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INTRODUCTION

Peptide maps are used for protein characterization,
and similar chromatographic techniques are used to
analyze synthetic peptides. Analysis of a protein
digest is a challenging analytical problem since the
sample can include a hundred or more significant
components covering a wide range of size and
chemical properties. The same kind of reversed-
phase chromatography is used to analyze the purity
and identity of synthetic peptides where the sample
includes several very similar structures. Both
applications require the highest possible resolution.
UltraPerformance Liquid Chromatography is a new
class of separation science. It improves resolution,
sensitivity, and speed by using columns packed with
very small particles on optimized instruments. We will
describe fundamental investigations that show how
the physical and chemical properties of the column
are responsible for improving resolution. We will give
special attention to the analysis of peptides
representing different glycoforms of a protein. UPLC®
peptide maps are also used for quantitative analysis.
Measurements of peak areas were generated over
wide range of concentrations, approaching three
orders of magnitude without distortion of retention
time or peak shape. The utility of this technology in
supporting the isolation of synthetic peptides will be
described.

METHODS

Chromatographic Conditions

Instrument: Waters AQUITY UPLC® System
Mixer: High Sensitivity Peptide Analysis
Columns: Peptide Separation Technology
ACQUITY UPLC® BEH 130 C18, 1.7 ym 2.1 x 50mm
ACQUITY UPLC® BEH 130 C18, 1.7 pm 2.1 x 150mm
ACQUITY UPLC® BEH 300 C18, 1.7 pm 2.1 x 150mm
Temperature: 40°C
Flow Rate: 200 pL/min (unless otherwise noted)
Mobile Phase A: 0.02% TFA in water
Mobile Phase B: 0.018% TFA in acetonitrile
Example Gradient Table:

Time %A %B Curve
0 100 O initial
5 50 50 6
5.5 20 80 1
6 100 O 1

UV Detection: 214 nm

Detection Rate: 10 scans/sec

MS Detection: m/z 400—1800scan, 1/sec

Test samples were Waters MassPREP™ Digest Standards
enolase or phosphorylase dissolved in 0.5 mL of 95% water
and 5% Acetonitrile with 0.1% TFA (unless otherwise noted),
resulting in a concentration of 2 pmoles/puL.

Injection Amount: 10 pL in Partial Loop Mode
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Figure 3. Direct comparison of HPLC and UPLC peptide map-
ping. Resolution is better with the smaller particle packing.
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Figure 1: Chromatography Principles-Mass Transfer and Diffu-
sion:The benefits of UPLC derive from reduced band-
broadening that is a consequence of reduced diffusion dis-
tances in small particles. In 1.7 um packing material, effi-
ciency (N) is greater with a concomitant increase in pressure.
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Figure 6. Synthesis of BEH™ Technology Packing Material

Peptide Separation Technology columns are based on the sec-
ond generation hybrid packing materials that minimize secon-
dary interactions with peptides. The material is stable at both
high and low pH for maximum flexibility in developing separa-
tions. The synthetic packing material can be prepared with
130A or 300A pores in any desired patrticle size.

Figure 4. Separation of a tryptic digest of phosphorylase b on
ACQUITY UPLC™ BEH130, 1.7mm and on ACQUITY UPLC™
BEH300, 1.7mm Peptide Separation Technology Columns.
Larger pore size materials are often preferred for peptide
separations. For tryptic peptides, Both columns work well, with
the smaller pore size being more retentive.

u
%

Figure 2 Chromatography Principles-van Deemter Plots for
1500Da Peptide: Diffusion-related band broadening is quanti-
tatively described in the van Deemter equation that relates
HETP (H) to linear velocity (u). This relationship is shown
graphically for a peptide of 1500 molecular weight on 3.5 um
and on 1.7 um packing. The minimum in each curve corre-
sponds to the maximum efficiency, and resolving power. The
smaller particles have higher resolving power at a higher linear
velocity.

i 507.3
it ACQUITY BEH
130A
™1 B |25residue | 2447.2 C
1.4e-1 -
] C | 36 residue 4477.0 B
|<:1( 1.0e-1
8.0e-2- A
6.0e-2
4.0e-2-
2.0e-zw U}L/J
0.0=

1.8e-1

1.6e-1 c

1.4e-1 B 300A
1.2e-1
1.0e-1
8.0e-2 A
6.06-2
4082 l
2.0e-2 M M
0,03 o

T T T T T T T T T T T T T T T T T T T T T T T T T T T U
25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 65.00 70.00 75.00 80.00 85.00 90.00

AU

41.74
39.23 5124 H
0.1% FA hoos 02 iug

2 44.80

o
F=
©

54171
7

20,16 3&126 2901 5634 60.1

1065 _ 1 2587 3716

21.68
3247 36.77

14.41 1695 LJ 57.12 6760
69.99
63.20 70.82
a) llLi U

1500 20.00 2500  30.00 3500 4000 4500  50.00 5500  60.00 65.00  70.00

61.53 67.?
0.1% TFA i 6 >
66.

.9

5199 3 5030 5
63
5439 3\ 7

41.34 4443
N 111 4.1 oo 021 7052715
. 73.07
31.09 317034 39 52.92 73.25
24562580 7

R A R R B B B R W A L s SRS RS naa s R R aRs R san sunnn naa s munnnal 1111
1500 2000 2500 30.00 3500 4000 4500 5000 5500 60.00 6500  70.00

60.98

o

%

18.28
17.00 1884

15.46

Figure 5. The larger peptides derived with LysC digestion are
expected to require larger pore sizes. In this comparison,
however, both the 130A and 3004 give narrow symmetrical
peaks for peptides up to 4470Da. Certainly a size will exist
where size exclusion effects become prominent.
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Figure 7. Comparison of the separation of Phosphorylase b
peptides with FA and TFA mobile phase modifiers. Formic acid
is often preferred as the mobile phase modifier in LC-MS
peptide mapping because sensitivity is better than with TFA.
That substitution usually is best with specific columns that do
not require ion-pairing for peptide separations. With UPLC
BEH material, narrow symmetrical peaks are observed with
either acid. Retention is greater with TFA and signal intensity
is better with formic acid. Tracking of individual shows the
changes in selectivity associated with changing the modifier.
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Figure 8. Mouse IgG glycoforms were detected by extracted ion
chromatograms of the triply-charged glycopeptides are shown.
Four peaks were observed for the three molecular weights indi-
cating that the positional isomers of G1 have been separated by
upLC™.

Figure 9. A peptide map of bovine hemoglobin with a spiked
trace contaminant designated *. The peptide mixture was
added to the digest from 0.2 to 2% on a molar basis. The
linear gradient from 0 - 50% buffer B occurred over 58
minutes. The region at 28 minutes is highlighted. This
successful trace analysis requires the high resolution of UPLC
for peaks that are only 15 seconds apart, center-to-center.
The symmetrical peak shapes at this extreme concentration
ratio permits the quantitation of the small peak eluting so
closely after the large peak.

SUMMARY AND CONCLUSIONS

o UPLC® separations yield higher resolution by reducing
diffusion-related band-broadening

e Significant improvements in peptide resolution are
achievd with UPLC

e UPLC packing materials with 130A and with 300A
pores give usful separations of Tryptic and Lys-C
peptides.

e The BEH technology™ particles used in UPLC minimize
secondary interactions with peptides for improved
peak shape.

e Symmetrical, well-resolved peaks are observed with
IgG glycopeptides.

e Mobile phase modifiers can be selected to optimize
sensitivity and selectivity.

e The combination of column chemistry and instrument
characteristics permits quantitative analysis over
three orders of magnitude, with UV sensitivity of a
few hundred femtomoles.
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