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Rhododendron has been known to treat various diseases including diarrhea, but di-
versity and potency of its endophytic actinobacteria have not been studied. The ob-
jectives of this research were to explore the existence of endophytic actinobacteria
from Rododendron spp. and assessed their antibacterial activity, as an effort to control
the growth of bacterial pathogen resistant to some antibiotics. The endophytes were
isolated from Rhododendron spp. using HV medium, and purified in the ISP2 medi-
um. The antibacterial activity was assayed against Enteropathogenic Escherichia coli
(EPEC) K1.1 resistant to ampicillin and Bacillus pumilus. The Minimum Inhibitory
Concentration (MIC) value, macroscopic and microscopic were examined. Twenty-
three of endophytic actinobacteria were successfully isolated from 7 Rhododendron
species. Two of them, i.e., RJkb1 and RJkb3 isolates, had high antibacterial activity,
with 17.2 mm and 14.5 mm inhibition zone against EPEC K1-1, respectively; and
12.4 mm and 16.1 mm inhibition zone against B. pumilus, respectively. The highest
antibacterial activity for both RJkb1 and RJkb3 isolates was achieved at day 15, at
28 °C. At 250 ug/mL to 1750 ug/mL either RJkb1 or RJkb3 supernatant showed
no activity against EPEC K1-1. The MIC value against B. pumilus was at 1250 pg/
mL for both tested isolates. Under an electron microscope observation, cell mor-
phology of the treated B. pumilus showed elongated cells and viewer in cell number,
compared with the untreated one. From this work, the existence of endophytic acti-
nobacteria from Rhododendron spp. and their antibacterial activity contributes to the
understanding of their diversity and potency as an antibacterial agent.
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INTRODUCTION

Actinobacteria are gram-positive bacteria
that commonly live in soil and also associated
with plants as endophytes. Actinobacteria are
known to produce bioactive compounds with var-
ious biological functions. From 16500 antimicro-
bial compounds isolated from microbes, 52.7 %
(8700 antimicrobials) were from Actinobacteria,
while the remaining 29.7% and 17.6%, respecti-
vely, were isolated from fungi and bacteria (Bér-
dy, 2005). Actinobacteria from tropical regions
like Indonesia have also proved to have anti-
microbial potency (Hidayati et al., 2013, Sipriyadi
et al., 2016). Most of the reported data were based
on actinobacteria with soil origin, while antimi-
crobial activity from endophytic actinobacteria is
rarely reported.

Rhododendron spp. is generally cultivated as
an ornamental plant, but it can also be used as a
medicinal plant. Bioactive compounds produced
by Rhododendron plant was reported to function as
an antioxidant due to its flavonoid activity (Jung et
al., 2007). Moreover, Rezk et al. (2015) had shown
that the leaves methanol crude extract for 17 spe-
cies of Rhododendron spp. inhibited the growth of
both gram-positive and gram-negative bacteria.
Various types of bioactive compounds with diver-
se functions contained in plants, thought can also
be produced by the endophytic microbes in the
plant (Strobel & Daisy, 2003).

Endophytic bacteria are bacteria that live
in plant tissues without causing harm, and they
can be isolated from sterilized plant tissue surfa-
ce or extracted from plant tissue (Hallmann et al.,
1997). The endophytic bacteria that colonize plant
tissues obtain the nutrients and protection from
the host plant (Hasegawa et al., 2006). Further-
more, the endophytes may produce similar bio-
activity as shown by their host plant. Endophytic
actinobacteria were found in Rhododendron and
had potency as an antimicrobial agent (Shimizu
et al., 2000). The existence of endophytic actino-
bacteria from Rhododendron spp. from Indonesian
origin and their antibacterial activity have not yet
been explored. This reported work focussed on
investigating the presence of endophytic actino-
bacteria from Rhododendron spp. grown in rainfor-
est conservation area, Cibodas, Indonesia. Their
ability to inhibit the growth of diarrheal bacteria,
such as Enteropathogenic Escherichia coli (EPEC)
was assessed. As commonly known that diarrhea
is one cause of death in Indonesia, which 31.4%
of infants and 25.2% in toddlers (Kemenkes RI,
2014). The EPEC is the E. coli pathogen causing
diarrhea in infants and toddlers (Nataro & Ka-

per, 1998). EPEC K1-1 isolated from the feces
of diarrhea children were known to have resis-
tance to ampicillin by producing the -lactamase
enzyme (Wahyuni, 2006). Other bacteria causing
diarrhea is Bacillus pumilus (Kusmiatun, 2014).
The high use intensity of antibiotics to treat the
infection can lead to the emergence of bacterial
resistance and may give negative impact on eco-
nomic and social aspects. A way to control anti-
biotics resistant bacterial pathogen is by finding
new antibacterial compounds that can control the
resistance pathogens. This work aimed to explore
the existence of endophytic actinobacteria from
Rhododendron spp. and their potency as a produ-
cer of antibacterial compounds. The information
from this study would be beneficial for the deve-
lopment of the microbial-based product to con-
trol the growth of pathogenic bacterial resistance
to antibiotics in society.

METHODS

Rhododendron spp. were collected from Ci-
bodas Botanical Garden, Indonesia, by placing
in a plastic bag and stored at 4 °C until ready to
be used. The endophytic actinobacteria were iso-
lated from the stem and leave samples of collect-
ed Rhododendron spp. The isolation method was
based on Coombs & Franco (2003). The amount
of 100 puL sample extract was spread on to Hu-
mic Acid Vitamin (HV) medium and incubated at
room temperature (28 °C) for four weeks. To en-
sure that the obtained isolates were endophytes, a
last water immersion from the surface sterilizati-
on was also spread on HV medium. The colonies
which appeared in HV medium were purified
using International Streptomyces Project 2 (ISP 2)
medium for 14 days at 28 °C.

The macroscopic observation was con-
ducted based on the color of aerial and substra-
te mycelia as well as the pigmented medium.
The spore chain type was observed under a light
microscope at 400x magnification.

Screening of antimicrobial was performed
by using agar plug method in a double layer Nut-
rient Agar (NA) medium. Actinobacterial colo-
nies were cut = 6 mm in diameter, and placed on
NA medium containing 10° cfu/mL of EPEC
K1.1 or B. pumillus, and incubated for 24 hours
at 36 + 1°C. Antimicrobial activity was observed
by a clear zone around the tested isolates, and the
inhibitory activity was obtained by measuring the
diameter of a clear zone around the strains. The
strains that have high inhibition activity were se-
lected for further antibacterial activity assay.

The selected endophytic actinobacteria
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were grown on ISP2 agar medium, + 6 mm dia-
meter of the colony was inoculated on ISP2 li-
quid medium (1 inoculum in 30 mL ISP2 liquid
medium). The culture was placed on an incuba-
tor shaker, at 120 rpm, incubated at 28 °C for 5,
10, 15 and 20 days. For each of incubation peri-
od, the culture was centrifuged at 6000 rpm for 20
min at 4 °C. The collected supernatant was tested
for its inhibitory activity against EPEC K1-1 and
B. pumillus using a Kirby-Bauer method (Bauer et
al., 1966). Paper disc with 6 mm in diameter was
added with 15 uL of supernatant and then placed
on the Nutrient Agar (NA) medium containing
bacterial target (10° cfu/mL), and incubated at a
temperature of 36 = 1 °C for 24 hours. The ISP2
liquid medium used as a negative control.
Supernatant at various concentrations,
i.e., 1750 ppm, 1500 ppm, 1250 ppm, 1000 ppm,
750 ppm, 500 ppm, 250 ppm were tested against
EPEC K1-1 and B. pumilus. Nine milli litter of
bacterial inoculum (10° cfu/mL in Nutrient
Broth, NB) was placed into the tubes.Then each
tube was added with the above concentrations of
supernatant of selected endophytic actinobacte-
ria. Cultures were incubated for 24 h at 36 £ 1 °C
C. The number of living bacterial cells was cal-
culated by spreading the 0.1 mL treated culture
on NA medium, and incubated for 24 h at 37 °C.
The colonies that appeared on the medium were
calculated. The lowest concentrations were deter-
mined by the lowest number of colonies grown
in the culture medium, which then considered as
the Minimum Inhibitory Concentration (MIC).
Morphological observation of the treated
bacterial cell target was conducted by using an
electron microscope, JSM-5000 models. Treated
bacterial cells in the microtube were centrifuged
to separate the cell and supernatant. The super-
natant was discarded, and then the pellets were
added with 2% glutaraldehyde and soaked for a
few hours. The glutaraldehyde was then separa-
ted by centrifugation, removed and subsequently,
the cacodylate buffer solution was added to the
sample. After soaking the sample for 10 min, the
solution was centrifuged and removed by soaking
with 1% osmium tetroxide for 1 h. Samples were
re-centrifuged then the solution was discarded,
followed by soaking with 50% alcohol for 10 min,
then added 70%, 80%, 95% and 99% alcohol,
with each immersion time for 10 min. Alcohol
was removed by centrifugation, then adding the
t-butanol into the sample. Coverslip (cover glass
cut to size 0.25 cm?) washed with absolute alco-
hol and the bacterial suspension was applied on

it after the cover glass dry. Further, samples were
frozen drying and coated with Au ion. All phases
of centrifugation were performed at a speed of
4,000 x g for 5 min at 4 °C.

RESULTS AND DISCUSSION

In our work, there were 23 of endophytic
actinobacteria which were successfully isolated
from 7 Rhododendron species, which many of
them occupied in stems compared with roots.
Sardi et al. (1992) reported that actinobacteria
commonly found in soil, some of them can en-
ter and reside in the plant parts, and can be more
dominant on the closer plant parts to the soil, es-
pecially live in root tissue.

The endophytic actinobacteria from Rho-
dodendron spp. showed to diverse in morphologi-
cal characteristic based on the color of aerial my-
celium, substrate mycelium, and spore chain type
(Table 1). The various morphological colonies,
when grown on ISP2 medium for 14 days, can be
seen in Figure 1.

There were two endophytic actinobacte-
ria, amongst the 23 isolates that were selected
based on their potential inhibitory activity against
EPEC K1-1 and B. pumilus. The selected isolates
were RJkbl and RJkb3, with 17.2 mm and 14.5
mm inhibition zone against EPEC K1-1, respec-
tively; and 12.4 mm and 16.1 mm inhibition zone
against B. pumilus, respectively. The antibacterial
activity is indicated by a clear zone around the
isolates as can be seen in Figure 2.

The level of inhibition produced by both
RJkbl and RJkb3 was categorized as medium
level. Inhibition level is obtained by calculating
inhibition zone minus diameter of the actinobac-
terial colony. Inhibition level of 5 < 10 mm is
considered weak category, 10 < 20 mm as a me-
dium category, and > 20 mm as strong category
(El-tarabily ez al., 2000).

The optimum time of both RJkbl and
RJkb3 to produce antibacterial compounds quali-
tatively indicated by the most significant inhibiti-
on zone, which in this experiment was found at
15 days incubation, either against EPEC K1-1 or
B. pumilus (Figure 3).

Actinobacteria grow and form spores op-
timally at 10-14 days old culture. At that age of
culture, the production of secondary metabolites
was also increased. The production of secondary
metabolites and sporulation occurred almost si-
multaneously in the early stationary phase (Bibb,
2005).
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Figure 1. Diversity of morphological colony of endophytic actinobacteria with origin from Rhododen-
dron sp. hybrid (R. javanicum and R. sessilifolium) (a) RJkb1, (b) RJkb2, (c) RJkb3; from R. multicolour
Bengkulu (d) RMBd, () RMBD; from R. javanicum Jawa (f) RIvIwb1, (g) RIviwb2, (h) RJvJwb3; from
R. javanicum Jambi (i) RJvImbl1, (j) RJvimb2, (k) RJvimb3; from R. sessilifolium Sumatera Utara (1)
RSSd1, (m) RSSd2, (n) RSSd3, (0) RSSd4, (p) RSSb; from R. zoeleri Papua (q) RZPd1, (r) RZPd2, (s)
RZPd3, (t) RZPbl1, (u) RZPb2, (v) RZPb3; from Rhododendron sp. Bengkulu (w) RSpB, grown for 14
days at ISP2 agar medium.

Figure 2. Inhibition activity of endophytic acti-
nobacteria, RJkb1 and RJkb3: (a) against EPEC
K1-1; (b) against B. pumilus

In the stationary phase, there is no inc-
rease or decrease in the number of microbial
cells, so they form a balance condition. One of
the causes of the stationary phase appears to be
the limitation of the availability of a nutrient in
the medium. The nutrient deficiencies can lead to
accumulation of secondary metabolites inducer
enzymes, releases the genes to synthesize secon-
dary metabolites (Madigan et al., 2009), and sup-
ports sporulation (Moat et al., 2002).

The supernatant containing antibacterial
gave smaller inhibition zone compared with di-
rect antagonist colony test (Figure 4). Decreased
in antibacterial activity may be caused by less se-
condary metabolite compounds in the superna-

tant, as the supernatant may also consist of vari-
ous compounds including the medium. Hwang et
al. (2001) had shown that increased supernatant
concentration, may result in broader inhibition
zone. However, for both RJkb1 and RJkb3, their
supernatant showed no antibacterial activity
against EPEC K1-1 (Figure 6a).

Determination of MIC was conducted to
know the MIC value of antimicrobial compounds
in the tested supernatant to inhibit the growth of
the bacterial pathogen. The result showed that
no antibacterial activity against EPEC K1-1 at
250 pg/mL to 1750 pg/mL, for both RJkb1 and
RJkb3 as indicated by the abundance of colonies
appeared in the tested medium (Figure 5).

They were many colonies which still able
to grow, even at the highest concentration (1750
ug/mL) of the supernatant of both tested isolates,
indicating that it could not inhibit the growth of
EPEC K1-1. Gram-negative bacteria which are
more resistant to antibacterial compounds may
due to their complexity of cell structure, i.e.,
consisted of an outer layer form of lipoproteins,
middle layer form of lipopolysaccharide, and an
inner layer form of peptidoglycan (Silhavy et al.,
2010).
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Table 1. Morphological characteristics of endophytic actinobacteria isolated from Rhododendron spp.
grown for 14 days at ISP2 medium

Code of Colour of aerial Colour of sub- .
Plants . . . Spore chain type
isolate mycelium strate mycelium
Rhododendron sp. Hybrid RJkbl Peach Light brown spira
West Java
RJkb2 Light brown Light brown -
RJkb3 White yellowish ~ White yellowish -
Number of isolates 3
R. multicolor Bengkulu RMBd White White yellowish -
RMBb Yellow Cream Biverticillus
The number of isolates 2
R. javanicum West Java RJvIwbl Grey Light brown Spira
RIvIwb2 Peach Dark brown Spira
RJvJwb3 White Dark brown Spira
Number of isolates 3
R. javanicum Jambi RJvIJmbl Grey Dark brown Spira
RJvImb2 Grey Dark brown Spira
RJvImb3 Black Dark brown Monoverticillus
Number of isolate 3
R. sessilifolium North RSSd1 White White yellowish ~ Monoverticillus
Sumatera RSSd2 White Dark brown Monoverticillus
RSSd3 White Dark brown Rectus
RSSd4 White Cream Rectus
RSSb White Cream Rectus
Number of isolates 5
R. zoeleri Papua RZPd1 Grey Yellow greenish Spira
RZPd2 Grey Light brown Spira
RZPd3 Grey Dark brown Spira
RZPbl Grey Dark brown Spira
RZPb2 Grey Light brown Spira
RZPb3 Grey Cream Retinaculum
apertum
Number of isolates 6
Rhododendron sp. Beng- RSPBd Grey Dark brown Spira
kulu
Number of isolates 1
Total 23
number of
isolates

The antibacterial activity of the select-
ed endophytic actinobacteria could inhibit the
growth of B. pumilus with MIC value at 1250 pg/
mL. As it can be seen in Figure 6, the addition of
1250 pg/mL concentration of RJkbl and RJkb3
supernatant lowered the growth of B. pumilus.
The plated samples only consisted of 30 cfu/mL
and 20 cfu/mL, respectively.

The B. pumilus is a Gram-positive bac-
terium that more sensitive to antibacterial com-
pounds. This phenomenon may be caused by the

less complexity of cell wall compared with the
Gram-negative bacteria like EPEC. The cell wall
of Gram-negative bacteria consisted of a single-
layered of cell wall structure, and this may make
it easier for antibacterial compounds to enter the
cell and to find targets for inhibiting bacterial
growth (Pelczar & Chan, 2008).

It was reported that endophytic Strepto-
myces galbus from Rhododendron sp. had antibac-
terial activity against gram-positive bacteria such
as Bacillus subtilis M-45 (Shimizu et al., 2004)
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Figure 3. Antibacterial activity pattern of RJkbl and RJkb3 (a) against EPEC K1-1; (b) against B.

pumilus.

endophytic Streptomyces sp. R-5 isolated from
a field-grown rhododendron was able to confer
disease resistance on tissue-cultured seedlings of
rhododendron when applied to medium surfa-
ces in flasks. Here, the isolate was identified as
Streptomyces galbus based on various physiol.
characteristics and anal. of the 16S rDNA se-
quence. Its major antimicrobial metabolites were
identified as actinomycin X2 and fungichromin
by analyses using lig. chromatog./mass spectro-
metry and NMR. [on SciFinder (R. In our work,
observation under the microscope electron, for
the treated cell of B. pumilus with RJkb1 superna-
tant containing antibacterial compounds showed
to have different in cell morphology and density
compared with the untreated cells (Figure 7).

Figure 4. Antibacterial activity of RJkbl and
RJkb3: (a) antibacterial activity of supernatant
(b) antibacterial activity of direct antagonist col-
ony test. Against EPEC K1-1, Polymixin B used
as positive control ((K+ above), and B. pumilus,
ampicillin as a positive control (K+ below).

Figure 5. Colonies of EPEC K1-1 growing in NA
medium after treated with supernatant of endo-
phytic actinobacteria: (a) positive control with the
addition of polymixin B, showing no growth; (b)
negative control, abundance of colonies; growth
colonies previously treated with (¢) 1750 pg/mL
RJkb1 supernatant; (d) 1750 ug/mL RJkb3 su-
pernatant.

Figure 6. The growth of the bacterial colony in
NA medium, as the result of MIC test for RJbl
(above), and RJIb3 (below) against Bacillus pumi-
lus: (a) Positive control with the addition of am-
picillin; (b) negative control; (c) Addition of 1000
ug/mL supernatant; (d) Addition of 1250 ug/mL
supernatant.

Observation of cell morphology of B.
pumilus under the electron microscope showed
viewer cell number and elongated treated cells,
compared with more cell number and the shorter
cell for the untreated one. The adding of antibac-
terial compound from the selected endophytic
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actinobacteria from Rhododendron did not dam-
age the cell wall of bacterial target, indicating
another inhibitory mechanism. Antibacterial
compounds have a various mechanism of action
to inhibit bacterial growth. The bioactive com-
pounds may inhibit the synthesis of the cell wall,
cell membrane, protein, DNA, RNA and folic
acid synthesis (Tenover, 2006). An antibacterial
compound which inhibits DNA synthesis, acts by
binding 50s ribosome subunit, inhibits peptidyl
transferase enzyme as a form of peptide cata-
lyst (Katzung, 2014). Antibacterial compounds
produced by nonendophytic actinobacteria were
reported to inhibit the synthesis of the cell wall
of EPEC K1.1 (Lestari, private communication),
but in our work, this has not been observed, since
the supernatant of tested RJkb1 and RJkb3 could
not inhibit EPEC K1-1. These research findings
give a new information regarding the existence of
endophytic actinobacteria in Rhododendron spp.
from Indonesia and their potency as antibacterial
producer. The data may also be used for further
development of a microbial-based product to
control bacterial pathogens resistant for some an-
tibiotics in the environment.

= ot - ) =
Figure 7. Cell morphology of Bacillus pumilus ob-
served under an electron microscope (magnifica-
tion 10,000x) (a) control negative, without the ad-
dition of supernatant RJkb1; (b) treated cell, with
the addition of 1000 pg/mL RJkb1 supernatant.

CONCLUSION

There were 23 endophytic actinobacteria
successfully isolated from Rhododendron spp.
Based on the direct colony assay, two of the select-
ed isolates, i.e., RJkbl and RJkb3 capable of in-
hibiting the growth of EPEC K1-1 and B. pumilus.
The supernatant of the two colonies could only
inhibit B, pumilus. Under the electron microscope,
the treated cells of B. pumilus showed decreased
in number and elongated cell. Both RJkbl and
RJkb3, endophytic actinobacteria from Rhodo-
dendron spp. have the potency as an antibacterial
agent which may be further developed to over-
come resistance pathogen to antibiotics.

ACKNOWLEDGEMENT

We thank the Department of Biology,
Faculty of Mathematics and Natural Sciences,
Bogor Agricultural University, for the facilities.
This work was supported by University Research
Priority (PUPT) Contract No. 011/SP2H/LT/
DRPM/1V/2017, Directorate for Research and
Community Services, Directorate General for
Research and Development, Ministry of Re-
search, Technology, and Higher Education, Re-
public Indonesia.

REFERENCES

Bauer, A., Kirby, W., Sherris, J., & Turck, M. (1966).
Antibiotic susceptibility testing by a standard-
ized single disk method. American Journal of
Clinical Pathology, 45(4), 493-6.

Bérdy, J. (2005). Bioactive microbial metabolites. The
Journal of Antibiotics, 58(1), 1-26.

Bibb, M. J. (2005). Regulation of secondary metabo-
lism in streptomycetes. Current Opinion in Micro-
biology, 8(2), 208-215.

Coombs, J. T., & Franco, C. M. M. (2003). Isolation
and identification of actinobacteria from sur-
face-sterilized wheat roots. Applied and Environ-
mental Microbiology, 69(9), 5603-5608.

El-tarabily, K. A., Soliman, M. H., Nassar, A. H., Al-
hassani, H. A., Sivasithamparam, K., Mcken-
na, F., & Hardy, G. E. S. J. (2000). Biological
control of Sclerotinia minor using a chitinolytic
bacterium and actinobacteria. Plant Pathology,
49(5), 573-583.

Hallmann, J., Quadt-Hallmann, A., Mahaffee, W. F.,
& Kloepper, J. W. (1997). Bacterial endophytes
in agricultural crops. Canadian Journal of Micro-
biology, 43(10), 895-914.

Hasegawa, S., Meguro, A., Shimizu, M., Nishimura,
T., & Kunoh, H. (2006). Endophytic actinobac-
teria and their interactions with host plants. Ac-
tinomycetologia, 20(2), 72-81.

Hidayati, D. N., Lestari, Y., & Marwoto, B. (2013).
Characterization of Micromonospora spp. with
activity against beta-Lactam antibiotic-resistant
Escherichia coli ATCC 35218. Microbiology Indo-
nesia, 7(3), 85-93.

Hwang, B. K., Lim, S. W,, Kim, B. S., Lee, Y., Moon,
S. S, Lim, S. W. O. N,, & Lee, J. Y. (2001). Iso-
lation and in vivo and in the vitro antifungal
activity of phenylacetic acid and sodium phen-
ylacetate from Streptomyces humidus. Applied and
Environmental Microbiology, 67(8), 3739-3745.

Jung, S., Kim, D., Hong, Y., Lee, J., Song, H., Rho, Y.,
& Baek, N. (2007). Flavonoids from the flower
of Rhododendron yedoense var. poukhanense and
their antioxidant activities. Archives of Pharma-
cal Research, 30(2), 146-50.

606



Risa Fitriandini, Sri Budiarti, Yulin Lestari / Biosaintifika 9 (3) (2017) 600-607

Katzung, B. (2014). Farmakologi dasar dan klinik. Ja-
karta: EGC.

Kementerian Kesehatan Republik Indonesia. (2014).
Profil Kesehatan Indonesia Tahun 2013. Jakarta:
Kementerian Kesehatan Republik Indonesia.

Kusmiatun, A. (2014). Bacillus pumilus -specific bacte-
riophage isolated from Ciapus River in Bogor, West
Java. Bogor Agricultural University.

Madigan, M. T., Martinko, J. M., & Parker, J. (2009).
Biology of microorganisms (12th ed.). New York:
Prentice Hall.

Moat, A. G., Foster, J. W., & Spector, M. P. (2002).
Microbial physiology. Microbial Physiology. John
Willey & Sons Ltd.

Nataro, J. P., & Kaper, J. (1998). Diarrheagenic Esch-
erichia coli. Clinical Microbiology Reviews, 11(1),
142-201.

Pelczar, M. J., & Chan, E. (2008). Dasar-dasar Mikrobi-
ologi. Jakarta: Ul Press.

Rezk, A., Nolzen, J., Schepker, H., Albach, D. C,,
Brix, K., & Ullrich, M. S. (2015). Phylogenetic
spectrum and analysis of antibacterial activities
of leaf extracts from plants of the genus Rhko-
dodendron. BMC complementary and alternative
medicine, 15(1), 67.

Sardi, P., Saracchi, M., Quaroni, S., Petrolini, B., Bor-
gonovi, G. E., & Merli, S. (1992). Isolation of
endophytic Streptomyces strains from surface-
sterilized roots. Applied and Environmental Mi-
crobiology, 58(8), 2691-2693.

Shimizu, M., Nakagawa, Y., Yukio, S.A.T.O., Furu-
mai, T., Igarashi, Y., Onaka, H., Yoshida, R.
and Kunoh, H. (2000). Studies on endophytic
actinobacteria (I) Streptomyces sp. isolated from
Rhododendron and its antifungal activity? Jour-
nal of General Plant Pathology, 66(1), 360-366.

Shimizu, M., Igarashi, Y., Furumai, T., Onaka, H., &
Kunoh, H. (2004). Identification of endophytic
Streptomyces sp. R-5 and analysis of its antimi-
crobial metabolites. Journal of General Plant Pa-
thology, 70(1), 66-68.

Silhavy, T., Kahne, D., & Walker, S. (2010). The bacte-
rial cell envelope. Cold Spring Harb Perspect Biol,
2(5), 1-16.

Sipriyadi, S., Lestari, Y., Wahyudi, A. T., & Meryan-
dini, A. (2016). Exploration of potential Acti-
nobacteria from CIFOR forest origin as antimi-
crobial, antifungus, and producing extracellular
xylanase. Biosaintifika : Journal of Biology & Biol-
ogy Education, 8(1), 96-104.

Strobel, G., & Daisy, B. (2003). Bioprospecting for
microbial endophytes and their natural prod-
ucts. Microbiology and Molecular Biology Reviews,
67(4), 491-502.

Tenover, F. C. (2006). Mechanisms of antimicrobial re-
sistance in bacteria. American Journal of Infection
Control, 34(5), 53-60.

Wahyuni, W. T. (2006). Isolasi, pemurnian, dan identifi-
kasi senyawa anti— 3 —Laktamase dari Streptomyces
sp. IVNF1-1. Bogor Agricultural University

607



