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Summary

Results obtained from the project named ” A Study on the

»”

Properties of Halophilic Actinomycetes were summerized as

followings.

1. A halophilic Actinomycete strain HA-9 was isolated from
saltpans located in Kun-San, Korea. The strain HA-9 was able to
grow at NaCl concentration between 3 and 20% at 37°C and the
optimal growth was obtained from the complex medium containing, 10%

NaCl, at 37°C with initial pH 9.

2. The morphological properties of the isolate resembled those
of the genus Actinopolyspora. The morphology of colony was round
and flat form. The color of colonies on CM agar medium was
white. The aerial mycelium was flexible at 10% NaCl and it formed
spore chains with more than 20 spores per chain. The shape of
spore chain was mainly straight form. The spores were oval wifh
smooth surfaces. Fragmentation of hyphae was not observed on CM

agar medium.

3. Strain HA-9 grew well on nutrient agar, potato-dextrose
agar, peptone-yeast extract agar and tryptone-yease extract agar,
but showed poor growth on inorganic-salts starch agar and
glycerol-asparagine agar.
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4. Biochemical tests results in that strain HA-9 could utilize
glucose, fructose, mannitol, sucrose, arabinose, xylose, glycerol,
citrate and succinate as sole carbon sources, but cellulose,
rhamnose, inositol, raffinose and lactate were not utilized.
Leucine, glycine and arginine were utilized as sole nitrogen
sources, but serine and alanine were not. Casein, xanthin,
gelatin, and urea were decomposed, but esculin was not hydrolyzed.
This strain could grow in the presence of phenol(0.1%) but was
susceptible to sodium azide(0.01%), crystal violet(0.0001%) and
potassium tellurite(0.0001%). Catalase reaction was positive but
hydrogen sulfide was not produced and nitrate reduction did not
occur. The antibiotic resistance of strain HA-9 was strong
against (-lactam antibiotics such as penicillin G, ampicillin,
methicillin and amoxicillin at 1img/ml but weak against protein
synthesis inhibitors such as streptomycin, spectiomycin, kanamycin

and gentamicin.

5. The chemotaxonomic characteristics of strain HA-9 were
analyzed and compared with two known halophilic species of genus
Actinopolyspora. The strain HA-9 has type H ocell wall
containing meso-DAP(diaminopimelic acid) and galactose, while the
genus Actinopolyspora had type NV cell wall. Phospholipid pattern
of strain HA-9 was type PH containing phosphatidylcholine and was
similar to the phospholipid type of the genus dctinopolvspora.

The fatty acid type of strain HA-9 was complex form containing
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10-Me-18:0, 1iso 15:0 and anteiso-16:0 as main Tfatty acids.
Therefore strain HA-9 is different from the two known straihs of
genus Actinopolyspora in the cell wall chemotype, in halophilic

characteristic and in the presence of mycolic acid and 10-Me~18:0.

Conclusions: Our isolate strain HA-S could be distinguished from
other halophilic actinomycets, 4. halophila and 4. mortivallis on
the basis of chemotaxonomical properties and differences in growth
temperature, NaCl tolerance range, optimum pH, carbon utilization,
urease production, and antibiotic susceptibility. Consequently we
sugested that strain HA-9 is a new genus of halophflic

Actinomycete with type III cell wall containg mycolic acid.
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NE g2 270 ol EE e AYEAAd gl Wzl M
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oAME Al FAEAE 3] AxAY 2 gAte] £40] a4l &
2 th§olzx]z gltt. o)2jod = menaquinone®] $ %, mycolic acide] %
B SE f4e] uido] selxa girh(15).

et $HEE YAELYS BYY Ae¥ALELY A4 FoIY 2
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SEM 4RY & e 1 WHEES Hdyos Feistee
HEo] o] &E T UTH30). ol 3 $Aor Re ReEE ¥4
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Lhebdth. Gilmours vl EE 289 Zd/dof ubel halotolerantgl
FTEHY, FExdder EH st 9th(10). Halotolerantl= (Qof4
0.3 M NaCle} EzlstolM zHe] 45 ste Rolx, FI3YHLE 0.2
M oA 2.0 M NaCle] FEzfstolr zHe] 44E st 43E ¢siMe
223 0.1 M 2] NaClo] Ho3gt Zg watch, T8t Z5d42 3 M of
2] 5 Me] NaClojM z}=e] Mdxarg st 2143 1.5 M NaClo] =g o
ZolM 43g ¥ 4 & AE Yitth Halotolerantod E.cold,
Salmonellag2] UM Halomonas So] sty F3dAdols ¥
714 HM# 22 Halobacteroides, Sporohalobacter, Haloanaerobium =
2} Micrococcus, Vibriogo] £zj3trt. ®3t s gAMoL Halococcus,
Halobacteriumzo] Zxjgtc}.

Bdgol] slojM = 196830 Tresnergo| StreptomycesS ThA o
t Hdyol 25wl 22 1.8% gho] 4% ojAre] NaCl HEojAM A g ¥
7 S A2EZ Vel v a] = NaClo] 4% ojAF =R $7oA 4
Y 5 e Aog vepytch, =3 Ay FFe] o 50% 71 7% 2 NaCl
EM g ¥ 5 e Re® vebyEoh(39). 2L} o)yt B4
NaCloj Ujgl tolerance& vL}elu): Zojzx] BA2 93] NaClg I
be 24942 545 vetde 22 ofrth

wAgo] sl sddoz Belg A2 19753 Gochnauer Soff ¢

flo o oX

l

s
o

¢

8] £el, B4 ¥ 4ctinopolyspora halophila(12)2} 1991 Yoshida =
of &Js) Fe], BHH Actinopolyspora mortivallis(43)2] T £o] gl
th. X3¢ 4 halophita2] 735 erythromycine s} YA ZL
4 halophila ER & F7} Baglo] 7= s}rp(17). 4 halophilal 15%

of A 20%2] NaCl FXEolr 2] H4Ag 3te Zadd Wdgoy
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4. mortivallis 10% oA 15228) NaCl ¥ EoiM 2He) HAe st 3
TH4 BdFoluh.

U8 WAE2 YA7A & B 3 dhod Auke HAA wEol A
€ A 574 3
AM i 2u] Sl deletn ¥ 4 Sloh. mhebd 24 dAERze =
¢ 22 FE 3dd PHEe  Resid 7| Sof Helewy
Actinopolyspora %2} ¥ 23872 FAEL etiMo) upZ Sadyy
= Thol Hla 3gla, 2%, pH, NaCl 550 ey el =4
L ES ol&FY U EeivHol dAY AyH BHsg ¥
3k3ich.
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2. Az W ¥y

(1) Fel

FA dH e ofertx] A|2E A3 st SA ]S 10082 o] o
%l Bennett ®Jx] (glucose 2 g, yeast extract 1 g, malt extract 1 g,
peptone 2 g, agar 20 g, aged sea water 1 L, pH 7.2)0] A= 3}o 30
ColA 14dollA 28U -5t vigsisia 349 colony F WHgog B
ol R NPYu] stohM &4Fe) st E2Y 328 29
4 Aystz] ¢ls) ox £} 12% 2] NaCl o] 2% ¢ Bennett ®jzlo] HS
sho] wjsrslgict. I ZA3 ox2] NaCle] 2ys  wizjojr = A3tz
¥k s)5rE Y Y uwha) Rl 12%2] NaClo] ¥ sizjojr & 4

she Wdel #3E Lelsho

(2) &5 W W<

22]H 3dA4 HA-9 F32 uRFFE AL ALetinopolyspora
halophila (ATCC 27976), Actinopolyspora mortivallis (JCM 7550)2]
)& $l¥iA = complex medium (casamino acid 7.5 g, yeast extract
10 g, sodium citrate 3 g, magnesium sulfate 10 g, potassium
chloride 2 g, 4.98% iron sulfate 1 ml, distilled water 1 L, pH
7.0& A&y HA-9 #3F $siM & 10%2] NaClg H7hshsia,
YREFE ¢sla e 20%2) NaClg H7isigion z¥uz]§ $isiMd:

agarg 2%7F Bl=8 M7} spgivh.

(3) Helg= 54
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Complex medium(CM)OJA 37°CE 747 ®jdst 3 colonye] HEel&E
2 shgdn). ®zke] BAS gisiM = 8% glutaraldehyde 422 1%
b ou) et 3 Expygdo) A FSE Asted P20s57F EINE
Ys-g7]o] ol -20CojAM 27t 2Rt Bio-Rad E5550 SEM coating
systemS Ab&%}od gold coating¥l ¥ scanning electron microscope

(Phillips model 515)4rojA] &2k stgith.

(4) 473 1Y AzAY ¥

HA-9 #32] 4 7%of oisl pH, &%, NaCl & 52} d%e JA st
git}. Complex mediumofr] pHE 558 9.50f ol x= HelE ﬁ*l‘ﬂﬁi
32, 22+ 20°C, 30C, 37T, 40Co|A skt NaCl w20 Thd
A7sAd.e ztzh 0%, 5%, 10%, 15%, 20%, 25%, 30%o)x 4x|sigion 7
Az wjdet ¥ Az AL FA=Z 473& Ueldsit

(5) od2]7}x] wjzjofjM2] 43 54

Complex mediumg  B]$sfod Shirling I  Gottlieb(35)2]
tryptone-yeast extract agar medium, peptone-yeast extract agar
medium, tyrosine agar medium, inorganic salts-starch agar medium,
glycerol-asparagine agar medium, Je]3  nutrient agar
medium(Difco), potato—dextrose agar medium(Difco)Sojr 2] A=A
#4 stsivh. 4 wixl& 1022] NaClg H7hshgion 37ColAM 74

Zb uist F colonys] A7z, 2x ¥4 §& ¥ sisivh

m[o

(6) 4z 54
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1) & ol&¥%

ojejztzle] Wg Hd gtagdoss olgstxie] o2 g AYs)
Qtt. 223 @e] 285 D-glucose, D-fructose, sucrose, D-xylose,
L-arabinose, L-rhamnose, I-inositol, D-mannitol, dulcitol,
mannose, raffinose, lactose, maltose, dextrin, D-galactose,
glycerol, salicin, glycogen ol %2 ¥}z ¢ 712u8)%
(ammonium sulfate 1 g, potassium phosphate(dibasic) 7 g, potassium
phosphate(monobasic) 2 g, magnesium sulfate 0.1 g, agar 20 g, pH
9.0, distilled water 1 L)oj 1022} & Edg 2|&5%ert 1% HEE
Hrbskgich. 7 @] 242 121 CojM 387 Wasision 37"(:0!1*1
797 WYt F ol TyE U Y2
2 glucose’t 2YY A P4 URZ28 st WE wlasisich

w4 dxzez, 18

rlo

Fde dadogM otnlxihg oY = &Rl ARE HAL
skgich, Apg&s olujx4te] H 8=  DL-tyrosine, DL-serine,
DL-alanine, DL-histidine, DL-cystein, DL-valine, DL-phenylalanine,
DL~proline, DL-leucine, DL-isoleucine, DL-threonine,
DL~methionine, DL-aspartic acid, DL-asparagine, DL-glutamic acid,
DL-glutamine, glycine, DL-arginine, DL-lysine, DL-tryptophan °|wu
7] 2ujx] (glucose 10 g, potassium phosphate(dibasic) 7 g,
potassium phosphate(moncbasic) 2 g, magnesium sulfate 0.1 g, agar
20 g, pH 9.0, distilled water 1 L)oj) 121°Coj+ 383t a3+ 1%2

ol At-gd g 2 FEErt 0.1% EHES Hrisigict. 37CoHM 7
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WFRE ofulxate] T Hxl Y Ag thzzos sl AAE
#4 shsich.

2718 FUT VaPoE o g AFY 4 YLAE WA 3
ek, Ag

benzoate, lactate, hydroxy-benzoate, malonateojn} 7]-Eujx]

31 §r7]4k2 acetate, citrate, pyruvate, hippurate,

(ammonium sulfate 1 g, potassium phosphate(dibasic) 7 g, potassium
phosphate{monobasic) 2 g, magnesium sulfate 0.1 g, agar 20 g, pH
9.0, distilled water 1 L)oj 121°CojA 3&3t W& 1022 #7]4t &
Ade 2Bxerl 1% HEE Hrpsigict. 37CoHA 7Y v T &
7lato]l ZYE|o] Y] ¥ Ag URFo2 sto] AE BA sH3ich.

&4 sk, A
7125 -& complex mediumol 37} skl gelatin® agartiilo} 12% %

7} =8 A7} sk3ith. Xanthin?} caseing 2]EHBE7} 12 HESF
M7} 3tla starchye 0.2%7F Bl =E 37} shgichk. 37°Colid 743 u)
%gt F gelating #2ofAM Wx|ste] 712 23w} a8z ¥

g
#Ag FA¢2os 391 xanthinz} caseind FAF¢ o] FHajthz}

off
o

Xanthine, starch, gelatin, casein ©2] ¥3%j

=

BAd RAEg PP PEos sh3irt. Starche iodine &5 HYoj=zl

<y
Mo
2
off

5) Urea 7}
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7) 2R} (glucose 1 g, casein-peptone 1 g, disodium hydroxy
phosphate 1.98 g, potassium phosphate(monobasic) 1.51 g, magnesium
sulfate 0.5 g, phenol red 0.012 g, pH 9.0, distilled water 900ml)
of urea - (urea 20 g, distilled water 100ml) & o @3t 3
7bstgich. Agar slantgofA &g MFshn 37°CoAM 74zt wjdet F

ujAle] A7) Moz wstwl FdtFo g shgith.

8) Esculin 7}4-83l)%
Bile esculin agar(Difco)ol & HEshe] 37°ColA 742 w3yt

¥ A B2 datd FHNZ2E sl

7) 2 AsiAle] oy 4 54
Phenol, potassium tellurite, sodium azide, crystal violet oj T}
st A4xsdg B spglth. Complex Mediumo) phenol 0.1%, sodium
azide 0.01%, crystal violet 2} potassium tellurites 0.0001%% 7}

z} 2 7bshod 37°Co)AM 7Yz vt ¥ W AE B spic).

8) HzS 4%, nitrate $¥5 Y catalase A4
H2S A4 X2 triple sugar iron agar medium(Difco)o§A] 2] 3}3i
3, 37°ColA 7zt w3 F FAvE 2oz Wsby FGUIeE
stgitt. Nitrate ¥P¥5-2 nitrate broth(Difco)ofl agarE 2% EHEE
x7}stod wjFst ¥ Griess-Ilosvay A1F2 *7Fstod E24e] Mz
37 BaE|y Fgdubgom shsich. ®3F catalases complex medium

o wickst FA F9iof 322 Hz0:§ ol ¥ 7lEe] o] TH
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(7) 3 44

Penicillin G, ampicillic, nalidixic acid, methicillin,
amoxicillin, cyclohexamide, streptomycin sulfate, spectinomycin,
novobiocin, neomycin, gentamicin, kanamycin, polymyxin B,
sulfadimethoxine, bacitracinse] #FA8ajo) st A skAd-2 T 313l
t}. Complex mediumoll $2] 7z A A-5-F 10ug/ml, 100ug/ml, 1000y
g/nle] X7t Y& & Hrista 37CoAM 7L vt F HAAE TH
sk3ict.

(8) sheremars 24

D MEd £4
M Z M e] peptidoglycano} &x|3}= DAP(diaminopimelic acid)e} o]
A AaAzteEside] ¥ 248 $ith Al&e] £ul Staneck
5(36)2) P Ahgsigion TLCE ol-&% B4 ¥H-2 Schaal(34)0)

2jgt g o] B3h3it.

@ DAP &4

Cap tubeo) R FA < 0.5 g8 YWiL 6 N HCl1 2 ml§ ¥ t}

a2l
=2

gfo

2-5kod 100°Co M 18413t -3 F vk, 2|3 Whatman no. 1 paper
2 o} % thg vacuum evaporatorZ 80°Cojr HFHR shgith. of7)

of mle] FF4E A2 thd vhA A2 shgick. 22l 0.5 mlg)
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Z5 5ol % thg cellulose F TLC plate(Merck 5565)cf ¥ = 3}
7 7)ol methanol-pyridine-10N HCl-water(80:10:12.5:17.5)&

Abgstgion] WA2 0.2% ninhydrin(-8uo) acetone)& £%3}od 100°C

2
X
[\

7 7k shsich. DAPe] wH 2 ZEAlm(Signa)ehe] H7iAe)

& Blashed viepuigich.

@ Sugar 4

Cap tubeo) TZRZA o 0.5 g Wi 2 rle 2 N H2S04& ¥ t}
& W33t 100CoiM 223t §e Atk 2|2 centrifuge
tubeo] &zZlthg =E#fbarium hydroxide &g o]gstod pH7}
5.0-5.57} E|2& =Astgich. 6000 rpmo M €4l Eelslod ’M—%% s
gl AE Y2 vacuum evaporatorE 80°CoA =R shgich. o 7)of
0.5 ml2] 5548 Yol =9 t}& cellulose F2s54s HPTLC plate(Merck
15036)0f {7 sksivk. A7p¥d-2 WA n-butanol-water-acetic
acid(60:20:20) Edocg 6om HE HMHZIg F H=Rst3, ethyl
acetate-pyridine-water-acetic acid(100:35:25:5)& 12cnd &= H7jgh
¥ ZRsta o] 2487 Ao} Sojg 23] yhEste] mMufssick. @l
4.2 aniline-phthalate A]%f(aniline 2 ml, phthalic acid 3.3 g,
water saturated butanol 100 ml)& ¥ -8F ¥ 7 R$}l11 100°CoA 58
b Zhdstsich. g A 2 1xgdeog g xE9Ade] #dziAe]

ot gAY 45 wlasted hebusich.

)
x| 2)e] 222 Folche] wWyof ule} He)sbq(37) 2 Ux|2 A

5L

2) U=
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BES TC F AH&sle] Felrzl ¥ REAaete] #7NA=)E wast
I oge}7kA] Aol 23t A dele] uhel FAshsich.

Ha 1 g} 72FAHE 22 t}d chloroform?} methanole] 218
29l Folch €<% 20 nl1g& Y3 60°CoA 3057+ uk2 3}glchk. Whatman
no. 1 paper® o3k th-g oMo 0.9% NaCl - 4 ml2 @I 3000
rpaof A B4l Belstgich. ofef=-g 2 43hod 10 ml2] Folch upper
phase( chloroforn-methanol-water : 86:14:1 )§ Y3 &3gt v}§ t}
4] 3000 rpmofj 4 ¥AHEe] st3ic. otefF2 #]4-5to] nitrogen gas 3t
oA &2 7 thg silica gel TLC plate( Merck 5735 )of M 3}3l
th(37). A}2%l AH7]8ujx chloroform-methanol-water(65:25:4) £}
chloroform-acetic acid-methanol-water(80:18:12:5)0jt}(32). <=}
2] &8 9siA = Dittmer and Lester®] Zinzadze A|t& AM&3}S1
3L, aminolipide] & $)3iA = 0.2% ninhydrin A}e}-& A}8-3}3itt.
Phosphatidylcholine2] & &

2] s} M = Dragendorff A]er-g A}-2%}%13 diphosphatidylglycerol2}
phosphatidylglycerol, phosphatidylinositol2] H2ag2 sy =

periodate~Schiff’s A} et-g AF-R5}gich(5).

3) x4t B4
Folche] #WHo} 2)s) 2% lipid 2<F 1 mloj 5% methanolic HCl
2 nlg Yol 80C oA 2x|3-5<t g Aj3ict. o7jo) 5 mle] 5% NaCl

282} 5 mle] hexane & Wi E33 ¥ hexaneF & +Felgk )

gfo

nitrogen gasstojr 300 ul 7bx] 7 Rs}od & A7 TLC plateo]

# 3} gl t}.Hexane-diethyl ether7} 9:12 443 AH7Z|Zulz 75t
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fatty acid % #8 %o} chloroform 1 mlE tiA] F83l] AEE
AH-&8F 3 TH(5).

Fatty acid¥ gas chromatography (oven temperature 195TC,
detector temperature 260°C, injector temperature 250°C, head
pressure 7 psi , carrier gas He, total flow rate 60 ml/min )& ¥
Mstgiom 2t fatty acide] peak: ¥ FA|E2}°] retention time}
ECL(equivalent chain length) 2t-& Bjarslod B4ssivh(6,7).

4) Mycolic acid &4

0.5 g2} -2 FAol 10 nl2] 10% KOH-Methanol &4-& Y3 100C
oM 2417052 e AT F 6 N HCLE p} 2.0 olsht HES 27
sksitk. 10 ml 2] hexaneg Yo Eigt F Fel¥ hexanedF
nitrogen gas® A Rs}gict. o] 7} o 3 nl2]
benzene-methanol-sulphuric acid (10:20:1) 2<8-g Wi 100°CojM 3
A zb gt w8 Alzl ¥ 1 mle) water2} 4 mle] hexaneg Wi E¥s}
Slt}. Hexane® g £&] HRslo] silica gel TLC Fo} Ak ¥
‘hexane-diethyl ether (4:1) 2] #H7jZuj2 H7sisiti. Mycolic acid
2] 22 50% sulphuric acidZ B2k ¥ 150°CoAM 587 71D %}
Hshgic(19).

(9) Fel&HFeH 54
shze] 3270 A Q gE, e, ¢F SodM A3yt 150 7))
AE g BE] oF 2500 3 7igre] W Fg Felstod el Hejs} 44

o] thE 5 F WHy A sFoB2Ve 245, oM 32F, Y

— 29 —



EGoIM 385, ZUAYEFNA 655, JUrRLAM 4F, FIEL
oA 3457} zhz} M E gick. 234708] HAEEFof ozl 597kx]2] el
Azlety A4 ZE Taxon programz} Multivariate statistics
package programg ©|-83fof wlam F4stod 7t cluster2] centrotypeg
—?-'BI-%iEHI)'. HA-9 & 5-2}2] B 2 centrotypes}e] 34712 A YA
#E ME wjasted Jebvigich.
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(1) ¥efx=s 52

Complex mediumoyr] HA-9 FF= Wi 2] colonyd 3Asty 7|AF
At (substrate myceliumn) = x3H4.2 el 1 9l & siqkde] 7]12F
*t(aerial mycelium)-E ®/d%tch(Fig 1). 71FEFAbe 2348 el
€ flexible *o] tjREo]x mjmjE open loop2] ¥Eejz i Elgit}
(Fig 2). °] 7|5 &#+he Zalz ddstey Eate] Heje +32) Eat
ol dadoz HA vidEol gla dAHoxr ofztel FIZAHE 2
Al 742] 2 d¥e) kb Mejolvt. Eale] U Fb Hab giu)H
o2 @A A SolHd B2 ES Fax ¥ ol

3)o] L complex mediumoir] 7] Z2te] fragmentationd 'gielz] gk

3 ¥ Eﬂ(Fig

tld

th. 4 halophile £} A mortivallis2] 74 9% ujZz3t seje] Ralgo)
AEHog ZAA widElo] slon MM Eaprbge] Fejo] 3lojA
t A4 Res By glith. £% BA4Y colonye] Az 71WE
+t2] fragmentationo] $lojr HA-9 #5¢F B2 P4 relduh(iz,
43). ®\} 4 halophila2) 739 NaCl 57} dold 7.2(10%-12%)
2] 84 Aart A4 Yriz Basle] 3lof NaCl s w}hE
colony2} Ezake] ¥el, zelx MA5e] Wrt Fab sz ¥ HA-9

2} 2po] & rheldth(25, 12). =3k colonys] HEelo] M E HA-9
+55 flat o) v]s) 4 halophila= convex ¥o] colony 9|7} &
AX g HefE Vel 4. mortivallis?] 73S % convex %2} colony

£ HAdstog HA-9 #32} 2o & vrelditi(Table 1).
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(2) A=) B34y 54

HA-9 &3 pH 9 2} 37°C of A 10% 2} NaCl o] &Exj¥ uwj 2]3e)
47E ¥ + e A2® Uelyrh(Fig 4, 5). pH 5 o|stolME 43
¥ o4 dslon 3% oM 20% of oj=& NaCl & HlolM Mg
Y 4 S agar mediumoj M= 8%2) NaClo), 1)z BAujor oj ML
10% 2f NaClo] 33 xq) Zlog ws st} (Fig 6,7,8). i} 3% 0]
T 25% o) o] NaCl sEofMt stz Y7 4ol 8| Mz

o

oz Yelytrk, o|A-& 4 halophilag} A.mortivallisg} Abo]E - L}e}
UE o2 4 halophiias pH 7 3} 37T, A mortivalliss pH 7
3 45CoiM 22} 2 He) g sk Ao %ol givk43).
odei7kal vizlojMe] BB HE FHY P HA-9 3= tyrosine
agar mediumofM < 4 A3tA] 99k inorganic salts-starch agar
medium, glycerol-asparagine agar mediumofr]: ulcpst Axrg 319l
th. 22/} complex medium, tryptone-yeast extract agar medium,
nutrient agar medium, potato-dextrose agar medium, peptone-yeast
extract agar mediumSoMe $2 4AB4g Jeluysich. =8 z=at
¥2d%50of )M = yeast extract-malt extract agar BJx]2} inorganic
salts-starch agar BjzlojM A zstgoL} ohE wizjoja s o7} g
T, A mortivallis®] 732 yeast extract-malt extract agar uj=z}oj
A H<M2] colony-& %45k nutrient agar Hfzx|2} peptone-yveast
extract iron agar Hjz]SofjrM Z4fe] S84 MsE AAetrbn w3
£1o] 3lo1b(43) HA-9 FF& 912) oJ2i7hx] uhz]oyr 47 du) oyt
5744 He IUY 5 AYD BE Hjzjofd Usde) 7| F &2}
A FIHZANE WA 224 Mal s}z % 3kth(Table
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% o]g&%g Ayt ZH3I HA-9 F3+& D-glucose, D-fructose,
D-mannitol, sucrose, L-arabinose, D-xylose, glycerol, galactose,
mannose, maltose, dextrin, glycogeng g H 4% gt4Wog o] &%y
P2} cellulose, L-rhamnose, I-inositol, raffinose, salicin,
trehalose, lactose, dulcitol, mellibiose®-2 o]-23% 4= gi3it}.

oluj x4t o]-8%0of 3glojAMx DL-leucine, glycine, DL-arginine,
DL-proline, DL-leucine, DL-citrulin, DL-threonine, DL-asparagine,
DL-phenylalanine, DL~-tyrosine, glycine, DL-ornithine,
DL-methionine$& % HLHUog o) &3t AAY 4 sigien
DL-serine, DL-alanine, DL-histidine, DL-lysine, iso-leucine,
DL-cystine, DL-valine, DL-tryptophan, DL-glutamic acid,
DL-aspartic acidg-Z ©o]&% 5 gisit).

%3} citrate, succinate, hippurate, malonate, acetate®g -4
st gt Qo g o]g% 4 3l3la lactate, benzoate, hydroxy benzoate
2 o]-&3}x] E3p3ir).

23jsg dJYst Z3} casein, xanthin, gelatin, urea$ & #3Y

30

2 9lgl ., esculing 7}5Es) stz 23tgirt. =3] urea 7HR3lE
HA-9 @Fqto] 7hAlx e A4 o2 vetston o] oyt 4
FAdA E2ojr = phenol(0.1%)2] EalstofM = g0l AH3jEgort
sodium  azide(0.01%), crystal violet(0.0001%), potassium
tellurite(0.0001%) )M = 83Y 4 sisith. 7]et BAHH 4o
= HeS #44 %3 nitrate Bd o] gl ZHog Wz, catalaseyt

2 g vrhisich

tlo
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HA-9 #52] o]ej3t B 5 Actinopolyspora 42| F #58} A}o]
Z Jehdith. 4 halophile] 29 tiiEe] Z8 FYth stAago A
o]28 4 9l9l xanthing E3)slzx] E3}3ti. 4 mortivallises

ol
=

%

rhagnose, mannitol, inositol-2 o}-&% 4 %2 alaninegd #
ZsHog o] 8y £ gigdrt. =8k 4 mortivallistto] nitrate ¥ %
o] & oz 2Elo] 30(43) HA-9 F 58} Ate] & viehdri(Table
3).

s8] ot F54E AJHy B penicillin G, ampicillin,
methicillin, amoxicillinz} Z-2 M= 44L& A szt 8-lactan 7
o] A3EH Usid L 1000 pg/mle] sRolME AFY 5+ 3USith
a2t} streptomycin, spectinomycin, kanamycin, gentamicinz} #<
tl Al gk Al tisiM e 10 pg/mle] BEoA dAo] HAE
Ao ot x%d-g vhetuigith. =3 ribosomeo] §-2fsho] thuf
A 34 & dAste neomycinof visiAM & 100 pg/mlztal A¥/d-& ‘et
gl DNA2] 31432 #}sfst: nalidixic acido] thshr 1000 ug/mle]
5 3

2 eyl o novoviocinz} bacitracinoi: 10 ug/ml

o
114

2] »&7ta] Aed-& vheluigith(Table 4). HA-9 F32] o]yt ¥4
A A2 4 halophilao)r B-lactan 742] B EHo tzyt 2 A
trd 2t oz stx]9b gantamicin, kanamycinojAe] 2 AH¥HE hE
Actinopolysporas) ¥ 352 o] vheluigiti(Table 5)(43). 53]
A. halophila’= B3-lactamase® A/d3ttii B aglo] 317] mfFo) HA-9

F+3 & B-lactamase& BAY 7psdo] 5 Aoz Az}

(3) YT FHH 54
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D Mz $d
HA-9 Z&Fe MEE 24 Z I} meso-DAP & %2 ﬂgml(Fig ¢,
A ZheEs)de] REMoja FolMel @og galactosed ZI Y=
Ao Z(Fig 10) vhelpyktt. 28]} 4ctinopolysporal] 73-$+= meso-DAP
2} Bo)l™ o g galactose £} arabinose® Zr1 Y= RoFE B
®lo] glt}(12, 43) ube}A] Lechevalier of up2 BFuralo) 2]s)(23,
24) HA-9: #F v W2 AHEHs s Wddos 5
4. halophila 2} A mortivallisye Ve MEHME 2e ZAos ME A

ol & uehdct.

24
*

e

2) =3

of tigt EHojM HA-9 FF Ay

34

AAe] 74
phosphatidylcholine, phosphatidylglycerol, diphosphatidylglycerol
2 =E%s5}x| gt phosphatidyl-ethanolaminez} Z2 amino lipide W&
Ro g viebyvh(Fig 11, 12). ojzigt ¥ej: Ux|He] #4420 ut
2. Lechevalier2] E-Fojry I1I%o) %3tAH ¥ I1(24) 4. halophila,
A mortivallis% phosophatidylcholineg Zta glojA g U=z U -Z

VeRdith(12, 43).

3) it £4

A 2] S4o) hE AAE wlas) LT HA-9 2F 7
2.2 jso-15:0, anteiso-16:0, 10-methyl fatty acid’} Fo 34 A&
ogzAx Ealsta Y ¥ty 4 halophilaf} A mortivallise] 73

_"r’_
iso~15:0, iso-16:0, iso~17:0, anteiso-17:00¢} ¥ z|¥ito g =zaj
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gtrh(Table 6)(43). HA-9 F32] z]%at ZA 2 Kroppenstedt of upE
TRED A 3a Wol &3t Aok WHHNIL 4 halophila 8}
A mortivallise 2% o} %3l Ho 2 2to]-F vpeldth. =3k Suzukio
2ixt Aol £R(38)0f JoIME HA-9 FF & 10-Me-18:00] 2%l
complex®3 Q1 tj v)s} 4. halophila®} 4. mortivailisy iso-anteiso¥ o8&

2ke] & vhellth(Table 7).

4) Mycolic acid ¥4

Mycolic acid¥ Nocardia £} Mycobacteriaofr] WZEl= gk 47}
207404 M 9070l o)== ZAbge] aAlgatojti. HA-9 FF & AuAFY
Nocardia #HE2] ZHog MHol: 8EH9 nycolic acidd Zuzom
w3 Ah(Fig 14). 2@\l 4 halophila®} 4. mortivallisod* = Kates
2] 48737 mycolic acid?t @ezoz waElo] glo] zto]E Lhebd
th(20). ¥t o & nmycolic acidE Zr: genusE-S Caseobacter,
Corynebacteria, Mycobacteria, Nocardia, Rhodococcus S22 Ajglo]
¥k 3% Hycobacteriao§r WL FHo| 7t Eabstod a-mycolic
acid, ketomycolic aicd, epoxymycolic acid, wax ester mycolic aicd
7t EA%teh(15). 2y genusof ubeh theral mycolic acide] #2 WM Z
] 2784 genus YAE SAHANE 8 Ustz ALY £ glo
M HA-9 #52] 3¢5 Actinopolyspora 432}2] a}o] & elus 8
¥ ol

A EHAMANM 2dd Wdges

off
o
r b
»
rfo
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Actinopolyporas:olt] Actinopolyspora halophila®} Actinopolyspora
mortivallise] F-Fo] Exjstrt. Actinopolysporadpe] ¥ F2: 3}
=4 o] 2]gt ZA 2 meso-DAP(diaminopimelic acid)-€ 7}xlz ‘%’é.i}f]
galactose?} arabinose& T35t cell wall type V8 ox 27 §of
tt. A Sl HA-9 FF2] B$E Actinopoiyspora 4of &shs Ao
E F3& 35ivt. 2RE ARAeor 2 3942 Vel complex
mediunoiM %374 Y colonye] Mz} Zzie] Helzt RAH7] whgolct.
a2y HA-9 FF & 4 halophila B A mortivallisg} ME¥e] 33
2 gat 240 gloj A ato]E peluisith(Table 8). $%] mycolic acid
2] &)= HA-9 +F7} Actinopolyspora %o E@E 2] gorte RE
TelFe Erhe Azolth. mebd mA-9 3o shtidol ©hE A3
TE 712E 7]E £7EHY sl WdE A(fanily) HA2} v w3t
7180 £58 72 (taxon)of £3h=x & A4¥ Hstch(Table 9). &
F7F T4 & vieldz LAl o] xdAE2 e £ RAA
oA M E S& EFsted ol &8 E S40)7] mjiol &ubgle] &
AME FToY UAEM theExle gsiti(14).
HA Mryel §¥2 A¥eEd HA-9 #372 B3] MEdg shaja
o 71E EFAAAA Mol &3t WHdRFoET

dm

Thermoact inomycetes, Actinomadura, Thernmomonospora,
Microtetraspora, Nocardiopsis, Hicrobispora, Streptosporangiunm,
Dermatophilus, Frankia $o] £zistch. HA-9 &F2] 35 22 A3
o)A galactose”} VleEpi}zl  Sixjuh  Lechvalier: meso-DAP o
galactose® %o & 7zt KitasatosporiaZ M EwWeo] #of glojM & 1

Ho FolH o] e Aoz 5 shm 3Lrh(23). o
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Kitasatosporia2] 739 Zate] Hejol glojAM ojyt #j8e] Eakg
o] 207)o]/d <Asfdo® ZAYEY ol HA-9 F52} FAMSEA|AE, o
Hujdof A 3’2 x}(submerged spore)E W5t DAPS] of 3loiA

AR A M & LL-DAPO] FAMAM oM & meso-DAPO] HEE EE Aol
E vhebdch(9). x3 ey Hgo &3t W FolM Actinomadura,
Hicrobispora, Microtetraspora, Streptosporangium, Dermatophilus 5
2 vto g madurase(3-O-methyl-D-galactose) & Zt: ZE o]l]B R 0]
+ Ayt & 532 o g A= skt

Hx  Zake] HE)E wla stgleu]  Therrmoact inomyces S}
Thermomonosporago TUEAEF 7IFFAret 71 ZEA) ¥4sta
Frankia®| 79 Z2HEF Sx v EatdE ¥dste 2oz RaEo
R oIA HA-9 &3} Aol & viehdth(24).

HA-9 Z32] a3 elys 7| E A (aerial mycelium)o} 71 Ex}AME

o

zZt3 9= Nocardiopsis2) Z 3 o} -AFstc}. =3t Nocardiopsis
qlzx] el 3o} glojAM = phosphatidylcholinee E¥st g PX

B2 velUa zj At 2o oA s 10-Me-18:08 Z L UE R

tlr

2 330 HA-9 352 #5H 542 el dvh(28). 28} mycolic
acide] o] SlolMa Aol iehdrh. HA-9 ol SlolME
mycolic acid”} 7 $&o] oL} Nocardiopsis: mycolic acidE zZr3 sl
A ¥ Hez X3 Eof gith(Table 10)(28).

Nocardiopsis2] 2z} speciesH-2 5%2] NaCl S Eojx AAg 8 4
RE Ao® velsten Yassingol 2)3) AjRe] Fejd EF & 10%9]
NaCl s=edMd 2AE ¥ 5 sle RAog RIEgivk42). i}

mycolic acidz} £zafstx] ¢geHozr Wzl olefsl NaCloj ofst f
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B2 3442 73] Aol E viehur] uhEof NocardiopsisS}E
o] sjofxjof T, )

Mycolic acidye MEW o)A free acids 1} glycolipid, 1ejxn
polysaccharidest B3FAHE ®/dstod Exist glth(19). W FolA
mycolic acidg Z+= %.2 Nocardia?} tj®Ao|tl. 2L} Nocardiag}
T MEHe] PoA v 11IYolele zto] & viehdth. UMl ¥
efoll 9loJ A Nocardia= PI ¥ o2 ¢32 phosphatidylethanolamineo]
3 el z] A e} Ejol o]gloj & phosphatidylglycero!l,
phosphatidylinositol, phosphatidylinositol mannoside& Z¥3s}3 3§l
th. zgate] ¥HelE B9 straight-chaing] 23}, £33} a2t e
3 10-Me-18:08 F% aW4te] 2des ZT Ut Nocardias] o]
3t 5452 Y5 npycolic acidgl 10-Me-18:03 #H1 Y& FFHo] «
Hehe HA-9 #59} MEde] ¥, Udxlze] ¥, zyite] A SoiM
Zko]l & el EE(25).

uhebAM HA-9 #5E 942 S48 ¥R uENA FEo
e}stod getinopolyspora 4% X¥gt 7180 Held wd
5kA] ¢fom olsihe HaAgof viFojEu) MEH] o) 3l A)

2% 4 7oz 47ar.

g

(4) 2| ER7YH 54

el FFE0 us] biotope & clustering3t Z 2} Sm=85% o]Are]
A& 2 e el sidelA 3, oM 3, siHETAM 5,
SUESNAM 8, duBEdoM 3, dIFESM 4718 £ 1657) FF7}

267)2] £Aog E5Elsich.
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zF F3lod Byl 26702] centroid type strain?} HA-9 #F2ke) B-Af
48 simple matching coefficient® <o} 7zl HA-9 IF3F9
centroid strainz}e] FAIE = 67.622 o) -2 Ao F vepytuh. uk
7 oj centroid straing-& 75%0)142] FAIRE 2 X clustering®l= 7
2.2 Hol HA-9 &5 AdAe) dyty oz PFriste WHEFEDE &
ddolels 542oE d2)¥d B4 thE 357U AE & 5 Yz
zp2bA ojeigt WAL HA-9 FF7F MEF Y 7hedo] wrbe A

+ Sjulgttia ¥ 4 glch(Figure 15).
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The morphology of colonies of different strains on CM agar
medium.
a) Actinopolyspora halophila (15% NaCl, 14 days)

b) Actinopolyspora mortivallis (15% NaCl, 14 days)
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Fig 1.

continued.

¢) Strain HA-9

(10% NaCl, 7 days)
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The aerial mycelia of the strain HA-9 incubated for 7 days,
at 37°C on CM agar medium containing 10% NaCl.
a) spore bearing hyphae

b) aerial mycelia
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Fig 3. The spore morphology of the strain HA-9 incubated for 7 days,

at 37°C on CM agar medium containing 10% NaCl.
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Table 1. Morphological characteristics of strain HA-9 and the two strains

of Actinopolyspora.

characteristics

HA-9

A halophila

A mortivallis

morphology of
colony
spore surface

spore chain

sporulation on

frgmentation of

substrate mycelium

color* of
spore mass
mycelium

pigment

circular, flat
smooth
flexible or

open loops

aerial mycelium

white
vellow

none

irregular, convex
smooth

straight

aerial mycelium

white
yellow

none

circular, convex
smooth

straight

aerial mycelium

white
vellow

none

.

¥ on CM agar medium
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dry weight { g/I )
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pH
Fig 4. Effect of pH on growth of strain HA-9. The mycelia dry

weight was determined after 7 days in CM medium.
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Dry weight ( g/1°

15 20 29 50 59 40 45
Temperature { C )

Fig 5. Effect of temperature on growth of strain HA-9. The mycelia dry

weight was determined after 7 days in CM medium.
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Dry weight ( g/I )
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Fig 6. Effect of NaCl concentration on. growth of strain HA-9. The

mycelia dry weight was determined after 7 days in CM medium.
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Fig 7.

Effect of NaCl concentration(%) on the growth of

grown on CM agar media.
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Fig 8. Effect of NaCl on submerged growth in CM broth.

a) 3% NaCl b) 10% NaCl
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Fig 8. continued.

¢) 20% NaCl
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Table 2. Cultural characteristics of strain HA-9 on different media.

HA~9
v A
growth spore

Complex medium good white
Tryptone-yeast good white
extract agar
Yeast extract- good white

Malt extract agar weak sporulation
Inorganic salts- poor white

starch agar poor sporulation
Glycerol-asparagine poor white

agar

peptone-yeast good white
extract iron agar

Tyrosine agar no growth
Nutrient agar good white
Potato-Dextrose agar good white
Bennette agar good white
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Table 3. Biochemical characteristics of strain HA-9 and the twe

strains of Actinopoiyspora.

characteristics HA-9 A halophila A.-mortivallis

Utilization of
glucose
xylose
fructose
sucrose
rhamnose -
raffinose -
mannitol +
inositol -
arabinose +
glycerol +

leucine +

+

+ + + o+
+ + + o+

+ + + + + o+ o+ o+
1

+ + o+ o+

glycine

serine -

I
+

alanine -
arginine +
citrate + + +
succinate + + +
lactate - -

Decomposition of
xanthin + - +

+
|

casein + + +

gelatin + + +
Hydrolysis of

urea + - -
Production of

Hz2S - - -
Reduction of

nitrate - - +
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Table 4. The antibiotic resistances of strain HA-9.

323 A =% | HA-9 RAde 5 | HA-9
penicillin G 1000 + ampicillin 1000 +
100 + 100 +
10 + 10 +
nalidixic acid 1000 + methicillin 1000 +
100 + 100 +
10 + 10 +
amoxicillin 1000 + cyclohexanide 1000 +
100 + 100 +
10 + 10 +
streptomycin 1000 - spectinomycin 1000 -
sulfate 100 | (+) 100 -
10 + 10 +
novobiocin 1000 - neomycin 1000 -
100 - 100 +
10 + 10 +
gentamicin 1000 - kanamycin 1000 -
100 - 100 -
10 + 10 +
polymyxin B 1000 | (+) sulfadimethoxine| 1000 | (+)
100 + 100 | (+)
10 + 10 +
bacitracin 1000 -
100 -
10 +
* + 53 growth, - 1 nogrowth, (+) ; weak growth
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Table 5. Different antibiotic resistances of strain HA-9 and

the two strains of Actinopolyspora.

antibiotics HA-9 A. halophila A mortivallis
novobiocin 10 10 100
kanamycin 10 >1000 >1000
penicillin G 21000 21000 10
streptomycin 100 21000 21000
gentamicin 10 >1000 1000
ampicillin >1000 21000 10
methicillin >1000 >1000 100
amoxicillin >1000 1000 1000
bacitracin 10 100 1000
nalidixic acid >1000 >1000 >1000

S8

el pg / ml
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Fig 9.

TLC of DAP(diaminopimelic acid) from strain HA-9 and other

strains.
1. Nocardia asteroides 2. Streptomyces viridochromogenes
3. HA-9 strain 4. Actinopolyspora mortivallis

5. Actinopolyspora halophila
6. Standard DAP(diaminopimelic acid) 7. DL-Alanine

8. Glycine 9. DL-Lysine
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Fig 10.

arabinose

galactose

TLC of Sugar from strain HA-9 and the two strains of
Act inopolyspora.

1. Standard ( glucose, mannose, ribose, rhamnose )
2. standard ( galactose, arabinose, xylose )

3. HA-9 strain

4. Actinopolyspora halophilia

5. Actinopolyspora mortivallis
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PE

PGHDPG

PI

‘ig 11. TLC of phospholipid from strain HA-9 strain and the two strains
of Actinopolyspora.
a) Chloroform-methanol-water ( 65:25:4 )
b) Chloroform-acetic acid-methanol-water ( 80:18:12:5 )

1. standard ( P1, PG, DPG, PE ) 2. HA-9 strain

3. Actinopolyspora halophila 4. Actinopolyspora mortivallis
PI : phosphatidylinositol PE : phosphatidylethanolamine
PG : phosphatidylglycerol DPG : diphosphatidylglycerol

PC : phosphatidylcholine
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1st

Fig 12. Two-dimensional TLC of phospholipid from strain HA-9.

PC

phosphatidylcholine
DPG : diphosphatidylglycerol

PG : phosphatidylglycerol

— B9 —



START

10.699

EHD OF SIGHAL

Fig 13. The chromatogram of fatty acids from strain HA-9.
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Table 6. Fatty acid composition of the strain HA-9.

Retention ECL Fatty Relative
time acid percentage
3.495 13.60 iso-13:0 2.02
4.176 14.62 iso~14:0 0.93
4.248 14.71 | ante-14:0 4.33
5.162 15.64 iso-15:0 37.29
5.319 15.77 16:1 1.39
5.604 16.00 16:0 3.18
6.251 16.45 ? 3.34
6.568 16.64 iso-16:0 3.26
6.715 16.73 | ante-16:0 19.00
7.945 17.36 ? 1.63
8.085 17.42 ? 1.80
8.589 17.64 iso-17:0 4.51
8.752 17.71 18:1 1.76
$.508 18.00 18:0 3.85
10.699 18.40 | 10-Me-18:0| 11.62
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Table 7. The comparison of fatty acids from strain HA-9 and

the two strains of Actinopolyspora.

fatty acids HA~9 A. halophila A . mortivallis

normal acids

15:0 1 trace
16:0 3 2 1
16:1 1 2 trace
17:0 2 2
18:0 4 trace
18:1 2 1
iso-acids
14:0 2 trace trace
15:0 1 20 16
16:0 37 14 18
17:0 3 11 28
18:0 5 3 trace
ante-acids
15:0 4 8 3
17:0 19 32 29
10-methyl acids
17:0 trace
18:0 12 trace
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Fig

TLC of mycolic acid from strain HA-9 and the two

Act inopolyspora.
1. Actinopolvyspora mortivallis
2. Actinopolyspora halophila

3. strain HA-9
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Table 8. Chemotaxonomic characteristics of strain HA-9 and the two strains

of Actinopolyspora.

characteristics HA-9 4. halophila A.mortivallis
Cell wall type T | N
DAP meso—DAP meso-DAP meso-DAP
sugar none galactose galactose
(galactose) arabinose arabinose
Phospholipid type PH PH PH
Major Fatty acid iso-15:0 iso-15:0 iso~-15:0
ante-16:0 iso-16:0 iso=16:0
10-Me-18:0 iso~17:0 iso-17:0
ante-17:0 ante-17:0

Mycolic acid
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Table 9. Classification of Actinomycetes genera by their chemotaxonomic

characteristics.

cell wall type DAP sugar type sugar genera

I L-DAP - - Streptomycetes, Streptoverticillium
Nocardioides
T neso-DAP D xylose  Micromonospora, Actinoplanes,
[:;rabinose Dactylosporangium
il neso-DAP B madurose Actinomadura, Streptosporangium
C none Thermoact inomycetes, Nocardiopsis,

Frankia, Actinosynnemata,

Saccharothrix, Thermomonospora
v meso-DAP A arabinose Nocardia, Micropolyspora,

Saccharopolyspora,

alactose Saccharomonospora, Actinopolyspora

* from Prokaryotes¢23>
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Table 10. Different characteristics of strain HA-9 and other strains.

Characteristics HA-9 Nocardiopsis* A. halophila A.mortivaltlis
Morphology of
Spore chain flexuous flexuous straight straight
Spore surface smooth smooth smooth snooth
Cell wall type i n 1\ |\
DAP meso-DAP meso-DAP meso-DAP meso~-DAP
sugar - - arabinose arabinose
{galactose) galactose galactose
phospholipid Pl PH P Pl
type
fatty acid iso=15:0 No data iso~15:0 iso=15:0
(najor component) ante-16:0 **(i,a~form iso~16:0 iso~16:0
10-Me-18:0 10-Me-18:0) iso~17:0 iso—-17:0
ante-17:0 ante-17:0
mycolic acid + - - -

* from Bergey’s manual of bacterial systematics(24)

*% from Kropenstedt (1985)(20)
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