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Effect of calcium on sporulation of Taiwanofungus
camphoratus in submerged fermentation

Huaxiang Li', Zhenming Lu', Qing Zhu', Yan Gengl, Jinsong Shi', Zhenghong Xu'?,
and Yanhe Ma®

1 Key Laboratory of Industrial Biotechnology of Ministry of Education, School of Pharmaceutical Science, National Engineering
Laboratory for Cereal Fermentation Technology, Jiangnan University, Wuxi 214122, Jiangsu, China

2 Tianjin Key Laboratory for Industrial Biological Systems and Bioprocessing Engineering, Tianjin Institute of Industrial Biotechnology,
Chinese Academy of Sciences, Tianjin 300308, China

Abstract:  Taiwanofungus camphoratus is a valuable and rare medicinal mushroom with various bioactivities, such as liver
protection and anti-cancer. 7. camphoratus can produce many arthroconidia at the end of submerged fermentation, but molecular
mechanism underlying this submerged conidiation remains unknown. In this study, we found that Ca** concentration in culture
medium significantly affected the arthroconidium production of 7. camphoratus. Then, we identified two proteins (CaM and
HSP90) involved in Ca**/calmodulin signaling pathway and one protein (AbaA) involved in FluG-mediated conidiation pathway
by two-dimensional electrophoresis analyses. Furthermore, we proposed a Ca®‘/calmodulin- and FluG-mediated signaling
pathway by bioinformatics analysis. By real-time quantitative PCR analyses of 23 key genes in the Ca®'/calmodulin- and
FluG-mediated conidiation pathway, we found that expression levels of 7 genes (crzl, hsp90, fibB, briA, abaA, wetA and fadA)
showed significant responses to Ca®' concentration in fermentation medium. Our research is beneficial for elucidating the

underlying mechanism of submerged fermentation conidiation for 7. camphoratus.

Keywords: Taiwanofungus camphoratus, conidiation, molecular mechanism, calcium ion, calmodulin
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J2 & B s Li VORI, 50 mmol/L Y
Ca” X 1= Beauveria bassiana WM KAG 1
YEH; Soriani Z"F 200 mmol/L f# CaCl, X 4H
Hh 5 Aspergillus fumigatus Y47 10 min A4 %8 Jik i
B, KB fluG K flbA Z5E T = A L A 1)
TR EZ T ERN; Schumacher Z58% 3124
CaCl, ¥ KT 300 mmol/L A}, X /K%K #
Botrytis cinerea 57 S HRA FEPEVE R o B B RiA T
Ca™ i ¥ 2200k BT Ok 7= #9401 ML ¥ ol =
RABIIE . AR SCH L Ca” W Wi 2 IR )2
KRR IO AR s HUR, 38 )
LUK (2-DE) HiAR, %5 52 otk /il #24H
KR PR S, TN 2 Jo 1 ™ 45 5 18 1
E— 238 5 SC A E | PCR(RT-qPCR) # AR B
WA Ca™ e BE VT T P 0 5 1 6 v b G 3
DAY 3G SAOF- 22 53, 4R9Y Ca™ b 2 o
5> FHLE LA R fig dr e 2 e e o
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1.1 w7l
111 BRI RS

AR . BERERY . KH,PO,. MgSO,. HCI,
. =S LER (TCA). Hih K iR %0 [
HER (Rifg); R RREIER L (Tris). JK
K. T TREEGERE (SDS) . 6w 7 B i
(DTT). WLZ WL (JIAM). IPG 4% (24 cm,
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BiEbE . TR . IR (APS) MIUH L
M (TEMED) %504 H 3¢ E{ 4R w] (Bio-Rad);
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W (29:1). 2D WIIKAFEARBGR T, o )Y
Bradford 5 FI¥ B I 1R & . UNIQ-10 AEsX
Trizol & RNA fh#2i{7& . M-MuLV %%
cDNA G BRI & &5 Y6 A A 4 T AR
YW TRARAR (BE); A-FIE-4 BIEPAEER
S OR K O NEE RS T FIE B T Sigma
/NHEl; SYBR 98 YLRE H Life Technologies 2y
Fl 3 45 B B MAEY (Bttan IPGphor 3 Isoelectric
Focusing Unit) . T F KX % (Ettan DALTsix
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) H GE Healthcare A+ ; B¢ (Ultra
flex MALDI-TOF/TOF mass spectrometer) 14 H
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g B Thermo Scientific 237 ; RT-gPCR {¥
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) H Bio-Rad /A A,
1.1.2 HE

T2 bR R A 38 A T A DR R PO
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%54 ATCC 200183,
1.1.3 B5i#

FHETRE IR M. PDA Kigrdk;

MY EIREE (W) FEBE 2%, BEEER
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KRB IR (WIV): WEBE 2% . BEEEH
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121 EZ B

¥ PDA RHH b 04 2 1 22 A 2R 115 57
Frp, F 26 'C 150 r/min £0F FIRG I 13 d,
PR LB T W R T 4 R Aidug, Fr
U (BFEFRTRI) 1R FLL 1.0x10° 40
F/mL W R RN B 100 mL & s IR 0
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2 h, 4E+F 10 000 V 9.5 h; 2) MKW F-#rik 1 (R
% 36%, SDS 2%, 30%TH il 20%, DTT 2%,
pH 8.8 1% Tris-HCI 50 mmol/L) FI-F-#5 11 (bR
% 36%, SDS 2%, 30%H i 20%, 1AM 2.5%,
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(b ER R T M o ARAR AR BEAS B Bl i
SERAIBAR R R 4% [ NCBI IR EST FF51
B8 % (https://www.ncbi.nlm.nih.gov/nucest/) #F
TUElE, & HEAS5>30 BA M UCE AL .
1.2.5 YIS B0

T SCHER B B NCBIEUE E (https://www.
ncbi.nlm.nih.gov/) KRG, IES2RE
PR TGP 77 6 A DG 1 B 1 O A o AN B O
JF o # 2-DE 43 b7 Ir 15 1 22 8 1550 5 iz A H
E AR IESAT T, DIRIE Ca® 32 T
PEF= LA OGS Sl i . — 2B SOk E 1
1852 I DR A 2 11 970 100 1) 5 A ot 2 11 HH
PEAT X, ARAGHE S M= K Ca> A R (s
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IVEEL S . VERR TN AR S Ca¥ AN R (S
S K FluG A=Al S i - 23 Ik
B, Ak NCBIBUEE FRYHEZ EST 4 &3¢
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# 1 RT-qPCR 3|#%5I%

Table 1 List of the primers for RT-qPCR
Gene name Forward (5'-3") Reverse (5'-3") Size (bp)
caM AAGGAGGCGTTCAAGGTATTCG ACCGTCACCATCAACATCAGC 147
cchl CGACACCGCCTTCCTCAAC GTGCTGACATCACTTGTTCTCC 178
cnad TCTCCTTCCTCTCCCACATCC CCTGCCATCCACTGCTTCC 165
cnaB CGAGAAGAGAAACTACGCTTTGC CCCGTCACCGTCCCTATCC 177
crzl ACGCACCATCTTGACCTTCTG GTCCTGCCTTACCTGCTCTG 127
hsp90 GACGACTGCGAGGACCTTATC ACGATGTTCTTGCGGATGACC 137
midl CTTCCTCAGCACTCGCATCAC TCGTAGCCAGAGACCTTCGC 110
fluG CCAAACCTATCACCGTCAACAATG CGCCACCAGCCAGAAGATTATC 114
f1bA TGGCGACTGACTCTGTTCCC CACCGATGGCGTAGATGTTCC 134
flbB CACGCAGGATGAGCCGATG CCGCCGTTGCCGTTACC 168
fIbC GACAACCCAAGCAAACCGAAG TCCTCCCAGCCATTTATATCACG 158
fIbD AATGTCTGAAGGTCGTGATGCC GCCGTATCGTTAGCCGTATGG 126
abaA TGTGCGAGTGCGGAGACC GTAGACGACGGACAGGAGGAC 116
brid ACCCGTGTGAAGGATGTAAGAAG ACCGTGGCTGGAGAGAGTTC 118
wetA TTTCCTGTTCCGTCCGTAAGC GTGGTTGAGGTAGGGATTGATGG 112
ganB GGACAGAAGAGCGAGCGTAG TGAACCACTGCGAATGACATATTG 172
fadA TCGGGCAAGGCAAAGATACTC TAGGTAGCACGGAGGACAGC 146
sfaD ACCTGTGCCTACTCACCATCC CTTGACATTGTTGCCTTCCTTCG 102
pkaA AGCACTCAATCCTCAGCGAATAG TCTTGGTTACGAATGGAGCGATAG 123
stud GGTTGAATGCGACACAGATTTTG TGATATTTCCCATAACCACCTTGC 123
veA CTCGCAGTATGACAGGGATAGG GTCGGCGGTCGGCTTTAC 101
velB AATCGTTCTGGTCGGCATAGC GGATAGACTTGAGCAGGATAGGC 128
vosA GAACGCAAGAGACGCAAGAAG CGACAGTGGAAGTAGATGAAACG 127
18S rRNA GCTGGTCGCTGGCTTCTTAG CGCTGGCTCTGTCAGTGTAG 123

1.2.6 RT-qPCR 2:#7

@14 NanoDrop 4MEGEETHREIN, BEEER R
FE (2.0<Aa60/A230<2.1) HJE RNA, FifEl] 50 ng/ul
J& Fl M-MuLV 26 —%# ¢cDNA & Wi &tk 17
5%, 4% cDNA Fifli . RT-qPCR MR R 4N
. SYBR 4e¥} 8.5 uL, iE[A54) 0425 uL, 2
15147 0.425 pL, cDNA #i# 1.25 uL, ddH,O
6.4 uL; W FEFUF: 50 'C 2 min, 95 CHIAE
P 10 min, 95 C 15s, 60 ‘C 60's, 45 PMEH.
DI 2 18 rRNA JFHINNZ, AU CaCly Y
A R4 N ISP S il 7 < R b0

http://journals.im.ac.cn/cjben

BN FE oK g . Bk 3 K,

2 EREMN

2.1 FREIRE Ca* W1EZ M= H A0

T SRR 2 A KA ) TR R B
Hh b & B[] R AR A1 BLEA T T 5% (B 1A),
SEIRFRM . 0-3 d BN, YRR 4-8d
RAECER T, BIARRE A, A s
hns od mfEl, AYERBRKME; 10d2Z
JERETH, WA, AYE TR, KB 0-5d
AT K6 d FFIRE; 7-9 d S PR



FEH FEBEFRREZRERBEEFRRES FIE 1129
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& EE 8 d i Ab X B A 4 IR I e AR Wi
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(TR 22 AR R BT 42

S MR, AT PR R R S o
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WOREDEAT 7= B A, SR B8 Ca™ S 2 IR)2
KB, S5RmE 2 iR, &

>

0—50 mmol/L & Bl N, Ca® ¥ JiE Xt 2 & et )
& pH %A T (P>0.05), (HSRARHE R
Ca®" (1-10 mmol/L) fE % B 3 {2 JE#x 2 Jo vk =
J1, T e B Ca™ (>50 mmol/L) ) it 2541l 42
P (P < 0.05), 24 Ca> Usnik A 1 mmol/L
i, (R RO o B, K 8 d B
S RAAMARR T 4 50 E; 2 Ca’ IRk
&4 200 mmol/L i, FH] F=f 5 SR feoh B3
K 8 d B A, IR R SOk iR A
gﬁ[IS—IS]Q

r —e—Biomass 145 5 i 22 c-\_i,:;',:?” : ;:" [ f\/"’r \'x.i:.
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24 s #9 7S 5 0T Lo
< X S, : (A o d SEgH
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1 BEZrFREMEYERABNETLM% A) KTHBRFES B)
Fig. 1 Time courses of sporulation and biomass in submerged fermentation (A), and arthroconidia (B) of

T. camphoratus.

£2 ARIRE Ca’'WEE T IEr=m R 05
Table 2 Effect of the Ca®* concentrations on conidiation of 7. camphoratus
Ca*" concentration (mmol/L) Biomass (g/L) Sporulation (x10° spores/mL) pH
0 (Control) 5.88+0.31° 2.05£0.11° 3.11£0.16*
1 6.24+0.32° 8.45+0.41° 3.13£0.16"
5 6.19+0.33° 5.65+0.28¢ 3.04+0.16"
10 6.15+0.33° 5.07+0.31¢ 3.01£0.16"
50 6.11+0.32° 0.52+0.05" 2.93+0.16"
200 5.14+0.31* 0.00:£0.00* 2.91+0.15°

Note: the cultivations were conducted in 500 mL Erlenmeyer flasks containing 100 mL of fermentation medium, which was
composed of 20 g/L of glucose, 4 g/L of yeast extract, 3.0 g/L of KH,POy,, 1.5 g/L of MgSO,, with initial pH of 4.5 and
inoculum size of 1.0x10° spores/mL, then incubated for 8 d at 26 “C by shaking at 150 r/min. Means in a column followed
by different letters are significantly different (P<0.05) by ANOVA test.
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22 WEHEKXREBLERE
N T Ca® i HERE 2 0k e A AT R A R

SRR, AR Ca¥ B3 8 d iy
W2ZR GO BERESL, 12 oM“CK?). W 1 mmol/L
Ca’ 135 8 d WY 220k (f2 ik 7= fR f fik 1o 5 b
A, iCM“1 mmol/L”) K% 200 mmol/L Ca®*
FiR 8 d BYTRZZAR (il R e B A A, 1
3200 mmol/L”) #47 2-DE Z3#r, S5H4nE 2 fF
7R C“CKVRE AL/ 5] 316 N8 A A5, “1 mmol/L”
FESL LB 5] 366 1~ 44, <200 mmol /L FE i
o3 293 MR, L EG T, FEE
T 28 PRI EEFWELS (2, #HikFUR)
A E
Ji?ﬁ'ﬁ%éj BT A 1 R Be £ 2,43 ) 5 46 2
27512 % F % 3 NCBI (52 EST J¥41 %K
P PEVEATVLHD , 45 5% 28 4R 1 M T E R

i — 20 R FAS b 2 U RCs R AT Lo, KRBT
3 SRR SCHY AT (6 832, 2 249 Al
1813), HH, B 6832 PLRL (% EST 34

(34:
E%\

(DR027428.1) Y5k fLI& J& Daedalea quercina
L-15 889 AR 1 HSPIO = [RIVE (E
value {H} 7E-146, [RPEVE 87%, G % 99%),
F 2 249 J& Ca” /A5 R M5 538 i 1 Ay Sk
HH CaM, T F A 1813 NJE FluG /i 577 1l
T i A G AR  AbaA . CaM z‘%%ﬂjiﬁlﬁﬁ
(X458, WS Ca™ 4Gy,
WS A R R AbaA J2 FluG 4 E’FB’JF%@
T ORI Z —, B9 BrlA Fl WetA
P, T A 5 i B A o AR AR Y BE i
GERL D FRATHEN Ca™ SymakE s ok R
Wi Ca™ /A5 EE S MUK FluG S
oL 4 B S LAY
2.3 RT-qPCR %f

HR 8 SRR 19 Ca™ /45 T8 25 135 S g J U
K FluG A3 0= f s Sl E 2, A pp i 2 3t
DR 20 2 1 % 5 0 P 2200k T T P AR S R
P AL 8 A A b R PR R R 7 e X, fEARE 2 rh
KT B SCERIE 2 5 E R A& (5 53 i

1837 ‘ CK AbaA 1 mmol/1. [ 000 mol/L,
F «—2838 £S 6832—>0HSP90 1
[ i e T 6714
| . £5 ' ! bl
" R - 550 :
Je 2742 e v 4. 0532 d v ol §
11520 o J 5} Tl ‘__5631 i o AR -.l
;- L7} 132421464508, '840.4_‘{‘ ipaten ; g i
: 2249 e s : g
22y s OO 1o 1 szlm R :
y CaM 17 6321+ s e

2 :/J\J]ﬂ;rﬂr'f‘zr_ CaZJriEL%E"]*

5224 ' e . .

ZTHRLZFAEA2DE N BERRLEES

Fig. 2 2-DE maps and identification spots of the proteins extracted from the mycelia which treated with different

. 2
concentrations of Ca

. “CK” means the sample which did not add any Ca’
added 1 mmol/L of Ca2+, “200 mmol/L” means the sample which added 200 mmol/L Ca’

", “1 mmol/L” means the sample which
*. The arrows indicate the

total 28 spots selected to identify, and the cycles indicate the proteins involved in the calcineurin signaling pathway
(CaM and HSP90) and FluG-mediated conidiation pathway (AbaA).
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HER FIE #1 GpgA ST . T2, KAl
WAL Ca” /A5 55 WA FluG /v S 7=
FL05 5 3 P N SRR 23 NI (cehl

midl . caM. cnad. cnaB. crzl. hsp90. fluG,
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Ca®" (A= 16) AT 22 AR it vh 22 5 B IR
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TEAEHE P I T 22 K h Rb i 12y 3-9 £%,
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25-80 ¥, Bk, AIRAHEMX 7 NEERELE Ca®'
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Crzl & —85 8] W IR T e 7 PR BF R AR
A A CoHy BHR A5 M, W] LIl 255 76 55 ]
o R T M L IR 14 )53 3 7 IX SR BT Ak T Ca®/
R R A Sl i RO SEIN, R Ca A IR A
Sl AR 1 AR T G
PR A I ARALE 8 2500 T KA i — 288,
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Relative mRNA expression
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A 11 mmol/L I Bl
I 200 mmol/L I
16
I 5
I 14 =2
I H 12 &
| 0 5
| L | ! <
2 55 -30Z
I =270, -294 26 2 =
[ {-45 o
I 5
| {-605
I o~
, {-75
I

|
O
S

Gene name

@ 3 ,,J“jll];f—ﬂlzqr_ Caz+3("f7fﬁ9§£.% EE'JE’HF]

&h 8‘\\ \&?’ \\‘& b %N\ %QO?' ;\QO ;\\‘0Q %@& &Q Q\&?' s\\& Q@?‘ ’QQ/\$ Qo&

¢ 9

PN
& \\qu ‘\\\& ‘O‘A\b&owﬁe& @b

Fig. 3 Different concentrations of Ca®" effect on the expressions of the related genes. (A) The genes change less

than 8 fold, corresponding to the left vertical axis. (B) The genes change more than 25 fold, corresponding to the
right vertical axis; 18S rDNA gene of T. camphoratus was used as an internal reference. The gene expression levels
in sample of “CK” were used as control, and it is meaningless to compare the expression levels of different genes in

this figure.
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FluG 5177 f 5 538 i b i B 5 2
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Fig. 4 Proposed model for Ca’*/calmodulin- and FluG-mediated submerged conidiation in 7. camphoratus.

PR 2l AR f1bA KB RANH G EAFTE
S, e 2Rk 55 12 0 R AR B A T R
BRI AR 5 4) FEDH wetd By KAEAE 1k
Wi (L9 6 5L L8 80 5L 1),
HHTF wetd HiEX abad W1, FHit, FATA
R wetd FERF R B & B IEH abad Fik
BT HER . AL, WetA 256 U i BE
H US> H S5 F A 5¢, HSP9O a5 4t il
BERY SEREEAT OC, Rk, FRATINE HSPO Al
WetA —#f, o B4 5 B 1E ]

3 4k

ARCRE T Ca> WeJ¥ BEHMEZRIZEL
TP FE MBS, HLH A BH A e B i e
MR EE A 1 mmol/L B, &1 8 d P HifE i

B: 010-64807509

SRR T 4 5L Eo Il XHR IR R Ca®
BE R O RE 2 1 22 1R HEAT 2-DE 43 #r, R8T
HSP90, CaM /% AbaA 3 A~/ =fIhfE MK E M ;
K RT-qPCR HiA , X Ca®* /4518 & {5 51l i %
FluG M-St fiuf5 58 - 23 PIhag ik n
ARG SEACEREA T T o0, RBLT % Ca™ AT i
R T AT RARINEEIE . crzl . hsp90.
fIbB . brid. abad. wetd X fadA. #EHG0 T
Ca” (e PE A2 JOHE P A £ 5 AR L . BRI
f Ca” A5 EEE 1 (Cehl A1 Mid1) #EA4N
M S5 (CaM) 4543 TE R Ca™'-CaM &
B UG SRR G , WA e R AR =S
o B S IR TS IR ezl WA VR A R RS s
HARVERT abad FERIFEHEHFRA ; F5IABEIR
fiff, HSPOO T 2 mi ) 422 b i 76 difp il 42 is

P<: cjb@im.ac.cn



1134 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech July 25,2017 Vol.33

No.7

B flbA. fIbB 1 fIbC FEN KL, dEmifedE
brid FEFFR IV G H AN FHE S, &
ZORFE V= HERIBUR ; HSPOO Fl WetA 2 541

HLBELH I3 B 5 R, HRRE(E BEAE T R

A TEL

R AR 2 O AL R AL T SR

REFERENCES

(1]

(2]

(3]

(4]

(3]

(6]

(7]

Lu MC, El-Shazly M, Wu TY, et al. Recent

research  and  development of  Antrodia
cinnamomea. Pharmacol Therapeut, 2013, 139(2):
124-156.

Chang CY, Lee CL, Pan TM.

optimization of medium components

Statistical
for the
production of Antrodia cinnamomea AC0623 in
submerged cultures. Appl Microbiol Biotechnol,
2006, 72(4): 654-661.
Lu ZM, Lei JY, Xu HY, et al. Optimization of
fermentation medium for triterpenoid production
from Antrodia camphorata ATCC 200183 using
artificial  intelligence-based techniques. Appl
Microbiol Biotechnol, 2011, 92(2): 371-379.
Yang FC, Huang HC, Yang MIJ. The influence of
environmental conditions on the mycelial growth of
Antrodia cinnamomea in submerged cultures.
Enzyme Microb Technol, 2003, 33(4): 395-402.
Lin ES, Wang CC, Sung SC. Cultivating conditions
the edible
Basidiomycete Antrodia cinnamomea in submerged
culture. Enzyme Microb Technol, 2006, 39(1):
98-102.
Liu CJ, Chiang CC, Chiang BH. The elicited
two-stage

influence lipase production by

submerged cultivation of Antrodia
cinnamomea for enhancing triterpenoids production
and antitumor activity. Biochem Eng J, 2012, 64:
48-54.

Zhang H, Hu YD, Lu RQ, et al. Integrated strategy
of pH-shift and glucose feeding for enhanced
production of bioactive Antrodin C in submerged
fermentation of Antrodia camphorata. J Ind

Microbiol Biotechnol, 2014, 41(8): 1305-1310.

http://journals.im.ac.cn/cjben

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Hu YD, Zhang H, Lu RQ, et al. Enabling the
biosynthesis of Antroquinonol in submerged
fermentation of Antrodia camphorata. Biochem
Eng J, 2014, 91: 157-162.

Ma TW, Lai YT, Chen LT, et al. The cultivation
strategy of enhancing triterpenoid production in
submerged cultures of Antrodia cinnamomea by
adding monoterpenes. J Taiwan Inst Chem Eng,
2016, 58: 210-218.

Geng Y, He Z, Lu ZM, et al. Antrodia camphorata
ATCC 200183 sporulates asexually in submerged
culture. Appl Microbiol Biotechnol, 2013, 97(7):
2851-2858.

Lu ZM, He Z, Li HX, et al. Modified arthroconidial
inoculation method for the efficient fermentation of
Antrodia camphorata ATCC 200183. Biochem Eng
J,2014, 87: 41-49.

Li HX, Lu ZM, Geng Y, et al. Efficient production
of bioactive metabolites from Antrodia camphorata
ATCC 200183 by asexual
repeated batch fermentation. Bioresour Technol,
2015, 194: 334-343.

Steyaert JM, Weld RJ, Mendoza-Mendoza A, et al.
Reproduction without sex:

reproduction-based

conidiation in the
filamentous fungus Trichoderma. Microbiology,
2010, 156(10): 2887-2900.

Juvvadi PR, Lamoth F, Steinbach WIJ. Calcineurin
as a multifunctional regulator: unraveling novel
functions in fungal stress responses, hyphal growth,
drug resistance, and pathogenesis. Fungal Biol Rev,
2014, 28(2): 56-69.

Roncal T, Ugalde U. Conidiation induction in
Penicillium. Res Microbiol, 2003, 154(8): 539-546.
Li F, Wang ZL, Zhang LB, et al. The role of three
calcineurin subunits and a related transcription
factor (Crzl) in conidiation, multistress tolerance
and virulence in Beauveria bassiana. Appl
Microbiol Biotechnol, 2015, 99(2): 827-840.
Soriani FM, Malavazi I, da Silva Ferreira ME, et al.
Functional characterization of the Aspergillus
Sfumigatus CRZ1 homologue, CrzA. Mol Microbiol,

2008, 67(6): 1274-1291.



FEH FEBEFRREZRERBEEFRRES FIE 1135

[18]

[19]

(20]

(21]

[22]

(23]

B

Schumacher J, de Larrinoa IF, Tudzynski B.
Calcineurin-responsive zinc finger transcription
factor CRZ1 of Botrytis cinerea is required for
growth, development, and full virulence on bean
plants. Eukaryot Cell, 2008, 7(4): 584-601.

Lin YL, Wen TN, Chang ST, et al. Proteomic
analysis of differently cultured endemic medicinal
mushroom Antrodia cinnamomea T.T. Chang et
W.N. Chou from Taiwan. Int ] Med Mushrooms,
2011, 13(5): 473-482.

Xu WN, Wang JJ, Li Q. Comparative proteome and
transcriptome analysis of lager brewer’s yeast in
the autolysis process. FEMS Yeast Res, 2014,
14(8): 1273-1285.

Lu MY, Fan WL, Wang WF, et al. Genomic and
transcriptomic analyses of the medicinal fungus
Antrodia  cinnamomea  for its  metabolite
biosynthesis and sexual development. Proc Natl
Acad Sci USA, 2014, 111(44): 4743-4752.

Livak KJ, Schmittgen TD. Analysis of relative gene
expression data using real-time quantitative PCR
and the 2" method. Methods, 2001, 25(4):
402-408.

Chen YL, Kozubowski L, Cardenas ME, et al. On
the roles of calcineurin in fungal growth and
pathogenesis. Curr Fungal Infect Rep, 2010, 4(4):

010-64807509

[24]

[25]

[26]

(27]

(28]

[29]

[30]

244-255.

Park HS, Yu JH. Developmental regulators in
Aspergillus fumigatus. J Microbiol, 2016, 54(3):
223-231.

Bui DC, Lee Y, Lim JY, et al. Heat shock protein
90 is required for sexual and asexual development,
virulence, and heat shock response in Fusarium
graminearum. Sci Rep, 2016, 6: 28154.
Oiartzabal-Arano E, Perez-de-Nanclares-Arregi E,
Espeso EA, et al. Apical control of conidiation in
Aspergillus nidulans. Curr Genet, 2016, 62(2):
371-3717.

Tao L, Yu JH. AbaA and WetA govern distinct
stages of Aspergillus fumigatus development.
Microbiology, 2011, 157(2) : 313-326.
Stathopoulos-Gerontides A, Guo JJ, Cyert MS.
Yeast calcineurin regulates nuclear localization of

the  Crzlp  transcription  factor  through
dephosphorylation. Gene Dev, 1999, 13(7):
798-803.

Lee MK, Kwon NJ, Lee IS, et al. Negative
regulation and developmental competence in
Aspergillus. Sci Rep, 2016, 6: 28874.

Park HS, Yu JH. Genetic control of asexual
sporulation in filamentous fungi.
Microbiol, 2012, 15(6): 669-677.

(R BRET)

Curr  Opin

P<: cjb@im.ac.cn



