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of a chair of Public Health in token of his sense of the
great work done by Pasteur. Mr. Bruce’s family has
supplemented his bequest and Mr. John Usher has most
munificently completed the sum necessary for the founda-
‘tion of the chair, from which, no doubt next year, the
discoveries of Pasteur will be proclaimed.

Many of us recollect Pasteur’s visit to Edinburgh
thirteen years ago, when he was one of the five delegates
who represented the Institute of France at the celebration
of the Tercentenary of the University of Edinburgh, and
can recall his enthusiastic reception by the students and
the words of kindly wisdom he addressed to them.

I feel very highly honoured by having been asked by
the organisers of this meeting to address you. It is not
an easy thing to do. I have to speak to representatives
of the highest culture of France and to fellow citizens
active and able in the prosecution of all branches of
learning. A teacher must carefully consider what he
says to his pupils; a scientific worker does not, without a
good deal of thought, lay his views before his colleagues,
but habit enables us to do these things without much
embarrassment. It is more difficult to address such an
audience as this on a very special scientific subject.
I can only hope that those of you who are acquainted with
stereochemistry may not think that I treat Pasteur’s great
work in too slight a way, and that I may not be intolerably
tedious to those of you whose studies have not led them in
that direction.

Perhaps I should apologise to our French visitors for
addressing them in English, but I do indeed believe that
mutual intelligibility will be better attained if I use the
language with which I am most familiar.

Pasteur began his independent scientific work, as he
tells us in the memorable Lectures delivered in 1860
before the Chemical Society of Paris, with the subject of
crystallography, because he felt sure that this would be
ot great use to him in his study of chemistry. By a
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rudimentary knowledge of anatomy discloses an essential
asymmetry. Pasteur was ot course quite aware of all
this, and his use of the human body as an illustration of a
symmetrical form is to be taken only in a rough and
general way; we shall see that it is a point of his argument
that living things are asymmetric. To return however to
the tartrates, Pasteur observed that of the three axes to
which their crystalline form may be referred, two have in
all tartrates nearly the same ratio, while it is the variation
of the third axis which gives the variety of form to the
different tartrates. Orienting the crystals by these
corresponding axes, he saw that the hemihedry of all the
tartrates is in the same sense; we may call it right or left,
the name is a matter of convention, but they are either all
right or all left, Thirty five years before Pasteur’s work
on the tartrates and racemates, Biot had discovered that
certain substances in the liquid state such as oil of
turpentine, in a vitreous non-crystalline form such as
barley-sugar, or in solution, have the property of rotating
the plane of polarisation of a ray of polarised light. Tar-
taric acid i1s one of these substances. The coincidence
of this sort of optical activity and non-superposible
hemihedry has a certain analogy with the case of quartz.
~ In that substance also we find these two characters
conjoined. But it is only in the crystalline form that
quartz affects the position of the planxé of polarisation,
while it is in an uncrystallised form or in solution that
tartaric acid does so. In quartz the molecules are sym-
metric, but are arranged in an asymmetric order in the
crystal; in tartaric acid the molecules themselves are
asymmetric.

A communication sent by Mitscherlich to Biot and, by
him laid before the Academy of Sciences had puzzled
Pasteur from his student days.

It was to the effect that not only in chemical composi-
tion, but to the minutest detail in crystalline form and all
physical properties but one, the double soda and ammonia
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inactive solution was gradually acquiring left-handed |

optical activity, that when this ceased to increase, the
fermentation came to an end. The solution now con-
tained none of the right-handed salt, and pure left-handed
tartrate of ammonia could be obtained from it. He thus
proved the surprising fact that the ferment, a minute
fungus, is physiologically asymmetric, and causes the
decomposition of the one enantiomorph, while leaving the
other unchanged. Later investigations have shown that
this asymmetric character of organised ferments is gene-
ral, some micro-organisms causing the destruction of the
one, some, of the other constituent.

Pasteur saw in this a confirmation of a view which he
had adopted from a consideration of the fact that the
known substances having molecular asymmetry are pro-
duced in living things, plants or animals.

Pasteur drew from these facts the conclusion that a
great, perhaps, the only distinction between the che-
mistry of living matter and that of dead matter is that the
former can and the latter cannot produce substances
having molecular asymmetry.

To understand this, me }v/ust look at another most
important discovery made by Pasteur. He found that
when the tartrates of certain organic bases are raised to
a pretty high temperature they undergo a molecular
change, such that when the acid is extracted from the

mass it 1s no longer optically active : it is now a mixture

of racc ‘nic acid and a new acid having the same compo-
sition. This new acid 1s, like racemic acid, quite without
action on the position of the plane of polarisation, but it
cannot be separated into two enantiomorph constituents.
It was called by Pasteur Inactive tartaric acid, or tarta-
ric acid inactive by compensation. It is now often called
« Meso-tartaric acid », the name given to it by Dessaignes.
There are thus four forms of tartaric acid, (1) the right-
handed, (2) the left-handed, (3) racemic acid, the com-
pound in equal proportions of (1) and (2) and therefore
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je puis ainsi parler? On le saura dés que les quatre
acides maliques auront été obtenus. » |

It 1s plain that already, in 1861, he had revised his
opinion as to the distinction between the Chemistry of
living and that of dead matter in consequence of the dis-
covery that racemic acid could be produced in the labo-
ratory from succinic acid, His only doubt was that
perhaps succinic acid itself might be racemoid. This
doubt, he says, would be removed if racemic acid could be
prepared from Maxwell Simpson’s synthetic succinic acid
which could not be suspected of any kind of asymmetry.
This was accomplished by Jungfleisch, so that all doubt
was set at rest.

Pasteur’s time and attention were now taken up with
the question of fermentation and of the origin of ferments,
and it is not until 1874 that we have one, and again
in 1875 another reference to the question of the origin ot
molecular asymmetry. These are, however, particularly
interesting as showing his mature opinion on the matter,
an opinion which we have no reason to think he ever
changed. In 1874 he writes: « Tous les produits miné-
« raux, toutes les substances organiques qu’on obtient
« artificiellement en si grand nombre dans les laboratoires
« sont privés de la dissymétrie moléculaire et de l'action
« corrélative sur la lumiére polarisée, propriétés qui sont
« au contraire, 'une et l'autre, inhérentes a un grand
« nombre de substances organiques naturelles et des plus
« considérables sous le rapport physiologique, telles que
« la cellulose, les sucres, I’albumine, la fibrine, la caséine,
« certains acides végétaux, etc.

« J'ai reconnu, il est vrai, que 'acide succinique ordi-
« naire, corps inactif, avait fourni, entre les mains de
« MM. Perl{in){et Duppa, de l'acide paratartrique réso-
« luble en acide tartrique droit et en acide tartrique
« gauche, et postérieurement, M. Jungfleisch, dans une
« série de travaux accomplis avec une rare habileté, est
« arrivé au méme résultat, en partant de 'acide succi-






« distinction dont il s’agit et de la prendre pour guide. »

I have quoted thus at length partly on account of the
interest of the subject, partly because it appears to me
that Pasteur has not been fully understood, and has been
unfairly accused of a sort of unreasoning and perverse
obstinacy, in adhering to an opinion which he himself
had helped to disprove. The opinion which he helped
to disprove was that racemoids as well as single, separate
asymmetric substances require the presence of living
things for their formation from symmetrical substances,
and to this opinion he did not continue to adhere. What
he continued to hold was the fact, discovered by him, that
there is a most striking, we might almost say a myste-
rious difference between the way in which we can form
asymmetric substances and the way in which they are
formed in animated nature. I think that now, in 1897,
we can put the question more distinctly than it could be
putin 1860. I shall try to do so.

When by methods not involving asymmetric substances
or agencies we prepare a substance containing in its
molecule an asymmetric carbon atom, our product is
always optically inactive. Ieaving out of account the
meso-compounds, which occur only in special cases, and
cannot be regarded as sub-species, in the same sense as
the enantiomorphs, our productis a « racemoid ». From
this racemoid we can often by one or other of Pasteur’s
methods, obtain the two enantiomorph forms, or one of
them. In Pasteur’s second method a simple asymmetric
substance (cinchonicine, or something analogous to it)
1s used, and we must go back to see whence this substance
was obtained. In his third method a living thing (Peni-
cillium glawcum or something analogous to it) is used, so
that, if we are to keep clear of asymmetric substances and
living organisms, we have only his first method, that of
separation of the enantiomorphs by crystallisation. The
question has often occurred to me. Do we here get rid
of the action of a living orgamism? Is not the observa-
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tion and deliberate choice by which a human being picks
out the two kinds of crystals and places each in a vessel
by itself the specific act of a living organism of a kind not
altogether dissimilar to the selection made by Penicillinm
glawcum? But I do notinsist on this, although I think it
is not unworthy of consideration; what I do insist upon is
that this method gives us the two enantiomorphs in equal
proportion and without any kind of preference for the one
or for the other. But in organic nature we find a very
marked preference. We find in living things no anti-glu-
cose, no anti-sucrose, no anti-cellulose, no anti-form of
any of the optically active alkaloids. Very few racemoids
have been observed among the products of vital action,
there may of course be many others yet undiscovered.
I shall here only refer to the e cases that occur to my
memory. The lactic acid of fermentation 1s the product
of the action of a living ferment on the asymmetric

e

ubstance glucose, and yet it is racemoid—[Piutti has
found that the ordinary asparagine, the left form, 1s accom-
panied in plants by a small quantity (about one half per
cent), of the enantiomorph right Asparagine. I may in
passing point out that Piutti’s observations prove the
asymmetric character of our sense of taste, for while left
asparagine is tasteless, right asparagine, its perfect enan-
tiomorph is intensely sweet. Such exceptional cases of
racemoids in organic nature may be of great use in the
search for the explanation of the mystery, the existence of
which was so strongly insisted upon by Pasteur. In
looking for such an explanation he was inclined to turn to
cosmic influence, and to see in the asymmetry of organic
nature a reflection of the asymmetry of the Universe.
I think the immediate explanation is to be found in
| - Pasteur’s own observations. He has shown us that
| living things are asymmetric, and we may therefore expect

to find asymmetry in their products. There are two

ways in which such asymmetry may be produced.

I shall take an example of each of these ways from the
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