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Three soil samples were collected from different locations in Afghanistan. The
actinomycetes were isolated in tap water agar (TWA) medium. Colony forming unit was
calculated for the samples per ml and color grouping was noted. 50 actinomycetes isolates
were obtained with a wide range color groups including pale white. Yellow white, dark
gray, pale brown, white, pink, yellow and yellow brown. Five strains have been selected
for the preliminary study for different biological characteristics based on the appearance
and color group. The isolates were characterized culturally, physiologically and
biochemicallyand shown to be different from each other. Antibacterial test was done
against seven human pathogenic microorganisms which were Bacillus subtilis ATCC
6633, Staphylococcus aureusATCC 25923, salmonella suis ATCC 13076, Pseudomonas
aeruginosa ATCC 27583, Escherichia coli ATCC 25922 and Shigellasonnei ATCC 11060
and one microorganism was human pathogenic fungus: Candida albicans ATCC 10231.
One strain of the five turned out to be active against one pathogenic bacterium. Further
molecular and chemical studies will contribute to the science that many strains isolated
from Afghanistan soil might be new species and their secondary metabolites would be the
potential values in the biotechnological company.
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Actinomycetes are one of the
microorganismsgroupsthat iswidely distributed in
nature and noted mostly to inhabit the soil*. This
group isone of the most attractive families of
industrial bacteria on account of their superior
potential for producing valuable secondary
metabolites including antibiotics, anti-cancer
drugs, immunosuppressors and enzyme
inhibitors?®. These bacteriaare Gram positive, free
living, saprophytic bacteria, widely distributed in
soil, water and colonizing plants. Their population
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has been identified as one of the major group of
soil population. The actinomycetes are noteworthy
known as antibiotic producers, making three
quarters of all known products. The species
belonging to the genus Streptomyces are
especially prolific and can produce many types of
antibiotics and other class of biologically active
secondary metabolites.

Streptomyces constitute 50% of the total
population of soil actinomycetes and 75-80% of
thecommercialy and medicinally useful antibiotics
have been derived from this genus®. The list of
novel microorganisms and products derived from
poorly explored areas of the world like China,
Australia, Antarctica and Jordan suggests that a
careful exploration of new habitats might continue
to be useful®. The search for new antibiotics
continues to be most important in research
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programs around the world because the increase
of the resistant pathogens and toxicity of some
used antibiotics. Among microorganisms
actinomycetes are one of the most investigated
groups particularly members of the genus
Streptomyces from which, a large number of
antibiotics was obtained and studied®. The vast
majority of actinomyceteshave originated from soil”
and their isolation method deal almost exclusively
with those suitable for Streptomyces specieswhich
grow rapidly on soil dilution plates.

Afghanistan is a country located in
south-central Asia, itisahigh, landlocked country
bordered on the west by Iran and on the east and
south by Pakistan. Its northern neighbors are
Turkmenistan, Uzbekistan, and Tgjikistan and
Chinaliesto the northeast (Figure 1).

There is wide variation in the country’s
geography, it isknown for itsmountainousterrain.
The huge Hindu Kush Mountains from a barrier
between the Northern provinces and the rest of
the country. This mountain range has also divided
Afghanistaninto three very different geographical
regions known as: the Central Highlands, the
Northern Plains and the Southwestern Plateau. The
altitude, climate and soil condition in Afghanistan
varies greatly on wherein the country apersonis
(http://www.af ghan-web.com/geography/Ir.ntml).

Climate of Afghanistan is immensely
varied. The country experiences extremes of
climate. Afghanistan on the whole is dry, falling
under desert classification. Summers are hot and
dry, while winters are cold and snowy. Roughly
snow season fallsin mountainsin October-April.
However, it varieswith elevation. Variousregions
of the country have significant regional variations.
North-east region has subarctic climate with dry,
cold winters, while the areas adjacent to Pakistan
border are influenced by Indian monsoons. In
south-west, strong winds blow during summer
(http://afghanistan.saarctourism.org/
geography.html).

Afghanistan has been through many wars
with different forces and each of those used their
own developed weapons which among were the
nuclear weapons that jeopardized the ecosystem
of the country and specially the soil sinceit absorbs
most of the particles. Having thisfact in mind, the
soil habitat could be changed in the phenotypic
and genotypic backgrounds. This preliminary
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study focused on the actinomycetes diversity in
Afghanistan and their antimicrobial activity tofind
new and unique bioactive compounds.

MATERIALS AND METHODS

Sour ce of soil samples

Three soil sampleswere collectedin clean
sterile plastic bags from three different
geographical locationsin Afghanistan. (Figure 1a
andb). Several diverse habitats in different areas
were selected for the isolation of actinomycetes
isolates. These habitats included the rhizosphere
of plants and agricultural soil. The samples were
taken from up to 20 cm depth, after removing
approximately 3 cm of the soil surface.
Preparation of samples and actinomycetes
isolation

The soil samples were sieved and air-
dried at room temperature for seven days. The
actinomyceteswereisolated fromtheair dried soil
samples by soil dilution plate technique on the
modified TWA medium and incubated at 30°C for 4
weeks. The actinomycetes colonies were picked
up and purified on yeast extract- starch agar (Y SA)
medium without adding any kind of antifungal or
antibacterial agents®.

Colony for ming unit (CFU)

Plate count technique was used to
estimate the viable cells number, Actinomycetes
countsin the soil samplesranged from 108x10%cfu/
g to 220x10°cfu/g.

Actinomycetes color groups found in the soil
samples

All the selected actinomycetes isolates
were purified using Yeast extract-Soluble starch
agar (YSA). Theisolateswereincubated for 7 days
at 30°C. Thenthephysiological characteristicsand
color groups of each selected isolates were
observed on'Y SA agar medium (Table 1) and (Figure
2).

Physiological and biochemical test
Growth on NaCl

Sodium chloride tolerance level of the
studied strainswas eval uated on yeast extract agar
medium supplemented with graded doses of sodium
chloride (7% and 10%)%°. An inoculum of each of
thefiveactinomycetes strains under the study were
cultured on the previously mentioned media and
incubated at 30°C for 7days.
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Gédlatin hydrolysistest

Gelatinissolid at room temperature; some
bacteria have the ability to hydrolyze gelatin and
turn it in to liquid. For this test Nutrient gelatin
(NG) tubeswere prepared containing [120 g gelatin,
3 g beef extract, 10 g peptone, 1 L distilled water]
for each strain which made a total of 5 tubes
including one as control tube. Each gelatin tube
was inoculated by stabbing with a needle
containing some of the stock culture. The tubes
wereincubated at room temperature (about 20° C)*.
The tubes were gently placed in the refrigerator
for 15 minutes every few days. The incubation of
the cultured gelatin tubes continued for two weeks
which after all tubes were examined for gelatin
hydrolysis.
Catalasetest

In this test two drops of 3% Hydrogen
peroxide (H,0,) were added to the bacterial culture,
bubble appearance would indicate a positive
result®,
Casein hydrolysis

SkimMilk Agar (SMA) mediaplateswere
prepared containing; [5 g skimmed milk, 2 g agar
and 300 ml distilled water]. The plateswerelabeled
with the sample name, initial and date. Aseptic
technique was used to inoculate the skim milk agar
plates thru streaking a short line of the desired
strains onthe SMA surfacewith aloop. The plates
were inoculated at 30°C for 7 days®. After
incubation, all plateswere examined for clear zone
around the bacterial growth on the plate.
Ureahydrolysis

For thistest Urea broth (UB) tubes were
prepared containing [(0.1 g yeast extract, 9.1 g
potassium phosphate monaobasic, 9.5 g potassium
phosphate dibasic, 20 g urea, 0.01 g phenol red
and 1 L distilled water)]. Aninoculum from apure
culture of the selected strains was transferred
aseptically to sterile tubes of urea broth. The
inoculated tubeswereincubated at 30°C for 7 days
then the results were determined™.
Citrateutilization

Simmons Citrate broth (SCB) mediumwas
prepared containing (24.5 g smmonscitratein 1 L
of distilled water). The broth was distributed in
tubes which were later inoculated using a fresh
culture. The selected cultures were transferred to
the SCB tubes. The tubes were incubated at 30°C
for 7 days®.
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Kligler IronAgar (KIA) mediaintest tubes
was used for this experiment; [containing 55 g
kliglerironagarin 1L distilled water]. Aninoculum
from a pure culture was transferred aseptically to
the sterile tubes containing the medium. The
inoculated tubeswereincubated at 30°C for 7 days
and the results were determined®. The presence of
hydrogen sulfide was also determined by
observing the KIA tubes after incubation®. The
formation of hydrogen sulfide gas which is black
mass indicates a positive result.

Scanning electr on microscopy for mor phological
characterization

Bacterial cells were prepared for SEM
(scanning el ectron microscopy) (JEOL, JSM, 3060)
at King Saud University Central Laboratory, Saudi
Arabia according to the initial fixation and
dehydration steps previoudly published™. Thecells
were fixed at 24°C overnight with 3%
glutaraldehyde (Sigma-Aldrich ChemieGmbh,
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), and
thendried on acritical point dryer (HCP-2; Hitachi
Co.). Thedried cell samplesweregold coated using
agold sputter (JEOL , JFC 1600) and examined using
aSEM (JEOL, JSM, 3060)%.

Thinlayer chromatography (TLC)

Each sample was applied as 3 pl on the
baseline of acellulose TLC plate (20 cm X 20 cm)
(Merck No0.126827) using a capillary tube. As a
standard, 1 ul of 10mg (0.01g) DL-2, 6-Diaminopi-
melicacid (DL-DAP) (SgmaChemicd Co., &. Louis
Mo., USA) wasa so applied. Thisauthentic material
isamixture of DAPisomers. TLC was developed
with the solvent system methanol-water-6N HCI-
pyridine (80:26:4:10 v/v) inalid covered tank.

Devel opment took approximately 4 h. The
spots were visualized by spraying with 0.2%
ninhydrin solution containing ( 0.2g ninhydrin
(Merck, GERMANY), 100ml Acetone (Winlab, UK)
(SeeAppendix I1) followed by heating at 1000C for
5min. DAPisomersappeared asviolet color spots
with R,0.29 (L L-isomer) and 0.24 (meso- and DD-
isomer)?®
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RESULTS

| solation of actinomycetes

Total 50 colorful diverse actinomycetes
strains were obtained from isolation on TWA and
five of those were selected for this biological and
chemical study.
Colony count

The colony count calculation resulted
dueto the numbersof Colony Forming Units (CFU)
per 1 ml of soil. Three dilutions were used for the
isolation of actinobacteria. Among these, dilution
1 was too many colonies to count, so it was
excluded. Later, dilution 2 and 3 were used for all
the experimentsand in Table 2 showsthe CFUsfor
dilutions2 and 3.
Color grouping
Color grouping of thematureculture

All fifty strainswere purified on Y SA and
the color groups were noted after full growth at
30°Cfor 2weeks. Among the50isolates, five strains
were chosen based on the different color groups
of theaerial myceliumfor preliminary studies.
Antimicrobial activity

Thefive selected actinomycetesisolated
weretested for their antimicrobial activity against
seven pathogenic microorganismswhich were: S.
aureus ATCC 13076, B. subtilis ATCC 6633, S.
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sonnei ATCC 11060, E. coli ATCC 2592,
P.aeruginosa ATCC 27583, S suisATCC 13076 and
C. albicansATCC 10231. From thesefiveisolates
only one showed antimicrobial activity against one
pathogenic microorganism and these five strains
were labeled asAK 13, AS13,AS 14,AS 17 and
APL. Theseantimicrobial activity (zoneof inhibition

Table 1. The actinomycetescolor groups
from the Afghanistan’s soil samplesisolates

No  Colony color Percentage
(with aerial mycelium color)

1 Pale white 14%
2 Yellow white 18%
3 Dark gray 8%
6 Light yellow 2%
7 Whitish gray 6%
8 Whitish brown 4%
9 Yellow 6%
10  White 20%
11  Palebrown 2%
12 Brownish white 4%
13 Whitish yellow 2%
14  Gray 2%
15  Orangebrown 4%
16  Yellow brown 2%
17 Reddish brown 2%
18  Pink 2%

Table 2. Colony Forming Unit (CFU) cal culated from soil dilutions collected from Afghanistan

Isolation sites 10*

10 10

Karghah To many colonies to count
Policharkhi To many colonies to count
Shpula To many colonies to count

40 x 10° CFU/mI
35 x 10° CFU/mI
105 x 10° CFU/m

170 x 10? CFU/m
108 x10? CFU/mll
220 x 10% CFU/mI

Table 3. Theantimicrobial test results agai nst seven pathogenic microorganisms using agar well diffusion method.

Code no. Pathogenic microorganisms
of the Gram negative bacteria Gram positive bacteria Yeast Yeast
Isolates 9) (20) (12) (12 (13) 14 (15)
(methanol S suis  E.coli S sonnel P.aeruginosa B. subtilis S aureus C. albicans
extract) ATCC  ATCC ATCC ATCC ATCC ATCC ATCC
13076 2592 11060 27583 6633 13076 10231
AK13 - - - - - - -
AS13 - - - - - - -
AS14 - - - - - - -
AS17 - - - - - - -
AP1 - - - - - 15mm -
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Table 4. Cultural characteristics, diffusible pigments andcolor groups of the sel ectedactinomycetes strains

No Strain'scode  Growth rate Aria mycelium Substrate Pigmentation Growth
mycelium description
1 AK 13 ++ Blackish white Black Brown Spread
2 AS13 ++ Chalky white Black Brown Compact
3 AS14 + Red Red Dark red Compact
4 AS17 + Whitish black Black Light Brown Compact
5 AP1 ++ Grayish white Creamy - Spread
Table 5. The physiological test results of the five selective actinomycetes strains in the study

Strain NaCl Conc. Gelatin Catalase Urea Citrate Sugar H,O
No 1 7 10 hydrolysis hydrolysis Utilization fermentation

Glucose Lactose  production
AK13 + - - + + + + + - -
AS13 + - - + - - + + - -
AS14 + - - + - - + + - -
AS17 + - - + + - - - - -
AP1 + + - + - + - - - -

is15mm) of the selected strainisshownin Figure
3and Table 3.
Cultural Characteristics

Cultural characteristics were determined
on'Y SA showing the culture' sshape, color, growth
rate and pigmentation diffusion for the selected
fiveisolates obtained from the soil of Afghanistan.
Theresults are shown in (Table 4)
Physiological and biochemical characteristics
Growth on NaCl

Among the five selected strains, the
strainAP1 grownon'Y SA agar mediawith 7% NaCl
but not the Y SA mediawith 10% NaCl.
Gelatin hydrolysistest

This test was prepared to study the
activity of the gelatinase enzyme. The tubes were
observed after incubation for two weeks. Theresult
showed that all five strains had the ability to
hydrolyze gelatin compl etely.
Catalasetest

The positive result to the catalase test is
exhibited in the form of bubbles appearancein the
surface of strain after adding a drop of hydrogen
peroxide H,O, toit. Among the five strainsAK 13
and AS17 have shown positive result to the
catalasetest whilethe strainsAS13, AS14 and AP1
were negative.

Casein hydrolysis

The appearance of clear zone on Skim
Milk agar (SMA) mediaaround the bacterial growth
area is an indicator for the presence of
proteolyticactivity . Two of the fiveisolates under
this study had shown proteolytic activity in the
SMA plateswhich can be seen from the appearance
of clear zones around the strain colonies which
were AP and AK13, the three others were not
active asthere was no zone of clarity around them
whichwereAS13, AS14 and AS17.
Ureahydrolysis

Four out of five strains have shown
positiveresult to thistest whichwere AS13, AS14,
AS 17 and AP1, the negative strain wasAK 13.
Citrateutilization

The change of color from green to blue
indicates a positive result. In this test three of the
fiveactinomycetes strains showed apositive result
after two weeks of incubation which wereAK 13,
AS13 and AS14, the other two were negative to
the test as the color of the Simmons citrate broth
remained green.
Glucoseand L actosefer mentation test

Three strains out of five were positive to
glucose fermentation test whichwereAS 17, AS14
and AK 13 and the two otherswere negative to the
test. In lactose fermentation test all five strains
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have shown negative result. there was no any indicator of hydrogen sulfide
Hydr ogen sulfide (H2S) production test gas in the KIA tubes. The results are shown in
All strains were negative to thistest as  table4.
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Fig. 2. Actinomycetes color group diversity in  Fig. 3. Theantimicrobial activity (zone of inhibition 15

Afghanistan's soil mm) test showing the positive result for the strain AP1
against human pathogenic bacteria S. aureus ATCC
13076
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DISCUSSION

Gram-positive, filamentous,
actinomycetes group was isolated from
Afghanistan; our data indicated that it is an
eminently suitable ecosystem for diverse
actinobacteria group. Actinomycetes counts
ranged from 50x102 cfu/g to 700x102 cfu/ginthe
soil samplescollected in Afghanistan. A total of 50
actinomyceteswereisolated using simpledilution
techniquewith distilled water on TWA medium.

Theisolates exhibited arange of diverse
aerial mycelium colors (such as: grey, dark grey,
palegrey, white grey, grey white, white, off white,
chalk white, blackish grey, pink white, red white,
brown red, dark brown, brown white, cream white,
yellow and yellow white) on yeast extract-starch
solubleagar (Y SA) medium.

The highest number of actinomycetes
group was found in soil samples collected from
Shpulaareain Afghanistan whichisknown for its
agricultural soil. Inall thethree soil samplesabout
17 actinomycetes color series were observed and
among them, white, yellow white and grey series
represented the most dominant color group in the
study. These diverse color groups showed high
possibility of the different streptomycetes strains
in the soil samples. Our finding isin concordance
with Dhanasekaran et al. (2008) and they reported
high diversity of Streptomyces population isolated
fromagricultura sails.

The colony forming unit count supports
that the agricultural soil of Shpulaareaisrichin
the actinomycetes diversity as the count ranged
from 105x 103 CFU/gto 220 x 102 CFU/gwhichis
much more when comparing with the two other
areasof Karghah (40x 103 CFU/gto 170x 102 CFU/
g) and Policharkhi (35 x 103 CFU/g to 108 x102
CFU/g).

The antimicrobial test results were
unexpected as only one of the five tested strains
which was AP1 turned out to be active against
only one pathogenic bacteria known as
Staphylococcus aureus ATCC 13076. But when
examining the physiological and biochemical test
results, it appeared that this strain differentiated
in the results compared to other strains (pls show
the table of physiological and biochemical and
other characterstogether we can seeall characters)
results it was positive for proteolytic, growth on
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different pHs, 45°C heat tolerant and gelatin
hydrolysis test and negative for al other tests.
The war conditions and contamination of the
country’s soil could probably be the reason for
some of the unexpected results obtained in this
study.

Based on the colony color, aerial
mycelium, growth intensity, diffusible
pigmentation, substrate mycelium color,
fermentation broth color, light microscopy of spore
chain shape, biochemical characteristics (such as
gelatin hydrolysis, catalase test, urea hydrolysis,
citrate utilization, H2S production, physiological
parameters (such as growth on 7% NaCl, growth
at 45°C), antimicrobial activities and cell wall
diaminopimelic acid tests showed that all the
selected strainsare more or less different than each
other. Further molecular and chemical studieswill
contribute to the science that many strainsisolated
from Afghanistan soil might be new species and
their secondary metaboliteswould be the potential
valuesin the biotechnological company.

CONCLUSON

The pioneer study showed that TWA
medium could be one of the good isolation medium
for actinomycetes and that Afghanistan soil is a
rich source of different color groups of these
bacteria. But as an area of war the soil ecosystem
could be affected in different ways. Moreintensive
study will be conducted further in this region
explaining the reasons on some major differences
in the isolated actinomycetes strains from
Afghanistan and to way is the TWA medium
selected as one of the best isolation Medias for
actinomycetesin this study (datanot shown). The
habitats in Afghanistan could be considered as an
unexploited resource for biotechnology that has
not been well studied at all. The country has high
actinomycetes diversity; more intensive study in
awider range needsto be conducted on theisolates
from Afghanistan’s soil to understand the reasons
for so many diversitieswith minimized antimicrobial
activity. .
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