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Figure S1. A) Scanning Electron Microscopy (SEM) image showing a birds eye view of the second generation 

micro pillar array stationary phase. B) SEM image showing a transverse section of the micro pillar array 

column, zoom in on a single 2.5 µm diameter non-porous micro pillar.  
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Figure S2. A-G) Abundance ratio obtained on the peptide level for samples where PEG (0.001% w/v) and no PEG was added to the sample solvent (0.1% 

FA). Abundance ratio has been plotted for 4 distinct elution windows (5-15,15-25, 25-35 and 35-45 min) representative for the increasing hydrophobicity 

of peptides. Results obtained over a period of 24h after initial sample dilution are shown at an interval of 4h. 
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Figure S3. Evolution of the identification numbers (PSM, peptide and protein groups) obtained for 250 ng of 

HeLa tryptic digest as a function of time after dilution. Samples where PEG (0.001% w/v) and no PEG was 

added to the sample solvent (0.1% FA) have been compared. 
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Figure S4. MS base peak chromatograms obtained for 60 min gradient separation 0.001% PEG in sample 

solvent (0.1% FA) without FAIMS (A), 0.001% PEG in sample solvent (0.1% FA) with FAIMS 1 CV, -50 V (C) and 

1 ng of HeLa tryptic digest, 0.001% PEG in sample solvent (0.1% FA) with FAIMS 1 CV, -50 V. Zoom-in on the 

high organic wash region (78% Acetonitrile, 0.1% FA)  shown to the right (B, D & F).
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Figure S5. A) FWHM values obtained for all identified peptides as a function of the sample load (50, 250 and 

500 pg HeLa tryptic digest) and gradient length (30, 45 and 60 min). B) FWHM values obtained for all identified 

peptides as a function of the sample load (0.25, 0.5, 1, 2.5, 5, 7.5, 10 ng HeLa tryptic digest).  Data obtained on 

the dedicated limited sample pillar array column (G2-blue) is compared to results obtained with a first 

generation superficially porous micro pillar array column (G1-green). *10 ng HeLa tryptic digest data from a 

previous contribution1 has also been plotted. 
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Figure S6. MS base peak chromatograms obtained for 60 min gradient separation of 1 ng of HeLa tryptic 

digest, 0.001% PEG in sample solvent (0.1% FA) without (A) and with FAIMS (B). Respective PSM, peptide 

and protein group identifications have been compared in panel C, With FAIMS: blue, without FAIMS orange. 
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Figure S7. PSM, peptide and protein group identifications obtained for 1 ng of HeLa tryptic digest using the 

FAIMS pro interface at either 1 CV (-50V - blue) or 2 CVs (-50 and -60V-purple) and 3 CVs (-50, -60 and -70V-

pink) with fast internal CV stepping.   
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Figure S8. PSM, peptide and protein group identifications obtained for different amounts of HeLa tryptic 

digest on either a dedicated limited sample pillar array column (G2-blue: 50 cm length – 2.5 µm pillars – non-

porous and a first generation pillar array column (G1-green: 50 cm length – 5 µm pillars – superficially 

porous) .
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Figure S9. Relative contribution of non-human contaminants to the overall PSM, peptide and protein group 

identifications obtained for different amounts of HeLa tryptic digest.
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Figure S10. PSM, peptide and protein groups identifications obtained for different amounts of HeLa tryptic 

digest and a blank or wash run that was performed immediately after injecting 5 ng of HeLa tryptic digest, 

Sequest HT with INFERYS rescoring was used as processing workflow in PD 2.5. (average values of 

technical quadruplicates, n=4) 
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Figure S11. Coefficient of variation (CV) analysis of MS1 quantitation values across quadruplicates for 
different amounts of HeLa tryptic digest. 
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Figure S12. Evaluation of column loadability. A) PSM, peptide and protein groups identifications obtained for peptides amount ranging from 1 up to 500 

ng. TopS instead of TopN10 acquisition method used. B) Evolution of FWHM peptide peak width as a function of the amount of sample injected. FWHM 

distribution for all peptides (light blue) and top 500 highest abundant peptides (dark blue) are compared. 
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Limited Sample Micro Pillar Array Column 

The nature of the pillar array fabrication process allows precise control over the stationary phase 

morphology and can therefore be finetuned towards certain applications 2,3. In an attempt to further 

tune the pillar array based stationary phase towards optimal compatibility with very low sample 

amounts, three important adaptations have been made to the column design. Advanced deep UV 

lithography has been used to reduce the pillar dimensions by a factor of 2, yielding an array of 

2.5 µm diameter silicon pillars positioned at a distance of 1.25 µm (Figure S1). By reducing the 

distance that molecules have to travel to interact with the stationary phase, the effect of resistance 

to mass transfer on peak dispersion is reduced is and more efficient chromatography can be 

achieved 4. This ultimately results in an increased signal to noise ratio when entering the MS. By 

using non-porous instead of superficially porous pillars, an additional gain in sensitivity can be 

achieved through a complementary effect on peak dispersion. Interaction with the stationary 

phase is restricted to the outer pillar shell instead of the mesoporous mantle (or the entire 

mesoporous matrix in the case of fully porous particles). This has a beneficial effect on separation 

performance separation as long as the interaction surface of the pillars is not fully saturated (and 

sample overloading starts having a detrimental effect on separation performance). And finally, 

further reduction of the channel cross section by a factor of 2 ensures optimal peptide elution at 

flow rates between 100 and 250 nL/min, exploiting the increased electrospray ionization 

efficiencies associated with low end nanoflow LC 5. 

Chromatographic Metrics 

Integration of the IMP-apQuant node 6 into the PD processing workflow enables convenient and 

automated evaluation of chromatographic parameters (i.e. FWHM, kurtosis, skewness) for 

bottom-up MS/MS analyses of complex protein digest samples. The FWHM distribution obtained 

for different sample loads (50, 250 and 500 ng HeLa tryptic digest) and different gradient lengths 

have been plotted in figure S5A and gives a clear representation of the chromatographic 

performance that can be achieved with the novel micro pillar array column. Based on the median 

FWHM value that was observed for a 30, 45 and 60 min solvent gradient, peak capacity values 

ranging from 400 for the shortest to 640 for the longest gradient could be obtained. When 

comparing these data to the results we previously published using a micro pillar array column with 

superficially porous pillars and pillar dimensions that are twice the size of those of the current 

column, a significant reduction of the FWHM values (from 7.94 to 5.64 s; 29% reduction) is be 

observed. These values are not in full agreement with what was published in 2019, because 

improved FWHM calculation in apQuant is used. Whereas the previous version only measured 

time between data points that are above half maximum, the current version uses linear 

interpolation on both sides which is more accurate. A net gain in peak capacity of 41% (from 543 

to 638) is demonstrated, which can mainly be attributed to the reduction of the pillar diameter and 

interpillar spacing (Figure S5B). Further downscaling of the channel cross section and the 

absence of a meso porous layer has an effect on the mass loadability of the column (reduction 

by a factor of approximately 30).  Excellent chromatography with no signs of excessive column 

overloading can however be achieved for samples with a total protein content up to 10 ng. This 

is illustrated in figure S5B, where FWHM distributions obtained for a HeLa tryptic digest dilution 

series from 10 down to 0.25 ng are compared. To determine the maximum loading capacity of 

the column, and additional experiment was performed where the amount of HeLa digest injected 

was systematically increased up to 500 ng. Even though there is very little effect on the median 

FWHM value, a significant increase in FWHM for the top 500 most abundant peptides is observed 
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above 10 ng of sample load (Figure S12B). Even though data dependent acquisition settings were 

modified in favor of higher sample loads (TopS method), very little improvements in proteome 

coverage are observed when sample load is increased beyond 10 ng (Figure S12A). Further 

downscaling of the column cross section also has a positive effect on the elution profiles that can 

be achieved when working at low nano LC flow rates. With a total column volume (including 

connection lines) of 1.25 µL (instead of 3 µL for the micro pillar array column used in the previous 

publication), more efficient use of LC-MS/MS instrument time can be obtained (Figure S5C). 

When performing direct injection (1µL sample loop, volume is added to the total column volume) 

and operating the column at a flow rate of 250 nL/min, peptides start eluting as from 11.5 min 

after sample injection.    
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