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INTRODUCTION 

Biopharmaceuticals present a challenging analytical 
problem because of their size and chemical 
complexity. Biological properties and specificity may 
be altered with small changes that are difficult to 
detect and measure because they are a minor fraction 
of the chemical characteristics. For this reason, 
analysis and characterization strategies have most 
often combined techniques that are based on specific 
chemical or physical properties. In addition, other 
tools are used to dissect the molecules so that the 
chemical changes are easier to detect. These 
orthogonal analyses form a complete picture of the 
molecule. Many of these analytical tools are based on 
separation techniques and require the highest 
possible resolution. UltraPerformance® Liquid 
Chromatography (UPLC®) was developed to use sub-
2micron on optimized instruments to improve 
resolution, sensitivity, and sample throughput. UPLC 
has been applied to a variety of biomolecules 
including amino acids, peptides, proteins, glycans and 
oligonucleotides. While developing these applications, 
the need for new UPLC column chemistries, tailored to 
specific biomolecule separations, has become 
apparent. In turn, the new packing materials are 
most useful when the separation conditions can be 
easily adjusted to optimize the analysis for the 
particular sample. New instrument features have been 
developed that give true UPLC performance while 
facilitating the exploration of separation space for 
each specific technique. 
 
The newly developed instrument, the ACQUITY UPLC 
H-Class Bio System was designed with an inert, non-
stainless steel fluid path and tested for maximum 
ruggedness and reliability with the buffers and mobile 
phases commonly used in protein separations.   The 
control of the system incorporates an advanced 
solvent management called Auto•Blend™ Plus 
Technology that can be programmed directly in pH 
and salt concentration terms, rather than the usual 
percentages, for maximum convenience in developing 
and executing protein separation methods. 
 
Typical  proteins, including monoclonal antibodies, will 
be used to demonstrate these improvements in 
orthogonal characterization techniques that combine 

improved instrumental approaches to systematic 
methods development with several new separation 
chemistries. 
Both separation of intact proteins and dissection 
techniques will be considered. With the new 
combination of column chemistries and instrument 
features, a systematic approach to the optimum 
characterization of a protein is possible.  
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METHODS 

Instrumentation 

 

Reversed-phase Separations 
 

Columns 
ACQUITY UPLC™BEH 300 C18 1.7μm 2.1x100mm Column 

ACQUITY UPLC™BEH 300 C4 1.7μm 2.1x50mm Column 
 

Samples 
Peptides: 

MassPREP™ Enolase Digestion Standard 
Proteins:  

Mixture of Ribonuclease A, Cytochrome c, Bovine Serum 
Albumin, Enolase 

 
Chromatography 

Mobile phase A: Water (Fisher Optima) 

Mobile phase B: Acetonitrile (Fisher Optima) 
Mobile phase C: Isopropanol (Fisher Optima) 

Mobile phase D: 1% TFA (Pierce) or 1% Formic Acid (Fluka) in 
Water 

Flow rate 0.2mL/min 
Gradients: 

 Peptides: 0-50% organic solvent over 86.5min 
 Proteins:  17-71.4% organic solvent over 27.2 min 

Temperature: peptides 40°; proteins 80° 
Injection: 10μL 

Needle wash: 50:50 Acetonitrile:Water 
 

Ion Exchange and Size Exclusion Separations 
 

Columns 
Protein-Pak Hi Res SP, 4.6 x 100mm, 7 m 

Protein-Pak Hi Res Q, 4.6 x 100mm, 5 m 

ACQUITY BEH200, SEC, 1.7 m Column, 4.6 x 150mm 

Samples 

(all from Sigma, St. Louis, MO) 

Carbonic Anhydrase from bovine erythrocytes 
Albumin from bovine serum  

α-Chymotrypsinogen A from bovine pancreas 
Ribonuclease A from bovine pancreas  

Cytochrome c from equine heart  
Thyroglobulin from bovine thyroid  

Conalbumin from chicken egg white  
Albumin from chicken egg white  

Myoglobin from equine heart 
Uracil Enolase from baker's yeast (S. cerevisiae) 

Phosphorylase b from rabbit muscle 
 

Chromatography 
Mobile phase A:  

Mobile phase B:  

Mobile phase C:  
Mobile phase D:  

Flow rate: as specified in figure legends 
Gradients: as specified in figure legends 

Temperature: peptides 40°; proteins 80° 
Injection: as specified in figure legends 

Needle wash: sample diluent 

RESULTS 

Auto•Blend™  Technology 

Auto•Blend™  Technology is based on the use of a pump that 

is capable of four-solvent blending. Chromatographic mobile 
phases are then prepared as required from reservoirs of pure 

solvents and concentrated modifiers rather than by preparing 
pai5rs of mixed solvents.  A binary gradient mobile phase pair 

method can be converted to an Auto•Blend method as shown 
in Figures 1 and 2. 

 

Many reverse phase separations are dependent on the 

concentration of organic solvent, on the identity of the organic 
solvent, the pH and the ionic strength of the buffer.  As shown 

here, we configure our Auto•Blend system with a bottle of pure 
water, pure acetonitrile, pure isopropanol  and a concentrated 

solution of  trifluorocetic acid.  Our initial concentration for 

making the injection is a largely water solution that contains a 
variable amount of TFA.  We can change the TFA from 2 to 5 to 

10% on the D line to get different concentrations.  The final 
conditions are generated in the same way.  Running a gradient 

of increasing acetonitrile by drawing from the water and the 
acetoronile bottle while holding the TFA concentration 

independent, we can observe the effect on the separation if we 
draw different percentages from that D line. 

 
 

This approach to mobile phase preparation has been used to 
develop methods for reversed phase separations of peptides 

(Fig.3) and proteins (Fig 4). 
 

 

CONCLUSIONS 

 An instrument has been developed for analysis of 

protein 

   Materials for robust operation 

   Compatible with all modes of protein 

chromatography 

   Auto•Blend™ simplifies all mobile phase preparation 

   Software delivers accurate pH adjustment of 
separation buffer 

   Auto•Blend™ Plus provides convenient tools for 
optimizing pH for ion exchange of proteins 

Figure 1. Typical Binary Separation Conditions 
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Figure 2. Four-solvent blending with AutoBlend Technology to 

duplicate binary gradient 
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Auto•Blend™ Plus Technology  

Separation mechanisms other than reversed-phase are com-

monly used for protein analysis.  Ion Exchange and Size Exclu-
sion chromatography are particularly useful.  In these aqueous 

conditions, pH and ionic strength have large effects on the 
structure of proteins and , therefore, on separations.  

Auto•Blend™ Plus has been developed to simplify and auto-
mate development  of these methods. 

Figure 7. Fidelity of delivered pH.  A gradient from 0 to 500mM 

NaCl was programmed at pH6.8 with each of the three calibra-
tion methods.  Fractions were collected for measuring pH.  Re-

sults based on the simple pK change downward over the gradi-
ent.  The impact of the error is smaller with the corrected pK 

because it is centered on the desired value.  The nine-point 
empirical table gives the most accurate pH delivery across the 

ionic strength gradient. 
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Figure 3. The enolase digestion standard was analyzed with 

three different concentrations of TFA programmed as different 
percentages of D, the peptides rearrange elution position.  The 

first two peaks that are circled are partially resolved at the low 
concentration of TFA and are much better resolved as   the TFA 

is increased.  The second group of peaks outlined in green ac-
tually merge together as TFA increases and then reverse their 

elution order with continued  increases in  TFA concentration. 
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Figure 4. AutoBlend for Protein Separations.  Concentration of 

acid, nature of organic solvent, and proportions of organic sol-
vent were varied in an automated protocol with bottles of pure 

solvent. 
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Figure 5. Auto•Blend™ Plus Method Programming.  The software 

permits entry of the desired pH and salt concentrations through-

out the gradient, rather than the more customary percentage 

flow from each bottle.  The software calculates the required per-

centages to achieve that composition at each pump stroke for 

best gradient accuracy.  The calculation is based on information 

in the Buffer System definition. 

Figure 8. Developing protein separations with Auto•Blend™ 

Plus.  A mixture of protein- alpha-chrymotrysinogen A (peak 
A), Ribonuclease A (peak B) and cytochrome c (peak C) was 

separated using cation exchange chromatography with the AC-
QUITY UPLC H-Class Bio System and a Protein Separation 

Technology Column – Protein-Pak Hi Res SP, 7um , 4.6 x 
100mm.  A series of methods at different pH values was used 

to automatically find the mobile phase  in an unattended series 
of automated runs without the need to prepare several individ-

ual solvents. As the pH is increased, the order of elution is re-
arranged.  The small protein peak, marked with the letter B, 

elutes in the center at pH 6.1, coelutes with the first peak at 
pH 7.0, and moves to elute as the first peak at pH 7.6.  the 

optimum pH for the analysis was found, in an automated pro-
tocol, without premixing multiple buffers. 
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Figure 6. Buffer System Definition.  The definition screen pro-

vides three bases for calculation of the delivered mobile phase.  
A pK value can be taken from the reference literature and en-

tered.  The Henderson-Hasselbalch equation is used to calcu-
late the required percentages, but the observed pH will change 

with increases in the salt concentration.  A closer approxima-
tion can be obtained by measuring a corrected pK.  This single 

solution is prepared by mixing equimolar amounts of the A and 
B buffer components at the intended delivered concentration 

along with a salt concentration representing the midpoint of 
the gradient.  The measured pH can be entered as the cor-

rected pK.  The third choice is the measurement of an empiri-
cal calibration table.  A set of mixtures is prepared from the 

four solutions to be used in the method.  These solutions 
should represent the high, middle and low points of pH and 

ionic strength.  The measured pH of each solution is entered, 

and the control software calculates the required percentages 
by interpolation. 

Figure 9. Developing antibody separations with Auto•Blend™ 

Plus.  A chimeric monoclonal antibody was separated using 
cation exchange chromatography with the ACQUITY UPLC H-

Class Bio System a Protein Separation Technology Column – 
Protein-Pak Hi Res SP, 7um , 4.6 x 100mm. The separation of 

the lysine truncation variants as well as other differences in 
protein charge is improved as the pH is increased although the 

salt concentration for elution is lower. 
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