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I. ‘Introduction

S'In 1864'L9uis Pasteur declared that liVing o?ganiéms cah arise only
ffom-pérentaT organisms liké themselves (1). ‘He'believed that he had
, éoncﬁdsi?ely,démOnstfated fhat miﬁrobes could not'arjse spontaneously from
non-1living matfer; For over seventy years Pasteur's conclusion was
acéepfed by'thé-overwhelming majority of scientists. However, two decades
ago an effbrt_started which has shown that Pasteur's doctrine is not valid
in tﬁe'casg'Of the original appearancefof life on the pkimitive earfh.'
Various mixtures of hybothetica] primitive earth gases and 1iquﬁds produced
most of the simpler bibchemicéls used by life today. Plausible means for
thé spbntanebus appearance of biopolymers and primitive cell-like forms
have also been demonstrated (2). Most textbooks which.descrfbe these
origin'¢f life experiments are careful to boint'out'that spontaneous
generation of Tife was shown to be possible only in the case of the forma-
tion of'éhe first life on.thé Qrebidiic earth.

| In ]960:Johh Keo#ian raised the possibility of contemporary spontaneous
generation of,lifé, that is, the origin Of'1ife under present conditions.
Hé¢prop05ed the_terh‘“neobiogenesis“ for such phenomena and answered
objectidns thch are usually raised against the idea (3). Since biology

and medicine accept the Pasteur doctrine that living organisms at the

present time can come only from‘paréntai forms like themse]ves,‘we believe
it would: be benefiCiaT tovreexémine this'fundamentél‘premise. We review
hére advances made during the last decade and show how they relate to the

question.

&
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II. The Appéarance of Oraanized Structures in Sterile Media

We have already mentioned'that origin of ]ffe experiments‘hayu shown

.that'simpie Biochemicals, bfopo]ymers, and microSpherés are easily formed
under primitive earth conditons. We may ask the question of what would
.happen if'we started with complicated biochemicals. A ]ong.liné of chser-
vationé EXists_oh the appearance.df organized structure'in sterile media
containing sera‘frOm various sources (4). On agar plates such structures
assume the form of small growtﬁs,which—beak a remarkable resemblance to
colonies of.Myéoplasma, bacterial L-forms, and actinomycetes (5). These
structures were‘shbwn”to result from the components of the seré and were
not due to contamination. Although many investigators'haVe'dismfssed
these struétures as mis1eading crystallization artifacts (6), considerable
uncertainty remains about their actual nature. Bonifas gave the name .-
"Stegasma" to the organized forms, concluding tﬁey'Werevactually organisms,
but 1atér'he'had doubts that they were alive (7).

Ina recent series of papers,'E}nétl has described simi]ér observations
on'the_So-caJIed "calcareous structures” (8,9); He killed various mammalian-
ce)]s.by heating them at 56° fbr one hour. The dead cells were then placed
on sterile PPLO agar supplemented with calf sera. Filamentous éo]ony—]ike
forms grev erm the nuclei of the dead cells. Similar, but less compTex
structufes Werevaserved in tissue-cu]ture.média and even in.inorganic
salt so]utidhs. | .

Ih whét ways do Stegésma (and thé similar or fdeﬁtical structuras seen

e

t

by other‘workers) resemble oganisms? They can be passed_frdm_one agar tla
to another without loss of colony-forming ability. The time required for &

given amount:of new organized material to appear on a fresh plate is shortened
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with’inéréa§fng number of transfers (9). The ultrastructure of t-e colony-
like fbrmatiéns éonsfsts of stacks and’whoris of closely spaced lamellae
reminieSCent.6f mye1in figures (7). The structures contain a variety of ’
bid]ogita] matériaTs'ihCIuding proteins, polysaccharides, and phospholipids. y
During théifxfofmation'thé struttures,take up calcium from the mediUm (9).
In viewvbffthe great chémicai-comp]exity of sera, it seems 1ikely, though
the pertinent data on'this point are very scanty, that a variety of chemical
reactions takes p]ace within the forming structures.

We do not wish to make any judgment on whether the forms are alive or
not, but‘agree with the conclusion that they certainly do possess life-like
and iﬁorganic properties at the same time, just és_1n the'c&se of.viruses.
BUt we want“to emphasize that the serum-agar mixtures were not supp]emented'
‘with nuc1e1c acids 1n1t1a1]y | |
| If ster1]e medIa conta1n1ng prote1ns exhibit such organizing proportwes,
what about nuc]elc ac1d alone? Nucleic ac1d was found to form cell-like
struCtukesvundér the very simp]evcond1t1ons of drying and rehydrating a drop
of aqueous solution on a microscope slide (10). These coacervates formed over
é>rahge of neaf]yveight pH units, using a wide variety of rehydrating'solﬁ— B
’ tiohs; Nuc]éic acfd has -been known fof a long time to form complicated » |
coacervates with protein and those format1ons were stud1ed in detail by
Bunoenberg de Jong (11).

Since nuc]e1c acid and prote1n form ce]] Tike strubtures o) readl]y,
we may wonder what would occur if we combined them with Tipids under p
physio]ogicaj conditions.’ ThiS'experiment wa§ reported in 1932 by Geofge
Crile and his associates (12). Cri]é thought.that if the protéin'and 1ipid

fractions of tissue were combined inveiectro]yte solution the resulting
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structures might be able to berfdnn_somé of the primitive functicis ¢
]ife;_ At';hét time the gréatffmportdnce of hucieﬁc acid WaSZunkhown, but
we may éssume from the descriptiohs that hucieic acid was also present. When
tﬁe ether-soluble 1ipid fraction of brain tissue was ﬁixed with the water
so]ub]é fraction (containing'proteihs'and nucleic acids), cell-like forms -
of rémarkabTeféfchifecthe appeared'wifhin minutes in the briginally clear.
so]utfdn;fvThé globular structures WeréVSO—ISOEp in diameter and each con-
tained'anqénfra] structure resembling a nuc]ens{ Fine filaments resembling
CiTié.rapid]y grew from the surfaces of the structurés.; TheSé cell-iike
forms, which Crile called "autosynthetic cells,” even é#hibiteq>a high
rate bf-oxygenICOnSumptioh is well as a hiéh réspiratory quotient as
measured oh a Warburg apparatus. Similar control measurements on protein
‘and 1ipid:frécti0n5'alone showed much 1ower}rate$} The structures grew
slowly, multiplied at timéé*byvbudding-and sbmetiﬁés by direct d19531on,'
and in'“ome.cases-exhibited dynamic attivity resémb]ing'amebdid motfonf
When the ]ipbfd material which wésvuséd in these eXperimenté was irradiated
with X-rays, the organized forms did not}appear._:ln snite of the remarkably
Tife-like probéftiés of the autosynthetic cells, Cki]e's‘repbrt'has been
]akge]y ignored. o |

The éxpériments ovari]e.ahd‘Einét].are basica]]y similar. 'They differ
in the degree to which the cells were broken down. Crile used di]ute
(0.5-];O%'W/V) c]eér extracfs from thevceils, whereas Einét] used intact
-dead qé]ls and serum agar. All these experiments demonstraté a tremendous
"inhéfent power of organization fn cell fragments, products of ce?l.death;

blood sera, and by implication body fluids in general.
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III. The Plasticity of Simple Forms of Life
Let us now examine some recent lines of evidence which suggest a
‘possible relationship between the organized forms appearing in sterile ' 5.

media and in vivo transformation of form and function among various _ "

microbial uhits of life. In the past few years»kapid evolution of cells
haé'beEnfdemonstratédlahd shhwn_to be of practical importahcef Drug
resistantvstfainélof mtcrobes‘have been shown to develop vefy rapidly.
'.UhtilbsevgraT years agd,'such process€s were believed to occur because
of survival of drug-resistant mutants through the reTatiVe]y slow -process
of nétura)hseTectioh. However;vthe:process is not believed to occur
,large]y'thrdugh'the rapid spreadihg‘ofsa resistance factof throﬁgh the
baCterta1'pobuTation‘by direct cell-to-cell contacts. Evolutions by
acétetion df bits.of genomes (pTaShids).occurS'much more rapidly than
evo]ut1on by natural se]ect1on This process has been revxewed by

: Pol]ock (]3) "~ Our main 1nterest 1n this pnehomenon is to po1nt out the
féct that 1ife'at'the Tevel of m1crobes can change its form very rap1d1y
in. an attempt to. survive. It 1s probable that a great var1ety of such

”bacter1a1 transformatlons takes place in v1vo 1nvo1v1ng the movement of

ep1somes (1nc7ud1ng the ]ysogen1c phages) from one cell to another. We
can 1maglne that dylng bacter?a re]ease a var1ety of ‘genetic packages"

B into the t1ssue f1u1ds of the host organ1sm and that sonle of thesc pac«aoes

Other rap1d changes of form are seen in the transformatlon of bac*evla-' 7
into the L- phase in the presence of a stress ‘condition such as an antl-‘
'blotlc-(14). In the standard methods used to induce the L-phase some

stress is app)ied to the medium. In the case of penicillin, fofféxample,
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the béctekia near the appiiédvstrip of antibiotic are dead. In 2 zone
far éWay; thé bactéria are no}mal, but fn'the intermediate zone between
the dead_and'norma]'bactefia,'the L-phase is seen. Very often, on
release of the stress,‘the L-phase bacteria revert to the normal form,
bﬁt the,mechanism'of.the reversion is largely unknown. Here too,‘the
drastic tfahstrmation in the bacterié represents a temporary means of
survival. | | '

The L-forms derived from baétéria’are very similar in morphology
to the MycqplaSma.~'Despite the similarities, however, the re]ationshibs

of the'two'gfouﬁs3is unclear since the Mycoplasma. contain cholesterol

and differ significantly in their guanosine-cytosine content from

bacteria. Both L-forms and Mycoplasma are known to produce smaller

granules in the size range of myxoviruses and other animal viruses under

- certain conditions (15); It is unknown whether any of these or smaller

granules are virus-like entities or whether they can ever revert back to
the higher form'of organization from which they are derived. In this
connection it is of great interest that rod-shaped bacteria-like struc-

tures, Mycoplasma, and myxovirus particles are all consistently

‘recoverable from tissues infected with Rous sarcome virus but not from

normal tissues (16). such an-experimEnta] system would seem to be
idéa];for‘investigating re]ationships between the three different
levels of organization.

Another_experiments which shows the extreme plasticity of Myccplasma

was reportedvby‘Razin and Kahane (17). These workers found that the

solubilized membrane components of one species will reaggreécate with

those'of,anothervto form a hybrid reaggrégaté;i Their-fesults indicéted* o

'Fhat thgfreaggregation process is not species specific and that sol&bi]ized
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protexns and 11p1ds from membranes of two different species may rcsssamble
and form a hybr1d membrane possessing the serological propert1es ST Lath
organisms. Ne:suggeSt that similar processes may be occurring ir. vivo.

The fusion of eucaryotic cells in tissue culture has been demonstrated
ih'recent‘yeafs; Here a hybrid cell is formed by the union of two or more
somatic cells frbm the same or even different species (18). The current
interest in:chT fusion derives mainIy‘from its'uti]ity in genetic studies.
Giant ce]ls.COnﬁaining several nuclei are:known to occur in tumors (19).
It’has aisp_ﬁeén observed that chromosomes from one cell can be incor-
poratéd?ihto-the'nucieus’of another cell.'VChromosome incokpgration and
the well-known trahsfbfmations of mammélian»cells,by myxoviruses (20)
(i;gL,.influenza"and mumps ) are the eukaryoticsanalbgs of bacterial

trathormatidns by episdmes (pTasn1ds) In the case of the myxoviruses,

. the membrane of the virus part]c]e is formed from the plasma membrane of

the'host-cell and\thus conta1ns cho]estero]'(21).- Although the in vivo
importahée of a1]vthese pfocessés'has not yet been demdnsfrated, the
increased-sQrviva]vability which cell fusion éhd chromosome incorporation
could brihg»should not be overlooked. | |

Mycop]asma are ofteh closely associated with eukaryotic cells in
t1ssue cu]ture (22) and in vivo 1n a great many d1seases Ih the case
of He-la ce]ls, e]ec;ron m1croscopy shows an- 1nt1mate surface to-surface
.'bondlng betweenvmycop]asma and the 1nfected cells. It has been suggested
that this is the‘reason.that_ft is so difficult to e]iminate then from
Vtissde cultufe-]ines (23). Plant mycoplasma do not grow on the usua]

serum agar used for cu1t1vat1on of mycoplasma from an1ma] ce]]s, again

*1nd1cat1ng a very c]ose relationship between the mycoplasma and tne host. -

"



.
To daté it has not been poésibie to culture plant mycop]asma. We susces
- .that ft wii]’be possible to culture plant mycoplasma on a mediu: SJ;,?emented
with plant sap. | | |

The obﬁérVatiohs discussed in this sectioh»sUggest that meny inter-
éctfohs aﬁd ffansformatiohs_are occurringvamong the simp]eSt forms 0F con-
temporary life. Indeed, one is temptedito conclude tﬁat within the body
fluids of host organisms rapid back and forth movement is occurring between
the_state§:of-organiéation 6f living matter-represented by bacteria, L-forms,
| Mycop?asmé; and certain viruseé. Furthermore, it seems likely that & variety
of dﬁfferent‘kinds of genefit packages consisting of nuc]eié acids ard
possibly Enzymes and'ffagmehtS'of membranes would “"cascade down" into the
medium following death of the microbial units and even the cells of the
host. 'Tﬁé fate'éf.fhese genetic patkages in the fluids of diseased organisms
is lakgeiy unknbwn, although it is genera}fy presumed that they.afe piéked up

vand'chemicale degraded by macrophéges along with other forms of debris.

. "A’Modéi» for Neobiogenesis In Vivo |

We are now in‘a'positfonvto suggest a rélationshib between the
6rgani2ed structures which arise spontaneously in sterile media and the
ig‘yigg actiVitieSvof microbial entities near the threshold of iife;
We have a]feady mentioned the rémérkab]e deg}ee to which the calcareous
Torms resemble the colonies of Mycop]asma'and bacterial L-forms.. So close -l
is this correspondence that elaborate criteria have beeh devised fof
~distinguishing the "pseudoorganisms" from authentic microorganisms (24).
These pseudoorganisms are capab]é of hu?tip]ication and evén incorporaling
JDRA'(ZS);, Néverthe]eSs,'a diétinct gep remains betWéen”thegmost compld-

_1cated fokms_observéd on agar plates and,fluid‘media and the simplest.
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microbes. The ]atter:have_the prOper genetic jnformationbfor inscri;g
PrOpagation:of'ce11 units whfie‘the forrer seem to be deVoid of fﬁC»zic
acid. Therefore, it Seems most‘unlikely that ca]careous forms arising
jn:yigg'cou1d_everuspontaneous]y reach the Tiving state on their uun.
Animal sera do contain appreciable'amounts of nucleotides (28},

but the1r spontaneous po]ymer1zat1on 1nto the proper sequences within
the fonn1ng ca]careous structures is not a serious poss1b1]1ty according
to our‘present state of know?edge. But what would be the result if some
m1n1na] package of genetic mater1a1 derive d from L-forms or mycoplasma
cou]d somehow get 1ncorporated into developing calcareous forms? - Such
a process wou]d be a lower Ieve] znalog of chromosome incorporation by
| eukaryotlc cells and transfer of ep1som°s among bacterial celis. We
suggest that some of these associations could be or could become minimally
a)ive{ 'In”sucn a case, the genetic package would pull a previously sub-
vifa]estructure’over the threshold to the Iiving state and the result
wou]d‘be a nycoplasma-like organism

| Severa] recent observat1ons ]end add1t1ona1 support to our proposed
mode] for neob1ogenes1s In the growth of mycoplasma and L-form organ1sms
on serum agar, “large bodies", 5-10 u inudfaneter’and rich in lipids,
‘appear in the colonies. Their nature is poorly understood and there is
controversy'oyer whether they are alive or not. A recent study suggests
that the large bod{es are "structures resulting from accunuTatiors of : .
. metabolic hy products and med1um produccs w1th1n or on wn1ch minina
reproductlve units had becone entrapped" (26). If such large bodies

also arise lﬂ vivo the minimal reproduccive un1ts cou]d p]a} the role

of the minimal packages of genetic material proposed above.
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AcetOhe:éxtfacts of TiVer cells and eqg yolk form structures on
agar'whith'are.pracfiéa]]y identical with myéoplasma when-yiewec with
the phase cqhtrast mfcroscope (27). :This result would appear to oé a
kihd of 10Wer41eve]'ana16g'to Crile's observations on autosyntheiic
cells. | | |

If such partial de novo origin of microbes is occurring in nature

generally, then we can propose a whole continuum of states of

organization between the subvital and the minimally alive. The only forms

now genera]1y=récoghized as subvital are the viruses (28). The Stregasma-

]ike”fdrms so far observed in sterile media may represent something like
- the maximdmjdegree of dynamic complexity which the self-organizing

properties of serum components can achieve in the absence of nucleic

acids (in Crile's éutosyhthetic cells, nucleic acids were presumably

present). Nevertheless, such forms may play important roles in some

_disease processes ‘or, on the other hand, may be undetected simply because

they do not bother us. Fig. 1 illustrates the model.
The hypothetical scheme outlined above ‘is not the only plausible

model for neobiogenesis. We venture to suggest that a wide range of

reorganizing processes involving organelles and other fragments of dying

cells may occur under suitable conditions in vivo and even outside of
living organisms. - The fact that organelles (nuclei, mitochondria, and

chTorop]asts) can function forvdays in suitable media outside of cells

| ]ends.supqut.to'this idea. Again we can envision a spectrum of sub-

vital states of organization. We return to this point when we discuss

experiments suggested by this model.
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V. Possib]e Implications for Medicine

1Cdqu these feorgahizingiprocesses of md1ecu]eslahd ée]] frggments
have a.geﬁéraT importance for in vive processes? One may be immediately
tehpted'to answer that if the processes were important they would have
“been distve?éd a long time ago in medical'research. But mediciné is
based'on”the PasteuY’dictum.that Tife comes from a parent Very similar
to itself. We havé.aéceptéd the generality of‘fhe Pasteur doctrine so
comp]eté1y that we do not even question its validity any more. There is
'a]way§ the search for the infective agent.

Mény agents of disease'aré difficult to classify phylogenetically.
The cus tomary view concerning their origin is that various species
became parasftic through the forces of natural selection, and a long
series of fortuitoUsvaccfdents (for the parasite)’was involved. The
difficulty with’this‘viewpoiht has been noted by Kerkut in the case of
'fungi, virUses, aﬁd'rickéttsia (29). These orgénisms are difficult to
fii 1nto.£Hé evolutionary paftern and Kerkut suggests a'solutionvis to
assume that 11fe or1g1nated on several d1fferent occasions or at dif-

ferent pTaces at the same time.

The fact that L-phase, Mycoplasma, and other small forms are important

in the disease prqcéSs‘is relevant to our thesis (30). Organisms pro-
duced by de novo processes would be expected to be small in size,
..Iacking a proper cell wall, andishow_wide variation in their genetic

makeup. -However, these arelprecise]y the characteristics, especially"

~ the "cell-wall deficiency," which would favor theirfresistance‘to certain:

anu1m1crob1als, host tissue factors, and 1ngest1on by phagocybes (30)
“Even if some of these structures do not develop as far as living

microbes, they would still be of clinical 1mportance. The clinical

o
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importance of the calcareous structures found by Cinati was showr whea

the same calcifyihg processes.Were observed around necrotic cells

in vivo (31).  The fatty deposits of atherosclerosis also appear to be

related to the calcareous strUcturesx(8).

VI. ConcTUsiohs and Suggested Experiments

The developments of the past decade in microbiology and molecular
biology force usito adopt a new picture of evolution. We see movements
in both'diréCtions along the tontihuum-between'the non-1iving and the
Tiving statéé, as:shown in Fig. 1. The Stfict.differentiation between
the non-living and the living states is no longer poséibTe{ One can say

that this fact haé been known for a long time, in fact, since the dis-

- covery of the vikuses,v But in practice the sharp distinction between

" the two realms remains bécause the se]f—orgahizihg tendency of biopolymers

and cell fragments was not reébgnized suffitient]y. Prebiological
inveStigationS'have been réspdnsibie for démonstratihg explicitly the
inherent téndéhty:of matter and - energy to mpve'towardvthe iiving state,
the so-cailed "biochemical predestination" (2) éxhibited’at virtually
evehy.]evéltof the complexification of carﬁdn céhpounds.

- To some extent, the case for de novo origin of cells has- already
been shown.'_AsSumiﬁg that biopolymers and ce]]_fragments can drganizé
themse]ves;'wéiare‘Ted to several predictions. |

1) Under su1tab1e conditions 1n vivo we w1]1 observe fusion of -

'cel] components and aggregations of molecules to form more highly

-',deve]oped forms This is partia]ly shown: by the cell fusion work and

the observatlons that ca1careous structures form in vivo.
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'2) Since many bizarre formations are found in the sera of disease
_cases, wedcan bredict that'fi1tered sera from these patients will
produce sUcHiforms_cn incubation. These forms are now regarded
mere]y'aS'celi-breakden pfoducts bdt'sueh an experiment may show themv
to be'more;fuhdamental to the disease pfbcessd |

3)dIf cé]]s:are ki]ied in a mi]d.manner_(rESemb]ing death under
natdfa] cohdftidds),.the dubunits wf]]'reorganize themsevles to form-
| hew entifie$'exhi5iting’§ome of the properties generally ca]ied
'1fving.’ The ekperimeﬁt'of’Crile’gives a strong indication that this _
will occur, and this work shou]d be. repeated using modefn methodé of
detectIng metabolic act1v1ty Additional p]au51b111ty is given by
 that fact that 1so]ated nuclei can carry on 1ncorporat1on of precursore
of nuc1e1c acid synthes1s (32), and DNA synthesis using endogenous |
DNA as primer (33)..' R
| '4)‘Whefe cou1d’this‘acticn'be occurring? Inside'our bodies. The -
~sterile seraIWdrk implies this. The great chemical-richnese of the
"bodydfiuids b?dvides an ideal startingjmedium:for many of the ptecesses'
vdichssed here. - in aging and disease, the body fiuids contain-a large
number of S£ructures:genefa]1y_regarded‘as debris. Of course, macro- |
phages. are=¢qn5tant1y c?eanfng this debris, but the fact that it is
visible shows that this function cannot be per%ormed completely.

Most.bio]pgists have not'given much thought to fhe fate of cell
components following cell death. They assume that because a celi
undergoes auto1y51$ under sterile condltlons, the same thing happens
in vivo. We are w1]]1ng to predict that a great many surprxses,
| 1nc]ud1ng reorgan1zat1on of dead ce]l subunits to h]gher states of

_ funct1on1ng are ahead
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5) If m1croorgan1sms do arlse de novo they wou]d be attributed to

contam1nat10n or be d1scounted as "artifacts." It would be 1nterest1ng

'to-supplement sterile sera with mycop]asma]rDNA and other ‘sources’ of

genetic information and fo]]ow the'development of the organized structures.
In summany, we are propos1ng that a new dimension be cons1dered in

b]O]ogy, the back and forth movement between what is commonly considered

life’ and death The pract1ca] 1mport of these considerations to med1c1ne

and blo]ogy can hard]y be overestimated.
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FIG. 1. MODEL OF NEOBIOGENESIS
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: .

A. Makes any warranty or representation, expressed or implied, wit

respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages

resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, -to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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