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Marine-derived microbes have yielded a variety of metabolites so far. In the course of the project to find metabolites
from marine microbes, an isolate of Aspergillus protuberus (SF 5767) was selected for chemical investigation. A
large scale culture of this strain in PDA media was extracted with an organic solvent and the extract was fractionated
by silica gel column chromatography. Repeated reverse phase HPLC of the fractions led to the isolation of three
metabolites. Their chemical structures were elucidated as deoxybrevianamide E (1), brevianamide V (2), and
ergosterol peroxide (3) on the basis of spectroscopic data including MS, NMR, and UV. To the best of our

g

knowledge, chemical investigation of A. protuberus was conducted for the first time in this study.
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Aspergillus= APo-H(F-FEELE, Ascomycetes)o] 43l=
A (EE) S ZA, /88400 o Ty 2o APH(FH)
&of| AFEANFHEIETE UEE ALE dA L, AAA
ofl W) BEEo] 9}, o] o] Lok W F A, fumigarust
mycotoxing #H|5to] Algte] ), v]F, FulF, 2, gJo|=E
AHsl= aspergillosisE Yo7l= Aoz & g=A ot
(Kradin and Mark, 2008). ©] £]o| %= A. orizael} A. niger 22
YR FE59] H-foll= gerEel 2404 = F8lgt toxing T
x| gfou g, Wraof @o| AM-E o gt} Fout g
Sol7te #57t 25 Aspergillus 4 59| s dH o4&
o, AdFHF o= 7| EAH O 2 Saccharomyces7} 20|71 &
A9k, A. niger, A. awamori, A. kawachii 5 Aspergillus & 2
o] AMRE7| = 3= Ao 2 d# A grrh(Kitamoto, 2002).

Aspergillus o)A E2E &l ofn|ieit F 77} of
nto]E Ad-E F3f cyclizationd} lactam & F/Jste] ¥h5
©]Z] diketopiperazine Al g€ 2] E&E(Stein, 1971, 1973; Hiort et
al., 2004; Liu et al., 2004; Wang et al., 2007), mycotoxin ©. =
AR 8-=3t aflatoxin®| L} ochratoxin A G 2] E2E(Codner
et al., 1963; van der Merwe et al., 1965), terreini} 72
cyclopentanone A8 2] &2 E(Park et al., 2004), sphingofungin
1} -2 Fu = AlE o] E&E(Van Middlesworth et al., 1992),
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asterriquinone¥} -2 benzofuroindoled] $}gHE(Wijeratne et
al., 2003) S2E9| 9| Aspergillus o)A 9Kt} Aflatoxin
o]} ochratoxini} ZHo] FFo] H42 % 4= YA,
e 452 It ZEEKwon er al, 2000), I 2§
(Houston et al., 2004), 3}v}o]2] A Z-8(Sinha et al., 2004), &
oF ZH2(Nicholson et al., 2006) 5-& Vel A3 1 84
o] ==L §lrt.

U] i 2l FBol7F Akt AR E "ehe
Ao dko 2 A= A A EEH FFo] A protuberus
£ Agdgn 8¢ vdE FE2E 23 (Marine Microbe
Extract Bank, MMEB)oj|A] Eofuto( R oS SF5767) vljoks}
o 1 HiFERRE B B8 AASET £ dddAe
o] To| & 345 EFSH= PDA (potato dextrose agar) Bl A]
oA v Fsted §-7]-8-ll (methyl ethyl ketone) 2 &3t thg 5=
E=2 10719 B0 2 i 7+ 8o tste] thA] HEEA
?l F2utE et g AAEke 3F9 S{FES Bttt o
IRMEEY £2 9 2 24| gigte] RustaR} gt

AR AME-H v BE Fo] gl Alsks FFoldE 1L
2ato] AAX| 2} FAFEE 84 Y] WX & A| =28k A} NaCl 25 g,
MgClL6H,0 5 g, CaCly6H,0 1 g& 1 Lo 13} 2820 o]
AFrEE Axsidch dig wigE s st 2 L
Erlenmeyer flasko] QlE&al|4et 549 3:1 &g 1 L9}
potato dextrose broth (Difco) 24 g, Agar 15 g& 59 3 31435
7184712 121CoA 1587 EFstch sjdS 43 &
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petri disho]] 2F 20-25 ml%] Fof Z3l 5 Ad Ho]Z & o|§
sto] vjz|of Fgo| HAE HET F 25T QFH|olE oA 7-
1547 afjokatsict. the vl flske], A vt 22 9
02 iR E ARG e HEE R A w33
o] ZAE FHol ol &F 5 ml9 33} F/of st ofn] A
z23 WA 7} £ 3l Fernbach flaskel] &1, Fgo|7} 2 o
AX Ageg E501E F 25T AgH|olel oA 7-15U7t 1)
OFSFHTHKIm et al., 2012). tf3F vkt Fernbach flasko]
MEK (methyl ethyl ketone)S F-o]&1 A2 vijX] AAS
ool 22 Sulel P BRAS WAtk 1 T 247 AE
sonication A|7] F AH2o|A B4 WIS, T & 1 229
< ATzttt O F AN Fo| B A AL Yote] Fa= AL
< AA7Fste 2048 71=F RS v, ThA] ofsto] Bam SRS
AAT & AHE NSV 2 55t 2525 1 g2 A
o] 2ZE4 diste] Ayt AL FXT AP SEEXLE
(CHCl3) ¥ opA|E(CH;COCH;) €% 82 v|=4 &rj 5
Azt S4E w9 71 71=7) §8A1A g9 A 2=0}
eSS E 1079 $8S AGTHEr. 1Fr. 10,
Fig. 1). o] o] Z¥ I=nlEastyg Ao 70230
mesh?] silica gel 2 ARE-SFTE PolRA EEE 5 Fr. 5 (88 mg)
o] 3} sephadex LH-20E 2318 Zrgof| wEls 100% 2 &
YAIA g A2ntEgduE 3% 41 £ Y A8ES
AYYTH(Fr. 5-1 ~ Fr. 5-9). o] = Fr. 5-39] tjslo] water L
acetonitrileZ 1|2 E3-8 dA} HPLCE £33t IFE 1
9 2E 22519tk AR HPLC+= G1322A vacuum degasser,
G1311A quaternary pump 2 G1315D DAD detector7} 22+
Agilent series 12000]c}. o] ufj 2] 272 Luna 5u phenyl-hexyl
100A column (250%10.00 mm, phenomenex)S ©]-&5lo] §-<&
2.5 ml/minZ, A& 15827t 40% acetonitrileZ A|Z}5}o] 80%
acetonitrile2, 1 & 2587} 80% acetonitrileo]A] 100%
acetonitrile 2 7]-&7] S| A|Z1tk(Fig. 2). E3t Fr. 79 st
Hehs g2 A28E /=ty 3RhE 3& Esksich(Fig.
1), 2218 SFHESS NMR, MS 59| B3st49] dolel g u}
goz IZA3Yrt. NMR spectrum2 Bruker DPX 300

Culture of A protuberus

Sonication

under MEK (methylethylketone)

MEK extract

Frl Fr2 Fr3 Fr4 FrS5 Fr6é Fr7 Fr8 FrL9 Frlo0
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Fig. 1. Isolation scheme of compounds 1-3 from culture of A. protuberus.

spectrometer (‘H: 300 MHz, "°C: 75 MHz) & AM-3}o] 24519
3, NMR-§ g1 2% CDCl; (Cambridge Isotope Laboratories,
Inc )7} AREEIG T E2]E SEEY % IS 98l ARG
TLC plate 2+ Kieselgel 60 Foss (Merck) & ARG oM, A&
< 91 20% aq HoSO, ‘LA A|oF 2 UV AE7|7} AREE itk
3SI3HE 1: white powder. EI-MS m/z (relative intensity) 351
(8), 298 (12), 198 (100); UV Amar- " (log €) 225 (4.51), 283
(3.91), and 291 (3.85); 'H-NMR (300 MHz, CD:OD) &: 7.46
(1H, d, J = 7.8 Hz, H-7), 7.36 (1H, d, J = 7.8 Hz, H-4), 7.11
(IH, t, J = 7.8 Hz, H-5), 7.09 (1H, t, J = 7.8 Hz, H-6), 6.22
(1H, dd, J = 17, 11 Hz, H-19), 5.13 (1H, d, J = 17 Hz, H-20a),
5.10 (1H, d, J = 11 Hz, H-20b), 4.52 (1H, dd, J = 9.6, 6.6 Hz,
H-9), 4.24 (1H, t, J = 7.8 Hz, H-12), 3.68 (1H, m, H-15a), 3.57
(2H, m, H-8a and H-15b), 3.14 (1H, dd, J = 15, 11 Hz, H-8b),
2.27 (1H, m, H-16a), 2.02-1.91 (3H, m, H-16b, H-17a, and
H-17b), 1.56 (3H, s, Me-21 or 22), 1.57 (3H, s, Me-21 or 22).
3ISHE 2: white powder. Positive FAB-MS: m/z 350 [M +
H]"; '"H-NMR (300 MHz, CD;0D) &: 7.41 (1H, d, J = 7.8 Hz,
H-7), 7.29 (1H, d, J = 7.8 Hz, H-4), 7.21 (1H, s, H-8), 7.12
(1H, t, J = 7.8 Hz, H-5), 7.09 (1H, t, J = 7.8 Hz, H-6), 6.12
(1H, dd, J = 17, 10 Hz, H-19), 5.13 (1H, d, J = 17 Hz, H-20a),
5.08 (1H, d, J = 10 Hz, H-20b), 4.47 (1H, dd, J = 9.6, 6.6 Hz,
H-12), 3.76 (1H, m, H-15), 3.66 (1H, m, H-15b), 2.38 (1H, m,
H-16a), 2.09 (1H, m, H-17a), 2.03 (2H, m, H-16b and H-17b),
1.56 (3H, s, Me-21 or 22), 1.57 (3H, s, Me-21 or 22).
Ergosterol peroxide (3) — #§A0 29t Positive FAB-MS: m/z
451 [M + Na]"; "H-NMR (300 MHz, CDCl3) §: 0.79 (3H, d, J
= 6.6 Hz, H3-28), 0.79 (3H, s, H3-18), 0.80 (3H, d, J = 7.2 Hz,
Hs-21), 0.86 (3H, s, H3-19), 0.88 (3H, d, J = 6.6 Hz, H3-26),
0.97 (3H, d, J = 6.6 Hz, H3-27), 3.94 (1H, m, H-3), 5.15 (2H,
m, H-22,23), 6.22 (1H, d, J = 8.4 Hz, H-7), 6.48 (1H, d, J = 8.4
Hz, H-6); "C-NMR (75 MHz, CDCl3) §: 135.6 (C-6), 135.3
(C-22), 132.4 (C-23), 130.9 (C-7), 82.3 (C-8), 79.6 (C-5), 66.6
(C-3), 56.3 (C-17), 51.8 (C-14), 51.2 (C-4), 44.7 (C-13), 42.9
(C-24), 399 (C-20), 39.5 (C-12), 37.1 (C-1,10), 34.8 (C-9),
33.2 (C-25), 30.3 (C-2), 28.8 (C-15), 23.6 (C-16), 21.0 (C-11),
20.8 (C-27), 20.1 (C-26), 19.8 (C-21), 18.3 (C-19), 17.7 (C-28),
13.0 (C-18).
2 AgolA HalE 350 HEHES MS D NMR ¢ 7]7]2
A P o] gate] B8 4 USTHFig 3). SHE 19] ELMS
spectrum®f| 4] m/z 3519|4] molecular ion peak& EIg 4= Q1
Ach(Fig. 4A). £ATFo] &2 1 o] I3HE TRE da

Fig. 2. HPLC chromatogram for separation of compounds 1 and 2.



Fig. 3. Chemical structures of compounds 1-3.

o] A47t 24UL B3I 4= A%k 'H-NMR spectrum (Fig.
4B)o|A] § 7.46 2 7.3694] ZF2Z+ doublet (J = 7.8 Hz) 0.2 L}e}

= signal 53} § 7.11 9@ 7.099)| 4 242} triplet (J = 7.8 Hz) &
Z YEl= signal 52 o] 31gHE©| 1,2-disubstituted benzene
moietyS A Y1 Y22 34T 5 Ak E3H6 1.56 L 1.57
oA T 719] methyl”]7} singlet .2 LERY tertiary methyl”]
F Y EAE AT = UL, § 6.229]4 HER= proton
signal®| J = 10, 17 Hz9] doublet of doublet® 2 e}, §

(A) Seanpl: Peak 2 Tonization mode: El+
Instrument: JEOL JMS600
Inlet: Direct Probe
RT.: 1:132
Scan: 19-31
Base: m/z 198; 30.6%FS TIC: 733708
100 ne
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|
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w
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Fig. 4. Spectral data of compound 1 (A, EI-MS spectrum; B, 'H-NMR
spectrum).
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5.13 of|A] J = 17 Hz 9] doublet signal¥} § 5.109)|4] J = 17 Hz2]
doublet signale] YeRGo] wat o] 3¥HE0| mono-substituted
olefin groupE AYIL 22 FHE 4= I}t a8 § 4.52
9 424004 EAAQ] ofu| 14k o protong EH1ste] o] 33}
E9] T 7]19] ofu] iz Ato] AgSt dipeptide 4= diketopiperazine
ALDe] IREUS AT 5= UK (Scott et al., 1974; Wang
et al., 2007). 0|2} Z+-& dataE Hjgto 2 o] 3}3HEo| indole
moietyS 7}A| 1 &= ofu| At tryptphang ZES6IA Q= &
AL 34T 4= Y3k E3H UV spectrumof| A Hof T3 =43¢
6] 225 nm, 283 nm ¥ 291 nmoJ| 4| UElL} o] SFHE0| Aspergillus
20| Penicillium 40| A @o] WA %= brevianamide 4| €
2 243 4~ 2 AK(Stein, 1971; Kato et al., 2011). 18|11
'"H-NMR spectrum®] § 3.68, 3.57, 2.27 & 2.010] Ueht=
proton signal 5-& obu]eAk profineo] iR 248 4 A
ot wEbA o] FjHEo] ofn|iAt F tryptophani} proline©]
cyclizationd}o] ©]F0JZ diketopiperazine A €2 SHHEIS
248 4 AchFig. 2). o4kl Hole g Bz vmalo] of
SHES A. ustusol| A £8] E11E v} 1= deoxybrevianamide
EZ FA3I4th(Kato er al., 2011).

3I3HE 29] FAB-MS spectrum (Fig. 5A)o| A m/z 3500 A
[M + H]"¢] 3]3=]+= pseudomolecular ion peak-& 215} o]
3REo] FRHE 19 vlste] £ 271 HET SEUS &
I3t <= glgich. #3HE 29] 'H-NMR spectrum (Fig. 5B)-2 3}
FE 19 22T 1L FAkske o] BHE HA| brevianamide A|
O] SREUS FAT 5= AU Aol H-2 33HE 19014 vrer
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Fig. 5. Spectral data of compound 2 (A, +FABMS spectrum; B, 'H-NMR
spectrum).
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(A) =

(B)

| A W

Fig. 6. Spectral data of compound 3 (A, +FABMS spectrum; B, 'H-NMR
spectrum).

L] &FFE 6 7.219]| 4] aromatic proton signal©] singlet©. = 1}
Efsith= Zoltt. o] data®} MS data® w|Fo] o] 3FHE-2 513t
£ 19] B]5}o] dehydration=|H A 0|5 Ad 57 A4 E A
2 FR3TY 4= JYATH(Fig. 3). ©1F9] datas FA T} Bt 0]
sighEo] 2 sfjkell A = FFo] A. versicoloro A £
=l brevianamide VY2 8213 4= 911 th(Song et al., 2012). ©]
BRHES 20129 Ao B HuEga, kA oA
ol sheHEe) Helt B ATo|A = A2 o] FolArt.

3}3HE 32 'H-NMR spectrum (Fig. 6B)o]A] 6 0.79 & §
0.86°]|A] 2711 2] angular methyl7] &, § 0.79, 6 0.81, 6 0.88, & §
0.979| A 47l19] secondary methyl”7|& &213}e] o] SFgE0]
steroid Z4& XYL 92 Q1T 4= Ak EFE S 5.159]
Al YElY= multiplet®] olefin 452 <13| steroid =29
side chainol| o]FA%C] & FHL 4= Uk YL §
6.222} § 6.489Y| A4 Z+ZF doublet© 2 olefine =AE0] GutA ¢l
olefin =2E¢] H|3| ARFLRE o] Fsto] Uehtag F9)9
peroxy group®| &S AT F YUTHFig. 3). )Y
'H-NMR spectral dataZ ZE3}7 £33} v wste] slgE23L
ergosterol peroxide2 F 43} TH(Jin et al., 1999).

N e

el A e E HESS AF7H] EFe AAIES A
A5l Shek. oo AR RRE GAE A YA e o
T-o] Ao 2, Aspergillus protuberus7} A E At o] #35

i wjgste] iFES 78R 253 &, F2ES A
7 A 29 azvkE ek 2 ek 1 % 2380 B3
& HPLC 5-& AAJsto] & 3% JAAIES £ttt &2
H PAAEY 3 2= NMR, MS, UV 59 77|84 ¥
HS 0]-835}e] 2tz deoxybrevianamide E (1), brevianamide V
(2) Y ergosterol peroxide (3)2 FASIH ). o] A. protuburutus
7F A Y= tiAAl T Ats 2 AollA o R o
Folzich

2t o

£ AT 20109 % I QUATAA DA 2] A
2L o} =98 7(2010-0023753)0]m] o]] ZHAE HH)
o AMgE UlAE B Alehekm S nE 258 &3
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