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The ~ d ~ . ,  gd-..~tered p4~dets by ocl)1 gh~as i~  Tfic~m X-100, d o d ~ h ~ u e ,  and deoxycholate was 
from the ~ s B  d (!) cell lysis, (2) marker ~ ~mi (3) ~ s o ~ l ~ y .  These analyses all 

re~-eak~l t t ~  a~  effect of ~ , g e n t  ~ on tt~ s o h ~ h , ~ m  o~ ~ I~ ahe~ ~ ~ e x ~  m 

among p~de t s  in these ~texgents. (i) The r ~ o d  the ~ ~  conc~ama~n O~t ' )  to cHficeZ micegar 
(CMC) was about 1 / 2  for octyl g . h ~ d e ,  Trh~m X - I ~  and do~Jselfa~e,  while it was dose to I for 

deox~cha~e. (n-') Platelets .M ect~l glucoside, Triton X-1O0, and d e d e ~ l f a t e  all showed p a r a ~  curves in ce~ lysis, 
Wotein sddbilizafion and marker tea~kiness, wh~e the i~late~et b~s  in d e o ~ d ~ a t e  was ~ to the phospl~pid 

(u-~ The s d t ~ t )  cu~-es o[ vacuum cempene~ in Trit~m X-I~O and deox~-d~late were parallel. 
However, the s e ~ b ~ y  d ¢holastoro] in oclyl Oucoside was Iowe~ than that of protein and phaspholipkL In 
~ o d e c ~ a t e ,  the s d ~ a ~  of phosph~p~d a ~  ~ was ve~.- low in ~ ~ e~at d pr~dn. In 

o¢~1 ~h~eoshle ¢¢ Tu2~ X-100 mlght occur da ~ - a n e  m e a e ~  On th~ other hand. t h e ~  by 
dodecytsulfate or d.,ox~chdzte showed mmulmu~ v e s ~  Whir to call b~is. r f f ~ e n  ~n the Wel]aic stage, the 
m O X l ~  change ~. ~ e l e . ~  in eetyl g lucose  showed ~ ~ dependence by. ~eBing to an ellipsold 
aad t!~-a to a sp~ 'e .  ~ ,  the v ~ o g i c a l  ,-'|~eoeo in |danders in the e~er  ff~'ee deterge~_.ts was depe~ent nat 
ee~y on the de~ergeat e e ~ m ~ f i o n  but also en im~nged ~ Spe~u~.v,  in Tr~ea X-IO0, rite ce~s in~tiaUy 
changed to sl~eulate discs and tl~m reached thdr f ~ d  shape as swollen discs with sud~e  inw~'M-'~m. In dodecylsul- 
fate and deoxyeholate the meri~hek~icai changes were almost the s~me~ The eeB ~ defomu~l in shape to a 
spk'uhte disc m~l furry to a .~retched-out flat fenn. The results are d ~ s s e d  acenrding to the ~ y e r  enup~e 

Also, in the prel.vfie .,~ge, these detergents caused i n ~ t i a n  of the ~ o[ p h t e ~  to collagen and 
ADP-Werinogen. 

Detergents are useful for the extraction of membrane 
components and the reconstitufion of proteins into a 
defined liposome [1-7]. The choice of a suitable deter- 
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fion; MCPLC. m~nimum complete platelet-lyds concentration; S~o. 
the detergent cancentration required to solubili~,e 50~ of an indicated 
camponent 
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gent is nsually based on it~ abifity to preserve enzymatic 
activity. However, detergents are amphipathic in nature 
and can infdtrate into the membrane bilayer to interact 
with enzymes in the hydrophobic domain_ The ionic 
charge or nonionic nature of detergent, as well as the 
critical micellar concenlrat~on (CMC) are among the 
factors that can modify the detergent-enzyme interac- 
tions [8-11]. Hence, these factors have to be considered 
during membrane solubilization- 

The solubilizatinn of a membrane by a detergent is 
based on the conversion membrane bilayer to mixed 
micelles of detergent and membrane constituents. De- 
pending on the detergent concentration, the solubiliza- 
tion appears to occur in three stages [8,9]. The prelyfic 
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stage occurs at the concentration of the detergent which 
enables it m enter into the membrane without rupturing 
the bilayer structure. The lyric stage begins once the 
membrane saturation concentration has been reached. 
When all membrane constituents become mixed micelles, 
this marks the onset of complete cell-solubilization stage. 
It is conceivable that each stage of membrane solubili- 
zation by detergents will influence the functional activ- 
ity of the enzyme system. 

Based on lyotropic mesomorphism, the mode of 
detergent insertion has been classified into two types 
[8]. A type A detergent inserts into ;he membrane in its 
monomefic form. The hydropbobic moiety of the mole- 
cule is linear, such as is tim case with octyl glucoside, 
Triton X-100 and dodeeylsulfate. A type B detergent is 
incorporated in the membrane in an oligoraeric form. 
The hydropbobie nm~ety of such a molecule, e.g., de- 
oxycholam, is complk:ated. The type A detergents may 
cause membrane iysis ~ increasing brayer curvature 
[12], while the type B detergents may chop up the 
bilayer into small disc-like pieces [8]. in addition, these 
detergents behave differently in the sohibilization of 
membrane components [13-16]. 

Membrane-active agents can cause chang~ in plate- 
let membrane morphology, which include both the lipid 
brayer and the membrane skeleton [17-20]. The plate- 
lets in chloropromazine and lysophosphatidylcholine 
change morphologically to a sphere and spicalate sphere, 
respectively. The bilayer coupie hypothesis explains that 
this differential change in morphology is due to the 
different asymmetric distribution of these two solutes 
between the brayer leaflets [20]. Besides the membrane 
morphology, the platelet shape change also results from 
the reorganization of cytoplasnuc actin filament and 
mierotubule coil [21-27]. 

This study has analyzed the solubilization of human 
platelets by four kinds of detergent which are widely 
used in membrane solubilization [4--7]. The physical 
properties of these detergents are well characterized 
[8-11]. Dodecylsulfate is an ionic detergent (type A). 
Octyl glucoside and Triton X-100 are both non~onic 
detergents (type A), which have considerably diffele~t 
CMCs. Deoxycholate is a bile salt (type 13). The solu- 
bilization ~vas investigated by analyzing the cell lysis, 
marker leakiness, and solubility of membrane compo- 
nents. The results ind/eated that the solubilizafion of 
platelets by these detergents ooca~ in three stages. 3he 
platelet-saturation concentration (PSC) and the nuni- 
mum complete platelet-lysis concentration (MCPLC) 
were estimated. The fccmer is the detergent concentra- 
tion at which the conversion of the membrane to mixed 
micelles begins. The latter is the minimum detergent 
concentration required tor all of membrane components 
to become mixed micelles. In the prelytic stage, further 
studies '*:ere performed to measure the effect on cell 
morphology as revealed by scanning EM and by the 

agonist-stimulated response. These results showed that 
platelets in various detergents exhibited different com- 
ponent solubilization and morphological change. These 
detergents also inhibited the response of platelets to 
collagen and ADP-fibrinogen. 

Experimental Procedth-es 

Materials 
Chemicals, organic soh,ents, Triton X-IO0, sodium 

dodecylsulfate, sodium deoxycholate, bis(trimethylsilyl) 
trifluoroacetamide, EDTA (Titriplex ll) and thinda)'er 
chromatographic plate (-ICL pla;.¢ z~ca gel 60) were 
purchased from E. Merck (Darmstadt, F.R.G.). All 
organic solvents were redistilled before use. The follow- 
ing reagents were obtained from Sigma (St. Louis, MO, 
U.S.A.): octyl glucoslde, bovine thrombim collagen (type 
I1 from calf skin), adenosine diphosphate (platelet ag- 
gregation agent), fibrinogen (from man), phorbol 12- 
myristate 13-acetate, NADH, quin2 acetoxymethyl ester 
(quin2/AM) and fatty acid-free bovine serum albumin. 
Araehidonic acid was from Boehringer-MannhaLm 
(Mannheim, F.R.G.), platelet-activating factor was from 
Serva (Heidelberg, F.R.G.) and Sepharose 2B was from 
Pharmacia (Piscataway, N J, U.S.A.). 

Methods 
Preparation of gel-filtered p'dtelels. The preparation 

of gel-filtered human platelets has been detailed previ- 
ously [24,27]. It was carried out on this occasion accord- 
ing to the method of Lages et al. [28]. Human blood w,~s 
freshly drawn from healthy donors and anticoagulated 
wit~l 10% (v/v} of 0.11 M sodium citrate. Unless other- 
wise specified, the buffer solution was a modified 
calcium-free Tyrode's buffer containing 0.1% dextrose 
and 0.2% of bovine serum albumin [28]. The cell num- 
ber was estimated in a hemacytometer by a phase 
contrast microscope (Nikon, Type 104, Tokyo, Japan). 
The isolated platelets were preincubated at 37°C for 30 
min prior to further studies [271. 

Analyses of platelet lysis. The percentage of cell lysis 
was estimated from the change of optiml turbidity in an 
aggrecorder (Hitachi, Model PA-2310, Kyoto, Japan). 
The optical absorbance of 3-10 s ceE/ml was 0.5. A 
time-course of 50 rain was followed. 

Estimation of the marker leakiness. Platelets (3.10 s 
cells/ml) were incubated the detergents at various con- 
centrations. After a certain period, aliquots were intro- 
duced with 2.5 mM EDTA and then centrifuged in an 
laboratory centrifuge (Sigma Model 202 CM) at 13500 
× g for 1 rain. The supematant was taken to analyze 
the content of various cellular markers. The activity of 
lactate dehydtogenase (cytosolic marker) was estimated 
according to the method of Bergmeyer and Beret [29], 
and that of acid hydrolase (lysosomal marker) was 
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measured by follo~:~ng the method of Dangelmaier and 
HoImsen [30]. The subs~ate of the latter enzyme was 
p-nitrophenyl-N-acetyl B-D-g~ucosammide. The release 
of seroto~,5~ (dewe-granu~e marker) was assayed as that 
described by Drummond and Gordon [31]. These deter- 
gents and EDTA did not affect these markers. Hence, 
106% .~..~ ~ h  marker was the value estimated in the 
supematant of platetets treated with 0.1~ Triton X-100. 

Estimation of the comtmnent solubilization. In various 
detergents, the studies on the time-course of the compo- 
nent salubil/-,_atinn were performed as described above. 
For estimatJng the protein solubility, only the protein 
content in the pellet was measured. The pellet was 
washed th~:e times with the Tyrode's buffer plus 2.5 
mM EDTA before the quanfitation. The protein con- 
tent was determined according to the method of Lowry 
et aL [32]. The total protein content in the pellet of a 
parallel control expe~ent  was taken as 100~. For 
analyzing the lipid solubilities, the obtained s u ~ i a n t  
and pellet were both quanfitated to obtain the per- 
centage of fipid solubility. Lipids were extracted accord- 
ing to the method of Bligh and Dyer [33]. Phospholipid 
comp~itic,n was analyzed by two-dimensional thin-layer 
chromatography as described previously [24], and 
quamhated by estimating the phosphorus content as 
described previously [34,35]. Cholesterol content was 
estimated by gas chromatography (Shimadzu. GC-9A, 
Japan) as described by Derks et aL [36]. The derivative 
lipids of bLs(trimethylsilyl)trifluoroacetamide were sep- 
arated at 240°C with a flow rate of 40 ml/min. The 
column (3 × 2 nun) was packed with 10% SP 2330 on 
chromosorb WAW-DMCS 80/100 (Supelco, Bellefonte, 
PA). 

Morphotogical stuth'es by electron microscopy. The 
sample preparation has been detailed in previous work 
[27]. In brief, the detergent-treated platelets were added 
with 5 vol. of ice-cold 2.5,% glutaraldehyde in modified 
calcium-free Tyrode's buffer (pH 7.4). After a storage in 
ice for 1 k the pret-~xed samples were postfixed with 1,% 
Os04 and dehydrated. For the scanning EM study, the 
samples were dried in a critical-point dryer (Hitachi 
HCP-2, Japan) in CO2, and then plated with gold in an 
ion coater (F_.iko Eng/neering, Model IB-2). The plated 
samples were studied under a Hitachi S-520 scanning 
electron microscope at 20 kV. 

Other analyses. Commercially available quin2/AM 
was employed to measure the cytosolic free C a  2+ c o n -  

celttration of platelets in various prelytic detergent con- 
eentrations. The procedure was modified according to 
the method of Tsien et al. [27,371. 

The study of agonist-stiinulated response was per- 
formed in an aggrecorder (Hitachi, Model PA-3210, 
Kyoto, Japan), studying agonist-stimulated aggregation. 
The agouists were thrombin (0.1 uuit/ml), collagen (100 
/Lg/ml), ADP (20 ~uM) plus fihrinogan (100 lag/ml), 
urachidonic acid (100/~M), phorbol 12-myristate 13- 

acetate (10 ng/ml), and platelet-activating factor (100 
ng/mg. 

SolubilizatDn of human platelets by octyl glucoside, Triton 
X-IO0, dodeo'Isulfate and deoxyckolate 

F/g. 1 dep/cLs the solub'dizafio~ of gd-f'dtered plate- 
lets by various concentrations of oc~yl glucoside, Triton 
X-100, dodeeylsulfate and dcoxycholate, The sohibiliza- 
tion was investigated by estimating the percentage of (1) 
cell lys~ (2) marker leakiness, and (3) solubility of 
protein, phospholipid and cholesterol. The markers were 
lactate dehydrogenase, acid hy, drolase and serotonin. 
Serotonin leakiness in each kind of detergel,,t was iden- 
t;,cal to acid hydrolase leakiness (data not sho~vn). These 
ehrce analyses of the effect of detergent concentmtinn 
showed the ~labHization curves of platelets .in each 
detergent to be comparable. The sigmoidal curves indi- 
~tecl the solubil/zafion to occur in three stages, i.e., 
prel)l/e, lyric and complete ptate!et-lysis. At the various 
concentralious producing the ]yL/c shage, the solubili~a- 
t/on of phtelels by the same detergent requh-ed the 
same incubation period to reach plateau, but the in- 
cubation period was different among these detergents. 
Hence, the solubilisation data in each detergent were 
obtainod from different incubation periods, i.e., 10 rain 
in octyl glucoside; 30 rain in Triton X-100; 30 rain in 
dodecylsulfate; and 20 rain in deoxycholate (Table l). 

Two physical paran~ers, PSC and MCPLC, were 
estimated from the L m ~ i o n s  of extrapolated linear 
portions of the dgmoidai ceH-lysis curves. These data 
are summarized in Table L The PSC of each detergent 
rmght reflect its membrane saturation concentration in 
the plateleL The ratios of PSC/CMC of octyl glucoside, 
Triton X-100 and dodecylsulfate were aH about 1/2, 
bat that of deoxycholate was close to 1. The MCPLC 
values of octyl ~ucoside, Triton X-100 and dodecylsal- 
fate were similar to their own CMC. while that of 
deoxycholate was double its CMC. By comparing the 
ratio of MCPLC/PSC, it was shown that the ratio was 
4 for oc~'l glucoside and 2 for the other three de- 
tergents. Hence, to complete the platelet solubilizatiom 
more octyl glucoside aright be required than the other 
three detergents. 

In all of these detergents, the marker-leakiness study 
indicated that more than qO% of the platelet population 
was intact in the prelytic stage. Interestingly, the cyto- 

2+ solic free Ca concentration of the treated platelet was 
similar to the control (data not shown). However, in the 
lyric stage, several different findings were observed 
among platelets in these detergents by comparing the 
detergent-concentration profdes of these three analyses 
(Fig. 1). (i) Platelets in each kind of detergent showed 
identical profiles in protein solubilizati~n, leakiness of 
lactate dehydrogenase and acid hydrolase. Also the 
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Fi~ l. Solubilizatioa of htona,a pla'~lets by detergents. Gel-filtered platelets (3. l0 s platelets/ml) were incubated with various concentrations of (A} 
t_~ylglacoside for 10 l-~in (l~) Triton X-t00 for 30 rain. (C) dodec)isulfate for ~ min. and (D) deoxycholate [or 20 rain. Experimental procedures 
detail the estimations of tl~ percentage of c¢11 lysis (O). the Icakin~s of lactate dehydrogenas¢ (t,) and acid hydrolase (,M. and the solubilities of 
phosp~.aoiipid (D). protein (ll) and cholesterol (~). Data points wcr¢ taken from an average of at least six separate experiments. Arrows and arrow 
heads at the top of the figures represent the PSC and MCPLC, reslmcfively. The data were determined from the itersections of the extrapolated 

linear portions of the sigmoidal cell-lysis carve. 

composition of phosptolipid species in the solubilized 
fraction was similar tc that in whole cell (data not 
shown). Hence, the percentage of cell iysis in various 
lyric concentrations might represent the gradual iysis of  
the different platelet population. (ii) The cell-lysis pro- 
file in octyi glucoside: l r i t on  X-100, or dodecylsulfate 

was parallel to that of membrane leakiness studies (Fig. 
1A-C).  while the profile in deoxycholate was identical 
to that of phospholipid solubilization (Fig. 1D). This 
may mean that only deo×ycholate caused membrane 
leakiness prior to cell lysis. (iii) The solubility of mem- 
brane components in these detergents was in the order 
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Fig. 2. Scanning electron micrographs of gel-filtered plal¢lcls in o~.:!'l glucosidc at various conc~nlrations ( × 8090). The gcl-filtercd platclcts were 
prcincubated al 37 °C  for 30 min (A). and lhcn incubated for anolhcr 10 rain ~-ilh octyl glucosidc in ,-arieus prcl)lic conccmrations of I mM (B), 2 
mM (C) and 5 mM(D),  arid in various [y[ic concentra[ions of 8 mM(E)  and I 1 mM(F).  Arrow" head indicates the blcb on the pla~clet surface. 

Dezails of experiments are given in Experimental procedures. 
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Fig. 3. Scanning electron micrographs of gel-fikered platelets ia Triton X-100 at variot~s concentrations ( x 8000), The prewarmed platelets (Fig. 
2A) ,,yore added with Triton X-100 in a prelytic concentration of 0.02 mM for 10 rain (A). and in another prelytic concentration of 0.08 mM for 
differcat periods of 10 (B}, 20 (C), 30 (D) and 40 (E) rain. Abo. the cells v.'ere incubated in a lyric concentration of 0.16 mM for 5 rain (F). The 
abbreviations in parentheses indicate the filolx~dium (F) (width < 200 am), the pseudopodium (P} (width > 200 nm) and the discoid cells with 

surface invagination (DSI} (hole is about 100 m .  in diameter). OetaiI~ of experiments are given in Experimental procedures. 



62 

Fig. 4. Scanning electron micrographs of gel-filtered platelets incubated in dodceylsulfate at various concentrations (xSOO0). The prewarmed 
platelets (Fig. 2A) ~'ere added vdth dedecylsulfate in a prel)'tic concentration of 0.20 mM for 10 rain (A}. and in another prelytic concentration of 
0.65 mM for different periods of 10 (B), 30 rain (C) and 50 {D) min. Also, the cells were in a lyric concentration of 1.3 mM for different periods of 
5 rain (El, and 10 rain (F). The abbreviations in parentheses indicate the spiculate discoid cell (SD). stretched-out flat cell (OSF) and 
doughnut-shape cell (D). The arrow head indicates the bleb on the platelet surface, while the arrov,- indicates the filopodium with enlarged tip on 

the surviving cell. Details of experiments are given in Exnerimental procedur¢~. 
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Fig. 5. Scanning electron micrographs of gel-fihered platelets incubated in deox~,'cholate at various concentration~ ( x  8000L The prewarmed 
platelets (Fig. 2A) were added with deoxycholate in various prelytic concentrations of 0.12 mM (AL and 0.48 mM (B) for 10 min. and in a prel.vtic 
concentration of 0.96 mM for different periods of 10 (CL 20 (D) ~nd 50 (E) rain. Also. the cells were in a lyric concentration of 1.68 mM for 5 rain 
(F). The abbreviatiorm in parentheses indicate the spieulate discoid cell (SD). stretched-oat flat cell (OSF) and doughnut-shape cell (D). The arrow 

indicates a filopodium v,,ith enlarged tip on a sure'lying cell, Details oi e~periments are given in Experimental procedures. 
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protein > phospholipid > cholesterol. Table I tabulates 
the estimated S~o. the concentration of a detergent 
required to solubilize 50~ of each component indicated. 
In octyl glucoside, lhe solubility cur~:e of phospholipid 

was parallel to that of protein, while the solubility of 
cholesterol was poor (Fig. IA). In Triton X-100 and 
deoxycholate, the solubili;y curves of phospholipid ,and 
cholesterol were parallel to that of protein (Fig. lB. D). 
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Fig. 6. Schematic drawings showing the changes in platelct morphology at vario,,s octyl glucoside concentratic, ns (A): in a prolonged incubation at 
platelet saturation concentration of Triton X-IOO. dodecylsulfate and deoxyc~olcae (B): and at the I)~c detew~em concentration (C). Abbreviations: 
GFP, gd-filtered platelet; OG, octyl glucoside; TX1OO. Triton X-t00; SDS. dodecylsulfate: DOCA. deox)'cholate; PD. puff'," disc shape; WDB, 
wa~' disc shape with blebs: IFB, irregular form with blebs; PB. pear shape vdth blebs; SB. sphere with blebs; SS. spiculate ~pherc; SDSI. ~piculate 
disc with surface invagination: DSI, disc with surface invagJnation: SDB. spiculate di,, : with blebs: S~.  spiculate disc: OSFB. stretched-out flat 
shape with blebs: OSF, stretched-out flat shape; DB, doughnut shape with blebs; D, doughnut shape; S L  spengy-lysis form: FET. surviving cell 

showing filopodium with enlarged tip, 
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TABLE 1 

The ph)~ical properties of rarwtt~ detergents in ~he solubihzatinn o/ 
human platelet 

Physical Nonioni= detergent Anionic detergent 
property ~-ayl Triton dodecyl- dcoxy- 

gluenside X-t00 sulfate chohte 

PSC ~ (raM) 5.00 0.13 0.65 0.97 
CMC ~' (mMI 14.5-25 0.24 1.33 0.91 
PSC/CMC 0,35 0.55 0.50 1.07 

Lysis time" train) < l0 30 > 30 20 
MCPLC ~ traM) 18.0 0.~ 1.21 2.60 
MCPLC/PSC 3,60 1,75 1.86 2.68 

S~o a (mM} 
Protein d.0 0.16 0.96 1.20 
Phospholipid '4,4 020 IA5 1.84 
Chdesterol 2,&5 6,24 1.74 2.08 

PSC (platelet-satoration co_filtration) and MCPLC (minimum 
complete p!atelet-lysis concentration) were determined from the 
extrapolation of the cell lysis data in Fig. l. 

b CMC (crit/cal micellar conccnttarion) was taken from the data of 
pro-iota works 18-111. 

" Lysis time represents the required incubation period for the com- 
plete sohbilizafion of platelets in various lyric concentrations. 

a $~o is the detergent concentration required to solubilize 50~ of each 
component indicated. 

In dcdecylsulfate, the solubilities of phospholipid and 
cholesterol appeared to be very low as compared with 
that of protein (Fig. 1C). In summary, the results indi- 
cate differential solubilization of platdets by detergents 
of different physic:d properties. 

Morphological change of  platelets m octyl glucoside, Tri- 
ton X-I00, dodet3"lsulfate and deoxrcholate 

Scanning EM was employed to investigate how 
platelet morpholo~' was affected by these detergents 
(Figs. 2-5}. In various prelytic concentrations, platelets 
in octyl ghicoside changed morphology only in a con- 
centration-dependent fashion, while in the other three 
detergents, the changes depended on both detergent 
concentration and incubation period. A sequential mor- 
phological change appeared in a prolonged incubation. 
These changes are depicted by a schematic drawing in 
Fig. 6. 

In octyl glucoside, platelets changed to spheres, which 
remained the same throughout the incubation from 30 s 
to 50 rain. This mean that the uptake of octyl glucoside 
reached equilibrium within seconds (Fig. 2). In 1 mM of 
octyl ghicoside platelets changed shape to ellipsoids 
with tiny blebs on the cell surface (Fig. 2B). Increasing 
the octylglucoside concentration, the cells gradually 
swelled to the spherical shape with an increase in the 
number of blebs (Figs. 2C-E). At the lytic concentra- 
tion of 11 mM, pellet of the surviving platelets had a 
spongy spherical form (Fig. 2F). Hence, ce!! ly~i~ might 
have occurred via membrane-area expansion. 

Interestingly. platelets in Triton X-100 changed their 
morphology in a time-dependent fashion (Fig. 3l. After 
the addition of Triton X-100. the cells immediately 
either changed to spiculate spheres or acquired a 
tadpole-like shape (Fig. 3A. B). After a prolonged in- 
cubation, the deformed cells gradually attained their 
final form as swollen discs showing a number of surface 
invaginations (about 100 nm in diameter). Also. the 
number of filopodia decreased [Fig. 3C). It took 30 rain 
for the platelets to go through this sequential morpho- 
logical change (Figs. 3D, El. This may mean a pro- 
longed incubation of 30 rain was necessary for Triton 
X-100 to reach equilibrium in the platelet membrane. 
The cell lysis by Triton X-100 might also occur via 
membrane area expansion, since at the lytic concentra- 
tion of 0.16 mM, the remaining pellet of surviving 
platelets had a spongy-spherical shape (Fig. 3F). 

In both anionic detergents, plal~:lets change in mor- 
phology to two cell types (Figs. 4. 5). The first type is 
the spiculate disc, and the second type is the stretched- 
out fiat shape (Figs. 4A, 4B. 5A-C). The population 
distribution of these two cell types was both dose- and 
time-course-dependent. The spiculate discoid cells (first 
type) were more numerous at lower concentration or 
after a shorter incubation period, while the stretched-out 
flat cells (second type) were more common at a higher 
concentration or after a prolonged incubation, Also, 
after a prolonged incubation, the rim of the second-type 
cell was more extended (Figs. 4B-D. 5C-E). At 50 mL-. 
incubation, 10% of the population acquired a doughnut 
shape, indicating that the membrane fusion occurred 
from the cytosolic side (Figs. 4D. 5El. Two differences 
were found in the morphological changes of platelets in 
dodecylsulfate and deo×ycholate. One was that some 
tiny b!eb~ appeared on the surface of the deformed cells 
in dodecylsulfate, but no bleb was found on the surface 
of platelets in deoxycholate. The other was that a longer 
incubation period was necessary for platelets in dode- 
cylsulfate to change to the stretched-out fiat cell type 
(30 min). while platelets in deoxycholate required 20 
rain. These two detergents might cause membrane vesi- 
culation before cell lysis, Since at the lyric concentration 
the surviving cells displayed a mixed population of 
small vesicles, irregv!ar spongy lysis cells, and deformed 
cells showing filopodia with enlarged tip (Figs, 4E, 4F 
and 5F). 

In summary, the results indicate that the detergents 
had different effects on platelet morphology. Also, non- 
ionic detergents might cause cell lysis by membrane 
area expansion, while anionic detergents caused vesicu- 
lation prior to cell lysis. 

Effect on the agonist-stimulated response by octyl gluco- 
side; Triton X-IO0, dodec.vlsulfafe and deoxycholate 

Since these detergents caused changes in platelet 
morphology, the effect of detergent on the response of 
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TABLE I1 

Effects o/ ranaua detergents on Flatcar aggregation 

Data ¢mean 4- S_D.) ,a'ere taken from at least six expeTiments in which 
platek-~ "~cr~ prdtw'ubgted in each detergent for 30 m/n befere the 
addition of agonist_ ~ are expressed as % of ce.ntroL v,,~-~ 160~ 
of control equals the. cell aggregation of gebfihe';ed plz.~dels sdmu- 
luted b) each kind of agon/sL Details of ¢xperiment~ are given in 
Experimental procedures. Each indicated detergent com:entr:~don was 
its F~C (pL~tc~t-saturafion oam:entration). 

Agc.nists Nonionie deterger, t Anionic det .~'gent 

octyl Triton dodecyl- denxy- 
ghg-oskie X-160 :;ulrate choLate 
{5 raM) 10.12 raM) 10.65 mM) 10.96 raM) 

CoThgen LO_+ 1_0 5.6__ L4 49.0_+2-0 2.0_+2.0 
ADP plus 
fib.Tinogen 2.0_+1.8 252_+5.5 27.0_+6.7 47.8_+3.4 
"rhrombin 92.0_+6.0 88.0_+5.0 99.0+2.5 9"1.8_+4.6 
Ph.arbol ester 91.g ~ 3_8 57-0 ± 2.~ 96.94- 4.5 98.4 4- 3.8 

platelets to agonist stimulation was investigated and is 
summarized in Table IL The concentration of each 
detergent used in this study was its PSC. In these 
detergents, none of the gel-filtered platelets showed any 
aggregation, even after a prolonged incubation of 50 
min. In each kind of detergenL the cells displayed 
inhibited responses to collagen and ADP-fibrinogen. 
but not to thrombin or phorbol ester. ,Only at the PSC 
of Triton X-100 was the response to phorbol ester 
partially inhibited. In addition, we found that 100/tM 
of arachidonic acid and 100 ng/ml of platelet-aetlvating 
factor might enhance platelet lysis in hhese detergents. 
A prolonged incubation resulted in art increase in the 
extem of inhibition of the response of platelets to 
collagen, but not of the response to ADP-/thfinogen 
(data not shown). Studies are being carried out in this 
lal~oratory on the effect of detergent currently on the 
biochemical events in platelets. 

Discussion 

This study compares the sol~ubilization of human 
platelets by octyl gluc~,side, Triton X-100, dodecylsul 
fate and deoxycholate. Platelets in these four detergents 
all exhibit the three-stage solubilization. However, the 
component solubility and morphological change of 
platelet varies in these detergents (Fitgs. 1-5). 

The three-stage solubilization of platelets indicates 
that the onset of cell lysis occurs after the saturation of 
detergent in platelet membrane (Fig. 1). The physical 
property of a detergent may determine its insertion into 
platelet membrane, since the order of PSC and that of 
CMC are comparable among these detergents (Table I; 
Refs. 8-11). The estimated PSC/CMC ratios of octyl 
glucoside, Triton X-100 and dodecylsulfate are similar, 
and equal to 1 /2  of th:t  of deoxycholate. These results 

me comparable w/th those found in l/posomes [13], 
human erythr~D~es {14], sarcoplasmic reticulum [15} 
and hepatic nfierosomes [16]. Hence. the mode of deter- 
g~-m insertion ia platelet membrane may be in mono- 
mgfic form for octyl glucosid¢, Triton X-100 and dode- 
cylsulfate (~'pe A), and dinmric form for deoxycholate 
{ t ~  B) {Sj. 

The so]ubilizafion by these detergents may be ,an 
all-or-none prot~ss, since platelets in the lyric stage of 
detergent action show that: (1) the percentage of marker 
leakiness is comparable with that of cell iysis (Fig. 1L 
and (2) the composition of phosphohpid species in the 
solubil/zed fraction is similar to that in the whole cell 
(data not shown). From the morphological studies, the 
solub~/zafion by the two nonlonic detergents may occur 
,Aa membrane area expansion, and that by the two 
anionic detergents may be via vesieulation before cell 
lysis (Figs. 21:, 3I:, 4E, 4F and 51:). However, the 
vesicolation in dodeeyisulfate and in dcoxycholat¢ may 
be d/fferenL since the cell lysis in dodecylsulfate is 
parallel to the protein solubilization, while that in de- 
oxycholate is parallel to the phospholipid golubilization 
(Figs. 1C and D). Also, in these two detergents, the 
lipid solubilities are differenL The imenion of these 
detergents may exhihit different dorrafin preference, 
since each component solubility is different in these 
detergents. 

The rate of  deterg,mt uptake by phtelet is de- 
termined by three factors: (1) the parddon coefficient 
of the detergent bet~een the membrane outer leaflet 
and aqu~us  phase; (2) the rate of flip-flop in mem- 
brane; and (3) the partition coefficient of the detergent 
between the inner leaflet and cyt.osol. Due to the asym- 
metric organization of membrane components in the 
membrane bilayer, these two partition coefficients may 
be different [38-43,24]. Also the flip-flop ra.tes of vari- 
ous detergents may differ because of the molecular 
structure differences. Therefore, a time-course study of 
the effect of detergent on platelet morphology may 
reflect the transport of a detergent across the platelet 
membrane. In the lyric s,,age, platelets in various deter- 
gents require different incubation periods to attain com- 
plete solubilizadon. The order is octy~ glucoside (less 
than 10 rain) > deoxycholate (20 ~rfin) > Triton X-1O0 
(30 rain)>/dodeeylsulfate (at least 30 rain) (Table I). 
The same order is found in the morphological studies 
for the cells to change to their final shapes (Figs. 2-5). 
Hence, this order may reflect the different flip-flop 
phenomena of these detergents in the platelet mem- 
brane bilayer. 

In the prelytic stage, the studies have demonstrated 
that platelets in these detergents show no increase in 
cytosolic free Ca 2÷ concentration (data not shown). 
Hence, the morphological change of plat,dee, in these 
detergents may be a direct detergent effect (Figs. 2-5). 
The bilayer couple hypothesis been used to explain the 
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effect of membrane-active agent on platelet membrane 
morphology [20]. The spiculated platelet is due 1o an 
accumuhfion of the solute in the membrane outer leaf- 
let, while the spherical platelet is due to the solute's 
concentrating in the inner leaflet. The study shows the 
t/me-dependent morpholog/eal change of platelets in 
various detergents. This may reflect the gradual change 
in the digLribution of detergent between ~he two mem- 
brane leaflets and the flip-flop phenomenon. Specifi- 
~_~lly, the platelet morphology in octyl ghicoside is as a 
sphere or a pear shape (Figs. 2D, E). The same kind of 
morphology is found in the chlorupromazine-treated 
platelets [20]. Hence., the final octyl ghicoside distribu- 
tion between the two membrane leaflets may be more in 
the membrane inner leaflet than the outer one. In 
Triton X-100, the t'une-dependent morphological change 
may mean that Triton X-100 accumulates initially in the 
membrane outer leaflet, since the morphology at this 
stage is a spiculate disc. Due to a slow flip-flop rate of 
Triton X-100, it takes a longer incubation period (30 
rain) for the appearance of the final shape as a swollen 
disc with surface invaginations. This final morphology 
in Triton X-100 may mean that the concentration of 
Triton X-100 is greater in the inner leaflet than in the 
outer one. In the erythrocyte membrane, it has been 
reported that Triton X-100 accumulates more in the 
inner leaflet [44,45]. The platelets in dodecylsulfate and 
in deoxycholate appear to change from the irdtial 
spiculate disc to the final shape as an stretched-out flat 
form with pseudopods plus filopodia. Hence, these two 
anionic detergents may concentrate more in the outer 
leaflet than in the inner one. This phenomenon is also 
found in erythrocytes [44,45]. The morphological studies 
also show that these detergents can affect the organiza- 
tion of cytoskeletal molecules, since platelets in these 
detergents deformed to several different shapes (Figs. 
2-5). It is conceivable that these detergents may diffuse 
into hhe cytosol to cause the reorganization of cyto- 
skeletal molecules. 

Platelets in these delergents all show inhibition of the 
response to coUagen and ADP-fibrinogen, but no effect 
appears on the response to thrombin and phorbol ester 
(Table If). This may result from the perturbations ¢,f 
membrane by these de'.zrgents. However, it may also be 
true that these detergents inactivate collagen and ADP- 
fibrinogen, since ;.he presumed membrane perturbations 
are not sufficient to decrease platelet aggregation in 
response to thrombin or phorbol ester, which could be 
egnlained if one assumes that the detergents do not 
o~:nature thrombin or affect phorbol ester. 

In summary, this study shows differences in the 
solubilization of platelets by various detergents. The 
detergents also cause different platelet morphological 
changes. These may be due to the asymmetric distribu- 
tion of these detergents in the plate!et membrane bi- 
layer. 
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