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Methods

Abstract

Comprehensive characterization of protein variants, or proteoforms, is critical 

in both research and clinical settings, particularly for complex biologics such 

as monoclonal antibodies. Traditional bottom-up proteomics offers high 

sensitivity and throughput but often falls short in providing a holistic view of 

intact proteoforms, while top-down approaches deliver complete sequence 

information with limited efficiency.

Here, we present a middle-down/top-down strategy that synergistically 

integrates the strengths of both methodologies, enabling deeper and more 

nuanced analysis of protein heterogeneity.

High-Performance Method for Bottom Up Proteomics

Summary

Method – Subunit Analysis

LC: Vanquish Neo UHPLC System
Mass Spectrometer: Exploris 480
Nanospray source: Universal Flow Station

Column: PicoChip® 25cm performance, 75μm, 3μm – C4 

Column Temp: Heated to 50°C

Gradient::

A: 0.1% Formic Acid in Water, 

B: 0.1% Formic Acid in 80% Acetonitrile

Gradient Flow Rate: 300 nl/min

Gradient Profile: 15% to 75% B in 20 min

Method – Bottom Up Workflow

LC: nanoElute II
Mass Spectrometer: timsTOF Ultra II
Nanospray source: CaptiveSpray

Column: PicoFrit® Resolve 25cm, 75μm, 1.5μm C18

Column Temp: Heated to 50°C 

Gradient::

A: 0.1% Formic Acid in Water, 

B: 0.1% Formic Acid in Acetonitrile

Gradient Flow Rate:  250 nl/min

Gradient Profile: 15% to 75% B in 60 min

Robust, Diverse Method for Intact Protein Analysis

100 ng of Waters mAB Subunit Standard (SKU: 

186008927) was separated on a heat (50 °C) Picochip

C4 column using a Vanquish Neo. Mobile phase A 

consisted of 0.1% formic acid in water while Mobile 

phase B 0.1% formic acid in Acetonitrile: water (80:20). 

A gradient of 15-75% over 20 min was used for 

separation. Mass spectra were acquired using an 

Exploris 480 mass spectrometer.

Middle-down IgG Subunit Resolution Using C4 PicoChip® on 

Orbitrap Exploris 480

C4 PicoFrit® Resolve Enables a Wide top-down Protein Mass Range on 

timsTOF Ultra II

Intact-protein LC-TIMS-MS(/MS)  (Pierce Intact Protein Standard Mix) 

acquired on a Bruker timsTOF Ultra II (CaptiveSpray) using a New 

Objective PicoFrit Resolve (25cm x 75μm, 3µm C4) column. Mobile 

phase was delivered by a nanoElute II UHPLC (300 nL/min gradient).  

Base-peak chromatogram and extracted ion chromatograms illustrate 

chromatographic resolution of the mix on C4 under a 5–90% B, 

40-min nano-gradient at 500 nL/min. Representative MS1 spectra 

highlight intact charge-state envelopes for each component across the 

400–2200 m/z range. Deconvoluted spectra yield intact masses 

consistent with expected values for the standard mix. Column: New 

Objective C4 75 µm ID × 15 cm, 5 µm, 300 Å (edit to match actual), 

CaptiveSpray: 1.6 kV, 180 °C, timsTOF Ultra II: TIMS, MS: resolution 

mode, fragmentation: CID energy 35 eV, Spectral Rate ms: 2Hz.

C18 PicoFrit Resolve Enables Robust, Reproducible nanoLC–TIMS of 

HeLa with nanoElute II on timsTOF Ultra II

MS/MS data analysis using Peaks 13 Online. Referencing 

Uniprot, FDR 1%, =10logP: 20 

Analysis of 5 ng of HeLa Enzymatic Digest  

EIC of ACTB – VAPEEHPVLLTEAPLNPK m/z=652.0248

PicoFrit Resolve C18, 75 µm ID × 25 cm, 1.5µm,120 Å sample—HeLa tryptic digest, 5 ng on-column; LC—

Bruker nanoElute II at 250 nl/min with mobile phase A: 0.1% FA in water; B: 0.1% FA in ACN, A 5%–B 90% 

gradient over 60 min; Source—CaptiveSpray at 1.6kV, 200°C, dry gas 3 L/min; MS—timsTOF Ultra II with 

TIMS-PASEF, accumulation 10 ms, ramp 100 ms, mass range m/z 100–1700, fragmentation CID/EAD 20 to 

59 eV
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Universal Flow Station and PicoChip® installed 

on Thermo Astral mass spectrometer
PicoFrit Resolve for Bruker

C4 PicoFrit Resolve columns Enable Intact Microprotein Analysis 

on timsTOF Ultra II 

Total Ion Current, showing spray and 

signal continuity

• C4 PicoFrit (PicoChip or Resolve Format) Columns enable a wide range of intact protein MW analysis

o Integrated column/emitter format preserves optimal protein separations

o PicoFrit Resolve C4 columns, paired with CaptiveSpray ionization on the  Bruker timsTOF Ultra II, resolves a wide mass range of intact proteins ( 70 kDa) and microproteins (5-10 kDa)

o PicoChip C4 nano-columns delivers exceptional IgG subunit resolution for middle-up analysis on the Thermo Exploris 480

• Easy column switching is provided by Identical Column formats in multiple column chemistries (C4, C18) 

o The Bruker Captive Spray system, 5ng of whole cell digest on C18 column vs 70kDa intact proteins

o The UFS equipped Thermo Instrument

• Combining C4 columns for intact/middle-up work and C18 for bottom-up peptide mapping offers a versatile, sensitive nanoLC-MS toolkit

• C4 PicoFrit (PicoChip or Resolve Format) Columns enable a wide range of intact protein MW analysis
o Integrated column/emitter format preserves optimal protein separations
o PicoFrit Resolve C4 columns, paired with CaptiveSpray ionization on the  Bruker timsTOF Ultra II, resolves a 

wide mass range of intact proteins ( 70 kDa) and microproteins (5-10 kDa)
o PicoChip C4 nano-columns delivers exceptional IgG subunit resolution for middle-up analysis on the 

Thermo Exploris 480

• Easy column switching is provided by Identical Column formats in multiple column chemistries (C4, C18) 
o The Bruker CaptiveSpray system, 5ng of whole cell digest on C18 column vs 70kDa intact proteins
o The Universal Flow Stationm equipped Thermo instrument

• Combining C4 columns for intact/middle-down fragment mapping and C18 for bottom-up peptide mapping 
offers a versatile, sensitive nanoLC-MS toolkit

• Additionally, we applied this technique to microproteins often having sparse tryptic sites, yielding (very) short 
peptides with limited bottom-up coverage. Top-down directly interrogates the intact proteoform, improving 
sequence confirmation

IM9 cell lysate extracted by 6M Urea/20% ACN lysis buffer was loaded on micron-30KDa (MWCO) filter, centrifuged at 5,000 x g for 2 h at room 

temperature. The flow-through with microproteins was collected, then loaded on C4-solid phase extraction (SPE) cartridges. After binding, 

washing and eluting, the intact microproteins were injected on PicoFrit Resolve 25cm, 75μm, 3µm - C4 column (New Objective, Inc) on timsTOF

Ultra 2 for LC/MS analysis. Samples were separated with 5-90% B gradient over 40 min (500 nl/min flow rate). Data analysis utilized PEAKS 

software (Bioinformatics Solutions Inc).

Method – MicroProtein Analysis

LC: nanoElute II
Mass Spectrometer: timsTOF Ultra II
Nanospray source: CaptiveSpray

Column: PicoFrit
®

Resolve 25cm, 75μm, 3 μm C4

Column Temp: Heated to 50°C

Gradient::

A: 0.1% Formic Acid in Water, 

B: 0.1% Formic Acid in Acetonitrile

Gradient Flow Rate:  500 nl/min

Gradient Profile: 5% to 90% B in 40 min
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