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Abstract

Dilution plating procedure was adopted to isolate strains from the rhizosphere soil of medicinal plants Viola philippica (Viola
yedoensis Makino). The pathogenic bacteria isolated in clinic were used as the indicator bacteria and the active strains were
screened by fixed agar block method. Biological characteristics of the strains with a strong antibacterial activity were
analyzed. The strains were identified and classified, and the antibacterial activity was determined by disk diffusion test. The
antibacterial activity components were analyzed in combination with the extraction. Two strains Z1-7 and Z1-13a were
screened from 21 strains, which showed a stronger antibacterial activity against the indicator bacteria. Z1-7 was an unknown
species of Streptomyces and Z1-13a was California Streptomyces. The fermentation broth of the both strains had a strong
antibacterial activity against Staphylococcus aureus, Escherichia coli and Staphylococcus epidermidis. The diameter of their
inhibition zones was 10.0~15.5 mm. Z1-13a had a strong antibacterial activity against Pseudomonas aeruginosa and
Citrobacter freundii. The antibacterial substances in Z1-7 and Z1-13a fermentation broth were lipid- and water-soluble
substances, respectively. Both the above strains have a good antibacterial activity against common drug-resistant bacteria in
clinic. Results suggest the potential value of strains Z1-7 and Z1-13a in research and development of new antibiotics against

drug-resistant pathogens. © 2018 Friends Science Publishers
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Introduction

The rhizosphere environment of medicinal plants is an
important habitat for the development of new microbial
resources. Studies have shown that many microorganisms
isolated from the rhizosphere soil of medicinal plants have
important biological activities (Thébault et al., 2010; Maria
et al., 2011). More attention has been paid to the potential
development and utilization value of medicinal plant
rhizosphere bacteria as a microbial resource for screening
new bioactive substances (Shaw et al., 2006).

Viola philippica (Viola yedoensis Makino) is one of
the traditional Chinese medicinal materials.
Pharmacological studies have confirmed good antibacterial,
anti-inflammatory, antiviral and antitumor activities of V.
philippica (Li et al., 2012; Oshima et al., 2013; Du et al.,
2015; Zeng et al., 2016). In this study, strains that could
antagonize activities of the pathogens were isolated and
screened from the rhizosphere soil of V. philippica. These
strains were identified and classified according to their
biological characteristics. Active components in the
fermentation broth of strains and their antibacterial activities

were investigated at the same time, in order to develop and
utilize the strains and their active components as a new
microbial resource.

Materials and Methods
Materials

The test soil samples were collected from the root soil of
Viola philippic. The test bacteria i.e., Staphylococcus
aureus, Escherichia coli, Staphylococcus epidermidis,
Pseudomonas aeruginosa and Citrobacter freundii were
provided by The First Affiliated Hospital of Jilin University.
The test medium was modified Gauserime No. 1 medium,
modified Gauserime No. 1 liquid culture medium, nutrient
agar and nutrient broth.

Isolation, Purification and Preservation of Rhizosphere
Bacteria

The soil sample was naturally air-dried and fully ground.
Ten grams of the ground soil was dissolved in 100 mL
distilled water, which was mixed and left standing fully, and
then the soil suspension was diluted 10 times with sterile
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distilled water (107, 10 and 107®). The soil suspensions at
these three concentrations were smeared evenly on the
surface of the modified Gauserime No. 1 media with a
sterile coated rod and inverted at 28°C for the culture for 7d.
The strains with different colonial morphologies were
selected and cultured on the modified Gauserime No. 1
media. The purified strains with single colony were picked
and cultured on the tube slope of Gauserime No. 1 media for
7d, and then numbered and kept at 4°C in a refrigerator.

Screening of Active Strains

The isolated strains were streak-inoculated in four areas on
the modified Gauserime No. 1 medium and inverted at 28°C
for 7d for the culture, and then the single colonies were
picked by agar block method for screening of antibacterial
activity. Staphylococcus aureus and Escherichia coli were
inoculated into test tubes containing nutrient broth and
cultured at 37°C for 15 h. Turbidimetric method was used to
adjust the concentration of bacteria solution to 1.5x10° CFU
with normal saline, and then the solution was smeared on a
nutrient agar plate. A single colony of the cultured strains
was inverted on the plate and cultured at 37°C for 24 h.
The diameter of inhibition zone was measured by cross
method to screen the strains with the best antibacterial
activity for the subsequent experiments.

Classification and Identification of Active Strains

The screened active strains were sent to Shanghai Meiji Bio-
Pharmaceutical Technology Co. Ltd for 16S rDNA gene
sequencing. The obtained sequences were checked in
GenBank database for Blast retrieval. The 16S rDNA
sequence of typical strains with a relatively high homology
were selected as the reference objects, then CLUSTAL X
software was used for multiple sequence alignment and
computation of the sequence similarity between the test
strains and the reference strains. The target sequence was
aligned with DNA star software, and the phylogenetic tree
between the test strains and the reference strains was
constructed using MEGA 5 software.

Analysis on the Antibacterial Activity of Fermentation
Broth of Active Strains

The activated mycelium block on the slant culture medium
was inoculated on a fermentation medium for culture in a
shake flask at 28°C at 150 r-min* for 7d. The culture
medium was centrifuged at 4000 r-min™* for 20 min, and
supernatant was filtered through a 0.22 pm filter and the
filtrate was stored in a sterile tube, which was the sterile
fermentation broth. Five strains of the test target
bacteria, Staphylococcus aureus, Escherichia coli,
Staphylococcus epidermidis, Pseudomonas aeruginosa
and Citrobacter freundii, were cultured and smeared
evenly on a nutrient agar plate after the concentration
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was adjusted according to the primary screening method
described above. A sterile filter paper with 6 mm in
diameter was soaked in the sterile fermentation broth,
and then the sterile filter paper was taken out and dried
in air in a sterile environment. The dried filter paper was
affixed to the plate with indicator bacteria, cultured at
37°C for 24 h, and size of antibacterial circle was observed
and recorded.

Analysis of Antibacterial Components in Fermentation
Broth of Active Strains

Active fermentation broth was prepared as described above.
The broth was separated into a butanol layer and a water
layer after water saturation and butanol extraction. After
evaporation at 37°C, two different phase solutions were
respectively dissolved in the same volume of sterile water as
that of the fermentation broth before extraction. The
dissolved solutions were filtered by a 0.22 pm filter and
filtrates were stored in sterile tubes. Antibacterial activities
of the primary fermentation broth, the water layer
fermentation broth and butanol layer fermentation broth of
active strains were determined by disk diffusion method,
and the antibacterial components were analyzed.

Results
Screening of Active Strains

Twenty one strains from the rhizosphere soil of Viola
philippica were isolated according to differences in their
culture characteristics. Screening results showed that nine of
the 21 strains had antibacterial effects. The antibacterial
activities of the two strains were, however, more
obvious, which were named as Z1-7 and Z1-13a. It was
found that the average diameter of inhibition zone of strain
Z1-7 on Staphylococcus aureus and Escherichia coli
was 12 mm and 16 mm, respectively, and that of strain
Z1-13a it was 10 mm and 14 mm, respectively (Fig. 1).

Biological Characteristics of Active Strains

Strains Z1-7 and Z1-13a under light microscope (1000x)
showed that the mycelia were fully developed and their
sporangia were linear in shape, with positive Gram staining
(Fig. 2a). It could be found by naked eye on the modified
Gauserime No. 1 medium that both Z1-7 and Z1-13a
colonies generated a lipid-soluble pigment, edge of colonies
was regular, and surface was smooth and raised (Fig. 2b).

Classification and Identification of Active Strains

Results showed that the sequence similarity of strains Z1-7
and HZ01 (EU554550) was 99%, which could be an
unknown species of Streptomyces. The sequence similarity
of Z1-13a and NBRC 12750 (NR112257) was 99%,
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Z1-13a

(b)

Z1-13a
Z1-13a

Fig. 1: Inhibition of Z1-7 and Z1-13a actinomycomes on
the test Staphylococcus aureus (a) and Escherichia coli (b)
21-7 Z1-13a

(a)

Fig. 2: Biological characteristics of strains Z1-7 s and Z1-
13a

Under an ordinary light microscope; (b) Colony morphology

which should be California Streptomyces. However, exact
taxonomic status of strains Z1-7 and Z1-13a needs further
analysis (Fig. 3).

Analysis of Antibacterial Activity of Active Strain
Fermentation Broth

Fermentation broth of the two strains Z1-7 and Z1-13a had a
certain antibacterial effect on Staphylococcus aureus,
Escherichia coli and Staphylococcus epidermidis, and the
diameter of inhibition zone was 12.0~15.5 mm. In addition,
Z1-13a had a strong antibacterial effect on Pseudomonas
aeruginosa and Citrobacter freundii, and the diameter of
their inhibition zone was 175 mm and 11.5 mm,
respectively (Fig. 4).
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Analysis of Antibacterial Components in Fermentation
Broth of Active Strains

Metabolites in the water layer of strain Z1-7 fermentation
broth by butanol extraction had no antibacterial activity. The
metabolites in the butanol layer, however, had similar
antibacterial activity as that of strain Z1-7, suggesting that
the polarity of antibacterial substances from strain Z1-7
should be smaller, and the antibacterial substances could not
be carbohydrates and proteins, but should be some
flavonoids or other small polar substances. The metabolites
in the butanol layer of Strain Z1-13a by butanol extraction
had no antibacterial activity; whereas, in water layer it was
same as that of strain Z1-13a fermentation broth,
suggesting that the polarity of antibacterial substances
from strain Z1-13a should be larger, which could be
some carbohydrates or proteins (Fig. 5).

Discussion

Since the discovery of penicillin, antibiotics have been
successfully used for the treatment of infectious diseases
caused by microorganisms (Fsadni et al., 2015; Dekker et
al., 2017). However, with wide use of antibiotics, bacterial
resistance is serious (Bardoloi and Yogeesha Babu, 2017).
Microbial metabolites are important source of bioactive
substances in drug discovery (Kino et al., 2014; Morita and
Nishino, 2017). Actinomycete is an important
microorganism in rhizosphere environment that plays an
important role in promoting the growth of plants and
protecting plant roots from the invasion of pathogenic
fungi. It has been reported that actinomycetes isolated
from the rhizosphere of several plants, such as ginseng
and Arabidopsis, has strong activities against various
pathogenic bacteria (Ryu et al., 2003; Zhao et al., 2012;
Zhang et al., 2013).

Studies based on the analysis of gene 16s rDNA by
molecular biology in recent years have showed that the
structure of rhizosphere microorganism community is
significantly different from that of non-rhizosphere
microorganism community. The influence of plant species
on rhizosphere microorganism communities is the most
obvious in contrast to that of other factors (Monciardini et
al., 2002; You, 2005; Li and Liu, 2006). The rhizosphere
environment of medicinal plants is different from that of
other plants. The actinomycetes growing in the
rhizosphere can interact with the medicinal plants for a
long time to establish a mutualistic relationship, and
some actinomycetes growing in such an environment
may participate in some physiological metabolic
processes of medicinal plants to produce some plant
metabolic analogues or new active compounds (Butler et al.,
2003; Delgado et al., 2011). The results from the
classification of phylogenetic tree constructed based on 16S
rDNA showed that the strain Z1-7 was an unknown species
of Streptomyces and Z1-13a was California Streptomyces.
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Fig. 3: Analysis of the strain phylogenetic tree constructed
based on the nucleotide sequence of 16S rDNA

0.001

71-7

Z1-13a

S.aures
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P. aeruginosa

C. freundii

Fig. 4: Inhibition of the fermentation broth of active strains
Z1-7 and Z1-13a on the test pathogens

71-7 Z1-13a

Fig. 5: Inhibition of active strains Z1-7 and Z1-13a
fermentation broth after extraction on S.aureus
1 Fermentation broth; 2 Water layer; 3 Blank control; 4 Butanol layer

The fermentation broth of the two active strains had a strong
antibacterial activity against Staphylococcus aureus,
Escherichia coli and Staphylococcus epidermidis. Strain Z1-
13a in addition had a strong antibacterial activity against
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Pseudomonas aeruginosa and Citrobacter freundii as well.
The antibacterial components in fermentation broth were
lipid- and water-soluble. In view of the current findings,
studies need to be focused on large-scale fermentation of
strains Z1-7 and Z1-13a to further clarify the components of
antimicrobial substances and their chemical structures.

Conclusion

Two strains Z1-7 (unknown species of genus Streptomyces)
and Z1-13a (California Streptomyces) were found to have
good antibacterial activity against the common drug-
resistant bacteria suggesting these strains promising for new
drug discovery.
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