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Analysis of Peptide and Lipopeptide Content in Liposomes.
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ABSTRACT. PURPOSE: To evaluate several methods
for extraction of peptides from liposomal formulations as
a first step in their quantification, and to determine the
encapsulation efficiency for a panel of 8 peptides.
METHODS: Eight peptides were chosen due to their
importance in the field of vaccine development. Three
different extraction media were examined: 25% ethanol,
98% ethanol, and 100% methanol. After extraction from
liposomes, peptide content was measured using reverse
phase HPLC. RESULTS: The effectiveness of the
extraction media for peptide recovery varied considerably
for the different peptides studied. In general, more hydro-
philic peptides were recovered to a greater extent using
25% ethanol while more hydrophobic peptides were more
thoroughly recovered using 98% ethanol. Encapsulation
efficiencies (EE) ranged from 1% to 99% for the different
peptides. No strong correlation was found between the
average hydrophobicity values for the peptides and their
EE. CONCLUSIONS: The most effective solvent for
the extraction of a peptide from liposomes depends on the
physicochemical properties of the peptide. Although the
peptide sequence characteristics may provide guidance on
the choice of the extraction media, only peptide recovery
experiments will be able identify the optimal medium for
extraction.

INTRODUCTION

Encapsulation of peptide antigens in liposomes protects
them from degradation and enhances their immunogenic-
ity. Prior to use, vaccine formulations of peptides must be
fully characterized with respect to the peptide content and
physicochemical properties of the formulations. The dose
of the peptide antigen can significantly influence the type
and magnitude of the immune response, which may have
detrimental or beneficial effects in several disease states (1,
2). Therefore, the development of methods that permit
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rapid and accurate determination of peptide content in
particulate formulations is important. Such methods are
also essential for scale up, quality control, and determina-
tion of batch-to-batch consistency of the formulations.

Quantification of an encapsulated drug may be done either
without disruption of the particles or after its extraction
from the formulation. Direct estimation of an encapsu-
lated compound in a formulation may be performed based
on its fluorescence properties (3, 4) or radioactivity (5-8).
However, if fluorescence or radioactivity is introduced into
the compound by significant chemical modification, the
encapsulation efficiency of the modified compound may
vary significantly from that of the native molecule of inter-
est. In addition, the labeling process needs to be optimized
for each molecule under investigation, which can be time
consuming and expensive. A more effective and widely
applicable method would be the quantification of the com-
pound after its extraction from the formulation matrix.
Encapsulated drugs can be extracted from liposomes by
various extraction media including Triton-X (3, 9-12),
chloroform (8), methanol (13), sodium chlorate (14), octyl-
B-glucoside (14), sodium dodecyl sulphate (15), or acidi-
fied isopropanol (16). Once the encapsulated compound is
separated from the lipids, it can be quantified in several
ways, including reverse phase (RP) HPLC (9, 10).

RP-HPLC is the standard method for quantification of
peptides and is favoured for the determination of peptide
encapsulation efficiency in vaccine formulations for sev-
eral reasons. First, RP-HPLC allows the determination of
peptide content without interference by lipids or polymer.
In addition, the UV absorption spectra of the encapsulated
peptide and unencapsulated peptide can be compared to
ensure that the peptide has not been altered by encapsula-
tion or extraction. Finally, RP-HPLC is an easy and replica-
ble method and is suitable for gauging relatively small
amounts of peptide.

Although the extraction of the encapsulated drugs from
liposomes is a widely used step in their quantification, it
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has not been adequately explored in the context of thera-
peutic peptides. Similarly, the use of RP-HPLC to deter-
mine peptide quantity is a standard procedure that has yet
to be carefully examined in the framework of liposomal
and polymeric formulations. The purpose of this series of
investigations was to determine how best to extract a vari-
ety of peptides and lipopeptides from vaccine formula-
tions in order to examine encapsulation efficiency using an
RP-HPLC.

MATERIALS AND METHODS
Materials

A panel of peptides of varying hydrophobicity/hydrophi-
licity characteristics, prepared by solid-phase synthesis,
from MUC1 mucin, hepatitis B virus core antigen
(HBcAg), and collagen IV were used. Amino acid
sequences of the peptides are reported in Table 1.

Table 1: Peptide Sources and Amino Acid Sequences

Peptide Source Sequence Hvﬁseﬁiili -

BP16 Human MUC1 GVTSAPDTRPAPGSTA -0.481

[BP24 [Human MUC1 TAPPAHGVTSAPDTRPAPGSTAPP -0.600

[BP25 [Human MUC1 STAPPAHGVTSAPDTRPAPGSTAPP -0.608

BLP23 [Human MUC1 STAPPAHGVTSAPDTRPAPGSTAPP-Lys(Pal)G jnot determined
[HBcAgizp 14 [Hepatitis B Core Ag|VSEGVWIRTPPAYRPPNAPIL 0.143
[HBcAgizsie Hepatitis B Core Ag IRTPPAYRPPNAPIL -0.407
[HBcAgizs.14 [Hepatitis B Core Ag PPAYRPPNAPIL -0.450
BP1-072 CollagenIV a2 [EAIQPGCIGGPKGLPGLPGP -0.020

Average hydrophobicity (AH) is the sum of all hydropho-
bicity values (17) for the given sequence divided by the
sequence length (Table 1). The higher the AH value, the
more hydrophobic the molecule. AH values were calcu-
lated using PepTools Version 2.0 (BioTools Inc., Edmon-
ton, AB, Canada). Peptides from the hepatitis B core
antigen were synthesized by Dr. David Wishart's labora-
tory, Faculty of Pharmacy and Pharmaceutical Sciences,
University of Alberta (Edmonton, AB, Canada). Biomira
Inc. (Edmonton, AB, Canada) supplied all other peptides.
The lipids used were dipalmitoyl phosphatidylcholine
(DPPC), dimyristoyl phosphatidylglycerol (DMPG) (Gen-
zyme Pharmaceuticals, Cambridge, MA, USA), and choles-
terol (CHOL) (Sigma Chemical Co., St. Louis, MO, USA).

Preparation of Liposomes

Liposomes were prepared using a modified freeze-thaw
method (18). Briefly, lipids were used at a molar ratio of 3
DPPC: 1 CHOL: 0.25 DMPG. Lipids in solution wete
coated onto round-bottom flasks using a rotary evaporator
(Buchi RE111 Rotavapor, Buchi Laboratiums-Technik,

Switzerland). The volumes used were 1.95 ml of DPPC (16
mg/ml) in CHCl;, 1.8 ml of CHOL (3.08 mg/ml) in
CHCl;, and 2.2 ml of DMPG (1.1 mg/ml) in a mixture of
methanol and CHCI; (1:3). The flasks were incubated at
43°C in a vacuum oven (250 mmHg) overnight to remove
the residual solvent. For empty liposomes, the lipids were
rehydrated with 2 ml of PBS. For liposomes containing
peptide, lipids were rehydrated with 2 ml of PBS contain-
ing 300 Ug of the appropriate peptide. Flasks were incu-
bated at 53°C in a water bath and then vortexed until
lipids were removed from the sides of the flasks and the
solution appeared homogenous. Five cycles of the follow-
ing were performed: freeze flasks in dry ice/acetone, thaw
for 40 minutes at room temperature, incubate at 41°Cin a
water bath for 5 min, vortex for 30 s. Liposomes were col-
lected via ultracentrifugation (Model LB-55, Beckman
Instruments Inc., Mississauga, ON, Canada), at 50,000 x g
for 20 minutes and washed twice with PBS. Supernatants
(81 and S2) were collected after each centrifugation for
analysis of peptide content. The liposome pellet was resus-
pended in a replacement volume of PBS.

Table 2: Elution Conditions

DPeptide Gradient {%0A) Time (min)
BP16 100% to 60% 19
BP24 96% to 54% 18
BP25 06% to 54% 18
BLP25 75% to 0% 16
HBcAgiioi4 91% to 50% 18
HBcAgiz614 01% to 60% 18
HBcAgie 140 01% to 60% 18
BP1-072 83% to 55% 18
RP-HPLC Analysis

Samples for the analysis of peptide recovery from lipo-
somes and encapsulation efficiency of liposomes were
manually injected into a Waters 625LC HPLC (Waters,
Mississauga, ON, Canada). The RP-HPLC was equipped
with a C;g reverse phase column (8 x 100 mm) and an UV
detector (Waters 4806) set at 210 nm. The mobile phases
employed were A [10% acetonitrile (Fisher Scientific,
Edmonton, AB, Canada) and 0.1% trifluoroacetic acid
(Sigma, St. Louis, MO, USA) in water] and B (70% acetoni-
trile and 0.085% trifluoroacetic acid in water). Elution
conditions for each peptide are outlined in Table 2. The
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peptide concentration in all samples was determined by
comparing the UV absorbance of the peptide with a stan-
dard curve (R2 >(0.998) generated under the same condi-
tions.

Peptide Recovery

All experiments were set up in triplicate in microcentrifuge
tubes. To each tube was added 150 W of empty liposomes.
Liposomes were spun down at 10,300 x g for 12 minutes
and all supernatant was removed. To the pellets, 40 ul of
the appropriate peptide was added in 20 Ul of PBS. Tubes
were vortexed to thoroughly mix the peptides with lipo-
somes. To each tube was added 200 W of 100% methanol,
200 W of 98% ethanol, or 200 pl 25% ethanol (ethanol
diluted in water). The tubes were vortexed until the lipid
pellets broke up. Samples wete then incubated at 51°Cina
water bath for 30-60 minutes. After removal from the
water bath, tubes were centrifuged at 10,300 x g for 12-15
minutes. The supernatant was analyzed for peptide con-
tent by RP-HPLC; two injections of 50 [l each were made
to the RP-HPLC. For each peptide/extraction media com-
bination there were six injections, 2 each from the 3 tubes.
The amount of peptide in each injection was calculated
using a standard curve. Standard curves for all peptides
used in this set of investigations had R? values of >0.998.
The 6 quantities were averaged and compared to the
amount of peptide added to the liposomes.

Yorgc = Prec/Papp X 100 (1)

whetre %oppc is the percent recovery, Prpc is the peptide
recovered after mixing with liposomes, and P,pp is the
amount of peptide added to empty liposomes.

Encapsulation Efficiency

All experiments were set up in triplicate in microcentrifuge
tubes. Samples of liposome suspensions (150 ul) were
added to microcentrifuge tubes, centrifuged at 10,300 x g
for 12 minutes, and 100 Wl of supernatant (S3) was
removed from each tube. To the liposome pellets was
added 150 W of the extraction media that proved to give
the best recovery for the peptide in the peptide recovery
experiments. The tubes were vortexed to break up the
liposome pellet and incubated at 53° C in a water bath for
30 minutes. Tubes were centrifuged at 10,300 x g for 12-15
minutes. Two injections of 50 W aliquots of supernatant (L
for liposomes) were injected into the RP-HPLC to deter-
mine the amount of peptide encapsulated in liposomes.

Fifty microliters each of a 1:3 aqueous dilution of S1 (the
first supernatant removed during the preparation of the
liposomes) and undiluted S2 (the second supernatant
removed during the preparation of the liposomes) and S3
was injected into the RP-HPLC. The quantity of peptide in
the injected volumes was calculated by comparison with a
standard curve (R? >0.998) for the peptide. The quantity
of the peptide in supernatants S1, S2, and S3 were calcu-
lated taking into account the dilution factor and the total
volume of each supernatant. The total amount of peptide
encapsulated in liposomes (L) was calculated based on
the value of peptide in L, the total volume of liposomal
batch, and the % recovery efficiency of the extraction pro-
cedure. The EE and the total amount of peptide
accounted for in the analysis were calculated using equa-
tions 2 and 3.

EE = Lrorar/Prorarn X 100 (2)

where EE is the encapsulation efficiency of the peptide in
liposomes, Lygy,y is the total amount of peptide in lipo-
somes (L + S3), and Ppap is the total amount of the pep-
tide used for formulation.

Yoacc = 81+ 82 + Lroran)/ Prorar X 100 (3)

where %,cc is the percentage of peptide accounted for, S1
is the amount of peptide in the first wash, S2 is the amount
of peptide in the second wash, Ly, is the total amount
of peptide in the liposomes, and Py, is the total amount
of peptide used for formulation.

RESULTS
Peptide Recovery

Preliminary experiments confirmed the solubility of the
peptides used in the candidate solvents. In order to select
an appropriate extraction medium, the efficiency of the
extraction media for peptide recovery from liposomal for-
mulations was determined. For this purpose, peptide-free
liposomal suspensions were spiked with a known amount
of peptide and the peptide was extracted using different
solvents and quantified by RP-HPLC. Comparison of the
peptide recoveries allowed the evaluation of the three
extraction media and the selection of the optimal solvent
for determination of the encapsulation efficiency of each
peptide. It also supplied a recovery value, which was used
as a correction factor in calculating the encapsulation effi-
ciency.
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For each solvent, there was a wide range in the recovery
values seen with the different peptides (Table 3).

Table 3: Peptide Recovery from Liposomes (mean+/- SD)

experiment was used to extract the peptide from the lipo-
somes for the encapsulation experiment.

Encapsulation efficiencies of the different peptides (Table

) - - 4) ranged considerably.
Peptide 25% Ethanol 98% Ethanol 100 % Methanol
BPl6 70 +/- 2% 20 +/- 1% 45 +/- 3%
5P - o+ 1% skt 4. 436 Table 4: Encapsulation Efficiency of Peptide in
BP25 82 +/- 11% 55+ 6% 77 +1- 4% Liposomes (mean +/- SD)
BLP23 10 +- 8% 64 +/- 10% 60 +/- 13% .
HBcAgi20.140 69 +- 5% 87 +/- 6% 68 +/- 7% Deptide Encapsulation Efficiency Ai‘;:gigiﬂ?;_de
HBcAgize 4o 73 +- 4% 78+- 6% 72 +/- 8%
HBcAgpoiw 98 +-9% 82 +/- 9% 73 +- 1% BP16 13 +- 1% 61%
BP1-072 113+-10%  [82+-10% 87 +/- 8% BP24 13 +/- 8% 87%
For 25% ethanol, the values ranged from 10% for the BP23 84 5% %
lipopeptide, BLP25, to 113 % for BP1-072, a collagen IV~ [BEP22 99+~ 11% 9%
peptide. For 98% ethanol, values wete seen from 20% for HBcAg120.140 194~ 1% 1%
BP16 to 88% for the shortest HBcAg peptide. Recovery HBcAg126.140 29 +- 4% 99%
values for extractions using 100% methanol ranged from HBcAgis.150 21 +/- 3% §2%
45% for BP16 to 87% for BP1- 072. For four peptides, BP1-072 3+-1% 81%

BP16, BP24, BP1- 072, and BP25, recovery was clearly
greatest with 25% ethanol followed by recovery with 100%
methanol and then 98% ethanol.

BP25 and BLP25 have the same amino acid sequence, dif-
fering only in the addition of a lipid moiety. Not surpris-
ingly, this lipid moiety caused a difference in the
effectiveness of recovery by different solvents. The sole
lipopeptide in the experiment, BLP25, was most effec-
tively recovered using 98% ethanol, although 100% metha-
nol was a close second. BLP25 was extremely poortly
recovered using 25% ethanol.

For the longest hepatitis B core peptide, HBcAg) 21405
recovery was greatest with 98% ethanol, and there was lit-
tle difference between 100% methanol and 25% ethanol.
There were only small differences seen between the three
solvents in the recovery of HBcAg) s 149, but 98% ethanol
appears to be the best solvent. HBcAg,,9 149 showed a dif-
ferent pattern than the other two peptides from the core
antigen. The best solvent for recovery of the shortest
HBcAg peptide was 25% ethanol, followed by 98% etha-
nol, with 100% methanol being the least useful solvent.

Encapsulation Efficiency

Each peptide was encapsulated into liposomes using the
freeze thaw method, commonly used for encapsulation of
hydrophilic molecules. For each peptide, the extraction
medium that gave the highest recovery in the recovery

BP1-072, a collagen peptide, gave the lowest encapsulation
efficiency at 3% while virtually all (99%) of the lipopep-
tide, BLP25, was encapsulated inside the liposomes. The
peptide containing an amino acid sequence identical to
that of BLP25 but lacking the lipid moiety, BP25, had an
EE of only 8%. The addition of the lipid moiety to the
molecule greatly enhanced the level of encapsulation of

the peptide.

The total amount of peptide accounted for was consider-
ably less than 100% in most cases. Whether this was due to
peptide loss during the preparation of the liposomes or
due to inefficiencies in the extraction of the peptide from
the liposomes remains to be seen.

DiscussION

As the number of peptide-based vaccines under investiga-
tion escalates, the development of methods to characterize
peptide formulations becomes crucial. An important part
of such characterization is the quantification of the encap-
sulated peptide antigen. Among the various methods used
for determination of the EE of a peptide in a particulate
delivery system, the extraction of the peptide from the for-
mulation using a solvent, followed by the analysis of peop-
tide quantity by RP-HPLC, is the most advantageous for
several reasons. First, it is replicable and easy to use. Sec-
ondly, it does not require chemical modification of the
peptide. Finally, it can be used to analyze relatively small
amounts of peptide.
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Prior to using the RP-HPLC to determine the amount of
peptide encapsulated inside liposomes, the peptide must
be extracted from the liposomes using a solvent. The ideal
solvent will be relatively inexpensive, readily available, non-
toxic, and compatible with the RP-HPLC and its solutions.
Many different solvents have been utilized for this pur-
pose, but to date there has been no systematic study of
which solvents are most effective for the extraction of
peptides from liposomes prior to analysis of peptide con-
tent using the RP-HPLC.

In order to examine the ability of several solvents to
recover peptides from liposomes, empty liposomes were
spiked with a known amount of peptide and three differ-
ent extraction procedures were followed to determine the
recovery of eight different peptides. The results demon-
strated that the amount of peptide recovered depended on
the combination of extraction medium and peptide. In
particular, the optimal extraction medium depended on
the chemical nature of the peptide being extracted. For the
more hydrophilic peptides, HBcAg59.149, BP16, BP24, and
BP25, 25% ethanol proved to be the most effective extrac-
tion medium. For the more hydrophobic peptides, BLP25
and HBcAg; 5140, 98% ethanol was the most valuable sol-

vent.

This investigation demonstrates that the best solvent for
extraction of peptide from liposomes varies, depending on
the nature of the peptide being examined. It may be possi-
ble to predict the optimal solvent by comparing the amino
acid sequences of an untested peptide to tested peptides or
by using software capable of predicting the average hydro-
phobicity of a peptide, however, this can only serve as a
general guideline for the selection of the extraction media.
The true suitability of the solvent should be verified exper-
imentally by determining peptide recovery from the for-
mulation. Furthermore, in addition to the chemical nature
of the peptide, the nature of the liposomal lipids may also
significantly influence the optimal choice of the extraction
medium. This requires further investigation.

In selecting the most effective extraction medium for a
particular peptide, both the actual recovery value and the
reproducibility of the recovery value must be considered.
For certain recovery medium/peptide combinations, the
percent coefficient of variation (% CV), an important mea-
sure of reliability, was overly high, indicating that the
method was not dependable. For each peptide, an extrac-

tion medium was selected that recovered a maximal
amount of peptide with a minimal amount of variation.

Once the most effective extraction medium for each pep-
tide from liposomes was identified, the EE was ascertained
for each of the eight peptides in liposomes. The results
established that there was a wide range of EE for the pep-
tides we examined. It is known that the nature of the mol-
ecule affects the incorporation of the molecule into
liposomes (19) and the results from these investigations
supported this. The lipopeptide gave the highest EE; its
lipid moiety bestowed an amphipathic nature to the mole-
cule that allowed for an easier encapsulation. For some of
the peptides we examined, such as BP1-072, which was
encapsulated at about 2% efficiency, chemical modifica-
tion or encapsulation by alternate methods may be neces-
sary to increase the EE without decreasing the antigenicity
of the molecule. Interestingly, there was no correlation
found between the average hydrophobicity values and the
amount of peptide encapsulated inside the liposomes. It is
likely that both the amino acid sequence and the distribu-
tion of hydrophilic and hydrophobic residues in the mole-
cule play more significant roles in determining the EE of
the peptides than the average hydrophobicity alone.

The peptides used in this study were selected due to their
significance in the development of therapeutic vaccines.
MUCT mucin is a very important cancer antigen expressed
by most carcinomas including breast, ovarian, prostate,
lung, head and neck cancer and is a major target for thera-
peutic vaccine design (20, 21). A liposomal formulation of
lipopeptide BLP25 has progressed through Phase 1Ib clin-
ical trials in over 100 patients with non-small cell lung car-
cinoma and was shown to be safe (unpublished results).
Hepatitis B virus (HBV) core antigen and its peptide
epitopes are candidates for therapeutic vaccines for HBV
chronic infection and hepatocellular carcinoma (22, 23).
The collagen IV peptide used in this study is used as a
model peptide in the development of vaccine formulations
(24, 25). As more potential antigens are identified in cancer
and viral disease, more peptide epitopes will be incorpo-
rated into vaccine formulations and these formulations
will need to be thoroughly characterized using methods
like the one described in this paper.
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