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Epigenetic regulation of secondary metabolite biosynthesis in
filamentous fungi: a review
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Abstract: Secondary metabolites of filamentous fungi are important sources of new drugs, and their biosynthetic processes
are regulated by numerous factors. Recent studies indicate that many filamentous fungal secondary metabolites are regulated
by epigenetic modifications, which not only affect the titers of secondary metabolites, but also activate the cryptic gene
clusters. This review summarizes recent advances of epigenetic application in filamentous fungal secondary metabolite
biosynthesis, especially the types of fungal epigenetic modification and epigenetic remodeling of the fungal secondary
metabolism. The application of epigenetic theory in filamentous fungi is becoming a new strategy for fungal strain
improvement and a powerful method to obtain novel natural products.
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2R AT HA o E R BARE Y A R RE
71, BEAEZ DA EENHMENITAER (0
B R AR R) . FEIMARZSY) (WS ARABTT) . s
M (AR R) FEEh R AR, A
L T DR 2 R 2 AN A W 0 A 0 LRI 5
sk B AT AT % B A EL A 2200k R TR
R =9 HOZ2 B RE NS & = Y ny vkl —£f, 1
syt ky St Aspergillus nidulans B4, &3
W EA A 2T A REEA G, 14 A HERK
ZRK, 1 ARG A A P LA K A | A ) T
71, SR HAT G FR AT, AUR A I PR
FEPP, XS TE SR R SR A R R R IR E Y&
LN FE PR A UTER (Cryptic) FERI#E, 305 X 4t
TTUR 018 s R FA K A R b o 22 R L B IR AR ™ )
PRI S FEC R, 2T R AR e R G .

TUBR AR AR A= - WK PR 2 A9 380 L) K
AR ™ W R B H AL R R AR P A 5 1Y
P S g 2 — B A W TR R R A — R
PR R JCE R R A R TR A R D
AT DL 3 R e R 3R AR R e
W) W R AR SR A SRR S B SRR A
BAEY A R R TR R B e A . ST AR
FESERE R ORI, 38 S AR R TR O ORI
Bk T2 o e B TR U A A I ) ik 3R BT 1k
YA RGER, BAEERE AR WA CRIE . ik
MIRFFE R, 2R BT IR AR A & i HL
R Ak ) R RS A BBV KR, @R
WL 35 1% 45 1 B R 30 BT 8028 A= 0 1 TR AR 7 )
LR KRE RGP E R, XK
F &R EHRBAH W IR T . ASCERIR T 2
AR EC P RO 35 A5 B 5T AT R, R R O AE EL TR IR
A AR AE ) LA™ 0 R B R o

1 2REWFHRNER

RS LRI R Ok DNA PR KRR
L OL T, SRR A R AR T AL I, X

Tl 58 T K 8 R4 B G A AR v BB RUE Hb T TR
XK. RWEAL S TR HE DNA HEML | &
i Yt RE YLLK RNA T4, X a8 fhfr S A
R R b R B A, RWMBAL B TE b
AN S AL P ORI E Y, HEEERES
HUAEACH BT P NIE 2D X SEAE G &1 th DNA
PP A I 2 2 1 W — T 0 WL 35 A~ U ) F 5T
PN, WEFT R I I 2B M 5 22 R LT Y 22 Bl A B
REH VIR
1.1 DNA BE{L

DNA WAL ZFE H S-MH i 2 R A oy i 2k
fifk, 75 DNA W IEHFERE (DNMTs) FEHIT, HEP
HN CpG ML H IR MIMENER) 5 Arfik i+ H A
FEIE L 5-H L s 2 —Fh LA AR Y bR LAY
DNA # s r i S et Bt o ol T I s g 5 1
JRTFHIATHE, 153 DNA TR LA T 214k,
I T DNA 5EHA TG . TEMEdiE,
CpG &1 e F BAL Ii o S B L R n 23, T2
PR 5 R SR 10 e PR 1 2R3 78 B it 25 Aspergillus
flavus FIHLKE Ik #17F Neurospora crassa H LU fit)
DNA HI ALK FETE 0.25%~1.5% 2 [a] 44 7E [a] fif
FLE PN [FE AR, F AR AP A A R
HAn7E &% Phycomyces blakesleeanus 1 F 2244 9y
Br, HILRA W IAL K2 0.48% , TiifEHALF B
Bt, HHRAKTHR 2.99%", HIR DNA Fk 2
— Rl APk, AR TR B A PR B R Ee R e
1.2 HEHEMH

HEH T EPENRERMACEN, BAMW
ANEEEM : AEAMEI A BRI, i DNA $2
PR G AL 53— D IIRERE B AT DL L S i 6 o
A 1 N-AR a1 H A e . &
Wik . iz R k. SUMO fb R ik 5 B 140,
HETE B 4 % .

HEA OB SR P LI, W BT
IR S5 G A Em A Biir=l, 4EH
S WAL 3 A AE2H AR 1 H3 I HA 1Y) N-diii 2 7 L A
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PRSP B R AR 3 b, KSR R O 2 Bt 7 1
(HAT) FIZHEE H % OBtfLRE (HDAC) 4if: Lmtfe
(-, FEIES R OL T, 48 O e i s SE 3k (A
FEAERT AL B G, X iy 1 R £ 1) 0 2 R 5 07 1
H a7 1Y DNA PR i B 800 T SR 4 s A, AR
JR2 FS S 2 I % HE Bk < Rk BB fifT 2 AR 4 A 1Y IE
fir g, BRI 57 AT DNA SRR SEFIE,
Pl 2 15 55 SRR 0 4 0 R (75 DNA 25510,
FRAE A 2 MR 55 DNA HE 1 23 A AN [e] T 4 2 s iy
CTETOURT, AR R R IR BT

4 H SR T 4R R R
(Histone methyltransferase, HMTs) #i 2 H 5t 1k fil
(Demethylase) A EAEH, 2 H i85y 218 H B
AR, JFH S HMD R A WAHEAER, kA
P e DR 3 SO B R AR Wt B . S E P
M2 £ AL A2 2F JE R 3R R ], 4 2 1 2 1R R Ak
Xof ik R R IR SE e LA A 2, B AT A ST D) i
SRR, A sen] UG R Kk, BOk TR i fr
THEREAFN . MAEARZ B4, H3K9 [ H
FAbE F R 0 B U bR A, O B R B UL
BROOV, B R A — S U P 4R [ AL R T R OE
AR B E &, el b, MR H3K9
AL 3L (cIrD) SRR TR A KR,
I brIA 235 AT 5 i 43 A 407 14 7= A PO /e AR R
Jk A5, H3K36 FA Ak S R & & ras i iy,

2 RWBREGHERRKM W EN & B

W5 e BB G A W UK TR A T
FQEBUIRES, JFHAL T ki, A5 Fg R A]
AEZ R LT . 2Z2RAHEEINHRY DNA HI
b A 8 S A AT SRS AR Y
A Wya DI, ANOGE MG = Yy
i BB AR DUER A U G A 7= 0 A ) T R
ML
21 HERECHUSRBRE=DEDEK

PN T 1 A W o L B Uk A 7 R i )
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RSk 1 o 4T o T B BT SR A 0y 3 A
HMH) HDACs (HdaA, HosB, HstA), 4 8ih % fE
PR Z AR PACH ), 45 E R R . norsolorinic
acid F1 terrequinone A, FHWr hosB (H 4 1)
HOS3-like HDAC) FiI hstA (sirtuin (R J5AA) *f &
PR BARIE A B HsE 0, T FHT hdaA (PR5F 1Y)
class 11 HDAC) J& It % #4255 norsolorinic acid Fl#
HEMNE, FR X 3 F HDACs 248 Bk I1)
norsolorinic acid F= &t —A 5, S ANBRIFREE
R R B R TR R BT 58
ARFRH, terrequinone A Y 7E i ER AT B LAY AR AL
HADCs Xif 14 5 i1 25 A 7] YR A ™ ) 7 1 14 52 )
AJRESE X 3 FR AR W AR ) G U e R IR 4]
BN E A I, 7% 2% A norsolorinic acid (194 gk
PRI 67 1 (0 44 VIRITIV S 3 v L) 100 kb LAPY, JF:
HH:J& Bl A 1357 () DNA T2 JF 51, X SeAF 2 7
vt DX B LB AE L 17 terraquinone A RS R AL
FY ARV P, 2ok BE 252 700 kb, 544
S, i A, fumigatus HRS hdaA
A4 2R R AR P e, AR 14 AR
iR IK A 8 (NRPS) #EfT RT-PCR 40 #r & Bt
HdaA %I 9 4~ NRPS A ¥/, X4 45 il 85 1A 3%
WK 4 4 NRPS fFFAEIEEIER, X534k 5 4
NRPS s, HZE 54T 14 4~ NRPS J:H 5
SR B R R, NRPS fEJL (0 Y EN S
HIETZ hdaA AR, Hik, wHit
AR WA B PRI A 3 DR AL A B T LA R %
B LT, T5 2R 20 B R G D EA T IR AT
5o
22 HEAREMLSRERETUENER
R 1 1 Y A — i B R L5 AL B 1
BIZHIEYFIIRE . Bre2 St i i ik i AL 4 K
F H3K4 HI3LAE Y7 Setl ) COMPASS & & ¥ —
57 bre2 TEALSHE 1 A [REA S celA. cclA
BH W7 28 75 bk H3K4 1) — HY L0 A0 = W 34k @ 5 R AR
IEHEREE H3K9 ) I REAL A = FH JEAE A . cclA
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BELIBT 28 A5 bR 22 /D006 T 2 SRR IR Gk, 77
4 8 MEik- &Y, £135 mondeictyphenone. JLFHR
wEFRY . I5F FE FOT75A il FO775B 4124

B 1 cclA bb, Fehss ik B T —4> T RERYZH
EFP R LaeA, LaeA 2 E et d h &
WA ER, A DRI S IR P B ZEIR Y
VEHIE 8290, LaeA (U7 T 2R BB R, il &
(A. terreus, A.nidulans, A.fumigatus, A.flavus) #l
% Penicillium chrysogenum, 7 7§ % &F v ) B
KB laeA BIAFFE . LaeA JE— A EE L RN T,
AT EARIE S BLYE T 2Rk BAR =4
MRB R, 75L& T, LaeA 1EWREIE AT
(Lovastatin) FIEIA AL, ZHrils laeA B, &k
TRy 5 W E RS e St , LaeA ANXAT LA
1E ¥ sterigmatocystin FIE & K AW A%, 0]
DL 43 5 P53 T8 A 08 H il 7T 26 - 0K TR 7 1 3R
BB FER A g Fak laeA TT S E ipnA (4t
SHEFHZ N ). lovE (4% 887745 51
Zn2 Cys6 55 H ) Hl lovC (i i iT 58 i &
fit}) bl m ik, HIE stcU (4l sterigmatocystin
VG I LT ) IR AR B TRt
M bt Rk laeA FEQERAMTT AR S T 400%
| 7009 %, @it A LA laeA i FIK T bR
AR 2 T bR A B, T b A BT G A
terrequinone A fiY A4 4 & B FE NI P, i a1 3 RS
F 43 B A i Y B A R lae A BELBRT 2% 738 BR 110 78 S 3%
KB, MR R B I R AL B 22 SR BARIEHAE P A R
AL 13 32 LaeA HYTRTE, G048 1 P84 00 il 55
FHEHFE-WETEZE (Gliotoxin) 144 M2,
laeA 114 BHL 1T 28 42 AR AN AR PAR 7 W) & 12 31 52
Wil , 3B X EL R I S 20 AR SR, MR AR B 3R
FF, RS EATIAERZEEW, 4
7R m R B P FEPE T, laeA IE
TR RME RN AEYE I IR,
IR laeA REWEMARFEHEX N REP, BT

LaeA 7EFCIA R GACH ™ Wy A= 6 it 72 1 31 24
M, ASEs = R ARAMIT ARG % Penicillium
citrinum H3ERE T laeA JEH, JFEI AT R T
TN laeA 5 95% W RIVEME, JE &I laeA H)ik
5 AT A A R IE AR, R LaeA XFE
W IR A A EZ A, 12 LaeA BYHEARME
FAMLHIEAE R . BT LaeA MEAFS 541E
FIH LR R, 278 LaeA WHEES 5 TA
I 0 H. LaeA 1/ FFE SORFRAL T LRI 2 1Y
PSR IX. PRIk T R T e Y e AR Y EEHE R R HEVE R
2.3 AEH SUMO L5 R FRE=MEME M

SUMO b J2& B A% 4 Jifd v — ol 2 22 1) B 18 O 18
Wi, AR SR AN R, LA R R A e S
MY @A . SUMO EBIZ ZM/NEH, fig
WMEGRIRZE AR L, BIEHEAS . MG
Hl A S sumO, A 58 35 R I I IR G AR, I
1 asperthecin [ ik £ i 200 %, i austinol,
dehydroaustinol I sterigmatocystin ()2 3A & 435I [%
fik 21 f% . 10 f%F1 54 1%, SR emericellamides /3%
KA A RY, T SUMO AR B FE FTHE s i 2 K
Y, b E SOOI E SUMO 1L B
IRGART ™ W R 6 AR, 3 S 30 3k A R 4 DA
1117 TR 2 52 5 YR A R = 0 B A 40 5 1

3 hEFERAGHAALRETRANM
B 5% B LR

Ao a2 T B B DR R e 3 ok e Wt
e~ B AT RE RS AT AR E A FE AT S AR )
FIRZ RIS AR, P HUAE F A 7 A4 BB 1 Ik
FACH =W o SR, BR T BOSE A (s
TiEE) A, AR 2 B 22 AR T AR Bk = e R S AL 1A
R, WIAe BB RS, ARMER 20738
2 T BOWE e AR A A i 9 WL A% o Bl W5
MTRA , — ZR BNy 1 W) ST 1o R o S
b B S P A R LB AL B R, ATTE
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T — U B 2 B —— k22 R Wt /42~ (Chemical
epigenetics) . L IRIX L8/ 7311 AR R B XA
P Y BB AL, FUR B TR AR 22 1 A X iz A
s A B I RCR o 1 R AL R S N T
REAE RN 22 Fh A Bk e, G P AR X AR =

WA Y R
3.1 DNA BREZEREHIHIFI X R R G E S K
A

FERLR A0, DNA HIJE b 5 2 {27
DNA H AL H A1 DNA 22 H B AL Bl R 45 19—~ 3)
AV FE o A DNA H 5 5% il 400 41 7500 w] 38005
FUTBREE R K3, Wk 5 22 AUt . 5 2R
JB M PR DNA  HY R FL W1 i 50 30 1 2448
I# Schizophyllum communeP FHIRLS [k i 14 r i) 80 25
EPitE L NP, A B # B Phanerochaete
chrysosporium H+ (i i 85 Z Pk EEH P Mooibroek
BUE S T 5 fl DNA B R Bl 1, 5
RAMHE . 5 AW EME . WEHRMRE . PURF
e SR ECEDE AR, Ak 12 P A, 4
2 Fhih# (A. flavus, A. westerdijkiae), 1 Fiiifi%s
1 MoK w &
Clonostachys sp., 1 # i ff15¢ Diatrype sp., 2 7 # &
(U7 R A &), —FPR% Rhizopus sp., 1 Ff
B Verticillium psalliotae 1 3 bk A % 52 it 1L 1 i#F
TR LM, S50 Bn 12 FhERE P 11 Fpxt
FMBAGAE A S, B T IR GARH = i
FrE, JERTREITE TRTAL S YA . R
PiIFRELE (C. cladosporioides FI Diatrype sp.) #£47
KRB AW, SR ERUMEN 5 RAMHHES C.
cladosporioides 75 % T A 175 5 B bR A B A 7= A= (1) 4
fEZ (Oxylipin), %5 Diatrype sp. /53| 1 Fifh &l
WEEAL RIS . LR Aok 5 2R AU /R
DNA 5G5S 10 1] 57) 7T 42 15 22 Ff 0o v 1 Tk 0
ARy i AR BOR B S9 . WAaEm] 1 R /S
73 ¥ DNA RS R Tl 500 4 Sy L OB B AL &
YT & THEARARR Al 7,

Cladosporium cladosporioides
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32 HEHEZEHUEBIFIFI IR EEDNE
Ip9:abA1|

YR ) S TEAL TS DTBREE I, ek S P Y
e g FRak, Rt /N oA 2R i 2 8 B
25 Ak, $Em L A S ALK, A ] AR AR
S FRE . MR AR A 2 B 57
SPAVER LR 12 FhEE, 4P RERMIMEHIE R
A (Trichostatin A) AI{k 5z % ftb  (Suberoylanilide
hydroxamic acid , SAHA)A #4142 m B A KHAR
7 ) 2R 3K RO B IR A S U RE T
Williams %51 Jf] SAHA % 5 C. cladosporioides 15 5]
T 7 R AR B & BLAY perylenequionone 1B
PB4, Henrikson “HHL il SAHA i 3Rl b
AT T B KR =1 Nygerone AP, i — iy 4%
SAGHFF R, R EE S IR B SN SAHA K
T 14 BV G SRR R L, Hrp 13 AR
FEAE T Uik B 1.5 Mb B, 33 5 HADCs 58745 ir
AT —3, DI S AL X Rt R )
PR A= W6 B DR 2 1) 3 B i 1) 0 9 HL T
(XA MO}/

4 EZ

o P 2 5 A6 WA RIS 1149/ 0140 it 550 A
A i it A 2 T B ELR A UL AL B i 2E Y
FIROKF- 2 FHER B P A 250k PRI ik
FATRIEE, FR SRS TR R R A . il
F/NGT TG B T AR AR o, BEA AR, &
TR R LS 47 SR i B, RERS EAT
e HE AL o AR AR ., AR Z H X
NG AR BUEAE AT, O Had s i oy vk SE B
AR L B, fERIUPRAREE . MILZT,
SR U i B N N E (o S R YIS i £ L I i
EVER R, (HREXFITE 0%, JFHEK
XRS5 FE 0 T, B R B R
V&, WIHGZRITEAN R 5 S Ko s 3
SRR, Sl /NG 0 A 780 A 1 W 1 1
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Wi T LU M R A= R A= 5 8, AR AT
A 3 73 5 7P f5 A A B 1 e A e A il S B R
VST Ik TN ERISEAWY s 7 BE Sy G BTNV E
EPIHAY

WL 38t A BIF 5 2 3 4F DR A2 il B2 ST 5 44
ML TEREWD . B NSO ILAN T T B UK
PERE, FET T 2009 415 3 1 EHRHFTE (4nE
2t A2 MV P ) OB A BT ) L GBI 2011 4F-AH )
T AL BN T FH BT P . BN
FRZ AW B R ISR 25 I A B B, AR WL
RFFENINGE D, BATA BERARTS , Xh F R L%
22 BOR B FEAAL 22 F 5 R gy A% A= R WL it
RN AR R, Wa o fe dt B w R Gt
R ATF 57 135k DR LR I APy e ke, 2 DA oif 25 T i 4
B 2SR G, LI 3 E 2 s e 25 1)
G

REFERENCES

[1] Zerikly M, Challis GL. Strategies for the discovery of new
natural products by genome mining. Chembiochem, 2009,
10(4): 625-633.

[2] Bok JW, Hoffmeister D, Maggio-Hall LA, et al. Genomic
mining for Aspergillus natural products. Chem Biol, 2006,
13(1): 31-37.

[3] Chiang YM, Chang SL, Oakley BR, et al. Recent advances
in awakening silent biosynthetic gene clusters and linking
orphan clusters to natural products in microorganisms.
Curr Opin Chem Biol, 2011, 15(1): 137-143.

[4] Brakhage AA, Schroeckh V.
metabolites-strategies to activate silent gene clusters.
Fungal Genet Biol, 2011, 48(1): 15-22.

[5] Zhao WT, Zou Y, Hu CH. Novel methods and strategies
for strain improvement. Chin J Biotech, 2009, 25(6):
801-805.

A SCHE, RS, W EAE. TR W B R R R T BB R
. A=) THE244R, 2009, 25(6): 801—-805.

[6] Bode HB, Bethe B, Hofs R, et al. Big effects from small
changes: possible ways to explore nature's chemical
diversity. Chembiochem, 2002, 3(7): 619-627.

[71 Doull JL, Ayer SW, Singh AK, et al. Production of a novel

Fungal secondary

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

polyketide antibiotic, jadomycin B, by Streptomyces
venezuelae following heat shock. J Antibiot (Tokyo),
1993, 46(5): 869-871.

Bergmann S, Schiimann J, Scherlach K, et al. Genomics-
driven discovery of PKS-NRPS hybrid metabolites from
Aspergillus nidulans. Nat Chem Biol, 2007, 3(4):
213-217.

Chiang YM, Szewczyk E, Davidson AD, et al. A gene
cluster containing two fungal polyketide synthases
encodes the biosynthetic pathway for a polyketide,
asperfuranone, in Aspergillus nidulans. J Am Chem Soc,
2009, 131(8): 2965-2970.

Sakai K, Kinoshita H, Shimizu T, et al. Construction of a
citrinin gene cluster expression system in heterologous
Aspergillus oryzae. J Biosci 2008, 106(5):
466-472.

Lin X, Hopson R, Cane DE. Genome mining in

Bioeng,

Streptomyces  coelicolor:  molecular  cloning and
characterization of a new sesquiterpene synthase. J Am
Chem Soc, 2006, 128(18): 6022-6023.

Hosaka T, Ohnishi-Kameyama M, Muramatsu H, et al.
Antibacterial discovery in actinomycetes strains with
mutations in RNA polymerase or ribosomal protein S12.
Nat Biotech, 2009, 27(5): 462-464.

Gowher H, Ehrlich KC, Jeltsch A. DNA from Aspergillus
flavus contains 5-methylcytosine. FEMS Microbiol Lett,
2001, 205(1): 151-155.

Foss HM, Roberts CJ, Claeys KM,
chromosome behavior in Neurospora mutants defective in
DNA methylation. Science, 1993, 262(5140): 1737-1741.
M, Vilanueva JR, et al.

Developmental modulation of DNA methylation in the

et al. Abnormal

Antequera F, Tamame

fungus Phycomyces blakesleeanus. Nucl Acids Res, 1985,
13(18): 6545—6558.

Zolan ME, Pukkila PJ. Inheritance of DNA methylation in
Coprinus cinereus. Mol Cell Biol, 1986, 6(1): 195—-200.
Irelan JT, Selker EU. Cytosine methylation associated
with repeat-induced point mutation causes epigenetic gene
silencing in Neurospora crassa. Genetics, 1997, 146(2):
509-523.

Nakayama T, Takami Y. Participation of histones and
histone-modifying enzymes in cell functions through
alterations in chromatin structure. J Biochem, 2001,
129(4): 491-499.

Journals.im.ac.cn



1148

ISSN1000-3061 CN11-1998/Q

Chin J Biotech

August 25, 2011  Vol.27 No.8

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Stewart MD, Li JW, Wong JM. Relationship between
histone H3 lysine 9 methylation, transcription repression,
and heterochromatin protein 1 recruitment. Mol Cell Biol,
2005, 25(7): 2525-2538.

Palmer JM, Perrin RM, Dagenais TRT, et al. H3K9
methylation regulates

growth and development in

Aspergillus fumigatus. 2008, 7(12):
2052-2060.

Adhvaryu KK, Morris SA, Strahl BD, et al. Methylation of
histone H3 lysine 36 is required for normal development

2005, 4(8):

Eukaryotic Cell,

in Neurospora crassa. Eukaryotic Cell,
1455-1464.

Shwab EK, Bok JW, Tribus M, et al. Histone deacetylase
activity regulates chemical diversity
Eukaryotic Cell, 2007, 6(9): 1656—1664.
Lee I, Oh JH, Shwab EK, et al. HdaA, a class 2 histone
deacetylase of Aspergillus fumigatus, affects germination

in Aspergillus.

and secondary metabolite production. Fungal Genet Biol,
2009, 46(10): 782-790.

Bok JW, Chiang YM, Szewczyk E, et al. Chromatin-level
regulation of biosynthetic gene clusters. Nat Chem Biol,
2009, 5(7): 462—464.

Bok JW, Keller NP. LaeA, a regulator of secondary
metabolism in Aspergillus spp.. Eukaryotic Cell, 2004,
3(2): 527-535.

Perrin RM, Fedorova ND, Bok JW, et al. Transcriptional
regulation of chemical diversity in Aspergillus fumigatus
by LaeA. PLoS Pathog, 2007, 3(4): 508-517.

Bok JW, Balajee SA, Marr KA, et al. LaeA, a regulator of
morphogenetic fungal virulence factors. Eukaryotic Cell,
2005, 4(9): 1574-1582.

Kosalkovd K, Garcia-Estrada C, Ull&n RV, et al. The
global regulator LaeA controls penicillin biosynthesis,

Journals.im.ac.cn

[29]

[30]

[31]

[32]

[33]

[34]

[38]

[36]

pigmentation and sporulation, but not roquefortine C
synthesis in Penicillium chrysogenum. Biochimie, 2009,
91(2): 214-225.

Xing W, Deng C, Hu CH. Molecular cloning and
regulator LaeA in
Lett, 2010, 32(11):

characterization of the global
Penicillium citrinum. Biotechnol
1733-1737.

Szewczyk E, Chiang YM, Oakley CE, et al. Identification
and characterization of the asperthecin gene cluster of
Aspergillus nidulans. Appl Environ Microbiol, 2008,
74(24): 7607-7612.

Mooibroek H, Kuipers AG, Sietsma JH, et al. Introduction
of hygromycin B resistance into Schizophyllum commune:
preferential methylation of donor DNA. Mol Gen Genet,
1990, 222(1): 41-48.

Cheng JC, Matsen CB, Gonzales FA, et al. Inhibition of
DNA methylation and reactivation of silenced genes by
zebularine. J Natl Cancer Inst, 2003, 95(5): 399—-409.
Birch PRJ, Sims PFG, Broda P. A reporter system for
analysis of regulatable promoter functions in the
basidiomycete fungus Phanerochaete chrysosporium. J
Appl Microbiol, 1998, 85(3): 417-424.

Williams RB, Henrikson JC, Hoover AR, et al. Epigenetic
remodeling of the fungal secondary metabolome. Org
Biomol Chem, 2008, 6(11): 1895-1897.

Henrikson JC, Hoover AR, Joyner PM, et al. A chemical
epigenetics approach for engineering the in situ
biosynthesis of a cryptic natural product from Aspergillus
niger. Org Biomol Chem, 2009, 7(3): 435—438.

Fisch KM, Gillaspy AF, Gipson M, et al. Chemical
induction of silent biosynthetic pathway transcription in
Aspergillus niger. J Ind Microbiol Biotechnol, 2009,

36(9): 1199-1213.



