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Cultivation of the endophytic funguShaetomium globosurwhich was isolated from the inner tissue of the marine red
algaPolysiphonia urceolataresulted in the isolation of chaetopyranit),(a new benzaldehyde secondary metabolite.
Ten known compounds were also isolated, including two benzaldehyde congenér8;&p(Xy-1,3 -heptadienyl)-6-
hydroxy-5-(3-methyl-2-butenyl)benzaldehyd®) (and isotetrahydroauroglaucir8)( two anthraquinone derivatives,
erythroglaucin 4) and parietin §), five asperentin derivatives including asperentin glso known as cladosporin),
5'-hydroxy-asperentin-8-methyleth&f) (asperentin-8-methyl ethe8)( 4'-hydroxyasperentird), and 3-hydroxyasperentin
(10), and the prenylated diketopiperazine congener neoechinulidlp The structures of these compounds were
determined on the basis of their spectroscopic data anali$3C, 'H—H COSY, HMQC, and HMBC NMR, as well
as low- and high-resolution mass experiments). To our knowledge, comdorapdesents the first example of &2
benzopyran derivative of marine algal-derived fungi as well as of the fungal gehastomium Each isolate was
tested for its DPPH (1,1-diphenyl-2-picrylhydrazyl) radical-scavenging property. Compéati#eere found to have
moderate activity. Chaetopyranih)@lso exhibited moderate to weak cytotoxic activity toward several tumor cell lines.

Marine microorganisms have recently gained prominence as an
important source of biologically active secondary metabolités.
Among marine microorganisms, marine fungi represent an important
resource for the discovery of structurally unique marine natural
products with anticipated biomedical potenfiaAmong marine "
fungi, those living associated with marine algae are a particularly 1
promising source of novel natural products due to the unique
ecological niche in which they exist. Recently, numerous biologi- H._O
cally active metabolites have been discovered and reported from HO
marine algal-derived endophytic furfgit! N\

As part of our studies on secondary metabolites from marine = (¢
organisms from the Chinese sea coast, we have investigated the
chemical constituents obtained from fermentation of the marine
endophytic fungu€haetomium globosurwhich was isolated from (1725 cm?), a double bond (1643 cm), and an aromatic ring
the inner tissue of the marine red al@olysihonia urceolata (1615 and 1592 cm). In the'H NMR spectrum, the well-dispersed
collected from the Qingdao coastline. This paper describes the signals were displayed over a broad range, thereby disclosing the
isolation and structure elucidation of the new benzaldehyde presence of a phenolic hydroxyl protondgt12.07 (OH-6) and an
derivative chaetopyraninl). In addition, 10 known compounds  aldehyde proton aiy 10.29 (H-7) in the lower field. Furthermore,
(2—112) were also isolated and identified. The compléteand?3C an aromatic singlet aty 6.92 (H-4), atrans-fused double bond as
NMR spectral data foR are reported here for the first time. indicated by a pair of double doublets @ 5.81 J = 15.6, 5.3

The fungusC. globosumwas grown in liquid malt-extract  Hz, H-4) and 5.86 § = 15.6, 5.6 Hz, H-3, and a further olefinic
medium. The combined extracts from the culture broth and from triplet atoy 5.31 (H-2') were present in the aromatic and olefinic
the mycelium were fractionated by column chromatography on silica regions. In addition, the presence of two oxygenated proton signals
gel and Sephadex LH-20, respectively, as well as by preparative at on 4.49 (H-3) and 4.29 (H-6, two methyl singlets aby 1.73
TLC, to afford 11 metabolites. (H-4") and 1.70 (H-B), and an aliphatic methyl doublet & 1.21

Compound1, obtained as a yellowish powder, displayed a (H-7") were also present in thiél NMR spectrum (Table 1). The
molecular ion peak atwz 316 [M]* in the EIMS, which in 13C NMR spectrum exhibited 19 carbon signals attributable to three

conjunction with NMR data (Table 1) suggested the molecular methyls, three methylenes, seven methines, and six quaternary
formula GiH2404, thus implying eight degrees of unsaturation. The €arbon atoms according to the DEPT spectrum. Tie'*C, and
molecular formula was subsequently confirmed by the analysis of PEPT NMR spectra enabled all but two hydrogen atomd &
high-resolution ESIMS rtVz 339.1580 [M + NaJ*, calcd for be accounted for; thus, it Was.ewdent that the remaining (joublet
CigH240:Na, 339.1572). The IR spectrum displayed strong absorp- observed aby 3.81 (OH-6) besides the signal already mentioned

tions for hydroxyl groups (3374 and 3261 cH a carbonyl carbon ~ 2P0Ve 0w 12.07, OH-6) were both due to OH groups.
Detailed analysis of the one- and two-dimensional NMR spectral

data resulted in the elucidation of three substructures for chaeto-
*To whom .correspondence should be_{;\ddressed. Tel: 0086-532- pyranin (1). In the!H—H COSY, one of the olefinic protons (H-
82§?r?§;5t§ing;<622226?0359?2880645. E-mail: wangbg@ms.qdio.ac.cn. 4') correlated to an oxygenated methine proton resonatingy at
* Graduate School of Chinese Academy of Sciences. 4.49 (H-3). The latter was revealed by COSY to be connected to
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Table 1. NMR Spectral Data of Compoundsand 2

1a 2b

Sn (Jin Hz) dc HMBC 51 (Jin Hz) ¢ HMBC
1 117.7C 1108C
2 1215C 128.7C
3 147.7C 1485 C
4 6.92s 127.7 CH "1,2,3,6 7.46s 119.4 CH "2,3,6
5 130.1C 126.4C
6 156.5C 157.6 C
7 10.29s 196.7 CH 1,5,6 10.24 s 193.0 CH 1,5,6
1 3.24,3.16 m 20.7 CHl 2,2,3,3 6.73brs 98.9 CH 2,23,3
2 2.13,1.81m 28.2 CH 157.6 C
3 4.49brt(7.2) 75.8 CH 6.31dd (17.2, 1.4) 118.4 CH LR
& 5.81 dd (15.6, 5.3) 128.5 CH "B 6.51m 135.4 CH 25!
5 5.86 dd (15.6, 5.6) 138.0 CH A6, 7 2.25m 35.1CH 3,4,6,7
6 429m 67.7 CH 1.55m 22.1GH 4,57
7 1.21d (6.4) 24.0 CHl 5,6 0.98(7.4) 13.7 CHl 5,6
1" 3.26d(7.3) 27.6 CHl 2'.3",4,5 3.41d(7.3) 27.5 CH 2'.3',4,5,6
2 5.31brt(7.3) 122.4 CH 4 5.35t(7.3) 121.3 CH 14
3" 133.8C 134.0C
q" 1.73s 25.9 CHl 2.3, 5" 1.78's 25.8CH 2".3,5"
5 1.70's 17.8 CH 2.3, 4 1.72s 17.8CH 2".3, 4
6-OH 12.07s 1,5,6 11.70s 1,5,6

6'-OH 3.81d (4.4)
aMeasured in acetonds. "Measured in CDGlI

Op 2.13 and 1.81 and CGHL' at o4 3.24 and 3.16, respectively).  appeared as a doublet &; 3.81 (d,J = 4.4 Hz, 6-OH), which
The second olefinic proton (H%also displayed a correlation to  displayed a COSY correlation with the methine protoaé.29

an oxygenated methine proton appearinga4.29 (m, H-6). The (m, H-6), and the latter exhibited a further correlation to a doublet
latter displayed two further cross-peaks with the doublet methyl methyl group aby 1.21 (d,J = 6.4 Hz, H-7).
signal atoy 1.21 (H-7) and with the hydroxyl proton signal at, The relative configuration of was investigated by the analysis

3.81 (OH-6). This led to the elucidation of the first substructure of proton coupling constants. The observed coupling constant for
comprised of C-1through C-7with a hydroxyl substitution at C*6 H-3' (J = 7.2 Hz) atdy 4.49 most likely supports the substitution
The presence of this substructure was further confirmed by HMBC at C-3 to be equatorial, rather than axial. This is largely in
correlations. In addition, the cross-peak between a two-proton agreement with the literature reports that in benzopyrans an
doublet atoy 3.26 § = 7.3 Hz, H-1') and a one-proton broad  equatorial orientation is preferred for the C-2 (in the caselfor
olefinic triplet atdy 5.31 = 7.3 Hz, H-2') in the!H—1H COSY C-3) substitutiont?13 However, the relative configuration at C-6
revealed the presence of a second coupling system containing onlyremains unknown.
CH>-1" and CH-2'. Furthermore, HMBC correlations from H-1 From the above deductions, the structure of compolinghs
to the olefinic quaternary carbon signal appearingsa133.8 (C- assigned asH)-6-hydroxy-2-(3-hydroxybut-1-enyl)-7-(3-methylbut-
3'") and from H-2' to a methyl carbon signal at 25.9 (C-4') as 2-enyl)chroman-5-carbaldehyde, for which we propose the trivial
well as from both H-4 and H-3' to C-2' (0c 122.4, CH) clearly name chaetopyranin. To the best of our knowledge, compdund
indicated the presence of a 3-methyl-2-butenyl substructude in  represents the first example of bBl-benzopyran derivative from a
Finally, the remaining proton signal in the aromatic regin6.92 marine algal-derived fungus or from the fungal ge@hsietomium
(s), as a singlet as well as the remaining six carbon NMR signals Compound2 was also obtained as a yellowish powder, and its
resonating abc 117.7 (C, C-1), 121.5 (C, C-2), 147.7 (C, C-3), structure was determined by the analysis of HRESIMS and 1D and
127.7 (CH, C-4), 130.1 (C, C-5), and 156.5 (C, C-6) revealed the 2D NMR data. This compound has previously been isolated from
presence of a pentasubstituted benzene ring system. Since the abovéhe mycelium ofAspergillus amstelodamHowever, only limited
mentioned three substructures together with the aldehyde groupproton NMR data have been reported for this compoind.
accounted for seven of the eight degrees of unsaturation, compoundrherefore, the compleféd and'3C NMR data have been assigned
1 had to contain a further ring, presumably a cyclic ether system as listed in Table 1.
according to the number of oxygen atoms and oxygenated carbons In addition to compound& and?2, nine other compoundsS3{
as indicated by HRESIMS and NMR data, respectively. 11) were also isolated in this study. By comparison of their NMR
The connection of the substructureslinvas accomplished by  and MS data with those reported in the literature, the structures of
the analysis of key HMBC correlations. The cross-peaks observedthese compounds were identified as the benzaldehyde congener
from the aldehyde proton (H-7) to C-1 and C-6 and from the 6-OH isotetrahydroauroglaucirB),'° the two anthraquinone derivatives
proton to C-1, C-5, and C-6 enabled placement of the aldehyde erythroglaucin 4) and parietin %),16.17 five asperentin derivatives,
and one hydroxyl group at C-1 and C-6, respectively. The HMBC asperenting), 5-hydroxy-asperentin-8-methyl ethéf) (asperentin-
correlations between H-land C-4, C-5, and C-6 indicated the 8-methyl ether), 4-hydroxyasperentind), and 5-hydroxyasper-
connection of the 3-methyl-2-butenyl substituent to C-5. The HMBC entin (10),'1% and the prenylated diketopiperazine derivative
correlations from H-1to C-2 and C-3 indicated the connection of neoechinulin A 11).2°
C-1 (Oc 20.7) at C-2. The final substitution in the benzene ring All isolated compounds were tested for their DPPH (1,1-
system was assigned to C-3. The lower field carbon signal appearingdiphenyl-2-picrylhydrazyl) radical-scavenging property, and com-
atdc 147.7 (C) for C-3 suggested that this carbon was oxygenated. poundsl—4 showed moderate activity with kgvalues of 35, 88,
Considering that three of the four oxygen atoms were already 26, and 62ug/mL, respectively. The I of the positive control,
accounted for by one aldehyde and two hydroxyl groups, the butylated hydroxytoluene (BHT), was 18g/mL. The other
remaining oxygen atom had to be connected both to C-3 and to compounds (includind 1, for which radical-scavenging properties
the oxymethine carbon C-8c 75.8), which confirmed the presence had previously been described) showed no or only weak activity.
of an ether-ring system. The possibility of the ring closure at C-6 Chaetopyranin) also displayed moderate or weak cytotoxic
could be excluded by the fact that the hydroxyl proton at'C-6 activities against three tumor cell lines, withsiGralues of 15.4
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(human microvascular endothelial cells, HMEC), 28.5 (hepatocel- (accession no. bankit823609, DQ854987). BLAST search of the FASTA
lular carcinoma cells, SMMC-7721), and 3%d/mL (human lung sequence was performed with the option “nr”, including GenBank,
epithelial cells, A549). RefSeq Nucleotides, EMBL, DDBJ, and PDB sequences on the BLAST
homepage, NCBI, Bethesda, MD. The search result showed that the
sequence was the most similar (98%) to the sequenGhaétomium
globosum(compared to gi 38503532 gb AY429056.1).

Cultivation. The fungal strain was cultivatea i1 L flasks, each

General Experimental ProceduresMelting points were determined  filled with 300 mL of liquid biomalt medium containing malt extract
by a SGW X-4 micromelting apparatus (uncorrected). Optical rotations 3 g/L, yeast extract 3 g/L, peptone 5 g/L, sea salt 24.4 g/L, and glucose
were measured on a JASCO P-1020 digital polarimeter. IR spectra were20 g/L. Each flask was inoculated with a piece of fungal biomass (1
performed on a Nicolet NEXUE 470 infrared spectrophotometer. UV cn¥), and after a growth period of 40 days in static culture at room
spectra were measured on a PuXi TU-1810-tiNsible spectropho- temperature, 20 vol % EtOAc was added and the mixture was kept for
tometer. 1D and 2D NMR were recorded on a Bruker Avance 500 the next extraction procedure.
MHz spectrometer with TMS as internal standard. Mass spectra were ~ Extraction and Isolation. Mycelium and culture broth ofC.
performed on a VG Autospec 3000 mass spectrometer. HPLC analysisglobosum(20 L) were homogenized using a Waring blender and ex-
was carried out on a Dionex HPLC system (P680 HPLC pump, UVD haustively extracted with MeOH and EtOAc, respectively. The MeOH
340U UV-visible detector) using a C18 (Bn, 8.0x 250 mm) column. and EtOAc extracts were filtered, and the filtrates were evaporated under
Silica gel (206-300 and 306-400 mesh, Qingdao Haiyang Chemical ~ reduced pressure at 4C to yield MeOH (15 g) and EtOAc (25 g)
Co., Qingdao, China) and Sephadex LH-20 (Merck, Darmstadt, soluble_ crud_e extracts. Since the HPLC profiles of the two extracts were

nearly identical, they were combined before further separation. Initial

chromatographic separation of the combined extracts was performed
using Si gel (206-300 mesh) CC with a gradient solvent system from
3% acetone/petroleum ether to 100% acetone to yield 27 fractions (800
. ) . mL for each fraction). The fractions were monitored by TLC. Fraction
Rhodomelaceae) by Prof. B.-M. Xia and Dr. L.-P. Ding at the Institute 51\ a4 frther purified by repeated preparative TLC on Si gel and
of Opeanology, Chinese Academy of Splenpes (IOCAS).' A vouchgr developed with a mixture of EtOAc/petroleum ether (1:4) to give com-
specimen (no. HZ03047) has been deposited in the Herbarium of Marlnepoundsl (7.2 mg),2 (7.5 mg), andB (12.5 mg). Fraction 27 (4.5 g)

Organisms at lOCA,‘S' . o was further fractionated by CC on Si gel (36400 mesh) with a grad-
Isolation and Microscopic Identification of the Fungus. The ient solvent system from CHgMeOH (30:1) to CHGYMeOH (1:1)
isolation of the fungus was carried out using an indirect isolation g yie|d five subfractions (150 mL for each fraction). Subfraction 27-1
method. After surface sterilization with 70% EtOH for 15 s the alga (500 mg) was further purified by repeated preparative TLC on Si gel
was rinsed in ;terlle water. To distinguish remaining eplphytlc fungi \ith a mixture of CHCYMeOH (30:1) as developing solvent and then
from endophytic fungi, an imprint of the algal surface on biomalt agar subjected to CC on Sephadex LH-20 using Ci#\@eOH (1:1) as
was done. The alga was then aseptically cut into small pieces andgg|yent system to give compounds(17.5 mg) and5 (7.2 mg).
pressed onto agar plates containing isolation medium: 15 g/L agar, gypfraction 27-4 (1.5 g) was separated by repeated preparative TLC
artificial seawater (contained sea salt 24.4 g/L), and chloramphenicol o cHcy, gel developed with a mixture of CHEMeOH (15:1) and
(200 mg/L) to suppress bacterial growth. The fungal strain under f ther purified by CC on Sephadex LH-20 using Ch{®1eOH (1:1)
investigation was found to grow exclusively out of the algal tissue, a5 solvent system to yield compoun@g22.5 mg),7 (16.5 mg),8
but not on the agar plates taken from the imprint of the algal surface (12.5 mg), and® (10.5 mg).
(agar medium: 15 g/L agar, 15 g of sterile mashed algd, tah of (E)-6-Hydroxy-2-(3-hydroxybut-1-enyl)-7-(3-methylbut-2-enyl)-
artificial se_awater). For sporulation the fungus was inoculated on r_nalt/ chroman-5-carbaldehyde (chaetopyranin, 1)yellow solid (acetone);
agar med!um (15 ‘g/L agar, 15 g/L .malt_gxtracts). By classical mp 136-138°C: [o]o?2 +8.0 (¢ 0.50, MeOH); UV (MeOH)max (I0g
microscopic analysis, the fungus was identified as a member of the €) 268 (3.21) 2’61 (3.15) nm; IR (K’Br?max 3é74 3261. 2967 2923
genusChaetomiunand was further identified &. globosunby using 175516431615, 1592, 1435, 1375, 1298, 1263, 1217, 1193, 1107
the molecular taxonomic method (see below). The strain is preserved 1073’ 972 and 800 e *H and3C NMR. see Table 1° EIM$Vz '
at the China Center for Type Culture Collection (CCTCC) under the 314 [’M]+ (’94)’ 243 (63): 215 (43), 199 (6‘2), 189 (41), 175 (84), 163
patent depository number CCTCC AF 206008. (100), 91 (56), 81 (55), and 77 (53); HRESIMSIz 339.1580 [M-+
Molecular Taxonomy of the Fungus.A piece (0.5 crf) of fungal NaJ* (calcd for GeH24OsNa, 339.1572).
culture was cut from _the culture agar dish and Iyophlllzed in a sample (E)-5-Hydroxy-6-(3-methylbut-2-enyl)-2-(pent-1-enyl)benzofuran-
tube (2 mL) closed with a hydrophobic membrane_(leB_ac, Eppendqrf, 4-carbaldehyde (2):yellow solid (CHCE): mp 142-143°C; IR (KBr)
Hamburg, Germany). The Sample was pOWderlZed in a MixerMill Y max 3444, 2928, 2855, 2923, 1740, 1645, 1459, 1433, 1262, 1194,
MM300 (Re_tsch, Haan, Germany) after adding a tungsten carb_ide bead]104 1020 799 and 495 ci *H and3C NMR. see Table 2: EIMS
(Qiagen, Hllden,_G_er_many). DNA !solatlon was performed_ using the /7 293 [M]* (97), 283 [M — Me]* (35), 255 (30), 243 (100), 213
DNeasy plant mini kit (Qiagen, Hilden, Germany) according to the (74 201 (31), 149 (47), and 128(31); positive HRESIME; 321.1466
manufacturer’s protocol. The procedure includes cell lysis, digestion [M + NaJ* (calcd for GoH»:0sNa, 321.1466)
of RNA by RNase A, re_moval of preg:ipit_ates and cell dEbFiS’ DNA Assay for DPPH-RadicaI-Sc‘aveng.jing F;roperty The DPPH-
shearing, DNA precipitation, and purification. The DNA obtained was . a1 scavenging properties of all isolated compounds were deter-
dissolved in 5QuL of elutl_on buffer supplied by the manufacturer. PCR mined as described in a previous regrt
was then performed using Hot Star Tag master mix (Qiagen, Hilden, Cytotoxicity Assays. Cytotoxicity assays toward tumor cell lines

Germany) Taq polymerase and the primer (Invitrogen, Karlsruhe, ; .
Germany) pair ITS1 and ITS4 in an iCycler (Bio-Rad, Hercules, CA) f;}'\gc'\,’:t(:e;3721’ AS49, and HMEC were carried out as previously

thermal cycler according to the following protocol: (1) initial dena-
turation 95°C 15 min; (2) denaturation 98C 1 min; (3) annealing 56
°C 0.5 min; (4) extension 72C 1 min; (5) final extension 72C 10
min. Steps 24 were repeated 35 timésEach sample consisted of
25 uL of Taq polymerase master mix, 8 of primer mix (10 pmol/

Experimental Section

Germany) were used for open CC.

Origin of the Algal Sample. The fresh algal sample was collected
in April 2003 from the Qingdao coastline and was identified as
Polysiphonia urceolata(Lightfoot ex Dillwyn) Greville (family
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