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a b s t r a c t

Molecular networking-guided chemical investigation of the Euphorbia endophyte Malbranchea umbrina

D16 led to the isolation of 14 novel unusually cyclized triterpenoids (UCT) involving three different skele-

tal types. Compounds 1–10 are tricyclic triterpenoids featuring a 1-cyclohexyloctahydro-1H-indene core,

in which 1 incoporates an unusual 7,7-dimethyl-6,8-dioxabicyclo[3.1.2]octane motif. Compounds 11–13

represent a rare class of bicyclic triterpenes (6/5 ring system) containing various O-heterocycles at the

side chain. Compound 14 is an acyclic triterpenoid with O-heterocycles at both ends. Their structures

were assigned by spectroscopic, chemical, computational, and crystallographic means, which also allowed

the stereochemical revisions of three previously reported analogues. Compound 1 significantly inhibited

the adipogenesis in 3T3-L1 adipocytes via activating the AMP-activated protein kinase (AMPK) signalling.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Triterpenoids represent one of the largest and most structurally

diverse classes of natural products. Biogenetically, they are built

up from six isoprene subunits via mevalonate pathway, utilizing

the linear 30-carbon squalene (S) as the key precursor [1]. Fur-

ther cyclization of S or its derivative 2,3-oxidosqualene (OS) in dif-

ferent manners contributes to diverse polycyclic skeletons of this

class. Compared with the mainstream cascade cyclization, which

typically generates tetra- or pentacyclic skeletons, the incomplete

or two independent cyclizations of the linear precursors, as well

as the ring cleavage lead to the biosynthesis of a rare group of

mono-, bi- or tricyclic triterpenoids, collectively referred to as un-

usually cyclized triterpenoids (UCT) [2,3]. The intriguing structures

of UCTs make them not only compelling synthetic targets, but also

a promising arsenal for drug discovery. For instance, the mono-

cyclic UCT marnerol, whose oxidation derivatives exhibited signif-

icant cytotoxicity, has been biosynthetically proved to derive from

OS involving a Grob fragmentation process [4]. (−)-Abudinol B, a

tricyclic UCT with a condensed oxepane-cycloalkane system, was

biomimetically total synthesized by McDonald’s group [5]. Yarde-

none 2, a bicyclic triterpene with 7/6/5–5/7 ring system, selectively
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inhibited the proliferation of hypoxic PC3 cells, suggesting a new

avenue for prostate cancer therapy [6].

Endophytes are microorganisms inhabiting within the plants.

Throughout an evolutionary process, these organisms have pro-

gressively developed intricate symbiotic relationships with plant

hosts, among which mutualism interaction results in long-term co-

evolution between endophytes and host plants [7]. Such associa-

tion confers genetic diversity on both partners and promotes the

production of a wide array of physiologically active metabolites,

thereby constituting an underutilized resource of natural prod-

ucts in plant system [8–13]. Euphorbia plants, widely used as folk

medicines, have been shown to harbour a wealth of “privileged

structures” with anti-fibrosis, anti-obesity, and anti-cancer poten-

tial in our prior research [14–17]. In the present study, we aimed

to unveil the potential relationships between metabolites produced

by Euphorbia plants and their associated endophytes. By analysing

the secondary metabolites of Euphorbia endophytes using high

performance liquid chromatography (HPLC) profiles and molecu-

lar networking [18], a strain named as Malbranchea umbrina D16

from the plant Euphorbia wallichii was highlighted from numerous

members due to a protonated molecular ion cluster, within which

a node (parent ion at m/z 491.374) was identified as a known tri-

cyclic UCT, malbrancheogenin (16) (Fig. 1A) [19], implying that the

fermentation extract of this endophyte might be a treasure-house

of UCTs. As expected, subsequent large-scale fermentation and iso-
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Fig. 1. (A) Clusters of nodes from Malbranchea umbrina D16 for unusually cyclized triterpenes. (B) Structures of 1–17 and 15a.

lation characterized 14 new metabolites (Fig. 1B), including 10 tri-

cyclic triterpenoids with 6/6/5–6 ring system differed in the ap-

pendage (6,8-dioxabicyclo[3.1.2]octane in 1, acyclic chain in 2–6,

and oxane in 7–10), three bicyclic triterpenoids containing a bicy-

clo[4.3.0]nonane core with an unusual long chain at C-13 (11–13),

and one squalene derivative (14). Additionally, co-occurring triter-

penes were obtained including malbrancheoside A (15), malbran-

cheogenin (16), and onygenaleoside F (17) (Fig. 1B) [19,20]. The

discovery of 1–17 and 15a provided the fertile ground with struc-

turally diverse molecules for bioactivity screening. Notably, com-

pound 1 was identified as a potent antiadipogenic agent, activat-

ing the AMP-activated protein kinase (AMPK) signalling to inhibit

the adipogenesis in 3T3-L1 adipocytes. Herein, we disclose the iso-

lation, structural elucidation, configurational revision, hypothetic

biosynthetic pathways, and antiadipogenic evaluation of 1–17 and

15a.

Malbrumpenoid A (1) was assigned a molecular formula of

C39H63NO9 with nine indices of hydrogen deficiency (IHD) from

high resolution electrospray ionization mass spectroscopy (HRES-

IMS) ([M+Na]+ m/z 712.4404, calcd. 712.4395). The existence of

a α-6-O-methyl-N-acetylglucosamine (α-6-OMe-glcNAc) unit was

indicated by typical signals of an anomeric proton at δH 5.19 (d,

J=3.7Hz), a methoxy at δH 3.39, an acetyl group at δH 2.01, and a

series of proton signals overlapped at δH 3.57–3.86, combined with

the characteristic carbons signals at δC 172.1, 92.3, 74.7, 72.3×2,

70.0, 59.6, 54.4, and 23.5 (Table S1 in Supporting information) [21].

The remaining 1H nuclear magnetic resonance (NMR) data (Table

S1) displayed seven singlet methyls (δH 1.37, 1.24×2, 1.17, 0.99×2,

0.87), three oxymethines [δH 3.86 (m), 3.36 (brd, J=12.1Hz), and

3.01 (dd, J=11.7, 2.5Hz)], and a series of aliphatic methylene mul-

tiplets. Analysis of 13C NMR and distortionless enhancement by po-

larization transfer (DEPT) spectra (Table S1) unveiled the remain-

ing signals for a tetrasubstituted double bond (δC 142.7 and 124.5),

a hemiketal carbon (δC 110.0), seven methyls, 11 sp3 methylenes,

four methines (three oxidized at δC 86.0, 85.3, and 81.5), two oxy-

genated sp3 tertiary carbon (δC 79.8 and 79.6), and three quater-

nary carbons. Since the above functionalities occupied a total of

three IHDs, thereby 1 was required to be equipped with hexacyclic

fragments.

Interpretation of 1H–1H correlation spectroscopy (COSY) spec-

trum of 1, five key spin systems, H2-1/H2-2/H-3, H-5/H2-6/H2-7, H-

9/H2-11/H2-12, H2-15/H2-16, and H2-20/H2-21/H-22, were readily

furnished by the corresponding cross-peaks. The assembly of these

Fig. 2. (A) Key 1H–1H COSY (bold lines) and HMBC (solid arrows) correlations of 1,

2, and 7. (B) Key NOESY (dashed arrows) correlations of 1. (C) Oak ridge thermal

ellipsoid plot (ORTEP) diagram of 2 and 7.

units with hydrogen-free carbons and functionalities was achieved

by detailed heteronuclear multiple bond correlation (HMBC) anal-

ysis (Fig. 2A). The HMBC correlations from H3-28 to C-1, C-5, C-

9, and C-10, from H-5 to C-3, from H3-29 and H3-30 to C-3 and

C-4, from H3-27 to C-7, C-8, C-9, and C-13, and from H2-12 to

C-8 and C-13 facilitated the fused A/B/C (6/6/5) tricyclic ring sys-

tem. The glucosamine unit was located at C-4, by HMBC from H-1′
to C-4 (δC 79.6). The HMBC correlations from H3-26 to C-17, C-

18, C-19, and C-20, from H2-15 and H2-19 to C-14, and from H2-

16 and H-22 to C-17 established the 6/6-fused (D/E) ring system.

In consideration of the remaining IHD and the unassigned oxy-

gen atom in the molecule, an additional ring is still required in

1. Thus, a gem–dimethyl-substituted 1,3-dioxolane moiety (F-ring)

was proposed and confirmed by chemical shifts of C-17 (δC 110.0)

and C-23 (δC 79.8) and HMBC associations from H3-24 and H3-25

to C-23. The above two tricyclic ring systems of A/B/C and D/E/F

rings were readily connected through the tetrasubstituted bond

�13 as supported by HMBC correlation of H2-12/C-14 and H2-15/C-

13, thus constructing the 1-cyclohexyloctahydro-1H-indene carbon

core fused with O-heterocycles in 1. Hence, the gross structure of

1 with an unusual 7,7-dimethyl-6,8-dioxabicyclo[3.1.2]octane motif

was delineated as depicted.
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The relative configuration of 1 was assigned based on the analy-

sis of nuclear Overhauser effect spectroscopy (NOESY) interactions

(Fig. 2B) and coupling constants. As for the A/B/C rings, the NOE

correlations of H-1α/H-3 and H-5, H-3/H-5, H-9/H-5 and H-7α,

and H-6β/H3-27 and H3-28 indicated that these protons or func-

tional groups were axially oriented on the chair-conformational

six-membered A- and B-rings. Thus, H-3, H-5, and H-9 were arbi-

trarily assigned α-orientation, while CH3-27 and CH3-28 were β-

configured. The NOE interaction of H-9/H-12α, H-12α/H-19α, and

H3-26/H-16α, H-19α, and H-21α required CH3-26 to be axially α-

oriented, while H-21β and H-16β showed correlations with H3-

24 (δH 1.37) and H3-25 (δH 1.24), respectively, indicating that the

C-22−C-23(CH3-24/CH3-25)−O−C-17 bridge extended above the E-

ring. This hypothesis was further verified by the NMR calcula-

tion and DP4+ analysis on two possible isomers (17S∗,22S∗ and

17R∗,22R∗). The final DP4+ score of 17S∗,22S∗−1 (99.99%) afforded

an absolute advantage over that of the counterpart (Fig. S6 in

Supporting information). Time-dependent density functional the-

ory (TDDFT)-electronic circular dichroism (ECD) calculation for 1

and ent–1 was further performed and compared with the experi-

mental one, which allowed the absolute configuration of the agly-

cone to be explicitly assigned as 3R, 5R, 8R, 9S, 10R, 17S, 18R,

22S (Fig. S7 in Supporting information). To determine the abso-

lute configuration of the sugar moiety, hydrolysis of 1 afforded

the glycosyl moiety, which was determined as d-configuration

by comparing its specific optical rotation value ([α] +42.50,

c 0.50, MeOH) with literature values ([α] +50, c 0.10, MeOH)

[21].

Malbrumpenoid B (2) was obtained as transparent blocky

crystals with an elemental formula of C30H52O6 by HRESIMS

([M+Na]+ m/z 531.3648, calcd. 531.3656). Analysis of the NMR

spectra (Table S2 in Supporting information) suggested the pres-

ence of a tetrasubstituted double bond (δC 143.2 and 126.5), seven

methyls, ten sp3 methylenes, six methines (five oxidized at δC
91.5, 87.0, 80.6, 75.7, and 68.4), two oxygenated sp3 tertiary car-

bon (δC 73.9 and 73.6), and three quaternary carbons. The structure

of 2 resembled those of aglycone of 1, except that 1,3-dioxolane

was cleaved to be a terminal 6-carbon acyclic segment (C-20–

C-25) attached at C-18, which accounted for the upfield shifted

chemical signals of C-17 (�34.3 ppm), C-22 (�0.9 ppm), and C-23

(�5.9 ppm) in 2. The relative configuration of oxane-cycloalkane

skeleton of 2 was assigned to be the same as 1 by NOESY analysis

(Fig. S8 in Supporting information). Specially, the α-configuration

of 17-OH was elucidated based on the NOE interaction between

H-17 and H-19β , while the 22S configuration was determined by

Mo2(OAc)4-induced ECD experiment [22], which displayed the pos-

itive Cotton effect at 310nm (Fig. S9 in Supporting information).

Finally, the X-ray crystallographic data explicitly proved the abso-

lute configuration of 2 as 3R, 5S, 6S, 8R, 9S, 10R, 17R, 18R, 22S (Fig.

2C).

Analysis of the 13C NMR data of malbrumpenoids C-F (3–6) (Ta-

bles S1 and S2) showed the presence of a pair of tetrasubstituted

double bond signals, indicating that they belong to the same com-

pound class as 2, with the major structural difference being the ox-

idation pattern at C-6 and substitution at C-4 or C-22. Compound 3

was verified to lack a 6-OH group by 1H–1H COSY correlation of H-

5/H2-6 (Fig. S10 in Supporting information), while 4–6 were deter-

mined to be triterpene glycosides containing a α-d-6-OMe-glcNAc

at C-4 as inferred from the spectroscopic analysis and positive op-

tical rotation of released sugar moiety [21]. Further interpretation

of their 2D NMR and MS data suggested that 4 and 5 shared a

similar aglycone part to 3 (5 was a 22-acetylated derivative of 4)

(Fig. S10), while the aglycone of 6 was a 22-acetoxylated analogue

of 2. The stereochemistry of 3–6 was assigned to be identical with

that of 2 by comparing their NMR, NOESY, and ECD data (Fig. S11

in Supporting information).

Malbrumpenoids G and H (7 and 8) were established to be

monosaccharide derivatives of malbrancheogenin (16) by NMR (Ta-

ble S3 in Supporting information) and MS data [19,21]. Their sugar

moiety was determined to be α-6-OMe-glcNAc by comparison of

the chemical shifts with those of 1. Their position was determined

to be at C-4 in 7 and at C-23 in 8 by HMBC analysis, respectively

(Fig. 2A). Similarly, malbrumpenoids I and J (9 and 10) were as-

signed as another pair of triterpene glycosides, with the major dif-

ference being that their sugar moieties were replaced by a α-N-

acetylglucosamine (α-glcNAc) moiety in 9 and 10 (Fig S10). Com-

bined with X-ray diffraction analysis of 7 (Fig. 2C) and hydrolysis

of 7−10 and 17 to 16, the stereochemistry of 8−10, 16, and 17 is

consistent with that of 7. The d-configuration of glucosyl moiety

in 7–10 and 17 was determined by positive specific optical rotation

values of the released sugar [21]. The potential atropisomerism of

compounds 7–10, 16, and 17 arising from the hindered rotation

of C-13–C-14 bond was addressed through NOESY cross-peaks be-

tween H-19 and H-12β in their common aglycone part (16) (Fig.

S8) as well as single-crystal X-ray diffraction analysis of 7, which

confirmed a single dominant atropisomeric form in both solution

and solid state, consistent with the depicted stereochemistry.

Malbrumpenoid K (11) had a molecular formula of C39H67NO10

based on a protonated adduct peak at m/z 710.4833 [M+H]+

(calcd. 710.4838) in the HRESIMS. Scrutiny of the NMR data of 11

(Table S4 in Supporting information) indicated a tetracyclic triter-

pene glycoside reminiscent of onygenaleoside F (15) [20], with the

main structural difference being the oxygen heterocyclic D-ring.

The HMBC correlation of H-17/C-22 undoubtedly demonstrated a

17,22-ether linkage, furnishing a D-ring as an oxepane in 11 in-

stead of an oxane in 15 (Fig. 3A). The relative configuration of the

tricyclic moiety (A/B/C rings) in 11 was assigned to be the same

as 7 based on their comparable NOESY analysis. Specially, the NOE

correlation of H-9/H-13 revealed that H-13 was α-oriented. As for

the D-ring, the NOE correlations of H3-23/H-17 and H-21 showed

both H-17 and H-21 were β-configured, while the interactions of

H-20α/H3-24 and H3-25 revealed an α-orientation for CH3-25 (Fig.

3B).

Malbrumpenoid L (12) shared the same molecular formula of

C39H67NO10 as 11 and 15, implying that 12 was an isomer of 11

and 15 [20]. Analysis of their similar NMR data suggested that the

major difference among these compounds lied in the cyclization

position of the ether ring (D-ring). In particular, the downfield-

shifted C-18 (�δC 11.5) and C-21 (�δC 8.0) signals with respect

to those in 11 (Table S4) indicated an oxygen bridge between C-18

and C-21 to construct a pentacyclic D-ring. Although no HMBC cor-

relations were observed to support the hypothesis, isotope shift ex-

periments measured in CD3OD and CD3OH confirmed that C-18 (δC
86.7) and C-21 (δC 88.1) with no obvious deuterium-induced iso-

tope shift should be involved in the ether linkage (Fig. S115 in Sup-

porting information) [23]. The 17R-configuration in the side chain

was determined by means of Mosher’s method (Fig. 3C) [24]. Al-

though the side chain might rotate around the bond C-17–C-18 in

solution, the strong NOE interaction of H-17/H-19β and H3-25/H-

19α implied the existence of a stable conformation in which the

H-17 and CH3-25 adopted β- and α-orientations, respectively (17R,

18R) (Fig. 3B). Combined with the interaction of H-19β/H-21 (21R),

the stereochemistry of 12 was assigned as depicted.

Malbrumpenoid M (13) was assigned an elemental formula of

C30H52O5 by HRESIMS ([M+Na]+ m/z 515.3732, calcd. 515.3707).

Interpretation of NMR data of 13 and 15 revealed that the charac-

teristic signals for sugar moiety were absent in 13 [20], indicating

that 13 was the aglycone of 15. This hypothesis was verified by

the noticeable upfield shifted carbon signal at C-4 (δH 72.1 in 13;

δH 79.4 in 15) (Table S5 in Supporting information). Particularly,

the NOE correlations of H-19β/H-17 and H-21 and H-20α/H3-25

indicated that these protons or functional groups were axially ori-
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Fig. 3. (A) Key 1H–1H COSY and HMBC correlations of 11–13. (B) Key NOESY correlations of 11–13. (C) �δSR values obtained for 12a. (D) Structure of 13a. (E) Key NOESY

correlations of 13a. (F) ORTEP diagram of 15a at 25% ellipsoid probability.

ented on the chair-conformational six-membered D-ring. Thus, H-

17 and H-21 were β-oriented, while CH3-25 was assigned an α-

orientation (Fig. 3B).

However, NOESY interactions were not persuasive to determine

the relative configuration between the two separate ring systems

in 11–13 due to the large interatomic spacing conferred by the

branched 3- or 4-carbon chain. Thus, we resorted to Shibuya al-

lylic oxidation of 13 [25], which unexpectedly generated a dihy-

droxyl derivative 13a (Fig. 3D). Further NOESY analysis showed

that H-15 correlated with H-16β , H-17, and H-12β; simultaneously,

H-16α showed correlations with H3-25 and H2-26, which helped

complete the stereochemical assignment as depicted (Fig. 3E). Fi-

nally, the X-ray crystallographic result of 18-ethoxy-onygenaleoside

F (15a, which is a possible artifact of isolation) allowed the un-

equivocal assignment of the absolute configuration of these tetra-

cyclic triterpenes (Fig. 3F). Given the compatible ECD curves of 15

and 15a (Fig. S11 in Supporting information), the stereochemistry

of 15 was thus correlated with that of 15a. Since the ordinary acid

hydrolysis of 15 in concentrated HCl or H2SO4 would result in the

degradation of the aglycone, 15 was subjected to the hydrolysis

under a mild condition, i.e. Smith’s degradation [26], which fortu-

nately generated the genuine aglycone 13. The D-configuration of

α-6-OMe-glcNAc in 11, 12, and 15a was inferred by the positive

specific optical rotation values of the released sugar [21].

Malbrumpenoid N (14) was assigned a molecular formula of

C30H54O6 by HRESIMS ([M+Na]+ m/z 533.3837, calcd. 533.3813)

with four IHDs. While the NMR pattern of 14 (Table S2) was similar

to that of the aglycone of 11 (Figs. S182 and S183 in Supporting in-

formation), two typical sp3 methines occurring at around δC 59 (C-

9 and C-13 in 11) was absent in 14, implying that 14 is an acyclic

oxidosqualene derivative. The planar structure of 14 was further

deduced by inspection of 2D NMR spectra (Fig. 4A). According to
1H-1H COSY cross-peaks, six spin systems, H-3/H2-4/H2-5, H-7/H2-

8/H2-9, H-11/H2-12, H2-13/H-14, H2-16/H2-17/H-18, and H2-20/H2-

21/H-22, were observed. The HMBC correlations from H-3 to C-7,

from H3-29 to C-5, C-6, and C-7, and from H3-1 and H3-30 to C-2

Fig. 4. (A) Key 1H–1H COSY (bold lines), HMBC (solid arrows), and NOESY (dashed

arrows) correlations of 14. (B) �δSR values obtained for 14.

and C-3 facilitated a tetrahydropyran, which was connected with

a heterocyclic ring through a branched 10-carbon acyclic segment

as verified by HMBC analysis combined with MS data. The relative

configuration of 14 was determined by NOESY analysis (Fig. 4A).

The NOE interactions of H-5α/H-3 and H-7 as well as H-4β/H3-29

suggested that H-3 and H-7 were axially α-configured and CH3-

29 was axially β-oriented, while the correlations of H-8b/H3-28,

H-9a/H-11, and H-16a/H-14 assigned the geometry of �10 and �14

as E. Similarly, the relative configuration of oxepane was assigned

to be identical to that in 11 based on their similar NOESY analy-

sis. The absolute configuration of C-22 was determined to be S by

Mosher analysis (Fig. 4B) [24]. Given the biosynthetic considera-

tion, the stereochemistry of 14 was depicted as shown.

The hypothetical biogenetic pathway of compounds 1–17 has

been proposed to involve two distinct cyclization processes of

squalene tetraepoxide (ST) (Scheme 1). The truncated cyclization

of the left half in ST initially generated intermediate i with a fused

tricyclic moiety (A/B/C rings). Then, the abstraction of H-13 in i

triggered the cyclization on its right half to form intermediate ii

with an additional D-ring. Subsequent ring opening and oxidation

of ii yielded 3 and 2, with the latter progressing to 16 via ether-

ification and double-bond isomerization. Scaffold decoration of 3

and 16 through glycosylation, acetylation and/or oxidation gave

4
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Scheme 1. Plausible biosynthetic pathways for 1–14.

rise to the structures of 4–10 and 17. Notably, compound 4 served

as a key precursor, undergoing oxidation at C-17 to access iii, fol-

lowed by intramolecular ketalization to construct a 7,7-dimethyl-

6,8-dioxabicyclo[3.1.2]octane motif in 1. In a parallel pathway, the

oxacyclization of the remaining diepoxide in i through regiose-

lective epoxide opening, followed by glycosylation, completed the

biosynthesis of 11–13 and 15. From a bypass, a dual oxacyclization

of epoxides in ST led to the formation of 14.

The triglyceride (TG)-lowering activity of compounds 1–17 and

15a was evaluated in a 3T3-L1 adipocytes model, with metformin

(Glucophage, 10 mmol/L) as the positive drug (Fig. 5A) [27]. Among

them, 1 dose-dependently decreased the TG level from 1 μmol/L

to 20 μmol/L as verified by Oil Red O (ORO) staining experiments,

with an median effective concentration (EC50) value of 9.26±1.02

μmol/L (Figs. 5B and C).

AMPK is implicated in regulating the lipid metabolism. Activa-

tion of AMPK in 3T3-L1 cells inhibited the expression of down-

stream transcriptional factors and fatty acid synthesis-related pro-

teins, thus suppressing adipogenesis [28,29]. As shown in Fig.

5D, treatment with 1 significantly increased the activated AMPK

(p-AMPK) in a dose-dependent manner, indicating AMPK activa-

tion. Consistently, the expression of key transcriptional factors,

peroxisome proliferator activated receptor γ (PPARγ ) and CCAAT-

enhancer-binding protein α (C/EBPα), were significantly decreased,

accompanied by the down-regulation of downstream lipogenic

proteins such as fatty acid synthase (FAS), acetyl CoA carboxylase

(ACC), and stearoyl-CoA desaturase-1 (SCD1). Altogether, these re-

sults suggested that 1 inhibited adipogenesis in 3T3-L1 cells by ac-

tivating AMPK signalling.

Stereochemical difference could arise within the same class of

compounds depending on their terrestrial or marine origins. A no-

table case is the peribysin family, among which peribysin Q from

the plant exhibits the opposite absolute stereochemistry to the ma-

rine counterpart, as confirmed by enantiospecific total synthesis

[30]. In this study, 14 novel UCTs were isolated from the Euphor-

bia endophyte M. umbrina D16. Intriguingly, compounds 1–14, 15a,

and previously reported analogues displayed opposite sign of rota-

tion to that of marine-derived abudinol B ([α]D −5) [19,20,31,32],

implying UCTs derived from terrestrial fungi may employ dis-

Fig. 5. (A) Effects of indicated compounds (1 or 10 μmol/L) on the TG level in

3T3-L1. (B, C) Dose-dependent effect of 1 on the TG level in 3T3-L1. (D) Effect of

1 on the expression of AMPK, p-AMPK, indicated differentiation factors, and fatty

acid synthesis-related proteins at different concentrations in 3T3-L1: blank, undif-

ferentiated cells; Ctrl, differentiated cells without compound treatment. Data repre-

sent the mean ± the standard deviation of at least three independent experiments.
##P<0.01, ###P<0.001 vs. the blank group; ∗P<0.05, ∗∗P<0.01, ∗∗∗P<0.001 vs. the

control group.

tinct cyclization mechanism compared to their marine counter-

parts. To address such issue, X-ray diffraction technique was em-

ployed to corroborate the stereochemistry of 1–14 and 15a as op-

posite to that of abudinols, and to facilitate the reassignment of

the co-isolated analogues as 15–17. Accordingly, the aglycone of

5
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previously reported malbrancheosides and onygenaleosides require

stereochemical revision as the corresponding enantiomers [19,20].

In conclusion, the discovery of 1–14 and 15a offers new in-

sights into the oxacyclization processes of oxidosqualene, affording

diverse chemical entities within the class of UCT. Unlike soil fungi-

derived analogues, which typically feature an oxane on the right

half of the structure [19,20], compounds identified in this study

contain more modified appendages (6,8-dioxabicyclo[3.1.2]octane

in 1, 6-carbon acyclic segment in 2–6, oxepane in 11 and 14, and

oxolane in 12). Such structural diversity highlights the pivotal role

of host plants in shaping the metabolic profiles of associated endo-

phytes. From a biological perspective, 1 displayed potent antiadi-

pogenic efficacy at 10 μmol/L. Compared to other UCTs, the newly

introduced 1,3-dioxolane motif appears to rendered 1 enhanced ac-

tivity, which provides a privileged scaffold for future anti-obesity

drug development.
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