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Cloning and Expression Analysis of Squalene Epoxidase Gene in Poria cocos
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[ Abstract] Objective: To clone squalene epoxidase (SE) , a potential key rate-limiting enzyme
involved in the synthesis pathway of Poria cocos triterpenes, from P. cocos and analyze for bioinformatics and
expression. Method: The total RNA was extracted by the kit and reverse-transcribed to cDNA. Specific primers
were designed, and the cDNA was used as a template for cloning the SE gene, which was analyzed for
bioinformatics. The expression of P. cocos qualene epoxidase (PcSE) was examined by Real-time polymerase
chain reaction (Real-time PCR) in P. coco Shenzhou No. 10, Xiangjing 28, and 5.78 strains. Result: The full
length of PcSE is 1 571 bp, containing four exons and three introns. The obtained CDS sequence is 1 413 bp,
encoding 470 amino acids. This protein is a hydrophobic protein with no signal peptide structure and has two
transmembrane structural domains with a FAD/NAD (P) binding domain and SE structural domain localized to

the mitochondrial membrane and the plasma membrane. The homologous sequence alignment with fungi of the
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Poriferae family is 80.92%, and the phylogenetic tree shows that PcSE protein is most closely related to P. cocos
from the US. The results of Real-time PCR showed that the PcSE was expressed in all three strains, with the
highest expression in 5.78 strain, and there was no significant difference in PcSE expression among the three

strains. Conclusion: For the first time, the PcSE gene was cloned and analyzed from P. cocos, providing a basis

for further research on the function of PcSE and the analysis of P. cocos triterpene biosynthesis pathway.
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B N TN SE _Fii CTCTCTTCCCGCATTCAAAA
Fiif GTGCAAGGTATCCACATCCA
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Fig. 1 Agarose gel electrophoresis of total RNA (A) and PCR

amplification products (B) Poria cocos
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Fig.2 Hydroophobic of squalene epoxidase of Poria cocos
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NADB_Rossmann # 7 % , & & A AL B i 1 45
A B PE B, WoR R H A SE R (AT LA 1
53, T BB S SE U OC 8 I JBT & 45 I R 1 A0 T
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Fig. 3 Prediction of conserved domain, secondary and tertiary structure, transmembrane domains of squalene epoxidase of Poria cocos

THAEMBK LG ZME A, 5 TR E /YT 40l 7
U5 8 O A I Bk . 38 5 ProtComp v.9.0
1E 28 IR 55 W3k, EAT PeSE JF 41 1, H 45 3 s
g2 OPER VARS R G 02 o A N g WD A D K DA i)
A T 25 R 5 BT AR A 4.98 A, R IR AR 4
4.83 43 3 3T Al £ 1 5 © R o 81 [ IR
1714345 5] LocDB 40 A ; 2 T 5 8 11 5t (4[] I
115315 2] PotLocDB B4 H 5 43 5 F& T il 2 ) 2% it
F71F 4315 38 Neural Nets 570 {8 2.99 43 ; 3 T %H 508

%2 PcSE BI040 B =E i Fml

JEE 7 5 55 ) 6 AR 43 A b 8545 B] Pentamers &L 43
8 5.31 3 5 5 J B o0 B8 BT 0 — 4k, 15 2] Integral &
A 1057 . WRAE S R K W], PeSE & 11 10 457 T o
ok 2 i, W2,

3.7 PcSE & [1 /¥ 9t i Kt fb 4y M 78 48 Bk 1
blast [t Xt 45 4 i 7%, PeSE 25 14 5 3¢ [ 7k % MD-104
SS10 SE(PCH34782.1) [al it it i , 4 99.57%, 5 &
VS A R 2 [R) R M 76.05% , 5 R 2 SE B[R] I
9 75.37% 55 1% 5z A 4k SE R UE N 68.99% , 5 & A=

Table 2 Sub-cellular location prediction squalene epoxidase of Poria cocos

— I3 E /5y
LocDB PotLocDB Neural Nets Pentamers Integral
2 Jfd A% 0.0 0.0 0.00 0.00 0.00
Piy 0.0 2.5 0.92 0.21 4.98
U7 0.0 0.0 0.92 0.63 0.00
2 Jfd 5 0.0 0.0 0.00 1.28 0.00
R IRLN 0.0 2.5 0.00 2.17 4.83
A 5 ) 0.0 0.0 0.00 0.88 0.00
FUE=R A7/ 20N 0.0 0.0 0.92 0.00 0.00
R A 0.0 0.0 0.23 0.13 0.00
RSN 0.0 0.0 0.00 0.20 0.00
Wt 0.0 0.0 0.00 0.01 0.19
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% fLH SE [A Y1 67.37% ; #1] 1 DNAMAN %% #4-¢
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L) SE 2 1751, FI FH MEGAG6.0 #1444 # &R 4t

NAD(P)-binding domain
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ZEH ARG R R, SRR E R — K
SR RBVA R, R 2P SEC 44 B A 5
T SQL1ARLLE T RE , RV RS I SQL1 %R 7L 22 #2id
5 R SR 1T (NADPH ) 434 K2 i P2 o 40 26 10
P2 i PeSE £ L BAT SE 19 Zh RE A 1k 1 &0 A2 il
2, 3-PRE SR BN, BT 5 AR = 1

PeSE VSP ‘ “PLRI|CLLERSLAEPDRI|VGELL QP GG\ JAYL Ik}
ALIT68411 WWST AR AL SSRSERIIPLRI|CLLERSL AEPDRIJVGELL QP GGPWAL LV T
PIL344221 ... .. VPAPRNTRCAMWS VS ATAL SPYYRU ISP L RIICL LERSL AEPDRI|VGELL QP GG Y.L (o) e
RDX45761.1 MASDVTSSSSRPRDNVRS VS| A AL SPYNRUI LSNP L RI|CLLERSL AEPDRI|VGELL QP GG R PIL 1% S
RPDS4598.1 ... ........... A AL SIVSIEBXONP L RI|CL L ERSL AEPDRIJVGELL CP GG L Le ST
PcSE NASELD R 141
ALJ76841.1 MVES[LE p 145
PIL34422.1 LEDSVD E 155
RDX45761.1 LEAJSVE K 160
RPD54598.1 LET K 145
PcSE GVKPETRES 214
ALJ76841.1 F gADGCF SNF GVKBST 225
PIL34422.1 N5 3 ADL TYJ ADGCF SNF QP GV 232
RDX45761.1 N [ ADL TJJ ADGCF SNER A GBVL 237
RPD54598.1 A5 ADL T'A} ADGCF SNF AT QRVLISS| E 22

Substrate-binding domain
PcSE GLE1 @ 204
ALJ76841.1 PAe) 305
PIL34422.1 LEAQ 311
RDX45761.1 112085 AAEL AR 316
RPD54598.1 SKEo GTIE 1 12005 A AHQEAR 301

Substrate-binding domain

PcSE HDE SENET SR! 1] 374
ALJ76841.1 NDF GOYIREI S GI a 385
PIL34422.1 KEL AP)IE QVAP F| 301
RDX45761.1 KNL ABYQEVKP 396
RPD54598.1 KNL AN EVKD 381
PcSE L AVYI VEOGRRS. - VGEHT v VKEGLERVEUAVERC HL 452
ALJ76841.1 LPAMWYMEEP QRIYG. . S TERPLYAMICL YEVRMEF VRAL RIS 463
PIL34422.1 F| TNRLNST WVLIGNEPRKGTTCDGIPL YRRERPDEWLFIALKS VOF 471
RDX45761.1 F F)ST WWLESNEPRKYG. VDGR VYRRGRPDEVFIAFVSL QUF 475
RPD54598.1 F TAVENSI MVLEBNEPRQIG. VVDGHYRI LRRISRPDEVISFIAFKSLQUF 460
PcSE STACVVEIPLAY W 469
ALJ76841.1 S TACVVEIPLY W 480
PIL34422.1 TACVVEPLI | 487
RDX45761.1 S TACVVEPLY R 492
RPD54598.1 S TACVVENPLY p 477

7 :NAD(P)-binding domain , 454 45 ¥4 45{ ; Substrate-binding domain , Ji& 4 2% & 4% 14 Ja,

B4 AEEESESKERF 5Lt

Fig. 4 Results of multiple amino acid sequences alignment of squalene epoxidase in different fungus species
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Fig. 5 Phylogenetic tree of squalene epoxidase protein sequences of Poria cocos and some other fungus

4.0
3.5
” 3.0
X 25
K
X 20
E 15
1.0
o m W
0.0
105 W28
E6 PcSEEREABEKPHEXNRIESH

Fig. 6 Relative expression analysis of squalene epoxidase in

different Poria cocos strains
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