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Abstract

Lichen is a Symbiotic system consist of nitrogen fixing Cyanobacteria or and algae and
fungus. Cyanobacteria can fix nitrogen in a peculiar differentiated cells called heterocyst
under aerobic conditions, those heterocyst are the loci of nitrogenase activity. The organic
nitrogen and carbohydrates produced by cyanobacteria utilized by fungi and the fungus
supplying the cyanobacteria and algae by inorganic metals coming from dissolved rocks
by acids produced by fungi. Culture of Nostocspp treated with MOS excreted, the newly
fixed nitrogen in form of ammonia into liquid media, which is proportions with the
concentration of the analog and detected after 6 h of treatment. Acetylene reduction
technique (nitrogenase activity) was not affected by analog (MSO) treatment. The growth
of Cyanobacteria Nostocspp was slightly inhibited starting after 6 h of treatment. The rates
of carbon fixation were highly enhanced after treatment leading to increase the number of
(PGBS) in the Cyanobacteria cells. The combination treatment of Nostocspp culture by
MSO and DCMU showed the following: carbon and nitrogen fixation are dependent of
each other, slight inhibitions in culture growth, 50% inhibition in ammonia release,
complete inhibition of carbon fixation and disappeared of extra PGB. Light intensities and
carbon fixation are dependent even in the presence of MSO. The cultivation of Nostocspp
culture under Ar/O,/CO; in presence of MSO gives reverse relationship between the
cellular incorporated carbon and time. Electron micrograph showed an increase in PGBs of
the lichen P. conina treated with MSO through the first hour of treatment and then
disappeared after 24 h.
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Introduction

Lichen is a Symbiotic system consist of
nitrogen fixing Cyanobacteria or and algae
and fungus [1,2]. Cyanobacteria can fix
nitrogen in a peculiar differentiated cells
called heterocyst under aerobic conditions,
those heterocyst are the loci of nitrogenase
activity [3]. The organic nitrogen and
carbohydratesproduced by cyanobacteria
utilized by fungi, and the fungus supplying
the cyanobacteria and algae by inorganic
metals coming from dissolved rocks by acids
produced by fungi [4]. In Legume nodules,
the first product of N, fixation in bacteroids
is NH3. The NHjs is then exported to the host
plant cytosol where it is further metabolized
to amino acids and amides [5]. Glutamine
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Synthase (GS) plays a key role in nitrogen
metabolism, thus the fine regulation of this
enzyme in  Prochloroccus, which is
especially important in the oligotrophic
oceans where this marine Cyanobacterium
thrives [6]. Metabolism of cl14 glutamate
showed that in white light glutamine was the
main labeled product and in the dark label
was principally in compounds closely
associated with tri carboxylic acid cycle
metabolism [7]. Also, glutamine synthase
(GS) rapidly converts blood - borne
ammonia into glutamine which in high
concentration may cause mitochondrial
dysfunction and osmotic brain edema [8],
and it has been proposed that elevated
glutamine levels during hyper ammonia lead
to astrocyte swelling and cerebral edema
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using MSO as inhibitors for

metabolism [9].

nitrogen

The symbiotic relation in lichen components
(algae, cyanobacteria and fungus) sharing the
nitrogen and carbon fixed which affecting the
physiological activity of all organisms in
lichens. Nitrogen metabolism as a function of
GS can inhibited by glutamine analog MSO,
and carbon fixation (photo system II) can
inhibited by DCMU [3,10-13].

In this study MSO and DCMU were used to
explain the relationship between nitrogen
fixation and carbon fixation in lichen (lichen
system), the flow of fixed nitrogen, and the
inhibition in growth of Nostocspp.isolated
from lichens peltigeraconina.

Materials and methods

Organisms and culture conditions
The alga Nostocspp isolated from the lichen

peltigeracanina at the Department of
microbiology.  Sciences  University  of
Dundee, UK was grown in the N-free
medium [14] under continuous culture

conditions. The light intensity was 3000 lux
and the temperature 26 °C. Aliquots of alga
were withdrawn regularly for experimental
purposes, all experiments mentioned below
were conducted at 3000 lux, 26 °C and with
gentle shaking.

Effects of MSO and DCMU on some algal
physiological processes

Effects of MSO on the relation between alga
and fungus within symbiotic systems in
lichens was studied in experiments carried
out in conical flasks of 200ml capacity
containing 50ml algal suspension (batch
culture) treated with freshly prepared 0.5,
1.0, and 2 um of MSO. Algal suspension
without MSO served as control. Samples
were regularly withdrawn during the period
of the experiment (24 h) and assayed for (a)
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ammonia released to the medium (15), (b)
rates of 14 CO, for 30 min being fixed
intracellular and released to the medium
(16),(c) algal growth chlorophyll a (17), and
(d) nitrogenase activity (18). Algal samples
were fixed at the beginning and at the end of
the experiment for examination by electron
microscopy. Effects of the combination
between MSO and DCMU on the alga were
examined. the experiments was carried out in
200 ml conical flasks containing 50ml of
algal suspension treated with 1 um of MSO
or 10 um of DCMU or a combination of both
chemicals. Untreated algal suspension served
as control. Samples were assayed as in the
previous experiment.

Effects of light intensities and MSO on the
algal rates of 14 CO,fixation

Algal suspension treated with 1um of MSO
for 24 was exposed to different light
intensities of 100, 300, 500, 1000, 3000, lux
and dark respectively in order to study the
rates of carbon fixation. The alga was
exposed for 30 min. to radioactive sodium
bicarbonate (5 pci/ml) at the various
intensities. Organic 14 CO; fixed cellular and
released to the medium was calculated (16).

Effect of MSO on the incorporation of
carbon under Ar/O,/CO,

The experiment was carried out in 200 ml
conical flasks containing 50 ml aliquots of
Nostoc spp. The alga was treated with 0.5
and 1.0 um of MSO for 48hr. under a gas
mixture of Ar/CO, (77.96/22.00/0.4, viv)
with continuous light. Two ml from each
treatment were withdrawn and assayed
regularly every 12 h for 14 CO, fixation after
exposure for 30 min to the radioactive
sodium bicarbonate organic fixed cellular
and released to the medium was again
estimated.

Effect of MSO on lichens
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A lichen of 1cm in diameter was saturated
with a solution of 1.0 pm of MSO for 24
samples were fixed at the beginning and at
the end of the experiment for electron
microscopy study.

Chemicals
MSO, L-methionine-DL-sulphoximine,
sigma Itd,, London. DCMU 3-(3,4-

dichlorophynile-1,1-dymethel-urea,sigma
Itd., London.

Results and discussions

The results presented in this study
demonstrate the effects of MSO and DCMU
on some physiological activities of the alga
Nostocspp isolated from the lichen p. canina.
As shows in figure 1 the reduction of
acetylene was more or less unaffected by
addition of virus concentration of MSO,
while the amount of ammonia released was
proportional to the increase in the
concentration of the analogue. Only low
quantities of ammonia were detected in the
untreated algal culture. Ammonia  was
detected in the medium after six hours of
treatment with different concentration of the
analogue. These results indicate that newly
fixed ammonia is only partly incorporated in
to amino acid synthesis in presence of MSO.
This is likely due to a partial blocking of the
ammoniating pathway in this case the GS —
GOGAT system was inhibited, by MSO as
shown earlier by (1,3,19) for the blue — green
alga A. cylindrica, and(20) for Azotobacter.
The effect of treatment with MSO on algal
growth was shown in Fig.2.The treatment
leads to a slight inhibition in the algal
growth, starting after six hours as compared
to the control. The inhibition in growth may
be caused by nitrogen starvation which due
to the partial inhibition in the protein
synthesis (21). Stewart and rowell(1975)(3)
reported a 10% inhibition in vitro in the
activity of ammonia assimilating enzymes
GS, GOGAT after treatment of the alga A.
cylindrica with MSO (1pm). Furthermore,
electron micrograph of the algal samples
treated with MSO for 24hr show a high
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increases in the number of polyglucoside
bodies (PGB), which are considered to be
storage bodies of carbon in prokaryotes
Again this increase could be due to
inhibition in the ammonia incorporation
activity, with a decrease in the protein
synthesis leading to a decreases in the carbon
consumed by the cells.

Experiment results studying the relation

between carbon and nitrogen fixationare
confirmed they are dependent (Table 1).
Treatment of the alga with 10uM and 1puM
of MSOled to induce in the ammonia release
to the medium by about 5 and 10 times
respectively higher than the control.
However, the ammonia release was found
inhibited 50% when the alga was treated with
DCMU and MSO together. The result
showed that inhibitor blocking the electron
transport between Ps 11 and Ps 1, and MSO
simultaneously. Furthermore, treatment of
the alga with the same concentration of MSO
increased the capacity for fixing carbon
about three times compared to the control ,
while it was completely inhibited by DCMU
alone, and with DCMU and MSO together
(Table 1). The organic carbon released to the
medium was less than the control in all
treatments, which indicates that there are no
effects from MSO or DCMU on the
permeability of the algal cell walls (Figure
3). Algal growth was slightly inhibited in all
treatments,a greater or complete inhibition in
carbon fixation however was happen with
DCMU alone (Table.1), this result is agree
with that fined by Singh (2011) (12).
Electron micrograph show disappearance of
the PGB from the algal cells treated with
DCMU or DCMU and MSO (Figure 4). The
rapid inhibition in carbon fixation of the alga
treated with DCMU due to inhibit ATP
supply for carbon and nitrogen fixation [22].

Effects of different light intensities On the
rates of carbon fixation of the alga show
thenormal relation between the intensity of
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light and photosynthetic activity, i.e. the rates
of carbon fixation was enhanced gradually
with increase in light intensity (Figure 3).
Treatment of the alga with 0.5 pM and 1.0
MM of MSO stimulated the carbon fixation
rate 5 and 10 times, respectively, compared
with the untreated alga. These results confirm
the effects of MSO on carbon fixation
demonstrated in the previous parts of this
study. As is also seen in figure 3 the organic
carbon released show no significant
differences between treated and untreated
alga at the different light intensities used.

Cultivating the alga with and without 1.0 uM
MSO under Ar/O,/ CO; in absence of N2
gave a reverse relationship between the
cellular incorporated carbon and time (Figure
5). Under the incubation condition, less
carbon was accumulated when the algae was
treated with MSO. The carbon released,
however, increased with maximum carbon
released being 13% of the total counts after
48 h (Figure 5), for comparative purpose, the
lichen Peltigeracanina, harboring heterocyst
cyanobacteria Nostocspp in cephalodia, was
treated with MSO. Electron micrograph
showed an increase in the PGB over the first
hour of treatment, while these disappeared at
the end of the experiment (24 h) (Figure 6).
The increase in PGB noted over the first hour
is probably due to the presence of MSO,
leading to increase in the rates of carbon
fixation as shown above for free-living algae.
However the disappearance of the bodies
might be caused by the fungus of the
cephalodia consuming MSO at high rates
over the experimental time and as a
consequence the rates of carbon fixated by
the alga will regress to the normal condition
that is why with few PGB.

As a conclusion, the acting mechanism
system in lichen is not completely similar to
the ammonia assimilating inhibitor (MSO),
but this is one of theexplanation. Also, there
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are another factors coming from the
physiological intact between the algae and
fungus, and the explanation of that is the
accumulation of polyglucoside bodies as
shown in the electron microscopy study and
finally there is a direct physiological relation
between Carbon and Nitrogen fixation.
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Table.1 Effect of combination between 1 uM of MSO and 10 uM of DCMU on ammonia
released, growth and carbon fixation in Nostocspp(intercellular and extracellular).

CPM of **CO, fixed (ug chloro.a)™*

Chloro.a (ml filtrate)™
Treatments nmNH; /mI' Intracellular Extracellular
Hd (ugchloro.a) (ml filtrate)
Control 17.50 7.35 1711.00 449.00
1 uM MSO 163.00 7.29 4811.00 314.00
10 uM DCMU 82.00 8.15 3.00 31.00
MSO and DCMU 70.00 6.47 15.00 4.00

i

nmoles CzH; (ug chla
3

Time( hours )

Figure 1. Effect of MSO { 0.5uM, 1.0 uM and 2.0 pM) on the nitrogenase
activity {C;H;) reduction and ammonia released, 0.5 pM (@), 1.0 uM(A).

2.0uM (m), controls (2).
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Figure 2. Effect of MSO ( 0.5uM, 1.0 uM) on growth of Nostocspp
controls (@), 0.5 uM (A), 1.0uM (0).
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Figure 3. Effect of Light intensities on the rate of carbon fixation of Nostoc
spp. reated with 0.5 uM, 1.0 uM of MSO.controls (@), 0.5 uM (m), 1.0uM

(A).
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Electron microscopy 10000 x. A, zero time; B, 24 h.
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Figure 5. Incorporation of #CO; by the algae Nostoc spp. treated with MSO
( 0.5 uM, 1.0 uM) cultivation under Ar/O,/CO,. Control under air (o),

control under Ar/O,/CO, (e), 0.5uM underAr/O,/CO,(A),1.0uM
underAr/O,/CO;(m).
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Figure 6.Effects of MSO and DCMU on the PGE numbers of the
phycobiontaNostoc spp. in the Lichen P. conina. Electron microscopy 10000x. A,
zero time 1.0 uM (MSO); B, 24 h, Controls C, 0.5 uM MSO+DCMU 24 h.
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