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We have e~lmined the ab'lity of biotinylated phosphatid~lelhanolamine and si,'ni[a." |i~ids to stabilize the hilayer 
phase of polymorphic dioleoylphosphatidylethsnolamine (DOPE). Soair.atcd lipid mixtures wen' characterized in 
terms of their aggregation state, s i~  and ability to encapsulate and retain the fluorescent dye, calcein. Titration uf 
DOPE with N-biotinyI-PE indicated that stab!e liposomes could he produced by sonlcatio¢~ of DOPE based 
dispersions containing N-bi~iinyl-PE at concentrations grealer than 8 tool%. These liposomes wen: relativel~ small, 
could elliciently encapsolate calcein, and showed minimal leakage upon prolonged storage at 4°C. Maleimido-4-(p 
phcnylbutyrate).PE (MPB.PE) was equally effective at stabilizing the bila)er phase of DOPE whereas N-di- 
nitropbenyl-PE and N-(dinitrophenyl-caproyl)-PE were relatively poor stabili~er~, requiring at least I$ tool% for 
stabilization at pH 7.4. Diffe~ntJal scanning calorimetry of diclaidoylpho;;phatidylethanulamine (DEPE)/N. 
biofinyI-PE mixtures indicated that stabilizer concentrations as low as 2 ~o1% could abolish the L~/H u phase 
transition of DEPE. 

Introduction 

Unlike aqueous di,;persions of most phospholipids 
which assume a lamellar siructure in thc form of lipid 
vesicles, PE as~mhles into nonlamcilar phases through 
mechanisms which are ~ncompletely understoe~i. The 
ability of di,.:n~atu-Ta;cd .'.Fcc;es of PE to adop: non- 
lamellar phases is favored by the rclatively small 
molecular volume o! the hydrated head group as ,"ore- 
pared to the larger v.~|umc of the fluid acyl chains, this 
re.~al~s in a molecule which has been described ~y 
moIe:ular shape theory [I] as a cone in contrast to the 
inverted cone shape displayed by ly~lipids or a cylin- 
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drical shape assumed by most other phospholipids 
v, hich have larger hydrated head groups such as the 
choline species. 

Many different types of compounds have been found 
to bc effective structural stabilizers of unsaturated PE 
bilayers. These include diacylphospholipids [2,14,1~1, 
lysolipids [3,4], gangliosidcs [5-7], haptenated lipids [8i, 
fatty acids [9,10], cholesterol ti l l ,  cholesterol deriva- 
tives [16], detergents [4], membrane glycoproteins [8,12] 
and paimilylated antibody [13]. The amount of additive 
needed for bilayer formation strongly depends upon 
~"le nature of the membrane stabilizer and ranges from 
gre;~ter tharL 30 tool% for cholesierol [l t] to 0.5 tool% 
for glycophorin [12], Those which are the most efi'icient 
stabilizers in bir.a~'y mixture~; tend to have bulky and/or 
highly chazged hcadgroup~ wl.ich, when packed in with 
PE, promote bilayer fozr~.~,,ion. 

V~'c have previously examined several different 
ager:ts for their ability to facilitate PE-ba.,ied liposome 
formation [2,306-10]. DOPE/TPE mixtures could be 
s~abilizcd by 5 tool% of the ganglioside GM~ but not 
by its degalactosylatcO product GM: [7]. In addition, 
the GM~.-.,;tabi!ized |iposomes could be cmalytieally 
iysed by treat,m::::t with ~-galactosid~se which converts 
GM I to GM., [7j The strict requirement for specific 
¢arbohydraie co'atent of a stab;|izcr has also bccn 
demons'.rated for glycophorin A [19]. These obse:va. 



tions indicate that the polar portion of the stabilizer is 
critical for the formation and preservation of the PE- 
based bilayer. 

Target-sensitive immanoliposomes arc also two 
component lipomme:~ based on unsaturated PE but are 
both stabilized and targeted by using either haptenat¢d 
lipid [8] or fatty acid derivatized antibody [13]. The 
haptenated liposomcs become destabilized upon bind- 
ing immolfilizcd antibody and the liposomes which 
have. antibody incorporated at its surface become 
destabilized simply upon binding with the target anti- 
gen. ~f the antigen is a cell surface prote"n then these 
liposomes can be used for site specific periceilular 
release of drugs [22]. This tyl~ of co,,trolled release is 
especially important tot delivery to ceih which ha,,c 
low endocytic activity and are thus poor targets for the 
pH-sensitive liposomes. Antibody is incorporated into 
these target-sensitive immu~oliposoi~es through hy- 
drophobic interactions of antibody which has been 
covalently modified with fatty acid. Others have 
demonstrated ~.hat antibody can also be attached to 
liposomes through covalent or non-covalent attach- 
ment to dcrivatized membrane phospholipids [17]. Such 
approaches include conjugation of thiolatcd antibody 
to preformed !iposome.s containing MPB-PE [26] or of 
biotinylated antibody to lipo~omes cont~ining N-bio- 
tinyi-PE using a streptavidin L-ridge [30]. These meth- 
ods of dcrivatiz~,tion to prcforpzcd liposomes facilitated 
the proper orientation of the antibody and avoids the 
use of detergent which is employed with acylatod anti- 
body. Conjugation of antibody to PE-based liposomes 
using these stratagies may also produce target-sensitive 
immunoliposomes composed of only three primary 
compouents: DOPE, a stabilizer such as derivatized 
PE, and antibody or other targeting ligand. 

in the current study, we have examined the ability of 
several head group modified PE's to stabilize the hi- 
layer phase and thus ~rve to mediate the formation of 
targetable and stable DOPE-based liposomcs. 

Mateeials and Methods 

Materials 
All phospholipids were obtained from Avanti I'olar 

Lipids (Birmingham, AL) i,a chloroform add used with- 
out further purification, Their purity was checked peri- 
odically by TLC using a solvent system of chloroform/ 
methanol/water, (70: 3C :5, v/',.). Lipid quantitation 
was determined by a phosphate assay [20]. All other 
chemicals were purchased from S.igma (St, I~uis, Me). 
Hexade~! ['~H]cholestanyl ether w~s prepared as de- 
.scribe~d previnpsly [21]. 

Differentitd scanning calori~letry 
Ten mmol of lipid wa, dried down and pIaced in 

vacuo for at least 30 rain to remove any residual 

solvent. Lipids were then hydrated with 2 ml of il) mM 
Hopes buffer, pH 7.5 at 50°C for at Icast 6 h. The 
lipids were disr~rscd by vortex mixing and then al- 
lowed to cool to room temperature for at least 3 h 
prior to degassing and loading into the calorimeter. A 
MC-2 high-~n.~:itivity differential .scanning c::]orim~ter 
(Microcal Co., Amherst, MA) was used in ' he~  stud- 
ies. Samples were heated from 15°C to 85°C at a scan 
r;tte of 20°C/h. 

Determination o]" Pl.: stabilization 
We have used two assays to evaluate the formation 

of stable lipid vesicles resulting from the admixture of 
DOPE and ,,arious head group-modified phos. 
phatidylethanolalaines. 90 ~ light .scattering was used to 
quantitate the aggregation state of the .sample and 
entrapment of a ~lf-quenching fiuore~ent d~c was 
used to monitor the formation and slability of intact 
vesicles. FG, either assay, DOPE was first mixed with 
3-15 mol% of the functionalized PE and dried as a 
thin film in a test tube. Samples were vacuum desic- 
cated for at least 30 min to remove residual soh'¢nt. 
The lipid (I mmol) was hydrated with 0.2 ml of .'~ mM 
Hepes, 50 mM calcein, 2 mM EGTA, 0.02% Nal% (pH 
7.4) with an osmoh, rity of 200 mosM. Unless s;ated 
otherwise the .samples were allowed to hydrate 12-20 h 
at 25% under nitrogen atmosphere. Lipid was initially 
disper.~d by vortex mixing a,;,.I then sonicated in a bath 
type sonicator (Labcrato~ SupptiGs, Hicksville, NY) 
for 3 rain and asain for 2 min following a 5 h interval 
between sonications. Aiiquots of the sample wc.,-~ :;- 
moved within 5 h after the last sonication ..'or light 
scattering analysis or subjected to gel filtration for 
quantitation of calcein entrapment. 

Ninety degree light scattering measurements were 
performed on a Perkin-Elmer LS-5 fluorescence spec- 
trophotometer equipped with a stirred ~;nd water- 
jacketed cuvette holder. "l he excitation and emission 
wavelengths were both ~ t  at 660 nm with slit widths of 
I0 nm and 3 nm, respectively. San, pies were taken 
directly from the sonicated mixture and diluled 100-f~J 
with i0 mM Hepes, 100 mM NaCI, 1 mM EGTA, ~). 
O~g NaN~ which had been filtered and was isetonic 
with the hydration buffet. Measurements were taken 
witi~ ~. stirred cell at 25%. Quasi-elastic light scattering 
was cmplo-Jed to determine the size of liposomes using 
a Coulter N4SD subm,cron particle size ~n:,lyzer 
(Hialeah, FL). 

The efficiency of calcein eneapsul :tion was deter- 
mined ,quorometrieatly following the removal of unen- 
capsula~cd dye by gel filtration over Bid-Go! A 0.5 M 
columns (0..~ x 22 cm). Void-~L,!ume fractions contain- 
ing lipid", were diluted 10~;O-fold *~ith 10 mM Hepes: 
t00 mM NaCi, I mM EGiA, 0. 0:7.% NaN~ (pH 7.4; 
¢lution buffer) and ¢ale¢i,: fluore~cncc ",~as ,J~ter- 
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mined with the Perkin-Elmer LS-5 Self-que.nchin,; of 
calcein was evaluated as 

quenching = ( I  - / : , /F~)IIHI 

~,~cre Fc~ and F t are the fluorescence intensities before 
ar.d after addition of 5% deoxycholate to a final con- 
c-r, tration of 0.15% (w/v). Fluorescence was evaluated 
at an excitation wavelength of 4t)0 nm (5 nm slit width) 
and emission :ff 52(I nm (3 nm slit width) at a tempera- 
ture of 25°C 

Liposome leakage measurements 
The spontaneous release of calcein was monitored 

by diluting liposomes t~, a final concentration of 0.1 
mM with 10 mM Hopes, I(X) mM NaCI, I mM EDTA, 
0.02% NaN 3 (pH 7.4) and incubating at the indicated 
temperature. After the given time period, approx. I 
nmol lipid was diluted into 2 ml of 10 mM Hopes, !{Hi 
mM NaCI. I mM EDTA, 11.1)2% NaN~ (pH 7.4) at 
rtmm temperature for fluorescence measurements as 
described above. 

Calcein release was calculated as: 

t I 1 i , _ _ j  
55 $0 85 70 ~5 gO 

Temperature 

Fig. 1. DSC o~" the L,, to I f ,  tvansititm tff DEPE. Samples of 5 mM 
DEPE in Itl mM ~.-Iepes (pH 7.4) were healed al a rate tff 21) C~/h 
after prolonged hydration at 5[)°C. The samples contained {At 0, (B) 
tl.5. (C) 1.(I or (D) LOci • B-PE which was mixed ~,ith DEPE in the 
organic phase prior to lipn.some formatkm. Samples wilh 2.tl molg,; 
B-PE gave n{~ detectable transition (nnl shown). The chain-melting 

transition occurred around 38°¢_ " fl~r all samples. 

r; Release = -  
(t-;/,,.)(t.;--l.~,) 

;:  - I~b 

where F, is the fluorescence intensity of the liposomes 
in HBS at time zero. F, is the fluorescence intensity 
after a given time x. F E and F ~re the total intensities 
after deoxycholate treatments of the original or incu- 
bated samples, respectively. F,/F is a correction term 
which is used to minimize the pipeting and other 
systematic errors between measurements. 

Results  

L,,-phase stc;bifization of DEPE 
High-sensiti,:ity differential scanning calorimetry was 

used to monitor the phase transition of DEPE. Long 
chain unsaturated species of PE exhibit polymorphism 
of which three phases can be readily detected by 
calorimetry. Pure DEPE (di 18: i, trans) exhibited a 
chain melting transition (T,.) at 37.9 +_0.3°C (n = 5) 
and an L,, to hexagonal phase {H u) transition (TILt at  

67.4 + 1.0"C (n -- 5). Addition of N-biotinyl-egg-PE 
(B-PEt progressively increases the 7" H and decreases 
the enthalpy of the transition until it is abolished at 
concentrations ~,f this stabilizer greater than 2 tool% 
{Fig. 1t. No significant effect on T¢ was observed at 
these concentrations. We have also examined other PE 
derivatives for their capacity Io proven; the transition 
of DEPE into the non-bilayer hexagonal phase. DEPE 
with three tool% maleimido-4-(p-phenylbutyrate) egg 
PE {MPB-PE) or N-(trini'rophcPyl-caproyl)-egg PE 
{TNPcapPE) failed to exhibit any L . / H  u transition at 

the temperature range tested (not shown) and thus also 
served to stabilize the bilayer phase of the lipids. 

C'omparatire stabilization of DOPE liposomes 
DOPE at neutral pH and ambient temperature 

adopts a nonbilayer hexagonal phase unless secondary 
components {other than water) exhibiting shape com- 
plementarity are included ill. The hilayer to hexagonal 
phase transition for DOPE is 8-10°C [1] which makes 
it a good base lipid for evaluating its stability and 
potential destabilization at ambient or physiological 
temperatures, in contrast to DEPE. We have tested 
several PE's having a modified polar head group for 
their ability to stabilize DOPE. Liposome stabiliz[qion 
potential was monitored by light scattering analysis of 
lipid mixtures following dispersion by sonication. Light 
scattering is dependent upon both the size and number 
of particles. Lipids in the Hit phase form a small 
number of large aggregates and scatter much less light 
than the highly turbid samples seen at low mole frac- 
tions of the putative stabilizers. Sonication of truly 
stable lipid mixtures produces small homogeneous vesi- 
cles that scatter little light as seen with stabilizer con. 
centrations exceeding 1(} tool% {Fig. 2). At low mol% 
stabilizer turbid suspensions were formed by sonication 
which were unstable a~d over time would eventually 
coalesce into large aggregates. Of the PE derivatives 
examined, DNPcapPE, TNPcapPE, MPE-PE, and B- 
PE, only DNPcapPE failed to stabilize DOPE-based 
liposontes in the 8-12 tool% range (not shown). Only 
at 15 mol% DNPcapPE were stable transluscent vesi- 
cles formed. DNP-PE without the eaproyl spacer was 
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light scattering was measured lor DOPE with various tool'.:. B-PE 
(Ill), Bcap-PE (r a). MPB-PE (e), ,)r TNP-capr*JyI-PE (A) or fi~r 

DOPC ~ith MPB-PE (o). 

relatively ineffective even a;. 15 tool% (not shown). The 
trinitrophenyl derivative of capPE was significantly 
more effective at DOPE stabilization but was still not 
as efficient as those with the other head group modifi- 
cations. The maleimide and two biotin derivatives all 
showed comparable stabilization potential. DOPC 
forms stable bilayers alone and addition of MPB-PE 
has no effect on the light scattering by these liposomes 
(Fig. 2). 

Bilayer stabilizing capacity was also evaluated by 
monitoring dye encapsulation efficiency. Calcein fluo- 
rescence is self-quenching at high concentrations of the 
dye. For example, caleein entrapped in DOPC lipo- 
somes is approx. 80% quenched (see Methods) when 
prepared in a buffer ~ontaining 50 mM calcein. Lipo- 
somes having equally high encapsulation efficiencies 
can also be prepared with DOPE when it is mixed with 
an effective structural stabilizer. Fig. 3 illustrates the 
relative encapsulation efficiency for five stabilizers 
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Fig. 3. Effect of stabilizer on dye ~i}trapmcnt and ieakag,- in DOPE 
lipa~mes. DOPE was mixed with 8 moFh of the ~iven stabilizing 
lipid and dye entrapment efficiency (% calcein quenching) was 
determined as described in Methods (o). Leakage w'~s determined 
by evaluating the % of dye released following a 12 day ineubaliun at 

rm}m temperature (o) 
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mixed with DOPE at a concentration uf 8 molG 
MPB-PE and the biotin derivatives produce vesicle.-. 
with high calccin entrapment as deterr, dn,:d by Ihe 
high quench values. "1"~,: stabilizing capacity of DMPG 
has been previously dcmoastrated at i 0  mol% :rod 
abtwe [3]. At 8 mot~ it was substantially better than 
TNPcapPE but not as effective as the others. Av~dlable 
acyl chain variants of t~e TNPcapPE derivative were 
tested for their liposomc-stabilization capacity. When 
mixed with DOPE at It) tool%, the dipalmitoyl deriva- 
tive gave higher quench ~,alues than did the diolcoyl or 
egg species (data not shown). Thus the stabilization 
potential d,:l:cnded upon both the nature of the head 
group and the acyl chain comlx)sition. 

The long term structural stability of them lipommes 
was followed by monitoring their leakage rate over a I2 
day period at 25°C. "lhe release rate of ealccin was 
inversely prt=portionai to the initial quench value with 
TNPcapPE the most leaky and the MPB-PE liposomcs 
the least (Fig. 3). This indicates that those ~mplcs 
which were most efficient at entrapping dye were a l ~  
the most efficient at retaining it over long periods. The 
biotin-PE derivatives, although initially having nearly 
identical quench v.dues as MPB-PE are more leaky 
than the malcimide derivative at ambient temperature. 
Dye leakage trom the liposomcs was tcmperalurc de- 
pendent. Liposomes p l ,  ar~.d with DOPE/B-PE (9: I, 
tool/tool) showed virtually no, -akage over a one month 
period when stored at 4°C. Hc-vcvcr, UlXm incubation 
at 25°C for 24 h the percent qu,:r~ching dropped to 
70% (from an initial value of 77%) a, '!  was only 51% 
after 24 h at 37°C. 

Stabilization by N.biodnyI.PE 
B-PE was used as the primary stabilizer in all sub,se- 

quent studies designed to evaluate the optimal parame- 
ters for DOPE bilayer stabilization. Calcein quenching 
and liposome size were monitored to determine the 
mole fraction of B-PE needed for maximal bilayer 
stability. Dye entrapment had maximized by 5-6 tool% 
although this formulation was still quite leaky over a 
5-day neriod crmp~.r~;d to vc ,,,,.s comaining 8 tool% 
(Fig. 4B). When lilx~somc size was examined by dy- 
namic light scattering as a fimction of the stabilizer 
concentration it was found that the liposomes had aim 
re~rhed a minimal size plateau at 8 tool% [Fig. 4A). 
Thus stable DOPE liposomcs can be formed with the 
inclusion of as little as 8 tool% B-PE which makes this 
one of the most potent lipid stabilizers tested to date. 
Similar results were found with MPB-PE as the stabi- 
lizer. 

Vesicle parameters were monitored as a function of 
hydration time and temperature ior mixtures of 
DOPE/B-PP. (9: 1. tool/mot). Dry lipid films were 
hydrated with buffer at 2 or ~5°C and then incubated 
at the indicated time and temperature prior to a J rain 



176 

6 0 0 [ - ~ - - . - T F - - -  . . . . . . . . .  

~ zOO 

: oot \ 
> 200J 

100 j _t 

/ T y  , / 6(: 

5 4~ I- 

j i 

o PO[~ 

0 5 ~ ~ 0  

Mol  °/o iN-~Alotlnyl PE 

Fig. 4. Stabilization of DOPE with B-P[.. hi p:mcl A. the average 
size of Ihe lil~ls,~mes from the corresponding samples was fi)llowed 
by dynami,: light scancring. In panel B, calccin entrapment was 
ftfilowcd as a function of stabilizer concentration. Free dye was 
rein=wed by gel filtration after sonication and quenching was deter- 

mined on sample.,, immediately ( D ) or 5 days la|¢r ( I ). 

mnication. Free e~dccin was then immediately removed 
by gel filtration and the quench value determined as 
described in Methods. Although DOPE alone is known 
to be poorly hydrated [23], the DOPE/B-PE mixtures 
hydrates almost instantaneously as determined throu3h 
a functional measurement of dye entrapment lFig. 5). 
The ability to entrap dye was equally efficient when 
hydrated at either 2 or 25°C which is below ot ~ above 

the TH for pure DOPE (8-10°C). The average size of 
the liposomes was relatively indepcndent of hydration 
conditions. When the longer term stability of liposomes 
which had been hydrated for up to 8 h was examined 
after an eleven day incubation at room temperature 
then differences in hydration conditions did become 
evident. The longe! the samples had been hydrated the 
more leaky they had become, The samples which had 
been hydrated at 25°C were also somewhat more stable 
than those which had been hydrated at the lower 
temperature. Increasing the B-PE concentration to 12 

tool% did not significantly aher the initial level of dye 
cmrapment although these liposomes were slightly 
smaller and less leaky than those with !0 tool% (data 
not shown). In addition, if the liposomes were soni- 
cared for an additional 15 rain (20 rain total) then the 
tc.,,ulting liposomcs were smaller but they were also 
much more leaky over a 10 day pcriod. 

During the process of bilayer formation DOPE- 
based lipid mixturcs undergoes several structural 
changes. For cxamplc, liposomcs composed of DOPE 
stabilized with oleic acid have recently been observed 
to increase in size as the result of spontancous fl,sion 
following sonication to form SUV's of various sizes 
(Liu, D... personal communication). Likewise, we have 
monitored thc characteristics of the sonicated 
DOPE/B-PE mixtures to determinc if these liposomes 
with a double-chain stabilizer exhibit similar growth 
kinetics. Well hydrated lipid films were sonicated and 
fractionatcd at the various times following sonication 
to remove uncncapsulated calcein. Calccin quenching 
and size were monitored immcdiately after the gel 
filtration. As illustratcd in F!g. 6 the B-PE-stabi[ized 
liposomes are also unstable for a period following 
sonication. Du;ing this time both thc size and percent 
quenching increase and then level off at about 24 h. 
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Fig. 5. Effect of hydration time and t~mperuture on dye entrapment 
and leakage. Fi!ms of DOPE/B-PE ('~J/~ were hydrated at 2°C (Q, 
II) or 25°C (,), e). After the indicated interval the mixtures were 
~micalcd and immcdiak:ly fraetionaled and assayed for dye entrap- 
merit ( [7, O) Stability ~,as determitwd b v revvaluating dye quenchinl~ 

after an I I day incubation at r(~om temperature ( II, e). 
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The size and dye entrapment increase at similar rates 
with a net increase in size of 411% and a 12% increase 
in eaicein quenching. 

The growth in liposome size following sonication 
could be the result of simple aggregation or fusion of 
two or more liposomes. Although we have not yet 
experimentally differentiated the two possibilities, the 
degree of growth suggests that fusion between two 
liposomes could be occurring. A doubling of the sur- 
face area of a spherical liposome should rcsuit in a 
41% increase in the diameter of the sphere which is 
very close to what we observed. The PE/OA liposomes 
which also exhibit a net size increase following sonica- 
tion appeared to be ftt~ion products rather than aggre- 
gates by electron microscopy [34]. In addition, PE-based 
liposomes are known to fuse much more rapidly under 
conditions where the stabilizer has been rendered inef- 
f,:ctive [9,35]. The corresponding increase in calcein 
quenching with time post-sonication is not due to more 
dye becoming entrapped prior to fractionation but 
rather is probably due to reduced leakage of "he lipo- 
sprees during the interval between calumn fraetiona- 
tion and the fluorescence measurements. This change 
as well as the size increase is potentially due to a 
reanne01ing process in which the lipids are rearrrang- 
ing into a more stable interaction [37]. 

Discussion 

The lipid derivatives which were tested in this study 
for their ability to facilitate PE bitayer fo~'mation. All 
had bulky, pohr  head groups relative to Lative PE. The 
degree of charge on the lipid influen(.e:, its overali 
shape in lipid mixtures through its effects on degree of 
hydration and hydrogen bonding. Although none of the 
introduced ftmctional groups are themselves charged, 
the PE derivatives have a net negative ch;~rgc since tb.e 
now functionqized amine is no longer protonatable. 
For example. !neorporation of 2.4 mot% MPB-PE into 
a liposome formulation increa,.~es the zeta potential 
(more negative) by "/3% [24]. However, the active 
maleimide group of MPB [25] and ~PB-PE [26] is 
labile, especially at pH values greater than 7, but the 
structure of the resulting thiol-unreact;ve product is 
unknown. One potenttal mechanism for maleimide in- 
activation is ring hydration and opening to become 
carboxylated which could produce a second negative 
charge on the :notecule. The more rapid inactivation of 
maleimidobenzoic acid esters compared to the 
carboxy-cyclohe~lmethyl-maleimide esters is consis- 
tent with this mechanism [25], Thus the MPB-PE stabi- 
lizer may have a net charge of - 2  under these condi- 
tions. Other negatively charged phospholipids such as 
phosphatidylserine have also been shown to stabilize 

177 

DOPE bilayers although at higher levels than which is 
needed for MPB-PE [32]. Negatively charged lipophi!ic 
a nticancer drugs such as araCDP-diglyceride and 
methotrexatc-DMPE can also stabilize DOPE for vesi- 
cle formation ~.Constantinides. P. and Wright, S.. un- 
published observations). MPB-PE (egg PE or DOPE 
derivative: is among the most potent liposotne stabiliz- 
ers of any PE derivative which we have yet tested. This 
compound produces stable nonleaky liposomes at con- 
centrations as low as 8 mol% which is equivalent to a 
stabilizer/PE ratio of I : 12. This is in contrast to the 
phenolic derivatives (DNP and TNP-PE) which, al- 
though having an aromatic ring like MPB-PE, lacked 
the potentially charged maleimide and were relatively 
poor stabilizers at these concentrations. 

The ability to form s;.ablc lipo~mes composed of 
DOPE and N-biotinyI-PE immediately after buffer ad- 
dition indicates that the lipid mixture is hydrated much 
more rapidly than DOPE alon~., it is well known that 
lipids which favor the inverted hexagoaa[ struzture, 
expecially PE. are very poorly hydrated compared to 
bilayer-forming lipids such as PC (Ref. 28 and refences 
therein). There is some evidence which suggests that it 
is not the head group size which determines the phase 
preference but rather the extent of head group hydra- 
tion [28]. 

The similar stabilization potency of N-biotinybPE 
and N-(biotinyl)-caproyl-PE suggests that the proximity 
of the functional biotin moiety to the bilayer s~dac¢ is 
not crucial for hilayer stabilization, in hct, the ability 
of lipesomes containing B-PE to bind exogenous avidin 
or streptavidin [29] indicates that even the derivative 
without the caproyl spacer has an extended structure 
which is capable of protein binding. Avidin-coated 
liposomes can then be coated with biotinylated anti- 
body to form immunoliposomes [30]. Such immunolipo- 
somcs may be potentially target sensitive [13,22] if they 
are composed primarily of PE rather than PC. In fact 
we have found that B-PE-stabilized DOPE iiposomes 
which have acylated ~,ntilmcly incorporated in its mem- 
brane can be bound a~,a lysed upon incubation with 
anti-mouse antibody-coa:ed particles [31]. These liFo- 
sprees may be useful for diagnostic immunoassays or 
l'or drug delivery itt formats where liposome contents 
release upon antigen binding is desirable. 
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