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RAPID QUANTITATIVE ANALYSIS OF SELECTED SERUM GLYCOPROTEINS USING ISOTOPICALLY
LABELED PEPTIDES BY LC-MALDI MS USING A 2-kHz LASER

T. Rejtar!, H. Zhang?, L. Li%, E. Moskovets?, S. Pan?, R. Aebersold® and B. L. Karger!

SUMMARY

« High throughout quantitation using isotopically labeled synthetic peptides
« Parallel 4-column reversed phase LC separation coupled to MALDI MS

« Chromatographic resolution preserved using 6-sec deposition rate

«Rapid MS acquisition using a lab-built MALDI MS instrument operating at 2-kHz

« Preliminary results: six selected serum glycoproteins were quantitated in 10 samples

« Classification of cancer vs. normal samples based on quantitative data

INTRODUCTION

Targeted is well-suited to high analysis because only a
relatively low percentage of sample components need to be identified and
quantitated. LC-MALDI MS is a suitable technique for such analysis since the LC
analysis is decoupled from the MS data acquisition facilitating analysis of only
specific pre-selected positions on the MALDI plate. In addition, multiplex
chromatography can be performed in parallel, which further increases throughput

Standard MALDI MS instruments require at least several seconds to acquire a
single MS spectrum, which limits throughput. We have developed a novel MALDI
MS instrument with a 2-kHz repetition rate laser to provide a platform for high
throughput analysis.

We have applied a previously-developed strategy for selective capture of
peptides that are N-linked glycosylated in the intact proteins, for quantitative
analysis of human sera. Peptides isolated from serum samples were spiked with
synthetic, stable isotope labeled reference peptides that were selected based on
prior experiments in which the peptides were sequenced and identified.

EXPERIMENTAL

SAMPLES
« Serum samples: 4 cancer and 6 normal samples
« Peptides glycosylated in original proteins were enriched similarly
as described in Ref. 1
« Six synthetic reference peptides, see Table I, were spiked into the samples
« Isotopically labeled peptides: +7 Da (Leu with 7 x C), +6 Da (Val with 6 x 3C)

4-COLUMN MULTIPLEX LC ANALYSIS
« Four 100 um i.d. 15 cm long columns packed with 3 um Magic C18 particles
« Nanomate LC system was used for gradient delivery (total flow rate 4 uLimin) split
onto 4 columns:
« Separation using 40-min linear gradient
« Post-column MALDI matrix addition to individual LC eluents
« MALDI matrix: 7 mg/mL CHCA in 50/50 ACN/water in 0.1% TFA

2-kHz MALDI MS ANALYSIS
« High repetition laser 2-kHz Nd:YAG 355 nm (Laser Compac Corp.)
« High voltage power sources
~ Low voltage drift (~10 ppm/°C)
~ High power (higher frequency = higher load)
« Data acquisition system 2G sample/sec + averager (Aquiris Corp.)
« Compatible with AB4700 plates
« For more information see poster WP27

2-kHz MALDI MS INSTRUMENT
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Speed: up to 5 MS spectralsec

Sensitivity: amole

Mass accuracy: ~10 ppm (internal calibration)
Resolution: ~ 8,000
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DATA ACQUISITION SPEED

HPLC ~ MALDI MS: 40-min LC gradient using 6-sec spot 400 spots
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o Laser rep. rate  Shots/spec.  1spectrum  Total acq. time
20 Hz 1000 shots 50 sec 6 hours
200 Hz 1000 shots 5sec 40 min
2000 Hz 1000 shots <1 sec 8 min

kHz laser NOT ONLY high number of samples/time

« Sensitivity, mass accuracy - averaging of more laser shots
« Suppression effects — separation to more fractions

« Dynamic range — separation to more fractions

« Sample utilization — more sample can be used

« Time for re-analysis of the same sample

Other applications of the 2-kHz MALDI MS instrument
 MALDI imaging
* LC-MALDI MS based proteomics,

Release peptide
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EXAMPLE OF QUANTITATION USING PEAK INTENSITIES
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EXTRACTED ION CHROMATOGRAMS FOR 6 REFERENCE PEPTIDES
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RESULTS Sample: Cancer 1
Peptides  Reference peptides i )
pep Table I. List of proteins and peptides
e et [Tobe [ Proterm ammottor Fepide sequences Reforonce pEpTaE
g i TPPGLLATETLLR TPPGLLADFILLR
(G A S B binding globulin AQLLQGLGFN*LTER AQLLOGLGFDLTER
€T cusern LANLTQGEDQVYLR LADLTQGEDOVYLR
D inhibitor 1 FVGTPEVN*QTTLYQR FVGTPEVDQTTLYQR
£ [Neogenin TLSDVPSAPONLSL EVA | I SOVPSAAPODLSL EVE
FTiumean [GSFEGI VAL TFIHL OHiNE | T GSFEGIVOTEIAL OHE
* previously glycosylated Asn

Bold red isotopically labeled amino acid,
samples in microtiter well plate

peptides synthesis Cell Signaling Technologies.

Table Il. Summary of calculated ratios PRELIMINARY DATA ANALYSIS

A B © D ER F
X‘ Cancer 37 22 42 T91 | 1557 | 171 i cle=no B
SEQUENTIAL ANALYSIS BY LC-ESI MS Cancer 41 15 50 196 | 1452 | 1/26 e e ceraed
SLOW! 4 samples = 6-8 hours Cancer 7.2 19 67 V62 | 1283 | ND
Cancer 31 49 135 | 167 | 1156 | 12
jormal 1 35 75 263 | 1/243 | 1556 | ND
MULTIPLEX LC-MALDI MS jormal 2 53 89 174 | 1319 | 1/30.1 | ND
PARALLEL SEPARATION OF 4 SAMPLE jormal 3 56 106 | 120 | 1289 | 1293 | ND 5 3
4 samples = 2 hours Normal 4 65 121 | 153 | 1184 | 1201 | ND - Analyssof 10 samples ( cancr seum 6 nomal)
Normal 5 24 105 | 180 | 1148 | 1248 | ND £ sl naced oy ore (e <ample o)
~ MALDI MS dta obianed 3-imes for cach sample
Normal 6 31 56 155 | 143 | 1213 | 112 avon moaLor
Value represents ratio of peak intensilies L/H at chromatographic apex (MALDI signal RSD < 30%, n=3) - Clustorng usig eference peptides A€
= * Reference peptide overlaps with another peak
i ND ot determined due to low inensity
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CONCLUSIONS
Micro-t + Parallel LC-MALDI MS allows high throughput relative or absolute
icro-tee quantitation of selected proteins
- + The technique is applicable for quantiation of samples with
injection multiple standards
Z-axis motor valves «  Reference peptides are characterized by LC-MS prior to the analysis
’— +  Retention time, exact molecular weight and presence of a peptide pair provides
sufficient information for peptide identification — MS/MS is not required
{ + Quantitation can be carried out using either MS intensity of the peptides or
by integrating of the MS intensity over the elution of the chromatographic peak
| 7 LC column

MALDI plate
X-Y stage
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