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RESUME 

 

   L'apparition de souches de Staphylococcus aureus multirésistantes aux antibiotiques à l’échelle 

mondiale, pose aujourd'hui un vrai problème de santé publique. De ce fait, la recherche de 

nouvelles molécules actives s’avère impérative. Notre objectif est de rechercher dans les sols 

sahariens, des actinobactéries productrices de molécules antistaphylococciques. Ainsi, 353 

isolats ont été isolés à partir de 33 échantillons de sols sahariens, en utilisant le milieu chitine-

vitamines agar additionné ou non d’agents sélectifs. Leur activité antagoniste testée par la 

méthode des stries croisées contre 7 souches de S. aureus résistantes aux antibiotiques nous a 

permis de sélectionner 53 isolats actifs. Les 5 meilleurs isolats, nommés AT37, G60, GB1, 

TGH3 et BK12 ont été retenus pour une étude approfondie (taxonomie et antibiotiques).   

   L’étude taxonomique a été réalisée sur la base des caractéristiques morphologiques, chimiques 

(analyse des constituants cellulaires en acides aminés, en sucres et en phospholipides), 

physiologiques et moléculaire (PCR, séquençage de l’ADN ribosomique16S et analyse 

phylogénétique). Les résultats ont permis de rattacher les 5 isolats au genre Streptomyces. Les 

isolats AT37 et BK12 de l’espèce S. novaecaesareae (avec des pourcentages de similarité de 

99,6% et 98,84%, respectivement), l’isolat G60 des espèces S. coerulescens et S. bellus (avec un 

taux de similarité de 99,65%) et les isolats GB1 et TGH3 des espèces S. rochei, S. plicatus et S. 

enissocaesilis (avec des taux de similarité de 99,8% et 99,6%, respectivement). 

   La production de molécules antistaphylococciques par les 3 meilleures souches AT37, G60 et 

GB1 a été évaluée sur 2 milieux de culture liquide (ISP2 et Bennett), en utilisant  S. aureus 

ATCC 23923 et S. aureus ATCC 43300 résistant à la méthicilline (SARM) comme germes-

cibles. Les résultats obtenus ont montré que l’activité est plus importante dans le milieu ISP2 

pour G60 et GB1 et dans le Bennett pour AT37. Le meilleur solvant d’extraction des activités est 

le dichlorométhane pour la souche AT37 et le n-hexane pour la souche G60, alors que la souche 

GB1 possède des molécules actives hydrophiles. Des bioautographies ont permis de localiser 2 

complexes actifs (dont ATa est le plus actif) pour AT37, un complexe (Ga) pour G60 et un autre 

(GBa) pour GB1. Les deux fractions Ga et ATa ont été ensuite purifiées sur plaques épaisses de 

gel de silice et par HPLC (colonne C18), tandis que l’extrait aqueux de GB1 a été purifié par 

HPLC en utilisant une colonne hydrophile après un traitement au n-butanol. 

   Les analyses spectroscopiques (UV-visible, IR et RMN) et spectrométrique (spectrométrie de 

masse) ont été réalisées pour déterminer les structures chimiques de nos molécules pures. La 

molécule AT37-1 a été identifiée comme étant le 5-[(5E,7E,11E)-2,10-dihydroxy-9,11-dimethyl-

5,7,11-tridecatrien-1-yl]-2-hydroxy-2-(1-hydroxyeth- yl)-4-methyl-3(2H)-furanone, qui est le 

dérivé E-975, dont la production est très peu connue chez les procaryotes et son activité 

antibactérienne n’a jamais été signalée auparavant dans la littérature. La molécule G6OH a été 

identifiée au di-(2-ethylhexyl) phthalate, qui n’est pas connue chez les espèces apparentées de la 

souche G60. Les trois composés (GB1-2, GB1-3 et GB1-5) n’ont pas pu être identifiées de 

manière complète en raison de leur nature chimique hydrophile, mais elles sont partiellement 

caractérisées et rattachées au groupe des aromatiques glycosylés. 

    Les concentrations minimales inhibitrices de 4 composés produits par les souches AT37 et 

GB1 ont montré des activités antistaphylococciques très intéressantes, en particulier pour les 2 

composés hydrophiles (GB1-5 et GB1-2) et à un degré moindre pour le composé AT37-1. 

Mots clés: Actinobactéries, Sols sahariens, Taxonomie, Streptomyces, Antagonisme, 

Staphylococcus aureus, Di-(2-ethylhexyl) phthalate, Dérive E-975. 



 

 

Isolation, taxonomy and characterisation of bioactive molecules of actinobacteria isolated 

from Saharan soils, active against Staphylococcus aureus 
 

Abstract 
  

   The emergence of multi-resistant Staphylococcus aureus strains to antibiotics in the world is a 

real problem today in the public health. Therefore, the search for new active molecules is 

necessary and imperative. The aim of this study is to search, from the Saharan soils, new strains 

of actinobacteria producing molecules with antistaphylococcal activity. Thus, 353 isolates were 

isolated from 33 samples Saharan soils, using chitin-vitamin-B with or without addition of 

selective antibiotics. The antagonist activity of this isolates was tested by the method of crossed 

streaks against 7 clinical strains of antibiotic resistant S. aureus. The obtained results have 

allowed us to select 53 active isolates and the best of them named, AT37, G60, GB1, TGH3 and 

BK12, were selected for further study (taxonomy and antibiotics). 

   The  taxonomical  study was  performed  on  the  basis  of morphological,  chemical (analysis 

of cellular components in amino acids, sugars and phospholipids), physiological and molecular 

(PCR, sequencing of the16Sribosomal DNA  and  phylogenetic  studies) characteristics . The 

results showed that the 5 isolates were attached to the genus Streptomyces. The AT37 and BK12 

isolates are closely related to S. novaecaesareae (with similarity percentages of 99.6% and 

98.84% respectively), G60 to S. bellus and S. coerulescens (with a similarity rate 99.65%) and 

GB1 and TGH3 to S. rochei, S. plicatus and S. enissocaesilis (with similarity of 99.8% and 

99.6% respectively). 

      The production of antistaphylococcal molecules by the best 3 strains AT37, G60 and GB1 

was evaluated on two liquid culture media (ISP2 and Bennett), using S. aureus ATCC 23923 and 

methicillin-resistant S. aureus ATCC 43300 (MRSA) as target bacteria. The results showed that 

the activity is better in the ISP2 medium for the G60 and GB1isoletes and in Bennett medium for 

AT37. The best solvent for antibiotics extraction is dichloromethane for the strain AT37 and n-

hexan for the strain G60, whereas the strain GB1 has hydrophilic active molecules. The 

bioautographies analyses have located 2 active complex (including ATa is most active) for 

AT37, one complex (Ga) for G60 and another (GBa) for GB1. The two fractions Ga and ATa 

were then purified by chromatography on silica gel plates and then by HPLC (C18 column), 

while the aqueous phase of the strain GB1 was purified by HPLC using a hydrophilic column 

after dual extractions by the solvent n-butanol.  

 Spectroscopic (UV-vis, IR and NMR) and spectrometric (mass spectrometry) analyses were 

performed to determine the chemical structures of the 5 pure compounds. The AT37-1 

compound was identified as the 5 - [(5E, 7E, 11E) -2,10-dihydroxy-9,11-dimethyl-5,7,11-

tridecatrien-1-yl] -2-hydroxy -2- (1-hydroxyeth- yl) -4-methyl-3 (2H) -furanone, which is the 

derivative E-975. This compound produced by few species in prokaryotes and its antibacterial 

activity has never been previously reported in the literature. The G6OH compound was identified 

as di- (2-ethylhexyl) phthalate, which is not known in the closely related species of the strain 

G60. The chemical structures of the three compounds (GB1-2, GB1-3 and GB1-5) could not be 

fully identified due to their hydrophilic nature, but they were partially characterized and allowed 

to attach them to the glycosylated aromatic group.  

    The minimum inhibitory concentrations of the 5 compounds secreted by the AT37 and GB1 

strains showed very interesting antistaphylococcal activities, particularly for the 2 hydrophilic 

compounds (GB1-5 and GB1-2) and with a lesser degree for AT37-1 compound. 

Key words: Actinobacteria, Saharan soil, Taxonomy, Streptomyces, Antagonism, 

Staphylococcus aureus, Di- (2-ethylhexyl) phthalate, E-975 derivative. 



 

 

 

ضــّـادة                                                ع ــة و  حراو ـــة  ر ن أ ــــة  عزو ــــة  ف ا ھ ــــر ـــة  فعّا ــات ا جز ــــا ا ف و  نــ ــزل، 
 Staphylococcus aureus ــ

 

 ـــ
 

وع     دة   د ة  ر ت  ة ا  أدى ظھور  ود ةورات ا ذھ اا ة  رو  "Staphylococcus aureus  " ا

ھذا  ة.  و ة ا ا اص  ي  ي طرح   ي إ ا وى ا ي ا ة  و ادات ا ّ ة  او ان و ا ة  ر ا
ة  ٍ ا ھ ر ي ا   ا إ ھدف  دد،  ّ ي ھذا ا ة.  ا روري  ّ ر  ة أ ا ّ ات ا ز ر ا  ا  ، ّ ا

)actinobactéries ادة ّ ات ا ز ة  ة ل)  ود ة ورات ا ذھ ا ا  ، ذ ة.  ر زا ة ا راو ة ا ر ا  ا ط ا
ا  353زل  ط ة ا ُز اب 33  ود أو ي و ا ب"  – ط " و ال ا ا ة وذ  راو ة ا ر ة  ا  

رطة  ة ا طر ت  ز ھذه ا ة  و ة ا اد ّ درة ا ا ة  ا ة ا درا ّ ا ا  دّدة.  ز  را ة  ا ة  ا ة ا و ادات 
ة ( اط د stries croiséesا ّ ود 7)  ى و ة إ و ادات ا ة  او ددة ا ة  ذھ ة ا ود ورات ا ا ا ر ت    

ھا 53 ار  د  ا ة، و  ا ة  ز ـ5  ت   ز  AT37 ،G60 ،GB1  ،TGH3 و BK12 ة اد ّ ھ ا ا ى   اءا   ،
ة. و ادات ا ّ ھ  ا ة وإ ة ا ا ّ  ا ھ   دا  ا درا ة  ا  ا

ة ا ة وا و و ور ا ا ى ا ة  ة ا درا ات         ا ر ة، ا اض ا ة  و ات ا و ( ا

ة ( ز ة و ا و و ز دات) ا و و دات وا و ا  د  ةد ور ة ا ـ  ط وعADNا ي  ا وزو ر  و S16  ا
ي،  ورا اب ا ة  ة ا درا ا ).Phylogénieا ا ا ط   ى ا5 ر ت إ اص Streptomycesز  ، و 

ز  وع BK12 و AT37ا  S. novaecaesareae ـ در ھ  ا ى%  99,6 و %98,84(  ي ،  وا ة ا ز  G60)، ا

و   ـ (S. bellus وS. coerulescens  ا در ھ  ا ز ) و % 99,65 ة  ى GB1 et TGH3ا واع:3 إ  .S  أ

rochei  ،S. enissocaesilis و  S. plicatusھ ا ـ   (  ي).%99.58 و %98.78در  وا ى ا   

ادة ّ ة ا و ات ا ز اج ا ة إ ر درا ا      أ ر طة   وا ة  ود ورات ا ت (3 ا  GB1، G60 أ 

ط  ى) AT37و ةBennettو  ISP2و ذھ ة ا ود ورات ا ا ا ر ا      S. aureus ATCC 25923، وا

وي ا ( .aureus ATCC 43300 Sو  اد ا ة  ة.) méthicillineاو درا ّ وذ  ا ا  وأظھرت ا
ط  و ي ا ھ   د  ان  ات  ز اج ا ة  ISP2ھا أن إ ا  G60 و GB1 ط و ي ا ة  Bennett و  ة  ا  

AT37 ة ا ة ا ا ّ ات ا ز وي   ذ  ان ھو أ  ورو  ي  ا ا أن  ة،   ا ات ا ز ص ا ا  ا  .

ة  ة  AT37ا ة  ا ان   ھ ذ ا ة G60  و ا ا ا اء.GB1، ا ي ا ة  ة  ا ّ ھا ا ا ز   

وي (      ة ا ا ا   Bioautographieا د  د  د   ( )ATa ة ر)  ة  الآ ا ر  ، AT37 ا
ال ( د  ة Gaد وا  (G60) ر د آ ة GBa و  ة  ا  (GB1 د ة ا   .ATa و Ga  ة طة  وا أو 

ا را و ا رو دام ا ا   ، ا ا ذات ا ا ى ر ا  را و ا رو داء ا ة ا ا ة  ا ال HPLC( ا ا  (

ة  ط وس ا ال8C1ود  ر  ي  ا   ، "AT37-1 د ر "ATa"  ا ر أ ا  ،G60H  "Ga و  أ
طة  وا ھا  اء،   ة  ة ا ا ات ا ز اءHPLCا ة  ات ا ر ود   ال  ا ص    د ا وذاك 

ى  ا  ول، و  ا وي ا ذ ا طة ا وا ر  را  ـ3ا ة   ا ّ ات  .   GB1-5 و GB1-2 ،GB1-3  ز

ي   ط ات ا ا ى  ة  ة وا ا ّ ات ا ز ة  ا ة ا د ا د ي  ا  د ة spectroscopie    ا وق ا ة   (ا
ة- ر راءUV-visible و ا ة  ا ي- IR-، ا اط ر ا ي RMN وا ط اس ا                     spectrométrie) وا

ة- ة SM(ط ا ز ة  ھا ة ا ھا أن ا ا ا  ا ا   .(AT37-1       رف ي  ا ارة    ھي 
اطھ E-975ـ   ذ  واة، و  ات ا دا ات  ا واع  ا دد   أ رز  طرف  ذي  ون، و ا را ة ا ا ة ا و ،  ا

ة  ز ة  ا ة ا ا أن ا ا  أ  . و رام ا ا ذات ا ر د ا ّ روف  ر ا وي  ي-G60Hا ا ر  ھة  ا  
ة  ة ا  ا ر واع  ھ  ا ز ذي    ت"، ا ا و  ا "د ا  روف أ ت، ا ا  ( - إ .  G60H(-إ

ات  ز ا  ا ا  اء، و -5GB1 و GB11-2 ،GB1-3أ ة  ھ ا ط ظرا  ة  ا ھ ا د  د     ،  

ة".  ر ات ا طر ة " ا ا ة ا ا طھ  ر ا  ي   ة ا ز ا ا ة  ا ر ا  ط ا
طة ( ى ا د د ا ز ا را د    د رى،   ھة أ       MIC ـ ة  طرف ا 4)  ة  ا ّ ات  ز  AT37 

GB1ادة ل ة  ھ د  ّ طة  ا أ ة ، وأظھر ت ا ود اء ورات ا ر ا  ة   ا ة  ا ة ، و ذھ  GB1-5ا

ر  GB1-2و ة أ ا در  .AT37 -1و

حث ، ات ا ة،  ر زا ة ا راو ة ا ر ة، ا ھ ا ا ر ة Streptomyces:  ا ود ورات ا وي ، ا اد ا ّ ، ا
ي-( ا ة،  ذھ ي 2ا ا ت، ا ا ا  ( - إ . E-975-إ
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