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This edition of the Archives is dedicated to the life and career of Carlo Terzuolo,
who was Professor of Neurophysiology at the University of Minnesota from 1959 to
his retirement in 1994. His untimely death in October, 1999 left a large scientific
legacy for Neuroscience in the scientists he trained and collaborated with.

The issue contains a set of papers written by the attendees to a conference held at
Brainerd, Minnesota on September 26-30, 2001, and organized by his students and
colleagues at the University of Minnesota to celebrate his life and career. It seemed
fitting to model this tribute after a most successful conference Carlo organized 33
years ago. He invited some of the leading investigators in the frontier area we now
call computational neuroscience to hold a workshop to which he invited promising

graduate students and
post-doctoral fellows.
In keeping with the
theme of that confer-
ence, which helped to
establish many
research directions and
collaborations, we also
set as our goals to bring
together  colleagues
having a common
interest in the workings
of the nervous system
and to provide a forum
for the young and
promising investigators
in the field. To this end
we invited the partici-
pants of the 1969
Brainerd conference as
a legacy of Carlo’s
dream for that confer-
ence, and we also invit-
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ed some of the most promising young investigators in the field today. In that sense,
this Brainerd Conference of 2001 was dedicated to Carlo Terzuolo as a reunion and
rededication of the Brainerd Conference of 1969.

Carlo Terzuolo was an intense person who was fiercely dedicated to his science.
He was ambitious for science and particularly for young people (the future of sci-
ence). He had a strong faith in the power of the independent investigator and he pro-
moted that faith to both colleagues and students. For example, a review of his bibli-
ography does not reveal the names of many of his trainees because they published
their work under their own names. He was interested in big questions yet he pursued
each experiment with a focussed intensity. His research contributions ranged over
topics as diverse as nerve membrane biophysics and the organization of movement
in handwriting and typing.

The scientific career of Carlo Terzuolo began just after World War 2 when he
received the MD degree from the University of Turin. Shortly afterward he went to
Pisa to study electrophysiology under Prof. G. Moruzzi. It was there he developed
his interest in the functions of the cerebellum and brain stem structures along with
his friend and colleague H. Terzian (29, 30). In 1951 he moved to Brussels to study
for 2 years with Prof. F. Bremer where he was introduced to the intracellular micro-
electrode and studied the neurophysiology of sleep and arousal (6, 7. 8).

About this same time Carlo received an invitation from Sheibel and Sheibel, with
whom he had started an informal collaboration, and from H. Magoun to go to
UCLA. Thus in 1954 Carlo Terzuolo and his wife Silvia arrived in California to
begin his scientific career in the US.

Altogether he spent 4 years at UCLA in the Department of Anatomy where he
developed many friendships among the leaders of neuroscience at that time and
became a US citizen. His developing interest in the process of inhibition led along
a number of paths (the cardiac ganglion of lobster (22), the cerebellum (20) and
the spinal motoneuron (21)). This latter interest in the motoneuron may have
developed while he was at the NIH to satisfy a year of military service in 1956-
57, working with R. Galambos. It led to a notable neurophysiological first in the
successful voltage clamp of the motoneuron, which he first published with Araki
in 1959 (4, 5).

In 1958, Maurice Visscher, who was then the Head of Physiology at the
University Minnesota visited UCLA and invited Carlo to come to Minnesota to head
a Laboratory of Neurophysiology. Thus in 1959, he moved to a newly renovated lab-
oratory at the University of Minnesota Medical School as the Hill Family Professor
of Physiology.

One prominent aspect of his scientific career was his ability to recognize and
develop scientific talents in young people. His laboratory in Minnesota soon became
a training ground for many who went on to become prominent researchers. The ini-
tial focus of the laboratory was on the neuron as it was being explored by intracel-
lular recording. But he was never satisfied with just an experimental approach or
with a particular question at hand. He strongly believed, and imparted this to stu-
dents and colleagues, that:
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“the more risks taken in pursuing a research effort, the more likely it is that new
insights of general significance may eventually be gained™ (23).

In fact, his scientific career at Minnesota, which spanned three and half decades
went through at least three major phases:

The first was concerned with the neuron and the properties that could be revealed
and quantified with the then new microelectrode technology. Here he made of num-
ber of important contributions to our understanding of nerve cell function. In partic-
ular, his studies with R. Llinas that showed the role of dendritic compartmentaliza-
tion in the processing of information in motoneurons (11, 12, 24), and his work with
Washizu demonstrated the special excitability properties of the axon initial segment
that gave rise to the production of the action potential (31, 32, 13).

The second phase of his research interests developed from a desire to understand
neuronal circuits and to employ quantitative methodologies borrowed from physics
and engineering (systems analysis). This interest was launched to some extent by the
Brainerd conference of 1969. He realized at this point that a purely reductionist
approach would not answer the larger questions about brain function. He began by
applying these new tools to the basic reflex circuitry of the spinal cord and demon-
strated a surprisingly linear processing of sensory and motor parameters at this level
(14,15, 16). He also explored quantitative control relationships in a series of simple
motor tasks (27, 28, 25, 18, 26, 1, 2, 3).

Finally, a more generalized application of the systems analysis approach formed
a third phase in which he sought to understand the computational functions of the
nervous system, functions that were to be best understood from a top-down or even
psychophysical approach. His real curiosity — no doubt a partial legacy from
Moruzzi and Bremer — was to understand the function of major neuronal systems
(how the brain works). During this period he explored more general questions about
the organization of motor functions in the context of natural 3-dimensional move-
ments. He and his colleagues showed that the nervous system deals with the com-
plexities of such movements by means of suitable approximations and imposed con-
straints. For example, they found that arm movements could be decomposed into
segments of planar ellipses in space that were specified by the phase relationship
between joint angles (10, 17, 19), and the kinematics of arm movement are con-
strained by a specific relationship to the figural aspects of the movement (the 2/3
power law; 9).

While this work was proceeding at Minneapolis, Carlo also made important con-
tributions to science in his home of Italy. In 1965, he was asked by his mentor Prof.
Moruzzi to establish the Institute of Neurophysiology of the CNR in Pisa. With his
usual energy, Carlo not only set up the institute, but personally designed the build-
ing and lead the operation for several years. Later in 1982, he established a similar
Institute for Neurophysiology in Milan. Both institutes have had a productive histo-
ry of scientific accomplishment.
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