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FORWARD

The search to conquer cancer is a powerful goal, 

unifying people of all fields of endeavor. The cells of 

cancerous tissues have often been described as anarchists 

in a well organized state. ''Normal cells live in fixed 

relation to their neighbors, strictly obeying the laws 

of their society. They grow in an orderly way, under 

rigid control to a definite end (Braun 1952).” On the 

other hand, the growth of tumor cells is unorganized, 

independent, and without relation to the needs of the 

community. The tumorous growths referred to as crown gall 

in plants, is analogous on the cellular level to malignant 

animal tumors. Cancer in animals, including humans, 

often results from chemical irritation to tissues, or 

perhaps from viral infection. In plants the causative 

agent of cancer is a bacterium, Agrobacterium tumefaciens, 

commonly referred to as the crown gall bacterium. Crown 

gall, like animal cancer, shows two basic characteristics J: 

abnormal growth into unorganized and undifferentiated 

tissue - hyperplastic tumor; and analogous to metastasis, 

the formation of secondary bacteria free tumors at different 

locations farther up on the plant. These bacteria free

tumors indicate that it is not the bacteria themselves 

that cause crown gall, but some inducing principle or
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interaction.

Though crown gall is a common disease of orchards 

in the midwest, the purpose of this research is not to 

find a "cure,1’ but to gain insight into the cancer problem 

at the cellular level; to understand the striking, permenent 

alteration of the morphogenlc potential by an unknown 

inducing principle associated with Agrobacterlum tumefaciens 

That is, there is a change in the normal pattern of develop

ment of form and structure (ontogeny), causing the once 

normal cell to multiply abnormally into massive, disorgan

ized tumor tissue. For instance, when the tumor inducing 

principle associated with the crown gall bacterium acts 

on the cells of a plant species such as Helianthus annuus, 

the Giant Russian Sunflower, an abrupt and irreversible 

change in the behavior of these cells occurs. Following 

the transformation process, proliferation of the altered 

host cells becomes an automatic process that is independent 

of the insighting bacteria. The cells of the resulting 

neoplasm are characterized by excessive proliferation and 

limited differentiation. As a result of the inducing 

principle, organizational competence is completely lost. 

Because crown gall is an excellent material for in vivo and 

in vitro experimentation, it is a valuable tool for the 

study of abnormal growth.

The experiments that follow have shed much light 

on the immensity and nature of the cancer problem for me 

and hopefully for the reader. The common denominator of
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all cancers, despite the primary causative agent, whether

smoking or Agrobacterium, is to be found on the level of 

the cell through an understanding of Its Individual 

Identity and community interaction.

The research, bibliographical and experimental, 

presented here is in three parts.

I. The Action of Penicillin on the Growth of 

Agrobacterium tumefaclens in Vitro

II. The Action of Penicillin on Crown Gall in Vivo

III. The Action of Penicillin on Bacteria-Free,

Secondary Crown Gall Tumors in Tissue Culture 

At this time I wish to express my sincere gratitude

to Carroll College, for the opportunity to pursue individual 

research over the past two years; and to the many faculty 

who have so willingly helped me in this endeavor, especially 

Dr. James J. Manion, Rev. Joseph D. Harrington, Rev. John 

F. Redman, Dr. Richard Wacha, Rev. F. Domitrovich, and Mr. A 

Murray.

Kathleen Doyle 

April 1, 1970
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PART I

THE ACTION OF PENICILLIN ON THE GROWTH 

OF AGROBACTERIUM TUMEFACIENS IN VITRO



INTRODUCTION

In October 1968, while trying to work out a correl

ation between the site of inoculation and the success of 

primary tumor formation and secondary tumor location, 

like many young scientists, I got side-tracked. The idea 

of using antibiotics such as penicillin, streptomycin, and 

Chloromycetin before and after inoculation of Agrobacterium 

tumefaciens into the Giant Russian Sunflower, Hellanthus 

annuus, kept running through my mind stirring up curiosity 

and enthusiasm. In stacking this new line of thought, 

which at the time seemed an original brainstorm, I ran 

a series of sensitivity tests using three concentrations 

of antibiotic discs on nutrient agar plates inoculated 

with a 48 hour nutrient broth culture of the crown gall 

organism, Agrobacterium tumefaciens B6, by the sterile 

swab method. To my amazement, and I must admit my initial 

disappointment, cultures of this strain of the crown gall 

organism varied considerably with respect to sensitivity 

to penicillin. Agrobacterium tumefaciens, a gram negative 

organism, was "supposedly” penicillin resistent (Brown and 

Boyle 1945). The sensitivity of the organism would Indeed 

be very basic to any experimentation on the effects of 

antibiotics on crown gall. If Agrobacterium tumefaciens B6 

was resistent to penicillin, and if penicillin should
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prove to be an effective inhibiting agent of crown gall, 

then one could safely assume that the inhibiting action of 

penicillin was not due to the bactericidal action, but due 

to the action of penicillin on the inducing principle 

associated with the bacterium. If, however, the crown 

gall pathogen was sensitive to penicillin, no such assumption 

could be made. The proposed inhibiting action of peni

cillin on crown gall would then necessarily be attributed 

to the antibiotic effect on the organism itself. Thus, a 

study of the effects of penicillin on Agrobacterium tumefaclens 

in vitro is a necessary preliminary to a study of the 

effects of penicillin on crown gall in vivo.

Hopefully a study of the effects of penicillin on 

crown gall in vivo will give some clue as to the character 

of this Inducing principle. Perhaps it is a by-product 

of the crown gall organism which triggers sudden change 

in the normal cell causing it to proliferate wildly.

Perhaps the normal interaction of the pathogen and the 

host is dependent on a specific environment and/or genetic 

predisposition. These questions are still unanswered.

An understanding of the inducing principle of plant cancer 

very well could lead to an understanding of the homologous 

anarchy of cells characteristic of animal cancer. I am 

attempting to find some small degree of understanding of 

this abnormal interaction of an individual cell ad its 

environment - the community Interaction I spoke of earlier.

The common denominator of cancer Is in some way linked to 

the nature of this Inducing principle.



REVIEW OF LITERATURE

Agrobacterlum •tumefaciens was discovered in 1907 

by Erwin F. Smith and Townsend (Science N.S. 25, 1907, 672) 

in connection with the disease of plants known as crown 

gall. In 1915 Stevens named the same organism Pseudomonas 

tumefaciens as opposed to the name originally given the 

organism by Smith:. Bacterium tumefaciens. Twenty-nine 

years later, in 1942, after being named Bacillus tumefaciens, 

Phytomonas tumefaciens, and Polymonas turnefaciens, the name 

Agrobacterlum tumefaciens was arrived at by the International 

Committee on Nomenclature. Agrobacterlum is taken from 

the Greek "agrus" meaning field, and from the middle Latin 

’’bacterium”, a small rod. The specific name comes from 

the Latin "tumefaciens," meaning to swell up or produce a 

tumor (Bergey, 1957).

Agrobacterlum tumefaciens is a small, gram negative, 

encapsulated rod, 0.7 - 0.8 microns by 2.5 -5.0 microns, 

occurlng singly or in pairs. It is typically motile by 

means of one to four peritrichous flagella. Some have 

only one flagella, in which case lateral attachment is as 

common as polar. Agar colonies are small, white, circular, 

smooth, glistening, translucent and entire. Broth cultures 

are slightly turbid with a thin pellicle.

Litmus milk shows slow coagulation, and reduction of
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the litmus from neutral to alkaline. Nitrites are produced

from nitrates only to a slight extent. Aprobacterium 

tumefaciens is Voges-Proskauer negative, that is acetyl- 

methyl-carbinol is not produced from dextrose. Production 

of indole from the amino acid tryptophan is positive.

There is only slight acid production with no gas from the 

sugars, such as glucose, fructose, arabinose, galactose, 

mannitol and salicin. Agrobacterium tumefaciens is a 

faculatative anaerobe, it does not hydrolyze starch, and 

is viable at temperatures from 25°C.- 28°G. Agrobacterium 

tumefaciens is distinctive in that it causes a gall formation 

parenchymous in nature which because of its soft character 

is subject to injury, decay, and necrosis. This bacterium 

strongly absorbs Congo red and aniline blue in contrast 

to other species of the genus Agrobacterium. It grows 

abundantly on sodium selenite agar, nutrient agar, calcium 

glycerophosphate with mannitol, and sabouraud dextrose.

The bacterium can be Isolated from the primary tumors of 

crown gall found in over forty families of plants, in

cluding the Sunflower, Paris daisy, and Geranium.

Table one shows the classification of Agrobacterium 

tumefaciens in accordance with Bergeys Manual of Determ

inative Bacteriology, Seventh Edition.

TABLE I

CLASSIFICATION OF CROWN GALL ORGANISM

Division ....................
Class ........................
Order .....................  .
Family.........................
Genus .........................
Species. . • . . - 
Strain............... .... .

Protophyta 
Schizomycetes 
Eubacteriales 
Rhizobiaceae 
Agrobacterium
tumefaciens
S5
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TABLE II - A

Culture:
Agrobacterlum tumefaciens B6

Source:: nutrient agar stock 
culture, Carroll College

Morphology:: small gram neg
ative rod approx. 1.5 micron

Gram:: gram negative

Motility:: positive (1 —4 
peritrichous flagella)

Capsule: positive

Spore: negative Oxygen Requirements:: fac
ultative anaerobe

Type of growth on nutrient 
agar plates: colonies small, 
white, circular, smooth, 
glistening, transclusent, 
entire

Type of growth on nutrient 
agar slants: white, moist, 
glistening; young cultures 
effuse, older cultures 
echinulate

Type of growth in nutrient 
broth:: slightly turbid with 
thin pellicle

Growth temperature: C’C-)
5° 25* 37® 42° 52°

Odor: sweet, fragrant Chromogenesis: none

Penicillin: sensitive
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TABLE II - B

BIOCHEMISTRY

Base 24 Hours 48 Hours 72 Hours One Week Two Weeks

Glucose a a a A A

D-Xylose a a a A A

Mannitol a a a A A

Lactose a a a A A

Sucrose a a a A A

Salicin a a a a A

L-arabinose a a a a a

D-galactose a a a a A

MacConkeys + 4 * 4

Citrate •aa a,

Urea 4 4 4 4

Nitrate 4 4 4 4

Indol 4 4 4 4

Triple Sugar 
Iron a/a a/a a/a a/a

Hyrogen
sulfide 4/w 4/w 4/4 +/*

Methyl Red 4 4 4 4

Voges-
Proskauer

Motility 4 4 4 4

Gelatin •»
Starch
hydrolysis 4 a*
Litmus
Milk a a A A

a = weak acid reaction 
a = weak acid with gas

A = acid reaction 
A = acid with gas

* = positive 
- = negative
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Relatively little research has been done on the 

effects of antibiotics on Agrobacterium tumefaciens in 

vitro. Erwin F. Smith, 1916, was the first to focus 

attention on this small gram negative rod, by proving its 

direct association with the hyperplastic disease of plants 

known as crown gall. Smith referred to the strain of 

Agrobacterium turnefaciens he worked with as resistent and 

no mention was made of any variance in sensitivity.

J. G. Brown and Alice M. Boyle regarded this organism as 

resistent, in a 1945 publication, but later in 1 948 

claimed "little if any difference in sensitivity to 

penicillin was found when Agrobacterium tumefaciens 

was compared with Staphylococcus aureus." Staphylococcus 

aureus is a definite gram positive organism. Meanwhile 

Waksman and co-workers (1944) published that the bacterium 

may be considered as "fairly resistent when compared with 

the sensitivity to penicillin of the gram positive bacteria 

such as Staphylococcus aureus and Bacillus subtllis."

Perhaps neither the tests by Waksman northe tests of 

Brown and Boyle give a true picture of the comparative 

sensitivity of the two bacteria. In Waksman’s paper it 

is stated that the test cultures were run at 57°C.

Granted, the optimum temperature for Staphylococcus aureus 

is 57°C., but the optimum temperature for Agrobacterium 

turnefaclens is less than this, being 25°- 30°C. Brown and 

Boyle’s experiment was run at 22°- 26°G.

In 1949 DeRopp and his research assistant, Dr. Annette 

Hervey, tested (using a method of serial dilution) six
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strains of Agrobacterium tumefaciens having different 

cultural characteristics and different degrees of viru

lence against seven antibacterial substances:: penicillin G, 

Streptomycin, streptothrycin, Chloromycetin, patulin, 

aureomycin, aspergillic acid and tolu-p-quinone. The 

strains of bacteria were cultured 48 hours in broth, 

diluted one to a thousand, and distributed in ten mill

iliter amounts among ten tubes, to the first of which

one milliliter of the antibiotic to be tested was added.

By serial transfer of one milliliter from tube to tube, 

a series of dilutions of the antibacterial substance 

resulted. The tubes were incubated at 25°G. and readings 

taken at 24, 48, and 72 hours. The end point was taken 

as the last tube showing complete inhibition of bacterial 

growth. The concentrations of these substances needed to 

inhibit growth varied greatly among the different strains. 

Aureomycin, Chloromycetin, streptomycin, and streptothrycin 

showed the highest degree of inhibiting activity. The 

differences in sensitivity were not correlated with the 

tumefacient power of the strain. DeRopp found strains 

BP and B6 both of which were highly tumefacient to differ 

in their sensitivity to almost all of the antibiotics 

being tested. Streptomycin, though active against both 

virulent strains, was relatively inactive against the 

semi-virulent strain A6. Chloromycetin though highly 

active against both the virulent strain BP and the aviru— 

lent strain SP, had little action on the other strains.

Penicillin G, though it inhibited the growth of strain



3P at a concentration of four micrograms per liter was 

completely inactive against the other strains. The high

est overall activity was shown by aureomycin. However, 

even to this substance strain A6 was one hundred times 

less sensitive than strain SP.. It is not possible to 

determine, on the basis of DeRopp’s (1949) data what 

factors are responsible for these great differences in 

strain sensitivity. Table III shows DeRopp’s experimental 

findings for the lowest concentrations, in micrograms per 

liter, of various antibacterial substances which inhibited 

the growth of Agrobacterium tumefaciens in broth culture, 

(24 hour readings).

TABLE III

CONCENTRATION IN MICROGRAMS PER MILLILITER WHICH INHIBITS 
AGROBACTERIUM TUMEFACIENS

(DeRopp"," 1949)

Strain of Agrobacterlum tumefaciens
Antibacterial
Substance BP B6 B2 A6 SP

Penicillin G 4.0 500 1000 1000 31 .0

Streptomycin 1 .5 4.0 0.2 50.0 12.5

Streptothrycin 0.8 25 0.8 25 3.2

Chloromycetin 0.2 31 .0 31 .0 2.0 0.8

Patulin 2.0 31 .0 15.6 7.8 8.0

Aureomycin .03* 0.66 0.025 1 .0 0.01

Aspergillic acid 8.0 63.0 63.0 63.0 8.0

Tolu-p-quinone 4.0 62.0 31 .0 15.6 4.0

a_(42-hr. readings).
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At the same time D. W. Dye, of the plant Diseases 

Division, Department of Scientific and Industrial Research, 

was conducting research on the effects of antibiotic 

substances on crown gall. The first phase of his exper

iments were directed toward a cultural 3tudy of the crown 

gall organism* Agrobacterium tumefaciens. The second 

phase involved the determination of the effects of the 

various antibiotics on the organism in vitro. In this 

experiment two ml. portions'of solution of various con

centrations of antibiotics were each mixed with twelve 

ml. beef peptone agar in sterile petri dishes. “Grown 

gall bacteria were liberally wiped over the agar surface 

and the petri dishes were incubated for four days at 

27°C. Agrobacterium tumefaciens grew vigorously on media 

containing commercial penicillin but growth was completely 

inhibited by all concentrations of elgetol, iodine, 

clove oil, and acidulated mercuric chloride," (Dye, 1949). 

Obviously, this research indicates Agrobacterium tumefaciens 

to be completely resistent to penicillin.

In 1955 Klemmer and co-workers presented a paper 

also concerned with the growth in vitro of the crown gall 

bacterium. Their research seems to be the most thorough 

to date. They used eight antibiotic substances:; aureomycin 

hydrochloride (chlortetracycline), terramycin hydrochloride 

(oxytetracycline), chloramphenicol, streptomycin sulfate, 

polymixin B sulfate, penicillin G potassium, clavacin, 

and tyrothricin. Five strains of Agrobacterium tumefaciens
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served as test organisms; namely the virulent T11 and 

A6 strains, the attenuated A6-6 strain and two subcultures 

of the A6 strain, one resistent to chloramphenicol and one 

resistent to polymixin. Single cell isolations were made 

at the beginning of the study and purity of all cultures 

were confirmed periodically by plating on aniline blue 

agar. All cultures and subcultures were maintained on 

medium 79, as described by 0. K. Allen in 1951. Each of 

the eight antibiotics was assayed turbidometrically 

against the A6, A6-6, and T11 strains of Agrobacterium 

tumefaclens. The assay procedure followed the method 

used by Joslyn and Galbraith, 1950. The antibiotics 

were prepared in four serial dilutions in sterile distilled 

water and added in one ml. amounts to triplicate matched 

test tubes containing 8.6 ml. of assay medium. Control 

tubes were prepared by adding one ml. sterile distilled 

water, instead of the antibiotic, to the 8.6 ml. of 

assay medium. A suspension of 0.4 ml. of the test strain 

of Agrobacterium tumefaclens was added to each tube.

The optical density of the suspension was 0.5 which 

corresponded to about one billion cells per ml. . The 

tubes were then incubated until the turbidity of the control 

tubes reached the optical density level of 0.5. Finally, 

the optical density of all tubes was read and replicate 

tubes were averaged. Inhibition percentages were calculated 

from the equation:: Inhibition percentage =100- (^-Xioo) 

where (a) is the averaged optical density of the triplicate 

tubes at a given antibiotic concentration and (b) is the



averaged optical density of the control cultures without 

the antibiotic. The endpoint of the assay, that is 

the inhibition dose or ID value is the concentration or 

dose causing the corresponding per cent inhibition of 

growth of Agrobacterlum tumefaciens. This ID value was 

determined by calculating the percent inhibition as in the 

above equation at each concentration of the antibiotic, 

and by plotting this data against the corresponding 

antibiotic concentrations to obtain an inhibition curve. 

The final ID values in Klemmer's experiments were derived 

from inhibition curves prepared from three replicate 

assays. Table IV shows the Inhibition dosage (ID 50) 

of three test strains of Agrobacterlum tumefaciens for

various antibiotics.

TABLE IV

ID 50 IN MICROGRAM PER MILLILITER

Strains of Agrobacterlum tumefaciens

Antibiotic ______A6__________ Tjj___________A6-6

mefc./ml. meg./ml. meg ./ml

Aureomycin 0.052 0.026 0.029

Terramvcin 0.056 0.045 0.042

Chloramphenicol 0.024 0.028 0.026

Clavacin 2.15 2.22 2.05

Streptomycin 3.5 3.1 4.8

Polymixln 5.6 6.3 7.0

Tyrothricin 7.8 7.2 7.8

Penicillin 8.4 7.2 8.4

Strains of A6 and T11 are virulent, and A6-6 attenuated.
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From table four, it can be seen tbat the broad- 

spectrum antibiotics aureomycin, terramycin and chloram

phenicol, were particularly potent in retarding growth. 

Streptomycin, clavacin, and polymixin, which display 

narrower spectra, were much less effective. Penicillin 

and tyrothrycin, active mainly against gram positive 

organisms were the least potent, that is to say, the gram 

negative organism Agrobacterium tumefaciens seemed to 

be resistent to these two antibiotics.

The three strains of Agrobacterium tumefaciens 

tested showed only a slight variance in their sensitivity 

to the eight antibiotic substances at the 50$ ID level. 

However, as the antibiotic concentration increased, 

Klemmer’s original curves generally became more accentuated 

Accordingly differences among the strains became more 

evident. DeRopp, 1949, found pronounced variation using 

a 100$ level of inhibition as the endpoint of a dilution 

type assay such as Klemmer et al have used.

The literature to date on the action of penicillin 

and other antibiotic substances on the growth of the crown 

gall organism in vitro is in a state of uncertainty. The 

findings of several researchers contradict, and the factor 

or factors causing this contradiction are 3till unknown. 

Environmental factors and differences in technique have 

been shown to be important. However, I feel that Smith 

back in 1916, expressed a direct clue to our problem 

today.

CARROLL COLLEGE LIBRARY 
HELENA, MONTANA 59601
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’’Furthermore we must assume either that Bacterium 

tumefaclens is frequently accompanied by, or even supplan

ted by, another organism indistinguishable from it on agar 

poured plates and on other media, or else that some of 

its own elements within the tumor have lost all patho

genic power, as shown by our inoculations, while retaining 

the power to grow with the proper appearance on media.” 

Later in his writings Smith describes a loss of virulence 

through a series of culture transfers over an extended 

period of time. ”It is probable, however, that under some 

circumstances there takes place rapidly within the tumor 

that which we know to take place in our culture media, 

loss of virulence. If this is true we have in it a means 

for explaining receding tumors and the recovery of the 

plant, and also perhaps a whole tribe of benign tumors, 

which as in man frequently grade off so indefinably into 

malignant tumors. In this connection I am convinced that 

we are on the threshold of far reaching discoveries.”

The key word here is virulence. Since 1916 research 

has indicated frequent loss of virulence and also frequent 

change in sensitivity to various antibiotics, though there 

is presently no known correlation between these two factors

Like Klemmer,1955, who found two new strains of 

Agrobacterium tumefaclens during his experimenting, I 

have found a strain resistent to penicillin derived from 

a stock culture of strain B6 which was sensitive when first 

tested in October 1968. Due to such rapid changes of the 

strain, it is no wonder there are a seemingly large number 

of contradictions concerning this problem.



METHODOLOGY AND PRELIMINARY DATA

As previously explained, sensitivity experiments 

in October of 1968 on the original stock culture of 

Agrobacterlum tumefaciens B6 recieved from the American 

Type Culture Collection showed varying degrees of sensi

tivity. The culture was maintained on Nutrient Agar slants 

and in Nutrient broth at room temperature and subcultured 

at four day intervals. Difco Bacto Sensitivity discs in 

three concentrations were used for testing as follows: 

Nutrient agar plates were prepared and lnnoculated with 

a 24 hour broth culture using a sterile swab. One disc 

was placed in the center of each plate. Petri plates 

were inverted and stored at room temperature for 48 hours.

TABLE V

ZONES OF PENICILLIN INHIBITION 
OF

AGROBACTERIUM TUMEFACIENS

Date High Medium Low

October 7 50 mm. 27 mm. 19 mm.

October 15 54 mm. 24 mm. 18 mm.

October 19 59 mm. 29 mm. 17 mm.

October 25 55 mm. 21 mm. 16 mm.

October 51 58 mm. 26 mm. 17 mm.
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High concentration sensitivity discs contain ten Oxford 

Units of penicillin, an equivalent of 6.06 meg. penicillin; 

medium concentration sensitivity discs contain five Oxford 

Units, or 3.03 meg. penicillin; low concentration sensi

tivity discs contain two units or 1.212 meg. penicillin.

An Oxford Unit is equal to .606 meg. and a microgram 

(meg. and 2T ) is equal to one millionth of a gram.

From the above data we find that the original 

culture of Agrobacterium tumefaciens was quite sensitive 

to penicillin, even at the low level of three meg. . The 

sensitivity of the organism could prove to be a basic 

flaw in the remainder of the experiment. For, if penicillin 

were to inhibit crown gall, one cannot overlook the possi« 

bility and Indeed probability, that the inhibiting action 

was the bactericidal effect of penicillin on the causative 

organism Agrobacterium tumefaciens, and not on the tumor 

inducing principle itself.

With this in mind, procedures were initiated to find 

a resistent strain with which to work. Nutrient Agar 

plates were prepared which contained varying amounts of 

penicillin G. The antibiotic was added asceptically 

after the agar solution had been autoclaved. Concentrations 

prepared are shown in table VI.
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TABLE VI

GROWTH CF AGROBACTERIUM TUMEFACIENS 
IN PRESENCE OF PENICILLIN

Cone, penicillin 
meg./ml.

Cone, penicillin 
gm./ml.

Growth of colonies

500 .0005 no growth

400 .0004 no growth

500 .0005 no growth

200 .0002 colony c

100 .0001 colony b

50 .00005 no growth

25 .000025 colony a

Colony a: Gram positive cocci in chains, therefore 
discarded as a contaminant.

Colony b: small gram negative rod, agar colonies small,
white, circular smooth, glistening, transluscent, 
and entire. Morphology seems to be identical 
to the sensitive strain of Agrobacterium 
tumefaciens. (Mold contamination on plate also.)

Colony c:: small gram negative rod; morphology also identical 
to original sensitive strain.

Colony c, because of its better isolation and 

identical morphology to the original sensitive strain of 

Agrobacterium tumefaciens should be transferred to the 

enrichment broth (trypticase soy broth) for forty-eight 

hours and then have a complete series of biochemical 

test run on it to insure its identity as Agrobacterium 

tumefaclens.

In comparing the Biochemical reactions of penicillin
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sensitive strain - Agrobacterlum tumefaciens B6 with the 

resistent strain, which I will refer to as B6c for lack 

of more thorough knowledge, the only significant differ

ence to be found is the differences in sensitivity to 

penicillin, and other antibiotics. (Refer to tables II 

and VII).

Having obtained a penicillin resistent strain of 

Agrobacterium tumefaciens B6c, the original plan of ex

perimentation can be followed. Three separate approaches 

were taken to the problem of determining the effects of 

penicillin on the crown gall organism in vitro.

I. Serial Dilution Method
II. Plate Dilution Method
III. Standard Sensitivity Disc Method

I. Serial Dilution Method:

A. Preparation of Stock Solution;

A stock solution of 1OOOmcg./ml. was made using 

Penicillin ”GW Potassium (.001 grams/ml. or 1.0 grams/liter) 

This was done by using vials of 20,000 meg. concentrated, 

dehydrated penicillin obtained free of charge from the 

Pfizer Company. The vials were diluted with twenty ml. 

of sterile nutrient broth, dispensed in sterile tubes and 

frozen immediately. This dilution results in a concen

tration of lOOOmcg./ml. At -22°C these dilutions remain 

stable for approximately eight weeks. When refrigerated 

at 5°C they show no appreciable loss of potency in one 

week. Thawed antibiotic solutions that were not used were

discarded; that is aliquots were never refrozen
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TABLE VII - A

Culture: Agrobacterium
tumefaciens B6c

Source: nutrient agar stock 
culture, Carroll College

Morphology:; small gram neg
ative rod approx. 1.5 micron

Gram:: gram negative

Motility: positive (1-4 
peritrichous flagella)

Capsule:: positive

Spore: negative Oxygen Requirements: fac
ultative anaerobe

Type of growth on nutrient 
agar plates:; colonies small, 
white, circular, smooth, 
glistening, transclusent, 
entire

Type of growth on nutrient 
agar slants: white, moist, 
glistening; young cultures 
effuse, older cultures 
echinulate

Type of growth in nutrient 
broth: slightly turbid with
thin pellicle

Growth temperature:
5°-, 25*+,37°-,4-2*-,5 2*-,

Odor: sweet, fragrant Chromogenesis:: none

Penicillin: sensitive

Biochemistry of the organism Agrobacterium tumefaciens B6c

identical to strain 36 (Table II - B).
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B. Preparation of Serial Dilutions for Susceptibility Tests;

The frozen stock solutions of the antibiotic 

were thawed at room temperature. The concentration of the 

stock solution was i000mcg./ml. Fifteen sterile Wassermann 

tubes (13x100mm.) were selected and numbered accordingly. 

Using asceptlc technique two ml. of sterile nutrient 

broth was pipetted in tubes two through fourteen. Tube 

number one recieves four ml. of the antibiotic solution, 

resulting in a concentration of 1000meg./ml. Tube one was 

then mixed by drawing and expelling with a pipette.

Two fold serial dilutions were made from tube one through 

tube fourteen. Two ml. from tube fourteen were discarded. 

Tube number fifteen contained four ml. of nutrient broth, 

thus serving as a control tube.

C. Preparation of the Inoculum and Inoculation;

The procedure used here is that of Dr. Annette 

Hervey, 1945, with minor changes. A forty-eight hour

nutrient broth culture was used to prepare a standard
-3

dilution of 111000 or 10 , as shown in table VIII.

TABLE VIII

PREPARATION OF 10“^ DILUTION 
OF

AGRO BACTERIUM TUMEFACIENS

tube # 1 tube # 2 tube # 3

Nutrient broth 1 .8ml. 1 .8ml. 1 .8ml.

Culture 0.2ml. 0.2ml. 
of tube #1

0.2ml. 
of tube #2

Final Dilution 1:10 10”1 1:100 1O-2 -3
1:1000 10
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A clean sterile pipette was used for each step in the 

dilution to insure accurate dilution. Using the 1:1000 

dilution of Agrobacterlum tumefaciens B6c, 0.1ml. was 

added to each tube in the serial dilution series, and to 

the control group.

D. Incubation;

The serial dilution susceptibility tests were 

read after twenty-four hours incubation at room temperature. 

Each tube was read for presence or absence of growth and 

the organism, Agrobacterlum tumefaciens 36c,was reported 

as susceptible to the lowest concentration of antibiotic 

that shows no growth, and resistent to the highest con

centration that shows growth.

II. PLate Dilution Method:

Two fold serial dilutions of the stock antibiotics 

were prepared as in part I. Nutrient agar was prepared, 

cooled and held in water bath at 48° C. One ml. of each 

penicillin dilution was added to the bottom of a sterile 

petri dish asceptically, after which nine ml. of nutrient 

agar was added to each plate. This results in a 1:i0 

dilution of the antibiotic dilution. The plates were 

mixed by rotation, left to harden and lnnoculated using 

a 1mm. loop streak method of a twenty-four hour nutrient 

broth culture. The plates were then incubated at room 

temperature for twenty-four hours. The concentration of 

penicillin producing complete inhibition of growth will 

be taken as the end point. Partial inhibition should be
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observed readily by a gradual decrease in the amount of 

growth until complete inhibition is obtained. The control 

cultures on penicillin free media should show heavy 

confluent growth.

III. Difco Bacto-Sensitivity Discs for Antibiotics:

Nutrient agar plates were prepared, and inoculated

with a twenty-four hour nutrient broth culture using a 

sterile swab. Sensitivity discs were then placed on the 

inoculated media using sterile tweezers, and each pressed 

lightly down. Only one disc was used per petri dish and 

it was placed in the center. Three different concen

trations were used in the experiment: Low, medium, and 

high. Low concentration discs contained two Oxford 

Units of penicillin, Medium discs contained five Units, 

and high concentration discs contained ten Units of 

penicillin. The discs were all refrigerated at 6°C. for 

maximum stability.
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TAELE XI

RESULTS

STANDARD SENSITIVITY DISC METHOD

B6
diameter

Zone of Inhibition:: in mm.

6.O63T H 3.O52T M 1 .212XL
Test

# 1 30 mm 27 mm 19 mm

# 2 54 mm 21 mm 17 mm

# 3 35 mm 24 mm 18 mm

# 4 38 mm 26 mm 16 mm

# 5 39 mm 29 mm 17 mm
Average 35.2 mm 25.4 mm 17.4mm

B6c High Medium Low

Test
# 1 7 mm - -

# 2 - - -

# 3 7 mm — -

# 4 - - -

# 5 - - -

Sensitivity discs are 6 mm. in diameter 

- No zone (equivalent of 6 mm., the diameter 

of the sensitivity disc.)
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TABLE XII

COMPARISON OF RESULTS

Sensitive

Serial Dilution Plate Dilution Sensitivity Disc

B6 B6c B6 B6c B6 B6c

7.8* 500 y 6.25* >100 y 6.06TH
3.O3TM

1 .212/L

-

Resistent 3.95* 250 y 3.13 Jr >iooy - ♦

Sensitive to lowest concentration of antibiotic tbat shows 

no growth, and resistent to the highest concentration that 

shows growth.

Sensitive

B6 B6c

Serial Plate Disc Serial Plate Disc

7.8 y 6.25 y ♦ 500 y > ioor

Resistent 3.95y 3.13X - 250 y >100 y



DISCUSSION

The primary purposes of Part I, ’’The Action of 

Penicillin on the Growth of Agrobacterturn tumefaclens 

in Vitro” were (1) to familiarize the author with the 

crown gall pathogen and (2) to determine experimentally the 

feasibility of testing the hypothesis that penicillin 

inhibits the tumor inducing principle of crown gall.

As stated before, to do this one must ascertain the degree 

of sensitivity of the organism to the antibiotic in question - 

penicillin. For instance, if Agrobacter lum tumefaciens B6 

were sensitive to penicillin, and if experimental evidence 

indicated inhibition of tumor growth, one must take into 

consideration the bactericidal effect of the antibiotic 

on the organism. However, if Agrobacterium tumefaclens B6 

were resistent to penicillin one would have a base for further 

experimentation. For if experimental evidence indicated 

inhibition of tumor growth, one could safely assume that 

this inhibiting action was on the inducing principle and 

not the organism. It is for these reasons that a penicillin 

resistent strain was preliminarily sought, found (B6c), 

retested, and compared morphologically and biochemically 

to prove its identity as a strain of Agrobacterium tumefaclens 

Comparisons between B6 and B6c showed the two organisms 

to be exactly alike except in the degree of sensitivity

-27-
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to penicillin and perhaps in the degree of virulence.

However, I can state that, both B6 and B6c were virulent, 

as I used B6 in a Botany project in the fall of 1968, 

and performed the remainder of this research with the 

penicillin resistent strain B6c. - both formed the char

acteristic tumor mass of crown gall. An interesting side

line here is that in January of 1970, 36c and B6 both 

appeared attenuated; their inoculation into Helianthus 

annuus produced no gall formation.

Serial dilution tests for sensitivity showed B6c to 

be susceptible to 500 meg. penicillin/ml., a large amount 

in comparison with B6 which was susceptible to 7.8 meg./ml. 

Relatively speaking then, Agrobacterium tumefaciens 

B6c is a penicillin resistent strain. Likewise, B6c is 

considered resistent to the highest concentration of pen

icillin in the series of serial dilutions that shows no 

growth. Looking at table IX one finds B6c to be resistent 

to 250 meg./ml., and B6 resistent to 3.95 meg./ml. penicillin 

The data seems to show that the strain of Agrobacterlum 

tumefaciens which I have, for lack of sufficient knowledge, 

referred to as B6c, is resistent to penicillin. Weighing 

the data of the plate dilution method and controls, one 

can draw similar conclusions. The end point - the con

centration of penicillin producing complete Inhibition 

was 6.25 meg./ml. for B6 as compared with 7.28 meg./ml. 

in the serial dilution procedure. The B6c end point was 

greater than 100 meg./ml. Thus the second procedure, 

plate dilution, also indicates Agrobacterlum tumefaciens 86c
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is a penicillin resistent strain. The last method to he 

taken into consideration is the standard sensitivity disc 

method. Using this procedure one finds the average 

inhibition zone (diameter) for the high concentration 

penicillin disc to be 35.2 mm. for B6 as compared with 

7.8 mm. for B6c. The average inhibition zone for the 

medium concentration penicillin disc is 25.4 mm. for B6 

and 7.0 mm. for B6c. The low concentration disc shows 

an average inhibition zone of 17.4 mm. for B6 and 7.0 mm. 

for B6c. Again, evidence supporting a high degree of 

penicillin resistence for the B6c strain of Agrobacterium 

tumefaciens. These findings agree relatively well with 

those of Klemmer in 1955 and DeRopp in 1949. Therefore, 

if the hypothesis is correct the inhibiting action of 

penicillin is on the inducing principle or interaction 

and not on the crown gall pathogen itself.
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PART TWO

THE ACTION OF PENICILLIN ON CROWN GALL IN VIVO



INTRODUCTION

Using the penicillin resistent strain B6c of the 

crown gall organism Agrobacterium tumefaciens isolated 

in Part One ’’The Effects of Penicillin on Agrobacterium 

tumefaciens in Vitro” experiments directly oriented to 

the hypothesis that penicillin effects the tumor inducing 

principle can be ensued. This section deals with the 

action of penicillin on crown gall in vivo - that is in 

the living plant Helianthus annuus. If the antibiotic, 

penicillin, inhibits the growth of crown gall, then its 

action is on the tumor inducing principle, for it has 

been previously shown that the strain B6c to be used is 

penicillin resistent.

Three major variables influence the onset and 

development of the disease crown gall: the host plant, 

Helianthus annuus; the pathogen Agrobacterlum tumefaciens B6c; 

and the environmental conditions. These three form a 

continuously interacting triangle, each effecting the 

other and thereby the total reaction.

Helianthus annuus, better known to most as the 

Giant Russian Sunflower, is a fast growing half-hardy 

annual bearing immense blooms. These blooms consist of 

large seed discs, measuring six to eight centimeters 

in diameter surrounded by overlapping golden yellow petals 

approximately eight to ten centimeters in length; thus
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giving the entire flower a diameter of approximately 

eighteen centimeters. The sunflower has alternate branch

ing of ovate or broader leaves. The stem is character

istically hispid - that is covered with fine, stiff 

hairs. The plant stands approximately two to three

meters tall.

As stated previously, the pathogen to be used in 

this section is strain B6c of the crown gall organism. 

Agrobacterium tumefaclens is a small, encapsulated, 

motile, gram negative rod; the specific strain B6c being 

penicillin resistent.

The infection cycle, that is the interaction be

tween Hellanthus annuus and Agrobacterium tumefaciens 

is relatively simple. The bacterium enters the tissue 

through wounds, whether made purposedly in laboratory 

work or by the effects of weather or insects in nature. 

Once inside the tissue they occur primarily between the 

cells, from which they stimulate the surrounding cells 

to divide. The nature of this stimulation is unknown. 

Though the ultimate cause of cell proliferation in crown 

gall is the Schizomycete Agrobacterium tumefaclens, the 

mere mechanical irritation due to the presence of a few 

rod shaped bacteria in the tissue spaces cannot be the 

direct cause of the proliferation, since other species 

of bacteria either have no specific action when inoculated 

into a plant or have a different reaction such as wilt 

or rot. Whatever this inducing principle, it causes the



abnormal proliferation of cells to form the hyperplastic 

tumor known as crown gall. The gall formation at the 

inoculation site is referred to as the primary tumor and 

contains the crown gall organism, in the intercellular 

spaces and in the ruptured cells near the wound. However, 

approximately six to eight weeks after the initial in

oculation tumors form further up on the plant on the 

petioles of the leaves. These growths proliferate ab

normally in the absence of the inciting agent Agrobacterium 

tumefaciens and are referred to as secondary tumors.

The only variable not under strict control is the 

environment. The environment, with respect to temperature, 

fluctuated with the weather during the months of May 

through October 1969. However, during the critical periods 

immediately after inoculations on May 26, June 29, July 25, 

and August 24 the temperatures were relatively steady and 

favorable.

TABLE I

TEMPERATURE VARIATION

At time of Period Following Inoculation
inoculation 24 hours 48 hours

May 26 77°F. 78°F. 82°F.

June 29 34° F. 82°F. 86*F.

July 25 85°F. 84°F. 81®F.

August 24 80°F. 82°F. 83* F.
Average 81 .5°F. 8l*5°F. 83’F.
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Other environmental factors varied also, sued as sunlight, 

and humidity, even though all plants were kept together 

in the Carroll greenhouse. Plants were watered evey 

other day, except in the extreme hot weather. In an attempt 

to balance the effects of the environmental variable, 

experimental and control groups for each specific method 

were grown together.

The experiments to be presented in part two are 

intended to show the effect of three concentrations of 

penicillin, 15 Oxford Units, 50 Oxford Units, and 150 

Oxford Units, on the crown gall tissue, primary and 

secondary tumors , of Helianthus annuus in vivo. Four 

methods of penicillin application will be used, which 

except for spraying, have been taken from the literature.

The experiment is set up to determine the effects of the 

three concentrations of antibiotic on the growth and de

velopment of the crown gall when administered (1) before 

Inoculation with the pathogen Agrobacterlum tumefaciens 

(2) twenty-four hours after inoculation of Helianthus 

annuus with Agrobacterium tumefaciens B6c (5) After the 

formation of and during the growing period of the crown 

gall tumor. The second situation was chosen because it 

is during this crucial period of tumor formation that 

the normal cell Is said to undergo an abrupt and irre

versible change - a change In morphogenlc potential - 

which causes the cell to proliferate wildly into unorganized 

tissue masses called hyperplastic tumors.
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Hopefully, by observing and comparing the action 

of different concentrations of penicillin in different 

stages of tumor growth, some insight as to the nature 

of the ’’inducing principle" will be gained. What is the 

nature of the stimulus by which the crown gall organisms, 

or their by-products, interact with the host to Induce 

abnormal proliferation of the host cells and ultimately 

autonomy (continued abnormal proliferation in the absence 

of Agrobacterium tumefaciens) as seen in secondary tumors?
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HOST

Division Spermatophyta

Class Angiospermae

Subclass Dictyledoneae

Order As t erales

Family Compositae

Genus Heliantheae

Species Hellanthus

Variety annuus

PATHOGEN

Division Protophyta

Class Schizomycetes

Order Eubaceriales

Family Rhizobiaceae

Genus Agrobacterium

Species tumefaclens

Strain B6c



REVIEW’ of literature

Eighty-five years ago, after Louis Pasteur proved 

that bacteria could produce animal disease, Professor 

T. J. Eurrill of Illinois, who studied in Europe, was 

filled with enthusiasm. He began working, with a devastating 

disease of unknown cause which was sweeping through the 

pear and apple orchards of the midwest. Burrill soon 

proved that the disease, which we call fire blight today, 

was caused by bacteria. Burrill’s brilliant pioneer 

discovery swept aside earlier speculation and ignorance.

It pointed the way. But, Burrill’s work did not go un

challenged. There were many doubters who did not hesitate 

to speak out. Meanwhile, Dr. Erwin F. Smith and his 

associates of the United States Department of Agriculture 

carried the work even further. Smith et al proved that 

bacteria caused many plant diseases. In his book Bacterial 

Diseases in Plants, Dr. Smith summarized much of his work; 

presenting proof of 170 different kinds of bacteria 

causing diseases in flowering plants belonging to 150 

genera in 50 families.

When Erwin F. Smith and C. 0. Townsend of the 

United States Department of Agriculture isolated the 

crown gall organism in 1907, and showed that it could 

produce tumors in a healthy plant, their discovery attracted 

much interest. First of all, the idea of plant diseases
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caused by bacteria was still very new. Also at that time 

no animal tumor, or for that matter plant tumor either, 

had ever been produced experimentally. Smith worked on 

crown gall intensively for the next twenty years, and 

considered it to be similar to animal cancer in many 

ways. He thought that the bacterium developed within 

cells. "Crown gall is a peculiar hyperplasia, the bacteria, 

which are the cause of it, developing sparingly and only 

within the cells, which they compel to divide early and 

repeatedly, so that a great mass of non-capsulated, small 

celled tumor tissue arises in which the bacteria them

selves are invisible. These numerous, small, incompletely 

developed atypical unripe cells are endowed with enormous 

reproductive capacity which is not under the physiological 

control of the plant." Smith felt that in certain ways 

the ordinary crown galls were much like sarcoma in that 

they involved connective tissue, developed most vigorously 

on young plants or on very well nourished, actively 

vegetating parts of older plants, and produced large

perishable tumors. I regard them as the very nearest
n

approach to sarcoma possible in plants. Smith referred 

to the cells of the Agrobacterium tumor as "markedly 

embryonic in character,” and showed different tumors and 

also different parts of the same tumor to have various 

grades of undifferentiation. Smith showed these tumors 

to be deep seated and incompletely vascularized. Still 

there seemed to be a crucial difference: growth of the



Agrobacterium tumor was thought by Smith to depend on 

continued stimulation of plant tumor by the bacteria and 

therefore it was not truly Independent growth as in animal 

cancer.

However, a clue as to the real nature of these 

plant growths was given by C. 0. Jenson in 1910. This 

distinguished Danish pathologist presented evidence that 

the tumor cells might produce themselves independently.

He grafted beet tumors from one plant to another and found 

that they continued to grow in the absence of an infective 

agent. At that time his work was completely disregarded.

In 1916 Smith theorized that the stimulus to the 

abnormal division characteristic of crown gall is a bacterial 

endotoxin which can become active on the cell nucleus of 

the host plant only when the bacteria are dead and the 

membranes have thus become permeable and released the 

endotoxin. Smith considered the secondary growths to be 

caused by direct bacterial migration either internally 

through special vascular channels, or externally from 

ruptured diseased surfaces to fissured healthy surfaces.

The bacteria in the new location set up local irritations 

that resulted in inflammatory (granulatomous) cell re

actions, thus repeating the old picture of the disease.

By 1917 Smith, in his second publication on crown 

gall, showed a marked change in ideas. Now he postulated 

the secondary tumors to be outgrowths of the primary tumor 

by means of a tumor strand. Microscopic work showed
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the primary tumor to be connected to the secondary by 

a chain of tumor cells. Smith disgarded his endotoxin 

theory, saying. "Growth is the normal function of cells. 

They are always multiplying when they are not inhibited 

by one thing or another. Growth, then, if this view is 

correct, comes about not by direct application of stimuli, 

but indirectly through the removal of various inhibitions. 

Under normal conditions the physiological brakes are on 

all the times, more or less, in both plants and animals, 

and only when they are entirely or largely removed in 

particular areas do we observe an unlimited cell pro

liberation resulting in the hasty and peculiar growths 

known as neoplasms or cancers. The inhibition remover 

we are in search of is one that acts locally, disturbing 

tissue equilibriums within limited areas. In crown galls, 

the removal of growth inhibitions is brought about, I 

think, by the physical action of substances liberated 

within the tumor cells as the result of the metabolism 

of the imprisoned bacteria." Later research proved both 

of Smith’s theories to be erroneu3. In fact, he was wrong 

with one of his initial assumptions, that the crown gall 

organism, Agrobacterium tumefaciens was intracellular in 

the host plant. Smith’s most outstanding contribution 

to this field of research concerned the histology of 

primary and secondary tumors and the tumor strand. He 

developed a photographic method of staining Agrobacterium 

tumefaciens in tissue; finding that gold chloride had the



power of tinging the bacteria a deep blue-black without 

at the same time staining the protoplasm. At this time 

he noted that only a small proportion of the cells of the 

gall are actually occupied by the organism.

In 1923 Riker published the results of his research 

on the relations of the crown gall organism, Agrobacterium 

tumefaclens, to its host tissue. In the early stages 

of this work it was decided to conduct preliminary studies 

upon the tomato, since it can be grown easily in the green 

house in the winter and is very susceptible to crown gall. 

While tomato stems were being inoculated by punctures, it 

was noticed that a water soaked area promptly appeared 

about the point of entry of the needle. It seemed evident 

that this darkened area which tended to be parallel to the 

long axis of the plant, was caused by the occupancy of 

the Intercellular spaces by liquid. The subsequently formed 

tumor corresponded surprisingly well to the outline of 

the water soaked tissue. Riker then made inoculations 

in which the outlines of the water soaked areas were 

marked with India ink. Galls which developed coincided 

almost exactly in outline with the marked areas. These 

findings contradicted the generally accepted idea that 

the gall developed as a result of the stimulus of the 

organisms which had gained entrance to the cell Interior.

The observed facts seemed rather to indicate the possibil

ity that the organism began its activities in the liquid 

which occupied the intercellular spaces around the puncture.
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With this in mind Riker set out to determine the mode of 

entry of Agjrobacterium tumefaciens into the host tissue.

On the stem of each of two dozen tomato plants ten 

drop like masses from a pure dextrose agar culture of the 

rasberry strain of Agrobacterium tumefaclens were applied 

with a camelhair brush. Six more plants were treated in 

a similar manner, but in addition a puncture was made 

through the stem through the center of each mass. After 

four weeks not a single gall had developed from the 

240 masses where there were no wounds, whereas 100^ 

infection occured in the case of parallel Inoculations 

accompanied by punctures. Thus substantiating Hiker’s 

theory of the necessity of wounds for the initiation of 

infection.

Since wounds were necessary for infection, Hiker’s 

next step inquired into the relation of size or character 

of the wound to gall development. This seemed especially 

pertinent in its possible relationship to the associated 

water-soaking of the tissues. The result - galls of differ

ent sizes were induced experimentally by varying the size 

of the inoculating needles, and consequently the extent 

of the water soaked areas. Hiker’s experiments definitely 

indicated that the bacteria exert their influences from 

some position outside the cell, not from within as Smith 

had stated in 1916.

Further experimentation by Riker indicates that the

bacteria can travel several centimeters if given a continuous



channel of fluid through which to travel. Under favorable 

conditions, Agrobacterlum tumefaciens can pass through the 

trachea and induce galls at some distance from the point 

of entry, only if provided with an avenue of escape from 

the vessels and suitable circumstances for development.

Hiker found no evidence to show that they can produce 

galls if they remain inside these vascular elements.

Similar to Smith’s results, Riker found that the 

usual methods of staining failed to demonstrate Agrobacterlum 

in tumor tissue. This appeared to be due to the staining 

of the adjacent cell walls and of a substance in the inter

cellular spaces of similar intensity to that of the

bacteria, thus masking them. Riker did observe the crown 

gall organism in unstained free hand sections and also 

in paraffin sections stained with very dilute carbol 

fuschln and light green. The organism thus prepared was 

seen in galls of all ages from the day of inoculation 

until the gall showed the characteristics of maturity 

about twenty-four days after inoculation.

Riker continued his research and in 1926 published 

a paper on the influence of environmental factors on the 

development of crown gall; finding temperature, humidity, and 

soil, to be influential variables. Previous infection 

was not found to influence gall development, as tests for 

precipitins and agglutinins in the host tissue near the 

tumors and in the tumor proper gave negative results.

The possibility of production of galls with a growth
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substance derived from cultures of Agrobacterium tumefaciens 

■was suggested in the work of Brown, Kellie, and Gardner 

in 1936. These researchers advanced the theory that it 

is not the mere presence of the organism that leads to 

the overgrowths but rather the stimulus of certain products 

of the organisms metabolism.

Braun, working with the Sunflower, in 1940 set out 

to untangle the disagreements and contradictions in the 

literature concerning tumor strands, secondary tumors, 

and the mechanisms behind their formation. Braun's 

histological studies of sections of tumorous stems and of 

normal stems revealed conspicuous changes in the tissue, 

the nature and extent of which depended upon the time 

that had elapsed following inoculation. The most con

spicuous changes resulted from cellular disturbances that 

progressed laterally from the protoxylem region into the 

pith. Braun reported that serial sections showed these 

changes to be continuous for a distance of several Inches 

above and below the primary tumor and that they produced 

strands similar to the tumor strands first described by 

Smith (1916) on the Paris daisy. Another conspicuous 

cellular change involved the pith cells bordering certain 

vascular bundles. These cells showed a pronounced radial 

elongation. The stimulus that caused this seemed to 

originate in the xylem region of the vascular bundle and 

to be transmitted laterally towards the center of the 

pith. Braun found tumor strands within six days after 

initial inoculation with the crown gall bacteria. Xylem



cells immediately bordering the vessels were stimulated 

to enlarge, and elongate in a radial direction thus 

causing the edge of the vascular bundle to break loose 

and be forced into the pith. Braun has isolated 

Agrobacterium tumefaclens from these tumor strands.

At this time there had been two main theories ad

vanced in an attempt to explain the mechanisms involved 

in the formation of tumor strands and secondary tumors 

in crown gall of plants. Smith believed these structures 

resulted as direct outgrowths from the primary tumor and 

that they were therefore comparable to permeation meta-

stases found in animal cancers. Riker held that tumor 

strands and secondary tumors were never found except when 

inoculations were made into the tops of plants having a 

number of Internodes in the condensed bud. As the bud

developed and the internode elongated the bacteria were 

distributed for some distance along the stem. Levine 

agreed with Riker on this point, but he was not able to 

detect a connecting strand of tumor tissue between the 

primary and secondary galls and therefore concluded that 

the two areas were inoculated at the same time but were 

subsequently separated by elongating normal tissue. On 

This issue Robinson and Walkden agreed completely with 

Levine. Braun has shown in a more recent study than those 

just described, that tumor strands and secondary tumors 

can be produced by introducing Agrobacterium tumefaciens 

at a distance of four to six inches from the apical bud



Into internodes that had elongated their full length.

Thus proving that these structures are truly secondary and 

do not depend for their development upon the rapid elon

gation of immature tissue. Braun also showed that secon

dary tumors and tumor strands may be produced by an atten

uated strain of the crown gall organism, even though no 

primary tumor is formed. This suggests that the mechanism 

involved in the formation of these secondary structures 

may not be identical with that concerned in the formation 

of the primary tumor. In agreement with the studies of 

Braun, I found growth of tumor strands and secondary tumors 

even though all plants were inoculated at the base of the

stem.

Phillip R. White and Braun (i94i) furnished con

clusive evidence that secondary tumor tissue proliferates 

without continued stimulation from Agrobacterlum tumefaciens 

that is their growth was autonomous. This confirmed the 

earlier work of Smith who in 1916 indicated growth of 

true secondary tumors. Braun and White removed tissue 

fragments asceptlcally from the interior of secondary 

tumors and put them on Whites tissue culture media.

Although in constant contact with Whites media which would 

support luxuriant growth of Agrobacterium tumefaciens, 

only 6% of 107 original isolations showed contamination 

with bacteria and molds. And of 50 control cultures 14% 

showed such contaminations. Braun and White also have 

shown by several cultural and serological methods that the
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secondary tumors are bacteria free. Yet still upon im

plantation of ground sterile secondary fragments into 

uninfected plants of the same or related species, these 

tissues produce typical crown gall tumors. Braun states 

that ’’This capacity for unrestrained, invasive, potentially 

malignant growth both in vivo and in vitro in the absence 

of the original excitant - Agrobacterium tumefaclens - 

differentiates these tissues from any other plant materials 

to date and places them in a category comparable to can

cerous growths in animals.” Dr. White, in another pub

lication, speaks of the "fundamental cellular changes which 

are the biological bases of the cancer problem."

Meanwhile Riker still investigating the crown gall 

problem published an article in which he stated, "When 

these germs invade plant tissues they do several things.

They give off a number of substances, some of which are 

poisonous or irritating to the host cells. The bacteria 

are also very greedy for oxygen, leaving the tissues starved 

for that vitally necessary element. They produce changes 

in osmotic pressure and thereby cause the cells to swell.

In some way they bring about abnormal production of growth 

promoting substances, such as hormones and vitamins, and 

they also provoke the concentration of large amounts of 

food stuffs at the invaded spots."

Action of a crude preparation of penicillin on the 

crown gall organism and on galls produced by this organism 

was first described by Brown and Boyle in 1945. They found



that the crude metabolite liquid from a culture of Penicillin 

notatum inhibited the growth of Agrobacterium tumefaciens 

in vitro, and when introduced into the tumors of the 

Sunflower by means of needle puncture it caused the re

cession of these galls. Subsequently Brown in 1948 

reported that both penicillin and streptomycin were capable 

of destroying gall cells without injuring normal cells, 

the antibiotic substances causing destruction of the 

nuclei of the gall cells. ’’Cures of crown gall” were 

also reported by Hampton in 1948 in various plants in

cluding the Sunflower which had been treated with both 

commercial and crude preparations of penicillin and 

streptomycin.

However, as DeRopp in 1949 pointed out, the evalu

ation of the work of Brown, Boyle, and Hampton, was made 

difficult due to the fact that impure preparations of the 

antibiotic substances were used.

Dye, Hutchison, and Hastings (1949) tested the 

effects of penicillin on the crown gall tumor in vivo.

French Marigold (Tagetes patula L.) and tomato (Lycoperslcum 

esculentum Mill.) were used as the host plants. The plants 

were grown under glass in four inch pots of sterilized 

compost soil mixture. Through out the experiment air 

temperatures were maintained at 60 to 30 F. When one 

month old, the plants were divided into two equal groups 

and one group was inoculated with the crown gall organism. 

Thirty-three days later, the second group was inoculated 

and Plants in both groups were treated with two concentrations



of commercial penicillin, 15 Oxford Units/ml. and 

150 Oxford Units/ml. Dye et al used three methods of 

application; (1) injecting the solution into the plant 

or gall using syringe and needle, (2) by smearing the 

inoculated area or gall with a lanolin paste containing 

the penicillin solution, and (3) by brushing the solution 

onto the inoculated stem or gall. Water was used as a 

substitute for penlcllin in controls. By this arrange

ment all plants were the same age and all treatments were 

applied on the same day. Each treatment was applied on 

six plants of each host. Beef peptone broth cultures 

from a previously tested active strain of Agrobacterium 

tumefaciens were used for the inoculations, 0.5 ml. being 

injected into each plant with a Cornwall pipetting syringe 

The needle was forced in most plants, right through the 

stem midway between the cotyledonary leaves and the first 

true leaves, so that the stem was usually punctured at 

two points. Results of penicillin treatments at the 

time of inoculation were not significantly different 

than the water treated controls. Treatment of the grow

ing galls (thirty-three days old) with penicillin did not 

retard the growth of the galls. In both phases of the 

experiment, smearing with lanolin paste containing peni

cillin seemed the most effective. The fact that a refined 

preparation of penicillin was used whereas Brown and 

3oyle used crude penicillin may be the reason for the 

conflicting results.
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In 1950 Dye published more findings on the effects 

of chemicals and antibiotics on crown gall, ineluding 

penicillin. This time Dye used culture fluids of peni

cillin containing 5 Oxford Units/ml. and 15 Oxford Units/ml. 

and also commercial penicillin containing 5 Oxford Units/ml. 

Four methods of application were used: the first three 

identical to those in his 1949 publication, and the fourth 

method was borrowed from Brown and Boyle (1945). In this 

method galls were painted with the penicillin solution, 

wrapped in cotton wool moistened with penicillin, and 

punctured five times through the cotton wool with a course 

blunt needle. More penicillin was then added to the cotton. 

These experiments gave similar results - penicillin had 

not prevented gall formation, nor destroyed or inhibited 

tumor growth.

Later in 1955, Klemmer, Hiker, and Allen published 

their work on the inhibition of crown gall by eight 

selected antibiotics; among; which were penicillin, strep

tomycin, streptothrycin, actinomycin, and aureomycin.

Looking back, Dye in 1 952 had observed that gall formation 

on marigold was prevented by injecting streptomycin into 

the stems adjacent to inoculation sites. However Dye 

receieved completely negative results for penicillin, 

using the same method that gave Brown and Boyle positive 

results in 1945.

Blanchard in 1951 noted almost complete inhibition

by aureomycin of tumor growth on tomato plants grown in
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a mineral salts solution containing the antibiotic.

Klemmer and co-workers reviewed these theories concerning 

the manner in which antibiotics cause inhibition or 

destruction of crown gall tissue: "Brown (1948) noted 

that the nuclei of gall cells were destroyed by concen

trations of penicillin and of streptomycin which had no 

effect on normal tissue. From studies with bacteria free 

gall and normal tissue of the Sunflower, DeRopp (l948) 

concluded that streptomycin acted as an inhibitor of em

bryonic tissue rather than as a specific inhibitor of 

crown gall. Although penicillin was more toxic to bacteria 

free gall tissue than to normal tissue of the tobacco 

plant, Rybak (1949) concluded that the type of action was 

identical on both tissues. In contrast to the above 

findings with bacteria free gall and normal tissue, the 

inhibitory action of streptomycin and aureomycin on the 

formation of gall tissue has been interpretted by DeRopp 

as a direct effect on the causal organism Agrobacterium 

tumefaciens." It appears that Klemmer, Riker and Allen 

have given only the background literature that supports 

their present view and previous findings. No mention, 

is made of White or Braun who proved the autonomic character 

of tumor strands and secondary tumors in direct contra

diction to Riker (1925) who held that tumor strands and 

secondary tumors appeared only if inoculations were made 

into embryonic (undifferentiated) tissue.

Getting back to the actual experiments of Klemmer,
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Riker, and Allen, we find that they have used five strains 

of Agrobacterium tumefaciens, namely the virulent T11 and 

A6 strains, the attenuated A6-6 strain and two subcultures 

of the A6 strain, one resistent to chloramphenicol and 

one resistent to polymixln. The antibiotics were ad

ministered when the plants were approximately twelve inches 

tall by immersing the washed roots of the test plants 

in twenty ml. of the respective aqueous antibiotic^dilution. 

Following uptake (no time was mentioned) of the solution 

the plants were repotted in fresh soil. Plants were not 

inoculated with the crown gall bacteria until after anti

biotic treatment. The inocula was standardized by use 

of the spectrophotometer - optical density reading of 

0,5 at a wave length of 585 microns. Eighty days after 

treatment, galls were severed from the plants and weighed. 

Inhibition percentages for each antibiotic were determined 

by the modified equation:

Gall Inhibition Percentage = I00 ~ x loo ) 

where (a) is the average weight of galls at each dilution 

of antibiotic, and (b) is the average weight of galls on 

the control plants. ED 50 (effective dose for 50$ in

hibition) values were obtained from inhibition curves 

by plotting the averaged percentages for replicate exper

iments against corresponding antibiotic concentrations.
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TABLE II

ESTIMATED EFFECTIVE DOSAGES OF ANTIBIOTICS 
EFFECTING GALL TISSUE OF TOMATO

Antibiotic Range tested ED 50 ED 100

Effective mg./ml. mg./ml. mg./ml.

Terramycin 1-115 2 20

Aureomycin 4-115 5 50

Chloramphenicol 1-500 4 125

Moderately effective

Streptomycin 8-500 60 > 500

Ineffective

Clavacin 4-60 30 > 60

Polymixin 12-750 270 >750

Penicillin 16-2000 420 >2000

Tyrothricin 16-1500 1000 >1500

ED 50 and ED 100 are the concentrations capable of causing 
50$ and 100$ inhibition respectively.

= greater than.



METHODOLOGY

The series of experiments of Part Two involve the

determination of the effects of three concentrations of

penicillin on the initiation and development of crown gall

disease in Hellanthus annuus. Six methods will be used

in administering 15 Oxford Units (OU), 50 OU, and 150 OU

per specific plant treatment, at the following stages.

I. Before inoculation of Hellanthus
annuus with Agrobacterium tumefaciens B6c

II. Twenty-four hours after inoculation
of Hellanthus annuu3 with Aprobacterium 
tumefaciens B6c.

III. Fifteen days after inoculation of
Helianthus annuus with Aprobacterium 
tumefaciens 66c after the formation 
of and during the growing period of 
the crown gall tumors.

First a consideration of the methods of penicillin 

application to be used:

1. Injection of 0.05 ml. of the appropriate aqueous 

dilution of penicillin using a hypodermic syringe 

and 27 gauge needle.

2. Smearing each gall with a 1J1 paste of crude lanolin 

and antibiotic solution. In stage I the area to be 

inoculated is treated.

5. Brushing the appropriate aqueous solution of penicillin 

on the gall or on the area to be inoculated.
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4. Cotton wool method:. Galls were wrapped with cotton 

wool soaked In penicillin. Then numerous punctures 

of the gall were made by thrusting a sterile needle 

through the cotton.

5. Spraying of each plant using ten ml. of an appropriate 

dilution of penicillin. The spray is prepared using 

one liter of water, one teaspoon of Lux Liquid, and 

penicillin.

6. Root Method: antibiotics administered by immersing 

the washed roots of the test plants in ten ml. of the 

respective antibiotic solution. Following a ten 

minute uptake Interval, each plant was replanted in 

the soil bed. Before this treatment plants were not 

watered for 48 hours.

Sterile distilled water, sterile cotton, and a sterile 

brush, and containers were used in the respective proce

dures above. The overall experimental scheme is shown in 

Tables III and IV.
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TABLE III

PREPARATION OF PENICILLIN DILUTIONS

Pen./treatment Amount given of Concentration

Injection 15 O.U. 0.5 ml. 30 O.U./ml H20

50 O.U. 0.5 ml. 100 O.U./ini H20

150 O.U.. 0.5 ml. 300 O.U./ml H20

Smearing 15 O.U.

50 O.U.

150 O.U.

J ml.

1 ml.

1 ml.

15 O.U./ml lanolin

50 O.U./ml lanolin

150 O.U./ml lanolin

Brushing 15 O.U.

50 O.U.

150 O.U.

1 ml.

1 ml.

1 ml.

15 O.U./ml H 0
2

50 O.U./ml HO2
150 O.U./ml H 0

2

Cotton 15 O.U.

50 O.U.

150 O.U.

1 ml.

1 ml.

1 ml.

15 O.U./ml H20

50 O.U./ml H20 

150 O.U./ml H20

Spraying 15 O.U..

50 O.U.

150 O.U.

10 ml.

1 0 ml.

10 ml.

1 i5 O.U./ml H 0-Lux 
solution

5 O.U./ml H20-Lux 
solution

15 O.U./ml HpO-Lux 
solution

Root 15 O.U.

50 O.U.

150 O.U.

10 ml.

1 0 ml.

10 ml.

1.5 O.U./ml H20-Lux 
solution

5 O.U./ml H20-Lux 
solution

15 O.U./ml H20-Lux 
solution
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TABLE IV

THE ACTION OF PENICILLIN ON CROWN GALL IN VIVO

I. TREATMENT BEFORE INOCULATION

NUMBER OF PLANTS TREATED WITH FOLLOWING 
CONCENTRATIONS OFPENICILLIN

Method
Water

Control
15 O.U. per 
treatment

50 O.U. per 
treatment

150 O.U. per 
treatment

Injection 10 10 10 10

Smearing. 10 10 10 10

Spray 10 10 10 10

Root 10 10 10 10

40 40 40 40

I, - 160 plants

IITREATMENT 24 HOURS AFTER INOCULATION

NUMBER OF PLANTS TREATED WITH FOLLOWING 
CONCENTRATIONS OF PENICILLIN

Water 15 O.U. per 50 O.U. per 150 O.U, per
Method Control treatment treatment treatment

Injection 10 10 10 10

Smearing 10 10 10 10

Cotton 10 10 10 10

Spray 10 10 10 10

40 40 40 40

II. - 160 plants



III. TREATMENT 15 DAYS AFTER INOCULATION

NUMBER OF PLANTS TREATED WITH FOLLOWING 
CONCENTRATIONS OF PENICILLIN

Method
Water

Control
15 O.U..per 
treatment

50 O.U,. per 
treatment

150 O.U. per 
treatment

Injection 10 10 1° 10

Smearing 10 10 10 10

Brushing. 10 10 10 10

Cotton 10 10 10 10

40 40 40 40

III. - 16O plants
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For each stage, seeds of Hellanthus annuus were 

planted In greenhouse beds containing approximately six 

inches of soil. When the plants were three weeks old 

(approximately 13 ” tall) they were divided into four groups 

of forty plants each. As can be seen in table V, group 

one is a control group in which water is used instead 

of penicillin in each method of application. Group two 

plants are treated with 15 O.U.. penicillin, group three 

with 50 O.U., and group four with 150 O.U. Each one of 

these groups is subdivided, and ten plants are used for 

each of four methods of application.

Stage one involves the treatment of Hellanthus 

annuus with the three concentrations of penicillin and 

the water control twenty-four hours before inoculation of 

the plants with Agrobacterium tumefaclens B6c. The four 

methods of application used were injection, smearing, root 

uptake, and spraying. Injection and smearing were in 

the areas to be inoculated. As in all stages, 0.4 ml. 

of a 48 hour nutrient broth culture of Agrobacterium 

tumefaciens Bj5c was inoculated into each plant using 

a hypodermic syringe and 27 gauge needle. The area of 

Inoculation was wiped with 70^ EtOH first.

Stage two was identical to stage one except treat

ment with penicillin follows twenty-four hours after 

inoculation. The methods of application are injection, 

smearing, cotton wool, and spraying. Again these plants 

were inoculated with a 43 hour nutrient broth culture.
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of Agrobacterium tumefaciens B6c using a hypodermic

syringe and 27 gauge needle when the plants were three 

weeks old.

Stage three plants were likewise inoculated at 

age three weeks with a similar culture, but were not treated 

with the three concentrations of penicillin till fifteen 

days after inoculation. Methods of Inoculation used 

were injection, smearing, cotton wool, and brushing.



RESULTS

The results are summarized in the tables that 

follow. Phytotoxicity resulted from the spraying method; 

this consisted of yellow splotches on the lower leaves.

One set of data was completely disregarded due to damage by 

cut worms and aphids which could not be controlled in the 

greenhouse.

-60-
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TABLE V (A)

TREATMENT TWENTY-FOIR HOURS BEFORE INOCULATION

Concentration Method of 
penicillin Application >«» «

Inj ection
15 O.U. Smearing

Root Method 
Spraying

o o o o

10
9

10
10

1 00$
90$

100$
100$

17.3
I 5.2
II .8 
14.1

.810

.566

.582

.736

7
6
6
6

66$
60$
60$

Totals and Averages 40 3$ ^97.5$ 14.6 '".'674' 26 "W
Injection

50 O.U. Smearing
Root Method 
Spraying

10
10
10
10

10
9

10
9

1 oo$
90$

100$
90$

12.7
14.6
13.5
16.3

.666

.779

.882

.748

7
5
7
6

56$
70$
66$

Totals and Averages 4o 36 95% 14.3 .769 25 65.5$
Inj ection

150 O.U. Smearing
Root Method 
Spraying

10
10
10
10

9
8
9
9

9o$
80$
90$
90$

14.2
10.9
12.4
11 .6

.858

.895

.642

.522

6
4
6
6

66$
50$
66$
66$

Totals and Averages 4o 35 ”&7$ 12.3 .729 22 T2$
Injection

CONTROL Smearing
Root Method 
Spraying

10
10
10
10

10
10
10
10

1 00$
100$
100$
100$

19.6
22.3
18.2
17.9

.634

.794

.480

.974

7
6
5
7

70$
60$
50$
70$

Totals and Averages 4o 4o 100$ 19.5 .720 25 T2?5$

* wetc^ki ©V ^rvrrxcLru^ TLirAora A BO cbwj* «5-\ar
n\otu.\cdrCe>A..

<T S"Vaj\<Acur«l T)«.v l«vV\'e>»\.
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TABLE 7 (B)

TREATMENT TWENTY-FOUR HOURS AFTER INOCULATION

Inj ectlon
f V
10

f ’K ”
10 Tool” 14.1 1 .30 7 70%

15 o.u. Smearing 10 7 70% 11 .3 .712 5 71%
Cotton 10 9 90% 12.7 .873 5 55%
Spraying 12 19 100% - 14.3 1 .19 7 70% .

Totals and Averages TcT 36 w 13.1 1 .0$ 24 35%
Inj ection 10 5 $0% 10.9 .770 6

50 O.U. Smearing 10 7 70% 8.8 .756 4 57%
Cotton 10 7 70% 9.1 .570 4 57%
Spraying 10 10 100% 11 .4 .576 7 W

Totals and Averages 40 33 82% 10.1 .668 21 62.3%
Inj ection 10 8 §0% 9.2 .712 5 62.5%

150 O.U. Smearing 10 5 50% 6.8 .764 3 60%
Cotton 10 6 60% 7.1 .694 3 50%
Spraying 9 9 100% 9.7 .855 7„ 77.7%

Totals and Averages 4o 26 72.5% 8.2 18 62.5%
Inj ection 10 10 100% 18.1 .926 6 60%

CONTROL Smearing 10 10 100% 20.3 .798 8 80%
Cotton 10 10 100% 17.7 .584 7 70%
Spraying 10 10 100% 16.8 .600 6 60^

Totals and Averages 4o W 100% 18.2 .727 27 67.5%
Total number of plants s 1 6'0



TABLE V (C)

TREATMENT FIFTEEN DAYS AFTER INOCULATION

Coneentratlon 
penicillin

15 O.U.

Method of 
Applicatio

Injection
Smearing
Cotton
Brushing

Totals and Averages 40

50 O.U.
Injection
Smearing
Cotton
Brushing

10
10
10
10

10
10
10
10

Totals and Averages 40

7co$
W
100$
1 00$ 
100$

14.1
14.2 
15.7
13.2 
14.6

7W
TTW
.830
.552
.581

150 O.U.
Injection
Smearing
Cotton
Brushing

10
10
10
10

10
10
10
10

Totals and Averages 40 40

100$
700$
100$
100$
100$

14.42
12.8
14.5
13.4
16.4

777

25
T
5
7
1

60$
72/7$

CONTROL
Injection
Smearing
Cotton
Brushing

10
10
10
10

w
10
10
10

1
100$

77727

.092

.806

.634
10

27

5
6 
7

Totals and Averages
Total number of plants «160

1 00$
100$

7777
18.4
16.4
1 9.8
i7777

H 1
.701
.778
.654
.642
7W

24
T
6
7
7

60$
70$
70$
7775$40"40 27
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TABLE VI

PERCENT FORMATION OF PRIMARY TUMORS

FOR EACH METHOD

Meth od Injection Smearing Root Spray CLotton Brush

Stag es

I. 0 100 100 100 100

15 O.U. 100 90 100 100

50 O.U. 100 90 100 90

150 O.U. 90 30 90 90

II. 0 100 100 100 100

15 O.U. 100 70 100 100

50 O.U. 90 .. 70 100 70

150 o.u. 80 50 100 60

III. 0 100 100 100 100

15 o.u. .100 100 100 100

50 o.u. 100 100 100 100

150 o.u. 100 100 1 00 100

Stage three also serves as control, as these plants were not 

treated with penicillin till 15 days after inoculation with 

Agrobacterium tumefaciens B6c, after the formation of and

during the growing period of the primary tumors.
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TABLE VII

MEAN PERCENT FORMATION OF PRIMARY TUMORS

AT EACH CONCENTRATION

AVERAGE PERCENT OF PRIMARY TUMORS PPR CONCENTRATION

Penicillin Stage I. Stage II. Stage III.

15 O.U. 97.5 2 90 £ 100 %

50 O.U. 95 X 82.5 2 100%

150 O.U. 87.5 % 72.5 % . 100%

Control i°py 100% 100%
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TABLE VIII

MEAN WEIGHTS AND STANDARD DEVIATIONS OF PRIMARY TUMORS 

FOR EACH METHOD, CONCENTRATION, AND STAGE

Cone entration Stage I Stage II Stage III
penicillin Method M O' M M O'-

Inject 17.3 .810 14.1 1.30 14.9 .806
Smear 15.2 .566 11 .3 0.71 13.6 .694
Root 1 1 .8 .582 — — — —

15 O.U. Spray l4.i .736 14.3 1 .19 — —
Cotton — — 12.7 0.87 12.9 .630
Brush — — — — 13.8 .782
Average 14.6 .674 13.J 1 .02 14.0 .728
Inj ect 12.7 .666 10.9 .770 14.2 .776
Smear 14.6 .779 8.3 .756 13.7 .830
Root 13.5 .882 — — — —

50 O.U. Spray 1 6.3 .748 11 .4 .576 — —
Cotton — — 9.1 .570 13.2 .552
Bru s h _ — — — 14.6 .581
Average 14.3 .769 1O.1 .668 14.4 .685
Inj ect 14.5 .858 9.2 .712 12.8 1 .09
Smear 10.9 .895 6.8 .764 14.5 .806
Root 12.4 .642 — — — —

1 50 O.U. Spray 11 .6 .522 9.7 .855 — —
Cotton — — 7.1 .694 13.4 .634
Brush — — --— — 16.4 .710
Average 12.3 • 729 8.2 .756 14.2 .81O
Inject 19.6 .634 18.1 .928 17.8 .701
Smear 22.3 .794 20.3 .798 18.4 .778
Root 18.2 .480 — ------ — ----

CONTROL Snray 17.9 .974 16.8 .600 — —
Cotton — — 17.7 .582 16.4 -654
Brush — — — — 19.8 .642
Average 19.5 .721 18.2 .727 18.1 .694
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TABLE IX

COMPARISON OF MEAN WEIGHTS

OF PRIMARY TUMORS

AVERAGE WEIGHTS OF PRIMARY TUMORS (30 DAYS)

Penicillin Stage I. Stage II Stage III

15 o.u. 14.6 am. 1 3 • 1 14.05 <yw.

50 O.U. 14.27am 1 o • 05 14.42 <&m.

150 o.u. 1 2 .27gm. 8.2 jjm. 14.27 <yw.

Control 19.5 am, 1 8.2 am. 18.1 ^rrs.
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TABLE XI

COMPARISON OF MEAN DIFFERENCES OF PAIRED VARIATES 

(MEAN OF EXPERIMENTAL METHOD GROUP MINUS MEAN

OF CORRESPONDING CONTROL METHOD GROUP)

•Jean differences for the various 
concentrations of penicillin.

15 O.U., 50 O.U. 150 O.U.

Section Method Water
Control

5 D D

r.. Injectior 19.6 2.3 6.9 5.4

Smearing 22.3 7.1 7.7 11 .4

Root 18.2 6.4 4.7 5.8

Spray 17.-9 3.8 1 .6 6.3

ii.. Inj ectlon 18.1 4.0 7.2 8.7

Smearing 20.3 9.JO 11.5 13.5

Cotton 17.7 5.0 8.6 10.6

Spray 16.8 2.5 5.4 7.1

hi.. Inj ection 17.8 2.9 3.6 5.0

Smearing 18.4 4.8 4.7 3.9

Cotton 18.4 3.5 3.2 3.0

Brushing 19.8 6.0 5.2 3.4

D = mean difference of paired variates
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TABLE XII- A

BAR GRAPH COMPARISON OF MEAN 'WEIGHTS OF PRIMARY TUMORS

I., TREATMENT BEFORE INOCULATION
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TABLE XII - 3

BAR GRAPH COMPARISON OF MEAN 'WEIGHTS OF PRIMARY TUMORS

II. TREATMENT? 24 HOURS AFTER INOCULATION
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TABLE XII- C

BAR GRAPH COMPARISON OF MEAT] WEIGHTS OF PRIMARY TUMORS

III. TREATMENT 15 DAYS AFTER INOCULATION
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TABLE XIII

PERCENT FORMATION OF SECONDARY TUMORS

FOR EACH METHOD
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TABLE XIV

MEAN PERCENT FORMATION OF SECONDARY TUMORS

AT EACH CONCENTRATION

AVERAGE PERCENT OF SECONDARY TUMORS

Penicillin Stage I. Stage II. Stage III.

15 O.U. 64 7O 69 62.2 %

50 O.U. 65.5^ 62.5 2 62.2 %

150 O.U. 62 % 62.52 60 %

Control ......... 62,5 7- 67.5 % 67.5 2



DISCUSSION

From the data presented in Part Two, "The Action 

of Penicillin on Crown Gall in Vivo," the hypothesis that 

penicillin inhibits the growth of crown gall in vivo can 

be affirmed at all stages of the experiment. Data indicates 

significant inhibition in the growth of galls treated 

with penicillin and also significant reduction in the 

number of primary tumors.

In stage I - Treatment of Hellanthus annuus twenty- 

four hours before inoculation with the crown gall organism, 

Agrobacterium tumefaciens B6c - the mean weights of primary 

galls thirty days after inoculation decreases as the 

concentration of penicillin used In the treatment in

creases. These mean weights range from 14.6 grams at 

15 O.U. penicillin, to 14.27 grams at 50 O.U. penicillin, 

to 12.27 at 150 O.U. penicillin. The mean weight of the 

control group, which was treated with water instead of 

penicillin, was 19.5 grams. Deviation from the mean 

ranged from 0.480 grams to 0.898 grams. Using the student’s 

t-dlstributlon and a paired variates method in which the 

experimental group served as the (y) variate and the 

corresponding control as the (X) variate, significance 

levels were determined. Penicillin, at concentrations 

of 15 O.U., 50 O.U., and 150 O.U., inhibited the growth
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of primary tumors when administered twenty-four hours 

before Inoculation of the crown gall pathogen. This in

hibition, as shown by the data of Table Three, is sig

nificant at the 0.05 level (t-4.78l for 9°of freedom).

The decrease in the mean weight of primary galls with the 

increase in concentration of penicillin is also signifi

cant at the 0.05 level. As for the formation of primary 

tumors, 97.5$ of the sunflower plants formed primary tumors 

when treated with 15 O.U. penicillin twenty-four hours 

before inoculation with Agrobacterium tumefaciens B6c.

At a concentration of 50 O.U. penicillin, 95$ of the 

plants formed primary tumors. However, at 150 O.U. pen

icillin, only 87.5 $ of the plants formed primary tumors 

at the site of inoculation. The difference between the 

mean percent primary tumor formation after treatment with 

150 O.U. and the water control proved to be significant 

at the 0.05 level. Reviewing the data of Table Three 

reveals no significant differences with respect to secondary 

tumor formation.

Stage II - penicillin treatment of Helianthus annuus 

twenty-four hours after inoculation with Agrobacterlum 

tumefaciens B6c - also Indicates inhibition of tumor 

growth. The mean weights of primary tumors thirty days 

after inoculation were 13.1 grams when treated with 15 

penicillin. The water control for stage II had a mean 

weight of 18.2 grams for primary tumors at thirty days 

after inoculation. Again the data is significant for
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every concentration at a level of O.O1 using the student’s 

t-distribution, paired variates and nine degrees of freedom. 

As in stage I there is significant differences between 

concentrations also. Tumor inhibition increases as the 

concentration of penicillin increases. The data of Table 

four indicates that penicillin Inhibits the formation of 

primary tumors. The significance of this inhibition 

increases with the increase in the concentration of 

penicillin. However, calculating the percent of plants 

which having developed primary tumors also develop secondary 

tumors, the data indicates no significant difference 

between the experimental plants and the control plants.

Those secondary tumors which formed in experimental groups 

had no apparent difference in weight, size, coloring, or 

histology when compared to those of the control plants.

Stage III involves the penicillin treatment of 

Hellanthus annuus fifteen days after inoculation with 

Agrobacterium tumefaclens. Data of stage III as given in 

Table Five indicates inhibition of tumor growth at a 

0.05 significance level. There appeared to be no differ

ence (no increase in inhibition) due to the increase in 

the concentration of penicillin. Primary tumors were 

present and growing before the plants were treated with 

penicillin, and therefore served as a control for percent 

primary tumor formation. Again, there seemed to be no 

inhibition of secondary tumor formation.

Part One, involving the effects of penicillin on



-82-

Agrobacterium tumefaciens B6c in vitro Indicates that 

the action of the antibiotic is not on the bacteria, for 

B6c is resistent to the concentrations of penicillin 

used. Part Two indicates that penicillin inhibits the 

growth of the crown gall tumors. The question is, to what 

is this inhibitory action due? The previous hypothesis 

attributed the inhibitory action to be on the inducing 

principle. However, I would like to consider a modifi

cation of this hypothesis: the action of penicillin is 

not on the inducing principle, but on a metabblite of 

the bacterium which serves as a forerunner of the in

ducing principle. Perhaps the interaction between the 

metabolic by-product of the pathogen and the cells of the 

host is the inducing, principle so often referred to in the

literature.

To test this hypothesis, secondary, autonomous, 

bacteria-free tumors will be gr&i#n in tissue culture 

(White’s media) with and without penicillin. If the 

growth of secondary tumors on White’s media is not in

hibited by penicillin, then the action of penicillin is 

not on the inducing principle, but on some other substance. 

This could be a metabolite of Agrobaoterlum tumefaclens B6c, 

or perhaps penicillin blocks the interaction of pathogen 

and host in the initial change from a normal to a cancerous 

cell as suggested in the literature. Once this change 

has occurred penicillin would be ineffective. However, 

data of Part II stage three, penicillin treatment of
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Helianthus annuus thirty days after inoculation, suggests 

that the antibiotic acts on either the inducing principle

itself or its forerunner.

Results agree with Hampton 1948, and Brown 1948• 

However, as DeRopp, 1949, pointed out, the evaluation 

of the work of these researchers is difficult due to 

impure preparations. In the series of experiments pre

sented here penicillin "G” potassium was used, and not 

crude penicillin as DeRopp suggests.

Dye and Hutchison (1949), Dye (1950), and Klemmer 

et al (1955) found that penicillin did not prevent nor 

inhibit tumor growth.

Because strain B6c of Agrobacterium tumefaciens 

was used throughout, because of use of penicillin ”G”, 

and because the series of experiments which are the basis 

of this paper did not have strict environmental controls, 

a close comparison of results with those of others is 

not possible.
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PART THREE

THE ACTION OF PENICILLIN ON BACTERIA-FREE SECONDARY 

CROWN GALL TUMORS IN TISSUE CULTURE



INTRODUCTION

"Every cell of the body has a dual character.

First there is a fundamental character which arises from 

the Innate qualities of the cell itself. This cannot be 

altered without destroying the cell itself. Then there 

is a more ephemeral character which arises from the fact that 

the cell is embedded in a complex enviroment which in

cludes millions of other body cells. This can be changed 

without necessarily destroying the cell. The first qualities 

are personal, so to speak, the second are social.

So long as a cell remains in Its normal place in 

the body it is difficult, if not impossible to distinguish 

between its personal and social character. If, however, 

a cell is removed from its usual surroundings and placed 

in an environment which, though asocial is sufficient for 

survival, the social aspects of its character fall away 

and we can discover what is the real individuality of the 

cell, and also Just how the social factors have affected 

it. Cells or tissues so isolated are called tissue cultures."

Part Three involved the action of penicillin on 

bacteria free secondary crown gall tumor tissue in vitro.

The quote above is taken from the writings of Philip R.

White, 1950, who Is responsible for adapting the tissue 

culture technique to plants including the abnormal tumor
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tissue characteristic of the crown sail disease. Whites

media will be used to culture secondary tumor tissue, to 

which three concentrations of penicillin will be added. 

The experiment might be summarized as such::

CONTROLS: A) Normal tissue on Whites media plus 

IAA (indoleacetic acid)

B) Normal tissue on Whites media

C) Secondary tumor tissue on Whites 

media.

EXPERIMENTAL GROUPS:'

A) Secondary tumor tissue on Whites 

media plus 15 O.U. penicillin/ml.

B) Secondary tumor tissue on Whites 

media plus 50 O.U. penicillin/ml.

GO Secondary tumor tissue on Whites 

media plus 150 O.U., penicillin/ml.

It has been shown that penicillin inhibits the growth of 

crown gall in vivo, and that this inhibition is not due 

to the sensitivity of Agrobacterium tumefaclens B6c to 

penicillin. However, from the data of part two another 

possibility arises that penicillin acts on the bacterium 

after it is altered through an interaction with the host 

cells. Perhaps penicillin acts on a product of the 

metabolism of the pathogen. This interaction may itself 

be the tumor Inducing principle, or it may be only a step 

leading to or precipitating from the inducing principle.

Through the use of tissue culture, autonomous, bacteria
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free, secondary galls can be grown and a comparison made 

between their growth on Whites media verses growth on 

Whites media containing penicillin.

If penicillin does not Inhibit secondary crown gall 

tumors in vitro, then the action of penicillin is on some

thing other than the ’’inducing principle”. However, 

if penicillin inhibits the growth in vitro of secondary 

tumor tissue, then the inhibitory action is on the Inducing 

principle, as In the original hypothesis.



REVIEW OF LITERATURE

The tissue culture method was first used, in asso

ciation with crown gall in 1941 by P. R. White and A. CL. 

Braun who established the capacity of secondary tumors 

for autonomous growth - that is secondary tumors pro

liferate without continued stimulation from the crown 

gall bacteria. White is responsible for the development 

of the technique of tissue culture in plants. With 

Braun, he removed tissue fragments asceptically from the 

interior of secondary tumors and grew them on White’s 

nutrient media. Of 107 original cultures 6% were con

taminated; of 50 control cultures 14$ showed contamination. 

About half the cultures of tissue from secondary tumors 

grew successfully in vitro. And although in constant 

contact with a medium which supports luxuriant growth of 

Agrobacterium tumefaciens, ”no one culture developed 

bacterial growth; and attempts to isolate bacteria from 

these cultures by various methods were consistently 

negative.”

Again in 1942, White and Braun published research 

on the nature of secondary tumor tissue. They found 

from 20 to 75 per cent secondary tumor formation, according 

to the condition of the host and doubtless to many unknown

factors as well. Braun and White reported that there
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first appear at regular intervals in the first internode 

above inoculation swollen areas subjacent to,the vascular 

bundles, which with their connecting tissues are known 

as tumor strands. Bacteria can sometimes be isolated 

from them but are usually not demonstrated by the ordinary 

methods. They must obviously be present in small numbers, 

if at all, and there is reason to suspect that they may 

often be entirely absent. The data suggests that these 

strands result, not from the immediate contact with 

Agrobacterium tumefaciens B5c, but from diffusable products 

from the bacterium which exert their influence at a dis

tance from the point of origin. Secondary tumors arise 

in the petioles, midribs, large veins, and at the point at 

which the leaves are attached to the stem, one, two, three, 

and sometimes even four nodes above the point of inoculation 

White and Braun found secondary tumors to be small and 

in the majority of cases bacteria free. Concerning the 

tissue culture of secondary tumors Braun and ’white state!: 

’’Tissues from secondary galls have been isolated and caused 

to multiply in vitro to an extent of many thousands of 

times through more than thirty passages in constant 

contact with a nutrient known to support a profuse growth 

of Agrobacterium tumefaciens, without ever producing 

colonies of this organism.” Secondary tumors and tissue 

cultures of secondary tumors were also subjected to 

various bacteriological tests by White and Braun. Con

sistent negative results were obtained. Furthermore,
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cultures were tested seriologically, only to again yield 

negative results. To quote the authors, ’’The universally 

negative results of more than 2000 tests of various sorts 

cannot but be significant." Braun and ’white agree with 

the early researcher E. F. Smith that the capacity for 

unrestrained, invasive, potentially malignant growth 

both in vivo and in vitro in the absence of the original 

pathogen differentiates secondary gall tissue and places 

it in a catagory comparable to the cancerous growths of 

animals.

In 1943 Braun and White published still further- 

evidence for concluding that tissue cultures isolated 

from secondary tumors are entirely free of Agrobacterium 

tumefaciens. Braun and White again emphasized the simi

larity of crown gall tumor cells and malignant animal cells 

and therefore the potential usefulness of the secondary 

tumors of crown gall as a material to study the basic 

principles involved in the etiology of malignancy.

R. S. DeRopp, 1949, was the first to use the tissue 

culture method to test the effects of penicillin on secondary 

tumor tissue in vitro. He cultured bacteria free crown 

gall tissues of Hellanthus annuus and Vinca rosea on 

nutrient medium containing antibiotic substances, in

cluding penicillin, and compared their growth, with the 

growth of like tissue on media lacking these substances.

In DeRopp’s experiment nutrient agar was prepared con

taining streptomycin, commercial penicillin, and penicillin G
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In concentrations of 5, 50, and 500 meg. per ml. On this 

agar, fragments of tumor tissue of Helianthus annuus and 

Vinca rosea were placed. The fresh weight of each of these 

fragments was obtained by weighing the culture flask 

before and after addition of the tissue fragment. After- 

four weeks tissues were weighed again. DeRopp found 

penicillin G to have some effect on tumor growth at 

500 meg. per ml. Streptomycin showed an inhibiting 

effect at 50 meg. per ml. DeRopp also worked with frag

ments of carrot tissue, finding similar results. Of 

streptomycin he stated that it was most probably "a 

general inhibitor of the growth of embryonic tissue than 

a specific inhibitor of tumor tissue. Its inhibiting 

effect on tumor formation is probably due to its action 

on the bacterial inciting agent.”

Smith previously (l9l6) had remarked that the cells 

of the tumor are often embryonic in their character and 

show in different tumors and in different parts of the 

same tumors various grades of differentiation.
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TABLE I

Ratio of final to initial fresh weights of normal and 

tumor tissue of Hellanthus annuus after four weeks

culture in the presence of antibiotic substances 

(means of twenty estimates): De Ropp 1949.

Antibiotic Cbncentration Hellanthus annuus tissue
substance meg./ml. Normal Tumor

Gbmmercial 5 17.47 * 6.81
penicillin 50 11 .56 5.40

500 7.82 2.85

Penicillin 5 1 .77 6.70
G 50 8.50 6.00

500 9.21 5.21

Streptomycin 5 2.52 7.05
50 1 .71 4.29

500 1 .78 2.12

No Antibiotic 0 1 .87 6.80

* Weight increase here is due to production of roots. 
The sample of penicillin contained a small amount of 
I AA.



TABLE II

Effect of antibiotic substances on tumor formation on 

carrot fragments inoculated with suspensions of Agrobacterium 

tumefaciens containing different numbers of organisms.

Figures show number of fragments out of tBn on which 

tumors were apparent at the end of two weeks. (DeRopp 1949)

organisms 
in inoculum 5W y 500 y 50 y 5X o y

Streptomycin
50 x 1O6 0 3 10 10 10
50 x 104 1 4 10 10 10

50 x 102 2 3 10 10 10

50 0 3 6 10 10

0 0 0 0 0 0

Penicillin
50 x 106 10 10 10 10 10
50 x 104 9 10 10 10 10

50 x 102 4 10 10 10 10

50 2 6 10 10 10

0 0 0 0 0 0
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Because isolation of tissue from secondary petiolar 

tumors is often difficult, A. C. Braun in 1952 adopted 

an alternate method. Braun inoculated large woody peri

winkle plants at several hundred points with the Brown 

peach strain of Agrobacterium tumefaclena. These inoculated 

plants were left to grow in a green house at 25°C. for a 

desired period of time after which the host-parasite complex 

was subjected to thermal treatment of 46°- 47°C. for four 

days. Studies of such procedures have demonstrated that 

when the crown gall bacteria were permitted to act on the 

host cells for four days at 25°C. before being eliminated 

by thermal treatment, the resulting overgrowths developed 

rapidly into large neoplasms. Braun's evidence suggests 

that cellular transformation in crown gall takes place 

gradually, but that a degree of cellular change is reached 

during the earliest stages of transformation of the normal 

cell to the abnormal autonomic cell. (Refer to Chart I).

Early in the study of the growth patterns of normal 

and tumor cells in vitro, it was observed that although 

bacteria free sunflower tumor cells grew rapidly and in 

a completely uncoordinated manner on White's media, normal 

tissue isolated from the same host developed very slowly 

on the media. In fact, it had been established by the 

work of many investigators with many different species 

of plants that callus tissue of stems, or roots may be 

cultured as isolated tissue in vitro provided that indole- 

acetic acid (IAA) or its equivalent is supplied as a
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growth factor in addition to the sugar and mineral salts 

of the basal nutrient medium. Plant tumor tissues, on the 

contrary, grow indefinitely without the addition of IAA,

This difference in the growth factor requirement of IAA 

between normal and tumor tissue had been clearly demon

strated by DeRopp in 1947, with the sunflower; by Gautheret 

in 1947 using the Jerusalem artichoke; by Braun, 1951, 

using the periwinkle; and by Henderson, Durrell and 

Bonner, 1952, Taking a closer look at the research noted 

above one finds that the in vitro culture of normal plant 

tissues was the subject of pioneer studies by Gautheret (1945, 

1947) and his co-workers. Through their research they 

established that excised stem tissues and callus from 

stem tissues of many species may be grown in vitro on 

simple nutrient media provided that IAA or a similar 

auxin is supplied as a growth factor. White and Braun 

(1942) attempted the culture of stem tissues of the sun

flower plant Hellanthus annuus variety, Giant Russian.

They reported the culture of fragments from different 

locations on the stem, and found that explants from 

nodal and procambial areas grew best. Their cultures 

were maintained on a medium without IAA and thus grew 

very slowly. DeRopp (1947) cultured sunflower stem tissue 

on media containing indoleacetic acid at concentrations of 

10 and 0.01 mg./ml. Henderson et al established a tech

nique for the production and subsequent culture in vitro 

of normal sunflower stem callus tissue. This technique
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includes the use of a medium containing a supplement 

mixture of auxin IAA, adenine, vitamins, and casein 

hydrolysate. They found that coconut milk plus this 

supplement mixture together gave significantly greater 

growth than any other combination of ingredients that 

had been tried to date.

It seems logical to suspect, and it was in fact 

suggested by DeRopp, and by G-autheret, that IAA may be 

required by both normal and tumor tissue in vitro and 

in vivo. Tumor tissue, unlike the callus tissue of the 

normal stem, may itself be able to synthesize adequate 

amounts of the growth factor IAA.

Indoleacetic acid has been shown to be synthesized 

in plant tissues by an enzyme system which converts 

tryptophan to IAA (Wildman et al, 1947; Wildman and Bonner, 

1948; Wildman and Muir, 1949; Gordon and Sanchez-Kieva 

1949). Henderson, and Bonner pick up the story at this 

point with their work on the differences in auxin producing 

ability of callus and tumor tissues and possible differences 

in the activity of this auxin-producing enzyme system.

Their data indicates significant amounts of free auxin 

in crown gall tumor tissue of the sunflower even after 

prolonged culture on an auxin free media. On the other 

hand, stem callus tissue, which requires a continual 

exogenous source of auxin in order to grow, contains so 

little free auxin as to be undetectable by the methods 

used. Lyophilized crown gall tumor tissue was capable
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of sustained and rapid production of auxin at the expense 

of endogenous substrates. This ability appeared to be 

absent or perhaps present to a much smaller extent in 

both non-tumor callus tissue and in the normal sunflower 

stem tissue. Henderson and co-workers found that a system 

for the enzymatic production of IAA from tryptophan 

is present in crown gall tumor tissue. Similar enzymatic 

systems are, however, present in callus and stem tissue. 

Non-tumor callus and stem tissue appeared to contain an 

inhibitor of the enzyme system involved in conversion of 

tryptophan to IAA. This inhibitor was particularly effective 

at low concentrations of tryptophan such as are found 

endogenously in the tissue, but was much less effective 

at high levels of tryptophan. The inhibitory principle 

suggested by the data of Henderson and Bonner may be of 

significance in the differing abilities of tumor and 

non-tumor tissues to synthesize auxin from endogenous 

tryptophan. Excessive amounts of auxin can cause gall 

formation, but these galls need continuous supplies of 

IAA, which unlike the autonomous secondary growths of the 

crown gall disease the tissue cannot produce itself.

It is interesting to note that Agrobacterium tumefaclens 

produces sufficient amounts of IAA to explain its initial 

pathogenicity. It is probable, however, that auxin 

production is only one of several factors responsible for 

gall formation. In 1936, Brown, Nellie, and Gardner 

produced galls by smearing decapitated stems with a



mixture of IAA in lanolin. These researchers also po

stulated that it was not the mere presence of the pathogen, 

Agrobacterium tumefaciens that lead to tumor formation, 

but rather the stimulus of certain products of the organ

isms metabolism. To this end they grew the crown gall 

organism in a synthetic medium containing 2% dextrose,

peptone, and a small amount of tryptophan, in addition 

to the usual salts, and subsequently extracted a residue 

using peroxide free ethyl ether. This residue they mixed 

with lanolin and applied to decapitated stems of Helianthus 

annuus. Galls were produced; l&nolin controls were 

negative.

Very little work has been done on the chemical 

nature of the crown gall tumor inducing principle. It 

has been demonstrated that a specific etiological agent — 

tumor-inducing principle — is required as one of the 

several agents and factors which acting in sequence, trans

form normal cells into crown gall tumor cells (Braun 1947). 

The time relation of the tumor inducing principle to the 

transformation processes was investigated in 1947 and 

1952 by Braun and in 1948 by Braun and Handle. Data 

showed that the inducing principle was active subsequent 

to a conditioning period and just prior or during the 

first histologically detectable stages of wound healing. 

That is the inducing principle begins acting on conditioned 

cells about 24 hours after inoculation of healthy tissues

with the crown gall pathogen. Braun and Handle in 1948
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repeated Rlker’s 1926 research and found that the prin

ciple is apparently destroyed or inactivated in vivo at 

32°C. at about the same rate as it is formed at 25°C.

At 28°C. to 31°G. the rate of formation of the inducing 

principle exceeded its destruction. Braun in 1950 reported 

that the activation energy for the tumor inducing principle 

was about 80,000 calories per mole. This suggests that the 

inducing principle or something closely tied up with its 

activation, may be ”a factor of complex structure.”

Despite the lack of conclusive evidence, Klein in 

starting his research on the chemical nature of the in

ducing principle in 1955, assumed the tumor inducing 

principle to be a product of Agrobacterium tumefaclena 

synthesized in the host. The suppression of tumor cell 

formation by antibiotics, as in this thesis and as in the 

research of DeRopp 194-9, supports this. Klein and Klein 

(1953) showed that completely avirulent and virulent 

strains of the crown gall bacteria could acquire the 

property of virulence from nucleic acids of virulent 

forms, and from the DNA isolated from the virulent bacteria. 

"This transmittance factor had no tumor-inducing ability 

and is not the inducing principle. Once acquired, virulence 

appeared to be genetically fixed, indicating that hereditary 

units for virulence were acquired by bacteria deficient 

for these units. The formation of tumor inducing principle 

(TIP) by virulent bacteria thus seems to be conditioned 

by the presence and activity of hereditary units which
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regulate the production of the principle. Attenuated 

cultures of crown gall bacteria, on the other hand, appear 

to possess the ability to form TIP but apparently lack 

the ability to form or evoke the formation of an auxin 

which is also required for tumor cell formation..(Braun 

and Laskaris, 1942; Klein and Link, 1952)."

However, Braun in the previous year (1952) reported 

that by rapid proliferation and successive dilution of the 

tumor generating factor in the cells, he and his co-workers 

were able to "get rid of the disease." They took this 

to mean that the abnormal growth of crown gall tumor cells 

resulted not from genetic mutation, but from a factor in 

the cytoplasm of the cell.

Before 1952 the chemical nature of the tumor 

inducing principle remained in a state of complete un

certainty. The inducing principle had limited heat stability 

and was thought to be a complex molecule. Klein (1952) 

found a startling clue to the problem. He found that 

tomato stem tissues inoculated with Agrobacterium tumefaciens 

showed a high peak in the concentration of DNA within 48 

hours after inoculation followed by a drop in the DNA 

level to that of the controls within five days. These 

findings were again confirmed by Klein et al in 1953.

Again the DNA peak was reached by about 24 hours, main

tained until 48 hours, and then returned to control levels 

by 72 hours after inoculation. Evidence indicated that 

this DNA peak was not due to changes in the host cell



-101 -

numbers, to the bacteria, or to the amount of DNA in the 

host cells as determined by quantitative cytochemical 

methods. Also the fact that the DNA peak returned to 

control levels by three days when the bacterial population 

was still increasing indicates non-participation of the 

nucleic acids of the bacteris. From this evidence Klein 

hypothesized that the tumor inducing principle may be a 

special polymer of DNA produced by virulent crown gall 

bacteria. Klein discussed the reults of the research which 

stemed from this hypothesis, in a publication in 1953-

TABLE III

Days After Inoculation

DNAP levels 
relative to DNAP

wt*)

at 0 time

Klein: relative amounts of DNAP in tomato stem tissues 
at 25 C or 30°C at Intervals after inoculation with 
virulent, attenuated, or avirulent crown gall bacteria
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As seen in the graph of Klein’s data DKAP levels 

in the prospective tumorous tissues increased to about 

two hundred percent of the control level following in

oculation with virulent, attenuated, or altered avirulent 

crown gall bacteria. That this increase is not due to 

the structural DKAP of the bacteria is indicated by the 

similarity of the curves for DKAP in punctured control 

tissues and tissues inoculated with completely avirulent 

bacteria. Since the avirulent bacteria, when altered 

into virulent forms, do evoke the formation of large amounts 

of DKAP showing identical quantitative and temporal re

lations to that found in tissues inoculated with virulent 

forms, one biochemical consequence of alteration is the 

ability to synthesize DKA in vivo. Attenuated crown gall 

bacteria posess the DKA synthesis mechanisms but do not 

induce tumor formation in the absence of supplementary auxin

Klein states in his discussion summary: "Assuming 

that a specific DKA is identical with the tumor inducing 

principle, several factors fit into a rational pattern.

The time relations of the appearance and disappearance 

of this DKA are the same as for the time of TIP action.

The observed lower levels of DKAP at 30°C. and the break 

in the curve by 48 hours corresponds with the heat induced 

inactivation of the tumor inducing principle. The presence 

of the typical peaked curve in tissues inoculated with 

an altered avirulent culture and the absence of DKA change 

following Inoculation of tissues with its parent unaltered
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avlrulent culture strengthen the hypothesis. The same 

can be said of the peak following inoculation with atten

uated cultures which have been shown to lack only the 

ability to evoke A ‘promoting agent' - auxin - for the 

production of tumors. Finally, polymerized DNA meets the 

requirements that the substance be of limited heat sta

bility and a factor of complex structure."

Klein himself admits that although the correspondence 

of the observed biological and structural properties of 

TIP and a special polymer of DNA is excellent, the lack 

of data on the isolation and characterization of the in» 

ducing principle from tissues warrants only provisional 

status for his conclusions.

The last experiments to be considered here are 

those of Klemmer et al in 1955. These researchers devised 

a series of experiments to test whether gall inhibition 

was a result of toxicity to the causal organism, Agrobacterium 

tumefaclens, or of toxicity to the gall cells. In their 

experiment, bacteria free gall tissue of marigold was used 

to test the toxic action of chloramphenicol, terramycin, 

and polymixin on gall cells. The antibiotics were prepared 

in four serial dilutions in sterile water. Five ml. was 

added to each of six Erlenmeyer flasks containing 45 ml. 

of the agar medium used by Hildebrandt et al In 1946.

Distilled water was substituted for the antibiotic in the 

control group. Addition of water and antibiotic were made 

after the medium was sterilized and before it had hardened.
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Four pieces of tissue weighing an average of six grains 

each were transferred asceptically to the surface of the 

medium in each flask. The tissues were weighed again 

after 30 days incubation at 27° G. They found no significant 

difference for the antibiotic penicillin. However, they 

hypothesized from the data, a relationship between the 

sensitivity of the bacteria to various antibiotics and the 

inhibition of the crown gall development on the plants. 

Antibiotics Introduced into plants and effective against 

gall formation were inhibitory at concentrations much 

higher than those that inhibited the bacteria in vitro.

This does not seem to be adequate evidence that the action 

was directed against the bacteria. On the other hand, 

the presence of living bacteria where gall formation 

was inhibited and the Inhibition of bacteria-free gall 

cells by antibiotics suggest that the action is primarily 

against the host cells. Likewise the inhibition by 

chloramphenicol and polymixin of gall tissue induced by 

antibiotic resistent bacteria indicates an action on

the host cells.



METHODOLOGY

Helianthus annuus variety, Giant Russian were 

planted in six inch soil beds in the greenhouse. When 

the plants were three weeks old they were inoculated 

(by use of a hypodermic syringe and 27 gauge needle) with 

0.01 ml. of a 48 hour nutrient broth culture of Agrobacterium 

tumefaciens B6c at a position approximately three inches 

above the soil level. Primary tumors arose regularly at 

the points of inoculation within two weeks. By four 

weeks after Inoculation secondary tumors appeared on 

the petioles, midribs, and nodal regions at considerable 

distances above the primary tumor of approximately fifty 

percent of the plants. Tissues from these small secondary 

tumors were aseptically removed and fragments planted 

on White’s media with and without various concentrations 

of penicillin added. Cultures which showed any bacterial 

or fungal contamination, or which failed to grow within 

the two week interval were discarded. After two weeks

the tissues left were subcultured on identical media.

The technique for preparing tissue cultures was similar 

tb that used by White and Braun (1952). The epidermis 

was stripped from the surface of the tumor or, in case 

of large tumors, the tumor itself was broken free of
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adjacent tissues exposing an asceptic surface. Fragments 

of tissue from 5mm. to 10 mm. in diameter were removed 

aseptically with sterile dlsecting instruments, and 

placed on the appropriate Whites medium in 150 ml. flasks. 

The experiments constituting Part III - The action of 

penicillin on secondary tumor tissue in vitro - are best 

summarized in Table IV below.

TABLE IV

Controls

A

B

C

Type of tissue

Normal

Normal

2 Tumor tissue

Addition to White's

.01% IAA

Experimental
Groups

A

B

C.

Tissue

2 Tumor tissue

2 Tumor tissue

2 Tumor tissue

Additive

15 O.U. penlcillin/ml. 

50 O.U. penicillin/ml. 

150 O.U. penicillin/ml.

The Whites media used for these experiments was 

made from Difco's No. TC 5781 , which is a dried media 

standardized to provide a ready stable source medium 

for the preparation of fresh liquid medium for tissue 

culture. However, as suggested by P. R. White (1945)» 

the Difco base was made up to one half the concentration 

indicated by Difco, after which 10 grams of Difco's
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Noble Agar, and the respective amounts of penicillin or 

IAA were added. The altered rehydration consisted of 

suspending 0.47 grams TC Medium White, dried(578l) in 

500 ml. of triple distilled sterile water. This solution 

was filter sterilized. To this was added ten grams of 

Noble agar in 400 ml. water which was previously auto

claved. The penicillin and IAA were disolved in 100 ml. 

of triple distilled sterile water and added to the Difco 

Noble Agar mixture before its addition to the Whites 

solution. Some of the finished media was poured into 

sterile 150 ml. flasks with cotton-qauze plugs, let to 

harden, and stored in the refrigerator.

Table V shows the content of Whitefe medium and 

compares it to the media used by other contemporary re

searchers for experiments with crown gall.

The most crucial factor concerning the methodology 

of Part Three is the necessity for maintainence of asceptic 

conditions at all times. Transfers and disections were 

made under a biological hood, and 5$ amphyl was used to 

disinfect the area before and after transfer. Instruments 

and flasks were also flamed before and after working with

them.
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TABLE V

Ingredient White (1943) 
fflg./l

Riker (1946) Gautheret (1945)
mg./I mg./I

Ca(N03)2’4H20 200 800 500

KNO-j 80 160 125

MgS04*7H20 360 720 125

kh2po4 ...... 125

Na2S04 200 100 —_

KC1 65 130

NaH2P04*H20 16.5 132 ——-

Fe2S°4 2.5 —--- —

Fe2(C/|H40g)2 — 50 —

MnS04 4.5 4.5 —-

ZnS04 1 .5 3.0 —

h3bo3 1.5 3.0 ... ■■■ ■

KI 0.75 0.37 .....—

Glycine 3.0 12.0 ..-

Niacin 0.5 ■■■-■, -

Pyridoxine 0.1 0.8 ' —.

Thiamin 0.1 0.1 ■

Sucrose 2000.0 2000.0 1,200.0

Composition of the three basal media used for culture of 
sunflower callus.



RESULTS

Tissue Media Initial wt.
Tissue
Fragment

Final 
wt.

Contamination

Normal ’whites * IAA • 49g •46g 14 days after 
initial transfer

Normal Whites + IAA .62 .66 2 days after trans, 
increase due to 
fungus

Normal Whites .75 .72 2 days after trans.

Normal Whites .69 .67 After 14 days 
after trans.
Not contaminated

2 tumor Whites * pen. 
tissue 15 O.U,/ml. .42 .45 6 days after trans.

2 tumor Whites + pen. 
tissue 15 O.U./ml. .61 ..59

After 14 days
Ntit contaminated

2 tumor Whites ♦ 50 
tissue O.U. pen/ml

*
.75 .71

After 14 days
Not contaminated

2 tumor Whites + 50 
tissue O.U. pen/ml .64 .65

After 14 days
Not contaminated

2 tumor Whites + 150 
tissue O.U. pen/ml .54 .57

After 14 days
Not contaminated

2 tumor Whites * 150 
tissue O.U. pen/ml .48 .51

After 14 days
Not contaminated

■W (weight of flask + media * tissue) - (weight of flask ♦ media)

-109-
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DISCUSSION

The extremely small number of cultures involved, 

the high incidence of contamination and the fact that 

none of the cultures were carried beyond four days of the 

second subculture leaves no room for the formulation of

a valid conclusion.

With respect to the initial hypothesis that pen

icillin inhibits the crown gall tumor inducing principle 

in Hell ant bus annuus I have found no conclusive evidence 

to answer affirmative or negative. To come to any con

clusions I feel compelled to perfect my own tissue culture 

techniques, to do Part Three of this thesis completely 

over, and to expand the experiments to higher concentrations 

of penicillin.

As all science, this paper ends, but this research 

does not. There are new questions and new avenues — 

indeed, far more than there were initially.
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