
With the advent of Ultra-High Pressure Liquid

Chromatography (UHPLC) systems coupled with

ultra-high resolution sub-2 micron columns and

the resulting gains in separating power it would

seem that complete sample elucidation could be

done with a single system and chemistry.

While the power of these systems is very

impressive, complex samples (especially

biologicals) may need a secondary chemistry

applied to the sample to more fully describe the

compound being studied.

Two-Dimensional HPLC (2D-LC) is a technique

that couples two orthogonal chemistries

together in an automated fashion. Since many

secondary chemistry columns do not allow for

high pressures and/or fast re-equilibration

times two valves with multiple holding loops are

configured that allow for cuts from the main

switching valve to be parked in these loops for

injection onto the second column without the

concern.

In this example a monoclonal antibody (MAb) is

examined using (IEX) followed by Size Exclusion

(SEC). Agilent Buffer Advisor software was

used to develop the salt gradients for the IEX

portion of the run.

TWO DIMENSIONAL LIQUID CHROMATOGRAPHY (2D-LC) OF BIOPHARMACEUTICALS USING SIZE EXCLUSION CHROMATOGRAPHY (SEC) 

PAIRED WITH ION EXCHANGE CHROMATOGRAPHY (IEX)

Experimental

Agilent 1290 series Infinity II 2D-LC,

consisting of:

G5611A 1260 quaternary Bio-Inert pump

G5667a  1260 Bio-Inert Autosampler

G7116B Multi-Column Thermostat

G4212A Diode-Array Detector (DAD)

G7117B Diode-Array Detector (DAD)

G7120A 1290 Infinity II Binary Pump

Valves:  4236A, 2D Valve; G4242A (2) Multiple 

Heart Cut Valves

Valve Drive: G1170A (3)

Software: Chemstation C.01.07 with G2198AA 

2D-LC software add-on
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As biopharmaceuticals continue to come to 

market, the need for complete elucidation of 

these molecules is of paramount importance 

for companies releasing these products. Due 

to the complexity of these molecules often a 

single mode of liquid chromatography does not 

provide a complete analysis of the 

sample. Two Dimensional Liquid 

Chromatography (2D-LC) can address this 

problem by coupling two orthogonal 

chromatographic modes to provide a more 

detailed examination of the molecule. This 

poster will show an analysis of a 

representative biopharmaceutical using a novel 

Size Exclusion separation coupled with a fast 

Ion Exchange column. The use of user friendly 

software and hardware will also be shown.

Sampling table This table shows the start time of the high-

resolution sampling, the sampling time for each loop, and the

percent loop filled which is calculated from the flow rate of

the first dimension pump and the sampling time.

In this example the flow rate of the pump is 0.250 ml/min and

sampling time is 8 seconds. This calculates to 33uL. With a

loop size of 40uL, this works out to be 33uL/40uL or 83% of

loop fill.

General setup screen for 2D-LC analysis. From this general

setup screen different sampling regimens may be chosen.

For this experiment high-res sampling (selective

comprehensive) is used the gather multiple ‘snips’ across a

peak. A specific start time for these ‘snips’ is chosen after

loading a representative reference chromatogram is loaded

into the software. The user then chooses both the number of

‘snips’ desired and the sampling time for each ‘snip’. On-

screen real-time feedback is provided to the user to indicate

the percent of the loop that is filled preventing overfilling the

loop and subsequent loss of sample. Each ‘snip’ is held in

one of the loops in one of two valves.

2D-LC Viewer. In this next example, the high-res sampling

starts on the back side of the peak with subsequent SEC

analysis
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Experimental

2D-LC Viewer: In this view the first dimension chromatogram

is shown at the top with the cuts taken shown in blue. The

subsequent SEC analysis is shown at the bottom.

2D-LC valve setup; main switch valve and 

parking loops:

2D-LC Conditions:

IEX Column: Bio-MAb, 4.6mm x 50mm, 5190-

2048

Gradient: 20mM NaCl � 100mM NaCL, pH= 

7.0, 15 minutes

Gradient developed with Agilent Buffer Advisor

Monoclonal Antibodies (MAbs) are complex molecules with

a characteristic structure:
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SEC columns in series

SEC 130A, 4.6mm x 50mm, 2,7 um, pn 1580-

1350

SEC 300A, 4.6mm x 50mm, 2.7um, pn 1580-

1301

Agilent 2D-LC software configuration

Analyzing these molecules requires more 

than one type of chemistry / chromatography 

to fully elucidate their structure. Ion Exchange 

Chromatography (IEX)is an excellent tool to 

highlight charged variants that might arise 

from modifications such as lysine truncation 

or deamidation. Since most therapeutic MAbs 

have a higher proportion of basic residues, 

cation-exchange chromatography (CEX) is the 

most commonly used technique.

Size Exclusion Chromatography (SEC) 

provides separation based on size which 

correlates directly to molecular weight.  

Using the Agilent Two-Dimensional LC 

hardware and software high resolution 

sampling of the IEX analysis may be sent 

directly to the SEC column for analysis.  

Charge variants may then be examined for 

any changes in molecular weight.

Close up view of chosen zone. This graphic shows a close-up

of the zones chosen to be sampled and sent to the SEC

column

SEC Analysis. In this view, the SEC analyses are overlaid from

all the cuts off the back end of the first dimension

chromatogram. As can be seen there is some variation in Cut

#9 Green trace. A longer and higher resolution SEC column

can be used to better characterize the molecular weight of

each cut.

Two Dimensional LC is an extremely useful technique to help

provide elucidation for complex molecules. When used

together IEX and SEC can provide orthogonal chemistries in a

unified workflow for MAbs


