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Abstract—Spore germination in streptomycetes was shown to be stimulated by exogenously added A-factor.
Agar medium either containing or not containing A-factor was inoculated with spore suspensions of three
strains differing in their ability to produce regulators of the A-factor group: Streptomyces griseus 773, which
produces A-factor and two its lower homologs; S. coelicolor A3(2), which forms six Acl-factors (A-factor ana-
logues); and S. avermitilis JCM5070, which failsto form regulators of thisgroup. A count of the grown colonies
showed that exogenousA-factor stimulated spore germination in strains that were themsel ves able to synthesize
regulators of the A-factor group. In S. griseus 773, the number of germinated sporesincreased by 67% on aver-
age after the addition of A-factor to the medium in an amount of 10 pg/ml. In strain S. coelicolor A3 (2), the
number of germinated spores increased by 75% after the addition of 1 ug/ml of A-factor. During germination
of the S avermitilis JCM5070 spores, no changes in the CFU number was observed after the addition of

A-factor.
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A-factor is an endogenous regulator of Streptomy-
ces griseus growth that controls morphogenesis and
streptomycin biosynthesis [1-4]. Over the 35 yearsthat
have passed since the first report devoted to A-factor
appeared [3], actinomycetes were shown to also syn-
thesize other substances resembling A-factor in their
chemical structure, which are referred to as the “A-fac-
tor-group regulators’ [4, 5]. These regulators are wide-
spread among actinomycetes; due to the similarity of
their chemical structure, they are similar intheir biol og-
ical action, regulating morphogenesis and biosynthesis
of secondary metabolites in representatives of different
actinomycete species [4-8]. The test strains used to
detect A-factor-group regulators are spontaneous or
induced mutants of actinomycetes that fail to produce
these regulators and, consequently, are unable to form
aerial mycelium and spores. Thetest strains respond to
the presence of A-factor-group regulators in the
medium by regaining their capacity for morphogenesis
and biosynthesis of secondary metabolites. In experi-
ments with A-factor-group regulators produced by dif-
ferent species, these regulators were shown to exhibit a
cross effect [4].

The substances of the A-factor group are endoge-
nous autoregulators. The effect of A-factor is observed
at a concentration as low as 1.2 x 1072 M; hence, it is
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among substances producing the strongest biological
action [1]. Like the majority of the species studied,
S griseus exhibits ahigh level of A-factor biosynthesis
and secretion: its diffusion area exceeds the size of the
colony that produces the regulator by severa times|[7].
We have proposed that the action of A-factor-group reg-
ulators can be polymodal; namely, at high concentra-
tions they may have another regulatory effect at the
population level. For example, these factors may influ-
ence spore germination. Therefore, in this study, we
aimed to determine the effect of A-factor on spore ger-
mination, the earliest stage of the actinomycete life
cycle. Representatives of three actinomycete species,
differing in the ability to synthesize regulators of the A-
factor group, were the subjects of this study.

MATERIALS AND METHODS

The subjects of this study were representatives of
three Streptomyces species: S griseus 773 (=INA
00987), S codicolor A3(2), and S avermitilis
JCM5070. Strain S. griseus 1439 (=INA 00891) served
as a test organism which responded to the presence in
the medium of regulators of the A-factor group by
aeria mycelium formation [11].

Actinomycetes were grown at 28°C on agarized
soybean medium containing 1% glucose, 2% soybean
flour, 0.5% NaCl, and 2% agar in tap water (pH 6.9-7.0).
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Fig. 1. Chemica structure of A-factor, its homologs, and Acl-factors[1, 4].

The A-factor used in this work was synthesized in
1982 in the laboratory of A.S. Khokhlov, Shemyakin
Institute of Bioorganic Chemistry, Russian Academy of
Sciences. The stock solution of A-factor (500 pg/ml)
was sterilized by passing through a Zeitz filter.

The strains were grown for 14 days on soybean
agar, after which the spores were washed off with dis-
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tilled water and filtered through a cotton filter. The
suspension titerswere determined in Goryaev’s cham-
ber. Before plating onto the surface of agarized
medium, the suspensions were diluted so that the
expected SFU number ranged from 50 to 500 colonies
per dish. The colonies were counted after seven days
of growth.
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Fig. 2. Induction of aerial mycelium formation in the test
strain S. griseus 1439, which responds to the presence of A-
factor-group regulators in the medium. The following
strains were plated by horizontal streaks (from top to bot-
tom): S griseus 773, S coelicolor A3(2), S avermitilis
JCM5070.

The results were processed using the methods of
mathematical statistics[12].

RESULTS AND DISCUSSION

The biologica action of A-factor was previously
judged from the induction or stimulation of morpho-
genesis and biosynthesis of secondary metabolites [4].
The effect of A-factor on actinomycete spore germina-
tion has never been studied. We expected that A-factor
might have a selective effect on actinomycete spore
germination. Based on the previous data, we used two
actinomycete strains which differed in their ability to
form regulators of the A-factor group: S. griseus 773, a
producer of A-factor and two of its lower homologs[4,
13], and S coelicolor A3(2), which produces six Acl-
factors, A-factor analogues [4, 14] (Fig. 1). The strain
S avermitilis JCM 5070 does not produce regulators of
the A-factor group, which was confirmed when the test
strain S. griseus 1439 and S. avermitilis JCM 5070 were
grown together on agarized medium. Unlike the strep-
tomycete strains capabl e of producing regulators of the
A-factor group (Fig. 2), S. avermitilis JCM5070 failed
to induce spore formation of the test strain.
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After plating spore suspensions of three strepto-
mycete strains on agarized medium, norma colony
development was followed by aeria mycelium and
spore formation in all cases, suggesting that all three
strains develop normally without A-factor addition.

However, after the introduction of A-factor into the
medium (0.01-10 pg/ml), the number of colonies
exhibited variations. Note that in the control and exper-
imental variants plating was performed from the same
suspensions; i.e., the number of the spores plated was
the same in control and experimental variants. The
table presents the results obtained with and without the
addition of A-factor to the solid medium. As can be
seen from the table, at certain concentrations of A-fac-
tor in solid medium the number of germinated spores
could increase by up to 70%.

The above effect depended on the A-factor concen-
tration inthe medium. In strain S. griseus 773, the num-
ber of coloniesin the experiment differed significantly
from that in the control at an A-factor concentration of
10 pg/ml; lower concentrations caused no increase in
the number of germinated spores (grown colonies)
compared to the control. In strain S, coelicolor A3(2),
stimulation of germination was observed at an A-factor
concentration equal to 1 pg/ml; lower and higher con-
centrations were inefficient.

When previoudly studying a collection of asporo-
genic, nocardia-like, and oligosporous morphological
variants of 28 strains of 23 streptomycete species [15],
we showed that different strains needed different
amounts of A-factor in the medium to produce aerial
mycelium, spores, and pigments. For example, restora-
tion of spore formation in the asporogenic variant of
S griseus K3826 was observed at 10 pg/ml A-factor in
the medium, whereas a concentration of 1 pg/ml was
sufficient for the two other A-factor-dependent variants,
“S citreofluorescens” K3506 and “ S viridovulgaris
subsp. albomarinus’ K3865. In our other studies, the
biosynthesis of antibioticswas also shown to depend on
A-factor concentration, namely, the biosynthesis of
valinomycin in S. cyaneofuscatus and the biosynthesis
of rifampicin in Amycolatopsis mediterranei [5, 10].

Another conclusion that can be inferred from our
results is that A-factor stimulates spore germination of
only those strains that synthesize regulators of the

CFU numbers of streptomycetes (million/ml of suspension) revealed at different concentrations of A-factor in solid medium

Ability to pro- Amount of A-factor added to the medium (ug/ml)
: . duce regula-
Species, strain tors of the A- 0 0.01 0.1 1 10
factor group
S griseus 773 A-factor and 36.4+49 34.3+4.6 372149 30.1+44 60.7 + 10.5*
2 itshomologs
S. codlicolor A3(2) 6 Acl-factors 80+15 88+1.2 80109 140+ 1.9* 78+05
S avermitilisJCM5070 | Not produced | 54.0+ 13.0 56.0+ 8.5 55.0+£5.0 48.0+84 540+ 6.3
* The value exceeded the control one at a significance level of 0.95.
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A-factor group. Under the conditions of our experi-
ments, A-factor addition had no effect on spore germi-
nation in S. avermitilis JCM5070. All platings were
performed four times, and the significance level of the
data was > 0.95.

Thus, a new regulatory function of the A-factor has
been discovered. It stimulates spore germination in
streptomycetes, which results in an increased number
of grown colonies. The spores are normally heteroge-
neous, which manifestsitself in their asynchronous ger-
mination. The biological implication of this phenome-
non seemsto liein the fact that under unfavorable con-
ditions germinated spores may perish, whereas the
sporesthat are viable but do not germinate can save the
population. The presence of A-factor suggests the
development of an actinomycete colony, indicative of
favorable growth conditions and is thus asignal for the
majority of sporesto germinate.
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