The base composition of DNA has been determined also by correlating the
mol %C+G content and the buoyant density of DNA in CsCl density gradient
(Rolfe and Meselson, 1959; Sueoka et al, 1959; Schildkraut et al, 1962).
However, this method needs large amounts of DNA and unusual bases in the

DNA molecule may alter the resulting mol% C+G content ( Marmur and Doty,
1962).

A simpler procedure to determine the mol% C+G content was propused by
Fredericq et al (1961), based on the ratio of the absorption of DNA at
260 and 280 nm after denaturation of the DNA molecule at pH 3. Ulitzur
(1972), describes yet another method for determining base ratio of native
DNA based on an empirically demonstrated correlation between ultraviolet
absorption spectra of native DNA's and their base contents. According
to chis method, the ratio of the absorbance at any wavelength in the range
from 240 to 255 nm and any wavelength in the range from 265 to 280 nm,
increases linearly with increasing mol% C+G content. At absorbance ratios
of 240/280, 245/270, and 240/275 (nm), the standard deviation of the
calculated base ratio content was below * 0,85. However, today the Tm

analysis is considered to be more reliable for estimating the mol% C+G

content.

Mean DNA base composition are of particular taxonomic value for bacteria,

since the range for the bacteria as a whole is so wide. However, although
closely related bacteria have similar mol% C+G content, two organisms with
similar mol% C+4G content are not necessarily closely related; this is
because the mol% C+G content do not take into account the linear ar-

rangerents of the nucieotide~ in the DNA, as the hybridisation techniques
do (Johnson, 1984).

|
|
1
|

If native DNA is sul iected to thermal denaturation and slowly brought to
a lower temperature, the simple strands anneal with one another, to form

again double stranded molecules. The rate and efficiency of this process
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depend on many factors, including the mean chain length of the DNA, the
annealing temperature and the ionic strength of the medium (Wetmur and
Davidson, 1968; Wetmur, 1976). Some random pairing always occurs, but
since it is the complementary regions of the two strands that form the
most stable duplexes (as a result of the high efficiency of their pairing)
the reassociation is favoured. Shortly after this phenomenon had been
discovered it was shown that when DNA preparations from two related
strains of bacteria were mixed and treated in this manner, hybrid DNA
molecules formed. When similar experiments were conducted with DNA
preparations from two unrelated organisms, no hybridisation could be de-
tected as upon annezling, duplexes are formed only by specific pairing

between single strands with complementary sequesrces.

There are two general methods for h~mology studies. The first method,
often referred to as the free-solution method, involves the reassociation
of the single-stranded nucleic acids in solution. Reassociation of DNA
may be measured optically using a spectrophotometer (Britten et al, 1974;
De Ley et al, 1970), or it may be measured by incubating a small amount
ot denatured DNA having a high specific radioactivity with a large excess
of unlavelled denatured DNA (Gillespie and Spiegelman, 1965). In the
later instance, the ability of the labelled fragments to form duplexes
with wilabelled DNA is assayed by absorption to hydroxyapatite (Bishop,

1970) or by resistance to hydrolysis by an enzyme known as S1 nuclease
(Crosa et al, 1973).

In 1963, Nygaard and Hall found that native DNA, denatured DNA, and
RNA/DNA hybrids would bind to nitrocellulose paper where RNA would not.

In 1966, Denhardt described a procadure for covering the DNA binding sites
on nitrocellulose membranes. This made it possible to first immobilise a
given amount of denatured DNA on the membrane and to treat it with a

mixture that blocked all other sites which could potentially bind DNA,
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Subsequent additiou © a e:wond DNA preparation thus allowed
complementation to b+ a..~ssed. Thus, the membrane procedure became
readily ava.lahle for DNA/DNA exjeriments in homology, replacing the agar
method.

By the use of nitrocellulose membranes, DNA or RNA can be determined by

either direct binding or by competitor experiments.

In the direct binding mothod, a given amount of denatured D!/A (labelled)
or RNA is incubated under standard conditions with various
single-stranded DNA preparations that have been immobilised on
nitrocellulose membranes. After the incubation the unbound labelled DNA
is washed away and the radioactivity remaining on the membrane measured.
The percent homology is expressed as the amount of heterologous binding
divided by the amount of homologous binding x 100 (Johnson, 1984). The
results obtained with this method are similar to those using the S§-1
method. The advantage of the direct dot tecimique over the competitor
method is that small amounts of DNA &are required whereas large amounts
of DNA are required in the latter procedure, where unlabelled denatured
reference DNA is fixed onto nitrocellulose membranes. A direct binding
reaction, used for a reference point, is performcd between the hiomologous
denatured labelled DNA in solution and the membranc-boind reference DNA.
The competitive reaction has the same components as the direct biading
reaction but additionally contain high concentration of unlabelled dena-

tured DNA in solution (Johnson, 1984).
To be taxonomically useful, the data from experiments on nucleic acid
hybridization must be expressible in quantitative terms. It is therefore

necessary always to start from a particular reference strain.

The total amount of information concerning bacterial genetic homologies

is still relatively small. Nevertheless, the technique is a powerful one.
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Its great potential advantage is that it can be used to explore gross
genetic homologies in the many bacterial groups where no mechanism of
genetic transfer are known, and where, in consequence, biological

hybridis ation experiments are precluded (Stanier et al, 1972).

A further method of analysing DNA is by assessing the fragments resulting
from restriction endonuclease digestion. Restriction endonucleases are
endo-deoxyribonucleases that digest double-stranded DNA after recognising
specific nucleotide sequences by cleaving two phosphodiester bonds, one
within each strand of the duplex DNA.

Restriction endonucleases are categorised in classes I, II and III
(Boehringer Mannheim, West Germany). Type I and IIl enzymes carry the
ability to wodify nucleic acid (methylations) and an ATP requiring re-
striction (cleavage) activity in the same protein. Both types of enzymes
recognise unmethylated recognition sequences in substrate DNA, but type
I enzymes cleave randomly whereas type IIl enzymes cut DNA at specific

sites.

Type Il restriction system consists of a separate restriction
endonuclease and a modification methylase. A large number of type II re-
striction enzymes have been isolated (Roberts, 1982), many of which are
useful in molecular cloning. These enzymes cut DNA within or near to their
particular recognition sites (Sqaramella, 1972), which typically are four
to six nucleotides in length with a two fold axis of symmetry (Maniatis
et al, 1982).

—— e

Each restriction enzyme has a set of optimal reaction conditions whi:h
are given by the supplier. The major variables are the temperature of

incubation and the composition of the buff. (Maniatis et al, 1982).
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A number of strategies ..e used to construct maps of the sites at which
restriction enzymes cleave DVA; it is usually necessary to employ more
than one of them to obtain meps that are sufficiently accurate and de-

tailed to be useful. The techniques most commonly used are:

- A simultaneous digestion with a combination of restriction enzymes (Lawn
et al 1978).

- Sequential digestion of an isolated DNA fragment with a second re-
striction enzyme (Parker and Seed , 1980).

- Partial digestion (Smith and Birnstiel, 1976).

However, due to the size of a bacterial chromosome the map of a bacterial
DNA cannot be made with simple techniques. In this case, the pati..rn of
the different restricted DNAs are ¢ »npared.

In addition to chromosomal DNA many bacteria possess extrachromosomal
fragments of DNA.

In 1963, several authors demonstrated the existence of resistance to one
or more drugs in bacteria (Akiba et al, 1960; Dat.a, 1962; Watanabe,
1963). Very soon an analogy was found between such resistance, the
so=called R factor and the sex factor F of £scheiichia coli K-12
(Mitsuhashi et al, 1960), which was found not to b part of the bacterial
chromosome and, like R factors, could spread through bacterial popu=
lations (Lederberg, 1952). These extrachromosomal DNA molecules were
termed plasmids. Numerous types of plasmids have been described since in
many bacterial species. Bukhani et al (1977), gave a large list of dif-
ferent plasmids with a wide range of functions. They can code for drug
resistance, tolerance to heavy metal ion, toxin production, and even

tumour induction and pathogenicity in plants and animals.
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Tooze (1973) described the pathogenicity of Agrobacterium tumefaciens

which can induce tumours in plants as due to the Ti plasmid (Montoya et
al, 1977;.

In the last twe decades, it has become clear that the genetic complement
of a bacterial cell lies not only in the main chromosome but, in many
cases, also in extrachromosomal elements such as plasmids which carry
genetic material capable of phenotypic expression. What contrib tion such
extrachromosomal entities make to a particular bacterial phenotype, ei-
ther by direct expression or iateraction with the chromosomal DNA of the
cell, is just sterting to be understood. Consequently, several of the
newer taxonomic methods have been and are being directed towards the
characterisation of the total genetic complement of bacteria (Broda,

1979; Harwood, 1980; Hardy, 1981), including plasmids.

In the early experiments, plasmid DNA was isolated as linear molecule:.
However, with the development of gentler methods of releasing DNA from
cells, several plasmids were shown by electron microscopy to be circular
(Freifelder, 1968) and this is the form in which most, if not all,

plasmids are present in the cell.

For all the procedures described above, mol% C+G content, hybridisation
and plasmid detection,the DNA has to be released from the bacterial cell
and purified. In vivo, DNA is rarel!y found as a completely free molecule.
In higher animals, it is protected by specialised proteins usually of a
very basic nature, called hist ies, whereas in bacteria the proteins are
replaced by oligoamines (Ayad, 1972; Hayes, 1968). The bacterial chromo-
some has been shown to have a single DNA molecule with a molecular weight

of about 2,8 x 10* and to be circular (Cairns, 1963).

Numerous attempts have been made .o isolate bacterial DNA with the con-

ventional biochemical techniques and to establish its exact molecular
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weight value. During these studies it became evident that chain-length
varied with the procedure used, and that the apparent molecular weight
of DNA could be significantly decreased by mechanical shearing. The mo-
lecular weight o. DN is usually determined by light scattering measure-
ments or by measurements of sedimentation rates or intrinsic viscosity,
or by a combination of measurements of sedimentation coefficieat and in-
trinsic viscosity. Valuable information may also be obtained by direct
observation of the thread-like DNA molecules in che electron microscope
or by autoradiography (Davidson, 1969). A molecular weight of 2-2,5 x
10* daltons was the highest found with bulk isolaticn techniques (Ke! ly,
1¥67; K'esius and Schuhardt, 1968). However, unbroken DNA can be isolated

from bacteria in a 'mall quantity (Davern, 1966).

Although direct length measurement by electron microscopy are used,
co-electrophoresis in agarose gels of DNA fragments of known length with
the DNA to be analysed is among the most widely uscd methods for molecular

weight estimation of DNA (Boehringer Mannheim, West Germany).

The methods emploved in isolating DNA very according to the nature of the
biological material involved. Methods for animal, plant and bacteriai
sources have been fully described (Smith, 1967). For microorganisms irn

general, one of the most satisfactory procedures is that of Marmur (1961)

which involves disruption of the cells, denaturation of cell debris and f&fV
removal of TNA by ribonuclease followed by selective precipitation of DNA

with isopropanol. Chelating agents such as sodium dodecyl sulphate are g
added to prevent bivalent metal ion contamination and deprivation by i
deoxyribonuclease, which requires bivalent metal ions for its hydrolytic R

action. Other methods for isolation of DNA have been described (Kirby,

i T,

1968). The most serious problem in any attempt to isolate DNA from natural
sources are the avoidance of nuclease degradation and of shear degradation

(Davidson, 1969). The long thin threads which const.itute the DNA molecules
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are very easily broken, even by very gentle lysis of the cells (Davern,

1966).

The aim of this investigation was to attempt to characterise tne DNA of
one putative greening organism, LC-1, with regard to molecular weight,
mol%C+G content, and if possible plasmid content and endonuclease re-

striction patterns.

The DNA of this isolate was also tested for the degree of homology with
other isolates of the putative greening organism, as well as represen-

tative bacteria from several phytopathogenic genera.

In order to determine if the putative greening isolates varied markedly
from other bacteria associated with the leaves of healthy and greening
infected citrus, various isolation media were wused to grow

citrus-associated orgarisms and their DNA homology to LC-1 assessed.
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MATERIALS AND METHODS

2.1 MICROORGANISMS USED

Several isolates from greening infected citrus were used. LC-1, isolated
by Duncan (1985) from the Letaba area, Eastern Transvaal; NC-1, isolated
by Mochaba (pers. comm.) from the columellae of infected oranges from the
Citrus and Subtropical Research Institute (CSFRI) at Nelspruit, Eastern
Transvaal, and GC-1, isolated by Mochaba from the columellae of infected

lemons from the Witwatersrand area.

Pseudomonas phaseolicola, Erwinia carotovora, Erwinia herbicola,
Corynebacter ium michiganense anrd Corynebacterium insidiosum were provided
by the Plant Protaction Research Institute, Pretoria.

Bacillus subtilis, Azotobacter vinelandii, Escherichia coli, and

Agrobacterium tumefaciens were obtained from the University of the

Witwatersrand culture collection.

2.2 CULTURE MEDIA

Various media were utilised. Thesc include MIG medium (Appenisx 1,, “23%
medium (Kado and Heskett, 1970, Appendix 1) and nutrient broti (Bioiolab,
South Africa).
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2.3 ISOLATION TECHNIQUE

2.0.1 SAMPLE PREPARATION

Healthy and greening infected citrus eaves were obtained from [tits,

Letaba, The Citrus and Subtropical Fruit Research Institute (CSFRI) at

Nelpruit, Johannesburg and the [dstern Cape. All control greening free

material came from seedlings from the [dstern Cape.

2.3.2 INOCULATION TECHNIQUE

The surface of the leaves was washed with distilled water and cotton wool

to remove all dirt. Then, the leaves were treated with formaldehyde (I

for [MOminutes in a sterile beaker, after which the leaves were allow to

air dry. [fce dried, the intact leaves were treated with ethanol (D

for 100minutes and r.nsed in sterile water twice before cutting the leaves

into thin strips with sterile scissor[] and forceps. Sterile conditions

were maintained throughout the procedure

These strips were passed through a sterile press to collect the extract

which was subsequently used as inoculum for the different culture media

[Tdncan, 198[0] [Oml being used as inoculum for [MIJml of medium. All

isolations were performed in quadruplicate, duplicate flasks being incu-

bated at [@BLC and [BH[C in an orbital shaker with vigorous aeration (1503

rpm[]



























