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INTRODUCTION RESULTS 

CONCLUSIONS 

The reversed phase LC peptide maps used for characterizing biopharmaceutical 
proteins must resolve all the peptides representing the entire sequence of the 
protein. This separation must be established in such a way that modifications of 
the protein can be recognized and measured. Analysis of such samples requires 
the best possible chromatographic resolution.  To achieve these separations, 
maps are often developed with very long, shallow gradients on the order of one 
to three hours.  Even with these methods, additional resolution is often required.  
The application of 1.7mm packing materials has been shown to improve resolu-
tion in peptide mapping by reducing dispersion.  Investigation of the mecha-
nisms underlying this improved resolution suggests that improved resolution can 
be obtained in shorter run times. The measured optimum flow rates are low, 
and such flow rates are consistent with the relatively slow diffusion of peptides.  
The relationship between linear velocity and particle size can be predicted from 
the van Deemter equation for molecules of this size.  In these experiments, we 
describe the interactive effects of particle size, pore size, linear velocity, and 
gradient slope.  The use of these smaller particles provides a mechanism for ob-
taining peptide maps that combine higher resolution with reduced analysis 
times.   

LC-MS Instrumentation and Columns 
Test Sample 
 Waters® MassPREP™ Phosphorylase B Digestion Standard 
 Waters® MassPREP™ Hemoglobin Digestion Standard 
Columns:   
Waters A-BioSuite™  C18 PA-B, 2.1 x 100 mm 3.5 µm particles, 300Å pores  
 B- ACQUITY UPLC™ BEH130 C18, 1.7 µm Peptide Separations Technology 
  2.1x50, 2.1x100, 2.1x150 
 C- ACQUITY UPLC™ BEH300 C18, 1.7 µm Peptide Separations Technology 
  2.1x100 
 
LC System:  Waters ACQUITY UPLC™ Solvent Delivery System Operating Pressures from 5000– 13000 
  Waters ACQUITY UPLC™  Sample Manager 
MSSystem: Waters ZQ™ Mass Spectrometer;  Electrospray Ionization (+) 
 
Mobile Phase:   A = 0.1% Trifluoroacetic Acid in Water 
  B = 0.1% Trifluoroacetic Acid in Acetonitrile 

Gradients (min) 

MATERIALS AND METHODS 

Separations were performed using an ACQUITY UltraPerformance LCTM, and 
monitored with a TUV absorbance detector ZQ mass spectrometer (Waters 
Corp., Milford, MA). Linear velocity and gradient slope were varied as de-
scribed in the figure legends. Results were evaluated for chromatographic peak 
volume and resolution well as intensity of mass signal. MassPREP™ Peptide and 
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Figure 3: Effect of Column Length—Scaled Gradient 
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Figure 1: Comparison of HPLC and UPLC—Constant Gradient Time  
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Figure 2: Comparison of HPLC and UPLC— Scaled Gradient Time 
BEH,1.7u;2.1x150;0.2mL/min; 0-50, 86min; 1.5%/cv
Phosphorylase Standard

Time
20.00 22.50 25.00 27.50 30.00 32.50 35.00 37.50 40.00 42.50 45.00 47.50 50.00 52.50 55.00

A
U

2.0e-2

4.0e-2

6.0e-2

8.0e-2

1.0e-1

BEH,1.7u;2.1x150;0.1mL/min; 0-50, 173min; 1.5%/cv
Phosphorylase Standard

Time
40.00 50.00 60.00 70.00 80.00 90.00 100.00 110.00

A
U

2.0e-2

4.0e-2

6.0e-2

8.0e-2

1.0e-1

1.2e-1

1.4e-1

Figure 4: Effect of Flow Rate— Scaled Gradient 

Figure 5: Effect of Gradient Slope— Constant Flow Rate 
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Figure 6: Effect of Pore Size 
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Figure 7a: Quantitative Linearity— UV Detection 

 0.9%/
col.vol. 

1.5%/
col.vol. 

1.5%/
col.vol. 

3.0%/
col.vol. 

3.0%/
col.vol. 

 200µL/
min 

100µL/
min 

200µL/
min 

100µL/
min 

200µL/
min 

Length      

50  58 29 29 14 

100  115 58 58 29 

150 144 173 86 86 43 

250   144   

Comparison of HPLC and UPLC— Constant Gradient Time 
The MassPREP™  Phosphorylase B digestion Standard was separated on a 
conventional 2.1 x 250mm, 300Å, C18, 3.5µm packing (upper panel) and on 
a 2.1x150mm, ACQUITY UPLC™  BEH130 C18, 1.7µm packing (lower 
panel) with a constant gradient time.  The UPLC column separates significantly 
more peaks from the same sample, with better resolution associated with nar-
rower elution bands.  

Comparison of HPLC and UPLC— Scaled Gradient Time 
In the example in Figure 1, it is not certain whether the increased resolution is 
a consequence of the smaller particles or the shallower gradient that results 
from using constant gradient time on a shorter column.  In this figure, the con-
ventional separation (top) is compared to the smaller particle at the same gra-
dient time (middle) and at the equivalent gradient slope (bottom).  As ex-
pected, the shallower gradient gives somewhat better resolution at the ex-
pense of increased run time and some decrease in peak height.  There are 
some obvious differences in selectivity associated with the change in gradient 
slope. 

OPTIONS FOR DEVELOPING UPLC PEPTIDE MAPS 

Figure 3:  The three different lengths of available columns were compared 
with constant gradient slope.  That is, the temporal duration of the gradient 
was adjusted in proportion to the length of the column.  Resolution is less with 
shorter columns.  The selectivity patterns are, however, indistinguishable.  This 
observation leads to the suggestion that it may be most efficient to empirically 
adjust such parameters as gradient slope, temperature, ionic strength, and so 
on on the short column.  Many variables can be screened in a short time.  The 
best combination of operating conditions can then be scaled to a longer col-
umn to maximize resolution. 

Figure 4:  Chromatographic principles, as embodied in the van Deemter equa-
tion, indicate that the optimum linear velocity, or flow rate, is lower for mole-
cules with higher molecular weight.  In this comparison, some regions of the 
chromatogram show better resolution at the low flow rate (bottom) and others 
at the higher flow rate (top).  When a larger number of samples is considered 
(data not shown), peptide peaks are generally narrower at the lower flow.  In 
future studies, we will attempt to correlate the linear velocity effects with other 
physical and chemical properties of the peptides. 

Figure 5:  The most common technique for improving reversed phase peptide 
separations is the use of a shallow gradient to increase resolution.  As shown 
here, this principle will apply in UPLC peptide mapping.  The shallow gradient 
(top) has more and narrower peaks at the expense of increased run time.  It is, 
however, important to note that there are significant changes in selectivity asso-
ciated with changes in gradient slope.  This confirms the need for careful peak 
tracking during method development.  It also suggests that it may be useful to 
test both steeper and shallower gradients to optimize resolution.  

Figure 7:  Some peptides display better chromatographic properties on larger 
pore size packing materials, presumably because those molecules have a lar-
ger size in solution.  ACQUITY UPLC™  BEH packing materials are becoming 
available with 300Å pores in addition to the original 130Å size.  When these 
two packing materials are compared under the same conditions, the smaller 
pore size packing (top) shows higher retention. (Note that the chromatograms 
have been aligned based on the apparent pattern of peptide elution.)  Differ-
ent parts of the chromatogram are better resolved on one column or the other, 
and there are some obvious differences in selectivity that are not well under-
stood. 
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Figure 7b: Increasing Injection Amount —1-200pmoles 

Figure 7a and 7b:  To test the range of usable detection in peptide UPLC, the 
MassPREP™ hemoglobin digestion standard was injected at progressively 
higher levels.  Since the digest began with a known amount of protein, it is rea-
sonable to estimate that the observed peaks in this series of injections range 
from 1-200pmoles on column.  The lower limit of sensitivity is not a function of 
detector noise, and further experiments with standardized samples are required 
to define that limit. 

• UPLC produces higher resolution peptide maps than HPLC 
 
• UPLC peptide maps can be developed by manipulating the same parameters 

as any reversed phase peptide map 
 
• Short UPLC columns may be useful for rapidly screening the separation con-

ditions to find the best selectivity 
 
• Longer UPLC columns can be selected to maximize resolution for a given se-

lectivity 
 
• UPLC with UV detection has sufficient sensitivity and linear range for quantita-

tive peptide mapping 


