GOVP1199401320

Studies on the Development of New Insecticides

from Natural products([]] ) |

772 .
I TedTd
FA FAEsEdTE






OH

I8

Al FHF HA

Av+Cill)”

7l 2k

3
=

I

23

A

AME2

8 ¥

1993

AT 7l

o

[+

G
iln

44

44

44

7

1/

4

o8

@A 2% (

4 )

a7

17

{4

2)

‘?.

{4

4

T (

{4

17

AR A (C

)

/7

7

4

/7






2 of =

I. W =47 2454 MASE MY A4 (M)

B wde st wEF, olsguby S MEW 8 Al

e FR we P Suyd 4e ALgs oW dul #eE Y

e oAE aHF o FEF ALY FH mE IR dsia A=
7

& ABEAE oplsl Hxm(S4, #Hed, AdA ¥¥ 5), dWoze

9 AuE slee "oz sH dch oldd TAE g e Ao
o] o, U, YV Eg H[EF MAAINMT uIAAGgN G2 N

G Bl =¥

itjo
N,
(5o
L
I
0,
AU
.
o
12
of)
1o
of
+
Hl
5,
oted
e
1o
En
2
2
it

g ol&d HFWAE A=sl ou You, 4FHA AT AHE aver-
mectins, tetranactin, milbemycins F¢ 4=A7}F AP 3HE] QA W

Agdst Bl gtk o] Rok] AFE MAZANE opy s 27w )




1. PHF BPe EFNRE ZAG(AF) 474 te #AGH AF

2. Y8 WAFS gyu AP we 434 HARe AU

3. A ¢EF Add 434 oI5 dsiA S gdad dFE A

] A717] S FH¥ A= LS.

AMHBFH T, XHHEE

2
Hi
)
N,
19,
lo
il
o
o
o\
0D
o
=
S
Ao
il
0
2,
il
il

= AE&«ZA7 1274, =93 9924, =5 2124, A9 1954, A& 3914,

A 1184, BE 244%™, ZAHYE 291 3 S|t

2. W7 Egl8 Agujx] Starch-casein-KNO, uwjx]E, Colony

sz Halg mAE GAPY A= Arg3tgom, Z+zE 30 colAd 7

Azt WFAZ F oacAM m@sdch $9 sitedd v 2 @




Al a2 8.4% )33, AREE a3 E HIAL 25¥F(0.35%) HTh

1 2 AdE 622 #59 WA Bacillus subtlis., Escherichia

coli, Candida albicans <& ©°|&F FdAYS A 2y, B.
subtilisol g Aol 339 #F(2F LHAFY 54.5%), E.
coli o] <FdA Zo] 238TF(38.2%), C. albicanso] FHUA A

o] 380 dF( 6l.1% )8 YEIRYL, 37X #Fo EEF S4HY Ao

120 #57C 19.3% ) BA ZF 602T Y 1.7% &5 HFGETL

0,
1

ol el HAHNAM AddE 120 FFol WA AFEHe AIY H

gyede] Bl wesrl AF WHoEA FoE ogd 23

l—':.
AR Fdsty HAAT A, WEEHIA AAdEds 2EEHE 4R

HA 4AFEol AdHE= 21 dFE AWsiH, ol Aiste AFE

HEDE G(H AT IEF, G()AF 3%, AF 155 7159 @@
%

1) M. 46 F¥FE25¥ piericidin C,, Cy, C3, D& ®E ¥ TZX2&F

A4S &9, No. 117 #F9 AFAHEE Fdad EFYL FAstyth

2) No 660 FFE UFRAel w247t g 434 BYe Adshed,

fermentor wjdoA] 3-nitropropanoic acidE #g 2 X

il
¥
o2l
rlr
(i
1Y,
filo
e
AL

sl 31, flask v Yoljxl= macrolide AE

stdth @A 3-nitropropanoic acid € FETIRE 3o ant-

ibioticsrt Hud #wE fli, No, 660 ¥FE G(+) 3E,G(—-)3%




Ao 15 g a8 AABH 652 FAEEd Ui dAsdS

zAM AW, 718 FAEFS AARA 2 sts5Ael Atz B

gdEBE, o g 2 AL 2Hgd v WHE HH AFA

=d2 w8 TFHFo] HF st
3) M 1166 2 5E macrolide AYE 3I}FE<Q bafilomycin A,,

B, & %g Y% FF2FAHEL 39, FAF #FE<Ud NO. 1017, NO.1263,

NO. 1436, NO. 1455, NO. 2333, NO. 5090 S22 HE Ai4d 4F

AEE T Ade stesds FUsHH

4) No. 2077 75238 macrolide A4E 33E albocyclineg £

a] @ TzEx 9tk albocyclinee G (+) A F F

2
Jels 2dzA mngiou, 4284d ogeide £ 4d aT

A=A AHFo=2 FHUFHIUATL o FFHL AF:=Ao| Aegle] (LDs

(mouse):) 1,000 mg/kg), Ho2 FAHE ZToles TFIINFEE A=

sl7]o f43 lead moleculez H7iET,

5) M 3369 #+=2%5¢ macrolide Alg 3}3E oligomycin AE &

AzRy HIdHA IIIFE 3369 SM1 3369 N

%
S Ry ¥ FxEAM3YTh 3369 SM1m 3369 NS JEHd nHla) 4

=gl4o] 1/100 ©lst2 wow, Bacillus subtlis 9 29 3}



ANEAN Gf

Aol 53

H
-

7.

2 &

T
=dz25H A

HH O
HJI:IE

Q%}‘S}ﬁ Tt 18] al,
3} &t

&l 3hAH

5+A

SHAZIAY o<t

Al gd &

A 8]

efel7h Sl

=
L

g W}l v






S UMMARY

I. Title
Studies on the Development of New Insecticides from

Natural Products (II)

[I. Objectives and Importance of the Research

Agricultural chemicals which are used massively as
insecticides, herbicjdes and etc. for increasing-the ag-
ricultural production have brought the unexpected social
problems related with excessive use, abuse, cummulation,
residue and etc., and further, induced resistant strains
of pests., At present, the more improved techiques must
be used for overcoming these problems,

Advanced nations including U,S.A. and dJapan are trying to
resolve these problems, and as a method, to use the metab-
olites of microorganisms for protection of creps,-lives-
tock and human. There are three cases Of success from
their research, that 1is, avermectins, tetranactin and
milbemycins which were or is being commercialized by co-
mpanies.

Because the research of this area is the early stage of

development and there are successful examples, there 1is

much possibility of development of the new pesticide, In



addjition, we have the adventage of natural circumstances
which may have different strains of microorganisms from
other countries.

In the first Year of this research, we collected sbil
samples from various sites, isolated different actinom-
ycetes morphologically, cultured the strains'under expe-
rimental conditions and screened jinsecticidal activities
We established the simple and more reproducible method
of first screening for selecting active strains of act-
inomycetes,

In the second and third vear, we continued tO islate
and culture actinomycetes, and screen insécticidal act-
ivity, And we isolated insecticidal compounds from acti-
ve strains.éhd identifjied their structures with spectr-

al data.

V. Results and Recommendations

1. Soil samples of different circumstances were colle-
cted from various sités of the whole country.

2. The 1s0lated strainsrwere tested for their ability
tOo produce insecticidal compounds by the method
established in the first year of this research.

3. Antimicrobial tests with 1nsecticidal active strai-

ns were carried out for excluding known strains,
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and selected the strains showed insecticidal activity
and no antimicrobial activity.

4. The first screened strains were retested to confirm
the reproducibility of insecticidal activity and no
antimicrobial activity.

5. After finally chosen strains were cultivated_, 1nsec -
ticidal compounds were jisolated and their structures

ideutified

. Results and Recommendations

1. The total number of soil samples from various sites
was 2,570, which was composed of 127 from Seoul and
Kyonggi-Do, 1,204 from Choongchung-Do, 58 from Chulla-Do,
291 from Kangwon-Do and 362 from Kyongsang-Do,

9. Starch -casein -KNOz: medium was used for isolation of
actinomycetes from soil, and GAPY medium for single
colony culture. Each colony was iﬁcubated at 30c¢c for
a week and keep at 40c. Total number of strains from
sO1] samples was 7,105.

3. In first insecticidal screening, 597 strains showed
above 50% of lethal rate and 25 strains showed regul-
ation effect.,

4. Antibiotic activity tests were examined against Bacil-

lus subtlis, Escherichia coli and Candida albicans With the

....11...



above §22 strains, As results, 399 strains against B.
subtilis, 238 strains against E. col: and 380 strains
against C. glbicans showed positive activity, and 120
strajins showed no activity against the above three
microorganisms.,

The second bijioassay with the above 120 strains was
done against larvae of Bombyx mori: 1D order to confi-
rm the reproducibility of insecticidal activity and
‘use the results in the process of active compounds
isolation, and 2] strains showed stable insecticidal
activity. Insecticidal éompounds from the extracts
of them were rechecked antibiotic activity against
G(+) 3 strains, G(-)3 strains and candida I strain,
Finally 12 strains were chosen.

Insecticidal compounds were jisolated and thejr str
uctures indentified with spectral data. The results
are as follows,.

1) Piericidin C,, C,, C; and D, were isolated from.No46
strain, and also contained in the extract of No 117
strain

2) Two different jinsecticidal compounds were i1sOlated
from No 660 strain. One was 3-nitropropancic acaid
from fermentor culture, while the other, isolated

from flask culture, was suspected one of the macro-

_12_.



lide compounds. From the results of antibjotic test
against 7 test microorganisms and antibiotic sensi-
tivity against § known antibiotics, it is eXpected
that i1nsecticidal compound from flask culture was
not known antibiotic compound, Searching for suita-
ble cultivation method is needed.,

3) Bafilomycin A, and B, were i1solated from AM.1166 sStra-

and also contained in the extracts of M1017,

1n

2

No. 1263, M. 1436, Mo 1455, M. 2333 and M. 5090.

4) Albocycline was isolated from M 2077 strain. It was
the first time that albocycline, known as a weak
antibiotic compound against G(+4) bacteria, showed
insecticidcal activity. Because 1ts mammal tdxicity
1S reported very weak (LD, (mouse): > 1,000 mg/kg), albo-
cycline may beﬁnxxﬁ,lead:molecule tO 1ncrease acti-
vity through chemical modification.

5) Oligomycin A was 1solated from M 3369 sStrain.

6 ) Compound 3369 SM], produced during isolation compound
of 3369 and compound 3369 N, chemicallyY modified from
compound 3369 were 1i1solated andlltheir structures

identified. Both of them showed no i1hsecticidal ac-

tivity on B. mori and newly showed antibiotic

...13....



activity against B. subitlis.

7. we have secured various strains of actinomycetes and
established screening method-and accumulated knhow —
how necessary for searching new compounds.

8. Through the research project, we have assured that
new compounds and new bjiocactivities could be discov-

ered from known compounds as well as new compounds.
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lable 1. = (KM)BEETH T X WA A%

il 1988 A 1989 4
A 2 A A AR |
322.6 64.8 256.0 59.4 222.1
8.7 16.3
405.1 10.0 | |429.1 0.4 439.4
14.8 41 .2 '
423.4 7.0 355.7 | 14.4 | 354.9
233.8 65.7 201.3 52.7 173.3
87.7 2.0 47.7 2.4 | 46.4

3.1 0.4 6.3 0.7 8.6

Table 9. ¢kAd A 'g9dx )
(unit:US 1,000 $ )

33,268 ( 33-5%) _
e | manern | i

A = A 28,693 ( 28.9% )
A A C R H D) ,
YA Z A 720 ¢ 0.7% )
- s | 17T ¢ 0.2% ) 0.
A yal 99,344 C 100 % ) |54.9
g A 9 = 78,474
<+ Al S 3,330
Al 181,148 _ 100
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Table 3. AMAY &9 A Fo] o

< 199074

86
5,450

3,250

' 7.600

1,100

¥ 19834 S T|FEoB 3 o SH

19632 Streptomyces mobaraensisolA piericidine| 2@ 9]

0

T ugEg olgsid 4z4d 23 Fod: ATFE Y3 F5F
)

1A ( Merck, Sharp & Dohme, Bayer, Pfizer, Sandozﬂg-

s (Kitasato da%) e S4Hes AF @78 oA =HJAx, 53 w4

Fo] YAMIER EE Agae] AZEYd Edo] EE.Ra HYth vm =54

Z+2.7] 2} 2] _cgi?.._g- o] 83 chitinase, chitin éynthetase o2 1n-
hibitori 2zt enzyme & oZod Y FZaAd Awstes A%

o] &3 ATE UATh
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PIERICIDINS : 1963'd Tamura >&o| Streptomyces mobaraensis
4 piericidin A (=A,)% B(=B, )& AL EIAF °IF 19774

Yoshida 5% o] Streptomyces pactumS 2Z2FEH B T2 pierici-

ains ( Aj-4, Bl——-; , C1I—4 , Di—y D& w8 HIistdoh 2 dgEe 2&E
pyridine rings] E¥3 =4 (unsaturated side chain )7} 4%
H Feg2A Fx4 Coenzyme Qo wl$ FANGE HAR mitochondr-
1al transport systemoA] competitive inhibitor =z z}%,_ !

$ we ¥xoANE respirationg Austd AF4e uehdch ey

olejat respiration g FdE 9E FEMNE FASA  Lolu]

o) Fo] A&3t HA= XS

Table 4. Some Pesticidal COmpounds from microorganisms.,

structure : : . |
compound PR microorganism activity remark
| classification _
piericidins ’® | alkaloid | Streptomyces | insect | highly toxic to
mobaraensis mammals
S. pactum
aureothin® | aliphatic nitro-| S. thioluteus insect I 7
| | benzene mites '
tetranactin!® cyclic polyester| S. aureus nematodes | commercialized in
(macrotetro- S- 3466 insects | Japan(1973)
lide )
avermectins'™ | macrolide lac- | S. avermitilis | nematodes | commercialized by
tone MA 4680 insects Merck & Co,
I (1986)
milbemycins'® | macrolide lac- | S. hygroscopicus| insects commercializing
tone subsp. acarides in Japan
aurelofaciens
nikkomycins'® | nucleoside’ S. tendae | insects | chitin synthase
peptide Tu~ 901 acarides inhibitor
| ‘mites |
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( Contlnued )

pound Structure microorganism activity remark
com
classification

1sar1ms cyclodepsipep- | Isaria felina insects

tide ( imperfect

fungus )
L-681,110*™ | macrolide Streptomyces insects Nat-K*ATPase
| lactone sp. MA - 5038 nematodes | inhibitor

L-alanosine!® | N-nitroso Streptomyces | ‘insects chitinase inhibi -

amino acid Sp. tor
leucanicidine!” | macrolide S. halstedii insects

lactone | :
L-155,175¥® macrolide S. hygrosco - l Insects

lac tone picus MA-5285
allosamidine® | aminoglycoside Streptomyces insects chitinase inhibitor

- sp. No.1713

DESTRUXINS 2t BASSIANOLIDE ; Kodaira?!? , Tamura?? %, Suzukj?®

O

ol el WA FHolfd  Metarhizium anisoplias el vl %Yol

=

Al AFHEoZE  (1g-membered depsipeptidefol destruxins =

M

vl Hisiil, Kanaokago] 2 ool wWA FgolF2U  Beauveria

bassiana EFH T {F ITHEE oA AT HAMAI = AR

S

o824, D-a- hydroxyisovaleric acide} L-N-methylleucine o]

AHl 2 4 A 53E cyclic depsipeptide X E-S Ealsle] bass-

|_J
Q)
-
O
|_J
|_l
oF
(D
o
of
ol
Ol
L
8
AL

olE AMHEEL HEEAo] o, H3 antifeedant effectry} 9o

H LEFEANEZ Aol A AEAEAe AfAe] gov, H2o =

ojAl= destruxinf-ryl insect modelox immunodepressant ac-

LivityE YEL® dddeg 2oja gle HYYAlAql cyclosporin
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I FE2H FTAME Q7] #Edd destruxinsg AMELRL &x AT I

g o], bassianolides ZFE F&E AFdE E3A T/ F=  FEE

zZt= <¢fFE ( acetylcholine, carbachol, pilocarpine, histamine,

prostaglandin E, $)¢l wsid 2 vehdths Abdo] shaA 20

Mee B BY gosm gtk

TETRANACTIN: 1971 d Ando %2 %7 28 dgyl4to] ( Azuki bean weev-

11 )& AdEFozZ sto 4AAES HAYsHF, Y+ Saitama ¢ Tsu-

rugashimadjr zxfH3I EYFO2FE  Streptomyces aureus S-3466
2 Bystya, 239 uwY filter cakeozFE Aol Hold te-
tranactin-g ol B SHEL Sl (Tetranychus telarius )

= Y3y AFEe delew, Gram (+) w3 HZHA A =44 fun-

gidl® &g dehou REFEE A =40l gl HeE HI
( LDy, > 15 g /ks, mouse )slo}, 1973 A=A HAstolF  te-
tranactin®] acaricidal activitys= 230y} ovicidal ef-
fecte vlf7] "o °lE ==3st7l #siAd  wrI<lAl, carbamate 5
& €% synergismg o] g3 Ad¥eol WEAAVIE sioh (dEEd,
Mitecidin-c®-—‘g— tetranactin iy} 4-ch10r0phenyl 4’ -chloro-
benzene sulfonate?g ZE3dtEo]lx, Mitecidin- B®-E— Carbamate 2}

o] EEEY).

AVERMECTINS : E4®A oA 1979 avermectin {7k Fg HIiH

P A 1D 3 30 =z gFE QR Hr]E wolsky =Y.  Merck,
Sharp and Dohme Research Laboratoriesdiy = 7][4 F9 Q] ==9]

Nematospiroides debius & moused] ZAAZ T8 REPZ o] &3 F
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Hd activity screeningg i, d£2] Kitasato FF4ddAdE

EdogXE 5y B WAFS Awsie] #¥swz, Shizuoka, Ito

1 T

city, Kawanad|Ax zH3I EYo=zZHEH FHFHor HE CUE Stere-
ptomyces avermitilis MA-4680<= T3 aL, H7|dA] HAF<A av-

ermectinsry} WAEA EHUY. o] programo] YT screening

Systemojx] FI7|g Al =53 PAF Ay bioassayE A FHF

+ 3tk 53] biocassay: A S¥EH FEHIL FFJoEA B xd,

32

AlzE R Aus seHAxw BAdY E5T S4e $Ad HAg £

= gdel o addoz FHesgch g ordN ou® 2lse

Zael okelaze sMEdE SA A g stsdel we

o AzZEFa, Adz aZA o

Avermectins: FxxHoz 16-membered macrolide lactone &
JlBZAH oz &9 371e] oleandrosez I = el ﬁ@%i’ﬂ

7}=2] FQIIME, Ax=HF( nematodes ), % ( Arthropods: inse-

ct, lice, mite, tick)e)] oisix =% ZAPL3O yepgn, E3 7]
zo] Tz ] q.]k]o] ol 7lgFdE £58e UBHTh olie  averme-
ctine] ZAF87]d"o] GABA9| 92]3 neurotransmission Sij&E :2}23_}%5-}'

= M2e 7ldels] wEeln 3 mely GABA systemo] HojHo] g

| -

+ platyhelminthes (HYFEE:&5H, TEF)N= g9o] gtk
Nematode 7jA=o] Ui s 719 F+&=A¢l fenbendazole, leva-
misole, thiabendazole %—éﬂ HjA] 2-3 order ojAre] Z}&H3IF po-
tency & zt:=t}

Avermectin series 3sEx 2 A 7z B v A-series

HolE B-seriesyt ©l A gAe] 7}8l1, B-series Z9AE  Art-
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hropod pesto] tslir]= B,aryl Ad EAo] 7}si, corn rootwo-

rmgl Diabrotica undecimpunctatal UYsiAx B,ar} Ad Aol 75}

Al dEbsth ol2idk AR Sl mgkd avermectin B, 2 FHE HIE

(Ed8)oz Auselch o|F avermectin B, o] TFzE C229 C23

Abole] olFdddE s o=E YAl 22,23-dihydro avermectin g

T2l g3 e|efgow JEEA HIYL I YAHE Ivermectinolgti 3§}

Attt FH 2ol Ivermecting African river blindness#tz &

2]  onchocerciasis (AMA}E%) 9 999 microfilariacl 3AlA A}

nchocerca volvulus, A stz o 7]ty IREY, FHA

0
o, b 58 FwAZ )9 TAle]l human drug (MECTIZAN® ) o=

AREE D TR 1979 avermectin HI ofF 7Rl 1986 W
=¢| Merck, Sharp & Dohme Co.dA AEFst Hol A&l = 5t

SR AlA AEFA AIFE ZA AA" Hez dgsta lth

MILBEMYCINS : 1974, Sankyo Laboratoriess|s 7#sl ofw

insecticide v} acaricide xHox nt 7Z}&#H3 bjiocidal activi-

ty 2 z':= macrolides& crude 3 Az EBEalsigdoan sy o)se

o] F}IFFEL 0'_..,‘3‘_94 Hokkaido x]¥} Kuttianoi]l #FH3 Eoko & XE
S

treptomyces Strain B4l-146°] <A A4kE Ao|or,

o
2
e
=i
al.
pf

B2ste HAHoA aerial myceliaate] “ golden -

yvellow teardrops ” 2o A&EL AAIIT= IR A & o

L
Streptomyces hygroscopicus SUbsp. aureolacrimosus ekl BB

030 B gaziE g4 23 2gE AR 27, 1980d 13 Mo

milbemycin ( a;-a,0, B1-8;3 )< =3I 2% mutant S 9]



£33 & FEASeC] &5 I8 Ha HIo milbemycinse FxFO
Z avermectinset ofF FARRHH, 71 & Aol C13 ¢ A[d] a-L-

oleandrosyl-a-L-0oleandrosyl groupo] §ti= Holtl milbem-

ycinse] #A4& acarus (=7l %), aphids (FE) % insec-

ts Sol 25 434e zu lon dxl YRelM st el Utk
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M2& hg & 9

A1" EgAE A 2 dNg 2g mje

1. EY AR XF

—o
AL
L :
I
2
18
1o
HT

Fe HAeR FAEY, AEHAHE, FMNAE F

A3 EY BHo2RE AgE AFHsACh

AAZE 55 ZIdERT BEG AlRe PHYY SFERFE AT FAHAEA

dad BEY Als 0.5 Ed4dE ASHHEsT sméd ¥ FES

83 & 0.5meAS Hslo (0.05% SDSel §% yeast extractrst =

7t 8o 2.5miol ZIEE 40C FLEAM 20 ¥ WAL olE =

#F FREM 107°-10° 02 HMstm H4Y (.1ml & 50 mg/ L9

cycloheximidee®} 20mg/Le nalidixic acidy} A71E A F B

2§ HiAle] E=oEth

P Ea] wlRE 30C Fer)olA 79z s gstm, UERhG M F

colony 5& wWgo|E AMEste GAPY #izloM £4 sigen Ead

2 @75 4CcoA mastglch 27 2 wgel Ag® w24

Table 59 ziu}

_31_



Table 5. Media used for the isolation and cultivation of

‘actinomycetes

Composition

Media l

Starch-Casein-KNQ3 medium
( pH 7.3 )

I

- KNO3

Soluble Starch 1
Casein

0
0.
2.
NaCl _ 2.
K2HPO4 2.
CaCO3 - 0.
MgS04- 7H20 0.
FeS04- 7TH20 0.
Agar 19.

3

OEQODOO&

D

GAPY medium
( pH 7.2 ) I

il nllnhil,

Glucose 10. 0
Soluble Starch 20.0
Bacto Soytone 0.
Yeast Extract D.
CaCOj3 1.

0.

0
0
0
Agar 15.0

1. SA[S2 =g

ng =2 At ded =2 s

H, A7l ud, JAHEE AFske AuelAd A

&+ o
1) W2+ (Nilaparvata lugens )

BETE J1F AERAM FHue

16 L: 8D, R.H.75% )X AWl Atsstden, 454 AAHA

&F A T
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2) H5ol YU ( Bombyx mori )

Aol ue F AN Az AT AlrE FEAY 24

(25%C, 16 L: 8D, R.H. 65%)°lA Aul Argsigon], 424 #AHA 33

&g Auste] ARgsITh

3) A8 (Musca domestica)

doele 24(020—-28C, RH. 5% ) Ad AF3er  f#3l

= $olAl Atmel @S B wEae] TEAAD. 424 dFgAdE &

e wdTe 13 A4 AFe W% (Musca domestica) &

AR e GAPY mal ®iAold 7—10U%t wgE #FAE EIehe

agargs 1/22 A9d F 2z g3 #3< w00y ¥n ¢

AFo] AlEge AR LR ofge 7UF HE 39 S8 % 93

&S ARG 434 HAA e HYREd de 50% o4 A 7

1 2 A4S AAHANA LAFHol JAFH= dF7ES HWAALE Escheri-
chia coli BE1186, Salmonella typhimurium SL 1102, Pseudomonas

aureginosa 1FO 13130, Bacillus subtlis, Staphylococcus aureus

R-209, Candida albicans 1FO 1594 & 77} wlA & Wt sk HA

= AABA L

..-33...



1) Agar plug ™
LB 1A iAol test FFE ETFIF 0.75% top agars ¥
23 % o] wiek® GAPY mAl wix|e] agarg &z wWo] top

agarsie] 2¥HFL AU AFAHAFY {FFR FoE€ S AL

2) paper disc W

Agar plug#ield &g udehixdl R} FFEL dAoz ¥

4 Bde AYz 2USA = FFEL AA] 9Aste paper disk

el g@d A4S AASAch dEe]l wW® GAPY mA wixo] ac-

etoneg W1 ZE3 mwe ¥ £2EL 331, agar plug Y

b

FoslA ZWl® top agargld] paper diskg 28 ¥e ¥ H=3

Wt T F£8S paper disk o AHglsle Az S AR &

12 AdwrEg FFE GAPY A wix] 50 méo] HFst shaking

1incubatoroA] 28T, 7YX wWiLSIH T, wiYgR 2 A4 EE (5,000 rpm,

3 min)3ald FA wlg ASRoz EYstn FAE acetone 50ml S

7late] Hest & ogFste] Y &gz, vl AS5de ethylacet-

2 Yu Aadd PP Fzdg sste WHS AMgsigon 24 Az
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1. NO.46 39| H2F 1Y LU AN 2SA 2|, A

flask 'HH%}( GAPY, 250 ml, 200 rpm, 28 C, 5days )& A|E3Hrh

o okl & FAle} vl G FHoE vy, #A= acetone 3oml 23 F&
5 Zezsn wE® 422 CH,Cl, % ethylacetate ztz} goml
2 partitionsty {r]EujES '1 ml2 FE%sIch i °J%—-—‘§-QH-& CH,
Cl, 30 ml 23], ethylacetate 3gml 13 &3t 1mlg ZYE

= argo

zZtztel fr1 84S £5& FY scalez FFAhE fFo A

4559S AR AT, 434 2de @A ¥ wdded 2E Ao
o, M$ggo2 U8 A3l HAFAD F&4 g normal
phase TLC ( silica gel GF,,, hexane/ acetone 2/1, v/v)$%

reversed phase TLC ( RP-18 F,,, methanol /H,0 9/1, v/v)d

Az ANeFE FEse] 434 2AY e AW 42y B Fg

o dAHel Argstsith

et vl 9o Fdst zHo= Bigs 3 dAEZ (5,000 rpm,

3min.) st ¥ Yg s A JAFMESE UFI, FFd L column
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(¢ 15 X50em ) ZFZ¥E Amberlite XAD-4 ( 500 9 ) J&ANAH S

+ 1Le 20 % acetone 1Lz AMHH3 F acetone 1Lz FEII

1, ol t©tr] CH,Cl, 500mlet ethylacetate j500mlz &gl

oA IH"dEL aceton€ 2Lz 23 F&Esigoew, Mg A T3

&3ty F%38ta, Si0, column (¢ 5 X 50¢em) AolA] hexane-acetone

mixture (acetone (0-100% )5 AF&sld FAHS o7y |LSA|FH on,

dEd dS E#dte £3& XoF o4 Lobar Column RP-18
(¢ 42 X 440 mm ) ZojA] &l r, HEHoz HPLC RP-18(¢10 X 250mm)

dollA AAE Al =3 H.



Fermented broth (14 L)

[ ' | -
Filtered broth . Mycelial ppt.
adsorbed in Amberlite XAD-4 | extracted with acetone
washed with H20 & 20% aq.acetone concentrated in vacuo

eluted with acetone i

concentrated in vacuo
extracted with CH2Cl2 & EtCAc

concentrated in vacuo
—
Total extracts (10.1g]

Si-col. chromatography

eluted with hexane-acetone mixture

(acetone 0-100% gradient)

4

Frac; | Frac.2 (1.2g) Frac. 3
) _ o

discard - Lobar LC ‘discard
RP-18: 942 x 440 mm '

MeOH-H20 85/15, v/v

0.4

~ Prep. HPLC
RP-18: ¢10 x 250 mm, 10um
MeOH-H;0 9/1,v/v

i

Comp. [(60ng) ~ CompI1(3.5mg)  Comp. I11(4.6mg) Comp. IV (7.0mg)

Fig, 1 Isolation procedure of insecticidal compounds from no, 46 strain
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No FFE mAMPAIM wF] W gu FEAe AF ERE AL

U, A wielldE 434 Ede gael dwHA ekkth azy flask
w3t fermentor ®jeld AisE 4F4 B tEe F, dF
Welsh Bolg Rez wuslo] WY Wl me gyugs 2L ¥

7] gste B Ade FAsiAh

WA fermentor uwij¢k( GAPY, 27T, 3days) ¥ 434 =& &

{_%ermented broth ( 8L, finai pH 5.6 Z_J

ICentrifugation ( 5,000rpm, 3min. )

— —

Supernatant l-Mycelial ppt.
I _ 1
- extracted with EtOAc extracted with acetone

j — . —_ _

concentrated in vacuo,

adjusted to pH 4.0 with 1IN HCI
extracted with EtOAc

added 0. 1M phosphate buffer sol’'n

(pH 7.5)
_C
Org. layer Aq. layer
I_ adjusted to pH 4.0 with IN HCI
“discard extracted with EtQOAc

concentrated in vacuo

Crude crystal (720mg)ﬁ]

[:i?crystallized from CHCI3-hexane

l White crystal (610mg)

Fig.2 Isolation procedure of insecticidal compound 660-A after

fermentor cultivation
;._32_
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Hj kA=l ) AAIBRE FEI E- 660-Ax pHY Hizle ulzl &)
of e fEst =A WsiEEd, o2 ol &sld partition wgosg

Aad Bd 660-AE EYsida AZF wHez HAsHoh

flask wWl9F( GAPY, 27°C 5days)o2fy 424 2xde Ed I

AL f£ig.3¢ 2.

B ok A5l FAZRE F£9 4E4 EA(660-B)E fermentor

=3 23 660-AdE tzA, 2o pH(PHC5.5)04 §7]1¢&

=
2 F29x gon, ¥ FoHe A3uAS yolwzr] wEe pHY
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h—-——-—nm

i

Fermented broth (3.5L, final pH 8.6) \

| J_?entrifugation ( 5,000rpm , 3min. ) |

L

Supernatant
]

extracted'with EtOAc

r

]

Mycelial ppt.t

extracted with acetone

l concentrated in vacuo,

i Soluble fraction |

overnight at -20°C in EtOAc solution

I —

| ppt. |

Silicagel col. chromatography

eluted with hexane-acetone mixture
( 0-100% gradient )

1

active fraction (60mg)
L S

|

LH-20 column chromatography (¢ 5x50 cm )
eluted with MeCOH

active fraction (31mg)

Il

Silicagel column chromatography (¢ 1.0x10 cm)

washed with EtOAc |

eluted with MeOH
Y S ——

[-active fraction (4. 4mg)

dissolved in CHClj3

el ikl "I e

| ( compd. 660-B )

-

|
Soluble fraction (3. 1mg) ppgfl

Fig.3 Isolation procedure of insecticidal compound 660-B after

flask cultivation
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3. No.1166 w2 & & &4Fd =& =ci, A

No1166 ¢ HAwMYF(GAFRY, 277C, 48 hrs )3 4324 EAESL

2Ed A" S Fig.49 Ao 454 EZEL @A 2 g dsde] =

F EAsglen, $r18ue FZo sssty x7] %2 No.gg  @FO

—

WY FLEA TYsEY. F O FEEL silica gel ( 300 9 ) o =

XE column (¢ 5X50cm)Aox chloroform-methanol mixture

(methanol 0 —100%)& A&l ZHE =oi7in RIAZACH A2

224e gfste ¥8e chromatographyd sejg =A dEjsis ¥

TiEoE Uyo]l FEE Alxsided, frac.2 o 44 EE 2=

Lobar column ( silica, ¢ 42 X 440 0mm ) Afof A -hexane-is'oprOp—

anol (9/1, Vv/v)E A+&3l3a, frac. 3ei= Y column Ao

4} chloroform-methanol (95/5, v/v )& At&sted] Bz <3

st ok

Frac.29 4&4 %3 3§ 23 HEHoszm HPLC (RP-18, ¢ 10

X 250 mm, acetonitrile-H,O0 85/15, v/v ) AoA EgE AR}

gon, frac.3 o 4%4 £d ¥H ®¥& chloroform-hexane

mixture ( 1/2, v/v)od HAWoz HAEZ Axzstgdrh
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Fermented broth(14 L)

Filtrated broth - opt'd Mycelia
- I
adsorbed in Amberlite XAD-4 extracted with acetone
washed with H20 & 20% aq. acetone. | concentrated in vacuo

extracted with acetone
concentrated in vacuo |
extracted with CHCls & EtoAc

concentrated in vacuo _
T S
Total extract

solved in MeOH & overnight at -20° ¢

— . T B -}
Soluble fraction opt.
| Si-col.chromatography l
eluted with CHCl3-MeOH mixture discard

(MeOH 0-100% gradient)

| —

Frac.] Frac. 2 - frac.d
' " Si-col. chromatography Si-col.chromatography
fat compounds eluted with Hex-iPrOH | eluted with CHCI3-MeOH
‘ | (9/1, v/v) ' | (95/5,v/y)
discard Active fraction 4 Active fraction B
| Prep. HPLC precipitated in
RP-18:¢10 x 250mm | CHCls-Hexane(1:2,v/v)

ACN-H20(85/15, v/v) |

_—

f l
Cozpd, [ (7, 5mg) Compd, 11 (26,5mg)  Compd. 11 (12 mg)

F1g.4+  Isolation procedure of insecticidal compounds from no, 1166 strain
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4. No 2077 250 ASM BE 22HA

A4 Ao #A 2 MgASdd 2FE EAsged #7 &mE F

gol shsstach WPFSA 434 B F2e column (¢ 15 X 500m)
(

of #X® Amberlite XAD-4
ag. acetone 1Lz AH® % acetone 1Lz $&sdm, A AAE
o 434 ¥ae acetone 2Lz 23 FEIIRH, % Fzeg o}
%% & CH,Cl, 500mf% EtOAC 1LE =Zaich % 239 sil-
ica gel ( 250 g)°l ZZ¥ column (¢ 5X50¢em)doX hexane —

acetone mixture (acetone. 0—160% gradient )& AFg{3ld A E
se7lo] gasiglon, 454 BAE RSE ¥NE mop oA Lobar

column ( RP-18, ¢ 42 X 440mm) Aolx Relsis HFHoz HPLC

(RP-18, ¢ 10 X 2507, MeOH/H,0 9/1, v/v )4l A& stach

_43_



Supernatant l Mycelial ppt.

| - — —

t_ Fermented broth ( 17L )-__J

Centrifugation ( 5,000rpm , 3min. )

—

[ adsorbed in amberlite XAD-4 extracted with acétone
washed with H20 & 20% aq. acetone |

eluted with acetone ]

Frac 1

-

J

discard

— ik L eraik

concentrated in vacuo.
extracted with CH2Cl2 & EtOAc

overnight at -20°C in EtOAc solution

. —

' Soluble fraction (2.5 g) I ppt.l
e _ | |

discard

Silica gel column chromatography
eluted with hexane-acetone mixture
( acetone 0-100% gradient )

R :

Active Frac 2 (350 mg) l | Frac 3

T

| discard

Lobar column chromatography
(RP-18, ¢42x440mm, MeOH-H>0 85/15, v/v)

| Active fraction (130 mg) I

Prep. HPLC(RP-18, $10x250mm, MeOH-H20 9/1, v/v)

White powder (39 mg)

Fig. 5 Isolation procedure of insecticidal compound 2077

_.'44_



434 222 dFE dAC SAst wigd e AT F, oA 3

AETS | HIlo FEeFoH, o] EFL AuATE A, BEFHNA £

=
o] o3t Eals dojux] o}l silica gel typee 32 A ( nor-

mal & RP-18 ) & AM&std a7l dojdg w@zxistel, partition ¥

g Argstel ®gg AEdqch &, ¥ %8 hexane/methanol-

water mixture ( 3/1, Vv/Vv )R partitions}e H =4 <9 B ES

AAstH o centrifugal typee  counter current chromatog-

raphy AtolA] hexane/chloroform/acetone/methanol/water (8/4
/1/6/0.75 ) mixture F lower phase® stationary® 3}i up-

per phaseg mobile phasez sl 434 dg Az HF

Moz AAR wHoz EALS AHA st
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Fermented broth

20L
I Centrlfugatlon ( 5,000 rpm , 3min. )

Mycel1al ppt. ‘ Supernatant
- | [
extracted with acetone discard

concentrated in vacuo.
extracted with EtOAc

Oily merterial ( 14.9 g {;]

-

dissolved in MeOH-H20 mixture ( 3/1, v/v )
washed with n-hexane

concentrated in vacuo
extracted with EtOAc

]
Brownish materials 1.54 g )

e——— ——-‘ S —— == —

Centrifugal C.C.C.,
eluted with hexane/chloroform/acetone/methanol
/water ( 8/4/1/6/0.75 ) lower phase

P eyl Wk I LI, — e, T

Active fraction ( 890 mg )

- @ O O @ O J

crystallized from MeOH-H>0

_ e’ i —

White crystal ( 728 mg)_]

l— - e ST _—

Fig.6 Isolation procedure of insecticidal compound 3369
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A2 23 33692 Eyste #AAYA] column chromatography

AsAl Badol wWsiEel wrixe E4Ee AAdte RS LA

o ou] AdelA 3369 BAe RHAESES H2gHol veux wgou

2% gRolA WEAA wAEHA Wy FFeHel UEyy] W

2
A 33699 Az wdy pHY Fa TR ofgd FF YL U

Bl gle TzE I Held 2 4Wg Yy

FEE 3369 F #El7E dolus 2SR HEIAIISE F8 EidES &
glst #ge fig.7 3 ok weF ANE s¥Fe Lobar column
( silica gel, ¢ 42 X 440m)%0ﬂ»&1 Hexane-acetone mixture
(3/1,Vv/v)eg %3 Y3, .%R%é% HPLC Ao Styrene-
DVB base?¢] polymer column ( RP_-18, .;5 20 >< 250 mm ) = A}-g-ﬁ}o:]_ z{j

s Al=stych
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Compound 3369 crystal ( 200 mg ) I

| dissolved in MeOH 100ml
added silica gel 50g
incubated. in 60°C water bath for 4hrs

‘ Reaction mixture

Lobar Si-col. chromatography
eluted with hexane-acetone (3/1, v/v)

[-Frac.l( 4img ) i

HPLC RP-18 (¢20x250mm, polymer column)
eluted with ACN-H20 (4/1, v/v)

— I R

l 3369 SM1 ( 20mg ) 3369 SM2 3369 SM3

[ i M

Fig.7 Isolation procedure of compound 3369 SMI

2. 8458 2Z& 33692 oxime= =& Ec| 8K

Az Bz 33692 Eaubgo zEE %3 H 3}zl Uojd carbonyl

groupo] 4tEE & wEsiEd F3 FHE|AA dotRy] Yaeq B A

AE=4d 33699 hydroxylamine « HCl1 & A3 5 AHdEH wWegeass2
Lobar column ( silicé gel, ¢ 42 X 440 m)@};}ﬂx{ hexane-acetone
(2/1, v/v)a %3 g% ¥ Z=ylg s432e] HPLCAM|A] styrene
-DVB baSeﬁq polymer column ( RP— 18, & 20 X 25.0mm)% AR5t A

Alstdr. (£19.8 )
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Compound 3369 crysfal ( 100 mg )

dissolved in MeOH 10ml
added pyridine 1lml & NH20H- HC1 50mg
reflux for lhr

Reaction mixture |

]

Lobar Si-col. chromatography .
| eluted with hexane-acetone (2/1, v/f)

Main fraction

HPLC RP-18 (¢20x250mm, polymer column)
eluted with ACN-H20 (9/1, v/v)
precipitated from hexane-ethylacetate

‘ White powder { 35 mg )h]

Fig.8 Isoiation procedure of compound 3369N

=S

| W ——

SEN SN 33692 H

352 3369 SM1

2}
==

3369N2| &AH|m

SMi1, 3369 Noll tfjst At

d4ed =& 33699 °l2HE wroiE 3369

A% 9 gad AL SUssln. 42d A4e petri dishe] g
il 3% #3F e dFFY UdIFAEE HI ARE AT F,

F Fo AFEES ZAIE WHoeR 7 wxd 3HbE dAE% L
stE AL 79 test microorganismsg waoew 3dlgow, zt

& paper disk Wyoz FxH=E HHYZL F ASAHXEY J4 75

dad S BAIIAUL
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M3a &3 H OF

A1d AT 28 2 A

1. E2 Al29] #MFH YU WMz 2a

A2 7} XA Ao Z 90y 9¥XE 93y 199 #@AAH = 2,570

Mol ES Alas AFsigo Adwas NS A7 127dH, =29 992dH, =

=5 2124, Ag 1954, A5 3914, 49 1184, 5% 24448 ¥l ZEx

201 d Folglth EY ANszry Sdze 2 2F F 17,1639 &

k<)
I
o
o
=l
o
i
e
il
N
2
—Ql—"
s
!
-l;)i
gl
Lo
>

2
A9
il
o
R
Kl
e
.:'):.:1"'.:.-
=N
o3

a2 A FESH F7te BE Sl 4%, HHES 3% 28a FA

B pHE Z¥s E 23 pHs-6 EFAE/E dAd F W0BAE

ol pH 6 olste] A4 Eogol AAY o 0% E AAsgen, pH 7 o

Fol Wy EFES o 6% FES Yt EPARY AH Faus

pHo| ma ¥y PHFe] =59 48 A Za pH5-69 EUA

29 ZA$N Addoz me FRY PUFL Eysy WU £ = Ao

2 Jvelgo. (£fig.9)

Ede & FZd WS EHE WAL T & A Z¥ A

WHoE 10-30% 9 FE FFS FE Yu EFelA gHie]l wol B

st & 4 ek ( £fig. 10 )
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pH of sol1l sample

Fig. 9. Effect of soil pH on number of types of

actinoémycetes. A, forest soil; o, grass vegetation;

®. 6K cultivated soil
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Fig. 10. Effect of soil moisture content on number of

types of actinomycetes. A, forest soil ; . grass

vegetation; @, cultivated so1ll
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CEgA Hyg #FE 7,106 FFE oz Hugd oy Ay 2
2
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3J
#)
b6 A
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Number of isolates per soll sample

1g. 11. Number of different types of actinomycetes
in soil samples in relation to the number of isolated

strains. @, cultivated soil; A , forest soi1il; O,

grass vegetation

AERM AU SFY HED MY RFO @AM MM

©
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i~
op
iy
RS
o
o
i)
32
lo
H
0,
iy
filo
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Fig.12 Photographs of bioassay on M. domestica
A . positive strain (dead)

B ! negative strain (pupae-forming)
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Fig.13 Agar plug test for antimicrobial activity
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Fig.14 Bioassay results Iof the insecticidal compound
from strain no. 3369 on B. mori.
A : compound 3369 10xg/ 1.5 g artificial diet disc
(all dead)

B : control

Table 6. Screening results of total strains isolated from soil

| o | No. of strainsﬂratio |
—————— : .

Total isolated strains | 7105 1002

==T::;cticidal active strain; on M. domestica 087 | 8. 4% |

| | Antibiotic strains by agar plug method o 377 5.3% |

Selected strains from-£;; screenigg—- 120 | I.;%

| Strains showed stable insecticidal acivity _ 21 Ojé;
Antibiotic strains by paper disk method 9. 0. 1%
Finally selected strains for i;;I;tion-;; ""i; | 0. 2% |

| insecticidal compounds




Table 7. 3rd screening data of selected 120 strains

| —— o il

strain no Activity strain no Activity strain no Activity —
* [MS2) [BSb) [BLc) [AMd) | MS | BS | BL | A | MS | BS [ BL | AM
B 46 ++ ++ + 1L3:_3 + - 3075 + -
117 ++ |+ ¢ 1166 | ++ | ++
637 E . 1169
642 - 1172 + | -
660 |+ |+ — [ 1263 [+ [+ |
673 - 1265 e
698 - 1436 ++
716 | + | + I 1437 '
725 | £ |+ | | 1455 +
735 + | - | 1591 +4
741 |+ | - | 1629 +4
I '&3 + L765 ++
744 + - | 1871 | &
755 b+ | - | || 1889 + |
756 | £ | - || 1927 :
762 + | - | L 2015 +
785 _‘ﬁlﬁ: = .h I 2027 t
786 + | - | | 2053
789 + | - 1 2077
792 + -] 2105
793 |+ [ - L 2210
796 |+ | - | 2333
849 [+ [+ |1 23718 [+
853 | + | - 2492 | &
856 | £ | - f 2543 | -
860 | + | - 1 | 2695 E
866 E 2766 +
83 |+ | 25 | =
| 890 [+ [ | 2797 | *
891 + | - | | 2821 +
906 [+ |+ | 2823 :
951 + | - L 2824 "
979 + | - 2831 +
1017 [ ++ [ ++ [+ [ - | 2886 '
1045 [+ | - 1 2888 a
1058 ¥ | - 293 :
1094 t+ |+ | 2932 +
1113 P | 2986 +
1125 ++ k 4 £ 3011 J
1129 + | - 3028 +

c) insecticidal activity of liquid culture extracts on B.mori
d) antimicrobial activity of insecticidal compound from TLC on 3 test

organisms by paper disk method
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a) insecticidal activity on M.domestica by soIid cul ture
b) insecticidal activity of solid culture extracts on B.mori
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1. NO.46 Z52 H8H =& TS

X #FE 13 screening uAoa 4ol wj 9 7}Ey L,

o
Al 2zt AANME Solg AdH (Eshe FYTIE M wA
o el ZEakgoh

NO. 46 ¥ WHF wi$F HPLC (RP-18, ¢ 10 X 250mm, methanol-

H,O0 85/15, v/v ) AolA HEFZHo=z FEEEH EZHEEL chromatogr-

am % UV spectrum 2Ztz Fiqg.l15, Fig.163 o}

2ol AAE A4 EdEL 1% H$8Aozx, methanol, acetone,

chloroform, hexane T {F7]8n¢] 2 £, paper disk WY

ol A}y HAANA B. subtlis® C.albicansl =2+ 73 gJadady

& UEhY. &8E EdF Comp.V& UV speCtrumﬂW Hol  F
4ol 235 nme|i, comp.[[¢f comp.VxE o]t U3 patterng B
ol, comp.[lle] Huig4 o] 235 nmeld, ojZe] UV spectra =
Piericidins®} patterno| SAEIY Y. &, Piericidine AdE

A (PA, PB, PC, PD)E& pyridine ringe] side chaineo|ax A

&2 Hdaitolv FdAE e w9ur]Y 24 FAM = #ARlel 5
H A9 RoA methyl groupe] E&AoqFe) uwegl UV spectrumoj
27}x patternoz Yy =Hl ? comp. 1 ~NV7E IO] =292 gpectrum

patterny w9 KA Ao Hol, Y Piericidin AYEZE F

A, (Fig.17-21, Table 8,9 )
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LichroCart RP-18, ¢10 x250mm

Comp. IV, B

Comp. I

elution : methanol-H20, 85/15, v/v

detector : UV, 240nm

A
column

Fig. 15
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Fig.16 UV spectrum of isolated compounds from no.4 strain(MeOH)
" type I : Comp.I, II and IV
type II : Comp. 111
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R1=RZ2=R3=R4= H

Piericidinm C1 |
Rl1= CH3, RZ=R3=R4= H

Cc2Z

C3 ! Rl1=RZ= H, R3=R4= CH3

D1 : Rl1=R3=R4= H, RZ= CH3
R2

O

Rl1=RZ= H

Bafilomycin Al

A2 ! Rl= CH3, R2= H
Bl : Rl= H, - O
R2= -~-COCH=CHCONH

H1

F'1g9.17 structures of insecticidal compounds from

strain NoO.46 and NoO, 1166
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FF1g.)]8. Proton-NMR Spectra of Campound I (piericidin D]1) from NO. 46
strain (300MHz, CDC13)
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- Fig.19, Carbon-NMR spectra of compound | (plericidin D}) from No. 46
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Fig. 20 Attached-proton-tested '¥C-NMR of compound | (piericidin Dl)
from NoO.46 strain
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Fig,k 21 Carbon-proton 2D NMR spectra of compound ] (piericidin D1)
from No.46 strain



M compound & A9 UV &< patterno] 23gnmoji 73 &

& Hola gl 5 @9 CHy7p ggteo] glem, proton- NMR
data AelA 0.9 ~ 1.1 ppmo|Ae isopropyl groupo] HolxX =

Aeg Edof Ay, B, C;, &= D, typed AL za e AHo=

Wl &3 OCH; ¢ &4 ( 'H-NMR : 3.53 ppm, !*C-NMR : 58.6 ppm )7}
AAFEHEE Aoy} Cy 2 ofyn, C,;, —C,, Alo]9] epoxy group o] 9
= ( "H-NMR : 2.86 ppm, '""C-NMR: 55.0 % 61.9 ppm)og Ho} &

3352 piericidin D, o2 ZHHEc a8y, Yoshida o] wgst &

3§ 9] waw, 'H-NMR data sjAels 12-H(Q, 2.40 ppm) 4-H,

-

(4, 2.47ppm ), 9-H(m, 2,50 ppm), %2 10—H (d, 2.72 ppm ), o=

AL A sAT 2 dAe] EMEARE By, YC-'H COSY data
offl 4 Cy4 ( 43.1 ppm)ﬂﬂr Ci2 ( 55.0 ppm )2 proton signaleo] 2.86
ppmol Al HHA vebd gli, Cy ( 36.0 ppm )¢ proton  2.69 ppme
A dd=, C, ( 91.1 ppm )2 proton<  2.62 ppmolA ABHAAZ Mo
=3 ok uglx E FHIE = piericidin D,¢ proton-NMR da-
tas 10-H(Cd, 2.62ppm), 9-H(dd, 2.69 ppm), 4-H,+12-H (d+
d, 2.86ppm)og <FAHFojof & Holr

Compound J[¢] A<L%E compound [3 UV patterno] -ﬁ-/\]—é‘}j_

isopropyl group ( 0.95, 1.06 % 1.56 ppm)e] Slemg 7|F EHX

9} wlmsdly B FEgEL piericidin Cz o2 T3¢t
Compound [[[& UV pattern o] C; ¢xJo] methyl group o] &£x3j

st A FASHA WERRta, NMR data A= 5-Hel glojx]lal q-H,

7} 2.67 ppm oA singlet ¢& Holn, isopropyl groupo] ooz

2 35 e piericidin C, 2 ZA3IYTE
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Table 8.

IH-NMR data of insecticidal compounds from no, 46

(6, 300MHz, CDCl,)

Comp. ] Comp. 11 Comp. 111 Comp, 1V PD;®*

3.46(d, 7.0Hz) 3.29(d, 6.84z) 3.35(d, 6.8Hz) 3.34(d, 7.0Hz) 3.30(d)

1-H2
2-H
4-H>
5-H
6-H

8-H
9-H
10-H
12-H
13-Hs

13-H
14-H3z
15-H3
16-H3
17-Hs

| 10-0CH3
6’ -H3z
7’ -Hs
8 -Hs

e T

L N O

5.50(t)
2.
o
6

86(s)

.64(dt)
.16(d, 15. 6Hz)

5.37(d, 8.9Hz)
2.69(dd)

2.
2
1

62(d)

. 86
.39(d, 5.5Hz)

.33(s)
.00(d, 6.8Hz)
.83(s)

.83(s)

.30(s)
.18(s)
. 84(s)
4.

04(s)

5.37(t, 9.2Hz)

2.75(d, 6.9Hz)
5.55(dt)
6.04(d, 15. 5Hz)

5.20(d, 9.2Hz)

2.65 (dd)
2.87(d, 8.9Hz)

1.56{m}

1.30(s)
0.83(d, 6.6Hz)
1.71(s)

1.76(s)

2.06(s)
3.82(s)
3.92(s)

5.37(t, 6.8Hz)
2.67(s)

L ]

5.66(s)

5.05(d, 9.5Hz)

- 2.56(m)

2.86(d, 9.2Hz)
2.92
1.30(d, 5.5Hz)

1.28(s)
0.90(d, 6.8Hz)
1.65(s)
1.76(s)

2.06(s)
3.83(s)
3.92(s)

*data of Piericidin D; from S. Yoshida's paper%2’
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5.38(t, 7.0H)
2.76(d, 6.8Hz)
5.50

5.60(dt, 15, SHz)

5. 18(d,
2.65(m)
2.87(d, 9.0Hz)
2.92 '

1.30(d, 5.6Hz)

1.27(s)
0.89(d, 6.8Hz)
1.72(s)
1.77(s)

2.07(s)
3.88(s)
3.92(s)

9. 8Hz)

5.31(d)
2.47(d)
5.45(m)
5.98(m)

5.16(d)
2.50(m)
2.72(d)
2.40(q)

1.24(d)

1.14(d)
0.87(d)
1.68(s)
1.73(s)

2.04(s)
3.80(5)
3.89(s)



Table 9. 13C-NMR data of compound ] and Piericidin D,
(6, 75MHz, CDCLl,)
1 34. 4(CHz ) 34.5(t) 17. 8(CHs )
2 122. 0(CH) 122.3(t) 16. 5(CH;3)
3 - 134.9(C) 134. 7(s) 12.8(CH3z)
4 | 43.1(CHz) 43.1(t)
5 125. 8(CH) 125.8(d) 58. 6(CHsz )
6 136. 0(CH) 136.1(d)
7 134.9(C) 134.8(s) 150. 8(C)
| 8 133.5(CH) 133.5(d) 111.9(C)
9 36.0(C) 36. 0(d) 153.9(C)
| 10 91.1(CH) 91.2(d) 127. 7(C)
11 61.9(C) 61.9(d) 153. 5(C)
12 55. 0(CH) 55.0(d) 10. 4(CH3)
13 13.1(CH;3) 13.2(q) 60. 5(CH3 )
14 - 11.3(CH3) 11.4(q) 53. 0(CH3)

* data from S. Yoshida’s paper*?’
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2. N 660 T2 ASMH S HeisSH™

No 660 FFE HAWY WA uwE YiEe 434 gdol e 5

Aol 9le] fermentor vzt flask Hﬂ k-2 7 AlAS & zpzhe] 4t

=4 BaAS ST T oulgeld AAEE 434 2de Rydge I

=
BeE =4 oed, 2 ZFE aoksiy Table 103 gtk

Table 10 Comparision of insecticidal activity from 2 type culture
extracts

activity®
condition

pH 3** pH 5.5 pH 7.0 pH 8.6

TLC

_j .

Rf value®***

0.75
0.1

Fermentor culture | 10710 10/10  0/10 0/10
Flask culture I 0/10 0710 10/10 10/10

% application of EtOAc responsed to 5ml of cultured broth,
respectively,'on B. mori

%% adjusted pH when extracted with EtOAc

%% developing solvent : CHCl3 / EtAOc / MeOH ( 5/4/1, v/v/v )

Fermentor djjeke ( £final pH5.5)2e A= EA(660-A)L HF&

pHelX 7] &2 F&°] 7tesiAT %2 PHA = TE8H2=2A

BuOHZ = dx7} =251 EtOAc, CHCl, 2& FZo] Hx| ggton,

oAl 22 pHE U3t 453e &4gle]l #7188z =d98 FE9

715 SF .

_.70....



o]2A] ERL acidic charactor& 7[xlm 9 om pH  3}o] 1=

227 GAFAomz olE olgdte Bae H4A Hy, AAT £ A

E 3l3E2, IR spectrumefr] 3000-2500 cn™' 9 broad band g}
1710 em~* 2] band®g Ko} -COOH groupg oS E{li’i.ﬁl 1560 cni*
R 1350cem™ 1 9] 738 bandE -NO, groupS zn YSL & $£ AN
ot. (Fig9.21 ) aga proton NMRe|A t©}gt d9.609 acidic OH,
04.89¢ 03.218 ©vlA3A coupling 3t Y= 274¢ CH, & & £
AR Fig.22-a), Carbdn NMRo| A 5171.39 ] -COOH, §70.01 T

630.21¢ CH; & 370 &4 HeEHo (Fig.22-b), ol ARAE

Z3sle] B EAL 3-nitropropancic acidz A5 9th

Flask w2 final pH7l 8.622 pHe| xAglol H/r7i8uiz 4
PHE A $Toz Hsldre ZZde AZze A eol, pHe W

2eld 2F (660-A)g NMRE o|gdted Tx2FHE A3 dF, ma-
crodide Ad Ed=2 FAHAN=H (Fig9.23) =€ o] AR, &9
Follz Rzt dolut FHE FzE FHYY F AUtk A @FF WAL

Az Al=Fa gl

Flask BlYA] A=A E& 660-Be A2k EQFYSEX|WE, 3-nitrop-

ropanoic acid& ¥EFxXzg 3s= antibioticsyl ®B3H"E 8}7F 9o

Mool wel A e PR A3y BIg Adets 530 gl
79 7#4 A7 (Table 11 ) Fadel wd #44 @A (Table 12)

2REH &9 FHEAL YA Fe ssAel 7, flask wjgele]
I
Q

g AE Axgwgd JAAVE QAokn @d "ok
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IR Spectra of compound 660-A (KBr discC)
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Fig.22-a

Currant Data Parametors

NAME park3

C 0 BEXPND 32

' PROCND i

F2 - Acquisition Parsmelers
Date 920316
Time 16,34
PULPROG z9
SOLVENT COL3
AQ 1.0485760 sec
FIDRES 0.476837 Hz
oW 64.0 usec
R6 120
NUCLEUS i
H.1 3 dB
D1 1.0000000 sec
Ps 9.9 usec
DE 80.0 usec
SOt 500. 1404621 W1
S+ 7882.50 Hz
10 16384
NS 2B
DS A
FZ - Processing parasesters
SI 16384
SF 500. 1379404 W2
WD no
SSB , 0
LB 0.00 Hz
6B -0
PC 1.00
10 NMA plot paramaters
CX 22.00 cw
FiP 10.840 ppn
Fi 5406.57 Hz
FoP - -0.413 ppn
F2 -56 ., 48 Hz
PPNCN 0,49650 ppw/ca
HZCM 248.31906 Hz/cw

IH-NMR Spectra of compound g60-A (500 MHz,CD3zCN)
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F2 ~ Acquisition Paramseter

Fig.29-b 13C-NMR Spectra of Compound ¢60-A (125MHz CD,CN)

Date 920316
Tima 19.19
T PULPROS 20ip
-+ . SOLVENT CDC13
AQ 0.9830400 s¢
; FIDRES 0.508626 H:
15.0 ut
R6 32768
NUCLEUS 13C
D11 0.0300000 s¢
Se 16 dt
HL1 3 dt
D4 2.5000000 B¢
Pq 7.1 us
DE 18.8 us
SFO4 125.7734608% M
S 33333.33 H;
TD 65536
P31 61.0 ut
NS 2674
DS 2
F2 - Processing parametert
51 32768
SF 125.7598207 »
WDW EM
SSB 0
{B 1.00 K:
68 0
PC .40
10 NMA plot paramaters
CX 22.90 cr
FiP 202.941 pg
Fi 25521.77 Hi
FoP ~3.491 p¢
Fe -439.02 M;
PPMCM 9.01447 pr
HICM $1133.65869 H:
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PROCNQ |

F2 - Acquisition Parametars

Date 920527

Tine | £2.07
PULPROG g
SOLVENT £0C13

AQ 1.58924/9 sec
FIDAES £.314654 M2
DM 97.0 usec
A6 512
NUCLEUS iH

Mt 3 dB
D1 1.0000000 sec
Pi 9.5 usec
DE $121.3 usec
SFO1 B00. 1372D64 MMz
SWH 5154.64 H2
TD 16384

NS 589

DS e

F2 - Processing parsmeters

| ST 16394
SF 500, 1353997 MHz
DN 37
558 0
L8 1.00 H
0
PC 1.00

D NMA plot paramaters

0.361
0.373
0.069

0.36512 ppm/ca
182.64111 Hz/cm

CX 22.10 c»
- FiP 7.970 ppm
Fi 3986.20 Hz
- FopP. ~(.099 poa
E K $ g F2 ~49.50 H2
@ q I P ¢ . o M . PPMCH
HZOM

20. 040
69. 406

ppR 7 6 5 4 | 3 2 $ 0

Fig.23 !H-NMR Spectra of compound 660-B (500MHz,CDCl; )



Table 11 Antibiotic activity of compound 660 from
flask culture

l Test organism I activity® !

Escherichia coli BE 1186 -
Salmonella typhimurium SL 1102 - |

l Psendomonas aeroginosae IFO 13130 -
Bacillus subtlis -

Staphylococcus aureus R-209 -
‘ Candida albicans IFO 1594 -

* Paper disk method { loading dosage : 20 ug )

Table 12 Comparision of sensitivity against various

antibioticsx

o — ]
No.660 No.9063**  No.2077***

_ _ _ —_ - _i

—

Kanamycin ++ ++ -
Gentamycin ++ ++ ++ |
Streptomycin ++ ++ -
Erythromycin | + ++ ++ |
Ri famycin ! + + ++
Tetracycline ++ ++ | -

— L . — —

%  paper disk method
%% avermectis producing organism

%% albocycline producing organism
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3. No. 1166 #8 4&=SH€ =& X3

No. 1166 TFE 1x 23N AZaa7t FHojuy, F&23 L
paper disc WHoz gwd #AHYSL s A, B. subtlis ol 7 7

FEHE Yehfje] B AR5y A4 Aostd sigey, dwy #E s

morpholohy ¢ FA AAHE FZoje] TLC patterno] No.11663} i

> AR #F7E 5 FOIY Hol, o|So] AAs: 4% @A AL o
. _

comp.lz TEsdch o]E9 TLC Rf g © wyyree 7zt Table

13 #® Table 149 2t

Table.13 TLC Rf 'valties of insecticidal compOunds from

- NO.}l166 Strain

I S T B
— - : _ ' ,

comp, ] 0.45 0.33 0.61 0.82 | 0.35
Comp. I 1 0.44 | 0.3l 0.58 0.77 0.35
Comp. [II 0.25 L 0.05 -~ 0.55 0.51 0.25

* [ :héxane—acetone, 2:1, v/v, I:hexane-isopropanol, 9:1, V/V,
M: chloroform-methanol, g9:1, v/v, [V:chloroform-ethylacetate-

methanol, 5:4:1, v/v/v, V:methanol-H,0, 9:1, V/V

_77_



Table j4. Color reaction of insecticidal compounds from

. NO.1166 strain

iy

| T — T
Comp. | comp. ]l comp. i
. - E— ]
anisaldehyde-H, SO, purple purple brown
dragendorff’s reagent - _ -
| |
cobalt thiocyanate blue - blue I | —
iodine vapor | “yellow yellow yellow
ninhydrin ~ _ -
18 % methanolic HC1 pink pink pink
| - N ]

A= comp.I ( 7.5 mg )3 Comp.J[( 26.5 Mg )= UV spectrum

patternc] $dstgon], Al &+ vgel 245 nmsh 282 nmo| AT,

( £fig.24 ) ¢]E¢& methanol, acetone, chloroform ¢ &ulo|

L350}t hexaneixt H,0d v £3I5HA ¢, methanol, H,0 F
24 guiUeld dA ww=Hol WX RIEL AAstged, HPLC 2 =
A B Aw 5 2de 3EH RaEele Comp.lojdE Comp.Il 7k

Cémp.]Iﬂ]}-i-E- comp.Jog HgEo, [3 I+ interconversion o]

AoE ek (Fig. 25 ) Comp.Iz & &
el o l

ot WY AL

10 ¢9 = 100 %
o]

ed 2 JIHIILH,

( Table 15 ) paper disc ¥He] &

48 AR AHEd AH@dF B. subtlis, E.coli, S. typhimurium, C.

oA ergteh.

albicans o X5+
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Table 15 . Insecticidal activity of No.1166 campounds on B.mori

-
N ) o R

* loadlng dosage on artificial diet 1lg
*x No. of dead insects/ applied insects

8.4600

0.3280
8.2400

N

208 248 288 328

Fig.24 UV spectrum of isolated compounds from no.1166 strain (MeOH)
I + Comp. I, II : Comp. II, III : Comp.III
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150
128
50
.10

BN \ e
0088 ’

Al 88 .86 1,08 e DB

Fig. 25 HPLC chromatogram of isolated compounds from no.1166 strain
A : Comp.1, B : common byproducts of Comp.] & Conp.1I, C :
Comp. 11
column @ LichroCart RP-18 ¢10 x 250mm
elution : methanol-H20 9/1, v/v
detector : UV 230nm
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G#ads wn A4FEH7L ®ely 533 UV spectrum pattern ¥
=

—

TLC Y AME EU

710 gAEAS Hlagad 2, 2" EAdE

filth
N

2 macrolide A €% 16 membered lactone ring e Bafilomy-

cinse} wj§ FASIE U Bafilomycin AdEzA"A=ZE A,, B,, C,,D. E

et A,, B, C;¢ 199 =EA{X7} methylation® A,, B,, C, 5 8

MEde] &2, RuHA<H,*® olE2 g =49 lactone ring £

sty FEHoE wig FAHX R side chaine] wep o] )

_O_I___
A zelZb uw, 2 FE£7F v EdAsty B8 E f4A #39H W

$71 geluttm LA Uth Y B A¥AHME 2" comp.lF I

S A ssd wWssh doiwrh

=& 2% Silica-column chromatographyeAd A& ftrac.lle= A

z} £ column AtellA chloroform-methanol mixture (95/5,

v/V)E A&l E24Ee AASAL, FEHoz chloroform-hexane

(1/2, v/v)old AAHS Axste] Comp.I& At (Fig.26) ¥@

Comp.I& ¢S w4 nvlAx HJEZA acetone, ethylacetate,

chloroform ISZo= &3 =HYorl, methanol, acetonitrile, H,O

S A gujel hexane o £35ZA &gt chromatography AtelA]

tailing o] <dojy}ix acid FHr7IE JIso] FolXles SA O

2
Adle]  acidic charactere Z8r|7t EAEE Aoz FHHAUTH
( Fig. 27, 28, Table 16,17 )
H@A compound [[& 3IsRE HYE Hesd ATk
370¢] CH,0 group ( 'H-NMR: 3.70, 3.24, 3.09ppm: '*C-NMR:
60.8, 56.2, 47.2ppm )°| i 29 3370e SH A7 YEY oH,

21 H$¥1A¢] proton ( 3.59 ppm ) ¥ carbon( 71.3 ppm )o°] L-155, 1754
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LEw{

0.5

D
b. 8008

A A A e wWN Almin

Fig.26 HPLC chromatogram of Comp.III from no, 1166 strain
| column : LichroCart RP-18, ¢10 x 250mm |

elution : ACN-NH4Hz2PO4 buffer(pH 3.0, 0.0IM) 9/1, v/v
detector : UV 230nm
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Fig.97 . Proton-NMR spectra of compound JI (bafilomycin A2) from
No.1166 strain (500MHz, CDC13) |
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Fi1g.28 . Carbon-NMR spectra of compound 1l (bafilomycin Az) from
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* BA1 means bafilomycin At
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Table 16 1!H-NMR chemical shift data of Comp.Il Comp.III (&, 500MHz,CDCl3)
Comp. Il Comp. I11 BA;®42)
- 2-0CHj3 3.70(s) 3.74(s) 3. 64
3-H 6.65(d, 6.5Hz) . 6. 68
5-H 5.76(d, 9.4Hz) | | - 8.77
6-H 2.53(m) 2.54
6-CHs 1.07(d, 7.0Hz) 1.06(d, 7.3Hz) 1.07
7-H 3.30(m) 3.29
8-CHs 0.937(d, 6. 5Hz) 0.94(d, 7. OHz) 0.935
§-ax.H 1.95(dd, 14.5, 11.5Hz) 1.95
9-eq. H 2.13(m) 2.13
10-CH3 1.93(s) 1.96(s) 1.94
| 11-H . 5.81(d, 10.6Hz) 5.84(d, 10, 7Hz) 5.81
12-H 6.49(dd, 15.0, 10.6Hz) 6.55(dd, 8.6, 1.1Hz) 6.51
13-H 5.19(dd, 15.0, 9.2Hz) 5.16
14-H 3.88(dd, 8.6Hz) . 89
14-0CHj3 3.24(s) 3.25
15-H 5.08(dd, 8.4, 1.1Hz) 4.99(dd, 8.6, 1.1Hz) 4.95
16-CH3 0.88(d, 7.0Hz) 0.85(d, 6.8Hz) 0. 83
18-CHs | 1.03(d, 7.0Hz) 1.03(d, 7.0Hz) 1.05
20-ax. H 1.14(m) | | 1.16
20-eq. H 2.25(dd, 13.4, 4.8Hz) 2.30
|
21-H 3.59(ddd) | 3.70
22-H 1.34(ddq, 6.5, 9.9, 10.2Hz) 1.33
22-CHas 0.942(d, 6.5Hz) 0.94(d, 6.5Hz) 0. 941
23-H | 3.47(dd) 3. 49
25-Hs | 0.90(d, 7.0Hz) 0.88(d, 6.5Hz) 0. 90
26-H3 0.99(d, 7.0Hz) 0.97(d, 6.5Hz) 0.77
2’ -H | 7.17(d, 15.2Hz)
3'-H 6.93(d, 15.2Hz)
7 -Hy + 2.65(m)
8" -Hs, |
NH 8.33



Table 17

10-CHj

14-0CH3
15

16
16-CH3
17
18
18-CHs

19
19-0CH3
20
21
22

22-CHj

N SORE

L0 -~3IN O b () N9 =

Comp. 11

i O O YO0 WA to~3

—~ O O 00NN W

Comp. [11

l-lll—i:
. N §
NN |

8

-
—
O~ ~da NOO&E & ~J0LWH b |

it
NONE s

Q0 -+ (0 W

R 8

b
0\ Wb b
SN

-~ L~ o 9 o

— ~3
m8B—E IH3HL8 B
=t (D b Wb o N N D =

o
Co

165.
133.
133.
164.
115.

175.
26.

&
N .
OB BRW~IIO OONWO =~NWwLw w

)
o

198. 1

164.
133.
133.
164.
115.

176.
29.
32.

198.

GERRT L

13C-NMR chemical shift data of Comp. Il and Comp. II1(6, 125MHz, CDCl3)

M WO~ Wn

* BA; and FM mean bafilomycin A; and flavensomycinic acid part of L-155,175

respectively
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L-681, 110A4AI€ s¥HES A$EY(5.8 ~5.9, 73.5~176.3 ppm ) upf-
ield oA YEUE Aoz Hop B FIFEL 21HYA HEr7} g=

bafilomycin A AYHFEE FHHAUAT LRt o] ALIHFEEY 16
_membered lactone ring ol 2 7He] methyl groupe| gledH, &
b= 37/07F demE uyeXA sii}= lactone ring ojele] o] A
ddE RHeoez EF 1, 53 19 ¥ B 2:9) hydroxyl 7]+ methanol &

uf stollAl ¢ Al methylketal o] AEHE EAijo] Joog 4 o] X

CH;07} &A1& 7154 =M, NMR data Atozx ( 103.7 ppm ) CH, 7}

=UHA e FFEo BlshM (99.2 ~ 99.6 ppm) downfield shift
ol gith mehy 2

31$HEL bafilomycin A, 2 3 FAH3lHch
Compound [li+= ©wv{aMe] FAHEY 34E=A, UV, proton % Carbo-
n NMR datary} Compound [[& ©)-$ HFAFSHHE T :1&1-1-} tH-NMR oj] A
7.17(d,J=15.2Hz ), 6.93(d,J=15.2Hz), 2.65(C4H,m) & 8.33
(amude—NH)ppm; ae]3 Y C-NMRoA  164.5, 133-7, 133.8,"164.3,
176.1, 25.9, 32.3 % 198.5 ppme] signal&e L-155,1759 fl-
avensomycinic acid partQJr %i]é‘}fﬁ_ﬂ,. 19 HEFAS] upfield sh-
ift (99.5 ppm ) <} 17H9i CH;O group ad& ol]#%¢] CH, 377}

Aote FAHolw 21¥Ww a9 down field shifte ( 76.3 ppm) o] o)

flavensomycinic acidy} ester A%stn 31,13 S HAFEo, oghA

2 s3%ge bafilomycin B, ez ¥$sAom, of g TLC A

o] tailing @-go] HACE HrlgezA glolxle B4 %e] bafilo-
mycin B, & uky s FUch
Compound [ & &z data 3 =o|n, compound [[¢ inter con-

version Ht #¢EYe 29 HFAFZ HPE2 FPP
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4. NO 2077 #529 os5d =& I SH

No.2077 Z5lA Eag 434 B39 chromatogram % UV
'Spectrum% Z+zy  Fig.29, Fi9. 30 3 At} '
e AAE 2™ 2077e ¥7Y HYAM B. subtliss S. aureus
R-209¢] k% &#¥L uehhglen ( Table 18), B. n?wri?ﬂ tﬂﬁi o
e B AY zAqA 200ug FFo82 No.46 #F¢ piericidins

1} No. 1166 @59 bafilomycinszt 10pg $FoM a3Eg e

=l Wlste mekg FEoldth ( Table 19)

Table 18 Antimicrobial activity of compound 2077

Test organism activity®

Escherichia coli BE 1186 -
Salmonella typhimurium SL 1102 -

Psendomonas aeroginosae IFO 13130 -
Bacillus subtlis +

Staphylococcus aureus R-209 +
Candida albicans IFO 1594 -

% paper disk method ( loading dosage : 20ug )

Table 19 Comparision of insecticidal activity of compound
2077 with other compounds

COMPOUND | 200pg*  100ug --- 10ug 1uig
2077 10/10**  0/10 --- 0/10 -
1166 (bafilomycin A) ‘ - - ... 10/10 0/10
DDT | - - -+ 10710 0/10
Parathion - - .-+ 10710 0/10
Carbofuran | - - ... 10/10 10/10

— e L —— L - i ——p — ——

* loading dosage on artificial diet 1.5g
%% No. of dead larvae / applied larvae
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Fig.29 HPLC Chromatogram of isolated compound from
No.2077 strain
column : Lichro Cart RP-18, ¢ 4.6 X 250 mm
elution : MeoH -H,0 85/15, V/V o
detector : UV 235 mm

o.pe88, 172

§.64008 "*\
- 8_ase0 \
9.3208 \

¢.1680

1 LL Lk oot s ety Sy St S A A SN S S A R S B I S um B a
208 248 ra 1 128 e 80

Fig.30 UV Spectrum of isolated compound from NoO. 2077

strain ( MeQOH)
_89._



23 2077& dHi¢g€84o=2 methanol, acetone,,chloroform, he-

xane -5 7]&ujo| # ZIEHw UV regionojr ZSHAHA FF peak
7t ¢l¥ end absorption typeo] E#@=2i], NMR& o] &3l

- -
= ¢

B gew pr

tihy

9C-NMROA] & 1871 ®&arl A&EHJr, 25 APTO 3 @49

| M

Edg BW 37019 CHs, 17§¢] OCH;, 2719l CH,, 87§19 CH, 2749
4S5 2 1709 C=0=& uYEyon, proton NMRIYAE 2712 si-

nglet CH,, 27§¢] doublet CH,, 17§ OCH,7} X<t}

S Y §

( Table 20, Fig. 31-a,b ) =3+ 37§14 double bonded] <J3t 57)
o] protoneo] HEHACG. E IFELS UV % NMRe] patterno] la-

ctone ringe TFxE &3 ¢ macrolidezm =FEPon 2t i

i

o} aEd AFgH 429 YXE 13C-!'H COSYe 9D spectraZE o]&

sled A AAZI AFA( Fig. 32), £39e albocyclines A2 %li]%‘]—ﬁ

t}, 28jy K. Harada Fo] H O3 g4 5HI gHe AAo] ZEH

A& AT &, K. Harada Fo| 136.6 % 136.1 ppme] peak 7}

N

5 R gWlox AASIAY &, TA NMRe] gglgo| FX| #2720 (25

—

MHz )& AMEatglr] w&o] Ao =3=o] Mol 97fe] peak= A

Ol
ol
X
=
2
gl
{>

FRd Aoz AZHW, oy E A7 A= =4 1A
Eel® peaksel APTo| osfix 5y gAY 2k 136.0 H 136.5

AN

ppme] Aoz st wupolth ( Fig.33 )

_90._



Table 20. NMR Chemical shifts (&, ppm) of compound 2077 and albocycline

r I A o o B — T T T T B T T !
compound 2077 albocycline46?
Carbon
No. carbon proton ~ carbon | proton
1 166. 3(C)* 166. 4
2 115. 3(CH) 5.84(d, 15.5) 115.4 | 5.94(d, 16)
3 154. 8(CH) 6.86(d, 15.5) ~ 155.0 6.98(d)
4 73.1(C) | 73,1
5 136. O(CH) 5.75(d, 16.2) 136.6 5.90(d, 16)
| 6 130.6(CH) | 5.62(dd,16.2x5.9) | 130.6 5.64(dd, 5)
T 84.8(CH) 4.04(d, 5.9) 85. 0 4.12(d)
8 136.5(C) | 1136.1
9 129. 2(CH) 5.25(t, 6.8) 129.1 5.35(t, 6)
10 24.7(CHz) | 2.13(m), 1.82(m) 24.7 |
11 34.1(CHz) | 1.20 (m) 34,2
12 39. 0(CH) 1.39 (m) 39.0 |
13 75. 6(CH) 4.52(dq,4.1x6.4) | 75.6 | 4.62(dq, 8)
| CH3 | - 57.0(CHs) | 3.27 (s) 56. 3.34(s)
4-CHs 27.0(CHs) | 1.51 (s) 27.0 1.55(s)
8-CH3 13.9(CH3) | 1.61 (s) 13.7 1.67(s) |
12-CHs | 15.6(CH3) | 0.85(d, 6.8) 15.7 0.89(d, 6)
| 13—CH3_1 17.8(CH3) | 1.18(d, 6.4) 17.9 | 1.22(d, 6)

% Each carbon character was determined by INEPT
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Fig,33j-a 'H-NMR Spectra of Compound 2077 (300MHz ,CDCl,; )
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Fig.33 Structure of compound 2077 (Albocyline)

Albocylineg G (+4) bacteriae] F#¥HE Yehles EFzA H

g v ley i, 4 g4 disiMe B Ade ZEARA Aoz w

A" Aolw, o] E&HE LDg (mouse) 7t ) 1,000 mg/hkgo 2 d==4 ol

Al e}, Yoz BAL Eol: Tz ML Alxsbrled fUe lead

moleculeg 37}5c)
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5. NO. 3369 ZFJl MAlsls MSM 23 7XSM

NO. 3369 =& AWt (GAPY, 27T, 3days)s ¥ EaHA 4

$4 EBde 2% 4Fawst im(Table 21), FaHol FHHA o}
(

Table 22 ) AWAHAMFEH =ol H7ld =]t

Table 21 Insecticidal activity of compound 3369 on B. mori

L il =N i i . g —

10ug*® SUE 2. 5Ug 1ug

compound 3369 [_ 10/10%% 10/10 6/10 0/10

el i

¥ loading dosage on artificial diet 1.5g
%% dead larvae / applied larvae ( mean of 3 repetition )

Table 22 Antibiotic activity of compound 3369

Test organism activity®

Escherichia coli BE 1186 -
Salmonella typhimurium SL 1102 -
Psendomonas aeroginosae IFO 13130 -
Bacillus subtlis -

Staphylococcus aureus R-209 -
Candida albicans IFO 1594 | -

* Paper disk method ( loading dosage : 20 ug )
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FEAAE EZ 33699 UV spectrum % IR spectrume& Fig. 34

o] E@Ae UV spectrum AoA 225nm % 232 nme] 2 max peaks,
IR spectrum ZollX 1640 cem ™' 9] §F peakzHFEH FFFT conjug-
ated diene?9] &A1& o 4 g ony, IR spectrume 1700cm™!

ANx s F4 peak @ a,p-unsaturated lactone o A& g9l

2 }¥ES PC-NMR(Fig. 35-a)olx F 45708 &7 FAEHUIL,
1% CH,7F 117, CH, 7} 771, double bonde] CH7} 67§, OCH 7} 7

N, 4 CH7F 978, 270¢] ketone, 1709 lactone carbonyl, 4+

dxrt 22 sl UAe (Fig. 35-b ). 'H-NMR(Fig. 35-C) A
= 1709 triplet CH,;, 1709] singlet CH,, g7je] doublet CH,,
conjugated diene F+%9 CH7} 47, isolated double bond ¢
CH 271 ol BALUTH B HPee we methylrst IAVEA 3

il lactone o] FXE ztE= Aog Hol macrolideg FAHEHI 1,

oligomycin A€ 3Ig=E9 *F¢ datagt Hlws HA3 oligomycin

Az X233l¢cl ( Table 23, Fig 36 )
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Fig. 34 UV(A) and IR(B) spectra of compound 3369
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Fig.35-a 13C'-NMR Spectra of Compound 3369 (75MHz ,CDC1l; )
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921113-2368-1D i1 CDCLI, 250
PULSE SEQUENCE dept
ORSERVE (1]
FREQUENCY 75.429 MHg
SPECTRAL UIDTH 28997.4 Ha
APCOUTSITION TIME 0.58]1 sec
RELAXATION DELAY 4.099 sec
PULSE UIDTH 15. 8 usec
TEMPERATURE 25.8 deg. C.
M. REPETITIONS @
DECOUFLE HI
MIGH PCUER D8
PECOUPLER CATED ON DURING ACOUISITION
DECOUPLER GATED OFF DURING DELAY
UALT2-16 MODULATED _— b
CAYrponi . |
DOUDLE PRECISION ACOUISITION i
DATA PROCESSING | |
LINE JROADENING 2.5 Hy |

F1 S1ZE 72768 "y P CREDTRT RS N e A et
TOTAL ACQUISITION TIME 1 winutes |

CHZ carbons

sl g g sl bl Al el il W T VIR AR R W —Jc A i e g aciinivn e il e, — s e e e e A al\grmly .M‘.&*———v———\_

CH carbons

all protonuted .carbens
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Fig.35-b INEPT !3C-NMR Spectra of Compound 3369 (75MHz, CDC1l,; )
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Fig.35-¢c 'H-NMR Spectia of Compound 3369 (300MHz,CDC1,)
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P21119-HC-J69 by Les

in CDCL] 25dayg

PULSE SEQUEMCE hetcor
GasSERE (1)

FREQUEMNCY 75.420 My
SPECTRAL UIDTH 1B66S.4 Hx
20 SPECTRAL UIDTH J088.) Ms
ACOUISITION TINE 0.055 sec

RELAXATJONDELAY 1.508 sec
FULSE DTN 15-9 usec '

TEMPER 25.9 deg. C. e
NG. REPETILIONS 32e

M0. INCREMIHTS 123 -
DECOUPLE HI
HICH £ | ——
DECOUPL TED OM DURING ACOUISITION o ——
DECOUFLER QATED OFF DURING DELAY R — e —
UALTZ-16 MQDULATED —— - -
DOUDLE PRECISION ACOLISITION | —t—

DATA PROCESSING | et s I

SINE PELL §.029 sec  SmA—— e ——
FT SIZE 2843 ——— —

FL DATA PROGESSING —

SINE BLL §.01) sec

FT $I2E
TOTAL ACOUTSITION TIMNE 1B.1 hours | e —

180

cee

229

Fi (ppm)

Fig.35-d C-H COSY Spectra of Compound 3369 (300MHz,CDCl, )
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Fig.36 COMPOUND 3369 ISOLATED FROM STRAIN NO. 3369
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Table 23. 13C-NMR data of compound 3369 and oligomycin A

Carbon No. 3369 Oligomycin A [|[Carbon No. 3369

Oligomycin A

-104 -

1 165.20 165. 11 24 35. 88 35. 86
2 122.72 122.75 [ 25 76. 28 76. 21
3 148. 48 148. 38 26 37.73 38. 46
4 40. 24 40.16 27 99, 23 99, 23
5 73. 02 72.99 | 28 26. 01 26. 01 l
6 46. 43 46. 56 29 26.53 26. 53
7 220. 15 219.95 | 30 30. 49 30. 52
8 45. 88 45.71 31 67. 30 67.27
| 9 72.76 72.66 32 42. 54 42. 63
10 42.14 41,96 33 64. 70 64. 70
11 220.19 220. 26 34 24.75 24.78
12 83. 05 83. 01 35 17.99 17. 94
13 72.38 72.28 36 9.34 9,28
14 33. 57 33.52 37 8.39 8.30
|15 38. 46 38. 46 38 14.12 14. 09
| 16 129. 49 129, 36 39 21.15 21.02
17 132. 44 132.43 40 14.53 14. 49
18 130. 38 130. 29 41 28. 55 28.53 |
19 137.71 137. 80 42 12.11 12.08
20 46. 07 46. 03 43 6.11 - 6.07
2 31.51 31. 46 44 ©11.80 11.79
22 31.02 3097 || 45 11,27 11.23
23 69. 06 69.06 | _;J
L S B | ) _




Oligomycin A9 Ald E£ZH&EL Al 7% ¢ HiuHAd+s=d (Fig.
37), vt Aol g FHI_E oY Blastomyces dermatitis 5

AR AFH 2EA HYA HAgEY =E3 antifungal activity 7}

glonl 8, 1% oligomycin E® 44-homooligomycin I ,M(Fig. 38)
E antitumor activity & zhs 232 535 580 ®© 2ot ® 2y oli-

gomycins+ mitochondriae] ATPaseo| tifst 7}&3t A ZA2A <]

T

Elat

ol wje ISt (ex, oligomycin A9 LDg, : 2.5 mg/ kg mouse ), <

kg FARAME HAHA Rdm @Al dTE Aoz AgHm JUh

oligomycin A (3369 ) ;
Rl — QH, R9 =Me, R3 =H?9

oligomycin B ;

o O O 0 R] =OH, ‘R2=Me, R3=0
oligomyéiﬁ C ; |
y ) ' R1=H, Rg=Me; R3=H?
O _
. cligomycin D ;
O R, 0 .Rl = OH, R2 =H R3 =H2
*3 0 0

cligomycin E ;

R]1=QH, R2=0H & Me, R3=0

12-Deoxyoligomycin D ;

R]1=H, R2=H, R3=H?2

Fig.37 OLIGOMYCINS FROM VARIQUS MICROORGANISMS
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44-Homooligomycin A

O | R =H?

44 -~-Homooligomycin B

R:O

- Fig. 38 Homooligomydins isolated from Streptomyces

bottropensts NK86-0279

A 3 ArEA B 3369 Z2HE ¥i3kE 3369 SM1 3} 3369 No] B4

1. 3369 SM12 TFXEA

Nz BF 33692 Relst: AolA silica gel typed col-

umn-g Abggtw EFeo] Rzl Yoldg TAsgEdl, Esiryp dod o

A= AR & 24, &3 3369 AFSEE &riel ofsiMvy des sil-

ica gele]l Fz, AZHUYL wole Bzt Yolux Poy}, silica

gele] J2AZL F o2 EIAI|E Ealrt deoly 4F Aol JHH
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Table 24 Insecticidal activity changes of compound 3369

A . ik e -

TREATMENT ACTIVITY*
MeOH 60°C 4hrs 10710
H20 100°C 1hr 10/10
~ MeOH + silicalgel 60°C 4hrs 0/10
acetone + silicagel 60°C 4hrs 0/10
ethylacetate + silicagel 60°C 4hrs 0/10

Impregnated on silicagel & drying 10/10

L il i R e

L e i ——— e L T

* loading dosage : equivalent to compound 3369 20ug scale

ggAdel H® £l MeOH-H,08 Argsigien Baigd E23=A

o] TLC % HPLCAIA #elstm Relg Zs:= £ig.39, £ig.40

2 tt.

Fig.39 TLC of compound 3369(I) and its degradation
products (I ) by silica gel developing solvent:

hexane-acetone 2/1, V/V

- 107 -



T

T2 T4

k. -

ﬂ . 1) l

.

F19. 40 HPLC chromatograms of compound 3369 and its related compounds :
(Lichrocart RP-18, ¢10x250mm, acetonitrile-water(3-1), UV240nm)
A: total cell extract, B: reaction mixture with silica gel,
C: purified 3369M1, D: purified 3369N
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3369 SMje UV spectrumiojr Q7 E93 F4 pattern &

Ry on, NMRE o]&ste FZENS Axd Fo YE8An vlwstd F
o] HIE FHSY HHE oS #Zrh
HA  PC-NMRo|A (Fig.41-a) F 45708 @47t HEEH =39

%i% gty AL glorw, aldehyde 7} x=zo] uelgz ( 204.9 pPpm,

9.66 pp‘m-')-' 254 FEL W3yl gtk =g 2749l ketoneo]
AAEJAL 27/0e] 4v&@A(81.1 ppm, 99.19 ppm )7l M= HERRTH
a8]3 CH, protonz carbon NMRojAY 11712 #&AEHS (Fig.4]1-a,b
Fig. 42), fig.43 % e Fx2 FHHU

ol 4 datag FEIHE, S5HE 33699 TEF "o 12 W 13H

ZA 3= vicinal diol groupod] <lsfA FEH oz HA EIHE F Y

139 Apolrh BolAWAl e 13

k)
uls
i
o
oy
2,
ok
=
(o
R
U
o
0o

T
L)

¢ ether linkager} wWEXz: 12W €4t acetalz Jtstg Ao

2 FHEO.
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91868%-1C-136%9sl in CDCIDY 25deg

Fig.41-a

f
. I B b1+ e b 1202 s MLt H F ot dwm L ran o 3wt
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'C-NMR Spectra of Compound 3369 SM] (75 MHz, CDCl, )
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| Fig.41—-—b INEPT !3C-NMR Spectra of Compound 3369 SM1 (75MHz,CDCl;)
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\ , . !

4,0 O

Fig. 43 tentative structure of 3369 SM1 from 3369 treated
with 5i0,-MeQH-H,O

2. 3369 No| PEEAN

3369-SM19| TxIAHo=iy AFd =4 33699 HAFEH 2dS T

z% C;3 C,, 9 carbonyl groupe] w®sst #ANE Aoz BIHY

epg ® 4¥e carbonyl groupe] i WHE FewW AFEATY

gFTAl Wah UEA Yoy 9k FYch

52 3369°] hydroxylamine.HClE& Az3 ¥ wHagd EA 3369N

= wd, dAstsi e, NMR& ol §, +xi4ds A3 23 Fx2f /e

(Fig.44-a), 3shie] carbonyle] ‘dolglew, 234 @4 2707F &4
H 3 CH7} 27§ Solwth (Fig.44-b) proton NMRojHE g 293
3l Abelel  2FAT Bost= protone] glojxien ( 6.661 ppm
5.835 pPm), 11708l CHy&= & #AZHJL (Figd. 45)

olzA ¥ #H3Ee oximest yrgo] olsfA 7wsel carbonyl whol

oximeozg A3 &3, a,pB-unsaturated lactone {X¢ doule

bond7} wWsEAHn FHAY (Fig. 46 )
~113-
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I8 ME-C1I-3I69 CDC1D 25deg

2ce

Fig.44-a

13C-NMR Spectra

of Compound 3369 N (75 MHz,CDC1;)
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90196-1D-3JI60N LDCID 2Sdeg
PULSE SEQUEMCE dept

. OBSERVE €11

FREQUENCY 7%5.429 Mg

SPECTRAL WIDTH 28997.4 MHx

ACDUTSITION TINE 0.560% sec

RELAXATION DﬁLﬂ? 4.009 sec

PULSE WIDTH 15.9 wsec

TEMPERATURE 25.% deg. €.

MO. REPETITIDNS 994
DECOUPLE H!

HICH POER )4

DECOUPLER CATED Of DURIMG ACOUTSITION
DECOUPLER CATED OFF DURING DELAY
UALTZ~16 MODULATED

POUSLE PRECISION ACOUISITION

DATA PROCESSIMNG ,

LIME BROADENING 2.5 H2

FT SIZE 32768 i)
TOTAL ACOUISITION TIME 4.5 hours

CHY carbons

CHZ2 curbons

CH carbons

all protonated carbons

I'r!‘l_‘r'l'lr'rrr'l:r-r"lrll--ru

140 170 129 1@

Fig.44-b INEPT

rrr-vltrrrrjrrrTTlrr‘r!'rlr—rr'rr—r;l'!rT'rlrl'r:lr'r--rl'ru-1'r"'T"T“""r—
100 . o0 T 70 69 58 49 39 29 19 ¢ ppm

13C—NMR, Spctra of Compound 3369N ( 75MHz,CDCl, ).



—
ol

TG TH-JIE9 tn CDCID 25deg

me )

Fig.45 'H-NMR Spectra of Compound 3369 N (300MHz, CDCl,)



F1g9.46 Compound 3369N from compound 3369 treated with
Hydroxlamine HC]

3. 33692 uvist=l 3369 SM1 4 3369 No =tMH|m

WA A4F4d 23 33699 ol=%E fwE 3369 SM1 2 3369 N

A28 g Hlwily Table 259 2ok

Table 25 Insecticidal activity of 3369, 3369 SM11and J369N

C s S ol i

. 10ug 5Ug 2.51g 1ug

... 10/10** 10/10 6/10 0/10

1mg* -
3369 -
3369SM1 | 0/10 - - -
3369N 0/10 - --

— -l — —

% loading dosage on artificial diet 1.5g
%% dead larvae / applied larvae ( mean of 3 repetition )

3369 SM]1 ¥ 3369N =&

4 Faygel = wsie

2% Aoz WurHd)

512

—

T

THel TR fA AFHE
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3369

3369SMl

Fig. 47 Compounds derived from compoumd 3369 (O1LGOMYCIN A)

ol Edeo F¥RFYL vwimy H}E: Table 26, £ig.487 o}

Table 26 Antibiotic activity of 3369, 3369SM1 and 3369N*

Test organism 3369 3369SM1L 3369N

Escherichia coli BE 1186 ~ - -
Salmonella typhimurium SL 1102 - - _
Psendomonas aeroginosae IF0O 13130 - - -
Bacillus subtlis | - + +4

Staphylococcus aureus R-209 - - -

Candida albicans IF0O 1594 - - -

— —

‘% Paper disk method ( loading dosage : 3369 : 100ug, 3369SM1 &
. 3369N : 20ug ) '
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220 BHS UERIE F8@ HEs7 wsEel nge BAL woiy

S A§old, oligomycin Azl Fzll ®rA %
8717} wagozA 4FBHL dolHam SAd AMze B UHus
= A¥e A¥e AHNFoR HiHs Adolth #A 3369 SM13} 3369 NS

o gHste oAl AL A e Adol AR Ay EAY

A28 AASIYE U= FHe]l oligomycin AL toxicityed £ K 5} 7}

o %% o4& 4 3, oligomycin E9} 44-homoolicomycin I, ]]

b antitumor activity’r}t Aue HEiE e, dH3ldg 3

3369 SM1 ¥ 3369 N& Mz& Mg 84 EZ2A Zds] Eusigx

O,

(B)

F'ig. 48 Antibacterial activity of 3369 SM1(A) and
3369 NCB) on B. subtlis
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