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Antimicrobial Activity of Endophytic Actinobacteria Isolated from
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ABSTRACT

Nowadays, pathogenic microorganisms tend to become increasingly resistant to antibiotics.
Therefore, it is necessary to find new bioactive compounds. Actinobacteria are Gram-positive bacteria
that can produce secondary metabolite with diverse biological activities. This study was carried out to
evaluate the antagonistic activity of actinobacteria isolated from mangrove plants against Bacillus cereus,
Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus. Total of 18 endophytic
actinobacteria were isolated from roots of 7 different mangrove plant species, consisting of
Avicennia marina (2 isolates), Lummitzera littorea (4 isolates), Nypa fruticans (1 isolate), Rhizophora
apiculata (3 isolates), Rhizophora mucronata (5 isolates), Sonneratia ovata (1 isolate) and Xylocarpus
granatum (2 isolates). The antimicrobial activity of isolated actinobacteria against tested bacteria was
performed using agar overlay method. The results showed that 8 isolates could inhibit at least one type
of tested pathogenic bacteria. Isolates RA02, RA05 and X03 that exhibited potent antagonistic activity
were tested for antimicrobial activity using the agar well diffusion assay. The cell-free supernatant of
isolate X03 displayed effective antagonistic activity against B. cereus and S. aureus with inhibition zone
diameter of 18.5 and 20.0 mm., respectively. Based on partial 16S rDNA analysis, the isolate X03 was
identified to the genus Actinomadura sp., with 98.93 % similarity to A. atramentaria IFO 14695" (U49000).

This study is the first published report of endophytic Actinomadura isolated from Xylocarpus granatum in
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Thailand. These results reveal the mangrove plants are an important source for the discovery of

actinobacteria with biologically active compound.
Keywords: Endophytic actinobacteria, Antimicrobial activity, Mangrove plant
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Inamslulwe (Rhizophora mucronata) Tnannalu
L& N (Rhizophora apiculata) 311 (Nypa fruticans)
AUV (Xylocapus granatum) W@ La 3
(Lummitzera littorea) 811 (Sonneratia ovata) ks
thmgaulassmswsnmansunauings o.0m
WARN LIWTTYT 91%2% 16208719 A uaunzia
(Avicennia marina) \& aﬂﬁuﬁmﬁﬁamwawgszﬁ
udauss lfmadansveslsauaziauad inany
sronasnRaeaeinlsziuu lnasiim 59570
1 N34 ﬁﬂmmumgu@laumiﬁﬂ{mgﬁuﬂ%‘ﬁ'ﬁﬁa
(surface sterilization) lagauginluansazans 70 % (viv)
ten1uea LTwIa1 517l @INE18R1TAZAE
lmdoulaluaaa’lsh (NaOCH Lhudw% 2.5 % (viv)
waan 10 wifl aniudasnessinawlaea
% 3 A39 ﬁwﬁwé’ﬂaﬁﬂﬂ%ﬁdq@ﬁﬂUmﬁﬂuuﬁmﬁw
81917 nutrient agar (NA) W anagaulszansnw
ﬂﬁﬁﬁﬂ”@@ﬁ%ﬂ%‘ﬁﬁﬁuﬁa

gasnialiiaiineiUszuim 2-3
LruALas uadalnssluansazans 0.85 % (wiv)
NaCl 430103 5 Uadaas mﬂifug@mmmuaam
s nU5u193 100 lulasaas tndossuuianin
819% 193 starch casein agar (SCA) (Kister &
Williams, 1964) LinenlfFus nalidixic acid (25
lulasnsudafiadfay) uaz ketoconazole (100
lulasniudefiadang) ﬂm’mmmiﬁqmmﬁ 30
°C 1uiIan 14 T FILNANIILATLVDILOAR L1
wuafise Aadanlalafifiuandnanuinanyinly
u3gn FUNBIM15 Intemational Streptomyces
Project medium 2 (ISP2) (Shirling & Gottlieb,1966)
Lﬁm%au'%qwﬁfuummiﬁuﬁm ISP2 \iuadas
waztawloluansazanondivases 20 % ﬁ'aqmgﬁ
—20 °C



1M sInemansuazinalulad anInenapnsasmans i 12 aUuf 1 2566 31

3

2. m‘mmaauﬁanssumsﬁmﬁqauw%ﬂuu
2N IUD

L@]‘%ﬂm%agﬁuﬂ%ﬁﬂ@aau Usznay
GIUUUANLIBUWNTNAY Escherichia coli La %
Pseudomonas aeruginosa WazuUANIHLNTILIN
Bacillus subtilis W< Staphylococcus aureus
1A 8914819151487 nutrient broth (NB) UL
e 9210157 150 saudaw?l e 24 Talus
mnfuﬁ’m;ﬁuw%‘ﬁmﬂ‘?ummﬁumaams
LTINABULTAS MAD USHN TS S uduLany
10° CFUMI dauasevsidnlasinlafines
(spectrophotometer) ‘ﬁ A1V YIIA 5 % 600
W ULNAT (ODgyy= 0.25)

ﬂ@ﬁﬂuﬁ’ﬂﬂﬁuﬂ’]i&ﬁl&L%ﬂﬁ;ﬁuﬂ%ﬂ@&l
15381y (agar overlay method) @ﬁuﬁfﬂ’liﬁ
asu1slay Mingma et al. (2014) InN1INaa
2 61 MIFNEATFININITTVHI lagdwimann
muﬁmﬁumuquﬁﬂmﬂsﬁuﬁuﬂg& (W) KH1IAY

[ 1 6 a
nadunuguinanslaladl (wa.)

[ (7
] =)

3. MInadgaudscandsnInaIdILa g afe
msé’fuéﬁqauw%ﬁ

AanandluuuaiiFolue1nisine,
ISP2 153103 50 Sadaas Uuuuuweieus)
150 saudawIi gounnd 30 °C 1iluian 14 1
mnifuﬁﬂﬂﬁum%mﬁm’nm%q 10,000 J0U6I®
Wi goannd 4 °C Audasadausnmdiula
@%UL (supernatant) UINTBINIULNBNTOILNA
LUI (filter membrane) YUIAINIU (pore size)
0.45 luAsan WaztaMARaUAINTINMNTE UL
gﬁuw%ﬁﬁw?ﬁ agar well diffusion

LA3uNNMT ISP2 AflAnunwIannnn
Und indsidauuafiisanesanliiafdinines
811117 91N wld Cork borer YW ALFUWHI%
Awina1g 0.5 Loudluas zamlvidunga
well) uilainasagadnanimas Usinas
50 lulasdaas lfe1w13inad ISP2 USuas
50 lulasfay 1duraaIuquuany (negative
control) wazs1UfirusaiasUladodu

(50 lulasniudefiadaay) iuraaiuquuauan

(positive control) i1n1INARBY 2 6]?’1 Vauah
ormnadun 24 1alug ﬁqmwgﬁ 30 °C §1%3U
B. cereus, S. aureus W8 ¢ P. aeruginosa Wa<
9OAnA 37 °C §1MIU E. coli ATIINANTNANDY
I@]m”@mm@Lﬁumuﬂuﬁﬂmﬂmuﬁuzlga (inhibition
zone) luwnihadadiuas

4.n133zyznauaadluuuaiitsalagnis

AIRaIAUADIEW 16S rDNA

2
a

Wosuaadluuuaiisaluannisinan
yeast extract dextrose (YD) LJ%LI87 5-7 1%
AULaslasn T wing 9fin1u152 8,000 581
faun7 Smaseaninnauaaniie 3 33 ana
drontalagldnissuszifionnansnnslofia
(sonication) Aa35vas Také et al. (2015) lagiin
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FUTNENMWLIARaUN N TS (Govindasamy &
Franco, 2013)
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SININE UL S. aureus WV NTLNEI 3 WAL
1 lalaiae N&INIINEUES E coli Was
. A
P. aeruginosa T DWLUATNILIHWATNAL WANIT
NAADIN LA RAAAA DINURANLITUITLNTILINUIN
a a A v % Qq// A A
wandluluaN S s lRNanTIULILUAN IS BLATY
= 1 a A
vanladniuuafitSounINaY (Gurung et al.,
2010; Mingma et al,, 2014) &LwqQALUATLTE
Lmsumm;}ﬂzi”uzl”omﬂﬂdwu,mﬁﬁ'mmiuau
LHH9NNAMNUANAINIIDIALTZNAUNNITILTAR
A A A o & [y
TasuuafsuunNINUINTNIILTaaNLUTzNaua28
T UA L Inanawn L wT WA hITw T e
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A 4 A Aa a &
M UTUU19 waciTuoId Iwlndusaalye
. . & 4, .
(lipopolysaccharide) agﬂmuanqﬂ TIT81DINU

LUATNILIHNEITABULATNLTY (Nikaido, 1989;

Rosenfeld & Shai, 2006) W31 P. aeruginosa

finalnlunsdumudasmsdiugfunid laun

migsvanilianuaziasyiduwsululalsw
A o '

(Neut et al., 2005) G33781709n NN TTUNIUVDS
@ a a6 ~ A daa A

aIduaAunId nalinaaiieniiiunaiugu

mM3feeUfTausnanysia (Bonomo & Szabo,

o

2006) NI AHANITNAROLNLIIWINLEAG L1

] (%
a £ £

WUANIENENNNTNELES P. aeruginosa %o
Qs =1 =Y = a o
AaLRanLandluLuaNSys1wIn 3
laloian Aa RA02, RAO5 Waz X03 ¥Naaadln
mwunaﬂgﬁ (secondary screening) IWaNAFaL
ﬂsz?m%mwmaaﬁmﬁml,%a@iamsﬂ'uﬂ'dﬁ;ﬁuw%'ﬁ
#2835 agar well diffusion wuin'lalaiaa X03
T¥nan38UEd B. cereus Was S. aureus Qdﬁﬁg(ﬂ i
muwmé’umug{uﬁﬂmﬂmuﬂ‘uﬂ’awhﬁu 18.5 LA
20.0 IARLNAT ANE1GU (Figure 1) ua LU
a A . .
BUANLIYUNINRLY E. coli hae P. aeruginosa
wuidoanulaloiaa RA0S 1WNanIsa U9
B. cereus Wwas S. aureus 3 Lﬁumuquﬁﬂmﬂsﬁu
HUHIYINNY 14.5 uaz 17.5 UadLuaT (Table 3)
luanznlolaas RAO2 Tanansndudimsiaisy
a Qq// a £Z As‘ £2
maaﬁ;auﬂ%‘ﬁmaaum 4 590 latay gnimIan
A A ¢ A A A A <&
qaumwamaﬂ@ﬂmmﬂﬂLsmuamaaﬁlumu
Ugundl (primary screening) LilalR8IUKBINTT
K, LL@:ﬂﬂiﬂ@aaulum”unaﬂQﬁLﬁaLﬁmiu
e wuwiidudaiduinuenaliuans
NARDILANANINU MG ROANFBINURANLINUIIBN
wudﬂﬁﬁmsmmiﬁuﬁa@§uﬂ'§ﬁ°uaal,l,aﬂmu
a A lﬂ. g ~ =) tﬂld Qg
uUANF LBl B ULV HR AR NN N
a v Ce eq: a A 64 ' di
‘mamm‘wLLaﬂ%Namwuma}‘aummmwLua
Bealuaminan (Sapkota et al., 2020; Gurung
et al,, 2010) NIHANLHBINIIINAN BN Y
a A A A ' ) A a
POILDAR LWULUATITOAULANAINY LB U
= o ) A A A
2msudIazaFuloNuanuans uumeiiile
wigluamawansuladmananvniduran
& Yo X Y A
§%9 (Bushell, 1993) uananddslinagnuadia
X & A R
2I91RWITLRLILTe USHILTaLSNAY waz
‘:3/ ‘ﬂl 1 Qs [ v
oz WS A BINLANENIN Y LT udn

NWIBVBY Ravikumar et al. (2011) nagauqnd
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myduafuniduasuandluuuaiiie laloaa
ACT1 ﬁLLUﬂﬁ]’lﬂ‘ﬁ‘ﬁﬂ’]“}j’]mau Karangkadu
Uszineduidis wudngansasusaiganalsa
Kiebsiella sp. Tapfawalausug ity 1341.12
VaRLNAT
3. MIvzyrhauazdnsansmen 19Ty 1%
MmN

INNIANWIANHIUENIITUFIWI NG
984 lalolan X03 a1y ISP2 wuilaladidl
puaLEnuazudsndroununis Taladdiima
gau laeades Ll,ami”ﬂaiaﬂ’;”@]qﬁ?ﬁﬁmavﬁu
UONENNULHEINT ISP3 (oatmeal agar; Shirling
& Gottlieb,1966) fiimsaseatasaun lists
yaiag idulofivwadnuazuanuanus (Figure 2)
nnmMAeNzRaeuiiaale lndussiuuesiu
16S rDNA 283 lalaian X03 (w1 1,039 ¢Lug,
accession number OP714446) wuiﬁ‘@a%ﬂuaqa

Actinomadura sp. lagfiasitudanuinilauny

Actinomadura atramentaria IFO 14695 (U49000)
&l’lﬂ‘ﬁlij(ﬂ WL 98.93 % (11/1032) BaF31897%
’j’n,l,aﬂmmmﬂﬁﬁﬂmﬂW”%ifftmmmwﬁﬂms
1Ufi%us cinnamycin B fifignieuuuadisele
(Kodani et al., 2016) LazaNNNIDNEARITUJTIU
WauTHano ;Ji’lumj 4 polyether (Nakamura &
Isono 1983; Berdy et al. 1987a, b, c) n f,j y
anthracyclin (Berdy et al. 1987a, b, c; Bycroft et
al. 1988) n Ej 4 naphtoquinone (Kakinuma et al.
1993) uazng¥y macrolactam (Hedge et al. 1992)
ﬁiﬁﬂmummmnLLaﬂmuLmﬂﬁL%'ﬂaqaf:d’mlmy'
NG uasRTRaNRA8TRa 1% 30U dunh
(Suksaard et al., 2017; Rachniyom et al., 2018;
Rachniyom et al., 2015) W@&i9 lifisnenumsuen
LLaﬂmuLmﬂﬁL%anaﬁmmmmgumﬁau lale
LA® X03 '«J:Qﬂﬁﬁmﬁﬂmsimﬁaaﬁ‘@msﬁﬁqw%{
mMatriawlasldaliviazansuaziinnzioiia

YaI N ULANAD 1)

Figure 1 Antibacterial activities of endophytic actinobacteria isolate X03 against

S. aureus (a) and B. cereus (b) using agar well diffusion assay
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Figure 2 The colony morphology of isolate X03 on ISP2 (a) and ISP3 that showing white spore

(b) and branched, non-fragmenting mycelia (1,000X) (c) grown for 12 days at 30 °C

Table 1 Endophytic actinobacteria isolated from mangrove plant's roots collected from mangrove

forest in Samut Songkhram and Phetchaburi provinces, Thailand

Plant species* Number of actinobacteria Isolation code
(isolates)
Avicennia marina 2 AMO1, AM02
Lummitzera littorea 4 LO3, LO4, L10, L11
Nypa fruticans 1 NFO01
Rhizophora apiculata 3 RAO1, RA02, RA05
Rhizophora mucronata 5 RM03, RM04, RM05, RM08, RM09
Sonneratia ovata 1 S01
Xylocarpus granatum 2 X01, X03
Total 18

Note *All plant samples were collected from Klong Kone Mangrove Forest, Samut Songkhram, except Avicennia marina that

was collected from Laem Phak Bia Mangrove Forest, Phetchaburi (Laemphakbia Subdistric Administrative Organization).

Table 2 Antimicrobial activity of endophytic actinobacteria isolated from some mangrove plants against

four pathogenic bacteria using agar overlay method

Inhibition capacity

Isolates Bacillus Staphylococcus Escherichia coli Pseudomonas
cereus aureus aeruginosa

AMO02 - - 4.54 -

L04 213 - - -

L11 - 3.80 - -
RA02 1.92 2.50 3.30 3.14
RAO05 2.83 3.39 1.40 -
RMO04 4.65 - - -
RMO05 4.27 4.47 - -

X03 6.71 6.55 - -

Note — = not inhibited
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well diffusion method

Table 3 Inhibition zone of the potential endophytic actinobacteria against tested bacteria using agar

Inhibition zone (mm.)

Isolates
B. cereus S. aureus E. coli P. aeruginosa
RAQ2 - - - -
RAOQ5 14.5 17.5 - -
X03 18.5 20.0 - -
positive control* 31.0 28.5 24.6 26.9
Note *streptomycin (50 pg/ml)
a7 A UAM

eulalWdnueadluuuaiiise 18
laloiaa wunannsiaNst e 7 sia
Tnanmalulng (5 laloaa) Tnamsludn (3
laloaa) aan (1 lelaian) azyu (2 lals
@a) Banas (4 lalaiaa) duwn (1 lala
1a9) wazuaunzta (2 lolmaa) lud1winits
8 lolmian ugasaua1n1snlunssu s
qﬁuw%ﬁmaauamdﬁaﬂ 1 755ia ionagoy
@2873% agar overlay loloiaa RAO2 uas
RA05 Gaugnainsinbnensluin waslals
L@ X03 %umﬂmnﬂﬂmyu Twamssuss
B. cereus Wae S. aureus E;J\‘i'ﬁl’sj@ (muﬂ(ﬂl,é?u
muﬂuﬁﬂmﬂmuﬁufdmwﬁu 18.5 LLaz 20.0
Jadluas aN81ay) aunsinanage
Usaannimaduasns 3 laloan snaseau
E]‘Yl%{ﬂ”liguJﬂL%ﬂﬂﬁuﬂ%gﬁﬁﬂaﬁ agar well
diffusion wuinlalaiaa X03 Tnamssudod
ﬁq@ Tasfarnuntsraladanissuds
B. cereus Wae S. aureus LYINNU 18.5 Wag
20.0 88LNAT ANWEIAL IINNITALATIER
frauiaadlalnaurssiuaasdn 16S rDNA
wuitlelaiaa x03 7aagluana
Actinomadura la s §i1dasidudainy
LA awny Actinomadura atramentaria IFO

14695" (U49000) mnﬁq@ (99.93 %)

PVBUYDU A HHIITI185 AN NI e
PIUHNANT ﬁmqswaﬁ WREWI BT YT N?T"quuaﬂ
C g a ﬂ:’/l L = al' L™
UNIOUTUNTENANETN 6 Imamsauuaﬁéums
o & o = a a o @
AANIRBITUUINBIERAT LTS 8w laansnnny
@LLamawm’i'ﬂmé'ﬂmmmmam‘? RRIET;
Aunduas (1aT9MT W2.40.) waznodmlasinn
Fnenenaas Uszsnidnisdnen 2562 ﬁLflmgm%mTu
PIIUIY mamauwszﬂmpﬂ’é’ﬁmmmﬂiaﬁﬂm”@
Anadlan LEAYNIFIATIY ﬁlﬁmma%mﬁzﬁlﬁu
At NI T 8La Y awuﬁé’aﬁiﬁ%’unuaﬁuagumﬂ
Imdmsﬁ'@m‘”&mﬂ’imqa%ﬁ‘nm A ARUAIEAT LAY
FINUIEFAT WP INLIRULNBATAIRAT INVILVA

Aundnaw Yszanteuilszuno 2563
v a
LON&@1991999

ﬂﬂvl,ﬂﬂﬁimEILL‘Wi?Ta%Jﬂﬂﬁ?ﬁﬁiﬂ’l’]ﬂ%ﬂ’]ﬂﬁﬂ’] |
NIIBINTN. (2565). 32U URLIALUI1TI8Ia%
naaa"’@mimwwmnwmzmwé?amw, Lﬁa 28
ARIAU 2565, 3N https://chm-thai.onep.go.th//?
page_id=426.

Azman, |, Othman AS., Velu S.S., Chan K.G. & Lee
L.H. (2015). Mangrove rare actinobacteria:
taxonomy, natural compound, and discovery of
bioactivity. Frontiers in Microbiology, 6, 856.
doi: 10.3389/fmicb.2015.00856.



1M IInemansuazinalulad amInenapnsasmans i 12 ayui 1 2566 37

Berdy, J., Aszalos A. & McNitt K.L. (1987a).
Handbook of antibiotic compounds,
Volume Xill, Part 1 . Boca Raton: CRC

Press.

Berdy, J., Aszalos A. & McNitt K.L. (1987b).
Handbook of antibiotic compounds,
Volume Xlll, Part 2 . Boca Raton: CRC

Press.

Berdy, J., Aszalos A. & McNitt K.L. (1987c).
Handbook of antibiotic compounds,
Volume XllI, Part 3. . Boca Raton:
CRC Press.

Bonomo, R.A. & Szabo D. (2006). Mechanisms
of multidrug resistance in Acinetobacter
species and Pseudomonas aeruginosa
[lssue Supplement]. Clinical Infectious
Diseases, 43(2), S49-S56. doi: 10.1086/
504477.

Bushell, M.E. (1993). A method for increasing
the success rate of duplicating
antibiotic activity in agar and liquid
cultures of Streptomyces isolates in
new antibiotics screens. Joumnal of
Fermentation Bioengineering, 76(2),
89-93. doi: 10.106/0922-338X(93)900
62-D.

Butler, M.S. (2004). The role of natural products
chemistry in drug discovery. Journal of
Natural Products, 67, 2141-2153.
doi: 10.1021/np040106y.

Bycroft, B.W., Higton, A., & Roberts, AD.
(1988). Dictionary of antibiotics and
related substances. London: Chapman

and Hall.

Crumplin, G.C. & Smith J.T. (1975). Nalidixic acid: an

antibacterial paradox. Antimicrobial agents and
chemotherapy, 8(3), 251-261. doi: 10.1128/
AAC.8.3.251.

Govindasamy, V. & Franco C.M.M. (2013). Endophytic

actinobacteria:  diversity = and  ecology.
Advances in Endophytic Research. New Delhi,

Springer.

Gurung, T.D., Sherpa C., Agrawal V.P. & Lekhak B.

(2010). Isolation and characterization of
antibacterial actinomycetes from soil samples
of Kalapatthar, Mount Everest Region. Nepal
Jounal of Science and Technology, 10,

173-182. doi: 10.3126/njst.v10i0.2957.

Hedge, V., Patel M., Horan A., Gullo V., Marquez J.,

Gunnarsson |., Gentile F., Loebenber D., King
A, Puar M. & Pramank B. (1992).
Macrolactams: a novel class of antifungal
antibiotics produced by Actinomadura spp.
SC1776 and SCC 1777. The Joumnal of
Antibiotics, 45, 624—632. doi: 10.7164/anti
biotics.45.624.

EJ. & Hashmi MF. (2022). Antifungal
ergosterol  synthesis inhibifors. Retrieved
October 18, 2022, from https://www.ncbi.nlm.
nih.gov/books/NBK551581/

Himaman, W., Thamchaipenet A., Pathom-aree W. &

Duangmal K. (2016). Actinomycetes from
Eucalyptus and their biological activities for
controlling Eucalyptus leaf and shoot blight.
Microbiological Research, 188-189, 42-52.
doi: 10.1016/j.micres.2016.04.011.



1M IInemansuazinalulad amInenapnsasmans i 12 ayui 1 2566 38

Hong, K., Gao A.-H., Xie Q.-Y., Gao H., Zhuang
L., Lin H.-P., Yu H-P., Li J., Yao X.-S,,
Goodfellow M. & Ruan J.-S. (2009).
Actinomycetes for marine  drug
discovery isolated from mangrove soils
and plants in China. Marine Drugs,

7(1), 24—44. doi: 10.3390/md7010024.

Jiang, Z.K., Tuo L., Huang D.L., Osterman ILA,,
Tyurin A.P., Liu SW., Lukyanov D.A,,
Sergiev P.V., Dontsova O.A., Korshun
VA, Li FN. & Sun CH. (2018).
Diversity, novelty, and antimicrobial
activity of endophytic actinobacteria
from mangrove plants in Beilun Estuary
National Nature Reserve of Guangxi,
China. Frontiers in Microbiology, 9. doi:
10.3389/fmicb.2018.00868.

Kakinuma, S., Susuki H., Hatori M., Saitoh K.,
Hasegawa T., Furumai T. & Oki T.
(1993). Biosynthesis of the pradimicin
family of antibiotics. Ill. Biosynthetic

pathway of both pradimicins and

benanomicins. The  Journal of

Antibiotics,  46(3), 430440. doi:
10.7164/antibiotics.46.430.

Kataoka, M., Ueda K., Kudo T., Seki T. &
Yoshida T. (1997). Application of the
variable region in 16S rDNA to create
an index for rapid species identification
in the genus Streptomyces. FEMS
Microbiology Lefters, 151(2), 249-255.
doi: 10.1111/.1574-6968.1997.tb12578 x.

Kodani, S., Komaki H., Ishimura S., Hemmi H. &
Ohnishi-Kameyama M. (2016). Isolation and
structure determination of a new lantibiotic
cinnamycin B from Actinomadura atramentaria
based on genome mining. Journal of Industrial
Microbiology and  Biotechnology, 43(8),
1159-1165. doi: 10.1007/s10295-016-1788-9.

Koehn, F.E. & Carter G.T. (2005). The evolving role of
natural products in drug discovery. Nature
Reviews Drug Discovery, 4(3), 206-220.
doi: 10.1038/nrd1657.

Kister, E. & Wiliams S.T. (1964). Selection of media
for isolation of streptomycetes. Nature, 202,

928-929. doi: 10.1038/202928a0.

Matsumoto, A. & Takahashi Y. (2017). Endophytic
actinomycetes: promising source of novel
bicactive compounds. The Joumal of
Antibiotics, 70(5), 514—519. doi: 10.1038/ja.
2017.20.

Mesta, S.C., Rudrappa O., Meghana S.H., Manu H.M,,
Kavana S. & Talb M. (2018). Phosphate
solubilizing endophytic actinomycetes from
mangrove plants Rhizophora mucronata and
Sonneratia caseolaris and its effect on
Seedling vigour. Research Joumal of
Pharmacy and Technology, 11(3), 1172-1178.
doi:10.5958/0974-360X.2018.00219.6.

Mancuso, G., Midiri, A., Gerace, E., & Biondo, C.
(2021) . Bacterial Antibiotic Resistance: The
Most Critical Pathogens. Pathogens, 10(10),
1310. doi: 10.3390/pathogens10101310.



1M IInemansuazinalulad amInenapnsasmans i 12 ayui 1 2566 39

Mingma, R., Pathom-aree W., Trakulnaleamsai
S., Thamchaipenet A. & Duangmal K.
(2014). Isolation of rhizospheric and
roots endophytic-actinomycetes from
Leguminosae plant and their activities
to inhibit ~ soybean pathogen,
Xanthomonas campestris pv. glycine.
World  Jourmal  of  Microbiology
and Biotechnology, 30(1), 271- 280.
doi: 10.1007/s11274-013-1451-9.

Nakamura, G. & Isono E.K. (1983). A new
species of Actinomadura producing
a polyether antibiotic, cationomycin.
The Joumal of Antibiotics, 36(11),
1468-1472. doi: 10.7164/antibiotics.36.
1468.

Neut, D., Hendriks J.G.E., van Hom J.R., van
der Mei H.C. & Busscher H.J. (2005).
Pseudomonas  aeruginosa  biofilm
formation and slime excretion on
antibiotic-loaded bone cement. Acta
Orthopaedica, 76(1), 109-114.
doi: 10.1080/00016470510030427.

Nikaido, H. (1989). Outer membrane barrier
as a mechanism of antimicrobial
resistance. Antimicrobial Agents and
Chemotherapy, 33(11), 1831-1836.
doi: 10.1128/aac.33.11.1831.

Niyomvong, N., Pathom-Aree W., Thamchaipenet A.

& Duangmal K. (2012). Actinomycetes
from tropical limestone caves. Chiang

Mai Journal of Science, 39(3), 373-388.

Quach, N.T., Vu T.H.N,, Bui T.L, Le T.T.X., Nguyen

T.T.A, Ngo C.C. & Phi Q.T. (2022). Genomic
and physiological traits provide insights into
ecological niche adaptations of mangrove
endophytic  Streptomyces parvulus VCCM
22513. Annals of Microbiology, 72(27),
doi: 10.1186/s13213-022-01684-6.

Rachniyom, H., Matsumoto A., Indananda C,

Duangmal K., Takahashi Y. & Thamchaipenet
A. (2015). Actinomadura syzygii sp. nov., an
endophytic actinomycete isolated from the
roots of a jambolan plum tree (Syzygium
cumini L. Skeels). Intemational Journal of
Systematic and Evolutionary Microbiology,

65(6), 1946—1949. doi: 10.1099/ijs.0.000203.

Rachniyom, H., Matsumoto A., Inahashi Y., Take A,

Takahashi Y. & Thamchaipenet A. (2018).
Actinomadura barringtoniae  sp. nov., an
endophytic actinomycete isolated from the
roots of Barringtonia acutangula (L.) Gaertn.
Intemational Joumal of Systematic and
Evolutionary Microbiology, 68(5), 1584—1590.
doi: 10.1099/ijsem.0.002714.

Ravikumar, S., Ibaneson S.J., Uthiraselvam M., Priya

S.R, Ramu A. & Banerjee M.B. (2011).
Diversity of endophytic actinomycetes from
Karangkadu mangrove ecosystem and its
antibacterial  potential against  bacterial
pathogens. Joumal of Pharmacy Research,

4(1), 294-296.



1M IInemansuazinalulad amInenapnsasmans i 12 ayui 1 2566 40

Rosenfeld, Y. & Shai Y. (2006).
Lipopolysaccharide  (Endotoxin)-host
defense antibacterial peptides
interactions:  Role in  bacterial
resistance and prevention of sepsis.
Biochimica et Biophysica Acta (BBA) —
Biomembranes, 1758(9), 1513-1522.
doi: 10.1016/j.bbamem.2006.05.017.

Sapkota, A., Thapa A., Budhathoki A., Sainju
M., Shrestha P. & Aryal S. (2020).
Isolation, characterization, and
screening of antimicrobial-producing
actinomycetes from soil samples.
International Journal of Microbiology,

2020, doi: 10.1155/2020/27016584.

Shirling, E.B. & Gottlieb D. (1966). Methods for
characterization of Streptomyces species’.
Intemational Joumal of Systematic and
Evolutionary Microbiology, 16(3), 313—
340. doi: 10.1099/00207713-16-3-313.

Suksaard, P., Pathom-aree W. & Duangmal K.
(2017). Diversity and plant growth
promoting activities of actinomycetes
from mangroves. Chiang Mai Journal of

Science, 44, 1210-1223.

Také, A., Matsumoto A., Omura S. & Takahashi
Y. (2015). Streptomyces lactacystinicus
sp. nov. and Streptomyces
cyslabdanicus sp. nov., producing
lactacystin and cyslabdan, respectively.
The Joumal of Antibiotics, 68(5),
322-327. doi: 10.1038/ja.2014.162.

Tung, Q.N., Lien B.T., Nguyen V.T.H., An N.T.T., Ha

C. H & Tien P.Q. (2002). Endophytic
actinomycetes from mangrove plant Avicennia
marina in Quang Ninh Province, Vietnam:
Distribution,  cytotoxicity, and antioxidant
activities. Academia Journal of Biology, 44(3),

87-98. doi: 10.15625/2615-9023/17492.

Ventura, M., Canchaya C., Tauch A., Chandra G.,

Fitzgerald G.F., Chater K.F. & van Sinderen D.
(2007). Genomics of Actinobacteria: tracing the
evolutionary history of an ancient phylum.
Microbiology and Molecular Biology Reviews,

71(3), 495-548. doi: 10.1128/MMBR.00005-07.

Whitman, W.B., Goodfellow M., Kdmpfer P., Busse H.-

J., Trujillo M.E., Ludwig W., Suzuki K -i. & Parte
A. (2012). Bergey's Manual of Systematic
Bacteriology: Volume 5 The Actinobacteria

(2nd ed). New York: Springer.

Xu, D.B.,, Ye WW,, Han Y., Deng ZX. & Hong K.

(2014). Natural products from mangrove
actinomycetes. Marine  drugs, 12(5),

2590-2613. doi: 10.3390/md12052590.

Yoon, S.H., Ha S.M., Kwon S,, Lim J., Kim Y., Seo H.

& Chun J. (2017). Introducing EzBioCloud: a
taxonomically united database of 16S rRNA
gene sequences and  whole-genome
assemblies. Intemational Journal of Systematic
and  Evolutionary  Microbiology,  67(5),
1613-1617. doi: 10.1099/ijsem.0.001755.



