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Isolation of the Tetrapeptide Apicidins G, H and I from the Fungus
Fusarium semitectum

Suciati®® and Mary J. Garson®’

*School of Chemistry and Molecular Biosciences, The University of Queensiand, Brisbane QLD 4072, Australia
Faculty of Pharmacy, Airlangga University, Surabaya, East Java 60286, Indonesia

m.garson(@ug.edu.au

Received: November 7*, 2013; Accepted: December 12%, 2013

This study reports the isolation and characterization of three new tetrapeptides, apicidins G (1), H (2) and 1 (3), along with the known apicidin (4), apicidin A

(8), apicidin C (6), dikstopiperazine 7, equisetin (8) and 7-hydroxy-2-(2-hydroxypropyi)-5-methylchromone (). The structures of the new compounds were

deduced by 2D NMR spectroscopic and MS data.

Keywords: Tetrapcptides, Apicidins, Fungus, Fusarium.

Fusarium semitectum (Syn. Fusarium peliidoroseum) is a fast
growing fungus which was first described in 1875 from the petioles
of banana lecaves [1]. In common with other Fusarium species, F.
semirectum has the ability to produce mycotoxins, such as nivalenol
and (-)-zearslenone [2,2]. Other metabolites isolated include the
antibiotic equisctin and a-pyrones, for example fusapyronc and
deoxyfusapyrone [4,5]. In 1996, Singh e/ ai. reported the isolation
of the cyclic tetrapeptides apicidin and apicidin A from Fusarium
pallidoroseum [6a]. Subsequent investigation of the same F.
paliidoroseum sample by Singh er al. yielded apicidins B, C, Dy, D;
and D; [6b-6¢c]. The unusual structural motif in apicidins is the
presence of the amino acid 2-amino-§-oxo-decanoic acid {Aoda).
Substitution of the Aoda residues has been reported for apicidins
D,-D; [6c]. All apicidins contain a (D)-pipecolic acid (Pip) unit,
except for apicidin B, whick has a (D)-proline (Pro) residue.
Apicidin C has a {L)-valine residue instcad of {L*-isoleucine (ilc).
An N-methoxy-(L)-yptophan 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
descctylase (HDAC) inhibitors [6d]. Apicidins arc structurally
related to trapoxin A, HC-toxin, WF-3161, Cyl-2 and chlamydocin
[7-11]. The long chain amino acid with a terminal epoxy group in
each of these cyclic tetrapeptides has been suggested to be
responsible for their antiproliferative activity [12]. Jin ef al. have
identified the gene cluster responsible for apicidin biosynthesis in F.
semitectum, and isolated apicidin E containing a 2-aminodecanoic
acid unit {13). Apicidin F, with L-phenylaianine (Phe) instead of Ile
and L-2-aminooctanedioic acid instead of Aoda, has recently been
identified from F. fujikuroi [14]. In this report, we describe the
isolation and structure clucidation of three new tetrapeptides,
apicidins G, H and I (1-3), together with six known compounds
from F. semitectum (Figure 1). The stereochemistry of the new
apicidins was proposed by comparison with the known apicidins
and from biosynthetic considerations.

F. semitectum was isolated from a dead cicada skin collect=d from
the Tawangmangu Botznic Garden in Ceatral Java, Indonesia. The
fungus was cultured in rice media, extracted with McOH, then with
EtOAc, to obtain a dark purple extract. This was chromatographed
on silica gel and RP-HPLC to yicld three new apicidins (1-3),
together with “he known (-)-apicidin (4), apicidins A (5) and C (6),
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Figure 1: Stuctares of metabolites isolated from F. semitectum

(-)-cycio-(D-pipecolinyl-L-isoleucine) (7) [15], (-}-cquisctin (8) [6],
and  (+)-7-hydroxy-2-(2-hydroxypropyl)-5-methylchromone (%)
[16].

Apicidin G (1) was isolated together with apicidin C (6) as a 1:1
mixture using RP-HPLC (MeOH/H;0). The HRESIMS data of the
fraction containing 1 suggested 2 nitrogenous compound from an
adduct ion at m/z 5773360 [M+Na]', comesponding to the
molecular formula CsHN,Os. The 'H NMR spectrum of 1 {Table
1) showed signals for four a-protons (8y 5.06, 4.72, 4.16 and 3.80),
three WH signals (8y 7.25, 6.46 and 6.43), five aromatic protons
[k 7.27 (2H), 7.19 (2H) and 7.22 (1H)] and three methyi groups
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Table 1 NMR sy pic data for apicidins G, H and 1.
1 2 3
Residuc Paosition 5" bymult{/in Haz) Residue Position & Gymoult Jin Ha)' 5" b muh (JinHz)
Pipecolic acid 1 171.6 2 Pipecolic acid 1 170.3° s 172.8 -
2 $0.8 5.06brd (6.0) 1 510 349brs 583 4.12bcd (10.0)
3 24 a20im 3 243 al0dm 6.1 s 213 be d (135)
bl57Tm b t59m b lédm
4 19.2 alldm 4 193 s 220m 218 s 1.89m
b 1.58m blém b 1.57Tm
5 254 2 18m 5 25.1 i L¥7m .1 1.80 m
b 140m b id4lm
6 441 a 404 m 6 440 a 3B brd(12.8) 444 & 347brd(12.0)
b 3.04br1(12.3) b 353 (12.8,2.0) b 292w (12.6;3.5)
OMe 522 3561
Isoleucine i 1744 - Lsoleucine 1 ma2 - 172.7 -
2 544 4.721(10.5) 2 545 465br1{23) S68 4374d(8.0,5.5)
3 345 208 m 3 344 197 m 3186 1.84m
4 24.7 ali9m 4 24.7 alllem 253 1.36 ddd (135, 7.2, 4.6)
b Lifm b 1.20m
5 10.7 0.941(7.4) 5 106 0.91 1(7.5) 1.4 0.86((7.5)
6 157 0.874d({6.6) & 15.0 0.90d (6.5) 155 0334 (7.0)
NH = 7254(10.0) NH - T12mf - T14brd (15}
Phenylalanine 1 1747 - Tryplophar-N-OMe 1 ma - 1722 -
2 6.7 ilm {epoxy) 2 635.6 4N bked 5.9 546 4N 43S 65)
3 353 2 372dd(13.5,11.2) 3 425 8 257d(14.6) 216 a 3.30dd(150,%0)
b 3.25dd(13.5,5.8) b 241 brd (14.6) b 3224d(150,65)
4 1371 - 4 842 - 106.¢ -
$m 1291 719 m H 1296 - 1239 -
68 128 8 727Tm 6 121.8 7.31d(85) 1192 7.674d(8.0)
7 1773 122m 7 1243 7.0914(7.8,0.5) 2s 2194 (8.0, 1.0)
NH - 643 d (6.8) B 130.6 7341 (7.6,0.5) 119.8 108 (R0, 1.0)
9 114.9 7.04d(7.9) 108.1 7.344d(8.0)
1] 1489 - 1324 -
1 97.0 599s 124 131s
12 64 185s 65.8 402
NH - 7.12m’ - ¥ d(7H
Aoda 1 1758 - Aoda i 17307 - 1724 -
2 535 416m 2 537 4324d(5.5,42) £53 418 q{75)
3 %0 2all5m 3 328 2 10 m 14 2 l&m
bifZm b 1L.9%m b 155m
4 252 9 4 25.6 i32m 253 107m
5 286 124 m 5 9.2 131m 284 L10m
6 234 152m 6 238 1.55m 3.4 140 m
7 421 2341(74) T 423 2361(7.5) 421 229¢(7.0)
g 21018 - 3 2114 - 2128 -
L 359 140q(7.4) 9 36.0 238q(74) 360 232q(795)
10 77 1.1 (7.4) 10 19 1.011(7.3) 18 1.G31(7.0)
NH - 646 2{10.4) NHNH, 6.19 br d (1.6) - 835 br 4 (6.5)

“Chemical shifts {ppm) taken from ZD!:JMRWIWwCDCI,(&?",lﬁ;,daureemhiuSOﬂhﬂiz'w chifis (ppm) referenced 1o CHCY, {3y 7.26), data recorded a1 S00 MHz
- . L Y
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Figare 2: TOCSY and sclecicd HMBC

for apicidins G (1), H (2) and | (3).

(8y 1.04, 0.34, 0.87). The °C NMR contained amidz
signals at 8c 175.8, 174.7, 174.4 and 171.6 and a ketone signal at 8¢
211.8. The side chain signals of individual amino acids were
determined by DQFCOSY and 2D-TOCSY data, and were
consistent with the presence of Tle, Phe, Pip and Aoda residues. The
signal at &y 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 at 63 4.04 and 3.04) by 2D-TOCSY
(Figure 2). For lic, the a-proton signal at & 4.72 was a triplet with
10.0 Hz couplings to both NH (8 7.25) and methine (5, 2.08)

signals. The TOCSY data revealed cross peaks from this a-proton to
the methyl groups at 3y 0.94 (1, 7.4 Hz) and 0.87 (d, 6.6 Hz). The
presence of Phe was established from an a-proton sigual at &5 3.80,
which showed couplings to methylene signals at &y 3.72 and 3.25
by TOCSY, and by HMBC carrclations from the methyiene protons
to an aromatic carbon at 8¢ 129.1. The amino acid 2-amino-8-oxo-
decanoic acid (Aoda) was apparent from signals for five methylene
groups [6y 2.34 (2H, t, 7.4), 1.75 (1H, m), 1.52 (3H, m), 1.24 (H,
), 1.19 (2H, m)], an ethyl group [8; 1.04 (3H, t, 7.4 Hz), 2.40 (2H,
g, 7.4 Hz)], and by HMBC correlations from the methyl group at 8y
1.04 and the methylene protons at &y 1.52 and at &y 2.40 to the
ketone signal at 8¢ 211.8.

The amide carbons of Aoda, The, aud Pip werc assignec to_the
signals at & 175.8, 174.7, and 171.6, respectively, by the “Jeu
correlations from their B protons; the remaining amide signal at
51744 therefore belonged to Ile. *Joy comelations from the
respective a-protons fully supported these assignments. The
sequence of the amino acid residues in apicidin G was determined
from HMBC correlations, in particular from the a-proton of Pip to
the carbonyl group (8¢ 174.4) of lle, from the a-proton of lle to the
carbony! group (8¢ 174.7) of Phe, and from the a-proton of the
Aoda residue to the carbonyl group (8¢ 171.6) of Pip. The sequence
was identical to that in apicidin (4) [6a] except for the Trp-N-OMe
moiety, which was replaced by Phe in apicidin G (1).

The configuration of 1 was determined by analysis of proton NMR
coup'ing constants compared with thosc in other apicidins [6]. The
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a-proton of Phe was coupled to the adjacent NH proton with a
J value of 6.8 Hz, and indicated a syn-relationship. In contrast, the
10.4 and 10.0 Hz coupling between the a-protons of the Aoda and
Ile residues and the corresponding NH protons suggested an anii-
relationship, as reported for apicidin (4). In the pipecolic acid unit
the 6.0 Hz counling of the c-proton matched the 5.5 Hz coupling for
the comresponding signal in apicidin [6a]. In view of the co-isolation
of (-)-apicidin (4), the absolute configurations of the shared amino
acid constituents were inferred to be (R)-Pip, (5)-Ile, and (S)-Aoda.
An (5)-Phe residue was inferred from the Jagusi2 value [6a,6b], and
by analogy with trapoxin-A [7]. Specific rotation measurements and
verification of the amino acid configurations were not undertaken
owing to the inscparable mixture of 1 and €.

Apicidin H (2) was obtained as a colorless oil by RP-HPLC using
MecOH/H,0. The HRESIMS data of 2 indicated a molecular
formula of C3H4eNsO; fiom & sodiated adduct ion at m/z 662.3545,
and established the presence of one additional oxygen in 2 with
mpecttoapicidin(‘).?’hc’HNMRdausuggcswdthatlwas
sauctarally related to 4 from the characteristic signals
corresponding to Pip [3y 3.49, 3.83 and 3.53], Tle [8y 4.65, 0.91
(3H), 0.90 (3H)] and Aoda residues [8y 4.32, 2.38 (2H), 2.26 (2H)
and 1.01 (3H)). The signal at 8 4.73 (d, 9.9) linked to a signal at 5¢
65.6 by HSQC was assigned as the a-proton of the remaining amino
acid unit, and showed 2D-TOCSY correlations to a methylene
group at 8y 2.57 and 2.41, and to an NH proton (3x 7.12). A
methine signal at 3y, 5.99 (H-11) was linked to a signal at 8¢ 97.0 by
HSQC. These chemical shifts, together with HMBC correlations
from this methine proion to a methylene carbon (8¢ 42.5, C-2) and
to a quaternary carbon (8¢ 84.2, C-4}, were all consistent with an
epoxy-derivatized Trp-N-OMe moiety. An amide signal at 5 171.3
was assigned to the epoxy-Trp-N-OMe moiety by *Joy correlations
from the B protons; HMBC correlations were seen from the NH
proton (8 6.19) of the Aoda residuc to signals at ¢ 173.1 and
170.3, therefore the remaining amide signal at 6c 171.2 could be
assigned to Tle. This assignment is valid providing the sequence of
amino acid constitients is vnchanged from thocs in other apicidins.
The signals at 8 173.1 and 170.3 were provisionally assigned to
Aoda and Pip, respectively, with the 8y 6.19/ 8¢ 170.3 correlation
representing an inter-unit correlation. Intra-unit correlations from
the a-proton of epoxy-Trp-N-OMe to the carbonyl at 3¢ 171.3 and
from the a-protoa of Ile to the carbonyl at 8¢ 171.2 were observed.

The reladve configuration of the epoxy ring was not determined.
The specific rotation of 2 was -42, and when compared to literature
valnes reported for apicidin {[alp -80.4) {[6a], =picidin D,
([e]p ~72.6), apicidin D, ({alo -68.5), and apicidin Dy ({a]p -60.4)
[6¢], the threc amino acid constituents shared between these various
metabolites were suggested to be (R)-Pip, (5)-Ile, and (5)-Aoda. The
structural sinilarity of apicidin H with other apicidin metabolitcs
implies that the configuration of the epoxy-Trp-N-OMe residue
should be 5.

Apicidin I (3) was the final apicidin metabolite isolated from F.
semitectum. The HRESIMS data of 3 exhibited an adduct ion at m/z
656.4037 [M+H], comesponding to a molecular formula
CssHeyNgOy, which was 32 mass units larger than that of 4. The 'H
and PC NMR spectra ofr3 (Table 1) closely resembled those of 4,
revealing the presence of four a-protons (By 4.71, 4.37, 4.18, and
4.12), ﬁEc aromatic signals (8y 7.67, 7.34, 7.31, 7.19 and 7.08), two
methy! triplets (8y 1.03, 0.86) and onc methyi doublet (3 0.83).
The NMR spectra of 3 also indicated the presence of two amide
protons (2 x NH, 3y 829, 7.14), one amino group (NH,, 3y 8.35)
and one additional methoxy group (3x 3.56, 8¢ 52.2). Assignments
of the amino acid residues were undertaken by HMBC, DQFCOSY,
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and 2D-TOCSY experiments, and by comparison with the data
reported for apicidins [6a-6¢). TOCSY data revealed correlations
from the NH; protons to the a-proton (8y 4.18) and to the five
methylene groups of the Aoda residue. The methoxy group at dy
3.56 showed 2 HMBC correlation to the carbonyl group (8¢ 172.8)
of the Pip unit. This information, together with the MS data,
suggested a lincar tetrepeptide as opposed to the cyclic tetrapeptide
core of apicidin and its congeners. HMBC corrclations were
observed from the three a-protons at &y 4.37 (lle), 4.71 (Trp-A-
OMe) and 4.18 (Aoda) to the carbonyl groups at 8¢ 172.7, 172.2
and 172.4, respectively. No inter-amino acid comelations were
apparent in the HMBC spectrum, but the presence of Pip-OMe and
Aoda-NH; implies that apicidin 1 is an artefacl from methanolysis of
apicidin at the Pip residue. The same absolute configuration is
therefore proposed. Apicidin [ gave the same negative sign of
specific rotation [a]p -17.3 (c 0.16, MeOH) as previous apicidins.

Apicidin was screened against a panel of bacterial (Gram-positive
and -negative) and fungal strains, but was without activity. There
was insufficient quantity of the new apicidins for biological
screening. In conclusion, three new tetrapeptides, apicidins G (1), H
(2) and 1 (3) were isolated together with six known compounds from
Fusarium semitectum. The results from our study have shown
maodification at the Trp-N-OMe unit with an epoxy group in apicidin
H. The absolute configurations of the apicidin metabolites were
preposed by comparison of J values, specific rotation values, and
from the biosynthetic similarities betweea the various metabolites.
Tetrapeptides such as apicidin and its congeners may be
chemotaxonomic markers for this fungal species.

Experimental

General: NMR data of 1-3 were measured on a Bruker Avance 500
MHz spectrometer (5 mm inverse probe, gradient selection) ia
CDCl, at 298K. For HSQC and HMBC spectra, data were acquired
using a 'Jcy of 135 Hz, while HMBC specira were acquired using
"Jeyof 8 Hz. TOCSY data {(mixing time 60 mscc) were determined
in phase sensitive mode. Positive ion electrospray mass specira were
determined using either a Bruker Esquirc HCT instrument
(LRESIMS) or a MicroTof Q instrument (HRESIMS) with MeOH
as solveat. Reverse phase HPLC was carried out on an Agilent 1100
series instrument fitted with either a Phenomenex Gemini Cyg (250
x 10 mm id, 5§ ) column or a Cg analytical column with UV
detection at 254 nm. Silica gel 60 G and silica TLC plates Fyq, were
purchased from Merck. All solvents were either distilled or were of
HPLC grade.

Fungal material: A white fungus isolated from a dead cicada skin
was collected at the Tawangmangu Botanic Garden, Indonesia, and
identified as Fusarium semitectum based onm morphological
comparison with F. semifectun. [2,4]. A voucher specim.en (SC-
131208-1, AQIS IP09011654) is held in the School of Biology, U).

Culture conditions; The fungus was grown on Petri dishes
containing PDA media at room temporature for 7 days. Rice media
for fermentation was prepared by soaking 50 g of long grain rice in
50 mL of distilled water in 250 mL Erlenmeyer flasks. After 6 h, the
rice media was autoclaved for 15 min. Thirty Erdenmeyer flasks
containing rice media were inoculated with a smsll plug of agar
containing the mycelia of F. semitectum, and the cultures were kept
in the dark at room temperatare for 21 days.

Extraction and isolation of metabolites: Mycelia and media were
bmxogmizedbysﬁnin&thmmmedwithMeOH(ZxTOOmL)
using ultrasonic vibration for 30 min. The extract was filtered, then
concentrated in vacuo to an aquecus residue, which was partitioned
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with EtOAc (3 x 300 mL) to give a dark purple oil (3.6 g). The
:mn:twumhjeanimvmm!iquidchmmgnphymhg
stepwise gradient elution (100% hexancs to 100% EtOAc) to obtain
11 fractions. Fraction 5 (225 mg) was subjected to NP-flash column
chmmamgnphynsingastepwimduﬁanofDCMMcOngive
equisetin (8) (59.3 mg). Combined fractions 6 and 7 (570 mg) were
chromatogra on silica using a stepwise clution of
DCM/EtOAc/MeOH to give 11 fractions coded 6n7-1 to 6n7-1L.
Combined fractions 6n7-1 to 7-3 {17.4 mg) were purified by RP-
HPLC (65-100% MeOH/H;0) to yield (-)-apicidin (4) (3.7 mg) then
{-)-equisetin (8) (1.8 mg). Fraction 6n7-5 (150 mg) was subjected to
BP flash column chromatography with McOH/H;0 to give apicidin
(4) (16.2 mg), a mixture of apicidin (4) and equisetin (8) (41.1 mg)
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) (2.4 mg).
Fraction 6n7-6 (99 mg) was purified by RP-HPLC (80-100%
MeOH/H,0) and gave 7 fractions. (-)Cyclo-(D-pipecolinyl-L-
isoleucine) [15] (7) (0.9 mg) was in fraction 6n7-6-2. Fraction 6n7-
6-5 contained a 1:1 mixture of apicidins G (1) and C (6) (54 mg).
Apicidin (4) (36.4 mg) was in fraction 6n7-6-6. Fraction 6n7-6-4
(3.2 mg) was purified by RP-HPLC (75% MeOH/H,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% MeOH/H,0) to give (+)-7-hydroxy-2-(2-
hydroxypropyl)-5-methylchromone (9) [16] (2.2 mg), apicidin (4)
(16.2 mg), and a mixture of apicidin (4) and equisetin (8) (5.5 mg).

from Fusarium semitectum. Natural Toxins, 2, 4-13.

as coccidiostats and entimalanial agents from Fusarium i

Dombrowski AW, Darkin-Rattray SJ, Schmatz DM, Goetz MA. (2001) Structure, histone deacetylase, and anl
and C, congeners of apicidin with proline aad valine substitutions.

- Sucisti & G

Apicidin G 1

Colorless film

'H NMR and >C NMR (CDCly): Table 1.

H.;n’]sasms: m/z [M+Na] caled for Ca; HagNyNaOs: 577.3360; found:
577.3360.

Apicidin H 2

Colorless film

P)"Dz -42 (¢ 0.03, MeOH)

H NMR and "*C NMR (CDCly): Table 1.

HRESIMS: m/z [M+Na] calcd for C3HigNsNaO;: 662.3524; found:
662.3545.

Apicidin 1 3
Colorless film
‘q}“,,: -17 (¢ 0.16, McOH)
H NMR and >C NMR (CDCly): Table 1.
HRESIMS: m/z [M+HT caled for C;sHeNsO-: 656.4018; found:
656.4037.
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