OUTLOOK

The biological part of this book has been written by & biolo-
gist who is convinced, from his own experiences as well as from
the study of literature, that mitogenetic radiation exists, He
has realized that it is difficult to prove it because we are dealing
with an extremely weak offect, and with very sensitive detectors.
Above all, we are dealing with an entirely new phenomenon,
and consequently cannot predict which changes of technique
might increase or decrease the effect,

It does not speak well for the present status of science that
it has not been possible to settle definitely, in the course of 12
years, the guestion of the existence of this radiation. The fault
lies equally with the two groups of contestants, those for and
those against radiation.

The facts are these: GurRWITSCH and a number of his pupils
and also many other investigators have presented a very large
amount of experimental data to show that mitogenetic radiation
exists. Many others have repeated these experiments, following
directions as exactly as they were given, and obtained no mito-
genetic effect. Several of the latter group have claimed therefore
that they have disproved biological radiation. Such claimi is
unscientific as has already been pointed out in the foreword. The
only way to disprove any theory is to obtain the same results,
and to show that they are due to another cause. Some such
attempts have been made (c. g. MoIssEJEWa, LorENz) but they
have not been carried far enough, or have been contradicted by
other, more recent investigations. Most of the crities dismiss
the question with the simple statement that all so-called mito-
genetic effects are within the limits of experimental error.




OUTLOOK 189

Let us realize from the beginning that the differences of
opinion center around two essontially different points; one is
the existence of the biological effect, and the other is its inter-
pretation as an ultraviolet radiation. A different interpretation
will not make the effect less important for biology.s The effect
is the important thing; the explanation is secondary. After all,
only the facts remain permanent in science, while the theories
come and go. .

The difficulties in deciding the existence of the mitogenetic
effect are to be sought largely in the sensitivity of the methods.
It is evident that this point can be settled only by biological
experiments. Physical measurements can tell only whether or
not it is caused by radiation, but the absence of radiation does
not disprove the biological effect.

Biological measurements are not at all simple. When higher
organisms are used ag detectors, the controls are not perfect.
Several authors have questioned the use of one side of the onion
root as control for the other side. It may bd that both are affected.
This objection may also be made to other tissues, e. g. the cornea.
With unicellular organisms, where large numbers are used, the
controls are as reliable ag they can possibly be in any biological
experiment. While it is easy to make yeasts or bacteria grow
in the customary culture media, it requires a thorough under-
standing of their physiology to interprete differences of growth
rate, and errors have been made in this respect by those
opposing  biological radiation as well as by those convinced
of it.

The error in biological experiments is not as absolutely fixed
as in physical or chemical methods, e. g. in an analysis where it
can be stated reliably for all laboratories that the accuracy of
the method is 0.005g. In biology, it depends very much upon
the choice of the organism (e. g. the variety of onion), the uni-
formity of the material, the treatment of the organisms before
the beginning of the experiment, the uniformity of environment
before and during the experiment, the ability of the experimentor
to recognize and avoid disturbing or secondary influences. A fine
example is the painstaking work of M. Pavt, (1933) with onion
Toots.

As a result of the various factors creeping in, the error of
the same method may be widely different in different laboratories

e
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or even in the same laboratory with different investigators. This
explains the difference of error in the onion root experiments
which was 109, with some investigators and 509, with others
(see p. 58). When it comes to such delicate instruments as the
GEIGER counter, even physical measurements show great diffe-
rences (see Table 30a p. 92).

‘The frequently made statement that the biclogical investi-
gators do not state the error of their methods is not in accordance
with the facts. When the error or the reliability of the method
is not stated as such, it is usually possible to compute the error
from those experiments where no mitogenetic effects were obtained.
This has been done by ScEWEMMLE for all earlier onion root
experiments (p. 58) and the authors gave some similar eal-
culations for the yeast bud method on p. 71. TUTHILL and RaHN
have also published two sets of counts of yeast buds from many
different parts of the same culture. GURWITSCH and his asso-
ciates have stated repeatedly that with the yeast bud method,
they consider any increase less than 15%, over the control to
be experimental error. The reliability of the yeast measurement
by volume can be estimated from the data by Briie, KANNE-
o1EssER and SOLOWJEFF. HEINEMANN has stated that in his
method of counting yeast with the hemacytometer, the mitogenetic
effects were more than 3 times the experimental error. WOLFF
and Ras have frequently given all individual counts of bacteria
for one experiment (p. 78). Other error limits can be found
on pp. 83 (Jurws), 34 (BarTH) and 168 (BLACHER}.

Tt is somewhat surprising to find that in critical summaries,
some weak papers are quoted extensively while some of the best
proof in favor of mitogenetic radiation is completely omitted.
NagarpzoMr and SCHREIBER, working with the yeast bud method,
omit the work of SIEBERT who published more detailed experiments
than any other investigator in this field. KREUCHEN and BATEMAN
also mention neither SIEEERT's papers nor the extensive work
of WoLrr and Ras with bacteria which is the best material with
this detector. It is only natural that any new development in
science will attract speculative minds who generalize from a few
experiments and come to conclusions which are not shared
by the more conservative workers in this field. Any serious
criticism should start with the most reliable and best founded

papers.
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On the other hand, the critics have good reason to disregard
papers which give no precise account of methods or results.
Probably the main reason why mitogenetic effects are still doubted

t has been the recording of results by merely giving the “Induction
Effect” without mention of the experimental data from which
- the effect was computed. The actual number of mitoses in a
'~ cornea, the percentage of buds, or the yeast volume measured,
tell a good deal about the performance of the experiment. Even
. the chemist whose methods are really standardized publishes
not merely the formula of his new compound, but also the actual
| analytical data. Since the error in biclogical experiments varies
with the investigator, the publication of the complete records
t would give the reader a conception of the reliability of any
observed effects, even when the standard deviation has not been
b computed.

Another justifiable argument againste the weight of some
published papers is the lack of precision in the description of the
b method. Since the biological detectors do not respond at all
times to mitogenetic rays, but only in a definite physiological
state, it is of greatest importance to describe all details. Such
- statements as “8—10 hours at room temperature” are too inde-
finite; the term “yeast” means very little, and even such terms
as “onion root” or ““cornea of a frog” should be specified in much
more detail since there are many different kinds of onions or
frogs, and the roots as well as the number of mitoses in the
cornea are affected by the season.

As an example may be mentioned the paper by SarriNp
- and PoNoMAREWA (1934) which might be very important for the
physiological explanation of the mitogenetic effect. However,
the authors do not mention the age of the yeast culture, nor
the medium on which it was grown; they give only the induction
effect so that the reader does not know whether the controls
had 3% or 25% of buds which would have given a suggestion
at least of the condition of the yeast. Therefore, the value of the
paper is largely lost.

It might be argued that the burden of the proof lies with
the opponents since the mitogeneticists claim to have proved
their point, but such an attitude would not be very helpful in
solving the real problem. We are dealing with a very complex
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phenomenon, and both sides should do all they can to bring
about & real understanding of the facts. The complexity is greatly
increased by the occasional failure of the phenomenon for unknown
reasons (p.93). Errors have been made by the defendants of
both sides of the argument, and the authors hope sincerely that
by pointing out the mistakes and mistnderstandings, a settlement
of the question of mitogenetic radiation will be accomplished in
a very short time.




Chapter 1
Radiation is the transmiseion of energy through space.

Chapter 11
- There are many physical sources of ultraviolet light.

. Ultraviolet rays have been proven to be emitted by many weli-lmown

chemical and biochemical reactions; their spectra are specific; they
may bhe measured by physical instruments.
When irradiated, some solutions produce ultraviolet the wave length
of which depends only upon the composition of the solution; it may
bo shorter than that of the primary source which releases it, and stronger
in intensity.

Chapter 1T
Monochromatio light, less than 2600 A in wave length, from physical
sources has a distinctly stimulating effect upon the growth rate of
yeasts and bacteria; so also does ultraviolet radiation from chemical
and biochemical reactiona,

Chapter IV
A. Many living organisms react to this kind of radiation, and some can be
used as biological detectors of suoh rays:

a) The oldest detector i the onion reot which shows a larger number
of mitoses on the irradiated side than on the opposite, shaded side
which serves as control; ’

b) Yeast cells, under certain conditions, will show an increased per-
centage of young buds when exposed to mitogenetic radiation;

¢) The growth rate of yeasts or of bacteria is increased when these
organisms, at a definite physiological stage of development, are
exposed to these rays;

d} The cornea of mammals and amphibia, the eggs of sea urchins, and
tissme cultures have alsc been used as mitogenetic detectors;

e} Such radiations affect the metabolism . of yeast; respiration is
decreased while fermentation ig increased 3

Protoplasma - Monographien IX: Rahn 13
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f) They can produce morphological changes;

g) They disturb the symmetry of LIESEGANG rings, decompose hydrogen
peroxide, and increase the rate of flocculation of colloids;

h) Radiant energy from organisms or tissues can be measured by
physical instruments;

i) Qceasionally, no results can be obtained for goveral days or weeks;
the reason for this is not known. .

Cortain radiations from the human body under abnormal conditions
were found to be injurious to yeast.

Ultraviolet is emitted by dying organisms.

. The Beta-radiation from potassium in the cells has decided physio-

logical importance.

E. Infrared rays are rarely if ever emitted, and as rare is their effect
upon OTgANISMS.

Chapter V

A. Tntermittent irradiation increages the intensity of the effect upon
biological detectors.

B. Diffuse light is often necessary 4o induce mitogenetic radiation.

¢. Becondary radiation (as explained in 1T () is commonly obgerved in
living tissues such as onion roots, muscle, nerve, blood ; this facilitates
the spreading of mitogenetic stimuli throughout the orgamism.

D. Too long exposure or 00 great an intensity iz manifested by a decrease
in mitoses rather than an increase. :

E. The intensity of radiation cannot be measured directly by mitotie
increases. :

F. When the intensity of radiation is gradually increased from a subliminal
value, biological detectors fail io react.

Chapler VI
It is at present impossible to give a precise account of the mechanism
by which ultraviolet rays stimulate cell division. Many theories have
been advanced.

Chapter VII

- Mitogenetic rays play an important role in biology, medicine and
agriculture.

A. Some unicellular organisms (bacteria, yeasts, hydra) radiate strongly

during their developmental phases, while others (Opalina, Paramecium}
do this only in the presence of glucose. Their growth rate is increased
by irradistion. This may explain allelocatalysis.
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B. Of the higher Plants, the roots and most parts of the seedlings are
known to emit energy.

C. Dividing egge of higher animals are good senders as well as good detect-

- ors. The medullar plate of enbryos shows radiation; during the early
stages of frog tadpoles, only the brain radiates strongly,

D. Most tissues of full-grown animals radiate weakly; the working muscle,
the cornea, the blood and the nerves being the exceptions, Adulg
animals and their tissues are not notable as detectors.

E. Blood of all animals radiates strongly; it ceases to do so only during
senility, and in the cage of a very few diseases, _

F. Nerves radiate distinetly, and radiation ia transmitted throngh the
nerve at a rate similar to that of nerve stimuli,

G. Morphological changes have been Produced by these rays, in yeasts,
in bacteria, in sea urchin larvae; they play an Important role in the
metamorphosis of amphibia they may be the cause of polyploidy in
Plants, and of Parthenogenesis of frog’s eggs,

H. Antagonism between microorganisme has been explained experiment.
ally by radiation,

1. Wounds, while healing, radiate: the healing process can bo accolerated
by mitogenetic irradiation,

J.  The cancerous tissues radiate strongly, while the blood of cancer patients
bas lost this power. This hag been used Successfully in the early dia-
gnoosis of the diseage.

Abnormal human radiation which kills microorganisms appears to be
linked with the excretion of oxycholesterol.

&
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