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Abstract

The effects of pH, light and temperature on acetylene
reduction by the lichen (Peltigera aphthosa) was
investigated. Intact thallus and excised cephalodia of
Peltigera aphthosa were incubated at various ranges
of pH, temperatures and light intensities, and a
comparative nitrogen fixation by the intact thallus
and excised cephalodia was used as the method for
assessment. Both the intact thallus and cephalodia
were incubated at temperature range of 10 °Ct0 30°C,
pH range of 4 to 8, and light intensities as low as 220
lux to a maximum of 11000 lux for 48 hours. Optimum
nitrogenize activity was obtained at pH 5 and 7, 4000
lux and 20°C for intact lichen material. However, for
exercised cephalodia, incubation in the light at
various levels over a 48-hour period, the optimum
nitrogenase activity was inhibited, showing fairly
broad in the range of 5-7, peaking slightly at neutral
pH and declining markedly at pH 4 and 8. The study
showed that separating the cephalodia from the main
thallus lowered nitrogenase activity of the lichen.
Obviously, the main thallus affects the cephalodial
activity and the cause might be due to: (1) an
accumulation of inhibiting nitrogenous compounds in
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the nostoc cells on separation from the main sink
(medulla), (2) some stimulating effect(s) on the
activities of the cyanophyte excreted by any of the
main thallus partners is or are lost on separation, and

Introduction

Knowledge of nitrogen fixation by

blue-green algae has increased substantially
within resent years as (1), new groups of
nitrogen-fixing algae have been discovered
(2), as detailed physiological and
biochemical studies on the inter-relations of
metabolic processes such as nitrogen-
fixation, photosynthesis and respiration
have been carried out and (3), as the
ecological importance of the group has
been recognized and confirmed (White and
Silver,2001; Adejumo et al.2005; Stephen
and Linus, 2002; Ralph and Sylvanus, 2003;
Felix and Indubuisi, 2004; Finebone and
Kate 2005 and Cornilius and Cornell, 2006).
In general, the fixation rates are considered
to be rapid.
The ecological significance of nitrogen
fixation by lichen has only recently been
paid greater attention, especially in the
nitrogen deficient arctic tundra where these
organisms are very abundant. At the
tundra, nitrogen fixation by Stereocaulon
and Peltigera species are considered to be
of particular importance in the nitrogen
budget (Bone and Bar, 2000 and Alexander
et al.; 2002).

These associations are widespread
on glacial drift on Iceland where they
vigorously fix nitrogen (Christopher, 2003).
Moreover, in northern Finland, Nephronma,
Solorina and Stereocaulon species are the
principal N, fixing lichens (Cain et al; 2006,
Kamalu and Kamalu, 2008). In parts of the
subarctic tundra of Sweden species of
Nephroma, Peltigera and Stereocaulon
cover the ground completely (Soibi, 2007).

(3) the metabolic activity of the cephalodal fungus
may be lowered in the absence of the major sources
of photosynthate, indirectly affecting the cyanophyte.

This study presents data on the effects
of abiotic factors: pH, light and temperature on
acetylene reduction rates by Peltigera aphthosa
wild.

Materials and Methods

The lichen Peltigera aphthosa was
collected from wet and steep Isiama forest
dominated by mosses, ferns and grasses.
The lichen materials were kept in glass vials
covered with transparent plastic foil to
prevent desiccation prior to assay; all
adhering materials were carefully removed
with forceps and the lichen thalli rinsed in
distilled water. In all the tests lichen discs
with or without cephalodia or excised
cephalodia were used. Lichen discs were
punctured from the thallus lobes (9,14 or
16mm) and cephalodia were dissected off
with two sharp-edged needles under a low-
power binocular microscope.

The method used to determine
acetylene reduction in algal cells was that of
Steward as was modified by Edward (2001).
However, the gas phase was not removed
prior to the injection of acetylene nor was
the reaction terminated by addiction of
trichloroacetic acid. Thallus discs and
excised cephalodia were placed in glass
serum bottles with a capacity of 7 or 27 ml
and fitted with serum liners. The test
materials were exposed to an atmosphere
containing 10% acetylene in air for 30 to 60
minutes. For the detection of ethylene
formation gas, samples were taken and
injected into a Varian-Aerograph model
1200-1gas chromatograph.

For pH, light and temperature
assessment, both intact lichen thallus and
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excise cephalodia of Peltigera aphthosa
were incubated for 48hrs in ASM medium
with Hepe’s buffer added (0.5g*") at 20°C
and 8000 lux. The pH values were achieved
by adding 0.1m HCL or 0.1m NaOH to the
medium.

Results and Discussion

The results of acetylene reduction
by intact lichen discs, isolated cephalodia
and lichen discs is presented in Figurel. The
effect of pH on acetylene reduction by

U w cephalotia

intact lichen thallus and excised cephalodia
of Peltigera aphthosa is presented in Figure
2. The effect of light intensity on acetylene
reduction by intact lichen thallus and
excised cephalodia of Peltigera aphthosa is
presented in Figure 3 and Figure 4. The
effect of temperature on acetylene
reduction by intact lichen thallus and
excised cephalodia of Peltigera aphthosa is
presented in Figure 5.

Figure 1. Acetylene reductien by intact lichen discs (O). isolated cephalodia ( ) and lichen discs
with cephalodia detached ( ) of Peltigera aphthosa. Light intensity was 8000 lux and
temperature 20°C. Each point is the mean of triplicate determinations. Bars indicate + s.e.
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Figure 2. The effect of pH on acetylene reduction by intact lichen thallus (O) and excised
cephalodia (a ) of Peltigera aphthosa. Bars indicate * s.e.
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Figure 3. The effect of light intensity on acetylene by intact lichen thallus (O) and excised
cephalodia (&) of Peltigera aphthosa. Bars indicate + s.e.

H
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Figure 4. The influence of light (8000 lux: round symbols) and dark (square symbols) on

acetylene reduction by intact lichen thallus (O. ) and excised cephalodia (@ ). Each point is

the mean of triplicate determinations. Bars indicate + s.e.
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Figure 5. The effect of temperature on acetylene reduction by intact lichen thallus (O) and
excised cephalodia (&) of Peltigera aphthosa. The material was incubated for 48 hours at 8000
lux prior to the assay. Each point is the mean of triplicate determinations. Bars indicate + s.e.

Discussion

The ability of Peltigera aphthosa to
reduce acetylene was checked in
preliminary experiments. From Figure 1, the
reduction of acetylene of intact thallus
occurs at a linear rate at least over a 68-
hours period. Reduction of acetylene by the
separated cephalodia and absence of such
activity in the lichen thallus without
cephalodia indicates that the blue-green
phycobiont is the site of nitrogen fixation,
which is in agreement with experiment
using N (Meshack and Mene, 2001). The
preliminary experiments also showed that
the optimum light intensity for laboratory
incubation was 8000 lux, and this intensity
was used for all subsequent experiments
unless otherwise stated.

The response of excised cephalodia
and intact lichen discs to various pH values
is presented in Figure 2. When excised
cephalodia was incubated in the light at
various pH levels over a 48-hour period, the
optimum is fairly broad in the range of 5 to
7, peaking slightly at neutral pH and
declining markedly at pH 4 and pH 8. This
optimum at pH 7 is fairly typical for blue-
green algae (Stephen and Peace 2004).

The results using intact discs on the
other hand shows less inhibition at pH 4

and pH 8 but, interestingly, a peak of
optimum activity at pH 5 as well as pH 7.
Such results suggest, a close inter-
relationship between all partners in the
symbiosis, and that the lower pH values
which are optimum for the metabolism of
the eukaryotes stimulate nitrogenase
activity by the cyanophyte. We assumed
this because of the results of Boye and
Boyld (2006) that a pH of 4 to 5 supported
optimum growth of the isolated mycobiont
of Peltigera aphthosa and the results of
Stephen and Peace, (2004) that pH of 5.6 to
7.4 supported optimum growth of the
isolated Collema tenax mycobiont. Similarly,
the reduced activity of the isolated
cephalodia compared with the intact discs
may be a reflection of the requirement of
the heterotroph of optimum activity of the
cyanophyte.

Figure 3 illustrates that the
separation of cephalodia from main thallus
decreases the rates of acetylene reduction.
In addition, Figure 3 shows that low light
intensity reduces the reduction rates
considerably both for intact lichen discs and
excised cephalodia. However, acetylene
reduction still occurs at 220 lux, the lowest
light intensity tested. Optimum activity
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occurs at 3000-4000 lux and a further
increase in light intensity up to 11000 lux
gives a comparatively slow decline of the
reduction rates for both intact materials
and cephalodia. The differences noted
presumably reflect different light demands
of the two phycobiont, with the blue-green
phycobiont being light-saturated at a
somewhat lower light intensity than the
green phycobionts.

The light demand for Peltigera
aphthosa is lower than that reported for
Stereocaulon species (Kelvin and Miller,
2002, West and Benjamin, 2003) and
Lichina (Henshaw et al.,2000), showing
increase in the nitrogen fixation activity up
to around 20000 lux. The considerably
lower maximum activity of 4000 lux for
Peltigera aphthosa, in keeping with values
reported for Peltigera rufescence (Stephen
and Linus 2002) is probably due to the fact
that in nature Peltigera aphthosa usually
appears on north-facing, shaded walls
where light intensities are comparatively
low even on sunny days.

A comparison of the acetylene
reduction activity by the Peltigera aphthosa
material incubated in the dark and at 8000
lux is given in Figure 4. In the dark,
acetylene reduction occurs at a reduced
level, the activity being about 10% of that in
the light after 68 hours of incubation. The
finding of a lowered fixation activity in the
dark agrees with results obtained for free-
living symbiotic blue-green algae (Stephen
and Linus 2002 and Henshaw et al., (2000).
The optimum temperature for acetylene
reduction by Peltigera aphthosa is obtained
at 20°C for both intact lichen discs and
excised cephalodia.

The temperature limits of this
experiment 10 °C and 30°C reduces the algal

activity considerably. After prolonged
incubation (3 weeks) of lichen thalli at 25 °C
and 30°C the symbiosis seems to break
down while samples kept at 10 °C and 20°C
still appear healthy
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