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Abstract: Objective To clone the squalene epoxidase gene of Antrodia cinnamomea (AcSE) and analyze the bioinformatics and expression
of the gene. Methods AcSE was cloned by rapid-amplification of cDNA ends (RACE) from ¢cDNA of 4. cinnamomea. The physical and
chemical properties of AcSE protein were analyzed, and its secondary structure, tertiary structure, and function were predicted by using
bioinformatics analysis. The expression of AcSE in mycelium and fruit body of A. cinnamomea at different culture time was detected by using
quantitative real-time PCR (qRT-PCR). Results The full-length cDNA sequence of AcSE were 1 446 bp (Genbank: KT070558), encoding a
481-amino-acid polypeptide. The molecular weight of AcSE was 53 300 and pl was 6.36. Domain analysis results showed that AcSE had three
transmembrane domains without coiled-coil structure, and hydrophobic and hydrophilic regions existed alternately. The gDNA sequence of
AcSE was 1 607 bp, contained four exons and three introns. A gene expression analysis by relative qRT-PCR showed that the highest
expression level of AcSE was in mycelia incubated for 7 d of A. cinnamomea, and it was 7.89 times than that in fruiting body, and a gradual
decline was observed with the extension of the culture time. Conclusion Gene AcSE was firstly cloned from A. cinnamomea, and it would
lay a foundation for exploring the mechanism of terpenoid biosynthesis in 4. cinnamomea.
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WeF TR b, BAPUE NG S S,
PRI “Bkh s n 7 M, FEE sk
FR 22 A (1) SR B L L o o =i Ak &,
HARZ . BiorsEe, Hulcrs%se 2 Mg
AW, Lo SEWRIAFREZ =i AR EE R
ZEWEE ISR, ARRRERIER (MVA),
HAZig & L A RE RN =5 & & . Zhao 20
TERZHIRE T el G R (Sgs), ¥HRZ Sqs
cDNA J7 51| v [ 1|1 B R IA #ifk PYF1845 1, A
PRIR 2% Sqs Vi T A A8 22 A (S 1 1 9 BE R ARk 2C1
W, G5 RZ AL T T DLIEAS B 22 1 S RE A 9 1
A K, MTTHIESE T F3kfS Sqs HIThAE. Shang %
MRZdhri bS] £ HEEEMER (L), KH
cDNA J7HI4f N Bl B RERIAHAK pYES2 W, % 311
BERAEHR oscA H, A% PRIFEA HHTHR 1s 3 P 1M
W fA S A BEAE TR, Ls B2 AR Z cDNA 7415
AIAE 28 CAUNINZE 1 S EE G 708 HAEK, T
KRB AEAGRER, MMIFSHZEFE IR &
I (squalene epoxidase, SE) &ZFAEZE =ik
HROEE T EER, B8R RRIRE — R RN
fE&IGEN (SQS) KEH T &MENM, & SE fif
AR 2,3-F Ak B M, 7EAS [RS8 Ak 2 47 21 AU g
(OSCs) TEFR, 2,3-5 b3 M PR T Fs = s 1) AT 44
WD, 22 IR AL R S5 A T B = B 2R AR R
SE AMV ReA 3E = 2 BRI, 3 TG 2508
=i RS RED. BIAIESE SE EHY. HE
=R RS PR R E AR . Jandrositz 250
B3 DN TR VA T B R S B 4y B9 43 8] SE R
(ERG1), #4ifih 496 MWL, Southern 4438 K B H:
SERLIES 15 SYtaik b x)gealiol dgmag )
NS i35 SE 2 [H 1) cDNA 2K N 1 611 bp,
Gt 537 NERFERR, RTINS I R AR AR
B SE &5 NS B E R EAME. s
TN e 3R TR 2 ASFHIAFE SE FEH,
cDNA 4 K435 1 665 bp Al 1 629 bp, 435l Z4wH5
554 F 542 NE R, HENEATEREYAEN T EES
AR RPLER, fAEAFPREEA . BTk
TR 2 R IR IR A BEIE R (ACSE) AHCHIF 78 i A& I
MIKIRIE, %T SE £ MVA R EEEH, &
AIF T AR S PR 4R (rapid-amplification of
cDNA ends, RACE) 3ff3 AcSE 3741, FIF %
Y6 7€ & PCR (quantitative Real-time PCR, gRT-PCR)
RO AN [F) 15 S I (1) 24 A 2 1R 22 A4 R 30k 7KF

M A4 2 = AR ) O A T 4 AL ) A E
AL S SR AL IR AR
1 #H

B FAEZ WM Antrodia cinnamomea T. T.
Chang & W. N. Chou AC001 ( GenBank 5 :
KM925002) A REAFRIEAHEZE ACO01 TSR

BEMAR A A HARA PR )

2 X Taq Master Mix. D2000 (plus) Marker i
RIBAEAFE Abnt) AR TRIzol B 7A!
5’RACE System for Rapid Amplification of cDNA
Ends R77 & 4T Invitrogen 7], SR &I
T Toyobo Aw]: FURLFRMUAME . IR R &
3+ Omeag /A 7]; Easy Dilution. 3’ full RACE Core
Set with PrimeScript’” RTase. SYBR Premix Ex
Taq™ X # & . E. coli DH5a [ %% 7 40 f 1
pMD™18-T #/4 T Takara A . AHFFTH54)
GRS F TS B AR (L) ARA
) 58 o
2 Ak
2.1 5 RNA $2EUK cDNA &5

Z M TRIzol 7 Ui W it VS BBOHT B 1) A4 A
PR TSRS RNA, H NanoDrop 2000c¢ 15
MR EE AL 5 B T-80 CH& M. 1% Toyobo
S s R S B AR UL & A cDNA, P E T
20 C#H.

2.2 AcSE ZEHFHEX (CDS) =z

M NCBI # 4 3k 13 R 2 Ganoderma
lucidum (Leys. Ex Fr.) Karst\ - & Coriolus versicolor
L..“F-%& Pleurotus ostreatus (Fr.) Kummer 5§ 20 454
B SE 31, WRYEFFHILLXS 45580y L5147
Bi5E 2 MEE PRI, FELBTHRIIFTIY) se-1
Mse-2 (R 1), BUFRZEZK cDNA YRRy 1
HARFX B, 25 pL RNAKRZRN 2XTaq Master
Mix 12.5 uL, ERUETI% 1 pL, cDNA it 1 pL,
ddH,0 9.5 pL. JR M4 95 CHilAEtE 3 min; 94 C
B30 s, 62.7 CiBk30s, 72 CLEAH 80 s, &
32 MIEH; BJa 72 "CIEAH 7 min. frf3 48 0.8%
T R R i R VK S U R R WOOR A Ak, T RE A
pMD™18-T # A% J5 5 .

23 513’ RACE ¥ #2"

¥R SE AP v BefE NCBI Hik4y
BLASTX EbXf, Firtbxs 55145 R 11t RACE
HI5I7FF 41, 5’RACE SE B 45 L cDNA AR
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R RS se-3. se-4 (£ 1) % 5’RACE ¥ 43k
F G HAEBET )N ; 3°-RACE SE [#1#8LL cDNA
NI I SR 5 W se-5+ se-6 (£ 1) 1% TaKaRa
LA Taq with GC Buffer {7 & #AE 1T [ o

X} AcSE CDS w4, 3’ A1 S’RACE # 14 7~
Y53 AT Bk S DD BT AR AT, % il
JPAR BN B TP, 3’15 cDNA 2 K75, &
5 se-7. se-8 (£ 1) LI HZH 41k gDNA
R, F38 AcSE &K

&1 5HF5
Table 1 Primer sequences

514 SIS (5°-37)
se-1 (F) GATCGTGGGCGAGCTGYTNCARCCNGG
se-2(R)  GGTGCCGCATGTTCCANSHRTC
se-3 GAGCACGACGCAGTAGCC
se-4 AGACACGACTCCATCCCC
se-5 ACGGTTGTGCTCGTAAAGGGTC
se-6 CTCAAGGACCTCATTCTTTCGG
se-7 (F) CCAGCAGAAATGTGGTCAA
se-8 (R) GTCCGCATATCTCGCAAA

N=A,GC,T R=A,G Y=C T S=GC H=ACT

24 AcSE EMERFES

W P43 1 R R 4 KPP A1l 2 22 2] NCBI A
BLASTP  # 17 [k %} C http://blast.ncbi.nlm.nih.
gov/Blast.cgi), FIH Clustal X 2.0 17 Z H 75k
XF 434, 83 MEGA 5.1 # e KA SRVE (maximum
likelihood method, ML) ¥ &G K B!, [H
PL1 000 X H2555#T (Bootstrap) &l #5732 ) B
R TS AcSE BT AR BN R B T4,
HH] ExPASy B e PN HARXS 77 ot &, 45 A
MK M4 Chttp://www.expasy.org/cgi-bin/protscale.
pl); FJH SignalP 4.1 Sever #EAT/E 5 BKTM; I H
TMHMM Server 2.0 #EAT 8 F0#S IR X TR A
PORTER. SWISS-MODEL (http://swissmodel.expasy.
org/), InterPro protein Chttp://www.ebi.ac.uk/interpro/)
A PyMOL B A TN He — A =2 2544
2.5 AcSE EHEZFRASELAFRERRIE

AR A BT 45 R R W) A0 2 1 S Ak
HR = R e v LR B 2 AR AN R A KB B =
B2, Rk DA 2 sk R IR,
Bactin 1E N W Z K, 51 %W HF A
5’-TATTCTCGTCTCATGGCCTTTC-3’, 5’-GTCGC-

AGCTGGAGTTGATTA-3’ . #| A qRT-PCR I &
ACSE FEWUMAREFR 7. 14, 21, 28, 35 #0142 d WU
A UNGERTD DO v ST D 2 T B
5"-ATGGGCCGGTGTTGTTATAC-3"#1 5’-CCGAA-
AGAATGAGGTCCTTGAG-3’, XMNAKZR 20 pL:
2XSYBR qPCR Mix 10 pL, 54#)% 1 uL, cDNA £
BR 1 uL, ddH,O 7 pL, 2 &% qRT-PCR M &R
95 C. 3min; 39 MEFA 95 C. 10s, 58.2 C. 40
s LA ddH,O A cDNA NBARAEFATEXTIE, R H
FA B 2 A AT, RSO H AR R
IR B AN L AR A AN OB 3 AN E A
3 ZBRESH
3.1 AcSE EFFE

PLA- 15 2 1 22 /K cDNA NER, M5l
se-1/se-2 ¥ H93K 13 AcSE CDS F B K £ )y 784 bp,
2 BLAST 7 M H 5 IR K FL B Fibroporia
radiculosa Peck. =2 Trametes versicolor L..
Ji 5% 42T Phanerochaete carnosa Burt. V5 X 2241,
Dichomitus squalens Karst F1 XU 4 Agaricus
bisporus Lange FIAHALEE 73 514 72% 67%- 67%-
68%F1 64% . i1 15 CDS Jv Bt 3’RACE 744 703
bp (% Ploy A), 5RACE /#5283 bp, Lk se-7 fll
se-8 T AcSE KA1, 3k gDNA 42K 4 1 607 bp,
FOIF A AE g i 481 N AERR, AFE 3 MR/
N 524 554 54 bp A F, &9 5 Ik E
MANETFILE 1. 2.
3.2 AcSE EYIEREN

X AcSE CDS K 3° 11 ’RACE #AT74 K
P38, W H I BN gk 5 7 45 R S P
B &K FH—3, 1% cDNA KN 1 446 bp
(GenBank Accession #w5: KT070558), #mid 481
ANEIERIIZ R (B 2). FIF ML 3448 AcSE %
giREaW, mE 3 aE, K575 X 25LH Dichomitus
squalens (XM007365269). 22 Trametes versicolor
(XMO008045850) FIHLIRZE FLE Fibroporia radiculosa
(XMO012326949) & # B A 8w 1) R % . @it
ExPASy Protparam tool Ti#ll H AH X} 73 ¥ it &4
53 300, 25HL A (pl) A 636, 4 FRA
Co417H3802N65006708200 15 T IR HT 45 KB AcSE 7
IR TR E SRS (B 4D, BEEREEE Rtk i 7
M55 SRR AcSE 58 7 T4 B 1T ) ] BE I 55K,
S 3 ALY S R EE IR (] 5D, fdTH COILS
severs & 3 FAN A I & %6 S A 2] AcSE &
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M
b I .
250 bp
A

M M
2000 bp
750 bp
750 bp
B C

M cDNA DNA

D

A-AcSE CDS /7B B-AcSE S’RACE Bt C-AcSE 3’'RACE /1Bt D-AcSE cDNA Fll DNA 42  M-Marker
A-AcSE sequence coding for amino acids in protein B-AcSE 5’RACE sequence C-AcSE 3’RACE sequence D-full-length of AcSE in cDNA and

DNA M-Marker

BEl1 AcSE EHIE 1%E R KE
Fig.1 Electrophoresis of cloning AcSE in 1% gel

L

L N k¢
CTCAATT?
W F

GAGCTGCTGO
E D . ]
FCTAGAGGACATCGACGOGGTC

H
SGGCAT
F G G

1 =
1561 GTGTGGTTTTCCTTCCGUTGATATGGACGGAGATTOCGGTGGTGGTGA

e NI NNET
Grey parts were three introns
%2 AcSE gDNA £KF5| KRS EERFS
Fig. 2 Full length gDNA and encoded amino acid sequences of AcSE

Tots thig e 458 (Kl 6). FJH ExPASy Protscale
tool il AcSE & H M & K, I Kk H
Kyte-Doolittle 77 V%5 H H B /K 14 i KAE A 4.50,
B /ME N-4.50, Bi/K X FSEIK X AH A B A7
(Bl 7). XM PORTER ¥ A%} SE H — R 4514 5r
Prah RO 8, KILEE L o83 e F1JC 4 il

NFE, Ho o-BE A RS 34.51%,
A Hh a-a:ﬁzma@ 45.95%; FEMHEE 85 1,
R T RAR 17.67%. FIF SWISS-MODEL
7E 28 3+ C http://swissmodel.expasy.org/ ) +
InterPro protein Chttp://www.ebi.ac.uk/interpro/)

1 PyMOL 34347 70 b (& 9D,
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=2 (XM008045850)

. —— transmembrane —— inside —— outside
75 X 2L (XM007365269) 12 .
PR 2 22 T (XMD
AcSE 1.0
HORZILE (XM012326949) 08
Heterobasidion irregulare (MF632071)
EWHRE (XM007311574) = 0.6
] AT (XM003026222)
-
Dactylellina haptotyla (XM011115109)
Auricularia dellcata (XM007350065) 02
Gloeophyllum trabeum (XM007866794)
0.0 L 1 1 1 | | | L i
] _[Hypholoma sublateritium (EF581376.1) 0 50 100 150 200 250 300 350 400 450
Punctularia strigosozonata (XM007386722) o7 15
Serpula lacrymans (XM007319081) N
5 AcSE EEEEEME I
Coniophora puteana (XM007764759) Fig. 5 Transmembrane domain analysis of AcSE
Coprinopsis cinerea okayama (XM001831044)
Window 14~
Window 21
Moniliophthora roreri (XM007846307) 10l Window 28
Laccaria bicolor (XM001881711) osft
Agaricus bisporus var. bumettii (XM007327182)
.
R 0.6
Agaricus bisporus var. bisporus (XM006461574) v
——— Fomitiporia mediterranea (XM007269690) 0.4
Coprinopsis cinerea okayama (XM001840838) 02
Ustilago maydis  (XM011390392) 0
Cryptococcus gattii - (XM003195976) 0 50 100 150 200 250 300 350 400 450 500
Tremella mesenterica  (XM007000968) A7 55
Cryptococcus gattii  (XM003195976) 6 AcSE /EE E %Hﬂﬂ?ﬁﬁ%ﬁ}ﬂ“ﬁ*ﬁ
3 FIF ML ZEENMK AcSE REELZE 7T Fig. 6 Coil forecasting analysis of AcSE protein
Fig. 3 Phylogenetic analysis of AcSE constructed with ML 3
method
2
[ — C
1.0r — 'S
Y 1
0.8+ &
€ o
0.61
<;
o _
S 0.47 1
0.2r )
o TP
-3
0 50 100 150 200 250 300 350 400 450
0 10 20 30 40 50 60 70 B m

L5
7 SE ERHKMETN S
4 SignalP UM AcSE ZRESAK Fig. 7 Hydrophobicity prediction analysis of AcSE protein
Fig. 4 Signal peptide of AcSE predicted by SignalP (Kyte-Doolittle)
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MWSTHNYDVLIVGAGTAGSALAHAL SSLERTSSEPLRICLLERSLAEPDRIVGELLQPGGT
CCCCCCCEEEECCCHHHHHHHHHHHEHC CCCCCCCEEEEEEECCCCCCCCEEEEECCHHHH

MALRELGMESCLEDIDAVPEHGYCVVLGGUPVHIPYPGGLOEGRESFHHGEF IQNL RAEAKE
HHHHHH: HHHHHHHHHHHHHH

CHHHHHHHCCCCEECEEEEEECCCEEEECCOCCCOCCEEC

APGYDYVVEATYVSEL IECPVTGRYVLGYRATEEESAGASTVERETFF ADLTVIADGCF SHEFR
CCCEEEEECCEEEEEECCCCCEEEEEEEECCCCCCCCCCCCEEEEEEEEEEECC CHHHHHE

STVLGEAGVEP STEGHFVGVVLEDVELP IDNHGTVVLVEGHGPVLLTQI SEHDTENLVDY
HHHCCCCCCCCCCCCEEEEEEEECCCCCCCCCEEEEEECCCCCEEEEECCCCCEEEEERC

ENPLPPDLEDLILSEIVPOULPSSLEHVPVQEALEEDELEEMPNSFLE SAEQGGQHTEEGVE
CCCCCHHHHHHHHHHHC C CCCHHHHHHHHHHRC CCCCCCCCC 0o CCCCCCOCCOCCCER

LLGDAWNMEHPLTGGGHTVAFNDVVLLEDLMEGVNDFGDWRET SGILHRWHWLEEQYSST
ERCCCCCCCCCCCCCCHHHHHHHHEHHHHHEC C CCCCCCHHHHHHHHHHHHAHC CCHHHE

INVLEVALYELFGARDPLLEYLRTGCFEYFELGGHNC IFEPVELLAGIEQSPLLLARHEF A
CCCCHHHHHHHHHHHHHHHC CCCC OO CHHHHHC OO CC CHHHHHHHHHE

VALTANMWVNFTHPOREVGSTEEPLY ANPULYEYPHLF VEAIRVLWTACYVFLPLIWTEIRW
HHHHHHHCC CCOCCCCCCCC O CCC HHHHHC HHHHHHHHHHHHHHHHHHHHHHHHHHEHC

W
[
C-TLHEM  H-o-i20iE  B-2E%

C-random coil H-alpha helix E-extended strand

&8 AcSE EHR LT

Fig. 8 Secondary structure prediction of AcSE protein

AcSE X FRiE TR
O = N WA WUV oo

B9 AcSE ERZ=RLEEMTN
Fig. 9 3D structure prediction of amino acid sequences of
AcSE protein

3.3 AcSE tBXRIES

KA qRT-PCR il 4= 48 2 ¥ SEARFIAN [F) 15 7%
i} 5] B 2244 AcSE Rk ZE 5, DL B-actin /N 23k
Ko 45 3R W, AcSE 7EXEFE 7 d MM 2 1 22k
KB m, MESRENFPEK S TREE, B
B8 7 d M 2ET AcSE MIFRIEE N T SR M)
7.89 &, WIE 14, 21 d KIFRIEED IR T8
3.4 f5F0 2.7 £, T HoAh I R 7] 5 448 2 SR 1
RIEBMEFARZE (B 100, RUIAFEREFRNE
PR 22 AR B — e H SRR 1
4 g

=R G 2 T B EEZ RN E,
TP k. FuRSle, Rz =i
HEGEET SE LA 2,3- A& m 2 Rt
= HEAL AV EEY), SE EGERL & ) & g
B RIEEEEN, BRI R e
=W AGHMER AR EENE L, HitHD
fEEAEN . NS U2 R R WL .

I |I II ll 1 |-
35
t/d

E 10 FEIEFAEFEZELAE S AcSE WA RILE
Fig. 10 Relative expression amount of AcSE in A.

cinnamome mycelium at different culture time

ﬁﬁmﬁﬂﬂmeﬁlﬁT%X%QﬁﬂX%Q
A7 55 0 s TEAAELREMR (P
0%)¢zz£mf {¢ﬁ%ﬁ2A”%Hﬂﬁ
R, BFRRHMEER. 22 HREHRIAR
KA, HEMEATT 200 5 =l 5 A0 S I &
Ak MBI RENS Rt P, 28
M2t P2 e MR e R TR T SRR 45 B, HEAT P 8 0
IR B A () 3R 08 e 5 RS B R 7R A i ) g

R AR R IEADE (P<<0.05). s iH 3230 i it
PUVES A [F] 48 B R 0 A I R0 i 0 2 5 i 1) A
FHWRFX 2 MERNES DB HNEZIEMK. 2
W SR BIAE 2 AR 5 SE 1R ARG &
BB RO, AR & B S R AR 2 2R AL
B (HAHSSHE R D, P2 =
A IR SE AL AR 2,3- A B M i i &k
=AY EEEY), Ik SE fEwiRIL G4
BB RIEREEER, B 2 55 N
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J& BEAH SR 78 B E Al
AR RACE 974 AcSE, 3k73 cDNA 4

KN 1446 bp, 4 481 NEIEIR; gDNA FralH

3ANE T, HgmidEa S = 2% RS, Af

IR R, HENZ R LA R A i A AR

FHFEAARCL . AR =i 5 i A rh S BRI R

FBEWARTE, AW E XN Z e T g

ACSE, FRSHAEATAMME B RIE M, RBILER

R EAEAN AR TR BOR 220 b B R e e RS

45 R AR AR TR HR R @M 2 H

A A O S S B, BB AR

SIS I 2 AR = SR AR A AT N A

P, AT TR T SR KRGS A, o

FERAEEEANI R, SRR AR L = AT+

AR 2 A =W A AT I NE L —, 4

TR RS, AT R B

SE R
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