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INTRODUCTION

Science is an endless search for truth. Any representation of
reality we develop can be only partial. There is no finality,
sometimes no single best representation. There is only deeper
understanding, more revealing and enveloping representa-
tions. Scientific advance, then, is a succession of newer repre-
sentations superseding older ones, ecither because an older one
has run its course and is no longer a reliable guide for a field
or because the newer one is more powerful, encompassing, and
productive than its predecessor(s).

Science is impelled by two main factors, technological ad-
vance and a guiding vision (overview). A properly balanced
relationship between the two is key to the successful develop-
ment of a science: without the proper technological advances
the road ahead is blocked. Without a guiding vision there is no
road ahead; the science becomes an engineering discipline,
concerned with temporal practical problems. In its heyday the
representation that came to dominate and define 20th century
biology, molecular biology, was a rich and inspiring blend of
the two. By the end of the 20th century, however, the molec-
ular vision of biology had in essence been realized; what it
could see of the master plan of the living world had been seen,
leaving only the details to be filled in. How else could one
rationalize the strange claim by some of the world’s leading
molecular biologists (among others) that the human genome (a
medically inspired problem) is the “Holy Grail” of biology?
What a stunning example of a biology that operates from an
engineering perspective, a biology that has no genuine guiding
vision!

* Mailing address: Department of Microbiology, University of Illi-
nois, 601 S. Goodwin, Urbana, IL 61801. Phone: (217) 333-9369. Fax:
(217) 244-6697. E-mail: carl@ninja.life.uiuc.edu.

Look back a hundred years. Didn't a similar sense of a
science coming to completion pervade physics at the 19th cen-
tury’s end—the big problems were all solved; from here on out
it was just a matter of working out the details? Deja vu! Biology
today is no more fully understood in principle than physics was
a century or so ago. In both cases the guiding vision has (or
had) reached its end, and in both, a new, deeper, more invig-
orating representation of reality is (or was) called for.

A society that permits biology to become an engineering
discipline, that allows that science to slip into the role of
changing the living world without trying to understand it, is a
danger to itself. Modern society knows that it desperately
needs to learn how to live in harmony with the biosphere.
Today more than ever we are in need of a science of biology
that helps us to do this, shows the way. An engineering biology
might still show us how to get there; it just doesn’t know where
“there™ is.

THE MOLECULAR ERA IN THE BIGGER PICTURE

If the dominant molecular representation of biology is to be
displaced by something deeper, something more comprehen-
sive and inspiring, we need first to step back, define molecular
biology, and place the molecular era into proper historical
perspective.

Despite the fact that historians may well declare the 20th to
be “the great century” in biology (24), it was in the 19th century
that biology really came of age; consolidating itself, ridding
itself of much of its ancient burden of mystical claptrap, and
defining the great biological problems: Pasteur had banished
spontaneous generation for good. He, along with Koch, Hae-
ckel, Cohn, Beijerinck, and others, had shown the living world
to comprise far more than plants and animals. Darwin had
demystified evolution and recast it scientifically. The cell had
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HORIZONS

Life, logic and information

Paul Nurse

Focusing on information flow will help us to understand better how cells and organisms work.

Biology stands at an inter-
esting juncture. The past
decades have seen remarkable
advances in our understand-
ing of how living organisms
work. These advances have
been built mostly on molec-
ular biology: applying the
ideas that the gene is the fundamental unit
of biological information and that chemistry
provides effective mechanistic explanations of
biological processes. These approaches, com-
bined with an increasing ability to analyse
highly complex biomolecular mixtures both
qualitatively and quantitatively, haveled to
our present good understanding of cellsand
ganisms and to significant imp

in our knowledge of human disease.

But comprehensive understanding of
many higher-level biological phenomena
remains elusive. Even at the level of the
cell, phenomena such as general cellular
homeostasis and the maintenance of
cell integrity, the generation of spa-
tial and temporal order, inter- and
intracellular signalling, cell ‘memory’
and reproduction are not fully understood.

‘This is also true for the levels of organiza-
tion seen in tissues, organs and organisms,
which feature more complex phenomena such
as embryonic development and operation of
the immune and nervous systems. These gaps
in ourknowledge are accompanied by a sense
of unease in the biomedical community that
understanding of human disease and improve-
‘ments in disease management are progressing
too slowly.

One reason for this s that our past successes
have led us to underestimate the complexity
ofliving organisms. We need to focus more
on how information is managed in living
systems and how this brings about higher-
level biological phenomena. There should be
a concerted programme to investigate this,
which will require both the development of
the appropriate languages to describe infor-
mation processing in biological systems and
the generation of more effective methods to
translate biochemical descriptions into the

‘made up of many interacting components, the
behaviour ofwhich is often difficult to predict
and so is prone to unexpected outcomes. Sys-
tems analyses of living organisms have used
avariety of biochemical and genetic interac-
tion traps with the emphasis on identifying the
componentsand describing how these interact
with each other. Theseapproaches are essential
but need to be supplemented by more investi-

functioning of the logic circui underpin
biological phenomena.
Living organisms are complex systems
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‘Two iconic examples of this early thinking
are the structure of DNA and the transcrip- é
tional regulation of the lac operon. The DNA =
double helix is beautiful not only because it is
an elegant structure but because that structure
reveals that DNA can act as a digital informa-
tion storage device that can be precisely cop-
ed. Similarly, the mechanism of the la operon
(aset of nucleotides that regulates the metabo-
lism of lactose) can be described in terms of

DNA, protein

gation into howliving gal process,
i ion, as wi i molecular interacti
at the birth of molecular biology. and metabolites. But these interactions make
£ Macrillan Publishers Limited. A8 rights reserved

Nurse P (2008): Life, logic and information.

Nature 454, 424-426

“Biology stands at an interesting
juncture. The past decades have seen
remarkable advances in our
understanding of how living
organisms work. [...] But
comprehensive understanding of
many higher-level biological

phenomena remains elusive. ..."



The MUSIC

of LIFE
J“\‘ Noble D (2006): The
music of life. Biology
i beyond genes. Oxford
Denis Noble Univ. Press

,What is life? Noble argues that
we must look beyond the
reductionist gene‘s view of life to
answer the question...”

DANCE
TOTHETUNE

Noble D (1017): Dance to
the Tune of Life. Biological
Relativity. Cambridge Univ.
Press
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Intentions:

- Concept for organismic biology

- Ontologically irreducible concept of the living

PROPERTIES

Organismic Biology

- Background for dealing with organisms in practice
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DNA =——> RNA =———= Protein
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Rosslenbroich B, Kimmell S, Bembé B (2024):
Agency as an inherent property of living organisms.
Biological Theory. https://doi.org/10.1007/s13752-024-00471-7
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Nature’s “spectacle is always new, because she
always creates a new audience. Life is her most
beautiful invention, and death is her artifice to

have abundant life.”

Johann Wolfgang von Goethe
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