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Abstract 
Even today in light of the pandemic spread of the corona virus COVID 19, 
the debate amongst biologists which concerns whether viruses are alive or not 
still remains unresolved. This, however, revolves around the argument that 
viruses cannot produce their own adenosine triphosphate molecule (ATP) 
through metabolism and, therefore, must rely on other living microorganisms 
that can produce it in order to access the energy that ATP provides upon hy-
drolysis. It is mainly on account of this distinction that viruses are relegated 
to an ill-defined area that separates living things from nonliving things. Nev-
ertheless, apparently viruses possess an inherent capacity that enables them to 
cross this invisible dividing line in order to link up with the ATP molecule 
through which they sustain their activities. The following presents a review of 
these issues with regard to microbiology, biochemistry and physics. 
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1. Introduction 

In “Varieties of Living Things: Life at the Intersection of Lineage and Metabol-
ism” [1], hereafter referred to as “the essay”, John Dupré and Maureen A. 
O’Malley address three fundamental questions: 1) What does it mean for an ent-
ity to be living? 2) What is the role of inter-organismic collaboration in evolu-
tion? 3) What is a biological individual? And, apparently in light of these ques-
tions, their central argument is that “life arises when lineage-forming entities 
collaborate in metabolism”. However, their analysis left some questions unans-
wered about microorganisms and particularly with respect to the biological sta-
tus of viruses. It seemed that some relevant information was missing that would 
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more explicitly tie the central argument to the initial fundamental questions. In 
other words, although the Dupré & O’Malley essay [1] covered biological and 
evolutionary issues quite satisfyingly, more detailed explanations seem to be re-
quired with regard to what metabolism essentially entails in biochemical terms. 

For example, the important role that the ATP molecule plays in metabolism 
was not mentioned even once by Dupré & O’Malley [1] although its discovery 
dates back to 1929 [2]. Moreover, since ATP is the energy currency for life, it can 
be argued, in order to establish a connection between the above central argu-
ment and fundamental question, that the important role played by ATP cannot 
be circumvented. Fundamentally, there are two ways that a microorganism can 
be considered, either (a) the organism has the apparatus for metabolism, which 
means that it has the property or capacity to produce and use ATP for its energy 
needs, or (b) the organism does not have the apparatus to produce ATP but, 
nevertheless, has the capacity or capability to partake in existing metabolic 
processes to satisfy or derive its energy needs. In what follows we will refer to (a) 
and (b) in light of the fundamental questions (1), (2) and (3) with particular 
emphasis on viruses. 

2. What Does It Mean for an Entity to Be Living? (1) 

In his book “What is Life?” [3] under the subheading of “Living Matter Evades 
the decay to Equilibrium”, Ervin Schrödinger asks “What is the characteristic 
feature of life? When is a piece of matter said to be alive?” He then answers his 
own questions saying it is alive “when it goes on doing something, moving, ex-
changing material with its environment for a much longer period than we would 
expect of an inanimate piece of matter to keep going under similar circums-
tances” ([3], p. 24). This argument allows that there is an observable or experi-
mentally detectable dividing line between which things can be considered as 
alive and which things cannot be considered alive. Besides If we now accept the 
essay’s argument that “metabolism, the transformative biochemical reactions 
that life processes, is a collaborative affair” ([1], p. 2), then it may be considered 
that (1) has been answered. But (2) must still be considered in context with re-
spect to (a) and (b) in order to establish what role ATP plays in any collaborative 
endeavors. 

3. What Is the Role of Inter-Organismic Collaboration? (2) 

In his article “ATP: The Perfect Energy Currency for the Cell” [4], Jerry Berg-
man gives us an excellent account of the role that adenosine phosphates, namely, 
adenosine monophosphate (AMP), adenosine diphosphate (ADP}, and adeno-
sine triphosphate (ATP) play in biochemical reactions. Here are several points 
from Bergman’s article that are relevant to the present discussion. 
● The ubiquitous ATP molecule is used to build complex molecules, contract 

muscles, generate electricity in nerves, and light fireflies. All fuel sources of 
nature, all food-stuff of living things, produce ATP, which in turn powers 
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virtually every activity of the cell and organism ([4], p. 1). 
● Energy is usually liberated from the ATP molecule to do work in the cell by a 

reaction that removes one of the phosphate-oxygen groups to form ADP. 
When the ATP converts to ADP, the ATP is said to be spent. The ADP is 
then usually immediately recycled in the mitochondria where it is recharged 
back into ATP ([4], p. 2). 

● The enormous amount of activity that occurs inside each of the approx-
imately one hundred trillion human cells are shown by the fact that at any 
instant, each cell contains about one billion ATP molecules. This amount is 
sufficient for the cells needs for only a few minutes and must be rapidly re-
cycled ([4], p. 2). 

● The total human body content of ATP is only about 50 grams, which must be 
constantly recycled daily. The ultimate source of energy for constructing 
ATP is food. ATP is simply the carrier and regulation-storage unit of energy 
([4], p. 3). 

● ATP is used for many cell functions including transport work and moving 
substances across cell membranes ([4], p. 4). 

● ATP manufacture requires several cell processes including fermentation, res-
piration, and photosynthesis. Most commonly the cells use ADP as a precur-
sor molecule and then add a phosphorus. In eukaryotes this can occur either 
in the soluble portion of the cytoplasm (cytosol) or in special ener-
gy-producing structures called mitochondria. Charging ADP to ATP in the 
mitochondria is a process called phosphorylation. This process occurs in 
specially constructed chambers located in the mitochondrion’s inner mem-
branes ([4], p. 4). A more extensive description of these processes involving 
the linkage of the budding of enveloped viruses with the energy of ATP can 
be found in [5]. 

● Although ATP contains the amount of energy necessary for most reactions, 
at times more energy is required. The solution is for ATP to release two 
phosphates instead of one, producing one AMP plus a chain of two phos-
phates called a pyrophosphate. How AMP is built up to ATP again illustrates 
both the precision and the complexity of the cell energy system. The enzymes 
used in glycolysis, the citric acid cycle, and the electron transport system, are 
all precise to a degree that they will replace only a single phosphate. They 
cannot add two new phosphates to an AMP molecule to form ATP. The solu-
tion is an intricate enzyme called adenylate kinase, which transfers a single 
phosphate from an ATP to the AMP, producing two ADP molecules. The 
two ADP molecules can then enter the normal Krebs cycle designed to con-
vert ADP into ATP ([4], p. 6). Figure 1, provided by Jerry Bergman [4], 
shows the relationship that ATP maintains with ADP and AMP. 

In light of the above, inter-organismic collaboration between macromolecules 
and cell organelles, in particular between ATP and mitochondria, cannot be 
doubted to increase metabolism. Also (a), that a microorganism can produce  
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Figure 1. The two-dimensional stick model of the adenosine phosphate family of mole-
cules, showing the atoms and bonds arrangement. 
 
and use ATP, is true. However, how this relates to evolution and (b), how a mi-
croorganism can use ATP without being able to produce it, is unknown. Let us 
now move on to (3) to provide what remains to be said to satisfy (2). 

4. What Is a Biological Individual? (3) 

The essay [1] indicates that numerous keywords are of particular importance 
here, namely: Autonomy, Collaboration, Lineage formation, Living, Metabolic 
whole, None-living ([1], p. 1). Here we will briefly consider how these keywords 
relate to a biological individual within the context of the essay. 

4.1. Autonomy 

The essay holds that it is entirely reasonable to view autonomy as centrally exhi-
bited in collaboration rather than ragged independence. If this kind of autonomy 
is required in order to count as living viruses, which were discovered for the first 
time at the turn of the 19th century [6], count not only as living matter, but as 
full-blown entities able to interact with the cell’s metabolic capacities ([1], p. 15). 

4.2. Collaboration 

Although biological theorists assign importance to competition, giving collabo-
ration proper emphasis could provide important insight into the nature of evo-
lutionary processes because it affects how we conceptualize the entities and ac-
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tivities central to evolution ([1], p. 14). Many ecological examples of collabora-
tion exist which are at least as compelling as those that highlight competition 
([1], p. 16). Collaboration may also include the “mere” coincidence of individual 
interest, and it is often in the interest of any individual to collaborate at least to 
some extent ([1], p. 2). 

4.3. Lineage Formation 

Life, according to the essay, occurs at the intersection of lineage formation and 
collaborative involvement in metabolism ([1], p. 14). If life is viewed in this way 
as the result of the intersection of lineage-forming, metabolically collaborative 
matter organized within different interacting levels, then the smooth transition 
from the earliest living matter to standard examples of life and beyond all the 
way up to contemporary ecosystems should be possible ([1], p. 16). 

4.4. Living 

The essay does not aim to provide an answer to Schrödinger’s question “What is 
Life” [3]. Rather the intent is to present a spectrum of biological entities that il-
lustrates why no sharp dividing line between living and non-living things is like-
ly to be useful. Instead, the goal is to offer a view of life that explains why organ-
izations of matter can be described as living ([1], pp. 1-2). A necessary condition 
for being a living thing is the ability to reproduce, however, it is not obvious that 
this is sufficient. Living entities must also have the capacity to sustain themselves 
through biochemical transformations. On that account metabolism can be en-
gaged in autonomously or cooperatively, through interaction with other biolog-
ical entities ([1], p. 3). 

4.5. Metabolic Whole 

Life can be seen as something that arises only at the intersection of two features: 
matter is living when lineages are involved—directly or indirectly—in metabolic 
processes. The difficulty that arises in the attempt to comprehend life is the ob-
servation that the entities which form lineages are not always the same as those 
that form metabolic wholes. Consequently, it can be argued that metabolism, the 
transformative biological reactions that sustain life processes, is a collaborative 
affair. Hence the claim that life is typically found at the collaborative intersection 
of many lineages, together with the suggestion that collaboration should be seen 
as a central characteristic of living matter, is also a claim that has implications 
for how we understand the origins of life ([1], p. 2). 

4.6. Non-Living 

Many biologists deny that viruses are living organisms, yet viruses are frequently 
considered to be test cases for the boundary between life and non-life, organism 
and non-organism, and biology and chemistry, whereby they are most often re-
legated to the second of each of these category pairs. In that light, viruses are re-

https://doi.org/10.4236/ojbiphy.2021.113008


F. Lewertoff 
 

 

DOI: 10.4236/ojbiphy.2021.113008 230 Open Journal of Biophysics 
 

garded as non-living on the grounds that they cannot reproduce themselves au-
tonomously, nor can they metabolize. They can, nevertheless, carry out such bi-
ologically impressive activities as entering cells to gain access to the transcription 
and translation machinery of the cell for their own use. Thus, they are able to 
move about the DNA from the organism with which they interact. Hence, by ex-
ploiting or collaborating with cellular organisms in these ways, they very effec-
tively reproduce themselves and have no requirement of autonomous metabol-
ism [1]. 

Recalling what was said at the end of (2), namely, that (3) will reveal how 
things relate to evolution, and (b) how a microorganism can use ATP without 
being able to produce it, the above shows that the Dupré & O’Malley essay [1] 
extensively answers such questions within the context of the suggested key-
words. However, the above also shows that a very important keyword or term, 
namely ATP, must be added to the list of keywords to achieve some clarity about 
what role in metabolism, and in particular in collaborative metabolism or meta-
bolic processes, ATP plays in biology. 

This is also of particular importance with regard to the status of viruses. They 
can only keep reproducing for a prolonged period of time, as Schrödinger has it 
[3], if they have access to energy, which only ATP can provide for them. Moreo-
ver, including ATP as a major key-term emphasizes the importance of the dis-
tinction between (a) having a metabolism and (b) partaking in metabolic 
processes, rather than de-emphasizing this. 

Since processes involving the adenosine phosphates AMP, ADP, and ATP are 
central to metabolism, it can be concluded that viruses rely on this for their ex-
ternal source for energy more so than any other entities considered in this re-
view. In short, ATP is food for viruses. It is the energy of ATP that sustains their 
activities and keeps them doing what they were meant to do, which is to repro-
duce and thus to survive. And for that, viruses do not depend on what we believe 
or think with regard to whether they are alive or not. 

5. Conclusions 

With regard to the essay’s central argument that life arises when lineage forming 
entities collaborate in metabolism, it seemed that we needed a more explicit de-
scription of what metabolism in biology entails. By taking a close look at the 
three fundamental questions (1), (2), and (3) and by taking (a), and (b) into con-
sideration, it can be shown that if the role of ATP is also accounted for, then a 
more straightforward description of metabolism in biology can be produced. 
The inclusion of ATP in this discussion does not diminish the essay’s central 
argument, but rather strengthens it by providing the missing link between the 
central argument and the three fundamental questions. 

Moreover, by adding ATP to the discussion, the important role that viruses 
play in biology also becomes more explicit. Furthermore, if one views ATP as the 
perfect energy currency for the cell, then that currency can best be explained 
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with regard to physics. It is not difficult to calculate that the energy liberated by 
the conversion of 1 mole of ATP to the energy of one molecule of ATP amounts 
to 6.64 × 10−20 joules, which can be related to the standard unit definition of 1 eV 
(electron volt) which is equivalent to 1.60 × 10−19 joules of energy. 

One may assume that these infinitesimally small amounts of energy are insig-
nificant but, when one considers that a virus must deal with its needs for energy 
to sustain its activities by picking up each infinitesimally small quantum of 
energy one at a time, the provision of energy by a single ATP molecule is not in-
significant, given that only two and a half conversions from ATP to ADP are re-
quired to generate 1 eV of energy. And, of course, the electron volt plays an im-
portant role in measuring electron transport. Further information of how ATP 
levels of living cells can be visualized and measured can be found in [7]. In short, 
by looking at things in terms of biophysics, it would appear that there is no 
longer any reason for viruses to be placed separately in the gray area of the non-
living, given that they use the energy provided by the ATP molecules of living 
cells in order to reproduce and survive. Thus, viruses associate in symbiosis with 
living cells. Consequently, it can be concluded that to reproduce and survive, vi-
ruses developed the ability to interact in symbiosis with living cells to take ad-
vantage of their ATP energy production mechanism in a non-collaborative para-
sitic manner that often leads to the death of the cells but, this also ensures the 
survival of the viruses’ lineages. 
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