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S.1: General Experimental Procedures

The NMR was measured in CDCls using . Bruker AVANCE NEO-600 spectrometer (Bruker
BioSpin AG, CH), and HR-ESI-MS analysis was conducted on an Agilent 6540 UHD Accurate Mass
Q-TOF (Agilent Technologies, USA). Reversed-phase preparative high-performance liquid
chromatography (HPLC) was carried out on a Shimadzu LC-20AD instrument with a SPD-20A UV
detector and using YMC-Pack ODS-A (5 um, 12.0 x 250 mm) columns (Shimadzu Corp., JP).
Chromatographic grade acetonitrile and methanol was purchased from Merck Company, Shanghai,
China. All organic solvents were of analytical grade and purchased from Sinopharm Chemical
Reagent Co., Ltd, Beijing, China.

S.2: Biotransformation, isolation and purification

Circinella muscae CGMCC 3.2695 were cultured by two-stage liquid fermentation according
previously described [1]. The fungal inoculum was transferred to 1000 mL flasks each containing 400
mL of liquid potato dextrose medium, and incubated on a rotary shaker with 160 rpm at 26 °C for 24
h. Then 1000 mg of uvaol (30 mg/mL in ethanol) were added to each flask. After 7 days of incubation,
the cultures were pooled and filtered. The filtrates were extracted with ethyl acetate for three times.
The organic layer was collected, and the solvent was removed by a rotary evaporator. The crude
extracts of biotransformation of uvaol with C. muscae (500 mg) was purified on an ODS C18 open
columns (100 g, 60 X 3 cm) and eluted with 10%, 40%, 80% CHs;OH aqueous solution, and 100%
CH3OH to give the Fractions A, B, C and D, respectively. Fraction C was refined by semi-preparative
HPLC (CH3CN:H20, 65:35, flow rate, 3.0 mL/min) to yield compound UPE (compound 1, 37.6 mg,
3.76%, tr = 15.5 min, purity >96%), compound 2 (18.6 mg, 1.86%, tr = 25.4 min), compound 3 (19.5
mg, 1.95%, tr = 31.1 min), and compound 4 (23.6 mg, 2.36%, tr = 38.4 min).

S.3: Zebrafish

The transgenic zebrafish lines of Tg (kdrl:EGFP) with vascular endothelial growth factor
receptor gene kdrl is marked with EGFP, and Tg(hb9:mcherry) with motor neuron gene hb9 is marked
with mcherry were offered by the Zebrafish Center Key Laboratory of Neuroregeneration of Nantong
University. The transgenic zebrafish were maintained and raised on standard conditions according to
previous reports [2].

S.4: Zebrafish drug treatments

The drug administration experiments were carried out as described in the literature [3]. In brief,
the Tg (kdrl:EGFP) and Tg(hb9:mcherry) embryos were obtained by natural mating and maintained in
E3 solution at 28 °C. We removed the abnormal embryos using anatomical microscope after 8 hours
post fertilization (hpf). Each well of 96-well plate were loaded with 10 healthy embryos, and then
replaced E3 solutions with UPE treatment solutions (0.1, 1, 10, 100, and 1000 pug/mL). At 40 hpf, the
zebrafish embryos were collected, anesthetized, and embedded for a Leica TCS-SP8 confocal
imaging. Image J software (version 1.47) was used to analysis.
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S.5: Locomotion Analysis of Zebrafish

The swimming distance assays of zebrafish were performed as previously reported [2]. In brief,
E3 solutions were replaced with CA-4 (8 ng/mL), CA-4 (8 ng/mL) + UPE (1000 ug/mL) treatment
solutions at 120 hpf, respectively. One larval zebrafish is maintained in each well of a 24-well plate
filled with 1 mL of E3 medium. The Zebralab Video-Track system was used to detect swimming
distance, and ESOvision behavioral analysis software was used for analysis.

S.6: Statistical analysis

GraphPad Prism (version 7.0, Graphpad Software, La Jolla, California) was used to analyze the data
statistically. All data were expressed as mean = S. D. A one-way analysis of variance (ANOVA) was
used to perform statistical analysis, p < 0.05 was considered statistically significant.

S.7: DP4+ Quantum-chemical calculations

Spartan’24 software (version 1.3.1, Wavefunction Inc., Irvine, California) was used to search the
lowest-energy conformers of UPE isomers and perform DP4+ analysis [4]. Following parameters were
used during the step-wise lowest-energy conformer search : Hartree-Fock calculations at 3-21G level,
then DFT wB97X-D theory at 6-31G* level, and then DFT wB97X-V/6-311+G(2df,2p)[6-311G*]
parameters used for the calculation of 3 C-NMR chemical shifts of UPE isomers.

© 2025 ACG Publications. All rights reserved.



pdata/1
B NR UPE in CDOL3

-7.0E+10

~6.BE+10

~6.0E+10

-5.BE+10

-5.0E+10

-4, BE+10

-4 0E+10

-3.5E+10

-3.0E+10

-2.BE+10

~2.0E+10

-1.BE+10

-1.0E+10

-5. 0E+09

~0. 0E+00

lilmzdfzmsmnsm
-IB21/15
H-IGHIIE 122
0-H
H-1509,
H-12 H-28 B-11
! i
N-H " N ! -23/5
| | = Ml
I
I,
N L ) | 0L
T T —_ T T NI T YT
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 ippm)

Figure S1. *H-NMR spectrum (600 MHz) of UPE in CDCla.
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Figure S3. DEPT-135 spectrum (150 MHz) of UPE in CDCls.

© 2025 ACG Publications. All rights reserved.

o) e L a1

C-4/17/22
C-18 C-8/19/20/10/1 C-29/6/30/26/24/25 |

9. 0E+10

8. 0E+10

7. 0E+10

6. CE+10

5. 0E+10

r4.0E+10

3. 0E+10

2. E+10

F1.0E+10

0. CE+00

LARFLU
LZE+10
2. 0E+10
1. 8E+10
1. BE+10
F1.4E+10
1. 2E+10
:1.0E+].0
——E!.[]EH]Q
6. (E+09
;'-1.0E+09

2. 0E+09

W -0, 0E+00

;* 2.0E+02
——— 4.0E+09
:* 6. 0E+0D2
;* 8.0E+D2
—1.0E+10

—1.2E+10

1. 4E+10



_‘ A | Al A ”

pdata/1
CosY UPE  in €DC13 - 0.0
0.5
- o 10
a W 15
- ® 2.0
s [, 5

-]
0
F1 ippm)

T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
£2 (ppm)

pdata/1
COSY UPE in CDC13 = < _ = rl.4

f1 (ppm)

r4.0
3.70,4.20]
—?‘ 4.2
4.4
32
® ¢ 1.6
r4.8
& 5.0
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
5.9 5.8 5.7 5.6 5.5 5.4 5.3 5.2 5.1 5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 4.2 41 4.0 3.9 3.8 3.7 3.6 3.5 3.4 3.3 3.2 3.1
£2 (ppm)

Figure S4. COSY spectrum (600 MHz) of UPE in CDClzand its expanded downfield region.
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Figure S6. HMBC spectrum (150 MHz) of UPE in CDClz and its expanded downfield region.
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© 2025 ACG Publications. All rights reserved.

11



Xg 2024 4.10.1.1r 5 O 8. 5X 10"
EINMR 3 inCDCI3

8. 0% 10"

7. 510"
k7. 0x 10"
F6. 5X 101
6. 0% 10'°
F5. 5% 10*
k5. 0% 10"
k1. 5% 10"
F1. 0% 10"
3. 5%10'°

F3. 0% 10"

2. 510"
2. 0X 10"
| 1. 5X10"

i i I \ F1. 0X10'

| N I IR 1L

L8% % F-5.0% 10°

LT —w=

T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 L.5 1.0 0.5 0.0
f1 (ppm)

Figure S10: *H-NMR spectrum (600 MHz) of compounds 3.

© 2025 ACG Publications. All rights reserved.

12



3

2024.20.1.1r
I3CNMR 3 inCDCIB

9. 0x 107

R iR e B E s P T B 18.5X10°

i S0 BUEL RIS o
e = — = Ls. 0x10°

2CDCl
) CDCI3

6.8 CDCI3

13

171.4
138.2
125.6
79:1
2
2
47.7
42.0

7

[

3
35,
F54.4

F7.5%10°
F7.0x10°
6. 5x10°
6. 0% 107
k5. 5% 10°
5. 0%10°
1. 5% 10°
1. 0x10°
F3.5%10°
F3.0x10°
2. 5%10°
! 2. 0x10°
F1.5%10°
1. 0x10°

k5. 0x10°

0. 0

5. 0% 10°

T T T T T T T T T T T T T T
200 190 180 170 160 150 110 130 120 110 100 90 80 70 60 50 10 30 20 10 0
f1 (ppm)

I
-
S
r
=

Figure S11. 3C-NMR spectrum (150 MHz) of compounds 3.

© 2025 ACG Publications. All rights reserved.

13



2024. 10. 1.
IHNR 4 E[in CDCI3

1. 40X 10

7. 26 CHRLT

o

1. 30X 10

1. 20X 10*°

1. 10X 10

1. 00X 10

9. 00 10°

8. 00 10°

7. 00X 10°

H6. 00X 10°

H5. 00X 10°

4. 00 10°

3. 00 10°

2. 00 10°

1. 00 10°

+0. 00

1.99-x

F-1. 00X 10¢

100

59
| 2.07-3

5.0 15 10 35 310 25

Figure S12. *H-NMR spectrum (600 MHz) of compounds 4.

© 2025 ACG Publications. All rights reserved.

14



2024.20. 1. Ir e
13C MR 4~ in CDCI3 QO
o 00
ool aoae
aa Sanm
o9 IERR
i e

61.4
54.8
53.0

|-76.8 CDCI3

J

(8.

T

T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)

Figure S13. 3C-NMR spectrum (150 MHz) of compounds 4.

© 2025 ACG Publications. All rights reserved.

o4

3.

3.

0.

2X10%°

0x10'°

8x10'°

. 6101

. 4% 10"

2X10'°

2.0%10'°

.8%10"°

. 6X10"°

. 4%10"

25101

.0%10'°

L 0%10°

. 0% 10°

. 0x10°

. 0% 10°

0

F-2.0%10°

15



515
514

13
=
5
23
22
321
319

{
[
|
:

© 7500

7000

]

16000

15500

15000

4500

4000

3500

3000
L2500
12000

- 11500

11000

500

101
091

1004

- 500

55 30 4.5 40 35 30 25 20 1.5 1.0 0.5 0.0
1 ippm)

Figure S14. *H-NMR spectrum (600 MHz) of uvaol.

© 2025 ACG Publications. All rights reserved.

16



a5 A a4 a8 28 2 Y Yk

12504

i,
6995

16
—354.02

[w 78

& 8.
/e .;
5.7
3

—138.71
—47.66

L1300
11200
1100
1000
00
HS00
{700
600
L300
{00
{300

F-200

| ol

| | 100

T

e
A

-100

140 130 120 110 100 90 80 70 &0 S0 40 30 20 10
11 (ppm}

Figure S15. 3C-NMR spectrum (150 MHz) of uvaol.

© 2025 ACG Publications. All rights reserved.

17



: SciFinder Substances = | Enter a query... o Edit = Q 2 HH F Y
€ Return to Home
® Substances search for drawn structure
View Related Results ~ R I

Filter Results <
Structure Match
As Drawn (0]

Substructure {0}

Behavior

Filter by Exclude

v Search Within Results

~ Similarity

B85-89 [18)
B80-84 (40)

~ Reaction Role

Product {55)

Reactant (20)

Filtering: Similarity: 2 Selected> X
58 Results
1 B9 sew

1887024-83-0

Ao
Aok

CazHs1NO3
SaH-Ch zepine-9a-carboxylic acid, 1,

11,

S
o
&

.
H

1360075-41-7

Mumber of Components: 1 X

Clear All Filters

Sort: Relevance ~ View: Partial~ | =

2 2R wes 3 22 wes

1201638-53-0 1360075-42-8

Ca1HagNO3 Ca3HagNOy
Methyl {5aR,7aR,7b5,9a5,125,13aR,15aR, 15bA)-2,3, Cyclopropyl (5aR 7aR,7b5,%a5,125,13aR,15aR,15b5)
4,5,5a, ,8,9,9a,10,11,12 -2,3,4,5,5a,6,7,7a,7b,8,9,93,10,
a: as LB &1
5 BE wsee 6 25 wes

1360075-40-6

2416910-51-3

Azssiute s
CasHsaN2 04

2-{3-Oxo-1-piperazinyljethyl {
-en-28-0ate

Figure S16. Scifinder search results of UPE.

© 2025 ACG Publications. All rights reserved.

18



Table S1. NMR data for compounds UPE and 2-4 in CDCI; (0 in ppm and J in Hz).

UPE 21 30 4"
NO.
Su (J in Hz) dc S (J in Hz) dc Su (Jin Hz) dc Su (J in Hz) dc
1 1.01 m, 1.64 m 38.9 101,156m 386 1.01,1.65 m 38.8 1.83,0.98 m 383
2 1.60 m 272 1.61 m 237 1.62m 273 1.63m 25.4
3 321dd(113,4.8) 792 451m 81.1 321m 79.1 321s 79.0
4 - 389 - 379 - 36.9 - 38.9
5 0.72 bd (11.6) 55.6 0.82m 542 0.72m 544 0.72m 54.8
6 138m, 1.52 m 183 136,1.55m 184 1.36, 1.55 m 183 1.01,1.00 m 17.7
7 132m, 1.52m 327 123,141m 329 123,141 m 30.5 140,126 m 314
8 - 40.1 - 402 - 40.0 - 424
9 1,50 m 47.6 153 m 477 1.53m 477 1.88m 53.0
10 - 36.9 - 36.9 - 38.8 - 36.4
1 191 m 23.6 191 m 23.4 191 m 23.4 5.75d (10.4) 129.5
12 5.15t(3.4) 126.1 514t(3.2) 1251 5.14t(3.3) 125.6 548dd (10.3,3.0) 1329
13 - 138.0 - 138.9 - 1382 - 84.9
14 - 4.1 - 422 - 42,0 - 417
15 101 m, 1.70 m 26.1 102,171m 261 102,171 m 26.1 125,124 m 29.7
16 1~1Zdb&'(§.3i63)"6;'98 23.6 198,1.69m 235 1.95,1.68 m 234 201, 1.13m 27.1
17 - 37.0 - 38.1 - 36.9 - 443
18 141 m 543 141m 55.4 141 m 552 120m 61.4
19 139m 39.4 0.90 m 39.5 0.90 m 393 1.72m 37.8
20 0.88m 39.5 141 m 39.6 141 m 393 0.87m 40.8
21 132m, 1.52m 329 134,152m 308 134,152 m 32.8 1.49,1.08 m 315
2 132m,1.54 m 35.9 134,1.56m 353 134, 1.56 m 35.7 157,129 m 35.1
23 1.00's 28.1 1.08 s 282 1.00's 28.1 0.98 5 2738
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24 0.79 s 15.7 0.86s 15.9 0.79 s 15.7 0.78 s 14.9
25 095s 15.6 094 s 16.8 0.94 s 15.6 0.89s 17.8
26 0.98 s 16.7 097s 16.9 0.98 s 16.7 1.08 s 19.3
27 1.10's 23.5 1.10s 23.2 1.10 s 23.4 1.04s 17.2
3.70d (10.9), 3.19.d (10.7), 3.63 d (10.5),

28 4.19.d (10.9) 725 353d(107) 00 4.06 d (10.5) 712 3.66d(6.7) 768
29 0.81 d (4.6) 17.4 0.82 d (4.6) 214 0.82d (4.6) 213 0.93d(6.4) 19.5
30 0.93d(4.9) 21.4 0.93d(4.9) 17.5 0.93d(4.9) 17.3 0.99d (6.3) 18.2
1 - 172.0 - 171.2 - 171.4

2 4.25dd (8.7,5.3) 55.6 2.05s 21.5 2.04s 21.0

3 221 m,2.50 m 25.2

4' 233m,237m 29.4

5 - 177.7

\1"/0

Table S2. NMR data for compounds UPE and Uvaol-28-formyl ester (UFE) in CDCI; (J in ppm

UPE

il

i(R)

UFE

and J in Hz).
NO. UPE UFE 161
on (JinHz) Jc on (Jin Hz) dc

1 1.01 m, 1.64 m 38.9 1.01m, 1.65m 39.2
2 1.60 m 27.2 162m 28.1
3 3.21dd (11.3, 4.8) 792 3.21dd (11.5,5.5) 79.0
4 - 38.9 - 38.9
5 0.72 bd (11.6) 55.6 0.72m 55.2
6 1.38m, 1.52 m 18.3 142,157 m 183
7 1.32m,1.52m 32.7 140,157 m 32.7
8 - 40.1 - 40.2
9 1.50 m 47.6 153m 47.6
10 - 36.9 - 36.9
11 1.91'm 23.6 1.93m 23.3
12 5.15t(3.4) 126.1 5.16t(3.7) 125.8
13 - 138.0 - 138.0
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- 421

14 - 42.1

15 1.01m, 1.70 m 26.1 1.04m, 118 m 26.1
16 1.17 bd (13.6), 1.98 td (4.8, 13.6) 23.6 1.96m,1.71m 23.4
17 - 37.0 - 36.9
18 141 m 54.3 142m 54.0
19 1.39m 394 142m 39.4
20 0.88 m 39.5 1.00m 39.3
21 1.32m,1.52m 32.9 127m,1.48m 32.8
22 1.32m, 1.54 m 35.9 1.40m, 1.60 m 35.2
23 1.00s 28.1 1.00s 28.1
24 0.79 s 15.7 0.79s 15.7
25 0.95s 15.6 0.95s 15.6
26 0.98s 16.7 1.03s 16.8
27 1.10s 235 112s 23.3
28 3.70 d (10.9), 4.19 d (10.9) 72.5 3.74d (11.0), 4.15d (11.0) 69.9
29 0.81 d (4.6) 17.4 0.84d (5.6) 21.4
30 0.93 d (4.9) 21.4 0.93d (5.8) 17.4
1 3 172.0 8.08's 161.3
2! 4.25dd (8.7,5.3) 55.6

3 221 m,2.50 m 25.2

4 233m,2.37m 29.4

5' - 1777

Figure S17. Quantum-chemistry calculated lowest-conformation of UPE-2'-(R) (at left) and UPE-2'-(S)
(at right) isomers.
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Table S3. DP4+ analysis of the lowest-energy conformers of UPE-2' isomers¥

Carbon Calculated *C-NMR Chemical shifts Experimental *C-NMR
Number Chemical shifts
UPE-2'-(R)-isomer UPE-2'-(S)-isomer UPE
1 37.9 38.1 38.9
2 29.2 29.3 27.2
3 77.2 77.2 79.2
4 38.4 38.4 38.9
5 55.1 55.1 55.6
6 195 195 18.3
7 34.6 34.6 32.7
8 39.7 39.9 40.1
9 47.4 47.9 47.6
10 36.9 37.0 36.9
11 239 238 236
12 120.9 120.0 126.1
13 144.0 144.4 138.0
14 44.3 44.8 42.1
15 27.9 21.7 26.1
16 37.7 38.2 23.6
17 38.1 385 37.0
18 40.8 40.5 54.3
19 34.2 34.3 39.4
20 343 346 395
21 225 22.4 32.9
22 321 323 359
23 28.2 28.3 28.1
24 17.2 17.2 15.7
25 18.6 18.1 15.6
26 18.9 18.7 16.7
27 24.9 255 235
28 70.3 70.6 725
29 17.4 18.6 174
30 19.3 19.3 21.4
1 172.9 174.4 172.0
2 56.2 56.8 55.6
3 25.1 27.4 25.2
4 29.2 28.9 29.4
5' 173.9 174.8 177.7
DP4+% 97.3 2.7
RMS 444 457
Mean Abs. 2.78 2.95
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