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Abstract
Background  Many traditional biological concepts continue to be debated by biologists, scientists and philosophers of sci-
ence. The specific objective of this brief reflection is to offer an alternative vision to the definition of life taking as a starting 
point the traits common to all living beings.
Results and Conclusions  Thus, I define life as a process that takes place in highly organized organic structures and is charac-
terized by being preprogrammed, interactive, adaptative and evolutionary. If life is the process, living beings are the system 
in which this process takes place. I also wonder whether viruses can be considered living things or not. Taking as a starting 
point my definition of life and, of course, on what others have thought about it, I am in favor of considering viruses as living 
beings. I base this conclusion on the fact that viruses satisfy all the vital characteristics common to all living things and on 
the role they have played in the evolution of species. Finally, I argue that if there were life elsewhere in the universe, it would 
be very similar to what we know on this planet because the laws of physics and the composition of matter are universal and 
because of the principle of the inexorability of life.
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Introduction

Life is a wonderful natural process that occurs in highly 
organized dynamic structures that we call living beings. 
Today, thanks to the enormous advance of Biology, we 
know and understand much better the vital phenomenon, 
the molecular biology of the cells, the enormous biodiversity 
on our planet, the evolutionary process, and the complexity 
of ecosystems. However, despite these enormous advances, 
biology still lacks a solid theoretical framework necessary 
to understand the vital phenomenon and to answer questions 
such as what is life? or are viruses living entities? To answer 
these and other fundamental questions related to life, in addi-
tion to the universal laws of physics, biology needs its own 
principles to help us find answers to major theoretical chal-
lenges such as the origin of life, the construction and main-
tenance of genomes, or the concept of life itself. Regard-
ing the principles governing life, there have been several 

contributions from different perspectives (e.g. [1–5]) and I 
myself have proposed a series of principles (named as the 
commandments of life) to explain and understand the vital 
phenomenon from an evolutionary perspective, far from any 
vitalist, pseudo-scientific or supernatural considerations [6].

In the words of B. Clark, a definition of life is needed 
more than ever before to provide defendable objective crite-
ria for searches for life on other planets, to recognize criti-
cal distinctions between machine life and robots, to provide 
insight into laboratory approaches to creating test-tube life, 
to understand the profound changes that occurred during 
the origin of life, and to clarify the central process of the 
discipline of biology [7]. It is worth noting what E. Koonin 
wrote about the complexity of defining life: “In my view, 
although life definitions are metaphysical rather than strictly 
scientific propositions, they are far from being pointless 
and have potential to yield genuine biological insights” [8]. 
However, despite its importance there is no widely accepted 
definition of what life is and some of the most commonly 
employed definitions (see below) face problems, often in the 
form of robust counter-examples [5, 9]. Even some scientists 
and philosophers of science suggest that it is not possible to 
define life [5, 8].
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What is life?

We can define life in very different ways depending on 
the context and the focus we want to give to the defini-
tion. For example, we can define life as the period from 
birth to death or as the condition that occurs only in liv-
ing organisms. We can also say that life is a wonderful 
and ever-changing process that occurs in highly organ-
ized receptacles that we identify as living entities. Like-
wise, the popular encyclopedia Wikipedia define life as 
“a characteristic that distinguishes physical entities that 
have biological processes ….. from those that do not …” 
[10]. However, with these expressions we are not defin-
ing precisely what life is and therefore we need to create 
a definition that concisely but informatively reflects our 
scientific knowledge of the vital phenomenon. We have 
to distinguish between life and living matter, which is the 
place where life lives, and between living beings and non-
living matter. In reality, when we ask ourselves “what is 
life?” we are asking “what are the characteristics that dis-
tinguish a living organism from a non-living entity?

There are numerous definitions of life formulated 
from different characteristics of living beings (replica-
tion, metabolism, evolution, energy, autopoiesis, etc.) 
and from different approaches (thermodynamic, chemi-
cal, philosophical, evolutionary, etc.). Often, definitions 
of life are biased by the research focus of the person mak-
ing the definition; as a result, people studying different 
aspects of biology, physics, chemistry, or philosophy will 
draw the line between life and non-life at different posi-
tions [11]. These strategies create a panoply of alternative 
definitions that makes it very difficult to reach a consensus 
on the best definition of life because they all have pros and 
cons. [12, 13]. Let me briefly discuss some of the most 
representative definitions of life. There is a short defini-
tion “Life is self-reproduction with variations” [14] that 
is interesting for its brevity and because it includes two 
fundamental characteristics of living organisms: reproduc-
tion and evolution. However, this minimalist definition is 
clearly insufficient [8] and it does not include some of the 
most important traits we see in living things. Along these 
lines, there is also the definition coined by NASA: “Life 
is a self-sustaining chemical system capable of Darwinian 
evolution” [15, 16]. This is a more complete and, I believe, 
better definition than the previous one, as it incorporates, 
in addition to reproduction and evolution, metabolism. 
However, both definitions are unsatisfactory because nei-
ther cell nor multicellular organisms are self-sufficient 
as there is always a dependence on other organisms and 
external factors to live and reproduce. Furthermore, these 
definitions say nothing about the chemical nature of living 
matter, the interactions with the environment or the low 

entropy of living things. Apart from that, reproduction 
being essential for the perpetuation of species and evolu-
tion, not all living beings are able to reproduce (e.g. the 
mule, most bees, etc.) and do not thereby lose their living 
status. A more recent definition of life states: “Life is a 
self-sufficient chemical system far from equilibrium, capa-
ble of processing, transforming and accumulating informa-
tion acquired from the environment” [17]. Although this 
definition is more comprehensive than the previous ones 
and includes a reference to thermodynamics, in my opin-
ion it has four drawbacks: (i) the term “self-sufficient” is 
not adequate because the quality of life does not provide 
self-sufficiency; (ii) the thermodynamic component does 
not highlight how fundamental low entropy or high order 
is for any living being; (iii) information can be acquired 
from “within” and not only from the environment; (iv) 
life is not a system is a process and living beings are the 
system where that process occurs (I discuss this point 
below). From a very different perspective it was defined 
life as “matter with the configuration of an operator, and 
that possesses a complexity equal to, or even higher than 
the cellular operator” [18]. This proposal introduces a 
new term, the operator, which is somewhat confusing, 
excludes viruses and makes a strange classification of liv-
ing systems. On the other hand, some scientists have also 
attempted to define life from a handful of key features. 
Thus, seven “pillars” (the essential principles by which a 
living system functions) have been proposed on which life 
as we know it can be defined [19], but no definition was 
provided. Life has also been considered as any system that 
from its own inherent set of biological instructions and the 
algorithmic processing of that "prescriptive information" 
can perform the nine biofunctions [20] which are basically 
the same as the "pillars" mentioned above. However, no 
definition of life was proposed, and again it was considered 
as a system rather than a process. Both definitions exclude 
viruses as living beings, mainly because the existence of 
a membrane, a metabolic network and self-replication are 
set as conditions for life. In short, there are many more 
definitions of life but as R. Popa says “We may never agree 
on a definition of life, which will remain forever subject to 
a personal perspective” [21].

My definition of life

Traits are measurable attributes or characteristics of organ-
isms and trait-based approaches have been widely used in 
systematics and evolutionary studies [22]. Since any defini-
tion of life must connect with what we observe in nature, 
my strategy for finding a definition of life was to establish 
what are the key attributes or traits common to all living 
things. What do bacteria, yeasts, lichens, trees, beetles, 
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birds, whales, etc. have in common that clearly differenti-
ates them from non-living systems? In my opinion, living 
organisms share seven traits: organic nature, high degree of 
organization, pre-programming, interaction (or collabora-
tion), adaptation, reproduction and evolution, the last two 
being facultative as they are not present in all living beings.

Organic nature and highly organized structures. Living 
matter is organic because it is based on carbon chemistry 
and molecular interactions take place following the laws of 
chemistry. As R. Hazen wrote “Carbon chemistry pervades 
our lives. Almost every object we see, every material good 
we buy, every bite of food we consume, is based on ele-
ment six. Every activity is influenced by carbon—work and 
sports, sleeping and waking, birthing and dying.” [23]. Liv-
ing organisms are highly organized structures that maintain 
low entropy (the vital order) by generating greater disorder 
in the environment, thus fulfilling the postulates of thermo-
dynamics [24, 25]; when this vital order is lost, life disap-
pears and the only way to restore life is to generate a new 
vital organized structure through reproduction [6]. Living 
organisms resist entropy thanks to biochemical processes 
that transform the energy they obtain from nutrients, sun or 
redox reactions. It could be said that vital order and energy 
are two sides of the same coin.

Pre-programming. Every living entity has a software (a 
pre-programme) in its genetic material that contains the 
instruction manual necessary for both its construction (mor-
phology) and its functioning (physiology). This programme 
has been modified in the course of evolution, as a conse-
quence of contingency and causality, so it is not a static or 
immutable program but a dynamic one. Furthermore, there 
is also another preestablished program that conditions the 
vital phenomenon and that I have called the principle of 
inexorability [6]. Let me give few examples of the principle 
of inexorability at different levels of complexity. The shape 
of ribosome is determined (pre-programmed) by the chemi-
cal bonds that are established between ribosomal proteins 
and rRNA. A similar example is the λ phage morphogenesis 
that depends only on interactions protein–protein and pro-
tein-DNA. Evolutionary convergence or the need for wings 
to fly are other examples of this inexorability guided by the 
laws of nature.

Interaction and adaptation. If we look at nature in its 
purest state or at the complex human society, we can see 
countless interactions between living beings and with their 
environment necessary for survival and reproduction. We 
can see interactions at the molecular level (e.g., allosteric 
interactions, metabolic pathways, cellular signaling, quo-
rum sensing), in the relationships between organisms of the 
same or different species (e.g., sexual reproduction, sym-
biosis, infection, parasitism, predator–prey, or sound lan-
guage), or between living forms and the environment (e.g., 
photosynthesis or physiological/anatomical interactions 

for swimming or flying). Interaction is collaboration, it is 
cooperation at all levels [6], the ecosystem being the best 
example of multiple collaborative interactions between very 
different organisms. In terms of adaptation, living organisms 
show a great capacity to adapt both to their surroundings 
and to environmental circumstances; furthermore, adapta-
tions involving new biological characteristics can be seen 
as an opportunity to find a different way to evolve. In this 
sense, the evolutionary process reflects this continuous adap-
tation and anatomy, physiology and genome bear witness 
to this. Life is adaptative because species adapt to environ-
mental changes modifying their physiology or metabolism, 
for instance reducing heartbeat during hibernation (e.g. the 
grizzly bear Ursus arctos horribilis) or synthesizing fat from 
excess sugar to increase the energy reserves of the body 
(e.g. Homo sapiens). In addition to these temporal adapta-
tions in response to environmental changes [26], there are 
also changes in genotype or phenotype since the adapta-
tion process is the result of natural selection acting upon 
heritable variations [27]; a well-known example of this is 
the peppered moth Biston betularia whose allele frequen-
cies of the locus that controls the distribution of melanin in 
the wings changed with the industrial revolution in England 
[28]. Epigenetic variations also contribute to rapid adapta-
tive responses [29, 30].

Reproduction and Evolution. Another property of liv-
ing beings is their ability to perpetuate themselves and 
thus make it possible for the species not to disappear and 
to evolve. Reproduction can be observed at the molecular 
(DNA replication), cellular (mitosis, meiosis, binary divi-
sion), and organismal (sexual and asexual) levels. From a 
different perspective, reproduction is also the way to over-
come the second law of thermodynamics and the tyranny 
of time because when we reproduce, we are creating a new 
order and resetting the vital clock to zero [6]. What about 
individuals such as the mule or the male and female of a 
species, or the hermaphrodite that cannot self-fertilize, who 
cannot reproduce because they are sterile or because they 
need another member of their species to reproduce? Are 
not these organisms living beings? Of course, they are! In 
this context, reproduction must be considered as a facul-
tative trait because not all living organisms are fertile or 
can produce offspring on their own but maintain all other 
traits necessary for the life process. If an individual is ster-
ile, the species will continue to exist because the evolution-
ary process must be analyzed at the population level, not at 
the level of individual organisms; obviously, if the entire 
population were sterile, then the species would disappear 
and there would be no life. All species have the capacity to 
evolve, and this property is unique to life. Evolution allows 
living beings to adapt to new circumstances and the best 
genomes are selected and transmitted to the next genera-
tions. The concept of evolution (reproduction with variations 
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and permanence in time) allows us to interpret the reality of 
the life we observe now and to guess what it has been like in 
the past. We cannot predict the future because evolution is 
not a finalistic process, it is, to use the words of J. Monod, 
the fruit of chance and necessity.

There is nothing on this planet, apart from a living being, 
that complies with all these characteristic features of living 
beings. It should therefore be possible to define life by logi-
cally combining them. Consequently, I define life as a pro-
cess that takes place in highly organized organic structures 
and is characterized by being preprogrammed, interactive, 
adaptative and evolutionary. If life is the process, a living 
organism is the system in which that process takes place 
and which is characterized as organic, highly organized, pre-
programmed, interactive, adaptative, and evolutionary. Why 
do I say that life is a process and not a system? According to 
the Merriam-Webster dictionary, a process is a natural phe-
nomenon characterized by gradual changes that lead towards 
a certain result. A second meaning defines it as a continuous 
natural or biological activity or function; and a third one as 
a series of actions or operations conducing to an end. These 
three meanings of what a process is fit very well with what 
we observe happening in living beings, which is none other 
than the vital process or life. The dictionary itself defines a 
system as a regularly interacting or interdependent group 
of items forming a unified whole, and as an assemblage of 
substances that is in or tends to equilibrium or a group of 
body organs that together perform one or more vital func-
tions. Once again, these definitions fit very well with what a 
living being represents.

What is the difference between life, living being and a 
robot? [31] Life is the vital process and the living being is 
the system, the “container” in a metaphorical way, where 
the vital process takes place. Following this reasoning, a 
robot would be an artificially organized, pre-programmed 
and interactive system, but unlike a living being it is not 
alive because it is neither organic, nor does it reproduce, 
adapt, or evolve. A robot or a population of robots cannot 
“reproduce and evolve” on its own, without the intervention 
of its "creator" (the human being), it will always need to be 
built or programmed by an engineer to do so. I do not dis-
pute that the robot can adapt, especially thanks to advances 
in artificial intelligence, although I am not sure that it can do 
so in the biological sense of the term. Biological adaptation 
is a process by which a species eventually adapts to its envi-
ronment as a result of the action of natural selection on phe-
notypic characteristics [32]. A robot may be able to adapt to 
its environment, but what it cannot do is adapt itself through 
a selective process (without intervention from its creator) 
and change into a new type of robot (evolve). On the other 
hand, regarding the synthetic lifeforms named as xenobots 
[33], I think they cannot be considered as pure robots, but 
as an interface between living beings and artificial robots, 

as they are made from cells. In the future we will probably 
build robots so perfect that we can consider them as almost 
living beings and as the result of the intervention of a creator 
(their engineer), something that we cannot say about living 
beings unless we are creationists.

Are viruses alive?

A. Turing, one of the pioneers in the development of 
computer sciences, wrote: “Can machines think? This 
should begin with definitions of the meaning of the terms 
“machine” and “think” [34]. To paraphrase Turing, we could 
ask ourselves: can viruses be considered living entities? And 
the answer to this question, so important for biology and still 
controversial [35], is to define what a virus is and what life 
is. At least from a theoretical point of view, biology should 
seek a clear and definitive answer to this question instead of 
adopting a skeptical attitude and assuming what K. Smith 
wrote in his classic book on viruses, “As to the question 
asked most frequently of all, are viruses living organisms? 
that must be left to the questioner himself to answer” [36].

Viruses are entities that straddle the boundary between 
living and non-living and therefore their biological status is 
controversial. A virus can be defined as an acellular infec-
tious agent whose structure consists of a macromolecular 
complex of proteins and nucleic acids. Viruses are not cells, 
they do not metabolize substances, nor can they reproduce 
by themselves, grow, or breathe. Yet, regardless of whether 
we consider viruses to be living beings or not, they are an 
inescapable part of life and there is an undeniable biological 
connection between the virus and the organism it infects. 
Given the close interconnection between viruses and their 
hosts, it seems plausible that viruses play essential roles in 
their hosts [37]. For example, endogenous retroviral ele-
ments have shaped vertebrate genome evolution, not only 
by acting as genetic parasites, but also by introducing use-
ful genetic novelty [38]. More recently, it was found in the 
human genome a gene regulatory network based on endog-
enous retrovirus that is important for brain development [39] 
and a new tamed retroviral envelope that is produced by 
the fetus and then shed in the blood of the mother during 
pregnancy [40].

Viruses are capsid-encoding particles that infect all kind 
of cells and share hallmark genes with capsidless selfish 
genetic elements, such as plasmids and transposons [41]. 
Traditionally, they have been regarded as lifeless agents 
because they have no metabolism of their own and need a 
cell to replicate and generate new viruses [42]. However, 
while this is true, I believe that this is not a definitive cri-
terion for excluding them from the tree of life (more on 
this below). There are scientists in the opposite side that 
consider viruses as living beings that can evolve [43] and 
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classify them as capsid-encoding organisms as opposed to 
the ribosome-encoding organisms that include all cellular 
life forms [37, 44]. Viruses have played a key role in the 
evolution of species [35] because they are the most abundant 
source of genetic material on Earth, are ubiquitous in all 
environments, and have actively participated in the exchange 
of genes or DNA fragments with their hosts [41, 45, 46].

We cannot say whether a virus is a living thing or not 
without defining what is life and what is a living thing. Obvi-
ously, if we take the cell as the minimum vital unit, we can-
not consider viruses as living entities, and any discussion of 
this is superfluous. As far as I am concerned, considering 
viruses as non-living creatures because they need a cell to 
reproduce is not a very strong argument for two reasons. 
First, viruses are obligate intracellular parasites, and, like all 
parasites, they use the host for their own benefit, and this is 
their survival strategy. Viruses need nothing else to pursue 
the same goal as all species on this planet, which is to gen-
erate more viruses better adapted to infect new organisms. 
They apply the “law of least effort” to achieve this goal and 
may even decide to remain inside the host cell in a lysogenic 
manner, as in the case of bacteriophage lambda [47], or by 
establishing latency as herpesviruses do [48]. Second, as I 
said before no cell or organism is self-sufficient, as it needs 
at least a supply of food/energy to survive and reproduce. 
We know that life is absolutely interdependent. For example, 
we depend directly on our intestinal bacterial flora for our 
survival, and indirectly on nitrogen-fixing bacteria or pho-
tosynthesis. We could take to absurdity the argument that 
because viruses need a cell to reproduce, they are not alive 
and say that a man or a woman is not a living being because 
they cannot reproduce by themselves. The argument that a 
virus is not a living thing because it is an inert entity outside 
the cell is also not valid because such a virus could still have 
the ability to infect cells. Similarly, a spore or a seed cannot 
be considered lifeless because it is inert, as it is only waiting 
for the right environmental conditions to germinate, and that 
wait can last for thousands of years.

To answer the question of whether viruses are alive or 
not, I base my argument in support of considering viruses 
as living entities obviously on my own definition of life 
(this paper), as well as on what we know about the biology 
of viruses. First, viruses, like all cellular entities in nature, 
are composed of organic molecules; a virus consists of a 
nucleic acid (DNA or RNA), which is its genetic mate-
rial as in all living things, and a protein capsid encoded 
by the viral genome that protects the viral genetic mate-
rial and participates in the propagation of the virus in the 
host; viral capsids show fascinating dynamics during the 
viral life cycle [49]. Secondly, viruses are highly organized 
structures. There is an astonishing diversity of organiza-
tion and geometric design of viruses, requiring only a few 
different structural subunits of the capsid to construct an 

infectious particle. Many viruses have developed very suc-
cessful self-assembly systems; so much so that the viral 
capsid can self-assemble even outside the host cell [50]. 
The third feature common to all living things is that they 
are pre-programmed, and viruses also fulfill this charac-
teristic because in their genetic material are written the 
instructions to make new viruses capable of infecting 
new cells or organisms. Viruses in their genome have the 
necessary (though not sufficient because they need ele-
ments provided by the host cell) instructions to make new 
viruses, and in this they are the same as any other living 
thing. In addition, the process of self-assembly to generate 
new viruses occurs spontaneously because the instructions 
to do it autonomously are both in the capsid-forming mol-
ecules themselves and in the nucleic acid, either DNA or 
RNA [49].

Two other characteristics of living organisms are the 
ability to interact with other living organisms (interaction) 
and to adapt genetically to new circumstances (adaptation). 
Viruses interact with their host in multiple ways: during 
infection, when their genes are expressed and their genome 
replicated, when virions are formed, when they integrate 
into the genome of the host cell, or when they engage in 
horizontal gene transfer processes. Viruses not only inter-
act with their host, but also adapt by generating new vari-
ants that increase their ability to infect other cells, or by 
taking control of cell metabolism for their own benefit, or 
even to escape the immune response [51]. In terms of repro-
duction and evolution, which are two closely related pro-
cesses, viruses reproduce in the host cell and evolve through 
changes in their genome. Viral evolution, like that of all 
living things, refers to the heritable genetic changes that a 
virus accumulates during its life cycle, which may arise from 
adaptations in response to environmental changes or host 
immune response. Because of their short generation times 
and large population sizes, viruses can evolve rapidly [52].

Microbiologist and Nobel laureate J. Lederberg said 
that “The very essence of the virus is its fundamental 
entanglement with the genetic and metabolic machinery 
of the host”. As far as I am concerned, this statement is 
essentially true and its profound meaning is, at least for 
me, further proof that viruses are living things. Viruses 
form part of many integrated biological systems, and 
they played an important role in the evolution of species 
[53]. They can exchange genetic material and participate 
in horizontal gene transfer [43] even between individuals 
from different species [54]. Due to their high frequency 
of mutation [55], viruses are so abundant in nature and 
present such a high degree of diversity that they constitute 
by themselves the virosphere [46]. This great viral biodi-
versity is proof that these living entities perform funda-
mental evolutionary and ecological functions [56, 57]. In 
conclusion, I believe that viruses should be considered as 
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living entities that can participate in events as diverse as 
causing pandemics, destroying bacteria, causing cancer, 
or participating in horizontal gene transfer.

Following the metaphor of the “container” as the ves-
sel or system (the living being) in which the life process 
takes place, the fact that viruses are obligated intracellular 
parasites and do not have a cellular structure and metabo-
lism of their own does not seem to fit this metaphor. It is 
obvious that the virus cannot be the “container” where the 
life process takes place, since the virus, when outside the 
cell, is in a “dormant” state waiting to find a suitable host 
to infect and complete its life cycle; we could say that it 
is inert but not yet dead. Therefore, in the special case of 
viruses, the “container” is the cell. Once the virus finds 
its specific “container”, it can then reproduce, or integrate 
into the genome of the host cell, or remain as an episome, 
or intervene in the evolutionary process through exchange 
of genetic material. From genomic and metagenomic data, 
we know that co-evolution between viral and host genomes 
involves frequent horizontal gene transfer and the occasional 
co-option of novel functions over evolutionary time. We can 
say that viruses and their cellular hosts are ecologically and 
evolutionary intertwined [58].

I would like to refer to an interesting reflection on the 
defining characteristics of life and how viruses fit into this 
conceptual framework [59]. Thus, Dupré and O'Malley con-
sider collaboration as a common criterion of life and I can 
only agree with this assessment; in this sense, in a previ-
ous paper on the principles that govern life [6], I use the 
expression “cooperative thrust” to refer to the importance 
of collaboration in the origin and evolution of living beings. 
Without considering collaboration or cooperation as a key 
interaction, we could not explain endosymbiosis, eukaryo-
genesis, metabolism, multicellularity, etc. In the present 
paper, collaboration is implicit in what I call interaction as a 
common and fundamental feature of all living things. Inter-
estingly, these authors point out that “leaving viruses out of 
evolutionary, ecological, physiological or conceptual studies 
of living entities, would allow only an incomplete under-
standing of life at any level” [59]. Considering this emphasis 
on collaboration as a sine qua non condition for life, how 
does the world of viruses fit in? Dupré and O'Malley pro-
pose, and I agree, that viruses can be understood as alive 
when they actively collaborate (I mean when they are infect-
ing the target cell) and when they do not collaborate (I would 
say they are inactive), they have at most a potential for life.

Finally, I would like to add that I am aware that there 
are many scientists who consider that viruses are not living 
beings basically because they do not have a cellular structure 
with all that this means. Therefore, this biological dilemma 
will probably be with us for a long time to come. I think it 
will only be resolved when we reach a consensus on what 
life is because only then will we be able to say categorically 

whether something is alive or not. This is what I have mod-
estly tried to do in this paper.

What would life be like elsewhere 
in the universe?

The massive number of exoplanets strongly suggests that 
there is a high probability that life evolved elsewhere in the 
universe. Astrobiologists are committed to the search for 
life in the cosmos and for that purpose it is very convenient 
to have a criterion about what life is [16]. How can we be 
sure that there is life on a distant planet? To do so, we need 
to define some biosignatures that can establish the possible 
existence of living things elsewhere in the universe [60], 
otherwise what are we looking for? In addition to this, it 
would also help a lot in this search for life on other planets, 
finding out how life began on Earth.

Some scientists and philosophers of science think that 
this preconception of what life is may be a problem rather 
than a solution in the search for life in other planets. C. Cle-
land in her book about the nature of life states, “Life is not 
the sort of thing that can be successfully defined. In truth, a 
definition of life is more likely to hinder than facilitate the 
discovery of novel forms of life” [5]. I do not entirely agree 
with this double statement because although we must be 
open-minded in the search for life outside our galactic home, 
at the same time I think it is a good idea to have a hypothesis 
based on the only certainty we have about vital phenomena, 
which is life on Earth, that will help in the design of the 
search for extraterrestrial life.

Is there life elsewhere in the universe? We don't know 
yet and it is probably only a matter of time before we find 
life on other planets or aliens find us. In my opinion if there 
is life elsewhere in the universe, it will most likely be simi-
lar to what existed, exists or will exist on our planet. Let 
us see why. First of all, the laws of physics and chemistry 
are universal and these laws, directly or indirectly, govern 
everything that happens with the matter of the universe. 
According to the cosmological principle, the same physical 
laws and models that applies here on Earth also works in all 
parts of the universe [61]; it is also assumed that physical 
constants (gravitational constant, speed of light, etc.) remain 
the same everywhere in the universe. Second, the elements 
that make up the matter of the stars are the same everywhere 
in the universe although in different proportions; the “peri-
odic table” is the same for the whole universe. Whether life 
exists elsewhere in the universe based on a chemistry other 
than carbon we do not know and can only speculate, but 
what we do know for sure is that life on Earth is based on 
carbon chemistry, perhaps because it cannot be otherwise. 
Third, there is the aforementioned principle of inexorabil-
ity [6]. In this context, what does this principle mean? It 



Molecular Biology Reports	

1 3

means that if the environmental conditions are suitable, glu-
cose will be converted into pyruvate in an aqueous medium, 
chemiosmotic processes will be an important mechanism 
for generating chemical energy, flying organisms will have 
wings, or genetic information will be encoded in a language 
analogous or identical to what we know on Earth. Accord-
ing to this, the differences between the Earth living forms 
and the “space creatures” could be attributed to a different 
evolutionary stage or to specific environmental conditions. 
This hypothetical premise could be very important when 
developing projects that seek life elsewhere in the universe.
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