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PROSPECTS FOR EVALUATION OF FRANKIA - CASUARINA
ASSOCIATION UNDER EGYPTIAN CONDITIONS
I- BIOCHEMICAL AND MOLECULAR DIFFERENTIATION OF
NATIVE FRANKIA
9]

Eweda' E.E. Wedad; Sh.M. Selim' and Mona S. Zayed'
ABSTRACT

Four native Frankia were isolated from nodules developed on the root of C.
glauca and C. cunninghamiana grown on a range of Egyptian soils. Examinations of
~ light microscopy revealed that all isolates exhibited structures characterizing
Frankia i.e., hyphae, sporangia and vesicles (in vitro) Acetylene reduction activity
using N-free BAP medium showed that N,-fixing activity of those isolates ranged
from 151.36 to 211.42 nmol C,H./h/mg mycelial protein . The highest biomass yield
were obtained from Frankia cultures in BAP liquid medium containing sodium
propionate compared with other sources of carbon, i e , mannitol, fructose, mannose,
sucrose and maltose. However, the growth pattemn of all isolates under the above-
mentioned conditions were similar to those of the 2 reference strains of Frankia.
Prior to exponential growth, the isolates showed a lag phase of approximately 6-7 or
2-3 days under static and stirred conditions, respectively. On the other hand, they
were sensitive to 7 antibiotics with different mechanisms of actions, i. e, streptomy-
cin sulfate, neomycin sulfate, kanamycin sulfate, chloramphenicol, tetracycline,
gentamycin and nalidixic acid. The similarities among the tested isolates which were
examined by SDS-PAGE and agrose-gel electrophoresis techniques showed that
they were varied in electrophoretic protein pattern as well as total chromosomal and
plasmid DNA. Active hyphae and spores of all Frankia isolates were able to induce
N.-fixing nodules on the roots of C. cunninghamiana where endophytic colonization
were confirmed by scanning electron microscopy.

Key words: Native Frankia, Biochemical characterization, Molecular differentia-
tion, Casuarina glauca, C. cunninghamiana, Nodulation, N-fixation

INTRODUCTION forming nodules on a number of non-

legumes, termed actinorhizal plants (Ak-

Frankia is an actinomycete able to fix  kermans & Van Dijk, 1976; Callaham
atmospheric nitrogen either inviroand et al 1978, Diem and Dommergues,
in planta by infecting the root system and 1990 and Benson & Silvester, 1993).
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Actinorhizal plants are economically and
ecologically important for clearest land
reclamation (EL-Lakany, 1983), regen-
eration of impoverished soils and sand
dune ‘stabilization (National Research
Council, 1984 and Dommergues, et al
1984).

Since the first successful isolation and
culture of Frankia from Comptonia
peregrina (Callaham et al 1978) many
isolates have been collected from the root
" nodules of actinorhizal host plants such
as Alnus (Baker et al 1979) Elaeagnus
(Baker, et al 1980), Casuarina (Diem et
al 1982; Diem & Dommergues, 1983;
Girgis, 1993; Selim, 1999 and Zayed,
2001); Colletia, (Akkermans et al 1984)
and Ceanothus (Lechevalier & Ruan,
1984). These Frankia isolates have been

characterized by their morphological -

structures such as hyphae, vesicles and
polymorphic sporangia and N,-fixation,
carbon source utilization, restriction
analysis of the genome and specific DNA
or RNA, antibiotics sensitivity, determi-
nation of fatty acids composition, total
Frankia protein pattens by SDS-
polyacrylamide gel electrophoresis (SDS-
PAGE) or the patterns of enzyme electro-
phoresis using non-denaturing ultra-low
gelling point agarose polyacrylamide gel

 electrophoresis (ULGA-PAGE) (Benson

& Hanna, 1983; Benson et al 1984;
Nazaret et al 1989, Benoist & Schwen-
cke, 1990; Mirza et al 1991; Akker-
mans et al 1992; Cart, 1993; Girgis, - -

© 1993; Girgis & Schwencke 1993; Selim,

1995 and Zepp et al 1997).

The present work report on biochemi-
cal and molecular characterization of 4
native Frankia isolates from root nodules
of Casuarina grown on Egyptian soil.
The nodulation and N,-fixing effectivness
‘of hyphae and spores produced by those
isolates was also evaluated.

MATERIAL AND METHODS

Seeds and seedlings

Seeds and seedlings of Casuarina
cunninghamiana were used in the present
investigation. They were kindly provided
by Desert Development Center (DDC),
American University in Cairo, Egypt.

Reference strains
The designation and origin Frankia

reference strains used in this study are
indicated in Table (1).

Table 1. Origin of Frankia reference strains used in this study

Frankia On;ltg na Geog::a P hical Reference
ost origin
UF 001 C. glauca Ismailia Selim 1999
UF 002 C. glauca Zagazig Selim 1999

Arab Univ. J. Agric. Sci., 11(1), 2003
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Seil

A loamy sand soil with pH 8.3; E.C.
0.16 ds. m' and 12; 1 and 100 ppm of N,P
and K respectively was collected from El-
Bostan location, Beheira Governorate.
The samples were air dried, ground to
pass into 2 mm sieve, mixed thoroughly
prior to experimentation.

Experimental techniques

Isolation and characterization of native
Frankia

Collection of nodules samples

Nodules samples were collected from
the roots of Casuarina trees which were
grown on soils of Sadat City, Nobaria
City, Cairo-Zagazig road and Kafr El-
Sheikh,

Isolation of Frankia

Frankia spp. were isolated from the
" collected Casuarina root nodules using
the double layer method (Murry etal,
1984). The sclected nodules were cleaned
from most soil and organic debris adher-
ing to the surface by washing many times
in water, followed by examination under
the dissecting microscope to get rid of
fine soil and organic particles still ad-
hering to the nodule surface or inserted
between nodule lobes. Separated lobes
were surface sterilized in sodium hypo-
chiorite (2.0%) and HgCl, (0.1% in 0.5%
HCI) for 15 min then rinsed with sterile
distilled water several times. Individual
lobes were cultured for one week in nu-
trient broth at 29+2°C for testing the ef-
fectiveness of surface sterilization (Car-
rasco et al 1992).

The sterilized lobes were cut imto
small pieces by using a sterile scable. The
small pieces of lobes were evenly distrib-
uted onto a bottom layer of 1.5% agar
modified-Q-mod in petri dish. Three ml
of the semi solid modified Q-mod me-
dium was poured on the over layer, thus
covering the pieces of nodule lobes
(Caru, 1993), and then the plates were
incubated at 29+2°C for 2-3 months.
Frankia colonies grow out of nodule
pieces and exhibited typical hyphae and
sporangia were isolated on modified -Q-
mod. medium (Lalonde & Calvert,
1979). Frankia isolates were subjected to
purification trials (Diem & Dommergunes
1983). The purified Frankia isolates were
maintained on modified BAP liquid me-
dium at 29+2°C and subculturing was
usually done every week using the same
medinm.

For this purpose, Casuarina seedlings
were fed for at least 2 weeks with N-free
Vs Hoagland solution. Each plant was
inoculated with 20 ug protein of 7 day
old culture homogenized hyphae (Selim
& Schwencke, 1995). Three replicates
were used for each treatment. Three
months later, the root systems were ex-
amined for the presence of nodules, num-
ber of nodules and their nitrogenase
activity.

Scanning electron microscopy (SEM)
of Casuarina nodules

A representative samples of nodules
were subjected to ultra sectioning and
then thin fixed in 2.5% glutaraldehyde
for 24 h at 4°C, then post-fixed in 1%
osmium tetroxide for lh at room tem-
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perature (Harley and Fergusen, 1990).
The specimens were then dehydrated with
ascending concentrations of acetone,
critical point dried, and finaily sputter
coated with gold. The examination,
measurements and photographing were
done through a Jeol Scanning Electron
Microscope (JSM-T 330 A) equipped
with image recording and processing
system (SemAfore).

Nitrogenase activity

Nitrogen fixation was estimated by
the acetylene reduction assay (ARA)
method according to Hardy et al (1968).
Assay was done both “in vitro” for pure
Frankia cultures and “in planta” for
Frankia present in nodules. A measurable
and reproducible chromatographic signal
both with Frankia cultures and with
whole nodulated plants was obtained after
3 & 24 hours of incubation with acetylene
at 28°C. Assays were performed using
whole nodulated plants under near-
identical condition to avoid unwanted
variables, as discussed by Huss-Danell
(1990) and Vessey (1994),

Effect of carbon source on the growth
of Frankia.

The growth of Frankia isolates on dif-
ferent carbon sources was tested in BAP-
liquid medium, supplemented with either
sodium propionate, galactose, lactose,
mannose, maltose, mannitol, sucrose,
sodium citrate, fructose or sodium pyru-
vate at a concentration of 0.18 gram car-
bon/L. All carbon sources were sterilized
by Millipore filtration (pore size 0.22
um), and Frankia isolates were grown on
different carbon sources for 15 days
(Cari, 1993). Total protein of represen-

tative samples was determined according
to Bradford (1976).

Effect of antibiotics

The antibiotic resistance of Frankia
isolates was determined in liquid BAP
medium containing 7 different antibiotics
(kanamycin sulfate, nalidixic acid, gen-
tamycin sulfate, tetracycline, chloram-
phenicol, neomycin sulfate, and strepto-
mycin sulfate) at a concentration of 10 &
20 and 40 pug ml® medium. Stock solu-
tions of the antibiotics in distilled water
were stenlized by Millipore filter (0.22
pm). The media were inoculated and in-
cubated at 29+2°C. Representation sam-
ples were collected after 15 days and the
total protein was determined as shown by
(Bradford 1976).

Electrophoretic
protein

pattern of Frankia

Analysis of Frankia protein was car-
ried out for differentiation between refer-
ence strains and isolates by using the
technique of sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-
PAGE). For this purpose, the tested
Frankia were grown on BAP liquid me-
dium for 5 days at 29+2 °C. The cells
were harvested by centrifugation at 5000
rpm for 15 min and washed twice with
0.085% NaCl. Fifty pl of 10 mg/ml Ly-
sozyme were added and pipette four
times to mix. Samples were incubated at
37°C for one hour to digest the cell wall.
The samples were then cooled to room
temperature. A volume of 40 pi lysis
buffer was added to the samples. Samples
were incubated in a boiling water bath for
2 min and centrifuged for 5 min at 15000

rpm.
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A volume of 10 pl mercaptoethano]
(10% v/v) was added to 100 (d containing
100 pg protein extract of each sample.
Samples were boiled for 10 min and 100

ul of each sample were loaded on gel :

after adding one drop of the loading
buffer (bromophenol blue and glycerin).

Total cell DNA of Frankia

Isolation of chromosomal DNA of 4
Frankia isolates (UF010, UFO11, UF012
and UFO013) and two reference strains
(UF001 and UF002) were carried out
using Promega cot No = A 1120 kit
called wizerd ® genomic DNA purifica-
tion kit. The method of Normand et al
(1983) was used for plasmid DNA isola-
tion.

Effect of Frankia inoculum form on
nodulation and N,-fixation of C. cun-
ninghamiana

Preparation of Frankia inoculum

Frankia cells stored in modified Q-
mod medium, need two or three passages
in BAP liquid medium to obtain sporan-
gia-free exponential cells (Selim and
Schwencke, 1995). For all tested
Frankia, culture was propagated by in-
oculating 1 pg protein per ml (Bradford,
1976) from exponentially growing sy-
ringe disrupted (5-6 timer using a 0.6 mm
sterile needle) Frankia cells. Frankia
grown in modified-Q-mod medium pro-
duce hyphae, sporangia (or spores) and
vesicles (Selim, 1999). Cultures enriched
in one of these different morphological
variant were obtained as follows:

Sporangia free exponentially growing
hyphae were obtained from cells stored in:
modified-Q-mod medium and cultured

three times im BAP liquid medium sup-
plemented with phosphatidyl - choline
and incubated at 29 +2°C for one week
with agitation at 200 rpm with a cross-
type magnetic bar to be used as a starter.
Spore-enriched cultures were collected
after 24 days of growing Frankia isolates
in BAP liquid medium without N-sources
(Selim & Schwencke 1995).

All those morphologically different
cultures of Frankia were washed and
centrifuged once at 5000 rpm for 15 min
in NH," free BAP liquid medium and
once in Y4 Hoagland solution without N-
source (Hoagland & Arnon 1938) and
resuspended in ' Hoagland solution
without N-source. Finally they were sy-
ringe-homogenized (using syringe a nee-
die 0.6 mm diameter), their protein con-
centration were determined according to
Bradford (1976) to be used as inocmla
(20 pg/plant).

Raising of Casuarina seedling

Seeds of Casuarina cunninghamiana
were sterilized by immersing for 2 min in
concentrated H,SO, , then washed with
sterile distilled water until they reached
neutral pH (Selim & Schwencke, 1995).
Two month old seedlings were trams-
ferred into 20 cm diameter pot (two
plants), irrigated for at least 2 weeks
(twice a week) with % Hoagland solution
with (NH,") and then 3 weeks with NHy
free ¥4 Hoagland solution under green-
house condition (Selim & Schwencke,
1995).

Plant inoculation
Development Casuarina plants were

inoculated with Frankia isolates applied
into a 3-cm deep hole, prepared by a
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6-mm diameter wood stick with a conical
end introduced at about 1-cm from the
top root. This ensure a uniform distribu-
tion of the inoculum around the roots
(Selim & Schwencke, 1995). Inocula
were always prepared to contain 20 pg of
Frankia protein per ml within the same
final volume (4 ml) of % Hoagland solu-
tion without N source (Selim & Schwen-
cke, 1995).

RESULTS AND DISCUSSION

Frankia colonizing C. glauca and C.
cunninghamiana

Cultural and morphological features

Four Frankia isolates were obtained
from healthy nodules collected from the
roots of C. glaucaand C. cunninghami-
ana trees grown on different localities in
Egypt, using the method described by
Murry et al (1984) and Carrasco et al
(1992). After 2-3 months inoculated
modified Q-mod solid media gave white
globoid colonies grew out of nodules
with a maximum of about 0.3 mm di-
ameter. Frankia isolates obtained were
transferred into BAP liquid medium. The
growth patterns of all isolates in BAP
liquid medium were similar to those of 2
reference Frankia UF001 and UF002 in
the same medium.

When the microorganisms were sub-
cultured several times, the filamentous
culture developed. Under light micro-
scope, The morphological features of
typical Frankia structure were very simi-
lar to the reference Frankia strains .In
liquid BAP medium, all isolates formed
branched septate hyphae (from 0.1 to 0.6
um in diameter). Spores and sporangia
were in a lateral or terminal position on

the hyphae with sizes from 1.0-1.5 and
4.0-15.0 um respectively. (Figs. 1A & B).
In the same above mentioned medium
without N source a spherical vesicles
ranging from 1.0-1.5 pm in diameter
were formed in abundance, (Fig. 1C).
However, Frankia isolates were differed
in their growth rate.

Nodulation and N,-fixation

Under defined greenhouse conditions,
all Frankia isolates were able to nodulate
Casuarina seedlings (Fig. 2). The effec-
tive nodules formed by all Frankia iso-
lates showed normal structure and typical
internal organization with endophyte de-
veloping vesicles within the cortical cells
of the host tissue (Fig. 3).

Data in Table (2) show the nitroge-
nase activity “in vitro” of the Frankia
isolates, measured as acetylene reduction.
The values of nitrogenase activity of
Frankia isolates and strains grown in
nitrogen free BAP liquid medium ranged
from 151.36 to 211.42 n mol C;H/h/mg
Frankia protein.

Growth responses to different carbon
sources

The ability of the Frankia isolates to
utilize various carbon sources (galactose,
lactose, mannose, maltose, mannitol,
fructose, sucrose, sodium citrate and
sodium pyruvate were compered with
sodium propionate as control when pres-
ent singly in BAP liquid medium as a
sole carbon and energy source under
static conditions (see Fig. 4).

The recorded data in Fig. (4) obvi-
ously show that, sodium propionate was
the best carbon source with the isolates
the UFO011, UF012, UF013. and strains

Arab Univ. J. Agric. Sci., 11(1), 2003
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Fig. 2. A photograph illustrating root nodules of Casuarina bearing many nod-

ules lobes with various size

Table 2. In vitro specific nitrogenase activity of four Frankia isolates and two reference

strains grown in N free BAP medium

Frankia isolates UF010 UFO11 UF012 UF013 UF00l Utoee2
Nitrogenase activity

) 191.69 182.47 15136 20289 17201 21142
(nmol C,H/Wmg protein)

UF001 and UF002 which gave biomass
yield of 11.5, 12.5,12.7, 14.3 and 16.1 pg
protein/ml medium, respectively. On the
other hand, higher biomass yield was
obtained from Frankia isolate UF010
when grown with mannose, maltose,
mannitol, sucrose or fructose as carbon
sources giving, 17.6; 16.3; 16.3; 16.1 and
15.9 pg protein/ml, respectively. How-
ever all Frankia isolates grew well in
BAP liquid medium containing sodium
propionate as a sole carbon source, per-
haps, because this compound is a stan-

dard carbon source in the medium used
for isolation of Frankia (Cari, 1993).

Effect of antibiotics on Frankia growth

The sensitivity of four isolates of
Frankia, and two strains towards variety
of antibiotics with different mechanisms
of action (kanamycin sulfate, nalidixic
acid, gentamycin sulfate, tetracycline,
chloramphenicol, neomycin sulfate and
streptomycin sulfate) with three concen-
trations (10, 20 and 40 pug/ml medium)

Arab Univ. J. Agric. Sci., 11(1), 2003
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(A)

B)

Fig. 3. Electron micrograph of effective nodule from Casuarina induced by
Frankia isolate, showing Frankia vesicles (V) and hyphae (H)
embedded in the cytoplasm of cortical cells (24 weeks after inocula-
tion)

* Bar scale = 10pum  (A) 1000 X (B) 2000 X

Arab Univ. J. Agric. Sci., 11(1), 2003
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was determined in BAP liquid medium
after 15 days of incubation at 29+2°C
(see Table, 3).

Generally, Frankia biomass yield
decreased with increasing the antibiotic
concentration used. However, the isolates
UF012 & UF013 grown in media sup-
plemented with streptomycin sulfate and

isolates UF012 and strain UF002 in.

chloramphenicol (Table, 3) showed a
very high sensitivity even at the lowest
concentration of antibiotic used (10
pg/ml). In these cases, the initial Frankia
protein used as inoculum (1 pg pro-
tein/ml) was either unchanged indicating
complete growth inhibition or even cell
lysis may occurred since the amount of
protein determined at the end of the incu-
bation period was either unchanged or
decreased less than the amount of
Frankia protein as inoculum.

Few studies on antibiotic sensitivity
of Frankia have been published, praticu-
larly on strains isolated from the genera
Alnus and Elaeagnus (Normand and
Lalonde, 1986). A spontaneous out
ineffective neomycin-resistant Frankia
from an Alnus-compatible strain has
also been obtained (Faure, Raynaud et
al 1990). The - resistance of Frankia
strains to various antibiotics may be
useful in studies of survival and competi-
tiveness in soil, differentiation between
the closely related Frankia strains
and identification of their presence in
nodules on plants inoculated with a mix-
tures of strain (Canmi, 1993; Girgis,
1993; Selim, 1995 and Selim ef al
"2000). The antibiotics assay can also be-
come a useful tool as a specific genetic
markers (Cari, 1993). Resistance to an-
tibiotic is the most useful since it is not
only a stable marker for strains, but also
. enables one to use positive selection in

genetics work specifically in DNA
cloning.

Growth kinetics of Frankia isolates

A comparison between the growth
kinetics of the four Frankia isolates and
two reference strains grown in BAP lig-
uid medium under stirring and static con-
ditions during 10 and 20 day respectively
at 2942°C are presented in Figg (5&6).
Growth curve of Frankia isolates and
strains cultures can be depicted graphi-
cally by plotting the total mycelial protein
pg/ml against time in. Figs (5 A&B)
show the growth curve of Frankia iso-
lates when grown in BAP liquid medium
under stirred conditions. It could be no-
ticed that growth patterns of the Frankia
isolates were generally similar, and it
grew rapidly in stirred culture conditions
with maximal biomass yield after 7 or 8
days of growth being -19.6, 23.5,22.1,
245, 24.8 and 20.3 pg protein/ml me-
dium for Frankia isolates UF010, UF011,
UF012, UFO013, and the reference strains
UF001, UF002 respectively.

On the other hand, Frankia isolates
grown in BAP liquid medium under static
conditions (Figs. 6 A& B) showed com-
paratively slower growth rates with low
biomass yield. The maximum yield was
ranged from 16 to 17 pg protein/ml
medium after 16 days from inoculation,
except for isolate UFO010 which had a
maximal growth yield of 15.4 pg/ml
after 18 days of incubation. It could be
concluded that Frankia isolates and
strains used in this study grew faster and
gave a maximum mycelia growth (ug
protein/ml) under stirred growth condi-
tions in comparison with the static condi-
tions.

Arab Univ. J. Agric. Sci., 11(1), 2003
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Table 3. Effect of different antibiotics with three concentrations (ug) on growth of four isolates and two referance strains
of Frankia grown in BAP liquid medium after 15 days
Kanamycin Nalidexic Gentamycin Tetracycline Neomycin Chloramphenecol Streptomycin
sulfate acid sulfate sulfate sulfate

10 20 40 10 20 40 10 20 40 10 20 40 10 20 40 10 20 40 10 20 40

UFO1I0 S8 36 32 11 91 89 40 38 15 74 37 36 35 35 24 43 29 26 46 35 33
UFO1l 45 38 21 48 35 19 53 31 12 46 29 21 S1 39 23 40 1.8 05 34 23 0S5
UF012 72 68 1.8 58 45 32 46 13 11 29 24 18 30 19 05 05 05 05 05 05 0S5
UFO13 119 89 12 89 56 40 25 15 11 41 25 12 15 13 05 65 43 14 05 05 0S5
UFOOlL 69 67 25 67 54 25 50 35 05 31 28 26 56 20 14 35 24 14 21 20 14
UF002 78 63 43 37 46 34 25 20 16 46 32 14 11 05 05 05 05 05 15 05 0.5

Measured by the amount of mycelia protein in pg/ml! medium produced under different treatment
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Fig. 5. Growth curves of four isolates and two reference strains of Frankia inoculated in BAP liquid medium under surred

conditions
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Analyses of total protein

Protein analysis by SDS polyacryla-
mide pel electrophoresis (SDS-PAGE)
has been used to characterize differences
between Frankia strains (Benson &
Hanna, 1983; Nazaret e al 1989; Baker
& Mullin, 1992 and Selim et al 2000).

The present results of the SDS-PAGE
analyses electrophoretic pattern of total
protein extracted from the four Frankia
isolates are given in Figs. (7) & (8). Ac-
cording to the computer analyses of the
data. Twelve bands were common in all
Frankia tested ie., 82.67;79.33;75.50;
63.75, 57.62;54.59, 51.18, 49.44; 42.20,
37.79, 23.19 and 16.63 KDa. Frankia
isolate UF010 showed 21 bands ranged
from 82.67 to 14.90 KDa, while 6 bands
were absent with molecular weight of

81.15; 61.54; 32.96, 29.46;, 2597 and
20.34 compared with other tested
Frankia. Moreover, Frankia isolate

UFO011 obviously showed 30 bands ob-
served at 82.67 to 12.29 KDa. There are
11 novel bands with molecular weights of
81.15; 61.54; 44.86, 36.35; 34.49, 32.96,
31.52; 29.46, 2597, 20.34, 12.29 KDa
compared with the isolate UFO10.
Frankia isolate UF012 showed 30 bands
present at 82.67 to 12.29 KDa. There
were also 4 bands differentiating between
UF012 and UFO11 which were found in
molecular weights 69.48; 40.24; 3449
and 18.62 KDa, but, there were 11 differ-
ent bands observed at 81.15; 69.48;
61.54; 44.86; 36.35, 32.96, 31.52; 29.46,
25.97; 20.34 and 12.29 KDa, compared
with the isolate UF010. Electrophoretic
profiles of isolate UF013 showed a 5
novel bands at molecular weight 72.56,
67.94, 66.16, 52.60 and 43.80 KDa while
two bands were absent at molecular
weights 67.10 and 27.64 KDa compared

with the isolates UF010, UF011, UF012.
On the other hand, Frankia strain UF001
gave 30 bands ranged from 82.67 to
12.29 KDa, but there were two absent
bands at 71.03; 14.90 KDa compared
with the Frankia isolate above. Protein
pattern of UF002 showed a two novel
bands at molecular weights 77.23 and
56.50KDa, while two bands were absent
at 73.82 and 46.32 KDa compared with
the other Frankia isolates.

A dendrogram of the relationships
among Frankia isolates and reference
strains, bascd on the computer analysis of
the total protein is given in, Fig. (8). It
could be indicated that thc highest per-
centage of similarity index was detected
between isolate UF011 and UF012 (group
1) being 90%. In case of isolate UF013
and strain UF001 (group 2) it was 89%.
The similarity between group 1 and group
2 was 83%, but it was 77% between the
last two groups and strain UF002. Isolate
UF010 gave 69% similarity to the other
tested Frankia.

From the results of total protein
analysis of Frankia isolates and reference
strains it could be concluded that the iso-
lates UF010, UFO1l, UFO012, UF013
belong to the genus Frankia.

Analyses of total chromosomal and
plasmid DNA

The isolated chromosomal and plas-
mid DNA were subjected to agarose gel
electrophoresis and stained with ethidium
promeide, the banding pattern visualized
in ultraviolet light. Figure (9) shows a
pulsed field gel electrophoresis of chro-
mosomal DNA from isolates UF010,
UFO011, UFO012 and UF013 and reference
strains UF001 and UF002 of Frankia
using A/ Hind Il marker. It is obvious

Arab Univ. J. Agric. Sci,, 11(1), 2003



112 Eweda; Selim and Zayed

o~
e £ § 2 5 g
o o o o o =1
freg [ O ot freg e
= | - | - | o | o } - |

Molecular Weight(kd)

Fig. 7. Sodium dodecy! sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) pattern of total protein of four Frankia isolates and two
reference strains. The protein was extracted from exponentially
growing Frankia cells in BAP liquid medium under stirrid con-
dition
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Frankia UF010 | UF011 | UF012 | UF013 | UF001.{ UF002
UFo010 1 0.72 0.75 0.64 0.69 0.63
UFo11 1 0.9 0.81 0.82 0.77
UF012 1 0.84 0.85 0.77
UF013 1 0.89 0.8
UF001 1 0.71
UF002 ' 1

UFO02 @)
——————§ UFoD1 B) |+
UFO13 (6)
® uro1z @),
UFO41 @) |
UFO10 @) | . ¢
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Fig. 8. Dendrogram showing relationships between four isolates and two reference strains of Frankia
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that banding pattern of chromosomal
DNA of the four above mentioned iso-
lates (lanes 1, 2, 3 and 4) and the two
reference strains of Frankia (lanes 5 and
6) had the same position on the agaros gel
with a molecular weight more than the
marker used (lane 7). These results, there-
fore, provide a simple alternative to DNA
association studies for allocation of
Frankia isolates to the reference strains.

Figure (10) shows the results of a trial
to isolate plasmid DNA from the four
Frankia isolates (lanes 2, 3, 4 and 5), the
two reference strains (lanes 6 and 7)
using A/Hind III marker (lane 1). It is
clear that Frankia isolates UF012 and
UF013 and the reference strains harbor
plasmid on the same band posit-ion on
the gel and the molecular weight of the
bands tend to be a large plasmid (It has a
molecular weight more than the first band
of the marker used which has a molecular
weight of 23, 13 Kb. In case of Frankia
isolates UF010 and UF011, the amount of
isolated plasmid DNA probably was not
sufficient to be visible under UV light or
it has not plasmid at all.

The mean genome size of an organism
gives an idea of the complexity of its
metabolism as expressed by Watson,
(1976) that for each protein there is at
least one gene. The genome size of
Frankia is twice that of E. coli and like
that of Streptomyces that measures
10.000 Kb. In some strains of Frankia.
plasmids ranging from 8 to 190 Kb
{Normand and Lalond, 1986).

Effect of inoculum form of Frankia on
nodulation and N,-fixation of C. cun-
ninghamiana.

The effect of inoculation with differ-
ent morphological structures namely,

exponential growing hyphae and spores
of the four isolates UFQl0, UF011,
UF012 and UF013 and the two reference
strains UF001 and UF002 on nodule for-
mation and nitrogenase activity of Casu-
arina cunninghamiana plants grown on
loamy sand soil, was determined after 6
months Table (4). In control treatment
(uninoculated plants) no nodules was
noticed on plant roots which indicate the
absence of effective indigenous Frankia
in the soil used. Thus, it becomes evident
that nodule formation, when occurred, is
exclusively due to the introduced test
organisms

Generally, higher records of nodula-
tion and nitrogenase activity were ob-
tained from the inoculated plants with
exponentially growing hyphae of all
tested Frankia compared to Frankia
spores. The nodulation frequency were
80, 90, 90, 100, 90 and 100% for plants
inoculated with the growing hyphae of
isolates UF010, UF011, UFO012 and .
UF013 of Frankia and the reference
strains UF001& UF002 respectively. The
corresponding nodulation frequency of C.
cunninghamiana inoculated with Frankia
spores were compared with the results
obtained with hyphae being 30, 30, 30,
70, 70 and 70% in the same above men-
tioned respective order.

The same trend of results was ob-
tained for ARA expressed as m moles

- C;Hy/h/plant root which reflects nitroge-

nase activity and demonstrates that Casu-
arina nodules in intact plants were capa-
ble to fixing nitrogen, and the rate of
nodulation was almost associated with
nitrogenase activity. A biotic factors in
the soil as well as the physiological con-
ditions of the root hairs and Franiia must

. all be favorable. Therefore, a low nodu-

lation frequency in some cases does not

Arab Univ. J. Agric. Sci,, 11(1), 2003
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Fig. 9. Pulsed field gel electrphoresis of chromosomal DNA profile of four
isolates and two reference strains of Frankia
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Fig. 10. Gel electrophoresis of plasmid profile of four isolates and two ref-
erence strains of Frankia
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Table 4. Effect of inoculum form of Frankia on nodulation and N, fixing activity of C. cunninghamiana grown on loamy
sand soil for 6 months under green house condition

Inoculum Exponential hyphae Spores
Parameter UF010 UF011 UF012 UF013 UF001 UF002 UF010 UF0lIl UF012 UF013 UF001 UF002
Nodulation 80 90 90 100 90 100 30 30 30 70 70 70
frequency (%)
Number of 19 6 6.5 11 13 13.4 2 4 2 433 10 7.33
nodules/plant
Dry weightof ~ 486.2 523 389 310 762 621 36 4813 266 2197 4142 187
nodule (mg) / '
plant
ARA 4138 2131 2690 3120 3963 4650 890 1870 778 2119 2896 3167

* ARA: Acetylene reduction activity n mol C,H,/h/plant root
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necessarily reflect a scarcity of Frankia,
but it can also be due to soil and plant
factors regulating, infection and nodule.
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