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The vitamin El-dependent calcium-binding protein 
found in the mammalian duodenum is a small 
molecular weight (9000---12 OOO), fairly acidic 

protein with 2 calcium-binding sites [ 1,2]. CaBP 
appears to be a c:ytosolic protein [3-51, but has also 
been detected in the plzsrna membrane [6,73. It is 

generally accepted th,i rhe brush border membrane 

is a major site of the cellular action of 1,25dihy- 

droxyvitamin D3 and that duodenal CaBP is the best- 
known molecular expression of the hormone-like 
action of vitamin D [S]. However, CaBP has not been 
detected in the brush borders of chick intestinal 
epithelium [I ], nor has it been ieported in rat brush 

borders. A calcium-dependent adenosine triphosphatase 
[9] and a garPiculate calcium-binding complex of 
high molecular weight [ 1 O] that are stimulated by 
vitamin D have been identified in rat intestinal brush 
border preparations_ 

This report describes the isolation and some 
characteristics of a new vitamin D-dependent, calcium- 
binding Frotein from purified brush borders of rat 
duodenal mucosa. 

Male Sprague DawIey rats, purchased from AM, 

A~breviufio~ CaBP, vitamin D-dependent calcium-binding 
protein from duodenal cytosoi; 1.X-@X&D,, 1.25-dihydroxy- 
vitamin D3; Na,-EDTA, trisodium ethylenediamineterraacetic 

acid; Wepes, N,2-hydroxyethylpiperazine-n”-2ethanesulfonic 

acid; Tris, Tris (hydroxymethyl) aminomethane 
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Madison, WI were fed a low calcium (0.06%) and ION 
phosphorus (0.2%) semisynthetic regimen, diet I [l 1 J, 
for several days prior to sacrifice_ 

To study the effect of vitamin D deficiency, 
weanling animals (40-50 g) were divided into two 

lots, fed either diet I (2200 IU vitamin D;/kg) or 
the same diet without added vitamin DZ (I-D). After 
- 7 weeks, half of the I-D anim 21s were injected 

intraperitoneally with 20 IU (1: OS pg) of 

1 ,25-(0H)2 -II3 ~ 14-16 h prior to sacrifice. The 
control I-D animdls received injections of vehicle. 
Vitamin deficiency was assessed by measuring plasma 
calcium and duodenal CaBP levels as in [5,12]. 

Animals (12.5-250 g) were k3ed by cervical dis- 
lot-sion. Sections of the duodena (- 10 cm) were 
excised and placed in cold 0.9% NaCl, slit longi- 
tudinally, washed free of intestinal content with 
saline solution and the mucosae were collected by 

scraping with-a glass slide. The smcosal scrapings 
were suspended in 75 ml 5 mM Na3-EDT.4 plus 1 mM 
Hepes-Tris buffer (pH 7.5) and homogenized 
(12 strokesjmin) with a motor-driven glass teflon 
homogenizer at a setting of SO-60 on the Powerstat 

variable transformer. Purified brush borders were 
isolated from the homogenate by differeritial cen- 
trifugation [ I3 j_ A’J-operations were carded cut at 
O-MC_ 

2 -3. Preparation of brush border &I OC 
Purified brush borders were homogeni;: xl in Tris- 

buffer [ 143 and the res9ting homogenate was cen- 

trifuged for 1 h at 100 000 X g. The supematant, 
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designated S-IO@, was dialyzed (24 h) against 
0.03 mM phenyhnethyl sulfc9nyl fluoride in 0.02 M 
ammonium acetate, pH 7.2 at 4°C. The dialyzate was 
lyophilized and either used immediately or stored at 
-15°C. 

The S-1 00 fraction was dissolved in annmonium 

acetate buffer, centrifuged at 1500 rev./min for 5 min 
and the supernatant qxplied to a Sephadex G-50 or 
G-1 00 cojlumn equilibrated with buffer containing 
7 PM Call, plus “‘CaC12 <(New England Nuclear, 
Boston, MA). Unless stated otherwise, the cakium- 
b&ding elution profile was obtained by using a 
descending flow rsfe of 6 ml/h and the fractions were 
assayed for radioactivity in Bray’s’scintiUation fluid 
[lS] with a NucIear Chicago (Unih~ JIA) liquid 
scintillation spectrometer. Calcium binding was 
determined by a modification [ 121 of the method in 
[ 161 and binding acrivi;y was expressed as nmol 
ea2+ hn,,nd/mg protein loaded-on the coh~mn. Protein 
concentrations were determined spectrophoto- 
metrically [I 71 or according to [I 81 with cryst’alline 

bovine serum albumin as the standard. 

The detailed methods used for electrophoresis 
have been described [I 9>_ Briefly, the separating and 

stacking gels contained 7% and 2.5% po’lyacrylamide, 
respectively, and the running buffer in the electrode 

chamber was Tris-glycine @H 8.3). The calcium 
concen?ration of the anode chamber buffer was 1 paM, 
spec. radidact_ - 10 pCi/pmol. To determine caicium- 
binding activity, gel slices (1 mm) were solnbilized 
overnigbt in OS rrd 30% Hz& at 55°C and assayed 
for radioactivity in Aquasol (New England Nuclear, 
Boston, MA). Protein staining patterns of duplicate 

gels were obtained as in [n 93. 

3. IIks~nnts 

The elution profile obtained by ascending 

chromatography on Sephadex G-50 for porded S-100 
samples of duodenal brush borders from ra1:s on diet II 
is shown in fig-l. Peak B; ve/vo = 1.22, which differed 
in location compared to cytosolic CaBP, ‘de/v0 z~ I.4 
[19&h d b J- a a in mg activity ofO.14 nmol Ca2,0un,/mg 

Fig.1 Elution profile of brush border supernatant. S-l 00 
saalr.ples from purified b~us?a borders off animals on diet B 
were pooled and 15.3 mg protein were applied zo a Sephadex 
G-50 (fine) column (1.3 X 80 cm)_ Separation was effected 
bj- ascending chromatography. The flow rate was 3 0 ml/h 
and 0.1 ml aliquots of 1 ml fractions wefe assayed for sadio- 
activity. Peak A designates the void volume and peak Ts 
(v&o = 9 2.2) the br&sh bosdes calcium-binding protein. The 
inserf shows the elution profile of peak B material 
rechromatogaphed on Sephadex G-100. Protein (0.35 mg) 
was applied to a column, 0.65 X 100 cm. Separation was 
effected by descending chromatography at a flow rate or 
6 ml/h. Fractions (0.2 ml) were collected and assayed for 
radioactivity. 

protein loaded. Appropriate fractions ol’ peak F were 
cJn:bined and further subjected to descending 
chromatography on Sephadex G-3 00. The elation 
profie of partially-purified peak B material (insert 
fig.l)indicated abindingactivity of7.0 nmof Ca&,,& 
mg protein, a purification of ‘v Xl-fold. 

The molecular weight of brush border calcium- 
birrding protein, as estimated from a Sephadex 6-l 00 

column calibrated with blue dextran, cytochrome c, 
myoglobin, a-chyaraotrypsinogen-A, and pepsin was 
18 500 2 3000. This value is considerably larger than 
that determined for the cytosolic duodenal CaBP, 

mol. wt 11 000 151. The elecirophoretogram and gel 
traciings of partially-priGed brush border cakium- 
binding protein illustrated in fig.2 substantiate the 
presence of a major calcium-binding and two minor, 

barely discernible proleti’ bands. The RF values 
determtied for the major band and cytosoh Ca!BP 
were 0.77 and 0.17, respectively. Cytosolic CaBP 
was not detected in the bnnsh border S-1 00 prepara- 
ltions (fig.2). 

The effects of vitamin D deficiency and the 
admtiistnation of 1,25-(0Hj, -D3 on brush border 
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Fig2 Binding activity profile (A) and p-stein staining 

pattern (B) of partially purified brush border protein subjected 
to polyacrylamide disc gel electrophoresis. A protein staining 

pattern of the S-l 00 from duodenal mucosa of 23 day old 
rats is shown for comparison (Cc). CaBP refers to cytosolic, 
vitamin D-dependent, calcium-binding protein (mol. wF 

13 OO@; CaBPx refers to the brush border calcium-binding 

protein and hi to bromphenol blue marker. 

calcium-binding protein levels are shown in Gg.3. 
No crdcium-binding activity was detectable in the 

peak B region of the brush border preparation from 
vitamin D-deficient animals (fig3A). Intraperitoneal 
administration of O-5 pg 1,25-(CM), -aB, to vitamin 

D-deficient littermates 16 h before sacrifice resulted 
in a marked increase in binding activity, to - 1.25 nmol 
Cazd,uud/mg protein (fig3B). hr a second experiment, 
the binding activity of the 1.25~@Mb, -Da -induced 
brub border protein was P 92 nmol “aro,md/mg 

protein, whereas that in material isolated from 
vitamin -I%replet e animals was 2.45 nmol ~~~‘,uud/rng 
protein. 

4. DisC~iGn 

Two sGhIble vitamin D-dependent calcium-binding 
proteins in rat small intestine have been ide;ltified 
[XI,21 ]_ one, found prCdominant1~ in the jejunum 
and ileum, had mol. wt 27 OQO;lthe 4 Ther, associated pri- 
marily with the duodenum, had rno, urt 12 5QO. The 
latter protein was more vitamin D-dc ?endent, had a 

Fig.?. El&on profiles of dialyzed brush bordx S-l 00 from 
vitamin D-deficient animals (A) and vitamin Ddeficient 

animals treated with 30 IU (e 015 pg) 1.25(OH), -D, 16 h 

prior to mcrifice(B).Yrotein,1_6S rns for theuntrseateA and 
1 SO mS for the treated group, was applied to a Sephades 
G-l 00 columk (0.65 X 100 cm). Separation was effected by 
descending chromatography; the flow rate was 6 ml/h and 
O-2 ml fractions were assayed for radioactivity. 

greater affinity for calciumF and appears identical with 

the cytosolic duodenal C&P. The ileal calcium-binding 
protein differs from the brush border binding protein 
isolated here in intestinal IGCztiGn, molecular Size 
and mode of isolation. Vitamin D-dependent calcium- 
binding activity of relatively high molecular weight, 
OS X I@‘, has been isolated from the particulate 
fraction of rat intestinai brush borders [lo]. In addition, 
a calciumdependent ATPase was observed [9] in the 
brush border of rat small intestine which was increased 
markedly after administration of vitamin D to vitamin 
D-deficient animals_ The app. mol. wt, 18 500, of the 
brush border cakium-binding protein isolated in this 
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f%rtiaDlly purified brush border calcium-bind.ing 

protein (insert, f&.1) binds - 350 nmol Ca*” jF g 
protein, a binding activity comparable to that of 
cytosohc CaBP, 200 nmol Caround jmg protein [S]. 

Since the transhxationoi” calcium across the brush 
border membrane has been shown to involve con- 
siderable binding to membrane components as wdl as 
transport into the intravesicular space (A.M., Reid, 
F.B., in preparation) it seems reasonable to assume 

that cation movement may be associated with a carrier 
or calcium-binding protein. Whether brush border 
calci;lm-binding protein is, directly involved in calcium 
transport remains to be estabhshed. The presence of a 
calcium-binding protein in the intestinal brush border, 
its increase in response to 1 .25-(OH)2 -& , and the 

decreased calcium uptake by brush border membrane 
vesicles from vitamin D-deficient rats (A.M., Reid, 

F.B., in preparation) suggest a functional role in the 
uptake process. 
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[I] Wasserman, R. W. and Feher, 4. J. (I 977) in: Calcium- 
binding pr.otetis and Calcium Function, pp. 293-302, 
(-Wasserman, R. H. et al. eds) Elsevier/North-Holland, 
Amsterdam, New York. 

322 

MY 1979 

Wasserman, R. B., Fnllmer, C. S. and Taylor, A. N. 
(1978) in: Vitarnkn D (Lawson, D. E. M. ed) 
pp. B 3%-366, Academic mess, New YOik. 
Drescher, D. and DeLuca, F_ F. (1971) Biochemistry 
no, 2302-2307. 
Morissey. 3. L., Empsoon, W. N.,jr, Zoloc9i, D. T., 

Bikle, D. D. and Bucci, T. Y. (1978) Biochim. Biophys. 
Acta 538,34-4l- 
Freund, T. and Bronner, F. (I 975) Am. J. E%ysiol. 228, 
El -869. 
Taylor, A. N. and \Vasserma&, R. H. (1970) 9. Histo- 
chem.Cytochem. l&IO?-915. 
Feher, 1.4. and Wassermann, R. H. (1976) Fed. I’IOC. 
FASEB 35,339. 

Hanss!er, M.-R. and l&Cain, IF. A. (1977) New Eng. J. 
Med. 297,1041--1050. 
Martin, D. I._., Melancon, M. J.,jr and DeEuca, H. F. 
(1969) Rio&em. Biophys. Res. Commun. X5,81 9-823. 
Kowarski, S. and Scnachter, D. 41975) Am. S. I%ysiol. 
229,1198-3204. 
Bronner, F. and Freund, T. (9975) Am. 9. Physiol. 223, 
688-694. 
Edelstein, S., Noff, D., Sinai, IL.., Hardl, A., Puschett, 
J. B., Golub, E. E. and Bronner, F. (1978) Biocllem. J. 
170,227-233. 
Forstner, 6. CL, Sabesin, S. M. and Isselbacher, K. 3_ 
(1968) Biochem. 4.106,389 -390. 
Schmitt, J., Wesier, H,, Maestracci, D., Ghost, B. IL., 
Gerda, J. J. and Crane, R. IL (1973) Biochim. Biophys. 
Acta 323,98-l 12. 
Bray, G. A. (3960) And. Biochem. 1,279-285. 
Hummel, J. P. and Dreyer, W. 9. (I 962) Biochim. 
Biophys. Acta 63,530~53X 
Murphy,J. B. and Kies, M. W. (9 969) Bioch+ ‘%phys. 
Acta 45,%2-384. 
Lowry, 0. H., Rosebough, W. J., Farr, A. L. and 
Randall, R. I!. (1951) II. Viol. Chem. 193,265-275. 
Ueng, T.-f%. and Bronner, F. (1979) Arch. Biochim. 
Biophys. in press. 

hloriuchi, S., Yamanouchi, T_ and Wosoya, N. (1975) 
J. Nut. Sci. Wtaminol. 23,25B-259. 
Hosoya, N., Yamanouchi, T_ and MoilucRi. S. (3977) 
in: Caalcimm-Binding proteins and Calcium Funcfion 
(Wasserman, R. 93. et al. edsj pp. 376-378, Elsevier/ 
North-Holland, Arxterdam, New York. 


