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The addltmn of polyanmnic polymers such as poly(aspartic acid) (PASP), DNA or dextran sul[ate to llposumes
of (PC,

) and
i, 1133 Yl Yl

(chol), and heanng the g

M
(DEBDA|OH]) resulted in lipo-
and

y Y
me aggregation znd fnsmn Liposome-liposome fusion was studied by using ly labeled fi

d ¢ (DQ) methods. Addition of monoanions

DEBDA|OH] caused neither their aggrega nor |

, such as aspartate ar aceme. to llposomes bearing

fusion. Apg of | bearing

DEBDA]OH] by the binding pair avidin-biotin did not result in lhen' fusion. Fusion in such aggregated liposomes was
observed by the addmon of chaotropic anions, such as nitrate or thiocyanate, or by PASP. A variety of other quaternary

to DEBDA[OH] in their ability to confer fusagenic pmperlles upon PC /chol

1 The rek of these findings to the h of Ii 1 fusion is di
Introduction somes. by itself. does not result in membrane fusion.
It has been well blished that negatively charged Magn-.«ium ions. for example. al relatively low con-

liposomes such as those composed of phosphatidyl-
serine are extensively fused in the presence of calcium
or polycations such as polylysine [1-4]. Two separate
functions have been attribuied to the calcium or to the
polycations in the process of fiposame-liposome fusion.
On the one hand, they cause aggregation of the lipo-
somes, thus bringing their bilayers into close proximity,
and, on the other hand, destabilization of the attached
bilayers. Such destabilization is due to the ability of
Ca** ions to cause dehydration of the phaspholipid

dgroups [5]. Aggregation of negatively charged lipo-

chol, PC, DEBDA
[OH] [(1(.1.3.3 iethoxy ety il

centrations, promote the aggregation of such liposomes
without inducing their fusion [6].
In a previous work [7}, we have shown that positively
charged lip are al~ ble to fusion
Such positively charged .iposores were constructed by
the insertion of the cationic detergent, DEBDA{OH],
inlo vesicles compaosed of newtral lipids, namely PC and
chol. Aggregation and fusion of these Ilposomes was
d by the addition of the neg ly-charged
olymer PASP [7]. Similarly to Ca’*-mduned fusmn of
negatively charged liposomes, also with positively
charged liposomes, a close attachment between the lipo-
somes caused destabilization of the lipid bilayer and
even[ually promouon of hposome liposome fusion. Fu-

zylammonium hydroxide; "DEBDACI]. |[((l 1.3.3- lelrarncll‘yl‘:ulyl)
chioride; PASP, poly
(aspamc acld) REV, reverse-phuse evaporated vesicles; DQ, fluores-
cence ing; N-Biol-PE, N-bioti
N-NBD-PE, N-(7-nitrobenz-2 1.3-diazol-4

ine; N-Rho-PE, N-(ii i ine B
dylethanolamine: liposome-DEBDA[OH], liposomes bearing
DEBDA[OH]; BSA, bovine serum alburnin.
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sion b was d by DQ
ments as well as by microscopic observations [7].

In the present work we have extended our previous
studies [7) and have investigated in a more detailed
manner the mechanism of membrane fusion in posi-
tively charged liposomes. Specifically, an attempt was
made to study the question whether. in addition to close
proximity between the liposome bilayers, neutralization
of the DEBDA[OH] positive charges is required to
allow liposome-liposome fusian.
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Materials and Methods

Chemicals. PC from egg yolk, chol. DEBDA[OH],
cetyl pyridinium chloride, benzalkonium chloride, ben-
zyl dimethylhexadecyl ammonium chloride, avidin,
DNA (herring sperm). PASP and polylysine were
purchased from Sigma. [**CJPC was purchased from
Amersham. N-Biot-PE. N-NBD-PE and N-Rho-PE
were purchased from Avanti Biochemicals (Bi-
rmingham, AL). DEBDA [C]] and hexadecyl trimethyl
ammonium bromide were from Fluka. SM-2 Bio-Beads
were from Bio-Rad. Dextran sulfaie was from Phar-
macia. BSA was succinylated according to Gibbons et
al. [8]. All other chemicals used were of analytical grade.

Preparation of REV. REV bearing the fluorescent
molecules N-NBD-PE and N-Rho-PE were prepared as
described earlier [7]. In short, chloroformic solutions of
PC, chol, N-NBD-PE and N-Rho-PE were mixed. The
mixturc was evaporated and the thin layer obtained was
dissolved in ether followed by the addition of acetate
buffer (150 mM sodium acetate (pH 7.4)). The lipo-
scmes obiained were suspended to give 3 mg/ml of PC
(PC:chol, w/w, 1:0.5 in acetate buffer) and kept at
4°C until used. Non-fluorescently labeled liposomes
were prepared in the same way except that the fluo-
rescent lipid: were omitted.

Liposomes carrying biotin were prepared by the ad-
dition of N-Biot-PE (in chloroform) to the above chlo-
roformic solution of PC and chol, to give a weight ratio
of 0.1:1:0.5, respectively. Whenever needed, [YCIPC
or fluorescent probes was added to this lipid solution.
The amount of liposomes is given in the present work
by their PC content; however, in all the experiments
described, the liposomes used were composed of PC and
chol at a ratio {w/w) cf 1:0.5.

Preparation of liposomes bearing DEBDA{OH). Lipo-
some-DEBDA[OH] were prepared essentially as de-
scribed earlier [7], Briefly, DEBDA[OH] was dried from
its methanolic solution, dissolved in toluene, and kept
at room temperature until use. Before use, the toluene
was evaporated and the dry layer obtained was resus-
pended in acetate buffur. The DEBDA[OH] suspension
was then added with continuous vortexing Lo a liposome
preparation. Following incubation for 15 min with gen-
e shaking at 37°C. $M-2 Bio-Beads were added and
ihe resuiung suspension was further incubated for 20-30
min with vigorous shaking. Liposome-DEBDA[OH]
were also prepared simply by the addition of a mea-
sured amount of DEBDAIOH] ta lipnsome prepara-
tions.

Fluorescence . Al fD
ments were performed in a Perkin-Elmer LS-5 spectro-
fluorometer at room temperature as described earlier
[7). NBD fluorescence was measured at 471 nm (excita-
tion) and 527 nm (emission}.

Determination of fluorescence dequenching. Percentage

of DQ was determined according to the following equa-
tion [9]:

DQ=100[1—(F— F)/(F— Ry}

where F (total fl is the fluc ob-
tained after solubilization of the liposomes with 0.2%
Triton X-100 and corrected for the quenching effect of
Triton X-100 (X 1.5) [7); F, is the measured fluores-
cence of the liposomes at different times of incubation
and F; is the fluorescence obtained before the incuba-
tion period.

Analytical methods. PC was estimated by the Stewart
method [10]. For a quantitative estimation of fluo-
rescently labeled liposomes, [CJPC was used as a
marker (100 dpm/pg PC). DEBDA[OH] was de-
termined according to Bradford [11], using DEBDA[CH
as a standard. DEBDA[OH] content in a liposome
suspension was determined by its absorption at 274 nm,
following solubilization in 90% methanol [7).

Results

Induction of fusion in liposome-DEBDA[OH]: require-
wient for anionic polymers

Fusion between liposomes was monitored in the pre-
sent work as previausly reported [7], by estimating the
i in the (DQ) obtained following
incubation of fluorescently labeled and non-labeled
liposames. The results in Table I confirm previous
observations {7} showing that the addition of the anionic
polymer, PASP, to the above mixture of liposomes
carrying the cationic detergent, DEBDA{OH], induced a
high degree of DQ. In coatrast, very little, if any DQ
was observed following the addition of aspartic acid
(Table I). A low degree of DQ was also obtained in the
presence of other negatively charged, low-molecular
weight substances, such as citric acid or ATP. As can be
seen in Table I, the ability of BSA to promote DQ was
greatly stimulated following insertion of negative charges
to its polypeptide chain by succinylation. The view that
polymers with a high density of negative charges are
required for effective DQ, is fusther strengthened by the
results showing that incubation with DNA or dextran
sulfate also resulted in a high degree of DQ (Table I,
Fig. 1). However, in the presence of relatively high
concentrations of the latter polymers (> 20 pg/system),
a decrease in the DQ was noted (Fig. 1).

Fysion can be induced only between liposomes bearing
DEBDA[OH]

The results in Fig. 2 show that when non-fluorescent
liposomes bearing DEBDA[OH] were mixed with fiuo-
rescently labeled liposomes lacking DEBDA[OH] at a
weight ratio of 2:1 respectively, no DQ was obtained
upon the addition of PASP. Under the same conditions,



TABLE 1

Induction of DQ in liposomes beuring DEBDA{OH]: cffect of vurinuy
negatively charged molecules

Fluorescently labeled (6 rg) and non-labeled (60 g} liposomes both
aof which contained DEBDA{OH], (DEBDA[OH]: PC. w/w = 0.55)
were mixed in a watal vol of 0.6 ml of acetate buffer as described in
Materials and Methads, Following determination of fluoreseence ( £ ).
the various anions in acetate buffer were added and the extenm of
Muorescence (F) was determined agoin after 15 min of incubation at
267 C. The degree of DQ was calcu’ated as described in Materials and
Methods.

Anion added (pg/mh DQ (%)
- - 2
PASP 30 58
DNA 30 64
Dextran sulfate 30 64
BSA 8 3
400 18
Succinylated-BSA 8 2
80 47
400 45
Aspartic acid 300 4
Citric acid 80 2
%00 8§
1500 ¢
ATP 15 3
30 ]
300 18

DQ was observed. however, when DEBDA[OH] was
present in the enlire population of the liposomes.
namely, in the non-fluorescent as well as in the fluo-
rescent liposomes. From these resulls, it seems that only
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Fig. 1. Induction of DQ in liposomes bearing. DEBD\[OH] by
dextran sulfate and DNA: effect of
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Fig. 2. Induction of DQ in sislures containing liposomes lacking and
hearing DEBDA[GH]. Fiuorascently labeled liposomes (6 ug) Jacking
(®.¥) and bearing DEBDA[OH] (3, a) were mixed with non-labeled
tiposumes bearing DESDA(OH) ( DEBDA[OH]: PC, w/w, 0.4). The
w/w ratio hotween non-lubeled and labeled liposomes was cither 2: 1
#)or5:1(a a) Following 5 min of preincubation, PASP (20 gy

was added, Fluorescence was monitored and the DQ wa
as described 10 Mate
ol

caleulated

Is and Methods and previously [7]. The ab-

e degred of DQ in the present system is dependent on the w/w

atio hetween the non-fluorescent and the fluorescently labeted lipn-
~orngs,

liposomes  bearing DEBDA[OH] possess  fusogenic
properties. Fusion with liposomes lacking DEBRDA-
{OH] was observed. however. when such liposomes were
mixed with relatively large amounts of liposomes-DE-
BDA[OH]. As can be seen {Fig. 2). about 30% DQ was
observed upon addition of PASP to a suspension con-
taining liposomes bearing and lacking DEBDA{OH] at
a w/w ratio of 5: 1. respectively. These resulls may be
explained by assuming redistribution of DEBDA[CH]
between the entire population of the liposomes.
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. The effeet of externally added DEBDAJOH] on PASP-induved
DQ in a liposome suspension. Flunrescently labeled (5 pg) and

labelled (b pg) and non-fluorescent (120 ug) liposomes “both bearing
DEBDAJOH] (DEBDA[OH]: PC, w/w = (15), were mined us de-
scribed in Table 1. Various amounts of dextian sulfate {A) and DNA
(B) were added 1o give a total vol of 0.6 m (in acetale buffer). The
fMuorcseence was determined following 15 min incubation a1 26°C

and the DQ was calculated as in aate als and Method:

labeled lippsomes (100 pg) were suspended in 0.6 ml of acetae
huffer. A concentrated suspension of DEBDA[OH] (3 mg/ml) in
acetate buffer was added to give a finz] concentration of 8 (@), 13 ().
18 (&), 26 (O, or 40 pg (a) DEBDAJOH] per reaction mixture, After
5 miu of incubation at 26°C (arrow), PASP (20 pg) was added. .\ml
the extent of fh was, d. All other
conditions were as described in Fig. 2 and in Materials and Methods.
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The results in Fig. 3 show that addition of PASP to
liposomes which had beer preincubated with
DEBDA[OH] for § min only, caused an immediate
increase in the degree of DQ. Based on these observa-
tions. it should be inferred that PC,/chol liposomes were
converted into fusogenic liposomes simply by external
addition of DEBDA{OH]). Unless otherwise stated, such
lipesomes were used throughout the present work.

The ability of various lypophilic cations to confer fusogenic
properties upon PC /chol liposomes

The results in Fig. 4 show that, in addition to DE-
BDA[OH]. five other cationic detergents also confer
fusogenic properties upon PC/chol liposomes. This was
inferred fram the resuits showing that addition of PASLY
to mixtures of fluorescently labeled and non-labeled
liposomes, bearing the various cationic detergents, in-
duced a relatively high degree of DQ (Fig. 4). Only the
addition of the detergent benzylhexadecyldimethylam-
wmonium chloride induced relatively high degree of DQ
in the absence of non-labeled liposomes (Figs. 4, 6C) or
even in the absence of PASP (Figs. 4, 6B). Evidently, in
this case. the DQ observed is due 10 solubilization of
the liposomes by the detergent rather than to
liposome-liposome fusion.

Fig. 4. Effect of various quaternary amines on the fusogenic abifity of
PC/chol fipusvines. Mixtures of flucrescently labeled (5 pg) and
non-labeled (50 ) lipo.omes (A and B) or preparations of fluo-
rescently labeled liposomes only (50 pg) (C) were suspended in 0.6 ml
of acetate buffer, The foliowing quaternary amines were added to the
liposames suspension: (1) DEBDAJOH]: (2) DEBDA[CI); (3) benzal-
konium chloride: (4) hexadecylirimethylammonium hromide; (5)
chio Adi
thnnde ai 20 pg ( nd 50 g (B) and (C). Following 5 min of
incubation, the (luorescence was recorded (Q), and then 20 pg of
PASP were added. After an additional § min of incubation, the
fluorescence was recorded again (). Total ﬂuomcence {100% fluores-
cence) is the fl obtained after of the liposome
suspension with 0.2% Triton X-100. The intrinsic fluorcscence of the
various liposome suspensions was about 7%.
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Fig, 5. Induction of DQ in Ii by the avidin-bi

tin hinding pair. N-Biot-PE was inserted into liposomes composed of
PC and cho! es described in Materials and Melhods Flumaeem]y
labeled (5 pg) and lakeled (30 pg) of bioti were
mixed and avidin was added 1o the suspension at the following
amounts (pg) 0 (), 1 (®), 5 (a) and 25 (). To induce aggregation,
the liposome mixtures were incubated (with gentle shaking) for 15
min at 37°C. AL the end of the incubation period (arrow A),
DEBDA[OH] (30 1) was added and following 5 min of incubation at
26°C (Arrow B), PASP (20 pg) was added. All other experimental
conditions were as described in Materials and Methods and the
legend o Fig. 3.

Induction of fusion between liposomes preaggregated by
the avidin-biotin binding pair

Induction of fusion by the addition of PASP to
liposome-DEBDA[OH] is always accompanied by the
formation of large agglutinates [7). Evidently, the
question arises whether aggregation of liposome-DE-
BDA[OH] by itself is sufficient to induce the fusion
process. Aggregation of neutral liposomes can he pro-
moted by using the interaction between the binding
pair, avidin and biotin {12]. In our experiments, we have
inserted N-Biot-PE imo lipasomes composed of PC and
choi, thus obtaini inylated lip (see Materi-
als and Methods dnd Fig. 5). Addition of avidin to such
liposomes induced strong aggregation, as was observed
by phase microscopy and followed by turbidity mea-
surements (data not shown), The results in Fig, 5 show
that incubation of a mixture of fluorescenily labeled
and non-labeled biotinylated liposomes in the presence
of avidin did not induce any DQ. Furthermore, even the
addition of DEBDA[OH] {(arrow A in Fig. 5) to these
aggregated liposomes did not cause any significant DQ.
From these results it should be inferred that aggregation
of liposome-DEBDA[CH], by itself, did not result in
membrane fusion. A rtapid and marked increase in
fluorescence was observed only after addition of PASP
(arrow B in Fig, 5) 1o the aggregated liposomes. The
rate, as well as the final degree of DQ, were dependent
upon the amounts of avidin added 1o the suspension of
the biotinylated liposomes. Stimul of liposome fu-
sion was more effective at jow amounts than at higher
amounts of avidin (Fig. 5), The requirement for PASP




to induce DQ even in aggregated liposomes may suggest
its direct involvement in the fusion step itself.

The function of PASP in the fusion of aggregated
liposomes can be fulfilled by nitrale or thiocyarate
salts, as is shown in the experiments summarized in Figs
6 and 7. The addition of potassium nitrate to avidin-
biotin-aggregated liposomes (bearing DEBDA[OH]),
caused a fast and significant increase in the fluorescence
intensity (Fig. 6). Incubation of a mixture containing
only fluorescently labeled liposomes with potassium
nitrate did not result in increase of fluorescence (Fig. 6),
thus supporting again the view that the DQ observed
was not due to solubilization of the lipo.omes. Very
littie DQ was also observed upon the addition of potas-
sium nitrate to non-aggregated liposomes (Fig. 6). As
expected, the addition of PASP to these non-aggregated
liposomes resulted in a fasi and high DQ.

The results in Fig. 7 show that thiocyanate salts
behaved very similar to potassium nitrate, namely, their
addmon lo aggreg,aled liposomes induced a rapid and

in the f . Thio:
(Fig. 7} and nitrate induced fusion only in liposome-
DEBDA[OH]. No DQ was observed following the ad-
dition of thiocyanate to aggregated liposomes lacking
DEBDA[OH] (Fig- 7). When DEBDA[OH] was added
after the addition of thiocyanate to aggregated
lxposomes. it caused a slow and gradual increase in
fluc ddition of PASP to this sys-
tem (Arrow B, Fig. 7 — caused a further increase in the
degree of DAQ. It is noteworthy that acetate (300 mM)
was unable to substitute potassium nitrate or thiocyanate

DQ. (%)

]
P L [ alalr i
15 0

10
Time (min}

Fig. 6. Induction of DQ by niirate salt in DEBDA-containing aggre-
gated lipusomes, Fluorascently labeled (5 g} und non-tabeled {50 pg)
biotinylated liposomes were incubated for 15 min at 37°C in the
absence {a) or in the presence (a) of avidin (1 ug) as described in Fig.
5. At the end of the incubation period (0 - time of incubation)
DEBDA|OH] (30 pg) was added and after 5 {arow A} and 15 min
{arrow B) of incubation {at 26°C). polassium nitrate {100 mM final
concentration) and PASP (20 pg) were added, respectively. W, suspen-
sion ining only labeled bioth liposomes (S0
ng) and avidin (1 pg). @, a mixture of fluorescently labeled (5 ng) and
non-labeled (50 pg) liposomes with avidin (1 pg).
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0

Timne  {roin)
Fig. 7. Induction of DQ in i effect of thi
Fluorescently lubeled and non-labeled biotinylated
mixed and incubated with (a. ) or without (a, 9) avidin as described
in Fig. 6 (a. a). DEBDA{GH] (30 ug) and thiocyanate (20 mW! final
coneentration) were added a1 0 and 3 min (arrow A) of incubation.
ively (v, 9); and DEBDA(OH] were
added a0 © and 5 min (arrow A). respectively. PASP (20 pg) was

added (arrow B) following 15 min incubation.

in their ability to induce DQ of aggregated liposomes
{data not shown).

Discussion

The results of the present work show that several
anionic polymers, such as PASP. dextran suifate or
DNA, promote the aggregation and fusion of PC /chol
liposomes bearing the quaternary ammonium detergent,
DEBDA([OH]. It has heen suggested earlier [7] that the
anionic polymer PASP serves as a bridge between the
positively charged liposomes. bringing them to close
proximity and eventually leading to their fusion.

Our present studies also show that the monomer.
aspartic acid. neither promotes aggregation nor fusion
of liposome-DEBDA[OH]. Moreover. even molecules
carrying more than one negative charge. such as ATP,
induced very little fusion. BSA, which is also negatively
charged at the pH of the reaction, practically failed to
induce fusion unless additional charges were introduced
to its chain. Thus, it appears that in order to induce
aggregation and subscquently fusion, the inducer should
possess a high density of negative charges. In this
regard. it should be added that a requirement for a
polymer with high density of positive charges was
claimed as a requisite for induction of fusion in nega-
tively charged liposomes [4].

No clear distinction could be made between the
aggregation and the fusion steps in the present system.
Once aggrepation was promoted. a process of mem-
brane brane fusion followed. In order 1o differen-
tiate between these two steps, we have constructed
liposomes bearing the ligand biotin. Such liposomes
could be aggregated by the addition of avidin. Fluores-
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cence energy ransfer mcasurements have clearly shown
that aggregation of the biotinylated liposomes did not
result in liposome-liposome fusion. Moreover, no sig-
nificant DQ was observed following the addition of
DEBDA[OH] to these aggregated liposomes, showing
that aggregation by itself is not sufficient 1o allow
fusion [7]. On the other hand, addition of PASP to
preaggregated liposomes induced their fusion. Evi-
dently. when added to preaggregaied liposomes, PASP
is not required as bridging agent. This may suggest that
in addition to its function as an aggregating agent PASP
also plays an active role in the fusion step itself.

Using this system, we have shown that certain anions
could replace PASP in its role in the fusion step.
Addition of relatively low concentration of either nitrate
or thiocyanate salts to aggregated liposomes bearing
DEBDA[OH], promptly induced liposome fusion, as
was inferred from the DQ studies. Nitrate and
thiocyanate could not bridge between liposomes and
therefore did not cause fusion of unaggregated lipo-
somes. Also these anions did not have any effect on the
fluorescence of liposomes lacking DEBDA[OH]. This is
in spite of their being chaotropic agents and being
known to destabilize proteins and biological membranes
{13]. Nitrate and thiccyanate are also known to Jower
the surface charge density in micelles of Hyamine 1622
(an analog of DEBDA[OH]) {14]. It is conceivable that
in the present system these anions act in a similar way,
namely by lowering the surface charge density of lipo-
somes bearing DEBDA{OH], and thus removing the last
barrier that have prevented their fusion. Acetate, which
does not have any effect on the surface charge density
of hyamine micelles [14], did not induce fusion in
aggregated liposome-DEBDA[CH] even at concentra-
tions of 0.5 M (data not shown). Therefore, it can be
concluded that binding of polyanions also such as PASP
and DNA, to the positively charged liposomes resulted
in reduction of the liposome surface charge density and
consequently led to membrane fusion.

Our observation on PASP-induced fusion of aggre-
gated liposome-DEBDA[OH] clearly demonstrate that
the binding pair avidin-biotin did not block the fusion
process. [nhibition of fusion processes by high-molecu-
lar weight binding molecules has been demonstrated
before in other systems [3,15]. In the present svstem.

hcwever. a partial inhibition of fusion was observed at
high concentrations of DNA, dexiran sulfate and avidin.

Several years ago, Martin and MacDonald [16] intro-
duced the positively charged molecule stearylamine inta
PC liposomes. These liposomes were able to attach to
negatively charged membranes, such as human erythro-
cytes. Liposome-membrane fusion was induced how-
ever only with liposomes which in addition to
stearylamine coniained lysolecithin, It is noteworthy
that similar to lysolecithin, DEBDA[OH] possesses de-
tergent activity and is able to cause destabilization of
phospholipid bilayers and to increase their permeatility
(7). Thus, in the fusion process described in the present
work, DEBDA[OH] fulfils the function of both stear-
lyamine and lysolecithin in the system described carlier
[16). In the aggregation step, it functions as a hook for
the added polyanions, and in the fusion step it serves as
a detergent which destabilizes the lipid bilayer and
renders them susceptible to the fusion process.

References

1 Papahadjopoulos, D., Vail, W.J., Jacobson, K. and Poste, G.
(1975) Biochim. Biophys. Acla 394, 483-491.

2 Diizgiines, N., Nir, 8., Wilschut, J., Bentz, J., Newton, C., Portis,
A. and Papahadjopouos, D. (1981) J. Membr. Biol. 59, 115-125.

3 Gad, A.E., Benlal, M.. Elyashiv. G., Weinberg. H. and Nir, .
(1985) Biochemistry 24, 62776282,

4 Uster, P.5. and Deamer, D.W. (1985) Biochemistry 24, 1-7.

5 Papahadjopoulos. D Portis, A. and Pangborn, W. (1978) Ann.
N.Y. Acad. Sci. 308, 50.

& Papahadjopoulos, D., Vail, J.W., Pangbomn, W.A. and Poste, G.
(1976) Biochim. Biophys. Acta 448, 265-283,

7 Beigel. M., Keren-Zur, M., Laster, Y. and Loyter, A. (1988)
Biochemistry 27, 660--666.

8 Gibbons. J., Hanlon, T.M., Skold, C.N., Russell, M.E. and Uil
man, EF. (1981) Clin. Chem. 27, 1602-1608.

9 Nichols, P. and Pagano, E.R. (1981) Biochemistry 20, 2783-2789.

10 Charles, J. and Stewart, M. (1980) Anal. Biochem. 104, 10-14,

11 Bradford. M.M. (1976) Anal. Biochem. 72, 248-254.

12 Bayer, A.E. and Wilchek, M. (1983) in Liposome Technology. Vol.
111 (Gregoriadis. G.. ed.). pp. 127-136, CRC Press, Boca Raton,

13 Hately, Y. and Hanstein, W.G. (1974) Methods Enzymol. 31,
770-790,

14 Vassiliades, A.E. (1969) in Cationic Surfactants {Jungermann, E.,
ed.), pp. 387-417, Marcel Dekker.

15 Vanderwerf, P. and Ullman, E.F. (1980) Biochim. Biophys. Acta
596, 302-314,

16 Maizin, F.J. and MacDonald, R.C. (1976) ). Cell Biol. 70, 506-514.




