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ABSTRACT

Actinomycetes are one of the most attractive sources of antibiotics and
other biologically active substances of high commercial value. It accounts
roughly for two-thirds of the total known antibiotics. This study was un-
dertaken to characterize antibacterial activity of some actinomycete iso-
lates occurring in’ Yemeni soils. Fourteen soil sampleswere collected from
cultivated soil insix Governorates of Yemen. Sixty three actinomycete iso-
|ates were obtained by using the dilution plate technique method. Using
diffusion methods twenty isolates gave antibacterial activities. Two iso-
lates namely YI(1)d and YI(8)g gave the highest antibacterial activities
against the tested bacteria strains. The bioutography revealed that the
antibacterial activity against tested organisms was due to the presence of
antibiotic. Ethyl acetate and acetone were found to be the best solventsto
extract the antibiotic substance(s) from actinomyceteisolatesnumber Y1(I)d
and Y1(8)g respectively. The extracts were concentrated by evaporation
under vacuum and the residues were tested for activity. Further purifica-
tion was done by using preparative thin layer chromatography that gave
more than one spot i.e. there was more than one antibiotic produced by
isolate number YI(1)d. © 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

Actinomycetes particularly members of the ge-
nus Streptomyces produce 60% of all known anti-
bioticsincluding most useful ones of this group of
microorganisms still remain an important source of
antibiotic®3, Actinomycetes are gram-positive bac-
teriawhich form branching hyphae at same stage of
their development and may produce a spore-bear-
ing mycelium®, There are aworld wide search for
antibioticfrom variousterrestria substancesand geo-
graphical regiond™?%, Actinomycetes are numerous

and widely distributed microorganismsin nature.
They are the best common source of novel antibiot-
icg®l, Actinomycetes synthesizeawiderange of an-
timicrobia compound with diverse chemical struc-
ture, and different mechanism of antimicrobial ac-
tion. These components include amphotericin B,
rifampycin, streptomycin, neomycin, novobiocin, tet-
racycline and vancomycin!”l. Four novel cyclic
homodecapeptide antibiotics, StreptocidinsA ~D
from mycelium extract of Streptomyces sp.Tu 6071
were isolated®. Recently Niladevi et a. (2007)!%
and Bussari et al. (2008)™ isolated Taccse and
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Cephamycin C from Sreptomyces clavulrgerus
Nt4 and Streptomyces psammoticus, respectively
using solid-state fermentation.

Earlier studiesrevealed that saltpansarerichin
antibiotic produci ng actinomycetes41517.28 More-
over, Shiburgi (2003)3 analyzed 120 soil samples
for antibiotic producing actinomycetesfrom Neyyar
wild life sanctuary of Keralastate. These samples
showed an average of 18.265 x 10° numbers of ac-
tinomycetes per gram of soil and further isolated four
actinomycetesisolateswith broad spectrum anti-mi-
crobial activity. Screening for antimicrobial activity
among 50 isol ates of actinomycetesisolated from
farming soils of Turkey was studied by Oskay et al.
(2004)181, They showed that 34% of all isolateswere
activeagaingt at least one of 7 tested organisms. Also
86 isolates of bacteriaisolated from amason basin
in Brazilin were screened for antimicrobial activity
by Mottaet al. (2004)24. They reported that anti-
microbial against at |east one indicator strain was
detected for 59 isolates (68.6%). Itis, therefore, an
ongoing endeavour to search new ecological niches
for novel actinomycetes. Target directed screening
isbeing used for screening of antibiotic producing
actinomycetes.

Theaim of thisstudy wastoinvestigatethe pres-
enceand antibacterid activity of actinomycetesin soil
samplesfromvariouslocationsin Yemen aswell asex-
tracting and partidly purifying theantibiotic substance(s)
from the highest producing actinomycetesisol ate.

MATERIALSAND METHODS

Samplecollection

Soil sampleswere collected from different loca-
tions, belongingto six Governoratesin Yemen such
as Sana’a, Ibb, Taiz, Damar, Amran, Hodidah
(TABLE1). Thesurfaceof soil and all plant materi-
alswerefirst removed, then soil sampleswastaken
at 2 to 6 inches below the surface. Samples were
usually taken when soil was reasonably dry. A rep-
resentative quantity (0.5 Kg) of the mixed samples,
after sifting was kept in a plastic bag. These bags
weretied and |abelled with letter codes and serial
numbers including the basic information of each
samples, i.e. locality and cultivated crop.

BioTechnology —

TABLE 1: Total actinomycetes content of collected soil
sample

g_ 5 a=
% Crops E %‘i %
g Locality 8 E S
g Scientific name g ?_é(é
z Eoz
1 Ibb-Wadi Bana Sorghum bicofor L moench 1.00
2 |bb-wadi Bana Zea mays 151
3 Sanaa- Hiziaz-Alsawad Punica granatum 6.50
4 Sanda- Hiziaz-Alsawad Ficuscarica 6.50
5 Sanaa- Hiziaz-Alsawad Pruns persica (Firsikh) 7.20
6 Sanaa Phoenix dactylifera 6.10
7 lbb Ficus carica 12.00
8 Ibb Punica granatum 21.00
9 |bb- Ketab Zea mays 18.00
10 Ibb- Yareem Solanum tuberosum 9.00
11 Damar Sorghum bicolour L. Moench 33.00

27.00

Jany
N

Taiz Triticumvulgaris

13 Amran - Khamer Zea mays 17.00
14 Hodida Cynodon dactylon 22.00
I solation

a) Medium used for isolation

Starch-nitrate medium prepared according to
Tadashi (1975)1 with following composition (¢/ L):
Solublestarch, 20; NaNO03, 2; K2HP04, 1; KCL, 0.5;
MgS04.7H20, 0.5; FeS04.7H20, 0.01; CaCO03, 2;
agar-agar, 15 and 1000 ml distilled water, pH va ue of
the mediumwas adjusted to 7.2 before sterilization.

b) | solation methods

A suspension of soil samples were prepared by
shaking 10gof soil in100 ml of seriledigtilledwater in
flask (250 ml), dlowed to stand for 10min. Serid dilu-
tionwerecarried out from 10 to 10° using seriledis-
tilled water. Only 0.1 ml of each dilutionistransferred
to starch-nitrate agar mediumin Petri dishesand spread
by aglass spreader under aseptic conditionsand then
incubated for 7 daysat 37°C. The developed colonies
of actinomyceteswere counted and characterized ac-
cordingtotheir colour of aerial and substrate mycelia
Selected colony wasfurther purified by streaking on
thestarch-nitrate agar plate. Single colony was picked
up into starch-nitrate agar slant(s). After incubation at
37°C for 7 days some of these slants were used for
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preparation of spore- suspension.
Preparation of seeded platesby tested bacteria

Tested bacteria: (Bacillus subtilies, Sarcina sp,
Pseudomonas aeruginosa, Escheria coli and Serra-
tia) were obtained from Dr. A. AL-Baze, Department
of microbid genetics, Faculty of science, MonofiaUni-
versity, Egypt.

Mediaand cultures: Nutrient agar medium prepared
according to Shiriling and Gottlieb (1966)1*3 with the
following composition (g/l) wasused: Sodium chloride
5; yeast extract 3; beef extract 3; agar-agar 20 and
distilled water 1000 ml, pH was adjusted to 7.2. Nutri-
ent agar was prepared in conica flasks (100 ml/ each
flask), while broth was prepared in test tubes (10 ml
tube). These media were sterilized by autoclave at
121°C for 15 min. Broth culture from each bacterium
was prepared by transferred alapful from bacterid cul-
ture (dant) to tube containing nutrient broth and incu-
bated at an incubator shaker (150 rpm) for 19 hours.
After liquefaction of solid nutrient-agar medium and left
to reach 30°C, 5 ml of this broth culture were trans-
ferred to flask and poured into Petri dishes (10 ml/ plate).

Screening of antibacterial activity of isolated acti-
nomycetes

a) Cut-cup diffuson method

Oneml of sporesuspension (9.2 x 10° CFU/ ml)
of actinomycete was transferred to plate containing
starch-nitrate agar medium. After spreading of spore
suspension, thisplatewasincubated for 7 daysat 28-
30°C. Under a septic conditions and using sterile cork
borer discsof diameter 5 cm from each actinomycetes
culturewere cut and impregnated upsidedown onthe
surface of seeded target organism plates. Plateswere
kept inrefrigerator for 2 hoursbeforeincubation. These
plateswereincubated for 18-24 hoursat 37°C. After
incubation period, theantibacteria activity of the acti-
nomyceteisolateswas detected asresult of clear inhi-
bition zonearound thediscs.

b) Discdiffusion method

Fivemmfilter paper discswereimpregnated with
fermentation broth before extraction or soaked inthe
obtained concentrated extractsafter extraction, dried
and then placed over agar surfaceplatesfreshly seeded
with tested bacteria(acontrol test for each solvent was

asoperformed). Theplateswerekept inarefrigerator
for 2 hoursand thenincubated at 37°C for 16-24 hours.

| solation and purification of antibacterial metabolites

a) Fermentation

Actinomyceteisolateswith highest antibacterid ac-
tivity were selected and culturedin 100 ml of starch-
nitrate broth (pH 7.2) in Erlenmyer flasks (250 ml).
After inoculation by 3 ml of sporesuspension (8.2 x
10° spore/ ml) of old of culture (7 days), flaskswere
incubated under shaken (150 rpm) for 7 daysat 28°C.
Tenflaskswereprepared for eachisolate.

b) Extraction

Theculturebrothwascollected andfiltrated through
Whatman No.1. The clear filtrated was mixed thor-
oughly with equa volumesof petroleum ether by shak-
ingin 250 ml capacity separating funnel and dlowed to
stand for 30 min. Two layerswere separated, the aque-
ouslayer and the organic layer containing the antibac-
terial agent. Theaqueous|ayer wasmixed with chloro-
form and separated the organic layer; theagueous|ayer
wasfurther mixed with ethyl acetate and then repested
with acetone. Organic layer from each solvent was con-
centrated by evaporation under vacuum to the least
volume. Antibacterial activity was determined by the
discdiffusion method using Bacillussubtilisand E. coli
astested bacteria.

Purification usngthin layer chromatography

Accordingtotheantibacteriad activity each sdected
extract was screened by thin layer chromatography
(TLC) using different solvent systemsto demonstrate
the chromatography pattern of different fractions. All
fractionswere purified by preparativethinlayer chro-
matography (PTLC) onsilicagel platesand the bands
werevisudized under UV light (254 nm), thenthezones
were scrapped off and el uted with amixture of suitable
solventsaccording to the polarity of each fraction, after
concentrated of each eluted band, antibacterid activity
was determined using paper-disc method.

RESULTS

| solation of actinomycetes
Theresultspresented in TABLE 1 show that, the
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collected cultivated soil samplessignificantly differedin
their total contents of actinomyceteswhen starch-ni-
trate medium used for isolation. The fourteen soil
samplesrepresented sx Governoratesasfollowing: 4
samplesfrom Sana’a, 6 from Ibb and one sample from
Taiz, Amran, Hodidah and Damar. All soil sampleswere
taken from cultivated soil with the exception of the
samplefrom Hodidah. Soil cultivated by Sorghumbi-
color in Damar gavethe highest count of actinomycetes
(33x10? CFU/ g soil), whilethelowest count of acti-
nomyceteswasobta ned from soil cultivated by thesame
crop in Ibb-Wadi Bana (1 x 10> CFU/ g soil). Col-
lected soil samples, which grown by monocotyledons
plantswere 8 samples, while other samplesweredi-
cotyledonsplants. Generaly soil samplescollected from
soil cultivated by monocot plants (such assorghumin
Damar and triticum in Taiz) contain highest count of
actinomycetes (33 x 10?and 27 x 10° CFU/ g soil re-
spectively) compared with other tested soil samples.

Preliminary characterization of actinomyceteiso-
lates according to colour of aerial mycelium and
presence of soluble pigments

TABLE 2 show therange of coloursof aerial and
substrate myceliaand their frequency of occurrencein
theactinomycetesisol ated from experimenta soils. Nine
main groupsof colour were observed, often with colour

intergrades seen within agroup. Themain colourswere
gray, pink, red, white, violet, creamy, olive, yellow and
brown, with the gray colour group being dominated.
Resultsalso reveal ed that, about 66% of isolates pro-
duced solublepigmentsof variouscolours, while 34% of
theisolatesdid not produce any solublepigments. Brown
coloured pigmentsweredominated in theseisol ates.

TABLE 2: Preliminary char acterization of actinomyceteiso-

latesaccor dingto colour of aerial mycelium and presence of
soluble pigments

Group Colour mycelia Number  %of
No. Growth Aerial Substrate Of isolates isolates
1 Good Red/pink  Dark brown 4 6.9
2 Very good White/pink Brown 2 34
3  Verygood Paleviolet Yellow 12 20.7
4  Good White/gray Olive 4 6.9
5 Good Gray Violet 6 10.3
6  Verygood White/gray Paleyellow 15 25.9
7 Verygood Creamy Dark brown 3 5.2
8 Good White/gray Red/pink 4 6.9
9 Good Gray Not clear 8 13.8
Total 6 groups produce soluble pigments 58 100

Antibacterial activity of theactinomyceteisolates

All isolatesof actinomyceteswere screened for an-
tibacterid activity, by agar-disc diffus on method based

TABLE 3: Screening inhibition spectrum (mm) of theisolated actinomycetesagaingt thetest bacteria

Antibacterial activity of isolated actinomycetes expressed as inhibition zone (mm)

Bacterial strain YI(1) Y1(2) Y1(7) Y1(8) YI(9)  YI(10)
a b c D e f hHab ¢c D e F ababoc deF gabca b
Bacillus subtilis -2+ 3+ 2+ - 2+ - 3+ - -2+ 4+ - - -
Sarcina - 3+ 3+ 3+ - 2+ - 3+ 2+ 2+ - - I+ - - 3+ - - -
Serratiae marcescens 2+ - - -
E.coli - 3+ 3+ A+ - - -
Pseudomonas aeruginosa - 3+ - 2+ 2+
Antibacterial activity of isolated actinomycetes expressed asinhibition zone (mm)
Bacterial strain YS(3) YS(4)  YS(B) YS(6) YD(11) YT(12) YA(13) YH(14)
ab c D e ab cab cabocabcde f ga b abcdefab Cde€F
Bacillus subtilis - 2+ - -2+ - - At - 3+ - - - - - - 4+ - - - - - - - - - - 3+
Sarcina - 2+ - 4+ - - -5+ - 2+ - - - - - - 4+ - - - - - - - - - - 2+ 1+ - 2+

Serratiae marcescens - 2+ -
E.coli

Pseudomonas aeruginosa

2+ -

Y|l =Yemen - lbb
3+=21-25mm YD = Yemen — Damar
5+=31-35mm YA = Yemen — Amran

1+ =13-15mm

2+=16-20mm
4+ =26-30 mm
- = No inhibition zone

YS = Yemen - Sana’a
YT = Yemen - Taiz
YH =Yemen — Hodida

BioTechnology —
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on the observation of inhibition zonesaround thedisc
|oaded with antibacterial agents on seeded agar con-
taining thetarget bacteria (Bacillussubtilis, Sarcina,
Serratia marcescens, E. coli and P. aeruginosawere
used astarget organisms). These bacteriacovered the
G +veand G -vebacteria(TABLE 3and Figure 1).

(b)

Figurel: Antibacterial activity of someisolated actinomycetes
by agar -disc diffusion against (a) B. shtilitisand (b) E. coli

Of the 63 actinomycete isolates, 18 isolates
(28.57%) showed antibacterial activity and 4 of them
were active against G +ve and G —ve (broad spec-
trum). Also soilsNo. 1 collected from sorghumfieldin
Ibb (Wadi-Bana) gavethelowest actinomycetes con-
tents (1.00 X 10? CFU/ g sail). It gave 8 colonies, 5 of
them, showed antibacterial activity of (62%). Four of
them werewith strong antibacteria activity producing
inhibition of G +veand G -vebacteria

Isolate Y |(8)g, which wasisolated from soil with
wield plant (Olea europaea) in Ibb Governorate pro-
duced the strongest antibacterial activity against B.
Subtilis, Sarcina, Sarratia marcescens and E. coli
compared to others, producing an averageinhibition
zoneof 16-30 mm diameter, while isolate YI(1)d & e
inhibited thegrowth of G +ve (B. subtilisand Sarcina)
and G —ve (E. coli and P. aeruginosa) producing an
averageinhibition zonesreaching 16-25 mm in diam-
eter. Ontheother hand, isolatesY S(5)cand Y D(11)f
gavethemaximum range of inhibition zonediameter
(26-35 mm) with G +ve bacteria (B. subtilis and
Sarcina). Among thetested bacteria (B. subtilisand
Sarcina) werethe most sensitive bacteriathan others
with aninhibition of 27% and 12 % respectively. Gram
—ve bacteria were less sensitive than Gram +ve bacte-
riawhereby they wereinhibited by only 5% of theacti-
nomycetes isolates. In addition, P. aerugenosa was
inhibited by 4 isolates of actionomycetes producing an

e, FyLL PAPER

inhibition zonereaching 16-25 mm.

Extraction and purification of antibiotic
substance(s)

IsolatesY1(1)d and Y I(8)g which gavethe highest
antibacterid activity againgt thetarget bacteriawere se-
lected for theextraction and purification of antibacteria
product using chromatographic separation. Theresults
obtained in TABLE 4 revealed the ethyl acetate and
acetoneto beableto extract theantibiotic from actino-
myceteisolatesY [(1)d and Y 1(8)g respectively. These
two solvent extract gavethe highest zoneagaingt inhibi-
tion target bacteria (B. subtilisand E. coli) with an
inhibition zonesaveraged 14-21 mm and 10-13 mm
respectively.

TABLE 4: Antibacterial activity of selected isolatesY |
and YD9broth extracted by different or ganic solvent

Inhibition zone (mm) of different organic
solvents extracted from actinomycetes broth

1B(1)

Y1) YD9(5)
Bacterial £ % £ P_.‘;
sains  E 5 g 2 E 5 g ¢
8 b} 5 Q o 8 T = Q o
S = o © T S c S © -
=5 © ¥ ¢ =8 & < ©
g = &2 <38 = 2 <
© © o
E. coli 2+ 1+

2+

w
i

Bacillus subtilis

Theantibacterid substancesextracted fromthebroth
of bothisolateswere appeared at different R, values.
Further purification of theantibiotics hasbeen carried
out by preparativethin layer chromatograpgy (PTLC).
Concerning the ethyl acetate extract of Y1(1)d thede-

ST

Figure2: PTLC of acetoneextract of theisolate Y1 (8)g broth
using solvent system (6:4 ethyl acetate:methanol). Double
runvisualized by UV lamb (254nm).

s, BioTechnology
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velopment systemwas (9:1 chloroform: ethyl acetate)
showing four clear bandsat R, 0.9, 0.78,0.52and 0.25
whiletheacetoneextract isolate Y 1(8)g broth gave one
major band at R, 0.62 (Figure 2) using solvent system
(6:4 ethyl acetate : methanol) doublerun. Accordingto
the polarity of theisolated bandsthethird band of the
ethyl acetateextract of isolate Y 1(1)dwith R, 0.52 gave
antimicrobia activity against both bacteria(E. coli and
B. subtilis) with aninhibition zone of 14 mmand 12
mm respectively. On the other hand, the acetone gave
magjor band at R, 0.62 producing aninhibition zone of
18 mmwith previoudly tested bacteria

DISCUSSION

Thedevd opment of drug res stancein human patho-
genic bacteria such as Saphylococcus, Mycobacte-
rium, Sreptococcus, Enterococcus and others has
promoted asearch for moreand better antibiotics, es-
pecially asdiseases caused by these bacteriarepresent
aclear and growingthreat toworld heal th222"30, There
is also an increasing need for more and better
antimycotics, especialy ashuman populationisdeve-
oping morefungd infections, particularly inHIV/AIDS
patients and patientswith organ transplant who must
takeimmunosuppressive drugs®-%. Actinomycetes
produce numerous substances essentia for heath as
antibioticg?. Sail isvery rich sourceof actinomycetes,
where sel ection pressureleadsto the enrichment of a
particular group of actinomycetes and in competition
these groups are expected to express certain pheno-
type, which confer them an advantage over other™.

Our actinomycetei sol atesweregrouped into 9 groups
accordingtothecolour of agrid and substrate mycdlia.
Theseweregray, pink, red white, violet, creamy, olive,
ydlow and brown. Occurrenceof thesecolourshasbeen
documented previously'8*3, Along the same line,
Ndonde and Semu (2000)*? and Ahmed (2003)™
grouped their isolate of actinomycetes (isolated from
Tanzanian and Yemeni soil, respectively) according to
thecolour mycdlia Our resultsasoindicated that, total
count of actinomycetesin soil wasvaried according to
cropsbut thisvariation not affected on theantibacteria
activity. Whereasresults of screening of antibacteria ac-
tivity showsthat thelowest soil (1 X 10? CFU/g soil) of
actinomycetes (Ibb-Wadi bana) gavethe highest num-

BioTechnology — ammm—

ber (8from 9) of actinomyceteswith antibacterid activ-
ity against G +veand G -ve. Thismight be duetoin-
creaseinorganic carbon andtotal nitrogen contents of
rhizosphere which resultsfrom theroot exudates™?9.
Cadtilloet a. (2002)™ obtained MunumbicinsA, B, C
and D from StreptomycesNRRL 3052, whichisendo-
phytic in the medicina plant snakevine (Kennedia
nigricans), naivetotheNorthernterritory of Austrdia
Theseantibioticswere cons dered new with awide spec-
trum of activity againg many humanaswell asplant patho-
genicfungi and bacteria, and Plasmodiumsp. Inpardld
withthisfinding our resultsindicated thet theisol ateswith
thestrongest antibacterid activity againgt both G +veand
G-veor G +veonlywereisolated from soil cultivated by
Ficus carica, Sorghum bicolour and Pruns prscia,
which arecropsof potentia medicinad importance.

Our resultsfurther demonstratethe presence of the
active antibacterial agent in both theethyl acetate and
acetone extracts of the broth from the two isolates
[Y1(D)dand Y1(8)g] with the highest antibacterid ac-
tivity against G +veand G -vebacteria. Thesefindings
arein agreement with previous studiegt101220,
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