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SUMMARY

Mass spectrometry has become the main technique in proteomics study. And the strat-
egy has been recently changed to focus more on research of target proteins from compre-
hensive proteins, because characterization of target proteins and quantitative study of
protein biomarkers could provide important knowledge for drug discovery and develop-
ment. Protein biomarkers and PTM (post-translational modification) are the main targets in
target protein research called focused proteomics. However, biomarker discovery and PTM
research are challenging due to difficulty in detection. A phosphate group of a compound
could decrease ionization efficiency, which makes the detection of phosphorylated proteins
more difficult. Most biomarkers are low abundant proteins, so detection of such compounds
from highly complex samples like serum and cell lysate is not easy without sample fraction-
ation using multi dimensional LC. The difficulty of proteomics technology using mass spec-
trometry results from lack of a tool to detect target proteins directly in complex samples.
Here we introduce a strategy to detect a target protein directly even in a low concentration
sample (e.g., PTM sample and low abundant biomarker) without additional fractionation. In
this strategy unique scan modes of 4000 Q TRAP® system, precursor ion scan and MRM
are key features to remove contaminant signal in chromatogram. We also show successful
examples of the detection of phosphorylated peptides from digested protein kinase, the ver-
ification of low abundant protein using a new tool, “MIDAS™ workflow”, and the monitor-
ing for variation of phosphorylation sites using iTRAQ™ reagent.
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Fig. 1. Comparison of Chromatogram with Mass Scan and MRM.

Chromatograms A and B are results of mass scan and MRM, respectively, using a
mixture of 100 amol beta-Gal and 50 fmol BSA as a sample.

Many peaks from beta-Gal could be detected due to more selectivity of MRM as
well as those from BSA (Fig. B). However peaks from beta-Gal could not be found
in the chromatogram obtained with mass scan although all the peaks from BSA

were detected (Fig. A).
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Fig. 2. Quadrupole function in 4000 Q TRAP® system.

Each quadrupole has different functions (e.g. selection of m/z of ion, fragmentation
and ion trap), however works closely with each other.

Q0 Ql Q2(CID) Q3/LIT
| ——
] [ ] H
.
] [ ] H ]
Ion spray —» Pass — Pass — Pass — Trapping — Detector
Fig. 2A. Enhanced mass scan (EMS).
Qo Ql Q2(CID) Q3/LIT
——]

R —

L
=

[ = =
——
—
—
W
F——*

] [ ]

Ion spray —» Trapping —» Selection

Fig. 2B. Enhanced product ion scan (EPI).

7

Fragmentation —» Trapping —> Detector

Qo Ql Q2(CID) Q3/LIT
| ——— |
] [ ] H IH
Scan '\A — —I—
— -
] [ ] H H
Ion spray —» Pass — Scan —>  Fragmentation —» Selection —> Detector
Fig. 2C. Precursor ion scan
Q0 Ql Q2(CID) Q3/LIT
| —— |
] ] H H
] | T \ H =
Ion spray —» Pass — Selection —»  Fragmentation —» Selection — Detector

Fig. 2D. MRM (Multiple reaction monitoring).
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Fig. 3. Normal IDA workflow (Fig. A) and IDA with selective
scan mode (Fig. B).

A target compound can be detected in a low concentration
sample using the more selective workflow shown in Fig. B.
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Fig. 6. Protein distribution in serum.
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Fig.5. Result of phosphopeptides identification with ProteinPilot™ software.
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Fig. 8. Relationship between peak area and concentration of
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B HIEEE 4000 Q TRAP® + 2 5 4
NanoLC: Ultimate (Dionex)
Column: PepMap C18 (Dionex)
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MASCOT® v 7 b v =7

(o ATt 2R

MIDAS™ workflow "TORRAE DGR, 4 D & v R 7 H4
TOXRTF FREBKL A2 7 3 E L7 (Table 1 K
Fig. 10 &18).

IV. iTRAQIM EZ B\ =) VEEE I DE=5 1) 7

1. iTRAQ™MRZEICDWLT
1.1. iTRAQ DEKIESE

iTRAQ™ X% 11 Reporter ion & Balance group (Fig. 11 £
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B, FUMETHLoBBriicd 5. m&rcis MS/
MS 2 1Z X - T, Reporterion (114-117) 23X 75 K25
PO EEX R, FOBE, FRFhoY v 7Ol & Bt MS/
MS A7 + A ORSFHIEK n/z 114 ~ 117) RSN 5.
COHEIT 4 77 v v e T 4 AT v ADOERIRTFE
D—DOTHY, SAMF~—h—ERDY —L L LThH
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2. EROER
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T X7 ITRAQIMM R #1315 v S 7 HORBE OB Z R
THMBRTIRL—BIL L7, LarLisrn, ZoRFEOH
WIEIA <, B2 EERE B ORI Z A Ha 2 & b
BTHD. AFRBTHAFEMEORAOFTY vt L
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Table 1. Result of identification on traditional experiment workflow with MS/MS scan.

Name

MW [kDa] Score 1 PC1

Score 2 PC 2

#

1 Splicing factor 3b, subunit 1, 155 kDa 145.7 665 23 630 2
2 RNAhelicase A 142.0 568 18 606 21
3 splicing factor 3b, subunit 2 116.8 324 19 224 "
4 splicing factor 3b, subunit 3, 130 kDa 135.5 296 13 280 12
5  arsenate resistance protein ARS2B 100.2 278 12 242 8
6  heterogeneous ribonuclear particle U 88.9 226 8 238 1
7  cell-cycle and apoptosis regulatory protein 1 132.6 218 1 134 7
8  growth regulated nuclear 68 protein 66.9 21 10 201 7
9  DEAD box polypeptide 5 69.1 21 1"

10 SF3B1 protein 87.4 195 7 280 10
11 splicing factor 3a, subunit 1, 120 kDa 88.8 180 7 163 7
12 heterogeneous nuclear ribonucleoprotein C isoform b 31.9 156 4 25 8
13 putative pre-mRNA splicing factor RNA helicase 90.9 150 7

14  DEAH box polypeptide 15 928 138 7 177 9
15 U2-associated SR140 protein 125.0 131 7 134 10
16  RNA-binding protein 10 103.4 129 5 80 10
17 nuclear cap binding protein subunit 1, 80 kDa 91.8 124 5 63 4
18 U1 snRNP 70 kDa protein 70.0 9% 5 92 3
19  DEAD box polypeptide 46 (RNA helicase) 117.2 9N 3 60 5
20 SR-elated CTD associated factor 6 103.5 83 5

21 apoptosis-regulated protein 2 50.4 74 7 172 10
22 pre-mRNA splicing factor SRp77 56.8 58 8 40 1

23 small nuclear ribonucleopretein polypeptide D3 13.9 47 5 27 1

24 RNA binding motif 17; splicing factor (45kDa) 45.2 42 4

25 HNRP A2/B1 isoform A2 359 38 2 125 3
26 U5 snRNP 100 kDa protein 95.6 38 6

27  Tubulin beta-1 chain 49.7 37 3 74 4
28  elongation factor 1-alpha 474 31 1

29  tubulin alpha 50.5 21 1

30 glutaminyl-tRNA synthetase 90.3 62 2
31  Splicing factor 3a, subunit 3, 60 kDa 59.2 61 3
32 HNRP A1 38.8 39 1

33 RNA binding region containing protein 2 isoform ¢ 58.9 28 1

Four proteins with poor confidence (grey) was applied to verification using MIDAS™

workflow.
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B OV S
BESHER © 4000QTRAPPLCMSMS System (APPLIED
BIOSYSTEMS/MDS SCIEX)

nanoLC: DiNa (KYA Technologies Corporation)
Mobil Phase: A:2% Acetnitril (0.1% FA) B: 70% Acetnitril
(0.1% FA)
Flow rate: 200 nl/min
Gradient: 0 min (0%B) —10 min (0%B) —45 min (40%B) —
50 min (100%B)
Protein Identification:Protein Pilot™ Software (APPLIED

Reporter Group mass Balance Group mass
114-117 (Retains Charge) 31-28 (Ncutral Loss)
P EPTIDE
)
G 13C 80 : iTRAQ Reagent 114
@3 80 iTRAQ Reagent 115
3G, SN 3C  : iTRAQ Reagent 116
a 3G, SN 3 - iTRAQ Reagent 117
-~

Total mass = 145

Fig. 11. Structure of iITRAQ™ reagent.

Each iTRAQ™ reagent consists of a reporter group and a
balance group. The mass of the reporter group and the bal-
ance group are drawn up for four types of molecular weight
using stable isotope. However, the total mass of each
iTRAQ™ reagent is the same (145 Da) by combining the
reporter group and the balance group. In MS/MS spectrum,
the reporter groups are shown as fragment ions which were
dissociated under the same collision energy by CID. There-
fore iTRAQ™ reagent could be a useful tool for differential
display of kinetic changes of PTM and biomarker discovery.
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Query Observed Mr(expt) Mr(calc) Delta Miss Score Rank Peptide
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Fig. 10. Verification result with MIDAS™ workflow.

Fig. A shows the MIDAS™ experiment result with MASCOT. Some low abundant proteins were detected with enough confi-

dence in a single LC-MS experiment of MIDAS™

workflow. Figs. B and C show the result using conventional MS/MS scan and

MIDAS™ workflow respectively. The better scores and the better sequence coverage for RNA binding motif protein 17 were

obtained by MIDAS™ workflow.



EYEALE 2007 ;51:34

Reporter ion
117

116
115
114 ‘ ‘
d | L

MBP ’ Sample 1 ‘ ’ Sample 2 ‘ ’ Sample 3 ‘ ’ Sample 4 ‘
! ! ! !
Sample 1 Ti rypsin/liifestion Ti rypsin/liiiestion T ryp/siji)igestian T quin Digestion
. ! T SR Tt
s i Sammie2 | L TRAQue | [[iTRAQI, | [ iTRAQ),q ITRAQ,;
115 I
30 mi ~J [t
min Sample 3 115 N
60 min Sample 4 iTRAQ

Peptide fragment ion (y, b ion)

Fig. 12. iTRAQ experiment workflow.

The time course of phosphorylation at individual phosphorylation sites could be observed
by the intensity of iTRAQ reporter ion peak (114, 115, 116 and 117) in MS/MS spectra.

BIOSYSTEMS/MDS SCIEX), MASCOT® Software (Matrix
Science)
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Fig. 13. Expected fragment pattern of iTRAQ reporter ions.

MS/MS fragment pattern for peptides phosphorylated by
JNK1 was expected to be Type I (Increase). Peptides de-
phosphorylated during this experiment would show Type
D(decrease) fragment pattern. And peptides which had no
site to be phosphorylated would be Type C (Constant) since
JNKI1 didn’t affect them.
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Fig. 14. iTRAQ pattern of trypsin digested peptides.

All of the phosphorylation sites of MBP corresponded with the phos-
phorylation motif of MAP kinase was identified as type D, I or C.
Then reporter ions of iTRAQ™ reagent which were labeled to MBP
clearly showed the time course of phosphorylation interaction by
JNKI1 (.e., the phosphopeptide on the phosphorylation or non-phos-
phorylation state). These results indicated that iTRAQ reagent could
provide enough information for monitoring of variation of phosphory-
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lation interaction between proteins and kinases.
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