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Pancreatic microsomes were isolated from fasted and pilocarpine-injected rats and the microsomal phos- 
phatidylinositoi radiolabelled with myo-[2-3H]inositol by isotopic exchange. A standard reaction mixture was 
established in which partially purified rat liver phosphatidylinositol exchange proteins sustain a maximal rate 
of phosphatidylinositoi transfer from rat pancreatic microsomes to iiposomes. Determination of the transfer 
kinetics shows (1) that pancreatic microsomal phosphatidylinositol is partitioned approximately equally 
between a non-exchangeable and a single exchangeable pool and (2) that cholinergic stimulation does not 
significantly change the relative sizes of the two pools nor the exchange half-life of the latter pool. 

Introduction 

Cytosolic phospholipid exchange proteins have 
been purified from liver and brain tissue which 
preferentially exchange phosphatidylinositol (PI) 
between membrane systems under in vitro condi- 
tions [1,2]. Brophy et al. [3] demonstrated in a 
study of the kinetics of protein-mediated PI trans- 
fer from rat liver microsomes to liposomes that 
bovine PI exchange proteins can distinguish three 
distinct pools of PI in these microsomes: One pool 
is not subject to protein-mediated exchange; the 
other two pools are both exchangeable but are 
exchanged with significantly different kinetics. 
They have suggested that the rapidly and slowly 
exchangeable pools represent free and protein- 
bound PI, respectively, residing in the outer (or 
cytoplasmic) phospholipid layer of the microsomal 
membranes and that the non-exchangeable pool 

Abbreviations: PI, phosphatidylinositol; EDTA, ethylenedia- 
minetetraacetic acid; SDS, sodium dodecyl sulfate; DEAE-cel- 
lulose, diethyl amino ethyl-cellulose. 
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represents PI residing in the inner (or luminal) 
layer. 

The purpose of the study presented here was to 
compare microsomes isolated from non-stimulated 
and cholinergically-stimulated rat pancreatic tissue 
with respect to (1) the kinetics of protein-mediated 
PI transfer to liposomes and (2) the relative pro- 
portions among the exchangeable and non-ex- 
changeable PI pools. The study was conducted 
because in many cells there is a prompt and pro- 
nounced alteration of PI turnover in response to 
appropriate stimuli [4]. In particular, increased PI 
turnover occurs during stimulated secretion in a 
wide variety of exocrine and endocrine protein- 
secreting cells [5-9]. In the exocrine pancreatic 
acinar cell, cholinergic stimulation of secretion 
elicits within 2 min a several-fold increase in the 
rate of PI synthesis and by 40-60 min a 33-40% 
net decrease in the PI content [10-12]. The rough 
endoplasmic reticulum is the site of most of the 
increased PI synthesis and degradation [ 13]. Since 
microsomes isolated from pancreatic tissue repre- 
sent primarily the vesiculated remains of the exo- 
crine cell rough endoplasmic reticulum, we sought 
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to determine if cholinergic stimulation of rat 
pancreatic exocrine cells is associated not only 
with changes in the turnover of the PI in the rough 
endoplasmic reticulum, but also with changes in 
the exchangeability of pancreatic microsomal PI. 

Materials and Methods 

Preparation of rat pancreatic rnicrosomes. Pan- 
creatic tissue was excised from Sprague-Dawley 
rats (weighing 150-250 g) sacrificed by decapi- 
tation. The tissue was excised from animals sub- 
jected to one of three experimental conditions: (1) 
The rats were fasted overnight (16-24 h) prior to 
sacrifice. (2) The rats were fasted overnight and 
intraperitoneally injected with 10 mg/kg body 
weight of the cholinergic drug, pilocarpine hydro- 
chloride, 1 h prior to sacrifice. (3) The rats were 
fasted overnight and provided with standard 
laboratory chow for 2-3 h prior to sacrifice. In this 
last experimental condition, the animals were indi- 
vidually housed to confirm that each animal con- 
sumed 2-3 pellets of food during the 2-3 h feed- 
ing period. 

Pancreatic tissue was immersed in ice-cold 
buffer A (0.25M sucrose, 1 mM EDTA and 10 
mM Tris-HC1, pH 7.4) upon excision, fat and 
mesentery trimmed away, and the tissue minced 
with scissors. The medium was drained from the 
tissue mince and the tissue homogenized with a 
Teflon/glass Potter-Elvehjem homogenizer in fresh 
ice-cold buffer A (3 ml buffer A per gram tissue). 
The 25% (w/v) homogenate was centrifuged at 
14000 rpm (15300×gay) for 15 rain at 2°C in a 
Beckman JA-20 rotor to sediment nuclei, zymogen 
granules, mitochondria and heavy microsomes. The 
supernatant was centrifuged at 45000 rpm 
(189000 × gay) for 45 rain at 2°C in a Beckman 
SW50.1 rotor to sediment the microsomes. The 
microsomal pellets were homogenized in 20 mM 
Tris-HCl, pH 7.4, and the microsomal PI radio- 
labelled with myo-[2-3H]inositol by isotopic ex- 
change according to the procedure of Helmkamp 
et al. [1]. In each separate experiment, all the 
microsomes (5-7 mg microsomal protein) isolated 
from a single pancreas were incubated at 37°C for 
2 h in 5.0 ml 10 mM MnC12 and 20 mM Tris-HCl, 
pH 7.4, containing 12.5 /~C i myo-[2-3H]inositol 
(1.0 mCi/0.078 /~mol myo-inositol) to radiolabel 
the microsomal PI; this radiolabelling procedure 

yielded microsome preparations having approx. 
3. l 0  6 dpm per mg microsomal protein. In four 
separate experiments we determined that 70-75% 
of the microsomal protein, phospholipid and PI 
initially present in the microsome suspension (pre- 
pared from either fasted or pilocarpine-injected 
rats) were recovered after radiolabelling the micro- 
somal PI and washing the microsomes free of 
unincorporated myo-[2-3H]inositol. The radiola- 
belling procedure thus does not significantly alter 
the relative proportions of these microsomal com- 
ponents. We also measured 16, 17 and 18 /~g PI 
per mg microsomal protein in three separate mi- 
crosome suspensions prepared from fasted rats; 
there were 14, 14 and 15 #g PI per mg microsomal 
protein in three separate microsome suspensions 
prepared from pilocarpine-injected rats. The sub- 
stantial decrease in cellular PI content which oc- 
curs during cholinergic stimulation of pancreatic 
exocrine cells is therefore represented as only an 
average 15% decrease in the PI content of pan- 
creatic tissue microsomes. 

Preparation of rat liver microsomes. Livers were 
excised from rats fasted overnight and sacrificed 
by decapitation. Microsomes were isolated and the 
microsomal PI radiolabelled with myo-[2-3H]in- 
ositol as described above. 

Preparation of partially purified rat liver PI ex- 
change proteins. Rat liver PI exchange proteins 
were partially purified according to a modification 
of the procedure of Lumb et al. [2]. Liver post-mi- 
crosomal supernatants were prepared from 25% 
(w/v) homogenates of 2-3 rat livers as described 
above and dialyzed against 5 mM sodium phos- 
phate, pH 7.4. The dialyzed supernatant was 
centrifuged at 14000 rpm for 15 min at 2°C in a 
Beckman JA-20 rotor and the supernatant applied 
to a 1.6 × 15 cm column of DEAE-cellulose equi- 
librated with 5 mM sodium phosphate, pH 7.4. 
The column was then washed with 20 ml 5 mM 
sodium phosphate, pH 7.4, and 40 ml 25 mM 
NaC1 and 5 mM sodium phosphate, pH 7.4, and 
the eluants discarded; the first eluant contains 
phosphatidylcholine exchange protein [2]. 30 ml 50 
mM NaC1 and 5 mM sodium phosphate, pH 7.4, 
were applied to the column and the collected 
eluant saturated to 90% with ammonium sulfate 
and stirred overnight. The precipitated protein was 
sedimented by centrifugation at 14000 rpm for 15 



min at 2°C in a Beckman JA-20 rotor and then 
dissolved in 1-2 ml 5 mM sodium phosphate, pH 
7.4. The resulting protein solution was dialyzed 
against 50 mM sodium phosphate, pH 7.4, and 
then assayed for PI exchange activity. Such par- 
tially purified PI exchange protein preparations 
contain two PI exchange proteins [2]. The prepara- 
tions can be stored at 2°C for 48 h without loss of 
enzymatic activity. 

Preparation of liposomes. Preparations of egg 
L-a-phosphatidylcholine and soybean L-a-phos- 
phatidylinositol dissolved in chloroform were 
mixed (98 mol% phosphatidylcholine to 2 mol% 
PI), dried under vacuum at 25°C, redissolved in 
diethyl ether, and then dried again under vacuum 
at 25°C. The lipids were allowed to swell for 1-2 h 
at 2°C in buffer A and the suspension then soni- 
fled at 2°C. (Branson Sonifier Cell Disruptor 350; 
50% duty cycle; output control at 2; four 0.5-rain 
sonifications). 

Assay of PI exchange activity. PI exchange ac- 
tivity was assayed by determining the in vitro 
transfer of phosphatidyl[2-3H]inositol from rat 
liver microsomes to liposomes. As discussed above, 
the purpose of this study was to compare the 
exchangeability of pancreatic microsomal phos- 
phatidyl[2-3 H]inositol in microsomes isolated from 
fasted, fed and pilocarpine-injected rats. Accord- 
ingly, the use of rat liver microsomes to measure 
PI exchange activity served to insure that the 
findings of the exchangeability of pancreatic mi- 
crosomal PI would be independent of the proce- 
dure employed for the determination of PI ex- 
change activity in our partially purified rat liver PI 
exchange protein preparations. Aliquots of par- 
tially purified PI exchange protein preparations 
were added to tubes containing myo-[2-3H]in - 
ositol-labelled rat liver microsomes (150/~g micro- 
somal protein), liposomes (0.5 #mol liposomal 
phospholipid) and buffer A to a final volume of 
0.5 ml. After incubation at 37°C for 20 min, 2.0 
ml ice-cold buffer A were added to each reaction 
mixture and the resulting suspension layered atop 
a step Metrizamide gradient in buffer A consisting 
of 1.0 ml 10% (w/v) Metrizamide. 1.0 ml 20% 
(w/v) Metrizamide and 0.5 ml 30% (w/v) 
Metrizamide. After centrifugation at 20000 rpm 
(37000×gay) for 20 min at 2°C in a Beckman 
SW50.1 rotor, the top and bottom 2.5 ml were 

39 

collected, each fraction mixed with 0.5 ml 5% 
(w/v) SDS and then Aquasol-2 and radioactivity 
determined with a Beckman liquid scintillation 
spectrometer. 

The Metrizamide gradient centrifugation proce- 
dure separates liposomes and microsomes by tak- 
ing advantage of the fact that the two types of 
membranous vesicles have significantly different 
average equilibrium densities. Metrizamide, a tri- 
iodinated benzamido-derivative of glucose, is a 
density gradient material which gives dense aque- 
ous solutions of low viscosity and osmolality [14]; 
membranous organelles and vesicles rapidly attain 
their equilibrium density in Metrizamide gradients 
centrifuged at relatively low speeds [15,16]. The 
step Metrizamide gradient was designed to permit 
only the microsomes to equilibrate within the 
gradient, leaving the liposomes suspended in the 
layer atop the gradient. The following experiments 
were conducted to insure that the centrifugation 
procedure results in a consistently high recovery of 
liposomes and microsomes in the top and bottom 
2.5 ml fractions, respectively, independent of the 
composition of the reaction mixture and the dura- 
tion of the incubation period: (1) We found that if 
a suspension of liposomes labelled with 
cholesteryl[1-14C]oleate is layered atop the step 
Metrizamide gradient and centrifuged as described 
above, 98-99% of the radioactivity is recovered in 
the top 2.5 ml fraction. This 98-99% liposomal 
recovery in the top fraction is also obtained after 
incubation (for periods as long as 3 h) of the 
cholesteryl[ 1-14 C]oleate-labelled liposomes with rat 
liver PI exchange proteins and microsomes. (2) We 
found that when suspensions of separate prepara- 
tions of myo-[2-3H]inositol-labelled rat liver mi- 
crosomes are layered atop the gradient and centri- 
fuged as described above, 75-85% of the radioac- 
tivity is recovered in the bottom 2.5 ml fraction 
(the percentage recovery is 70-80% for myo- 
[2-3H]inositol-labelled rat pancreatic microsomes). 
These high percentages of microsomal recovery in 
the bottom fraction do not vary with respect to the 
about of microsomes (6-800/~g microsomal pro- 
tein) layered atop the gradient. Incubation of myo- 
[2- 3H]inositol-labelled microsomes with either 
liposomes of partially purified rat liver PI ex- 
change proteins results in no more than a 5% shift 
of the total radioactivity from the bottom to the 
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top fraction. (3) When duplicate aliquots of a 
myo-[2-3H]inositol-labelled microsome supension 
are incubated with liposomes for identical periods 
of time, layered atop gradients, and then centri- 
fuged as described above, the percentages of radio- 
activity recovered in the bottom 2.5 ml fraction of 
the two gradients vary by no more than one per- 
centage point. Thus, although the centrifugation 
procedure is somewhat laborious, it does offer the 
advantage of providing highly reproducible micro- 
somal recoveries in the bottom gradient fractions 
from reaction mixtures prepared with the same 
microsome suspension. 

The percentage of microsomal phosphatidyl[2- 
3H]inositol transferred to liposomes in an experi- 
mental reaction mixture was determined in all 
experiments as follows: Every experimental reac- 
tion mixture containing microsomes, liposomes and 
PI exchange proteins was co-incubated with a 
control reaction mixture containing only micro- 
somes and liposomes. Following separation of the 
microsomes and liposomes by the Metrizamide 
gradient centrifugation procedure, the percentage 
of total myo-[2-3H]inositol radioactivity recovered 
in the top fraction for each reaction mixture was 
determined. Let A and B represent the percentages 
of the total radioactivity recovered in the top 
fractions for the control and experimental reaction 
mixtures, respectively. A represents not only the 
precentage (15-30%) of the microsomes recovered 
in the top fraction for the reaction mixture in 
which there is no protein-mediated PI transfer to 
liposomes, but also the percentage of microsomes 
in the experimental reaction mixture for which 
protein-mediated transfer of radiolabelled PI to 
liposomes cannot be detected (as this radioactivity 
is also recovered in the top fraction). The term 
( B - A )  thus represents the percentage of radio- 
labelled microsomal PI in the experimental reac- 
tion mixture which was transferred to liposomes 
from the percentage of (100--A) of microsomes 
for which transfer of radiolabelled PI to liposomes 
can be detected. The percentage of microsomal 
phosphatidyl[2-3H]inositol transferred to the lipo- 
somes in the experimental reaction mixture was 
therefore calculated by the formula 100. (B--  
A)/(IOO- A). 

Control experiments established that PI ex- 
change activity as measured in the above assay 

procedure is directly proportional to enzyme con- 
tent if 10% or less of the microsomal PI is trans- 
ferred. This determination permitted us to define 
one unit of PI exchange activity as the transfer of 
1% of the microsomal PI after 20 min incubation 
in the assay reaction mixture. 

Analytical procedures. Phospholipids were ex- 
tracted from membranous vesicles (either micro- 
somes or liposomes) by mixing two volumes of the 
vesicle suspension with one volume ice-cold 2 mg 
bovine serum albumin per ml and then vortexing 
with one volume ice-cold 40% (w/v) trichloro- 
acetic acid. The supensions were centrifuged at 
10000 rpm (7800 × gay) for 5 min at 2°C in a 
Beckman JA-20 rotor. The ice-cold trichloroacetic 
acid pellets were washed once with ice-cold 5% 
(w/v) trichloroacetic acid and then suspended in 
5.0 ml ice-cold chloroform/methanol (2:1, v/v). 
The suspensions were blended on a Vortex mixer 
with 1.05 ml 0.05 M KC1 and cenrifuged at 14000 
rpm for 10 min at 2°C in a Beckman JA-20 rotor. 
The upper phase was removed by aspiration and 
the lower phase washed twice with 2.5 ml theoreti- 
cal upper phase (chloroform/methanol/0.05M 
KC1, 3 : 48 : 47, v / v / v )  before being dried under 
vacuum at 25°C. 

The identity of phospholipids in the extracts 
containing incorporated myo-[2-3H]inositol was 
established by thin layer chromatography on 
Analtech Silica gel G precoated plates developed 
by the two-dimensional system described by Yavin 
and Zutra [17]. Phospholipid content was mea- 
sured by inorganic phosphate determination [18]. 

Protein concentration was determined accord- 
ing to the procedure of Lowry et al. [19] using 
bovine serum albmin as a standard. 

Materials. All reagents used were of the highest 
purity available Egg yolk L-a-phosphatidylcholine, 
soybean L-a-phosphatidylinositol, bovine serum 
albumin and DEAE-cellulose were purchased from 
Sigma Chemical Co.; Metrizamide from Accurate 
Chemical and Scientific Corp., Hicksville, NY; 
and myo-[2-3H]inositol and cholesteryl[1- 
14C]oleate from New England Nuclear. 

Results 

In order to compare PI exchangeability in pan- 
creatic microsomes isolated from non-stimulated 
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Fig. 1. Percentage of microsomal PI transferred to liposomes as 
a function of microsome concentration. Reaction mixtures con- 
taining 0.5 #mol  liposomal phospholipid, 100 units of PI 
exchange activity and varying concentrations of microsomal 
protein were incubated for 15 rain and the percentage of 
pancreatic or liver microsomal PI transferred determined as 
described in Materials and Methods. The pancreatic mi- 
crosomes were isolated from starved (O O) and pilo- 
carpine-injected (11 II )  rats and the liver microsomes 
(A  A )  from starved rats. 
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and cholinergically-stimulated tissue, it was neces- 
sary to determine first a reaction mixture composi- 
tion which sustains a maximal rate of microsomal 
PI transfer to liposomes. Fig. 1 shows the per- 
centage of microsomal PI transferred in reaction 
mixtures containing 0.5 /~mol liposomal phos- 
pholipid and 100 units of PI exchange activity as a 
function of microsome concentration. Under these 
conditions there is maximal PI transfer after 15 
min incubation if 100 ~g microsomal protein or 
less are in the reaction mixtures containing either 
pancreatic microsomes isolated from starved and 
pilocarpine-injected rats or liver microsomes iso- 
lated from starved rats. We therefore established 
that a reaction mixture containing 100 units of PI 
exchange activity, 0.5 /~mol liposomal phospholi- 
pid and 20/tg  microsomal protein in a total volume 
of 0.5 ml (hereafter referred to as the standard 
reaction mixture) will sustain a maximal rate of PI 
transfer from either pancreatic or liver microsomes 
to liposomes. 

Table I shows the kinetics of PI transfer in the 
standard reaction mixture for (a) pancreatic mi- 
crosomes isolated from animals subjected to the 
three experimental conditions described in Materi- 
als and Methods and (b) liver microsomes isolated 
from starved animals. Almost all of the exchangea- 
ble PI is transferred from each type of pancreatic 

TABLE I 

KINETICS OF  PANCREATIC A N D  LIVER MICROSOMAL PI TRANSFER TO LIPOSOMES IN THE S T A N D A R D  REAC- 
TION M I X T U R E  

The results are expressed as the average-+ S.D. The numbers in parentheses indicate the number of separate experiments conducted 
with each type of microsome preparation. 

Tissue Physiological condition 
of rats from which 
microsomes were isolated 

Percentage of microsomal PI transferred after 

5 min 10 min 15 min 30 min 60 min 180 min 

Pancreas Starved (9) 22.3 35.7 41.6 47.0 50.5 
-+5.1 -+5.3 -+5.3 -+7.6 -+6.7 

Pancreas Fed (5) 28.4 41.5 48.1 51.4 53.5 
-+5.1 --+5.7 +5.7  -+3.1 -+2.1 

Pancreas Pilocarpine-injected (4) 29.1 42.1 48.1 55.9 59.0 
--+4.3 -+5.8 -+6.2 -+8.3 -+8.7 

Liver Starved (4) 20.3 36.0 40.1 49.9 55.2 69.8 
-+3.6 +4.1 -+4.8 -+3.5 -+4.0 -+6.2 
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Fig. 2. Semi-logarithmic graphs of exchangeable microsomal PI 
during the first 15 min of incubation in a standard reaction 
mixture containing pancreatic microsomes isolated from starved 
rats (O O), fed rats ( I  I )  and pilocarpine-in- 
jected rats ( I  I )  and during the first 60 min of incuba- 
tion in a standard reaction mixture containing liver microsomes 
isolated from starved rats (A A). The kinetic data 

shown in Table I were used in the determination of these 
graphs. The percentage of exchangeable microsomal PI not 
transferred at each time point was calculated by first subtract- 
ing the percentage of total microsomal PI transferred at the 
specified time point from the maximally exchangeable per- 
centage measured after 3 h incubation. This figure was then 
divided by the maximally exchangeable percentage and multi- 
plied by 100 to yield the percentage of exchangeable micro- 
somal PI not transferred. 

microsome preparation after 30 min incubation; 
the average maximum percentages of microsomal 
PI transferred after 3 h incubation are 51, 54 and 
59% for pancreatic microsomes isolated from 
starved, fed and pilocarpine-injected rats, respec- 
tively. (Thin-layer chromatographic analysis 
showed that 85-90% of all the radioactivity ex- 
tracted from both the pancreatic microsomes and 
liposomes after 3 h incubation in the standard 
reaction mixture co-chromatographs with authentic 
PI.) In contrast, only about 70% of the exchangea- 
ble PI is transferred from the liver microsomes 
after 30 min incubation. The kinetics of PI trans- 

fer from liver microsomes are characterized by a 
15-30 min period of rapid transfer followed by an 
extended period of slow transfer; an average maxi- 
mum 70% of the total microsomal PI is transferred 
after 3 h incubation. 

Semi-logarithmic graphs of the exchange kinet- 
ics displated in Table I yield linear plots from the 
pancreatic microsome kinetic data but a non-lin- 
ear plot from the liver microsome kinetic data 
(Fig. 2). The linearity of the pancreatic plots dem- 
onstrates that there is a single exchangeable PI 
pool in each of the three types of pancreatic 
microsomes. Statistical analysis indicates that the 
slopes of these linear plots are not significantly 
different, and, therefore, that all of the exchangea- 
ble P! in each type of pancreatic microsomes has 
an exchange half-life of 5-6 min. The non-linear- 
ity of the liver plot, on the other hand, indicates 
the presence of two or more exchangeable PI pools 
in liver microsomes. As Brophy et al. [3] have 
noted, the rapid phase and slow phase of protein- 
mediated PI transfer from liver microsomes sug- 
gest the presence of just two major exchangeable 
PI pools. On such an assumption, we can let the 
slope the liver plot between 30 and 60 min repre- 
sent the exchange half-life of the slowly ex- 
changeable pool and extrapolate this part of the 
plot to zero-time to estimate the percentage of 
exchangeable microsomal PI in this pool. Such 
analysis indicates that in our standard reaction 
mixture 40% of the liver microsomal PI is trans- 
ferred with an exchange half-life of 5-6 min and 
30% with an exchange half-life of 50-60 min. 

Discussion 

The findings reported here demonstrate that, 
under conditions in which rat liver PI exchange 
proteins sustain a maximal rate of PI transfer from 
pancreatic microsomes to liposomes, approx. 50% 
of the PI is transferred with single-state kinetics 
and an exchange half-life of 5-6 min. Further- 
more, the relative size of this exchangeable pool is 
independent of the level of exocrine secretory ac- 
tivity of the pancreatic tissue from which the 
microsomes are isolated. We thus find no evidence 
to suggest that the 33-40% net loss of PI content 
in pancreatic exocrine cells which occurs during 
cholinergic stimulation is primarily restricted to 
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either the exchangeable or non-exchangeable PI 
pool in pancreatic microsomes. However, it is pos- 
sible that one of these two pools may be preferen- 
tially degraded during in vivo cholinergic stimula- 
tion, but that the activity of the phospholipid 
exchange proteins in the pancreatic exocrine cells 
tends to maintain a constant proportion of these 
two pools in the cellular membranes. Indeed, if we 
prepare post-microsomal supernatants from pan- 
creatic tissue and subject them to ion-exchange 
chromatography as described in Materials and 
Methods, we can detect PI exchange activity whose 
specific activity (exchange activity/mg protein) 
appears to be independent of the level of exocrine 
secretory activity of the pancreatic tissue from 
which the post-microsomal supernatants are pre- 
pared (results not shown). 

Finally, it should be noted that we have con- 
firmed the finding by Brophy et al. [3] of a bi- 
phasic rate of protein-mediated PI transfer from 
rat liver microsomes and concur with their analysis 
that half of the exchangeable PI appears to have 
an exchange half-life of about 5 min and the other 
half an exchange half-life of about 60 min. The 
apparent exchange half-life of the rapidly ex- 
changeable PI pool in liver microsomes thus closely 
matches that of the single exchangeable PI pool in 
pancreatic microsomes. If, as Brophy et al. have 
suggested, the rapidly and slowly exchangeable PI 
pools in liver microsomes represent free and pro- 
tein-bound PI, respectively, residing in the outer 
phospholipid layer of the microsomal membranes, 
it then appears that pancreatic microsomes differ 
from liver microsomes in that (1) only 50-60% of 
the PI resides in the outer phospholipid layer and 
(2) almost all of the PI in the outer layer is not 
associated with membrane proteins. 
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