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Abstract — To search and develop the compounds exhibiting antifungal activities against the myce-
lial phase of Candida albicans, approximately 2,900 microorganisms isolated from soil were exami-
ned for antifungal activity. Among them, a strain with preferential activity against the mycelial
phase of Candida albicans was isolated and identified as Streptomyces sp. A393. Isolation and purifi-
cation of compounds A393 showing antifungal activity against the mycelial phase of C. albicans
were performed using XAD-7 column chromatography, silica gel chromatography, preparative thin-
layer silica gel chromatography, and HPLC. The molecular weights of compounds isolated from
Streptomyces sp. A393 were determined as 774, 790, 804 and 820. These compounds appeared
to have a structure of macrolide antibiotics, oligomycin A, B, C and E. Especially, oligomycin
E, which is formerly reported to have no antifungal activity, showed antifungal activity against

the mycelial phase of Candida albicans.
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Yeast form

Pseudomycelium form

Fig. 1. Dimorphic growth pattern of Candida albicans.
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Table 1. Comparision of antifungal spectrum of commercial antibiotics against various yeast

Antibiotics

Yeast form assay plate

Ampho- Nysta-  Tricho- Pyrrol- Pima- Griseo- Cyclo- Econa- Fluco-  Clotri-  Ketoco- Remarks
Micro- teri- tin mycin nitrin -~ ncin - fulvin - hexi- zole nazole  mazole nazole
organisms cin B mide
C. kruse:
+ + 4 + 4+ , + + + 4 + , + -
ATCC 6258
C. albicans
+ + ++++ ++4++ + + + ’ trace trace ++ + trace
ATCC 10231
C. tropicalis
+ + ++4 + ++ + + + + + trace trace ++ trace
ATCC 13803
_ ++ +
C. lusitaniae
trace (Not (Not trace trace trace ' ‘ ’ '
ATCC 42720
clear) clear)
C. neoformans
++ +++ +++ + -+ +H+++ A+ , - + +
ATCC 36556
S. rcerevisiae
| ++ +4++ r + -+ ++++  trace trace
NRRL Y-139
Antibiotics Pseudomycelial form assay plate
Ampho- Nysta-  Tricho- Pyrrol- Pima- Griseo- Cyclo- Econa-  Fluco- Clotri-  Ketoco- Remarks
Micro- teri- tin mycin nitrin -~ ricin fulvin  hexi- zole nazole  mazole nazole
Organisms cin B mide
C. hruse:
- ++++ +++ A+ + +++++ ++ , ++++ 4o
ATCC 6258
C. albicans
,. ++++ +++ ++++ , + + - , , trace
ATCC 10231
C. tropicalis
B T S S S A N e ++ R T T & o e S A
ATCC 13803
: . +
C. lusttaniae Tt
+4+++ +++ +++ + + + +++ + -+ (Not ++ ++++
ATCC 42720
clear)

Inhibition Zone: 10 mm<trace, 11~15 mm +., 16~20 mm ++, 21~—25 mm +++, 26~30 mm ++++, 30 mm>++ +++
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2]2ql 5EAL AS2x ¥t 20~42C ol FH A
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nin ¥4 &5 FAHRES el ¢ ade-

nine, casein, hypoxanthin, L-tyrosine?] %3} 2%
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o5 vEh gl o ol 8-AE Aldg 1062 9] 5t
Bipoll A oFAduh-g-S JehfgiciTable 4). o]zt 4
g FHE & o o] FF A Streptomyces
EA = Streptomy-

< vjel]o] HHAF No.A393 54
ces sp.2. T3]

AT No.A393 #F7| At EHEI7 SME
s +x4d3

Streptomyces sp. A393 dF7} giksl= 335o
224, 231 nmel| A4 7ZHgE UV F593E el o] CO
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Table 2. Incidence of microorganisms with preferential activity against the mycelial phase of Candida albicans

No. of Strains

Division : : :
Actinomycetes (2807 Strains) Fungi (115 Strains)
Clear Normal* Modified® Both* Normal Modified Both
Zone (mm) Candida Candida activity Candida Candida activity
<10 41 77 112 — — —
10~15 2 39 141 — 1 —
16~20 2 15 76 - 3 —
21~25 — 2 77 — - —
26~30 = 1 23 — — 2
31~35 = — 1 — — —
Total 45 137 430 — 4 2

“Yeast form plate, "Pseudomycelial form plate, “‘Both activites against yeast and pseudomycelial form plate

Table 3. Cultural characteristics of Strain No0.A393

Soluble

. Aerial mvcelium Reverse
Media Y

, . Growth
color side color pigment
Yeast ext.-
Mezlt ext. agar pk. Gray(10)* d. OY(72) Absent Abundant
(ISP-2)
Oatmeal agar . Gray(264) Y(90) Absent Abundant
(ISP-3) il By
Inorganic salts-
Starch agar rln iraéi%g 6§) y. Gray(93) Absent Abundant
(ISP-4) ed. brady
Giycerol-gsparagme pk. White(9) d. OY(72) Absent Abundant
(ISP-5)
Peptone-yeast
extract-iron agar Absent deep y. Br(75) deep y Br(75) Poor
(ISP-6)
Tyrosine agar
(ISP-7) . Gray(264) d. v Br(78) Absent Abundant
Nutrient agar Sparse:White(263) m. Y(87) Absent Poor:flat
Bennet agar d. OY(72) &
pk. Gray(10) sy Br(74) Absent Abundant
zapek’ . . '
Czapek’s agar y. White(92) I;;(S?()g(iz Absent Moderate

a5 el dHEe] gle2 & F gl
FAB-MS &3 "da} BEzleko] 821, 791, 805 < 775

|=] O
AL,

'H-NMR, 'H-COSY = Heterocosys o]&3}o] o]

e 7R 24E #9% 3 NOE®t Tocsy:
ol 33X F2EF sk

2] 'H-NMR3} BC-NMRoi| 4] 117}2]¢] CHs, 3}
vhe] COO(165.1 ppm)2} 2782) CO(220.2, 219.8) %

*Color and number in parenthesis follow the color standard in K.L. Kelly and D.B. Judd: ISCC-NBS Color-Name
Charts illustrated with centroid colors U.S. Dept. of Comm. Suppl. to cir. 533, Washington, D.C., 1976.
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Fig. 2. Scannmg electron microphotography of strain
No.A393.

Table 4. Physiological characteristics of strain No.A
393

Starch hydrolysis +
Melanin formation +
NaCl tolerance (%) 0~7
Temperature range (C) 20~42
Optimum (C) 28
Decomposition
Adenine - -
Casein +-
Hypoxanthin +
L-tyrosine +
Xanthin —~
Utihization
Arabinose +
Fructose +-
Galactose +
Glucose +
Inositol +
Mannitol +
Raffinose +
Rhamnose +
Sucrose +
Xylose +

1702 ketal group(99.18)% <13}sixr, “C-NMR
(DEPT)2 o]4-3ted 117}22] CHs, 671*]2] CH,, 23
7}2]12] CH, 2789 quarternary &4i%5 F=stedch
w3l 'H-COSY<} Heterocosy 3 ©)-8-3lo] diened q,
B-unsaturated ester group 525 #aldlsiow, To-
csy?}t NOESY 5-& ol&3le] 725 AAHE A3 A
393-4-2 oligomycin AR &l =13l ti20).
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Qligomycins Ry R; R,

Oligomycin A OH H H,
OH H O

Oligomycin B
Oligomycin C H H H,
Oligomycin E  OH OH O

Fig. 3. Structure of oligomycin derivation isolated from
Streptomyces sp. A393.
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] C-28¢] CH,7} COE &% 718 7% NMR A
§1-5- E3lo] FaldleirKData A =).

olz2|gt 7} MRS EdlZ o33} o] A393-
234 9 53131E-2] 725 AHR A5 o] FFJEFES
7}z oligomycin E, B, A 2 CE #qlxglom
2ot gl #shd A& Fig 33 Table 5ol e}
et

Iy

xlw @EEA A393 HBEHES| in vitro WY

Streptomyces sp. A393 wFZHE E2 HAZ
EES AR szl 8A-E A7) #1351
dimorphic #4& Jehl= Candida % 453} Cryp-

tococcus 3 % Saccharomyces % 7t 1-%%— thalo 2
AE e} 2141 AE Hef o] g o] 83t MICE
Z2MET @JJr Table 61} vJeh 9t A393-2,34
FaHEES AR el s M+ Cryptococcus <
S Al ofstaie Al SAS Vel A] ke At
A el Hao A= 3T AL e ik
E3 3z o] ¢k ¥ 1%l oligomycin E(A
393-2) 33155 AF T4 e Hako| A 6.25~25
um/ o] SAlF S el e ¥ w(21)e)
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Table 5. Physico-chemical properties of the compounds isolated from Streptomyces sp. A393

A393-2 A393-3 A393-4 A393-5
mp (C) 150~151 160161 198~201 120~122
Mol.Form. CasHrOny CysH7 O, CysH7Oyg CesHirOns
FAB-MS 791 (M +H) 805 (M+ H) 775 (M+H) 821 M+ H)

UV (nm) in 242, 232, 225 242, 233, 224 239, 231, 223 240, 232, 224
MeOH 220 219 219
IR (cm™Y) 3440~ 3500 3445~ 3500 3495 3456
1700, 1638 1690, 1640 1700, 1640 1703, 1644
Identified Oligomycin E Oligomycin B Oligomycin A Oligomycin C

Table 6. The in vitro antifungal activity of the compound A393 derivatives against various yeast

(Unit: mcg/m/)

Compounds A393-2 A393-3 A393-4
Test organisms Normal Modified Normal Modified Normal Modified
Candida albicans ATCC 10231 100> 25 100> 50 100> 6.25
Candida lusitantae ATCC 42720 100> 6.25 100> 50 100> 6.25
Candida kruset ATCC 6258 100> 25 100> 50 100> 12.5
Candida tropicalis ATCC 13803 100> 25 100> 100 100> 6.25
Cryptococcus neoformans ATCC 36556 100> ND 50 ND 50 ND
Saccharomyces cerevisiae NRRL Y-139 100> ND 160> ND 100> ND
% ND: Not determined
2 ¢ Fuch
Candida albicans 2] dimorphic &A}E- o] 83l C Zn+H

albicans 2] 404 el Aut 2 S48 e}
Y 248 gA31a 7ikalr] 98t Eoke 2 5E
e gt "-’1}’ 2,9003F2| u]PES o gzl
A& FAsLo, C. albicanse] $1A-T AL 3 el o) At
shxly g4 el & 5 ADESEA Strepto-
myces sp. A393°. 2 FAstgich

Streptomyces sp. A393 71 WA 33HE¢4
F2]e} AA= XAD-7, silica gel, preparative TLC
2l HPLCZE 313t o x|l 774, 790, 804, 820
olglct. o] 3§HE-2 macrolide 824l oligomy-
cin A, B, C, E¢} 543 +x2 5 eldigl ot szl

A el x| v Ao E ¥ s oligomycin E
_I,]AL-EA]. E:IE}]__] :ﬁsxyo{]}.{ a"!-:a %A—](szf) pg/m!)
£ HERHIT.
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