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ZipChip – High Speed and Low Sample Volume

Challenges and Opportunities
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Solving the Sample Volume Problem using On-Chip Preconcentration SPE-ZipChip Operation
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1. Condition
(10 sec)

2. Load
(0.5 – 4 min)

3. Wash
(10 sec)

4. Elute and Analyze
(12 min)
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Steps 1 and 3: 0.1 M Ammonium Acetate (AmAc)

Step 2: Sample in 0.1 M AmAc, up to 3% MeCN, various carriers/additives

Step 4: Peptides BGE (Water/Acetonitrile/Formic Acid)
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20-40x

Loading ~0.4 uL

Number of IDs Dependent on Time, not Sensitivity or Efficiency
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NL: 8.37E7

NL: 3.8E7

8 ng HeLa Digest (0.4 uL @ 20 ng/uL), Orbitrap Exploris 240, DDA 

500 V/cm x 11 minutes

250 V/cm x 22 minutes
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Serial Dilution in Serum using PRM to Evaluate Ionization Efficiency
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PRTC Concentration (nM)

ZipChip SPE-HR

LOD 0.7 pM LOD 10 pM

ZipChip HR

LLOQ: 1 attomol / uL (in 0.1 ug serum)
0.4 amol on-column
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PRM Acquisition, 120k MS2, Orbitrap Exploris 240
(all data shown @ LLOQ)

Creating a dynamic DIA method

400-500 m/z

500-600 m/z
600-700 m/z

700-800 m/z

800-900 m/z

900-1000 m/z

Chromatogram library

mm//zz tt  ssttaarrtt  ((mmiinn)) tt  ssttoopp  ((mmiinn))

400.4319 11.91 14.91

404.4337 11.91 14.91

408.4355 11.91 14.91

412.4373 11.91 14.91

416.4391 11.91 14.91

Gas phase fractionation DIA

Fit optimal window boundsGenerate targeted MS/MS methodAcquire data with real 
time alignment

Cell lysate

Searle B.C., et al. Nat. Comm. 99,,  2018.
Gessulat S, et al. Nat. Meth. 1166((66)), 2019.

Heil L, Remes P, Canterbury J. et al. 69th ASMS Conference

Real Time Alignment Allows Very Narrow Target Windows
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Cross Correlations of Replicate to Map Data

Full-Scan PRM Data at 66 Hz

LOD and LOQ Comparison Based on Plasma Matrix Dilutions
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ZipChip Nano LC

1.8% Human

LOD Dilution Results
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Distribution of LOD’s 248 Common Peptides Pair-wise Comparison of LOD’s
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Product Ion Selectivity is more Critical for Faster Separations

Standard LC-Based 
“PRM” Transition 
Rules

High-Selectivity 
Transitions

LLOQ: “5.55% Human”

LLOQ: “0.205% Human”

Conclusions and Future Directions

• Where is SPE-ZipChip Potentially Most Useful?
> Applications requiring fast total analysis time with minimum sample input
> Exciting data from Marto lab on Enriched Sub-proteomes 

• Lots of potential avenues for exploration
> DIA For Complex Proteomes
> Simplified Proteomes with Pre-Enrichment
> Online Preconcentration for Top-Down Proteomics
> Low-input (low/single cell) Proteomics
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