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Abstract ; Ovarian cancer is a serious threat to women’ s health and safety. So far, people have

discovered more than 130 small molecule compounds of natural origin for anti-tumor, of which
approximately 50% are of microbial origin. The Acanthus ilicifolius L. species is primarily dis-
tributed in the Guangdong, Hainan, and Guangxi regions of China and grows in tidally accessi-
ble coastal areas. Recent studies have revealed that Acanthus ilicifolius L. extracts are en-
dowed with a range of pharmacological properties, including anti-inflammatory, hepatoprotec-
tive, antioxidant, and antitumor activities. Endophytic fungi are commonly found in the healthy
tissue and organs of medicinal plants. These fungi and the plants they inhabit form mutually
beneficial symbiotic relationships. Endophytic fungi produce a series of secondary metabolites,
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with active substances having shown great economic value and applications prospects in drug
research and development as well as for the biological control of plant diseases. Secondary me-
tabolites production by endophytic fungi is regulated by specific gene clusters, and several tech-
niques have been used to stimulate the secondary metabolic processes of fungi, including epige-
netic-modification and OSMAC ( one strain many compounds) strategies, co-culturing, and
gene modification. Among these, epigenetic modification has been shown to be effective; this
strategy involves the addition of small-molecule epigenetic modifiers to the culture medium,
thereby activating silenced biosynthetic gene clusters without altering the DNA sequences of the
fungi. This approach facilitates the expression of silenced genes in endophytic fungi, thereby in-
creasing the number and diversity of secondary metabolites. Furthermore, it assists in overco-
ming the inhibition of microbial secondary-metabolite synthesis under laboratory conditions,
and enhances silenced-gene expressions.

The advent of novel analytical techniques and bioinformatics has provided a comprehensive,
multifaceted, and holistic understanding of fungal metabolism through the development of
metabolomics as a research platform. However, few studies have combined anti-ovarian cancer-
activity screening with metabolomic approaches in the search for activity-differentiating metab-
olites from endophytic fungi under the intervention of epigenetic modifiers.

Herein, we investigated the impact of epigenetic modifiers on the secondary metabolites of
the endophytic Diaporthe goulteri fungus from Acanthus ilicifolius L. to determine their poten-
tial anti-ovarian cancer activities. Crude extracts were obtained by controlling three variables:
the number of fermentation days, the type of epigenetic modifier, and its concentration, with
activities screened using the CCK-8 ( cell counting kit-8) method. Ultra performance liquid chro-
matography-tandem mass spectrometry ( UPLC-MS/MS) was subsequently employed for non-
targeted metabolomic analysis. A multivariate statistical analysis model was constructed using
principal component analysis and orthogonal partial least squares-discriminant analysis, which
combines model and variable importance projection, with qualitative screening performed and
significant changes (variable importance in the projection (VIP) =1; P<0. 05) determined. Fif-
teen differential metabolites were identified in the fungal and epigenetic modification group,
primarily comprising polyketides, amino acids, derivatives, alkaloids, and organic acids, inclu-
ding prenderol, glycine, valine, 2-ethylcaproic acid, rubratoxin B, finasteride, 6-silaspiro[ 5.5 ]
undecane, 1-(2-nitrophenoxy ) octane, heptadecene, 1-pentadecene, 11-ketoetiocholanolone,
3-( 1-ethyl-1,3,3-trimethyl-2, 3-dihydro- 1 H-inden-5-yl ) butanal, N’-benzoylarginine, tabutrex,
(3aR,6S,6a8)-6- (4-hydroxy-2-methoxy-2-butanyl ) -4 ,4-dimethylhexahydro-1(2H ) -pentalenone ,
and 8-aminoquinoline. The expressions of prenderol, 1-(2-nitrophenoxy ) octane, 3-( 1-ethyl-
1,3,3-trimethyl-2,3-dihydro- 1H-inden-5-yl ) butanal, N*-benzoylarginine, and 8-aminoquinoline
were downregulated, whereas the expressions of the remaining 10 substances were upregulat-
ed. Polyketides were the main components that exhibited higher expressions. This study

showed that latent active differential metabolites can be searched by combining anti-ovarian
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cancer-activity screening with metabolomics analysis, thereby providing a reference for the fur-

ther development of Acanthus ilicifolius L. resources and the subsequent targeted isolation of

active compounds.

Key words: liquid chromatography-mass spectrometry ( LC-MS); endophytic fungi; anti-

ovarian cancer activity; epigenetic modifications; metabolomics
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SR AL RS B ) 55) SAHA 5 4156 11 2 2 B AL A4
155 5-aza, ¥ SAHA 5 5-aza 73 B In A SEFR I
fdi 4 FE 1 4 100,300,500 ,800 .1 000 wmol/L, Xif
HEAL RN i 26 W0 38t 75 1 1 770, 120 C & K B 30
min, BB, FEEHE TAE & P e, BfmA 7
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(7.14.21,28.35.42.49 d), &4 3 M, L &kEE
252 3,
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TEROESAE T, UL CCK-8 X715 1640 Ki %KLL 1:9
(PR L BE ] T AR, B B A 1 35 57 6 RN 25 4 T
IFEF, LA TAER 100 wL, T 37 C 5% CO,
P EFRTIEE 1 h 224, R BRSO 450 nm
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AT A M AE TS R A AT R = (0D —
123 HHRIE &
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B2 0, ARSHREORS 12, 1 A, 35 2]
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NI, £ . i 2 ] (quality control, QC) £
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| Determination of anti-ovarian cancer activity of crude extract |
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E1 WmEE
Fig. 1 Experimental flow chart

Metabolomics analysis

- Fungal fermentation culture

SAHA ;. vorinostat; 5-aza; 5-azacytidine; PCA . principal components analysis; OPLS-DA . orthogonal partial least squares-discriminant

analysis.
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OV3 21 A Fry 338 5 410 1 7

M 1A LUEH, SXTRA ML, 5-aza HiE )5
AR 35 SRR A B 5598 SKOV3 4il it fry 38 7
TV PR A R B (ICs, ) (HII KT 50 pg/mL, ¥
AU 5-aza JE AR Y X SKOV3 41 jig JCHit i
bk,

Hi2¢ 2 T LUE 1, Sa IE4LMIH, 24~ SAHA 1%
ML AT o0 B TS M R, A R T A Y
100,300 pmol/L SAHA &4fiH ,21 d % 1001 000
pmol/L SAHA 1 #fi #H, 35 d (% 500, 800, 1 000
pwmol/L SAHA f& i 41, 42 d % 100, 800 1 000
pwmol/L SAHA &M 2H, 49 d Y 300,800 wmol/L
SAHA &4fidl , Hovb, Bi OP 5L 6 1 22 5 ol (B 3

2.1

£ 1 tEBAM 5-aza (&IHAX SKOV3

MR F I HIRE (n=3)

Table 1 Half maximal inhibitory concentrations (IC,,)
of control and 5-aza modification groups on
SKOV3 cells (n=3) wg/mL

Concentrations of 5-aza/( pmol/L)

Days Control

100 300 500 800 1000
7d >100 >100 >100 >100 >100 >100
14 d >100 >100 >100 95.73 >100  90.10
21d 83.48 76.92 >100 >100 >100 >100
28 d 99.92 88.91 >100 >100 >100 >100
35d >100 >100 >100 >100 >100  98.89
42d 84.52 88.21 >100 >100 >100  75.41
49 d 88.95 76.95 83.83 >100 >100 >100

MJE K IR 3E 7 d 19 100 wmol/L SAHA 1&1figH , H:
IC,,fE >4 0. 063 pg/mL, ZXF ALY 277 £, 5
FM 5 TR BT I8 1% 3 o B R s (518
MRS SRS T B MR o s s T B
AFIE H7 b 968 35 1 8 R A > 1, A T 48 s T
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%2 ¥TERAT SAHA &ifiAxt SKOV3
AR EMEIRE (n=3)
Table 2 ICj, of control and SAHA modification
groups on SKOV3 cells (n=3) pg/mL

Concentrations of SAHA/ ( pmol/L)

Days Control 100 300 500 800 1000
7d 17.49 0.063 2.329 17.89 23.78 17.87
14 d 35.29 3449 33.62 31.33 56.64 51.07
21d 77.71 20.37 84.60 83.25 >100 57.87
28 d 57.86 42.09 56.64 51.26 >100 >100
35d 71.15 79.07  >100 41.58 45.34 52.53
42.d 38.43 19.14 40.00 >100 15.53 27.25
49 d 48.40 54.54 25.88 >100 27.35 54.86
20 Positive ion mode
] Control

Intensity / 10%
<

SAHA

t/ min

FRRRTE AL 26 ULt A% & 1 71 SAHA 75 5 T 16 BRI
ISR AT I8 5 1 ) A5 DY A &5 S Wl O
TG SAHA Fi3RR R AT T — LA 25087,

Zi bR 100 pmol/L SAHA & EiE 57 7
d I FRAEATY K R W, K B 2 32 US 647 WA
- B AT
2.2 UPLC-MS/MS 4#f7

1E B TR0 X IR S SAHA 840 21 /) 4
BT EisE LA 2, T LA 2 AR —2
225 (HRERA L o0 T i — 2P R X IR
SAHA Mgl Z [ 24 722 5 R AR AL 24 5 2%
X} WAEAS [ Z2 AR i AT AT

Negative ion mode

6

Control

S8
|-
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Intensity / 10%
<

I~
T 1

T
14 16

; JL
O‘It.“—'*'.—.“‘,’._’—M.".‘,./\..,.
0 2 4 6 8§ 10 12

t/ min

B2 HEAS SAHA BifAEEHRBEFEX THEBSFREIER
Fig. 2 Total ion chromatograms in positive and negative ion modes of control and SAHA modification groups
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Fig. 3 PCA score plot between control and SAHA
modification group
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232 EXfER/ADZFHA G A < 100
OPLS-DA J—FZ s T i/ FlA(PLS- & o %
DA) FIIE A {5 S A IE (0SC) # AR Z ARG )7 5 -1004 . .
%W IR G YR 09 %8 58 S IX 43 R PR A [R) sl Ak ~200
P N A IREAS . S T IR A B PCA )43 -300
-400

Bra S, I W Jre 7 W 2E A A ] (0 AR AU R 2 S ke
ST T OPLS-DA J7 % . iZA RN P 2 A i 1Y
FI B FRERE J735 99.4% (RY =0. 994 ) , X A kL
AR TRIGE S 4 98.3% (Q*=0. 983) , ¥ KT 0.9,
FIZB A S 404 HRa 2 il §E . OPLS-DA 1547

800 -600 -400 -200 0

t[1[77.

200 400 600 800

5%]

E 4 XERAS SAHA 1&ifiH#) OPLS-DA 1§45 E
Fig. 4 OPLS-DA score plot between control
and SAHA modification group

S — yon e R’
P MM 5% T X IR SAHA I 4L2 [ g] ) ' ______ | ................ e
N N S oy s Lepae (& ® -
WO RS T AL A R e I i
v N by He . — ST I N "= ]
SO 4 R BRI E RO ST 200 Y Ah || | i
NN \ 14 B
TBAE SUHRUE, WL 5, R*=0.5, @ =-1.08,HH @° -
<O, FIFLAIR K, SHGIIIREE N, ZBASE ] § |
S LR, A TR R s e A :
s \ -3 4 L]
2.4 ESREMBEE 1
I L]
A% g B A L 5 (variable importance in the 4L % : CH. : : :
N g Al 0 0.2 0.4 0.6 0.8 1
projection, VIP) (VPN , 22 SRR i W VIP Correlation coefficient
fHRT 1 ByAS R WA fp 3 DTk A AR i, AR 5 RS SAHA £l AN BREKE
?E VIP=1 %H P<0. 05 l’fﬁ%flﬁ Hj 15 /I\ ﬁjafﬁ % ,fit Iﬁj Fig. 5 Permutation test plot of control and
. . = N SAHA modification group
Y, R AW 3 A E R MY RS
YA A A 3 A, AR A 1 A SRS T A, AR 3,
*3 MBEASEBHANERKEY
Table 3 Differential metabolites of control and SAHA modification groups
No. Metabolite m/z tp/min Adduct Ion mode Formula Score VIP score P-value
1 prenderol 155.104 12.81 M+Na + C,H,O, 52.1 6.135 LR
2 Gly-Val 387.164 9.20 2M+K + C,H,N,0, 39.6 5.466 ok
3 2-ethylcaproic acid 333.228 6.86 2M+FA-H - CgH,cO, 48.6 4.252 ok ok ok
4 rubratoxin B 557.143 2.11 M+K + C,H;3,04, 39.0 2.299 8k ok ok
5 finasteride 407.246 9.26 M+Cl - C,;HyxxN, 0, 54.1 2.247 ke ok koK
6  6-silaspiro[ 5.5 ] undecane 337.274 2.56 2M+H C,oH,,Si 39.6 1.895 ko ok
7  1-(2-nitrophenoxy ) octane 525.294  12.86 2M+Na C4H, NO; 39.0 1.472 #*
8 heptadecene 283.264 9.18 M+FA-H - C,Hy, 39.0 1.463 R
9 1-pentadecene 255.232 7.54 M+FA-H - CsHy, 39.0 1.377 LR
10 11-ketoetiocholanolone 343.167 0.72 M+K CoHy504 39.3 1.323 o o ok
11 3-(1-ethyl-1,3,3-trimethyl-2, 3- 534.432 11.44 2M+NH, CsH,, O 39.1 1.193 LR
dihydro-1H-inden-5-yl) butanaltanal
12 N?-benzoylarginine 311.171 2.91 M+CH,O0H+H + C;HN,O; 398 1.133 ok ok
13 tabutrex 275.150  6.86 M+FA-H - C,H,,0, 43.2 1.114 e
14 (3aR,6S,6aS)-6-( 4-hydroxy-2- 299.186 0.93 M+FA-H - CsH,)s 04 39.1 1.113 kK
methoxy-2-butanyl ) -4, 4-dimethyl-
hexahydro-1(2H ) -pentalenone
15  8-aminoquinoline 333.135 3.07 2M+FA-H - CyHgN, 39.1 1.075 F kR

#* P<0.05; #% P<0.01; s**%% P<0.0001.
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