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Synthetic biology’s view of life as a molecular process lacking 
moral thresholds at the level of the cell is a powerful one. And it 
can and perhaps should be invoked to challenge characterizations 
of life that are sometimes used to defend religious dogma about the 
embryo. If this view undermines the notion that a ‘divine spark’ 
abruptly gives value to a fertilized egg — recognizing as it does that 
the formation of a new being is gradual, contingent and precarious 
— then the role of the term ‘life’ in that debate might acquire the 
ambiguity that it has always warranted. 
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month at the Kavli Futures Symposium in Ilulissat, Greenland, on
the convergence of synthetic biology and nanotechnology, and the
progress towards artificial cells.

But should such efforts be regarded as creating life ? The idea that
such creation is a momentous step has deep roots running from
the medieval homunculus portrayed by Paracelsus and the golem
of Jewish legend to the modern faustian myth of Frankenstein. It
will surely be hard to uproot. This is unfortunate, as the idea is close
to meaningless.

There is a popular notion that life is something that appears when 
a clear threshold is crossed. One might have hoped that such percep
tions of a need for a qualitative difference between inert and living
matter such vitalism would have been interred alongside the 
pre darwinian belief that organisms are generated spontaneously
from decaying matter. Scientists who regard themselves as well
beyond such beliefs nevertheless bolster them when they attempt
to draw up criteria for what constitutes life. It would be a service to
more than synthetic biology if we might now be permitted to dismiss 
the idea that life is a precise scientific concept.

One of the broader cultural benefits of attem ts to make artificial 

bacterial genome a subset of genes, identified in Mycoplasma geni
talium, required for the organism to be viable in a rich bacterial culture 
medium . That last sounds like a detail, but is in fact essential. The mini-
mal requirements depend on the environment on what the organism
does and doesnt have to synthesize, for 
example, and what stresses it experi
ences. Too much minimization and you 
end up with cells on life support. And 
participants at the Greenland meeting 
added the reminder that cells do not live
alone, but in colonies and, in general, in 
ecosystems. Life is not a solitary pursuit, 
nor can evolution happen without the 
opportunity for competition.

Synthetic biology s view of life as a molecular process lacking 
moral thresholds at the level of the cell is a powerful one. And it 
can and perhaps should be invoked to challenge characterizations 
of life that are sometimes used to defend religious dogma about the 
embryo. If this view undermines the notion that a divine spark
abru tl ives value to a fertilized e reco nizin as it does that 

“It would be a service 
to more than synthetic 
biology if we might 
now be permitted 
to dismiss the idea 
that life is a precise 
scientific concept.”

www.nature.com/nature Vol 447 | Issue no. 7148  | 28 June 2007  

Meanings of ‘life’ 
Synthetic biology provides a welcome antidote 
to chronic vitalism. 

Many a technology has at some time or another been deemed 
an affront to God, but perhaps none invites the accusation 
as directly as synthetic biology. Only a deity predisposed 

to cut-and-paste would suffer any serious challenge from genetic 
engineering as it has been practised in the past. But the efforts to 

design living organisms from scratch — either with a wholly artificial 
genome made by DNA synthesis technology or, more ambitiously, 
by using non-natural, bespoke molecular machinery — really might 
seem to justify the suggestion, made recently by the ETC Group, an 
environmental pressure group based in Ottawa, Canada, that “for the 
first time, God has competition”. 

That accusation was levelled at scientists from the J. Craig Venter 
Institute in Rockville, Maryland, based on the suspicion that they had 
synthesized an organism with an artificial genome in the laboratory. 
The suspicion was unfounded, but this feat will surely be achieved in 
the next few years, judging from the advances reported earlier this 
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cells is that they force us to confront the contextual contingency of 
this troublesome idea. The trigger for the ETC Group’s protest was 
a patent filed by the Venter Institute in October 2006 on a “minimal 
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the formation of a new being is gradual, contingent and precarious 
— then the role of the term ‘life’ in that debate might acquire the 
ambiguity that it has always warranted. 
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Charles Darwin (1809-1882) 
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This image is in the public domain. 
Source: Wikimedia Commons. 

Image by julia&keld on FindAGrave.com. © FindAGrave.com. All rights 
reserved. This content is excluded from our Creative Commons license. For 
more information, see https://ocw.mit.edu/help/faq-fair-use/. 

Graves of 
Anne Elizabeth Darwin Mary Eleanor Darwin (1842 1842) 
(1841 1851) Charles Waring Darwin (1856 1858) 

“If he had any inclination to think about 
his theory of natural selection at … [the 
time of his children’s deaths], [Darwin] 
might easily have reflected on the 
melancholy fact that his ideas of struggle 
required the death of the weakest 
individuals, even of his own babies. His 
theory was a bleak theory of elimination.” 
Browne, Janet. Charles Darwin:The Power of Place. Princeton University Press, 2003. © Princeton University 
Press. All rights reserved. This content is excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use/. 
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Biology Today textbook,1972, 
published by Communications Research Machines, Inc. Illustrations for chapters on “Human Possibilities” and “Viruses” 
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Screenshot of artificial life simulation “Polyworld,” designed by 
Larry Yaeger, early 1990s, showing “a graphical environment in 
which a population of trapezoid agents search for food, mate, 
have offspring, and prey on each other” 

Image by Polyworld on Wikipedia. License CC BY-SA. © Polyworld. All rights reserved. 
This content is excluded from our Creative Commons license. For more information, see 
https://ocw.mit.edu/help/faq-fair-use/. 
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A hydrothermal vent on the Juan de Fuca Ridge in the North 
Pacific Ocean off Vancouver Island (British-Columbia, Canada) 
© V. Tunnicliffe 
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Sounding the Essays in the 
Anthropology of 
Biology and Beyond 

Stefan Helmreich 

Limits of Life 

Helmreich, Stefan. Sounding the Limits of Life: Essays in the Anthropology of Biology and Beyond. Princeton 
University Press, 2015. © Princeton University Press. All rights reserved. This content is excluded from our 
Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 

Ovoid forms inside Martian meteorite ALH84001, as depicted 
through scanning electron microscopy. The elongated shape in 
the center is some several hundred nanometers in length. 
Discussed in D. S. McKay, E. K. Gibson Jr., et al., “Search for 
Past Life on Mars: Possible Relic Biogenic Activity in Martian 
Meteorite ALH84001,” Science 273 (1996): 924 930. 
Image: NASA. 

Image by NASA. This image is in the public domain. Source: Wikimedia Commons. 
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Alexandra Daisy Ginsberg, “The Synthetic Kingdom,” 2009 
https://www.daisyginsberg.com/work/synthetic-kingdom 
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STEFAN HELMREICH A N D  SOPHIA ROOSTH 

Life Forms: A Keyword Entry 

In a 2007 report jointly issued by the United States National 
Research Council’s Committee on the Limits of Organic Life in Planetary 
Systems and Committee on the Origins and Evolution of Life, biologists 
interested in the possibility of life on other planets speculate that living sys-
tems might employ ammonia, sulfuric acid, or methane as a solvent in the 
way life on Earth uses water.1 Perhaps just as remarkable as the project of 
chemical conjecture delivered by this report, however, is the document’s 
opening inscription: Dedicated to Non-Human-Like Life Forms, Wherever They 
Are.2 Leaving aside the authors’ probable intention that “non-human-like” 
should rather read “unknown” or “extraterrestrial,” what captures our atten-
tion in this address is its most workaday term: life forms. How did life come to 
have a form? More modestly and narrowly: where did the term life form 
come from? And what has life form come to mean in the contemporary 
moment, when it is possible to use the term to refer to as-yet conjectural 
manifestations, manifestations that may redefine the very referent of life 
itself? 

In The Life of Forms in Art, art historian Henri Focillon writes, “Form is 
surrounded by a certain aura: although it is our most strict definition of space, 
it also suggests to us the existence of other forms.”3 Inspired by Focillon, we 
ask: how does the concept of life form operate to suggest the existence of other 
life forms? We argue that life form has, since its earliest nineteenth-century 
enunciations, pointed to a space of possibility within which life might take 
shape. Exactly how that space is understood and theorized has transformed 
as the term has traveled into the present. We suggest that life form has moved 
from its origins as a term referring to abstract, idealized, aesthetic possibili-
ties through reference to biogeographic and evolutionary possibilities to, 
today, conjectural and future possibilities. 

A B S T R A C T  We deliver a “keyword” account of the term life form as it has been used in natural philos-
ophy and biology over the last two hundred years, beginning with its appearance in German as Lebens-
form. We argue that life form has, since its earliest enunciations, pointed to a space of possibility within 
which life might take shape, but that the way that space is imagined and theorized in biology has trans-
formed substantially; life form originated as a term referring to idealized, aesthetic possibilities, then 
transformed to describe biogeographic and evolutionary potentialities, and today, in the age of synthetic 
biology and astrobiology, has come to signal conjectural and future possibilities. / R E P R E S E N TAT I O N S  

112. Fall 2010 © The Regents of the University of California. ISSN 0734–6018, electronic ISSN 
1533–855X, pages 27–53. All rights reserved. Direct requests for permission to photocopy or reproduce 
article content to the University of California Press at http://www. ucpressjournals.com/reprintinfo.asp. 
DOI:10.1525/rep.2010.112.1.27. 27 

Helmreich, Stefan and Sophia Roosth. "Life Forms: A Keyword Entry." Representations 112, no. 1 (2010): 
27–53. © University of California Press. All rights reserved. This content is excluded from our Creative 
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“Historians want to write histories of 
biology in the eighteenth century; but 
they do not realize that biology did 
not exist then, and that the pattern of 
knowledge that has been familiar to 
us for a hundred and fifty years is not 
valid for a previous period. And that, 
if biology was unknown, there was a 
very simple reason for it: that life itself 
did not exist. All that existed was 
living beings, which were viewed 
through a grid of knowledge 
constituted by natural history.” 

Foucault, Michel. Les mots et les choses. Gallimard, 1966. © Gallimard. All rights reserved. This content is 
excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 
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Portrait by Jules Pizatta, 1893. This image is in the public domain. Source: Wikimedia Commons. 

Jean-Baptiste Lamarck 
(1744-1829) 

Lamarck, Jean-Baptiste. Recherches sur l'Organisation des Corps Vivans. Maillard, 1802.© Maillard. 
All rights reserved. This content is excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use/. 
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Museum of Ole Worm, Copenhagen, interior. Engraving, 1655. 
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This image is in the public domain. Source: Wikimedia Commons. 

The great chain from God to 
nature and from nature to man. 
Robert Fludd, Utriusque cosmi 

Packham, Catherine. Eighteenth-Century Vitalism: Bodies, Culture, Politics. 
Palgrave Macmillan, 2012. © Palgrave Macmillan. All rights reserved. This maioris scilicet...1617-1618 content is excluded from our Creative Commons license. For more information, 
see https://ocw.mit.edu/help/faq-fair-use/. 
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Gottfried Reinhold Treviranus 
(1776-1837) 

“The objects of our research will be 
the different forms 

and manifestations of life.” 
Treviranus, Gottfried Reinhold. Biologie, oder die Philosophie der lebenden Natur für Naturforscher und Aerzte. 
Johann Friedrich Röwer, 1802. © Johann Friedrich Röwer. All rights reserved. This content is excluded from 
our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 
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Image by Gustavus Adolphus College. License CC BY. 
Source: Wikimedia Commons. 

Evelyn Fox Keller 

“the significance of demarcating 
biology as a distinctive scientific 
field … was the establishment of 
an intellectual space from which 

the category of ‘life’ could be 
Keller, Evelyn Fox. Making Sense of Life: Explaining Biological Development with Models, Metaphors, and Machines. taken as a given” Harvard University Press, 2003. © Harvard University Press. All rights reserved. This content is excluded from our 
Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 
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