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Executive Summary

Miniaturization of liquid chromatography (LC) is generally
done to increase sensitivity, a necessity in proteomics

to detect low abundant peptides and proteins. Other
benefits of miniaturization include improving the efficiency
of interfacing with mass spectrometry and reduction

of solvent consumption. Nowadays, miniaturized LC is
much easier to use and both the instrumentation and the
connections are operated in the same way as conventional-
scale LC systems. This opens up opportunities to apply
miniaturized LC to novel workflows and applications,
especially for capillary and micro LC.

Figure 1. Different concentration in LC system for the same injected amounts.

Introduction

The development of miniaturized LC started approximately three decades ago, with the first
commercial products appearing in 1987. Over time nano LC has established itself as an
indispensable tool for bioanalytical research, especially in the field of proteomics, which
requires the highest levels of sensitivity. However with the routine use of nano LC in
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proteomics laboratories, the principles behind the increase in sensitivity have sometimes
been forgotten. Understanding these principles and their practical implications does allow
foreseeing how miniaturized LC can benefit proteomics, bioanalysis, and beyond.

Sensitivity — Size Matters

In order to understand the increase in sensitivity from smaller inner diameter (i.d.) columns,
the difference between sample concentration and sample amount must first be clear. It can be
summarized as follows:

e Sample injection in LC means a volume of a certain concentration is introduced
— This is a fixed amount: e.g. 1 pL of 1 pmol/pL = 1 pmol

¢ Upon injection, this amount is diluted in the LC volume
— This creates a new concentration

® A low volume LC will generate a higher concentration for the same injected amount
— Smaller i.d. columns provide more sensitivity than large i.d. columns

Figure 1 shows the same injected amount (four “peptides”) on a 4.6 mm and 75 pm i.d.
column. The higher concentration in the latter is evident. The relative increase in sensitivity
can be calculated using Equation 1.
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Optical detectors (e.g. UV detectors) and electrospray mass spectrometers are concentration
sensitive. Their signal is directly proportional to the sample concentration in the peak eluting
from the column.

The relative gain in sensitivity for different column diameters compared to 4.6 mm columns
(calculated with Equation 1) is plotted in Figure 2. Here it shows that for the smallest ID’s

(50 pm and 75 pm) a theoretical increase in sensitivity of several thousand times is shown.
However the inlay shows that changing the column i.d. from 4.6 mm to 1 mm already can provide
significant increases (~20 times). These column i.d. ranges are perfectly suitable for applications
where sensitivity is not absolutely necessary, but where the miniaturization can provide other
benefits, such as easy interfacing with mass spectrometry, reduction in solvent use (see calculation
example), waste disposal, and on costs.

Reduced Solvent Use:

Imagine a typical analysis run on a 4.6-mm ID column with:
— 1.0 mL/min flow rate
— 70 % mobile phase A
- 2 liter solvent bottles

All of the mobile phase A will be consumed within two days.

Running this application in micro LC at 50 uL/min will allow a 500 mL bottle to last over a week.
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Figure 2. Relative increase in sensitivity for a wide range of column diameters compared to 4.6 mm i.d. columns.



UHPLC Instrumentation for Nano, Capillary and Micro LC

This calculated sensitivity increase is actually a scale factor between the conventional and miniaturized
LC application, with flow rate as the best example. Typically, the flow rate in conventional LC

(4.6 mm i.d.) is 1000-1200 pL/min and in nano LC (75 pm i.d.) 0.250-0.300 pL/min. The ratio

of 4000 reflects the scale factor between a 4.6 mm i.d. and a nano LC column and will result in
(approximately) the same linear velocity through both columns.

The Thermo Scientific™ Dionex™ UltiMate™ 3000 RSLCnano system (Figure 3) has been designed
to deliver the very low flow rates and very high pressures required for modern nano LC. The
UltiMate 3000 RSLCnano system can deliver flow rates as low as 20 nL./min* and up to 50 pL/min
at UHPLC pressures, making it the perfect instrument for nano, capillary, as well as micro LC.! The
module has a built-in column compartment to support a range of applications, while minimizing
the physical distance between the various LC elements. This allows connection tubing to be as short
as possible.

Another important aspect to connection tubing is the inner diameter. The connection tubing in
nano LC (20 pm) is roughly 10 times smaller in inner diameters. Usually in capillary and micro LC,
50 and 75 pm i.d. tubing is used, respectively.

The best results are obtained if the correct tubing is also properly connected. Thermo Scientific™
Dionex™ nanoViper™ fittings provide a factory-made, fingertight UHPLC connection, which is
virtually dead-volume free. nanoViper fittings come integrated on the connection tubing and
columns and allow for tool-free assembly, without the risks of introducing dead volume or breaking
capillaries upon connection.

*Lowest flow rates are only available upon request

UiMatz 3000

Figure 3. UltiMate 3000 RSLCnano system, interior view, and nanoViper fitting.



Miniaturized LC - Fields of Application

Miniaturized LC is often divided in three categories or flow rate ranges: nano, capillary, and micro
LC. Nano LC refers to applications with flow rates below 1000 nL/min, capillary LC encompasses
applications in the low pL/min flow rate range (1-10 pL/min), while micro LC covers the use of
flow rates above 10 pL/min.

Examples of typical applications are shown next for each flow range. The first example and most
common nano LC application is in proteomics discovery workflows. Here, sample limitation is

the major reason for nano LC. In the second example, capillary LC is applied to the targeted
quantification of peptides of a complex matrix. Sample availability might be higher, but throughput
is essential. Capillary LC offers the best of both worlds. For the third example, micro LC is applied
to increase throughput in the analysis of a monoclonal antibody (MADb) digest. Here sample
availability is not the limiting factor, but the added sensitivity with robustness is of value. Lastly,

an example outside of bioanalysis is provided.

In proteomics, researchers face a double challenge. The proteins of interest are present at low
concentration and sample volumes are small, resulting in extremely low amounts. Additionally,
samples are extremely complex. These factors led to the development of nano LC systems and
columns with very high separation power enabling unique applications as shown in Figure 4.
Kocher et. al. have performed a similar experiment, where they on average identified 2516 proteins
in the tryptic HeLa digest using an 8 h gradient on a 50 ¢cm column.?
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Figure 4. High resolution separation of £.coli digest on a 75 pm i.d. x 50 cm nano LC column with a 10 hour gradient.
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The next example is the capillary LC application in a targeted quantitative workflow. In this case,
capillary LC was chosen to increase throughput, robustness, and ease-of-use, while retaining great
sensitivity. A yeast digest spiked with isotopically-labeled peptides was separated on a 300 pm i.d.
column. The sample was separated in 30 minutes using a 4 pL/min flow rate and coupled to a
Thermo Scientific™ TSQ Vantage™ triple quadrupole mass spectrometer using the standard HESI-II
interface. Detection was performed in SRM mode down to 10 amol (Figure 5). More details can be
found in Thermo Scientific application note 583.°
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Figure 5. Extracted chromatograms of the peptide SAAGAFGPELSR spiked into
500 ng of yeast-digest matrix at different concentration levels.

The following micro flow example is of particular relevance for high efficiency and high throughput
peptide mapping applications in the biopharmaceutical industry. In this specific case, a MAD digest
was first separated by a generic 30 minute gradient at 6 pL/min. In two consecutive steps the flow rate
was raised to 15 pL/min, while the gradient was shortened simultaneously. Figure 6 shows how the
analysis time could be reduced by a factor of 3 without compromising the data quality. Raising the
flow in a similar fashion on a standard-bore LC column would probably complicate the interfacing
with the mass spectrometer and require eluent replacement twice a day.
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Figure 6. Speeding up the analysis of a Lys C MAb digest on a 300 um i.d. x 15 ¢cm Thermo Scientific™ Acclaim™ PepMap™ RSLC column.



Finally, Xiang He et. al. demonstrate promising results for micro LC in areas, such as forensic
toxicology. * A simple and highly sensitive method was developed to quantify cannabinoids in
biological sample for forensic toxicological purposes. The method was similar in design and cycle
time as the typically applied standard-bore application, but was much more sensitive, allowing the
analysis of further diluted samples. This versatile workflow can be adopted for quantitation of
other classes of common illicit/abused drugs by forensic toxicologists. It also significantly reduced
the consumption of reagents by more than 90% and efforts in mass spectrometer maintenance

Conclusion

Miniaturization of LC is often associated exclusively with the increased sensitivity offered by nano
LC as required in proteomics studies. However, substantial gain in sensitivity can already be
achieved in capillary and micro LC. Additionally, UHPLC capabilities are available over the entire
flow range—from nano to conventional scale—greatly simplifying the scaling down of analyses,
without compromising on capabilities.

While proteomics is still the main focus for nano LC, there is much potential in the biopharmaceu-
tical and the forensic/toxicology applications. As mentioned, not only do users gain in sensitivity
from using miniaturized LC, but MS interfacing as well as sample and solvent consumption, will
also reduce drastically. This pays off in extended operation time or reduction of operational costs.
Switching to capillary or micro LC could mean reaching the perfect balance of sensitivity and
robustness, throughput, and ease-of-use.

So to come back to the title question: “Miniaturization of liquid chromatography; why do we do
it?”, because there is a lot to gain!
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