Selective Sampling of Phosphopeptides Based on Isoelectric Point (pI) for Ultra-Sensitive MALDI MS Analysis
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Purpose: Selective sampling of phosphopeptides based on their isoelectric points (pl) for
MALDI-TOF-MS analysis.

Methods: + Isolation of target peptides is performed based on the pl.
+ Selected peptides are introduced into silica capillary by electrokinetic injection.
+ The performance is evaluated by MALDI MS.

Results:  Selective sampling of phosphopeptides was achieved with the synthetic

phosphopeptides, tryptic digest of B-casein and a-casein.

Protein phosphorylation plays a very important role in cell signal transduction, metabolism and
apoptosis. However, their MS signals are always suppressed due to their low abundance as w
the highly acidic properties.

Recent efforts on i ion of

« Chromatography: IMAC (Imobilized Metal Affinity Chromatography) or LC.
+ B-elimination followed by chemical modification.

Drawbacks: need high volume of sample; complex procedure, with significant sample loss.

Principle of selective sampling method for MALDI MS (Fig 1)
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Fig 1. Principle of selectve sampling of phosphopeptides.

- Instrumentation: Agilent $°CE; Bruker REFLEX IV MALDI-TOF mass
spectrometer. All mass spectra were recorded as sums of 20 individual
shots.

- Chemicals: 1,2-Dimyristoyl-sn-glycero-3-phosphocholine (DMPC, Avanti) was
used to suppress the EOF; Citric acid (Aldrich, 15 mM, pH adjusted with
ammonium) buffer; synthetic peptides: DSSLLLK (P,), DpSSLLLK (p,),
DpSpSLLLK (p,), B-casein & a-casein (Sigma).

- Matrix: 2,5-Dihydroxybenzoic acid (DHB, Aldrich). Three-layer method for
matrix deposition 3],

ell as 1. Selective sampling of synthetic phosphopeptides
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* In the original peptide mixture (D), phosphopeptide signals were suppressed
by the non-phosphorylated counterparts.

* Minor P, was observed due to carryover during the selective sampling.

+ Selective sampling of phosphopeptides was achieved at P, up to 10° times
higher in concentration.

+ Sample recovery was performed by comparing the signal of 500 amol P,
obtained from traditional injection and the selective injection separately, a 98%
recovery was recorded based on 15 replicates.

2. Selective sampling of B-casein tryptic digest
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‘Sample quaniiy, 14 fmol in 35 nL spot, based on intialprotein concentration. « indicates the
83 Da difference due to post-source loss of phosphate according to the manufacturer.

B-casein adjusted to various pH: 3.0 (A), 4.0 (B), 52 (C)
¢ based

+ Peptides were gradually injected into capillary based on their pl, cationic
peptides were rejected out of the capillary.

+ Injection/rejection of peptides occurred at 0.3 pH difference.

« Detection limit was 1.4 fmol for B1 and 140 amol for B2 in the positive ion
mode, about 10-100 times higher than those reported data ..

3. Selective sampling of a-casein tryptic digest
tide observed in "
peptide ID sequence mass cale. original digest selectively
MH* pl injected sample

Ts, 81 \QMEAEPSIpSpSpSEEIVPNpSVEQK* 272081 0.72 -
Trs2 NANEEEYSIGpSpSpSEEpSAEVATEEVK  3008.02 0.90 - +-
Ta82 NTMEHVpSpSpSEESIIpSQETYK" 2618.91 137 -
Trst DIGPSEpSTEDQAMEDIK* 192768 2.16 +H— +H—
T, 82 EQLpSTpSEENSK* 141150 228 -
Tie, 52 TVDMEpSTEVFTK* 1466.60 3.52 H— +H—
Tis, s1 \VPQLEIVPNpSAEER" 1660.79 3.62 +- +H—
Thats, 82 EQLpSTPSEENSKK" 1539.60 3.62 -
Tier, $2 TVDMEpSTEVFTKK 159471 4.08 +-
T, 81 EDVPSER 831.38 4.09 ++ 4=
Tra, s2 748.37 420 + +-
Tass, 81 'YKVPQLEIVPNpSAEER" 1951.95 4.20 +- -
T, s1 EPMIGVNQELAYFYPELFR 2316.13 4.20 +-
Ts st HQGLPQEVLNENLLR 1759.94 562 +H—
T, 81 FFVAPFPEVFGK 138472 6.22 +-
To, st YLGYLEQLLR 1267.70 622 +H—
Tes2  ALNENGFYGK 78 622 4
T, st EGIHAQQK 91047 725 +
Tas2  FALPQYLK 07955 8853 i
Tra, 82 NAVPITPTLNR 119567 10.00 +
Tz,82 AMKPWIQPK 109861 1001 +

Table 1. QL oy ESI MSIMS data,

masses, MALDI MS:

+ Two variants were present in the original sample: a-casein s1 and s2.

+ In the original peptide mixture, most peptides observed in MALDI MS have high pl values, only 8
phosphorylation sites were detected.

+ In the selective sampled solution, most peptides with lower pl values were detected (pl <5.2),
more importantly, we first record all the known phosphorylation sites from s1& s2 (19) even at
femtomole-level.

+ Sequence coverage for both variants together increased from 45% to 59%.

« Selective sampling of phosphopeptides was achieved in the presence of high concentration of
non-phosphorylated counterparts based on the pl

« Lower detection limit of B-casein phosphopeptides was recorded after selective sampling
combining nanoliter volume sample spotting technique.

« Sequence coverage of a-casein was enhanced by combining the selective sampled data.

« Properties includes simple instrumentation, minimum sample consumption/lost, which is ideal for
microscale sample analysis.
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