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Isolation and Identification of Streptomyces sp. NA-52 Producing Growth Inhibitor against Pyri-
cularia oryzae. Won-Ho Yoon', Dae-Seog Lim, Myung-Sub Lee and Chang-Han Kim*. Labor-
afory of Molecular Cell Biology, Animal Resources Research Center, Konkook University, Seoul
143-701, Korea, 'Department of Food Processing, Seoil Junior College, Seoul 131-208, Korea -
The aim of the present research program was to isolate a strain of actinomycetes producing antifungal
substance. Soil samples were collected from various sites in Korea and a number of actinomycetes were
isolated from the soil samples by applying selective agar for actinomycetes. Among isolates, a strain (NA
-52) producing antifungal substance against Pyricularia oryzae was selected. Chemotaxonomic and num-
erical identification were carried out for the isolate. Fifty taxonomic unit characters were tested and the
data were analyzed numerically using TAXON program. The isolate was identified as a synonym of strep-
tomyces diastaticus belong to cluster No. 19 (Streptomyces diastaticus). But it showed a low similarity to
S. diastaticus in simple matching cocfficients, hence it was considered as one new species in Streptomyces.
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(pH 7.0~7.2)2} 0.1% glucose, 0.1% glycerol, 0.03%
K. HPO,, 0.03% MgS0O, - 7TH.,0O, 0.03% NaC(l, 0.03% L-
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Table 1. Antimicrobial activity of 13 isolates

Fig. 1. Mi{:rdphbtbgraph of strain NA-52,

A3 A5hgt gpiral e 2 Alchel] HE3 2] viv] woke 3}
32 gleiewd ExlEW-2 H¥Al smooth typee] st
(Fig. 2). A9 2] DAP isomer type-2 Table 404 ¥
+ "2} Zo], LL-DAP#$} glycine® ¥-73°-F wall ch-
emotype #7442l chemotype Ioll sid=i= 7o g ¥t
it vk = A2 5412 Table 2014 X vt}
2], spore massv 3o | 77 dofHA=E red/orange
Alolgiom 718 A4 e Ao s}, wik of
Al W S o) A - k] 2715 A Az
H3ls gld o™, peptone-yeast extract-iron agar®}
tyrosine agarell4] melanin 48 Al sl o Fate]
wetdAt, st 2 dokaAke] ZxEA A4
2] skt ISP uhH el whE 2k vl R[ol| Al 9] nfeFAd
o] EAlE Table 39ll4] ¥+ vle} 7o), veast extract-

o =i e el

Inhibition zone diameter (mm)*

Test microorganisms

NI-A, N-5 HA-26 N-50 NA-52 HA-66 NA-84 H-86 HA-86 N-89 HA-133 N-136 H-157

Bacillus subtidis PCI-219 16 16 16 0
Staphviococcus aureus FDA-209P 0 12 0 0
Mycobacterium phlei IID Timothe 0 0 0 0
Psuedomonas fluorescens 1AM 1201 0 0 0 0
Escherichia coli NIHI] 0 {0 0 (0
Candida albicans 1AM 4905 17 19 0 0
Mucor ramannianus 1AM 6128 15 0 0 12
Chiorella regularis 13 21 20 14
Alternaria mali 11 0 0 16
Pyricularia orvzae TFQ 5994 17 G 0 0
Rhizoctonia solani TFO 6258 13 ( 0 0
Cylindrocarpon destructant 0 0 0 0
Botrytis cinerea IFO 5365 22 O 0 13
Fusarium solani 0 () 0 0
Glomerella cingulate TFO 9767 17 0 0 0
Alternaria alternate 12 0 0 15

0 17 0 0 0 0 0 0 0
(0 0 0 0 () 0 0 { 0
0 O 0 0 0 0 0 0 0
0 0 0 ( 0 0 ¥ 0 0
0 0 0 0 0 0 0 0 0
0 20 15 14 21 0 0 0 0
0 27 17 0 13 0 0 0 0
40 25 12 20 13 0 0 0 0
0 0 0 00 11 14 20 0 0
24 0 0 11 10 15 0 20 10
0 0 0 ( 14 23 22 0 0
0 0 0 11 0 0 ¢ 0 0
0 0 0 0 22 0 0 0 0
0 0 G O 0 0 0 () 0
0 0 0 0 15 0 0 0 0
0 0 G 0 0 0 0 0

* Antimicrobial activity was measured by cylinder method.
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Fig. 2. Scanning electron microphotograph of spore surface
of strain NA-S2.
Medium: oatmeal agar, Cultivation: 287 for 14 days.

malt extract agar(ISP 2), oatmeal agar (ISP 3) glyce-
rol-asparagine agar(ISP 5), Bennett's agar ¥ potato
dextrose agar B Aol A= AG-o] oFF gk 74_21 Lhehyt
th o]l HAdol 9le{Ali= Table 4o|A Hi= nle} 72
o], Ex|EHr Lo} HFEINES Frstadoen cellu-
losew= ®3ll3}7] S-3hsict. NaCl A2 6% olsfed o,

WA 22 27 C~37Col T, Bl =g pH W9l

Table 3. Cultural characteristics of strain NA-52

Table 2. Cultural and physiological characteristics of strain
NA-52

Characteristics

Strain NA-52

Color of spore mass
Red -
Yellow -
Gray +
Green -
Blue }
Violet -
White -
No distinctive substrate mycelial pigments +

Pigmentation of substrate mycelium
Red/Orange +
Green -
Blue -
Violet -
Production of diffusible pigments +

Pigmentation of diffusible pigments
Red/Orange -
Yellow/Brown +
Green -
Blue -
Violet -
Sensitivity of substrate pigment to pH -
Sensitivity of diffusible pigment to pH -
Melanin production on peptone/yeast/iron agar +
Melanin production on tyrosine agar +
Fragmentation of mycelium -
Sclerotia formation -
Sporulation on substrate mycelum -

_____ = 6.0~8.0019c) =3} G $EA FAE B
~] odelrom npE Ale] L&zt A T glolr) weli], B
T NAS2E WiebSadst gee 54 58 A
43}, Streptomyces <5 %4 = %K Table 5).

e — e

rererrrrrrrri e rrrrrrrerrrrevE bW rrrrrrrrrerrrrH A rrrrrrerrrrerd AN rrrrrerrrrrerdi i rrrrrrrrrrrrrer
B e o A A e A A e HH M e

Medium Growth Spore mass color® Reverse side color* Soluble pigment*
Yeast ext.-malt ext. agar(1SP 2} good med. Gy {265) d. Br (56) s. Br (55)
Oatmeal agar (ISP 3) good med. Gy (265) d. B (59) Br. O (54}
Inorganic salts-starch agar (ISP 4) poor none I. O (52) I. pPr (249)
Glycerol-asparagine agar (ISP 5) good med. Gy (265) m. Br (58) m. Br (58)
Pepione-yeast ext, ron agar (ISP 6) moderate none br. OY (67) none
Tyrosine agar (ISP 7) poOOT I Gy (264) P. OY (73) none
Sucrose-nitrate agar moderate [. Gy (264) m. O (53) I. O (82)
Glucose-asparagine agar moderate med. Gy (265) d.v Br (75) m. Br (58)
Nutrient agar moderate white (263} L OY (70) none
Bennett's agar good Lbr Gy (63) d. gy Br (62) s. Br
Potato dextrose agar good Lbr Gy (63) d. Br (59) d. Br
Czapek's agar moderate 1. Gy (264) 1. O (52) I O (52)
Starch agar poor I. Gy (264) m.y Br {77) I. Br (57)

*Color names and color code were assigned according to ISCC-NBS Centroid Color Charts.
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Table 4. Other physiological characteristics of strain NA-52

Characteristics Strain NA-52
Cell wall composition LL-DAP
Sporangium and motile spore -
Melanoid pigment preduction in

tryptone-yeast ext. broth (ISP 1) -
Gelatin hiquefaction

glucose-peptone gelatin (287C) +

gelatin(287C) +
Skim milk (28C & 377T)

coagulation +

peptonization +
Cellulose decomposition -
Na(l tolerance 6% =

Optimal temperature for growth 28C~377C
Optimal pH for growth 6.0~ 8.0
Streptomycin tolerance (g/ml) 402>
Horse blood hemolysis -

TAXON program2 (|28 22|73 NA-520]
(species) S&
F Sel B4E Slstod AAY FelTF NA-529) &

£ 5432 Table bﬂlr el Streptomyces TTRS HHCE
TAXON programe AHg-8te] elgA & A}, Table 7
2} 7o) 73 19, =, Strepionyces diastaticus groupel] o
gt Willcox probability7}F 0.507500.2-%2 733 18(Strepto-
myces cyaneus)2] Willcox probability(0.471359) X}
Fgorne FoA 199 53 gEe] it LRIHIT
NA-52%} cluster 19 7352k /o9 42> &
=B ZA9=>(simple matching coefficient; Sgy) & Bl
3t 73}, Table 83 Zokc, whn| WAl (S,) A%
= 2AFTFRl S phaeoviridis ISP 52859 = 50% S-lev-
el-%2 vlehfgl o} cluster 199 2070 A2 dl&
2l Streptomyces diastaticus ISP 54963 = 70%2] S-
level-2 vENPo] 2]+ NA-52+ HeH| A (Say)

Table 6. Unit characters of stram NA-52

: Moxphnlogy and plgmentatmn

Spore chain morphology: rectiflexibilis (RFS); -, spirales (SPI); +

Color of spore mass :red (RED); -, grey (GRY); +

Mycelial pigment :red/orange

Diffusible pigment :production (PIG); +, yellow/brown
(YBP); +

Melanin production on:PYI medium (MPI); +, tyrosine
medium (MTY); +
Antimicrobial activity
Bacilius subtilis (SUB); -
Candida albicans (ALB); -

Micrococcus hiteus (LUT); +
Saccharomyces cerevisiae

(CER); -

Streptomyces murinus (MUR); -Aspergillus niger (NIG); -

. Biochemical tests

Lecithinase (LEC); -
Pectin hydrolysis (PEC); -
H,S production (H2S); +

Lipolysis (LIP); +
Nitrate reduction (NO3); -
Hippurate hydrolysis (HIP); -

. Degradative tests

Elastin(ELA);, +
Arbutin(ARB); +

Xanthine(XAN); +

. Antibiotic resistance

Neomycin (NEO); +
Oleandomycin {OLE); +

Rifampicin (RIF); +
Penicillin (PEN); +

. Growth tests

45T (45C); - NaCl(7TNA); +

Sodium azide (017); + Phenol (PHN); +
Potassium tellurite (017T); + Thallus acetate (TO1); +
Compounds as sole source of nitrogen
DL-o~-amino-n-butyric acid (BUT); +L-Cysteine (CYS); +
[L-Valine (VAL); + L-Phenylalanine (PHE); -
L-Histidine (HIS); + L-Hydroxyproline

(HYD); +

. Organic compounds as sole source of carbon

Sucrose (SUC); -
Mannitol (MAN); -
Raffinose (RAF); +
Adonitol (ADO); +
D-Melibiose (MEB); +

meso-Inositol (INQ); -
L-Rhamnose (RHA); +
D-Melezitose (MEZ); -
Dextran (DEX); +
Xylitol (XYT); +

*The three letters in parenthesis are the code names for com-
puter analysis.

Table 5. Comparisons of diagnostic characteristics between the genus Streptomyces, Streptoverticillium, Kineosporia, Sporichthya

and strain NA-52

Characteristics Streptomyces  Streptoverticillium Kineosporia Sporichthya Strain NA-52
Colony size Discrete Discrete Small Microscopic Discrete
Substrate mycelium + + + - +

Spores + - - - +

Sporangia . - + - .

Motile spores - - + - -
Aerial mycellum + + - + +
Chains of arthrospores + + - + +

Arthrospores in verticils : + - ; _

Spore surface smooth + + - + +

Spore surface hairy, spiny, or warty + - - - -

Motile spores - - - + -
Wall chemotype* 1 I I I I

*Wall chemotype: I, LL-DAP and glycine,
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Table 7. Identification of strain NA-52 to the major cluster of Streptomyces by TAXON program
TAXON

Major cluster (Centrotype member)

% probability of

TAXON 95% distance  TAXON radius i
strain further away

Willcox probability

19 (Streptomyces diastaticus) 0.5712 (.4508 0.0G01 0.507500
18 (Streptomyces cyaneus) 0.5590 0.4497 0.0004 0.471359
1B (Streptomyces anulatus) 0.5669 0.4404 0.0000 0.016257
12 (Streptomvces rochet) 0.5664 0.4173 0.0000 0.003056
S (Streptomyces exofoliatus) 0.5784 (0.4455 (.0000 0.000799
40 (Streptomyces phaeochromogenes) 0.5482 0.3805 (.0000 (0.000796
1C (Streptomyces halstedit} 0.5592 0.3883 0.0000 0.000182
10 (Streptomyces fulvissimus) 0.5630 0.4036 0.0000 0.000049
21 (Streptomyces griseoruber) (.5586 0.3709 0.0000 (0.000002
6 (Streptomyces violaceus) 0.5885 0.4126 (.0000 (.000001
15 (Streptomyces chromofuscus) 0.5921 0.4271 0.0000 0.000001
17 (Streptomyces griseoviridis) 0.5953 0.3943 (.0000 0.000000
20 (Streptomyces olivaceoviridis) (.6028 0.3720 (.0060 0.000000

Table 8. Simple matching coefficient (Sg) of strain NA-52  B-A7AZ 2 B ol Streptomyces diastaticus®t 7V A
to merll_lg_er organisms in Streptomyces cluster 19 Aoz vehdol ReldE NA-529) wh¢]dlz E4S

ATCC No. Sgy (%) cluster 192] hypothetical median organism(HMO),

e e

ISP No. Stramn

5496 Streptomyces diastaticus 3315 70 centrotype"{l S. phaeoviridis, 2|5 NA-522} 7} A
53];55 gwpmm}reg ?p - J ek 2;’ 243 F5 S. diastaticus®t # 217} #(outer-most
treptomyces lincolensi. - : ‘
rf_'_,p omyees et m”._ ) member strain: OMS)&l S. coralus®] TAXON unit char-
5262 Streptomyces bottropensis 25435 56 . o - o N
5560  Streptomyces tauricus 27470 56 acterst Willcox probability 5 wWai% A3t Table
5256  Streptomyces coralus 23901 54 9o} Zshet. el NA-522 14 190142 TAX-
5489 Streptomyces rishiriensis 14812 52 ON distance(3.5712)7F 95% TAXON radius(0.4508)
5031 Streptomyces minoensis 197787 52 vl =7 wil A 196 &dls FAFEREE B
3 croellol ' 15332 52 _ f ‘
M315  Microellohosporia flavea FZ NA-52% ¢} cluster centroidol 1'.1-1 7]_;7]_0] ‘3}'—‘4‘:11
5028 Streptomyces achromogenes 12767 52 e sy n - _ L
5429  Streptomyces glomeraurantiacus 19839 52 s}= &-5(% of probability strain further away)e]

M301  Microellohosporia cinerea 15840 50 2+ AL 2 XBeol Fuldg NA-52« 73 19¢)] 5317]
5285  Streptomyces phaeoviridis 23947 50 = &l A 198] #Hezb F(0MS)e] S coralus

5490 Streptomyces nigellus 27450 50 ISP 5256 ¥t} TAXON distance’} 2o 8 Re|fF
2233 ;’; "'3‘; z:y i ﬁ;"’:;‘:“s ;izgg 22 NA-52%= cluster 199] #]ztell A3l 2 02 AR E
SR € VCe. Stu; N o L] 6 wa]ali gl o = o o] 4 =] ==
5449 Streptomyces diastatochromogenes 12309 48 Aack. Al s sk Jﬁ‘jj‘ﬂ-_”r’oyﬂj‘l dHHAF
5481  Streptomyces galilacus 14969 46 Table 104 E= vle} 7o, Hejsrx], g2, A4
5553  Streptomyces mirabilis 27447 46 2] o} 8 Al ) § 43Rl So] 357 i3 zle] ReldT
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Table 9. Comparisens of taxonomic scores between hypothetical median organism (HMO), centrotype, outer-most member
strain (OMM), best matched organism (BMO) and strain NA-52 in cluster19

% probability of strain

T N di
AXON distance further away

Member strain in cluster 19 V5% TAXON radius Willcox probability

HMO Centrotype 0.2568% 0.4508 99.9072 0.967032
(Streptomyces phaeoviridis) 0.3296 0.4508 02.9354 0.997509
OMM
(Streptomyces coralus) 0.4435 0.4508 7.2571 0.447286
BMO
(Streptomyces diastaticus) 0.4131 0.4508 24.9473 (0.778569
Isolate (strain NA-52) 0.5712 0.4508 0.0001 0.507500
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Talbe 10. Comparison of taxonomic unit characters among member organisms in cluster 19 of Strepfomyces and willcox pro-
bability calculated by TAXON program

Taxonomic unit Positive HMO in Centrotype 1n  Best matched Quter-most

characters (TAXON code) character state (%)  cluster 19 cluster 19 strain Isolate member
RFS 4) - + - - +
SPI 60 + - + + -~
RED 15 - - - - -
GRY 50 + - + + -
ROS 15 - - + + -
PIG 10 - - + + -
YBP 5 - - + + -
MPI 50 + + - + +
MTY 50 + + - + +
SUB 20 - - - - +
LUT 20 - - - + +
ALB 1 - - - - -
CER 1 . - - - -
MUR 5 - - - - +
NIG 10 - - - - -
LEC 1 - . - - -
LIP 25 . + - -
PEC 70 + + - - +
NO3 45 - . - - +
H2S 80 + + + + +
HIP 25 - - - - -
ELA 35 - - + + +
XAN 50 + + + + +
AR 55 + - + + +
NEO ] - - - + -
RIF 70 + + - + +
OLE 25 - - - + +
PEN 50 + + + + -
45C 15 - - - - +
TNA 30 - - - + -
01Z 5 - . - + -
PHN 95 + + + + +
01T 75 + + + + +
TO1 S - . . + -
BUT 30 - - + + +
CYS 75 + + + + +
VAL 70 + + + + +
PHE 20 - - - . -
HIS 70 + - + + +
HYD 20 - . + + +
SuUC 75 + + - - +
INO 80 + + + - +
MAN 85 + + + - +
RHA 95 + + + + +
RAF 85 + + + + +
MEZ 25 - + - - +
ADO 15 - - - + -
DEX 15 - - - + -
MEB 95 + + + + +
XYT 15 - . - + +
Matched 30 25 35 50 27
Mismatched 20 25 15 0 23
Sem Value (%) 60 50 70 100 54

Strain Hypothetical Streptomyces Streptomyces NA-52 Streptomyces

median organism  phaeoviridis diastaticus coralus
Willcox probability (3.997032 0.997509 0.778569 0.507500 0.447286

* % value : Percent positive value indicates the occuring percentage in cluster 19,
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