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Biological Properties of a Polyene Antifungal Substance(AF1)
Produced from Streptomyces sp. WCM-9
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Background: Pathogenic fungi infect humans, especially immunocompromised patients, with
superficial or deeply invasive pattern. In the past 20 years, fungal infections have been increased
dramatically resulted by increment of organ transplantation, cancer, AIDS patients, or use of
broad-spectrum antibacterial agents. Fungal infections are now important causes of morbidity and
mortality of hospitalized patients. but there is no effective antifungal antibiotics as well as
antibacterial antibiotics

Objective: Effective new antifungal antibiotics are needed for the treatment of mycosis. So in
an effort to develop effective antifungal antibiotics, we screened over 600 isolates of
Streptomyces spp. from soil.

Methods: Antifungal producing strain was selected using disk diffusion method, An antifungal
substance (AF1) was purified with ethyl acetate extraction, silica gel column chromatography
and reverse phase HPLC. MICs of AF1 were detected by agar dilition method.

Results: The compound showed UV maxima of 307, 321, 340, 359 nm indicating
methylpentaene. Minimum inhibitory concentrations of the AF1 were 3.7 pg/ml against mold,
and 3.7 - 7.4 pg/ml against Candida species. AF1 was also active against Cryptococcus
neoformans, with MIC of 0.9 pg/ml. The concentration of AF1 for K* ion release from human
red blood cell and hemolysis were 5 pg/ml.

Conclusion: The antibiotic purified from culture broth of Streptomyces sp. WCM-9 was a
polyene antifungal antibiotic which have broad spectrum antifungal activity.
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WA RAF F Coccidioides immitis, His-
toplasma capsulatum, Blastomyces dermatitidis "2
Paracoccidioides brasiliensis= 21733 Abgol Al =
24l o7\, Candida TFEE ¥IFET RR
o] AFEL Ao FATFFoR EASNH 5
3 &2 WY 7150 AE o XPAHA A
A AFZE o7 % FopH

oo Ay Ana A%, FR4Y B9 2Y
Z or gl A7 o]2] 5] F/IR AT U 7%
AstAre] Z7heh, WHe FAAl, s anA
9 v ojaale] WM Alg-o R st A
A AFZel Zren Ao, olEe ARE
o@ gAFAE FEH Axm ABH Al
E2A4E AYx o

A FA e A ApEA EAH 2 S-fluoro-
cytosined] & WA Fe] 2@ MEst M- got
ABA BN E G5 A = AHEFE AR} am-
photericin BS} B-§5ol 2 AL 1 Q& FHo]
015 Azole A S FAFA 4N W #Fe &
Ausrl AT A4S FozA AR A
AR AF AL Ze) AEHINE FAT F2 T
B Ag=od ALgHch §3 FAFAE YAt
= A2 2N Aspergillus 5°9] FFol FF
s} Streptomyces S'?e] WA Fol 4 A AT
WhA & ThoFgk 23 UIAALE S AJAYSH strep-
tomycin, tetracycline, gentamycin 5 &) o] &5
= ge FYZASL o5 A AEERNH
WAEQm 53 B Aol polyene Al F
NBAL Yaste Ao FA A A
= zaA Aue 1950 WHAFeZRY
amphotericin B7} %A ¥ ek 3003 9] polyene©]
Bagol 307 AEe F27 WAL am-
photericin B, nystatin 5-0] 41 -8-8+= Sl ct.

Polyene 7] A& S4, §d= & =3 3
ExMo] BAE L oy, & 443 AR A
2= o AT 28 West B A3l 3ol
@A) 74 polyeneAl FAFAE & WF A
AR AFABAE ALHA gken, 53
Cryptococcus neoformans®l] €| % ¥ 2t | &4
2% amphotericin B8} S-fluorocytosine-& w85}
o] A}g%ch® 2]y polyene % methylpentacne
AEL Q] BAo] nj$ & &Ael slo| AA
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A7 B ZolE AHEEA F3ta glen filipin
2o okAle &2 WA So2T AHEHI AT
waty $84% Eoln E4e] AL AT T4
2 RS 9% A8 HA KEAZ FAED A
[.']_‘15

AF 7ol i@ &59 o] 714 A v
A A 7150 Zaste 53 AN AEFA
o W 750 Asty AN A 28
oz N2E Yt vA A7 48E A
e ARgE #2 AEAZ § JE FATA
7 WEHolg. Ay AFFe A& YIME
A ) 22 o= Ald BAdvt e AT
A7t A2 712+ ©EAZ § Aok 22 ok
AR Ba9 FAA S 2ol B4o| ®an FF
e We, AdAQ FAFAE s T
o] gle] o)} 7Hel B A7/t APH D AT

mela B ApeldE EFoA e A
# Wk o Ry A A AVt e F2
F4 BAL »eagn, 2 B A
Qe zAeg 7)ol Bastnat gk

AME ¥ U
1 2o 22l ¥ MY
FAEE 2ol

FATFA FASA L Yiste TA
a7 95t 93 2R 4Y FAES e e
o 79 ARE Agsges FuEY vl 2k
oz 600 o Fo) FAFS FFAS

gAgA PAFS AEsr] Aste 100 ml
A}zt Zg}x3el starch 1%, soybean meal 0.2%,
K.HPO; 0.1% WA & 20 mi® EF3tn ¥Ad £
A2 JFstd 30C WF71eA 1593k vjeFst
At Wik F o el & Fo] YW (paper disc, 27
7 mm, 57| 2 mm)ell 30 pl¥ E4AA C. albicans
ATCC 102313} A. niger ATCC 96422 =4% o
@ WA 9l ztzt &2l F 30T uf} 7] ol A
129 Eot vt L& AAWE s o
olu] C. albicans ATCC 102313} A. niger ATCC
96420] Whate] Aol A& AAE FFE
AW ste] Aol AFEsHE T

2. 3Fo| i

FAFA FASAL Paar] fskel 100 ml
Abzt Zg2~3o| starch 1%, soybean meal 0.2%,
K-HPO; 0.1%¢] AW ok WA & 20 ml 4 &3t
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1 PATEE FAER YAFow A WA
@ WCM-92] Ex18 A ZF38t3 30T uj k7] o) A
2942 M Fele) FRo 2 ALRE gt FAFA
FYEA o) YAk YA v (starch 1%, soy-
bean meal 0.2%, K;HPQ, 0.1%, MgSO; 0.05%, so-
dium acetate 0.2%)& 11 Ea}2Io)] 200 my &
Fota] T 1 mE HE3ko] 30T FEZ 87 (A
9 ©]3}8h)oll A &l YR E dem, 70 strokes/min)
Gl 4=8

3.YxTY SUEE o MA

FAT FYEA YA FF WCM-92] ] kol
SERE P FYEAL 21 Py 9
St WA {7 Solo] ol LA T} Sjjel o
& &2 22l 0] 242 A 2 column
chromatography 2} HPLCZ o] -&-&la] g2 4
#73 AF13} AR2E HF A5t AF1S Aol
AH8-349d ThFig. 1).

4L ERTH BYST| 4 &N

AF1e] BRF B3 & 2387 98q Alm
30 pIE paper diskell A F AQFL =
& HE A 9o 2Em 30T W% o)A
4B i Fsle] H 9o A7 WS A=) g e
ABE ST o e FAF A4S 2359

Culture broth

Ethyl acetate extraction
evaporated in vacua

Silica gel column chromatography

eluted with chloroform:
methanol(8:2) mixture
evaporated in vacua
Reverse phase chromatography

eluted with 70% methanol
evaporated in vacua

Cis HPLC

cluted with 70% methanol

AF1 AF2
Fig. 1. Purification procedure of the antifungal

substance from the culture broth of Streptomyces sp.
WCM-9.
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AF19] 2+ B4 2894 2 28 24 4
T YUY A L 48 wdFd Y@ g
FE 2AFE7] $1ste] 3 8] A (agar dilution)
P02 HA w8l % E(minimum inhibitory
concentration; MIC) & &4 s} c}.

AF1 0.6 mg-5 50% methanol 2 mlol] *5af 2t}
A AD NG T 2 vre AR YA
2 ml& 50Ce] @34 vz 18 mlo)] Po] & &3t
st Pt WA & WEo] AFFL HEeAr}.
Al i@ F22E 2487 Asali= Muel-
ler-Hinton §3 WX & A} &35)e] A|QF=s #
F8aL, 37T olA 4812t Wl Fsta] AJE A o)
A S Soto R Baslng MICE B3
stk Z o] i dFe = e Sabouraud
dextrose 3 WiA] & ALg-dlen, ARE 37C
Wi F71el A 3U2E v Fatg 3, AFFFS AFLo)
A 7 - 149 wiFste] Fo] WK R 2N MICE
243530

6. TT AtE &2}

AF19] C. albicansl] )3+ Abd A3 =33}
7] %13t Sabouraud dextrose 2§ &] ¥ =] o] 6A) 2+
W) FAIZ) Candida albicansE Q482 7) oA <l
4 EFAPH 7.2)2.2 33 AHsqich MM
A FRHAS 93 9] AF13} 1 x 10° cells/
mle] =5 E3sta 37T FzelA 142 A
Bl etk M FE F o}A] C albicansE <)
A @Zd(pH 7.2)22 A3 35}l3 Sabouraud dex-
trose P WAoo Z=usta] 37T ujY] oA
48212k ujFalsdTt. o] W) C. albicanse) AbE &
k= Sabouraud dextrose F W ]z 9o A5
€ Jee Ak 2389

7.8 24 UK 0|2 £H

AF19] ¥55 A Y 7o) g JgFL AN}
flsted 489 B4 % K’ ol ef2l g ZH ).
Y7o ¥ A48 B 2% ficollS 8 ml
BE F, 2 9ol Al P (0 3) Iml ficolln}
ol FxE ZA2YA 4=skm, 1,000xg0)
A 158 B¢ AU ESETE 2% Hy s
AAF g9 (pH 7.2)2.% 23] A HF £ 1 x 10°
cells/ml2 Bt31, ofe] Fxo] g FA 9 &3
st 37T g2l A 1A17F Wk A1 A o|n) 2]
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% hemoglobina} K* o] &2 %745t t. Hem-
oglobin-2 spectrophotometerE- ©] -&3}a] 450 nmo|
H 23sd AFsYon, K oL FEt
ion selective membrane electrodeE A}-8-3le] =3

st
o= |

Lgziny SdEsd du7o

ol

3 -

EFo 2R 3 600 Fo] W go gy
E]l C. albicans ATCC 102313} A. niger ATCC
96420 o] Abd AF7} e FATA FYE
Ag Fvlshe WATEE AEE] sk P
WAl o] 71 A niger ATCC 96422] 13 = A)t)|
AL 1FdRA e FH3AS 1 WgEA
e AT YT FAEA Ydgez A
ala] o] & WCM-9¢|gtx W g3dlm o)ste] 4d
o] A}-§3Flch(Fig. 2).

2. X2 ECh

AT FAEE AF1E 57317 S8k A
A FFUE A4S k. AF1S methanolol] 5
o] £33 =7 (spectrophotometer) S ©]-§-3la] z}<]
A FFUE S4F A=) 290, 307, 321, 340, 359
nm 3ol A 2 F4thE VEh A cHFig. 3).

3. &t spectrum

AF19] 33 spectrumE FA}SL7) § 8] o

Fig. 2. Fungicidal clear zone of the antifungal an-
tibiotics against Aspergillus niger ATCC 9642.
The paper disc absorbed with 30 pl of WCM-9 cul-
ture broth was put on the Sabouraud dextrose agar
plate spreaded with suspension of Aspergillus niger
spore, and the plate was incubated at 30T for
Tdays.
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A Al F Staphylococcus aureus ATCC 6538P
s} oy &4 AT F Escherichia coli ATCC
25922 aelx e Aol g HA T& o
A F=& &% 5 o}(Table 1).

AF1& 50 pg/ml FXolA Ao disl o=
A% g 2] gloleon] Ao AFET i
o] A dstde HA E§ oA Fx7)
2k 0.9 pg/mloll A 7.0 pg/ml= F 7ol osle] 7+
g A7 E JeEAd. £33 aRFHFEO
Aol 201 B = A FY o] Egkoew, Cryp-
tococcus neoformansel|] e = HA WS A
FEZH1 -2 pgml2A 7HF A7 o] E3koh
283 AF1E R el it HA &S oA =
o} AA AF =7 YAt

T Al 23

AF19] C. albicansol] 3+ AlH AN E =A%)
A3} C. albicans & AF1 2 pg/mle] 5ol A 50%
o AbE S-S GERSl SR 10 pgmle] FEolA
A2t S W 90% o449l el APEEHUR
Wl g AIHE 48413 o] AFEE A 3
FE told FrkskAl &skchFig. 4).

5. 88T SV K 0|2 R

2 AgdAM e 28 FAg @384 Y E
Z AF19] EHe} M Eate) digt 44 golr
7] 815t Al AP 7S AF1o2 A 2§ F 3
7258 fEl== hemoglobing Fx¢} K
iong] F=& FAslg .

AF1-& A ¥ 2 R E] hemoglobing §2] A7 &
2o K ionZ fElAlFE 27t dA5lg e
™ 50% hemolysis?} Yoju+ AF19] & o

4.

Absorbance

200 300

Wavelength (nm)

Fig. 3. UV spectrum of the antifungal antibiotics
in methanol.
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Table 1. Antibiotic spectrum of the antifungal antibiotics against microorganisms

MIC (pg/ml)
Strains

AF1
Candida albicans ATCC 36801 7.50
Candida albicans ATCC 36802 7.50
Candida albicans ATCC 10231 7.50
Candida krusei ATCC 2159 7.50
Candida glabrata ATCC 38326 7.50
Candida tropicalis ATCC 14056 3.75
Candida parapsilosis ATCC 7330 3.75
Candida guilliermondii ATCC 56822 3.75
Cryptococcus neoformans 1.87
Aspergillus niger ATCC 9642 3.75
Trichophyton mentagrophytes 3.75
Microsporium canis 3.75
Epidermophyton floccosum 3.75
Fusarium solani 3.75
Piricularia oryzae 375
Staphylococcus aureus ATCC 6538P > 50
Escherichia coli ATCC 25922 > 50

MIC (minimum inhibitory concentration) was measured with

Viability (%)

0 1 | 1 | 1

2 4 6

Concentration of AF1 (ug/ml)
Fig. 4. Effect of the antifungal antibiotic(AF1) on
the viability of Candida albicans.
Candida albicans(10° cells/ml) was treated at each
concentration of AF1 at 37°C for 1hr., and the vi-
ability of Candida albicans was measured with colo-
ny count on Sabouraud dextrose agar plate.

8 10

25 pg/ml ©] ) ch(Fig. 5).
#

In]

471914, FtAle) ALS % We] AR whole)
29 2 €@ W 7 50] HatE Do) =
Hsh A A% AT Ee 208 A w100

-5] -

agar dilution method.

100 8————

=]
=

Hemoglobin

% of control
3

8

K* ion

(5
o

0 |
1
Concentration of AF1 (ug/ml)

Fig. 5. Effect of antifungal antibiotics on the
hemolysis and K" ion release of human RBC.
Human red blood cell(10° cells/ml) were treated at
each concentration of AF1 at 37 for 1hr., and the
hemoglobin from RBC was measured with spec-
trophotometer at UV 450 nm and K' ion leakage
was measured with ion selective membrane eletrode.

2

BE Z/HAem AFY ofa2uth e A% (as-
pergillosis)& F470] 2] $a} E= A oA 32}
ol A L3t Abate) 919o] €7 E G}
g AHA R ANY AFE NBE 98
oAb A7) e A FAF L FE Y am-
photericin B o] 2] o]l = A& & k4] 7} gl AA o)
o wp2bA] A Z-E 2 FA) o) s ko] W Qo).
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N2 REH 2 FAFAE MBI 9
e AA¥e AYPel Yo AFL AL
e gel FAFA e So] B4 Fx7 AL
olch @Al o] &HE AM Wiz e Y W
ex ZAe] 7M™ chitin synthasel} glucan
synthase 5] A ¥4 §A A& A A Ay 2
a8 n Hg A A ¢S A& FEdE &
wha ol Wby o] glo} YE W} f= 4 A
Ay e 2 Axy T AdAE A4E 5+ 3
= uh o 2] nikkomycin®} papulacandin 9|
SAF 2P o] A AR 28 7149
gAFA AP ENAY F AAT &
& AN F dE FAEAE FE F UE
BHS AR ek E=F AEy FA4 AA
AANME Ao A A998 54 vdehle
24 A4 vz AdEd § Atke 7 &t
o @eol AxEm ok, A HEY T4
A chitind} glucan] §Fo] FFoll wet o
20, A Xy FA FAQ chitin synthases} glu-
can synthaseoll &= <j2] 7}A] isoenzymeo] A3t
o J7tA Hie FHEE A AT 5
& AA A et Gl . o] o F=
peumocandin{*' S A 9] & ¥ A EY FA
AaAE AF APLEFAE glor] AFd A
g4 aRE AF E7d e} FFH Ak
gy QA H wjA] & o] &, I& AAY
2 Agsts A e gTE 4 A
Ao u)$- fgsick B APME A nigers
NP Fo R st u)FAIZe] Aol TE A. nig-
er) W& AA e o] WA Fe A&
AAsrgon o2 g Ayl FAEA A4
ez 488 Aoz AEi(Fig 2)

AF10] polyene groupell &3] Got27] 9
st AJA FFUE FALR 23 AF1L 307,
321, 340, 35994 ALAEFFN7 FRLHUS
(Fig. 3). ©] 21 & methylpentaene©. 2 H 3% fung-
ichromin(ymax: 307, 321, 340, 359)%} clizabethin
(ymax: 307, 321, 340, 359)¢] A9 FFdist &
AVat 2.8, 2% methylpentacne Al E2] FFH
A9 A F4ule (320-324, 338-342, 355-360 nm)
olgtm ¥2|A UL B2 AF1Z methylpentaene
AZe FAFAZ B AC} Polyenerl 52
FYFAS L 2 AT L glen g2
FaAol glvta g2AA Aok wetA AF1e] &
FHANE Z23Y A3 Adole FTEA) A
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o om AFFo|E 09 - 7.5 pg/mle] MICE e}
W Q1 th(Table 1). ¥ A FA FAYEZ 2 methyl-
pentaene©. & ¥2}7 filipino]\} fungichromin, 1
2] 7 elizabethin®] R FHe] Aol T HA
ug o] EE7} o 5 pg/mlelArke Bt A
o] gAbstgom,! =gk 2o Kobinata 3 Ci-
daria 5¥%0] RK-3973} AB0232] Zlgtol thg
2] uH& 94| F %7} 10 - 100 pg/ml oj2tE B3
Bl B AddA FAAF FAaA FYER
o] g FHo] 6 & $3A

Kotler-Brajtburg 5%, Gale 5 % Hammond
=3e polyened et T AE @A whet
group 13} group 2& 235l en, group 19 &
st gAFAE Y FolA hemoglobin?}t K’
ione EjA7)e et gon] AFe W 9
A o A Fxrk 27 Jehdtin B st
9 t}. o] 7]o)| = triene, tetracne, pentacne 9l hex-
acne Al Eo] &ctn sk k&2 group 20
= heptacne Al Eo] £3u] o] E& AU TN
K' iong 2Al7]E FERT} hemoglobind
g A7)e BE7} A4 vdehdn Ade] S 9
A FERth A s} EA deERdon BE
st ot

2 AJoAE B AAF RT3 FAE
Ae AF LR A =9 AF AFE F=
29km A3 Fojl A hemoglobin®} K iong 2
ANFe =7 24 JEhg e B2 AF1S group
10] %38} polyene macrolide 7152 &ZFA
gAEA 2 2= A oH(Fig. 5).

B AP0 B2 FAFAE 7171 e AT
fungichromin®] ©] 3 A 2 FA =AU FTL4
= fungichromin®} FAVatAl B AT AFAE
£92 Vel

Zz

=2

[ —

gAFY FYEAE F795kd 6005 F]
WA FS RElstgen o Yo rTH F
solo} AR EFHZQ FAFEALL Bldhe
WA Q) Streptomyces sp. WCM-98 714 8}glch.

Streptomyces sp. WCM-9 vl %ko} o 2 %€ HPLC
& o] g3te] FAFA FAYEZ o] 307, 321, 340,
359 nm& methylpentaene A 52 EHe|qct
AF1¢] Fgolgt AR g HA LKA TE
= 7tz} 0.9 pg/ml 9} 3.7-7.4 pg/ml o2 F350| %
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