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Abstract: Little is known about the diversity in function of different species of arbuscular

mycorrhizal fungi because of the difficulty in identifying them in the field. Inoculation with a

standardized commercial inoculum with strains well characterized can offer more information

regarding colonization with mycorrhizal fungi.

In this respect, the electrophoretic technique is an efficient and inexpensive method providing

sufficient discrimination at the species level to allow identification the isozymes involved in

colonization.

The screening of malate dehidrogenases, esterases, glutamate oxaloacetate transferases in

order to evaluate the involvement of these isozymes in experimental mycorrhizal colonization

of Zea mays roots was performed in this paper.

The present studies debate new aspects concerning the identification of metabolic pathway

occurs in mycorrhiza and the participation of enzymes in establishment of these symbioses.
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Introduction

The taxonomy of AM fungi {Glomales) has relied principally on the morphological

characteristics of the spores leading to the current recognition of 6 genera and 150 species

(Walkerand Trappe 1993). All for obligately biotrophic associations with many plants and

it is difficult therefore to study the functional dynamics of the fungus in either natural or

laboratory-based ecological investigations. In agricultural systems, where monocultures are

grown, the sporulation can be linked of a particular plant (Dodd et al. 1990).

The symbiotic activity of the fungi can be emphasized by studying the electrophoretic

spectrum of the isozymes involved in mycorrhizae. Isozymes are different molecular forms of

the same enzymes. These forms of enzymes can be detected on electrophoretic gels by net

charges, which can be differentiated by their electrophoretic mobility.

The elucidation of enzymatic pattern and the successive steps of mycorrhizal
colonization can be obtain using some commercial inoculum in horticulture or agricultural

production systems of species that could not form usual mycorrhizas. Thus, the activation

of metabolic patterns it should improve the biological quality of these species.

Material and methods

Biological material

a) Plant material

We have used for experimental colonization of radicular system Zea mays plants,

obtained by seed germination in soil. Seeds were surface-sterilized in H
2
0

2 3%, 30 min,

and than washed with sterile distilled water.

b) Mycorrhizal inoculum
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Either the inoculum is based on a pure arbuscular-mycorrhizae (AM) fungal isolate

or a mixture of AMF isolated Endorize -Mixed 3. The AMF are Glomus mossae, Glomus

intraradices, Glomus sp., and Glomus diserlicola. Propagules carrier is calcinated clay
(0,5-2,5 mm). BIORIZE Company delivered the inoculum, France. The seeds of maize are

germinated in soil mixed with the two types of inoculum. We used two concentration 5%

and 10% of both inoculum (pure and mixed).

Methods of analyze
1. Cytohistological and histochemical evaluation of mycorrhizal colonization

The staining procedures with chlorazol black were used (Brundrett et al. 1983) and

biological material was analyzed in light microscopy.

Chlorazol black staining procedure involve:

-whole roots, digest first in 10% KOH, lh, 90°C, rinse in H
2
O followed by 5 min in 5%

lactic acid;

-stain 15 min, 90° C in 0.4% chlorazol black E in lactophenol or lactoglycerol;

-rinse and mount on slides in glycerol.
The presence of vesicular arbuscular structures intracellular was detected in

photonic microscopy by specific black stain.

Protein extraction

The roots were detached, washed with tap water and processed for biochemical and

histochemical analyses, after three weeks from the start of experiment. The extraction of

soluble proteins carried out in extraction buffer (STEB) containing: 20 m M Tris-HCI, 10

mM NaHC0
3 ,

10 mM MgCb, 0.1 mM Na
2 EDTA, 10 mM ß-mercaptoethanol, 10%

sucrose, 0.1% Triton X-100 at pH 8, at 4°C for 24 h. After centrifugat ion at 15000 rpm, 20

min, the supernatant was used for electrophoretic analyses.
2. Electrophoresis in Polyacrylamide gel
We prepared a stacking gel. The separations were performed using a running gel

10% Polyacrylamide with 125 mM Tris-HCI, ph=B,B and a stacking gel with 375 mM Tris-

HCI pH=6,B. Electrophoresis was performed at 4°C, at 10 mA (for stacking gel) and 15 mA

(for separation gel), 2h. The running marker was bromphenol blue.

Enzyme staining
Gels were placed into different staining solution for test the enzyme activity. Four

enzymes were tested: malate dehydrogenase (MDH) EC 1.1.1.37), esterase (EST, E.C.

3.1.1.1), peroxidases and glutamate oxaloacetat transferase (GOT). The staining protocols
for the enzymes providing reproducible data were presented below:

EST: 0.050 g ß -naphtylacetate and 0.050 g a-naphtylacetate were dissolved in 4 ml

of 50% acetone and added to 25 ml of 0.1 M phosphate buffer pH-6.5 with 25 mg
Fast Blue

RR salt. The bands were colored in red-violet

Peroxidases: Solution of benzidine in acetate buffer 0.1 M and droplets of H
2
0

2 as

substrate. The bands were colored in brown.

MDH: malic acid 2 M, 0.010 g nicotinamide dinucleotide (NAD), 0.010 g nitroblue

tetrazolium salt (NBT), phenazine metasulphate (PMS) 0.005 g were dissolved in 50 ml 0.2

M Tris-EDTA buffer pH=B. The bands were colored in blue-violet

GOT: 0.073 g of a-ketoglutaric acid, 0.266 g aspartic acid, 0.1 g ofNa
2
EDTA, 4.7 g

Na
2
HP0

4
2H

2 0, 1 g PVP, were dissolved in 100 ml of distilled water and the pH adjusted to

7.4; 0.1 gof Fast Blue was added to the solution. The bands were colored in dark red.
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Results and discussions

Emphasize of mycorrhizae was accomplished by chlorazol black staining and was

followed by evaluation of electrophoretic spectrum of isozymes that can be participate to

establishment of colonization.

Evaluation of mycorrhizae was accomplished by histochemical analyses of vesicles

and the fungal structures. Different concentrations of inoculum 10% and 5% of each type of

inoculate were used. Mycorrhizal colonization emphasized a level of colonization superior for

10% concentration of pure inoculum comparative with 5% concentration. The vesicles that

have a complex internal structure demonstrated the presence of mycorrhizal fungi (Fig. 2).

Mycorrhizal roots colonized with the mixed inoculum have presented spores partly

germinated with developed hyphae localize near them. We did not emphasize vesicles that

accumulates lipids at 10% concentration, while the concentration 5% was favorable for

development shown an semitransparent aspect with vacuolar contain and internal

organization. The vesicles observed by colonization with mixed inoculum have a different

structure comparative with those determinate by inoculation with pure inoculum. These

vesicles are characterized by transparent aspect comparative with vesicles observed by

colonization with pure inoculum that are electron-dense (Fig. 1). The appearance electron-

dense is due probably to chemical composition or affiliation to another fungal species that

is not Glomus mossae.

Electrophoretic spectrum of esterases from mycorrhizal roots colonizes with pure

inoculum revealed the presence of one supplementary band in comparison with

nonmycorrhizal roots (Fig. 3). An electrophoretic band that occurred on spectrum obtained

for both concentration of inoculum indicated an answer of host to the action of mycorrhizal

fungi, leading to a modification of metabolic pathway of esterases. This observation was

confirmed by the existence of the same band (with the same factor of retention R
f) at

samples of mycorrhizal roots colonized with mixedure inoculum, indifferent of inoculum

concentration used. Our previous experiments were shown that esterases are a marker for

mycorrhizae even using inoculum from rhyzosphere of plants susceptible to establishment

this association (Maximilian et al. 1998).
Our results indicate that mycorrhizal colonization induces new metabolic pathway

when esterases are involved. These metabolic pathways are activated by the presence of

mycorrhizal fungi, esterases being considerate an enzymatic marker of symbiosis.

Malate dehydrogenase, enzyme involved in Krebs' cycle is a marker for evaluation

of glutamate oxaloacetate transaminase. It is used also for determine of malate and

oxaloacetate concentration (Fig. 3).

Electrophoretic spectrum of malate dehydrogenase (MDH) emphasized a constant

number of bands (8). The electrophoretic spectrum of mycorrhizal roots colonized with

pure inoculum 10% concentration presents ten bands of MDH. But, the eight

electrophoretic bands are disposed different in comparison with start and had another factor

of retention, thus: malate dehidrogenases extracted from roots colonized with pure

inoculum 10% and 5% presented an electrophoretic band with a factor of retention very

small of 0.107 that it can be considered a sign of mycorrhizal colonization of Glomus

mossae. An electrophoretic band was detected for both non-mycorrhizal roots and

mycorrhizal roots for both concentration of mixed inoculum.

Glutamate-oxaloacetate transaminase (GOT) is an enzyme involves in amine

metabolism, in ornithine cycle. Electrophoretic spectrum of GOT did not point out differences

regarding the bands number existed on gel (4). The isozymes presented the same mobility for

non-mycorrhizal roots and mycorrhizal roots. Appearance of electrophoretic bands it may be
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a sign of the ammo acid metabolism activation, but we consider that the enzyme can not be

evaluated in the establishment of mycorrhiza colonization (Fig. 3).
The ten electrophoretic bands representing isoperoxidases to non-mycorrhiza I roots

and mycorrhizal roots samples, in case of colonization with starter inoculum, are observed.

The roots colonized with granular inoculum presented an electrophoretic spectrum with

nine bands. The absence of first band, which has small electrophoretic mobility and

migrates slowly, may lead to conclusion that the different mycorrhizal strains from

inoculum has antagonistic action from the point of view of peroxidases activity. Although,
it is well known that peroxidases are associated with defense reaction of plant cell

regarding damage factors (wound, pathogens), statute of peroxidases as marker of

colonization is controversial.

Table 1 Relative mobility of isozymes extracted from mycorrhizal roots

Enzyme Electrophoretic bands Relative mobility (Rf)

M Sş Su, MX|o Mx.sM Ss S
io

Mx
5 Mxio

esterase 8 9 10 9 9 0.76 0.76 0.76 0.76 0.76

0.107 0.107 0.107 0.107 0.107

0.446 0.446 0.446 0.446 0.446

0.52 0.52 0.52 0.52

0.55

0.6 0.6 0.6 0.6 0.6

0.646 0.646 0.646 0.646 0.646

0.692 0.692 0.692 0.692 0.692

0.83 0.83 0.83 0.83 0.83

0.87 0.87 0.87 0.87 0.87

glutamate- 4 4 4 4 4 0.32 0.32 0.32 0.32 0.32

oxaloacetate 0.357 0.357 0.357 0.357 0.357

transaminase 0.517 0.517 0.517 0.517 0.517

0.589 0.589 0.589 0.589 0.589

malate 8 8 10 8 8 0.107 0.107

dehydrogenase 0.16 0.16 0.16 0.16 0.16

0.23 0.23 0.23 0.23 0.23

0.357 0.357 0.357 0.357 0.357

0.446 0.446 0.446 0.446 0.446

0.535 0.535 0.535

0.571 0.571 0.571 0.571 0.571

0.642 0.642 0.642 0.642 0.642

0.714 0.714 0.714 0.714 0.714

0.839

0.892

peroxidases 10 10 10 9 9 0.092 0.092 0.092

0.107 0.107 0.107 0.107 0.107

0.153 0.153 0.153 0.153 0.153

0.338 0.338 0.338 0.338 0.338

0.446 0.446 0.446 0.446 0.446

0.523 0.523 0.523 0.523 0.523

0.646 0.646 0.646 0.646 0.646

0.692 0.692 0.692 0.692 0.692

0.753 0.753 0.753 0.753 0.753
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Hist ochem ical staining of vesicles with chlorazol black from mycorrhizal Zea

mays roots, colonized with pure inoculum, 10% concentration (A), 5% concentration (B).

Magnification 200.

Fig. 1
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Histochemical staining of vesicles with chlorazol black from mycorrhizal Iга

mays roots, colonized with mixed inoculum, 10% concentration (C), 5% concentration (D),

Magnification 200

Fig. 2



M - non mycorrhizal roots

S
5
-mycorrhizal roots, colonized with pure inoculum, concentration 5%

Sio - mycorrhizal roots, colonized with pure inoculum, concentration 10%

Mxs - mycorrhizal roots, colonized with pure inoculum, concentration 5%

Mx
10

- mycorrhizal roots, colonized with pure inoculum, concentration 10%

Fig. 3 Electrophoretic spectrum of esterases (1), malate dehidrogenases (2),
peroxidases (3), glutamate oxaloacetate transaminases (4)

Conclusions

Histochemical analyses of roots colonization with mycorrhizal fungi allow the level

°f colonization with arbuscular mycorrhizal fungi and evidence of successive steps in

349Isozymes Screening ofZea mays Mycorrhizal Roots
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experimental colonization of Zea mays roots with two types of inoculum: pure and mixed,
at different concentrations. Cytological analyses revealed for both of the experimented
inoculum the localization of arbuscular mycorrhizal fungi especially in cortical cells, as

well as the presence of spores and the internal structure of lipids vesicles.

This approach permitted as to consider that esterases could be considered a marker

for mycorrhizal colonization; the differences shown in electrophoresis spectrum of

esterases demonstrates this fact.

We found no correlation between mycorrhizal colonization and electrophoretic

spectrum of malate dehydrogenases, glutamate oxaloacetate-transaminase and we

appreciate that using these isozymes can not offer information regarding symbioses

establishment.
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SCREENING-UL IZOENZIMELOR EXTRASE DIN RĂDĂCINI

DE ZEA MA YS CU MICORIZE

Rezumat: Identificarea dificilă a speciilor de ciuperci micorizante existente în sol a

determinat o cunoaştere limitată a diversităţii funcţionale a acestora. Folosirea inoculelor

comerciale, standardizate cu specii fungice bine caracterizate poate oferi informaţii

suplimentare privind colonizarea plantelor cu ciuperci micorizante.

în acest sens, tehnicile electroforetice reprezintă metode eficiente şi ieftine prin care

se evaluează diferenţele apărute în exprimarea şi activitatea unor izoenzime, la nivel de

specie fungică, permiţând şi identificarea acesteia.

S-a realizat un screening al enzimelor, malat dehidrogenaze (MDH), esteraze,

glutamat-oxaloacetat tranşaminaze (GOT) şi peroxidaze în vederea evaluării posibilei

implicări a acestora în procesul colonizării experimentale cu fungi endomicorizali a

rădăcinilor de Ъга mays.

Studiile de faţă abordează noi aspecte referitoare la identificarea proceselor metabolice

ce au loc în cadrul simbiozei şi implicit a enzimelor participante la stabilirea acesteia.

Cuvinte cheie: ciuperci micorizante, rădăcini cu micorize, izoenzime, electroforeza.


