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Abstract

Seven previously undescribed polycyclic meroterpenoids talarines K-Q (1-7), along with five known ones (8-12),
were isolated from desert-derived fungi Talaromyces sp. HMT-8. The structure of the novel compounds were eluci-
dated using spectroscopic methods, including electronic circular dichroism (ECD), HRESIMS and nuclear magnetic
resonance (NMR) spectroscopy. Among the isolated meroterpenoids, compounds 3, 5, and 7 exhibited rare chlorine
substitution patterns. Halogenation, particularly chlorination, is uncommon in natural meroterpenoids and implies
the involvement of halogenase enzymes during biosynthesis. Compounds 1-12 were evaluated for their inhibi-
tory activity against protein tyrosine phosphatase 1B (PTP1B). Compounds 1-4 and 12 exhibited inhibitory activ-

ity against PTP1B with ICs, values ranging from 1.74 to 17.60 uM. Among them, compounds 2 and 12 displayed
significant inhibitory effects with an ICs, value of 1.74 and 3.03 UM, respectively. Furthermore, Molecular docking
analysis revealed that compounds 2 and 12 bind tightly to the catalytic site of PTP1B, forming key hydrogen bonding
and hydrophobic interactions. Enzyme kinetics studies further demonstrated that both compounds act as competi-
tive inhibitor.
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1 Introduction

The meroterpenoids are a highly diverse class of natu-
ral products. They are hybrid natural products, par-
tially derived from the terpenoid biosynthetic pathway,
exhibiting diverse core structures, among which some
feature a C3-oxidized drimane skeleton [1, 6]. Recently,
meroterpenoids have attracted attention due to their
rich chemical diversity and biological activities. In the
past decade, only 26 methoxysteroids, constructed from
drimane-type sesquiterpenoid units and C10 polyke-
tide moieties, have been reported [2-7]. Previous stud-
ies have indicated that Talaromyces sp. could produce
secondary metabolites such as meroterpenoids, pol-
yketides and furanosteroids with novel chemical struc-
tures. The meroterpenoids isolated from Talaromyces
sp. contain polycyclic skeletons and exhibit significant
in vitro enzyme inhibitory and antiviral activities [8, 9]
(Figs. 1,2, 3, 4, 5, 6).

Protein tyrosine phosphatase-1B (PTP1B) is a mem-
ber of the protein tyrosine phosphatase (PTP) family
and is localized in the endoplasmic reticulum of cells
in tissues such as adipose and liver [10]. PTP1B plays
an essential role across various physiological pathways,
including cell proliferation, apoptosis, and differentia-
tion [11]. The PTP1B functions by dephosphorylating
insulin and leptin receptors, thereby inducing their
inactivation [12, 13]. Inhibitors targeting this enzyme
hold therapeutic promise for managing type 2 diabe-
tes and obesity. Therefore, bioactive compounds with
PTP1B inhibitory activity may exhibit enhanced thera-
peutic efficacy in the treatment of type 2 diabetes.

Finding bioactive compounds from natural products
has become one of the important ways to develop inno-
vative drugs. The extensive pharmacological activities
and structural diversity of fungal natural products have
attracted the attention of researchers [14]. We have been
dedicated to discovering novel bioactive compounds
from fungi. In this work, a desert-derived fungi Talaro-
myces sp. HMT-8 was isolated from soil collected in
Alashan region in the west of Inner Mongolia Autono-
mous Region of China. The chemical investigation on
HMT-8 led to the identification of seven novel polycy-
clic meroterpenoids talarines K-Q (1-7) and five known
ones (8—12). All the isolated compounds were tested for
their inhibitory activities against PTP1B. Many of these
meroterpenoids exhibited inhibitory activities. This
paper reports on the isolation, structural elucidation and
PTPI1B inhibitory activity of polycyclic meroterpenoids
extracted from Talaromyces sp. HMT-8.

2 Results and discussion

2.1 Structure elucidation

Compound 1 displayed the molecular formula, C,,H,.O,,
by analysis of its HREISMS data ([M +H]* m/z 403.1748,
caled for Cy,H,,0,, 403.1757), indicating 10 degrees of
unsaturation. The 'H NMR data (Table 2) of 1 showed
resonances for one aromatic proton at d 6.24 (1H, s,
H-5), two oxygenated methine protons at dy; 4.66 (1H,
m, H-8) and 3.67 (1H, t, /=3.0 Hz, H-15), and three
methyl groups at dy 1.51 (3H, d, /=6.5 Hz, H;-10), 1.40
(3H, s, H;-18), and 1.04 (3H, s, H;-22). The *C NMR
data (Table 1) of 1 showed a total of 22 carbon signals,
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Fig. 1 Chemical structures of 1-12 isolated from HMT-8

including two ester carbonyls at J- 176.7 (C-19) and
171.9 (C-7), six aromatic carbons assignable to a ben-
zene ring, six methylenes, two methines (including one
oxygenated), three non-protonated carbons (including
two oxygenated), and three methyls. The planar struc-
ture of 1 was further elucidated by 2D-NMR spectro-
scopic analysis. The '"H—'"H COSY correlations (Fig. 2)
of H;-10/H-8/H-9 together with the HMBC correla-
tions (Fig. 2) from H-9 to C-2, C-3, and C-11, and from
H-5 to C-1, C-3, C-4, and C-6 confirmed the presence
of the isochromanone moiety. The HMBC correlations
from H,-11 to C-4, C-12, and C-13, from H;-18 to C-13
and C-17, from H;-22 to C-12, C-14, C-15, and C-21,
and from H,-20 to C-19, along with the 'H—'H COSY

11 12

correlations of H,-17/H,-16/H-15 and H,-10/H,-21
established the remaining nor-sesquiterpene moiety.
Therefore, the planar structure of 1 was determined, as
depicted in Fig. 1.

The relative configuration of 1 was determined by
NOESY experiment. The NOESY cross peaks (Fig. 3)
of Hy-22/H-16B (8, 1.97), Hy-18/H-16pB, Hy-18/H-11p
(6 2.68), H;-22/H-11f3, and H;-22/H-15 indicated that
H-15, H;-18, and H;-22 were f-orientations; simulta-
neously, C-12 was assigned as S*-configuration. The
absolute configuration at C-8 was proposed as R based
on the biosynthetic origin [5, 15]. The calculated elec-
tronic circular dichroism (ECD) curve (Fig. 4) for com-
pound 1 corresponded well with the experimental
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Fig. 2 Key HMBC (blue arrow) and 'H-TH COSY (bold red line) correlations of 1-7

4 5 6 7
Fig.3 Key NOESY (double blue arrows) correlations of 1-7
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Fig. 5 Kinetic analysis of the inhibition of PTP1B by 2 (a, b) and 12 (c, d)

ECD curve, indicating its absolute configuration as
8R,12S5,13R,145,15S. Therefore, compound 1 was named

talarine K.

Compound 2 possessed a molecular formula C,;H;,0-,
as determined by the HRESIMS data ([M+H]* m/z

443.2061, caled for C,sH, 0., 443.2070). The 'H NMR
spectrum of 2 displayed characteristic signals includ-

ing one oxygen-bearing methine proton at §y; 4.57 (1H,

m, H-8), and five distinct methyl signals (four singlets
and one doublets). The C NMR spectra of 2 showed
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Fig. 6 Molecular docking pictures of compounds 2 (a) and 12 (b)

25 carbon resonances, including two carbonyl carbons
(one ester carbonyl at §- 171.7 and one keto carbonyl
dc 211.1), eight olefinic carbons containing a benzene
ring, four nonprotonated carbons at §- 81.0 (C-12), 79.1
(C-13), 71.5 (C-23), and 50.4 (C-14), five methylenes at d.
34.7 (C-16), 34.5 (C-17), 31.9 (C-9), 28.7 (C-21), and 22.6
(C-11), one oxygenated methine at d- 76.5 (C-8), and five
methyls at 8. 27.9 (C-25), 27.8 (C-24), 24.3 (C-22), 23.5
(C-18), and 20.9 (C-10). The NMR data (Tables 1 and 2)
of 2 closely resembled those of talaromyolide I [6], with
the main difference being the presence of an oxygen-
ated non-protonated carbon (C-23) and the absence of
an oxygenated methine group (C-9), as supported by the
HMBC correlations (Fig. 2) from H;-25 to C-23 and the
"H-'H COSY correlations (Fig. 2) of H,-10/H-8/H,-9.
The cross-peaks of Hy-18/H3-22/H-115 (6} 2.84) estab-
lished the relative configuration of 2. The absolute config-
uration of compound 2 was determined by comparing its
experimental ECD spectrum with the calculated spectra
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(Fig. 4), confirming the assignment as 8R, 128, 13R, 14R.
Accordingly, it was named talarine L.

Compound 3 was purified as a colorless oil, and its
HRESIMS analysis ((M—H]™ m/z 491.1837, caled for
C,¢H3,ClO,, 491.1843) indicated a molecular formula
C,cH3,ClO,. The 'H NMR spectral data (Table 2) of
3 showed one oxygenated methine proton at &y 4.72
(1H, m, H-8), five methyl signals (two singlets and three
doublets), as well as a methoxyl signal at §y; 2.57 (3H, s,
H;-26). The 13C NMR spectrum (Table 1) revealed the
presence of 26 carbon signals, including two carbonyl
carbons (one ester carbonyl and one keto carbonyl), six
aromatic carbons, one ketal carbon at J- 104.4 (C-19),
one oxygenated methine at §. 76.7 (C-8), six methylenes,
three nonprotonated carbons containing two oxygenated
at d. 81.5 (C-13) and 79.1 (C-12), and six methyls includ-
ing an oxygenated at J. 48.7 (C-26). Detailed analyses of
the above NMR data suggested that the structure of 3
was similar to that of 2, with the main difference being
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Table 1 The '*C NMR (150 MHz, CD,0D) spectroscopic data for compounds 1-7

NO 1 2 3 4 5 6 7

1 102.9,C 102.8,C 1033,C 103.2,C 103.2,C 103.0,C 102.3,C
2 142.1,C 141.7,C 139.0,C 138.1,C 1359, C 1393,C 139.9,C
3 1114,C 109.7,C 1126,C 1135,C 113.2,C 111.8,C 112.8,C
4 161.3,C 161.0,C 156.6, C 161.5,C 157.2,C 156.9, C 157.2,C
5 103.8, CH 103.4,CH 1085, C 106.1,CH 111.2,C 1085, C 110.0,C
6 163.3,C 163.5,C 158.7,C 163.3,C 158.8,C 158.7,C 158.6,C
7 1719, C 171.7,C 1716, C 1706, C 1706, C 171.7,C 1714, C
8 76.6, CH 76.5,CH 76.7,CH 65.6, CH 77.8,CH 76.8, CH 794, CH
9 320,CH, 31.9,CH 31.8,CH, 77.5,CH 65.4, CH 31.6,CH 63.9, CH
10 21,0, CH, 209, CH, 21.0, CH, 166, CH, 165, CH, 209, CH, 165, CH,
1 282, CH, 226,CH, 263,CH, 262, CH, 28.1,CH, 284, CH, 282, CH,
12 77.1,C 81.0,C 79.1,C 789, C 78.5,C 788, C 79.4,C
13 81.0,C 79.1,C 81.5,C 80.7,C 819,C 81.5,C 823,C
14 433,C 504, C 51.1,C 51.0,C 383,C 383,C 415,C
15 72.9,CH 211.1,C 214.3,C 214.2,C 99.8,C 99.9, C 76.5,C
16 272,CH, 347,CH, 36.0,CH, 36.1,CH, 32.1,CH, 32.1,CH, 304, CH,
17 286, CH, 345, CH, 32.7,CH, 328,CH, 328, CH, 329, CH, 35.1,CH,
18 24.7,CH, 23.5, CH, 234, CH, 23.3,CH, 24.0,CH, 239,CH, 245, CH,
19 176.7,C 156.6, C 1044, C 1044, C 100.5,C 100.5,C 100.9, C
20 29.3,CH, 934, CH 248, CH, 24.7,CH, 25.3,CH, 254, CH, 308, CH,
21 292, CH, 287,CH, 26.6,CH, 26.7,CH, 237,CH, 237,CH, 266, CH,
22 19.8,CH, 24.3, CH, 256, CH, 256, CH, 192, CH, 192, CH, 196, CH,
23 71.5,C 33.5,CH 33.5,CH 74.5,C 74.6,C 483,C
24 27.8,CH, 180, CH, 165, CH, 24.8,CH, 24.8,CH, 250, CH,
25 27.9,CH, 165, CH, 17.9,CH, 246, CH, 245, CH, 18.7,CH,
26 487, CH, 490, CH,

1 171.7,C 1718,C

2 204, CH, 204, CH,

the presence of a methoxyl group (C-26), a methine
group (C-23), and a methylene group (C-20), coupled
with the absence of two olefinic carbons and the singlet
H-5 proton signal, as supported by the HMBC correla-
tions (Fig. 2) from H;-24 to C-19, C-23, and C-25, and the
"H-'H COSY correlations (Fig. 2) of H,-24/H-23/H,-25,
combined with the molecular formula. Finally, the rela-
tive configuration of 3 was determined by the cross peaks
of H;-18/H-11p (8y; 2.85)/H;-22. To determine the con-
figuration at C-19, DFT calculations of 'H and *C NMR
chemical shifts were performed for four possible dias-
tereomers (see SI). Subsequent DP4 +analysis (Fig. S50)
revealed that the C-19 stereocenter as R. The absolute
configuration of 3 was determined from ECD spectrum
in comparison to calculated spectra (Fig. 4), confirming
the absolute configuration of (8R,12S,13R,14R,19R)-3.
Therefore, compound 3 was named talarine M.
Compound 4 had a molecular formula C,gH;O,, as
disclosed by the HRESIMS spectrum ([M+H]* m/z
517.2438, calcd for C,gHs,0,, 517.2435). The 'H NMR

spectral data (Table 2) of 4 showed two oxygen-bearing
methine protons at 6y 6.19 (1H, d, J=2.0 Hz, H-9) and
4.85-4.79 (1H, m, H-8), an aromatic proton signal at oy
6.46 (1H, s, H-5), five methyl signals (two singlets and
three doublets), as well as a methoxyl signal at dy; 2.59
(3H, s). The 1*C NMR spectrum (Table 1) showed a total
of 28 carbon signals, including three carbonyl carbons
(two ester carbonyls and one keto carbonyl), six aromatic
carbons, one ketal carbon at §- 104.4 (C-19), two oxygen-
bearing methines at §- 77.5 (C-9) and 65.6 (C-8), five
methylenes at é- 36.1 (C-16), 32.8 (C-17), 26.7 (C-21),
26.2 (C-11), and 24.7 (C-20), three nonprotonated car-
bons containing two oxygenated at J- 80.7 (C-13) and
78.9 (C-12), and six methyls including an oxygenated
at 8¢ 49.0 (C-26). These 'H and *C NMR data closely
resembled those of 3, suggesting that their structures
were closely related. The key structural distinction was
characterized by the presence of an acetyl group, an oxy-
genated methine group, and the H-5 singlet proton signal,
concomitant with the absence of both a methylene group
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Table 2 The 'H NMR (600 MHz, CD;0D, J in Hz)) spectroscopic data for compounds 1-7
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NO 1 2 3 4 5 6 7

1 . _ _ _ . _ _

2 _ _ _ _ _ _ _

3 - - - - - - -

4 _ _ — _ _ _ _

5 6.24, s 6.29,s - 6.46, s - - -

6 - — - - - — —

7 — — — — — — —

8 466, M 457, m 472, m 485-4.79, m 484, m 470, m 4.62,qd,(6.7,1.8)

9 3.07,dd, (16.9,3.4) 297, overlapped 3.11,dd,(17.2,36) 6.19,d, (2.0) 6.25,d,(1.9) 3.14,dd, (16.9,3.5) 4.70,d, (2.0)
263, m 2.70, overlapped 2.75,dd, (17.0,11.3) - - 267,dd,(17.0,11.3)

10 1.51,d,(6.5) 1.50,d, (6.3) 1.55,d,(6.2) 147,d,(6.5) 1.45,d, (6.5) 1.52,d,(6.2) 1.57 (3H,d,J=6.6Hz)

11 268 m 2.84,d,(17.1) 3.64,d,(16.7) 3.72,d,(17.1) 3.02,d,(16.8) 2.92,d,(16.5) 3.13,d,(16.9)

2.79,d,(17.1) 2.85,d,(16.7) 2.76,d,(17.1) 2.90,d, (16.8) 2.81,d,(16.5) 3.06,d, (16.9)

12 - - - - - - -

13 - - - - - - -

14 - - - - - -

15 3.67,t,(3.0) - - - - -

16 197, m 2.97, overlapped 2.85, overlapped 2.83,1d,(15.0,6.6) 1.97,overlapped 1.97, overlapped 1.97, overlapped
1.86, m 234, m 2.44, overlapped 244-238 m 1.77, overlapped  1.77, overlapped 1.81, overlapped

17 235 m 2.54,1d,(13.6,54) 2.72, overlapped 265,1d,(13.8,50) 257,td,(13.2,5.1) 257,td,(13.0,53) 260, m
1.60, m 2.12,ddd, (12.7,6.8,  2.04, overlapped 1.99-193, m 1.77, overlapped  1.77, overlapped 1.82, overlapped

2.1)

18  140,s 167,s 1.56,s 152,s 132,s 1.34,s 1.35,s

19 - - - - - -

20 2.55,overlapped  4.91, overlapped 1.77,1d,(13.7,5.7)  1.75,td,(13.8,54) 2.03,overlapped 2.02, overlapped 1.97, overlapped
1.70,m 137, m 1.42-1.36,m 1.90, overlapped  1.92, overlapped 1.78, overlapped

21 255, overlapped  2.66, overlapped 2.00, overlapped 2.06-2.00,m 2.03, overlapped  2.02, overlapped 209, m
241, m 1.95,dd,(17.7,2.2) 1.93, overlapped 1.88,1d, (13.7,4.7) 1.90, overlapped 1.92, overlapped 1.77, overlapped

22 1.04,s 132,s 1.26,5 1.19,s 1.08,s 1.13,s 1.02,s

23 - 1.97, overlapped 1.98-1.92, m - - -

24 1.04,s 0.78,d, (6.7) 0.70,d, (6.9) 117,s 1.18,s 1.06, s

25 067,s 0.70,d, (6.9) 0.76,d, (6.7) 1.12,s 1.13,s 1.19,s

26 2.57,s 259, s

]’ — —

2’ 213,s 212,s

and a non-protonated aromatic carbon in 4. The HMBC
correlations (Fig. 2) from H;-2 to C-1’, and from H-9 to
C-17, as well as the "H—"H COSY correlations (Fig. 2) of
H;-10/H-8/H-9, confirmed that the C-9 methylene group
in 3 was replaced by an acetyl group in 4. Therefore, the
planar structure of 4 was assigned, and its relative config-
uration was determined according to the NOESY correla-
tions (Fig. 3) of Hy-18/H-115 (6y; 2.78)/H;-22, H-9/H-11a
(64 3.72), and H-9/H-8. A strong NOE correlation is
observed between H-9 and H-8, along with a weak corre-
lation between H-9 and H-10, implying that H-9 and H-8
reside on the same face of the six-membered ring. The

configuration at C-19 was established by DP4+ probabil-
ity analysis based on calculated 'H and '*C NMR chemi-
cal shifts of four possible diastereomers, which indicated
that structure 4-2 (see SI) best matched the experimental
data with 100% probability, supporting the assignment of
the C-19 stereocenter as R. The similar ECD spectra of
indicated that compounds 3 and 4 share absolute config-
urations, so confirming the absolute configuration of (8R,
12S5,13R,14R,19R)-4. Therefore, compound 4 was named
talarine N.

Compound 5 was isolated as a colorless oil, whose
molecular formula was established as C,,H;;ClO,, by
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the HRESIMS data ([M+H]t m/z 553.1841, calcd for
Cy;H3,0,0Cl, 553.1829), bearing one more chlorine sub-
stituent than talaromyolide H [7]. The 'H NMR data
(Table 2) of 5 showed two oxygen-bearing methine pro-
tons at d; 6.25 (1H, d, /=1.9 Hz, H-9) and 4.84 (1H, m,
H-8), one acetyl signal at §;; 2.12 (3H, s, H-2’), and five
methyl signals (four singlets and one doublet). The
13C NMR data of 5 (Table 1) exhibited 27 carbon reso-
nances, including two ester carbonyl carbons at J- 171.8
(C-1) and 170.6 (C-7), six aromatic carbons assignable
to a benzene ring, two ketal carbons at §- 100.5 (C-19)
and 99.8 (C-15), two oxygen-bearing methines at §- 77.8
(C-8) and 65.4 (C-9), five methylenes at 6. 32.8 (C-17),
32.1 (C-16), 28.1 (C-11), 25.3 (C-20), and 23.7 (C-21),
four nonprotonated carbons including three oxygenated
at dc 81.9 (C-13), 78.5 (C-12), and 74.5 (C-23), and six
methyls at 6. 24.8 (C-24), 24.6 (C-25), 24.0 (C-18), 20.4
(C-2)),19.2 (C-22), and 16.5 (C-10). These data suggested
that 5 was a polycyclic meroterpenoid possessing a seco-
drimane unit and an isocoumarin core structure, similar
to that of talaromyolide H. The main difference between
them lied in the disappearance of the singlet proton sig-
nal. HMBC correlations from H-9 to C-1, C-2, and C-3,
and from H,-11 to C-4, C-12, and C-13, along with the
'"H-'H COSY correlations of H;-10/H-8/H-9 were
observed. The above data, with the aid of a molecular for-
mula that showed the presence of a Cl atom, assigned 5
as 5-chlorotalaromyolide H. The relative configuration
of 5 was determined to be the same as that of talaromy-
olide H based on the key NOESY correlations (Fig. 3) of
H,-18/H-118 (6, 2.90), H,-22/H-11p, H;-18/H-168 (8,
1.97), H;-22/H-16p, and H-9/H-11a (dy 3.02). A strong
NOE between H-9 and H-8, together with a weaker inter-
action with H-10, indicates that H-9 and H-8 are located
on the same face of the six-membered ring. The absolute
configuration of compound 5 was determined as 8R, 9R,
12§, 13R, 14R, 158, 19R through comparative analysis of
the experimental ECD spectrum (Fig. 4) with the calcu-
lated ECD spectrum. Therefore, compound 5 was named
talarine O.

Compound 6, a colorless oil, exhibited the molecular
formula C,;H;,ClOg according to the HRESIMS data
(M +H]* m/z495.1775, caled for CysH;,04Cl, 495.1786).
The 'H NMR data (Table 2) displayed resonances for one
oxygen-bearing methine protons at §;; 4.70 (1H, m, H-8),
and five methyl protons (four singlets and one doublet).
The *C NMR data (Table 1) showed a total of 25 carbon
signals, including an ester carbonyl carbon at §- 171.7
(C-7), six aromatic carbons at § 158.7 (C-6), 156.9 (C-4),
139.3 (C-2), 111.8 (C-3), 108.5 (C-5), and 103.0 (C-1), two
ketal carbons at §- 100.5 (C-19) and 99.9 (C-15), one oxy-
gen-bearing methine at § 76.8 (C-8), six methylenes at
d¢c 32.9 (C-17), 32.1 (C-16), 31.6 (C-9), 28.4 (C-11), 25.4
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(C-20), and 23.7 (C-21), four nonprotonated carbons
including three oxygenated at § 81.5 (C-13), 78.8 (C-12),
and 74.6 (C-23), and five methyls at §.- 24.8 (C-24), 24.5
(C-25), 23.9 (C-18), 20.9 (C-10), and 19.2 (C-22). These
data were nearly identical with those of 5, except for
the absence of an acetyl group at C-9, as proved by the
'"H-'H COSY correlations (Fig. 2) of H;-10/H-8/H,-9
along with the HMBC correlations from H;-10 to C-8
and C-9. Additionally, the NOESY correlations (Fig. 3) of
H,-18/H-118 (8, 2.92), Hy-22/H-11p, H,-18/H-168 (5,
1.97), and H;-22/H-16p indicated that 6 and 5 had simi-
lar relative configurations. The absolute configuration of
6 was determined by the experimental ECD spectrumin
comparison to calculated spectra (Fig. 4), confirming the
absolute configuration of (8R,12S5,13R,14R,15S5,19R)-6.
Therefore, compound 6 was named talarine P.
Compound 7 was isolated as a colorless oil, whose
molecular formula was established as C,;H;,ClOg by
HRESIMS (IM+H]* m/z 495.1779, calcd for C,sH3,04Cl,
495.1786). The 'H NMR spectral data (Table 2) of 7
showed two oxygen-bearing methine protons at §;; 4.70
(1H, d, J=2.0 Hz, H-9) and 4.62 (1H, qd, /=6.7, 1.8 Hz,
H-8), as well as five methyl signals including four singlets
at oy 1.35 (3H, s, H;-18), 1.19 (3H, s, H;-25), 1.06 (3H, s,
H,-24), 1.02 (3H, s, H;-22), and one doublet at §y; 1.57
(3H, d, J=6.6 Hz, H;-10). The 3C NMR data (Table 1)
showed 25 carbons, containing one ester carbonyl carbon
at 8- 171.4 (C-7), six aromatic carbons, one ketal car-
bon at §- 100.9 (C-19), two oxygen-bearing methines at
6¢c 79.4 (C-8) and 63.9 (C-9), five methylenes at §.- 35.1
(C-17), 30.8 (C-20), 30.4 (C-16), 28.2 (C-11), and 26.6
(C-21), five nonprotonated carbons containing three
oxygen-bearing at J- 82.3 (C-13), 79.4 (C-12), and 76.5
(C-15), and five methyls at 6 25.0 (C-24), 24.5 (C-18),
19.6 (C-22), 18.7 (C-25), and 16.5 (C-10). The compara-
tive NMR analysis (Tables 1 and 2) between 7 and 6
demonstrated their structural congruence, with the nota-
ble exceptions of an oxygenated methine and nonproto-
nated carbon appearing in 7, while the ketal carbon and
methylene group present in 6 were absent. 'H—'H COSY
correlations (Fig. 2) of H;-10/H-8/H-9 and HMBC cor-
relations from H-9 to C-1, C-2, and C-3, indicated that
C-9 methylene in 6 was replaced by the oxygenated
methine in 7. Furthermore, the HMBC correlations from
H;-24 to C-15, C-19, C-23, C-25, and H;-25 to C-15,
C-23 suggested the linkage of C-15 and C-23. Finally,
the relative configuration of 7 was further identified
through the NOESY correlations (Fig. 3) of H;-10/H-9,
H,-18/H-118 (8, 3.13), H-118/H,-22, H,-18/H-168 (8
1.81), H;-22/H-16f, and H-9/H-11a (6 3.06). The abso-
lute configuration of 7 was determined by the experi-
mental ECD spectrumin comparison to calculated
spectra (Fig. 4), confirming the absolute configuration of
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(8R,95,125,13R,14S5,15R,19R)-7. Therefore, compound 7
was named talarine Q.

In addition to the seven novel compounds described
above, five known compounds were also isolated (Fig. 1),
including talaromyolide C (8) [6], talaromyolide H (9)
[7], talarine C (10) [16], talarine A (11) [16] and talaro-
myolide J (12) [7]. All of these compounds were identi-
fied by comparing their 'H and '*C NMR data with those
reported in the literatures.

2.2 PTP1B inhibitory activity evaluation

This study systematically investigated the antidiabetic
potential of compounds (1-12) by evaluating their
inhibitory activity against PTP1B (Table 3). The results
revealed that compounds 2, 3, 5 and 12 exhibited sig-
nificant inhibitory effects with ICy, values of 1.74, 8.54,
6.57, and 3.03 pM, respectively. Compared to the positive
control sodium vanadate (Na;VO,, IC;;=0.83 uM), com-
pound 2 (ICy;,=1.74 pM) displayed superior inhibitory
efficacy. Notably, compounds 1-4 and 12 (IC;,=1.74-
17.60 uM) feature a pentacyclic system, while other com-
pounds form peroxide rings at the C-15 and C-19. The
former group demonstrated higher inhibitory activity
compared to the latter. This observation suggests that the
presence of peroxide rings at the C-15 and C-19 dimin-
ishes the inhibitory effects on PTP1B (Table 3).

2.3 Kinetic analysis and molecular docking

To further elucidate the inhibitory mechanisms of 2 and
12, which exhibit significant inhibitory activity against
PTP1B (Table 3), kinetic analysis and molecular docking
simulations were performed.

In the absence of the inhibitor, PTP1B catalyzed p-
NPP with a Km of 6.82 pM (Fig. 5a). However, addition
of compound 2 to the reaction shifted the Km to the
right without affecting the V, .. Accordingly, the K was
13.31 uM and 22.13 uM at 5 uM and 10 uM compound 2,
respectively. The Lineweaver—Burk or double-reciprocal
plot further showed that 2 inhibits PTP1B competitively
(Fig. 5b). These findings demonstrate that 2 was indeed

Table 3 Inhibitory activities for compounds against PTP1B

Compounds 1C5o (M) Compounds 1C5o (M)

1 16.48+0.60 8 12.69+1.30
2 1.74+3.81 9 35.12+3.30
3 17.60+0.98 10 11.13+1.31
4 854+1.52 11 1842+2.16
5 6.57+147 12 3.03+2.25
6 14.26+0.86 Na;VO, 0.83+257
7 15.60+1.60
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a competitive PTP1B inhibitor. In the case of 12, PTP1B
catalyzed p-NPP with a Km of 9.56 uM in control group
(Fig. 5c). The trend lines (Fig. 5b and d) of 2 and 12
exhibit similarity and intersected on the Y-axis. A grad-
ual increase in Km values accompanied by an unchanged
V... indicated that compounds 2 and 12 were competi-
tive inhibitors of PTP1B.

The binding interactions of 2 and 12 with PTP1B are
depicted in Fig. 6. The molecular docking analysis of 2
(Fig. 6a) against PTP1B revealed a thermodynamically
favorable binding profile (AG = — 8.0 kcal/mol), indicative
of strong target engagement. Key stabilizing interactions
included that 2 formed Van der Waals interactions with
THR165/GLU97/THR138/LEU140/ASN162/THR164 /
GLU101/HIS60. This indicated a m-alkyl interactions with
TRP100, and established hydrogen bonds with ARG169/
LYS103. In the case of 12 (Fig. 6b), the hydroxyl group
and two carbonyl groups established hydrogen bonds
with residues LEU204/ARG199, respectively. Addition-
ally, A hydrophobic cluster comprising ARG199 (alkyl)
and PHE280 (m-alkyl), and formed Van der Waals inter-
actions with GLY202/LYS239/ASP236/ILE281/GLU200/
ARG79.

3 Conclusions

In this study, twelve polycyclic meroterpenoids, includ-
ing seven previously undescribed compounds (talarines
K-Q), were isolated from the desert-derived fungus 7Tal-
aromyces sp. HMT-8. Comprehensive structural eluci-
dation was conducted using NMR, HRESIMS, and ECD
techniques. Bioactivity assays demonstrated that several
of these compounds exhibit notable inhibitory effects
against PTP1B, an important therapeutic target for type
2 diabetes and obesity. Notably, compounds 2 and 12
showed potent PTP1B inhibition with IC,, values of 1.74
and 3.03 uM, respectively, and were identified as com-
petitive inhibitors through kinetic and molecular dock-
ing studies. These findings not only expand the chemical
diversity of fungal meroterpenoids, but also highlight
their potential as promising lead compounds for the
development of novel antidiabetic agents.

4 Materials and methods

4.1 General experimental procedures

ECD spectra were measured on Bio-Logic MOS-450
spectropolarimeter. IR spectra were recorded on a
Thermo Nicolet iS 10 spectrometer. The NMR spectra
were recorded on a Bruker AM-600 spectrometer with
TMS as an internal standard. HRESIMS spectra were
obtained on a Thermo U3000 spectrometer fitted with an
ESI source. Semipreparative HPLC was carried out using
an ODS column (YMC-pack ODS-A, 10X 250 mm, 5 pm,
2.5 mL/min). All solvents used were of analytical and
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chromatographic grade. Silica gel (200-300 mesh; Qing-
dao Haiyang Chemical Co., Ltd., Qingdao, Shandong,
China), C18 reversed-phase silica gel (YMC ODS-A gel,
YMC Co., Ltd., Kyoto, Japan).

4.2 Fungal material

The HMT-8 was isolated from the desert soil in Alashan
region in the west of Inner Mongolia Autonomous
Region of China. The strain was identified as Talaromy-
ces sp. based on microscopic examination and by inter-
nal transcribed spacer (ITS1-4) sequencing. The ITS
sequence has been deposited in GenBank (http://www.
ncbi.nlm.nih.gov) with accession number No. PV436706.
The purified strain was cultivated in a PDA medium plate
(containing 200 g potatoes, boil 20 min, take filtrate; 20 g
glucose; 20 g agar in 1 L water) at 28 “C for 7 days. Then,
it was cut into small pieces and cultured in PDB medium
plate (containing 200 g potatoes, boil 20 min, take filtrate;
20 g glucose; in 1 L water) for 5 days.

4.3 Fermentation, Extraction and Isolation

The fermentation was carried out in 400 flasks (500 mL),
each containing 100 g of rice and 80 mL H,O, autoclaving
at 15 psi for 30 min. After cooling to room temperature,
each flask was inoculated with 20 mL of the spore inocu-
lum and incubated at room temperature for 30 days.

The fermented material was extracted with EtOAc for
three times, then the EtOAc solutions were combined
and evaporated under reduced pressure to get 210 g of
crude extract. The extract was fractionated by a silica gel
VLC column using different solvents of increasing polar-
ity, from EtOAc-petroleum ether (PE) to yield eleven
fractions (Fr.1-11). Fr.4 was eluted with EtOAc-PE to
obtain ten subfractions (Fr.4.1-4.10). Fr 4.3 was purified
by a semipreparative reversed-phase (RP) HPLC col-
umn using MeCN/H,0=43:57 (3 mL/min) to afford 7
(3.6 mg), 8 (4.9 mg) and 9 (6.2 mg). Fr 4.6 also purified
by semi-preparative RP-HPLC using MeCN/H,0 =70:30
(3 mL/min) to yield 10 (5.7 mg) and 11 (4.8 mg). Fr.6
was separated using a silica gel VLC column (EtOAc-
PE) to yield nine subfractions (Fr.6.1-6.9). Fr.6.2 was
chromatographed by C18 reversed-phase (RP-18) silica
gel using MeOH/H,O to collect subfractions (Fr.6.2.1—
6.2.12). Fr.6.2.8 was separated by semi-preparative RP-
HPLC using MeCN/H,0=64:36 (3 mL/min) to afford 1
(5.4 mg), 2 (6.2 mg), 3 (5.7 mg), 4 (3.8 mg) and 5 (4.0 mg).
Fr.6.2.11 was purified by semi-preparative RP-HPLC col-
umn using MeCN/H,0=60:40 (4 mL/min) to afford 6
(4.6 mg). Fr.10 was purified by RP-18 using MeOH/H,0O
to collect six subfractions (Fr.10.1-10.6). Fr.10.3 and
Fr.10.4 were also purified by semi-preparative RP-HPLC
column using MeCN/H,0=20:80 (3 mL/min) to afford
12 (5.2 mg).
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Talarine K (1), yellow amorphous powder; [¢]% —102 (c
0.1, MeOH); UV (MeOH) A,,,,, (log &): 223 (3.21) nm, 274
(4.01) nm, 309 (3.22) nm; ECD (MeOH) A, (Ag): 211
(+9.80), 235 (-7.50), 265 (5.13) nm; IR (KBr) v, (cm™):
2933, 1701, 1478, 1326, 1165; 'H and *C NMR data,
see Tables 1 and 2; HR-ESI-MS m/z: 403.1748 [M +H]"
(Calcd. for C,,H,,0, 403.1757).

Talarine L (2), yellow amorphous powder; [a]¥ —-93
(c 0.1, MeOH); UV (MeOH) 1, (log &): 222 (3.01) nm,
278 (4.76) nm, 314 (3.15) nm; ECD (MeOH) 1, (A¢):
229 (-1.62), 253 (+0.16), 267 (~0.14) nm; IR (KBr) v,
(cm™): 2951, 1743, 1633, 1365, 1201; 'H and '*C NMR
data, see Tables 1 and 2; HR-ESI-MS m/z: 443.2061
[M+H]* (Caled. for CpsHs, O, 443.2070).

Talarine M (3), yellow amorphous powder; [a]% —112
(c 0.1, MeOH); UV (MeOH) A,,,, (log €): 219 (3.33) nm,
277 (4.15) nm, 313 (3.66) nm; ECD (MeOH) A, (Ae):
217 (+2.40), 239 (— 2.80), 275 (+1.94) nm; IR (KBr) v,
(em™'): 2941, 1745, 1620, 1255, 1113; 'H and *C NMR
data, see Tables 1 and 2; HR-ESI-MS m/z: 491.1837
[M—H]* (Caled. for C,cH;,ClO,, 491.1843).

Talarine N (4), yellow amorphous powder; [¢]% — 87
(c 0.05, MeOH); UV (MeOH) A, (log €): 220 (3.16) nm,
277 (4.11) nm, 315 (3.01) nm; ECD (MeOH) 1, (A¢):
212 (4+9.20), 238 (- 3.81), 272 (+2.59) nm; IR (KBr) v,
(cm™): 2930, 1712, 1689, 1257, 1099; 'H and '*C NMR
data, see Tables 1 and 2; HR-ESI-MS m/z: 517.2438
[M+H]* (Caled. for CogHs, O, 517.2435).

Talarine O (5), white powder; [a]® — 121 (¢ 0.1,
MeOH); UV (MeOH) A, (log ¢): 223 (3.78) nm, 274
(4.66) nm, 319 (3.24) nm; ECD (MeOH) A, (Ag): 227
(+14.07), 245 (- 2.18) nm, 260 (+1.97); IR (KBr) v,
(cm™!): 2914, 1764, 1636, 1358, 1150; 'H and '*C NMR
data, see Tables 1 and 2; HR-ESI-MS m/z: 553.1841
[M+H]* (Caled. for C,,H;,0,,Cl, 553.1829).

Talarine P (6), white powder; [a]% ~79 (c 0.05, MeOH);
UV (MeOH) A, (log &): 222 (4.01) nm, 269 (4.31) nm,
311 (3.11) nm; ECD (MeOH) A, (Ag): 209 (+5.07),
239 (- 4.29), 278 (+2.74) nm; IR (KBr) v, (cm™):
2942, 1733, 1616, 1369, 1104; 'H and *C NMR data,
see Tables 1 and 2; HR-ESI-MS m/z: 495.1775 [M+H]"
(Calcd. for C,5H3,04Cl, 495.1786).

Talarine Q (7), white powder; [a]% — 67(c 0.1, MeOH);
UV (MeOH) A,,,, (log &): 211 (+13.42) nm, 230 (-22.63)
nm, 272 (24.49) nm; ECD (MeOH) A, (Ag): 221 (7.04),
239 (—2.33) nm; IR (KBr) v, (cm™): 2913, 1688, 1436,
1356, 1138, 1007; 'H and *C NMR data, see Tables 1
and 2; HR-ESI-MS m/z: 495.1779 [M+H]* (Calcd. for
C,sH;,04Cl, 495.1786).

4.4 Quantum chemistry calculations
The theoretical calculations of compounds were
performed using Gaussian 09 [17]. The possible
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conformations were initially obtained from the program
Spartan’14 and then optimized at B3LYP/6-31G* level in
the gas phase. Room-temperature equilibrium popula-
tions were calculated according to the Boltzmann distri-
bution law. The ECD calculations were performed using
Time Dependent Density Functional Theory (TDDFT)
[18] at wB97xd/ 6-311G** level in methanol with PCM
model. The ECD spectra of compounds were obtained
by weighing the Boltzmann distribution rate of each geo-
metric conformation, and the sigma/gamma value for
processing the calculated ECD was 0.3 eV [19]. All cal-
culated curves were shifted+15 nm to better simulate
experimental spectra. The NMR calculations were per-
formed using GIAO method at MPW1PW91/6-311G**//
B3LYP/6-31G* level in METHANOL with PCM model
[20]. The shielding constants (including '*C and 'H)
obtained were directly performed statistical analyses with
experimental chemical shifts by using DP4 + probability
[21].

4.5 PTP1B inhibitory assay

The p-nitrophenyl phosphate (p-NPP) was used as a sub-
strate to evaluate enzyme inhibition assays, following a
previously established protocol. The final assay volume
was 100 pL. The 75 pL reaction buffer containing 50 mM
HEPES, 100 mM NaCl, 1 mM EDTA, and 1 mM dithi-
othreitol, 10 pL protein, and 5 pL sample were added to
a 96-well plate and incubated at room temperature for
15 min. Subsequently, 10 pL of reaction buffer containing
p-NPP was added to the reaction system. Sodium ortho-
vanadate (Na;VO,) and dimethyl sulfoxide (DMSO) were
used as the positive and negative controls, respectively.
Enzymatic activity was determined by measuring absorb-
ance at 405 nm. The half-maximal inhibitory concentra-
tion (ICs,) values were obtained from three independent
experiments. The percentage of inhibition was calculated
using the following equation:

[(ODcontrol - ODblank) - (ODcomPOund — ODblank)]/
(ODcontrol - ODblank) x 100%

4.6 Inhibition kinetic analysis

To determine the type of inhibition exerted by the most
effective compound against PTP1B, enzyme Kkinetics
analyses were performed using varying concentrations
of the substrate (2, 1,0.5, 0.25, 0.125, 0.0625, 0.03125 mM
p-NPP for PTP1B) in the presence of different concen-
trations of the inhibitor. The experimental procedure
followed that described in the enzyme inhibition assay.
The data were represented using Lineweaver—Burk
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double-reciprocal plots. The inhibition constants (Ki and
Kis) were determined from the secondary plots of the
slopes and intercepts derived from the Lineweaver—Burk
plots.

4.7 Molecular docking

Molecular docking studies were carried out using the
AutoDock software suite. The 3D conformations of
compounds were generated and energy-minimized
using the MM2 force field in Chem3D Ultra 11.0.
The crystal structure of PTP1B (PDB ID: 2NT7) was
retrieved from the RCSB Protein Data Bank. Prior
to docking. All water molecules and co-crystallized
ligands were removed. The hydrogen atoms were added
to the protein structures using AutoDock tools (v1.5.6).
Docking using AutoDock Vina 1.1.2. Default docking
parameters were employed throughout the process.
Visualization and analysis of docking poses were con-
ducted using PyMOL 2.3.0 (https://pymol.org).

4.8 Statistical analysis

All experiments were repeated three times (n=3). The
results are expressed as mean = SD. Statistical analysis
was performed using GraphPad Prism 8.0. The two-
tailed Student’s ¢-test was used to assess significance.
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