIRUS 

3.1. INTRODUCTION 

Rauscher (1962; 1963) transplanted the cells obtained from a lym
phoblastoma (induced by the Schoolman-Schwartz virus in Swiss mice) 
intraperitonealb in weanling Balb/c mice. After several intraperitoneal 
passages of the transplanted cells, a cell-free extract was prepared ( from 
spleen, lymph nodes, brain and thymus) and injected into Balb/c and 
Swiss mice of various ages. Only one Balb/c mouse developed an іп ач е 
and rapidly growing lymphoblastoma at 11 weeks post inoculation. A 
virus preparation was recovered from this tumor and serially passaged 
in newborn Balb/c mice. This resulted in an increase of the potency 
of the preparation, which manifested itself by an increase of the number 
of mice developing the disease (95-100%) and by a decrease of the 
length of the latent period to palpable spleens (10-15 days). Mice of 
different strains appeared to be susceptible to the virus (Rauscher, 1962; 
1963). In these studies Rauscher also reported that antisera prepared 
against the Friend, Moloney or Schoolman-Schwartz viruses did not 
neutralize the Rauscher virus. He therefore considered this virus to be 
distinct from other murine leukemia \ iruses. This, however, is in contra
diction to later reports (Steeves et al. 1967). 

In this chapter the structure, physical and biochemical characteristics 
and biological properties of the virus are described. A survey of the 
recent knowledge of the replication mechanism of the RNA tumor 
viruses is included at the end of the chapter. 

3 2. ELECTRON MICROSCOPIC OBSERVATIONS ON THE 

RAUSCHER VIRUS 

The structure of the Rauscher virus, as investigated by electron mi
croscopy, is described by a number of authors (Zeigel and Rauscher, 
1963; Levy, Boiron, Silvestre and Bernard, 1965; de Harven, 1968). 
All the murine leukemia viruses show an identical morphological pattern 
The particles are spherical, provided they are fixed in an isotonic me
dium. Fixation in a hypertonic medium reveals tail-like structures re-

17 



ï$0^* 

Plate 1. Ultrathin section of a leukemic sfneen induced by the Rauscher virus. 
Viral particles arc present in the cytoplasmic vacuoles, as well as budding from a 
smooth membrane. 

A: a characteristic budding A particle. 
С: С particles, which are most commonly observed in murine leukemia. 
This micrograph was taken by Dr. A. Stadhouders, Department of Electron Micro
scopy, University of Nijmegen. 
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sembling the bacteriophage. The diameter of the virus is 100 m,«, with 

a central nucleoid of 55 m//. 

The external virus coat or envelope has a double membrane structure 

( Plate 1 ). The outer surface is smooth, and no protrusions or spikes as 

described for the mamman tumor virus are visible. Between envelope 

and central nucleoid there is a narrow so-called 'electron-lucent' space 

without any recognizable structure. 

The central nucleoid or core contains the viral nucleoprotein. The 

nucleoid appears to be a regular sphere consisting of two concentric shells. 

The space between the two shells is more electron-dense than the space 

between envelope and nucleoid. The maximum affinity for electron 

stains is located on the inner shell, while the center is less electron-dense. 

These particles with the electron-lucent center are referred to as Λ par

ticles (Plate 1). Particles with an electron-dense center, in which the 

two shells of the nucleoid are almost undetectable and which are by far 

the most frequently observed in murine leukemia, are called С particles 
(Bernhard and Guérin, 1958). It is suggested that the С particle, due 
to its poorly defined structure and the intracytoplasmic presence of only 
naked A particles, is a transformed A particle. However, both probably 
carry biological activity (de Harven, 1968). The В type partit 1c, which 
is only seen in mouse mammary carcinoma, is characterized by an elec
tron-dense eccentric nucleoid. 

Complete virus particles have never been detected either in the nucleus 
or the cytoplasm of infected cells. They are always present in the cyto
plasmic vacuoles or the extracellular spaces. The extracellular localiza
tion is the final result of the virus maturation process. The viruses arise 
along the plasma membranes or the smooth membranes limiting the 
cytoplasmic vacuoles. They become recognizable by a so-called 'budding' 
phenomenon, by which process the virus acquires its outer membrane 
(de Harven, 1968). Thus, the envelope is derived from membranes of 
the host cell. This does not mean that the outer membrane of the virus 
is completely identical with the plasma membranes of the virus-infected 
cells, as fluoresceine-labeled anti-Rauscher serum only stains the viral 
particles and not the membranes of control cells (Pinkel, Yoshida and 
Smith, 1966). 

The envelope consists probably of lipoproteins ( Zeigel and Rauscher, 
1964; Mora and Mc Farland, 1965). Chemical agents such as ether 
and detergents easily remove the lipoprotein coat of the virus, thereby 
exposing the \ irai core. Whether or not the exposed core remains infective 
has been the subject of contradictory reports. For example, the viral 
nucleoprotein is infective after ether treatment (Shibley, Durr, Schid-
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lovsky, Wright and Schmitter. 1967; Shibley, Carleton, Wright, Schid-
lovsky, Monroe and May\asi, 1S)69). On the other hand, no infectivity 
could be demonstrated after treatment of the virus with Tween 80 or 
ether (de Tkaczevski, de Harven and Friend, 1968). Triton X-100 
(0.05-0.1%) changes the nucleoid material to unrecognizable structures, 
accompanied by a total loss of infectivity (Zeigel et al. 1964). This is 
in contradiction to our results, where infectivity remained after treatment 
of the virus with 0 .1% Triton X-100 (see chapter 5) . 

If the naked viral core is infective, one may draw the conclusion that 
the envelope does not plav an important role in virus invasion and that 
it functions, for example, only as protection against enzymatic influences. 
However, according to the results of Shibley et al. (1967), the infectivity 
of the nucleoprotein core is diminished as compared to the complete virus. 
This phenomenon of diminished infectivity may reflect the protective 
effect of the envelope. Further, it may also mean that the envelope plays 
an active role during virus invasion of the cell. Little is known about this 
process. It may be an aspecific phagocytotic process (Barski and Youn, 
1966; Zeigel, Tyndall, O'Connor, Teeter and Allen, 1966). Conclusions 
cannot be drawn at this time, and an understanding of the role of the 
viral envelope in virus penetration of the cell must await further investiga
tion. 

All the cells which may become involved in leukemic transformation 
are able to support virus proliferation. This has been reported for lym-
phoblasts, monoblasts, metamyelocytes and erythroblasts (Feldman and 
Gross, 1964). It should be stressed that the production of murine leuke
mia viruses is observed not only in leukemic cells, but also in non-leukemic 
cells, such as megakaryoevtes and mammary epithelium, as well as in 
the thymus of apparently healthy mice (de Harven and Friend, 1962; 
Feldman et al. 1964). From the latter fact de Harven ( 1968) concluded 
that the appearance of murine leukemia \iruses is to be considered as a 
latent infection in many laboratory mice. The reason why these agents 
become pathogenic and the circumstances under which they are pro
duced in massive amounts in leukemic cells are not known. 

3.3. PHYSICAL AND BIOCHEMICAL CHARACTERISTICS OF THE 
RAUSCHER VIRUS 

It is only possible to perform physical and biochemical experiments 
with the Rauscher virus when sufficient relatively pure material can 
be obtained. High purification of the Rauscher virus from spleen homo-
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gênâtes is ver) difficult. Considerable progress has been made since 
Moloney ( 1962 ) demonstrated that the blood plasma of leukemic mice 
contains a large number of viral particles. These particles can easily be 
obtained after centrifugation in a density gradient, since the virus is con
centrated in a visible band (Duesberg and Robinson, 1966). The virus 
particles have a density of 1.16 g per ml in cesium chloride or potassium 
citrate solution (O'Connor, Rauscher and Zeigel, 1964) or 1.175 g 
per ml in sucrose solution ^Chenaille, Tavitian and Boiron, 1968). 

Together with a sedimentation coefficient of 640 S, a diameter of 
100 m/< the viral particle weight has been estimated to be 2.2 χ IO8 

daltons (Mora, Mc Farland and Lubor«ky, 1966a; b) . 

3 3.1. Nucleic acid 

Mora et al. (1965) demonstrated that the nucleic acid component of 

the Rauscher virus was RNA. No DNA was detectable. This had been 

reported previously for the Moloney and Graffi viruses. Additional proof 

for the presence of RNA was the demonstration that RNA ex

tracted from leukemic tissues which were induced by the Moloney and 

Graffi viruses revealed leukemogenic activity (Moloney, 1963; Bielka, 

Graffi and Yii Yen, 1963 ). The capacity of leukemogenesis of the RNA 

extracts disappeared completely after treatment with RNase. These 

results were not confirmed by reports concerning the infectivity of the 

Rauscher virus RNA. Neither the RNA extracted from purified virions 

nor the ribonucleic acid from Rauscher virus-induced leukemic tissues 

were infective upon injection into mice (Blair and Duesberg, 1968; 

Hays and Alpert, 1966). Since basically the same extraction procedure 

was followed in the above-mentioned cases, no conclusive explanation 

can be given for such apparently contradictory results. 

The Rauscher virus RNA is a single-stranded molecule. This was 

deduced from the observations that the extracted viral RNA revealed 

a gradual melting profile, low hvperchromiritv and a rapid digestion of 

the molecule after treatment with RNase even at relatively high ionic 

strength (Galibert, Bernard, Chenaille and Boiron, 1965; 1966; Mora 

et al. 1966a; Duesberg et al. 1966). 

Centrifugation in a linear sucrose gradient of RNA extracted from 

purified Rauscher virions revealed the presence of two distinct RNA 

classes - a high molecular weight, fast-sedimenting, 70-74 S fraction and 

a light, slow-sedimenting, 4-8 S fraction. The nucleic acid from all the 

known RNA tumor viruses contains light and heavy RNA components 
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( Blair et al. 1968 ). It is not certain whether the 4-8 S fraction represents 
a degraded product derived from the heavy component or whether it 
must be considered as a different molecule. Evidence for the latter view 
may be derived from the difference in base composition between the two 
RNA species, as was demonstrated for the Friend virus (Franker and 
Riebeck, 1968). Supporting evidence for the possible specific function 
of the slow-sedimenting RNA molecule is obtained from other RNA 
tumor viruses. Trávnícck ( 1968 ) reported amino acid acceptor 
activity in the slow-sedimenting 4-8 S fraction of myeloblastosis virus 
RNA. Furthermore, Carnegie, Deeney, Olson and Beaudreau (1969) 
presented evidence that the tRNAs from the virus differed from those 
found in the infected cell. Recenti) Trávnícek and Riman (1970) obser
ved a difference between hsyl tRNAs from leukemic myeloblasts and the 
virus itself. The significance of this finding and the role of viral tRNA 
in virus replication or cell transformation is entirely unknown. 

The fast-sedimenting 'ingle-stranded virus RNA is a large molecule. 
Its molecular weight has been estimated to be about 10-13xl0(i daltons 
(Galibert et al. 1965; Mora et al. 1966a; b ; Duesberg et al. 1966). It 
would be of interest to know whether this RNA Ls one large molecule or 
an aggregate of several subunits. The experiments of Blair et al. ( 1968 ) 
suggest the latter possibility. When the high molecular weight RNA was 
heated to 80° С for 2l/2 minutes or treated with dimeth\Lsulfoxide, 
de-aggregation into 37 S RNA and smaller products occurred. The esti
mated molecular weight of the 37 S component is 3 χ 10" daltons. The 
definite conclusion as to whether the smaller molecules arc pre-existing or 
derived from the 37 S RNA cannot vet be drawn. It seems that the 
nucleic acids of all oncogenic RNA viruses are aggregated in the same 
way, suggesting a close structural relationship (Duesberg and Cardiff, 
1968). 4 ' 

3.3.2. Proteins 

Not much is known about the proteins of the Rauscher and other 
murine leukemia viruses and their possible function. Theoretically, the 
70 S virus RNA contains the information for the synthc-is of peptides 
and proteins with approximately 10.000 amino acids. Few investiga
tions have been performed on the proteins present in the nucleoid of 
the virus or on those present in the envelope. The only experiments 
described have been performed with phenol and sodium dodccyl sulfate-
extracted proteins and the electrophoresis of these proteins in a polyacryl-
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amide gel. Resolution into one, two or three components has been re
ported by various authors (Duesberg et al. 1966; Franker and Gruca, 
1969; McDugald, Panem and Kirsten, 1970). These experiments do 
not allow any conclusion to be drawn concerning the function of the 
proteins. Very recently, however, it has been reported that an RNA-
dependcnt DNA pohmerase is a constituent of the nucleoid of Rauscher 
and other RNA tumor viruses (Baltimore, 1970; Temin and Mizutani, 
1970). The significance of this finding will be discussed in the last 
section of this chapter. 

3.3.3. Lipids 

That lipids must be present in the viral envelope can be concluded 
from the virus maturation process. The envelope is derived from the 
lipid-rich host cell plasma membrane. Further evidence is presented by 
the sensitivity of the virus to ether and detergents, as has been discussed 
above. The virus has a buoyant density of 1.16 g per ml, but after treat
ment with ether or detergents the buoyant density increases to 1.24-
1.28 g per ml, i.e., to the density of the nucleoprotein core (O'Connor, 
Rauscher, de-Thé, Fink and Gerber, 1966; Shibley et al. 1969). Thus, 
material with low density is removed from the virus particles, strongly 
indicating that lipids are present in the virus (Rich, 1968). 

Incorporation studies with radioactive-labeled precursors into phos
pholipids have not been reported for the murine leukemia viruses. This 
has been demonstrated, however, for the avian myeloblastosis virus, 
where 14C-ethanolamine was incorporated into free virions (Baluda and 
Nayak, 1969). 

3.4. THE BIOLOGY OF THE RAUSCHER VIRUS 

In contrast to other lymphatic leukemias, where the most important 
alterations are found in the thymus, after infection with the Rauscher 
or Friend viruses the major changes occur in the spleen. As a result 
of the infection the spleen is enlarged and becomes easily palpable within 
14 days. This figure is true only if a sufficient amount of virus particles 
is injected. Levy, Silvestre, Ledere and Boiron (1966) estimated, by 
electron microscopic investigations together with bio-assays, that 105-
3xl0 6 plasma virus particles are necessary to develop leukemia in 50% 
of one-month old mice within 28 days. Injection of fewer particles re-
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quires a longer period before any sign of leukemia, i.e., spleen enlarge
ment, becomes manifest. The rate of spleen enlargement, as measured 
by an increase in weight within a certain time, can be used as an in
dicator for the amount of virus injected. More injected virus particles 
result in a larger spleen within a defined period. The virus quantitation 
based on this data has been called the spleen-weight method (Rauscher 
and Allen, 1964; Brodsky, Kahn, Ross, Petkov and Braverman, 1967). 

After intraperitoneal inoculation of the animals, the virus disappears 
rapidly from the blood and the spleen. This means that scarcely any 
infectivity can be reco\ered, either from the blood or from a post
mitochondrial spleen homogenate, within the first 4 days after infection 
(Rauscher et al. 1964). It must be stressed that Rauscher employed a 
10,000 g spleen homogenate lacking mitochondria and nuclei as virus 
pool. This fact is important because of the possible intranuclear repli
cation site of the virus, as will be discussed in the last part of this chapter. 
Starting 4 days after the infection, the amount of virus progressively 
increases, reaching a plateau within 14 days (Rauscher et al. 1964). 
The virus titer in the blood and in the spleen reaches higher values when 
more concentrated virus suspensions are administered ^Pienta and 
Groupé, 1967). 

The first histological changes can be observed in the spleen 3-5 days 
after inoculation with the virus (Dunn and Green, 1966; Grundmann 
and Seidel, 1968). There is an increase in the number of megakaryo
cytes and a simultaneous appearance of at\ pical, large basophilic cells 
with a pale nucleus. These cell«, which resemble crythroblasts, are rarely 
found in the spleen of normal mice. With extension of the infection the 
number of both cell types, i.e., megakaryoc\tes and erythroblastic cells, 
increases, and the cells appear in larger quantities in the spleen. The 
proliferation of en thropoietic cells occurs in a colony-like fashion. These 
colonies can be seen as white spots on the surface of the spleen b\ appro
priate fixation (Pluznik and Sachs, 1964). The number of colonies 
which can be observed on the surface approximately one week after in
fection has also been used as a method for virus quantitation (Pluznik 
et al. 1964; Axelrad and Steeves, 1964; Mirand, Steeves, Avila and 
Grace, 1968). This method, the so-called 'spleen-colony' assa\, is useless 
at a later stage after virus inoculation, by which time crythroblasts have 
infiltrated the entire surface area. At that stage the whole spleen turns 
white upon fixation. 

Accumulation of large erythroblastic cells also takes place in the liver 
after approximately 7-10 days, but the erythroblastic proliferation in 
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this organ is far less extreme than in the spleen. Nevertheless, this results 
in liver enlargement during the course of the disease. 

The bone-marrow and lymph nodes may also contain foci of erythro
blastic stimulation. 

The thymus atrophies and is not further involved at this stage of the 
disease. 

Changes in the peripheral blood cells do not occur until approximately 
3 weeks after the infection, when the presence of nucleated red cells can 
be observed in blood smears. 

The growth stimulus on erythropoiesis, which is characteristic for 
the infection with the Rauscher and Friend viruses, can be so pronounced 
that the spleen tissue is replaced bv lakes of blood which may cause splenic 
rupture and the subsequent death of the mouse. This generally occurs 
4-5 weeks after the infection. Mice surviving this initial erythroblastic 
phase are threatened by a recond pha^e ultimately leading to their death 
- lymphatic leukemia. The erythropoietic activity of the spleen decreases, 
and spleen, liver, lymph nodes and thymus are infiltrated with large 
amounts of mononuclear basophilic cells. These lymphoblasts also 
appear in the peripheral blood. The lymph nodes and thymus become 
enlarged, and death generally occurs after 2-3 months (Rauscher, 1962; 
Dunn et al. 1966; Brodsky et al. 1967; Brodsky, Ross, Kahn and Petkov, 
1968). 

These findings were not confirmed by Boiron, Levy, Lasneret, Oppen
heim and Bernard ( 1965 ). When using the same mouse strain they found 
that the thymus was not involved in the second phase of the disease and 
that the most predominant cells present in the bone-marrow, liver and 
spleen appeared to be myeloblastic in origin. An explanation of this 
different finding has not been formulated. 

The occurrence of the peculiar dual-phase disease after Rauscher 
virus inoculation has provoked the suggestion that two viruses may be 
involved. One virus may be responsible for the erythropoietic phase, while 
the other may cause the lymphatic leukemia As has been mentioned 
above, Gross ( 1966 ) considered the agent responsible for the lymphatic 
leukemia to be the same as all the known murine leukemia viruses. For 
this virus group he suggested the name 'Leukemia virus type A' (Gross, 
1964a; b) . Only the agent which causes the erythroblastic pha«e is con
sidered to be a distinct entity. If this is so it might be possible to eliminate 
the phase of the lymphatic leukemia with an antiserum against the Gross 
virus. Such potential results have not yet been reported. 
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3 5 REPLICATION MECHANISM OF THE RNA TUMOR VIRUSES 

It seems reasonable to assume that one of the most important steps 
in the replication of the RN \ viruses is the formation of new viral RNA. 
This mechanism has been successfully studied for many RNA viruses, 
for instance, poliovirus (a member of the picorna virus group). The 
poliovirus RNA (plus strand) is copied by an RNA-dependent RNA 
pohmerase to form a complementary strand (minus strand) in the 
cytoplasm of infected cells. On this double-stranded RNA complex (the 
replicative form) a new viral plus strand is synthesized while the older 
plus strand is released, thus forming a double-stranded molecule with a 
partially released single-stranded poliovirus RNA (the replicative inter
mediate). Study of the picorna viruses has become relatively simple 
because of the possibility of cutting off the host cell RNA synthesis with 
actinomycin D without affecting the viral RNA production. This means 
that the poliovirus (and other picorna viruses) replicates independenth 
of nuclear DNA ( Simon, 1961 ; Reich, Franklin, Shatkin and Tatum, 
1961; Reich, Franklin, Shatkin and Tatum, 1962; Baltimore, Becker 
and Darnell, 1964; Baltimore, Eggers, Franklin and Tamm, 1963; 
Girard, 1969; Bishop and Koch, 1%9; Tershak, 1969). 

The results obtained from studies with all the RNA tumor \ iruses are 
in contrast to these findings. Tremendous difficulties arise when dealing 
with these oncogenic viruses. Interference with host cell RNA synthesis 
has its immediate repercussion on the virus production. Low concen
tration of actinomycin D stops the proliferation of Rous sarcoma virus 
in vitro (Temin, 1963; 1964a, b) . The experiments of Temin indicate 
that actinomycin D interferes with the production of viral nucleic acid. 
Bader's (1970) experiments also suggest this possibility. Further, in
hibition of DNA synthesis with amethopterin influences virus multi
plication only when introduced shortly after the infection. These findings 
and the fact that Rous sarcoma virus RNA hybridizes more efficicnth 
with DNA from infected cells than with DNA from uninfected cells 
has led Temin to postulate that a newly-formed virus-specific DNA 
serves as template for viral RNA production. This DNA has been termed 
the provirus. The hybridization experiments of Temin are recently 
confirmed by Baluda and Nayak (1970). A similar model has been 
proposed by Bader (1964; 1965). Furthermore, Bader's experiments 
revealed that inhibitors of DNA synthesis, such as c\tosine arabinoside, 
only inhibit viral proliferation when administered during the first 12 
hours after infection. The inhibitors were ineffective when administered 
after one cell division vTemin, 1967). These experiments, together 
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with those performed with actinomycin D, suggest that a transitory 
DNA synthesis and cell division is required to establish virus infection, 
and a continuous transcription of DNA is necessary to sustain virus pro
liferation (Bader, 1966a; b ; Temin, 1967). 

Duesberg and Vogt ( 1969 ) demonstrated that a new cycle of DNA 
synthesis is necessary to establish virus proliferation, when cells which 
produce the Rous sarcoma virus become superinfected with an avian 
leukosis virus. This means that a specific DNA-dependent step exists 
for each RNA tumor virus. 

Similar results have been reported with some of the murine leukemia 
viruses. The growth of the Rauscher and Friend viruses in tissue cultures 
is dramatically inhibited by actinomycin D (Duesberg and Robinson, 
1967; Bases and King, 1967; Yoshikura, 1968). Inhibitors of DNA 
synthesis can only prevent leukemia virus proliferation when introduced 
shortly after infection (Yoshikura, 1968). Moreover, cellular transfor
mation with murine sarcoma viruses requires DNA synthesis after virus 
inoculation (Nakata and Bader, 1968; Buck and Bather, 1969). 

Further evidence of the influence of the oncogenic RNA viruses on 
DNA metabolism has been provided by Kara ( 1968 ), who reported an 
increase in 3H-thymidine uptake into DNA after infection with Rous 
sarcoma viru:es as compared to uninfected cells. Even stronger support 
for this view has been presented by Macieira-Coelho, Hiu and Garcia-
Giralt ( 1969 ). They demonstrated that a stimulation of DNA synthesis 
occurred when resting-stage cultures were treated with Rous sarcoma 
virus suspensions. Likewise, these studies suggest that synthesis of some 
cellular DNA is necessary for virus proliferation, apart from the pro
duction of a presumable virus-directed DNA template. In the latter case, 
the virus-specific DNA is made on and is complementary to the viral 
RNA molecule. If this is true, one has to make the assumption that there 
should be an enzyme that could transcribe RNA into DNA, namely, an 
RNA-dependent DNA polymerase. Very recently, the presence of such 
an enzyme has been demonstrated in virions of RNA tumor viruses 
(Temin et al, 1970; Baltimore, 1970). Moreover, Murray and Temin 
(1970) suggested that the virus-specific DNA production occurred in
dependently of cellular DNA synthesis. It is possible that the provirus 
DNA is incorporated into cellular DNA during the period of cellular 
DNA synthesis. Such a possibility could explain the requirement of 
cellular DNA synthesis and the action of actinomycin D on RNA tumor 
virus proliferation. 

It is questionable whether the synthesis of virus-specific DNA is always 
necessary for the immediate initiation of RNx-\ tumor virus multiplication. 
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Experiments of Harcl, Hard and Huppert (1967) suggest that some 
virus-specific DNA pre-exists in the cell, as the high molecular weight 
Rauscher virus RNA anneals with DNA from normal mouse liver or 
mouse ascites tumor cells. Relatively high concentrations of cellular RNA 
do not markedly decrease the hybridization yields, suggesting that specific 
base sequences are involved in the viral RNA-cellular DNA hybridization. 
Investigations of Wilson and Bauer (J967) demonstrated, in contra
diction to results of Temin (1964b) and Baluda et al. (1970), that 
viral RNA hybridizes equally well with DNA from infected and un
infected cells. Furthermore, Yoshikawa-Fukada and Ebert ( 1969 ) 
reported that RNA from Rous sarcoma virus anneals to approximately 
the same extent with DNA from infected, uninfected and a variety of 
normal animal and plant cells. Their experiments also indicate that the 
part(s) of the Rous sarcoma virus RNA which hybridized with the 
different DNAs have a similar base composition, suggesting that base 
sequences complementary to viral RNA are present in the DNA mole
cules of many cells. 

The above-mentioned experiments arc in agreement with the hypo
thesis recently proposed by Bentvelzen and Daams ( 1969 ) and Huebner 
and Todaro (1959). The former authors suggested that the mammarv 
tumor virus is transmitted through the sperm and the egg as a genetic 
factor in certain mouse strains. On the basis of genetic data, they 
postulated the hypothesis that a DNA copy of the whole virus is present 
in one of the chromosomes, which under certain circumstances can be 
transcribed, thus resulting in a viral RNA molecule. Huebner et al. 
(1969) have extended this hypothesis, and they suggest that the cells of 
most, or perhaps even all, vertebrate species contain information of a 
repressed viral genome, which is transmitted from parent to offspring. 
Important for this theory are the following findings : C-type RNA 
viruses have been detected in many animals, even healthy ones (de 
Harven, 1964). Secondly, spontaneous release of С particles in mouse 
embryo cells was observed after several months of culturing and after 
many transfers at high cell densities (Aaronson, Hartley and Todaro, 
1969). The cells lost contact inhibition and became neoplastic. The^e 
experiments led to the conclusion that at least a part of the viral ge
nome must be endogenously present in normal mouse embryo cells 
Apparently, it is present as a repressed molecule, and under certain cir
cumstances, such as radiation, exposure to chemical agents and natural 
aging process, derepression may occur, thus exposing the viral genome, 
and transcription may take place. Sometimes the endogenous viral ge
nome may only be transcribed partially, for instance, only that part of 
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the genome which is responsible for the transformation of the cell into 
a tumor cell. This leads to a situation characterized by neoplastic cell 
proliferation without demonstrable virus production, and this may be 
the situation which is observed in humans. In the latter case, however, 
one has to make the assumption that the viral genome which is involved 
in cancer development is preferentially derepressed and/or fully ex
pressed in comparison with the genome necessary for virus multiplication. 

The covert viral genome of the host cell may be transmitted from 
parent to offspring as a number of replicate RNA molecules - double 
stranded RNA has been extracted from infected and uninfected cells 
(Montagnier, 1968; Colby and Duesberg, 1969) - or as a part of the 
host genetic material located on the chromosomes. 

The repressor theory comprises some interesting aspects which offer 
explanations for various facts concerning cancer, but further investi
gations have to be performed in order to prove the viability of the hypo
thesis. 

Recently, further progress has been made concerning the replication 
of the nucleic acid of RNA tumor viruses. Whereas Lin and Rich 
( 1968 ) reported the increase of a splenic, intranuclear DNA-dependent 
RNA polymerase after infection with the Friend virus, Watson and 
Beaudreau ( 1969 ) reported the appearance of an RNA-dependent 
RNA polymerase in virus-infected myeloblasts. The enzyme revealed 
the highest activity when RNA from avian myeloblastosis virus was 
employed as template. This experiment supports the view that RNA 
tumor viruses are replicated in a manner similar to certain RNA viruses 
(e.g., poliovirus). Further supporting evidence has been provided by 
Biswal and Benyesh-Melnick ( 1969 ). These authors reported the specific 
annealing of murine sarcoma-leukemia virus RNA with nuclear RNA 
from transformed rat cells (78 A l ) . A nuclear single-stranded 31-36 S 
RNA complementary to viral RNA could be detected, as well as 18-22 S 
RNA, which mainly existed in a double-stranded form. The latter mole
cule might represent the replicative form of the murine leukemia-sarcoma 
virus. The hybridization products have not been characterized as yet. 

ADDENDUM 

The knowledge concerning replication and transformation by RNA 
tumor viruses has progressed rapidly during the last few months. 

Spiegelman, Burny, Das, Ke)dar, Schlom, Trávnícek and Watson 
(1970a) have extended the findings of Baltimore (1970) and Temin 
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et al. (1970). They confirmed the presence of an RNA-dependent DNA 
polymerase in the virions of 7 RNA tumor viruses. The product of the 
polymerase reaction appears to be an DNA heteropolymer that is 
complementary to the viral RNA. The RNA-DNA complex is the 
natural product of this reaction (Rokutanda, Rokutanda, Green, Fuji-
naga, Ray and Gurgo, 1970). Furthermore, the last authors demon
strated that relatively small DNA molecules (7S) are synthesized on the 
70S viral RNA template. Small DNA molecules (4S) appear also to be 
present in the virion, in addition to DNA that cosediments with the high 
molecular weight viral RNA (Levinson, Bishop, Quintrell and Jackson, 
1970). 

Besides the RNA-directed polymerase, Spiegelman, Burny, Das, 
Keydar, Schlom, Trávnícek and Watson (1970b) detected an DNA-
dependent DNA polymerase in the virions of б oncogenic RNA viruses. 
Whereas the early products of the RNA-dependent DNA polymerase 
are hybridizable, the late DNA components are not complementary to 
viral RNA. These experiments suggest that viral RNA finally mediates 
the formation of a duplex DNA by 2 distinct enzyme activities. The 
double-stranded virus-specific DNA may become integrated in the host 
genome and may be responsible for the state of stable transformation that 
is caused by these viruses. 
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CHAPTER 4 

MATERIALS AND METHODS FOR THE ISOLATION OF 
POLYSOMES FROM NORMAL AND RAUSCHER 
VIRUS-INFECTED SPLEENS 

4.1. INTRODUCTION 

Many methods have been described to isolate polysomes from a 
variety of ti.ssues. Bloemendal, Bont, de Vries and Benedetti (1967), 
employing a postmitochondrial rat-liver supernatant fraction, applied 
this material onto a discontinuous gradient consisting of a 2.0 M and a 
1.5 M-sucrose layer. After centrifugation a separation was obtained 
between the membrane-bound and free polysomes. The membrane-bound 
polysomes were located on the 2.0 M-sucrose layer, and the free poly
somes were sedimented to the bottom of the tube. Similar methods have 
been described by Wettstein, Staehelin and Noll (1963), Bloemendal, 
Bont and Benedetti (1964), Munro, Jackson and Korner (1964), and 
Webb, Blobel and Potter (1964). In the method described by Talal 
and Dubois-Exum (1966), the microsomal fraction from the spleen was 
layered on top of a linear sucrose gradient with a 6 8 % (w/v) sucrose 
'cushion', and after relatively short centrifugation the membrane-bound 
polysomes were sedimented on the 'cushion', while the free polysomes 
remained higher in the gradient. 

Neither method can be used when a quantitive comparison is to be 
made between the amount of polysomes from normal and leukemic 
spleens, as will be discussed in the next chapter. For this reason a slightly 
modified procedure combining both methods was developed. 

In this chapter the materials and methods used for the isolation of 
polysomes will be described. 

4.2. VIRUS 

The Rauscher virus was a kind gift from Dr. V. Swaen ( Department 
of Pathology, University of Amsterdam). Virus stocks were prepared 
from leukemic spleens. The spleens were removed from the animal and 
immediately placed in 10 ml of ice-cold medium A (0.05 M-tris HCl, 
0.005 M-MgCla, 0.07 M-KCl, pH 7.6) per g of spleen. The spleens were 
homogenized by 5 strokes of a motor-driven Teflon-glass homogenizer 
(2,000 rev./min.), and the homogenate was centrifuged at 19,000 gav. 
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for 10 min at 0° С in a Servali RC2-B preparative centrifuge. The 
supernatant fraction containing the viral particles was frozen at —76° C. 

4.3. MICE 

Random-bred Swiss mice were used in these investigations. The 
animals were kept on a standard laboratory diet and supplied with food 
and water ad libitum. 

Mice were injected intraperitoneally with 0.1 ml of the stock virus 
suspension 3-10 days after birth. The mice were killed by decapitation 
at an appropriate time after infection, generally 14-20 days after virus 
inoculation, when their spleens weighed approximately 600 mg. In order 
to compare leukemic spleen with normal spleen, infected and non-infected 
mice of the same age were used in some experiments. 

4.4. RNASE INHIBITION 

Spleens of normal mice have a high RNase content. The action of 
spleen RNase is inhibited by rat-liver supernatant (Northup, Hammond 
and la Via, 1967). For this reason rat-liver supernatant was used in all 
our experiments. Wistar rats, 2-3 months old, were starved overnight, and 
the livers were removed the next day. The livers were placed in 1 ml of 
ice-cold 0.25 M-sucrose solution in medium A (to which 0.001 M-DTT 
was added) per g of liver tissue. The tissue was homogenized as described 
above, and the postmitochondrial homogenate was centrifuged at 
151,000 ga,. in a Spinco Ti 50 rotor at 4° С for 2 h. The final supemate 
was frozen at —20° G and used as a source of the RNase inhibitor 
(Blobel and Potter, 1966). 

Rat-liver RNase inhibitor was a generous gift of Dr A. Gribnau *, 
from our laboratory. It was a partly purified preparation obtained after 
chromatography on DEAE-Sephadex (Gribnau, Schoenmakers and 
Bloemendal, 1969 ). The concentration used was 5 mg per ml. 

To remove possible traces of RNase, the solutions employed in these 
investigations were treated with 0.1 <# (w/v) diethyl pyrocarbonate 
(Fedorscák, Natarajan and Ehrenberg, 1969). 

* Present address: Department of Anatomy and Embryology, University of 
Nijmegen. 
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4 5. INTECTIVITY ASSAYS 

For the infectnity assa\s polysomes from normal and leukemic spleens 
were isolated from a 19,000 g.,,. supernate according to the method of 
Bloemendal et al. ( 1967). The fraction was layered on top of a disconti
nuous gradient and centrifuged at 54,500 ga,. in a Spinco 30 rotor for 
16 h at 4° С 

In another series of experiments polysomes from leukemic spleen were 
isolated in the presence of the detergent Tnton X-100. The 19,000 gav. 
supernate was treated with this detergent [0.1% (w/v)] while stirring 
on a magnetic stirrer for 40 min at 4° C. The supernatant fraction was 
then layered on top of the discontinuous gradient, and polysomes were 
isolated as described. 

Where indicated polysomes were treated with 500 /ig RNase per 
ml for one night at 4° C. 

In these experiments, except where normal spleens were employed, 
400 ,Mg of free polysomes (i.e., not bound to membranes) from the 
pellets of the discontinuous gradients were injected into newly-born Swiss 
mice. The mice which survived were killed after 80 days and their spleens 
weighed. Spleens of mice which died before this period were weighed 
as soon as possible after death of the animal. 

In one case, Rauscher virus isolated from 2 ml of leukemic plasma by 
centrifugation at 78,500 ga,. for 1 h at 4° С in the Spinco 30 rotor was 
added to 1.4 g normal spleen. Polysomes were prepared as described and 
subsequently injected into newly-born Swiss mice. 

To check the influence of Triton X-100 on the virus, Rauscher virus 
from 10 ml of plasma was sedimented and resuspended in 2 ml of me
dium Л. One ml of the virus suspension was treated with 0.19f (w/v) 
Triton X-100 as described above, and, subsequently, 0.1 ml was injected 
into newly-born Swiss mice. As a control, mice of the same age were 
injected with 0.1 ml of the original non-treated virus suspension. 

4 6 ISOLATION OF POLYRIBOSOMES 

Unless otherwise indicated, leukemic spleens were removed from the 
mice approximately 14 days after infection. Non-infected mice of the 
same age were used for comparison 

The modified procedure for the isolation of free and membrane-bound 
polysomes is presented in Fig. 1. The spleens were homogenized by 5 
strokes of a motor-driven Teflon-glass homogenizer (2,000 rev./min) 
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Fig. 1. Fractionation scheme of a spleen homogenate. 

Spleen homogenate 

I 

Pellet (nuclei) PI 

3 min, 1,250 geT., 0 o C 

1 
Supernatant fraction 1 

ι 
Pellet (mitochondria) P2 
(Plate 2) 

10 min, 7,000 ga„ , 0° С 

Supernatant fraction 2 

20 h, discontinuous gradient, 
94,000 gav., 0° С (Figs. 2 and З1 

1 

Pellet (polysomes) P3 
1 — 

2.0 M-sucrose layer 

V/c h, continuous gradient, (polysomes + ribosomes) 

94,000 gav., 0° С (Fig. 5) 

Interface fraction, band 1 (Plate 3a) 

1 ¡/i h, continuous gradient. 
94,000 ga%., 0° С (Fig. 4) 

Polysome profile 
(Plate 4) 

1 
Membranous fraction, 
band 2 (Plate 3b) 

Ribosomal fraction, 
band 3 (Plate 3c) 



The 7,000 gm. supernate was used for the isolation of the polysomes. 

Samples of 18 ml were layered on top of a discontinuous gradient con

sisting of 10 ml of 2.0 M-sucrose and 10 ml of 1.0 M-sucrose in me

dium Λ. These gradients were centrifuged at 94,000 gav. for 20 h at 0° С 
in the SW 27 swinging bucket rotor of the Spinco L-2 preparative ultra-
centrifuge. Fractions of 15 drops were collected by puncturing the bottom 
of the tube; 100 //1 of each fraction was diluted to 1 ml and the extinction 
measured at 260 and 280 nm in a Zeiss spectrofotometer ( P M Q I I ) . 

The interface fractions ( Fig. 1, band 1 ) were pooled and diluted to 
a sucrose concentration lower than 10'yf (w/v). Five ml of this diluted 
fraction, with or without the addition of 0.5% (w/v) sodium deoxy-
cholate, were layered on top of a sucrose density gradient which con
sisted of a linear gradient (31 ml) of 10-34% (w/v) sucrose on top of 
a 3 ml 6 8 % (w/v) sucrose 'cushion'. All sucrose solutions were prepared 
in medium A. The gradient was centrifuged at 94,000 ga,. for 90 min 
at 0° G in a SW 27 rotor. After centrifugation the gradient was collected 
by using a density gradient fractionator, and the extinction was auto
matically monitored at 254 nm (Servogor, Potentiometrie recorder 
RE 514, attached to a LKB Uvicord optical unit, type 4701 A). 

The material sedimenting on the sucrose 'cushion' ( Fig. 1, band 2 ), as 
well as the slower sedimenting material present in the sucrose gradient 
(band 3), were separately pooled and their extinction measured at 260 
and 280 nm. When sodium deoxycholate was employed, extra RNase 
inhibitor (5 mg/ml) was added to the interface fraction. 

4.7. SUCROSE DENSITY GRADIENT ANALYSIS 

Pellets from the discontinuous gradient ( Fig. 1, P3 ) were resuspended 
in medium A containing RNase inhibitor (5 mg/ml). The resuspended 
material was layered on top of a sucrose density gradient consisting of 
a 5 ml 6 8 % (w/v) sucrose 'cushion' and a linear gradient (31 ml) of 
10-34% (w/v) sucrose on top. All sucrose solutions were prepared in 
medium A. The gradient was centrifuged at 94,000 g a w for 90 min at 
0° С in a Spinco SW 27 rotor and automatically monitored at 254 nm. 

4.8. IN VIVO LABELING EXPERIMENTS 

Leukemic mice were injected intrapcritoneally 12 days after infection 
with 5 //Ci 1 4 C protein hydrolysate (52 mCi/mg atom of C) and killed 
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after 5 min. Homogenization and fractionation of the spleens were 
performed as described above. In order to obtain a polysomal profile, the 
pellets from the discontinuous gradients were processed as described 
in the preceding section. Fractions of 30 drops were collected by punc
turing the bottom of the tube, and the extinction was measured at 260 nm. 

For determination of radioactivity, each fraction was precipitated 
with ice-cold 5c/( (w/v)TCA after addition of 0.2 mg bovine serum 
albumine. The fractions were kept overnight at 4° С and subsequently 
heated for 30 min at 90° C. After cooling, the precipitates were collected 
on 0.45 ,ιι Millipore filters and washed 8 times with approximately 10 ml 
of 5 % (w/v) ТСЛ. The filters were dried, mixed with 10 ml of liquid 
scintillation fluid, and the radioactivity was counted in a Packard Tri-
carb liquid scintillation spectrometer (Model 4322). The scintillator 
fluid was composed of 0.3% (w/v) PPO and 0.02% (w/v) dimethyl-
POPOP in toluene. 

4.9. ELECTRON MICROSCOPIC INVESTIGATIONS 

The applicability of the methods described by Bloemendal et al. 
(1967) and Talal et al. (1966) for separating free and membrane-bound 
polysomes from leukemic spleen was investigated with the electron mi
croscope by Prof. E. L. Benedetti (Institut de Biologie Moléculaire, La 
Faculté des Sciences de Paris). 

Л drop from the fractions of the sucrose density gradients was placed 
on a grid covered with carbon film. This drop was almost completely 
removed with a piece of filter paper. The grid was thoroughly washed 
with lc/c (w/v) hydrated uranyl acetate and then left to dry. 

The modified procedure, developed for the complete separation of 
membrane-bound and free polysomes from leukemic spleen, as described 
in a preceding part of this chapter, was checked with the electron mi
croscope by Dr. A. L. H. Stols (Department of Klectron Microscopy, 
University of Nijmegen). The interface fractions from the discontinuous 
gradient ( Fig. 1, band 1 ) and the bands 2 and 3 from the linear gra
dient were diluted with medium A to obtain a lower sucrose concen
tration and were centrifuged at 78,000 gav.. for 11 h at 4° С in a Spinco 
30 rotor. Pellets were fixed 1 h in 3 % (w/v) glutaraldehydc solution 
in 0.1 M-Na-K-phosphate buffer, pH 7.4, at 0° С The pellets were 
washed twice with a solution of 0.2 M-sucrose in the same phosphate 
buffer and were subsequently post-fixed in a solution containing 2% 
(w/v) OSO4, 0.05 M-sodium acetate and 0.05 M-sodium cacodylate, 
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pH 7.4. After 2 washes with the acetate cacodylate buffer at 0° С and 
dehydration in ethanol, the material was embedded in Epon 812. Sec
tions 400-600 Â thick were cut and stained with uranyl acetate and with 
Reynolds' lead citrate (Reynolds, 1963). 

Pellets from the discontinuous gradient were resuspended and centri-
fuged on a continuous gradient with a sucrose 'cushion'. A drop from 
the fractions which were located on the sucrose 'cushion' was placed 
on a grid covered with a carbon film, processed as described above, and 
directly investigated with the electron microscope. 

The micrographs were taken in a Philips EM 300 microscope, operated 
at 60 kV, using a cooling device. 

4.10. DETERMINATION OF DNA, RNA AND PROTEIN CONTENT 

The DNA content was determined in the 1,250 ga,. pellet, while the 
RNA content was determined in the 1,250 gav. and the 7,000 gav. pellets 
(Fig. 1, PI and P2). The pellets were resuspended in 3 ml of medium A 
and precipitated with the same volume of ice-cold 1.0 M-PCA, washed 
3 times and hydrolysed in 0.5 M-PCA at 70° С for 30 min. The super
natant fractions were cleared by centrifugation at 4,500 rev./min for 
10 min at 0° С in a Christ junior centrifuge and used for the deter
mination of DNA and RNA content. The pellet which originated from 
PI was hydrolysed a second time, and again the DNA content was deter
mined in the supernate. Both DNA values were added in order to get 
the figures for total DNA content. The 7,000 g a w pellet (P2) was hydro
lysed only once. The DNA content of the supernatant fractions was 
determined by the diphenylamine reaction as described by Burton 
( 1956). Calf-thymus DNA was used as standard. The RNA content was 
determined by the orcinol reaction (Ceriotti, 1955), using yeast RNA 
as standard. 

RNA and protein contents of the polysomes were calculated from their 
extinction coefficients at 260 and 280 nm (Warburg and Christian, 
1941). 

4.11. MATERIALS 

A survey of the materials used in these investigations is given on 
page 65. 
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CHAPTER 5 

FREE AND MEMBRANE-BOUND POLYSOMES IN NORMAL 
AND RAUSCHER VIRUS-INFECTED SPLEEN CELLS 

5 1 INTRODUCTION 

It is known that RNA is the genetic material in the murine leukemia 
viruses. As these viruses are able to transform susceptible host-cells, it is 
interesting to investigate their effect on DNA, RNA and protein meta
bolism. Only a few reports dealing with these investigations have been 
published. Rich, Geldner, Johns, Kalocskv, Meyers, Rothstein, Siegler 
and Gershon-Cohen (1963) demonstrated an increase in RNA content 
per unit weight of leukemic spleen when compared to normal spleen. 
while others found an enhanced RNA-DNA ratio in leukemic tissues 
(Kravetz de Srulves, Holmberg, Pavlovsky and Raba«a, 1966). RNA 
and protein synthesis are increased after virus infection (Silber, Gold 
stein, Berman, Decter and Friend, 1967; Budillon, Barnabel, Coltorti. 
Papa and Quagliariello, 1964). The latter data may be explained b\ 
assuming that cell transformation and proliferation are responsible for 
the increased rate in RNA and protein svnthesis. On the other hand 

virus progeny requires RNA replication and the production of virus-
specific proteins. 

For poliovirus it is known that viral RNA serves as a messenger RNA 
in order to produce virus-spectfic proteins (Summers, Maize' and Dar
nell, 1967). The length of the -virus messenger determines the length 
of the polysomes. The Rauscher virus RNA is a large molecule with a 
sedimentation coefficient of 70S or possibly 37S. If «-uch a large RNA. 
or at least a part of it, serves as messenger, one ma\ expect the formation 
of large polysomes. To test whether spleens of Rauscher virus-infected 
mice do contain polysomes carrving the virus information of cell transfor
mation, infectivitv assays were performed These experiments were under
taken in cooperation with Drs W. Bont, J. Calafat and Ph. Hageman 
of the Netherlands Cancer Institute, Amsterdam. 

The results of these investigations, including the examination of the 
occurrence of free and membrane-bound polvsomes and the characteristic 
differences in polysomes isolated from normal and Rauscher virus-in
fected spleens, are described in this chapter. 

38 



5.2. VIRUS GROWTH CURVE 

All Swiss mice tested responded to the injection with Rauscher virus 
and developed palpable spleens within 2 weeks. Spleen enlargement was 
noticeable after approximately 5 days, but became strikingly evident 
during the second week after infection. The relation between virus 
quantity and spleen weight had previously been established in Balb/c 
mice (Rauscher et al. 1964; Brodsky et al. 1967). It appears that in
jection of more virus particles results in a larger spleen within a defined 
period. Table 2 shows the increase in spleen weight during the first 
2 weeks after infection with our stock virus preparation. The aim of this 
experiment was to have a criterion for infection which could easily be 
detected at an early stage. 

Table 2. Increase in spleen weight after infection of 3-day old Swiss mice with 
Rauscher virus compared to normal spleen. 

The values are the average spleen weight for the numbers of animals 
in parentheses. 

Age (days) 

4 
6 
8 

11 
15* 

Weight of 
Infected 

14 (232) 
30 ( 43) 
51 (119) 

186 ( 36) 
564 ( 9) 

spleens (mg) 
Normal 

14 (242) 
22 ( 42) 
29 (349) 
30 (180) 
32 (136) 

* In this case 1-day old mice were infected. 

5.3. INFECTIVITY ASSAYS 

Polysomes from leukemic spleen were isolated according to the method 
of Bloemendal et al. (1967). The polysomes from the pellet of the dis
continuous gradient were injected into newly-born Swiss mice. Injection 
of 400 fig of free polysomes (i.e., not bound to membranes) led to the 
development of leukemia, which manifested itself by an enlarged spleen, 
in almost all the mice (Tabic 3) . Treatment of the polysomes with 
500 fig RNase per ml overnight at 4° С did not affect this result, 
suggesting that RNase-resistent material was present in the polysome 
preparation. Similar incubation conditions with RNase resulted in a 
total breakdown of the polysomes in slow-sedimenting material, as could 

39 



be demonstrated in the analytical ultracentrifuge. It is reasonable to 

assume that the apparent infectivit\ of the polysomes is caused by 

virus contamination, since the virus is resistent to the action of RNase 

(Shibley et al. 1967). Contamination of the poh somes with viral par

ticles, however, is difficult to understand. The poh somes sediment 

through a 2.0 M-sucrose layer having a density of 1.26 g per ml, whereas 

the virus has a buoyant density of 1.17 g per ml (Chenaille et al. 1968) 

and should not penetrate the 2.0 M-sucrose layer. To establish whether 

polysomes isolated from infected spleens were infective merely by con

tamination with viral particles , the following experiment was performed. 

Polysomal pellets, obtained by ccntrifugation through a discontinuous 

gradient of a mixture of a normal spleen homogenate with purified 

Rauscher virus, were injected into Swiss mice. Λ11 of the 7 treated ani

mals developed leukemia. This experiment provides strong evidence that 

intact virus contaminates the polysome pellet. 

Zeigel et al. (1964) demonstrated that Triton X-100 destroyed the 

Rauscher virus, resulting in a complete loss of infectivity. The detergent 

does not damage the polysomes (Borun, Scharff and Robbins, 1967). 

Therefore, poh somes were isolated in the presence of Triton X-100 and 

injected into mice. This brought about a decrease of polysomal infectivity, 

and, after treatment of these polysomes with RNase, a further loss of 

infectivity was observed (Table 3) . 

These experiments may indicate that the polysomes are able to induce 

leukemia and, thus, that they contain virus-specific information. Another 

possibility is that in our hands Triton X-100 does not solubilize the virus 

but only removes its envelope while releasing the viral core. This possibility 

was investigated by treatment of the virus with the detergent followed bv 

injection into mice. The procedure resulted in a considerable loss of 

infectivity, but the preparation was still infective (Table 3) . It has been 

reported that the viral core is infective. Moreover, it has a buoyant 

density of 1.24-1.28 g per ml (Shibley et al. 1967; O'Connor et al. 1966; 

Shibley et al. 1969). In this form, due to its higher buoyant density, the 

viral core may penetrate the 2.0 M-sucrose layer and may be responsible 

for the infectivity of the polysomes isolated in the presence of Triton 

X-100. However, these nucleoids, which may contaminate the poly

somes, are sensitive to the action of RNase (Shibley et al. 1967). From 

Table 3 it can be seen that some infectivity remained after treatment of 

these polysomes with RNase. The mice injected with the poh some pre

paration revealed spleens of 219 mg; a spleen weight more than 150 mg 

is considered to be positive for leukemia (Levy et al. 1966). Λ similar 

phenomenon was observed when the virus was treated with the detergent 
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Table 3. Infectivity assays performed with 400 μg leukemic polysomes and Rauscher virus. 

Material 

Polysomes 
Polysomes + RXasc 

Polysomes + Triton X-100 
Polysomes + Triton X-100 + RNase 

Rauscher virus 
Rauscher virus + Triton X-100 
Rauscher virus + Triton X-100 + RNase 

Numbers of mice 
injected 

28 
26 

26 
37 

14 
27 
18 

Numbers of 
with leuke 

26 
25 

13 
17 

12 
17 
3 

mice 
mia spleen 

Average 
weight (mg) 

1250 
1050 

471 
219 

1305 
438 
210 

Polysomes were isolated according to the method of Bloemendal et al. (1967) with or without the presence of Triton X-100. In the 
former case, homogenates were stirred on a magnetic stirrer with 0.1% (w/v) Triton X-100 for 40 min at 4° C, and polysomes were 
prepared as described. Rauscher virus was isolated from leukemic plasma by centrifugation and treated with Triton X-100 as described 
above. Enzyme treatment was with 500 μg RNase per ml for a single night at 4° C. Infectivity assays were carried out either with 
400 μg of polysomes or 0.1 ml Rauscher virus suspension. Spleens were weighed 80 days after infection. Spleens from mice who died 
before this period were weighed as soon as possible after death. 

* Only spleens weighing more than 150 mg were included in this data. 



and RN ase (Table 3) . This experiment suggested that some viral 
particles remained intact even after treatment with Triton X-100. The 
latter observation was confirmed by electron microscopy. 

Neither the use of a SW 25 swinging bucket rotor instead of a fixed 
angle rotor nor a reduction of the centrifugation time from 16 to 6 h 
resulted in a decrease of polysomal infectivit) after treatment with RNase, 
suggesting that intact virus still contaminated the polysome pellets. 

Therefore, we conclude that polysomes isolated from leukemic spleen 
are consistently contaminated with the virus responsible for the infectivity 
of these polysomes. 

5 4. RNASF INHIBITION 

Intact polysomes cannot be isolated from normal spleen without the 
use of a potent RNase inhibitor. Due to the high RNase content of this 
tissue, almost all polysomes are degraded to 80S particles. Rat-liver super
natant contains such a potent RNase inhibitor (Roth, 1956), which 
has the capacity to inhibit ribonucleases present in a variety of mamma
lian tissues. As rat-liver supernatant also inhibits spleen RNase ( Northup 
et al. 1967), we have used this supernate as a homogenization medium 
for the isolation of polysomes. We employed a more concentrated liver 
supernatant in our experiments than described by Blobel et al. (1966). 
Homogenization of 1 g of spleen in 6 ml of liver supernatant resulted 
in maximal protection of the polysomes. Increase of this concentration 
of liver supernatant did not result in higher yields of polysomes. However, 
the amount of liver supernatant employed in our experiments did not 
result in complete inhibition of mouse spleen RNase. As shown in Fig. 5, 
polysomes obtained after centrifugation of a mixture of normal and 
leukemic spleen homogenate in a continuous sucrose density gradient 
revealed an increase of 80S particles when compared to a polysome pro
file from pure leukemic polysomes. From this experiment it can be 
concluded that rat-liver supernatant does not completely inhibit the 
nucleases present in the mouse spleen. Northup et al. (1967) claimed 
to have achieved a complete inhibition of ribonuclease action on poly
somes from rat spleen with crude liver-cell extracts. If this is true, in 
mouse spleen an RNase is present which is insensitive to the RNase 
inhibitor from rat-liver supernatant. An acid and an alkaline RNase 
have been described as occurring in rat liver (Roth, 1954; Rahmann, 
1966). Only the latter is sensitive to the action of the RNase inhibitor 
(Roth, 1956; Hunter and Körner, 1968). Notwithstanding the fact 
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that all our solutions were kept at pH 7.6, we still may encounter at 
this pH a residual effect of the acid RNase. Such an RNase, assayed at 
pH 5.8, has recently been described for normal and leukemic mouse 
spleens (Chakrabartv, Friedman and Ceglowski, 1969). 

5 5 FRACTIONATION 

The complete scheme of the fractionation procedure is presented in 
Fig. 1. The usual way of preparing liver polysomes is to start with the 
10,000-15,000 g postmitochondrial supernatant fraction (Wettstein et 
al. 1963; Munro et al. 1964; Bloemendal et al. 1964; Campbell, Serck-
Hanssen and Lowe, 1965). When a similar supernatant fraction was 
employed with spleen as starting tissue, a substantial amount of ribo-
somes would undoubtedly be present in the 15,000 g pellet. Even the 
pellet obtained after 7,000 g contained membrane-bound polysomes and 
cytoplasmic vesicles with ribosomes, in addition to mitochondria (P2, 
Plate 2 ). This was consistent with Attardi's observation that with HeLa 
cells the majority of the membrane-bound polysomes disappeared from 
the supernatant after centrifugation at 8,100 g (Attardi, Cravioto and 
Attardi, 1969). It is obvious that a quantitive evaluation of the amount 
of membrane-bound poh somes is very difficult to obtain by using a 
1,250 g or 15,000 g supernatant fraction. The former contains mito
chondria, rough membranes and cytoplasmic vesicles with ribosomes, 
whereas in the latter almost all membrane-bound polysomes are lost. 

Considering these facts, we chose the 7,000 g supernatant as the starting 
material for the isolation of the spleen polysomes. This is far from ideal, 
as even homogcnization with the Teflon-glass homogenizer apparently 
does not release all the cytoplasmic ribosomes and there still is a con
siderable loss of rough membranes in the 7,000 g supernatant fraction 
( Plate 2 ). However, at least this procedure has the advantage that most 
mitochondria are spun down. 

5 6 ISOLATION OF THE POLYSOMES 

A typical example of the result of centrifugation of the 7,000 g post
mitochondrial supernatant fraction through a discontinuous sucrose 
gradient for 20 h at 94,000 g is presented in Figs. 2 and 3. The pellet 
(P3) contained the large pol> somes, whereas a large amount of ribosom-
al monomers and small poh somes was retained in the 2.0 M-sucrose 
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Plate 2. Ultrathin section of a 7,000 g pellet from a leukemic spleen homogenate. 
This micrograph shows large vesicles containing ribosomes (A), mitochondria (B), 
and membrane-bound ribosomal material (C). Virus particles (D) are also present 
in this pellet. 
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Fig. 2. Schematic representation of the fractionation of a postmitochondrial spleen 
homogenate after centrifugation on a discontinuous sucrose density gradient for 
20 h at 94,000 g in a Spinco SW 27 rotor. The membrane fraction contained 
smooth and rough membranes together with free ribosomes. The 2.0 M-sucrose 
layer contained mainly ribosomes and small polysomes up to tetramers, while the 
larger polysomes had sedimented to the bottom of the centrifuge tube (pellet). 

layer. Electron microscopic investigation of this layer revealed the 
presence mainly of ribosomes and polysomes up to tetramers. Large 
polysomes could not be detected in this layer. 

The interface (band 1) between the 2.0 M-sucrose and the 1.0 M-
sucrose layer contained smooth and rough membranes in addition to 
ribosomal monomers (Plate 3a). Subsequent centrifugation of the inter
face fractions through a continuous sucrose density gradient (Fig. 4) 
completely separated the membranous fraction (band 2) from the ribo
somes ( band 3 ). This observation was confirmed by electron microscopy 
(Plates 3b and 3c). 

Membrane-bound and free polysomes from rat liver can be separated 
by methods described previously (Bloemendal et al. 1967; Webb et al. 
1964). For spleen polysomes, Talal et al. (1966) applied a different 
isolation procedure. However, none of these methods resulted in a 
complete separation when leukemic spleen was the source of the poly
somes. When the method of Bloemendal et al. (1967) was applied, 
there was a substantial contamination with 80S particles in the mem
brane-bound fraction, whereas in the Talal and Dubois-Exum method 
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Fig. 3. Separation of a postmitochondrial supernatant fraction, from 900 mg of 
spleen tissue, after centrifugation on a discontinuous sucrose gradient for 20 h at 
94,000 g in a Spinco SIV 27 rotor. Fractions (15 drops) were collected by 
puncturing the bottom of the tube. The pellet (Fig. 1, Ρ 3) was resuspended in 
medium A. The amount of polysomes waî calculated on the basis of their extinction 
coefficients at 260 and 280 nm. Band 1 (interface fraction) contained smooth 
and rough membranes together with free ribosomes. O, Polysomes from normal 
spleen; m, polysomes from leukemic spleen. The arrow indicates the direction 
of sedimentation. 

( 1966 ) there was a distribution of smooth and rough membranes 
throughout the whole gradient. This could be demonstrated by electron 
microscopy. Furthermore, the membrane fraction which was located 
on the 68% sucrose 'cushion' was contaminated with large free poly
somes. For this reason the modified procedure as summarized in Fig. 1 
has been used. The method is essentially based on a discontinuous 
gradient system developed by Bloemendal et al. (1967) as the first step 
and the linear gradient system, described by Talal et al. (1966), as the 
second step. In the discontinuous gradient the 1.5 M-sucrose layer has 
been replaced by a 1.0 M-sucrose layer, since the membrane-bound 
polysomes do not penetrate into the 1.5 M-sucrose layer when these 
polysomes are isolated in a swinging bucket rotor. 

The method has the advantage of a more consistent separation between 
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membrane-bound and free polysomes, thus offering an opportunity for 

quantitive evaluation of both classes of polysomes in a normal and 

Rauscher virus-infected postmitochondrial spleen homogenate. 

5.7. COMPOSITION OF THE CENTRIFUGAL FRACTIONS 

To verify whether a difference does exist in RNA and protein content 
of the various fractions from normal and Rauscher virus-infected spleen 
cells, a comparison has been made between the two tissues. To get a 
better insight into the distribution per cell, the values based on DNA 
content have also been included. This was of particular interest since 
leukemic spleen contained 0.6 time the amount of DNA when compared 
to normal spleen (Table 4 ) . The RNA content from the fractions con
taining the nuclei ( P I ) and the mitochondria (P2) has been determined 
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Fig. 4. Separation of the membranous fraction from free ribosomes. The inter
face fraction (Fig. 3, band I) from the discontinuout gradient was diluted and 
applied to a continuous gradient of 10-34% (w/v) sucrose with a 3 ml 'cushion' 
of 68% (w/v) sucrose. Centrifugation was for I'/2 h at 94,000 gUVm in a S pinco 
SIV 27 rotor. The gradient was automatically monitored at 254 nm. Band 2 
contained smooth and rough membranes; band 3 consisted mainly of monomers. 

> Polysomes from normal spleen; . . . . . polysomes from leukemic spleen. The 
arrow indicates the direction of sedimentation. 
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by the orcinol reaction. The RNA and protein contents of the polysome 
fractions have been calculated on the basis of their extinction coefficients 
at 260 and 280 nm. The last method is not entirely accurate for an esti
mation of the RNA of the membrane-bound polysomes, since the smooth 
membranes also contribute to the absorption, in addition to light-scat
tering due to membrane components (Attardi et al. 1969). The orcinol 
reaction performed on the membrane fraction after removal of the 
sucrose yielded an RNA content which varied from 37 to 57% of the 
amount of RNA calculated from the extinction at 260 and 280 nm. 
The RNA content of the free polysomes, as measured by the orcinol 
reaction, yielded values between 80-100% in different experiments. 

It may be concluded from Table 4 that there is a marked increase 
in both free and membrane-bound polysomes after infection with the 
Rauscher virus. This increase is especially pronounced when the different 
fractions are related to the DNA content. Apparently, the majority of 
the polysomes from leukemic spleen is not bound to membranes. This 
is consistent with the conception that most polysomes in rapidly multi
plying cells are free (Penman, Greenberg and Willems, 1969). The 
same phenomenon has been observed in cells treated with chemical 
carcinogens (Benedetti and Emmelot, 1966). 

5.8. M E M B R A N E - B O U N D POLYSOMES 

When the gradient fraction containing the membrane-bound poly
somes from both normal and leukemic spleen was treated with 0.5 % 
sodium deoxycholate and applied to the continuous sucrose density gra
dient, only an increase in 80S particles was noticed. Extra addition of the 
RNase inhibitor did not alter this feature. Apparently, no polysomes can 
be released by this procedure. This may mean either that only monomers 

Plate 3. (a) Electron micrograph of the interface fraction (Fig. 3, band 1 ) from 
the discontinuous gradient after centrifugation of a postmitochondrial leukemic 
spleen homogenate. This layer contained smooth and rough membranes together 
with free rihosomes. (b) Ultrathin section of the purified membranous fraction 
(Fig. 4, band 2) obtained after centrifugation of band 1 through a linear sucrose 
density gradient with a sucrose 'cushion'. This layer contained smooth membranes 
and membrane-bound polysomes, (c) Ultrathin section of free ribosomes (Fig. 4, 
band 3) contaminating the membranous fraction. Small polysomes may also be 
present in this layer. 
These fractions are processed as described in chapter 4.9. 
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Table 4. RNA and protein contents of the subcellular fractions from normal and leukemic spleens. 

Content 

Centrifugal fraction 

Pellet PI 
Pellet P2 
Supernatant fraction 2 ** 
a) Free polyribosomes 

Pellet P3 *** 
2.0 M-Sucrose layer*** 
Ribosomes, band 3 *** 

b) Membrane-bound 
polyribosomes, 
band 2 

Total RNA 

Per g 

I 
Normal 

1 

mg of 
RNA 

5.42 
0.51 
5.20 
4.64 
0.39 
2.83 
1.42 
0.56 

11.13 

I 

mg of 
protein 

19.38 
9.24 
0.48 
4.68 
4.08 

10.14 

Г 
of spleen 

~l 
Leukemic 

1 
mg of 
RNA 

7.49 
0.77 
6.58 
5.56 
0.89 
3.47 
1.20 
1.02 

14.84 

I 
mg of 

protein 

24.97 
12.23 

1.79 
5.93 
4.51 

12.74 

Г 

4 
Per 100 mg 

Normal 

I 
mg of 
RNA 

17.24 
1.62 

16.54 
14.76 

1.24 
9.00 
4.52 
1.78 

35.39 

i 
mg of 

protein 

61.63 
29.38 

1.53 
14.88 
12.97 
32.25 

of DNA * 

І 
Leukemic 

1 
mg of 
RNA 

37.82 
3.89 

33.23 
28.07 

4.49 
17.52 
6.06 
5.15 

74.94 

ι 
mg of 
protein 

126.60 
62.01 

9.08 
30.06 
22.87 
64.59 

mg of DNA/g of spleen: normal, 31.40; leukemic, 19.74. 
Total amount of polysomes in this fraction (calculated). 
Constituents of die free polyribosome fraction. 



are attached to membranes or that the polysomes are degraded b\ nuclease 

released during solubilization of the membranes by sodium deoxycholate. 

Λ predominantly acid RNase is attached to membranes, and this enzyme 

has almost no activit) at pH 7.6 ( Penman et al. 1969 ). This may indicate 

that only 80S particles are present on the membranes. However, the 

presence of membrane-bound ribosomes, non-functioning with respect 

to protein synthesis, seems to be illogical. The membrane-bound poly

somes are supposed to play a role in the formation of proteins excreted 

from the cell (Campbell, 1970). Since the spleen is involved in antibody 

production, this type of polysomes might be expected because poly

ribosomes involved in immunoglobulin biosynthesis are located on the 

membranes of the endoplasmic reticulum (De Pétris and Karlsbad, 
1956; Lisowska-Bernstein, Lamm and Vassalli, 1970). 

Therefore, it seems justified to suppose that vast amounts of RNase 
are released by sodium deoxycholate treatment, and, notwithstanding 
the high pH (pH 7.6) employed in our experiments, this RNase may 
be responsible for the degradation of the membrane-bound polysomes. 

It is doubtful whether the production of Rauscher virus-specific pro-
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teins is associated with the rough endoplasmic reticulum, for bud
ding A particles are never seen in association with the rough membranes 
(de Harven, 1968). This is in contrast with poliovirus multiplication, 
which has been demonstrated to occur on the endoplasmic reticulum 
(Blinzinger, Simon, Magrath and Boulger, 1969; Caliguiri and Tamm, 
1969). 

5.9. LARGE POLYSOMES 

Initial experiments revealed that 5 days after the infection a shift 

towards larger polysomal aggregates occurred concomitantly with a 

significant increase in spleen weight. Pronounced differences between 

normal and infected spleen polysomes could be observed after 2 weeks. 

This is illustrated in Fig. 5, where the results are presented which were 

obtained when the pellets (P3) from the initial discontinuous gradients 
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of radioactivity was as described m chapter 4 8 Ό, E2bn I cm; · , radioactivity 
(cpm): A, specific radioactivity (cpm/E.,m unit). The arrow indicates the 
direction of sedimentation. 
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were resuspended and examined on continuous gradients. The large 
polysomes accumulated on the sucrose 'cushion'. These polysomes were 
scarcely observed in the corresponding fractions of the normal spleen. 

It is known that the RNase content of leukemic spleen is lower than 
that of normal spleen (Silber et al. 1967). The high RNase value in the 
normal spleen could explain the absence of large polysomes in this 
organ. We therefore carried out an experiment in which equal amounts 
of homogenates of normal and infected spleen were mixed. Polysomes 
were prepared on discontinuous gradients, the pellets resuspended and 
examined on continuous gradients (Fig. 5) . One might expect that the 
polysomal profile from the mixture would be the average of the pro
files obtained from normal and leukemic spleen polysomes. This, how
ever, is not the case. There was a slight decrease in the amount of large 
polysomes, while the smaller polysomes increased. It can be concluded 
from this experiment, as has been mentioned earlier in this chapter, 
that neither rat-liver supernatant nor the purified RNase inhibitor 
completely inhibits the RNase activity present in the mouse spleen. 
It can also be concluded that this residual RNase activity is not respon
sible for the absence of large polysomes in the normal spleen. Hence, the 
conclusion seems to be justified that the presence of large polysomes is 
a striking feature of the leukemic spleen. 

Samples taken from the peak fraction, which was located on the 
68% sucrose 'cushion' of the continuous sucrose density gradient (Fig. 5 ) , 
were also investigated with the electron microscope. Careful examination 
of the micrographs revealed the presence of a few large polysomes 
(Plate 4) . About 30-40 ribosomes per strand, sometimes even more, 
could be counted on electron micrographs. It can also be seen from 
Plate 4 that, in addition to the large polysomes, a number of small poly
somes and even ribosomal monomers are present. One would not expect 
to find this material on the sucrose 'cushion' after centrifugation. It is 
probable that the small polysomes and ribosomes represent either 
degraded products from the large polysomes or result from de-aggregation 
of aspecific aggregates of small polysomes. Eventual degradation must he 
ascribed to the manipulation of this material between centrifugation 
and its examination in the electron microscope. It seems that artefacts 
cannot be excluded by application of these techniques. 

Labeling experiments in vwo indicated that the largest polysomes 
(Fig. 6, fractions 3 and 4) showed the highest specific activity, i.e., they 
incorporated more 1 ̂ - labeled amino acids per unit of RNA than the 
slower scdimenting fractions on the 'cushion'. 

The role of polysomes in virus infection is obvious. After infection 
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with a leukemia virus there is a process of virus replication together with 
cell transformation. Both require polysomes in order to produce specific 
proteins. Leukemia viruses contain large RNA molecules, 70S or pos
sibly 37S (Galibert et al. 1965; Duesberg et al. 1968). If such an RNA 
acts as messenger RNA, one would expect to find large polysomes upon 
investigation with the electron microscope. This phenomenon has been 
demonstrated in HeLa cells infected with poliovirus. The 35S poliovirus 
RNA serves as messenger in the large polysomes which contain 35 ribo-
somes per viral messenger RNA molecule (Summers et al. 1967). 

Analogously, it is possible that the large polysomes, with about 
30-40 ribosomes per strand, represent a class of virus-specific polysomes 
which appear after infection with the Rauscher virus. However, it must 
be kept in mind that the length of the polysome per se does not prove 
its virus-specificity. The conclusion of virus-specificity can be drawn 
after demonstrating that the synthesis of virus proteins takes place on 
these large polysomes. 

5.10. CONCLUSIONS 

Polysomes isolated from leukemic spleens are consistently contaminated 
with virus particles which are predominantly responsible for the apparent 
infectivity of these polysomes. 

Triton X-100 does not de-arrange the virus completely but probably 
removes the envelope, thus exposing the infective nucleoids. Moreover, 
intact viruses have been observed in the electron microscope after treat
ment with the detergent. 

Rat-liver supernatant and the purified RNase inhibitor do not com
pletely inhibit RNase activity in a normal mouse spleen homogenate. 

A substantial amount of free and membrane-bound polysomes is pre
sent in the pellet which is obtained after centrifugation at 7,000 g. 

Plate 4. Electron micrograph of polysomes from the peak fraction located on the 
68% sucrose 'cushion' of the linear sucrose density gradient (Fig. 5). An aliquot 
of this fraction was spread on carbon film and positively stained with uranyl 
acetate. On this micrograph one large polysome (arrow) can be seen which 
contains 32 monomers. Polysomes of this size may represent virus-specific poly
somes. 
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Complete separation of free and membrane-bound polysomes can be 
obtained by centrifugation in a discontinuous gradient followed by an 
additional centrifugation of the membrane fraction through a continuous 
sucrose density gradient. 

The amounts of membrane-bound and free polysomes increase per 
cell after infection with the Rauscher virus when compared to uninfected 
spleen. Especially pronounced is the total increase in free polysomes. 

Only ribosomal monomers can be recovered from the membranes 
after treatment with sodium deoxycholate. 

The presence of large polysomes is a striking feature of the leukemic 
spleen. About 30-40 monomers per strand, sometimes even more, can 
be counted on electron micrographs. It is possible that these clusters 
represent virus-specific polysomes. 
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CHAPTER 6 

MATERIALS AND METHODS USED FOR EXPERIMENTS 
WITH RAUSCHER VIRUS-INFECTED AND UNINFECTED 
CELLS IN VITRO 

6.1. INTRODUCTION 

The importance and the advantages of a cell culture continuously 
producing the Rauscher virus in comparison to experiments in vivo has 
been stressed in chapter 1. 

In 1965 Wright and Lasfargues reported the proliferation of the 
Rauscher virus in a cell line derived from thymus and spleen of normal 
Balb/c mice. Infective viral particles could be recovered from the tissue 
culture supernatant 21 days after infection of the cells. The ability of 
the tissue culture virus to induce leukemia in mice decreases when tissue 
culture supernatants are assayed at increasing intervals after initiation 
of the infection ( Wright and Lasfargues, 1966 ). The cell line produced 
the Rauscher virus without any change in cell morphology, i.e , without 
any indication of cell transformation. However, when the infected and 
uninfected cultures were changed from modified NCTC 109 medium 
to Eagle's basal medium, a cytopathogenic effect appeared only in the 
infected cells (Tyndall, Vidrine, Teeter, Upton, Harris and Fink, 1965). 
The observed abnormalities were rounding of the cells, vacuolization, 
large inclusion bodies and loss of contact inhibition. The original state 
of the cells could be restored by replacing Eagle's medium with the 
original growth medium. The appearance of a cytopathogenic effect in 
the same cell culture after administration of a different growth medium 
is very difficult to understand, and at present no explanation can be given 
for this phenomenon. 

When stud\ ing the mechanism of viral proliferation, a non-trans
formed cell line presents a «impler system than transformed cells. For this 
reason, a tissue culture from mouse spleen and thymus cells was set up 
in this laboratory, and a part of the cells was infected with the Rauscher 
virus. We designated the non-infected cells as GB-1 and the infected one-
as GB-2 cells. The materials and methods concerning development of the 
tissue culture and experiments performed with the cells are described 
in this chapter. 
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6 2 ESTABLISHMENT Ol· THE GB-1 AND GB-2 CELLS 

6.2 1 Origin of the culture 

Spleen and thvmus were removed asepticalh, under ether aneithesia, 
from one-month old random-bred Swiss mice. The organs were cut into 
small pieces and seeded into 200 ml pharmacy bottles with 20 ml of 
tissue culture medium. Cells were outgrowing and formed monolayers 
around the tissue fragments. After one week the fragments were washed 
away, and the monolayers were transferred to new bottles by Ігурчпі-
zation. When confluent monolayers were formed, the cells were again 
trypMnized and subcultivated in other bottles. After approximately 3 
months a consistently growing cell line was obtained which required tryp-
sinization every week. Generally, the medium was changed the day after 
trvpsinization and again 3 days thereafter. 

The tissue culture medium consisted of T C Medium 199 without 
glutamine and «odium bicarbonate but with 2 3 % unhealed calf «-erum. 
The medium was sterilized by Scitz filtration, and the filtrate was in
cubated at 37° С for one night to test the sterility. Sodium benzyl-
penicillin (150 units per ml) was added before use. 

6 2 2 Infection of the tissue culture with Rauscher virus 

For infection of the tissue culture the 19,000 g supernatant fraction 
from the leukemic spleen was used (chapter 4.2.). The virus was sedi-
mented at 78,500 g for 30 min at 4° С in a Spinco rotor 30. The pellet 
was resuspended in tissue culture medium, prefiltered through a non-
sterile 1.2 ft Millipore filter and finally sterilized through a 0.45 ,ιι Milli-

pore filter. 

Three bottles which contained confluent monolayers of GB-1 cells 

were trypsinized. The cells were «edimented, resuspended in 9 ml of 

culture medium and transferred to a siliconized flask. To the cell buspen-

sion, 3 ml of the sterilized virus preparation were added, and the flask 

was subsequently incubated at 37° С for 75 min. This suspension was 
gently stirred every 10 min (Wright, O'Brien, Stephens, Bielcwicz and 
Shibley, 1968). After virus absorption, 2 ml of the suspension were 
seeded into a bottle, and 18 ml of culture medium were added. 
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623 Infertwity assays with Rauscher virus from tissue culture cells 

To check the virus production of the GB-2 cells, virus was recovered 
from the medium and the cells at appropriate times after the infection. 

Cells were scraped from the bottles with rubber policemen and ^edi-
mented at 4,000 rev./min for 10 min at 0° С in a Christ junior centri
fuge. The cells were allowed to swell in a hvpotonic buffer (0.01 M-Tris 
HCl, 0.01 M-KC1 and 0.008 M-MgCk, pH 7.4; Penman et al. 1969) 
and were subsequently disrupted bv 10 strokes with a glass homogeni/er. 
The homogenate was centrifuged at 4,000 rev./min for 10 min at 0° С 
to remove cell debris and unbroken cells. The supernatant fraction was 
pooled with the culture medium from the same cells, and the virus was 
sedimented at 78,500 g^. for 30 min at 4° С in a Spinco rotor 30. The 
virus pellet was resuspended in 1 ml of medium A, and 0.1 ml was 
injected into newly-born Swiss mice. 

In a separate experiment a comparison wa« made between the amount 
of virus present in the tivsue culture medium and the virus which could 
be recovered from the cells. Both fractions were separated, and virus was 
obtained as described above. 

To check the possible virus production of the control cells, a similar 
78,500 ga*, pellet was prepared from tissue culture supernatant of GB-1 
cells. From the resuspended pellet, 0.1 ml was injected into newlv-born 
Swiss mice. 

The amount of virus was assaved by the spleen-weight method 
(Rauscher et al. 1964). 

624 Electron microscopic investi cations 

The production of Rauscher virus in GB-2 cells was checked with 
the electron microscope by Dr. A. L. H. Stols (Department of Electron 
Microscopy, University of Nijmegen). The monolayers were washed 
twice with a 0.1 M-Na-K-phoiphate buffer, pH 7.4, and fixed in 3 % 
(w/v) glutaraldehyde solution in the same phosphate buffer for 1 h at 
0° C. Monolayers were scraped with rubber policemen, and the cells 
were sedimented by centrifugation. The cell pellets were processed as 
described in chapter 4.9. 

The GB-1 cells were also repeatedly examined for spontaneous release 
of virus, a phenomenon earlier observed by Wright et al. ( 1966). 

Fractions of the sucrose density gradient ('ection 6.6.2.) containing 
polysomes from infected and uninfected cells were investigated in the 
electron microscope as described in chapter 4.9. 
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6.2.5 PPLO contamination 

Contamination of cell lines with pleuropneumonialike organisms 
(PPLO) may have its implication on nucleic acid metabolism (Peter
sen, Tobey and Anderson, 1969). Contamination of the GB-1 and 
GB-2 cells with this mycoplasm was tested by Dr. F. Willems (Depart
ment of Medical Microbiology, University of Nijmegen). 

6 3. GROWTH CURVES OF THE GB-1 AND GB-2 CELLS 

Trypsinized cells were seeded into 200 ml pharmacy bottles with 
10 ml of tissue culture medium. The medium was replaced every morn
ing by 10 ml of fresh medium. The fresh medium was incubated 
at 37° С for 1 night before use. Cells were counted at appropriate 
hours after trypsinization. Therefore, the monolayers were washed 
twice with 10 ml of medium В (0.14 M-NaCl, 0.003 M-KC1, 0.0004 
M-NaH2P04.H20, 0.012 M-NaHCOa, 0.01 M-Glucose, pH 7.4). To 
the cells 8 ml of 0.1 % ( w/v) Trypsin and 1 c/c ( w/v) EDTA were added, 
and the cells incubated at 37° С for 3 min. Both solutions were made 
with medium В and equilibrated to pH 7.4. Most cells detached from 
the glass wall by this procedure were collected in a counting vial and 
kept at 0° C. The bottle was washed twice with 6 ml of medium В to 
collect all the cells. The cells were gently suspended 15 times with a 
5 ml pipette to obtain a single-cell suspension. The use of a Pasteur's 
pipette was avoided, since it resulted in a tremendous loss of cells. 

The cells were counted in a Coulter Counter (Model Fn, Hialeah, 
Florida) fitted with a tube having an aperture of 100 //. The Coincidence 
Correction Chart for the 100 /< aperture tube was used for the definite 
calculations of the number of cells. 

When cells which were grown in 1,100 ml bottles had to be counted. 
the cells were trypsinized in 15 ml, and the bottles were washed twice 
with 10 ml of medium B. Appropriate dilutions were made before the 
cells could be counted with the Coulter Counter. 

6.4. VIRUS LABELING AND ISOLATION 

Radioactive-labeled virus was determined in the tissue culture medium. 
GB-2 cells were labeled for 12 hours with 50 ,«Ci (5 /<Ci/ml) of á H-
uridine ( Uridinc-5-Τ, 5 Ci/mM) in the 200 ml bottles or with 100 //Ci 
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3 H Uridine in 60 ml culture medium in the 1100 ml bottles. After 
labeling, the medium was decanted in a centrifuge tube, and the mono
layers were washed twice with 10 ml of medium B. Both washings were 
pooled with the tissue culture medium and centrifuged at 12,000 ga». 
for 10 min at 0° С in a Servali RC2-B preparative centrifuge. Twenty-
five ml of the clarified supernatant fraction were layered on top of a 
discontinuous gradient which consisted of 3 ml of 65 */( (w/v) sucrose 
in medium С (0.1 M-NaCl, 0.01 M-TrisHCl, 0.001 M-EDTA, pH 7.4) 
and 10 ml of 20% (w/v) sucrose in the same buffer solution (Dues-
berg et al. 1966). The gradient was centrifuged at 94,000 g^. for 90 min 
at 0° С in the SW 27 rotor of the Spinco L-2 preparative centrifuge. 
Fractions of 1.5, 3 and 1.5 ml, respectively, were collected by puncturing 
the bottom of the tube. Each fraction was precipitated with 10% (w/v) 
ТСЛ after addition of 100 /ig bovine serum albumine and centrifuged 
at 4,500 rev./min for 30 min at 0° С in a Christ centrifuge. The pre
cipitate was collected on 0.45 /< Millipore filters and washed several 
times with 5 % TCA. The filters were dried and the radioactivity counted 
with 10 ml of liquid scintillation fluid composed of 0 .3% (w/v) PPO 
and 0.02% (w/v) Dimethyl-POPOP in toluene in a Packard Tri-carb 
liquid scintillation spectrometer (Model 4322). 

In this procedure the bulk of radioactivity present in the 3 ml fraction 
originates from the virus. Also, the radioactivity in the 3 ml fraction 
obtained after centrifugation of medium from uninfected GB-1 cells has 
been determined as described above. 

6.5. THE ISOLATION OF VIRAL RNA 

The GB-2 cells were labeled with 100 //Ci ( 10 /<Ci/ml) of 3 H uridine 
( Uridine-5-Τ, 5 Ci/mM) for 12 h. The tissue culture medium con

taining the radioactive-labeled virus was decanted as described above 

and diluted to 35 ml with medium B. The intercellular virus fraction 

was obtained by trypsinization of the cells as described in section 3 of 

this chapter. After addition of 15 ml of tissue culture medium, the cells 

were sedimented at 4,000 rev./min for 10 min at 0° С in a Christ junior 
centrifuge. The resulting supernatant fraction was used for the isolation 
of intercellular virus. Unlabeled virus from 1 ml of leukemic mouse 
plasma was added as carrier. 

After centrifugation at 12,000 g„. in the Sorvall centrifuge, 28 ml of 
the clarified supernatant were layered on 10 ml of a 20% (w/v) sucrose 
'cushion' in medium C. The gradient was centrifuged as described in 
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section 4 of this chapter. The virus pellet was resuspended in 0.25 ml 
of medium D [0.1 M-sodium chloride, 0.01 M-.odium acetate, 0.0002 
M-EDTA, 0.57r (w/v) SDS, pH 5.1]. Phenol-extracted (at 37° C) 
rat-liver RNA (100 /(g) was added as earner (Konings, 1969). The 
virus preparation was kept at room temperature for 15 min and applied 
to a linear sucrose densit) gradient of 5 ml of 10-30% (w/v) sucrose in 
medium D. Centrifligation was at 130,000 g»,, for 100 min at 15° С in 
the SW 39L rotor of the Spinco L-2 preparative ultracentrifuge. The 
gradient was automaticalK monitored at 254 nm (see chapter 4.6.), 
and fractions of 10 drops were collected. After addition of 100 fig bovine 
serum albumine, the fractions were precipitated with 10% ТСЛ (w/v). 
The precipitate was immediatelv collected on 0.45 // Millipore filters and 
processed as described above. All the solutions were treated with 0.1% 
(w/v) diethvl pvrocarbonate ¡see chapter 4.4.). Before resuspending 
the virus pellet extra diethyl pvrocarbonate was added to medium D. 

6 6 ISOLATION ОГ THE POLYSOMES 

6 6 1 RNase inhibition 

The pH of all solutions employed in these experiments was kept at 
pH 8.0. 

The RXase content from 25x10" GB-1 and GB-2 cells was estimated 
by Dr. A. Gribnau (Department of Anatomy and Embryology, Univer
sity of Nijmegen). Cells were broken with 1% (w/v) Triton X-100 in 
1 ml of medium A, pH 8.0. Unbroken cells and debris were removed 
by centrifugation at 4,000 rev./min for 10 min at 0° С in a Christ cen
trifuge, and the RNase content was determined in the supernatant frac
tions (Gribnau, 1970). When polysomes were isolated from approxi
mately 8xl0 7 cells, an abundance ( 1 mg per ml) of the RNase inhibitor 
(Gribnau et al. 1969) was used. 

662 Fractionation of the cells 

Approximately 8x10G cells were seeded into a large 1,100 ml tissue 
culture bottle. Poh somes were isolated 40 h after trypsinization. GB-1 
or GB-2 cells from 2-3 bottles were counted with the Coulter Counter 
as described. After counting, the cells were sedimented at 4,000 rev./min 
for 10 min at 0° С in the Christ centrifuge and kept at 0° C. Cells from 
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2 other bottles were labeled with 1 4 C protein h) droh sate, as will be 

described in the next section. After radioactive labeling, the cells were 

scraped from the glass wall with rubber policemen and sedimented as 

described above. The labeled cells were pooled with unlabeled cells. 

The same numbers of GB-1 and GB-2 cells were resuspended in 1 ml 

of medium A, pH 8.0, which contained 1 mg RNase inhibitor, 0.001 

M-DTT and 0.5% (w/v) Nonidct P-40 (Borun et al. 1967). Cells were 

broken with this detergent on a Vortex mixer for 30 sec. Nuclei and cell 

debris were removed by centrifugation as described above. The super

natant fraction was layered on top of a linear sucrose density gradient 

which consisted of 15 ml of 10% (w/v) sucrose in medium Λ, pH 8.0, 

and 14 ml of 34% (w/v) sucrose in medium A, pH 8.0. The gradient 

was centrifuged at 63,500 gH,. for 1 h at 4° С in the SVV 25 swinging 
bucket rotor of the Spinco preparative ultracentrifuge. After centrifu
gation the gradient was automatically monitored at 254 nm as described 
in chapter 4.6. 

6 6 3. In vitro labeling experiments 

Monolayers from 2 large bottles with GB-1 or GB-2 cells were washed 
twice with a pre-warmed Hanks BSS ^37° C) and incubated at 37° С 
in 60 ml of warm Hanks BSS with 2% dialysed calf serum. After 15 min 
the medium was replaced by a similar medium which also con
tained 10 ,/<Ci 1 4 C protein hydrol>sate (52 mCi/mg atom of C ) . The 
cells were pulse-labeled for 5 min, the radioactive medium decanted, and 
the monolayers were washed 2 times with 20 ml of ice-cold Hanks BSS 
Cells were scraped from the glass surface with rubber policemen and 
pooled with unlabeled cells. Polvsomes were isolated from these cells and 
examined on a linear sucrose gradient as described in the preceding 
section. The gradient was automatical!) monitored at 254 nm, and 
fractions of 30 drops were collected. The fractions were precipitated with 
5% (w/v) TCA after addition of 100 Kg bovine serum albumine and 
heated for 30 mm at 90° C. After cooling the precipitate was centrifuged 
at 4,500 rev./min for 15 min at 0° С in the Christ centrifuge and col
lected on 0.45 // Millipore filters. The filters were washed several times 
with 5c/c TCA and dried at 55°. The radioactivity was counted with 
10 ml of toluene scintillation fluid as described in section 4 of this 
chapter. 
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6.7. DETERMINATION OF DNA CONTENT 

The DNA content of the nuclei from GB-1 and GB-2 cells (see section 
6.6.2.) was determined by the diphenylamine reaction (Burton, 1956) 
as described in chapter 4.10. 

6.8. MATERIALS 

A survey of the materials used in these experiments is given on 
page 65. 
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M A T E R I A L S A N D M E D I A 

Bovine serum albumine — Nutritional Biocheimcals Corporation 
l ' C protein hydrolysate — T h e Rachorhemu al Centre, Amersham 
Diethyl pyrorarbonate — П и к а AG 
Dimethyl-POPOP — h Mertk AG 

D N A (calf-thymus) — Sicilia 
D T T — Calbiochem 
E D T A — E Merek AG 

Epon 812 — Serva 
Glutaraldehyde — E Merck AG 
Ή undine — T h e Radiochomual Centre, Amersham 

Lead t i t rate •— BDH Chemicals Ltd 

Nomdet P-40 — Boom NY, Meppel, Netherlands 

Osmium oxide E Merek AG 

PC A — E Merck AG 

P P O — E Merck AG 

R N A (tonila yeast) — Sitpna 

RNase (ehryst bovine pancreatic ) —- С F Bochrmçer und Soehne 
SDS — Sicilia 
Sodium ben/yl-penicillin — Pharmachetnie NV, Haarlem, Neth< rlands 
Sodium cacodvlate — BDII Chemicals Ltd 
Sodium deoxye boiate E Merck AG 
Sucrose —BDII Chemicals Ltd 
T C A — E Merck AG 
T C Medium lcl() — Difco Laboratories 
Triton X-IOO — BDII Chemicals Ltd 

Trypsin Di fco Laboratories 
Uranyl acetate — E Merck AG 

Media used 

Hanks BSS 0 14 M-NaCl, 0 005 M-KC1, 0 001 M - C a C b 2H2O, 
0 0008 M-Mi-SO., 0 004 M-NaI ICOi , 0 0(XH M-Nai I IPOi , 
0 0004 M-KH2PO1, 0 006 M-Glucose, pH 7 7 

Medium Л 0 От M-1 ris HCl, 0 005 М-Ма;СЬ, 0 07 M-KCl, pH 7 6 or 8 
Medium В O l l · M-NaCl, 0 00* M-KCl, 0 0004 M-NaHaPOi Н-Ю, 

0 012 M-NaHCO», 0 01 M-Glucose, pH 7 4 
Medium С 0 1 M-NaCl, 0 01 M-Tns HCl, 0 001 M-EDTA, pH 7 l 

Medium D 0 1 M-NaCl, 0 01 M-Na acetate, 0 0002 M-EDTA, 
0 59? (u/v) SDS, p H 5 1 
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CHAPTER 7 

POLYSOMKS FROM INFECTED AND UNINFECTED TISSUE 
CULTURE CELLS 

7 1. INTRODUCTION 

The aim of this part of our study was to imestigate whether the large 
polysomes which we observed m the leukemic spleen were also present 
in tis>ue culture cells which produced the Rauscher virus. As it is im
possible to study the mechanism of viral proliferation while host-cell 
RNA synthesis is inhibited, it was necessary to detect the period in which 
the maximal amount of virus is synthesized. 

Apart from the characteristics of the uninfected VGB-1 ) and Rauscher 
\ irus-infected (GB-2) tissue culture cells, the virus production after 
trypsinization of the GB-2 cells is described in this chapter. At the 
moment of maximal virus production per cell, polysomes were isolated 
from GB-2 cells. Uninfected cells were used as control at the same time. 
The results of these experiments are also presented in this chapter. 

7 2. CHARAC'I ERISTICS OF 'I HE CELLS 

7 2 1 Morphology of the GB-1 cells 

The cell culture was derived from spleen and thymus of healthy one-
month old Swiss mice. Consistently growing cells were obtained after sub-
culturing for 3 months. The growth cune of the cells is presented in 
Fig. 7. It can be calculated from this figure that the doubling time for 
the cells is approximately 24 h. 

The culture contained mainlv polygonal epitheloid cells together with 
some spindle-shaped cells (Plate 5) . The morphology of these cells did 
not change after the culture was established. 

7 2 2. Morphology of the GB-2 cells 

Infection of the cells with the Rauscher virus occurred 3 months after 
initiation of the tissue culture. The morphology of the cells did not 
change extensively after infection with the virus. Abo this culture 
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Plato 5. a: Photograph of uninfected cells (GB-1 ) . Cells were grown on cover slips 
in Leighton tubes and fixed in methanol. After xylene treatment the slips were 
mounted with eukitt (O. Kindler, Freiburg, Germany). The monolayer consists 
of polygonal cpitheloid cells with some spindle-shaped cells. Magnification 100 x. 
b: The same as in a. Magnification 250 x. 

The photographs were taken by Mr. A. Reijnen (Department of Medical Photo
graphy, University of Nijmegen). 
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75 100 
time af ter trypsinization(h) 

Fis;. 7 Croivth cunes of Rauscher г irus-infccled and unitif<cted cells in litro. 
Cells и ere treated mth а Тп/тп-ЕОТА solution m medium B, pH 7 4, in order 
to obtain а ипцІ( cell suspension The cells were counted ii-ith the Coulter Counter 
as described in chapter 63 • , Rauscher iirus-mfccted cells (GB-2 cells); 
Δ, unmfectid control alls ''Cfí-l cells) 

contained maini) pohgonal epithcloid cells with some spindle-shaped 
cells, but GB-2 cells were more sharply delineated as compared to GB-1 
cells (Plate 6) . The cells did not appear to be transformed. The growth 
curve of these cells is also presented in Fig. 7. It appears from Fig. 7 that 
the doubling time of the GB-2 cells is approximatch 20 h, being shorter 
than that of the GB-1 cells. The shorter cell c\cle ma\ be considered as an 
indication of cellular tran'-formation ( Habel, 1968 ). Л second remarkable 
fact was that during t n psinization the GB-2 cells could more easily be 
suspended as single cells than as GB-1 cells. Moreover, vacuolization was 
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Plate 6. a: Photography of Rauscher virus-infected cells (GB-2). Cells were 

grown on cover slips in heighten tubes and fixed in methanol. After xylene 

treatment the slips were mounted with eukitt (O. Kindlcr, Freiburg, Germany). 

The monolayer consists of well-delineated polygonal cpithcloid cells with some 

spindle-shaped cells (compare Plate 5). Magnification 100 x. b : The same as 

in a. Vacuolization (arrow) was more frequently observed in GB-2 cells than in 

GB-l cells. Magnification 250 x. 

The photographs were taken by Mr. A. Reijnen (Department of Medical Photo

graphy, University of Nijmegen). 
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observed more frequently in GB-2 cells than in GB-1 cells (Plate 6) . On 

the other hand, we have never seen multilayers or foci of transformed 

cells. This is in contrast with the findings of Bentvelzen, who observed 

multilayers and foci of transformed cells in the GB-2 culture (P. Bent

velzen, personal communication ) . Thc^e differences may be explained 

by the deviating culture conditions used in both laboratories. Our tissue 

culture medium contained TG Medium 199, while Bentvelzen employed 

Eagle's medium. Λ similar phenomenon has been described by Tyndall 

et al. ( 1965) for a Rauscher virus-infected mouse spleen and thymus cell 

line after changing the medium from NCTC 109 to Eagle's basal 

medium. This has already been discussed in chapter 6.1. 

7.2.3. Electron microscopy of the cells 

Electron microscopic investigation of the GB-2 cells revealed the pres

ence of virions, which were seen in the vacuoles and intercellular spaces 

of the cells ( Plate 7 ). The particles have the «ame morphological feature 

as described for the Rauscher and other murine leukemia viruses (Levy 

et al. 1965; Dalton, Law, Moloney and Manaker, 1961). 

Generally, no viral particles could be detected on electron micrographs 

from GB-1 cells (Plate 8) . We have examined thee cells repeatedly, 

but no intensive virus production could be demonstrated by electron 

microscopy. In 3 independent experiments we have found onlv 2 par

ticles which resemble murine leukemia viruses according to their size, 

morphology and localization (Plate 8) . This is in contrast with the 

finding of Wright et al. (1966), who reported virus production in their 

uninfected mouse spleen and thymus cell line. The released viral par

ticles had a morphological feature similar to the murine leukemia viruses 

but did not induce leukemia when tested in vivo. Aaronson et al. ( 1969 ) 

reported the spontaneous release of viral particles in mouse embryo 

cells after several months of subculturing and many transfers at high 

cell densities. We inoculated approximately 10" cells per 200 ml phar

macy bottle and obtained a confluent monolayer after 7 days. Inoculation 

with a relatively low cell concentration may explain the fact that we 

did not observe intensive virus production in the GB-1 cells. 

7.2.4. Infectivity assays with Rauscher virus from tissue culture cells 

The virus production of the GB-2 cells, as measured by the spleen-
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Plate 7. Ultrathin section of GB-2 cells. The cells are processeci as described in 
chapter 6.2.4. Viral particles are visible in the intercellular spaces (arrows) and 
budding from a smooth membrane (insert). 
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Plato 8. Ultrathin section of GB-1 cells. Vivai jìartìcles were generally not observed 
in these cells. Two particles similar to leukemia viruses have been found in 3 
different experiments. An example of such a particle is illustrated in the insert 
(arrow). 

71 



'I able 5 Virus ¡noduction of the CrB-2 cells 

Days after 
infection 

1 

4 

7 

10 

H 

21· 

Niimbors of 
in j (4 ted 

10 

m к с Numbers of m к e 
with leukemic 

spleens 

6 

8 

6 

8 

8 

7 

Л егасе 

spleen 

weight (me) * 

2 « 

2 (H 

7І8 

Ή 8 

<H8 

6 6 4 * * 

Virus «as recovered from both tissue culture supernatant and cells as described in 

chapter 6 2 3 T h e amount of \irus from 1 bottle was assayed by the spleen weicht 

method (Rauscher et al 1961-) Spleens were weis;lied 65 days after inoculation of 

newly-born Swiss mice with the virus Spleens from mice which died before this 

period were wcif>hed as soon as possible after death 

* Only spleens more than 150 mg are çivcn in this data 
** Spleens from these m u e wire weighed 3} days after inoculation of the cells 

with the tissue culture virus 

Л 78,500 s, pellet, obtained from tissue culture supernatant and honioçenatc from 
uninfected colls, was resuspended and injected into newly bom Swiss mice The 
spleen weicht of these mite did not exceed 150 mq; 

weight method (Rauscher et al. 1964), is presented in Table 5. The \irus 
recovered from the cells on the first da\ after infection mav not represent 
new virus production but a remnant of the virus which was used to infect 
the culture. Viral particles are not entireb inactivated when kept at 
37° С for 24 h (Levy, Oppenheim, Chenaille, Silvestre, Ta\itian and 
Boiron, 1967). New virus is definitely produced by the cells on the 
4th day after initiation of the infection The half-life of the virus at 
37° С is 70 mm (Pluznik et al. 1964). This means that the virus which 
has been used to infect the culture i« almost completely inactivated after 
4 davs. Other author«, have also been able to demonstrate the production 
of new virus shortly after infection (Pinkel et al. 1966; Wright et al. 
1968). 

The amount of \irus released in the tissue culture supernatant does 
not necessarily reflect the virus-producing potential of the cells. Л lot of 
virus may bud into the intercellular spaces or the intracellular vacuoles 
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Table 6 Companion between injtctuity of u r u r from tissue culture 

supernatant or cells 

YTM tion Numbers of mice Numbers of mice Average 

injected vuth leukemic spleen 

spleens v\eight (ms,, * 

A 105 davs after infection 

of GB-2 cells 

Virus from tul ture medium 8 8 569 

Virus from cells 7 7 1244 

В 13 months after infection 

of GB-2 cells 

\ irus from culture medium 5 5 209 

\ i r u s from cells 10 4 lb5 

ad A T h e virus fractions were prepared as described in chapter 6 2 3 T h e 

amount of \irus from ? bottles vuth confluent monolavers was assayed by 

the spleen weight method (Rausther et al 1%4) Spleens were weighed 

8? dav after infection of mwly born Swiss mice with the tissue culture 

virus However most of th< mice di<d within 60 days T h ( i r spletns were 

weighed as soon as possible after d o t h 

ad В T h e virus fractions were prepared from 2 large, 1100 ml, tissue culture 

bottles approximately 40 h after trypsmization 'I he medium was de

canted and the vnus was sedimcnted as described in (hapter 6 2 3 T h e 

cells were lrypsini/ed and sedimtnted by ccntnfugation Virus was re

covered from the cells as described Spleens were weighed 60 days after 

inoculation of the n u t e with the tissue tul ture virus 

* Spleens weighing more than 150 mg are given in this data 

( Zeiçel et al. 1 %6 ). I or this reason a comparison has been made 
between the amount of \irus present in the tissue culture fluid and the 
\irus extracted from the cells ^Table 6) . It can be seen from this table 
that 105 davs after infection a larger amount of virus can be reco\ered 
from the cells than from the culture medium. We repeated this experi
ment 13 months after the infection of the tissue culture (Table 6 ) . In 
the latter experiment the average spleen weight was diminished as com
pared to the spleen weights obtained with tissue culture virus from 
105-da\ old GB-2 cells. The largest spleen caused b) the virus from the 
culture medium weighed 260 mg. This spleen was examined m the 
light-microscope by Prof. C. Jerusalem (Department of Cvto-Histologv, 
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University of Nijmegen). The organ showed an increase of the erythro

poietic elements and the megakanocytes. Primitive en throbla.stic cells, 

with basophilic cytoplasm and a pale nucleus, were also observed. Similar 

alterations have been described after infection of mice with the Rauscher 

virus (Dunn et al. 1966; Grundmann et al. 1968). 

The amount of virus extracted from the GB-2 cells 13 months after 

the infection was lower than the number of viruses present in the 

medium, but this preparation cannot be compared with the cellular 

virus preparation obtained at 105 days after the infection. In the first 

case cells were trypsinized and sedimented, whereas in the latter case cells 

were recovered from the glass wall by a rubber policeman and sub

sequently sedimented by centrifugation. The intercellular virus is entirely 

lost b) the first but not by the second procedure. This explains the result, 

which is presented in Table 6 B, that less \ irus was extracted from the 

cells than from the culture medium. 

It is clear that after long-term cultivation of the cells the tissue culture 

virus becomes less infective when tested in vivo. This phenomenon, 

reported previously by Wright et al. ( 1966 ), does not mean that the cells 

produce less virus. Λ large number of viruses can be observed with the 

electron microscope (Plate 7). Apparently, many of the virus particles are 

non-infectious when inoculated in the mice. It is possible that certain 

alterations in the viral envelope may be responsible for the infecti\ity 

of the tissue culture virus. The infectivity of the tissue culture virus is 

enhanced after removal of the envelope with ether (Shibley et al. 

1967). Possibly the outer membrane of the tissue culture virus has some 

inhibitory effect during cellular penetration in vivo. Another possibility 

has been suggested by Jasmin, Chermann, Mathé and Raynaud ( 1970). 
They reported the presence of a viral inhibition in the tissue culture 
medium of cells infected with the Friend virus. This inhibitor is different 
from interferon and does not stimulate the production of interferon. Its 
nature remains to be determined. 

Mice which were injected with a 78,500 g pellet from tissue culture 
supernatant or cell homogenate of uninfected cells never developed 
leukemic spleens. 

7.2.5. PPLO contamination 

Tests for the contamination of PPLO in GB-1 and GB-2 cells were 
negative. 
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7 3 VIRUS PRODUCI ION AFTER TRYPSINIZ.VTION OF GB-2 CELLS 

Radioactive-labeled virus was isolated from the tissue culture medium 
and intercellular supernatant fraction by ^dimcntation through a 209f 
sucrose 'cushion'. When the virus pellet from the culture medium was 
resuspended in a buffer containing SDS and the released RNA examined 
on a linear sucrose density gradient a fast-sedimenting RNA fraction 
was predominantly observed (Fig. 8) . The virus preparation from the 
culture medium contained almost no 18S or 28S ribo^omal RNA. 
When the pellet from the intercellular supernatant fraction was treated 
with SDS and the released RNA examined on a continuous gradient, 
a substantial amount of cellular RNA was present, together with the high 
molecular weight viral RNA. The contamination with cellular RNA 

1cm 
254 radio ac t iv i ty 

(cpmxIO"2) 
-|10 

- 5 

5 10 15 
fraction number 

Fis;. 8. Isolation of a hiçh molecular weight RNA from :{U undine-labeled virus. 
GB-2 cells were labeled with 100 μΟι of 41 undine (10 μ€ι/ηιΙ) for 12 h. The 
tisme culture medium was clarified at 12,000 g(lt> in a Sorvoli centrifuge and the 
virus sedimented through a 20% (w/v) sucrose 'cushion' in medium С by centn-
f ligation at 94,000 g for П/г h in a S pinco SM' 27 rotor. The virus pellet was 
resuspended in a buffer containing SDS (medium D) and the released RNA 
examined on a linear sucrose gradient of 5 ml of 10-30% (w/v) sucrose in 
medium D. Phenol-extracted liver RNA (100 μg) was added as carrier. Centn-
fugalion was at 130,000 g for 100 mm at 15° С m a S pinco SW 39L rotor. 
The gradimi wat automatically monitored at 254 nm and fractions of 20 drops 
were collected. Determination of radioactivity was a described in chapter 6.5. 
O, Radwactnity (cpm); , Л\,54 / cm. 
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may van considerably in different experiments. We found viral RNA 

values of 38 c/c and 4 6 % of the total RNA content from the intercellular 

supernatant fraction, but sometimes the viral RNA could not be detected 

on the linear sucrose gradient, as it was hidden by a bulk of cellular RNA. 

These experiments indicate that relativcK pure virus can be obtained 

radioactivity 
(cpm*10"3) 

π 2 0 

100 150 
time af ter trypsimzationih) 

Гіс 0 Release of 'Я undine-labeled virus in the tissue culture medium of GB-2 
cells at appropriate times after try psinizatton The cells were labt led with 50 μ€ι 
of '/ƒ undine (5 μΟι/ιηΙ) for 12 h The? culture medium was clarified at 
12,000 ς in a Sorvoli centrifuge, and the mpcrnatant fraction was layered on 
top of a discontinuous gradient consistins, of 3 ml of 65% (w/v) sucrose in 
medium С and 10 ml of 20% (w/v) of sucrose tn medium С Centnfunation was 
at 94,000 ç(||> for 1 /2 h in a S pinco SW 27 rotor Fractions of іуг, 3 and Л/, ml 
were collected by puttctunng the bottom of the tube The bulk of radioactnity 
present in the 3 ml fraction originated from the virus Determination of radio-
actibity was as described in chapter 6 4 Cells were counted with the Coulter 

Counter as di scribed in chapter 6 3 A •, GB-2 cells, · · , radioactu ity 
(cpm) of 'Я undine-labeled virus in the culture medium, φ · , radioactivity 
(cpm) of W undine virus per W' cells 
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only from culture medium after centnfugation on a discontinuous 

sucrose densit) gradient consisting of a 20c/c sucrose and a 6 5 % sucrose 

layer. The virus can be recovered from the interface between the two 

layers. No extensive radioactivitv could be recovered from the interface 

when culture medium from GB-1 cells was examined on the discon

tinuous gradient. This procedure has been employed for the isolation of 

virus from the culture medium in the following experiments. 

After trypsinization of GB-2 cells, approximately 5xlOr> cells were 

seeded into 200 ml pharmacv bottles. At appropriate intervals, 2 bottles 

were labeled with 50 «Ci Ή uridine for 12 h periods. Cells were har-

c e l l s x I O " 6 radioactivity 
(cpmxIO" 3 ; 

1 5 

1 0 

0 5 

20 4 0 6 0 
t ime after trypsinization ( h ) 

Ρις 10A Release of ' Я undine-labeled virm tn the culture medium with regard 

to the concentration of inoculated cells per bottle Conditions of radioactive 

ІаЬеІіпц of the cells and determination of radioactibe-labelcd virus as described 

in the legend to Fis· 9 

A Â, Growth curie of 8x10"' GB-2 cells (a), A A , growth curve 
of ISxIO1· GB-2 cells (b), • A, growth curve of 3 χ KP GB-2 cells (c), 

• · , radioactmty (cpm) of Ή undine virus from (a), · · , radioactivity 

(cpm) of ' Я undine virus from (b), · · , radioactivity (cpm) of Ή uridine 

virus from (c) 
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vested by tr\ psinization, and a part was rounted with the Coulter Counter. 

Radioactive-labeled virus was determined in the tissue culture medium. 

The result of this experiment is presented in Tig. 9. The radioacth ity 

curve represents the s\nthesis of new virus during the 12 h labeling period. 

The virus synthesis was also calculated per IO'· cells (big. 9) . From the 

last curve it can be concluded that GB-2 cells are acti\el> svnthesizing 

virus between 28 and 64 h after tnpsinization. Thereafter, a sharp 

decline in virus production per cell is observed. 

Since a relatively low number of cells was inoculated in the bottles 

in this experiment, it ma\ be possible that the peak in virus production 

per 10(> cells occurs at an earlier stage after trv psmization when cells 

are inoculated at higher densities. The results of these experiments are 

illustrated in Fig. 10. It can be seen from Fig. 10 that, with all the 

different cell concentrations, the highest virus production was observed 

at 40 h after trvpsinization. Λ second remarkable effect was that more 

' i t y 
Г3) 

06 

04 

02 

20 40 60 
time after trypsmization ( h j 

F Î Ç Ι0Β The same as in Ft!· Ι0Α, but the release of ' Я undine urus has Ыеп 
calculated per Kf' cells 
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virus was produced per IO6 cells when the cells were inoculated into the 
bottles at lower densities. 

Neither the fact that GB-2 cells produced virus preferentially during 
a certain period nor the dependence of virus production on the density 
of the inoculated cells can be explained at the moment. It is possible that 
in confluent monolayers most of the virus buds into the intercellular 
space-> and the intracellular vacuoles instead of into the tissue culture 
supernatant. It is very difficult to purify intra- and intercellular virus. 
This purification requires many centrifugation steps, during which 
almost all the virus is lost. Considering these facts, it is possible that the 
above-mentioned peak in virus release per 10(> cells does not represent the 
moment of maximal virus production (intracellular and extracellular). 
However, notwithstanding this possibility, it seems justified to conclude 
that investigations to detect virus-specific alterations can be reasonably 
performed at 40 h after trypsini/ation of the GB-2 cells. 

7 4 POLYSOMES TROM GB-1 AND GB-2 CELLS 

7 4 1 RNase inhibition 

The polysome-, were isolated in the presence of the RNase inhibitoi 
at pH 8.0. The high pH value was chosen to achieve minimal activity 
of the acid RNase (Penman et al. 1969). Under these conditions the 
estimated RNase content of the supernatant fractions from 25x10(i 

GB-1 and GB-2 cells per ml was lower than 0.01 //g RNase per ml. 
The approximate inhibitor concentration for maximal RNase inhibition 
in this system was 40 /<g per 25x10'· cells. We have used an abundance 
of the RNase inhibitor {1 mg per ml ) in our experiments. 

7 4 2. Homogenization of the celh 

Several methods have been described to isolate polysomes from tissue 
culture cells (Penman et al. 1969). A tight-fitting glass homogeni/er 
has frequently been employed to rupture the cells. Detergents such as 
Triton X-100 and Nonidet P-40 have been reported very useful for the 
isolation of polysomes (Borun et al. 1967). 

We ha\e compared both methods in order to achieve optimal con
ditions for isolation of polysomes from GB-1 and GB-2 cells. When a 
detergent was employed, 3-4 times as many polysomes could be recovered 
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from the cells as compared to the use of a glass homogemzer. For this 

reason we have isolated the polysomes from the tissue culture cells with 

Nonidet P-40. 
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big 11 Polyribosome profiles from normal and Rauscher virus-infected tissue 
culture cells GB-1 and GB 2 cells (2 8 χ IO1) were labeled for 5 mm with 10 μϋι 
1 4 C protein hydrolysate m 60 ml of Hanks BSS with 2% dialysed calf serum The 
cells were scraped from the glass wall and pooled with unlabeled cells (4 2 χ 101) 
The cells wert lysed in I ml of medium A, pH 8 0, which contained I mi· RNase 
inhibitor, 0 001 M-DTT and 0 5% (w/v) Nonidet P-40 The postnuclear super
natant fraction was layered on top of a linear sucrose density gradient which 
consisted of 29 ml of 10-34% (w/v) sucrose in medium A, pH 8 0 The ¡¡radient 
was centrifus¡ed at 63,500 g(¡í_ for 1 h in the S pinco SW 25 rotor and afterwards 
automatically monitored at 254 nm Fractions of 30 drops were collected and the 
radioactivity determined as describid in chapter 663 , Extinction of poly
somes from GB-2 cells, , extinction of polysomes from GB-1 cell·, · · , 

radioactivity (cpm) of xxC-labeled polysomes from GB-2 cells, • • , radio
activity (cpm) of 14C-labcled polysomes from GB-1 cells 
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Plate 9. Electron micrograph of a polysome jrom GB-2 cells. Polysomes were 

isolated as described in chapter 6.6.2. Fractions of the linear sucrose density gradient 

containing the large polysomes were investigated in the electron microscope as 

described in chapter 4.9. The polysome presented in this picture contains approxi

mately 38 monomers. Polysomes of this size were observed only in Rauscher virus-

infected cells. 

ТАЗ. Sucrose density gradient analysis of radioactive labeled polysomes 

Approximately SxlO'1 cells were seeded into a 1,100 ml tissue culture 
bottle, and polysomes were isolated from GB-1 and GB-2 cells 40 h after 
trypsinization. This time interval coincided with the maximal release of 
virus in the tissue culture supernatant in such large bottles. 

From both GB-1 and GB-2 cells, 7xl0 7 cells were treated with Nonidet 
P-40. In order to ascertain that identical numbers of cells were employed 
for these experiments, we have determined the DNA content of the 
nuclear pellet obtained after centrifugation at 4,000 rev./min. The 
nuclear pellets from 7xl0 7 GB-1 and GB-2 cells contained 833 /ig and 
850 fig DNA, respectively. These figures clearly indicate that approxi
mately the same numbers of cells were used. After treatment with the 
detergent, the postnuclear supernatant fraction was layered on a linear 
sucrose density gradient. Only a part of the cells (28x10°) was 
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Plate К). Electron micrograph of ti polysome from HB-l cells. The polysome 

fraction was processed as described in the legend to Plate 9. This polysome contains 

approximately 20 monomers. The picture illustrates the largest polysome found in 

uninfected cells. 

pulse-labeled with 1 4 C protein hydrolysate for 5 min. A polysomal pro
file was obtained after centrifugation for 1 h in a Spinco SW 25 rotor. 
The results of these experiments are presented in Fig. 11. It can be 
concluded from Fig. 11 that GB-2 cells contain more polysomes than 
GB-1 cells, but the most striking difference is obsened in the area which 
contains the larger polysomes. There is an increase in large polysomes 
in the Rauscher virus-infected tissue culture cells. The largest difference 
in polysomes from infected and uninfected cells is observed in the frac
tions which are located at approximately 6 ml from the bottom of the 
centrifugation tube. In this area the radioactivity pattern of polysomes 
from GB-2 cells reveals a small shoulder, which has been found in 
exactly the same place in 2 different experiments. In this fraction 4 times 
as much radioactivity can be observed as compared to the corresponding 
fraction of the GB-1 cells. 

Electron microscopic investigations of the large polysome fractions 
from Rauscher virus-infected cells revealed the presence of polysomes 
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with 30-40 monomers (Plate 9) . Such large polysomes were not seen in 

the uninfected control cells (Plate 10). 

We may conclude from these experiments that the appearance of 

large polysomes in GB-2 cells has to be considered the result of Rauscher 

\irus infection. Λ similar phenomenon has been observed in Rauscher 

virus-induced leukemic spleens of mice (see chapter 5 ) . These findings 

support the supposition that a class of virus-specific polysomes can be 

detected after infection with the Rauscher virus. This question may 

definitely be sohed with specific antibodies against the proteins of the 

nucleoid of the virus, as it seems reasonable to assume that these proteins 

are first synthesized on the poh somes after infection with the virus. 

7 5 CONCLUSIONS 

The morphology of the tissue culture cells did not change extensively 

after infection with the Rauscher virus. 

The cells did produce the virus, as could be demonstrated by electron 

microscopy and infectivity assays in L'ivo. The enlarged spleen showed 

the microscopical characteristics as described after inoculation of mice 

with the Rauscher virus. 

The doubling time of virus-infected cells was shorter as compared to 

uninfected cells. 

With confluent monolayers, more virus is released in the intercellular 

spaces and intracellular vacuoles than in the tissue culture medium. 

The infectivity of the ti4sue culture virus in vwo diminishes after 

long-term cultivation in vitro. 

The maximal amount of virus per 106 cells was released in the culture 

medium approximately 40 h after trvpsinization. More virus is released 

when cells are inoculated in the bottles at lower densities. 

The Rauscher virus-infected cells contained large polysomes of ap

proximately the same size as described in chapter 5 for the leukemic 

spleen. This finding supports the idea that a class of virus-specific poly

somes exists after infection with the Rauscher virus. 
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SUMMARY 

In this study the influence of the infection with an RNA tumor virus 
on polyribosome profiles from cells m vivo and in viti о has been investi
gated. 

The Rauscher virus, which causes leukemia in a large group of mice, 
was used in these experiments. The leukemia is characterized by an 
enlarged spleen which becomes easily palpable within 2 weeks after in
fection. The leukemic spleens have been employed to investigate whether 
virus-specific alterations could be detected in the microsomal fraction. 

Synthesis of virus-specific proteins must take place on the polysomes. 
Therefore, we carried out experiments to determine whether the in
jection of free polysomes (i.e., not bound to membranes) from leukemic 
spleen into normal mice could transfer the information for virus pro
liferation and cell transformation. Almost all the mice treated with these 
polysomes developed leukemia. However, we have not been able to prove 
that the manifestation of leukemia could be ascribed to the injected 
polysomes, as the polysome preparation appeared to be contaminated 
with virus particles. Efforts to eliminate the virus contamination in the 
polysome fraction with Triton X-100 were unsuccessful. Treatment with 
the detergent did not result in a complete de-arrangement of the virus, 
as intact particles could be observed with the electron microscope. 

After these initial experiments the occurrence of free and membrane-
bound polysomes from Rauscher virus-infected spleen as compared to 
normal spleen was investigated. For this purpose it was necessary to 
achieve optimal conditions for inhibition of splenic RNase. Because of the 
high RNase content of the normal spleen, only 80S particles could be 
isolated from this tissue without the use of an RNase inhibitor. There
fore, we had used a concentrated rat-liver supernatant and a partly 
purified RNase inhibitor fraction from rat-lher in all our experiments. 
However, complete inhibition of RNase activity in mouse spleen could 
not be achieved. 

The polysomes were isolated in the presence of rat-liver supernatant 
from a postmitochondrial fraction of normal and leukemic spleen. The 
fractionation procedure is far from ideal, as a substantial amount of free 
and membrane-bound polysomes arc sedimented with the mitochondria 
after centrifugation of the spleen homogenate. 

Complete reparation of free and membrane-bound poh somes could 
be obtained by centrifugation of a postmitochondrial spleen homogenate 
on a discontinuous sucrose density gradient followed by centrifugation 
of the membrane fraction on a continuous sucrose density gradient. In 
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the first ccntrifugation step, the membrane fraction was sedimcnted 
between a 1.0 M-sucrose and a 2 0 M-sucrose layer, whereas most of the 
free poKsomes were sedimented through the 2.0 M-sucrose layer. In the 
second ccntrifugation step on a continuous gradient, a complete sepa
ration was obtained between the membrane fraction and the conta
minating free ribosomes and small polysomes. This procedure offers 
an opportunity for quantitative e\aluation of both classes of polysomes 
in a postmitochondrial normal and leukemic spleen homogenate. 

The amount of free and membrane-bound polysomes per unit spleen 
weight is increased after infection with the Rauscher virus. The increase 
is especially pronounced when the different fractions are related to the 
DNA content, as the DNA content per unit weight of tissue from leu
kemic spleen is lower than that from normal spleen. The latter data gives 
a more realistic impression about the distribution of the free and mem
brane-bound poh somes per cell. 

Only 80S particles could be recovered from the membrane-bound 
polysomes after solubilization of the membranes by sodium deoxycho-
late. Probably vast amounts of RNase, which are responsible for the 
degradation of the polysomes, are released by this treatment. Extra addi
tion of the RNase inhibitor did not affect this result. 

A marked increase in the total amount of free polysomes from leukemic 
spleen could be ol^erved as compared to normal spleen. The large 
polysomes were practically absent in the normal spleen, and this could 
not be ascribed to the residual RNase activity in the normal spleen homo
genate. Electron microscopic investigation of the large polysome fraction 
from leukemic spleen revealed the presence of a few very large polv-
somes with approximateK 30-40 monomers, sometimes even more, per 
polysome. In analogy to experiments performed with poliovirus, it is 
possible that Rauscher virus-specific proteins are synthesized on these 
large polysomes. 

We ha\e also investigated whether large poh somes were present in 
Rauscher virus-infected mouse spleen and thymus tissue culture cells 
(GB-2 cells). Uninfected cells were u«ed as controls (GB-1 cells). 

Extensive alterations in the morphology of the cells was not observed 
after infection with the Rauscher virus. The doubling time of GB-2 cells 
(approximately 20 h) was shorter than of GB-1 cells (approximately 
24 h ) . This may indicate that GB-2 cells are transformed after virus 
infection. However, foci of transformed cells and multilayers have not 
been observed. This is in contrast with findings of other investigators who 
maintained the cells under culture conditions differing from ours. 

The proliferation of the Rauscher virus in GB-2 cells was demon-
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strated by electron microscopy and by infectivity assays in vivo. Con
centrated tissue culture supernatants were infective after injection into 
mice. The enlarged spleens from these mice showed all the characteristics 
which can be observed after infection with the Rauscher virus. More
over, a high molecular weight RNA could be extracted from the tissue 
culture virus. 

The maximal amount of virus per IO6 cells was released in the culture 
medium approximately 40 h after trypsimzation of the GB-2 cells. More 
virus was released when the cells were inoculated at lower cell densities 
in the bottle. 

The results of these experiments have been applied to isolate poly
somes from infected and uninfected cells approximately 40 h after tr \p-
sinization. The cells were incubated with 14C-labeled protein hvdrohsate, 
disrupted with the detergent Nonidet P-40, and the postnuclear super
natant fraction was centrifuged on a continuous sucrose density gradient. 
The Rauscher virus-infected cells appeared to have a marked increase in 
the large pol) some fraction as compared to control cells. Electron micro
scopic investigation of this fraction revealed the presence of large poly
somes of approximately the same size as those found in the leukemic 
spleen. These large poh somes were absent in non-infected control cells. 
The experiments support the idea that Rauscher virus-specific proteins 
are synthesized on large polysomes. 
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SAMENVATTING 

In dit onderzoek werd de invloed nagegaan van de infectie met een 
RNA-tumorvirus op polyribosoom-profielcn van cellen in vivo en m 
vitro. 

Voor deze experimenten is gebruik gemaakt van het Rauscher virus 
dat bij een aantal muizenstammen leukaemie veroorzaakt. De ziekte 
wordt gekenmerkt door een aanzienlijke miltvergroting, die meestal 
binnen 2 weken na het begin der infectie manifest wordt. De leukae-
mische milten zijn gebruikt om te achterhalen of virus-specifieke \er-
anderingen in de microsomale fractie aangetoond konden worden. 

De synthese van virus-specifieke eiwitten moet plaats vinden op poly-
somen. Vandaar dat allereerst werd onderzocht of door injectie van 
vrije polysomen ( d.w.z. niet aan-membrancn-gebonden ) uit leukaemrche 
milten de informatie voor virus-replicatie en celtransformatie op normale 
muizen kon worden overgedragen. Inderdaad ontwikkelden bijna alle 
muizen, na injectie met een dergelijk polysoompreparaat, een leukaemie 
Het was echter niet te bewijzen dat de ontwikkeling van de leukaemie 
toegeschreven kon worden aan de geïnjecteerde poh somen, daar het 
polysoom preparaat gecontamineerd bleek te zijn met virus-partikels. 
Pogingen, om het virus uit de polysomenfractie door middel van Triton 
X-100 te verwijderen, faalden. 

Na deze inleidende experimenten werd nagegaan of er een kwalitatief 
en/of kwantitatief verschil bestond tussen de vrije en de aan-membranen-
gebonden polysomen uit leukaemische milten in vergelijking tot normale 
milten. Voor dit doel was het noodzakelijk om de RNase-activiteit, die 
in de normale milt hoger is dan in de leukaemische, zo volledig mogelijk 
te remmen. Zonder remming \ an dit enzym kunnen uit de normale milt 
voornamelijk 80S partikels worden geïsoleerd. Een geconcentreerde post-
microsomalc supernatant uit de rattelever of een gezuiverde RNase-
remmer, eveneens uit rattelever, werden voor dit doel gebruikt. Een 
volledige remming van de in de milt aanwezige RNase-activiteit kon 
echter niet worden verkregen. 

De polysomen werden, in aanwezigheid van rattelever-supernatant, 
geïsoleerd uit de postmitochondriale fracties van normale en leukaemische 
milten. Aangetoond kon worden dat de veel-gebruikte fractionerings-
procedure, ter verkrijging van een postmitochondriaal supernatant, niet 
optimaal is daar vrije en aan-membranen-gebonden polysomen tijdens 
het centrifugeren van de weefselhomogenaten met de mitochondrien 
meesedimenteren. 

Een complete scheiding van de vrije en de aan-membrancn-gebonden 
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Polysomen kon worden verkregen door centrifugering van een postmito-
chondriaal milthomogenaat in een discontinue sucrose-gradient gevolgd 
door centrifugering van de membranen-fractie in een continue sucrose-
gradient. Door de eerste centrifugering worden de aan-membranen-
gebonden polysemen gesedimenteerd tussen een 1.0 M-sucroselaag en 
een 2.0 M-sucroselaag, terwijl de vrije polysomen grotendeels door de 
2.0 M-sucroselaag heen sedimenteren. Tijdens de tweede centrifugering 
wordt de membranen-fractie volledig gescheiden van vrije ribosomen 
en nog aanwezige kleine polysomen. Door gebruik te maken van deze 
centrifugerings-procedure kan de totale hoeveelheid vrije en aan-mem-
brancn-gebonden polysomen uit een postmitochondriaal supernatant 
van normale en leukaemische milten kwantitatief worden bepaald. 

Na infectie met het Rauscher virus zijn beide klassen van polysomen 
duidelijk verhoogd (per gewichtseenheid weefsel). De toename wordt 
indrukwekkender als de hoeveelheden worden betrokken op het DNA-
gehalte der weefsels, aangezien de leukaemische milt per gram weefsel 
minder DNA bevat dan de normale milt. De omrekening op het DNA-
gehalte geeft een reëler beeld omtrent de toename van vrije en aan-
membranen-gebonden polysomen per cel. 

Van de aan-membranen-gebonden polysomen konden na het oplos
sen der membranen met natriumdeoxycholaat slechts monomeren wor
den geïsoleerd. Waarschijnlijk werd dit veroorzaakt door het vrijkomen 
van grote hoeveelheden RNase tijdens de behandelingsprocedure. Extra 
toevoeging van RNase-remmer had hierop geen effect. 

In leukaemische milten was vooral de absolute hoeveelheid vrije poly
somen duidelijk toegenomen in vergelijking tot normale milten. Opval
lend was ook de toename van grote polysomen. De grote polysomen 
waren practisch afwezig in de normale milt en dit kon niet worden toe
geschreven aan de residuele RNase-activiteit in het homogenaat van de 
normale milt. Bij electronen-microscopisch onderzoek van de grote 
polysomenfracties werden enkele zeer grote polysomen aangetoond 
waarbij 30-40 monomeren (soms zelfs meer) per polysoom geteld konden 
worden. In analogie met experimenten gedaan na infectie van HcLa 
cellen met poliovirus is het mogelijk dat op dergelijke grote polysomen 
virus-specifieke eiwitten worden gesynthetiseerd. 

We hebben onderzocht of grote polysomen eveneens voorkomen in 
weefselkweek-cellen van muizemilt en thymus die geïnfecteerd waren 
met het Rauscher virus (GB-2 cellen). Niet geïnfecteerde cellen werden 
gebruikt als controlecellen (GB-1 cellen). 

Na infectie zijn er geen grote veranderingen in de morfologie van de 
cellen waargenomen. De verdubbelingstijd van GB-2 cellen (ongeveer 
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20 h) was korter dan van GB-1 cellen (ongeveer 24 h ) . Dit zou er op 
kunnen wijzen dat GB-2 cellen door het virus getransformeerd zijn, al
hoewel verlies van contact-inhibitie en foei van getransformeerde cellen 
onder de door ons gebruikte kweck-omstandigheden niet zijn waargeno
men. Dit is in tegenstelling tot waarnemingen van onderzoekers uit andere 
laboratoria, die de cellen echter onder andere omstandigheden kweekten. 

De proliferatie van het Rauscher virus in de GB-2 cellen werd aan
getoond door elcctroncn-microscopisch onderzoek en door infectiviteits-
proeven m vwo. Na het inspuiten van geconcentreerde weef'elkweek 
« upernatanten van GB-2 cellen in muizen, ontwikkelden deze muizen 
een leukaemie die macroscopisch en microscopisch alle kenmerken had 
van de ziekte zoals beschreven na infectie met het Rauscher virus. Boven
dien kon uit het weefselkwcekvirus een hoog moleculair RNA worden 
geëxtraheerd. 

In weefselkweek supernatantcn kon de maximale hoeveelheid virus 
per 10'' cellen worden aangetoond ongeveer 40 h na trypsinizatie der 
cellen. Meer virus kon worden aangetoond naarmate de cellen met een 
lagere dichtheid per fles werden ingezaaid. 

Gebruikmakend van deze gegevens werden, op ongeveer 40 h na het 
trypsinizeren, pol) somen geïsoleerd uit Rauscher virus-producerende en 
uit controlecellcn. De cellen werden gemcubeerd met een ' 'C gelabelcd 
eiwit hvdrolysaat. De eelmembranen werden gebseerd met het detergens 
Nonidct P-40 en na het \erwijderen der kernen werden de celhomo-
genaten gecentrifugeerd op een continue sucrosegradient. Hierbij kon 
worden aangetoond dat bij de met Rauscher virus geïnfecteerde cellen 
een toename bestond in de grote polysomen in vergelijking tot controle
cellen. Met behulp \an de electronenmicroscoop werden polysomen van 
vergelijkbare grootte waargenomen zoals hierboven beschreven voor de 
leukaemischc milt. De grote polysomen waren afwezig in de controle-
cellen. 

Deze waarnemingen ondersteunen de mogelijkheid dat grote poly
somen betrokken zijn bij de synthese van Rauscher virus-specifieke eiwit
ten. 
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STELLINCxEN 

I 

Aangezien het RNA-afhankelijke DNA polymerase tot nu toe alleen 
gevonden is in RNA tumorvirussen, verdient het zoeken naar ( genees )-
middelen die de enzymactiviteit remmen de hoogste prioriteit in verband 
met mogelijke therapeutische consequenties voor diverse vormen van 
kanker. 

Tcmin, H. M. en Mi/utani, S. (1970): Nature London 226, 1211. 

II 

Daar de diagnose haemolytisch-uraemisch syndroom steeds vaker 
wordt gesteld en het belang van een tijdig ingestelde therapie is gebleken, 
is het raadzaam bij ieder kind met een bloederige diarree aan deze ziekte 
te denken. 

Brain, M. С. (1969): Seminars in Hematology 6, 162. 

I l l 

De conclusie van Anderson en Maude, dat de chroniofore groep van 
rhodopsine niet bestaat uit N-retinylideen-fosfatidyl ethanolamine, be
rust op onvoldoende experimentele gegevens. 

Anderson, R. К. en Maude, M. E. ((1970): Biochemistry 9, 3624. 

IV 

In het kader van een optimale gezondheidszorg verdient het aanbe
veling ook de bevalling, waarbij de prenatale zorg geen complicaties doet 
vermoeden, poliklinisch te laten verlopen met behulp van huisarts of 
vroedvrouw in een daarvoor speciaal ingerichte afdeling van het zieken
huis. 

Kloosterman, G. J. (1968): Ned. Tijdschr. v. Geneesk. 112, 444. 

V 

De gevolgtrekking van Northup en medewerkers, dat de endonuclease 
activiteit van rattemiltcellen volledig geremd wordt door een postmicro-
somaal rattelever supernatant, mist experimenteel iedere grond. 

Northup, P. V., Hammond, W. S. en La Via, M. F. (1967): Pror. 
Natn. Acad. Sei. U.S.A. 57, 273. 





VI 

Ter bestrijding van diarree na ileimiresectie dient een proefbehandeling 
met cholestyramine te worden gegeven. 

Hofmann, A. F. en Polpy, J. R. (1%4): The Now Enel. J. of 
Mrd. 281, 398. 

VII 

Bepaling van rubella antilichamen in de IgM fractie van het bloed 
van neonati kan als doorslaggevend bewijs voor intrauteriene besmetting 
met rubella virus worden aangemerkt. 

Sever, J. L., Hard), J. B. en Xelson, K. B. (1969): Am. J. Dis. 
Child. 118, 123. 
Bañan ala, J. E., Best, J. M., Bertrand, J., Bowern, N. A. en 
Hudson, S. M. ( 1970)· Brit. Med. J. 3, 247. 

VIII 

Bij de actieve immunisatie tegen knaagdier-malaria dient aan het 
functioneren van de immunologische afweer meer aandacht te worden 
besteed. 

IX 

Aangezien de gemiddelde ovcrlevingsduur van patiënten lijdende aan 
een chronisch rmeloide leukaemie met een Philadelphia chromosoom 
duidelijk langer is dan van patiënten zonder Philadelphia chromosoom, 
dient overwogen te worden om bij deze twee groepen een verschillende 
behandeling toe te passen. 

E'dinli. E. Z., Sokal, J. E., Crosmhito, L. en Sandbon·, Λ. A. 
(1970): Ann. of Int. Med. 72, \Vj. 

X 

De indeling in links en rechts veroorzaakt een links- en rechtsdenk-
vaardigheid die in zijn consequenties te vergelijken is met links- en rechts-
handigheid. Dit onderscheid dient te worden bestreden omdat het op 
willekeurige wijze de vrijheid om te kiezen uit alternatieven blokkeert. 

J. Th. M. BURGHOUTS 
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