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Abstract: [Objective] The endophytic fungus Colletotrichum gloeosporioides Cg01, isolated
from Huperzia serrata, can produce huperzine A (HupA) with a low yield. As the strain was
subcultured for generations, the yield decreased and the strain degraded. Studies have shown
that epigenetic modification is associated with the synthesis of secondary metabolites. This
study aims to increase the yield of HupA, improve the quality of degraded strains, and decipher
the mechanism of secondary metabolite synthesis from the perspective of epigenetic
modification. [Methods] The carbon sources and biotic elicitors for the rejuvenation media
were screened according to the colony morphology, mycelial growth rate, biomass, and HupA
yield. The histone methyltransferase inhibitors UNC0224 and BRD4770 were screened to
improve the HupA yield. The expression of genes involved in epigenetic modification was
determined. [Results] The addition of the water extract of H. serrata did not significantly
affect the growth rate, morphological characteristics, or biomass of C. gloeosporioides Cg01,
while it increased the yield of HupA, which was 1.67 times (125.7 pg/L) that of the control
group in the fifth generation. Furthermore, the addition significantly down-regulated the
expression of the histone methyltransferase gene Cgl2377, the histone deacetylase gene
Cg15620, and the DNA methyltransferase gene Cg02440, while it up-regulated the expression
of the histone deacetylase gene Cg02312. UNC0224 had no significant effect on the HupA
production, while 2—15 pmol/L BRD4770 increased the HupA yield (152.10-169.57 pg/L) and
down-regulated the expression of Cgl2377, Cg02440, Cg02312, and Cg15620. [Conclusion]
The secondary metabolite production of C. gloeosporioides Cg01 could be maintained by
adding the water extract of H. serrata. The addition of BRD4770, a histone methyltransferase
inhibitor, could increase the yield of HupA. This study provides a reference for addressing the
strain degradation during the large-scale production of endophytic fungi and studying the
influence of histone methylation on the synthesis of secondary metabolites.
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1.1.2 FERF

ARSI XTI, iR T 98%, Lifgli
AR R A A E] AN . HEERE . AT,
TR, 2R FRA ] R
(BR30) . S R RH% K270 BRA F)
kgl o NC0224 W B REFEWA A,
BRD4770 Wy B J5mA= 423wl
1.2 1EFENECH

PRI AR I bR T 42 8 8 R I s o O
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I3AE -
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B R R 97 5L . BL T PDA Kig®
55, BB U A A B . 121 °CKTA 20 min,
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W BRARAR b 7K 4y, FREE ; AR B NERIFAT
BRI, #1110 TR AT O AZE K, H
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20 °CIRAFA o IRV BE AR BT
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e ey I L N[N S-S
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FHELZS 3857 B DRI TR 22 , TR 22 W0 R R R A
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AR AER 1R, FKZ2, 691 2 RGN AL
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K v ROUAR 53 AR I, A I A% 1
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5 um), WEHAH 0.015 mol/L £ &% - FF s i Wk
(70:30), ¥i# 1 mL/min, FE#E 35 °C, #HEEE
10 pL, P 308 nm,

TEHEE N 2.5-100 pg/mL JEE N, FbREL
2 (Y=14.484X-7.465 6, R=0.999 8)i& HupA 7
o AR HupA 7 =K B HupA % X% IR
2 HupA & &

1.8 EEMEXRIESHNE

FEECF 518 HSE 4 5%+ B840 .5 umol/L BRD
AbFEZH 5 DMSO 4 TE 2 /K RNA, Jfid it
RT-qPCR HZ ARG I AH 5 2 W5t % 48 i KL 1R 114
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P22 BRI S UK, AR ) RNA 4B
%77 £ (SteadyPure Plant RNA Extraction Kit, AG)
FRHUS RNA, 1% HEBEN B TR RNA
AY5E 8, Nanodrop Il 7€ RNA A9 41 (ODagor280 «
ODy30/260 FUAE), Qubit K5 5t RNA B .
i Fl TaKaRa J52#% 5387 & (PrimeScript™ RT
reagent Kit with gDNA Eraser), 2 B8 {i 15 ] 45
PEAT RNA B[ 5%, R ] TaKaRa £ 2xT5 Fast
qPCR Mix (SYBRGreen)i£47 RT-qgPCR # il
(Roche LightCyler 96). A Cg01 beta-tubulin A2
L, IR 29 )5 14E Cgl2377. Cg02440,
Cg02312 il Cg15620 JH [y ikt .

1.9 HIFESH

i# i Primer Premier 6 #K 4% & K #E1T
RT-qPCR 5|¥ikit, 51490 ERHE AR A R
AF G, ISR 1. R IBM SPSS
Statistics 25 %4 (International Business Machines
Corporation)%f i 56 B 1T LN 2 b, SR H
Origin2019b (EA). Prism8 (GraphPad)%ff 147
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Table 1 Experimental genes and primers

No. Gene name  Sequence (5'—3")

1 beta-tubulin  F: GCAACAACTGGGCCAAGG
R: GCGGACAACATCGAGAACCT

2 Cgl12377 F: AGAGTCGGCGAGCAAGTC
R: GAATCGGCGGATCTGGCA

3 Cg02440 F: ACGCTACATCTACGATACAG
R: TTGCTCTTGGTCTATCTTCA

4 Cg02312 F: CTGCCGTGAGGAATTACC
R: ACCTTGCCAGAAGAGTGA

5 Cg15620 F: AATAATGAGTGCTGCTACGA

R: CACCATGACAGAGTATCCAA

2 BER540

21 HEESTEREMHTXNEKBARE
Cg01 ERF SR

WE AR Y . RIAHLRE . hZE5 . A
B, HEAEAZ R IR EZNE 1), ST
A g Cg01 FTEEIEAs 1. 2 RohEa, M
55 3 ACH PR I AR 6, (B ARG It
NS 8, WLARBEMRWE 1), HErEd
FENG 1 ARBE s REShAE@E D), miTzE
a1 RS EE, S 2 AT s iR
BEAR @, FER MG 5 B imEdE 1),
BRI, I )Z I ZE 0 X B A
Cg0l WHLMAERMRIC B, 1k A ik
VA H SR B s IR A R 9%, BIkR A R R
A
22 HEBSTFEREEBEZEMTXNEKBARE
Cg01 Mm% KiEENFNT

HREBRLER 1-5 AU Cg01 FYAE K
P80 2 e TR, HOP I ARy 1.33 em/d,
SEXTRRAM 1.2 7%, HAR 4 BRI, &
1.47 cm/d (B 2); 1 T2 38250y 20 a0 A s
J 113 em/d, 55X HRALTC i 3% 25 55 (P>0.05, &
2)o FHUILATRN, BhoAR il T H R Wb = e A e i
Cg01 REA AR I 22 A o
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Passages 1 2

Control

1 RfRE Cg0l AAREFREPEFNEELS

Different culture-medium hyphal growth traits. The number represents the number of passages

Figure 1

colonial morphology of Colletotrichum gloeosporioides Cg01 on different media. The number represents the

number of passages.

N
o
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& Mannitol *
-4 HSE N *
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T

*
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W w
=3 W
T
%%%

0
W

Passages
2 RTERIE Cg0l AR EIEFEPIEFNE R
BRR
Figure 2 Colonial diameter of the Colletotrichum
gloeosporioides Cg01 cultured on different media.
The number represents the number of passages. *:

Showing significant differences mannitol vs. control
(P<0.05).

23 HEERESTEEEMTXNRKRARE
Cg01 F 5 YEHF N

HEE WL ) T 224 0 B AR 3 2R
FEASFRETF22, 55 | LA 15.1 gL,
JEXTRAHI 1.4 £, HHRZEH 3N, EWEh
8.5 g/L, HXHAA T2 (& 3). MMiT2HZEnt
AR R 224 Y S5 A L, ¥ 0 i b2
(Bl 3).

= 25r -e- Control
éﬂ w0k * -m Mannitol
2 -« HSE
< -
g 15
2
< 10
S
-
>
0 I l | l I

Passages

3 RTERIE Cg0l AREIEFEPIEFNEL
e

Figure 3 Biomass of Colletotrichum gloeosporioides
Cg01 cultured on different media. *: Showing
significant differences mannitol vs. control (P<0.05).

24 HERSETEEZEMHTNRARE
Cg01 #9 HupA = E KIS

HEE LA A2 =i B R A, 3
4 25.9 pg/L, JEXTHRAFE R 1/3 (# 4).
I T 285 28T iE 2% 05 HupA 77 i EVA
2 B, 5 SRR, M 1257 pg/L,
A X FRZA AR 67% (K 4) 25 5FEW, T
JEEEZEN T I A AR I Cg01 REA Rk HF 41
e R A A A A2 B R 7 6
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150 — =@ Control =3 Mannitol 3 HSE 53%. 39%F1 38% (IZI 5),
] 2.6 (AEARENEBERAIFIF UNC0224,
3107 ) BRD4770 3} FR A7 H Cg01 & R A A2 R Y
:1/ * * ?‘2”["5]
2 S0 DMSO 45 %F BEZHAHLL , HupA j it JC B35
i %5, BiB) DMSO XHBEALIHIEL Ce01 2 HupA
Ok 1 2 3 4 5 TR, AR IR UNC0224, HupA 7=
Passages INTE R ETEAAL(E 6A), 2-15 umol/L BRD4770
4 FFRIE Cg0l ERRIEFEPEFNALY 20 :
e FR = &
Figure 4 Huperzine A production of Colletotrichum g
gloeosporioides Cg01 cultured on different media. % L3
The blank is the HupA content in 100 mL PDB é . .
enrichment broth+5 mL H. serrata extract. *: > 10L N
Showing significant vs. control (P<0.05). g:)o
25 FMTFEEEMHHRIRE Cg0l # ol ™
RINE L EEBIF 00 ~
AWFFERTI T T2 35 250 S inoxk 1 £
1 |
BT CaO1 P2 WL A1 1 TR 3235 5 e NS
0, 5R, MR IRAL, A T2 20t S & F &S

Mt T E X CBELEE Cg02312 K ry% 5 AMTREZMTERMBEEIFREN
ik, H T 40 R LR RS Cg12377. DNA MR E
H L AL 5 B G Cg02440 . 417 3= 7, Bk AL G Figu're' 5 Relative expression of epigenetic

modification genes after adding HSE. *: Showing
Cg15620 JEHFRIE, MXTRIEESHITRET significant differences vs. control (P<0.05).
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i
T
150 |- a
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F, & F S Q@Q@Q@Q@
EMENE A RN

6 T EIREHY UNC0224 (A)F1 BRD4770 (B)Xf A 4256 B = E’Jﬂfﬂn

Figure 6 Effects of different concentrations of UNC0224 (A) and BRD4770 (B) on the yield of HupA. The
blank is the HupA content in 100 mL PDB enrichment broth+5 mL Huperzia serrata extract. *: Showing
significant differences vs. DMSO (P<0.05).
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A I R AR 5 Cg01 Y HupA 774 .2 pmol/L
BRD4770 41/ HupA j=f& K 169.6 pg/L, &5
51% (&l 6B); 5 umol/L F1 15 pmol/L BRD477 24
) HupA 7= 5%} B4 (DMSO 41 442 =
36% (Il 6B).
2.7 HERARENEZEAIGIF BRD4770
WIBERIEEEHEERMRIEETK
JIA 5 umol/L BRD4770 Ji , A Fb T4 BRZH
HE N AL M Cg12377, DNA HILALH:
Tl Cg02440. £ LAkl Cg02312 5
Cy15620 YLK FRIA w4 2 TR, 05l TR T
90%. 38%. 54%7%1 58% (K 7).

3 WwE5&#

AR AL FEORARAE TR E A T, BRA
K JCRRIEZAAC . PR ATFA S 25 U U B 22
AR | AR AT TR AR EAERA
Yoy R S I 2 s LR A )
R AR e, DUH SRR R IR
B REA RO & T 22 A R PERE, ATRER N
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Relative gene expression

0.0 P Q
U ARG
R AN
v v v Y

&7 5 pmol/L BRD4770 b IB/ERUIE L IEIHE
E R AExRIEE
Figure 7 Relative expression of epigenetic
modification genes after treatment of 5 pmol/L
BRD4770. *: Showing significant differences Vs.
control (P<0.05).
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il 77 Frnds ek 2 SAM (S-adenosyl methionine,
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et g4, MRS T H3K9 AL fk Xt
HupA & B IHRIVER, #2057 HupA Byt

FEME i 22 (B FEAS RIS AFAE ), e 12 18]
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Fl Cg15620 HyFHXT ikt & N RE, UiHA4
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