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SUMMARY: Recently, the two Mr forms of caldesnon (Mr’s in the range of 120- 
150kDa and 70-80kDa as judged by SDS-PAGE) have been identified. h- 
Caldesn-on (high Mr 120-150kDa caldesnon) is predominantly expressed in 
smooth rruscles, and R-caldesnon (low Mr 70-80kDa caldesnon) in non-muscle 
ccl Is. In this paper, we report the nucleotide sequence of chick embryo 
gizzard h-caldesnon cCN4 and its translation into amino acid sequence. This 
sequence predicts a protein of 771 amino acids with a Mr of 88,743. The 
central portion of this sequence is composed of a lo-fold repeat of 
conserved amino acid sequence containing 13-15 amino acids. Further, a 
reco-rbinant protein produced in Escberichia coli containing the full-length 
h-caldemn cCW has been characterized. Although the Mr of h-caldesnon 
predicted from amino acid sequence is 88,743, native and recombinant 
proteins show the sane noI. wt. with 150kDa as measured by SDS-PAGE. This 
discrepancy may be due to the acidic amino acid-rich sequences at the N- 
terminal and central portions. A reccnbinant protein produced in E. coli 
possesses calrrodulin-, F-actin- and tropcmyosin-binding abilities in cam-on 
with the native h-caldesnon. 0 1989 Academic Press. Inc. 

Caldesnon is a ubiquitous calrrodulin- and F-actin-binding protein 

(reviewed in ref. 1). h-Caldesmon was initially purified from chicken 

gizzard srrooth rruscle (2). Nowadays, the two Mr forms of caldesnon (h- and 

R-caldesnons) have been identified in a variety of tissues and cells (3-7). 

Fran accurmlating evidence, it is suggested that caldesm3n plays a vital 

role in smooth mCIscle and non-muscle contraction (1). 

Most recently, we have found the expressional change of caldesmon 

during phenotypic modulation of smooth mCIscle cells (7). In developing 

gizzards, the expression of caldesmn switches from R- to h-forms. Wren 
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grown in ccl I culture of vascular smooth mclscle cells, they convert frcm 

differentiated to dedifferentiated phenotypes. In accordance with this 

phenotypic modulation, the expression of caldesmon also changes from h- to 

R-forms. Additionally, the levels of niW4s, which govern the synthesis of 

both caldesmons, are observed to be the same in proportion to protein 

levels. These f  i nd ings suggest that the express ional change of caldesrron 

during the phenotypic modulation of smooth muscle cells may be regulated at 

the level of upstream of rrfWA. As a first step to clarify the molecular 

events of this subject, we atterrpted to determine the molecular clonrng of 

caldestrons. In our previous paper (8), we have demonstrated the nucleotide 

and deduced amino acid sequences of the C-terminal 35kDa domain in [I- 

caldesmon. We report here the primary structure of full-length h-caldesnon 

~a\14 and the characterization of reccrrbinant protein encoded by this cCNA. 

MATERIALS AND METHODS 

Materials. The purification of h-caldesmon from chicken gizzard was 
performed according to the method as described previously (2) with a slight 
modification of heat treatment. h-Caldesrron-, C-terminal 35kDa fragnent- 
and residual N-terminal fragnent-specific antibodies were prepared as 
described elsewhere (3,8). Restriction enzymes and linker- and primer-CN4s 
were obtained from Takara Shuzo, Japan. 
Cloning and sequencing of h-caldemn ccN4. Double-stranded cCN4s derived 
from chick errbryo gizzardpoly(A)+ Wwere synthesized with oligo(dT) or a 
specific oligodeoxyribonucleotide as a primer, using the ccN4 synthesis 
system (Arnersham) (9). The cDNAs were blunted with T4 DNA polymerase, 
rrethylated with EcoRl methylase, and ligated with EcoRl linker. h-Caldesrnon 
ccN4 clone was isolated from this cLYU4 library (constructed from size- 
fractionated EcoRI-digested cN4). Xgtl 1 was used as an expression vector. 
This library was screened using a C-terminal 35kDa fragment-specific 
antibody (8) visualized with alkaline phosphatase-conjugated second I$ 
(Cooper Biochemical). The ccN9 library constructed with an 18 nucleotides 
specific primer, complementary to nucleotides 1609-1626, was further 
screened by a similar immmological method using a residual N-terminal 
fragnent-specific antibody (the flow-through fraction of the C-terminal 
35kDa fragment-conjugated affinity chromatography). DNA restriction 
fragments of h-caldesmon ccN4 were subcloned in Ml3 vectors: M13mp18hCaCN 
(carrying 1 to 1615) and M13np18hCaCC (carrying 1487 to 2564 and poly(A) 
tract) (see Fig. 4). The nucleotide sequence was determined by the dideoxy 
chain termination method (10). The hydropathy plot was made according to 
the index of Kyte and Doolittle (11). The secondary structure predrction 
was analyzed using the method of Chou and Fasrnan (12). 
Construction of expression plasmid (pTCGCCaD) in E. coli. The expresslon 
plasmid pTCGhCaD was constructed as follows. The outline of the 
construction method is shown in Fig. 4. Mlm18CaCN RF-EN4 was dlgested 
with Ncol, filled In with Klenow fragnents, and then partially digested 
with EcoT141. A 1.3 kbp fragment encoding the N-terminal portlon of :I- 
caldesmon was isolated. Ml3npl8hCaCC RF-QUA was digested with Ha/Ml, frlled 

504 



Vol. 164, No. 1, 1969 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

in with Klenow fragnent, and then digested with EcoTl41. An 8 kbp fragnent 
containing the C-terminal portion of h-caldesnon was also isolated. Both 
fragnents were ligated to construct Ml3rrpl8hCaD carrying the entire h- 
caldesnon cW. The Ncol site was regenerated during this construction. The 
cDN4was isola ted fromMl3mpl8hCaD by Avall digestion, blunting with 
Klenow f  ragnent, and then Ncol digestion. This ccN4 was ligated between 
NCOI and Smal sites of pTVl18N (13) to construct pTC.XCaD. Then, E. coli 
(JMlO9) was transformed by pTOCihCaD. 
Binding assays of recarbinant protein. E. coli transformed by pxx;hCaD was 
harvested and suspended in an extraction buffer (20 rrM imidazole.%l, pH 
7.2, 1mM dithiothreitol, 300 mM KCI, 1 mM EGTA and 0.25 mM 
phenylmethylsulfonyl fluoride). This suspension was sonicated, boiled for 5 
min, chilled on ice, and then centrifuged at 15,000 x g for 30 min. The 
resulting supernatant (heat-resistant extract) was dialyzed against a 
buffer (20 nlvl imidazole~t-CI, @-l 7.2, 0.5 r&l dithiothreitol, 2 nMM$I2 and 
20 r&l KCI), and was used for the following binding assay. The calmodul in- 
and tropanyosin-binding activities were measured by the respective affinity 
column assays (2,8). The F-actin-binding assay was performed by the 
cosedirrentation method (2,14). A reccrrbinant protein crossreacted with a h- 
caldemon antibody was detected by imrunoblotting. 
Others. The actin-activated ATPase activity of gizzard myosin was measured 
under the same conditions as described in ref. 14. Blot hybridization 
analysis of chick embryo gizzard rdW4s was carried out by the method 
described elsewhere (15,16). Chymotryptic and 0Br-treated digests of h- 
caldesmon were electroblotted onto FWF rnsrrbrane. The partial sequences of 
the above digests were directly determined by the cut pieces of PVDF 
rmrbrane with the aid of Appl ied Biosystems gas phase sequencer (8). SDS- 
polyacrylamide gel electrophoresis (SDS-PAX) was performed according to 
the method of Laenmli (17). lmnunoblotting was carried out by the method of 
Tovvbin et. al. (18). 

RESULTS AND DISCUSSION 

A chick embryo gizzard cCN4 library was screened with two antibodies 

against the C-terminal 35kDa and the residual N-terminal fragnents of h- 

caldemn. Both antibodies specifically crossreacted with the respective 

fragments, but not with the counterparts. Overlapping IX4 restriction 

fragnents of h-caldesrron cDUA clone were sequenced using the dideoxy method 

(10). Figure 1 shows the nucleotide sequence of the chick embryo gizzard 

cav4 clone encoding h-caldesnon and its deduced amino acid sequence. The 

ATG coding for the initiating methionine is assigned because the 

nucleotide sequence surrounding it agrees well with the consensus sequence 

established for the sites of translation initiation (19). The 3’-noncoding 

region of cDU4 is 38 nucleotides long (excluding the poly(dA) tract). The 

AZW.44 sequence at 24 nucleotides upstream fro-n poly(d4) tract seems to be 

the polyadenylation signal. The long open reading frame following the 

initial methionine predicts a protein of 771 amino acids with a Mr of 
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1 

76 

151 

KC 11, Cl, NT GCG CTC GIG CCC bAG CAG CCA GTT ATT CAT TIC CT1 CC1 AC1 ACT IGA AM Cl1 TIC ICC GCI 

GAG TGA TCA CC1 CtA 611 ltt CGA GTC AGC 611 CTG A,, ICG TCA GCA 1Ct GG, TCA ,,A CC6 AAA GGT tCA GAA 

,A, ,,C CIC ,GA l,C CT, ICC TG, ,,G GA, ,Gt ,CC AGA GC, CIC AAC AC, 1GA ACA CCC ACC AT0 GA, GAC ,t, 
Wet ASP Asp Phc 

226 GAA CGC CGT AGA GAL Clt AGG P.GG CA& hAG CC, GAG GhA A,G CGC CT1 GA& GCA G&G &GA CTG ICC tht CAG AGA 
Glu firq Arg kg Glu tcu Arg Ar, Gin Lyr Arp Clu Gtu Met hrg Leu Glu 111. G,u Arg Lcu 5s tyr Gin Arp 

301 AA, GA, 61, FAT GAG GA1 Gil GCT GCC AGA GAA CG, CGT CGA CGA GCt CGA GIG GAA AGG Cl6 CGG CAA AAG GAA 
Asn Is,, Asp Asp Glu Glu Glu Lie Ala Irg Glu kg Irq Arg Arg Ala Arg Gin Glu Arg Lcu Arg Gin Lys Glu 

376 GM GGA GA, GTA tCA GGG CIA G,A PICA GAG AAA TCA GAA Gtl AA1 GCC CAG AAC ACT GIG GCA GA1 GAA GA1 AC6 
Glu Gly Asp Val Ser Gly Glu Vsl thr Glu Lys Ser Glu Val Asn Ala Gln Asr, Scr Val Ala 61~ Glu 61~ thr 

451 AAA CG, AGT AC& GA, GA1 GAL GCt GCA t,G tTG GAG AGA CtG GCA AC1 CGG GAA GAG AGA CGC CIA AAA CGt CIA 
Iys Arg Ser thr Asp Asp Glu Ale Ala Leu Leu Glu Arg Lcu Ala Arg Arg Glu Glu Arg Arg Gin Lys Arp Icu 

526 CAG GM GCC CtG GAA CGI CA.4 AAG GAA TIT GAC CCA ACG ATC ACA GAT CCC AGC 1,G ICI GTG CCC AGC A66 AGA 
Gin Glu Als Len 61" Arg Gin Lys Glu Phe Arp Pro thr ilc lhr ASP 6ty Scr Lcu Ssr Vat Pro Scr Arg Arg 

601 GAA G,A AAC AA1 GlG GAA GAh AA1 GAG AtC ACA GGG ALA GAG GA1 LAG CT, GAA ACA CGC CIA GGA CCC ,G, GAG 
Glu Va, Asn As" Val Glu Glu Am Glu Ile thr G,y Lys Glu Glu Lys V.1 Glu ,hr Arg Gin G,y Arg Cys 6," 

676 ATT GAG GAA ICI GAA ACA Gtt ICC AA1 tCG IAC CAA AGG AAC AA, TGG At6 CIA GA, GGA GA1 GA1 GAG GGA AAA 
IIc Flu Glu Thr Glu thr Val ,hr Lys Ser Tyr Gin Arg Am Am trP Arg G,n A.P G,y 6," Cl" Glu G,y Lys 

751 AAA G8A GAA AAA GAC TEA GAA GAG GAG AAA CCA AAG GAG GTA CCC ACA GAG GA1 AAT CA6 GN GA, G,G GCA 611 
Lys Cl" Glu Lys Asp Ser Glu Gl" Cl" Lys Pro Lyr Glu Val Pro Thr Glu Glu As" Gin Va, ArP Va, A,, VI, 

826 GAA AM rcc ACA GA1 AAA GAA GAG G,G G~A GAA ACA AAA AC, CTA GCT G,A AA, GCA GAG AA, GA, ACA *A, GC, 
Glu lyr Scr Thr Asp LYS Cl" Glu Vsl Val Glu thr Lyr thr Le" Ala V.1 Asn Ala Gl" Asn Asp lhr Arm Als 

901 AtG CTG GAA GGG GAG CAG AGl AtA AC, GAt GCT GCA GA, AAA GAG AAG GA1 GAG GC, GAG AA1 GAA AGG GAG AAA 
Met lau Glu Gly Glu Gin Ser Ila Thr Asp Ala Ala Asp lys Glu Lys Cl" G," A,, G," Lys 6," Arg 6," ~ys 

976 Ctt GAG GCA GAA GAA AAG GAG AGG ,,A AAA GCA GAA GAA GA1 AA6 AAG GCA GC, GAA GA1 AAA CAG AAA GCA GAG 
le" Glu Ala Glu 61" Lyr Gl" 4'9 Le" Lys Ala Gl" Gl" Gl" Lys Lyr Ala Ala Gl" G," Lys Gin Lys Ala G," 

105, GAG GAA AA6 AAG GCA GCT GAG GM AGA GAG CGG GCT AAA GCA GAL GAG GAG AAG AGA GCA GC, GAG GAA AGA GAG 
Glu Glu lya Lys AIs Ala Glu Glv Arg Glu Arg AIs lys Ala Glu Glu Glu Lys ArV A,a Ala Glu Glu Arg Glu 

1126 

1296 

,776 

ACG GCT AAG GCA GAA GAG GAG AGG AAL GCA CC, GAG GAA AGA GAG CGC CC, AAG GCA GA* GAG GAG AGG A.~A GCA 
Arq Ala Lys Ala Glu Glu Glu Arg Lyr Ala Ala Cl" Glu Arg Glu Arg Ala Lyr Ils Gtu Glu Glu Arp Lys Als 

Gel Gwz GAG AGG Gtf AAG GCA GA* GAG Gi.A &GG hAA GCA GCT GAG GAG AGG GCT AAG GC* GAA GAG GAA AGG AAA 
hIa Glu Glu Arg Ala LYS Ala Glu Glu Glu Arg Lys Al. AIs 61" Glu A,., A, . Lys Ala 61" Glu Glu Arg lys 

Gth GCT GAG GAG AGG CC1 AAG GCA GM n&G GRG ICG hh~ GCA GcI GAG GAG A64 GAG AGG Gel AAG GCA GAA GAG 
AIn Ala Glu Glu Arg Ala Lrr Ala Cl" Iys Gl" Arg Cyr Ala Ala Gl" Gl" Arq Cl" Arg AI, Lys Ala G," G," 

135, GAA AAG ICC GCI CC1 GAA CAA AAG GCT AGG TTA GAG GCA GAA AAA llh AAG GAl AAG AAA AAG AtG GAA GAG AAG 
Glu Lys Arq Ala Ala Gl" 61" Lrr Aln Arg Le" Cl" Al. Gl" Lys Lc" Lyr Gl" Lys Lyr Lyr net G," Gl" Cys 

1426 AAA GCC CAL GAG GAA AM GET CIA GCA AAT trc CtA AGA AAA CAG GAG GAA GAC AAA GAG GC, AAA GIG GA1 GCt 
Lys A,a Gin Glu Glu Lys Ala Gin Ala As,, Le" Lc" Arg Iys Gin Glu Cl" Asp Lys Glu Ala Lys Vat Gl" Ala 

1501 AAA AAG GAA AGC TTA CCA GAG AAG cl1 CIA CC1 ACC TCC AAA AAA GAT CAG G,A AAA 6AC AAC AAG GA, AAA 6AA 
Lyr Lyr Glu Scr lc" Pro Glu Lys L.-u Gin Pro thr SW Lys Lys ASP Gin Val Lys Asp Am Lrs Asp lys Cl" 

1576 AAA GCA CCC AAG GAG GAA ATG AAG AG, CTC TGG CAT CG, AAA A66 CGA Cl1 CCA GAA CAA AAG WA CAG AA, GGA 

Lys A,n Pro Lys Cl" Gl" Mel Lys Srr Val lrp Asp Arg Lys Arg Gly Vsl Pro Clu Gin Lys Ala Gin Asn Gly 

1651 

1726 

CIA CG, GAA CTC ACT ACC CCC AA1 CT, AAA ICT AC1 GAA AA, GCt Ttt GCA CCC ICC AAC ttG AAA CGA GCT GCA 
Glu Arg Cl" le" thr thr Pro Lyr Leu Lyr S.r thr Glu Am A,a Phe G1y ArV Scr Am Lc" Lys Gly Ala A,, 

111 GC, GAG GCT CGC ICC GAG AAG CTG h,G GAG AAA C&G C&G GAG GCA CC1 G,G GAG CTG GA, GAG CTG AAG ALLA 
Am Ala Glu Ala Gly Scr Cl" Cys Leu 1,~ Glu Lys Gln Gin Glu Ala Ala Val Glu Lee Asp 6," Leu Lys Lys 

le.0, 

1876 

1951 

AGG CGG GAG GAG CGC CGG AAA ATC crt GAG GAA GAG GAG CAG AAG AAG AAA CAG GAG GAG GCT GAG AC* AAA ATC 
Are Arg Glu Glu Arg Arg Lys II- le" Gl" Gl" Gl" Glu Gin Lys LYS LY. Gin Gl" G," Al. Glu Iv, Lys ,Ic 

AGA GAG GAG GAG GM AAG AAG AGG ATG AAG GAA GAA At, GAA AGG AGA AGA GC, GAA Get GCT GAG AAA CG, CAG 
Arg Glu Glu Glu Glu LYS bs Arg tkt Lyr Glu Glu Ilc Glu ArV Arg Arg Ain Glu A,, Ala Glu Lys Arg Gin 

AAA GtG CCA GAA GA, GGC GtA tCt GAA GAA AA6 AAG CC,, t,, AAA TG, t,C AC, CC, AAA GG, tCA ,Ct c,c AAG 
Lrs Vsl Pro Glu ASP G,y Val S.r Glu Glu LYS Lrs Pro Phc Lyr Crr Phe Srr Pro Lys G,y Scr Ser Lcu ~ys 

2026 ATA GAA GhA CGA GCA GAA TIT TTG AK AAA TCC GCT CAG AAG AGT GGt ATG A11 CC, GCC CAC ACG ACA GCA G,, 
Ile Glu Glu Arg Ala Glu Ph. Leu Am Lys Ser Ala Gin Lys Scr Gly Met Lys Pro A,a ",I thr Thr Ala V,, 

2101 GTC TCA hs ATT GAC ~GI AGA crt GAG CIA ,A, AC, AGC GCA Ott G,G GGC AAC AAG GC, GCA AAA ccc GCC AAA 
Val Ser Lys Ile AsP Ser Arg LFU Glu Gin tyr thr SW Ala Val Val Gly Am Ly. A,, AI, Lys Pro Ala Lys 

2176 CCA GCA GCC TC, GAC CT, CC, Gtt CCA GC, GAG GG, GtC CGt AA, ATC AAG AGC ATG tGG GAG AAA GGG AAt Gt, 
Pro Ala Ala Ser Asp Lcu Pro Vsl Pro Ala Glu Gly Val Arg Asn Ilc Lyr Se, Met trp Gl" lys Gly Asn Vsl 

2251 111 tCA TCA CCt GGG GGA ALA GGA ACA CCA AA, AAG GAA ACT CC, GGA CtC AAA Gtt GG, GtC ICC A61 CC, AtC 
Phs Ser Ser Pro GIY Gly lhr Gly thr Pro Asn Lys Glu lhr Ala Gly Leu Lyr Ysl Gly Vsl Ser Ser ArG ,It 

2126 AAC GAA TGG ctA ICC AAG ICC CCA GAG GGT nnc lihh TcG ccr OCR ccd ADA CCT TCT GAT TTA ~6.4 CCA GGA GAT 
fisn Glu Trp Le" thr h Thr Pro Cl" GIy As" Lrs Scr Pro Ala Pra Lyr PI. S-r Asp Lcu Arg Pro Gly Asp 

2476 

2551 CCI ATC AGT l&G GGA Ah,, AM Ann AM rhh .S 

so4 

529 

554 

579 

604 

629 

654 

679 

?04 

729 

754 

77, 

Fig. 1. Nucleotide sequence of h-caldesmon ~a\)4 clone and the deduced ~.~~lno 
acid sequence. McIeotIde sequence ntiering appears on the left, and anlno 
acid sequence nu&ering on the right. Underlintng of the predIcted amino 
acid sequence indicates regions confirmed by amino acid sequencing of 
chyrrotryptic and CN3r-cleaved peptides derived fran h-caldesmn. 
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Fig. 2. Hydropathicity profile (A) and predicted secondary structures (6) 
of h-caldesrron. The hydropathicity was calculated by the method of Kyte and 
Coottitle (11) with a window of 5. The secondary structures were analyzed 
by the method of Chou and Fasrrran (12). The positions of a-helical and 6- 
sheet structures are indicated by bars at h and S lines, respectively. 

88,743. The amino acid car-position predicted frcxn the nucleotide sequence 

coincides with that from the direct determination of native h-caldesm3n 

(20,21). All the partial amino acid sequences of from chyrrotryptic and 

CN3r-cleaved peptides derived frcxn the native h-caldesnon are encoded by 

the cClU4 in the sama reading frame (underlined in Fig. 1). 

In Figure 2A and B, the amino acid sequence presented was analyzed for 

local hydropathicity and secondary structure. Residues 239-434 show an 

uninterrupted a-helical and highly hydrophilic structure, and are carposed 

of a lo-fold repeat of conserved amino acid sequence containing 13-15 amino 

acids; one repeating unit is based on a glutamic acid-rich sequence, 

EEER(or K)KAAEERERMA (Fig. 3). However, these residues cannot form a 

coiled-coil structure. As demonstrated previously, residues 524-581 and 

623-637 in the C-terminal 35kDa dcmain of h-caldesnon are highly hanologous 

to those of troponin T (8), which are the conserved consensus sequences of 

the torpcmyosin-binding domains (so-called 11 and T2 fragnents) in the 

striated Nscle troponin Ts (22,23). The predicted sequence of h-caldesron 

does not share a significant homology with any other proteins. With 

carputer searching, only a small hcnologous sequences (taking conservative 

substitutions into account, the homologies are less than 35%) are, 

however, found between the highly helical region of h-caldesmon and 
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251 265 

266 EEEKKAAEEKQ--KA 278 

279 EEEKKAALEREKAKA 293 

294 EEEKRAAEERERAKA 308 

309 EEERKAAEERERAKA 323 

324 EEERKAAEE--RAKA 336 

337 E E E RKAAE E--RAKA 349 

350 E E E RKAAC E--RAKA 362 

363 E;gERKAAEEmRAKA 377 

378 EEEKPtAEtKA 392 

Fig. 3. Regions of repeatrng sequence of h-caldesmn. f&tiers Indicate 
residue positions within the h-caldesmsn sequence. The conserved anrno acid 
repeat sequences are enclosed wrth solId I~nes. 

tropomyosin ~1 and 8 subunits (24,25), rod portion of myosin heavy chain 

(26,27) or tail subdcrrrain of neurofilament L protein (28,29). Ngai and 

Walsh have reported that h-caldesmon itself shows the Ca2+- and 

calrrodulin-dependent protein kinase activity (30). In contrast, significant 

hcm,Iogy in the primary structures between h-caldesrron and scrre protein 

kinases has not been observed. Despite the regulatory node of this protein 

on the actomyosin system resembles that of troponin I, there is no 

structural horrx,Iogy between the two proteins. 

It is interesting to note that a Mr of h-caldesnon calculated frcrn the 

predicted amino acid sequence is rmch srnal ler than that measured by SDS- 

PAGE (120-150kDa). Using sedimentation equilibrium, Graceffa et al. have 

reported a Mr of this protein at 93,000 + 4,000 (19). Cur result, from the 

predicted sequence, is in good agreement with their value. A MJ- of 

recombinant protein produced In E. coli containing the full-length h- 

caldesmon cDNA was compared wrth that of native h-caldesmon. The 

construction method for h-caldesnon ccN4 is shown In Fig. 4 and described 

in ?vfiTERIALS ANIl fvETKDS. Using an h-caldesnon antibody, rrrrrunoblott ing 

analysrs of heat-resistant extract of K. coli revealed a discrete band with 

508 



Vol. 164, No. 1, 1989 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

NC01 ~coTl41 EcoTl41 AvaII 

koR,I ‘vcp I EcoTl41 ~coT14f ~ ECORI 

Ml 3mpl8hCaDN 

AvaII IZCORI 

Ml3mplShCaDC 

Fig. 4. Construction of expression plasmid pTG3hCaD carrying the chick 
arbryo gizzard h-caldesmon cCNA. The detai les of the construction method 
are described in MWERIALS pF\D k43KDS. 

an apparent Mr of 150kDa and the following small Mr bands asswning the 

breakdown products of the parent 15OkDa band. The largest Mr protein, which 

is heat-resistant and crossreacts with an h-caldesron antibody, therefore 

corresponds to the native h-caldesmon as judged by SDS-PAGE 

(Fig. 5a and c). A Mr of the C-terminal 35kDa domain in h-caldesmon 

ab c def9h i 

Fig. 5. Characterization of a reccrrbinant protein in E. coli transformed by 
pTCG&CaD. Lanes a and b, Coonassie blue staining of m gels; lanes c-i, 
inrnrnorepl ica using a h-caldesrron antibody. h-Caldesnon purified frcm 
chicken gizzard (lane a); heat-resistant extract of E. coli transformed by 
pTCGhCaD I b ) ; imnunoreplica corresponding to I ne b (c); flow through 
fraction of calnodulin affinity colwm (d); Ca 3+ 

-dependent calrrodulin- 
binding fraction (EGTA eluate fraction, e); flow through fraction Of 
tropcmyosln affinity column If); tropcmyosin-binding fraction (high-salt 
eluate fractton, g); lanes h and i indicate the supernatant and the 
precipitated fraction measured by cosedimentatron assay. Arrowheads 
indicate a reccnbinant protein with a Mr of 150 kDa which crossreacts with 
a h-caldesnon antibody. 
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measured by SDS-PAX is in good agreement with that calculated according to 

the predicted sequence. Thus, the discrepant result regarding a Mr of this 

protern may be explained by an unexpected structure of the N-terminal and 

central portions. Based on the present primary structure, These portions 

have a high content of acidic amino acid in addition to the unique 

repeating sequence mainly composed of glutamic acid, resultrng in the 

anaMIous mobi I ity on SDS-PAGE. A recombinant protein with a Mr of 150kDa 

produced in E. coli also showed the same propertres of native h-caldesrron 

wrth respect to the calrrodulin-, F-actin- and tropcmyosin-brndrng abilrtres 

(Fig. 5d-i). Judging from the actomyosin ATPase activity, the crude 

calrrodulin-binding fractron of the heat-resistant extract fro-n R. coli 

transformed by h-caldesmon cav4 Inhibited the actin-myosin Interactton in a 

dose-dependent manner (not shown). These results give support for the 

predicted sequence presented here to be the sequence of h-caldesmn. 

In our preliminary experiment, using the deletioned h-caldesmon cav4 

probe poly(A)+ w preparation from lo-day-old e-rbryo gizzards, in which h- 

and R-caldesmns are coexpressed, was subjected to blot hybridjzatton. This 

probe encodes the C-terminal 35kDa domain of h-caldesnan. We have found 

that It hybridizes two major f7U4 species of -3,000 and -2,500 nucleotrdes 

(not shown). This result suggests that the hybridizable rr!+l4s of -3,000 

and -2,500 nucleotides rmst be presumably assumed to be h- and V-caldesrron 

I-TRWS. 

As mentioned in Introductron, sequencing analysis of caldesmons is an 

essential approach to studying the expressional change of this protein. In 

this paper, we have reported the primary structure of h-caldesmn cw and 

its functional expression in E. coli. The present results ~111, in near 

future, provide a large amount of information with respect to the 

relationship between structure and function of caldesmn, and new tools to 

study the biological signrfrcance of this protern. 
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