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g

=

v A ] |dy <A 4 a v A 1A A Y a ] S 1 Y
Tudesa bilndesnfe  wadvesuend lusiedd iliweduidundes  wiuwea lild
4
[ 1 3 a
U32nOUAIY chitin 130 cellulose MilouAUFDT uamiluassenouBadon (polymer)
3’ a 5 @ @ J o~ .
vouthanaznsaezi Ty FendenumiasaduuafisounsuuIn (Gram positive bacteria)
(Waksman, 1967; Mendez et al., 1985)
4
1w a <3
ATl (2541) S1WNUNANHUTMTOIYVOUTOUUIMITUS (surface culture) tazlu
A o 1 @ a 4 a [
9115117 (submerge culture) NanbazANAUAD MITylUeIMITMANFAILRTYIVNY
< ' Y A A ' 1 o @ da' a ] . A A a
WunquueadulenGenin pellet UATIMTVIFOUNIUA 15U Nocardia coralline 111031y 1
A ' Y tﬂy A o < ' a ' J .
psmaInumave IveIme weoszlianyuzilugluna (rod) IMIULUTAGUDY binary
. - 4 a { a < {
fission  MAZIUUY  fragmentation — 1HOWYAMTATY  TUUWZANTOIYUUOIMITUTINT
2
daulsgnevvesermauasanuluennsmal wensauunaiudules (filamentous form)
ludnpauzhtadauiunurmiemsiy uaglimsinnga (fragmentation) voudulaiiol]
d? o @ a zﬂy [ A o =
oAy Iagia ldnuzmsnigaeuseunomisuitazianyuzvesIalativaeuny
9 1
1un
= A A = v A 9 ' Y .
1. TalaliuyuneunsoissugamenUAINTIeIMISedNad 9 @519 aerial
. a Y C% a v A d’d a . . =
mycelium ﬂﬂﬂqumwmmmﬁ (11ﬂ‘wmmﬂ@]Tummﬁmmmmﬂmzﬂz transient mycelial 3
M3193 Y09 mycelia N 1iuoU)
=} = . =\ . A AR @ Y 1 a
2. TnTafilifl substrate mycelium ¥ aerial mycelium NYANIENUDIVITAIWAIUNLAY
A A '
138N holdfast
AAA @ @ v ] @ Y . . AAw J 9
3. Tnlafiflianyagimenundonnuntie @519 aerial mycelium NHaNYAUZADUI
Tils tazdady substrate A28 substrate mycelium d15vlueMsmal Senduleivuin

J . . 9 L d . .
8111371 generative mycelium uazmuiﬂﬁag“lummim vegetative mycelium
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SAAN w

fragmentation A4V sporulation Tuwan Streptomyces spp. wimsaaadnidnyae

9
a 4 ] o 1
WAHAWANINE1IVOY  aerial  mycelium  lagsagvenelvg  uazlinisniniuEeoni
7 : " v g [
chlamydospore ) arthrospore UNNULLUIAYD 9 (single spore) wsonenuduae 1y (chain)
o l
UNIn Actinoplane armenicus ansaasnalesa 2 uvufe alesuuuil flagella 5o
o A Ayyw P s . . 2 )
Zoospore Aansamasuild uazadwatesuuy arthrospore YU aerial mycelium HINI1THI N

4 I qg./, o dgl "o Y A dy A
adosaztumuulatiuiniuediuaniminadoniioniyog
dy a v 1 a2 a . . 4 1
wouend IulesadinInallSuner guanine 1ag cytosine Tuisaauinnii 55 Turana
- A = o s =~ A 1A
WosiFud (Ruan, 1994) anaiimsANYINHUTMAASNINNEAND Streptomyces 1AW
<
Tnseadravealns Tulauduidunsa (linear chromosome) HATNYUIAYDII TUN (genome)
Uszum 7.8-8.0 wnziwa FTUTNUE guanine 1Az cytosine TUOATIGY (high G-C content)

Uszanat 70-74 Tuanawlosidua (Williams er af.,1989) Tagsia liluend Tusfodiaaziingesdin

- d‘
PNNINN 1
dispersal free spore
?;J of spores i spore germination
::3\} SI
& / growth ofthe
N substrate mycelium
g’;‘r
P
e
maturation
of spores development of the
aerial mycelium
¢
7
g/ S R
b / ) '/grcth of an apical
__f: P \ aerial hypha

sporulation-specific =~ f
septum formation (// -~ —

) coiling of apical
(C hyphaglcellp |

[

MWN 1 IYINIFINVD Strepromyces

W: Chater ef al. (1996)
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wend luteFaldnyausnudugiuInenvainnaleun diulvayassdia laeeidy

a ] [] a -4 a
poNFIY 1A UA1T01MITNMITOITIBT1TOUNT I (saprophytic) LazsOUYUKYHIUNAIS

Vo QSJ‘ a oy 1 Aa {2 1 <3
(mesophilic) wuegn luneludu 1 wazerma uawumnluauiiuarudntioesuazgan
9 a =4 a a 3 o 3 a d'd dy
lidreansdunsd Tasnuunusnuausuuuazaasivivadlusuaunanasld wenvinil
9

o a a [ A (] =X
Fany I8 luauuTnas NNy (thizosphere) 13 0uaitia TUFUAIUUVBIAUNY (endophyte) N

a v A 9 a d‘y (% a =
mmmwmmﬂﬂumcﬁﬁ%waw%uﬂmuagﬂuwmmww (Porter, 1971)

anvarMeFug I Ineveuvenondl uiada
Y
msdadmunFouend luiedaluseavana  wwldanvaznedugiuine wu
o Jd o o’/’ 9‘cu
anvazvedades anvazvoudulend substrate mycelium (@& aerial mycelium WaNINHHe
4 J v o ' ] . . . . .
I¥endsznoumaniiveaadun 1y lumssasiiun 1 ¥iiave diaminopimelic acid (DAP)
{ o J a g} J an . < .
Anfayad yHavesihmameluwad WealWalla 1az menaquinone WUAY (Yamaguchi,
1965; Yamada, 1998) aamnsniiuniangu lddeaaslumsiei 1
@ o a IS A o o Aq v o dy a v A
anvuznNdugImeudsdingnlslumstaduunrorend ludeda  laonis
[ 4 S o . . (2
pIfendoganssmi uaziaudNiiszezn391911817 (long working distance) 1ARANHULUD
; A a ] dy di’ @ [ a d'SI a o
IFPNATYDYUUDINITABUTD IAIATY  dNHUTNNFUTIUINGNADINITAN TUMIT WU
I ]
iWuana (Holt et al., 1994) laun
) . 1 < . . .
1. 1dule (mycelium) Taoutisoondly substrate mycelium LA aerial mycelium Tao
a ' k) A 9 z a dy 9 9 a 4? (K a
WosanNasuuyla wieauisdewuy Tasdnareszaiuduleriala yuegiuria
dy = a ' us.:} A g J . a 9y A o < .
VOUYD UUNHUANTUUNTINRNWIE aerial mycelium verdaaulelianyauziilu vesicle tag
"y s Y I A A v a v A ) A A Y
liaeades iduloeraudauss nelimsuaniin vesiadulenuaninenunsamasuila
4 ] ] a o
2. Conidium Aeaesuvylioduns Tasuead Tusledadinnsoasie conidium 14
Y
NABLUUVAN
o 3 S A % o g
n. Single conidium Nanwaiualesiaeyr q Wnnulaenalllaammeiely
ﬂ’cjiJ Micromonospora, Thermomonospora 8% Saccharomonospora VNTHAY endospore nnu
9 I 1 a [} 9
anufoulaa uausrialinuiou

U [

I % ]
4. Pairs of conidia I conidium tuUg HanvmziFesdinmen adneguudule

9

ﬁﬁuiummﬁ 1&un Microbispora W Planobispora
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wond Iy
Diagnostic Diagnostic Typical key morphological features Possible generic assignment
amine acid sugar and additional chemical properties (section number)
NoDAP' NA" Ouly substrate myeelium formed. Breaks into motile elements. Oerskovia (26)
Sterile aerial mycelium formed. Substrate mycelivm breaking up
into nonmotile elements. Promicromonospora (26)
Sporangia with motile spores.
Xylose Shot chains of conidia on the serial mycelium. Actinoplanes (28)
Maduroze Actimomadura (30)
L-DAP NA Both aerial and substrate mycelia breaking up into fragments. Nocardioides (26)
Ounly substrate myeelium formed bearing terminal or subterminal
vesicles, Intrasporangium (26)
Aerial mycelium with long chains of spores.
Streptomyees (29)
Selerotia formed (Chainia type). Kitasatosporia (33)
Very short chains of large conidia formed (Microellobosporia type) Strepromyees (29)
on aerial and vegetative mycelinm. Strepromyees (29)
Whorls of straight chains of conidia formed.
No aerial myeelivm; elub-shaped sporangia formed terminally en
the vegetative mycelim. Streproverticillium (29)
Aerial mycelium only, motile element formed. Kineosporia (29)
Sporichthva (29)
meso-DAP XKylose and No sporangia. Single conidia formed on substrate myeelia, often in Micromonospora (28)
Arabinose large black mucoid masses.
No sporangia, short chains of conidia formed protruding from the Careﬂ.zrm‘pomd
surface of the colondes.
Chains of conidia on aerial mycelinm. Gheomyees (33)
Dactyloid oligosporic sporangia protruding from the surface of the Dactylosporangium (28)
colomies. Spores motile.
meso-DAP Sporangia containing spherical motile spores formed on the surface  dcrinoplanes (28)
Xylose and of colonies.
Arabinose Same. Rod-shaped sporangiospores matile by polar flagella. Ampullariella (28)
Same. Sporangiospores with lateral flagella.
Multilocular sperangia formed. Spores nonmotile. Pilimelia (28)

Frankia (27)
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LOAA 1UNTHA (910)

Diagnostic Diagnostic Typical key morphological features Possible generic assignment
amino acid sugar and additional chemical properties (section number)
Shot chains of conidia on the aenial mycelvm, often curled mto a Actinomadura (30)
crozier.
Chains of conidia with only two spores. Microbispora (30)
Chains of conidia mamly with four (2-6) spores. Microtamraspora (30)
Sporangia formed with two motile spores. Flanobispora (30)
Sporangia formed with only one motile spores. Planomonospora (30)
Spherical sporangia formed on aerial myeeliuvm containing mamy Spivillogpora (30)
motile rod-shaped spores.
Spherical sporangia formed on aerial mycelium containing many Streptosporangium (30)
aplanospores. Dermatophilus (27)
Multilocular sporangia formed. Frankia (27)
meso-DAF Fucose Multilocular sporangia formed. Frankia (27)

Sporangia with motile spores. Actinoplanes (28)

Rhamnose Both aerial and substrate hyphae fragment into nonmotile elements.  Saccharorhrix (33)

and

Galactose Siretomyces type of morphology.

Rhamnose, Streproalloteichus (31)

galactose,

and mannose  Srrersmyees type of morphology.

Galactose Nocardomycolic acid (NMA) present. Mophology ranging from Kitasatosporia (33)

Arabinose fugaceous substrate mycelmm only te Srrepromyces-like. Nocardia (26)

and galactose  WMA present. Soft, salmon to pink organisms.
NMA absent. Short cham of conidia on the substrate and sparse Rhodococeus (26)
aerial myeelinm. Faenia (26)

NMA absent. Long cylindrical spores on the aerial mycelium.
Spores formed by budding.

NMA absent. Single spores formed mainly on the aerial hyphae.
NMA absent. Verry long chains of conidia on the aerial mycelium.
NMA absent. Long chain of conidia on the aerial mycelium.

Halophile.

Pseudonocardia (26)

Saccharomonospora (26)

Saccharopalyspora (26)

Actinopolyspora (26)
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DA 1UNHH (910)

Diagnostic Diagnostic Typical key morphelogical features Possible generic assignment
amino acid sugar and additional chemical properties (section number)
mes¢-DAP Arabinose NMA absent. Substrate mycelium tends to break into nonmotile Amyeo Jatd"
and zalactose  element. Aerial hyphae may be formed; they may also segment. z’u:u'_\;colnmpsisnl

NMA absent. Aerial mycelium bearing curled byphae embedded in
an amorphous matrix. Kibdelosporangium (33)
No diagnostic  Single conidia formed. There are heat —resistant bacterial
sugar endospores. Thermoactinomyees (32)
Same as sbove but the spores are not heat-resistant.
Long chain of speres formed by the aerial hyphae. Thermomonaspora (31)
Aerial hyphae, often united inte synnemata releaseing motile spores.  Nocardiopsis (31)

Multilocular sporangia releasing motile spores. Actinosynmema (31)

Geodermatophillus (27)

UYL * DAP, diaminopimelic acid.
° NA, not applicable.
“May also contain hydroxy forms of DAP that may even replace meso-DAP.
‘ Validly described genera not included in this volume.

NU: Williams et al. (1989)
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Y1 Ao
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Npaundenson onvai weguudulennigedldnmihe s nierduleiyiulueimanla

< { o & { A ¢
3. Long chain of conidia 114 conidium NiFeaduiuaeseny Taavenaiiaailes
Y] dyd 1 a a 9 A A A 9
Tudnyuzliiegraleyiia UNFIATI N conidia NeNTOATOUTN |9
I § o 1 { A [ A
3 Sporangium (Hugenussyaes Bmelu enadweguudulenniyegldnnh

Ay PRI { s ¥ a v , 2 o
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4 Iﬂi\iﬁﬁﬁ’f)u 9 LL’E)ﬂﬂTL!‘JJEJ“Ifﬁ‘]JNGD'uﬂﬁﬁ'NIﬂﬁ\‘]ﬁﬁN“VliJﬁﬂBﬂWWLﬁB@N q U
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sporangium
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vaznaw e i vajinuwduleny

U

[

a O A 9 Y Ao
wond Iuodanatoyiaas e lasaasani
g [ I 1 v Aa I 4 ¥
auluorimea danuaztluduloniudrdaturnanlumeailos nislaseadiaiionaiidu
] 1 Y
ToilsasluTassadranigasaliuiven 150 sclerotia. Figna319¥ulag Streptomyces 119

wiia Tagaz hilalosegniolundazilluiuegunn

J = d
mﬂﬂsznaumemummwaa
s ~ I wasq Y ) dy a v A 1 @
'E'NﬂﬂﬁgﬂfJ‘UTI']\uﬂiJm@ﬂlcﬁﬂalﬂuﬁuﬂﬁ‘ﬂﬁl%iuﬂ’li%ﬂ’i]’llluﬂl‘]f@u@ﬂﬁTullﬁl%’ﬁ J3UNUY
@ [ a s 4 v o o 4 J
ANHUSNNAUITUINYIUDIUTAA Lﬁf)ﬂWﬁ]@ﬂnluﬂiLﬁ%ﬂUﬁf}a ﬂﬂﬂﬂigﬂaﬂ‘ﬂ'l\uﬂﬁ(’ll@\ucﬁaﬁ
A o a2 Y 1
NUIYINITTU ulﬂllﬂ
A < A S s
1. ¥HAv0Y 2,6-diaminopimelic acid (DAP) 1Wunsaezi Iugauiluesnlsznevuves
o 4 a
pisaaauuaiiGennytinenidit mycoplasma 1Ay archaebacteria 93X peptidoglycan %30
L 7 o 7 Y . 4 9 4
murein (Huosndsznovvoswiiauran Taslsznouaie peptidoglycan monomer 163 19UUIN
MIFOUABNUVDY amino sugar 2 ¥R Ao N-acetylglucosamine (NAG) L21¢ N-acetylmuramic
acid (NAM) ﬁv%mgiﬁumﬂazmu 4 %@ 1¥U DAP, alanine, glycine, lysine 118¢ glutamic
. [ 9 A @ J a v A 1 T A A Y '
acid L‘]J‘L!@]‘Ll (mnn 2) Wl!\3L%aaﬂlﬂﬂll@ﬂﬁiuuﬂcﬁﬁﬁﬁu[lﬁigfl\?llﬂ']i!ﬂf@ll‘]]"lllﬁ']ﬂigﬁfﬂﬁ DAP
Y 1 @ a % I
U alanine 11303131 lysine NV alanine peptidoglycan UDOAA IuNvFae19l DAP 1u
. . . A 1agdy ¥ A = Yy a
11UY LL-isomer, meso-isomer bes OH-isomer W'ii’)llllllﬂllﬂ (M151¥N 1) ﬁ]ﬂﬁ’”liﬂiﬂolﬂf%uﬂﬂlﬂﬁ
DAP lumsdasuunluszavana’ld (Lechevalier et al., 1971)
a 2’ o Y J A A Y 2’ a 1
2. %uﬂmmmmaiumaa WLN!“]faﬁm'ﬁ]ﬂuﬂﬂﬂﬁﬂﬂﬁgﬂﬂ‘ﬂﬂ'Jﬁlu'lﬁ'lﬁﬁﬁ'lﬂ"]ﬂlﬂ LBU
: . I 9 A
xylose, arabinose, galactose, rhamnose, , ribose, madurose i8¢ glucose WUAY UBNMNBYIN

Y
glucosamine 40 muramic acid U®J peptidoglycan gﬂl!‘]J‘]JﬂJENﬁWHaﬁHJﬁmL“UQLL?J?W]Iu-

=

v A A | . | A = :’ .
Wodani DAP 1WUUY meso-isomer 9M1IU 4 Us21AN AD Type A WU1AQ arabinose LAY
Y
galactose ue lajdl xylose Type B 11111018 madurose 1@ 143 arabinose 1A xylose Type C 3
J ~ J . <
awnsoszygduumihamanmmnzld uaz Type D i xylose 1ag arabinose 15U

939A1520U (13199 2) (Lechevalier ef al., 1971)
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MAM MAG MAM MAG
[ 1 Al 1
[OCHOH b CHOH
E P Ol | tetrapeptide
ANl : W peptidoglycan
i 1.7 A ! moHamer
| H ElH i H NH i
S o O
p ! d

MW
D-glutam acsl H’.IT—[CH;:IK[KT‘:"
[

-M

S TR T /
meso-iaminopimelic ad 4 HO—{CHsEHEOOH
[ o cross-links between
E polysaccharide chains
Tr-alznire { H&—CDGH
Hy

~ 9 v A o 3 . ~ Y A @ 4
AN 2 TAseas1e uagmMsIniGeeAIveIF Y peptidoglycan N1sznoune DAP NHUsaa

A17: Williams et al. (1989)

m3duundszanveuveneniluaiada (Classification of Actinomycete)
Bergey’s Manual of Systematic Bacteriology ai 4 (Williams et al., 1989) 1dduun
dy a =t I 1 9 v [ a 4
ﬂi%iﬂﬂﬂlﬂﬂlﬂ)”ﬂuﬂﬂ@]T‘Lli]EJ“lfﬁ’E)f]ﬂ!ﬂJL!ﬂ@]MiﬂﬂﬁlsﬁﬁﬂhmgﬂNﬁm@m?ﬂﬂ'l azesnlsznoy
= 4 [~ 1 VoA £ k) . .
mualvosaauUudu 8 IGEY (ﬂt]il“l/l 26-33) %915znounY Nocardioform, Multilocular
sporangia, Actinoplanete, Streptomycete, Maduromycete, Thermomonospora,

. A Ao [l o [l 1 1 9 9 14
Thermoactinomycete ttaz NaNdY 9 Nds liansadasglunqueaie q 1eduld

ﬂ@:Nﬁ 26 Nocadioform

9

Nocadioform iifunguiidulefinsuaninduudansonan uoad Tufodalunguii
ﬁl‘ﬂélu 13 @ana hl@g]}l,!,ﬂ' Nocardia, Rhodococcus, Faenia, Pseudonocardia, Saccharomonospora,
Saccharopolyspora, Actinopolyspora, Amycolata, Amycolatopsis, Oerakovia,
Promicromonospora, Nocardioides MW Intrasporangium L%@“luﬂ’cjuf:ﬁwﬁewaﬁwuﬁ I

§ @ 4
(LL-DAP uag 'lnadu) luana Nocardia 1ag Rhodococcus Mntiaradazil mycolic acid wagil

E4
1 )

J s o . a ad o d .
e lugsaaduuyy type A (arabinose L1 galactose) 3AUNTINGUU AU acid-alcohol fast

Q

9 a Al Yy
dounad laa
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Cell wall type Whole cell sugar pattern
Type Major wall amino Distinguising major Type Diagnostic sugar
acid constituents
I LL-DAP Glyeine - -
I meso-DAP Glycine D Xylose, Arabinose
I meso-DAP or None B Madurose
OH-DAP C None
v meso-DAP Arabinose, A Arabinose,
Galactose Galactose

A17: Williams et al. (1989)

' 4 a <
Rhodococcus higmnsaairaduleeimea uaziduloonnsiionIgyuueivmisudanng

[ Aa dy =Y I 1 A Ay Y = 1 A Y

mﬂummmﬂmwamﬂymmﬂumumemman Iﬂiauilllﬂﬁaﬁlﬁ IBU LAY DN di

Y 9 ]
Fuy AN eta uaz 149 UNIAUTEU 1BZVYFUTE Rhodococcus Maesiaas1aiionian

a =

a { ] J
TaTafl n3gy laafigumgil 30 owrusaded taz liadailos

U

4 H
Nocardioform ~ HAAE150RNYNEN T MAd A ldun  esaeduuuaiie  1wu

£ 9
v Q/

1 ] ] a 4 o w
nocardicin @135A0A M 1T 19U sakomycin A upNIINTigAUNI Inquildainnudidn lu
a s 9 ] a = J ] a
gagmnssumsnaaeu ladfldlumsdesanedunioas wu W o1 waaan uazens
4 I 4 1 o o 4
lalasmsuou udu (Czoch and Mordarski, 1988) s1wazideaou q Wl¥iaswunyoana

1 1 dy v d'
AN 9 "luﬂquu ANAITINN 3
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M3 3 anvazdyveend luledaanania 9 lungy Nocardioform

g

H
& g g
2 £
H 2 8 g . 3 g
3 £ 2 2 % & g z =
= 3 S ) e E E g
i[! § = g 2 -§‘ = = - £ 5 2
g g i A3 ¥ T+ \i T \\
Characteristics 4 é ﬁ & ‘-'g c?: é < = < :E z =
Marked fragmentation of
mycelium in older cultures d + - + - + - + + + + + d
Aerial mycelium produced 4 + + + + +¢ + d d +* + -
Conidia formed d - + + + ++ + d d - - *
Motile elements produced - - - - - - o = = o % =
Strictly aerobic + + + + + + + + + _ : o +
Faculative anaerobes - - - - - - o A - + d i .
Cell wall type* v v v v v v v v v Vi Vi 1 |
Mycolic acids present +f +1 - - - - » 1 Q & 2 5 e 2
Phospholipid type« PII PIl PIII PINl PII Plll PIII PINI PIl PV PV Pl PIV
Menaquinones MK.8(H,), MK-8(H;), MK-9(H,), MK-9(H,) MK-9(H,) MK-9(H,) MK-9(H,) MK- MK- MK-9(H,) MK-9(H) MK-8(H,) MK-8(ND)
-9(H.) -9(H,) -9(H.) 8(H.HJ) 9(H.H)
Mol% G + C of the DNA 64-72 59-69 66-68 79 69-74 7 64 68-T1 66-69 70-75 70-75 66-69 H8

*Symbols: +, 90% or more of strains positive; —, 10% or less of strains positive; d, 11-89% of strains positive; and ND mot determined.

*Lacking in some strains.

“Usually scanty.

“Some strains nonmotile (nonmotile oerskoviae (NMO)).

“Major constituents in cell walls of types: /, L-DAP and glycine; IV, meso-DAP, arabinose, and galactose; and VI, lysine (with variable presence of aspartic acid and galactose).
MNocardiomycolic acids.

“Characteristic phospholipids of types, in addition to phosphatidylinositol (which is always present); PI, phosphatidylglycerol (variable); P{[, only phosphatidylethanolamine; P11, phos-
phatidylcholine (with phosphatidylethanolamine, phosphatidylmethylethanolamine and phosphatidylglycerol variable, no phospholipids containing glucosamine); PIV, phospholipids
containing glucosamine (with phosphatidylethanolamine and phosphatidylmethylethanolamine variable); and PV, phospholipids containing glucosamine and phosphatidylglycerol.

A11: Williams et al. (1989)
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ﬂ’sjuﬁ 27 Actinomycete i3 Multilocular Sporangium

dy 1 dy Y v . . < [ o
wa‘luﬂquuhaﬂymz multilocular sporangium Wuvanlumsdwunilszinnuenssn

ﬂy a v A U d’ a L 1 dyd nsl} Qy =)
NNFouend lulsFanguou ¢ uoad Iuledalunguillinedu 3 dna A Dermatophilus,
4

v
A v 1

Geodermatophilus 18 Frankia NaNBAUANANNY (015199 4) W0 dnaGeodermatophilus 1
@ ] { o (% @ 3 1< 1
m3iFesdveadulede q Mg bivaummin thullus Wenueai1uilusporangium dauana

9
Dermatophilus 1&uleaglimsnaunniuiinsa$1e multilocular sporangium LUV LAZ
Y
ana Frankia TMREERR sporangium naziduly Ui intercalary swelling aoulaty nio
A Qa’l 1 9 9 ~ dgl dy 1 dyd @ 4
UUNY lateral branch 919 3 @navz inumsasudulengyuluomemyelunquiilismiurad

3 ~ A
WUV T (meso-DAP %159 OH-DAP)

MINN 4 anvacdAyvewend luledaananly 9 1unqy Actinomycete 13 Multilocular

Sporangium
Characteristics Geodermatophilus Dermatophilus Frankia

Morphology

Extensive filamentation - - -

Aerial mycelium - - -

Sarcinoid sporangia + + +

Vesicles . = +

Quter spore membrane - - +

Capsule - e -
Physiology

Spore motile + + -

Temperature range (°C) 10-37 22-37 10-37

Relation to air Aerobic Microaerophilic Microaerophilic

Catalase - + +

Rapidity of growth Rapid Moderate Slow

(2-7 days) (7-14 days) (10-60 days)

Fixation of nitrogen - - +
Chemistry

Cell wall type III III III

Whole cell sugar C (no B (madurose) D (xylose),

characteristic E (fucose),
sugars) B or other

Phospholipid type® PII Pl PI

Mycolates - - -

Mol% G + C of the DNA 73-75 57-59 66-71
Habitat Soil/sea Mammalian Nodules of certain

epidermis angiosperms/soil

® PII, Phosphatidylethanolamine and/or methylethanolamine as characteristic nitrogenous phospholipids; PI, no

nitrogenous phospholipids present.

NU: Williams ef al. (1989)
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MINN 5 anyardINYyUewond IUuGaanan1a 9 1ungu Actinoplanete

Dactylo- Micro-
Characteristics Actinoplanes Ampullariella Pilimelia sporangium monospora
Sporangium + + + + =
Oligosporous - = - + =
Multisporous + + + = -
Sporangiospores (motile) + + + + =
Spherical (0.8-2.0 pm); polar flagella + - - - -
Oblong, ellipsoidal, ovoid, pyriform - - — b -
(0.4-1.3 X 0.5-1.8 um); polar flagella
Rod-shaped (0.5-1.0 X 2.0-4.0 um); -~ + = & _
polar flagella
Rod-shaped (0.3-0.7 X 0.7-1.5 pm}); - - + =g =
lateral flagella
Single spores (nonmotile) —b —A b e +
- - “

Spherical (0.7-1.5 um); in clusters < =
Spherical (1.7-2.8 um); not in clusters T = +
Decompose hairs (keratin) -

# Symbols: +, 90% or more of strains are positive; —, 10% or less of strains are positive.
b “Conidia” with shape and arrangement similar to those of the sporangiospores or intercalar “chlamydospores”
may be produced.

““Globose spores” or “globose bodies” are produced.

NU: Williams et al. (1989)
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M3199 6 anbuzdguewend lulsdaanan1s q Tunqu Streptomycete tazanaf Indifos

Strepto-

Characteristics Streptomyces  verticillium Kineosporia Sporichthya
Colony size Discrete Discrete Small Microscopic
Substrate mycelium + + + =

Spores + — = -

Sporangia - - + -

Motile spores — = + =
Aerial mycelium + + - +

Chains of arthrospores + + - +

Arthrospores in verticils — + - -

Spore surface smooth + + = +

Spore surface hairy, ~ - - —

spiny, or warty

Motile spores - = = +
Sugars in cell hydrolysates

Arabinose, galactose, xylose = = + -
Lipid characters

Phospholipid type* PII PII PIII ND
Predominant menaquinones MEK-9(Hs) MEK-9(Hg) MEK-9(H,) MEK-9(Hg)

or or or
MEK-9(Hg) MEK-9(Hs) MEK-9(Hs)

Fatty acids

Saturated straight chain + + ND +

Iso-/anteiso- branched + + ND +

Unsaturated ~ - ND +

10-Methyl branched = Y2 ND +
Mol% G + C of DNA 69-78 69-73 ND ND

eSymbols: +, 90% or more of strains are positive; —, 10% or less of strains are positive; ND, not determined.
bCategories of Lechevalier et al. (1977).

NU: Williams et al. (1989)

ﬂtjuﬁ 30 Maduromycete

Yy 9 9
' A v A

uond Iudedalunquillinggu 7 ana  1Aun  Actinomadura, ~Microbispora,
Y
Microtetraspora, Planobispora, Planomonospora, Spirillospora W Streptosporangium 1o lu
v &y oy A ) Aa v AN o
mpmmmauiammsmum’itmmr’um Lm&’ulﬁuiﬂﬂ?ﬂTﬁﬂNﬂTﬁﬁi%‘l arthrospore NNANHUL
< & a 1 Ao o= s 7 - ~ <
Wluaedu wiolu sporangium N1i 1 davateailes miuyaadluiuud 11 I DAP uuy
g’ { ] J 3/
meso-DAP (Lechevalier et al., 1971) um1aﬁag°lumaaﬁau1ma 3-O-methy-D-galactose

v &' i’ ! dal d'
(madurose) GNEULDY ) YouFa lunquiliaadluaisnan 7
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MINN 7 anazdngueend Iulsdadnanid 9 lunqu Maduromycete Haz 1NN

o ¢
Waang Isaluerad

Other madurose-
Maduromycetes containing taxa
g
8 2
3 5o
3 F E
g 3 2 g ¥
Botied (2] Eled® B\ 2 8
i § 38 § § § § § 3§
g £ £ § ® § s 1§ 3
2 2 E .8 _g 8 'g- £ S Rl
= = = g 73] 3 2
) 2 A\~ \
Characteristics Y =% B & ¥ b5 \F Q (S
Morphological characters
Substrate hyphae dividing — = — = = = — - + +
in more than one plane
Spores-aerial mycelium
Absent or short chains + + - - - - ~ - - -
Paired = = 4 < + = - &= - =
Mostly in chains of four - = = + = = = = = -
Sporangiospores = &= N 3 = + + + +e +¢
Spores per sporangium ND ND ND ND Two One Many Many Many® Man
Spore motility . - - - + + + - + -
Symbionts in plant nodules = = - y A - = - - +
Chemical characters
Fatty acid type? 3a 3c 3c 3c 3c 3c 3a 3c la ND
Phospholipid pattern® PI PIV PIV PIV PIV PIV PLII PIV PI PI
Predominant menaquinone  9(Hs) 9(Hg) 9(H,) 9(Ho) 9(Hz) 9(Ho) 9(H,) 9(Hy) 8(H:) ND
(MK-) 9(Hy) 9(H.) 9(H:) 9(H.) 9(H.) 9(Hs) 9(H.)
9(Hy) 9(H.) 9(H,) 9(H,)
Mol% G + C of DNA 66-69 64-69 67-74 66 70-T71 72 T71-73 69-T1 57-59 66-T1

“Data from Fischer et al. (1983), Collins et al. (1984), Goodfellow and Cross (1984), Athalye et al. (1$80), L uachiner
et al. (1985), and Goodfellow and Williams (1386).

*Symbols: +, present; —, absent; ND, not determined.

<Aerial mycelium not formed, multilocular sporangia borne on the substrate mycelium.

dFatty acid types: la, saturated and unsaturated acids; 3a, saturated, unsaturated, iso- (variable) and methyl-
branched acids; 3¢, saturated, unsaturated, iso-, anteiso- (variable), and methyl-branched acids (Kroppenstedt,
1985).

*Characteristic phospholipids: PI, phosphatidylglycerol (variable); PII, only phosphatidylethanolamine; PIII,
phosphatidylcholine (with phosphatidylethanclamine, phosphatidylmethylethanolamine, and phosphatidylgly-
cerol variable, no phospholipids containing glucosamine); PI'V, phospholipids containing glucosamine (with phos-
phatidylethanolamine and phosphatidylmethylethanolamine variable); PV, phospholipids containing glucosa-
mine and phosphatidylglycerol. All preparations contain phosphatidylinositol (Lechevalier et al., 1977, 1981).

NU: Williams et al. (1989)
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ﬂ’sjﬂﬁ 31 Thermomonospora !!azﬁqaﬁﬁlﬂa}!ﬁm

E4 Yy v
1 AA @

uond Iudedalunguiilinedgu 4 ana 'l8un  Thermomonospora, Actinosynnema,

o ) o Ay A Ay a ) s

Nocardiopsis Q< Streptoalloteichus ﬂquumumﬂammmammﬁ“lumm:imu wazaswaes
' Y = A 9 £ o 73 = = 3

pgudulenuannanuygiulueima miswaadlusuun 1 T DAP Wuuuy meso-DAP

s myecolic acid il menaquinone i isoprenoid 314U 9-10 UG (MK-9, MK-10) M3IT0907

% 8 1 1Y 1 Y A
nazanyuzvesaleszuananiulluudazana dwaasluasnn 8

v Y v
MINA 8 anvuzdugInewousouend luiudaluana  Thermomonospora  Wazdnad

Y A
Inaines
Genus I Genus 11 Genus IIT Genus [V
Characteristics Thermomonospora  Actinosynnema  Nocardiopsis  Streptoalloteichus
Single spores + - - =
Chains of arthrospores - + + +
Sporangia-like structures — — - +
Synnemata - + - -
Motile spores = + - +

“Symbols: +, positive; —, negative.

A17: Williams et al. (1989)

ﬂtjuﬁ 32 Thermoactinomycete
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\ d' a v A \J d'
NQuN 33 ARl UBFANGNDY 9

9 Yy 9
= %

uaﬂmuﬂa%iuﬂéuuﬁmﬁu 4 dana Ao Glycomyces, Kibdelosporangium,

I U { o v o Jo a o 1 4
Kitasatosporia Wa% Saccharothrix \Uunguifamanuduiusiutend luedanguou 9

Q

n Y A = = v v A @ ~
1u'la Teaonlsouisuanyuziudnadu 9 dudaalunsen 9

M3NAN 9 anvazdiiyvoend luledaananis q vewenan luledalunguau o

Mol%e
Cell wall Whole-cell Phospholipid  Principal G+ C  Fragmentation of
Genus type” sugars” group” menaquinone(s) of DNA substrate mycelium®

Actinomadura I11 mad Pl MK-9(H,,Hg) 66-70 -
Actinopolyspora | A% ara, gal PIII MEK-9(H,) 64

Amycolata v ara, gal PIII MK-8(H.,H,) 68-T1 +
Amycolatopsts v ara, gal PII MEK-9(H.,H,) 66-69 +
Faenia v ara, gal PIII MEK-9(H,) 66-68 +
Glycomyces 11 xyl, ara PI MEK-10(H.,H;) T1-73 -
Kibdelosporangium-® v ara, gal Pl NIV 66 +
Kitasatosporia 111« gal PII ND 66-73 -
Microtetraspora 111 mad PI,PIV  MK-9(H,) ND -
Nocardioides I none Pl MK-8(H.,) 66-67 +
Nocardiopsis 111 none PIII MEK-10(Hy) 64-69 K
Pseudonocardia IV ara, gal PIII MEK-9(H,) 79 +
Saeccharopolyspora IV ara, gal PIII MK-9(H,) 77 +
Saccharothrix 111 rha, gal PII MK-9(H,) 70-76 +
Streptomyces I none PII MEK-9(H: Hs) 69-78 -

Cell wall composition classified according to Lechevalier and Lechevalier (1970b).

*mad, madurose; ara, arabinose; gal, galactose; xyl, xylose; rha, rhamnose.

‘Phospholipid grouping according to Lechevalier et al. (1977).

4Symbols: +, positive; —, negative; +; weak.

*Sporangium-like structures on aerial hyphae.

IND, no data available.

£Spores formed on both aerial and substrate mycelium contain L-diaminopimelic acid and glycine (type I wall).

NU: Williams et al. (1989)

Bergey’s Manual of Systematic Bacteriology 1N 4 (Williams ef al., 1989) ga'ladnen
Awdiusveuseend Tusieda Tavendennundiondavesdy 165 rDNA A131309A0gY
wend ludedala 6 ﬂfjiJ Gld;\iﬂi LNOUAIY Nocardioform, Multilocular sporangia, Actinoplanete,
Streptomycete, Maduromycete i8¢ Thermomonospora (mwﬁ 3) uﬂﬂmﬂﬁy Stackebrandt et al.
(1997) dauemssanmanyjuunlmiliuend Tusedagninedludu Actinobacteria S161

: QSJI J { : o { v o o w
Actinomycetales Faifanua 10 238 (MNH 4) FeoFoiuguaNuFURUT VIR LI aVDY

U 16S rDNA lunsIasuun
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Actinomadura madurae
group

Microtetraspara viridis [~ Thermomonosporas

Thermomonospora o
Nocardiopsis
Actinomadura pusilla
group

Microbispora

Microtetraspora glavca [~ Maduromycetes

Planobispora
Planamonospora
Streptosporangium

Streptomyces

Streptaverticilfium
Frankia
Geodermatophilus

Nocardioides simplex

Propionibacterium
Bifidobacterium

Bacillus-Lactobacillus
- Streptococcus line

——f—
1 1 l 1 | l |
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Spp values

Streptomycetes

Multilocular
sporangia

AR 3 ANUFNRUTIFI TAINMIVesEn 16S rDNA Mnuend Tudedanguais

A17: Williams et al. (1989)
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Class Actinobacteria

Subclass Acidimicrobidae Order Acidimicrobiales Family Acidimicrobiaceae
Subclass Rubrobacteridae Order Rubrobacteriales Family Rubrobacteriaceae
Subclass Coriobacteridae Order Coriobacteriales Family Coriobacteriaceae
Subclass Sphaerobacteridae ~ Order Sphaerobacteriales Family Sphaerobacteriaceae
Subclass Actionobacteridae  Order Actionobacteriales Family Actionobacteriaceae
Suborder Suborder Suborder Suborder Suborder

Actinomycineae Micrococcineae  Corynebacterineae Micromonosporineae Propionibacterinae

Family Family Family Family Family
Actinomycetacae Micrococcaceae Corynebacteriaceae ~ Micromonosporaceaec  Propionibacteriaceae
Brevibacteriaceae  Dieiziaceae Nocardioidaceae

Cellulomonadaceac Gordouiaceae
Dermatophilaceac ~ Mycobacteriaceae
Intrasporangiaceae  Nocardiaceae
Jonesiaceae Tsukamurellaceae
Microbacteriaceae

Promicromonosporaceae

Suborder Suborder Suborder Suborder Suborder

Pseudonocardineae Streptomycineae Streptosporangineae Frankineae Glycomycineae

Family Family Family Family Family

Pseudonocardiaceae  Streptomycetaceae Streptosporangiaceae  Frankiaceae Glycomycetaceae
Nocardiopsaceae Acidothermaceae

Thermomonosporaceae Geodermatophilaceae
Microsphaerceae

Sporichthyaceae

Order Bifidobacteriales Family Bifidobacteriaceae

7NN 4 MIvalsznnuenad ludesauunlvy Tasodedauuaueddy 16S rDNA

117 Stackebrandt ef al. (1997)
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a I o w
2. anwamniolumssaaeu lxintianudagylugaamnisy

a v A a a I a A o Aa
LL@ﬂGlIUNEJG]SET‘]JNG]SH?’IETHJW‘E‘INaﬁlﬂuulcliil‘ﬂﬁl@Elﬁiﬂﬁlﬁﬁ’ﬂuﬂﬁﬂ ﬂﬂJTﬁJLﬁQﬁﬂlM?ﬂ

A o W dy a v A A 9 g
Glfl/ifll NUANUAIAYNNYATIHNITY L‘Bﬂllflﬂ@]juhEIG])’ﬁ‘ﬂﬁﬁleJuhl%ﬂJEl@ﬂﬁaw cellulose LY

g

[ =

v v v
xylan W1 lugaamnssuNid 1Aty Ao Thermomonospora Wag Streptomyces d1uFOLOAR TU-
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o A Ay LA .. Ao o Y 1
vedanaswou lmigesaats chitin AR lAuA S, griseus, S. antibioticus Q¥

Y
Amycolatopsis orientalis (Czoch and Mordarski, 1988) ¥ S rubiginosus, S. bambergensis,
Y
1 a o
S. violaceoniger uam%a“lunqn Ampullariella sp. Iseanien lod glucose-isomerase (Backe,
2 Y
1983) UONINHEINNSHAR  thermostable glucoamylase Taeise Streptosporangium  sp.
9
(Stamford et al., 2002) LAaZWA#M thermostable o-amylase Taewse Nocardiopsis sp. (Stamford
et al, 2001) ol 1Flumsdesutlalugaamnssy wuleinldeunsaianld 100
-4 A A ~ A Saq Y
wosisua  NguugN70  esEmuvalBed  wendnaNuATD lumswaaou Tadnldlu
gaennssundl  dellanuansolumsdesdatemsiinyidaas 9 U Msgeodals
Y
aliphatic-aromatic copolyester Taowe T hermomonospora fusca (Witt et al., 2001) LLaZN1TYDY
Y
1<

qa0 1, 4-dioxane 1981%D Amycolata sp. CB1190 (Kelley et al., 2001) 1Fudu

3. anwawsalumaaislulasnunazazmevoamalugUndyir 101418

; a v A a = 9 1 dy

Fouend lulsdaunsiaainionis lulasnuluoimeala wu weluana Nocardia

v A

v A dy a v A d‘ (% L] Y =1 9 A
Lm%ENZJL“I)’?J!L’E]?WIquﬂ“ﬁﬁ"ﬂﬁﬂﬁﬂﬂgi’)uﬂ‘U‘W‘]ﬂLLﬂ’J’fﬂllﬁﬂﬁi\‘illl‘!IﬁiLi]uGluaWﬂWﬁllﬂ o

E4 Y
A A

Frankia (Alexander, 1977) wenNNHEINIIBIUDINNNEINTVO LT Streptosporangium i
9 a A g dy 1 dyd a A a Y
sen lavinaundunsa  Taarenquillinnuawnsonaansanyieazareiunedvialioglu
A A ° Y ¥ A a 1 £

sUNramsoi 11414 lunguilannsanannsa lnenisgosaairssag laadeannse
azaeiuleaald (Caroline, 1997)

4. anwawnsolumsth ldauaudagiiy

= 9 dy a v A dy a A A o Y a v A [}

Ussums lgeusnn Iudsdalumsaruguisagaunidnmlina lsanuny
dy . d! a a dld 2 1 9 dy
%0 Streptomyces lydicus WYEC108 Gaanusanasou land ladmantauialumsaed e

=® A o 9 dy A L] Y 'l a 9 dy a dy
Tdimahunldmuaudenlsairednninuns uennnweu lad ladmauds woriail
@ 9 V9 L ] &L A A a A Y o o =~ o &
Famusoad e snef e tazasaedureuaSeyiaoy 9 14 auiudalins laye
Aa dy 49; A I = A Ao Y Aa o <3 A
siai lunmsnuguiseuauvguedlianssianiilinalsanusn - tazmaaveany
Y v
(Mahadevan and Crawford, 1997) 9InM3ANYUE0 Sreptomyces sp. NoIvRGAUIINNT IUNGY
v o ' dy a ad d‘ [ a A
oalavh wuI ke Streptomyces sp. annsarana1slfFuzntlosiumsinalinlugavosie
VA e e R Yo ] & A A A4 o
Tunguil duivdelai i 15 umsaiugures Tsafiydn o ANeatuszUVIIN (Samac ef dl.,
g = & R .. L2 A wa oy &

2003) UBNINUEINMTANYUYD Streptoverticillium albireticculi Fautialumsaea1udes.

ﬁﬂiiﬂﬁﬂfﬂuau I¥W Rhizoctonia solani, Phytophthora cinnamomi W% Fusarium oxysporum

(Park et al, 2002) WUAY WoNNNHENTIBNUIAGITT (2544) NAAUEN Streptomyces 9

d A

4
meus Nenunsoadeansaednuie Colletotrichum sp. dwvig lsaueuunsalualuiy1d

aQ
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dus1090uMs 15815 fungichomin NHAAIAY Streptomyces padanus Tunsadruau Isani
v I v
aoaulunzaasa i aunauINNF051 Rhizoctonia solani (Shih et a.l, 2003)
5. anuansalumskanslriuy
a v A I a =4 1 o w A 9 = = a
wond ludesailugaunIongudify NAUI0aINAIT0NNTNNTINNHAWTIA
9 1 ad [ 491 A A 491 v Aa o W 4
laun  msUfugaoduouunite 1wes1 i Alanuddynmemsuwnd  uag
o dyq/ Aa o w v A =3 9 <4
NEBNTTN UenINHEwWaRa1sAIRauNad @15Uswdsne 51 lUdeasduneise azasna
] zuugﬁé’uﬁu (Waksman and Lechevalier, 1962; Goodfellow et al., 1988; Lazzarini et al.,2000)
4 v
mﬂﬁffm%lmjm Antibiotic Literature Database (ABL) 51801‘141]1@’15’0@ﬂi]i/]‘ﬁ“l/lN%’m1Wﬁﬁ’%)N
A acde a ' & s o sl o
TAaQaunIoNarua 23,000 ¥Ha WUNNIINEGDI 42 11051HUA Streptomyces 32.1 1oTIdHUA
A s A - a v A A 73 Y a
nuaANGeau 9 10.8 Wosua uazuend lusssanmenn 15.1 wWoesiFua MNNsUURNIE
v 9 A Aa ] a 1 a S I 4 dy
A5ApAUYFNNNBEUTZIY 8,000 ¥HA WUIWANIN Streptomyces 45.6 1BTIFUA 1595
-4 A A -4 a o A A 3 o2 g
21.5 wosisua tuanise 16.9 Wesisua taziona Iulegaimen 16 wesisua Feuvaily
. I3 4 . Jd I 4
Micromonosporaceae 38.1 11/o51FUA Pseudonocardiaceae 15 11/o51HUA Thermomonosporaceae
P s . P . /3 o |
14 1Wo3HUA Nocardia 11 1Uo5iHuUA Streptosporangiaceae 6 1Wo51BuUa Nocardioides 2.6
-4 A a 4 y
wWosiua uazou q o0 13.3 1WosiFuaA (Lazzarini et al., 2000)
an 1 1 9 d? dy a v A a
sz lvggnasevulasyouenn lulesaana Soepomyces Viarewia
1 Aa [ 1 % I
laun esUgFiugaodumuniiize 190 ampicillin uaz penicillin-N - Faii Iaseadraiuag
Aa UL QSJ‘ 9 a A @ 4 A A 09/’ [ 1
B-lactam NHautadudimsarandilalnauaunmivyadueauaiiice uenvnniudanun
v
a [ o 4
S. clavuligerus @N1TDHNAN  clavams (Muller et al., 1983) ”lﬂﬂummimqmmmmu"lw
P-lactamase WA 1A Staphylococci UAZHUANTUNTNAY @IU streptomycin  NHAA 1Ay
v g
S. griseus (Herzog, 1964) (18 neomycin Nnanlae S. fradiae (Sasarman et al., 1964) 20NN
9y A A 1 a = == a
auuanGennsuauzlune  vazgilnanueria  swdwuANGEUATNLINTIANANL
v A 1 dy S A 9 d‘d wAa 1 9 491
Uszinn tazdilnanoIsoLLANITY Mycobacterium tuberculosis 238 @13 NUAVIAAOA1UIFOT
Y . \ . o o . 3 4 491
1dun nystatin, polyoxin (@1¢ anthracycline @131 anthracycline UeNNNYUATADAIUFDI
v 1 < o 3 4 ° ' a
uardaluensaediuuzsalade Taelududueulesd topoisomerase I M 1H Miansana
° a g Y vy & A A
M391009R0U0 18 (Goodfellow ef al., 1988) e5ADA T uazBaannuly Steptomyces
1 [ 1 =\ va 1 9 dy ~ 4 1@ (=
dauluiiluesngu polyene (Ball er al., 1957) Fautianoduios wazdaa uain lilina
@ z a A A = Y o dy =~ Y
fuiaminiyveuaiize (Norman ef al., 1972) Tagiina lnlumsidianees waydead 1a

P D Y { 4 g9 s 0 9. ¥ v 4 v s (4
oM IS uAY sterol Noguudeuras 1ld Inssaswvouteduaadlasuuiaqlyl

1 9 4 ] 9 U Y z o ]
’(?NNaiﬂl%ﬁﬁq%ltﬁﬂﬂ’)'mﬁ'lll'liﬂcluﬂ1iﬂ'J°lJﬂ3Jﬂ15WWHHH?J@T‘IGUE]\“I@'WG]N 9 muuwaa%ﬂu
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Y [
am130M1595neg 1A (Hamilton-Miller, 1973) ansaodu¥os inulu Steptomyces fiviate
YHA 1Y blasticidin S Wan g S, griseochromogens (Takeuchi et al., 1958) kasugamycin W@
Taw S. kasugaensis (Sato, 1983) 14 polyoxin D Wan 1Ay S. cacaoi var. asoensis (Isono and

Suzuki, 1979) yﬂuéfu
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an = A A A Y d? 2d A a &
ﬁ’”li‘]Jgﬂf’J‘Ll% 1PN ﬁﬁ‘ﬂiZﬂ’O‘U‘ﬂNaﬁﬁiﬂﬁ’iNﬂluIﬂﬂﬁ]ﬁuﬂiﬂ%uﬂﬁlﬂ%uﬂﬁuﬂﬂﬁ]

a
Y

< a A tﬂy A a = A a S)dy v W A a a
WunuanGe X951 wouena luledea ﬁ?ﬁ‘l/lwa@]vlﬂuﬁWM'liﬂfJ‘UfNﬁﬁ’f]“l)'%ﬁ’é]ﬂ'lilﬂﬁﬂ]ulﬁﬂjﬁ
= 1 1 d! A A Q‘{ o = 1 oﬂj 9 a
Yoagadnngu lanquuilanseligns lliaregadwnguiiu 9 18 naw, 2540)
an 3 a Al Y a =4 = ) =
aslRrvuzstluasiszneudunignaialasgaunid  Uauauiialunmseangnd
[ QSJ‘ a a = 1T o tﬂy a QAd A d’ Y Aan 1 1A zﬂy
‘EJ‘]J‘(’J\?ﬂ"IiL%iﬂJWI‘UIG] mammmﬂwa%qaumwu%u"lﬂ ﬁwsﬂg%auzﬁauiwmwammwe
Y
150571 LAZUUANITY 1Y Penicillium notatum Wad penicillin, Cephalosporium acremonium Ho#
a a a a -4
cephalosporin 1% Streptomyces griseus WA streptomycin MIATYAL IAUDIFAUNT TV
o 4 a tg T Y =~ . A
AUATIEHTITTUAAN ] VYU ﬁﬁJ"ISﬂLL‘]N]lﬂL‘IJH 2 Usunan Ao primary metabolite LD
Y dy ' 3 ] Aa
secondary metabolite @113 primary metabolite &3 193U TuE9 primary metabolism Tus9nd
o J { o & ' a a ' . . S . . .
miduasznasnianusuudemsnIgan I 191 deoxyribonucleic acid, ribonucleic acid,
protein, lipid t46& polysaccharides ‘]Jﬁﬁ?fﬂ@hﬂ ] U9 primary metabolism ﬁmmﬁmauaﬂajﬁ
) [ L [ A (=) o J a 1 [l
MIFSTY d@1MI VAT secondary metabolite L‘]Juﬁﬁ‘VIvliJiJﬂ’niJinLﬂum’E'Jm‘jﬁ]imu ﬁ%ui‘ﬁﬂlﬁz
#%191u%74 late log phase WUDIFN stationary phase VBINMI1TY (MNA 5) sTazNiinams
a = "y LA A ' ' ~ A
Li]iiyﬂlﬁ]ﬂl%ﬁﬁ%ﬁﬁlﬂilﬁﬁﬁﬁﬁ secondary metabolite L38NBNBYINI tropophase LAZLTYINTSYEN
= 9 . 1 .. A g d? dy 1= A 9 1%
UNITEHINAT secondary metabolite 271 idiophase Tasasnadravudl lusununmeiteeny
a 4 12 JY Y] 2/' 9 1 a J =X
N13LATYTIBAA L!@]Mﬂigiﬁl%u@nuﬂTﬁﬂ‘UﬂiﬂWi’ﬁiNIﬂJlaQﬂﬂllﬂﬂiﬁiﬂu‘]ﬂﬁ%uﬂﬁlul“ﬁﬂa N

[ a

[] o 1% 1 &£ Y q” F) UL} A SA 4 Ay
%aaﬁﬂmwawmmuﬁm% HBNIINU magianﬂmaumaau“luﬁﬂnzmﬂaawﬁm

Q

1 1 ~ 9 dgl dy 1 % 3 A o a A A 1 9 a Y ==X 1
UONLYNDTINT f;’ﬂﬁ‘ﬂﬁiN"Uuuﬂ%“]ﬂ&lﬁl‘ﬂflx‘lﬂﬁfJ‘Vﬂﬁﬂﬁl%ﬂu‘ﬂiEW]EJEJ'B'E)U"UN“]JN“KU@%@ WYY

A

Tryaunid wa@mmammwumaumma%a"lw“lumswm (11U, 2540)

dmsulussnuvenIan (2540) é’q"lﬂfﬁ’ﬂmiﬂgmumuﬂumimmm%’nWﬁwia
dy a 1 o’/’ [ QSJ‘ = 1A dy = U 1 o’/’ A 9 as 9
IFDUNFUANIUU @QH‘HNW‘LI”ﬂiJLG]f’E)LWEN‘LINﬂi]iJWn‘L!uVlﬁnJﬁﬂﬁiNﬁﬁ‘]J;]slﬂuzllﬂ GRE]
a 2Ad 9 dg’ = a A
ﬂgcmuz AUNTYTTNUUY 2 ¥UA AD
A a v & A . e . an < 9 &
1. sUANYUNHANIZADIFDOU (xenotoxic antibiotics) mﬁﬂgmuzwaﬂmzmuwa

1 d’ \ QSJ} 1 . . d‘ a &y S A . =t QJl 49} S A
NAUDUINIUU 1FU cycloheximide NWAAINIFDUUANIIY B. griseus "liJiJi]VITJ@]@LGD'ﬂLL”UﬂWjEJ
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Trophophase |diophase

Cells

Penicillin
produced

Weight or cell number

Time

NINN 5 58EJ$‘VIlIﬂ1§ﬁ§1\1ﬁ1iﬂgﬁlﬂu3%@\11“]5@11!’(3511’33ﬂﬁmﬁNL"]fE]L!,‘]J‘]J batch culture

A17: Tortora et al., 1992)

12 = 4 . ] dy o % :(dy k4 A R
UANNIADLYDD eukaryotic 1HU (BDTI 115 Tad HASANUAYIGNAIYUN YMUEN penicillin G

' ] 2 , ¥ ~
FINAANNTOI P. chrysogenum 0ONENTRIICABDTBIFBLUATIS O

%

a A d a 1 . .. ad dy < a 1 a
2. suanunyaeaeg (autotoxic antibiotics) ’miﬂgmuzmﬂuﬂmﬂuwma@au-

A da a dgl Y 1A o A dy a A ' . a dy a S
m&mwa@lmu"lﬂwummﬂumﬁawwumu YU streptomycin  HANINLITD HoAd lulode

Y H E4 Y P4
=

Streptomyces griseus \¥oNnanti 1eeo streptomycin tanW imavulurieszeznamile

F4 H
v W I

a a = a ax [ dyd 9 = d‘ o Y
VOINTILATEY PNUU JaUNTY waﬁmiﬂgmuzaﬂymzum@mwamammﬁmmammﬂﬂa
Y 9

g

9 A R [} a
ﬁ'iNﬂa”lﬂmiﬂﬂﬁuuﬁlumwmzNaﬁms

a o 1 an A dy 9 ,_-3 1A 1A a
FUAIUA  (2544) 100U NAsURFmzFod N UNInIasduegiuz
) A & & a v a . =
mycelium #3oazanluomsdsugoriooany lanaluuina mycelium tazluemisi@es
a 4 g vAa g Aa { gl
msFmeidoaiwiuliquaviadumsigimeiawnsoazaietild  (water  soluble
v Y
antibiotics) taze3URHIuz liamnsoazarenitld (water insoluble antibiotics) 1WA
a 1 v o a ! 1 3 o
URFuzlungu polyene dduaslfFmen liannsoazaeirla Taosinwulugdvewan
A a a I A dy dy wa A % d‘y 1o a dy
azauusnamveuradriolueITReure guaulianlsinginiziuediuriaveuio

Y A dy a ) 1 Y Ad Y a an 1Y [ A v
HASTNNLIAADUNIYDIVITY ﬁmsuuwumwummm%iwmmsﬂgmuzm"lmﬂumm%
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Y
A 7

1 (XY =9 A [ Y A as A a ~ 9
PINUTA  UANAIAUBLULINNAEINUUNUIMUAZHINNVBIANTUF IV NFOYAUNT I
£ L yy o
Y ldun

Aag ~ tﬁy 9 d? 3 Ao [ =& tﬁy o =S
1. aslfugndoas ey dannmsduniave ude 1unsdsadn
I A A &y 1 )
2. WuveudenyoildaeseonuiluvuInns metabolism
I VoA 4 o v 3 [ { g 1 4 4
3. Wluvasiige Idmsunuemsuiedluasiitludiulsznevvesdofueilos
2
VUKD
I a ~ 9 1 PR v 4
4. Wurdanai ldninmsuandesvesansdsznounii luanalvainieluaaa
Aan ~ ' A o o a a ~ A a
5. amUgFamzlunumlumssn wiedudimsniguegaunidon q Tusssuma
v 1 A [ dy
oIl uMsuNILEUNDA1N0YT0AUDUFD
A dy a as A g ax & A [ o 99 Y
6. minFonanmsUfFuzdolunaisnils  Nzinwina lnmsihnuvessadIn
I [l a ' — v - . v
Whu'ldedrelndlusguingide luaunsosznsase 118 esnnamminadon
Tz e
a as I A £ ~ A A aq Y J dy a S J
7. MakanasURIugduITnsrie  Neznan@esi lviradve uyoqaunsdne
suiiloanninanu liaugavosnmsniaayIn
I o w a da'
8. 1lunalnlumsiwamsiivveuso
1 1 Y 1 J
9. wwlumsvudanin lanzngerag

Y
10. 5zdUMssonvedalos v durolod

o o ad
ﬂ]ﬁﬁ]ﬂ‘i]“!ﬂﬂﬁ]ﬁﬂﬂ‘lf')ﬂ%
a5 luilagiuamnsoswunldvatsuuy fe
1. M3dadwunmudnyaz 1nsaa3na (Tortora e al., 1992; Alcamo, 1994)
- y & y ; d L ;
1.1 Penicillin IﬂiﬁﬁinuyuﬂixﬂﬂUﬂ’w 2 @34 A9 thiazolidine ring Uag
o Aaaa [ [~ n ' . y . o
betalactam ring ‘VITIJ{]ﬂi 815N WY nucleus V04 penicillin 5N 6-aminopenicillanic acid
9
(6-APA) FUAVD penicillin ﬁ]mmﬂﬁNf‘Tu‘lﬂﬁuagﬁuﬁumm side chain U®4 betalactam YU
9 ! . . S 4 ' a v @ 1 a 1 4
DM side chain 1TU benzyl group H¥0138n71 penicillin G Moe1a13UYFIuz Tunquil
1 IS
1&un penicillin V 1482 penicillin F Hudu
. = 9 tﬂy 9 [ v e o v A
1.2 Cephalosporin MQ@ﬂﬂﬁﬂﬁﬁﬁwu;@n&ﬂmﬂﬂﬂ penicillin HARTNNUN
4 o [
cephalosporin X dihydrothiazine ring 40U thiazolidine ring 11939UND betalactam Al
nucleus U89 cephalosporin 159N 7-aminocephalosporinic acid (7-ACA) A20819813 ﬂf}%auz

E4
nauy 1'lAun cephalothin, cefamandole L101¥ cefataxime
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. . 9 dy Y . A 1T 9
1.3 Aminoglycoside Iﬂiiﬁ’i”lﬂwuj”luﬂﬁzﬂfmﬂ%ﬂ amino sugar (YOUNDAIY
k4
glycosidic bond f20819813 ﬂg%auzﬂluﬂquﬁllﬁ’uﬂ streptomycin, neomycin s8¢ gentamycin
. = ) dy A A A " v 9 .
1.4 Tetracycline MTﬂNﬁiNWHﬁTﬂWﬂ@mﬂmi!ﬂfﬂuﬁﬂﬂuﬂﬁﬂ benzene ring
9
@ 3|
Nanua 4 219 1u hydronapthalene nucleus
Y
1.5 Chloramphenicol 3 1A3 e S 91U nitrobenzene
; Y 491 <3 . . = A 1
1.6 Macrolide 1A59e5 WAUT U mycrocyclic lactone ring U lactone [¥DUAD
[ g’ A Jd A 1 @ 492/ o 1 ad v dy
NUUINAYTOLDANDIDA U carbon atom HINNIT 20 mmu"lﬂ G]TJEJNE‘TW‘]JQ%'JU%iHﬂQ?JH
Y 1 . . . . .
1&un erythromycin, clarithromycin Ua azitthromycin
— y & v ) A ey )
1.7 Polypeptide NIﬂNE‘TiN‘WHiTUﬂiZﬂ@UWAE} amino acid [BOUADNUAIY peptide
% ' aa 1 dy Y ’ . .
bond mamamiﬂgmuﬂuﬂqnullmm bacitracin Li1¥ polymyxin B
. I 1 ag A ] =
1.8 Vancomycin unguasiyusiiluanalvagun  Iualuwanalszunm
v H
3,500 Uszneudietimiaiay amino acid 1 linswgas Inseasauiuou
< 1 as Aa <3 J % 1 1 .
1.9 Polyene 1Junguaslyuenil polyene (Juosnilsznou d1081919u nystatin
I8¢ amphotericin
. . 2 v & F . . A oy
1.10 Rifamycin MTﬂiﬁﬁi1ﬁWl&§1Hﬂi$ﬂ@Uﬂ’Jﬂ aromatic ring (HOUADNUAIY
4
aliphatic bridge ﬁmgwu“ﬁ Ao rifampin
. I Y g . .
1.11 Griseofulvin § Iaseas 198 uuyy spirocyclic structure
! .ooa Y v . LA "W X Aa
1.12 Lincomycin Hnseasnsenounie amino acid ¥OUADNAL amino sugar N
o 4
Fainos
2. MIIATWUNAITUFIUE Muveuualumsiiaie (aans, 2530)
° as E) 4 o Y = = ° Aa S Jd
ﬂ"li“lfnﬁ'Wi‘]J{(]G]f’Jqu"lﬁl“b'ﬂigTﬂ“lﬂ! ﬂ"l!,ﬂu@]’t‘)\iﬂﬁ']‘Uﬂ\ifﬁ/l‘ﬁil:!ﬂﬁ1/]1@11851]@\15]‘@1!1/]38
o 1 I
Tagit lilutiseaniilu 3 wan Ap
E B A an A =, A A
2.1 Broad-spectrum antibiotics f® ﬁTi‘]Jg%”mz%lli]‘iﬂﬁ%mmlmﬂmﬁfJLLﬂiiJ‘]J’Jﬂ
Y
1 d
U5 19nan nuANFoNNTNAY 1593 1La2 e 15U chloramphenical 118 tetracyclines
. i SN A an = o S
2.2 Intermediate-spectrum antibiotics f1® ﬁ’”liﬂ;]ﬂffluzﬂﬁmﬁmﬂ”Ia”IEJLL‘IJﬂVILiEJ
1NINLINGUTIINAY LUANFBUNINAY 1azNgY mycobacteria 1Y streptomycin, gentamycin,
kanamycin L181& neomycin
T I~ as = o a =4
2.3 Narrow-spectrum antibiotics A9 m:iﬂgmuwmmmmmaqaum8W3ﬂ1@

WInrile Tage1iiaemmneuuafssunsuLIN HIBLATNAY 1Y penicillin G, erythromycin

19 lincomycin



42

4
3. M3daduunauna lnmseengnF (Tortora er al., 1992)
=5 o a =4 Aag 9 A

Msoangns lumsiaegaunidvesaslfiug awnsonuld 2 woy fe s

v Y v 9
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a 4 1 Vv A o . . a v 1
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3.1 eongnidudimsairemissadveie
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1 o J o 09: 4 ] L 1
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' o s 1 yq A
luawysel raagndosdals 1@ luige
4
3.2 aaﬂqmﬁmw plasma membrane
an 1 2 o 9 vad g . .y
a5UQ¥ vz lungu polypeptide s lvinaiantiainglu selective permeability ¥4
2 A o qYa v S A va I
plasma membrane & lnSetliinamsia lvavesansesnainwad wienmauiamsiu
osmotic barrier 1&e 11/
=% Y] :JI [ o =~
3.3 99ngNs luMsdudamsdans iz llsau
‘s
a151)Fmzwila  chloramphenicol 1Az erythromycin 90NGNFNAUUL 50S D
F4
§u8an3a319 peptide bond VOIA1® polypeptide A3 HIULNGY aminoglycoside VTR
] p A o Y ' o =) ! 9 =
51319904 308 1ag 708 ribosome Mlavuilag hlinisemsiavesdunu mrRNA higndeadl
o I'd a a
walumsdunsizd 1lsauiadng
o st [ 4
3.4 99ngNBHUdimMIadNaIsduns ey nucleic acid
A15URFIUEWIN rifamycin, nalidixic acid A% trimethoprim UWAADNIZUIUNIT

a

a -4 va =
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