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ABSTRACT
Clinical infectious diseases are a major public health concerns worldwide, particularly in developing countries,
where access to health care is extremely limited. In a context of increased development of antibiotic-resistant
microorganisms, extensive research efforts, to explore novel antimicrobial from newly isolated organisms, are in
need. Therefore, our study was carried out to isolate actinobacteria, for the first time, from two different soils
collected from Cameroon. Fifty-eight out of 82 isolates of actinobacteria showed antimicrobial activity against
human pathogens based on agar disc overlay bioassay. Meanwhile, the excreted metabolites of these
actinobacteria were also tested for antimicrobial activity using agar disc diffusion test. Nine Gram-positive and
negative human bacterial pathogens were used. One fungal pathogen was also tested. Our results showed that the
most active actinobacterial isolates are belonging to the genera: Microtetraspora sp. (CSU3), Nocardiopsis sp.
(CSUb), Streptomyces sp. (PSP3, PSU28 and PSU30), and Micromonospora sp. (CSD50). Streptomyces sp. and
Actinomadura sp. isolates were the most dominant genera producing potent antimicrobial secondary metabolites,
indicating that Streptomycetes-phenotype isolates are providing high quality metabolites for drug discovery
purposes. Natural occurring biochemical compounds excreted in liquid media were also tested and proved the

presence of alkaloids and tannins compounds.
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INTRODUCTION

Lately, the chances of discovering novel biologically
active molecules from various soil actinobacteria have
received much attention since the development of
multi-resistant human bacterial pathogens. The
isolation of different actinobacteria from newly
explored soil or habitats can be a source for novel
antimicrobial compounds. Poorly exploited areas are
essential for the discovery of novel actinobacteria and
their metabolites. Extreme ecosystems can also be a
good source of untapped microorganisms that are able
to produce novel bioactive compounds for human’s
health and of industrial interest. These compounds are
natural products of microbial metabolism known as
secondary metabolites. They are produced by microbes
during their stationary growth phase and are
concomitant with a switch in energy and carbon flux
away from biomass production toward the production
of small bioactive molecules. Therefore, they are one
of the main outcomes from fermentation bioindustries
in various fields. Simply the metabolites of micro-
organisms can be defined as different kinds of
substances that are essential to the metabolism of an
organism. Each organism can produce a huge variety of
metabolites, which can be generally categorized into
primary and secondary metabolites. Primary
metabolites serve as a key role in the survival of
microorganisms and principally play an active role in
microbial growth, while secondary metabolites are not
involved in the normal growth, but in the microbial
defense against harsh conditions. They include
alkaloids, steroids, phenolic, flavonoids and other
nitrogenous compounds. They are primarily used in the
pharmaceutical industry for their powerful capability as
antimicrobial drugs, since they inhibit infectious
diseases for human and animals, and thus increase their
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life expectancy (Tamura et al., 1997). A variety of
Actinobacteria, which are particularly illustrated by
their high effectiveness in the secondary metabolism,
have remarkable diversity of metabolites that can be
used for different pharmaceutical purposes (Overbye
and Barret, 2005).

Actinobacteria are Gram-positive microaerophilic to
aerobic bacteria. They are distinguished by their unique
morphology, DNA with high CG content and their
unique way for reproduction. They constitute one of
the largest bacterial phyla that have ubiquitous
distribution in different habitats. Although some show
pleomorphic and even coccoid elements, they
characteristically have a filamentous mycelium. They
also have extensive diverse secondary metabolisms that
represent about two-thirds of all naturally derived
antibiotics in current clinical use, in addition to many
anticancer, anthelmintic, and anti-fungal compounds
(Lacey, 1997). Although heavily studied over the past
three decades on the active roles of actinobacteria
activity, they continued to prove themselves as reliable
sources of novel bioactive compounds. Meanwhile, the
bioactive secondary metabolites produced by action-
bacteria have been confirmed to possess novel
antibacterial, antifungal, antioxidant, neurogenic, anti-
cancer, anti-algal, anthelmintic, anti-malarial and anti-
inflammatory activities (Chaudhary et al., 2013). They
significantly also contribute to the turnover of complex
biopolymers, such as lignocellulose, hemicellulose,
pectin, keratin, and chitin (Vijayakumar et al., 2007).
The production of secondary metabolites is varied with
the isolate, growth condition including carbon and
nitrogen sources, as well as pH, oxygen level and
temperature (Sahaya and Dhanaseeli, 2012). According
to Newman et al., (2003), 80% of drugs used in the
treatment of various diseases are of natural origin, of
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which nearly 62% of anti-cancer molecules and 78% of
antimicrobial are used in the current therapy. Actino-
bacteria are considered the major sources of these
drugs.

The use of actinobacteria in industrial and pharma-
ceutical purposes offers a new area to be explored by
researchers and puts actinobacteria under the most
extreme conditions of prime concern. Cameroonian
soils are rich with microbial communities and no
significant studies have been undertaken so far to
assess these communities, in particular for action-
bacteria that exist in different habitats. Therefore, to
address this issue, two soil types were collected and
evaluated for their actinobacterial communities that are
able to produce antimicrobial activity against human
pathogens. In the meantime, the biochemical screening
of secondary metabolites produced by isolated action-
bacteria was also considered and discussed.

MATERIALS AND METHODS

Sample collection and studied sites

Soil samples were collected from Ngaoundere,
located in Adamawa, Cameroon. Soil samples were
collected, after removal of 1 cm of soil that contains
organic litter, using dry clean sterile polythene bags
along with sterile soil core of 10 cm diameter following
the technique described by Mansour et al., (2015). Two
different sites; one from vehicles repairing station and
the other from a composting site at the University of
Ngaoundere campus, were considered for our
investigation.

Soil pretreatment

The collected soil samples were air dried, sieved
(mesh size, 2 mm) to remove plant debris, and then
subjected to physiochemical analyses and actino-
bacteria isolation. Two treatment techniques were
applied prior to isolation in which 1.4 % phenol was
mixed with soil following the method of Nonomura
and Hayakawa (1988). However, dry heat at 100°C for
1 hour (Nonomura and Ohara, 1969); was used as the
second treatment to compare the number of action-
bacteria recovered. Untreated soil from each soil type,
served as a control.

Isolation of actinobacteria and media used
Actinobacterial colonies were isolated following the
procedure of Mansour et al., (2015), in which the
pretreated and the control soil samples were subjected
to serial dilutions up to 10 using sterile saline
solution. Starch casein medium was used for isolation
after being inoculated with 0.5 ml of different diluted
soil samples using pour plate technique. Three plates,
serving as replica, were used for each dilution per
treatment for each soil types. Starch casein medium
(SCM) used has the following ingredients (g/L): casein
powder 0.3, starch 10.0, sodium nitrate 2.0; sodium
chloride 2.0; dipotassium hydrogen phosphate 2.0;
magnesium sulfate 0.005; calcium carbonate 0.002;
ferrous sulfate 0.001; agar 15.0; final pH 7.24+0.2.The
medium  was  supplemented with  antifungal
cycloheximide (50 mg/L). After 7 days of incubation at
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28+2°C, colonies exhibiting typical characteristics of
actinobacterial morphology were counted and picked
up for purification. For isolation of slow growing-
actinobacteria, plates were kept longer in the incubator
and checked regularly for three consecutive weeks.
Pure actinobacterial colonies were propagated on SCM
for further use.

Screening for antimicrobial activity

For primary screening of actinobacterial isolates for
antimicrobial activity, agar disc overlay bioassay was
used (Teresa et al., 1991; Deepika et al., 2011). In this
technique, nutrient agar plates were used and
inoculated with individual selected pathogenic bacteria
and yeast. Discs of actinobacterial cultures (7 days old
pure cultures), were removed with a sterilized cork
borer and applied on the bacterial seeded plate with the
challenged pathogenic microorganisms. Plates were
incubated at 37+2°C for 48 hours for tested bacterial
pathogens and at 28°C+2 for yeast. After incubation,
plates were examined for inhibition zones developed as
a result of the actinobacterial activity. The inhibition
zone is represented by a clear hallo zone around the
actinobacterial inoculated discs. The active isolates
were recorded and then subjected to further screening.

Microbial pathogens used

The purified actinobacterial isolates were screened
for their activity against pathogenic Gram-negative
bacteria  strains including:  Bacillus  subtilus,
Escherichia coli, Klebsiella pneumonia, Proteus
mirabilis, Salmonella typhi, Salmonella enterica,
Shigella dysenteriae. Gram positive pathogenic
bacterial strains include: Staphylococcus aureus,
Streptococcus ~ pyogenes  were  also  tested.
Antimicrobial activity of isolated actinobacteria was
similarly tested against fungal pathogen of genus
Candida albicans. These tested microorganisms were
obtained from the American Type Culture Collection
(ATCC).

Screening for natural products as secondary meta-
bolites
Production of crude metabolite

Isolates exhibiting potential antimicrobial activities
from primary screening were subjected to submerged
state fermentation method for bioactive compound
productions. Actinobacterial isolates were inoculated
separately into 10 ml of starch casein broth (SCB),
final pH 7.2+0.2, and then incubated at 30°C for 7-10
days. After the inoculation period, the growth media
were filtered through a 0.45 pm filter and then sub-
jected for screening of natural products.

Antimicrobial activity of crude metabolites
Exogenous antimicrobial activities of the crude
metabolites were tested using disc diffusion method
(Deepika et al., 2011). The sterilized discs of Wattman
filter paper No.3 were saturated by subsequent loading
with specific volume of pure extracted metabolite (0.2
ml) and gently placed on the surface of nutrient agar
separately seeded with selected pathogenic bacteria and
yeast. Agar plates were incubated at 37 +2°C for 48 to
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72 hours. Inhibition zone around the discs were
recorded by measuring their diameters.

Screening for secondary natural occurring com-
pounds

Secondary metabolites produced by each action-
bacterial isolate, grown in starch casein broth, were
tested for natural produced compounds that include:
alkaloids, tannin and phenols.

Alkaloids detection

Alkaloid-products of all selected actinobacterial
isolates were detected by using two different tests:
Wagner's and Hager's tests in which brownish or
yellowish precipitate was observed following the
techniques of Joseph et al. (2013) and Neelima et al.,
(2011), respectively.

Phenol and Tannin tests

Phenolic, the most pronounced active metabolite
along with tannin compounds were tested, for their
existence in the secondary metabolites collected from
isolated actinobacteria, using the techniques described
by Neelima et al., (2011).

Characterization and identification of most active
actinobacterial isolates
Morphological characterization

The most potent isolated actinobacteria were
described to generic level using micromorphological,
biochemical and physiological tests. For micromor-
phological characterization, investigation under the
light microscope was carried using sterile oblique slide
technique (Mansour, 2003). The slides were examined,
after being stained with Gram-stain. Spore orientation
and their morphological types were recorded.

Culture characterization

Culture characterization of the isolates was carried
out using different culture media: starch casein agar,
ISP1, nutrient agar, peptone meat extract, and peptone
water. Selected isolates were inoculated aseptically in
these media and incubated at 30°C for 7 days. The
macromorphology includes: colony shape, color of
aerial and substrate mycelia, the formation of aerial
hyphae and the ability for diffusible pigment produ-
ction, were recorded for each isolate per medium used.

Physiological and biochemical characterizations
Some physiological and biochemical characteri-
zations were carried out to identify the behavior of the
antimicrobial-active actinobacterial isolates. Among
these tests were the abitity to utilise casein, hydrolyse
of gelatin; optimal temperature and pH required for
growth; production of some enzymes like catalase and
a-amylase and ability for nitrate reduction and H,S
production. All testes were carried out following the
techniques described by Mansour et al. (2015).

Statistical analysis

The data recorded were statistically analyzed
through the SPSS program (version 5.2) for
significance differences among the data recorded using
ANOVA and the Duncan multiple range test. Data was
significantly different at p <0.05 level.
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RESULTS AND DISCUSSION

The population of actinobacteria, isolated per soil
sample collected from Ngaoundere, was shown to be
significantly different in the two selected locations. In
meantime, soil pretreatments also recorded significant
differences for soil sites and within the soil of the same
site (Table 1). Total actinobacterial counts recorded the
highest population in compost soil when compared to
polluted one. A statistically significant difference
(p<0.05) was detected among type of pretreatments in
comparison to untreated soil (Table 1).

Pretreated compost soil using dry heat for 1h at
120°C showed significant less recovered actino-
bacterial colonies compared to untreated or phenol-
treated soil. However, polluted soil showed reverse
response after dry heat pretreatment was applied in
which the highest count of actinobacterial colonies was
recorded. Although the population of the recovered
actinobacterial colonies was significantly the highest,
no significant differences at p <0.05 level was recorded
compared with untreated soil.

Table (1): Total count of actinobacterial colonies represented
by colony forming units (CFU/g) in two different soils
collected from compost site and vehicle repairing station
(polluted with hydrocarbons), Ngaoundere, Cameroon.

Total count of actinobacteria colonies (10 2CFU/g soil)

Treatments Compost soil Polluted soil P
value

Phenol 1400.0 + 45.0° 6.60 £3.3° 0.03

(1.4%)

Dry heat 130.0 +8.0° 160.0 £ 60.0° 0.08

(100°C)

Untreated 1430.0£460.0°  130.0+80.0°  0.05

(Control)

p-value 0.05 0.005

Data are mean values of triplicate + SE. Different letters indicate
significant differences at p <0.05 level using Duncan Multiple
Range Test.

The results also indicate that the compost soil which
is rich in organic matter (182 g/kg soil) has much
population of actinobacteria compared to polluted soil
which has the approximate the same organic matter
percentage (200 g/kg soil). This contradiction result
can be explained by the negative effect of oil
hydrocarbons on actinobacterial population. These data
are in agreement with results obtained by Saadoun et
al., (2008). In their study, they found that microbial
populations inhabit the crude petroleum contaminated
soils were greatly declined compared to uncon-
taminated soil. In the meantime, Walter et al. (1991)
and Dean-Ross (1990) also recorded a decrease in
microbiota of oil contaminant soil and they concluded
that the fresh oil spills and/or high levels of
contaminants often destroy or inhibit a large sector of
the soil microbiota, whereas soils with lesser levels of
aged contamination show a greater number and
moderate diversity of microorganisms.
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Based on micromorphological, culture, biochemical
and physiological characterizations of actinobacteria
isolates, the study revealed that there are seven genera
have been recognized in both soil types. Genus
Actinomadura and Streptomyces were the most
dominant genera (Fig. 1). The compost soil, exhibited
higher microbial counts (~1430.0 log? CFU/g), and
recorded the highest occurrence percentage for genus
Streptomyces (47.62 %) for untreated soil. However,
treated soil recorded decline in Streptomyces occur-
rences which represented by 40 and 25% for dry heat
and phenol pretreatments, respectively (Fig. 1). This
recorded data was consistent with results obtained by
Hayakawa et al., (2004), where they used phenol
treatment to select members of the less abundant than
Streptomyces phenotypic-cluster and eliminate other
common streptomycete clusters.

Regarding the analysis at the actinobacteria genera
level for diversity, the investigated polluted soil

revealed to be the less diverse compared to compost
soil. In polluted soil, streptomycete and actinomadura-
clusters were highly abundant and represented by
92.86% of the total genera recorded. Moreover, Actino-
madura was the most significant occurred genus (57.14
%, Fig. 1). The data recorded may indicate that this
genus, in particular soil, is able to resist/metabolize this
type of aromatic hydrocarbons and disseminate faster
that can mask or prevent the propagation of other rare
actinobacteria genera. Therefore, the diversity of acti-
onbacteria in this soil type decreased and recorded less
significant in number of genera existed. Such
observation was in logicality fits with the admitted rule
indicating that soil contaminated with hydrocarbons
reduces species richness and diversity (Johnston and
Roberts 2009). Generally, our study proved that Strep-
tomyces and Actinomadura are the most dominant
actionbacterial genera retrieved from different soil
samples (Vijayakumar (2007), Remya and Vijayak-
umar (2008), Cholarajan, et al. (2013).
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Figure (1): The occurrence of the predominant actinobacterial genera, represented in percentage, in two different Cameroonian
soils (compost and polluted soils) subjected to dry heat and phenol treatments.

Our data showed that a total of 82 out of 101
actinobacteria isolates were recovered from two soil
samples. Forty-three isolates were retrieved form
compost soil and another thirty-nine isolates from
polluted soils. Screening for the antagonistic activity of
actinobacteria against pathogenic microorganisms
(Supplementary S1 and S2) revealed the presence of
powerful antimicrobial-producing isolates. As a result
of our primary screening, fifty-seven isolates showed
antimicrobial activity against one or more tested
pathogenic bacteria and yeast. Compost soil isolates
showed antimicrobial activity that represented by
62.80% of the recovered isolates (27 isolates out of
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forty-three). However, polluted soil showed more
active antimicrobial-producers and recorded thirty
isolates out of thirty-nine (76.92 % of the total isolates)
capable to inhibit human bacterial pathogens (Figure
2).

For the secondary screening test, using metabolites,
the study revealed that isolates CSU3, CSU5, CSD 50,
PSU28, PSU30 and PSP3, had a wide range of
antimicrobial activities compared to the rest of active
isolates. CSU5 isolate, from compost-untreated soil,
was the highest and recorded activity against all tested
pathogens followed by PSP3 isolate, from polluted
phenol treated soil, which inhibit eight pathogens. In
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meantime, CSU5 and CSD50 showed strong inhibition
effect against Klebsiella pneumoniae, Staphylococcus
aureus, Escherichia coli, Streptococcus pyogenes and
Candida albicans (Figure 2). Some other isolates also
showed powerful inhibitory effect against specific
pathogen; among these isolates were CSU26 and
CSP39 against Shigella dysentery and Staphylococcus
aureus, respectively. Isolates PSU36 and PSP14 also
showed strong inhibitory effect against Staphylococcus
aureus. The investigation for antimicrobial producing-
actinobacteria in newly explored sources, Cameroonian
soil in our case, proves the importance of these
organisms to compensate the emergence of multidrug-
resistant bacteria. Our results are in agreement with
many studies done to explore the antimicrobial
activities of actinobacteria inhabitant different sources
(Elbendary et al., 2018; Learn-Han et al., 2014; Kumar
et al., 2013; Kekuda et al., 2010 and Khanna et al.,
2011).

Evaluation of antimicrobial activity of actionbac-
terial isolates, recovered from two selected soil, show-
ed that compost soil had more activity against Candida
albicans and Gram-negative bacteria; Salmonella
enteric and Shigella dysentery. However, polluted soil
had higher active-isolates and was able to inhibit both

Gram-native and positive pathogens; E.coli and
Proteus mirabilis for Gram-negative and Staphylo-
coccus aureus and Streptococcus pyogenes for Gram-
positive bacteria (Fig. 2). The strain Streptococcus
pyogenes, S. aureus and E.coli, in sequence, were the
most sensitive pathogens to the metabolites produced
by actinobacteria isolates from both soil-types. Similar
result was obtained by Porsani et al., (2013). In their
results, S. aureus was the most sensitive pathogen to
their tested isolates. In the same means, Vijayakumar et
al., (2008) tested the antimicrobial activity pattern of
the marine actinobacteria against various human
pathogenic bacteria and fungi, and reported that the
inhibitory effect was varied depends on the active
component produced by actinobacteria isolates.

In general, our soil is rich with potent isolates for
highly danger human pathogens which considered one
of the richest sources of new bioactive compounds due
to the diversity of metabolically complex microor-
ganisms inhabited. This finding is in agreement with
data obtained by Usha et al., (2011). In their study they
showed that actinobacteria present in soil surface were
represented an attractive supply for isolation of new
microorganisms for production of powerful secondary
bioactive metabolites.
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Figure (2): Number of antimicrobial-producing actinobacteria isolated from two different Cameroonian soil collected from compost

and polluted soils, Ngaoundere, Cameroon.

The investigated actinobacteria isolates that showed
very low activity were represented by 1.72%, of the
active isolates against Salmonella typhi and S.entrica.
In meantime, for Klebsiella pneumonia, only 8.62% of
Cameroonian active isolates were able to inhibit and
recorded by the most potent isolated from compost soil
(CSU3, CSU5 and CSU 50, Figure 3) and two from
polluted soil (PSP3 and PSU24). As far as the polluted
soil is concerned, whereas isolates had no activity
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against Salmonella typhi, only isolate PSP3 showed an
activity against Salmonella enteric.

Examination for more natural products can be
secreted by actinobacteria in the cultural medium, like
phenolic, alkaloid and tannin compounds was run with
all isolated actinobacteria. The study revealed that all
isolates were not able to produce phenolic compounds
(Supplementary S3 and S4); however, most of the
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Figure (3): Antimicrobial activity of actinobacterial isolates, isolated from Cameroonian soil, against human pathogens. A, B, C and D are plates
seeded with pathogenic microorganisms; Candida albicans, Bacillus subtilus, Staphylococcus aureus and Salmonella enteric, respectively. Active
organisms:50, Micromonospora sp.(CSU 50); 5, Nocardiopsis (CSU5) and 3, Microtetraspora (CSU3).

actinonobacteria isolates could produce alkaloid and
tannin-compounds as secondary metabolites, parti-
cularly for actinobacteria isolated from polluted soil.
Further study is in need to analyze these compounds
and have more details for their structures. Higher
actinobacteria-producing alkaloids or tannin compoun-
nds, for the first time to be detected for microorganism,
was significantly proved that the stress of pollution
may play a role to upgrading such molecules that help
the microbes to struggle for their existence. In
agreement with our thought, some studies have been
done on medicinal plants and proved that the stress,
including growing under water deficiency, high salinity
and conditions, could enhance much higher
concentrations of relevant natural products compared
with identical plants of the same species cultivated
under normal conditions (Li et al., 2011; Ma et al.,
2014, Gengmao, 2015 and Yang et al., (2018).

The most potent isolates were studied in details and
based on their characterizations they found to be
belonging to genera: Microtetraspora, Nocardiopsis
Micromonospora and Streptomyces for CSU3, CSU5,
CSU50, PSU28 and PSU30, respectively (Figure 4 and
5). Their spore morphology were varied and showed
straight to curved of short chain of spores (CSU3),
fragmented spores where fragmentation observed only
in aerial mycelium (CSU5), formation of single spore
on short/long stalk that exist in solitary or in aggre-
gation (CDU 50). However, all the isolated from
polluted soil were belong to genus Streptomyces and
their spore morphology were ranged from recti-
flexuous spore chain/Spiral (PSU30), looped to open
loop spiral (PSP3 and PSUZ28, respectively, Figure 4
and 5).The growth of these active isolates on different
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casein medium compared to other media used and the
culture media (Table 2) showed good growth on starch
color of their aerial and substrate mycelia showed
variation based on the different media used with ability
for production of diffusible pigment that ranged from
brown to red. The occurrence for more potent isolates
belonging to the genus Streptomyces confirm the
conclusion reported Cholarajan et al., (2013) who
described the Streptomyces phenotype-groups are
promising for novel antimicrobial production.

For physiological characterization, all the potent
isolates were able to produce a-amylase and catalase
(Table 3). They exhibited a strong a-amylase produ-
ction, except for isolate of genus Streptomyces sp
(PSU28), which recorded a weak activity. The produ-
ction of catalase enzyme ranged from moderate to
weak for all tested isolates (Table 3). For gelatin
hydrolysis, none of the isolates were able to hydrolyze
it. Ability for H,S production was also carried out and
our data recorded positive ability for all isolates, but
with weak activity. Potent isolates were also able to
reduce nitrate, with a strong activity, except for
Micromonospora sp. (CSD50). Melanin pigment was
produced by most of the isolates and reported a range
of activity from negative (Micromonospora sp.,
CSD50) to weak activity for Microtetraspora sp and
Nocardiopsis sp. For all Streptomyces sp. (PSU28,
PSU30 and PSP3) moderate melanin production was
recorded (Table 3).

CONCLUSION

This is the first report for actinobacteria isolated
from Cameroonian soil. Soil actinobacterial com-
munity was mainly controlled by exposure of soil sam-
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Figure (4): Micromorphology of the potent antimicrobial-producing isolates. A, Microtetraspore sp. (CSU3), showing spore chain on aerial
mycelium; B, Nocardiopsis sp. (CSU5), showing fragmented aerial mycelium; C, Micromonospora sp. (CSU 50) showing cluster of single

spore born on short stalk substrate mycelium; D, Streptomyces sp. (PSU30), showing spiral of long chain of arthrospores born on aerial
hyphae (arrows).
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Figure (5): Micromorphology of the potent antimicrobial-producing isolates. E and F, Streptomyces sp. (isolates PSP3 and PSU28), are showing
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Table 2: Cultural characteristics of the potent antimicrobial producing-actinobacterial isolates retrieved from two Cameroonian soils, compost and polluted soils.

Starch casein agar Nutrient agar Peptone water Peptone meat extract ISP1
Isolate
code
GR AM SM DP GR AM SM DP GR AM SM DP GR AM SM DP GR AM SM DP
CSU3  +++ g?;;t Pink - ++ - Cream - +++  White Cream Brown  ++ No Cream - ++ Gray Cream Red
CSU5  +++ Whitis Cream - ++ Beige Cream - ++ Faint Cream Brown  +++ Black Cream  Red + scanty Cream -
h gray gray white
CSD50  +++ - Brown Brown ++ - Cream Rose  ++ - Brown Brown  + No Brown - ++  Black g(rj(;?/\r/]n Brown
Whitish . -
PSU28  +++ Gray Cream Brown + Gray Cream - +++ gray Cream - +++ White Cream - +++  White Cream -
PSU30  +++ Dark Cream - + Whitis Cream - ++ White Cream - ++ Gray Cream - +++ Gray Cream -
gray h gray
Table 3: Physiological and biochemical characteristics of the potent actinobacterial isolates, have antimicrobial activity, isolated from two Cameroonian soils.
Growth at different
] . Temperature (°C) o ) ) . ] )
Actinobacteria genera Casein utilization a-amylase Catalase H,S production Melanin production Nitrate reduction
28 40
Microtetraspora sp. +++ ++ + +++ + + + ++++
Nocardiopsis sp. ++ +++ ++ +++ + + + +++
Micromonospora sp. +++ + ++ +++ ++ + - +
Streptomyces sp. +++ +++ ++ + + + T+ .
Streptomyces sp. +++ + +++ +++ + + ++ +++
Streptomyces sp. +++ +++ +++ ++ + + ++ +

+, weak; ++, moderate growth; +++, good growth.
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ples to different treatments which recorded decline in
their count. Hydrocarbon-polluted soil collected from
vehicles repairing station, recoded less diversity in
genera recovered. The potential of the isolated
actinobacteria for production of antimicrobial and
natural compounds (alkaloid or tannin) prove that these
are promising isolates for pharmaceutical purposes.
Their powerful capability to inhibit Candida albicans,
Salmonella, Shigella species and E.coli are considered
as candidate for further study to isolate the active
component for industrial production and commercial
uses. For other antibiotic-actinobacterial producers,
may be promising for biotechnological applications
especially for the common dangerous pathogens like
Salmonella, Shigella species and E.coli, after being
analyzed for the active component (s). Therefore, more
study is needed to find the optimal condition for
maximum antimicrobial metabolite productions for
such pathogens.
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Toukam et al

Supplementary (S1): Antimicrobial Activity of metabolites of actinobacterial isolated recovered from compost soil, Ngaoundere, Cameroon. Activity measured as inhibition zone (cm) around filter disc
loaded with 200 pl of the metabolite of each isolate tested. Data are mean of three plates as replica.

Pathogenic strain usedt Pathogenic strain used

Isolate Isolate

code 1 2 3 4 5 6 7 8 9 10 code 4 2 3 4 5 6 7 8 9 10
Ccsu3 15 0.7 11 13 - - - - 2 13 CsP22 - - - - - - - - - -
CSU4 - - - - - - - - - - CSP30 - 08 - - - - - - - -
Csus 2 15 175 2.4 16 2 18 2 23 2 CsPal - - - - - 15 - - - -
CSU6 16 16 2 - - - - - - 22 CSP34 - - - - - - - - - -
csu7 16 16 2 - - - - - - 22 CSP37 - - 1 - - - - - - -
csus - - - - - - - - - 19  CSP38 12 16 - - - 13 - - 4 -
CSu9 - - - - - - - - - - CSP39 - - 08 - - - - - 28 -
CSU10 - - - - - - - - - 12 CSP40 - 0.7 - - - - - - - -
Csu12 - - - - - - - - - - csPal - 1 - - - - - - - -
CsU13 14 1 12 - - - - - - - CSP43 - - - - - - - 11 - -
CSU15 - - - - - - - - 0.9 - CSP44 - - - - - 0.6 - - - -
Csul6 13 - - - - - - 1 - - csD2 - - - - - - - - - 12
csu17 - - - - - - - - - - cspar - - - - - - - - 13 -
Csu18 - - - - - - - - - - csp4g - - - - 15 - - - - 15
CsU1l9 08 - 0.8 - - - - 16 0.8 - Ccsp49 - - - - - - - - - 17
csu2l 07 - - - - - - - - - CsDs0 23 33 3 2 - 2 - - 3 3
csu23 - - - - - - - - - - cspsi - - - - - - - - - -
Ccsu24 - - - - - - - - - - csps2 - - - - - - - - - -
CsU26 15 - - - - - - 25 - - CsP23 - - - - - - - - - -
csu27 - - - - - - - - - - CSDs3 - - - - - - - - - -
CsU29 - - - - - - - 1 - - csps4 - - - - - - - - - -
CsP1 - - - - - - - - - -

+1, B.subtilus; 2,C.albicans; 3, E.coli; 4, K.pneumonia; 5, P.mirabilis, 6, Salmonella enteric; 7, Salmonella.typhi; 8, Shigella dysentery, 9, S.aureus, 10, Streptococcus pyogenes.
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Pharmaceutically active secondary metabolites of newly isolated actinobacteria from two Cameroonian soils

Supplementary (S2): Antimicrobial Activity of metabolites of actinobacterial isolates recovered from polluted soil, Ngaoundere, Cameroon. Activity measured as iinhibition zone (cm) around
filter disc loaded with 200 pl of the metabolite of each isolate tested. Data are mean of three plates as replica.

Pathogenic strain used Pathogenic strain used

Isolate Isolate

code code

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

PSU1L - - 15 - - - - - - - PSU39 - - - - - - - - - 1.8
PSU2 - - - - - - - - - - PSU42 - - - - - - - - - 1.9
PSU4 - - - - - - - - - - PSUA43 - - - - - - - - - -
PSU5S - - - - - - - - - 2 PSU44 0.8 - - - - - - - - 2.2
PSU7 - - - - - - - - 2.3 15 PSU45 - - - - - - - - - 2
PSU8 - - - - - - - - - 2 PSU46 15 - 12 - - - - - - -
PSU9 - - - - 1.3 - - - - - PSP3 11 15 12 1.3 14 13 - - 15 15
PSU13 - - - - 1.4 - - - - 1.3 PSP14 - - 15 - - - - - 2.9 1.4
PSU18 12 - - - - - - - - - PSP19 - - - - 13 - - 2.3 2 15
PSU22 - - - - - - - - 2 - PSP26 0.7 - 11 - - - - - - 15
PSU24 - - 1.6 0.8 1.2 - - - 2.2 1.3 PSD20 - - - - - - - - 1.7
PSU27 - 1.8 - - - - - - 15 2.2 PSD21 - - 18 - - - - - - -
PSU28 13 1 2 - - - - - 2.7 1.9 PSD23 - 16 - - 11 - - - 2.3 2
PSU30 12 - 16 - - - - %5 3 1.7 PSD25 - - - - - - - - - -
PSU33 0.8 - - - - - - - - - PSD31 1.7 - 14 - - - - 1 - 2
PSU34 - - - - - - - - - - PSD32 - - - - - - - - 2 -
PSU35 - - 2 - - - - - - 2.2 PSD47 - - - - - - - - - 15
PSU36 12 - - - - - - - 2.6 -
PSU37 - - - - - - - - - -
PSU38 - - - - - - - - - -

+1, B.subtilus; 2,C.albicans; 3, E.coli; 4, K.pneumonia; 5, P.mirabilis, 6, Salmonella enteric; 7, Salmonella.typhi; 8, Shigella dysentery, 9, S.aureus, 10, Streptococcus pyogenes.
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Supplementary S3 Screening for natural products (phenolic compounds, tannin and alkaloids) in the crude metabolites of actinobacterial isolates recovered from compost soil collected from

Ngaoundere, Cameroon.

Isolates Phenolic Alkaloid Isolates Phenolic Tannin Alkaloid Isolates Phenolic Tannin Alkaloid
code compounds Tannin Wagner's  Hager's code compounds Wagner's Hager's code compounds Wagner's  Hager's

CSu3 - - - - Csu17 - + - - CSP30 - + - +
CSu4 - + - - CSuU18 - + - + CSP31 - + - +
CSuU5 - - - - CSuU19 - + + + CSP34 - + + +
CSué - + - + csu21 - + - + CSP37 - + - +
cSu7 - - - + Csu23 - + - + CSP38 - + - -
csus - + - + Csu24 - + - - CSP39 - + - +
CSu9 - + - + CsuU26 - + - + CSP40 - + - -
CSu10 - + - - csu27 - + - + CSP41 - + - +
csu12 - + - + Csu29 - + - - CSP43 - + - +
Csu1s - - - + CSP1 - - - + CSP44 - - - +
CSU15 - + - + CSP22 - + + CSD2 - + - i
CSU16 - - - -

-, N0 activity; +, weak; +, positive activity.
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Supplementary S4 Screening for natural products (phenolic compounds, tannin and alkaloids) in the crude metabolites of actinobacterial isolates recovered from polluted soil collected
from Ngaoundere, Cameroon.

Phenolic Alkaloid Phenolic Alkaloid Phenolic Alkaloid
Isolates code Tannin Isolates Tannin Isolates Tannin
compounds Wagner's  Hager's code compounds Wagner's Hager's code compounds Wagner's  Hager's
PSU1 - - - - PSU30 - + - - PSU45 - + +
PSU2 - - - - PSU33 - + + + PSU46 - + -
PSU4 - - - - PSU34 - + - + PSP3 - + -
PSUS - + - + PSU35 - + + + PSP14 - + +
PSU7 - + - + PSU36 - + - + PSP19 - + - +
PSU8 - + - + PSU37 - + - + PSP26 - + - +
PSU9 - + - + PSU38 - + - + PSD20 - + - +
PSU13 - + - - PSU39 - + - + PSD21 - + - +
PSU18 - + - + PSU40 - + - + PSD23 - + + +
PSU22 - + - + PSU41 - + - + PSD25 - + - +
PSU24 - + - + PSU42 - + - + PSD31 - + + -
PSU27 - + - + PSU43 - + + + PSD32 - + +
PSU28 - - - - PSU44 - + + PSD47 - + + +

-, o activity; +, weak; +, positive activity.

S4



Toukam et al
A g el A AN ¢y A g Joal) L i) 955SY) (ha L Aaill) 4 3N S

T seaia b e o gSlad il ¢ als gl i
OS¢ (5 0 sla Arala ¢ o lell S ¢ i o) gl glall it
ean ¢ Ao LawY) ¢ (pa gll 88 Raalas ¢ o slal) IS ¢ il o
ol paddaddl

Cua ¢ Al laldl 8 Lo Y callal) el paan 3 Aladl daall Coglie bl e Ay pudl Bpaeall (il yaY) s
dala lgh 13y A gaall Culaliaall 4 glaal) dasal el saly 3 dags cllld g AL 3 ganae daall dle ) ) J sl
Clalicaall da gliall g da yaal) daad) S Jayiil 5 jaal) Led sanaa b g e Cilaliae CaldSinYy A8€a Afiny 2 ggal &y ) g puia
ba J5Y 5 ¢Sl (e Legaan o3 4 55 (g (e 5 (g el i SV gl Al pall 338 g jal Uis ey A5 paall 4y gal
Cedal 5 laiDl A el Ly SIS (e Adlide £) 5l a4y g Claliae 21 e 4l g el LS 028 5 )08 a5 a
Agar disc overlay 4s& alaaiuly cily s ySeall dliae Bl Led U 5 381 e A je AY Jual (0 e oA ol i)
L yaall by Saall aum s gl e 45 585 A 5 haall U S 5SY) o2l i) g i) il sl o3 LS bioassay
Y e ST o awlall sda Rl jelaly " agar disc diffusion test” Juial alaiiuly Aul Al sda 8 4ediid)
(CSU5) Nocardiopsis sp. «(CSU3) Microtetraspora sp. osbal 1) eim Ualis S sy
Y all o) syl il il 5, (CSD50) Micromonospora sp s ( PSP3, PSU28 ,PSU30 ) Streptomyces sp
Baliaa 5 4y 68 4y i Ayl i S il Cum (Actinomadura sp. s Streptomyces fin (o) et )5kl Y
LISl saliae 468 dpay) il sSa i siStreptomycete-phenotype <¥ie of ) 2S5 Lae i jaall @iy s jSuall
308 ) Lmgal) dasS sl S yall HLial a3 G 4 sall Gl e U Gl g 4 gl Cilaliaall 4 gliall 5 4 el

Alkaloids and tannin <ibsS ye 2 s 5 <l g alilod) 413:0) Lla Y1 &

187



