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Origin of Viruses in the Biosphere

Retent results in cancer virology make it possible to propose a

“general process whereby viruses enter into the biosphere. From the

"Abeginning'vof 'the study of the role of viruses in cancer, the phenomenon

of latency was noted, and it was observed that these viruses were
apparently transmltted through progeny (vertically) but were d1ff1cu1t

to transn_ut between individuals (horlzontally) (1). In the past two

~years two unifying theories of carcinogenesis have appeared, one of -

Huebner (2) a.nd another of Temin (3). The first of these considers

that the genetlc mformatlon for the production of C-type RNA viruses

is present as a nomal, but largely repressed, component in the genome

of vertebrate .cells. The expression of the viral genome (oncogene) is

_throught to be initiated by a stress which can be external (radiation,

mutagens ,"Vcerci’nogens) or internal (aging). The stress acts to dere-
press the potentlal of the gene to produce a virus. Temin's theory
proposes the infommation for virus productlon (the “protonrus") arises:
de novo in the host cell.

Independently, many years ago, Yamafuji in a.series of papers

starting in 1943 proposed that viruses originate de novo from host cell

INA (4). He succeeded in inducing formation of polyhedrosis virus in

silkwome by means of various mutagenic agents and rejected the conven-

tlonal explanatlon that his results were due to activation of a latent
virus. He mvestlgated the relation between viral nuclelc acid and the

nuclelc ac1d of the host wonns and concluded that a certaln fraction of

the host INA (the "prenrus") produced the virus when that fraction was

-



-Zv..
liberated from the rest of the gendme. He was_ aﬁle“"t:o observe hybridi-
zation ofthe polyhedral DNA and the viral DNA.
| In _c_:OhSidering the historical origin of viruses, Luria (5) concluded
‘that they?o"riginated as a result of reg’réss'_ive ‘evolution of parts of the J
cell. | |

It is important to notice the common denominator of all these

theories: the transformation of nommal cell constituents into viruses.

While the':}'{uvé‘bner theory is in terms of genomes, the Temin and Yamafuji
theories _ésééntially molecul‘a'r, .:vmd the Luria theory evolutionary, they |
all agre'e'o'h this.point. The introduction of disorder into the cell |
nucleus ’cauées the INA to be expreésed in a manner unrelafed to the
needs of the cell (Fig. 1). - .

A genera.l means by which viruses might originate in the biosphere
is mdlcated We Suggeét that the kind of viru.%—producing events occur-
ring rapldly in vcarcinogenesis may have happened repeatedly, though
usually \'reryv slowly (dver maﬁy genéfations) in many lines of descent in
the bios;fher’e. Just as ontogney recapitulates phylogeny in the embryonic
phase of life, we suggest that a kind of recapitulation also vocc_urs‘within
cells and.-organs in the degenerative (aging, diseased) phase of life.
That is," 'vimses, both infective and non-infective, may originate

directly from the genetic substances of host cells through a kind of

regfessive evolution within one organism. In fact, episodes of endogenous s
virus production may be a major means by which new disease-causing agents [
e

have be'e1:1 intmduced rapidly and repeatedly into the biosphere in the

past. Such agents may of course undergo evolutionary change after their
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initial mput into the biosphere from host genomes Therefore, the

| present array of viruses in the biosphere which exhibits a great dlver51ty

-of host spec1f1c1ty, mfect1v1ty, and disease-causing ablllty would be

due to the combined effects of de novo origin and subsequent evoluuon.
If vii'uses result from degenerative processes in cells, then

several c‘brisequences follow. a) All types of cells should contain

_viruse‘s.:‘ Indeed, this is the case. All groups of organisms inciuding

| Mycoplasma contain viruses (6). b) Since degenerative processes occur

in all cv:eJ.wvl'is,‘ the.product;ion of ciruses should be regarded as a normal
process wh1ch is intensified in the case of disease. There is evidence
that this is the case. Reports of virus-like particles issuing from
normal cells are abundant in the literature (n. Eve:n}‘C-type.particles
have been observed in normal cells (8).. c) As the degeneratiVevprocess
proceeds fui’ther, larger DNA fragments would be.vli.ber.ated since 'more of
the host is losmg 1ts mtegrlty Therefore we would expect a wide
spectrum of virus dimensions Wthh is indeed the case. d) The condl—v
tions for vlrus .formatlon should increase with agmg. Price has
observed _.‘age-aSSOCiated changes in the INA of mouse tissue and infer-
preted these changes as an aécxmmlation of DNA strand breaks w1th
1ncreasm.g age (9). He was able to duplicate these cha.nges by x-irradia-
tion (a carcmogenlc agent). These results support Yamafuji's conclusions
on the de novo origin of viruses since his model requires 'bre.aks in the
host DNA. e) Infectivit)_r. Since most of the genome is held in common
by all members of a given species, we can expect that liberated or dere-

pressed DNA strands will consist largely of ,.ma'terial common to the species.
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The-closéfithe viral proteins are to proteins originéily present in the
host cell;:the more likely the virus Qill be able to enter into cells
of another member of the species without inducing antibodies against it.
Very smali viruses (of low nucleic acid cdntent) of de novo origin would
cont;in a“smaller proportion of proteins normally present in cells.
Therefbre,:since these viruses would contain a Higher proportion of
proteihs éxperienced as foreign by the cell, we cah prédict that small
viruses ofvég_ggxg.origin will be less infective than larger viruses.
This is indéed the case because a classification of viruses by the
parametér 6£-ﬁucleic acid content shows that the smalleét viruses are
even unable to replitate by themselves (the satellite viruses) unless
the celi-isvinfécted with a helper_vifus (10).

Sincé{ﬁiruses, according to this theory, would be a natural product
of the degenerative phase of life, we expéct that cells would have
evolved_Sdme means of slowing down the process of virus formation.

There is'eyidenée that such mechanisms exist. a) Interferon. The pro-
posed theory would explain the lack of interferon production during the
early phases of life.. During early embryonic lifé; we expect that there
is very little degeneration of nucleic aéids, hence there would not be
need of é séavenging agent for broken strands of gehetic material, and
the cell does not produce interféron. Interferon appears to be produced
as a response to the presence of foreign nucleic acid (11). Since
broken strands of genetic material would haye sort of a semi-autonomous
identity; they would be expeienced as foreign nucleic acid to the cell,
therefofé_the need for interferon. b) DNA repair mechanisms. It is
known thét.radiation can induce leukemic viruses which are immunologically

identical to those isolated from spontaneous mouse leukemia (12).. The

L
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connectidn”between radiation-induced carcinogenesis and defective repair

of DNA 1s shown by the work of Cleaver (13), who worked w1th skin cells

from xeroderma plgmentosum patients. These cells have DNA mechanlsms

which'aré véry much reduced or absent, and thls property appears to be

related tQ the rapid induction of skin cancer in these cases. However,

the link between defective DNA fepaif and the appearance of viruses
remains_ibrbe shown. vIn this conhection, it isAbf great inﬁerest that
the induction of temperate phage is photoreversible (14) If.the phage
has its or1g1n in a degradatlon product of the bacterlal genome then the
photorever51b111ty indicates a type of DNA repair mechanism for the host
cell,

In SQmmary, WévpropOSe ﬁhat‘viruse§ are both products of dégenerative
processes;‘és well as causes of degeneratién (in infecfed cells). The
origin of viruses is then directiy related td those factors which tend
to maintaih or disrupt hierarchial harmony of the cell.

We gratefully acknowledge helpful discussion with D};‘Eggehard Holler.
This work Qas supported by the National Research.Council (Canada) and, in-

‘part, by the U. S. Atomic Energy Commi ssion.
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Flg. 1. Schematic diagram showing how disofdered DNA produces
‘ products which are out of harmony with the nomal. cell
"functibning.. These producté are experienced asv"'. foreign
by the cell and are the start of a.n iﬁriependent existence.
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. Resulting in strand breakage or

derepression. The new DNA : >
is autonomous, and produces
proteins for itself.
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Some of the resulting products
are ‘rhen experxenced as foreign
by the cell, and act as antigens.
The new fragment is expelled
from the nucleus into the
cy‘roplasm

It is forced to the cell membrane,
where it leaves by a type of

| reverse pinocytosis.

MATURE VIRUS |
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