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a b s t r a c t

Victor Henri's great contribution to the understanding of enzyme kinetics and mechanism is not always
given the credit that it deserves. In addition, his earlier work in experimental psychology is totally un-
known to biochemists, and his later work in spectroscopy and photobiology almost equally so. Applying
great rigour to his analysis he succeeded in obtaining a model of enzyme action that explained all of the
observations available to him, and he showed why the considerable amount of work done in the pre-
ceding decade had not led to understanding. His view was that only physical chemistry could explain the
behaviour of enzymes, and that models should be judged in accordance with their capacity not only to
explain previously known facts but also to predict new observations against which they could be tested.
The kinetic equation usually attributed to Michaelis and Menten was in reality due to him. His thesis of
1903 is now available in English.

© 2014 Elsevier B.V. and Soci�et�e française de biochimie et biologie Mol�eculaire (SFBBM). All rights
reserved.

1. Introduction

A recent paper [1] in the context of the centenary of Leonor
Michaelis and Maud Leonora Menten's paper [2] discussed the
work of their predecessor, Victor Henri [3,4]. They themselves were
quite clear about their debt to him, but later authors have tended to
be less so. In fact, the thesis that Henri wrote for his doctorate at the
Sorbonne [4] contains ideas that still repay careful reading today,
and to facilitate this we have prepared an annotated translation
into English that forms the Supplementary material for this paper.
Here we shall discuss why Henri's work continues to be important
for biochemistry, after first drawing attention to his ground-
breaking work in the field of experimental psychology [5e7],
which is almost completely unknown to biochemists, and also
giving a brief account of his later work in physical chemistry.

2. Henri's life and scientific career

As this is dealt with in detail in the Supplementary material and
elsewhere [1,8,9] we give only a brief summary here. Henri (Fig. 1)
was born in Marseilles in 1872, but despite his French name, na-
tionality and place of birth he was wholly Russian in origin. His

natural and adoptive mothers were sisters, and came from the very
distinguished Lyapunov family: they were cousins of the mathe-
matician Alexander Lyapunov, and Henri's niece married the phys-
icist Peter Kapitsa. His early work was in experimental psychology,
initially as assistant to Alfred Binet, the pioneer of intelligence
testing. He spent a long period in Germany, and in one of his later
visits he became acquainted with enzymes and physical chemistry
in Wilhelm Ostwald's laboratory in Leipzig. Afterwards he moved
from psychology to physiology, and from there to the mechanisms
and kinetics of enzyme catalysis. In his later career he contributed to
many fields, mostly with some relationship to physical chemistry,
and at different times occupied major posts in France, Russia,
Switzerland and Belgium. He died in La Rochelle in 1940. The prin-
cipal steps in Henri's life and career are listed in Table 1.

3. Experimental psychology

Experimental psychology as a discipline came to prominence in
the1880swith the foundationof thefirst laboratories inGermany, the
most famous being the one founded in Leipzig byWilhelmWundt in
1879. These laboratories were primarily intended to allow studies on
the elementary forms (sensations, perceptions) of mental life. At the
time, the French authorities wanted to develop experimental psy-
chology, in order to follow the German research movement, and
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created a chair in the Coll�ege de France in1888 and a laboratoryat the
Sorbonne in 1889. As a young student of mathematics at the Sor-
bonne, Victor Henri was attracted by psychology as taught by
Th�eodule Ribot at the Coll�ege de France and by the new laboratory
directed by the physiologist Henry Beaunis and his assistant Alfred
Binet. When the first laboratory of experimental psychology was
founded in Paris, work was first dedicated to the sensory domain.
Henriwasfirst interestedby the studyof the sensorydomainworking
withhysterics at the Salpêtri�ereHospital in the service of Jean-Martin
Charcot under Binet's supervision. In 1892 Binet brought Henri into a
research programme on memory, and he became a specialist in this
new domain, writing papers in L'Ann�ee Psychologique, the journal of
the laboratory, until 1901. The most famous one was a paper on in-
fantile amnesia published in 1897 [10], now available in English [11],
which inspired Sigmund Freud. It was impossible at that time to
obtain a doctorate inpsychology in France, andHenri decided to go to
Germany. He studiedwithWundt at Leipzig andMüller in G€ottingen,
obtaining a doctorate there in 1897 on tactile discrimination. During
this period he kept French philosophical and psychological journals
informed about the development of psychology in Germany [12,13].
He was an active researcher, and Binet enrolled him in his new pro-
gramme of individual psychology.

Binet and Henri were dissatisfied with the studies made by their
predecessors [14e17], which they considered incomplete, too much
concerned with sensations that could easily be measured, and too
littlewith higher intellectual processes. They undertook an extensive
programme of research in which they set out to measure many as-
pects: memory; the nature of memory images; imagination; atten-
tion; the capacity to understand, observe, define and distinguish;
suggestibility; aesthetic feeling; moral sentiments; muscular force
and force of will; and motor ability. The ambitious nature of this
programme is evident from the fact that even today some of these
aspects, for example the nature of memory images, are not fully
understood. Nonetheless, they devised a series of ingenious tests
that could allow all of them to be assessed in about 90 min, and
succeeded in making substantial progress. Their major paper from
this work [5], now available in English [18], begins with a warning:

We tackle here a new, hard and still very little investigated
subject; you should not expect to find in our work final answers

to the questions that will be raised. Our main purpose will be to
indicate the problems with which individual psychology has to
deal in order to highlight the practical importance it has for the
teacher, the doctor, the anthropologist and even the judge…

Stimulated by this work with Binet, which also included studies
of intellectual fatigue [6], Henri decided to study whether different
degrees of intellectual effort had any physiological effect on the
composition of the excretion products of subjects with a controlled
diet and controlled muscular activity, which he called nutritional
exchanges (�echanges nutritifs) [7].

Binet continued with his psychological studies after Henri had
moved on to physiology and physical chemistry, but we shall not
discuss this here beyondmentioning his work on the measurement
of mental capacity [19]. This has had enormous educational re-
percussions that continue to this day, though for many years it was
applied in exactly the opposite way from what he intended: he
believed that such tests could be used to identify children who
needed specific kinds of remedial help, but in practice intelligence
tests were long used for classifying children, and even adults, ac-
cording to supposedly innate levels of ability [20].

4. Henri's research on enzymes

4.1. Introduction

After he left the psychology laboratory of the Sorbonne, Henri
moved to the physiology laboratory, where he undertook very
different research, becoming the pupil and close collaborator of Albert
Dastre (Fig. 2), who supervised his work on enzymes. This is themain
themeof this paper, and concerns the studiesdescribedbyHenri inhis
thesis [4] (Fig. 3), principally of invertase, but also of elastase, emulsin
and amylase. He approached all of these enzymes with a scientific
rigour that can still stand as amodel. In particular, he insisted that any
explanation of a biochemical phenomenon must be consistent with
the principles of physical chemistry, and that one should not use one
explanation for someof theobservedproperties butadifferentone for
others. Thismayseemtobe tooobvious tobeworth saying, butpapers
continue tobepublished inwhichbasic principles of thermodynamics
and physical chemistry are violated, as well as models that are not
internally consistent. In 1903 Eduard Buchner's overthrow of vitalism
[21] was recent enough not to be universally accepted; it was still
possible to believe that the laws of chemistrymight not apply in full to
biological systems, and thusHenri's attitudewasadvanced for its time.
He was critical of his predecessors for failing to observe all of these
principles, but he did not exempt himself, andwas equally critical of a
paper of his own [22] that he considered lacking in rigour: it proposed
a model that was purely empirical but could not be applied over the
whole range of substrate concentrations without invoking arbitrary
changes in assumptions.

4.2. Invertase

Most of Henri's work dealt with invertase, which catalyses the
hydrolysis of sucrose: sucrose þ H2O % fructose þ glucose. The
name invert sugar for the mixture of products, and the name
inversion for the reaction, derived from the observation that the
products rotate the plane of polarized light in a direction opposite
from that of sucrose, and thus “invert” it. The name invertase refers,
of course, to this. It was chosen for many of the early studies of
enzyme action because, as an extracellular enzyme secreted into
the medium by yeast, it is readily available for study, and because
the reaction is easily followed polarimetrically.

Fig. 1. Victor Henri. This is a detail from a painting by Mme. Laure Binet (wife of Alfred
Binet), painted in about 1900. It is now in the possession of Mrs. Christine Henri,
widow of Victor Henri's son Victor, and is published with her permission.
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