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Two new cyclic octapeptides, mariannamides A (1) and B (2), have been isolated from Mariannaea elegans
NBRC102301, a Pinus densiflora-derived filamentous fungus. Their structures were elucidated to be cyclo-(.-Leu’-
1-Pro’-1-Pro®i-Leu®r-Ile’-.-Pro®-1-Val'-i-lle?) and cyclo-(1-Leu'--Pro’-L-Pro?-.-Leu®r-Ile'-1-Pro®-1-Val'-1-Val?)
based on spectroscopic data and Marfey’s method. Mariannamide A (1) promoted mRNA expression of sirtuin 1
(SIRT1) in C2C12 cells, a mouse skeletal muscle myoblast cell line, and showed the antimicrobial activity against

Escherichia coli and Cryptococcus neoformans.

The genus Mariannaea belongs to the Nectriaceae, and the species of
this genus can be isolated from soil, dead plant material, and insect
larva."? Currently, the following 15 species are accepted in the genus;
M. aquaticola, M. camptospora, M. catenulata, M. chlamydospora, M. ci-
nerea, M. dimorpha, M. elegans, M. fusiformis, M. humicola, M. lignicola,
M. macrochlamydospora, M. pinicola, M. punicea, M. samuelsii, M. su-
perimposita.® There are few reports regarding the chemical components
of Mariannaea fungi. Only three polyketides, marianins A and B from M.
camptospora TAMA 118,* and mariannaeapyrone from M. elegans UR
742,° have ever been isolated. Additionally, Mihara et al. reported a
glycosphingolipid, Glc1-6GalB1-Cer from M. elegans JCM12789.° We
were interested in the metabolites produced by Mariannaea genus fungi
and their biological profiles, and began to survey the chemical con-
stituents of M. elegans NBRC102301. As a result, two new cyclic octa-
peptides, mariannamides A (1) and B (2), were isolated. According to a
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review paper by Zhou et al., 293 fungal cyclic peptides excluding cy-
clodipeptides have been discovered over the past 50 years, of them,
octapeptides only occupy 4.4% (13 compounds).” Activation of sirtuin
1 (SIRT1), an NAD *-dependent deacetylase, in the muscle tissue causes
deacetylation of peroxisome proliferator-activated receptor (PPAR)-y
coactivator (PGC)-1a, a transcriptional coactivator binding to PPARYy,
to improve the mitochondrial function such as the oxygen consumption
and the heat-conservation abilities, and is a promising strategy for
treating diseases related to aging.® Resveratrol is known to extend life
span and impact mitochondrial function and metabolic homeostasis by
activating SIRT1.® Recently, the number of reports about other natural
products enhancing SIRT1 activity are increasing.” Herein, we describe
the isolation and structural elucidation of 1 and 2 and provide eva-
luations of their SIRT1 activities in C2C12 cells, a mouse skeletal
muscle myoblast cell line, and their antimicrobial activities.

Received 21 September 2019; Received in revised form 24 December 2019; Accepted 29 December 2019

0960-894X/ © 2019 Elsevier Ltd. All rights reserved.

Please cite this article as: Kan'ichiro Ishiuchi, et al., Bioorganic & Medicinal Chemistry Letters, https://doi.org/10.1016/j.bmcl.2019.126946



http://www.sciencedirect.com/science/journal/0960894X
https://www.elsevier.com/locate/bmcl
https://doi.org/10.1016/j.bmcl.2019.126946
https://doi.org/10.1016/j.bmcl.2019.126946
mailto:ishiuchi@phar.nagoya-cu.ac.jp
https://doi.org/10.1016/j.bmcl.2019.126946

K. Ishiuchi, et al.

L-Leu’
L-Pro?

ﬁ %@

L-Pro®

L-Pro?

L-Leu2

L-lle’

The culture broth of M. elegans NBRC102301 was extracted using
ethyl acetate (EtOAc). The EtOAc-soluble fraction was subjected to a
silica gel column, an ODS column, and C;g3 HPLC to obtain mar-
iannamides A (1) and B (2).'° The molecular formula of mariannamide
A (1)'" was elucidated to be C44H,4NgOg by HRESIMS [m/z 865.5535
(M+Na)*, A + 0.8 mmu]. Five amide protons observed in the 'H NMR
spectrum (DMSO-dy) indicated that 1 is a peptidic compound (Table 1).
'H and **C NMR data and the HSQC spectrum of 1 revealed 44 carbon
signals due to eight carbonyl groups, 13 sp> methine groups, 13 sp>
methylene groups, and ten sp> methyl groups. Among these, eight sp®

Table 1
'H (500 MHz) and '*C (125 MHz) NMR data of mariannamide A (1) in
DMSO-ds,

position 8y 8¢ position 8y Sc

Leu’ Ile!

a 4.42 (1H, nd) 49.7 a 4.42 (1H, nd) 53.9

B 1.79 (1H, nd) 40.6 1.54 (1H, nd) 37.9
1.12 (1H, nd) Y 1.43 (1H, m) 23.7

Y 1.54 (1H, nd) 24.8 0.97 (1H, m)

Me 0.88 (3H, nd) 214 6 0.79 (3H, t 7.0 Hz) 10.7

Me 0.84 (3H, nd) 234  B-Me 0.89 (3H, nd) 14.7

(¢0) 168.9 CO 171.1

NH 7.59 (1H, d 7.0 Hz) NH 7.39 (1H, d 9.5 Hz)

Pro’ Pro®

a 4.02 (1H, dd 9.0, 59.1 a 3.96 (1H, dd 8.0, 60.9
3.5 Hz) 8.0 Hz)

B 2.23 (1H, nd) 277 B 2.17 (1H, nd) 29.1
1.70 (1H, nd) 1.77 (1H, nd)

Y 1.91 (1H, m) 24.5 Y 2.01 (1H, nd) 24.7
1.82 (1H, nd) 1.82 (1H, nd)

8 3.35 (2H, nd) 466 & 3.59 (2H, m) 47.7

CcO 170.2 CO 173.1

Pro® Val

a 4.46 (1H, nd) 60.2 a 3.03 (1H, dd 10.5, 65.7

7.0 Hz)

B 2.21 (1H, nd) 30.9 B 2.65 (1H, m) 27.2
2.04 (1H, nd) Me 0.84 (3H, nd) 19.6

Y 1.82 (1H, nd) 21.7 Me 0.82 (3H, nd) 19.3
1.49 (1H, nd) co 172.0

8 3.37 (2H, nd) 46.2 NH 8.91 (1H, d 7.0 Hz)

Cco 170.4

Ile?
Leu® a 3.87 (1H, dd 7.5, 59.4
7.5 Hz)

a 4.07 (1H, m) 54.5 1.55 (1H, nd) 36.5

B 1.75 (1H, nd) 40.2  y 1.37 (1H, m) 24.6
1.56 (1H, nd) 1.10 (1H, nd)

Y 1.56 (1H, nd) 24.6 ] 0.81 (3H, nd) 10.7

Me 0.89 (3H, nd) 22.3 B-Me 0.82 (3H, nd) 15.4

Me 0.82 (3H, nd) 21,5 CO 170.6

Cco 171.4 NH 8.54 (1H, d 7.5 Hz)

NH 7.94 (1H, d 7.0 Hz)

nd: J-values were not determined because of overlapping with other signals.
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methine carbons (§¢ 65.7, 60.9, 60.2, 59.4, 59.1, 54.5, 53.9, and 49.7)
were ascribed to a-carbons of amino acid residues, which indicated that
1 is a cyclic octapeptide.

2D NMR correlations of 'H-'H COSY, TOCSY, and HMBC spectra
revealed that 1 possesses three proline, one valine, two leucine, and two
isoleucine residues (Fig. 1). The connectivities of amino acid residues
were elucidated by HMBC spectral analysis. The HMBC correlations for
Ile'-NH (8 7.59) to Pro*-CO (8¢ 171.4) and Leu®-NH (8 7.94) to Pro*
CO (8¢ 170.4) revealed amide linkages of Ile' and Pro® through Leu?.
Furthermore, HMBC cross peaks of Pro*-H$ (84 3.35) to Leu'-CO (8¢
168.9), Leu'-NH (8y 7.59) to Pro®-CO (8¢ 170.6), Ile>-NH (8y; 8.54) to
Val-CO (8¢ 172.0), and Val-NH (8y 8.91) to Pro®-CO (8¢ 173.1) in-
dicated sequences of Pro'-Leu’-Pro*Ile?-Val-Pro®. Finally, HMBC cor-
relations for Pro2-H§ (8g 3.37) to Pro'-CO (8¢ 170.2) and Pro>-HS (8y
3.59) to Ile!-CO (8¢ 171.1) revealed amide linkages between Pro! and
Pro® and between Ile’ and Pro®. Thus, the planar structure of 1 was
elucidated to be cyclo-(Leu!-Pro*-Pro*Leu®Ile’-Pro®-Val'-Ile?) (Fig. 1).

The geometries of the amide bonds of Leu'-Pro*, Pro'-Pro?, and Ile'-
Pro® were empirically assigned from the 8¢, and A8cpc, values of
prolines.'® These values (Pro’ 8¢y 24.5 ppm, Adcp.cy 3.2 ppm; Pro? Scy
21.7 ppm, Adcp.c, 9.2 ppm; and Pro® 8¢, 24.7 ppm, Adcp.c, 4.4 ppm)
indicated that the geometries are trans (Leu'-ProY), cis (Pro'-Pro?), and
trans (Ile'-Pro®). The Marfey’s analysis'* of the hydrolysates of 1 re-
vealed that the absolute configurations of the amino acids were all in
the 1-form. The difference between 1-Ile and 1-allo-Ile was distinguished
by HPLC analysis of the 2,3,4,6-tetra-O-acetyl-3-p-glucopyranosyl iso-
thiocyanate (GITC) derivatives'® of the hydrolysate of 1, which re-
vealed that the two Ile residues were both r-Ile.

The molecular formula of mariannamide B (2)'? was elucidated to
be C4H,oNgOs by the HRESIMS [m/z 851.5378 (M+Na)*,
A + 0.7 mmu], and it indicated that the difference between 2 and 1 was

L-Leu’
L-Pro’

N0

le' —— : 'H-H COSY, TOCSY
1 —>»: HMBC

Fig. 1. Selected 2D correlations for mariannamide A (1).
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Table 2
'H (500 MHz) and 3C (125 MHz) NMR data of mariannamide B (2) in
DMSO-ds,

position 8y 8¢ position 8y Sc
Leu! Tle!
a 4.41 (1H, nd) 49.7 a 4.42 (1H, nd) 53.8
B 1.80 (1H, nd) 40.6 1.54 (1H, nd) 37.8
1.13 (1H, ddd 12.5, 9.0, Y 1.43 (1H, m) 23.8
3.0 Hz)
Y 1.55 (1H, nd) 24.9 0.97 (1H, m)
Me 0.88 (3H, nd) 21.5 ) 0.78 (3H, t 7.5 Hz) 10.6
Me 0.84 (3H, nd) 23.4 B-Me 0.87 (3H, nd) 14.8
co 168.9 CO 171.1
NH 7.56 (1H, d 7.5 Hz) NH 7.39 (1H, d 9.5 Hz)
Pro’ Pro®
a 4.02 (1H, dd 9.0, 59.1 a 3.96 (1H, dd 8.0, 60.9
3.5 Hz) 8.0 Hz)
B 2.23 (1H, nd) 27.7 B 2.17 (1H, nd) 29.1
1.70 (1H, nd) 1.78 (1H, nd)
Y 1.91 (1H, m) 24.6 Y 2.01 (1H, nd) 24.7
1.81 (1H, nd) 1.81 (1H, nd)
h) 3.35 (2H, nd) 46.6 ) 3.59 (2H, m) 47.7
Cco 170.2 CO 173.1
Pro? Val!
a 4.46 (1H, nd) 60.2 a 3.04 (1H, dd 10.0, 65.7
6.5 Hz)
B 2.21 (1H, nd) 30.8 B 2.67 (1H, m) 27.2
2.04 (1H, nd) Me 0.84 (3H, nd) 19.6
Y 1.82 (1H, nd) 21.7 Me 0.83 (3H, nd) 19.3
1.49 (1H, nd) CO 172.1
) 3.37 (2H, nd) 46.2 NH 8.90 (1H, d 7.0 Hz)
co 170.4
val®
Leu? a 3.84 (1H, dd 7.0, 60.5
7.0 Hz)
a 4.08 (1H, m) 54.4 B 1.80 (1H, nd) 30.3
B 1.75 (1H, nd) 40.2 Me 0.87 (3H, nd) 19.2
1.56 (1H, nd) Me 0.84 (3H, nd) 18.1
Y 1.56 (1H, nd) 24.5 CcOo 170.7
Me 0.89 (3H, nd) 22.3 NH 8.54 (1H, d 7.0 Hz)
Me 0.82 (3H, nd) 21.5
(¢0) 171.4
NH 7.94 (1H, d 7.5 Hz)

nd: J-values were not determined because of overlapping with other signals.
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Fig. 3. The effect of mariannamide A (1) on mRNA expression levels of SIRT1 in
C2C12 cells. GAPDH was used as the reference gene. The data are presented as
mean * S.EM. (n = 3). Different letters indicate significant differences as
determined by Turkey’s multiple comparison procedure (P < 0.05).

only due to a methyl group. *H and '*C NMR spectra of 2 were very
similar to those of 1 except for the 1-Ile? residue of 1 (Table 2). Com-
parison of the HSQC spectra of 1 and 2 revealed that a methine cross
peak (8y 1.55, 8¢ 36.5) at the B-position in 1-Ile? of 1 was shifted to 8y
1.80 and é¢ 30.3 in 2 and that methylene cross peaks (6i 1.37, 1.10, é¢
24.6) at the y-position in 1-Ile? of 1 was disappeared in 2 (Figs. S6 and
$13). 'H-'"H COSY and HMBC analyses revealed that this newly ob-
served methine formed a valine residue (Fig. 2). Furthermore, HMBC
correlations for Leu!-NH (8y 7.56) to Val®-CO (8¢ 170.7) and Val>-NH
(8 8.54) to Val'-CO (8¢ 173.1) revealed the sequence of -val'-val?
Leu'-. Thus, the planar structure of 2 was elucidated to be cyclo-(Leu'-
Pro'-Pro*-Leu®Ile!-Pro3-Val'-Val®) (Fig. 2). These values (Pro' &,
24.6 ppm, Adcp.c, 3.1 ppm; Pro® 8¢, 21.7 ppm, Adcp.c, 9.1 ppm; and
Pro® 8¢, 24.7 ppm, Adcp.c, 4.4 ppm) indicated that the geometries of
the amide bonds of Leu!-Pro?, Pro'-Pro?, and Ile!-Pro® were trans, cis,
and trans, respectively.'® The absolute configurations of the amino acid
residues were elucidated to all be the 1-form by the Marfey’s method.'*
Finally, the stereoisomer of the Ile residue was assigned to be 1-Ile via
HPLC analysis of the GITC derivative'® of 2.

We tested the effect of 1 on the mRNA expression levels of SIRT1 in
C2C12 cells using qRT-PCR.'®'7-'? As shown in Fig. 3, mRNA expres-
sion by 50 pM of 1 was detected at 1.5-fold higher level compared with
control (DMSO) group with statistical significance, and this activity was
as the same level of resveratrol used as positive control. To our

o
(e,

N ) L-Pro2
0 {

L-Leu?

— : 'H-TH COSY, TOCSY
—>: HMBC

Fig. 2. Selected 2D correlations for mariannamide B (2).
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knowledge, this is the first report of the cyclic peptide activating SIRT1.
Furthermore, the antimicrobial activities of mariannamides A (1) and B
(2) against bacteria (Escherichia coli, methicillin-resistant Staphylococcus
aureus (MRSA), Bacillus subtilis, and Enterococcus faecalis) and fungi
(Candida auris, C. guilliermondii, C. parapsilosis, C. glabrata, C. albicans
and Cryptococcus neoformans) were evaluated.'® Mariannamide A (1)
showed the inhibition against only E. coli and C. neoformans with dia-
meters of the inhibition zone of 9.4 * 0.4 mm and 7.7 *= 0.2 mm,
respectively. Compound 2 did not show any antimicrobial activities
against above all the microbials.
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