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1- Plant-microbe assisted bioremediation
2- Arbuscular mycorrhiza
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5- Chitin, melanin, glucan and mannan

6- Chelating

7- Indirect immunofluorescent

8- Monoclonal antibodies

9- Transmission electron microscope connected
to an energy dispersive X-ray spectrometer

10- Gigaspora rosea
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1- Phytoextraction

2- Phytostabilisation

3- Trifolium repens

4- Intracellular and extracellular hyphae
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2- Immunoreactive glomalin
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1- Enzyme-linked immunosorbent assay (ELISA)
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1- Glomus intraradices
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Table 2. The main and interaction effects of fungus and Pb levels on shoot and root dry weights of white clover

colonized by R. irregularis.
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Means followed by the same superscript letters are not significantly different according to Duncan’s multiple range test (P<0.05).
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Table 3. The main and interaction effects of fungus and Pb levels on shoot and root P uptake of white clover

colonized by R. irregularis.
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Means followed by the same superscript letters are not significantly different according to Duncan’s multiple range test (P<0.05).
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Figure 1. Shoot and root Pb uptake of white clover colonized by R. irregularis at different levels of Pb. M and
NM are representing R. irregularis inoculated and non-inoculated plants. Means followed by the same
superscript letters are not significantly different according to Duncan’s multiple range test (P<0.05).

350 o a3l @ ea T glasls 3 WL ea s L
Al 5l
2D e s b i s 206
Aoy ol booss Sl sme JALS C\fﬁ.ml‘
L) Jpdr) A3 s e ks () e - s
SIA A gl QLS e e
4 Cod Y5e5 S 800 sl &Sy sbe 3L
YA 5T ol e Sea Yoe 5100 e
80 Cla.d slaule (8 Jsus) by gdos
5 SNl QLS o s ime sl 350 o
A2 ke S Al s 5l s
SWLS e St A cdr L 88
e Sl oSl 4 Sasd GRSk

4 Cand Srosle OLLS aly; 53 5k o

va

Ao A & 5 gl gl (od a8
20T Bl S 55 5 o e 5 g6 ol
Jsdz) A3 S lsame o LS Ol L1
Al LS e mae SR L0
T 02 3L RIS ol b o
OD¥se5,500 200 mhaw 55 05500 ) o s
SRR rsSle QLS s alS L LIS
Ol 4 ced gdons LAY 5 VB0 A/ee
BLLS St Joms Sl & Cuils (5505500
() o rosSld 4 el GrosSL
Sodase O 8 Joh e mb
oS Joms il 4 e AM S B e jor
SV OY 5V 8 e e a4 s



YA (1) 2 )lond dR) s sy adgi 9 S8 Cupre g pul

LS Srusl Ol aky, o eld Sl
s i 0 abpl dess oSSl S
(08 5 07) ol odd Sl ien 2,8 L5LA¢\,U\
DLz ALS JUl 5 sl ol S (slaesls
b SAo e Srossil ObLS e S sl
e S 0 CBL (635 50b e DALS 4 o
Sl 3 ol OLLS ena LS 4k,
S i el glprell Sl 5t o
das o Ol ObalS 5 Sl Ao AL sl
Sl aday 53 1) G5 e e e olS
oot 53 (T Sl 5 1sb e (8 i) &S s
Sk Sl QU5 a5kl AM 256 3t
Sl o3 elS plsmell 5wty sl
G Sl glaalyy e okl
JIPCRRENE SV N R A [E B PR
() spie Lyl 2B slpslal J20s
Jatf C\)z:.m\ Sy ewla da\.:f fL;J‘ s g S
(V) b )l e sl LTS gl b
53kt Cde o e il s ooles,
oS win, o O Gl Sl I i sl
olals) ot
3o (GrusSle OLLE) 1 b (55,5l 2
OF laalyy 53 sded aw g odd Gl o pw S
BTt I

OE 5 NN LS S oSl s ol

e B T A PR W1

=

olals s Jual Syhie SRkl
OV BT FE- ot B LR R W W IO

k:»nﬂ‘)\b))}jg_)ﬂ 6‘4..:,{)

Ao

gl (G deam) b 0k E olals
Al s aday 03 e ol glaasls 4 by
Ui olaly ((0-B JS23) wsle ke ol
-STRHISEISYSIT R S SUTASRW. PR QU LY
slsrell 5 OF L3kl & G iy 5 o
335 5 (Yer0) O 5 o o)l (65 85 i
g oadyy o YL Cad 5 (Vo) OhSes
S Sl sl oS 5o 1y ol ) e
(oA 58) s S
2o s g Bl s g6 Ll
A ds s e e A Jlil LTS
R e L I  anie
S Shle LIS L Sgysba (0 i)
el @ aly; 5l e alS Jll L1l
AL Jml LTS aals (E Jsdr) s awlS
o S s 53 plsmelll 4ty Sl
3 50 JEEl S 5 o oo el b angli
oLS &S s e 0L (8 U Cj.\a.ﬂ plos 2 <
Jle 03 1 ales 55 St e e Sl
bocrlnly ool oS alpaplil & OF JUl
OLLS aify, 53 Jin o lx 4 g
S 5 St AS ol LD (Sl
OLS « cons WOT 55 (/08) 505 alS Jlasl
OLLS 550 Oly OlF e () GsSle e
OLLS L oalie 53 1) ik wom sl
Tl ol S e SRoakl el o Srossale e

Fore e Sl KAL Gdalys WS e



M0l de pob g 0315e oled!

s o s 5o ol 55 0 g (AUS I 5 gl il (om0 o b 5 006 bl 5 ool a1 -8 g

o YsS Sl g6 b

Table 4. The main and interaction effects of fungus and Pb levels on uptake, extraction and translocation

efficiency of Pb by white clover colonized by R. irregularis.

Interaction effect

Sl B L
Mycorrhizal fungus

Sl gl s
Non-mycorrhizal fungus

0¢ 0° 0° 0
o 3 s ‘
33 D 1595% 1669 1521¢ 150 s ol gL
=]

g oY ) Pb uptake effici
L,E 2080° 2237" 1924 b 300 s ”'z ag/e %\;f;ency
) & Pb (uM) ng/'g

= 27140 3274° 2154 450

& [
1795 ° 1399 ° et oS
Fungus-main effect
0¢ 0° 0° 0
= 3 ‘ .
33 T 694° 697° 691° 150 e Bl o gl S
1 é 919" 488 " 949 300 O¥505,550) Pb extraction efficiency
)2 Pb (uM) (ng/g DW)
1175*¢ 1362° 988 ° 450
& [
7371 657 ° [SAREE
Fungus-main effect
0.000° 0.000° 0.000° 0
=y, 8 e
5 5 0865° 0.762° 0.966° 150 e Bl o JUE S
lﬁ g (Y pos,50) e Z1S)
IS g 0.797 % 0.689* 0.905? 300 Qi Pb translocation efficiency
)2 Pb (uM)
0.757° 0.723° 0.790 ° 450
& [
0.545° 0.665* b el

Fungus-main effect

TN M)zéJw}lda“): OSIs glawslsdar R Do 4 b e Ol BB S mie Y O S Bl sl sla Sl

Means followed by the same superscript letters are not significantly different according to Duncan’s multiple range test (P<0.05).
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Table 5. Analysis of variance for effect of Pb levels on root colonization, glomalin production and
Pb-sequestrated by glomalin in white clover colonized by R. irregularis.
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Figure 2. Root colonization of white clover colonized by R. irregularis at different Levels of Pb. Means followed by
the same superscript letters are not significantly different according to Duncan’s multiple range test (P<0.05).
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Figure 3. Glomalin production (A) and Pb-sequestrated by root-glomalin (B) of white clover colonized by R.
irregularis at different Levels of Pb. Means followed by the same superscript letters are not significantly
different according to Duncan’s multiple range test (P<0.05).
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Abstract

Background and Objectives: Root stabilization of toxic metals by mycorrhizal plants is one of
the protective mechanisms of symbiotic arbuscular mycorrhizal (AM) fungi in response to metal
stress. Role of the glomalin as a specific glycoprotein of spore and hyphal cell wall of AM fungi
can be remarkable in sequestration of toxic metals and reduction of stress effects on host plant.
Considering this hypothesize, the study was conducted to investigate the role of glomalin
produced by Rhizophagus irregularis fungus symbiosis of clover plant in root stabilization of Pb.

Materials and Methods: A pot culture experiment was performed as completely randomized
block design by two factors including AM fungus (inoculated with R. irregularis and
non-inoculated) and four levels of Pb™ (0, 150, 300 and 450 uM) with five replications. For
glomalin extraction, root samples were autoclaved at 121 °C with 50 mM sodium citrate buffer
for 1 hr in three cycles. Glomalin concentration in the extracted samples were determined by
ELISA method using monoclonal antibody 32B11. After precipitation of the glomalin and its
digestion in concentrated nitric acid, Pb-sequestrated by the glomalin were measured. Shoot and
root dry weights, root colonization percentage, shoot and root P and Pb contents, and plant
uptake, extraction and translocation efficiency of Pb were assessed.

Results: Shoot and root dry weights of mycorrhizal (M) and non-mycorrhizal (NM) plants were
decreased by increasing of Pb levels. At the levels of 150, 300 and 450 um Pb, shoot and root
dry weights were decreased by 11.2%, 12.9%, 18.3% and 7.5%, 18.1%, 36.7% compared to the
control (0 um Pb), respectively. Shoot and root dry weights of M plants were increased by
24.9% and 43.2% compared to the NM ones. P contents of shoot and root were affected by AM
fungus, so that the shoot and root P contents of M plants were increased by 32.2% and 45.8%
compared to the NM ones. At different levels of Pb, shoot and root Pb contents in M plants
significantly were higher than NM ones. Maximum contents of Pb of shoot and root were
recorded at level of 450 uM Pb in M plants which were increased by 46.5% and 80.7%
compared to the NM ones at the same level. At the levels of 150, 300 and 450 uM Pb, the
uptake efficiency of Pb in M plants was increased by 8%, 14.5% and 80.7% compared to the
NM ones at the same levels. Based on ANOVA results, Pb-extraction and translocation
efficiency were affected by Pb treatments. Pb-extraction efficiency of plants was increased as
Pb concentration increased, so that the content of Pb-extraction efficiency at 450 uM of Pb was
increased by 69.3% and 27.8% compared to the 150 and 300 uM of Pb, respectively. Plant
Pb-translocation efficiency from root to shoot was decreased as Pb concentration increased. The
percentage of root colonization was increased as the Pb concentration increased up to 300 pM
Pb and then was slightly decreased as the level of Pb rose from 300 to 450 uM, but there was no
significant difference between the levels of 150, 300 and 450 uM Pb. Glomalin production in
root and Pb sequestrated by glomalin was significantly increased as Pb concentration increased.
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Conclusion: Root colonization of clover plant by R. irreqularis led to improved growth and
phosphorus nutrition of M plants compared to the NM ones, under Pb stress condition. Pb
uptake was greater in roots than in shoots, therefore the clover plants played a more effective
role in root stabilisation of Pb. Also, root Pb content in M plants was higher than that in NM
ones, which it can be due to sequestration of Pb in fungal structures inside the roots. Induced
glomalin production in mycorrhizal roots as a critical and effective component of fungus spores
and hyphal cell wall, played an important role in Pb root stabilization of M plants. Glomalin
through complex formation with Pb reduces its availability and toxicity and protects plants from
toxic concentration of Pb.
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