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• Integrated top-down bottom-up proteomics 
with parallel on-line MS analysis and 
digestion of intact proteins for high throughput 
applications

• Tandem MS of intact and on-line digested 
proteins for characterization of protein 
isoforms and posttranslational modifications 
(PTMs).

• Current integrated platform continues the 
trend of 
• Increased confidence in protein 

identifications and isoform characterization 
• Higher  throughput 
• Reduced sample requirements for analysis

• High correlation of LC elution features between 
top-down and bottom-up MS/MS analysis 

• Enabled by effective on-line digestion of intact 
proteins

• Reduced sample requirements through the use 
of Advion RePlay technology

The integrated top-down bottom-up proteomics 
approach[1,2] seeks to maximize the advantages from 
each methodology 

• Top-down proteomics
– Identify combinatorial PTMs
– Characterize protein isoform distributions, 

e.g. modification site occupancy
• Bottom-up proteomics

– Confident protein identification
– Modification site localization

Previous integrated approaches have relied on fraction 
collection during LC-MS analysis of intact proteins [1,2]

Improved platform incorporates on-line digestion [3] and 
the RePlay system (Advion Biosciences, Ithaca, NY) [4] 
for analysis of intact and digested proteins from a single 
intact LC separation

Platform maintains correlation between intact and 
digested proteins for increased confidence in protein 
identifications [1,2,4]

Utilization of collisional induced dissociation (CID) on 
both the intact and digested proteins for improved 
characterization of protein isoforms [2].
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Sample Preparation
• 2–4 µg total protein injected onto column
• 2.5 µg of ubiquitin, myoglobin, β–caseins (mixture), 

and calmodulin
• 2.5 µg enriched histone sample
• 2 µg monkey pox viral proteins 

Intact Protein HPLC
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Replay Captured LC Gradient
During Column Equilibration 

Intact Protein MS/MS

• Exponential gradient 8000 PSI constant pressure LC
• 5 µm Jupiter C5 (Phenomenex, Torrance, CA)
• 75 µm I.D. × 75 cm length capillary column 
• Solvent  A: 20% ACN, 5% IPA, 0.6% HOAc, 0.01% TFA 
• Solvent B: 45% ACN, 45% IPA, 0.6% HOAc, 0.01% TFA
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• Stores 220 min of LC gradient eluent
• 50 µm I.D. × 22 m length capillary 
• 43.2 µL storage volume 
• 500 – 1000 PSI for enhanced digestion

400 µL/ min

200 µL/ min

200 µL/ min

Waste
250 µL/ min

• Acid active pepsin protease
• 0.1 µg/µL pepsin
• 50 µL/min flow into capture 

capillary
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FTMS scan number 
857, green arrow above

6+

De novo MS/MS analysis using in-house tools identified 
GFTNKNKLEKLSTNKELESYSSSPLQEPIRLNDFLGLLECVKKN
IPLTDIPTKD from Monkeypox structural protein VP8 based on 
the observed fragment peptides
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• 12 Tesla FTICR MS/MS 
• External precursor ion 

selection and accumulation
• External CID with nitrogen 

collision gas
• Compensated  open 

cylindrical cell for improved 
mass measurement 
accuracy and extended 
dynamic range [5]
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Similar de novo analysis based on the observed fragment 
peptides identified the sequence GFTNKNKLEKLSTNKELE-
SYSSSPLQEPIRL as a digestion product of the original  
larger protein fragment
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Portion of Replay 
TIC with pepsin 
digestion
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The 6+ peak at 1021 m/z 
above was selected for 
MS/MS

LC-MS/MS of standard protein mixture 
with replay pepsin digestion

LC-MS/MS of enriched histone sample 
replay with and without pepsin digestion

Maximum entropy 
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red arrow above
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Digested Protein 
MS/MS

Elution Time (min)
Normalized to Intact Protein TIC

Replay TIC with 
pepsin digestion

Replay TIC without 
pepsin digestion
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