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Abstract

The effect of thiamine, pyridoxine, nicotinic acid, pantothenic acid and biotin
on the production of cytokinin-like substances (CLS) by Rhizopogon luteolus
and Suillus bovinus was investigated. Pyridoxine considerably stimulated the
production of CLS by R. luteolus. However, S. bovinus produced these sub-
stances only in the presence of thiamine and biotin. Results obtained by
means of gas chromatography and the soybean-callus bioassay suggest, that
most of the substances produced by the fungi studied were riboside 2ip and
riboside zeatin. Other compounds showing cytokinin-like activity were not
closer identified.
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1. Introduction

It is generally accepted that mycorrhizal fungi improve growth and devel-
opment of associated plants through (a) increased uptake of minerals, (b)
plant growth hormones production, (c) drought resistance, and (d) resis-
tance to root pathogens (Harley, 1948; Voigt, 1971; Bowen, 1973; Slankis,
1973; Marx, 1972; France and Reid, 1983).
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Ectomycorrhizal fungi are known to produce plant growth hormones such
as auxins, gibberellins and cytokinins (Ulrich, 1960; Horak, 1960; Kampert
and Strzelczyk, 1984, Strzelczyk and Pokojska, 1984; Strzelczyk et al., 1985).
These compounds affect growth and development of the plant and are of
importance in establishing and functioning of mycorrhiza (Slankis, 1973;
Rambelli, 1973; Crafts and Miller, 1974).

Among the plant growth regulators, cytokinins are of special interest. They
stimulate cell division, modify cell enlargement, delay senescence, inhibit root
elongation and protect the plant against pathogens by increasing the syn-
thesis of phenolic compounds (Miller, 1971; Dekhuijzen, 1976; Michniewicz,
1985). Cytokinins may modify the growth of cortical cells in such a manner
as to facilitate the invasion of the root by the fungus. They also cause mo-
bilization of nutrients to the region of mycorrhizal association (Crafts and
Miller, 1974). Therefore it is not surprising that among the plant growth
regulators auxins and cytokinins are being considered of utmost importance
in plant-mycorrhizal fungus interrelationships.

Certain B-vitamins are either essential or stimulatory both of growth of dif-
ferent mycorrhizal fungi and mycorrhiza formation (Norkrans, 1950; Moser,
1959; Davey, 1971, Palmer, 1971; Rambelli, 1973; Slankis, 1973). The source
of the vitamins might be contained in root exudates (West, 1939; Rovira and
Harris, 1961; Sulochana, 1962) and/or excreted by microorganisms associ-
ated with the mycorrhizal roots (Lochhead, 1958; Moser, 1959; Lochhead
and Burton, 1953; Strzelczyk, 1963; Riviére, 1963; Hussain and Vanlura,
1970; Strzelczyk and Leniarska, 1980, 1985; Strzelczyk and Rézycki, 1985).
Because of the intimate contact of the root zone microorganisms with the
root cells and the hyphae of mycorrhizal fungi the vitamins released by these
organisms may be of great importance for the growth of mycorrhizal fungi
and mycorrhiza formation.

To our knowledge there are no data on the effect of vitamins on cytokinin
production by mycorrhizal fungi. The work presented here determines the
effect of B-group vitamines on the production of CLS excreted from two
species of mycorrhizal fungi. The effect of CLS on soybean callus yield is
also determined.
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2. Materials and Methods

Organisms, media and culture conditions

Two isolates of ectotrophic mycorrhizal fungi of pine — Rhizopogon luteolus
and Suillus bovinus were used in this study. The fungi were cultured and
stored before experiments on potato-dextrose agar (Difco). For this work
they were grown in Lamb’s (1974) medium — (glucose 10 g; NH,Cl 500 mg;
MgSO,- 7H,0 50 mg; KH,PO, 50 mg; FeEDTA 1 mg of 5 ppm Fe solution;
thiamine-HCI 1.0 mg; biotin 0.01 mg; distilled water 1 I; pH 5.5-5.7). This
medium has been supplemented with B-vitamins. The following experimental
combinations were applied: Lamb’s medium without vitamins (control) —
with biotin and thiamine 0.5 and 1.0 mg/l; with thiamine 1.0 mg/l, —
pyridoxine 1.0 mg/l, — nicotinic acid — 0.5 mg/l, — pantothenic acid
0.25 mg/l, — pyridoxine 1.0 mg/l + nicotinic acid 0.5 mg/l + panthothenic
acid 0.25 mg/l. Erlenmayer flasks containing 200 ml of the above liquid
media were inoculated with agar discs (1 cm in diameter) cut from 10 days

old agar (potato dextrose agar, Difco) cultures of the fungi. The inoculated

flasks were incubated at 26°C for 21 days. Subsequently the mycelium was
separated from the medium by filtration on filter paper. The mycelium was
dried at 105°C to constant weight.

Exztraction of cytokinin-like substances (CLS)

The supernatants were adjusted to pH 2.5-3.0 with 1 M HCI and passed
through a Dowex 50 WX 8 (Merck) cation exchange column H* form, 50-100
mesh. The column was washed with 500 ml of double distilled water and the
cytokinin-like substances were eluted with 340 ml of 2 M NH,OH followed
by 680 ml of 5 M NH,OH. The combined eluates were evaported to dryness
in vacuo at 60°C to remove ammonia. Two ml samples from 1000 ml of
the culture fluid were applied to a Sephadex LH-20 (Pharmacia, Uppsala)
column (45 X 2.5 cm) and eluted with 35% ethanol. Four fractions, 10 ml
each, were collected and evaporated to dryness at 50°C.

Bioassay

The following medium was used for growing soybean-callus (mg/1);
KH,PO, 300; KNOs 1000; NH,NO;s 1000; Ca(NOs), - 4H,0 500; MgSO, -
7TH,0 71.5; KCl 65; H;BOj 1.6; MnSO, - 4H,0 14; Cu(NOy); - 3H,0 0.35;
ZnSO4-TH,0 3.8; (NH,)¢Mo;0,4-4H,0 0.1; KJ 0.75; NaFe ethylenediamine-
tetraacetate 13.2; thiamine-HCI 0.2; nicotinic acid 0.5; pyridoxine-HCI 0.2;
myo-inositol 100; sucrose 30.000; a-naphthaleneacetic acid 2; and Bacto-agar
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10.000 (Miura and Miller, 1969). The pH of the medium was adjusted to 5.8
with KOH or HCI before the agar was melted. Three pieces of soybean
Glycine maz (L.) Merrill var. Acme callus ca. 45-50 mg each were placed
in each flask. The cultures were grown in an illuminated chamber (contin-
wous illumination) at 50 lux at 28°C. After 25 days of growth the increase
of fresh mass of the callus was recorded. The total amount of cytokinin-like
substances produced was calculated from a standard response curve prepared
for pure kinetin (Serva) and expressed as equivalents of kinetin (E. kin. re/e
dry weight of mycelium).

Gas chromatography

Gas chromatography was employed for more accurate identification of the
substances showing cytokinin-like activity in the R. luteolus culture. For this
purpose “Chromatron” Gas Chromatograph (GDR) model GCHF-18 3-4
was used and the conditions were: gas flow rate (N;)-40 cm®/min, injectors
temperature 270°C, and detectors temperature (FID) 290°C. The fractions
analysed were silylated with BSTFA (N,O-bis) trimethylsilyl (trifluoroac-
etamide) and kept for 1 hr at 80°C. Samples (1ul) were injected onto a glass
column packed with 3% SE-30 on Gas Chrom Q (100/120 mesh) and analysed
at program 4°C/min (210-260°C). Pure cytokinin substances (zeatin riboside
and 6(~,y-dimethylallylamino purine riboside) were used as the control.

3. Results

It appears from Fig. 1 that vitamins affected the synthesizing capacity of
R. luteolus. Especially pyridoxine added in amounts of 1 mg/! significantly
influenced CLS production (1.4ug/E. kinetin/g dry weight) (Table 1 and
Fig. 1), whereas 0.5 mg/l pyridoxine caused a decrease in CLS production
to 0.06ug/g dry weight (Fig. 2). Thiamine added to the medium stimulated
growth of the soybean callus with fractions 4-24. The substances contained in
these fractions were not identified. (Fig. 1). R. luteolus showed good growth
in media without vitamins and synthesized CLS which seem to be riboside
2iP or zeatin riboside (Fig. 2). The amount of CLS produced by R. luteolus
in the presence of panthothenic acid or pyridoxine, nicotinic and pantothenic
acids used together synthesized 0 to 1.4ug/E. kinetin/g dry weight in the
presence of pyridoxine.

S. bovinus produced CLS only in the presence of thiamine and biotin
(Table 1 and Fig. 3). The greatest stimulation of CLS formation was found
in fractions 8-12 and 24-36, which seem to correspond to riboside 2iP and
zeatin riboside.
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Chromatographic analysis of CLS
produced by Rhizopogon luteolus.
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Chromatographic analysis of CLS
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the same as in Fig. 1.
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The vitamins, except for thiamine and biotin, inhibited the production of
CLS in S. bovinus despite its abundant growth.

On the basis of the fraction values as well as the data of gas chromatog-
raphy, we assume that the compounds stimulating the growth of the callus
are riboside 2iP and riboside zeatin (Fig. 4).

Table 1. Influence of vitamins on the amount of CLS production by Rhizopogon luteolus and
Susllus bovinus.

Vitamins added to Dry mass of Quantity of CLS Fraction
Fungi the medium* mycelium g/l (E. kin.ug/dry mass) number
Rhszopogon luteolus without vitamins 0.8722 0.9745 20-32
biotin + thiamine 1.6276 0.1220 20-24
thiamine 3.0674 0.7174 4-24
pyridoxine 1 mg/1 2.1191 1.3951 8-24
“—" 0.5 mg/1 2.5891 0.0579 16-28
nicotinic acid 0.4644 0.9689 16-20
pantothenic acid 0.5243 0 0
pyridoxine 0.8669
nicotinic acid 0.8669 0 0
pantothenic acid 0.8669 0 0
Susllus bovinus without vitamins 0.4052 0 0
Biotin + thiamine 0.8217 1.1196 8-12
thiamine 1.2453 0 0
pyridoxine 1 mg/1 1.1954 0 0
nicotinic acid 1.0888 0 0
pantothenic acid 0.6338 0 0
pyridoxine 0.6611
nicotinic acid 0.6611 0 0
pantothenic acid 0.6611 0 0

* All vitamins added as indicated in methods.

4. Discussion

Extensive rhizosphere studies have shown that the root-zone microorgan-
isms affect mycorrhizal fungi. Comprehensive reviews on this subject were
published by Davey (1971), Rambelli (1973) and Slankis (1973).

Soil microorganisms were found to enhance growth of mycorrhizal fungi
and mycorrhiza formation. This effect was attributed to the organic sub-
stances they release into the environment. Shemakhanova (1962) found that
formation of mycorrhiza in pine roots was best supported by the presence
of Trichoderma lignorum, Azotobacter chroococum and fluorescent bacteria.
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The same observation was recorded by Malyshkin (1955). According to
Vendenyapina (1955) the value if Azotobacter in mycorrhiza formation may
be ascribed to vitamins production by the bacteria rather than nitrogen fix-
ation or pectolytic activity.

As mentioned already ectotrophic mycorrhiza forming fungi require B-
group vitamins. Thus, a supply of these compounds from external sources
(root zone microorganisms) could greatly enhance growth of mycorrhizal
fungi and mycorrhiza formation. Additionally the effect of these compounds
on cytokinin-like substances production would affect the mycorrhiza func-
tioning.

Our previous studies on B-vitamins synthesis by root zone microorgan-
isms of pine have revealed that the majority of these organisms released one
to three vitamins into the medium. Some of them produced even four or
five vitamins (Strzelczyk and Leniarska, 1985; Strzelczyk and Rézycki, 1985;

Strzelczyk, 1987).

It is obvious that many environmental factors affect the production of
plant growth regulation by microorganisms, among them different organic
substances of microbial origin. The affect of some B-group vitamins on
cytokinin-like substances production by mycorrhizal fungi has been clearly
demonstrated in the present research. It has been claimed long ago by Harley
(1948) that non-mycorrhizal soil organisms should be studied in conjunction
with mycorrhizal fungi. As yet data concerning such organisms or the effect
of their metabolites on mycorrhizal fungi are scarce (Boven and Theodorou,
1979; Strzelczyk et al., 1985).

The present results suggest that further studies on the effect of different
organic substances which are known to be elaborated by soil and root zone
microorganisms on the production of plant growth regulators by mycorrhizal
fungi are required. Such studies are needed for better understanding of the
complex mechanisms operating between the plant-mycorrhizal fungus — ac-
companying soil microorganisms at the root-soil interface.
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