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Abstract

Fifty eight actinomycete strains were isolated from the peat swamp forest soil samples. These
strains were grouped by using phenotypic characteristic into 12 groups. Phylogenetic,
chemotaxonomic analyses including some phenotypic characterisation revealed that the
representative strains in each group belonged to members of the genera Streptomyces, Agromyces,
Dactylosporangium, Micromonospora, Microbispora and Planotetraspora. Here, we found the
strains CM2-8 and CM2-12 showing morphological and chemotaxonomic characteristics typical
of members of the genera Micromonospora but which was genotypically and phenotypically
distinguishable from all recognized Micromonospora. Therefore, the strains CM2-8 and CM2-12
were judged to represent a novel genus of the family Micromonosporaceae for which the name
Actinuarispora siamensis was proposed. Furthermore, the fermentation broths of these
representative strains were extracted with ethyl acetate and were tested for anti-microbial activity.
The results showed that more than 40.3 % of actinomycete strains exhibited the anti-microbial
activity. Antimicrobial assay-guided fractionation of the ethyl acetate extract of representative
actinomycete isolate CP1-3 yielded known actinomycin D. Based on these results, it could be
concluded that actinomycete diversity in the peat swamp forest soil is very great and should

represent an excellent source for discovery of bioactive compounds.
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ATCC = American Type Culture Collection
B. subtilis = Bacillus subtilis

C. albicans = Candida albicans

DSM = Deutsche Sammlung von Mikroorganismen
E. coli = Escherichia coli

EtOAc = ethyl acetate

ISP = International Streptomyces Project

M. luteus = Micrococcus luteus

MHA = Mueller-Hinton Agar

nm = nanometer

NSA = Non-Streptomycete Actinomycetes
Ps. aeruginosa = Pseudomonas aeruginosa
SDA = Sabouraud Dextrose Agar

S. aureus = Staphylococcus aureus

TSB = Triptic soy broth

UV = Ultraviolet

UL = microlitre
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Streptomycetaceae: Thermomonosporaceae:
Streptomyces ~8000 Actinomadura 345
Streptoverticillium 258 Saccharothrix 68
Kitasatosporia 37 Microbispora 54
Chainia 30 Actinosynnema 51
Microellobosporia 11 Nocardiopsis 41
Nocardioides 9 Microtetraspora/ Nonomuria 26/21
Thermomonospora 19
Micromonosporaceae: MicropolysporalFaenia 13/3
(Actinoplanetes) Thermoactinomyces 14
Micromonospora 740 Thermopolyspora 1
Actinoplanes 248 Thermoactinopolyspora 1
Dactylosporangium 58
Micromonosporaceae(@if)) Mycobacteriaceae:
Ampullariella 9 (Actinobacteria)
Glycomyces 2 Nocardia (357)
Catenuloplanes 3 Mpycobacterium 57
Catellatospora 1 Arthrobacter 25
Brevibacterium 17




Pseudonocardiaceae:

Saccharopolyspora

Amycalotopsis/Nocardia

Kibdellosporangium
Pseudonocardia
Amycolata
Saccharomonospora

Actinopolyspora

Streptosporangiaceae:

(Maduromycetes)
Streptosporangium
Streptoalloteichus
Spirillospora
Planobispora
Kutzneria

Planomonospora

131
120/357
34

27

12

79
48
11

10

Proactinomyces

Rhodococcus

Other (unclassified) species:
Actinosporangium
Microellobosporia
Frankia
Westerdykella
Kitasatoa
Synnenomyces
Sebekia
Elaktomyces
Excelsospora
Waksmania
Alkalomyces
Catellatospora
Erythrosporangium
Streptoplanospora
Microechinospora

Salinospora

14

13

30
11
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Compounds

Strains

Activity

References

SF 2809

Madurastatins A, A,, A,

Diketopiperazine Sch 725418

Ansamitocin

1B-0028

Nocathiacin I, I, 11l

3-O-mycarosylerythronolide B

Chandrananimycins A-C

Bafilomycin C1

R 176502

Kosinostatin

Hibarimicins

Propeptin

SB-219383

Isochromanquinone

Asterobactin

Cetoniacytone A

Dithiolopyrrolone

Fluoroindolocarbazoles

Ammocidin

Plaraflavins

Tyropeptins A and B

Brasilinolide B

Arisostatin A and B

Nocardiones A and B

Dactylosporangium sp.

Actinomadura madurae IFM 0745

Micromonospora sp.

Actinosynnema pretiosum

Actinomadura sp.

Nocardia sp. WW-12651

Saccharopolyspora erythraea

Actinomadura sp.

Kitasatosporia cheerisanensis

Micromonospora sp.

Micromonospora sp.

Microbispora sp.

Microbispora sp.

Micromonospora sp.

Micromonospora sp. SA246

Nocardia asteroides

Actinomyces sp.

Saccharotrix sp. SA233

Saccharotrix aerocolonigenes

Saccharotrix sp.

Saccharotrix sp.

Kitasatospora sp. MK 993-df2

Nocardia brasilliensis

Micromonospora sp. TP-A0316

Nocardia sp.TP-A0248

Chymase inhibitor

Antibacterial activity

Antimicrobial activity

Antibacterial activity

Cytotoxic activity

Antibacterial activity

Antibacterial activity

Antibacterial activity

Antibacterial activity

Antimicrobial activity

Antibacterial activity

Anticancer activity

Prolyl Endopeptidase inhibitor

Antibacterial activity

Cytotoxic activity

Antibacterial activity

Cytotoxic activity

Antimicrobial activity

Antibacterial activity

Apoptosis inducer

Antitumor

Proteasome inhibitor

Antifungal

Antibacterial activity

Tyrosine phosphatase inhibitors

Tani et al., 2004

Harada et al., 2004

Yang et al., 2004

Lu et al., 2004

Malet-Cascon et al.,

2003

Li et al., 2003

Cevallos et al., 2003

Rajendra et al., 2003

Moon et al., 2003

Laakso et al., 2003

Furumi et al., 2002

Cho et al., 2002

Esumi et al., 2002

Greenwood et al., 2002

Yeo et al., 2002

Nemoto et al., 2002

Schlorke et al., 2002

Lamari et al., 2002

Lam et al., 2001

Murakami et al., 2001

Vertesy et al., 2001

Momose et al., 2001

Mikami et al., 2000

Igarashi et al., 2000

Otani et al., 2000




Compounds

Strains

Activity

References

1B-96212 [1]

SB-219383 [2]

Arisostatins A and B [3]

4'-N-methyl-5'-
hydroxystaurosporine, 5'-

Hydroxystaurosporine [4]

GTRI-02 [5]

YM-47515 [6]

Thiocoraline [7]

1-Hydroxycrisamicin A [8]

Pyrrolosporin A [9]

Antascomicins A, B, C, D and E [10]

Macquarimicin A [11], B [12], C [13]

and Cochleamycin A[14]

Cororubicin [15]

16-membered lactone compound

and izenamicin B, and B, [16]

Mycinamicin | and Il [17]

Sibanomicin [18]

Dynemicins O [19], P [20], Q[21]

Citreamicin [22]

K-259-2 [23]

K-13[24]

Antromicin [25]

Sagamicin

Micromonospora sp. L-25-ES25-008

Micromonospora sp. SB-219383

Micromonospora sp. TP-A0316

Micromonospora sp. L-31-CLCO-002

Micromonospora sp. SA246

Micromonospora echinospora subsp. echinospora

Micromonospora sp. L-13-ACM2-092

Micromonospora sp. SA246

Micromonospora sp. C39217-R109-7

Micromonospora sp.

Micromonospora chalcea

Micromonospora sp. JY16

Micromonospora sp. YS-02930K

Micromonospora griseorubida (FERM BP-705)

Micromonospora sp. SF2364

Micromonospora chersina M956-1

Micromonospora citrea

Micromonospora olivasterospora K-259

Micromonospora halophytica subsp. exilisia K-13

Micromonospora olivasterospora

Micromonospora sagamiensis

Cytotoxic acitivity
Tyrosyl t RNA synthetase inhibitor
Antibacterial activity

Antitumor activities

Lipid peroxidation inhibitor

Antimicrobial activities

Antimicrobial activities
Antimicrobial activities

Antimicrobial activities

Antagonize the immunosuppressive activity

Antileukemia cell line P-388

Cytotoxic acitivity

Antibacterial activity

Antitumor activities

Antibacterial activity, Antitumor activity

Antibacterial activity

Inhibitor of Ca”* and calmodulin-dependent cyclic

nucleotide phosphodiesterase

enzyme inhibitor

Antibacterial activity

Antibacterial activity

Chimeno et al.,2000

Stefanska et al., 2000

Igarashi et al., 2000

Hernandez et al., 2000

Yeo et al., 1998

Sugawara et al., 1997

Romero et al., 1997

Yeo et al., 1997

Lam et al., 1996

Fehr et al., 1996

Hochlowski et al., 1996

Ishigama et al., 1994

Yasumuro et al., 1994

Kinoshita et al., 1992

Itoh et al., 1990

Saitoh et al., 1991

Carter et al., 1990

Matsuda et al., 1987

Kase et al., 1987

QOdakura et al., 1984

QOdakura et al., 1983
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Source Antibiotics | “Other bioactive” | Total bioactive | Practically used Inactive
metabolites metabolites (in human therapy) | metabolites
Bacteria 2900 900 3800 10~12(8~10) 3000 to 5000
8700 1400 10100 100~120(70~75) 5000 to 10000
Actinomycetales
Fungi 4900 3700 8600 30~35(13~15) 2000 to 15000
Total 16500 6000 22500 140~160 (~100) 20000to 25000
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fﬂi!WlIT’E)ﬂWﬁﬁluﬂW‘iWUL%ﬁ)ﬁwwuﬁiﬁﬂJﬁi’E]L‘]f’t]‘l/]Wﬁ@]ﬁﬁ‘ﬂLLGIﬂGINUl‘]JMﬂﬁTTVHJE]gmaJ

P4
= =<

[ Yy 9y d‘d = a [} 031 L% dy Q'
ENNﬁiﬂhi@ﬂWﬁiuﬂWiﬂuWUfﬂi‘ﬂllt]V]‘ﬁﬂ1\‘1°]f’)ﬂ11/‘l%1!ﬂ11’ii]ﬂ1ﬂ1ﬂﬁllﬂL“]ff]LWqu\ﬂlu tagna
== Y

"9 ~ 9 I < o 1Y) a Jd A 1] A sidy
awagaw”lmzl,ﬂuﬂiziwummumiﬁﬂymNmu’mmmﬁmmmmzmm L‘wa“l,‘wwugm

'
C%

[ a o a 4 a o 1 %
11!ﬂ”ISWGJJ‘L!N"Iu’J%EJVIN??]}WH’JTIEJ"Iﬂ"Iﬂ'@]iﬁ"l‘ﬁ”lﬁmqﬁlﬁJ@Q‘]JigWI?(GHWIJJH?NLLZW‘I,!"IUI,‘]J@:ﬂ"IiﬁQW1
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UNA 3

S2DIUITMIANHUNUIY

3.1 ﬂ]ﬁ!ﬁﬂéﬁi’)fhﬂ ﬂ15!!ﬂﬂ!!ﬁ$ﬂ1ﬁﬁﬂ!ai’)ﬂ!°ﬁi’)
3.1.1 MINUAIDES
% v { g 1 a a a J a
G]'Ji’]fl”l\iﬁ!ﬂll “l?%jllﬂ ﬂumnmw’mﬁmazﬁ}mmq (ﬁﬂaﬂﬂﬂizmmm—so IEUALUNT)
a o Aa 1 Y a [ (Y] dy A o 9
uazﬂu%ﬂﬂclumnmmﬂ1W§m1ﬂﬂ1ﬂ1¢1u5!,’3miNWJWIgiJ‘Wi @aamuwuwwﬂummmmn
Aa @ @ 1 o 3w 1T A a o o
Ltazuuﬂ@ﬂﬂaﬂau%uuﬁ %QWTJ@L%EN&IWN MMINUAIBE1AUYT Y 500 NIW LAZINHY
o I YA a9 o = dy o o I J
@’J@ﬂ"l\?]l?ﬂqmﬁaﬂﬁﬂﬂ AUNTTNIDINTSVIUMSTUINTD tlagil  MIIaanuunsa-a19vod
AUAITUD Enokita ef al. (1986)

3.1.2 MILEN¥o

dy a v A o o @ 1 a Y Y A a 9 1
ﬂﬁuﬂﬂl“]ff]uf]ﬂﬁiui]ilﬁﬂ ‘mT@ﬂu1maaEna@1ummﬂmmmqmwgnwmuazmu

Y Y F4
% U

N3ZUIUMST physical treatment 1Az chemical treatment N3 UWIZABDIFOLUADZ AN DIN
Y
MnNsuen¥eR11ae33 Spread plate (Tortora et al., 1995) Iagtidied1s 0.5 n5u lalunasa
d’d 3’ o dy a a aa Y Y o A = %
Wﬂﬁ@\?‘l/lll‘lﬂﬂau“]J‘ﬂﬁi]'lﬂlG]ff]‘]JﬂJ'lm 4.5 yaaansg WﬁﬂiﬂﬂﬂﬂullaZlﬁ]@i]Nﬂxﬁgﬂﬂ 100 Lo
1000 1911 9AANIALAIPAIBEN 0.1 HAdANT LAZINAUUDINIT humic acid-vitamin agar UL/
=\ d' 1 a dy 1 4! an 1 9}4‘ a
1’75?J9TVH5‘V]L’VTll'lg’ﬁllG]'E)ﬂWilﬂimuﬂlﬂﬁlﬂf@iullﬁﬁgﬁﬂacﬁﬂNt’fiJﬁ"li‘]Jaﬂf'Ju% UN“?WQTMWQN 30
~ 1< o A I AAd @ dy ' o
NGRS GBINTHG] Lﬂunm 21 U Laaﬂmﬂﬂiaumﬂuaﬂymzmwwmmwmmazaqa NMINIILLEN
Y 7
wolvius ANTUUDINIT Yeast extract — Malt extract agar
v A &l g.’l v
3.1.3 MIAAdNIYDUHAY
o dy dy = I Y A
NINMITDYUFDUUDIYIT yeast extract — malt extract agar Tagmsyaluaunsauae?
& =R A = ] dy A = [ A s)dy
Y1IMNVUUIUDUIINUDUHUIDIDNUD VYUY VUIAEIN 30 DI uLssaLsses U1l 14 31U LW@%’H“B’G
a 1 3 9 dy 9 3 a A a’ﬂl a S J
wamamu,azuwamiuumﬂmua’gu NUUATIVTDUNITHNANT ﬁﬂui]ﬂﬁﬂﬂﬂﬂauﬂiﬂ‘ﬂ@ﬁﬂﬂ
a Y T
s i 1Qun Bacillus subtilis ATCC 6633, Staphylococcus aureus ATCC 25923, Pseudomonas
aeruginosa ATCC 27853 Micrococcus luteus ATCC 9341 Uae Candida albicans ATCC 10231
a A o Ja S Y qszl [ dy A Y P
I@Ela1ﬂi]lﬂu1/]3EJ‘V]ﬂﬂ@ﬂlﬁ%ﬂllﬁglﬂulﬁuﬁiﬂﬁ\‘liﬂﬂﬂﬂLL‘IJ’J"]JENL“H@?J'IﬂVIﬁ;ﬂ ua’mm”l:]‘n

Y 4
gangil 37 evnwalea w1 U asdeumsduduregauniinaae lasiaszoznig

L = A a A a P = g o A
ﬂ?ﬂllu?ﬂl@ﬂﬁfﬂﬁ]uaﬂﬁgﬂgﬂﬂauﬂﬁﬂﬂﬂﬁ@ﬂﬁTNTiﬂ!ﬁ]ﬁmjﬂ AMNMIANHIUISTINITOAALADN
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dy d' a QO) = 9 o dy a v A d'd [ [ 09;
Weneusanana1seengninetnnla taziny  euend luiednniidneninlumsduds
dy a =4 o o 1 = 9 a 1
Wegauniomageuuiimstangau laemsanyinisdiueynsuisiuae I
3.2 M3ANHIOYNSHITIUVO IO
o [ =4 [ 1 dy 2 dy
M IagoIdeNsANEIANYML AN UBUToAI1
3.2.1 AaNHATMITUGIUING N33Ry A33INNUAZTIAN
Y Y v

ATNADUAN U NNMINI Y laaidsudounomsinuaegly International

Streptomyces Project (ISP) ¥UAN g 1a8735 Crosshatch streak (Shiring and Gottlied, 1966)
a dy = =S 9 =S =S 9 1 [ d'

a519Ma Taegnseay teuazdvedlalatauuu dveslalatiaiuaiwuazseningnazale
Y
iAo unszauaNINTFIU (The Jacal Color Card 12200, Japan Color Research Institute)

[ 4 a
asnganvuzvoudulonazmsainaiesaremailn Simple inclined coverslip (Williams and

Y] g o [ 4 g
Cross, 1977) A5199ANHUZUYBAUTOAIONADIYANTIAUIAZATIAOUANYU A0S VD UTAY
an 4 4 Av A 4
Scanning  Electron Microscope  (SEM)  1ag3Tmsvodguiinieslodseingienansias
4 a [ [ a o
maTulad PNaINTaiNKIINGIs aNHULNNATIINGWALFTUANTIINITATINADUNTADY
utls msaaelaau msgaewag laa myaateTsauluuy  (Williams and  Cross, 1971)
a a a I 4 a a
MIAAYRAIAY NTI AT IUIATN (Arai, 1975) M3naa laTasmuda lnd nsndamwaiiiy ms
a I 1 1 4 ..
nugangll mInwnde minuanuiunsa a1 uazmsldunaimsvou  (Shiring and
. Y @ { I 1 1 o g 1

Gottlicb, 1966) MINMsANEIHIZETDIRTTIToTOIUNgUA1 Lazihdun Yo UToIA

v
1A

= Y I dy a ] =< A a =
azﬂamwmmﬂumﬂm%%uﬂiﬁmmﬁﬂymmﬁuwwmmgﬂsmmutmmﬂ"lﬂ

q

3.2.2 Anwpa@niameeynsdsuniiveude (Komagata and Suzuki, 1987)

9 Y ]
“V‘hﬂ'l'i!WW&ﬁENLGAB'E'JLLGIQZhlﬂicﬁlﬁﬁslufﬂ?ﬂﬁlﬁﬁﬁ Yeast extract — Malt extract Uul‘ﬂt‘;@\?
oA ay & o o 2 A A . o q 9 s Y
WY NYUNHUYION Wunar 4 u ﬂTiLﬂ‘ULﬂEJ'JL“If@IﬂEJﬂWi centrifuge uawﬂm%amm
Y < . ° J 9 a = tﬂy o dy
ﬂ'IEJGlG]ﬂ'NiJLEJu (Freeze drylng) Lﬂ!ﬂfﬁﬁLlﬂﬂulﬂﬂ@ﬁﬂﬂﬂ'lx‘]ﬂlgﬂilI'J‘ﬁ'lulﬂiJGU'tNl‘]ff]ﬂﬂu
3.2.2.1 mIIANHNTavad
L . . . & s Y Y =
$37989U Diaminopimelic acid UD¥D Taggaeiraatiianie 6N HCL 91 100
~ [ o Y o v 14
pamaied 1Wunal 18 ¥ Tue udir 1y spot BULRY TLC (Merck No. 5716) Develop A28
methnol - water - 6N HCI - pyridine(80:26:4:10) 1% 0.5% ninhydrin solution 14 n-butanol W
14 Y 9 ~ = A A A a ,g? = @
Llﬁﬁjﬁﬂ31ﬂiﬂu'ﬂ 100 DIAUFAUFYE 2-3 UIN INDF spot NENAVUINGUNL standard
3.2.2.2 MTINTIZH Whole cell sugar

a =

o s Y 7Y =
nraauiaunlelas ladde IN H,80, figuunil 100 ssrusadod Ui 2

U

' Y U v
F2Tua NalwdundSaudy  BaoH), wazdsy pH oglusae 5.2-55 thlUihumies gaen
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Y v 4
supernatant 3191 199 azanedidae1i1 910174 spot a9 cellulose TLC plate develop @38
butanol - water - pyridine - toluene (10:6:6:1) WUAY acid aniline phthalate auﬁqmw@,ﬁ 100
DIAUFATOH I 4 UIN NYY spot MNANY standard

3.2.2.3 MTAATIZH Polar lipid

a

o J {
N30 polar lipid 1INMSEANAL¥AAURIAIY methanol QM 100 IR

U

~ < a2 ogvs Y o a1y s . o

waded 1Wunar 5w Naldidundlananedle chloroform N304AINKEAE (debris) 890 91
Y Y

A3 partition @38 chloroform 1A% saline 19U chloroform 11/5zmiaslviuite azanedhdae

chloroform - methanol Llaziﬂﬂﬁ”ﬁﬁfli’)éﬁ spot aNUUW HPTLC (Merck Kieselgel 60 F.,, 10x10

2542
cm) M3 develop 2 NANN (two-dimensional development) A28 solvent system 2 THA Ao

chloroform - methanol - water (65:25:4) e chloroform — acetic acid - methanol - water

a =

(80:18:12:5) UAIMUAINS0% sulfuric acid pUARUNYT 150 esruvarioa iunar 5 wid

aAUNE spot NINAVU
a d d Y
3.2.24 ﬂﬁ]!ﬂﬁ%?‘iﬂﬂﬂﬂigﬂf‘)ﬂ‘llﬂﬂﬂiﬂul“lmu (Cellular fatty acid)

o 4 4
19383 methyl ester YBan3alusiu Mnwaduialaelalas laddrearsazane

a =

{ <3| o Y
methanolic hydrochloric acid ﬁqmmu 100 esrusaised (Hunar 3 $21ue udranaaie

U

Was@endmes 1d2131A312HA8 gas liquid chromatography

3.2.2.5 MIAATIZH Isoprenoid quinone

ﬂnmaﬁuﬁ’mﬁﬂﬁm chloroform - methanol A58 2:1 uumémmé1 1 Ay
nnunseaazihlfi B aza1ed1dan acetone u,é’aﬁﬂﬁ’u?qmi{umwiu TLC (Merck no.

1.05715 Kieselgel 60 F,,, 20x20 cm) 1&2111114A312¥@28 HPLC

U

a d o a d
3.2.3 MIAUAINTHA umauumﬂﬁgﬁmaﬁluﬁn 16S rRNA gene HazMIAAICHAY

av

NS

111 DNA #1001 (Tamaoka, 1994) 3tiiaalS31as DNA 11314 168 rDNA Tag
1% Universal primer ﬁwﬂﬁﬁ?aﬂumé‘m DNA Thermal cycler (GeneAmp PCR System 9700;
Applied Biosystems) 168 rDNA ﬁyﬁuﬂ?um"l?fi]xg]ﬂﬁﬂﬁ’ﬁqﬁlmz?mﬁzﬁﬁﬁumaiﬂEJ

1% ABI PRISM BigDye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystem)

[ [ =Y

o v A = sy ¥ o = = . o = L
drauiiand Ie Inan ldazgniimsulSeuifien naz  alignment vdauing T lnalu

gm%’agamm Genbank/EMBL/DDBJ 1ag BLAST n program LIQi¢ alignment software (lunsal

E
~q 9

1 1¥ CLUSTAL W program package) Fﬂomflﬂsﬁjmallm‘lcju multi-data set 1AZA34 phylogenetic

a 4 A
trees 14 MEGA software program version 2.1 nagInszHUeyan 1a

U
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a d
3.2.4 M3 UAI1LH DNA base composition (Tamaoka, J., 1994.)
3.2.4.1 M3uan DNAaziléUSgns
s & < o o 2 a4 &
1989190 1 Yeast extract — Malt extract broth 11141981 3 1 MR LN WD
o ¢ . . o o
182819828 saline-EDTA M 1¥saduandig lysozyme 11ag Tris-SDS solution 91nTiuanafdIy
phenol 118 chloroform ANAZNBU DNA @38 cool ethanol 119A RNA waz11s@u dremsau
. . < Y vy v ~
RNase solution tiagproteinase K 11agiNy DNA 9114 137 —20 serniyasos 1u ethanol
3.2.42 MIUATIEH

19301 nucleoside Y99 DNA ugiag loTanan 11nmslelaslad 10 LU heated

v
= a

DNA (I mg/ml) 828 10 LUl nuclease P, Unfigainigil 50 easnusadoa ifluna 1 $21uq uaz

a =

laTasladaodas 10 L alkaline phosphatase fgavail 37 serusarfoa Wuna1 1 1 Tu
udrai lyAnseiaae HPLC
3.2.5 Photobiotin labeling DNA-DNA Hybridization

3.2.5.1 Immobilization of DNA in microtiter plate

¥ea 100 LU UDIa15a2018 heat — denatured DNA (1 Llg DNA / well) UD4 type

~

strain, control DNA (calf thymus 130 E. coli) 1lag DNA YOUF¥O unknown 13130 mwgﬁ 37

Q

v
=

osrniwaiFen 2 $2Tua udanaisazais DNA 1 §1dae PBS Jdeelfiuisil 45-60 o
LT

3.2.5.2 DNA labeling with photobiotin ( DNA probe )

PTONE1TAZA18 DNA V04 type strain Tunaen eppendrot G REGEO AL
photobiotin Werul¥d1Au g linaluinds adh13udhdesdronasniniasa sunlamp
93 0.1M Tris-HCI buffer (pH 9.0) tta n-butanol ‘iv:lué’lj’JEJ vortex “f]um%mﬁ 12000 rpm UIU 20
T ANz aBF UG A0 n-butanol tazilum3eiEAATe MemIazaeduLY 1h DNA
Arananud ldduliniuden 15 1 ilRSuedsaaduaziinll sonicate 11 lway
11 hybridization solution

3.2.5.3 Prehybridization

HYAN1T0E A1 prehybridization ENL!,G]'EIZHQN"U?N plate NI TR “IQ)"J?I?N‘I?;
QUUANE MY hybridize udammsazaniing

3.2.5.4 Hybridization

mﬂmiazmaﬁwam DNA probe U®N type strain mu@iawqm 1la plate A

] a T YA ad o 4 Qy dy
URUNATAN qulawqmwmmmmzau 12 G]f'JIlN HAIMIITagaIgu

£l
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3.2.5.5 Detection of biotinylated — DNA annealing to immobilized — DNA
] 2 Y
lemansaza1y hybridize N9UA7I 419828 0.2xSSC 3 ATY ANATAZAY |
(Bovine serun albumin (Fraction V) , Triton X — 100, PBS) 1139 30 DaAIFAFIE U1 10
9
WM mansazay 119
Colorimetric method : IANA1TAZAY streptavidin-peroxidase 1y PBS iU 0.5 %
[ 9 Y k4
BSA U?Jﬁ 37 i’)\‘]ﬂ%"]fﬁ@ﬂﬁ UIU 30 Lﬂﬁ LLE‘EI}'JWIﬁ']'iagﬁ"IEWN LLﬁZ%TQ@Q{'JEJ PBS 3 AF9 INTU
IAUATAZA1Y tetramethyl benzidine — H,0, 19 37 oIrssalied w1y 5-10 UIN 9z1nA
= Y o Y =9 . aan 9
msazmaﬁ% LRAIIAAIUVNVDITAIY microplate reader (630 nm) WEJﬂ‘]JQﬂiEﬂﬂ’JEJ
= Y A A Y o Y Y1 A
d13aza18 2M HZSO4 miaxmﬂi}xrﬂafJunJuﬁmamum’mmmmum 450 nm il%ulﬂﬂ”m
Y
ADINTT

v /'V

sample ~ " control type strain

A3AIUIU Homology % = (V Vo) X 100
= a s o 7 & yy A A
NAAINNITANET DNA relatedness ﬁ]gﬂ"]ﬂJ'lﬁﬂWq%ut@ﬂﬁﬂymﬂl@\il“ﬁ@qﬂ HINIYDNNUY
I dy ~ [ ~ = Yo o Y = A o o dy 1 Ya
lﬂul‘]ff)vlLWIﬂ@ﬂ\m'lﬂﬂ!ﬂEJﬁJiWﬂQWHMl'JGD'ILﬂuG]@QﬁﬂH'ILW@%ﬂﬂ’muﬂl‘lﬂﬂiﬁﬂﬁﬂqﬂ Iﬂﬂﬁl“b'i]‘ﬁﬂ'li
- d' 1
PNNNATIN
a 4 [ 4 49} [ 9 = [ a vAa
1’?3»118]!1’19! ﬂTinﬂu!@ﬂaﬂHmmﬂﬂ!%ﬂiuﬁgﬂﬂﬁf}ﬁ’ﬂgiﬁﬁﬂTﬁﬂﬂEWVITQﬁmi"Iu’JTIEJ"I ﬂﬂlﬁll‘].l?‘l
a 1 a Jd o o a 4 oy 09./‘ 4
Tl?\?@iéﬂiﬂ?]‘ﬁ”ll!&ﬂfl “lﬁjllﬂ NITWUATIEUNUIUBAR LLa%ﬂTi?LﬂiTgﬁu1@]1aﬂQW?Jﬂ(luL“]fﬁa e
= o w ad 1 I @
ﬂTﬁﬂﬂB"lﬁ”Iﬂﬂlﬂﬁmﬂﬂﬁ”lflﬂlﬂul@iu%?ﬂ 16S rRNA gene L‘l]lﬁ/iﬁﬂ
U d‘ a a a
3.3 ﬂ]ﬁﬂNﬂ!WﬂNaﬂﬂ]ﬁﬂﬂﬂ{]N
Y Y v )
MM 318833911 Seed medium (Yeast extract — Malt extract broth) 1iN@ed 13uunT04
1 < 1 { a Y] dy 1
WyIANNLIIY 180 iﬂllﬁf]u'lﬁ ﬁqmwgnﬁ}m HIU 4 MU lléﬁ!ﬁﬂ\‘i@fﬂﬂfﬂﬂWi Production
medium (Yeast extract — Malt extract broth M3 0.1% CaCoO,) Tagsay inoculum 1% Vo seed
. . . ' dy 9 A (] < 1 A A
medium a4y production medium vudes Buwnseuvinnusa 200 seudeui A

a9

< @
BUNYUTIBI wWual 10 1

w

Y A ad
34 ﬂ1‘§ﬁﬂﬂ!!ﬁ$!!ﬂﬂﬁ1iﬁlﬁﬂiﬁﬂﬁ

Q

9
o_ o o/

Mm99 INTEATHATE Whatman No.1 iiousnerdiuiilauaziwad
20NINNU mﬂﬂguﬁwdmﬁyﬂﬁmﬁwms partition N1 ethyl acetate 3 ﬂiizq udnilseme i
uameldmsaannueu a2 ldesanareuluaiu ethyl acetate (crude EtOAc extract) 111
Feadan 18 lUnaaeugninainmidesduasiinasauen ¥ Idasusanidaemaiia

malasulasnsal w%’@uﬁmﬂﬁ@qu%lmq%amwmuéﬁu"lﬂ (bioassay —  guided

fractionation)
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a d o [ d a z: Y
3.5 msfigadgasiassanamaniitazMvivaenanyavesasusgnsivenld

g 9
ensuSgninuen lanigniTnssailasisnemia lasalndl saustatvua

]
9 v ]

lndnal tazmmadinmenwidife wu gavaoumar . Judu madameanlalase
TaTlfiozriun1dlunsdnem 18un
3.5.1 Ultraviolet — Visible (UV) spectrophotometry
SammsganaunaalugiannueInaY ltraviolet (200-400 11 TuIAT) I visible

o S A A

o 1 s { a 1 @ 1
(400-800 w1-Tuiwas) sz ldnswdanyilsddunildinadwieganauuaslugiedendn

U

[l Py 1 dy 9 1 [] 4 a [} a a [~ 9
wiilansumanil 1aun wmsueila vy leasongauazvyozi Tu fudu
3.5.2 Infrared spectrophotometry (IR)
[ A 1 A A . -1 £ ]
FamnsganauualusNANUAAAY infrared (400-4000 cm) FUTUFIANNG
A A o q ¥ A < A = ’ Ja 1 =&
AaUvRIAINA TN 19 luananamsduagion uaz a0 UNINYTHINTUAI) 5
=\ u‘/ A o d’ Y [ d‘d d’ d!
imsauazioulugduuudumziie lasundsnanuasilinnuennaaunils venainee
(R u’q’z { o a @ { o a 4 1
1 lumsanymyiladsunildinamsganauuaawdranlaasui ldvihunlddduesie
o [ o 1 a 4 Aa @ 1 a
lumsimuaenanyalvesasuaassia osnndunsusaalansuvesasuaaz yHiaell
[ S Y Y I . 3 9y
enanyainmeal waz 19154 finger print vosastiue 1a
3.5.3 Mass spectrometry (MS)
Y
wuhmiin Twana uazdudugas Insedd19veses TaennsanINanyuz Yol
9 £ o Y [ Qy v 1 Y :’ @ Qy [ A 09/'
Tassad g lvuandurudiuges uarvnihminvesyudiuiuaneeniiuszlsnguu
[ a g’ Y ay 1 1 = v o Jdo 9 A o Y A ]
aulaasy Ansannniminves¥uaindesnianuduiusnu Iassadaitine3nse lu
3.5.4 Nuclear Magnetic Resonance (NMR) spectroscopy
I a { o o [
Aumatinimhldnnudalaseadavesaslases19seneuduseuing . 'H-NMR
Y [ 4
1az "C-NMR spectroscopy Nt 1-D NMR 1ag 2-D NMR doyad lannalaasumaiiioy
o Y = @ @ 4 U 4 :/’ Aa a []
Mmldmsuannuduiusszrinllseeunazmsveululuana 59N Fnave
c’u‘; 1 { 1 4 o [ L 1 {
Hlanduanan lulaseafraniinane Isaouuazmsven mssvuawendnyal luaIun
Merdeanumilansy NMR vz1l5znouaiemsivuaa chemical shift Ngndosveslilsaou
o a a 1 a 1
HAZATUOU NMIDTLIBAUNANIAA  splitting pattern  JUUVVAE M30FU0A1T  coupling
4
o 4 o .
constant mnmmﬂ%}ﬂimg 199 nuclear overhauser effect (NOE) lumsmvrue configuration

1182 conformation Yoda13Nen 1d
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<
3.6 MINATUGNTNIFINN

v Y 0
naann lddsanalutuaoudis 9 malasunlansfudd vwwutadeadialinaaey

[

< A =
gNTNNFININ Gl
Y ¢
3.6.1 gNEAIUQAUNIY
9 k4
] o A ]

o 4 1 3’ 4
WIHINUNBOUINTOINIUNTEAIYNTDI Whatman No. 1 Lﬁmmmmmuuﬂmmzmaa

9 9 v
Y o

pan1niu Mntiuiihauth laaiinig partition AU ethyl acetate 3 A543 a1 l1szmely

Y @

uraneldmsannnuau s ldasananeruluaiu ethyl acetate (crude EtOAc extract) 111
4

arsanaf la lunagougniduganlaeds agar diffusion (Lorian, 1980) 3B5Msnaaouil
H o 4 a o < & da .
VUSDUMU AD INTINITUDINITAYUFONY Mueller-Hinton Agar (MHA) L8 Sabouraud
) @ A A ~ 4 o w sldy a A o 9
Dextrose Agar (SDA) F1HIULUANITYLASITANIUA AL Tﬂﬂsl%wamaauwuﬂmmﬂﬂuma
o dy Y] cy A d' dy 9 [ Iy 1 (Y
8.1.3 uWL‘]ff]‘ﬂ@ﬁfJUNﬁllﬂﬂuﬂﬂﬁﬁ]ﬂﬂ‘ﬂﬁﬁﬂﬂﬁfﬂlmﬂlﬂ'i‘]JGlfViNﬂ’)ﬁﬁguwnﬂﬂ McFarland

o o Aaa § § { <
standard No. 0.5 14 ldWuddansanndeyuisouviuaseiimson 1imasuuemsndadie
Y

o

Y v H
mﬂuﬂﬂiWﬁ%1ﬂ!°§@ NUUUT disc ﬁ’ﬂﬂﬂﬁ15ﬁ$ﬁ18"1]6\1’(,713ﬁﬁﬂﬁﬁ@ﬂﬂ1iﬂﬂﬁﬂﬂﬂ‘iiﬂm 20

9 v Y
Uidisc  naldndadineasuuiminuesemshiiisonaaeveguazi disc control Tayld

a =

v o a @ { [ [ { I~ [
fazateriamernunldazareasana  duNouvnil 37 serusaed Wunal 1 Ju

q QU

@ ] 4 a g 1T A ] 4
asrvra Iagiaduriugudnalcusnaiie binsysmduiugudnanawes disc (inhibition

1 Y
zone) é]?\mﬁﬂ\iﬂ’ZﬂiJﬁﬂJ1§ﬂﬂlﬂﬂﬁ1iﬁﬂﬂ1uﬂ”l'i@g]l”luﬂTi!ﬁ]iflﬁlﬂQL%f’JVlﬂﬁﬂULMﬁgGlfuﬂ
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o <3 o 1 Aa Aa 1 Aa [ o g {
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c?’ g’ a I
meso (cell wall type 3) wurhaang laa uuuTua lsTue wglse (gluuvhmaviia B) 1ilu
Y 4
o % 4 aa . .
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maFanmga wuiudo leTaan CPI-1 Hanundendsiuiio’le Taaa CPs-1 (mgmumam@
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izﬁummwaﬁumm bootstrap values UU phylogenetic tree ‘1/]3?]81618 99 (g‘ﬂ‘ﬂ 4) uaziany

2 1
ARWARINULTD Microbispora rosea subsp. rosea IFO 14044" (D86936) MINNGAAITLATAI
9 = o v A = J .. . 9 ~ [ A o

AMOAADIIALNINA 10 NG (%similarity) $0vaz 99.2 LAY NTLAVAWFOIUY B9 bootstrap

values UU phylogenetic tree W¥ouaz 44 (gﬂﬁ 4)
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25

79 —— Microbispora rosea subsp. aerata (M. thermodiastatica) ATCC 27098 (U48986)

L Microbispora rosea subsp. aerata (M. aerata) ATCC 15448" (U48984)
Microbispora rosea subsp. rosea (M. parva) ATCC 33326 (U48985)
Microbispora rosea subsp. rosea (M. amethystogenes) JCM 3021 (U48988)

Microbispora corallina DF-32" JCM 10267" (AB018046)

84

52

Microbispora rosea subsp. aerata (M. thermorosea) ATCC 27099 (U48987)

38 Microbispora rosea subsp. rosea (M. diastatica) IFO 14041 (U48990)

91 Microbispora rosea subsp. rosea (M. chromogenes) IFO 14876 (U48989)

99  Microbispora sp. CP4-3

61

44

L Microbispora rosea subsp. rosea IFO 14044' (D86936)
Microbispora sp. CP5-1

57

67

99— Microbispora sp. CP1-1
—— Planotetraspora thailandica BCC 21825' (AB370244)

—— Planotetraspora mira NBRC 15435' (D85496)

76

85

76

95

100 L Planotetraspora silvatica TT 00-51" (AB112082)
Microtetraspora malaysiensis H47-7' (AB062383)

08 |: Microtetraspora fusca NBRC 13915'
99 Microtetraspora glauca DSM 43311' (U48974)
99 — Herbidospora cretacea NBRC 15474 (D85485)

L Herbidospora claviforme DSM 44127" (X89940)
——— Acrocarpospora corrugata NBRC 13972' (AB188150)

Acrocarpospora pleiomorpha R-31" (AB006174)
Acrocarpospora macrocephala R-55' (AB025318)
Nonomuraea pusilla NBRC 14684' (D85491)

91

Nonomuraea angiospora NBRC 13155 (U48843)

100 — Planobispora longispora NBRC 13918' (D85494)

85

91

L Planobispora rosea JCM 3166' (AB028654)
25 —— Planomonospora alba JCM 9373' (AB062381)
Planomonospora sphaerica JCM 9374' (AB062382)

82

Streptosporangium roseum DSM 43021"' (X89947)
84 Streptosporangium violaceochromogenes DSM 43849" (X89951)

Actinomadura madurae DSM 43067' (X97889)

0.005

gﬂﬁ 4 yaaamurivave e lelaan CP4-3, CP5-1 a2 CP1-1 U phylogenetic tree (NJ method)
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99 —— Planotetraspora sp. CP6-3
84 - Planotetraspora sp. CP1-2

— Planotetraspora sp. CH9-5
69 Planotetraspora thailandica BCC 21825' (AB370244)

—— Planotetraspora mira NBRC 15435 (D85496)
100 L Planotetraspora silvatica TT 00-51' (AB112082)

60

Microbispora rosea subsp. rosea IFO 14044'

61

74 Microbispora rosea subsp. rosea (M. chromogenes) IFO 14876 (u48989)

Microtetraspora malaysiensis H47-7' (AB062383)
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PILA. Yoy Fundiy Fudiay




v Y
M9 5 ANBUTMINTY LazdaugIUINGvoUToLEAA TUNETNUUDINIT ISP FiIAA1) (A10)

67

qas
o éi’ a = = S Y]
sHa¥e | 01T | MInTwy fduleorne Aidulooms dsandag
F F
YyM. | dhunas hmasuuag Mmasuuag -
= oy A F) c?} = Y
OM. a haasumaoId haasuiasudy -
g‘ A 9 A 9 091
LS. 1hunag Maaeumaoudy maoIduad -
Y Y
TA. Vi haasumasIm hasumasIm -
v v
CP6-4 Gly.A. Yoy MaaouIMaDII MmasumasIm -
Ay d Ay 3
GluA. | 1unan N GENGETGGR MaeIduad -
Y Y
Cy.sucrose | 1unaa MAaoNIMADII A oNIMADIIM .
N.A. oo gty gty -
PILA. oo gty gty -
Y Y
YM. | thunais aaeuag Maasuuag -
= oy A F) c?} = Y
OM. a haasumaoIdy haasuviasudy -
J Ay Ay 3
LS. 1hunaig Maasumanady maoIduad -
Y Y
TA. Vi hmasumasam hmasumasam -
Y Y
CP7-5 Gly.A. oy Maasumaeam haasumasUm -
a g 2 a g d
GluA. | 1unan O GENGETGGR MaeIduad -
Y Y
Cz.sucrose | UuUna Mmasumae M MMaoura I -
N.A. Yoy Fudiay Fudiay -
PLA. Yoy Fud Fudiay -




v Y
M9 5 ANBUTMINTY LazdugIUINGIVOUTOLOAR IUNBTNUUIMIT ISP FAA1E) (40)

68

qn3
Y Lﬂy a a9 = 9
sWendo | e1s | Mansy diduloorme fidulooms GERGRLN
F F
YM. | thunaig aaeuLag WaaeuLA -
= oy = Y c?’ A Y
O.M. a CRLTRYGERARY aaouae Uy -
o A g Ay
1S. | thunaw | sheaeumdoudy mapsduad -
v v
TA. 1oy aaeurasum aaeurasum -
Y Y
CP4-1 Gly.A. oo Wiaaourasum aaeurasum -
a oy 2 o oy 2
GluA. | thwunan deeduaa mapIduA -
Y Y
Ca.sucrose | 1hunat | thenaouiaeam WmaouHAB UM ]
N.A. oo duidiy ity -
P.LA. oo durdiy Fudy -
F F
YM. | thunaig aaeuLa aaeuLA -
=2 oy A Y c?’ = Y
O.M. a CRLTRYGERARY aaouae Uy -
: o a oy 2
1S. | thunaw | sheaeumdsudy mapsduad -
v v
TA. V0w eaeurasum aaeuras UM -
Y Y
CP4-6 | Gly.A. oo Wiaaourasum aaeurasum -
a oy 2 o oy 2
GluA. | thwunan deeduaa mapIduA -
Y Y
Czsucrose | 1hunae | ihenaouraeam WaaouHasIM -
N.A. oy duidiy duidiy -
PILA. oo gty gty -




v Y
M9 5 ANBUTMINTY LazdugIUING VO UFOLOAR IUNBTNUUIMIT ISP FiIAA1) (A10)

69

sHa qns G
d" a = = @
1%0 P11 | MINTYY Aiduleorme Aiduleomg an
Fd Y
Y.M. IR R 1IN0 NLAY 1IN ONLAY -
=) oy A F) 2} = 9
OM. a haasuvaoIdy haasuiasudy -
Y Y
LS. 1huna hamasumias Uty MaeIduad -
Y Y
T.A. Yoy Meaoumanam Mhenaoumanum -
Y Y
CP4-7 | Gly.A. Vi A NaD UM hmasuapUm -
A Y 2’ A 9y 3‘
GluA. | thunai O GENGETGGR MaeIduad -
Y Y
o = o =
Cy.sucrose | 1unaa s uanIm heaoumao U )
N.A. Yoy Fudiay Fudiy -
PLA. Yoy Fudiay Fudiay ;
Y.M. a mideadu maeadudy -
= = 9 9 A 9 9
OM. a maedudy mMaeadudy -
LS. Yoy UM e ;
TA. Yoy luna Tusd -
CP1-3 | Gly.A. Uy N 17 -
Glu.A. Yoy v Y1 -
Y
Cz.sucrose UDY V17 V1 -
= g’ 9 E))
N.A. a haasuuaty Fuouuaa -
= A 9 1 A Y 1
PIA. a Ma0@UFNAIN MAPUFNAIN -
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v Y
M9 5 ANBULMINTY LarFagIUING VO UFOLUEARA IUTBFNUUDINIT ISP FHAA1 (7D)
qas
9] d" a a9 a9 @
ALY P15 | MINSY iduleornea Aiduleo1nis 59000
Y.M. a maeadudy maedudy -
O.M. a mdeadudy mideadudy -
LS. Yoy UM e -
TA. 1Yoy luid Ty -
CHY9-6 Gly.A. oo U1 1 -
Glu.A. Yoy UM e -
Cz.sucrose ‘Lﬂff)fl I U173 -
= 3’ 9 Y
NA. a haasuuady Fuouiaa -
= A Y 1 A 9y '
PLA. a MA@ NFUAIN MAPUANAIN -
Y.M. a maeadudy mMaeadudy -
O.M. a maedudy mideadudy -
LS. Yoy UM e -
TA. 1Yoy luiid Ty -
CP5-5 Gly.A. o Rp) 1 -
Glu.A. Yoy UM e -
Y
Cz.sucrose Uy V1 U1 -
= 3’ 9 Y
NA. a haasuuady Fuouiaa -
= A Y 1 A 9y '
PLA. a MA@ NFUAIN MAPUANAIN -
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v Y
M9 5 ANBULMINTY LarFagIUING VO UFOLUEARA IUTBFNUUDINIT ISP FHAA1 (7D)
qas
9] d" a a9 a9 @
ALY P11 | MINTRY iduleornea Aiduleo1nis 59000
Y.M. a maeadudy maedudy -
O.M. a mdeadudy mideadudy -
LS. Yoy UM e -
TA. 1Yoy luid Ty -
CP5-6 Gly.A. oo Rp) 1 -
Glu.A. Yoy UM e -
Cz.sucrose ‘Lﬂff)fl I U173 -
= 3’ 9 Y
NA. a haasuuady Fuouiaa -
= A Y 1 A 9y '
PLA. a MA@ NFUAIN MAPUANAIN -
Y.M. a maeadudy mMaeadudy -
O.M. a maedudy mideadudy -
LS. Yoy UM e -
TA. 1Yoy luiid Ty -
CP1-4 Gly.A. o Rp) 1 -
Glu.A. Yoy UM e -
Y
Cz.sucrose Uy V1 U1 -
= 3’ 9 Y
NA. a haasuuady Fuouiaa -
= A Y 1 A 9y '
PLA. a MA@ NFUAIN MAPUANAIN -
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v k4
M9 5 ANYUTMINTY LazdaugIUINGIvoUFoLAA TUNBTNUUDINIT ISP FiIAA1) (40)

Sy qn3
dy a = = @
1%0 P11 | MINTYY Aduleorme Aduleomg A59n990
= = 9 9 A 9 9
Y.M. a maedudy maeadudy -
OM. a wideadud midedudy -
LS. Yoy UM e -
TA. Yoy Ty Tuid -
CP1-5 | Gly.A. od N 17 -
Glu.A. Yoy UM e -
Cz.sucrose ﬁﬂﬂ U173 e -
~ g’ 9 Y
N.A. a LAty Fuouiaa -
= A Y J A Y !
PLA. a MAIPUFNAIN MADWPUFNAIN -
Y.M. AN an R -
OM. a Al a1 -
LS. Yoy luna Tund -
Y Y
TA. 1hunag hmamao U henamae 9 -
Y Y
CP4-8 | Gly.A. iy hmamaoseumaIg Mmamas UM -
Glu.A. f Al A -
Cz.sucrose | 1109 1YY YU -
N.A. a M MaoIdu -
Y Y
PLA. | dhunan Meamao o hmamaooum -




v Y
M9 5 ANBUTMINTY LazdugIUINGVoUTOUEAA TUTANUUEINT ISP FiAA1 (40)
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YA qn3
dy a = = @
1%0 P11 | MINTTY Aduleorme idulee1vig A59n900
Y.M. AN an a1 -
=S o o
OM. a M M -
LS. Yoy luna Tuaa -
Y Y
TA. 1hunan hamamao U Mmamao U -
Y Y
CP4-9 | Gly.A. iy hamamaoseumaIg hamamaoseumaIg -
Glu.A. f Al A -
Cz.sucrose ﬁﬂﬂ V1IYU V1IYU -
N.A. a M mMaoIdu -
Y Y
PLA. | dhunan Meamao o Meamao U -
A 9 A
YyM. | dhunas Maeduaa MA0I914 -
Y Y
OM. | i1unan henady Henay -
=S A 9 v = 9 1
LS. a MaeIduaIg R GLNGtTORRE -
= A Y J A Y !
TA. a MaeIduaIg R GEN Gt TORRN -
A 9 1 = 9 !
CPI1-5 | Gly.A. | thunana R GE NG R GE NG E AT -
Glu.A. - - - -
Czsucrose | 111na19 llijﬁﬁ llll'ﬁ?( -
N.A. 1hunas R GRRGIT 6N A0 IPUTY -

P.LA.
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v Y
M 5 ANBUTMINTY LazdugIUINGIVOUTOLOAR IUNBTNUUIMIT ISP FAA1E) (70)

YA qn3
dy a a9 = =S [
1%0 P11 | MINTTY fiduleornea Aiduleo1nis dsaniag
Fl A Fl
YyM. | dhunas Hhenady henady haasuuaiy
Y Y
O.M. f HANONHIAAT HANONNIIAAT -
LS. 1huna YORILEY YORILEY -
Y Y
TA. Yoy haamaosoum 1OUUAINET -
Y
CHII-1 | Gly.A. Hod YRR YRR VRTTL YRR PV
Y
GluA. | thunan YORILEY YORILEY RTRIVIETY
o" a 1 091 a 1 g’ a
Cz.sucrose | 1una RTEIGI TN, TR TN, hiRuan
N.A. Yoy AORILLT YORILLT YORILILT
Y A Y J A 9 [
PLA. Yoy MAIPUANAIN MAIPUANAIN -
Y Y Y
YyM. | dhunas henady henady haasuuaiy
Y Y
O.M. f HANONHIIAAT LANONHIIAAT -
LS. 1hunan YORILEY YORILEY -
Y Y
TA. Yoy haamaooum 1OUUAINGT -
Y
CHI1-2 | Gly.A. o YRR YRR VRTTLPYRRIE PV
[ 9 ] 9 g’ a 9
GluA. | thunan YORILEY YORILEY MR
Y Y Y
Czsucrose | 1 unag WINUONNI WINUONNI WUIUAR
N.A. Yoy AORILLT YORILLT YORILILT
Y A Y J A 9 [
PLA. Yoy MAIPUANAIN MAIPUANAIN -
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v Y
M9 5 ANBUTMINTY LazdaugIUINGIvoUToUEAA TUNBTNUUDIMIT ISP FiAA1E) (40)

Sy qn3
dy a a9 = =\ [
10 P11 | MINTYy iduleornea Aiduleo1nis dsaniag
Fl A Fl
YyM. | dhunas Hhenady henady hmasuuaiy
Y Y
O.M. f HANONHIAAT HANONNIIAAT -
LS. 1huna YORILEY YORILEY -
Y Y
TA. Yoy haamaosoum 1OUUAINET -
Y
CHI1-3 | Gly.A. Hod YRR YRR VRTTL YRR PV
[ 9 ] 9 g’ a 9
GluA. | thunan YORILEY YORILEY MR
o" a 1 091 a 1 g’ a
Cz.sucrose | 11una RTEIGI TN, TR TN, hiRuan
N.A. Yoy AORILLT YORILLT YORILILT
Y A Y J A 9 [
PLA. Yoy MAIPUANAIN MAIPUANAIN -
Y Y Y
YyM. | dhunas henady henady haasuuaiy
Y Y
O.M. f HANONHIIAAT LANONHIIAAT -
LS. 1hunan YORILEY YORILET -
Y Y
TA. Yoy haamaooum 1OUUAINGT -
Y
CHI1-4 | Gly.A. o YRR YRR VRTTLPYRRIE PV
Y
GluA. | thunan YORILEY YORILEY RTRIVIETY
Y Y Y
Czsucrose | 1 unag WINUONNI WINUONNI WUIUAR
N.A. Yoy AORILLT YORILLT YORILILT
Y A Y J A 9 [
PLA. Yoy MAIPUANAIN MAIPUANAIN -




v Y
M3aA S ﬁﬂymzmimﬂg uazﬁmgmmEneums%uaﬂﬁiuﬁﬂﬁwuummﬁ ISP ¥UANNC) (71D)
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qns G
sWade | ens M3 0Y diduloornms diduloors 91
YM. | duna FUWOUINDOIDOU FUWOUINAOIDOU
O.M. oy FUWOUIADIBOU FUYOUINADIBOU
LS. oy FUWOUIHDOIDOU FUWOUIHADIDOU
TA. 1oy FUWOUIHAOIDOU FUWOUIHADIDOU
CH8-5 | Gly.A. Voy FUWOUIADIOOU BUYOUINABIBOY
Glu.A. Voy FUWOUINADIDOU FUWOUIHADIBOU
Cz.sucrose | 110® YU 1YY
N.A. G Py PNYU
PLA. oo FUNWOUNADIA I FUNOUHADIAIN
YM. | dwuna FUWOUINDOIDOU FUWOUNAOIDOU
O.M. oy FUWOUIHADIBOU FUYOUINADIBOU
LS. G FUWOUIHDOIDOU FUWOUIHADIBOU
TA. 1oy FUWOUIHAOIDOU FUWOUIHADIDOU
CH89 | Gly.A. Voy FUWOUIADIOOU BUYOUINABIBOU
Glu.A. oy FUWOUIHDOIDOU FUWOUINAOIDOU
Cz.sucrose | 1109 Py PNYU
N.A. G Py PNYU
PLA. oo FUNWOUNADIA I FUNOUHADIAIN




v Y
M9 5 ANBUTMINTY LazdugIUING VO UFOIOAR IUNBTNUUIMIT ISP FiIAA1) (410)

77

qns GER

e | enns MDY diduloornms diduloors 91
YM. | duna FUWOUINDOIDOU FUWOUINAOIDOU -
O.M. oy FUWOUIADIBOU FUYOUINADIBOU -
LS. oy FUWOUIHDOIDOU FUWOUIHADIDOU -
TA. 1oy FUWOUIHAOIDOU FUWOUIHADIDOU -
CH8-10 | Gly.A. 1oy FUWOINADIDOU FUWOUIHADIDOU -
Glu.A. Voy FUWOUINADIDOU FUWOUIHADIBOU -
Cz.sucrose | 110® YU 1YY -
N.A. G Py PNYU -
PLA. oo FUNWOUNADIA I FUNOUHADIAIN -
YM. | dwuna FUWOUINDOIDOU FUWOUINAOIDOU -
O.M. oy FUWOUIHADIBOU FUYOUINADIBOU -
LS. G FUWOUIHDOIDOU FUWOUIHADIBOU -
TA. 1oy FUWOUIHAOIDOU FUWOUIHADIDOU -
CP3-8 | Gly.A. Voy FUWOUIADIOOU FUYOUINADIBOU -
Glu.A. oy FUWOUIHDOIDOU FUNOUINAOIDOU -
Cz.sucrose | 1109 Py PNYU -
N.A. G Py PNYU -
PLA. oo FUNWOUNADIA I FUNOUHADIAIN -




78

v Y
M9 5 ANBUTMINTY LazdugIUING VO UFOLOAR IUNBTNUUIMIT ISP FiIAA1) (A10)

il qn3
dy a a9 a9 Y
%0 P | MISHY didnlvornie diduloomns d3andag
YM. | duna FUWOUINDOIDOU FUWOUINAOIDOU -
O.M. oy FUWOUIHADIBOU BUYOUINADIBOU -
LS. G FUWOUIHDOIDOU FUWOUIHADIDOU -
TA. 1oy FUWOUIHDOIDOU FUWOUIHADIDOY -
CP7-4 | Gly.A. 1oy BUYOUIHADIBOU FUWOUIHADIDOU -
Glu.A. 1iog FUWOUIHDOIDOU FUWOUNAOIDOU -
Cz.sucrose | 110® YUY YU -
N.A. GY Py PNYU -
PLA. oy FUNWOUNADIA I FUNOUNADIAIN -
S A =)
Y.M. A TGRR RYGRR -
oM. | 1huna 11309 11309 -
Y A A
LS. 1oy RTGRR RYGRR -
9 = A
T.A. 1oy 11304 RYGER -
Y A =
CHI10-9 | Gly.A. 1oy 1199 RYGER -
9 A A
Glu.A. oy TGRR RYGRR -
= A =
Cz.sucrose A NGIRN Mao -
= = =
N.A. A RTGRR RYGRR -
=) A
PIA. | thunang RTGRR RYGRR -
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v Y
MINN 5 ANBUTMINGTY tazdugIUINGIVeUFOLOAR IUTBTNUUBIMIT ISP FAA1 (40)

qns A59n
9] dy a = = @
sHa¥o | 0T | M15eSDY iduleerner idulee1ving an
Y.M. a - Aduonuady Pale
yellow
~ = 9 9
OM. a - Aduonuady -
LS. 1huna - & -
TA. oy - Fuaa -
CM2-8 Gly.A. U0y - Fu -
Glu.A. Yoy - Fuaa -
Cz.sucrose | 1unag - Fuaa -
=1 S 9 9
N.A. a - FduonuaUTY -
PILA. a - Aduonuaiy -
Y.M. a - Aduonuaiy Pale
yellow
=) S 9 9
OM. a - Aduonuaiy -
LS. 1huna - & -
TA. oy - Fuaa -
CM2-12 | Gly.A. Uy - fu -
Glu.A. Yoy - Fuaa -
Y
Czsucrose | 1 unag - AU -
N.A. a - FduonuaUTY -
PILA. a - Aduonuaiy -




d' 4 ~ a = = ﬁy a v A 1
A1TNN 6 LUAAIANHUSNWNATITISING LLazmmmmwmmﬂmTumam“lmmax"laima@

anudutuveanie (1lesidud) o qungil (eamivaiea Skim milk g = e g Sy
i Loz g€ & & = g . anidu
ngui g EI 3 = |2 & W 22| 4 o an
1.5 2 3 4 5 45 5 6 8 20 37 40 | 45 | 50 % % s % r 2 z = = ogaunIInATel
L &) = =
CP4-3 A+ o+ - - - - ++ A+ ++ + A+ - - -
CP2-8 | - - - N (R I o e e -
: CHS-1 A+ o+ - - - - ++ A+ ++ + A+ - - - -
CHS-2 A+ o+ - - - - ++ A+ ++ + A+ - - - -
CH8-3 | - - - N (R I o e e -
CP7-2 A+ o+ - - - - ++ A+ ++ + A+ - - - -
CPs-1 + + + - - A e I [ (R I + -
CP6-1 + + + - - A e I I (R I + -
CP2-11 + + + - - - w . . + - - - - -
CH8-4 + + + - - - o + T + -
CP4-8 + + + - - - w . . + - - - - -
2 CP4-9 + + + - - - + + + + . - - - -
CPs-3 + + + - - A e I [ (R I + -
CP1-1 Far 4 - - - - ++ -+ e + e - - - -
CP3-9 -+ -+ - - - - ++ -+ -+ + -+ - - - -
3 CP7-6 -+ -+ - - - - ++ -+ -+ + -+ - - - -
CP2-7 par 4+ - - - - ++ 4+ e + o - - - -
CP2-10 par 4+ - - - - ++ 4+ e + o - - - -
CP7-3 T -+ - - - - ++ - i + T+ - - - -
CH9-5 + - - - - - + + ++ - ++ - - - -
CH9-3 + - - - - - + + ++ - ++ - - - -
¢ CH9-4 + - - - - - + + ++ - ++ - - - -
CP7-1 + - - - - - w + ++ - ++ - - - -
CP1-2 + + - - - - - + ++ - ++ - - - -
CP2-9 + + - - - - - + ++ - ++ - - - + -
CP5-2 + + - - - - - + ++ - ++ - - - + -
> CP6-2 + + - - - - - + ++ - ++ - - - + -
CP6-5 + + - - - - - + ++ - ++ - - - + -
CP6-6 + + - - - - - + ++ - ++ - - - + -




d' 4 ~ a = = ; a v A 1 1
A1TNN 6 LUTAAIANHUSNWNAITSING LmzmmmmwmmﬂmTuuaam“luumx"laimam(m) 81

amududuveunie (losidud) o qungdl (eermuvaiFom Skim milk 5 == = |5 R S
4 Y 2 T & & 2| = ANBEUIFEAUNTI
nguin THALYD 5 3 4 8 © w € 3
15 2 3 4 5 6 7 4 | 45 5 6 8 20 37 4 | 45 | 50| 2 2 g g 2 € £ = | B naToy
L o = S
CP6-3 + - - - - - - - - w +++ +++ + ++ - - - - - - - + -
CP3-4 + - - - - - - - - w +++ +++ + ++ - - - - - - - + -
6 CP3-6 + - - - - - - - - w +++ +++ + ++ - - - - - - - + -
CP3-7 + - - - - - - - - w - ++ + ++ - - - - - - - + -
CP3-5 + + + + - - - - - + ++ it + e+ - - - - + - - + -
CP5-4 + + + + - - - - - + ++ F+ + et - - - - + - - + -
CP6-4 + + + + - - - - - + ++ ++ + - - - - - + - - + -
7 CP7-5 + + + + - - - - - + ++ +++ + +++ - - - - + - - + -
CP4-1 + + + + - - - - - + ++ F+ + et - - - - + - - + -
CP4-6 + + + + - - - - - + ++ +++ + +H+ - - - - + - - + -
CP4-7 + + + + - - - - - + ++ +++ + +H+ - - - - + - - + -
CP1-3 + + + - - - - - - w ++ +++ + +++ - - - - + - + - -
CH9-6 + + + - - - - - - w ++ +++ + +++ - - - - + - + - -
CP5-5 + + + - - - - - - w ++ +H+ + o+ - - - - + - + - -
8 CP5-6 + + + - - - - - - w ++ +++ + +++ - - - - + - + - -
CP1-4 + + + - - - - - - w ++ ++ + 4+ - - - - + - + - -
CP1-5 + + + - - - - - - w ++ ++ + 4+ - - - - + - + - -
CHI11-1 + - - - - - - - w w ++ +++ + +++ - - - - + - + + -
CHI11-2 + - - - - - - - \ \ ++ +++ + +++ - - - - + - + + -
9 CHI11-3 + - - - - - - - w w ++ +++ + +++ - - - - + - + + -
CHI11-4 + - - - - - - - w w ++ +++ + +++ - - - - + - + + -
CHS8-5 + + - - - - - - - w ++ + w ++ - - - - - - - - -
CH8-9 + + - - - - - - - w ++ + w ++ - - - - - - - - -
10 CHS8-10 + + - - - - - - - W ++ + W ++ - - - - - - - - -
CP3-8 + + - - - - - - - w ++ + w ++ - - - - - - - - -
CP7-4 + + - - - - - - - w ++ + w ++ - - - - - - - - -
11 CHI10-9 + + + + + + - - - - ++ +++ + - - - - - - w - + -
12 CM2-8 + - - - - - - - - - + + + + - - - w w w - - -
CM2-12 + - - - - - - - - - + + + + - - - w w w - - -




d' 9 1 o dy a v A 1
M9 7 uaaans IgunasnsueuvsuFauend lussan luuaas lo Tran

82

nguil
MU 2 3
e I R U T O 0 =S S S I - O o A O I < I o o o A O T R
S| &8 |3 |3 |5 |8 |8 |85 |3 |86 |85 |8 |8|85|8 |55 5| 8| 85| 8|8 |8 |8 |86
Utilization of :
D-Mannitol + + + + + + + + + + + + + + + + + + + + + + + - - - - R
D-Ribose - - - - - - - - - - - - - - - - - - - - - - - - - - _ _
L-Rhamnose w w w w w w + + + + + + + + + + + + + + + + + - - - - -
D-Melibiose w w w w w w + + + + + + + w w w w W W + + + + W W W W w
D-Raffinose + + + + + + + + + + + + + + + + + + + w W W W W w W W W
Glycerol + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Salicin + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Lactose + + + + + + + + + + + + + + + + + + + + + + + + + + + +
D-Galactose + + + + + + + + + + + + + + + + + + + + + + + + + + + +
L-Arabinose + + + + + + W W \ \ w w w - - - - - - - - - - - - - - _
Cellobiose w w w w w w + + + + + + + w w \ w w w + + + + + + + + +
D-Fructose - - - - - - \ w \ \ w \ w - - - - - - + + + + + + + + +
D-Xylose B - ° - N - - - - - - - - - - - - - - + + + + + + + 4 +




d' 9 1 4 dil a v A 1 1
AN 7 uﬂmﬂﬁimmaqmiuaummwmmﬂmTumﬁm“lmmax"lﬂ«maﬁ (919)

83

gl
unaanIfueu
7 11 10 12
O A o O S S I I s S I S T T T - S I O I
s5|5|&5|8 5|6 |8 |5 |8 |85 |5 |58 |5 |5 |5 |85 |8 |E|E|E|E|5|58|2|5 |85 |8|z3]| %
Utilization of :

D-Mannitol w w w W W w W w W w W + + + + + + - - - - + + + + + + + - -
D-Ribose - - - - - - - - - - - - - - - - - - - - + + + + + + + - -
L-Rhamnose - - - - - - - - - - - - - - - - - - - - - + + + + + + + + +
D-Melibiose - - - - + + + + + + + + + + + + + w w w W + + + + + + + + +
D-Raffinose - - - - w w w w w w w w w w w N w w w w w + + + + + + + - -
Glycerol - - - - - - - - - - - - - - - - - - - - - + W w w W W w - -
Salicin - - - - - - - - - - - - - - - - - - - - - + - - - - - - - -
Lactose - - - - + + + + + + + + + + + + + + + + + + - - - - - - + +
D-Galactose - - - - + + + + + + + + + + + + + + + + + + + + + + + + + +
L-Arabinose - - - - + + + + + + + - - - - - - + + + + + + + + + + + - -
Cellobiose - - - - + + + + + + + + + + + + + + + + + + + + + + + + + +
D-Fructose - - - - + + + + + + + w w w w w w \ \ A w - - - - - - - + +
D-Xylose - - - - + + + + + + + + + + + + + - - - - + + + + + + + + +
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UINUMIEVE (1..) (50 mg/ml)

ngudi s¥ae
Ps. aeruginosa | M. luteus | S. aureus | B. subtilis | E. coli | C. albicans
CP4-3 - - - - - -
CP2-8 - - - - - -
CH&-1 - - - - - -
1
CHB8-2 - - - - - -
CHB8-3 - - - - - -
CP7-2 - - - - - -
CP5-1 - - - - - -
CP6-1 - - - - - -
CP2-11 - - - - - -
2 CH&-4 - - - - - -
CP4-8 - - - - - -
CP4-9 - - - - - -
CP5-3 - - - - - -
CP1-1 - 9 11.5 8 - -
CP3-9 - 9 11 7.5 - -
CP7-6 - 10 11 8.5 - -
: CP2-7 - 10.5 9.5 7.5 - -
CP2-10 - 8 10.5 8 - -
CP7-3 - 9.5 10.5 8 - -
CH9-5 - 7.5 8 - - -
CH9-3 - 7 7.5 - - -
4
CH9-4 - 8.5 7.5 - - -
CP7-1 - 8 8 - - -
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VINUMITUE (U..) (50 mg/ml)

nduit | siaio
Ps. aeruginosa | M. luteus | S. aureus | B. subtilis | E. coli | C. albicans
CP1-2 - - - - - -
CP2-9 - - - - - -
CP5-2 - - - - - -
5
CP6-2 - - - - - -
CP6-5 - - - - - -
CP6-6 - - - - - -
CP6-3 - - - - - -
CP3-4 - - - - - -
6
CP3-6 - - - - - -
CP3-7 - - - - - -
CP3-5 - 8 - 7.0 - -
CP5-4 - 8 - 7.5 - -
CPo6-4 - 8.5 - 7.5 - -
7 CP7-5 - 9.0 - 8.0 - -
CP4-1 - 8.5 - 8.0 - -
CP4-6 - 8 - 7.0 - -
CP4-7 - 9.0 - 7.0 - -
CP1-3 - 10.5 7.5 14.5 9.0 -
CH9-6 - 12 9.0 13.0 8.5 -
CP5-5 - 11.5 9.0 16.5 8.0 -
° CP5-6 - 1.5 8.5 15.5 9.0 -
CP1-4 - 10.5 8.5 15.5 9.0 -
CP1-5 - 11.5 9.0 12.5 8.5 -
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VINUMIEVES (1.3.) (50 mg/ml)

ngudt s¥atie
Ps. aeruginosa | M. luteus | S. aureus | B. subtilis | E. coli | C. albicans
CHI11-1 - 14.5 12.0 - - -
CH11-2 - 15.5 11.5 - - -
’ CH11-3 - 17.5 12.0 - - -
CH11-4 - 16.0 13.5 - - -
CHB8-5 - 10.5 - - - -
CH&8-9 - 11.0 - - - -
10 CHS-10 - 11.5 - - - -
CP3-8 - 9.5 - - - -
CP7-4 - 9.0 - - - -
11 CH10-9 - - - - - -
12 CM2-8 - 8.0 7.5 - - -
CM2-12 - 7.0 7.0 - - -
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5191 9 'H 1taz C NMR spectral (in CDCl,) of CP1-3-001 t4@1g actinomycin D

CP1-3-001 Actinomycin D (in CDCL,)
Position d.. (ppm) d,, (ppm), mult, (J in Hz) d,, (ppm), mult, (Jin Hz)' d,, (ppm), mult, (J in Hz)’
Sar 1 165.83/166.07 - - -
(1,2) 2 51.40/51.44 3.61, 1H, d (18.31) 3.63(17.8) 3.61(18)
4.69, 1H, d (18.31) 4.79 (17.8) 4.73 (18)
3.59, 1H, d (18.31) 3.63 (17.8) 3.62 (18)
4.76, 1H, d (18.13) 4.72(17.8) 4.79 (18)
N-CH, 34.92/34.98 2.85,6H, s 2.89/2.94 2.87
MeVal 1 167.32/167.41 - - -
(1,2) 2 71.27/71.43 2.64,2H, m 6.03 (7.5)/5.95 (7.5) 2.67, m
3 26.96 2.64,2H, m 2.60-2.75 2.67, m
3-Me 21.70/21.80 0.92, 3H, d (5.64) 0.96 0.95(5.3)
0.94, 3H, d (5.25)
4 19.37/19.42 0.71, 6H, d (5.06) 0.76 0.74 (5.2)
N-CH, 39.27 2.87,3H, s 2.89 2.88
39.38 2.87,3H, s 2.93
Val 1 173.10/173.48 - - -
(1,2) 2 58.74/58.91 3.49,2H, m 3.62 3.53(5.6),3.55
3 31.63/31.91 2.14,2H, br s 2.2 2.17 M)
3-Me 19.22/19.24 0.86, 3H, d (6.79) 0.91(6.5) 0.89 (6.5)
0.88, 3H, d (6.87) 0.90 (6.5)
4 19.12-19.18 1.10, 3H, d (6.34) 1.13 (6.5) 1.11 (6.4)
1.09, 3H, d (6.38)
NH - 8.09, 1H, d (5.85) 8.19 (5.7) 8.10 (5.6)
- 7.94, 1H, d (6.19) 7.94 (6.0) 7.94 (5.6)
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5191 9 'H 1taz C NMR spectral (in CDCl,) of CP1-3-001 t4@1g actinomycin D (@]"e))

CP1-3-001

Actinomycin D (in CDCL,)

Position d.. (ppm) d,, (ppm), mult, (J in Hz) d,, (ppm), mult, (Jin Hz)' d,, (ppm), mult, (Jin HZ)b
Pro 1 173.02,2CO - - -
(1,2) 2 56.22/56.38 5.94, 1H, d (9.08) 39 5.98 (8.0)
6.00, 1H, d (9.05) 4 6.03 (8.0)
3 31.05/31.37 1.79, 1H, m 2.1-2.2 1.7-2.4/2.70, m
2.67, 1H, m
1.84, 1H, m
2.95,1H, m 1.7-2.4/2.90, m
4 22.98/23.14 2.05,2H, m 1.85 1.7-2.4
2.26,2H, m
5 47.38 3.70, 1H, m 3.70-3.75 3.4-42
3.94, 1H, m 2.67
47.64 370, 1H, m
3.80, 1H, m
Chrom 1 101.59 - - -
2 147.47 - - -
3 178.85 - - -
4 111.38 - - -
4a 145.69 - - -
Sa 140.29 - - -
6 127.42 - - -
7 130.1 734, 1H, d (1.77) 737 737 (8.0)
8 125.72 7.62, 1H, d (7.77) 7.64 7.64 (8.0)
9 132.48 - - -
9a 128.95 - - -
10a 144.92 - - -
4-CH3 7.93 2.22,3H 2.24 2.27
6-CH3 15.17 2.53,3H 2.56 2.55
1-CO/9-
CO 166.24/166.28 - -
2-NH - - 7.3-7.4 7.0-7.5
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5191 9 'H 1taz C NMR spectral (in CDCl,) of CP1-3-001 t4@1g actinomycin D (Gi’e))

CP1-3-001 Actinomycin D (in CDCL,)
Position d.. (ppm) d,, (ppm), mult, (J in Hz) d,, (ppm), mult, (Jin Hz)" d,, (ppm), mult, (Jin HZ)b
Thr 1 166.24/166.28 -
(12 2 54.93 4.46, 1H, dd (6.68, 2.10) 451 (2.0-2.5) 450, (6.8/2)
553 4.57, 1H, dd (6.34, 1.80) 4.62(6.5) 4.60, (6.6)
3 74.97/75.04 5.15,2H, dq 5.21(2.0-2.5)/5.15 5.21(6.1/2),5.17 (6.1/2)
4 17.53/17.93 1.22, 6H,d (5.04) 1.27 (6.0) 1.26, (6.2)
NH - 7.15, 1H,d (6.68) 7.20 (6.8) 721, (6.8)
7.76, 1H, d (6.34) 7.82(6.2) 7.84, (6.6)

“from Arison and Hoogsteen., 1970

*from Lackner, 1971
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Two actinomycete strains, CM2-8" and CM2-12, were isolated from temperate peat swamp
forest soil in Chiang Mai Province, Thailand. Their taxonomic positions were determined using a
polyphasic approach. Chemotaxonomic characteristics of these strains coincided with those of
the family Micromonosporaceae, i.e. cell wall chemotype I, N-glycolyl type of muramic acid, and
type Il phospholipids. Phylogenetic analysis based on 16S rRNA gene sequence data also
indicated that these strains fell within the family Micromonosporaceae and formed a distinct taxon
in the Micromonosporaceae phylogenetic tree. On the basis of phylogenetic analysis,
characteristic patterns of 16S rRNA gene signature nucleotides and chemotaxonomic data, it is

proposed that the novel isolates belong to a new genus, Actinaurispora gen. nov. The type
species of the genus is proposed as Actinaurispora siamensis sp. nov., with strain CM2-8"
(=JCM 15677"=BCC 34762") as the type strain.

The family Micromonosporaceae was first described by
Krasil’'nikov (1938), and amended by Koch et al. (1996),
Stackebrandt et al. (1997) and Zhi et al. (2009), who
classified 17 genera [Actinocatenispora (Thawai et al., 2006),
Actinoplanes (Couch, 1950), Asanoa (Lee & Hah, 2002),
Catellatospora (Asano & Kawamoto, 1986), Catenuloplanes
(Yokota et al., 1993), Couchioplanes (Tamura et al., 1994),
Dactylosporangium (Thiemann et al, 1967), Longispora
(Matsumoto et al., 2003), Micromonospora (Orskov, 1923),

Abbreviation: DAP, diaminopimelic acid.

The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA gene
sequences of strains CM2-8" and CM2-12 are AB454379 and
AB465341, respectively.

Phylogenetic trees based on almost complete 16S rRNA gene
sequences constructed using the neighbour-joining, maximum-
parsimony and minimum-evolution methods and tables giving the fatty
acid composition and 16S rRNA gene signature nucleotide positions of
strains CM2-8" and CM2-12 and related strains/species are available
with the online version of this paper.

Pilimelia (Kane, 1966), Polymorphospora (Tamura et al.,
2006), Planosporangium (Wiese et al., 2008), Pseudospo-
rangium (Ara et al., 2008a), Salinispora (Maldonado et al.,
2005), Spirilliplanes (Tamura et al., 1997), Verrucosispora
(Rheims et al., 1998) and Virgisporangium (Tamura et al.,
2001)] within this family on the basis of 16S rRNA gene
sequence analysis. Two actinomycete genera, Luedemannella
(Ara & Kudo, 2007a) and Krasilnikovia (Ara & Kudo,
2007b), have since been described as additional members
of the family. Recently, Catellatospora koreensis and
Catellatospora tsunoense were transferred to the genera
Catelliglobosispora (as Catelliglobosispora koreensis) and
Hamadaea (as Hamadaea tsunoensis), respectively, based
on 16S rRNA gene sequence analysis and chemotaxonomic
data (Ara et al., 2008b).

During an investigation of the actinomycete diversity of
soils in northern Thailand, two strains, CM2-8" and CM2-
12, which showed chemotaxonomic characteristics that
were typical of members of the family Micromonosporaceae
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but which represented a novel phylogenetic lineage, were
isolated. In this report, these strains were characterized
using a polyphasic approach and it is proposed that they be
classified as representatives of a novel species in a new
genus.

Strains CM2-8" and CM2-12 were isolated from temperate
peat swamp forest soil in Chiang Mai Province, Thailand.
Samples were taken from the soil surface and kept at 4 °C.
The sampling and isolation methods have been described
by Thawai et al. (2004) and pure cultures were kept at 4—
10 °C on yeast extract-malt extract agar (ISP 2 medium)
slants.

Strains CM2-8" and CM2-12 were grown for 14 days at
30 °C on humic acid-vitamin agar and observed by light
and scanning electron microscopy (model JSM-5410 LV;
JEOL). Samples for scanning electron microscopy were
prepared as described previously (Itoh et al., 1989).

Cultural, physiological and biochemical characteristics
were examined by using several standard methods; cultural
characteristics were tested using 21 day cultures grown at
30 °C on various media. The Jacal Colour Card L2200
(Japan Colour Research Institute) was used for determin-
ing colour designations and names. Decomposition of
various compounds was examined using the basal medium
recommended by Gordon et al. (1974). Temperature, NaCl
and pH tolerance were determined on ISP 2 medium.
Carbon source utilization was tested using ISP 9 medium
(Shirling & Gottlieb, 1966) supplemented with a final
concentration of 1% of the tested carbon sources and
0.05 % Casamino acids. Gelatin liquefaction, peptonization
of milk, nitrate reduction and starch hydrolysis were
determined by cultivation on various media as described by
Arai (1975) and Williams & Cross (1971). Melanin and
hydrogen sulphide production were examined on tyrosine
agar and peptone iron agar slants supplemented with 0.1 %
(w/v) yeast extract.

Freeze-dried cells used for chemotaxonomic analyses were
obtained from cultures grown in yeast extract-malt extract
broth (ISP 2 broth) on a rotary shaker at 30 °C for 5 days.
Cell wall peptidoglycan was prepared and hydrolysed
according to Kawamoto et al. (1981) and the amino acid
composition was analysed with an automatic amino acid
analyser. The cell wall diaminopimelic acid (DAP) isomers
were determined by the method of Staneck & Roberts
(1974). The acyl group of the muramic acid in the
peptidoglycan was determined by the method of Uchida &
Aida (1984). Reducing sugars from whole-cell hydroly-
sates were analysed by the HPLC method of Mikami &
Ishida (1983). Cell phospholipids were extracted and
analysed by the method of Minnikin et al. (1984). Fatty
acid methyl ester analysis was performed by GLC accord-
ing to the instructions of the Microbial Identification
System (MIDI) (Sasser, 1990; Kimpfer & Kroppenstedt,
1996). The presence of mycolic acids was investigated by
using the method of Minnikin et al. (1975). Isoprenoid
quinones were extracted by the method of Collins et al.

(1977) and analysed by HPLC equipped with a Cosmosil
5C;g column (4.6 x 150 mm; Nacalai Tesque). The elu-
tion solvent was a mixture of methanol and 2-propanol
(2:1, v/v).

Chromosomal DNA was isolated from cells grown in ISP
2 broth according to the method of Tamaoka (1994).
The DNA G+ C content was determined using the
HPLC method of Tamaoka & Komagata (1984). An
equimolar mixture of nucleotides for analysis of DNA
base composition (Yamasa Shoyu) was digested by
bacterial alkaline phosphatase into nucleosides and used
as the quantitative standard. DNA-DNA hybridization
was conducted in microdilution plates, as reported by
Ezaki et al. (1989). Hybridization was carried out at
55 °C for 2 h. DNA-DNA relatedness (%) was deter-
mined by using the colorimetric method (Verlander,
1992).

Genomic DNA extraction, PCR-mediated amplification of
the 16S rRNA gene and sequencing of PCR products were
carried out as described by Nakajima et al. (1999). The 16S
rRNA gene sequence was multiply aligned with selected
sequences obtained from the GenBank/EMBL/DDB] data-
bases using cLustaL w version 1.81 (Thompson et al,
1994). Alignment was verified manually and adjusted prior
to the construction of a phylogenetic tree. The phylogenetic
tree was constructed by using the neighbour-joining
(Saitou & Nei, 1987), maximum-parsimony (Kluge &
Farris, 1969) and minimum-evolution (Felsenstein, 1997)
methods in the MEGA program version 2.1. Confidence
values of branches of the phylogenetic tree were deter-
mined using bootstrap analyses (Felsenstein, 1985) based
on 1000 resamplings. Sequence similarity values between
closely related strains were determined using the EzZTAXON
server (Chun et al., 2007).

Strains CM2-8" and CM2-12 produced well-developed and
branched substrate hyphae on ISP 2 agar, but no aerial
hyphae. Spores were borne singly on the substrate hyphae
and were 0.4-0.6 mm in diameter (Fig. 1). Spores had a
rough surface and were non-motile. Colonies of strains
CM2-8" and CM2-12 were strong reddish orange in colour
and did not darken after sporulation; soluble pigments
were not produced on most of the media tested, with the
exception of a pale-yellow pigment on ISP 2 agar.
Physiological and biochemical characteristics of the strains
are presented in the species description.

Cell-wall hydrolysates of the two novel isolates contained
glutamic acid, glycine, alanine and meso-DAP, indicating
that these strains have wall chemotype II (described by
Lechevalier & Lechevalier, 1970); the peptidoglycan was of
type Aly (described by Schleifer & Kandler, 1972). The acyl
moiety of murein contained glycolyl residues. The isolates
contained glucose, galactose, xylose and mannose as whole-
cell sugars, but not arabinose or ribose. The characteristic
phospholipids were diphosphatidylglycerol, phosphatidyli-
nositol, phosphatidylinositol mannosides and phosphati-
dylethanolamine; phosphatidylcholine was not present.

http://ijs.sgmjournals.org
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Fig. 1. Scanning electron micrograph of strain CM2-8". Bar,
1 pum.

This pattern corresponds to phospholipid type II of
Lechevalier et al. (1977). The cellular fatty acid composi-
tions are shown in Supplementary Table S1, available in
IJSEM Online. The major fatty acids of CM2-8" and CM2-
12 were is0-Cis.¢, i50-Cy4.9, anteiso-C;7.q, anteiso-C;s.q
and is0-C;;.9; 10-methyl-C,;., was also found. This
pattern corresponds to fatty acid type 3b described by
Kroppenstedt (1985). Mycolic acids were not detected. The
predominant menaquinones found in the isolates were
MK-9(Hy) (41.7%), MK-10(Hs) (15.9%), MK-9(Hg)
(9.4%) and MK-10(Hg) (5.4%); small amounts of
MK-9(H,) (1.3%), MK-10(H,) (0.7 %) and MK-9(H,)
(0.5%) were also present. The DNA G+ C contents for
strains CM2-8" and CM2-12 were 72.6 and 72.2 mol%,
respectively.

These chemotaxonomic characteristics, in particular the
cell-wall type (type II), the muramic acid acyl type (N-
glycolyl), the absence of mycolic acids and the phospho-
lipid type (type II), suggest that strains CM2-8" and CM2-
12 are members of the family Micromonosporaceae.

Almost complete 16S rRNA gene sequences of isolates CM2-
8T (1446 nt) and CM2-12 (1450 nt) were compared against
16S rRNA gene sequences of all members of the genus
Micromonospora  and all members of the family
Micromonosporaceae. Phylogenetic analysis based on this
large dataset revealed that the novel isolates belonged to a
cluster of the family Micromonosporaceae (see Supplementary
Figs S1, S2 and S3, available in IJSEM Online). When the
sequences of CM2-8" and CM2-12 were compared with
selected 16S rRNA gene sequences of all genera in the family
Micromonosporaceae and the 16S rRNA gene sequence of
Streptomyces ambofaciens (used as an outgroup), it was
observed that they represented a new phyletic line that was
different from all described genera in this family (Fig. 2). The
highest levels of similarity were with Micromonospora
eburnea JCM 12345" (97.9 %), Micromonospora auratinigra
JCM 12357" (97.5%), Salinispora arenicola CNH-643"
(97.4%), Micromonospora nigra DSM 43818" (97.3 %)
and Salinispora tropica CNB-440" (97.3%). Although the
two novel isolates showed highest levels of 16S rRNA
gene sequence similarity to members of the genus

Micromonospora, phylogenetic analysis indicated that the
isolates did not cluster within the genus Micromonospora but
were related to members of the genus Salinispora. Signature
nucleotides of the 16S rRNA gene sequence of the isolates
were shared in all but one position (840 : 846 according to the
Escherichia coli numbering scheme) with genera of the family
Micromonosporaceae (Zhi et al, 2009). However, signature
nucleotides of the novel isolates differed from those of their
closest neighbours, members of the genera Micromonospora
and Salinispora, in several positions (Supplementary Table
S2, available in IJSEM Online) and clearly differentiate the
novel strains from both of these genera. The gene sequence
similarity between isolates CM2-8" and CM2-12 was 100 %.
The DNA-DNA relatedness value between the two novel
isolates was 88.940.8 %.

Members of the two genera Micromonospora and
Salinispora seem to be most closely related to isolates
CM2-8" and CM2-12. Members of the genus Salinispora
require seawater for growth. The initial colour of colonies
is orange to deep orange and can become darkened after
sporulation. They have arabinose, galactose and xylose as
diagnostic sugars in whole-cell hydrolysates, MK-9(H,) as
the major menaquinone component and fatty acid type 3a.
Members of the genus Micromonospora have arabinose and
xylose as the major sugars, and MK-10(H,s) and MK-
9(Hy,) as the predominant menaquinone components. All
members of this genus exhibit yellowish white to orange
brown substrate mycelia and turn greyish black to black
after sporulation. Isolates CM2-8" and CM2-12 can be
clearly distinguished from members of these two genera in
terms of colony colour, physiological characteristics (i.e.
the requirement of seawater for growth), characteristic
whole-cell sugars, predominant menaquinones and fatty
acid composition.

These data suggest that the novel isolates do not belong to
any known genera of the family Micromonosporaceae.
Differential characteristics for the isolates and members of
related genera in the family Micromonosporaceae are shown
in Table 1.

On the basis of phenotypic, chemotaxonomic and
genotypic data, isolates CM2-8" and CM2-12 are readily
distinguishable from the members of all established genera
in the family Micromonosporaceae. Therefore, it is proposed
that isolates CM2-8" and CM2-12 should be classified as
representatives of a novel species in a new genus, for which
the name Actinaurispora siamensis gen. nov., sp. nov. is
proposed.

Description of Actinaurispora gen. nov.

Actinaurispora [Ac.tin.au.ri.spo’ra. Gr. n. actis -inos ray; L.
n. aurum gold, the colour of gold; N.L. fem. n. spora (from
Gr. n. spora seed) a spore; N.L. fem. n. Actinaurispora ray
(fungus) producing orange spores].

Gram-positive, non-acid-fast and aerobic. Form exten-
sively branched substrate hyphae. Colonies are strong
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Micromonospora aurantiaca DSM 438137 (X92604)
Micromonospora chalcea DSM 430267 (X92594)
Micromonospora halophyticaDSM 431717 (X92601)

Micromonospora purpureochromogenes DSM 438217 (X92611)
Micromonospora mirobrigensis DSM 448307 (AJ626950)
Micromonospora matsumotoense IMSNU 220037 (AF152109)
Micromonospora carbonacea DSM 431687 (X92599)
Micromonospora eburnea JCM12345T (AB107231)

Micromonospora rosaria DSM 80837 (X92631)

Micromonospora pallida DSM 438177 (X92608)

57 Micromonospora viridifaciens DSM 439097 (X92623)

100* |CM2-8T (AB454379)
CM2-12 (AB465341)

60

Salinispora tropica CNB-440" (AY040617)
Polymorphospora rubra TT 97-44T (AB223089)

75

88"

(AF171700)

(M27245)

0.01

100" Salinispora arenicola CNH-643T (AY040619)

Spirilliplanes yamanashiensis IFO 158287 (D63912)

Actinoplanes philippinensis IFO 138787 (D85474)
Asanoa ferruginea IMSNU 220097 (AF152108)

| Erfucos/spora gifhornensis HR1-2T (Y15523)

Catenuloplanes japonicus DSM 441027 (X93201)
Actinoplanes globisporus NBRC 139127 (AB037003)
Krasilnikovia cinnamomea JCM 132527 (AB236958)
Pseudosporangium ferrugineum 3-44-a(19)T (AB302183)
Couchioplanes caeruleus subsp. caeruleusIFO 139397 (D85479)
Couchioplanes caeruleus subsp. azureus IFO 139937 (D85478)

glﬁ%g@parangﬂm aurantiacum YU438-5T (AB006169)
*

Dactylosporangium aurantiacum DSM 431577 (X93191)
Luedemannella helvata 3-9(24)T (AB236957)
T\ Longispora albida K97-0003T (AB089241)

tellatospora citrea subsp. citrea IMSNU 220087 (AF152106)

Ca
*
* 84| [% Hamadaea tsunoensis IMSNU 220057 (AF152110)

Catelliglobosispora koreensis LM 0427

Planosporangium flavigriseum YIM 460347 (AM232832)

Pilimelia terevasa DSM 430407 (X93190)

Actinocatenispora thailandica TT2-10T (AB107233)
Streptomyces ambofaciens ATCC 238777

Fig. 2. Neighbour-joining tree (Saitou & Nei,
1987) based on almost complete 16S rRNA
gene sequences showing the relationships
between CM2-8T, CM2-12, and strains of all
type species of recognized representative
members of the family Micromonosporaceae.
The 16S rRNA gene sequence of
Streptomyces ambofaciens ATCC 23877"
was used as an outgroup. Asterisks indicate
branches of the tree that were also found using
the maximum-parsimony (Kluge & Farris, 1969)
and minimum-evolution (Felsenstein, 1997)
methods. Bootstrap values (%) of 1000
replicates are indicated at branch-points; only
values >509% are shown. Bar, 0.01 substitu-
tions per nucleotide position.

reddish orange in ISP 2 medium and do not darken after
sporulation. Single spores with rough-surfaced spores (0.4—
0.6 um in diameter) are formed on substrate hyphae.
Aerial mycelium is absent. Spores are non-motile. A pale-
yellow pigment is produced in ISP 2. Cell wall contains
glutamic acid, glycine, alanine and meso-DAP. The N-acyl
group of the cell wall muramic acid is glycolyl. Glucose,
xylose, mannose and galactose are detected as whole-cell
sugars. Contains phosphatidylethanolamine, diphosphati-
dylglycerol, phosphatidylinositol and phosphatidylinositol
mannosides as cellular phospholipids (phospholipid pat-
tern type II). Predominant menaquinones are MK-9(Hy),
MK-10(H,), MK-9(Hg) and MK-10(Hg); minor compo-
nents are MK-9(H,), MK-10(H,) and MK-9(H,). The
major fatty acids are is0-Cys.¢, 150-Cig.¢, anteiso-Ci;.o,
anteiso-Cys. ¢ and is0-Cy7. g; 10-methyl-C,;. is also found.
Mycolic acids are not detected. Isolated from soil. The type
species is Actinaurispora siamensis.

Description of Actinaurispora siamensis sp. nov.

Actinaurispora siamensis (si.am.en’sis. N.L. fem. adj.
siamensis pertaining to Siam, the old name for Thailand,
the country of origin of the soil from which the type strain
was isolated).

Morphological, chemotaxonomic and general characteris-
tics are as described for the genus. Utilizes D-glucose, L-
rhamnose, melibiose, lactose, D-galactose, cellobiose, D-
fructose and D-xylose, but not D-mannitol, D-ribose,
raffinose, glycerol, salicin or L-arabinose. Weakly positive
for peptonization of milk and gelatin liquefaction. Negative
for hydrolysis of starch, formation of melanin, H,S
production and reduction of nitrate. The optimal temper-
ature for growth is 25-30 °C. No growth occurs above
40 °C. Minimum pH tolerated is 5. Maximum NaCl
concentration for growth is 1.5%. Does not require
seawater for growth.

http://ijs.sgmjournals.org
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Table 1. Differential characteristics of the genus Actinaurispora and related genera

Taxa: 1, Actinaurispora gen. nov.; 2, Actinocatenispora; 3, Actinoplanes; 4, Asanoa; 5, Catellatospora; 6, Catenuloplanes; 7, Couchioplanes; 8, Dactylosporangium; 9, Longispora; 10, Luedemannella; 11,

Micromonospora; 12, Pilimelia; 13, Polymorphospora; 14, Salinispora; 15, Spirilliplanes; 16, Verrucosispora; 17, Virgisporangium; 18, Planosporangium; 19, Pseudosporangium; 20, Krasilnikovia; 21,
Hamadaea; 22, Catelliglobosispora. Data are from Thawai et al. (2006), Couch (1950), Goodfellow et al. (1990), Lee et al. (2000), Lee & Hah (2002), Asano & Kawamoto (1986), Ara & Kudo (2006,
2007a, b), Yokota et al. (1993), Kudo et al. (1999), Tamura et al. (1994, 1997, 2001, 2006), Thiemann et al. (1967), Matsumoto et al. (2003), @rskov (1923), Kane (1966), Maldonado et al. (2005),
Rheims et al. (1998), Stackebrandt & Kroppenstedt (1987), Vobis (1989), Wiese et al. (2008) and Ara et al. (2008a, b). +, Present; —, absent; ND, not determined. Ara, Arabinose; Gal, galactose;

Rham, rhamnose; Rib, ribose; Man, mannose; Xyl, xylose.

content (mol%)

Characteristic 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Spore chains - + - + + + + - + - - - + - + - - - - ND + +
Spore motility - - + - - + + + - - - + - - + - + +/= - - - -
Seawater - - - - - - - - - ND - - ND + - - - ND ND ND ND ND
requirement
for growth*
Diamino acid m-DAP m-DAP m-DAP m-DAP m-DAP 1-Lys L-Lys m-DAP m-DAP m-DAP m-DAP m-DAP m-DAP m-DAP m-DAP m-DAP m-DAP m-DAP m-DAP, m-DAP m-DAP, m-DAP
3-OH- 3-OH-
DAP DAP
Major 9(H), 9(Hae) 9(Hy), 10(Heg) 10(Hyg), 9(Hy), 9(Hy) (Hies) 10(Hye) 9(Hye) 10(Hye), 9(Has) 10(He), 9(Hy) 10(H,) O(Hy) 10(Hye) S(Hy), O(He S(Hess) O9(He) 10(H,)
menaquinone(s) 10(Hg) 10(Hy) 9(Hye) 10(Hg) 9(Hyy) 9(He4) 10(Hy)
(MK-)
Phospholipid PII PII PII PII PII PIII PII PII PII PII PII PII PII PII PII PII PII PII PII PII PII PII
typet
Fatty acid 3b 3b 2d 2d 3b 2c 2c 3b 2d 2d 3b 2d 2a 3a 2d 2b 2d 3b 2d 2d 3b 3b
typet
Characteristic Xyl, Ara, Ara, Ara, Ara, Xyl Ara,  Ara, Ara, Ara, Ara, Ara, Xyl Ara, Gal, Man, Ara, Ara, Gal, Gal, Xyl, Rham,
whole-cell Man, Gal, Xyl Gal, Gal, Xyl, Xyl Gal, Gal, Xyl Xyl Gal, Xyl Xyl Gal, Xyl Rib, Man, Gal, Man,
sugars Gal Xyl Xyl Xyl/Xyl Gal Xyl Man, Xyl Xyl Man, Xyl, Man,  Xyl,
only Rham, Xyl, Ara, Rib, Gal
Rib, Ara Rib Ara,
Xyl Rham
DNA G+C 72 72 72-73  71-72  71-72  71-73 70-72 72-73 70 71 71-73 ND 71 70-73 69 70 71 71.4 73 71 70 70

*Data from Maldonado et al. (2005).
tAccording to the classification of Lechevalier et al. (1977).
tAccording to the classification of Kroppenstedt (1985).
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Actinaurispora siamensis gen. nov., sp. nNov.

The type strain is CM2-8" (=JCM 15677"=BCC 34762"),
isolated from temperate peat swamp forest soil in Chiang
Mai Province, Thailand. The DNA G+ C content of the
type strain is 72.6 mol%.
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