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ABSTRACT 

An airborne bacterial contaminant, believed to be previously 

unreported, has been shown to have the capacity to produce an anti

biotic effective against both fungi and viruses. Unusual features of 

the organism<slnclude the combination of motility, by means of a polar 

flagellum, with the production of endospores. Endospore formation 

was inferred by microscopic observation, by resistance to a tempera

ture of 95 C for a period of 3 hr and by survival in 0.06% octyl 

alcohol. 

The organism produced the antibiotic from relatively simple 

culture media, and a method for extraction and partial purification 

of the antibiotic has been developed. An unknown factor or factors 

present in carrots and in casamino acid appeared to be essential for 

the production of the antibiotic. Growth of the organism was supported 

by minimal medium consisting of glucose, amino acids and micronutrient, 

but no antibiotic production has been detected in such medium. 

The antibiotic appeared to be absorbed through the root system 

and translocated through plants. The bacterium survived in the soil 

of potted tobacco plants for more than 4 months under greenhouse con

ditions. The antibiotic was extracted from bacterium infested soil 

in which tobacco plants were grown. 

When solutions of the antibiotic were added to the soil of 

potted tobacco plants or when the soil was infested with the bacterium, 

xiii 
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the number of local lesions produced on tobacco leaves inoculated 

with TMV was reduced. In tobacco plants in which TMV infections 

are systemic, the average virus content of plant parts was reduced 

in the plants that grew inssoil treated with the living bacterium. 

In tests with mice the crude extracts of the antibiotic 

showed no evidence of toxicity. When supplied in drinking water, 

these extracts apparently reduced death rates and delayed disease 

development in mice bred for spontaneous incidence of mammary tumors. 

The same treatment accompanied a reduction in death rates in strain 
l 

C58/J mice bred for spontaneous incidence of leukemia. The anti

biotic did not, however, prevent or cure either mammary tumors or 

leukemia under the conditions and dosages at which it was tested. 

The partially purified antibiotic inhibited the growth of 

Khizoctonia solani and several other fungi growing on glucose yeast 

extract agar. 



INTRODUCTION 

A recent book by Margaret B. Krieg (7) describes the world

wide search for plants from which pharmaceuticals can be extracted. 

The need for more and better medicines still exists. This paper is 

concerned with an antibiotic which has demonstrated both antifungal 

and antiviral capabilities. 

During an experiment with fungi, a bacterial contaminant was 

observed to be inhibitory to a number of species growing on carrot 

extract agar. It was suspected that this inhibition was due to the 

presence of an antibiotic produced by the bacterium. Some of the 

physiological and morphological aspects of the bacterium have been 

examined. Components of the medium and conditions required for bac

terial growth and for the production of the antibiotic have been 

investigated. 

Methods of extracting the antibiotic from'the culture medium 

have been developed, and some degree of partial purification has been 

attained. Some of the properties of the antibiotic have been examined, 

and some of its effects have been tested. The antibiotic has been 

shown to be effective against several fungi. The symptoms of certain 

virus diseases in mice appear to have been delayed by the compound when 

it was added to the drinking water. Tobacco mosaic virus appears to 

have been inhibited by the antibiotic in living plants and in excised 

leaf disks of tobacco plants. 
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The problems involved in the control of virus diseases of 

plants and animals have been under intensive investigation in recent 

years. Stanley and Valens (14) reported that, '•More than 200 previ

ously unknown viruses causing diseases in man have been discovered 

since 1955, and the number is still increasing." Williams (19) made 

a special point of the possibility of human leukemia being caused by 

viruses. The extent of plant losses due to virus diseases and some 

of the studies of these diseases were described by Corbett and 

Sisler (3). 

The results of the experiments to be described indicate the 

possibility of therapeutic value in virus disease treatments with the 

antibiotic. The methods by which these experiments were conducted 

and the results observed have been given in detail in the following 

pages of this paper. 



REVIEW OF LITERATURE 

To determine whether or not the bacterium described herein, 

and the antibiotic produced by it, have been previously reported a 

search of the literature was conducted. Special effort was directed 

toward gaining information about antifungal and antiviral antibiotics. 

Recent research on new antibiotics has been largely devoted 

to those produced by the genus Streptomyces. In the 1961 volume 

Antimicrobial Agents and Chemotherapy edited by Finland (5), all of 

the new antibiotics reported were produced by species of the genus 

Streptomyces. The 1962 volume, edited by Sylvester (15), had the 

list of new antibiotics confined to the Streptomyces, with the sole 

exception of one paper on an antibiotic produced by a Norcardia sp. 

In the 1963 issue Sylvester (16) listed only one product by an alga 

and one by an Actinomyces; the remainder were from Streptomyces. 

Early work in antibiotics has been reviewed at length. 

Florey et al. (6) thoroughly covered the development of antibiotics 

to 1949 and described the contributions of hundreds of investigators. 

General and specific culture media, extraction techniques, bioassay 

methods, purification and identification of compounds were reviewed. 

Dekker (4) reviewed the agricultural antibiotics and mentioned their 

chemistry, sources and current applications. 

3 
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Waksman (18) surveyed the status of antibiotics. In the area 

of antifungal antibiotics he stated, . . nystatin, an actinomycete 

product, and griseofulvin, a fungal product were both active upon 

disease-producing fungi." He continued, "Within 18 years after the 

successful introduction of the first three effective antibiotics, 

some 30 compounds have come into use as important chemotherapeutic 

agents." 

It was in the area of virus response to antibiotics that the 

greatest controversy was found. Bawden (1) dealing with viruses 

stated, 

q The failure to appreciate that viruses lack the 
capabilities of bacteria and depend on their host not 
simply for sustenance, but also for the mechanisms that 
synthesize their substance, both delayed progress in the 
subject and had expensive results; for example, it meant 
that much time and effort were expended in fruitlessly 
seeking therapeutic treatments for the diseases of ani
mals, tests of antibiotics and drugs that were almost 
bound to fail because success demanded specific activi
ties of the viruses that there was no reason to assume 
they possessed. 

A recent book on plant viruses edited by Corbett and Sisler (3) 

failed to mention any possibility of the use of antibiotics to control 

plant diseases caused by viruses. Mathews and Smith (8) reviewed 

239 references, but in the field of plant viruses they stated, "As 

might be expected, most of the antibiotics developed for use against 

bacterial diseases have no inhibitory effects against plant viruses. 

Penicillin, streptomycin, Chloromycetin, and terramycin have no effect 



on tobacco mosaic virus." Conflicting reports by some workers using 

special techniques were indicated. 

Some support for the possibility of virus control by anti

biotics is available. Shimizu (11) described inhibitory effect of 

N-isobutylbiguanide hydrochloride on Sendai virus multiplication in 

tissue culture. Reich et al. (9) discussed actinomycin D and its 

repression of virus replication. The mechanism seemed to be in the 

suppression of uridine incorporation into the viral RNA. Unfortunately 

the material also suppressed the synthesis of normal RNA in mammalian 

cells. 

A recent review article by Siegal and Zaitlin (13) suggested 

a possible point of attack on viruses by antibiotics or other chemicals 

"A mechanism of plant virus RNA synthesis which involves a postulated 

RNA synthetase suggests the possibility for generalized chemotherapy 

of plant virus diseases. A specific inhibitor for this enzyme might 

prevent virus synthesis without at the same time interfering with 

normal cellular metabolism.11 

Shimomura and Hirai (12) showed that mitocycin C represses RNA 

synthesis at a concentration of 25 ppm. Naramycin was shown by them 

to be another possibility for RNA repression by its inhibitory effect 

on incorporation of phosphorus 32. Waksman (17) in a monograph on 

neomycin suggested the possibility of virus control by antibiotics. 

The literature examined contains hundreds of references of 

techniques for culturing, identifying, extracting and purifying 



antibiotics. Some of these have been of value in suggesting approaches 

used during this study. Although all of them have not been attempted, 

no specific method found in the literature resulted in production, 

extraction, or purification of the antibiotic described herein. 



THE ORGANISM 

INTRODUCTION 

The antibiotic producing organism investigated in this study 

is a bacterium which was originally observed as an airborne contami

nant. It has since been isolated from several soil samples. 

In preliminary studies a standard medium consisting of 100 g 

raw carrots, 10 g tryptose, and 1 g yeast extract per liter of distilled 

water was found to support both growth and antibiotic production. A 

5-day growth of the organism in this medium changed the pH from about 

6.8 to 8.0. The organism has been found to be aerobic since subsurface 

growth in agar-stab cultures was very limited. Slow growth of the 

organism has been observed at 18 C and 48 C. No growth has been 

observed beyond these extremes. 

METHODS 

The morphology of the organism has been examined microscopically. 

Stages in its life cycle were observed by means of hanging-drop slides. 

Measurements of individual cells were made by means of an ocular micro

meter. 

To prepare the organism for photographs, fresh transfers were 

made to glucose yeast extract agar. After 3 days growth, slides were 

prepared of the young cells, gram stained and photographed. After 5 

days growth, other slides were prepared, gram stained and photographed 
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to show the spore stage. The cells for the electron photomicrograph 

were incubated in standard medium for 3 days. They were passed 

through 3 cycles of centrifugation at 3,000 rpm and subsequent wash

ing in distilled water before being placed on the grids. 

To determine whether or not endospores were produced, two 

indirect techniques were employed. Resistance to elevated temperatures 

was used as one criterion for endospore production and resistance to 

octyl alcohol was used as the other. 

One hundred ml ofda 74 hr culture was transferred to a flask 

and incubated in a Hythermco oven at approximately 95 C. At 30 min 

intervals over a 3 hr period transfers of 1 ml each were made onto 

plates of glucose yeast extract agar with sterile 1 ml pipettes. The 

plates were incubated for 3 days at a room temperature of approximately 

27 C. 

The resistance of the organism to octyl alcohol was determined 

using the techniques of Halvorson (20). Octyl alcohol at 0.06% was 

applied to the pellets of 4 centrifuged 10 ml aliquots from a 9-day 

culture. After 1 hr the cells were subjected to 3 cycles of centri

fugation and washing in distilled water. Following the last centri

fugation the cells were resuspended in 2 ml of water, transferred to 

4 plates of glucose yeast extract agar and incubated for 3 days at a 

room temperature of approximately 27 C. 
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RESULTS 

The microscopic examination of the cultures on hanging-drop 

slides revealed 3 stages in the life cycle of the organism. The 

first young growth consisted of sluggishly motile chains of 10-30 

rod-shaped tightly joined cells. The second stage resulted from the 

breakup of the long chains into highly motile segments consisting of 

2-4 cells. The third stage consisted of individual cells which soon 

lost their motility and began the formation of endospores as observed 

microscopically. Measurements by means of the ocular micrometer showed 

the diameters of mature cells to range from 0.8 to 1.0 microns and the 

lengths to range between 1.6 and 2.4 microns. 

Typical cells of intermediate and spore stages of the organism 

are shown in the photomicrographs (Fig. 1 and 2). The presence of the 

polar flagellum was determined as illustrated in Fig. 3. A magnification 

of approximately 36,000 diameters was used. Another view from the 

electron microscope is offered in Fig. 4. 

The survival of young cultures, after heating to 95 C for 3 hr 

as demonstrated by the production of solid bacterial mats over the 

sufirace of the agar plates, may be taken as evidence of endospore for

mation. The production of solid bacterial mats over the surface of 

the 4 agar plates following the treatment of a 9-day culture with 0.06% 

octyl alcohol also suggests endospore formation. 



Fig. 1. Photomicrograph of 3-day bacterial 
cells grown on glucose yeast extract agar and 
gram stained showing long and short chains and 
single cells. 

Fig. 2. . Photomicrograph of 5-day bacterial 
cells grown on glucose yeast extract agar and 
gram stained showing spore stage and bipolar 
staining. 



Fig. 3. Electron photomicrograph (36,000X) 
of 3-day bacterial cell from carrot extract 
medium. Polar flagellum is shown extending 
from basal body through cell wall and capsule 
and away from cell. 



Fig. 4. Electron photomicrograph (about 
30,000X) of 3-day bacterial cell. Polar flagella 
at each end. This is construed as a cell prior 
to the process of division as indicated by the 
two flagella and length-width ratio. 
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DISCUSSION 

Fischer (2) described the genus Bacillus in Bergey's Manual 

of Determinative Bacteriology. Characteristics in common with the 

organism involved in this study include: "rod shaped cells* sometimes 

in chains* capable of producing endospores: sporangia do not differ 

from the vegetative cells; gram positive; some species usually occur 

in the rough stage* forming a pellicle in broth; mostly saprophytes 

commonly found in soil." The characteristics in which the organism 

does not fit Fischer's description indlude: "motile by means of 

peritrichous flagella or nonmotile; carbohydrates are fermented with 

the production of more or less acidity." 

As stated under preliminary studies* the average pH of a 5-

day culture grown in the standard medium is about 8.0. Motility can 

be readily demonstrated by the use of a hanging drop slide. The 

absence of peritrichious flagella on ehfe electron photomicrographs 

suggests that this is not a member of the genus being described by 

Fischer. 

Figures 1 and 2 illustrate the difference between the young 

intermediate stage and the mature stage in the life cycle of the organ

ism. The dark areas were stained blue-black by gram stain. The clear 

central areas in the mature cells were presumed to be the endospores. 

The short rods grew in chains until they separated upon maturity to 

form individual nonmotile spores. 
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Figure 3 illustrates the polar flagellum.and in addition traces 

its passage through the capsule and cell wall to its basal body inside 

the cell. The other protrusion from the side of the capsule may be 

an artifact; a broken piece of a flagellum adhering to the capsule, a 

piece of dirt, or a fimbrium. 

Figure 4 supports the hypothesis that the organism is devoid 

of peritrichous flagella, but is also suggests amphitrichous flagel

lation. It may be readily observed that this view indicates an organ

ism which is more than three times as long as it is wide. The photo

graph in Fig. 3 indicates an organism which is only slightly more than 

twice as long as it is wide. The organism in Fig. 3 appears to be in 

the process of separation from the adjacent cell in the picture. If 

the same process were to be duplicated by the organism in Fig. 4 the 

resultant pair would approximate the length-width ratio of the single 

cells shown in Fig. 1, 2, and 3. 

The evidence for endospore formation was demonstrated by gram 

stain of mature cells and by heat and octyl alcohol resistance. The 

presence of endospore formation in aerobic bacterial rods necessarily 

places the organism in the genus Bacillus. The polar flagellum shown 

in the electron photomicrographs, instead of peritrichous flagella as 

described by Fischer as characteristic of the genus Bacillus, tends to 

refute the conclusion that it is a member of that genus. 

Eigher endospore formation or a polar flagellum by themselves 

would not be considered unusual in bacterial cultures. It is the 
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combination which is unique. This combination is not recognized in 

any of the available classifications of bacteria. For the purpose 

of this paper the organism being considered is referred to the genus 

Bacillus, although it deviates from the typical characteristics of 

the genus as outlined above. 



CULTURAL STUDIES FOR ANTIBIOTIC PRODUCTION 

INTRODUCTION 

Preliminary studies of the organism on agar plates demonstrated 

its capacity to establish inhibition zones in which several fungi were 

unable to grow. These inhibition zones were most pronounced on carrot 

extract agar. Typical zone diameters established against several fungi 

were Helminthosporium sp. 35 mm; Phycomyces sp. 25 mm; Fusarium sp. 

20 mm; Rhizoctonia sp. 30 mm; Phytopthora sp. 8 mm; and Rhizopus sp. 

5 mm. It also was noted that unless liquid cultures were aerated by 

the action of either a shaker or bubbling air, the organism migrated 

to the surface and formed a hard dry pellicle. After it was discovered 

that bubbling sterile air through the culture would accomplish the 

same results as the shaker, larger volumes of medium up to 10 liters 

at a time, could be handled. It was also possible to control the 

temperature by placing the culture flask in a water bath. Since the 

bacterial colony fwas first noticed on carrot extract agar, carrots or 

carrot juice have been among the most frequently used components of 

the culture medium. 

METHODS 

A number of experiments were performed in an effort to deter-, 

mine the nutritive requirements for growth and antibiotic production 

16 



by the bacterium. Various media were compared to a standard medium 

which had been found to be effective. 

The standard medium was prepared by adding 50 g of carrots, 

5 g of tryptose and 1 g of yeast extract to 500 ml of distilled water. 

The mixture was autoclaved for 15 min at 15 psi to cook the carrots. 

The liquid was decanted into two 600 ml flasks which were then plugged 

with cotton. The 2 flasks each containing 250 ml of the standard medium 

were autoclaved 20 min at 15 psi for sterilization. 

A. 5-day bacterial colony from a test tube slant containing 

glucose yeast extract agar was suspended in 2 ml distilled water; 

this suspension was placed in the medium of one flask. The other 

medium remained sterile. The 2 flasks were placed on a shaker which 

was reciprocating at approximately 150 excursions per minute. Incuba

tion was continued for 7 days at a room temperature of approximately 

27 C. To test the potency of the antibiotic produced by the standard 

medium, the contents of both flasks were harvested by the following 

isopropanol extraction method. The 250 ml were reduced to about 25 ml 

by evaporation using partial vacuum at a temperature of 80 C. A Lab-

line evaporator with a rotating one-liter flask in a water bath was 

used for this step. Forty milliliters of isopropanol were added to 

the concentrated harvest, and the mixture was brought to a vigorous 

boil on a Temco stir-plate. The flask was separated from the stir-

plate by a thin asbestos mat and contained a magnetic stirring bar. 

The mixture was filtered through Whatman No. 1 filter paper placed 

in a Buchner funnel. The funnel was inserted into a 600 ml 



side-arm flask through a rubber stopper. A partial vacuum on tĥ S 

side-arm flask increased filtration speed. The filtrate was returned 

to the evaporating flask and reduced to approximately 1/10 volume by 

evaporation. The filtrate was decanted into large petri dishes and ' 

placed in a drying oven at 80 C for evaporation to dryness. 

A culture of Rhizoctonia solani Kuhn, provided by the Univer

sity of Arizona Plant Pathology Department was used as the test organ

ism in the standard bioassay for antibiotic production. This culture 

grew rapidly on glucose yeast extract agar and formed sharp lines at 

the edge of the inhibition zone when challenged. 

Glucose yeast extract agar used in the assay was prepared by 

adding agar, 20 g; glucose, 10 g; yeast extract, 2 g; micronutrient 

solution, 2 ml, to one liter of distilled water. The micronutrient 

solution was prepared by dissolving Fe (NÔ g'iJHgO, 723.5 mg; Zn SÔ * 

71̂ 0, 439.8 mg and Mn SÔ ĤgO, 203.0 mg in distilled water and acid

ified with sulfuric acid to ydeld a clear solution. Distilled water 

was then added to make a volume of one liter'. 

Four petri dishes each containing 15 ml of glucose yeast 

extract agar had been prepared. Colonies of solani had been trans

ferred to the center of each plate and allowed to incubate for 24 hr 

at room temperature. A line was drawn on the bottom of each petri 

dish at the advancing edge of the mycelium. Four radial lines were 
i 

drawn from the mycelium edge to the perimeter of the petri dish. 

The harvested bacterial culture extract and medium extract were 

prepared for challenging by dissolving 1 g of the dry product in 9 ml 

of distilled water. Two applications of 1/20 ml each, at the inter
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section of the radii with the edge of the mycelium, were made of the 

bacterial culture extract and marked No. 1. Two applications of like 

quantities and position were made of the medium extracts and marked 

No. 2. After 24 hr- of further incubation photographs were taken of 

the fungal colonies. 

After a preliminary test had shown some production of the anti

biotic in a medium using casamino acid, the following experiment was 

designed. Casamino acid at concentrations from 10 g/1, in 5 g/1 incre

ments, to a mAximum of 30 g/1 was placed in 500 ml flasks. Glucose 

was held constant at 30 g/1 and 2 ml of micronutrient solution were 

added to each flask. The contents of each flask was brought to 150 

ml by addition of distilled HgO and sterilized by autoclaving. Two 

milliliters of a 5-day bacterial culture were added to each flask and 

the cultures were incubated on a shaker at room temperature of approx

imately 27 C for 9 days. Three replicates of 150 ml from each concen

tration of casamino acid were extracted with isopropyl alcohol as pre

viously described. The weight of dry product from each replicate was 

recorded in grams. Challenges with solani were made by transferring 

3 colonies of the fungus to glucose yeast extract agar in petri dishes. 

The three colonies were equally spaced near the perimeter of the dish. 

A cylinder of glass tubing of 9 mm diameter cut 3/8 in long was placed 

on end on the center of the agar in the petri dish/ Treatments in the 

amount of 1/20 ml of a 10% solution of the isopropanol extracted dry 

product were placed in each cylinder. Three treatments of each extract 
\ 
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were made on separate petri dishes. Inhibition zones were measured 

in millimeters across the diameter of the inhibition areas. 

Another study of growth response was conducted using completely 

defined medium. Eighteen amino acids including glycine, alanine, valine, 

leucine, isoleucine, phenylalanine, tyrosine, tryptophane, serine, 

threonine, aspartic acid, glutamic acid, lysine, arginine, histidine, 

cystine, methionine and proline were tested as possible nitrogen sources 

for the support of growth and antibiotic production of the bacterium. 

One-tenth gram of each amino acid was dissolved in 100 ml of distilled 

water. Twenty grams of glucose were dissolved in 500 ml of distilled 

water. The media components were combined as follows: 

1. Two ml of each amino acid solution and 5 ml of 
glucose solution plus 1/20 ml of micronutrient 
solution were placed in flasks: 

2. All amino acids minus one were placed in 
other flasks while the content of glucose and 
micronutrient was kept constant. 

3. All minus aliphatic amino acids, all minus 
the hydroxy amino acids and all minus the 
basic amino acids were placed in separate 
flasks.̂  

4. All amino acids plus carrot juice in the 
amounts of 1, 2,5£ 5 and 20 ml were added to 
other flasks. 

In all flasks the content of glucose solution and micronutrient 

added was 5 ml and 1/20 ml respectively. Two milliliters of a 5-

day bacterial cell suspension which had been centrifuged and washed 

through 3 cycles were added to each flask. The cultures were incubated 
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on a shaker at room temperature of approximately 27 C for 8 days. 

Extraction of the dry product was by means of isopropanol, filtration, 

and evaporation as previously described. Challenges of the extracts 

were conducted by the addition of 3 ml of distilled water to each of 

the dried extracts to dissolve them, and 1/20 ml of the resultant 

solution was placed in cylinders on petri dishes with solani as 

previously described. 

An experiment was designed to examine antibiotic production 

in.response to time. Ten liters of the standard carrot medium were 

prepared in a 12 1 flask. After sterilization by autoclaving for 1 hr 

at 15 psi the bacterium was added to the medium and the flask was 

placed in a water bath at 32 C with filtered bubbling air for agita

tion. The air was first bubbled through distilled water and then 

passed through a 6 in by 1 in glass tube packed with botton. Both 

the water flask and the cotton packed tube were autoclaved for 1 hr 

prior to use. Starting 48 hr after the bacterium was added to the 

medium, 150 ml aliquots in groups of 3 were removed at 24 hr inter

vals. The dry product of the aliquots was prepared for assay by the 

isopropanol method previously described. Three challenges of 10% 

solution of the dry product were made of each aliquot with the cylinder 

metihod and solani as previously described. Average yields of dry 

product in grams and cttianftters of inhibition zones in millimeters were 

recorded. 

RESULTS 

The results of the experiment designed to test the potency of 

solutions of the dry product extracted from aliquots of bacterial infested 
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and sterile medium are illustrated in Fig. 5. Those areas marked with 

the No. 1 show the effect of the growth of the bacterium on the product 

extracted from the culture. Those areas indicated by the No. 2 show no 

evidence of antibiotic effect by the product extracted from sterile 

medium. 

The results of the experiment testing antibiotic production with 

several concentrations of casamino acid are shown in Table 1 and Fig. 6. 

It may be noted that the average inhibition zones increased with the 

addition of greater amounts of the nitrogen source to a maximum of 27.5 

mm at casamino acid concentration of 20 g/1. Further increases in the 

ratio of nitrogen to carbon sources resulted in a decreased potency of 

the extracted product. 

The results of the experiment testing antibiotic production 

using purified amino acids as the nitrogen source were conclusive. 

Visible turbidity began developing within 48 hr in all media except in 

those without any of the aliphatic amino acids. This medium never be

came turbid and apparently no bacterial growth occured during the 8 

days of incubation. All other media became increasingly turbid after 

the second day of incubation. The medium to which carrot juice was 

added became increasingly turbid after 24 hr. Challenges of the 

extracted product, except those to which carrot juice had been added, 

showed no inhibition zones. No combination of purified amino acids 

as the nitrogen source in the culture medium produced a product which 

demonstrated any detectable inhibition of R. solani under the conditions 



Fig. 5. Effect of antibiotic on growth of 
Rhizoctonia solani on glucose yeast extract agar. 
Inhibition zones (No. 1) produced by 1/20 ml of 
10% solution of the dry product extracted from 
7-day bacterial culture. Corresponding points 
(No. 2) treated with 1/20 ml of 10% solution of 
the dry product extracted from sterile medium. 
Small circle drawn at advancing fungal edge at 
time of treatment. Intersection of radii with 
circle were points of treatment application. 
Photograph taken 24 hr after application of the 
treatment. 
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Table 1. Effect of qasamino acid concentration on antibiotic 
production. Yields and inhibition zones produced by extracts from 
variable concentrations of casamino acid in culture medium with 
glucose, 30 g/1, and micronutrients., 2 ml/1, held constant. Shake 
cultures of 150 ml each were incubated for 9 days at room temperature. 
R. solani was challenged in triplicate with 1/20 ml of 10% solution 
of dry product. 

Casamino acid 
in grains/liters 

Dry weight of 
extract in grams; 
Average of 3 
aliquots 

Diameters of 
zone of inhibi
tion. Average 
of 9 challenges. 

10 2.04 23.0 
15 0.77 26.8 
20 0.95 27.5 
25 0.88 24.5 
30 1.18 20.2 
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Fig. 6. Graphic representation of data in Table 1. Casamino acid 
concentration effect on quantity of extract and inhibition zones by 
1/20 ml of 107o solution of dry product. 
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used. With all amino acids plus 1 ml carrot juice, or about one 

part in 42 parts of medium, temporary inhibition zones were established 

by solutions of the products. Increased concentrations of carrot juice 

produced larger and more durable zones of inhibition. With the addition 

of 20 ml of carrot juice permanent zones of inhibition averaging 28 mm 

in diameter were established. 

The results of the experiment showing the effect of time on 

antibiotic production are recorded in Table 2 and Fig. 7. The weights 

of the dry product from three 150 ml aliquots of culture were averaged 

for each time interval. Solutions of each product were challenged in 

triplicate, so the average inhibition zone represented 9 separate 

challenges. 

DISCUSSION 

The presence or absence of an unknown antibiotic may be measured 

by the expression of its effect on a living entity. The photograph in 

Fig. 5 demonstrates the activity of solution of dry product from the 

culture medium following growth of the organism. It also shows that 

there is no appreciable inhibition by extracts from medium which remained 

sterile. The valid question, whether the effect was due to an antibiotic 

or _£o the components of the medium, has been answered. Since identical 

quantities of treatment prepared by identical extraction techniques from 

aliquots of the same medium were applied to the same fungal colony 

growing in the same petri dish and since one treatment inhibited the 
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Table 2. Effect of time on antibiotic production by bacterium 
grown in standard carrot medium. Three aliquots of 150 ml were har
vested from 10 liter culture. Material was extracted with isopropanol 
and evaporated to dryness before weighing. solani was challenged 
with 1/20 ml of a 10% solution of dry product in water. 

Hours of Weight of extract in grains Inhibition gones 
incubation average of 3 aliquots in mm average of 

9 challenges 

48 
7 72 

96 
120 
144 
168 
192 
216 
240 
264 
288 
312 

8.5 
8 . 8  
7.9 
8.0 
6 . 2  
5.0 
4.9 
4.4 
3.9 
4.5 
4.3 
3.1 

13 
15 
16 
17 
18 
20 
21 
22 
21 
21 
21 
21 
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Fig. 7. Graphic representation of data in Table 2* Effect of 
time on yield and potency of extracts from standard medium. Inhi
bition of R." solani by 1/20 ml of 10% solution of dry product. 
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growth of the fungus and the other did not, it was assumed that the 

antibiotic effect was present only after the bacterium had grown in 

the medium. 

Various ingredients, known and unknown, have been used in the 

experiments as the components of growth media. The experiment with 

casamino acid indicated that it contained all of the necessary ingred

ients. With purified amino acids as the nitrogen source, growth of 

the bacterium was excellent except in those flasks without aliphatic 

amino acids, but no antibiotic was produced. The unknown factors 

are apparently not one or more of the amino acids used. Since the 

casamino acid, supposedly vitamin free, allowed antibiotic production, 

the unknown factor is apparently not a known vitamin. The additions 

of carrot juice to the purified amino acid medium resulted in 

antibiotic production. It is therefore apparent that the unknown 

factor also is found in carrot extracts. Whatever the factor may 

be it is not necessary for the growth of the bacterium, but is appar

ently essential for antibiotic production. 

Throughout this study antibiotic production in successive 

cultures has varied somewhat regardless of the care used in their 

preparation. It was suspected that the variability stemmed from dif

ferences in the carrots being used since other components and conditions 

could be controlled. The differences between carrots may be due to 

different concentrations of the unknown factor that was shown to be 
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essential to antibiotic production. Experiments with other nutrient 

sources may have failed due to the lack of this unknown factor. No 

medium has yet been found to be superior to the standard carrot medium 

previously described. 

The experiment on the influence of time on antibiotic production 

indicated that extractable components of the medium other than anti

biotic were present in Substantial amounts. Decreasing weight yields 

with extended culture time indicated that these components probably 

are metabolized by the growing bacterium as the culture time progresses. 



EXTRACTION AND PARTIAL PURIFICATION OF THE ANTIBIOTIC 

INTRODUCTION 

In the early phases of this study filtration to remove the 

antibiotic producing organism from the culture medium was found to 

be unsatisfactory, since the filters became plugged with the first 

few milliliters of solution. Precipitation with KOH complicated the 

assay of the material because of pH effect in the resulting solutions. 

No method found in the literature was successful in purification of 

the antibiotic, and only partial purification has been attained. 

METHODS 

To separate the antibiotic from the bacterium which produced 

it, a system of extracting the crude material was developed. After 

incubating 5-9 days, the culture was autoclaved at 15 psi for 15-30 

min, depending on culture golume, to insure the death of the bacterium. 

The liquid was centrifuged 5,000 rpm for 10 min to remove cellular 

debris. The supernatant was placed in one-liter flasks and evaporated 

to 1/10 volume under reduced pressure at 80 C. The concentrate was 

decanted into large petri dishes and evaporated to dryness at 80 C. 

Throughout this paper material extracted by this method has been 

called the "crude" product. 

Extraction by means of isopropanol was described under cultural 

studies. Throughout this paper isopropanol extracted product has been 

so designated. 

31 
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Carbon tetrachloride was later used following the isopropanol 

extraction, to further purify the active antibiotic fraction. This 

method required that the isopropanol be removed by evaporation to dry

ness. The residue was then dissolved in water. Carbon tetrachloride 

was added in an amount equal to 1 1/2 times that of the water solution. 

The mixture was brought to a vigorous boil in a flask on a Tempco stir-

plate and transferred to a separatory funnel. The layers were separated 

in the separatory funnel and the solvents evaporated in a drying oven. 

The fractions were redissolved in water and challenged. Throughout 

the process temperatures were kept below 80 C. The second or middle 

layer from the separatory funnel was called the "aemipurified" product. 

To demonstrate extraction and purification of the antibiotic 

the following experiment was designed. Ten liters of standard medium 

were prepared. The medium was autoclaved for 1 hr at 15 psi and placed 

in a 32 C water bath. Filtered air was bubbled through the medium to 

provide agitation. Twenty milliliters of a 9-day bacterial culture 

were added and incubation was continued for 5 days. 

The culture was harvested using 3 replicates of 800 ml ali-

quots for each step in the extraction procedure. The replicates were 

identified as, crude 1} 2 and 3; isopropanol 1, 2 and 3; and CCl̂  1, 2 

and 3. Three concentrations of each solution were prepared and two 

replicates of each concentration were challenged. The activity of 

the extracted antibiotic in each step was determined by challenging 
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R. solani using the cylinder method as described under the section on 

cultural studies. 

RESULTS 

The yields of dried product and their antibiotic activity for 

each successive step in the purification procedure are recorded in 

Table 3. The recorded data includes the weight of the product in grams 

and the diameter of the zone of inhibition of R̂  solani for two repli

cates for each of the 3 concentrations. The discarded residues in 

each step have been repeatedly challenged with solani and have been 

found to produce no detectable inhibition zones. 

• Table 3 outlines the successive steps of the extraction pro

cedures which have been developed. Each method described resulted in 

greater quantities of inert material discarded and reduced yields of 

active material with greater antibiotic activity. 

DISCUSSION 

An inhibition zone on a petri dish between two organisms does 

not necessarily mean that an antibiotic is produced.- Among other causes 

of inhibition zones there may be an organism-induced pH change which 

renders the medium unsuitable for the competing organism. There also 

may be nutritional depletion involved. One organism may remove an 

element necessary for the growth of the other. To prove that an 

antibiotic exists it must be removed from a culture of the producing 

organism and challenged by the inhibited organism under conditions 

otherwise favorable to the latter. 
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Table 3. Yields and inhibitory activities of dry product extracted 
by 3 methods. Three 800 ml replicates from 5-day culture in standard 
carrot medium. Average of two challenges of each replicate and dilution 
against R. solani. 

Autoclave 
—r 
Centrifuge 

Discard 

Activity 
Zero 

5-day Culture Separated into 800 ml aliquots 

Evaporate to 1/10 vol. 

Add 1 1/2 voj-' isopropanol 

Boil 5 minutes 

Filter 

Supernatant 

Evaporate to 
Dryness 

Crude Extract 

Replicate Weight Concentration 
1-10 1-100 1-500 
Inhibition Av. 

Evaporate to 
Dryness 

1. 10.17 15.5 10.5 0.0 
2. 10.28 14.5 10.0 0.0 
3. 9.51 11.5 10.0 0.0 

Discard Residue 

Activity Zero 

Dissolve in water 

1 
Add 1 1/2 vol. CCl/, 

_ I 
Dissolve in water 

1 
Dilute and Challenge 

Replicate Weight Isopropanol Extract 
Concentrat ion 

1-10 1-100 1-500 
Inhibition Av. 

1. 9.29 17.0 15.5 0.0 
2. 9.26 18800 12.5 0.0 
3. 7.26 23.0 13.5 0.0 

Boil 1 minute 

Separatory Funnel 

Top Fraction 
Discard Residue 
Activity Zero 

Carbon Tetrachloride Extract 

Interphase layer 
Dry in Oven 
Dissolve in Water 
Challenge 

Bottom 'raction 
Samples Combined 
Dissolve in Water 
Challenge 

Replicate Weight Concentrat ion 
1-10 1-100 1-500 

Inhibition Av. 
1. 0.726 23.5 17.5 15.5 
2. 0.814 31.0 20.0 15.5 
3. 0.839 28.0 18.0 16.6 

Concentration 
1-10 
1-100 
1-500 
1-1000 

T 
Inhibition Av. 

28.5 
19.0 
15.7 
10.2 
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The crude extract derived from the procedure shewn in Table 

3 had considerable material which had no antibiotic activity. 

Ultracentrifugation at 30,00 rpm for 1 hr resulted in a small pellet 

which had no antibiotic activity, but much active material still re

mained in the supernatant. Dialysis of solutions of crude material 

was no more effective than ultracentrifugation. Active fractions 

were found on both sides of the membrane as were inactive fractions. 

Boiling with isopropanol as outlined in Table 3 was found to 

accomplish the destruction of living bacterial cells and to permit 

filtration. The cellular debris coagulated and could be removed by 

filtration. Greater potency was found in the resultant product than 

in the crude material. The main advantage of the isopropanol method, 

however, was that the extraction procedures were simplified by the 

elimination of autoclaving and centrifugation. 

Several antibiotics have been extracted by means of chloro

form. Some success was achieved by this method, but active and inactive 

fractions remained in both levels of the separatory funnel. Dichloro-

methane was.tried and no concentration of activity was found in either 

fraction. Since dichloromethane was less effective than chloroform, 

carbon tetrachloride was tried. Carbon tetrachloride produced 3 layers 

in the separatory funnel while both CHCl-j and CHgCl̂  produced only two 

layers. It was found that the isopropanol had to be removed before 

effective separations by CCl̂  could be obtained. The first, or bottom, 

fraction in the separatory funnel was a CCl̂  solution containing a 



small quantity of active material as indicated in Table 3. It seemed 

to have about the same potency against fungi as the material found in 

the second fraction, but the yield was less than 17» of the second frac

tion. The second layer or interphase in the separatory funnel appeared 

to be the result of material being held in an interphase between the 

water and CCl̂ . The third, or upper, fraction in the funnel was with

out antibiotic activity, but it carried the major part of the extran

eous material. The reduced weight of extracts together with the in

creased potency of the solutions against solani attained by successive 

steps in the purification procedure indicated the removal of extraneous 

matter. 

The crude product was readily soluble in water at concentrations 

exceeding 20%. It seemed to be insoluble in organic solvents at room 

temperature. In boiling isopropanol it became soluble after 15 to 20 

min. The material extracted by isopropanol method was also soluble in 

water, but it dissolved more slowly than the crude material. Solubility 

became a problem in only the CCl̂  extracted products. The interphase 

layer dried to a hard mass that could be powdered by mortar and pestle. 

The powder dissolved faster as the water was warmed to about 80 C. 

The bottom fraction did not dry to a solid. It remained at the con

sistency of thick syrup. It could be dissolved in water only by warm

ing to about 80 C. These methods were used for the challenges recorded 

in Table 3. 
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The use of other solvents, or particular combinations of 

previously tried solvents, is a possible approach to further puri

fication. Perhaps a combination of solvents and thin layer chromato

graphy might result in a completely purified antibiotic. These exper

iments must await the accumulation of a reasonable quantity of the 

semipurified material. 



ANTIVIRAL ACTIVITY IN MICE 

INTRODUCTION 

In a preliminary test the toxicity of the crude product such 

as described in Table 3 was tested by oral dosage with 5 white mice. 

A 10% water solution was substituted for drinking water over a period 

of 3 months. All mice apparently remained healthy as indicated by 

shiny coats, good appetites and vigorous movements. No evidence of 

toxicity was observed. 

METHODS 

To test the effect of the antibiotic on the development of 

diseases induced by viruses in mice, the following experiments were 

designed. 

Two groups of mice were secured from Roscoe B. Jackson 

Memorial Laboratory at Bar Harbor, Maine. One group had been bred 

for spontaneous incidence of mammary tumors (Strain C3H/HeJ) and the 

other for spontaneous incidence of leukemia (Strain C58/J). All 

mice were approximately 5 months old at the time of purchase, accord

ing to the laboratory records. The day the mice arrived treatment 

was begun on 13 animals with a 1-300 concentration of the crude material 

substituted for drinking water. Twenty-two animals were held as 

controls. 

38 
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The animals were continuously supplied with food in the form 

of commercial laboratory pellets. Each day the mice were fed, watered 

and observed for disease symptoms. Records were kept of deaths and 

the appearance of tumors. Because of the limited number of cages the 

mice were kept 4 to a.cage, and it was not possible to measure con

sumption of the antibiotic on an individual basis. Control mice were 

given the same food and care as the treated animals, but no antibiotic 

was supplied. The treated mice received no water without the anti

biotic during the course of the experiment. 

In the experiment with tumorous mice 5 females (Strain 

C3H/HeJ) were put on treatment the day they arrived from the laboratory. 

Six females of the same strain were kept as controls and received no 

antibiotic. 

In the experiment with leukemic mice (Strain C58/J) 8 animals, 

4 males and 4 females, were put on treatment the day they arrived from 

the laboratory. Sixteen animals, 8 males and 8 females, were kept as 

controls and received aa antibiotic. Throughout the experiment and 

at the time the remaining mice were sacrificed, autopsies, spleen 

examinations and blood counts were performed with the assistance of 

Dr. Raymond R. Reed and Dr. J. J. Sheldon of the Department of Animal 

Pathology. 

RESULTS 

The results of the experiment with tumorous mice are summarized 

in Table 4 and Fig. 8. There were no visable tumors formed on any mouse 
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Table 4. Effect of treatment on tumor incidence and death rates 
in female mice bred for spontaneous mammary tumors (Strain C3H/HJ#). 
Treatment by 1-300 concentration of dry product substituted for e 

drinking water. 

Tumor incidence 'Tumor deaths 

Days after begin- Treated4 Control Treated3 Control 
ning treatment animals animals animals animals 

0 0 0 0 0 
30 0 4 0 1 
61I 0 5 0 2 
92 1 5 1 3 
122 3 5 1 3 
148 4 5 2 4 

1t1 test significant at 85% 89% 

a. Treatment begun on day of arrival 6/4 and continued to 10/30 
when experiment was terminated̂  
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Fig. 8. Graphic representation of data in Table 4. Tumor incidence 
and death rates of female mice"(Strain C3H/H J) treated with 1-300 con
centration of crude product, substituted for edrinking water. 



for the first 23 days of the experiment. All but one of the untreated 

group developed tumors between 23 and 45 days from the beginning of the 

experiment. This one animal was abnormal in that it was only about 

half the size of the others and practically hairless. It did not develop 

a tumor prior to the termination of the experiment. One of the treated 

group was killed in a fight on the 71st day of the experiment. An 
r 

autopsy did not reveal any evidence of tumor in the mammary system of 

the mouse nor was there any detectable abnormality. The 4 surviving 

mice on treatment and 5 normal mice kept as con&rols constituted the 

experiment. The first tumor to appear on a treated animal was observed 

on the 30th day of the experiment. On the 146th day of the treatment, 

the last treated animal developed a tumor and the experiment was term

inated . 

The first leukemia death was in the control group which con

sisted of 16 mice. Ten of the control animals had died of leukemia 

by the time the first treated animal succumbed to the disease. When 

the leukemia experiment was terminated, autopsies showed no evidence 

of the disease in the 3 remaining treated mice. Four of the 5 remain

ing control mice had developed leukemia as demonstrated by spleen con

dition and blood counts. Death rates of both control and treated 

leukemic mice are shown in Table 5 and Fig. 9. 

DISCUSSION 

Since the typical disease symptoms developed in both strains 

of mice, it may be assumed that the causative virus was present. Since 
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Table 5. Effect of treatment on death rate of leukemic mice, 
(Strain C58/J) bred for spontaneous incidence of leukemia. Treat
ment by 1-300 concentration of dry product substituted for drink
ing water. 

Days after begin- Treated Control 
ning treatment animals animals 

20 0 0 
40 0 1 
60 0 4 
80 1 5 
100 1 7 
120 3 8 
140 3 9 
160 3 10 
180 4 10 
200a 5 11 

't' test significant at 69% 

a. Experiment terminated. Autopsies revealed no leukemia in 3 
treated mice, but 4 of the 5 controls had leukemia. This data not 
included in 't' test. 
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Fig. 9. Graphic representation of data in Table 5. Death rates of 
leukemic mice (Strain C58/J). Treatment by 1-300 concentration of 
crude product substituted for drinking water. 
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no cures were effected in either strain of mice, other criteria must 

be examined if a hypothesis of antibiotic effect on viruses is to be 

made. Tables 4 and 5 indicate that the virus increase in the indi

vidual mice taay have Been delayed by the treatment. It is possible 

that all mice had equal quantities of virus and genetic differences 

caused them to die or develop tumors at different rates. The records 

of Roscoe B. Jackson Memorial Laboratory state that strain C3H/HeJ 

is traced through a series of brother to sister matings since 1909. 

The C58/J strain dates from 1921. Even on so small a sample the 

possibility of genetic variability as the source of difference in 
* 

the rate of disease development would seem quite remote. 

Since the treatment consisted of crude material known to 

contain a considerable percentage of non-antibiotic components, the 

reduced rate of symptom development may have been a dietary or medium 

effect. A positive answer to this problem must necessarily require 

tests with the purified antibiotic. Meanwhile, it would prove most 

interesting to determine if either carrots or tryptose showed any 

control of leukemia or mammary tumors. 

Although no cures were achieved in either the mammary tumor 

or leukemia experiments, the results indicated a possibility of in

fluence by the antibiotic on the course of the diseases. These tests 

were interpreted as an indication of a possible effect on animal 

viruses by the antibiotic. Neither test included enough animals to 

constitute proof. 
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Since there was no apparent toxicity as shown by the prelim

inary experiment with white mice; the dosage used in these experiments 

could have been increased. The reason for not increasing the dosages 

was lack of-available antibiotic. It may be that the product of the 

refined extraction procedures described (Table 3) could have effected 

complete prevention or cures of these diseases. The procedures for 

partial purification had not been discovered at the time the animal 

experiments were being made. 



ANTIVIRAL ACTIVITY IN PLANTS 

INTRODUCTION 

Two preliminary tests had indicated the possibility of control-

ing the expression of tobacco mosaic virus in tobacco plants Nicotiana 

tabacum L. var. 'Xanthi'-nc, (Xanthi). The following tests were designed 

to determine the effect of the antibiotic on TMV. In the following 

experiments all tobacco plants were grown in soil in individual plastic 

flower pots with only one plant per pot. 

METHODS 

Experiment 'A* was designed to test the effect of solutions 

of the crude product on the expression of TMV symptoms in tobacco 

plants. To test the possibility that treatment applied to the soil 

would be expressed in the leaves, thirty Xanthi tobacco plants grown 

in 3 qt pots were prepared for treatment by removing apical buds, 

immature leaves and senescent lower leaves. Five mature leaves were 

allowed to remain on each plant. Twenty milliliters of 1-50 con

centration of the crude product in distilled water were added to each 

of 15 pots. The 15 control plants were supplied only the normal irri

gation and nutrients. Six hours following the treatment all plants 

were inoculated by rubbing the leaves with a suspension of carborundum 

and TMV in phosphate buffer at pH 7.0. Five days later the lesions on 

each leaf were counted and the numbers recorded. 

47 
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Experiment 'B' was designed to test the effect of the living 

bacterium in the soil on the expression of local lesion formation in 

Xanthi tobacco plants. To test the possibility that bacterial growth 

in the soil might effect the expression of TMV in tobacco leaves, one 

hundred milliliters of a bacterial culture were added to the soil of 

4 pots of plants. The first group of 4 plants was treated with 100 ml 

of a 5-day bacterial culture. Two days later the second group of 4 

plants was treated with 100 ml of a 7-day bacterial culture. After 

two more days the third group of 4 plants was treated with 100 ml 

of a 9-day bacterial culture. All treatments were aliquots from a 

10 1 culture growing in standard carrot medium. Another group of 4 

plants received only regular irrigation and served as a control. In

oculation with TMV was delayed for 6 days following the last treat

ment, and was conducted as previously described. Lesions were counted 

after 7 days. 

Experiment 'C' was designed to determine whether or not the 

bacterium was capable of reproducing under the conditions encountered 

in the soil of a potted tobacco plant. If minimal quantities of the 

bacterium could build up their concentration in the soil of young 

plants, the total effect over extended time might be superior to and 

much more practical than massive quantities of bacterium applied to the 

soil after the plants had attained considerable growth. The soil of 

10 plants in individual pots was treated with 50 ml of a 3-day bacter

ial culture. Ten similar plants in individual pots were maintained. 
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as a control group. Twenty days later all plants were prepared as 

previously described and inoculated with TMV. The lesions were counted 

after 4 days. If a tobacco plant is cut o£f 2 or 3 inches above the 

soil line leaving one or more nodes, the lateral buds will form a 

new stem and the plant will regrow. In this way the soil and root 

system did not have hobbe disturbed and the bacterium remained in the 

treated soil. No further treatment was applied. The plants were cut 

off just above the 3rd lateral bud and allowed to regrow for 30 days. 

They were again prepared as described above and inoculated. The 

lesions were counted after 4 days. The same process was repeated 

and the plants were allowed to regrow for 45 days. They were again 

prepared and inoculated. The lesions were counted after 4 days. 

Only the single treatment of 50 ml of 3-day bacterial culture had 

been applied. 

Experiment "D* was designed to determine the influence of 

age of the bacterial culture on the potency of products from the cul

ture in reducing infectivity of virus particles. Several preliminary 

tests had shown that mixing the virus inoculum with solutions of cul

ture extracts reduced the number of local lesions on Xanthi tobacco 

plants. Two cultures of the bacterium growing in standard medium were 

available. One had been growing for 17 days, the other for 24 hr. 

Aliquots from both cultures were extracted with isopropanol and dried. 

Solutions of the product were prepared and mixed with a virus suspen

sion and carborundum in phosphate buffer, Carborundum and virus con

centrations were held constant. Nineteen similar plants were prepared 
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leaving 3 mature leaves on each. The culture products were challenged 

for reduction of virus infectivity at concentrations of 1-20 and 1-200. 

Four plants were inoculated with each concentration of each culture 

product and 3 plants were inoculated with the same concentration of 

virus as a control. The resulting lesions were counted after 4 days. 

Experiment 'E' was designed to reduce variance due to genetic 

variability and leaf position effect and to substantiate the results of 

experiment "D1. Thirteen plants were prepared with 6 leaves each for 

a Graeco-Latin square test. The same extracts were used as in 'D1 

but 3 concentrations were applied. Virus concentration was held con-

_3 
stant at 8 x 10 mg/ml. Culture extracts from a 17-day culture were 

used in concentrations of 1-20, 1-80, and 1-160, and extracts from a 

1-day culture at the same concentrations. For this experiment the 

17-day culture extracts are called the antibiotic, and the 1-day cul

ture extracts are called the medium. Right and left half-leaf treat

ments on each plant were applied with the various combinations of 

virus and products designated as follows: No. 1 and 2 virus only, 

No. 3 and 4 antibiotic at 1-20 plus virus, No. 5 and 6 antibiotic at 

1-160 plus virus, No. 9 and 10 medium at 1-20 plus virus, No. 11 and 

12 medium at 1-80 plus virus and No. 13 medium at 1-160 plus virus. 

The lesions were counted after 4 days. 

Experiment 'F' was to determine the influence of 

the antibiotic on the amount of tobacco mosaic virus produced in 

systemically infected Nlcotlana tobacum L. var 'Samsun' plants. 



This variety of tobacco does not express TMV infection by local le

sions but bty mosaic patterns and stunting throughout the plants. The 

concentration of virus in the plant can be most accurately measured . 

by extraction and purification of the virus particles. Thirty-four 

seedlings approximately 3 in tall in individual pots were separated 

into 2 groups. One group was soil treated with 50 ml of live 6 day 

bacterial culture. After 10 days all plants were inoculated by rub

bing the bottom leaves with TMV. One hundred and forty days later 

the plants were measured for height of the apical bud above the edge 

of the pot. During this experiment all plants were shifted and ran

domized on the bench 5 times to reduce the possibility of position 

effect. After the measurements had been taken, the tops of the 

plants were cut off and combined in pairs, reducing the sample num

ber to 8 for each group, and the sample weights were equalized by 

removing sections of the sample stems until each sample weighed 9 

grams. The plant material was placed in plastic bags and frozen. 

Each pair of plant tops was blenderized with twice its weight in 

phosphate butter at pH 7.0. The macerated tissue was strained through 

a double layer of cheese cloth and the pulp discarded. The filtrate 

was clarified by adjusting the pH to 5.0 and centrifuging at 6,000 rpm 

for 10 min. The supernatants were readjusted to pH 7.0 and heated at 

60 C for 10 min. They were then centrifuged at 10,000 rpm for 30 min. 

The pellet was saved and resuspended in 10 ml of buffer at pH 7.0. Two 

cycles of ultracentrifugation and clarification purified the virus 
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for reading on the spectrophotometer. Reading of virus concentration 

required dilution of the 10 ml samples. One and one-half milliliter 

of each sample was added to 5 ml of water. The dilutions were read 

on a Beckman Model D. U. Spectrophotometer at 260 mji. The readings 

were converted to total virus weight and recorded. 

A reference by Schlegal and Rawlings (10) suggested an exper

iment using floating leaf disks. Experiment '6' was designed to pro

vide a possible substantiation of the results of the experiments using 

whole Xanthi plants. This was done on the assumption that a number 

of leaf disks from a few plants would tend to reduce genetic variability. 

Mature leaves were removed from three tobacco plants (var 'Xanthi)) and 

immediately inoculated by rubbing with a suspension of TMV and car

borundum in phosphate buffer at pH 7.0. A cork borer, 7/8 in diameter, 

was used to cut disks of leaf tissue from the inoculated leaves. The 

disks were floated on various solutions of the material in large petri 

dishes under fluorescent lights. Controls consisted of equivalent 

diskssf-lodtedftoodistiftted water. Isopropanol extracted product from 

a bacterial culture was prepared in concentrations of 0.01, 0.05, 0.1, 

0.5, and 1.0 per cent with distilled water. Isopropanol extracted 

product from uninoculated medium was prepared in the same concentra

tions . 

Experiment 'H' was designed to further examine antiviral 

properties following the development of the carbon tetrachloride 

extraction process described in a pervious section. The purpose of the 

experiment was twofold. First, it was an attempt to show whether or 



not the antifungal and antiviral materials were contained in the same 

fractions. Second, it was an attempt to demonstrate that the new ex

traction method had, in fact, concentrated the antibiotic. All three 

fractions, upper aqueous, middle interphase and bottom CCl̂ , of the car

bon tetrachloride extraction method were tested using leaf disks from 

Xanthi tobacco plants. A higher concentration of TMV was used than in 

the previous tests to induce more lesions per leaf disk. Ten leaves 

were removed from a single plant and a disk from each leaf was placed 

in each treatment. After 4 days the lesions were counted. 

Experiment 'I' was designed to examine the possibility of direct 

observation of translocation of the antibiotic through the plant. If 

such translocation could be demonstrated, further substantiation of 

the reduction of lesion numbers from TMV might be secured. Two plants 

approximately 16 inches in height were treated with 50 ml of 1-300 

solution of the crude preparation. Two similar plants were kept as 

controls. After 5 days, 4 cross sections of each plant were cut at 

3 inch intervals starting about 4 in above the soil line. The cross 

sections were approximately 1/4 inch in thickness. Four plates of 

glucose yeast extract agar were prepared with a colony of solani 

growing in the center. The cross sections from each plant were placed 

near the edge. After 4 days the growth response of solani in and 

on the cross sections from the plants was noted. 

Experiment 'J' was designed to determine whether or not the 

antibiotic could be extracted from bacterium infested soil in which 
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tobacco plants had been grown. Two pots from the treated plants of 

Experiment |1F?; were retained after the height had been recorded. The 

bacterium had been placed in these pots 150 days previously. Both 

plants were cut off at the soil line. One was processed immediately 

by wetting the soil to a thin slurry with water. The soil and roots 

were then mixed in a Waring blender and strained through a double 

layer of cheese cloth. The liquid was evaporated to 1/10 its previous 

volume and centrifuged to remove any remaining solids. Extraction 

with isopropyl alcohol and evaporation to dryness followed. The other 

pot of soil was held for 4 days before extraction of antibiotic from 

roots and soil was carried out as described above. The material ex

tracted from each pot was dissolved in water and challenged for activ

ity on agar plates with culutes of solani. 

RESULTS 

Both tabular and graphic representations of the accumulated data 

are presented in this section. 

Experiment |!LA' (Table 6 and Fig. 10) demonstrated that solutions 

of crude product applied to the soil of potted tobacco plants haveaan 

effect on the formation of local lesions by tobacco mosaic virus. The 

apparent reduction in lesion counts averaged approximately 70% in the 

treated plants. These experiments also indicated the uptake of the 

antibiotic by the plant. It was noted that there was a greater appar

ent reduction in lesions in the lower leaves than was found in the 

upper leaves. 



Table 6. Influence of 20 ml of a 1-50 concentration of dry product of antibiotic 
added to the soil of potted Xanthi tobacco plants on number of virus induced local 
les ions. 

Plants 1 2 3 4 5 

Treated Plants 

6 7 8 9 10 11 12 13 14 15 

Number of lesions 

Top leaf 7 31 10 8 11 6 13 3 5 16 10 19 18 1 20 
Second 14 23 17 5 6 4 5 0 5 17 8 14 8 9 11 
Third 5 7 12 17 5 8 5 8 6 12 4 36 11 10 16 
Fourth 9 7 3 16 2 7 9 5 5 13 5 26 5 12 13 
Bottom 11 17 0 13 7 6 11 10 3 12 2 43 14 32 9 

Totals 46 85 42 59 31 31 43 26 24 70 29 138 56 64 69 

Average 54 lesions/plant 

Control plants 

Number of lesions 

Top leaf 78 65 61 15 27 91 33 64 14 17 11 23 16 22 30 
Second 54 52 49 24 75 33 29 67 32 43 23 40 27 25 27 
Third 56 28 38 30 29 38 66 25 36 22 7 22 13 17 21 
Fourth 64 71 38 27 42 73 25 57 54 22 10 16 16 10 32 

Bottom 71 38 37 33 30 51 43 41 42 18 18 27 26 28 25 

Totals 323 254 223 129 203 286 196 254 202 122 ~69 128 ~98 102 135 

Average 181 lesions/plant 

' t' test significant at 96% level 
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Fig. 10. Graphic representation of data in Table 6.- Influence of 
20 ml of 1-50 concentration of dry product added to soil of potted 
Xanthi tobacco plants on number of virus induced local lesions. 
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Experiment 'B1 (Table 7 and Fig. 11) indicated that live bac

terial cultures added to the soil of potted tobacco plants can cause 

an apparent reduction in the number of local lesions. 

Experiment 'G' (Table 8 and Fig. 12) demonstrated that mini

mal inoculum increased the apparent average inhibition effect with the 

passage of time. This would tend to indicate a build up of the bacter

ium in the soil. 

Experiment 'D1 (Table 9 and Fig. 13) indicated that material 

extracted with isopropanol, resuspended in water and mixed with the 

virus inoculum, showed from 60 to 90% average reduction in lesion for

mation compared to plants inoculated with virus only. The difference 

between the effect of the 17-day and 1-day culture extracts should be 

noted. 

Experiment 'E' (Table 10) which used the Graeco-Latin square 

design to reduce variance due to genetic variability and le&f position 

effect mayy substantiate the results of experiment 'D'. This experi

ment showed an apparent reduction of lesions by mixing the antibiotic 

solutions with the virus inoculum. The effects of various concentrations 

of both antibiotic and medium were indicated. It should be noted that 

with this design treatment number 13 was replicated only half as many 

times as the other treatments and the total lesions recorded for num

ber 13 should be doubled for proper evaluation. 

Experiment 'F' (Table 11 and Fig. 14) demonstrated two measure

ments of the antibiotic effect on the same group of plants. Stunting 

and virus content of systemically infected tobacco plants provided a 



Table 7. Influence of the addition of 100 ml of live bacterial culture to soil of indivi
dually potted Xanthi tobacco plants on number of virus induced local lesions. Treatment was 
applied on alternate days starting 4/20/64 with 5-day old bacterial culture. 

Control Treatment Treatment Treatment 
plants 4/24/64 4/22/64 4/20/64 

plants 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

Top leaf 87 43 80 109 75 148 171 137 57 74 114 126 211 132 145 55 

Second 115 118 209 101 120 118 54 - 111 71 81 83 105 53 42 522 

Third 114 272 265 306 46 95 86 92 108 82 74 64 152 183 65 68 

Bottom 132 137 173 214 78 132 113 39 153 150 56 28 29 37 78 49 

Totals 448 570 727 730 3l9 493 424 268 429 377 325 30l 497 405 330 224 

Average 
lesions/leaf 155 100 89 91 

't' test significant at 98% 99. 6% 98% 
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Fig. 11. Graphic representation of data in Table 7. Influence of 
100 ml live bacterial culture added to soil of potted Xanthi plants on 
number of virus induced local lesions. Treatment applied on alternate 
days beginning 4/20/64 with 5-day bacterialrculture. 



Table 8. Effect of the addition of 50 ml of a 3-day live hacterial culture to soil of indi 
vidually potted Xanthi tobacco plants 20 days prior to inoculation with TMV on number of virus 
induced lesions. Same plants were cut off and regrcwn and reinoculated with TMV after 30 days 
and again after 45 days. 

Plants 12 3 4 5 6 7 8 9 10 

Treated Plants 

Top leaf 11 26 21 22 16 24 30 17 74 66 
Second 45 29 22 18 21 21 26 22 75 23 
Third 21 21 8 51 25 17 26 18 51 41 
Bottom 31 13 11 26 39 17 15 17 60 67 

Totals 108 89 62 117 Tol 79 97 74 260 197 

Average 
lesions/plant 118 

Control Plants 

Top leaf 41 63 38 34 43 46 32 49 53 30 
Second 42 34 38 61 31 31 41 37 25 33 
Third 47 53 47 22 87 21 40 35 38 20 
Bottom 17 29 90 12 53 21 20 25 38 28 

Totals 147 179 213 129 214 119 133 146 154 m 

Average 
lesions/plant 155 

' t* test significant at 87% level 

Continued 
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Fig. 12A. Graphic representation of data in Table 8. Effect of 
50 ml of 3-day bacterial culture added to soil of potted Xanthi 
tobacco plants 20 days prior to inoculation with TMV. Same plants 
were cut off and regrown and reinoculated after 30 days and again 
after 45 days. . i-



Table 8—Continued. 

Plants 123456789 10 

Treated Plants 

Top leaf 22 29 59 17  ̂ 36 8 51 70 57 41 
Second 50 87 49 - 34 - 88 68 67 61 
Third 51 136 136 35 34 14 148 71 54 41 
Fourth 62 195 142 22 108 47 153 113 93 92 
Bottom 191 233 332 165 319 70 220 230 262 144 

Totals 376 680 718 239 531 139 660 552 533 379 

Average s 
lesions/plant 481 

Control Plants 

Top leaf 94 82 87 202 124 70 73 102 92 279 
Second 222 164 147 - 282 165 79 135 - 259 
Third 396 212 208 356 241 259 153 204 138 285 
Fourth 369 462 357 465 566 296 135 207 117 261 

Bottom 387 325 445 354 329 340 417 322 290 322 

Totals 1468 1245 1244 1377 1542 1130 857 970 637 1406 

Average 
lesions/plant 1188 

't' test significant at 99.9% level 

Continued 
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Table 8—Continued. 

'  '  — — —  i i i  . 1 ,  .  •  • •  i  i  •  • • • , ,  TBi 

P l a n t s  1 2 3 4 5 6 7  8 9  1 0  

Treated Plants 

Top leaf 37 10 28 41 42 19 31 45 38 44 
Second 29 5 56 25 33 23 14 17 5 20 
Bottom 5 0 27 34 3 10 17 10 3 0 

Totals 71 15 TIT 100 78 52 62 72 46 64 

Average i 
lesions/plant 67 

Control Plants 

Top leaf 60 47 281 109 163 78 68 130 123 139 
Second 42 35 134 44 50 76 48 72 76 187 
Bottom 28 32 56 88 34 54 56 31 8 211 

Totals 130 U4 471 241 247 208 172 233 207 537 

Average 
lesions/plant 256 

't' test significant at 99.9% level 
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Table 9. Comparison o£ the effect of a 1-day and 17-day dry product, at 2 concentrations each, 
mixed with virus inoculihtKn on the number of virus induced local lesions on tobacco plants, 

Control 1-day culture 17-day culture 
Virus only 1-20 1-200 1-20 1-200 

Plants ' 1 

Top leaf 43 50 39 24 11 18 25 9 28 50 45 6 1 2 10 14 21 26 24 

Second 77 27 27 75 27 28 20 27 43 38 51 3 3 4 7 17 34 25 12 

Bottom 33 28 26 68 10 22 11 25 21 46 42 0 0 3 1 15 4 35 25 

Totals 135 105 "92 167 48 68 56 61 92 134 138 9 4 9 18 46598661 

Average 
lesion/plant 117 117 85 108 10 63 

't* test significance 50% 28% 99.8% 95% 
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Table 10. Comparison of the effect of a 1-day and 17-day dry product 
at 3 concentrations each mixed with virus inoculum on the number of virus 
induced local lesions on tobacco plants. Graeco-Latin square 6 x 13 
scheme. 

Treatment Treatment Total Individual plants and half-leaf 
number les ions lesion counts 

Virus only 1 and 2 10,119 Flint number 1 
Antibiotic 1-20 3 and 4 2,633 Treat left right Treat
Antibiotic 1-80 5 and 6 3,989 ment ment 
Antibiotic 1-160 7 and 8 6,047 1 346 175 12 
Medium 1-20 9 and 10 4,152 2 523 233 11 
Medium 1-80 11 and 12 6,215 3 75 144 10 
Medium 1-160 13 2,900 4 157 102 9 

5 243 171 8 
A0V significance 99.9% 6 189 106 7 

Treat
ment 

Plant number 2 

Treat
ment 

Treat
ment 

Plant number 3 

Treat
ment 

Treat
ment 

left right Treat
ment 

Treat
ment 

left right Treat
ment 

2 714 827 13 3 25 134 1 
3 301 643 12 4 11 41 13 
4 184 621 11 5 43 119 12 
5 195 345 10 6 91 18 11 
6 352 434 9 7 111 38 10 
7 438 454 8 8 172 71 9 

Treat
ment 

Plant number 4 

Treat
ment 

Treat
ment 

Plant number 5 

Treat 
ment 

Treat
ment 

left right Treat
ment 

Treat
ment 

left right Treat 
ment 

4 24 431 2 5 250 125 3 
5 212 28 1 6 68 333 2 
6 28 84 13 7 158 459 1 
7- 79 110 12 8 145 161 13 
8 232 404 11 9 82 152 12 
9 32 42 10 10 78 206 11 

Cont inued 
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Table 10--Continued. 

Treat
ment 

Plant number 6 

Treat
ment 

Treat
ment 

Plant number 7 

Treat 
ment 

Treat
ment 

left right Treat
ment 

Treat
ment 

left right Treat 
ment 

6 93 67 4 7 201 423 5 
7 79 43 3 8 415 285 4 
8 88 184 2 9 142 162 3 
9 88 244 1 10 130 840 2 
10 41 80 13 11 268 657 1 
11 62 58 12 12 337 338 13 

Treat
ment 

Plant number 8 

Treat
ment 

Treat
ment 

Plant number 9 

Treat 
ment 

Treat
ment 

left right Treat
ment 

Treat
ment 

left right Treat 
ment 

8 70 33 6 9 414 766 7 
9 44 122 5 10 216 240 6 
10 30 145 4 11 im 281 5 
11 525 176 3 12 144 76 4 
12 255 549 2 13 103 39 3 
13 216 479 1 1 634 541 2 

Treat
ment 

Plant number 10 

Treat
ment 

Treat
ment 

Plant number 11 

Treat' 
ment 

Treat
ment 

left right Treat
ment 

Treat
ment 

left right Treat' 
ment 

10 45 323 8 11 339 492 9 
11 192 295 7 12 265 203 8 
12 197 260 6 13 339 213 7 
13 247 43 5 1 349 149 6 
1 142 184 4 2 210 94 5 
2 241 37 3 3 " 47 55 4 

Treat
ment 

Plant number 12 

Treat
ment 

Treat
ment 

Plant number 13 

Treat 
ment 

Treat
ment 

left right Treat
ment 

Treat
ment 

left right Treat 
ment 

12 253 254 10 13 402 372 11 
13 162 399 9 1 535 224 10 
1 504 319 8 2 612 265 9 
2 430 412 7 3 164 312 8 
3 49 120 6 4 127 285 7 
4 75 234 5 5 84 142 6 



70 

Table 11. Effect of the addition of 50 ml of live 6-day bacterial 
culture to soil on virus content and stunting or systemically infected 
tobacco plants. Plants were inoculated with TMV 10 days after soil 
was treated with culture. Stunting was measured and virus was extract
ed 140 days after TMV inoculation. 

Treated Plants Control Plants 

Virus Mg/9 g Virus Mg/9 g 
Height leaf tissue Height leaf tissue 

63 50 
46 10.98 39 14.22 
56 61 
36 11.03 41 11.29 
65 54 
51 7.43 47 12.10 
63 44 
46 13.81 48 13.73 
74 49 
56 7.38 52 9.77 
76 42 
64 lost 48 13.10 
54 51 
55 11.58 34 19.89 
52 43 
47 7.52 50 27.59 
53 not measured . 46 not measured 

Averages 
53.0 9.96 47.0 15.21 

't' test height 457» virus content 94% 
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Fig. 14a Graphic representation of data in Table 11. Effect of 
50 ml of live 6rday bacterial culture added to soil of systemically 
infected tobacco plants on plant height. 
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Fig. 14B Graphic representation of data in Table 11. Effect of 50 ml 
live 6-day bacterial culture added to soil of systemically infected tobacco 
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double measurement of a single treatment effect. Although significance 

between heights was calculated at only the 45% level, the 't' test for 

virus yield showed significance at the 94% level. 

Experiment 'G' (Table 12 and Fig. 15) using leaf disks indicated 

a similar reduction in the average number of lesions formed by antibiotic 

solutions that were found in the potted plants. The increased average 

lesion counts found in treatment with material extracted from uninocu-

lated medium have not been explained. 

Experiment 'H' (Table 13) indicated a substantiation of experi

ment 'G' although different extraction techniques were used. The first, 

or CC1̂ > and second, or interphase, layers of the CCl̂  extraction method 

showed inhibition of lesion formation. Also the increased lesion counts 

found in disks treated with material from the third, or aqueous, frac

tion coincide with those results found in the medium treated disks of 

Experiment 'G'. 

Experiment 'I* using cross sections of treated and untreated 

tobacco plants for bioassay provided evidence of the uptake and trans

location of the antibiotic from the soil., After 4 days the fungal my

celium had overgrown all of the cross sections from the control plants. 

The cross sections from the treated plants showed inhibition of the 

fungus, since no mycelium appeared on any of the cross sections from 

treated plants. Thick white mycelial mats appeared on all the cross 

sections from untreated plants. 
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Table 12. Effect of various concentrations of isopropanol extracted 
dry product in solutions on number of virus induced local lesions in 
floating leaf disks. 

Antibiotic Medium 
% c 7o Distilled 

.01 .05 .1 .5 1.0 .01 .05 .1 water 

1 5 2 7 3 5 2 20 17 1 
0 4 4 4 6 1 2 8 2 10 
2 0 2 1 0 1 42 13 1 17 
17 0 2 3 0 28 13 1 16 2 
10 1 0 0 1 9 7 4 3 0 
7 3 3 6 2 6 15 2 2 10 
0 3 15 2 0 3 1 24 2 0 

37 16 28 23 12 53 82 72 43 40 

Averages 
5.2 2.2 4.0 3.2 1.7 7.5 11.8 10.3 6.1 5.7 

ft' test significance* 
45% 827. 45% 70% 88% 

*While these levels are usually not considered to be significant, 
in light of other data presented in this paper, they are construed 
as indicating a biological if not a statistical significance. 
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Fig. 15. Graphic representation of data in Table 12. Effect 
of various concentrations of isopropanol extracted dry product in 
water solutions on number of virus induced lesions in floating 
leaf disks. Numbers indicated are averages of lesion numbers on 
7 disks 7/8 in diameter for concentration percentages shown. 
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Table 13. Effect of carbon tetrachloride extracted dry product in 
solutions on production of virus induced local lesions in floating 
leaf disks. 

Pure 1-5000 1-5000 1-1000 

Distilled First Second Third 
water CCl, CCl, CCl. 

4 4 4 

15 27 19 75 
23 13 27 23 
39 14 14 25 
22 67 1 12 
76 52 11 29 
23 16 14 27 
29 5 12 76 
82 2 32 14 
46 18 54 56 
31 0 25 55 

386 214 209 392 

Averages 
38.6 21.4 20.9 39.2 

't' test significance 
89% 94% 
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Experiment 'J* was designed to test antibiotic production in 

the soil of potted tobacco plants and the possibility of extracting the 

active material from soil. The soil and roots which were processed for 

extraction immediately after the plant was cut off yielded a barely 

visible brown deposit in the evaporating dish. It was dissolved in 

1/10 ml of water and 1/20 ml was challenged in duplicate with solani 

in a petri dish. Zones of inhibition about 20 mm in diameter appeared 

at the two points of application at the edge of the fungal colony. The 

extract from the soil and roots of the second pot, in which the plant 

had been cut off at the soil line 4 days previously, yielded about 0.05 

gram of brawn material. It was dissolved in 1/2 ml water and 1/20 

ml aliquots were challenged with JR;_ solani. They produced inhibition 

zones averaging 24 mm in diameter. 

DISCUSSION 

Experiment 'A* (Table 6 and Fig. 10) indicated the possibility 

that solutions of crude product, from standard medium in which the 

bacterium had grown, applied to the soil of potted Xanthi tobacco 

plants had an effect on the subsequent expression of local lesions 

following inoculation with TMV. The 11* test for probability showed 

a significance at the 96% level. One is faced with the task of postu

lating some mechanism for the observed effect. Since the treatment 

was applied to the soil and the effect was expressed in the leaves, 

it might seem that the active material was absorbed by the roots and 

translocated through the stem and petioles to the infection sites in 

the leaves. 
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Perhaps no antiviral component really^exists in the extracts. 

Some secretion from the roots may interact with some component of the 

extracts to become an antiviral compound; and this is the material 

which is translocated to effect the result. Perhaps some components 

of the extracts induce a change in the metabolism of the roots or in 

the stem or in the leaves which changes the response of the plant to 

the virus. 

These alternative hypotheses may be valid. Until such time 

as the antibiotic is purified, chemically defined and can be extracted 

from the leaves of soil treated plants these possibilities cannot be 

ignored. For the purpose of discussion in this paper it will be assumed 

that the extracts contained In antiviral substance, that it could be 

absorbed by the roots of tobacco plants and translocated to the leaves 

and that it had some effect on the expression of local lesions caused 

by TMV. 

Experiment 'B' (Table 7 and Fig. 11) showed that the live 

bacterium applied to the soil 10 to 16 days prior to inoculation of the 

plants with TMV resulted in a reduction d£ subsequent lesion formation. 

To facilitate the calculations the missing second leaf of plant No. 4 

of the 4/24/64 treatment was assigned an arbitrary value of 100 lesions. 

The 't' values for each treated group compared to the controls showed 

significance at the 98%, 99.6% and 98% level respectively. In this 

experiment it was assumed that the bacterium produced an antiviral sub

stance which was translocated to the leaves. The objections previously 



noted could also be applied here. In addition, the objection that per

haps it is some component of the medium from the culture rather than 

an antibiotic which caused the noted effect is applicable. An answer 

to this objection follows in the next experiment described. 

Experiment 'C' (Table 8 and Fig. 12) used a minimal inoculum 

consisting of 50 ml of a 3-day culture which remained in the soil for 

20 days prior to the first inoculation of the plants with TMV. The 

't' test for significance of lesion differences was calculated at the 

87% level. After the plants had regrown for 30 days and without addi

tional treatment the 1tf test of the lesion expression showed a level 

of significance of 99.9%. These plants were again cut off and allowed 

to regrow for 45 more days, but no additional treatments were applied. 

Following the third inoculation with TMV the calculation of the 't' 

test of lesion expression showed a 99.9% level of significance. With 

routine irrigation and fertilization it would appear that medium com

ponents would have little chance of remaining in the soil for a period 

of three months. Even if they did it would be difficult to hypothesize 

a mechanism by which their effect became more potent with the passage 

of time. Unless some such mechanism can be designed, one can choose 

the hypothesis that the bacterium survives in the soil, that it con

tinues to produce the antiviral product and that the product is trans

located to the leaves where its effect is expressed by reduction of 

TMV lesions. It should be noted that the plants were cut off after 

the first two inoculations with TMV. In view of this, one cannot assume 
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that the antiviral material accumulated in the stems or leaves since 

these were cut away. New and greater quantities of antiviral material 

had to be produced. The objection that the metabolism of the plant 

produces the antiviral substance meets the problem of why a regrown 

plant does it better than the original. 
i 

Experiment 'D1 (Table 9 and Fig. 13) was concerned with mix

tures of the cultural extracts from 17-day and 1-day cultures in standard 

medium. The results in this case were not unexpected. Mariy~~eompounds 

can be added to TMV inoculum which will reduce the expression of local 

lesions. It is in the difference between the effects of solution from 

1-day and 17-day culture extracts in lesion reduction that significance, 

if any, lies. The 't' test for difference between the 1-20 concentra

tion from the 1-day culture compared to the control was calculated 

at the 50% level. For the 1-200 concentration from the same source 

the 't' test dropped to 28%. Comparison of the 1-20 concentration of 

the 17-day culture extracts with the control showed a significance 

of 99.8%., The 1-200 concentration difference showed a significance 

of 95%. It would be difficult to postulate a method by which the 

increased effect could account for a reduction in local lesions unless 

one were to say that the growth of the bacterium removed something that 

previously had been binding up the antiviral component. Possibly some 

complex molecule is present in the medium, which, when broken down by 

the action of the bacterium becomes the antibiotic. If this is true, 

it is still antibiotic production by the bacterium and if the anti

biotic has antiviral properties, it can be designated as an antiviral 

antibiotic. 

& 
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Experiment 'E' (Table 10) made use of the same extracts described 

in experiment *D'. Extracts from a 17-day culture and from a 1-day cul

ture were diluted and mixed with virus and used as the inoculum. The 

plants used in this experiment were more mature with considerably larger 

leaves and, in addition, the virus concentration was substantially high

er than that of experiment 'D'. Subjecting the data to examination it 

is observed that the analysis of variance indicates a probability of a 

difference among the treatments at a level greater than 99.9%. It does 

not indicate where the difference might be found. For that reason a 't1 

test was run between the combined treatments 1 and 2 and the combination 

of treatments 7 and 8. If these are different it is assumed that the 

greater effects recorded for treatments 5 and 6 and for treatments 3 and 

4 would also be different. The 't' test for treatments 7 and 8 compared 

with treatments 1 and 2 showed a difference at the 95% level. The great

er problem, however, is the effort to explain the apparent effect of the 

mixtures of virus and medium. Although there was only about one half 

as much reduction of lesions at the 1-20 concentration of the 1-day cul

ture extracts as there was of the 1-17 day extracts, there was still a 

reduction in lesion numbers. At the 1-80 and 1-160 concentrations the 

reductions were approximately the same. It would appear that there are 

components in the medium which have, at some concentrations, the same 

overall effect as components from culture extracts. This does not mean 

that the culture extracts or antibiotic are the same as the medium ex

tracts. It can, in fact, establish proof that there is a considerable 
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difference between the two extracts. The work of Schlegal and Rawlins 

(10) which prompted the tests with leaf disks demonstrated that certain 

sugars, particularly glucose, enhanced the amount of virus replication 

in floating leaf disks by as much as 71%. If this is true, the data of 

experiment 'E1 may be interpreted as indicating the presence of consider

able concentrations of unmetabolized sugars in the 1-day extracts com

pared to reduced concentrations of such sugars in the 17-day extracts. 

Meanwhile, other components, besides the antibiotic, having inhibitory 

effects on virus replication, may be present in the extracts. If the 

sugars enhanced the potential of the virus to produce lesions at the 

same time that the antiviral material was inhibiting the production of 

viruses, the results might be considered quite reasonable. Since both 

of the leaf disk experiments 'G' and 'H', to be discussed later, demon

strated ,increase in lesion numbers when medium extracts were used, such 

mechanism could account for the observed results. 

Experiment 'F' (Table 11) was designed to indicate an effect 

on both height and virus content. The 't' test for height difference 

was calculated at 45% and is therefore not considered significant. 

Virus content of plant extracts, however, were calculated by 't1 test 

at a significance level of 947o. The validity of this experiment could 
I 

have been improved by: 1. Dividing the plants into 3 groups, leaving 

one group untreated and uninoculated to establish the degree of stunting 

control effected, 2. The plant tops should have been processed for 

virus content individually instead of in pairs. 



Experiment 'G' (Table 12) made use of the floating leaf disk 

technique. Significance levels by the 't' test of each treatment com

pared to the control were as follows. Antibiotic at 0.01%—-45%, 

0.05% —82%, 0.1% —45%, 0.5% —70% and 1.0% — 88% level of signi

ficance. Since all concentrations of medium increased the resultant 

number of lesions over the average of the controls floating on dis

tilled water, no statistical calculations were made of that part of 

the data. Although the results were not statistically significant 

as they were in some of the other experiments, perhaps one might wonder 

about the validity of the hypothesis of root or stem metabolism as 

the source of the antiviral effect. The experimental design had in

cluded concentrations of medium extracts at the same levels as the 

cultural extracts. The reason that data from medium extract treat

ments was not included at the higher concentrations was that the 

leaf disk tissues were destroyed by fungal infections and the mycelia 

was so thick that lesions could not be counted accurately. If no anti

biotic really exists one might wonder why cultural products apparently 

inhibited the fungi while the medium extracts enhanced its growth. 

Experiment 'H' (Table 13) also made use of floating leaf 

disks. The experiment tends to substantiate the indications of Exper

iment '6* and demonstrates a concentration of the antiviral components 

of the product. The calculation of the 't' test for the significance 

of difference of the first, or CCl̂  extract showed a value of 89%. 



The interphase, or second fraction by CCl̂  extraction showed a differr 

ence of 94%. The third, or aqueous, fraction of the CCl̂  extraction 

method which has never shown antibiotic properties, resulted in an 
0 

increase in lesion number as did the medium extract treatments of ex

periment 1G'. 

Experiment *'1' tested the effect of cross sections from treated 

plants in comparison with cross sections from untreated plants. It 

might be difficult to subject growth versus no growth to statistical 

evaluation and it was not considered necessary to list the results in 

table form. Production of mycelium on all 8 of the untreated cross 

sections was considered to indicate the absence of any antibiotic. The 

lack of mycelium on all 8 of the sections from treated plants was con

sidered as indication of the presence of an antibiotic. Once more it 

may be argued that some change occurred as the compound passed through 

the root or stem of the plant. There was no such change apparent in the 

leaf disk experiments which did quite well without the benefit of root 

or stem. 

Experiment 'J' tested the possibility of extracting the active 

fraction from the bacterial infested soil in which tobacco plants had 

been grown. The minute amount extracted from the soil of the actively 

growing plant compared to the 20-30 fold increase extracted from soil 

after the plant had been cut off indicated that some difference existed. 

It was assumed that the reason lay in translocation of the active frac

tion by the growing plant. It is possible that the plant was secreting 
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some compound which destroyed the active fraction. This would be 

difficult to imagine in view of the results of Experiment 'C' in which 

the longer the plants remained in bacterial infested soil the better 

protection they received. Nevertheless a plant root secretion which 

destroys the active fraction might exist. The experiment should be 

repeated in depth with a series of replicates for each time interval. 



CONCLUDING DISCUSSION 

The data reported supports the hypotheses that: a bacterial 

organism believed to be previously unreported has been isolated; the 

organism is capable, under certain conditions, of producing an anti

biotic substance; and the antibiotic has both antifungal and antiviral 

properties. Some of the unique features of the organism have been 

described. Although this study is more concerned with what the organism 

does than with What it is, two features of the organism are of primary 

importance. One is endospore formation. Although this characteristic 

may not of itself be connected with antibiotic production, it might be 

important in application of biological control. Survival mechanisms 

would tend to enhance its usefulness in soil treatment practice. The 

other feature is its motility by means of polar flagellum. Since 

this feature is not typical of bacteria which produce endospores, a 

complete taxonomic and physiological investigation of the organism is 

warranted. 

Non-antibiotic producing forms of the organism have developed 

several times during the course of this study. Perhaps these forms 

aisoa&ve present in nature. Without the production of an antibiotic 

there might be no special adaptation other than endospores to give them 

a survival advantage. Without the production of the antibiotic they 

might have been difficult to isolate. It also is possible that it has 

86 
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recently developed from some other form. The combination of a single 

polar flagellum and endospore production suggests an unusual organism. 

The cultural studies have confirmed the results of early ex

periments in which it was found that growth of the organism did not 

necessarily coincide with antibiotic production. Extraction and puri

fication of the antibiotic has been a complex part of this study. The 

literature has been of little help because the extraction methods 

described for other antibiotics have not been successful. Without 

knowing the type of compound being extracted; the approach was neces

sarily empirical. The major difficulty was the lack of solubility 

pf the crude material in solvents other than water. The current system 

made use of this lack of solubility to form the interphase in which the 

active fraction is found. 

In general, particular antibiotics are produced by specific 

organisms. Closely related organisms may produce similar antibiotics, 

and in a few instances the same antibiotic is produced by more than one 

species. Since the organism involved in this study seems to be more 

closely related to the genus Bacillus than to any other taxon, it was -

necessary to investigate other antibiotics produced by members of that 

genus. Most of the antibiotics produced by the genus Bacillus are 

polypeptides. Polypeptides are generally destroyed by boiling, they 

are not usually absorbed by the roots of plants and seldom pass through 

a dialysis membrane. _ 
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The polypetides, the polyenes, and the cycloheximides include 

most of the known antifungal antibiotics except griseofulvin. The 

latter, produced by Penicillium griseofulvum, must be extracted from 

the mycelium of the fungus. Griseofulvin is not usually considered 

to possess antiviral activity. 

The demonstration that the antibiotic inhibits plant viruses 

provides strong presumptive evidence that it is new to science. If 

it were known it would probably have been tested against plant viruses, 

and if it had been tested it would have been reported. 

This antibiotic seems to be translocated through plants. 

This characteristic is not unknown in other antifungal antibiotics. 

It does, however, reduce the probability of it being one of the poly

peptide group. The stability of the antibiotic in boiling isopro-

panol-water and carbon tetrachloride-water mixtures and 80 C temper

atures in the drying oven provided additional evidence that it 

probably is not a polypeptide. In addition, the polyenes would be 

inactivated in a few minutes by these treatments. 

Most of the known antifungal antibiotics are not effective 

in soil applications because they are chemically bound to soil parti

cles and are therefore unavailable to plants. This one is not bound 

by soil particles and can be produced in and extracted from the soil 

of potted tobacco plants. The antifungal activities of the antibiotic 

justify further studies. 

Further speculation concerning the identity of the chemical 

structure of the antibiotic would serve little purpose. As soon as 
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it is purified steps will be taken toward its analysis. Meanwhile, 

further efforts to identify the organism will be made. 

The search for antibiotics effective against viruses is no 

longer without hope of success. Purification and chemical analysis of 

this antibiotic may indicate the vulnerable points of virus synthesis 

at which other chemicals may be directed. The antibiotic may have a 

direct effect on the virus particle, rather than having its action 

confined to a particular step in virus synthesis. Both of these pos

sibilities require further investigation. 

The experiments with mice were encouraging. Purified material 

in higher dose levels administered orally or by injection might effect 

the elusive cures. The repeated indications of lack of toxicity to 

both higher plants and animals provides an impetus to further testing. 

The experiments with TMV have shown that local lesion formation 

in TMV inoculated tobacco plants was reduced by treatment with the 

antibiotic. Mixing the inoculum with the antibiotic, or treating the 

soil with the antibiotic reduced local lesions. Infesting the soil 

with the living bacterium, after a time, resulted in a similar reduction 

of local lesions. This phenomenon combined with the results of the 

cultural studies of the organism should be investigated in greater 

depth. 

The leaf disk techniques provided a substantiation of the prev

ious results with TMV in whole plants. This technique was especially 

useful in that, by using a single plant as a source of disks, variation 
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of virus and antibiotic responses due to genetic differences were re

duced . 

Tobacco mosaic virus is not the most destructive pathogen of 

commercial crops; it is, however, one of the most studied. By the 

virtiae of these studies, regarding physiological, biochemical, and 

genetic aspects, the mechanism of its control by an antibiotic could 

be more quickly elucidated than that of some less known virus. A firm 

multidisciplinary understanding of the basis for the control of one 

virus is essential for the programing of logical approaches toward 

the control of other viruses. The availability of TMV and the prox

imity of experienced investigators of it were determining factors in 

choosing it as a subject for the major bioassays of this study. 
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