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Constructing the Enchanted Loom

Rodney J. Douglas* and Kevan A.C. Martin**

Zusammenfassung
Der grosse englische Neurophysiologe Sir Charles

Sherrington nannte das Gehirn einen «verzauberten
Webstuhl», der Gedankenmuster webt. Er versuchte
die Frage zu beantworten, wie das Gehirn funktioniert,

aber auf diese Frage gibt es bis heute keine

Antwort. Wir versuchen gegenwärtig die damit eng
verbundene Frage zu beantworten, wie das Gehirn sich

selbst konstruiert, umfunktionieren zu können. Schon

vor der Geburt muss das Nervensystem aller Tiere zu
einem hohen Gradfunktionsfähig sein, um die
Verhaltensweisen zu organisieren, mit denen das Tier
überleben und aufwachsen kann. Wir wissen noch nicht,
wie dies genau geschieht. Aber es ist bereits klar, dass

der Prozess, mit dem ein biologischer Organismus sich

selbst konstruiert, sehr verschieden von dem ist, den

wir und andere Tiere benutzen, um gebräuchliche
Artefakte, wie Werkzeuge, Maschinen und Wohnungen,

zu konstruieren. Dieser Artikel beschreibt, worin
sich diese Konstruktionsmethoden unterscheiden.

Summary
Sir Charles Sherrington, the great English neuro-
physiologist, described the brain as the «enchanted
loom» that wove patterns of thought. Flis quest was
to answer the question, «Flow does the brain work?»
but to this deep question there is as yet no answer. The

closely related question that we are currently trying to
answer is, « Flow does the brain construct itself so that
it can work?» Even before birth the nervous system of
all animals has to function to such a high degree that
it can organise the behaviours that will allow the
animal to survive and develop into an adult. Flow exactly
this happens we don't yet know. But already it is clear
that the process by which the biological organism
constructs itself is a very different one to the process we
and other animals use in constructing the artefacts we
use, like tools, machines, and our habitation. This

essay describes how these construction methods differ.

Introduction
If a stranger came up to you and said he knew the
whereabouts on earth of a machine that could
construct itself, calibrate itself, and whose power needs
were no more than 30 watts, you would wonder
what they were talking about. If they went on to tell
you that this extraordinary machine could teach
itself - and others like it - to perform complex tasks

that no other machine on earth could, you would
probably think they were pulling your leg. But if they
went on to tell you with great conviction that the
machine they were talking about had created every
other technology on earth, then you would be

certain that you were talking to a lunatic. Yet such a

machine does exist. Our relationship to this machine is

very intimate - in a real sense we are it, it is us.

Natural and Artificial Machines
It is a feature of our modern existence that most
of us never actually construct a machine. Thus,

although we all use machines, we are largely ignorant
of their inner workings. Yet we use the technologies

- machines - with confidence because we sincerely
believe that the machine does what its manufacturers

claim it does, that there is someone on earth
who really does know how the machine works, and

perhaps yet others who really do know how to build
and to repair them. Indeed, we are absolutely sure
that these technologies were built according to the

original blueprints designed and drawn by another
human. Our faith in the constancy of the inanimate

compared to the animate, is indeed touching.

We spend even less time worrying about the inner

workings of the technologies or machines we
encounter in nature, although we use many of them

throughout our lives. These natural machines, which

are found through all of biology, exploit the working

of devices whose dimensions may be as small as a
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macromolecule or as large as an elephant. If we were
to think of natural systems in the same way as we do
artificial systems - cars, telephones, power stations
and the like - then we would include in our thoughts
a Designer who sits at the drawing board (or in modern

studios, at CAD-Computer Aided Design-systems)

and who imposes the same constraints on the
natural machines as we humans do when we design

an artificial machine. This is an awkward thought for
a secular science and even the few who believe, as the

17th-century English writer Thomas Browne (1645)
did, that, «all things are artificial, for nature is the art
of God», are unlikely to wait for divine intervention
to explain the inner workings of cells, organs or
organisms.

Springtime is traditionally the time of new life, but
even when we see it arriving, we give little thought
to the singular ability of biological systems to self-

replicate and self-assemble and survive and evolve

without the intervention of a designer. We ignore
this awkward fact of our own existence: that each of
us only breathes earth's air as an autonomous agent
after a lengthy process of dependent development
during which - unbelievably - our parents were not
asked to add one mark to our blueprint or add one
letter to the manual required for our construction.
Our nervous system is one essential part of that
development program; yet quite unbeknown to our
parents were the divisions of the neurons between
7 and 17 weeks of our gestation that created all the

neurons - 15'000 million - we will ever possess.

Similarly, our parents knew nothing of the nomadic
travels taken by these neurons through our developing

brain and nothing of their intended destinations,
where our neurons began to differentiate into their
recognizable adult forms. And who was the chaper-
one that introduced each neuron to their multiple
life-partners, who told them how firmly they were to
clasp those partners? This process, silent, invisible,

yet immaculate in conception, is seemingly magically
carried out by the micro machinery embedded in the

organism itself. When we look, we see no visible
scaffolding, no architect, and no master builder. How can

we really believe that each child knows how to build
itself in a way that it resembles all other children ever
born, yet has never ever seen?

Design without a Designer?
A design without a designer violates the basic

principles of making any artefact. This is the teleological

argument for the existence of God made by William
Paley (1802), amongst others. For Paley, Nature was
a mechanism far more complicated than that of a

watch, so why, he thought, should we suppose that
nature is any different to the watch and does not also

require a Designer? Charles Darwin countered Paley's

argument in the following way: «The old argument
of design in nature, as given by Paley, which formerly
seemed to me so conclusive, fails, now that the law

of natural selection has been discovered. We can no
longer argue that, for instance, the beautiful hinge of
a bivalve shell must have been made by an intelligent
being, like the hinge of a door by man. There seems

to be no more design in the variability of organic
beings and in the action of natural selection, than in the

course, which the wind blows. Everything in nature
is the result of fixed laws.» (Darwin, 1958). Yet this
paradox enacted through evolution has produced
not simply the spellbinding complexity of a single
cell, but also something as astonishing as the neural

networks of the brain.

The English neurophysiologist Charles Sherrington
(1940) imagined the brain as, «an enchanted
loom, where millions of flashing spindles weave a

dissolving pattern» (see Figure 1 What is it about these

biological processes that allow such stupendous
skills at do-it-yourself (DIY) construction to be
performed? The answer probably lies in the interaction
of two processes: one that grows complexity and the
other that uses Darwinian selection to prune away
branches that have grown in ways that are not well-

adapted to the prevailing environment.

Tools and Machines
We generally define a machine as consisting of a

number of interacting parts. Our ancestor, Homo
habilis («Handy man») first started making tools
in the Olduvai Gorge 2.6 million years ago, but it is

only relatively recently - perhaps in the last 100 000

years - that hominims have constructed multipart
machines. Clearly, even species with high intelligence
have difficulty in constructing machines. Biology by

contrast, constructs multipart machines with ease

and at multiple scales, from the nanoscale machines
like ion gates and pumps embedded in membranes

to huge organisms like the Blue Whale. What indeed,
as Sydney Brenner has asked, is the «grammar» of
biological systems that allows such sophisticated
designs to be achieved through self-construction? The

Spanish neuroanatomist Ramon y Cajal (1938)
wondered much the same when he saw down his light
microscope the myriad connections formed by millions
of nerve cells: «What mysterious forces precede the

appearances of these [neural] processes? Promote
their growth and ramification? And finally establish

those protoplasmic kisses which seem to constitute
the final ecstasy of an epic love story?» (See Figure 1).

We ourselves continue to ask these questions, using
a combination of experiment and computer simulation

(e.g. Zubler and Douglas, 2009).










