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Abstract

Extreme environments such as soda lakes are potential sources of microbes with
biotechnological applications in different sectors. This study aimed at isolation,
characterization and investigation of antibacterial potential of actinobacteria from Momela
Soda Lakes, at Arusha National Park in Tanzania. One hundred and twenty (120) isolates were
recovered from soil and water samples using the dilution plate technique. The isolates were
morphologically and biochemically characterized, and further, screened for antimicrobial
activity by disc diffusion method as well as the micro dilution technique. Cytotoxic effects
were determined using the brine shrimp lethality test. Results showed that, all 120 isolates were
Gram-positive rod-coccus shaped. Forty-four out of them showed antibacterial activity against
Staphylococcus aureus and Escherichia coli. The Streptomyces (101TI) and Dietzia (56BI)
strains exhibited exceptionally higher antibacterial activity compared to the rest with inhibition
zones of 16.25 and 21.00 mm, respectively. These two strains were toxic against brine shrimp-
larvae. Microbacterium (5LI), Hoyosella (113BI), Streptomyces (62Bl), Dietzia (117Sl),
Hoyosella (37SI) and Microbacterium (3BI) strains had low antibacterial and cytotoxic
activities. This study therefore revealed that Momela Soda Lakes harbour actinobacteria with
antimicrobial potential.
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Introduction to their potential ability to produce bioactive

Actinobacteria are gram positive, rod secondary metabolites, which can be
shaped ubiquitous bacteria, primarily developed into anticancer, antitumor,
inhabiting the soil with the population at the antimalarial, antibacterial as well as
surface being higher and decreases with  immunosuppressive agents (Bérdy 2005). In
increasing depth (Goodfellow et al. 1998, addition to being good producers of enzymes,
Takahashi and Omura 2003). They also actinobacteria are reported as sources of
inhabit aquatic environments such as rivers, natural pigments that can be used in
sponges, marine sediments, streams, lakes cosmetics, foodstuffs, pharmaceutics as well
and Mud Rivers (Chaudhary et al. 2013). as dyestuff in replacement of the synthetic
Actinobacteria have been of great interest due
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colours (Venil and Lakshmanaperumalsamy
2009).

Development of antibiotics is battling
with emergence of resistant pathogens, which
contribute to decrease in drug efficacy
(Wright 2007). Thus, new antibiotics are
constantly required to tackle the new
emerging  strains.  Biologically  active
metabolites have been widely reported with
actinobacteria  from  different  habitats
contributing to almost half of all known

antibiotics (Subramani and Aalbersberg
2013). Thus, actinobacteria are of great
interest for their ability to produce

antimicrobial compounds.

Literature surveyed thus far, indicate that
no studies have been conducted on
actinobacteria found in Momela Soda Lakes,
Arusha National Park. The Momela Soda
Lake, which is made of seven small lakes, is
naturally ~ occurring  highly  alkaline
environment with pH ranging from 9 to 12
(due to presence of high levels of carbonate
ions). It was envisioned that actinobacteria,
uniquely adapted to this habitat would be
present and could be capable of producing of
bioactive compounds. The objectives of this
study were therefore to identify the
actinobacteria found in Momela soda lakes
and further determine their antimicrobial
activities against selected test
microorganisms.

Materials and Methods
Sample collection and physico-chemical
analysis

Water and soil samples were collected in
October 2019 from five Momela Lakes in
Arusha National Park, Tanzania namely Big
Momela (3°13'19.1"S 36°53'30.4"E), Small
Momela (3°13'33.5"S 36°54'31.4"E),
Rishateni (3°13'48.0"S  36°54'18.9"E),
Lekandiro (3°12'45.5"S 36°53'41.0"E) and
Tulusia (3°12'43.4"S 36°54'26.5"E). Soil
samples were collected using sterile metal
trowel of 5 cm diameter and 5 cm depth from
five different points on the shore of each lake
and bulked as a single (composite) sample
per lake in a labeled sterile polythene bag.
Similarly, 50 mL water sample was collected
into a 500 mL sterile bottle from the five

points at the lake surface and mixed into a
single (composite) sample per lake. All
composite samples were kept in ice cool box
and transported to the laboratory at the
University of Dar es Salaam, Molecular
Biology and Biotechnology Department.
Different physico-chemical parameters of the
surface lake water were measured at the
sampling site using multi-parameter probe
(YSI 85, USA) which was used to measure
conductivity while pen type pH meter (PH
009(1) Shanghai, China) was used to measure
pH. Salinity was measured by using salinity
master refractometer (Atago, Japan).
Isolation and identification of
actinobacteria

Isolation of actinobacteria from the soil
and water samples was done as described by
Sosovele et al. (2012) using Starch casein
agar (SCA) media (10 g starch, 2 g K;HPO,,
2 g KNO;3 0.3 g casein, 0.05 g MgS0,.7H,0,
0.02 g CaCOg, 0.01 g FeS0,.7H,0, 15 g agar,
1000 mL lake water, pH 9.8 + 0.2) and starch
casein broth which was made as SCA without
agar. The media were sterilized at 121 °C for
15 minutes using autoclave. SCA media was
supplemented with nystatin (50 mg/mL) and
nalidixic acid (20 mg/mL) antibiotics to
suppress the growth of fungi and bacteria,
respectively without affecting actinobacteria
growth. Following the dilution plate
technique, 1.0 g of the soil sample or 1.0 mL
of water samples were suspended in 9.0 mL
of starch casein broth in a sterile test tube and
serially diluted to 10°. 0.1 mL from dilution
10, 1073, 10°°, and 10°° were inoculated on
SCA plates in duplicate and incubated at 28
°C. Observations for growth were done on the
51 7" 14" 15M 16" 17", 18" and 19" days.
The developed colonies were picked
randomly based on colony morphology from
selected dilution plates and sub-cultured to
get pure isolates. The pure cultures were
characterized for identification by assessing

colony and cells morphology and
biochemical assays. Morphological
characterization was achieved

microscopically through Gram’s staining as
well as macroscopically through observation
of aerial mass colour, shape and texture of the
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colonies. Biochemical characterization was
conducted using different biochemical assays
including  protein  hydrolysis,  starch
hydrolysis and catalase test.

Antimicrobial assays
Cultivation of actinobacteria and extraction
Submerged fermentation in 500 mL
Erlenmeyer flask containing 250 mL starch
casein broth media was carried out as
previously described (Sosovele et al. 2012).
The sterile media were inoculated by a loop
full of isolated actinobacteria strains and
incubated on a rotary shaker at 30 °C and 170
rpm for 14 days. After incubation, the broth
was filtered and extracted using ethyl acetate
by the liquid-liquid extraction technique. The
organic layer was separated from the aqueous
layer on a separating funnel and concentrated
to dryness using a rotary evaporator. The
resulting crude extract was weighed and
stored in the refrigerator until required for
further analysis.

Test microorganisms

Gram positive bacteria Staphylococcus
aureus (ATCC-25923), Pseudomonas
aeruginosa (ATCC-27853), and Gram
negative bacteria Escherichia coli (ATCC-
25922) and fungus Candida tropicalis strains
were selected as test microorganisms for
antimicrobial activities. Prior to use, fresh
cultures were made in nutrient broth at 37 °C
for 24 hours. The pure cultures were
centrifuged to pellet out cells, washed twice
with sterile physiological saline and the
suspension was adjusted to optical density,
which was equivalent to a cell population on
the McFarland standard as previously
described by Sosovele et al. (2012).
Microbial suspension was stored in test tubes
and refrigerated at 4 °C.

Disc diffusion assay method

Disc diffusion method was used to screen
for antimicrobial activities of the crude
extracts from actinobacteria isolates against
the test microorganisms. Freshly grown test
microorganisms were swabbed separately on
Muller-Hinton agar plate using sterile cotton
swabs and different concentrations of the

crude extracts (500, 250, 125 and 62.5
mg/mL dissolved in DMSOQ) were loaded on
a sterilized paper disc, dried and placed on
the agar plates. The plates were incubated at
37 °C for 24 hours. Thereafter, the diameter
of the zone of inhibition was measured.
Ciprofloxacin antibiotic disc (1 mg/mL) was
used as a positive control and DMSO disc
was used as a negative control (Sosovele et
al. 2012).

Minimum inhibitory concentrations

Micro dilution technique using 96-well
microtitre plates was used to determine the
minimum inhibitory concentrations (MICs)
of the crude extracts from the cultures of
actinobacteria  isolates  that  showed
antimicrobial activities. Initially, the plates
were pre-loaded with 25 pL of Muller-Hinton
broth in each well; thereafter 25 puL of 50
mg/mL crude extract was added in each well
on the first row to make a total of 50 pL on
the first row wells, this was followed by
serial two-fold dilution across the wells
making the concentration of (50.0, 25.0, 12.5,
6.25, 3.13, 1.56, 0.39 and 0.10 mg/mL).
Thereafter, 20 uL of bacterial suspension
prepared in comparison with 0.5 McFarland
standard turbidity was added in each well to
make a last volume of 70 pL. The rows
which contained only broth and bacterial
suspension were used to monitor the growth
of bacteria, whereas the rows which were
suspended with 25 pg/mL of ciprofloxacin
was used as a positive control and rows
containing DMSO being used as a negative
control. The 96-well microtiter plates were
incubated at 37 °C for 24 hours. The
minimum inhibitory concentrations of each
tested extract were determined by the
addition of 30 pL of 0.02% of p-
iodonitrotetrazolium (INT) chloride in each
well an hour before reading the results,
thereafter the plates were then incubated for
the remaining incubation period at 37 °C.
After 24 hours of incubation, bacterial growth
was indicated by the presence of pink
colouration. The minimum inhibitory
concentration was determined as the lowest
concentration, which showed no bacterial
growth (Nondo et al. 2011).
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Cytotoxicity test

Cytotoxic activity of actinobacteria crude
extracts was determined by the brine shrimp
lethality test (BST) as previously described
(Nondo et al. 2011). Thus, one teaspoon full
of brine shrimp eggs were hatched in 300 mL
filtered seawater in a container and incubated
for 48 hours under illumination using electric
bulb. Stock solution of crude extracts (4
mg/mL) was prepared in a vial using DMSO.
Different concentrations of the crude extracts
(240, 120, 80, 40, 24 and 8 pg/mL) were
prepared from the stock solution. Each
concentration (in duplicate) of the extract was

Percentage mortality

Results
Isolation of actinobacteria

Following the inoculation and incubation
of the soil and water samples in Petri dishes,
several colonies of actinobacteria were
observed on the growth media. The number
of colonies varied depending on dilutions and
originality of sample as shown in Figure 1
(a—c). The colonies could be differentiated
easily based on their colour and texture for
isolation. Indeed, the isolation resulted into

suspended in a vial containing ten brine
shrimp larvae. The vials containing brine
shrimp larvae, DMSO and sea water were set
as a negative control. Incubation was done at
28 °C for 24 hours. After incubation, vials
were observed under light background to
count the number of live and dead larvae. A
graph of results on the brine shrimp’s
percentage mortality rate against log
concentration was plotted to obtain a
regression equation as well as LCs, values
(Mg/mL). The percentage mortality was
calculated using the following formula:

number of dead brine shrimp larvae

Total number of brine shrimp larvae *

pure culture upon repeated transfers to new
plates (Figure 1d—f). One hundred and twenty
(120) isolates were obtained from both soil
and water samples. Out of these, 40 were
from Lake Big Momela, 32 from Lake
Lekandiro, 21 from Lake Tulusia, 19 from
Lake Rishateni and 8 from Lake Small
Momela. Results show that large numbers of
actinobacteria were recovered from soil
samples compared to those recovered from
water samples.

G}

Figure 1: Representative petri dishes with actinobacteria colonies: mixed isolates, from
soil/water samples after 19 days of incubation (a—c); pure isolates, on starch casein agar plates,

(d-f).

610



Tanz. J. Sci. Vol. 48(3) 2022

Morphological and biochemical
characterizations

Microscopic  characterization revealed
that all 120 isolates were rod shaped and
Gram’s positive. Some of the strains had
short rod/coccus like element and some had
long rod shapes of different sizes and were
therefore considered as actinobacteria. The
colonies had varying colour, texture,
pigmentation and elevation (Table 1). Some
isolates had rough or smooth textures while
others had flat or elevated surfaces.
Variations in colour and colony texture of
different isolates have been used in other
studies for grouping of actinobacteria (Hasani
et al. 2014). Biochemical characterizations of

these strains are summarised in Appendix A

611

with some actinobacteria isolates showing
ability to produce extracellular amylase,
catalase and protease enzymes.

Based on their morphological and
biochemical characteristics, different
antinobacteria genera could be identified,
these include Streptomyces, Nocardia,
Hoyosella, Rodococcus and Dietzia (Kokare
et al. 2004, Oskay et al. 2004, Koerner et al.
2009). Among these genera, Streptomyces
species were most dominant followed by
Dietzia and Hoyosella species. The
morphological and biochemical
characteristics enabled grouping of the
different isolates into 44 strains (Table 1 and
Appendix A).
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Table 1. Morphological characterization of selected representative actinobacteria isolates

SIN Isolates  Aerial mass  Reverse Texture Elevation Cell shape Probable Genera Reference
Code colour colour

1 1178l White Brown Rough Raised Rod Streptomyces Hassan et al. 2014
2 60BI White Brown Rough Raised Rod Streptomyces »

3 2Bl White Brown rough Raised Rod Streptomyces »

4 4RI White Brown Rough Raised Rod Streptomyces »

5 18RI Grey Dark-brown Rough Raised Rod Streptomyces Mohan et al. 2013
6 93RI White Brown Rough Raised Rod Streptomyces »

7 15RI Grey Dark-brown Rough Raised Rod Streptomyces »

8 81RlI White Cream Rough Raised Rod-coccus  Streptomyces »

9 92L1 Grey Dark-brown Rough Raised Rod Streptomyces »

10 101TI Grey Dark-brown Rough Raised Rod Streptomyces »

11 104RI White Brown Rough Raised Rod Streptomyces »

12 23TI White Brown Rough Raised Rod Streptomyces »

13 71TI White Brown Rough Raised Rod Streptomyces »

14 67TI Grey Dark-brown Rough Raised Rod Streptomyces »

15 102TI Orange Orange Smooth Flat Rod Dietzia Koerner et al. 2009
16 70TI Orange Orange Smooth Flat Rod Dietzia »

17 109BI Orange Orange Smooth Flat Rod Dietzia Koerner et al. 2009,

Gharibzahedi et al. 2014

18 8LI Orange Orange Smooth Flat Rod Dietzia »

19 94LlI Orange Orange Smooth Flat Rod Dietzia »

20 96LI Orange Orange Smooth Flat Rod Dietzia »

21 56BI Orange Orange Smooth Flat Rod Dietzia ”

22 111BI Orange Orange Smooth Flat Rod Dietzia ”

23 16BI Orange Orange Smooth Flat Rod Dietzia ”

24 116RI Orange Orange Smooth Flat Rod Dietzia ”

25 5L1 Orange Orange Smooth Flat Rod Dietzia ”

26 64BI Green Brown Rough Raised Rod Dietzia »

27 55BI Green Brown rough Raised Rod Dietzia »

28 10LI Orange Orange Smooth Flat Rod Dietzia »

29 65BI orange Orange smooth Flat Rod Dietzia »
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30
31

32
33
34
35
36
37
38
39
40
41
42
43
44

58BI
59BI

27L1
113BI
378l
72T1
78LI
62BI
3181
114L1
32RlI
24L1
3BI
33RlI
13Tl

Green
Pink

Pink
Cream
Cream
Cream
Cream
Black
Black
Purple
Yellow
Yellow
Yellow
Yellow
White —
cream

Brown
pink

Pink
Cream
Cream
Cream
Cream
Brown
Brown
Purple
Yellow
Yellow
Yellow
Yellow
Brown

rough
Smooth

Smooth
Smooth
Smooth
Smooth
Smooth
Rough

Rough

Smooth
Smooth
Smooth
smooth
Smooth
Rough

Raised
Raised

Flat
Flat
Flat
Flat
Flat
Flat
Flat
Raised
Flat
Flat
Flat
Flat
Raised

Rod
Rod

Rod
Rod
Rod
Rod
Rod
Rod
Rod
Rod
Rod
Rod
Rod
Rod
Rod- -cocci

Dietzia
Rhodococcus

Rhodococcus
Hoyosella
Hoyosella
Hoyosella
Hoyosella
Actinomyces
Actinomyces
Actinomyces
Microbacterium
Microbacterium
Microbacterium
Microbacterium
Nocardia

"

McCarthy and Williams
1990

2

Jurado et al. 2009

2

b

Laffineur et al. 2003

McCarthy and Williams
1990

Key: SI = Lake Small Momela Isolate; Bl = Lake Big Momela Isolates; Rl = Lake Rishateni Isolates; LI = Lake Lekandiro Isolates; T1 = Lake
Tulusia Isolates.
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Screening for antimicrobial activities
Forty-four  (44)  isolates  showed
antimicrobial activities at least against one of
the test microorganisms. The zones of
inhibition ranged from 7.00 mm (for extracts
from Dietzia 64BIl, Dietzia 70TI, Dietzia
94LI1, Hoyosella 72TI, Hoyosella 78LI,
Microbacterium 32RI, Streptomyces 4RlI)
isolates to 21.00 mm (for extracts from
isolate Dietzia 56BIl). None of the crude
extracts were active against Pseudomonas
aeruginosa and the fungus, Candida
tropicalis (Appendix B1). Out of these, 34
extracts were subjected to determination of
the minimum inhibitory concentrations
(MICs), with three having values ranging
from 0.391 to 1.563 mg/mL. These were

extracts from Streptomyces (15RI) and
Dietzia (16Bl), both having the MIC values
of 0.391 mg/mL against both E. coli. Dietzia
(5LI1) was found to be active against E. coli
with  MIC value of 1563 mg/mL.
Furthermore, Streptomyces (15RI) displayed
MIC value of 0.098 mg/mL against S. aureus.
The MICs for the remaining tested extracts
from 9 isolates ranged from 3.125 mg/mL to
> 6.250 mg/mL (Table 2). Extracts from
twenty-one (21) isolates had MIC values >
6.250 mg/mL (Appendix B2). It was
observed that most of the tested extracts
exhibited more activity to Gram-positive
bacteria (S. aureus) compared to Gram-
negative bacteria (E. coli).

Table 2: Minimum inhibitory concentrations of the extracts from actinobacteria isolates

S/N Isolate Minimum inhibitory concentration (mg/mL)
E. Coli S. aureus
1. Streptomyces (15RI) 0.391 0.098
2. Dietzia (16Bl) 0.391 3.125
3. Hoyosella (37SI) 0.391 6.250
4. Dietzia (5LI) 1.563 3.125
5. Streptomyces (117SI) 3.125 NT
6. Streptomyces (92L1I) 3.125 6.250
7. Streptomyces (101T1) 3.125 NT
8. Dietzia (70TI) 3.125 6.250
9. Dietzia (8LI) 3.125 6.250
10. Dietzia (111BI) 3.125 6.250
11. Dietzia (116Rl) 3.125 >6.250
12.  Hoyosella (113Bl) 3.125 >6.250
13.  Microbacterium (3BI) 3.13 6.250
+ve control (Ciprofloxacin) 0.002 0.001

Key: NT = Not tested.

Cytotoxic activities

These were conducted to determine the
toxicity of the crude extracts from
actinobacteria.  Previous  studies  have
interpreted the brine shrimp lethality test as
follows; extracts exhibiting an LCsy < 1
pg/mL are regarded as highly toxic, LCsq <
1.0-10.0 (pg/mL) are toxic, LCsy < 10-30
(ug/mL) are moderately toxic while LCsy >
30 and < 100 (ug/mL) are mildly toxic and
LCso> 100 pg/mL are non-toxic (Bastos et al.
2009). Thus, six (6) extracts from

Microbacterium (5LI), Hoyosella (113Bl),
Streptomyces  (62Bl), Dietzia (117SI),
Hoyosella (37SI) and Microbacterium (3BI)
were found to be non-toxic with their LCgq >
100 pg/mL. The crude extracts from
Streptomyces (15RI), were moderately toxic
while Dietzia (70TI), Streptomyces (101Tl),
Dietzia (8LI), Dietzia (16Bl), Dietzia (111BlI)
were mildly toxic. Streptomyces (92L1) had
LCs, values ranging from < 1.0 to 10.0
(ng/mL) as presented on Table 3.
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Table 3: Cytotoxic activities of the crude extracts obtained from cultures of actinobacteria

from Momela Soda Lakes

S/IN Isolate LCso(ug/mL) 95% Cl  Regression equation  R®

1 Streptomyces (117SI)  132.86 72-243  Y=74.55logX-108.3 0.974
2 Streptomyces (15RI) 29.36 11-77 Y=66.25logX-47.24  0.951
3 Streptomyces (92L1I) 5.11 2.3-2.2  Y=0.950l0gX-0.073  0.947
4 Streptomyces (101TI)  38.94 36-41 Y=97.08logX-104.4  0.957
5 Dietzia (8LI) 46.66 24-89 Y=73.32logX-72.37  0.843
6 Dietzia (5LI) 171.36 46-625  Y=60.28logX-84.66 0.852
7 Dietzia (70TI) 32.47 14-33 Y=97.06logX-96.71  0.917
8 Dietzia (111BI) 54.15 20-141  Y=64.72logX-62.20  0.984
9 Dietzia (16Bl) 80.58 62-103  Y=105.6logX-151.3  0.946
10  Hoyosella (113BI) 100.57 94-107  Y=96.98logX-144.2  0.946
11 Hoyosella (37SI) > 240.00 95-913  Y=65.28logX-111.2 0.892
12 Microbacterium (3BI)  103.95 70-152  Y=80.77logX-112.9 0.974
13 Actinomyces (62BI) > 240.00 214-513 Y=87.33logX-170.2 0.934

Discussion observed and identified as Streptomyces

Isolation and biochemical characterization
of actinobacteria

Results show that large number of
actinobacteria were recovered from soil
samples compared to those recovered from
water samples being in agreement with other
studies (George et al. 2012). Actinobacteria
isolates were present in all lakes and similar
groups occurred across all Momela Soda
Lakes. This may be due to the closeness of
the lakes as well as the movements of
flamingos from lake to lake which could have
caused mixing of microorganisms.

Morphological characterization revealed
that all isolates were Gram’s positive with
rod and coccus-like features as observed
under the microscope signifying the isolates
were indeed actinobacteria (Baltz 2007).
Moreover, the obtained isolates had various
colony growth colours such as grey, pink,
yellow, orange, white and cream while other
isolates were white when young and turned to
grey on maturity. Some isolates had rough
textures or smooth textures while others had
flat surfaces or elevated surfaces. It has been
explained that isolates with white and grey
colonies are most likely to be Streptomyces
species while colonies displaying pink and
orange colouration could be Rhodococcus
species (Mohan et al. 2013). Thus, from this
study, different white and grey colonies were

species while pink and orange isolates were
regarded as Rhodococcus species. Others
were identified as summarised in Table 1.
The biochemical characterizations
(Appendix A) proved the ability of some
actinobacteria to produce extracellular
enzymes. In this study, Streptomyces were
found to be capable of producing
extracellular protease, amylase and catalase
enzymes. Variations were observed from one
Streptomyces to another in production of
these enzymes. Despite the observed
variations,  Streptomyces showed high
production of amylases and proteases. These
findings are in agreement with other studies
in which Streptomyces were found to be the
superior producers of amylase and protease
enzymes (Sathya and Ushadevi 2014,
Ragunathan and Padhmadas 2013). Another
study showed Streptomyces were capable of
producing catalase and amylase with higher
production of protease enzymes (Rashad et
al. 2015). Nocardia species also showed their
ability to produce catalase, amylase and
protease enzymes with variations among
isolates. Similar observations have been
reported in other studies (Sapkota et al.
2020). Results further revealed that all
Rhodococcus species were capable of
producing catalase enzymes with variations
among similar isolates. Rhodococcus’ ability
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to produce amylase enzymes has also been
previously  reported (Ragunathan and
Padhmadas 2013). Dietzia, Hoyosella and
Microbacterium isolates had great variations
among isolates in production of these
enzymes. Dietzia showed high production of
catalase enzymes followed by amylase and
protease, whereby Hoyosella and
Microbacterium gave good production of
catalase and amylase enzymes.

Antimicrobial activities

Forty-four (44) isolates were screened for
antimicrobial activities with Streptomyces,
(101TI) and Dietzia (56B) exhibiting larger
zones of inhibition with diameters 16.25 and
21.00 mm against E. coli, 10.75 and 13.00
mm  against S. aureus, respectively
(Appendix B1). The observed high activities
are further supported by previous findings
that have revealed that Streptomyces species
are good producers of antimicrobial
metabolites with about 70% of all antibiotics
originating from this group of organisms
(Rajesh et al. 2013). Dietzia species are
similarly, reported to be among rare
actinobacteria capable of producing bioactive
metabolites (Ding 2019). Extracts that
exhibited activities against both Gram-
negative and Gram-positive bacteria were
chosen for determination of MICs. Thus, a
total of 34 extracts were subjected to the
tests. The minimum inhibitory concentration
of the extract from isolate Streptomyces
(15RI) against the Gram-positive bacteria
was found to be four times lower than that
exhibited against Gram-negative bacteria. It
is reported that extracts from some isolates
act better on Gram positive than on Gram-
negative microorganisms (Kokare et al. 2004,
Oskay et al. 2004) due to the outer membrane
in Gram-negative bacteria which act as a
permeability barrier (Zhang et al. 2013). The
present study further revealed differences
between activities of the crude extracts on
agar plate compared to broth (MIC), this was
clearly shown by crude extracts from isolate
Streptomyces (101TI) which showed a larger
clear zone of inhibition on agar plate with
diameter 16.25 mm but gave MIC value of
3.125 mg/mL. Moreover, extracts from other

non-Streptomyces species such as Dietzia,
Microbacterium, Rhodococcus and Nocardia
exhibited inhibitory activity against at least
one of the test microorganism.

Cytotoxic activities

In this study, 6 extracts from
Microbacterium (5LI), Hoyosella (113Bl),
Streptomyces  (62Bl), Dietzia (117SI),

Hoyosella (37SI) and Microbacterium (3BI)
were found to be non-toxic while 7 crude
extracts from four Dietzia isolates and three
Streptomyces isolates were toxic (Table 3).
Results from this study are in agreement with
other studies in which some Streptomyces
strains were found to be active against the
brine shrimp larvae while other strains were
inactive. In another study, crude extracts
from the Streptomyces strain exhibited LCs
value of 6.66 pg/mL when tested against the
brine shrimp larvae (Manivasagan et al.
2014), this corroborated well with findings in
this study with the lowest LCsy of 5.11
pog/mL  being observed for extract from
Streptomyces (92L1). Cytotoxicity of the
crude extracts from  Streptomyces s
attributable to compounds that are produced
by the species. The activities observed in this
study pave the way for further studies
especially identification of the bioactive
components produced by these
actinobacteria.

Conclusions
This study has revealed dominance of
Streptomyces,  Dietzia, Nocardia and

Rhodococcus species at Momela Soda Lakes.
The study also established that Streptomyces

and Dietzia isolates have antimicrobial
activities  with  potential  for  further
exploitations. The strains from genus

Streptomyces were found to have high
inhibitory activity compared to others. This is
the first report on occurrence and
bioactivities of actinobacteria from Momela
Soda  Lakes.  Further  studies are
recommended to identify the secondary
metabolites produced by these isolates.

Conflicts of interest: Authors declare no
competing interests.

616


https://pubs.rsc.org/en/results?searchtext=Author%3ATing%20Ding

Tanz. J. Sci. Vol. 48(3) 2022

Acknowledgements

Authors extend sincere gratitude to the
University of Dar es Salaam for funding the
project (Grant No. CoNAS-MBB18034).
Authors are also grateful to Mr. Abdul
Kidukuli from the Institute of Traditional
Medicine at Muhimbili University of Health
and Allied Science for assistance with some
bioassays.

References
Baltz RH 2007 Antimicrobials from
actinomycetes: Back to the future.

Microbe 2: 125-131.

Bastos MLA, Lima MRF, Conserva LM,
Andrade VS, Rocha EMM and Lemos
RPL 2009 Studies on the antimicrobial
activity and brine shrimp toxicity of
Zeyheria  tuberculosa  (Vell.) Bur.
(Bignoniaceae) extracts and their main

constituents.  Ann. Clin.  Microbiol.
Antimicrob. 8: 1-6.
Bérdy J 2005 Bioactive microbial

metabolites. J. Antibiot. 58: 1-26.

Chaudhary HS, Soni B, Shrivastava AR and
Shrivastava S 2013 Diversity and
versatility of actinomycetes and its role in
antibiotic production. J. Appl.
Pharmaceut. Sci. 3 (8 Suppl): S83-594.

Ding T, Yang LJ, Zhang WD and Shen YH
2019 The secondary metabolites of rare
actinomycetes: chemistry and bioactivity.
RSC Adv. 9: 21964-21988.

George M, Anjumol A, George G, Hatha
AMM 2012 Distribution and bioactive
potential of soil actinomycetes from
different ecological habitats. Afr. J.
Microbiol. Res. 6: 2265-2271.

Gharibzahedi SMT, Razavi SH and Mousavi
SM 2014 Characterization of bacteria of
the genus Dietzia: An updated review.
Ann. Microbiol. 64: 1-11.

Goodfellow M, Stainsby FM, Davenport R,
Chun J and Curtis T 1998 Activated
sludge foaming: The true extent of
actinomycete  diversity. Water  Sci.
Technol. 37: 511-519.

Hasani A, Kariminik A and Issazadeh K 2014
Streptomyces: Characteristics and their
antimicrobial activities. Int. J. Adv. Biol.
Biomed. Res. 2: 63-75.

Jurado V, Kroppenstedt RM, Saiz-Jimenez C,
Klenk HP, Mouniee D, Laiz L, Couble A,
Poetter G, Boiron P and Rodriguez-Nava
V 2009 Hoyosella altamirensis gen. nov.,
sp. nov., a new member of the order
actinomycetales isolated from a cave
biofilm. Int. J. Syst. Evol. Microbiol. 59:
3105-3110.

Koerner RJ, Goodfellow M and Jones AL
2009 The genus Dietzia: a new home for
some known and emerging opportunist
pathogens. FEMS  Immunol. Med.
Microbiol. 55: 296-305.

Kokare CR, Mahadik KR, Kadam SS and
Chopade BA 2004 Isolation of bioactive
marine actiomycetes from sediments
isolated from Goa and Maharashtra
coastlines (West Coast of India). Ind. J.
Mar. Sci. 33: 248-256.

Laffineur K, Avesani V, Cornu G, Charlier J,
Janssens M, Wauters G and Delmée M
2003 Bacteremia due to a novel
Microbacterium species in a patient with
leukemia and description of
Microbacterium paraoxydans sp. nov. J.
Clin. Microbiol. 41: 2242-2246.

Manivasagan P, Kang KH, Sivakumar K, Li-
Chan ECY, Oh HM and Kim SK 2014
Marine actinobacteria: an important
source of bioactive natural products.
Environ. Toxicol. Pharmacol. 38: 172-
188.

McCarthy AJ and William ST 1990 17
Methods for studying the ecology of
actinomycetes. In: R.Grigorova R
and Norris JR (Eds) Techniques in
Microbiology vol. 22 (pp 533-563)
Elsevier, Amsterdam.

Mohan JSS, Sirisha B, Haritha R and Ramana
T 2013 Selective screening, isolation and
characterization of antimicrobial agents
from marine actinomycetes. Int. J. Pharm.
Pharmaceut. Sci. 5: 443-449.

Nondo RSO, Mbwambo ZH, Kidukuli AW,
Innocent EM, Mihale MJ, Erasto P and
Moshi MJ 2011 Larvicidal, antimicrobial
and brine shrimp activities of extracts
from Cissampelos mucronata and
Tephrosia villosa from Coast Region,
Tanzania. BMC Complement. Altern.
Med. 11: 33.

617


https://pubs.rsc.org/en/results?searchtext=Author%3ATing%20Ding
https://pubs.rsc.org/en/results?searchtext=Author%3ALuo-Jie%20Yang
https://pubs.rsc.org/en/results?searchtext=Author%3AWei-Dong%20Zhang
https://pubs.rsc.org/en/results?searchtext=Author%3AYun-Heng%20Shen

Lema et al. - Characterisation and Antimicrobial Potential of Actinobacteria ...

Oskay AM, Usame T and Cem A 2004
Antibacterial activity of some
actinomycetes isolated from farming soils
of Turkey. Afr. J. Biotechnol. 3: 441-446.

Ragunathan R and Padhmadas R 2013

Production, purification and
characterization of o-amylase using
Streptomyces Spp. PDS1 and

Rhodococcus spp. isolated from Western
Ghats. Int. J. Curr. Microbiol. Appl. Sci.
2: 206-214.

Rajesh RO, Helen PAM and Sree SJ 2013
Screening of  antibiotic  producing
actinomycetes from coconut husk retting
sample. Int. J. Res. Pharm. Biomed. Sci.
4:67-74.

Rashad FM, Fathy HM, El-Zayat AS and
Elghonaimy AM 2015 Isolation and
characterization of  multifunctional
Streptomyces species with antimicrobial,
nematicidal and phytohormone activities
from marine environments in Egypt.
Microbiol. Res. 175: 34-37.

Sapkota A, Thapa A, Budhathoki A, Sainju
M, Shrestha P and Aryal S 2020 Isolation,
characterization and  screening  of
antimicrobial-producing  actinomycetes
from soil samples. Int. J. Microbiol. 2020:
1-7.

Sathya R and Ushadevi T 2014 Industrially
important enzymes producing

Streptomyces from mangrove sediments.
Int. J. Pharm. Sci. 6: 233-237.

Sosovele ME, Hosea KMM and Lyimo TJ
2012 In vitro antimicrobial activity of
crude extracts from marine Streptomyces
isolated from mangrove sediments of
Tanzania. J. Biochem. Technol. 3: 431-
435.

Subramani R and Aalbersherg W 2013
Culturable rare actinomycetes: diversity,
isolation and marine natural product
discovery. Appl. Microbiol. Biotechnol.
97: 9291-9321.

Takahashi Y and Omura S 2003 Isolation of
new actinomycete strains for the
screening of new bioactive compounds. J.
Gen. Appl. Microbiol. 49: 141-154.

Venil CK and Lakshmanaperumalsamy P
2009 An insightful overview on microbial
pigment, prodigiosin. Electron. J. Biol. 5:
49-61.

Wright GD 2007 The antibiotic resistome:
The nexus of chemical and genetic
diversity. Nat. Rev. Microbiol. 5: 175-
186.

Zhang G, Meredith TC and Kahne D 2013
On the essentiality of lipopolysaccharide
to Gram-negative bacteria. Curr. Opin.
Microbiol. 16: 779-785.

618



Tanz. J. Sci. Vol. 48(3) 2022

Appendices
Appendix A: Biochemical characterization of actinobacteria isolates
SIN Isolate Enzyme activities Genera References
codes ° @ ° o ° N . 2 o o
5 & & 3 2 3 R &%
1 117sSI - + + + + - + - + + Streptomyces Hasani et al. 2014
2 60BI - - - + + - - - -+ Streptomyces ”
3 2Bl - + + + - - + - + + Streptomyces ”
4 4RI + *y - + - - - +* - - Streptomyces ”
5 18RI + *+ + + - - - - + - Streptomyces Mohan et al. 2013
6 93RI *+ *+ - - +* - + +* - - Streptomyces ”
7 15RI + *+ + + - - + - + + Streptomyces ”
8 81RI + *+ - + - - - +* -+ Streptomyces Hasani et al. 2014
9 92LI - *+ + + - - + - - - Streptomyces Mohan et al. 2013
10 101TI - + + +* - - - - -+ Streptomyces »
11 104RI - *+ + + - - + + + + Streptomyces ”
12 23TI + +* + - - - + - -+ Streptomyces ”
13 T71TI - - + + + - - - -+ Streptomyces »
14 67Tl - - - +* + - - - -+ Streptomyces ”
15 102T1 *+ - - - + - + - + + Dietzia Koerner et al. 2009,
Gharibzahedi et al. 2013
16 70TI *+ - + + + - + - -+ Dietzia »
17 109BI *+ - + - - - - - -+ Dietzia »
18 8Ll + *+ + + +* - - + + + Dietzia »
19 94L1 *+ - + - + - - - + + Dietzia ”
*
20 96LI + + - - - - + +* + + Dietzia ”
21 56BI *+ - +* + +* - + + + + Dietzia ”
22 111BI *+ - - + - - + - + + Dietzia i
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SIN Isolate Enzyme activities Genera References
codes " @ @ o o ° . % 3 o
£ 2 8 S 2 g & £ g 8
= ° (=} T > =
§ & & &4 2 3 X £ &3
23 16BlI *+ + - + - - + + + + Dietzia Koerner et al. 2009,
Gharibzahedi et al. 2013
24 116RI *+ + - + +* - + - -+ Dietzia »
25 5L1 *+ + + - - - - +* - - Dietzia »
26 64BI *+ + + + +* - - - + + Dietzia »
27 55BI *+ *+ - - +* - - - + + Dietzia ”
28 10LI + + + + + - + + -+ Dietzia ”
29 65BI *+ + + +* - + - -+ Dietzia ”
30 58BI - + - - +* - + - + + Dietzia ”
31 59BI *+ - - + - - + - -+ Rhodococcus McCarthy and Williams 1990
32 27LI *+ + - - + - - - - - Rhodococcus ”
33 113BI *+ + - + +* - + - + + Hoyosella Jurado et al. 2009
34 37SI - + + +* - + + + + Hoyosella ”
35 72TI *+ + + - + - - - + + Hoyosella ”
36 78LlI + + +* - + - + +* - - Hoyosella »”
37 62BI - + - + - - - - -+ Actinomyces
38 31SI - + - - +* - + - + +  Actinomyces
39 114L1 *+ - + - + - + - - - Actinomyces
40 32RI *+ + + - - - - - + + Microbacterium Laffineur et al. 2003
41 24L1 *+ + - + - - - +* + Microbacterium »
42 3Bl *+ + + + + - + - + + Microbacterium ”»
43 33RI + + - - - - - - -+ Microbacterium »
44 13Tl *+ *+ + - - - - - - - Nocardia McCarthy and Williams 1990

Key: + = positive; - = negative; *+ = excess enzyme production; +* = gas production.
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Appendix B1: Diameters of the zone of inhibition of the tested crude extracts

SIN  Isolates Zone of inhibition (mm) at (500 mg/mL)
E. coli S.aureus  P.aureginosa C. tropicalis
1 Streptomyces (117SI) 10.75 NA NA NA
2 Streptomyces (60BI) 7.50 8.0 NA NA
3 Streptomyces (2Bl) 7.25 NA NA NA
4 Streptomyces (4RI) 7.00 7.00 NA NA
5 Streptomyces (18RI) 10.00 NA NA NA
6 Streptomyces (93RI) 9.00 NA NA NA
7 Streptomyces (15RI) 7.25 8.00 NA NA
8 Streptomyces (81RI) 8.00 8.00 NA NA
9 Streptomyces (92L1I) 10.75 7.25 NA NA
10  Streptomyces (101TI) 16.25 10.75 NA NA
11  Streptomyces (104RI) 9.00 10.00 NA NA
12 Streptomyces (23TI) 7.25 NA NA NA
13 Streptomyces (71TI) NA 7.00 NA NA
14 Streptomyces (67TI) 9.00 NA NA NA
15  Dietzia (102TI) NA 8.00 NA NA
16  Dietzia (70TI) 7.00 10.00 NA NA
17  Dietzia (109BI) 8.00 8.00 NA NA
18  Dietzia (8LI) 10.00 7.25 NA NA
19  Dietzia (94LI) 7.00 NA NA NA
20  Dietzia (96LI) NA 9.75 NA NA
21  Dietzia (56BlI) 21.00 13.00 NA NA
22 Dietzia (111Bl) 8.00 11.5 NA NA
23  Dietzia (16Bl) 11.50 8.00 NA NA
24  Dietzia (116Rl) 8.00 8.25 NA NA
25  Dietzia (5LI) 8.00 8.00 NA NA
26 Dietzia (64BI) 7.00 7.00 NA NA
27 Dietzia (55BI) 10.00 NA NA NA
28  Dietzia (10LI) 9.00 6.00 NA NA
29  Dietzia (65BI) 9.00 NA NA NA
30 Dietzia (58Bl) 11.50 8.00 NA NA
31  Rhodococcus (59BI) 9.00 9.75 NA NA
32 Rhodococcus (27L1) 9.00 6.00 NA NA
33  Hoyosella (113Bl) 9.00 NA NA NA
34 Hoyosella (37SI) 8.00 7.25 NA NA
35  Hoyosella (72TI) 7.00 NA NA NA
36  Hoyosella (78LlI) 7.00 NA NA NA
37  Actinomyces (62Bl) 8.00 7.25 NA NA
38  Actinomyces (31SI) 10.75 9.75 NA NA
39  Actinomyces (114L1I) 10.75 NA NA NA
40  Microbacterium (32RlI) 7.00 9.00 NA NA
41 Microbacterium (24L1I) NA 8.00 NA NA
42 Microbacterium (3BI) 9.00 8.00 NA NA
43 Microbacterium (33RlI) NA 8.00 NA NA
44 Nocardia (13TI) 9.00 8.00 NA NA

Key: NA: Not Active, ND: Not Determined.
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Appendix B2: Minimum inhibitory concentrations (> 6.250 mg/mL)

SIN Isolates Minimum inhibitory concentrations (mg/mL)
E. coli S. aureus

1. Streptomyces (60BI) 6.250 NT
2. Streptomyces (2BI) 6.250 >6.250
3. Streptomyces (4RI) >6.250 6.250
4, Streptomyces (18RI) 6.250 NT
5. Streptomyces (93RI) 6.250 NT
6. Streptomyces (81RI) >6.250 >6.250
7. Dietzia (102TI) >6.250 6.250
8. Dietzia (109BlI) >6.250 NT
9. Dietzia (94L1I) >6.250 NT
10. Dietzia (96LI) >6.250 6.25
11.  Microbacterium (24L1I) >6.250 NT
12.  Microbacterium (32RlI) >6.250 NT
13.  Hoyosella (72TI) >6.250 NT
14.  Nocardia (13TI) 6.250 >6.250
15.  Actinomyces (31SI) 6.250 >6.250
16.  Actinomyces (62BlI) >6.250 NT
17.  Actinomyces (114L1) >6.250 >6.250
18.  Rhodococcus (59BI) >6.250 NT
19. Dietzia (56BI) >12.500 >12.500
20. Hoyosella (78L1I) >12.500 >12.500

+ve control (Ciprofloxacin) 0.002 0.001
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