Development of a disposable cartridge with integrated antibody for protein detection by paper spray mass spectrometry

: Chengsen Zhang, Nicholas E. Manicke*
Im P U Department of Chemistry and Chemical Biology, Indiana University-Purdue University Indianapolis, Indianapolis, Indiana 46202, United States

= Mass spectra of proteins uantitative analysis
Overview Results P P Q y
+17
Cytochrome C Myoglobin Lysozyme 00n 2797 Antibody cartridge with CNT-coated Calibration curve for cytochrome c
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¢ Papler_sp;ay mellss spettct;ometry is a rtr;]ethod for pebrf?m;ing rapid, direct e e ™™™ mz ST e ¢ LOD of cytochrome c in urine was 10 ng/mL by using the antibody cartridge.
analysis of samples spotted on paper or other porous substrate. o _ _
Chromatography paper tip ¢ Quantitative performance: linearity from the LOD to 20 ug/mL

¢ Targeted quantitative analysis of drugs and drug metabolites directly from dried
biofluids.
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Photographs and SEM images (X400) of spray substrates

Reuse of CNT coated polyethylene spray substrate

¢ Paper spray simplify and expand the utility of mass spectrometric assays.

CNT-coated: ~100 uL CNT slurry (carbon nanotubes dispersed in methanol, 1 mg/mL ) was added 12 y Sample: cytochrome cin 1:1 M:W, 1% HAc

¢ For protein targets, paper spray method shown very poor detection limits o | : ; Eso; ESOE A relative consistent signal =
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intensity or improve detection limits for direct paper spray analysis. generated fom paper d CNT-dispersed: the spray substrates were immerged into CNT slurry (carbon nanotubes dispersed ; wo w7 e ] |” gl 0 e ; e s of a single CNT coated &= - ’ ‘
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Improving detection limits requires matrix removal and/or concentration of the miz miz miz polyethylene spray substrate. , ; : . ; : ” .
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Limits of detection for three proteins by paper spray using paper and polyethylene tips. 3 Antibody
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¢ MS analysis was performed using Thermo Scientific Q-Exactive Focus mass spectrometer. LOD (pg/mL) LOD (pg/mL) LOD (ng/mL) bottom part & o & | > & % concentration, and ionization could be performed from a single device
¢ The cartridge consisted of two parts, a bottom part (LWH: 40mm x 26mm x 6mm) and a top part Untreated 31ET paper 3 5 100 . — o & K ¢ Compared to ChrO.ma_tQQFaphy paper substrate, the CNT tre_ated polyethylene spray

(LWH: 14mm x 22mm x 13mm) can be assembled together using a tongue and groove. J Solid substrate with atip  Binding of target protein IH— substrate showed significantly lower LODs for three tested proteins.
¢ The antibody was coupled to GE protein G mag sepharose (magnetic beads) prior to use. CNT-dispersed paper 1 0.8 10 2ample loading and wash =lution and detection ¢ Compared to direct paper spray, the integrated antibody approach:
¢ Porous polyethylene: pore size 7~12 ym CNT-coated paper 0.5 1 100 Piagram depicting the workflowrfor protein analysis with infegrated on-cartridge antibody column. ¢+ improved the MS signal intensity and detection limits significantly.
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¢ Carbon nanotubes: single-walled, 0.7~1.3 nm diameter, 0.45~2.3 um length. CNT-dispersed polyethylene 0.05 0.2 03 The bottom part has two separate recessed regions to hold an absorbent waste pad have lower levels of ionization suppression.
CNT-coated polyethylene 0.01 0.1 0.1 cartridge ‘ { and the spray substrate. ¢ A 10 ng/mL detection limit of cytochrome c in raw urine could be obtained.
The top part has a hole bored through it to contain the antibody column. Antibody was
led t tic beads.
By using the CNT treated polyethylene Picture of Taylor cone generated from: CoUpIea 10 maghetle bedads References
Sample loading: Up to several mL biofluid samples were added to the hole in the top part. The Zhang, C.; Manicke N.E. Anal. Chem., 2015, 87, 6212-6219

spray tip, the LODs of all three proteins Paper Polyethylene

improved significantly. sample wicked through the antibody column and subsequently onto the absorbent pad. Han, F.; Yang, Y.; Ouyang, J.; Na N. Analyst, 2015, 140, 710

Binding of target protein and wash: the target proteins were retained on the antibody column Narayanan, R.; Sarkar, D.; Cooks, R.G.; Pradeep, T. Angew. Chem. Int. Ed. 2014, 53, 5936 —5940
while the excess matrix was absorbed onto the waste pad. A wash step was performed to eliminate Zhang, M.; Lin, F.; Xu, J.; Xu, W. Anal. Chem. 2015, 87, 3123-3128
the matrix and PBS buffer residuals in the antibody column.

Photographs of a prototype cartridge with integrated
antibody column. (a) Cartridge is shown in the sample
loading, binding of target protein, and wash position above
the waste absorption pad. Antibody column is packed in the
hole indicated with a red arrow. (b) Cartridge in the elution
and detection position. (c) Cartridge held in front of the
mass spectrometer inlet for analysis.

Improved LODs might be attribute to:

¢ Smaller Taylor cone, higher ionization efficiency Elution and detection: The cartridge was positioned in front of the inlet to the mass spectrometer,

and 30 pL elution buffer /spray solvent wicked through the SPE column, recovering the proteins in

the process, and onto the spray substrate. lonization occurs by inducing an electrospray at the sharp We acknowledge the support from Thermo

tip of the spray substrate near the MS inlet.

¢+ No binding effect between proteins and substrate

Spray voltage
Procedure

¢ Lower ion suppression from polyethylene substrate




