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Abstract

The strain YSK-681 has been selected for antibiotic-producing strain against methicillin resistant Sta-
phylococcus aureus(MRSA) from 1,000 strains of actinomycetes which had been isolated from soil. The
strain YSK-681 has been identified on the point of morphological, cultural, physiological and chemical
characteristics. Forty-one taxonomic unit characters were tested and the data were analysed numerically
using the TAXON program, The isolate was classified into the major cluster 29 of Streptomyces and
best-matched to Streptomyces lydicus. Therefore, it was concluded that the isolate was identified to be

Streptomyces lydicus.
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2 Staphylococcus aureus, Sta. epidermidis, Sta.
saprophytics®] 3%Z0) dxA AFe 70%E A5}
3oglew, 53] 3 XAt (Staphylococcus
aureus) & 22 &Aool gol ZF A9F9 F9
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7 (Methicillin Resistant Staphylococcus aureus:
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1. 2bA| LA 8 ZeAlpme| Fa| W 2 A
At

Py 2L A% AEFTE ARRS AN
EEATAE MR e 457158 AA 44 7
ZHEZHE E83 MRSAZE Algo A3t &
A XEAFTEE B3] 3t AAE Y gk
HjR] o] E3t] 37°CAA 24X7F WS F B34 F
go7 Holyg #FE A¥Y3te mannitol && A
A}, DNase A48, catalase AAHE, 834 Fo)12
B AR HZH o2 12059 M InAALAE B
2Rt Aol ek 744 AARE A gl A
L5 e 9579 344 (penicillin(Pc), met-
hicillin(Mc) cephalothin(Ct), cefazolin(Cz),
tobramycin(Tm), amikacin(Ak), gentamycin
(Gm), vancomycin(Vc), chloramphenicol(Cm)
o et A YW o At F FAA
9] ¥EE 1~500pg /ml7t H%E Mueller-Hin-
ton iAol 3]Aste] HU-E WHESL A7)0l A|HHES
HEsld 37C wF71oA 2427 Wi gkt vl
% H4 AA %% (minimum inhibition concen-
tration: o]& MIC)E ZAsled NCCLS(Na-
tional Committee for Clinical Laboratory Stan-
dard, 1990)°ll &3t HA AT,

2. WMo 22|

FHE A5 9] A FAEAA AFT EY
& BN 7 T F A% EGS d7E APAd
ol e & 1087 WA s A 195
o] 3t WA £ 8 v o] =Te F 30TColA
S5UZF v FEtAA ol el Fehs St s
Zste 1,000 #59 WAFS Y. Had
288 iR & 1.0% colloidal chitin, 0.4% pep-
tone, 0.1% K,HPO,, 0.05% MgS0, - 7TH.0, 2.
0% agar®] 24& zhe WA A1

3. & gdel £

HALE WY IEATE FEY SHEAS YR Strepromyces sp. YSK-6819] ¥2) 4 2] §4 341

gt A& Staphylococcus aureus ATCC 6538
PE AN¥Fo= 8t paper disci® o2 243
t}. & 7 9cm B FAlo) 15mle} Mueller-Hin-
ton agar(MHA) Wiz & 713le] 29 ¥ Alg 149
o8 A 0.5% 45 DANAZ T3
o7]¢) 2049 AEE 7ete] ARAIZ A 4mme]
paper discE &2 4C YAILANA 3A17F B
& 37°C Wi grlelA 18A17F vl Fste] A== A
% AAdl(clear zone)9] 7 =A7|Z FAEHS]
48 A3

4. SEA Mikrrol MY

EFA EE¥ WAHF-S 1% soluble starch, 0.
5% peptone, 0.05% K,HPOQ, 0.05% MgSO; -
TH,08] AA wjA]o] HE3sl 307CoAA 3~5U7F
2 kst 3 AEEol2 aAE AASIY wgy
& AZEHY. dF AL Staphylococcus aureus
ATCC 6538P ¥ 57FA] o]d9] gAAel] WA 2t
3 Y 1259 MRSAE A @752 AMS-ste] v
N Fo it 8BS FH e ZE WAl A
o 45 vehlle 458 35 A3

5. SMEE MAERTo| EN

AHE FAER YAFTE T3] Sist FH
2 - ey - A ey - 31EHY EAS AR
on o]F 7]ELo R 7] FAINAUCt A e
2 Al Feiv) Ao, ¥xte] ¥ A =
71 FA} @74 (JSM-T220A, JEOL, Japan) 2
2 #F3

vl 540 2M = Shirlings Gottliebe]
WiNg Bergey's Mannual of Systematic Bac-
teriologye] B718 gWel meba 71FAte] A4
% WEAS FFAGOH, 1 9 AY B In-
ternational Streptomyces Project(ISP)¢] ujj=]
oA AR st Wabd WA= peptone-yeast ex-
tract agar, tyrosine agar WX & Al&3sle] #E3}
Ach Aty 548 Bergey’s Mannual of Sys-
tematic Bacteriology® ¢} Methods for General
and Molecular Bacteriology2] ¥Hi 9o F&}a]
ZARIA T A WAte] B FAlE methyl ester
3} A7l & gas chromatography(Shimazu GC-
14A, Japan)Z ¥A|slgom®  Menaquinone
(MK) ¢ 4o =4 Azs #A4E chloroform :
methanol(2 : 1 v/v) £v]2 menaquinoned 3
&3ty TLCE ¥23ste 44 Ciz(4pum, 0.46%
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15.0cm) BH& AMEste] 9 270nmel4] HPLC
2 B, Paige] Ay
imelic acid(DAP) typeg] &A= 6N HCI 2ml&
7¥ste] 121CAlA 1583 7teiaigt & cellulose
TLCE AMgsly] Adgwyioz AMste 0.2% nin-
hydrine Ajefo 2 A7l F FFEF 7 v w3t
AR AT, DNAS G+C9] 3te HPLCE &
ARG, #3298 FAHL Williams 59 41
A A1g =018 2ARE F TAXON program$

o|-g-3te] A HATh.

=]

A
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1. 2| LA gt Aol 2| 9
At

Ak Y57 =58Q0) WS Tae) Y 8
2t F eIl AAF ElE A M ES AlE
2 3l Bt 229 12959 vix ATy
HM FTEALFE vancomycin(UA 71E: 32
g /ml)ol sk UL gliont, 1 99 ShAA| A
' 5 YAS 2 K Table 1), 53] p-la-
ctamAI Gl ¥ WS e Ao, 2 F
AN E methicillin(WlAd 71F: 4pg /ml) 3} peni-
cillin(0.04.g /ml) o] W& 100%& JERH
t}, o] Z-& A= 9] thE B9 vjsg
S Holi glont, ¥ she] FAAY s = W4g
27O 5o Aow zAEATH 129F9] thAY
A AL 7HA] ol A WAES YeEe
T2} 4632 36%, 57HA) o] Aol A 98%= & 75%0]
Ak Eg 1295 FolM e AT T A 2e-e

A 52 diaminop-

75 - o5 - AA - 1F

HEREL DR

z+= p-lactamAlE (Pc, Mc, Ct, Cz)3 ©A3
4 A3 24L z=  aminoglycosideA € (To,
Am, Gm), chloramphenicolAld (Cm) 7+ 23}
WAae verlch 7P gel vehd %82 Mc-
CzPcCtCme] ¥H 2 10.8%(145F), GmMcCzPc-
CtCme] 10%(13%), GmMcCzPcCtToCm3}
GmMcCzAmPcCmo) 4.6%(65), GmMcCzPc-
CtCme] 3.9%9] 552 ZAME AT (Table 2).

2. S Mikre| MY

FAEH i) 13 A2 paper disc§9g
A8l Staphylococcus aureus ATCC 6538PE &
g5t Mueller-Hinton agar (Difco) wjA| o)A d4
oA 3AZF HEA| H 37°CHIYTIolA 1847 vl
st A AAY HAgol 5% 20058 AHIA
o}t 2z e 94 T EA 8 oAl A o
743t 1252] MRSAE AP OE AMg-3t ¥
o] 43t WAy 8FFE MHIHen I T
BE Ul diste Fe 84& Uehlle YSK-
6815 ¥ AFat

3. SMEE dehRZo| e, uitets 54

Inorganic salt-starch agar$} oatmeal agar ¥
I iR Aol A4 el A1 (spirale) o
e, ¥W AHe smoothd & olFx YAt
(Fig. 1). Peptone-yeast extract iron agaro)A} 2]
Fge F51 FHolU oY A A %o
™, yeast extract-malt extract agar, oatmeal
agar, inorganic salt-starch agar, tyrosine agar
AA HFe] e 7H 2 (powdery) &2 3

Table 1. Minimum inhibition concentration of MRSA isolated from clinical samples

Number of isolate

Antibiotics Inhibited at given concentration{ g /ml)
1 2 4 3 16 32 64 125 250 500 >500

Penicillin 1 1 3 4 1 4 35 62 18
Methicillin 1 1 1 3 1 4 4 9 2 103
Cephalothin 2 2 1 1 2 18 73 28 2
Cefazolin 3 1 1 1 1 2 11 75 26 8
Vancomycin 127 1 1
Tobramycin 5 2 2 26 35 48 8
Amikacin 2 4 30 16 28 25 21 1 2
Gentamycin 1 3 2 18 13 45 30 14 3
Chloramphenicol ; 2 7 30 21 3 66

MIC were determined by 2-fold agar dilution method at 37°C for 18 hours using Bacto Mueller-Hinton medium(Difco).
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Table 2. Antibiotic resistant patterns of Sta-
phylococcus aureus

Number
of strain

Multiplicity
of resistance

Antibiogram

GmMcCzAmPcCtToCm 4
GmMcCzAmPcCtToCm 3
GmMcCzPcCtToCm 6
GmMcCzAmPcCtTo 1
GmMcCzAmPcCtCm 1
McCzPcCtToCt 4
2
1
1
5

e

McCzPcCtToCm
McCzAmPcCtCm
GmMcCzPcToCm
GmMcCzPcCtCm
GmMcCzPcCtCm
GmMcCzAmPcCm
GmMcCzAmPcCm
GmMcCzAmCtCm
GmMcCzPcCtCm 5
McCzPcCtTo 1
McCzPcCtCm 8
McCzPcCtCm
GmMcCzPcCt 1
GmMcCzPcCm 3
GmMcCzAmCm 2
GmMcAmMPcCm 1
GmCzPcCtCm 1
GmCzPcCtCm 1
GmCzAmCtCm 1
McCzPcCt 4
McCzPcCt 1
1
1
2
1
3
1
1
1

—

3
6
2
0

[y

—

4

GmMcCzCm

GmAmMPcCt

McCzCm

CzPcCm

PcCm

McPc

McCm

GmAm

Pc 1

NN WWs T O N~~~ X

—

¢ : Penicillin, Mc : Methicillin, Ct : Cephalothin, Cz :
Cefazolin, To : Tobramycin, Am : Amikacin, Gm : Gen-
tamycin, Cm: Chloramphenicol.

HAcH(Table 3). ¥Ae] AL peptone-yeast
extract iron agar?+& A&t 25 2 Y
t}. Glycerol-asparagine agar, peptone-yeast
extract iron agar WA A ko] AL Aol
on, 2 ¥te] yeast extract-malt extract agar,
oatmeal agar, inorganic salt-starch agar, tyro-
sine agardlXl< Z7] #2o]] ot wiF 44 0] A
b A715-E o2 wstE o, Wahd A4t vt

WANY WA EEATF FES FAZAS AU Streptomyees sp, YSK-6818] 22l 2 2 ¥4 343

Fig. 1. Scanning electron microscopic photo-
gram of Streptomyces sp. YSK-681.

|4 AMhe FEHA e, g viEAL inor-
ganic salt-starch agar, glycerol-asparagine ag-
arojA] M og T Wre] yeast extract-malt ex-
tract agar, oatmeal agar, inorganic salt-starch
agar, tyrosine agarolX& ¢& 2o g A&
t}. Dextrose, fructose, arabinose, xylose, man-
nitol 9] gA 92 7 o}a3}g oL}, sucrose, raf-
finose, adonitol, cellobiose ©]&3}A] E3}\ch
(Table 4). A2)3 EAL gelatin, skim milkE 2
B3390}, xanthine, allantoin, pectin 5& ¥
ekx] 25kt =8 skim milkE $3A7)A &

&9, 7% NaCl, 0.01% sodium azide, 0.1%
phenold|A & 834 E342n, neomycines}
rifampicinell g AFAE AU S JH L=
9} pHe 309 pH 7~80l2H, 45CAME A
&y on, H2S7t2e A 8lA) ¥tk (Table 5).

4. mx|e| EEfE A

A F AWAEe Cis fatty acide] ante-iso type
3} iso typel 2 FAE O] doen, Cis fatty acide
43.24%, Cs fatty acide 23.35% 28] Cy; fat-
ty acide 29.25%8 T3t AUk A EW quin-
oned] EHE MK-9(He) 9 MK-9(Hg) ¢l men-
aquinoneg FH32 AU} MFEHe] peptido-
glycanZd| &Asle diaminopimelic acid(DA-

P) o]4&A= LL-DAPE ##3ta At LL-
DAP types #3laL e WA Streptomyces
&3} Streptoverticilliums;o] 9lov, I Wl Spo-
richthyas:, Nocardioides%: 2 Kineosporiad:3} Ki-
tasatosporia %9 4F dFEC] on, YuX=
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Table 3. Cultural characteristics of Streptomyces sp. YSK-681

. Aerial mass  Reverse side Pigment Colony Sporulation
Media
color color morphology  (colony surface)
Yeast extract-malt Grey Light brown None Powdery Good
extract agar
QOatmeal agar Grey Light brown None Powdery Good
Inorganic salts- Grey White None Powdery Good
starch agar
Glycerol-asparagine White White None Umbonate Good
agar
Peptone-yeast extract White Light brown None Powdery None
iron agar
Tyrosine agar Gray Light brown None Powdery Good

The strain was cultured in various kinds of media at 30°C for 14 or 21 days.

Table 4. Carbon utilization of Streptomyces
sp. YSK-681

Table 5. Physiological characteristics of Str-
eptomyces sp. YSK-681

Carbon source Utilization

Dextrose
Galactose
Mannose
Fructose
Arabinose
Xylose
Rhamnose
Sucrose
Raffinose
Mannitol
Inositol
Adonitol
Inulin —
Cellobiose -

I ke

+

=+ utilized , — not utilized
The strain was incubated in carbon utilization basal salt
agar supplemented with 1% of carbon source, and the
growth was checked after cultivation at 30C for 14
days.

meso-DAP typed] A2¥& 7Hgy A it
® av B #5e g, gty B4 1
o} Streptomyces & HFE B Y}

5. 7| 2| =8

AdE FYEL YAFFE T3] Yt Fy
2, WFd, e 5L o] &3t S B4 A
AlEath. 2k B smooth¥o|y YAdgoa
dA=o] AUt AwHake iso, ante iso branch
type?] fatty acide)?lem, chromosomal DNA
(GHC) &3& 75.9 mol%S 3hgat Ut o
da e FHE, wgEE, AelE 543 853

Test Result
Gelatin hydrolysis +
Skim milk hydrolysis +
Skim milk coagulation —
Pectin hydrolysis -
Degradation of lecithin -+
Oxidase +
Catalase +
Urease +

Degradation of xanthine
Degradation of allantoin
Indole production
Nitrate reduction
H,S production -
Resistance to neomycin(504g /ml) —
Resistance to rifampicin(50g /ml) —
Growth at 45¢C +
Bacillus subtilis antibiosis +
+

Aspergillus niger antibiosis

Growth in phenol(0.1%, w /v)

Growth in NaCl(7%, w /v) —
Growth in sodium azide (0.01%, w /v) -

=+ utilized, — not utilized

A AAE 7]%22 sl Williamse] #H3d) 2)s)
4174¢] &9 B4 =& FA}3led (Table 8) Taxon
programg o}g-3te] 2] gL FcHY, Taxon
program Willcox probability7} #31(>0.85),
B34 A7t 95%8F 93 Wl 81, vl

S4E 1283 % probability of strain further
away #to]l 55 ol}d o2 T4 4 Ut} Strep-
tomyces T7-%} (major cluster) & Ao 2 2= &
Ast A3 23] 29(Streptomyces lydicus) ol ths)



Vol. 11, No. 3(1998)

A4 WA EEATT AT FABF S A8 Strepromyces sp, YSK-681¢) &3] 2 43) 53 345

Table 6. Identification of Streptomyces sp. YSK-681 in the major clusters of Streptomyces using

TAXON program
Taxon Taxon 95% Taxon % Prob of Willcox
major cluster distance radius strain further away probability
29 (Streptomyces Iydicus) 0.4030 0.3711 0.5523 0.995835
31 (Streptomyces antibioticus) 0.4467 0.3930 0.1081 0.003100
15 (Streptomyces chromofuscus) 0.4737 0.3994 0.0170 0.001016

Table 7. Identification of HMO, centrotype, best matched strain, out-most member and the isolate
Streptomyces sp. YSK-681 to the major cluster 29 by TAXON program

Members of Taxon 95% Taxon % Prob. of strain Willcox

cluster 29 distance radius further away probability
YSK- 681 0.4030 0.3711 0.5523 0.995835
HMO (Streptomyces lydicus) 0.1877 0.3711 99.9772 >0.999999
Centrotype ( » ) 0.2281 0.3711 99,2556 >0.999999
Outer-most member ( » ) 0.4218 0.3711 0.2422 0.999920
Best matched strain ( ~ ) 0.3019 0.3711 61.6605 >0.999999

Table 8. Criteria used for the classification
and identification of Streptomyces sp. YSK-681

Spore chains rectiflexibilis

Spore chains retinaculiaperti

Spore chains spirales

Spore chains verticillsti

Spore surface : smooth

Spore surface : rugose

Spore colour : grey

Spore colour : green

Spore colour : red

Pigment : reverse yellow /brown

Pigment : reverse red /orange

Melanin production : PI agar -

Fragmentation of mycelium —

Use of d, l-a-aminobutyric acid -

Use of l-histidine —

Use of l-hydroxyproline -

Degradation of lecithin +

Pectin hydrolysis -

Nitrate reduction -

Hydrogen sulfide production -

Bacillus subtilis antibiosis +
*

P+ 1+ 41

F+

Streptomyces murinus antibiosis

Aspergillus niger antibiosis

Degradation of xanthine -
Degradation of allantoin -
Degradation of arbutin *
Resistant to neomycin (50 /ml) -
Resistant to rifampicin (504g /ml) -
Grow at 45 +
Tolerance of NaCl (7%, w /v) -
Tolerance of sodium azide (0.01%, w /v) -
Tolerance of phenol (0.1%, w /v) -

Grow on xylose +
Grow on meso-inositol A
Grow on mannitol +
Grow on D-fructose +
Grow on L-rhamnose +/
Grow on raffinose A

Grow on inulin -
Grow on adonitol -
Grow on cellobiose -

* not test, + Positive, — negative, + weakly positive.

0.995835¢] Willcox probability & JERJZC
o], 323 31(Streptomyces antibioticus) <] 0.0031
o nla} “F23l EA ZAMENUG B3 EHFE AYdE
won 95% B/ vbx &3, % probability
of strain further away 3+& ¥97] "Ed, F
F 290 &3 Aoz ZAEAY. F23 299
HMO(Hypothethical median organism), cen-
trotype, outer-most member, 7} 23 FF
(best match strain) 52| @9 EA1S #2§ Ax}
= F7F 290 &wleg, B IFE Streptomyces
Iydicus YSK-6812 $3 31 tH(Table 7).

2 o

FAA | gk W7 e wid 43 F
7HE 3 Qe ol gk oFA) Afde] 8% ek
53] i dAgA 38 Xxd7d (MRSA) S o
2 FREHA et HANEE e g 2dS
g0 2] FAHLE ol Ut} 0N AEF
A5 AT FHOE QA JHHEAA 2T
MRSAE A EF o= AME3te g Ao 73t
A2l YSK-681& At 5 $3& sty
AEE YSK-681% Fefd, wikatd, A4, st
2 A4S sden 41709 @Y §EL 2A)siY
TAXON program@ 2 2] F4% A4 23 29
o) &3l= Streptomyces lydicusZ F3 3 T).

Ao o

2 979 25 $40) £4L 24 @B
AT AR FAATA o1FE, £ WAl
A=Y LT,
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