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Induction of the production of emericellamides A and B 2), by the marine-derived fungusmericellasp., was
observed during co-culture with the marine actinomycgdinispora arenicolaThe planar structures of these new

cyclic depsipeptides, which incorporate 3-hydroxy-2,4-dimethyldecanoic acid and 3-hydroxy-2,4,6-trimethyldodecanoic
acid, were assigned by combined chemical and spectral methods. The absolute configurations of the amino acids, and
those of the chiral centers on the side chain, were established by application of the Marfey’s metliduhseyl
configuration analysis, and by application of the modified Mosher method. Emericellamides A and B show modest
antibacterial activities against methicillin-resist&taphylococcus aurewgth MIC values of 3.8 and 6.0M, respectively.

The rediscovery of known secondary metabolites is a chronic 16 Gly _w g3 HDMD
problem in natural products chemistrguggesting overall that new val | “ 182 H 20 21 BB 29
approaches must be adopted to enhance the discovery of novel ; ey 0 o &
chemotypes. Several culture-dependent approaches have been 7 NH Hoo N o)
reported. For example, hydroponic plant cultures, with the applica- HN SN Ala-1
tion of various elicitors, have been reportethis strategy, however, Leu A \ :
provided only limited evidence for the induction of bioactivity in J\ Ala2
the root extracts and did not result in the isolation and full " 2
characterization of new compounds. Cultivation of the cyanobac- 1

terium Scytomena ocellatumyith added elicitors, such as fungal

wall polysaccharides, increased production of the previously known gz ogE g HIMD
metabolite tolytoxir® Most recently, the marine-derived fungus ) H{NWM
Phomopsis asparagivhen cultured in the presence of the sponge /j\ 0 0 022

metabolite jasplakinolide, shifted its biosynthesis to produce new 0% ™NH H O )40

analogues of the well-known chaetoglobosins. }\‘(N\/J\N

Given that microorganisms interact with each other in the natural )\ o : H
environment and these interactions are, arguably, the driving force »
to produce necessary secondary metabolites, simulating microbial
habitats by culturing two different microbial strains in one culture Resylts and Discussion
vessel (i.e., co-culture) would seem to be an effective way to harvest
new molecules. Following this hypothesis, several co-culturing de
experiments have been reported to result in an increase of biological

activities? hqwevgr the cth.e.mical constituents.resp.o.nsible for the CNH-665) displayed a significantly different metabolite profile
enhanced biological activities were not fully identified. Our co- compared to the single culture (Figure 1). A distinct major peak in
culture experiments have, however, produced promising results. A ina co-culture was identified to have molecular weight 609 M
previous study of a mixed cultivation of the marine-derived fungus 1+ nyz at 610, [M+ NaJ* at 632) by LC/MS analysis. This new
Pestalotiasp. with a marinex-proteobacterium, closely related to  peak was subsequently isolated and characterized as a new cyclic
Thalassospira lucentensigielded a new antimicrobial metabolite,  |ipopeptide, emericellamide Alf. Having the new metabolite in
pestaloné.In addition, a more recent co-culture experiment with hand, we found that this compound was produced in very minor
the marine-derived fungusibertella sp. and the same bacterial amounts, undetectable by normal LC-MS analysis, by the fungal
strain used in the previously mentioned pestalone case induced thestrain Emericellasp. (strain CNL-878). The relative enhancement
production of new cytotoxic diterpenoids, which are not produced in the production ofl was approximately 100 times based on the
in either microorganism in single cultufe. ion counts ofl in the co-culture and the single culture. The minor
compound isolated, emericellamide B),(was also significantly
increased {100 times) by co-culture.

Emericellamide A {) was isolated as a white powder, which
analyzed for the molecular formulasfissNsO; (7 degrees of
unsaturation), by ESI high-resolution mass spectrometry (obsd [M
+ H]* atmy/z610.4173, calcd [M- H]™ 610.4174). This molecular
formula was also supported By and'3C NMR spectral data (Table
1). The'H NMR spectrum displayed characteristics of a typical

* To whom correspondence should be addressed. Tel: (858) 534-2133. Peptide, illustrating five amide NH signals,[: 8.08, 8.01, 7.93,
Fax: (858) 558-3702. E-mail: wfenical@ucsd.edu. 7.50, 7.39], sixa-amino protonsdu: 4.30, 4.07, 4.05, 4.01, 3.97,

In the course of screening more than 50 co-cultures with marine-
rived fungi and marine actinomycetes, the co-culture of an
Emericellasp. (strain CNL-878) and Salinispora arenicoldstrain

In this paper, we report another example of induction during
co-culture with a 100-fold increase in the production of new
secondary metabolites. This co-culture, involving the marine-derived
fungus Emericellasp. and the marine actinomyce&alinispora
arenicola, led to isolation of two new antimicrobial cyclic dep-
sipeptides, emericellamides A and B gnd 2).
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Figure 1. LC/MS traces (ion counts) of (a) the pure culture of
CNL-878, (b) ion extraction for the iomVz 610 in the pure culture

of CNL-878, (c) the co-culture of CNL-878 and CNH-665, and
(d) ion extraction for thew/'z 610 ion in the co-culture. The LC/
MS analyses were achieved with-1000% aqueous C}CN over

30 min. The crude extracts were prepared by extraction of 25 mL
of cultures, and %L of each sample was analyzed by LC/MS.

3.61], and one ester carbinol protady[ 4.92]. In the’3C NMR
spectrum, six amide or ester resonaneks [172.6, 171.1, 171.0,
170.9, 170.5, 168.4] and one oxygenated sgrbon pPc: 76.3]
were observed. IR absorption bands observed at 1631 and 175
cm 1 illustrated the presence of amide and ester functionalities.
Since six carbonyl carbons accounted for six of the seven
unsaturations, emericellamide A must be a monocyclic depsipeptide.
Interpretation of HSQC, DEPT!H—-1H COSY, andH—'H
TOCSY NMR data led to the construction of six partial structures:
glycine (Gly), two alanine residues (Ala-1 and Ala-2), valine (Val),
leucine (Leu), and 3-hydroxy-2,4-dimethyldecanoic acid (HDMD).
The amino acid constituents of and HDMD, were then connected
on the basis of HMBC heteronuclear couplings and correlations
observed in a ROESY NMR experiment. Theamino proton of
Ala-1 [H-2, 6y: 4.01] and the analogous-proton of Ala-2 [H-5,
on: 4.07] both were observed to correlate with the carbonyl carbon
of Ala-2 [C-4,d¢: 171.1] in the HMBC spectrum. A ROESY NMR
cross-peak between the NH amide proton of Ala}l: [8.01] and
o-amino proton of Ala-2 (H-5) also supported the sequence of Ala-
1—-Ala-2. The linkage of Ala-2 to Leu was established by HMBC
correlations from the NH of Ala-2dy: 7.39] and thea-amino
proton of Leu [H-8,04: 4.05] to the Leu amide carbonyl [C-dc¢:
170.5]. This linkage was also confirmed by the observed dipolar
coupling between the NH of Ala-2 and tleamino proton of Leu
(H-8). The connection between Leu and Val was achieved through
interpretation of HMBC data, which demonstrated correlations from
the a-amino proton of Leu [H-89y: 4.05] and thex-amino proton
of Val [H-14, 6y: 3.97] to C-13 Pc: 170.9]. The strong ROESY
correlation between the amide NH proton of Leyy[ 8.08] and
thea-amino proton (H-14) of Val also confirmed this connectivity.

30
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of HMBC correlations from thei-amino proton of Val [H-14¢:
3.97] and thex-amino protons of Gly [H-19a, h)y: 4.30, 3.61]

to the Gly carbonyl carbon [C-18)c: 168.4]. This connectivity
was also supported by the presence of a ROESY NMR correlation
between the amide NH proton of Vab: 7.93] and one of the
a-amino protons of Gly [H-19by: 3.61]. Further, HMBC
correlations from H-21d4y: 2.85] and the amide NH proton of
Gly [0n: 7.50] to C-20 Pc: 172.6] led to the assignment of the
Gly to HDMD linkage. A ROESY correlation was also observed
between these two protons, in full support of this assignment.
Finally, the location of the ester linkage was established by the
observation of a long-range HMBC coupling from H-2{ 4.92]

to C-1 [0c: 171.0], completing the full planar structure of
emericellamide A ).

The relative configurations of the chiral centers in HDMD were
determined byl-based configurational analysis usiPgjy, 3Jch,
and NOE correlation$Three-bond €& H coupling constants were
readily defined in the gHSQMBC experimérn a CDCg—CDs-
OD (5504L:150 uL) solvent mixture. SincéJyy between H-21
and H-22 was measured as 9.5 Hz (in the CPT@D;0OD mixture
solvent), only A and F are feasible configurations among the six
possible rotamers shown. On the basis of the strong NOE
correlations observed between H-23 and H-30 (1D NOE experi-
ment), only rotamer A can define the relative configuration of the
C-21 and C-22 stereogenic centers (Figure 2a). The small coupling
constant (2.0 Hz) between H-22 and H-23, which was not definitive,
suggested that-€H coupling constant analysis could be useful for
configuration analysis. Th&cy between C-31 and H-22 was large
enough (5.5 Hz) to assign tlaati-conformation between these two
nuclei by comparison with modgkhydroxy-carbonyl compounds.
Theanti-relationship between C-31 and H-22 ruled out the rotamers
B', C, D', and E. The strong NOE between H-21 and H-23 allowed
the relative configuration to be assigned as inRigure 2b). The
selected rotamer combination assigned; A (21R*, 22R*, and
23%), was also supported by strong NOE correlations between
H-21 and H-31 and between H-23 and H-30.

Hydrolysis of emericellamide Alj using 6 N HCI yielded the

free amino acid units. The hydrolysis products were derivatized
using the Marfey reagent and analyzed by LC/M&omparison

é/vith the retention times of authentic Marfey standards-oénd

D-Ala, Val, and Leu showed that these amino acids possess
configurations.

The absolute stereochemistry of the HDMD unit Inwas
determined by Mosher derivatization of the methanolysis product
of 1 (Figure 3)!2 Methanolysis ofl generated the methyl ester
alcohol, which was acylated witR-(—)- and S-(+)-a-methoxy-
a-(trifluoromethyl)phenyl acetyl chloride (MTPA-CI) to furnish the
corresponding andR-MTPA esters, respectively. Analysis #f
NMR, COSY, and TOCSY spectra allowed the assignment of the
proton chemical shifts for both esters in proximity of the esterified
carbon. Calculation oAds_r values clearly established the absolute
configuration of C-22 aR. This allowed the assignment of C-21
and C-23 aRR and S, respectively.

Emericellamide B Z) was obtained as a white powder, which
analyzed for the molecular formulagfEls;NsO; by HRESI mass
spectrometry (obsd [M- Na]* atm/z 674.4468, calcd [M+ Na]*
674.4463). Using the same approach as in the assignménthaf
overall structure of compoun2iwas determined by interpretation
of 1D and 2D NMR spectroscopic data (Table 2). The molecular
composition of2 indicated the addition of £g to the formula of
1. TheH NMR spectral data of emericellamide B showed almost
identical features to those found fbrdisplaying five amide protons
[0n: 8.53, 8.51, 8.07, 7.47, 7.35], sixamino protonsdy: 4.25,
4.05, 4.03, 3.97, 3.96, 3.60], and one ester carbinol pradon [
4.92]. The 13C NMR spectrum of2, which illustrated three
additional aliphatic resonances, showed that the difference was in

The subsequent connection of Val to Gly was achieved on the basisthe 3-hydroxy acid component.
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Table 1. NMR Data for Emericellamide A1) in DMSO-ds

position O mult (Jin Hz) ocP key ROESY/NOE HMBC
L-Ala-1 1 171.0 C
2 4.01 m 47.9 CH H-22, H-24 C-1,C-3,C-4
3 1.24 d(7.5) 16.0 CHl C-1,C-2
2-NH 8.01 d (3.5) H-5
L-Ala-2 4 1711 C
5 4.07 m 47.0 CH H-22, 2-NH, 19-NH C-4,C-6
6 1.21 d (7.5) 18.0 CH C-4,C-5
5-NH 7.39 d(7.5) H-8, H-14, H-19a C-5,C-7
L-Leu 7 170.5 C
8 4.05 m 51.5 CH 5-NH, 19-NH C-7,C-9,C-13
9 1.55 m 39.1 Chi C-7,C-8,C-10
10 1.55 m 24.2 CH C-9, €11, C-12
11 0.80 d (6.5) 20.4 CH C-9, C-10
12 0.89 d (6.5) 229 CHl C-9,C-10
8-NH 8.08 d (8.0) H-14
L-Val 13 170.9 C
14 3.97 dd (8.5, 8.5) 59.8 CH 5-NH, 8-NH, 19-NH C-14, C-15, C-18
15 1.88 m 29.9 CH C-13, C-14, C-16, C-17
16 0.87 d (7.0) 185 CH C-14, C-15
17 0.88 d (7.0) 18.7 CH C-14, C-15
14-NH 7.93 d (8.5) H-19
Gly 18 168.4 C
19a 4.30 dd (17.5, 5.5) 42.1 GH H-22, 5-NH, 14-NH C-18, C-20
19b 3.61 dd (17.5, 2.5) 14-NH C-18,
19-NH 7.50 dd (5.5, 2.5) H-5, H-8, H-14, H-21 C-20
HDMD 20 172.6 C
21 2.85 dq (10.0, 7.0) 40.8 CH 19-NH, H-23, H-30, H-31 C-20, C-22, C-30
22 4.92 dd (10.0, 2.0) 76.3 CH H-2, H-5, H-19a, H-23, H-24, H-30 C-1,C-21,C-23,C-31
23 1.66 m 329 CH H-21, H-22, H-30, H-31 C-24, C-25, C-31
24a 1.10 m 33.2 CH H-2, H-22 C-22,C-23,C-25
24b 1.02 m H-2, H-22 C-23,C-2
25 1.20 m 26.3 CHi
26 1.20 m 28.6 Chl
27 1.20 m 30.9 Chl
28 1.22 m 21.8 Chi C-26, C-27,C-29
29 0.84 t(7.0) 13.7 CH C-27,C-28
30 0.90 d (7.0) 14.0 CH H-21, H-22, H-23 C-20, C-21, C-22
31 0.82 d (7.0) 12.7 CHl H-21 C-22,C-23,C-24

a Assignment by gHSQC and DEPT NMR methods at 500 Mtssignment by gHSQC and DEPT NMR methods at 125 MIROESY and
1D NOE correlations within amino acid units are excluded.

Overall NMR data, including analysis of information from similarly determined by Marfey derivatization and LC/MS analysis.
HMQC, COSY, and TOCSY experiments, revealed the same amino The amino acid residues were tweAla’s, one L-Val, and one
acids and sequence as foundLirAnalysis of'H NMR COSY and L-Leu as observed ih. ROESY NMR experiments with showed
2D HMBC data allowed the side chain to be assigned as 3-hydroxy- identical correlations to those observed.i(Figure 5). Specifically,
2,4,6-trimethyldodecanoic acid (HTMD). Three bor#i—1H consistent ROESY correlations between H-2 and H-22, and between
couplings of H-21 §,: 2.85] with H-32 Py: 0.90] and H-22 §j: 19-NH and H-22, were highly indicative of the same absolute
4.92] established the connectivity from H-32 to H-22. A proton configuration at C-22. On the basis of consistent ROESY correla-
NMR COSY correlation between H-23: 1.81] and H-33 §u: tions, the absolute stereochemistry of HTMD was assignedRs 21
0.82], as well as HMBC NMR correlations from H-33 to C-22] 22R, 23S and 2%. The similar optical rotation values observed

75.7], C-23 pc: 30.1], and C-24dc: 40.7], firmly established ([a]o = —34 and—43 for 1 and 2, respectively) also support this

an identical 3-hydroxy-2,4-dimethyl constellation. In addition, a proposal.

long-range HMBC coupling from H-343};: 0.79] to C-24, C-25 Emericellamides A and B appear to be derived from two distinct
[6c: 28.7] and C-26{c: 36.8] clearly showed that the additional  biosynthetic pathways. The amino acid components are clearly
methyl group was positioned at C-25. The remainder of the derived by nonribosomal peptide synthetase pathways (NRPS),
hydrocarbon chain was readily assigned by continued analysis of while the 3-hydroxy acids (HDMD and HTMD) are of an apparent
COSY, TOCSY, and HMBC data as 3-hydroxy-2,4,6-trimethyl- polyketide synthase (PKS) origin. The HDMD unit has previously
dodecanoic acid (HTMD). been reported as a component of a fungal peptide. The relative

The relative configurations of the chiral centers in HTMD at configurations of the chiral centers in HDMD (emericellamide A)
C-21, C-22, and C-23 were proposed as the same in HDMB*21  are identical to those in the HDMD component of lipodepsipeptide
22R*, and 23*) in 1, on the basis of the high degree of similarity 15G256 previously isolated from the marine-derived fungus
of their analogou$H coupling constants and 1D NOE correlations. Hypoxylon oceanicumbut the absolute configurations are op-
Interpretation of 1D NOE experiments allowed the stereochemistry posite'® The HTMD component of emericellamide B has not been
at C-25 to be related to that at C-23 (Figure 4). A key NOE previously reported as a component of a lipopeptide. This chain-
correlation between H-22 and H-25 revealed that the aliphatic chain extended unit may be derived by the incorporation of an additional
was folded at C-25. The relative configuration at C-25 was assigned methylmalonyl building block (C-24, C-25, and C-34) in the PKS
asR* on the basis of the NOE correlation observed between H-23 chain elongation process.

and H-34. The alternate configuration @% cannot be accom-
modated by this NOE result.

Hydrolysis of emericellamide B was accomplished a4,iand
the absolute configurations of the amino acid units2irwere

Emericellamide A {) displayed moderate antimicrobial activity
against methicillin-resistar8taphylococcus auredMIC: 3.8 uM),
but weak cytotoxicity against the HCT-116 human colon carcinoma
cell line (IGso: 23 M), and no significant inhibition of amphot-
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Figure 2. J-based configuration analysis for (a) C-21 and C-22 and (b) C-22 and C-23 chiral centers. All possible conformational rotamers
are shown.

However, this result underscores that co-culturing represents a
potentially important strategy for discovery of new bioactive
secondary metabolites.

0
SMTPA Experimental Section

Figure 3. Ads-rvalues in ppm for the C-28- andR-MTPA esters

. - General Experimental Procedures.Optical rotations were mea-
of the methanolysis product dfin DMSO-ds. P P

sured on a Rudolph Research Autopol Il polarimeter with a 10 cm
cell. IR spectra were recorded using a Perkin-Elmer 1600 FT-IR
spectrometer'H, $°C, and 2D NMR spectral data were recorded on

. L . Varian Inova 500 MHz and Varian Inova 300 MHz NMR spectrom-
value of 6.0uM against methicillin-resistarg. aureusand an 1Go eters. High-resolution mass spectroscopic data were acquired on an

again_st HCT-116 (.)f 4aM. . Agilent ESI-TOF mass spectrometer at The Scripps Research Institute,
This report provides another example of the production of new | 5 jgjja. LC/MS data were obtained using a Hewlett-Packard series

secondary metabolites during co-culture conditions. While these 1100 Lc/MS system with a reversed-phase @Ilumn (Phenomenex
depsipeptides are, in fact, producedéry low yields byEmericella Luna Gg(2), 4.6 mmx 100 mm, 5um) with CH;CN—H,O gradient
sp. (approximately 0.025 mg/L fot), these yields would not solvent system.

facilitate their isolation and structure elucidation. In co-culture the  The Marine-Derived Fungus Emericella (CNL-878) and the
yields of these depsipeptides (2.5 mg/L fjrwere enhanced by  marine Actinomycete Salinispora arenicola CNH-665). The marine-
100-fold. It is still unclear how the interaction between the fungus derived fungus (strain CNL-878) was isolated from the surface of a
and the actinomycete induces the production of the emericellamides.green alga of the gent$alimeda which was collected at Madang Bay

ericin-resistantCandida albicans The biological activities of
emericellamide BZ) were slightly weaker thah, showing an MIC
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Table 2. NMR Data for Emericellamide B2) in DMSO-ds

position O mult (Jin Hz) ocP key ROESY/NOE HMBC
L-Ala-1 1 171.3 C
2 3.97 dd (8.5, 7.5) 48.2 CH H-22, H-25, H-26 C-1,C-3,C-4
3 1.24 d (7.5) 16.3 Ckl C-1,C-2
2-NH 8.07 d (3.5) H-5 c-4
L-Ala-2 4 171.3 C
5 4.03 m 47.0 CH H-22, 2-NH, 19-NH C-4,C-6
6 1.20 d (7.5) 18.4 Ckl C-4,C-5
5-NH 7.47 d (7.5) H-8, H-14, H-19a C-5,C-7
L-Leu 7 171.0 C
8 4.05 m 51.7 CH 5-NH, 19-NH C-7,C-9,C-13
9 1.55 m 39.6 Chl C-7,C-8,C-10
10 1.55 m 24.4 CH C-9, C-11, C-12
11 0.82 d (6.5) 20.7 CH C-9,C-10
12 0.86 d (6.5) 23.2 Ckl C-9, C-10
8-NH 8.53 d (8.0) H-14
L-Val 13 171.2 C
14 3.96 m 60.3 CH 5-NH, 8-NH, 19-NH C-14, C-15, C-18
15 1.92 m 30.1 CH C-13, C-14, C-16, C-17
16 0.86 d (7.0) 18.8 CH C-14, C-15
17 0.86 d (7.0) 19.0 CH C-14, C-15
14-NH 8.51 d (8.5) H-19
Gly 18 168.6 C
19a 4.25 dd (17.5, 5.5) 41.1 GH H-22, 5-NH, 14-NH C-18, C-20
19b 3.60 dd (17.5, 2.5) 14-NH C-18
19-NH 7.35 dd (5.5, 2.5) H-5, H-8, H-14, H-21
HTMD 20 172.7 C
21 2.85 dq (10.0, 7.0) 40.0 CH 19-NH, H-23, H-32, H-33 C-20, C-22, C-30
22 4.92 dd (10.0, 2.0) 75.7 CH H-2, 19-NH, H-23, H-24, H-25, H-32 C-1, C-21, C-23,C-33
23 1.81 m 30.1 CH H-21, H-22, H-32, H-33, H-34 C-24,C-33
24a 1.10 m 40.7 CH H-22 C-23,C-25
24b 0.79 m H-22
25 1.53 m 28.7 CH H-2, H-22
26a 1.19 m 36.8 CH H-2
26b 1.01 m H-2 C-27
27 1.22 m 29.0 Chi
28 1.22 m 26.1 Chi
29 1.22 m 31.3 Chl
30 1.24 m 22.0 Chl
31 0.85 t(7.0) 13.9 CH C-29, C-30
32 0.90 d (7.0) 14.2 CH H-21, H-22, H-23 C-20, C-21, C-22
33 0.82 d (7.0) 135 CH H-21, H-23 C-22,C-23,C-24
34 0.79 d (6.5) 194 CHl H-23, H-25 C-24, C-25, C-26

2 Assignment by gHMQC NMR method at 500 MHAssignment by gHMQC NMR method at 75 MHROESY and 1D NOE correlations
within amino acid units are excluded.

0] 0 S
VAT
Figure 4. Key NOE correlations used to assign the relative

configuration of C-25 of2 and demonstrate the back-folded
conformation of the side chain.

in Papua New Guinea, in 1997. Sequence analysis of the D2 expansion
region of the large subunit rRNA gene (Accugenix) placed CNL-878
within the genu€mericellaon the basis of the 98.9% sequence identity
with Emericella pavathecia The marine actinomycete (strain CNH-
665) was isolated from a sediment sample collected from the Bahamas
in 1999. It was identified aS. arenicoleon the basis of the 100% 16S
rDNA sequence identity with the type strain of this species (NCBI
accession number AY040619).

Fermentation and Extraction. Five liters of the fungal strain CNL- . ) .
878 was cultivated in YPM medium (4 g of mannit@ g of yeast Figure 5. Transannular ROESY correlations observed and2.
extract 2 g of peptonem 1 L of seawater, in a 2.8 L Fernbach flask)

at 27°C with shaking at 215 rpm. The actinomycete (1 L) was cultured - ater incubation for two additional days, the co-culture was extracted
in the same manner as the fungus butin TCG medium (3 g of tryptone, ging a solid-phase resin extraction with Amberlite XAD-7 resin (20

5 g of casitone4 g ofglucose 1 L of seawater). On day 3, 10 mL oy "the culture and resin were shaken at 215 rpm for 2 h, and the

of actinomycete culture was |noculate(_i into ledc L of the fungal resin was filtered and extracted with acetone to yield 1.9 g of solid
cultures to initiate the co-culture experiment. The co-culture and the .
material after removal of solvents vacua

single cultures of the fungus and the actinomycete were analyzed by
LC/MS to identify changes of secondary metabolite production. For  Isolation of Emericellamides A and B (1, 2).The crude extract
LC/MS monitoring, 25 mL of each culture was extracted with EtOAc. was fractionated by Si gel vacuum column chromatography (4.5 cm
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diameter, 8 cm height, 268425 mesh), eluting with EtOAeMeOH
mixtures. Emericellamides A and B were observed in the fractions
eluted with 10:1 and 5:1 EtOAeMeOH mixtures. These fractions were
further purified by RP @ HPLC with 65% aqueous GIEN (Alltech
Altima C,g semipreparative column,&m, 10 mmx 250 mm, 2 mL/
min, refractive index detection). Emericellamides A (12.5 mg) and B
(3.8 mg) were eluted at 17 and 39 min, respectively.

mm, 5um, 2.0 mL/min, UV detection at 210 nm) using a gradient
solvent system (610 min: 20% aqueous GEN, 10-50 min: 20~
100% aqueous CHN, 50-70 min: 100% CHCN). The SMTPA
ester eluted at 61 min. The identical procedure was carried out to obtain
the R-MTPA ester withSmethoxy(trifluoromethyl)phenylacetyl chlo-
ride. The unit masses & andS-MTPA esters ([M+ H]" m/z= 858,

[M + Na]® m/z = 880, molecular formula GHesF3NsO10) were

Emericellamide A (1): white powder; §]p —43 (c 0.23, MeOH);
IR (neat, CHCY) vmax 3307, 2931, 1755, 1631, 1549 cin’H NMR
(500 MHz, DMSO#6g) and**C NMR (125 MHz, DMSO¢l), see Table
1; HRESI [M + Na]" m/z 632.4173.

Emericellamide B (2): white powder; f]p —34 (c 0.076, MeOH);
IR (neat, CHCY) vmax 3310, 2934, 1754, 1630, 1550 cim*H NMR
(500 MHz, DMSO#dg) and*3C NMR (75 MHz, DMSO¢k), see Table
2; HRESI [M + Nal* m/z 674.4468.

Stereochemical Determination of Amino Acid ResiduesHydroly-
sis of emericellamides A and B (0.8 mg each) was achieved, in separate
experiments, by the addition of 1 mlf 6 N HCI at 115°C for 18 h.

The solution was concentrated under a stream0fTiRe residue was
resuspended in 1 mL of 4® and dried under a stream of Wvice to
remove traces of HCI. The resulting hydrolysate was dissolved in 1 N
NaHCQ; (100 uL) and treated with 1-fluoro-2,4-dinitrophenylts-
alanine amidel-Marfey reagent) in acetone (10 mg/mL, bD). The
reaction was incubated at 8@ for 3 min, then neutralized by adding

2 N HCI (50 uL), and diluted with 50% aqueous GEN (300 uL).

The Marfey derivative mixture was analyzed by LC/MS (Hewlett-
Packard Series 1100, Phenomenex Lupg2}, 4.6 mmx 100 mm, 5
um) with a linear gradient from 10% to 50% aqueouss:CN (0.1%
TFA) over 45 min. The retention times of the derivatives were compared
with those of authentic derivatized standandg\(a: 29.9 min,p-Ala:

32.6 min,L-Val: 36.1 min,p-Val: 40.2 min,L-Leu: 40.9 min, and
D-Leu: 44.7 min), which showed that the two alanine, the valine, and
the leucine amino acids of emericellamides A and B possessed
configurations.

Methanolysis and Mosher Derivatization of 1.Emericellamide A
(1) (2.0 mg) was dissolved in 0.5 N NaOMe solution (2 mL of MeOH)
and stirred at room temperature (RT) for 5 h. The mixture was
neutralized by addm1 N HCI. The volume of the solution was reduced
in vacua The mixture was partitioned withJ® and EtOAc, the EtOAc
fraction was driedn vacuq and the methanolysis product obtained
was confirmed by LC/MS ([M+ H]™ m/z at 642, [M+ Na]" at 664,
molecular formula HsgNsOg). The methanolysis product df (0.5
mg, 0.8umol) was dissolved in 1.5 mL of freshly distilled, dry GH
Cl,, 2 drops of distilled triethylamine were added to the solution, and
it was stirred for 5 min. A dry crystal of dimethylaminopyridine was
added to the reaction vial, the solution was stirred at RT for 30 min,
and then 2QuL of R-methoxy(trifluoromethyl)phenylacetyl chloride
solution (5.36umol/uL) was added. Freshly distilled pyridine (500)
was addd 1 h later, and the mixture was stirred at RT overnight. After
removal of reactant® vacuq the Mosher ester obtained was purified
by RP HPLC (Waters Prep 4000, Alltech, Altimag10.0 mmx 250

identified by LC/MS analysis (ESIMS).
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