1. A4 2

1) FAHFe dvrdy 54

B+ F(Actinomycetes, ray fungi)< 93 MEZAM FAHZ A& 28 FAMToH, &
Fadeoze #AAE FAsE F30le SAH ool Qe AT EAEL MR Aoy 3t
SUAE FTAAE FHF EAES JEE oA Adolar dAtel Feo] 03~1.0m HES 7
As ApgA ot tiREe wadE DNAS Hi GC &Fo] 68% otz w3, 77+ DNA
o) Aol Bx, JelF EA YoM AeHoRx wjg FAG T 294 A
A& F7)1d FAL gdhdetd dubAad 2o] He A, 330 BFe R 1 FgALE 2, J|TAE
A o Fee] ¥ b, ‘E‘Liqj‘]' 2e A, BEAV|G v A Fo EFFEEE IA4
71 = ste PAETY. dFES E¥TAAM 44 E] g F eon, FEHAT, FATE, EE

3

. e ‘
olygt BT HA E}%*?; Al g EDS %“—‘13}7] A AF AEEH Ho] ol &5 gt
F7hA ¢8R 4F FHBAFT 40% ool MM EIAHAS # o}
Yeh(Berdy 1984) B2 49 A|@dEHo] HHAFoZTH A gt

A BEY Fo BHd EX dig B2 A+t EaHo fEdHorst 1981), ©] 5 BEY B

e YdukAEQ] B X9 }d el 2t wi( Lechevalier 1989) % F ol Streptomyces<s
o] 69.4%&'—.’*] 713 wo] EAs, I Yo 2E  Micromonospora®y, Nocardias,
Streptoporangzum o] 11.4%, 6.1%, 20%% REIFY  Actinomadura®, Nocardiopsis%,
Microbispora® = 27k 0.9%4% FE3rhil ﬂ"’t} el AT dgrE EAFR FR wE
532 Yehd 25 o] a3 49 PHEBAHSE, AHA A4 2 Axd FEHEY ¥Eh)
o dhate} s veh At F

o

=
o
L
e
=]
&

>~

L ek B}, Z1EARA Sol Baolst fAbsth 1y

1
2) Alxde] stz Ado]l gram G TH %*}:GPC}. = AEY Y ZIEFZ7F Muco® &4
] B A)olH teichoic acid

3) FEHoz AT /M7 FRFUE T PATe] A5H R AP H AT

fie

mlm
oo
:10
ot
e}
b
)
o

(peptidoglycan$]

_59_



2) FHH 57

d
7ho o A
TA = o % AH(vegetative mycelium)9}t 7]+ AHaerial mycelium)7} 0. G SAbol &=
a3 13 Zo] ug T FAF B (fragmentation) S oA FHoly 7HF e AEE WHIE
Nocardia8 3 @231 &3 TAIE S FAste AEAE 7HR Streptomyces¥ o] Aok, wATe] F
Fol o2 TFAMe] HEE vebiE 29 29 2
%%ﬁ/‘} 2 7lFAbE Fol el SR AN Ze dxeR AP A K EIAY 5

gty 2 9dl T (sclerotium), ¥EA7](pyenidium)$t | 2L FEREF HEZASTA

oﬁ‘.

51
(actinosporangium) 5 #Adr|= o}

Nocardia® QO
74

P R WAL A wAe) vk T EE
VA 3 A i\

Streptomvces® O
Z 2}

4

A

Fig. 1 Nocardia® 3} Streptomycesd J¥TALe) 3

_60_



Thermoactinomyces

A

Mycobacterium

Actinomyces ﬁAO

Microbispora

Thermomonospora M

v Nocardia
LR
Actinoplanes % .O &

Streptomyces : %
' Streptosporangium ﬁ/j.?/

Micromonospora /&?

Fig. 2 Schematic representation of growth and reproduction
" of various genera of the Actinomycetes

L S |
durRow 73 Wy, 4587 e Aol @:, Streptomyces &8 EAE AAE
AR A, At 2L A, 2Ry Ee 27 e A S0l fen,

[=]
S u
—

(2) A9 &7
o

Mycobacterium %
EER S

o) B4 T 9%

19 A AT (Mycobacteriaceue ) S A Actinomycetales= 2 T
Agolet st Waksmand] 218 28524 Z#o Jeet Ay 5AA FHES F3,
v @ e EFol distd Jeldoh

Mz FAEE

1) Actinomyceae
S EE AR

W To]0] JEFAT BT A E = #FEolth
Actinomyces® ®714 EE w3714 #F3olth. Noardiae= Mycobacterium StreptomycesSt
9 d3lE soft(a-type)d 22A 23 FALe) Aol B2 hard

o] F7 Fola TAE 2714

_61_.



tpela-type)dl Fol Utk REEE B7)402 $EAA FAYE AN AU FE& FU4L

O
A gt EE2H AL JeE ATl B Actinomyces R Nocardia® ¥%9 £

9 th. Promicromonospora’= Micromonospore$t o] Eae] o a5 144 FAT

BN
b

2) Streptomycelscsae 3}
FFFAlE BEE X &3, TGS FASA ¥
Micromonospore(%-&)$} Thermonospora(L-&T)E 7| FAE A48t & EAE FETAM

v oge zAMe Zo LA AATT 1 o9l B JTAE FAWT EFPHTIY F2d

)

——

FAEARAFZS Streptomyces= EAS 7| FA Aoz FAAd Micropolysporas &<
Agae TAES  ZjFAS}  GFFAe FZo] PRI Thermoactinomyces(LeFE) B

Microbispora(Z-&#)& 7174 Z+zh 118 =x 2708 ExE ZAA%th Thermopolyspora(3l2
e A8 dddez A

3) Actinoplanaceae 3
TGS JAsGe FHAFTeR FATH 24T 1o gelating st Foloh T
Jejo] wel EHsHE b 2o
D EAE Z2hd ¢t YAag ez 23 Ao JAsE Fooln, TRV 540
# gle Aol Atk EFERNE FAsE
=¥ Actinoplanes ¢ 7VE FE3HZA @7k WA H
Z22 9= Spirollospors $°] Yt AAE J|FAE A gou FA= 71TA
JAAQstn I Rl $F5EAGE A
$EIANE YAFE T FAA Streptosporangiume 71 TAM FREAE FHE 739
T3 E FA3 3, Amorphosporangium & 7|dAlY FEEAE FHF T
a3, Amorphorangiume 713 S #ASHA @3 JFTFAM FHAEA
AH FYE F EAGS FA s
2) EAES Tapd o] Be] HPH AfFoz FAHse FToln, EAE FAHl Atk
Ampullariellas SE5RR7 A AFEANE BRIoE 2AFE FATY. Pilimelias =

=

2
3) TS Jbs 3 7 FaG otel) g o] Aoz FAMIT. Microellobospora 4°] Aot

4) 71 ¥
Chainia= #33% & FREE Actinosporangiume AAEAFEANE, Pseudonocardia(
&)= Nocardia® §AFHAl AFdAte] Aol A7y ©d&A &3, Streptomycesst 2ol 71
o] EAE ZAsT}. Dermatophilus® Actinomycetaceas$t 2o #AZE @@ttt 13y 553
ExYMo] Qo Wxel ANEe 7o HIvn Add. TAE ¥4 Aok =Y AN
wel 3 FHolh

_62_



(3) BATE TR, EFse Aty

D & &g W
o ®y WAEAE AT —% A3 M BuwiAzZ ge] AMEEHI Y= Bennet's
agar(glucose 10g, veast extract lg, Bacto peptone lg, beef extract lg, agar 20g, &% 1L, pH
72)¢} humic acid-vitamin agar(humic acid lg, Na:HPOs 0.5g, KCl 1.71g, MgSOs - 7TH:0 0.05g,
FeSOs - TH:0 0.01lg, CaCOs 0.02g, agar 20g, 255 1L, pH 72)¥lX & AL&gth Atz oz ol
AgEndE HATE e Fxld e

ARG AFH 7 EXAZE W F2old dAFE AFZA F 100TAAM 1A
aAget A Ay EFNEE T AAGFd 10°~10 3 M 0.1 S
humic acid-vitamin agar®} Bennet's agarsj=|ol HZF3txm 28ColA 253 EH 3t} B Fo
el 7} colonv® Bennet's agarth =] Fol 74 43 A A w ol ol A FE)

Yoz N Aol FFE AR &F ¥ Frh

=
o,,, 2
—1-' X
__t{o
rO

3 e e

4

A

A

7t deiEd ExA ~
wjer o] el ZF colonyE Bennet's agarth Al ol &7 A A7 A widsta, &k
2 A sod FelHoz NE ol FFE AR £4 Fe stoh TARY] 38 H‘f: veast
ext., malt ext. AW AISP No.)ol 13 AF33 30CoA 1497 sjgd & AAAn o2 #2

ek WA F £ EAE 2337 oo e AHe F 1 o YEdTh

Zb AFg wekrlel 397 W RATFE FITIA AAE, 7ITAe A, wde A
HEAR AMA T oEd e

=4 ¢ ISP(International Streptomyces Project) systemoll &3t ujf 7
o 149, 2194 TR Fo A 3Y, 59, 10YAE FRI ol wE BT & SAS

FE 2,39 e

rkl

_ﬁ

54 z

Ra@Fe ASLn, Fol&4d 2 A AR E pAFdc) T ol9e] v T2 o
2 7}x Agad EQe AEst S A4 A8, Gelatin Hydrolysis 18, Starch Hydrolysis Al
% Lipid hvdrolysis Test, Casein Hydrolysis Test, Indole production test(amino acid tryptophan
o) B3%3 44) Gram stain(gram positive and negative), Catalase Test(hydrogen peroxide®]
B 3)%), Oxidase(cvtochrome oxidase), Urease(urea £3%), $#9 &3 % peptonedt A&,
Nitrate Reduction Test, Cellulose 7} %3 A& Esculin 7}&3 A8 2 Antibiotics

resistance A ¥

_63_






7 A A

14
£ % w5 | BT A1EA NERE:) 7 e = A
¢ o £ A 2 A
Actinomyces 1 - vl | HEA
. B AL
Thermoactinomyces| 3 + e VN, 384
. 4 1 gAEI A E A BT
Micromonospora A= 17
v 1A A A
Streptomyces 5 + = Zug3 B AR
Actinoplans 6 - 7N TAL FA
- T FAE GAgezZ
Streptoporangium 7 + W
Microbispora 8 + BEAzel dy= BE 27
. AgAddAle AR
Pseudonocardia 9 + N 227524
FAE 7| FA A A,
Thermonospora 10 + BAAE iz WAXA
= ohg
- ANE AT
Streptovertzczllum. 11 + Streptomyces
Bacterionema 12 - EAYINA, catalase(+)
- o FFAS} 7| FALe] 1~
Micropolyspora 13 + 10709 ZARE 24
EAEE wjx Foht F7)
Microellobosporia | 14 + Zd gAsa 2~7719
xAE 33}‘6‘
Spirillospora 15 + E%“E’-i _¥_7\}7} “H"“‘
ARE=1~F70
. JEFAe A, 71FAVL
Sporichthya 16 ¥ roso de¥ast g
TP Lrlee
Actinobifida 17 + Thermoactinomyces4,
AR 1744 %’“
18 . L EAPES 98, 9%,
e Az2E Y93
EAGE BFYeln,
10 27 Fyoz JFAHS
Planomonospora 19 + 10ke] TS HREA
7t i -
Streptomyces®} B =3}
20 | : Ed 5 A=A
theo}




¥ 2. Taxonomy of Actinomycetales

Family

Actinomycetaceae

‘Substrate my-
celium, frag-
menting into
bacillary

elements

Streptomycetaceae

Substrate my-
celium not
fragmenting
into bacillary
elements

Actinoplanacede

Spores occur-
ring in
sporangia

Table 2

_ Myccliqm
Absent (an-

acrobic

Absent or
Present
(acrobic)

Absent

Present

Present

Present

Present

Present

Absent

Present

Present

Taxonomy of Actinomycetales

Genus

Actinomyees

Nocurdia

Micromonospora

Thermomonospora

Thermoactinomyces

Microbispora
( Waksmania)

Streptomyces

Micropolvspora

Actinoplanes

Streplosporangium

AMicroellobosporia

Sporulation

Single spores on substrate my-
celium only (mesophilic)

Single spores on aerial mycelium
only (thermophilic)

Single spores on aerial and sub-
strate mycelium (thermophilic)

Pairs of spores on aerial myce-
lium only (mesophilic)

Chains of spores on aerial my-
celium only (mesophilic and
thermophilic)

Chains of spores and single
spores on aerial and substrate

mycelium (mesophilic)

Spherical sporangia with motile
sporangiospores
Spherical sporangia with non-

motile sporangiospores

Club-shaped sporangia with
nonmotile sporangiospores




¥ 3. Cultural characteristics of the isolated strain

Medium Growth Acrial mass color Reverse side color Soluble pigment
Bennet's agar +++ Yellowish gray Reddish brown Yellowish gray
Glucose asparagine agar + Whitish gray Yellowish gray Pale brown
Glycerol asparagine agar ++ Yellowish gray Pale brown Pale brown
(ISP No. 5)

Nutrient agar T4+ Yellowish gray Reddish brown Reddish brwon
Salt starch agar + Yellowish gray Yellowish gray Brown

(ISP No. 4)

Sucrose nitrate agar ++ Yellowish gray Yellowish gray Reddish brown

(Czapek-Dox agar)

Tyrosine agar , + Gray Brown Brown

(ISP No. 7

Yeast extract agar +++ Yellowish gray Reddish brown Reddish brown
(ISP NO. 1)

Yeast ext., malt ext. agar +++ Gray : Reddish brown Reddish brown
(ISP NO. 2)

nzsaA s 59 2, 6-diaminopimelic acid, o}ulc At @ F EA L agardf A Aol A
QAA ALE TAAZS QAFSA Ast: ol F 6N-HC= 110CAA 16NTAE 7t sd &
thin layer chromatography (cellulose TLC, Merck mno. 5718 A7 #vl : methanol-H20-0N
HCl-pyridine=80:15:5:10) o= BpAet, ZE obviil, XET T2 o] &3t TLCE A&
ehol A REge wlaetd opnxst, 7 R 2 6-diaminopimelic acid®] £F& A & PHF<
e =Rt ATy FHYESR LL-typedl DAPZ} ZzAq39  Streptomyces sp., meso-DAP7}
Z74 59 Actinomodura sp.2 EF8% 19 56 st 4 569 43 5o MU

o o

)

o, BeEve] T4
Bo)Fe] £4E FZ Bergey's manual of systematic bacteriology(Williams % 1989),
Bergey's manual of determinative bacteriologyv(Buchanan # Gibbson 1989), ISP strain Kkey
(Kuster 1972) Shirling 7 Gottliebs] #(1968) 2 A7 54 AYAUE (HHBH 198501 T3
Hol = durAel FAWHA wt FFo
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Fig.5 Thin layer chromatogram of whole cell sugars from
the isolated strain.

A : Isolated cell wall sugars

C : Glucose
E : Xylose

B : Galactose
D : Arabinose

F : Rhamnose

Table 4. Major constituents present in cell wall preparations of aerobic actinomycetes
(All preparations contained major amounts of glucosamine, muramic acid, alanine
and glutamic acid. DAP=2, 6-diamiopimelic acid)

Cell Wall
Tape

Genera

Glycine L-DAP meso-DAP Arabinose Galactose

I Sterptomyces

_Microellobosporia -
Microomonospora. .
Actinoplanes
Ampullariella

Amorphosporangium
Sterptosporangium
Spirillospora
Dermatophilus
Thermoactinomyces
Microbispora

Nocardia madurae type
Thermomonospora
Micropolyspora
Nocardia farcinicaasteroides type
Mpycobacterium

+ +




Table 5 Classilication of the actinomycetes based on cell wall composition

Cell Wall Components

Family Genus e
Sugars Amino Acids
‘Mycobacteriaceae Nocurdiu Arabinose, Alanine, glutamic acid,
AMvcobucterium galactose DI.-diaminopimelic acid
Corvaebucterium
Actinomycetaceae Actinomyvees Galactose Alanine, glutamic acid,
lysine
Streptomycetaceae Streptomyces No characteristic Alanine, glutamic acid
sugar glycine

Table 6 Characteristic ccll wall components of various genera of actinomycetes

Characteristic Cell Wall Components

Group —
Amino Acids Sugars

1. Actinomyvces type  Lysine, glutamic acid, Galactose, no pentose
alanine

2. Nocardia type Meso-and/or DD-DAP, Arabinose, galactose
glutamic acid, alanine

3. Actinoplanes type  Meso—and/or DD-DAP and May or may not have

' smaller amount of LL-DAP, pentoses

glveine, glutamic acid,
alanine; may or nay not have
“solw~moving component”

4. Streptosporangium Mcso-and/or DD-DAP and No or little pentose,

type smaller amount of LL-DAP, no characteristic sugar

glutamic acid, alanine

5. Sterptomvces type  LL-DAP, glycine, glutamic No or little pentose,

acid, alanine no characteristic sugar
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