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ABSTRACT

Antimicrobial activities of 196 crude extracts prepared from 49 marine derived

actinomycetes (isolated from marine habitats in the south of Thailand) cultivated in media A
(sediment, seaweed and shrimp shell powder), B (glycerol and soytone), C (polypeptone, soluble
starch and yeast extracts) and D (peptone and yeast extracts) were evaluated. One hundred-twelve
crude extracts from 15 strains of Streptomyces and 28 unidentified isolates exhibited antimicrobial
activity against tested microorganisms using colorimetric microdilution assay with AlamarBlue as
an indicator. Most of the crude extract (71 of 112) exhibited antimicrobial activities against
Candida albicans ATCC10231. While 57, 29 and 15 of crude extracts exhibited antimicrobial
activity against Bacillus subtilis, Enterococcus faecalis TISTR459 and Staphylococcus aureus
ATCC25929, respectively. However, none of crude extracts was inhibitory against Gram-negative
bacteria including Salmonella Typhimurium and Pseudomonas aeruginosa ATCC27853 and
Shigella sonnei. The result showed that crude extract produced from strain CNAO53 (unidentified
isolate) cultivated in medium A exhibited lowest Minimum Inhibitory Concentration (MIC) value
of 4.69 pg/ml against Bacillus subtilis, however, it had no bactericidal activity. Crude extracts
from strains CNAO76 (99% homology to Streptomyces sp.) cultivated in medium C inhibited
Staphylococcus aureus ATCC25929 with MIC of 75 pg/ml, while strains CNA146 (unidentified
isolate) and CNA100 (99% homology to Streptomyces sp.) cultivated in medium A inhibited
Enterococcus faecalis TISTR459 with MIC of 37.5 ng/ml. Moreover, the crude extracts produced
from strains CNA093 (unidentified isolate) that cultivated in media C and D and CNA097
_ (unidentified -isolate) that cultivated in mediﬁm D showed antifungal activity against Candida
albicans ATCC10231 with MIC of 9.38 pg/nﬂ. Cultivation in medium A provided the highest

percentage of active crude extracts with antimicrobial activities at 34.3%. Majority of these crude
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extracts were inhibitory against Gram-positive bacteria (47 of 59). Cultivation media B, C and D
provided 20, 20 and 19 crude extracts with antifungal activity against (Candida albicans
ATCC10231), respectively, compared to cultivation medium A which only gave 12 crude e;ctracts
with antifungal activity.

Twenty-three active crude extracts selected based on their MIC and minimum
bactericidal/fungicidal concentration (MBC/MFC) values were analyzed by thin layer
chromatography (TLC) and high performance liquid chromatography-diode array detector (HPLC-
DAD). TLC chromatogram of the crude extracts revealed the present of amines, terpenoids and

'alkaloids, meanwhile nine groups of compounds were classified based on their diode array

spectrum.
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Figure 4. Structures of marinone (a) and debromomarinone (b).
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Figure5. Structures of Wailupemycin A (a), Wailupemycin B (b), Wailupemycin C (c),
3-epi-5- deoxyenterocin (d), Deoxyenterocin (e) and Entrocin (f).
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Figure 6. Structure of actinoflavoside.
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Figure 8. Structures of salinamides A (a) and B (b).
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Figure 9. Structures of loneamides A (a) and B (b).
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Figure 10.  Structures of 4,10-dihydroxy-10-methyl-dodec-2-en-1,4-olide (a), Diastereomeric-
4,11-dihydroxy-10-methyl-dodec-2-en-1,4-olides (b,c) and 4,10- dihydroxy-10-
methyl-dodec-2-en-1,4-olide (d). |
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Figure 11. Structures of butenolides (a,b,c) and 3-hydroxy-Y-butyrolactones (d, e, f, g).
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Figure 12. Structures of lomaviticins A (a) and B (b).
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Figure 13. Structures of Kahakamides A (a) and B (b).
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Figure 14. Structure of Bonactin.
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Figure 15. Structures of Chandrananimycin A (a), B (b) and C (c).
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Figure 16. Structure of Himalomycins A (a) and B (b).
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Figure 17. Structures of (R)-10-methyl-6-undecanolide (a) and (6R,10S)-10-methyl-6-
dodecanolide (b).

fian: Maskey taznaaie (2003)
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Figure 18. Structure of diazepinomicin.
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Figure 19. Structure of Helquinoline.

117 : Asolkar tHazAME (2004)
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%

Figure 20. Structure of Abyssomicin.

A : Riedlinger itanMe (2004)
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Figure 21. Structures of trioxacarcins (a, b, c).

1311 : Maskey (1aznME (2004)
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Figure 22. Structure of Frigocyclinone.

31 : Bruntner HOSAME (2005) -
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() (d)

AN 23 qas Tassadaves Chloro-dihydroquinones (a, b, c, d)
Figure 23. Structures of Chloro-dihydroquinones (a, b, c, d).

731 : Soria-Mercado HazAME (2005)

Peng tazAMS (2006) TAsrwumsuen Streptomyces NRRL 5690 tla2 Streptomyces
spheroides mnvlmifmwﬁ'uﬁ Myrmekioderma styx U3taaumea lui Taownheuiseasd
@15 cyanthiwigin yhalny uag Streptomyces NRRL 5690 WHANAS cyanthiwigins B, AF,
AE 1tz AG (M1 24) Tasiarsiiimssenusounihi fe cyanthiwigin R (11 24) dau
S. spheroides AINITONAATS cyanthiwigin B, cyanthiwigins S, E tas AE (m‘wﬁ 24) lﬁﬂ
'Vlﬂﬁﬂqum?lﬂ‘l‘iliﬁi’g‘lﬁﬂﬁﬂauﬂ?gﬂﬂﬁ cyanthiwigin B 52U curcuphenol WU cyanthiwigin
B dawalf curcuphenol ﬂaﬂqwﬁvms5ugqgﬁuw?t’ﬁﬁuumi'fu néinﬁammsnﬁ'n&msm?m
V03 Candida albicans (M 1C,>15 vllliﬂiﬂ% uADNAAaRAS), Cryptococcus neoformans (M IC,,=
6.0 uInsnSureliaddng), Streptomyces aureus (71 1C,= 6.5 TulasnSunsiindans) uas

methicillin-resistant Staphylococcus aureus (MRSA) NI IC,=7.0 lulnsniudeNiondns




26

{(c) R=H
(d) R=OH

(e) R=OOH (g)

(f) R=OH

(b)
ami24  qasTaseadauea cyanthiwigins B (a), AF (b), AE (c), tas AG (d), R (¢), S (f), E
(g), uaz AE (h)
Figure 24.  Structures of cyanthiwigins B (a), AF (b), AE (c) 10 AG (d), R(e), S (D, E (g)

and AE (h).

111 : Peng HazAME (2006)
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®
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Figure 25. Structure of Marinomycin A (a) and B (b).

111 : Kwon ttazame (2006)
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Table 3. Carbon sources regulation for secondary metabolites production.

Secondary metabolite  Essential carbon source Non- essential carbon source
Actinomycin Glucose, glycerol Fructose, galactose |
Cephalosporins Glucose, glycerol, maltose Sucrose, galactose
Kanamycin Glucose Mannose, starch
Penicillin Glucose, galactose, fructose  Lactose

sucrose
Streptomycin Glucose
Tetracyclin Glucose

731 - Aanlaa91n Sanchez 1182 Demain (2002)
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Table 4. Nitrogen sources regulation for secondary metabolite production.

Secondary metabolite  Essential nitrogen source Non-essential nitrogen source

Actinomycin L-glutamate, L-alanine, L-Isoleucine

L-phenylalanine, D-valine

Actinorhodin NH 4+ NH‘,+
Penicillin NH;, L-lysine L-glutamate
Rifamycin NH 4+ Nitrate
Streptomycin NH ; L-Proline
Tetracyclin NH, Lactose

11 : aauasnin Sanchez 18T Demain (2002)
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Table 5. Feedback regulation in secondary metabolite production.

Secondary metabolite Enzyme Feedback mechanism
Bacitracin Bracitracin synthetase Inhibition
Chloramphenicol Arylamine synthetase Repression
Cycloheximide Unknown Unknown
Indolmycin Initial enzyme Inhibition
Kanamycin Acetyltransferase Repression
Puromycin ' O-Methyltransferase Inhibition
Tetracycline Anhydrotetracycline Inhibition
oxygenase
Tyiosin (SAM):macrocin Inhibition
O-methyltransferase

1 : AALaesIn Sanchez 1AL Demain (2002)
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Table 6. Classification of antibiotics based on their chemical structure and their examples.

Type Example
1. Carbohydrate-contating antibiotics
Pure sugars Nojirimycin
Aminoglycosides * Streptomycin
Orthosomycins Everninomicin
N-Glycosides Streptothricin
C-Glycosides Vancomycin
Glycolipids Moenomycin
2 Macrocyclic lactones
Macrolide antibiotics Erythromycin
Polyene antibiotics Candicidin
Ansamycins Rifamycin
Macrotetrolides Tetranactin
3. Quinones and related antibiotics
Tetracyclines Tetracycline
Anthracycline Adriamycin
Naphthoguinones Actinorthodin
Benzoquinones Mitomycin
4. Amino acid and peptides antibiotics
Amino acid derivertives Cycloserine
f-Lactam antibiotics Penicillin
Bacitracin

Peptide antibiotics
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A1 19N 6 (D)

Table 6. (Continue)

Type Example
Chromopeptides Actinomycins
Depsipeptides Valinomycin
Chelate-forming peptides Bleomycins

5. Heterocyclic antibiotics containing nitrogen

Nucleoside antibiotics Polyoxins
6. Heterocyclic antibiotics containing oxygen

Polyether antibiotics Monensin

7. Alicyclic derivatives

Cycloalkane derivatives
Steroid antibiotics

8. Aromatic antibiotics

Cycloheximide

Fusidic acid

Benzene derivatives Chloramphenicol
Condensed aromatic antibiotics Grisiofulvin
Aromatic ether Novobiocin

9. Aliphatic antibiotics
Compounds containing phosphorus Fosfomycins

1: Crueger 42 Crueger (1990)
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Figure 26. Mode of action of antibacterial compounds.

1 Singh 1B Barrett (2006)

ad a d‘d ‘ (Y] :J a =Y ot
7. FEmsnansesmisnignilumsdudamaniyvesgaunsd
Q‘I Qr A % ar 3 = = d{n:; .:;A o
Tﬂum'lﬂmsﬂﬂﬂsmmsﬂuqm‘lumsuuuamsmq,mmqaumumi‘lunuuu“lumﬁxﬂu
LY a wa ~ vy Qs ~ P} d'
Hesdfiianseeiiogdaofu 2 dszianfie minageulusmisivarlasmsiiesndisn
= v . . o Q’l’ o
JeansnageLin MUITUTUA1 (dilution broth assay) HazmsnadoUgNEHUEI U IMITUI
v } 4 » . 0
TA0A15 3AUUIAUSIUAT LSS Gohibition  zone)  TiAAINMIININATeY lavyia liilonld
1 4 b 4 ¥
ummszﬂwn%'amsmzﬂqunummsmmﬁaﬁmsvmnmmﬁmmsmaeuaﬂﬂ
7.1 9% dilution broth assay
ﬂ add’ o d.sl P} dy dy a @ dy d’
i mﬁwu1?{15mmmmﬂﬁeummmN“lumw15mmwammmwm“ﬁuﬂuww
ﬂmmimﬂeumsunm ummwwammmswﬂﬁanqm1umsuummsmmmawaumam
i 1ﬁmsummﬁﬂ‘hmmamwwumammmmﬂmmsmﬁauiummummsmtymm
#o Ic) 14 Lm:mu1snv‘i’mu111anﬁmsnmmmmmmwamwumwa:mn 1Az 5215 NFU
V- 1§ A ¥ <y o )
1% colourimetric microdilution broth %11‘1’1' AlamarBlue tﬁmﬂuaumﬂma%’ laodn@ Alamar

PR 2 H . A aa d = P~ P i
Blue 9285105304113 resazurin magmmmmﬂauuﬁ‘luaum ¥90¢ 11431 resorufin N1




36

wasuntlasvesdnndfisesandussinnuinmiz iy NADPH / NADP, FAD, FMNH / FMN
.o } 4
A= NADH / NAD finauluszuinenssuiumswaiuedduvessnd suhiiisnaaou
. ¥ v N ‘=3‘
Sinafanuideatunsiudinsniyveaunidnldmaaevediauiai uenvini
Zoav0an1sld Alamar Ble wonuinliifuivdomwadudifehildemsaaivdaoy
- aaa P - o ' o or 9 ¥ '
i{ioansinuas naslfasnimsnlaouudasddnda Siamisadunaldiedssandm
w & vy ° <t v 4 o @ an 1 a & o
(gAnTum Ly, 2548) mldianuazainnindemouiuns i@y indicator FIMIFUNA
} 4 ]
msiniyueudeszi1dninnd1 uazdean it microplate reader Tumsiaminuyuintenis
J A:’ - Lo a - +
veniuyeiimswsaanlanse 'l
7.2 SBUNIVBIAI5NNBIMINATBY (diffusion assay)
aa o [ 5 ' o 9 -] ° ¥
22mssamsfuialasmsunsvesasidesnsnaaenluemisuds ansoild
sy d’ 1]
1a1875 AIUITY (Jorgensen et al., 1999)
7.2.1  Disc diffusion method
At .A Qs a =, A =
ussasionldtuun TasiimsadSulgannisees Kirby — Bauer 33U
act o ﬂyd =L A 9 1 A’ I ﬁy
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7.2.2  Agar well method
v b 4 ¥ ¥
husEmsnageuiiwioue s funacouiiu 2 $u Fuaraiiu base layer Fu
2 A v y o Y ﬂ a ¥ ¢
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o P 4 qvA 9 aa o v o
pmsudsluanzimmnzay melii¥eadsarsdjFusuazdueoninlueimisju nimiu
= by (- ¥ o ~ o < LY Prn
sunzfusenitluusivinaduriiguinais 0.5 - 1.0 uduas dunnuuRImhemshi
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3. 'Jlﬂi13“E)Qﬂ'ljigﬂﬂ‘l]ﬂ']ﬂ!ﬂﬂlﬂﬂ\‘lﬁuilﬂqfnﬁﬂﬂﬂ"ﬂ'\‘l.lyl ﬂlﬁﬂﬂvlﬂinﬂﬂa 1 Tﬂfﬂ‘]‘
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1INAIBEN aznBUAY AN 3Indad Waui demis tluau $119u 49 menug Aeu1uye
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srgnifuin TasRosuuemsuda Na dhunm 7 Fusudeadnadestedadujunilu

AAe30a 50 % 11 micro tube YUIA 2 Tadans Ngungll -80 BIFUTAFYA

A a o 4oy A‘u o a a < d
2. nfaqmmmi‘fli‘lumsmaaumqnmummsmswﬂaaqaumﬂ

Ed
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- Bacillus subtilis

- Staphylococus aureus ATCC25929

- Enterococcus faecalis TISTR459

- Shigella sonnei

- Salmonella Typhimurium

-Pseudomonas aeruginosa ATCC27853

- Candida albicans ATCC10231

4 3
3. sImiaeae

° s a ‘u :J a d dy 3
32 emsamNaAmIeengNBiUdIM e guesgaunia (@anlszneuemisiivude
IEmamsounanlunianuin n)
s g a ¥ -~ ¥ ¥
- MIgas A (lesiszneuves azneudu, amite uaznlaengely)
( 5
- 2IM13gA3 B (1939A1l32no1v84 glycerol LAE soytone)
= o *
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° s d' d' = o d * 9
33 m‘msamsm’amweqaumum'mﬂaau
- Nutrient broth (Himedia, India)

- RPMI1640 (Invitrogent, Brazil)
=
4., a1iAN

- Ethyl acetate (Lab-scan, Ireland)

- Methanol (Lab-scan, Ireland)

- Acetonitrile (Lab-scan, Ireland))

- Dichloromethane ((Lab-scan, Ireland)
- Isopropanol (Lab-scan, Ireland)

- Water (Lab-scan, Ireland)

- Amphotericin B (Fluka, Switzerland)
- Vancomycin (Fluka, Switzerland)

- Resazurin (Sigma, Germahy)

- Vanillin (Fluka, Switzerland)

- Ninhydrin (Sigma, Germany)

- Potassium Iodide (Baker, USA)

A A ¢
150938 Hazginsas

- ISPV U UAILANYBNYT (Shaker incubation) T4 VS-8480SRN (LMS, Japan)

- lﬂ?ﬂﬁ SIMYYYYINIA (Rotary evaporator) s:u R-200 (Buchi, Switzerland)

- m‘s"’m Analytical High Performance Liquid Chromatography (HPLC) ;'u Agilent 1100,
ChemStation software (version A8.01), quaternary pump (Agilent G1313A) A529IAAY
diode array detecter (Agilent G1315A) tazd auto sample (Agilent G1313A) i injector
port (Agilent, USA)

- lﬂ?t'N PCR 's:u GeneAmp PCR System 2400 (PerkinElmer, USA)

- tﬂéi)d’?ﬁf‘hﬂ‘li ﬂﬂﬂﬁuum (Atomic a:bsorption spectrophotometer) iu Analyst 100
Spectrometer (PerkinEmer, USA)

- ﬂﬂﬁlﬂf‘vﬁﬂ reversed phase: Nucleosil 100-5 C18, 5ul, 4 x 250 mm (Agilent, USA)

- TLC Alumina Sheets silica gel 60 F,,, (Fluka, Switzerland)
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IBMINARLI
1. mafigaiiendnuaivesenalsisanlan3tinazdiuiiondleInaves 165 rDNA
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3 = ' o a =~ Py o
duppumsinnzimadviing leind
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mimuauemTuuuan‘lummsmm
o dlﬂ
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a = L. 9 -3
mulSuabu 16S rDNA alumalia PCR
o a a g
‘YI'I‘UiQ‘VIﬁﬂlﬂ'NlB
a do o b4
Jinsrzvamuua laoly automated sequencer

a I's o @ = =y ¢
'Jlﬂﬁ'l%ﬂ'ﬂ'l?l']ﬂllu'.)ﬂﬁif]‘l'ﬂﬁ'“ﬂq16S rDNA

@ o o o a LY
SasmunaeWutusnA luliudin Iasg Phylogenetic tree
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X oy o a
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11U aDA micro centrifuge YUIA 1.5 UadAAS wqum%mﬁmmﬁa 13,000 soudeu i duna
2 it dudnfidiunznoul

122 @1 10 Uadn3u 403 Lysozyme fiazarwlu 50 mM EDTA 1USu1a3 480
Tulnsdns aslunznouduen ldnauliidasu Taoldtavmiudy Iytic enzyme U3N1A15 120
TyTnsaas st lneldtnin uazideeis lihisfigungd 37 ssmsaidoa dunm
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123 thdetanmyuimdsefiaauda 13,000 soudewdi funar 2 wiil iy
nuclei lysis solution 151183 60 Tulnsans neruliidhiulaoldilula vusaedrefigamg 80
perivaidoa iiunar 5 i

124 nelAFIetiduiigumgiites udaiy RNase solution Yi11as 3 Tulnsdns
wer sy Yudetefigumgi 37 ssrmaiden Whunm 15 - 60 wii

1.2.5 ﬁaiﬁﬁmdmﬁuﬁqmngﬁﬁm 14&31A protein precipitation solution 131103
200 TuTnsans eanaznouTusiu 1111 vortex ifunan 20 Suni

126 tudetsuiuiadiun 5 wii inmfmmum%mﬁﬂmm%‘a 13,000 59U
aoui ri‘lunm 3w ﬂﬂmuwiﬂaanmuawu1"[1quunmumnma

1.2.7 maum“ﬂulumumﬂummmm 920107206198911 micro centnfuge naon
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et A =4 ’ = a A Yt @
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@ 2 as o A d ] o d
M&NA15U89 DNA replication Fuflumsdunsiziaivddueainini minfivueduuuy lay
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1 4
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1.4 msﬁﬂﬁ'ﬁna"maﬁmmu’%qnéqa%u
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M3 8 At lFdmsunageuminguansmualiuuuky TLC

Table 8. Indicates typical TLC stains and the corresponding functional groups.

TLC stains Target compounds Color spots
Ninhydrin Amine and Amino acid Purple or brown
Vanillin Terpene and Terpenoid Brown
Wagner Alkaloids Red brown

4 $ ° o [ o
@379 9 52UV mobile phase Y83 HPLC N¥dmiuuonesnlsznouvesarsana

Table 9. Mobile phase of HPLC for separated crude extract.

Time (min) % water % Acetonitrile
0.0 10.0 90.0
30.0 0.0 100.0
40.0 0.0 100.0
45.0 10.0 90.0

50.0 10.0 90.0
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Table 10. Numbers of marine bacteria identified based on their 16S rDNA nucleotides
sequences.
Identification results Number
Streptomyces sp. 15
Prauseria sp. 1
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Table 12. Numbers of crude extracts from marine derived actinomycetes tested compared with

numbers of active crude extracts exhibited antimicrobial activity.

Numbers of crude Numbers of active

extracts tested crude extracts
Streptomyces - 60 37 (61%)
Unidentified 136 75 (55%)

Total 196 112 (57%)
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Table 13. Numbers of antimicrobial crude extracts from actinomycetes cultivated in media A,

B,CandD.
media Numbers of antimicrobial crude extracts
BS SA EF ST ss PA CA
A 23 8 16 0 0 0 12
B 13 3 5 0 0 0 20
C 11 3 3 0 0 0 20
D 10 1 5 0 0 0 19
BS; Bacillus subtilis, SA; Staphylococus aureus, EF; Enterococcus faecalis, SS; Shigella sonnei,
ST, Salmonella Typhimurium , PA; Pseudémonas aeruginosa, CA; Candida albicans
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alkaloid Auona13 18910 Micromonospora @0Rug DPI12 wu'i1msﬁaﬂdnﬁqw§'5ugm§a
uuaRssunsuuan Tasiiar MiC midu 3TulasnsuAeliaadns (Charan et al, 2004)
helquinoline flf]ﬂ‘g(ﬁ‘ljg\i mm?mmmvffya Bacillus subtilis, Streptomyces viridochromogenase TU
57, Staphylococcus aureus lmvlllllﬂ‘ﬂﬁtl‘lj 83 Escherichia coli, Candzda albicans \Q% Mucor
miehei nnm'lunqwﬂumi U]J{N namm ‘IU’CT'IU‘W‘Nﬁ Chlorella vulgaris, Chlorella sorokiniana
W3 Scenedesmus subspicatus 9nA78 (Ratnakar et al., 2004) frigocyclinone mwﬂ"lmnn
Streptomyces griseus @WNUE NTK 97 MNMINATEVANT NNTINIMYBII1SAINA1IND

A’N 5 o [
gNIiuHTIN15193 YUUANTELNINLIN (Bruntner et al., 2005)
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A 31 TasunTaunsuves TLC ¥iia normal phase (3 mobile phase 1311 9:1 DCM:MeOH)

Figure 31.

vosasafanefinunguasieiiv uagnsasziliTu 1InmInAdouRy Ninhydrin
(1) CNA069B, (2) CNAO074D, (3) CNAO75B, (4) CNAO76B, (5) CNAO77A,
(6) CNAO78A, (7) CNAO78B, (8) CNAO79B, (9) CNAO079C, (10) CNAO79D,
(11) CNAO8OA, (12) CNA093C, (13) CNA093D, (14) CNA097C, (15) CNAOITD,
(16) CNA099C, (17) CNAL100A, (18) CNA103D tag (19) CNA146 A

Normal phase TLC chromatogram of crude extract presented amine and amino acid
after visualization using Ninhydin reagent.

(1) CNAO69B, (2) CNA074D, (3) CNAO75B, (4) CNAO076B, (5) CNAO77A,
(6) CNAO78A, (7) CNAO78B, (8) CNAO79B, (9) CNA079C, (10) CNAO79D,
(11) CNAO086D, (12) CNA093C, (13) CNA093D, (14) CNA097C, (15) CNAO97D,
(16) CNA099C, (17) CNA100A, (18) CNA103D and (19) CNA146 A
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E3et Fl4= 2 SEEuG 7SR 1O

mwﬁ 32 Tasu launsuved TLC ¥1i@ normal phase (1) mobile phase W o:1 DCM:MeOH)
'uaam'sﬁﬁﬂﬁmuﬁwuntjnmima{ﬁu HATINDIAUBLA 1INNITNATDUAVAS
Vanillin
(1) CNA069B, (2) CNA074D, (3) CNAO75B, (4) CNAO76B, (5) CNAOTTA,
(6) CNAO78A, (7) CNAO78B, (8) CNAO79B, (9) CNA079C, (10) CNAO79D,
(11) CNAO8OA, (12) CNA093C, (13) CNA093D, (14) CNA097C, (15) CNAO97D,
(16) CNA099C, (17) CNA100A, (18) CNA103D g (19) CNA146 A

Figure 32. Normal phase TLC chromatogram of crude extract presented terpene and terpenoid
after visualization using Vanillin reagent.
(1) CNA069B, (2) CNAO074D, (3) CNAO75B, (4) CNAO76B, (5) CNAO77A,
(6) CNAO78A, (7) CNAO78B, (8) CNAO79B, (9) CNA079C, (10) CNAO79D,
(11) CNA086D, (12) CNA093C, (13) CNA093D, (14) CNA097C, (15) CNA0O97D,
(16) CNA099C, (17) CNA100A, (18) CNA103D and (19) CNA146 A
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mwﬁ 33 Tasulaunsuues TLC ¥UA normal phase (11 mobile phase i 9:1 DCM:MeOH)
YOIAISARANIUTNUNGUENTUDANIABYA 1INMTNATOUAYMT  Wagner's
reagent
(1) CNAO69B, (2) CNAO75B, (3) CNAOSOA, (4) CNAOS3A, (5) CNAQ99C,
(6) CNAL00 A, (7) CNA103D g (8) CNA146A

Figure 33. Normal phase TLC chromatogram of crude extract presented alkaloid after
visualization using Wagner’s reagent.
(1) CNA069B, (2) CNAO075B, (3) CNAOSOA, (4) CNAOS3A, (5) CNA099C,

(6) CNA100 A, (7) CNA103D and (8) CNA146A
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Table 15.  Classification of crude extracts from marine derived actinomycetes based on diode

array spectrum.
Group 1 2 3 4 5
Samples CNAO053B CNAO77A CNAO76B CNAO99C  CNAO093C
CNAQ74D CNAO79D CNAO086D CNAI103D CNAO093D
CNAO79B CNAO78B CNAO097C CNA146A
CNAO83A CNAO78A CNAO097D
CNAO79C
CNAO75B
Group 6 7 8 9
Samples CNAOSOA CNAO06SB CNAO099D CNA100A
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Figure 34. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNAO83A,

chromatograms of group 1.

Nalanousdailnasuveiasanane1y CNAOS3A

Diode array spectrum of crude extract CNAO83A.
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Figure 36. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNAO78A,

chromatograms of group 2.
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Figure 37. Diode array spectrum of crude extract CNAO78A.
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Figure 38. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNA097C,

chromatograms of group 3.
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Figure 39. Diode array spectrum of crude extract CNA097C.
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Figure 40. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNA146A,

chromatograms of group 4.
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Figure 41. Diode array spectrum of crude extract CNA146A.
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Figure 42. HPLC chromatogram analyses at 210 nm of 3 mg/ml crude extract CNA093D,

chromatograms of group 5.
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Figure 43. Diode array spectrum of crude extract CNA093D.
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Figure 44. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNAO8OA,
chromatograms of group 6.
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Figure 45. Diode array spectrum of crude extract CNAO8OA.
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Figure 46. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNA096B,

chromatograms of group 7.

2

i 47 laTeapusdannniuvesmsananeiy CNA06IB

Figure 47. Diode array spectrum of crude extract CNA069B.
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Figure 48. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNA099D,

chromatograms of group 8.
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Figure 49. Diode array spectrum of crude extract CNA099D.
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':‘-Figure 50. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNA100A,

chromatograms of group 9.
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Figuré 51. Diode array spectrum of crude extract CNA101A.
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NMANUIN A

< »
HamIMATeUgNEHUTInIsIyvesmsaianguInueAfluluam

M1 16 ﬁﬁﬁﬁﬂﬁﬂmn#ﬁﬁ&iﬂﬁliﬁiy B. subtilis, Staphylococcus aureus, E. faecalis,
Shigella sonnei, Salmonella Typhimurium, P. aeruginosa Wae C. albicans ﬁmm
Wuduvesmsana 150 pg/ml

Table 16. Crude extracts inhibition against B. subtilis, Staphylococcus aureus, E. faecalis,
Shigella sonnei, Salmonella Typhimurium, P. aeruginos and C. albicans at crude

extract concentration 150 pg/ml.

Crude Antibacterial Activities
No.
extracts BS SA EF ST SS PA CA

1 CNAO35SA - - - - - - .
2 CNAO35B - - - - - - .
3 CNA035C - - - i} - N i
4  CNA035D - - . - . . i
5  CNAOS3A - - - - - - -
6 CNAOS3B + - . - - - +
7  CNA053C - - - - - - .
8  CNAO05S3D - - - - . . +
9  CNAOSS A - - - . . i i
10 CNAOSSB + - - . . i N
11 CNAO55C - - - . . . i
12 CNAO55D - - - . - . i
13 CNAOS6 A - - - - - - .
14 CNAO56B - - - . . . i
15 CNA056C - - - . - . i
16 CNA056D - - - ] - ] i
17 CNAO057 A - - - . . . i
18 CNAOS7B - - - - - - .
19 CNA057C - - - - - - .
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Table 16. (Continue)

Crude Antibacterial Activities
No.
extracts BS SA EF ST SS PA CA
20 CNAO057D - - - - - . .
21 CNAO058 A - - - ,
22 CNAOS8B - - - .
23 CNA058C - - - -
24 CNAO5S8D - - - .
25 CNAO0S9 A - - - -
26 CNA059B + - - .
27 CNA059C - - - N
28 CNAO059 D - . . ]
29 CNA060 A - - - .
30 CNAO60B - - - .
31 CNA060C - - - .
32 CNA060D - - - .
33 CNA061 A - - - .
34 CNAO61B - - - .
35 CNA061C - - - .
36 CNA061D - - - .
37 CNA062 A - - - .
38 CNA062B - - - .
39 CNA062C - - - ]
40 CNA062D - - - .
41 CNAO063 A + - - -
42 CNA063B + + o+ -
43 CNA063C - - - -
44 CNAO63D - - - ]
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Table 16. (Continue)
Crude Antibacterial Activities
No.
extracts BS SA EF ST SS PA CA

45 CNA064 A - - - - - - +
46 CNA064 B - - - - - - +
47 CNA064C - - - - - - +
48 CNA064 D - - - - - - -
49 CNAO65 A - - - - - - -
50 CNA065B - - - - - - +
51 CNA065C - - - - - - +
52 CNA065D - - - - - - +
53 CNAO66 A - - - - - - +
54 CNAO066 B - - - - - - +
55 CNA066 C - - - - - - +
56 CNA066 D - - - - - - -
57 CNAO067 A - - - - - - -
58 CNAO67B - - - - - - -
59 CNA067C - - - - - - -
60 CNAO67D - - - - - - -
61 CNAO68 A - - - - - - -
62 CNAO68B - - - - - - +
63 CNA068 C - - - - - - +
64 CNAO68 D - - - - - - -
65 CNAO69 A - - + - - - -
66 CNAO69 B - - - - - - +
67 CNAO069C - - - - - - -
68 CNA069 D - - - - - - -
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Table 16. (Continue)

Crude Antibacterial Activities
N cxtacts BS SA EF ST sS
69 CNAO70 A + + + - -
70 CNAO70B - - - - -
71 CNAO70C - - - - -
72 CNAO70D - - - - -
73 CNAO71 A - - + - -
74 CNAO71B - - - - -

75 CNAO071C + - - - -

76 CNAO71D - - - - -
77 CNA072 A - - - - -
78 CNAO072B + + + - -
79 CNAO072C - - - - -
80 CNA072D - - + - -
81 CNAOT3A - - + - -
82 CNAO73B - - - - -

83 CNAOT3C  + - - - -
84 CNAOT3SD - - - - -
85 CNAOT4A - - + - .
86 CNAOMB  + - - . -
87 CNAOAC  + - - . -
88 CNA04D - - + - -
89 CNAOT5A - - - - -
90 CNAO7SB  + - - . -
91 CNAO75C  + - - . -
92 CNAOTSD  + - - - -
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Table 16. (Continue)

Crude Antibacterial Activities
No.
extracts BS SA EF ST SS

93 CNAO76 A + + + - -
94 CNAO76B - + + - -
95 CNA076 C + + + - -
96 CNAO76D - - + - -
97 CNAO77A + + - - -

98 CNAQO77B + - - - -
99 CNAQ77C + + - - -
100 CNAO077D + - - - -

101 CNAO78 A + + + - -
102 CNA078B + - + - -
103 CNA078C - - + - -

104 CNAO78D - - - - -
105 CNAO79 A + + + - -
106 CNAO79B + - - - -

107 CNA079C + + + - -
108 CNAO079D + - + - -
109 CNAO80 A + + + - -
110 CNAO80B + - + - -

111 CNAO80 C + - - - -
112 CNAO0O80D - - + - -
113 CNAO83 A + + + - -
114 CNAO83B - - - - -
115 CNA083C - - - - -
116 CNAO0O83ID + - - - -
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Table 16. (Continue)

No.

Crude

extracts

117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

CNA086 A
CNA086 B
CNA086 C
CNA086 D
CNA088 A
CNA088 B
CNA088 C
CNA088 D
CNA089 A
CNA089 B
CNA089 C
CNA089 D
CNA090 A
CNA090 B
CNA090 C
CNA090 D
CNA091 A
CNA091 B
CNA091 C
CNA091 D
CNA092 A
CNA092 B
CNA092C
CNA092D

Antibacterial Activities
EF ST SS
+ - -

Foo
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Table 16. (Continue)

Crude Antibacterial Activities

extracts BS SA EF ST SS

141 CNA093 A + - - - -
142 CNA093 B - - - - -
143 CNA093 C - - - - -
144 CNA093D - - - - -
145 CNA095 A + - + . .
146 CNA095B - - - - -
147 CNA095C - - - - -
148 CNA095D + - - - .
149 CNA097 A + - + - -
150 CNA097 B - - - - -
151 CNA097C - - - - .
152 CNA097 D + - - - .
153 CNA098 A + - - - -
154 CNAO098 B - - - - -
155 CNA098 C - - - - -
156 CNA098 D + - - - -
157 CNA099 A + - - - .
158 CNA099 B - - - - .
159 CNA099C - - - - -
160 CNA099 D - - - - -
161 CNAI00 A + -+ - .
162 CNAI100B - - - - -
163 CNA100C - - - - -
164 CNA100D + - - - .
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Table 16. (Continue)
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Antibacterial Activities

Crude
No.
extracts BS SA EF ST SS PA CA

165 CNAI101 A + - + - - - -
166 CNA101B - - - - - - -
167 CNAI101C - - - - - - -
168 CNAI101D + - - - - - -
169 CNAl102 A + - + - - - -
170 CNA102B + - - - - - -
171 CNA102C - - - - - - -
172 CNA102D + - - - - - -
173 CNAIO03 A + - + - - - -
174 CNAI03B - - - - - - -
175 CNA103C + - - - - - -
176 CNA103D - + - - - - -
177 CNAI104 A + - + - - - -
178 CNAI104B + - - - - - -
179 CNAl104C + - - - - - -
180 CNAI104D - - - - - - -
181 CNAIl1ZA + - + - - - -
182 CNAIl112B - - - - - - -
183 CNAll12C - - - - - - -
184 CNAIl112D - - - - - - -
185 CNAl13 A - - - - - - -
186 CNAI113B - - - - - - -
187 CNA113C - - - - - - -
188 CNA1l13D + - - - - - -
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No.

Crude

Antibacterial Activities

extracts

BS

SA EF ST SS

PA CA

189
190
191
192
193
194
195
196

CNA145 A
CNAl45B
CNA145C
CNA145D
CNAl46 A
CNA146 B
CNAl46 C
CNA146 D

BS; Bacillus subtilis, SA; Staphylococus aureus, EF; Enterococcus faecalis, SS; Shigella sonnei,

ST; Salmonella Typhimurium , PA; Pseudomonas aeruginosa, CA; Candida albicans
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AN 17 fhn'nuu’fm’iuﬁ"hqmmmsﬂﬁ’ﬁﬁﬁqnfﬁng@nmﬂ?m B. subtilis, Staphylococcus
aureus, E. faecalis, Shigella sonnei, Salmonella Typhimurium, P. aeruginosa L0
C albicans RS uduvesasana 150 pg/ml

Table 17. Minimum inhibitory concentration of crude extract against B. subtilis, Staphylococcus
aureus, E. faecalis, Shigella sonnei, Salmonella Typhimurium, P. aeruginosa and

C. albicans at crude extract concentration 150 pg/ml.

Crude Microorganism

No.

extracts BS SA EF ST SS PA CA
1 CNAO53B  4.69 - - - - - 150
2 CNAO53 D - - - - - - 150
3 CNAO55 B 18.75 - - - - - 150
4 CNAO58B - - - - - - 150
5 CNAOS8 C - Co- - - - - 150
6 CNAOS9 B 150 - - - - - 150
7 CNAO059 C - - - - - - 150
8 CNA0O60 B - - - - - - 150
9 CNA060 C - - - - - - 150
10 CNAO60D - - - - - - 150
11 CNAO61B - - - - - - 150
12 CNAO061C - - - - - - 150
13 CNAO61D - - - - - - 150
14 CNAO062B - 150 - - - - 75
15 CNAO63 A 75 - 150 - - - -
16 CNAO63B 18.75 - 150 - - - -
17 CNAO064 A - - - - - - 75
18 CNAO64 B - - - - - - 75
19 CNAO64C - - - - - - 75
20 CNAO65B - - - - - - 150
21 CNA065C - - - - . - 150
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Table 17. (Continue)

Crude Microorganism

No.
extracts BS SA EF ST SS PA CA
22 CNAO065D - - - - - - 150
23 CNAO66 A - - - - - - 150
24 CANO066 B - - - - - - 150
25 CNA066 C - - - - - - 150
26 CNAO068 B - - - - - - 75
27 CNA068C - - - - - - 75
28 CNAO69 B - - - - - - 150
29 CNAO70A 150 150 150 - - - 150
30 CNAO70B - - - - - - 150
31 CNAO70D - - - - - - 150
32 CNAO71A - - 150 - - - 150

33 CNA071C 150 - - - - - -

34 CNAO71D - - - - - - 150
35 CNAO72A - - - - - - 150
36 CNAO72B 150 150 150 - - - 150
37 CNA072C - - - - - - 150
38 CNA072D - - 150 - - - -

39 CNAO73A - - 150 - - - 150
40 CNAO73C 150 - - - - - 150
41 CNAO74 A - - 150 - - - 150

42 CNA074B 150 - - - - - . -
43 CNA074C 150 - .- - - - -
44 CNA074D - ) - - - - - 150
45 CNAO75A - - - - - - 150
46 CNAO75B 150 - - - - - -
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A5 17  (AB)

Table 17. (Continue)

Crude Microorganism

No.
extracts BS SA EF ST SS PA CA

47 CANO075C 75 - - - - - -
48 CNAO75D 150 -

49 CNAO76 A 150 150
50 CNA0O76B - 150
51 CNA076C 150 75
52 CNAO76 D - -
53 CNAO77A 150 - 150

54 CNAOT7B 150 -
55 CNAOTIC 150 150
56 CNAO7TD 150 -
57 CNAO78A 150 150
58 CNAOT8B 75 -
59 CNAO78C 150 -
60 CNAO78D - -
61 CNAOTOA 150 150
62 CNAOT9B 150 -
63 CNAOT9C 150 150
64 CNAO79D 150 -
65 CNAOSOA 150 150
66 CNAOSOB 150 -
67 CNA0SOC 150 -
68 CNA0SOD - -
69 CNAOS3A 375 150
70 CNA0S3D 150 -
71 CNAOB6A 375 -
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AN 17 (AD)

Table 17. (Continue)

Crude Microorganism

extracts BS SA EF ST SS PA CA

72 CNAO086C - -
73 CNAO086 D 150 -
74 CNAOSS A 75 -
75 CNAO88 B - -
76 CNAO89B - -
77 CNAO089C - -
78 CNAO089 D - -
79 CNAO91 B - -
80 CNAO091C - -
81 CNAO091D - -
82 CNAO092 A 150 -
83 CNAO092B - -
84 CNAO093 A 37.5 -
85 CNA093C - -
86 CNA093D - -
87 CNAO09S A 75 -
88 CNAO095D 37.5 -
89 CNAO097 A 75 -
90 CNA097C - -
91 CNA097D - -
92 CNA098 A 75 -
93 CNA098D 150 -
94 CNAO099 A 150 -
95 CNA099C - -
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Table 17. (Continue)

102

Crude Microorganism
No.
extracts BS SA EF ST SS PA CA

96 CNA099D - - - - - - -
97 CNAI100 A 37.5 - 37.5 - - - -
98 CNAIO1 A 75 - 150 - - - -
99 CNA101D 150 - - - - - 18.75
100 CNAI102 A 375 - 150 - - - 375
101 CNAI102B 150 - - - - - -
102 CNAI102D 375 - - - - - -
103 CNA103 A 75 - - - - - -
104 CNAIl03C - 150 - - - - -
105 CNAI103D 150 - 150 - - - -
106 CNA104 A 150 - - - - - -
107 CNA104 B 150 - - - - - -
108 CNA104 C 150 - - - - - -
109 CNA104D 150 - - - - - -
110 CNAlI2 A 75 - - - - - -
111 CNAl45 A 150 150 - - - - -
112 CNAl46 A 75 150 375 - - - -

BS; Bacillus subtilis, SA; Staphylococus aureus, EF; Enterococcus faecalis, SS; Shigella sonnei,

ST, Salmonella Typhimurium , PA; Pseudomonas aeruginosa, CA; Candida albicans
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A1 18 fhﬂ'nun’fn{fuéhqmmaﬁﬁﬁﬂnmnﬁﬁqnﬁqhﬁ;a B. subtilis, Staphylococcus
aureus, E. faecalis, Shigella sonnei, Salmonella Typhimurium, P. aeruginosa Wad
C. albicans TanududuGuAUYBIN 150 pg/ml |

Table 18. The MBC and MFC of crude extract against B. subtilis, Staphylococcus aureus, E.
faecalis, Shigella sonnei, Salmonella Typhimurium, P. aeruginosa and C. albicans at

crude extract concentration 150 pg/ml.

Crude Microorganism
No.
extracts B. subtilis S aureus  E.faecalis  S.thypi  S.sonmei  P.aeruginosa  C. albicans

1 CNA069 B - - - - - - 150
2 CNA074 D - - - - - - 150
3 CNAO75 B 150 - - - - - -
4 CNAO76B - - - - - 150
5 CNAO77 A - - - - ] . 150
6 CNAO7T8A - - - - - - 150
7  CNAO78B - - - - ; ; 75
8 CNA079B 150 - - - - - }
9 CNA079C 150 - - - - ; 150
10 CNAO79D 150 - - - - ; 150
11 CNAOS0 A - - - - - ; 150
12 CNAOS3 A - 150 150 - - - -
13 CNAO08S6 D - - 150 - ; . 150
14 CNA093C - - - - - - . 75
15 CNA093D - - - - - - 75
16 CNA097C - - - - - - 150
17 CNA097D - - - - - - 150
18  CNA099 C - - - - - - 150
19 CNA099D - - - - - - 150
20 CNAI100 A - - 150 - - - .
21 CNA103D - 150 - - - - -
22 CNAl46 A - 150 - - - - -

BS; Bacillus subtilis, SA; Staphylococus auieus, EF; Enterococcus faecalis, SS; Shigella sonnei,

ST; Salmonella Typhimurium , PA; Pseudomonas aeruginosa, CA; Candida albicans
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Figure 52. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNAO53B,

chromatograms of group 1.
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Figure 53. Diode array spectrum of crude extract CNAO53B.
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Figure 54. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNA074D,

chromatograms of group 1.
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Figure 55. Diode array spectrum of crude extract CNAO074D.
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Figure 56. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNAO079B,

chromatograms of group 1.
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Figure 57. Diode array spectrum of crude extract CNAO79B.
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Figure 58. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNAO83A,

chromatograms of group 1.
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Figure 59. Diode array spectrum of crude extract CNAOS3A.
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Figure 60. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNAO77A,

chromatograms of group 2.
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Figure 61. Diode array spectrum of crude extract CNAO77A.
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Figure 62. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNAOT8A,

chromatograms of group 2.
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Figure 63. Diode array spectrum of crude extract CNAO78A.



110

mAU |
2000
1500 - i
o
1000 ©
’.‘
500" :-'
04 s ' ey
, : ALY PRty
0 2 } 20 Wi
A 64 Tasun TaunsuanmsinsIe HPLC innuenaay 210 Wi luwas
YDIMTANANYIL CNAOTSB AMUIGUTY 3 mg/ml luarsngu 2
Figure 64. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNA078B,
chromatograms of group 2.
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Figure 65. Diode array spectrum of crude extract CNA078B.
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Figure 66. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNA079C,

chromatograms of group 2.
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Figure 67. Diode array spectrum of crude extract CNAO79C.
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Figure 68. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNAOQO79D,

chromatograms of group 2.
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Figure 69. Diode array spectrum of crude extract CNA079D.
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Figure 70. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNAO075B,

chromatograms of group 2.
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Figure 71. Diode array spectrum of crude extract CNAO75B.
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Figure 72. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNAO76B,

chromatograms of group 3.
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Figure 73. Diode array spectrum of crude extract CNAO76B.
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Figure 74. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNAO086D,

chromatograms of group 3.
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Figure 75. Diode array spectrum of crude extract CNA086D.
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Figure 76. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNA097C,

chromatograms of group 3.
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Figure 77. Diode array spectrum of crude extract CNA097C.
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Figure 78. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNA097D,

chromatograms of group 3.
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Figure 79. Diode array spectrum of crude extract CNA097D.
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Figure 80. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNAO099C,

chromatograms of group 4.
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Figure 81. Diode array spectrum of crude extract CNA099C.
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Figure 82. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNA103D,

chromatograms of group 4.
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Figure 83. Diode array spectrum of crude extract CNA103D.
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Figure 84. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNA146A,
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Figure 85. Diode array spectrum of crude extract CNA146A.
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Figure 86. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNA093C,

chromatograms of group 5.
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Figure 87. Diode array spectrum of crude extract CNA093C.
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Figure 88. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNA093D,

chromatograms of group 5.
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Figure 89. Diode array spectrum of crude extract CNAO093D.
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Figure 90. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNAOSOA,

chromatograms of group 6.
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Figure 91. Diode array spectrum of crude extract CNAO8OA.
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Figure 92. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNAO096B,

chromatograms of group 7.
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Figure 93. Diode array spectrum of crude extract CNAO69B.




125

278320

P e e K

) 20.488 >

+2.80%3
}22.345 W

B 25 REE

-4

L=}
S
=]
8
&
8
3
=

3 = 4 4
o4 TasinTaunsuvesmsingizd HPLC inanuenandu 210 1 Tuwms
¥9IM3ARANEIY CNA099D ANUITUTY 3 mg/ml Tumsngu 8

Figure 94. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNAO99D,

chromatograms of group 8.
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Figure 95. Diode array spectrum of crude extract CNA099D.



126

mAU - 2
1500
1000 - &R e
_ o' : g
500 g9 8
3 QO N ~ [y
1 N N N m SR
04— e p—t o g —
R T, AT G T T T T I T ¥ I N A T ' . _T-_“Tﬁ*-"TH"* o e
0 L kbl 20 e e PVl 0 min

4 a o - 4
A 96 Insu Taunsuweanisinsizd HPLC 1anuenanau 210 wiluwas
YOITTARANETY CNAO100A ANMTUYY 3 mg/ml luasngu 9

Figure 96. Chromatogram of HPLC analysis at 210 nm of 3 mg/ml crude extract CNA100A,

chromatograms of group 9.
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Figure 97. Diode array spectrum of crude extract CNA100A



MANUIN D
SO VIVaVLIEH 16S rDNA

#290719 CNAO03S

Naﬂmﬁﬂmﬁmawﬁuﬁ Prauseria sp. TUT1202 (816/821, 99%)

GGAGGGGAGCTACCTGCAGTCGAGCGGTAGGCCCTTCGGGGTACACGAGCGGCGAAC
GGGTGAGTAACACGTGAGCAACCTGCCCCTGACTCTGGGATAAGCGGTGGAAACGCC
GTCTAATACCGGATACGACCTTCCGCCTCATGGTGGAGGGTGGAAAGTTTTTTCGGTC
AGGGATGGGCTCGCGGCCTATCAGCTTGTTGGTGGGGTAACGGCCTACCAAGGCGAT
TACGGGTAGCCGGCCTGAGAGGGCGAC CGGCCACAC-TGGGACTGAGACAC GGCCCA
GACTCCTGCGGGAGGCAGCAGTGGGGAATATTGCGCAATGGGCGAAAGCCTGACGCA
GCGACGCCGCGTGGGGGATGACGGCCTTCGGGTTGTAAACCTCTTTTACCACCAACGC
AGGCTCCGGGTTTTCTCGGGGTTGACGGTAGGTGGGGAATAAGGACCGGCTAACTAC
GTGCCAGCAGCCGCGGTAATACGTAGGGTCCGAGCGTTGTCCGGAATTATTGGGCGT
AAAGAGCTCGTAGGCGGCGTGTCGCGTCTGCTGTGAAAGACCGGGGCTTAACTCCGG
TTCTGCAGTGGATACGGGCATGCTAGAGGTAGGTAGGGGAGACTGGAATTCCTGGTG
TAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGGTCTCTGG
GCCTTACCTGACGCTGAGGAGCGAAAGCATGGGGAGCGAACAGGATTAGATACCCTG
GTAGTCCATGCCGTAAACGTTGGGCGCTAGGTGTGGGGACTTTTCCACGTTTCCGCGC

CGTAGCTAAAGCATTAAGCGCCCCGCCTGGGGAGTA



128

A29819 CNA0GO

HAMSINBUIRISEOWUS Streptomyces flavofungini (832/838, 99%)

GGCAGGGGGCTTACCTGCAGTCGACGATGAACCGCTTTCGGGCGGGGATTAGTGGCG
AACGGGTCACTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCTGGAAAC
GGGGTCTAATACCGGATATGACTGTCCATCGCATGGTGGATGGTGTAAAGCTCCGGC
GGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAGTGGCTCACCAAGG
CGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGG
CCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGA
TGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGG
GAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGC
AGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCT
CGTAGGCGGCTTGTCACGTCGGTTGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCAGT
CGATACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGA
AATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACT
GACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCA
CGCCGTAAACGGTGGGCACTAGGTGTGGGCAACATTCCCCGTTGTCCGTGCCGCAGCT
AACGCATTAAGTGCCCCGCCTGGGGAGTACCGCCGCAAGGCTAA




129

290719 CNA063

WM IINoULALIE w‘ﬁuf Streptomyces parvulus (828/829, 99%)

CCCAAAANNNNGGCAGGGGCTACCTGCAGTCGAAGATGAACCACTTCGGTGGGGATT
AGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCC
TGGAAACGGGGTCTAATACCGGATACTGACCTTCACGGGCATCTGTGAAGGTCGAAA
GCTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAATGGCT
CACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTG
AGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCG
AAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCT
TTCAGCAGGGAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTA
CGTGCCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCG
TAAAGAGCTCGTAGGCGGCTTGTCACGTCGGTTGTGAAAGCCCGGGGCTTAACCCCG
GGTCTGCAGTCGATACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGT
GTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTG
GGCCGATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCC
TGGTAGTCCACGCCGTAAACGGTGGGCACTAGGTGTGGGCAACATTCCACGTTGTCC
GTGCCGCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAA

CTCA
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#20819 CNA065
Nanmﬁumﬁuqmuﬁuf Streptomyces champavatii isolate XSD-106 (843/845, 99%)

GGGGATGCGGGGCTTACCATGCAAGTCGAACGATGAACCGCTTTCGGGCGGGGATTA
GTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCT
GGAAACGGGGTCTAATACCGGATATGACTGTCCATCGCATGGTGGATGGTGTAAAGC
TCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAGTGGCTCA
CCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAG
ACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAA
AGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTC
AGCAGGGAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGT
GCCAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAA
AGAGCTCGTAGGCGGCTTGTCACGTCGGTTGTGAAAGCCCGGGGCTTAACCCCGGGT
CTGCAGTCGATACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTA
GCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGG
CCGATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTG
GTAGTCCACGCCGTANACGGTGGGCACTAGGTGTGGGCAACATTCCACGTTGTCCGT
GCCGCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACT

CNAAG
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A79819 CNAO71

HAASIALLIRLIAUNUT Streptomyces flavofungini (833/840, 99%)

CCCAGGCGGGGTCTACACATGCANTCGAACGATGAACCGCTTTCGGGCGGGGATTAG
TGGCGAACGGGTCAGTACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCTGG
AAACGGGGTCTAATACCGGATATGACTGTCCATCGCATGGTGGATGGTGTAAAGCTC
CGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAGTGGCTCACC
AAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGAC
ACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAG
CCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAG
CAGGGAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGC
CAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAG
AGCTCGTAGGCGGCTTGTCACGTCGGTTGTGAAAGCCCGGGGCTTAACCCCGGGTCTG
CAGTCGATACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCG
GTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCG
ATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTA
GTCCACGCCGTANACGGTGGGCACTAGGTGTGGGCAACATTCCACGTTGTCCGTGCC
GCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGNCAAGCTAAAACTCAA
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#1981 CNAO76

HaMSINULIRBITINUT Streptomyces sp. 6GA9 (834/838, 99%)

GGGGTGGGGCTACCTGCAGTCGAAGATGAACCACTTCGGTGGGGATTAGTGGCGAAC
GGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCTGGAAACGGG
GTCTAATACCGGATACTGATCCTCGCAGGCATCTGCGAGGTTCGAAAGCTCCGGCGGT
GCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAACGGCTCACCAAGGCGA
CGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCC
AGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGC
AGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGAA
GAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGC
CGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGT
AGGCGGCTTGTCACGTCGGTTGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCAGTCG
ATACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAA
TGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGA
CGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGC
CGTANACGGTGGGCACTAGGTGTGGGCAACATTCCACGTTGTCCGTGCCGCAGCTAA
. CGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAANACTCAA
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#29019 CNAO83

wamsihouinyd wﬁuﬁ Streptomyces cacaoi subsp. (836/838, 99%)

AAAGAGGCGCGGTCTAACATGCAAGTCGAACGATGAACCGGTTTCGGCCGGGGATTA
GTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCT
GGAAACGGGGTCTAATACCGGATATGACCACCGGCCGCATGGTCTGGTGGTGGAAAG
CTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGGGGTGATGGCCT
ACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGA
GACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCA
AGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTC
AGCAGGGAAGAAGCGCAAGTGACGGTACCTGCAGAAGAAGCACCGGCTAACTACGT
GCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTGTCCGGAATTATTGGGCGTAA
AGAGCTCGTAGGCGGCCTGTCGCGTCGGATGTGAAAGCCCGGGGCTTAACCCCGGGT
CTGCATTCGATACGGGCAGGCTAGAGTTCGGCAGGGGAGATTGGAATTCCTGGTGTA
GCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGG
CCGATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTG
GTAGTCCACGCCGTANACGTTGGGCACTAGGTGTGGGCGGCATTCCACGTCGTCCGTG
CCGCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTC

A
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A78819 CNA0S6

Namsaﬁamﬁumwﬁuﬁ: Streptomyces sp. HBUM79010 (845/852, 99%)

GGTGATGCGCGGCTTACACATGCAGTCGAACGATGAACCGGTTTCGGCCGGGGATTA
GTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCT
GGAAACGGGGTCTAATACCGGATATGACCACCGGCCGCATGGTCTGGTGGTGGAAAG
CTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGGGGTGATGGCCT
ACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGA
GACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCA
AGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTC
AGCAGGGAAGAAGCGCAAGTGACGGTACCTGCAGAAGAAGCACCGGCTAACTACGT
GCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTGTCCGGAATTATTGGGCGTAA
AGAGCTCGTAGGCGGCCTGTCGCGTCGGATGTGAAAGCCCGGGGCTTAACCCCGGGT
CTGCATTCGATACGGGCAGGCTAGAGTTCGGCAGGGGAGATTGGAATTCCTGGTGTA
GCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGG
CCGATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTG
GTAGTCCACGCCGTAAACGTTGGGCACTAGGTGTGGGCGGCATTCCACGTCGTCCGTG
CCGCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGNCAGGCTAANACTC

A
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19819 CNA0SS

WaMSINuUIALI wﬁuﬁ: Streptomyces cacaoi subsp. (840/844, 99%)
$1uaveshuiing lond 853 bp
GGCGCGGCGGAGCTTAACATGCAAGTCGAACGATGAACCGGTTTCGGCCGGGGATTA
GTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCT
GGAAACGGGGTCTAATACCGGATATGACCACCGGCCGCATGGTCTGGTGGTGGAAAG
CTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGGGGTGATGGCCT
ACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGA
GACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCA
AGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTC
AGCAGGGAAGAAGCGCAAGTGACGGTACCTGCAGAAGAAGCACCGGCTAACTACGT
GCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTGTCCGGAATTATTGGGCGTAA
AGAGCTCGTAGGCGGCCTGTCGCGTCGGATGTGAAAGCCCGGGGCTTAACCCCGGGT
CTGCATTCGATACGGGCAGGCTAGAGTTCGGCAGGGGAGATTGGAATTCCTGGTGTA
GCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGG
CCGATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTG
GTAGTCCACGCCGTAAACGTTGGGCACTAGGTGTGGGCGGCATTCCACGTCGTCCGTG
CCGCAGCTAACGCATTAAGTGCCCCGCCTGGNGAGTACGGCCGCAAGGCTAAAACTC
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A198819 CNA091
HAMSITOUIRBIONUE Streptomyces sp. HBUM79010 (840/844, 99%)

GGAGATGGGCGGCTTACCATGCAAGTCGAACGATGAACCGGTTTCGGCCGGGGATTA
GTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCT
GGAAACGGGGTCTAATACCGGATATGACCACCGGCCGCATGGTCTGGTGGTGGAAAG
CTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGGGGTGATGGCCT
ACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGA
GACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCA
AGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTC
AGCAGGGAAGAAGCGCAAGTGACGGTACCTGCAGAAGAAGCACCGGCTAACTACGT
GCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTGTCCGGAATTATTGGGCGTAA
AGAGCTCGTAGGCGGCCTGTCGCGTCGGATGTGAAAGCCCGGGGCTTAACCCCGGGT
CTGCATTCGATACGGGCAGGCTAGAGTTCGGCAGGGGAGATTGGAATTCCTGGTGTA
GCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGG
CCGATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTG
GTAGTCCACGCCGTANACGTTGGGCACTAGGTGTGGGCGGCATTCCACGTCGTCCGTG
CCGCAGCTAACGCATTAAGTGCCCCGCCTGGNGAGTACGGCCGCAAGGCTAAAACTC

AA
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708719 CNA098
HaMSRBLIABIOONUT Streptomyces sp. HBUMT79010 (844/849, 99%)

CCGATGCGCGGCTTACCATGCAAGTCGAACGATGAACCGGTTTCGGCCGGGGATTAG
TGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCTG
GAAACGGGGTCTAATACCGGATATGACCACCGGCCGCATGGTCTGGTGGTGGAAAGC
TCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGGGGTGATGGCCTA
CCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAG
ACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAA
GCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCA
GCAGGGAAGAAGCGCAAGTGACGGTACCTGCAGAAGAAGCACCGGCTAACTACGTG
CCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTGTCCGGAATTATTGGGCGTAAA
GAGCTCGTAGGCGGCCTGTCGCGTCGGATGTGAAAGCCCGGGGCTTAACCCCGGGTC
TGCATTCGATACGGGCAGGCTAGAGTTCGGCAGGGGAGATTGGAATTCCTGGTGTAG
CGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCC
GATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGT
AGTCCAC GCCGTAAACGTTGGGCACTAGGTGTGGGCGGCATTCCACGTCGTCCGTGCC
GCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGNCAGGCTAAAACTCA
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#70819 CNA099
HOMSIROVIRBIOWUT Streptomyces sp. HBUMT79010 (831/835, 99%)

AAAGATGGAGGGTAACGTGCAGTGAACGATGAACCGGTTTCGGCCGGGGATTAGTGG
CGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCTGGAA
ACGGGGTCTAATACCGGATATGACCACCGGCCGCATGGTCTGGTGGTGGAAAGCTCC
GGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGGGGTGATGGCCTACCA
AGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACA
CGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCC
TGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGC
AGGGAAGAAGCGCAAGTGACGGTACCTGCAGAAGAAGCACCGGCTAACTACGTGCC
AGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGA
GCTCGTAGGCGGCCTGTCGCGTCGGATGTGAAAGCCCGGGGCTTAACCCCGGGTCTG
CATTCGATACGGGCAGGCTAGAGTTCGGCAGGGGAGATTGGAATTCCTGGTGTAGCG
GTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCG
ATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTA
GTCCACGCCGTANACGTTGGGCACTAGGTGTGGGCGGCATTCCACGTCGTCCGTGCCG
CAGCTAACGCATTAAGTGCCCCGCCTGGNGAGTACGGCCGCAAGGCTAAAACTCAA
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79613 CNA100
WamsIouIRoe wﬁ'uf Streptomyces sp. HBUM79010 (839/846, 99%)

GGCGATGCGGAGCTTACCATGCAAGTCGAACGATGAAC CGGTTTCGGCCGGGGATTA
GTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCC CTGCACTCTGGGACAAGCCCT
GGAAACGGGGTCTAATACCGGATATGACCACCGGCCGCATGGTCTGGTGGTGGAAAG
CTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGGGGTGATGGCCT
ACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGA
GACAC GGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCA
AGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTC
AGCAGGGAAGAAGCGCAAGTGACGGTACCTGCAGAAGAAGCACCGGCTAACTACGT
GCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTGTC CGGAATTATTGGGCGTAA
AGAGCTCGTAGGCGGCCTGTCGCGTCGGATGTGAAAGCCCGGGGCTTAACCCCGGGT
CTGCATTCGATACGGGCAGGCT. AGAGTTCGGCAGGGGAGATTGGAATTCCTGGTGTA
GCGGTGAAATGCGCAGATATCAGGAGGAACAC CGGTGGCGAAGGCGGATCTCTGGG
CCGATACT GACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTG
GTAGTCCACGCCGTANACGTTGGGCACTAGGTGTGGGCGGCATTCCACGTCGTCCGTG
CCGCAGC TAACGCATTAAGTGCCCGCCTGGGGAGTACGGCCCGCAGGCTAAAACTCA
AAG
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119819 CNA102

HAMTINOURVITOWUT  Streptomyces sp. A00108 (835/837, 99%)

GGTGAGCGCGCTACCTGCAGTCGAAGATGAACCACTTCGGTGGGGATTAGTGGCGAA
CGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCTGGAAACGG
GGTCTAATACCGGATATTGACCTTCACGGGCATCTGTGAGGTTCGAAAGCTCCGGCGG
TGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAATGGCTCACCAAGGCG
ACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCC
CAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATG
CAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGA
AGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAG
CCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCG
TAGGCGGCTTGTCACGTCGGTTGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCAGTCG
ATACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAA
TGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGA
CGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGC
CGTAAACGGTGGGCACTAGGTGTGGGCAACATTCCACGTTGTCCGTGCCGCAGCTAA
CGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAA
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#7009 CNA104
HONSIRELIREIOWUS Streptomyces sp. A00108 (833/838, 99%)

AAGATGGGGCTACCTGCAGTCGAAGATGACCACTTCGGTGGGGATTAGTGGCGAACG
GGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCTGGAAACGGGG
TCTAATACCGGATATTGACCTTCACGGGCATCTGTGAGGTTCGAAAGCTCCGGCGGTG
CAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAATGGCTCACCAAGGCGAC
GACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCA
GACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGCA
GCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGAAG
AAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCC
GCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTA
GGCGGCTTGTCACGTCGGTTGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCAGTCGAT
ACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATG
CGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGACG
CTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCG
TANACGGTGGGCACTAGGTGTGGGCAACATTCCACGTTGTCCGTGCCGCAGCTAACG
CATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAANACTCAAAG
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A1D8719 CNA112

HOMSIAUUIALIAORUT  Streptomyces fradiae strain A160 (829/821, 99%)

AAGCGCGGGCTAACTGCAGTCAACGATGAACACCTTCGGGTGGGGATTAGTGGCGAA
CGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCTGGAAACGG
GGTCTAATACCGGATACTGACCTGCCAAGGCATCTTGGCGGGTCGAAAGCTCCGGCG
GTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAATGGCTCACCAAGGC
GACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGC
CCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGAT
GCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGG
AAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCA
GCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTC
GTAGGCGGCTTGTCGCGTCGGTTGTGAAAGCCCGGGGCTTAACCCCGGGTCTGCAGTC
GATACGGGCAGGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAA
ATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTG
ACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCAC
GCCGTAAACGGTGGGCACTAGGTGTGGGCAACATTCCACGTTGTCCGTGCCGCAGCT
AACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCA
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