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Abstract Glycation is a common class of nonenzymatic
posttranslational modifications relevant for several diseases
and cell aging in general, such as D-glucose-derived mod-
ifications at the ɛ-amino groups of lysine residues in blood
proteins, especially albumin, immunoglobulin, and hemo-
globin, for diabetic patients. These Amadori compounds are
identified on the peptide level after enzymatic digestion and
chromatographic separation by mass spectrometry. Their
syntheses usually rely on a global glycation approach. Both
areas require the reliable separation of glycated peptides
from their unmodified congeners present in different ratios,
which is typically not achieved by standard eluent sys-
tems in ion-pairing RP-HPLC (IP-RPLC). Here, we com-
pare aqueous acetonitrile and methanol gradients containing
either trifluoroacetic acid (TFA) or heptafluorobutyric acid
(HFBA) as ion-pairing agents to separate such peptide pairs.
TFA-containing eluents resulted in rather low resolutions,
and the glycated and unglycated peptides often coeluted.
HFBA increased the retention times of the unmodified
peptide more than for the glycated peptide thereby improv-
ing the separation of all eight studied peptide pairs, even
achieving baseline separations for some sequences. Thus the
use of HFBA as ion-pair reagent provides a universally
applicable eluent system in IP-RPLC to separate glycated
peptides from their unmodified counterparts, even at the
preparative scale required for synthetic peptides.
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Mass spectrometry (MS) .Matrix-assisted laser desorption/
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Introduction

Many proteins are enzymatically or nonenzymatically
modified in living organisms. Important and well-studied
examples of the former type are N- and O-glycosylation,
phosphorylation, methylation, and acetylation [1]. The term
nonenzymatic modification refers to chemical reactions
in living cells directed towards specific functional groups
accessible for small molecules at, or close to, the surface
of proteins, such as oxidation, desamidation, and glycation
[2–4]. In glycation (also called nonenzymatic glycosyla-
tion), which is commonly known as the Maillard reaction or
browning, carbonyl compounds react with amino groups
present in amino acids, amines, phospholipids, peptides, or
proteins [5]. D-Glucose, for example, can interact with the
free N-terminus [6], ε-amino groups of Lys residues [7], or
guanidinium groups of Arg residues [8] to reversibly yield
a Schiff base, which undergoes a rapid rearrangement to
form more stable N-(1-deoxy-D-fructose-1-yl)amino acid
derivatives. The so-called Amadori products gradually
undergo a chain of mostly irreversible chemical reactions,
such as oxidation, dehydration, fragmentation, and cross-
linking, forming many diverse chemical structures referred
to as advanced glycation end products (AGEs) [9]. A
remarkable increase of such endogenous and often colored or
fluorescent compounds is characteristic of ageing, diabetes
mellitus complications, renal failure, and Alzheimer’s disease
[10, 11].

The analysis of such compounds relies mostly on different
high-performance liquid chromatography (HPLC) techniques
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to separate modified amino acids or peptides obtained by
hydrolysis or enzymatic digestion of proteins. At the amino
acid level, Nα-glycated amino acids were successfully
analyzed by anion-exchange HPLC [12, 13]. Ion-pairing
reversed-phase HPLC (IP-RPLC) is the separation technique
of choice for peptides because of its general applicability and
high separation efficiency. Moreover, it can be favorably
coupled online to ESI-MS [14–16] or offline to MALDI-MS
[17, 18] even at the nanoscale required for proteome studies.
Typically acidic aqueous acetonitrile gradients and C8 or C18

stationary phases are used [18, 19]. Medium-sized Amadori
peptides, however, are only partially separated from their
unmodified analogs and often coelute in IP-RPLC, as the
polar side chain does not influence the retention times
significantly [20]. For short polar peptides this problem can
be partially overcome by using methanol-based eluents [21,
22], but these conditions are not generally applicable to
complex peptide mixtures and have to be optimized for each
sequence. This seriously limits the purity of Amadori peptides
synthesized by a global glycation approach [18, 19, 22, 23].

Here we study the influence of different mobile phases on
the separation of glycated peptides from their unmodified
homologs in IP-RPLC on C18 phases to accomplish a better
purification of synthetic Amadori peptides as well as to allow
easier analyses of accordingly modified peptides. Thus
methanol and acetonitrile were tested as organic solvents, and
trifluoroacetic acid (TFA) and heptafluorobutyric acid (HFBA)
were tested as ion-pair reagents.Whereas TFA is typically used
for peptide separations the more hydrophobic ion-pair reagent
HFBA has been rarely applied but specifically increases the
retention of basic peptides. HFBA was used recently to
improve the separation of glutathione-derived Amadori prod-
ucts [24]. To the best of our knowledge, the use of HFBA has
not been studied in IP-RPLC to separate Amadori peptides and
the corresponding unmodified congeners.

Materials and methods

Reagents

TFA (UV-spectroscopy grade) and HFBA (UV-spectroscopy
grade) were purchased from Fluka (Sigma-Aldrich Chemie
GmbH, Taufkirchen, Germany). Methanol and acetonitrile
(both HPLC-S gradient grade) were obtained from Biosolve
V.B. (Valkenswaard, Netherlands). Water was purified on an
ELGA system (LabWater Supplier, Bucks, Great Britain) in
house (resistance > 18 MΩ cm).

Peptides

A total of eight site-specifically glycated peptides, i.e., H-
AKAmASASFL-NH2, H-ASKAmASKFL-NH2, H-AKAm

ASADFL-NH2, H-AKAmDSASFL-NH2, H-AGGKAm

AFLMP-NH2, H-AGGKAmAFRNCEA-NH2, H-AGGKAm

AAFL-NH2, and H-AGGKAmAAFL-OH (KAm = glycated
lysine residue) referred to as peptides A to H, as well as the
corresponding unmodified peptides were synthesized on
solid phase with 9-fluorenylmethoxycarbonyl/tert-butyl
(Fmoc/tBu) chemistry [25]. Parts of the eight resin-bound
peptides were cleaved directly with TFA to obtain the
unmodified peptides. The remaining parts were selectively
deprotected at the lysine residue to be glycated [26],
incubated with D-glucose, and finally cleaved with TFA
[22]. The crude peptides were purified on a Jupiter C18

column (internal diameter 10 mm, length 150 mm, particle
size 10 μm, pore size 30 nm, Phenomenex, Aschaffenburg,
Germany) with a flow rate of 5 mL/min using a linear
aqueous acetonitrile gradient in the presence of 0.1% TFA.
Absorption was monitored at 220 nm. Purified peptides
were lyophilized and stored at −18 °C.

IP-RPLC

Peptide separations were optimized on a Jupiter C18 column
(internal diameter 4.6 mm or 10 mm, length 150 mm,
particle size 5 μm, pore size 30 nm, Phenomenex) at room
temperature using an Äkta™ purifier HPLC system (GE
Healthcare Amersham Biosciences Europe GmbH, Freiburg,
Germany) equipped with a P903 gradient pump, UV-900
detector, INV-907 injection valve (25-μL injection volume),
A-905 autosampler, and Frac-950 fraction collector con-
trolled by the Unicorn 5.1 software package for different
eluent compositions and ion-pair reagents (Table 1). The
column was equilibrated with 5% eluent B (or eluent C) for
at least 15 min. After injection the initial eluent composi-
tion was held for 5 min before the content of eluent B
(eluent C) was increased linearly to 20% within 10 min.
The peptides were then eluted by a linear gradient using a
slope of 0.25% eluent B (eluent C) per min. Flow rates
were 1 mL/min (5 mL/min) for analytical (semipreparative)
separations. Absorption was monitored at 220 nm.

Mass spectrometry

Peptides were analyzed by matrix-assisted laser desorption/
ionization time-of-flightmass spectrometry (MALDI-TOF-MS)

Table 1 Eluent systems studied for separation of Amadori peptides
from their unmodified analogs by IP-RPLC

Ion-pair reagent Water 60% aqueous
acetonitrile

80% aqueous
methanol

0.1% (v/v) TFA Eluent A1 Eluent B1 Eluent C1
0.1% (v/v) HFBA Eluent A2 Eluent B2 Eluent C2
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using a 4700 proteomic analyzer (Applied Biosystems GmbH,
Darmstadt, Germany) operated in positive ion reflector
TOF mode and α-cyano-4-hydroxycinnamic acid (Bruker
Daltonics GmbH, Bremen, Germany) as matrix.

Separation parameters

Retention (capacity) factor k′ was calculated as the quotient
of the net retention time (tR′=tR–t0) and the dead time (t0):

k 0 ¼ tR � t0ð Þ=t0 ð1Þ
Selectivity α was calculated as ratio of the retention factor

of the unmodified peptide (k′Pept) and the corresponding
Amadori peptide (k′Am):

a ¼ k
0
Pept

.
k

0
Am ð2Þ

Resolution Rs was calculated from the retention times of
the unmodified (tRPept ) and corresponding glycated peptides
(tRAm) as well as peak widths at the peak basis (wb) of the
corresponding peaks:

Rs ¼ 2� tRPept � tRAm

wbPept þ wbAm
ð3Þ

As wb is difficult to determine in a chromatogram,
especially for partially separated peaks, we determined the
peak widths at half height (wh) and calculated wb for a
Gaussian peak:

wb ¼
ffiffiffiffiffiffiffiffi
2

ln 2

r
� wh � 1:699� wh ð4Þ

Results and discussion

In recent years both the analytical characterization of
Amadori-modified proteins and the chemical synthesis of
Amadori peptides have greatly advanced. Glycation sites
can be routinely identified in proteins after enzymatic
digestion by using mass spectrometry directly or after
selective enrichment. On the solid phase glycated peptides
can be synthesized basically at any length using a global
glycation approach [18]. However, in both cases the
separation of glycated peptides from the homologous
unglycated peptides is only achieved for short sequences
by RPC. Typically medium-sized peptides will coelute with
their glycated versions. Although boronic acid affinity
chromatography [27] and cation-exchange chromatography
should be able to solve this problem, the high salt con-
centrations usually applied are incompatible with the MS
techniques, contaminate synthetic peptides, and thus require
an additional desalting step. Moreover, IEC is not routinely

used in most laboratories working on MS analysis or peptide
synthesis. Thus we looked for alternative mobile phase
compositions on C18 phases to achieve a good separation
between glycated and unglycated peptides independent of
the peptide sequence.

Seven different peptide sequences (C-terminal amides)
were selected ranging in length from eight to eleven amino
acid residues and containing the glycation sites at the ɛ-
amino group of lysine in positions two to four of the peptide
chain (Table 2, peptides A to G). Peptides were synthesized
on solid phase and their identity confirmed by MALDI-
TOF-MS. Retention times and peak widths at half height
were determined by injecting all peptides individually for
the different eluent systems to calculate the retention factor
k′. The selectivity α and resolution Rs were determined by
analyzing a mixture of the glycated and corresponding
unmodified peptide pairs. The most commonly used eluent
system with an aqueous acetonitrile gradient in the presence
of 0.1% TFA as ion-pair reagent did not provide a good
separation at an increase of 0.6% acetonitrile per min. The
separation was improved with shallower gradients for some
peptides using slopes of 0.3% and 0.15% acetonitrile per
min. A further decrease of the gradients did not improve the
separation anymore but resulted in broader peaks limiting
the resolution. Thus the optimal separation was achieved at
an increase of 0.15% acetonitrile per min. Despite the
shallow gradient most peptides were only partially separat-
ed as indicated by α values between 1.01 and 1.05 for
peptide pairs A to F (Table 2), which is in agreement with
our earlier observations. The best separation was achieved
for peptide pair G with a selectivity of 1.08 (Table 2,
Fig. 1a). But even this would not allow semipreparative
purification of a synthetic Amadori peptide contaminated
with its unmodified analog, which is common for a global
glycation approach. The glycated peptides eluted slightly
earlier than the unmodified peptides.

As Horvat’s research group successfully used aqueous
methanol gradients in the presence of TFA to separate
N-terminally glycated peptides from the corresponding
unmodified peptides [21], we applied this eluent system to
our peptide pairs. Methanol is more hydrophilic than
acetonitrile and therefore peptides have to be eluted with
higher organic contents. More important is the presence of the
hydroxyl group, however, which will undergo similar
interactions as the sugar side chain, and thereby elute the
glycated peptides in a different way than the cyano group of
acetonitrile. For five of the seven tested sequences, the
resolution was worse. The modified and unmodified peptides
of peptide pairs D and F even coeluted (Table 2). Only for
sequences A and C was the separation improved, indicating
that sometimes a methanol gradient can be advantageous. The
elution order of the separated peptide pairs was identical to
the acetonitrile eluent, i.e., the Amadori peptide eluted first.
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Table 2 Effect of four different eluent systems on separation parameters of unmodified and glycated peptide pairs by IP-RPLC

Eluent system Parameters Peptide A Peptide B Peptide C Peptide D Peptide E Peptide F Peptide G Peptide H

CH3CN,TFA tRPept 66.40 55.63 61.69 65.92 81.47 37.08 58.87 68.91
tRAm 65.59 52.96 58.92 64.09 78.12 36.33 56.05 71.09
whPept 1.83 2.46 2.32 2.06 1.77 1.91 1.56 1.19
whAm 0.57 2.59 2.06 2.01 2.00 0.70 1.73 1.25
α 1.01 1.05 1.05 1.03 1.04 1.02 1.08 1.03
Rs 0.40 0.62 0.74 0.53 1.05 0.34 0.86 1.05

CH3OH, TFA tRPept 53.75 80.53 88.05 93.83 117.20 75.45 43.29 60.29
tRAm 51.55 78.31 83.95 93.83 114.32 75.45 42.49 57.72
whPept 1.22 3.68 1.84 3.94 1.83 2.16 4.34 3.02
whAm 1.29 2.39 3.35 3.94 3.88 2.16 4.34 3.25
α 1.05 1.03 1.05 1.00 1.03 1.00 1.02 1.05
Rs 1.03 0.43 0.93 0.00 0.59 0.00 0.11 0.48

CH3CN, HFBA tRPept 65.53 76.09 64.24 67.09 78.96 56.57 63.48 80.35
tRAm 62.60 72.01 60.41 63.36 74.71 54.04 58.77 73.96
whPept 1.56 2.18 1.57 1.64 1.34 1.27 2.55 2.72
whAm 1.78 2.63 2.12 2.10 1.88 1.29 3.26 4.15
α 1.05 1.06 1.07 1.06 1.06 1.05 1.08 1.09
Rs 1.03 1.00 1.22 1.17 1.55 1.16 0.95 1.10

CH3OH, HFBA tRPept 107.12 152.68 66.68 72.27 87.58 95.81 64.99 79.40
tRAm 103.17 146.93 62.16 68.00 82.92 92.75 59.53 73.12
whPept 2.24 2.45 2.05 1.98 1.91 1.97 1.85 2.59
whAm 2.30 3.39 2.86 2.54 2.52 2.03 2.93 3.47
α 1.04 1.04 1.08 1.07 1.06 1.06 1.10 1.09
Rs 1.02 1.16 1.08 1.11 1.24 0.90 1.34 1.22

Peak widths at half height (wh) and retention times (tR) and the resulting selectivity coefficients (α) and resolutions (Rs) are listed for unmodified
and glycated peptide pairs A–H (for sequences see Materials and methods). Eluent compositions are provided in Table 1. A linear gradient from
20% eluent B to 45% eluent B in 100 min (A1–B1 and A2–B2) or from 30% eluent C to 65% eluent C in 140 min (A1–C1 and A2–C2) was
applied at a flow rate of 1 mL/min

Fig. 1 IP-RPLC chromatograms
of unmodified and glycated
H-AGGKAAFL-NH2

(peptide G). Eluent systems
were A1–B1 (A), A1–C1 (B),
A2–B2 (C), and A2–C2 (D) as
provided in Table 1. A Jupiter
C18 column and a flow rate of
1 mL/min were used. Linear
gradients with an increase of
0.15% acetonitrile per min
started at 9% (TFA, A) or 12%
(HFBA, C) aqueous acetonitrile.
For methanol gradients an in-
crease of 0.20% per min was
used starting at 12% (TFA, B)
or 28% (HFBA, D) aqueous
methanol. The unmodified and
glycated peptides (marked with
an asterisk) eluted at 30.8 and
29.1 min (A), 53.0 and 51.5 min
(B), 56.3 and 52.8 min (C), and
56.9 and 52.8 min (D),
respectively
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As both TFA-containing eluent systems did not fulfill our
requirement to generally separate glycated and unglycated
peptides, we replaced TFA by HFBA. The rationale was to
increase the retention of the unmodified peptide by inter-
action of the more hydrophobic ion-pair reagent with its free
ɛ-amino group. The glycated lysine residue instead should
not bind to HFBA and therefore elute earlier than the
unmodified peptide. The separation was indeed enhanced by
the increased retention of the unmodified peptide compared
with the glycated peptide for both acetonitrile- and methanol-
containing eluents. The selectivity improved slightly to a
range from 1.05 to 1.08 (Table 2). The resolution increased to
0.95–1.55 for the aqueous acetonitrile gradient and 0.90 to
1.34 for the methanol system. Thus a partial separation for
all peptides with similar Rs values was obtained (Fig. 1c,d).
For peptide E, a baseline separation was obtained, i.e., an Rs

value above 1.5. The aqueous methanol gradient was
slightly better than the acetonitrile gradient for most
sequences. The only drawback of the HFBA system was
the peak broadening for all modified and unmodified
peptides, which will limit the analysis of complex peptide
samples. Perhaps the peak widths could be reduced with
higher temperatures or lower flow rates but this was not
further studied.

As only peptide amides had been studied so far, we also
tested the separation efficiency of all four eluent systems
for a peptide with a C-terminal free acid function (peptide
H). Expectedly the replacement of a single functional group
in such a large molecule altered the selectivity α and
resolution Rs only slightly (cf. peptide G, Table 2).

As the separation problem studied here is often encoun-
tered during the synthesis of Amadori peptides by the
global glycation approach, we finally studied the optimal
eluent system, i.e., aqueous acetonitrile containing 0.1%
HFBA, for the semipreparative purification of crude peptide
G (Fig. 2a). The unmodified peptide eluted about 11 min
later than the Amadori peptide corresponding to 1.6%

acetonitrile. Despite the relatively broad peaks the collected
peptide fraction appeared homogenous in IP-RPLC (data
not shown) and MALDI-MS (Fig. 2b).

It appears that the ion-pair reagent HFBA is superior for
separation of peptides glycated at ɛ-amino groups of lysine
residues from their unmodified analogs by forming an ion
pair with the free amino groups and thereby increasing the
retention of the unmodified peptides relative to the glycated
peptides. Moreover, the separation depends mostly on the
modified site and, therefore, can be applied to all peptides
without optimizing the eluent system for each new sequence.
Though HFBA is less volatile than TFA it can be mostly
removed by lyophilization and thus should not interfere with
most peptide assays compatible with trifluoroacetate peptide
salts. For other applications HFBA had to be removed by
ultrafiltration, dialysis, or size-exclusion chromatography,
which all work well at the typical peptide synthesis scales
between 1 and 200 μmol. Removal of HFBA is also
advantageous for both MALDI-MS and ESI-MS, as it can
suppress signal intensities similarly to TFA due to formation
of very strong ion pairs. These clusters are only partially
broken apart in ESI sources and can seriously reduce the
sensitivity of IP-RPLC-ESI-MS analyses [28]. Such limi-
tations, however, can be overcome by addition of weak
volatile acids, which compete with perfluorated acids to
pair with the analyte or organic carrier solvents [29, 30].
Postcolumn addition of propionic acid-2-propanol, for
example, improved the signal-to-noise ratio up to 100-fold
for TFA-containing eluents. The lower volatility and rela-
tively high molecular mass of HFBA, however, are disad-
vantageous for online coupling to ESI-MS as the instruments
will be contaminated. This limits its general use in protein
analytics and proteome-wide studies. Thus peptide digests
should be fractionated in two dimensions by RP-HPLC using
first the methanol/HFBA eluent system and afterwards an
aqueous acetonitrile gradient in the presence of formic acid
that also allows online coupling to ESI-MS. The two eluent

Fig. 2 Semipreparative purification of crude H-AGGKAmAAFL-NH2

(A) and MALDI-MS of the purified peptide (B). A linear gradient
from 12 to 27% aqueous acetonitrile in the presence of 0.1% HFBA
within 100 min at a flow rate of 10 mL/min was applied (Jupiter C18

column). The mass spectrum of the purified fraction (marked with an
asterisk) containing the glycated peptide was recorded in positive ion
mode on the 4700 proteomic analyzer using α-cyano-4-hydroxycin-
namic acid as matrix
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systems are even partially orthogonal, especially if different
stationary phases are applied.

Conclusion

Amadori peptides derived from D-glucose by modifying the
ɛ-amino groups of lysine residues are not or only partially
resolved by aqueous acetonitrile gradients in the presence
of 0.1% TFA on C18 phases. This unfavorable separation
efficiency is mostly independent of the peptide sequence
and obvious for all medium-sized peptides longer than
approximately five amino acid residues. These limitations
were overcome by replacing TFA by HFBA thus providing
a fairly good separation of all studied peptide pairs, i.e.,
unmodified versus glycated, up to eleven residues with a
typical resolution of 1.1; moreover, a baseline separation
was achieved for some sequences. Importantly, this resolu-
tion was mostly independent of the sequence and amino
acid composition, indicating a universal eluent system that
can be used to generally separate at least medium-sized
Amadori peptides from the corresponding unmodified
sequences. The organic solvent influenced the separation
only slightly with methanol providing, in most cases, a
better separation than acetonitrile.

References

1. Mann M, Jensenn ON (2003) Nat Biotechnol 21:255–261
2. Traverso N, Menini S, Cottalasso D, Odetti P, Marinari UM,

Pronzato MA (1997) Biochim Biophys Acta 1336:409–418
3. Stadtman ER, Levine RL (2003) Amino Acids 25:207–218
4. Wright HT (1991) Protein Eng 4:283–294
5. Portero-Otin M, Bellmunt MJ, Requena JR, Pamplona R (2003)

Biochem Soc Trans 31:1403–1405

6. Lapolla A, Fedele D, Aronica R, Garbeglio M, D’Alpaos M,
Plebani M, Seraglia R, Traldi P (1997) Rapid Commun Mass
Spectrom 11:613–617

7. Ulrich P, Cerami A (2001) Recent Prog Horm Res 56:1–21
8. Stultz CM, Edelman ER (2003) Biophys J 85:2198–2204
9. Schalkwijk CG, Ligtvoet N, Twaalfhoven H, Jager A, Blaauwgeers

HG, Schlingemann RO, Tarnow L, Parving HH, Stehouwer CDA,
van Hinsberg VW (1999) Diabetes 48:2446–2453

10. Baynes JW, Thorpe SR (1999) Diabetes 48:1–9
11. Ledesma MD, Bonay P, Avila J (1995) J Neurochem 65:1658–

1664
12. Ge SJ, Lee TC (1996) J Agric Food Chem 44:1053–1057
13. Reutter M, Eichner K (1989) Z Lebensm Unters Forsch 188:28–

35
14. Lapolla A, Fedele D, Reitano R, Arico NC, Seraglia R, Traldi P,

Marotta E, Tonani R (2004) J Am Soc Mass Spectrom 15:496–
509

15. Frolov A, Hoffmann P, Hoffmann R (2006) J Mass Spec 41:1459–
1469

16. Zhang Q, Tang N, Brock JWC, Mottaz HM, Ames JM, Baynes
JW, Smith RD, Metz TO (2007) J Proteome Res 6:2323–2330

17. Lapolla A, Brancia FL, Bereszczak J, Fedele D, Baccarin L,
Seraglia R, Traldi P (2007) Mol Nutr Food Res 51:456–461

18. Frolov A, Singer D, Hoffmann R (2007) J Pept Sci 13:862–867
19. Stefanowicz P, Kapczynska K, Kluczyc A, Szewczuk Z (2007)

Tetrahedron Lett 48:967–969
20. O’Harte FP, Gray AM, Flatt PR (1998) J Endocrinol 156:237–243
21. Jakas A, Horvat S (2003) Biopolymers 69:421–431
22. Frolov A, Singer D, Hoffmann R (2006) J Pept Sci 12:389–395
23. Jakas A, Horvat S (1996) J Chem Soc Perkin Trans II 231:789–

794
24. Linetsky MD, Shipova EV, Legrand RD, Argirov OO (2005)

Biochim Biophys Acta 1724:181–193
25. Rich DH, Singh J (1979) The carbodiimide method. In: Gross E,

Meinenhofer J (eds) The peptides. Academic, New York, pp 241–
261

26. Aletras A, Barlos K, Gatos D, Koutsogianni S, Mamos P (1995)
Epitheor Klin Farmacol Farmakokinet Int Ed 9:129

27. Frolov A, Hoffmann R (2008) Ann N Y Acad Sci 1126:253–256
28. Garcia MC (2005) J Chromatogr B 825:111–123
29. Apffel A, Fischer S, Goldberg G, Goodley PC, Kuhlmann FE

(1995) J Chromatogr A 712:177–190
30. Chong BE, Yan F, Lubman DM, Miller FR (2001) Rapid

Commun Mass Spectrom 15:291–296

1214 A. Frolov, R. Hoffmann


	Separation...
	Abstract
	Introduction
	Materials and methods
	Reagents
	Peptides
	IP-RPLC
	Mass spectrometry
	Separation parameters

	Results and discussion
	Conclusion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


