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In this research fifty Actinobacteria isolates were obtained from soil samples
collected from desert sites in the Kingdom of Saudi Arabia. The isolates were purified
and exposed to a variety of biochemical and physiological tests to determine their tentative
taxonomy. Color group was determined for all 50 strains and a total of 13 different
groups were allocated as follows: 24% gray, 10% chalky white, 12% light gray, 12% dark
gray, 10% light brown, 2% yellow, 2% whitish pink, 2% whitish yellow, 2% dark red, 2%
pale gray, 6% pale yellow, 6% pale white and 8% grayish white. Bioactive compounds
were extracted from each isolate using methanol as solvent; these were then tested against
Staphylococcus aureus ATCC 13076, Bacillus subtilis ATCC 6633, Escherichia coli ATCC
2592, Pseudomonas aeruginosa ATCC 27583, Salmonella suis ATCC 13076, Shigella
sonnei ATCC 11060 and Candida albicans ATCC 10231. Whole extracts of the isolates
which exhibited inhibitory activities against the seven microorganisms were chosen for
gas chromatography-mass spectrometry (GC-MS) analysis. This showed that the
predominant inhibitory compound in all extracts was 2, 3-butanediol, [R-(R*, R*)], while
cyclobutanol and octadecanal were also present in most isolates. Based on the cultural,
physiological and biochemical tests as well as scanning electron microscopy studies, all
the selected isolates were members of the Genus Streptomycetes.

Keywords: Actinobacteria, Streptomyces, antimicrobial, pathogenic bacteria,
Gas chromatography- mass spectrometry.

Bacteria are typically classified by the
Gram staininto two groups, i.e. Gram positiveand
Gram negative species. The Gram-positive bacteria
includetwo major brancheswhich are: thelow G+C
(Guanine + Cytosine) organisms that comprise
genres such as Bacillus, Clostridium,
Staphylococcus and Streptococcus. These
organisms DNA typically has fewer guanine (G)
and cytosine (C) DNA basesthan adenine (A) and
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thymine (T) when compared to other bacteria; the
DNA of high G+ C organismsin comparisonisrich
in guanine and cytosine about (57 — 75%)*.
Members of the genus Sreptomyces produce 75%
of al known commercia and medical antibiotics’.
Many aremycelia at somestageintheir lifecycle,
but others are not; mycelial growth is however
regarded as being typical of the phylum,
Actinobacteria.

Actinobacteria which include the
Streptomyces belong to the subdivision of Gram-
positive filamentous bacteria. They are abundant
in warm, dry soils®, and also in freshwater*s,
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although they are often not native to this
environment, but instead arrivein runoff from the
land®’. Actinobacteria produce two kinds of
branching mycelium, i.e. a) so called “aerial
mycelium” which growsabove the growth medium,
and b) substrate mycelium which grows beneath
the medium; aerial mycelium is particularly
important because it is generally the main source
of spores.

Soil Actinobacteria produce a volatile
compound called geosmin, chemically knownas 1,
2, 7, 7-tetramethyl-2-norborneol, which is
responsible for the earthy smell associated with
the growth of these bacteria®. Geosmin is
responsible for a significant number of taste and
odor problemsin drinking water supplies®°, which
can be miss-attributed to the growth of
Cyanaobacteria®®.

The genus Streptomyces comprises a
large group of microorganisms with some unique
characteristics, notably their complex fungal like
life cycle and earthy odor; they occur widely and
show a higher diversity in color formation than
most other bacteria. Thisgenusisdefined by both
chemotaxonomic and phenotypic characters,
notably the presence of LL-DAP, an isomer of
diaminopimelic acid, which is present in the cell
wall peptidoglycan; this feature and the
characteristic substrate and aerial mycelium are
diagnostic for Streptomyces.

MATERIALANDMETHODS

Soil samplecollection

A total of 4 soil samples were obtained
from the desert environment in the Kingdom of
Saudi Arabia. The samples were obtained from a
depth of 15 cm, after removing approximately 3cm
of the soil surface. The soil sampleswereplacedin
sterile polythene bags, closed tightly to avoid
external contamination, |abeled and transported to
the laboratory. Here, they were they were dried at
room temperature (25°C) for 1 week and then stored
in sterile plastic bags until required.
I solation of Actinobacteriafrom soil

The serial dilution technique™ was used
toisolateActinobacteriafrom the soil samples. Air
dried soil (1g) was suspended in atube containing
10 ml of steriledistilled water, each tube wasthen
caped and stirred for 1minute using avortex mixer
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(VTX-3000L). The soil suspension (1ml) wasthen
serially diluted in sterile distilled water (9ml) to
providedilutionsof 107, 102 and 1073,

Tap water agar (TWA) media!? was
prepared [containing 22g agar (WINLAB, UK) and
1L tap water]. Aliquots (0.1ml) of each of thethree
final dilutions were transferred to the isolation
medium in petri dishesand spread over the surface
using a sterile glass spreader; no antibacterial or
antifungal agents were added to the medium. The
plates were then incubated at 30°C for 2 weeks.
Colony enumeration

After incubation, the numbersof colonies
from each sample were determined using the
colony count technique'®; the resultant colony
count isshownin (Table 1).

Color group determination

Theisolateswere purified on yeast starch
agar (Y SA) and then cultured on oatmeal agar (OA)
media for color group determination’®. Oatmeal
agar contained [30g oatmeal (Quaker), 15g agar
(WINLAB, UK) and 1L distilled water]. All the
plateswereincubated at 30°C for 1 week. After the
incubation period, colony colors of the isolates
werevisualy determined using an |SCC-NBScolor
chart®®.

Cultivation of Actinobacteria for secondary
metabolitesproduction

Each Actinobacteria isolate was
inoculated into aflask (250 ml) containing 100 ml
of starch glucose yeast (SGY) broth'; the broth
had thefollowing composition (per liter): 10g starch
soluble (Avonchem, UK), 10g glucose (Fluka, UK),
10g glyceral (Winlab, UK), 2.5g cornflower (Riyadh
food), 59 peptone (Biochemical, UK), 2g yeast
extract (Winlab, UK) , 3g CaCo, (Winlab, UK) and
1L distilled water.

Secondary metabolitesextraction

Secondary metabolites were recovered
from the broth by solvent extraction method®®*°,
Methanol (Panreac, E.U) was added (1:1 v/v) to
the medium containing the growing isolate. The
flasks were then returned to the shaker for 3 extra
days which after the contents were filtered to
separatethe mycelium from liquid. Thefiltratewas
next transferred to a hot air oven in order to
evaporate the methanol to dryness. Two drops of
distilled water was the added to the residue and
the resultant crude extract was tested for
antimicrobial activity.
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Antimicrobial activity test

The test microorganisms used were;
Gram-positive bacteria: Staphylococcus aureus
ATCC 13076, BacillussubtilisATCC 6633, Shigella
sonnei ATCC 11060, Gram-negative bacteria:
Escherichia coli ATCC 2592, Pseudomonas
aeruginosa ATCC 27583, SreptococcussuisATCC
13076 and one fungus. Candida albicans ATCC
1023L

The well diffusion method® was used to
study theantimicrobial activity. Each test organism
wasinoculated onto the surface of Mueller-Hinton
agar medium (MHA). Wellswerethen madeinthe
medium and filled (0.5 ml) with the extract. The
plates were then incubated at 37°C for 24 h, after
whichtimethe size of any resultant inhibition zones
were measured.
Gaschromatography (GC) —mass spectr oscopy
(MS) analysis

Depending on the antibacterial activity
only 20 isolate extracts were selected for gas
chromatography-mass spectroscopy (GC-MS)
analysis® in order to identify the active
antimicrobial compound present. Analysis was
conducted using the database of National institute
Standard and Technology (NIST), with the
spectrum of the unknown components being
compared with the spectrum of known components
stored in the NIST library. Before identifying the
compounds in the extracts 0.1ml of each extract
was mixed with 1ml of ethanol (HPLC grade)
(WINLAB, UK) andfiltered using a0.22u Millipore
filter (Millex-HV) so as to obtain a crystal clear
solution. Theidentification of the compoundswas
done by injecting 1ul of crystal clear sample into
an RT x -5 columns (30 x 0.32 nm) of GC-M S model
(Perkin EImer, Clarus 500, USA) and helium (3 ml/
min) was used as a carrier gas. The following
temperature gradient program was used (75°C for
2minfollowed by anincreasefrom75to 175°Cata
rateof 50°C per minandfinaly 7minat 175°C). The
m/z (mass - to - charge ratio) peaks representing
mass to charge ratio characteristics of the
antimicrobial fractionswere compared with those
in the mass spectrum library of the corresponding
organic compounds®?. The chemical components
of the extracts were analyzed in the central
laboratory of King Saud University, Riyadh, Saudi
Arabia. Identification of the chemical constituents
of extracts were performed using a Perkin Elmer
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(Clarus500, USA) gas chromatograph coupled with
(Clarus 500, USA) mass spectro-meter (MS). In
addition, themolecular weightsof al theidentified
substances were confirmed by GC/MS, using
MeOH asCl ionizing.
Mor phological characterization of the isolates
using scanning electr on microscopy

Bacterial cellswere prepared for scanning
electron microscopy (SEM) (JEOL, JSM, 3060) at
King Saud University Central Laboratory, Saudi
Arabia according to the initial fixation and
dehydration steps was recommended®. The cells
were fixed at 24°C overnight with 3%
glutaraldehyde (Sigma-Aldrich Chemie Gmbh,
Steinheim, Germany), washed with distilled water
3times each for 10 minutes, fixed again with 1%
Osmium tetroxide overnight , washed once more
with distilled water as before ,dehydrated with a
serial ascending concentrations of ethanol as
follows (30% for10 min, 50% for 10 min, 60%for 10
min, 70% for 10 min, 80% for 10 min, 90% for 10
min, 100%for 10 min, 100% again overnight); findly
they weredried using acritical point dryer (HCP-2;
Hitachi Co.). Thedried cell sampleswerethen gold
coated using agold sputter (JEOL, JFC 1600) and
examined usingaSEM (JEOL, JSM, 3060)%.
Physiological characterization of theisolates

Growth at various temperatures (30-50)
and ability to grow over arange of pH (4-10) and
NaCl concentrations (7-10%) was determined®26:2’
onY SA media
Biochemical characterization of theisolates

The Actinobacteria isolates were
characterized using seven different tests, namely:
gelatin hydrolysis, urease production®, catalase
production®, casein hydrolysis®®3!, citrate
utilization, H,S production and ability to utilize
carbon sources such as glucose and lactose®. Al
isolate characteristics were determined following
incubation for 7 daysat 30°C on'Y SA medium. After
incubation the growth, aerial mycelium color and
diffusible pigmentation were al so noted.

RESULTS

Actinobacteriaisolation on water agar

As a result of isolation on TWA, 50
colored Actinobacteriaisolates were obtained; 20
of those were chosen for further study.
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Number sof coloniesisolated

Table 2 shows the CFUs per ml obtained
from the second dilution of the environmental
samples.
Color grouping

Thetwenty purified strainswere cultured
on OA mediain order to determinethe color groups
of each strain; Fig. 1 showsthe color groupsof the
selective strains under the study.
Antimicrobial activity of theisolateextracts

All Actinobacteriaisolatesweretested for
their antimicrobial activity against S. aureusATCC
13076, B. subtilis ATCC 6633, S. sonnei ATCC
11060, E. coli ATCC 2592, P. aeruginosa ATCC
27583, S sUisATCC 13076 and C. albicansATCC
10231. Only twenty of the isolates showed
antimicrobial activity against at least one of the
seven pathogens under the study; these strains
were designated: M3, M7, M10, M11, M12, M13,
M15,M16, M 19, M20, M24, M25, M27, M 28, M29,
M33, M36, M38, M42 and M47. The antimicrobial
activity of these strainsis detailed in Table 3.
Scanning electron microscopestudies

SEM analysis showed that all twenty
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isolates exhibited different morphologies. Arial
mycelium was produced and was seen to be highly
branched and coenocytes; spores appeared to be
smooth, spiny or wart-like.
Gas chromatography (GC)-mass spectr oscopy
(MS) analysisof theextract

The crude extracts were analyzed using
GC-MStechnique. A large number of compounds
were detected for each isolate some of which are
known to possess antibacterial activity. Some of
the compounds appeared in all extractsat avariety
of concentrationswhile otherswerefound in only
someisolates. Details of the compoundsidentified

Table 2. The CFUs per ml for each soil sample
collected from the extreme environment in the
Kingdom of Saudi Arabia

Sample Colonies CFUs

Thumamah 150colonies 1500x10% CFUS/mI
Kharj 187 colonies  1870x10? CFUs/mI
Madina 144 colonies  1440x10? CFUS/mI
Taif 125colonies  1250x10? CFUS/mI

Table 1. The colony count obtained from the third dilution of all soil samples

Samplée'sorigin Dilutions
10 102 10°
Colonies
Thumamah Many coloniesto 150 colonies Less than
Kharj count (more than 187 colonies 30 colonies
Madina 300 colonies) 144 colonies
Taif 125 colonies
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Percentage %

7 &

f@fg ’

LSS

Color groups

The color groups presented in the actinomycetes isolates and the percentage of each color

Fig. 1. The twenty strains grouped into specific color groups based on their mycelium color
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and their percentage appearance in all twenty
isolates are shown in Table 4.
Physiological and biochemical characterization
of theisolates

Theisolatesgrew well at 30 and 45°C and
45, at pH 4, 7 and 10, and at NaCl concentrations
up to 7%. Almost all of the strains hydrolyzed
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gelatin and coagulated milk a many showed the
ability to bring milk peptonization, ureahydrolysis,
and were ableto utilize citrate utilization. Some of
the strains were positive for glucose fermentation
and others for lactose but only three produced
H,S(Table5).

Table 4. Compounds found from the analysis
of the Actinomycete extracts using GC-MS

No  Compound name M.W Formula Similarity
percentage

1 2,3-Butanediol, [R-(R*,R*)]- 90 C,H,0, 100

2 Octadecanal 268 C,H.,.0 70

3 Cyclobutanol 72 C,H,O 65

4 Oleicacid 282 C,H..0, 40

5 Oleyl acohol 268 C,H,0 25

6 Eicosanoic acid 312 C,H,.0, 25

7 Erucicacid 338 C,H,,0, 25

8 Glycerin 92 C,H,O, 15

9 Heptanal 114 CH,O 10

10  Aceticacid 60 CH,0 5

DISCUSSION

Actinoinobacteria, especially members of
the genus of Streptomyces, are common and
widely distributed in soils®. Their ability to
produce a wide range of secondary metabolites
and extracellular enzymes is of use in pharmacy,
agriculture and industrial development.
Actinobacteriacan directly or indirectly affect the
microorganism population in the soil because they
produce many antimicrobial compounds,
pathogenic fungal cell wall degrading enzymes,
toxic hydrogen cyanide (HCN) and a range of
siderophores®**34, | n this study, 50 Actinobacteria
isolates were obtained from desert soils of the
Kingdom of Saudi Arabiausing TWA medium. A
wide range of media have been used to isolate
members of thisgenus of bacteria, including most
notably: starch casein agar®® and starch-nitrate
agar®3" however, also used TWA which resulted
intheisolation of high numbersof Actinobacteria,
afact which led to this medium being selected for
use here.

A large number of studies on the
antimicrobial activity of Actinobacteriahave been
reported %%, In the present study the fifty

Actinobacteriaisolatesweretested for their ability
to produce antimicrobial metabolites, but only
twenty were chosen for further study. The twenty
isolates chosen all showed antimicrobial activity
against at least one of seven human test pathogens
chosen, namely: Staphylococcus aureus ATCC
13076, Bacillus subtilis ATCC 6633, Shigella
sonnei ATCC 11060, Escherichia coli ATCC 2592,
Pseudomonas aeruginosa ATCC 27583,
Salmonella suis ATCC 13076 and Candida
albicansATCC 10231.

Forty five per cent of the selected isolates
showed antimicrobial activity against Salmonella
SUiSATCC 13076, while55% of the strainsexhibited
marked activity against Pseudomonas aeruginosa
ATCC 27583, with 35% of the strains showing
reasonable activity against Escherichia coli ATCC
2592, Some 55% of the isolates inhibited the
pathogen, Shigella sonnei ATCC 11060,while 80%
of all strains were very effective against Bacillus
subtilis ATCC 6633 and 50% inhibited
Staphylococcus aureusATCC 13076. Finally 55%
percent of the isolates inhibited the growth of
Candida albicans ATCC 10231. The most active
of these isolates were then chosen for further
study.
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Scanning electron microscope studies
showed that all isolates exhibited aerial mycelium
which was both coenocytic and significantly
branched. Spore shapes differed between smooth,
spiny and wart-likein chains; theisolates differed
from one another and appeared all to be species of
Streptomyces.

Many different color groups were seen
among the isolates which could be divided, based
on thiscriterion, into: white, gray, brown, yellow,
creamy, pink and red groupings. This diversity
colony coloration shows that extreme desert
environment of Saudi Arabia produces a wide
range of color groupings amongst the
Actinobacteria.

Taxonomically, thestrainswere classified
using phenotypic and chemotypic determinants.
Good growth rates were seen on both YSA and
OA medium. The varieties of colors present
amongst isolates included chalky white (25% of
isolates), light gray (10%), gray (15%), whitish pink,
whitish yellow, pale white, dark gray, pale grey,
greyish white, whitish grey, pale yellow, dark red
and pale pink (5% of isolates) which made atotal
of 13 color groups in the twenty isolates studied;
the most common colorsdisplayed were however,
chalky whiteand thearange of grays. Pigmentation
was produced by only 15% of strains. The two
strains M28 and M47 produced brown
pigmentation while the strain M29 has shown a
Maroon color of pigmentation in the media. The
work suggeststhat most soil Actinobacteriaisgray,
white or brown with the highest percentage being
white and gray“.

All of theisolates studied here could grow
in the presence of up to 7%, but not 10% of NaCl,
making them slightly halotolerant*#2. However,
threeisolatesfailed to grow on this concentration
and are thereby not considered halotolerent
Actinobacteria. Actinobacteria are normally
regarded as being thermotol erant and can grow at
temperatures up to 50°C*. The results presented
here disagree with this assumption since most of
theisolatesgrew at 45°C (therewere 3 exceptions),
but none grew at 50°C.

Most soil Actinobacteria can liquefy
gelatin®, afact supported by the findings reported
here showing that only one isolate was incapable
of gelatin solubilisation. All isolateswere also able
to produce catalase, thereby confirming the
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findings that this is a common characteristic of
these bacteria®®. Similarly, 95% of all isolates
showed theahility to peptonize skimmed milk broth,
while only 5% of these coagulated milk in milk agar
plates. However, 70% of the isolates hydrolyzed
casein, a common ability amongst Streptomyces.
The results obtained from this study show that
55% of the isolates hydrolyzed urea, a finding
which agrees with the work*.Ten of the isolates
also utilized citrate; similarly found that many
Actinobacteria isolated from Saudi Arabian soil
are capable of using citrate as a carbon source in
the absence of sugar. Some 30% of al the twenty
strains had al so fermented glucose and 5% could
ferment both glucose and lactose which was
indicated by theyellow tube’sbottom and red slant,
the other 65% could not ferment either glucose or
lactose but instead used amino acids as nutrient
source inthe media. Finally, only 20% of isolated
were shown to produce H,S as indicated by the
formation of ablack color inthe media

CONCLUSIONS

The extreme desert environment of the
Kingdom of Saudi ArabiahasarichActinobacteria
population which shows diverse color groups and
awide variety of physiological and biochemical
properties. Many of theisolates of these organisms
studied here produce secondary metaboliteswhich
inhibit other microorganisms. It is hoped that
further studies of the Actinobacteriaisolated from
extreme environments represented by Saudi
desertswill lead to the discovery of new organisms
capable of producing important new
biotechnological products and novel lifesaving
antibiotics.
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