The evolution of life / by H. Charlton Bastian.

Contributors

Bastian, H. Charlton.
Royal College of Physicians of London

Publication/Creation
London : Methuen, 1907.

Persistent URL
https://wellcomecollection.org/works/j9bbkk5s

Provider

Royal College of Physicians

License and attribution

This material has been provided by This material has been provided by Royal
College of Physicians, London. The original may be consulted at Royal
College of Physicians, London. where the originals may be consulted.
Conditions of use: it is possible this item is protected by copyright and/or
related rights. You are free to use this item in any way that is permitted by
the copyright and related rights legislation that applies to your use. For other
uses you need to obtain permission from the rights-holder(s).

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org











































































































































e e

22 THE EVOLUTION OF LIFE

suns, so, throughout the universe, there may be
thousands or even millions of planets in which the
highest kind of synthesis, represented by living
matter, has been or is taking place.

Such a process when once it was started on this
earth—perhaps some hundreds of millions of years
ago—has been followed by the evolution of all the
increasingly complex forms of life that have lived in
past ages (some comparatively few examples of which
have happily been preserved for us in successive
geological strata), together with all the innumerable
forms that still people the earth and dwell in its
oceans.

Since the great revolution in scientific beliefs
brought about by the epoch-making work of Darwin,
it is now generally admitted by men of science
that all the various forms of life have arisen one
from another by processes of evolution—that they
have appeared, that is, as successive natural results
of the interaction between the primordial forms of
living matter and the sum-total of the influences,
animate and inanimate, acting thereupon. Thus
these multitudinous forms of vegetal and of animal
life are deemed to have come into being as final
results of those same physico-chemical processes
which we have seen to be in operation throughout
the universe. Starting from the all-pervading ether
—_whose origin and nature are alike inscrutable—
modern-day physicists would have us regard it as
the source in and from which the primordial units of
matter (the electrons) arise. ~How these aggregate
(perhaps first in their tens and hundreds and then in

. .

e
= £l E

e







24 THE EVOLUTION OF LIFE

occurred only once or more in some remote geo-
logical ages, as many are inclined to think ; or
whether it is a process that has been going on ever
since it first began, all through the ages, and is one
still continuing to occur at the present day.

When it was said, a few pages back, that “ no
person possessing a fair amount of chemical and
biological knowledge ” now doubted that a natural
origin of living matter had in the past occurred on
this earth, it must not be forgotten that some years
since (in 1871) Lord Kelvin, adopting a view
previously expressed by another celebrated physicist
(Helmholtz), threw doubt upon the subject by
suggesting that life might have come to us on “the
moss-grown fragments of another world.” This
evasive and very improbable view seems now
altogether beside the question, and as was pointed
out by Sir George Stokes! would, of course, “leave
untouched the problem of the origin of life.” This
eminent physicist added, *“ 1 need not dwell, how-
ever, on the very formidable difficulties which stand
in the way of any such hypothesis, for example, the
intense superficial incandescence produced in a
meteorite by its rapid passage through the air, for I
do not conceive that the hypothesis was ever meant
to be adopted.”

Some astronomers, indeed, so far from doubting
that Archebiosis originally occurred on the earth, go
so far as to think that life of some sort is to be
found even on other planets belonging to our own
solar system. Thus, Dr H. H. Turner, Professor of

1 ¢ Lectures on Light,” 1892, p. 331.
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30 THE EVOLUTION OF LIFE

knmwledge, from higher to lower forms of life, till at
the last it is maintained as a mode of origin only for
the very lowest and most minute of living things,
has been regarded by many as one of the most
weighty arguments against the de novo origin of
living matter,

But this objection is robbed of all its seeming
strength when it is said that the modern Evolu.
tionist would only expect to obtain evidence con-
cerning the @e novo origin of the minutest specks of
“living matter "—gradually emerging, in fluids, into
the region of the visible, as opened up by a powerful
microscope, and subsequently developing into the
most elementary living things.

(2) The second general consideration is this.
The formula omne vivum ex wvive is supposed to
derive its authority from the fact that the experience
of mankind generally—both skilled and unskilled—
testifies to its truth. But it is almost unnecessary
to say that observation is of no avail in regions
where it becomes impossible, and consequently that
observation cannot tell us whether previously
invisible specks of living matter have arisen from
invisible living germs, or by an independent process
of origination. As John Stuart Mill said,! “ Though
we have always a propensity to generalise from un-
varying experience, we are not always warranted in
doing so. Before we can be at liberty to conclude
that something is universally true because we have
never known an instance to the contrary, we must
have reason to believe that if there were in nature

L “System of Logic,” 6th ed., vol. i. p. 349.

























38 THE EVOLUTION OF LIFE

unfit for the occurrence of future processes that ma
lead to life-origination : this is the major difficulty,
especially as preconceptions are so strong with many
people that they regard the actual problem as fore-
closed. If, after the purifying process, living things
appear and multiply within the experimental vessels,
such persons are apt invariably to attribute the fact
to a survival of pre-existing germs rather than to
a birth of new germs.

We must be sure also that there has been no
contamination with atmospheric germs after the
preliminary heating, and during the time that the
experimental vessels are kept previous to the
examination of their contents. But in all the funda-
mental experiments to be recorded by me in this
work the fluids have been guarded in hermetically
sealed vessels—a process which must be absolutely
safe, and far more stringent than trusting to bent
tubes or plugs of cotton wool as Pasteur and others
have often done.

After a few words concerning the now fully
admitted distribution of germs in air and water, we
must address ourselves specially, and at length, to
the all-important problem of the limits of wvital
resistance to heat, in order to obtain the necessary
data as to the degree of heat really needed to
sterilise the experimental vessels and their contents.
[f we can arrive at definite conclusions on this point,
those conclusions must not be departed from except
upon the basis of fresh independent evidence; an
obvious rule which has been only too much and too
frequently ignored in the past.
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40 THE EVOLUTION OF LIFE

These investigations convinced M. Pasteur that
ordinary air contains a considerable, though still a
variable, number of spherical or ovoidal corpuscles,
whose form and structure made him think they were
organised. They varied from the smallest appreci-
able size up to bodies about +55 inch in diameter.,
Some of them, it was supposed, might be spores of
fungi. “ Mais quant 4 affirmer,” Pasteur says, “ que
cecl est un spore, bien plus la spore de telle espéce
déterminée, et que cela est un ceuf et 'ceuf de tel
microzoaire, je crois que cela n'est pas possible,”

He produced no direct evidence that the bodies
were really germs capable of developing into one or
other kind of Mould, though he says, in a note (Zoc.
czt, p. 34), he had “ originally intended to attempt this
kind of proof.” At this date also Pasteur did not
pretend to have recognised Bacteria among the
corpuscles and other débris filtered from the
atmosphere, though on indirect evidence he assumed
them to be present.

If this was the state of things at the time of, and
for full ten years after, the publication of Pasteur’s
memoir, a wholly different state of knowledge now
exists as a result of the labours, during the last thirty
years, of an army of bacteriologists.

Common or saprophytic bacteria of different kinds
undoubtedly exist in the atmosphere, though not in
such numbers as were at one time supposed when
surgeons performed all their operations in a mist of
carbolised spray. They vary also enormously in
different localities—being less abundant in country
districts than in towns; diminishing again rapidly
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not concern ourselves at all minutely with the
number of the organisms existing either in air or in
water. Nor need we trouble ourselves to enquire
how many different kinds of organisms are to be
found in the air. In these experiments we find, as
a rule, within our experimental vessels only different
varieties of Bacteria, and of Torule, or other Fungus
germs, such as are shown in Plate [.!

We know perfectly well that these organisms are
apt to be found in variable quantity in the air, or in
the water that may be contained in our experimental
vessels. So that an initial purifying heat, to which
the experimental vessels and their contents are
submitted, is had recourse to solely with the view of
killing all such pre-existing forms of life. Though
we try to exclude them as far as possible, it is
practically immaterial, when we are operating with
hermetically sealed vessels, whether a few germs
may be contained therein or not. We have to
strive to kill all that may be there ; so that, before
proceeding with such experiments, the most careful
consideration must be given to all available evi-
dence bearing upon the question of the destructive
influence of heat upon different kinds of living
matter, and especially upon the above-mentioned
micro-organisms and their germs.

* In this Plate, Fig. 1, A, shows some very small Bacteria developing
from minuate particles ; while in B, larger and stained Bacilli, from a
hay infusion, are represented.
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controversy was going on between the acute and
learned Abbé Spallanzani and our OWn countryman
Tuberville Needham on the question of “spon-
taneous generation,” and Spallanzani is the only one
espousing his side of the question who has fairly and
fully faced the question of the degree of heat which
proves fatal to various living things, by making it
the subject of direct investigation. Other workers
have more or less distinctly confounded the issues of
this question with that of the cognate though distinct
problem, as to whether certain infusions could them.
selves prove mother liquids and give independent
birth to living matter.

The tendency with Pasteur, with Tyndall and
others has been altogether to ignore this latter
possibility—to regard it as a “chimera,” and as a
problem not to be seriously considered.! It was
wholly different, however, with Spallanzani. In
some of his own experiments he had found living
organisms in infusions which had been heated for
half-an-hour in closed vessels. And, if no good
reason could be found for supposing that the
experimental results referred to were to be accounted
for by a “survival of germs,” he confessed he must
admit the fact of an independent and germless origin

! Pasteur, for instance, said (Compt. Rend., July 23, 1877, p. 179) :
“ Dans ces sortes d’études, le résultat positif est celui qui ne donne pas
d'organismes, et le résultat negatif est celui oii 'on en rencontre.”
While in the previous month, in a very positive and dogmatic letter
which appeared in the Z7mes (June 18, 1877), Tyndall wrote: “ Dr
Bastian says that two interpretations of my facts are equally admissible.
He is again wrong ; there is but one interpretation possible. An

interpretation which violates all antecedent knowledge is no inter-
pretation at all.”
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hitherto to make his observations on a
number of €ggs and seeds, there
more extended observations might reveal some which
were capable of resisting this generally destructive
influence. He says he had never lost his hope—
with regard to seeds more especially—since he had
S€eNn a statement by Duhamel to the effect that some
grains of wheat had germinated after having been
heated in a stove to a temperature above the bojl-
Ing point of water.! And as there is a considerable
resemblance between seeds and eggs, Spallanzani
was led to hope that something of the same alleged
extraordinary capacity for resisting heat might be
possessed by the eggs or germs of such organisms
as make their appearance in previously boiled fluids,
He was therefore stimulated to undertake fresh
observations upon eggs and seeds generally, with the
view, on the one hand, of ascertaining the precise
temperature which proved fatal to each kind ; and,
on the other, of finding out whether these eggs or
seeds were capable of resisting a greater degree of
heat than the several animals or plants to which they
belonged.

In carrying out these Inquiries Spallanzani adopted
the following method (/oc. cut. p. 53): He placed
the eggs, seeds or organisms made use of in his

limited
was the chance that

! Heated in all probability in the dry state. But it is well known
that seeds and desiccated lower animals can resist the influence of
heat much better in the dried state than when they are thoroughly
moistened and then heated ; and it is as to the effects of heat upon
living matter under the latter conditions that we are at present
concerned—for to such conditions the living matter will always be
exposed in our experiments.

L
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together with Water Fleas, were found to be killed
at or about 110" F,

Experiments were also made with the seeds of
the Chick-pea, Lentil, Wheat-grass, Flax and
Clover. The mode of procedure was as before, so
that there was only a momentary exposure to the
temperatures about to be cited. Of those which
had been exposed to 190° F. many did not
germinate ; still fewer of the seeds that had been
exposed to 201° produced young plants; while of
those heated to 212° not one germinated. After
the young plants which had been developed from
seeds heated to lower temperatures had grown for
thirteen days their capability of resisting heat was
tested in the manner described (that is, by only
immersing the roots of the plants in water, while
the temperature was being raised), and with the
following results. Those whose roots had been
momentarily exposed to 156" continued to live
after they had been replanted ; while others whose
roots had been exposed to 167° and upwards
speedily dried up and perished, though all alike had
been carefully replanted in well-watered earth,
Spallanzani’'s method here was defective. The
whole of the plant, in each case, ought to have been
immersed in the water; and had this been done
they would probably have succumbed at very
much lower temperatures, as Sachs has since
shown.

This investigator says,' “I have convinced
myself that a considerable number of plants are

1 & Text-Book of Botany,” transin., 1875, p. 050.
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envelopes of some seeds which are only killed at a
temperature near 212" are not harder than the shell
of an egg, which is nevertheless killed at the much
lower temperature of 140°. The actual difference
is explicable principally, according to Spallanzani,
rather by the fact that the fluids contained within
the egg are so much more abundant than those
within the seed.

Spallanzani’s argument thus naturally sugoests
the notion that many of the seeds with which he
experimented required a high temperature to kill
them, merely on account of their dryness. If the
seeds had previously been well soaked in cold
water, or better still in warm water, so as to have
been thoroughly moistened, might they not have
been killed at a much lower temperature—that is,
only a little, if at all, over 140" F.—the temperature
which proved destructive to the more moist animal
germs ?

It is well known, in fact, that seeds of plants
provided with a thick and hard coat may—especially
after prolonged periods of desiccation—germinate
even after they have been boiled for a very long
time in water. This was ascertained by Pouchet to
be the case with an American species of Medicago.
Some of the seeds were completely disorganised by
the boiling water, while a few remained intact, and it
was these latter which were afterwards found to
germinate. They had been protected from the
influence of the boiling water by their very dry and
hardened coats. Facts of the same kind have been
recorded by Professor Jeffries Wyman, who pointed
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we have quoted give satisfactory proof that different
kKinds of plants may live in waters of various
temperatures as high as 168° F., as observed by
Dr Hooker in Sorujkund ; 174°, as observed b;'
Captain Strachey, in Thibet : 185", as observed by
Humboldt in La Trinchéra; 199° as observed by
Dr Brewer in California ; and 208°, as observed by
Decloizeauz in Iceland.”

Having no grounds for criticising these observa-
tions, we are bound to look upon them, provisionally,
as correct, and taken with all due care —though it is
only fair to add that Max Schultze® and F. Cohn
appear to be not altogether satisfied with some
statements of the same kind. Such instances, if
thoroughly accurate, may perhaps be taken as
examples of the highest temperature that it is
possible for living matter to endure, day after day
and week after week, even where it has been
inured to the influence of heat in the most gradual
manner. The real point of view from which such
facts should be regarded was pointed out by Pro-
fessor Wyman when he said: “Having become
adapted through a long series of years to their
surroundings, such organisms may be supposed to
live under circumstances the most favourable possible
for sustaining life at a high temperature. It is a
well-known physiological fact, that living organisms
may be slowly transferred to new and widely different
conditions without injury ; but if the same change is
suddenly made they perish. In the experiments
made in our laboratories, the change of conditions is

1 % [as Protoplasma,” Leipzig, 1863, p. 67.
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perimented (belonging to the genera Urtica, Trades-
cantia, and V;Lilisncria) was similarly killed and

altered by a very brief exposure to a temperature of
1183° F. as a maximum,

We now have to approach the problem to which
the other investigations already cited are to be re-
garded as necessary and lluminating preliminaries,
We have to ascertain, that is, (@) the limits of resist-
ance to heat, when in the moist state, of Bacteria
and Torule; and (&) the more difficult problem of
the resistance to heat under simijlar conditions of
germs of Bacteria and Fungi, both before and after
they have been submitted to desiccation— Bacteria
or Moulds (such as are shown in Plate I.) being the
organisms that are prone to appear within our
experimental vessels, and the secret of whose origin
we are striving to discover,

Lhe Thermal Death-point of Bacteria and
Fungus-germs in the Moist State

It has now been very definitely ascertained that
certain fluids exist which, after they have been
boiled, never even seem to give birth to Bacteria,
although they continue to be quite suitable for the sup-
port and active multiplication of any such organisms
that may subsequently have been added to them.
Among such fluids I may name one commonly known
as ‘‘ Pasteur’s solution,” and also a much simpler one,
which I have myself more commonly used, consisting
merely of ten grains of neutral ammonium tartrate and
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the two fluids is speedily shown. The latter, as we
have seen, remains clear, while the turnip infusion
almost invariably becomes turbid in the course of
two or three days, owing to the presence and mul-
tiplication of myriads of Bacteria.

Now, all the experimental work to be detailed in
this volume has been undertaken in order to throw
light upon the cause of this different behaviour of
the turnip infusion, and other fluids which behave in
a similar manner. It is clear that both are zownrish-
ng fluids, since we find that Bacteria are capable of
growing and multiplying in each of them. What
we want to know is, whether the turnip infusion, and
other fluids that behave in a similar manner, are also
generating fluids—that is, fluids capable, after they
have been boiled, of giving birth to specks of living
matter which speedily take the form of Bacteria or
Torule. So far we have found no evidence showing
that any living thing could survive even momentary
exposure to the influence of boiling water, so that
the problem is a most legitimate one.

The latter possibility, however, is one which has
been utterly repudiated both by Pasteur and by
Tyndall, as we have seen (p. 33, wofe). In his
celebrated memoir published in 1862, one of
Pasteur’s principal objects was to determine whether
fermentation could or could not take place without
the intervention of living organisms which he, at
that time, held (in opposition to many other chemists)
to be the only true ferments. In Chapters iv. and v,
of his memoir he records experiments in which he
inoculated fluids with dust filtered from the atmos-
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60 THE EVOLUTION OF LIFE

putrefy after being heated to the boiling-point, and
he inferred (so far legitimately enough) that no germ
could (in such a fluid) sustain the temperature of
100" C. He also found that one or two neutral or
faintly alkaline fluids would putrefy after boiling,
though they failed to do so if heated to 110" or even
105" C. He thereupon straightway assumed that
putrefaction could not come without germs, and
therefore declared that germs heated in these non-
acid fluids could survive a temperature of 100" C,,
though they succumbed to a slightly greater heat.
Of course the inference was idle while the germ
theory was in question; and some independent
method of fixing the death-point remained to be
discovered, if even it was to be fixed at all.”

In 1871 I made the first attempt to ascertain the
exact death-point of Bacteria, when heated in the
nourishing neutral solution of ammonium tartrate and
sodium phosphate. The details of the mode of
experimentation have been given elsewhere.! It is
only necessary to say here that specimens of this
fluid, inoculated with a drop of a similar fluid
swarming with Bacteria, were heated for about ten
minutes to the following temperatures, 122° F., IS8 G,
140°, 149°, 158°, and 167°, and the fluids in her-
metically sealed vessels were subsequently main-
tained at a temperature of about go° F.

The results were as follows :—The flasks whose
contents had been heated to 122" and 131° re-
spectively began to exhibit an opalescent tinge in

I % Modes of Origin of Lowest Organisms,” 1871, pp. 51-56.
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arrived at a similar conclusion concerning Torulz,
He said®! « A temperature of 60° C, kills the yeast
cells ; after exposure to this temperature in water,
they no longer undergo fermentation, and do not
cause fermentation in a sugar solution, . . . In like
manner active fermentation in a saccharine liquid is
stopped when the liquid is heated to 6o° C., and it
does not recommence on cooling the liquid.”

In the following year Professor Cohn and Dr
Horwath made experiments almost similar to mine
in regard to the death-point of Bacteria, but not of
Torule. It does not appear that they were then
aware of my prior investigations. They, however,
arrived at results almost precisely similar, as may be
seen when Professor Cohn says®: “ These experi-
ments demonstrated, without exception, that no
Bacteria were developed in the flasks which were
kept at a temperature of 60°-62° C. for an hour, and
that the contained fluid remained clear; on the
other hand, flasks containing bacterial fluid which
had only been heated to 50° C. or 40" C. became
clouded in consequence of the multiplication of
Bacteria, in a time ranging from two to three days.”

In the year 1873 I returned to this subject, in
order to ascertain whether Bacteria would be Killed
at precisely the same temperatures in organic in-
fusions as they had been in a neutral saline solu-
tion. The question was how to operate with such

! Translation of a paper on “ Alcoholic Fermentation,” in Pharna-

centical fournal, July 3o, 1870, p. 81.
¢ i Beitriige zur Biologie der Pflanzen,” 1872, p. 214,
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became easy. Full detals as to the method adopted
and the results obtained are given in 7 e Proceedings
of the Royal Soczety (March 1873, pp. 226-32),

[t is only necessary to say here that turnip and
hay infusions were bojled for ten minutes, and after
they had become cool they were inoculated with a
hay infusion swarming with Bacteria in the propor-
tion of one drop to each ounce of the fluid. This
stock liquid was then poured into a purified beaker
placed upon a sand-bath, and its contained fluid (in
which a thermometer was immersed) was gradually
raised to the required temperature, at which it was
maintained for five minutes, by alternately raising the
beaker from and replacing it on the sand-bath.
Purified one-ounce bottles and corks were then used,
the former being filled to the brim, and the corks
tightly pressed home. The bottles, filled with
inoculated infusions heated to various degrees, were
subsequently maintained at a temperature ranging
from 65° to 75° F.

The results of the 102 experiments that were
then made with hay and neutral acid turnip infusions
were embodied in two tables (doc. cit., p. 230), an in-
spection of which led to the following conclusions :—
“The experimental results above tabulated seem
naturally divisible into three groups. Thus, when
heated only to 131° F., all the infusions became
turbid within two days, just as the inoculated saline
solutions had done. Heated to 158" F., all the
inoculated organic infusions remained clear, as had
been the case with the saline solutions, in my
previous experiments, when heated to 140° F.

——

——
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much by the known method of fission as by any

unknown and assumed method of reproduction,

As I thensaid: “ These experiments seem to show,

therefore, that even if Bacteria do multiply by means

of invisible gemmules as well as by the known
| process of fission, such invisible particles possess
| no higher power of resisting the destructive influ- |

ence of heat than the parent Bacteria themselves |
, possess.” ! |
1l Nothing more than this could be said in 1871 ; 1
; though five years later memoirs were published by |
(i Professor Cohn ® and Dr Koch making known the |
i existence of easily visible *“ spores,” both in hay and ‘
1 in anthrax Bacill. When these organisms are
cultivated at blood-heat, and the infusions are
[ exposed to air filtered through a cotton-wool plug, |
both these forms of Bacilli tend to grow into long
interlacing threads at the surface of the fluid : and
I in twenty-four to forty-eicht hours a number of
| highly refractive particles appear at short distances
from one another within the threads—which are the
“spores " in question. Subsequently, similar bodies
have been found in many other Bacilli and, among
them, in the thermophilic Bacilli to which reference
has recently been made.

It remains, therefore, to ascertain what amount
of heat these spores are capable of withstanding,
first of all (2) when in their moist state, and
i subsequently (4) after they have undergone desic-

cation.

1 % Modes of Origin of Lowest Organisms,” 1871, p. 6o.
2 " Beilr. zur Biologic der Pllanzen,” 2* Bd., p. 268.
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cest-a-dive faite avec de Peau Pure ef de la potasse pure, Fune ef
lautre exemples de matizves organiques. St le Dr Bastian veut se
servir d'une solution de potasse tmpure, je lautorise encore parfaite-
ment i la prendre telle et quelcongue, dans le Pharmacopée anglaise
ou_ ailleurs, tris-dilude ou concentrée, & la senle condition que cette

solution sera portée préaloblement & 110 degrés pendant wingt
PRINULES 01 @ 130 degrés pendant cing minutes.)

“ Cest assez clair, ce me semble, et M. Bastian me comprendra
cette fois.”

On February 12 I replied that I had accepted
his challenge, and that 1 had repeated my exper-
ment first with liquor potassa heated in a tube to
110° C. for sixty minutes, and then with some which
had been raised to r10° C. for twenty hours, with
results similar to those that I had obtained when
the liquor potassz tubes had been heated only to
100" C., and added in suitable quantity : that is to
say, in twenty-four to forty-eight hours the urine was
in full fermentation and swarmed with Bacteria.

M. Pasteur thanked me for accepting his challenge,
and begged the Academy to nominate a Commission
“‘to report upon the fact” which had been under
discussion between Dr Bastian and himself, And
in the next number of the Comptes Rendus there
appeared an announcement that “MM. Dumas,
Milne Edwards, and Boussingault sont designés pour
constituer la Commission qui sera appelée a ex-
primer une opinion sur le fait que est en discussion
entre M. le Dr Bastian et M. Pasteur.” I wrote to M.
Dumas on February 27, saying, “If a convenient
time can be arranged I shall be very happy to come
to Paris for three days, in order to perform my ex-

1 All italics as in the original.




























































































































CONCLUDING EXAMINATION 199

previous experience, is more apt to manifest itself
when we deal with I{Jw er incubating-temperatures, as
from 77°-96° F. (25°-35° C.), rather than with 122° F.

The fermentation which takes place in boiled or
superheated urine is altogether different from that
which occurs in unheated urine in open vessels.

Fig. 0.
Micro-organisms from tubes containing urine or hay-infusion.
1. Urine Bacilius. @, a. Short, medium length, and long filaments. by b.
Filaments bearing spores. ¢, ¢. Small fragments of such filaments.
2. Small Tornle from hay-infusion.

=

3. Fibrio Rugnia from hay-infusien.

4. Micrococer in the figure-of-8 form and as short chains (Streptococei),
from milk and from h: 1y~ m{usmn

Even when the fluid has become quite turbid, it is
never feetid. The odour may be either quite un-
altered in this respect or, at most, there may be a
slight increase of its urinous character.! As a rule,

I In partly neutralised diabetic urine which has undergone fermenta-
tion in an airless vessel, I have on two or three occasions found an ex-

treme feetidity of the fluid ; and this is, moreover, an extremely common
occurrence where turnip-infusion ferments under the same conditions.
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to grow for the next two days, the fluids themselves
remaining clear. Then, in several of th_e tubes the
fluids, to my surprise, grew rapidly turbid thrnug}'}—
out. Others, which had not yet undergone this
change, were saved therefrom by being removed from
the incubator to a cool drawer ; and some of them
remained for a long time in my possession with the
Bacilli-tufts floating in the clear fluid.

Two of this batch of tubes were examined early ;
and it was then found that the tufts were composed

F1G. 10.
Other organisms from hay-infusions.
a, a. Mycelium of a Mould, 6. Torula corpuscles.

of long Bacilli and, further, that there were
scattered among the threads a sparing number of
mostly separate, small, ovoid Torula corpuscles (Fig.
9, ?). Here and there these were more numerous
and aggregated into clusters. It was not till several
months afterwards that I examined one of the tubes
in which the contents had become turbid, and which
had in the interval been also put aside in a drawer.
I then found the fluid more than usually acid,
swarming with short Bacilli; while, much to my
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fermentation in boiled and guarded fluids, had three
years previously been brought about by me in the
presence of a highly skilled and then sceptical
witness, Professor Burdon Sanderson, He sub-
sequently published his declaration? that positive
results, both with acid and with neutral boiled in-
fusions, had been obtained without experimental
flaw ; yet in spite of this testimony, and without
even mentioning it, Professor Tyndall sought to
decry my experiments and set aside my results,
Meanwhile, almost at the time that the learned
physicist was acting in this bewildering manner, one
of the principal authorities on such subjects in
Europe, Professor Ferdinand Cohn, was again con-
firming my impugned experiments at Breslau; and
was obtaining, both with acid and with neutral boiled
infusions, those evidences of fermentation which
hitherto Professor Tyndall had strangely enough
failed to reproduce? The fact was again fully
admitted by Professor Cohn, though my interpreta-
tion of it was still questioned. It is therefore quite
needless for me here even to cite the other in-
vestigators who had previously obtained similar
results. This side of the question has, in fact,
been so thoroughly settled by my experiments,
and the numerous confirmations which they had
received at the hands of others, that it would be

! Nature, January 8, 1873, and reproduced in Chapter xii.

? “Beitrige zur Biologie der Pflanzen,” 1876, p. 259. This con-
firmation, after Professor Tyndall's denial, was very similar in its
opportuneness to that of Professor Sanderson after Prof. Ray
Lankester’s earlier but similar denial and failure (Quart. Journ. of
Microsc. Science, January 1873, vol. xiii. p. 74)-
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time, would seem to have been a phenomenon of
the rarest occurrence ; germs capable of resisting a
short boiling must have been almost, if not quite,
unknown.,

But no magician with his wand ever wrought a
more complete change than did Professor Tyndall
by introducing a bundle of “old hay " into his
laboratory.  Henceforth there was evidence of
fermentation in boiled fluids without stint : desic.
cated germs were said to be everywhere—germs
capable of resisting even two, three, four, and more
hours of boiling, as he thought, everywhere sur-
rounded him and got into his infusions.

These, at least, were the hypotheses by which
Professor Tyndall endeavoured to reconcile his
earlier with his later results, But two things strike
one as very unsatisfactory in regard to these hypo-
theses and his method of supporting their cogency.

In the first place it may be observed that the fact
of his having introduced a bundle of “old hay” into
the laboratory of the Royal Institution cannot be
regarded as a satisfactory explanation of the results
of myself and others who had been able to obtain
fermentation in boiled fluids long before, without the
aid of any such magician’s wand as this which Pro-
fessor Tyndall had chanced to employ.

Secondly, there is the very dubious nature of the
evidence by which he sought to support his
interpretation, and the absence of anything in
what he had published on the subject which gave
a definite and independent foundation to this in-
terpretation. Thus, to take one illustration, in the
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known. I had been making experiments in re-
gard to their death-point, though absolutely nothing
had been said by Professor Tyndall on the subject,
and there was no evidence to be found in his writings
that he had even seen any of these bodies. I had
called public attention to this fact, and his reply in
the letter from which I have just quoted is this :
“What he says in regard to unseen germs is also
said without knowledge. The germs are seen
collectively, though the microscope may fail to
resolve them [they are most easily to be seen through
the microscope, as PI. [, Fig. 2 shows]. A patch of
bluebells on a hill-slope is not the less a patch of blue-
bells because from a distance you are only conscious
of their colour, and fail to distinguish the individual
flowers.”

That was the kind of treatment of the subject
which satisfied Professor Tyndall. On the other
hand, the reader may now look again at pp. 78-84 fora
record of my experiments with myriads of the actual
Bacillus spores after they had undergone desiccation
for over five years, as well as at pp. 75-78, giving an
account of direct experiments on the death-point of
these bodies when they had undergone a shorter
period of desiccation. The results thus arrived at
go to show that these real and veritable “old hay
germs "—known to be there in their thousands—and
after the most prolonged desiccation, were only
found on one single occasion to have appeared to
survive a heating to 100" C. for twenty minutes. |
say ‘““appeared,” because, as I have said, it is just pos-
sible that this particular experiment may have been a
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among them, which, according to Pasteur, ought to
have putrefied. ;

“In the present year the same experiment was
repeated, at the Royal Institution, with the opposite
result. Most of the infusions became putrid, in
some instances more rapidly than what were
intended to be precisely similar infusions exposed to
the outside air. The experiment was repeated with
an improved arrangement of the pipette, which had
fallen under suspicion from the conduct of the
infusions, but still with the same result. Then the
incoming air was cleansed not only by the wool-
filter, but by calcining it by means of red-hot
platinum, but still with no change in the result.
Another box was then experimented on at Kew,
and this time the infusions remained pure with one
exception, after being kept for a time—not, we think,
specified—in a temperature varying from 80° to a
little over go’, a degree of incubating heat not the
most favourable, but which has very often been
found sufficient to develop life. The conflicting
results of these experiments were ingeniously
accounted for by Professor Tyndall—the failure at
Kew being ascribed to a pin-hole, and those at the
Royal Institution to the insufficiency of bent tubes,
cotton-plugs, and red-hot platinum to keep out or
kill living germs at Albemarle Street, though they are
still relied on as sufficient in a purer atmosphere, and
were found so last year in the Royal Institution itself.

“The special theory resorted to to explain the
contrast between the experiments at the Royal
Institution in the two successive years is thatin 1877
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unless heated to 100° C. or over for a few
minutes.”

It must be borne in mind that in the experiments
last recorded we were dealing with sterilised tubes
containing distilled water, and two or three chemical
ingredients practically free from micro-organisms,
yet after the sealed tubes had been exposed to the
temperature of 100" C. for ten minutes, and had
subsequently been kept for a few weeks exposed
either to diffuse daylight or to the heat of an
incubator, they have been found, on examination, to
contain multitudes of micro-organisms. The micro-
organisms, too, have been, in part, of such a kind
(Torulee and Cocci) as are well known to be killed
at temperatures ranging from 6o-75° C., and although
some Bacilli also have been present (known to be
destroyed at similar temperatures), there is no reason
whatever for supposing that the distilled water oreither
of the three chemicals employed would have contained
the more resistant spores of Bacilli. These are,
moreover, as | have shown, resistant only after a
previous desiccation, and to a much more limited
extent than is generally supposed.

No loophole for doubt must, however, be left.
Although I have used freshly distilled water, in
which no one has yet found spores of Bacilli, let us
deal with our problem as though this distilled water
might contain such organisms and their spores as
are to be met with in ordinary tap-waters, or even
in hay infusions, We have seen that after prolonged
researches on this subject the present sub-director of
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conditions, to be quite as numerous, sometimes more
numerous, than in those that have been exposed in
the dark to the much higher temperature of the
incubator.

In all these solutions the supernatant fluid above
the deposited silica remained perfectly clear. When
the end of the tube had been cut off at a level
sufficient to admit the passage of a wide-mouthed
pipette, the latter (after sterilisation) was introduced
into the tube, so as to remove some of the flakes of
silica, and deposit them on a clean microscope slip
for examination,

In a flake taken from one of these tubes that had
been exposed to light for five weeks, there is shown
in Plate VI., Fig. 17, A, one of numerous small
aggregates of Bacteria that were seen scattered
through it. Around these aggregates were multi-
tudes of solitary Bacteria and Micrococci, together
with a comparatively small number of obviously
inorganic particles or concretions. A few short
chains closely resembling Streptococci were also
seen.

In Fig. 17, B, a portion of a large aggregate of
Bacteria and Micrococci is shown (under a lower
magnification) which, with others, was found in a
similar tube except that it was composed of uviol

glass. Solitary Bacteria, and also small groups of

them, were scattered through the flakes, while the
obvious inorganic concretions were very much more
numerous than they were in the tube previously
examined, though it had been prepared at the same
time, and had been similarly exposed to light for five
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PLATE 144

FIG, 19 (% 500 AND Foo)
ORGANISMS TAKEN FROM PREVIOUSLY CLOSED TUBES
WHICH HAD BEEN HEATED TO 115° C. FOR TEN
MINUTES
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SHOWING SOME EFFECTS OF HIGH TEMPERATURES
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| am disposed to think that the A solution bears
high temperatures worse than the AA solution. |
have heated very few of the former to 130" C,,
but many specimens of the latter, and in none of
them have I found a great crowd of large inorganic
particles such as are shown in Fig. 37. In some of
the solutions, indeed, the flakes of silica have scarcely
shown any such particles—many of them in these
cases presenting only a uniformly fine granular tex-
ture, such as may be dimly seen in Figs. 25 and
28.

It seems clear, therefore, that just as solutions
of organic matter are degraded by high tempera-
tures, so are saline solutions liable to be altered
in very different ways; till at last there comes
a limit to the possibility of obtaining results which
appear freely enough at lower temperatures. Certain
it is, that in none of these saline solutions containing
silica have I, as yet, been able to find living organ-
isms in tubes that had been heated to temperatures
above 130° C. It may be, of course, that longer
periods of exposure to light might lead to different
results.

I have, however, had some remarkable results
with sea-water heated to 135" C., and even to

“ A liquid does not possess constant and unc_han_geahle properties at
the same temperature and pressure. All 11(1111(].5 in nature form allo-
tropic modifications, such as have been known in the case of 5ulphu.1-,
phosphorus, iron, etc. Swch an n!fﬂfmpic_m.:lm":_,ﬁa'ﬂ!mn s Sormed in
larger quantily, the more guickly the fluid is cooled.” Some of my
tubes after heating, when taken from the bath, have beenr left to cool
slowly, though others have been purposely cooled more quickly, before
cleaning and labelling them. No record, however, was kept of such

slight differences in treatment.
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ing mass of such organisms in the substance of the
still intact spine.

How, again, are we to explain these appearances ?
The spine has a chitinous envelope which could not
easily be penetrated by active full-grown organisms,
much less by motionless germs, even if these existed
in the distilled water. Thus infection from without is
here again scarcely to be thought of. We see motion-
less specks appear and slowly develop into motion-
less Bacilli To assume the pre-existence in the
protoplasm of the spine of multitudes of ultra-
microscopic germs, for no other purpose than to
stave off a belief in the de #ove origin of Bacteria, is
surely neither scientific nor permissible. And yet
my critics hint only at the existence of “latent
germs,’ without attempting to offer any evidence
of their existence, or of any previous belief in this
direction. Truth-seekers are thus left with a simple
choice : either () a belief in the existence of latent
germs independently of all evidence; or (4) a belief in
the de novo origin of Bacteria on very cogent evidence.

In my work, “ The Nature and Origin of Living
Matter,” Chapter ix., other instances of this de nove
origin of Bacteria by heterogenesis are cited, and
in all such cases what can be seen is this—particles
becoming visible in the midst of more or less homo-
geneous protoplasm, suck particles being invariably
motionless, but followed soon by their development
into definite Bacteria or their allies, recognisable as
such by their shapes and modes of collocation.
There is, therefore, in all such cases an appearance
altogether different from that of adult organisms in
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view when he said?: “If I can trace contagion in a
very large number of the so-called specific diseases,
_I consider it more reasonable to assume contagion
in the minority than look about for another cause.”
And he went on to say that, as many of these
diseases are associated with the growth and multi-
plication “of living specific organisms” a belief in
the @e novo origin of these contagious diseases would
“imply also a belief in spontaneous generation.”
This latter view, although it is so prevalent, is
surprisingly fallacious.

There can be no doubt, of course, that the estab-
lishment of the reality of “spontaneous generation ”
must certainly have a very potent influence in gradu-
ally breaking down the notion that communicable
diseases, simply because they are associated with
““specific” micro-organisms, cannot arise de novo.
If such organisms can arise de novo, of course the
diseases could arise de novo 1 and, further, the fact of
such an origin for microbes would easily carry with
it the certainty that they would be extremely mutable
under the influence of changing conditions, though
otherwise capable of ““ breeding true.”

Still, independently of a belief in the spontaneous
generation of microbes, there is another and simpler
way by which the “specific” micro-organisms may
enter upon the scene. This mode seems to have
been lost sight of by the distinguished authority to
whom I have last referred, while it was mentioned
only to be repudiated by the second reviewer above
quoted. Yet bacteriologists themselves have gradu-

L The Lancel, Oct. 31, 1903.
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Rodet and Roux say,' “ The organisms described
under the names bacillus coli communis and the
bacillus of Eberth belong to the same pathogenic
species, of which they form two varieties removed
one from the other when they present their classical
characters, but related the one to the other by a
series of intermediate forms.” Dr McWeeney, the
bacteriologist of the Local Government Board in
Ireland, has also said,® *“ He did not believe that
there was an essential distinction between the
typhoid Bacillus, and the Bacillus coli communis”
which is habitually to be found in the intestine.
These bacteriologists agree, therefore, with Leh-
mann and Neumann, who say such a transformation
““can scarcely be contested any more.” Under
what particular set of conditions the one form passes
over into the other is at present unknown—though
there is much very strong evidence, as many be-
lieve, tending to show that typhoid fever occasionally
arises de novo. It occurs, that is, in isolated cases,
under conditions in which it is almost impossible to
believe that contagion can have been operative.

An epidemic of Diphtheria recently occurred on
Dartmoor, in the neighbourhood of Princetown,
which was carefully investigated by Dr Deene
Sweeting of the Local Government Board. His
report is valuable from the light that it throws
on the de move origin of this contagious disease—
especially as previous reports concerning other
epidemics of the same malady by skilled investi

L Lyon Médicale, 1891, Ixviii. p. 325.
* Lancel, 1896, 1. p. 995.
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Bacteria of to-day are heirs of all the ages, having
descended from an untold number of generations,
rather than being often, as I believe, things of
}rf:-sterdayﬁthat 1S, units continually born anew,
w1tl} recurring similar forms and properties, just
as it happens with different kinds of ecrystals:
the forms and properties in each case being the
necessary and invariable results of the molecular
composition of the units in question.

But, even from the point of view of such doctrines
as are now not uncommonly held by bacteriologists
(many of whom are disposed to take such a view
concerning the origin of Plague as I have quoted
from Lehmann and Neumann), we may well ask
why the tubercle Bacillus may not also frequently
arise from other common Bacilli, when these gain
access to lungs, joints, or glands in persons whose
general condition predisposes them to scrofulous or
tubercular affections. The change of doctrine con-
cerning phthisis, to which I have previously referred,
is altogether astonishing, when one thinks of the
extreme paucity of direct evidence that exists in
support of the prevalent view of the exclusive spread
of this disease by contagion.

[t is now the fashion to suppose that the frag-
mentation of dried sputa from phthisical subjects
gives rise to the dissemination of contagious par-
ticles, which, taken into the lungs of susceptible
persons, set up the disease anew in them. [t is well
to look, however, more closely into such a view, and
to ask what direct evidence there is in favour of this
as a common mode of dissemination of the disease.




































































































































































































