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Light in it8 various phases exerts a markead
influence on the functional as well as the physical
Structure ol all living matter. ihe phenomena of
light involves twé theories: (1) the wave or electro-
magnetic theory conceiving light as consisting ol
€lectric gmanations or waves oI various Irequencies
and i1ntensities élven of't from many substances. \ihe
principal source of light as thus conceived 1s tne |
sun with 1ts estimated temperature of 10,000 Ff);

{2) the quantum theory which conceives light és a factor
in's}olved in ionization in chemical reactions \5 \negative
electrons are ejected Irom a surface of metallic iron
when a strong l1ight 1s focusea upon 1t; 1. e., the light
causes a quantum of 1onization in the iron.) rigure 1
18 a diagram showing some of the important physical

properties of light.

@'Qpantum - a unit of light energy equal to i(an)
where (n) 1s the frequency of passage ol the negative
ion around its positive nucleus, and (hj 18 a unit of
action or guantum. rFlanck's constant = \an) = 6,00

10-27 erg-seconds.
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We are here concerned with a study of the effects,

upon raramecigm caudatum, of the wave lengths of light

which occur iﬁ'the ultra-violet range of the spectrum
(frequency 1.000 to 4.000 &), and those which occur

in the infra-red range of the spectrum (frequency 8.000
to 15.000 R).

Bovie and Hughes (9) state that Paramecium cauda-
tum, when subjec?ed to ultra-violet rays which heve
passed through a fluorite glass container, gives a rate
curve which is the same as the rate curve for non-
radiated organisms, but due to the brief period of
inhibition experienced by some of the organisms on the
first day of radiation, the rate curve for the radiated
organisms lies always below that for the controls,

Very brief periods of inhibition of the radiated organ-
isms do not occur frequently enough to account for the
destructive action of these rays. they (10) also

8 tate that the action of ultra-violet radiation through
a fluorite glass container causes cytolysis of raramecium
caudatum when a certain amount of a toxic "photo-product”
is formed. in their experiments this occured in 57 pei
cent of the organisms, as a result of two exposures of
four seconds each, separated by a two second interval.

Hecovery depends upon the ability of the organism to



eliminate this toxin through a combination of chemical
action and diffusion.

Grosley P states that it has been found that
short time-duration-exposures, (exposures at specific
distances from source of radiation for specific time
intervals) of ultra-violet radiation stimulate animal
tissues, while time-distance-exposures of longer
duration resu}t in a slowing down of physiological
activity of tissues. lime-distance-exposures of
extremely long duration results in the destruction
of the animal tissues. in the plant kingdom it has
been found that ultra-violet radiation of certain

time -dis tance~-exposures results in an increase in

growth and cane-sugar content of sugar cane. Crosley

also states that periods of exposure of raramecium

caudatum to ultra-violet radiation necessary for
death have been prolonged by simul taneous exposure
to infra-red rays.

For single-celled organisms short time-distance-
exposure to light of a wave length of 280'J P (2800 K)

results in a maintenance of motility. Longer time

6 rersonal letter from G. HE. Crosley of Burdick

Corperation, milton, wisconsin.



exposures are lethal, Light radiations of 160

" (1600 &) are absorbed by the cytoplasm of the cell,
while radiations of wave length 1Bb’:F (1850 &) are
absorbed by the nucleus of the cell. ithese radigtions
absorbed by the cell nucleus interfere with cell metab-
olism and finally cause death. Radiations of 185

of short time-distance-exposure temporarily inhibit
cell division, while radiations of 185 of long
time-distance-exposure stimulate cell division.

Those radiétions absorbed by the cytoplasm \lﬁO,JF )

in short time-distance-exposure stimulate aimless
motion of infusoria or incite phagocytosis by themn,
while longer time-distance-exposures result in necrosis
of the cell with accompanying vacuolization of the
irradiated cell cytoplasm, ‘Hadiations of 160 /l/l

as transmitted by fluorite glass, are practically all

absorbed by or in the cell cytoplasm of Amoeba proteus.

The radiation causes coagulation and excessive vacuo-
lization of the cytoplasm. the effected part of the
amoeba becomes immobilized and the uninjured portion
separates from the rest of the mass.

Ultra=-violet radiations of wave length 185/1#
passing through quartz containers are only slightly

absorbed by cell cytoplasm and strongly absorbed by



the cell nucleus. rrolonged exposure to radiations
of this wave 1ength may be followed by inhibition of

" cell division without any visible effect upon motility;
inhibition of cell division, following short time-
distanqe-exposurea to "quartz rays", is followed by

a period of accelerated cell division so that after

a given period the irradiated organisms reproduce more
rapidlyr than do the controls, ihis action of short
time -distance-exposures to "quartz rays" may be due to
a toxic }photo-product" consisting probably of lecithins,
which in minute residual excreted quantities may act
as a stimulus to cell division. une-thirtieth of
lethal exposure (of a concentration necessary to cause
cytolysis) inhibits the organism. it becomes thin
and transparent, and in appearance resembles the
enucleated and immobilized fragment of Amoebza as

described above, but in Paramecium caudatum this

change is only temporary.

Ultra-violet radiation acts directly on the
chromatin (nucleo protein) of the exposed cell which
may liberate some stimulative toxin. there is also
the possibility that the increased activity may be

due to the stimulative or the destructive action of



perioxidase or invertase; or the increased output of
energy méy be due to the absorptioﬁ of ultra-violet
fays by the amino acids of the cell,

rorbés and Daland (26) found that there is a
gsensitization to heat caused by exposure of raramecium
caudatum to ultra-violet rays passing through a fluorite
container, Death results either from the direct action
of the rays or from the ozone formed in the reaction.
Heat follqwing strong radiation has apparently a>more
lethal effect upon the organism than heat preceding it.

Bovie (6) states that when Paramecium caudatum

is exposed to sub-lethal time-distancé-exposure of

ul tra-violet rays, the organism is killed by an amount
of heat which would not effect a normal unradiated
paramecium, uniqueness of the effect of ultra-violet
radiation lies in the fact that these rays form within
the cell the chemical combinations which are foreign

to normal protoplasm. The radiatéd organism which
has not been exposed to an increase in temperature

may appear quite as normal as if the rays had no effect
whatsoever upon it. 1t is only when the "photo-chemical
change" or "latent image" has been developed by the

me tabolic changes occuring at higher temperatures that



the effects df the exposure are to be observed.

Packard \47) finds that there is a susceptibility
éf living cells to radium radiations of wave lengths
below 800 X in the extreme ultra-violet range of the

spectrum. ‘This susceptibility of rParamecium to

radium radiations chiefly of the'slowest/B rays \electrpns
moving with very high velocities) varies with the temp-
erature at the same rate as do the physiological reactions
of various kinds, 1t also varies directly with the
degree of permeability of the surface layer of the cell.
The slow rays act on the surface layer of the cell in-
creasing its permeability and if allowed to act long
enough cause a typical cytolysis. in this respect

rays resemble other types of radiant energy and diverse
chemical cytolytic agents. Cells which have a rel-
atively high permeability are more susceptible to the
lethal action of rays of radium than those having a

low permeability; for the cytolytic action of these

rays is quickly followed in the former by a eyxtolysis
which is irreversible, while in the latter case the
reaction is a reversible one.

V/"Soret {28) pointed out that the majority of



proteins show a well marked absorption band in the

ultra-violet range of the spectrum. He attributed

10,

this phenomena to the presence of the "tyrosine radicle"

in the proiein molecule.

moré recent investigation by Koher {36) of the
spectrographic action of chemical solutions of the
various amino acids has corroborated the work of Soret
and enlarged upon it,. Among the constituents of the
protein molecule, phenylalanine, as well a8 tyrosine,
exhibits a well marked absorption band in the ultra-
violet range of the spectrum. Uther amino acids,
constituents of the protein molecule, exhibit onliy
general non-selective absorption bands in the ultra-
violet range of the spectrum, 1The tyrosine and
phenylalanine radicles of protein molecules constitute
the optical sensitizers which render 1iving cells
receptive to the toxic action of ultra-violet rays.

The above assertions are further substantiated
by the following experiment conducted by Harris and

Hoyt (28). A double container, the bottom sSection

composed of silicon glass and the top section of quartz,

was used. raramecia were placed in the bottom section
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and various amino acids in solution were alternately
placed in the top section of the double container. the
container was then exposed to the rays of a mercuric arc
lamp in a .quartz container in such a way that the rays
passed through the solutions of the amino acids before
they reached the paramecia iﬁ the bottom section of the
container, Amino-benzoic acid had the strongest power
of absorbing the toxic rays followed in order by tyrosine,
leucine, glutamic acid, aspartic acid, and alanine.

Teppeiner, Osthelder, and Erhart (57) state that
varioug chemicals cause photodynamic changes which occur
in protoplasm when it is exposed to ultra-violet light.
wWhen paramecia are treated in the dark with eosin, sodium
dichloranthracenedisulphonate, and methylene blue hydro-
cleoride and then brought into the ultra-violet light,
the ultra-vioclet rays cause all the above dyes to be
taken up peripherélly.

Hgusmann and Kalmer (29) find that both plant
and animal coloring matters have a sensitizing action
on paramecium, Basic dyes of this sort, such as small
amounts of methol orange, do not act peripherally on

paramecium, but their counterparts do act peripherally



on~paramecium. 1he neutral coloring matters that are
active upon erythrocytes are also active upon paramecium
in light. .

Metzner (43) states that p#ramecia can be made
sensitive to light by the addition to their suspensions
of fluorescent coloring materials such as8 erythrosin and
€osin, 1his photo~-taxic activity, whether positive or
negative, can be induced as long as the organi:m is not
harmed by a too strong photodynamic action. lhe strength
of this photodynamic action is proportional to the light
and color intensity, and the oxygen concentiration. in
favorable cases the light effects follow radiation within
0.1 second, the maximum effect is induced by the max-
imﬁm non-lethal amount of coloring matter dissolved in or
combined with the living protoplasm of the animel cell.
Uxidase and catalase play important roles in the causation
of the photo-taxic reactions.

Ball (2) finde that the only dyes which stain the
cytoplasm of normal living paramecia belong to the basic
group. The most suitable are: Bismarck brown, methylene
blue, methylene green, neutral red, and toluidine. ihe

cytoplasm of the normal organisms cannot be stained by any
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of the acid dyes used, although these might stain the
contents of the food vacuoles of the dead dr dying organ-
‘isms. The exposure to light of paramecia having the
cytoplasmfstained by certain dyes, or of paramecia in

a concentrared solution of eosin, produces a marked
avdiding reaction within five seconds after exposure.
Thevorganisms in this reaction die more rapidly in strong
light.

Tappeiner (57) arrived at the following conclusions

‘regarding the phenomena of light as related to the photo-
dynamic reactions in living matter.

(1). The photodynamic substances act only in the
wave lengths which the fluorescent substance absorbs;

(2). Yhotodynamic substances act on enzymes;

(3). Unly substances which fluoresce in water
solutions are active as sensitizers;

(4). in some cases photodynamic substances act on
the outside of the organism, and in some cases these
substances act within the organism;

(9). 1he substance used must fluoresce, but the
amount of action does not vary with the amount of
fluorescence;

(6). The fluorescent radiations are not effective

nor is there a photo-electric effect evident;
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(7). The fluorescent substance must come into
contact with'the organism. Action therefore
éeems to be due to soﬁe activity of the electrons;
and_

(8). the action of the fluorescent substance
coes not depend on the presence of free oxygen.

_Von Baeyer's conception of the origin of life (4L)
was that carbon dioxide ana moisture (water), under the
influence of sunlight, formed formaldehyce, and this in
turn acted upon by sunlight produced starches, sugers,
and the complex orgenic compounds found in plants.

-~ Moore and Webster \41), a few years ago, succeeded
in building up organic compounds Irom inorgenic systems
by the use of ultra-violet light. 1he methoa employec,
in brief, consisted in exposing colloidal hydrated ferric
oxide (0.113% Feg03z) or colloidal oxide of uranium (0.028%
uranium) in a quartz container, through which carbon
dioxide was bubbled, to the radiations of a mercuric arc
lamp walled in quartz. 1he reactions obtained in this
experiment were similar to those occuring in the first
stage of the synthesis of orgenic from inorgenic substances
as it occurs in green plants through the agency of chloro-

phyll.
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When a single infusorian divides, often one of
its two progeny divides before the other does. in
successive generations this same thing may be repeated.
Thus, a8 shown in figure 2, one may have among the
progeny of a single individuel at a given moment, animals
that are the products of two and others that are the
products of three fissions. - under these circumstances
selection for either fast or slow rate of fission 1is
inevitable. middleton (495), by his devise of ‘balanced
selection', elimingted this selection, lhis opened
the possibility of accurately testing the effects of
environmental factors upon the hereditary fission rate.
The first of these studies was that of middleton (49)
in which it was shown that temperature differences pro-
duce heritable differences in the fission rate. Sub-
sequent unpublished research of rrofessor middle ton has
shown that both organic and inorganic chemical compounds
also modify the fission rate in the hereditary sense.

At the suggesticn of rrofessor middleton, i1 have under=-
taken to test the effects of ultra-violet and infra-red
radigtions upon the hereditary fission rate of the
Protozoa.

No previous investigation has been made of this

16
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Fig. 2., Diagram of successive fissions among the progeny
of a single parent, illustrating the variations in fission
rate which occur and which were subjected to balanced selection

in the present experiments.
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importent question. Previous studies of the effects

of these radiations have been concerned with the invest-
igation of the physioclogical effects of these radiations
upon the cytoplasm and the nucleus of the individual cell,
The results of these researches may be summarized as
follows,

The cytoprlasm absorbs radiations of wave length
160 py (1600 2), the nucleus absorbs radiations of wave
length 185 {WM (1850 &), very small doses temporarily
inhibit cell division while large doses stimulate it.
Long exposures to radiation cause the formation of a
toxic substance within the cell which is lethal in its
effect. 1he rate of recovery of the cell from sub-
lethal doses of radiation depends upon the removal of
the toxic substance through éiprocess of chemical sction
and diffusion. Paramecium can be made sensitive to
light by the addition of fluorescent coloring matters
such as erythrosin and eosin to the culture medium,
Heat following strong radiation has apparently a more
lethal effect than heat preceding it. Paramecium,
when exposed to @ sub-lethal dose of radiation, is
killed by an amount of heat which would not effect a

normal unradiated animal.
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Unly dyes belonging to the basic group stain the
cytoplasm of normal l1living paramecia. un exposure of
the animal to light these ayes are rapicly voiaed,

Under the intfluence of light paramecium takes up eosin,
sodium dicnlorantnracenealsulpnonaie, and methylene blue
hydrochloride peripherally. Neutral coloring mgtter
of both plant and animal derivation 18 active upon
paramecium- in the presence of light.

The protoplasm of paramecium contzins various
nitrogenous products, among which are tyrosine, phenyl-
alinine, and amino benzoic acid, which show well marked
absorption bands in the ultra-vioclet range of the spectrum.
he nucleo proteins thymine, cystine, and uracil also
show absorption bands in the ultra-violet range oif the
spec trum.

Paramecium caudgtum when exposed intermittently

to infra-red radiations is made more resistant to the
lethal action of large doses of ultra-viclet radiations.
1o date no further significant research relative to the

effects of infra-red radiation upon raramecium caudgtum

has come to my notice,

Are the effects upon raramecium cgudatum , induced

by ultra-violet and infra-red radigtions merely transient
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®r are they heritabler

ihe present papér is g statement of the results
of a séries of experiments designed to throw light upon
the question of the possibility of modifying living
systems by environmental factors so that the modifications
persist in later generations in the absence of the factor
which called them forth. Uan we change the living
systen, bj subjecting 1t to invisible rays, 8o that the

changes persist through later generationsr
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in order that results obtained in experimentation
designed to test the heritability of the effect of a
single environmental factor upon an hereditary character
in organisms, it is essential that the environments of
the two sets of organisms, experimentel and control,
shall be absolutely identical save in respect to the
single factor that is under investigation. This is
particularly true when the hereditary character concerned
is a physiological character which is s0 delicately
responeive to all environmental changes as 18 the Ifission
rete of infusoria, the organisms used in these experiments.

Jennings (42) has pointed out tnat'to secure this
uniformity the bacterial content must not vary. surther,
the technique used in work on the fission rate must insure
the experimenter against admixture of the various pure
lines of the clone used, as well as against the chance .
.introduction of a ‘wild' individual into any of the lines.
The culture medium used must also be uniformly unvarying
in character. ithese results have been secured by the

adoption of a modification of the method described by



Jennings (32).

The culture medium used was a-%s of one per cent
solution of Horlick's maglted milk. A fresh supply
was made daily. this is the medium adopted by miss
Peebles (4Y). ' une gram of the malted milk powder
was dissolved in a 100 cec graduate in g few cc. of
boiling glass-cdistilled water; this was tThen diluted
to 100 cc. with more of the boiling glass-distilled
water. O1X and one-quarter cc, of tThis one per cent
solution were then diluted to 100 cc. with boiling
glass=-distilled water and tThis %6 per cent solution
was filtered and cooled. Af ter each such preparation
of the culture medium the Various vessels used were
Thoroughly washed 1n bolling glass-cistillea water.,
i'ne above procedure insures Theé €Xperimenter against
any variation whatever 1n the chemical composition of
the medium.

‘he animels were cultivatet on ground glass slides
having each two circular depressions capable ol holaing
four or five drops of liquid each. these were kept in

moist chambers. three drops of culture medium were

23

used in each depression and no cover glasses were employed,

The twenty ultra-viclet lines were kept in one moist
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chamber, and the twenty infra-red lines were kept in
another maist chamber, and the twenty control lines
in a third moist chamber.

uniformity of bacterial content was secured by
washing each animal in fresh culture medium before
transferring it to a new slide. 1the animals were
allowed to swim about for a time in the fresh medium,
in order to wash themselves largely free from bacteria;
they were then transferred to the definitive slide in
other fresh medium, there was a daiiy cross-inoc-
lation of the culture medium in the various concavities.
the pipette and wash-slide used in transferring the in-
dividuals were invariably sterilized in boiling glase-
distilled water after each transfer, thus absolutely
preventing the unintentional introduction of any in-
dividual which might cling to the pipette; there was
thus no possibility of admixture or contamination of
lines. 1The slides were labeled in lead pencil; the
number of fissions and selections at each examination
were likewise recorded on them, to be later transferred
to permanent records., The individual lines were num-
bered consecutively from one to twenty intthe experimental

and the control sets. the slides, beakers, graduates,



and pipette were daiiy washed 1n boiling glass-distilled
water.

HEach concavity contained characteristically one
inaividual, This 18 essential in the determination
of the true fission rate. When two animals are used
at each transfer it is not possible to be certain as
to the number of fissions represented by certain oi the
animazls which may be present, lhis 1s demonstrated
by figure 3 which shows the possibility of the simul-
taneous presence 1in:a groove of animals which are the
result of one fission, two fissions, and three fissions
respectively, without the poseibility of differentiating
those which are the result of two fissions Irom those

which are the result of three fissions, 1he lines

were continued under balanced selection which was devised

by middleton (49).

29
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Fig. 3. bDiagram of successive fissions among the progeny of
two individuzls, showing that at a given moment we masy have, among
the progeny of these two parents, individuals of the Second and
the third generations which are indistinguishable. ithe numbers

within the outlines of the animals indicate the number of fissions

which have intervened between it and its original parent.
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Experiments Yo Yest Lhe Eiffect Uf ultra-violet And

!

infrs-Hed Hays Upon lhe Kission Kate within . dSingle
Clone vUf raramecium Caudatum Ana the nHeritebility uf

That Bffect.

Experiment i, <The effect of ultra-vioclet light,
vctober 12 to vuctober 26, 1928. Un vctober 12, twenty
selected animels of fast fission rate of eighty days
balanced selection, were exposed to ultra-violet rays of
wave length 1849 & to 3900 &, at a distence of thirty
inches from a Burdick-Cooper-rewitt mercury anode tungsten
cathode quartz lamp. The animzls were expoeed for thirty
seconds each day of a fifteen day experimental period.
Twenty selected animels of this same set of lines were kept
under balanced selection as controls. Figure 4 is &
graph of variation in actual number of fiscsions of the
radiated set of animals, and of its control set of non-
radiated animals for the fifteen dgy experimental period.
The radiated animals averaged 8.354+.07 fissions per line
for the fifteen day period, with a range of from 4 to 11
fissions per line; in the same period the control set of
non-radisted animals averaged 23.4.06 fissions per line, with

& range of from 20 to 27 fissions per line.
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¥ig. 4. Graph of variation in actual number of fissions
of the radiated set of animals and of its control set of
non-raciated animals for the fifteen day experimental period,

Ordinates represent occurence of lines; abscissae the number

animals per line,
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For a test period of fifteen days duration, from
Uc tober 27 to MNovember 10, 1928, which was equal in
length of time to the experimental period and immediately
following it, the former radisted animals were cultivated
under balanced selection and not exposed to the ultra-
violef rays. * Jluring this test period the controls
were continued under balanced selection as in the ex-
perimental period. uring the test period the ex-
ultrg-violet lines averaged 11.05+%.09 fissions per line
for the fiffeen day period, with a range of from 4 to
l4 fissions per line; while their control lines for the
same period averaged 14.28+.03 fissions per line, with
a range of from 10 to 18 fissions per line. rFigure 5
is a graph of variation in actual numbers of fissions
of the ex-ultra-violet and control sets during the test
period,

the standard deviation of the ultra-violet set
was 1,96_.03 and its control set was 1.80#.03; while t?e
s tandard deviation for the gzrg;j;g-violet.sgt yas y |
2.73+.04 and its control set was 1.921;05.“ /" /

the coefficient of varibility for the ultra-violet
set was 21.00 and its control set was 7.82; while the

coefficient of varibility for the ex-ultra-violet set
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Fig., 5. Graph of variation in actual number of fissions
of the ex-ultra-violet and control sets during the fifteen
day test period. Urdinates represent occurence of lines;

abscisgssae the number of animals per line.
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was 24,70 and its control set was 13.40. lable 3

illustrates the above comparisons.

Experiment 2. the effect of infra-red light,
Uctober 12 to October 26, 1928. On uctober 12,
twenty selected animels of slow fission rate of eighty
days balanced selection, were exposed to infra-red
reys of wave length 6500 & to 40,000 £, at a distance
of thirty inches from a Burdick Zoalite Z12 carbo-
silicon arec. the animals were exposed to the infra-
red rays for two minutes each day of a fifteen day
experimental period. Iwent; selected animals of the
above slow fission set were kept under balanced selection
as controls. Figure 6 is a graph of variation in
actual number of fissions of the radiated set of animals,
and of its control set of non-radiated animals for the
fifteen day experimental period. lhe radiated animals
averaged 22.75+.06 fissions per line for the fifteen day
period with a range of from 19 to 26 fissions per line;
in the g@ame period the control set of non-radiated
animels averaged 19.40#.04 fissions per line for the
fifteen day period, with a range of from 14 to 23 fissions

per line,
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Fig. 6, Graph of variation in actual number
of fissions of the radiated set of animals, and
of its control set of non-radiated animals for
the fifteen day experimental period. urdinates

represent occurence of lines; abscissae the number

of animals per line.
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For a test period of fifteen da&s duration,

Oc tober 27 to November 10,1928, equal in length of time
to the experimental periocd, and immediately following

it, the former radiated animals were cultivgted under
balanced selection and not exposed to infra-red rays.
buring this test period tThe controls were continued
under balanced selection a8 in the experimental period.
luring the test period the e€x-infra-red lines averaged
11.70+.02 fissions per line for the Iifteen aay peried,
with a range of Ifrom 9 to 1o fissions per line; while
their control lines for the same period averaged 12,20+.09
fisgions per line., #igure 7 18 a graph of variation in

ac tual number of fissions ol the €xX-infra-red and conirol
sets during the test period.

‘the aritnmetlcal mean of the infra-red radiated
set is greater by 5.99 fissions per line than the same
mean for 1ts control set of non-racdiated animals for
the same period, The arithmetical mean of the ex-
infre-red set is less by .60 fissions per line than the
same mean for its control set during the same perioa.
Ihe above findings are signiiicant of the transient

effect of infra-red radiation upon the fission rate of
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Fig. 7. Graph of variation in actual numbers

of fissions of the ex-infra-red and control sets
during the fifteen day test period. vrdinates
represent occurence of lines; abscissae the number

of animals per line.
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Paramecium caudatum. A furth;r study of the arith-
métical mean, standard deviation, and the coefficient of
variability of the infra-rec and the ex-infra-red sets,
with their controls, as shown in lable 3, corroborates

the above statement.

Bxperiment 3. The effect of ultra-violet light,
October 10 to Uctober 85, 1928. Uon October 10, sixty
animels, all of the same generation of the descen dants

of a single "wild" raramecium cgudatum, were isolated.

Twenty of these lines were exposed to ultra-violet
rediation; twenty of the lines werc exposed to infra-red
radiation, and the remaining twenty lines were cultivated
28 controls under balanced selection throughout the
following experiments. The twenty lines, of experiment
3 ultra-violet, were exposed to ultra-violet rays of wave
length 1849 £ to 3900 R, at & distance of thirty inches
from a Burdick-Cooper-Hewitt mercury cathode tungsten
anode quartz leamp. The animels were exposed to radi-
ation for thirt;, seconds each day of g fifteen day ex-
perimental period. lwenty enimels, selected g8 were
the above experimental animals, were kept as controls

“under balanced selection.
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of the radiated set of animals, and of its control set of
non-radiated animals for the fifteen day experimental period.

Urdinates represent occurence of lines; abscissae the number

of animals per line.
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variation in actual number of fissions of the radiated
set of animels and of its control set of non-radiasted
animals for the fifteen day experimental périod. ihe
radiated animals averaged 8.151:08 fissions per line
for the fifteen day period with a range vi irom 4 to 12
fissions per line; in the same period the control set
of non-radiated animzls averaged 26.65+.06 fissions per
line, with a range of from 23 to 31 fissions per line,
¥or a test period of fifteen days duration, uctober
26 to November 9, 1925, equal in length of time to the
experimental period and immediately Iollowiﬁg it, the
former raciated animezls were cultivatea under balanced
selection and not exposed to ultra-violet rays. wuring
this period the controls wefe continued under balenced
Selection a8 in the experimental period, vuring the
test period the ex-ultra-violet lines averaged 6,10+.04
fissions per line for the fifteen day period, with a
range of from O to 10 fissions per line; while their
control lines for the same period averaged 13.30+.08
fissions per line, with a range of from 10 to 20 fissions
per line, rigure 9 is a graph of vatiation in actual
number of fissions of the ex-ultra-viclet and the control

gets during the test period.
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Fig. 9. Graph of variation in actual number of fissions
of the ex-ultra-violet and control sets during the fifteen
day test period. Ordinates represent occurence of lines;

abscissae the number of animals per line.
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The stendard deviation of the ultra-viclet set ﬁ;,ﬁAq‘ &

&

g,

was 2.46+.04 and its control set was i“.és;r.o:s.:v}'hne
the stzndard deviation of the g;-g;}ga-violet, set was
2.501.04.

The coefficient of variability for the ultra=-vioclet
set was 30.18 and its control set was 7.10; while the
coefficient of variebility for the ex-ultra-viclet set

was 4’&80 and its control was 18.80. lable 3 illustrates

the above comparisons.

Experiment 4. <The effect of infra-red light,
October 10 to October 25, 1928. Un Uctober 10, the
second set of twenty lines of the clone used in experiment
3 were exposed to infra-red rays of wave length 6,5000 2
to 40,000 X, at a distaence of thirty inches from a
Burdick Zoalite 4212 carbo-silicon arc. The twenty
lines of animels were radiated for two minutes each dg)
of a fifteen day experimental period. iwenty animals
selected as were the experimentals, were kept under
bzlanced selection as controls. Figure 10 is a graph
of variation in actual number of fissions of the radiated
set of animels, and of its control set of non-radiated

animsls for the fifteen day experimental period, ihe
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Fig. 10. Graph of variation in actual number of fissions
of the radiated set of animals, and of its control set of
non-radiated animals for the fifteen day experimental
period. OUrdinates represent occurence of lines; abscissae

the number of animals per line.
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Tadiated animals averaged 30.154.05 fissions per line
for the fifteen day period, with a range of from 28 to
32 fissions per line; in the same period the control set
of non-radiated animals averaged 26.65+.06 fissions per
line with a range of from 23 to 31 fissions per line,

For a test period of fifteen days duration, uvctober
26 tTo November Y, 1928, egual in length of time to the
experimental period and immediately following it, the
former infra-red radiated animals were cultivated under
balanced selection and not exposed to infra-red rays.
During this period the controls were continued under
balanced selection as in the experimental period.,
During the test period the ex-infrag-red lines averaged
15.60+,004 fissions per line, with a range of from 1l
to 16 fissions per line{ while their control lines for
the same period averaged 13.30+.08 fissions per line,
with a range of from 10 to 20 fissions per line. Figure
11l is a graph variation in actual number of fissions of
the ex-infra-red and the control sets during the test
period,

The arithmetical mean of the infra=-red radiatea

set is greater by 3.50 fissions per line than the same
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Fig. 11. Graph of variation in actual number of fissions
of the ex-infra-red and the control sets during the fifteen
day test period. Ordinates represent occurence of lines;

abscissae the number of animals per line.
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Mean for its control set of non-rediated enimals for

the same period. The arithmetical mean of the ex-
infra-red set is greéter by only .20 fissions per line
than the same mean for its control set during the same
period, As in experiment 2 the effect of the infra-red
radiation upon the fission rate is merely transient.
lable 2 shows the actual number of fissions of the infra-
red, ex-infrg-red sets, and their control sets during
the experimentzl and test periods, while lable & shows
their arithme tical mean, standerd deviation, anc co=-
efficient of variability of the infra-red and the gx-
infra-red sets with their controls. The results of
Experiment 4 (upon the effect of infra-red radiation)

correspond with the results obtained in Experiment 2,

which dealt with the same problem. (We are sincerely
appreciative of the fine courtesy shown the Biological
Laboratories of the University of Louisville by the
Dick X-KHey Corporation of Louisville, Kentucky, which
graciously loaned us the machines which were used as

light sources in the experiments described in this

paper.)






in Bxperiment 1 during the experimental period
of exposure to ultra-violet rays of wave length 1lo4y 2
to 3900 £ the average fission rate was 8.35_.00 fissions
per line. buring a test period, egualiln time To
and i1mmediately followlng the experimental period orf
radiagtion of the same set of animals, the average Ifission
rate was 11.09%k.0Y Iissions per line.  in a8 much as
the animals uséd'in this experiment had been previously
subjected to eighty dagys of fast selection obviously one
Should anticipate an accelerated fission rate following
the cessation of exposure To ulira-violet rays. Wwhen
the total number of Tissions ol tThe experimental and the
test periods are contrasted with their controls \xablé 3
and lable 1) for the same periods it becomes clear that
the decrease between the average fission rates oi the
ex-ultra-violet set of lines and their controls auring
the test period, as contrasted with that difference auriné
the experimental period, is due much more to a decrease
in the fission rate of the control set than to the
slight increase in fission rate of the experimental set

and it should also be remembered that this slight increase

in the fission rate of the ex-ultra-violet set over their
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lable 3.

The arithmetical means, standard ceviations, and coefficients

of variability of the experiment and control sets of lines

48

of experiments 1, 2, 3, and 4, during both the experimental and

test periods.

EXPERIMENT NUMBER T ["meen [umeerer, (Gt
Ultra Violet [x perimen*a/ 835L.06 | |96t 03| 2I.OO
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Ifission rate during exposure to ulfra-violet radiation
is probably due more to the fact that these lines had
previously acquired a high average fission rate as the
result of eighty cays of selection.

in Experiment S during the experimental period
of exposure to ultra-violet rays of wave length lo4dy ) §
to 3900 & the average fission rate was 8.10+.08 Iissions
per line. buring a test period equal in time Zo and
immediately following the experimental period of radiation
of the same set of animals, the average fission rate was
6.104.04 fissions per line. in as much as the animals
used to start the twenty lines of this experiment were

+

all of the same generation of the offspring of = single

"wild" Paramecium Caudatunm not selected either for

fast or slow fission rate, the factor of differing
initial hereditary fission rates is not here present.
1t is obvious that there is a progressive decrease in
fission rate following exposure to ultra-violet rays of
the above wave lengths in these lines,

The machine used as the source of the ultra-violet

rays in Experiments 1 and 3 was of the mercury arc in

quartz container type and produced rays of wave length
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1849 K to 3900 & \154.9Ptﬂ to SVO’VJ) through the guartz
container, Yhe nucleus of zaramecium caudatum absorbs
ultra-violet radiations of wave length 1850 &£ \Lsogy ).
1The bacterial content of the culture media was kept constant
by the daily use of the technique described above, that
technique consistecd in:a daily cross-inoculation 0oi tne
culture medium on the slides; a daily wasnlng_or the
selected animals 1in Iresh culture medium; the daily
sterilization of all utensils, i1mmediately beiore and
after each using in boiling distilled water, and by the
transference of the selected animals to the new deiinitive
slides before thelr exposure to ul®tra-violet radiation.
Bacteria are killed by ultra=violet radiations oi wave
length 2900 £ or lower - Bovie, Ww. 1. (4l). ine effect
of ultra-violet radiations of the wave lengths used in
these experiments upon the orgainc materials of the

cul ture media was negligable for the short periods of
exposure - Luckeish, m. and racini, A..d, re. (41l). ihe
experimental (radiated) ana the test (ex-raaiated) Sets
of animals with their corresponding control sets of
animals were subjected to the same temperature conditions,

the results of mxperiments 1 and 3 indicate that



ultra-violet radiations of wave length 184Y 2 to 3900 &

ol

have effected a change in the average fission rate of the

individuals of these two clones oif raramecium caguda tum

and that this change, whicih 1S & reduction in the average

fission rate, is permanent or heritable.

Bxperiments 2 and 4 in which the infra-red rays

of a carbo-silicon arc were used indicate no permanent
change in the fission rate within these two clones oI

FYaramecium caudatum. lhe total number of 1Iissions was

greater in the radiatec sets of animals than in .their
non-radiated control sets of animals during the ex-
perimental periods; but, the total number of fissions
0T The ex-radiated sets of animals and their control
Sets was approximately the same during the test periods

(lable 1 and lable 2).
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Ultra-violet radiations of wave length 1849 R
to 3900 & (184.9 fH to 390pf) caused a decrease in
the average fission rates within the two clones of

Paramecium caudgtum used in these experiments and

these new average fission rates persisted, in the
absence of the experimental factor of the environment,
for a period of time as long as that of the exposure
to the radiation and through as many generations as
occured during the experimental periods. in these
two clones exposure to ultra-violet radiations of
wave length 1849 & to 3900 £ has therefore modified
the average fission rate in the hereditary sense.
infra-red radiations of wave length 6,500 & to
40,000 R (650 yp to 4,00044) causes an increased

fission rate within the clone of raramecium caudatumnm,

as long as the environmental factor is present. when
this environmental factor is withdrawn the more rapid
Tission rate of the infra-red radiated animals over
their non-radiated controls disappears. in these

two clones exposure to infra-red radigtions of wave

length 6,5000 & to 40,000 & have produced no heritable

55



effect upon the average fission rate within the clones.
Energy from light sources is accumulated 1in larger
units with shorter wave lengths of light - iaylor, n. o.
$L98). Tthe cell nuclues of raramecium caudgtum absorbs
ultra-violet radiations of wave length 18950 ﬁ \1bqp/11 -
Bevie, W. L. (41). 4t 18 universally accebtéa that
the cell nucleus. is thé activating medium responsible
for all cellular division. Frevious experiments have
shown conclusively that the various amino acids of the
cell nucleus absorb ultra-violet rays, although the
specific wave lengths used in the experiments were not
stated - Harris, #¥., 1. and Hoyt, n. S. (28) ana hKoher,

Bo k. (98). 1he permeability of raramecium cgaudatum

to light reaches a max1muﬁ in the near violet range of
the spectrum (1000 £ to 2,000 £), and this permeability
increases with the curation oI the exposure - rackard,
G (46). 1he increase in permeability following ex-
posure to the ragys of radium (of wave length below
1,000 A) will cause an accelerated fission rate in
paramecium, and in other cells and tissues - rackard,
C. (46).

Ultra-violet radiations of wave length 184y £ to

04



3900 &, as used in the present experiments, resulted
in a ?ery apparent stable decrease in the fission rate

within the two clones of raramecium caudatum used,

The question “"Can we change the living systiem
by a modification of the environmental factor; so that
the modifications remain in later generations even after
the modifying fac tor has been removedr” must be answered
in the affirmative in so far as the tﬁé specific clones

of Paramecium caudgtum used in these experiments are

concerned, in these clones at least it has been
possible to modify the living system by a pnysical
environmental factor, i.e., light radiation ol wave
length 184Y £ to 3900 £ so that the modirication has
persisted in later genergtions in the absence ol tne

factor which called it forth.
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