[ Downloaded from jmums.mazums.ac.ir on 2025-07-15]

( rewew samee

~

A Review on lIsolation and Identification of Endophytic
Actinobacteria, Their Chemical Structure, Bioactive
Compounds, and Potential Medical-Pharmaceutical

Applications

Yaser Delbaril,
Yaser Mohassel?,
Yadollah Bahrami3#4?,
Elham Kakaie®,
Ali Mostafaie’

1 MSc in Medical Biotechnology, Faculty of Medicine, Kermanshah University of Medical Sciences, Kermanshah, Iran
2 MSc in Medical Biochemistry, Faculty of Medicine, Kermanshah University of Medical Sciences, Kermanshah, Iran
3 Assistant Professor, Department of Medical Biotechnology, Faculty of Medicine, Kermanshah University of Medical Sciences,
Kermanshah, Iran
4 Department of Medical Biotechnology, School of Medicine, College of Medicine and Public Health, Flinders University,
Adelaide, Australia
5 Pharmaceutical Sciences Research Center, Faculty of Pharmacy, Kermanshah University of Medical Sciences, Kermanshah, Iran
6 BScin Nursing, Faculty of Medicine, Kermanshah University of Medical Sciences, Kermanshah, Iran
7 Professor, Medical Biology Research Center, Faculty of Medicine, Kermanshah University of Medical Sciences, Kermanshah, Iran

(Received October 22, 2019 Accepted June 2, 2020)

Abstract

Over recent years, nosocomial infections, and the morbidity and mortality associated with pathogenic
bacteria have dramatically increased due to antibiotic resistance and imposed significant burdens on the
global health system. Critical shortage of effective therapeutics against multidrug-resistant bacteria
highlights the need for development of novel antibioctics. Actinobacteria are well-known sources of natural
bioactive compounds, especially antibiotics. Nearly two-thirds of the antibiotics on the market have
actinobacterial origins. Endophytic actinobacteria residing within plants contribute to the plant growth and
survival by producing plethora of secondary metabolites. Therefore, isolation, cultivation, and identification
of new strains, as well as their potential to produce antimicrobial compounds, are of great importance. Lack
of published research in this field highlights the importance of this review in Iran. The aim of this review
was to present the latest methods for the isolation and identification of endophytic actinobacteria and
introducing relevant databases. We also studied the most recent isolated strains, chemical structure of 51
newly identified secondary metabolites, and their potential medical-pharmaceutical applications. This study
revealed that endophytic actinobacteria are prolific sources of bioactive secondary metabolites with high
levels of structural diversity and potent pharmaceutical and medicinal applications.
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[39] Sonchus oleraceus L. &, Micromonosporaceae Plantactinospora sonchi

[40] Veratrum nigrum L. i Micromonosporaceae Plantactinospora veratri

[41] Tripterygium wilfordii ol Glycomycetaceae Stackebrandtia endophytica

[42) o Glycyrrhiza uralensis F. i, Jiangellaceae Phytoactinopolyspora endophytica
[43] bt Costus speciosus &, Micromonosporaceae Micromonospora costi

[44] o halophyte aty bl Cellulomonadaceae Actinotalea suaedae

[45] Jki Halimione portulacoides i Microbacteriaceae Microbacterium proteolyticum
[46] o Dianthus chinensis L i Streptosporangiaceae Sphaerisporangium dianthi

47 ALt Jambolan plum atyy Streptosporangiaceae Nonomuraea syzygii

[48] ALt Jambolan plum atyy Thermomonosporaceae Actinomadura syzygii

[49] Salsola affinis C. atyy Microbacteriaceae Okibacterium endophyticum
[50] Anabasis elatior Bl Microbacteriaceae Labedella endophytica

[51] Salsola ferganica Drob Bl Nocardiopsaceae Marinactinospora endophytica
[52] o Tamarix taklamakanensis Bl Pseudonocardiaceae Prauserella endophytica

[53] b Oryzasativa L. Bl Streptomycetaceae Streptomyces oryzae

[54] o Bryophyta - Thermomonosporaceae Actinoallomurus bryophytorum
[55] b Oryza sativa &, Micromonosporaceae Micromonospora endophytica
(56) o Bryophyta - Streptomycetaceae Streptomyces bryophytorum

[57] o Glycine max i, Micromonosporaceae Plantactinospora soyae

(58) ALt Phyllanthus amarus sl Streptomycetaceae Streptomyces phyllanthi

(59) o Polygonatum odoratum i, Streptomycetaceae Streptomyces polygonati

(60) Pittosporum angustifolium Bl Nocardioidaceae Kribbella pittospori

[61] Prosopis laegivata i, Micrococcaceae Kocuria arsenatis

[62] o Ocimum basilicum i, Propionibacteriaceae Mariniluteicoccus endophyticus
[63] o Kandelia candel Sy, Nakamurellaceae Nakamurella endophytica

[64] ALt Boesenbergia rotunda 350 Micromonosporaceae Asanoa endophytica

[65] Bruguiera gymnorhiza Sy Intrasporangiaceae Phycicoccus endophyticus

[66] Ginkgo biloba L. i, Nocardioidaceae Nocardioides ginkgobilobae
[67] Sweet Basil &, Dermacoccaceae Flexivirga endophytica

[68] Paris polyphylla i, Dermacoccaceae Yimella radicis

[69] o Huperzia serrata o Frankiaceae Jatrophihabitans huperziae

[70] s Halimione portulacoides i, Microbacteriaceae Microbacterium diaminobutyricum
[ Sonchus oleraceus &, Micromonosporaceae Verrucosispora sonchi

[72) o Sonneratia apetala sl Nocardioidaceae Nocardioides sonneratiae

[73] b Stahlianthus campanulatus Bl Streptosporangiaceae Nonomuraea stahlianthi

(74) bt Terminalia mucronata ol Micromonosporaceae Micromonospora terminaliae
(75) ALt Oryza sativa sl Streptomycetaceae Streptomyces roietensis

(76) Capparis spinosa L. g Streptomycetaceae Streptomyces capparidis

77 Psammosilene tunicoides i, Streptomycetaceae Allostreptomyces psammosilenae
[78] Parathelypteris beddomei i, Micromonosporaceae Micromonospora parathelypteridis
79 o Zea mays sl Microbacteriaceae Microbacterium zeae

[80] (. Huperzia serrata - Propionibacteriaceae Naumannella huperziae

[81] Thespesia populnea el Nocardioidaceae Marmoricola endophyticus

[82] Aegiceras corniculatum sl Microbacteriaceae Amnibacterium endophyticum
[83] Anabasis aphylla L. i, Glycomycetaceae Glycomyces anabasis

[84] Podocarpus latifolius &, Nocardioidaceae Kribbella podocarpi

[85] Glycyrrhiza uralensis F. i, Micrococcaceae Nesterenkonia endophytica

[86] dedolchilus microphyllus i, Pseudonocardiaceae Actinomycetospora endophytica
87) Il5lunpuius adenopoda i, Thermomonosporaceae Actinocorallia populi

(88) Populus adenopoda sl Streptomycetaceae Streptomyces populi

(89) Dioscorea bulbifera L. b Streptomycetaceae Streptomyces dioscori

[90] Sophora alopecuroides i, Streptomycetaceae Streptomyces carminius

(91) halophytes - Microbacteriaceae Microbacterium halophytorum
[92] Solanum lycopersicum i, Micromonosporaceae Plantactinospora solaniradicis
(93) Geranium carolinianum L i, Streptomycetaceae Streptomyces geranii

[94] Scutellaria baicalensis Sy, Dermabacteraceae Brachybacterium endophyticum
[95] Nerium indicum Mill Sy, Microbacteriaceae Amnibacterium flavum

[96] Suaeda aralocaspica - Microbacteriaceae Microbacterium suaedae

[97] Oryzasativa L. &, Kineosporiaceae Quadrisphaera oryzae

[98] " Kaempferia elegans ) Jiangellaceae Jiangella endophytica

[99] o Ferula songorica i, Nocardioidaceae Nocardioides ferulae

[100] o Kandelia candel Sy Nocardioidaceae Marmoricola mangrovicus

[101] Triticum aestivum atyy Streptosporangiaceae Microbispora tritici

[102] Triticum aestivum i, Streptosporangiaceae Sphaerimonospora triticiradicis
(103) Callitris preissii i, Pseudonocardiaceae Actinomycetospora callitridis

199 1399 13 . 186 s)laids «@) ;W 0)9s

ohaijls Ak} esle olEhsl alas


https://jmums.mazums.ac.ir/article-1-14341-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-15]

> (5535034351 (bbb § Sjlwlss 1 $)o)s

96 U1 55 45610 (o Il os (g )5Tmer kg
v.l.\_wdj_bu):‘a_ﬁ.:é:?);;.l_ﬁ‘\_gwjup
2 5ol 3 el s s eds Haab g Ao 32 IS o
el B st ol e T i o, e
G gas Il (51en 5 Wei &7 Jls 53 .(105) 55 8
s 15 e 4 Sl Ayl el g 1
NAOCI 3 1) 4 ga5 s .53 S S 5 0313 pitns
O anlsl 55 .05 S g ab gk 4350 Sl 4 Lo 3D
342339 5 4,3 2,5 NaS;03 5 425510 o
OT 3 o . Uals iz 5 jan dwo s 10 J 501
2 5 esla gt b gl faie T 53 42355 1) 4 ged
5 4oy I0NaHCOs 5 423510 e 0 g
el 31 Oliabl g (106)35,5 Ll U sl
ol ol ol o ol g laapad - gl O
Sl odd eslaul Jlds ;‘;T O’U”"T PN EA W)
s S L S s,y ks CaST ) paas
Sl OT siasglis 5 =STL 45}?]& A5 pde (38)> 5
48 5 plondl iy s el O gl ol ool o S
245 @S LS Jol Oliabl 01y (o 5
e e R T e B N
3L gla gy AL (b god ST (gl il o
Dlabad 4 baa god s b s ploil G 5lis (65l
Ltm}oua:\:jﬁéﬁébZU].&g—;
Olej yspe o b dish oo Lol S Glakaos 55, 5
Lo 55 il 1 OT ool slags ST iy L
ooy o) s (107) s @}-SJ‘S—:: 5o LS
355 Al g5 oo Cod gl (Lo gu 1 (63 guloa Sl Lo
=) e S by g ekl CiS loses 4 )y
Sl 0550 45 o SL STt sla ) gl ) laz|
LS 55 Al 5 iS55 5 ALS
N gagdmws sliss Luls 5 g a4y g4l
J:\AQ}QQ:;AQ:;:JS-.:}&@F\AR
g s (Olis usl) 3L LoT oS = 5 osle

Gl Jily 6lyls a8 age gl i 05SU
Ales g ok Jlad s 5 DLS 5 5 0 o s

.(W;Y‘?).U‘ ol QJJ;LA ‘_;‘jl.wj)‘: E)

Eod gl (sl (6 5L ST (gLl
Lo sain 5 bags ST ST glolid 5 (g5ko 1
S iy Js 4 595 OULL I s bo g2y 2l i
Llos 5y a5 35 90 LSS g (BT 5 50 WOT SV
(s S Sl sl (3l 55 ado e
A S (e gla F3 T ples o
sods Ol & Gl cadauls 5 55 S 53 5
5o ) Sl ol Sr Do dmy o 5
il 3T 4 laa g o e 45 ol S5 g
o O el sl Ayl 3 ol 4y 5 Lo 63,57
3 e op L 555 e S (Surface sterilization)
St cado o gl i la3T 4 b & ga JUis)
S S S I Cod g ST 0L L 0T
sl 4 aS b & genl Bl sl dd e s Ll
bl e Sl b o S sl ST O
sdd 03 s LS4y s sladlo 5o (gadae sla by,
e IS 5 S a5t o
oS Glanllas 53, el OT Cob 5 ool ol o 51 SO
ST sizd 51 ey Lad gd el 0k planil | )
odds atecd o5 0L o 5 53 43630 (gl 1ol ¢ laia
S 0T 5l dm 5 o5 10 J 51 53 4233 (2 o
23 i jgab e Ao ys2 Qljlfm.av_l.uﬁdj.:é:
425310 e bz 5B s Slgs Hshie 4 dm Al
23 bds aad o3 10 Sl S 05 e (ke 2
CTL L aw e aged cod S5 ol o ales
0L &aa s Mondal .(38) s> oo siiunds Js izl i
Ot 03 4S5 ol sy A0 ST eslan il plin g )
oyl e T Slgs |y b gas ol S5 o1 o

clads el <_;J_i1: anlllas ;5. (104) Ssls o i

1399 3 186 s)laids «@! ;W 0)9s

ohsjle (ib)y eole oGSl alas 200


https://jmums.mazums.ac.ir/article-1-14341-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-15]

wl)lSnsb g s pla puly

a8 e ol (s Jlab bagg STy o s
ot 3 Y grana 55late cpl ki 10T s wla
5(25-75 pgmL) B s 54T (10-100 pg/mL)
3 Lag 6 acde 1 (50-100 pg/mL) el Sn g
slag SLade (2550 pg/mL) Aol eSS Al
5 Cpmoman (110)3 55 o o3lizl SUssST 2
g (Benomyl 50 pg/mL) s sz 5 Olalllas
Sy (L1l ot oslizal Lo 56 sy 5l (5,8 sl
S S5t 5 LS lakasme )3 bags ST ST
U o€ 5 ind b2 31 Y game 5 Sl oloj sl 5
Jsb 4o s, 8 slu am ;530 528 clos ;5 4in 16

/(30) Lelosil o

s LagT =S B slie a5 Slaa su g sy gl
o= 93 (1080 A) 3 55 e o3l 03,05 55 LS
1y Lo gl g 1SS a5l 2 e &5 )
s U tms e il ol | CiST (sla Lo
5 Sl Al 158 Lags ST ST (g5l
e ) S i S8 e (g jLuesleT
Lses 0 oS5 L Cnl Lacid il (gLl sla i
Sl Gl Ol Lo 5 0 50 a8
ol et 45, LS 4 gl slags 55T S
(2 o5l Jsu)
GLaeS o ST 1Y some S (glaams g5 5

Lol ls Koo ey S oL S5 5 7 65

b gl (la (6 STL ST (g 5luliam (6l 5 0l oslanul e iS Joses (:Uj odias J:g.:i S22 osled Jgu

= ()08 Lo ol S Lame
(112) e SN ETpF20 5555305408 28 55y (PDA) €T 55 8 555
(113) e S18 8T 505 it 0 05kn ot 536 5 025 o 281y (TWYE) 5" Sy 15 6
(114) 10 Sl S S0L 4T 53 87 ool 0 50,2 4T Cn DAl om0 505 i 055548 i 53 0.5 4 ok 355k 8567 S10 55257 SET-S Loe
St sl 0 8 a08 4T G Dl g 5 (o 15 el s 5 e 0L T iy i np 57 (001 T n Slily (IS 0 5
05 k06 4T in il 50 02 4T e
115) 0,01 T s il w3 ep 80,5 T s il v 1 5200 80,5 4T i ind 03550t im0 5 1 25 ol 0 50,5 s 87 0§20 J oo sl Gause’s synthetic agar
e 30 S o e g S s S 1O e 50508 it 20 e
52015 8T &
(115) 052015, S48 St 0§45 281 e 10 5,8 SETYMG
(116) 0,01 T i i r s oo 50,05 Sty 5 ol 0 50,005 4T om0 50,2 5" s 0 57200 05548 i 3.0 5 0L 5 ST oy Low-Nutrient Mineral Salts-agar (LNMS)
05N BT 0L Uoue ultice
(W9 0 £002 b ool 5001 o i i s i 50,05 4T b iy 5200 SLTL oy 5 oy 0 505 i 0538 b S L bl 6 n (HVA) SET oty 5 6 pn
518,67 o £ 51650 sl Kn S B by S8
(L16) 0515 JETHL (a5 oS 0 5005 8 St o 18 oot ip §1 5 0 ol 0§71 i 03548 o (69 0576 i 033508 ke SET s
19) 0,05 Al g 320 0 5 0.3 i 053yt el (53 ¢ 50,3 Sl ks 50,5 4l (0 £05 58 2§05 sl 5ol 35 0 $05 050 0 55 08 oSy Reasoner’s 2A
e e 0 S =t e S e S ¢S 00 5K f SRS NET R
515 8T S
(19) 0515 BT 81T ki sopee Sl el p S 1) ol @ §05 0 5050 §2 08 2T 0 S1 5,6 o TS
(118) s il e p 08 i 05pokt ot 53 6,505 Sy pacip S Ll cp 51508 0§l 367 ¢ SL 0 350 5L S 28T oy JETR3A
218 BT S1aT
“y A 15,8T 510 35, (WPA)ET o3 5 1y
(111 50001 4T ez € )Snip 50,001 4T don DAl s ip 5L i 035508 ot (03 0 150550 Lo S0 s ko oo o5 8 ETCMC
0515 ,8Tep 50,001 4T s il (535
(119) eSS @ FhS psI @ §10 e (MYG) 5 o5 2sT e
119) S15,6T e §1 oty 5 odS o2 £56K ¢ 5 N-ZAMINE (5 £5 5 251 s 0§20 J s ki cp £10 55,6 JETATCC 172 L
33 eSS el e S0 s 50 S St 0 520 J e oS 105
(119) 55 eSS ool (0 50,05 iy o520 0 571 lidyr 55 5)n o 53 0 5 2 S5 oty 0,55 8 2SN 0,87 5 U S 510 e sl (SGN) LET = s = skl
(522 T F00L iy
(119) (SAA) JET 35,1~ S 5
(106) eFW BT S5 u S e §3a8 olae e S5 05 (NA) 6T e 55
(106) 515 8T @ §25 i 0555kt ool 08725 55 553 S5 S ok 57 B0k o b oS S17 5567 (TSA) BT (g g oS 5
(120) 50,02 28" ool 0 5 0,05 4T s il om0 52 IS o5 2 by 0 82 A 055k ol 05703 (335 0 5710 J e sl (SGN) LET s 58" g5kl
51T BT 001 oT s Slid g o35
(120) CFT ST ¢ £00L T s iy o pip S 05 o s Sl g 000,81 i 053588 by 0571 otz L 0 510 558 (RH) ST ot 5 31,
201 1399 13 . 186 s)laids @) ;W 0)9s ohaijls Ak} esle olEhsl alas


https://jmums.mazums.ac.ir/article-1-14341-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-15]

> (5535034351 (bbb § Sjlwlss 1 $)o)s

S Lol 5 5 bl bow s b g Sl Jol>
Gl g oLl 5 S5k Lanls)y ()2 ) 2
Y e s 5 ods LT Il dn s Lyt
S S 33,5 e 1)) S akd s D g
5 5SSl 3 eslinal 30 laolSL
Silva s EzBioCloud (16S rRNA o oL Jis 4l
WS i anr g 75 K ol 4 Lb (100 V) s
o g 3 55 o3l 12 53 S PSSl S ol 4y
s il e 0y 5o a1 St
ybn ke ol S e 4 eie Lilate o L
L;LAJ\J'_%\(JJ 48 gazen 3| (6w oy S hd> 55 MEGAY
L glaa g plalls 5 w5 sl 8 Sl MEGA
16S IRNA (sla JI 5 4l » &S5k &5 ) o 5
S5510000 51 i 5,8 o 1,5 a3l ul 3550
5550 oLk ol 35 casism TRNA s LT
e Hle 5l (oSGt o plas 5525 L (126)
LSS e ot Gl 85 S s Sl eslizal
s Cglin oy i S Sl ) 0 5uSTU
Al 258438 5 5558 50 e S0 6
Sglite gbaas 8 51 galdn o 45 ST Sl ol s
S e 4y 16S IRNA sl JIps cgplin ds s
o) ez o LT 5y ol 3l el o s 5399
S350 GBS e s A ek (6 0
wlr ey O e ol ade [ ghte 4 Sl SIS
s DNA-DNA hybridization (DDH) 04— o

Cod ol slags ST ST S350 5 S Gol ) 50 Ll
ol glag SL b 5 adyl oluls
Gl S 55 Lo g ) (6 8L ST gla i Ol sie
el JsS050 Gla ) Lo g oo 5 (S50 50
Conds sl (laiS o8 L l0T 51kis 5 o b s
ol Sl S S bl (gl o S g23ST 31 0eT
chéﬁ@ﬁ‘dﬁuébﬁj\ gs’)lsdl'\"’:
Sl sl sl Oglize (S350 s S
Vg alo o pl 5355 ags Lalls slacas oT
Jj.\_?- B 45(121):_,_&@ oslaul LA‘_;J‘ZS\_'HS‘
il 813 gy 135503 0slad
3 ) Slap sdae dauly 4 lagg ST S
PP N PRI U VRPN P I R - v
Db sl ol sl glaw g (S5 pn olalid (sl
S s3dmzs sla 5 .(123) 5,57 esleul Lagy 5
55 oo 03wl DNA 2S5 al o SL plulis
05 2L bl ool o T o 5dslie o
Gl ) 5T sla M5 (122) asl 0 16S TRNA
oslewl 350 lag SSL16S TRNA O (6l 5,1kl
4 (glankss 16S IRNA 35 585 5l .:ﬁf@ B
jdbu”}s};ﬂ| J:}) .1:.,,}:1/5 Kb :j-b-d_’]a

lresls .:J_:fé_ﬁ D eslinul sy oL Iy ol

(Production) J seesws A5 S b (6 SL S| colant GlaciS Lases 3 osled Jouer

G eSS Lama el 28 Lol

e50 BT S35 553 51008 2SIt §3 05 28l

0538 1S ¢ 55 ok Hsyae 536 (International Streptomyces Project 1,87 o zos'l s &5 5

(ISP2),67T 55 255 S 28T Mo &8 28T oy

,/leJfTT,?ZO Jee sl (ISP3),ET Lozl

[SAJPRS RERCIPINGGHN FENYS o SO RN Y SO FRYON PRS- RGN o DY GG PRPISTAS ¢ RCTHICRY TR W) (ISPA),ET e 350 5 4l 5 Lo
£ €T

05D BT R el S sla 8 e £ L 050 ol 0 5710 3l 1 55T L (ISP5)ET e 4T s 6

515 8T 0§10 281 50,08 il 5 ook 51 i b 530 5705 S 23557 60 560 55 55551 0 S 15 05

(ISP7),ET oaT oS auSl s 05

a5 50 0548 0 £0,5 4T s DAl om0 505 it 0555k ol 0 5L S50 TL 0 5105 55 5L 0 §15 5l (ISPT)ET o555
5206 A el S sl i Jome 0 50,00 T

SPrANAM LS ola oS00 571 4 i DAl om0 57585 4T e i 053508 ool 0 572,38 id 053508 ooty 0,5 2,64 i 5T (ISP9):, 5" o5l b s Lams

¢£15,€Ti1 ., 5 e Coltlieb

1399 3« 186 s)laids «@) ;W 0)9s

ohsjle i)y eole sGilsl alas 202


https://jmums.mazums.ac.ir/article-1-14341-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-15]

wl)lSnsb g s pla puly

4l sle Sl plis 5 Jled G LS5 A 57 il
2 8 St ey Sliios s sladle )
S el (o 5 5 (ol (Ll L adal,
CaiS skt (gl gla (o STl ST el
Slidiss ol ol wjf;))y.\,_.\;-@”l;cu
o ot Sl saad € 5 La iz lolid L btes
Ospen f 520 ool 5 b adate DS 5 lyls &5 005
5 33 (g Seadd  Glb A ol 5
Lde OLS 5 slecd Olastle Lles sy olgdlis
Jlw iy 53 Sl (sl (5,8 5SSl ks o
ol 0 0303 Ol (L ojleds o gei) 45 L5t
Sladiss 515l utdnd (51 o GLS 5 Y pans
iliee Lol a1 S Lpd o (3Ll 0k
Pl Gl s ol (ke Lo O s
Syg 0 5 (o st (2B LS (oL ST AS
23 L8 5 GOS Jia sba k8 o 513 o
Cod gl (glalslo oS Cmazr (69 » (Slanlllas
=3 552017 JLw ;s Vochysia divergens oS
Slasin bl oy Sl 45w 10 il g
(133) 48" 14 16S TRNA 05 b 15 5 K55890
e 0T 4 b e plie 05, Sads sla gl 5!
OT slacd pbis 45" L5 LGMBAOL 4y 5 20 4
L ! Minimum Inhibitory Concentration (sl >
Methicillin-resistant Staphylococcus e 04mg/mL
iels Lac gl ol 4S5 s aureus (MRSA)
«Indole-3-carbaldehyde « 1-acetyl-b-carboline
3-(hydroxyacetyl)-indole Tryptophol
« Cyclo-(L-Pro-L-Phe) ¢ Brevianamide F
5 Cyclo-(L-Pro-L-Leu) «Cyclo-(L-Pro-L-Tyr)
sAlshaibani .., Cyclo-(L-Val-L-Phe)
35 Dl il L e LS
S 5 sz Ll g Streptomyces SUK 25
Sliin jl oS 5 ¢S 5 Diketopiperazine (DKP)

ST lals oy St ol b bl

Ll 45" Average Nucleotide Identity (ANI)
Sl 03,8 ot e 555 S A s
5,8 o ol 5 enlinad 5yge S5skd Sl ow
95-96 45" uS s slgin (127) 01, Len 5 Kim
Cals A ,398/65 s AN bl p ol s s
= Sl ol e a5 e 16S TRNA WLl
oKL bl et Bl (55T 5 sla S
sANI L, - Microbial Genomes Atlas (MiGA)
s wMS « 5 Amino  Acid Identity (AAI)
3 S5 (128)5503 s oo 2L SL a0 5B
Gl S e (oLl 350 55 oge S
oy s 3 Jlaz oo sl o 1 asms S5
Lo )3 db) Ul pde s 4 o Sl glaa S
CiS 4 s adyl Cumer Sl slaw s al y oS
Sladla 53 5y0p) 3t glold LB da0T i ol
b St lalums gLuli 5 il 5
(129) U4l anw g oS 31 s sla s, olal
Denaturing Gradient Gel Electrophoresis(DGGE)
Sl PCR sl 2 sln sy 0 20 ) S
Loyt dn0) by o by ol 1y 48
o3l ul ¢ oL S gL alorax 53165 TRNA
slas SL S| (bl 5550 3 (130)3 55 o0
S ) (6l = el il 3550 DNA (b 5|
s odcd bl LS L S| e 5be
SLayasl s Lo 5 16S TRNA 5 asslsl 55 5 LT
PCR Y a3 5 ot S5 0 g
oS Lol osle 1 oo (g5l 457 5589 2SN U o
PSSR RES ) FPE Y ey G
sba sl Od > GHC slal Ol s gl
ot S alite slacbile 55 0T Ol (S5a,4e
J5 00T S > o Sl slonl Eel &S
Fber DLl (10030 S (o plowl 55 o0
Muyzer , Strathdee ol BT Colaflas 4 Ll 55 o

LFrar)as &,

203 1399 3 . 186 o)ladds «@) w0 )93

ohaijls Ak} esle olEhsl alas


https://jmums.mazums.ac.ir/article-1-14341-fa.html

> (5535034351 (bbb § Sjlwlss 1 $)o)s

[ Downloaded from jmums.mazums.ac.ir on 2025-07-15]

=CHO; Indole-3-carbaldehyde s
CH2CH2O0H; Tryptophol
; R=COCH2OH; 3-(Hydroxyacetyyl)-indole

; Cylo-(L-Pro-L-Phe)
; Cyclo-(L-Pro-4-OH-L-Phe)

2;
3;
4;

CHs CHs CHs cHa

~ - cHs
g Q@ B o on
ch =3

cH SHs CH3 CHs 32

any

on o

oH

42; R1= O
43; R2= OH

44; R3=0
45; R4=OH

s} NH, 51
50

49

b gl e (6 ST 5SSl odd T e OLS 5 olad Hlle oyl poa

1399 113 . 186 os)ladhs @) ¢, )93 ohsijle (A eole alGil3l alas 204


https://jmums.mazums.ac.ir/article-1-14341-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-15]

wl)lSnsb g s pla puly

Jsbomea 9 Klebsiella pneumoniae Proteus vulgaris
Aspergillus niger ;,Candida albicans slag
La0T 51 s 5 =B 5 cmlin Sl 5 05,87 2 lesT
LS 5 o il 3l glasds (12) ks 57 518
5 by ool oblE zs sl e Sl o o lalis
Jadr 53 LaoT Calies GlacJlad of ot 4 -l Jlo

NG PR a‘)jT4 oJL«.::

vl slo Clple Ly s slo As)
Aol sl o il gy o e dle
NEE S NP PRSPPI R P ]
A5 5 e s gLl ol 55 6K slacs 31l
ol 3 st n 035 ) 4 e 4 U Slac b
¢S (Co-culture) olasas CiST isy 4 015 o0 Ol
5(One strain many compounds) —S ;5 > 4 s
235,56, ,Lal (in situ cultivation) fswe js ooiS
AL L g5 5 o o) 4 g 53 Olejan S
:J@JS\AQTO_:{SQ_QGJJ_A:Q(ML.

35 =S 5 31 Y e 45 den Jlb G LS
@hols 5ol 5525 an (el (Sladki g b 4Tl
OS5l ot 5 B a0l sl ey
«Cyclo-(L-Val-L-Pro) : | 4S5 o &oyls ol il
«Cyclo-(L-Phe-L-Pro) «Cyclo-(L-Leu-L-Pro)
N-(7-hydroxy-6-methyl-octyl) s Cyclo-(L-Val-L-Phe)
Ll g 2018 Jle s o) Sea 5 Chandrakar ((134)
5 JT oLE ;I e slu> Streptomyces sp. Av-R5 ;|
CLeSSS L T 15 XO0B 5D (gla s bo oS el 59
Sle s g5le 2l NMR g HPLC ¢(6 e g2 oSl
Silwaig U ioman a0 T S SLalis 1) LapT
Lo Ll g 4 g al sl A5 g et Ll 2
33 o=l A S YL Ol 5 aa5L L s
09,5 ol dled a3 i e 53 S5 g 5T
e SL Sl slos 2 s ade 1) 1S5 g 5T
Escherichia  cOli alaxjl —ite 5o (’Jj
Bacillus cereus Staphylococcus epidermidis

Pseudomonas aeruginosa Staphylococcus aureus

J:s-lJLwG;;ub,;;;:éj.ultsuts;f\w;_:{l}lo.x.:&ut;c;\,:f;w;.g.xq-:h,mgg..\?

e () Ol alS

bl 4

<SSt

(135) 3545 s Cinnamomum cassia

(136) s St cgis Musa

Streptomyces cavourensis YBQ59

1-monolinolein(15)
Bafilomycin D(16)

Nonactic acid(17)
Daidzein(18)
3"-hydroxydaidzein(19)
5,11-epoxy-10-cadinanol(20)
Prelactone B(21)
Daucosterol(22)

Streptomyces pseudovenezuelae SKH1-2  Chartreusin(23)

Lumichrome(24)

31

il AT 5 B o Sor b Sl

Dysophylla stellate

Streptomyces sp. YIM 67086

2-amino-3, 4- dihydroxy-5-methoxybenzamide (25)

(138) i 5SS gl e SOYbean Streptomyces sp. Neau-D50 3-acetonylidene-7-prenylindolin-2-one(26)

(139) a3 s b Xylocarpus granatum Jishengella endophytica 161111 2-(furan-2-yl)-6{2S,3S4-
trihydroxybutyl)pyrazine(27)

(140) Lychnophora ericoides Streptomyces albospinus RLe7 (2R*,45%)-2((1'S*)-hydroxy-4'- methyIpentyl)-4-
(hydroxymethyl)butanolide(28)
(3R*,45* 5R* 6S*)- tetrahydro-4-hydroxy-3,5,6-
trimethyl-2-pyranone(29)
1-O-(phenylacetyl)glycerol(30)

(141) S 5l 5 3 Sn s s Artemisia annua Streptomyces diastaticus Diastaphenazine(31)

[142) S 5l s B A s S s M Oryzasativa Streptomyces sp. BCC72023 Efomycins M(32)

(143) shzls cdws Clinacanthus siamensis Bremek  Sphaerimonospora mesophila Linfuranone B(33)
Linfuranone C(34)

[144] .S gl o Camellia sinensis Streptomyces sp. KIB-H033 Rubrolone B(35)

[145] Sl SekS e Betulamandshuric Streptomyces KIB-H1289 Lorneic acid E-J(36-41)

[146] SKitas s Capsicum frutescens Actinoallomurus fulvus MK10-036 Actinoallolide A-E(42-46)

[147 a5 cJw Vochysia divergens Microbacterium sp. LGMB471 7-O-B-Dglucosyl genistein(47)
7-O-B-D-glucosyl-daidzein(48)

[148] S 5l 5 3 Sn s s Is0dON eriocalyx Streptomyces sp. YIM66403 Misamycin(49)

[149) I 5 oS ol oy S s s Lychnophora ericoides Streptomyces sp. 3-hydroxy-4- methoxybenzamide(50)
2,3-dihydro-2,2-dimethyl-4(1H)-quinazolinone(51)

. 1S «© )93 Ohsy oGy ala
205 1399 13 . 186 s)laids @) ;W o) hadjls ¢ Siby (Sl alas


https://jmums.mazums.ac.ir/article-1-14341-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-15]

> (5535034351 (bbb § Sjlwlss 1 $)o)s

Ly o Lty s oS )y LS 515 S0
(155) 52 o glulidg ol b g Calises gla 35,
s 03 S g0 Joun p3 EiS by, $SGS
slels 0B Calobes glad su 5 oland SLS 5
oS plad s 3 ladal Ol 5 oo 45655k Ao
L S iy |y ol ol dilonts g lulis 0586

(156) 3l S el lo3T s 1, aoT ol 4

.'.,

SLan 38 a5 Gl slen laisie 2153l

6y Ndme S oL ST Ceslis I 5L
sskie an i e Sl Gl 5o Ol sla5iS
5 S S S an T g 5 S ol e
S|l 8515y se (g3aze e
O N P e e EA =1
S Sl plakime 0y FOME 5 0 S o
wt il gle oS5 g 3T slols 5 CaiS bt
Carg Llales S s al) i 4 g
Lags STl 5T 31 et LS 5 il b g 55
ol 03 0T 01513 5 ¢ e (SC5dm s b
i8S Gladams (b g melams O sl ol 2l dalllas
olLS 5 aJg g (Isolation) (g jlvlde  —olazs
6378 S so 4 1 bas 5STL ST (Production) « g6
0l gwyp SV ol s .V.::\:J\Jé ST EIrS
b g (dams O gl 3y il ol 510 51 (S JSUI
a5 53 lag )6 s, 1 (6,8 sl sshie 4 en 3
31 L sas o ST 23T (5l 6l C2S Laos
S iy oo s s oo oslital )6 A LS 5
Lo s bl 4ty 35S 50 5 (55450050
leld S Ol e 4S5 8 5 L 5 e
oS o6& 5 (Culturable) oiS™ 6 sla 55Tl
= odle .54 o3l (Non-Culturable Bacteria)
3 3dxie Jalse canlllan ol 30l S5 5505
g e 31 OLalE S Lol sl (gLl

OS5 A5 4 g, by o a5 oils sl 015 e
Jgans Loyl -3 55 487 a8 e eSS 4 5T
el gy 4 Lol G skea s pai ) (AR LST
35 S gy ($1805 sl Sn b 355 o0
gtjj_&}aaj_fdl_xébx:ﬁuiyls- OgSG S,
o Sl Gl a st gl gl W5
sk o 4SS glasdlae 55 L Ol g2 an LS 5 -
Aspergillus versicolor -3 =z slee ¢ 55 (o)
Ly Olajor CtS 5, 5l el pLnil KU258497
4 e a5 LS eslewsl Bacillus subtilis 168 (s =Sy
S 5 sl Sl s L sdaie SLS 5 glalis
ooy D31 4 55 7 50 50 0l cosdea . (1010101) Lk
i S Lo dile Jgens sla i gy 45T ol
503,8 Jlwb 1y bl )15 Koo b b plas il 5 oo
Doy e oo e lil LOT OS5 (65l 55000 )
0 s 4_:5;)\54_3‘_);}_.&5- RELBT RS Jr-NRES
e OF 92 48T Cl (S5 i 50 K ST
A 53 p e loa ite 03 A L3 i o
g5 sl glacdple Ly 5 Calides lagy 5o
1y sl S0 Sl ok 2l il glood OLS 5
Olgte Ul aaties 47 gy ol (152) dins ) 530
«=_%0ne Strain Many Compounds (OSMAC)
=SS e® Al gl il Jali s e
L 5 055,55 5 S e PH s (08 Lo s
3,505 (S (158) ol Calies laps 5T 5 oslizal
L Lol oo s putome iy 1 457 oo S ol
Joee 53 i8S el a8l i sl i gy ) eslazul
Lo s 3 S .(154) il (in situ cultivation)
0353 1y el Son 48T ol (al ¢ s ) el
Lgosls 5l 85550 anb Jasea b alie S sl g
S0 L5 45 51 s Bilie (5l (Gladdaizen I oslina
o3lor! el Sng st ;S 0,8 o 5315 Jshor
S BT el 63 o slaslid 0955 445 b o0

PR L Sl 09 L8 gp 4 Iz b 5

1399 113 . 186 o)ladhs (@) ¢, )93

ohsijle ¢aib)y eole slGiil alas 206


https://jmums.mazums.ac.ir/article-1-14341-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-15]

wl)lSnsb g s pla puly

J1n 3 pp o s sdd el oS e
Lol 4 56 S phe ol W5 6 5o mer
3 Sl i b 5 s 5 o el OT
Slasy s 55 5 (sl p s by n slas Shas
A5 A e oS Sl gl ST sS |
5 bt gl o b o o 56 gl ple
gt e Dosliin s Sas 5 (555 50 slas b
A $ Sl e S e S e S S
L Sl )3 48 Wl or (65855 s DY pramme
13 = (K byl A5 (aiS cann s o

el 03 905 3 (6 phs anal Dl 35 o

S| pSwwlpw
r}l; o\i..’:.}‘: ‘_;théjd)w (J:’H‘ gl S
sl UG 05,7 2l sl eliile S S

References

1. Bérdy J. Thoughts and facts about antibiotics:
where we are now and where we are heading.
J Antibiot Res 2012; 65(8): 385.

2.Islam S, Aldstadt J, Aga D. Global
antimicrobial resistance: A complex and dire
threat with few definite answers. Tropi Med
Int Health 2019; 24(6): 658-662.

3. Docquier JD, Mangani S. An update on B-
lactamase inhibitor discovery and development.
Drug Resist Updat 2018; 36:13-29.

4. Rigali S Anderssen S, Naémé A, van Wezel
GP. Cracking the regulatory code of
biosynthetic gene clusters as a strategy for
natural product discovery. Biochem Pharmacol
2018; 153: 24-34.

5. Radlinski L, Conlon B. Antibiotic efficacy in
the complex infection environment. Curr
Opin Microbiol 2018; 42: 19-24.

J=> Bl adlete 5 5 8 4 g5 b 0Ly
(G5l Ll (6 5 i el 4 5L oS (110) izen
Jlod G5 OS5 5 Joily (o5 lolis
b o als OLALS L o gl glas ST 58]
SSsn (o Al o (50l Dlalllan ) g
Slaes S Lolis 5 Las S ol gomd o (5l s
5 4 3 (Biosynthetic Gene Clusters) ¢Sz 5 S5
L oS Hles DS 5 ol pen 4 4 5L o g W 5
Sl lasjm ;s 51 55 LaoT easS o o
acdllan a3 48 Cd b gl slags S S
s llis 5 (g5l (157)aal o glos 28
23 S e 65 e s e sl
el Gl Sledle 5 45t i pke g
ot S 5T ane 5 S il T
Sba ol (Slsloy plie ol sie Ol)s ¢z

GC,-‘....‘B}.\_;‘ ‘_;LAJGT?;A A ‘J:ni“}ﬁ‘ b QU&;«})}@L};

6. Kemung HM, Tan LTH, Khan TM, Chan
KG, Pusparajah P, et al. Streptomyces as a
prominent resource of future anti-MRSA
drugs. Folia Microbiol 2018; 9: 2221

7. Genilloud O. Actinomycetes: still a source of
novel antibiotics. Natural Product Reports
2017; 34(10): 1203-1232.

8. Rateb ME, Ebel R, Jaspars M. Natural
product diversity of actinobacteria in the
Atacama Desert. Antonie Van Leeuwenhoek
2018; 111(8):1467-1477.

9. Masand M, Jose PA, Menghani E, Jebakumar
SRD. Continuing hunt for endophytic
actinomycetes as a source of novel biologically
active metabolites. World J Microbiol
Biotechnol 2015; 31(12): 1863-1875.

10. Vurukonda SSK, Giovanardi D, Stefani E.

Plant growth promoting and biocontrol

207 1399 13 . 186 o)ladhs @) o )93

ohaijls Ak} esle olEhsl alas


https://jmums.mazums.ac.ir/article-1-14341-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-15]

> (5535034351 (bbb § Sjlwlss 1 $)o)s

11.

12.

13.

14.

15.

16.

17.

18.

19.

activity of Streptomyces spp. as endophytes.
Int J Mol Sci 2018; 19(4): 952.

Nalini M, Prakash H. Diversity and
bioprospecting of actinomycete endophytes
from the medicinal plants. Lett Appl
Microbiol 2017; 64(4): 261-270.

Chandrakar S, Gupta AK. Actinomycin-
Producing Endophytic Streptomyces parvulus
Associated with Root of Aloe vera and
Optimization of Conditions for Antibiotic
Production. Probiotics Antimicro 2018; 11(3):
1055-1069

Barka EA, Vatsa P, Sanchez L, Gaveau-
Vaillant N, Jacquard C, Klenk H-P, et al.
Taxonomy, physiology, and natural products
of Actinobacteria. Microbiol Mol Biol Rev
2016; 80(1): 1-43.

Fernandez-Cabezén L, Galan B, Garcia JL.
New insights on steroid biotechnology. Folia
Microbiol 2018; 9: 958.

Viana Marques D, Machado S, Ebinuma V,
Duarte C, Converti A,Porto A. Production of
B-lactamase inhibitors by Streptomyces
species. Antibiotics 2018; 7(3):61.

Anteneh YS, Franco CM M. Whole Cell
Actinobacteria as  Biocatalysts.  Front
Microbiol 2019; 10: 77.

Véazquez Boland JA, Meijer WG. The
pathogenic  actinobacterium  Rhodococcus
equi: What's in a name? Mol Microbiol 2019;
112(1): 1-15.

Dhakal D, Pokhrel AR, Shrestha B, Sohng
JK. Marine rare actinobacteria; Isolation,
characterization, and strategies for harnessing
bioactive compounds. Front Microbiol 2017;
8: 1106.

Liu L, Salam N, Jiao JY, Jiang HC, Zhou
EM, Yin YR, et al. Diversity of culturable
thermophilic Actinobacteria in hot springs in

Tengchong, China and studies of their

20.

21.

22.

23.

24.

25.

26.

biosynthetic gene profiles. Microb Ecol
2016; 72(1): 150-162.

Panda AK, Bisht SS, Rana M, De Mandal S,
Kumar NS. Biotechnological Potential of
Thermophilic ~ Actinobacteria  Associated
With Hot Springs. In New and Future
Developments in Microbial Biotechnology
and Bioengineering (pp. 155-164): Elsevier;
2018.

Meena B, Anburajan L, Vinithkumar NV,
Kirubagaran R, Dharani G. Biodiversity and
antibacterial potential of cultivable halophilic
actinobacteria from the deep sea sediments of
active volcanic Barren Island. Microb Pathog
2019; 132: 129-136.

Dholakiya RN, Kumar R, Mishra A, Mody
KH, Jha B. Antibacterial and Antioxidant
Activities of Novel Actinobacteria Strain
Isolated from Gulf of Khambhat, Gujarat.
Front Microbiol 2017; 8: 2420.

Jiang Z, Tuo L, Huang D, II’yaA PO, Tyurin
A, Liu S, et al. Diversity, Novelty and
Antimicrobial ~ Activity of  Endophytic
Actinobacteria from Mangrove Plants in
Beilun Estuary National Nature Reserve of
Guangxi, China. Front Microbiol 2018; 9:
868.

Law JWF, Ser HL, Ab Mutalib NS, Saokaew
S, Duangjai A, Khan TM, et al. Streptomyces
monashensis sp. nov., a novel mangrove soil
actinobacterium from East Malaysia with
antioxidative potential. Sci Rep 2019; 9(1):
3056.

Demain AL, Gémez-Ortiz B, Ruiz-Villafan
B, Rodriguez-Sanoja R, Sanchez S. Recent
findings of molecules with anti-infective
activity: screening of non-conventional sources.
Curr Opin Pharmacol 2019; 48: 40-47.
Goodfellow M, Nouioui I, Sanderson R, Xie

F, Bull AT. Rare taxaand dark microbial

1399 113 . 186 os)ladhs @) ¢, )93

ohsijle (A eole slGil3D alas 208


https://jmums.mazums.ac.ir/article-1-14341-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-15]

wl)lSnsb g s pla puly

27.

28.

29.

30.

31.

32.

33.

34.

matter: novel bioactive actinobacteria abound
in Atacama Desert soils. Anton Van Leeuw
JG 2018; 111(8): 1315-1332.

Purushotham N, Jones E, Monk J, Ridgway
H. Community Structure of Endophytic
Actinobacteria in a New Zealand Native
Medicinal Plant Pseudowintera colorata
(Horopito) and Their Influence on Plant
Growth. Microb Ecol 2018; 76(3): 729-740.
Vijayabharathi R, Gopalakrishnan S, Sathya
A, Srinivas V, Sharma M. Deciphering
the tri-dimensional effect of endophytic
Streptomyces sp. on chickpea for plant growth
promotion, helper effect with Mesorhizobium
ciceri and host-plant resistance induction
against Botrytis cinerea. Microb pathog
2018; 122: 98-107.

Schulz B, Boyle C. What are endophytes?
Microbial root endophytes. New York:
Springer, 2006.

Golinska P, Wypij M, Agarkar G, Rathod D,
Dahm H, Rai M. Endophytic actinobacteria
of medicinal plants: diversity and bioactivity.
Anton Van Leeuw JG 2015; 108(2): 267-289.
Monggoot S, Pichaitam T, Tanapichatsakul
C, Pripdeevech P. Antibacterial potential of
secondary metabolites produced by Aspergillus
sp., an endophyte of Mitrephora wangii. Arch
Microbiol 2018; 200(6): 951-959.

de Medeiros AG, Savi D C, Mitra P, Shaaban
KA, Jha AK, Thorson JS, Glienke C.
Bioprospecting of Diaporthe terebinthifolii
LGMF907 for antimicrobial compounds.
Folia Microbiol 2018; 63(4): 499-505.
Hardoim PR, van Overbeek LS, van Elsas
JD. Properties of bacterial endophytes and
their proposed role in plant growth. Trends
Microbiol 2008; 16(10): 463-471.

Ek-Ramos MJ, Gomez-Flores R, Orozco-

Flores AA, Rodriguez-Padilla C, Gonzalez-

35.

36.

37.

38.

39.

40.

41.

Ochoa G, Tamez-Guerra P. Bioactive Products
From Plant-Endophytic Gram-Positive Bacteria.
Folia Microbiol 2019; 10: 463.

Passari AK, MishraVK, Gupta VK, Yadav
MK, Saikia R, Singh BP. In vitro and in vivo
plant growth promoting activities and DNA
fingerprinting of antagonistic  endophytic
actinomycetes associates with medicinal
plants. PLoS one 2015; 10(9): e0139468.
Sahur A, Ala A, Patandjengi B, Syam’un
E. Effect of Seed Inoculation with
Actinomycetes and Rhizobium Isolated from
Indigenous Soybean and Rhizosphere on
Nitrogen Fixation, Growth, and Yield of
Soybean. Int J Agronomy 2018; 8: 1-7.

Zhao K, Li J, Zhang X, Chen Q, Liu M, Ao
X, et al. Actinobacteria associated with
Glycyrrhiza inflata Bat. are diverse and have
plant growth promoting and antimicrobial
activity. Sci Rep 2018; 8(1):13661.

Zhao H, Yang A, Zhang N, Li S, Yuan T,
Ding N, et al. Insecticidal endostemonines A-
J produced by endophytic streptomyces from
Stemona sessilifolia. J Agric Food Chem
2020; 68(6): 1588-1595.

Ma Z, Liu C, Fan J, He H, Li C, Li J, et al.
Plantactinospora  sonchi sp. nov., an
actinobacterium isolated from the leaves of
common sowthistle (Sonchus oleraceus L.).
Int J Syst Evol Microbiol 2015; 65(12):
4895-4901.

Xing H, Liu C, Zhang Y, Zhao J, Li C, Liu
H., et al. Plantactinospora veratri sp. nov., an
actinomycete isolated from black false
hellebore root (Veratrum nigrum L.). Int J
Syst Evol Microbiol 2015; 65(6): 1799-1804.
Xiong ZJ,Miao CP, Zheng YK, Liu K, Li WJ,
Liu WH, et al. Stackebrandtia endophytica sp
nov., an actinobacterium isolated from

Tripterygium wilfordii. Int J Syst Evol

209 1399 y3 . 186 o)ladhs «@) o )93

ohaijls Ak} esle olEhsl alas


https://jmums.mazums.ac.ir/article-1-14341-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-15]

> (5535034351 (bbb § Sjlwlss 1 $)o)s

42.

43.

44,

45.

46.

47.

48.

49.

Microbiol 2015; 65(Pt 6): 1709-1713.

Li L, Ma JB, Mohamad OA, Li SH, Osman
G, Li YQ, et al. Phytoactinopolyspora
endophytica gen. nov., sp. nov., a halotolerant
filamentous actinomycete isolated from the
roots of Glycyrrhiza uralensis F. Int J Syst
Evol Microbiol 2015; 65(8): 2671-2677.
Thawai C. Micromonospora costi sp. nov.,
isolated from a leaf of Costus speciosus. Int J
Syst Evol Microbiol 2015; 65(5): 1456-1461.
Zhao S, Li L, Li SH, Wang HF, Hozzein
WN, Zhang YG, et al. Actinotalea suaedae
sp. nov., isolated from the halophyte Suaeda
physophora in Xinjiang, Northwest China.
Antonie Van Leeuwenhoek 2015; 107(1):1-7.
Alves A, Riesco R, Correia A, Trujillo M E.
Microbacterium proteolyticum sp. nov. isolated
from roots of Halimione portulacoides. Int J
Syst Evol Microbiol 2015; 65(6): 1794-1798.
Xing J, Liu C, Zhang Y, He H, Zhou Y, Li L,
et al. Sphaerisporangium dianthi sp .nov., an
endophytic actinomycete isolated from a
root of Dianthuschinensis L. Antonie Van
Leeuwenhoek 2015; 107(1): 9-14.
Rachniyom H, Matsumoto A, Indananda C,
Duangmal K, Takahashi Y, Thamchaipenet A.
Nonomuraea syzygii sp. nov., an endophytic
actinomycete isolated from the roots of a
jambolan plum tree (Syzygium cumini L.
Skeels). Int J Syst Evol Microbiol 2015;
65(4): 1234-1240.

Rachniyom H, Matsumoto A, Indananda C,
Duangmal K, Takahashi Y, Thamchaipenet
A. Actinomadura syzygii sp. nov., an
endophytic actinomycete isolated from the
roots of a jambolan plum tree (Syzygium
cumini L. Skeels). Int J Syst Evol Microbiol
2015; 65(6): 1946-1949.

Wang HF, Zhang YG, Li L, Liu WH,
Hozzein WN, Chen JY, et al. Okibacterium

50.

51.

52.

53.

54.

55.

56.

endophyticum sp. nov., a novel endophytic
actinobacterium isolated from roots of
Salsola affinis CA Mey. Antonie Van
Leeuwenhoek 2015; 107(3): 835-843.

Wang HF, Zhang YG, Cheng J, Hozzein WN,
Liu WH, Li L, et al. Labedella endophytica
sp. nov,.a novel endophytic actinobacterium
isolated from stem of Anabasis elatior (C.A.
Mey.) Schischk. Antonie Van Leeuwenhoek
2014; 107(1): 95-102.

Liu MJ, Khieu TN, Gao R, Hozzein WN,
Wang HF, Yang W, et al. Marinactinospora
endophytica sp. nov., isolated from a
medicinal plant. Antonie Van Leeuwenhoek
2015; 107(6): 1577-1582.

Liu JM, Habden X, Guo L, Tuo L, Jiang ZK,
Liu SW, et al. Prauserellaendophytica sp.
nov., an endophytic actinobacterium isolated
from Tamarix taklamakanensis. Anton Van
Leeuw JG 2015; 107(6): 1401-1409.

Mingma R, Duangmal K, Thamchaipenet A,
Trakulnaleamsai S, Matsumoto A, Takahashi
Y. Streptomyces oryzae sp. nov., an endophytic
actinomycete isolated from stems of rice
plant. J Antibiot Res 2015; 68(6): 368.

Li C, Wang H, Jin P, Zheng W, Chu L, Liu
C, et al. Actinoallomurusbryophytorum sp.
nov., an endophytic actinomycete isolated
from moss (Bryophyta). Anton Van Leeuw
JG 2015; 108(2): 453-459.

Thanaboripat D, Thawai C, Kittiwongwattana
C, Laosinwattana C, Koohakan P, Parinthawong
N. Micromonospora endophytica sp. nov., an
endophytic actinobacteria of Thai upland rice
(Oryza sativa). J Antibiot 2015; 68(11): 680-684.
Li C, Jin P, Liu C, Ma Z, Zhao J, Li J, et al.
Streptomyces bryophytorum sp. nov., an
endophytic actinomycete isolated from moss
(Bryophyta). Anton Van Leeuw JG 2016;
109(9): 1209-1215.

1399 3 . 186 s)laids «@) ¢, 8)9s

ohsijls (i) eole olaihil alas 210


https://jmums.mazums.ac.ir/article-1-14341-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-15]

wl)lSnsb g s pla puly

57.

58.

59.

60.

61.

62.

63.

Guo X, Guan X, Liu C, JiaF, Li J, Jin P, et al.
Plantactinosporasoyae sp. nov., an endophytic
actinomycete isolated from soybean root
[Glycine max (L.) Merr]. Int J Syst Evol
Microbiol 2016; 66(7): 2578-2584.

Klykleung N,
Pittayakhajonwut P, Ohkuma M, Kudo T,
Tanasupawat S. Streptomyces phyllanthi sp.

Phongsopitanun W,

nov., isolated from the stem of Phyllanthus
amarus. Int J Syst Evol Microbiol 2016;
66(10): 3923-3928.

Guo S, Liu C, Liu S, Guan X, Guo L, Jia F,
et al. Streptomyces polygonati sp. nov,.an
endophytic actinomycete isolated from a root
of Polygonatum odoratum (Mill.). Int J Syst
Evol Microbiol 2016; 66(3): 1488-1493.
Kaewkla O, Franco CMM. Kribbella pittospori
sp. nov., an endophytic actinobacterium
isolated from the surface-sterilized stem of
an Australian native apricot tree, Pittosporum
angustifolium. Int J Syst Evol Microbiol
2016; 66(6): 2284-2290.

Roman-Ponce B, Wang D, Véasquez-Murrieta
MS, Chen WF, Estrada-de los Santos P, Sui
XH, Wang ET. Kocuria arsenatis sp. nov., an
arsenic-resistant endophytic actinobacterium
associated with Prosopis laegivata grown on
high-arsenic-polluted mine tailing. Int J Syst
Evol Microbiol 2016; 66(2): 1027-1033.

Liu BB, Chen W, Chu X, Yang Y, Salam N,
Hu WY, et al. Mariniluteicoccus endophyticus
sp. nov., an endophytic actinobacterium
isolated from root of Ocimum basilicum. Int
J Syst Evol Microbiol 2016; 66(3): 1306-
1310.

Tuo L, Li FN, Pan Z, Lou I, Guo M, Lee S
MY, et al. Nakamurella endophytica sp. nov.,
a novel endophytic actinobacterium isolated
from the bark of Kandelia candel. Int J Syst
Evol Microbiol 2016; 66(3):1577-1582.

64.

65.

66.

67.

68.

69.

70.

Niemhom N, Chutrakul C, Suriyachadkun C,
Thawai C. Asanoa endophytica sp. nov., an
endophytic actinomycete isolated from the
rhizome of Boesenbergia rotunda. Int J
System Evol Microbiol 2016; 66(3): 1377-
1382.

Liu SW, Xu M, Tuo L, Li XJ, Hu L, Chen L,
et al. Phycicoccus endophyticus sp. nov., an
endophytic actinobacterium isolated from
Bruguiera gymnorhiza. Int J Syst Evol
Microbiol 2016; 66(3): 1105-1111.

Xu H, Zhang S, Cheng J, Asem MD, Zhang
MY, Manikprabhu D, et al. Nocardioides
ginkgobilobae sp. nov.,, an endophytic
actinobacterium isolated from the root of the
living fossil Ginkgo biloba L. Int J Syst Evol
Microbiol 2015; 66(5): 2013-2018.

Gao R, Liu B-B, Yang W, Song P-F, Chen
W, Salam N, Li W-J. Flexivirga endophytica
sp. nov., an endophytic actinobacterium
isolated from a leaf of Sweet Basil. Int J Syst
Evol Micr 2016; 66(9): 3388-3392.

Yang LL, Jiang Z, Tang SK, Chu X, Xu LH,
Zhi XY. Yimella radicis sp. nov., an
endophytic actinobacterium isolated from
the root of Paris polyphylla Smith var.
yunnanensis. Int J Syst Evol Microbiol 2016;
66(10): 4191-4196.

Gong ZL, Ai MJ, Sun HM, Liu HY, Yu LY,
Zhang YQ. Jatrophihabitans huperziae sp.
Nov., an endophytic actinobacterium isolated
from  surface-sterilized tissue of the
medicinal plant Huperzia serrata (Thunb.).
Int J Syst Evol Microbiol 2016; 66(10):
3972-3977.

Fidalgo C, Riesco R, Henriques I, Trujillo ME,
Alves A. Microbacterium diaminobutyricum
sp. nov., isolated from Halimione
portulacoides, which contains diaminobutyric

acid in its cell wall, and emended description

211 1399 3 186 sylaids @l ;W 0)9s

ohaijls Ak} esle olEhsl alas


https://jmums.mazums.ac.ir/article-1-14341-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-15]

> (5535034351 (bbb § Sjlwlss 1 $)o)s

71.

72.

73.

74.

75.

76.

77.

of the genus Microbacterium. Int J Syst Evol
Micr 2016; 66(11): 4492-4500.

Ma Z, zZhao S, Cao T, Liu C, Huang Y, Gao
Y, et al. Verrucosispora sonchi sp. nov., a
novel endophytic actinobacterium isolated
from the leaves of common sowthistle
(Sonchus oleraceus L.). Int J Syst Evol
Microbiol 2016; 66(12): 5430-5436.

Li F, Tuo L, Su ZW, Wei XQ, Zhang XY,
Gao CH, et al. Nocardioides sonneratiae sp.
nov., an endophytic actinomycete isolated
from a branch of Sonneratia apetala. Int J
Syst Evol Microbiol 2017; 67(8): 2592-2597.
Niemhom N, Chutrakul C, Suriyachadkun
C,Thawai C. Nonomuraea stahlianthi sp.
nov., an endophytic actinomycete isolated
from the stem of Stahlianthus campanulatus.
Int J System Evol Microbiol 2017; 67(8):
2879-2884.

Kaewkla O, Thamchaipinet A, Franco CMM.

Micromonospora terminaliae sp. nov., an
endophytic actinobacterium isolated from the
surface-sterilized stem of the medicinal plant
Terminalia mucronata. Int J Syst Evol
Microbiol 2017; 67(2): 225-230.

Kaewkla O, Franco CMM. Streptomyces
roietensis sp. nov., an endophytic
actinobacterium isolated from the surface-
sterilized stem of jasmine rice, Oryza sativa
KDML 105. Int J Syst Evol Microbiol 2017;
67(11): 4868-4872.

Wang HF, Li QL, Xiao M, Zhang YG, Zhou
XK, Rao MPN, et al. Streptomyces capparidis
sp. nov., a novel endophytic actinobacterium
isolated from fruits of Capparis spinosa L. Int
J Syst Evol Microbiol 2017; 67(1): 133-137.

Huang MJ, Rao MPN, Salam N, Xiao M,
Huang HQ, Li WJ. Allostreptomyces
psammosilenae gen. nov., sp. nov., an

endophytic actinobacterium isolated from the

78.

79.

80.

81

82.

83.

84.

roots of Psammaosilene tunicoides and emended
description of the family Streptomycetaceae
[Waksman and Henrici (1943) AL] emend.
Rainey et al. 1997, emend. Kim et al. 2003,
emend. Zhi et al. 2009. Int J Syst Evol
Microbiol 2017; 67(2): 288-293.

Zhao S, Liu C, Zheng W, Ma Z, Cao T, Zhao
J, et al. Micromonospora parathelypteridis
sp. nov., an endophytic actinomycete with
antifungal activity isolated from the root of
Parathelypteris beddomei (Bak.) Ching. Int J
Syst Evol Microbiol 2017; 67(2): 268-274.
Gao J, Sun P, Wang XM, Lv FY, Sun JG.
Microbacterium zeae sp. nov., an endophytic
bacterium isolated from maize stem. Anton
Van Leeuw JG 2017; 110(5): 697-704.

Sun Y, Chen HH, Sun HM, Ai MJ, Su J, Yu
LY, Zhang YQ. Naumannella huperziae sp.
nov., an endophytic actinobacterium isolated
from Huperzia serrata (Thunb.)Int J Syst
Evol Microbiol 2017; 67(6):1867-1872.
Jiang ZK, Pan Z, Li FN, Li XJ, Liu SW, Tuo
L, et al. Marmoricola endophyticus sp. nov.,
an endophytic actinobacterium isolated from
Thespesia populnea. Int J Syst Evol Microbiol
2017; 67(11): 4379-4384.

Walitang DI, Kim CG, Kim K, Kang Y, Kim
YK, Sa T. The influence of host genotype
and salt stress on the seed endophytic
community of salt-sensitive and salt-tolerant
rice cultivars. BMC Plant Biol 2018; 18(1): 51.
Zhang YG, Wang HF, Alkhalifah DHM, Xiao
M, Zhou XK, Liu YH, et al. Glycomyces
anabasis sp. nov., a novel endophytic
actinobacterium isolated from roots of
Anabasis aphylla L. Int J Syst Evol
Microbiol 2018; 68(4): 1285-1290.

Curtis SM, Norton I, Everest GJ, Meyers PR.
Kribbella podocarpi sp. nov., isolated from

the leaves of a yellowwood tree (Podocarpus

1399 3 . 186 s)laids «@! ;W 0)9s

ohxile (b)) eole ol5RSDL alas 212


https://jmums.mazums.ac.ir/article-1-14341-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-15]

wl)lSnsb g s pla puly

85.

86.

87.

88.

89.

90.

91.

latifolius). Anton Van Leeuw JG 2018; 111
(6): 875-882.

Li L, Li YQ, Fu YS, Zhang H, Alkhalifah
D HM, Salam N, et al. Nesterenkonia
endophytica sp. nov., isolated from roots of
Glycyrrhiza uralensis. Int J Syst Evol
Microbiol 2018; 68(8): 2659-2663.
Sakdapetsiri C, Ngaemthao W, Suriyachadkun
C, Duangmal K, Kitpreechavanich V.
Actinomycetospora endophytica sp. nov.,
isolated from wild orchid (Podochilus
microphyllus Lindl.) in Thailand. Int J Syst
Evol Microbiol 2018; 68(9): 3017-3021.

Li X, Wang Z, Lu F, Zhang H, Tian J, He L,
Tian Y. Actinocorallia populi sp. nov., an
endophytic actinomycete isolated from a root
of Populus adenopoda (Maxim.). Int J Syst
Evol Microbiol 2018; 68(7): 2325-2330.
Wang Z, Jiang B, Li X, Gan L, Long X,
Zhang Y, Tian Y. Streptomyces populi sp.
nov., a novel endophytic actinobacterium
isolated fromstem of Populus adenopoda
Maxim. Int J Syst Evol Microbiol 2018;
68(8): 2568-2573.

Wang Z, Tian J, Li X, Gan L, He L, Chu
Y, Tian Y. Streptomyces dioscori sp. nov., a
Novel Endophytic Actinobacterium Isolated
from Bulbil of Dioscorea bulbifera L. Curr
Microbiol 2018;75(10):1384-1390.

Wang Y, Xia Z, Liu Z, Wan C, Luo X,
Zhang L. Streptomyces carminius sp. nov., a
novel actinomycete isolated from Sophora
alopecuroides in Xinjiang, China. Antonie
Van Leeuwenhoek 2018; 111(10): 1807-
1814.

Li YR, Zhu ZN, Li Y Q, Xiao M, Han
MX, Wadaan MA, et al. Microbacterium
halophytorum sp. nov., a novel endophytic

actinobacterium isolated from halophytes. Int

92.

93.

94.

95.

96.

97.

98.

J Syst Evol Microbiol 2018; 68(12): 3928-
3934.

Li W, Guo X, Shi L, Zhao J, Yan L, Zhong
X, et al. Plantactinospora solaniradicis sp.
nov., a novel actinomycete isolated from the
root of a tomato plant (Solanum
lycopersicum L.). Anton Van Leeuw JG
2018; 111(2): 227-235.

Li X, Lai X, Gan L, Long X, Hou Y, Zhang
Y, et al. Streptomyces geranii sp. nov., a
novel endophytic actinobacterium isolated
from root of Geranium carolinianum L. Int J
Syst Evol Microbiol 2018; 68(8):2562-2567.
Tuo L, Yan XR, Li FN, Bao YX, Shi HC,
Li  HY, Sun CH. Brachybacterium
endophyticum sp. nov., a novel endophytic
actinobacterium isolated from bark of
Scutellaria baicalensis Georgi. Int J Syst Evol
Microbiol 2018; 68(11): 3563-3568.

Tuo L, Yan XR, Li FN, Yang C, An MB,
Sun CH. Amnibacterium flavum sp. nov., a
novel endophytic actinobacterium isolated
from bark of Nerium indicum Mill. Int J Syst
Evol Microbiol 2018; 69(1): 285-290.

Zhu ZN, Li YR, Li YQ, Xiao M, Han MX,
Wadaan MA, et al. Microbacterium suaedae
sp. nov., isolated from Suaeda aralocaspica. Int
J Syst Evol Microbiol 2018; 69(2): 411-416.
Muangham S, Lipun K, Matsumoto A,
Inahashi Y, Duangmal K. Quadrisphaera
oryzae sp. nov., an endophytic actinomycete
isolated from leaves of rice plant (Oryza
sativa L.). J Antibiot 2019; 72(2): 93-98.
Niemhom N, Chutrakul C, Suriyachadkun C,
Tadtong S, Thawai C. Jiangella endophytica
sp. nov., an endophytic actinomycete isolated
from the rhizome of Kaempferia elegans. Int
J System Evol Microbiol 2018; 69(2): 454-
459.

213 1399 15 186 s)lasd @) ;W 0)9s

ohaijls Ak} esle olEhsl alas


https://jmums.mazums.ac.ir/article-1-14341-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-15]

> (5535034351 (bbb § Sjlwlss 1 $)o)s

99.

100.

101.

102.

103.

104.

105.

106.

Liu YH, Fang BZ, Mohamad OAA, Zhang
YG, Jiao JY, Dong ZY, et al. Nocardioides
ferulae sp. nov., isolated from root of an
endangered medicinal plant Ferula songorica
Pall. ex Spreng. Int J Syst Evol Microbiol
Y+14; 69(5): 1253-1258.

Li FN, Jiang ZK, Liu SW, Tuo L, Lee SMY,
Sun CH. Marmoricola mangrovicus sp. nov.,
an endophytic actinobacterium isolated from
Kandelia candel. Int J Syst Evol Microbiol
2019; 69(5): 1343-1345.

Han C, Zhao J, Yu B, Shi H, Zhang C, Guo
X, Wang X. Microbispora tritici sp. nov., a
novel actinomycete isolated from a root of
wheat (Triticum aestivum L.). Anton Van
Leeuw JG 2019; 112(8): 1137-1145.

Han C, Hu J, Zhao J, Tian Y, Jiang S, Guo X,
Wang X. Sphaerimonospora triticiradicis sp.
nov., a novel actinomycete isolated froma
root of wheat (Triticum aestivum L.). Anton
Van Leeuw JG 2019; 112(3): 401-407.
Kaewkla O, Franco CMM. Actinomycetospora
endophytic

actinobacterium isolated from the surface-

callitridis ~ sp.  nov.,, an

sterilised root of an Australian native pine
tree. Anton Van Leeuw JG 2019; 112(3):
331-337.

Mondal S, Rai RV. Molecular Profiling of
Endophytic Streptomyces Cavourensis MH16
Inhabiting Millingtonia Hortensis Linn. And
Influence of Different Culture Media on
Biosynthesis of Antimicrobial Metabolites.
Naturwissenschaften 2019; 106(9-10): 51.
Wicaksono WA, Jones EE, Monk J, Ridgway
HJ. The bacterial signature of Leptospermum
scoparium (Manuka) reveals core and
accessory communities with bioactive properties.
PLoS ONE 2016; 11(9): e0163717.

Wei W, Zhou Y, Chen F, Yan X, Lai Y, Wei

C, et al. Isolation, Diversity, and

107.

108.

109.

110.

111.

112.

113.

Antimicrobial  and Immunomodulatory
Activities of Endophytic Actinobacteria
From Tea Cultivars Zijuan and Yunkang-10
(Camellia sinensis var. assamica). Front
Microbiol 2018; 9: 1304.

Qin S, Li J, Chen HH, Zhao GZ, Zhu WY,
Jiang CL, et al. Isolation, diversity, and
antimicrobial activity of rare actinobacteria
from medicinal plants of tropical rain forests
in Xishuangbanna, China. Appl Environ
Microbiol 2009; 75(19):6176-6186.

Hallmann J, Quadt-Hallmann A, Mahaffee W,
Kloepper J. Bacterial endophytes in agricultural
crops. Can J Microbiol 1997; 43(10): 895-914.
Gohain A, Gogoi A, Debnath R, Yadav A,
Singh BP, Gupta VK, et al. Antimicrobial
biosynthetic potential and genetic diversity of
endophytic actinomycetes associated with
medicinal plants. FEMS Microbiol Lett
2015; 362(19): 158.

Passari A K, Mishra VK, Gupta V K, Singh
BP. Methods Used for the Recovery of
Culturable Endophytic Actinobacteria: An
Overview. In New and Future Developments
in Microbial Biotechnology and
Bioengineering (pp. 1-11): Elsevier; 2018.
Matsumoto A, Takahashi Y. Endophytic
actinomycetes: promising source of novel
bioactive compounds. J Antibiot 2017; 70(5):
514.

Castillo UF, Strobel GA, Ford EJ, Hess WM,
Porter H, Jensen JB, Teplow DB. Munumbicins,
wide-spectrum  antibiotics produced by
Streptomyces NRRL 30562, endophytic on
Kennedia nigriscansa. Microbiology 2002;
148(9): 2675-2685.

Coombs JT, Franco CM. Isolation and
identification of actinobacteria from surface-
sterilized wheat roots. Appl Environ
Microbiol 2003; 69(9): 5603-5608.

1399 113 . 186 syladds (@) ¢, 5)9s

ohsijle Ay eole slEiR3l alas 214


https://jmums.mazums.ac.ir/article-1-14341-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-15]

wl)lSnsb g s pla puly

114. Verma VC, Gond SK, Kumar A, Mishra A,

Kharwar RN, Gange AC. Endophytic
actinomycetes from Azadirachta indica A.
Juss.: isolation, diversity, and anti-microbial
activity. Microbial Ecology 2008; 57(4):
749-756.

115.Wu Y, Lu C, Qian X, Huang Y, Shen Y.

Diversities within genotypes, bioactivity
and biosynthetic genes of endophytic
actinomycetes isolated from three
pharmaceutical plants. Curr Microbiol 2009;
59(4): 475-482.

116. Zhao K, Penttinen P, Guan T, Xiao J,

Chen Q, Xu J, et al. The diversity
and anti-microbial activity of endophytic
actinomycetes isolated from medicinal plants
in Panxi plateau, China. Curr Microbiol
2011; 62(1): 182-190.

117. Hayakawa M, Nonomura H. Humic acid-

vitamin agar, a new medium for the selective
isolation of soil actinomycetes. J Ferment
Technol 1987; 65(5): 501-509.

118. Beiranvand M, Amin M, Hashemi-Shahraki

A, Romani B, Yaghoubi S, Sadeghi P.
Antimicrobial activity of endophytic bacterial
populations isolated from medical plants of
Iran. Iran J Microbiol 2017; 9(1): 11-18.

119. Shan W, Zhou Y, Liu H, Yu X. Endophytic

Actinomycetes from Tea Plants (Camellia
sinensis): Isolation, Abundance, Antimicrobial,
and  Plant-Growth-Promoting  Activities.
Biomed Res Int 2018.

120. Girdo M, Ribeiro I, Ribeiro T, Azevedo IC,

Pereira F, Urbatzka R, Carvalho MF.
compounds. Folia Microbiol 2019; 10: 683.

121. Shirling E T, Gottlieb D. Methods for

characterization of Streptomyces species. Int
J Syst Bacteriol 1966;6(3):313-340.

122. Passari AK, Mishra VK, Singh BP. Molecular

Markers Used for Identification and Genomic

123.

124.

125.

126.

127.

128.

129.

Profiling of Plant Associated Endophytic
Actinobacteria.  In  New and Future
Developments in Microbial Biotechnology
and Bioengineering. Elsevier; 2018. p:43-65.
Arasu MV, Duraipandiyan V, Ignacimuthu S.
Antibacterial and antifungal activities of
polyketide metabolite from marine Streptomyces
sp. AP-123 and its cytotoxic effect.
Chemosphere 2013; 90(2): 479-487.

Park SC, Won S. Evaluation of 16S rRNA
Databases for Taxonomic Assignments Using
Mock Community .Genomics Inform 2018;
16(4): e24.

Quast C, Pruesse E, Yilmaz P, Gerken J,
Schweer T, Yarza P et al. The SILVA
ribosomal RNA gene database project:
improved data processing and web-based
tools. Nucleic Acids Res 2013; 41(D1):
D590-D596.

Kumar S, Stecher G, Tamura K. MEGAT:
molecular evolutionary genetics analysis
version 7.0 for bigger datasets. Mol Biol
Evol 2016; 33(7): 1870-1874.

Kim M, Oh HS, Park SC, Chun J. Towards a
taxonomic coherence between average nucleotide
identity and 16S rRNA gene sequence
similarity for species demarcation of
prokaryotes. Int J Syst Evol Microbiol 2014;
64(2): 346-351.

Rodriguez RL M, Gunturu S, Harvey WT,
Rossell6-Mora R, Tiedje JM, Cole JR. The
Microbial Genomes Atlas (MiGA) webserver:
taxonomic and gene diversity analysis of
Archaea and Bacteria at the whole genome
level. Nucleic Acids Res 2018; 46(W1):
W282-W288.

Murdini L A, Solihin DD, Lestari Y. The
Existence of Endophytic Actinobacteria from

Rhododendron zoelerri Revealed by Culture-

215 1399 3 . 186 o)ladds «@) o )93

ohaijls Ak} esle olEhsl alas


https://jmums.mazums.ac.ir/article-1-14341-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-15]

> (5535034351 (bbb § Sjlwlss 1 $)o)s

130.

131

132.

133.

134.

135.

136.

Dependent and Culture-Independent Approaches.
HAYATI J Biosci 2018; 25(2): 54-62.
Janatiningrum 1, Solihin DD, Meryandini A,
Lestari Y. Comparative study on the diversity
of endophytic actinobacteria communities
from Ficus deltoidea using metagenomic and
culture dependent approaches .Biodiversitas
Journal of Biological Diversity 2018; 19(4):
1514-1520.

Strathdee F, Free A. Denaturing gradient gel
electrophoresis (DGGE). DNA Electrophoresis
2013; 1054: 145-147.

Muyzer G, Smalla K. Application of
denaturing gradient gel electrophoresis (DGGE)
and temperature gradient gel electrophoresis
(TGGE) in microbial ecology. Antonie Van
Leeuwenhoek 1998; 73(1): 127-141.

Gos FM, Savi DC, Shaaban KA, Thorson JS,
Aluizio R, Possiede YM, et al. Antibacterial
activity of endophytic actinomycetes isolated
from the medicinal plant Vochysia divergens
(Pantanal, Brazil). Folia Microbiol 2017; 8:
1642.

Alshaibani M, Zin MN, Jalil J, Sidik NM,
Ahmad SJ, Kamal N, et al. Isolation, purification,
and characterization of five active
diketopiperazine derivatives from endophytic
Streptomyces SUK 25 with antimicrobial and
cytotoxic activities. J Microbiol Biotechnol
2017; 27(7): 1249-1256.

Vu HNT, Nguyen DT, Nguyen HQ, Chu HH,
Chu SK,Van Chau M,Phi QT. Antimicrobial
and Cytotoxic Properties of Bioactive
Metabolites Produced by Streptomyces
cavourensis YBQ59 Isolated from Cinnamomum
cassia Prels in Yen Bai Province of Vietnam.
Curr Microbiol 2018; 75(10): 1247-1255.
Kuncharoen N, Fukasawa W, Iwatsuki M,
Mori M, Shiomi K, Tanasupawat S. 2019.

Characterisation of Two Polyketides from

137.

138.

139.

140.

141.

142.

143.

Streptomyces sp. SKH1-2 Isolated from
Roots of Musa (ABB) cv.* Kluai Sao Kratuep
Ho’. Int Microbiol 2019; 22(4): 451-459.
Yang X, Peng T, Yang Y, Li W, Xiong J,
Zhao L, et al. Antimicrobial and antioxidant
activities of a new benzamide from endophytic
Streptomyces sp. YIM 67086. J Nat Prod
2015; 29(4): 331-335.

JinH, Yang XY, Yan ZQ, Liu Q, Li XZ, Chen
JX, et al. Characterization of rhizosphere and
endophytic bacterial ~ communities  from
leaves, stems and roots of medicinal Stellera
chamaejasme L. Syst Appl Microbiol 2014;
37(5): 376-385.

Wang P, Kong F, Wei J, Wang Y, Wang W,
Hong K, zhu W. Alkaloids from the
Mangrove-Derived Actinomycete Jishengella
endophytica 161111. Mar Drugs 2014; 12(1):
477-490.

Chagas FO, Caraballo-Rodriguez AM, Dorrestein
PC, Pupo MT. Expanding the Chemical
Repertoire of the Endophyte Streptomyces
albospinus RLe7 Reveals Amphotericin B as
an Inducer of a Fungal Phenotype. J Nat Prod
2017; 80(5): 1302-1309.

Li Y, Han L, RongH, Li L, Zhao L, Wu L, et
al. Diastaphenazine, a new dimeric phenazine
from an endophytic Streptomyces diastaticus
subsp. ardesiacus. J Antibiot 2015; 68(3):
210-212.

Supong K, Thawai C, Choowong W,
Kittiwongwattana C, Thanaboripat D,
Laosinwattana C, et al. Antimicrobial
compounds from endophytic Streptomyces
sp. BCC72023 isolated from rice (Oryza sativa
L.). Res Microbiol 2016; 167(4): 290-298.
Akiyama H, Indananda C, Thamchaipenet
A, Motojima A, Oikawa T, Komaki H,
et al. Linfuranones B and C, furanone-

containing  polyketides from a plant-

1399 3 186 s)laids «@! ;W 0)9s

ohsjle (Aib)y eole oGRSl alas 216


https://jmums.mazums.ac.ir/article-1-14341-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-15]

wl)lSnsb g s pla puly

associated Sphaerimonospora mesophila. J
Nat Prod 2018; 81(7): 1561-1569.

144.Yan Y, Ma YT, Yang J, Horsman GP, Luo

D, Ji X, et al. Tropolone ring construction
in the biosynthesis of rubrolone B, a
cationic tropolone alkaloid from endophytic
Streptomyces. Org Lett 2016; 18(6): 1254-1257.

145. Yang R, Yang J, Wang L, Huang JP, Xiong

Z, Luo J, et al. Lorneic acid analogues from
an endophytic actinomycete. J Nat Prod
2016; 80(10): 2615-2619.

146. Inahashi Y, Iwatsuki M, Ishiyama A,

Matsumoto A, Hirose T, Oshita J, et al.
Actinoallolides A-E, new anti-trypanosomal
macrolides, produced by an endophytic
actinomycete, Actinoallomurus fulvus MK10-
036. Org Lett 2015; 17(4): 864-867.

147. Savi DC, Shaaban KA, Gos FM, Thorson JS,

Glienke C, Rohr J. Secondary metabolites
produced by Microbacterium sp. LGMB471
with antifungal activity against the
phytopathogen Phyllosticta citricarpa. Folia
Microbiol 2019; 64(3): 453-460.

148. Li W, Yang X, Yang Y, Zhao L, Xu L, Ding

Z. A new anthracycline from endophytic
Streptomyces sp. YIM66403. J Antibiot
2015; 68(3): 216.

149. Conti R, Chagas FO, Caraballo Rodriguez

AM, Melo WGP, do Nascimento AM,
Cavalcanti B C, et al. Endophytic
actinobacteria from the Brazilian medicinal
plant Lychnophora ericoides Mart. and the
biological potential of their secondary
metabolites. Chem Biodivers 2016; 13(6),
727-736.

150. Abde wahab MF, Kurtan T, Mandi A, Muller

W E, Fouad M A, et al. Induced secondary

151.

152.

153.

154.

155.

156.

157.

metabolites from the endophytic fungus
Aspergillus versicolor through bacterial co-
culture and OSMAC approaches. Tetrahedron
Lett 2018; 59(27): 2647-2652.

Ebada SS, El-Neketi M, Ebrahim W, Mandi
A, Kurtan T, Kalscheuer R, et al. Cytotoxic
secondary metabolites from the endophytic
fungus Aspergillus versicolor KU258497.
Phytochemistry Lett 2018; 24: 88-93.

Bode HB, Walker M, Zeeck A. Structure and
biosynthesis of mutolide, a novel macrolide
from a UV mutant of the fungus F-24707.
Eur J Org Chem 2000; (8):1451-1456.

Wei H, Lin Z, Li D, Gu Q, Zhu T. OSMAC
(one strain many compounds) approach in
the research of microbial metabolites--a
review. Wei Sheng Wu Xue Bao 2010;
50(6): 701-709.

Nichols D, Cahoon N, Trakhtenberg EM,
Pham L, Mehta A, Belanger A, et al. Use of
ichip for high-throughput in situ cultivation
of “uncultivable” microbial species. Appl
Environ Microbial 2010; 76(8): 2445-2450.
Gavrish E, Bollmann A, Epstein S, Lewis K.
A trap for in situ cultivation of filamentous
actinobacteria. J Microbiol Methods 2008;
72(3): 257-262.

Acufia JJ, Marileo LG, Araya MA, Rilling
JI, Larama GA, Mora ML, et al. In Situ
Cultivation Approach to Increase the
Culturable Bacterial Diversity in the
Rhizobiome of Plants. J Soil Sci Plant Nutr
2020:1-16.

Tyurin A, Alferova V, Korshun V. Chemical
Elicitors of Antibiotic Biosynthesis in
Actinomycetes. Microorganisms 2018; 8(2):
52.

217 1399 15 . 186 s)lasd @) ;w0 0)9s

ohaijls Ak} esle olEhsl alas


https://jmums.mazums.ac.ir/article-1-14341-fa.html
http://www.tcpdf.org

