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The time-course ~ alteration ~ ~ c ~  ~ m ~ o l i ~ d  ~ m ~ t  f o l ~ n g  ~ g l u ~  ~ s ~ e  ~ ~let cel~ ~ d  
~ ~ c ~  memb~n~  w ~  r ~  ~ ~ e  abili~ ~ I ~  ~ a c t e d  ~om b o ~  c ~ d  ~ a t i c  ~ c ~ s  
and from ~ m a  m e m ~  ~ e d  from the i ~  cells ~ ~ a ~  c ~ u m  ~ ~ o  m ~  memb~ne 
~ t e m ~  The fi~t m ~  ~stem ~ a s e  ~ t e m )  ~ lipid s~ci~s ~ ~ e  abili~ ~ ~ c a l ~ u ~  
i ~ e s ~  ~ t ~  a ~ i ~  ~ enhan~ c ~ u m  ~ s ~  ~ m ~  c~l memb~n~.  The ~ c o ~  ~ e m  
( m ~ a m ~  membr~e sy~em) detected l ~ d  s ~ e s  ~ t h  the ab i l~  to b o ~  ~nd c~c~m and to enhance 
c ~ u m  ~ s ~  across c ~  membranes (true ionophores). ~ e - e x ~ s u r e  to ~ D-~ucose concen~afion 
led ~ a ~pid (~lhin 1 ~ f~l ~ ~ e m ~ e  ~ m ~ o i n m ~ s .  Th~ w ~  ~ y  ~ d  ~ m a n n ~ h ~ -  
~ s ~  A concurrem f~l ~ c ~ u m  ~ n ~ n g  ~ f i ~  ~ H ~  f~m the ~ m a  membrane w ~  o b ~ e ~  ~ ~ e  
wh~e i ~  c ~  fracfi~, ~ e  ~ d u ~ d  a ma~ed ~ e a ~  ~ C~  + ionophorefic a ~ .  Unlike ~ e  f ~  
~ m e m ~ a ~  ~ l y ~ ~ s i t i ~ s  and m e m ~ e  C ~  + ~ n ~ n g  ~ f i ~ ,  ~ e  ~ s  we~  ~ n ~  on 
the pre~nce ~ added e x ~ a c e l l ~  c ~ u m .  ~ e  w ~  ~thout  effect on membrane p h ~ p h ~ n o ~ f i ~  
contenL It ~ concluded ~at  ~ t e r ~  membrane and ~ a c ~  pho~holipids may ~ n ~ b ~ e  to the 
~ c ~  ~ H ~  ~ i n ~ ~  C~ + f ~  ~ e  ~ m ~ n  ~ ~rtue ~ ~ r  C~ + ~ n ~  
~ d  ~ p ~ f i c  p m ~ .  

~ f i ~  

Confiderab~ e~dence e~s~ for the infraction 
of membrane phospholi~ds with mon~ and dNw 
lent cations, r ~ f i n g  in ~ d  membrane cha~ 
ac~fisfics. The a d ~ c  phosphofipids phosphati- 
d ~ f i n e  (P~, phosphatidylinofitol (PI) and i~ 
p~yphosphoryl~ed derivativ~ phosphatidylin~ 
fit~ ~phospha~ (PI4P) and phosphatidylinositol 

Abb~ations: PS, ph~phatidyl~fine; ~ ,  ph~ph~ylinosi-  
tol; PI4P, p h o s p h a f i d ~ i ~ l  ~ p h o ~ h ~  H&5~, phos- 
phatidylinositol & ~ b ~ p h ~ p h ~  PA, phosphafi~c add; 
~soPA, ~sophosphatid~ a~d; P~ ph~phatid~han~amine; 
PD~ pho~hafid~-N,N-~me~hanolamine; PC, pho~ 
phatid~choline; ~soP~ lysophosphatid~ch~ine. 

~5-bisphospha~ (PI~5P 2) exh~it very s~ong ag 
fi~ties for c~dum (C~ +) in modal sys~ms (t~s 
may ~so extend to the ~v~ent cation Mg 2+) 
[1-3]. Phosphafi~c add (PA) [~ and its ~so 
derivative (lysoPA) can bind C~ + by ¼~ue of the 
phosph~e m~eff  and ~ the latter case the hydro- 
phob~ conformation of the ~n~e ac~ ch in  ~- 
nders lhe C ~ f i p i d  comp~x fipid s~ub~ and 
confers the a b ~  for transport across membran~ 
[5]. The i o n o p h o r ~  p ~ o p ~  of the other ad~c  
phosphofipids ~m~ns  to be estabfished for upon 
interaction with C~ +, the fi~d-C~ + complex ap- 
pears to ~ m ~ n  at a membrane ~cafion [6]. Simb 
~fly wit~n lhe plasma membrane thee is a sUong 
interaction of C~ + with p h o s p h ~ h a n ~ -  
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amine (PE) and its N - m e t h ~ e d  derivativ~ phos- 
phatid~-N, N-~methy~thandamine  (PDE) which 
is most ~pparent at Mkaline pH [~. 

Inv~tigations by V ~ v ~ d e  and M ~ e  [8] 
have ~hown that f i~d m~e r i~  asso~a~d with 
membran~enriched subcdluhr  ~actions of adult 
pancreatic iflets was able to ~an~ocate C ~  + in a 
s~vent  sy~em of to luene /bu~nol ,  w~ch pro- 
¼des a modal for the hpid en¼ronment of natur~ 
b ~ c ~  membranes [~. T~s  ~ n  ~ a n f f ~  was 
enhanced at de v~ e d  pH. Ufing t~s  sys~m and a 
f u ~ h ~  modal sys~m w~ch allows the ~t imation 
of ~cil~ation of C ~  ÷ ~anspo~ across a multi- 
h m d h r  phosphofipid membrane we have shown 
p ~ o u f l y  that ~ u c o ~  * ~duced insufin rdease 
from the B call of the n e o n ~  rat i~et ~ accom- 
panied by an ~crease in the ability of the h~ds  of 
the totfl call to both bind C ~  + and ~anf loc~e  it 
in an ~nophor~ ic  manner [1~. When the fipids of 
the plasma membrane ~one  we~  stu~e& it was 
found that they were mo~fied in a way w~ch  
reduced C ~  ÷ ~nding c a p a ~ .  The p ~ n t  study 
extends this work to present the time course of 
~ u c o ~  induced ~ r a f i o n  in fipid C ~  + hin~ng 
and ~ n o p h o r ~ m e ~ a ~ d  C ~  + exchange in the 
presence of monov~ent  (Na +, K +) and other 
~ v ~ e n t  (Mg z+) cations and ~ d i c m ~  that changes 
occur suffi~enfly r a ~ y  to contribute to Ca 2+ 
~di~r ibut ion within the B cell. A concu~ent study 
of phospholi~d spe~es wi~  C ~  + b ind~g a n d / o r  
ionophoretic propert i~ in lhe cell membrane ~nd 
in the wh~e  cell was performed. 

Matefi~s and Methods 

Preparat~n and extraction of ~let cells 
Neonat~  i~et cells were cultured and stimu- 

lated with ~ucose (16.7 mmol/1) for a period of 
1-15 min by a m~hod  described pref iou~y [1~. 
Briefly aliquots of 400 iflets were dispe~ed to ~ve  
a f i n e , c a l l  suspenfion which was attached to 
hydra~d Cytodex beads prior to stimulation with 
D-~ucos~ 1.7 or 16.7 mM in the presence of Ca 2+, 
40 ~M or 2.5 mM in the presence and absence of 
mannoheptulose, 20 mM or with L-~ucose, 20 

* R e ~ n c e  to ~ u c o ~  is for the D-~UCO~ ~ o m ~  u ~ e ~  
s p e o f i c ~  i n d ~ e d .  
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mM. T~s  allowed a memb~ne  ~acfion to be 
~ a t e d  r a ~ & y  by ~fis  of ~ e  cells ~tached to the 
Cy~dex  beads at 4°C ufing Tris-HCl (10 m m ~ ,  
pH 8.~. Li~ds  were e ~ e d  ~om beads and 
aaached cells or ~sed m e m b ~ n ~  to ~ve a to t~  
cell or memb~ne  h ~ d  extr~c~ r ~ p ~ t i v d ~  To t~  
phospholi~d phosphorus was determined c~ori-  
m ~ r i c ~  u~ng m ~ a c ~  g~en [11]. 

Labe~ng of ~let ¢ells wi~ [~4C]arachidonic a~d 
l~et calls were attached to Cytodex beads as 

described above and incub~ed in RPM~1640 with 
10% fetal bovine serum containing [~4C]- 
a r ac~do~c  add  (400000 d p m / m l )  ~ ~ass tubes 
for 3 h at 37°C in an ~mosphere of COz (5% ~ 
~ ,  with a ~ t i o n  each 15 min. A~er the incuba- 
tion the i~et cells attached to Cytodex we~  washed 
twice with RPM1A64~ s f i m ~ e d  as above and 
hpid exUa~s prepared. For the separation of l i p , s  
and p h o s p h ~ s  in the extracts fifi~c add  c~-  
umn parti t io~ng and thin-layer chrom~ography 
was as described pre¼ou~y [12]. 

45Ca2 + ~ndng and trans~ca~on by ~let cell lipids 
The capadf f  of f i~d extracts to bind or trans- 

~cate  C ~  + was de~rmined fol~wing ~ c o r p o r ~  
fion inlo two modal sys~ms ~so de~fibed pre~- 
ous~ [1~. The first was a balk phase sy~em 
w~ch  measu~d ~ C ~  + tran~ocation over 3 min 
from an aqueous phase buf~red with H e p ~  (25 
mM, pH 7.4 w~ch cont~ned mono- and &v~ent  
cations in the fol~wing concenvation~ Na + 115 
mM; K + 5 mM; Mg ~+ 1.25 mM and C ~  + 1.25 
mM) to an organic phase ~ o n t ~ n g  the fipid 
u n d ~  study. C ~  + tran~ocafion was quantified as 
n m ~ / 4 0 0  i~ets (106 ~ e d  cells). 

The second modal sy~em de~rmined the trans- 
location of C ~  + b~ween two aqueous compaa-  
ments across ~ tac t  m~tilamellar phna r  mem- 
branes ~ t o  w~ch is~t h ~ d  extracts were incorpo- 
rated. Although these planar membran~ b ~ d  
c ~ d u m  they m ~ n t ~ n  conformation and present 
an effective barrier to the ~ n  in the absence of 
added islet extract [13]. Enhanced transfer of 
~ C ~  + across the membrane was quantitated and 
taken to i n ~ c ~ e  C ~  + permeation due to the 
presence of extrac~ R e s d ~  were expressed as 
n m ~  C ~  + ~ a n ~ o c a ~ d / 4 0 0  is~ts ( 1 0  6 ~ e d  
c d ~  
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R e s ~  

The &~ribution of [~4C~rac~do~c add in 
phospholi~ds of the membrane and wh~e cell 
~ a ~ n  p~pared a~er 3 h incubation is shown in 
Tab~ I. I~et membrane ~action prepared on C~  
~dex cont~ned 36.9 ± 0.20% (n = 7) of the tot~ 
call hbelled phosphofip~s. Glucose stim~afion is 
accompanied by a number of phospholip~ changes 
the most prominent being ~most complete loss of 
membrane and who~ cell p~yphosph~nofit id~ 
wit~n 1 min of stim~afion. The ~ss was p a r t i ~  
~ocked in the presence of mannoheptulos~ 59% 
and48% of p~yphosph~nofifides r e m ~ n g  ~ the 
membrane and wh~e cell ~action, ~spective~, 
up to 15 rain a~er ~ucose stimdation. Other 
effec~ of ~uco~  stimdation w~ch are blocked 
by mannoheptulo~ are a decease in PE and PI 
(8.2% and 2&8%, respectively) and an in~ea~  in 
PA in the membrane ~action foHow~g 15 min of 

stimdation. The m~or &ff~ences b~ween the 
membrane preparation and the wh~e cell ~a~  
tions are a rapid 3-fold increase in PA, fol~wing 1 
min ~ucose stimdation and a 2~ fo~  increase in 
~soPA seen a~er 15 min ~ucose stimdation in 
the wh~e cell but not the membrane fraction. 
Both responses are ~ n u ~ e d  by mannohep~- 
~se. There was no ef~ct on phospholipid content 
of Oth~ the wh~e cell cr membrane p ~ p a r ~ n s  
f ~ w i n g  the indu~on of ~ u c o ~  ~ the ~ c u b ~  
tion for 1 or 15 min ~ d ~  not shown). 

The characteristics of hpid extracts prepared ~ 
exactly the same way except for the absence of 
[~4C]arac~don~e w~e lhen inv~tiga~d in lhe 
modal sy~ems. 

First, the m s ~  in lhe b~k phase sys~m, 
where C~ + ~an~ocation can be taken to repre- 
~n t  C~ ÷ bin~ng in the orga~c phase, will be 
con~dered. The ef~ct of pH on the ganMocation 
of Ca ~+ in this sys~m, in the presence of a fipid 
extra~ of ~asma membran~ of n o n s t i m ~ e d  

TABLE I 

DISTRIBUTION OF ISLET [~4~ARACHIDONIC ACID-LABELLED PHOSPHOLIHDS IN FRACTIONS PREPARED AFTER 
INCUBATION OF ISLET CELLS WITH GLUCOSE WITHOUT OR WITH MANNOHEPTULOSE 

V~ues a ~  the m e a n ± ~  for seven or ~ght determinations at each ~pefimental con~fiom * p < 0~5, ** p < 0.01, *** p < 0~01. 

103 dpm/106 cd~  

~ ~ m e  1.7 mM Gl~cme ~ m ~  16~ mM 
1.7 mM m a ~ ~  ~ mM 16.7 mM m ~ p ~ m ~  ~ mM 

0 0 1 min 15 ~ n  1 m ~  15 ~ n  

Mem~ane  ~ s o c ~ d  
PC 823 ± &91 &28 ± &92 
L~oPC &78±&10 &77±~12 
PE ~36±&32 &42±~30 
PS ~90 ± ~08 ~90 ± ~10 
~ ~54±~ 35  ~ 74±0~ 1  
PA 1~1 ±~09  1.00±0.09 
LysoPA < ~005 < 0.005 
~ 4 P / ~ 4 , 5 ~  ~35 ± ~04 ~37 ± 0~4 

Wh~e  ~H ~ f i o n  
PC 2~90 ± 1.88 2~92 ± 1.90 
Ly~PC 1.10 ± 0~9 ~g2 ± ~09 
PE 1Z10 ±~99  1Z12±~98 
PS 1~5 ±~10  1 ~ 5 ± ~ 1 0  
PI ~ 9 0 ± ~  9 ~ 1 ± ~ 8 4  
PA 1A3±0~9 1A2±~09 
Ly~PA ~02 ± ~001 0~1±~001  
~ 4 P / H 4 , 5 ~  ~43 ± ~04 ~ ± ~04 

827 ± ~91 ~56 ± ~90 E28 ± ~90 L29 ± ~91 
0.77 ± ~11 ~77 ± ~11 ~77 ± ~10 ~77 ± ~11 
&26 ± ~34 &00 ± ~31 &36 ± ~27 ~29 ± ~37 
0~0 ± ~07 ~90 ± ~07 ~90 ± 0~7 ~90 ± 0~7 
Z75 ± ~35 Z66 ± ~31 *~ 334 ± ~31 Z24 ± ~30 
~ 9 4 ± ~ 0 9  1.80±0~9 ***~ ~ 9 2 ±  0~9 ~ 9 2 ± ~ 1 0  

< 0.005 0.01 ± 0.001 < 0005 < 0.C05 
~ ± ~ 0 0 1 " * * ~  ~01±0.001"**~ ~ 1 7 ± 0 ~ l * * * b  ~ 1 7 ± 0 ~ l * * * b  

26.94 ± ZOO 2~27 ± ZlO 2&94 ± Z21 28~0 ± 1.90 
1AO±~09 1.72±~10 1.10±~09 ~ 9 4 ± ~ 0 7  *** b 

1Z14±~98 11~4±~99  1Z14±~99 12~9± 1~1 
1 ~ 8 ± ~ 0 9  1 ~ 7 ± ~ 1 0  1~5 ±~09  1~9±0.14 
8~1 ± ~91 7.38 ± ~90 *~ ~82 ± ~75 9.75 ± 1.20 
&70±~36 ***~ 1 ~ 2 ± 0 ~ 9  Z40±&35 **b 1~8 ± ~ 2 4  
• 01 ±~001 ~ 5 4 ± 0 ~ 4  ***a 0.01 ±&O01 ~01 ±0~01 ***b 
0~1 ±~001 ***" 0.01 ±0.00~ ***~ 0.21 ± ~ 0 2  ***b 0.19±0.02.**b 

~ ~g~ficant  ~ f ~ n c e  ~om #uco~ ,  1.7 mM ~ time 0. 
b ~g~ficant  ~f fe~nce  ~om co~espon~ng con~fion ~ the absence of mannoheptulos~ 



379 

~ A 

O 

O 

E 

0-3 

0'2 

0.1 

A 
0.3 

; ; ; 
pH 

0.2 

0.1 

E 

-~,~ ; 6 ~ 7 ~ 8 ~ 9 ~ 
L J  

pH 

Fig. 1. C ~ u m  ion translocated into the organic phase of a bulk phase modal by the indufion of iflet extract (pand A) or 
phosphotipids (panel B): phosphafidylsefin~ ~, phosphatidylino~tol 4,5-bisphosphat~ ~; phosphatidyldimethylethanolamine, ~; 
phosphafidic acid; ~, phosphafidylchofin~ ©. The vMues shown are the mean of multiple repficate analyses (10-20 observation~ 
and the gE. ~ cont~ned within the dimenfions of the mean point in all caseg 
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FiD 2. CMdum ~anflocafion ~ a b~k phase sy~em (pand A) and a m~tilamellar modal sys~m (pand B) by ex~ac~ of 
~ucose - s t im~ed  islets. The horizontal a~s ~&c~es He time after s f i m ~ n  with flucose 16.7 mM at which tot~ cell or 
membrane ~acfions were exWac~d for indufion ~ m  He modal sy~ems. The values shown are mean ± ~E. for Oght determinations 
at each expefiment~ p~nt. 
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is~ts and a number of intfinfic membrane phos- 
pholipids is shown in Fig. 1. It can be seen that a 
pH dependent increase in Ca 2+ envy to the organic 
phase was caused by i~et plasma membrane ex- 
tracL and all the tested phosphofipid~ with PS, 
PI~5P2 and PDE b~ng the most potent at ~- 
kaline pH. The effect of i~et plasma membrane 
extract was enhanced at Mkaline pH. pH 7.5 was 
chosen for subsequent ~udies of Ca 2+ ~an~oca- 
tion in the bulk phase sys~m. 

Exposure of intact i~et calls to high ~ucose 
concentration (16.7 raM) caused a prompt (within 
30 s) fall in the Ca ~+ binding acfi~ty of fipid 
extracts of the plasma membranes, as reflected by 
Ca 2 + ~anslocafion in the bulk phase system shown 
in Fig. 2. The Ca 2+ binding acti~ty rem~ned 
depressed to ~ss than hMf its initi~ v~ue for the 
first 5 min of exposure to high ~ucose concentra- 
tions, with a slow rise back towards the initi~ 
value in the next 10 min. Even 15 min a~er the 

exposure to ~gh ~uco~  was commenced, the 
C~  + b ~ d ~ g  capadff of the fi~d extract of the 
plasma membranes was fig~ficanfly d e p ~ e d  be- 
low the inifi~ v~ue. These chang~ ~d  not reflect 
the changes ~ the wh~e islet, as fi~d extracts of 
wh~e i~ets expo~d to ~gh ~uco~  concentration 
for periods b~ween 30 s and 15 min showed an 
inifi~ minor fall, followed by a protra~ed rise in 
c ~ u m  bind~g acfi~ff ~flec~d by ~e  b~k 
pha~ sy~em. The f~l ~ the Ca ~+ ~ n ~ n g  acti~ff 
of the ~asma membrane component was seen in 
i~ets ~ w~ch ~e  exposure to ~gh ~ucose was 
carried out in the absence of added ex~acelldar 
C~  + (where the C~ + concentration was 40 
~ m ~ / O  (Ta~e II). The f~l ~ C~ + ~ n ~ n g  activ- 
ity of the plasma membrane on exposure to ~gh 
~uco~  concentration was reduced in the presence 
of mannoheptulos~ 

Using the m~t i lamdhr  membrane sys~m to 
measure the a b ~  of h~d extracts to hcilitate 

TABLE II 

GLUCOS~STIMULATED LIPID ASSOCIATED C ~  + TRANSLOCATION IN NEONATAL ISLETS 

V~ues are the m e a n ± & ~  for Oght determinatio~ at each expefiment~ con~fion. * p < ~05, ** p < 0.001 when comp~ed ~ 
time 0. 

S f i m ~ g  con~fion nmol Ca ~ + translocated/400 islets 

0 1 ~ n  15 ~ n  

Bu~ phase s ~ m  
Mem~ane a s s ~ h ~ d  

G~cose 1~7 mM; C ~  + 2.5 mM 
Glucose 1~7 mM; C ~  + 40 ~M 
G~cose 1~7 mM; C ~  + 40 ~M 
M a n n o h e p ~ s e ,  20 mM 

Total call 
G~cose 1~7 mM; C ~  ÷ 2.5 mM 
Glucose 1~7 mM; C ~  + 40 #M 
G~cose 1~7 mM; C ~  + 2.5 mM 
M a n n o ~ p ~ ,  20 mM 

M ~ a m e l l a r  mem~ane  ~ e m  
Mem~ane ~ s ~ h ~ d  

G~cose 1~7 mM; C ~  + 2.5 mM 
G~cose 16.7 mM; Ca 2+ 40 ~M 
G~cose 16.7 mM; C ~  + 2.5 mM 
M a n n o h e p ~ s e ,  20 mM 

Tot~ call 
G~cose 16.7 mM; Ca 2÷ 2.5 mM 
G~cose 16.7 mM; Ca 2÷ 40 #M 
G~cose 16.7 mM; Ca 2÷ 2.5 mM 
M a n n o h e ~ o s ~  20 mM 

3A5 ±~21 152±0.34 ** 2 ~ 4 ± ~ 3 0  * 
3A5 ±~21 1.74± ~32 ** 2.01 ±0.32 * 
3.45 ± ~21 2A8 ± ~31 * 2A1 ± 0.34 * 

4.02 ± 0.24 3.65 ± 0.31 5.51 ± 0.20 ** 
4.02 ± 0.24 3.84 ± 0.41 4.02 ± 0.18 
4.02 ± 0.24 3.70 ± 0.41 4.01 ± 0.21 

1.23 ± ~ 2 3  125  ± ~ 1 9  1 5 2  ± ~ 1 7  
1 2 3 ± ~ 2 3  1 2 6 ± ~ 1 9  1~4±~21  
123  ± ~23  1 25  ± ~21  1~0  ± ~21 

1~5 ±0.18 1 ~ 4 ± ~ 1 8  Z70±~26  * 
1~5±0.18 1~8±~21  1 ~ 9 ± ~ 2 9  
1~5±~ 18  1 ~ 9 ± ~ 2 2  1 ~ 4 ± ~ 3 0  



Ca 2 + ~anspo~ across the model membrane, it was 
shown that there was no change in this capacity of 
membrane fipids following high glucose exposure 
(Fig. 2, panel B). The extract of the whole i~et 
showed a ~gnificant increase 10 and 15 rain aRer 
exposure to high glucose concentration. This was 
prevented if the incubation of the i~ets was per- 
formed in the absence of added extraceHular Ca 2 + 
and by the presence of mannoheptulose. 

Discus~on 

In this study the fim~cou~e of ~ r a f i o n  in 
plasma membrane and whole cell fipid a~oda~d  
Ca 2÷ binding and /or  ionophorefic speoes has 
been measured following exposure to high ~ucose 
concen~ation. Concu~ent measuremen~ of mem- 
brane and whole cell phospholipid changes follow- 
ing exposure to high ~ucose concen~afions have 
been performed. A m~or finding was that ex- 
posure of neonat~ rat iflets to a ~imulatory con- 
cen~ation of ~ucose Lads to a rapid fall in the 
con~nt of plasma membrane a~oda~d fipid 
spedes with the abifity to bind Ca ~+, as measured 
by the degree of fadfitation of Ca z+ entry into the 
organic phase of a bulk phase sys~m. The distri- 
bution of Ca ~+ in this sys~m presumab~ reflec~ 
the sum tot~ of ionic and elec~o~afic forces and 
ion chelation. Absence of added C~ + ~om the 
ex~acellular medium did not prevent this fall, 
suggesting that it ~ not a secondary consequence 
of Ca z+ influx ~om the ex~acdlular medium. 
Measurement of concu~ent changes in membrane 
phosphofipids reve~ed a striking rapid and pro- 
tra~ed fall in membrane polyphosphoinofifide~ 
as has been shown prefiou~y for intact adult rat 
islets, [14,15] and in a pre~ous ~udy by ou~eves 
in neonat~ rat islets [1~. There were no phos- 
pholipid changes seen following L-~ucose, a hexose 
which does not stimulate insulin rdease from the 
islet [16]. Polyphosphoinofifides added to the bulk 
phase sy~em bound Ca 2+ (Fi~ 1), so the rapid fall 
in content of polyphosphoinofitides could have 
contributed to the fall in Ca z+ binding activity of 
fipid speoes in the membrane ~actiom Howeve~ 
it cannot be concluded that the ~mpor~ a~ooa- 
tion seen between the membrane polyphos- 
phoinofifides and membrane Ca 2+ binding activ- 
ity impfies that the ~ r e d  polyphosphoinofifides 
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are soldy ~sponfible for the ob~rved chang~ in 
lipid-associa~d C~ + binding acti~ff. For exam- 
p~, phospholipid meth~ation, another membrane 
rda~d evenL has been shown to accompany ~u- 
co~-st imda~d insulin release [17]. In the balk 
phase model sys~m, C~ ÷ hin~ng d ~  between 
p h o s p h a f i d ~ h a n o l a m i n ~  its N-meth~a~d 
derivatNe phosphatidyl-N, N - d i m e t h ~ h a n o l -  
amine (PDE) and phosph~id~ch~in~ ind~ating 
th~ formation of PC ~om PE may ~ s d t  in a ~ss 
of C~ ÷ hinding wit~n the i~et. A decrease in PE, 
perhaps indicative of m~h~ation, was seen in the 
plasma membrane fraction ~ the present study. 

The second sys~m emp~yed for ~ud~ng e~ 
~cts cn C~ + bin~ng er ~nophoretic properti~ 
of endogenous fipids in the i~et cells or i~et 
membranes em~oyed a m~tilamellar phospholi- 
pid membran~ The abili~ of added phospholi- 
pids or i~et or i~et membrane ex~acts to facili- 
tate C~ + transport across the membrane separa~ 
ing two aqueous phas~ was taken to reflect thor 
C~ + ionophoretic a c t i ~ .  Elec~os~fic hin~ng 
with a fipop~fic c o n f o r m ~ n  and p o s h l y  mem- 
brane fufion and phase ~paration may contfibu~ 
to ~n  ~ans~r in t~s modal sys~m [2,18]. No 
change ~ the content of plasma membrane a~o~- 
ated fi~ds with the prope~y of facilitating C~ + 
~anspo~ across the membrane was seen fol~wing 
exposure to stim~atory ~uco~ concentration. 
Howeve~ a delayed rise ~ ~e  content of fi~ds 
with t~s prope~y was observed in the wh~e i~et 
cell, p~sumably reflecting an ~crease ~ in~acell- 
da r  h~ds with ionophorefic properties. T~s ~-  
crease was not ob~rved when the i~ets were 
exposed to ~ucose in the absence of added ex- 
tracellular C~ +, suggesting that it may have been 
dependent on the ~flux of ex~acellular C~ +. The 
f i~  in t ~  isl~ con~nt of C~ + hinding act io~ 
in the balk phase sy~em par~leled the increase in 
C~ + ~nophoretic acti¼ff in the membrane sys- 
~m, and may well reflect ~ r a t i o n  in the same 
fip~ sped~. 

A number of phospholip~ m~abolites may be 
i n v ~ e d  in |he f in ing  of an increase in in~cellu- 
~r  C~ + ~nopho~tic acti¼ty. Thee  include pho~ 
phatidic a~d, formation of which is ~en in the 
addt  [19] and n e o n ~  [12] i~et fol~wing ex- 
posure to s t i m ~ o r y  ~uco~ concentration and 
lysophosphati~c acid seen ~ the present study. 
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The fim~cou~e of the increase in the in~acellular 
content of phosphatid~ add and lysophatidic add 
was confi~ent with the rise in intracdlular iono- 
phoretic acfifity, and it has been demons~ated 
that both phospholipids have the ability to act as 
~ue ionophores in the membrane sys~m [2~. 
Whether lysophosphatidic acid ~ derived ~om PA 
or arises de novo ~om ~ucos~defived tfiose 
m~abolites cannot be determined in this study. 
The formation of PA and lysoPA is dependent on 
~ucose m~abolism as indicated by the attenuated 
response in the presence of mannoheptulose. In 
addition ionophorefic properties have been de- 
scribed for thromboxane A ~ [~ and ~ukotriene B 4 
[20], produ~s of the enzymic oxygenation of 
arachidonic add by the cydo-oxygenase sys~m 
and lipoxygenase, respecfivdy. These products are 
found in the ~ucose stimulated iflet [21,22]. It is 
of particular relevance that Ca 2 ~dependent phos- 
p h o l i p a s e  A 2 activation is con~dered the ra~- 
~miting favor in the formation of arachidonic 
a~d products and lysophosphatidic a~d. We have 
shown that the formation of arachidonic aod 
produ~s is a late event following ~ucose stimul~ 
tion in the neonat~ iflet [12] and thdr formation 
is dependent on ex~acdlular Ca 2+ [23]. Reduced 
formation may contribute to the reduction in Ca 2 + 
ionophoretic actifity seen in the absence of Ca 2 + 
ion in the present study. 

Thus, two hpid rda~d  mechanisms may con- 
tfibu~ to redi~fibution of c ~ u m  within the 
plasma membrane microen~ronment. Phesphoh- 
pid m~abol~m may result in the formation of 
speoes with ~ r e d  affinity for Ca 2+ or concom- 
itantly phospho~pid turnover may produce fu~her 
lipid spe~es which mobi~ze Ca 2 ÷ ~om in~acellu- 
lar soruces due to thor ionophorefic nature. Both 
these mechanisms appear to obt~n following ~u- 
cose stimulation in the neonat~ i~et and may 
profide a fignificant source of cytoplasmic Ca 2+. 

The work described in this article was sup- 
po~ed by the Nation~ Heath  and Medic~ R~ 
search Council of Aus~ali~ 
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