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Regulation of transmembrane 1on transport by reaction products 
of phospholipase A:. I. Effects of lysophospholipids 

o n  r m t o c h o n d r i a l  C a  2* t r a n s p o r t  

Sigurd Lenzen,  J e n s - K a t  G O rhch  and  I n g o  R u s t e n b e c k  

[nstaule of Pharmacology a~d Toxteofogy, Umoersa~ of ffofr~n.gert, D-3400 Garrmgen (F R G ) 
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Lybophusphohpids inlublted mitoehondxial Ca z÷ uptake., induced a net Ca 2+ efflux, and thereby increased the 
extramltochondrlal Ca :t+ eaneentratlon The Inhibitory potent) decreased in the order lysophosphafldylehothte (LPC) ---- 
lysophos~attd)lglyceml (LPG) > iysophosphat~d)linositol CLPI) > lysophosphafidylsenne (I .!~) :~ lysephosphatldyl- 
ethanolamme (LPE) This relative order Is in inverse relation to the ability of the various phosphaipid head-irotcs to 
build up intermoleculax h)drogen bonds with nelghbourlng membrane ]ipids This indicates that changes in Ca 2÷ 
transport induced by lysophospholiplds arc mediated by the interaction of the iysophospholii~Ms with the mitoehem~al 
membrane bdayer structure, The mitochondMul membrane potential ~hich ms the mmn driving force for mitocbondrlal 
Ca 2+ uptake, was affected in the same order by the various lysophusl~oliplds This reduction el the mga¢bondrlal 
membrane potential may be the underlying cause for the inhibition of the mltoehondrial Ca z+ uniport and the resulting 
release of Ca z+ from the mdochondna. 

lnlreductmn 

The generatton of phosphohptd-dependent second 
messengers vaa activation of phosphohpase C has proved 
to be a ptvotal step m cellular stgnalhng Inosltol 1,4,5- 
tnsphosphate (and other mosttol phosphates) raises ¢y- 
toplasrmc Ca 2+ levels by efflux from the endoplasmae 
reticulum [1,2], whde dmeylglyeerol activates protein 
kmase C by decreasing its reqmrement for Ca 2+ [3,4] 
However, receptor-mediated changes m phosphohptd 
metabohsm during cell sttmulatton do not always m- 
volve an acuvatmn of phosphohpase C but, as has been 
recently shown for several ttssues, an activation of phos- 
phohpmse A 2 (PLA2) [5-8], providing support for the 
exzstence of a PLA2-medlated slgnalll:qg pathway [9] 

PLA 2 comprises a f,muly of enzymes which axe either 
secreted or resident m the cell [10] in h~,er, PLA 2 ts 

Abbr~*,,ttlons ]..PC ly~ophosphalldylghohae, LFG, lysnphosphau- 
dylglvc~rui LPI lysophosphat~iyhnosl~L LP$, lysophosphatt- 
dylsenne, LPIL I,~sc~hosphaudvIelhanolanane, PLA2, phosphohpase 
A 2 (EC 31 1 4) TPP +, te~raphenylphosphomum 

Correspondent2 $ Lcnzcn, IIX~tLtuI far Pharmakolngm and Toxlkolo- 
8t¢, Umverstt~lt OOttmgen, goloert-Koch-Str 40, D-3400 G6ttmgen, 
FRG 

ubJqmtous m 1he membranes, tmtonhondna thsplaylng 
a lugher actlsaty than macrosomes, winch have mmnly a 
PLA 1 [11,12] Sme¢ by the acUon of PLA 2 lysophos- 
phohplds and fatty acids are generated m the inner 
rmtochondtml membrane [13], it can be assumed that 
the membrane transport syqc~ms can be affected by the 
resulting changes m the hFtd bdayer structure Mmro- 
someg have also been relx~rted to release Ca 2+ upon 
exposure to lysophosphohpids [14] But apparently, rm- 
crosomes contnbute far less to the mcrease m the 
ambient free Ca z+ coneent~ atlon than do nutochondna, 
as was recently shown mstudtes  w~th permeabdlzed 
hver cells as well as ~solated and comcubatcd subcel]u- 
lar fractions from hver [15] 

In the present study w4: mvest~gamd the effects of 
various lysophospholtplds on rmtochondnal Ca 2 + trans- 
port m order to eluctdate thexr mechanism of aeuon and 
evaluate a posstble second messenger role of these sub- 
stances The effects of falty acids are described m a 
second paper [28] 

Materials and Methods 

Chemtcals All lysophosphohptds (etther palnutoyl or 
stearyl form) were obtainecl from Slgala ~CaC] 2 was 
from Amersham Internattonal All other ch,~nuoals of 
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analytical grade were from Sigma (St Louts, MO), 
Boehnnger (Mannhetm, F R G ), Serva (Heidelberg, 
F R G ), or Merck (Darmstadt ,  F g (3 )  

Preparm;on of mltochondrml fracttom L~ver was ob- 
tained from Wtstar  rats, homogemzed tn homogemza- 
tton medmm (210 mM m a n m t o l / 7 0  mM sucrose /20  
mM Hepes, adjusted to pH 7 0 with KOH)  and mare- 
tamed on tee [16,17] The sediment obtained after 
eentnfugat ton for 15 nun at  660 x g was discarded The 
nutoehondnal  pellet was obtmned by eentnfugataon of 
the supernatant  for 15 nun at  4000 x g  at  4 ° C  [16,17] 
After resospenslOn and reeentnfugatton the pellet  was 
resuspended m test medmm (125 mM K C l / 2  mM 
KHzPO4/5  mM succmate /0  3 m M  MgA.TP2-/25 mM 
Hepes, adjusted to pH 7 0 with KOH)  [17- t9]  Protein 
was deterrmncd according to MeKmght  [20] The pro- 
tem content of  1 txl of the resuspended nutochondnal  
fraetmns was 36 + 1 Fg ( N  = 82) 

Measurement of  free Ca 2+ cortcentraltowl Ca 2+ uptake 
and efflux by isolated nutochond.na were measured m 
test medmm at 2.5"C with a newly demgned Ca 2+ 
lou-scnsttw¢ tmmelectrode and mtcromcubatton cham- 
ber (40/~1 volume) as described recently in detml [16] 
Addatlon of lysophosphohptds to the test medmm did 
not  affect electrode recordings m control  experiments  

Measuremenr of *~Ca 2+ fluxes CSCa2* uptake  by 
isolated nu tochondna  incubated for 30 s m 20 p l  labelled 
test mcdt¢m at 2 5 ° C  was m e a s ~ e d  at  a free Ca 2+ 
concentrat ion of 10 ~aM as described [21] The free 
Ca  2+ concentrat ion m the medaum was  adjusted w~th 
thu Ca  2+ electrode Separat ion of tmtochondna  from 
incubation medaum for measurement of CSCaZ+ uptake 
by  hqmd semttllattort countmg was performed with a 
newly des~sned mtcroMtratton device [21] 

Measurement of mttochondrtal Ca 2+ content Mato- 
ehondrml Ca  a÷ content  was me,~sured by  atormc ab- 

sorptmn spectroscopy wath a Massmann cuvette from 
Beckman Instruments [16] 

Measureraent of m~tochondna! membrane Fotenttal 
Membrane potentml of isolated ,~ toehondna  was de- 
ternuned from the d t s tnbu lma  of the hpophthe cation 
TPP+ (Aldnch) between the incubation medmrn and the 
rmtoehondnal  matr ix [19] Measurement of the TPP + 
concentration m the incubation medmm was performed 
m a mtcromcubatmn ehamt~er [16] using a TPP + ton- 
sensmve membrane  [22] mounted on the tip of the 
exchangeable membrane support  reset of the hum- 
electrode which has ako  been used for free Ca z* ton 
measurements [16} and calculated as recently descnbed 
[17] 

Results 

Effects of ly~ophosphattdrlchohne on mrtochondrtal Ca-" ÷ 
transport 

Isolated hver rmtochondna (9 6 + 1 6 n m o l / m g  pt~o- 
rein Ca 2+ content) m~ubmed m a test medium of an 
tome con~tposltlon simulating the ¢omposmon of the 
cytosol [17-19] are able to mamtmn a steady-state free 
Ca 2+ concentrat ion well below 1 FM (Fig IA)  Ad- 
dalton of lysophosphattdylchohne (50 txM) to the in- 
cubat ion medmm mereased the free Ca z÷ concentration 
to values above 1 /xM The effect of LPC ~as  sponta- 
neously reversible (Fig la )  Subsequent adthtton or 
sperrmne (400 FM) an actwator  of the rmtochondnal  
Ca  2+ uptake [19], further decreased the ambient free 
Ca  2+ concentrat ion well below 0 5 p M  through stimula- 
tion o. ~utoLhondnal  Ca 2.  uptake 

A d d m o n  of Na  ÷ (5 mM). an aClwator of n-atochon- 
drlal Ca  2 .  efflttx via N a + - C a  z+ exchange [23] (Fig. 1BL 
as well as Ruthemum red (250 nM) an mhibttor  of the 
,mtochondnal  Ca  2" umporter  [24], to the incubation 
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Fig. 1 Effect of LIPC 150 pM) on tic regulahoa of the free Ca 2+ concentratum by rat h~er rmlochondna and r~ modulatton by Rulhcmum ~d 
(RR} (250 nM), Na + (5 raM), and sperrmne (400 ~.M) MR~chondna (~o~pended m 1-2 ill t~t medmm) were added to tim test ltledtum w~th an 
zmUd Ca :+ ¢oaccnttaaon of 5 FM m the nuoromcubaUon chaml~r at rran 0 LPC RR, Na" spertmne or test medaml only (comzol) wcre added 

after 2 5, 5, 75 and t0 rmlx r~iIN~UV¢l.y The curv¢~ repzesent typtcM tta.ordmgs wh ch were repeated five tllll~ 



142 

mechum reduced the typical Ca 2+ efflux from hver 
matoehondna (F,g IC) The latter effect of guthemum 
red (250 riM) on Ca 2 ÷ efflmx was potentiated by Na + (5 
raM) (Ftg ]D) Adchtmn of lysophosphatadylchohne 
(50/zM) to the mcubatton medium further mcreased the 
free Ca ~+ concentration m all three sttuattons (FI[~ 
1B-D) However, the effect of LPC (50 plV0 was at- 
tenuated when both Ruthemnm red and Na÷had been 
added earher to the mttochondna[ meubahon medmm 
(Fig ID) 

When spermme (400 t~M) was added, its effect was 
attenuated not so much after previous add~Uon of Na + 
(5 raM) plus LPC O0 gM) (Ftg 1B), but rather after 
prewoas addatlon of Ruthemum red (250 nM) plus LPC 
(50 #M) (Fllg 1C) w~lh or w~thout concomdam presence 
of Na* (5 mM) 

Effects o f  lysophosphohplds on mttochondnal ,~a ? + up-  

take a n d  C a  2 ; efflu.g 

The rates of Ca ~ uptake by hver nmochondna 
whtch increased m dependence on the Ca z+ concentra- 
tton m the meubauon medtum were decreased by the 
different lysophosphohp~ds (100 pM) to a variable de- 
gree (Ftg~ 2) Imllal free Ca ~+ eoneentratmns tn the 
meubatton medium whtch was supplemented wtth 5 
mM succmate as a rmtochondnal substrat¢ were ad- 
justed Io 0 5, 1 O, 2,5, 5 0, 7 5 or 10 pM Ca ~+ Uptake of 
Ca 2+ by the rmtochondna waS mtuated by mjeeuon of 
nntoehondna rote the nuerolneuhatmn chamber The 
percentage reducuon of Ca ~+ uptake re:n,aned constant 
for each lymphosphohpld at all Ca z+ concentrations 
tested The mlubttory potency decreased m the order 
LPC = LPG > LPI > LPS ~ LPE Tins ¢orrespogds to 
redacttans to 47, 49, 64, 76 and 94% of control uptake, 
rcspecttvcly (Ftg 2) Control rmtoehondria rapidly de- 
creased the free Ca 2+ coneentrauon tn the meubatton 
medmm, ad-aevlng a steady state lln the range well 
below 0 5 FM, whteh was reached after 10-20 s Irre- 
spective of the tratlal free Ca ~ concentraaon 

LPC affected the klneucs of Ca z+ uptake and Ca ~+ 
efflux by tsolated rat hver nutochondna m a concentra- 
tion-dependent manner Under eontrol eondtttons 
rmtoehondna decreased the tmtlal free Ca ~+ t.oncentra- 
uon of 10/~M wtttan less than 30 s to values well below 
1 /tM, thereby increasing the nutoehondnal Ca z+ con- 
tent from 9 6 4 - 1 6  nmol /mg protein to 2 9 2 5 : 4 1  
nwol /mg protein (n = 7) Up to concentrataons of 25 
gM, LPC shghtly reduced the amount of Ca ~+ taken up 
by nutochondna dunng a 30 s meubatzon period Thts 
resulted m a htgher steady-state Ca 2+ concentration, 
which approached 2 FM at 25 FM LPC At htgher 
concentrations of LPC (50 and 100 i t i ) .  the ability of 
the rmtochondna to take up Ca 2+ gradually detenorated 
further After uptake of a reduced amount of Ca ~+ w~th 
a nad,r after 5-15 s, mttochondna rele.dsed Ca2*, so 
that the mttml Ca z+ concentrations of 10 /~M were 

c i¢ 
• - .i Co~tr 100 % 

~ 6.6 % 

~ g  
~ , o  b ' b ' 4'0 ' 

.a Ind,al Ca2*Otfor ( nmo l lmg protein ) 
to Isolated L,ver Ivldochondr,a 

l~g 2 Effects of a sang]e eoncentrattml 4'100 /~M) of various 
lysophosphohpl~ on C~, 2+ eptake by tsgIated rat hver ~ratoehoadna 
at ~fferem tmtml Ca z+ concentralmns The test medmm m the 
macrtancubatxon chamber contained spermme (100 ttlvft and LPC 
LFG, LP[, LPS or LPF at a cxmcenllrat,on of tO0 pM Before the 
expcflrllcnt the different Ca a + conc.cntrattons In the nucmtrmubauon 
chamber were adjuslcd (05 l :L5 5 7 5  or 10 tiM) These tmtm[ 
Ca z~ conccatraUom tmd©r control ¢ondmom ere presenllod as imlaal 
Ca z+ offered to the rmloclaondna and cx'pr~sscd as nmoll Ca  2+ per  
mg protean (2 4, 4 7, l l  8, 23 5, 35 3 or 47 0 ~mol Ca z"  per  mg 
protein) At Ume zero the exl~nmeat was started by admuon of the 
mttochandna (snspended m 0 5 pll test medmm) The trammel Ca 2+ 
coa¢cntraUoa aclaeved after addmoa ~f the tratochoadna during a 30 
s mcuballma ~nod was reglsl¢~ed The dzffetea~ betwzen fins value 
and the mttlal Ca ;~+ coneentralaan at the be[~nnmg of the expemnemt 
was calculated and Ca 2~" uptake was expressed m nmoll Ca 2+ per  mg 
protean The amount of Ca 2+ taken up by n-atoehondna m control 
experlmems all each tmtml Ca 2+ col~ccntra*.lan was a0mpar¢.d with the 
amount of  C a  2~" taken up by rmtochcndna under the influence of  the 
vanous lysoph~sphohptds The values rcpxt'scat means:l:SE from 
four 0r live expenmems "tim stg#aficant (P<oo0 ] )  (analys,s or 
variant) merease in mltoehon~lnal Ca ~+ uptake m dependence on 
the Ca 2+ eoncentrallton was reduced by 6~ by LPE 24% by LPS, 36~ 
by LPI 51% by LPG ~md 53% by LPC when ¢omp~ed vath the 

control 

achieved w~tlun less than 30 s of meubatton with 100 
FM LPC again (Fig 3). 

Rates of rmtochondnal Ca 2+ uptake (Ftg 4A) and 
Ca 2÷ efflux (F1g 4B) were measured m dependence on 
the concentratton of the ddferent lysophosphohplds 
aecordmg to the protocol described m Ftg 3 for 
lysophosphattdyleholme In Fig, 4A, the amount of 
Ca z÷ maxtmally taken up by the tsolated hver 
rmtochondna during a 30 s moubatlon period 0 e ,  at 
the rrummum of the curves) under the influence of 
increasing lysophosphohptd concentrattons is expressed 
m percentage of the Ca 2+ uptake value ohtmned m the 
absence of any ty~ophosphohpzd, All lysephosphohplds, 
wtth the exception of LPE, showed a mgmficant con- 
centraUon-dependent decrease m nutoehondrtal Ca 2+ 
uptake The concentrations at wlueh rmtoehondnal Ca z+ 
uptake was lahtbllted by 50% were 76 ± 3 #M (n = 12) 
for LPC, 73 + 4 FM (n = 4) for LPG, 97 + 4 pM (n = 
13) for LPI and above :tOO FM (n = 5) for LPS In Fig 
4B the amoum of Ca 2÷ released again dunng the 30 s 
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F~g 3 Conc~ntraaotx..dq~adeat eff~t~ of LPC on the hnctt~.s of 
~a 2+ tl~Iake ~lld Ca 2÷ i[|:[]tlX b, tgolsled rat hver nutocbondrax The 
t~t  medmm m the nncromcubatma ~aml~r  coalamed Slmmuae (I00 
~M) and mcumung LPC concentraUom (5, 10, 25, 50 or 100 ~tM) 
The tmtud Ca ~ + conomtratton m the incubation medium was adjusted 
to 10 FM at the be mrmmg of the experiment At tame zero the 
cxpamments w~© started through ad&tmn oF n'mochondna (sus- 
Lm:nded m 0.5 ~[ t~t mt~hum) to th~ te..st me,hum m the rm~ou'~caba- 
non chamber The values rtprcsent means-I-gE from (aght to ten 

cxpcnmcnt~ 

incubation period by the isolated hve, nutochondna 
under the influence of increasing lysophosphohpld con- 
centranons is expressed as a percentage of the maximal 
amount of Ca a~ taken up dunng the hrst 10-20  s of the 
incubation period. All lysophosphohpxds, with the 
exception of LPE, also mdueed a potent release of Ca 2+ 
from rmtochondrta, so that the initial Ca 2+ ¢ono~ntra- 
I t em of 10/~M were reached again vattua loss than 30 s, 
as shown m Fig. 4B 

W h e n  the  p a h m h c  ac id  in  the  L P C  molecul~ w a s  
rep laeed  b y  o ther  fa t ty  acids,  the  mb_xbttory p o t e n c y  
dec reased  m the fo l lowing  order"  p a l n n u c  ac id  ;~ s t e a n c  
ac td>  laurie acid ffi olete amd Replacement by caprom 
acid caused a complete loss of acuvlty (data not shown) 
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take rather than that they mduced Ca a-  cfflux by 
unspecific leakage from rmtochondna If snmulauon of 
Ca x+ efflux were the pnmary effect of lysophosphoh- 
ptds, an increased cychng of ' tSCa2+ would result m an 
inc reased  45Ca2"  ~.ontent of the  r m t o c h o n d n a  due  to  
fast  e q u d l b r a t m n  o f  label led C a  2+ wi~h unlabel led 
i n t t a r m t o e h o n d n a l  C a  2+ The  dcgre~ o f  inh ib i to ry  
p o t e n c y  also decreased  m the o rde r  L P C  = L P G  > LPI  
> LPS >> LPE (Table i) 

Effects of  lysophosphohpMs on rmloehondrml membrane 
potent,a/ 

T h e  l y s o p h o s p h o h p i d s  reduced  the  m e m b r a n e  po ten-  
tial ~,f i so la ted  hver  n u t o c h o n d n a  m a concen t ra t ion-de-  
p e n d e n t  m a n n e r  as de t e rmined  f rom the  d t s t n b u t m n  of  
the  h p o p h i h c  ca t i on  T P P  + (Fig  5) T h e  reduc t ion  o f  the 
matochondr ia ]  m e m b r a n e  potent ia l  b y  the ly sophospho-  
hp tds  w a s  a e c e m u a t e d  b y  increas ing  the  lmt ta l  free 
Ca ~+ concentration in the incubation medium (Fig 5), 
bu t  ,~as still c lear ly visible wRh  the l o w ~ t  tmttal  free 
C a  -'+ c o n c e n t r a t i o n  o f  0 0 1  .aM The  low*.st value to 
w h i c h  r m t o c h o n d n a l  m e m b r a n e  p o t e n u a l  was  decreased  
b y  the  acUon of  l y s o p h o s p h o h p t d s  was  150 mV (Fig  S), 
whereas  u n c o u p l i n g  b y  dxmtrophen01 caused  a complete 
b r e a k d o w n  o f  the  m e m b r a n e  p o t c n u a l  (less t han  40  mV, 
d e t e r m i n a t i o n  hmi t ,  u n p u b h s h e d  obse rva t ion)  

T h e  degree  o f  m e m b r a n e  poten t ia l  ~ d u c m g  po tency  
decreased  in the  o r d e r  L P C  = L P G  > LPI  > LPS L P E  
d;d not slgm[tcantly reduce the rmtochondnal mem- 
brane potential at any of the free Ca 2+ concentrations 
s tud ied  (no t  s h o w n  in Fig  5) 

The  c o n c e n t r a a o n s  a t  wbach S0~ of  the T P P  + u p t a k e  
b y  the m a t o c h o n d n a  at  an  i m a m  C a  2+ c o n c e n t r a u o n  of  
10 p M  was  mluh t t ed  were  74 ± 4 # M  (n  ~ 6) for  LPC.  

TABLF i 

Effects of vorwus iV*ophosphobp,d~ o~ dSCa~ * accumulaoon b 7 isolated 
r~lI liver rn~ i~dr ta  

Th~ t~t medium contmned upcrmm¢ (100/IM) and 100 FM of LPC, 
LPG, LPL LPS or LPE. The tmllal Ca 2+ conccntrahon was adjUSled 
to 10 FM Afler a 30 s mcubaatm pc'nod, rmtochondna were sep- 
anted from mcubauon medmm by rmcro~trauon and ~sCa~+ con. 
lent w~ dctcrtraned by ~'mutlatton cm.mUn& The ral¢~ of a~CaZ+ 
accamula~on by ~he mttochondna are expre.~d as nmol ~Ca 2+ per 
mg protein and a~o rneans±SE, with the number of cxpcnmcms 
given m parenthas=s. = P ~ 0 05, • * P < 0 01 compar~l wth control 
(Student's, t-test) 

Effects o f  lysophasphohpzds on m~tochondnal 4~Ca: + uP- c~ntml  

take LPE 
The  df f fe rem l y ~ p h o s p h o h p t d s  (100 $¢M) a l so  k l~  

r e d u c e d  the  ra te  o f  4SCa2~ a c c u m u l a u o n  b y  i so la ted  LPI 
hve t  m t t a e h o n d r m  to  a va rmble  degree  (Tab le  I) Th i s  LPG 

LPC 
indicates that the lysophosphohplds mlubited Ca 2+ up- 

Lysophosphohptd 4~ Ca.:l+ accu.rnulal~On 

(tO0 #~,~) nmol/.mg ptm,mn 9[ lr, l~btuo.n 

211+0, t7 (28) 
2 f f a . ± O  3"/ ( Z D  4 

1 12+0 21 (12) 47 
087+020 = ( 1 5 )  59 
q 69+0 18 ** (24) 67 
0 53±U 19 "* (16) 75 
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Fig 4 Comparison of the concentration-dependent effects of various lysopho.sp'hohplds on Ca 2+ uptake (A) and Ca ~* efllux (B) by tsolaic.d rat 
hver rmto~hondna. The lysophosphohp~d~ ~ho~" n m this hgure ~r¢ L I ~ ,  LFG, LPI,  L I ~  and LPE In (A), mnoth~adnal  Ca 2+ uptake is presemed 
m de~ndence on the ly~nphosphohl~d eancentralaon (t0, 25. 50 or 100 /lid) and expressed as percent or control The tesl m~lmm m the 
rmeromeubalmn chamber was supp]emenW ~ ruth spermm¢ (1110 p M) and the ]m~al Ca z + concentratmn was adjuste-d to 10 pM at the beg#nmng of 
the experiment In control expenmea~ts (see Fig St IPalochondna m th~ mcubauon chamber deers,lend the CO. 2 ÷ conecntmtmo wnlurt 30 s below 0 5 
pM The amount of Ca ~+ IB2(en up m Ihese control experiments was 39 6 nmol Ca z+ per nag protein This amount was set 100'~ and compased 
vath the amount of Ca ~+ laken up by the nutoehomlna at increasing lysophosphohptd concentrations In (B) antoohondnal Ca z+ efflux is 
pr¢.sented m d¢l~ndence on the lysopho~phohp,d coneeniratmn {tO, 2S, 50 or 100 lgM) and aspr~ss~[ as percent of contr,al In control eXl~nmL, nL~ 
{Fig 3) mtlochondna m the menbauon chaml~r did not release Ca 2÷ dunng a 30 s mcuban0n period Thera0re Ca z+ release of these 
rml~hondna was set at 0% and compared wRh the amount or Ca 2.  rfleased by the rmtcehondna at the lllCreaSlng lysopho~hohpgL 
concentrations The. valu~ ~'e.p~e6eet me~ns± S E. from 4-12 ¢~penments All ly~,ophosphohpads with the ext~pUon of LBE ~,gmfz~zntly dec~case.d 

rmtocb0adnal Ca :~+ uptake (P < 0 001 ) and stgrahcantly increased Ca z + efflax (P < 0 001) (analysts or variance) 

84 __. 4 / i M  (n  : 4) for  LPG,  97 ± 5 p.M (n ~ 7) for LPI,  
a n d  > 100 t~M (n = 4 )  for  LPS 

Discussion 

Addit ion of  lysophosphohp lds  to  isolated hver 
rmloehondr[a  leads to a reduct ion m the Lmtml velocity 
of  uptake a n d  to a dmumshed  aecumula t lon  of  C a  :z+ m 
the  mltOChondna result ing in a net  C a  2+ efflux f rom the 
m t t o e h o n d n a  The effieaency of  the ly sophosphohp tds  
to Jaduee these effects depends  on  the s t ruc ture  of  the  
po la r  head-g roup  The  relative po tency  decreased m the  
order  LPC = L P G  > LPI  > LPS, while L P E  was  vir tu-  
ally ineffective This  relative o rder  IS m reverse corre-  
la t ion v4th the ab ,h ty  of  the var ious head-groups  to  
bui ld  uo ln termolecular  hydrogen  b o n d s  [25,261 F o r  
example,  bo th  LPE a n d  LPC arc zva t t enome  phos-  
phohplds ,  bu t  the e thano lamme  head .g roup  c a n  pa r -  
ttctpate m hydrogen  bonds  wi th  u e l g h b o u n n g  mem-  
brane  hpxds, wMle the chohne  head-g roup  canno t  pa r -  
t icipate [25,26] Fu r the rmore  the glycerol  h e a d - g r o u p  
which could theoretically bmld  up  such bonds  does  n o t  
d o  so m membranes ,  accord ing  to differential  s eamung  
calorimetr ic  data ,  where  it behaves  hke a chohn¢  head-  
g roup  [25,26] Ttus fits agam into the s t rueture--act twty 
rela t tonslup wluch we es tabhshed  for  the inf luence of  
lysophosphohpids  on  rmtoehondna l  C a  2÷ t r anspor t  
Thus ,  it ,s no t  s u r p n s m  8 tha t  we could no t  e o n f m n  m 
our  exper iments  a potent  effect of LPE on nu tochondrml  
C a  ~" t ranspor t  as repor ted  by  D a l t o n  et  al [27] i n  view 

of  this  g o o d  cor re la t ion  wi th  the b iophys ica l  prop~rUcs 
of  the var ious  lysophosphohplds ,  the a l ternat ive ex- 
p lana t ion ,  tha t  the p o t e n c y  ts dependen t  pr imar i ly  o n  
the extent  of  m c o r p o r a u o n  into  the n n t o c h o n d n a l  mem-  
branes ,  Is less hkcly. 

Whether a d]sturhance of the membrane polar head- 
g r o u p  region and  the a t t ached  C h a p m a n  Stern layer  is 
causat ive  to the  effects o n  r m t o c h o n d n a l  C a  z+ t r anspor t  
or only  a prerequis i te  to changes  m the  hydrophobac  
m e m b r a n e  co re  wluch  m tu rn  could  inf luence the  ac tw-  
try of  a n  tn tegral  m e m b r a n e  pro te in  c a n n o t  be  dec ided  
as yet.  T h e  la t ter  assumplaon ts suppor ted  b y  the 
observalaon tha t  the acWnty  of  L P C  depends  o n  the 
type of fa t ty  acid es tenf ied  to the C i - m o m  of  Lhe 
glycerol  b a c k b o n e  TMs lat ter  hypothcms would  mfe r  a 
smatlar m e c h a m s m  of  actaon for  lysophosphohp ids  as  
for  the unsa tu ra t ed  fa t ty  acids  [28] to explain the  in-  
f luence on  n u t o c h o n d n a l  m e m b r a n e  potent ia l  

In  fact,  a reduc t ion  of  r m t o c h o n d n a l  m e m b r a n e  
po ten tml  is r educed  b y  all lysophosphohgads  which  
have  a n  impac t  on  r m t o c h o n d n a l  Ca  2+ t r anspor t  The  
close cor re la t ton  dhis t ra tes  t h a t  only  one  t ranspor t  sys- 
tem m a y  be  thrcct ly  affected by  the changes  m the  hp td  
m e m b r a n e  a n d  the o ther  effect  m a y  b e  secondary  As 
the m e m b r a n e  potentaal  is the  mare  dr iving force for  
r m t o c h o n d n a l  C a  2+ up take  [23,29,30] a reduct ion  m the 
m e m b r a n e  potent ia l  to such  a degree as  seen in  our  
expenmen t s  is suff tc tem to ¢xplmn the n s ~  in the 
ambien t  free C a  2+ concen t ra t ion  i t t o c h o u d r t a l  C a  a+ 
efflux seen wi th  the higher  concen t ra t ions  of  lysophos-  
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phohpzds m the present study was conszdcr~bly faster 
than reported for the sodmm-dependent and so&urn-m- 
dependent Ca 2+ ¢fllux pathways [31] Lysophosphohp- 
td-tnduced Ca z" release may thus revolve a reverse 
Ca 2÷ umport, as suggested for uncoupler-reduced Ca ~÷ 
release [32] ]nhtbltton of 4SCa2+ uptake through the 
|ysophosphohpJds also supports this conclnston How- 
ever, lysophosphohplds do not exert deletenous or lrre- 
verstble effects on nutochondna m our expmaments 
The lowering, ~ f the matochoudrLaI membrane potenual 
ss hnmed (Fxg. 5) and the effects on Ca 2+ transport are 
spontaneously reversible, probably m parallel to meta- 
bohc degradatton m parUcular during prolonged m- 
cubatmn (Fig lb) The tmehanged ablhty of spcrrmn¢ 
to decreas¢ the free Ca :+ concentration by actavataon of 
Ca 2+ uptake (Fig lb~ indicates that the rmtochondna 
return to a gully eaergtzed state 

Wdh resard to the physmloglcat relevance, lysophos- 
phohplds may be generaled by mtracellular PLA z m 
sufftczcnt amounts to ehcfl effects such as descnbcd 
above, when assunung that during a short meubataon 
p=nod of 30 s only a frcK.tton of th¢:~¢" a g c n l s  Is  tncol'- 
porated into the rmtochondnal membranes The effects 
of lysophosphohplds are seen m freshly isolated 
nutochondna vathout addltwnat Ca 2÷ loadmg (Fig. 2) 
The Ca 2÷ content of our freshly zsolated rnllochondna 
zs well w=thm the range reported for m sltu rmtochondna 
by other m,~cstzgators [33,34.] in conjnncUon v.,tth the 
hypothesis that acttwty of matochondnal PLA2 on the 
phosphohplds of the mner nutochondnal membrane is 
dependent on the frc¢ mtranutochondnat Ca '*  con- 
ccntratlon [35], our data inchoate the existence of . 
feedback loop by wh..h rrato*.houdna Lould be enabled 
to miublt further Ca 2+ uptake or release Ca 2+ tf free 
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mtranutochondnal C a  2÷ concen t r a t i ons  wm-e to reach 
crmcal levels Changes in the Ca ~+ eoncentratton which 
can affect PLA 2 aettxaty may be brought about by 
tmt ta t ton  o f  stgnnl p a t h w a y s  sueh as the p h o s p h o m o s t -  
Ude cascade  [1,2], resul t ing m the  m o b d m a o o n  of  C a  2+ 
from the endoplasrmc retteulum 

The amounts of Ca ~+ released from the m, toehondna 
m our c~penments are compauble w,th a physiolog~- 
eal ly  relevant  role for  n u t o e h o n d n a  m the  r egu laUoa  of  
the cy top las rmc C a  2+ concen t r a t i on  [19,23,34,36], m 
a d d m o n  to ~ts ab th ty  to  con t ro l  the  m t t o c h o n d r m l  m a -  
trix Ca ~* concentration [30,33,371 rather than JUSt bmng 
a smk for Ca :+ [38] 

Aeknowledgmen~  

The  skalful technical  ass is tance of  M s  D L~schke 
a n d  M r  R A n d a g  is gra te fu l ly  a d m o w l o d g e d  S o m e  o f  
the results of  flus s tudy  were  o b t m n e d  d u n n g  me.dic.al 
thesis work  b y  J - K  G I g was  re~lplent  o f  a p o s t d o c -  
toral  research g ran t  b y  the  Deu t sche  F o r s c h u n g s g e m e m -  
schaf l  This  s tudy  was  s u p p o r t e d  b y  the D e u t s c h e  Fo r -  
s chungsgememschaf t ,  B o n n - B a d  G o d e s b e r g ,  F R G 

R e f e r r a l s  

I Bemdge, M J and [rvme, P,.F (1984) Nature 312, 315-321 
Pume2/ J W (1987) Treatds Pharmae.ol S<a 8, 481--48fi 

3 Nzshlzuka, ~t (1994) Nature ~Og 693-698 
4 Ganang, B R., Loonns, CIL, Hannur~ YA and Bell, I~M (1986) 

Proc Nail Ae.,ad ~ ,  USA 83, 1184--1388 
.5 Garcm-Gd, M arm Stragaman, R P 0986) .T immanol. 136, 

259-263 
6 Yamads, K., Okano, Y, Mmra, K and Nozawz~ Y (198~) ~',o- 

chem J 247 95-99 
7 Jdsema CL Axelr0d, J (1987) Proc Neff Ar.-ad ~a  USA 84, 

3623-.;627 
80kayasa,  T,  Ha.~gawa. K and Islubash, T 0987) J LzpM Kes 

28, 760-767 
9 Burgo~e~ R.D, Chock, T IZ, O'~lhvan, A (1983) Trends BIn- 

them .~I 12, S132-333 
10 Slotboom, A.J, Verh¢9+ H M and De Haas, G H (1982) m Phos- 

phohp~ds (Ha~home, J N and Ansdl, G B, e.ds ), pp 359-4M, 
Elsewer, Amsterdam 

11 W~te, M and Sts~on, P (1971) B,ochenustry 10, 2377-2383 
12 Nachbaur, J Colbmm, A rand Vtgmu~ PM (1972) Btochlm 

Blophy~ Acta 274, 426-446 
13 De Winter. J M, Lentmg, H B M, Neys, F W. Van den I~osch, H 

(1987) Bzoe.hmz Btophys Acta 917, 369-177 
14 Ambudkar, IS, Abdallah, ES and Shamoo AE {1988) Mol 

Cell Biochem 79, 81-89 
15 B.u.slenbe~k, i and Lanz~n, S (19~9) Naunyn-Schrmed0bergs Arch 

Pharma~o] 339. 37-41 
16 Leazen, S and Pant*n, U (1985) Anal Bmchem 149 301-30g 
17 Lcn~n+ S,  Schrmdt, W a~d Pant*n. U (1985) J Bv~l Chm'a 7.60, 

1262cL12634 
18 Backer, G L,  Fiskum, G and Lehmng¢r, A. (1980) J Bzol Chcm 

255, 9009-9012. 
19 ~ S, l'Izck¢thlcr R aD.d Pant¢t~, U (1986) J lhol Chem 

261, 16478-16483 
20 McKmght, G S 0977)Anal Btoc~m 7~, 80-92 
21 ~ S and Mten~ U (1983) Anal Btochem 134, 56-59 
22 Kamo N~ Mttratsugu, M,  Hongoh, R and Katatake, Y (1979) J 

Membr Bml 49, 105-121 
23 A.kuman, KEO and Nlcholls, DG {1983) Rev Phy$,ol Btu- 

ahem. Pharmao01 95, 149--201 
24 Moore C L (1971)BJ.OChem Blophy~. Rcs Coramum 42, 298-305 
25 Boggs, J'M (lq~4) m Membrane Ftm~tv (Kates, M and Man,on, 

L A,  eds ), pp 3-53, Plenum Press, New York 
26 Bosgs , J M  (198"/)Bloclum ~¢ophvs Acla 906, 353-404 
27 DaltOn, S,  Hughes, BP and Barntt, GJ (lUg4) Btochem J 224, 

423-4~0 
28 Ruslcnbcck, I and ~ ,  S (1989) B,oclum Biop~$ Acta 982, 

147-1:55 
29 ~ger, A.L, CarMoh, E, and Ros~, CS (1%7) Adv En- 

zymol 29, 259-320 
3t] Hansford, R G (1985)Ray Physlol Ba0dtOm Pharmacot 102, 

1-72 
31 P.tzzato, R ,  Bematdt, P, Favema, M and '~.one, G F 0987) 

Btochem. J P-A6, 271-2~7 
32 lgbavboa, U and PteJffer, D P.- 0988) I Btoi Chem 263, 

1405-M12 
33 McCormack, Z G and Denton, R M (1986) Trends B,~Eem ~ t  

l I ,  2.58-262 
M Jo~ph, S K,  Colt, K E, Cooper, ILH, Murks, J S and Wdham- 

son, J,R (1983)3 Btol (:hem 258, 781-741 
35 Lemtmg+ H B M, Neys, F W and Van den Bosch, H (1988) 

BIOOMm. Btophys Aeta 961,129-138 
36 Crompton, M (1987) L-'m'r Top Membr Transp 25, 231-176 
37 M ~ r m a c k ,  t (3 (1995)Btoehem J 231,581-.595 
38 Cuafoh, E (1987)Anne Rev Ihoehem 56, 395-433 


