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Abstract

According to the conserved sequence of SQS (squalene synthase) from NCBI database, designed primers and
amplified QS gene fragment with RT-PCR product from Phellinus igniarius total RNA. Then obtained full length
S gene using the RACE technology. Analyzed the amino acid sequences, and constructed phylogenetic tree. The
S cDNA was constructed into the prokaryotic expression vector pET22b and expressed in E.coli BL21(DE3).
SDSPAGE Analyzed protein expression. Lay the foundation for further analysis of the structure and function of
squalene synthase.
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INTRODUCTION

SQS (Squalene synthase) , a microsomal enzyme maisngortant role in the biosynthesis of sterols and
triterpenoids, it is key enzyme in the formatioh &Gqualene - sterol and trisomy compounds. Higbression
can promote synthes of triterpenoids. Becausdsoiniportant role in the isoprenoid pathway, it cdme the
current research focus.

SQS (squalene synthase) is located on the enddplagticulum, catalyzes the two molecules of Fayhe
pyrophosphate alkenyl to form squalene, by squaépuexidase (SE) and squalene cyclase (SC) [1,2]al8ge

is catalyzed to Synthesize triterpenoids, sterolmlesterol, etcas a key enzyme in synthesis pathway of
triterpenoids[3], now SQS gene were cloned frémemisia annua, Psammosilene tunicoides, Glycyrrhiza
uralensis, Arabidopsisthaliana and other plants[4,5].

Triterpenoids is the more common type compounBhdlinus igniarius, its medicinal value ifPhellinus igniarius
is currently a research focus[6,Rhellinus igniarius is currently the first efficiency in the field dfiological
treatment of cancer by internationally recognizeztause of its unique anti-cancer effect, It hanlkzehot topic for
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scholars, in addition to the pharmacological effanttraditional Chinese medicine theoPpellinus igniarius also
has anti-cancer, anti-tumor, immunomodulatory,rliiealth[8,9], It has great significance for thetRar research
and development ofPhéellinusigniarius.

EXPERIMENTAL SECTION

Strains, plasmids and culture conditions

Phellinusigniariuswas presented from China University of Petrole@uitured on PDA medium, 28, 140rpm
for 7 days. E. coli DH & BL21 (DE3) were stored by our laboratory. resimit enzymes, DNA polymerase, reverse
transcription kit, Trizol reagents were purchaseanf Takara Bio Company, Plasmid pMD18-T was puretdegsom
Promega Corporation, the prokaryotic expressioriovguET22b was stored by our laboratory, DNA segeernby
Sangon Biotech.

Total RNA extraction and first-strand cDNA synthesis

Take Phellinus igniarius cultured for 7d, cells were collected by centrdtign, water was dried by sterile filter
paper, ground in liquid nitrogen and then extracRA by Trizol method, and finally eluted RNA addin
DEPC-HO, electrophoretic analysis of RNA quality. Take ttotal RNA fug and Oligo-dT primer in a cDNA
synthesis mix Buffer, and after 70 denaturation for 5min, added dNTP and RNA revéraescriptase, and then
incubated at 37C for 1h, obtained cDNA first strand as a tempfatePCR reaction.

Primer design and RT-PCR

According to the published gene sequences of S@3Jesigned a pair of degenerate primers sequesdell@vs:
P1: 5-TAYTGYCAYTAYGTNGC-3'; P2:5-ACYTGNGDATNGCRCRAA-3 '. by RACE to obtain two ends of
SQS cDNA sequence, Specific PCR primers used tdifgritpe SQS sequence: P3:5-ATGGCGACCACTC
GCAACTC-3';P4:5-CTACTCCTGGGTGATGTAATA-3".

Bioinfor matics analysis of SQS gene

Sequenced the full-length cDNA sequence, analyreid@acids sequence of protein, predicted protedfecular
weight and isoelectric point. Download SQS protsguence of other species from NCBI to construgtqgenetic
tree based on amino acids, Analyzed the evolutiosi@tus of SQS iRhellinusigniarius.

Construction of Prokaryotic expression vector

According sequenced Phellinus igniarius SQS cDNA to design primer, upstream primer:
5'-TATCATATGGCGACCACTCGCAACTCTTAC-3' with theNdel recognition site (underlined) Downstream
primer: 5'-GCCAAGCTTCTCCTGGGTGATGTAATAC-3' with thdindIIl recognition site (underlined) .Amplified
full-length sequence of the coding region of SQ®| then connected to the fusion expression vedtd2gb after
purification, constructed fusion expression ve@&iT22b-SQS, transform competdntcoli BL21, PCR screened
recombinant, sequencing to identify the gene serpiarserted.

Protein expression and analysiswith SDS-PAGE

BL21 strains containing recombinant plasmid pET&ZpS were cultured in LB medium with Ampicillin, 3T
shaked for about 12h, and then expanded at 1: \wf8n OD600nm reach 0.4-0.6, IPTG was added to & fin
concentration of 0.2mmol / L ,and then cultured?&8tfor about 4h. Cell were harvested by centrifugatiand
SDS-PAGE to detect the expression.
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RESULTSAND DISCUSSION

Sequence analysis of the SQS gene

According to SQS sequences of other organismsgudedidegenerate primers to obtain conserved regib88S,
sequenced to get complete information of this secgeieand then redesigned primers to amplify the pleta
sequence using RACE-PCR technology (Fig.1a), atogi sequencing results obtained Amino acid casitjpm

(Fig.1b). Predicted protein function using the webéhttp://smart.embl-heidelberg.de/), there issignal peptide
region and it has a functional area.

Phylogenetic analysis of PITPS

According to NCBI database, collected SQS proteguences of other organisms,Phylogenetic tree wrstreicted
based on the SQS amino acid sequence previoudgctaal with SQS sequenpiellinusigniarius (Fig.2), Further
analyzed the evolution status and relationship@$ Svith other organisms.

SDS-PAGE assay of the recombinant PiTPS protein

The engineering strain was cultured overnight, tmdu culture after grown to logarithmic phase. Celisre
harvested by centrifugation, SDS-PAGE analysis mitgin expression, there is a specific band wasdoat
42.19kDa of engineering strain, achieved a prokargxpression of SQS(Fig. 3)

Fig. 1 (a)Nucleotide sequences of SQS gene. Therdein shadow indicated the start codon (ATG) astérisk
indicated the stop codon (TAG). (Beduced amino acid total 387 amino acids

(@)
ATGGCGACCACTCGCAACTCTTACGACGTTCTCATTGTTGGCGGTGGTGTC@GGGTGTGCTCTTGCGT
ACAGTCTCTCGACCATTACCTCCAAAGCACGTCCAAAGCAACTCCGTATCGTCTCATTGAACGCTCCTT
TGCAGAACCAGACCGCATTGTCGGCGAACTTCTTCAGCCTGGCGGGTGTASCACTTCGCAAACTTGG
ATTAGGCGATTGCCTAGAAGGTATAGACGCAGCGGCTGTGCGTGGTTATTGGTTGTCAACGACGGGAA
GCAAGTCCATATTCCATATCCTAACGGCCAAGAGGGACGGGCTTTCCATCRGGCAAATTTATCATGGCA
TTGAGGAAGAAGGCTCTCACGGCTCCCGGTGTCGAAGGAATTGAAGCTACBTCACGTCGCTCCTTAC
CGCAGACGGCGAGCACCGGGTCTACGGTGTTTGCGCGACGCGTAAGAACTGGGACTGAAACGAAG
GAGAACTTCTATGCACCCCTCACGTTCGTTGCCGATGGCTGCTTCTCCAATTCCGAGCAGAGGTCTTGA
GCGAAGCCTTTGAGAAACCCGTCACACGCAGCTACTTCGTCGGTGCGATTICAAGGACGTAAAATTGC
CGATCGACAAACATGGAACCGTCGCTCTTGTCCGTGGGTCTGGTCCTGTAGGCTGTACCAAATTGCCG
AACATGACACACGTATACTCATCGATGTTAAAGCACCCTTGCCATCTGACO CAAACAATTCGTACTGGA
CAAGGTTTTGCCCGAACTCCCAGAAAGTGTTCAGCCGGCTCTCGTAGATGICTCAACAGGGAGCGGCT
ACGTCGTATGCCCAATTCCTTCCTTCCTCCCATTGAGCAAGGCGGAGAGGATCCAAGGAGGGTGCTAT
TCTTGTTGGCGACTCGTGGAATATGCGTCATCCCCTTACCGGAGGTGGAMACCGTCGCCTTCAATGAT
ATTGTCATACTTACGGATCTTCTTCGCACTGTACCGAACTTCGAGGACTGGCATGCGTATCGCAGATCC
TTCATGCATGGCATTGGTCGCGTAAGCCGCTTGGCTCGACGATCAATATTLTAGTATCGCGCTTTACGAC
CTCTTCGGCGCCGAGGGTCTGTCACATTCTCTGTATTACATCACCCAGGAAG

*k %
(b)
MATTRNSYDVLIVGGGVAGCALAYSLSTITSKARPKQLRIGLIERSFAEPIRIVGELLQPGGCNALRKLGLGD
CLEGIDAAAVRGYCVVNDGKQVHIPYPNGQEGRAFHHGKFIMALRKKALTAPGVEGIEATVTSLLTADGEH
RVYGVCATRKNSGTETKENFYAPLTFVADGCFSNFRAEVLSEAFEKPVTR®FVGAILKDVKLPIDKHGTVA
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LVRGSGPVLLYQIAEHDTRILIDVKAPLPSDLKQFVLDKVLPELPESVQPAVDALNRERLRRMPNSFLPPIEQ
GGEQSKEGAILVGDSWNMRHPLTGGGMTVAFNDIVILTDLLRTVPNFEDWACVSQILHAWHWSRKPLGSTI

NILSIALYDLFGAEGLSHSLYYITQE

Fig. 2 Schematic representation of SQS protein, drawn to corresponding scalesasin thefig
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Fig. 2 Phylogenetic analysis of PiSQS showing i@festhip with other known SQS. Alignment of aminadac
sequences with CLUSTALW, consensus Neighbor-Joitrieg with MEGAS.0
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M :standard protein molecular weight; 1:crude enegynirom BL21 at 28Cfor 4h;
2:crude enzyme from BL21 (DE3)/ pET22b-SQS induegdPTG (0.2mMol) at 2& for 4 h; 3: Precipitation of

crude enzyme;4: Supernatantcofide enzyme
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DISCUSSION

This study successfully cloned squalene synthase gehich is the key enzyme in triterpenoid biosgsth
pathway[10-12], sequenced the full-length cDNA sewes and analyzed by bioinformatics. Bioinfornsatic
analysis is an effective means to predict genetioinclt provides a theoretical basis for furthesin and by
verification experiments.

As we all knows the similarity of plants squaleyathase sequence are higher. SQ®t@linus igniarius encodes
387 amino acids, the molecular weight is 42.19 kBnd pl is 6.56. Another feature of SQS gene, khie

similarity of amino acid sequence between plananimals and fungi have low homology, about 35%4@86. but
higher in the plants (tobacco aAdabidopsis thaliana), in animals (human and mouse) high similarityd &nngi

showed a trend of multi-differentiation[13,14].

We use advantageous combination with the fusiomesgon vector pET22b and BL21 (DE3) strain, anthioled
soluble and intact protein of SQS. pET22b camyNaterminal pelB signal peptide sequence, theetapgotein
can be localized in the periplasmic cavity, meafsvttie vector contains a C-terminal His-tag forification of
proteins.Escherichia coli BL21 (DE3) strains with T7 RNA polymerase gene baninduced by IPTG, andstrains
lack the lon protease and outer membrane proteasp3 can prevent the degradation of Protein. dise can
help to express the target protein effectively.

REFERENCES

[1] Jennings S M,Tsay Y H,Fisch T M,et Broc Natl Acad Sci USA,1991,88(14):6038-6042

[2] Kathleen H, Joseph ®lant Physiol, 1992, 98: 215-220

[3] Kim T D, Han J Y, Huh G H, et aPlant Cell Physiol, 2011, 52(1):125-137

[4] LEE JH, YOON Y H, KIM H Y, et alMol Cells, 2002, 13(3):436-443

[5] OKADA S, DEVARENNE T P, CHAPPELL JArchives of Biochemistry and Biophysics, 2000, 373(2): 307-317
[6]Liu, Y.F., Yang, Y., Jia, W., Zhang, J.S., Tagy,)., Tang, C.H2006. Acta Edulis Fungi. 13, 49-52.

[7]1Song, T.Y., Lin, H.C., Yang, N.C., Hu, M.L2008. J.Ethnopharmacol. 115, 50-56

[8]Dai Y C, Zhou LW, CuiB K, et al.Appl Microbiol Biotechnol, 2010, 87 (5):1587

[9] Z.Q.Chang B.C.Oh M.H.Rhee et al.World J Microbiol Biotechnol 2007, (23) :723-727

[10]G.W. Robinson, Y.H. Tsay, B.K. Kienzle, C.A. 8mMonroy, R.W. Bishop,Mol. Cell. Biol. 13 (1993)
2706-2717

[11] J.L. Goldstein, M.S. Browr\ature 343 (1990) 425-430

[12] P.A. Edwards, R. Davis, Isoprenoids, sterald hile acids, in: D.E. Vance, J.E. Vance (EdsipcBemistry of
Lipids, Lipoproteins, and Membranes, vol. 31, Eise\Amsterdam1996, pp. 341-362

[13]Devarenne, T. P., Shin, D. H., Back, K., Yin, &d Chappell, J1998) Arch. Biochem. Biophys. 349, 205-215
[14] Perzl, M., Reipen, I. G., Schmitz, S., Por#ll, Sahm, H., Sprenger, G. A., and Kannenberg,.H1998)
Biochim. Biophys. Acta 1393, 108-118

1336



