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6- Plant-microbe assisted bioremediation / Indirect
Phytoremediation

7- Long-lasting
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5- Potentially toxic elements
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1- Glomalin related soil protein

2- Mycorrhizostabilization

3- Enzyme-linked immunosorbent assay
4- Bradford-reactive glomalin

5- Immunoreactive glomalin

6- Modified Strullu-Romand
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Figure 1- Percentage of hyphae and spore frequency in pot and in vitro cultures at different levels of Pb (mM). Means
followed by the same letters are not significantly different according to Duncan’s multiple range test at the level p< 0.05
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Table 1- The correlation between measured parameters in pot and in vitro cultures
SIS cuss Sl (49> CuiS
Pot culture In vitro culture
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514).1..3 [N ;f'b‘)é
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culture Hyphae (%)

29l (Slgl 8 R R ~
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Spore (%)
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ns: not significant, * p < 0.05, **p < 0.01
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1- Bradford-reactive hyphal protein
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Figure 2- Percentage of the total root length mycorrhized by R. irregularis in pot culture at different levels of Pb (uM). Means
followed by the same letters are not significantly different according to Duncan’s multiple range test at the level p< 0.05
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Figure 3- Bradford reactive protein (ug) production per mg of hyphal dry weight in R. irregularis fungus, as a response to
rising Pb levels in pot and in vitro cultures. Pb concentration is pM and mM of Pb*? in pot and in vitro cultures, respectively.

Means followed by the same letters are not significantly different according to Duncan’s multiple range test at the level p<
0.05
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Figure 4- Immunoreactive protein (ug) production per mg of hyphal dry weight in R. irregularis fungus, as a response to
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Introduction: Glomalin is known as a specific fungal glycoprotein belonging to the order Glomerales in
phylum Glomeromycota and has been introduced as a heat shock protein. We hypothesised that increasing the
level of Pb would lead to increase in glomalin production. Glomalin is usually determined by two methods, the
Bradford protein dye-binding assay and the enzyme-linked immunosorbent assay (ELISA). Since many
laboratories are not equipped to carry out the ELISA assay, many studies have measured glomalin-related soil
protein using the Bradford colorimetric total protein assay. While, the ELISA method specifically measures
glomalin by using monoclonal antibody MAb32B11.

Materials and Methods: The pot experiment was conducted in the sterile free-glomalin sand with Trifolium
repens L. mycorrhized by Rhizophagus irregularis fungus and treated with the Pb levels of 0, 150, 300 and 450
MM. Thus, in vitro experiment was performed in two-compartments plates containing of the transformed carrot
roots (Daucus carota L.) mycorrhized with the same fungus in root compartment and hyphal compartment
treated with the Pb levels of 0, 0.01, 0.1 and 1 mM as Pb(NOs),. For glomalin extraction, hyphal or root samples
were autoclaved at 121 °C with 50 mM sodium citrate buffer for 60 min in three cycles. Protein concentrations
in the extracted samples were determined using a modified Bradford protein assay. Also, glomalin content in the
samples were determined by indirect ELISA using monoclonal antibody MAb32B11. The percentages of the
total root length were colonised by mycorrhizal fungi in pot culture and both hyphal and spore densities in the
metal-containing hyphal compartment were determined.

Results and Discussion: In the in vitro culture the percentage of total hyphae and spore frequency decreased,
while Bradford reactive total hyphal protein (BRHP) and Immunoreactive hyphal protein (IRHP) in hyphal
compartment increased as the concentrations of Pb increased. Also, there was positive and significant correlation
between immunoreactive hyphal protein (IRHP) and Bradford reactive total hyphal protein (BRHP) in hyphal
compartment of in vitro culture (r= 0.941**). In the pot culture, the percentage of the total mycorrhized root
length in all the treatments increased compared to the unleaded control as the concentrations of Pb raised. In
general, Bradford reactive total protein and Immunoreactive protein in both the hyphal and root compartments of
pot culture increased with increasing the Pb levels. Also, there were positive and significant correlations between
immunoreactive hyphal protein (IRHP) with Bradford reactive total hyphal protein (BRHP) (r= 0.845 **) and
immunoreactive root protein (IRRP) with Bradford reactive total root protein (BRRP) (r= 0.706 **) in pot
experiment. Some previously researches had reported correlation between ELISA with Bradford contents,
whether, Bradford and ELISA values were nearly the same, this means that the extraction process mostly
separates glomalin. The results of non-mycorrhizal roots indicated that a small proportion of root protein is
cross-reactive with the MADb32B11 antibody. There are some evidences that MAb32B11 is slightly cross-
reactive with plant compounds, non-AMF species, and non-target proteins present in large concentration, such as
BSA. Additionally, we found the increasing of BRRP contents of AMF-colonized root compared to the non-
mycorhizal roots. This may be as a result of uptake and storage of arginine within AMF intraradical hyphae.
Considering IRHP to BRHP ratio indicates that immunoreactivity percentage enhances by rising Pb levels.
Immunoreactivity indicates a molecular configuration similar to the configuration of glomalin on hyphae. Our
findings are in agreement with previous observations confirming that the toxicity-induced stress by metals may
be enhancing glomalin production by AMF. The sequence of the glomalin gene revealed that is likely a 60-KDa
heat-shock protein (Hsp) homolog. Glomalin relation with the heat shock proteins clarifies how stress is imposed
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by heavy metals may rapidly increase glomalin production by AMF and its concentrations in polluted soils.

Conclusion: The high contents of glomalin along with the increasing of Pb concentrations may be explained
by the overexpression of this protein. This suggests that under Pb-induced stress and the toxic effect of Pb, the
fungus exerts a protective mechanism against toxicant. Therefore, glomalin as a heat shock protein can involve
in the reduction of possible cytosolic damages and the transfiguration of proteins under Pb toxicity. We can
conclude that glomalin may reduce toxic elements availability via their stabilization and decrease their toxicity
risk to other microorganisms and plants in heavy metal polluted sites.
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