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INTRODUCTION
Peptide mapping is routinely used for the struc-

tural characterization of native and recombinant pro-
teins. With this technique, peptides derived from the
proteolytic fragmentation of a protein are separated
by reversed-phase high-performance liquid chromatog-
raphy (RP-HPLC). The availability of sufficient
amounts of protein is often a limiting factor in peptide
mapping. For this reason, narrow-bore and microbore
reversed-phase columns are used increasingly for this
application.

Microbore HPLC can provide increased mass
sensitivity as a result of reduced peak volume. Since
peak volume is proportional to the square of the
column diameter, the peak concentration for a given
mass of analyte eluted from a 1-mm diameter column
can be sixteen-times greater than if the same mass is
eluted from a 4-mm diameter column. Microbore
HPLC, therefore, requires less sample per injection
and makes efficient use of precious samples.

The low flow rates of microbore HPLC offer
additional advantages for mass spectrometer (MS)
interfacing. For MS interfacing with standard-bore
HPLC systems, inefficient flow-splitting approaches
are generally required to reduce eluent volume. All but
a tiny fraction of the sample is typically discarded with
this interfacing scheme. The flow stream of a micro-
bore HPLC can often be coupled to a modern electro-
spray MS interface with little or no flow splitting.

Dual-piston HPLC pumps traditionally have had
difficulty with the delivery of aqueous:organic gra-
dients at the low flow rates required for microbore
peptide mapping. Through precise microprocessor
control of piston velocity and the piston pressurization
point within each stroke, the GP40 Gradient Pump of
the DX-500 delivers highly accurate and reproducible
gradients at low flow rates.

In this application note, methods for microbore
peptide mapping at a flow rate of 50 µL/min are
presented and evaluated. Important factors for repro-
ducible microbore separations are also discussed.

EQUIPMENT
Dionex DX-500 HPLC system consisting of:

Microbore GP40 Gradient Pump with Microbore
GM4 Gradient Mixer

Microbore AD20 Absorbance Detector
AS3500 Autosampler with Column Oven and

Tray Temperature Control

PeakNet Chromatography Workstation

REAGENTS AND STANDARDS
Deionized water, 17.8 MΩ-cm or better

Acetonitrile, HPLC-grade

Trifluoroacetic acid (TFA), protein sequencing grade,
1-mL sealed ampules

wesrawlins
New Stamp
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CONDITIONS
Column: Vydac® 218TP (C18), 1 x 250 mm,

300-Å pore diameter, 5-µm particle
size

Column Temp.: 35 °C

Eluent A: 0.1% TFA in deionized water

Eluent B: 0.085% TFA in 10% deionized
water/90% acetonitrile

Flow Rate: 50 µL/min

GP40 Mode: Flow Mode

Injection Volume: 2 µL

Injection Loop: 5 µL

Detection: UV, 215 nm

PREPARATION OF SOLUTIONS AND REAGENTS
Eluent A:  0.1% TFA in deionized water

Dilute 500 µL of TFA to 500 mL with deionized
water and vacuum degas.

Eluent B:  0.085% TFA in 10% deionized water/90%
acetonitrile

Add 425 µL of TFA to 50 mL of deionized water.
Dilute to 500 mL with acetonitrile and vacuum degas.
The use of 15% less TFA in Eluent B relative to Eluent
A minimizes upward baseline drift during the separa-
tion. This upward drift is caused by a shift in the ab-
sorbance spectrum of TFA as the percentage of organic
solvent in the mobile phase increases.1

SAMPLE PREPARATION
Digestion of bovine fetuin with trypsin

A 20-mg/mL tryptic digest was prepared as out-
lined in Dionex Application Note 99, “Peptide Mapping
by Reversed-Phase High-Performance Liquid Chroma-
tography”. Briefly, bovine fetuin was reduced with di-
thiothreitol, alkylated with vinylpyridine, and then
digested with TPCK-trypsin.

RESULTS AND DISCUSSION
To produce a “peptide map”, peptides derived by

specific cleavage of a protein are separated by reversed-
phase HPLC with a shallow organic gradient in the
presence of an ion-pairing agent. The combination of
acetonitrile as the organic phase and TFA as the ion-
pairing agent is applicable for a wide range of proteins,

although alternative ion-pairing agents such as phos-
phoric acid and heptafluorobutyric acid have been em-
ployed for altered selectivity.2 The slope and duration
of the gradient are determined by the complexity of
the peptide mixture and the required chromatographic
resolution. Figure 1 shows the separation of a tryptic
digest of bovine fetuin with a 5%–60% Eluent B gra-
dient delivered at 50 µL/min over 60 minutes (Table 1).
According to the amino acid sequence of bovine fetuin,
this digest should contain 25 tryptic peptides that range
in size from 2 to 61 amino acid residues.3 Actual digests
of this glycosylated protein have been found to contain
additional peaks due to differential proteolytic cleavage,
incomplete modification by the alkylating agent, and
variable glycosylation.4 For comparison, separation of
this sample with a 5%–60% Eluent B gradient delivered
over 120 minutes (Table 2) is shown in Figure 2. Use of

Time Flow A B Curve Comment
 (min) (mL/ (%) (%)

min)

Initial 0.05 95.0 5.0 5
0.0 0.05 95.0 5.0 5 Inject at 5% B

120.0 0.05 40.0 60.0 5 Linear gradient to 60% B
120.1 0.05 20.0 80.0 5 Begin column cleanup
124.9 0.05 20.0 80.0 5 End column cleanup
125.0 0.05 95.0 5.0 5 Begin reequilibration
150.0 0.05 95.0 5.0 5 End reequilibration

Table 2  Gradient 2

Time Flow A B Curve Comment
(min) (mL/ (%) (%)

min)

Initial 0.05 95.0 5.0 5
0.0 0.05 95.0 5.0 5 Inject at 5% B

60.0 0.05 40.0 60.0 5 Linear gradient to 60% B
60.1 0.05 20.0 80.0 5 Begin column cleanup
64.9 0.05 20.0 80.0 5 End column cleanup
65.0 0.05 95.0 5.0 5 Begin reequilibration
90.0 0.05 95.0 5.0 5 End reequilibration

Table 1  Gradient 1
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Figure 2 Tryptic map of bovine
fetuin separated with Gradient 2.
Note the improved resolution of
early-eluting peaks. The average
retention times with standard
deviations for peaks A through I
from six replicate analyses are
listed in Table 3.

Figure 1 Tryptic map of bovine
fetuin separated with Gradient 1.

the shallower 120-minute gradient resulted in somewhat
improved resolution, particularly for the early-eluting
peaks. The sample was cooled to 4 °C in the AS3500
Autosampler during these studies to prevent degradation.

Highly reproducible retention times are critical for
the study of protein structure by peptide mapping. Re-
tention time reproducibility of the microbore DX 500
system was evaluated using the approach suggested by
Hoff.5 Six replicate analyses were performed using
Gradient 2, and the average retention times with stan-
dard deviations for representative early- and late-eluting
peaks were tabulated (see Table 3). The nine representa-
tive peaks used for this evaluation are labeled A through
I in Figure 2. Retention time standard deviations were
less than 0.1 minute for each peak, which indicates
highly reproducible delivery of this shallow gradient at
50 µL/min.

Peak* Mean Standard RSD
Retention Deviation (%)

Time (min)
(min)

A 23.75 0.08 0.3
B 34.58 0.04 0.1
C 44.61 0.06 0.1
D 52.05 0.08 0.2
E 59.20 0.02 0.03
F 66.10 0.06 0.09
G 73.63 0.03 0.04
H 78.69 0.03 0.04
I 92.49 0.07 0.08

Table 3  Peak retention times from
six replicate analyses with Gradient 2

* See Figure 2 for peak identities.
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Column Equilibration
Poor retention time reproducibility will result if

the column is not fully equilibrated between each run.
These effects are particularly severe for early-eluting
peaks. Since water cannot completely remove aceto-
nitrile from the stationary phase, lengthy equilibration
times may be required if 100% Eluent A is used for
equilibration. The duration of the equilibration period
for a given stationary phase should be empirically
determined.

TFA
Degradation of TFA over time can lead to the

appearance of interfering peaks from TFA degrada-
tion products. For best results, eluents that contain
TFA should be prepared fresh daily from sealed TFA
ampules and stored under inert gas.

CONCLUSION
Highly reproducible peptide maps can be generated

with the Microbore DX 500. The Microbore GP40
Gradient Pump is engineered with intelligent algorithms
for the control of pump output, which results in excep-
tional performance at low flow rates.
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Important Factors for Reproducible Microbore
Separations
Gradient Reproducibility

The good gradient reproducibility of the GP40 is
achieved through the use of artificial intelligence
algorithms. In the “Flow Mode” of the GP40, constant
flow is maintained by computational algorithms that
monitor output pressure and the real-time positions of
each piston. This pump control mode is designed for
constant flow delivery in the face of changing eluent
viscosity and compressibility, and therefore is the
recommended GP40 control mode for this application.
The use of  50–60 kPa (7–9 psi) of helium pressure in
the eluent reservoirs is recommended for optimal eluent
proportioning accuracy.

Temperature Control
Temperature control of both the column and the

sample is recommended. Sample cooling serves to
protect the integrity of the peptide mixture. Tempera-
ture control of the column can dramatically improve
the reproducibility of peptide mapping. A column
temperature of 35 °C was used in this study. Mainte-
nance of a stable column temperature is the important
factor for reproducibility, not the specific temperature
selected.5

High-Pressure Mixing
Baseline oscillations are commonly observed du-

ring peptide mapping, even with thorough low-pressure
mixing of eluents. Mixing on the high-pressure side of
the pump for microbore applications normally elimi-
nates baseline problems. The Microbore GM3 Gradient
Mixer used in these studies was designed to provide low
delay-volume high-pressure mixing for microbore
gradient separations.
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