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BIOPHYSICAL INTERACTIONS OF X-RAYS, ANTIBIOTICS, PLANT
PATHOGENS, AND PLANTS

INTRCDUCTION
Living organisms 1in nature are continually subjected
to many physical and chemical agents., In the laboratory
they can be acted upon by many others. Often these
agents have profound effects upon the organisms and the
chemicals produced by them. The interactions of a few
such agents on each other and on organisms 1is the sub-

ject of this dissertation.

Phvsical Agents

Temperature, moisture, pH, light, and radlation
such as x-rays have conslderable influence on the growth
and development of organisms. In this study most of
these are considered merely from the standpoint of re-
cognizing them as varlables and then setting arbitrary
limits on them to establish standard conditions.

' Temperature. Every organism has a range of tem-

peratures within which it can successfully grow. Within
this range there is usually some particular temperature
where growth is best. This is known as the "optimum

growth temperature} or 0.G.T. In designing experiments

one sometimes seeks to ad just temperature to near 0.G.T.

of some organism he wishes to have grow, On the other
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hand, by shifting temperature outslde the growth range
it is possible to entirely eliminate 1life and so re-
move undesirable organisms from the environmeﬁt.

In this study the plants were generally grown at
room temperature., This fell within the range 704800F.
and gave satisfactory growth. For germination of
seeds a 30°C. cabinet was used. This made possible a
more rapid germination than at room temperature. Speclal
temperature conditions for microorganisms used are
noted later,

For eliminating organisms entirely an autoclave
was used. Experlimenters have found thap an object main-
tained for 15 to 20 minutes under a steam pressure of
15 pounds per square inch above atmospheric pressure
is rendered completely sterlle,

Moisture. Different organisms require different
moisture conditions for survival and growth, In the
case of plants there are two molsture conditions to
consider, that of the stem and leaves and that of the
roots., In this study the plants were grown with thelr
roots in water. No attempt was made to asrate thils
water,as satisfactory growth was obtained without sc
doing. Room humidity was not controlled but was of the
order of 30 per cent. Special environments for the

plants to make them more sultable hosts for infectlous
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orgaenisms are described in section IIIX,

Light. Intensity, frequency, and duration of light
and dark periods are all important variables in the de-
gelopment of plants. In this study white fluorescent
lamps were used. The on and off periods of these lights
were controlled by time swltbtches wiich could be adjusted
to gilve any deslired ratio of light period to dark period
during a 24 hr. cycle. Description of the lights and
the cabinet of which théy were a unit is gilven in
section II,

X-Rays. Many authors have studied effects of x-
radiation on living cells and on chemicals. These effects

can be very great. Work in these two Tfields 1s conslider-

ed in sections I and V,

Chemical Adgents

Chemicals, too, affect organisms. In thls study
consideration is given to effects of chemlicals added to
the nutrient solution of plants grown in water culture
and bf certain substances on plani pathogense.

Mineral nutrients and pH. In the culture solution

of the plants 1t is necessary to have salts of a number
of the elements., These are principally potassium, phos-
phorous, nitrogen, sulfur, calcium, iron, and magnesium,
Wwithout these and a number of others required in minute

amounts, the plants cannot grow propverly. There seems
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to be congiderable leaway as to the exact amounts of these
which will allow good growth. The particular mixtures
used are noted later, It has been indicated that lima
beans 4o best in a pH range of five to six (Turner and
Henry, 1939). This was the range used in this work.

Orgzanic nutrients. Amino aclds, sugars, and vita-

mins are not ordinarily used in nutrition studies of
higher plants since the plants are normally capable of
making these substances for themselves., However, work
has been done wilth organic nutrients and it will be con-
sidered in section I. A big factor in such a study 1s
technique of handling the plants and the medium, Since
such a nutrient is excellent for bacterial and fungal
growth, a sterile technique is required. This, too, 1s
considered in section I.

Antibiotics. These are substances which are pro-

duced by an organism and which act to inhibit the growth
of another organism. The two organlsms involved are
usually microorganisms. However, there are antiblotlics
produced by higher plants. Antlblotic materials are pro-
duced by many kinds of molds, fungil, and bacteria. They
are organic compounds, usually of relatively high mole-
cular weight. Because of the complexity of such molecules
the complete structure of only a few has been determined.

The foregoing may suggest that there would be conslderable
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difficulty in detérmining the amount of such a substance
present in a solutlion or a mixture of other materials,
Such is the case. The principal methods of analysis make
use of the actlvity of these substances against bacteria.
An analysis of this kind is known as a "bioassay".
Aurecmycin 1is one of these antiviotics, It 1s pro-

duced by the actinomycete Streptomyces aureofaciens. Some

of its physical and chemical properties are glven in a
paper by Broschard et al. (1949). The molecular weight

is about 500, Entrance of tnis substance through the
roots of a plant is demonstrated in sectlon II; its
action once insgside the plant against a plant pathogen 1is
shown 1in sectlon III; and some of the effects of this sub-
stance and two other antiblotice on the plant are con-
gsldered in section IV, The deterioration of aureomycin

under soft x-rays 1ls described in section V.
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I. ASEPTIC CULLURE AND ORGANIC NUYRITION OF X-RAY INJURED
LIMA BEANS

The idea behind this study was that the injury caused
by x-rays to dry seeds (Long and Kersten, 1937; Smith and
Kersten, 1941) might possibly be overcome nutritionally.
The object was thus to attempt to supply the plant wlth
bullding blocks it could no longer make for itself, what
the actual mechanlsm of x-ray injury 1ls has not been
clearly established, but i1t 1s known that there 1s a
conslderable disturbance to the cells, Among othen#Duggar
(1936) and Lea (1947) have written on this, J

‘ In order to try to supply the injured plant with a
metabolite which it could ﬁo longer produce by litself, it
became necessary to use an organic nutrient., Tils re-
quired a special technique, for even when plants are
grown in plain mineral culture solutlon there often appear
growtis of algae‘and fungl in the solution. When organic
materials are added to the nutrient, blcloglcal contam-
ination becomes a very serious problem, There are count-
less bacterias and molds which can grow beautifully on such
a medium, robbing the plant of the nutrients and producling
substances toxic to the plant. It was therefore necessary
to develop a technigue for handling a plant 1in such an

organlc medium,
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A, TECHNIJUE FOR GROWING PLAMNTS3 WITH RCOTS
IN A STERILE MEDIUM

The use of organic nutrients necessitates control of
nogsible microblological contaminants, A first attempt
to handle the organic nutrient was by a dynamic method.
The idea here was t0 change the nutrient so often that
contamination would be kept low enough to prevent its
interference with plant growth. This approach was un-
successful; residual contamination was sufficlent to
heavily reinfect the nutrient solution.

A second approach was to try to suppress any growth
of microorganisms with aureomycin. This falled to glve
adequate control of contamination but 4id show lnterest-
ing stunting and chlorosis of the plants. These effects
on the plants are considered in section IV,

Finally, a comoletely sterlle technlque was sought,
Algae, fungi, and bacteria are handled this way as
standard procedure. Moreover, a number of workers have
described methods for aseptic culture of hlgher plants.

Several of these are listed under Aseptic Culture in the

references on page 29.

¥ost of these require a container large encugh to
hold the entire plant. This is a serious limitation. It
has inspired the development of various schemes for allow-

ing the top to be free in the alr while malntaining the
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root in a sterile medium (Combes, 1912; Gerretson, 1935;
Knudson and Smith, 1919). The first and. last methods re-
gquired a transfer of the seedling plants from their
germination container to another container for further
growth. The method developed here avolds this compli-
cation by disinfecting the seed and planting it asep-
tically into the top of a speclally designed Jar unit,
Upon germination the root passes down into the Jar and-
continues its development in the sterile medium found

there. A procedure similar to this was worked out by

Gerretson (1935),

Materials and Methods

Seed disinfection, Lima bean seeds were disin-

fected with a bleach solution made with HTH (high test
hyvochlorite) according to the method described by Wilson
(1915) or with Clorox (Clorox Chemical Co., 5.25 per cent
by welght sodium hypochlorite). For the HTH the procedure
was to take 10 g. of the powder, slurry it in 140 mY, of
water, and let the mixture stand for 10 minutes., The
clear liguid was then decanted and poured over the beans,
This was a stronger solution than Wilson used since
commercial chloride of lime would have about 28 Qer cent
available chlorine whereas the HTH had about 48 per cent.

To test the maximum treatment time which would permit
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good germlinatlon, seeds which had soaked in the HTH solu-
tion for varying lengths of time were given several water
rinses and were then planted in a mixture of sand, sawdust,
and vermliculite in Petrl dishes. This experiment showed
that 30 minutes would be a good treatment time. Later ex-
periments showed that a 1l:1 dilution of Clorox could be
substituted for the HTH solutlon.

Construction of jar units. The jars themselves were

of glass and were 9 em. tall, 9 cm. in diameter, and had

9 cm, mouths, A hole 3.5 cm. in dlameter was punched in

the center of each metal, screw-type l1lid. Into it was in-

gerted a 3.5 cm, long cylinder of thin-walled aluminum tub-

ing, the lower end of whlch had been turned down on a lathe

to leave a shoulder. The thlin edge was then flanged down,

clamping the }1d between 1t and the shoulder. A disc of

thin aluminum sheet was cut to fit the inside of each 1lid

and punched at the center with a hole 3.5 cm. in diameter.
The entlre unit was assembled asbfollows: A.pieée

of cotton gauze (28 x 24 mesh) was lald over the hole of

an inverted 1lld. Oh top of this an gluminum dlsc was

placed. The 1id was screwed into place on a Jar contéin-

ing any desired nutrient solution. Next, the cylinder

was half-filled with Terra-Lite (Zonolite Co., vermiculite)

and a gauze-wrapped cotton plug was inserted in lts top.

This entire unlt was autoclaved 45 minutes at 15 1b,

steam pressure, After coolling, 1t was ready for the
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planting operation.

Planting procedure., After the beans had soaked 30

minutes in the bleach solution previously described, they
were given five rinses with sterile, distilled water.
Into the vermiculite in each aluminum cylinder one of
these beans was transferred aseptically. They were then
watered with sterile, distilled water. The top of the
cylinder was flamed and then reclosed with the plug. In
about four days the beans had germinated sufficlently so
that the root had penetrated downward through the ver-
miculite, the supporting gauze, and the two cm, alr space
into the nutrient solution (fig. 1). Soon after this the
plumule emerged from the top of the cylinder, pushing out
the plug. The stem was then wranped with a pad of cotton-~
filled gauze; this was pushed down into the top of the

cylinder to help support the plant,.

Results

As a test of technique a nutrient medium consisting
of 2 per cent sucrcse, 0.0l per centvDifco yeast extract,
and 0.01 per cent casein hydrolysate (General Blochemicals,
Inc., "Vitamin Free") in Shive's R5S2 (0.0180M. KH PO,
0.0052M.Ca(N05)2, O0.0150M. MgS0,, .oo!+z+gFerPo4 per liter)
mineral nutrient solution (Miller, 1938; Loomis, 1937)
was used. Plants grown in this way developed to helghts

of 20 to 30 em., Contamination generally occurred in less
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than one jar in 20,

summaxry
A simplified technique for growing plants with their

roots in a sterile medium has been developed., Lima beans

(Phaseolus lunatugs) were treated with a bleach solution,

than planted aseptically into the top of a speclally
designed jar unit. The germinating bean forced lts root
down into the sterile medium in the jar, while the top of
the plant pushed i1tself ocut into the alr. Thils procedure
avoided transfer of the young seedling from a germinatlion
contailner to a growth container. The method may be used
for experiments in which it is deslired to test the effects
of various substances in the nutrient solution which
would be conducive to bacterial or fungal contamination.
B, ORGANIC NUTRITION OF X-RAY-INJURED
: LIMA BEANS

Normal Seeds

. As a pre1im1nary to the work with x=-ray 1njufed seeds;
measurements of the effects of several organic materials
on untreated plants were made, Over a perlod of years
there has been a considerable amount of such organic

nutrition work done. A 1list of references to some of

these studies is given in the sectlion on Organic MNutrients

in the references on pages 30 ta 32 .

Materialse and Methods, Sterile technique was employed
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as glven in Section I~A. The organic .aterlials and the
mineral nutrient used were those given there (see

"results" p.l1l0), but they were here employed in the follow-
ing combinations: Sugér, yeast-sugar, caseln hydrolysate-
sugar, yeast—casein—hydrolysate—sugaﬁ. An additional
nutrient made of 100 g, of well rotted leaf mold ground
into 1 1. of mineral nutrient in a Waring blendor was

used,

Results, The results of these experliments are begt
given in the form of the graphs, figures2 to6 , Here the
average height of each group of trested plants 1s plotited
as the ordinate wlth the number of days after planting as
abgscissa.

In general the organic materials seemed to inhibit
rather than help these plants. A possible exceptlon is
that of the non-sterile leaf mold, and this 1s not at all
certain because of the small number of plants in the
experiment {(nine)., In this case there was fermentation in
the solution as evidenced by sgas evolutlion,

It is interesting to note that a change in dosage of
tenfold made no appreclable difference iIn the inhliblting
effect of the caseln hydrolysate,

Conclusilons, There 1ls apparently little to be

gained by this combinatlion of organic nutrients in the

case of normal plants. They are able to grow in such
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nutrients but not as well as in plain mineral solutions,

X-ray-Iniured Seeds

-

Materials and Methods. The x-rays were produced Dby

a Machlett AEG-50-T Beryllium window tube (Machlett
Taooratories, Inc., Springdale, Conn, UeS.Ae)e This was
operated at about 35 kv and 1lOma in this work, The range
of wavelengths was from about 0.4 Angstroms to about 4.4
Angstroms with a peak intenslity at about 1.7 Angstroms,.
Intensity of the radiation was of the order of 12,000
roentgens per minute as estimated from data on this tube
in a paper by T.H. Rogers (1947).

The bean seeds were placed on edge, hilum side up,
in sand in a Petri disn (no cover), This dish was placed
under the window of the x-ray tube at a distance of 5 cm,
for the preliminary trial and 6 cm. for all later work,
Dosazes were varied by changing the time of exposure.

In the preliminary trial a serles of exposure itimes
ranging from 1 to 300 seconds was used, The seeds so0
treated were than planted to sterile mixtures of sand,
sawdust, and vermlculite in Petrl dlshes (2 beans to a
dish). Details of this planting procedure are given in
section II., After 3 days the lengths of the roots were
measured., (Table 1l). This experiment indicated that a

dosage of 60 seconds or slightly more should be about
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PABLE }: X-ray lethal dose exneriment on beans?®

Root lengths 1n centimeters
Three day growth in Petrl dishes

at 30°C,
number
x-ray time Dish number satis~
in seconds 1 2 4 3 factoryP

1 6,5 &% 8.5% g% 3.5 6.5 5
5 8 ¥ 6 4,5% 7T.5% 1 3 4
15 7. 5" 1 3 100 5* - 8* 3
30 T % - 4% 1 5% - 3
60 6.5% 6% 2 3 1l 4 3
300 3 0.5 4% 2.5_"1 3 1

a, Irradiations at 5 cm.from Xx-ray tube window

b. Those 2 cm. or longer could probably have
crossed the alr gap in the sterile jars,

bd Those fulfilling requirement of note &.:
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right to show effects on the plants but leave sufflicient
vitality for the root to cross the 2 cm. alr gap into
the nuirient of the sterile Jars.

Handling of the seeds after treatment and of the
controls for all subsequent experiments was by the
sterile technigue previously described, The organlc
nutrient used was the same as that given in the results
of Section I-A, but with some indole-acetic acid (IAA),

a plant hofmone, added to attempt to stimulate root and
stem growth,

Results., A first experiment using 0.6 x 10~%4 M,IAA
wes mede with 60 seconds of x-radiation., When this IAl
concentration was chosen it was thought to be at a level
for optimum growth stimulation as indlcated by Mulr et al.
(1949),., However, when the roots entered the solution
considerable masses of tissue developed in clumpe on them
where they touched the solution. This suggested a huge
overdose of IAA., This 1s confirmed by a figure in Meyer
and Anderson, p. 580, (1939), A sketch of this 1is given
in figure 7 . From this 1t was seen that although lO“4M.
is good for stems (the work of Muir et al., was with stem
tissue culture), 10~9 or IO'IOM. would be a better choice
for the entire plant. The growth of these plants in 27
days is given in table 2.

With the TAA dropped to 10 *0M. but with the x-ray
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TASLE 2: Twenty seven day growth of x-ray 1lnjured beans

in yeast extract -

a8
_gas

ein - pydrolysate -

sucrose ¥ 0,6 x 10 e IAA.
Plant Helszht of nlants in centimeters
1 40,5 47 7 Te5
2 4y 48 24 12
3 48,5 49 27.5 13.5
4 49 51.5 29 24
5 . H4.5 60 3045 25.5
5 55 64 32 31
T 56 - 34,5 35
57 - 40 3845
9 50 - 40 43
10 66,5 - 44 -
average 5341 5342 30,9 26,7
- failed to zerminate
* large clumps of tissue developed on the root

tips;

avparently too much IAA.
M mineral nutrient - normal seed

MX mineral nutrient - seed x-rayed 60 seconds

C organic nutrient - normal seed

OX organic nutrient - seed x-rayed 60 seconds
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dosage ralsed to 90 seconds, another experiment was made.
Resulte of this are presented in table 3. Apparently the
increase in x-ray dosage was too great.

A final experiment was set up with 60 seconds x-ray
treatment and 10710 M, IAA. The effect on length of roots
one week after planting is given in table 4; This indi-
cates that the x-ray treatment did injure the plants, but
that there was llttle difference in root growth between
mineral and organic nutrients. The average heights of the
x-rayed plants at 26 days were: mineral nutrient - 44 cm,,
organic nutrient-29 cm. Averages for the controls were:
mineral nutrient - 48 cm., organic nutrient 48 cm. The
apprearance of these plants in thelr growth cabinet is
shown in figure 8. Those in the organic nutrient tended
to become somewhat chlorotic.

Conclusions. This particular combination of organic

materials (2 per cent sucrose, 0,01 per cent yeast extract,

10 M. indole-

‘O;Ol per cent casein hydrolysate, and 10
acetic acid) does not seem to be able to counteract the
x-ray'injury which the plants recelved. It even has a
tendehcy to'bause chlorosis and inhibition. The inhibition
1s especlally marked on plants that are already weakened by
x-ray injury (in contrast with the controls).

It igs doubtful whether any other medium would be more

successful although the possibility is not ruled out.
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TABLE 3: Twenty-three day growth of x-ray injured beans 1in
ye§i81extract - caselin -hydrolysate-sucrose
10 M. IAA,

Plant Height of plants in centimeters

__No. ¥ ¥X 6 OX

il 57 27.5 46 12,5%

2 48 6. 4y, 5% 8.5

3 42,5 7 39 ¢

4 42 - 38.5 £

5 36.5 - 38 -

6 35 - 30.5 .

7 34,5 - 20%% -

8 34 - 27 5 -

) 53.5 - 26%% -
10 335 - - -
average 39.7 16.8 30,9 10.5

7 root dipping into solution but plug not ejected from
top
ud contamination
##% Thneavy contamination
- falled to germinate
M mineral nutrient - normal seeds
MX mineral nutrient - seed x-rayed 90 seconds
0 organic nutrient - normal seeds
" 0X organic nutrient ~ seed x-rayed 90 seconds
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TABLE 4, Seven day root growth of x-ray-injured lima
beans in yeast extract-caseln hydrolysate-
sucrose ¥ 10-10M, indole acetic acild.

Plant Root lengthe in centimeters

_no. ¥ X s %
1 gw 2 5% e
2 g% 4% 5% 2
3 8% 4% ol okl
4 - - 3 . 5%
5 8# 4 G 3%
6 3% 2 6% 3%
7 2 P , 8 5
8 o/ 1 TH* 1
9 3& - 7* 3*
10 ot 2 LT 2
average(all) 6 3 6 5
verage 4 6 4
(%only)

™3 root in solution

£ top out

##  jar cracked, contamination

- falled to germinate

M mineral nutrient - normal seeds

MX mineral nutrient - seed x-rayed 60 seconds

0 organic nutrient - normal seeds

OX organic nutrient - seed x-rayed 60 seconds
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FIGURE 8. Lima beans,with roots 1in sterile media’grdwing
in fluorescent light cabinet.

Four rows to right were x-rayed 1 min, at 12,000 r/min.
Four rows to left were controls.

- - -— - - — — - - - - - - - - - - -

Two rows on each end were grown in mineral nutrient.
Four rows in middle were grown in organic nutrient.
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IT. UPLAKE CF AUREOMYCIN THROUGH THE ROOTS OF LIMA REANS

During the preliminary search for a method for
aseptic culture of plants, 1t was noticed that aureomycin
in the culture solution seemed to have effects on the
roots and the tops of the plants. The latter suggested
that some of the drug might have entered tne upper parts
of the plant,.

This study was designed to determine whether any of
the aureomyclin penetrated the roots and was translocated
to the gtems and leaves, The procedure was to grow the
plants in aureomycin solutions and then run assays for
it on extracts prevared from the plant paris. Positive
assays for streptomycin have been obtained by Anderson
(1947) in extracts prepared from soybean plants grown in

gsolutions of that antlbiotice.

Materials and Methods

Germination technique. Nine centimeter Petrl dishes,

filled with a mixture of sand, sawdust, and vermicullte
(approximately equal vortlons of each by volume) .were
wrapped in brown paper and autoclaved at 15 1lb., steam
presgssure for 15 minutes.

One hundred and fifty lima bean seeds (Phaseolus
lunatus) were treated by shaking for 1 minute in Arasan
(DuPont, 50 per cent tetramethyl thiuramdlsulfide, 50

per cent inert materials), after which they were shaken
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free of excess dust and inserted three to a Petri dish,
They were placed close together, away from the center,

and with thelr hlle toward tne center of the dish, After
20 ml, of distilled water had been added to each dish, the
dishes were closed and stacked on edge (beans uppermost)
in a germination cabinet,

This was a box 2x2x2 feet kept at 30°C. by a Fenwal
thermostat-controlled heatef. The heater consisted of a
small blower which pulled room air past a 100-watt light
bulb and forced it into the cablnet., Both the bulb and
the blower were actuated by the thermostat.

Growth technique. Three days after the seeds had

been placed in the Petri dishes, the seedllngs were fe-
moved, rinsed, and sorted to remove defective plants.

The remaining plants were then placed with their roots in
1.2 ém. holes in the screw 1ids of short wide-mouth jars
(9 ecm, diameter, 9 cm. mouth, 9 cm. height). They were
held in place in the 1id by a pvad of cotton-fllled gauze
wrapped around the stem. The Jars were filled about
two-thirds full (250 ml.) of mineral culture solution;
the 1id with 1ts seedling was then screwed into place on
the jar. The culture solution used was baslically Formula
I of Shive and Robbins (0,0023M KHoPO, , 0.0045 M, Ca
(N03)2 . 4H20, 0.0025 M. MgsO, -« THZ0, C.0007HM (NH4)'2

S04) (1948) supplemented with an "A-Z" solution as
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suggested by Hoagland and Snyder (1933) (their solution
gt

) The Jars, with the seedlings as described above,
were then placed in a cabinet 4 ft. by 2.5 ft. by 2 ft.
high, Its wails were constructed of wallboard and were
painted white. Above a topr of sheet glass was a bank of
ten 40-watt white fluorescent lights operating on a 10 hr.
light-14 hr. dark cycle. Illumination at the Jar lids
was about 700 f.c., No attempt was made toc aerate the
solutions, The temperature inside the cablnet ranged

from 75°-80°F. A Plcture of the cabinet is glven in figure 8.

Selection and treatment of plants. After 5 days 1in

the light cabinet, the jars were sorted to give a line of
descending heights of plants. Extremely tall, stunted, or
damaged plants were removed; from the remainder, the
sixty most uniform plants were chosen (fifty for experi-
ment #2., These were sorted into six groups (five for
experiment #2) of ten plants each, This was done accord-
ing to a systematized Latin square to provide an equiv-
alent range of tall to short plants in each group. Use
of the Latin square method for selectlon of samples 1is
described by Vickery, et al., (1949),

As controls, the plants in three of the groups ( two
for experiment #2) were than transferred to jars contain-

ing freshly vrepared culture solution., Three cther
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groups were transferred to similar sclutions to which had
been added 10, 100, and 1OOOJ,Lg. aureomycin/ml.,
respectively. All solutions were adjusted to pH range 4.6-

4.9.

Aureomyecin analysis., Seven days later, the plants

were removed from their containers, rinsed in distlilled
water, and divided into roots, stems, and leaves, All
the roots of each group were placed together in a beakef
and dried overnight at BOOC.A These dried samples were
than weighed to give total dry welght for the ten roots
of each group. The stems and leaves were treated
similarly.

Tach of these samples was then pulverized In a
mortar, placed in a small glass bottle, and suspended 1in
25 ml, of distilled water. An hour later they were
frozen until further work could be done on them. After
several days they were thawed, centrifuged, and the clear
supernatant fluld refrozen untll needed.

The final analysis was a serial dilution assay using

Bacillus cereus #5 (Dornbush and Pelecak, 1948), Briefly

the method igs to add equal guantitles of an overnight,

broth culture of Baclllus cereus 10 a series of

increasingly dilute solutions of the sample belng con-
gidered. A standard solution of aureomycln of known

strength 1s treated in the same way. After incubation at
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37°C, for 4 hrs., these solutions are examined., Any
turbidity indicates bacterial growth. A clear solution
indicates inhibition of bacterial growth. The most
dilute unknown solution remaining clear 1is then con-
sidered toc have the same aureomycin concentratlon as the
most dilute, clear, standard solution., The results have
been expressed in micrograms of aureomycin actlivity per

gram of total dry weight of the plant part for each group,.

Regults and Discussion

The results of the analyses are presented in table 5.
They would seem to point very strongly to the fact that
sureomycin can be absorbed by the plant and is trans-
located Lo stems and leaves., The actusl amount of aureo-
myein entering the plant is quite small, although the
amount adsorbed to or absorbed into the root is relatively
much larger. The uptake 1s apparently influenced by a.
great many factors, and although efforts were made to
keep the experiments uniform, it was impossible to obtain
quantitatively reproduclible results.

To check on deterioration of the aureomycin in the
media, a composite sample was taken of the culture solution
of each treated group and of the controls at the end of
the experiment. These samples were kept frozen untll the
time of assay. The assay showed that although there was
decrease in aureomycin activity in the culture solutiong

considerable activity remained at the conclusion of the
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TABLE 5: Uptake of aureomycin through the roots of

Phaseoclius lunatus.

Aureomycin Aureomycin Dry welight per Aureomycin 1n
added to in medium roup extracts (fglg.
culture after &) dry weight)
golutlon experiment
(oo /ml ) (peg/ml) Roots StemslLeaves Roots Stems Leaves
0 < 0,05 0.88 3,52 4,28 <1l.3 <0.4 <0.3
0 < 0.05 0.88 3.87 4.50 £1.3 40,3 0.3
0 < 0.05 0.78 3.30 4.05 <K1.3 <0.4 K0.3
10 < 2.5 0.75 3.55 4,08 44,0 1.h 0.6
100 100. 0.68 3.61 3,50 »47.0 »1l.1 1.4
1000 1000, 0.75 4.16 2.58 Y42.5 »9.6 TeT
0 <€ 0.05 0.95 %.35 3.68 <1.3 0.7 <€0.4
0 < 0.05 0.87 3.18 3.92 < 1.4 <0.6 <0.4
10 1. 0.65 3.69 3.92 76.9 <0.5 0.4
100 50. 0.76 3.72 2.95 1316. 1.9 6.1
1000 500, 0.83 4.32 1.94 »193. 3.2 3.1
Note 1: Where more than one value 1s given for ug/g., each
figure renresents a sevarate assay on the extract.
Note 2: Wherever the symbol ¢ appears, the sample tested
had an aureomyecin actlvity, if any, less than the
lower limit of the microblological assay (o.Oaﬁg/ml.)
Note 3: Each row represents data for a group of ten

plants.
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TABLE 5: Uptake of aureomycin through the roots of
‘Thaseolus lunatus (cont.)s -

Aureomycin Aureomycin Dry weight per Aureomycin in
added to in medium Zroup extracts (ag/g.
culture after o) dry weight)
solution experliment
(se/ml.) (ug/ml. ) Roots Stems Leaves Roots Stems Leaves
0 4 0,05 0.94 3,30 3.54 £1.3 <0.5¢0.3
0 < 0.05 1.00 3.60 3.80 <1l.0 <¢0.3 ¢0.3
0 £ 0.05 0.87 3.22 3.54 £ 1.1 <¢0.4 ¢0.3
10 2. 0.82 3.35 3.29 48.7 <0.4 ¢0.3
24,4
48.7
100 50. 0.87 3.71 2.93 115, <«0.3 €0.3
115. 0.7 ¢1.0
230. 0.7
1000 500. 1,03 3.6 1,99 1550, l.4 1.0
‘ 1940, l.4 2.0
3890. 2.8
5820. 2.8
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srowth period. As a check on aureomycln deterioration
apart from the influence of the plants, dummy Jjars for
each treatment solution were prepared and closed with a
1id and a cotton vlug. At thhe end of the experiment,
samples of each of these were taken and frozen until
needed, This assay showed that there had been about the
same amount of deterioration as for tie solutions which

had had glants growing in them.

Summary

Lima bean plants which had been grown for 5 days
under controlled conditions were used in experiments
designed to investigate whether aureomycin could enter
the plants through their root systems. Various concen-
trations of aureomycin were added to the mineral culture
solution supplied to the roots. Asséys for aureomycin
were made on the roots, stems, and leaves 1 week later,
The results leave little doubt that aureomycin penetrated
through the roots and was translocated to the stems and

leaves of the plantse.
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ITI., AUREBOMYCIN CHEMOTHERAPY CF CROWN GATL IN TOMATCES

Plant chemotherapy, the introduction of some chemical
agent to the internal system of a plant to act agalinst
bacterial, fungal, or virus infections, has been explored
by a number of workers, An excellent review of the field
through 1948 is given by Stoddard and Dimond (1949), Aan
attempt to use an antiblotle for this purpose was reported
by Anderson and Nienow (1947). They found that soybeans
containing 4 to 5 units of sgtreptomycin per ml, of express-
ed sap developed typical symptoms of infectlon when

inoculated with Xanthomonas phaseoli,var. sojense,

The vresence of aureomycin in a plant when it is
grown with its roots in a solution of this antibiotic, as
shewn in section II, suggested the use of this drug for
phytochemotherapy. Preliminary work seemed to indicate
that both aureomycin treated and untreated lima beans were

- equally susceptible to Xanthomonags phaseoli (Erw., Smith)

Dowson, (American Type Culture Collection No. 9563), the
organism causing bean blight., Other work with the organ-

ism of crown gall, Agrobacterium tumefaciens (Smith and

Towsend ) Connl, on tomatoes indicated a lower incidence

and degree of infection in aureomycin treated plants than

lculture supplied by Dr. B.M. Dugger of Lederle Laboratoriles
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in controls, Chemical treatments of plants against crown
zall have bpeen reported previously, among thése: Ark
(1941), Brown and 3oyle (1944, 1945, 1945), Hampton
(1948), and Verona (1947).

The purpose of the study renorted here was to see 1if
aureomycin could exert chemothefapeutic action on crown

gall of tomatoes.

Materials and Methods

Mineral culture. Tomato plants (Bonnie Best) were

grown in mineral culture solution in 400 ml., wide mouth
glass jars. Shive and Robbins' (1948) mineral nutrient,
Formula I, (see page34) with added supplementary solution
"A" of Hoagland and Snyder (1933)‘was used., Each plant
was held in place in a 0,5 in. hole in a metal jar 1lid
with a pad of cotton-fllled gauze wravped around the stem.
To transfer a plant from one solution to another, it was

only necessary to unscrew the 1id and screw it in place

over another Jjar.,

"Moist" cabinet. The plants were grown in two differ-—

ent cabinets, a "light" cabinet and a "moist" cabinet.
The former is described in Section II, Its bank of ten
40-watt, white fluorescent lamps was operated on a cycle
of 14 hours of light and 10 hours of darkness., The
"moist" cabinet was a béx built up around a recess in the

laboratory window utilizing a portlion of the window for
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one wall (fig. 9). During the winter this tended to
bring the temperature in the cabinet to 10-15°C., However,
the alr was warmed and held to 18-22°C by a thermostat-
ically controlled blower wi:lch pulled alr from the room
past an electrical resistance heater element and forced it
into the cabinet (fig.l0). Humidity was raised to about
75 per cent by evaporation of water from a wet cloth
wonich was hung in the cabinet, The cloth was kept wet
by placing 1t with one edge dlpping into a tank of water.
When tﬁe water level in this tank dropped about half a
centimeter, alr entered the air relief l1line of an ad-
joining reservoir permitting a siphon to operate. This
refilled the tank to a level such that the water agailn
covered the inlet to the alr relief line (fig.ll). The
entire cabinet was therefore automatic in operation.
The temperature and moisture conditions for thls cablnet
were chosen to lie within a range conducive to tumor
initiation (Riker, 1926).

Inoculations., The inoculations were made by

puncturing the stem with a needle dipped in a 4-day

culture of Agrobacterium tumefaciens, which had grown at

24° ¢ in A.C. Broth (Difco), Two or more inoculations
were made in each stem, with the lowest one a centlmeter
or two from the roots, and the others spaced about a

centimeter apart along the stem.
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Experimental procedure. The procedure for each

experiment was as follows: One menth old plants, which
nad. been in the "light" cabinet, were inoculated as de-
scribed apove and then arranged in two groups. One group,
the control plants, was transferred to jars contalining
fresh nutrient solution. The other, the treated plants,
was transferred to jars of the same solution to which
Aureomycin hydrochloride (Lederle)gbhadvbeen added.,
Concentrations of 5, 10, and 2Q/~g. of aureomycin ver ml,
of nutrient solution were used, A pfeliminary experiment
showed that 59/*8- ver ml. was the minimum dosage which
would cause severe wilting and stunting of the plants.

In order to stay well below this range, the upper dosage
level of these experiments was set at 29/#8- ver ml,

Both groups of plants were placed in the "moist"

cabinet. This was done to provide optimum conditions for

the development of tumor cells from host cells. They
were kept there 4 days, since the conversicon seems to
‘take about this length of time (Braun, 1943). After this
period, the plants were returned to the "light" cabinet.
Wwhen the level of the nutrient in the jars became low
(about 2 weeks) both treated and control plants were
transferréd to plain mineral nutrlent,

2Supplied by Lederle Laboratories Division, Amerilcan '
Cyanamld GCo,.
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Gall development., After 5 weeks, a gall of 3 to 20

mm. in dlameter had developed at most of the inoculation
points on each control plant. In general there were
Tewer galls on the treated plants, The diameter of each
such gall was measured even where thére were more than
one at a glven inoculation point, The galls from each
group were slliced off and welghed as a group.

Computatiocns. Three percentage ratios were computed

from this data., The first was the ratio of the number of
inoculation sites at which galls developed on the treated
piants tc the number of inoculation sites whkich showed
galls on the control plants., The second was the ratio of
the wet welght of galls of treated plants to that of
control plants, The third was the ratioc cf the sum of the
crosg sectlonal areas of all galls developed on the treated
plants to that of those on the control ones. This cal-
culatlion was made assuming that the area of each gall is
given by #D</4, where D is the measured diametér of the
gall, The area ratio was chosen in‘preference to a
dlameter ratio in order to make possible a more accurate
repvresentatlon of gall development at inoculation points

where more than one gall had developed,

Resultsa.

Fewer galls developed on plants treated wlth aureo-

mycln than on the controls. The galls of the treated
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plants were of lower average area and welght than those
of the controls. The difference in apvearance of the
gall growth of the two groups is shown in figure 12,
Gonfirmation of the effectiveness of the treatment
is provided by the fact that all the percentage ratios
described earlisr ars considerably less than 100 (table
6). For the dosage of EQ/zg. per ml., the very small
pefcentages, the genéral appeafance of the galls, and
the mgall sizes themselves, as given in table 7, indicate
nearly complete control. There was some browning of the
roots at this dosage but no noticeable wilting or differ-
ence in general appearance of the control and treated
plants, Nelther was there any measureable difference in

heights of the control and treated plants.

Discussion

In connection with previous attempts to control

crown gall, it might be noted that Stoddard and Dlmond
(1949, p. 360) point out that "there appears to be no
record of crown gall being completely controlled by the
introduction of materials into a plant by root absorﬁtion
or by injection, the only successful treatments having
been by apnplication of chemicals directly into or onto the
gall tissue". In the present work with éureomycin, the
treatment was by rooi absorption and nearly complete con-
trol was obtained at a dosage of 2%/‘g. of aureomycin per

ml. of nutrient.
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FIGURE 12. Stems of tomato plants inoculated at four

points with crown gall. The four on the right were grown
in mineral nutrient solution containing 20 ug. of Aureo-
mycin per ml. The four on the left were controls.
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TA&RLE 6 - Number of inoculation sites with galls, and
weight and area of galls on treated plants as
ner cent of those on control plants,

Concentration No, of Inocula- No. of Wet Area
of Aureomycin plants® tions positive welght of .
in nutrient per inocula~ of zalls®
of treated plant tions galls
olants
per ver per

J%. per mle cent cent cent

5 14 2 77 32 42
10 6 4 37 . 8
10 22 4 83 25 43
10 6 6 72 12 14
20 8 4 6 0.2 0.5

8o

In each experiment half of the plants were
grown in a solution of aureomycin in miner-
al nutrient, the other half were grown in
mineral nutrient alone, -

Area of cross sectlon from A=7 D2/4 where
D 1s the measured diameter in mm,
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TABLE 7 - Dlameter of each gall developed on tomato plants
grown in 20 &g, per ml, Aureomycin solution and
on controls, Total weights of all galls in
each groupe.

Treatment Plant No, Diameter of galls at Total Wet
Inoculation position® Welght of
on stem: Galls

1st 2nd 3rd 4th

20 w.8. per mm, M, mm . mm. o8 1118
ml/“
Aureomycilin
1 0 0 0 0] 0,0036
2 3 o) 0 0
3 0 0 0] 0
4 0 0 0 .0
Controls
1 7 8 10 7 1.946
2 19 22 b 4 6
3 6 3,8 5,7, 10,7
4,4,3
4 3,6 8 6 6

a. Numbered from root upwards. Filrst pcsition 1 or 2 cme.
above root,

be Entry of two or more different diameters indicates

there were that number of more or less separate swell-
ings at the given inoculation poslitlon.
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Throughout this work 1t was assumed that the princi-
pal action of the aureomycin was on the bacteria rather
than on the tumor cells. Tlssue culture experiments of

de Ropp (1948, 1949) have indicated that this is true

when streptomycin is used against crown gall. In view of

this, ilnoculatlions and treatments were performed at the
game time 1in the present study. This was to allow the
aureomycin a chance to act on the bacteria before they
had caused the completlion of the converslon of host cells
to tumor cells. It has been indicated that once this
change takesvplace the tumor may continue to grow with-

out the bacteria (White and Braun, 1941).

Summary
Fewer and smaller galls developed on tomato plants
- grown in a solutlon of Aureomycin hydrochloride (Lederle)
in mineral nutrient following needle inoculation with

Agrobacterium tumefaciens than on similar plants grown in

.minéral solution alone,

Concentrations of 5 and lQ/Ag. of aureomycin per ml,
of nutrient solution gave a slight reduction in incidence
and extent of gall growth. A dosage of 29/48- per ml,
gave practically complete control. Severe wiltihg,

stunting, and death of the plants was caused by doses of

SQ/;g. per ml, or greater.
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IV, SOVE EFFECTS CF ANTIBIOTICS ON PLANTS

In previous sections,the peﬁetration of aureomycin
into a plant and its action against a plant pathogen,
crown gall, haﬁe been considered, In experiménts
associated with the abvove studles and in separate studiles,
it has been found that lima beans grown in a nutrient
containing aureomycin; penicillin, or streptomycin showed
differences in their appearance and extent of growth as

bcompared with controls in vlain mineral nutrient. This
section presents data on some of these effects.

Previous work seems to have concerned ltself
primarily with effects on root growth. Anderson (1947)
investigated the effect of streptomycin on soybean,
tomato, radish, and wheat seedlings, He found tﬁat con-
centrations beyond 50 units per ml, were toxic to tomato
and radish seedlings, while wheat was not injured at 200
units per wl., Soybeans were not killed but showed a
marked stunting of lateral roots. Macht has reported
studies of the effect of a number of chemlcals on the

root growth of Lupinus albus. This work seems to have

been concerned primarily with using the plants as a test
organism for a pharmacological evaluation of the chemicals,
Penicillin, streptomycin, and aureomycin have been found A

to have phytotoxic effects (Macht, 1949; Macht and Farkas,

1949).
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Some effects of aureomycin on stems, leaves, and
total growth of lima neans as well as on thelr roots are
conslidered here. A comparison of the stunting action of

aureomycin, penicillin, and streptomycin is also made,

Materlals and Methods

Growth conditions, Lima beans were grown in Shive

and Robbins' mineral solution, Formula I, (Shive and
Robbins, 1948), as given on page 34, with added solution
"A" of Hoagland and Snyder (1933). They were grown under
white fluorescent lights operating on a cycle of 10 hrs,
light and 14 hrs. darkness., The Jjars in which they were
grown and the cabinet and lights were the same as de-
scribed in Section II,

Treatment. Plants of about 15 cm. in helght were
sorted into two groups., One was transferred to fresh
mineral nutrient. The other was transferred to the same
;solution with an antibliotic added. Two types of experi-
 ments were performed, In one the effects 6f three con-
centrations of aureomycin were observed., Concentrations
of 10, 100, and lOOQ/Kg. per ml, were used. In the other
a comparison of the effects of relatively heavy doses
(QSOQ/Lg. per ml, of aureomycln, penicillin, and strepto-
mycin) was made. For this latter experlment the following
quantities of antibiotlcs were used: (a) 5 g. of Aureo-

mycin hydrochloride (Lederle), (b) epproximately 5 g.
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(34 bottles) of Buffereé Penicillin G. Sodium (Lederle)
at 200,000 units per bottle, (c) one 5 z. size bottle of
Dihydrostreptomycin Sulfate (Abbott). Each of these was
made up'to 2000 ml, with mineral nutrient.

Opservations and Computations. NMeasurement of the

height of ireated and contrcl plants was made at the time
of thg transfer to antibiotic solutlons and again one week
later.

The average height of each group and the difference
between the initial and final values of this average were
computed, The percentage ratlo of the average growth of
the treated plants to that of the controls was calculated.
In a few cases, where this value was near 100 per cent,
the "t" and the "Xi2" tests (Fisher, 1950) were applied
to determine whether there was statistical significance
in the variation from 100 per cent.

Any difference between the appearance of the roots,

stems,or leaves of treated and control plants was noted.

Results and Discussion

Height effect. Aureomycin at a dosage of 1OOQ/ug.

per ml. caused severe stunting (table 8), The growth was

reduced to 10 to 30 per cent of control growth. At 100
SABe DEr ml, the stunting was less severe. In this case

the growth was reduced to 60 to 80 per cent of that of

tne controls. The average of the experiments at lQ/ag.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



60.

TA3LE 8. One week growth of lima bean plants with
Aureomycin in their nutrient solution,
Given as per cent of control growth.

lO/pg. Aureomycin }Oo/ug. Aureomycin 1000/!5. Aureomycin

per ml, __per ml, per ml

Fer cent Number of Ter cent Number of Per cent Number of
of Treated of Treated of Treated
Sontrol Plants? Control Plants Control Plants
Growth Growth 3rowth
311,2 (10) TTe5 (10 9.1 5
111.1 (25; 59.6 §25 8.3 6
119,2 (20 62.3 10 27.8 10
117.2 (10) 69.0 (10) 29.8 (10
92,9 (10 34,5 (10
112.8 220

105.4 50)

107.8 40;

103,8 40

104,.8 (40)

104,8 (40;

85,4 (40

avge 1&.3 67. 1l 2109

a. At least as many control plants as treated plants
were used in each experiment.
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oer ml, (106 per cent) suggests a slight stimulation.
However, the statistical tests failed to show significance
for this.

In the comparison experiment 80 plants were used., Of
these 10 were grown in each of the three antiblotlcs and
50 served as controls. The percentages of contrcel growil
were (a) aureomycin 15 per cent, (b) penicillin 58 per
cent, (c) streptomycin 87 per cent. Of these, the growth
reduction for (c) does not show up as statistically sig-
nificant. Perhaps it could be established with a larger
group of plantse

General ajnpearance, The 1Q/ug. per ml, aureomyciln

solution caused a slight browning of the roots and some
inhibition of lateral root development. Both of these
effects were more pronounced at lOO/Ag. per ml, At 1000

/ug. per ml. the roots became dark brown and stopped grow-
ing.

There was no obvious effect on the lower part of the
stems at any dosage. However, the upper tip of the stems
and the young leaves developed a chlorosis after the plants
had been in the aurecmycin solution somewhat longer than
the week used in the height experiments. This effect was

especlally marked at 100 and lOOQ/ag. per ml,
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Summary

Lima beans were grown under fluorescent lights 1in 3

mineral nutrient (Shive & Robbins') with added antiblotics.

In experiments with several dosages of Aureomycin hydro-

chloride

1.

3.

(Lederle), the followlng effects were observed:
Ab 1Qfﬁg. ver ml., there was elther no effect on
height of plants or possibly a slight stimulation.
At lOQ/Lg. per ml, the plants were stunted and a
chlorosis developed at the stem tips and in the
younger leaves.

At lOOgALg. per ml. the plants were severely

stunted and very_chlorotic.

A comparison of the effectis of three antibiotice at a

dosage of 2509/*5. per ml., showed the following effects:

1.
2.

Aureomycin stunted the plants severely.

~Penicillin G Sodium (Lederle) stunted the plants

moderately.

Dihydrostreptomycin Sulfate (Abbott) seemed to

cause some stunting.
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V. EFFECT OF SOFT X~RAYS ON AUREOMYCIN

The fact that many chemlcals can be altered by the
action of x-rays is well known (see, for example; Lea,
1947)., Dale (1940, 1943, 1943) has reported on thelr
action on enzymes and blologlcally active compounds. The
following study was made to detefmine whether x-rays would
have an effect on aureomycin, This 1isg of particular
interest in light of the prominent consideratlon being
given to the use of such antiblotlics in connection with
defense against radiation injuries from atomic energy and
atomic bombs, If serious damage can be caused by radla-
tions to aureomycin, it would be necessary to protect the

drug in storage with adequate shilelding,.

Materlials and Methods

V Laboratory-@ry crystalline aureomyecin, lOO/ug. per
mi. solutions of auredmycin>in dlstilled water, and
frozen aurecmyecln solutions of 109/45. per ml, were ex-
posed. to x—radiation from the tube described in Section
IB. Thé’operating condi tions were agein 35 kv, 10 ma,
The samples were contained in Lucite (DuPont) cups 17
mm. in dlameter and 6 mm., deep. During treatment these
were held within 2 or 3 mm. of the window of the i—ray
tube. The x-ray intensity at this distance was about

250,000 r units per minute,
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For dry samples and solutlons these cupswere placed
in a flexible rhombus frame of light wood (fig., 13). This
made possible a rapid changling of samples with fairly
accurate positioning of them under the x-ray tube.

A different arrangement was used for the frozen
samples., For this a lead-filled brass tube 28 mm, in
diameter, which had a shallow well drilled into one end
to receive the Luclte cup, was lnserted into a Dewar
flask. A mixture of crushed dry ice and acetone was
packed around the rod in the flask, A cup wlth a sample

solution was placed in the well and when the solution had
frozen, the whole unit was set in position 2 or 3 mm,
beneath thne window of the x-ray tube (fig. 14). The
gample was thus kept solidly frozen during the entire
irradiation.

Bioassays were run on the treated samples and on
controls by the serial diluticn method of Dornbush and

Pelcak (1948) as described on page 36.

Regults
1. No noticeable change was measured in dry, crystalline

aureomycin irradiated up to 20 minutes (approximately

6

5 x 10° rocentgens).

2. After % minutes irradiation (approximately 8 x105

roentgens ), the aureomycin solution lost about half

its strength (as measured by 1ts action against
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Baclllus cereus). The complete residual activity

curve for irradiation from zero to fifteen minutes
1s glven in figure 15.
3, There was no measurable change in the frozen solutions

with up to 20 minutes irradiation (fig. 16).

Summary
Aqueous solutions, frozen aqueous solutions, and dry
erystalline Aureomycin hydrochloride (Lederle) were sub-
jected to doses of soft-x-rays at about 250,000 r units
per minute. A Dbloassay was then used tc determine whether.

there had been any change in the inhibliting action of the

treatéd materiél‘on'Baéiilus cereus #5. There was no
measurable change in the dry or frozen material wlth dos-

6 roentgens (20 minutes). A solution

ages as high as 5 x 10
:(loqﬁcg, of aﬁreomycin per ml. initially) assayed only 50
MB. PET ml. following a dosage of 8 x 10° roentgens.

The gamma ray qosage to be expected 2100 ft. from the
explosion of a nominal (20 ton TNT equivalent) atomlc bomb
is 104 roentgens (Glasstone, 1950, fig. 7.42). Thus it
would seem that shielding of dry crystalline aureomycin
would probably be unnecessary as far as x-rays are con-
cerned. The much higher intensity over a short perilod,

as would be the case for the bomb explosion, might alter

this result.
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FIGURE /5. BloLoGICAL ACTIVITY ©OF
AUREOMYCIN SOLUTION IRRADIATED WITH SOFT
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