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ABSTRACT

Agrobacterium tumefaciens (Smith and Town.)
Conn is a tumor-forming bacterium which causes the plant 
disease, crown gall. A tumor inducing principle (TIP) 
is associated with the bacterium which is able to trans
form normal plant cells into tumor cells. Suggestions 
have been made that the deoxyribonucleic acid (DMA) of 
the bacterium may be associated with or contain the TIP. 
To investigate this possibility, some properties of the 
DMA of virulent and attenuated strains of A. tumefaciens 
were compared. In addition, attempts were made to induce 
tumor formation with DMA from the virulent strain.

No differences were found in the DMA from the 
two sources in either melting temperature or buoyant 
density. A melting point (Tm ) of 7B.6 C in O.lxSCC 
(0.015 MNaCl plus 0.0015 M trisodium citrate, pH 7.0) 
and a buoyant density of 1.714 g/ml in CsCl were found 
for both types of DMA.„ A calculation using the buoyant 
density value indicates that A. tumefaciens DMA has a 
guanine-cytosine content of 55%•

Attempts to induce tumors on Phaseolus vulgaris 
L. ’Pinto’ primary leaves with DMA from the virulent

■ ■ , : vii . V 7 , ;
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strain-of A. tumefaciens proved unsuccessful„ The simi
larity of both types of DMA provides evidence that the 
TIP is not probably associated with a unique, species of 
DNA. The failure to obtain tumor induction with viru- 
lent strain DNA indicates that if DNA is associated with 
the TIP/ other unknown factors are also necessary.



INTRODUCTION

The- plant disease, crown gall, is caused by a 
bacterium, Agrobacterium tumefaciens (Smith and Town.) 
Conn, which can initiate tumor formation in some 
plants. Once tumor initiation occurs, a tumor will con 
tinue to grow even in the absence of bacterial cells.
A tumor inducing principle (TIP) associated with the 
bacterium is thought to govern tumor formation.

The composition of the TIP is still unknown 
although bacterial deoxyribonucleic acid (DNA) has been 
suggested as a likely possibility. In this paper, DNA 
was isolated from virulent and attenuated strains of A. 
tumefaciens and compared for several properties to 
determine if differences exist between the 2 types of 
DNA. In addition, an attempt was made to produce 
infection in Phaseolus vulgaris L. 'Pinto* plants using 
high molecular weight DNA extracted from a virulent 
strain of A. tumefaciens in order to determine if the 
TIP is at least related to bacterial DNA.



LITERATURE REVIEW

The production, of tumors on various plants by 
the bacterium, Agrobacteriuun tumefaciens (Smith and 
Town.) Conn, results in the plant disease, crown gall. ' 
The. process by which normal plant cells are transformed 
to tumor cells characteristic of crown gall has been 
described quite well.6,5,14

In 1941, Braun"*" discovered that secondary 
tumors were formed on sunflower plants at positions a 
distance from the inoculation site where the crown gall 
bacteria were introduced and usually bacteria could not 
be isolated from them. Subsequently, White and Braun^ 
demonstrated by cultural and serological methods that 
these tumors were characteristically bacteria-free. 
Additional evidence for the absence of A. tumefaciens 
in secondary tumors was presented by Braun and White 
When fragments of bacteria-free tumors were grafted 
onto healthy sunflower plants, tumors were produced 
that were indistinguishable from those formed in the 
presence of crown gall bacteria^’̂  which suggested 
that the bacteria induced some type of heritable change 
in tumor cells allowing them to continue dividing in 
the absence of bacteria. This suggestion was supported 
' : : 4 ' V  '.v: v. • 2 • : ::
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by attempts to determine the length of time necessary for 
bacteria to induce this change in plant cells. In order 
to determine this, Braun^’̂  devised an experimental 
method for heat-killing crown gall bacteria at any time 
after their introduction into the host with no adverse 
effect to the host. By using this method it was found 
that normal plant cells could be converted to tumor 
cells as early as 36 hr after inoculation and that the 
bacteria were no longer needed, after the conversion, 
for continued tumor formation. Tumors arising after 
heat treatment at 36 hr were much smaller than those 
found in inoculated but unheated control plants. The 
longer the bacteria were permitted to act on the plant 
cells, the more closely the tumors resembled those 
found on inoculated but unheated control plants in 
size and rate of growth. This indicated that some 
material factor is passed from the bacteria to the host 
cells and brings about a complete and heritable change 
in the behavior of the affected cells. This factor 
was termed the tumor inducing principle (hereafter 
referred to as TIP).

Several possibilities have been mentioned for 
the identity of the TIP^’̂  but only one will be dis
cussed, that of the TIP being or at least being closely 
related to bacterial deoxyribonucleic acid (DNA).
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Attempts to establish that the TIP may be DNA have largely 
stemmed from work by Klein in which he observed a 
marked increase in the DNA concentration of tomato stem 
tissue 2 days after inoculation with crown gall bacteria. 
Following the initial DNA peak, the DNA level dropped to

13that of the controls. In an extension of these studies,
a 300% increase in DNA content of tomato tissues, over
that in the controls, was reported within 24 hr after
inoculation with virulent crown gall bacteria. The DNA
level then decreased to,.control amounts within 72 hours.
Tissue inoculated with avirulent bacteria demonstrated no
increase in DNA levels. The DNA peak could be lowered
by increasing the temperature from 25 to 30 C, which
coincided with the known inactivation temperature of the
TIP^ which suggested to Klein‘S  that the DNA may be
inactivated or depolymerized at 30 C. This reasoning
does not seem valid since it is now known that most types
of DNA depolymerize at considerably higher temperatures.

A summary of evidence for the TIP being DNA
was given by Klein‘S  in which he stated that the time of

1 2appearance and disappearance of the DNA peak is the 
same, as that biologically observed time of the activity 
of the TIP.4

Additional evidence for TIP being related to bac
terial DNA is drawn from the experiments of Klein and
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Klein"*"'’ in which avirulent crown gall bacteria were 
altered to a virulent state by.incubating them in the 
presence of DMA from virulent bacteria. ■ Both altered 
avirulent and virulent bacteria were able to produce 
similar DNA peaks in plant tissue after infection.

15Avirulent bacteria did not demonstrate the DNA increase.- 
The altering Or transmitting agent was found to be inac
tivated by protamine sulfate, MnCl^, deoxyribonuclease 
and 100 C heat,"*"'’ all of which are known to inactivate 
DNA.

An attempt to obtain tumors with DNA extracted
15from crown gall bacteria by Klein and Klein proved

unsuccessful but when Datura stramonium plants were
inoculated with bacterial DNA in the presence of
wound juice obtained from uninfected Datura, tumors were

19observed by-Manigault and Stoll. y There have been no 
reports of attempts to repeat their significant observa
tion.

The biological properties of the TIP may, 
perhaps, now be characterized more easily in light of 
the recent findings of Lippincott and Heberlein"*"̂ '"*"̂  
who demonstrated that tumors were produced on the 
leaves of Phaseolus vulgaris L . ’Pinto1 by rubbing 
them with crown gall bacteria in the presence of car
borundum. The number of tumors produced was found to
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be proportional to the bacterial concentration applied to 
a leaf .'*"̂’̂ ^ This discovery permits quantitative infec- 
tivity bioassays to be conducted with a bacterium much 
like the local lesion assays already in use for some 
plant viruses.



MATERIALS AND METHODS

Bacterial Culture

The virulent strain of Agrobacterium tumefaciens 
used here was subisolated from a lyophilized culture 
obtained from Dr. Stanley Alcorn, The University of 
Arizona. The lyophilized culture was suspended in 
sterile water and a loopful of the bacterial suspension 
was streaked onto sucrose agar medium consisting of 0. 
nutrient.broth (Difco), 0.1% yeast extract (Difco),
0.5% sucrose (Merck), and 1.5% agar (Fisher). Single, 
isolated colonies were selected and transferred to 
sucrose agar slants. The isolates were tested quali
tatively for tumor forming ability by injecting a dis
tilled water suspension of each isolate into stems of 
sunflower seedlings. Stock cultures of bacterial iso
lates were maintained in a refrigerator at 4 C on 
sucrose agar slants.

For the purposes of infactivity bioassays on 
pinto beans, a sucrose broth medium having the same 
composition as sucrose agar medium minus agar was used 
to grow the bacteria. The medium was seeded by trans
ferring a loopful of bacteria to 50 ml of medium contained

' Vi - '' ■ 7 ' ■: ■ / : ' ■



in a 250 ml Erlenmeyer flask and, subsequently, incubated 
for 43 hr at 28 C with shaking. The bacterial population 
of the inoculum was determined by plating serial dilu
tions of the bacteria in triplicate on sucrose agar

10medium. About 1-2 x 10 bacteria per ml were usually 
obtained after the 48 hr growth period.

Attenuation of the virulent strain of A. tume- 
faciens was carried out according to the procedure out
lined by Van Lanen,' Baldwin and Riker ( 1 9 5 2 ) Bac
teria were grown successively in media containing 
increasing: concentrations of glycine (0.05%/ 0.10%,
0.15%, 0.20% and 0.25%) .0 The remaining constituents 
were always the same: Mannitol (5.0 g), KNO^ (5.0 g), 
CaCl2 (0.19 g), NaCl (0.2 g), KgHPO^ (0.2 g), KHgPO^
(0.1 g), MgSO^ « 7H20 (0.2 g), peptone (Difco, 0.5%) 
and distilled water to make 1 liter. The pH was 
adjusted to 7,0. To avoid precipitation, solutions 
of the phosphate compounds were autoclaved separately 
from the other constituents. After sterilization, the 
phosphate solution was combined with the rest of the 
sterile medium and dispensed in 10 ml quantities into 
test tubes.

The virulent isolate of A. tumefaciens was 
first transferred to 0.05% glycine medium and incubated 
for 3-5 days at room temperature. After 5 transfers



in a medium with' a given glycine concentration, the bac
teria were transferred to a medium with the next higher 
concentration. After the bacteria had been transferred 
5 times in 0.25% glycine medium, a loopful of bacteria 
was.streaked onto sucrose agar medium and single iso
lated colonies transferred to sucrose agar slants for 
maintenance.

The attenuated isolates were tested for pres
ence or absence of virulence by assaying approximately 
0.1 ml of hr sucrose broth cultures for tumor induc
ing ability by using the Pinto bean assay procedure that 
will be described.

For the purposes of DNA isolation, bacteria were 
grown with vigorous aeration in glass carboys containing 
sucrose broth medium (10 1/carboy) for approximately 30 
hr at room temperature. Antifoam (Dow) was added to pre
vent excessive foaming. After growth, the cells were 
harvested in a Servall SS-3 centrifuge at 12,000 rpm 
utilizing a Szent-Gyorgi and Blum continuous flow system 
with a SS-34 rotor.

Infectivity Bioassay on Phaseolus vulgaris L. 'Pinto*

The bioassay was performed according to 
Lippinc ott and Heberlein" with - slight modifications. 
Pinto beans, selection UI-111 were obtained from the

9



University of Idaho, In early studies, the seed were 
planted"in a mixture of soil, sand and peat (1:1:1) in 
pots (5 seed per pot) in a greenhouse. About 10 days 
after planting, the bean seedlings were selected for 
uniformity. Seedlings which had their primary leaves 
unfolded for 1 to 2 days were considered most desirable 
for the bioassay. Seedlings not having this maturity 
were cut off at the soil level. Later, it. was found 
that the Pinto beans could be more uniformly grown if 
they were first planted in vermiculite. After approx
imately 6 days, the seedlings were selected for uni
formity as before and transplanted into a soil mixture 
contained in pots (4 plants per pot). The transplanted 
bean seedlings were usually taken from the greenhouse 
within a few hours after transplanting and placed under 
continuous fluorescent lighting which was suspended 
about 1 foot above the plants. Plants were usually 
inoculated the day after they were transplanted.

Before inoculation, the primary leaves of the 
bean plants were dusted lightly with,carborundum (320 
mesh). Four drops of inoculum (about 0.1 ml) were 
placed bn each primary leaf with a Pasteur pipette. The 
inoculum was then spread evenly'over the leaf by rubbing 
lightly with a sterile glass spatula with care being 
taken to prevent rubbing the same leaf area more than
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once. The carborundum was washed from the leaves with 
tap water after the leaves had dried. All possible 
pairings of the treatments were inoculated on opposite 
primary leaves of the same plants so that the effect of 
plant variation was minimized. All treatments were 
usually replicated about 7 times.

The tumors which developed on the leaves were 
counted about 7 days after inoculation using a Bausch 
and Bomb Stereozoom microscope at 7% magnification with' 
strong illumination from below. ,, Placing the leaf between 
2 glass plates kept the entire leaf surface in 1 focal 
plane. The upper plate had a grid drawn on it to facil
itate counting.

The infectivity of DNA extracted from virulent 
A. tumefaclens bacterial cells was tested using this 
bioassay. In these assays the sensitivity of the plants 
was tested by inoculating primary leaves, opposite those 
inoculated with experimental material, with the virulent 
isolate.

Isolation of DNA

The DNA Was isolated according to the method
20outlined by Saito and Miura. The bacterial pellet 

was washed 1-2 times by resuspending the pellet in 
saline-EDTA (0,15 M NaOl plus 0.1 M EDTA, pH 8.0) and
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centrifuging at 7000-8000 rpra using a SS-34 rotor in a 
Sorvall RC-2 centrifuge. The extraction procedure is 
designed for 6 g of wet packed cells, but may be 
expanded proportionately. The washed, bacterial pellet 
was resuspended in the centrifuge tube in a solution 
containing 12 mg lysozyme (Worthington), dissolved in 
6 ml saline-EDTA. The resuspended cells were decanted 
into an Erlenmeyer flask of adequate size, held 10-20 
min at 37 C and then quickly frozen in an acetone-dry 
ice mixture. As the cells began to thaw, 50 ml Tris- 
SDS buffer (0.1 M Tris buffer containing 1% sodium - 
dodecyl sulfate and 0.1 M MaOl, pH 9*0) were added. 
Thawing was completed in a 60 C water bath. The cells 
were shaken frequently during thawing. The presence 
of SDS aided in lysing the cells and caused the sus
pension to become very viscous. When increased vis
cosity was first noticed, the suspension was again 
frozen and thawed. An equal volume of water saturated 
phenol (Mallinckrodt, AR 88%) was then added and the 
mixture was shaken vigorously for 20 min in a cold room. 
The resulting emulsion was separated into 2 layers by 
centrifugation at 7000 rpm in a SS-34 rotor with a 
Sorvall RC-2 centrifuge for 10 min. A large quantity of 
Voluminous, white material collected at the interface of 
the 2 phase emulsion after centrifugation of the phenol
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treated material. The upper aqueous phase containing 
nucleic acid was removed using a wide mouthed pipette 
and clarified by centrifugation at 12,000 rpm for 15 
min. Additional amounts of nucleic acid were collected 
by reextracting the phenol-debris mixture 2-3 times with 
about 10 ml of saline-EDTA. The aqueous phases from all 
phenol treatments were then pooled and the nucleic acid 
precipitated with 2 volumes of 95% ethanol. The fluffy 
precipitate was wound onto a glass rod and dissolved, 
by gently stirring in 20-40 ml of O.lxSSC (l.OxSSC 
consists of 0.15 M NaCl plus 0.015 M trisodium citrate, 
pH 7.0). Gentle shaking was usually necessary for the 
nucleic acid to become completely dissolved. The solu
tion was then brought to l.OxSSC by the addition of 
lO.OxSSC.

To remove ribonucleic acid (RNA) from the prep
arations, ribonuclease A (Worthington) was added to a 
final concentration of 50 pg/ml and the mixture was then 
incubated at 37 0 for 30 min. The digest was cooled and 
deproteinized 3. times with phenol treatment. The aqueous 
phase was then collected and clarified by centrifugation 
and the DNA was reprecipitated with 2 volumes of ethanol. 
The DNA was spooled and dissolved in 20 ml of O.lxSSC 
to which 2.2 ml of acetate-EDTA (3.0 M sodium acetate 
plus 0.001 MEDTA, pH 7.0) was added. While the solution



was stirred, 0.54 volume of isopropanol was slowly added 
to precipitate the DMA and remove any RNA which may still 
be present. The precipitated DMA was spooled and washed 
successively in 70, $0, 90 and 95% ethanol and then 
redissolved in 0 .IxSSC. The isopropanol precipitation 
and ethanol washing were repeated and the final spooled 
precipitate was dissolved in O.lxSSC and brought to 
1.0x380.

The DMA concentration was calculated on the 
assumption that 100 pg/ml has an extinction of 2.0 at a 
wavelength of 260 mp.^

A determination of protein content by the 
Lowry"*"̂  method indicated that less than 2% of the mater
ial in the DMA preparation was protein.

RNA contamination was tested for using a modi
fication of the orcinol reaction as suggested by 
S c h n e i d e r . O n e  ml of 1 N K0H was added to 1 ml of an 
appropriately diluted nucleic acid sample in order to 
hydrolyze RNA which might be present. The mixture was 
incubated at 37 C for 1 hr. Four tenths ml of Yfo egg
albumin was then added to aid in precipitating small

22quantities of DMA. The DMA and protein were then pre
cipitated by the addition of 0.2 ml of 6 N HC1 and 1.0 
ml of 5% trichloroacetic acid. After centrifugation at 
approximately 1500 rpm in a clinical centrifuge for 15

14
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min, the supernatant was tested for RNA content with

23orcinol reagent as described by Schneider6 The color 
reaction was measured by determining the optical density 
at 660 mp on the Beckman spectrophotometer. Less than 
2.5% of the material in the DNA preparation could be 
attributed to RNA.

Buoyant Density.of DNA

Aliquots of approximately 3-5 pg of DNA were 
added to a 6%> (w/w) CsCl (Matheson, Coleman and Bell) 
solution. The refractive index of the DNA-CsCl solu
tion was determined at 20 C with an Abbe/ refractometer. 
The density of the solutions at 20 C was inferred from
the relationship between refractive index and the 

26density.
Centrifugation-was carried out in a Beckman 

Model'E analytical ultracentrifuge using a 12 mm, 4 deg, 
single sector, Epon centerpiece and an An-D rotor.
After approximately 20 hr of centrifugation at 44,770 
rpm at 20 C, photographs were taken of the Schlieren 
optical pattern and ultraviolet absorption pattern of 
the centrifuge cell.

Measurements of the position of the DNA peak
were made with the aid of microdensitometer tracings of

■ - ’ . ■■ xultraviolet absorption photographs. The measurement of
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buoyant density was made by utilizing.the following

* . ‘ . 11equation given by Ifft, Voet and Vinograd for calcu
lation of the distribution of the density of CsCl 
through the liquid column in the analytical ultracen
trifuge cell. The equation is given as

' dp = u)2r

where p is the density, r is the radial distance from •
the center of the rotor and uu is the angular velocity.
The values of p° are given in table form by Ifft, Voet 

lland Vinograd. The isoconcentration point (r̂ ) or the.
position at which the salt concentration equals that of
the original solution was assumed to be located at the
midpoint of the liquid column in the cell. In this
equation it is assumed the p Was constant throughout

dp
the cell. From the knowledge of r', -g-p, and a measure
ment of the distance of the DNA peak from r' the buoy
ant densities of the DNA samples were calculated.

Melting Characteristics of DNA

The melting characteristics of the DNA samples 
were calculated according to the methods outlined by 
Doty, Maraur and Sueoka.^ About 3 ml of DNA solution 
(approx 15-20 pg/ml) were placed in a 3 ml quartz 
cuvette having a 1 cm light path. One tenth SSC Was



used as a solvent for the DMA. The cuvettes were sealed 
with double layers of Saran wrap to prevent loss of 
liquid due to evaporation. The samples were placed in a 
Beckman spectrophotometer chamber whose temperature could 
be raised by circulating hot water through thermal spacers 
on either side of it. To protect the photocell, poly- 
styrene spacers were placed adjacent to the thermal spac
ers circulating the hot water. A special cover for the 
cuvette chamber was made which had a hole that allowed a 
thermometer to be placed in the chamber with its bulb 
immersed in a cuvette containing 0 .IxSSC. The cuvette 
containing the thermometer was positioned at one end of 
the cuvette holder. The temperature at which the extinc
tion increase is half completed (T )’ is determined by 
slowly raising the temperature of the chamber at 1-2 
degree intervals and allowing the temperature to equili
brate after each increase. The optical density at 260 
mp is recorded after each temperature increase.

The optical density at each temperature was 
divided by the mean of the optical densities obtained at 
temperatures lower than those at which the hyperchromic 
effect began to take place. This ratio (the relative 
absorbance) is plotted versus the temperature of the 
solution. The temperature corresponding to half the 
increase in relative absorbance was designated as the T^.

17



The heterogeneity of the DMA samples was com
pared by determining the dispersion of the melting curves 
This is done by determining the 2cr values of the melting 
curves. This could be derived from the temperature dif
ference (AT) between 1? and 83% of the absorbance rise.^ 
As an aid to determining both Tm and dispersion, the 
melting Curves were replotted on arithmetic probability 
graph paper.



RESULTS

Attenuation of A. tumefaciens

The infectivity bioassay developed for Agro-
16 17bacterium tumefaciens by Lippincott and Heberlein ' 

was used to compare the tumor forming ability of the 
attenuated and virulent strains of A. tumefaciens. The 
results of this comparison may be seen in Table 1.

Table 1. A comparison of the tumor forming ability of 48 
hr attenuated and virulent cultures of A. tumefaciens

Isolate No. bact. (xlO10) 
ml

Mean *
no. tumors 

leaf

Attenuated 1. 1.58 1.00
Attenuated 2. 1.49 0.93
Attenuated 3. . 1.10 : 2.00
Attenuated 4< 1.24 2.80
Virulent • 1.51, 77.00

* The number of tumors per leaf was based on counts from 
16, leaves.

■ Table 1 indicates that the attenuated cultures 
were not rendered completely avirulent but, rather, 
maintained a low level of tumor forming ability.

' ' ■ 19 ■



Bacterial colonies formed by attenuated bacteria were 
visibly smaller than those formed by virulent bacteria 
as evidenced by Figure 1, Microscopic 'examination of 
both types of bacterial cells revealed no differences. 
Both the attenuated and virulent strains appear as short, 
gram negative rods« Shake cultures of attenuated and 
virulent bacteria were found to grow equally well.

Infectivity of Virulent DNA

DMA extracted from the virulent strain of A. 
tumefaciens was bioassayed for infectivity. No tumors 
were produced on the Pinto bean leaves when they were 
rubbed with approximately 0.5 ml of undiluted DNA 
,extract (110 pg/ml). The amount of DNA used was more 
than the- amount calculated to be contained in a quantity 
of bacteria which will produce a maximum number of 
tumors on Pinto bean leaves, and that quantity was 
found to be approximately 15-30 pg of DNA.

Melting Characteristics of DNA

The values for Tm were found to be indistinguish
able for the DNAs extracted from attenuated and virulent 
A. tumefaciens.

Plots of the relative absorbance versus tempera
ture are shown in Figure 2, The temperatures at which

20
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Fig. 1 Bacterial colonies of attenuated (left) 
and virulent (right) strains of A. 
tumefaciens
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72 74 76 78 SO 82 14 84 88 90
TEMPERATURE (*C)

Fig. 2 Variation in relative absorbance
(260 m|j) as a function of the tempera
ture of DNA from attenuated and viru
lent A. tumefaciens in O.lxSSC 
(0.015 M NaCl plus 0.0015 M trisodium 
citrate, pH 7.0)
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the optical density had attained one half of the total 
extinction increase (-T ), and the dispersions (2a) of 
the melting curves are listed in Table 2.

Table 2„ A comparison of T . and 2a for attenuated andm
virulent A..tumefaciens DNA

'DNA . Tm (G) 2a .(C)

Attenuated : 78.7 . 3*75
Virulent ' 78.5 3.87
Mean 78.6 3.81

Buoyant Density of DNA

The buoyant density of DNA samples from viru
lent and attenuated strains of A. tumefaciens were deter 
mined by the use of CsCl density gradients in the analy
tical ultracentrifuge. Schlieren and ultraviolet' absorp 
tion patterns of the DNA peaks are shown, in Figure 3• 
Values for the buoyant densities of DNA extracted from 
virulent and attenuated bacteria were calculated to be 
1.7103 g/ml and 1.7109 g/ml, respectively.

From the densities determined, it appeared that 
there may have been no difference between the two den
sities. In an attempt to substantiate this, aliquots . 
of both types of DNA were combined and centrifuged. The
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Fig. 3 A.

B.
C.
D.
E.

An ultraviolet absorption pattern demon
strating the presence of 1 band with both 
attenuated and virulent A. tumefaciens DNA 
present.A Schlieren pattern of the DNA sample 
described in A.An ultraviolet absorption pattern of virulent 
A. tumefaciens DNA.
A Schlieren pattern of virulent A. tume
faciens DNA.
An ultraviolet absorption pattern of attenuated 
A. tumefaciens DNA



Schlieren pattern and ultraviolet absorption photographs 
revealed only one peak providing further evidence in 
favor of both types of DNA having the same density. 
Buoyant density determinations of the combined sample 
yielded a significantly higher value (1.7198 g/ml) than 
those previously determined. The results of the- buoyant 
density determinations are summarized in Table 3*
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Table 3. A comparison of the buoyant densities of DNA 
from attenuated and virulent strains of A. tumefaciens 
in which the densities were determined separately (1,2) 
and combined (3) -

DNA Buoyant 
density 
(g/ml)

1. Virulent . 1.7102
2. Attenuated 1.7109
3. Virulent and 

Attenuated 1.7198
Mean 1.714



DISCUSSION

The values of determined for DNA isolated 
from attenuated and virulent strains of Agrobacterium 
tumefaciens can probably be considered equal but addi
tional repetitions of this experiment would be helpful in 
lending further support to this claim.

The size of the temperature range over which an 
optical density increase takes place during a melting 
transition is related directly to the heterogeneity of a 
DNA sample. The heterogeneity of DNA samples may be 
indicated by calculating values for twice the standard 
deviation of the distribution about the mean for DNA 
melting transition curves. Small values for 2a indicate 
there is little variation in the composition of DNA 
molecules in a particular DNA sample.. The dispersion
in melting curves of some bacteria examined by Doty,

o 'Marmur, and Sueoka was found to be significantly less
than that found for some vertebrate sources. For
example, DNA from Diplocoocus pneumoniae and calf thymus

qhad 2a values of Ao.4 and 7<• 4) respectively. Calcula
tion of 2a for attenuated and virulent strains of A. 
tumefaciens yielded values.which were in the range of



those calculated for other bacteria by Doty, Marraur and 
Sueoka.^

The buoyant densities of the DNA isolated from 
attenuated and virulent A. tumefaciens are very nearly 
equal and provide a further indication of the similarity, 
between both types of DNA. The density of the combined 
DNA sample was significantly higher, but this value may 
possibly be reduced by subsequent repetitions of this 
experiment and the use of a marker DNA of known density . 
as. a standard in density measurements. The presence of 
a single band in the UV absorption pattern and a single 
peak in the Schlieron pattern with the combined DNA 
serves as conclusive evidence of the similarity in den
sities of DNA isolated from attenuated and virulent 
cultures of A. tumefaciens. The presence of an addi
tional or satellite DNA, that might be related to the 
TIP, in the total DNA extracted from virulent A. tume
faciens was a possibility that could have been eluci
dated with density determinations. The presence of a 
single peak and band in UV and Schlieron patterns, 
respectively, refutes this suggestion.

The discovery by Sueoka, Marmur and Doty^ of a 
linear relationship between buoyant density and the 
guanine-cytosine content of DNA permits a calculation of 
the percentage of guanine-cytosine from the densities
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found here. An equation given by Sehildkraut, Marmur

21and Doty describes this linear relationship and is 
written as p (density) - 1.66 + 0.098 (G + C). Use of 
this equation to calculate the guanine-cytosine composi
tion of the DNA isolated from attenuated and virulent 
A. tumefaciens yields a value of 55% for guanine-cyto
sine.

The comparisons made in this paper, namely, the 
melting characteristics and buoyant density, indicate 
that there is little difference in the DNA isolated from 
attenuated and virulent A. tumefaciens cells. There may 
be other differences which are not revealed by the 
techniques used here.

. Manigault and Stoll"*"̂  indicated that wound juice 
was required for tumor formation on Datura stramonium 
with virulent A. tumefaciens DNA. Future attempts to 
obtain infection with bacterial DNA should probably 
include the use of wound juice since attempts described 
in this paper resulted in failure. It would seem that 
the minimal amount of DNA required to produce infection 
should at least be equivalent to that contained by a 
quantity of bacteria which will cause tumors. Rough 
calculations indicated that Hr bacteria would contain 
about 15-30 pg of DNA and that quantity (10^) of bacteria 
is more than sufficient to produce tumors in Pinto beans.



In the attempt to form tumors with bacterial DMA in this 
paper, 50-60 pg of DNA were applied,.exceeding the amount 
contained by a quantity of bacteria which can produce 
tumors. The failure to obtain tumors may have been caused 
by a need for even higher concentrations of isolated DNA 
than those needed for intact DNA in bacterial cells.
This suggestion parallels what is known about RNA from 
some plant viruses in which isolated RNA is much less 
infectious than an equivalent quantity of RNA in the form 
of virus particles.

The failure to find a difference in the 2 types 
of DNA by the methods used here and the inability to 
produce tumors by using DNA.from virulent crown gall bac
terium as inoculum provide negative evidence for the 
possibility of the tumor inducing principle actually 
being DNA. However, the use of techniques other than 
those used here may exhibit differences between attenu
ated and virulent types of DNA which could not be shown by 
the methods used in these experiments. Furthermore, DNA 
may require other essential factors to aid in the tumor 
forming process which were not provided in attempts.to 
obtain infection with DNA.
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SUMMARY

The buoyant densities and melting characteristics 
of DNA isolated from attenuated and virulent strains of 
Agrobacterium tumefaciens were compared and no differ
ences were found. A buoyant density of 1.714 g/ml in 
CsCl and a melting point of 7$.6 C in 0.IzxSSC (0.015 M 
NaCl plus 0.0015 M trisodium citrate, pH 7*0) were found 
for DMA from both strains of the bacterium. A. tume
faciens DMA was found to have a guanine-cytosine content 
of about 55% from calculations involving the determined 
buoyant density value. Attempts to establish infection 
on Pinto beans with virulent type DMA as inoculum were 
unsuccessful. -
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