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Isolation and Numerical Identification of Streptomyces Strains Producing Inhibitors of Fungal Cell Wall
Synthesis. Won-Na Suh, Jung-Hee Park, Ji-Young Lee, In-Seop Kim', Kye-Joon Lee' and Moo Bae*. Departrment
of Biological Science, College of Natural Science. Ewha Womans University, Seoul 120-750. Korea, 'Department of
Microbiology and Research Center for Molecular Microbiology. Seou! National University, Seoul 151-742, Korea —
The aim of the present research program was to identify and develop strains of actinomycetes producing antifungal
antibiotics which inhibit cell wall biosynthesis. 860 strains of Actinomycetes were isolated from various soil samples.
Three isolates, EMS4, EMP22, and 1234 were selected as the strains producing antifungal antibiotics inducing abno-
rmal morphology against Penicillium cyclopium, Cryptococcus laurentii, and Aspergillus flavus, respectively. Taxono-
mic unit characters of the strains were tested and the data were analyzed numerically using TAXON program. EMS
4, EMP22, and L234 were identified to be a member of Streptomyces lavendulae, Streptomyces willmorei, and Streptom-

yces aburaviensts, respectively.
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Fig. 1. Antlfungal activities produced by three isolates, EMS4, EMP22, and L234.
A: Growth inhibition zone of P. cyclopium by antifungal activity produced by EMS4.
B: Growth inhibition zone of C. laurentii by antifungal activity produced by EMP22.
C: Growth inhibition zone of A. flavus by antifungal activity produced by L234.

Flg 2. Abnormallty in the cell wall of P. cyclopmm induced
by antifungal antibiotics produced by isolate EMS4.

A: normal form (X1000), B: swelling form (X1000) induced
by the addition of antifungal activity produced by isolate
EMS4.
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Fig. 3. Scanning electron micrographs of spore chains of three isolates cultured on Bennett’s agar plate for 4 days at 30°C

Bar means 1 um.
A: EMS4. B: EMP22, C: L234.



A el 7Rl E 5 A xHe] DAP o]A A A= LL-DAP
{LL-2,6-diaminopimelic acid)e}™(Fig. 4), 3xF3(arabi-

Fig. 4. Cellulose thin layer chromatogram of diaminopimelic
acid (DAP) isomers and aminoacids from the isolate cell wall
and of standard amino acids, developed with methanol-water-
SN HCl-pyridine (80:15:5:10) and detected by acetonic ninhy-
drin.

Lane 1; cell wall hydrolysate from EMS4, Lane 2; cell wall
hydrolysate from EMP22, Lane 3; cell wall hydrolysate from
1234, Lane 4; DAP isomers (A; LL-DAP, B; meso-DAP, C;
3-OH DAP), Lane 5; Glycine, Lane 6; Glutamic acid, Lane
7; Alanine.
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nose, galactose, glucose, mannose, 0.1M)3} TLCE %3
nagl As A E2Re) SR4q e fFAHZR gkt
(Fig. 5). Al ¥-2l39] 4% DAP isomer$} ofpnjAbe
A A £ chemotype#} peptidoglycan typeeil B]

Fig. 5. Cellulose thin layer chromatogram of whole cell sugar
extract from three isolates and standard sugars, developed
with butanol-water-pyridine-toluene (10:6:6:1, containing 1%
acetic acid) and detected by diphenylamine 2 g-aniline 2 g-
85% phosphoric acid 10 m/-methanol 90 ml.

Lane 1; whole cell extract from EMS4, Lane 2; whole cell
extract from EMP22, Lane 3; whole cell extract from 1234,
Lane 4; Arabinose, Lane 5; Galactose, Lane 6; Glucose, Lane
7; Mannose.

Table 1. Comparison of diagnostic characteristics among Strepromyces, Streptoverticillium, and isolate EMS4, EMP22, L234.

Characteristics Streptomyces Streptoverticillium EMS4 EMP22 1234
Colony size Discrete Discrete Discrete Discrete Discrete
Substrate mycelium + + + + +
Spore + — + 4 +
Sporangia — — - — _
Motile spore — — - - _
Aerial mycelium + + + + +
Chains of arthrospores + + + + +
Arthrospore in verticils — + - — —
Spore surface smooth + + + + +
Spore surface hairy, spiny, or warty + - -~ — —
Motile spores — — — — -
Sugar in hydrolysates
Arabinose, galactose, xylise — — - - _
DAP isomer in cell wall
LL-DAP + + + + +

meso-DAP -

Symbol: +, 90% or more of strains are positive; ~—, 10% or less of strains are positive.
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Table 2. Major unit characters for the identification of Streptomyces sp. EMS4, EMP22, 1234,

unit characters

EM$4

EMP22

L234

. Morphology and pigmentation.

Spore chain morphology : rectiflexible (RFS)
spiral (SPI)

Color of spore mass :red (RED)

grey (GRY)

: red/orange (ROS)

: production (PIG)

yellow/brown (YBP)

Melanin production on :PYI medium (MPI)
tyrosine medium (MTY)

Myceelial pigment
Diffusible pigment

. Antimicrobial activity.

Basillus subtilis (SUB)
Micrococcus luteus (LUT)
Candida albicans (ALB)
Saccharomyces cerevisiae (CER)
Streptomyces murinus (MUR)
Aspergillus niger (NIG)

. Biochemical tests.

Lecithinase (LEC)
Lipolysis (LIP)

Pectin hydrolysis (PEC)
Nitrate reduction (N0O3)
H.S production(H2S)
Hippurate reduction (HIP)

. Degradation tests.

Elastin (ELA)
Xantine (XAN)
Arbutin (ARB)

. Antibiotic resistance.

Neomycin (NEO)
Rifampicin (RIF)
Oleandomycin (OLE)
Penicillin G (PEN)

. Growth test.

45T (45C)

NaCl (7NA)

Sodium azide (01Z)
Phenol (PHN)
Potassium tellurite (01T)
Thallus acetate (T01)

. Compound as sole source of nitrogen (0.1%, W/V).

DL-a-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 (1%, W/V)

Sucrose (SUC)
meso-Inositol (INO)
Mannitol (MAN)
L-Rhamnose (RHA)
Raffinose (RAF)
D-Melizitose (MEZ)
Adonitol (ADO)
Dextran (DEX)
D-Melibiose (MEB)
Xylitol (XYT)

L+ 1 ++ ++++++

+

4+t

4+ +++

I+ ++ + 1 ++++ +

+ o+ +

+ 4+

L+ 1+ 1 4++ 11 ++++++

|
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ol 24% Foha & 5 Qdrh

BelF EMS4=S Streptomyces T3 (major cluster)
& o2 TAXON program< AHg-3ted 507} cha-
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(0.999664)2 tehiicH(Table 3). ¥2]F EMS42|
2l 610)) &k TAXON distance(0.4770)7} 95% taxon ra-
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Table 3. Idenfication score of the isolate Streptomyces sp.
EMS4 to the major clusters of Streptomyces by TAXON pro-
gram.
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of probability of strain further away)e] .2.7(0.0249),
F o7} FFl S. lavendulocolor 2} taxon distance(0.4258)
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Table 4. ldentification score of the Strepromyces sp. EMP22
to the major clusters of Streptomyces by TAXON program.

TAXON  TAXON 95% % Prab. Willcox Taxon 95% probability Willcox
Major distance TAXQN of strain pr.o-ba— Cluster distance Taxon  of EMP22 proba-
clusters radius further bility radius further bility
away away (%)
61 04770 04118 0.0249 0.999664 1B 0.4616 0.4404 1.3765 0.999073
1B 0.5222 0.4404 0.0073 0.000331 61 0.4971 04118 0.0026 0.000899
10 0.5253 0.4036 0.0000 0.000004 5 0.5028 0.4455 0.0860 0.000020
5 0.5390 0.4455 0.0023 0.000000 3 0.5048 0.3631 0.0000 0.000001
31 0.5426 04131 0.0000 0.000000 10 0.5215 0.4036 0.0000 €.000007
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Table 5. Minor unit characters for the identification of Strepromyces sp. 1.234.

1. Morphlogy and pigmentation.

Spore chain morphology : rectiflexible (RFS) + spiral (SPI) -
Color of spore mass : grey (GRY) +
Diffusible pigment : production (PIG) -
2. Antimicrobial activity.
Bacillus subtilis (SUB) —
Mirococcus leuteus (LUT) —
Streptomyces murinus (MUR) -
3. Biochemical tests.
Pectin hydrolysis (PEC) -
4. Degradation tests.
Guanine (GUA) — Xylan (XYN) + Elastin (ELA) +
Urea (URE) + Xanthine (XAN) + Allantoine (ALL) +
5. Antibiotic resistance.
Rifampicin (RIF) + Penicillin G (PEN) +
6. Growth tests.
45T (45C) - Phenol (PHN) - NaCl (7NA) -
Potassium tellurite (01T) — Sodium azide (017) —
7. Compound as a sole source of nitrogen (0.1%, W/V)
Potassium nitrate (POT) - L-Phenylalanine (PHE) +
L-Histidine (HIS) +
8. Organic compounds as sole source of carbon (1%, W/V).
L-Arabinose (ARA) + Raffinose (RAF) + Sucrose (SUC) +
D-Lactose (LAC) + D-Xylose (XYL) + Salicilin (SAL) +
myo-Inositol (INO) + D-Melibiose (MEB) + Mannitol (MAN) +
Sodium acetate (ACE) + D-Fructose (FRU) + L-Rhamnose (RHA) +
Sodium citrate (CIT) + Sodium propionate (RPO) + Sodiumpyruvate (PYR) +

Table 6. Identification score of the Streptomyces sp. 1.234
to the minor clusters of Streptomyces by TAXON program.

Taxon 95% probability identi-
distance Taxon of strain fication

Cluster radius further score
away (%)
2 0.4346 0.3972 04315 0.999792
14 0.4767 0.2869 0.0000 0.000128
11 0.4834 0.3015 0.0000 0.000065
24 0.5201 0.3570 0.0000 0.000016
34 0.5411 0.4066 0.0000 0.000000
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