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Introduction: The rapid identification and quantification of biomarkers are of increasing
significance in clinical settings, and this is achievable on small sample sizes by integrating the
ePrep customisable micro solid phase extraction devices (USPEed) with mass spectrometry.
The uSPEed cartridges are comprised of a packed sorbent bed compartment, a unidirectional
valve and a simple press fit connector for use with a digital syringe drive or an automated
sample preparation workstation. The use of positive displacement digital syringes ensures
precise and reproducible flow kinetics, providing the opportunity to perform time-dependent
assays, such as speeding up protein digests.

Customizable uSPEed sorbents have been developed to immobilise ligands through
crosslinking chemistry. Ligands possible for immobilisation include enzymes for micro-reactor
cartridges, and antibodies for affinity separation cartridges. Here, cartridges immobilised with
trypsin and pepsin are presented to digest proteins cytochrome ¢ and bovine serum albumin
(BSA) in minutes.

Experimental: Enzymes were immobilised onto the uSPEed cartridges (Figure 1) using
carbodiimide crosslinking chemistry. The enzymes were conditioned to optimal pH for enzyme
activity, and the protein solution is passed through the cartridge for digestion in minutes. The
protein and peptides were analysed by liquid chromatography time of flight mass spectrometry
(Agilent Technologies 6510 LC-QTOF), a peptide mass list is automatically generated using the
Agilent Data Acquisition software and searched against the Mascot database [1].
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Figure 1: ePrep Automated Sample Preparation Workstation and ySPEed cartridges with one-way
check valves for unidirectional flow.




Results and Discussion: Digestion of ~83 pmol cytochrome c using trypsin was achieved in 4
minutes (100 uL at a flow rate of 25 pL/min) at ambient temperature. The protein was efficiently
digested as there was no undigested protein remaining (see Figure 1).

Matched peptides shown in bo/d red.
1 FVQKCAQCHT PNLHGLFGRK  TGQAPGFTYT
51 DANKNKGITW KEETLMEYLE NPKKYIPGTK  MIFAGIKKKT  EREDLIAYLK
101 KATNE
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Sequence Coverage: 62%
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Figure 2: Mass chromatograms (Agilent Technologies 6510 QTOF) of undigested cytochrome c (orange),
digested cytochrome c peptides (purple), and sequence coverage from the Mascot database search.
Injected: 16 pmol of protein. Column: Thermo Fisher Scientific Accucore C18+ 2.1 x 100 mm. Mobile
Phase: A: Water with 0.1% formic acid, B: Acetonitrile with 0.1% formic acid. Gradient: 5% B to 60% B
over 25 minutes.

Digestion of BSA was also achieved using trypsin (Figure 3) and pepsin in 4 minutes with
sequence coverages of 80% and 34% obtained respectively.

Matched peptides shown in bold red.

1 MKWVTFISLL  LLFSSAYSRG ~ VFRRDTHKSE IAHRFKDLGE EHFKGLVLIA

wox | 51FSQYLQQCPF DEHVKIVNEL TEFAKTCVAD ESHAGCEKSL HTLFGDELCK
101 VASIRETYGD MADCCEKQEP ERNECFLSHK DDSPDLPKLK ~PDPNTLCDEF f\

151 KADEKKFWGK YIYEIARRHP ~ YFYAPELLYY ~ ANKYNGVFQE CCOAEDKGAC
201 LIPKIETMRE ~ KVLASSARQR  LRCASIQKFG ~ ERALKAWSVA RLSQKFPKAE ||
251 FVEVIKIVID  (TKVHKECCH  GDLLECADDR  ADLAKYICON  QDTISSKLKE ||
301 CCDKPLLEKS ~ HCIAEVEKDA IPENLPPLTA  DFAEDKDVCK  NYQEAKDAFL
351 GSFIYEYSRR ~ HPEVAVSVLL RLAKEYEATL ~EECCAKDDPH ACYSTVFDKL
401 KHIVDEPONL IKONCDOFEK LGEYGFONAL IVRYTRKVPQ.  VSTPTLVEVS
451 RSLGKVGTRC  CTKPESERMP  CTEDYLSLL  NRLCVLHEKT ~PVSEKVTKCC
501 TESLVNRRPC FSALTPDETY ~ VPKAFDEKLF  TFHADICTLP  DTEKQIKKQT
551 ALVELLKHKP ~ KATEEQLKTV ~MENFVAFVDK CCAADDKEAC FAVEGPKLVW
601 STQTALA “
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Figure 3: Extracted mass chromatogram of BSA digest with trypsin and sequence coverage from the
Mascot database search. ~4 pmol of BSA (100 pL) was digested at a flow rate of 25 yL/min at ambient
temperature. Injected: ~ 0.75 pmol of digested protein. Chromatography as Figure 2.

Conclusion: A workflow was developed for the immobilisation of ligands onto uSPEed
cartridges. Pepsin and trypsin were covalently immobilised using EDC/NHS crosslinking
chemistry. Bovine serum albumin and cytochrome C were digested in 4 minutes (100 pL at 25
ML/min) at ambient temperature using various enzymes. There was no undigested protein
remaining supporting efficient digestion. The %sequence coverage is based on automated
peptide mass list which is not optimised to extract all peptides. Future work will improve on
chromatography columns to enhance LC-MS peptide recovery. The method workflow is being
further optimised for faster digests and including other proteases.
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