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Production of geldanamycin from mangrove actinomycete and its

taxonomic position
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Abstract

Eighteen actinomycete strains were isolated from mangrove forest soil and marine
sediment of Petburi and Trang provinces, Thailand. Preliminary screening for antibiotic-
producing actinomycete, we found the actinomycete isolate T8-1 showing well a;ntimicrobial
activity and it could produce geldanaﬁycin, an important antibiotic. The taxonomic position of a
geldanamycin producing actinomycete, which was designated T8-1, was determined using a
polyphasic taxonomic approach. This isolate was shown to have morphological and chemical
properties typical of the genus Strepfomyces. 16S rRNA gene sequence analysis for the isolate
supported the assignment of the isolate to the genus Streptomyces and the similarity value of the
nucleotide sequence between this isolate and the closely related species, Streptomyces
malaysiensis was 99.5%. The fermentation broth of this isolate significantly inhibited the growth
of Candida albicans ATCC 10231 and Staphylococcus aureus ATCC 25923. Studies on carbon
and nitrogen sources including the optimum concentration of sodium chloride and the period of
the cultivation for highést geldanamycin production revealed that the soluble starch (1% w/v),
soybean steep liquor (1% v/v) and the concentration of sodium chloride of 4 % w/v for fourteen
days of inoculation at 30 °C were found to be the optimum conditions for geldanafnycin
production by this isolate.

Keyword: Geldanamycin , Streptomyces, Mangrove forest, Actinomycetes
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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 = Staph-ylococcus aureus

TSB = Triptic soya broth

UV = Ultraviolet

WL = microlitre
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Thermoactinomyces, Nocardia, —Saccharopolyspora, Amycalotopsis, Kibdellosporangium,
Pseudonocardia,  Actinosporangium, — Streptosporangium, — Spirillospora,  Planobispora,
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_ Phospholipid
Genus Typical morphology Wall chemotype Sugar pattern type
Streptomyces Chains of spores on I - PII
aerial hyphae
Micromonospora ~ Branched, non- II D PII
fragmenting hyphae, ‘
aerial hyphae scanty
or absent
" Actinoplanes Branched, non- I D PII
fragmenting hyphae,
aerial hyphae scanty
or absent
Nocardia Unbranched-branched v A PII
fragmenting susstrate
and aerial hyphae
Actinomyces Cocci-irregular rods- V, VI - PII
‘branching
Thermomonospora  Single spores often in I1I C PIV
‘cluster
Actinomadura Short chains of 11 B PI
arthrospores
i’;r;ptosporangzum S ta.ble s tr'ate 5 I BandC PIV
Microtetraspora aerial mycelium
Frankia Multilocular sporangia I B,CandE PI
Nocardioides Branching, I - PI
fragmenting mycelium
with aerial hyphae
Actinobiapora Pairs of spores on v * PIV -
substrate
Glycomyces Short spore chains on I D PI
aerial hyphae
Intrasporangium Fragmenting, 1 - PI
branching mycelium
Kibdelosporangiu . .
" ;'\erlal sporangium- v A PII
ike structures
Kineosporia Substrate mycelium I - PIII
Nocardiopsis Fragmenting hypae III C PIII
Sporichthya Aerial mycelium, 1 - ND

motile spores

* Novel sugar pattern comprising arabinose, galactose and xylose

ND, not
determined



MmN 2 esiuznndeuond lulieimnn Strepromyces

Compound Source Activity References
Aureoverticillactam Sn:eptomyces aureoverticillatus | Anticancer Mitchell et al., 2004
3,6-disubstitutedindoles Streptomyces sp. Anticancer Sanchez Lopez et al., 2003
Frigocyclinone Streptontyces griseus Antibacterial Bruntner et al., 2005
Glaciapyrroles Streptomyces sp. Antibacterial Macherla et al., 2005

Gutingimycin

Streptomyces sp.

Antibacterial

Maskey et al., 2004

Caprolactones

Streptomyces sp.

Anticancer

Stritzke et al, 2004

8-amino-[1,4]diazonane-2,5-dione

Sreptomyces acrimycini

Antitumour

HernAjndez et al., 2004

Komodoquinone A

Streptontyces sp.

Neuritogenic activity

Itoh et al, 2003

Lajollamycin

Streptomyces nodosus

Antibacterial

Manam et al, 2005

Geldanamycin

Streptomyces sp.

Antibacterial

Suchada et al., 2006

leucyl-4-hydroxyproline

Sreptomyces sp.

Antitumour

HemAndez et al., 2004

Trioxacarcins

Streptontyces sp.

Antibacterial;

Antimalarial

Anticancer;

Maskey et al, 2004
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Fuafluouioriug (Holt, 1989) dnHazANARI8ARIMIY DNA (DNA-DNA hybridization)
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16S rDNA gz RFLP (Restriction fragment length polymorphism) anaAIUMIiITTUY

) F4
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e o &
3.1 minﬁumadn ﬂﬁl!ﬂﬂl!ﬁ%ﬂﬁﬂﬂlaﬂﬂnﬁﬂ

3.1.1 MaAUaIeE
Fretaiiiy duA AuuSnumathmoeuiansdiuen inodmiamssyFuasil

a

[ % L [ [ o % 1 a a [ [ @ ' 9 §
neasuausmianse MmsAumeisaulSine 500 a5y uazsawdetieingumngll
' 14 -
Y3230 4 DR UFAITOE IUNFLITIDINTTVIUMIUONTD 1Az iIMITA pH V0IAUAINITVY
Enokita et al. (1986)
Z w A & d' a v oa v
3.1.2 mInenieuafameniyenranmstoanuidula
g ° o w ' a Yy v
MsiuAFec 1 TAuST Spread plate (Tortora er al, 1995) TagthAdedisaumnaInlriuma
{ ° @ 5 o w 1 [ 1
Tugumgiivounzeuiigungil 100.°C Munar 1 Filuy marhnidiedi 05 a5y ldalu
:id : q’; dy a a aa Y 9 o A =2 o/
nasanaaoindulsIfndeTinm 4.5 Haaans Aau lWnNaulaziIe91909TEAY 100
1oz 1000 191 gAR1I ayaludaet11 0.1 TaAtA3 1AZINTULUBINIS humic acid-vitamin agar T
as 1 i a ~ o < ad g
wanasUfioug nlingamgi 30 osmuwaded Wunm 21 u @eninuInlaiinilu
3 i 4
SNUUARNITYDUTDUAAL INA YINTHENITO THUTENTULD NI Yeast extract — Malt extract
u’/‘ o c:l dy a d‘ 9 1
agar 1IN 5B TUo 11131803 (slant) e limadeuso 11
b 4 i v
dmsumsfadonitouonalulodniansoas uasnanuivauld vins@es
1FOUUDINIF yeast extract — malt extract agar 1A03 Iauuduas UALEIIAMUUIUDUIIN
4 = é ] dy d‘ o 4 g = 1
vouNilai B nueHils UuiEued 30 esr A K 14 T e liiFenaamsuazunIms
o’: E7 A’l 9 n’: a Aot d{y a hag’ a v U
Wushludledu winiuesedeunsHaamsnNgnEMoauUnInaAgey 5 ¥uA 1un
Bacillus subtilis ATCC 6633, Staphylococcus aureus. ATCC 25923, Pseudomonas aeruginosa
ATCC 27853, Micrococcus luteus ATCC 9341 uag Candida albicans ATCC 10231 Tavain

a

a ad ya v o Y & :i Yy 1 yyd
ﬂau“ﬂiU'Vlﬂﬁ@uﬁl'ﬁ‘lfﬂuﬂzLﬂulﬁu@ﬁﬂ@lQﬂ‘\ﬂﬂﬁllu?m@ﬂl‘lﬁ@u"lﬂﬂf):ﬂ ua’mn"l’mqmﬁﬂn 37

Y

v k4
perwalied Wy 1 Ju asnnaeumsduduteqaunsinadeulauinizoenanInuuIves

d” =< a4 a o d a vy :’: ° dy a <o ' ::‘
Lﬂfﬂﬂuﬂﬂizﬂz‘m}ﬁuﬂiUﬂﬂﬁﬂﬂﬁ]Nﬁmﬂile’lﬂ mﬂuuuwmmmmqmmﬂanmmuﬂu

v ¥ .
A

v
DINITLIHAD ﬁ‘lﬂ‘l'ﬁﬂﬂl%ﬂﬂWﬂi@QﬁTuﬂiﬁiﬂ1Hﬂiaﬂ Whatman No.1 L'W’L’Jllﬂﬂlﬂ1ﬁ'e]uﬁ']51ﬁlla$

. SR 'y 3 L e Yy o y v
adoenindu vimiuia i laaniing partition fU ethyl acetate 1d21i1 11 szimu1uvs

meldmsannnugu vz ldmsadanoiuluaiu ethyl acetate (crude EtOAc extract) 11013
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afad dynasuuIAY Silica gel TLC udnN develop Awszvudaihazmefinuseylag
WasmanunoduinasguudSouioy
3.2. MaAnHIeYNINIsIHUB YR

9/
o Al

- ' ¥
W lneodumsfny1dnyaizae quoubensll
3.2.1 FnuaEmadaginen msedey a3Inewaziunil
b4 4 v :
asdeUdnyaznenIniy lasdsudounemsiidimuasglu International
Streptomyces Project (ISP) ¥iaa13 9| 1ng7T Crosshatch streak (Shiring and Gottlied, 1966)
avaawalasgmsinsy euazfueslalatdmuu Fueslalatinumunzsiniagnasai
4 .
W 8 ufunsza1udu1@T§IU (The Jacal Color Card 12200, Japan Color Research Institute)
asngdnsazvoudulouszmsadivadesiemniin Simple inclined coverslip (Williams and
o g o s { 9
Cross, 1977) As299dn¥mvouFedondosganssaiiasasvaoudnunzaioiusuioniy
a 4 av a o
Scanning  Electron Microscope  (SEM)  lagdnisvesguiiadesiie e inemansuaz
malulad pnasnsefumine sy dnvasmeassIngasFuaiiinsasRasumMsdal
uth myaawlndu msaaoeaglog memmelysanluun (Williams and  Cross, 1971)
a aa Y a o/ 4 a =
MSTAWEAAY MITAIT HATN (Arai, 1975) M3wia e Tasioudalld msndammiu ms
=Y < 1 '
nugungll mamunde minuanudunse-are uazn1sldunasnisuey  (Shiring and
) =2 :f’ o ! Aziv <] T ' o_ o ;é‘ 1
Gottlieb, 1966) AMIANEINITHWNTadanguTouNgua1eY tasIAINUYBUTBLARY
, :
aguindauTudusely
3.2.2 AnvamaiiAniteyasaisuAiiveube (Komagata and Suzuki, 1987)
¥ k4 1
wmsz@eutoudas o Tomaluo1msmal Yeast extract — Malt extract UUIATDA
Lo ay < o ' ¢ &4 & § 0 @Y ¢ 9
wen Ngamgiwes dunat 4 4 Fimsdufeudelasns centrifige tazviililyaduns
o o ) o 2 v a a & o 4
mMuldnnuiiu (Freeze drying) uwasurs lnaseunieynsaudsumiivouiedsil
3.2.2.1 mIuanzvnlasad
.y, . " : & s Y Y P
?957398U Diaminopimelic acid UBU¥D Tavara1aaraaunanie 6N HC1 7 100
[ @ ° ] ]
paruwaiFoe hinan 18 $2Ta 1d211l spot DULAU TLC (Merck No. 5716) Develop @38
methnol - water - 6N HCI - pyridine(80:26:4:10) 1% 0.5% ninhydrin solution 1u n-butanol Wu
Y qy y__ 4 {a & v
ud2 1 nnufeud 100 osruwaFod 2-3 U9 1Wog spot URAIIABLAY standard
3.2.2.2 MTINTI2H Whole cell sugar

a

o s 9 Y = =
u']L“I)'ﬁﬁLL"erl'lbl?ITﬂillﬁﬂﬂ'Jﬂ IN HZSO4 U 100 DIFSEALET WUIU 2

U

o ay Y3 9 a o 1 [} ° v o
Falus AdltiBuudSudn Ba(Om), uesdsy pH eglugae 5.2-5.5 W luihumies gaien
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supernatant 3w 1RuR AZAIUFIA2011 211U spot 89U cellulose TLC plate develop A0
butanol - water - pyridine - toluene (10:6:6:1) WUAIY acid aniline phthalate ﬂuﬁqmwgﬁ 100
oaFEr AT U 417 (RUL spot iRARY standard

3.2.2.3 M5IA31H Polar lipid

=

{9361 polar lipid 91AMIAAAIKAAURIAIY methanol flgungid 100 B
adye Sunm s wif faltEuudiasaneditchloroform ATBININITAT(debris) ©OA 1
A15 partition A28 chloroform Uag saline 119 chloroform 'lszimelHi azaud e
chloroform - methanol LLﬁzﬂﬂﬁ’liﬁ’J’ﬂﬂN spot 841U HPTLC (Merck Kieselgel 60 F,g,, 10x10
cm) Y1119 develop 2 NANT (t;ivo—dimensional development) G?IJ’JEJ solvent system_2 ¥iip Ao
chloroform - methanol - water (65:25:4) 8% chloroform — acetic acid - methanol - water
(80:18:12:5) LBANURIB50% sulfuric acid pUfgmngT 150 esruvaiEea Wunm s wifl
dUNA spot iRt

3.2.2.4 MInTzvioenilszneuuednsa vl (Cellular fatty acid)

wts methyl ester voensaluiu anmaduilagislas laddemsaza
methanolic hydrochloric acid Tigamgil 100 ewnwaden Munm 3 Falue udaerindoe
Ans@vudimos ud2Ains131A30 gas liquid chromatography

3.2.2.5 m‘ﬁmﬂzﬁl Isoprenoid quinone

vrasuiaafiadag chloroform - methanol SR 2:1 yunSouve 1 fu
sntunseums i fude nza10918nt acetone A IRLSENEUMLHY TLC (Merck. No.
105715 Kieselgel 60 .., 20x20 om) 4A1M131a5151HA20 HPLC

323 meamsEdisuwauumeaselug s 165 rRNA gene uaymsAns1zHm e

s

111 DNA fuen'’ld (Tamaoka, 1994) vuiua/5uiss DNA Tugia 168 DNA Tay
1% Universal primer v‘hﬂﬁﬁ?ﬂﬂum?m DNA Thermal cycler (GeneAmp PCR System 9700;
Applied Biosystems) 16S rDNA ﬁLﬁuﬂ?mm"lé’ﬂzgﬂ'v‘iﬂﬁ’u’?qw’ﬁimzﬁmswﬁﬁwﬁmuﬁiﬂa
1% ABI PRISM BigDye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystem)

s

o a a sy ¥ o = a . o o @ a A 1%
fduiinalelndildesgniinmsnfSoufioy  uesalignment  fudiduilndlelnalu

L

F1UVDYAUDY Genbank/EMBL/DDBJ 1At 1¥BLAST n program I alignment software (lu

E4

n38iii1% CLUSTAL W program package) $1o0steynilu multi-data set  unzadn

e

phylogenetic trees 114 MEGA software program version 2.1 uaz‘*‘immﬁ%’a ya"ﬂulg{
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3.24 mﬁmswﬁ DNA base composition (Tamaoka, J., 1994.)
d
3.2.4.1 M3uen DNAUazIHUTqnE
S & g v o g 4 A
Boadolu Yeast extract — Malt extract broth (11301 3 34 N1SIAVINGAUYD
9
o . - . Y @ Y
1a319878 saline-EDTA 71 1#aalanday lysozyme Uaz Tris-SDS solution 1AUUANANIWY
o W 9 a
phenol 1182 chloroform ANAZABU DNA @18 cool ethanol A¥A RNA waz T1sAu Aremsiay
RNase solution {ifigproteinase K Haziiy DNA 14139 20 pepuvaLFod 1 ethanol
3.2.42 mAnzH
= . v Jd
1938y nucleoside 83 DNA giaz 1o Taan snmslalaslad 10 LUl heated

a

DNA (1 mg/ml) @28 10 LI nuclease P, viniigaimgil 50 seruaive idhuaan 149 1us uae

at

sTasladded e 10 [Ul alkaline phosphatase Tignngil 37 esraiue Wunan 1 2T
a3 Iy imszvidae HPLC
3.2.5 Photobiotin labeling DNA-DNA Hybridization
3.2.5.1 Immobilization of DNA in microtiter plate
7nea 100 Mi YINI1TALNY heat — denatured DNA (1 Llg DNA / well) ¥D4 type

a

3 v
strain, control DNA (calf thymus 139 E. coli) gy DNA Y8449 unknown um"l%’ﬁ'qmwgu 37
o & Y e 2 9 v ' y
seraiden 2 92 Tue udanensagals DNA 1ufe d1edae PBS davglnivien 45-60 oeem
I~}

AT

3.2.5.2 DNA labeling with photobiotin ( DNA probe)

W30uE15AZA18 DNA UD3 type strain lunoon eppendrot LT ATy

.. Y P 2 g a Y Yy 9
photobiotin Haralfidfy udanirldnelminds dearhBBudidosdenawinvasa sunlamp
{#3 0.1M Tris-HCI buffer (pH 9.0) 1ia¢ n-butanol {ud7t vortex iluim3u49 12000 rpm UM 20
b4 ¥ 1 1 b4 k3 - ¥

W WEsazaeFuIUNY @N n-butanol tazdlUMIBIdATY Meesazateduuu 11 DNA
] 4
Faananudaludulmingen 15 wid wldidus1esas wazill sonicate udninlumeau
fi1t hybridization solution

3.2.5.3 Prehybridization ¢

MYAE1SAZAIY prehybridization AMADZUQUYBA plate U3 lFuIu 1 ¥3Tua 0

a o [ . 9 yay

gannild1m5y hybridize tduna1sazareiing

3.2.5.4 Hybridization

MeAmIInaBTinay DNA probe Y89 type strain Adldazviqy Ua plate A

1 a 1 s)d‘ a:{ a'/ 9 Qy dy
UNUNAITAN UMUL’]ﬂQmﬁQEJVILﬂiJ’ISﬁSJ 12 %3709 uadnemsazaneil
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73
63

Streptomyces yatensis (AF336800)

Streptomyces melanosporofaciéns NRRL B-12234T (AJ391<;’3 7)
49 Streptomyces sp. EF-76 (AF112173)

— Streptomyces malaysiensis (AF117304)

—Streptomyces sp. T8-1

Streptomyces sp. A14P1 (4J391830)

z Etreptomyces sp. A33R1 (4J391832)

Streptomyces sp. BI13P3 (AJ391836)

Streptomyces sp. NRRL B-1865 (4J391818)
ﬂ_‘.— Streptomyces hygroscopicus NRRL 2387T (4J391820)

Streptomyces violaceusniger NRRL-ISP 5563T (4J391823)

th —— Streptomyces rimosus subsp. rimosus (AB045883)
34 50 Streptomyces platensis (AB045882)
et W Streptomyces lydicus ATCC 25470 (Y15507)

17 4|EStreptomyces somaliensis DSM 40760 (4J007399)

67

— 91

Streptomyces albofaciens
93

61 L Streptomyces cebimarensis DSM 41798T (4J560629)
Streptomyces sp. CN732
Streptomyces hebeiensis (AY277529)

Streptomyces ferralitis (AY262826)
Streptomyces cattleya (AB045871)
Kitasatospora phosalacinea (AB022869)

Microbispora rosea IFO 14044 (D86936)
i
0.01

]
=

) .
3R 4 urasdumiaveutemasy Indowe mowuiiiule (Srepromyces sp. T8-1) LU

duldenedSaunms (phylogenetic tree, NJ method)
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H 1 g as i a ¥ oy
aguii 3 funduvesdousad TuduiniinToy 1dadlueins 1sp2 afraudulvornad
’ 1 v o
120U (grayish white) 1§ loomsdimAeseuim (vellowish gray) lailin1sasnesendng
o o o 1 9 9) [ a VoA o
tasdnyazvesatetduunyme lgenidain1nese 1N yan T U IUINGHUNUANBUL
14 ]
adwAudeuend Tudednluana Srepromyces (17 5) Terudin 2 loTaan 1dun T2-1 uay
T2-2
a v dy a Aa Yy 9 A vd gy 1
ﬁuwﬂ“luﬂqnummsamityuua1w15mm:nuwmusumn,ﬂaaqqqﬂ"lﬂmaﬂaz 592
¢ I~ 1 ~ =Y A a YA . = L
anuflunsa-arei 6-9 guugigegaiady 1Afe 40 ssmiraided uasmNIouBoaAY
n’/’ 4 [~ I'4 ] 1
Tolsanduny anaznoulsinluny satsemnsondou lussndululasy ud lirunse
' a y & a = a a ada =% v o
dovaratmaauuazusle1d Woaundalunduilansaniaaisndogindgnilunisdud
k4 v .
W3 UDUYD S. aureus 1A (113197 4)
as d g 4 dy 9 o = = ana
miugadueudenquililszneudiensangaiin - seaiiiu woznialaozd TUADA
v
UL LL (cell wall type 1) wuthaiangTna uuuTua usulue s Tue uagmuaalnd il
Z’ 3 g aa =)
thaanavue luerag (whole-cell sugar) wuneavhadaen Iuaniy
(phosphatidylethanolamine) laleanaaanfieson (diphosphatidylglycerol) Woavhaaadu
Tudon (phosphatidylinositol) WoeAfanaiwosea (phosphatidylglycerol) eawhafala
Su (phosphatidylcholine) unloa T laTandnualluwad Srednruzmeeynsuisiuall
14 4
uazdnsazneduginnannsatuiuldn denquileglunga Steptomyces
dloviinisSmasnaduialugas 168 RNA gene  wudilinuadiendeiy
Stleptomyces cyaneus NRRL B- -2296" 1I'Iﬂ‘V]ﬁﬂ maamumwmmaﬂawmmﬂaia"lm (%
similarity) if)tla 99.61 wsmummmenuﬁum ﬂﬁ“m‘]ﬂ (bootstap values) YUFIUIINUINT

(phylogenetic tree) T Yo0nz86 (g‘lh’] 6)
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; - v
U1 5 0. uaz v, uasdnyuzuazdla Tailvoude loTeian T2-1 YUOMNSISP2 53tz 21
u
o y s y v ¢ Jo .
a. naasdnvazdulumzalesmuldndeganssmiianuding Long-working

distance

62 | Streptomyces cellostaticus NBRC 12849 (AB184192)

40 | Streptomyces griseoruber NBRC 12873'(AB184209)

34 Streptomyces antibioticus NBRC 12838"(AB184184)
Streptomyces longwoodensis LMG 20096"(AJ781356)
Streptomyces bungoensis NBRC 1571 17(AB184696)
Streptomyces yokosukanensis NRRL B-3353"(DQ026652)
Streptomyces coeruleorubidus NBRC 12761 T(AB184841)
98 'Streptomyces curacoi NRRL B-2901' (EF626595)
Streptomyces lincolnensis NRRL 2936'(X79854)

64| Streptomyces caeruleatus GIMN4'(GQ329712)

—| 98 'Streptomyces canus NRRL B-1 989T(AY999775)

#1~ Streptomyces pseudovenezuelae NBRC 12904 (AB184233)
Streptomyces neopeptinius KNF 2047T(EU258679)
Streptomyces novaecaesareae NBRC 13368' (AB184357)
Streptomyces alboniger NBRC 12738T(AB184111)
Streptomyces phaeoluteigriseus NRRL ISP-51 827(AJ391815)
Streptomyces plumbiresistens CCNWHX 13-1 60"(EU526954)

42

i

71150

67
58 45

T2-1
SGL{—Streptomyces cyaneus NRRL B-2296"(AF346475)
Streptomyces flavovariabilis NBRC 100764"(AB249931)
Streptomyces cacaoi subsp. asoensis NRRL B-16592"(DQ026644)
Nocardia takedensis JCM 13313" (AB158277)

0.02

k4
o

710 6 uamsdiumtsveudemasllafowa mowugiiaoalanila (Srepromyces sp. T2-1)

yudulfened Iauims (phylogenetic tree, NJ method)
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Tusmeuuanitaen (exchangeable protons) MAMsAM °C NMR wud1 msiilsznevlide
miveu $1wau 29 1 mmmsiemzidamaiia DEPTI3S shlfismswhmsyiiai
Usznoueie wilamsuen Suau 4 ezmen mmendmsuon §1M9U 3 evmaw wifinau
miven 1M 2 eymen AlndmTuousiau 11 evmen oz mrBMes NI mituew
(quaternary carbon) $1434 9 BxABN VINMTINT12H PC NMR Saiuirddmsisznould
denyimiveiiavesniluy S 2 wy reludmsvefiamsuen 1w 1wy waz min
pmmsuen $1u 1 vy mswTeuisndyaianes 'H uaz °C NMR dna1s agd1én

13 T8-1-1A iluensiwaaniiadu (guUh 12)

717 12 Tnseadreveeas T8-1-1A



32

a15190 9 S vufeudoyaves 'Hunz "C-NMR sevd19es T8-1-1A g @13

MATFINIaA Ty

CRTIN 3 T8-1-1A 2 el ETu
&c (ppm) oy (ppm), mult, (J in Hz) Oc (ppm) 8y (ppm), mult®
1 167.91 | - ‘ 169.1 " -
2 134.56 _ - 133.2 -
2-Me 12.5 1.89, 3H, s 12.2 1.91, 3H
3 126.89 6.89, d, (12) 128.4 6.95,d
4 126.11 6.53,t, (12, 11) 125.7 6.56,t
5 136.2 5.83, 1, (11, 10) 137.8 5.80, t
6 81.23 4.25,d, (10) 81.6 434, d
6-OMe 57.3 3.25,3H, s 56 3.22,3H, s*
7 81.62 5.14, brs 80.6 4.86, brs
7-OCONH, 155.75 4.80, NH,, brs 156 6.45, NH,, brs
8 133.1 =- 132.6 -
8-Me / 13 1.75, 34, s 12.5 1.61, 3H, brs
9 132.94 5.77, d, (10) 131.9 5.51,d
10 32.26 2.73, m 32.1 3.61
10-Me 12.66 0.93, 3H, 4, (7) 23.3 0.97, 3H, d*
11 72.6 3.48, m 71.9 3.29%*
11-OH - 3.01, OH, brs - -
12 80.91 3.35,m 80.2 3.07%*
12-OMe 56.75 3.31,3H, s 56.5 3.23,3H, s*
13 34.74 1.73,2H, m 31 1.45, 2H, brs
14 27.97 1.63, brs 26.6 1.91
14-Me 23.04 0.92, 3H, d (6) 13 0.76, 35*
15 32.83 2.41,2H, m 31.7 2.42,2H, m
16 127.39 - 128.1 242, m
17 156.73 - 156.4 -
17-OMe 61.68 4,08, 3H, s 61 3.93,3H,s
18 183.85 - 183.6 -
19° 111.6 7.22,s 110.9 7.02,s
20 137.84 - 139.6 -
21 184.68 - 183.1 -
NH - 8.67, NH, brs - 9.14, NH, brs

“observed in CDCI3 and recorded at 300 MHz (1H) and 75 MHz (13C).
®observed in DMSO-d6 (Omura et al., 1979)

‘observed in DMSO-d6 (Rinehart, Jr. And Shield, 1976)
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imsadeswdng  adeadesifiuuuy g NANUARIONRINY  Streptomyces carpaticus
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