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Site-directed mutation makes rabbit calcyclin dimer
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Unlike hurnan, rat and mouse caleyclin, purified rabbit calcyclin cid not form a dimer on Tricine 8DS-PAGE under non-reduced conditions. Bused

on the inte pal pephide sequence of rabbil caleyelin, weisolated and sequenced 2 cDINA clone encoding caleyehin. The sequence of this clone {pCaiC)

15 629 bp 'ong and codes 20 amino acd residues of o proiein with a molecular mass of 10,153 Da. By Northern blot analysis, a major band of

0.9 kbp ar.d a minor band of 2.6 kbp were delected in the lung. The recornbinant caleyelin mutated serine at the thurd posilion Lo cysleine was

expressed in E coff and made dimer formation under non-reduced conditions on SDS-PAGE. Whether or not this type of mutation which prevents
dimer formation of caleyelin plays a physiological role in the rabbit lung 1s the subjezt of an ongoing study.

EF-hand protein; Caleyclin; ¢ DMNA cloning; Expression of cDNA

1. INTRODUCTION

Intracellular caleium ions are involved in regulating
various biochemical events in excitable cells and these
events are mediated by a family of calcium binding
proteins which exhibit an EF-hand structure [1]. Many
members of this family with the EF-hand structure have
been documented.

Calcyclin is a member of the 8-100 protein family
with two EF-hand structures, Originally, calcyclin was
thouglit to be a ¢DNA clone whose cognate mRNA was
growth regulated [2]. Calcium binding protein from
Ehrlich-ascites tumor cells [3] and prolactin receptor-
associated protein [4] were identified as calcyclin.
cDNA and peptide sequences [or mouse caleyclin were
reported from two laboralories, independently {5,6]. In
1991, we reported the purification of rabbit calcyclin,
using calcium-dependent affinity chromatography [7].
To date, calcyclin has been purified from human, rat,
mouse and rabbit. Unlike caleyelin from other species,
rabbit calcyclin exists as & monomer, as determined on
the basis of gel filtration in either native or denatured
conditions and native gel electrophoresis in the presence
or absence of 2-mercaptoethanol {7], We considered the
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following two possibilities; the first one is that the cyste-
ine residue in the primary structure of rabbit calcyelin
is substituted by another amino acid residue, and the
second 1s that the cysteine residues does not function by
post translational modification. In an attempi at clarifi-
cationl, we isolaled a ¢cDNA clene encoding calcyelin
from a rabbit lung ¢DNA library. Analysis of the
¢DNA clone revealed that rabbit caleyclin has no cyste-
ine residue and has 90% homeology with human calgy-
clin. Using this clone and E. coli we characterized the
recombinant protein in which the cysteine residue had
been introduced.

2. MATERIALS AND METHODS

2.1. Materials

Human caleyclin ¢DNA, hp2A9, was kindly donated by Dr. R,
Baserga of Temple University. [x-*P]dCTP () 10 TBg/mmol) was pur-
chased from Amersham International. T, polynucleotide kinase, T,
DNA hgase, Tug polymerase (Ampli Tag), resiriction endonucleases
and other enzymes were obtawmed from Takara Shuze. Oligonucles-
lides were synthesized on a Model 392A DNA synihesizer (Applied
Biosystems Inc.). A rabbil lung Agt10 library was purchased from
Clontech All other chemicals and reagents were af analylical grade
and were obtained from commercial suppliers.

2.2, Iselauon of the calcychn cDNA clone

Two degenerate primers carresponding to the partial sequence ol
rabbit lung calcyclin reported by Tokumitsu et al. [7] weresyathesized:
sense primer; 8-AA(TC) AA(AQ) GA(TC) CA(AG) GA(AG) GT-¥
based on *NKDQE', and antisense primer: 5-A(AG)GATC)
GCO(TC) TCAG) TTAG) TAAGT) AT-3" based an "IYNEA'.
Twenty-five cycles of PCR amplification were surried oul as deseribed
[8]. The PCR product was cloned into pUCS and used as the authentic
cDNA probe. About 2.4 3¢ 10° plagues from a rabbitlung Agi10 cDNA
library were screened with the authentic eDNA probe Jabeled by the
multi-priming method {31 Hybridization was performed overnight at
G0°C, and the final wash was carried out with 2 x S8C (20 x 55C =
3 M MNacCl, 0.3 M sodium eitraic) containng 0.1% $DS a1 60°C.
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.3, Nowthwrn SIDling

Totul RNA was extracted rom rabbil jung by the guanidinjium
isctluoe ynutedeswet cltlaids atectiod (% PalylAl” RAA was gre-
pared on an oligo(dT) cellulose column. Fifleen ug of total RNA and
five hundred ng of poly(A)” RMNA were denatured and elecirophovesed
on a formaldehyde-conlaining agarose gel, The RMA was iranslerred
onte ¢ Hybond-N (Amersham) and hybridized in soiution contaiming
90 mM Tels-HC!, pH 7.5, 0.9 M NaCl, 6 M EOTA, 50% formuide,
| » Deahwrdt's solution (8 » Uenhardt's saluwiion = 1% boving serwm
albumin, 1% polyvinylpyrrolidone, {% Ficoll 400), 0.[% SDS and 200
Higtal heat-dennguned salmon tanils ONA, at 425C with {o-VERCTE-
labeled cDNA fragments. Finally, the filter was washed n 0 2% §8C
containing 0.0% 508 at 35°C and exposed ta an imaging plate. The
image was analyzed and visualized using a Bioimage analyzer (Model
Fujix BAS2000, Fuji Film Corp).

2.4, Expression of the recombmant calerelur gene

The recombinant prcten of caleychn was expressed in E. colt as a
maltose bindiug protein (MBP) fusion protein, using pMAL-c vector
(New England Bielabs.). Olgonucleotides based on boundaries of the
cading region of ¢eDMNA were used to amplify the desired siretch of
¢DNA by PCR. Tle amplified DNA was hgated into the Stul and
EvoRI sile of pMAL-2 and the recombinant plasmid was introduced
inio £, coli, Expression of the MBP lusion prolemn was induced with
0.5 mM IPTG and the fusion protein was isolated by bucterial lysate
utilizing affinity chromatography wilh amylose resin, followed by
¢lution with 10 mM maltose The pMAL vector contains the sequence
cading for the recagnition sile af the specifie protease faclor Xa [L1],
Iceated ust 57 to the polylinker (usertion sites. Factor A cledvage was
carried ouwt at a w/w ratio of’ 1100 at 37°C for 24 h Recombinant
calgyein was purfied, us bescrived TV,

2.4, Qulier methiods

DNA sequencing was achieved using the dideoxy chain termination
method [12,13). Tricine SDS-PAGE was performed by the method of
Schapger and Jagow [14].

3. RESULTS AND DISCUSSION

3.1, Purification of calcyckin

We reported the purification of caleyclin from rabbit
lung using calcium dependent affinity chromatography
[7]. Purified rabbit calcyclin did not take on a dimer
form, unlike human and mouse calcyclin. Fig. 1 shows
FRRERAGE sFanbyeiv puitiifiad Lo vedih dusiy o
human placenia, under reduced or non-reduced condi-
tions. There are at least two possibilities for this event;
@ne ™ indrine cysiBne resibue presem 2y ine ihrd pos-
tion from the N-terminal of human calcyclin molecule
might be lacking in rabbit caleyclin, and the other is that
the cysteine residue does not function by post-transia-
ticnal modification. For clarification, we isolated a
&LANA done epcoting FADDE sy

3.2, Clonig of radbu calcyctin

We screened a Agt10 ¢cDNA library with the human
CDEYEID FLA 85 5 prope e DYoidized Moe Iher oy
65°C and the final wash was performed with 0.1 x SSC
at 65°C. We did not isclate a cDNA clone of rabbit
caleyclin, We then attempted to obtain the authentic
cDNA probe of rabbis ealcychin, nsing PCR rechnigues.
PCR amplification was performed using two oligonu-
cleotides, sense and antisense (sec section 2}, as primers.
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g, L. SDS-PAGE of purified cafeyelin from rabbit hung and human
placenia. One g of rabbit caleychn was applied to lane | (reduced
sondinans)angd fodone 3 Inozanpdaced pandiiumns) One 40 afbumap
caleychn was applied lo lane 3 (reduced conditions) and 1o lane 4
{non-reduced conditions), Low-range moleculur weight standards
(Bio-Rad) were applied to lane 3 (rabbit muscle phosphorylase b, 97
kDa; bovine serurm albumin, 66 kDa; hen egg white ovalbumin, 43
kDu, bovine carbonic anhydrase, 31 kDa; soybean trypsin inhibitor,
21 kDa; hen egg white lysozyme, [4 kDa).

The PCR product was electrophoresed and separated
on a 4% Nu-Sieve (FMC) agarose gel. A 77 bp band of
the expecied size was isclated from the agarose gel and
cloned into pUCS. The 77 bp insert identified by se-
quencing was used. About 2.4 x 10° plaques from a
vadtt g dg P R difvary wee sererinad wiidPale
authentic probe, Hybridization and the final wash were
carried out according to conditions deseribed in section
7. T3wo Dones pave b posimive Spnd inrongnom ywo
rounds of screening procedure. Both clones digested
with EcoR1 yielded about 600 base pairs. Partial restric-
tion maps of both clones were identical. Thus, we se-
jecied one of two clones {pCaiC) for further analysis.
Tpe prunary pudeobie and Sve HsHuced amwd HdHb
seguences of the entire cDNA insert are shown in Fig.
ZA, pCalCis 62¥ pp long and contains Z6¥ bp ot"tiie 5
leader region, 273 bp coding region including termina-
YNon eooon T and 33 vp 0F e 3 nonnansdored
region. The apparent peolyadenylation signal
(AATAAA) was not seen, but a similar sequence
(ATAAA) was noted at nucleotide sositions 614-618.
AN sequences derived from Edman degradation [Fig.
2A, underlined) were present. The calculated molecula
weight of pCalC was 10,153, a value which was in zoo0d
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Deoceinber PP

gagcagacctagggtactggteccaagtc 28
tgcocteactggaceetgggticctggatgagacacatggeecctacecetgtecetcaceet 88
gttgagecgeaaagogggagecaggectgtagtctoecoectgecagetgeccacgegey 148
ceetectegegacecttettcasaaggaccttgecactggtggatgecaagaccecagitgtg 208
tagoeacageoctgecticcaceicgictigicocagaecgiaatcacagencaactgaaace 268
ATGCGCARGCCCCCTGGACCAGGCCATTGGCCTCCTGATCEGGCATCTTCCACAAGTACTST 2328

M A 8 P L D @ A 1 &G L L I &G I F H XK Y s
1 FAY
GGCAAGGAGCEGTCACAAGCACACCCIGAGCAAGAAGGAACTGRAAGGAACTARATCCARAAG 388
G K E_ &G D K B =T I S K K E I K E_L I 0O K
21 40
GACGCTCACCATCGGCTCGARGCTGCAGGATGCTGRGATTGTCARGCTGATGEACCACCTE 448
E_J._T T ¢ =2 X L © D A E I VvV K L M D D L
41 €0
GACCCCAATAAGGACCAGCGAGCGTGAACTTCCAGCGAATACATCACCTTCCTEGEEECCTTE 508
DR _N K D O =B Vv N F O ® ¥ T T ' I & A T
€1 g0
CCCATGATCTACAATGARGCTCTCARGECGCTGRagacagactgyggaaggtggaggcace 568
A M T ¥ N B A I K G *
8l 20
cctcaggggcctgtetgggtcacacecagtgtgggtgattgtaagataaatatatattttt 628
t 629
A
1 11 21 31 41
Rabbit MASPLDQAIG LLIGIFHKYS GKEGDKHTLS KEKELKELIQK ELTIGSKLQOD
Human RHCHRANRKRA FRYQAKRKNAAR KRAXAFX A AL KAKAAKKNAKA KRANARN*RAARX
Rat RACHRRRKHN KAYDARRRAR ERARRAREEET RhARhkhkk®h dhhhkDhhkd
Mouse RACHRRRIRT KRYD[XRARAR KERKRARFRKT NEANRAAAAN ARARTARARS
51 61 71 81
Rabbit AEIVELMDDL DRMKDQEVNET QORYITFLGAL AMIYNEALKG
Human KAADDEATA L ArhhAhhRbah KREPHAREERAR R[AARAKARAR
Rat AKRARAARA. RARKAXRARS KRXRAVARKARR A RAhhRAhAhxn
Tnage FEEDDHIIET FAXNFFIIIE HIFJIDHEEF T BT Atk koo
B

FE. 2R beshbe seguence anbd beduced arine 200 sepuence 6F Ihe SUINA encoding 10D cileydin.Yhe nudeohde sepnence 15 DUMDLIED

starung al imtiation of Lhis clone (right side). The translaied region is sliown in capitul letiers and the 5=, 3"-noncoding regions are shown in lower

case letters. The predicted amino ucid sequence is shown below the nuclectide sequence by one-letter code. Under'ining indicates the peplide

sequence derived from Edman degradation *Termination coden (B) Comparison of the amino aeid sequence of 1abbit ¢aleyelin with thal of ather

species, Human [2], rat [4] and mouse [5.6] caleyelin were aligned with the correspending sequence of rabbit caleyelin, Identical amino acids with
rabbit caicyclin are indicaled by asterisks (*) Underlines indicute the pulative EF hand structures.

accord with that or"the puriiied rabbit caicyclin assessed
by Tricine-SDS-PAGE [7].

Rapven cabeyveie poand 20 2 mod of o 7 As
predicted from the primary structure, amino acid resi-
dues at positions 21-33 and 61-72 {indicated in Fig. 2B)
were homologous to the EF-hand motif of another 5-
100 farndly proteins and Sunctioned as a calcium binding
structure, Aminu acids of rabbit calcyclin have a 90%
homeology to human calcyclin and the remaining were

a conservative change. Seven ol nine substitutions are
unique in the rabbit. The cysteine residue in the human
SPQUEDER 15 10OLRORD Jp Yoese seven fnanges IFig IB)
Rabbit calcyelin has a serine residue at the third posi-
tion [rom the N-terminus of the melecule, as a result of
single nucleotide substitution TGC at positions of 110~
112 of human caleychin eDNA (4} 10 ADLC at positions
275-277 of pCalC. This may explain the lack of forma-
tion of a dimer.

1
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Total RNA

Fig. 3, Northern blot analysis of calcychn in rabbu tissues. Fifteen ug
ol tolal RNA and 0.5 up of mRNA were electrophoresed and trans-
ferred to Hybond-N. Hybridization with the entire insert of pCulC was
cdarned out under the condition described in section 2. 188 and 288
rbosomal RNA were used as size markers, as shown on the right side.

3.3. Northern blotting

Northern blot analysis was performed using the en-
tire inset of pCalC as a probe. Probing of total RNA
from rabbit lung vevealed a major band at 0.9 kbp.
When probing with mRNA with the entire insert, a
minor band at 2.6 kbp was detected in addition to the
0.9 kbp band (Fig. 3). It was not clear whether the larger
band is a homologue of caleyelin or an alternative
spliced gene. Because of the weak polyadenylation sig-
nal and the lack of poly{A) tail in the cDNA, the 2.6 kbp
band may be an alternative spliced gene. mRNA of
calcyelin was abundantly expressed in lung, kidney. tes-
tis and moderately in brain but rarely in liver and heart
{data not shown). These tindings are in accord with the
reported data [4,15].

3.4, Expression of recombinant calcyclin
Oligonuclectides based on boundaries of the coding
region of cDINA were used 1o amplify the desired stretch
of cDNA by PCR. Two amplifiecd DNAs were ligated
into the Sl and EcoRI site of pMAL-c, one (w.t.) is
a wild type and the other (83C) is a mutant in which the
serine residue was substituted for cysteine, Two MBP-
fusion proteins were expressed and purified from bacte-
rial lysate. After cleavage with Factor Xa, recombinant
caleycling were purified on an affinity column. Fig. 4
shows 8DS-PAGE, under non-reduced conditions. The

112

FEBY LETTERS

Dlecember 1552

1 2 3 4

Fip. 4. 3DS-PAGE of recombinant calcyclins. One g of protein was

applied o each lane, under non-reduced conditions. Lane 1: native

caleyelin, lane 2+ wild type caleyclin (w.t.), lane 3: pomnt mutated

caleyclin {Ser* to Cys) (83C), lane 4: low range-molecular weight
standards (Bio-Rad),

native protein plus the w.t. caleyclin did not allow it to
form a diser, whereas 30% of the S3C formed a dimer,
as seen in human ecaleyelin. This result suggests that the
disulfide bridge through the cysteine residues is impor-
tant for formation of a homodimer, and that other fae-
tor(s) may also be involvex,

It was reported that S100-8 stimulated the extension
of neurites and enhanced cell maintenance of embryonic
chick cerebral cortex neurons [16,17]. This neurotropic
activity of 5100-f was abolished in the presence of a
reducing agent {16]. Moreover, when either of the two
cysteines in S100-4 were aliered by site-directed mut-
agenesis, the resultant proteins lost botlh neurite exten-
sion and neuronal survival activities [17]. These findings
suggested that neurotropic activity is related to the
dimer form of $100-4, threugh the disulfide bonds. We
putified and identified caleyclin-associated protein in-
teracting in a calciumedependent manner [18,19]. As
caleyclins from human and rabbit can specifically bind
to calcyclin-associated protein (data not shown), the
biological activity of caleyclin is probably independent
of dimer-monomer change.

Both w.t. and S3C recombinants were seen to bind
calcium ions, using gel overlay methods, and were
cross-reacted to antibody against native caleyclin by
‘Western blotting (data not shown). Analyses of interac-
tions and binding sites of caleyelin to ealeyclin-associ-
ated protein are ongoing using this expression system
and purified mutants.
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