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The translocation rate of [laClphosphatidylcholine to the outer membrane leaflet of human erythrocytes after its 
primary synthesis from lysophosphatidylchollne by acylatlon with 14C-labeled olele or palmific aeld in the inner leaflet 
has been measured by following the time-dependent increase of cleavability of t4C-labeled phospholiplds by external 
phnspholipase A z (5 rain, 37°C) .  Immediately after a short acylation time period of 10 rain abont 20% of the newly 
synthesized ['4C]phnsphetidylcholine are already delectable in the outer leaflet. After an incubation of 1 h at 3 7 ° C  
following 10 min of acylation the fractions of labeled and native phosphafidykholine accessible to the lipnse are 
identical, which demonstrates that ll4Clphesphatidylchaline has attained the same asymmetric distribution as its 
endogenous analogue. The calculated halftlme of the outward translocatinn is about 20 min and its activation energy is 
low, 30 k J / m o l .  Translocation is inhibited by a 5 rain treatment with phenylglyoxal following acylation. A fast 
trans|ocation is not observed for newly synthesized phosphatidylethanolamine. Results suggest a selective, protein-recall- 
ated outward transhiceation of newly synthesized phosphatidylcheline. 

Introduction 

Phospholipid remodelling in the human erythrocyte 
[1-10] has been demonstrated to occur by two mecha- 
hisms. One, the exchange of phospholipids, essentially 
phosphatidyleholine, between plasma lipoproteins and 
the outer membrane leaflet of the erythrocytc [11-13]. 
Two, the incorporation of fatty acids into phospholipids 
[3-5]. Plasma albumin bound fatty acids rapidly distrib- 
ute into the outer membrane leaflet followed by a very 
fast translocation to the inner leaflet with a halftime of 
< 15 s [14]. At  the inner membrane surface these fatty 
acids are transformed into aeyI-CoA by an ATP-depcn- 
dent (AMP producing) enzymatic process [15-181. These 
activated fatty acids are then coupled to lysophospho- 
lipids by esterilication (acylalion). The phosphatidyl- 
choline synthesized in this way is translocated to the 
outer leaflet [18 21]. There is evidence that in rat 
eE~throcytes the outward translocatioa of newly synthe- 
sized unsaturated phosphatidylcholine species is fast 
[201 as compared to the inward translocation of phos- 
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phatidylcholine species inserted into the membrane 
122,23]. 

The present study aimed to investigate the process 
and mechanism of translocation of newly synthesized 
phosphatidylcholine to the outer membrane leaflet in 
human erythrocytes. 

Materials and Methods 

Fresh human blood antieoagalated with citrate was 
obtained from the local blood bank and was used 
within 5 days. Erythrocytcs were isolated by centrifuga- 
tion, the buffy coat carefully removed and the cells 
washed three times with 154 mmol 1 ~ NaCI. 

1-[l~C]Oleie acid, 1-[14C]palmitie acid, 1-[laC]oleoyl - 
lysophosphatidylcholine and 1-[14C]oleoyI-CoA (spec. 
act. 2 G B q / m m o l )  were purchased from Amersham- 
Buchler (Braunschweig), bovine serum albumin (essen- 
tially fatty free) was from Pacsel (Frankfurt), Oextran 4 
was from Serva (Mannheim) and phenylglyoxal was 
from Sigma (Deisenhofen). 

Media (pH = Z 4) used for  incubation 

Medium A contained (retool 1-1): KCI (90), NaCI 
(45), N a z H P O 4 / N a H 2 P O  a (12.5) and sucrose (44). 



236 

Medium D contained (mmol I ~): KCI (90), NaC1 
(45l. Hepes (10) and Dextran 4 (40). 

Incorporation of t4C-labeled fatty acids into phospholipid 
Variable amounts of a stock solution of 14C-labeled 

oleic or palmitic acid in ethanol were evaporated in a 
vial under a stream of N 2 and 500 tLl of an erythrocyte 
suspension (hematocrit 10%) was added. After an in- 
cubation at 22°C for 5 rain under shaking the suspen- 
sion was transferred to a new vial. Following centrifug~Z- 
tion the cells were resuspended in 450 ttl of Medium A 
containing 5 mmol 1-i glucose and incubated at 37 ° C. 
At increasing time intervals 50-#1 aliquots of the sus- 
pension were mixed with 400 /tl of medium A and 
200-pl aliquots were then transferred to new vials. After 
centrifugation cells were treated (2 rain, 0 °C)  three 
times with 400 #1 of medium A containing 1.5% al- 
bumin to remove unesterified fatty acids from the cells 
and to determine esterified fatty acid. The cells were 
pelleted, washed three times with Medium A and herno- 
lyzed with 220 btl HzO. The radioactivity in the hemo- 
lysate was then measured by liquid scintillation count- 
ing. From the radioactivity in the sample and the specific 
radioactivity of the fatty acid the amount of esterified 
[14Clfatty acid (nmol per ml of packed cells) was calcu- 
lated. 

Lipid extraction procedures 
Following incubation of cells with ~4C-labeled fatty 

acid aliquots containing 50-100 #l of cells were treated 
three or four times with 1 mi of medium A containing 
1.57o albumin, and washed three times with Medium A. 
After hemolysing the erythrocytes by mixing with H20  
(1 : 1) lipids were extracted with isopropanol /  
chloroform according to Ref. 24. Alternatively, lipids 
were extracted from the intact cells by mixing of 1 re1. 
packed cells with 11 vols. of isopropanol followed by 7 
vols. of chloroform. In order to detect acyl-CoA the 
lipid extraction was carried out by mixing (30 rain) 
packed intact cells with 5 vols. of 0.5 reel 1-1 NHaOH 
in methanol (prepared by mixing 1 mol I I solutions of 
NH2OH-HCI  and KOH in methanol). This treatment 
transforms acyl-CoA into acylhydroxamic acid [25-27]. 
Following mixing with 5 vols. of chloroform (20 rain) 
the extract was centrifuged and a clear brown-red col- 
oured supernatant was obtained. To quantify the yield 
of extractable radioactivity 10-/0 samples of the extracts 
were counted for radioactivity and this radioactivity 
was then related to the total radioactivity in the e~thro- 
cytes (dpm/ml cells) determined directly without 
proceeding lipid extraction. 

Thin-layer chromatographic procedures 
Lipids were separated by thin-layer chromatography 

on silica gel 60 plates (Art. 5715 Merck, Darmstadt) 
using a solvent mixture of tr iethanolamine/ethanol/  

chloroform/water (35 : 34 : 30 : 6, V/Vl. Alternatively, to 
obtain a better separation of phosphatidylethanolamine 
and acylhydroxamic acids a solvent mixture of 
35 : 34 : 32 : 4 was used. The distribution of radioactivity 
among the various spots was quantified with a thin-layer 
chromatographic scanner (TLC-linear analyzer, Bert- 
hold, Wildbad). From the fraction of radioactivity in a 
certain spot, the radioactivity in the lipid extract and 
the14 specific radioactivity of the fatty actd" the amount of 

C-labeled l ipid/ml of packed cells was calculated. 

Measurement of 14C_labele d phospholipids translocated to 
the outer membrane leaflet 

After incubation of cells with ~4C-labeled fatty acid 
the unesterified fatty acid was removed from the cells 
by three or four treatments with medium A containing 
1.5% albumin. Cells were then washed three times with 
medium A (0 o C), resuspended in medium D containing 
Dextran 4 and incubated at 37°C  (heroatoerit 10%). At 
different time intervals 1-ml aliqouts of the suspension 
were mixed with Medium D containing Ca z+ and Mg z+ 
(0.25 mmol 1-1 final concentration) and treated for 5 
min with bee venom phospholipase A 2 (10 LLI./ml of 
cells). The enzymatic activity was terminated by the 
addition of EDTA (1 mmol 1-1 final c~oeentration) and 
the cells were isolated by centrifugation. The fraction of 
phosphatidylchohne translocated to the outer mem- 
brane leaflet was determined by two different proce- 
dures. 

(a) Chromatographic procedure. Lipids were extracted 
from the intact eells by isopropanol/chloroform. After 
thin-layer chromatographic separation of lipids the de- 
crease of radioactivity in the phosphatidylcholine frac- 
tion and the increase of radioactivity in the fatty acid 
fraction caused by the action of the phospholipase were 
quantified. From these data the amounts of cleaved 
phospholipids were calculated. 

(b) albumin extraction procedure. Cells were resus- 
pended in Medium D containing 1.5% albumin to ex- 
tract [14C]oleic acid released by the lipase from 14C- 
labeled phosphatidylcholine in the outer membrane 
leaflet. From the albumin-extractable radioactivity and 
the specific radioactivity of 14C-labeled fatty acid, the 
amount of t4C-labeled phosphatidylcholioe in the outer 
membrane leaflet was calculated. 

Results and Interpretation 

In preliminary experiments [28] it was established 
that already after a 60 min incubation of intact cells 
with 14C-labeled oloic acid 25% of the newly synthetized 
[t4C]phosphatidyleholine could be cleaved by phospho- 
lipase A2, which is evidence for translocation of the 
phospholipid to the outer membrane leaflet [29,30] fol- 
lowing its formation at the inner membrane surface. 
Since the phospholipase treatment of erythrocytes was 



restricted to 5 rain and such a treatment is known to 
inhibit translocation of newly synthesized phosphatidyl- 
choline [28] a possible translocation of phosphatidyi- 
choline during the incubation with the phospholipase 
was limited. When this lipase treatment was done in 
Dextran 4 (see Methods), which has a stimulating effect 
on bee venom phospholipase A 2 [31]. the lipase cleaved 
up to 53% of the native phosphatidylcholine under our 
experimental conditions. This is comparable to the frac- 
tion cleavable by a 1 h exposure to the lipase in salt 
media in the absence of Dextran 4 [30] and represents 
70% of the fraction of this phospholipid thought to be 
present in the outer membrane leaflet [29]. In order to 
limit the outward transloeation of newly synthesized 
phosphatidylcholine during the acylation period, it 
seemed desirable to keep this period as short as possi- 
ble, in order to minimize the fraction of phosphatidyl- 
choline already translocated at the start of the translo- 
cation measurement. Prior to the translocation studies 
we thexeforc investigated the consequences of such a 
restriction of the acylation phase for the yield of labeled 
phosphatidylcholine. 

Yields of labeled phosphatidyleholine obtained by short 
incubations of cells with mC-labeled fatty acids (a£ylaf: 

Insertion of t4C-labeled fatty acids into the mem- 
brane of human erythrocytes (2-100 nmol/ml cells) 
results in a time-dependent increase of radioactivity not 
removable by albumin [14,27] due to the incorporation 
of HC-laheled fatty acids into phospholipids. Albumin 
has been shown to remove essentially all of the unesteri- 
fled fatty acids from both inr.~.," and outer membrane 
leaflet, since flip-flop of fatty acids between the leaflets 
is a very fast process [14,32]. About 90% of the radioac- 
tivity not removable by albumin can be extracted from 
the hcmolyzed cells by isopropanol/chloroform (data 
not shown) using the Rose and Oklander procedure 
[24,33,34]. As expected, chromatograms of these ex- 
tracts demonstrated that labeled oleie acid had become 
incorporated into phosphatidylcholine and to a lesser 
extent into phosphatidylethanolamine (see also Refs. 14, 
18, 27, 28 and 35). Unexpectedly, the radiochromato- 
grams also demonstrated the presence of considerable 
amounts of unesterified fatty acids in these extracts 
(Fig. 1) after short acylarion periods. This fraction of 
unesterified fatty acid decreased with increasing acyla- 
tion times in parallel with an increase of the fraction of 
labeled phospholipid (Fig. 1). 

Data obtained by a comparison of different lipid 
extraction procedures support the view that these unes- 
terified fatty acids arise from a hydrolysis of acyl-CoA 
thioesters during the lipid extraction procedure. The 
procedures appfied comprised: 

(A) The original Rose and Oklander extraction of 
lysed cells [24]. 

(B) The Rose and Oklander extraction of intact cells. 
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Fig I. Extractability cif labeled lipids (in • of total cellular radioactiv- 
ity) from erythrocytes following incubation with [14C}oleic acid. 
Erydir~ytes were incubated with [laCluleic acid at 3"/~C for the time 
p~iod.~ given on the abscissa and then treated with albumin to 
remove uncs~crificd fatty acids. Subsequently. ceils were hemolyzed 
and lipids extracted by isopropanol/chhimform using the procedure 
of Rose and Oklander [24]. The per~ntages of extractable radioactiv- 
ity present ~ an°st°rifled fatty acid (o) and phosphnlipid (o) were 
determined. Mean values (±S.D.) of 2-9 experiments. The 100~ 
values were derived from the total radioactivity in the cells prior to 

lipid ~to~iom 

(C) The extraction of intact cells by hydroxylamine/ 
methanol/chloroform. 

This latter procedure has been used to estimate 
[16,23-27] acyl thioesters [15 17,27] which are not de- 
tectable by procedures A and B. Transformation of the 
thiocstcrs into apolar N-acylhydroxamic acids by hy- 
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Fig. 2. Balance sheet of 14C-labeled liplds extracted from erytbeocytcs 
according to direc different methods. In all three cam erythrocytes 
wen pulse-labeled [or I0 rain with [t4C]olsic acid (37°C ") and un~- 
terified fatty acid removed by albumin. Lipid extracts ~ c  then 
preparc6 from bemolyzcd (A) or intact (B) cells by isopropanol/chlc- 
roform, or from intact calls by hydr~xylamine/medianol/chMrofo~ 
(C). The distribution of radioactivity amoung different lipid fractions 
was determined by thin-layer chromatography and subsequent radio- 
chromatogram scantxi,'lg. Amounts of extractable radioactivity con- 
rained in the various lipid fractions and amounts of unextractable 
radioactivity were reJatcd to the total amount of radioactivity in the 

cells (Mean va l~  of four experiments). 
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droxylamine (NH~OH) in methanol makes them extrac- 
table [25-27,32,35]. 

The differences and similarities of the three extrac- 
tion methods are exemplified in the balance sheets in 
Fig. 2. After 10 rain of acylation the recovery of labeled 
phospho!ipid is the same in all three extraction proce- 
dures, although the total r,:covery of radioactivity is 
much smaller in B than in A and C (Fig. 2). Moreover, 
the total recovery of labeled unesterified fatty acid and 
N-acylhydrox,qmic acid is about the same in A and C, 
while in B it is much smaller, due to the inextractability 
of acyl-CoA. This constellation of data suggests hydrol- 
ysis of acyl-CoA during extraction according to proce- 
dures A and C. In line with this notion, hydrolysis of 
exogenously added [14C]oleoyI-CoA is obscrvcd when 
intact cells are directly extracted with hydroxylamine/  
methanol followed by chloroform (data not shown). 

From all these studies it follows that a shortening of 
the acylation period in the translocation studies is 
limited by the low yield of labeled phosphatidylcholine 
and by the accumulation of labeled precursors in the 
early phase of acylation. These labeled precursors could 
progressively label phosphatidylcholinc during the 
translocation measurement. 

Transloeation of newly synthetized pho.sphatidylcholfne to 
the outer membrane leaflet 

AS a compromise between minimal outward translo- 
cation of labeled phosphatidylchnline during the acyla- 
finn period and maximal phosphatidylcholine labeling 
an acy]ation period of l 0  rain was choosen for translo- 
cation studies. Surprisingly, even after these 10 rain of 
acylation with [t4Cloleic acid, i.e. a pulse-labeling, a 
considerable fraction of at least 15% of 14C-labeled 
phosphatidylcholine was cleavable by a 5 rain treatment 
with phospholipase A2, as could be shown by thin-layer 
chromatography of the lipids extracted by isopropano]/  
chloroform from intact cells. This cleavable fraction 
must have been translocated to the outer leaflet during 
the 10 min acylation period. 

Incubation of the cells following removal of the 
labeled unesterified oleic acid by albumin after the 10 
min acylation period results in a fast increase of the 
amount of phosphatidylcholine (nmo l / ml  cells) cleava- 
ble by the lipase, up to a saturating value reached after 
60 min of incubation [Fig. 3). The cleavable amounts 
determined by the chromatographic procedure in three 
experiments correspond to 50 55% of the total amount 
of phosphatidylcholine labeled with oleic acid during 
the acylation period. Interestingly, the same percentage 
of the total native phosphatidylcholine is also cleaved 
by the lipase under these conditions (up to 53%, data 
not shown). Thus, newly formed [t4C]phosphatidyl. 
choline seems to have reached the same asymmetric 
distribution as its native unlabeled analogue. From Fig. 
3 a half time for translocation at 3 7 ° C  of 20 rain can be 
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Fig. 3. Time-dependent I:anslocatlon of newly synthesized llqC]phos . 
phatidyJcholine from the inner to the outer membrane leaflet. 
Erythroeylcs were pulse-labeled (10 rain, 37°C) with [~4C]oleic acid 
in the absence (o. z~) or presence (D) of a S-fold excess of non-labeled 
palmilic acid. Unesterified fatty '~eids were then removed by albumin. 
The time-dependent increase of Ihe amount or [14CIphosphatidyl- 
choline (nmol/ml cells) transfcrrc.d to the outside was then measured 
hy following the increase of the accessibility of the labeled phosph~ 
lipid towards phosphollpase A z as analyzed by the chromatographic 

(O, [3) or the albumin extraction prOCedure (A). 

derived. Since the fraction of labeled phosphatidyl- 
choline already translocated during the acylation (10 
min, 3 7 ° C)  and washing (10 rain, 0 ° C )  procedures was 
not included in this estimate, the real half-time will be 
even smaller. 

The selectivity of phosphatidylcholine labeling by 
[14C]oleie acid is improved when acylation occurs in the 
presence of an excess of non-labeled palndti¢ acid, 
which reduces incorporation of olcic acid into phospha- 
tidylethanolanfine [28]. In this case the rate of phospha- 
tidylcholine translocation is quite similar to that ob- 
tained after labeling with [Z4C]oleic acid alone. More- 
over, translocation rates determined by the chromato- 
graphic procedure and the albumin extraction proce- 
dure (s¢~ Methods) coincide (Fig. 3). 

Trallslocation of labeled phosphatidylethanolarnine 
was not  detectable in our experiments (data not  shown). 
This might be related to the low extent of labeling of 
phosphatidylethanolamine by [t4Cloleic acid. Therefore., 
experiments were designed to improve the extent of 
phosphatidylethanolamine labeling. When [~4C]palmitic 
acid is used to acylate phospholipids, phosphatidyl- 
ethanolamine is labeled to a considerably higher extent 
[28[. Even at this higher extent of labeling, however, no  
evidence for a time-dependent increase of the cleavable 
fraction of phosphatidylethanolamine could be obtained 
(data not shown), although a fast increase of the cleava- 
ble fraction of phosphatidylcholine was again observed. 

The fast outward transloeation of newly synthetizcd 
phosphatidylcholine is distinctly different from the slow 



inward transloeation I l l~ 2 -- 3 26 h) of exogenously ad- 
ded membrane-inserted phosphafidylcht~line [22.23]. 
This indicates a mediated process of outward translnca- 
tion of newly synthesized phosphatidylcholine, a view 
supported by the surprisingly low temperature depen- 
dence of this transhication (Fig. 4), from which an 
activation energy of 30 k J / too l  can be derived. Inward 
translocation of phosphatidyleholine has an apparent 
activation energy of 55 k J / ree l  [36]. 

To  provide more evidence for a mediated transloca- 
tion, effects of chemical modification of membrane 
protein SH-groups  by N-ethylmaleimide and of 
guanidino groups of argioino hy phenylglyoxM [37] as 
well as the influence of the ATPase inhibitor vanadate 
[38] on the translocation were investigated. The pres- 
ence of N-ethylnaaleimide (2 mmol I -a l  during the 
transloeation measurement did not significantly affect 
the transloeation rate (data not shown). A treatment 
with the SH-reagent during the acylation period was not 
feasible in view of the inhibition of acylation by the 
reagent. Pretreatment of cells with vanadate (0.5 mmol 
I t) dur ing acylation or its presence during transloca- 
tion did not affect the translocation rate (data not 
shown). However, a 5 rain treatment of cells with 20 
mmol 1 t phenylglyoxal (37*C) after the acylation 
period, followed by removal of the reagent by washing 
prodoeed a considerable inhibition of phosphatidyt- 
choline transloeation (Fig. 5). Exposure to phenyl- 
glyoxal during the aeylation period inhibited the forma- 
tion or  labeled phospholipid (data not shown). Under 
our experimental conditions phenylgiyoxal treatment 
does neither affect phospholipase activity nor the in- 
ward translocation of lysophosphatidylcholine and 

12 ,'., 3'.s ,ooo, r 

Fig. 4, Temperature dependence of Ih¢ outward translccalion of 
{14C]phosphatidyloho{ine, Afler pu{s~laRlin a wtlth ['4C{o{¢i¢ acid for 
I0 lain etythre~ytes were treated with a{bumin, incubated at differ~t 
lemperalui'es and the r~',te of lranstacalion (k, rain -I ) ot phospha- 
tidyicho{ine to tile outer membrane leaflet measu~d as the !~reenlage 
of labeled pllo~phafidylcholin¢ cleavable lla~led fatty acid relea~A~cJl 
by pbospho{ipase cleavage) related to total labeled lipid. Mean values 

( _+ S.D) from 3-5 experiments. 
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Fig. 5 Inhibition of the outward translocation of newly synth~izcd 
phosph~idylcholine by phenylglyoxal. After pulse-labeling with 
I'~C]oleic acid for i0 rain and treatmenl with albumin erythrocytes 
wer~ exposed Iu phenylglyoxal (5 rain. 20 mmol I ', 37°C) followed 
by washing (O°C) with medium A containing albumin (2×) and 
medium A {2× ). q'he transient]on of ph~spbat~dvleholine ~o ihe 
outer membrane leallet was Ihen measured at 37°C. Results represent 
mean valu~ ( ± S.l~) of five experiments war phenylgl)~xal (o) and 

four experiments in the absence of pbenylglyoxal (A). 

phosphatidylcholine (Schimmack and Haest, unpub- 
lished data). 

D i s c u s s i o n  

In the prcseiat study the translocation of phospha- 
tidylcholine to the outer membrane surface of human 
erythrocytes after its synthesis from lysophosphatidyl- 
choline and palmitic or oleie acid at the inner rnem-- 
brahe surface is shown to be a fast process with a 
halftime of 20 rain or less. Translocation is inhibitable: 
by the argmine reagent phenylglyoxal and has a surpris. 
ingly low temperature dependence. The present results 
on human erythroeytes gelleralize the original evidence 
for e fast translocation of  newly synthesized un- 
saturated phosphatidylcholine species in rat erythro- 
cytes [20]. In this original study a quantification of the 
halftime of translocation was not  possible due to the 
long incubation periods used for aeylation and 
phospholipase treatment. The outward translocation rate 
reported here is at least 10-fold higher than the rates of 
inward and outward translocation of spin-labeled pros ,  
phatidylcholine analogs [23] or of the inward transloca- 
tion of t¢C-labeled phosphatidyleholines [22]. In view of 
the slow inward translocation of these phosphati- 
dylcholines and the fast outward translocation of newl3' 
synthesized phosphatidylcholine it might  be expected 
that the newly synthesized phospholipid would tran- 
siently distribute more asymmetric than its native ana- 
logue. This was not observed. 
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H i g h  rates have  previously been  r epo r t ed  for  the  
selective, media ted  i nward  t rans loca t ion  of  p h o s p h a -  
l i dy l c thano lamine  a n d  phospha t idy l se r ine  in b lood  cells 
[3%40] a n d  f ibrohlas ts  [41], for the  non-select ive  i nward  
t rans loea t ion  of  phospho l ip ids  in the  endop l a smic  re- 
t i cu lum [42-44]  a n d  for the  ou twa rd  t r ans loea t ion  of  
newly  synthes ized p h o s p h a t i d y l e t h a n o l a m i n e  in  bac te r ia  
[45]. In  con t ras t  to the  t rans loea t ion  o f  phospho l ip id s  in  
the  endop la smic  re t i cu lum a n d  the  i nward  t r ans loea t ion  
of  p h o s p h a t i d y l e t h a n o l a m i n e  a n d  phospha t idy l se r ine  in  
erythrocytes  144.36] ou twa rd  t rans loca t ion  o f  newly  syn-  
thet ized phospha t idy l cho l ine  in  e ry throcytes  is no t  in- 
h ib i t ah le  by  N-e thy lma le imide  a n d  vanada te .  

The  fast o u t w a r d  t r ans loca t ion  of  newly syn thes ized  
phospha t idy lcho l ine  in e ry throcytes  is also selective. 
O u t w a r d  t rans loca t ion  of  newly  synthes ized p h o s p h a -  
t i dy le thaoo lamine  is no t  demons t r ab l e  d u r i n g  3 h o f  
incuba t ion .  S ince  p h o s p h a t i d y l e t h a n o l a m i n e  is a good  
subs t ra te  for bee v e n o m  phospho l ipase  [30,31] the  lack 
of  its cleavage indicates  a lack of  t rans loca t ion .  
N o t w i t h s t a n d i n g  the  p robab le  preferent ia l  s t a t iona ry  
o r i en t a t i on  of  14C-labeled p h o s p h a t i d y l e t h a n o l a m i n e  to  
the  i n n e r  m e m b r a n e  leaflet  s imi lar  to tha t  o f  its na t ive  
a n a l o g u e  ( i n s i d e / o u t s i d e  4 : 1 ,  ReL 29] a c leavage o f  
[14C]phospha t idy le thanolamine  shou ld  have  b e e n  detec-  
table,  in pa r t i cu la r  if  its o u t w a r d  t r ans loca t ion  were  as  
r ap id  as tha t  of  newly synthes ized  p h o p h a t i d y l e h o l i n e  
a n d  thus  faster  t h a n  the  i n w a r d  t r ansh ica t ion  o f  phos -  
p h a t i d y l e t h a n o l a m i n e  (ha l f t ime  1 h,  Ref .  46). Al te rna-  
tively, fo l lowing  its o u t w a r d  t r ans loea t ion ,  newly  
synthes ized  p h o s p h a t i d y l e t h a n o l a m i n e  cou ld  reside in a 
pool  tha t  is no t  accessible fo r  the  phospho l ipase .  

T h e  low ac t iva t ion  ene rgy  of  o u t w a r d  t r ans loca t ion  
of  newly  synthes ized p h o s p h a t i d y l e h o l i n e  is s imilar  t o  
tha t  for  the  med ia t ed  t r ans loea t ion  o f  a m i n o p h o s p h o l i -  
p ids  in  e ry throcytes ,  bu t  lower  t h a n  t h a t  o f  s imple  
t r ans loea t ion  of  p h o s p h a t i d y l c h o l i n e  [36], T h i s  low 
ac t iva t ion  ene rgy  m a y  be  t aken  as evidence  for  a p ro -  
t e in -med ia t ed  t rans loca t ion  of  newly  syn the t ized  p h o s -  
pha t idy lehol ine .  

I n  view of  the  fast  t r ans loca t ion  o f  newly  syn thes ized  
phos pha t i dy l cho l i ne  to  the  ou te r  m e m b r a n e  leaflet  i t  
m i g h t  be  expec ted  tha t  the  ex ten t  of  d e g r a d a t i o n  of  this  
phos pho l i p id  shou ld  increase u p o n  p r o l o n g a t i o n  of  the  
t r e a t m e n t  w i t h  the  phospho l ipa se  f r o m  5 to  60 rain.  
However ,  this  has  no t  been  observed  [18-21] .  T h e  dis- 
c repancy  is exp la ined  by  a n  i nh ib i t i on  o f  t r ans loca t ion  
by the  phospho l ipase  t r e a t m e n t  [28]. S ince  n o n - m e d i a -  
ted t rans loea t ion  of  phospha t idy l eho l ine  inser ted  in to  
the  e ry throey te  m e m b r a n e  is s low in b o t h  d i rec t ions  
[23], whereas  o u t w a r d  t r ans l0ca t ion  o f  newly  synthe-  
sized phospha t idy l eho l ine  is fast  it m a y  be  conc luded  

tha t  a t  least the  m a j o r  f rac t ion  of  newly  synthes ized  
phos pha t i dy l cho l i ne  resides in a pool  of  l ipid f r o m  
which  i t  is t rans loca ted  to  the  ou te r  m e m b r a n e  leaflet  
p r io r  to  delivery to  the  bulk  l ipid d o m a i n .  
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