Determination of ATP, ADP, AMP, and Adenosine Levels by Microchip Capillary I

Electrophoresis Coupled with High Resolution Mass Spectrometry

?d REPLIGEN

Adi Kulkarni, 908 Devices Inc., Boston, MA e Kevin Kun Guo, Avice Labs, Acton, MA e Danielle Moore, 908 Devices Inc., Boston, MA e Kate Yu, 908 Devices Inc., Boston, MA

Repligen Corporation now owns the life sciences PAT product portfolio of 908 Devices Inc. Please contact Repligen for further inquiries.

Highlights Separation of Ade, AMP, ADP, and ATP Standards on the ZipChip Discussion

e Rapid and robust method for analysis of adenosine, AMP, ADP and ATP In this study, we present a novel ZipChip coupled with a QEHF for
* No ion-pairing reagents necessary adenosine nucleotide analysis. To test the method’s separation
* Method is tolerant towards complex biological matrices such as human plasma 174 efficiency, a mixture of the four analytes was injected onto the ZipChip

o , , 100 Ade | at a concentration of 500 pg/uL. A PRM method with optimized
e Accurate quantitation over 4-5 orders of magnitude dynamic range - " . . .

. .| collision energies for each analyte was used. Preliminary data
50 B | demonstrated narrow and symmetrical electrophoretic peaks The
= baseline peak width for adenosine was 2.4 seconds, while for AMP, it
0 2.90 was 3.6 seconds.

. 100 —
Introduction i . AMP | One significant advantage of ZipChip MS analysis is its short analysis
Mononucleotides such as adenosine 5’-triphosphate (ATP), adenosine 5’-diphosphate & e</N Oy 50 .'l | tclme. A”. four analytes, adenosine, AMP, ATP, .an-d APP; migrated within
(ADP), and adenosine 5’-monophosphate (AMP) play a vital role in controlling intra and TN N A JUS“} m|r.1u'tes..Th|s a.lloyvs for para'meter opt|m|zat|or.1 through
extracellular energy metabolism. ATP is readily hydrolyzed to produce ADP through the W o 108 B <k y myltlp!e injections within a short timeframe. Int-erestmgly, Fhe
enzymatic removal of one phosphate group, releasing energy. Further hydrolysis to , AN s . ATP MR o'rder was Ade, AMP, ATP, and ADP. lt_ is hypothesized that
AMP, after the removal of the second phosphate group, releases additional energy. Loy oS 50 — i desp'lte having three phosphate sroups, ATP TTIEEEE féster than ADP,
RPLC/MS analysis of adenosine nucleotides is typically challenging, exhibiting poor . = possibly due to ATP standard being available as a disodium salt.
sensitivity and susceptibility to the formation of adduct ions with ion-pairing agents. ADP g — 3 = Furthermore-, no afjfjuct formation was observed in the data th.a.ined
In this study, we highlight a novel method for the analysis of these adenosine ““ R 'Nj (22 = ADP from SIS 1) [TOBILING (S8 ele(2, LS (RS EpEEae] et iel S e
nucleotides using Microchip CE MS. The method is simple and fast, with excellent 1 50 B | !mpro(\)/elmi;t :Iompa-red e lPRE LCMSd(jcue tﬁ ]Ehe abselnce O]_c ado!duc.t
resolution of mononucleotides, high sensitivity, and free from ion pairing reagents. ATP - 'r?nf]' nly ,: .tspeaes we(;eto I;:I!VI?C/I\;rSaD i)urtgnalyte.:, mf |ca:c[|n§
Adenosine (Ade), AMP, ADP, and ATP were spiked into human plasma extract at various odododo (T o SRS SRS SRS H S S HER DS SERS . & SN IENET Sensitivity compared to . Detection limits or up to
concentrations and analyzed using the PATsmart™ ZipChip® System. T 05 1.0 15 2.0 25 3.0 3.5 4.0 45 ng/mL were achieved using a mSIM method.

Time (min) To assess the effect of the sample matrix on separation performance,
human plasma was chosen Mixtures of standards were spiked into
human plasma at concentrations ranging from 0.8 to 16,000 pg/ulL.

Figure 2. Extracted ion electropherograms for a standards of Ade, AMP, ATP, and ADP at 500 pg/ul showing baseline resolution of all analytes Each sample was analyzed in triplicate The calibration curves
. generated from this data are shown in Figure 3 a-d, demonstrating
Materials & Methods excellent linearity (R2 > 99%) for all analytes over a wide dynamic

range. This indicates the method's ability to accurately quantify these

Materials: Adenosine (Ade), adenosine 5’-monophosphate monohydrate (AMP), adenosine 5’-diphosphate (ADP), . . ) e
analytes from a complex biological matrix with minimal sample

and adenosine 5’-triphosphate disodium salt hydrate (ATP) were purchased from Millipore Sigma. Normal human

plasma (3.2% NaCit gender pooled 0.2 um filtered) was purchased from BiolVT. Calibration Curves for AhClIYtes spiked in Human Plasma preparation.

Sample Preparation: Standards Stock solutions of Ade, AMP, ADP, and ATP were prepared by dissolving the standards Figure 3e illustrates the reproducibility of mlgration tiomes for all four
in the Oligos Kit diluent (Repligen) to obtain individual solutions with a concentration of 500 000 pg/uL. Mixtures of analytes, with RSD values ranging from 0.50% to 0.63%.

standards were then prepared at the desired concentrations by further diluting the stock solutions using the Oligos

diluent (a) Ade (b) AMP (c) ADP (d) ATP
' 8.E+07 R? = 0.9978 . 5.E+07 4 E+07 2 E+07
Plasma: Human plasma and LCMS grade IPA were cooled to 4°C and mixed in a 1:3 ratio to precipitate plasma - 4E+07 R?*=0.9963 . R?=0.9971 . R2 = 0.9963
- - . : g : : . © 6.E+07 G -8 © 3E+07 A4 @ 2.E+07 ° g C I -
proteins. The resulting precipitated solution was stored at 4°C for 1 hour and then centrifuged using Corning Co-star :?J :?J Bt : g :?) - onciusion
clentr|fugetf|ltirs (O.de;m()jffrZSOrglntJtefs.tTo dprega rg \t/vorkmtg soIEI)L:t{ons spllllsed W|’FII2 z;m|>|<t$.re of star?da:cds, 5(()) :Ltof x 4.E+07 p % o P ?‘3 o § 1.E+07 . S o(Elht ht e et e ey e e S R v e
|c1)6aér(1)1§ ex/raLc was added to uL of standard mixtures, to obtain resulting spiked solutions ranging from 0.8 to & e o B e o & 1 E+07 w S e > oroviding a total analysis time of 4.5 minutes.
’ P8/UL. ’.-" .’,-"
. , , , . 0.E+00 s 0.E+00 ¢ 0.E+00 " 0.E+00 &  Baseline resolution was achieved for adenosine, AMP, ADP, and ATP.
Instrumentation: The ZipChip® Device was used for all analyses (Repligen).? 0 10000 20000 0 10000 20000 0 10000 20000 0 10000 20000 . _ - .
The High Resolution Bare (HRB) Glass Chip and the Oligonucleotides BGE, @) Concentration (pg/ulL) Concentration (pg/ul) Concentration (pg/ul) Concentration (pg/ul) e mthOd 5 SRl o a.ccura.tely quar\tlfylng I SEEIE
both part of the Oligonucleotides kit (Repligen) were used. An on-chip nucleotides from complex biological matrices such as human
injection volume was 1 nL with separation run at a field strength of plasma.
500 V/cm. MS analysis was performed on a Thermo Fisher QExactive HF (e) Migration Time Reproducibility * Excellent linearity was observed for all four analytes when spiked
mass spectrometer. MS data was acquired using the PRM mode. Data was =40 into human plasma across a dynamic range spanning five orders of
visualized in QualBrowser (Thermo Fisher Scientific) and processed in Exug D I e S Analyte | R*> | Migration time RSD (%) magnitude.
. . w i D EpTmmD BT >0 PR - P — - ———— ——— g

Skyline Daily (22.2.1.488) £,55 Ade | 0.9978 0.63 * The migration time reproducibility for all analytes was found to be
Mechanism of separation on BG chips: The HRB chips differ from standard b) Sy PR '; e T e S e highly robust.

. . . . ' 010 AMP | 0.9963 0.50
polymer coated chips by having channels with charged bare silica surfaces -
and can be used for analysis of negatively charged species such as 800 ADP | 09971 0.63
oligonucleotides and related molecules.? When a voltage potential is 2 1 3 5 7 9 1113 15 17 19 21 23 25 27 29 31 33 35 References
applied, the BGE moves unidirectionally due to electroosmotic flow v Injections ATP | 0.9963 0.53
(causing all analytes to migrate towards the ESI sprayer Positively charged ~—Ade —AMP —ADP —ATP
species migrate first, followed by neutrals and negatively charged species, 1. Tech Note 1.0; 908 Devices; ZipChip: What are they and how they work.
enabling electrophoretic separation of Ade, AMP, ADP and ATP based on Figure 1. (2] ZinChin Interface couled to Thermo 2. Application Note 9.5; 908 Devices; Rapid characterization of
varying charges. QExactive HF mass spectrometer (b) Chip schematic AL &) CelsrEtien EUmes for SEmeare Ae, miUls Ik ame ALI? oligonucleotides using microfluidic capillary electrophoresis mass

spectrometry by ZipChip.
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