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OVERVIEW 
•Quantitative analysis of a complex 16O:18O labelled tryptic 

digest sample 
•Robust coupling of 2D chromatography with MALDI MS and 

MS/MS analysis 
•Increased sample throughput using high repetition rate, 

200Hz laser 
•Initial results from mouse serum samples comparing a 

control mouse with a tumour burdened animal 
 
 

INTRODUCTION 

Mass spectrometry is now an accepted technique for the identification of 
proteins. In the qualitative analysis of digest mixtures from a cell lysate or 
sub-cellular fraction, the challenge is often the dynamic range of proteins 
present in the sample, as the detection and identification of these 
components is often biased towards the larger and most abundant 
species. This has resulted in the development of chromatographic 
techniques, such as two-dimensional chromatography.  
Recent developments in MALDI MS/MS and LC-MALDI spotting devices, 
allows the uncoupling of the chromatographic separation step from the 
subsequent MS analysis. This permits the use of targeted data acquisition 
schemes, resulting in additional information content compared to either 
an ESI LC-MS/MS, or MALDI experiment on the un-separated mixture. In 
addition, relative quantification of proteins from the MALDI analysis can 
be achieved through the incorporation of stable isotope labels, in 
combination with separation and subsequent analysis by mass 
spectrometry. 
In this study an isotope labelling 18O quantitation technique was used to 
analyze serum from a xenograph mouse model, and to compare this 
against a control mouse, to identify potential early detection markers in 
cancer. 
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Figure 1. Flow diagram illustrating the analytical method used in this 
study. 

METHODS 
A flow diagram providing an overview of the analytical methodology is 
shown in Figure 1. 
 
Sample preparation 

V12-Harvey ras-expressing NIH3T3 fibroblast cells were implanted into 
athymic nude mice to induce fibrosarcomas. 50µL of serum from tumour-
burdened mice and control mice was diluted in 30% trifluoroethanol, 
200mM Tris pH 8 and 38mM NaCl. The sample was subsequently 
reduced with 10mM TCEP and alkylated (50mM Iodoacetamide) prior to 
digestion with Lys-C and trypsin. The resulting tryptic peptides from the 
tumour bearing mouse serum was labelled with 18O whilst the normal 
mouse serum was digested in the presence of 16O water.  
Equal amounts of serum from control and experimental states were then 
mixed.  
 
Chromatographic separation 

SCX fractionation of the 16O:18O labelled mouse serum was performed on 
a 2.1mm column flowing at 200µL/min. Peptides were collected into 
40x200µL fractions.  In the preliminary work presented here the five most 
intense fractions were analyzed, to establish a robust method. 
SCX fractions were separated by reverse phase chromatography on a 
Waters nanoACQUITYTM system, under full MassLynx software control.  
Column: Waters BEHTM C18 100mm x 150µm, 1.7µm particles 
Mobile phase: A - 0.1% FA in water , B - MeCN 
Gradient: 1 – 40 % B over 60mins 
Flow rate: 1µL/min; Injection volume: 2µL 
LC-MALDI fraction collection 
The eluent from the HPLC was collected directly onto a 96 well MALDI 
target plate using the CTC-MALDI device 
Collection time: 40secs/spot  
Matrix: α-cyano-4-hydroxycinnamic acid (2mg/mL) added post-column at 
1.0µL/min via the nanoACQUITY auxiliary solvent manager. 
 
 
 

 

 

CONCLUSION 
• A method based on 2D-LC and LC-MALDI MS/MS for 

analyzing isotopically labelled serum digests has been 
developed. 

• A high repetition rate laser system has been implemented 
to increase throughput. 

• Some proteins have been identified occurring only in the 
control sample. 

• Comparison of the matching peptides, between the 
control and tumour samples, has been achieved and 
identified protein expression changes. 
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Figure 5. Comparison of  sample throughput using a 20Hz and  200Hz 
laser in both the MS and MS/MS mode of operation.  
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Figure 3. Illustration of the quadrupole resolution used, showing the abil-
ity to select only the 16O peptide for CID from an 16O:18O doublet at m/z 
2,462.  

16O labelled peptide 
selected for MS/MS 

MS spectrum of 16O:18O 
labelled peptide 

Figure 4. MS/MS spectrum of m/z 2,462 identified as a modified tryptic 
peptide from Alpha-1-antitrypsin by de novo sequencing.   

Figure 2. MALDImerge software used to identify 16O:18O pairs, and to 
create include lists for MS/MS experiments. 

High repetition rate laser 

During the course of the experiments a Nd:YAG 200Hz laser system was 
investigated and compared to a 20Hz nitrogen laser. 
 
The 2D-LC protocol employed in this study produces 3,200 individual 
MALDI spots from 40 SCX fractions each split into 80 spots, during 
60min RP separation.  The bottleneck was the acquisition speed of the 
MALDI Q-Tof Premier using a 20Hz laser, which was typically 100 
seconds per MS spectrum.  This translates into 133 minutes for a one 
hour chromatographic run or ca 90 hours of instrument time to obtain MS 
information for the full sample set.  In this initial investigation, the use of a 
200Hz laser reduced MS analysis time to 28 seconds per spot, 37 
minutes for the 80 spots generated by a 1 hr separation.  At this analysis 
speed, total MS analysis time for a full analysis of the sample would be 
25 hours. 
The performance improvements afforded by the new laser produce a 
similar ca fivefold reduction in analysis time in MS/MS mode this is 
significant, as every SCX fraction can yield 500—2,000 candidates for 
MS/MS analysis. 
 
  

Mass Spectrometry 

MS analysis was performed on a Waters Q-Tof Premier MALDI mass 
spectrometer in positive ion mode.  Each MALDI target position (40sec 
HPLC fraction) was analysed in MS mode over the m/z range 800 – 
3,000. Following acquisition each spectrum was automatically de-
isotoped and a list of monoisotopic mass and intensity pairs for each spot 
was imported into the MassLynx MALDI merge program to identify 
16O:18O doublets; (see Figure 2).  
This was automatically performed by filtering for mass pairs differing by 
4.0085Da within the data from each well. All ions above a user 
definable intensity, here 50 counts, were considered. The output from the 
MALDI merge program is a table of mass doublets with intensity, 16O:18O 
ratio, and the MALDI well position (see Figure 2), as well as a separate 
list of un-paired masses.  In the first experiments described here the un-
paired peptides were selected for MS/MS analysis.  The collision energy 
for each precursor mass was automatically selected from a collision 
energy profile. The quadrupole resolution was set to ensure that only one 
precursor ion was selected for fragmentation by CID, Figure 3. 
 

Following acquisition each MS/MS spectrum was de-isotoped and the 
resulting spectrum databank searched against SWISS-PROT, v.49, using 
MASCOT (www.matrixscience.com).  The results for each individual 
fraction were merged to give a single database search result for the 
entire sample.  

Swiss-Prot 
entry 

Accession 
No 

Description Observed 
in 

FIBG_MOUSE Q8VCM7 Fibrinogen gamma chain 
precursor 

16O only 

FIBB_MOUSE Q8K0E8 Fibrinogen beta chain 
precursor 

16O only 

TRFE_MOUSE Q921I1 Serotransferrin precursor 16O and 18O 

HBB1_MOUSE P02088 Hemoglobin beta-1 subunit 16O and 18O 

HEMO_MOUSE Q91X72 Hemopexin precursor 16O and 18O 

FIBA_RAT P06399 Fibrinogen alpha chain 
precursor 

16O only 

ALBU_MOUSE P07724 Serum albumin precursor 16O and 18O 

HBB2_MOUSE P02089 Hemoglobin beta-2 subunit 16O and 18O 

HPT_MOUSE Q61646 Haptoglobin precursor 16O only 

APOA4_MOUSE P06728 Apolipoprotein A-IV 
precursor 

16O and 18O 

HBA_CRIGA P19014 Hemoglobin alpha subunit 16O and 18O 

Table 1. Top hits from databank search of un-paired peptides from 16O:18O 
labelling experiments. 

 

Figure 6.   MALDI MS data showing several 16O:18O peptide pairs.  The 
mass difference of 4.0085Da can clearly be seen. 
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RESULTS AND DISCUSSION 
A summary of the top eleven proteins identified from the MS/MS analysis 
is given in Table 1. Precursors for MS/MS analysis were selected automati-
cally, with the singlet, or orphan ions, initially targeted, i.e. those not ex-
hibiting a peak within 4.0085; Figure 6. Four of the top eleven proteins 
exhibited only 16O labeled peptides and were consequently only present in 
large excess in the control sample.  An example of an unpaired, 16O only, 
fibrinogen gamma peptide is shown in Figure 8.a.  Seven of the top pro-
tein hits were present in both the control sample and the diseased sample.  
Peptides from these proteins that were selected as singlets, did not meet the 
criteria for belonging to a 16O:18O pair.  One example of how this can oc-
cur is shown in Figure 8.b.  Here only the 16O labelled Hemopexin peptide 
peak can be seen, the 18O peak, if present has been obscured by another 
16O:18O pair. 
Spotfire plots showing relative protein abundance determined from the 
matching MS and MS/MS data, for selected peptides and proteins, are 
shown in Figure 7 & 9 respectively. 

16O 
hemopexin 

18O 
hemopexin? 

Figure 8. a) MS spectrum of 16O labelled fibrinogen gamma peptide 
singlet.  No 18O labelled analog detected. b) Not possible to see 18O la-
beled hemopexin peak as it is obscured by co-eluting 16O:18O pair. 
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Figure 7. Spotfire plot of the 16O peptide intensity vs the 18O peptide inten-
sity for all peptide pairs determined from the MS data. Highlighted in colour 
are those peptides identified as matching to a protein sequence from the 
MS/MS data. 

Figure 9. Spotfire trellis plots for selected proteins identified from the 
Mouse serum. Each plot displays the 16O peptide intensity  vs the 18O 
peptide intensity from the MALDI MS data. The upper panes clearly show 
proteins not differentially expressed between the control and tumour bear-
ing mice, whilst the lower two plots show proteins down regulated in the 
tumour bearing mice.   
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