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ABSTRACT. The developmental aspects of Calcium up- 
take by intestinal Golgi vesicles was determined using 
highly purified Golgi vesicles from enterocytes of suckling 
(2 wk old), weanling (3 wk old), and adolescent (6 wk old) 
rats. Calcium uptake by Golgi vesicles at all age groups 
represented transport into the intravesicular space as evi- 
dent by temperature dependency and by calcium ionophore 
A23187-induced calcium efflux studies. Calcium uptake 
was driven by ATP at all age groups, however, maximal 
uptake at 15 min was significantly greater in Golgi vesicles 
of adolescent rats compared to mean values in Golgi vesi- 
cles of suckling rats (p < 0.01). Calcium uptake in the 
absence of ATP was minimal. The requirement for the 
adenine base and the hydrolysis of the ,f3-y-phosphodiester 
was tested by replacement of ATP in the incubation media 
by CTP and the nonhydrolyzable ATP analogue, adenylyl- 
(@-y-methylendiphosphonate). Both agents had no stimu- 
latory effect on calcium uptake. Calcium uptake was linear 
up to 40 s. Kinetic parameters of calcium uptake at free 
calcium concentrations of 0.04 to 1.0 pM showed a maxi- 
mal transport capacity of 0.99 + 0.05, 0.55 f 0.04, and 
0.29 f 0.03 nmollmg protein115 s for adolescent, weanling, 
and suckling rats, respectively. Km values were 0.16 f 
0.02, 0.12 + 0.03, and 0.07 2 0.02 pM for adolescent, 
weanling and suckling rats, respectively. Km and V,,, 
values were significantly different between adolescent and 
suckling rats (p < 0.01). The calcium regulatory protein 
calmodulin has no effect on calcium uptake by Golgi vesi- 
cles. Vitamin D deficiency in all age groups decreased 
ATP-dependent calcium uptake. Administration of 1,25- 
(OH)z vitamin D3 8 h before death enhanced ATP-depend- 
ent calcium uptake in all age groups studied. This enhance- 
ment was the result of increase in maximal transport 
capacity of ATP-dependent calcium uptake. This study 
demonstrates a vitamin D-regulated ATP-driven calcium 
uptake by intestinal Golgi vesicles at all age groups includ- 
ing the suckling period. This transport system shows de- 
velopmental patterns in regard to its kinetic parameters. 
(Pediatr Res 26: 58-62, 1989) 

Abbreviations 

1,25(0H)2 D3, 1,25(OH)2 vitamin D3 
AMP-PCP, adenylyl-(@-r-methylendiphosphonate) 

Received December 12, 1988; accepted March 16, 1989. 
Correspondence to Fayez K. Ghishan, M.D., Professor of Pediatrics, Director, 

Division of Pediatric Gastroenterology and Nutrition, Vanderbilt Medical School, 
Nashville, TN 37232. 

Supported by HHS DK33209-05. 

Calcium movement across the cytosol of the enterocyte re- 
mains controversial. The concept of calcium sequestration dur- 
ing transcellular transport has been suggested. Two modes of 
calcium sequestration have been postulated: 1) Equilibrium bind- 
ing to high affinity sites on cytosolic membranes or soluble 
protein (1-3); and 2) Active calcium sequestration against elec- 
trochemical gradient in subcellular organelles (4-8). Warner and 
Coleman (9) using electron probes have shown an electron-dense 
intracellular calcium deposits in the area of Golgi membranes 
and lysosomes of the small intestine of vitamin D-depleted rats. 
The Weiser group has shown in adult rat small intestine that 
Golgi vesicles bind calcium avidly in a biphasic manner (10). 
This binding is decreased with vitamin D deficiency and is 
increased with vitamin D treatment (10). The initial method of 
preparing Golgi vesicles involved scraping of intestinal mucosa 
thus resulting in high nonesterified fatty acid which binds cal- 
cium (7). Recently Golgi vesicles were prepared from freshly 
isolated enterocytes. This method allowed detection of an ATP- 
dependent calcium transport system (8). Because calcium bind- 
ing proteins are absent during the suckling period (1 l), we 
hypothesized that the intracellular organelles may play a role in 
intracellular calcium movement. The present studies were de- 
signed to investigate the role of Golgi in calcium transport during 
maturation. Moreover, we investigated the role of vitamin D in 
this process. Using a modified technique originally described to 
prepare liver Golgi membranes, we isolated highly purified Golgi 
vesicles from intestinal enterocytes and characterized calcium 
transport by Golgi vesicles and its regulation by vitamin D in 
the rat during maturation. 

MATERIALS AND METHODS 

Animals and diet. Male Sprague-Dawley adolescent (42 k 2 
days), weanling (21 + 1 day), and suckling (14 f. 1 day) rats 
(Harlan, Indianapolis, IN) were used for all experiments. Suck- 
ling rats were allowed to suckle from their mother. Weanling 
and adolescent rats were fed regular food containing 1.2% cal- 
cium, 0.8% phosphate, and 1700 U/100 g of ergocalciferol 
(Teklad Diets, Madison, WI). Vitamin D-deficient rats were fed 
vitamin D-deficient diet (0.4% Ca, 0.3% P) obtained from Teklad 
Diets (Madison, WI) and kept in the dark. Vitamin D deficiency 
in suckling rats was induced by feeding pregnant dams a vitamin 
D-deficient diet 48 h beginning after insemination. Upon deliv- 
ery, the pups suckled mothers milk while continued on vitamin 
D-deficient diet. Both mothers and suckling rats were kept in the 
dark. Vitamin D deficiency in adolescent rats was induced by 
feeding weanling rats the vitamin D-deficient diet for 4 wk while 
being kept in the dark. Rats were killed by cervical dislocations 
and the enterocytes were prepared from jejunal segments by the 
method of Weiser (12). The jejunal region extended from the 
ligament of Treitz to 20, 30, and 50 cm aborally in suckling, 



GOLGI MEMBRANES 5 9 

weanling, and adolescent rats, respectively. The intestinal seg- 
ments were removed, flushed with ice-cold normal saline and 
then filled with warmed buffer solutions (37°C) containing 1.5 
mM KCI, 96 mM NaCI, 8 mM KH204, 5.6 mM Na2HP04, 27 
mM Na3 citrate, and 2 mM dithiothreitol, pH 7.2. The segments 
were clamped and incubated in the same buffer without dithio- 
threitol (this buffer will be called citrate buffer from here after) 
for 15 min in a shaking water bath at 37°C. The clamps were 
then removed and the contents were emptied. The segments were 
then filled with ice cold citrate buffer and were clamped and 
palpated for 5 min on ice-cold plate to release epithelial cells. 
The clamps were then removed and epithelial cells emptied. The 
enterocytes were collected at 500 X g for 10 min. The enterocytes 
were then homogenized in 0.0425 M NazHP04, 0.02 M KH2P04, 
0.25 M sucrose, 1% dextran, 10 mM MgCL, pH 7.2, with three 
strokes in glass-Teflon homogenizer. The cells were then further 
fractionated in a Parr Bomb (Parr Instrument Co., Moline, IL) 
at 1000 PSI for 60 min. The slowly discharged cell fractions were 
then layered on an unbuffered aqueous 1.25 M sucrose pad (13) 
and were centrifuged in SW28 rotor non-stop in the following 
manner: at 3300 x g for 10 min, 13,200 X g for 10 min, and 
82,600 x g for 45 min. 

The Golgi-rich fraction appears as a white band at the interface. 
This band is then diluted in 260 mM sucrose and 5 mM 
imidazole, pH 7.2, and the Golgi is collected at 60,000 x g for 
30 min. 

Marker enzyme enrichment. Galactosyl transferase, a marker 
of Golgi, was measured as described by Moore et al. (14). 
Cytochrome-C-reductase and oxidase markers of endoplasmic 
reticulum and mitochondria, respectively, were measured as 
described by Beaufy et al. (15). Na'-K' ATPase, a marker for 
basolateral membrane was measured by method of Scharschmidt 
et al. (16). Protein was measured by method of Lowry et al. (17) 
using bovine serum albumin as the standard. 

Transport measurement. Uptake of calcium was measured by 
a rapid filtration technique (18). Briefly Golgi vesicles were 
preincubated in a transport buffer (260 mM sucrose, 5 mM 
imidazole, pH 7.2) and uptake was initiated by addition of 20 pl 
of vesicle to 80 p1 of labeled incubation media. The final concen- 
trations of constituents were: 130 mM KCI, 1.3 mM EGTA, 1 
mM MgCI2, 27.5 mM imidazole, 0.1 1 mM dinitrophenol, 1.1 
mM NaN3, 1 pM free calcium, and 3 mM MgATP. Micromolar 
concentration of free calcium was obtained by Ca-EGTA buff- 
ering system as detailed by Pershadsingh and McDonald (19). 
All experiments were performed at 25°C unless indicated. The 
reaction was stopped by addition of 1 ml of ice-cold stop solution 
containing 100 mM Mannitol, 100 mM MgC12 and 20 mM 4- 
(2-hydroethyl- 1 -piperazinepropane-sulfonic acid/Tris, pH 7.2. 
The vesicles were filtered immediately over cellulose nitrate filter 
(0.45-pm pore size, Sartorius Filters, Inc., Hayward, CA) under 
suction and washed with 5 ml of stop solution. The amount of 
radioactive substrate remaining on the filter was determined in 
a liquid scintillation counter (Beckman Instruments, Palo Alto, 
CA), using Scinti Verse I1 (Fisher Scientific, Norcross, GA) as a 
liquid scintillant. 

Materials. 45Ca (10-40 mCi/mg) was obtained from New 
England Nuclear (Boston, MA). Chemicals were obtained from 
Sigma Chemical Corp. (St. Louis, MO). Cellulose nitrate filters 
were obtained from Sartorius Filters, Inc. (Hayward, CA). 1,25 
Dihydroxyvitamin D3 was measured by radioreceptor assay (Im- 
muno Nuclear Corp., Stillwater, MN). Calcijex (1,25-(OH)2 vi- 
tamin D3 1 pg/ml) was kindly provided by Abbott Laboratories 
(Abbott Park, IL). 

RESULTS 

Purity of Golgi vesicles. The specific activities of enzyme 
markers in Golgi vesicles and crude homogenate are shown in 
Table 1. As seen the activities of Na'-K+-ATPase, cytochrome- 

C-oxidase, and reductase markers of basolateral membrane, mi- 
tochondria, and endoplasmic reticulum respectively were impov- 
erished. The activity of galactosyl transferase a marker of Golgi 
was enriched 34 times. Similar enrichment was obtained for all 
age groups. 

ATP-driven calcium uptake with time. Figure 1 shows ATP- 
driven calcium uptake. In the presence of ATP, Ca++ uptake was 
stimulated several-fold compared to no ATP conditions in ado- 
lescent, weanling, and suckling rats. Maximal uptake occurred 
at 15 min and was significantly greater in adolescent rats com- 
pared to suckling and weanling rats (p  < 0.01). To determine 
the requirement for the hydrolysis of the P-y-phosphodiester 
bond for the stimulatory effect of ATP, we investigated the effect 
of 5 mM of a nonhydrolyzable ATP analogue AMP-PCP on 
calcium uptake. The specificity of the adenosine base was tested 
by the addition of 5 mM CTP to the incubation media instead 
of ATP. Both AMP-PCP and CTP decreased calcium uptake by 
70% compared to uptake values with ATP. 

Calcium uptake versus binding. To determine whether calcium 
uptake by Golgi vesicles is by a carrier mediated transport process 
or mere binding, we studied the effect of temperature on calcium 
uptake. Calcium uptake by Golgi vesicles was minimal at 0°C 
compared to 25°C suggesting that calcium uptake is an energy- 
dependent process rather than binding (Fig. 2). Furthermore the 
effect of calcium ionophore A-23187 at 10 pg/mg protein on 
calcium efflux from calcium loaded Golgi vesicles was deter- 
mined. As seen in Figure 3 calcium efflux occurred rapidly 
suggesting that calcium was present in the intravesicular space 
rather than bound to the external surface. Clearly some calcium 

Table 1. Sp act of enzyme markers in intestinal Golgi vesicles 
and crude /zomo,genate in adolescent rats* 

Crude Golgi 
homogenate vesicles Enrichment 

Na'-K+ ATPase 0.8351c_0.01 0.126+0.01 0.15 
pmol phosphate/mg pro- 

tein/min 
Cytochrorne-C-oxidase 9.7 t- 2 0.82 + 0.2 0.08 
/Lmol/mg protein/min 
Cytochrome-C-reductase 20.5 c 2 1.42 rf: 0.2 0.07 
pmol/mg protein/min 
Galactosyl transferase 0.29 t- 0.2 9.9 + 2 34.0 
pmol/mg/protein/h 

* Values are mean + SEM of (n = 6). Similar enrichment factors were 
obtained in weanling and suckling rats. 

I A 1  Adolescent I B l  Weonl~ng I C l  Sucklmg 

Fig. 1. Time course of calcium uptake in 2 wk ( A ) ,  3 wk (B), and 6 
wk (C) old rats in the presence and absence of ATP. Golgi vesicles were 
prepared in 260 mM sucrose, 5 mM imidazole, pH 7.2. Incubation was 
started by the addition of Golgi vesicles to a media containing in final 
concentration, either 130 rnM KC1, 1.3 mM EGTA, 1 mM MgC12, 27.5 
mM imidazole, 0.1 1 mM dinitrophenol, 1.1 mM NaN3 pH 7.2, 1 pM 
calcium, and tracer 45Ca or similar solution except for the omission of 
ATP. Reaction was stopped at 15 s, 30 s, and 1, 2, 5, 15, and 30 min. 
Values are mean + SEM of three separate experiments on different 
membrane preparations (n = 9). 
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Time (minutes)  

Fig. 2. Effect of temperature on calcium uptake by intestinal Golgi 
vesicles. Golgi vesicles were prepared in 260 mM sucrose, 5 mM imid- 
azole pH 7.2. Incubation was started by the addition of Golgi vesicles to 
a media containing in final concentration 130 mM KCI, 1.3 mM EGTA, 
1 mM MgCI2, 27.5 mM imidazole, 0.1 1 mM dinitrophenol, 1. I mM 
NaN3 pH 7.2, 1 pM CaC12, and tracer 45Ca. Calcium uptake was deter- 
mined with time at 25 and P C .  Values are mean + SEM of three separate 
experiments on different membrane preparations ( n  = 9). 

Fig. 3. Effect of calcium ionophore A23 187 on calcium efflux from 
intestinal Golgi vesicles. Golgi vesicles were prepared in 260 mM sucrose 
and 5 mM imidazole pH 7.2. Vesicles were loaded with I pM CaC12 and 
45Ca in a similar incubation media to that described for calcium uptake 
studies with ATP. Calcium efflux was initiated by diluting loaded vesicles 
in a similar incubation with 10 pg/mg protein of A23 187. Calcium efflux 
was determined with time. Values are expressed as percent of initial 
values at zero time points. Each point represents mean k SEM of ( n  = 

6). 

remains in the intravesicular compartment bound to the nega- 
tively charged membranes. 

Initial rate uptake. To investigate the linearity of ATP-depend- 
ent calcium uptake for determination of kinetic parameters we 
performed the initial rate uptake. Calcium uptake was linear up 
to 40 s (Fig. 4). Therefore kinetic studies were done at 15 s well 
within the linear phase of transport. 

Kinetics of calcium uptake. Figure 5 shows the kinetics of 
calcium uptake in adult, weanling, and suckling rats. Calcium 
uptake was determined at free calcium concentrations of 0.04- 
1.0 pM in the presence and absence of ATP. Km and V,,, were 
calculated using a computerized model of Michaelis-Menten 
kinetics (20). V,,, values were 0.99 + 0.05, 0.55 + 0.04, and 
0.29 + 0.03 nmol/mg protein115 s for adolescent, weanling and 
suckling rats, respectively. Km values were 0.16 + 0.02, 0.12 + 
0.03, and 0.07 + 0.02 pM for adolescent, weanling, and suckling 
rats, respectively. The Km and V,,, were significantly different 

Time ( s econds )  

Fig. 4. Initial rate uptake of calcium. Intestinal Golgi vesicles were 
prepared in 260 mM sucrose and 5 mM imidazole pH 7.2. Incubation 
was started by the addition of Golgi vesicles to a media containing in 
final concentration, 130 mM KCI, 1.3 mM EGTA, I mM MgC12, 27.5 
mM imidazole, 0.1 1 mM dinitrophenol, I. I mM NaN, pH 7.2, 2 mM 
ATP, 1 pM CaC12, and tracer 45Ca. Calcium uptake was determined with 
Km and V,,, values were significantly greater in adolescent rat vesicles 
compared to suckling rat vesicles ( p  < 0.5-0.01). 

Free [ ~ a " ]  pM 

Fig. 5. Kinetics of calcium uptake. Intestinal Golgi vesicles were 
prepared in 260 mM sucrose and 5 mM imidazole buffer pH 7.2. ATP- 
dependent calcium uptake was determined at 15 s with a range of calcium 
concentrations in the media from 0.05-1.0 pM. Kinetic parameters were 
obtained using a computerized model of the Michaelis-Menten kinetics. 
Km and V,,, values were significantly greater in adolescent rat vesicles 
compared to suckling rat vesicles ( p  < 0.5-0.01). 

for adolescent and suckling rats ( p  < 0.001). The weanling rats 
values were intermediate. The calcium-dependent regulatory 
protein calmodulin has been shown to modulate calcium trans- 
port in small intestinal basolateral membrane vesicles (2 1, 22). 
We therefore examined the role of calmodulin on calcium uptake 
by Golgi vesicles. There was no effect on ATP-dependent calcium 
uptake when Golgi vesicles were preincubated in 10 pg/ml of 
calmodulin for 30 min and added to the incubation media 
containing 10 pg/ml of calmodulin. 

Effect of vitamin D on calcium uptake. Vitamin D deficiency 
in adolescent rats was induced by feeding weanling rats vitamin 
D-deficient diet for 4 wk while being kept in the dark. Vitamin 
D deficiency in suckling rats was induced by feeding time preg- 
nant dams (day 2 of pregnancy) vitamin D-deficient diet and 
upon delivery the pups suckled from mothers milk while kept 
on the same diet and in the dark. Serum levels of 1,25-(0H)z 
vitamin D3 was significantly decreased in suckling and adolescent 
rats compared to controls (Table 2). 1,25-(OH), vitamin D3 levels 
were increased after intraperitoneal administration of the vita- 
min. 

As seen in Figure 6, calcium uptake by Golgi vesicles of 
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suckling rats was stimulated by intraperitoneal injection of 25 
pmol of 1,25(OH)2 vitamin D3 8 h before study as compared to 
control-deficient rats. To determine the nature of this stimula- 
tion, kinetic studies were conducted. As seen in Figure 7, a V,,, 
of 0.58 + 0.03 in the injected rats, was seen as compared to 0.17 
+ 0.03 nmol/mg protein11 5 s in the vitamin D-deficient rats (p  
< 0.01). However the Km values were similar 0.1 1 + 0.02 and 
0.13 k 0.06 pM for injected and deficient rats, respectively, 
indicating that vitamin D increased the number and/or the 
activity of the camer without an effect on the afinity of carrier. 
Similarly, vitamin D increased the V,,, in weanling and adoles- 
cent rats (data not shown). 

DISCUSSION 

The present studies characterize for the first time the role of 
the Golgi apparatus in calcium uptake during maturation. We 
used a technique in which Golgi vesicles were prepared from 
fresh enterocytes. Using this technique, we have validated the 
purity of Golgi vesicles by marker enzyme studies in all age 
groups studied. The impoverishment of basolateral, brush bor- 
der, mitochondrial and microsomal markers coupled with 
marked enrichment of galactosyl transferase suggests that we are 
dealing with highly purified Golgi preparation. Moreover, we 
used sodium azide and dinitrophenol in our preparation to 
inhibit any contaminating mitochondrial preparation. An ATP- 
dependent calcium transport system is evident at all age groups 
studied, as determined by stimulation of calcium uptake in the 
presence of hydrolyzable ATP, whereas in the presence of AMP- 
PCP, a nonhydrozable ATP analogue, no stimulation was seen. 
Moreover, the specificity of the adenosine base was shown by 
the lack of stimulation of calcium uptake by CTP. We have 

Table 2. Serum concentration of 1,25-(OH)2 D3 in control rats, 
vitainin D-deficient rats and in vitamin D-deficient rats injected 

with 1,25-(OHh D1* 
Vitamin D deficient 

Vitamin D injected with 
Control deficient 1,25 (OH12 D3 

Suckling rats 8 0 2 6  1 2 k 5  93 k 10 
Adolescent rats 157 + 2 41 k 10 192 + 12 

* Values are pg/ml and represent mean + SEM ( n  = 6) samples from 
suckling rats were pooled (each pooled samples represents one litter). 

I,25(OH),D3 treated 
o vitam~n D deficient 

Time (minutes) 

Fig. 6. Calcium uptake in Golgi vesicles from vitamin D-deficient 
and 1.25-(OH)> D3-treated rats. Intestinal Golgi vesicles from vitamin D- 
deficient and l ,25-(OH)* vitamin D3-treated (25 pmol/rats intraperito- 
neally) suckling rats were prepared in sucrose buffer pH 7.2. Golgi vesicles 
were prepared 8 h after vitamin D treatment. Calcium uptake was 
determined with time in a similar media to that described for Figure 1. 
Values represent mean + SEM of ( n  = 6). 

- , A )  V ~ t o r n ~ n  D repleted B) V ~ t a r n ~ n  D d e f ~ c ~ e n t  

C - 
Free [co"] p M  

Fig. 7. Kinetics of calcium uptake in Golgi vesicles from vitamin D 
deficient- and 1 ,25-(OH)2 D,-treated suckling rats. Intestinal Golgi vesi- 
cles from vitamin D-deficient and 1,25-(OH)2 D3-treated (25 pmol/rat 
intrapentoneally) suckling rats were prepared in sucrose buffer, pH 7.2. 
Golgi vesicles were prepared 8 h after vitamin D treatment. ATP- 
dependent calcium uptake was determined at 15 s in a media containing 
different calcium concentrations 0.05-1 KM. bne t i c  parameters were 
obtained using a computerized model of the Michaelis-Menten kinetics. 
Km values in both groups were similar, however V,,, in treated group 
was significantly greater compared to vitamin D-deficient group ( p  < 
0.0 1 ). 

performed two studies to determine that we are dealing with 
intravesicular transport rather than binding. First, a temperature 
dependency study was conducted in which calcium transport 
was determined with time at 25 and 0°C. As can be seen in 
Figure 2, calcium uptake was markedly decreased at 0°C sug- 
gesting that calcium uptake represents a camer-mediated energy- 
dependent process. Carrier-mediated phenomena in general are 
temperature dependent (23) and binding is more apparent with 
lower temperatures (24) when camer-mediated processes are 
suppressed. Second, calcium eflux studies using calcium iono- 
phore A23187 were used. As seen in Figure 3, calcium release 
occurred rapidly in the presence of the ionophore suggesting that 
calcium was present in the intravesicular space rather than 
bound. We have used similar experiments for brush border (25) 
and basolateral membrane vesicles (26) to show that calcium 
was present in the intravesicular space. Therefore, our studies 
clearly demonstrate that calcium was transported into the intra- 
vesicular space rather than bound to the external surface of the 
vesicles. The characteristics and ontogeny of the transport sys- 
tems for intestinal basolateral and microsomal uptake is quite 
different from that of Golgi uptake (26, 27), whereas calcium 
uptake in basolateral and microsomal membrane vesicles de- 
creased with advancing age, the opposite is characteristic of 
uptake by Golgi vesicles. The ATP-dependent mechanism of 
calcium transport by intestinal Golgi vesicles in adult rats has 
been described recently (28). However, the kinetics of this system 
has not been determined. An ATP-dependent calcium transport 
system has been characterized in the lactating mammary gland 
of the rat. ATP-dependent calcium uptake exhibited a Km of 
0.14 pM and a V,,, of 3.1 nmol/min/mg protein (29). These 
kinetic properties show a close resemblance to our data with Km 
value of 0.16, 0.12, and 0.07 pM for adolescent, weanling, and 
suckling rat intestinal Golgi vesicles, respectively. The V,,, is 
also similar in both systems. Calmodulin, a calcium regulatory 
protein has been shown to modulate calcium transport in a 
variety of tissues including basolateral membranes (22). Red 
blood cells (30) and sarcoplasmic reticulum (3 1) have no effect 
on our kinetic parameters. Similar findings in regard to the effect 
of calmodulin were reported for ATP-dependent calcium trans- 
port by Golgi vesicles of the mammary gland of the rat (29) and 
the mouse (32). To determine the role of vitamin D in the 
process of calcium uptake by Golgi vesicles, we used a vitamin 
D-deficient diet model in which pregnant rats were fed a vitamin 
D-deficient diet from the second day of pregnancy and kept in 
the dark. At 2 wk postpartum, the suckling rats had low levels 
of 1,25-(OH)2 vitamin D3. This model was developed after Hal- 
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loran and Deluca (33), who showed that vitamin D deficiency developing rat duodenum. Pediatr Res 16:403-407 

does not interfere with pregnancy in the rat. 1 ,25-(~H)2 vitamin 12. Weiser MM 1973 Intestinal epithelial cell surface membrane glycoprotein 
synthesis. J Biol Chem 248:2536-2541 

D3 levels were significantly decreased compared to controls and 13, Swift LL, Soul6 PD, Gray ME, LeQuire VS 1984 Intestinal lipoprotein synthe- 
increased markedly 8 h after 1,25-(OH)2 vitamin D3 administra- sis: Comparison of nascent Golgi lipoproteins from Chow-fed and hypercho- 

tion. 1,2.5-(OH)2 vitamin Dg administration significantly en- lesterolemic rats. J Lipid Res 25: 1 - 13 

hanced calcium uptake by ~ ~ l ~ i  vesicles at all age groups studied. 14. Moore DJ, Merlin LM, Keenan TW 1979 Localization of glycosyl transferase 
activities in a Golgi apparatus-rich fraction isolated from rat liver. Biochem 

This effect occurs through an increase in V,,, of the transport Biophys Res Commun 373  13-8 19 
svstem suggesting that vitamin D increases the number of the 15. Beauty H, Costesec AA, Feytmans F, Wibo M, Robbi M, Berthet J 1974 -- 
tiansport system carriers. Of significance is the finding of the Analytical study of microsomes and isolated subcellular membranes from 

rat liver. J Cell Biol 6: 188-200 stimulator~ effect in suckling rat Golgi because previous 16. Scharschmidt BF, Keefe EB, Blankenship NM, Ockner RK 1979 Validation 
animal studies using in vivo perfusion technique failed to show of a recording spectrophotometric method for measurement of membrane 
an effect of vitamin D on the overall transport system of calcium associated Mg++ and Na+-K+-ATPase activity. J Lab Clin Med 93:790-799 
(34). We believe that the reason for failuie to show an effect of 
vitamin D in vivo in the suckling rat relates to the fact that the 
majority of calcium is transported by a passive process during 
this period which may mask any effect on the active process. 
The large component of passive (nonsaturable) transport has 
been shown by our laboratory using in vivo (35) and everted gut 
sacs (36). Therefore, our studies demonstrate for the first time a 
vitamin D-dependent calcium transport in the Golgi membranes 
during maturation in the rat. Such mechanism may have a role 
in the regulation of cytosolic calcium movement. More recently, 
Van Corven et al. (37) have shown that the activity of the 
basolateral Ca-ATPase pump activated by proteases when baso- 
lateral membranes were prepared from enterocytes of vitamin 
D-deficient rats isolated by citrate buffer. Whether similar inac- 
tivation occurs with the ATP dependent calcium pump at  Golgi 
vesicles remains to be determined. 
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