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ABSTRACT

The present study is to study drug metabolic characteristics of CYP3A46 gene. Sus scrofa CYP3A46 gene from
Bama miniature pig liver was obtained by PCR method and cloned in pCDNA3.1, the recombinant plasmid pCDNA-
CYP3A46 was obtained. The recombinant plasmid and empty plasmid were transfected into HepG, which
designated as HepG,-CYP3A46 and HepG,-CDNA3.1 repectively. The stably expressing cell lines HepG,-CYP3A46
and HepG,-pcDNA3.1 were achieved by the selection of gentamycin (G418) ,and were incubated with the probe
drug nifedipine (NF) in optimal conditions. After the cells were incubated for 60 minutes, the high performance
liquid chromatography (HPLC) was utilized to detect the change of metabolites in cells. The results showed that the
sequence of cloned Sus scrofa CYP3A46 gene was correct, and the stably expressing cell the cell lines transfected
with pCDNA- CYP3A46 and pCDNA3.1 were established successfully. The activity analysis demonstrated that the
cell line transfected with pCDNA-CYP3A46 had the significantly metabolic activities of nifedipine ( P<0.001) .

Key words: gene cloning, expression, metabolic activity, CYRBA

INTRODUCTION

Currently, there are more than 20 minipig strainvarieties worldwide. In foreign countries, such Minnesota
hormel minipig in USA, Oh mini Bud and Clawn mirgigi in Japan, and Gottingen miniature pig in Germamy
China, such as Guizhou miniature pig, Yunnan Banimaature pig, Bama miniature pig and Wuzhishaniatime

pig [1].

Comparing with rodents, miniature pig is not oniyitar to human in anatomy, physiology and diseaselel, but
also exists economic and ethical advantages ingusimiature pigs as model animal in the field ofrhedical
science. Therefore, miniature pig has broad appdicaprospects in biomedical research, especialyhuman
disease model, drug safety evaluation, xenotrantgtlan [2-4].

At present, though researches on the reliabilitynofiature pigs as an experimental model animakhaached the
molecular level[5,6],the drug metabolic charactarssof Bama miniature pigs remains to be definedpresent
study, so as to provide the basis for further ffary the pharmacokinetic characteristics at thb-sellular and
molecular levels,Bama miniature pigs were used =gerimental materials to clone the gene and then
heterologously expressing the gene in Hep@l lines by means of molecular technology.Materand methods.
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EXPERIMENTAL SECTION

Materials

The liver samples(n=2) were taken from Bama mim&fig(pig farm, Laboratory Animal Center, Third IN&ry
Medical University ),total RNAs of each species evardividually extracted by means of Trizol kit. Afudies were
approved by thelnstitutional Animal Care and Usen@uttee of Luzhou Vocational and Technical Universi

Reagents

pcDNA3.1 plasmid( Shanghai GeneCore BioTechnolodies, Ltd.(Shanghai,China)); PMD-18-T subcloning
vector, primescript TM 1st strand cDNA SynthesigTkakara Biotechnology (Dalian) Co., Ltd.Dalian,64); ECL
chromogenic solution purchased from Pierce Comp@ty5a competent cells, Anti-His Antibody, HRP-lade
goat anti-mouse secondary antibody, EndoFree Pdasmilotoxin-free plasmid extraction kit, agarosé QDNA
extraction kit (TIANGEN Biotech(Beijing)Co.,Ltd.,Bang,China));Trizol (total RNA extraction reagentRIPA
lysis buffer, Bradford Protein Assay kit,Coomassi@rilliant Blue G-250 (Beyotime Institute of
Biotechnology,Shanghai,China);Lipofectamine20001&4High glucose DMEM,FBS(Invitrogen,USA);Nifedign
Oxidized nifedipine, glucose-6 - phosphate (G-6gR)cose-6 - phosphate dehydrogenase (G-6-P-Dighzyone |l
(NADP), bovine serum albumin, ketonzole and DMS@fs-Aldrich,China);Trypan blue solution (0.4%),
MTT(Amresco,USAJ-actin antibody (Santa  Cruz Biotechnology, Inc.USA) methanol(HPLC
grade,Merck,Darmstadt,Germany ).

Design and synthesis of primers
PCR primers based Sus.scrofa CY3A46 sequence \esigneéd, the primes as follows:

The upstream primer:
CGCggatccGATGATGATGATGATGATG (BamHI, in lowercasstters),

The downstream primer:
CGGctcgad TGATGATGATGATGATGA AGTCAAGGTCTCTGATGCTCTG  (Xhol,,in  lowercase letters
histidine-tagged codon in Italics)

The online primer-designed tool (http://frodo.witradu/)was utilized to evaluate the designed prmerhich
contains BamHI restriction sites in upstream prin@rd Xhol restriction sites and histidine tag imwtistream
primer, the PCR products was a length of 1861bprfesent primers.

The designed primer was synthesizd by Shanghai GaeeBioTechnologies Co., Ltd.

PCR cloning of target gene

Total RNA was extracted from Bama miniature pigetiaccording to Trizol (total RNA extraction reageragent
extraction kit manual;RT-PCR according to instrons of primescriptTM 1st strand cDNA Synthesis(Kiakara);
Clones were identified by colony PCR, and the pasitlones were sent to GeneCore Biotechnology Qd.,for
sequencing.

Construction and identification expression vector

Pick the bacterial colonies containing correct éamgene confirmed by sequencing to ProliferateucejExtraction
pMD-CYP46 by tiangen small plasmid extraction kigfigen, China), and then the gene was PCRed héqyurity
and concentration of the extracted plasmid wasctide The reaction system as follows: forward prinmeverse
primer luL,respectively Mg24uL, template pMD-CYP3A46(L, Buffer (10 x), dNTP BL, pfu DNA polymerase
1ul, deionized water 34, total reaction system volume wasph( reaction conditions: 968 5min; 95C 4min;
68°C 30sec;7Z 1.5min, 72C 5min. The reaction product was purified using @R purification kit, After the
reaction, the PCR product was purified using th&R@irification kit, and then BamHI/Hindlll doubtiigestion
performed, and the restriction endonuclease prtogdudfied,and the ligation reaction carried outhe ligation
product was transformed to Dk5the positive clones were identified by colony R@f reaction system was as
follows: forward primer, reverse primerpll, Mg2* 2uL, Buffer (10 x), dNTP2.gL, pfu DNA polymerase (IL,
deionized water]d; reaction conditions: 96 5min; 95C4min, 68C 30sec, 7Z 1.5min, 72C 5min. Colony PCR
was utilized to identify the correct single colgmyd the positive clonies were sent Shanghai GemeCo
BioTechnologies Co., Ltd. for sequencing.
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Screening for stably expressing Strain

Cells in 24-well plate was inoculated 3 x°16ells/well, added anti-free DMEM (high glucose) Iwell
containing10% FBS , cultured to 85% confluence BC35% CQ, saturated humidity condition. Referring to
instructins offerred by Lipofectamine 2000 Transfat Reagent kit, 1460 of plasmid was added to each we|ll.4
liposomes in serum-free DMEM medium with a totalwoe of 50QL,which formulated mixture of plasmid -
liposomes - serum-free DMEM medium, cultured 48A6% CQ, saturated humidity conditions, then cultured in
DMEM (high glucose) containing 10% FBS in 24h befewitched to the culture medium containing 4§©8418
until cell to death on Large-scale, replacing th#uce containing 200yG418 before the medium was maintained
continuously for 10 generations, and then prepadngell suspension, cell counts, the cells weratetll with
medium to 1cell / 10L. Medium was added 150 / well in 96-well plates, cell suspension was edid Q.L/well
until increased their numbers gradually, and tmangferred to 24-well plates using medium contgr0QugG418
for proliferation.

I dentification of recombinant expressing cells by RT-PCR
All operations carried out by the methods 1.4.2Hmer

Western-blot detection of expressing productsin HepG,-CYP3A46

culturing and collecting the cultured stably exgieg cell lines Hep&sCYP3A46. HepG-pcDNA and HepG the
protein extract solution offered by instructiors &IPA lysis kit, the protein concentration wastetenined by
Bradford method, the protein solution was adde8x8DS-PAGE sample buffer, and denatured by bolingin,
centrifuged 1min, 20L supernatant sample was transferred t012% polisoige gel and then to nitrocellulose
membrane with PBST (NaCl 8.5%, MO, 2.2 %, NaHPO, 0.4%, 2% (v / v)Tween 20, pH 7.2) ,and washing
three times, 5 min each pass. 5% milk (PBST prejomablocking antibody, shaking on shaker at room
temperature for 1h. TBST washed three times, 5aaich pass, adding Anti-His Antibody antibody (DAOPBS
formulation) orp-actin antibody (1:5 000), 37 shook 2h, pBST washed three times, 5 min each, paskng
horseradish peroxidase-labeled secondary antibba@, PBS formulation), shook at room temperaforelh.
PBST washed three times, 5 min each pass, plusrea&gents, X-ray film exposure, washed the film. xsia of
protein expression by gel analysis system .

I ncubation recombinant cells with nfedipine

Taking 24-well plate ,inoculated cell suspensiohwix1GHepG-CYP3A46/ HepGpCDAN3.1/ HepG cells,
added 1200g /mL nifedipine storage solution to 27|85 (final concentration 2q@M)each well , supplemented
with 2% FBS containing antibiotic-free DMEM mediutm 50QuL,each well with three wells to repeat, mixed
gently, incubated at 3T , 5% G@r 60min, stopped the reaction in ice bath. Thatune in each well was
transferred to Eppendorf microfuge tubes, the nmadand methanol with a ratio of 1:2 was added totuméxto
precipitate the protein in the incubation mediund ¢hen centrifuged 10 min at'@ , 13000rpm l58upernatant
of each sample was drawn to detect the peak are#eafipine (NF) - oxidized nifedipine (ONF) by HEL. and
calculated the amount of nifedipine and oxidizefédipine by standard curves.all experiments corextnifedipine
operated in dark.

Chromatographic conditions
chromatographic column: Hypersil ODS$ @4.6mmx150mm, Bm); mobile phase: methanol: water (64:36, v / v);
Column temperature: 4@ ; Flow rate: 0.5 mL / mietetttion vavelength: 237 nm; injection volume ofj 80

Data Analysis
Statistics and comparison using excel and SPSSdtigtial Product and Service Solutions,USA)

RESULTS AND DISCUSSION
1. Transformation of PMD-18-T-CYP3A46

The transformation was successful by the fact tamet gene CYP3A46 bands appear in Colony PCR
electrophoresis and results showed in Fig 1.
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Fig 1. Screening for positive clone by clony PCR (@ny PCR products of CYP3A46(Lanel DNA marker:DL20®@;Lane2~6 positive
Clone)

2. Sequencing results of comparative analysis
The cloned ORF in pMD-18-CYP 3A46 was sequencethd the sequencing result was compared with the
CYP3A46 ORF sequence deposited in GeneBank by NBEBtleotide Blast tool online( http://blast.st-

va.nchi.nlm.nih.gov/_10718, The blasting results as showed in fig 2 demotedrghat there was no difference
between the two sequence in base composition.

Sus scrofa breed mixed unplaced genomic scafold. Sscrofa10.2 ChrilScard0Td
Sequence ID: reflWVY_003540966_1] Length: 5630 Mumber of Matches: 2

Range 1: 4112 to 4215 SenBank Sraphics

Score Expect Identities GCaps Strand

375 bits(203) Se-101 203/203(100%) 0/ 203(0%a) FPlus/Minus

Queryr 1025 OO T AR T AR A TG T I GECECA RN T EEAETATC T T GACATGE T GET GANCE 1084
Sbict 4315 DO T OO AR T ARG TG T C I GO GO T EEARETATC T IGACA TG T GET G NCE 22356
Duery 1085 AL T T T AR T A T T OO C ARG T T ACTTCC TAGRC T TIGRGACGEGTCCTIGTARCGRLGEAT T EE 1144
Sbict 4255 AT T T AR L T A T T CAG T TAC T CTAGRC TTIGAGAGGTCCTGTALRGRLGEAT GT S 4196
Duery 1145 AL TCCATGEGCG TG T TCGTITCCCARAGGEGRACCGTGATGATGETGCCALTCTTITGCGCTTC 12049
Sbkdict 4195 AL TCCATGECEG TG T TCGTITCCCARAGGEGACCGTGATGATGETGCCALTCTTITGCGCTTC 4136
Query 1Z205 O CEHGOCCCEGEAGCTCTEEOC Az227

Skbjct 4135 ARCARCGRGCCCCEGEAECTCTIEECCR 4113

Fig2. the results of blast in NCBI

3. Dentification of Recombinant Plasmid Transformants by Double Restriction Endonuclease Digestion
The results of the recombinant plasmid pcDNA- CYR8Adigested by BamHI and Xhol demonstrated that the
target gene CYP3A46 was integrated in vector pcDNAG showed in fig 3.

Fig3. Restriction analLysis of recombinant plasmid pDNA- CYP3A46 Lane M\-EcoT14l digest DNA Marker; Lane 2~6 Recombinant
plasmid pcDNA-3A46 digested by BamHI and Xhol.

4. Eukaryotic expression transformants sequencing and analysis

The results of sequencing of CYP3A46 ORF in vept®DNA3.1as showed in fig 4 and fig 5 was blastetl®BI
by blast tool online showed that there was no difiee between the present ORF and the one depdasité@BlI,
indicating that the eukaryotic expression vectos wanstructed successfully.
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Fig4. Forward sequencing result of CYP3A46
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Fig 5. Reverse sequencing results of CYP3A46

5. The RT-PCR Identification of Recombinant HepG,-CYP3A46 Cell Line
The RT-PCR results as showed in Fig 6 indicated éhatable expression cell line of HepGYP3A46 was
established after the selection of recombinantliceifor 10 generations at the G418 concentra2i@®ng/mL.

Fig6. Electrophoresis of HepG-P4503A46 gene products derived from Recombinant ikéines Of HepG,-CYP3A46by RT-PCR. Lanel
Marker: DL2000,Lane2~6 RT-PCR products of HepG-CYP3A46

6. The West-blot results of recombinant cells HepG,-CYP3A46

. 2 5..2 3

A B

Fig 7.The results of West-blot. A CYP3A46 Ab testB g-actin Ab test.1,HepG cell line;2,HepG-pcDNA3.1 cell line; 3,HepG-CYP3A46
cell line

The West-blot results as showed in Fig7 indicaled the gene of CYP3A46 was stably expressed ommbiant
cell line HepG-CYP3A46.

7. Metabolic activity detection of recombinant cell line HepG,-CYP3A46 cell line by HPLC

Under the chromatographic conditions of this experit set, the comparative chromatography of thakbla
chromatogram DMEM medium with DMEM + sample chroogaam, DMEM + sample + recombinant cell
demonstrated that endogenous substances in the DREMum as showed in fig 8 does not interfere it
detection of nifedipine and oxidized nifedipinedathe retention time of nifedipine and oxidizedenifpine were
8.383min and 6.697min respectively.

6 8 10 12 14 A A =
1.DMEM,; 2. DMEM+ nifedipine
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3. DMEM+ nifedipine +oxidized nifedipine 4.nifedipiQe+HepGZ—pCDNA3.1+DMEM

do=

T
10

& ' & '
5. nifedipine +HepG-CYP3A46+DMEM

Fig8.HPLC chromatograms of nifedipine and oxidizechifedipine(1. oxidized nifedipine;2. nifedipine)

8 . Nifedipine metabolic activity test of recombinant of HepG,-CYP3A46 cell line

Tabl. The significant test result of oxidized-nifegbine by one-Way ANOVA

. . average Output of ONF p
Recombinant cell line (nmoL) HepG, HepG,-pcDNA3.1
HepG; 10.449+1.74 0.899>0.05
HepG,-pcDNA3.1 10.09+0.61 0.899>0.05
HepG,.CYP3A46 163.31+5.44 0.00<0.01 0.00<0.01

*ONF stands for oxidized-nifedipine

Comparing the products of oxidization nifedipinetvbeen HepGCYP3A46 cell line with the control group
(HepG-pcDNA3.1 and Hepgell lines) by one-Way ANOVA, the results showedttithe HepGCYP3A46
recombinant cell line produced very Significarghgater metabolites of oxidized nifedipine thaosth of negative
control HepG-pcDNA3.1 and Hep& (P <0.01),indicating that Hep&YP3A46 had a stronger nifedipine
oxidative activity than Hep&pcDNA3.1 and Hepégthe results Further demonstrated that HeG@P3A46 cell
line expressed an CYP3A46 enzyme with nifidipingabelized activity. (tab D

DISCUSSION

At present, there are four subtypes of Cytochranwidase in pig(miniature pig) CYP3A Subfamily seoare
CYP3A22, CYP3A29, CYP3A39 and CYP3A46 (CYP3A88), E3A29 subtype was the most studied one in them,
researches showed that it has the typical nifedigiridation activity (human CYP3A4 and CYP3AS5 sfieci
activity), which can be induced by phenobarbitémpin and dexamethasone[7-10].

Pig (miniature pigs) CYP3A46, also known as CYP3A$8 cytochrome ¢ oxidase composed of 503 amiius &t
Sus scrofa its  full-length gene  sequence was torovige by Haito  Shang
(http://www.ncbi.nlm .nih.gov/nuccore/EF625347) e tiull-length sequence of size 1965bp, coding megid
1512bp. Shi-Chun Wang et alfound that the amind aegjuence and senior structure of CYP3A46 are siodar
to human CYP3A4 among the four CYP3A enzyme in pige CYP3A subfamily by comparison[11], but its
pharmacokinetic characteristics remains unknown.

Due to the presence of species differences amo@y P450s in different species experimental aniimagrder to
clarify the reliability of Bama miniature pig to hesed in preclinical drug evaluation[12], the presgtudy cloned
the gene from Bama miniature pig liver tissue ,8mel gene was transfected into host cells He@@d stably
expressing recombinant HepGCYP3A46 cell line was established by G418 scregenior the established cell
line, RT-PCR analysis performed firstly, the resubf which showed that monoclonal cell line of tHepG-
CYP3A46 was achieved through G418 selection, inigigethat target gene expressed at the transaonigtievel ;
For further characterized the expression of CYP3Atéhe translational level, the anti-His antibadygs used for
Western-blot test, The results of which showed that HepG-CYP3A46 cell line obtained in present research
could express the CYP3A46 enzymes. In order totifyedrug metabolizing activity of expressed CYPFA
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screened cell line HepECYP3A46, CYP3A specific probe substrate nifedipiwhich was recommended by FDA
for CYP3A (http://www.fda.gov/cder/drug/drugintetans),was utilized by means of incubation on whotsl
level, the results of which showed that HeYP3A46 had extremely significantly high metabdéictivity of
nifedipine than that of control groups Hep@&DNAS3.1land Hepg(P <0.001).

CONCLUSION

In short, the results of present study demonstriduadCYP3A46 gene was cloned correct, the recoambicell lines
of HepG-CYP3A46, which showed nifidipine metabolized aityivsignificantly, was established successfully .
However, in order to elucidate the drug metaboliaracteristics, Further studies on the comparisomeiabolic
activities with human CYP3As, especially CYP3A4opshl be carried out.
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