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Demonstrate micro pillar
array column (pPAC™) life
time for bottom-up
proteomics as well as
resilience towards
challenging samples often

encountered in this field.
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Introduction

Being one of the main workhorses in today’s analytical research, the output of many laboratories is dominated by
the amount of time that LC-MS systems are running smoothly. With a lot of determining factors, it is often quite a
challenge to keep these systems up and running. Next to technical issues that can occur with the LC-MS system’s
hard- and software, LC column failure is one of the most frequent causes of LC-MS system down time. Typical
observations of LC column failure are an increase in column backpressure, deviating peak shapes or gradual shifts in
retention time.

As an alternative to classical packed-bed LC columns, PharmaFluidics offers micromachined nano LC chip columns
or micro pillar array columns (uPAC™) that distinguish themselves by several features. The inherent high
permeability and low ‘on-column’ dispersion obtained by the perfect order of the separation bed makes uPAC™
based chromatography unique in its kind. The peak dispersion originating from heterogeneous flow paths in the
separation bed is eliminated (no A-term contributions) and therefore components remain much more concentrated
(sharp peaks) during separation [1]. The freestanding nature of the pillars also leads to much lower backpressure
allowing the use of very long columns [2]. The result is a top performing nano LC column that is very robust and is
much less prone to sample related column failure.

To demonstrate this, a single uPAC™ column was operated under standard bottom-up proteomics conditions over a
period of 6 months. Sequential injection of a Hela cell tryptic digest, a blank and a Cytochtome C tryptic digest
sample was performed to evaluate column robustness. In addition, several sample sets that are perceived as
challenging have been injected to demonstrate the column’s resilience to sample related column failure.
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Column lifetime

UV chromatograms obtained for the separation of 100 ng Hela cell digest sample on a 200 cm uPAC™ column are
shown in Figure 1. In this Figure, Hela cell digest injection 1 to 1000 have been displayed at an interval of 100
injections. In between each Hela cell digest injection, a blank sample and a Cytochrome C digest sample have been
injected to monitor the chromatographic performance over the entire experiment. The UV chromatograms obtained
for the separation of Cytochrome C digest are shown in Figure 2. The numbers below the chromatograms indicate
the 6 peptide peaks that have been used to evaluate column stability and performance.
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The retention time for each of these peptide peaks has been plotted as a function of the total number of Hela cell
digestinjections in Figure 3a. Accompanying peak widths, peak asymmetry values and column pressures have been
plotted in Figure 3b, ¢ & d respectively. Averaged values and their corresponding coefficients of variance have been
summarized in Table 1.

Figure 3: 50 a 03 b
a) Retention time of 6 reference 45
peptides from the Cytochrome C 20 =
tryptic digest plotted as a £
function of the total number of € 3 3 02
. S (S 6 <
HeLa cell digest injections. I . B
b) The average peak width £ 5 ——— E ) .
obtained for all 6 reference S 308 PO NN i ol OIS g
peptides plotted as a function of ‘g 20 2y o
the total number of HeLa cell g 15 S
digest injections. 10 <
¢) The average peak asymmetry s
obtained for all 6 reference
peptides plotted as a function of 0 0.0
O O O O ©O O O O O O 9 o O O O O O ©O O O O 9
the total number of Hela cell SRR IAIRBIS 2SR RITBBRIRL S
digest injections.
d) The average column pressure 20 C 300 d
plotted as a function of the total
number of HeLa cell digest - 250 =
injections. = 15 — = T —
2 S 200
g‘ "-.!.—.fw"-'.:-‘\-'.'uﬂ o _q.*./-'ﬂ-':.-.}v-'.:: %
< 10 g 150
8 a.
c
S £
&g 2 100
2 os -
50
0.0 o It i e L L L
O O O O ©O O O O O O o - O O O ©O O ©O O O o o
o O O O O O O O O 9 o O O O O O O O O O
- 8 m I H © K D® & S -~ & mF H O K DX & O
Tabt"? E gl“,’mzt?graph" VALUE STANDARD DEVIATION %CV
metrics obtained for
Retention Time Peptide 1 [min] 17,76 0,30 1,72
Cytochrome C reference — : :
peptides. Retention Time Peptide 2 [min] 19,17 0,31 1,59
Retention Time Peptide 3 [min] 2191 0,07 0,32
Retention Time Peptide 4 [min] 26,70 0,08 0,31
Retention Time Peptide 5 [min] 27,59 0,13 0,48
Retention Time Peptide 6 [min] 30,12 0,35 1,15
I —
Average Peak Width [min] 0,14 0,01 10,20
I ——
Average Peak Asymmetry [/] 1,16 0,12 10,24
I —
Average Column Pressure [bar] 235 7 3

re
-

@« PharmaFluidics



PharmaFluidics
The micro-Chip Chromatography Company

Technical Note 04
PPAC™ column robustness in bottom-up proteomics

With an overall retention time variation below 2% CV, excellent retention time stability is clearly observed over the
entire 6 months of column operation. During this period, no significant effect on peak width nor peak asymmetry
have been observed, again confirming the excellent column stability and performance. The column pressure was
also found to be very stable over the entire period of operation, with an average of 235 bar (3400 psi) for a flow rate
of 1 ul/min.

Blank and reference sample injections included, these 6 months of continuous operation equal a total of 3526
injections, and a total of 195.36 ml or 21707 column volumes that have been flushed through the column.

Table 2: Summary

Total operation time 6 months
Number of Hela digest injections 1000
Total number of injections 3526
Total volume through column 195,36
Total amount of column volumes 21707
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Sample related column failure

Standard sample preparation steps that are required in bottom-up proteomics experiments are; extraction of
proteins from tissue or cells, fractionation to remove contaminants and proteins that are not of interest, enzymatic
digestion of proteins into peptides and post-digestion separation to increase sample homogeneity. At this point,
the sample is ready for separation and subsequent analysis by LC and MS respectively [3]. Even though several
separation or clean-up steps have been carried out before the analytical separation, it is not unlikely that some
contaminants or potential hazards for the analytical column persist in the sample. A common source of
contaminants are the reagents which are used for cell lysis or detergents used to isolate certain protein fractions. If
present in substantial concentrations, these detergents can suppress the MS signal of the analytes of interest and
cause interference with reversed-phase separation, sometimes even damaging instruments and irreversibly ruining
columns [4]. LC column damage has also been observed when injecting samples where a certain degree of
aggregation or precipitation is observed. This generally results in a clogged LC column, preventing further use and
urging column replacement.

3 different sets of “challenging” bottom-up proteomics samples were used to evaluate the resilience of the uPAC™
column towards sample related failure. When previously injecting these samples onto a classical packed-bed nano
LC column, column failure was observed and the analytical column had to be replaced. Each set of samples consists
of 6 samples which have been injected in duplicate. In between sample injections, a blank injection and injection
of a reference standard in duplicate has been carried out to evaluate UPAC™ column performance and stability. The
qoal of this technical note is to demonstrate the ability of the uPAC™ column to withstand or survive a series of
“dirty” sample injections, it is however not excluded that the nature of these samples would interfere with proper
MS functioning. Therefore UV detection at 214 nm wavelength was used for all experiments.
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The first set of samples was obtained from a human cell line where solubilization and enrichment of integral and
membrane-associated proteins was performed using Triton X-114. Even though several detergent depletion steps
were performed prior to injection onto the analytical column, substantial amounts of detergent where still present.
Apart from interfering with MS detection, packed bed LC column properties were affected urging for column
replacement. UV chromatograms obtained for the separation of these samples on a 200 cm pPAC™ column are
shown in Figure 4a. UV chromatograms obtained for the separation of a Cytochrome C digest before and after each
challenging sample are shown in Figure 4b.

Figure 4:

a) UV chromatograms obtained
for the separation of a
“challenging” bottom-up
proteomics sample. Sample
set 1 containing Triton X-114.

6 different samples have been
injected.

b) UV chromatograms obtained
for intermediate reference
separations of Cytochrome C
digest. Peptides that were used
to evaluate column performance
and stability are indicated.
Injection volume: 1y,

Flow rate: 1 pl/min,

Gradient conditions:

1-50% B in 30 min,

Mobile phase composition:
A—H,0+0.1%FA, B—80%
Acetonitrile + 0.1% FA,
Column temperature:

35°C, Detection: UV 214 nm.
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For the second set of samples, another sample with detergent contamination was used. In this case NP-40 was used
for cell lysis of plant material. The sample set consisted of two controls, where NP-40 had not been removed, and
four samples where NP-40 had been removed using Thermo Scientific™ HiPPR™ detergent removal spin columns.
The bottom two UV chromatograms shown in Figure 5a were obtained for the control samples containing NP-40.
As can be seen from the reference chromatograms shown in Figure 5b, injection of samples containing NP-40 does
not change the chromatographic properties of the uPAC™ column.

Figure 5:

a) UV chromatograms obtained
for the separation of a
“challenging” bottom-up
proteomics sample. Sample
set 2 containing NP40.

6 different samples have been
injected, only sample 1and 2
contained NP40.

b) UV chromatograms obtained
for intermediate reference
separations of Cytochrome C
digest. Peptides that were used
to evaluate column performance
and stability are indicated.
Injection volume: 1y,

Flow rate: 1 pl/min,

Gradient conditions:

1-50% B in 30 min,

Mobile phase composition:
A—H,0+0.1%FA, B—80%
Acetonitrile + 0.1% FA,
Column temperature:

35°C, Detection: UV 214 nm.
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The final set of samples was obtained with an in vitro TnT® quick coupled transcription/translation system. After
elaborate sample preparation, these samples contained a black precipitate. When injecting these samples onto a
standard packed bed nano LC column, sudden increase in column backpressure prevented further use of this
column. Again, UV chromatograms obtained for the set of challenging samples are shown in Figure 6a, UV
chromatograms for intermediate Cytochrome C reference separations are shown in Figure 6b.

Figure 6:

a) UV chromatograms obtained
for the separation of a
“challenging”bottom-up
proteomics sample. Sample
set 3 containing a dark/black
precipitate. 6 different samples
have been injected.

b) UV chromatograms obtained
for intermediate reference
separations of Cytochrome C
digest. Peptides that were used
to evaluate column performance
and stability are indicated.
Injection volume: 1 pl,

Flow rate: 1 pl/min,

Gradient conditions:

1-50% B in 30 min,

Mobile phase composition:
A—H,0+0.1% FA, B—80%
Acetonitrile + 0.1% FA,
Column temperature:

35°C, Detection: UV 214 nm.
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To evaluate the influence of these “challenging” samples on the chromatographic properties of the pPAC™ column,
several parameters have been monitored throughout the entire experiment. An important parameter which is
indicative for column clogging or contamination is the backpressure it generates for a certain flow rate. In Figure 7a,
the column backpressure at the end of each run has been plotted as a function of the amount of injections. No
significant increase in column backpressure was observed, with pressures ranging from 115 to 130 bar for a flow
rate of 300 nl/min.

Four tryptic peptides in the Cytochrome C reference sample have been used to monitor retention time stability and
column performance. Excellent retention time stability with a variation in retention time below 1% CV was
observed for all four reference peptides (Figure 7b), and this throughout the entire experiment. In addition, no effect
on peptide peak width was observed (Figure 7c), with peak widths ranging from 0.17 t0 0.27 min.

Figure 7:

a) The average column pressure
plotted as a function of the total
number of injections.

b) Retention time of 4 reference
peptides from the Cytochrome C
tryptic digest plotted as a
function of the total number
injections.

¢) The average peak width
obtained for all 4 reference
peptides plotted as a function
of the total number injections.
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Table 3: Chromatographic metrics
obtained for Cytochrome C
reference peptides.

VALUE STANDARD DEVIATION % CV
Retention Time Peptide 1 [min] 41,04 0,28 0,69
Retention Time Peptide 2 [min] 41,79 0,28 0,68
Retention Time Peptide 3 [min] 42,9 0,28 0,66
Retention Time Peptide 4 [min] 45,79 0,27 0,59
I —
Peak Width Peptide 1 [min] 0,18 0,01 5,48
Peak Width Peptide 2 [min] 0,23 0,01 4,30
Peak Width Peptide 3 [min] 0,23 0,02 7,54
Peak Width Peptide 4 [min] 0,21 0,01 3,42

Average Column Pressure [bar] 121 3 3
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This excellent robustness and resilience towards “challenging” samples can be attributed to several unique features
of the uPAC™ column. The chromatographic bed is entirely microfabricated and consists of an array of freestanding
silicon pillars with 2.5 um spacing in between them. Compared to state-of-the art packed bed columns (packed
with sub-2 um particles), the flow through pores are 4 times larger and thus 4 times less likely to clog when
samples containing particulate matter or debris are introduced. Additionally, the porous shell nature of the pillars
ensures that virtually no column related sample carry over is observed. This makes column equilibration and
cleaning steps much more effective as compared to fully porous material typically used to perform chromatography.

Conclusions

Next to technical issues that can occur with the LC-MS system’s hard- and software, LC column failure is one of the
most frequent causes of LC-MS system down time.

Due to the unique fabrication procedure, PharmaFluidics uPAC™ columns have the potential to be much less prone
to sample related column failure and to withstand more sample injections without losing performance.

Continuous operation of a 200 cm pPAC™ column over a period of 6 months did not affect the chromatographic
properties of the column.

After a total of 3526 injections, of which 1000 tryptic Hela cell digest injections, the overall retention time for a
reference standard (Cytochrome C digest) was found to be very stable with a coefficient of variance below 2% for
all reference peptide peaks.

Several “challenging” bottom-up proteomics samples were subsequently injected onto the pPAC™ column, and
again no impact on column performance nor retention has been observed.
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HPAC™ driven separations — Better by Design

Conventionally LC columns are fabricated by stacking (packed beds) or depositing (monoliths) material into a capillary.
PharmaFluidics’ pPAC™ technology (micro Pillar Array Column) is unique in its kind as it is built upon the precise
micromachining of designed chromatographic separation beds into silicon. This approach brings along three crucial and
unique characteristics:

Perfect Order.

HPAC™ beds are designed with a high degree of order,
eliminating heterogeneous flow paths otherwise present in
conventional columns (so called Eddy dispersion). Flow
through pPAC™ columns adds very little dispersion to the
overall separation. As a result, peaks remain sharper and
sensitivity is increased.

High Permeability.

HPAC™s operate at moderate pressures, typically lower than
300 bar. Separation channels with exceptional length (50 cm
to 200 cm) are therefore possible. These are folded onto a
small footprint by a interconnecting concatenating bed
segments.

Solid Backbone.

The micromachined backbone of the separation bed forms a
rigid structure that is not influenced by pressure. There are no
obstructions by touching surfaces, and there is no risk for
perturbations by pressure fluctuations.
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