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The effect of chemical intervention of epigenetics on secondary
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WEI Jie> ZHAO Cheng’

Abstract: [Background] Studies about effects of epigenetic enzyme chemical inhibitors on metabolites of
fungi mainly focus on new metabolites mining while content change of large number of known metabolites
are less concerned. Metarhizium anisopliae is a common insecticidal fungus which can synthetize many
known bioactive metabolites. Content variation of the metabolites can possibly affect the relationship
between the fungus and the environment and its utilization potential. [Objective] To assess the effects of
histone deacetylase and DNA methylase inhibitors on the safety and availability of metabolites of
M. anisopliae. [Methods] Chemical inhibitors of epigenetic enzyme were added in medium of M. anisopliae.
After a period of cultivation the metabolic changes were analyzed with high-performance liquid
chromatography (HPLC) combined with high-resolution mass spectrometry (HRMS) and with some
standards comparison. The effects of the inhibitors were evaluated by the bioactivities of the changed
metabolites. [Results] Results of HPLC-HRMS showed that the content of 16 main metabolites of
M. anisopliae changed significantly while the concentration of the inhibitors reached 500 umol/L. The
changed metabolites included destruxin A, Al, A2, B, Bl, B2, E, E2, Ed, didesmethyldestruxin C,
dihydrodestruxin A, desmethyldestruxin B, 12-hydroxyovalicin, subglutinol C, fungerin and ustilagic acid
C. Sodium butyrate can increase 15 of the main metabolites production, and benzamide can increase 12 of
the main metabolites production. Despite that SAHA can only increase 10 of the main metabolites
production, some of the increased levels were much higher than the two formers. All the destruxins were
decreased in the DNA methylase inhibitors treated M. anisopliae. [Conclusion] Chemical inhibitors of
histone deacetylase can increase the contents of the main metabolites of M. anisopliae while inhibitors of
DNA methylase can decrease all the destruxins in the fungus. Because of that all the main variated
metabolites possess insecticidal, immunosuppressive, antibacterial, anti-cancer or other biological
activities, the above inhibitors can strengthen or weaken the toxicity of the fungus against insects in the
environment and increase or decrease metabolic utilization value of the fungus. Additionally, subglutinol
C, fungerin and ustilagic acid C were identified for the first time from M. anisopliae.

Keywords: Metarhizium anisopliae, histone deacetylase inhibitors, DNA methylase inhibitors, secondary
metabolites, liquid chromatography combined with high-resolution mass spectrometry
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FRILREF AL, AEIATAFR], HA 90 44
1 ML A 25 LA BRI 500 [T R AW
2 F B Jiie AR ST 35/l (SAHA)] . DNA - 54 B2 il
I (S-AANEMERERZAT . 5-H A4-2'- I AU s g
FZAF) RIS BA A 75— F LR, b AR I S50 T
HNRGTRSERCR 50 mmol/L — WL WA, 1M
0.22 pm VBRI IEBR A 2 H . BSINESa s, K miTa
TS RAR AR BE 3 min, B =M ERD
1 000 pL {AKEEFN, SRJEHCET 25 °C. 220 r/min
fEIRPE R PR SE 12 do
1.3 AEYLIE

R EE SRS SR AR S R IR G, 251
Z{FIANE T R S E R /- L AT = <081 0 NG 8] R o
FSATL O R QAT 3 WK, A9 3 AP, 18
BT WA LR EET, A 2 mL B @5 H
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1.4 S¥PERREER S

WA . A=0.1%H BR/KIEW, B=0.1%H R
ETRI . VEB A 0.0-8.0 min, 10%—40% B;
8.0-30.0 min, 40%-60% B; 30.0-50.0 min,
60%—-100% B; 50.0-60.0 min, 100% B. #kFEfE
5uL, FEiE 25°C, W 0.3 mL/min, 255
M2%R 200-600 nm 2P A . T R H BH &+
R BSIRE 325 °C, T3 10 L/min,
PR 12 L/min, 2540 S0E 40 psi; BAIEHIER
4000 V; FRELEE S 180V, 43ESHLE 45 V; Jiigt
RAETLRIN 0.1-1.7 kD; R RHE I 40 eV,
X gy HE>500 125K AR 5

&1 EEHDEIF AR INLE IR E (B 75 pH)

2 HR54H
21 AEVEREBFREIE LR

AN b BRI S BS FI E HE Z 3R, 50 pmol/L
DA BY2H AR 1 25 AL A7) L 100 pmol/L AR
() DNA HUEFEAL B0 7], DL S AR 2 ) DMSO
Qb B 55 VAT A AT T O£ 4 - S AR T B R R R L
YA R X, (HEEE RIS, K
X B2 12 M Wi o ZEAS VAR 224 500 pmol/L B,
A E B £ SR SR T ER B A R
FR ST Al (SAHA) L BE 4R B, S A
WA P85 108 e T BEL, R SAHA AbHR A IR
TEARBAIEE]N 1215 min b2 H 2 DR IE
(El 1o M1 IETTEF], DNA FREEE RS B i 551
S-SR MR E A% T (5-Aza-C)Fll S-R 4=-2'- i A s
WEAZ T (5-Aza-2"-Do) b, FL 8B -3 ] b e Bl
AR, KW DNA AL a0 i 57 mT AR fat
BRAEAE T A7 2R

Xof B2 S ()W T R R A0 (R 2) R B T RN
PR & fo e E e s AU 15 ST,
Hrh st 10%mM4 7 4 KPR EA
12 W ARG R, i 4 A ARG it 10%;
SAHA AbHIAE 10 Wi AUE K, Hp 5 A mf
BN 10%. [EREENE, R 1 EEEIW
SAHA b ¥ Z H 1Y 12.90 min A1 13.44 min 1§, 52
B AT RE A, SR X R g g T BRURE X A1
(I Ab L 1Y 1/6.5 1 1/63.6, 3 2), 1] SAHA
A REA AR i T RS R Y ik i, R —E RE
SRR L T ER 1 JE A

Table 1 Final concentration of the added enzyme inhibitors (natural pH)

) R RS0 HR TR S-EMREEEE  S-AUR2-BAMEIER T Rl TR R
Kinds of inhibitors and DMSO 5-Aza-C 5-Aza-2'-Dc SAHA Sodium Benzamide
concentration butyrate
HRAR 10 10 10 10 10
Final concentration 50 50 50 50 50
(i) 100 100 100 100 100 100

500 500 500 500 500 500
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Figure 1 Total ion flow of extracts from fermentation broth treated with different chemical inhibitors

e A: 500 pmol/L LW ANALEE; B: 500 pmol/L TH&4H; C: 500 pmol/L K HI i ; D: 500 pmol/L fR373#5th; E: 500 pmol/L
S-EAMMENEZH ; F: 500 pmol/L 5-%(Z%-2"- B A MM EAZ T . A 2t 5 I 52 1 AR AL BRI 2R A AR My i

Note: A: 500 pmol/L dimethyl sulfoxide (as control); B: 500 umol/L sodium butyrate; C: 500 pmol/L benzamide; D: 500 pmol/L
vorinostat; E: 500 umol/L 5-azacytosine; F: 500 umol/L 5-aza-2'-deoxycytosine, respectively. Numbered peaks are the main variated

secondary metabolites

MFE 2 thAlEF] DNA HI 5 R i 4 1 5

TR L W EAZ T I 5- 2R -2 - IO A i g A% 7 A
ﬁﬁ&@%ﬁ@@ﬁﬁ%% PR i B A1, 5 227
TR 2, 35 e ) %) 30 2o A Ay ) 350 R i e R ik Ak
UUER L R T A 22 e, FLR R T B 2 ANy
M —JEH A DNA B R R R0, ]
BB AR 55— 7 R A 52 DNA
LR TR 48 T 4 T e B R AR R IR
(-G B R T i H B RS . SRR b, SR P R
IYEREE BRI EA 5-10 S H LR Higk gy
22 5 SR F A B BRI 22 5
22 THESWEES

Sk 1 — 2 TEAS Ab 2 30 1 76 4 fe T A B TR AR
WS, DR 2 P R 2E R
TE o 3¢ 2 H 22 SRR ] 1) — RN R ST B A 4R
AN LI 2

fEEY 1 (B 2 1 1A RN 612361 1, J&

[M+H]" 1§, 2 3k 5 %t W 6 ol fg 4 F X2
CoHuN509, 1222 H+0.8 mD. iZILE W —H A —
2 J51%(286.192 7. 471.281 6 F1499.276 6) (K 2 i
1B) 548 % % Ed (Destruxin Bd)fnifEdh—2*,
BE R RIS T30 CaoHaoNsOg 75 4 Fi T 2R 1
AP IE X AL A IE R SRETR R Ed, JFHZ
G R T 5 8 2 7R A SORE 835 vt DA 5 A,

R IR L2 e S AR A I A — K
FAh, HERANERE(FE 2 B9 10) 5451 Destruxin A

HIREWE R i —E, #BTE 210 nm DA FRA B
SRR . MRS — 0 T . ORI L Ak N
SO 6 FRAE BT B R 1% 25 5 0 JE A R R IR
Destruxin Ed,

L&Y 2 (B 2 19 28) 8tk 335.146 8 Al
647.303 5, AHIJESF CisHaaO6 HI[M+Na] il
[2M+Na] I, %2243 %]°5+0.3 mD #1-0.3 mD. %%
I P A 1R) % BUFE 4 e TR B 140 U
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Table 2 Peak area variations of metabolites of Metarhizium anisopliae treated with different chemical inhibitors

g5 PREESR] Bifarbb YRR AL SX) BRI AR EL 2R Peak area rate against the control

No. Retention  Mass charge Peak area of T FRAH IR B RAL VR Al S-RAMEMENE  5-AAR-2 -
time (min)  ratio the control Sodium butyrate Benzamide SAHA %1 =) A Za R

(counts-S) 5-Aza-C 5-Aza-2'-Dc

1 11.62 612.361 1 17 668 000 1.07+0.05 1.32+0.06 1.22+0.05 0.27+0.01 0.26+0.01

2 12.90 335.146 8 520 469 3.99+0.16 0.35+0.02 6.47+0.29 0 0

3 13.44 235.1452 297 676 12.54+0.45 5.05+0.22 63.63+2.48 8.37+0.35 5.12+0.24

4 15.39 580.3344 22642918 1.08+0.04 1.01+0.03 0.84+0.02 0.42+0.02 0.42+0.02

5 15.70 596.365 8 13 460 555 1.10+0.05 1.05+0.04 0.85+0.03 0.09+0.00 0.10+0.01

6 16.71 594.350 8 41297 478 1.08+0.04 1.04+0.05 1.02+0.04 0.74+0.03 0.74+0.03

7 18.71 564.339 8 32 788 935 1.03+0.05 1.05+0.05 0.86+0.03 0.40+0.02 0.44+0.02

8 20.76 578.355 8 49 505 085 1.06+0.06 1.05+0.05 1.00+0.05 0.65+0.03 0.65+0.03

9 22.82 580.370 9 27 142 436 1.12+0.06 1.07+0.05 1.02+0.06 0.20+0.01 0.23+0.01

10 23.44 580.370 4 39974 122 1.02+0.05 1.14+0.07 0.69+0.03 0.31+0.01 0.39+0.02

11 24.15 443.280 4 28 029 601 0.06=0.00 0.02+0.00 0.02+0.00 0.74+0.04 0.60+0.03

12 24.45 580.371 1 30468 819 1.07+0.06 1.11+0.05 1.00+0.05 0.22+0.01 0.26+0.01

13 25.25 5923712 4773 032 3.86+0.17 0.64+0.03 5.71+£0.23 0.09+0.00 0.10£0.01

14 25.88 5943877 47109 947 1.09+0.07 1.08+0.06 1.05+0.05 0.73+0.04 0.77+0.04

15 31.25 608.402 5 8 155 130 1.28+0.09 1.00+0.04 3.46:0.14 0.12+0.01 0.11+0.01

16 36.63 509.296 7 28 478 749 1.36+0.08 0.35+0.01 1.04+0.05 1.10£0.06 1.14+0.06

e XHECHERAN 500 umol/L DMSO 4 6 FEHE R RE IR . ALBRLE A A 361 75 A1 DMSO ¥R AR 500 wmol/L, 14 T FE 4] IR

3 BB AN ARG R

Note: The control group are fermented M. anisopliae treated with 500 pmol/L DMSO. The treatment group are fermented M. anisopliae
treated with 500 pmol/L inhibitors 500 pumol/L DMSO. Peak areas were highlighted when more than 3 times of the control
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/B S N (1= 2 S AN 71 o b e RS
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WRIAE—FPERMET Metarhizium sp. A5 XTIV HY
e EWGE, I BRSNS 5K 2 3C %58
2P NORE T | SRR AR SN EE T i E
ZAL & W) Fungerin, AL &Y WA P4 . i

B 1 Z IR AR Bk g A 0 T4 o T ASB 5 B
AR AR R A 2 B & i e i 5 RS LA L REE
SAHA AbFEAT{HIZ 5 & st T 63.6 %, X
S i) A SRR i AU ) W O ke B8 in
IVE

& 4 (K 2 B 4A)Ffar el 580.334 4 Al
1 181.641 0,535~ CygH4sNsOg FI[M-+H] Fl[2M+Na]”
I, IRZE53514+0.3 mD Fi—-1.8 mD. ZILEWTE
210 nm PU_E3AT B SN, LA —Z0R — 5
15(368.251 9. 439.293 8 1 467.284 1) (K] 2 1) 4B)55
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RINGrF3 CosHasNsOs TE 4 LR AR IR kB 1Y
AW I B A UG Destruxin B2, H254b
FRHEMZ I Kl 204 nmPS0 ) AT — 8k, BAR
580.334 4 XF W A /& Destruxin E2.
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Figure 2 MS and MS/MS spectra and some Ultra violet spectra of the main changed metabolites
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Note: A: Mass spectrum; B: Corresponding MS/MS spectrum; C: Ultraviolet spectrum

&Y 5 (B 2 /Y SA)Fifmr el 596.365 8 Fll
1 213.704 8, 435l CaoHuoNsOg HJ [M+H] Al
[2M+Na] &, ##22435°5-0.1 mD F1-0.6 mD, i?
B YIHE 210 nm DL _EBAT B R SRR e, Hi—
90 015(356.191 1., 384.273 3 Fl 455.256 8)
(K 2 #) 5B)52¢{EH E Desmethyldestruxin C 5 #E
i — 2 BRI R At T B R P E A R

HiE P Desmethyldestruxin C s>, H4E4k
IR TERRE 5 A58 70 F CaoHyoNsOg 582 —5K
L&Y 6 (K 2 By 6A)FEfHL R 594.350 8 Al
1 209.671 5, 434H CyHyNsOg B [M+H]™ Al
[2M+Na] I, 1222505 4+0.5 mD F1-2.6 mD. 1%
1AW — RN 53 (340.207 6., 453.306 5 Al
481.301 7) (&1 2 1Y 6B) 5 4¢fE 4 & Destruxin E brifi

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4228 A

Microbiol. China

b — 5 HEE AN SR KL, #RTE
210 nm DA FEAT BB RREMO . B A i & B
S FRES TR T IREN AR EA R
U R A 5 4 1 Destruxin B MR |
JE TR AN AE W B E CaoHayNsOg X AIAL &4
J& Destruxin E.

fb& 7 (B 2 B9 TA) BT EE R 564.339 8 Al
586.321 0,435~ Co5H4sNsO; [ [M+H] FI[M+Na]"
W, =253 91°8+0.6 mD F1-0.1 mD. ZiLEWIH)
— 2R TN 4 T 15 (334.208 2.,423.188 2 F1451.254 2)
(K 2 1) 7B)S4¢{E % Destruxin A2 FrifEfh—
PN, HE AT A SR B R 2B . B A
MERAGFEERTPTEARSREELAEYD
Destruxin A2 $R1E, JORE#H— 5k . s
5 SN FFAE AT 4 28 CosHusNsO7 X 1 Ak & 4
Destruxin A2,

L&Y 8 (B 2 1Y 8A)Ffr bl 578.355 8 Al
1 177.680 7, % %A CaHyNsO, (1 [M+H] Fl
[2M+Na] I, 122435 4+1.0 mD F1-3.6 mD. 1%
LAY —H A 5% (352.228 7. 437.281 4 Al
465.276 0) (& 2 Y 8B)- 5 4% {4 & Destruxin A2 bx
HEh— 3 BRI A BLZ > TR FE 4t T4k
B P RIE LAY Destruxin A, Zb& Y E
A UG | SRS M L 5RO RS SR T 4 i
AR R IRATETERY AR S BT & BLiZ AL
E YRR B B RIS 5 Destruxin A 58 2—3K,
DA I AT R AT 578.355 8 XTI AYAL-S W N
Destruxin A,

Kl 2 1 7E Destruxin A Y BIEJ5 A3 3 /N5 fif
Fe ol 580.37 A1 1 181.71 HIfb & F % (18 2 1Y
9A. 10A. 11A), HXJW AHERIE CaoHagNsO7 1)
[M+H] FI[2M+Na] W, %2535 0+0.4, —6.0.
—0.5, 74, +0.6. —4.8 mD, H—ZH ik
(2 /%) 9B, 10B ., 11B)434]5 Desmethyldestruxin B,
Dihydrodestruxin A F Destruxin B2 Frifi i —2>),
HBAHNERAG AR R AL EWRE . BRI 3 4

A P00 2R 4 - SRR T T il 0 HA R AU
P4 %) Desmethyldestruxin B, Dihydrodestruxin A FI
Destruxin B2, #E#iE 1% 3 MML-& Y7 M A3
Wy B I Y 4K YR O Desmethyldestruxin B
Dihydrodestruxin A FI Destruxin B2%*!, [5l ] 41 4%
IR B BsF[R] S 22,82, 23.44 F1 24.45 min, [
far tb A 580.37 BI4LA #1435l )& Desmethyldestruxin
B. Dihydrodestruxin A I Destruxin B2,

a4 12 (K 2 B 12A) 5 f b Ky 443.280 4 FiI
885.549 5, J3HIA Cp7HsgOs HI[M+H] FI[2M+H]"
W, RZE45H+1.6 mD fi+1.6 mD. FEd ik
MZ 5T XIEBA KGR (M. robertsii) A T
A2 7 Subglutinol C i, H AN
SAMIE(E 2 (1 120)—3 N, Rk v E
ZALA YA Subglutinol C., iZAkA YIHEXT IR &
T ey I 7E 412 11 2% & Tt Ak Tl 00 i 7] 4cb 3R AR A it v
TN X REAY 5%, 10IA 48R 11 25 2 A D )
FIBEAR Tz G, HIR A TRFIRAR

&M 13 (K 2 9 13A)FfT LR 592.371 2
1205712 4, 53518 C3HaNsO; fI[M+H]
[2M+Na] I, 1222705 4+1.4 mD F1-3.2 mD. %
&R —S N —Z51%(366.223 2, 451.290 4 FlI
479.300 6) (2 1Y 13B) 54 % Destruxin Al
PRAE L —3 S AN AT SR T 22 A
ik o B i AT ) & B o T AE & fo F e R h e
S HLAT A RSP 1 A9 Destruxin A1PY, %1k
AW T FREN L, SAHA 4B RE I8 & 1 4 5]
BT 3.8 f5F0 5.7 £,

A 14 (B 2 1 14A) G f7 Ll 594.387 7
1 209.743 3, 43514 Cs0Hs NsO7 f[M+H] Al
[2M+Na] I, 1222705 4+1.6 mD F1+3.7 mD. %
AW — RN 53 (340.207 2., 453.306 0 Al
481.302 4) (A 2 1) 14B) 5 44{E 1 & Destruxin B f5
Wk — 8P, HEE AN A SR R LA
(1 €11 N e = W o SR RS 4 (24 S LS AP QDAY
fE& ¥y Je: Destruxin BPY, MO . —2F1 — 24k

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



BT AL B AT TN 4 7 SR BT U A A M R 5 4229

T SR AMETE R E C30Hs1NsO; S Destruxin B,
ZALE Y EA R BT ATER UL
P . SR FREHUIEINH A L See il 70 Ao
DA R

taY 15 (B 2 19 15A) B 608.402 5
1237776 7, 43510 C3HssNsO; FY[M+H] Hl
[2M+Na] W, %2235 4+0.7 mD F1-1.5 mD. %
LA Wy — N 2% T3 (423.185 2, 473.246 2 Al
491.235 0) (K 2 # 15B)54¢{E A & Destruxin Bl
PR dh— 8, HE AT SR T R AL S IR
B A 1A R 12 53 2T 4 - SR O rhoxt L 1Y
B HAT AR HUE MY Destruxin B1PY, MO . —2%
s J R A S T E C31Hs3NsO; J&
Destruxin B1,

&Y 16 (K 2 1 16A)FifT K 509.296 7
M1 017.573 5, 43514 CouHyOr B9 [M+H] FI
[2M+H T, 122205 +1.1 mD F1-10.1 mD, H:
UM RFFHE MR IS AE 229 nm (8] 2 19 16C), %K
P Rk Iz UMM 5 Ustilagic Acid
C 52—, H g% (305232 5. 449.274 6
F1491.285 3) (& 2 1 16B)YHLA Ustilagic Acid C
JI5E 7K TP B T 2T ) AR AR 06, LU T i 1%
165 %)k Ustilagic Acid C. #54i& Ustilagic Acid C
i E K BB M B (Ustilago maydis)TE 5-78 2% o WE E A%
HIES A, BASMPImEmeER s s
BORTE T RREN . S-R A MU NERZ AT R 5-2%-2"- it
SR M B A 1 A PR A R A R rh B L
£ DMSO Xf B FR b & st AR /D B IGZ 43
ZEa B IE ARz — , U B
AbFRAR A B R
3 WRE4R

MR 53 Hr AT LAE 2 500 pmol/L HYZH & M
5 CTRACEEHI I T RREN . R EERE AR ST il
L J% 500 umol/L DNA H JEE R R0 57 5- R 24 i
W E AT R 5-2 4%-2- Mot A M s W A 1 R i 4 T
LA Ma23 BRI & 2 A e ARk, A

2 MR A R R AR S, TR A
Y s T, e Y S e R .
AR AER ™0 12 Fhap B 2= 2 E A
PRIKFNT 4 FpE R 0T . antiSMASH {4 Fil &
N, Gt FoHMERFE (GCA_013305495.1)A 50 4~
IR AR P R TR A E AR AR IR E R A 5 21 1
R AR JIR A DR 50 A oy A A 7
PRI B 42%, (EAD AL BLS SRR AR IR
AN AR E 2R AR ) 75%, BAR
FEAZ R A PRSI B PR 3R 38 ) 52 1) 3 W 3t A% il S 411
MR . XL A IR E Y PR Z R T A5
F AR 2T R Y, L g Tt
e B PR AT 2 e 5 i 1) LA 1 ) P A
A AR R T IR B AT (o A T g R A A
Py sl T s, A g — e B ARDRH S iR A
i RS, AR ARDRE R Sk B — M2 A 5T 1Y
18 i A BT R 7 SR R R i T A
ELA R 015 JAE AR ABESE

BAR 3 A 2 CIRAL BRI R AR RR R 2
By & =Tt m, BRI R LG PR K& Tt
RREBEIFAAHIE] T RREMAL I AT 16 Fh =S
Yiny 15 8Tk, Hb 12-Hydroxyovalicin
Fungerin fl Destruxin A1 #3FF 5 3 504 b KH
BERE AT 16 Fhrbiy 12 & mThaE, BT 3 %
LI FfIAUA Fungering SAHA HSRAAESE 16 Ff
H 10 FhE TR, ETHE 3 AELRL ERYIk 4 B,
£ Hydroxyovalicin, Fungerin, Destruxin Al #
Destruxin B1, Ff HE S-S 4 T i i B2 0 5 ey
THIPIZ , 4 Fungerin Jh ik 63.6 £, BR{EAA]
& T A, 3 A FIES S Subglutinol C
T REARRIN R 5%LUT, Al XSk
T A T o 50 8y EL A P B A5 A [ 4 3 o A5
ARV )7 . Subglutinol C J& 2R AT4Y), 184
o FaEE b A 6 DI , (B4R A 1
KYFTFAZ , IG5 05 28 G s e 1Y)
18

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4230 A

Microbiol. China

2 Fift DNA FEE 56 A% [ ] 570 %o <6t 1 S48
A RS2 AR — 2, R 2 AR KSR AR
Hb, HA 14 FACH Y & ol R R, s —
D7 AT RE S B ) DNA H R fb R AR R LA
ST 53— 5 1 AT R 4 o b A0 T A I A B
AU 8 3 R v A TE A Y Y R B R AT O
K 44 B 7 & W Dihydrodestruxin A . Destruxin B2
F1 Desmethyldestruxin B Z5{UAG 1 /NH B & 22
A3 (L DNA R LG A% Bl 2 0 T35 o 21
BRI e AR P Y SRR R A TR AIESE o

5 ol ) R RF <5 2 T4 P — e ]
WM dE T Fungerin A%, H&SEE T 545
PLE. Fungerin s&BKMSEA Yo, 220 2774
PR, AL A P AE R A R R b, R
AN £ 11 25 0 T A T 411 ) 590 R 52 i 21 2 24 R
R, DNA P REAE B B il 550 0 BE 52 i 21 2H 201R
{FEPS AW

BARA WS B IR AE & T gk i R
Subglutinol C, Fungerin fl Ustilagic acid C, {HiX
3 MBI AN S R A R B A I e A, T
A HRA A, H Subglutinol C 7EXT fR 4
G

B, RWIBAL WAL T I0R] i 4 1, 1 S
A I AR, Hoh L 2 SR
I 00 T g 9 e A R Y A TR 2R AR
W) SR AR ISR B, T DNA HYELEE RS g
I 500 T g TS R 4 1 A A Y S A TR 2R SR AR
iy, AUDEARIKCE A S R T e . T
X LAY HAT B AR R SR I T R 5
AW, AR R W B 4 T AR
WO BRI R VE AT B SR A T RN
— PP AE BRI S s iR, Rl |
HEAFREE R, RSy —Fh 2 R 2 ST Ak i
M, AT B AR 4 A T Y T AR A Y
i, WO PR A R A A R
FALE I EAFHRANITE

REFERENCES

[1] Fan A, Mi W, Liu Z, Zeng G, Zhang P, Hu Y, Fang W, Yin
WB. Deletion of a histone acetyltransferase leads to the
pleiotropic activation of natural products in Metarhizium
robertsii[J]. Organic Letters, 2017, 19(7): 1686-1689

[2] Chung YM, El-Shazly M, Chuang DW, Hwang TL, Asai T,
Oshima Y, Ashour AL, Chang FR. Suberoylanilide
hydroxamic acid, a histone deacetylase inhibitor, induces
the production of anti-inflammatory cyclodepsipeptides
from Beauveria feline[J]. Journal of Natural Products, 2013,
76(7): 1260-1266

[3] Sun J, Takayoshi A, Noguchi H, Abe I. Induced production
of mycotoxins in an endophytic fungus from the medicinal
plant Datura stramonium L.[J]. Bioorganic & Medicinal
Chemistry Letters, 2012, 22(20): 6397-6400

[4] Fisch KM, Gillaspy AF, Gipson M, Henrikson JC, Hoover
AR, Jackson L, Najar FZ, Wagele H. Chemical induction of
silent biosynthetic pathway transcription in Aspergillus
niger[J]. Journal of Industrial Microbiology &
Biotechnology, 2009, 36(9): 1199-1213

[5] Yakasai A, Davison J, Wasil Z, Laura MH, Craig PB, Colin

ML, Andrew M. Nongenetic reprogramming of a fungal
highly reducing polyketide synthase[J]. Journal of the
American Chemical Society, 2011, 133(28): 10990-10998

[6] Khan AA, Bacha N, Ahmad B, Bakht J, Ali J. Synthesis of
secondary metabolites by Cladosporium resinae (nrl-6437)
under different growth media and chemical inducers and
their pharmaceutical activity[J]. Pakistan Journal of
Pharmaceutical Sciences, 2017, 30(5): 1617-1624

[7] Williams R, Henrikson J, Hoover A, Lee AE, Cichewicz RH.
Epigenetic remodeling of the fungal secondary metabolome[J].
Organic & Biomolecular Chemistry, 2008, 6(11): 1895-1897

[8] Asai T, Yamamoto T, Chung YM, Chang FR, Wu RC,
Yamashita K. Aromatic polyketide glycosides from an
entomopathogenic ~ fungus,  Cordyceps
Tetrahedron Letters, 2012, 53(3): 277-280

[9] Bergmann S, Schumann J, Scherlach K, Corinna L, Axel
BA, Hertweck C. Genomics-driven discovery of PKS-NRPS
hybrid metabolites from Aspergillus nidulans[J]. Nature
Chemical Biology, 2007, 3(4): 213-217

[10] Qadri M, Nalli Y, Jain SK, Chaubey A, Ali A, Strobel GA.
An insight into the secondary metabolism of Muscodor

indigoticall].

yucatanensis: small-molecule epigenetic modifiers induce
expression of secondary metabolism-related genes and
production of new metabolites in the endophyte[J].
Microbial Ecology, 2017, 73(4): 954-965

[11] Wang X. Chemical epigenetics alters the secondary
metabolite composition of guttate excreted by an
atlantic-forest-soil-derived  Penicillium  citreonigrum[J].
Journal of Natural Products, 2016, 73(5): 942-948

[12] Yang XL, Huang L, Ruan XL. Epigenetic modifiers alter the
secondary metabolite composition of a plant endophytic
fungus, Pestalotiopsis crassiuscula obtained from the leaves

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



BT AL B AT TN 4 7 SR BT U A A M R 5 4231

of Fragaria chiloensis[J]. Journal of Asian Natural Products
Research, 2014, 16(4): 412-417

[13] Savickiene J, Treigyte G, Jazdauskaite A, Borutinskaite V,
Viktorija N. DNA methyltransferase inhibitor rgl08 and
histone deacetylase inhibitors cooperate to enhance nb4 cell
differentiation and e-cadherin re-expression by chromatin
remodelling[J]. Cell Biology International, 2012, 36(11):
1067-1078

[14] Asai T, Chung YM, Sakurai H, Ozeki T, Chang FR,
Yamashita K. Tenuipyrone, a novel skeletal polyketide from
the entomopathogenic fungus, Isaria tenuipes, cultivated in
the presence of epigenetic modifiers[J]. Organic Letters, 2012,
14(2): 513-515

[15] Liu BL, Tzeng YM. Development and applications of
destruxins: a review[J]. Biotechnology Advances, 2012, 30(6):
1242-1254

[16] Zhao P, Xue Y, Li X, Zu X, Zhao Z, Quan C, Gao W, Feng S.
Fungi-derived lipopeptide antibiotics developed since 2000[J].
Peptides, 2019, 113: 52-65

[17] Zhao HB. Research progress on the effect of sodium butyrate
on poultry intestinal health[J]. Feed Research, 2020, 8:
120-123 (in Chinese)
. T RRXT & W 1B g s e A S R e (1], DB
5%, 2020, 8: 120-123

[18] Sonia F, Nicola V, Matteo C, Andrea B, Chiara R, Daniel P,
Barbara P, Greta L, Carla M, Renata D, et al. Microbiota
changes induced by microencapsulated sodium butyrate in
patients with inflammatory bowel disease[J].
Neurogastroenterology & Motility, 2020, 32(10): e13914

[19] Deng X, Wang N, Meng L, Zhou S, Huang J, Xing J, He L,
Jiang W, Li Q. Optimization of the benzamide fragment
targeting the S2' site lead stopotent dipeptidylpeptidase-IV
inhibitors[J]. Bioorganic Chemistry, 2020, 94: ¢103366

[20] Straniero V, Suigo L, Casiraghi A, Sebastian-Pérez V, Hrast
M, Zanotto C, Zdovc I, Morghen CD, Radaelli A, Valoti E.
Benzamide derivatives targeting the cell division protein FtsZ:
modifications of the linker and the benzodioxane scaffold and
their effects on antimicrobial activity[J]. The Journal of
Antibiotics, 2020, 9(4): €9040160

[21] Wang XR, Yang X, Wang Y, Wu XH, Tang M, Luo CL.
Inducing apoptosis of bladder cancer cell T24 by
5-azacytidine combine with adenovirous hepa CAM via
inhibiting p-AKT[J]. Journal of Chongqing Medical
University, 2014, 39(6): 762-767 (in Chinese)
EWeok, s, AL, RAME, L PEW. S-AAME
IER IS hepaCAM KRR HH] p-AKT 75 S
Y T24 PHT[I]. FRERIRER, 2014, 39(6): 762-767

[22] Fang ZX, Huang ZC. Effects of 5-Aza-2'-deoxycytidine on
proliferation of human gastric cancer BCG-823 cells and the
expression of HOXAS5 gene[J]. Journal of Chinese Physician,
2016, 12: 1825-1828 (in Chinese)

st IR, SR/ A-2 - AT LS R BCG-823 41
MR EFE . HOXAS FEFFIERFE I I EMARE,

2016, 12: 1825-1828

[23] Ammanamanchi S, Brattain MG.

5-aza-2[prime]-deoxycytidine  as

S-azacytidine and

of DNA
methylation: mechanistic studies and their implications for
cancer therapy[J]. Oncogene, 2002, 21(35): 5483-5495

[24] Taylor & Francis Group, Dictionary of Natural Products
29.1[M]. CRC Press, Abingdon, England, 2020

[25] Taibon J, Sturm S, Seger C, Sonja, Parth M, Strasser H,
Stuppner H. Development of a fast and selective
UHPLC-DAD-QTOF-MS/MS method for the qualitative and
quantitative assessment of destruxin profiles[J]. Analytical
and Bioanalytical Chemistry, 2014, 406(29): 7623-7632

[26] Peng GX, Zhang SL, Xia YX. Metarhizium anisopliae
CQMa421 and its application status[J]. Chinese Journal of
Biological Control, 2020, 36(6): 850-857
PEME, KBS, R S TaMEE CQMad2l R K
NGO E AR5 iR 24k, 2020, 36(6): 850-857

[27] Mondo SJ, Dannebaum RO, Kuo RC, Louie KB, Grigoriev
IV. Widespread adenine N6-methylation of active genes in
fungi[J]. Nature Genetics, 2017, 49(6): 964-968

[28] Kuboki H, Tsuchida T, Wakazono K, Isshiki K, Kumagai H,
Yoshioka T. Mer-f3, 12-hydroxy-ovalicin, produced by
Metarrhizium sp. f3[J]. The Journal of Antibiotics, 1999,
52(6): 590-593

[29] Koizumi Y, Arai M, Tomada H, Omura I. Fungerin, a fungal
alkaloid, arrests the cell cycle in M phase by inhibition of
microtubule polymerization[J]. The Journal of Antibiotics,
2004, 57(7): 415-420

[30] Loutelier C, Cherton JC, Lange C, Traris M, Vey A. Studies
on the dynamics of the production of destruxins by

inhibitors

Metarhizium anisopliae direct high-performance liquid

and fast
spectrometric analysis correlated with biological activity
tests[J]. Journal of Chromatography A, 1996, 738: 181-189

[31] Kato H, Tsunematsu Y, Yamamoto T, Namiki T, Kishimoto S,
Noguchi H, Watanabe K. New natural products isolated from

chromatographic atom bombardment mass

Metarhizium robertsii ARSEF 23 by chemical screening and
identification of the gene cluster through engineered
biosynthesis in Aspergillus nidulans A1145[J]. The Journal of
Antibiotics, 2016, 69: 561-566

[32] Yang XL, Awakawa T, Wakimoto T, Abe I. Induced
production of the novel glycolipid ustilagic acid C in the plant
pathogen Ustilago maydis[J]. Tetrahedron Letters, 2013, 54:
3655-3657

[33] Pais M, Das BC, Ferron P. Depsipeptides from Metarhizium
anisopliae[J]. Phytochemistry, 1981, 20: 715-723

[34] Przybyla D, Nubbemeyer U. 4,5-Disubstituted
I-methylimidazoles via cyclization of defined a-aminoketones:
synthesis of fungerin and analogues I[J]. Synthesis, 2017,
49(4): 770-774

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



