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Highly Selective Enrichment of Multi-Phosphopeptides by Click TE-GSH
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Abstract Multisite phosphorylation of proteins plays an important role in signal transduction. However, it is difficult to
describe precisely the mechanism of these phosphorylation cascades. In order to study the function of phosphorylated pro-
teins in a deep-going way, enrichment protocol with high selectivity and coverage is urgent needed. In the present study Click
TE-GSH, a novel HILIC material synthetized in our group, was used to enrich and sequentially elute phosphorylated peptides
in different fractions. As a mixed-mode chromatographic material, Click TE-GSH exhibits both hydrophilic interaction and
cation-exchange characteristics. To understand the retention mechanism, we firstly carried out investigation to study the in-
fluence of acetonitrile (ACN) concentration, solution pH value and salt concentration on the retention of phosphorylated pep-
tides respectively. The results showed that phosphorylated peptides were eluted with low concentration of ACN and
non-phosphorylated peptides were eluted with high concentration of ACN, which was in accordance with the hydrophilic
retention characteristics of Click TE-GSH material. Meanwhile, pH value and salt concentration affected the retention of
phosphorylated peptides, owing to the change of surface charge on the stationary phase. Under the optimized condition,
mono-phosphorylated peptide, di-phosphorylated peptides and multiply phosphorylated peptides were enriched selectively. 6
mono-phosphorylated peptides, 2 di-phosphorylated peptides and 15 multiply phosphorylated peptides were effectively en-
riched and detected. By contrast, immobilized metal ion affinity chromatography (IMAC) was utilized to enrich phosphory-
lated peptides. 2 mono-phosphorylated peptides and 6 multiply phosphorylated peptides were identified. It is obvious the
enrichment efficiency of Click TE-GSH was much higher than that of IMAC. The established method was validated with
relatively complex sample, including peptide mixture of a-casein and bovine serum albumin (BSA) at the molar ratio of 1 : 1
and 1 . 10. In addition, Click TE-GSH was applied to enrich phosphorylated peptides in milk. 11 multiply phosphorylated
peptides were successfully identified. The result proved the excellent selectivity of the method. Therefore, this optimized
protocol has great potential for the enrichment of multiply phosphorylated peptides.
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Figure 1 Mass spectra of tryptic digest of a-casein loaded into Click TE-GSH micro-column and subsequently eluted with (a) 80% ACN/50 mmol/L
NH4FA, (b) 70% ACN/50 mmol/L NH4FA, (c) 60% ACN/50 mmol/L NH4FA and (d) 50% ACN/50 mmol/L NH,FA. Phosphorylated peptides are marked

with “P”. Non-phosphorylated peptides are marked with their m/z values
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Table 1 The number of phosphorylated peptides in each fraction at
different pH value conditions

Ak B IR AL BRI ZRHRALIK 2 BERIIL S

ARy

k(M) k(M (M0 HELA/%
80% ACN/0.1% FA 10 0 0 0
70% ACN/0.1% FA 14 0 0 0
60% ACN/0.1% FA 7 3 0 0
50% ACN/0.1% FA 4 0 0 0
80% ACN 1 3 1 20.0
70% ACN 1 1 1 333
60% ACN 3 0 0 0
50% ACN 4 0 1 20.0

ACN/100 mmol/L NH,FA 1844 /b & iR 1 ik
75% ACN/200 mmol/L NH,FA 143 HAT 1 4A% = 5 0 fi
FRAGIK. BEA SRR 3G =, Se R Vel e SRR fh ik
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Table 2 The number of phosphorylated peptides in each fraction at
different salt concentration
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Figure 2 Mass spectra of tryptic digest of a-casein loaded into Click TE-GSH micro-column and obtained fractions (a) mono-phosphorylated peptide, (b)
di-phosphorylated peptides, (c) multiply phosphorylated peptides and (d) mass spectra of tryptic digest of a-casein loaded into IMAC and obtained frac-
tion. Phosphorylated peptides are marked with “P”. Non-phosphorylated peptides are marked with their m/z values
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Table 3 The phosphorylated sites and charge-mass ratio of phosphopeptides in a-casein

Peptide sequence” P-site [M+H]" Found mass’
EQLpSTpSEENSK 2 1411.53 706.24 (z=2)
TVDMEpSTEVFTK 1 1466.63 733.78 (z=2)
TVDMEpSTEVFTK 1 1482.63 741.78 (z=2)
EQLpSTpSEENSKK 2 1539.63 770.27 (z=2)
TVDMEpSTEVFTKK 1 1594.72 797.84 (z=2)
VPQLEIVPNpSAEER 1 1660.81 830.87 (z=2)
554.25 (z=3)
YLGEYLIVPNpSAEER 1 1832.86 916.90 (z=2)
DIGSEpSTEDQAMEDIK 1 1847.74 924.33 (z=2)
DIGpSEpSTEDQAMEDIK 2 1927.72 964.31 (z=2)
DIGpSEpSTEDQAMIEDIK 2 1943.72 972.32 (z=2)
YKVPQLEIVPNpSAEER 1 1951.97 976.45 (z=2)
651.29 (z=3)
QMEAEpSIpSpSpSEEIVPNpSVEQ 5 2592.82 1296.91 (z=2)
864.91 (z=3)
NTMEHVpSpSpSEESIIpSQETYK 4 2618.96 1309.93 (z=2)
873.61 (z=3)
pyroQMEAEpSIpSpSpSEEIVPNSVEQK® 4 2623.9 1312.45 (z=2)
874.95 (z=3)
QMEAEpSIpSpSpSEEIVPNSVEQK 4 2641.01 1320.95 (z=2)
NTMEHVSpSpSpEESIISQETYKQ 3 2666.98 1333.99 (z=2)
889.67 (z=3)
VNELpSKDIGpSEpSTEDQAMEDIK 3 2678.07 1339.48 (z=2)
893.30 (z=3)
1352.40 (z=2)
pyroQMEAEpSIpSpSpSEEIVPNpSVEQK* 5 2704.98 901.93 (z=3)
1360.92 (z=2)
QMEAEpSIpSpSpSEEIVPNpSVEQK 5 2720.98 907.62 (=3)
1368.91 (z=2)
QMEAEpSIpSpSpSEEIVPNpSVEQK 5 2737.99 912.94 (z=3)
NTMEHVpSpSpSEEpSIISQETYKQ 4 2747.02 1373.95 (=2)
916.32 (z=3)
1468.08 (z=2)
EKVNELpSKDIGpSEpSTEDQAMEDIK 3 2935.18 979.02 (z=3)

1504.49 (z=2)
1003.32 (z=3)
1544.46 (z=2)
1029.97 (z=3)

“ Oxidized methionine are labeled with a box; ” z: number of charges; © This sequence corresponds to a loss of ammonia from the N-terminal glutamine
residue condensing to form pyroglutamate.

3 £ IR A IR R A MLEE, FRATTE AL T 73 B 4R S Ab Ik

MZ WERAIKIG 5%, FERNZIA T2 3 s 46 T il

ASCR A HILIC #1#4, Click TE-GSH R34 & 4R 2 R 2R IIE. BT ST LR v TR e HLA A

MALIK, WFFURIL Click TE-GSH XSWERRACIKIOIRR R iy sp )y (@100 4. SCIRUEN] Click TE-GSH MEHE N £
AR R EAE S A #AE . 25T Click TE-GSH B A TR 1 2 A B 37 A R 77 v

NANEEEY SIGpSpSpSEEpSAEVATEEVK 4 3008.09

NANEEEYpSIGpSpSpSEEpSAEVATEEVK 5 3088.07
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W F F R

4 KIGERSY
41 EEMEHRE

1 mg B AT 100 uL % 4 mol/L LA Z%
FRRF I 45 E)IK 50 mmol/L NHHCO; S,
B 5 uL 4 200 mmol/L DTT f#) 50 mmol/L NH,HCO;
Gertil, 78 56 CIILRIRAEIFAL 45 min J5, A 20 pL
% 200 mmol/L IAA ) 50 mmol/L NH,HCO; 2%, £
TG ZE 4L 30 min, H5 001 50 mmol/L NH,HCO; 2%
PRAT AR 1 mL, SRS ABEHEIE 25 D 1w i w)R
SRR, AE 37 CEEME 12 h )G, IIAZIREN 0.5% FA
Ll N, FEARMIrEE, —70 CUKFEIRAE 45 H.
42 HERUKREESHE

FREL 1 mg Click TE-GSH B 20 pL 26 21l s
K, FENCHIEHEMEIZER GELoader #63kH il %
AT, B4 2 uL o-casein. HKIKH] 40 uL 70% ACN/100
mmol/L NH,FA, 40 pL 70% ACN/0.1% FA F120 uL 5%
ACN 23 BV MRS RR ALK . RUBE IR A KRN 22 B R £ Ik

FREL 1 mg C18-AQ FHELEAE(IR] 1), Belf ittt
20 pL 50% ACN/0.1% FA %k, FH 20 pL 0.1%
FA WV, R s 2SR O AE i EAE, B 20 pL1#0.1%
FA %R, #8¢)5 1 20 uL ¥ 50% ACN/0.1% FA %
YERHEN Q-TOF MS #ill.
4.3 FEHth

B2 AIKAE nanoESI Q-TOF MS(3:1H Waters 23 )
JRWE % ATy BEREVRE: 1 pL/min. 1E & 1A
(ESI); nanospray HiJk: 2.3 kV, FF#5E N 500~2000
Da.
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