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SUMMARY

The specific aim of this study was to investigate the selectivity of hqud
chromatography—electrochemistry for minor variations 1n the structure of small endorphins
Using 1socratic mobile phases, chromatographic conditions were esgtablished for the separa-
tion of a series of closely related endorphins Hydrodynamic voltammetry showed that each
peptide exhibited a characteristic oxidative behavior that was also reflected in peak current
ratios Changes 1n a small moiety altered both the chromatographie behavior and electro-
activity of these neuropeptides

INTRODUCTION

The discovery of increasing numbers of closely related neuropeptides has
made the need for highly selective assay techniques more apparent Currently,
the most selective and sensitive technique has used some form of hquid chro-
matographic (LC) fractionation step followed by radiormmunoassay (RIA)
quantification [1—6]. This necessarily restricts the choices of solutions used for
the chromatographic portion of the technique to those solutions which are
volatile or compatible with the RIA analysis [3] The lack of commercially
available antibodies to some of the neuropeptides has caused investigators to
prepare and characterize therr own antibodies. Differences 1n antibody speci-
ficity make 1t difficult to compare data between laboratories. The develop-
ment of a technique 1n which a series of neuropeptides could be 1dentified and

* A preliminary report of this work was presented at the 1985 Electroanalytical Symposium
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quantified from a single sample, would eliminate the present need for multi-
step time-consuming separate determinations

Some research efforts to develop a new assay technique for endorphins and
other neuropeptides have focused on LC with electrochemical detection (ED)
[7—11] Electrochemistry provides additional selectivity to the assay since
only those compounds which are oxidizable or reducible at the applied
potential will be detected Other advantages of using electrochemistry are its
modest cost, both of mstrumentation and reagents, and 1ts versatihty An
LC—ED assay for oxytocin solutions was developed by White [8] Mousa and
IMENY
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Counn {9] studied the metabolism of synthetic methionine-enkep
by serum and brain aminopeptidases using LC—ED A column-switching
LC—ED procedure was used to determine cholecystokmin tetrapeptide and
octapeptide sulfate levels from rat bram [10] . This procedure was subsequently
modified and used to assay ME and leucine-enkephalin (LE) from rat brain by
LC—ED [11]

In a previous paper [12], we mvestigated conditions for the 1socratic elution
of a series of endorphins Factors which affected the performance of the
electrochemical detector were also examined. The specific aim of this study 1s
to mnvestigate the selectiity of LC—ED for minor variations in endorphin

structure
EXPERIMENTAL

The endorphins used m this study are hsted in Table I with their abbrewia-
tions, amino acid compositions and suppliers Reagents included HPLC-grade
potassium dihydrogen phosphate, phosphoric acid (85%), methanol and aceto-
nitrile (Fisher Scientific, Pittsburgh, PA, U S A.). All water used for LC mobile
phases was prepared by adding activated charcoal (Sigma) to fresh glass-distilled
water After standing overnight, the water was filtered through a 0.2-um
Nylon-66 filter (Rainin, Woburn, MA, U.S.A.) and degassed

The chromatographic system consisted of Waters Assoc (Milford, MA,
U S A.) Model 6000A pumps, a Model UK sample mjector and a Bioanalytical
Systems (West Lafayette, IN, US A ) LC-4, LC-4B or LC-4B/17 amperometric
detector with a TL-5A or TL-5A dual glassy carbon working electrode A

TABLE 1
ENDORPHIN STRUCTURE

Endorphin Abbreviation Amino acid composition Suppher*
« Neo endorphin 1 8 «NE 18 Tyr Gly-Gly Phe Leu Arg-Lys Tyr 1
a Neo-endorphin 1 10 aNE 110 Tyr-Gly-Gly-Phe Leu Arg Lys Tyr Pro-Lys 1
Dynorphin 16 Dynlé Tyr Gly Gly Phe Leu Arg 1
g Neo-endorphin SNE Tyr Gly Gly-Phe Leu Arg Lys Tyr Pro 1
[D Ala?}-leucine-enkephahinamide LEA Tyr D Ala-Gly Phe Leu NH 3
Leucine-enkephalin LE Tyr Gly Gly Phe Leu : 3
Methionine enkephalin ME Tyr Gly Gly Phe Met 3
Methionine-enkephalinamide ME NH, Tyr Gly-Gly Phe Met NH 3
{v Ala’]-methhomine-enkephahn L Ala* ME Tyr-Ala Gly-Phe-Met ’ 3
[D Ala’] methionine enkephalin D-Ala*ME Tyr D Ala Gly Phe-Met 3
{D Ala®]-methionine-enkephalinamide  D-Ala*ME-NH, Tyr D-Ala-Gly-Phe Met NH 3
Methionme-enkephalin lysine ME-Lys Tyr-Gly Gly Phe Met Lys 2
Methionine enkephalin arginine ME Arg Tyr Gly-Gly-Phe Met Arg 2

*y =
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Topaz Line 2 power conditioner (Topaz Electronics, San Diego, CA, US A)
was used with the amperometric detectors for all experiments A Soft
Sealguard column {Applied Science Labs , State College, PA, U S A ) packed
with 10-um Ultrapack-Octyl (Altex, Berkeley, CA, U S A.) was used with a
10-um Aquapore RP-300 column (250 mm X 4 6 mm) (Brownlee Labs,
Santa Clara, CA, US A ) A Phantom microbore C; guard column (C -M Labs,
Nutley, NJ, U S.A) and an m-hne filter were used with a Zorbax® Golden
Series Cg column (8 ecm X 6 2 mm) (DuPont de Nemours, Wilmington, DE,
.S A.). Only 1socratic mobile phases were used and their compositions are
described in the figure legends All mobile phases were filtered through a
0.2-um Nylon-66 filter and degassed before use To prevent the formation
of microbubbles, the mobile phase was sparged with hehum gas (99 995%
purity) Steel solvent reservowr filters were omitted from mobile phase
reservolrs Where indicated, the mobile phase reservoir was suspended 1n a
circulating water bath at 27°C A flow-rate of 1 0 ml/min was used for all
separations While establishing chromatographic conditions, an apphed
potential of +1 05 V vs Ag/AgCl was used for the detection of the endorphins
[12]

Endorphin standards were dissolved mn 30 mM KH,PO, 275 uM glycyl-
glycine, pH 2 3 (adjusted with 85% phosphoric acid) Aliquots were lyophilized
and stored desiccated at —20°C Prior to chromatography, the endorphmn
standards were dissolved m an appropriate volume of 25 mM KH,PO,- 27 5 uM
glycylglycne, pH 2 3, and stored for approximately one month at —20°C

The TL-5A dual glassy carbon working electrode was cleaned by the
alumina-polishing procedure recommended by the manufacturer. To generate
hydrodynamic voltammograms with the TL-5A dual glassy carbon working
electrode, the two working electrodes were placed 1n parallel configuration
and set at the same potential The mean response for each potential was
plotted The TL-5A glassy carbon working electrode was cleaned by the
chromic acid procedure of Anton [13] The chromatographic conditions used
to generate the hydrodynamic voltammograms are described mn the figure
legends

Peak current ratios were calculated by placing the TL-5A dual working
electrodes 1n the parallel configuration. Working electrode A was always set
at the smaller applied potential and B at the larger apphed potential The
Aquapore RP-300 column and a mobile phase of 20 8 mM KH,PO, 20 uM
glycylglycine, pH 2 3 (with H;PO,) acetonitnle (85.2 14 8) at 27°C was used
to separate endorphins for generation of peak current ratios

RESULTS

Chromatography

Fig 1 shows the separation of «aNE 1-8, «NE 1-10, Dyn 1-6, ME, gNE. LEA
and LE on the Aquapore RP-300 column The 1socratic mobile phase that gave
the best separation of these endorphins was 20 8 mM KH,PO,~ 20 uM glycyl-
glycine, pH 2 3 (with 85% H;PO,)- acetonitrile (85 2 14 8) warmed to 27°C1n
a circulating water bath A characteristic broadened peak shape was obtamed
for BNE with this mobile phase in agreement with a previous report [12].
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Fig 1 Isocratic elution of endorphins Chromatographic conditions column, Aquapore
RP-300, mobile phase, 20 8 mM KH,PO,—20 uM glycylglyemne, pH 2 3 (with H,PO,)—aceto-
nitrile (85 2 14 8) at 27°C, flow-rate, 1 0 ml/min, electrode, TL-BA with a glassy carbon
auxihary electrode, applied potential, +1 056 V vs Ag/AgCl Peaks 1 = oNE 1-8, 2 = «NE
1-10;3=Dyn 1-6,4 =ME,5 =gNE,6 = LEA, 7= LE

Fig 2 Isocratic elution of endorphins and ME analogues Chromatographic conditions
column, Zorbax Golden Series C,, mobile phase, 27 8 mM KH, PO,- 78 uM glycylglycine,
pH 2 3 (with H,PO,)—acetonitrile (85 4 14 6), flow-rate, 1 0 ml/min, electrode, TL-5A with
a stainless-steel auxihary electrode, applied potential, +1 05 V vs Ag/AgCl Peaks 1= oNE
1-8, 2 = ME-Lys, 3 = ME-Arg, 4 = oNE 1-10, 5 = ME-NH,, 6 = ME, 7 = L-Ala>ME, 8 =
D-Ala*ME, 9 = LEA,10=LE

Attempts to manmpulate the 1socratic mobile phase concentration to obtain a
longer retention of aNE 1-8 were not successful because other peptides
co-eluted or were excessively retamned Decreasing the concentration of salt
and organic modifier in the mobile phase caused a deterioration 1n the shape of
the later eluting peaks (data not shown)

To examine the selectivity of the chromatographic system for changes in
endorphin composition, ME and ME analogues with small moiety differences
were separated on the Zorbax® Golden Series Cy column (Fig 2) The hexa-
peptides n peaks 2 and 3 differ only in the C-terrminal amino acid which 1s
basic in both peptides (lysine and arginine, respectively). Substituting an amide
group for the carboxyl terminal group of ME (peaks 5 and 6) decreased the
retention time by 6 min Although the pentapeptides in peaks 7 and 8 differ by
a single methyl group (alamne 1s substituted for glycine 1n position 2 of the
ME amino acid sequence), they are well separated in this chromatographic
system. Even the most closely-related peptides in this series which differ by
stereoisomerism of a single amino acid, L-Ala?-ME and D-Ala®>-ME are separated
by approximately 3 min

Electrochemistry
Hydrodynamic voltammograms. To determine oxidative charactenstics of a
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senes of endorphins, hydrodynamic voltammetry was performed The hydro-
dynamic voltammograms mn Figs 3- 5 show that each peptide exhibits
charactenistic oxidative behavior. In Fig 3, the slope of the curves for aNE
1-10, Dyn 1-6 and BNE are relatively flat, showing only a small change n
nA/ng over the range of applied potentials These curves begin to plateau at
approxmately +1.0 V After an imtial steep increase in the nA/ng ratio for
oNE 1-8, the rate of change becomes smaller with increasing apphed potential
without reaching a plateau The slope of the voltammogram for SNE, how-
ever, increases sharply between apphied potentials +1 15 V and +1 18 V The
voltammogram for LE does not plateau but continues to slowly increase the
nA/ng ratio with increasing potential In contrast, the oxidative behavior of
ME 1s different from that of the other endorphins shown in Fig 3 There 1s an
approximately linear increase mn the nA/ng ratio with increasing potentials.
ME also exhibits the greatest electroactivity at higher apphed potentials

The hydrodynamic voltammograms for ME and the hexapeptides ME-Arg
and ME-Lys are shown in Fig 4 Although argimine and lysine are basic amino
acids, they affect the electroactivity of ME differently The electroactivity of
ME 1s enhanced with the addition of a lysyl residue and 1s shightly decreased by
the addition of an arginyl residue A comparison of the hydrodynamic
voltammograms for ME m Fig. 3 and 4 shows ssmilar slopes but differences in
the oxidative response of ME at higher potentials This difference 1llustrates the
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Fig 3 Hydrodynamic voltammograms of endorphins Chromatographic conditions column,
Aquapore RP-300, mobile phase, 20 8 mM KH,PO,-20 puM glycylglycine, pH 2 3 (with
H,PO,)—acetomtrile (85 2 14 8) at 27°C, flow-rate, 1 0 m}/min, electrode, TL-5A dual with
an additional connecting wire from the auxihary electrode pin to the stainless-steel outlet
tube of the reference electrode compartment
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Fig 4 Hydrodynamic voltammograms of ME-related peptides Chromatographic conditions
column, Zorbax Golden Sernes C,, mobile phase, 25 7 mM KH,PO,, pH 2 3 (with H,PO,)—
acetonmitnle (86 7 13 3) at room temperature, flow-rate, 1 0 ml/min, electrode, TL-5A wnth
a stainless-steel auxilary electrode

Fig 5 Hydrodynamie voltammograms of ME analogues Chromatographic conditions
column, Zorbax Golden Series C,, mobile phase, 25 7 mM KH,PO,, pH 2 3 (with H,PO,)—
acetonitrite (86 7 13 3) at room temperature, flow-rate, 1 0 ml/min, electrode, TL-5A with
a stainless-steel auxiliary electrode ?

importance of changes 1n electrode configuration and mobile phase composi-
tion n the oxidative behavior of ME The hydrodynamic voltammetry must be
re-evaluated for each new working electrode and set of mobile phase condi-
tions

Fig 5 shows the hydrodynamic voltammograms for ME and analogues with
small moiety changes Although the substitution of an alanyl residue for a
glycyl residue mn position 2 of the amino acid sequence of ME adds only a
methyl group to the pentapeptide, the electroactivity of L-Ala’>-ME 1s
decreased by approximately 50% at the higher potentials Substitution of the
D-form for the L-form of alanine, however, 1ncreases the electroactivity of the
peptide (D-Ala>-ME vs L-Ala’-ME) approximately 100% at higher potentials
An amide group substitution at the C-terminal position of ME (ME-NH,
vs ME) decreases the electroactivity of ME by shifting the hydrodynamic
voltammogram to the right

Peak current ratios As an additional approach to evaluating selectivity, peak
current ratios were calculated for the endorphins and are histed m Table II
The potentials used to generate the peak current ratios were selected by
examining the hydrodynamic voltammograms for the greatest differences mn
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TABLE II
PEAK CURRENT RATIOS

Chromatographic conditions column, 10 um Aquapore RP-300, mobile phase, 20 8 mM
KH,PO,~20 pM glycylglycine, pH 2 3 (with H_PO,)—acetomtrile (85 2 14 8) warmed to
27°C Amperometric detector was a Model LC-4B/17 with TL-5A dual glassy carbon
working electrode with an additional connecting wire from the auxiliary electrode pin to the
stainless-steel outlet tube of the reference electrode compartment The data are expressed
as the mean + S D

Endorphin +099V/+1 05V +1030V/+1 085V +1050V/+1085V

oNE 1-8 - - 078 +004
oNE 1-10 081+011 121 111+ 006
Dyn 1-6 048+ 004 031001 028

ME 055+003 042+ 005 068+004
SNE 064004 108+ 002 106+001
LEA 044+ 001 021+002 046« 001
LE 047 027:004 055006

endorphin electroactivity Numerical values from the hydrodynamic
voltammograms m Fig. 3 cannot be used to generate the peak-current ratios
because these curves represent mean responses of both working electrodes at
each apphed potential. Working electrode B always gave a larger nA/ng
response at a given potential than electrode A for any of the endorphins.

The +0 99 V/+1 05 V peak-current ratios are similar for several of the
endorphins, Dyn 1-6, ME, LEA and LE Differences in peak current ratios were
the greatest using applied potentials of +1 05 V/+1 085 V with standard
dewiations averaging approximately 5% No attempts were made to use applied
potentials greater than +1.085 V because of increasing baseline noise

DISCUSSION

The potential use of LC-ED for the measurement of endorphins was sug-
gested by the observation of the electroactivity of ME and LE [7]. Subsequent-
ly, a voltammetric study [14] showed that several proteins were oxidized by
a graphite electrode at a neutral pH at potentials of 0 7—0.8 V vs. SCE To
determme which groups i1n the proteins were oxidized, linear sweep
voltammetry and differential pulse voltammetry of free amino acids and model
peptides were performed Histidine, methionine, cystine and cysteine showed
some electroactivity but tyrosme and tryptophan were the amino acids
primarily responsible for the electroactivity of the protems. The electroactivity
of several neuropeptides was shown by Bennett et al [15] using differential
pulse voltammetry More recently, several groups [8- 12] have used electro-
chemistry as the basis for detection of neuropeptides after separation by LC
It was our aim to determine the potential selectivity of electrochemistry for
detection of closely related small endorphins separated by LC

Changes 1n small moieties altered both the chromatographic behavior and
electroactivity of the endorphin The changes in chromatographic behavior
were reflected by shifts in retention times indicating that altering a small
functional group in the endorphin alters its hydrophobicity Substitution of an
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alanyl residue for a glycyl residue m position 2 in the ME amino acid sequence
increased the hydrophobicity of the peptide Stereoisomerism of the alanyl
residue (L-Ala>-ME vs. D-Ala’>-ME) further increased the hydrophobicity,
so that even such closely related pentapeptides were clearly resolved The
alterations 1n the electroactivity of the peptide caused by changes i a small
molety were reflected 1n the hydrodynamic voltammograms of ME and ME
analogues The substitution of an alanyl residue for the glycyl residue in posi-
tion 2 of the ME amino acid sequence (L-Ala>-ME vs. ME) which adds only a
methyl group to the pentapeptide, substantially decreases the electroactivity.
The electroactivity of the peptide 1s dramatically increased by stereoisomerism
of that methyl group (D-Ala®>-ME vs. L-Ala’>-ME) The differences in the electro-
activity of LE and Dyn 1-6, ME and ME-Arg suggest an electron-withdrawing
effect of arginyl residues. The decrease 1n electroactivity of NE 1-10 and fNE
by comparison to aNE 1-8, may be an effect of the prolyl residue next to the
tyrosyl residue m position 8 of the amino acid sequence The greater electro-
activity of ME by comparnson to LE suggests that the oxidation of the C-terminal
methiomne contnbutes to the electroactivity of the peptide Even the most
closely related endorphins exhibited charactenstic oxidative behavior which
suggests that hydrodynamic voltammetry could be used to determine peak
purity m an LC—ED assay of endorphins This approach has been used to verify
the 1dentity of the norepinephrine peak in chromatograms of clinical samples
[16]

The selectivity that can be obtained with ED has led to the development of
multiple-electrode detectors [17—25] Blank [17] published one of the first
reports of dual-electrode detection with an electrochemical 1dentification of
chromatographically overlapping compounds Subsequently, dual
amperometric [18, 20, 21, 23, 25], dual coulometric [24, 25], and dual
coulometrnic—amperometric detectors have been developed with several
working electrode configurations [19, 22, 24, 25] These detectors have been
used 1n assays to remove contaminants and to increase sensitivity by mmproving
the signal-to-noise ratio [17—25]. Dual working electrodes can be used to
obtain peak current ratios which are analogous to the absorbance ratios
obtamned with dual wavelength absorbance detectors Peak current ratios, like
absorbance ratios, are charactenstic for each compound [24] In this study,
the paralle]l adjacent position of dual amperometric electrodes was used to
generate peak current ratios for several endorphins Using peak current ratios in
an LC—ED assay of endorphins would provide an additional assurance of peak
purity

In this study, we have examined the selectivity of LC—ED for minor vara-
tions 1n endorphin structure Using isocratic mobile phases, we have shown
that endorphins differing by small moieties such as stereoisomers of a single
amino acid residue can be adequately resolved by LC These differences are also
reflected i changes in the electroactivity of the peptides determined by hydro-
dynamic voltammetry and peak current ratios. These data suggest that hydro-
dynamic voltammetry and peak-current ratios could be used in an LC—ED
assay of endorphins to determine peak purity. Application of this technique
to biologically relevant samples 1s currently in progress
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