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Abstract

The effect of different concentrations (0.5, 2 and 8mM) of apigenin and its glycosidated form 5,7,40-hydroxy flavone glycoside on

arbuscular mycorrhizal (AM) fungal spore germination, hyphal growth, hyphal branching, the formation of entry points and root

colonization of Gigaspora. rosea, Gi. margarita, Glomus mosseae and G. intraradices was tested. The lowest apigenin concentration

(0.5 mM) nearly doubled hyphal branching, the formation of entry points and root colonization of all four tested fungi, whereas higher

concentrations (2 and 8mM) nearly doubled the hyphal growth of Gi. margarita, G. mosseae and G. intraradices. In none of the

treatments with the apigenin-glycoside any effect on AM fungi could be observed. Our data show that apigenin exhibits an AM fungal

genus and even species activity and we provide strong evidence that glycosidation results in a loss of its activity towards AM fungi.

r 2006 Elsevier Ltd. All rights reserved.
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Flavonoids in roots and root exudates have been
suggested to play a role as signalling compounds in the
arbuscular mycorrhizal (AM) symbiosis (Phillips and Tsai,
1992; Vierheilig and Piche, 2002; Scervino et al., 2005a–c).
Contradictory data are available on the activity of the
flavonoid apigenin on AM fungi (Gianinazzi-Pearson et al.,
1989; Bécard et al., 1992; Baptista and Siqueira, 1994).
Recently, Vierheilig and Piché (2002) suggested that
contradictory results on the effect of flavonoids might be
due to an AM fungal genus- and even species-specific effect
of flavonoids. Scarce information is available about what
determines the activity of flavonoids on AM fungi.
e front matter r 2006 Elsevier Ltd. All rights reserved.
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Comparing the effect of different flavonoids on AM fungi,
Bécard et al. (1992) and Chabot et al. (1992) attributed the
activity of flavonoids, such as quercitin and kaempferol, to
the hydroxyl group on position 3 of the C aromatic ring
(see Fig. 1) as a glycosidation on this position resulted in a
complete loss of activity. In the present study we tested
whether apigenin exhibits an AMF genus- or species-
specific effect on different AM fungal growth parameters
and whether an alteration of the apigenin structure
(glycosidation) alters its activity.
We used the flavonoids apigenin from SIGMA and

apigenin-glycoside (5, 7, 40-hydroxy flavone) from Brassica

alba root (Ponce et al., 2004). Flavonoids were tested on
Gigaspora rosea (BEG 9), Gi. margarita (J7; Fracchia,
2002), Glomus mosseae (BEG 12) and G. intraradices
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Compound R3 R7 R3’ R4’

Quercetin OH  OH OH OH Act.
Kaempferol OH OH OH none Act.

Apigenin none OH OH none Act.

Quercitrin glycoside OH OH OH Inact.

Rutin glycoside OH OH OH Inact

Apigenin-

glycoside

none glycoside OH none Inact

Fig. 1. Structure of differing sidegroups of active (Act.) and inactive

(Inact.) flavonoids tested on arbuscular mycorrhizal fungi.
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(DAOM 197198) spores in Petri dishes. Spores were
isolated (Gerdemann, 1955) from a sorghum (Sorghum

vulgare) pot culture. Flavonoids were dissolved in 0.05%
ethanol at a final concentration of 0.5, 2 and 8 mM. These
concentrations were selected for being the concentrations
with reported effects on different steps of the AM fungal
development (Morandi, 1996; Vierheilig et al., 1998). Ten
replications and 10 controls of each treatment were
prepared. The effect of the different flavonoid concentra-
tions on spore germination, hyphal growth and hyphal
branching was tested (for details see Scervino et al., 2005b).

The effect of the flavonoids on the formation of AM
entry points and on root colonization of tomato (Lyco-

persicum esculentum) was tested in 5 cm diameter Petri
0

M
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Gig rosea Gig margarita Gl mosseae Gl intraradices(E)

Fig. 2. Effect of apigenin on the percentage of germination (A), hyphal

length (mm) (B), number of hyphal branches (C), number of entry points

(D) and percentage of root length colonization of tomato (E) by Gigaspora

rosea, Gi. margarita, Glomus mosseae and G. intraradices. Vertical bar is

the least significant difference (P ¼ 0.05). (*) ¼ Significantly different

from control. & ¼ Control without flavonoids. ’ ¼ 0.5 mM of

flavonoids, ¼ 2 mM of flavonoids and ¼ 8 mM of flavonoids.
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dishes using a monosporic culture technique (Fracchia
et al., 2001). Twenty replicates per treatment and controls
were used. Plants were harvested and the root system was
cleared and stained (Phillips and Hayman, 1970).Ten
replicates per treatment and control plants were harvested
when hyphal of the AM fungi contacted the root (2weeks
after seedling transplanting), and the number of entry
points per 30 cm of root was assessed (Ocampo et al.,
1980). The rest of the plants were harvested 6weeks after
transplanting and the percentage of root colonization was
measured (Giovannetti and Mosse, 1980).

Results were statistically analysed by a multi-factorial
analysis of variance using dose and AM species as the main
effects. Significance was determined according to the
fisher’s least significant difference (LSD) test.

The water control and the 0.05% ethanol treatments had
the same effect on all fungal parameters (data not shown).
Fig. 2 shows that at 0.5 mM apigenin increased spore
germination, hyphal length and the number of hyphal
branches of Gi. rosea, whereas all concentrations decreased
the spore germination of Gi. margarita. Hyphal length of
Gi. margarita was increased at 2 and 8 mM whereas 0.5 mM
of apigenin increased the number of hyphal branches.
Apigenin did not affect the spore germination of the
Glomus species. All doses of apigenin increased the hyphal
length, but only 0.5 mM increased the number of hyphal
branches of both Glomus species.

The dry weights of tomato grown in Petri dishes were
similar in all treatments (Data not shown). At 0.5 mM
apigenin increased the number of entry points and the root
colonization of all four AM fungi (Fig. 2), however, higher
concentrations exhibited no effect. Apigenin glycoside
never exhibited an effect on any of the parameters tested.

The effect of apigenin on spore germination and hyphal
length of the tested AM fungi was complex and depended
on the concentration of the flavonoids and on the genus
and even the species of the AM endophyte. With G. rosea

the lowest apigenin level showed a stimulation of spore
germination, whereas all apigenin concentrations inhibited
the spore germination of G. margarita and showed no effect
on the spore germination of the two Glomus species. All
concentrations stimulated the hyphal length of the two
Glomus species but the stimulation of the two Gigaspora

species depended on the concentration and differed
between each other. Hyphal branching of AM fungi has
been suggested as one of the events in host root recognition
that precedes successful root colonization (Giovannetti
et al., 1996; Buee et al., 2000; Nagahashi and Douds, 2000),
and our data strongly support this hypothesis. With all
four AM endophytes the lowest concentration of apigenin
increased hyphal branching and at the same concentration
a close relationship between hyphal branching, the number
of entry points and the degree of root colonization was
found. In none of the treatments with the apigenin-
glycoside any effect on AM fungi could be observed.
Interestingly the active apigenin has been reported from
root exudates of plants from the fabaceae which is a family
of AM host plants (Scheidemann and Wetzel, 1997; Steele
et al., 1999; Suominen et al., 2003), whereas the inactive
apigenin-glycoside has been recently detected in roots of
the AM non-host plant Brassica alba (Ponce et al., 2004).
Bécard et al. (1992) and Chabot et al. (1992) attributed

the activity of the compounds quercetin and kaempferol on
AM fungal growth parameters not only to the presence of
at least one hydroxyl group on the B aromatic ring, but
also to the hydroxyl group on position 3 of the C aromatic
ring, as quercitrin and rutin with a glycosidation on
position 3 exhibited no hyphal growth stimulating effect.
Our data clearly question this hypothesis because apigenin
with no hydroxyl group on position 3 exhibited a clear
stimulatory effect on different AM fungal growth para-
meters of all the four AM fungi tested. Moreover,
apigenin-glycoside which is glycosidated at position 7 of
the A aromatic ring (Fig. 1) and not at position 3 of the C
aromatic as in quercitrin and rutin, did lose its activity on
the AM fungi. These data indicate that the glycosidation
independently of their position is responsible for the lack of
activity.
To summarize, we could show that apigenin exhibits an

AM fungal genus and species activity and we provide
evidence that glycosidation of flavonids can result in a loss
of activity towards AM fungi.
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by the Acciones integradas program Spain–Austria and by
CONICET, Argentina.
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