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The central thesis of this paper is that the principles of chemical kinetics
bear significantly upon cell growth and cell function. In general terms, of
course, such a statement would hardly be denied, though some of its
implications are surprising, and are not always very well received.

In the last analysis there is nothing upon which the properties of a cell can
depend except the molecular pattern of its constituent material. This material
as a whole is endowed in some way with the potentiality of autosynthesis.
When a bacterial cell multiplies, every one of its constituents is identically
reproduced, and in this process of reproduction a vast number of chemical
processes have been harmoniously linked together.

Growth

The copying process must possess some of the characteristics of crystal
growth, the laying-down of the pattern of the new material being guided
by the existing pattern of the old. It must also in certain ways resemble
a polycondensation reaction, since long chains of proteins, nucleic-acid
constituents, polysaccharides, and so on are built up from substances of
low molecular weight. Neither of these two analogies, however, although
each has its own range of validity, suggests even an approximation to the
complete picture. What is lacking is the element of nicely adjusted
interplay of reactions.
A rough idea of how this all-important co-ordination comes about is

the first thing which we must seek.
In a recent paper2 we examined a scheme of autosynthesis in which the

formation of protein chains in polycondensation reactions is guided by the
spacings of existing nucleic acids, and, reciprocally, the formation of suc-
cessive layers of nucleic acid is guided by the spacings of the existing
proteins.
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Such a picture leads to equations for
and of nucleic acid, X, of the form

dP
dt aX

and
dX
dt P

A set of equations like this is consistent
growth of a steady state such that

dP
dt--kP

and
dX
t- kXdt

where

P k a

and

k = (a/3)2

the production of protein, P,

(1)

(2)

with the establishment during

(3)

(4)

For growth under a wide variety of conditions, corresponding to a
considerable range of growth-rates, it appeared-with the experimental
organism, Bacterium lactis aerogenes-that a was approximately constant,
but that p depended to a large extent upon the conditions of growth. This
implied that the protein or enzymatic constituents of the cell were susceptible
of wide variations, while the nucleic-acid components were much more
stable, the formation of protein under the influence of the nucleic acid
being a nearly constant function.

Experimentally it was found that there is a well-defined correlation
between the rate at which the cells have been grown in any given medium
and the nucleic-acid content of the material formed. A similar relation
was found by Malmgren & Heden6 for the nucleic acid formed in cells at
different ages in the same medium.

Autocatalytic processes

The fact that two processes represented by equations (1) and (2), neither
of which by itself is autosynthetic in form, may lead to an effectively auto-
catalytic process, as represented by (3) and (4), had previously been shown
in a more general way.4 One may consider a system of two enzymes, each
of which is built up by the use of intermediates derived from the other.
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The equations of such a system are

dxl
= alkIc2

dx2
dt a2k2c1

dc1
'x -kc=

dt 1

dC2 _ k'2x2 - kLc2 _ 0
dt 2

xl and x2 being the amounts of the two enzymes and cl and c2 being the
respective concentrations of the intermediates which reach a steady con-
centration in the cell. From these equations it follows that

dxl
d - Ax2

and
dx2-= Bx

The solution is

XI = 2 (XI + (C) (x2ho eCt + 2x - A( (x24oe Ct

X2 = A}(CI(xj)o + ( eCt2-|(2)(xA)o - (x2) e-c

where C2 = AB.

XI ~~A C
As t increases, the ratio - tends to the constant value - = the terms

in e-ct becoming negligible, so that we have
I dxl ,1 dX2
xI dt X2 dt

This condition will not apply at the start of growth unless the initial amounts
(xJ0 and (x2)J are already in the correct ratio. The condition that this
should be so is that the cultures should have been grown for some time in
a medium with the appropriate properties, so that a steady state may be
established.

In the simple system referred to, we have two enzymes which depend
for their increase on a linking of processes but which increase effectively
according to an autosynthetic or autocatalytic law. It does not seem very
rash to generalize the result and to suppose that quite elaborate interlocking
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systems also follow the autosynthetic law in an analogous way, even though
the mechanism by which they are formed is not a single-stage process in
any way as simple as the growth of a crystal.

This idea leads us to the equation which has served as a basis for various
theoretical conclusions, namely, that we may write effectively for any kind
of enzymatic material

enzyme material + diffusible intermediate metabolites
= increased enzyme material + products utilizable in further

stages of synthesis
We know that, although enzymes in test-tubes do not reproduce them-

selves, they may function without the growth of a cell; nevertheless growth of
a cell never occurs without the reproduction of the enzyme.

We have to envisage a highly complex interlocking series of reactions.
The cell uses very simple and very varied starting materials and builds up
numerous and complex products. It can change from one source of material
to another, often with ease, so that the most helpful conception of the
reaction network is that of a vast series of relatively simple unit processes,
following one another like the stages of a manufacturing process. They
will possess alternatives at various stages, and the network will thus resemble
a railway system with continuous tracks, side-lines, and branches. There
will also be cyclically linked routes in which a given enzyme of a sequence
produces an intermediate which co-operates in the functioning of an
earlier enzyme of the same reaction sequence.

According to the substrates provided in the medium and to other circum-
stances, the route through this network which is followed in the synthesis
of cell material may vary. For example, it has been shown that in the growth
of Bact. lactis aerogenes the reaction routes indicated by the well-known
tricarboxylic-acid cycle are practicable, but that various phenomena shown
by this organism indicate the existence of alternative routes of considerable
complexity.

Such ideas lead directly to the conclusion that the enzymatic constitution
of the cell will vary with the conditions of growth. When growth has been
long continued under standardized conditions, a steady state with constant
proportions between the various enzymes will be established. Quantitative
calculations about simple models of such systems can easily be made.
Before these are discussed and their consequences considered, it is necessary
to enter into certain matters relating to cell-division.

Cell-division

In general, cells maintain a more or less constant average size by division
at appropriate intervals, but this constancy is never more than approximate.
Sometimes it fails altogether to be maintained. Rate of increase of mass and
rate of division are subject to separate and independent influences whereby

6



REACTION PATTERNS IN BACTERIAL METABOLISM

the morphology of the cell may be profoundly modified. Studies on the
inhibition of division by specific chemical agents, and on the resulting
statistical distribution of cell sizes, led us to the hypothesis that the time of
division is normally determined principally by the attainment of a critical
size, but in special circumstances also by chance events in the cell itself.
That division should occur is a necessity for the preservation of approxi-
mately constant internal conditions. As the mass increases, the area/volume
ratio falls, and in consequence the loss of metabolic products on the one
hand and the access of nutrient materials on the other are both impeded.
Concentration changes will result, and this may lead to the crossing of
precipitation limits which may cause the occurrence of division. The
question arises whether the moment at which the cell divides may not be
determined normally by the formation in the cell of a critical amount of
some key substance.

In principle this is by no means unlikely, and indeed there is some direct
evidence for such a mechanism. Cells of Bact. lactis aerogenes grown under
a wide range of conditions and varying very considerably in actual size
and mass have been shown to contain nearly constant amounts of desoxy-
ribose nucleic acid. This substance may not, indeed, be the one controlling
division, but the observation does vindicate the principle that certain key
substances attain an approximately constant level in the cell before division
takes place.

Rate of growth

We may now return to the question of the proportions attained by
various cell constituents in the course of long-continued growth. In general,
for the synthesis of an enzymatic component (enzyme 1) we may write

dx,
dtklxldt

where xl is the amount of material-not in a single cell-but in the whole
bacterial mass of the culture. Suppose now that enzyme 2 is formed by
utilization of an intermediate derived from enzyme 1, then

dx2
dt= k2c1x2

where x2 is the total amount of enzyme 2 and cl is the concentration of
the intermediate formed by 1 and utilized by 2. This substance may also
be lost by diffusion at a rate proportional to the total area of cell wall-
i.e. to the total number, n, of the cells present. For the steady state we have

dc,
nt = alklxl - Kcln - a2k2cx2 = 0

where a, and a2 are stoichiometric proportionality factors.
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To link either xl or x2 with n, we may suppose that division depends
upon a critical amount of enzyme 2. Then we have

n ,BX2
In this case, the equations for xl and x2 lead to the result

x- (xJo K + a2k2
- x2 - (x2)0 - a1k2

When xl and x2 are large compared with the initial values (xjO and
(x2)0, the proportions become constant.

If, however, a stabilized culture-i.e., one which has been grown for
a long time in a constant medium-is transferred to another medium,

the ratio x will gradually change.
X2

Suppose an inoculum is transferred to a completely new medium.
By the principle of the alternative reaction routes, similar enzymes may
now be employed in different combinations and in a different sequence.
The role of enzymes 1 and 2 of the old reaction sequence may now be
assumed by j and k, which become 1 and 2 of the new scheme. Now ko,
the growth-rate constant, is given by the relation

ko(x1\(d-t) (p) X2
ko=

dt!= x1

In the old reaction sequence

= PI
X2

so that ko k,
In the new sequence the initial rate of growth is given by

kto = () ( )
equil.

where the primed letters refer to the new reaction sequence. -ij is the
Xk
equ il.

value established in the original medium; it may be quite small. In other
words, the initial growth-rate will also be quite small. But as growth

proceeds and the total mass increases, ~2- gradually assumes the value p'
Xk

so that now k'o rises to k'l (PI4 that is to k'1, the optimal value

possible in the new medium.
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Adaptation

The question now arises as to the status of the hypothesis that adaptive
changes occur in some such way as this. There is, of course, no doubt
that on transfer to a new medium bacterial cells often show long lags,
and attain their optimum growth-rates only after lengthy cultivation in
the new conditions. There are, however, various possibilities for the inter-
pretation of this behaviour.

As to the hypothesis that has just been outlined, there is one thing
which should be said immediately-namely, that it is rather hard to see
how nature could avoid making use of the mechanism in question in
appropriate circumstances. This mechanism, however, need not be the
only one at work. According to one variant of the hypothesis, the adaptive
change would consist not so much in the establishment of fresh propor-
tions of the enzymatic components as in the imposition of a qualitatively
modified texture on the enzyme substance itself. Something analogous
to this occurs when the surface configuration of an inorganic catalyst
is altered in the course of the reactions in which the catalytic power is used.

The other alternatives are the following:
First, the original bacterial strain may have been heterogeneous, and

have contained representatives of a type of cell already capable of utilizing
the new substrate efficiently. These specially endowed cells would, of
course, multiply selectively in the new medium until finally they would
constitute the entire population. This form of hypothesis is excluded by
the observation that cultures derived from single cells exhibit the complete
range of adaptive phenomena just as much as any natural strain of
unknown history.

Secondly, mutations may occur continually, giving rise to cells with
every conceivable type of characteristic, selection of these occurring in the
appropriate environment. Presumably at each act of cell-division (which,
as we have seen, is to some extent subject to the influence of chance
variations) there may be a finite probability of an abnormality, qualitative
or quantitative, in some part of the cell material subsequently to be copied
in autosynthesis.

The two alternatives which are the essential rivals depend upon this
difference: either the old enzyme material is replaced by new (qualitatively
or quantitatively modified) throughout the bacterial mass, or else certain
specialmembers of the population are selected. There is in fact rather
less difference between these points of view than might appear at first
sight. Consider the bacterial mass as a whole. In each case certain parts
of it multiply relatively to others: if there is selection, the origin of the
expansion is a particular kind of cell; if there is a change of enzyme propor-
tions, one part of each cell increases relatively to other parts; if there is a
change of texture in an enzyme, this may well spread from a nucleus with
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a specially appropriate configuration. Integrated over the whole mass
of the culture, the effects are in each case much the same.

This being so, one sees that the experimental decision between the
possibilities in any given example may be difficult, and, moreover, the actual
degree of localization of the change may-differ from case to case.

If it were not for one very powerful belief, the hypothesis of enzyme
adaptation called forth by the modification of relative reaction velocities
would probably have seemed quite simple and natural. Adaptation does
not, according to this chemical point of view, imply any mystic process
of struggle, but is a simple automatic adjustment. By a curious logical
misconception, however, the chemical hypothesis has been thought to
conflict with a principle about the non-inheritance of acquired characters.
This brings upon the hypothesis the criticism of being Lamarckian-if
names matter-which in any case it is not. What are called acquired
characters in an entire animal or plant are seldom, if ever, passed on to
the progeny. But the entire organism does not copy itself by an auto-
synthetic process. It delegates reproduction to special germ-celJs, and
these are extremely unlikely to suffer any change when the usual kind of
acquired character is impressed upon the organism which contains them.
Now, in any case, a mutation in an animal or plant is something which
happens to a germ-cell, and is unlikely to be determined by the environ-
ment. A unicellular organism is, however, its own germ-cell. Whenever
a change, qualitative or quantitative, occurs to such a cell, it is of course
an acquired one, so that even a mutation is an acquired character. Four
possible statements could be made:

(1) The change occurring to the cell is due to some condition inducing
an active response of the cell, and is thus adaptive;

(2) The change is not due to any agent provoking an adaptive response;
(3) The change which has occurred is copied by the autosynthetic

mechanism;
(4) The change is not so copied.
Of these four propositions two must be true in any given case. Now

(1) and (2) are not different in their effects: both types result simply in
a modification of the pattern of cell-substance. Therefore the combination
of (1) with (4) and of (2) with (3) is no more likely than any other combi-
nation of the statements. To assert the necessary linking of (2) and (3)
is to imply that the autosynthetic mechanisms are aware not only of what
changes have occurred in the cell, but also why they have occurred.
(2) and (3) on the one hand, or (1) and (3) on the other, may in actual
fact be associated; to suppose, however, that the utterance of the word
Lamarckian has any relevance to the question is illogical.

We are left, then, with a purely factual issue, which can be the subject
of unbiased experimental investigation. Even so, a discussion on the adap-
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tation-selection question may not be inapposite. According to the hypo-
thesis outlined in this paper, what really occurs in adaptation is not the
creation of a new reaction-pattern, but the utilization and concurrent
development of one already inherently possible to the cell. So, in a sense,
there is even here only the selection by continued growth of a character
already present-not even perhaps meriting the epithet " acquired " as
much as it would had it arisen by a chance mutation.

In certain specific examples the evidence in favour of the adaptive
modification of the cell seems to be very good indeed. The case of Bact.
lactis aerogenes and D-arabinose has been subjected to specially detailed
study' and the arguments may be summed up as follows:

(1) When first transferred from a medium with glucose as carbon
source to one with D-arabinose, the cells show a lag of several days. If this
represents the time required for the multiplication of a small proportion
of mutants, then this proportion must be about one in 106 or 107. On
D-arabinose-agar plates all the cells grow after the appropriate delay.
If only mutants grow, then every cell must first form a microcolony on
impurities, and in every microcolony there must be a mutant which then
forms a normal colony. If, however, a large suspension of cells is left to
lag in a liquid medium containing D-arabinose, and platings are made at
intervals, the lags on the solid plates decrease steadily as the time of previous
exposure to the liquid medium increases. No fresh mutations could occur
in the liquid medium, where the cells exhaust all carbon impurities capable
of supporting growth, and very soon have nothing but arabinose left.
Mutants could, of course, arise in the plate microcolonies, but in this case
they would all start equal. Yet the lag shows all intermediate values from
the full initial value down to zero. Therefore steady changes must have
been occurring during the sojourn in the liquid medium.

(2) The bacterial mass, as estimated by light-scattering, shows an
increase of 4000 at the end of the lag in D-arabinose before the actual
number of cells changes detectably. Thus the average cell must be changing
progressively, and the increase in mass is not contributed solely by the
multiplication of mutants.

(3) The equilibrium-proportion of mutants which must be assumed in
the normal culture is very minute. Therefore either the back-mutation
rate must be high, or the selective disadvantage of the mutants in media
free from arabinose must be high. If a high back-mutation rate is assumed,
the reversion of fully trained cells should be easy, which it is not. If the
selective disadvantage is great, then mixtures of trained and untrained
cells should show steady displacements on subculture in glucose, and this
phenomenon does not occur.

(4) The ease of reversion of trained cells is a function of the exact state
of their internal enzyme balance at the time when they are removed from
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the D-arabinose. The existence of partially adapted cells is easily understood:
artificial and ad hoc hypotheses are needed to account for intermediate
states between mutants and non-mutants.

This last result is rather a general one. The process of training often
occurs according to a well-defined picture. If the cells have only just gained
their new or enhanced character, then this is easily lost on subculture in
the absence of the agent calling forth the adaptation. If the character has
been impressed by repeated subculture in the new medium, then it can be
very stably held. This is not what would be expected from a simple theory
of mutation and back-mutation, the probability of back-mutation being
independent of the previous history unless further ad hoc hypotheses are
made and successive mutations postulated, one to produce the character
in question and a second to stabilize it.
A similar multiplication of essentially unnecessary hypotheses would

be required to explain (a) the superposition of several kinds of adaptation,
(b) the quantitative and continuous grading of drug-resistance to the
concentration of drug in the medium where training occurs, and (c) the
fact that even the power to utilize a given substrate sometimes develops
gradually and continuously through a considerable series of subcultures.

It should be made clear at this stage that the role of chance mutations
is not denied. Sometimes the accident of an abnormal cell-division may
indeed be the origin of a form endowed with special properties. What is
maintained, however, is that it is wrong in principle and in fact to deny the
occurrence of the adaptive mechanisms themselves, as is so often done.

The well-known statistical argument of Luria & Delbriick5 has been
much applied to the example of drug-resistance. Here, too, the role of
chance may be not inconsiderable; but again the existence of adaptive
mechanisms must not be denied. These have been shown to be possible,
in principle, by simple models based upon kinetic mechanisms. The sta-
tistical argument, briefly, is this. If the number of colonies capable of
growth in the presence of a drug is measured, then the statistical scatter
of the results is sometimes much greater when different cultures are compared
than when different samples of the same culture are tested. It is argued
from this that chance mutations underlie the drug-resistance of the separate
cultures. The statistics of the argument are unexceptionable, but its applica-
tion seems to depend upon an oversimplified view of the biological problem.
What is asserted, in effect, is that every cause of variation from one
culture to another, except the number of mutations which may have oc-.
curred, is subject to exact control. Experiments made in our laboratory do
not confirm this. Working with Bact. lactis aerogenes and proflavine, Dean3
has found that the formation of a colony on a plate containing 2,8-diamino-
acridine represents a competition between the overcoming of the lag phase
and the death of the organism, and that the cells which have not become
resistant are dead. The survivors are few, and the times at which the last
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survivors die in high drug concentrations also show a very high statistical
scatter. Death-rates are known to depend, in any case, upon very complex
statistical factors, so that causes for the scatter in the number of resistant
colonies can be found, without necessarily invoking mutations. Further-
more, various reasons may be cited (and experimental evidence given for
them) why different cultures should in fact show wider variations than
different samples of the same culture.

If the mutation theory of drug-resistance is maintained and adaptive
processes are denied, then it is necessary to postulate (a) a large series of
minute genetic changes to account for the continuously graded resistance
observed; (b) separate mutations governing resistance on the one hand
and the stability of its retention on the other. The apparatus of special
assumptions becomes very formidable.

The elaborate reaction pattern of the cell has been referred to more than
once; all routes through this network are not equally in use in any one set
of conditions. The switch from one to another is exemplified in many
phenomena.

As mentioned, the tricarboxylic-acid cycle of Krebs constitutes a signi-
ficant portion of the total system. It seems, however, to be not normally fully
utilized with Bact. lactis aerogenes. As ordinarily formulated, it involves
passage by way of succinic acid, and Bact. lactis aerogenes is indeed capable
of employing succinic acid as its sole source of carbon-although rarely
with great efficiency. The corresponding growth-rate is low, and growth
is attended by a long lag. By the usual kind of training, the enzyme propor-
tions are modified in such a way that the lag is removed and the growth-rate
rises to an optimum.

Interesting changes of reaction route occur when the conditions of
culture are changed from aerobic to anaerobic. Bact. lactis aerogenes grows
aerobically in glucose and causes the complete oxidation of this sugar in
a considerable number of stages, at several of which hydrogen is transferred
to co-enzyme systems. Certain reduced hydrogen-carriers are continuously
re-oxidized by molecular oxygen. The essential difference between aerobic
and anaerobic growth is that in the latter the re-oxidation has to occur at the
expense of something other than oxygen, and, in fact, either by reduction ofan
extraneous oxidizing agent such as a nitrate, or by a reaction which ultimately
involves consumption of the glucose itself. If aeration of a culture is
interrupted, a new reaction sequence has to be established before anaerobic
growth can proceed, and, as a consequence, there is a delay during which
a demonstrable increase in reducing-power of the cells takes place. In
the stable state of anaerobiosis, the concentration of certain reduced
substances is high. The sudden lowering of this concentration by the
passage of oxygen once more inhibits the anaerobic re-oxidation mechanism,
stops anaerobiosis, and accounts for one form of the well-known Pasteur
effect.
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Examples of the way in which the interplay of the different kinds of
cell reactions govern phenomena of great biological interest might be
multiplied. Lags and delays, adaptations and drug-resistances, choice of
reactions and Pasteur effect, may all be regarded from the kinetic stand-
point with, I think, an increased understanding.

Decline and Death

The law of decline of a cell population is not infrequently an approxima-
tion to an exponential one, analogous to the law of decay of a radioactive
element. The implication of this is that the event leading to the death of
the individual is (to the extent that the law is followed) independent of its
previous history. Such a conclusion is sometimes interpreted in terms of
chance encounters between sensitive areas in the cell (targets) and molecules
of toxic agents or quanta of radiation (missiles). I think, however, that
when we bear in mind the highly complex reaction pattern of the cell, an
alternative interpretation may be suggested.

We know that many enzyme reactions go on in cells which are not
growing. We know, from experiments with radioactive tracers, that a
lively exchange of material goes on in apparently resting cells. We know
that lytic reactions can occur to cells, and that the products of breakdown
formed in such reactions would constitute excellent material for other
synthetic reactions. We may, therefore, suppose that in a resting cell
considerable internal breakdown and repair of enzymatic and other systems
goes on. We may also suppose that some enzymes may temporarily increase
at the expense of others. In the whole complex interlocking system there
may therefore be set up a series of quasi-periodic variations in functional
activity. The different quasi-periodic variations will be largely independent
of one another. Hence the moment when, in a given cell, a prescribed
number of its functions pass simultaneously through their minimum values
of activity will be random. If the cell ceases to be viable and capable of
recovery when a certain number of activities have reached a minimum
together, then the moment of death will be determined by factors mathe-
matically similar to those which determine the moment of explosion of a
radioactive atom, and the logarithmic decay law will be followed by the
population.

It is true that bacterial populations only very routghly follow this law.
But then the condition of quasi-periodic variations is only approximately
satisfied, so that the imperfection of the interpretation corresponds to the
imperfection of the phenomenon which is to be explained. I

In any case it may be said that the reaction pattern of the cell governs
not only its growth, functioning, and adaptation, but also the mode of its
decline.
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SUMMARY

Autosynthesis in cells is analogous in
some respects to crystal growth and to
polycondensation reactions; elaborate co-
ordination of elementary reactions is,
however, also necessary.

Experiment has suggested an intimate
linking of protein and nucleic acid, the
spacings of each guiding the mode of
synthesis of the other. In general, if each
of two constituents determines the rate of

dP
synthesis of the other (so that = Xdt

dX
and t -P), then in the steady state

each will increase according to the auto-
dX dP

catalytic law = kX and - kP.

General considerations of an elementary
mathematical kind suggest that the syn-
thesis of any enzymnatic constituent is
intimately linked with its actual functioning
in the cell, and that in the steady state
where growth goes on in a constant medium
the proportions of the various enzymes
and other components settle down to
constant ratios, but that these ratios must
change if the medium is changed in such
a way that the various relevant velocity
constants are altered.

The reactions by which synthesis may
be achieved constitute an elaborate net-
work through which many alternative
routes are possible, and may be utilized
to different extents according to the
conditions of growth.
The maintenance within a cell of approxi-

mately constant conditions depends upon
the occurrence, at intervals, of division.
The amount of desoxyribose nucleic acid
is approximately the same in cells of
varying size, which have grown at very
different rates. This seems to justify the
principle that, in general, division may be
determined by the accumulation in the cell
of critical amounts of certain key sub-
stances, irrespective of the amounts of
other constituents.

RE'SUMI
L'autosynthese, au sein des cellules,

presente quelque analogie avec la crois-
sance des cristaux et les reactions de
condensation; elle exige, de plus, une
coordination tres precise des reactions
elementaires.

L'experience suggere qu'il existe un rap-
port etroit entre proteines et acide nu-
cleique, les espacements de chacun de ces
corps determinant le mode de synthese de
l'autre. D'une facon generale, si chacun
des deux constituants determine le taux de

dP
synthese de l'autre (de fagon que -g = X

dX
et = P), il s'ensuit qu'a l'etat de stabi-

lite chacun s'accroitra selon la loi d'auto-
dX dP

catalyse = kX et dt =kP.

Des considerations mathematiques ele-
tnentaires semblent montrer qu'il existe
un lien etroit entre la synthese d'un cons-
tituant enzymatique et son fonctionnement
reel dans la cellule; qu'A l'etat stable,
lorsque la croissance se poursuit dans un
milieu de composition invariable, les pro-
portions des divers enzymes et d'autres
constituants prennent des valeurs cons-
tantes, mais que ces rapports doivent
changer si le milieu est modifie de telle
facon que les constantes de vitesses soient
modifiees.

Les multiples reactions qui assurent les
syntheses constituent un reseau compliqu6
au sein duquel diverses voies existent qui
seront emprunt6es les unes ou les autres,
selon les conditions de la croissance.

Le maintien de conditions a peu prBs
constantes dans la cellule exige que, de
temps a autre, une division se produise.
La quantite d'acide desoxyribonucleique
est a peu pres la meme dans les cellules
de dimensions diverses qui se sont deve-
loppees a des vitesses tres differentes. Ce
fait semble justifier l'idee selon laquelle,
le plus souvent, la division est declench6e
par l'accumulation dans la cellule de quan-
tites critiques de substances-cle, quelle que
soit par ailleurs la concentration des
autres constituants.
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If such a principle is adopted it may
be shown that, in a given medium, the
proportions of the various cell compo-
nents should change in such a way as to
establish growth by that reaction path
which allows of the optimum growth-rate.
Therefore an automatic adaptive response
to the introduction of a new substrate or
of a drug into the medium should occur.
This might be the basis of the phenomenon
known as training, and of the development
of resistance to drugs and antibiotics.

To dismiss such a hypothesis as
Lamarckian " is a logical confusion. It

has nothing to do with the conventional
" inheritance of acquired characters ". It
is a matter for impartial experiment to
decide what part such adaptive mechanisms
do, in fact, play.

There is good experimental evidence that
the development of new growth-mechan-
isms or metabolic pathways in most of
the cells of the population does take place.
This does not deny the importance of
chance mutations, but merely asserts the
parallel importance of adaptive changes.
The maintenance of the chance-mutation
theory of the origin of drug-resistance
involves in all cases the assumption of
numerous and improbable ad hoc hypo-
theses.

Experiments with Bacterium lactis aero-
genes, using D-arabinose and 2,8-diamino-
acridine, are considered. Changes of
reaction route associated with passage
from aerobic to anaerobic conditions and
vice versa are susceptible of analysis which
provides an explanation of the Pasteur
effect.
The complex reaction pattern of the cell

is of importance in determining the law
according to which decline and death set
in. Quasi-periodic variations in the
functional activity of various internal sys-
tems may be set up, and these may well
explain the law of logarithmic decline,
the interpretation of which has hitherto
been a matter of controversy.

Ce principe etant admis, on peut mon-
trer que, dans un milieu donne, les pro-
portions des divers constituants cellulaires
doivent changer dans le sens du m6canisme
qui assurera la vitesse de croissance opti-
mum. C'est pourquoi une adaptation auto-
matique doit se produire en reponse a
l'introduction d'un nouveau substrat ou
d'un m6dicament dans le milieu. C'est
peut-etre la le principe initial des pheno-
menes d'accoutumance ou de resistance
aux medicaments, aux antibiotiques en
particulier.

Rejeter cette hypothese parce qu'elle
serait ((lamarckienne )) est une erreur de
raisonnement. Elle n'a rien A voir avec la
theorie classique de ((l'heredit des carac-
teres acquis )). I1 appartient a l'experience
objective de determiner quel est le r6le reel
joue par les phenomenes adaptatifs.

Dans certains cas qui seront discutes, de
serieuses preuves experimentales permettent
d'affirmer que l'on assiste A l'apparition de
nouveaux mecanismes de croissance ou de
nouveaux processus metaboliques dans la
majorite des cellules d'une population,
plut6t qu'a la selection de mutants fortuits.
Ce fait ne diminue pas l'importance des
mutations fortuites, mais souligne seule-
ment celle que revetent, parallelement, les
changements adaptatifs. Expliquer la resis-
tance aux medicaments par la theorie des
mutations fortuites suppose l'adoption
d'hypotheses ad hoc, nombreuses et
improbables.

Les experiences faites avec Bacterium
lactis aerogenes en utilisant le D-arabinose
et la 2,8-diamino-acridine sont examinees.
L'analyse des changements survenant dans
la sequence des reactions en relation avec
le passage de l'aerobiose a l'anaerobiose
et vice versa peut fournir une explication
de l'effet Pasteur.
Le schema complexe des reactions cel-

lulaires presente, en outre, de l'interet
lorsqu'il s'agit de determiner selon quelle
loi surviennent le declin et la mort des
cellules. Des variations quasi periodiques.
dans l'activite de divers systemes internes
peuvent se produire, qui pourraient expli-
quer la loi bien connue de declin logarith-
mique, dont l'interpretation a ete jusqu'a
maintenant sujette a controverses.
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