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This study reponx the isolaiion and s.hanck:rimtim eqfﬁru- new wirapeptides, apicidins G (1), H (23 and | (3), along with the known apicidin (4). apicidin A

(51 apardin C (6). diketopiperazine
doiduced by 21) NMR spectroscopic -llﬂd MS data.
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Fusarium sentticctum (Syn. Fusarivm pailidorosewmy is 1 fast
growing fingus which was first desenbed in 1875 from the p-.lmlcs

7. equisetin (8) and T-bydroxy-24 2-hysiroxypropvl - S-methvichromone (9. The structnres of the new componnds were

o

of banana tmr\ 11} In common with other Fusarium species.
vamiitocfuny hne the ahi Im to produee myventaving ench ac nivalenn
and (-Fzearalenone [23[ Ulh\,r metabolites isolated include the
antibiotic equisetin and a-pyrones. for example fusapyrone and
deoxvivsapyrone [4.5] In 1996, Smgh ¢f al. eported the isolation
of the cyelic tetrapeptides apicidin and apicidin A from Fusarinm
pallidorosenm [62]. Subsequent investigaion of the same F
pallidoroseun sample by Singh ef al. yielded apicidins B, C. D,. D,
and Dy [6b-6c] The unusual structeral motif in apicwding 15 the
presence of the ammo avid 2-amino-8-oxo-decanvic acid (Aoda).
Substtion of the Aoda residues has been reported for apiciding
Dy-Dy [6¢} Al apicidins contain a (Dypipecolic acid (Pip) unt,
except for apicidin B, which has a (D)-proline (Pro) residue.
Apicidin C has a (Lyvaline residue instead of (£ }-isolencine (fle).
An N-methoxy-(L)-tryptophan is present in both apicidin and its
congeners, except for apicidin A. This series of compounds has
shown antiprotozoal activity by reversible blocking of histone
deacetylase (HDAC) inhibitors [6d]. Apicidins are structuraily
related to trapoxin A, HC-toxm, WF-3161, Cyl-2 and Lhiam\dmm

[7-11]. The long chain amino acid with a terminal epoxy group.in

each of these yehic ...n‘rn.padcs has beea suggesied to be
responsible Emawcr antiproliferative activity (121 Jm et al. have
identificd the gene cluster responsible for apicidin bicsynihesis in J*
senritectting, and isolated apicidin'E containing a 2-aminodecanoic
acid umt {13]. Apicidin F. wath L—phmvlnimmc (Phe) mstead of e
and L-2-amincoctanedioic acid ms&d of Aoda, has recently been
wientified from 7 jufikurol {i4] In (s report. we desenbe the
isolation and stmcture ehcidation of three new tetrapeptides,
amr:.ui'uu G H and § 1-3 toguther with six known eomponnds
Imm F. semitectom (Figure 1). The stercochemistry of the new
apicidins was proposed by comparison with the known apicidins
and from biosynthetic considerations.

F. semitecrum was isolated from a dcac.! cicada skin collected from

o Ty vovir Dhmbonsss - Mardorn in f‘ -.-.-.-J T-..-. fn’l‘-.-...-n. 'lk-
wil Ll angas STEnIs UAILST i

fungus was cultured in rive media, extracted with Mcl)ﬂ then with
EiDAc. to obtain a dark purple extract This was chromatographed
on sifica gel and RP-HPLC to vield three new apicidins (1-3),
together with the known (-)-apicidin (4). apicidins A (5) and C (6},
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Figure 1. Stroctures of metabolites isolated Trom F. semites

(- ey clo-(D-prpecolinyl-L-isoleucine) (7) [15]. (-)-equisetin (8) [6],
md f\—T-hwlm\}-?«n‘] nvdm}nnuv'\ll $-m¢sh_ﬂchrmmmu (9

[16}

Apicidin G (1) was isolated together with apicidin C (6) as a 1]
mixture usmsz RP-HPLC (MeOH'H-0}. The HRESIMS data of the
fraction @m:nmg 1 suggested a nitrogenouns compound from an
addnat 1._—!: al ami= 877 3140 ll‘ 'h-l«jl feted

molecular formula CHygNLOs. 'Ihc ‘H NMR 5 ctrum of 1 {Table
1) showed signals {or four e-protons (8., 5.06, 4.72.4.16 md 3. 80).
three NH signals (8, 7.25. 6.46 and 6.43), five aromatic protons
[6: 727 2H), 7.19 (2H) and 7.22 (1H)] and three methy] groups
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Table 1 NMR xp pic data for apicidins G, 1 and |
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Higure 2 TOCSY and seleciod HMBC comelations for apecidins G 1), H (2yand | (3.

&y LO4 094, 0.87). The “C NMR spectrum contained amide
signals at 8 175.8. 174.7, 174 4 and 171.6 and a ketone signal at &
211.8. The side chain signals of individual amino acids were
determined by DQFCOSY and 2D-TOCSY data, snd wese
consistent with the presénce of e, Phe. Pip and Aoda residues. The
signal at 8, 5.06 (br d. 6.0 Hz) was assigned as the a-proton of Pip
since it was linked to four methylene groups (including two
downfield methylene protons ot 3y 4.04 and 3.04) by 2D-TGCSY
(Figure 2). For ile, the e-proion signal at Gy 4.72 was a wiplet with
10.0 Hz couplings o both NH (3, 7.25) and methine (5, 2.08)

signals. The TOCSY data revealed cross peaks from this ¢-proton 1o
the methyl groups at 8y, 0.94 (1, 7.4 Hz) and 0.87 (d, 6.6 Hz) The

presence of Phe was established from
which showed couplings to methy

by TOCSY. and by HMBC correlations

1o an aromatic carbon at §; 129.1. The amino acic

an a-proten signal at &; 3 80,
lene sigs!s at 8y 3.72 and 325

the methvlene protons
-amino-8-oxo-

decanoic acid (Aoda) was apparent from signals for ﬁw':'m;tl"l_vlme
groups |8 2.34 (M & 74), 175 (1H, m), 1.53(3H ), 1.24 H,
m), 119 (2H. m)]. gn ek | group [8, 104 (3H, £ 74 Hz), 2.40 (2H,

% 74 Hz)|, and by HMBC correlations from the methy] group at &,
104 and the methylene protons at Gy 1.52 and af 8y 240 to the

ketone signal at 5,211 &

The amide carbons of Aoda, Phe. and Pip were assigned to the
signals at 8 1758, 1747, and 1716, respectively, by the 4,
comrelations from their protons: the remaining amide signal at
B8:174.4 therefore belonged to He 314, correlations from _the
wEpELtive wprotons  fully supported  thesy assignments, The
sequence of the amino acid residues in apicidin G was determined
from HMBC correlati s, in particular from the a-proton of Pip 10
the carbony! group (& 174.4) of lle, from the a=proton of lie to the
carbonyl group (8: 174.7) of Phe, and from the a-proton of the
Aoda residue o the carbonyl group (3¢ 171.6) of Pip. The sequence
was idenuc io i in apicidin (4) jou] except i ine Tip-Y-Ohie

mohﬁ which was replaced by Phe in apicidin G (1),

The confignration of 1 Was determined by analysis F pioion NMR
coupling constants compared with those in other apicidins [6] The
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u-proton of Phe was coupled 1o the adjacent NH proton with a
J value of 6.8 He, and indicated a sym-refationship. In contrast, the
10.4 and 10.0 Hz conpling between the o-protons of the Aoda and
iic residues and the corresponding N protons suggesied an anti-
relationship. as reported for apicidin (4). In the pipecolic acid unit
the £ ) Hz coupling of the a-proton matched the 5.5 Hz conpling for
the corresponding '-“’E!?l m n;ludm [6a}. In view of the co-isolation
of (-)-apicidin (4), the absolute configurations of the shared amino
acid constitients were inferred to be (R)-Pip, (S)-lle. and (§)»-Aoda.
An (5)-Phe residue was iferred from the Jyy 4.2 value [6a,6b], and
by analogy with !rapoxm-A {7] Specific mmhm measurements and
v—.i'.--.v river ookt -,
owing to the inseparable mixiure of 1 | and 6.
i-g

Apicidin H (2) was obtained as a colorless oil by RP-HPLC using
MeOHH,0. The HRESIMS dala of 2 indicated a molecular
formula of C 3 HioNsO; from a sodiated adduct 1on at mz 662.3545.
and established the presence of one additional oxygen in 2 with
respect to apicidin (4). The 'H NMR data suggested that 2 was
sticmrally  relaied 1o 4 from  the chamcienstic  signals
corresponding 1o Pip |8y 349, 383 and 353 He {5, .65, 0.91
{3H). 0.90 (3H)] and Aoda residues [8y; 4.32. 2 38 (2H), 2.36 (2H)
and 1.01 (3H)|. The signal at &, 4.73 (d, 9.9) linked 1o a signal at &
65.6 by HSQC was assigned as the a-proton of the remaining amino
acid unit. and showed 2D-TOCSY comrelations o a methvlene
group at &y 2.57 and 241, and to an NH proton (8 7.12) A
methine signal at 8, 599 (H-11) was linked to a signal at 5. 97.0 by
HSQC. These chemieal shifts. together with HMBC correlations
from this methine proton © a methylene carbon (8¢ 42,5, C-3) and
1o a quaternary carbon (& 84.2, C-4). were all consistent with an
epoxy-denvalized Trp-3-OMe moeiy. An amide mg:.n akoc 1715
was assigned 1o the epoxy-Trp-N- -OMe moiety by 5 - correlations
from the P protons; HMBC cormélations were seen from the NH
proton (8 6.19) of the Aoda residue to signals at 8¢ 173.1 and
170.3, therefore the remaining amide signal at 8: 171.2 could be

assigned to He. This assignment is valid providing the sequence of

amino acud constituents 1s uncharged from those 1n other apicidins,
The signals at 8¢ 1731 and 170.3 were provisionally assigned 10
Aoda and Pip. respectively, with the §, 619 8. 1703 comelation
representing an nter-umit correlation. Inira-unit correlations from
the u-proton of epoxy-Trp-N-OMe 1o the catbony! at &; 171.2 and
from the u-proton of lle 1o the carbonyl at & 171 2 were observed.

The rolative configuration of the epoxy ring was not determined.
Tire speciin sviabion of Z was ~42, and wiven compared o Hicrsiure
values reported for apicidin (Juk, -804) [6a] apicidin D,
(lal, -72.6) apieidin D. ([aly, -6R 5), and apicidin 1, (fal, -60.4)
|6c]. the three amino acid constituents shared between these vanous
metabolites were suggested to be (R)-Pip. (S)-lle. and (S»Aoda. The
stractural similariny of apicidin H with other apicidin metbolites
mmpiies that the coafiguration of the epoxy-Trp-V-OMe residue
should be §

Apicidin 1 (3) was the final apicidin metabolite :wlaw{_‘ifwm F.
semitectuan. Yhe HRESIMS data of 3 extibited an adduct ion at mi'z
656.4037 [M=H]", corresponding to a malecular formula
CgsHslNg()‘; which was 32 mass units larger than that of 4. The 'H
and PC NMR spectra of 3 (Table 1) closely resembled those of 4.
revealing the presence of four a-protons (8y; 4.71. 4.37, 4.18. and
4.12). five aromatic signals (8 7.67. 734, 7.31. 7.19 and 7.08), two
methvl triplets (5, 103, 0.86) and one methyl doublet (6., 0.83)
The NMR' spectra of 3 also indicated the presence of two amide
protons (2 x NH, &, 8.29, 7.14), one amino gronp (NH,, 3y 8.35)
and one additional methoxy group (8, 3.36, 8¢ 32.2) Assignments
of the amino acid residues were undertaken by HMBC. DQFCOSY,
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and 2D-TOCSY experiments, and by companson with the data
reported for apicidins [6a-6c). TOCSY data revealed correlations
from the NH; protons to the a-proton (5;; 4.18) and to the five
meibyiene groups of the Aoda residue. The methoxy group at oy
3.56 showed a HMBC correlation 1o the carbonvi group (3¢ 172.8)
of the Pip woit This information, tosether with the MS dais,
suggested a linear tetrapeptide as opposed 1o the cyclic tetrapeptide
core of aprcidin and its congeners. HMBC correlations were
observed from the three a-protons at &y 4.37 (lke), 4.71 (Trp-N-
OMe) and 4.18 (Aoda) 10 the carbonyl groups at 8¢ 172.7, 17222
and 1724, respechively. No inter-ammo aad correlations were
the IIIJW ¥ bt ohoe =5 D & Wb and

..... gosntmmen, kot the prekenos of As
Aoda-NH; implies that apicidin | is an artefact from me!hmmlyu: of
apicidin at the Pip residue. The same absolute configuration is
therefore proposed. Apicidin | gave the same negative sign of
specific rotation Jal, -17.3 (c 0.16. MeOH) as previous apicidins.

Apicidin was screened against 8 pasel of bactenal (Gram-positive
and -pegative) and fungal strains. but was without activity. There
was insufficient quanhty of the new apicidins for hiological
screening In conclusion. three new tetrapeptides. apicidins G (1), H
(2) and [ (3) were isolated together with six known compounds from
Fusarium semitectum. The results from our study have shown
modification at the Trp-A-OMe unit with an epoxy group in apicidin
H. The absoluie configurations of the apicidin metaboliles were
proposed by companson of J values, specific rotation values, and
from the biosvnthetic similanties between the varions membolites
Tetrapepides such as apicidin and s congeners mav be
chemotaxonomic markers for this fungal species

Eiperimental

General: NMR data of 1-3 were measured on a Bruker Avance 500
MHz  pectrometer (5 mm inverse probe. gradient selection) in
CDCls at 298K, For HSQC and HMBC specira, data were scquired
using a ey of 135 Hz, while HMBC spectr were acquired using
“Jenof 8 He TOCSY data (mixing lime 60 msec) were determined
m phase sensitive mode Positive ion electrospray mass spectra were
deteninined using either a Bruker Esquire HCT instrument
(LRESIMS) or a M:cmT@ msirument (HRESIMS) wilh MeOH
as solveat. Reverse phase HPLC was carvicd out on an Agilent FIOD
series instrument fitted with cither a Phenomenex Gemini Cig (250
¥ 10 mm id, 5 p) column or a €y anahytical column with UV
detection at 254 nm. Silica gel 60 G and silica TLC plates Fig were
purchased from Merck. All solvents were either distilled or were of
HPLL grade.

Fungn! material: A white Rangus isolated from 3 dawl cicada skin
was collected at the Tawangmangu Botanic Garden. Indonesia, and
wlentified as Fusarium semitectum based on  morphological
companson with F. semitecum [2.4] A voucher specimen (SC-
131208-1, AQIS IPO9G11654) is held in the School of Biology, UQ.

r'..h.-.-.. oondin

Lol The Fonmue woe o

o Pate dicheo

for fermentation was. plewcd by scaking 30 gof lonl. grun nce m
50 mL of distilied water in 250 mL Erdenmever flasks. Afier 6 h. the
nice medin was autoclaved for 15 min. Thirty Erdenmever flasks
‘.onmmng nce media were inoculated with a small plug of agar
containing glé‘aneclm of I semitectum. and the coltures were kept
in the dark at foom tmperature for 21 days.

Extraction and isolation of metabolites: Mycelia and media were
homogenized by stining. then extracted with MeOH (3 x 700 mL)
using uitrasonic vibratton for 30 min. The exiract was hitered, then
concentrated in vacuo 10 an aqueous residue, which was partitioned
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with EIOAc (3 x 300 mlL) to give a dark purple oil (3.6 g). The
extract was subjected to vocmim liquid chromatography using
stepwise gradient elution ( 100% Hefanes to 100% EtOAC) to obtain
i} fracvons. Fracuon 3 (223 M) was subjevied 10 NE-fiasi coiumn
chromatography using a stepwis slution of DCMMeOH to give
equisetin (8) (50 3 mg) Combinddfractions & and 7 (570 ma) wers
chromatogruphed  on  silica  using a stepwise elution  of
DCM/EOAcMeOH 1o give 11 fractions coded 6871 1o 6n7-11.
Combined [ractions 6n7-1 w 7-3 (17 4 mg) were parified by RP-
HPLC (65-100% MeOH/H0) t0 yield (--apicidin (4) (3.7 mg) then

(-Fequisetin (8) (1.8 mg). Fraction 6n7-5 (150 mg) was subjected to

DO Maak < afeiom o ohenmecbnmrn b el MEAr NS Oy 5
SIS A e Do Tt ety e sk DAL E P el

sivs
) (162 mg), a mixtwre of apicidin (4) and equisetin (8) (4).1 me)
and fraction 6n7-5-1 (9.5 mg). which was further purified by RP-
HPLC (70-100% MeOH/H,0) to yield apicidin 1 (3) (24 mg).
Fraction 6n7-6 (99 mg) was punfied by RP-HPLC (&0-100%
MeOH/H,0) and gave 7 fractions. (-¥Cyelo-(D-pipecolinyl-£-
1soleucine) [15](7) (0.9 mg) was in fraction 607-6-2. Fraction 6n7-
6-3 contained a |} mixture of apicidins G (1) and C (6) (54 mg).
Apicidin (4) (364 mel was in fraction 6n7-6-6. Fraction 6n7-6-4
(3.2 mg) was purified by RP-HPLC (75% MeOHH.0) affording
apicidin H (2) (0.5 mg) and apicidin A (5) (1.3 mg). Combined
fractions 6n7-7 and 7-8 (43.5 mg) were chromatographed using a
RP Sep-pak™ {20-100°, McOH, H-0) 1o give ¢+ F7-hvdroxy-2-(2-
hydroxy propyl -S-methylchromone i [16] (2.2 mg). apicidin (4)
(162 mg). and a mixmure of apicudin (4) and equisetin (8) (3 3 mg)

Suciati & Garson

Apicidin G 1
Colorless film

"H NMR and “'C NMR (CDCL,) Table §
HRESINS: mz {ivi+ o] caicd for CyiigeiNaCy: 5773360,
577.3360.

Ea
&

Apicidin H 2
Colorless film

!ul”u: 42 (€ 0.03, MeOH)

H NMR and "'C NMR (CDCL,) Table 1

HRESIMS: m'z [M “Na[ caled for C 1, HNNaO- 662 3524 found:

£rn 64T
TS

Apicidin 13
Colorless fiun

[l =17 (2 0.16. McOH)

'HNMR and “C NMR (CDCLy): Table |

HRESIMS: mz [M ¢ H] caled for CasHy,NiOy: 656 4018 found:
636.4037.
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