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SUMMARY

I. Title

A study on the development of anti—aging biomaterials from marine

organisms

II. Objective and Significance of the Study

In active—aging and beauty trends, the anti—aging industry and market are
rapidly growing worldwide as the increase of the older population. Spending on
anti—aging products is expected to reach $291.9 billion by 2015, according to
a Global Industry Analysts report (Anti—aging Products, 2009). The needs for
more natural ingredients are one of the fastest growing around the world.
According to Kline & Company, the natural personal care market is predicted
to reach $6.7 billion in 2015 in the U.S. alone, and according to a recent
anti—aging survey by Mintel, 76% of respondents who are concerned with
aging report being interested in products with natural ingredients. So it is very
urgent to develop new anti—aging agents with potent activity and having less
side effects. Anti—aging compound is the branch of molecule which aims to
reduce the chance of developing aging-related arteriosclerosis and other
aging—related diseases by intervening in the biological process of aging, and
thereby contributing to the extension of a healthy life span. It is significant
that over 40% of currently used drugs are derived from natural sources.
Natural products, the molecules derived from natural sources including plants,
marine organisms and micro—organisms, have played and continue to play a
dominant role in the discovery of leads for the development of conventional
drugs for the treatment of most human diseases. Particularly, study on marine
natural products has significant importance on both academic and industrial
aspects. Development in scientific knowledges on marine natural products also
contributes tremendously to the progress of many related fields including
biological, chemical, and biomedical sciences by providing valuable information
and research tools for both basic and applied researches.

Developed countries such as USA and Japan regard the study on this field
as one of the major part of biotechnology in 21st century, and have put

tremendous efforts into the research and development of marine natural



products by full awareness of the potential of marine natural products. Until
now the numbers of compounds isolated from marine organisms have reached
22,000. Currently, 8 Food and Drug Admnistration(FDA) or FEuropean
Medicines Agency (EMEA) approved drugs, such as vira—A, Cytosar—U, prialt,
halaven, yondelis, carragelose, lovaza, and adcetris are on the market. Beside
these drugs, as quite a lot of compounds are currently in the process of
development for industrial uses such as drugs, additive for cosmetics, and
health—care products, many of them are expected to be appeared in the
market in the near future. Despite the promise of marine natural products and
their unique structures and bioactivities, the application of marine natural
products to clinical use has been slow and difficult. One of the major factors
retarding the use of marine natural products is the supply issue. It is often not
economical to supply drugs by collection from the environment, and even
aquaculture and total synthesis are difficult to develop and can be expensive.
Recently, many studies revealed that marine bacteria can produce many natural
products previously attributed to marine invertebrates. This and related
researches opened up new avenues of marine microorganisms for the
development of marine natural products and addressing the supply issue.

Based on these research trends, the ultimate objective of this study is the
isolation and structure determination of anti—aging compounds from marine
organisms, especially from marine microorganisms. Particularly, the discovery
of potent anti—aging compounds is the main focus of this research project.

During the 3 years of this research, effort is focussed on the initial part of
natural product research. That goes to the systematic collection of marine
organisms and marine microorganisms from various marine environments as
well as the isolation and structure determination of natural products from
selected strains. In addition, emphasis goes to the synthesis of novel bioactive
analogs from natural products, development of efficient methods for total
synthesis of the candidate compounds to have large amounts of the compounds,

and the evaluation of the anti—aging activity.
M. Contents and Scope of the Study

1. Various marine samples such as marine invertebrates, plants, and
sediments have been collected at various locations of Korea and the tropical

region of Micronesia and marine microorganisms have been isolated from the

samples. Primary target strains for further studies have been selected by



combined results of chemical analysis and anti—aging screening of the crude

extracts from each strain and sample.

2. Bioactive compounds which have various anti—aging activities have been
extracted and purified from the culture broth of selected strains by utilizing
various chromatographic techniques. The structures of bioactive compounds

have been determined by combined chemical and spectroscopic methods.

3. Efficient total synthetic method for the candidate compounds have been

developed to get a large amount of the compounds easily.

4. The candidate compounds have been chemically modified to several
analogs possessing potent anti—aging activity and synthetically accessible
structures. In the meanwhile, structure—activity relationship of the natural

product has been defined.

5. The new compounds possessing potent anti—aging activity was selected
as the candidate compounds for the industrial development and efficient
synthetic method has been developed to have large amounts of the compound

easily.

IV. Results of the Study

1. Various marine invertebrates, plants, and sediments have been collected
at various locations of Korea and Micronesia, and marine microorganisms have
been isolated, pure cultured, and systematically preserved from the samples.
Totally 189 marine organisms including 168 microbial strains have been

collected or isolated from the marine environments.

2. Among the samples and strains, 189 marine organisms have been
extracted to build extracts library. These extracts have been screened for
anti—aging activities and more than 10 strains showing good activities were
selected for further studies.

3. From the selected strains, on the basis of combined results of
bioactivity test, chemical analysis of crude extracts by NMR and -cultural
characteristics, more than 30 new compounds were purified by utilizing various

chromatographic techniques.



4. The structures of these compounds have been elucidated by combined
analysis of chemical methods and NMR spectral data. These compounds
belonged to various structural classes such as indole alkaloids, peptides,
isoprenoids, terpenoids, and diketopiperazines. Lots of these compounds showed
significant anti—aging activities such as anti—oxidant and anti—inflammatory

activitites.

5. From these compounds, the new pantetheine derivatives isolated from
Bacillus sp. 102CH635—3 has been selected as the candidate compounds for

further development.

6. Efficient synthetic method using very easy steps of reactions to
synthesize the new pantetheine derivatives showing potent anti—aging activities

has been developed.

7. New pantetheine analogs have been made by chemical reactions and the

structure—activity relationship of these compounds have been defined.

These results have successfully demonstrated the possibility of the
development of anti—aging compounds from marine organisms. A great
progress in technical aspects for the development of marine natural products
has been achieved, and both compounds and marine microorganisms which
can be available for industrial development were obtained during this

research.

V. Conclusions and Discussion

This study has wunambiguously demonstrated the potential of marine
organisms and marine microorganisms for the development of anti—aging
agents. In particular, many marine microorganisms isolated from Micronesia
and nearby seas of Korea have been proved to be the prolific sources of
structurally —unique bioactive secondary metabolites. Both many secondary
metabolites and marine organisms obtained from this research will be utilized
as valuable sources for the marine biotechnology and biomedical studies.
Some anti—aging compounds isolated from this study have potential to be
available for the bioprobes in drug development. Furthermore, this research
has built research capacity for extensive chemical and biochemical

investigation of marine actinomycetes and marine microorganisms and the



development of bioactive compounds. During this study, a great progress has
been achieved in technical aspects of marine natural products.

In conclusion, this study has successfully demonstrated the possibility of
marine natural products in Korea. Both secondary metabolites isolated from
marine microorganisms and lots of strains obtained from this study as well as
techniques developed in this research will be utilized as wvaluable assets for
related research works in the development of bioactive materials and other

industrially available substances from the marine organisms.
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A GHEA] AFHEZFEH FEHon ol EAL YT WHAAAME Hold
2E5S BTt (McCarthy, 2004). olst 553 Ao A1 e sidd= =4
& BAA JEA7E w9 ol Huk wlo]lQ V|Es HEA I U s FEsith &
3 AE2A JFS AT BT ddAE] 1/6,00024 $44%E 1/13,000Ht} =T}
A BUEHI o], SFAEL F3t Hlo] e Ao Jfdte] £ AAEM A4S W
Atk T3t vpoleihAl= AAY £ Y w= AT TUF W e el st
ALSlA &5 A F v AR A FHI Stk H 4y Jide] FEH A
A W AP FE Vo] AEE 175 vl AAES AR AAE QA HW
A A F 58S A Q) uheks R SeF vlo] e Ao HAAAIY =askithar
B 4 9lod, gEE, vENIC, 32E i oo ddfe st aArt FHEod
A AEALEY FEES VECE St Al AEAA] AFA L vt HFYEZE
AaAE FAse] Fest AAE AEsohd ST B ok Ak

Al FEH = a5Tdel AA 7o Foln tso] g3t Abslel] glojA o

2 7FA BAEY  quality of life(gre] Ao Aol Iolxla YE  7he-u)
successful aging (o} 87 olE Hi Z) 9o Ade TS ¢ Qv w3t &A1
]

A grow HAH o FasiAL Utk

A=7HA 22,0009F 9] s Azl £E7t HAA, @A v Ak (FDA) =2
3 9ekE 717 (EMEA; European Medicines Agency) 25-E 37}5 o} A3 Zof
A= QekEZ =2 Vira—A, Cytosar—U, Prialt, Halaven, Yondelis, Carragelose,
Lovaza, Adcetris 5 8707} dtb(Martins, et al, 2014). QMEE Aplidinum



albicansol Al 29 Aplidin™ (plitidepsin) < cyclic depsipeptide®A4, I3
JAAH(VEGE) ¢ 2H S5 oAlstd, Al F719] G1-G2719 AP S et A4 =5F
S ez 3 dA 240 ez E o] 3Ae] X])ek(Martins, et al, 2014; Sakai, et
al, 1996; Broggini, et al, 2003; Cuadrado, et al, 2003; Taraboletti, et al, 2004)
Arejolty, AAFE Elysia rufescensZH-E 2] ¥ lubinectedini= Al platinumel]
Adds et dadel Hold 4SS 7HAH, A 9 240 HE Foltk
(Poveda, et al, 2014). Marizomib (salinosporamide A)+ @A Salinispora
tropicall” #2]¥ proteasome inhibitor24 3@ whe] A F] HIs 7]zl
A ZA A G 28 AW Foll At ook vrekdt Y B =N HEE B
& AFAA=TEC] YA A Tl AT
JHy S R st HAdE A7 @4ELY & g1 oy
ol Zikell SlojA] ofel Mol wn. oE =9, @A A
1 &9 A (Ecteinascidin 743, ET-743)2 7
Ecteinascidia turbinata®l* 1g= 7] &A= 1
ol &<¢t&A S ol halichondrin BS 4% 1E9 #id%
5

=
FH, @4 300mg? halichondrin B2 2714 fEAQ Ed&E2S I8 o+ v}, A4
5
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o

= A

AdE 8etr] @l halichondrin B7F 1d3F 1~5 kgo] FQ3t7] wiitel, el 3
Q3 o E4E Fast/] AdlAde= wid ¢k 3,000~16,000 9] slHEEC] A =
ojof 7}t S=3x]o|t} (Proksch, et a/, 2002; Mendola, 2000; Hart, et al, 2000;

Mutter, et al, 2000). AT & Q= Wz ES &2 =53] Aol A Iz}
T HEE VHAE FE JorEE ofHy] W g9 HFES AFsIe =M
dolgp & = Qltt. ol A Fwel dist ggter Be geatso] o] EHE T4
= A7 43, A= = =49 Fx7 W HRete] A B ol
- Eeke Ay, F5Eo] vl w2 FAZE 23S (Olivera, 2000 and
references cited therein). &9 A2 o= A Ee] At AFAE o] &3
Htgor deEEde A= T Foto] dETHY 2AE A4
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H 2 & =de ZlsHy &

A 1A s AT HZ TF

UNelM &= 133 ZAE 2ot d5890=2 gxstr] 98] 20029 rt=g= A
(Madrid International Plan of Action on Aging, MIPAA)S X33t o]&= 2002
ol Al g-dell 604 o] =le] 69 "olut 2050del 209 How F7HAARITE
21%)% Aoz HArste] AHRl wi=gTox A2z AlA 11E3 s|olE JNFHsa
e e FADEAL & A AU ol FH 7 Frsl nHs B A

A% FYsta NG Fosted AZARA 8L su oM 53] PBAmL R
A owd B4, @A) A% hdEA, e Polahn Adett BATRE A
A5k 1 oke 187) Rebel HAE ANGEA Ropiz s BFAIS Ay
O]];]_
A .

MARAZ]F-(World Health  Organization, WHO)IAE 2002 %l “Active

Aging” AHL wEA Y3 dsle) 4o AL Eoly] Astel A3t A BE U

balel thet AFE A AAFE FEAUE YL AFOE A Ak o F ANA -

d71e Aol WY W 2o)Abgel tig Ry ehah %A, gelnd Bek vehbe 3

2 AW D APAR A, A%AQ w9l AZw s 1w Delel @ A4S A W, =

4719 AATE] et Fol, =9 5y D HEel ME A FE 5 22 A
o

T3l Ad HT g e wokE w3 AWy WA x-e wE ook
=, 71 AE dET7 W s & t}. Global Industry Analystsiit2)
“Anti—Aging Products” (2009.1)°l ¢354, 77 4 (health maintenance) &} ¢ 5
@] (Appearance Enhancement) & J#3Fo] 20153 &3} AFd A1 E7F 2,9199]
ol o] Ao® HYsta Qlti(Table 2—1-1).

o
5
R
<

Table 2—1—1. World market for health maintenance and appearance enhancement

anti—aging products (1 billion $)

L 46.2 55.3 65.0 775 92.6 10.2 9.1

7N ek 6.3 7.4 8.7 10.2 12.1 13.2 8.6
S 139 16.7 19.7 235 28.2 31.0 9.3

fr 40.4 48.0 56.3 66.4 78.8 86.0 8.8

of A o} - e 3 11.4 13.8 16.3 195 235 25.8 95
Z5/oFZ g 7} 6.3 7.3 8.4 9.7 113 12.1 76
Yo}z g7} 10.7 12.7 14.8 174 20.5 22.3 85

x5 Global Industry Analysts, "Anti—Aging Products" (2009.1).
A A g AATFAE, ‘wsidT W &87]E” (2009.4).

=
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O dxstAlF AAANGS AFHEE E7ste] A3 B (Table 2-1-2), A3HA=
3t A w-sAFE AAE AFWF R8.9%% AAste] 20064 1,226999# oA 20154
2,6349 €21(90.2% A AES AT AoE At

— w33 A7 §AL gekE e 2006d 1,1589 dejolA A 9.0% = A A5k
2015 25209 E¥ 2 AAAAL 87% 5 A= HbH, w3 i A A8 BE
=5

AFe vnH A% 59%° AWHE YFEE HFY 208 nal

o
- ﬂ_]_f%“(}% At FesiAlF A AW 9.4%%E Adgste]l 20061 1269 & ol A]
A

20154 28 G2 (9.8% A Y AFS AT Aoz Ay ot mRaAe e &

=3l }\];53 b2 AlE T voﬂﬁ 9.97%et= 7HE wE AES Holn 20061W 88¢]

gEoA] 2015 2079 ¥ ZE HAAALY] 71%5 AAT Aoz oA fE

- 2#E g g zﬂ% AN AFF 8.4%9 AAER 2015W 729 2 AFS

g Aow AWEa gk

- AABYE st FesAE AFS AP 8.9%=E AT AoRE S5, R
AFE A2

Table 2—1—2. World recent past, current and future analysis for anti—aging
products by product segment(1l billion $)

AZGHAE 93 w3l AFE 122.6 158.1 202.9 263.4 8.87
w3t AARAE AT s

* ‘”;]l A 3 115.8 150.0 193.4 252.0 9.03

=3

w3l HE ARAAE s RRAE 6.8 8.1 9.5 11.4 5.86

AR IS 3 -3 A E 12.6 16.5 21.4 28.5 9.44

2709 AFE 8.8 11.7 15.3 20.7 9.97

mukzke] AE 3.5 4.4 5.6 7.2 8.42

71 e} 0.3 0.4 0.5 0.6 5.33

ZF12+R: Global Industry Analysts, “Anti-Aging Products” (2009.1).
3 A AATAH, "wgAT d &87]E" (2009.4).
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O Fx3t #d sl A 9 Mulae tad gon, A AAT4(2013
Dol w2 Sl ARl Zok(FR ) 7F 5% % e TRkl AL, 11
FZ Jgiob7t of 18%, MH| ARt oF 7%5 A Ao AT

o Al ¢ HolEA, AXA, dojAle], GekEd BEAFE, Ve AE, sHEE]

u sEY s B
e ABlA  AE W R SAANA, we W oAl st QA AR s, A,

PpALK], AN A

O = &3t A2 M2 A5 /Es arlsAde 2 Asid, &8 A
<9 B3t e x W3k o @ Ay e sk vk Sle] st A
NEEsFS S35 Bok2 BAste] & W, m3hokd] Ill5sls Ssleiid AelA
of= g o= Ae-A A @il w3pA] gl w3V oke] 58 50] f1A % 3}
Hd 53 FopdE wdted, wstAEA|, wstxd] QS 2T wgiAo] Rofl
5817t F 36%% 7 W Hlee AA . d=5sgel 24 9 o559 =3 ud
53¢ wddg ool 537F dAY] 36%=E /M & HleS AA|EH, kAo 2ol
o] 5317} 34%, =371 Eoke 537F T%E AA S

CHUKIS Y HEE
M=
L D T (T *wﬁ el
S2 0|9 BE

el AE g}gg ; ol P f B _ Etofl ChEt 1

8 iﬁﬁ'@\ L
=3 SEE

° pEs

A4 Ay AATAY, ‘wstdT 9 &8V (2009.4).
Priority country7} 3t=Ql E3]= E& 514 AloA] whzba Moz A3
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A2dF8 71 AT IF

1 ¥=

O "= 133t gss A = dA7Ad #-Ed Hez  Older
American Act(1965W #|)7F 9lom o] el & =X 79 (National Institutes
of Health, NIH) AFs}oll =3 x=3} "4 (National Institutes of Aging, NIA)E A3}
of w3dd AFE FIds Yok FHEIFATAE 1974 AHEYEY w34

A7E Aol ATANE BFHL B gl A WA e Fasty gtk
NIAL @aue] 4] A W s, B 400 FEATE Fatol, wahe /4
AT 9 Fera ) vkle] WS E ATE £, o] AWM FYE AT Az
L owg B gne wiold e meade B wel 2 2% duw s A7
S Gtk =@ Sxstolm e EFstel ke wy AT ATE FYAL 9O

o, w3}o] TAE Abs| ), st
A
Research® &3 Q%A A7} 4
_]

2, 2013d5€ 7]+

o]
AN
AFZEAE ofik2 g BlEA wope] AFZEAE oAk difs ARE-ShaL 9l

O w=e &wst 24 MRS F2 Ad4d0A 2 o8 ad st AlE Azl A
SH= oo B, vE-ZAeEd, S FEE, FEEHY VEE 22 ¢
E

O vz A EFH Fdw3 EF s d5= NIHNational Institute of
Health) &} National Sea Grant College Program & T 7]¥o) 93l =2 A LdE
Ko, Ady A7 HHR e Vs, ol Ad AksiERE 5244 52 ARghd
SEATE Foto] AMYBETHY Fest L Y U AGIE A4E s 53

-
)
AT

—

2. 94

O d¥e =F79A&AFo)gAE  Abste] NILS (National Institute for Longevity



Science) & 19959 MYFORA ThFH Pt A7 @ wA IR FFY /5L
Fasta glom, gl Ao Azk 2,00099 )
¢ 20109 FYFFI AL SRGPHA0] Hu
Avjea ATAME, ALSBe ATAE Y FEOR AAE THIL BAE AT
AYAeT Ytk Fo /FOoRE w3 BA ATAY

A - SAT AAEE FYaEY BHoR AR

ol AAAY W uHEAAA 7 aF A FHFE w5 T gk 317 5ol Al
Fo Age) dolo] H gAY 53 o Abddw 2wl g8 =7 AdelA
Pz = o

O 912 wHstel] digste] 20019 AFE Meels 18 57k Aul2 FOR(NSF:

National Service Framework for Older People)< 107Hd £37] Al oE wAE5L2 ¢

St R W B2 Aqu|A Alge] A A TS Yot A RS vldsSit
]

oo RAEAE ddstes 7130 DoH(Department of Health) AFsl =<
T71# S 2= NIHR(National Institute for Health Research), NICE (National
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Fig. 2—3—2. Photos of a Brown Alga FEcklonia
cava(left) and Skin Creams containing the algal
extract(right).
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1. AFBE L A ES] AF 2L 2
AP EZRE w3 GAS VA E vlo]Q AAo WES 9sle] 1xdE(2012)
of AAT sFy=EH HE Z2 dr Al L FeloA EEst sdu Y E (Table

3-1-DE QTP Sk ALY Lelsb) AT Y ARE 0 Al
W & Eb e AdA9e dYoR SPor, B AT &% 24 AR 9
FHEE LR cslelazdct] Fred AAE AVAEE dgoz st

Holov], 530

(Fig. 3—1-1). AMZE52 gy AAFHY AxFYo o) AH
h

Fig. 3—1—1. Sampling area and photos of marine samples collected from the

Chuuk islands in Micronesia.



g E s AT dFE W AES T 2 ddeE, dAdlsE, dakE T
o SYFHEEED HNFHAE, 5 5 FH U ARk F, APl Y
et At B A FR A= F FE A E (sediments) 9F el A A SaL &) k]
5o Fo@ eolgon, AETPgel ofF FRE duixele] vo]az|A o))
el M= olojigt 7PAZR Sl sigvdES Lelskslth (Table 3-1-1).

Table 3—1—1. Sampling sites and the number of isolated and extracted strains

Strains ID Date Site Total Strains Extract of culture

09GGC 2009. Gageocho 197 11
108KO 2010. Kosrae 90 6
109GGC 2010. Gageocho 20 4
1110CH 2011. Chuuk 782 4
09IDYM 2009. leodo 34 29
091D 2009. leodo 213 31

102CH 2010. Chuuk 665 14
112CH 2011. Chuuk 356 49
114TG 2011. Tonga 318 20
Total 2,675 168

7} AP e, nE

AAE ARE 9 Ant AN BEE AgY 2, AF 9 50w AR o
FEe F3 Sl 2vd vd SAY gAY, S FHo Y1 mg FHE dH 8
TE B, ARE A FeAY # S o Eakd e ® AT o] g A Frld
s els g AdE e Bl HFsto] mddle WHOoR ARl Fid S
s st A= E8= FE Marine Agar 2216 (Difco) 1

UAEe Helt AEE =Ud WAE 28~30Ce4 4~-79 Bt sl F49d
colony (Feh & &ttt I8 A
Q]
=

22 nAA ] HFet] 5

Bennett's WA & A&t on el TR0 HlES T0%/30% (v/v) 2 33Tt &<k
=

iy
o

Fetow FHEE st 54 wet Al
= 30CoA Axf vkt

A o 352} glycerol &3
N (B80%/20%) ol AGYAIZ th —70TCeolA HAsilnt olof 2 WOz 26756%F

7 KeR
- LI =
o sk yE W joFA S Eylsle] HESYTH(Table 3—1-1).
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QF sonification ¥ o, dx-4<l U]*ﬂ%ﬂ SAE AAE7] f1ske] 60T ovenell A
5087t A2 (Voelskow, 1989) &l F3lth. dAe s vl AJ&E v 107%, 1077
1077 W] So® FAA R 845 U]E] "FH]H 2

acid Vitamin agar(Nonomura, et al, 1971), Marine Agar 2216 (Difco),
actinomycetes isolation agar &2 ®A|o Z}ZF 0.1ml® Y3l spreaderE ©]|-£3}¢]
=115 Esto] 30T incubatorel ®jFslitt. BE 7oA 30¥ AL =F Wik
o FAE #A=] Het(colony) FEHE #HEste] SA e wel Bennett’ s wj Ao
4 colonyE AFstd Y 843194 =8k HeEks 848 % 30T incubatorel Hj
ottt ol HHS H e AXH = Fod St dds da AT glycerol
258N (80%/20%) ©] %71 FHo| d¥AA oFF & Ao WA F vortexsto]
—70CAA B#ASATH(Williams, er al, 1982; Okami, er al, 1988; Berdy, 1989;
Gray, et al, 1968).

=2 W3 E Bennett's agar, Humic

i

AUl e W SR aTe] el wEd] AR WA 24 oelg 2k,

1) Bennett's agar medium

1.0g Bacto Yeast extract

1.0g Beef extract

2.0g Tryptone

10g Glucose

18¢g Bacto Agar

1L Sea Water : Distilled water(7:3)
pH 7.2

2) Modified Bennett's agar medium

0.bg Bacto Yeast extract

0.bg Beef extract

2.0g Tryptone

bg Glucose

18¢g Bacto Agar

1L Sea Water : Distilled water (7:3)
pH 7.2

3) Humic—acid vitamin (HV) agar
1.0g Humic acid”
0.5g NaZHPO,
1.71¢g KCL
0.05¢g MgSOy4 - 7H20



0.0lg FeSO4 : 7H20
0.02¢ CaCOs3

18¢ Bacto Agar
1L Sea Water : Distilled water (7:3)
pH 7.2

Vitamin
50 ppm Cycloheximide
10 ppm  Nalidixic acid
*0.2N NaOH 10mlel =<%. “Thimine—HCI, riboflavin, niacin, pyridoxine—HCL,

inositol, Ca—pantothenate, Ca—aminobenzoic acid ZtZF 0.5mg¥ biotin 0.25mg<

dol wE.

4) Actinomycetes isolation agar

2.0g Sodium Casinate

0.1¢g Asparagine

4.0g Sodium Propionate

0.5g Dipotassium Sulfate

1L Sea Water : Distilled water (7:3)
pH 8.1

4) Marine Agar 2216

5.0g Peptone

1.0g Yeast Extract
0.1g Ferric Citrate
19.45g NaCl

8.8¢g NaxS0,
3.24¢g MgSOy

1.8¢g CaCl,
0.55¢g KCl
0.16¢ NaHCOs3
0.08¢g KBr

34.0mg SrCls
22.0mg B(OH);
4.0mg Na»SiOs
2.4mg NaF
1.6mg NH4NO3
8.0mg  Na,HPO,

15.0g Agar
1L Sea water : Distilled water(7:3)
pH 7.6
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Fig. 3—1—2. Photo of marine samples extracted with 80% MeOH and methylene
chloride (MC).

Table 3—1—2. Extracts from marine organisms with 80% MeOH and MC

No. Sample ID 80%MeOH Ext.(mg/g) MC Ext.(mg/g)
1 1210CH-301 114.8 4.5
2 1210CH-302 52.6 1.2
3 1210CH—-303 22.4 0.9
4 1210CH-304 68.2 1.2
5 1210CH-101 122.5 4.9
6 1210CH—-102 87.7 2.1
7 1210CH—-103 40.6 0.8
8 1210CH—-104 54.2 0.4
9 1210CH-105 85.2 0.6
10 1210CH—-108 469.8 3.9
11 1210CH—-109 41 0.2
12 1210CH-110 57.3 0.1
13 1210CH-111 166.1 2.5
14 1210CH-112 38.3 1.3
15 1210CH-114 55.1 0.9
16 1210CH—-115 77 4.8
17 1210CH-120 101.2 18.2
18 1210CH—-123 51 1.1
19 1210CH-124 177.8 8.7
20 1210CH—-125 122.1 11.7
21 1210CH—-127 159.2 11.7
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gom AgsEde] FEES Q90w oF FEEL —20CNA WEuUHY P
5} By SS9 AR e
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R SR AR L SR v gEs HPAE FEE 1808 F I
w3 B BN Asted vd B4 ZYshort

Y2 AN A o AL s FUE AW AWHOT A
atg doA wat 2% YAWAD, & 5 AWL FUHE 43 A8L ke AT
7} ol Wi Qlonw AR Fars BAE ZHetel YAl Fudh B4
& gastndt 59

garst @A4> DPPH  radical &4 &35 FAHs3Uth. 0.2 mM  DPPH
(2,2—diphenyl—1—picryl—hydrazyl) o|&2 £aS Xﬂié}oﬂ 1 mg/ml %% 34"
S=% st A2olA 30&1F vEEAIZAT REg % 515 nmeld FEEE S48
O 1 negative controldl °|&2 positive controlZ+F kojic acid®} arbutines AFE
sto] @49 F5-5 Flstsith. DPPH radical &A% obell 2O = HE AAbE o

DPPH radical scavenging activity (%) =[1— (sample/negative control)] X100

) we g4 =3

et mjul 2l d Ad & FE 5
A%71 57333 Aol WdistAl dAE
o] g3t A Vs aAMEAY THeAe HFstaar sl

ujw A O [ —tyrosineo] T3 tyrosinase Aa FAow FQlEUrt. 0.1 M
phosphate buffer (pH 6.5) 220 !, 1 mg/ml %2 F=& 20 w, 1500 U/ml
mushroom tyrosinase 20ulE =3+3t Wk-g-olo] 1.5 mM L—tyrosine 40 plE %E]OP
o] 37CeIA 10&3F WHAI AT ¥ES- N2 ELISA reader® 490 nmelA S3%=E 5

—_'—
A3 0.1 negative controlél buffer, positive control®ll+= kojic acid$} arbutme—%

gt B4 HASALE Tyrosinase As| G4 obdl Aoz Ak

Tyrosinase inhibition activity (%) =[1- (sample/negative control)] X100



t}) B16F10 Murine Melanoma A|ZE o] &3 dald AA dAS =3

e

(1) Ax=sd 54

B16F10 cell suspension & 1x10°cells/ml® FEZ 96
pL & F7tsto] 24A13F Fb wiFstith 1§, ARE B
Qb wjFdt & MTT 92 well & 50 pL A o] 443k 5
Vakei =l DMSOE welld 100 ﬂL"’—‘} do] 71HA EE
71 % ELISA plate reader® 540 nmolA &3 E=E =43}

ell plate & well © 100
W2 Agste] 48417 &

st kst s e Al

VH
n F1o2

(2) Melanin B4 oA 4¢

B16F10 cell suspensiong welld 1x10° cells® 6 well plateo] 7}ale] 24 AJ7F
s weFaint WA E wA § sEERE AIRE Agsta 4843 &<t 37T COy
incubatorol| A vjst & HiX|E A|Asta PBSE A F3sta Trypsin—EDTAE o] &3}
o cellg 3Fete] AxFE SA&A. 1 F, 10,000 rpme® A4 I F
pellet& ¥o] 60TCIA HAEAZ F, 10% DMSO7} &H% 1M FAFSUEF £
100 pLE ¥ol 60T F2xelA AMxuel Hetds do] ELISA plate reader® 490
nmolA FF =S =45yt debd TF¥(Sigma Co. USA)o® AL TF 7AZHS
o] &3to] ZF wellol A 42 Webd S Aabssicth debde S A E (10" cells) oA
o] debd A =S vlasklth

) FE8d 4
(1) A=EAF

nhg-~9 A M EFS Raw  264.7 cell& 3IFAEFLEH  (KCLB)olA 3
Hwhotom  AlZujS $18] 10% FBS¥ 1% penicillin—streptomycing X &3}
DMEM #] A& AFE3}ITh MXEE 37C, 5% CO, 7oA Hjekslgltt.

(2) MTT assay°l 93 AX Q=& =3

Raw 264.7 cell 5 x 10* cells/mlE 96 well plateo] ¥F31 ABEES ¥=
(6.25, 12.5, 25, 50 gM/mD 2 24413t F<F A 3A k. Welld 20 o] MTTE NS
7kske] 37C, 5% COy incubatorel Al 4A1ZF F<F WHEAIZ1 3 microplate reader
o]-g3ato] 540 nmolld FFEe] W3tE FAste] thxdel e AZPZES NEE
FAISA T

o &

MUl oo

(3) Nitric Oxide BAHF 53

NO9 -s&x&= wikd U9 nitrite F5%E griess reagents ©]&3ste] =4
Raw 264.7 cell®& DMEMH|A|E o]&3&o] 5 x 10° cells/ml® A3 & 6 well
plate®] 2%E3sta, 5% CO, incubatorollA 24A17F A wiFstgith. Al 1 xg/mlY
LPSE A#sta 1AzF Hel sEHE ASE Agsto] 24A13F wiatglvt. wjeFoe]



(4) INOS HdF 5%

NO2 S Frsts £4% INOSS @iz d st X &= AR JFS ALS
7] 98 western blottingS 2A|3FH T Raw 264.7 A¥XE 60 mm tissue culture
dishell 2x104 cells/wellell =5 3t 24A13F &b wkstitt. miA| & A A
T ARE FREE AYS wiAR w@etal 2443 wjks § PBSE AlAH Sl
Lysis buffer 100 p¢L& H7lsto] AEXE &8A17]1 &8st (4C, 12,000 rpm,
20 min) A2 AEE5S AASSH. A 8ste] €2 @A bradford assay®
st om, 60 xLo @AS 10%S] SDS-PAGEE o|g3te] 7] 453 &,
Ao v 5old 43S AAA7]7] Y&l PVDF membraneo] %371 Tt 30~40 VoA 2
AlZF o] transferd}$ith. Transfer’} €4 ponceaud| B & bandE &Qlsl
TBSTE 23] o]} A2 % 74 5% skim milk® overnight Al#A backgroundi= A
AANZ L. 33 washing ¥ 1%k antibody(1:1000) & 1A1ZF B3k 21 F thA] 23}
antibody (1:1000) & <°]i ECL-kit(Amersham Pharmacia, England) & ©]-&3}]
filmell %74 =743}l Band density® Gel doc(Bid—rad, America) &% 213} t}.

(4) COX-2 #&d%F 57

Al52 COX-29] wlx e vjx= S ZAFsH7] flste] INOS S 2 22
W o R western blottinge AAISHITH AlEE A $H AMEXE Rol PBSE 23] Ao
H & Pro—prep AleF 100 pLE 78t -20CoA 10837F ®A|gE H 4ToA
12,000 rpme® 207 €4 EEsto] AedS Aotk o AE o G g

= Pro—measure Aok ARgel] @eld w5 AFetal, 50pgl] @A S F ko] A&
H el E3taslo]l 95TeoA 5&3F 7Fdsh & —20ColA E#siglvh. e A&
10% SDS—PAGEE ©°]&ste] A7|9% A1 % PVDF membrane®® WHAE

transferA| #Ht. Transfer’} % membrane< iNOS primary antibodyE 5% skim
milk &N FaZ vlEh 2 3|43t 4T A overnight sttt thad TBSTZ 5%
A 33] Az & 27<} antibodyE 1A|7F &<QF 2o wickAlFH T tA] TBSTZ 10
w2 33 MAH3sE & ECL-kit(Amersham Pharmacia, England) & ©]-&3}°] filmel &

7 =743 th Band density= Gel doc(Bid—rad, America) &% =¢lal% o),

u}) Matrix metalloproteinase—1 (MMP-1) A& 574

AEE 1 X 10* cells/well %% 96 well plated] HE3 3 7} welld Al2E H
7bake] CO, Mok o)A 2441 7F wlekatadth, MMP—19 &AL =o]7] 98] TNF-«
2 10 ng/mlY =r=Z Hrlstodoh AE ujFdS FAsIe] Ao AFEEG oH
Gross2| W] (Gross, et al, 1962) ] w2} MMP—1 biotrack activity assay< ©]-&3st
of =74ttt



1. YBE FE=9 FAts 4
201250l who] A ZUJA|o}
I 22 g AN ESEY] dWEE s XSt o ol YA ES ANHA
dytalrs A ¥ s
o 7l dAbEeR Q) Y =Eol o
5y Ftk Fabst E4E AAAteke s EE0] BE FoE AtREHY Fx3)
o] WS 93k AMER HGsk Row Foeth FAAZS] WY
80% MeOH= &= ARGl FEaglom, &
ow, W Bystw diest 24 A4S Ssh AlRE AL
AFBES HEE FEEc s ks d4Es 54 éﬂr 100148 F=EolA
oF 39% o]l FAJS WO positive controlE AFEE kojic acid(37.9%) Xt} dAFSH
2ol otk a9 A4 HSel A g8 E=E Tl 1210CH-101(80%),
1210CH—-108(78.3%), 1210CH-115(84.3%)% 7% positive control® AF&3H
arbutin(80.0%) ¥ FAFFAY o 8 3kt A4S 7HA 1 das A8t (Fig.
3—1-3).

o
N
=
>,
:ﬁg,
o,
i
&
X
1o
%
o%
o
iGl
rlo
o)
EN
u
o
o)
P
S

X0

N

s
o S o B R U
¥ flo o 2 ofN > o

DPPH radical scavenging activity

50.00

70.00
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30.00 -

Scavenging activity, %
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&

S A I

80% MeOH extracts, 1 mg/ml

Fig. 3—1—3. Antioxidant activity of the MeOH extracts of marine organisms.



=59 19 &4
FASHAE FZ25 2179 vHGd &S 3 tyrosinase A3 S SHS A
oF 2o, 1 mg/ml Y FXoA A3 &/do] oF 12
Hol fFFEY FE=° FYvd v A4S AL ee ¥
1210CH-115 F&%° A% 68.3%2 AsNZFES 7H¥a 9o dix
kojic acid(89%) H.t}= A9t arbutin(68.5%) ¥ FAFsE A E2] njul

Aoz HRAHe] APYE FEEo] S5y B AL Qg0

MAHE =2 =

Tyrosinase Inhibition activity

90.00 -
e 70.00 T
F
=
b=
L
& 5000 -
=
=
=
El
<
£
Z 3000 - - T 1 T T
&
&5
1000
woo*"*\b'&‘&x%% L O T T R S S K, S S SR
00 ¢ v
& F

809% MeOH extracts, 1 mg/ml

Fig. 3—1—4. Tyrosinase inhibitory activity of the MeOH extracts of marine

organisms.
3. AFHNBE FE=2 FAs 4

HeE A BEE FolA wiAFl ] Solgh wies] s Hole dFes |
A AEhjekete] o] F9] HjfA s ofdolAHO|EE g AgEte] FF, 7Hste] Ao
A FEES FAbst Y AT ARt AT T "o H O E FEE 1687
o] &aksl &4 Table 3—-1-37 o] FAFon, 164 ol FEEE°] 1
mg/ml &%l DPPH radical 2A%5°] 30%°1742 45 7IA & Aoz gzt

st 0

E9] FT oA positive controlZ AFE3F kojic acid(37.9%) 2} arbutin (80.0%) &) A

I vwskS w, olE sdrAEEe] Fons ks F4E AT eS¢
o 249 #FE= oF 38%°]42 DPPH radical 274%< Eo] kojic

acid Bt} & A4S ®won 108YDC—142¢F 112CH-166 w59 A$ <
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Table 3—1—3. Antioxidant activity of marine microbial extracts

Sample % Sample % Sample % Sample %
09GGC-30 17.54 09ID-YM-20 415 09ID-126 21.08 112CH-230 2292
09GGC-56 8.92 09ID-YM-21 6.62 102CH-69 4.15 112CH-234 8.15
09GGC-57 6.77 09ID-YM-22 10.00 102CH-243 7.85 112CH-256 17.54
09GGC-67 3.54 09ID-YM-25 3.85 102CH-248 3.23 112CH-258 8.46
09GGC-68 12.92 09ID-YM-26 16.77 102CH-265 10.31 112CH-259 1.69
09GGC-71 4.00 09ID-YM-27 2.15 102CH-438 4.00 112CH-276 10.15
09GGC-81 8.92 09ID-YM-28 11.85 102CH-446 492 112CH-280 8.00
09GGC-86 523 09ID-YM-29 6.15 102CH-520 6.62 112CH-281 14.15
09GGC-89 13.54 09ID-YM-30 2.77 108YDC-142 64.22 112CH-285 7.69
09GGC-130 6.92 09ID-YM-31 831 102CH-635-1 3.23 112CH-293 11.85
09GGC-157 8.46 09ID-YM-33 48.62 102CH-635-2 0.77 112CH-298 13.23

108KO-7 1.85 09ID-YM-34 6.15 102CH-635-3 10.92 112CH-331 16.77
108KO-22 831 09ID-22 292 102CH-635-4 4.62 112CH-334 3231
108KO-29 8.62 09ID-36 39.08 102CH-635-5 6.77 112CH-336 37.54
108KO-44 11.08 09ID-48 354 102CH-635-6 14.77 112CH-337 35.69
108KO-63 4.15 09ID-56 10.77 112CH-14 5.08 112CH-338 25.38
108KO-64 2.62 09ID-76 415 112CH-16 13.38 112CH-339 11.54
109GGC-10 14.46 09ID-79 292 112CH-17 1231 112CH-340 5.38
109GGC-14 5.85 091D-89 13.38 112CH-69 3.08 112CH-341 5.85
109GGC-15 6.77 09ID-90 7.54 112CH-70 13.54 112CH-342-1 2446
109GGC-18 415 09ID-92 3.23 112CH-75 7.08 112CH-342-2 27.23
110CH-455 3.54 09ID-93 49.53 112CH-106 7.54 112CH-350 5.54
110CH-456 1431 091D-94 43.54 112CH-108 0.92 114TG-14 3.85
110CH-458 492 09ID-95 12.62 112CH-130 7.08 114TG-38 8.15
110CH-462 18.92 09ID-96 2.00 112CH-133 17.23 114TG-41 11.54
09ID-YM-1 3.85 09ID-97 3.23 112CH-135 4.00 1147G-49 7.54
09ID-YM-2 3.38 09ID-98 14.46 112CH-140 4.00 114TG-53 14.00
09ID-YM-3 2.15 09ID-99 6.31 112CH-143 13.85 1147G-67 3.85
09ID-YM-4 292 09ID-100 6.77 112CH-146 41.54 1147G-69 0.77
09ID-YM-5 0.62 09ID-103 12.77 112CH-147 6.15 114TG-83 28.15
09ID-YM-6 9.85 09ID-104 17.69 112CH-148 22.62 114TG-93 3.85
09ID-YM-7 13.08 09ID-105 3.54 112CH-149 1231 1147G-103 6.00
09ID-YM-9 5.54 09ID-106 8.62 112CH-150 9.85 114TG-141 7.23

09ID-YM-10 6.00 09ID-111 7.85 112CH-154 13.85 114TG-158 3.54
09ID-YM-11 1.85 09ID-116 1231 112CH-166 68.62 114TG-159 831
09ID-YM-12 3.54 09ID-117 3.08 112CH-166-1 30.46 1147G-162 15.96
09ID-YM-13 5.38 09ID-120 246 112CH-166-2 15.54 114TG-178 4.15
09ID-YM-14 12.77 09ID-121 1292 112CH-174 41.85 114TG-190 16.15
09ID-YM-15 3.69 09ID-123 6.31 112CH-174-1 40.00 1147G-221 3.08
09ID-YM-17 18.46 09ID-124 7.38 112CH-174-2 38.46 114TG-237 9.85
09ID-YM-18 5.38 09ID-125-1 5.69 112CH-189 6.15 114TG-238 4.15
09ID-YM-19 14.77 09ID-125-2 5.85 112CH-190 32.15 1147G-310 10.62




4. I AE FE2Y 1Y &4
Y& oolAHOIE FE5 16847 dist njigd F1S 93 tyrosinase
Al S St A7, 1 mg/mle FEelA As o] tlxTo®E AFES kojic
acid(89.3%), arbutin(68.5%) ¢l vlste], FU FLolA 9 aYn| P& FE==2 EA4
o] wjeksto] mw] A ¥ %] ¢k9kt}(Table 3—1-4).
718F AR st @Adel istolxds 7 de] SRR el diste] =sksith

Table 3—1—4. Tyrosinase inhibitory activity of marine microbial extracts

Sample % Sample % Sample % Sample %
09GGC-30 -3.55 09ID-YM-20 -2.13 09ID-126 -5.86 112CH-230 248
09GGC-56 -249 09ID-YM-21 -3.37 102CH-69 -4.80 112CH-234 -6.10
09GGC-57 0.18 09ID-YM-22 -14.92 102CH-243 -3.02 112CH-256 -3.24
09GGC-67 -3.02 09ID-YM-25 1.07 102CH-248 -1.60 112CH-258 -4.38
09GGC-68 3.20 09ID-YM-26 1.95 102CH-265 -4.09 112CH-259 248
09GGC-71 0.18 09ID-YM-27 -3.73 102CH-438 -2.66 112CH-276 -3.62
09GGC-81 1.07 09ID-YM-28 -3.02 102CH-446 -6.04 112CH-280 -2.48
09GGC-86 0.89 09ID-YM-29 -0.36 102CH-520 -4.09 112CH-281 -4.38
09GGC-89 533 09ID-YM-30 -1.95 102CH-635 -1.95 112CH-285 -6.29
09GGC-130 -4.26 09ID-YM-31 -2.49 102CH-635-1 178 112CH-293 -6.48
09GGC-157 -6.22 09ID-YM-33 -0.36 102CH-635-2 -2.31 112CH-298 -2.67

108KO-7 -1.60 09ID-YM-34 -3.55 102CH-635-3 2.10 112CH-331 0.76
108K0-22 071 09ID-22 -4.26 102CH-635-4 -0.57 112CH-334 -2.48
108KO-29 1.60 09ID-36 -6.39 102CH-635-5 419 112CH-336 -4.00
108KO-44 231 09ID-48 -1.78 102CH-635-6 -2.86 112CH-337 -248
108KO-63 -0.18 09ID-56 -0.71 112CH-14 -4.19 112CH-338 -0.38
108KO-64 -5.68 09ID-76 5.33 112CH-16 -2.86 112CH-339 248
109GGC-10 -1.07 09ID-79 142 112CH-17 -0.76 112CH-340 0.57
109GGC-14 -2.66 09ID-89 -2.84 112CH-69 -1.33 112CH-341 -3.24
109GGC-15 -3.73 09ID-90 -0.53 112CH-70 -3.24 112CH-342-1 0.38
109GGC-18 3.73 09ID-92 -0.18 112CH-75 -4.95 112CH-342-2 -3.62
110CH-455 0.89 09ID-93 -2.31 112CH-106 -8.76 112CH-350 -343
110CH-456 7.64 09ID-94 -1.60 112CH-108 -5.90 114TG-14 -2.86
110CH-458 0.00 09ID-95 -1.24 112CH-130 -4.19 114TG-38 -1.52
110CH-462 4.97 09ID-96 -178 112CH-133 -2.10 114TG-41 -5.33
09ID-YM-1 -231 09ID-97 -3.91 112CH-135 -1.52 114TG-49 -4.95
09ID-YM-2 533 09ID-98 3.55 112CH-140 -3.24 114TG-53 -22.67
09ID-YM-3 0.53 09ID-99 0.36 112CH-143 -6.67 1147G-67 -3.81
09ID-YM-4 0.53 091D-100 -2.13 112CH-146 -5.90 1147G-69 -171
09ID-YM-5 0.18 091D-103 -0.71 112CH-147 -2.86 1147G-83 -5.71
09ID-YM-6 4.97 091D-104 -1.24 112CH-148 0.19 1147G-93 -2.86
09ID-YM-7 0.18 091D-105 -2.84 112CH-149 -4.57 114TG-103 -0.76
09ID-YM-9 -1.60 091D-106 0.00 112CH-150 -171 114TG-141 3.24
09ID-YM-10 107 09ID-111 0.00 112CH-154 171 114TG-158 -5.33
09ID-YM-11 -0.53 09ID-116 -1.42 112CH-166 0.19 114TG-159 6.10
09ID-YM-12 -3.20 09ID-117 -3.55 112CH-166-1 133 114TG-162 -2.48
09ID-YM-13 -3.20 09ID-120 -4.09 112CH-166-2 -4.00 114TG-178 -3.62
09ID-YM-14 -1.24 09ID-121 -3.73 112CH-174 0.19 114TG-190 -1.71
09ID-YM-15 -1.07 09ID-123 -3.20 112CH-174-1 4.38 114TG-221 -0.38
09ID-YM-17 -7.82 091D-124 -1.60 112CH-174-2 -5.52 114TG-237 -5.71
09ID-YM-18 1.95 091D-125-1 -0.71 112CH-189 495 114TG-238 -3.24
09ID-YM-19 5.15 091D-125-2 -1.78 112CH-190 0.38 114TG-310 3.81
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Fig. 3—1—5. Selected strains for further study.




A 3 A Streptomyces sp. 112CH148 #+FZ=FE o -pyrone|
AEde] £ 8 +224

112CH148 5= vlolaA2UlA o} FFolA Add 7MAd7d =7k oA #elH
ATt o] #F+= 16s rRNA 7149 #4439} Streptomyces sp. 2.2 &7
= NCBI GeneBankel 5532t (Aceession no. KJ419328). w3t 3ty
o R EAE Z1Eslit (7] e 2 KTCC12556BP).

od in,
of 39
H
o

112CH148 5% 120rpm, 28T, 743 th=F wjetsle] Aozl wjtd (150 L) & I
AN EY 7 E AFEeto] FAQ mg s 72 ] Ekth wElE v ASs e o
o

golAlHo|E(160 L) &2 23] F&3 H, ol& #Y sFsto] S F=E0EA S ¢
ATt o] FEE=S 9 A AZvEIHIE o] &t wEE-=(1:4, 2:3, 3:2, 411,
5:0, v/v) 9 iz o® dAFOoR gEste] EETE o] F 80% WEE HHES
thA] st 9 A§ ARntEIHIE o] &t 3G, o] T 70% W7 80%
Hete 2358 994 HPLC(Column: YMC—ODS—A, 5um, 10X 250 mm, & FA:
68% MeOH % 72% MeOH, €% £%: 2.0ml/min, #Z&7]: RDE o] &3 FAHAS
2 9 54 148-1~4= Ah(Fig. 3—-1).

- 150L, BN
-28°C
- 7 days

¢ ODS-open column

| rfc 80%MeOH |
|

* * ODS-open column
| rfc 70%MeOH | [ rfc 80%MeOH |
- HPLC-ODS column - HPLC-ODS column
- 68% MeOH, 2.0ml/min - 72% MeQH, 2.0ml/min
- RI detector - RI detector
HO S HO I o HO. o HO | e
| l (o] 0
o
148-1 148-2 148-3 148-4
(5.0 mg) (2.7 mg) (8.0 mg) (1.9 mg)

Fig. 3—1. a —pyrones 148—1~4 isolated from the culture broth of the strain
112CH148.



she= 148—-4+= M9 FAPor FgHeled, UV, IR, MS 59 =¢34 54
& Table 3—1¢ VeERYQTE 148—42 #2218 'H 3C NMR¥ HR-ESIMS t]o]¥]
S Bkl CiuHpO3 22 AAslal, BXsets 498 ¢ F A9tk °C NMR ¥
HSQC AFER HAS E35t0], 3709 AbA49 AAD ARFeA(Je 164.8—169.9), 171
o g9 HE g4 (Jc 102.0), 1709 sp? AFRFeA(Jc 98.7), 57019 mlE#d &4 (g
c 28.1-40.1), 1709 sp® WE &2 (5 29.7), 171 W& &2 (Jc 8.4), 18 17
o] o] A WE ®A(Jc 23.1)5 Qs COSY AHEF S T3] 2719 F&
TZ2MH-7~H-8, H-9~H-13)¢ A& &<ls%la, HMBC A9 EH v‘i—**—% & 3hod
T e RV dAdEs itk (Fig. 3—2). HMBC A9 EH
T2 (H-3-Me, 6 1.84)7} C—2, C—3, C—4%} correlation peaks H.o, 0] 0] Hi
AdES At &9 d" F4AH-5, 6 5.96)= C-3, C—4, C-6¢9
correlation peaks H YO EX ¢ —pyrone 1LYE A TS I JdQa, Tk C-7
I AHABAE Bl a-—pyrone I8 AFEo] AR A Ao, st
148—4°] Fx& AT F AU (Fig. 3-2). A éﬂr 3}3+E  148-4%
violapyroneZl &2 3t§tE3 FxAOZ fAfsk AS &4 5 QoY V& Rud A
o] gl Alat =& &<l 3311, violapyrone Hebal g skl T,
shtE 148—2+ Ao FAYY == HEHa, UV, IR, MSs9 =2 3st
EA LS Table 3—1¢] VeEbfTh 148—29 #4248 'H, 'C NMR#} HR-ESIMS ¢
olE A4S T8t CisHpO3 22 AAQsy, Bxswrt 498 4 & Aok ¥
NMR¥# HSQC XAFHEF #AS  Foto], 3719 AbAg dd" ARAEAR(dc
164.9-169.4), 1709 &#9 W8 &4 (Jc 101.6), 1709 sp? AR (J¢e 98.9),
67019 Wad (e 23.8-34.4) 23 2709 WE B (gc 14.5, 8.4)% T3}
At 3FE 148-2% 2D NMR Hlele|& EAst A7, odA Fx A &

qO{
{2

mhL

_9_01—
= =

148-49F A9 fAHE F2E AT 94 & 7 AAOM, 148—40] Hlsto] A1)
gae] WEsst sht 9k A4S ¢ 5 At BERAL A0, SEE 148-2 E
ATt RS & 5 Ao violapyrone Ieh HESHAT

3}shE 148—13F 148—-32 A Fx AASH 3H5E 148—-2, 148—49) F-AFSH &9
3tsta EA] (Table 3—1) 3 ®x= 183 'H, ¥°C NMR AHEHS BT 148-13%
148—32 A2 Z47F CisHyoO33F CraHpo053 02 AR H G, BEXSIE A 42 F

A3k th 2D NMR "ol E 2248 Ay}, 3}5hE 148—-2% 148—4 wt} vgo] 3}
U A9la, SEE 148-32 148-280F Ab&o] wike] vlg]7h s o Wkt ¥
A A A3, 3gHE 148—13 148—32 F < 2% ¥ violapyrone B 9F Col Aoz

2159t (Zhang et al, 2013).



Table 3—1. Physico—chemical properties of 148—1~4

148-1 148-2 148-3 1484
Yellowish Yellowish Yellowish Yellowish
Appearance
amorphous amorphous amorphous amorphous
Molecular formula C13H2003 C13H2003 C14H2203 C14H2203
Molecular weight 224 224 238 238
225.1485 247.1313 261.1461 261.1466
[M+H]* [M+Na]* [M+Nal * [M+Na] +
HR—-ESIMS
(m/2) (calcd for (caled for (calcd for (caled for
225.1491) 247.1310) 261.1467) 261.1467)
UV (MeOH
(MeOH) 286 (1.34) 289 (0.70) 288 (0.91) 290 (0.52)
Amax nm (log &)
IR (MeOH) 3347, 2943, 3345, 2926, 3343, 2925, 3341, 2935,
Vomax €M 1674 1670 1674 1674
+50°
27
Lalo (¢ 0.1, MeOH)
HO 6 12 HO 6 12
2 O 2 O
COSsY
O 148-2 o 148-4 HMBC

Fig. 3—2. Key HMBC and COSY correlations of 148—2 and 148—4.

Table 3—2. 'H and *C NMR data of 148—2 and 148—4 in CDs;0OD

No 148-2 148—4
) Jd¢c, Type ', Mult.(J in Hz) Jc, Type Jn, Mult. (J in Hz)

2 169.4, C 169.9, C

3 98.9, C 98.7, C

4 168.9, C 169.5, C

5 101.6, CH 5.97, s 102.0, CH 5.96, s

6 164.9, C 164.8, C

7 34.4, CH, 2.46, t (7.5) 34.4, CH 2.46, t (7.5)

3 28.1, CH, 1.64, m 28.1, CH, 1.64, m

9 30.3, CHy 1.33 30.4, CHq 1.34

10 30.2, CH, 1.35 28.3, CHy 1.34

11 33.0, CHy 1.30, m 40.1, CHy 1.19, m

12 23.8, CH, 1.31, m 29.7, CH 1.53, m

13 14.5, CHs 0.90, t (6.5) 23.1, CH3(x2) 0.88, d (6.5)
3 Me 8.4, CH;  1.85 s 8.4, CHy 1.84, s




3+E 148—1 (violapyrone B)

'"H NMR (500 MHz, CD30D) & 5.97(1H, s, H-5), 2.45(2H, t, /= 7.5Hz, H-7),
1.85(3H, s, Me—3), 1.62(2H, m, H-8), 1.54(1H, m, H-11), 1.35(2H, m, H-9),
1.23(2H, m, H-10), 0.88 (6H, d, J=7.0Hz, H-12); “C NMR(125 MHz,
CD;0D) &8¢ 169.4(C—2), 168.8(C—4), 164.9(C-6), 101.5(C—5), 98.9(C-3),
39.9(C-10), 34.4(C-7), 29.2(C—-11), 28.3(C—8), 27.9(C-9), 23.1(C-12),
8.4 (Me—-3).

335 148-3(violapyrone C)

'H NMR (500 MHz, CD30D) J4; 5.98(1H, s, H-5), 2.47(2H, t, /= 7.5 Hz, H-7),
1.85(3H, s, Me—3), 1.62(2H, m, H-8), 1.36(2H, H-9), 1.34(1H, H,—12),
1.13(1H, H,—12), 1.33(1H, H,—10), 1.17(1H, H,—10), 1.32(1H, H-11),
0.88(3H, t, /J=6.5Hz, H-13), 0.87(3H, d, /=6.0Hz, Me—11); "C NMR(125
MHz, CD3OD) 6¢  169.5(C—4), 169.2(C-2), 164.9(C-6), 101.8(C—5),
98.8(C—3), 37.5(C—12), 35.7(C—11), 34.4(C-7), 30.7(C—10), 28.4(C—8),
27.6(C—9), 19.7(Me—11), 11.9(C—13), 8.4(Me—3).

= S E& dojA Ayt 3}E 148-2(violapyrone 1) % 148—4 (violapyrone
), 7111 3k= 148—1(violapyrone B)¥ 148-3(violapyrone C)e°l tijgt A7+f-2) 2]
A (ACHN, HCT-15, MDA-MB-231, NCI-H23, NUGC-3) 2 A3A s &4&
SRB ®WHo=m st Ay, 4719 shekEelA Hlgt e Kooy, 3=
148—4 (violapyrone H) oA HCT—-15(h7eh el disll Glsp = 1.10 pg/mL=E 7P £
< @4S B3 (Table 3-3). 9 ¥ (Zhang, et al, 2013)°l 2Jshd,
violapyrone A9 #gEs°] FHSHS oy, A gle AoxE HiHg]
o 2y 2 Al A Y AdA Sl A¥S Foke], violapyrone AlEY IEEE©
FAEAA S 7HAI UFE & T AU o)k Ze AR Aol FAEA ] digt =
AR MTTH 3 SRBYH) o thdt 2po] 2 Abg

_4



Table 3—3. Cytotoxicity of 148—1~4 against a pannel of human cancer cell

lines
Cell Lines Glso" (4 g/mL)

148-1 148-2 148-3 148—-4 ADRP
HeLa (A3 %) 18.12 5.54 9.91 25.05 0.09
ACHN (217-4h) 1.18 5.42 1.55 1.79 0.04
HCT—-15(t]7<eh 2.01 3.38 5.22 1.10 0.08
HCT-116 (7<) 15.83 18.08 26.12 8.99 0.09
MDA-MB-231 (%) 1.80 6.29 4.94 1.51 0.99
NCI-H23 (#H %) 1.90 3.47 3.24 1.24 0.04
NCI-H460 (#19h) 6.37 21.04 10.80 4.45 0.07
NUGC—-3(91¢h) 2.24 3.36 4.02 1.27 0.12
Hep—G2 (k) 2.04 14.60 3.96 2.30 0.08
PC-3(HA%h 1.40 5.44 2.06 1.37 0.06

aGlso values are the concentration corresponding to 50% growth inhibition; PADR: adriamycin

as standard.

TEASE v ARG Ml gk T, ol vlad wokd 3 148-1 9 148-3
o W FABHS FrAAAL F AT wF APAES] e SHS A ehA
Fow, vE dEdow U Siolmd A4S Asleith(Fig. 3-3). Wb,
AT SEE 148-2 9 148-4 & o5 HEEW FHAOE o}F fAH] wEe,
ol FFEI FAE FHE KA Aow oEojxnt

Cell viability [Raw264.7] Nitric Oxide
100 F 100
£ 80 = a0
= 60 E 60 [Em—l b
1 ié 40 'g 40
=§ 20 S 20
(3 o é o
CON 6.25uM125uM 25uM  S50UM - Nor Con 625UMI125uM 25UM
__ 100 & 100
£ a0 ‘°_: 80
£ s0 £ 60
3 £ a2 a3 40
g a
= 20 g 20
2 £ o
CON 6.25uM125uM 25uM  50UM z Nor Con B.25UM125uM 25UM SOUM

Fig. 3—3. Anti—inflammatory activity of 148—1 and 148-3.



112CH148-2-150L~bEA-r B OXMeOH- fc70%HeOH-r p16-CD300-1H

Fig. 3—4. 'H NMR spectrum of 148—1 in CD50D.

L12CH1AB-2-150L -bEA- FCBOXMEDH-fc70%HeDN-rp16-CO30D-13C_20130724
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Fig. 3—5. C NMR spectrum of 148-1 in

8.az2



HRE-ESI-MS Data Result
Sample : KIOST-3

Elemental Composition Feport

Single Mass Analysis

Tolerance=100PPM / DBE:min=-1.5, max=30.0
Element prediction: Off

Number of 1sotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron Ions

34 formula(e) evaluated with 1 results within limits (up to 30 best 1sotopic matches for each mass)
Elements Used:

C: 0-500 H: 0-1000 0 0-200

Minimum: -1.5

Maximum: 50 10.0 50.0

Mass Calc. Mass mDa FPM DBE 1-FIT MNorm  Conf(%) Formmla
2251485 225.1491 0.6 =27 335 11162 nfa n'a C13 H21 03

=

S T
IRV AR - 15 5 0 A Lt 000K 0150 [ INT MBS Cre [222150]

247 1M

B 105 FEEE )

. e . el o
?

t 1 T + f + f t+
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Fig. 3—6. HR—ESIMS spectrum of 148-1.



112CH1A8-2-150L~DEA=r fCBO%MeON~1 €7 0%Me O T p18-COI00-1K_20130726

!‘i ppm
Fig. 3—7. 'H NMR spectrum of 148—2 in CD50D.
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Fig. 3—8. C NMR

spectrum of 148—2 in CD30OD.
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Fig. 3—9. gHSQC spectrum of 148—2 in CD30D.
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Fig. 3—10. gCOSY spectrum of 148—2 in CD30D.
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Fig. 3—11. gHMBC spectrum of 148—2 in CD30D.



Elemental Composition Report

Single Mass Analysis

Tolerance=50.0PPM [ DBE: min=-1.5 max=50.0

Element prediction: Off
Number of isotope peaks used for i-FIT=3

Mass Calc. Mass mDa PPM DEBE
247.1313 247.1310 0.3 1.2 3.5

4 HP_=ail 10 J0LI080 AN |8 200003 00 .00 ABE; o (552

104

i-FIT
1028.8

Norm Conf(%) Formula
nia nia C13 H20 O3 Na
Wran

B

ﬁ = B

AN 3y (s 22D ST

L}

Fil SR

R
i

Fig. 3—12. HR—ESIMS spectrum of 148-2.



112CH148-20-150L ~BEA~§¢B0%MeOH {8 0%MeOH-r pE-COI0OD-H_20131010

Fig. 3—13. 'H NMR spectrum of 148—3 in CD3OD.
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Fig. 3—14. 3C NMR spectrum of 148—3 in CD3OD.



HR-ESI-AIS Data Result
Sample : KIOST-4

Elemental Composition Feport

Single Mass Analysis

Tolerance = 10.0 PPM

Element prediction: Off
Number of isotope peaks used for i-FIT =3

Monoisotopic Mass. Even Electron [ons
34 formula(e) evaluated with 1 results within limits (up to 30 best isotopic matches for each mass)
Elements Used:
C: 0-500 H: (-1000 0: 0-200 Na: 1-1

DBE: min=-1.5, max =300

Mimmum: -1.5
Maxinmnm: 5.0 10.0 500
Mass Calc. Mass mDa PPM DBE 1-FIT Nomm  Confi%) Formula
261.1461 261.1467 0.6 -23 i3 11494 nia na Cl14 H22 03 Na
G4 ok O35 MNa
e Fo R
L
Im3 1500
ﬁrﬂd“ﬂ
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Fig. 3—15. HR-ESIMS spectrum of 148-3.
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Fig. 3—16. 'H NMR spectrum of 148—4 in CD30D.
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Fig. 3—17. *C NMR spectrum of 148—4 in CD;0D.
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Fig. 3—18. gHSQC spectrum of 148—4 in CD30OD.
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Fig. 3—19. gCOSY spectrum of 148—4 in CD30OD.
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Fig. 3—20. gHMBC spectrum of 148—4 in CD30D.



Elemental Composition Report

Single Mass Analysis
Tolerance = 10.0 PPM [
Element prediction: Off
Number of isotope peaks used for i-FIT=3

DBE: min = -1.5, max = 50.0

Monoisotopic Mass, Even Electron lons

31 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)

Elements Used:

C: 1-500 H: 1-1000 Q: 1-100 Na: 1-1
Minimum: -1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf{%) Formula
261.1468 261.14867 0.1 04 3.5 900.0 nia nia C14 H22 O3 Na
131118_KIOST_5_HP
131119_KIOST_5_HP 39 (0.738) AMZ (Ar,30000.0,0.00,0.00}); ABS: Cm (2:51) 1: TOF MS ES+
281.1486 §.26e+005
100- :
o] 2800757
268.0840
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Fig. 3—21. HR—ESIMS spectrum of 148—4.



A 4 A Mycasphaerella sp. 135P1L286 #FZH-E
AGAALEY AEAY £ 2 F2EF

oA QA Ao EFE Feld 135PIL286 ¥+ 1
g 5 }01 Mycospharella sp.2. & A E ). o] #+Fo]= H
< & ww dAst= S FESE 4 A%l i%k‘ﬂﬂook —Zrz%—% Z3 !
° = =
=

NMR ij—i‘E%—% BT A3 e AEe e oy
S

135PIL286 #5= 1L9] BN A A 7} So] Q= 2L AgZgAade] HEF Fof
8 CTolA 120 rpmOo = 73t vl skt ol& 43t Zi*é-ﬂ

ﬁ?‘ﬂf:f_ 100L dj&% war)el HEstol 28 C, 55rpm®] =
: 2wkl 50LE AHAAEYE AP%@M ﬁiﬂﬂr Hﬂ%k%

oMAHOIE FEES AN AZMEIYYE S sl &7
© B9 vgEs £33t 20% Wl AFE Al&Ete] 100% HlE-E71A] A}%
th o] T 80% HWgrE FYES UY sFsto], v 9 AERREIHIE AAEH
3, 70%, 80%, 90%, 100% uﬂLE To 2 ggatgltl. ol Eslo] dojxl 80% wHIE
2 F385 924 HPLC(Column: YMC—ODS—A, 5um, 10 X 250 mm, &9 Z7A: 72%
MeOH, €% £X: 2.0ml/min, #&7]: RDZ gAste] 2719 A4+ 33t 286-13
286—2% oAl stk (Fig. 3—22).

o

135PIL286
Mycosphaerella sp.
- BN broth, 50L

- 28 °C, salinity : 32g/L
- 10 days

135PIL-496 ) ¥
bEA

"If 0DS flash column

80% MeOH
l HPLC (Detector : RI)

Column : semi-prep ODS-A
Solvent : 72% MeOH

o
o OJ\ o OH

OH OH

286-1 286-2
3.9 mg) (1.2 mg)

Fig. 3—22. Fatty acids 286—1 and 286—2 isolated from the culture broth of the
strain 135PIL286.



T SgHE 286—12 M e FHE FYHEeH, UV, IR, MS, [elp 59 &
2 £ L& Table 3—4°] Yedet 'H, ¥C NMR‘” HR-ESIMS dlo]g #4&
ato] A4 CooHpOs 0.2 A E oM, 47198 EXIEsE e As ¢ F AN

t} 13C W HSQC AFEF BEAS =& 2719 7l=2xd &4 (Jc 177.3, 172.9), 4711

o] sp? "WE ¥A(dJc 134.0, 131.6, 130.7, 128.6), 2709 AtAi9l A% o &

(dc 75.0, 67.9), 10709 wE#HA VA2 (Jc 34.8-22.0), 1712 olAEA] %i(d‘c

21.2), 1719 HE &&(dc 14.6)EF Flsglth. COSY AFHEY A& 53

H-11(Jn 2.84, )7F H=-10(Jy 5.41, @) % H-12(Jy 5.32) ¢ AXAAE e =

ZAoR Hol F o]FA Atolef| shute] wddlo] EAES & 4 ATt T g)shA

o] F o F Kol AlAa9l AAEo] 9= H-8(dy 4.41, q, 7.0, 13.75Hz)°] H-7(Jy

1.56, 1.42)3 H-9(Jy 5.34, m)#}2 COSY correlations Koy o]|x4As nvlz o

stolEE5A717F AAES & & Ak 183, HMBC A~ EH ] st d4 4,

H-20(doy 2.04, )3 H-5(Joy 4.92, m)7} C—-19(Jc 21.2)¢} long—range

correlationg KXol o}A|EA7]7F C—5el 91X3ta Uas ¢ F ATk FF=HA7]

(C—1, o¢ 177.3)8 WE7](C—18, Jc 14.6)9 $Xx= COSY ¥ HMBC AIEH X

S B8 AFe 5+ AAdd(Fig. 3-23). C—99 C—10, C—129 C—13 Alo]e] o]=4

ol wde 7|E FdHo Huy 'H 9 13C NMR dHole 99 ®lw 9 coupling

constant (Table 3—5)9] aX& F3atol, Z7 M-S IS & F AMTFMazur, ef al,

1990). ©o]9} o] ArAst 1D %W 2D NMR dHloJE]9 &4 E3le] Ayt 3}eatE

286—194 iﬂu:]:rh @xﬁa 2= o]c})i;].

At 3ehE 286—2+ A edo g FEEHdoew UV, IR, MS, [alp 59
23184 54L& Table 3—4°] Yebfde 'H, C NMR % HR-ESIMS dHo]E
& &oto] EAA S CigHs 04 = é?ﬂ‘ﬂ“ ow, 3M BEXIEE VHHAE RS & F
ATk 3FEE 286—13 BlwERS W, gA= 17] o Ha, AaE 1 o @ol JHA 2
A AE & & QSith PC ¥ HSQC AHER FAS S 1Y 7tERA g (dc
176.0), 4782 sp? W&l €A (Jc 134.2, 131.6, 130.6, 128.6), 2702 Atx9l 49
HE g (dc 72.1, 68.5), 1070 wEdd &4 (Jdc 37.8—-22.5), 1719 WEA] &4
<o°c 52.1), 1719 WE &4 (dc 14.6) 5 &Asqlt}. o]5 F3dho], 33tsE 286-27}

= 286—1% AN 7 2E 7FAAL Qlou, C—5el otAEAI7]7F obd o] =54
717v A gkE]o] glom, C—1eol= WEAZI7F Ao &S & F ATk COSYy ¥

HMBC A~HE" 48 %3l0, C-6%F C-187MA= 286—137 5A3 125 7R 1

NS ot vnk, H-19(dy 3.65, )9 #WEA] 9= C-1(J¢c 176.0) Alo]

o] HMBC correlation®] #=xo], 7}282A 789 do|EE2 A 7|7} wEA7|Z =9

< o F AU (Fig. 3-23). C-9/C—-1037 C—-12/C—139] oA wde 'H

13C NMR tﬂ ]E{ /\}oﬂ/q §]_61-U 286— 11/]_ 5015]_ Q_tﬂ-zq O]E%}'a qu ZHHoioL%

Ao, Ayt 3etE 286—-29 HWTERE AP 4 Ui
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1S ¥& dlo

om, FrHAQl o #u w ohE At SEgEEe Y% doix e skl 100L
WgF BEI|E o g3tol P Wyt ek,



Table 3—4. Physico—chemical properties of fatty acids 286—1 and 286—2

286-1 286—2
Appearance Yellowish oil Yellowish oil
Molecular formula Cs0H3405 C19H3404
Molecular weight 354 326

HR-ESIMS (mn/2)

UV(MGOH) A max 1NIM

353.2329 [M—-H]~
(caled for 353.2328)

325.2384 [M—H]~
(caled for 325.2379)

222 (3.2) 221 (4.2)
(log €)
IR(MeOH) v pax cm™? 2936, 2322, 1720, 1518 3448, 2928, 1728
[a]p?* +106° (¢ 0.1, MeOH) -161° (¢ 0.1, MeOH)
(0]
0) o ° .
HO 1 5 7 .
OH
286-1
Ccosy
HMBC
o OH
19 0 1 5 7
OH
286-2

Fig. 3—23. Key HMBC and COSY correlations of 286—1 and 286—2.



Table 3—5. 'H and C NMR data of 286—1 and 286—2 in CDs;0D

286-1 286-2
No. dc, Type  Ju, Mult.(J in Hz) Jde, Type Ju, Mult.(J in Hz)
1 177.3, C 176.0, C
9 348, CH, 2.33, m 34.9, CH, 2.34, td(1.5, 7.5)
3 22.0, CH, 1.61 22.5, CHy 1.75, m
1.66, m
4 34.7, CH, 1.58 37.8, CHy 1.45, m
5 75.0, CH 492, m 72.1, CH 3.53, m
6 31.1, CH, 158 34.4, CH, 1.46, m
7 34.3, CHy, 1.56 35.0, CHy 1.72, m
1.42
8 67.9, CH 4.41, q(7.0, 13.75) 68.5, CH 4.41, q(8.5, 14.0)
9 134.0, CH 5.34, m 134.2, CH 5.36, m
10 130.7, CH 5.41, q(7.25, 14.5) 130.6, CH 5.41, m
11 27.1, CHy, 2.84, t(7.0) 27.1, CHy 2.85, t(7.25)
12 128.6, CH 5.32, m 128.6, CH 5.33, m
13 131.6, CH 5.39, q(7.5, 15.5) 131.6, CH 5.40, m
14 28.3, CHy, 2.07, q(7.25, 14.25) 28.3, CHy 2.07, t(7.0, 14.0)
15 30.6, CH, 1.38 30.6, CHy 1.38, m
16 32.8, CHy, 1.31 32.8, CHy 1.31, m
17 23.8, CHy, 1.32 23.8, CHy 1.33, m
18 14.6, CH; 0.91 t(6.75) 14.6, CHs 0.91, t(7.0)
19 172.9, C 52.1, CHj 3.65, s

20  21.2, CHz 2.04, s
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Fig. 3—24. 'H NMR spectrum of 286—1 in CDs0D.
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Fig. 3—25. ¥C NMR spectrum of 286—1 in CD;0D.
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Fig. 3—26. gHSQC spectrum of 286—1 in CD30OD.
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Fig. 3—27. gCOSY spectrum of 286—1 in CD30D.
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Fig. 3—28. gHMBC spectrum of 286—1 in CD30D.



Elemental Composition Report

Sngle Mass Analyss
Tolerance = SO0PPM  /
Elemeni predicton: Of
Mumbser of isolope peaks used for i-FIT =3

Monasotopie Mass, Even Electron lons

DBE: min = <1.5, max =500

17 formutale) evaluated with 1 resulis within mits (2l results (up to 1000) for each mass)

Ebements Used:

C:1-30 H1-40 318

Minsmum 15
Mamimum: 50 50 0.0
Mass Caic, Mass mba PPM DBE

win 1IN 0t 03 45

FOR0T_FROST_HI_HPT
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Fig. 3—29. HR—ESIMS spectrum of 286—1.
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135PIL286-1-50L ~BEA-Tf CBOKNEOH-T fCBOKMEON - Fp 12~ p8-COI0D-1H-1. 2mg

Fig. 3—30. 'H NMR spectrum of compound 286—2 in CD30D.
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Fig. 3—31. ¥C NMR spectrum of compound 286—2 in CD;OD.
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Fig. 3—32. gHSQC spectrum of 286—2 in CD30OD.
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Fig. 3—33. gCOSY spectrum of 286—2 in CD30OD.
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Fig. 3—34. gHMBC spectrum of 286—2 in CD30D.



Elemental Compaosition Report

Smgle Mass Analyses

Tolerance = S0PPM  / DBE min=-15 max=500
Element predicton: O

HNumber of Bolope peaks used for -FIT =3

Monaisatepic Mass, Even Election lons
16 formulade) evaluated with 1 results within imits {all results {up to 1000} for each mass)

Elemaents Used:
C:1-30 H120 Oc18
Minismum: -15
Maminum: 50 50 500
Mass Calc. Mass mbDa PPM DBE FIT Norm  Conf{%) Formula
1252084 3252379 s 15 15 ET16 nfa nfa C19HII 04
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e mue i
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Fig. 3—35. HR—ESIMS spectrum of 286—2.
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A5 A AT HFTFo] 1210CH42 #+F25HH
w3 22 2y 9 £Z2ZEA

1. A5 | FF3o] 1210CH-42 52 &8 4 T4

2012d 10€ wlolAzulAlof F5o AT e ed FATAE A mpskvlelA A
AH &4 WES paper filterdtth(Fig. 3—36). Paper filterE 3538l Hs=2
3|A st BN sHuiA (tryptone 2 g, yeast extract 1 g, beef extract lg,
D—glucose 10 g, glycerol 5 g, sea salt 32 g, agar 17 g / distilled water 1 L) ¢l
Tasled 28°C, 79ZF vieFEH single colonyE ¥&#3ith 1210CH-42 #5+= 34
o] z+& colony7} HiQFAIZbe] A s AL AAow wety Mz Ao xaE 3§

A8lal, BN agar WiXE WMoz AMAATH(Fig. 3—-37).

Fig. 3—36. Photo of the seashore near the Korea South Pacific Ocean Research
Center (KSORC) in Chuuk, Micronesia.

Fig. 3—37. Photos of the novel marine fungus 1210CH—-42.
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1210CH-42 +#3%°] #F 45 93] 18s rRNA 9 ITS+26s rRNA(D1/D2
region) @71 LGS B4 tE 18S rRNA 97144 42 18 rRNA proimer, ITS1
5 (TCC GTA GGT GAA CCT GCG (3" ¢ ITS4 5 (TCC TCC GCT TAT
TGA TAT GC)3" & AFE3eo] PCRel 9l&l genomic DNAZYFE F%3ch &34
DNAZFE 673 bp%l 1216 bpe A7I4E= ¥ ABI prism 3730XL DNA
analyzer (Applied Biosystems, Foster City, CA)E o]&3lo] #4350t} SnE sk
HAE=2 971449 2> NCBIo| 5% #55% Blast search® -&3}%] homology
S ittt AASE A3 Bacidiomycota sp.2F Meira sp., Exobasidium sp.
of thst 18s rRNA % ITS+26s rRNA(D1/D2 region) A71M<E Asidol 94%,
87~96%, 92%= e} Basidiomycota phylumel| 3= 72 <133 21, novel
class 3| w3o] Q1 Aox FAHUT. Aw7bA Bag o] U™ o] s +dol+=
colony FH, 322k g4 9 wjersts So]d A4S %

KX
= ’
S0 2e Fal A A TRz FHe FAL AW Fol v,

2. & FE2=9 FAtst &4
1210CH—42 colonyE BN broth7} 7} 100 mL flaskel F3sle] 28 ColA 120
rpm O E 7Y MAiYGE st A FEES AT v CEolAHOIE F
=59 a3 g4 S =437 98] DPPH radical 27 methodE AH&3F3A T
gatst G 54 A¥ 1210CH-42 #79 vk 2FFES 1 mg/mL FEoA]
DPPH radical £:715°] 77%°1°d9 %53 @4& 7Hx= Zoz IRlHY. d &
Lo positive control@ AFE-3F kojic acid Xt} ol FAHS HAoH, dw3 &

: o 215k B sl 3 o [SIR) :
A2 AR TRl arbutind= FARE FAbst @GS ML ee & AU (Fig.
3—38).
90.0
80.0 Arbutine
210CH-42
H?D.O
%
B‘S\D.O
2
T 500
L
2
G 400 Kejic acid
&
aSD.O
@

: T 100 1000
Concentraion (ug/ml)

Fig. 3—38. Antioxidant activity of the crude extract of the strain 1210CH—42.
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°l o
oloith, wdk 1210CH—42 wjjokon &%—%%—% 'H-NMR data®

A= EAE0] ofF Bolst FRE JHAA S FoR gAHorE EA
EIEss <

TE

o
AR & dFE s A =0 25 9 iR
2

2o 2

3. ¥ Ha 24 Y
1210CH-42 #F25H @4=4S 47 As H4 g =1 28

)
o
ol
Lo
38
i)

o] #7} #2l¥l BN broth HIA|E 7]¥ 0% 3} Table 3—63 o] tiekst A9}
pH 2702 A 242 whro] weketole, wlaole oldobalelol =2 FEat0l x5
22S A3 'H-NMR #4& E3to] tokst 84 Zdo] AAH= ok A 24S
18k

Sich. Wy 7

200 mL<2 BN broth HjA] o] sea saltE 0~30 g/LZ FH7}3to] njoksle
pHE 7.001%0m, 74 ¥ik % 0, 10, 207 30 g/Le =74 pHE
6.0¢} 6.52 SAHEAT T3 pH WSt & S248AAES g<lstr] 2@ 200
mL2] BN broth ##]o] 1M2] NaOHS} HCIS AFg3te] pH 4, 5, 6, 73 8% XA sl
HjFatgleh. mieF A pH 4~8= i@iﬁg v A= Wik % pH 4.2~5.60% FH74 =3l
2y 7F o] wjeFd S EolMH O ER FE31 H4Y wEF 2FEES At ol =
FZ2e dig 'H-NMR + 4% CDsOD &m& AR&3sto] SAskqlrh. 1 A3 10 g/L
9] sea salt® AHEeFle Wl tgFd =4 =] WA HN M (Fig. 3—-39), pH 7.0 =4
sloll Al wieFstals W 4 AEdo]l BAE A g1 & St (Fig. 3—40).

N
—1?3
o
o
o
(&)

Table 3—6. Optimal medium conditions of the strain 1210CH—42

Components Salinity test pH test
g/L

D—glucose 10 10
Tryptone 2 2
Yeast extract
Beef extract 1
Glucose 5 5
Temperature (C) 28 28
Shaking speed (rpm) 140 140
Sea salt 0, 10, 20, 30 10
pH 7.0 4,5, 6,7, 8
Culture duration(days) 7 7
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Fig. 3—39. 'H-NMR data of the culture extracts by salinity change.
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4. F W, AEFD £ 2 724874

—-70C, 40% glycerol & 9 1210CH—-42 #FZ BN 3sHdujA| oA wjokst &
o, single colony® BN broth7} #7}¥ 500 mL flaskel] &3] 28Tel|A 120
rpm O %2 7 Sk Skl o] Ft vl At wlkS $138l sea salt 10 g/L,
pH 7.0¢] 50 L BN broth #*XZ A ¥ &% Tazxe] JFste] 28C=E 847t #l
AT oldA Aozl wjkd 50 L & AFAHEEIE AFEEte] TAFASL Hl ko
Ao FHFUTE wF] N LT o] odopMElo|ER A= HvbER ZH7t
234 g FEeR o, At 5715 F sF5slto]l dold 2FEES —207T
Haste FHE st Al5E AFESHSIT

HjeFoi o] odotMElo]E 2FEES JA ARvEIHIRE ARt &It
S8 B vee EFste] 20%v sl AlAste] 100%H & HE714] 5

5

2 &g st 44 EEE=S Ay otell sF5 8 w5 ddvh 4 8 5
&2 C18 9% HPLC(C18 reversed—phase HPLC, Column: YMC—-ODS-A, 5
mm, 10xX250 mm, €% 4%: 1.5 mL/min, RI detector) & AME3sto] H4 22 2745

Zrol @d =d 2 AASA (Fig. 3-41).
ol =4d& 1D, 2D NMR 2 MS 9 AAARD L34 #45 Tt #3225 f
L wjfol =258 5714

[e]
gkt 1 Ay a9t dleF 3ol 1210CH-42°] 50
typel® 13389 A4y dAEZANM= Aoz 289 gikst o] 3 4=

= X5t 3879 =dEE de AN (Fig. 3-41).

1210CH-42
v
Mass culture, S0L

I centrifuge

v v
Mycelium Broth
¢ EtOAc extraction
bEA
| ops oFc. chrom.
v v v v v
20%MeOH 40%MeOH 60%MeOH 80%MeOH 100%MeCOH
ODS-HPLC
15%, 1.5 mL/min
RI detector ODS-HPLC
50%, 1.5 mL/min
\l’ * 4’ 4’ RI detector
Al A2 Bl B2
ODS-HPLC
a 67%, 1.5 mL/min
RI detector
v v v v v v v v

D1 D2 D3 El c2 E2 D4 D5

Fig. 3—41. Isolation scheme of the new compounds from the mass culture broth
of the strain 1210CH—42.
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A typed AEAL AEAELS 1.7 g9 20% MeOH o zN¥E =3t C18
924 HPLC(C18 reversed—phase HPLC, Column: YMC—-ODS—A, 5 mm, 10xX250
mm, &% £9: 15%MeOH, €% <%%: 1.5 mL/min, RI detector)ZFE rp2
fractions &¥stal, C18 94 HPLC(C18 reversed—phase HPLC, Column:
YMC-ODS—-A, 5 mm, 10X250 mm, €% &": 5%MeOH, &% %% 1.5 mL/min,
RI detector) 2 A Alste] A1(0.4 mg) ¥} A2(0.6 mg)Ss Atk (Fig. 3-41).

A19 'H NMR(Fig. 3—43)°lA g<el¥ & 1.36(d, /=5.0, CH3) 2 H—3 methyl”]
= H-2(6 4.10, @)% COSY (Fig. 3—-45)d4dS 7xa, C-2(8 55.7)¥ amide
carbon C-1(6 179.1)¥ HMBC(Fig. 3—-47)d4o] uelstth. LRAPCI-MS (Fig.
3-48)2M S B8l m/4 113.04 [M-H]™ peakE 18t #4424 CHN.0,% 274
=9tk A2 §2.91(s, CH3)©l methyl”] peak7} COSY (Fig. 3—45)14¢] &<l
A eFSkAIWE, o] proton C—2(8 54.1)¢] methylene carbon @ C—4(8 159.5) 9},
83 H-2+ 6 174.09] amide carbon3}¢ HMBC(Fig. 3—47) correlations ®.$)
th. LR-APCIMS (Fig. 3—-49) %A% &3l m/z 113.08 [M—HI]", 114.91 [M+H]"e]
A e peakE 8T B CHeN0.2 ZAAEQTH(Fig. 3-42). Ex}go]
1142 sdsty 22 7325 7HA &= o] AsdeE2 ¥9o] 7Fsst %9 —OHY|E 7F
AL Qo] Fwest 9l Y FAol A= A o® Ve

Al: 'H NMR(CD3;OD, 500 MHz) 1.36(d, J/=5.0, CHj3), 4.10(q, CH), '°C
NMR(CDs;OD, 125 MHz) 17.7, 55.7, 159.5, 179.1, LRAPCIMS m/z 113.04
[M—H] ™, C4HgN20:s.

A2: 'H NMR(CD3OD, 500 MHz) 2.91(s, CHj), 3.96(s, CHy), '"C NMR (CDs0D,
125 MHz) 29.4, 54.1, 159.5, 174.0, LRAPCIMS m/z 113.08 [M—-H]", 114.91
[M+H] ", C4HgN2O..
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Fig. 3—42. The new compounds Al and A2 from the strain 1210CH—42.

Table 3—7. NMR data for the new compounds Al and A2 in CDs;0OD

Al A2
No.
Sc 8y, mult.(/ in Hz) HMBC 0c 8y, mult.(/ in Hz) HMBC
1 179.1 174.0
2 17.7 4.10, g C1,C3,C4 54.1 3.96, s C1,C4
3 55.7 1.36, d(J=5.0) C1,C2 29.4 291, s C2,C4
4 159.5 159.5
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Fig. 3—43. 'H NMR and '*C NMR spectrum of Al in CD30D.
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Fig. 3—44. 'H NMR and *C NMR spectra of A2 in CD30D.
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Fig. 3—45. COSY spectrum of AZ2.
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Fig. 3—46. HSQC spectrum of AZ2.
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Fig. 3—47. HMBC spectrum of A2.
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Fig. 3—48. LR—APCI mass spectrum of Al.

1210CH-42-50L-bEA-rfc20%M-rp2-rp6 #43 RT: 0.56 AV: 1 NL: 1.44E6
F: {0,3} - c APClcorona sid=50.00 det=1600.00 Full ms

100 22.11
95
90
85
80
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70
65:
60
55
50
45
40
35
30
25

1210CH-42-50L-bEA-rfc20%M-rp2-rp6 #45-55 RT: 0.60-0.68 AV: 2 NL: 3.63E7
F: {0,0} +c APClcorona sid=30.00 det=1600.00 Full ms
0

100

359.09

114.91

60 250.85

50 331.17

134.93
25 65.56
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4335
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e
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Fig. 3—49. LR—APCI mass spectrum of A2.
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B type? diketopiperazineZ] A&A-E 1.7 g9 20%MeOH E3ozHE EH
t}. C18 94+ HPLC(C18 reversed—phase HPLC, Column: YMC—ODS—A, 5 um,
10x250 mm, €% &v: 15%MeOH, €% &%: 1.5 mL/min, RI detector) Z5F
rp3¥ rp6 fractione +glstal, C18 <4 HPLC(C18 reversed—phase HPLC,
Column: YMC—ODS—-A, 5 i, 10X250 mm, €% €w: 5%MeOH, €% £%: 1.5
mL/min, RI detector)® AgA5te] Bl(4.2 mg) ¥ B2(20.5 mg)S LAt (Fig.
3—41).

B1& 'H NMR spectrum (Fig. 3—51)2 Ea 2702 @ —proton(é 3.98, & 4.32)
¥ 570¢] methyl proton(§ 1.94 — & 3.60) A3k, COSY (Fig. 3—-52) A4
T ¥ AbE FERE stk ¢ 2.67(s, CHy) S methyl® HMBC
spectrum(Fig. 3-54)& &d C-2¢¢ d4d& < & 4 gtk C NMR
spectrum (Fig. 3—51) oA Yeld 6 167.49F 6 171.32 2709 amide carbonyle
el H—49F H-99 HMBC 994< %3 cyclic diketopiperazined® +%% &<l
3tttk LRAPCI-MS(Fig. 3-55)%4& &3l m/Zz 24294 [M-H]", 487.18
[2M—-H]", 244.81 [M+H]", 489.13 [2M+H]" peakE &3 FA2]
CioH16N203SZ A4 =tk (Fig. 3—50). B2& 'H NMR spectrum (Fig. 56)& &3l 2
/Nl @ —proton(s 4.36, & 4.27)5% 57019 methyl proton(é 1.94 ~ & 3.53)%
stel &9l o™, @ —proton? 'H NMR spectrum® A o]AdAAAdS el skt
LRAPCI-MS (Fig. 3-60)4<S $3l m/Zz 242.89 [M-H]", 487.17 [2M-H]",
244.84 [M+H]", 489.24 [2M+H]" peakE &l #2241 CioHsN:038% 27
v} (Fig. 3—50).

A3 Ex23 BEAgS 77 Bl¥ B2% o —proton?] 'H NMR data®l +42.0(c
0.1, MeOH), -30.0(c 0.1, MeOH)Co= ZH4 ¥ [alp = =X (Ding,
Zhong—Tao et al, NPR 2013)E #Hlu3to=2X cyclo— (L—-Pro—D—-0OMet) 2}
cyvclo— (L—Pro—L—0OMet) 8] T+x4 =}o]l& 71zl Ao 7 FE 3t}

Bl: [alp +42.0(c 0.1, MeOH), 'H NMR(CD3;0D, 500 MHz) 1.94—2.35(m,
CHz), 1.95-2.04(m, CHy), 2.22(m, CH2), 2.67(s, CHs), 2.87—2.98(m, CHby),
3.52-3.60(m, CHy), 3.98(q, CH), 4.32(t, CH), C NMR(CDs;OD, 125 MHz)
23.1, 28.2, 30.1, 38.3, 46.9, 50.7, 57.8, 59.5, 167.4, 171.3, LRAPCIMS m/z
242.94 [M—-H]", 487.18 [2M-H]", 24481 [M+H]", 489.13 [2M+H]",
C10H16N203S.

B2: [alp —30.0(c 0.1, MeOH), 'H NMR(CDsOD, 500 MHz) 1.94(m, CH,),
1.99-2.32(m, CHy), 2.28(m, CHy), 2.68(s, CH3), 2.94(m, CH,), 3.53(m, CH,),
4.27(, CH), 4.36(q, CH), 'C NMR(CD;OD, 125 MHz) 23.7, 23.9, 29.4, 38.1,
46.6, 49.9, 55.3, 60.5, 167.3, 172.8, LRAPCIMS m/z 242.89 [M—-H]", 487.17
[2M—H] ", 244.84 [M+H]", 489.24 [2M+H]", C1oH1sN205S.
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Fig. 3—-50. Key 'H-'H COSY and HMBC data for compounds Bl and B2
from the strain 1210CH—42.

Table 3—8. NMR data for the new compounds Bl and B2 in CDs;0D

B1 B2

No.

dc & n, mult. (J in Hz) HMBC dc & n, mult.(J in Hz) HMBC
1 38.3 2.67, s C2 38.1 2.68, s C2
2 50.7 2.87, 298, m C1,C3,C4 49.9 2.94, m C3,C4
3 28.2 2.22, m C2,C4,C5 239 2.28, m C2,C4,CH
4 57.8 3.98, q C3,Ch, 55.3 4.36, q Cc2,C3,Ch

C10

5 167.4 167.3
6 46.9 3.52, 3.60, m C7 46.6 3.53, m C7

7 23.1 1.95, 2.04, m C8,C9 23.7 194, m

8 30.1 1.94, 235 m C6,C7, 29.4 199, 2.32, m C6,C7
C9,C10

9 59.5 432, ¢ C5,C8, 60.5 4.27, t C8,C10
C10

10 171.3 172.8
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Fig. 3—51. 'H NMR and '*C NMR spectra of Bl in CDs;OD.
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Fig. 3—52. COSY spectrum of Bl.

118



[wdd ) 14

ot

ng

ac

57

Le

e

L

Pl

1= an e i
W f

=] e - o

D ——
e
fu =]
2 =
= 3
A S ., T |

b

Fig. 3—53. HSQC spectrum of BI.
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Fig. 3—54. HMBC spectrum of Bl.
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Fig. 3—55. LR—APCI mass spectrum of Bl.
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Fig. 3—57. COSY spectrum of B2.
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Fig. 3—58. HSQC spectrum of B2.
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C type? phenolicAdl AEAEL 200 mg?e 60%MeOH 3o ZHE Hzxt}.
C18 <4 HPLC(C18 reversed—phase HPLC, Column: YMC—-ODS—-A, 5 /m,
10x250 mm, €% &v: 50%MeOH, €% &%: 1.5 mL/min, RI detector) Z5H
C1(2.8 mg)< wlstslal, 40 mge 80%MeOH w3 =H¥H C18 94 HPLC(C18
reversed—phase HPLC, Column: YMC—-ODS—-A, 5 mm, 10xX250 mm, &% &n:
67%MeOH, €% %% 1.5 mL/min, RI detector)® AA3to] C2(0.9 mg) & F7| 3t
At (Fig. 3—41).

C1< 'H NMR spectrum (Fig. 3-62)& %3l 171¢] methyl”] (6 1.19, d, /=10.0)
9} 1709 methoxy(d 3.84, s), 2709 methylene”] (& 1.70—2.65), 371¢] doble
bonded methine(§ 6.79-7.76) protons 7k Ao  YyEruth.  COSY
spectrum (Fig.3—63) 5 %3 H-9914 H-137F419] correlations &<13s}3] o,
HMBC spectrum(Fig. 3—65)2 %3] H-3°]4 H-87}4 ring 7% o]Ft}. 13C
NMR spectrum (Fig. 3—62)& £3l] ester carbonyl(d 169.1)3} carboxyl carbon
(6 181.2) At o]EL> HMBC spectrum® E3 C-2/C-1, C-8%
C-12/C10, Cl13e] <Ado] yeht Tz wddel] Zzb A &8Itk 3709
quaternary carbon< 6122.2, 6 129.8¥ —OH= A|&% ¢ 161.6914 &l a1,
HRESIMS (Fig. 3-66)°14 m/z 275.0898 [M+Na] peak7} Z<l¥o] HEx}4o]
CisHi10s1 ZoZ ARt (Fig. 3-61). C2& Cl¥ 4% #de] 7x+ Y ¢
Ao Z 3ol oy, AL S99 isoprenoid unit®] XEgrE o] FFxZA Zpo]lE TER T
'"H NMR spectrum (Fig. 3-67)% %3l 2712 methyl”](§ 1.12, d, J=10.0, ¢
1.70, s)7} YebD, 6 5.349 H-10% H—-179 A4S %3 isoprenoid units &
913t th. COSY spectrum (Fig. 3—68)5 & H—-1204 H-14% d4dsa, 1°C
NMR spectrum (Fig. 3-67)E& %3] 6 16.12 methyl7]|Z2%¥ E-forms 7} AC
2 ZAAsATH(A. S, Shashkov. et al, 1979). HRESIMS(Fig. 3-71) X m/z
343.1521 [M+Nal*peak7} ZQlEjo] #AF2o] CigHu0591 Zo® At (Fig.
3—61)

jus

T2l ¥ phenolicAdl A&4 Cl1¥ C2& 729 &% dobo] 77t =443} S i
7EA 3 glo] thekst &l HsAdo] glow, AxF Fro] 7Hs 3k phenolic 73
S 7R AL Hol thekst @Ao] s Ao oSHo] dn3t B34S HE Fo Utk

Cl: [alp +13.7(c 0.5, MeOH), 'H NMR(CDsOD, 500 MHz) 1.19(d, /=10.0,
CHz), 1.70-1.92(m, CHy), 2.65(t, CHy), 3.84(s, CHy), 6.79(d, /=10.0, CH),
7.71(d, J=10.0, CH), 7.76(s, CH), *C NMR(CDsOD, 125 MHz) 17.9, 29.0, 35.0,
40.8, 52.4, 115.8, 122.2, 129.8, 130.6, 133.0, 161.6, 169.1, 181.2, HRESIMS
m/z 275.0898 [M+Na] *(calcd for Ci3H1503Na, 275.0895).

C2: [alp +10.0(c 0.5, MeOH), 'H NMR(CDs0D, 500 MHz) 1.12(d, J=10.0,
CH3), 1.47(m, CHy), 1.62(d, J/=15.0, CHy), 1.70(s, CH3), 2.07(t, CHy), 2.40(m,
CH), 3.31(t, CHy), 3.84(s, CHs), 5.34(t, CH), 6.78(d, J=10.0, CH), 7.70(d,

J=10.0, CH), 7.74(s, CH), C NMR(CD3OD, 125 MHz) 16.1, 17.9, 26.8, 29.0,

_

o N

152

M-z

_I}lu oL
ox, o

#o]

_l

i
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34.7, 40.8, 41.0, 52.4, 115.5, 122.2, 123.6, 129.5, 130.3, 132.4, 137.5, 161.4,
169.2, 181.2, HRESIMS m/z 343.1521 [M+Na] (caled for C;sH2405Na,
343.1521).

0O 0]
T,
~0 OH \OW(OH
on © oH ©

H=—H, COSY
€1 H<™*C, HMBC

© Nt

o) 0
~ = OH ~ j OH
OH OH ©

c2

Fig. 3—61. Key 'H-'H COSY and HMBC -correlations for compounds C1
and C2 from the strain 1210CH—42.

— 128 —



Table 3—9. NMR data for the new compounds C1l and C2 in CD3;0OD

C1l C2
No.
¢ &n mult.(/in Hz) HMBC Sc  Ou mult.(/in Hz) HMBC
1 52.4 3.84, s C2 52.4 3.84, s C2
2 169.1 169.2
3 122.2 122.2
4 130.6 7.71, C6,C8 130.3 7.70, C6,C8
d(/=10.0) d(/=10.0)
5 115.8 6.79, C3,C6,C7 115.5 6.78, C3,C7
d(/=10.0) d(/=10.0)
6 161.6 161.4
7 129.8 129.5
8 133.0 7.76, s C2,C4,C6 1324 7.74, s Cc2,C4,C
6,C9
9 29.0 2.65,t C6,C7,C8 29.0 3.31,t C6,C7,C8,
,C10,C11 C10,C11
10 35.0 1.70, 1.92, m C7,C9,C1 123.6 5.34,t C9,C12,
1,C12,C13 C17
11 40.8 241, m C10,C12, 137.5
C13
12 181.2 40.8 2.07, t C10,C11,
C13,C17
13 179 1.19, Cl1 26.8 1.47, m C12
d(/=10.0)
14 34.7 1.62, C13
d(/=15.0)
15 41.0 2.40, m C16
16 181.2
17 16.1 1.70, s C10,C11,
C12
18 179 1.12, C14,C15,
d(/=10.0) C16
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Fig. 3—62. 'H NMR and '*C NMR spectrum of Cl in CDsOD.
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Elemental Composition Report

Single Mass Analysis

Tolerance=10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT=3
Monocisotopic Mass, Even Electron lons

Mass Calc.Mass mDa PPM DBE i-FIT Norm Conf(%) Formula
275.0898 275.0895 0.3 1.1 5.5 §24.8 nia 100% C13H16 O5Na
131015_KIOST WA.3_HP
131015_KI0ST WAL3_HP 4 (0 756) A (30000000 000) 2B5: Om (1775) 1-TOFNE E5+
3 Heellp
i 2451370
L 9016
6147 5 B 13440
260932 | 2970718 S JO6I803 4132686
N 1T L A WL g B 3 |/ | MEIRHRLE gy AORE
T A A L Rt e : M i L i i ___ T (1l

am a0 2 E | 1 1 | 111 O 1 e I R 1 11 ﬁ: 20 40 M0 40 &0 &0 0 40 E00

Fig. 3—66. HR—ESI mass spectrum of CI1.
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Fig. 3—67. 'H NMR and *C NMR spectrum of C2 in CDsOD.
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Elemental Composition Report
Single Mass Analysis

Tolerance=10.0 PPM / DBE: min = -1.5, max = 50.0

Element prediction: Off

Number of isotope peaks used for i-FIT=3

Meonecisotepic Mass, Even Electron lons

Mass Cale. Mass mDa PPM DEBE i-FIT Norm Conf(%) Formula

275.0898 275.0895 0.3 1.1 5.5 824.8 nia 100% C13H16 O5 Na
131015 KST A 4 HP
131015 KIST A8, ¢ HI 4075y 0,000 00) % o5 1 TOFDGESH

%1 1M
1,
01
g L]
m.: L1 w:ﬁ i i i3 W3
A1 im0 it A8
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Fig. 3—71. HR—ESI mass spectrum of C2.
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D type?d terpenoidd AEZAEL 40 mgo 80%MeOH FFo=zwRE (Cl18 94+
HPLC(C18 reversed—phase HPLC, Column: YMC—-ODS—A, 5 mm, 10xX250 mm,
£F &1 67%MeOH, €% 45! 1.5 mL/min, RI detector) 2 Z#l3tod D1(1.8
mg), D2(1.5 mg), D3(1.7 mg), D4(0.4 mg)9 D5(0.3 mg)E W3ttt (Fig.
3—41).

D1& 'H NMR spectrum (Fig. 3—73) 2 Z3 1709 methyl, 9702 methylene, 27}
9] oxymethylene®} 3709 oxymethines &<ls}ith o]&52 COSY spectrum (Fig.
3-7THE T FETxe A4S syt C NMR(Fig. 3-73)& &3l 1719
ester carbonyl carbon(d 175.9)¢] &<R1%¢la, HMBC spectrum(Fig. 3—76) ol A]
C—5& C—4(8 67.3), C—6(6 35.1)3 C-7(5 26.1)ZHH fatty acid FET+Z2=
7 AZdEoiglgo] Yebstth. HRESIMS (Fig. 3=77) m/z 343.2103 [M+Na] ‘peak®
HE o] EAY BAAL (CgHypOsZE AAEATH(Fig. 3—-72). D2 'H NMR
spectrum (Fig. 3-78)% %3] 3709 methyl, 470 methylene, 3719
oxymethylene, 2702 oxymethine®} 5702] olefinic proton= <138ttt D2= 371
9] isoprenoid unitE 7FAWA D19 fatty acidF23 F%7F xo]E stk 13C
NMR (Fig. 3-78)& &3l 371 methyl7](¢ 13.9, ¢ 16.33% & 17.5)7} &Qlelc]
E—form?] isoprenoid #HE|E 7}AH, C-6/C—72 doble bond+ proton coupling
constant’} 15.02.% E—-form¢l Zoz &el¥qit}y, zZhzbe] REIZXE= COSY (Fig.
3-79 9 'H-'"HAZA Y, HMBC(Fig. 3—-81)2 'H-"C& %l AZAHU}t o] 529
212 HRESIMS (Fig. 3—82) m/z 405.2252 [M+Nal*® C,H3,06 €1 Zo2 4
¥tk (Fig. 3-72). D32 'H NMR (Fig. 3.83)% '"C NMR (Fig. 3-83)+4] Az
D2%} L3t FxE 7Hx AoxE FRIFHJOY, Tde] ester carbonyl carbont
alcohol”] 2] A zto]= Wl HMBC spectrum (Fig. 3—86)& %3] D29 4%
C—5% C—-30] ddH o}, D3 AF C-59 C—47F 9d4d AES & & 4 Q%
t}. HRESIMS (Fig. 3—87)m/z 405.2253 [M+Nal "9 peaks %3] CoH3406% TR
A A48 v(Fig. 3-72). D4= D28 TLdd +x& 7L g9loy wd
oxymethylene©] ester carbonyl® T%2% =}o]lZ ® Yt 'H NMR spectrum (Fig.
3-88)% T3l & 2.04(s) methylZ]& Rl eow C-19¢ 6 1729 carbonyl
carbon< HMBC spectrum (Fig. 3—91)°ll4 C—18(8 71.4), C—20(¢8 21.0)3} 4
¥ Zlo] Yelytth. o] E22 HRESIMS (Fig. 3-92)m/z 447.2359 [M+Nal*ollA =
& peak7} FIE ] CosHyOr A2 02 AA 5 Atk (Fig. 3-72). D5+ D37 59
TEE 7 oY 'H NMR(Fig. 3-93)¢ '"C NMR(Fig. 3-93)%4] 2% D4s}
Beto]  ester  carbonylZ]E 7FR Aoz QY o] EAHO Bz
HRESIMS (Fig. 3—97)m/z 447.2362 [M+Nal* S22 Cy3H3s0,Nael Zoz AAEA
tH(Fig. 3—-72). HFA o2 g9 A4 582 A& &% ddo] 247 =43 vj=
A s 7HA AL Qlo] ohekst & IS Y 283 (E) —forme] isoprenoid
units Al 70 7R AL glem,) wEgAdo]l 2 OHZI9F A4 A} 9ol 7hest 7324
SoldS 7H Aew g E Itk (Fig. 3-72).

2o one
o (ol
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Isoprenoid unit®] ¢ @ I T G4 EASAANE FFR 5ol oRE et
oh gaksty, ¢ 9, WM Ee® @45 7RIt ¢#Xl Coenzyme Q10, #A|&4
e A9l AFAE AxEe A 9 AExRs, S #olste B —carotin,
triterpenoiddl 22 dArsE 3 Ze|AHE A5t &34 <2 squalene¥} carotinoid
Aol dAkst, w3hibA] 8452 lycopene 52 B2 thix ARl isoprenoid unit= 7+
A 4 48 g8 ARE .

web 1210CH—42¢FolA 221¥ D type? terpenociddl A EAES] &3 &4
Tk 7oA gekst AAe T 2de HF ol A

D1: [alp +0.0(c 0.5, MeOH), 'H NMR(CDs;OD, 500 MHz) 0.92(t, CHs),
1.32—1.45(m, CHyy), 1.63(m, CHy), 2.37(t, CHy), 3.50(m, CH), 3.57(m, CH),
3.61-3.75(dd, J/=6.0, 10.0, CH.), 3.74(m, CH), 4.13—-4.30(dd, J/=7.0, 10.0,
CHy), 'C NMR(CDsOD, 125 MHz) 14.6, 24.0, 26.1, 26.8, 29.2, 30.4, 30.6,
35.1, 38.3, 38.5, 64.7, 67.3, 71.4, 72.5, 73.6, 175.9, HRESIMS m/~z 343.2103
[M+Na] " (caled for Ci1gH3206Na, 343.2097).

D2: [alp +6.7(¢c 0.5, MeOH), 'H NMR(CDs;0OD, 500 MHz) 1.63(s, CHs),
1.64 (s, CHs), 1.92(s, CHy), 2.02(t, CHy), 2.13(t, CHy), 2.20(bs, CHy), 2.21(bs,
CH,), 3.51-3.53(dd, /=5.0, 10.0, CH.), 3.77-3.80(dd, J=5.0, 10.0, CHoj),
3.84(m, CH), 3.90(s, CHy), 4.95(q, CH), 5.13(bt, CH), 5.37(t, CH), 5.85(d,
J=15.0, CH), 6.06(d, J=10.0, CH), 7.65-7.67(dd, J/=10.0, 15.0, CH), 'C
NMR (CD3OD, 125 MHz) 13.9, 16.3, 17.5, 27.3, 27.5, 40.6, 41.4, 61.8, 64.3,
69.1, 72.3, 76.2, 119.8, 124.8, 125.0, 126.6, 136.1, 136.8, 143.0, 143.0, 151.8,
169.0, HRESIMS m/z 405.2252 [M+Nal " (caled for CsH3406Na, 405.2253).

D3: [elp +0.0(c 0.5, MeOH), 'H NMR(CD3;OD, 500 MHz) 1.63(s, CHy),
1.64 (s, CHs), 1.92(s, CHy), 2.02(t, CHy), 2.12(t, CHy), 2.21(bs, CHy), 2.21(bs,
CH.), 3.61(m, CH), 3.62-3.77(dd, J/=5.0, 15.0, CHy), 3.77(m, CH), 3.90(s,
CHy), 5.13(t, CH), 5.37(t, CH), 5.85(d, /=15.0, CH), 6.06(d, /=10.0, CH),
7.66(dd, J/=10.0, 15.0, CH), *C NMR(CDs;0OD, 125 MHz) 13.9, 16.3, 17.5, 27.3,
27.5, 40.6, 41.4, 64.7, 67.3, 69.1, 71.5, 73.6, 119.7, 124.8, 125.0, 126.6,
136.1, 136.8, 142.9, 151.8, 169.7, HRESIMS m/z 405.2253 [M+Na]* (calcd for
C21H3406Na, 405.2253).

D4: [alp +6.8(¢c 0.5, MeOH), 'H NMR(CDs;OD, 500 MHz) 1.63(s, CHs),
1.64 (s, CHs), 1.92(s, CH3), 2.03(t, CHy), 2.04(s, CH3), 2.14(bt, CHy), 2.20(bs,
CHy), 2.21(bs, CHy), 3.52-3.68(dd, J/=5.0, 10.0, CH,), 3.79-3.83(dd, J/=5.0,
15.0, CHy), 3.85(m, CH), 4.43(s, CHy), 4.95(m, CH), 5.13(bt, CH), 5.43(t, CH),
5.86(d, J=15.0, CH), 6.06(d, J=10.0, CH), 7.66(dd, J/=10.0, 15.0, CH), '3C
NMR(CD3;OD, 125 MHz) 14.2, 16.2, 17.5, 21.0, 27.3, 27.4, 40.3, 41.4, 61.8,
64.3, 71.4, 72.3, 76.2, 119.9, 124.8, 125.2, 130.4, 131.6, 136.5, 143.0, 151.8,
169.0, 172.9, HRESIMS m/z 447.2359 [M+Na]"(caled for Cg3H3507Na,
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447.2359).

D5: [elp +6.3(c 0.5, MeOH), 'H NMR(CDs;OD, 500 MHz) 1.63(s, CHj),
1.64 (s, CHjz), 1.92(s, CH3), 2.03(t, CHy), 2.04(s, CH3z), 2.15(q, CHy), 2.20(bs,
CHy), 2.21(bs, CHy), 3.61(m, CH), 3.62-3.76(dd, J=5.0, 15.0, CHy), 3.79(m,
CH), 4.20—4.38(dd, J=5.0, 10.0, CH.), 4.43(s, CHy), 5.13(bt, CH), 5.44(t, CH),
5.85(d, J=15.0, CH), 6.06(d, J=10.0, CH), 7.66(dd, /=10.0, 15.0, CH), C
NMR (CD3OD, 125 MHz) 14.2, 16.2, 17.5, 21.0, 27.3, 27.4, 40.3, 41.4, 64.7,
67.3, 71.4, 71.5, 73.6, 119.7, 124.7, 125.2, 130.4, 131.6, 136.5, 142.9, 151.7,
169.7, 172.9, HRESIMS m/z 447.2362 [M+Nal*(caled for Ca3H3507Na,
447.2359).

R e *W@
’\r\/\rvww\rr\*r\ “@%\g@@%ﬁ@

H=—=H COSY
H*C HMBC

Fig. 3—-72. Key 'H-'H COSY and HMBC correlations for compounds DI,
D2, D3, D4 and D5 from the strain 1210CH—42.
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Table 3—10. NMR data for the new compound D1 in CD30D

D1
No.
Sc S8 u, mult.(J in Hz) HMBC COSY
1 64.7 3.61, 3.75, C2,C3
dd(/=6.0, 10.0)
2 73.6 3.57, m H3
3 71.4 3.74, m C2 H2,H4
4 67.3 4.13, 4.30, C2,C3,Ch H3
dd(/=7.0, 10.0)
5 175.9
6 35.1 2.37, t Ch5,C8 H7
7 26.1 1.63, m C6,C8 H6,HS
8 30.4 1.35, m C9 H7,H9
9 30.6 1.35, m C8 H8,H10
10 385 1.38, m Cl1 H9,H11
11 72.5 3.50, m C13,C14 H10,H12
12 38.3 143, m C13,C14 H11
13 26.8 1.24, 1.45, m Cl14
14 29.2 1.32, 1.43, m
15 24.0 1.32, m H16
16 14.6 0.92, t C14,C15 H15
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Table 3—11. NMR data for the new compounds D2 and D3 in CD30D

D2 D3
No.
o, It.(J i .
Sc . “P‘qu) " HMBC Sc 6w mult.(Jin Hz)  HMBC
1 643 351, 353, C2.C3 647 3.62. 3.77. C2
dd (J=5.0, dd(J=5.0, 15.0)
10.0)
9 723 384 m 736 3.61, m
3 762 495, q c5 715 377, m C2
4 61.8 3.77. 3.80, C2.C3 67.3 4.20, 4.37, C3.C5
dd (J=5.0, dd(/=5.0, 10.0)
10.0)
5 169.1 169.7
6 119.8 5.85, C5,C8 119.7 5.85, d(J=15.0) C5.C7.C8
d(J=15.0)
7 143.0 7.65. 7.67. C5.C6.C8, 143.0 7.66, C5.C8.C9
dd (J=10.0, C9 dd(J=10.0,
15.0) 15.0)
8 1248 6.06. C10 124.8 6.06, d(J=10.0)
d(J=10.0)
9 1518 151.8
10 41.4 2.21, bs Cl1 41.4 2.21, bs C9,C11
11 27.3  2.20. bs C9.C13 973 2.21. bs C9.C13
12 1250 5.13. bt C11.C14  125.0 5.13.t C11,C14
13 136.8 136.8
14 406 202 t C13.C16  40.6 2.02, t C15
15 275 213t C14.C17 275 212 t C17
16 126.6 5.37. t C15 126.6 5.37. t C15
17 136.1 136.1
18 69.1 3.90. s C16.C17  69.2 3.90. s C16.C17
19 139 1.64. s C16.C17. 13.9 1.64. s C16.C17,
18 C18
20  16.3 1.63. s C12.C13. 16.3 1.63. s C12.C13,
Cl4 Cl4
21 175 192 s C8.C9.C10 175 1.92. s C8.C9.C10
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Table 3—12. NMR data for the new compounds D4 and D5 in CD3;OD

D4 D5
No.
le 8y, mult.(/ in Hz)  HMBC dc¢ 8 u, mult.(/ in Hz) HMBC
1 61.8 3.79, 3.83 C2,C3 64.7 3.62, 3.76 C2,C3
dd(/=5.0, 15.0) dd(/=5.0, 15.0)
2 76.2  4.95 m 73.6 3.61, m
3 72.3 3.85, m C5 71.5 3.79, m C2
4 64.3 3.52, 3.68 C2,C3 67.4 4.20, 4.38 C3,C5
dd(/=5.0, 10.0) dd(/=5.0, 10.0)
5 169.9 169.7
6 119.9 5.86, d(/=15.00 C5 119.7 5.85, d(/=15.0) CbH
7 143.0 7.66, C5 142.9 7.66, C5,C6,
dd(/=10.0, dd(/=10.0, 15.0) C9
15.0)
8 124.8 6.06, d(/=10.0) C6 124.8 6.06, d(/=10.0)0 C6,C7,
C23
9 151.8 151.7
10  41.4  2.21, bs C8,C9, 41.4  2.21, bs C8,C9,C11
Cl1
11 274  2.20, bs C9,C13 274  2.20, bs C13
12 125.2 5.13, bt C11,C22 125.2 5.13, bt Cl1
13 136.5 136.5
14 40.3 2.03,t C12,C13, 40.3 2.03,t C12,C15
C16
15 27.3 2.14,t C13,C14, 27.3 2.15,t C13,C17
C17
16 1305 5.43,t C21 130.5 5.44, t C14,C15
,C21
17 131.6 131.6
18 71.4 4.43, s C16,C19 71.4 443, s C16,C19
19 173.0 172.9
20  21.0 2.04,s C19 21.0 2.04, s C19
21 14.2 1.64, s C17,C18 14.2  1.64, s C17,C18
22 16.2 1.63,s C13,C14 16.2 1.63, s C12,C13
,C14
23 175 192, s C9,C10 175 192, s C9,C10
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Fig. 3—-73. 'H NMR and '*C NMR spectra of D1 in CD;0D.
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Fig. 3—74. COSY spectrum of D1.
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Fig. 3—75. HSQC spectrum of D1.
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Elemental Composition Report

Single Mass Analysis

Tolerance =10.0 PPM [/ DBE: min = -1.5, max = 50.0

Element prediction: Off

Number of isotope peaks used for i-FIT=3

Monoisotopic Mass, Even Electron lons

50 formula(e) evaluated with 1 results within limits (up to 3 clesest results for each mass)

Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf(%) Formula
343.2103 343.2097 0.6 1.7 0.5 1080.0 nfa nfa C16H32 OB Na
THIS INST IR H
{390H5 ST .5 HIM 6L 25048 i3OI I [ 4 5 Gt ) 1. TOFME ES#
0HD 11l
]
|
Lilie] 6im ik
S0y PEXRE T B, 0%
U prgm W7 amaE g | S g BOCH TH%A, M AUREEAE DAMI A0 B0 ONEH VNEET

e L e e e L L e e L L L L B L )|
& 00 W 10 /10 @0 20 M % 3 @M 30 4 % 8 @0 00 ol & & 50 50 50 %0 5 60 60 60 60 60 10 70 70 M % @ @ W0 0 8 0 @ W @ W1

Fig. 3—77. HR—ESI mass spectrum of D1.
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Fig. 3—78. 'H NMR and '*C NMR spectra of D2 in CDs;OD.
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Fig. 3—79. COSY spectrum of D2.
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Fig. 3—80. HSQC spectrum of D2.
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Elemental Composition Report

Single Mass Analysis

Tolerance =10.0 PPM / DBE: min = -1.5, max = 50.0

Element prediction: Off

Number of isotope peaks used for i-FIT=3

Monoisotopic Mass, Even Electron lons

70 formula(e) evaluated with 1 results within limits (up to 3 closest results for each mass)

Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf(%) Formula
405.2252 405.2253 -0.1 -0.2 4.5 1065.4 nfa nfa C21H34 06 Na
IS K0ST M 1
S ST ARG HF OS5y ey SN D00 005 e 7 LIRS
IR 11
i
y
fily]
¢ e
618
B T:E L % g B14 e TG 5
o RIER D AN T | s wmo Sy VW gwmgnsgnn WOEEB0 B0 a5 A men o
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Fig. 3—82. HR—ESI mass spectrum of D2.
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Fig. 3—83. 'H NMR and '*C NMR spectra of D3 in CDs;0D.
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Fig. 3—86. HMBC spectrum of D3.
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Elemental Composition Report

Single Mass Analysis

Tolerance=10.0 PPM / DBE: min = -1.5, max = 50.0

Element prediction: Off

Number of isotope peaks used for i-FIT=3

Monoisotopic Mass, Even Electron lons

70 formulale) evaluated with 1 results within limits (up to 3 closest results for each mass)
Elements Used:

Mass Cale.Mass mDa PPM DBE i-FIT Norm Conf(%) Formula
405.2253 405.2253 0.0 0.0 4.5 897.9 nfa nfa C21H34 O6Na
10 K0ST 80 Y
A ST L4 HP 1505/ 00 D008 58 LTIFIBES:
55 126l
i
b1
i
- kNI
.1
LAt f L e
0166 Lick1. : &4 . £H
1 W o am imm B BWlgge "\ | lem AN B mmg  msE gom WA WD | [ bANR WA 00D sasmsneg A
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Fig. 3—87. HR—ESI mass spectrum of D3.
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Fig. 3—88. 'H NMR and '*C NMR spectra of D4 in CDs;0OD.
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Fig. 3—89. COSY spectrum of D4.
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Fig. 3—91. HMBC spectrum of D4.
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Elemental Composition Report

Single Mass Analysis

Tolerance =10.0 PPM [/ DBE: min = -1.5, max = 50.0

Element prediction: Off

Number of isotope peaks used for i-FIT=3

Monoisotopic Mass, Even Electron lons

79 formula(e) evaluated with 1 results within limits (up to 3 closest results for each mass)

Mass Cale. Mass mDa PPM DBE i-FIT Norm
447.2359 447.2359 0.0 0.0 5.5 940.7 nfa
(31015 KDSTME.ID HP
131015 KEST HELI HP 015 yALRGR 30000 00 PO 85,0 30
I 1
]
EE

I

ol
02 2E1 mm R el W8 i A 1315

2125 |7 306

LD Mg w B11.313 106 (5 _m_”%
o e L e L L o L L L L L S e

(T T T 1 [ T T

Conf{%) Formula
nia C23H36 O7 Na

| RIGES
21t

BB BE3m BB, L

Fig. 3—92. HR—ESI mass spectrum of D4.
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Fig. 3—93. 'H NMR and '*C NMR spectra of D5 in CDs;0D.
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Fig. 3—95. HSQC spectrum of D5.
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Fig. 3—96. HMBC spectrum of Db5.
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Elemental Composition Report

Single Mass Analysis

Tolerance=10.0 PPM / DBE: min = -1.5, max = 50.0

Element prediction: Off

Number of isotope peaks used for i-FIT=3

Monoisctopic Mass, Even Electron lons

79 formula(e) evaluated with 1 results within limits (up to 3 closest results for each mass)

Mass Cale.Mass mDa PPM DBE i-FIT Norm Conf{%) Formula
447.2362 447.2359 0.2 0.7 5.5 913.0 nfa nla C23H36 O7 Na

FIST_MA_T1_HP 16 0.312 AR @13 000 000 & 1 TOF RS ES+
2B =0
HE 0
41T
~ o EBITS
ZE9EE 0 24T —o
2451403 @568 s s zun VAR i
' | __\,H__..u.m 06, 16+ BSITH =RA9H 4132670 12151, | __ #5204
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1 T T T T T T T T T 1z
o0 o X 20 o 25 ® 0 N0 @0 X0 30 300 30 33 S0 ¥ 30 300 300 300 W0 4o m 50 oo 1] o B W S0

Fig. 3—97. HR—ESI mass spectrum of Db.
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E type9 steroidAld AEHAEL 40 mge 80%MeOH H3 o zEE Eay ).
C18 <4 HPLC(C18 reversed—phase HPLC, Column: YMC—-ODS—-A, 5 /m,
10x250 mm, €% &v: 67%MeOH, €% &%: 1.5 mL/min, RI detector) Z5H
E1(0.6 mg) ¢ E2(2.1 mg)<= stk (Fig. 3—41). +2¥ A&=4d E12 C-8(¢
130.1)/C—9(¢8 135.6), E22] C—8(46 129.0)/C—9(8& 137.2) %+ HMBC spectrum=
S olsAF AAE AAsom, dvtHQl steroiddl EXEH Fx24 Aolg 7t
A= AL gtk 28la ¥C NMR spectrum (Fig. 3—99, 101) o4 C-3°14 E1
2§ 214.59 ketone carbon, E2+= 6 67.2 ¢ hydroxy carbong 7HA&= Ao =
skelslglal, MS data(Fig. 100, 102) & %8 7325 t¥stdod, 549 [elpst 'H
NMR spectrum (Fig. 3—99, 101) 9} +3& k= vlwste] YAlF2E &2lsA v (Fig.
3—98).

El: [alp +97.3(c 0.1, MeOH), "C NMR(CD3OD, 125 MHz) 13.2, 17.2, 24.1,
24.3, 25.3, 26.7, 28.4, 31.7, 37.2, 37.3, 38.0, 39.1, 44.4, 45.0, 53.2, 63.5,
130.1, 135.6, 212.4, 214.6, LRAPCIMS m/z 312.83 [M—H]", 314.94 [M+H]".

E2: [alp +63.3(c 0.1, MeOH), 'H NMR(CD3sOD, 500 MHz) 0.57(s, CHs),
0.94(s, CHjy), 1.32-1.46(m, CHy), 1.42—-1.73(m, CHy), 1.48—1.54(m, CHy),
1.53(m, CH»), 1.68(m, CHy), 1.71-2.06(m, CH,), 1.72-2.21(m, CHy), 1.86(m,
CH), 2.02(m, CHy), 2.12—2.28(m, CHy), 2.13(s, CHjy), 2.30(m, CH), 2.70(t,
CH), 3.97(t, CHy), C NMR(CDsOD, 125 MHz) 13.2, 17.3, 23.6, 24.2, 25.3,
26.6, 28.4, 30.0, 31.7, 32.0, 36.4, 37.1, 37.3, 37.6, 45.1, 53.4, 63.5, 67.2,
128.9, 137.2, 212.5, LRAPCIMS m/z 316.92 [M+H]", 633.30 [2M+H]".

Uy
{0

O

El E2

Fig. 3—98. The structures of E1 and EZ2 isolated from the strain
1210CH—42.
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Table 3—13. Comparison of physicochemical properties between the known
compound 30129A and the steroids E1 and EZ2 isolated from the strain

1210CH—-42

Streptomycessp.t) Novel fungus 1210CH-42
03129A El E2
A%%-pregnene Novel Novel
Cy1H320; CaH3:0; Cz1H35:0;
[M+H]~ 317.2464 [M+H]- 314.94 [M+H]- 316.98
White crystalline needles Yellowish powder Vhite powder
[0]% +108 (]2, +63.3 [o]p +97.3
(e=0.22, MeOH) {e=0.1, MeQH) (e=0.1, MeQH)

LYun Zhang. et af, (2013) The Journal of Antibiotics 66, 327-331.
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Fig. 3—99. 'H NMR and '*C NMR spectra of E1 in CDs;OD.
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1210CH-42-50L-2nd-bEA-rfc80%M-rp13 #37 RT: 0.46 AV: 1 NL: 4.93E5
F:{0,1} -c APClcorona sid=30.00 det=1600.00 Full ms

100 312.84

360.97

755  75.18

3 254.89

E 456.13

E 357.14
403 29501 390 04

469.97

= 390.20
255 278.88 490.15

205

(=) o
pnlnnhioihn

91.07 688.36
182.94 12,88 551.29 603.26 661.33
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1210CH-42-50L-2nd-bEA-rfc80%M-rp13 #41 RT: 0.53 AV: 1 NL: 8.13E7
F: {0,0} +c APClcorona sid=30.00 det=1600.00 Full ms
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® ™ © © O
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T T e e lvn i e oo Bl e b

359.05

W W
S o

N
hi

314.94

N
e

280.97
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Fig. 3—100. LR—APCI mass spectrum of EI.
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Fig. 3—101. 'H NMR and '*C NMR spectra of E2 in CD3;0D.
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1210CH-42-50L-2nd-bEA-rfc80%M-rp17_0828 #49-60 RT: 0.63-0.70 AV: 2 NL: 2.29E8
F: {0,2} + c APClcorona sid=50.00 det=1600.00 Full ms

100
95
90
85
80

331.00

281.00

10 246.96
232.87

348.99
633.38

362.93
5 27Q.84 427.10

T MR P11 T Ll 12710  467.11 49311 52316 55137 57914 597.26 |.647.42
O s tidtptsbd-bpb oo by | bt e presepesrey revrpregbe

R T
200 250 300 350 400 450 500 550
m/z

m 39 1,.()3‘ 40(?.96
et |
{aaiadiasiss t

T
600

Fig. 3—102. LR—APCI mass spectrum of E2.

o] glo% 1210CH-42 w5 WAooz g, #49 =45 Tole +x9 &
dol oln] HyH Y EAEE e HoH, ol Fele MAE T HFo|EHH
T As BEE 4 4= o 23Eo] UTH(Fig. 3—-103). ©hekst Alat =4
g g4 A5 AAME Ao® Hof A4 #lF #FFo] 1210CH-42+ HFAd =

] Wk ol v FEEEE T3 VA EHER ookt #8o] vt & Ao

0o 0 o]
‘o OH HO OH
NH HO o} (o]
YHN ., OH J\C[ A@[ S
OH OH H
0]
Cyelo (L-Leu-L-Ser) Protocatechuic acid TAO 5-Acetamidopentanoic acid A85-Pregnene(03219A)
OH
0]
L i )
C ® hey ;
OH = OH N
HO HO oH N H
Circumein A (+)-Kurasoin A 3-Hydroxy-6-pyridine-methanol  2-Hydroxy-1-(1H-indol-3-yl)ethanone

Fig. 3—103. Compounds isolated from the culture broth of the novel marine
fungus 1210CH—42.
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Al 6 A Bacillus sp. 102CH635-3Z % E &x3 3
w2 2 F2E2%

1. Bacillus sp. 102CH635-3 #59 £3 % 5%

20109 2€ wlolazurol 5 oA AAA Y HAEZRE A A==
stk 1 g9 sl H4EES 60Tl 2083 dAg & Fo] BN agar plateol
=g 7] skith 28T, 7AXE wioFEtHA] S #ESI A, T HF&SHA A
Abet= 102CH635-3 79 single colonyE & Ath(Fig. 3 104). 102CH635-3
T+ 40% glycerolo HE8e] —70TCo| B A3}

N F

Fig. 3—104. Bacillus sp. 102CH635-3.

102CH635-32] 16S rRNA 97144 w45 8l 16S rRNA proimer, 27F 5’
(AGA GTT TGA TCM TGG CTC AG)3" 9 1492R 5" (TAC GGY TAC CTT
GTT ACG ACT T)3" & AFg3t9 PCRe 2l& genomic DNAZREH FE3% T 20
ng® genomin DNAZ¥ EF—-Taq(SolGent, Korea) HF&& 30 S &E3slo] 35
cycle HES AlZTE PCRO HES 42 95TeoA 187t denaturation, 55ColA 1&%F
primer annealing, 72CellA] 1+ chain extention A|F ™ 35 cycle & HFHO=E
72TCelA 10:2%t chaing extention AZATH S% ¥ DNAZFE 1,380 bp ©]4¢] 7]
EE 33 ABI prism 3730XL DNA analyzer (Applied Biosystems, Foster City,
CA)E ol &sto] A skgith grd g =2 A7IMYE 2> NCBIO 559 +
TEY Blast search® %3}9 homology A S &1t A3} Bacillus subtilis 99%,
Bacillus amyloliquefaciens 99%= YeRY 102CH635—3 5+ Bacillus sp. = &7

= A
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2. M A =1 ¥

Bacillus sp. 102CH635—32] single colonyE BN broth, 50 mLel| #%3}e] 28T,
7TAZE it 3 oHotAHo|ER FEetal 7St st wHete] 2FEEe Aotk =
FZEo] digt '"H NMR datags A% A7 TvEd E45 A4skes 3lo] Eelx o
24 AR E A% 78 dFE A v FE diEdalr] g4 g4 =4
At HEY Wtz dHES A AdS 1 3?93\3} Table 3—149} o] o] H#F
7} —,‘%E]QC” Y BN 8ix|e} AWFA OS2 Bacillus sp. & W%3= NB #l®|] ZHAo| sea
saltE F7tste] 244k SWNB A& AH&-3t3ioh

Table 3—14. Optimal medium conditions for the strain 102CH635—3

BN SWNB
Components
g/L
D—glucose 10 -
Tryptone 2 -
Peptone - 5
Yeast extract 1 -
Beef extract 1 3
Glucose 5) -
Temperature (C) 28 28
Shaking speed (rpm) 140 140
Sea salt 32 32
pH 7.0 7.0
Culture duration(day) 7 7

£ = 747+ broth 200 mLel 102CH635-3 #55 HEsta 2
8T, 747t wjekst & oot HO|ER FE3Ha 7St stell w538t 2FEES A

| W& wjokd xFE59 'H NMR datas 43k B

Frolsk B Ao adAd AE gl 3 5 gl o
s fle #HA mgEdo s ARgetalth (Fig. 3-105).
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Fig. 3—105. '"H-NMR data of the culture extracts by the medium composition

change.
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3. dF M, AEF B U 2434
Bacillus sp. 102CH635—-3 9] single colonyE %3t 28TeolA 120 rpmo.
TS sk o] TS dlElFS fldl 30 L SWNB HIXE ¥ U

[}
Sl A A&} 100%‘31]1_%77}X] 5 92 A
o 60% ™ e E‘QE% 7St stell 55t XA F 8 e Atk o] FEES
C18 <2} HPLC(C18 reversed—phase HPLC, Column: YMC—-ODS—-A, 5 m,
10x250 mm, &m: 45% MeOH, €% %%: 1.5 mL/min, RI detector) & “#|3}o] 2
Nl dd =4S EEsigleon, HEAor FHE At 248 F5Y rp26 0.5
mg, rp27 1.9 mgo]tH(Fig. 3—106).

2 7z
&% dazlel JAFsko] 28°CelA 13Uk wiFatglct. ol gA sto] iz Wikl 30 L
& ASAuRe/ welste] Meldle SUL Fol ot =R AL AW
e 747 284 FE3h o FEAL A wFE B wHA 2FEES
I —20Co BEPse HalE 9st Algg ALl
wgote) o } JElo|E 2228 o4
| &

102CH635-3

Bacillus sp.
- 30L, SW
- 30%0
-28°C
102CH-sD7 ' - 13 days

l ODS-open column

rfc 60%M

- HPLC-ODS column
- 45% MeOH, 1.4 ml/min
- RI detector

! }

rp26 -rp27

\/L’r JK/\ )HX, Wswuiﬁﬂj\ﬁgw

Fig. 3—106. Isolation scheme of the new pantetheine derivatives from the strain
102CH635-3.

1D, 2D NMR¥ HRESIMS 59 #3384 datas ®al 7%= 1183 A3 g
T E4LS D-pantetheinedl AEZ < Aoz ZFexgr}t. rp26< 'H NMR
spectrum (Fig. 3—108) & &3l 47019 methyl”7] ¢} 6719 methylenes 7} A= 4
bttt X9k Bl eto] D—panthetheine® 725 7F Zlo] gl¥glon, Hho]
sulfure]l C—10(8 205.0)2] carbonyl carbon®] C—9(8 29.0), C—12(8 28.4)9}
C—14(6 17.8)8F HMBC 145 vERdo] 2—methylbutyl 28715 7H Al B4 =
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ALt 4702 methylene> H-5/H-63 H—-8/H-9=% COSY (Fig. 3—109) A4 o]
gol¥ 231, HMBC spectrum(Fig. 3—111)5 &3 amide carbon?l C—4(¢6 176.2),

7(8 174.0)3 AAxo] FEFLZV A4 28] C-39 stereocenters &
3171 913 D—pantetheine® [alp 32 Fx¢ 2@ AF E29 [a]pd FXE
wd Ay} +12.2(c  3.45, H,0)09  +23.7(c 0.5, H0)E =%
2—methylbutyryl—=D—pantetheine® A ¥t} o] E& #2242 HRESIMS (Fig.
3-112) m/z 385.1778 [M+Nal*& CisH3N:05S0]th. Fd& ExS 7HA]= rp26
¥ rp272 'H NMR(Fig. 3-113), C NMR(Fig. 3—-113)¥ HMBC data(Fig.
3-116)E &A% A3 o] F A=4de Fdd x5 7oy 6 0.95(d, /=5.0)
methyl”7]7} COSY (Fig. 3—114) ¢ HMBC +4 A3 3-—methylbutyl ¢ +%& 7}%
RHo7 3y o 3—methylbutyryl-D—pantetheine®  ZAA Xt}  Ex212
HRESIMS (Fig. 3—117) m/z 385.1779 [M+Nal*2 CisH30N205S% <1 ¥ 31t} (Fig.
3—-107).

rp26: [alp +23.7(c 0.5, H:0), 'H NMR(CD3;OD, 500 MHz) 0.92(s, CHa),
0.92(s, CHy), 0.92(t, CHs), 1.15(d, /=5.0, CH3), 1.48—-1.71(m, CHy), 2.41(t,
CHy), 2.59(m, CH), 3.00(t, CHy), 3.32(t, CHy), 3.38—3.46(d, /=10.0, CHy),
3.47(m, CHy), 3.89(s, CH), "C NMR(CD;OD, 125 MHz) 12.1, 17.8, 21.1, 21.5,
28.4, 29.0, 36.5, 36.6, 40.3, 40.5, 51.5, 70.5, 77.4, 174.0, 176.2, 205.0,
HRESIMS m/z 385.1778 [M+Nal*(caled for CisH30N205NaS, 385.1773).

p27: [alp +7.7(c 0.5, H,0), 'H NMR(CDs0D, 500 MHz) 0.92(s, CHy),
0.92(s, CH3), 0.95(d, /=5.0, CH3), 0.95(d, /=5.0, CH3), 2.13(m, CH), 2.41(t,
CHy), 2.46(d, J=5.0, CHy), 3.00(t, CHy), 3.32(t, CHy), 3.38—3.46(d, J=10.0,
CHy), 3.47(m, CHy), 3.89(s, CH), ®C NMR(CD3OD, 125 MHz) 21.1, 21.5, 22.7,
22.7, 27.8, 29.3, 36.5, 36.6, 40.3, 40.5, 53.8, 70.5, 77.4, 174.0, 176.2, 200.2,
HRESIMS m/z 385.1779 [M+Nal*(caled for C;sHzN205NaS, 385.1773).

(o} 0 (0] [0}
\)\TS\/\N)J\/\NJ\PLOH @SW@OH
N N
o H H OH L H H
@] OH

rp26

20 ey

H=—H, COS8Y
H-™C, HMBC

o] 0 0] 0]
S @S@*"‘M@OH
0 " oon 0 H Ho oH

rp27
Fig. 3—107. Key 'H-'H COSY and HMBC correlations for the new pantetheine
derivatives from the strain 102CH635—3.
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Table 3—15. NMR data for rp26 and rp27 in CD30D

rp26 rp27
No
dc O u, mult.(J in Hz) HMBC dc O u, mult.(J in Hz) HMBC
1 70.5 3.38, 3.46 C2,C3 70.5 3.38, 3.46 C3
d(/=10.0) d(J/=10.0)
2 40.5 40.5
3 77.4 3.89, s C2,C4,C15 77.4 3.89, s C4
4 176.2 176.2
5 36.5 3.47, m C4,C6,C7 36.5 3.47, m C4,C6,C7
§) 36.6 241, t C5,C7 36.6 241, t C5,C7
7 174.0 174.0
3 40.3 3.32, t C7,C8 40.3 3.32, t C7,C9
9 29.0 3.00, t C8,C10 29.3 3.00, t C8,C10
10 205.0 200.2
11 51.5 2.59, m Cl2 53.8 2.46, d(J=5.0) C10,C12,
Cl4
12 284 1.48, 1.71, m C10,C11 27.8 2.13, m
13 12.1 0.92, t Cl1,C12 22.7 0.95, d(J=5.0) Cl1,C12,
Cl4
14 17.8 1.15, d(J=5.0) C10,C11, 22.7 0.95, d(J=5.0) Cl1,C12,
Cl2 C1l3
15 21.1 0.92, s C2,C3, 21.1 0.92, s C2,C3,
Cl6 C1l6
16 21.5 0.92, s C1,C15 21.5 0.92, s C1,C2,
C15
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Fig. 3—108. 'H NMR and '*C NMR spectra of rp26 in CDs;0D.
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Fig. 3—109. COSY spectrum of rp26.
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Fig. 3—110. HSQC spectrum of rp26.
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Elemental Composition Report

Single Mass Analysis

Tolerance=10.0PPM / DBE:min=-1.5 max=50.0

Element prediction: Off

Number of isotope peaks used fori—FIT=3

Monoisotopic Mass, Even Electron lons

2282 formulale) evaluated with 13 results within limits {up to 2 closest results for each mass)

Mass Calc. Mass mDa PPM DBE i—-FIT HNorm Conf{%) Formula
385.1778 385.1773 0.5 1.3 25 534.3 0.000 100,00 CI6H30N2O5Na s
(31015 KEST | P
I1015 KDST R, | HE 2 (16T em00 .0 I 85:Cm 34T) |:TOF I ESH

1EME B 36t Mt
0t
¥

e 553
min il
i Jmime A2 G g
T B ppug

e T e P

i 1§ T ! i v o B X i L L ot B el i ke i oWy il e T i [ o | B B L e " A
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Fig. 3—112. HR—ESI mass spectrum of rp26.
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Fig. 3—113. 'H NMR and '*C NMR spectra of rp27 in CDs;0D.
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Fig. 3—114. COSY spectrum of rp27.
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Fig. 3—115. HSQC spectrum of rp27.
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Fig. 3—116. HMBC spectrum of rp27.
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Elemental Composition Report

Single Mass Analysis

Tolerance =10.0PPM / DBE:min=-1.5 max=50.0

Element prediction: Off

Number of isotope peaks used for i—-FIT=3

Monoisotopic Mass, Even Electron lons

2282 formula(e) evaluated with 13 results within limits (up to 2 closest results for each mass)

Mass Calc. Mass mDa PPM DBE i—FIT HNomm Conf(%) Formula
3851779 38517713 0.6 1.6 25 11172 0,000 99 .99
31015 HOST 0.1 1P
015 KOST L HP 5 0 2850 N0 45 Em 0 B
__=_ E 10
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Fig. 3—117. HR—ESI mass spectrum of rp27.
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A 7 A D-Pantatheine#] A1 HAEL] A

Pantethine¥} pantetheine< CoA (coenzyme A)2} ACP(acyl carrier protein) 2 -
A Aol ThEdl & A WAk gastE giafel] #ojsttia T ol 2 AW

kel Abs) ofm At 3, FHUAHE A T dARES el 93E oty uAESF, &
NAg,  AFAE, A} Gy sl §_% 4= ST - TR ST g =
Calcium—D—pantetheine—S—sulfonate+= =], dHabd AA A9 IH-AS

A A = w3t B8 7K Aow oA ;L‘Hﬂ 178 3HEE A7HAE ALE
At weba 102CH635-3 w2 5E 8l¥ D—pantetheinedl AEAE2 o
Aol A5H, &4 v Aol FrrHoR MAHI Stk HEFE ATl v
D—pantethine2 AF&3t] D—pantetheinesd] E&o] th3t A4 ATE Za A&
ol & FHata Yol MEE FEAES 4 F S How JdE.

L O o

1. AEA IANY Y

102CH635—-3 #F25E #2/¥ D-pantetheinel AE2 250 gt cpokst &
3t #wd EAdo] Vg weh, Alsel @] FQl D—pantethines  ARE-3}o]
D—pantetheineZ] AlFEAd fa T dAr=  APsPy. TS
102CH635-3 =25 FH &% D-pantetheines Aqt=4 259 $& R,
ob7f tpefst 44 AEd FEAES 471 A TS AAS o (Fig. 3—118).

O
e

OH H H [e] o o) o]
HOWN\/\H/N%S,SWN,U\/\NJ%OH HS MNWOH
H H H H
o] o] OH HO

D-Pantethine — D-Pantetheine
M.W.=554.72 M.W.=277.8

o o]
\/H_rs\/\NJJ\/\NJ%DH v}\”/c”
0 H H OH o]

2-methylbutyryl chloride

o o cl
H H OH 3-methylbutyryl chloride

D-Methylbutyryl Pantetheine
M.W.=362

Fig. 3—118. The scheme for the synthesis of the new pantetheine

derivatives.
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A2k F<l D—panthehine (P2125, SIGMA) & o]&3to] A" §7 (Fig. 3—-119)
of wg 102CH635-3 H#F=%¥EH g% D-pantetheines A3 EH<l
2—methylbutyryl-D—pantetheine®} 3—methylbutyryl—D—pantetheineg 3%/ s}3it}.
D—Panthehine® DTTel| H,0:MeOH(1:1, V/V)E ¥o] N, 3to]l 4TellA] 16413k HE-$
3¢t TLCZ D—panthehine®] A&}z AS &9l 3 3 WS Fnsly SulE AA
st w7t Al A we 7 A Eo| dry THF, triethyamines Y3l A]ekS 7}
g % 0TelA 2413, A=A 3AZF REESEIth whE s 8] AATT F
H0:EtOAC(1:1, V/V)E Yo & 36k, odotAHolE & 2lsskol MgSO,
Ael F w55t v BYES It LRAPCIMSE &3 ddte &E2o] e A
= sl HPLCE ARgstel A= Zdsisivth. C18 94} HPLC(CI18
reversed—phase HPLC, Column: YMC—-ODS—-A, 5 mm, 10xX250 mm, £": 60%
MeOH, L= T 1.5 mL/min, RI detector) & 7 A &} o
2—methylbutyryl-D—pantetheine®} 3—methylbutyryl—-D—pantetheine< *]3}3it}.

O

A 4

0 0o o] o]
HO\XAN&)LN/WS_S\/\NJK/\N%OH Ry
5H Rt H s H OH

H,0/MeOH (1:1)
f 4°C, 16hr, under N,
D-Pantethine

0 0 T_ thDIry THF : 0 0
riethylamine, 3 eq.
HS\/\NJK/\N%OH g X R,s\/\NJJ\/\NJ%OH
H H >
HO 0°C, 1 hr H H on
. RT,3hr
D-Pantetheine Water/EA (1:1), Mgs0, D-Pantetheine analogue

Fig. 3—119. Synthesis of the new pantetheine derivatives.

'H, C NMR, MS$} [elp data 4 5 &3 102CH635-3 #5014 w2d A
&2 rp26, rp273} S =7 2—methylbutyryl—D—pantetheine,
3—methylbutyryl-D—pantetheine®] data’} 4X|st= S A5G 3, Aol A A
o7 o]FASES & F UATG(Fig. 3—-120, 121). AL F& Frd 24t =40
st st dAds A Folth

2—methylbutyryl-D—pantetheine: [a¢]p +9.9(c 1.0, H»0), 'H NMR(CD;OD,
500 MHz) 0.92(s, CHj), 0.92(s, CHsy), 0.92(t, CHjz), 1.15(d, J=5.0, CHj),
1.48—1.71(m, CHy), 2.41(t, CHy), 2.59(m, CH), 3.00(t, CHy), 3.32(t, CHa),
3.38—3.46(d, /=10.0, CHy), 3.47(m, CHy), 3.89(s, CH), *C NMR(CD3OD, 125
MHz) 12.1, 17.8, 21.1, 21.5, 28.4, 29.0, 36.5, 36.6, 40.3, 40.5, 51.5, 70.5,
77.4, 174.0, 176.2, 205.0, LRAPCIMS m/z 360.99 [M-H]", 362.87 [M+H]",
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C16H30N205S.

3—methylbutyryl—-D—pantetheine: [a]lp +5.9(c 1.0, H,0), 'H NMR(CDsOD,
500 MHz) 0.92(s, CHjy), 0.92(s, CHy, 0.95(d, J=5.0, CHs), 0.95(d, J=5.0,
CH3), 2.13(m, CH), 2.41(t, CHy), 2.46(d, J=5.0, CHy), 3.00(t, CHy), 3.32(t,
CH.), 3.38—3.46(d, /=10.0, CHy), 3.47(m, CHy), 3.89(s, CH), *C NMR (CD30D,
125 MHz) 21.1, 21.5, 22.7, 22.7, 27.8, 29.3, 36.5, 36.6, 40.3, 40.5, 53.8, 70.5,
77.4, 174.0, 176.2, 200.2, LRAPCIMS m/z 363.14 [M+HI*, Ci5H30N205S.
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» 102CH635-32 HE| 22| 4171 2% rp26
o) o |
\)ﬁrs\/\ﬂk/\N’u\‘X/OH
o] H B OH i
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Fig. 3—120. NMR data comparison between synthetic compound and natural
compound rp26 from the strain 102CH635—3.
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- 102CH635-32 HE| 225l 27} 22 rp27

T l'JﬂJ.l.__l L'!lt JL — ”IL ol - _..Jll-... I -

» 31d & 3-methylbutyryl-D-pantetheine
Il
|l | l i
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Fig. 3—121. NMR data comparison between synthetic compound and natural
compound rp27 from the strain 102CH635—3.
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2. At F=A T4

g% D-pantetheinesdl 29+ F=A2  FAAHFig. 3-1199S  AFE35}Ho
102CH635-3° 2 HE 2% 249 A5 *3slo] D—pantetheined G54 84
= ke = g E Al A= geranyl—D—pantetheine, 10—

undecenoyl—D—pantetheine, isobutyl formate—D—pantetheine, cinnamoyl—-D-—

A&
[e]
o

pantetheine, 4—pentenoyl—-D—pantetheine®} 2’ ,4—dihydroxyacetophenone—2
—D-pantetheine©]tF(Table 3—16). Al9F EAEL 'H, °C NMR 2 MS #4 Az}
2 58 ¥ 725 FAs e (Fig. 3-122 ~ 127), ©] BHES] I3 &4
As AAdH 98 F5E2 =ol7] A Ads 1 T v

Geranyl—D—pantetheine, 10—undecenoyl—D—pantetheine: 'H NMR (CD5;0D, 500
MHz) 0.92(s), 1.61(s), 1.67(s), 1.68(s), 2.05(), 2.12(q), 2.42(t), 2.57(1t),
3.18(d, J=8.0), 3.34—3.53(m), 3.89(s), 5.10(t), 5.23(t) *C NMR(CD3;OD, 125
MHz) 16.3, 17.9, 21.1, 21.5, 26.1, 27.7, 29.9, 31.3, 36.5, 36.6, 40.2, 40.5,
40.8, 70.5, 77.4, 122.1, 125.3, 132.6, 140.1, 173.9, 176.2, LRAPCIMS m/z
413.09 [M—HI]", 414.84 [M+H]", C2HioN205S.

10—undecenoyl—D—pantetheine: 'H NMR (CDs0D, 500 MHz) 0.92(s), 1.38(t),
1.64(m), 2.04(q), 2.41(), 2.58@), 3.00(), 3.32-3.50(m), 3.90(s),
4.90-4.92(dd), 4.96-5.00(m), 5.77-5.81(m) "*C NMR(CDzOD, 125 MHz) 21.1,
21.4, 26.8, 29.2, 30.1, 30.2, 30.2, 30.4, 30.5, 35.0, 36.4, 36.5, 40.2, 40.5, 44.9,
70.5, 77.3, 114.9, 140.2, 173.9, 176.1, 200.7, LRAPCIMS m/z 443.10 [M—H]",
415.10 [M+HI]", C2HyoN205S.

Isobutyl formate—D—pantetheine: 'H NMR (CD;0D, 500 MHz) 0.92(s), 0.94(d,
J=10.0), 1,95(m), 2.42(1), 2.98(t), 3.38—3.50(m), 3.89(s), 4.01(d, J=5.0), '°C
NMR(CDs;OD, 125 MHz) 19.3, 21.0, 21.5, 29.2, 31.3, 36.4, 36.5, 40.4, 40.5,
70.5, 74.6, 77.3, 172.1, 174.0, 176.1, LRAPCIMS m/z 376.95 [M—H]"~, 378.90
[M+H] ", Ci6H30N206S.

Cinnamoyl—D—pantetheine: 'H NMR(CDsOD, 500 MHz) 0.92(s), 2.42(1),
3.15(t), 3.35—3.51(m), 3.89(s), 6.86(d, /=15.0), 7.41-7.42(m), 7.62—7.66(m),
13C NMR(CD30D, 125 MHz) 21.1, 21.5, 29.4, 36.5, 36.6, 40.3, 40.5, 50.0, 70.5,
77.4, 125.9, 129.8, 130.3, 132.0, 135.6, 142.3, 176.2, 191.2, LRAPCIMS m/z
408.15 [M—H]", 409.02 [M+H]", CoH2sN205S.

4—pentenoyl—D—pantetheine: 'H NMR(CD;0D, 500 MHz)  0.92(s),
2.36—2.42(m), 2.68(t), 3.01(t), 3.32(t), 3.33—-3.53(m), 3.89(s), 4.98(d,
J=10.0), 5.05(d, J/=15.0), 5.78=5.84(m), 'C NMR(CD3;OD, 125 MHz) 21.1,
21.5, 29.3, 30.6, 36.4, 36.5, 40.2, 40.5, 44.1, 70.5, 77.4, 116.3, 137.6, 174.0,
176.1, 199.9, LRAPCIMS m/z 360.90 [M+H]", 721.25 [2M+H]", C14H2sN20s5S.

2’ ,4—dihydroxyacetophenone—2—D—pantetheine: 'H NMR (CDs;0D, 500 MHz)
0.91(s), 2.43(1), 2.72(t), 3.35—3.51(m), 3.85(s), 3.89(s), 6.27(d, J=2.5),
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6.36(dd, /=2.0, 10.0), 7.72(d, /=10.0), "*C NMR(CD3;0D, 125 MHz) 21.0, 21.5,
32.8, 36.5, 36.6, 37.3, 39.6, 40.5, 70.5, 77.4, 103.9, 109.5, 112.7, 134.5,
166.9, 167.1, 174.0, 176.2, 201.0, LRAPCIMS m/z 427.13 [M—-H]", 429.13
[M+H] ", Ci9H2sN207S.

Table 3—16. New pantetheine derivatives synthesized from this study

Chemical Formula

D-Pantetheine Analogues Molecular Weight Yield
| = j’ i \/ C1eH3oN-0:S
S \T] o \v_.xt{ ~y T,/ ~._-OH 20.6 %
0 " OH 3624848
2-methylbutyryl-D-pantetheine
g @ N\ C1eH30NL0:S
\(ﬂrs - /\ﬁ'k/\H ,”\]/X\/OH 239.8%
2 OH 362.4848
3-methylbutyryl-D-pantetheine
0 o .,
NS W P ]}\_,,.OH C1H3N:0.5
\[ T N o 6.4 %
OH 414.6024
Geranyl-D-pantetheine
o} a
gf\/‘“m/‘\/’\v/‘\r/s - ”I\’/KN JL‘]/\A/\/OH Ca2HaoN 055 -
H H S
2 OH 444 6284
10-undecenoyl-D-pantetheine
0 o
€ E,HgoN:OE,S
P SO S A~y *LH)/VOH ' 4915%
H H
O OH 3784842
Isobutyl formate-D-pantetheine
i Q o .,
- | Y C:.:.H:EN_"OBS
o T s“/\Hk/\H”JLTA”’OH 24.7%
O OH 4085117
Cinnamoyl-D-Pantetheine
o] o}
; ; | \ CieHNLOsS
‘//A\/\\fs — \\HJ\\/\ H’.“.\['/L\/OH 5799%
2 OH 360.4689
4-Pentenoyl-D-pantetheine
@] o} G g
II\'/’:\Q‘-)J\\V’S \/”Hle/\N,JJ-\T.\(V,OH Cl‘;\H:E{N:OTS, AE5
i : "oH 4284998 -

2',4'-Dihydroxyacetophenone-2-D-pantetheine

— 199 —



‘
in
o -
-3 -]
i
|
~
W
-
L
1
o
R
i\
o
|
-]
' m—
= .
—
.I
]
r C————
TR
~——
=t
]
!
5
§ e
m-
(-
I'
[
1
[
[
-
i

Fig. 3—122. 'H NMR and *C NMR spectra of geranyl—D—pantetheine in
CD30D.
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Fig. 3—123. 'H NMR and '*C NMR spectra of 10—undecenoyl—D—pantetheine in
CDs0D.
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Fig. 3—124. 'H NMR and *C NMR spectra of isobutyl formate—D—pantetheine
in CD3s0OD.
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Fig. 3—125. 'H NMR and *C NMR spectra of cinnamoyl—D—pantetheine in
CD30D.
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Fig. 3—126. 'H NMR and *C NMR spectra of 4—pentenoyl—D—pantetheine in
CD30D.
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Fig. 3—127. 'H NMR and *C NMR spectra of 2' ,4'—dihydroxyacetophenone—2
-D—pantetheine in CD30D.
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Fig. 3—128. Potential functional groups for the synthesis of the new

pantetheine derivatives.
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3. FAEA dis 84 5%

Q1A= A5 =4 (prooxidant) 3 AFs} Al =4 (antioxidant) & 73 9]
oy 7HA] @Rl 9ot 2w E S ol FA HW AEEXo] HsiA Hof
E g A (oxidative stress)”7F 25 FAA Q] Mxsad 4 Wy Asks o
th(Videla. Br. et al, 1988). o]#] g Atg}A] AEg Ao 27521 AUglo] &
A A% (reactive oxygen species)©|t}h. eNO, HNO,, ONOO~ ﬂ &2
(reactive nitrogen species)< 9% W& Al OiAAE 357 4 & |
Honkg-ox Qs v A, oju &4 AAFTE 3} *3"3 E‘r(Brune B. et al,
2003, Delanty, N. ef a/, 1998). &4 AtAFy &4 A4LF> AA W o8 AME9
285 sk fF W Zo] #HEolem, INOSE COX-29 #d3 NO,
PGE,(prostaglandin Eo) & WA ¥ tfxxAel o %O]X}i =74, 3 4 =4
o #o3tt}(Yun, H. et a/, 2008). ©]o] ¥ D-pantetheined AEZAES FA=
ddE SHste] g S 2429 TteA s FlstaatEit.

ME AFE S8l SFHMEFTSY (KCLB) of| Al ik Raw 264.7 cells AFE3FS]
ow, MTT assayel g3l Al BEES SHTFoEA S s HAE 243t
Att Raw 264.7 cell 5 x 10* cells/mLE 96 well plated] ¥F3l1 A58 72} 5%
(6.25, 12.5, 25, 50 xgM/mL)Z H7}s}] 24A17F < A st Welld 20 0LY
MTTENS #H718te] 37" C, 5% COy incubatorellA 4A]7F F<eb WESAIZ &
microplate readerE ©]€3t%] 540 nmolA SF Lo WEE SA3e] thxol dish
AZAEES NEEE ZASHTH

Nitric oxide A &S wjoFed o] nitrite 5 %S griess reagentS o]&3lo] =78}
At Raw 264.7 cell> DMEM®AE o]&3lo] 5 x 10° cells/mL® ZZ3 F 6
well plateo] £33, 5% CO, incubatorold 24A17F A wjoksldct. AlEe] 1
Og/mL2 LPSE ﬂﬂoh_ IAZE Hell sEdE= /\]E% Aelato] 2441 wiekstlvt. A
OfoNo] MG AL T griess A HFE A7l & ELISA reader® 540 nmolA &
FEE 545t NO &S WESE AT

a8 3 LPSE 5% Raw 264.7 celllA] NO AA As71ds FAst7] 9139
western blot2 AA|3Fe] INOSO wlzl ulelS =431, PGE.2 A A& 7|dS
gelsl7] fl&l western blot= AAlste] COX-29] wds Skt

1 A3 4% D—pantetheined AEHES AWHA 02 Raw 264.7 cellolA AE
Z40] gl B el F% X O F nitric oxide BAHES AASAY, INOSS}
COX-2 wmd HdS Ade=AN FAT dAol Al S0 (Fig.
3-129~134). 3% Bacillus sp. 102CH635-3 54 28 AEA S diair =
2—methylbutyryl-D—pantetheine 2.t} 3—methylbutyryl—-D—pantetheineol| A & <]t
goadz  FAS 7k Fow  SHHUY. E3F isoprenoid  unitsg 7R
geranyl—D—pantetheine, ko] ol Al 21 ArEe 7kx1
10—undecenoyl-D—pantetheine¥} @& benzeneo] ©o]F Aoz AJA4dd
cinnamoyl—D—pantetheine® A% A-&X°)|A nitric oxide AAAH A2 INOSQ}
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COX-2 w4 B oA Byo] B 550 950 Fed FUF BARY FE

=
7Fsd& HERAT

meba ol Eel et F744el st d4E A Folv, vdd FEE VK
D—pantetheine”] F+=AES @4t ¢ Fwdt &4 d& i AT E A
g Folth. A5A A4S F3 D-pantetheines] §dW& ARS8 et 1A
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g, FrE o] 53 FEAES st VA sHEE W gekst AlEel Ak
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Fig. 3—129. Anti—inflamatory activity of 3—methylbutyryl—D—pantetheine.
A) Cytotoxicity against Raw 264.7 cells, B) Inhibitory Effect on
the production of Nitric oxide(NO), C) Inhibitory effect on the
expression of iINOS and COX—-2.
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Fig. 3—130. Anti—inflamatory activity of geranyl—D—pantetheine.
A) Cytotoxicity against Raw 264.7 cells, B) Inhibitory Effect on
the production of Nitric oxide(NO), C) Inhibitory effect on the
expression of iNOS and COX—-2.
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Fig. 3—131. Anti—inflamatory activity of 10—undecenoyl—D—pantetheine.
A) Cytotoxicity against Raw 264.7 cells, B) Inhibitory Effect
on the production of Nitric oxide(NO), C) Inhibitory effect
on the expression of iINOS and COX—-2.
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Fig. 3—132. Anti—inflamatory activity of isobutyl formate—D—pantetheine.
A) Cytotoxicity against Raw 264.7 cells, B) Inhibitory Effect on
the production of Nitric oxide(NO), C) Inhibitory effect on the
expression of iINOS and COX—-2.
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Fig. 3—133. Anti—inflamatory activity of cinnamoyl—D—pantetheine.
A) Cytotoxicity against Raw 264.7 cells, B) Inhibitory Effect
on the production of Nitric oxide(NO), C) Inhibitory effect
on the expression of iINOS and COX—-2.
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Fig. 3—134. Anti—inflamatory activity of 4—Pentenoyl—D—pantetheine.
A) Cytotoxicity against Raw 264.7 cells, B) Inhibitory Effect on
the production of Nitric oxide (NO), C) Inhibitory effect on the
expression of iINOS and COX—-2.
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Al 8 A Stappia sp. 102CH-429 27 EH 4A&EZ9] £ 4
TZAA

1. Stappia sp. 102CH—4299] ¥& 2 =X

o] AR UAJol H5 Q1T WIORE UN x7b Aol Eel® 102CH-429 =
16s rRNA 97|49 EA A3} Stappia sp.& 574 HArh 102CH-429
Bennett's mediumE AF&3to] 20L fermentor(17L, 28°C,110rpm) & 2L Erlenmeyer
flask(1IL x 8, 28T, 110rpm)ell wiFstion, wiekol(F 25L)2 AU
(6,000rpm) & A}-8-3to] HHOkoﬂ °“5’+ AR Z etk FEE ik RS U
% (251) 9 EtOAc(EA)Z 2¥ FE31%th o] broth extract(bEA) S 7t sl d 535
sto] &% 13.95¢% EMU}

-
R
| —
T

2. Stappia sp. 102CH—4299] tjA&2 27 2 +x4EA

EtOAc F%%(13.95g)% flash ODS column chromatographyE ©]&3lo] 20%
MeOHZHFH 20%% MeOHO sx& WA oR F7HA7IWA S wet 95 3t
Atk o] = 40% MeOH I3 ES A HFE o7 o] ODS—open chromatography=
o] g3to] thA] 3 W A 7N sub—fraction®Z UFal, I = 'H NMR Arola] Eo]
g peakss HYW F WAL A A A dArEA S 22, FAsT 7 oW
Aol A WA EFES C18 94 HPLC(C18 reversed—phase HPLC, Column:
YMC—-ODS—A, 5 gm, 10xX250 mm, €wW: 35% MeOH, €% %%: 1.5 ml/min, RI
detector) 2 FA ] G E4 429-15 AUtH(Fig. 3—-135).

102CH-429
- 25L

-28°C

- 21days

Broth layer extracted with EtOAc

“Mangrove tree from Chuuk island
0DS flash column chromatography

40%MeOH Fraction

-1.5ml/min
-RI detector

YWY
S OH

429-1

l wpLC -35% MeOH

Fig. 3—135. Isolation scheme of 429-1.
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Table 3—17. NMR data for 429—1 in CDs;0OD

No. dc 8u (mult, ] = Hz) COSY HMBC

1 174.6

2 41.9 2.53, 2.62(2H, ddd, 7.5 ) H-3 C-3, C—4

3 68.6 5.28(1H, m) H-2, H-4 C-1, C=2, C=5
4 20.1 1.31(3H, d, 6.5) H-3

5) 167.3

6 121.6 5.75(1H, dd, 11.5) H-7 C-5, C=8

7 146.3 6.37(1H, qd, 11.5, 7.0) H-6, H-8 C-8

8 15.5 2.10(3H, d, 7.0) H-7 C—6, C=7

SHEE 429-1% A% @9 FAHY FeER ZyHNew, 'H 2 PC NMR}
APCI-LCMS (Fig. 3—144), ESI-HRMS (Fig. 3—145)5< dolg s14& F3te] At
2ol CgH1204 9L <& 4 gtk ¥C NMR spectrum (Fig. 3—140)°)4 1712
carboxyl carbon(dc¢ 174.6), 170 ester carbonyl carbon(dc 167.3), 271
olefinic carbon(dJ¢ 121.6, 146.3)3 1709 oxygenated carbon(dJc 68.6) 7} =&
S 4 F Qdrk T 'H NMR spectrum(Fig. 3—139) 14 Jy 5.75(H-6, d,
J=11.5H2)¢} oy 6.37(H-7, m, J=11.5Hz)2 olefinic protong°] 11.5Hz9]
coupling constant® 7FA+= Z o2 Hol cis FH TX2 A5t 23S & 5 A
t} 429-19 FE3x W AAHA HAFTFE 'H-'H COSY(Fig. 3-141),
gHSQC (Fig. 3—142), gHMBC (Fig. 3—143) ¢} 72 2D NMRE] A a4 S %3519
AT (Fig. 3—136). 'H-'H COSY spectrum®] AHA|3E sf4S E3to] 2702 i
TZE 4 F Y}y WA H-2(5y 2.53, 2,62) 9 oxygenated proton?] H—3(dJy
5.28)7} correlation peaks Ho] A& o]xdtil Yo & F A}, T H-3+=
H—4(Jy 1.31)9 correlatione Ho] H-2~H—-47t# 9] BREFZE ursl 4 Qlglt}h
2 WHow, H-6(dy 5.75) ¢4 H-8(dy 2.10)7kA412] H

correlationS 2] Wd AL Eslo] FHEd 5= )

O O

R NG N SO

Fig. 3—136. The structure of 429—1.
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gHMBC spectrum (Fig. 3—143) 9] 3|42 F3olo] 27019 FEFTZE A4 5 U
om 429-19 FHTEE A & 5 ASNTH(Fig. 3-137). gHMBC spectrumelA]
H—-8(dy 2.10)°] + olefinic methine carbon(Jc 121.6, 146.3) 53 correlations
3, H-6(dy 5.75)7} ester carbonyl carbon?l C—5(8167.3) 2} correlations %
3l ester carbonyl H##3 F olefin w9 A4S ekt 18l A4t A4H
H-3(Jdy 5.28)7F C—2(dc 41.9) % carboxyl carbon C—1(Jdc 174.6) 8 ester
carbonyl carbon¢! C—-5(8167.3) %} long—range correlations 8l Z1O0 2 Hol 9]

S FETEXE A4 & = Ak 429-19 +%E 1D, 2D NMR % MS 59 AAZ
QA FFsta FAS Folo] wrdl Ay, o] 549 trans olefin®] FHE FAHOE wh=
o] A9 (Hocking, 1969), cis olefing 7FA 1 Q= 429-1% Ao A = 2 Z7F
2] B Aol gl At AAELS & F SUSTh

O O

@) OH
'H 'H gcosy
H 13C gHMBC

Fig. 3—137. Key 'H-'H COSY and HMBC data for 429—1.
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3. /\]‘Ff 33+E 4290-12 3IA

ShE 429—12 crotonic acid®] dimer @HE 7FA 3 J+=d dimer? FEjE g
2 ot A2 =&elA Ba ® ouk 9lou(Hocking, 1969), 3Heha 429-19] A
o] Haw Hol Q7] ulFe (B—-429-1 = B AFA HAEZA F
(2)—429—19 &AdAT¢ o] =49 a&4d FAHE /IEstr] fste] d9E
ST 429-19 42 monomer FE|Q! crotonic acidE ©]&3te] dimer? 3
429—-1< A3t Ak sttt WA, crotonic acidE toluened] ¢ 130C=E 714
72X 7F E<QF ¥ (Fig. 3—138)3F Zof, EtOAcE o] g€3t9] work—upe 3t EtOAc
T2 AY stelA FFSATE 5F Foll Whgo] o] Fo] A A &2 crotonic acidE A ¢]
o gk AAFES Hol NMRE WSS Felshdlnt. FA4® &4 'H % C
NMR spectrum (Fig. 3—146, 147)& &1t A3, #e€ () —forme 429-1¥%+= ot

£y
2]
2
Bl
sfo

_u.4 rg Og:,‘l' FSL' O_>|:4 O_>C,

E (B)- form-J 429 121 (£)—3— (but—2—enoyloxy)butanoic acid& €& <+ UAT}
(Fig. 3—138). Sof ()—-429-19 TS E3] HAEY TAHE ot IS
¢lolw 171 dimer ‘%EH ol g} trimer 59 thekdt FEH Y S EAE At SAS

oo} B AFolt}.

@) o] (0]
A\/ILOH Toluene MOJ\/U\OH

reflux(130°C)

Crotonic acid forF2h 3-(but-2-enoyloxy)butanoic acid

Fig. 3—138. Synthesis scheme of (£)—3— (but—2—enoyloxy)butanoic acid.
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102CH-429-25L-bEA-r£c40%-3-rpl3-1H-cd3od

[TEE

7 T T 1 T T T 4 L 7 T

Fig. 3—139. 'H NMR spectrum of 429—1.
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102CH-429-25L-bEA-rfc40%-3-rpl13-13C-CD30D
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Fig. 3—140. '*C NMR spectrum of 429—1.
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Fig. 3—141. gCOSY spectrum of 429-1.
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Fig. 3—142. gHSQC spectrum of 429—1.
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RT: 0.00-1.10

NL: 2.97E8
10 0.61

063 TICF: MSrp13
076 083 091 099 1.06

0.58

022 030 038 (45 055

0.62 NL: 5.71E7
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50.50-1549.50] MS rp13

0.57 NL: 3.05E7
TIC F:{0,3} - c APCI corona
sid=50.00 det=1600.00 Full ms [
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058 NL: 1.71E8
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L e e B e e e B
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Fig. 3—144. APCI mass spectrum of 429—1 (negative mode).
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100+

C: 1100 H: 1400 O: 1-100
Minimum -5
Maximum 5.0 5.0 500
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf(%)  Formula
1710662 1710857 06 29 3.5 366.3 n/a n/a C8 H11 04
[ e e o ™% o ‘ | ‘ AR T g D ey TR s

Single Mass Analysis
Tolerance = 5.0 PPM
Element prediction: Off

Elemental Composition Report

DBE: min = -1.5, max = 50.0

Number of isolope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons
16 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)

Elements Used

Fig. 3—145. ESI-HRMS spectrum of 429—1.
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102CH-429-newcompound-trans-dicrotonicaicd-13C-CD30D

Fig. 3—146. 'H NMR spectrum of (£)—3— (but—2—enoyloxy)butanoic acid.
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102CH-429-newcompound-trans—dicrotonicacid-13C-CD30D

160 140 120 100 80 60 40 ppm

Fig. 3—147. C NMR spectrum of (£)—3- (but—2—enoyloxy)butanoic acid.
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A 9 A. Penicillium citrinum 1310CH-0322] thAIE2 Eg]
o ZTzAA

1. Penicillium citrinum 1310CH—-0322] &3, 4 2 #j%

ol AR UAof HF QlZeld AHE == H w#el¥ 1310CH-032 ¥F%
18s rRNA 71494 &4 A3, Penicillium citrinum= Q% Atr. 1310CH-032
9] single colonyE BN $dujx|eA wjefst o BN broth7} H7Fg 500 mL
flaskoll AF3ko] 28Tl 120 rpmOZ 7L TS ok di@ujeke 2L
Erlenmeyer flask AF&3Fo] AAIg om, 1.25L% 9 wijX|& &2 20719 Z2pA=9
SRS FFste] 28T, 120rpme] o2 8YUZE wiketo] F 2519 wiYdls
At Aoz wFa S ALY EE] 7] (6,000rpm) & AFE-3o] FAE v Fl © 2 HE]
Heatleh e wiek oA AT F(25L) 9 EtOAc(EA)E 23] F=8ke ¢t
sl A F538te] FEE 2.56g E3Uth

1310CH-032
-25L

-28°C

- 7days

Broth layer extracted with EtOAc

<Sponge from Chuuk island

l ODS flash column chromatography

80%MeOH Fraction

-1.5ml/min
-RI detector

HO OH O
o ) /
“hhait HO
HO'

032-1 032-2

{ HPLC -60% ACN

Fig. 3—148. Isolation scheme of 032—1 and 032-2.

2. Penicillium citrinum 1310CH—-032¢ dAI=2 £33 2@ F+xZ2A

EtOAc FZ=E(2.5g)2 flash ODS column chromatographyE ©]&3to] 20%
MeOHZHE 20%% MeOH®| & WAZ R S7F A7IdA =4 wet &85 5
Gt o] T 80% MeOH #3ES ttA] ODS—open chromatography S A A3 70%,
75%, 80% MeOH 8o Ur3lal, Al #32 FolA 75% MeOH #8&5 C18 4
HPLC(C18 reversed—phase HPLC, Column: YMC—ODS—-A, 5 mm, 10X250 mm, &
ml: 75% MeOH, €% £%: 1.5 ml/min, RI detector) & gA|dto] B A 7F 458 o}
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2= 93 rp9E Al 'H NMR spectrum (Fig. 3—151)& sHeld] 2 Ay, o] 9=
= 7 MY 4ol Ao = & 5 vk p9E vl C18 9 HPLC(CI8
reversed—phase HPLC, Column: YMC—ODS—A, 5 m, 4.6x250 mm, &w: 60%
CHiCN, €% £%: 1.5 ml/min, RI detector) @ A A|slo] 3}3E 032—1(10.6 mg, X
FAIZE 4238) 7 032—-2(1.5mg, BAAIZE 478) & =58A 22l a3lth(Fig. 3—148).
032—-12 A% 249 ¥4I sFE=z ¥g Hew, 'H 3 “C NMR#%
APCI-LCMS (Fig. 3-156)c2] Hl°ly & &8t LAl CisHNOy H& &
9otk C NMR spectrum (Fig. 3—152) oA J&c 194.7¢9] ketoneo] 17 &A)st1
Jc 174.1°] amide carbonyl group®] 17 <€A 3= 2S & 4 AAgTh T3 Je
101.0, Jc¢ 192.9° Z+ZF 1709 quaternary carbone] <EA|sta  Jc 66.69]
oxygenated carbon®] EAst= AE & & AST. 283l spectrum “dell A up—field
BEo] th52 methyl 2 methylene group®] &A= 7S o 4+ 2t} gHSQC
spectrum (Fig. 3—154) 2 &3 279 carbonel 4% protons & 4 UA
°] methine protons(dJdy 3.53, 3.77, 4.17)3 5702 methylene protons¥ 47§29
methyl protons(dJdy 0.84, 1.12, 1.15, 2.97)°] U5 &1 & = QJa, 71 F Iy
2972 -NCH;¢S & 5 A3tk 032-19 FE+x 2 dA4e Fd+x2E 'H-H
COSY (Fig. 3—153), gHSQC (Fig. 3—154), gHMBC (Fig. 3—155) ¢} &2 2D NMR2]
ArAeE S F 5k ﬁL“ﬂé}oﬂr/}(Fig 3—149). AA, 'H-'H COSY spectrum (Fig.
3-153)= F3l 2719 B2 E ¢ 5 A<=, 1 Sl methine proton?! H-5(d
1 3.77) 2} methine protonod H-6(Jy 4.17) 7} correlation®] ¥ 3l methine proton?!
H-6(Jy 4.17) 7} methyl proton?] H=7(Jy 1.12) 2} correlation peakES &2QlsF3it}.
78]l = & methine proton?l H—9(dy 3.53)°] H—16(Jsy 1.15)2] methyl
protonZe]  AAE sy H-9(Jdy  3.53)%E  H-15(dy 0.84)7kA 9]
correlation peaks+ &3l U™ A FE7xE A5kt

Fig. 3—149. The structure of 032—1.
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Table 3—18. NMR Spectral data for 032—1 in CDCls

No. dc du (mult, J = Hz) COSY HMBC
N
2 174.1
3 101.0
4 194.7
5 68.6 3.77(1H, d, 4.0) H-6 C—4, C-6, C—7
6 66.6 4.17(1H, aqd, 4.0, 6.5) H-5, H-7 C-3, C—4, C-5
7 17.7 1.12(3H, d, 6.5) H-6
8 192.9
9 36.5 3.563(1H, m) H-16 C-3, C=8, C—-10 C—-16
10a 1.44(1H, m)
33.5 H-9, H-11 Cc-9, C—-11, C—16
10b 1.66 (1H, m)
11 27.2 1.21-1.32(2H, m) H—-10, H—12
12 29.2 1.21-1.32(2H, m) H-11, H-13
13 22.5 1.21-1.32(2H, m) H—-12, H—14
14 31.6 1.21-1.32(2H, m) H-13, H-15
15 14.0 0.84(3H, t, 7.0) H-14 Cc-13, C—14
16 17.1 1.15(3H, d, 7.0) H-9 Cc-8, C—9
17 27.2 2.97(3H, s) C—-2, C-5
gHMBC spectrum (Fig. 3—155) 9] 34& &3t 370¢ FE73 % overlapping®

2 COSY correlation®] s4]o] oJgfHw H-10°14 H—147}7<]J A4S o F gle
u 032—-19 HWH FxE 24 & F AT (Fig. 3—-150). gHMBC spectrumef 4]
H-9(dy 3.53)& oxygenated carbongl C—8(dJc 192.9) 3 sp? quaternary carbon
1 C-3(Jdc 101.0)8F correlations Ho| o] F&9 TxF 24T + Stk
H-10(Jdy 1.44, 1.66)> C-9(Jc 36.5), C-11(Fc 27.2), C-16(Fc 17.1)3}
long—range correlations X3 om, ol A#ATAA L S Fdlo] o5 Atole] F&
TZ2E5 A48 5 Ak w3 H-17(Jdy 2.97)2 amide carbonyl carbong! C—2(¢
c 174.1)9 methine carbon C—-5(dJ¢ 68.6)%2 correlations H$FOow, T v
methine proton?® H-5(dy 3.77) & oxygenated methine C—6(J¢ 66.6) % C—7
(Sc 17.7)3} correlation®] &elEglowy, o5 AAAAE Fdlo] C-59 C-67F 94
Hol eS¢ 7 AN 183 H-5(dy 3.77)7F C—=4(Jdc 194.7) 2} correlation
oM tetramic acid T7FE 7 =4olgte= A& o & F Qo A=
H-6(dy 4.17)7F C—=5(dc 68.6), C—4(Jdc 194.7) ¢} correlatione 3tal, C—3(dc
101.0) 2} 4 bond®l long—range correlatione H. YO ZX tetramic acid 7%l side
chaino] #°] = o Tx2IS & & A%tk Tetramic acid T2E 712 33H&E 0
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3ol 3 (Mo, et al, 2014) & ZAF8| ¥ A3} tetramic acid 7% C—-3& 7]=2
% amide carbonyl group?l Jc 174.19 ketonel @ AAHUY C—8(Jc 194.7)9]
keto—enol formS =z EA3ct= RS dA HQow, HE oxygenated sp?
quaternary carbon¥+= Zw W& 3184 olFgts VHAAl HIlA ol HIFo=®
032-19¢ HWAFZE dstA =AU

7} 2D NMRO #14& B34 294 032-19 FUFZ2E oz TdS FAlE
2 A4y, Az wMEy MAEFQ HL-609 AX5A o] Qe oz IdyA
penicillenol A;(Lin, et a/, 2008) 3 w43t 72U S & 5 Ut o] 24 I
4 ool obA Kt HA Fgtort FxT) wig Sold o7 wFo] Hol thekst

e 7N = AR Vitd

HO

'H  'H gcosy
H 13C gHMBC

HO

Fig. 3—150. Key 'H-'H COSY, and HMBC data for 032-1.
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1310CH-032-25L-bEA-rfc80%M-rfc75%M-HPLC~rp9-ACN-rpl=1H~CDCL3

Fig. 3—151. 'H NMR spectrum of 032—1.
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1310CH-032-25L-bEA-rfc80%M-rfc75%M-HPLC-rp9-ACN-rpl-13C-CDCL3

 V— ,.ix...._llL f{:fzsi

L L I Y LIS L N N I O L L L L L

200 180 160 140 120 100 80 60 40 20 ppm

Fig. 3—152. *C NMR spectrum of 032—1.
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e

M

1310CH-032-25L-bEA-rfc80%-75%-rp9-ACN-rpl-gCOSY-CDCL3

oo

n
T 1T 11 L T T 17T T 1T T 17T T T 11 TN T T 17T b
o n o n o n o n -
- Ll N N (2] ™ < <
(udd) 11

Fig. 3—153. gCOSY spectrum of 032—1.
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Fig. 3—154. gHSQC spectrum of 032—1.
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Fig. 3—155. gHMBC spectrum of 032—1.
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RT: 0.00-0.99

055 NL: 3.47E9
100 TICF: MSrp9
%0 068
007 015 022 030 038 045 ~AD70 075 083 091 098
0 054 NL: 2.05E8
100 TIC F: {0,1} - ¢ APCl corona
5id=30.00 det=1600.00 Full
50 ms MS rp9
o 0.31
056 NL: 1.97E8
100 TICF: {0,3} - ¢ APCl corona
5id=50.00 det=1600.00 Full
50 ms MS rp9
0.26
0 059 NL: 3.06E8
100 TIC F: {05} - ¢ APC corona
5id=70.00 det=1600.00 Full
50 ms MSrp9
o 0.21
0.60 NL: 1.71E9
1003 TIC F: {0,0} +¢ APCI corona
3 5id=30.00 det=1600.00 Full
504 ms MS rp9
3 0.07 0.22
0 0.55 NL: 3.47E9
100 TICF: {0,2} +¢ APCI corona
5id=50.00 det=1600.00 Full
50 ms MS rp9
0.25 040
0 058 NL: 1.31E9
100 TICF: {0,4) +c APC corona
5id=70.00 det=1600.00 Full
50 ms MS rp9
0.35
O e e e e ] ) ) e ) T AR e e e e s a1
0.0 0.1 0.2 0.3 04 0.5 0.6 07 0.8 0.9
Time (min)
rp9 #38-55 RT: 0.46-0.62 AV: 3 NL: 8.71E7
F: {0,1} - c APClcorona sid=30.00 det=1600.00 Full ms
296.10
100
95
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10
252.00
170.97 N 32,6-07 474,02 615;59 691.49 891.29 956.80 1085.08 1212.14 1313.88 1442.66 1641.57 1752.93
LRAARS EAARI RAARY RRAM) LAAAY R RN RN AR AR AN RRAR) RAREY LAAMY AR AL RN NAARE AAARS EAAAN LAARY REAAN LAMRY RARN AARY RARAN SAARIARARS RAMM MAARS RAMRI KAARS RAARY RRSAN AR RRAAN
200 400 600 800 1000 1200 1400 1600 1800
m/z

Fig. 3—156. APCI mass spectrum of 032—1 (negative mode).
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032-2% =@M RAYPe HgEz  Fg  Hdoew, 'H, C NMR¥
APCI-LCMS (Fig. 3—164) ¢ Holy A& F3to] #A20] CiuHs0s Y=
AATH(Fig. 3-157). 'H NMR spectrum (Fig. 3—159) A 1719 W&FH $4(Jy
7.45)7F EAsa 2L FE7} singlet peak?l ZO® Hol F7} BEF AFEH =
ZE 7Fd proton¥dS & F AT 181 Jy 5.502 S protonoZ KA T
integration #< Za 270(H-10, H-11)2 olefinic proton¥& & 4 Al 13C
NMR spectrum (Fig. 3—160)°4 1709 ketone(Jdc 204.5)3 8702 olefinic
methine carbono] EAet= Zla & = UM 1 F 370(Jc 125.4, 129.0, 129.6)
+ sp” methineo|x Ywx 574 (Fc 110.4, 111.9, 115.7, 160.5, 161.7)+ sp”
quaternary carbongs 9= & 4 QArh 032-29 HFEFFE 49 AAH HHFEXE
'H-'H COSY (Fig. 3—161), gHSQC (Fig. 3—162), gHMBC (Fig. 3—163)%} #2 2D
NMR 529 As ai4s sto] stistaltt. 'H-'H COSY spectrums &3l 279
BETxs & 9odth WA H-8(dy 2.95) ¢4 H-10(dy 5.50) 74+ vicinal
correlations £3fo] A4S &4 & Qonw, =3 H-10% overlap® H—-11(dy
5.50)= H-12(dy 1.63) 22 correlations Xy side chain® 7% &4 & AA
t}. oA 'H NMR spectrumellA 1719 peak® E AW 7y 5.50(H-10, H-11)9] &
A2 gHSQC spectrumelr  C—-10(dc 129.6)3 C-11((Jdc 125.4)3 717}
correlatione ®ol FUst 318t ol Fgts 7HA= 29 Fa7t 77 & 'ae] 4

Foha oles BT 5 Ak

Table 3—19. NMR Spectral data for 032—2 in CDs;0OD

No. dc 0u (mult, J] = Hz) COSY HMBC

1 161.7

2 110.4

3 129.0 7.45(1H, s) C—-2, C—4, C-5, C—-6, C—7
4 115.7

5 160.5

6 111.9

7 204.5

8 37.2 2.95(, 7.5) H-9 Cc-=7, C-10

9 27.5 2.35(2H, brt, 2.5) H-8,H-10 c-7, C-10, C-11
10 129.6 5.50(1H, td, 2.5) H-9 C—-8

11 125.4 5.50(1H, qd, 4.5) H-12 C—-12

12 16.6 1.63(3H, d, 4.5) H-11 Cc-10, C-11
13 6.5 2.06(3H, s) C—-1, C-6

14 14.9 2.16(3H, s) C—4, C-5
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w3t gHMBC spectrum (Fig. 3—163) 2] WHst a4 F3sto] 2719 FEF2 oA
A& 3 F e, olE4 032-29 HH FxE 44T F A (Fig. 3—-158).
gHMBC spectrumel|A] H-9(dy 2.35)<> ketoneQl C—7(dc 204.5) % olefinic
carbong9l C—-10(Jc 129.6)3 C—11(J¢c 125.4) 3 correlations Rt} o5 A3
#AA 9 S FalA 27019 BETE9) ketone ¥ olefinic carbon®] A4 HE A&
steldle] side chain %9 +%= 24 ¢ 4 AUt =3 methyl proton?! H—13
(Jdy 2.06)°] quaternary carbon®l C—-6(Jc 111.9), oxygenated quaternary
carbon®! C—1(dc 161.7) 3 correlatione H.G O™, X t}E methyl proton H—14
(&g 2.16)°] quaternary carbon C—4(Jc 115.7) % oxygenated quaternary
carbon C—=5(dc 160.5) ¢} correlations RS ZH aromatic ringdll &A= 2719
hydroxyl group®l S1AE 274 & & 3AUAH. 032-29] FA+ x5 dAst=d HFS
29 H-3(Jdy 7.45)2 gHMBC correlationg°] 7} 28 +d, H-37F C-2(J¢
110.4), C—4(J¢c 115.7) ¢} correlationstal TS C—14(J¢c 14.9), C—=5(J¢ 160.5)
¢} long—range correlation 3t A& W3] HFOoFH Fig. 9 2] aromatic
ring®] A#71=2 AL F AT A o2 H-3(dy 7.45)7F C—=7(Jc 204.5) &
correlations X9 aromatic ring¥ side chaine 9243 4 glglomn, 032-229 H4
T2E EE Aotk ojekte]l 1D 9 2D NMR2 JAs siae Falla 244d%
032-29] BHAFZE vZoz Fda AR & A3, Iz Widy A5 HL-60°]

Q= Zo7 d#R 2 3—dihydrosorbicillin(Du, et a/, 2009) 3 =

kil
kil

Fig. 3—157. The structure of 032—2.

OH o

HO

H H gcosy
H 3¢ gHMBC

Fig. 3—158. Key 'H—'H COSY and HMBC correlations for 032—2.
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1310CH-032-25L-bEA-r£c80%-75%-rp9-ACN-rp2-1H-CD30D
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Fig. 3—159. 'H NMR spectrum of 032—2.
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1310CH-032-

25L

~bEA-r£c80%-75%-rp9-ACN-rp2-13C-CD30D

100

Fig. 3—160. *C NMR spectrum of 032—2.
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1310CH-032-25L-bEA-rfc80%-75%-rp9-ACN-rp2-gCOSY-CD30D
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Fig. 3—161. gCOSY spectrum of 032—2.
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Fig. 3—162. gHSQC spectrum of 032—2.
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Fig. 3—163. gHMBC spectrum of 032—-2.



RT: 0.00-0.99
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Fig. 3—164. APCI mass spectrum of 032—2(positive mode).
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A 10 A siFFA L trqotomyces sp. 133VN028 #FZHH
AEHD 28 € 722X

133VN028 5+ 20134 3¢ wEWA AFH g 4 E (sediment) oA &+
gtk AFHS HHE oF 1g& HAE 34 ImlZF AYF falcon tubed] ¥Wil 5+
F<9t sonificationdt ¥, 60C dry ovenolA] 30%3F dxglste] dHkA#o F4S o
Attt A8 & vk Al5E WA 28 ¥R Actinomycetes isolation agar (Al
A), Humic acid Vitamin agar (HV), Bennett’ s agar(BN)el| Z} 0.1ml& HE3ste] =
AT EEekal, 28°C wiFT]elA 7Y EF ek &, FAE WA s 24 EeE
Hi Aol {2} streakingste] @] d #Fo HHFHE #HEI &5 Eefste], —70T
of BEskAtt.

o?ir

1. Streptomyces sp. 133VN028 9 wjdsr® EA3 16S rRNA AR}

A7IME 4 g T4
133VNO28 #+ BN HiX| oA 7} Ao
o]tk 133VN0282 BN HiX] Abo| A wieF 4A |2
W Wl Egh 9] #AE FAsI o, wixE
o

02
fols
o
S
o
NS

Aol itk MA wjeF Ale] o] HE7F 32 g/Le JAFdlFelA ASo] 7 Eokth 1
33VNO028 #9 &4 %W AlFw/saed AAE &dstr] 98t 16S rRNA fFA#F
AL A Ea& g1t A, Streptomyces sp. Z 74 FH At}

2. Streptomyces sp. 133VN028C. 2 HE AEF #7 @ +x44

e, BEE WAdS Wagolel 238 Fg wA(BN) ol FFske] 443F vkt
o] &1t (seed culture) s WhFMFS A&l T3 L WA (BN) & Ab&3sto] Ta”]
18 L ¢ 2L Z23E AFES 24 L (1A 1 L x 24)°f 2 10%% HAFsAdo. &g
7] 18 L & 30rpm9] FAEER & FYste] 743 wiekstdla, 2 L A3
shaking incubatorg ©]&3Fo] 28 CellA 100rpme] 3] < HjeFstaich. =
ke 3 42 L 2 1, 22 JAHY 3, 85 sk 7] (ultracentrifug
e, 6,000rpm)& AR&3sto] Wi AeqH FAAE g AEde
AT Fo EtOAcE 2W1 FE3th EtOAcTEN S Azxske EtO
c FEES 1A Wikl A 2.34 g &, 22 v ellA]

It >
i
e ¥

L
o

L
b
— M e

E
ol
32
£ oo

©
of
ol
=2
>~
of M o &Y Kk

>
2

>

0o

oo — 0
[0]¢}

o

12

¥Q
o

— 245 —



1:t—MMass culture
133VN028 42 L: 287, pH 7.5, Tdays
I Centrifuge 6,000rpm
|_ |
mycelium Broth

extraction
(EtOAc =2)

20%MeOH 40%MeOH 60%MeOH 80%MeOH 100%MeOH
|50%Me0H

| |
Filtered 028—1
(20 me)

18 reversed—phase HPLO

I I I I
208—2 208-3 2084 208-5
(3mg) (06mg) (25mg) (2.4 mgl

wash

Fig. 3—165. Isolation scheme for 028—1~5 from the 1°' culture broth of the

strain 133VNOZ28.

Zri—Mlazs culture

133VNO028 42 L 237, pH 7.5, 7days
| Centrifuge 6,000rpm

mycelium Broth

extraction
(BEtOAc 22

I I I I |
20%MeOH  40%MeOH 60%MeOH 80%MeOH 100%MeOH

| 50%MeOH
| |
Filtered 028—1
(32.1 mg)

18 reversed—phase HPLC
I I I I

208—2 2083 2084 2085

(24 meg) (0.3mg) (1.4mg) (1me)

wash

Fig. 3—166. Isolation scheme for 028—1~5 from the 2" culture broth of the

strain 133VNO28.
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7}z e] FEES 9 U4 AZREI2HY (reversed—phase flash chromatograph

§38 gt §E 8= H.O © MeOH(80:20) 2.2 Al &3ato] M

o, wpA T 100% MeOHE FHFEAS AHsAT. 60%

S 12 wieks B3 191.4 mg, 22 wikS S 217.2 mg & €& F 34

t} 7} FEES C18 94 HPLC(C18 reversed—phase HPLC, Column: YMC—-0DS

7 Sum, 10x250mm(WH7dxZel), o]F%: HyO/MeOH(5:5), &%= 1.5

ml/min, RI detertor)?] & o= #8 AFAlste] sgtE 028—(1-5) = LUt

12}, 2xF wiekel A #hetE 028—(1-5)2 s st =4o] dojxl Ao=m oidet3iaL, ol

i NMR# MS data® &lsklvh. 288t 2 285 @kl Aqt=d (1) 52.1 mg
(2) 5.4 mg, (3) 0.9 mg, (4) 3.9 mg, (5) 3.4 mg FoIFEE FAs3Ieh.

133VNO28

Streptomyces Sp.

— 421 (15t+2ad)
- BN

- 28T
-pH7.5

— 7days

Sediment : 133VN—-SD1

bEA—rfc60%MeOH

4

~

G OH
/YNNW\/\H/OH /\J;N\/\H\/\/\/\H/OH
OH 0
° e ° N OH 028-3
(52.1mg) /\H/ \/\/ (0.9 me)
o] OH
H o~ 028-2 " ~o
A-r" = FF oH (5.4 mg) /\H,N\/\KK/WYOH
0] OH o [e] OH 0
028—14 028-5

\ (3.9 mg) (3.4 mg) /

Fig. 3—167. The structures of 028—1~5 from the strain 133VNO2R.
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7F A Z3EEF 028-19 T+ 27

At g E4 028—-1(Fig. 3—-168)2> #ZMeo] F43¥ A (brown amorphous
solid) 2 #2853, HR-ESIMS$ “C NMRE 53l #2412 CiH i NOs2 AA =S
t}. 'H NMR (Fig. 3—171) 14 11709 olefinic protons [H—-2(dy 5.85), H-3(du
7.31), H-4(6y 6.38), H=5(8y 6.65), H-6(8y 6.28), H=7(6y 6.44), H-8(5y
6.22), H-9(6y 5.84), H-14(6y 6.21), H-15a(dy 5.64), H-15b(8y 6.23)13 2
/M2l sp? methylene protons [H-10(8y 2.37), H-11(dy 3.33)]1& & 5= 913
oh H-11(8y 3.33) 3tetd olggtos ®ol A7|SA L7 2 NHe 45 9l
Rog ettt H-2(6y 5.85)FFH H-9(8y 5.84)7k4 9] olefinic protons©]
coupling constant #t(/=15 Hz)< Zt= AO 2 Hol trans formO 2 ¥ polyenelEd
o ggEolgt oAatdtr YC NMR(Fig. 3—-172)°14 11709 olefinic carbon®
[C—=2(8¢ 121.6), C—=3(5¢ 146.6), C—4(5c 130.9), C=5(6c 142.5), C—6(d¢
132.0), C=7(8¢ 138.6), C=8(6¢ 133.7), C-9(S¢ 135.3), C—14(6¢ 132.2),
C—15(8¢ 126.8)1¢F 2709 carbonyl carbong [C—1(8c¢ 170.8), C—-13(dc¢
168.3)13 2709 sp® methylene carbonE [C—10(8¢ 34.0), C—11(8¢ 40.1)]19 &
AE gl & 5 AT (Table 3—20). gCOSY A~HEH (Fig. 3-173)elA+= H-2(6
1 5.85)FH H-6(6y 6.28), H=7(6y 6.44)F¥ H-11(6y 3.33), H-14(6y 6.21)
¥ H-15(6y 5.64/6.23) 2] correlatione E3 protong°] AZ A-& A& & -+

At gHSQC A EF (Fig. 3-174) <= &all 'H¥ C9 correlations 213 5 9l
A=, 1170 olefinic groups C—-2/H-2(6 121.6/5.85), C—3/H-3(6
146.6/7.31), C—4/H-4(6 130.9/6.38), C—-5/H-5(6 142.5/6.65), C—6/H-6(5
132.0/6.28), C—-7/H-7(8 138.6/6.44), C—-8/H—-8(8 133.7/6.22), C—9/H-9(¢
135.3/5.84), C—14/H—14(8 132.2/6.21), C—15/H—-15(8 126.8/5.64, 6.23)= &
Q18 = A, 2709 sp® methylene groups C—10/H-10 (8 34.0/2.37),
C-11/H-11(8 41.0/3.33)= =<lsirt. gHMBC(Fig. 3-175)°14 carboxylic
carbon C—1(6¢ 170.8)2 H-2(6y 5.85), H-3(8y 7.21)F correlation peaks H
o] Were] X8 Z& oAdE = A C-4(8c 130.9)/H-2(5y 5.85), C-3(d¢
146.6)/H-5(8y 6.65), H=7(8n 6.44)/C—-5(8¢ 142.5), H-7/C—6(5¢c 132.0),
C—7(85¢c 138.6)/H-8(dy 6.22), C—=7/H-9(5y 5.84) 52| long—range correlation
S B8t H-2(8y 5.85)FE H-9(dy 5.84) 7412 polyene?] &5 & &
QAT HESE amide carbon C—13(dc¢ 168.3)2 H—-11(6nuy 3.33), H-14(on
21), H-15(6y 5.64/6.23) 2} correlatione H S EF XA acrylamide moiety2] <A
gl & 4 AT H-9(6y 5.84) 9 C—10(8¢ 34.0) 2] HMBC correlatione &
3l polyenel HET1T%¢} acrylamide moiety”7} A28 S ¢1d 4 Qglon Al g
F=4 028-19 =& AAE + Atk (Fig. 3-169). IR =74dolA 1678cn
“I(CONH, amide carbonyl), 2965cn™!(sp® C—H), 3287 cm ' (O—H)5 2| functional
groupe°] EAES Feld 4= AT, UV spectrumol A Al 4t 3ksE 028—1+ 302
nm, 315 nmellA] 717} log e (4.75), (4.74) 2] Ao 43S 2+ 2 & F Adrh

rly mlo

mlm @ ¥ ml
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[M+Nal ") (Fig. 3—170)Z nlgo® 028—12 2% 2472 polyene Al¥e EA=E
glstiar, ¥ A A3 Streptomyces sp.olA EElE Aol e AqtEAR &<l
A=

+ OH

0O (o)

Fig. 3—168. The structure of 028—1.

ZT

OH

H H, gCOSY

o) o) H  C,gHMBC

Fig. 3—169. Key COSY and HMBC correlations for 028—1.

Table. 3—20. NMR Data for 028—1 in CDs;0OD

Position 8¢t 8n, mult. (Jin Hz)P COSY HMBC
1 170.8
2 121.6 5.85, d (15) 3 1, 4
3 146.6 7.31, dd (15, 11) 4 1
4 130.9 6.38, dd (15, 11) 5
5 142.5 6.65, dd (15, 11) 6 3
6 132.0 6.28, dd (15, 11)
7 138.6 6.44, dd (15, 11) 8 5, 6
8 133.7 6.22, dd (15, 11) 9 7
9 135.3 5.84, m 10 7
10 34.0 2.37, m 11 9
11 40.1 3.33, m 9, 10, 13
13 168.3
14 132.2 6.21, t (7) 15 13
15a 5.64, m

126.8 13

15b 6.23, dd (7.5, 3.5)

“Measured at 125MHz. "Measured at 500MHz.
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20140429 P4 KIOST HP2

20140425_P4_KIOST_HP2 4(0.035)

Fig. 3—170. HR—ESIMS spectrum of 028—1 (positive mode).
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Fig. 3—171. 'H NMR spectrum of 028—1 in CD3OD.
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Fig. 3—172. 3C NMR spectrum of 028—1 in CD30D.
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Fig. 3—173. COSY spectrum of 028—1 in CD3;0D.
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Fig. 3—174. HSQC spectrum of 028—1 in CD3;0D.
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Fig. 3—175. HMBC spectrum of 028—1 in CD30D.
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. A9t 3EE 028—19] sIEA

133VN028 oA wg® 2t stgE 028—15 vk A E52 Raw 26
4.7 cell] &% H(6.25, 12.5, 25, 50 ¢ M/mD = A5ttt LPS (lipopolysaccharid
e)® A43te Raw 264.7 cellolX e 95 Mi7i=4 AaxE B&Es3dd. LPSE
T gAMEE d=S 0oy Hiy, d=gw gudz oelx (NOS S AT CO

X—2 @z o] ukao] Z71eA 1, NO9 AAdo] Z71akA 9t} At 3stE 028—1
= FE JEAOR INOSS COX-29 &2 A5 e TdS st A
7l AR Hol, Hojd 39 dAe 7HAA e A & T ASdHh

> Protein expression rate

LPS(1 pg/ml) LP5(1 pg/ml)
COM.1(ug/ml) COM.1(ug/ml)
625 125 25 50 625 123 25 50
iINOS A —— . COX-2 — e
B-actin — Y — S S— — B-actin S T — —— —

[
=)
=)

= =
g & 100
% 100 S
5 i
80 -
£ £ w0
3 60 - 3
g g %
£ o - g
=] s 20
3 20 A -
3 & : L, | L
A& o , ; ST : . = &
M e 6.25 125 25 50
M C 6.25 125 25 50
Concentration (ug/ml) Concentration (ug/ml)

Fig. 3—176. Raw 264.7 cells (5 X 10° cells/ml) were pre—incubated for 24hr,
and the cells were sitmulated with lipopolysaccharide (1 gg/ml) in
the presence of complex extracts sample(1, 10, 100 gg/ml for 2
4 hr. nor : LPS not induced group, con : LPS induced group. Data
represent the mean £ S.D. with three separate experiments. One—
way ANOVA was used for comparisons of multiple group means fo

llowed by t—test (significant as compared to control. *p < 0.05, #*x
p < 0.01).
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ok A FFE 028-29 7= AF

At 3gkE 028—2(Fig. 3—177) ZAMo] EA3 314 (brown amorphous solid) &
W E R, HR-ESIMSSF °C NMRS 38l w2k CeHiNOsZ A=tk 'H NM
R(Fig. 3—180) A 37H¢] olefinic protong [H—6(dy 6.20), H-7a(dn 5.64), H—
7b(6y 6.21)18 2709 sp® methylene protons [H—2(8y 1.79), H-3(8y 3.33)]
¥} oxygenated proton H—1(8y 4.58)peakE %3l hydroxyl groupd =& o3}
Atk H-3(6y 3.33) 3184 olFgtom Hol A7|SA L7t & NHe ddso] S
Aoz o sttt °C NMR (Fig. 3—181) |4 2719 olefinic carbonE [C-6(d¢ 13
2.2), C=7(8¢ 126.6)13 carbonyl carbon C—5(8¢ 168.3), 270 sp® methylene ¢
arbong [C—2(8. 37.5), C-3(d. 36.7)1° &A1& &A&d 5 A3, C-1(5¢ 98.
1) dWHAQl oxygenated carbon®] 3}8H24] o] FZtE T} down field® ©]&3t Zo=
Hol C—1e] diolo] A&H o] &S o & + ATk gCOSY ~HEH (Fig. 3—-18
2)oX = H-1(6y 4.58)FH H-3(dy 3.33), H-6(6y 6.20)3 H-7(6y 5.64/6.2
1) 9] correlations %3l protons°] MZ AdH3N Y5 & F AU, gHSQC A~HE
2] (Fig. 3—183)% %3] 'H¥ '3C9 correlations #¢1& 4= Qlgl=d], diole] 9944
C—1/H-1(8 98.1/4.58), 2719] olefinic groups [C—-6/H-6(5 132.2/6.20), C=7/
H-7(8 126.6/5.64, 6.21)]1% &8 & 2ldaL, 2719 sp’ methylene groupE [C—
2/H-2(¢ 37.5/1.79), C-3/H-3(s 36.7/3.33)]1¢] A4S & + AT gHMBC (Fi
g. 3—184) A diol carbon C—1(8¢c 98.1)2 H-2(6u 1.79), H-3(8u 3.33) % co
rrelationdlal Wte] $12]38F Z1& o Aksk 4= QI 31, amide carbon C—5(8¢ 168.3)9]
H-3(d8n 3.33), H=6(dn 6.20), H-7(8u 5.64/6.21) % correlation sh= o= H
o} acrylamide moiety? €& &<l & 4 At H-3(5y 3.33)/C—-3(5c 36.7) 9
HMBC correlations %3] C—1°A C-3% H¥+%¢% acrylamide moiety7} A4F]
= As o 7 Ao, 028-29 FxE AAT & USUTH(Fig. 3—-178). IR 574 4
7}, 1657em ' (CONH, amide carbonyl), 2969cm ! (sp® C—H), 3295em™! (O—H) %29
functional groups°| £A&S &l & 4= QI3th. UV spectrumelA 215+ 3FghE 02
8—2+% 204 nmelX log e (4.64)9 Hul Fd#= 2e A= & 5 A ol
w344 data®t HR—ESIMS m/z 168.0642 [M+Nal® (caled m/z 168.0637 [M+N
al®) (Fig. 3-179)F HB o % 028-2% HAF 145019 T XA A3, 2qtEdz &
Ak .

1 OH

(0] OH

Fig. 3—177. The structure of 028—2.
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ZI

OH

H H, gCOSY

O OH H C, gHMBC

Fig. 3—178. Key COSY and HMBC correlations for 028—2.

Table 3—21. NMR Data for 028—2 in CD3;0D

Position dc? &g, mult. (Jin Hz)P COSY HMBC
1 98.1 4.58, t (5.5) 2
2 37.5 1.79, m 3 1, 3
3 36.7 3.33, m 1, 2, 3
5 168.3
6 132.2 6.20, overlapped 7 5
7a 5.64, d (7.5)
7b 126.6 6.21, overlapped 0

"Measured at 125MHz. "Measured at 500MHz.

20140701 KIOST P4 HP2
20140T01_KIOST_F1_HFZ 80 {1 457)

704

B8

e

17344 1R 1BTEIES WTETA TTHE . nnnn., IDRES IETSEE0 ENE P 452 158! BB THZ oo gt wm s o a e
ET4142 LI 18783 8213 E ST AB8T4H 188585, 16.502
TR N e T A R | 1% VN N O O i .

Fig. 3—179. HR—ESIMS spectrum of 028—2 (positive mode).
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udd

Fig. 3—180. 'H NMR spectrum of 028—2 in CD50D.
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Fig. 3—181. '3C NMR spectrum of 028—2 in CD30D.
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Fig. 3—182. COSY spectrum of 028—2 in CD3;0D.
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Fig. 3—183. HSQC spectrum of 028—2 in CD3;0D.
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Fig. 3—184. HMBC spectrum of 028—2 in CD3;0D.
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2t A+t 3E 028-39 7% E7F

Al 3ghE 028—3(Fig. 3—185)2 Aol H43 314 (brown amorphous solid) &
8% 913, HR-ESIMSSF “C NMRS Fdl #4424 CiyHoNOsZ A= 3th 'H N
MR (Fig. 3—188) AFEF oA 7719] olefinic protons [H-2(8y 5.90), H-3(dy 7.
23), H-4(6y 6.40), H-5(6y 6.61), H-6(6y 6.22), H=-7(6y 6.02), H-14(y
6.21), H-15a(8y 5.64), H-15b(8y 6.20)1% 371<] sp® methylene protonE [H—1
Oa(dy 1.58), H-10b(6y 1.82), H-11(dy 3.40)1 &g 4 A%t H-11(6y
3.33)2 384 o]Fgto® Hol MV|FAHEF & NHe ddHo s Aoz ois)
Atk 028—32 028—13 H]=3 'H NMR AFEHS HAA| 9 028—104= HolA
okt 2709 oxygenated proton H-=8(d8y 4.03), H-9(6y 3.56)°] #REFOZH 0O
28—19¢ HZe°A olefinic proton H-8, H-9+%°] dihydroxylation® TZ9& o4
T AU H-2(5uy 5.90)FE H-7(5u 6.02) 742 olefinic protons°] 15 HzY
£ coupling constant #S Z+= ZO % Hol B5F frans form©O. 2 o]FoZ polyene
Aol shatEolety ettt ¥C NMR (Fig. 3—189) el 6709] olefinic carbons
[C=3(6¢ 140.8), C—4(56¢ 132.2), C=5(6¢ 139.1), C=7(8¢ 137.4), C—14(6¢ 1
32.7), C—15(8¢ 126.7)1%} carbonyl carbon C—13(8¢ 168.4), 2712 sp® methyle
ne carbong [C—10(8c¢ 37.8), C—11(8¢ 33.4)]3% 27129 oxygenated carbon [C—
8(8¢c 76.7), C=9(8c 73.6)]19 =AE &1 & = At} gCOSY ~HEH (Fig. 3—
190) el A= H-2(6y 5.85)FH H-6(6n 6.28), H-7(6y 6.44)FE H-11(6y 3.3
3), H-14(8y 6.21)3 H-15(8y 5.64/6.23)2] correlationg %3 ©]E protons?]
Az A &S & F AT gHSQC AFEF (Table 3-22)& S8 'Hy} ¥Ce
A AAS glst 4= Q= 6709 olefinic groups [C—3/H-3(5 140.8/7.2
3), C—4/H-4(s 132.2/6.40), C-5/H-5(8 139.1/6.61), C=7/H-7(8 137.4/6.0
2), C—14/H-14(8 132.7/6.21), C—15/H-15(8 126.7/5.64, 6.20)13 2709 sp®
methylenes [C—10/H-10 (6 37.8/1.58,1.82), C—11/H-11(¢8 33.4/3.40)13} dih
ydroxylic group [C—8/H-8(8§ 76.7/4.03), C—=9/H-9(8 73.6/3.56)]5 &It}
3% 028—-3% 4% wH7] "ol 1D, COSY NMR data® %3 +%5 93w
(Fig. 3—186), Aujks Ealo] k& ¢ &H3lo] 13C 3 2D NMR datas SH =
Zo] 9t IR A8 A%, y .. 1533em ' (CONH, amide carbonyl), 2954cm ! (sp® C—
H), 3274 '(O—H) %9 functional groupE< &Qstg 1, UV A8 Ay}, 028—-3<
232 nm, 286 nmelA 27} log e (4.40), (4.22)9 HAUFIE #ts 2= A= &
ATE oleiel Fs4 data®t HR—ESIMS m/z 280.1184 [M—H]~ (caled m/z 28
0.1185 [M-HI)& v o=Z 028-3 wAFFo] 281¢] dihydroxyl groups 2t
polyene Al¥e EAUS & JAT. = A A3 028—-32 Streptomyces sp.
oA Hx= Fg9 AarEA & T AT

jaleA
mlo ‘1)‘
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OH

Fig. 3—185. The structure of 028—3.

OH

ZL

OH

o OH o H H,gCoSY

Fig. 3—186. Key COSY correlations for 028—3.

Table 3—22. NMR Data for 028—3 in CD3;0D

Position olch &y, mult. (Jin Hz)® COSY

1
2 5.90, d (15) 3
3 140.8 7.23, dd (15, 11) 4
4 132.2 6.40, m 5
5 139.1 6.61, dd (15, 11)
6 6.22, overlapped
7 137.4 6.02, dd (15, 11) 8
8 76.7 4.03, t (5) 9
9 73.6 3.56, brt 10
10a 1.58, m

37.8 11
10b 1.82, m
11 33.4 3.40, t (7)
13 168.4
14 132.7 6.21, overlapped 15
15a 5.64, m

126.7
15b 6.20, overlapped

"Measured at 125MHz. "Measured at 500MHz.

— 265 —



150210_KIOST |

120210 KIOST P

283
=
280 1184
2781 8426
21207
5,188
r j TEDEE  arrian

24l | I i i
p ! Iy !
27 2 74 2 278 z

Fig. 3—187.

HR—-ESIMS spectrum of 028—3 (negative mode).
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Fig. 3—188. 'H NMR spectrum of 028—3 in CD30D.
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Fig. 3—189. 3C NMR spectrum of 028—=3 in CD30D.
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Fig. 3—190. COSY spectrum of 028—3 in CD30D.
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vl A9t 3EE 028—-49 X AF
ATt 3FeE 028—4(Fig. 3—191)2 2 e 543 314 (brown amorphous solid) 2
2= 23, HR-ESIMSSF °C NMRE 53l #4412 CisHaNOsZ A4 =itk 'H N
MR (Fig. 3—194) 23 EHo| A 9709 olefinic protons [H-2(8y 5.91), H-3(6y 7.2
6), H-4(6y 6.43), H-5(8y 6.05), H=7(5y 5.61), H—8(5H 5.79), H-14(6y 6.
21), H-15a(8y 5.64), H-15b(6 4 6.20)1, 270¢] sp® methylene protons[H—10
(6n 1.74), H-11(6y 3.33)]1¢ =AE &g = AJTH H-11(6y 3.33) 384
ol #oE Hol AVSAAETE & NHSF ddxo] s AR oiatdtt. H-2(6n
5.91) %8 H-5(8y 6.05) 749 olefinic protoneEd H-7(8y 5.61)3 H-8(6y 5.7
9) 9] olefinic protong°| 25 15 Hz® T coupling constant & %= Ao =2 Ko}
olefine5°] B frans formO 2 ©]Fo| % polyeneA €49 FFEUS & 5 AUk O
xygenated protons[H-6(8y 4.26)% H-9(6y 4.15), H-1'(6 ¢ 3.30)]4 =AE
Z3to] 028—4+= 028—1 #4994 H-6/H-72 double bond”} migration® ¥ oxyda
tion¥ o] methoxyl group® hydroxyl group®] £¢% T%AL oAd 4= gt} 13C
NMR (Fig. 3—195) 4 87§2] olefinic carbons[C—2(8¢ 123.7), C—3(8¢ 145.4),
C—4(5c 130.5), C=5(6¢ 142.5), C=7(5¢ 130.0), C=8(6¢ 137.7), C—14(6¢ 1
32 2), C—15(5c 126.7)1, 2709 carbonyl carbons[C—1(8c 171), C—13(6c 168.
, 2719 sp® methylene carbons[C—10(8¢ 37.7), C—11(8c 37.4)1, 2709 oxy
genated carbons[C—6(5c 82.8), C=9(5c 70.6)], 17H¢] methoxyl carbon C—1'
(8¢ 56.6) &=AE & 4 A, gCOSY ~HEH (Fig. 3—196) 94, H-2(8yu 5.9
DHE H-11(6y 3.33)7FA], H-14(6y 6.21) 2 H-15(6y 5.64/6.20) 2] correlatio
ng F3 o] FE FETEE & & 3tk gHSQC ~#HEHY (Fig. 3-197)& &3 !
H3t ¥Co AHA d48 gt 4= A=, 8709 olefinic groupE [C—2/H-2(6
123.7/5.91), C—-3/H-3(¢6 145.4/7.26), C—4/H—-4(6 130.5/6.43), C—=5/H-5(6 1
42.5/6.05), C=7/H-7(5 130.0/5.61), C—8/H—-8(¢s 137.7/5.79), C—14/H-14(6
132.2/6.21), C—15/H—15(8 126.7/5.64, 6.20)1, 2702 sp® methylene groupS [C
—-10/H-10 (¢ 37.7/1.74), C—=11/H-11(8 37.4/3.33)1, 2719 oxygenated group
=[C—-6/H-6(5 82.8/4.26), C—9/H-9(86 70.6/4.15)], 1702 methoxyl group[C—1
'/H-1'(¢ 56.6/3.30)19 EAE &Istsitt. gHMBC (Fig. 3—197) oA carboxylic ca
rbon C—=1(8¢ 171D H-2(6y 5.91), H=3(8y 7.26)3} correlation 30, Zghe]
A= e & ASUTE Methoxy group? 91%:= C—6(8¢ 82.8)% H-1'(6u 3.
30) 9] correlatione E3lo] C—69] AT Q= S & 5 %o, w3t hydroxy
I group?] $x+= C-99 34 olFa(oc 70.6) ¥ C-93 H-7(8y 5.61), H-8
(6y 5.79), H-10(6y 1.74), H-11(6y 3.33)¢ HMBC correlations &3sto] C—9
of AAH Q= AS & 4 Ak Carbonyl carbon C—13(8¢ 168. 4)° H-11(¢8
n 3.33), H-14(6y 6.21), H-15(8y 5.64/6.20) ¢} long—ragne correlatione XSl
ow, o]ZX acrylamide moietyE &<l & 4 Q3o H-11(6y 3.33) ¢ HMBC cor
relationE<g %3l acrylamide moiety @} YA HEo] HEFLZ7} A4S Folg 4
Aslom, 028—-4° +xE AT + UM (Fig. 3-192).
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Fig. 3—191. The structure of 028—4.

(0

ZL

OH

H  H,gCOSY

0 OH 0 H  C, gHMBC

Fig. 3—192. Key COSY and HMBC correlations for 028—4.

Table 3—23. NMR Data for 028—4 in CDsOD

Position 8 c? 8w, mult. (Jin Hz)® COSY HMBC
1 171
2 123.7 5.91, d (15) 3 1, 4
3 145.4 7.26, dd (15, 11) 4 1, 5
4 130.5 6.43, dd (15, 11) 5 3, 6
5 142.5 6.05, dd (15, 11) 6 3, 6
6 82.8 4.26, t (7) 7 5, 8, 1
7 130.0 5.61, dd (15, 11) 8 6, 9
8 137.7 5.79, dd (15, 11) 9 6, 7, 9
9 70.6 4.15, m 10 7, 8 10
10 37.7 1.74, m 11 9, 11
11 37.4 3.33, m 9, 10, 13
13 168.4
14 132.2 6.21, overlapped 15 13
15a 5.64, m

126.7 13, 14

15b 6.20, overlapped
1' 56.6 3.30, s 6

aMeasured at 125MHz. "Measured at 500MHz.
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Fig. 3—193. HR—ESIMS spectrum of 028—4 (positive mode).
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Fig. 3—194. 'H NMR spectrum of 028—4 in CD;OD.
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Fig. 3—195. 13C NMR spectrum of 028—4 in CDs;OD.
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Fig. 3—196. COSY spectrum of 028—4 in CD30D.
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Fig. 3—197. HSQC spectrum of 028—4 in CD30D.
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Fig. 3—198. HMBC spectrum of 028—4 in CD3;OD.
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vl Alqf 3}8E 028-59 Fx EA

At 3sE 028—-5(Fig. 3—199) 2 75}"“9] F43 314 (brown amorphous solid) &
8% 913, HR-ESIMS ¢} "C NMR & &3 #4242 CisHaNOsZ A4 = et !
NMR (Fig. 3—202) 4l 971¢] olefinic proton% [H-2(d8y 5.91), H=3(6y 7.30), H
—4(6y 6.43), H-5(6y 6.67), H-6(6y 6.45), H-7(6y 5.86), H-14(5y 6.21),
H—-15a(8y 5.64), H-15b(8y 6.20)1¢ 3719 sp® methylene protons [H—10a(é8
n 1.56), H=10b(8y 1.75), H=11(dy 3.37)12 EAE & 4 32tk H-11(6y 3.3
)2 54 olF How Hol MVSALETE & NHeF dZAH & ZAoR 4433
o H-2(6u 5.91)FE H-7(8y 5.86)7F4 2] olefinic protong°] 15 Hz® & coupl
ing constant gt 2= Z1 0% Hol 028—5% 9A] frans formQ olefin®. & o] Foixl
polyeneZl€4 2 FEAS & 4 AUtk AAT 'H NMR data?l 314 53to], 028
-5+ 028—-1 FZAA H-8/H-92 double bond”} oxydation¥ I methoxy group%t
hydroxy group®] T TXE 7HA 1 & AL oA 4 9t ¥C NMR (Fig. 3
—203) A 87019 olefinic carbong [C—2(d8¢ 123.4), C—=3(5¢ 145.8), C—4(dc 1
30.5), C=5(8¢ 140.9), C=6(6¢ 135.1), C=7(8¢ 136.2), C—14(8¢ 132), C—15
(8¢ 126.7)1, 2709 carbonyl carbong[C—-1(6¢ 171), C—=13(5c 168.4)]1, 2709] s
p® methylene carbonE[C—10(8¢ 33.4), C—11(8¢c 37.7)], 270¢] oxygenated carb
ons[C—8(8¢ 86.8), C—=9(8¢c 72.4)1, 1718 methoxy carbon C—1'(d¢ 57.3)% =+
AE Folgd = At} gCOSY A~HEH (Fig. 3—204) oA+ H-2(5y 5.91)FFH H-
8(8y 3.59 74, H-9(6y 3.63)%E H-11(8y 3.37)9 correlatione %3l proton
Sol Az A8 AeS & & Atk gHSQC ~FEH (Fig. 3—-205) < &3 'Hy ¥
C9| correlatione &1 4= 3llE=dl, 8712 olefinic groupE [C—2/H-2(8 123.4/5.
91), C—=3/H-3(6 145.8/7.30), C—4/H—-4(5 130.5/6.43), C—=5/H-5(8 140.9/6.6
7), C-6/H-6(8 135.1/6.45), C=7/H-7(6 136.2/5.86), C—14/H-14(5 132/6.2
1), C—15/H-15(8 126.7/5.64, 6.20)], 27012 sp® methyleneE[C—10/H-10 (8§ 3
3.4/1.56, 1.74), C—11/H-11(¢6 37.7/3.37)1, 27§2] oxygenated carbon/protone [C
—-8/H-8(8 86.8/3.59), C—=9/H-9(s 72.4/3.63)1, 1702 methoxy group[C—1'/H-
1'(8 57.3/3.30)12 =415 & 4 A}t gHMBC (Fig. 3—206) 94 carboxylic car
bon C—=1(8¢ 171) H-2(8y 5.91), H=3(8y 7.30) 3 correlationdltal Zkef] $]X]
3t S o = AT Methoxy group?] $1x+= C—8(dc¢ 86.8)3% H-1'(dy 3.3
0), H-6(6y 6.45), H=-9(8y 3.63) ¢ HMBC correlations F3te] C-8° =2 A&
AN, hydroxyl group® $1x&= C-9(8 72.4)9] 384 o]5gkz C-93 H-7(dq
5.86), H-8(dy 3.59), H-10(oy 1.56, 1.74), H-11(5y 3.37) 9 correlations &
3to] &l & 4 A2t Carbonyl carbon C—13(8¢ 168.4)& H—-11(8y 3.37), H—
14(oy 6.21), H-15(6y 5.64, 6.20) 8 correlations R.S=H, ©]|Z4 acrylamide
moietyS 91 & 4 3tk H-11(8y 3.37) 2 HMBC correlationE< acrylamide
moiety 9} WA FiEO] HEF T AAEE I1F ¢ e, 028-59 TxE 4
A & Qldth(Fig. 3—-200). IR 54 A3, 2976cm ' (sp® C—H), 3287 an ' (O—H) &}
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22 functional groups2 EAE AT F Stk UV AFEHo|A, 028—5+= 286
nm FgelA log e (4.63)9 HAFFE 7 2= AE & T AU ol 3T
A data®} m/z 318.1315 [M+Nal]* (caled m/z 318.1317 [M+Nal®) (Fig. 3—201)
S g o ® 028-52 Aol 2950]1 028—1¢ C—9¢l| hydroxyl group°] C—8¢l
methoxyl group®] =¥ polyene AlF°] EdAS & F AUt +d =4 A3 02
8—4% A AA A HEE Bo¥ AfEARE gy}

O

Fig. 3—199. The structure of 028—5.

ZI

OH

H  H, gCoSY
H C,gHMBC

(0 OH )

Fig. 3—200. Key COSY and HMBC correlations for 028—5.
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Table 3—24. NMR Data for 028—=5 in CDs0OD

Position 8¢t 8y, mult. (Jin Hz)® COSY HMBC

1 171
2 123.4 5.91, d (15) 3 1, 4
3 145.8 7.30, dd (15, 11) 4 1,5
4 130.5 6.43, dd (15, 11) 5) 3, 6
5 140.9 6.67, dd (15, 11) 6 3, 6
6 135.1 6.45, dd, (15, 11) 7 5, 8
7 136.2 5.86, dd (15, 11) 8 6, 9
8 86.8 3.59, t (8) 9 6, 7, 9
9 72.4 3.63, m 10 7, 8 10
10a 1.56, m

33.4 11 9, 11
10b 1.75, m
11 37.7 3.37, t (7) 9, 10, 13
13 168.4
14 132 6.21, overlapped 15 13
15a 5.64, m

126.7 13, 14
15b 6.20, overlapped
1' 57.3 3.30, s 8

"Measured at 125MHz. "Measured at 500MHz.

i LA R

2
13

Fig. 3—201. HR—ESIMS spectrum of 028—5 (positive mode).
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Fig. 3—202. 'H NMR spectrum of 028—5 in CDsOD.
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Fig. 3—203. ¥C NMR spectrum of 028—5 in CD;OD.
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Fig. 3—204. COSY spectrum of 028—5 in CD30D.

— 283 —



(wdd) za

Fl1 (ppm)

R o =
a v s W M B O VW O N o U’
o o o o o o o o o o o o
lilll Illllllll\\I‘\I\\|I\lll\\lllll\\|I|ll||!|l‘|\ll|llllllll
d
| L3

&
«}

Fig. 3—205. HSQC spectrum of 028—5 in CD30D.
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Fig. 3—206. HMBC spectrum of 028—5 in CD3;OD.
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A 11 A | ¥FHF0| Penicillium sp. 108YD020 #FZ
AED e 2 F2EA

108YD020 & 2010 8¢ Fale] =z AP fdsEols walatqlth
At sl oF 1gs Hatd @l 9ml7F A X falcon tubeol Wil 53 &<t sonifica
tiondt & WA Falg vlA] Actinomycetes isolation agar (AIA), Humic acid Vita
min agar(HV), Bennett’ s agar(BN)ol| Z} 0.1ml& HE3ste] 15 E=93ta, 28T
HjQF7] ol A 4L F1F vieke %, FAdE wFo] HEE 23 w88 v ol AA} streaki
ngsto] et 752 M HE HEete] =7 FYste], —70Te] RE83T

1. Penicilllium sp. 108YD020 #F¢] HlFstd] EAJ 7 18S rRNA FAA €7]
A 4 93t 5F
108YD020 3= Malt extractilA]ellA 71 o] dzslsion, HA A
= 28Tolt}l 108YD0202 Malt extractBl A Aol Al v 4
v A Y= JHA 5SS BT AA wieE Al 9o sE7F 32 g/Le] JAFE
oA Agso] 7Hg E3kth 108YD020 w2 w74 9 AsERIA AAE Flst]

= A

2. Penicillium sp. 108YDO202 %€ A&EZ Hg W F+x4%

e, BER 3ol E WMol #3 Frg wiA (malt) ol FEske] 4L31E wiekst
th o] Faf(seed culture)& WSS 28 T3 FL& WA (malt) & AH&-3Fo]
@7] 18 Le} 2 L Fernbach flask (8]%] 1L x 5)°l Z} 10%% HFsAdot. 2Ha”r] 18
L 30rpm8 3 HAELER oo]E Fste] 7AN wikstP a, 2 L Ze A== shaking
incubatorg ©]g3lo] 28TCeoA 100rpme] I AEEZ 7UZF vt 8w n)k
B LA A H 7] 7] (continuouscentrifuge, 6,000rpm) = AFg3Fo] vjok A5y} A}
At 2elE Wl Fedes LT ] EtOAcE 2W FE33H EtOAc
MNs St stollA 55, 7xste] EtOAc == 2.70 g & 43Ut o] FEE5 9
} Zd 4] aEvtE 233 (reversed—phase flash chromatography)& ©|&£3fe] =4
2 s §E 8= Ho0 0 MeOH(80:20) 8. & Al &3ste] MeOHE 20%4 7}
Zor, ntAEE 100% MeOH=E JFeds AAeAH. 60% MeOH F& % st
NN F=F, AXAI F 267.5 mge FFES A, C18 9% HPLC(C18 reversed
—phase HPLC, Column: YMC—-ODS—-A, 4A2A4 5xm, 10x250mm (Hdx4do]), o]
A Hy0/MeOH (5:5), 5% % 1.5 ml/min, RI detertor) & ##slo] & =2 020
-1, 020-2% 4o, HFAow a9 549 &2 7 5.2 mg, 1.8 mgelth.

ne 32
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Mass culture

108YDO020 287, pHT.5, Tdays

Centrifuge 6,000rpm

| I
mycelium Broth
extraction

(BEtOAc 22)

I | | I I I
20%MeOH  40%MeOH 60%MeOH  80%MeOH 100%MeOH  wash

C18 reversed—phase HPLC

| |
0201 020-2
(5.2 mg) (1.8 mg)

Fig. 3—207. Isolated 020—1~2 from the culture broth of the strain 108YDOZ20.

108YD020

Penicilliumsp.

— 23L

. Sponge:108YD-1

(

OH g

OH

0
020-1 020-2

K (5-2mg) (1.8mg) /

Fig. 3—208. Isolated 020—1~2 from strain 108YDO0Z20.
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7b A9 3EE 020-19 7= A3

Al 3hghE 028—1(Fig. 3—209)2 2] H43 314 (brown amorphous solid) &
P E 93, HR-ESIMSSF °C NMRS &3l #2h4)2> Ci3Hi042 A H 9tk '"H NM
R(Fig. 3—212)°]4 3709 methyl proton [H=5'(8y 2.16), H-6'(6y 1.48), H-1"
(81 2.14)1, 1709 sp® methine proton[H—2'(8y 48.8)], 1709 acetyl proton[H—4
"(6y 2.04)], 170¢] aldehyde proton[H—1"'(8y 9.91)], 270 oxygenated proton
S[H-1-OH(6y 13.01), H-4—0H(&y 13.01)19 A2 & 5= At sp® qua
ternary carbong[C—2(6¢ 112.5), C—3(d8¢ 115.5), C—5(5¢ 109.2), C—-1'(5¢ 14
1.919 2709 oxygenated sp? quaternary carbons[C—1(6¢ 163.1), C—4(d¢ 16
0.3)], 3709 methyl carbonE[C—-5'(6¢ 11.7), C—6'(5¢c 17.3), C—1"(S8¢c 7.4)]9F
1702 sp® methine carbon C—2'(d8¢ 48.8), 2702 carbonyl carbonE[C—3'(8¢ 20
8.6), C—1"(oc¢ 193.2)]& =& & 3U3Ath. gCOSY ~AHAEF (Fig. 3-214) 14 H-
6'(dy 1.48)¢F H-2'(8y 4.10) 9 correlatione %3 ©]% protonso] A& A4dES
& 4 3, NOESY AFHEH (Fig. 3—210) o4 H-1"(8y 9.91) ¢ H-2'(6y 4.1
0), H-6'(8y 1.48) 9 correlatione E3& 3x49 XA o] protonseo] AZE A A&
A= HHE Ao d22 ¢ F A gHSQC A~FEH (Fig. 3-215) 2 % 'Hy
BCo AxAHA 94& & F A, methine group [C—-2/H-2'(5 48.8/4.10)]1 ¢}
3789 methyl groups [C-5'/H-5'(s 11.7/2.16), C—6'/H-6'(8 17.3/1.48), C—1"
/H—1"(7.4/2.14)1& <18t a1, acetyl group [C—4'/H—-4'(§ 28.6/2.04)], aldehyd
e group [C—1"/H—-1""(193.2/9.91)]& &<lstdltt. gHMBC AFEH (Fig. 3—216) °ll
Al H-1-0H(d6n 13.01) 9] 9A:= C-1(8¢ 163.1), C—2(6¢ 112.5), C—3(d¢ 115.
5) 8} correlations &3l &3, H-1"(6y 2.14) ¢ A= C-1(6¢c 163.1), C—
4(8c 160.3), C=5(8¢ 109.2) ¢} long—range correlationg %3}o] C—5°] A=
RAow A AU C-3(8¢ 115.5)°] H-2'(6y 4.10), H=5'(6u 2.16) %} cor
relation® &2 X cyclopentane®} side chain®] AZd%E A& &<l s 4+ Q). C-3'
(8¢ 208.6)9F H-2'(6y 48.8), H=4'(8y 2.04), H-6'(6y 1.48) 9 correlatione &
& acetyl group?] $1AE 21 & F SIS (Fig. 3—-210). IR =7 A3, 1607en ' (C
=C), 2987cmn ' (sp® C—H), 3369 n '(O—H) %9 functional groupE2 &=A5 &l
g 4 g9tk UV AFE-e|A 020—1% 299 nm, 352 nmellA] log e (4.33), (4.2
0° Hdl FF= #he ze As GAeith ol g 384 datall 4 Y HR-ES
IMS m/z 235.0972 [M—H]"~ (caled m/z 235.0970 [M—-H]")) (Fig. 3—211)%& W}&
O 2 020—-1<& FEx}eFo] 2360|9 Penicillium sp.olA &9 AFEAR &eldtitt.
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Fig. 3—209. The structure of 020—1.

OH

OH o
H

H  H,gCOSY

H  C,gHMBC

H  H,NOESY
0

Fig. 3—210. Key COSY, NOESY and HMBC correlations for 020—1.

Table 3—25. NMR Data for 020—1 in CDCl;s

Position 8¢t 8w, mult. (Jin Hz)® COSY HMBC
1 163.1
2 112.5
3 115.5
4 160.3
5 109.2
1 141.9
2! 48.8 4.10, m 2, 3,1, 3,6
3' 208.6
4' 28.6 2.04, s
5' 11.7 2.16, s 3, 1
6' 17.3 1.48, d (7) 2' 1, 2", 3
1" 7.4 2.14, s 1,4, 5
1 193.2 9.91, s
1-OH 13.01, s, overlapped 1, 2,5
4—0H 13.01, s, overlapped

aMeasured at 125MHz. "Measured at 500MHz.
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Fig. 3—211. HR—ESIMS spectrum of 020—1 (positive mode).
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Fig. 3—212. '"H NMR

spectrum of 020—1 in CDCls.
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Fig. 3—213. ¥C NMR spectrum of 020—1 in CDCls.
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Fig. 3—214. COSY spectrum of 020—1 in CDCls.
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Fig. 3—215. HSQC spectrum of 020—1 in CDCls.
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Fig. 3—216. HMBC spectrum of 020—1 in CDCls.
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. A9 S3EE 020-29 7= A3

At 3kgkE 020—2 (Fig. 3—217)2 ZA° F43 14| (brown amorphous solid)
2 FYHA3, ESIMSet PC NMRE &3l #2212 CHi 052 A=tk 'H NMR
(Fig. 3—220) A4 170¢] olefinic proton [H—2'(dn 5.78)19F 470¢] methyl proton
= [H-7(8y 1.91), H=-8(6y 1.97), H=3'(6y 1.80), H-4'(5y 1.88)]1% &A1& &
& ek ¥C NMR (Fig. 3—-221) 4 5709] olefinic carbonE[C—3 (8¢ 99.2), C—5
(8¢ 109.6), C=6(8¢ 160.2), C—1'(8¢ 130.1), C=2'(6¢ 132.1)1, 4719 methyl ¢
arbons [C=7(8¢ 9.1), C—8(d¢ 12.0), C=3"(d¢c 13.9), C—=4'(5¢c 14.71, 17M¢ o
xygenated sp® quaternary carbon[C—2(8c¢ 168.5)1, 1702 carboxyl carbon[ C—4
(6c 170.0018 =AE & = AATE AAE gCOSY AAEH (Fig. 3-222) 9 4=
F3le, H-2'(6y 5.78) 2 H-3'(6y 1.80)9 correlarations Kol Ao =2 Hol o]
= protonge°] ¥FFe® ME JHS e & 5 3A3NaL, NOESY ~HEF (Fig. 3
—218)°4 H-8(6y 1.97) 3 H-2'(dy 5.78) ¢ correlations F3 32 T+F% pr
oton®] A& A3 ASFS AT 4 UATE gHSQC ~HAEF (Fig. 3-223)& &3 !
H¥} BCo A4S d 4= Qler, 4719 methyl groupE [C-7/H-7(8 9.1/1.9
1), C-8/H-8(¢ 12.0/1.97), C-3'/H-3'(s 13.9/1.80), C—4'/H-4'(6 14.7/1.88
)], 1782] olefinic group[C—2'/H—-2'(§ 132.1/5.78)]& &<l3ltt. gHMBC AHE
& (Fig. 3—224)°4 H-=7(8y 1.91)2 C-2(6c 168.5), C=3(d8¢ 99.2), C—4(6¢ 1
70.0) ¢] correlation¥} H-8(dy 1.97) 2 C—-4(d¢ 170.0), C=5(6¢ 109.6), C—6(¢
c 160.2) 9] correlatione E3&| pyran ring= ©|F3 %+ carbong? A& & + A
Atk TS C-6(8¢ 160.2)2F H-2'(6y 5.78), H=4'(8y 1.88) ¢ correlations &3l
pyran ring®l| side chain®] AZA4E = A &<l & 4 Qllow 020-29 T%= Fig.
3-128¢9F o] A4 = AT & A A, 020-2% Gliocladium vermoesenii
o /] #2]¥ nectriapyrone (Avent, et al/, 1992) 3 A3 242 &4 4 A3t} 020
—2+ nectriapyrone?] FZoA C—4°l] methoxyl group ™Al hydroxyl group®] %=
Y=, C-5 methyl groupe] E94¥ TE2US A T 5 AUUTh H3H, AL FoA
ARE SHEEANA el FFo]ZHEH FEl¥ demethyl nectriapyrone A (Abrell,
et al, 1994) 9] Fx9% FAMIS YERSIE 020—-2¢ %+ demethyl nectriapyr
one AS] FZoA C—-3%2 C—59] methyl group®] =Y 3, C—4°] methoxyl group
Al hydroxyl groupe] =¥ FxYS & F AT Iy HFHOoR 020-29)
TE= A7 AdAA EelE Aol AN ™, Penicillium sp.olX &el® Aol gl
T AFEAR FAaEh IR 54 A3, 1664 ' (C=C), 2944cn ' (sp® C-H) <] fun
ctional groupE9 A& && F Q. UV AHEH|A 215 nm, 297 nmollA |
og ¢ (4.66), (4.15)°] o FIF= #te= 2= AS At olsh 22 334 d
ata®} HR—ESIMS m/z 193.0866 [M—H]" (caled m/z 193.0865 [M—H]") (Fig. 3—
219)F "vtECo® 020-2& Aol 19491 =4 & + Al
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Fig. 3—217. The structure of 020—2.

OH

H  H, gCosy

O 0 H  C,gHMBC

H H, NOESY

Fig. 3—218. Key COSY, NOESY and HMBC correlations for 020—2.

Table 3—26. NMR Data for 020—2 in CD30D

Position 8t 8y, mult. (Jin Hz)P COSY HMBC
1
2 168.5
3 99.2
4 170.0
5 109.6
6 160.2
7 9.1 1.91, s
8 12.0 1.97, s 4,5, 6
I 130.1
2’ 132.1 5.78, q (7) 6
3 13.9 1.80, d (7) 4 1,2
4 14.7 1.88, s 6, 1 , 2

"Measured at 125MHz. "Measured at 500MHz.
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Fig. 3—219. HR—ESIMS spectrum of 020—2(negative mode).
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Fig. 3—220. 'H NMR spectrum of 020—2 in CD30D.
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Fig. 3—221. 3C NMR spectrum of 020—2 in CD30D.
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Fig. 3—223. HSQC spectrum of 020—2 in CD3;0D.
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Fig. 3—224. HMBC spectrum of 020—2 in CD30D.
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