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Release of vesicles from human red cell membranes was induced either by ATP-depletion or by incubation 
of the cells in presence of sonicated dimyristoylphosphatidylcholine (DMPC) vesicles. Vesicles released 
from ATP-depleted red cells but not the DMPC-induced vesicles contained degradation products of band 3 
protein. Furthermore, in ATP-depleted erythrocytes proteolytic breakdown products could be demonstrated 
that were not detected in cells incubated with DMPC. Proteolysis was neither significantly affected by the 
protease inhibitor N-a-tosyI-L-iysine chloromethyl ketone (TLCK) nor by other protease inhibitors tested in 
this study (diisopropyifluorophosphate, N-ethylmaleimide and phenylmethylsulfonyl fluoride). Both vesicula- 
tion processes were inhibited in a concentration dependent way by TLCK while other protease inhibitors did 
not significantly influence membrane vesiculation. Phase contrast microscopy showed that TLCK diminished 
the DMPC-induced formation of echinocytes which is known to precede vesicle release. These results 
suggest that the influence of TLCK on membrane vesiculation is not primarily due to inhibition of 
proteolysis but to a direct interaction of the inhibitor with the intrinsic domain of the erythrocyte membrane. 

Introduction 

Human red blood cells have been shown to 
release membrane vesicles under a variety of con- 
ditlons [1-6] such as ATP-depletlon or incubation 
of the cells in presence of dimyrlstoylphosphati- 
dylcholine (DMPC) [1,6]. Generally, a shape 
change from discocytes to echinocytes and 
spheroechlnocytes [7] is observed prior to vesicle 
release. The released structures contain all major 
t ransmembrane proteins to various extents but are 
usually devoid of spectnn [1-6,8]. The four major 
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membrane phospholipid species are present in a 
similar quantitative distribution as in the red cell 
membrane.  In membrane vesicles released from 
ATP-depleted red cells several low molecular 
weight bands are observed by sodium dodecyl 
sulfate polyacrylamide gel electrophoresis analysis 
that are usually not found in erythrocyte mem- 
branes and have to be consxdered as proteolytic 
breakdown products  of membrane  proteins 
[1,2,9-11]. 

Although the biochemical changes that occur 
during ATP-depletion of human red blood cells 
[12-17] have been &scussed in some detail, the 
mechanism by which vesicles are finally released 
remains unknown. As previously suggested [18,19] 
veslculatlon processes may have to some extent a 
common mechanism which involves as the final 
step a membrane fusion event. 

Membrane fusion has been described to be 

0005-2736/87/$03 50 © 1987 Elsevier Soence Pubhshers B V (B1omedtcal Division) 



260 

mediated by changes in the organization of the 
hpld and protein components of membrane struc- 
tures [20,21]. Recently, it has been proposed that 
proteolytic fragments of proteins are able to pro- 
mote membrane fusmn [22]. In line with this hy- 
pothesis it has been reported that chlorpromazme- 
induced fusion of erythrocytes and the assocmted 
proteolytic breakdown of the the membrane pro- 
tein ankyrin were significantly impeded by the 
protease inhibitor N-a-tosyl-L-lysine chloromethyl 
ketone [23]. 

It is therefore reasonable to assume that fuso- 
genlc proteolytic fragments may also be of impor- 
tance in the modulation of vesicle release from red 
blood cells. The present communication describes 
the effect of various protease inhibitors on red cell 
veslculation, triggered by two different methods, 
ATP-depletion and incubation with DMPC. 

Materials and Methods 

Biological materml Fresh human blood samples 
from healthy adult donors were obtained from the 
Central Blood Bank of the Swiss Red Cross. 
Erythrocytes were separated from plasma by 
centrifugation at 2500 rpm for 10 min at 4 °C  and 
washed three times with 10 mM Trls-HC1 (pH 7.4) 
containing 144 mM NaC1. In each step the buffy 
coat and supernatant were carefully removed. The 
rabbit anti-human erythrocyte membrane anti- 
body was obtained as immunoglobuhn fraction in 
0.1 M NaC1 and 15 mM NaN 3 (Code A 104) from 
Dako-Immunoglobuhns (Copenhagen, Denmark). 
Monoclonal mouse anti-human erythrocyte band 
3 protein antibody was obtained as a culture 
supernatant and was a kind gift of Professor C. 
Bron from the Department of Biochemistry, Uni- 
versity of Lausanne (Switzerland). Affinity pun- 
fled goat anti-mouse IgG horseradish peroxIdase- 
conjugate was from Bio-Rad Laboratories  
(Richmond, CA, U.S.A.). 

Reagents. Dimyr t s toy lphospha t ldy lcho l ine  
(DMPC) and bovine serum albumin were ob- 
tained from Sigma (St. Lores, MO, U.S.A.). 1,2- 
Dl[1-14C]myristoylphosphatxdylchohne and glyc- 
erol tri[9,10(n)-3H]oleate were supplied by Amers- 
ham Internatmnal (Amersham, U.K.). Emulsifier 
scmtdlator solution Lipotron was from Kontron 
Analytical (Ziinch, Switzerland). Penicillin was 

purchased from Novo Industn (Copenhagen, 
Denmark) and steptomycin-sulfate was from 
Grogg Pharmaceutical Products (Bern, Switzer- 
land). Agarose A was obtained from Pharmacla 
Fine Chemicals (Uppsala, Sweden). Nitrocellulose 
sheets (0.45 /~m) and all reagents for sodium 
dodecylsulfate polyacrylamlde gel electrophoresls 
were purchased from Blo-Rad Laboratories 
(Richmond, CA, U.S.A.). Boehrlnger Monotest for 
cholesterol determinations was obtained from 
Boehrlnger (Mannheim, F.R.G.). Reagents for 
protein determinations were from Pierce Chem- 
icals (Rockford, IL, U.S.A.). All other reagents 
were standard commercial products obtained 
either from Fluka AG (Buchs, Switzerland) or 
from Merck (Darmstadt, F.R.G.) and were of the 
highest purity available. 

Assays. Acetylchohnesterase activity was de- 
termined according to Ellman et al. [24]. Lxplds 
were extracted using the method of Rose and 
Oklander [25] and phospholipld phosphorus was 
determined according to Rouser [26]. Cholesterol 
was measured as described by Ott et al. [27]. 
Radioactivity was measured with a Kontron Be- 
tamatic II liquid scintillation counter. Protein was 
determined in microtiter plates using the bl- 
clnchontmc acid assay [28]. 

Ervthrocvte t, estculatlon. ATP-depletlon of 
erythrocytes and release of membrane vesicles was 
carried out as described by Lutz et al. [1]. Briefly, 
red cells (16% final hematocrit) were incubated at 
37 °C m a shaking waterbath in 10 mM Trls-HCl 
buffer (pH 7.4) containing 144 mM NaC1, and 
supplemented with 2.105 U/1 penlcdllne and 1 5 

105 U/1 streptomycine (referred to as incubation 
buffer). Glucose (11.1 mM), adenine (0.54 mM) 
and inosIne (12.7 mM) were added to the incuba- 
tion buffer in experiments, where ATP levels were 
maintained. Protease lnhibitors were added to the 
incubation mixtures from stock solutions in 
methanol (TLCK, 500 mM; phenylmethylsulfonyl 
fluoride, 500 mM), or lsopropanol (dnsopropyl- 
fluorophosphate, 50 mM), or buffer (N-ethyl- 
malelmide, 100 mM). The respective solvents were 
added to control samples in each experiment in 
order to exclude an effect of the solvent itself on 
the vesiculation process. At appropriate times, red 
cells were pelleted by centrifugation (2500 rpm, 5 
min., 4 °C) and vesicle release was monitored in 



the cell free supernatant. This was performed e~ther 
(as previously described [6]) by measuring 
acetylcholinesterase activity, or by phospholipld 
quantltation. For purification and concentration 
of vesicles, the supernatant was centrifuged at 
17000 rpm (22000 × gdv) for 12 min at 4 ° C  in the 
Centrikon T 2070 ultracentrifuge equipped w~th 
an 8 x 38 ml angle rotor. After prolonged incuba- 
tion the vesicle pellet was occasionally found to be 
overlaid with a fluffy layer of erythrocyte ghosts 
which was easdy removed by aspiration without 
noticeable loss of membrane vesicles [8,29]. The 
vesicle pellet was resuspended m 10 mM Trls-HC1 
buffer (pH 7.4) containing 144 mM NaC1, and 
was either used immediately for quantltat~on of 
phospholipld or frozen and stored at - 8 0  °C until 
analyzed. 

DMPC-induced release of vesicles was carried 
out as described previously [6,18,30]. Briefly, 
washed erythrocytes (8% final hematocrit) were 
incubated in presence of sonicated DMPC vesicles 
(0.5 m g / m l  final concentration) in incubation 
buffer containing 1 mM EDTA and supplemented 
wath glucose, adenine, mosme (as indicated above) 
at 30°C  m a shaking water bath. Vesicle release 
was monitored by measuring acetylchohnesterase 
activity in the cell free supernatant. At the end of 
the incubation periods, remaining red cells were 
washed twice with incubation buffer and im- 
mediately frozen ( - 80 ° C) 

To determine the rate of incorporation of 
DMPC into erythrocyte membranes,  trace amounts 
of [t4C]DMPC and glycerol tri[aH]oleate were 
added to the hpld dispersion before somcation, 
exactly as described before [18]. 

For  characterization of cell morphology,  
erythrocytes were fixed in 2.5% glutaraldehyde In 
0.03 M potassium phosphate buffer and subse- 
quently examined by phase contrast light mi- 
croscopy. 

Protein analyses. Red cells for electrophoresis 
were lysed m 10 volumes of cold 5 mM Tris-HC1 
(pH 7.4) and the membranes pelleted for 10 man 
at 12000 rpm in a Hettich Microliter centrifuge. 
The pellet was resuspended in the above buffer 
and recentrifuged. This was repeated twice and 
the pink membranes were immediately used for 
protein analysis. Electrophoresis was carried out 
m 8-18% acrylamide slab gels using the Laemmli 
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buffer system [31]. Unless otherwise indicated, 
70-80/~g  of protein were applied per lane. Elec- 
trophoresis followed by electroblotting was per- 
formed according to the method of Towbm et al. 
[32], using antibody concentration and staining 
procedures as described elsewhere [33]. 

Membrane  sohibilization and subsequent  
crossed immunoelectrophoresis were performed 
essentially according to Bjerrum and Bog-Hansen 
[34] as described before [33,35]. Erythrocyte 
vesicles were solubihzed by intermittent sonlcatIon 
for 2-5  seconds in 10 mM Trls-HC1 buffer (pH 
7.4) containing 144 mM NaC1 and 1% (w/v)  
Triton X-100. Unsolubllized material which 
accounted for less than 5% of the total membrane 
protein [35] was removed by centrifugation for 90 
min at 1 3 0 0 0 0 × g  and 4 ° C  in an MSE Super- 
speed 65 centrifuge eqmpped with a 10 × 10 ml 
titanium fixed angle rotor. Samples were used for 
crossed lmmunoelectrophoresis immediately after 
centrlfugat~on. Identification of proteins after 
crossed immunoelectrophoresis and electrotransfer 
to mtrocellulose membranes ('crossed ~mmuno- 
blotting') was carried out exactly as described 
before [33]. 

Results 

Protein analysis of vesicles is shown in Figs. 1 
and 2. Sodium dodecyl sulfate polyacrylarmde gel 
electrophoresis of vesicles obtained by ATP-deple- 
tion of human red blood cells for 48 h showed 
several bands in the region between band 3 pro- 
tein and band 5 (actin) and below band 6 (Fig. 
1A, lane 2; see also Refs. 1, 2, 9-11). These bands 
are not observed with native red cell membranes 
and are usually indicative for band 3 degradahon 
[36]. Electroblottmg revealed that several of these 
bands reacted with a monoclonal anti-erythrocyte 
band 3 antibody (Fig. 1B, lane 2). In crossed 
immunoelectrophoresls - used as a second method 
for protein analysis - an unidentified preopi ta te  
was observed when a polyclonal anti-erythrocyte 
membrane antibody (Fig. 2A, indicated by the 
arrow) was included in the system This precipi- 
tate was further characterized by 'crossed ~m- 
munoblott ing'  - a method winch allows identifica- 
t ion of i m m u n o p r e c i p i t a t e s  af ter  crossed 
immunoelectrophoresis and subsequent electro- 
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F~g 1 Protein analysis of released vesicles Membrane vesicles 
(approx 40 ~g of prote~n) obtained from red cells either by 
ATP-depletion (lanes 2) ol incubation with DMPC (lanes 3) 
were subjected to polyacrylamade gel electrophoresis and elec- 
troblottmg as described m Matenals and Methods After elec- 
trotransfer the nitrocellulose membranes were either stained 
immediately with amidoblack (panel A), or incubated with 
monoclonal anti-band 3 (panel B) antibodies and visualized 
wzth horseradish peroxidase-conjugate second antlbod~es. The 
control patters obtained with untreated cell membranes are 
shown m lanes 1 The gel was calibrated (lane M) with phos- 
phorylase b (M r 94000), bovine serum albumin (M r 67000), 
ovalbumin (M r 43000), carbamlc anhydrase (M r 30000), 
soybean trypsin intubxtor (M r 20100) and ~-lactalbumin (M r 

14400) 

b lo t t ing  [33] - and  was shown to be immunologi -  
cal re la ted to band  3 pro te in  (Fig. 2B). D M P C - i n -  
duced  vesicles on the o ther  hand,  showed signifi- 
can t ly  less degrada t ion  p roduc t s  in e lec t roblo t t ing  
analysis  (Fig.  1B, lane 3). By crossed immunoe-  
lec t rophores is  no proteolys ls  was detected (result  
not  shown; a crossed immunoelec t rophores i s  pa t -  
tern of D M P C - i n d u c e d  vesicles is shown in Ref. 
35). 

The  pa t t e rn  observed in po lyac ry lamide  gel 
e lec t rophores ls  of  r emnan t  cells is shown in Fig. 3. 
As  c o m p a r e d  to un t rea ted  control  cells (lanes a 
and  f) only manor differences were seen in the 

p ro te in  pa t t e rn  of erythrocytes  incubated  for 48 h 
with ma in ta ined  in t race l lu lar  A T P  levels ( lane b). 
Wi th  A T P - d e p l e t e d  cells a s ignif icant  number  of  
b r eakdown  produc ts  were observed ( lane c), and  a 

c ompa ra b l e  pa t t e rn  was observed when the in- 
cuba t ions  were carr ied  out  ei ther in the presence 
of  1 -5  m M  E G T A  or  0 .1 -10  m M  E D T A  (lane e). 
A similar  p ro te in  pa t t e rn  was also ob ta ined  when 
d l i sopropy l f luo rophospha te ,  pheny lmethy l su l fony l  
f luoride and N-e thy lmale imlde ,  respectwely,  were 
presen t  dur ing  Incubat ion.  Only  minor  differences 
in the degrada t ion  pa t t e rn  could  be detected when 
T L C K  was used as a p ro tease  inh ib i tor  ( lane d). 
The  r emnan t  cells ob ta ined  af ter  D M P C - i n d u c e d  
vesicula t lon revealed a s imilar  m e m b r a n e  pro te in  
pa t t e rn  as un t rea ted  ery throcytes  ( lane g) 

Al though  no clear inf luence of pro tease  inhibl-  
tors on the p ro te in  degrada t ion  was recognizable,  
there  was a r emarkab le  effect of T L C K  on the 

ves lcula t ion processes.  Vesicle release as a conse- 
quence of  ATP-dep le t lon  was s ignif icant ly re- 
duced  and the observed  effect was concen t ra t ion  
dependent .  Af te r  a total  incuba t ion  t ime of  48 
hours,  veslculat lon - de te rmined  with acetylcho-  
hnes terase  as marke r  - was inhib i ted  by  27 31% 
in presence of  1 m M  T L C K  and  by 40-45% in 
presence of 2 m M  T L C K .  When  phospho l ip ld  was 
used as marked  for vesicle release the cor respond-  
mg values were 30-34% and  37-42%, respect ively 
On the other  hand,  dnsopropy l f luo rophospha te ,  
pheny lmethy l su l fony l  f luonde ,  and  N-e thylmale l -  
mlde  had  no signif icant  effect. Vesicle release after  
48 h m absence  of  inhib i tor  was taken as 100% 
value. 

In  DMPC-xnduced  vesiculat lon,  T L C K  treat-  
men t  resulted in a s imilar  decrease  of vesiculat ion 
(Fig.  4) as in the case of ATP-dep le t lon ,  a l though 
no signif icant  proteolys is  could be observed af ter  
the relat ively short  incuba t ion  per iods  used. The 
presence of  2 m M  T L C K  decreased the vesicle 
release - measured  in terms of ace ty lchohnes terase  
[6] - by  46%, whereas 4 m M  T L C K  inhib i ted  
ves icula t ion by  80%. The vesiculat lon process  was 
slrmlarly inhib i ted  (by  68% and 84%, respectively)  
when T L C K  (4 m M  and 6 mM, respectively) was 
a d d e d  to red b lood  cells after 60 mln of incuba-  
t ion in presence of  D M P C  (Fig. 5A). On the o ther  
hand,  vesIculat ion was bare ly  Inhibi ted (by 18% 
and 23%, respectively,  when ery throcytes  were 
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F~g. 2. Protein analysis of released vesicles Membrane vesicles were obtained by ATP-depleuon of erythrocytes and subjected to 
crossed immunoelectrophoresis as descnbed m Materials and Methods (A) The prectpltates were stained and numbered according to 
Bjerrum and Bog-Hansen [34], with No. 16 representing band 3 protein, No 21 glycophorln, and No 6 originating from minor 
amounts of spectnn that are present in vesicles obtained by ATP-depletion [1,2,36] Precipitate No 19 represents a yet unidentified 
protein. The arrow indicates a precipitation arc that is not observed in ghosts or untreated red cells, nor m DMPC-mduced vesicles 
[36] (B) Proteins separated by crossed ]mmunoelectrophores]s were transferred to mtrocellulose membranes ('crossed immunoblot- 
tmg') and proteins lmmunologlcally related to band 3 protein were identified using monoclonal anti-band 3 anttbodles [34]. For 
details see Matenals and Methods. The procedure clearly identifies the precipitate in (A), mdlcated by the arrow, as being derived 

from band 3 protein 

a b c d e f g 

pretreated with T L C K  (4 mM and 6 mM, respec- 
twely) in incubation buffer for 40 min at 30 o C, 
subsequently washed with buffer and then m- 
cubated with a DMPC suspension that &d not 
contain T L C K  (Fig. 5B). DMPC-induced vesicula- 

Fig 3 Protein analysis of remnant red cell membranes. The 
control patterns obtained w~th untreated cell membranes are 
shown m lanes (a) and (f) Erythrocytes were incubated, washed 
and processed for polyacrylamlde gel electrophoresls as de- 
scribed m Matenals and Methods The pattern obtained from 
erythrocytes incubated for 48 h in presence of glucose, adenine. 
mosme, m order to maintain mtracellular ATP levels, is shown 
m lane b. The patterns obtained after ATP-depletion are 
shown m lanes c through e. The cells were incubated for 48 h 
as descnbed in Materials and Methods The incubations were 
carned out without protease mtubltor (c), or m presence of 2 
mM TLCK (d), or 1 mM EGTA (e). The pattern obtained 
from erythrocytes incubated for 5 h m presence of DMPC is 

shown m lane g 
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Fig 4 DMPC-mduced veslculat]on of human erythrocytes m 
the presence of TLCK. Red cells were incubated with som- 
cated suspens]ons of DMPC and release of membrane vesicles 
was followed by measunng acetylchohnesterase m the cell free 
~upernatant as described m Materials and Methods 
Acetylchohnesterase activity m the vesLcle fraction was 
expressed as % of total acUvlty m the suspension The total 
act=wty remained constant during the enbre incubation period 
TLCK was added at the begin of mcubauon m the concentra- 
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F,g 5 DMPC-mduced veslculaUon of human erythrocytes in 
the presence of TLCK Experimental condlUons were as 
described m Fig 4, except that m (A) TLCK (4 mM and 6 
mM, final concentraUon) was added to red cells after 60 
minutes of lncubauon (indicated by the arrow) In (B) red cells 
were premcubated wxth TLCK (4 mM and 6 mM, respecuvely) 
for 30 mm at 30°C  without DMPC The inhibitor was then 
removed by washing the red cells m 2 x 10 volumes of mcuba- 
Uon buffer, and mcubaUon of the cells was continued m the 
presence of somcated DMPC as described in Matenals and 

Methods 

u o n  w a s  n o t  a f f e c t e d  b y  50 ArM N - e t h y l m a l e l m l d e .  

P h a s e  c o n t r a s t  m i c r o s c o p y  s h o w e d  t h a t  T L C K  

h a d  a c l ea r  i n f l u e n c e  o n  t h e  s h a p e  o f  r e d  cel ls  

L 

Fig 6 Phase contrast hght microscopy of erythrocytes Red 
cells were incubated for 60 mm at 30°C  with somcated 
suspensions of DMPC m absence (A) or presence (B) of 4 mM 
TLCK (final concentration) or m absence of DMPC but with 4 
mM TLCK (C) and prepared for microscopy as described In 

Materials and Methods 

(F ig .  6). T h e  f o r m a t i o n  o f  e c h i n o c y t e s  a s  a c o n s e -  

q u e n c e  o f  a o n e  h o u r  i n c u b a t i o n  w i t h  D M P C  (F ig .  

6 A )  w a s  s i g n i f i c a n t l y  r e d u c e d  m p r e s e n c e  o f  4 m M  



TLCK (Fig. 6B). Furthermore, a significant 
stomatocyte formation was induced by TLCK in 
absence of DMPC. After one hour of incubation 
in presence of 4 mM TLCK, the counting of a 
total population of 350 cells showed 58% of 
stomatocytes (Fig. 6C) while no stomatocytosis 
could be observed in absence of TLCK. 

Discussion 

The results presented in this paper show that 
ATP-depletion of red blood cells results in a sag- 
niflcant formation of proteolytic breakdown prod- 
ucts (Figs. 1-3). By two different methods, poly- 
acrylamide gel electrophoresis and 'crossed lm- 
munoblotting' [33] proteolytic degradation prod- 
ucts were demonstrated in vesicles released from 
ATP-depleted erythrocytes as well as in the corre- 
sponding remnant cells. 

The mechanism by which such proteolysls may 
occur as a consequence of ATP-depletion is not 
yet elucidated. It should be noted that similar 
protein patterns have been described for erythro- 
cytes incubated with high concentrations of 
calcium [37-39]. While the calcium concentrations 
used for protease activation m those studies were 
much higher than what would be expected in 
ATP-depleted cells, it should be noted that much 
longer incubation periods were used in the present 
study. Such prolonged incubation may well be 
responsible for a slow activation of endogenous 
proteases [39-41]. In line with this notion, protein 
degradation was not detected in vesicles and re- 
mnant red cells after the relatively short incuba- 
tion for five hours in presence of DMPC (Fig. 1). 
Consequently, the generation of band 3 degrada- 
tion products and the changes in membrane pro- 
tein pattern are not a common feature of red cell 
vesiculation, but seem to be the consequence of 
ATP-depletion of erythrocytes combined with the 
long incubation periods of 48 h. 

TLCK showed similar effects on the extent of 
vesiculation in both systems investigated (Fig. 4), 
in spite of its failure to block proteolysis effec- 
tively, and in spite of the differences in membrane 
protein degradation observed between the two in- 
cubation procedures. Hence, it appears that mod- 
ulation of the vesiculation processes by TLCK is 
not primarily due to protection of membrane pro- 
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teins from proteolysls but to its d~rect interaction 
with the intrinsic domain of the erythrocyte mem- 
brane. The influence of TLCK on red cell shape 
(Fig 6) supports this idea and suggests that its 
primary action is the inhibition of echinocyte for- 
mation. In line with this interpretation are previ- 
ous reports which have shown that echinocyte 
shape change can be reversed by agents that pro- 
mote stomatocyte formation [42-44] and that some 
of these agents have recently been shown to in- 
hibit red cell vesiculatlon [45]. At present, how- 
ever, the possibility that TLCK also prevents pro- 
teolysls of some minor protein component - that 
is not detected in electrophoresls - cannot com- 
pletely be ruled out. 

A variety of membrane penetrating agents that 
are known to affect red cell shape and shape 
change have been shown to act via expansion of 
either outer or inner monolayer of red blood cell 
membranes thus leading to the formation of 
echinocytes (creators) and stomatocytes (cup 
formers) [42-44]. The cup formers are believed to 
partition into the inner leaflet of the membrane 
bilayer due to their positively charged headgroups 
[42-44]. Accordingly, it can be assumed that 
TLCK, due to the positively charged lysine re- 
sidue, will accumulate on the inner half of the red 
cell membrane and inhibit vesiculatlon by a simi- 
lar mechanism as amphiphlllc cationic drugs [45] 
An influence of TLCK on DMPC uptake into red 
blood cells [18,19] or on the extraction of mem- 
brane cholesterol - both prerequisites for DMPC- 
induced veslculation [19] - can be excluded since 
these processes are comparable in presence and 
absence of TLCK (results not shown). 

TLCK has been reported to be involved in 
regulation of erythrocyte shape [46,47] via an 
activation of the hexose monophosphate shunt. 
However, from the present study it appears that 
the inhibition of veslculation by TLCK is not 
dependent on an active glucose metabolism of the 
cell, since the inhibitor decreases vesiculatlon both 
of ATP-depleted cells that are Incubated for 48 h 
in absence of glucose and of DMPC-treated 
erythrocytes that are incubated for 5 h in presence 
of glucose. It seems unlikely that TLCK would 
affect ATP-depleted red cells in a similar way as 
metabolically active cells if its action were on a 
metabolic pathway. This interpretation is corrobo- 
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r a t e d  b y  two  f u r t h e r  o b s e r v a t i o n s .  F i r s t ,  D M P C -  

i n d u c e d  vesxcu la t lon  is r e d u c e d  to  a s i m i l a r  e x t e n t  

b y  T L C K  w h e n  r ed  cells  a re  i n c u b a t e d  in  p r e s e n c e  

of  t he  i n h i b i t o r  t h r o u g h o u t  t h e  e x p e r i m e n t ,  o r  

w h e n  the  i n h i b i t o r  is a d d e d  a f t e r  60 m l n  o f  

i n c u b a t i o n ,  i.e. o n l y  s h o r t l y  b e f o r e  t he  o n s e t  o f  

ves ic le  r e l ease  (Fig .  5). S e c o n d ,  a n  o n l y  m o d e r a t e  

i n f l u e n c e  o n  D M P C - i n d u c e d  v e s i c u l a t i o n  is 

o b s e r v e d  w h e n  r ed  cel ls  a re  p r e t r e a t e d  w i t h  T L C K  

a n d  s u b s e q u e n t l y  i n c u b a t e d  w i t h  D M P C  in a sus-  

p e n s t o n  d e v o i d  o f  i n h i b i t o r  (F ig .  5). I f  t he  i n h i b i -  

to r  w o u l d  ac t  m a n  t r r e v e r s l b l e  a n d  c o v a l e n t  m o d e  

o n  t he  h e x o s e  m o n o p h o s p h a t e  s h u n t  [46] j u s t  the  

o p p o s i t e  b e h a v i o r  w o u l d  b e  e x p e c t e d .  

Severa l  e f fec t s  o f  T L C K  o n  ce l l u l a r  p r o c e s s e s  

in  d i f f e r e n t  cel l  t ypes  h a v e  b e e n  d e s c r i b e d .  T h e s e  

i n c l u d e  t he  i n l ~ b l t l O n  of  c a l c i u m  i n d u c e d  ves l cu l a -  

t i o n  of  c h i c k e n  e r y t h r o c y t e s  [48] a n d  s u p p r e s s i o n  

o f  p r o t e i n  s e c r e t i o n  f r o m  l iver  cel ls  [49]. F u r t h e r -  

m o r e ,  the  s h a p e  o f  v i ru s  t r a n s f o r m e d  cells  h a s  

b e e n  r e p o r t e d  to b e  r e s t o r e d  b y  T L C K  [50,51] 

H o w e v e r ,  t he  m e c h a n i s m  of  a c t i o n  r e m a i n e d  

l a rge ly  u n e x p l a i n e d .  In  l igh t  of  o u r  s tudy ,  i t  is wel l  

p o s s i b l e  t h a t  T L C K  - b e s i d e s  b e i n g  a p r o t e a s e  

i n h i b i t o r  - ac t s  v ia  d i r e c t  i n t e r a c t t o n s  w i t h  the 
m t r l n s l c  d o m a i n  o f  t he  m e m b r a n e  s t r u c t u r e s  in -  

vo lved .  
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