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HY AT Myxobacteria) LZhE-A] AFLZ2A glidingell 713
3 55 gt BASE Felstd FASHS kAT gleH A

M AZEZH 208% communicatiors E3 SR fruiting
bodyE SA43)7] wfEol] “social” organisme 2 LHA ITh15).
54 %9 v protein-
polysaccharide-lipid (PPL) complex® o]Fo1% M (slime)yS &
HI3}e] flagella §lo|2 Pl Aol 58 3l ALE deA
ATHBA,17,18). I WA 383 32 F 71 Xpdel N e
A3t dofdrl= Z00d), 4 e] AEEe] 5oz &
o S0iA shte] A A (fruiting body)S THEIL ©] BojE A7l
o] AFEFo] B 27t FdH o2 wElste] F2]7]9 A
331 myxospore7} HTh. o]2g dH] HAE o] AHAE
morphogenesis®] Z&A7)Z2 G7sh=t] $1o14 myxobacteria=
model system®] 3L 9JT}H(10,11,15,16).

UHbH O 2 Ruiting body?] B40-L G 1z o8] f=
A}, oro] FEg HlA] Al Jd TES Fdnte] E08)
= HHZ] Sl 719 fruiting bodyZt BAE 7] Al&=E (19),
FZE fruiting bodyS vial o 2o]A BHEPE 5-158747) A
Zann 284 Aoae, d990s =
apicalausS} Stigmarella aurantica)®| A< ‘:”_'] GMpel 23]
fruiting body ¥-g¢] =@ B 1% U0H(1,2). Myxobarteria
12 genera®l €F 404 species”t DA A=H fruiting body
ke Fiv) Selald Myxobacteria®] -5l 9004

Gliding motility= Myxobacleria®]

TS (Chondromyces
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Escherichia coli HB101°] AME-Z 910}

T BE Y AEE AR S AR T WAE
AHEERAT. CT B#18] A4S Casitone 2%, MgSO, - TH,0
02% °19 ;AR = T4 295 A/EIAE, B F
potassium phosphate buffer (pH 7.2)8 0.01 M®] HE=%E 7t
& AREs T

Fruiting body M F =

CT 9AE1A] 50 miol 55 FFE F 700 nmel A F4%
7} 0.3°] B 7R At 3 kS 6,000X goll A 153
7+ AalEe)sle] AEae Mela AAEE 10 mMS| HEPES
SF-gAom Mt T A4t 5 45894 500
well A7} ©] RS HEPES A A (10 mM HEPES,
Agar 1.8%)9 5 ur) HESIATE o] WIAE 30°CA] v st
A Bk

Fruiting body2| F=APAX 0| 2+

AR gEE 918t fiting body7t BAE #jAE
AF 7 mmE =8 F 2.5% paraformaldehyde-glutaraldehyde
(4°C, 2 hrs)@ HuAgsfed $-5-8-94(0.1 M phosphate buffer, pH
7He 2 28] AFEHL 1% osminm tetroxide (4°C, 2 hrs)E &
AT 5 dFEH0E 23 AYslgnt. 14E AL
alcohol = Abdzo & Ba)z] & oacetoneFE alcohold A
AR}, HEo)A sample FEHu|F R 918 F 1XF
Aol A FO= coatingdt] FAMAAER AL 2 AEEFAT

MafeE 2y

AR )RS starch agar platedl] T2 =TT T 30°Col A
547 Bt &, jodineS 1L WR|SH] AlTe] HE47) gre
W dEo] EIE o= =YL, skim mik £31H-2 skaim
milk agar plaed] T2 SBEF F 30°CA 597 8l £ et
clear zone2 2 FHEFIFCE A aizleL 7|Bulx] (beef extract
0.3%, peptone 0.5%, pH 7.0)°1] gelatin 04%% H715t APAR|R]<]
TFE AT F 30°ColA] vlgated 4°C gl 1 AR A
gr}7l v =7} A= o H ke g Agsiaint

Citrate ©]-2E2 Simmon’s citrate AFRE] A T2 HE5ho]
30°Coll A 5YU7F WAk & ol citate® -85 H|A|7F &
g2 W FEA2 9 AL Fhse = S, Tween
30 ¥el%5 2 Tween 80D hydrolysis medium (agar 12 g, pepton
10 g, NaCl 5 g, CaCl, 0.1 g, Tween 80 10 ml in 1 [ ddH,0)
o) T8 HE3A 30°ColA 587t vjdsle] Rl B
ol B 297t 471 Tween 808 £ oz AR
t}. Indole -3 EL Trypticase soy broth®] T2 HF5H
30°Coll A 24 A|ZE WSt F Kovac's AlekE H7Fete] #A)o]
S indole H4E AOT BT

Tyrosine, hypoxantine, xanthine, casein, guanine®] 3|2 A%
£ modified Benetti's agarell Al ZAbetg.en] 47t w ksl
colony 8] £ ¥4 #-7-8 FHsigrh
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227 93 F o]&%L Shing} Gottlieb (18)9] carbon
utilization®l A] 1]
inositol, lactose, D-raffinose, sucrose, sodium citrate, sodium

L-arabinose, cellobiose, D-fructose, meso-

acetate, galactose, mannitol, D-glucose EEF rthamnose® & &%
=7} 1% HEZ WA "rbska 30°coAA 497t weFsle]
A BIEF(D-glucose A7) 2 54 tET (B4 T30
Hlwste] #A AT

A4 o]&-2 Z=H| A (%, wiv): D-glucose(1.0), MgSO, -
7H,0(0.05), NaCl(0.05), FeSO,- 7TH,0(0.001), K,HPO0.1),
agar(1.2), pH 7.0 L-asparagine, L-argininc, L-cysteine, L-
methionine, L-valine, L-phenylalanine, L-serine, L-threonine =
potassium nitrate 5= HEFFTEI} 0.1% H==E F7iEl 30°C
S 49 W 3 9P UET(L-asparagine A7V 24
zp@ELY BT vimse) ASI,

b2} Ofolo| EAAS

W) ofele CT AANR 50 mie] TFE BEFSA 30°C,

120 pmO.E 24 AIFERF FEIH T, UBHT AL
P

SAt}. Bacteriolytic activity 272 $19] nutrient 1A ) A
2E HEoR AY 95S TUT F 30°ColA) 24413 v ¥
k. o] #AN A7 1 mme} 7S FolM ERIG wF o
AL 2 A HESR WUE & bacteriolysis zoned A5,
1, antimicrobial activity 242 nutrent A FRwW)A] P
Hyges A9 7458 =98¢ F A% 1 mme] FHE §1
7)ol Fulgh v olg 2w HFSH] 30°Ce A H U
= A7 AA S PESIETE Proteolytic activity & skim milk
HiRle) A 1 mme) THE HolN FE Wit Q92 2 ¥
AE8he] vk & clear zoned HEBHTH

TI| A= 9 Agar overlay

Hames®] R (©6)0] whe} 7.5%9) 10%2] vlwig Eelol= ™o}
ntole A 2 7]%F(mon-denatured polyacrylamide gel electro-
phoresisy& 3}53%. Running gell 1= ammonium persulfateS
2|2 AL23FEIL stacking geldlAE rboflavind: EolE ALE-
Bl el AFAATE Tracking dye?t A elet HE& T3
W7kR] 4#°CE FASIEA 80 v WYL E AFg B A9E
714530k

Aniimicrobial activityS  golR 7] 9% HHAOZ  nutbent
broth 10 miol] ABTE 2447F wjFeted 1500 rpmollA] 20&7F
Aa2eE)ste w8 Be vhg Y SAEA 1 miel AFFA
Atk Numient brothdll agarose 03%2 F7lshe] 2@dr &
water bathol|A] 40°CE 218 A F-AAIZ1 A7 200 W& F
23] 7]9E 3 Aol 2} Agar overlay © A& 30°Col A4
AR were § Belsc

Proteolytic activity® €o}R 7] H8te A71FFS gels
skim milk W] ol LT 30°Cel|A 24417 Wi F
HEeA.
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Swarming FH-2 AF2141(366 nm)yS FARBIHS W 2EA9]
FES WAtk K5 WA A2 FEAY AAE HEsart
ArHze) FelZ LA Z 07 450812} 1,0000 14 B2
A FA= Zhae] FElo ol 57 um HEZA swam-
ing edge= A XEE0] & F08 Wijd B Bo] HEEF e vt
702 glidingdHE A E EO]% EOEo] A= AT Fg. 1).

Fruiting body®/43-2 F5A17] A 7 |A A58 AR Ao

2 #3339 A% A7 100-150 wn Aoe] B2 YTzl
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Fig. 1. Swarming edé,e of ARJ (Phase Contrast chroscope >< 1000)
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Fig. 2. Fruiting bodies of ARJ incubated for 7 days at 30°c on nutrient
depleted agar medium (phase contrast microscope, X 1000).
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Fig. 3. Fruiting bodies of ARJ under S.E.M. incubated for 7 days at
30° on nutrient depleted agar medium. A; > 200, B; X 1000.

A3 AL AR AeE A HlgeIN B2Y A o 7=

F2 AZEC] A9A e ZhS SHL e x4 §
W (stalk)d 22 722 EAT £ gllthFig. 3). I &= &
A3l 23 THE AEE0] spore FHZ WP Fio] g

op" rﬁ

=] 9) 37 (Fig. 4A), 20 €A AlEdAE FAA 1 wne ©Ed
spore”} HEE (Fig. 4B) ©]Al°] ARIZ} AT fruiting
body ¥ & &¢) % ARt

sty 5
Myxobacteria= slimeol] Congo red® F&al= cell typedt &
As5lA] obe cell typeo] U=H ARID slimeS Congo redE &
A3t} Myxobacteriarz 5714 Aol €&} ofd F&
55} energy® D=6, ART A @718 A4 AR
A H,S FY AR ER] FSith. ARIE starcchE A9
Els citratcg} casein a8}l gelatin®s THEE2] macromoleculeS
S5l o] 8% = gli= A0 2 VeI TH(Table 1).
F79] o]8o] 210} ARJE glucoseE A|9)T 4] TP
-9l o] FHe] o]-8%e] JEE] AXE Aod vehdisd oA
Myxobacteria2] DA o1 E2l o]t (Table 2).
1E 24 o] &5 A B Z= asparagined} arginine,
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Fig. 4. Scanmnﬁ electron rmcrooraph of the fruiting bodies of ARJ Al
incubated for 7 days, at 30°C, B: incubated for 7 days, at 36°C.

287 serine B3] F o)gElE 222 yedon A4eo]
Z7HE wRAAE R olES ol AoE yehdtt
(Table 3).

Antimicrobial and proteolytic activity
ZEek] Al 2 TR, 28 A 2 TR, 28 A 2
TEE d4¥Fes 3o o4 FAuRPd] cross-streakdte] £

Zj‘:ﬁf azoky FHEGA growth inhibition?] WEFHTH(Table
4y, AERES U WiRo) Wk AL HEste] Wikl
B Ax 94 2394 HMFEY s} inhibition zoneo] L}

el 2t AETES A7 iRt ek dg 3Es)
B 23} ytic zoped VERFA] Fdth wid A98-2 HY|EEE)
o gel Yo ABTL agar oveday S 24A4]7F wjeks] & 2t
inhibition zone®] YERFA] it Zeju) e AH-E protease
2 HEg Fole Fdo) gob Ul o] dH2 Hof anti-
microbial activity® WERAE A2 enzymeo] oFd HoeZ At

Hojzidt,

Skim milk A By °§ AL FFa] £ 23 clear zone?]
yelgdc), uieF oS W79 E 5t getd skim mitk WAl &
#|EI 30°CeNA mcubduonﬁﬂ 2 A 2o 738 clear band

Kor, J. Microbiol

Table 1. Biochemical characteristics of ARJ

Result

QGram staining _

Biochemical test

Congo red adsorption +
H,S production ~

Anaerobic jar culture -

!

Indole formation
Starch hydrolysis
Skim milk hydrolysis

Gelatin liquefaction

Citrate wiilization

Tween 80 hydrolysis
Tyrosine hydrolysis
Hypoxanthine hydrolysis
Xanthine hydrolysis
Casein hydrolysis

+ o+ 4+ o+ 4+ o+ o+ o+

Guanine hydrolysis

Table 2. Utilization of various compounds as a sole carbon sowree by
ARJ

Carbon source

Utilization
L-Arabinose -
Cellobiose -

D-Fructose +
mesgo-Inositol -
Lactose -
D-Raffinose -
Sucrose _
Sodium cifrate -+
Sodium acetate b
Galactose —
Mannitol —
D-glucose® o
Rhamnose _

No carbon source? -

“Positive control, “Negative control

7V Yehda Aoim 17e] AL clear band7t HAF] YElRiTh
(Fig. 5). ¥} AL cold acetone 2% Y HAAA ZH5<] Al
BiaA A9 B 2 DA $YLE el clear band?t
vehdt dizdoez AM-E Myxococous xanthuse] ¥j o] o
JanefAe 4] oFEh clear band?} WiElsd) o] dAE Ho}
Boase ok Sddis H4% 27 oY proteolytic
enzyme®] A& AR HEHTH

Myxobacteria® FHF3I=H Sl #Fe] He 3

A2 fruiting
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Table 3. Utilization of various compounds as a sole nitrogen source by
ARJ

Nitrogen source

Utilization

L-Asparagine® ++
L-Arginine ++
L-Cysteine

L-Methionine

L-Valine

L-Phenylalanine

L-Serine ++
L-Threonine

Potassium nitrate

No nitrogen source” -

“Positive control, "Negative control.

Table 4. Antimicrobial properties of ARJ

Test strain Result

Bacillus subtilis +
Micrococcus luteus +
Pseudomonas aeruginosa -
Escherichia coli -
Saccharomyces cerevisiae -

Candida albicans -

body®} swarming colony, FUA LS| B} =27, FF2 &
7 22 FeEjEtAQl o)z & = stk £E 79 ARIE
fruiting body®] E.oFe] TrslT FEapgo] glo] myxospore7} =
5ol Rlom P stalk)T B2 FERE VA A E9T
Eo FgMFEe] Zoke 7hre] He|2A Hole 5~7 um R
o olggt FElgE 5 Z Ho) Myxococcus FOE2 B
HATH
HE AL E SH Myxococcus xanthus?} M. virescens)el]
AAXME pigmentation®] F25 EHEH 5] E 5 vk
B89 o5 ARIE A SHAu|RAde] #B549] 718k pigment
E W&t o] 366 el A94AE 2ARIEE o) =%
FEAe] A FHL WUt olHT e Myrococeus
virescens2}; Polyangium vitellimm®] W= 22 4gA e
Pl vitellinum=2 fruiting body7} <J2] 71€] sporangiole® T4 %
o] sl= Fo = B¥lA BTE TF ARIE Myxococcus virescens
o} 7 77 Ao E B85t Myxobacteria= 3 &9
B TAe Eu|ste] Tl it XF, FF2) peptido-
glycang E31E 5= =] Myxobacteria®] 57l UolA E&
7F 2 =k BR)EHE B2 cellulose 33l 3 Aot
Sorangium 252] 74597} cellulose 2317} 7FsshH U A
B QHDE R BAUS e Mt

o]& gk 73%-9] Myxobacteriag- THE HAUEESL FolHE F

P I Wabng Lo

N . i \\AH\H |
,yt jtz i 4 ) ! ’ athy \
\ A

Fig. 5. Proteolytic activities of culture filtrate (non-denatured page on
the skim milk agar plate). A, afier 2 hours; B, after 6 hours; Lane 1,
culture filtrate of ARJ; Lane 2, culture filate of ARI(acetone
precipitated); Lane 3, culture filtrate of M. xarnzfuss.

U= Ao E 4EA itk £2]18¥ TF ARIE 28] ATE
ol i3l antimicrobial activity7} = RO = VEREoD] Wik
AAde] T2 RlPEES EAE T YA 442 o
= AR dAsle Ao vEhdtt oluls oL M. virescens
ol 4] A4tsE myxovirescin®t 22 SHIEA &g faATlw
FAAI(5,89,10).

Myxobacteria7} THE HAEE FolRE £ e THo| Utk
I X obligate predator= O]-L]Et] bacleriolytic enzyme EE3F
constitutived}A] AYFEE 7L ofu]7] wEdl E2d ¥F ARJ

= B2HF =7 §llA%E bacteriolytic enzymeS- A4 Rolg)}
a 9-24511:} g E2|E 75 ARI= skim milkel] 34 4=

g Bal5S Hyed dE2aes AM-E M xanthuskTh €%
HATH Hokc‘% oS WHA polyacrylamide H71F9E35H skim
milk$] el &elgel B 23 A8 2709 proteolytic enzyme©]

AE o= vepd

HT- Myxobacteria®l W8t ST fruiting bodys} &-dell A
H ¥ “social” motility?] TAE cel7F] communication &
H71& ] Fo] dFA5L vt & 75 ARIY gisiAz &
E o|Hgk A7 8™ bacteriolytic-proteolytic metabolism®]
ek AL Z)Fe]] BE A7 ek Ao
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ABSTRACT : Identification and Characterization of Myxobacteria from Korean Soil
Jae-Heon Kim and Seung-Yeol Son* (Department of Microbiology, Dankook University,

Cheonan 330-714, Korea)

We isolated a Myxobacteria strain from a soil sample obtained from Mt. Daedoon located in Choongnam,
Korea. This strain, ARJ, secreted slime while swarmed on the surface of CT medium. It produced greenish yel-
low pigment in liquid or solid media, and the swarming edge showed green florescence under U.V. at 366 nm. It
formed fruiting bodies when nutrient was exhausted, which is one of the most important characteristics of Myx-
obacteria. The fruiting bodies did not have a stalk and consisted of naked myxospores when examined under the
scanning electron microscope. These traits lead us to believe that this strain is very close to Myxococcus vire-
scens. It showed antimicrobial activity, especially against Gram positive bacteria. Culture filtrate showed the
activity but this was not due to protein. The culture filtrate also had proteolytic activity in which at least two

enzymes are involved.



