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A cDNA e¢ncading 25 hydrosyvitamn D, 2-hydroxylaze (P430cc24) was elated fram a rat kidney eDNA hibrary uiing specifie antibodies 1o

the enzyme The ixolated ¢DNA wax 32 khp long und contained a 1542:bp open reading rame encoding 314 amino acids The deduced amina

acid xequence contained n presequence typical of mitechondnal engymes in the Neterminal regrian The nmine aciel sequence shaws less thun 30%

nulanty e thase of any other ¢ylochrome P450y so far reported and, therefore, Pd50ce2d constitutes w novel fmily of PAS0 COS-7 cells trans-

feeted with the eDNA produced a protein thut was reactive wath the antibodies und eatalyzed NADPH-dependent 24-hydrozylation of 28-hydroxy-

vitanun D, in the presence of adrenadoxin and NADPH-adrénodoxin reductase Using the cDNA a3 a probe we demonsirated that the inecease
of 24:-hydroxyiation activity eaused by administration af vitamin D, into rats was sceompunied by an incrense of the mRNA

28 Hydroxyvitumin D, 24-hydroxylase. P450ce2d, cDNA cloning, ¢cDNA expression

1. INTRODUCTION

Vitamin D; is indispensable in maintaining calcium
homeostasts 1n animals. However, 1t must be modified
before it exerts any physiological functions. It first
undergoes 25-hydroxylation in liver mitochondria
and/or microsomes. The product, 25-hydroxyvitamin
D3, is released into the blood stream and transported to
kidney mitochondria where it 1s further converted to
lar,25-dihydroxyvitamin D; or 24,25-dihydroxyvitamin
D3 depending on the serum level of calcium [1]. Ac-
cording to recent reports [2-5], 24-hydroxylation activi-
ty 1s induced by le,25-dihydroxyvitamin Dj itself in a
dose-dependent manner.

To understand the molecular mechanism of calcium
homeostasis, 1t 15 necessary to elucidate the structure of
genes responsible for the modifications of vitamin D3,
and therefore 1solation of cDNA for enzymes involved
in these modifications 1s of pivotal importance. In this
paper we report the cloning and expression of cDNA
for 25-hydroxyvitamin D1 24-hydroxylase of rat kidney
mitochondria

2. MATERIALS AND METHODS

2 1 Preparation of anti-P450cc24 anibodies

P450cc24 was prepared according to the previously described
method [6] Speaific polyclonal antibodies against this P450 were
prepared by immumizing BALB/c female mice with the purified pro-
tein mixed with Ribv adjuvant as described clsewhere (Ohyama and
Okuda, submitted)
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2 2, Cloning and sequencing af cDNA

Total kidney poly(A)* RNA was prepared by the guanidine
hydroghloride method (7] followed by oligo(dT) cellulose column
chromatography from rats injected intraperitoneally with vitamin Dy
(50000 1U) for § days Agtll and AZAP cDNA libraries were
prepared from the poly(A)* RNA as described (8] Subcloning into
pBlueseript was performed by the in vivo excision method [9) Dele-
ton mutations of the clone were prepared by using an Exolil/Mung
bean nuclease delenon system (Takara Shuzo Co, Tokyo) and
nucleotide sequence was determined by the dideoxynucleotide chain
terminanon method {10] using the deletion mutants as templates

21 Epression of cDNA tn COS-7 cells

A Ddel-Pmacl fragment (nucleotide 319 10 2134) of the Isolated
P450cc24 cDNA (contaiming the open reading frame) was inserted in-
to the Smal site of the mammalian expression vector pSVL 1o con-
struct pSVL24 Control plasmid (pSVL24R) was prepared by
inserting the ¢cDNA fragment in the reverse direction The con-
structed plasmids were then transfected into COS-7 cells by the
DEAE dextran method, § 48 of expression plasmid being used per
1 10% cells [11,12] Cells were incubated for 72 h at 37°C under 5%
COz 1in 10 ml of Dulbecco's modified Eagle's medium containing
10% feial calf serum

2 4 Assay of the expressed 24-hydroxvlase

The mitochondrial fraction prepared from the incubated cells was
solubilized with 0 8% cholate and the mixture was centrifuged at
8000x g for 15 min The enzyme activity of the supernatant was
assayed 1n the presence of adrenodoxin and NADPH-adrenodoxin
reductase as an electron transporting system After incubauon for 1
h, products were extracted and analyzed by normal phase HPLC
Identfication of 24,25-dihydroxyvitamin D; was performed as
described previously [6).

3. RESULTS AND DISCUSSION

Screening of 5x10° plaques of rat kidney Agtll
¢DNA with anti-24-hydroxylase antibodies gave one
positive clone having an insert of 1.6 kbp, which was
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Fig. 1. Restniction map and sequencing strategy of pCC24-8. Arrows indicite the direetions and the extents af sequence deternination. A ¢losed
box indicates an open reading frame revealed by the sequencing,

shorter than the size of mRNA (3.4 kb, sce Fig. 4) as
estimated from Northern blot analysis. The AZAP
library was therefore rescreened using the 1.6-kbp in-
scrt as a probe. Four positive clones were isolated,
subcloned into pBluescript and subjected to restriction
mapping. Since the four clones showed the same
restriction map (Fig. 1), the plasmid named pCC24-8
containing the largest insert (3.2 kbp) was sequenced.
Fig. 2 shows the entire nucleotide sequence of pCC24-8
insert and the predicted amino acid sequence. It con-
tains a 1542-bp open reading frame encoding $14
amino acid residues (M, 59445), a 343.bp
S'-untranslated region a 1324-bp 3'-untranslated
region. The N-terminal amino acid sequence of purified
P450cc24, determined by the automated Edman
degradation method (unpublished data), agreed
pei fectly with the deduced sequence from residues 36 to
43, establishing that processing of the precursor occurs
between residues 35 and 36. The 35-residue removed by
processing is characteristic of a mitochondnal prese-
quence. It contains 6 arginine and 2 lysine residues
together with 16 hydrophobic amuno acid residues
distributed throughout the sequence, conferring
characteristic amphiphilicity common to presequences
that direct proteins into mitochondna. The mature en-
zyme comprises 479 amino acid residues correspondiiig
to0 a molecular weight of 55 535 which is close to 53000
estimated from SDS-polyacrylamide gel electrophoresis
for the purified enzyme [6]. A heme-binding, highly
conserved region can be recognized from residues 455
to0 475, in which cysteine 462 is considered as the heme
binding site. Amino acids characteristic of adrenodoxin
binding site in P450scc [13,14] are observed at Lys-378,
Lys-382, Arg-386. A computer homology search
(NBRF data base) indicated that the deduced amino
acid sequence of P450cc24 is not more than 30% iden-
tical with those of any of P450s so far reported. The
highest homology observed was to P450LMT25 [15]
(about 30%), a hver mitochondrial P450 that catalyzes
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vitamin Dy 25-hydroxylation. P450cc24 1s thus con-
cluded to constitute a novel P450 family,

That this ¢DNA s indeed encoding 25-hydroxy-
vitamin D; 24-hydroxylase was confirmed by expres-
sion in COS cells. The plasmid pSVL24 and pSVL24R
(control) were transfected to COS-7 cells. After 72 h
culture, the mitochondrial fraction was prepared from
the cells. The supernatant of cholate-solubilized
mitochondria was assayed for its enzymatic activity.
The cells transfected with pSVL24 showed 10x higher
24-hydroxylation activity toward 25-hydroxyvitamin
D, than those transfected with pSVL24R (Table I).
Western blot analysis of the expressed protein in the
transfected cells (Fig. 3, lane 4) showed that a single
protein band reactive with the antibodies was observed
at a position corresponding to the purified P450cc24
(lane 1), whereas in control cells no such immunoreac-
tive band was observable (lanes 2 and 3). Since no other
band reacting with the antibodies was observed, the ex-
pressed protein seemed to have been processed to the
mature form.

Many reports have been published to date
demonstrating that the active foim of vitamin D3,
lev,25-dihydroxyvitamin Dj;, induces 24-hydroxylation
activity 1n vivo and in cultured cells [2-5]. Previously
we also observed that the enzyme activity was elevated
by injection of vitamin Dj 1tself (unpublished observa-
tion). To clarify whether this increase of enzyme activi-
ty 1s due to pretranslational induction, the change of
mRNA level 1n the kidney was examined by Northern
blot analysis. It was thus found that in vitamin
Dj-treated rats the amount of mRNA hybridizable with
the 24-hydroxylase cDNA was actually increased (Fig.
4A), whereas no significant difference was observed for
actin mRNA (Fig. 4B). It 1s therefore suggested that
vitamin D3 or its metabolite(s) works at the pretransla-
tional level.

In conclusion we have isolated ¢cDNA encoding
25-hydroxyvitamin Dj; 24-hydroxylase, which is one of
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Aud HEARREEA PRGN E AL AR T THA T P FIT PR E U AMLRHEEAAMT I TEATAAL EEAHEAAC PU TP AR TAAAT AT ITARRE BT FREAGE i

1 Hal Nar Cxn Pre 318 Anp I¥n Aed Afw The Law Lla Ala Fha Lau Aen Afr |au 1]
A CHCTURTUAAPRECALGURYEBLETHUTACT Atd AUE FPUHE LRE ATY BAL AAA QBU wBE At ¢t AlE det TIT 2Td ol dda @ aw?
1t Arw Awp Lau 81y Oin Fra Pra Arg Ber Val The Hep Ly Ala Har Aln ﬁ-r'ﬁr*_MLE&Lu ML\M& Enml.u Crn LL]
480 QOE GAR Td HOA CAD CHU COA AUD TED (TR ACA TEE AAR 0OH ALR OWF TEE Bd6 46T CUA AAA 0AG @Fd CEE &Tn Tae 478

49 Pre Lau Mat The Asp Qi) tlu Phe Aen Ann Val The Rar Leu Pre diy f're The Ash Trp Pre hou Lou 01y Har Lau T
47d GO €U ATH ACA BAR GUT UALG ACY HUA AAE FfE AUCC TEe TIH CUF tid CEE ACE AAC THQ HCA T8 CFA 600 AT CTA ani

71 ey Qly Ela Phe Tep L¥n Oly OLly Lau Lys kLys ULa Rir Anp The Lau AL Qlu Typ Bie Lyp Lya ‘Tyr Uiy din e il
a94  wta Oad ATT TIT TOU AAM GUT GUE 1H AAT AAA GALR CAR UAR AGH UTO GLA OAR TAL CAGC AATG AAU PAT HC ©AQ ATT aa
$7 Phe Arg Met L¥a Leu Gly See Phe Asp Bap Val Nin Lau Oly dar Fre Yer Lavw Leu €Glu Ala Leu Tyr Arg Thre diu X1
a1 T QUi ATY AAG ET0 GOR THE TG UAR TEC OTY CAT CFt UL 1TRU odd AdE T8 QTH daa GET Wt TAG Cauw AtA and m"my
1449 Rap Ala s Pro QIn Arm Leu Qlu e Lyn Pre Tep Lym Ala ¥P AP Adp Vin Ace Arn Ulu Ala Tyr Ly Tau Mag 144
710 AGE GEuU QAT GU1 CAU COA CTU GAQ ATE AAA LOT TEE AAA QU TAT CaE GAC CGAC AUY AAC OAA UG ‘1AC O8Q YI'tY ATO a7
140 [le Lou Olu Oly Gln Ulw Tep Gin Acw Yal Are Rap Ala Fha Lin Lya Lya tau Met {ya I're Val Qlu [lo Mat Lyn 174
TRY A Q1 QAR QUA CAR UAQ TOU GAA AGH G168 LR AGE TUC 1771 dAY AAL AAA €T AT AAQ CUE OFFQ aAd ATC ATG ANG aan
173 Leau Asp Lyd Lyn Ilo Ann (lu Val Leu Ala Aep I'he lau Ulu Ace Met Aep Ulu laou Cys Amp Ulu AFPg Gly Arg lla 00
Had  CTO QAU AAG AAA ALC AAT dall @TE PRG QO GAC 1T GFA QAU BliC ATU GAT QAL €T 130 GAT OAU COA G4Q Gac AT CLE]

A0 I'ro Amp Leu Iyr Bor Glu leu Adn Lys I'rp Her Phe Ulu Rer llo €ya Jau Val Luw Tre OQlu Lyn Are I'hae Qly Lau 420
U44  CLA GAG CTQ TAC AU UAE CTU AALR AAD TOE TEE 11T GAA AU ATE TUC 1Y 4T IFFA TAT GA AAD AUA TI°T QU0 eTo 1011

447 Leu Qun Lys Uiu 'the Glu Glu Glu Ala Lau The Phe 1la Thre Ala tia Lys fhe Mot Mal Rear Thr Pha

Oly {ya Mat 294
1022 "1 EAA AAD OAU ARA GAA GAA GAA QUL €10 AGE I ATE ACA GCE ATE AAA ARG ATO ATG AGC ACO 11T 0QQ AAQ ATU Love
431 Met val The P'ro Val Ulu [au Itin Lyn Are Leu Aan Tht Lys Val Tep QLn Ala lile ['he Lau Ala ‘1ep Anp The Kla Fidi)
1100 ATO OTU At CCU TG QAL T AL AAD GOC 18 AAL ALE AAA UT0 TUR CAU UCA CAT AGO CT8 UCT TGO GAC ACC ATT 1177
270 I'ha Lyn Bar Val Lyn I'te Uyn [la App Aan Arg [.au QIR Arg Tyr Rar dln Oln I'co Gly Ala Adp Phe Lau Cya Asp 304
1170 FIC AAA TCA QLU AAA CCC TOC ATC OAC ARG QUG IA CAQ AGA TAT 180G CAU GAQ CCE TG0 GLA QAL ITE CTC TOT OAT 1298
W09 [Lla Fye Qin Ol Arp (e Leu Rer Lyn Lyn Olu Lou tyr Ala Ala Yal the Qlu Loeu ¢ln Lou Ala Ala Val Qlu The 330
L2790 AL AT QAL GAA AT CAL G FCE AAL AAR QAA C'FU TAC QCL UCT @1e AL OAQ €10 CAQ CTC Ql1 UCA GTU OAL ACO a0
J31 Ihr Ala Aen Ser Leu Met lrp Lle Leuw Iye Aan Leau Sar Arg Asn Pro Gin Ala Qln Arg Arg Teu Léu Gln Olu val 33a
P4 ARG OUU AAY AL LPIT ATO TOU AL CIC FAC AAL IFIA TOC €GO AAL CUT UAA QGO CAA 100 AUA CTC CIT CAG QAN TTT 1411
487 Uin Ser Val Lou 't Aup Asn Qln The V'ro Arg Ala Olu Aup lau Arg Aun Mat Pro Tyr Leu Lya Ala Cym Lou Lyn A2
1412 GAG AUE N0 CLU G OAL AAT CAD AL CLA TUD BLU GAA GAC CIO AGO AAT ATG CCC TAL THMA AAG OLC D1 CTO AAA 1489
SV Ulu Ser Mot Acg lew ihr I'rn Sar Val £ro Phe The e Acg The [au Aap Lye Pro Thr Val lau Oly ulu ‘lyr Ala 4048
LA00 OAA 1GC AIQ AQA T AGE CCA AT MU CCA 10T ACA A®T CQ0 ALG G OAG AAA CCA ACO 1L C10 QU UAA 1AC 0C Laa?
40D Leu Pro Lys Qly I Val f.ou lhe lLay Ann Thr Oln Val Lau Gly Ror Ser Glu Aup Aan Pha Qlu Asp Ror llls Lyr A4
LA08  CFA CRC AAA QOA ACA @10 TTA ACC C1C AAL ACC CAA OTG C10 GUT 1€1 AG1 0AA GAC AAT T.T GAA OAL TCT CAT AAO 1649
433 Pho Arg P'ro Ulu Arig 1crp {eu Oln Lym Glu Lyn Lys Ila Asn Pro I'ho Ala liin Leu Pro Phe_Qiyx._IAn_Qly _LYA _ACK 400
1640  ITC AGA CCC GAA COC 1GO CII CAA AAUG GAG AAA AAD ATC AAC CCC LIC GCT CAD GTC CCA ITIC GUC A1C 0AG AAD AGA 1721
401 UDLEJLQ_SL\Y ARR Afk Loy AAn Qiu Lav Qinfou diin Len.Ala Tou Cys 1rp Jle Ile Gin Lyn I'yr Anp [la Val 400
1724 ATO HIC AIC GUU LLC (G0 GIA Q01 QAQ LIA CAG CLEC CAC €14 aC) C1C 108 180 ATA A1C CAA AAA TAC OAC ATT Q10 1A01
487 Ala 1ht Asp Asn Ulu Pro Val Qlu Meil foeu liis Lou Oly Ila [qu Val ['ro Sar Arg (lu Lou P'ro Jia Ala ['he Arg a12
1802 QCC ACA GAC AAl UAA CCT 010 OAQ ALG CTO CAC CTL GOC ALC CTG GIA CCC AGC COU UAG C1O CCA AIT GGG TIC caT 1879
8513 {'ro Arg ese 911

1880 CCA CGO 1AG UALGCTGAGUITIAILT I CACT( CAALCANGACCAGCAAL LTI CCCTIMITCTACAASAAADCTGCTTATOBCTTCAGTATI CCTAAGALGGC 1040
1081 OAACTICAAGGACCAGAGCATGGUACANCC1OCGAAACACTICOCACACAGCCTI CTACAGAA L OATTCTOACAA 1CATTUTITACTAAGCCCATI'ACICABGOA 2084
2083 AGCACATOGGO0GOCABAAATOCCAGICACCACCTACTACALLIIIACCACAIGITTACATIAGCCAA ICAGAGCCCCIAADAGCC LGCAATCACTCCAICITION 2188
2100 GACUICAACTOAGUC LG LBATCATCCACTITAGIAANUGLIATTAAGLIL FICIGATUUANAACCCANATCOOCAGCOTIAATTCCCATIIACATTICATAAN 4202
2203  OAAAGACCIACFALGCITIAAT1 OTC1CAG FGABACT GACAAAACCO I'TA I A TACTCAOTI'l CO ITCAATA IT1 GAOGAAACGCCTOCTGTAAACCAAGCTAA 2308
2307 ACATIAGOCICLCOIAAMACTATTITIICCTAC] FACAAGBGBAAACA L'l 01T GOAAATIAGAGAG TOT CTA ITTTAAGAAG ITCTACAGTGAAGC CAGC TCCIT 21500
21901 QOCTTATOAATGCCLCOrIGQIGCONILAGLI OGACICIANICICTTAITICATTOG IACCTILICICTOTOCTII CAGOGT U1 GOACA I AGACAAATCANAADTIT 2004
2005 C1AAGT1C10C01G616ICGACACATICATGOOANTGCCIGIGOCCCIGAQQGLIACI ITOC IIICAGTCATAINITITIAI ATAAAGACA L GAGOIACCCAAITIAGT 2708
2708 ALOGAACITIR 1 CCIUAAALQIAAICALAGGOC T C LA IGCOTTAACTICAT C TATTCAAATCOAUGAC L O FANT GTATBCOCTCTACCCATGCTACCTAInN | 2812
2813 G1ACAG1GGGACTIAAACCCC Il BOAAANGLACAATI'T CG IAABCHCANACAG Il ATGCACFACT SACANNATTTTAAMATGTTTACATATAACATGCAT ITT 2016
2017 TTTCAACCAGTACIGTTIITCTAIAGAGH CILACIGATIATIFICLALAIAFITGATAMACAT ITICCCT IITAGR IMIATGATTTIAGANTAGICLOAAALALIALG 3020
3021 TACATTIGAALUAAIALGIGIOIGTUGAIGACAGATAIAIACITCGCCTI ICTIAIAAATTA TATTIAGAGTIA LIAAALLCAGANAL TAARBATATAGTITI O 3124
4125 TOUOTAAAGAG IPI"1% UGCC I GUICTAIGLTGOCICCIGUROI'TCAAT CCTCAUCAC TACTANACAA LAAAAAN TAAAALAANGAA T 1200

Fig 2 Nucleotide sequence of the pCC24-8 insert and predicted amino acid sequence A DNA fragment of ¢cDNA (3 2 kbp) including the total

coding region was sequenced The cleavage site of the presequence 15 shown by an arrowhead Corresponding amino acid sequence of the purified

P450cc24 determined by Edman degradation 1s underlined (residue 36 to 43). The consensus sequence for the heme binding domain is marked
by underline (residue 455 to 475) Poly(A) addition signals are observed from nucleotide 3187 to 3204
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Table |

24 Hydrovyvitamin D5 Mhhydroxylatlon activity of the mita-
chuondrial fraction of the translected COS.T celly

Expenment pSYL34 pSYL24R
(pmol/mg prateinsh) (pmol/mg prewin/h)
\ 850 20
2 1350 116
b 750 <20
4 340 70

The reaction mivture contained 30 xg protein, 2 nmal of adrenodasin
and 0.03 U of NADPH adrenodoxin reduxtase in u final volume of
0Sml

the important e¢rnzymes in maintaining cualcium
homeaostasis. The availability of the ¢DNA probe
should pave the way to elucidate the mechanism of
calcium homeostasis at the molecular level.
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Fig 3 Western blot analysis of ¢xpressed proteln in COS cells. SDS-
polyacrylamide gel electrophoresis was performed according (o the
mcthod of Laemmli {16) and immunoblotting by the method of
Towbin (17). Lane 1, purified P4SOcc2d (0.06 ug), lane 2, um-
ransfected cells, lane 3, pPSVL24R (contral)-transfected cells, lane 4,
pPSYL24-transfecied cells. To each lane was applied 24 43 of the
supernatant of selubilized mitochondria. The blot way stained by us-
Ing horseradish peroxidase-canjugited goat anti-mouse 1gG.
3 i-duminobenzidine and H;0; [18].

A 1 2
@8 — 3.4 kb
j

B 1 2

i
'

L ,
[

Fig 4 Northern hybnidization analysis of kidney poly(A)™ RNA
Five microgram poly(A)” RNA was electrophoresed on 1% agarose
gel contaiming formaldehyde and then blotted onto a Nytran
(Schleicher and Schuell) Lane I, vitamin Dj-treated rat (Treatment
of rats with vitamin D, was as described for preparation of ¢cDNA
library ), lane 2, normal rat Panel A, hybridized with *2P-labeled 1n-
sert of pCC24-8 (nucleoiide 1 to 2134), panel B, hybridized with actin
¢DNA as control



