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ABSTRACT 

The activity of the intestinal phosphatidylcholine deacylation-reacylation cycle has been found to 
be stimulated by 1,25-dihydroxy-vitamin D 3. The stimulation of this cycle thus provides a possible 
mechanism for the reported retailoring of the fatty acid composition of phosphatidylcholine in 
intestinal cell membranes by 1,25-dihydroxy-vitamin D 3 and its analogue, la-hydroxyvitamin D 3. 

INTRODUCTION 

Since the demonstration that la,25-dihy- 
d r o x y v i t a m i n  D 3 (1,25(OH) 2 D 3) is the 
principal metabolically active form of vitamin 
D 3 that is involved ip calcium homeostasis (1), 
much interest has been focused on the effects 
and mechanism(s) of action of this hormonal 
form of vitamin D and its analogues at the 
target tissues. It has been demonstrated re- 
peatedly that a major physiological effect of 
1,25(OH) 2 D 3 is to increase the active trans- 
port of calcium in the duodenum and upper 
jejunum of nearly all mammalian and avian 
species (1). In spite of these demonstrations 
and studies, the biochemical basis of the action 
of 1,25(OH) 2 D 3 io unknown. Walling (2) ob- 
served a biphasic response of rat duodenal 
active calcium absorption following 1,25(OH) 2 
D 3 administration and has suggested that this 
can be explained by an acute response at 6 hr 
occurring in the villus cell and a later (24-48 hr) 
elevation of transport resulting from crypt cells 
that have subsequently migrated up the villi. 
Although it has recently been reported (3) that 
the administration of la-hydroxyvitamin D3, 
an analogue of 1,25(OH) 2 D3, to chicks caused 
a change in the fatty acid composition of the 
phosphatidylcholine fraction of the intestinal 
microviIlus membrane, no mechanism was sug- 
gested by which this could be achieved. 

One established mechanism by which the 
fatty acid composition of membranes could be 
retailored is by the phosphoglyceride deacyla- 
tion-reacylation cycle (4,5). The present report 
p r o v i d e s  the  f i r s t  d e m o n s t r a t i o n  that 
1,25(OH) 2 D 3 can stimulate the activities of 
the enzymes involved in the phosphatidyl 
c h o l i n e  d e a c y l a t o n - r e a c y l a t i o n  cycle in 
duodenal villus cells of rat intestine. 

MATERIALS AND METHODS 

Mixed acid 1-acyl-sn-l-[1-aH] glycero-3- 
phosphocholine was prepared as described 
p r e v i o u s l y  (6) and 1 - p a l m i t o y l - 2 - [ 1 - 1 4 C ]  - 

oleoyl-sn-glycero-3-phosphocholine was pre- 
pared according to Lands and Merkl (7). 
1,25-Dihydroxyvitamin D 3 was a gift from Dr. 
M. Uskokovic, Hoffman La-Roche, Nutley, NJ. 
Weanling male Holtzmann rats were fed the 
Vitamin D-deficient, low calcium diet of Suda 
et al. (8) for 3 weeks as previously described 
(9). They exhibited low serum calcium concen- 
tration and averaged 80-+10 g of body weight at 
the time of the experiment. To determine the 
effect of the vitamin D~ on the 
deacylation-reacylation cycle, the animals re- 
ceived 650 pmol of 1,25(OH) 2 D 3 intrajugu- 
laxly in 0.05 ml ethanol. The control group 
received the vehicle alone. At 3 and 5 hr after 
dosing, the animals were sacrificed and isolated 
duodenal villus cells prepared by collagenase 
d i s p e r s i o n  (10) .  Phospholipase A2 [E.C. 
3.1.1.4] was assayed in duodenal cell homo- 
genates as described by Subbaiah and Ganguly 
(11), using 6 /amol of 1-palmitoyl-2-[1-14C] 
oleoyt-sn-3-phosphocholine as substrate. Each 
incubation contained 1.5 mg of cell protein. 
The reactions were carried out for 60 min at 37 
C. Ly sophosphatidylcholine acyltransferase 
[E.C. 2.3.1.23] was assayed in cell homo- 
genates as previously described (12). The incu- 
bations were terminated by addition of chloro- 
form-methanol, 2:1, and total lipid extracts 
were prepared according to the method of 
Folch et al. (13). The phospholipids were re- 
solved into their various classes by thin layer 
chromatography using chloroform/methanol/ 
glacial acetic acid/water (25 : 15:4:4, v/v/v/v) as 
the developing solvent, and the various lipid 
fractions were eluted from the silica gel as pre- 
viously described (6). As radioactive acyl-CoAs 
were used in the acyltransferase assay, the 
radioactivity at the sn-2 position of the synthe- 
sized phosphatidylcholine was determined 
after phospholipase A 2 hydrolysis (14). Liquid 
scintillation spectrometry was carried out as 
described (6). The recovery of the tritium iso- 
tope was 92% and the recovery of the 14C 
isotope was 90%. Protein was determined by 

75 



76 C O M M U N I C A T I O N S  

T A B L E  I 

Ef fec t  of  1 ,25(OH)2  D 3 on  Phosphol ipase  A 2 Act iv i ty  In Rat  In tes t ina l  Cells 

L y s o p h o s p h a t i d y l  Phospha t idy l  Disappearance  of  
E x p e r i m e n t a l  T ime  choline choline tota l  es ter  
cond i t ion  (hr)  f o r m e d a  recovered  a b o n d s  a 

Cont ro l  3 252 ,+ 28 5227 -+ 548 228 +- 27 
5 263,+ 27 5348-+ 556 231 -+ 24 

1 ,25 (OH)  2 D3-Trea ted  3 646 -+ 76 4483  ,+ 4 6 3  695 -+ 81 
5 921 -+ 88 3887 +- 379 993 +- 126 

a p m o l / h r / m g  prote in .  There  were  five an imals  in each group .  A t  each t ime  point ,  the e n z y m e  was assayed in 
isolated duodena l  cells f r o m  each an imal  as descr ibed in Materials  and Methods  using 6 /amol of  1 ,pa lmi toyl -  
2-[ 1-14C] o leoyl - sn-g lycero-3-phosphochol ine  as subst ra te .  Resul ts  are the  m e a n  + SEM of  five animals .  

T A B L E  II 

Lysophospha t idy l cho l ine  Acy l t r ans fe rase  Ac t iv i ty  In In tes t inal  Cells f r o m  Cont ro l  and 
1 , 2 5 - D i h y d r o x y v i t a m i n  D3-Trea t ed  Rats .a  

Fa t ty  acyl i ncuba ted  wi th  Cont ro l  1 , 2 5 - D i h y d r o x y v i t a m i n  D3- t rea ted  
l -acyl-sn-12-3H ] g lycero-  
3 -phosphocho l ine  3 hr 5 hr  3 hr  5 hr  

[ 1 - ! 4 C ] O l e o y l  CoA 882 +- 114 912 ,+ 102 2238  + 2 1 6  3798 -+ 4 2 6  
[ l . ~ -4C]L ino l eoy l  CoA 1098 ,+ 96 1134 ,+ 116 3516 -+ 384 4764  -+ 576 
[ 1 - 1 4 C ] A r a c h i d o n y l  CoA 1350 -+ 144 1278 ,+ 174 4176  + 438  5244 -+ 546 

a n m o l / h r / m g  pro te in .  The re  were  five animals  in each g roup .  A t  each t ime  point ,  the  e n z y m e  was assayed in 
isolated duodena l  cells f rom each animal  as descr ibed  in Materials  and me thods .  Resul ts  are the m e a n  -+ SEM 
of  five animals .  

the method of Lowry et al. (15) using bovine 
serum albumin as standard. 

RESULTS 

The effect of 1,25(OH) 2 D 3 on phospho- 
lipase A 2 activity in homogenates of isolated 
intestinal duodenal cells is shown in Table I. 
Cell homogenates were chosen for the assay 
because it has been demonstrated (11) that the 
enzyme activity is distributed between the 
brush border, microsomal and cytosolic frac- 
tions. The results show that phospholipase A 2 
activity was increased 2 to 3-fold at 3 hr after 
administration of 1,25(OH) 2 D3, and this was 
increased to 4-fold at 5 hr. The second enzyme 
involved in phosphatidylcholine deacylation- 
reacylation is lysophosphatidylcholine acyl- 
transferase (4,5). Table II shows the effect of 
1,25(OH) 2 D 3 treatment on the activity of this 
enzyme. In the control experiments, the yield 
of phosphatidylcholine varied with the acyl 
CoA used in the assay with arachidonyl CoA 
being more effective than oleoyl CoA or lino- 
leoyl CoA. 1,25(OH) 2 D 3 treatment resulted in 
a 3 to 4-fold stimulation of the enzyme activity 
without significant alteration of the acyl CoA 
s p e c i f i c i t y .  These  r e su l t s  indicate that 
1,25(OH) 2 D 3 can stimulate the activity of the 
ph osphatidylctioline deacylation-reacylation 
cycle in intestinal duodenal cells. 

DISCUSSION 

1,25(OH) 2 D 3 acts on intestine to stimulate 
calcium transport (1). Although its structure, 
biological synthesis (16) and certain features of 
its mechanism of action (1,17,18) closely re- 
semble other steroid hormones, tittle is known 
about the biochemical basis of its mechanism(s) 
of action in intestinal cells. It had been demon- 
strated earlier (19,20) that actinomycin D did 
n o t  p revent  the stimulation of intestinal 
calcium transport by 1,25(OH)2 D3 in rat 
duodenum. Bikle et al. (21) recently reported 
similar findings with chick duodenal loops 
using both actinomycin D and cycloheximide. 
These authors suggested that the inability of 
e i t h e r  inhibitor to block 1,25(OH) 2 D 3- 
mediated calcium transport despite inhibition 
of calcium-binding protein production and alka- 
line phosphatase activity by cycloheximide, in- 
dicates that de  n o v o  RNA and protein syn- 
thesis, and, in particular, calcium binding pro- 
tein and alkaline phosphatase are not required 
for the 1,25(OH)2 D3s t imula t ion  of calcium 
transport. 

One attractive alternative is a mechanism by 
which the fatty acid composition of the villus 
cell  membranes could be retailored, thus 
modifying general properties of the membranes 
such as fluidity and permeability. This could be 
affected by increased activity of the phospho- 
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glyceride deacylat ion-reacylat ion cycle (4,5). 
The results p resen ted  above demons t r a t e  that  
adminis t ra t ion  of  1,25(OH) 2 D 3 can increase 
the activity of the intest inal  phosphol ipase  A2, 
thus generat ing lysophospha t idy lcho l ine  which 
can then  be reacyla ted  by the acyl transferase 
react ion,  which is also shown to be s t imula ted  
by 1,25(OH) 2 D3, to  form a retai lored molec-  
ular species of  phosphat idy lchol ine .  It is perti- 
nen t  to  point  out  that  we have recent ly  also 
suggested (22) tha t  the  detergent  proper t ies  of  
l y s o p h o s p h a t i d y l c h o l i n e  may provide the 
physical  basis for  a role by this monoacy lphos -  
phol ip id  as a metabol ic  modu la to r  in the in- 
testinal  cell. 

Yorio and Bent ley  have recent ly  shown (23) 
that  a ldos terone  can increase phosphol ipase  A 
activity in toad b ladder  and suggested that  this 
was a mechan ism by which t ransepi thel ial  
sodium t ranspor t  was increased. They did not ,  
however,  investigate the activity of  the acyl- 
t ransferase react ion.  Our present  f indings pro- 
vide the  first demons t r a t i on  that  1,25(OH) 2 D 3 
can increase the activities of the enzymes  in- 
volved in the phospha t idy lcho l ine  deacylat ion-  
reacylat ion cycle in intest inal  cells. This re- 
tai loring of  the fa t ty  acid compos i t ion  of  mem- 
brane phosphol ip ids  by increasing the activity 
of  the deacyla t ion-reacyla t ion cycle could help 
explain how calcium t ranspor t  can occur  with- 
out de  n o v o  RNA and pro te in  synthesis  (21),  as 
well as the change in the fa t ty  acid compos i t i on  
of  the phospha t idy lcho l ine  f rac t ion of the 
intest inal  microvillus membrane  media ted  by 
b o t h  l o ~ h y d r o x y v i t a m i n  D 3 ( 3 ) ,  and  
1,25(OH) 2 D 3 (24). The fact that  the enzymes  
of  this cycle can be s t imulated 4-fold by  5 hr, 
could also explain the acute duodenal  calcium 
absorp t ion  observed by Walling (2) 6 hr af ter  
1,25(OH) 2 D 3 adminis t ra t ion.  
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