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Abstract
The homologous series of volatile perfluorinated acids—trifluoroacetic acid (TFA),
pentafluoropropionic acid (PFPA) and heptafluorobutyric acid (HFBA)—continue to be excellent
anionic ion-pairing reagents for reversed-phase high-performance liquid chromatography (RP-
HPLC) after more than two decades since their introduction to this field. It was felt that a thorough,
step-by-step re-examination of the effects of anionic ion-pairing reagents over a wide concentration
range on RP-HPLC peptide elution behaviour is now due, particularly considering the continuing
dominance of such reagents for peptide applications. Thus, RP-HPLC was applied over a range of
1–60 mM phosphoric acid, TFA, PFPA and HFBA to two mixtures of 18-residue synthetic peptides
containing either the same net positive charge (+4) or varying positive charge (+1, +2, +3, +4).
Peptides with the same charge are resolved very similarly independent of the ion-pairing reagent
used, although the overall retention times of the peptides increase with increasing hydrophobicity of
the anion: phosphate < TFA− < PFPA− < HFBA−. Peptides of differing charge move at differing
rates relative to each other depending on concentration of ion-pairing reagents. All four ion-pairing
reagents increased peptide retention time with increasing concentration, albeit to different extents,
again based on hydrophobicity of the anion, i.e., the more hydrophobic the anion, the greater the
increase in peptide retention time at the same reagent concentration. Interestingly, phosphoric acid
produced the best separation of the four-peptide mixture (+1 to +4 net charge). In addition,
concentrations above 10 mM HFBA produced a reversal of the elution order of the four peptides (+1
< + 2 < + 3 < + 4) compared to the elution order produced by the other three reagents over the entire
concentration range (+4 < + 3 < + 2 < + 1).
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1. Introduction
Since their introduction over two decades ago as anionic ion-pairing reagents for reversed-
phase high-performance liquid chromatography (RP-HPLC), the homologous series of volatile
perfluorinated acids – trifluoroacetic acid (TFA), pentafluoropropionic acid (PFPA) and
heptafluorobutyric acid (HFBA) have proven invaluable for RP-HPLC of peptides [1–9]. TFA,
in particular, remains the dominant mobile phase additive for such applications [6,7,9]. In
addition, phosphoric acid has seen use as a non-volatile anionic ion-pairing reagent over the
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same period [1,4–6,10–15]. The negatively charged phosphate, trifluoroacetate (TFA−),
pentafluoropropionate (PFPA−) and heptafluorobutyrate (HFBA−) anions will interact (ion-
pair) with positively charged peptide residues (arising from the basic side-chains Lys, Arg and
His or a free α-amino group). A hydrophilic counterion such as phosphate will neutralize the
highly hydrophilic positively charged groups in the peptides, thus decreasing overall peptide
hydrophilicity. In contrast, more hydrophobic anions such as the perfluorinated acids will not
only neutralize the positively charged groups, thereby decreasing peptide hydrophilicity, but
will also increase further the affinity of the peptides for the hydrophobic reversed-phase
stationary phase [4], this affinity increasing with increasing hydrophobicity of the anion, i.e.,
TFA− < PFPA− < HFBA−. Such acidic reagents have generally been employed in a
concentration range of 0.05%–0.1% (v/v) for the majority of peptide separations [4–7]. Higher
concentrations have generally been avoided in the past due to, among other things, silica-based
stationary phase degradation under highly acidic conditions [16,17]. However, the
advancement in recent years of reversed-phase, silica-based packings with excellent chemical
stability [18–20] has enabled us to revisit the question of the most suitable type and
concentration of acidic ion-pairing reagent for separation of peptide mixtures.

In the present study, RP-HPLC was applied over a range of 1–60 mM phosphoric acid, TFA
(equivalent to ~0.008%–0.46% TFA), PFPA and HFBA to two mixtures of 18-residue synthetic
peptides: (1) a mixture of six peptides with the same net positive charge (+4); and (2) a mixture
of four peptides with net positive charges of +1, +2, +3 and +4. From the retention behaviour
of these peptides under conditions of increasing concentration and anion hydrophobicity
(phosphate < TFA− < PFPA− < HFBA−), insights were gained into optimizing approaches for
the separation of sample mixtures containing peptides of varying net charge and
hydrophobicity.

2. Experimental
2.1. Materials

Reagent-grade phosphoric acid (H3PO4) was obtained from Caledon Laboratories
(Georgetown, Ontario, Canada). TFA was obtained from Hydrocarbon Products (River Edge,
NJ, USA); PFPA was obtained from Fluka (Buchs, Switzerland); and HFBA was obtained
from Pierce Chemical (Rockford, IL, USA). HPLC-grade water was obtained from EMD
Chemicals (Gibbstown, NJ, USA). HPLC-grade acetonitrile was obtained from EM Science
(Gibbstown, NJ, USA).

2.2. Column and HPLC conditions
Analytical RP-HPLC runs were carried out on a Zorbax SB300-C8 column (150 mm × 2.1 mm
i.d.; 5 μm particle size, 300 Å pore size) from Agilent Technologies (Little Falls, DE, USA),
using a linear AB gradient (0.5% acetonitrile/min) at a flow-rate of 0.3 ml/min, where eluent
A was 1–60 mM aq. H3PO4, TFA, PFPA or HFBA and eluent B was the corresponding
concentration of the respective ion-pairing reagent in acetonitrile; runs were carried out at 25
°C. Peptide bond absorbance was measured by diode array detection at 210 nm. Approximately
1 μmol of each of the peptides in the peptide mixture was injected in a total sample volume of
10 μl.

2.3. Instrumentation
RP-HPLC runs were carried out on an Agilent 1100 Series liquid chromatograph, comprised
of a solvent degasser, autosampler, binary pumping system, a thermostatted column
compartment and a diode array and multiwavelength detection system.
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Peptide synthesis was carried out on an Applied Biosystems Peptide Synthesizer Model 430A
(Foster City, CA, USA).

2.4. Peptide synthesis and purification
Synthesis of the peptides was carried out by standard solid-phase synthesis methodology using
Nα-tert-butyloxycarbonyl (t-Boc) chemistry on MBHA (methylbenzhydrylamine) resin (0.97
mmol/g) as described previously [21]. The crude peptides were purified by preparative RP-
HPLC on an Applied Biosystems 400 solvent-delivery system connected to a 783A
programmable absorbance detector. Amino acid analyses of purified peptides were carried out
on a Beckman Model 6300 amino acid analyzer (Beckman Instruments, Fullerton, CA, USA)
and the correct primary ion molecular masses of peptides were confirmed using a Mariner
electrospray ionization time of flight mass spectrometer (Applied Biosystems, Foster City, CA,
USA).

3. Results and discussion
3.1. Design of synthetic model peptides

Peptide mixtures designed for the present study followed the view that studies attempting to
equate peptide elution behaviour during RP-HPLC with varying run parameters is best
achieved by studies using defined model peptide systems, the results of which can then be
extrapolated to peptides as a whole. Thus, two groups of 18-residue model peptides exhibiting
variations in hydrophobicity and/or net positive charge were designed and synthesized. From
Table 1, peptides 1–6 represent a group of six peptides with the same net charge (+4; arising
from four lysine residues). Within these peptides, hydrophobicity decreases only subtly
between each adjacent peptide (peptide 6 < 5 < 4 < 3 < 2 < 1) due to just single substitutions
of glutamine in place of glutamic acid, i.e., between each adjacent peptide, there is a single
carboxyl group to amide group substitution. Peptides 1, 7–9 represent a group of four peptides
varying in net positive charge through the presence of four lysine residues (peptide 1; +4),
three lysine residues (peptide 7; +3), two lysine residues (peptide 8; +2 or one lysine residue
(peptide 9; +1). The presence of five glycine residues distributed throughout the sequence
ensured negligible secondary structure for these peptides [22,23], i.e., they have a “random
coil” conformation, to avoid complications in interpretation of data due to selectivity
differences in peptide RP-HPLC retention behaviour arising from conformational variations
[15,24].

3.2. RP-HPLC stationary phase
The Zorbax SB-300C8 (“SB” denoting “Stable Bond”) is prepared from monofunctional n-
octylsilane based on protecting the siloxane bond between the silica and the C8 alkyl chain
with bulky side groups (two isopropyl groups, in this case) [18–20]. This packing was originally
designed to protect the siloxane bond from acid hydrolysis and has shown excellent chemical
and thermal stability at low pH [9,24–29]. It should be noted that the pH values of the aqueous
eluents in the present study ranged from ~1.5 to 2.9, depending on the nature and concentration
of the ion-pairing reagent, and this pH range is generally referred to as pH 2. Note that even
the highest pH value (pH 2.9) is far enough below the pKa values of the positively charged
groups in the peptides so as not to affect the net positive charge on the peptides; in addition, if
any underivatized silanol groups (pKa ~ 4.0) were on the StableBond packing, they also would
remain protonated (i.e., neutral) under the RP-HPLC conditions used in the present study, thus
preventing any potential undesirable electrostatic interactions between the positively charged
peptides and the hydrophobic stationary phase. Peptide standards have been developed to
monitor the presence of non-specific electrostatic interactions with the reversed-phase matrix
[30].
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3.3. Effect of counterion hydrophobicity on elution behaviour of model peptide mixtures
Fig. 1 illustrates the effect of increasing counterion hydrophobicity on the elution behaviour
of peptides 1–6 (all +4 net charge) at a constant concentration (20 mM) of each ion-pairing
reagent. Ion-pairing reagent concentrations were expressed in mM versus percentage in order
to be able to make a direct comparison of different reagents. From Fig. 1, all six peptides are
well resolved in the presence of all four reagents, despite the only subtle change in
hydrophobicity between adjacent peptides. As expected [1–4,12], the retention times of all six
peptides increases with increasing hydrophobicity of the counterion (phosphate < TFA− <
PFPA− < HFBA−). A hydrophilic counterion such as phosphate will neutralize the highly
hydrophilic positively charged groups in the peptides, thus decreasing overall peptide
hydrophilicity. In contrast, more hydrophobic anions such as the perfluorinated acids will not
only neutralize the positively charged groups, thereby decreasing peptide hydrophilicity, but
will also increase further the affinity of the peptides for the hydrophobic reversed-phase
stationary phase, this affinity increasing with increasing hydrophobicity of the anion, i.e.,
TFA− < PFPA− < HFBA−. Note that the elution range of all six peptides in Fig. 1 remains very
similar (mean 4.78 ± 0.54 min) despite the large increase in overall peptide retention time
between the 20 mM H3PO4 and 20 mM HFBA systems (e.g., the increase in retention time for
peptide 6 is 25.6 min). Such a result would be expected considering that the negatively charged
counterions affect peptide retention behaviour through interactions with just the positively
charged residues and peptides 1–6 contain an identical number of positively charge lysine
residues (Table 1).

Fig. 2 and Fig. 3 (bottom panel) now illustrate the effect of increasing counterion
hydrophobicity on the retention behaviour of peptides 1, 7, 8 and 9 (+4, +3, +2 and +1 net
charge, respectively). In a similar manner to the results shown in Fig. 1, the four peptides are
again increasing in retention time with increasing counterion hydrophobicity (phosphate <
TFA− < PFPA− < HFBA−) albeit peptides of differing charge move at different rates relative
to each other. Thus, the greater the net charge on the peptide (+4 > + 3 > + 2 > + 1; peptides
1, 7, 8 and 9, respectively), the greater the effect on its retention time with increasing counterion
hydrophobicity (Figs. 2 and 3 (bottom panel)). Thus, at 20 mM concentration of ion-pairing
reagent, phosphoric acid produces the best separation of this four-peptide mixture.
Interestingly, due to the disproportionate effect of counterion hydrophobicity on peptide
retention time, the elution order of the four peptides is completely reversed in 20 mM HFBA
(the most hydrophobic reagent) i.e., they are now eluted in the order peptide 9 < 8 < 7 < 1 (Fig.
3, bottom panel) compared to the elution order of 1 < 7 < 8 < 9 achieved with the less
hydrophobic H3PO4, TFA and PFPA (Fig. 2). Finally, also due to the disproportionate effect
of counterion hydrophobicity on retention times of peptides with different numbers of
positively charged groups, the best separation of these four peptides was achieved with
phosphoric acid, highlighting the potential value of varying counterion hydrophobicity for
specific peptide separations.

3.4. Effect of concentration of ion-pairing reagent on elution behaviour of model peptide
mixtures

Fig. 4 presents a graphical representation of the effect of increasing counterion concentration
(2–60 mM) on elution behaviour of peptides 1–6 (+4 net charge; top panels) and peptides 1,
7, 8 and 9 (+4, +3, +2 and +1 net charge, respectively; bottom panels). From Fig. 4 (top panels),
peptides 1–6 all exhibited increasing retention time with increasing counterion concentration
for all four ion-pairing reagents, albeit to different extents depending on the counterion
hydrophobicity. Thus, although peptides with the same charge are resolved very similarly
independent of the ion-pairing reagent used, the effect on peptide retention time is generally
more marked in order of phosphate < TFA < PFPA < HFBA. This is particularly noticeable
with the relative rapidity of retention time increase at low concentrations of ion-pairing reagent
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(ca. 2–10 mM), followed by the general leveling off of the profiles at higher concentrations
(phosphoric acid, for instance, exhibits an essentially flat profile after 20 mM, whilst the
remaining profiles continue to rise, albeit far less steeply than the initial rapid rise), presumably
due to saturation of the charged groups at high reagent concentrations. Note that these results
suggest that varying the counterion concentration has no advantage for overall separation of
peptides, with the same net positive charge. However, as discussed below, such concentration
variations may have a profound effect on peptide peak shape and, thus, on resolution.

From Fig. 4 (bottom panels), in a similar manner to the effect of increasing counterion
hydrophobicity at the same reagent concentration (20 mM; Fig. 2), peptides of different charge
(+4, +3, +2 and +1 for peptides 1, 7, 8 and 9, respectively) increase retention times at different
rates depending on both the net charge on the peptide (+4 > + 3 > + 2 > + 1) and the
hydrophobicity of the anion (phosphate < TFA− < PFPA− < HFBA−). Hence, the profiles for
these four peptides of varying net charge, unlike peptides 1–6 (all +4 net charge), are not
parallel, allowing potentially useful selectivity variations with changes in ion-pairing reagent
concentration, as well as the nature of the reagent. Thus, under the range of concentrations
studied, optimum overall separation of these four peptides was achieved at either low
concentrations of phosphoric acid (Figs. 2 and 4) or at the highest (60 mM) concentration of
HFBA (Fig. 4), with a concomitant reversal of peptide elution order in HFBA compared to
phosphoric acid, TFA and PFPA. For this particular peptide mixture, PFPA is clearly not the
reagent of choice for optimum resolution. Indeed, the separation worsens considerably with
increasing concentration resulting in co-elution of peptides 7–9 at a 60 mM concentration of
PFPA (Fig. 4). It is interesting to note that the aforementioned reversal of peptide elution order
was achieved at just 20 mM HFBA (Fig. 4) but was not achieved by any of the other three
reagents over the entire concentration range studied, in an analogous manner to the reversal in
peptide elution order seen in 20 mM HFBA compared to 20 mM of the less hydrophobic
phosphoric acid, TFA and PFPA reagents (Figs. 2 and 3, bottom panel). This again appears to
be due to the disproportionate effect of counterion hydrophobicity as the concentration of the
reagent is increased, i.e., an increase in concentration of the counterion with the greatest
hydrophobicity (HFBA−) has a significantly greater effect on peptide retention behaviour
compared to phosphate, TFA− and PFPA−.

Fig. 3 demonstrates the reversal of elution order of peptides 1, 7, 8 and 9 as HFBA concentration
is raised from 1 mM (top panel) to 2 mM (middle panel) and 20 mM HFBA (bottom panel).
The latter concentration was the lowest employed where all four peptides were essentially
resolved to baseline. From Fig. 3, increasing HFBA concentration also clearly results in
improved peak shape as well as increasing peptide retention time. This effect is more marked
the greater the positive charge on the peptides, i.e., + 4 > + 3 > + 2 > + 1 for peptides 1, 7, 8
and 9, respectively. Similar profiles were obtained for the other three reagents and are discussed
below.

Fig. 5 offers an alternate graphical representation of the effect of counterion concentration on
peptide retention behaviour, which plots the increase in retention time of the peptides (Δt) at
each reagent concentration over that obtained when using 2 mM phosphoric acid. In effect,
this is a normalization of the retention data of the peptides to their behaviour at this initial
starting concentration of this ion-pairing reagent. The average Δt values for peptides 1–6 (all
+4 net charge) were very similar for the phosphoric acid, TFA and PFPA systems over the
entire concentration. The profiles shown for these three systems in Fig. 5 represent their average
Δt values.

Although there is somewhat more of a divergence in Δt values in the HFBA system for peptides
1–6 as the concentration of this reagent increases (Fig. 5, top right panel), this divergence is
still relatively small considering the range of movement of the peptides in HFBA over that of
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2 mM H3PO4. Such results indicate that, for peptides of the same net positive charge, the effect
of increasing ion-pairing reagent concentration on their retention behaviour is the same for
most practical purposes.

From Fig. 5 (bottom panels), the variation in Δt values within a group of peptides of varying
net charge (peptides 1, 7, 8, 9; +4, +3, +2 and +1 net charge, respectively) as ion-pairing reagent
concentration increases is quite clear. These profiles highlight once more the dependence of
the response of peptide elution behaviour under varying concentrations of anionic ion-pairing
reagent to the number of positive charges they contain.

Finally, Fig. 6 shows the change in retention times of the peptides in the four-ion-pairing
reagents relative to those obtained in 2 mM H3PO4 per net positive charge (Δt/N). Overall, the
results shown in Fig. 6 indicate that whether peptides have the same net positive charge
(peptides 1–6) or varying net positive charge (peptides 1, 7–9), there is an essentially equal
effect of counterion concentration on each positively charged residue. Previous work
demonstrated accurate prediction of peptide retention behaviour between different ion-pairing
reagent systems through the use of internal peptide standards [4]. The above results (Fig. 6)
also suggest that prediction of the effect of varying ion-pairing reagent concentration on peptide
retention times is also possible and may be of value during development of separation protocols
for peptide mixtures.

A point worth noting from the results presented in Fig. 1 is the relative hydrophobicities of the
residues within peptides 1–6 in the presence of different ion-pairing reagents. Data obtained
from retention behaviour of peptides during RP-HPLC have frequently been employed to
derive relative hydrophilicity/hydrophobicity values or “coefficients” of amino acid side-
chains [13,31–42]. Values obtained in this manner may then be used for such purposes as
prediction of peptide retention behaviour, e.g., for narrowing down the position of a peptide
of interest following RP-HPLC of a complex peptide mixture such as a protein digest. From
Fig. 1, it is clear that the observed overall hydrophobicities of the peptides are increasing with
increasing counterion concentration. Since the counterions affect peptide retention behaviour
through interaction with the positively charged residues (the remaining residues are all neutral,
including glutamic acid at pH 2), these residues are responsible for increased peptide
hydrophobicity with increasing counterion hydrophobicity. Thus, although such residues
would be viewed as inherently hydrophilic due to their charged character, such a definition
may not be valid in terms of RP-HPLC, i.e., positively charged residues (lysine in this case)
vary in hydrophilicity/hydrophobicity depending on the RP-HPLC conditions under which
they are monitored. Indeed, from Fig. 1, it could be viewed that lysine is becoming increasingly
hydrophobic with increasing counterion hydrophobicity (phosphate < TFA− < PFPA− <
HFBA−). These observations are of importance when attempting to extrapolate peptide
retention behaviour during RP-HPLC, in the form of generated hydrophilicity/hydrophobicity
coefficients, to alternate applications.

Fig. 7, Panel A shows the change in retention time of the four peptides varying in net charge
(+1, +2, +3 and +4) relative to phosphoric acid. It is obvious that the counterion hydrophobicity
has a dramatic effect on the retention behavior in the order TFA < PFPA < HFBA. This effect
increases with increasing net positive charge on the peptide. For example, the change in
retention time for the +1 peptide at 40 mM acid is 2.7, 4.3 and 6.4 min for TFA, PFPA and
HFBA, respectively. In contrast, the values for +4 peptide at 40 mM acid are 10.1, 16.6, and
25.5 min for TFA, PFPA and HFBA, respectively. The increase in retention time by varying
the acid concentration from 10 to 40 mM is small compared to the effect of counterion
hydrophobicity (Fig. 7, Panel A).
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To demonstrate the variation in hydrophobicity of lysine in TFA, PFPA and HFBA, the
hydrophobicity coefficient of lysine relative to phosphoric acid was determined at 10 and 40
mM acid concentrations (Fig. 7, Panel B). The hydrophobicity of Lys increases dramatically
as the counterion hydrophobicity increases from TFA, PFPA and HFBA relative to phosphoric
acid (2.0, 3.6 and 6.0 min, respectively at 10 mM acid concentration). The change in
hydrophobicity with acid concentration is small relative to the change in hydrophobicity of the
counterion. In going from 10 to 40 mM acid the hydrophobicity of Lys changes from 2.0 to
2.5 min in TFA; 3.6 to 4.2 min in PFPA and 6.0 to 6.6 min in HFBA. Interestingly, the increase
in hydrophobicity with acid concentration is independent of the acid (~0.6 min in changing
acid concentration from 10 to 40 mM for TFA, PFPA and HFBA (Fig. 7, Panel B).

4. Conclusions
The present study has investigated the effect of varying H3PO4, TFA, PFPA and HFBA
concentration on RP-HPLC of two groups of synthetic model peptides containing either one
(+4) or multiple (+1, +2, +3, +4) positively charged groups. Overall retention times of the
peptides increase with increasing hydrophobicity of the anion: phosphate < TFA− < PFPA− <
HFBA−, with peptides of differing charge moving at different rates depending on the
hydrophobicity and/or concentration of the ion-pairing reagent. Phosphoric acid produced the
best separation of the peptide mixture with differently charged peptides, with concentrations
above 10 mM HFBA producing a reversal of the elution order of these peptides compared to
the other three reagents over the entire concentration range. We believe that such results will
aid in the rational design of peptide separation protocols, including proteomics applications.
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Fig. 1.
Effect of ion-pairing reagent hydrophobicity on RP-HPLC behaviour of positively charged
model peptides. Conditions: linear AB gradient (0.5% acetonitrile/min) at a flow-rate of 0.3
ml/min, where eluent A is 20 mM aq. H3PO4, TFA, PFPA or HFBA and eluent B is 20 mM
of the corresponding ion-pairing reagent in acetonitrile. The sequences of the peptides are
shown in Table 1.
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Fig. 2.
Effect of ion-pairing reagent hydrophobicity on RP-HPLC behaviour of positively charged
model peptides. Conditions: linear AB gradient (0.5% acetonitrile/min) at a flow-rate of 0.3
ml/min, where eluent A is 20 mM aq. H3PO4, TFA or PFPA and eluent B is 20 mM of the
corresponding ion-pairing reagent in acetonitrile. The sequences of the peptides are shown in
Table 1.
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Fig. 3.
Effect of HFBA concentration on RP-HPLC behaviour of positively charged peptides.
Conditions: linear AB gradient (0.5% acetonitrile/min) at a flow-rate of 0.3 ml/min, where
eluent A is 1, 2 or 20 mM aq. HFBA and eluent B is the corresponding concentration of HFBA
in acetonitrile. The sequences of the peptides are shown in Table 1.
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Fig. 4.
Effect of ion-pairing reagent concentration on RP-HPLC retention times of positively charged
model peptides. The sequences of the peptides are shown in Table 1. For RP-HPLC conditions,
see Section 2.2.
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Fig. 5.
Effect of ion-pairing reagent concentration on RP-HPLC retention times of positively charged
model peptides relative to retention time in 2 mM H3PO4 (Δt). The sequences of the peptides
are shown in Table 1. For RP-HPLC conditions, see Section 2.2.
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Fig. 6.
Effect of ion-pairing reagent concentration on RP-HPLC retention times of positively charged
model peptides relative to retention time in 2 mM H3PO4 per net positive charge (Δt/charge).
The sequences of the peptides are shown in Table 1. For RP-HPLC conditions, see Section
2.2.
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Fig. 7.
Panel A is the change in retention time for the group of four peptides (+1, +2, +3 and +4)
relative to phosphoric acid as the counterion hydrophobicity increases TFA < PFPA < HFBA
and the counterion concentration varies (10 and 40 mM). ΔtR is the retention time, tR of the
peptide at a particular acid concentration minus tR of the peptide in H3PO4 at the same
concentration. Panel B is the change in hydrophilicity/hydrophobicity of the lysine residues
relative to phosphoric acid as the counterion hydrophobicity increases TFA < PFPA < HFBA
and the counterion concentration varies (10 and 40 mM) using the group of peptides with the
same net charge (+4) and using the average value of ΔtR/N where N is the number of positively
charged residues in the peptide. The ΔtR/N values from the group of four peptides of varying
charge were similar.
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Table 1
Sequences of the peptides used in this study. Ac denotes Nα-acetyl and amide denotes C α-amide

Peptides Sequence Number of positive charges

1 Ac-KLKKGGLKGELGGEELEE-amide 4

2 Ac-KLKKGGLKGELGGEELEQ-amide 4

3 Ac-KLKKGGLKGELGGEELQQ-amide 4

4 Ac-KLKKGGLKGELGGEQLQQ-amide 4

5 Ac-KLKKGGLKGELGGQQLQQ-amide 4

6 Ac-KLKKGGLKGQLGGQQLQQ-amide 4

7 Ac-KLKKGGLAGELGGEELEE-amide 3

8 Ac-KLKAGGLAGELGGEELEE-amide 2

9 Ac-KLAAGGLAGELGGEELEE-amide 1
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