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Cloning and expression analysis of PIERG24 gene in ergosterol biosynthesis of
Phellinus linteus
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Abstract: Objective To clone the gene full length of ergosterol C14 reductase (ERG24) in Phellinus linteus and analyze its bioinformatics
and expression pattern. Methods The primers of PIERG24 were designed according to the transcription sequence of P. linteus, the cDNA
full-length sequence of PIERG24 was obtained by PCR, its bioinformatics was analyzed by Ex PASy and other online analysis software, and
its expression pattern in mycelia of P, linteus was analyzed by real-time fluorescence quantitative PCR. Results The full-length cDNA of
PIERG24 gene was 1 412 bp, which encoding a protein of 441 amino acids with a predicted molecular weight of 49 358.61 and isoelectric
point of 5.28; ERG24 protein was a hydrophobic protein without signal peptide, which was presumably located in the plasma membrane with
six phosphorylation sites. Phylogenetic tree analysis indicated that amino acid sequences of ERG24 in P, linteus were genetically closely
related to ERG24 in Sanghuangporus baumii. The qRT-PCR results showed that gene expression of PIERG24 reached the highest level of
6.36 at 25d during the growth cycle of mycelia in P. linteus. Conclusion The full length of PIERG24 gene was obtained, which lays a
foundation for further studies on gene function and genetic regulatory mechanism of ergosterol biosynthesis.
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Table 1 Primer sequences

ElEYEY SV (5°-37)
ERG24-F GTACGACATTATCATCCGCAG
ERG24-R CCACAGCCGCTCAATACAC
Ac-F GGCATCATACATTCTACAACGA
Ac-R CTTCCCGCCAGGTCCATAC
Q-ERG24-F TTTAGGAACGGCAGGAATC
Q-ERG24-R TCGCCAAAGTAGTTAGGATGT

24 BREERNEMEEZESH

FIFH NCBI fE£:#1 ff BLAST *J 5 3% PIERG24
FER P A AT A AUERE 22 R DANMAN #4444
I EAE CORF), Hxf HE 757 & H
A W5 o B s R AE £ 9 B BAF Protparam
(https://web.expasy.org/protparam/) X & [ [ EL L%
AT 4 Mt s Al B NetNGlye 1.0 Server
Chttp://www.cbs.dtu.dk/services/NetNGlyc/ ) il &5
E ) BE B A A7 s B NetPhos 3.1 Server
Chttp://www.cbs.dtu.dk/services/NetPhos/) Tl il ik iR
efr SR BB 45 &AL sis KA SignalP 4.1
Server Chttp://www.cbs.dtu.dk/services/SignalP/) il
W AZ 5 K; #]H ExPasy-ProtScale ( https://web.
expasy. org/protscale/) 73 #TER /KM HEABE
JB& M o oW R A TMPred
( https://embnet.vital-it.ch/software/TMPRED _ form.
html ) ; #] Fi PSORT ( https://www.genscript.
com/psort.html) T H VA0 E R BAAH
GOR4 ( https://npsa-prabi.ibcp. fr/cgi-bin/ npsa
pl?page=npsa_gor4.html ) FI SWISS-
MODEL (https://swissmodel.expasy.org/) 735147
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RFUA 20 Lo RMNFEF: 95 C 3085 95 C. 5s,
60 C. 34s, 40 MEFL, fismths. BERKILE
57752 0 Livak 2557k, FERARN £IA =
Hﬂ 27AACt ﬂé%{_\‘ .
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3.3 PIERG24 EFRBEBNEMMEEEDN

ProtParam tool Tl PIERG?24 K4 h5 25 H &R
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(CKD. EHHE B (PKB). 22350510 R
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Table 2 Key enzyme genes of ergosterol in P. linteus

KEGG %5 EC %5 FEH 4 HEALK
K01852 5.4.99.7 ERG7 FEHEMEH lanosterol synthase
K05917 1.14.13.70 CYP51 FEHEE 14-0 ZFHHALEG lanosterol 14-alpha demethylase
K00222 1.3.1.70 ERG24 {8 C14 I )58 Cl4-sterol reductase
K07750 1.14.18.9 ERG25 F O (S I SR 0408 methylsterol monooxygenase
K07748 1.1.1.1.170 ERG26 S BE-40-F2 R 3-JIL S sterol-4alpha-carboxylate 3-dehydrogenase
K09827 1.1.1.270 ERG27 3-ili— £ W34 S5 B 3-keto steroid reductase
K00559 2.1.1.41 ERG6 HEE C24 HHRFEFSES sterol 24-C-methyltransferase
K09829 5mmae ERG2 HlE C8 F#HJBE C-8 sterol isomerase
K00227 1.14.19.20 ERG3 HlE C5 B Sl Delta7-sterol 5-desaturase
K09831 1.14.19.41 ERGS5 1 C22 AN sterol 22-desaturase
K00223 1.3.1.71 ERG4 WY C24(28)IL 5l Delta24(24(1))-sterol reductase
K01052 3.1.1.13 LIPA JUEL 3] P i 7K A B cholesteryl ester hydrolase
K00637 2.3.1.26 SOAT S O-BE XL #5F2 1 sterol O-acyltransferase
K01824 53.3.5 EBP JE[E [ & S #H# cholestenol Delta-isomerase
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Pathway of ergosterol biosynthesis in P. linteus
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Fig.2 PCR products of PIERG24 gene
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AT: TCACTTGAATTTCGTTCATC
1 ATGICTTCATCTTCGTCTTCATCAAAAGAGCAAACCAAT GAGCTCAACCCACGCACCGACCTUCGTACGAATTCTTTGGTCCTCCAGRCGCA CTCOCTGTATCTC TCOGTGTACCATTOCTA
21y s 5 55s5sSKEEQTNELNPRTTSYEFFGPPGALAYSLGVEFL
41 ACTTCTCCTOCTC TGAAGCTTOGBG0 BOGTGTOCACCAC CAATGLO0GTCCT GCTBGACABGTTCOOCTOBGC TGTTACAGACCTCAGCTGRTGEANGACCCTGTG
2411 Yy ALY FSCSEASGGCPPEFMPVLLDEREFASAVTDLSUWWESLEGW
8 1 GATACCGAAGCTACOCTGATGTACCTCGCATGETACGCATACTECGTORCTACTTORG CATOCTACCAGGGA TTGGATT GAAGRCATT COGCTAAGAMCAGGTORAAAGAAGAAATAT
361 0 TEATLMYLAWNYAYCYATVAILPGDWIEGIPLRTGGEEESTH
121 A TCANTGOGT TTTOGACTTTCTT GTTGACGATOHG0CTOGCTTCOGHET ATATTTACACGAA TRBACCTOOGAGCTTTACTTTCATA TACGAAMGTOUA TCGGATTOGCTACAGTT
8l K T NAFSTFLLTMGLASGY I /7 TNGPASETFIVYERKWIGEFATA
161 TCGTTITGATCTOCGTACTGCAGGCATTATACCTTTATATCRCTTCGTTTCGTCAGROGAAGTT GCTTGCTCTO0GA GETAACTCGOGTAACTTCATTTACGATTTCTACATCGOTOGG
60l s v L MSVLQGLYVYIASFRQGELLALGGNSGNFIYDFYTIGHR
201 GAATTANATOCTTOGATOGECTOCTTOGATATCAAATCCTTCAATGAGC TGC GACCAGGOCTTAT ACTCTGO0CACTAATOGATATCAGC ATGCTTTGTGAACANGOGTGUGACGACEE
72l ELNPSTGSFDIKSFNELRPGLILWALIDISMLCEOAYVYRRG
241 GOTTTOGATAAAGTGACAGACTCAATG TG TCGTCCTCTTCT TOCAAGGAC TT TATGTTCAGA TGGGTTGTATAA TGAGOCOGIGATT TTCACTACTATGGATATCACGACCGATOG
841 G F DKV TDS M WLVLFFQGLTYVADGLYNEFPAIFTTMDITTDG
281 TTTGHATTCATOC TOOC TG TAGGAGA CCT TGCAT GGG oL TT TG TATACT COC T TCAGGCGAGGTATC T TCT T TAACCAAGTCCAGCTORGTTGETTEGCTAGEGOGG0GATTTTG
961 F ¢ F M L AV GDLAWYPFPFVYSLQARYLVYFNGQVELGWLASALIL

321 GGTCANTTTTGCAGGTTACTACATCTTTAGAGATEOGANTGR0GAGAACANTCA MR .. GAGCCTGAAATACTTTGAGACAGCGCGTGGTACGAAGCTA
1081 4 vy P AGYYIPRDANGEEKNDEFRNGRNPESLEYFETARGTEKL

361 CTCACAAGTOOCTGETOROOCCTCTOG0 T AT GG T TGO TR TCAC TTCGACAGEC TTCAACACTCCCATCACTTACTTCTATGTCACT
1201LTSGFIGLSR]II“I\'I‘GDLLI:\L.\!SLPTCFNTP]T\‘P‘!\'T
401 TATTTOGOOGGCC TOCTTROGCACCGACAGETTE ATAAGAGT TTGETOOCCTATACGATTGTTOCGTATRNG
1321\’F.\GLLAERO\'RDDB‘ICEIK\'GKDI'ERFKSL‘l‘l“fk]\'[’\"“
441

Y %

Qe FERTRESIY AE-TO6ER PCR I

Green-primer of gene cloning Red-primer of real-time PCR

3 PIERG24 EFE i ORF F3 R3S EEEEFF
Fig. 3 OREF sequences and their deduced amino acid sequences of PIERG24 gene
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Fig. 4 Prediction of glycosylation site (A), protein phosphorylation site (B), protein signal peptide (C) and protein
hydrophilicity/hydrophobicity (D) of PIERG24 protein
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Fig.5 Prediction of secondary structure of PIERG24 protein
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FIFH qRT-PCR #5:] PIERG24 F:[R7F S5 ¥ 22
—ANEIR NI RIS KL, AEREIRE) 5~20 d 3

6 PIERG24 RELHIE B HLEATTN 1, PIERG24 BEPNFUARAERFE | i, MAEHOR
Fig. 6 Prediction of tertiary structure of PIERG24 protein #25d MIAEIEHKE 6.4 (9.
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Fig.7 Multiple sequence comparison analysis of ERG24 protein between P. linteus and other fungi

:M EFEE (XP_007866990.1)
Bl (TFK48660.1)

INARZFLEE (THH06496.1)

21 fL R (PAV15595.1)

IR ILE (KLO09111.1)

R AIFLE (XP_007264907.1)

2% (OCB87985.1)

B UEsiy

FORFEHHE (XP_008037887.1)

REMHE (0IT13642.1)

1R% (PCH40173.1)

AEFEH (KI186809.1)

A FA B (THV07352.1)

T IRAERHE (ESK94667.1)

w5 EIRH (PBL03577.1)

BRI E (PBK75695.1)

gk 7E (RDB25643.1)
{Hr%ﬁrﬁ (KDQ24460.1)

WOFEZE B (OJA13937.1)

WE R ETIERE (0ZX40973.1)

IR FLAERTH (KIK43664.1)

TG 55 (KI005831.1)

B R (K1118300.1)

005
8 PIERG24 EHH) NJ ARG LR
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