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Abstract

Four previously undescribed polyprenylated acylphloroglucinols, hyperisenins A-D (1-4), along with two known
analogues (5 and 6), were obtained from the aerial part of Hypericum seniawinii Maxim. Compounds 1 and 2 were two
highly degraded polyprenylated acylphloroglucinols with a cyclohexanone-monocyclic skeleton, while compound

3 was the first example of O-prenylated acylphloroglucinols with a 6/6/6 ring system. Their structures were identified
by analyzing NMR, HRESIMS data, and quantum chemical calculations. The biosynthetic pathway of 1 and 2 might
originate from bicyclic polyprenylated acylphloroglucinols via a series of complex retro-Claisen, keto —enol tautomer-
ism, and intramolecular cyclization. The bioassay results showed that 4 exhibited quorum sensing inhibitory activity
against Pseudomonas aeruginosa, which could decrease the activation of the rh/ system, and significantly reduce
rhamnolipid levels at a concentration of 100 uM, and the mechanism might be the ability to bind 4 to lasR and pgsR.
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1 Introduction

The discovery of antibiotics has provided an effective way
to control life-threatening infections [1]. However, the
long-term excessive usage of antibiotics has led to anti-
microbial resistance [2-4]. With at least 700,000 peo-
ple dying from drug-resistant infectious diseases every
year, and the figure is predicted to increase to 10 million
deaths per year by 2050 without effective measures taken,
there is an urgent required for novel treatment strate-
gies to combat antimicrobial resistance limitation [3-6].
Biofilms mediated by quorum sensing (QS) are known
to be one of the vital factors for drug resistance [7]. The
QS system is the cell-to-cell communication that con-
trols various collective behaviors, including virulence fac-
tor production, biofilm formation, and bioluminescence,
resulting in forming a barrier to escape from the harsh
environment to assist microbial pathogenesis [8—10].
Inhibiting this system will reduce bacterial virulence,
prevent biofilm formation without affecting bacterial
growth, and potentially slow the development of resist-
ance [8, 11, 12]. QS inhibition was an alternative thera-
peutic strategy for antimicrobial therapy [13, 14].

The secondary metabolites from plants, as a chemical
defense, can resist the invasion of pathogenic bacteria
in the environment and play a role in disease resistance,
which are important sources for discovering novel anti-
biotic drugs [15-20]. Some have been identified as
potential QS inhibitors, such as caffeine, hordenine, and
iberin [21-25]. To discover more abundant scaffolds of
QS inhibitors, we have focused on the plant Hypericum

seniawinii, a perennial herb widely distributed in the
southern region of China, which was a folk medicine used
for detoxification, regulating menstruation, and activat-
ing blood [26, 27]. The chemical constituents of H. seni-
awinii lead to the isolation of four novel polyprenylated
acylphloroglucinols, hyperisenins A-D (1-4), along with
two known analogs (5 and 6) (Fig. 1). Compounds 1 and
2 were two highly degraded cyclohexanone-monocyclic
polyprenylated acylphloroglucinols that might origi-
nate from bicyclic polyprenylated acylphloroglucinols
(BPAPs) via a series of complex retro-Claisen, keto — enol
tautomerism, and intramolecular cyclization, and com-
pound 3 was a unique O-prenylated acylphloroglucinol
with a 6/6/6 ring system. All isolates were assayed for QS
inhibitory activity against Pseudomonas aeruginosa. The
results showed that compound 4 could inhibit the QS
system by decreasing the activation of the 74/ system with
no effects on the growth of P aeruginosa, and reducing
rhamnolipid levels by activating the las and pgs systems
with molecular docking. Herein, the isolation, structural
identification, plausible biogenetic pathways, and biologi-
cal assay of the isolates were reported.

2 Results and discussion

Hyperisenin A (1) was obtained as a colorless oil, and
the molecular formula was defined as C;H,;,0, based
on its HRESIMS data (m/z [M+Na]*t: 487.2802, calcd
487.2819), which possessed eleven degrees of unsatura-
tion. The 'H NMR data showed five aromatic protons [8y;
8.01 (2H, dd, J=8.5, 1.4 Hz), 7.47 (1H, tt, J=7.3, 1.4 Hz),
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Fig. 1 Chemical structures of compounds 1-6

7.41 (2H, tt, J=7.4, 1.4 Hz)], four olefinic protons [dy
6.15 (1H, d, J=15.5 Hz), 5.98 (1H, dd, J=15.5, 7.7 Hz),
5.15 (1H, m), 5.13 (1H, m)], and seven methyls [d};; 1.74
(3H, s), 1.71 (3H, s), 1.66 (3H, s), 1.60 (3H, s), 1.38 (3H,
s), 1.37 (3H, s), 1.07 (3H, s)] (Table 1). The 3C NMR
spectrum showed 30 carbon signals (Table 1), which
could be assigned to one ketone carbonyl (- 196.0),
one monosubstituted phenyl ring [d- 132.0, 130.5 (X 2),
129.4, 127.8 (x 2)], eight olefinic carbons (d. 166.8, 144.8,
135.6, 133.4, 122.3, 121.9, 119.0, 117.6), and three quater-
nary carbons including two oxygenated carbons (é. 76.3,
71.0), two methines, three methylenes and seven methyls.
By analyzing the 1D NMR data and unsaturation, com-
bined with the data reported in the literature [28-30], it
is inferred that 1 was a polyprenylated acylphloroglucinol
with a bicyclic system.

Its gross structure was confirmed by analyzing its 1D
and 2D NMR data (Fig. 2). The HMBC correlations from
H,-4 to C-2, C-3, and C-6, from H;-25 to C-1, C-5, and
C-6, from H-13 to C-7, the 'H-'H COSY cross-peaks of
H,-4/H-5 and H-9/H-10/H-11/H-12/H-13, combined
with chemical shifts of C-1 (§c 117.6) and C-7 (dc 166.8),
indicated that the cyclohexanone system existed, and
a benzoyl group converted into enol form was attached

at C-1. Then, the HMBC correlations from H,-15 to
C-2, C-3, and C-4, from H;-18 to C-16, C-17, and C-19,
from H;-24 to C-21, C-22, and C-23, from H;-25 to C-6,
from H;-30 to C-28 and C-29, combined with the 'H-
'H COSY cross-peaks of H,-15/H-16, H-5/H,-20/H-21,
and H-26/H-27/H-28, revealed the existence of three
side chains at C-3, C-5, and C-6. Further analysis of the
downfield chemical shifts of C-3 (dc 76.3) and C-26 (6c
94.0) indicated that hydroxyl groups were attached to
C-3 and C-26, respectively. The above-mentioned groups
accounted for ten degrees of unsaturation. The remain-
ing degree of unsaturation was attributed to a furan ring
formed between C-7 and C-26, which was consistent
with both the downfield chemical shift of C-26 (5¢ 94.0)
and the HRESIMS data. Accordingly, the planar struc-
ture, featuring a cyclohexanone-monocyclic skeleton,
was confirmed.

The relative configurations of C-5, C-6, and C-26 in
1 were assigned by the NOESY spectrum, in which the
cross-peaks of H-5/H-26 and H;-25/H-27 indicated
that Hy-25 was a-oriented, while H-5 and H-26 were on
the same side with the f-orientations. The large cou-
pling constant between H-27 and H-28 (J=15.5 Hz)
confirmed the E configuration. In order to determine
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Table 1 The 'H and '*C NMR data of compounds 1-4 ( in ppm, J in Hz)
No 19 2° 3° 4°
5, 8¢ 5, 8¢ 5, 8¢ 5, 8¢
1 1176 548s 634 111.2 114.7
2 196.0 2021 158.8 182.3
3 76.3 61.1 116.0 1133
4 1.97 dd (15.0,3.5) 36.3 a246dd (144,44) 40.2 1614 170.0
1.73¢ b 1.73¢
5 208 m 414 267 m 44.8 109.2 50.5
6 509 50.5 1534 1757
7 166.8 197.2 200.8 193.9
8 1294 139.8 142.0 138.0
9 8.01dd (8.5,14) 130.5 769dd (8.5,1.4) 128.7 7.57dd (8.2,1.1) 130.0 7.85dd (8.5,1.3) 129.6
10 741t (74,14) 127.8 7441t (7.8,1.7) 129.8 7.371(7.8) 1293 7541t (74,14) 1285
" 7A71(7.3,14) 1320 7551t (74,1.3) 1343 7.52tt(7.51.3) 1332 7421(7.7) 1335
12 7A1t(74,14) 127.8 7441t (7.8,1.7) 129.8 7371t(7.8) 129.3 7541t (74,14) 128.5
13 8.01dd (85,1.4) 1305 769dd (8.5, 1.4) 1287 7.57dd (8.2,1.1) 130.0 7.85dd (8.5,1.3) 1296
14 176.7 335m 238 a275dd (14.9,8.6) 280
3314 b2.89dd (15.1,10.7)
15 249dd (13.9,6.8) 393 a291dd(13.0,7.0) 325 522m 124.8 4.70dd (10.7, 8.6) 93.0
241dd(13.9,84) b 1.95dd (13.1,9.3)
16 515m 119.0 4.24dd (9.3,7.0) 86.0 131.8 722
17 1356 709 176s 18.1 122s 238
18 1665 183 1.285s 26.5 1685 259 1.285s 255
19 1745 26.0 1.14s 248 447dd (114,7.0), 711 a223dd(12.1,5.8) 316
438dd (114,7.2) b232dd(12.1,9.3)
20 214 m 283 215m 294 556m 1216 461dd(93,5.7) 90.8
1697 1697
21 513m 1223 514 m 1239 1389 712
22 1334 134.1 1.70s 18.2 1.09s 234
23 1.60s 18.1 1595 18.0 1815 26.0 1.285s 276
24 1.71s 26.2 1.70s 26.0 264dd(16.1,4.7), 251 2.71dd (13.8,84) 36.3
2.31dd (16.2,12.8) 2.59dd (13.8,7.4)
25 1.07s 16.2 1305 139 1.587 40.7 512m 116.7
26 4.86d(7.7) 94.0 546d(154) 137.7 823 1414
27 5.98dd (15.5,7.7) 1219 6.25dd (15.4,10.7) 1279 1.15dd (8.1,1.9) 56.4 1615 164
28 6.15d (15.5) 144.8 564d(10.6) 1257 0965 144 207 m 40.1
29 710 1359 1779138 m 352 208 m 26.8
30 137s 29.7 1665 183 327dd (11.7,43) 783 508 m 1238
31 1385 300 1.68s 26.0 419 1321
32 0.76's 16.1 1.60s 179
33 081s 2838 168s 259
34 1.70%,0.90 m 241
35 452m 1299
36 128.0
37 148 s 18.1
38 1595 258

9 H NMR 400 MHz, *C NMR 100 MHz, in CDCl,
5 1H NMR 600 MHz, *C NMR 150 MHz, in CD,0D
<H NMR 600 MHz,3C NMR 150 MHz, in CDCl,
4 Overlapped signal
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Table 1 (continued)
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7"\ HMBC
Fig. 2 Key 2D NMR correlations of compounds 1-4

- COSY

the relative configuration of C-3, the calculated B¢
NMR data with DP4+ analysis of two configurations
(3R*5R*65*26R*)-1 and  (35*5R*65*,26R*)-1 were
applied at the mPWI1PW91/6-311+G** level. The
results showed that (3R*,5R*,65%26R*)-1 had a better lin-
ear correlation with 100% DP4+ probability (R*=0.9990)
(Fig. 3A), suggesting that the relative configuration of 1
was defined as 3R*,5R*,65*,26R*. The absolute configura-
tion of 1 was identified by ECD calculation at the PBE0Q/
def2-TZVP level, the result showed that the calculated
ECD (3R,5R,6S,26R)-1 curve matched well with the
experimental one, allowing to assign its absolute configu-
ration as 3R,5R,65,26R (Fig. 4). Thus, the structure of 1
was elucidated.

Hyperisenin B (2), a colorless oil, possesses the
molecular formula C;;H,,O; on the basis of the
HRESIMS data (m/z [M+Na]*: 515.2753, calcd
515.2768). Its 'H and '3 C NMR spectra showed the
presence of a monosubstituted benzene ring, two
ketone carbonyls, one ester carbonyl, six olefin car-
bons, and seven methyl groups, which were similar
to those of spirohypolactone B [31]. Further compari-
son of NMR data between 2 and spirohypolactone B
revealed that they possessed the same skeleton, except
for the acyl substituent and the number of the double
bond [31]. The presence of a phenyl group at C-7 was

#7 "X NOESY

#%X no NOESY

verified by the 'H-'H COSY cross-peaks of H-9/H-
10/H-11/H-12/H-13 and the HMBC cross-peak from
H-13 to C-7, which was consistent with its 1D NMR
data (Fig. 2). Furthermore, the 4-methylpenta-1,3-diene
group was attached at C-6, deduced from the HMBC
correlations from H;-25 to C-6 and C-26, from H;-30
to C-31, from H;-31 to C-28, and the 'H-'H COSY
cross-peaks of H-26/H-27/H-28. The relative configu-
rations was the same as that of spirohypolactone B and
norhyperpalum H assigned as 1R*,3R*,55%,65*,16R* via
the similar the NOESY cross-peaks of H-1/H-5, H,-20/
H,-25, H,-4a/H,-15b, and H,-4b/H,-25, and along
with the crucial absence of the NOESY cross-peaks of
H,-4/H-16 and H-5/H,-15 (Fig. 2). To further confirm
the relative configurations of C-3 and C-16, a DP4+
probability analysis of four isomers [A: (3R*16R*), B:
(3R*,16S5*), C: (35*,16R*), D: (35*,165*)] was conducted,
and the calculated data of (1R*3R*55%65%16R*)-2 has
good linear correlations with the experimental data
with 100% DP4+ probability (all data) (Fig. 3B and S40).
This deduction was further supported by a critical 1D
NMR comparison in the same solvent of 2 with simi-
lar compounds, spirohypolactones A and B, and norhy-
perpalum H [31, 32] (Figure S41). The A% double
bond was assigned as E configuration based on the cou-
pling constant (Jy »¢ 11.97=15.4 Hz). Finally, the ECD
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Fig. 3 (A) NMR calculations with a DP4+ probability analysis: (3R* 5R* 65* 26R*)-1 and (35* 5R*,65% 26R*)-1. (B) Linear correlation
between the experimental and calculated 'H (left) and ">*C NMR (right) chemical shifts, and the results of a DP4+ probability analysis

for (1R"3R",55 65" 16R)-2

calculation of 2 was conducted at the PBEQ/def2-TZVP
level, and its absolute configuration was determined to
be 1R,3R,5S,6S,16R (Fig. 4).

Hyperisenin C (3), obtained as a yellow oil, had the
molecular formula CygH;,O5 based on its HRESIMS
data (m/z [M+Na]*: 609.3572, calcd 609.3550), suggest-
ing fourteen indices of hydrogen deficiency. Its 'H NMR
spectrum showed the existence of five characteristic pro-
tons of the benzene ring [6y; 7.57 (2H, dd, J=8.2, 1.1 Hz),
7.52 (1H, tt, J=7.5, 1.3 Hz), 7.37 (2H, t, J=7.8 Hz)], three
olefinic protons [y 5.56, (1H, m), 5.22 (1H, m), 4.52 (1H,
m)], and nine methyl groups [6;; 1.81 (3H, s), 1.76 (3H, s),
1.70 (3H, s), 1.68 (3H, s), 1.59 (3H, s), 1.48 (3H, s), 0.96
(3H, s), 0.81 (3H, s), 0.76 (3H, s)] (Table 1). Its *C NMR
and DEPT data indicated 38 carbons (Table 1). The 1D
NMR spectra characteristics of the above analysis indi-
cated that 3 belonged to a polyprenylated acylphloroglu-
cinol derivative.

Detailed analysis of its HSQC, HMBC, and 'H-'H
COSY spectra indicated that 3 had the same skele-
ton as that of madeleinol A [33], and the main differ-
ences were acyl side chain and isopentenyl side chain
(Fig. 2). The HMBC correlations from H,-14 to C-2,

C-3, and C-4, from H;-17 to C-15 and C-18, from
H;-32 to C-30, C-31, and C-33, from H;-33 to C-27,
from H;-37 to C-35 and C-38, combined with the
'H-'H COSY correlations of H-27/H,-34/H-35 and
H,-14/H-15, suggested the location of the gem-dime-
thyl group, and two isoprenyl groups located at C-3
and C-27, respectively. Furthermore, the O-isoprenyl
side chain was attached at C-4, which was deduced
from the HMBC correlations from H,-19 to C-4,
from H,-23 to C-20 and C-22, along with the 'H-'H
COSY cross-peaks of H,-19/H-20, and the downfield
chemical shift of C-19 (J 71.1). In addition, the ben-
zene ring was attached at C-7 by analysis of its 1D
NMR data and the HMBC correlation from H-9 to
C-7, and the 'H-'H COSY cross-peaks of H-9/10/H-
11/H-12/H-13. In the NOESY spectrum (Fig. 2), the
cross-peaks of H-25/H-30, H-27/H-30, and H-30/H;-
33 indicated that these groups were cofacial, assigned
as a-orientations, while H-245/H;-28, H;-28/H-29p,
and H-295/H;-32 clarified that they were f5-oriented.
The calculated ECD method was applied to determine
its absolute configuration as 25R,26S,27S,30S (Fig. 4).
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Fig. 4 Experimental and calculated ECD spectra of compounds 1-4

Thus, a unique O-prenylated acylphloroglucinol with a
6/6/6 ring system was established.

Hyperisenin D (4) was also obtained as a yellow oil
and had the molecular formula C;33H,,0¢ based on its
HRESIMS at m/z 557.2876 [M + Na]™ (calcd 557.2874),
which possessed thirteen degrees of unsaturation.
The 1D NMR and HSQC spectra revealed 33 carbons
(Table 1), including a benzoyl group [dc 193.9, 138.0,
133.5, 129.6 (x2), 128.5 (x2)], a geranyl group (dc
141.4, 132.1, 123.8, 116.7, 40.1, 36.3, 26.8, 25.9, 17.9,
16.4), two oxidated quaternary carbon (dc 72.2, 71.2),
two methines (dc 93.0, 90.8), two methylenes (dc 31.6,
28.0), and four methyl groups (dc 27.6, 25.5, 23.8,
23.4), and the remaining six carbons were character-
istic of a dearomatized phloroglucinol core including
an enolic 1,3-diketone moiety (dc 182.3, 175.7, 114.7),
one oxygen-bearing ene (6c 170.0, 113.3), and one qua-
ternary carbon (6c 50.5). The mentioned groups occu-
pied eleven degrees of unsaturation. Two additional
rings should be formed in the structure of 4. Thus, the
aforementioned evidence suggested that 4 should be a
tricyclic dearomatized prenylated acylphloroglucinol
derivative.
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The planar structure was confirmed by analyzing its
HSQC, HMBC, and "H-'H COSY spectra (Fig. 2), similar
to that of hypermonin C (5) [34], and the main difference
was the isoprenyl side chain at C-5. The HMBC correla-
tions from H,-19 to C-5, C-6, and C-24, from H;-22 to
C-20, from H;-23 to C-20 and C-21, combined with the
"H-"H COSY cross-peaks of H,-19/H-20, indicated that
the oxidized isopentenyl side chain was located at C-5.
Furthermore, the downfield chemical shift of C-20 (J.
90.8), combined with degrees of unsaturation, indicated
that C-6 and C-20 were connected via an oxygen atom
to form a furan ring. In the NOESY spectrum (Fig. 2),
the cross-peaks of Hj;-18/H;-27 and H-20/H,-24 indi-
cated that H-20 and the geranyl group at C-5 were on the
same side, assigned as S-orientations, while H-15 was on
the opposite side with a-orientation. Then, the NOESY
cross-peaks of H-25/H,-28 revealed the E-configuration
of C-25/C-26 double bond. Thus, the relative configura-
tion of 4 was determined to be 55%,155%20R*. Finally, the
absolute configuration of 4 was defined as 5S,155,20R by
ECD calculation (Fig. 4).

Two known compounds, hypermonin C (5) [34] and
vismiaguianone B (6) [35], were obtained from this plant.
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Fig. 5 Plausible biogenetic pathway of compounds 1 and 2

Their structures were confirmed by comparing the 1D
NMR data with those of the literature.

Hyperisenins A (1) and B (2), possessing a unique
cyclohexanone-monocyclic system, were proposed to
biogenetically originate from BPAPs (Fig. 5) [28, 36, 37].
It underwent a retro-Claisen reaction to yield the crucial
intermediate i, followed by two distinct pathways to form
intermediates ii and iii. Subsequently, compound 1 was
constructed from ii via oxidation, keto —enol tautomer-
ism, and intramolecular cyclization. On the other hand,
iii underwent oxidation and intramolecular cyclization to
obtain compound 2.

Considering QS is the vital target for antimicrobial
therapy [13, 14] and Pseudomonas aeruginosa is an
opportunistic pathogen that is typically resistant to mul-
tiple clinically available antibiotics [38], compounds 1-6
were evaluated for the QS inhibitory activity against P
aeruginosa (Figure S46). The results showed that com-
pound 4 was a potential QS inhibitor that decreased the
activation of the ril system, as evidenced by the reduced
fluorescence density of the reporter strain PAO1-rhl/A-
gfp (Fig. 6A). As expected, compound 4 did not affect the
growth of P aeruginosa, consistent with its role as a QS
inhibitor. We further examined the production of rham-
nolipids, a virulence factor regulated by the ril system,
in a clinically isolated carbapenem-resistant P. aeruginosa
(CRPA) strain. Compound 4 significantly reduced rham-
nolipid levels at a concentration of 100 uM (Fig. 6B). P
aeruginosa’s QS system includes two other well-defined
pathways apart from the rkl system: the las and pgs sys-
tems [8]. Due to the limited yield of compound 4, its
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potential mechanism was explored through molecular
docking with three QS receptors (lasR, rhlR, and pgsR).

Unexpectedly, compound 4 failed to dock with rhIR but
successfully engaged with lasR and pqsR, demonstrat-
ing significant affinity within their ligand-binding pock-
ets. For lasR, it is proposed that compound 4 forms two
aromatic hydrogen bonds with Tyr47 and a combination
of a hydrogen bond and an aromatic bond with Tyr56,
yielding a docking score of -6.476 kcal/mol (Fig. 6C).
Regarding pqsR, compound 4 appears to bind to the
ligand-binding site, albeit slightly shifted towards the
dimer interface, forming a hydrogen bond with Glul51 in
chain A and both a hydrogen bond and an aromatic bond
with Glul51 in chain B, resulting in a docking score of
-6.217 kcal/mol (Fig. 6D). Given that both the las and pgs
systems enhance the activation of the rkl system [8], we
hypothesize that the binding of compound 4 to lasR and
pgsR may competitively inhibit their contribution to the
rhl system, thereby regulating rhamnolipid production
(Fig. 6E).

In summary, the phytochemical investigation of the
dried aerial parts of H. seniawinii Maxim. resulted in the
isolation of four undescribed polyprenylated acylphlo-
roglucinols (1-4), as well as two known analogs (5
and 6). All isolates were obtained from this plant for
the first time. Compounds 1 and 2 were two degraded
polyprenylated acylphloroglucinols bearing the unique
cyclohexanone-monocyclic system, and their plausible
biosynthetic pathway was proposed. Furthermore, com-
pound 4 was a potential QS inhibitor that decreased the
activation of the rkl system and reduced rhamnolipid lev-
els. Its mechanism might be the ability to bind between
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through competitive inhibition of the lasR and pgsR receptors, both of which enhance the activation of the rh/ system and rhamnolipid production.
Data are presented as mean +SD (n=3). Significance levels are indicated as *p <0.05, *p < 0.01, ***p <0.001, ****p <0.0001

4 lasR and pgsR. Our findings might provide a potential
candidate as QS inhibitors to treat infectious diseases for

further research.

3 Experimental section
3.1 General experimental procedures

Optical rotations were recorded with a PerkinElmer
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341 polarimeter (PerkinElmer Inc., Fremont, Califor-
nia, USA). UV spectra were obtained in CH;OH using
a Lambda 35 instrument (PerkinElmer Inc., Fremont,
California, USA). ECD spectra in CH;OH were detected
on a JASCO-810 spectrometer (JASCO, Tokyo, Japan).
A Bruker Vertex 70 FT-IR spectrophotometer (Bruker,
Karlsruhe, Germany) was used to acquire IR spectra.
1D and 2D NMR spectra were collected using Bruker
AM-400 and AV-600 spectrometers. HRESIMS data
were measured with a Bruker micOTOF II and SolariX
7.0 spectrometer (Bruker, Karlsruhe, Germany). Ana-
lytical HPLC was performed on a Dionex HPLC system
with a DAD detector, and semipreparative HPLC was
performed on an Agilent 1200 system equipped with a
reversed-phase (RP) C,g column (5 pm, 10x250 mm,
Welch Ultimate XB-C,g). Column chromatography (CC)
including Silica gel (100—200 and 200-300 mesh; Qing-
dao Marine Chemical Inc., China), ODS (50 pm, YMC
Co. Ltd., Japan), Sephadex LH-20 (Pharmacia Biotech
AB, Uppsala, Sweden), and MCI gel (75-150 pum, Merck,
Germany) was used to separation and purification of the
sample.

3.2 Plant material

The aerial parts of H. seniawinii Maxim. were collected
from the Shennongjia area in Hubei Province, People’s
Republic of China. The plants were identified by Prof. C.
G. Zhang of Huazhong University of Science and Tech-
nology (HUST). A voucher specimen (no. HP20230824)
was deposited in the herbarium of Tongji Medical Col-
lege, HUST.

3.3 Extraction and isolation

The dried aerial parts of H. seniawinii Maxim. (20.0 kg)
were powered and extracted with 95% EtOH (3x25 L)
at room temperature, removing the solvents in vacuo
to yield the crude extract (0.4 kg). The crude extract
was then suspended in water and successively parti-
tioned with CH,Cl, and EtOAc. The CH,Cl, extract
was separated into seven fractions (A—QG) by a silica gel
CC (100-200 mesh), eluted with a gradient of petro-
leum ether—ethyl acetate (80:1-0:1). Fr. E was subse-
quently further chromatographed on an RP-C,; column
(CH3;0H-H,0, 50:50 to 100:0) to yield eight subfractions,
E3a—E3h. Fr. E3b (1.0 g) was applied to Sephadex LH-20
(CH;0H), obtaining three subfractions, Fr. E3b1-E3b3.
Fr. E3b2 (500 mg) was then purified on semipreparative
HPLC to afford 2 (3.3 mg, ¢; 19 min, CH;OH-H,0, 91:9,
v/v, 2 mL/min), and 6 (3.6 mg, t; 27 min, CH;OH-H,0,
80:20, v/v, 2 mL/min). Fr. E3c (1.2 g) was conducted
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on Sephadex LH-20 (CH;OH) and further purified by
semi-preparative HPLC to afford 1 (7.5 mg, ¢; 15 min,
CH,;0OH-H,0, 88:12, v/v, 2 mL/min), 4 (1.7 mg, t 45 min,
CH,;0OH-H,0, 77:23, v/v, 2 mL/min), and 5 (6.0 mg, £
12 min, CH;0H-H,0, 97:3, v/v, 2 mL/min). Compound
3 was isolated from Fr. E3e by silica gel CC (100-200
mesh), Sephadex LH-20 (CH;0H), and HPLC (2.4 mg, £
32 min, CH;0H-H,0, 94:6, v/v, 2 mL/min).

Hyperisenin A (1): Colorless oil; [oe]%)9 +42.0 (¢ 0.1,
CH,OH); UV (CH;0H) A,,,, (log €)=201 (4.40) nm, 231
(4.06), 321 (3.77); IR (KBr) v, 3424, 2973, 2929, 2873,
1721, 1634, 1603, 1553, 1490, 1449, 1382, 1363, 1328,
1233, 1180, 1148, 1066, 1027, 974, 838, 761, 694 cm™;
ECD (CH,OH) A, (Ag) 215 (+1.95), 241 (—4.60), 365
(+1.81) nm. 'H and 3C NMR data see Table 1; posi-
tive HRESIMS: m/z 487.2802 [M+Na]t (calcd. for
CaoH,00,Na*, 487.2819).

Hyperisenin B (2): Colorless oil; [ot]%9 +48.8 (¢ 0.3,
CH,OH); UV (CH;0H) A, (log =201 (4.49),
240 (4.28) nm; IR (KBr) v, 3458, 2972, 2928, 1756,
1715,1597, 1447, 1383, 1226, 1180, 988, 690 cm™;
ECD (CH,OH) A, (Ag) 206 (+4.15), 231 (—3.45), 249
(+3.83), 267 (= 1.15), 303 (+5.13) nm. 'H and *C NMR
data, see Table 1; positive HRESIMS: m/z 515.2753
[M+Na]* (calcd for C5;H,,0O5Na*, 515.2768).

Hyperisenin C (3): Yellow oil; [01]1239 +33.0 (¢ 04,
CH,OH); UV (CH;OH) A,,., (log =205 (4.29) nm;
IR (KBr) v,,., 3409, 2970, 2927, 2874, 1722, 1666, 1603,
1449, 1418, 1382, 1326, 1292, 1219, 1123, 1106, 1074,
1019, 955 cm™%; ECD (CH,OH) A, (Ae) 213 (+5.45),
260 (+0.02), 296 (+1.48), 340 (—1.39) nm. 'H and 3C
NMR data; positive HRESIMS: m/z 609.3572 [M + Na]*
(calcd. for C34H,ONa™, 609.3550).

Hyperisenin D (4): Yellow oil; [05]1239 +22.1 (c 0.1,
CH,OH); UV (CH;OH) 1, (log €) =202 (4.60) nm; IR
(KBr) v, 3429, 2973, 2927, 2854, 1715, 1668, 1618, 1449,
1412, 1384, 1237, 1175, 1027, 961 cm™}; ECD (CH;0OH)
Lo (A€) 206 (+1.58), 215 (—0.31), 264 (+2.99), 349
(=0.04) nm. 'H and ®*C NMR data; positive HRESIMS:
m/z 557.2876 [M+Na]" (caled. for Cz3H,,OgNa®,
557.2874).

3.4 NMR and ECD calculations
The details of NMR and ECD calculations were put in the
Supporting Information (SI).

3.5 Strains and culture conditions

The GFP reporter strains were provided by Prof. Pinghua
Sun from Jinan University and were cultured in Luria—
Bertani (LB) medium (1% w/v NaCl, 1% w/v tryptone,
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and 0.5% w/v yeast extract) supplemented with 100 pg/
mL ampicillin and 20 pg/mL gentamicin at 37 °C. The
CRPA strain was provided by Prof. Yan He from Tongji
Hospital at Huazhong University of Science and Technol-
ogy and cultured in LB medium at 37 °C.

3.6 Screening for QS inhibitors

GFP reporter strains were cultured overnight in LB
medium supplemented with 100 pg/mL ampicillin and
20 pg/mL gentamicin at 37 °C. The cultures were then
diluted 1:5 in ABTGC medium (2 g/L (NH,),SO,, 6 g/L
Na,HPO,, 3 g/L NaCl, 1 mM MgCl,, 0.1 mM CaCl,,
0.01 mM FeCl;, 0.025% thiamine, 0.5% glucose, 0.5%
casamino acids). For the assay, 100 uL of either a 200 uM
solution of the compound for high-throughput screening
or gradient-diluted concentrations for secondary confir-
mation, or an equivalent volume of DMSO, was mixed
with the diluted GFP reporter strain (100 pL). This mix-
ture was transferred to a 96-well plate (200 pL per well)
and incubated at 37 °C. A microplate reader continuously
monitored bacterial growth at ODg,, and GFP fluores-
cence (excitation at 485 nm, emission at 535 nm) every
15 min for approximately 24 h.

3.7 Determination of virulence factor production

CRPA was cultured overnight in LB medium at 37 °C and
then 1:10 in ABTGC medium successively. A 100 pL vol-
ume of either gradient-diluted compound or an equiva-
lent volume of DMSO was combined with the diluted
CRPA (100 pL). This mixture was incubated for 24 h at
37 °C with agitation at 200 rpm in a 96-well plate (200
uL per well). The ODy, of the culture was measured to
normalize the virulence factor content. Virulence fac-
tors were then extracted from the supernatant after
centrifugation at 4000 rpm for 15 min. Rhamnolipids
were extracted with a three-fold volume of ethyl acetate
three times. The ethyl acetate fraction was evaporated
and redissolved in a freshly prepared reagent (0.19%
orcinol in 60% H,SO,, 900 pL), incubated at 80 °C for
30 min, and then the solution (200 pL) was used to quan-
tify rhamnolipid levels at OD,,; after cooling to room
temperature.

3.8 Molecular docking

Molecular docking was performed using Schrodinger
Maestro  (Schrodinger Release 2023-1: Maestro,
Schrodinger, LLC, New York, NY, 2023). Protein mod-
els were sourced from the Protein Data Bank (PDB) and
prepared via the Protein Preparation Workflow module.
Compound structures were pre-processed using the Lig-
Prep module. Interactions and alignments were visual-
ized and analyzed using PyMOL software.
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