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271

¢lg g 4= AU Positive FAB mass spectrum
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Streptomyces  hygroscopicus KCTCI1715,
1716, 17173}  Streptomyces  hygroscopicus — subsp.  hygro-
scopicus KCTCO029, Streptomyces hygroscopicus KCTC9030,
9031 18]Il Streptomyces hygroscopicus subsp. angustmy-
ceticus KCTC1089%= I A4 AR (KCTC)IM
2ok wioYow | Streptomyces hygroscopicus MIM1004= £ 4
Al e #FEEA 2 A ARgsisi. Aol dFE S
hygroscopicus T 52 ISP2 MA(1% malt extract, 0.4%
yeast extract, 0.4% glucose, 2% agan)ollA] WiSFatitt. =t
A ZAdl| o]8¥ Candida albicans ATCC28366-2 YPD ¥
A1(1%- yeast extract, 2% peptone, 2% dextrose, 1.5% agar)
ol A wjFstsith. A5 WA FFOIRAM  Penicillium spp.
KACC40249, Rhizoctonia solani KACC40102, Trichoderma
spp. KACC40541, Botrytis cinerea KACC Fl, Fusarium
oxysporum KACC40027 LS. Colletotrichum gloeosporioides
KACC40005= 5&38% wdd7ladolr Eddaem
potato dextrose agar(PDA) Sl AlollA FA], vl Fstaict.

subsp. - limoneus
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28°ColA 2~39 A wigsilen, EaMgS 5~10%2] F
o5 AES T S ST e 2A0A 49 AR kst
ok, wiF mAlEe] A2 packed mycelium volume(PMV)S
el

Candida albicans® ©-8&3 84 AR M= AXNFS
YPD uiX|e|A 37°CE &5 F+F wiFTd F PGA WAl
(02% peptone, 0.5% glucose, 1.5% agan®ll FF ODg,°l
02~03°] HE= &3l petri disho] 10 i EF3}. o]
9} o] FH)d HA ARE A8 paper disc(, 7mm)E
S2ET 37CoA EF ulge T S AARS S
];],.14)

e A2 WY AFRE ol B BHL delaine
AANFEE PDA HiXoA] o] &5 Mg’ F A5} XEE
paper disc (¢, 7 mm)E &FIL 25°CoIA 3~4 & wiYS §
AE XS SAsIAT

TEEAM W 0|3}EE BMEAL

TFZEANE 919 NMR 342 INM-LA400 NMR
spectrometerJEOL)E AMS-3193.2H &ui= CD,0DE AH&-3H3
T}, Chemical shift valuel™= CD,ODF internal standard % 3}
o ppmTHE YRR AR BAF FAHL2 VG 70-
VSEQ(VG AnalyticallZ ©]8-3}4] positive FAB massZ 3
3192 matrixs m-nitobenzylalcoholS AH&-3}53L}.
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1 ¥ o

Y
Z vieF wix) AES 9fEked 1SP2 w9} ¥4 SH, DX
W& olg3v). SH ¥iA & 25% glucose, 1% starch,
03% (NH,),S0, 005% KHPO, 005% MgSO,  TH,0,
02% CaCO,2 ZAH A& viA]o] soybean mealS 2%= 3
7¥ete] EnlEldTt. DX WiAE 1% dextrin, 0.2% N-Z amine

Table 1. Effect of seed culture media on the mycelial growth of S.
hygroscopicus strains

Media
Strains
bX ISP2 SH
S. hygroscopicus KCTC9029 ++ +++ +++
S. hygroscopicus KCTC9030 + 4+ +++
S. hygroscopicus KCTC9031 - - 4+
S. hygroscopicus MIM1004 - - ++
S. hygroscopicus KCTC1715 - 4+ .
S. hygroscopicus KCTC1716 - +++ +++
S. hygroscopicus KCTC1717 - H++ T+
S. hygroscopicus KCTC1089 - T+ 4

Culture was carried out at 28°C.

Mycelium growth was measured by Packed Mycelium Volume (PMV).
+++; represents excellent growth. ++; moderate. +; poor. - ; no growth.
SH; 2% soybean meal, 2.5% glucose, 1% strarch, 0.3% (NH,),SO,,
0.05% KH,PO,, 0.05% MgSO, - TH,0, 0.2% CaCO,. ISP2; 1% yeast
extract, 0.4% malt extract, 0.4% glycerol. DX ; 1% dextrin, 0.2% N-Z
amine type A, 0.1% yeast extract, 0.1% beef extract, 0.001% CoCl, *
6H,0.

Table 2. Effect of production media compositions on the mycelial
growth and the production of antifungal agents from S.
hygroscopicus MJM1004

Fermentation Mycelium Final Bioactivity Bioactivity in

Strain media growth” H inbroth® mycelium®
p
F1 ++ 6.8 - -
S h . F2 +++ 6.2 - -
. hygroscopi- B _
asKCTCI71s b 78
F4 + 18 - -
F5 +++ 6.0 - -
F1 ++ 7.8 - -
Sh ) F2 ++ 7.0 - -
. hygroscopi- B R
cusKCTCI716 05 w78
F4 ++ 7.8 - -
F5 ++ 6.0 - -
F1 +++ 74 - -
o ) F2 +++ 6.2 - -
. hygroscopi- B ~
ausKCTCIT17 — ©3 w80
F4 ++ 74 - -
F5 +++ 6.0 - -
F1 -+ 74 - -
Sh ) F2 +++ 6.6 - -
. hygroscopi- ) }
s KCTC1089 0o 60
F4 ++ 7.6 - -
F5 +++ 6.2 - -
F1 +++ 6.2 - -
Sh . F2 ++ 6.2 - -
. hygroscopi- B }
s KCTCO029 0 67
F4 +++ 8.0 - -
F5 ++ 6.0 - -
F1 +++ 73 + -
S ) F2 +++ 7.2 + -
. hygroscopi- + }
cus KCTCO030 13 66
F4 + 8.0 *
F5 ++ 6.0 - -
Fl +4++ 7.1 - +
S h ) F2 ++H+ 74 +
. hygroscopt- _
cusKCTCO031 3 80 +
F4 ++ 8.0 - -
FS ++ 6.0 - +
F1 + 6.1 +++ +
Sk ] |39 ++ 6.8 ++ +++
. hygroscopi- }
cus MIM1004 3 T2 *
F4 + 7.6 +4++ +++
F5 + 7.0 + ++

Fermentation was carried out at 28°C for 4 days (F1; 1% glucose, 2%
starch, 0.5% yeast extract, 0.5% N-Z amine type A, 0.3% CaCO,. F;
3% glucose, 2% soybean meal, 0.5% starch, 0.5% peptone, 0.3%
CaCO,. F3; 4% starch, 2% fish meal, 0.3% NH,NO,, 0.5% corn steep
liquor, 0.01% KHPO,, 0.3% CaCO,. F4; 2% dextrin, 1% glycerol,
0.5% yeast extract, 0.3% KNO,, 0.05% MgSQ, - TH,0, 0.3%. CaCO,
F5; 3% soybean meal, 3.5% glucose, 0.3% (NH,),SO,, 0.05% KH,PO,,
0.05% MgSO, * TH,0, 0.3% CaCO,).

“Mycelium growth was measured by Packed Mycelium Volume (PMV).
+++; represents excellent growth. ++; moderate, +; poor. -; no growth.
"The antifungal activity was measured in the diameter of inhibition zone
using agar diffusion method, applying the sample on paper discs (@,
7 mm). +++; 25 mm £ 2.0, ++; 2] mm * 2.0, +: 17mm + 2.0.

4++; 30 mm = 2.0, ++; 25 mm + 2.0, +; 17 mm £ 2.0.
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type A, 0.1% yeast extract, 0.1% beef extract, 0.001%
CoCl, - 6H,0Z 2AE =23 wjx 2 S48t} Table 191
EM ulgl ko] SH, ISP2 HiX|ol M= diH|FoR Fe *gzw

S HQl whH DX HiAAAM = KCTC9029—— A3 BE F
%—‘:—01 S ARES BT ol Fe 2E Y E'_% &?—
of tisle] 8 LSS BYW SH wiAE S HieF HlX

2 olgste] et
f‘E}JiL ey %?“’ Aske w58 AAEE) fsl] B 7}
HjRjol|l A ] gl %“3—4 ks AAsia
= glucose, starch, dextrin, glycerolS 2% 3Me]
34~4%9 FEE HIWAY. 4712492 soybean meal,
yeast extract, peptone, N-Z amine type A, comn steep liquor,
fish mealS ARE3IRCH, 1~-25%9 =2 ARSI 7]
A0 2 NHNO, KNO,, (NH),S0, 52 A%, &
F o 5wl oA FEEIMG R A4S AR
Axk 67 9] 73 F MIMIodTle] o4 Sl B8 B
o, AEH AT AL A9 ARSI AEAe] ¢
= AeZ Yeldth(Table 2). WEbA, MIM1004 &8 331
& =2 AN gFE AASeH, o] dFelxe] BdEe]
Ars HHskehs WA 288 2AKRIYH
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S. hygroscopicus MIM10040) 1] A &4 =7 o] Ak
= A7

A2 ZUAI717]) Sske] whgueiAle] gAYy AAY T3
nHPAAE AJFSINTE @Y ™Al 7)1ERiRE MIM1004
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P44 7]
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Table 3. Effect of carbon source in production media on the

growth and the production of antifungal agents from S.
hygroscopicus MJM1004

Carbon source (%) Mycelium Final Bioactivity Bioactivity in

growth® pH inbroth" mycelium®
dextrin (2%), glycerol (1%) + 5.5 + +
dextrin (3%) + 79 - -
glycerol (3%) ++ 6.3 + ++
starch (2%), glycerol (1%) + 7.8 +++ +++
glucose (2%), glycerol (1%) ++ 6.1 +++ +
sucrose (2%}, glycerol (1%) + 8.0 +++ +
sucrose (2%), glucose (1%) + 7.2 + ++
glucose (3%) ++ 72 + +
starch (2%) +++ 8.0 ++ ++
sucrose (2%) +++ 8.0 - +
starch (2%), glucose (1%) +++ 7.8 +++ +++
starch (1%), dextrin (2%) +++ 7.8 + ++

Fermentation was carried out at 28°C for 4 days in basic medium (0.5%
yeast extract, 0.3% KNO,, 0.05% MgSO, - TH,0, 0.3% CaCO,) contain-
ing different carbon sources.

Mycelium growth was measured by Packed Mycelium Volume (PMV).
+++; represents excellent growth. ++; moderate. +; poor. -; no growth.
*+++; represents excellent growth. ++; moderate. +; poor. -; no growth.
"The antifungal activity was measured in the diameter of inhibition zone
using agar diffusion method, applying the sample on paper discs (¢,
7mm). +++; 19 mm = 1.0, ++; 17mm = 1.0, +; I5mm £ 1.0.

S++; 21 mm £ 2.0, ++; 17 mm £ 2.0, +; 13 mm * 2.0.

Table 4. Effect of nitrogen source in production media on the
growth and the production of antifungal agents from S.
hygroscopicus MJM1004

Mycelium  Final Bioactivity in Bioactivity in

Nitrogen source (%) growth’ pH broth” myceliuvm®
soybean meal (2) ++4+ 72 +++ +++
fish meal (2) ++ 72 + ++
corn steep liquor (2) + 7.6 ++ +
yeast extract (0.5) + 7.5 +++ +
peptone (0.5) + 8.0 ++ -
beef extract (0.5) + 8.0 +++ +
tryptone (0.5) + 8.0 +++ -
KNO, (0.5) ++ 74 + +
NH,NO, (0.5) + 74 - +
NH,CI1 (0.5) + 75 - -
peanut meal (2) +++ 74 + +++

Fermentation was carried out at 28°C for 4 days in basic medium (2%
starch, 1% glucose, 0.05% MgSO, - 7TH,0, 0.3% CaCO,) containing dif-
ferent nitrogen sources.

“Mycelium growth was measured by Packed Mycelium Volume (PMV).
+++; represents excellent growth. ++; moderate. +; poot. -; no growth.
"The antifungal activity was measured in the diameter of inhibition zone
using agar diffusion method, applying the sample on paper discs (@,
7 mm). +++; 16 mm £ 2.0, ++; 14 mm £ 2.0, +; 12 mm £ 2.0.

‘4t+: 16mm + 1.0, ++; 14 mm £ 1.0, +; 12 mm £ 1.0.

ol Aoz AW om | starch®} glucoseE T/ BAYORE
A S W vdda FA FEENAL] FRat B0] =
2 Ao # HAEJTHTable 3). Glycerold} starch, glucose,
sucroseS 217t E3sle] Ao R o83 wolk =2
B+t §1—/\4 o _‘4-71-‘61— &= O}\gj\oﬂr /lg}\]- 1:]—7}_‘ J_f,qg‘].oq olf@f_
o] wrg AdoME 2% starch®} 1% glucoseE THAYPOE o]
&aict.

A A¥A] 712uA = 2% starch, 1% glucose, 005%
MgS0,. TH,0, 03% CaCO,5 AH&3tth. 7] Aades
soybean meal, fish meal, corn steep liquor, yeast extract,
peptone, beef extract, tryptone, peanut mealS, 77| o
i-‘:— KNO,, NH,NO,, NH,CIS AMgsie] il g4 AaA
ZAY3IT). Table 404 BoixjFo] F7] Higde 449
I BB Al otk A3siA] e Zlem AEH
, %71 A4 % soybean meal AMEA] HiFN I A

22 nToA 78 AT AL e Soybean
meal 2%% 7li—£ oje} AL FFUE 03~05% S5t
AFe-ES o T B Fute #EE 4= gidich
wbA] | soybean meal 2%5 ALUORE 01'9“ Ik, ofdol4]
FE B9y A 7[R 3 5 oy wRklavE @
A B4 B A vAE TS AR el
Ve Y T #FDE 5 Y

ol el WX MY HAHE Fuhe] A wiA 242 2%
soybean meal, 1% glucose, 2% starch, 0.3% CaCO,, 0.05%
MgSO, * TH,0, 005% K,HPO,Z 3ttt 919 #F 28 o
2] ARl et akle 2 KHPO,Z 0.05% 71t o
A AL %{& %W 7 A 75 e SR
HEYth(Table 5).

- ﬁ

ez Tg o ﬂll
n 52

}-El



274 WS - AR - M

Table 5. Effect of mineral elements on the growth and the
production of antifungal agents from S. hygroscopicus MJM1004

Table 6. Antifungal spectrum of SH-1004, an antifungal agent
isolated from S. hygroscopicus MJM1004, and polyoxin B

Composition of media Migj;iﬁ?‘ Final pH Blof)‘;gtvéﬁy m B;c";zzl‘;gnin
soybean meal 2% +++ 63 ++ ++
soybean meal 2%, r— 69 - ot
MgSO, - 7TH,0 0.05% ’

soybean meal 2%,

MgSO, - TH,0 0.05% +++ 6.8 +++ +++
K,HPO, 0.05%

Fermentation was carried out at 28°C for 4days in basic medium (1%
glucose, 2% starch, 0.3% CaCQ,) containing mineral sources.

*Mycelium growth was measured by Packed Mycelium Volume (PMV).
+++; represents excellent growth. ++; moderate. +; poor. -; no growth.
"The antifungal activity was measured in the diameter of inhibition zone
using agar diffusion method, applying the sample on paper discs (@,
7 mm). +++; 16 mm * 1.0, ++; 14 mm * 1.0, +; I2mm £ 1.0.

“+++; 17mm = 1.0, ++; 15mm + 1.0,+; 13 mm = 1.0.

ETlE SMETES Y 4Y

ol AFE T FHE UL HEL=E
hygroscopicus MIM10047} A4tsle &34 €39 E"é%
ASFATE. 100 ml ¥l 9] mycelium pelletS $3le] 20m
methanolZ A ¥ F&3 & 2k oM Az ]—a‘
sec-BuOH : water(4 : 1)8) &2 = TLCO sec-BuOH:
water(d: DE RN F IF EAES AARINES W RS
02~03 HAAeA AL 1T F Uen, o] dF =2
< SH-100402 Hisilth. SH-10049) el 49 54
% getalr] fiste] AREA| Xl HAEHEAN 7P8 2

£3}5]0190= polyoxin B} &RF spectrumS MW FS|E A

J)r polyoxin B7} Colletotrichum gloeosporioides?| Tt Ao
2 24L& 29l whA, SH10ME A} o2t 2E 4

B ol sl FRLAS ea %’“" HAs &S
o'°413}(Flg 1).

4

EHERS F£5 ¥ HA
Streptomyces hygroscopicus MIM1004914 Axt=Ele R4
0] AE Y48 F8olE8d &l IS FRIF F o

e 29, AT, A AT I @

Fig. 1. In vitro antifungal activities of SH-1004, an antifungal
agent isolated from S. hygroscopicus MJM1004, and polyoxin B.

Test organisms SH-1004 Polyoxin B
Fusarium oxysporum KACC40027 +++ -
Penicillium spp. KACC40249 ++ -
Collectotrichum gloeosporioides KACC40005 + ++
Candida albicans ATCC 28366 +++ -
Rhizoctonia solani KACC40102 ++ -
Trichoerma spp. KACC40541 ++ -
Borrytic cinera KACC F1 ++ -

The antifungal activity was measured in the diameter of inhibition zone
using agar diffusion method, applying the sample at a concentration of
20 ug on paper discs (@, 7 mm). +++; 17 mm & 2.0, ++; 13 mm + 2.0, +;
9mm % 2.0.

oX

< Fig. 1904 vehtze] 718 golsla RIZR: C. albicans
015’“5}“‘:} 2L uiekels 4°C, 6000 rpmolA] 2087 &
2)5le] 9oiR myceliume 500 mi2] methanol® Al ¥
]-oili]- Zzol e 7IoksloA FEHAIZ] T silica gel column
chromatography‘ﬂ]’ﬁ BuOH : MeOH : water(8: 1:2)& &W[2 F
FNA 2 e Bgor BEdt F o] gl & 2ot
ODS columnd] &3&A1Z] & water, 50% methanol, methanol
cog g3, BRI Tol IiSllA FEsITh
o] silica gel preparative TLC’3o|lA] BuOH : MeOH : water
(8:1:2)% = AAst SHEEE Eol methanol 28
NZLF 2 wEEe) gk w3 71 oF 15mge ¥
ok AAE SH-104E )83l FHNT A+ E48
1T (Table 6).
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Fig. 2. 'H-, ®C-NMR spectrum of SH-1004.




Azalomycin F complex.

R = R; = CH; (Fsey MW 1095)
(Fay MW 1081)

(F32, MW 1067)

Ri = H; R; = CH;
Ri=R;=H

Fig. 3. Structure of azalomycin F

AX= peakEel 7.11(d), 6.42(dd), 6.21(dd), 6.03(dd), 5.97(d)
ppmolA FEE 0 | 542 ppmellA 3712] proton signale] #
ZEATH. HMQCE S8t o|F protone] AFE U= B4
= PCNMROIA 125~150 ppmoll $)= peak 2 FZE| T},
'H-'H COSYE 5319 o159] 27l o]Ake] #2]8 conjugated
group BT IS ERIFY F UNen, HMBCE 53}
o3 27§9] conjugated group(7.11, 6.42, 603 ppm; 5.97, 6.21,
5.42 ppm)©] carboxyl ester(*C, 170.1 ppm)E A=} 2L
A = AUt E3 o] FFELS 'HNMR SHEZ A
5303 330ppm Abeloll 12712] proton peakE XAt
HMQCE 53l ©|E protono] A&gE €h4w= 65~85 ppm A}
oo s BRIF & o] olEo] kst vAEYS A
o 5 AT oY ARelA o] sk FRe 54F
& conjugated ZE71%} polyhydroxyl 2715 2 9lS-2
1T AT} AN AXF S GEo] Yol Al
B FRAQ A 7)%8le] SH-1004% polyeneAlEo] 3}
B2 Y 4 AUt WA, polyene A% SFESC]
598 2AB)E A3 SH-104E azalomycin F
B3| (Fig. 3) 9& 18 4= AP Azalomycin F E3}
d 4% Fy, F, ¢ F,&= "CNMR AA zbzh
158.7, 1583 ¢} 157.3 ppme] #*|9l guanido carbon®l| #|Fs}
€ peaks UERE Ao® Biwol] Qlot'® ¥hA, SH-1004
2] MCNMR specrum©l A& 15829 1573 ppm< € Ao
peakE #AZL £ U}t old 71x3ste] SH-1004=
azalomycin F, 9 F o E3HA9E A& + Ao =9
SH-10042] positive FAB mass %72 3% intensity, mole-
cular formula) m/z, 10834(33, C,H,N,0 +H)2F 1097.4(18,
C,H,N,0,+H)°l4] molecular ion peakE YERHATH'® whe}
A, SH-1004+= azalomycin F, o} Fy7F 1.8:1 H&= 374
LF=EYE Y F AU
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Isolation and Structural Determination of Antifungal Antibiotic from Streptomyces hygroscopicus MJM1004
Ju-Yun Bae, Hyong-Jin Kwon and Joo-Won Suh*(Institute of Biological Science and Biotechnology, Myongji
University, Yongin, 449-728, Korea)

Abstract : Several Streptomyces strains were tested for potent antifungal agents active against phytopathogenic fungi.
Among the tested, S. hygroscopicus MIM1004 showed a potent antifungal activity when assayed using Candida
albicans as indicator organism. With the strain of MIM1004, fermentation medium for the production of an
antifungal agent was developed with varying carbon sources, nitrogen sources, and mineral elements, which resulted
in the highest productivity in the medium containing 2% soybean meal, 1% glucose, 2% starch, 0.3% CaCO,,
0.05% MgSO,"7H,0, 0.05% K,HPO,. The active compound showed a broad spectrum of antifungal activity against
several plant pathogenic fungi. The antifungal compound was purified and showed the physicochemical characteristics
similar to azalomycin F complex in NMR and MS analysis.
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