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ABSTRACT

This study aimed to analyze the antifungal susceptibility profile of environmental Cryptococcus spp. and to
determine the antifungal activity of bioactive molecules extracted from an actinomycete, strain E96, against these
Cryptococcus spp. Cryptococcus strains were investigated from pigeon droppings, atmospheric air and living
materials collected on Eucalyptus trees. The isolates were identified and compared for their sensitivity to antifungal
agents to clinical strains of Cryptococcus neoformans. Actinomycetes were isolated from Mellah Lake water and
screened for antimicrobial activity. Antimicrobial assays were performed on 1SP2 agar. The taxonomic position of
the strain E96 was determined regarding phenotypic and 16S DNA sequences features. It was tested for its
antifungal activity against the Cryptococcus spp. isolates using both double layers and agar disc diffusion methods.
Time course of E96 antifungal metabolites production was determined on 1SP1, 1SP2, GYEA and Bennett culture
media. The actinomycete E96 strain showed a very promising activity against the Cryptococcus spp. strains,
especially interesting when they are resistant to 5-fluorocytsine, azole or echinocandins.

Keywords: Cryptococcus albidus. Cryptococcus diffluens. Environment.Streptomyces. Antimicrobial activity.

INTRODUCTION

The genusCryptococcus includes100 basidiomycetous fungal species charaete as variously encapsulated
budding yeastsC. neoformans and C. gattii are the major human and animal pathogens. Howetleer species
such asC. laurentii, C. uniguttualus, C. gastricus, C. albidus, C. loteolus, C. adeliensis, C. humicola, C. magnus, C.
diffluens, C. curvatus, and others have been occasionally involved inmaddeo-severe disease [1]. Cryptococcosis
can result in serious meningitis, encephalitis,m@ningoencephalitis and is acquired by inhalatibrinfective
yeasts present in wood, fruits, rotting vegetalded, dairy products, and urban piged@olumba livia) droppings
[2]. The drug of choice in the treatment of crymiocosis is amphotericin B (AMB), which may or magt e
combined with other drugs, such as fluconazole (F@5-fluorocytosine [3, 4]. But it is responsilite many side
effects and recent studies indicate that somergatiemained resistant to new antifungal drugsASjinomycetes
have been recognized as the potential producersetdbolites such as antibiotics, growth promotinigssances for
plants and animals, immunomaodifiers, enzyme inbikitnd many other compounds of use to man [6].

In this study, we reported for the first time tiselation ofC. albidus andC. diffluens from pigeon droppings and
atmospheric air sampled near bird guanoin in EasMgeria. The antifungal susceptibility profile tifese isolates

was compared to the one ©f neoformans clinical strains. The relatively high antifungakigance of these strains
prompted us to search for other antifungal agehterefore, we attempted to identifctinomycetales strains
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isolated from Lake El Mellah that presented antifalnactivity against these clinical and environnag¢strains of
Cryptococcus spp.

EXPERIMENTAL SECTION

Collection and identification of yeast strains

Three clinical strains were used in this study: GMJisolated from the blood of a 46 year-old male2D03),
CN721 (isolated from the blood of a 19 year-olderiaR007), CN954 (isolated from the CSF of a 22y#d male
in 2003). They were provided by the Parasitologyeblggy laboratory of the Marseille Timone Hospifalance.

The environmental samples were collected from pubdspitals (inside and outside the buildings)yate clinic,
places of public affluence, as well as downtoweeds in Algeria. We collected a total of 117 sarsp8l obtained
from pigeon droppings, 16 from atmospheric air sSachmear bird droppings and 10 from living materiedllected
on Eucalyptus trees, including flowers, fruits Mes, bark, debris and soil [7] in the Annaba aFégure 1). Air was
sampled using the SAS AIR SAMPLER Duo 360 (Biosceernternational, Rockville, USA). The device was
placed in the sampling sites and programmed taratspl 80! of air per minute for 2 min. Pigeon drmgs and
living materials from the Eucalyptus trees werelemied in sterile bags and transferred immediatelythe
laboratory.

Pigeon dropping samples and Eucalyptus samplessuspended in sterile saline solution (NaCl 0.994) mtio of

1:5 by vortexing and allowed to sediment for 20n8npernatant aliquots of 0.5 ml were inoculatedsabouraud
Dextrose Agar (SDA) medium supplemented with (OILahloramphenicol. The plates were incubated&C2for

8 days and were daily examined to observe the aapea of the colonies and to select those correipgrto
Cryptococcus species [8]. They were subcultured on malt extegar at 30°C and were examined under the
microscope, after India ink staining, to analyzeittmorphology and to visualize the presence dadjsale [9]. The
phenoloxydase activity was tested using Nigeuifotia abyssinica) agar. The biochemical identification relied on
urease testing and ID32C auxanogram profile [8teAmorphological and biochemical identificatiomagts were
conserved using the Protect Microorganism Preserve@ystem (Technical Service Consultants Ltd, Hesyay
Lancashire, UK) and maintained at -80°C until ferteubculture.

Fungal DNA was extracted using the EZ1 DNA Tissuevidth the EZ1 Advanced XL instrument. Coloniesree
incubated in 200 ul Buffer G2 and 10 ul proteinkisat 56°C until total lysis. DNA was then purified described
by the manufacturer and eluted in100 pl of buffeimers D1 (AAC TTA AGC ATA TCA ATA AGC GGA GGA)
and D2 (GGT CCG TGT TTC AAG ACG G), and primers BT&CA TCG ATG AAG AAC GCA GC) and ITS4
(TCC TCC GCT TAT TGA TAT GC) were used to amplityet D1-D2 variable region of the 26S and the interna
transcribed spacer 2 of the ribosomal RNA gengyaetsrely, as described in Cassaghel. [10]. The obtained
sequences were queried against nucleotide sequdepesited in GenBank using the program BLAST tglothe
NCBI server and the International Society for Humamd Animal Mycology (ISHAM)-ITS reference DNA
barcoding database [11].
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Figure 1: Sample location and Cryptococcus spp. isolated in (A) Annaba area and (B) Annaba city (Algeria)
jﬁ( : Environmental sampleZ/A  Cryptococcu salbidus; O :Cryptococcus diffluens.
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Isolation, characterization and antifungal activity of the Actinomycete strain

Water samples of the Mellah Lake were collectedtearile bottles kept at 4°C and transferred immtetjieto the
laboratory. They were then inoculated onto sevéferdint media: ISP1, ISP2, ISP4, ISP5, Gauss, GandsCasein
starch agar. Plates were incubated for 7, 14 andia®% at 28°C. Characteristic colonies were subrdt on ISP2
agar and kept at 4°C [12]. Among these strainsyweee interested in the E96 strain that displayecrifungal
activity againstCryptococcus spp. A taxonomic study based on morphological, téogical and physiological
characters was performed. The morphological charatits and the production of melanoid pigmenttiod
organism were determined by visual examinationdstidy-old cultures grown using the Internationaéftomyces
Project (ISP) media (ISP1, ISP2, ISP3, ISP4, 13886, and ISP7) recommended by Shirling and Gbtflid] and
casein starch medium. Advocated by Wink [14], thechemical properties were detected using thelablei
commercially APl ZYM, API 50CH and API 20NE accandito the manufacturer’s instructions. A total &ftests
have been performed to study the physiological adtaristics, including the utilization of 12 carlydhate
compounds evaluated on ISP9 basal medium with al fioncentration of 1% [13], degradation of valine,
asparagine, proline, arginine, serine, paraffin ahiin according to Goodfellow’s methods [15], helysis of
casein, urea, indole and starch [16] and hydrolysielatin [17]. The strain was also tested ferability to grow in
the presence of 18 antibiotics, using the papec digthod of Goodfellow and Orchard [18] and intibjt
compounds including (w/v): sodium azide 0.001%, phdnol 0.1% on YEA medium as described by Goaaifell
[15]. Growth at 15°C, 29°C, 37°Cand 43°C, and a#t ppH5, pH6, pH7, pH8, pH9and pH10 was also tested.

Genomic DNA of the E96 strain was extracted fronoo@s grown after 48h at 30°C in COS medium by the
method described by Rowkal. [19]. PCR amplification of 16S rDNA of Actinomyigestrain was carried out using
the universal primers Fd1 (5'-AGAGTTTGATCCTGGCTCAR-and rp2 (5'-ACGGCTACCTTGTTACGACTT-
3) [20]. The 3130 Genetic Analyzer automated segee was used for nucleotide sequence determinafiba
eight resulting sequences were assembled into quencontig with ChromasPro version 1.5. The rasmilti
nucleotide sequences were compared using the pndgtaAST via the NCBI server, with those includedaitbank
we constituted. The sequences included in the ban& those of the type strain of each species.

The antifungal activity was detected using twoetiéint methods: the double layers method descripetitbuni &
al. [21] and the agar disc diffusion method describgdSaadoun and Muhana [22]. The E96 strain producti
kinetics of metabolites with antifungal activity svdetermined using various media (ISP2, ISP1, Béand GYEA
(glucose yeast extract agar)) for 14 days [23].

The extraction of the bioactive compounds was peréal according to the technique detailed by B&dil. [24].
The E96 strain was inoculated in very tight streai® the surface of the medium in a 90 mm diamedri dish.
After 1 day of incubation at 30°C, the agar of &edri dish was cut into small cubes which were ttiansferred
into an Erlenmeyer flask containing 40 ml of onetted following four solvents: n-hexane, ethyl ateta-butanol
or dichloromethane. The extraction was carriedwith stirring for 2 h at room temperature. The arigaextract
obtained was filtered and then desiccated undaruracat 45°C using a rotary evaporator. The drndresivas then
suspended in 5 ml of methanol.

The in vitro antifungal susceptibility was detereihusing the SENSITITREYEASTONE™ Y010 containing a
serial dilutions of eight antifungal agents: ana&fuhgin (AND), micafungin (MF)caspofungin (CAS), 5-
Flucytosine (FC), posaconazole (PZ), voriconaz¥l@R), itraconazole (1Z), fluconazole (FZ) and amighizin B
(AB). This broth microdilution assay provides qutative results of Minimum Inhibitory ConcentratighIC) for
each tested antifungal. Yeast cells collected feod8 hours culture were suspended in sterile watdridity was
adjusted to 0.5 McFarland, and the suspension ngasliated into each well of the plate. The platesevincubated
at 30°C and visually read after 48 h. ColorimelikC result was read as the first blue (no growtle)lthat showed
a distinct color change as compared to the posgresvth (red or purple) well [25, 26]. Because tiaical MIC
breakpoints have been determined @nyptcoccus spp., the susceptibility of the isolates was natiegorized.
Candida parapsilosis ATCC 22019 andcCandida krusei ATCC 6258 were used for quality control [27].

The antifungal activity of the bioactive compoundsaested using 6 mm diameter paper discs. The discsoaked

with 50ul and 100 pl of methanol extract and placed ontbo8eaud agar previously inoculated with the yeast
strain. The diameter of the inhibition zones wassoeed for each strain after 48h of incubation0aC3
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RESULTSAND DISCUSSION

Collection and identification of yeast strains

Identification of clinical yeast strains showedtthH isolates belonged to the sped&seoformans with 99-100 %
homology with the sequences deposited in the Gdnbatabase and the ISHAM-ITS reference DNA barapdin
database.

We collected a total of 117 environmental samplk,pigeon droppings, 16 air samples and 10 fronmdiv
materials collected on plant material or soil [d]the Annaba area. Species belonging toGhgptococcus genus
were isolated from 5.5% of the pigeon dropping 42d6% of the air samples (Tablel). Many diverseg&in
colonies were observed on the agar plate. The gé&rgptococcus, Mucor, Cladosporium, Penicillium, Alternaria,
Fusarium, Abisidia, Rhodotorula and Aspergillus were identified according to morphological crieriT hereafter,
only the strains which morphology was compatiblehwZryptococcus species, i.e. smooth colonies (creamy or
mucous) with white beige or ocher color and a clpshserved at the microscopic examination of alalimk stain
preparation, were kept. These isolates were fuittentified using biochemical and DNA-sequence carigon. All
isolates belonged to the spec@salbidus except one (F9) that was identified @sdiffluens. The 26S rRNA gene
and ITS2 sequences of tle albidus isolates were identical and showed 99-100 % hogyolith the sequences
deposited in the Genbank database. The F9 iscdapeeaces showed 99-100 % homology with Ghaliffluens
sequences deposited in the GenBank database.

Table 1: Distribution of Cryptococcus spp isolated from environmental samples

Samples (117)

Location Pigeon droppings (91) Atmospheric air (16) Eucalggtees (10)
Sample Positive Sample Positive Sample Positive
Isolates numbe Isolates Isolates
number samples r samples number samples
Hospital 19 5 F1:C. albidus 16 2 AF2:C. albidus 0
F2:C. albidus AF10:C. albidus
F6.5:C. albidus
F8:C. albidus
F9: C. diffluens
Clinic 31 0
Mosque 12 0
Annaba downtown 8 0
Villages around Annaba 18 0 5
El Kala’s region 3 0 5

In this study, we reported for the first time, tisolation of Cryptococcus sp. from pigeon droppings and
atmospheric air sampled in Algeria. Only three ®sdhave reporte@ryptococcus spp. isolation in Algeria.
Mounira & al. [28] isolatedCryptococcus sp. in patients hospitalized with neurological disensl AkdoucheX al.
isolatedCryptococcus sp in the mammary glands of cows, and Bendj&rel. isolatedC. terreus, C. albidus andC.
neoformans from irrigation water samples from the Ouarglaaafsouth of Algeria). One limitation of these stdli
was that their identification strains relied on ptoslogical and biochemical criteria and not on eatide sequence
analysis [29, 30]. In our study;ryptococcus albidus was isolated from pigeon droppings and atmospheric
wherea<Cryptococcus diffluens was found only in pigeon droppings. It has beeswshthat the presence of birds in
the environment was the main factor associated @itteoformans infection and thus would be a source of human
infection [29, 8, 7]. Our findings suggested thaeon droppings offered suitable conditions for shwevival, and
might act as reservoir of vario@yptococcus species in the spore form which might infect humaia air borne
transmission.

Identification and antifungal activity of the Actinomycete strain

The cultural characteristics of the Actinomycetmist were observed on various media after 14 dagsbiation at
30°C. The strain E96 showed good growth on ISPP2|3SP3, ISP4 and casein starch media and modanate
ISP5, ISP6 and ISP7. No soluble pigment was pratiudght microscopy observation indicated that strain was
Gram positive with a filamentous branched and agriented aerial mycelium. The spores of the stwaire spirale
chain (S), Rectus-Flexibilis (RF) and Retinaculukpertum (RA).

The physiological and biochemical proprieties obE#rain are detailed in the Table 2. The E96 rstaasimilates
the following carbon sources: glucose, galactos&ubtose, D-mannitol, sorbitol, mannose. It shoveethoderate
growth for L-rhamnose, but no growth on raffinosaccharose, L-arabinose, D-xylose, D-mellibiosshtiwed a
good growth with valine, asparagine, proliaeginine, and no growth with serine. Good growtls whserved at pH
5,6,7,8,9, 10 and at 15°C, 29°C, 37°C, but cedugrowth was observed at 43°C and pH 4. E96 ogrnaldith in
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the presence of several antibiotics such as aripjaialidixic acid, amoxicillin, cefotaximepefloxacin, cefixime,
cefazolin, pipemidic acid, and cephalexin. E96 pimtl chitinase, caseinase, urease, amylase arichgsta

Table 2: Physiological and biochemical characteristics of the strain E96

Tests Result
Utilization of carbohydrates
Glucose +
Galactose +
Raffinose -
Saccharose
L-Arabinose
D-Fructose
D-Mannitol
D-Xylose
Sorbitol
D-Mellibiose
Mannose
L-Rhamnose
Simmons citrate
Utilization of nitrogen sources
Valine
Asparagine
Proline
Arginine
Serine
Degradation of
Chitin
Casein
Urea
Indole
Starch
Gelatin
Growth at
15°C
29°C
37°C
43°C
pH 4
pH5
pH6
pH7
pH8
pH9
pH10
Growth in presence of
Phenol (0.1%) -
Sodium azide (0.001%) -
Paraffin -
Growth in presence of antibiotics
Ampicillin (25pg) +
Nalidixic acid (30u.g) +
Kanamycin (30u.g)
Erythromycin (15u9) -
Amoxicillin (30pg) +
Clindamycin (2ug) -
Tobramycin (10ug) -
Imipenem (10uQ)
Cefotaxime (30p.0)
Pefloxacin (5ug)
Nitroxoline (30n.Q)
Pristinamycin (15ug)
Spiramycin (100ug)
Cefixime (10p.9)
Cefazolin (30p0)
Doxycycline (30p.0)
Pipemidic acid
Cefalexin (30pq)

+ 0+ 0+ 4+

+ %

o+ o+ o+ o+

+

T r 4+ o+

+
I

+ 4+ + + 4+ o+

o+ 4

+ 4+ o+ 4

According to the Bergey’'s Manual of Systematic Baiciogy, the physiological and biochemical propeg
strongly suggested that the strain E96 belongdda@enusstreptomyces [31]. Molecular identification was based
on the analysis of the 16S rDNA gene. A 1508pbrfraigt was obtained and compared with 16S rDNA genes
sequences included in the bank we constitudeptomyces celluloflavus and S. kasugaensis sequences were
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reported as the most similar with 98.8% identitheTposition of E96 in the neighbor joining phylogga tree is
shown in Figure 2.

63 Streptomyces staurosporininusstrain BKI79T
Streptomyces lydicusstrain ATCC 25470"
Streptomyces albofaciensICM -!342T
treptomvces chrestomvceticusstrain DSM 40545"

Streptomvces vunnanensisJCM 4662T
8| 00 |__ |Steptomvcesnourseistrain NBRC 154527

95 Streptomveesalbulusstrain IMC S-0802"
——Streptomyces strain 96

23 71 treptomyees celluloflavusstrain NBRC 13780"

100 Streptomyces kasugaensisstrain M338-M1"
—-H'—Srreptorm'cesmonomrcim‘strain NRRL B-24300"
Streptomyces daliensisYIM 31 724"
23 7 Streptomycessiovaensisstrain NRRL B-5408"

05 —Streptomyces planzn_sisJC.\I-¥662T

Streptomyces caniferusstrain NBRC 15389"
39 68 Streptomycesnigrescensstrain NRRL B-12176"
98 Streptomceslibanisubsp. libanistrain NBRC 13452
Streptomyces mashuensisstrain DSM 4022 1T
Streptomvces mobaraensisstrain NBRC 13476"

Streptomyces yvoussoufiensisstrain DSM 41920T g
77 _‘:Srreptomrces hvgroscopicussubsp. angustmyceticus strain NRRL B-2347
43

67

Streptomycesvarsoviensisstrain NRRL B-3580"

Streptomyces aburaviensisstrain AS 4.1869T

i

Figure 2: Neighbor-joining phylogenetic tree based on 16S rRNA sequence gene comparison showing relationships between Streptomyces
E96 and related species
The scale bar indicates 0.005 substitutions

To evaluate the antifungal activity and to detemnine best antifungal-active production medium, techniques
and four media respectively, were used. Antifuragdivity was observed on all media tested (FigyteTBe ISP2
medium yielded the best production and was thuscted for antifungal compounds production. Thefangal-

active metabolite production by the E96 strain 8R1, ISP2, Bennett and GYEA started at the firgtafeculture

on all media tested and reached a maximum inhibitione (27 mm) on ISP2 medium (Figure4). Moreower,
hexane solvent yielded the best secondary metabdaittraction (data not shown). The optimal angairextraction
conditions were thus: at the first day of culturdSP2 medium using n-hexane organic solvent.

Regarding thén vitro susceptibility to the antifungal commercial agefitable 3), ANI, MIC and CAS displayed
elevated MIC against 100% of the tested isolat€sC Blisplayed low MIC against 100% of the clinical
neoformans isolates but in contrast it displayed elevated Mbainst 67% of the environmental isolates. Thdeazo
antifungal agents (POS, VORI, ITRA, FLU) displayles MIC against 71 % of all isolates. The antifuhgative
extract (EXT96) of the E96 strain showed a wideibition zone (23 mm) at 0.06mg/l. It was impossilite
subculture isolate F2 and thus its susceptibibtyantifungal agents could not be determined. Instudy, only the
strains isolated from droppings pigeon displayeahudti-antifungal resistance profile. Therefore &oésistance
could be not intrinsic to the speci€salbidus but to some isolates of this species. Clinicalisf displayed a lower
azole resistance level than environmental straiik® for the other nor€. neoformans infections, the treatment of
C. albidus infections is not well defined, which may explaiet50% mortality inC. albidus encephalitis despite
antifungal therapy [32]. Increasing drug resistaircenicrobes, including fungi, prompted to searoh fiew and
enhanced therapeutic compounds from different ssuyracluding the metabolites excretedAnyinomycetes [33].

At screening, our strain showed an important angfd activity against both environmental and chihistrains of
Cryptococcus spp. and displayed a higher inhibition zone than tleet commercially available antifungal agents.
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Secondary metabolites production usually occurinduthe stationary growth phase. However, we fothat the
antifungal compound produced by the E96 strain highly correlated with the growth of strain (J1gtie 4).
Albeit, most of the antifungal antibiotics were madted from liquid media and using ethyl acetatg {Bose
produced by E96 could not be extracted under thesditions but they were extracted from solid madiing n-
hexane solvent.
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Figure 3: Antifungal activity determination of 5 Cryptococcusisolates on 4 different media by the double layer method
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Figure 4: Time cour se of antifungal metabolites production by Streptomyces E96 in four culture media (1SP1, | SP2, GYEA, Bennett)
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Table 3: Determination of the minimum inhibitory concentration (MI1C, mg/l)ofenvironmental and clinical isolates
ANI: Anudulafungin, MICA: Micafungin, CAS: Caspofungin, 5FC: 5-flurocytosin, POS: Posaconazole, VORI: Voriconazole, ITRA: Itraconazole,
FLU: Fluconazole, AMB: Amphotericin B. ND: not determined

Drugs M:(?:?pnggil) Samples (MIC/Susceptibility)

C. C. C. C. C. C. C. C. C. C.

albidus albidus albidus albidus diffluens albidus albidus neoformans neoformans neoformans

F1 F2 F6.5 F8 F9 AF2 AF10 CN104 CN721 CN954
ANI 8 >8 ND >8 >8 >8 >8 >8 >8 >8 >8
MICA 8 >8 ND >8 >8 >8 >8 >8 >8 >8 >8
CAS 8 >8 ND >8 >8 >8 >8 >8 >8 >8 >8
5FC 4 -64 >64 ND >64 >64 >64 8 4 2 2 2
POS 0.25-1 1 ND 0.5 0.25 0.25 0.5 0.25 0.06 0.25 0.06
VORI 0.12-0.25 05 ND 0.25 0.12 0.12 0.25 0.12 0.03 0.25 0.03
ITRA 0.06 - 0.25 0.5 ND 0.25 0.5 0.06 0.12 0.12 0.06 0.12 0.06
FLU 8- 64 64 ND 16 16 32 16 8 8 8 4
AMB 0.12-0.25 0.25 ND 1 0.25 <0.12 <0.12 0.12 0.12 0.12 0.12
EXT96 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06

CONCLUSION

Our findings showed thaEryptococcus spp., which are potential human pathogens, arsepten environments
located in the close vicinity of human activiti®ge found that the E9Actinomycete strain produces molecules that
are highly active again€ryptococcus spp. clinical and environmental isolates and cdaddespecially interesting
when Cryptococcus spp. are resistant to 5-fluorocytsine, azole oriredandins. The identification and the
characterization of this molecule are ongoing.

REFERENCES

[1] M Refai; M El-Hariri; R Alarousy. Monograph d@ryptococcus and Cryptococcosis In man, animals and birds:
A guide for postgraduate students in developingitries, £' edition, Cairo University. Cair@014.

[2] Y Canénico-Gonzéalez; JM Adame-Rodriguez; R Mercléoaandez; ET Aréchiga-CarvajeépringerPlus,
2013, 2, 632.

[3] FP Gullo; SA Rossi; J de C Sardi; VLTeodoro ; Méndes-Giannini ; AM Fusco-Almeid&ur. J. Clin.
Microbiol. Infect. Dis., 2013, 32, 1377-91.

[4] JR Perfect; WE Dismukes; F Dromer; DL Goldman; JRy®ill; RJ Hamill; TS Harrison; RA Larsen; O
Lortholary; MH Nguyen; PG Pappas; WG Powderly; Mdhi; JD Sobel; TC SorrelClin. Infect. Dis., 2010, 50,
291-322.

[5] AL Demain; S Sanched. Antibiot., 2009, 62, 5-16.

[6] SK Augustine; SP Bhavsar; B KapadnisBiosci., 2005, 30, 201-11.

[71 YA Mahmoud.Mycopathologia, 1999, 148, 83-6.

[8] HY Chee; KB LeeJ. Microbiol., 2005, 43, 469-72.

[9] A Botes; T Boekhout; F Hagen, H Vismer; J SwarBdtha.Microb. Ecol., 2009, 57,757-65.

[10] C Cassagne; AL Cella; P Suchon; AC Normand; S Reang PiarrouxMed. Mycoal., 2013, 51, 371-7.

[11] L Irinyi; C Serena; D Garcia-Hermoso; M Arabat2$Desnos-Ollivier Med. Mycoal., 2015, 53, 313-37.

[12] S. Benouagueni ; S. Ranque ; D. Gacemi Kirdnglycol. Med., 2015, 25, 2-10.

[13]1EB Shirling; D GottlieblInt. J. Syst. Bacteriol., 1966, 16,313-40.

[14]IM Wink. Compendium oActinobacteria: Methods for the taxonomic description of tAetinobacteria, 1%
Edition, University of Braunschweig, Germarp12.

[15]M Goodfellow.J. Gen. Microbiol., 1971, 69, 33-90.

[16]RE Gordon ; DA Barnett ; JE Handarhan ; CH-N Panig.J. Syst. Bacteriol., 1974, 24, 54-63.

[17]SA Waksman. The actinomycetes. Classification, tileation and Description of Genera and Specied, 2.
Williams and Wilkins Company: Baltimore, USA, 1961.

[18]M Goodfellow; VA OrchardJ. Gen. Microbiol., 1974, 83, 375-87.

[19]V Roux; M Million; C Robert; A Magne; D Raoul®and. Genomic Sci., 2013, 9,370-84.

[20]WG Weisburg; SM Barns; DA Pelletier; DJ LadeBacteriol., 1991, 173, 697-703.

[21]A Zitouni; H Boudijella; L Lamari; B Badji; F Mathie A Lebrihi; N SabaouRes. Microbiol., 2005, 156, 984-
93.

[22]1 Saadoun; A Muhan&urr. Biotechnol. Pharm., 2008, 2,402-20.

[23]H Boudjella; K Bouti; A Zitouni; F Mathieu; A Lelni; N SabaouMicrobiol. Res. 2006, 161, 288-98.

[24]B Badji; A Riba; F Mathieu; A Lebrihi; N Sabaali.Mycol. Med., 2005, 15, 211-9.

[25]A Espinel-Ingroff, M Pfaller; SA Messer; CC Knapg Killian; HA Norris; MA Ghannoum.J. Clin.
Microbiol., 1999, 37, 591-5.

1026



V. Roux et al J. Chem. Pharm. Res., 2015, 7(10):1019-1027

[26]MA Pfaller; V Chaturvedi; DJ Diekema; MA GhannouhtiM Holliday; SB Killian; CC Knapp; SA Messer; A
Miskou; R RamaniDiagn. Microbial. Infect. Dis., 2012, 73, 365-8.

[27]AlEspinel-Ingroff; Al Aller; E Canton; LR Castafiddlivares; A Chowdhary; S Cordoba; M Cuenca-Estrella
A Fothergill; J Fuller; N Govender; F Hagen; MTnBiit-Zaragozi; E Johnson; S Kidd; C Lass-Florl; Sitkhart;
MA Martins; JF Meis; MS Melhem; L Ostrosky-Zeichndr Pelaez; MA Pfaller; WA Schell; G St-Germain; L
Trilles; J TurnidgeAntimicrob. Agents Chemother., 2012, 56, 5898-906.

[28]R Mounira; A Ouyahia; A Gasmi; W Guenifi; H Boukésia; A LacheheliRetrovirology, 2012, 9 (1), 149.

[29]L Akdouche; M Aissi; S Zenia; A Saadi. Veterinar. Sci. Technol., 2014, 5, 2.

[30]E Bendjama; L Loucif; D Gacemi-Kiran®/ASET, 2012, 63.

[31]GM Garrity; JA Bell; TG Lilburn. Bergey's manual alfystematic bacteriology, 2nd Ed, New York Berlin
Heidelberg: Springe2004; 252-82.

[32]Y Liu; S Ma; Y Wang; W Xu; J Tandvied. Mycol. Case Rep., 2013, 3, 8-10.

[33]JD Patel; M Parmar; P Patel; P Rohit; R TaviyadyrBari; B Bhattacharya; D Vyas; V Kumar; NS Sahal;
Singh.Adv. Microbioal., 2014, 4, 324-34.

1027



