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ABSTRACT

Sixteen Streptomyces cultures,i.e, four wild type strains, eleven mutants and

one regenerated protoplast isolate were tested for their abilities to inhibit one or more
of three local isolates of the plant pathogenic fungi, Fusarium solani, Rhizoctonia
solani and Sclerotium rolfsii, which cause root rot disease.
Bacillus subtitles was used to measure the antibacterial antibictic activity of
Streptomyces strains and mutants. All tested cultures were antibacterial antibiotic
producers except R1, G2 and Str. abus. Mutant R4 was the best antibacterial
producer.

The sixteen cultures were tested for their antifungal activity against Fusarium

solani. All of them inhibited F. so/ani growth after three days of incubation. After seven
days, the antifungal activities of two-strains, Str. albus and Str. Griseoviridis was lost.
Antifungal activities of eight mutants increased by increasing incubation period.
Mutants R2, R4 and G4 were the higher antifungal activity mutants against F. solan/.
The best producer was R2 mutant, either after three or seven days of incubation.
Two strains, Str. albus and Str. griseoviridis were inactive against Rhizoctonia solani,
after three and seven days of incubation. The activities of seven cultures were
decreased after seven days of incubation. Mutants R2, VT and GR were the higher
antifungal activity after seven days of incubation. G1 mutant was the best antifungal
activity against Rhizoctonia solani after three days of incubation.

All tested cultures showed antifungal activities against Sclerotium rolfsii.
Three cultures, R1, Str. albus and Str. griseoviridis, lost their activities after seven
days of incubation. Three mutants G1, G2 and G3isolated from Str. griseus, were
higher antifungal activities against R. sofani. The best antifungal activity was G2 after
three and seven days of incubation.Since, G2 was inactive as antibacterial antibiotic
praducer so in some cases, it is advantage to use such mutant as a biocontrol strain.
On the basis of the above results, S. roffsii showed to be very sensitive to most of the
Streptomyces tested cultures. Mutant R2 proved to be the best in its antifungal activity
against two out of the three tested plant pathegenic fungi. GR, which was selected
after protoplast regeneration, has a remarkable antifungal activity. It was one of three
higher antifungal activities against R. solani after seven days of incubation.

Keywords: Sfreptomyces, Mutants, Biocontrol, Fungi, Root rot, Protoplast, F. solani,
R. solani, S. rolfsii.

INTRODUCTION

Fungal diseases cause millions of dollars worth of crop damage all
over the world. However, the methods used during the last 50 years which
depended mainly upon the use of chemicals for the controlling of such
enemies resulted, unfortunately, in a plenty of problems of which appeared
genetically resistant breads of the fungi themselves, the pollution of the yield
itself and even the environment, with such chemicals. These reflect many
harmful hazards on the human health, elimination of the biological enemies
naturally found. the chemical contamination and the maintained residue of
such chemicals into the land. Also, environmental concerns and development
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of resistance in target populations have reduced the availability of effective
fungicides.

For such hazardous effects it appeared the importance of using biclogical
control methods, through which all the foregoing pollution effects could be
avoided and the balance between both harmful pests and its biological
enemies could be returned. Recently attention has focused on the
development of biocontrol technigues {(Crowe and Olsson 2001).
Nonetheless, the vast array of antimicrobial molecules produced by diverse
soil  microbes' remains as a reservoir of new and potentially safer
biopesticides. For these and otherreasons, a heightened interest in so-called
biological controlor biocontrol (i.e., the use of natural microorganisms or their
products to limit attack and damage by phytopathogens) has arisen (Kang et
al. 1998).

However, in the last few years there have been relatively few studies of
bacteria, especially actinomycetes, applied to seeds and roots for the
purpose of controlling diseases. Biocontrol may operate through antibiosis or
competition for space or nutrients in the rhizosphere (El-Tarabily et al. 1997).
Streptomycetes are gram-positive mycelial bacteria, were studied primarily
for their ability to produce a large portion of the naturally occurring antibiotics.
The effects of streptomyces strains come from several complex factors. The
microbe deprives pathogenic fungi around plant roots. In soil, they are able to
synthesize a wide range of various enzymes and metabolites, which inhibit
pathogens growth (Walter and Schrempf 1995).

To demonstrate the role for antibiotics in biocontrol, mutants lacking
production of antibiotics or over-producing mutants have been used by
Whipps (2001). Alternatively, the use of reporter genes or probes to
demonstrate production of antibiotics in the rhizosphereis becoming more
commonplace, isolation and characterization of gene(s) clusters responsible
for antibiotic production has now been achieved. It was generally accepted
that mutation and subsequent arising of variant organisms is a spontaneous
process that generates a pool of genetically different individuals in a
population (Wery et af. 2001).

In addition, protoplast regeneration proved to be a good tool for inducing
genetic variations. During regeneration, protoplast size increased many
times. DNA replication occurs at a stage before individual genomes become
partitioned into regenerated hyphae-possibly enough replication to produce
hundreds, or even thousands, of genomes. Genetic variation occurs during
these rounds of replication (Hopwood 1981).

In the present study, sixteen cultures either wild types, mutants or isolates
after protoplast regeneration, were selected and tested under in vitro
conditions for their abilities to inhibit one or more of the three local plant
pathogenic fungi, which cause root rot diseases. '

MATERIALS AND METHODS
Strains
Bacterial and fungal strains used in this study are listed in Table 1.
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Table (1): Bacterial and fungal strains.

I Source or
References

IStreptomyces | |
Spontaneous mutants isolated from This study [
|
|

Culture Relevant features

R1.R2 R3and R4 Str. Rimosus ATCC 10970° |

Str. Venezuelae DSM 40727 Wild-type i DSM
Spontaneous mutants isolated from .

VY, VS and VT Pt Venezuelae DSM 40727 This study

Str. griseus Wild-type NRC'

G1, G2, G3 and G4 Spontaneou\sstpgt::ézfolated from This study

Isolated from Str. griseus after .

GR protoplast regegneration This study

Str. albus NRRL 3917 Wild-type NRRL

Str. griseoviridis NRRL 2427 Wild-type | NRRL

Plant pathogenic fungi | ]

Fusarium solani Wild-type NRC*

Rhizoctonia solani Wild-type NRC?

Sclerotium rolfsii Wild-type NRC?

Antibiotics testers

B. subtilis NRRL B-453 Wild-type NRRL

\Candida lipolytica Y-6 Wild-type J NRC'

* Str. rimosus ATCC 10970 was tested for their antibacterial antibiotic and antifungal
activity against plant pathogenic fungi in previous work, Khalil (1990) and Ashour et al.
(1995).

ATCC, American Type Culture Collection, USA.

NRRL, National Regional Research Laboratory, Egypt.

DSM, Deutsche Sammiung von Mikroorganismen und Zellkulturen, Germany.

NRC' kindly provided by Microbial Chemistry Dept., National Research Center, Egypt.

NRC? kindly provided by Plant Pathology Dept., National Research Center, Egypt.

Isolation of mutants:

Morphological mutants appeared during propagation steps were
picked up and subcultures several times and tested for stability of antibiotics
production.

Media
All media and solutions are conducted accerding to Khalil (1990) and
Tayel et al. (2001).

Protoplast isolation and regeneration:
Str. griseus protoplast preparation, regeneration and media were
carried out according to Tayel et al. (2001).

Antibacterial bioassay

Petri dishes 16-cm in diameter each containing 50 ml of CM medium,
were each inoculated with four Streptomyces tested cultures. Plates were
incubated at 28 °C for four days. Two ml of over-night B. subtilis culture as a
tester organism was placed on the surface of each plate. Plates were
incubated over-night at 28 °C and clear zones of inhibition were measured,
according to Khalil (1990) and Tayel et a/. (2001).
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Antifungal Bioassay

Bioassay Petri dishes 16-cm in diameter containing 50-m| medium
were used. Each one was inoculated with four Streptomyces tested cultures.
The three local plant pathogenic fungi under investigation were inoculated
each in Petri dish and after incubation, 5-mm agar discs bearing fungal
mycelia were transferred to the medial of bioassay plates. Control plates
inoculated with 5-mm agar discs fungal mycelia only. Plates were incubated
at 28 °C and clear zone diameters were measured, according to Ferreira et a/
(1991).

RESULTS AND DISCUSSION

1- Streptomyces griseus protoplast

Protoplasting was carried out according tc Tayel et al. (2001). About
99% protoplasts were isolated from Str. griseus mycelia after treatment.
Figure 1 showed Str. griseus mycelia and the isolated protoplasts.
Protoplasts were plated on regeneration medium. Large numbers of
regenerated colonies were isolated and tested for their antifungal activity
using Candida lipolytica as a tester organism (data not shown). Only one
regenerated isolate, GR, was selected as the best antifungal producer
compared with Str. griseus parental strain.

It has been known from some time that genetic variances usually occur
during protoplast regeneration. However, Okanishi et al., (1974) examined
the regenerating unfused Str. griseus and Str. venezuelae protoplasts using
phase-contrast microscope. Each protoplast swells to a relatively enormous
size from a body with a diameter of 1-2 um to a structure up to 40 um in
diameter. Volume increased many thousand times, assuming that the sphere
is not a disk, from the periphery of which several regenerated hyphae grow
out; these eventually develop into the sporulating colony. Hopwood (1981)
added that considerable DNA replications occurs at a stage before individual
genomes become partitioned into regenerated hyphae to produce hundreds,
or even thousands, of genomes. Recombination presumably occurs during
these rounds of replication.

2- Streptomyces Mutants

A large number of morphological mutants were isolated through
propagation and practical studies. Mutants proved to be stable with higher
antifungal activity using Candida lipolytica as a tester, were selected. Four
mutants were isolated form Streptomyces rimosus ATCC 10970. However,
Str rimosus wasn't used in this study because it was tested before, Ashour et
al. 11995). It showed low antifungal activity against Fusarium solani and
Rhizoctonia solani strains. Three mutants were isolated from Str. venezuelae
DSM 40727 and four from Str. griseus. All selected mutants are present in
Fig. 2. :
The four mutants R1, R2, R3 and R4 that were isolated from
Streptomyces rimosus ATCC 10970 are non-sporulation mutants with brown
colony color and produce brown pigments while Str. rimosus is a very rich
sporulation, white colony and brown pigment.
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hase contrast microscope.

Fig. 1. Str. griseus cells (A) and protoplasts (B), using p
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Mutants VY, VS and VT are poor spore producers with yelflow, light
brown and brown colony colors respectively. The three mutants are pigment
producers but VT produced a remarkable amount of black pigment, which
effected colony color appearance as a black. However, the wild type strain,
Str. venezuelae DSM 40727, has a very rich sporulation, white colony and
black pigment.

Mutants of Str. griseus, G1, G2 and GR a regenerated protopiast. are
non-spores producers, with brown colonies and produced brown pigments.
However, mutant G3 is poor sporulation with deep brown color and brown
colony. Str. griseus is a very rich spores producer with white colony color and
brown pigment producer.

All the different available strains of Streptomyces were tested for their
antifungal activity. Furthermore, twe cther wild type strains, Str. albus NRRL
3917 and Str. griseoviridis NRRL 2427 were used in addition to Str.
venezuelae DSM 40727 and Str. griseus. These wild type strains are very
rich in spore production and their colonies have white color Fig. 2.

An explanation for spontaneous mutants occurring and its roles in
action, it was recognized by Wery et al. {2001) that DNA in living organisms is
not static. The process of continuous mutation of DNA enables adaptation to
changing environments and itis a prerequisite for evolution. It was generally
accepted that mutation and subsequent arising of variant organisms is a
spontaneous process that generates a pool of genetically different individuals
in a population under nonselective conditions, from which under selective
conditions the individual(s) with beneficial mutation(s) will originate.

3- Antibacterial activities

Antibacterial productions play an important role in inhibition or effecting
other organisms or bacteria in soil, which effect positively or negatively plant
growth. Sixteen selected cultures were tested for their antibacterial activity
using B. subtilis as a tester organism. Results in Fig. 3 showed that, all
mutants isolated from Str. rimosus except R1 were higher antibacterial
producers than it whether after three or seven days of incubation. Str.
rimosus artibacterial antibiotic production was measured in previous work,
{data not shown).

Three mutants isolated from Str. venezuelae were also higher
antibacterial antibiotic producers than the wild type. VS mutant produce about
1.6 times more than wild type after three or seven days of incubation.
Furthermore, the regeneration protoplast isolate GR and G1 mutant were
higher antibacterial antibiotics producer than the wild type strain, Str. griseus.

On the other hand, the three cultures, R1, G2 and Str. albus, were
inactive. i.e, no antibacterial activities were detected after three or seven days
of incubation. '

Antibacterial production of six tested cultures were decreased after
seven days of incubation, while six cultures showed increase in their
antibacterial activity after seven days of incubation. The antibacterial activity
one mutant, G3, did not effect by incubation period more than three days.
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Str. griseoviridis

Str. albus
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Fig. 2 : Morphology of Streptomyces strains and mutants Colonies.
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Fig.3 . Antibacterial antibiotic production of sixteen Streptomyces

strains and mutants, Bacillus subtilis was used as a tester
organism.

3486



J. Agric. Sci. Mansoura Univ., 28(5), May, 2003

The higher producer cultures were R4, GR and G1. The best
antibacterial antibiotic producer mutant R4, which produce Oxytetracycline
(OTC) Khalil (1990), was isolated from Str. imosus. 1t reached its maximum
activity after three days. However, oxytetracycline (OTC) is commercially an
important antibiotic produced by Streptomyces rimosus. The cluster genes of
30 kb in size flanked by two resistance genes lie in 600 kb from one end of
the 8 Mb linear chromosome. Streptomyces rimosus is genetically unstable
and some spontaneous mutants carry large-scale DNA rearrangements
involving the OTC-cluster, which might account for its frequent spontaneous
amplification and deletion. Class |l mutants isolated by Pandza ef al. (1997)
showed large deletions that recover the whole cluster, whereas class il
mutants showed reiteration of the cluster resulting in higher production and
resistance to, OTC.

4- Biological Control (Antifungal activity)

Eleven mutants and one regenerated colony in addition to wild types
Str. albus NRRL 3917, Str. griseoviridis NRRL 2427, Str. venezuelae DSM
40727 and Str. griseus strains were selected. They were tested for their
abilities to inhibit one or more of three local strains of plant pathogenic fungi,
F. solani, R. solani and S. rolfsii, which cause root rot disease.

a- Fusarium solani

All selected cultures were tested for their ability to inhibit the
Fusarium solani growth, which case wilt root disease. Results are present in
Figure 4. Antifungal antibiotics production of Str. venezuelae and its mutants
were nearly the same after 3 days, butafter 7 days, the wild type and VY
were the same in their antifungal antitiotics while the other Sfr. venezuelae
mutants were less activity ggainst F. solani compared with wild type strain.

Str. griseus, G4 mutant and GR were the same antifungal activity
against F. solani. G3.and G4 mutants showed higher antifungal activity than
wild type after three days of incubation. However, all mutants isolated from
Str. griseus were higher activity against F. solani after seven days of
incubation.

Two cultures, out of sixteen were lost their antifungal activity after 7
days of incubation while it was increased in eight mutants. Six mutants
showed decreasing in their ability to inhibit Fusarium solani growth after
seven days incubation. Only two mutants kept the same level of antifungal
activities.

Two mutants proved to be higher producers after 3 days and two
mutants after 7 days of incubation. However, R2 mutant was the best
producer mutant after 3 or 7 days of incubation. It was isolated from Str.
rimosus, which produced rimocidin as antifungal antibiotic.

b- Rhizoctonia solani
Mutants isolated from Str. Venezuelae (Fig. 5) were less antifungal
activity than it against R. solani after three days of incubation. VS mutant was
higher antifungal activity than wild type while the other mutants showed the
same wild type activity after seven days of incubation,
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Fig. 4. Antifungal productivity of sixteen Streptomyces strains and
mutants against the growth of Fusarium solani.
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Str. venezuelae,
Str. griseoviridis,
and Str. griseus
C: G1,G2, G3and G4
D: VY, VS, VT and GR

Fig. 5. Antifungal productivity of sixteen Streptomyces strains and
mutants against the growth of Rhizoctonia solani.
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One mutant G2, showed the same activity like Str. griseus against R.
solani. The other mutants including regenerated isolate GR were higher
antifungal activity than the wild type, after three days of incubation. The
situation was changed after seven days of incubation, all mutants were less
activity than the wild type exceptregenerated isolate GR which was higher
antifungal activity against R. sofani.

Two cultures, Str. albus and Str. griseoviridis, out of sixteen were
inactive against Rhizoctonia solani. Results presented in Figure 5 also
showed that, one mutant R1 lost its antifungal activity after seven days of
incubation. Antifungal activity of two mutants against R. solani was the same
after 7 days. Antifungal activities of 5 mutants increased while activities of
seven mutants decreased after seven days of incubation.

Mutants R2, VT and GR were higher antifungal producers against R.
solani after incubation for seven days.However, G1 mutant was the best
antifungal producer, it was reached maximum activity after three days of
incubation.

c- Sclerotium rolfsii

After three days of incubation, all sixteen cultures inhibited the growth
of S. rolfsii. Results presented in Figure 6 showed that, all Str. venezuelae
mutants were lower activity than it after three days of incubation, against S.
rolfsii. However, after seven days of incubation, all mutants showed the same
wild type activity except VS, which proved to be higher antifungal activity than
wild type.

G2 mutant and GR showed less activity than Str. griseus while the
other three mutants were higher antifungal activity against S. roffsii, after
three days of incubation. Three mutants showed the same wild type activity
against S. rolfsii, while GR was less activity after seven days of incubation.
However, VS was higher antifungal producer than wild type.

Two wild types, Str. albus, Str. griseoviridis in addition to one
mutant, R1, lost their antifungal activities after seven days of incubation.
Antifungal activities of eleven cultures decreased, while activities of three
mutants were increased after seven days of incubation. Incubation period did
not effect the ability of mutants R3 and G4 to inhibit S. roifsii growth.

On the other hand, three mutants G1, G2 and G3 were the higher
antifungal producer. G2 mutant that isolated from Str. griseus, proved to be
the highest antifungal activity against S. rolfsii. Although the antifungal activity
of G2 decreased after seven days of incubation, but it was still the best
antifungal producer culture whether after 3 or 7 days.

Although G2 was inactive as antibacterial antibiotic producer, but it
prove to be the best mutant as antifungal activity against S. roffsii. It will be an
advantage to be use it as a biocontrol mutant for S. roifsii fungus without
affecting other than bacteria in rhizosphere.

From these results it was clear that mutants not only differ in their
morphology than their wild types but they also differ in their activities against
plant pathogenic fungi. Moreover, mutants isolated from the same wild type
differ in their antifungal activities during incubation periods to reach their
maximum activity and production stability.
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Fig. 6. Antifungal productivity of sixteen Streptomyces strains and
mutants against the growth of Sclerotium rolfsii.
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On the basis of the above mentioned results, although Str. griseoviridis is a
biocontrol strain, but it has low or inactive antifungal activity against the local
plant pathogenic fungi under investigation. Mutants isolated from Str.
rimosus and Str. venezuelae showed high levels of antifungal activity. Mutant
R2 proved to be the best in its antifungal activity against two out of the three
tested plant pathogenic fungi. However, S. rolfsii sowed the highest level of
sensitivity to the most Streptomyces tested cultures.

GR, which was selected after protoplast regeneration as a higher
antifungal producer against C. lipolytica, has, in addition to a remarkable
antifungal activity, it was one of the three higher antifungal producers against
R. solani after seven days of incubation.

The previous results of Malina et al. (1985) indicated that, the
regeneration of protoplasts was able to induce different types of genetic
variants. From Str. incarnatus a variant was isolated, which yield 27 fold more
antibiotic in comparison with the original. Khalil (1990) used protoplast fusion
as a tool for the genetic improvement of antibiotic production in Streptomyces
rimosus. He obtained 183 different biotypes showing wide range in the
production of oxyteteracycline from which some positively exceeded their
parental isolates by about 70 %.

In this study, spontaneous mutations play an important role in
controling the growth of the plant pathogenic fungi. However, Fischer et al.,
(1997) reported that, most of the spontaneous mutations were due to large
chromosomal deletions removing the ends of the linear chromosome. The
chromosome becomes circular and is then even more unstable than the
linear chromosome. Schmid et al. (1999) proposed that, genetic instability is
a widespread phenomenon in the genus Streptomyces: mutants acted in
various phenotypic properties like morphological differentiation, secondary
metabolism or antibiotic resistance arise at frequencies between 0.1% and
1% of colony-forming spores.

Another interesting explanation for the previous results proposed
that, Streptomyces wild-type chromosome is linear in all examples studied by
Volff and Altenbuchner (1998). The ends of the chromosome or telomeres
consist of terminal inverted repeats of various sizes. The chromosome is very
unstable and undergoes very large deletions spontaneously at rates higher
than 0.1% of spores, [Glne et al. (1999) and Hopwood (1999)]. The
spontaneous mutation in gene blocked biosynthesis of the antimicrobial agent
was also studied by Duffy and Défago (2000) in the model biocontrol strain
Pseudomonas fluorescens CHAQ. Spontaneous mutants had altered abilities
to utilize several carbon sources and to increase medium pH compared with
the wild type.

Furthermore, in previous work, Str. rimosus and 31 of its mutants
were selected by Ashour et a/ (1995). Bioassay technique was applied to test
their antifungal effects against fungal strains causing wilt, root rot diseases
and leaf blight disease. Six mutants proved to be higher active against the
plant pathogenic fungal growth comparing with the wild-type activity, in
percentages which reached in one case 188%.

Different microorganisms other than Streptomyces were also used for
biocontrol. Strains of the bacterium Pseudomonas fluorescens that are
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antagonistic to R. solani were isclated by Crowe and Olsson (2001) and
evaluated as biocontrol agents. A soil isolate of Pseudomonas fluorescens
(BL915) was shown to be an effective antagonist of Rhizoctonia sofani. which
induced damping-off of cotton. Investigation of the biological basis of this
antagonism revealed that the strain produces pyrrolnitrin, a secondary
metabolite known to inhibit R. so/ani and other fungi. Mutants of strain BL915
that did not produce pyrrolnitrin and did not suppress damping-off of cotton by
R. solani were generated by exposure to N-methyl-N (prm1)-nitro-N-
nitrosoguanidine, Hill et a/ (1994).

To day, search for soil bacteria is becoming a tool to use
microorganisms as potential biocontrol agents for several plant diseases. The
purpose of Ciampi and Tewari (1990) research was to detect bacteria
biological control with special, R. solani, Pythium spp., and Fusarium spp.,
which case seedling damping-off. Out of three hundred forty-one bacterial
cultures isolated, only 16 inhibited fungal growth, 7 showed the same effects
against R. solani and 9 showed uneven effects. Identification showed that 3
bacterial belonged to Bacillus spp., 4 to green fluorescent Pseudomonas spp.
and 2 were Streptomyces spp.

Antibiotic produced by bacteria particularly pseudomonads plays an
important role in biocontrol. It seems to be closely regulated by a two-
component system involving an environmental sensor (presumably a
membrane protein) and a cytoplasmic response factor, Keel and Défago
(1997). Mutation in either gene has similar multiple effects on antibiotic
production.

Moreover, in vitro antibiotic activity of 15 T. harzianum isolates was
assayed against 10 isolates of five different soilborne fungal plant pathogens:
Aphanomyces cochlioides, Rhizoctonia solani, Phoma betae, Acremonium
cucurbitacearum, and  Fusarium oxysporum f. sp. radicis lycopersici.
Similarities between levels and specificities of biological activity and the
numerical characterization groupings are both discussed in reiation to
antagonist-specific populations in known and potential biocontrol species,
Grondona et al. (1997).

Biocontrol modes of action include, inhibition of the pathogen by
antimicrobial compounds (antibiosis); competition for colonization sites and
nutrients supplied by seeds and roots; induction of plant resistance
mechanisms; inactivation of pathogen germination factors present in seed or
root exudates; degradation of pathogenicity factors of the pathogen such as
toxins, parasitism that may involve production of extracellular cell wali-
degrading enzymes, for example, chitinase and B-1,3 glucanase that can lyse
pathogen cell. Whipps (1997). Indeed, for some biocontrol agents. different
mechanisms or combinations of mechanisms may be involved in the
suppression of different plant diseases, (Whipps 2001).

The obtained results in the present study revealed that G2 mutant
could be considered as a promising one for biocontrol approach. G2 was
inactive as antibacterial antibiotic. In some cases. especially beneficial
groups (N; fixing bacteria). it is an advantage to use such mutant asa
biocontrol strain since it will not affect the bacterial balance in rhizosphere.
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Based on the results of this study, investigations on possible control
measures have been initiated. Emphasis is being giving to clarify whether the
ability of biocontrol agents are stable or transient and the consistency of their
performance must be improved. Taking into consideration this well,
requirements research in many diverse areas, since biological control is the
culmination of complex interactions among the host, pathogen (s) . antagonist
(s) and environment, are needed.
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