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ABSTRACT

Rapid high-performance liquid chromatographic analysis and displacement purification of melittin and its variants were carried out
by reversed-phase chromatography. High speed of separation was achieved by the use of columns packed with a micropellicular
stationary phase consisting of a thin C,, hydrocarbonaceous layer on the surface of 2-um fluid-impervious silica microspheres at
elevated temperature. In the case of melittin from bee venom or its synthetic variants the plots of the logarithmic retention factor
against acetonitrile concentration in the eluent were straight lines whereas the van t Hoff plots in the temperature range from 20 to 80°C
were non-linear. Purification of melittins by displacement was carried out with benzyldimethylhexadecyl ammonium chloride as the
displacer. In a 20-min displacement run at 40°C about 5 mg of highly pure melittin were isolated from 10 mg of synthetic mixture by
using a 105 x 4.6 mm column. The results demonstrate that columns packed with micropellicular sorbents not only facilitate rapid
high-performance liquid chromatographic analysis but are also suitable for fast peptide purification with high recovery.

INTRODUCTION

Melittin, a polypeptide consisting of 26 amino
acids is the main component of honey bee venom. It
binds strongly to natural and synthetic phospho-
lipid bilayers and has served as a model peptide in
numerous biochemical and pharmacological studies
[1-4]. Its physico-chemical properties are well es-
tablished. The amino acid sequence of melittin is as
follows
NH;-G-I-G-A-V-L-K-V-L-T-T-G-L-

1 12
P-A-L-1 S W-I-K-R-K-R-Q-Q-COOH
14 26

In a separate study, two structural variants of
melittin have been synthesized to investigate their
structure and interaction with biological mem-
branes in comparison to those of melittin proper [5].
These two peptides are G12A and P14A melittins in
which alanine is substituted for glycine in the 12th
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position and for proline in the 14th position, respec-
tively.

The need for highly pure melittin and its variants
prompted us to investigate the potential of re-
versed-phase chromatography in the displacement
mode for their purification. Whereas reversed-
phase chromatography in the elution mode has
widely been used for analysis and purification of
peptides by high-performance liquid chromatogra-
phy (HPLC) [6,7], the merits of displacement for
preparative-scale purification have only recently
been recognized [8-14]. Introduction of micropellic-
ular sorbents that offer higher separation speed and
product recovery than conventional porous station-
ary phases has further advanced the chromatogra-
phy of biopolymers [15-18]. Therefore, columns
packed with micropellicular stationary phases were
employed for both the rapid HPLC analysis and
displacement purification of melittins. In order to
facilitate the analysis of fractions obtained in pre-
parative chromatography, a rapid HPLC method
was developed for the rapid assay of melittin by
appropriate modifications of the instrument as de-
scribed below in the Experimental section.
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EXPERIMENTAL

Materials

Reagent-grade trifluoroacetic acid (TFA), formic
acid (88%) and HPLC-grade acetonitrile (ACN)
were obtained from Baker (Phillipsburgh, NJ,
USA). Benzyldimethylhexadecyl ammonium chlo-
ride was from Fluka (Rokonkoma, NY, USA). Bee
venom, melittin, apamin, and phospholipase A,
were purchased from Sigma (St. Louis, MO, USA).
The two melittin variants P14A and G12A were
gifts from Dr. C. Dempsy. Hy-Tach columns (30 X
4.6 and 105 x 4.6 mm), packed with silica-based
C.s micropellicular sorbents of 2-um particle diam-
eter were from Glycotech (Hamden, CT, USA).
Eluents were prepared with deionized water from
NanoPure unit (Barnstead, Boston, MA, USA), fil-
tered through 0.45-uym membranes and degassed by
sparging with helium.

Instruments

The liquid chromatograph consisted of a Series 4
pump, Model LC-85B variable-wavelength detec-
tor, Model LCI-100 printer plotter and Model 7500
laboratory computer (Perkin-Elmer, Norwalk, CT,
USA). Before entering the column the eluent passed
through a 500 X 0.25 mm heat exchanger coil and a
Model 7125 sample injector (Rheodyne, Cotati,
CA, USA) that were placed in 2a Model DL-8 con-
stant-temperature bath (Haake-Buchler, Saddle-
brook, NJ, USA). A 3.0-ml sample loop was used in
displacement experiments. Some of the analytical
separations were obtained with Model 1090 liquid
chromatograph equipped with column compart-
ment, diode array detector and Model 79994A ana-
lytical work station (Hewlett-Packard, Avondale,
PA, USA).

Methods

Analytical separations. HPLC analysis of bee
venom and synthetic melittins was carried out with
short columns (30 x 4.6 mm) packed with micro-
pellicular octadecyl silica. Elevated temperature
and relatively high flow-rates were employed for the
analysis by gradient elution with increasing ACN
concentration in aqueous TFA as described previ-
ously for other peptide mixtures [15-17]. The actual
gradient profiles were determined by tracer tech-
nique as described earlier [16].
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Displacement chromatography. Instrumentation
and methodology for displacement chromatogra-
phy were similar to those described elsewhere
[8,11,13]. The column (105 x 4.6 mm) was first
equilibrated with a solution of 0.1% (v/v) TFA in
water that served as a carrier. Thereafter, a solution
of the sample mixture (feed) in the carrier was in-
troduced into the column, and the separation was
carried out with the displacer; 25 mM benzyldi-
methylhexadecyl ammonium chloride in 10% (v/v)
aqueous ACN containing 0.1% (v/v) TFA. The
“light” and “heavy” impurities shown on displace-
ment chromatograms refer to those components of
the sample that are retained less or more than the
key product, i.e., melittin or its analogue, respec-
tively, as shown by the analytical separation of indi-
vidual samples (Fig. 1). Fractions of the column
effluent were collected at 30- and 15-s intervals for
displacement experiments carried out at 23 and
40°C, respectively. A 5-ul aliquot from each frac-
tion was mixed with 95 ul of 0.1% TFA in water
and 20 ul from the diluted sample were analyzed by
rapid HPLC. Quantitative measurements were
made by the peak area and a calibration curve was
prepared using melittin from bee venom as the ref-
erence. This preparation (Sigma Lot No.
116F-4011) was 73% (w/w) pure, according to the
supplier and this value was used for the calibration
curve. In the case of impurities present in the crude
samples, it was assumed that these compounds have
the same extinction coefficient as melittin.

Column regeneration. After emergence of the dis-
placer front, the column was washed first with 3 ml
of 50% (v/v) formic acid in 2-propanol then with 3
ml of 95% (v/v) aqueous ACN containing 0.1% (v/
v) TFA. Subsequently, the column was reequilibrat-
ed with 6 ml of the carrier. Regeneration of the col-
umn was carried out at 80°C and at a flow-rate of 3
ml/min. In most cases the entire process was com-
pleted in less than 5 min.

RESULTS AND DISCUSSION

Analysis of bee venom and synthetic melittins

Bee venom is a complex biological material and
contains besides melittin, which comprises nearly
50% of the total dry weight, proteins such as phos-
pholipase A,, hyaluronidase as well as other pep-
tides such as apamin, minimine and mast cell de-
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Fig. 1. Analytical chromatograms of samples containing (A) bee
venom, (B) G12A melittin and (C) P14A melittin from synthetic
mixtures. Column, Hy-Tach micropellicular C, g silica, 30 x 4.6
mm; eluent A, 0.1% (v/v) TFA in water; eluent B, 0.1% (v/v)
TFA and 95% (v/v) ACN in water; flow-rate, 1 ml/min; temper-
ature, 23°C. Elution: (A) linear increase of eluent B from 10 to
60% in 3 min and from 60 to 80% in 2 min; (B and C) linear
gradient of eluent B from 5 to 80% in 3 min. Bee venom compo-
nents identified were apamin (1), phospholipase A, (2) and melit-
tin (3). Dotted lines represent the actual gradient profile of eluent
B during the separation.
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granulating (MCD) peptide. Fig. 1A shows an ana-
Iytical chromatogram of bee venom obtained by
rapid HPLC with a short column containing C,g
micropellicular stationary phase. As seen the sep-
aration of bee venom constituents is brought about
in 3 min. Similarly, samples of synthetic G12A and
P14A melittins were also analyzed rapidly using the
same column but different gradient as illustrated by
the chromatograms in Fig. 1B and C. The relative
hydrophobicity increased in the order, melittin <
G12A < P14A. The weight percentage of melittin
in bee venom and those of G12A and P14A melit-
tins in the synthetic mixtures were found to be 54,
28 and 30%, respectively, as measured by the peak
area in the analytical chromatograms.

Effect of mobile phase composition and temperature
on the retention behavior of melittins
Crystallographic studied [1] suggest that the me-
littin molecule contains two «-helices comprising
the amino acid residues 1-10 and 13-26, which are
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Fig. 2. (A). Effect of ACN concentration on the retention of melittins. Hy-Tach micropellicular C,, silica column, 105 x 4.6 mm;
isocratic elution with aqueous eluents containing 0.1% (v/v) TFA and various concentrations of ACN; flow-rate 0.2 ml/min; temper-
ature, 23°C. Samples were 2 ug each of melittin (O), G12A (1) and P14A (+) melittins. (B). Van 't Hoff plots for the retention of
melittins. Hy-Tach micropellicular C, 4 silica column, 105 x 4.6 mm, isocratic elution with aqueous eluent containing 0.1% (v/v) TFA

with 36% (v/v) ACN for both melittin (O) and G12A melittin (C1) and with 38% (v/v) ACN for P14A melittin (+). &’

factor; T = temperature.

Retention
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linked together by residues 11 and 12, to give the
molecular shape of a bent rod. One side of each
helix contains 10 hydrophobic residues and a group
of 6 polar amino acids is clustered at the opposite
end. High-resolution NMR studies [2] have shown
that at acidic pH and low ionic strength, melittin
exists predominantly as an extended monomer and
the residues 5-9 and 14-19 in the helices are main-
tained in highly structured order. This conformer is
in equilibrium with a low abundant form of melittin
due to cis—trans isomerism of the L-13-P-14 peptide
bond.

Plots of logarithmic retention factor for melittin
and its two synthetic analogues against ACN con-
centration in the eluent are depicted in Fig. 2A. Me-
littin elutes at about 40% of eluent B (organic mod-
ifier) and the substitution of Ala by Gly or Pro at
positions 12 and 14, respectively, results in increas-
ingly stronger binding of the peptide to the hydro-
phobic chromatographic surface. The latter pep-
tides eluted nearly at 43% and 50% of eluent B,
respectively. The data suggest that melittin proper
and P14A melittin have the smallest and the largest
hydrophobic contact area upon binding to the sta-
tionary phase, respectively. It is noted that the plots
of log k' versus @ are non-parallel straight lines sug-
gesting reversal of selectivity for the three peptides
in a range of organic concentration lower than that
shown for the data in Fig. 2A.

The retention behavior of melittin and the two
synthetic analogues was further investigated by
measuring the effect of temperature and the result-
ing van 't Hoff plots are shown in Fig. 2B. The
composition of the eluent used to measure the re-
tention of melittin and G12A melittin was 36% (v/
v) aqueous ACN containing 0.1% TFA. As P14A
melittin was found to be the most hydrophobic
among the three melittin variants and it was eluted
with 38% (v/v) aqueous ACN containing 0.1%
TFA. In the absence of conformational changes of
the eluite or structural changes in the stationary
phase, the van 't Hoff plots are usually straight lines
in reversed-phase chromatography [19]. As seen in
Fig. 2B, the van ’t Hoff plots for melittin and the
two synthetic variants are curved suggesting chang-
es in eluite conformation and concomitantly in the
binding mechanism upon varying the temperature.
Further investigations are needed to elucidate phys-
ico-chemical aspects of changing temperature on
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the chromatographic retention behavior of such rel-
atively complex molecules as melittins.

Displacement chromatography of melittins

So far, displacement chromatography in the lab-
oratory has been carried out exclusively by HPLC
columns packed with conventional porous sorbents
that have relatively large accessible surface area re-
quired in the chromatography of small molecules.
Recent studies with micropellicular sorbents from
this and other laboratories have revealed that with
stationary phase particles which consist of fluid-im-
pervious micropherical support coated with a thin
retentive layer, analytical speed and column effi-
ciency can be enhanced, particularly for separation
of large molecules. Although the chromatographic
surface area in columns packed with micropellicular
stationary phases is relatively low, the enhanced ef-
ficiency, column stability and increased sample re-
covery makes them useful also for micropreparative
isolation of proteinaceous compounds [15-18, 20—
22]. The analysis of fractions collected during the
displacement experiment was carried out with mi-
cropellicular C, g columns (30 X 4.6 mm) operated
at 80°C. Under these conditions melittin containing
samples were analyzed in less than a minute and a
typical chromatogram is shown in Fig. 3.

Displacement chromatography on 105 x 4.6 mm
columns yielded several milligrams of pure melittin
from bee venom or melittin variants from synthetic
mixtures. The feed was dissolved in 0.1% (v/v)
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Fig. 3. Rapid HPLC analysis of melittin. Hy-Tach micropellic-
ular C, silica column, 30 x 4.6 mm; eluents as in Fig. 1; linear
gradient from 0 to 80% B in 1.0 min, flow-rate, 3.0 ml/min,
temperature 80°C. Sample: 5 ug melittin from Sigma. Dotted
lines represent the actual gradient profile of eluent B.
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Fig. 4. Displacement chromatogram of crude synthetic P14A melittin at 23°C (A) and 40°C (B). Column, Hy-Tach micropellicular C,
silica, 105 x 4.6 mm, carrier, 0.1% (v/v) TFA in water; displacer, 25 mM benzyldimethylhexadecyl ammonium chloride in 10% (v/v)
aqueous ACN containing 0.1% TFA; flow-rate, 0.2 ml/min (A) and 0.6 ml/min (B); feed: 10 mg of P14A melittin in 1.5 ml. F ractions
were collected at 30 and 15 s at 23°C and 40°C, respectively. Aliquots of 5 ul of each fraction were mixed with 95 pl of 0.1% TFA and
20-pl aliquots of the diluted samples were analyzed by the procedure described in Fig. 3. The concentration of melittin was calculated on
the basis of peak area and from the calibration curve (not shown) obtained at 215 nm using Sigma melittin as the reference.

aqueous TFA which was used also as the carrier to
facilitate strong binding of the sample components
to the chromatographic surface during loading on
the the column. The displacer was 25 mM benzyldi-
methylhexadecyl ammonium chloride in aqueous
solution containing 10% (v/v) ACN and 0.1% (v/v)
TFA. This compound has been used successfully as
the displacer for the separation of various peptides
in our laboratory [10]. A displacement chromato-
gram of 10 mg of synthetic P14A melittin obtained
at 23°C and at a flow-rate of 0.2 ml/min is shown in
Fig. 4A. Under these conditions the breakthrough
of the displacer front occurred in 45 min and the
bands of product and the impurities show some
overlap.

In order to speed up the separation the column
temperature was increased to 40°C so that the vis-
cosity of the mobile phase was reduced and the fa-
vorable effect of elevated temperature on both the
diffusivity and sorption kinetics could be exploited
for anhancement of separation efficiency. The dis-
placement of the crude P14A melittin at 40°C and at
flow-rate of 0.6 ml/min is illustrated by the chro-
matogram in Fig. 4B. Comparison of chromato-

grams obtained at 23°C (Fig. 4A) and 40°C (Fig 4B)
shows that the efficiency of separation improved
considerably and the time of separation decreased
significantly with respect to the results obtained at
23°C and at 0.2 ml/min. The complete cycle includ-
ing separation by displacement chromatography
and column regeneration was completed in about
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W Heavy end impurities
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Fig. 5. Displacement chromatogram of bee venom. Conditions
as in Fig. 4B except the feed was 10 mg of bee venom.
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Fig. 6. Monitoring of the column effluent during displacement chromatography of bee venom. Chromatograms are shown for the
analysis of fractions corresponding to (A) the feed, (B) impurities (fraction 3), (C) melittin (fraction 7) and (D) heavy-end impurities
(fraction 9) as shown by the displacement diagram in Fig. 5. Dottes lines represent the actual gradient profile of eluent B.

20 min. Similar results were obtained for isolation
of melittin from bee venom as shown in Fig. 5. The
versatility of the rapid HPLC method is illustrated
by good-resolution and high-speed analysis of the
column effluent during the displacement chroma-
tography of bee venom. The results of analysis of
the feed and fractions containing the light-end im-
purities, melittin and heavy-end impurities are de-
picted in Fig. 6. The fractions of melittin collected
between 11.5 and 13 min and free from other pep-
tide components as determined by rapid HPLC
were pooled. Total yield of purified melittin was
5.23 mg and the purity of the pooled sample was
99.1% as determined from the area under the peak
by reversed-phase chromatography and from a cali-
bration curve prepared from Sigma melittin as ref-
erence. It is noted that the elution pattern of the
primary component in the displacement chromato-
gram varied resulting in steps in the bar diagram as
depicted in Figs. 4 and 5. This could be due to in-
complete development of the displacement train
that can be improved by using longer columns. Un-
der these conditions the bar heights are expected in
to increase in sample concentration.

CONCLUSIONS

Displacement chromatography with micropellic-

ular sorbents offers significant advantages for rapid
purification of proteins and peptides on a micro-
preparative scale. The advantages of this approach
are particularly pronounced when the column is op-
erated at elevated temperature and at relatively high
flow-rates as illustrated by the purification of melit-
tin and its variants in less tan 15 min. Regeneration
of the column, a generally time consuming step with
traditional porous packings, required less than 5
min. Columns packed with micropellicular station-
ary phases are eminently suitable also for rapid
analysis of fractions of the column effluent in pre-
parative chromatography and offer the potential
for process monitoring by HPLC.
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