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ABSTRACT

In this study we are interested in the taxonomic characterization of two
isolates of hal ophilic actinomycetes, theidentification of their antimicrobial
and antifungal activities, and the determination of the chemical nature
of bioactive molecules. Both strains AH, and AH, were isolated from sa-
line soil in the region of Bejaia (Algeria). Based on morphological and
chemotaxonomic characteristics, theseisolatesAH, and AH, arerelated to
the genus Streptomyces. The growth and the antibiotic production by the
two isolates are evaluated on two liquid culture media (ISP, and M) at
different concentrations of NaCl. The results obtained showed that the
antibiotic activity (antibacterial and antifungal) isvery important. Extrac-
tion of antibiotic from Crude extracts by dichloromethane and n-butanol
from the culture filtrate of the isolate AH, and AH, respectively, showed
good activities, also, the crude extracts with hexane for both isolates
showed a very important antifungal activity. The antibiotic complexes
were located by bioautgraphy, and suggest that these molecules belong
to subfamilies of aminoglycosides and polyether, and these antibiotics
are non-polyenic. © 2012 Trade Sciencelnc. - INDIA
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INTRODUCTION

Actinomycetesare microorganismsthat haveacon-
siderableimportancein production of antibioticg®”. In
particular, they arerespong blefor morethan 80% of the
antibioticsthat were produced®?. Thesebacteriarepre-
sent alarge proportion of the soil microbia biomass. In
particular, they play arolein biodegradation of organic
matter and recycling of dementsinsoils. They hdpaso
inbiologica control againgt plant pathogens, with their

great ability to producedifferent inhibitory substancesin
relationto other terrestria organisms?. Amongthespe-
ciesbel onging to different genusof actinomycetes, the
genus Sreptomyces, that isthelargest oneand he pro-
ducestwo-thirdsof antibioticsthat are produced by al
actinomycetes. Moreover, Sreptomyces produces a
variety of bioactivesecondary metabolitesinduding: an-
tibacterid, antifungd, antitumor and enzymeinhibitors.
The genus Sreptomycesisthe most widespread inthe
environment, especidly inthesoil®. However, it hasbe-
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comeincread ngly difficult toisolatenew microorganisms
and bioactivemetabolitesinnormd soil. Neverthdess a
number of new actinomycetesstrainsproducing bioective
compoundshaverecently beenisolated from extremeor
specific ecosystems, namey marine, Saharaand saline
ecosys:emsis,ss,se] )

Inthisstudy, we areinterested in the study of two
strains of actinomycetesisolated from sdinesoil inthe
region of Bgaia, Algeria, to our knowledge, thisisthe
first study carried out on these ecosystemsinAlgeria.
Thework focused on thetaxonomic characteri zation of
twoisolaesAH, and AH,, thedetermination of antimi-
crobia and antifungd activity and thedetermination of
thechemical natureof synthesized bioactivemolecules.

MATERIALSAND METHODS

Strainsof actinomycetes

Twodtrainsof haotolerant actinomycetes(AH, and
AH,) isolated from a saline soil of Bejaia (northeast
Algeria) have been the subject of thisstudy.

| dentification of actinomycetesstrains(AH1 and
AH2)

Micromor phological and cultural characters

The morphol ogy of the colonies subcultured on
culture media ‘International Streptomyces
Project’ ISP, ISP, ISP, ISP, ISP, and ISP ¥ andthe
culturemedium GY EA was noted after 7, 14 and 21
daysof incubationat 28° C. Micromorphological char-
acters. thearrangement of sporesand fragmentation of
themycdiumwasobserved under themicroscope (mag-
nification x 40 and x 100) fresh after 07, 14 and 21
days.

Deter mination of cell components

Chemica analysisof cell constituentswas carried
out by thedetermination of theisomer of diaminopimelic
acid (LL or DL form) and the presence of glycine by
themethod of Becker et dl®. The identification of cel-
lular sugarsand parietal mycolic acid was performed
according to the methods described respectively by
Lechevdier®and Minnikinand ™.

Physiological and biochemical characteristics

Biochemica characterization wasbased on: deter-
miningthe useof sugars, tested inthe culture medium
(ISP,), degradation of organic compounds: tyrosing®,
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milk casein®!, Tween 801, and the production of pig-
mentsmel anoidstestedin culturemedial SP,and ISP,
and testing of nitrate reductasg?”.

Thegrainswered so tested for their ability to grow
ontheculturemedium GY EA supplemented with dif-
ferent antibiotics vancomyain, gentamicin, ciprofloxacin,
cefoxitin, clavulanic acid, cefepime, andinhibitory com-
poundssuchas(m/v): crystd violet, 0.001% ; sodium
azide, 0.001%; potassum tellurite, 0.005% and 0.01%;
phenol, 0.005% and 0.05% (Athalyset al. 1981), so-
dium chloride, 0%, 5 %, 7.5% and 20%, and growth
at pH 3, pH 5, pH 7, pH 9 at different temperatures 28
°C,30°C,37°Cand40°C.

Antimicrobial activities

The antimicrobia activities of the two strains
AH 1 and AH 2 were measured on culture Williams and
Kuster medium [10g It amidon, 0,3g 1 casein, 2g1*
KNOS3, 2 g I'* NaCl, 2g I* K2HPO4 , 0,05g I
MgSO4 (7H20), 0,02g I CaCO3, 0,01g |1 FeSO4
(7H20) , 1gl*glucose, pH 7.2] by the technique of
agar cylinder™®. The zones of inhibition were measured
after 24 hfor bacteriaand 48 hoursfor fungi. Eight
germs were used which targets six bacteriaz Gram
positive (Saphyl ococcus aureus, Micrococcus| uteus,
Bacillussubtilis) , Gram negative (Escherichiacoli,
Klebsiella pneumoniae, Pseudomonas aer uginosa),

yeast (Candida albicans) and a filamentous

fungus (AspergillusNiger) .
Production and extr action of antibiotics

Theproduction of antibioticswas performed ontwo
liquid culture medial SP, [malt extract: 10 g™ yeast
extract 4 gl?, glucose4 gl*. pH 7.2] and the culture
medium Williansand kaster (M) Using different con-
centration of NaCl. 100 ml of each culture medium was
inoculated with 3 ml of pre-cultureand wasincubated
at 28° C for 10 days. The extraction of antibiotics was
carried out from the supernatant as well as from the
mycedlium using thetechniqueof Mechlinski®!, The ex-
traction of active substances was carried out by or-
ganic solventswith different polarity: n-hexane, ethyl
acetate, dichloromethane, benzene and n-butanol in
order to choose the best extraction solvent. The ob-
tained organic extracts are concentrated dry, then taken
upin2ml of methanol. The antimicrobial activities are
tested in relation to the target bacteriaby themethod of
thewells. The inhibition zones are measured after 48h
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to 72h of incubation at the growth temperature of the  TABLE 1: Physiological and biochemical char acteristicsof
target germ by measuring thediameter of clear zone,  1S0latesAH, andAH,

Detection for polyenesantibioticsin crudeextracts Degradation Ifeﬁs Strain AH,_Strain AH;
Thebutanol extractswereevaporateddry andteken - Tyrosine + +
upinmethanal. The polyene antibiotics are detectedin - Casein + +
UV-Visible spectrophotometer. They are presented by - Tween 80 + +
three absorbance maximacharacteristicsbetween 291 - Starch * *
and 405 nm. - Gélatin + +
- Glucose + +
Bioautography - Galactose + +
Thelocalization of theactivespotswasperformed )F(rulzts:e : :
by bioautography on thin-layer chromatography plate A?labi nose - -
(preparative TLC) withsilicagel 60G (Huka). Twenty-  _ g qr0se + +
fivemicrolitersof each extract weredepositedonthe . pannitol + +
dlicagd plae The migration solventusedis EAE: etha- - Inositol + +
nol-ammoniawater (7:2:1,v/v). After migration, the - Rhamnose + +
platesarecovered with Muller Hintonmediumor nutri- - Raffinose +- +-
entagar (9g/| agar) previously seeded withatarget - Sorbitol - +-
germ. Reading the results by measuring the diameter of ~ ~ -210S® - *
inhibition zonesand caculdingther frontrdations Also, Ribose i i
- Mannose + +
thethin-layer chromatographies(TLC analysis) were o qquction of pigments
performed under the same conditions, thechromato-  Mdanoides

grams were revealed by: ninhydrin, anisaldehyde-
H,S0, the aniline diphenylamine, vanillin-H,SO, ferric
chloride (FeCl)!".

RESULTS

| dentification of actinomycetesstrains

Micromor phological and cultural characteristics
After 7 days of incubation at 28 °C, colonies of

Nitrate reductase
Resistance of antibiotics
- Vancomycin

- Gentamycin

- Ciprofloxacin

- Cefoxitin

- Clavulanic acid

- Cefepime

Growth in the presence
of inhibitors

- Potassium tellurite de (0.01%)

isolateAH, appear circular and cambered . Thediam- - Potassium tellurite (0.05%) + +
eter of the colony can reach 8 mm after 14 daysof - Phenol (0,05%) + +
incubation. Good growth was observed on culture me- - Phenol (0,005%) - -
diaM,, ISP,, ISP, ISP,, ISP, and ISP,, lessgrowthin - Scdium azide (0.01%) - *
ISP, , Whereas aweak growth in GYEA. The acrial ~~ CTYSd violet (0.001%) )
L . - sodium chloride - -
mycdliumiswhite/ creamandthesubstrateislightyel- 1SP1 (0%)
low on each of culture media, no solublepigmentis  _ gpq (5%) . .
produced. - 1SP1 (7, 5%) + +
TheisolateAH , produced rough colonies of 2to - 1SP2 (0%) + +
6 mmindiameter colored beigecreamtobeigeyelow - 1SP2 (5%) - +-
and solublepigmentsare colored brown or dark brown. - 1SP2 (7,5%) + +
Growthis best on culture mediaM,, ISP,, ISP, - GYEA (0%) * *
ISP,, ISP, ISP, and lessgrowthin culturemedialSP, - GYEA (5%) +- *
- GYEA (7, 5%) + +

and GY EA. Production of aerial mycelium was observed
inall culturemedia, it appears creamy beigeto beige
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Tests Strain AH; Strain AH,
- M2 (0%) + +
- M2 (5%) + +
- M2 (7, 5%) ++ ++
- M2 (20%) +++ +++
Growth at + +
- pH 3 - -
-pHS + -
-pH7 +++ ++
-pH9 + +
-T°28°C: +++ +++
-T°30°C: ++ +
-Te°37°C: - -
-Te°40°C: - -
Note: +: Growth ; - : no growth, +/- : growth of vegetative

mycelium /Absence of aerial mycelium

ydlow, thesubstrate mycdiumisbeigebrown. Thetwo
isolateshaveafragmented mycdium, formedwithlong
chainsof spherica spores,type Rectusflexibilis (RF).
Chemical analysisof cell constituents

Theanalysisof cellular components showed that
thetwoisolatesAH , and AH, contain in their walls
diaminopimelic acid in a form of LL and
glycine. However, there is no characteristics sugar and
nomycolicacids.

Biochemical and physiological analysis

Theresultsof physiological and biochemical testsof
thetwostransAH, and AH,are ShowedinTABLE 1

Antimicrobial activity, production and extraction
of active molecules
Testsof antimicrobial activities
Hydrolysszonewasillustrated infigureOland the
antimicrobial activities of the two strainsAH1 and
AH2 towards the various target germs are noted in
Figuer 1and 2
Production of antibiotic
Theantibiotic activitieswere observed fromthetwo
used culture media (ISP, and M), despitethe differ-
enceinthegrowth whichissignificantly higherin M,
than ISP,. The UV-visible spectraof butanol extracts
of isolates on both medialSP, and M., do not exhibit
the characteristic peaksof polyene molecules.
Extraction of antimicrobial substances

Theactivemoleculesinvariousolventsextract indi-
catethat theantibacterid activitiesof isolateAH, were

—=> Regulor Paper

Figure 1: Antagonistic activity of isolatesAH1 and AH2
against Bacillus subtilis using the technique of agar
cylinders
obtai ned with n-butanol fromthe M., culture medium,
and with hexaneand dichloromethanefromthe | SP, cul-
turemedium. However, the antimicrobial activities of strain
AH, are found only in the n-butanol extract. Further-
more, thebest antifunga activitiesareobtained with hex-
anefor transAH, and AH, Therevelaion of thechro-
matograms of butanol extracts of isolates AH, and
AH, (onISP,culturemedium), inthe E.A.W (Ethanal,
Ammoniac, Water: 7.2.1V/V) system, allowed three
activefractions. These spots showed strong antibacte-
rid activity towards B. subtilis.
TheUV-visblespectraof theextractsof both strains
AH, and AH,, have maxima absorption at 300.4 nm. The
absenceof characteristic peaks of polyene antibiotics
indicate that these moleculesare not polyenes. The rev-
elation of ferric chloridewas negative, suggesting the
absence of phenol and hydroxamicacid.

DISCUSSION

Actinomycetesareapotentia sourceof secondary
metabolitesinantibacterid and antifungd activities. The
selectiveisolation of somestrainshasled to thediscov-
ery of interesting active substances produced by the
gaLs Miaamogoora Srgatogoorangium Actinomadurad®., Thus,
the search for new bioactive molecul es has been ori-
ented towards the isolation of rare speciesfrom ex-
treme ecosystems?%,

Inour study weareinterestedinthecharacterization
of twoisolatesof actinomycetesisolated from salinesoil
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Figure2: Antimicrobial and antifungal activitiesof isolates
AH, and AH, production of antibiotic

of Bgaia, Algeria. These strains were selected on the
basis of the macroscopic appearance of coloniesand
micromorphologica characters. Microscopic observa-
tion of thetwo strainsreveal ed afilamentary and frag-
mented aspect, a predominance of spore chainstype
RF (Rectusflexibilis) was also observed. These data
link thetwo studied i solatesto the genus Sreptomyces.
Chemotaxonomic characterization of isolatesAH, and
AH, has shown that they have diaminopimelic acid as
LL and glycine, but no mycolic acid which is the
chemiotypelC accordingto Lechevaier and®.

Thetaxonomy of actinomycetesisbased on severa
criteria: morphological, chemical, physiologica and
molecular. The identification of genus is facilitated by
morphologicd studies, whilethe physiologica and mo-
lecular criteriaseparate species. In addition, the use of
chemotaxonomy based on the cellular composition of
amino acidd®, sugar’?, mycolic acids (unsaturated com-
plex and parietd lipid)* in membrane phospholipids!?7
and membrane menaquinones?!, combined with mor-
phologicd criteria, arean essentid contributiontodigtin-
guish many kindsof genus, for example, Sreptomyces,
Nocardia®.

Thegrowth of two strainsAH, and AH, was car-
ried out on severd sdlective culturemedia, among them
culturemedium M, with 7.5% NaCl showed a signifi-
cantly better growth. Also, the production of antibiotics
was observed on the culturemedium M, and ISP, with
different concentration of NaCl. So, it is important to note
that the NaCl content had no influence onthe occurred
antibiotic activity, however thishad animpact ongrowth
level. The antibacterial activity of these strains was in-
vestigated by thetechnique of thecylinderstowardssix
bacteria (Escherichia coli, Klebsiella pneumoniae,
Pseudomonasaer uginosa, Bacillussubtilis, Micrococ-

cus luteus, and Staphylococcus aureus). Isolates
AH_ and AH, showed significant antibacterial activity
against al theused target germs. Similar results were
observedinthestudy of Reghiouaet d®U. In particular,
strains of actinomycetes, isolated from an arid soil of
southeasternAlgeria, which presented animportant anti-
bacterid activity againgt Escherichi coli, Pseudomonas
aeruginosa,Bacillus cereus, Sreptococcus
faecalis and Staphylococcus aureus. Also a
strain Sreptomyces sp. isolated from a Tunisian soil
showed antibacterid activity towardsthe gram-positive
bacteria M.luteus and Gram-negative E. coli*?,

ThestrainsAH, and AH, showed a'so an antifungal
activity  against  fungi (Aspergillus) and
yeasts (Candida). Similar results were reported in the
study oft!, there actinomycetestrains, isolated from Sa-
haran soil of South-easternAl geria(Biskra, El-Oued and
Ourgla), presented avery significant antifungd activity
againg mogt filamentousfungi and yeests.

Many studies havefocused on the choice of extrac-
tion solvent of antibiotics. WWenoted in particul ar those of
Badji, Boudjdlaet a.*¥, and Zitouni et a.® which
showed that the best extraction solvent isdepending on
theactinomycetestrain and on the produced subgtance. In
our work, the crude extracts in n-butanol and
dichloromethane from the culture filtrate of isolate
AH , and n-butanol fromtheculturefiltrate of isolate
AH , showed antibacterial activities. In addition, crude
extractswith hexaneof thetwoisolates showed avery
sgnificant antifungd activity inaccordancewiththework
of Augustineet d .,

Some spotsof thesameRf (front Report), wererev-
eled positively with both ninhydrin and anisd dehyde-sul -
furicacid, whichindicatesthe existence, repectively of
aminefunctions(freeamines, amino acidsor osamines)
and carbohydrate functions, which suggest that these
moleculesbd ongto the subfamily of aminoglycosdeac-
cordingtoBerdy et a9,

Ontheother hand and according to Dembitsky!®4,
thepogitively reveled spotswith vanillin (acohols, ethe-
red oils) and thedi phenylamine-aniline (carbohydrates)
belongtothefamily of polyethers.

The spot Rf =0.24 wasreved ed by bioautography,
but not by other chemical revelator for the organic ex-
tract of culturefiltrateof isolateAH ,, on culture medium
ISP,. Absenceof polyenic antibioticsisinteresting be-
cause the polyene molecules are undesirable
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in screening programs for new antifungal molecules be-
causethey have problemsreated totheir toxicity, their
ingability and their poor solubility.
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