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Abstract: 
The use of mass spectrometry (MS) in the proteomics field is ever-increasing.  MS provides the ability to determine 
minimal protein differences across numerous samples in a short amount of time.  It also allows for the ability to determine 
what proteins are present and in what abundance.  This information is very useful and applicable in many fields.  MS can 
be used in industry as a quality control tool to determine the potential effectiveness of products, as well as in the medical 
and biochemical fields to determine biomarkers for disorders and diseases.  Here we will discuss the importance of MS in 
the proteomics field and its applications in biomarker discovery, specifically in Autism Spectrum Disorder (ASD), with 
focus on methodology and data analysis. The importance of data processing using specialized software such as Scaffold is 
also demonstrated. 

 
INTRODUCTION 

 
The use of proteins and proteomic in biomarker identification or discovery is still in the early stages of development when 
compared to other techniques, such as genomics (1-3). A PubMed search performed on July 31, 2013 comparing genomic 
biomarkers to proteomic biomarkers shows over an 8-fold difference.  The search also found that there are about 2 times 
as many studies found involving MS and proteomics compared to MS and genomics. Therefore, more information is 
available in this filed from genomics as compared to proteomics. 
MS is a very useful method, because it is able to determine comprehensive information about proteins, such as mass, 
sequence information, protein post-translational modifications and protein-protein interactions (4-9).  Depending on the 
specific method of MS used, it is possible to obtain protein information for thousands of proteins in a very small amount 
of time.  This is particularly useful in biomarker discovery (10, 11).    
All mass spectrometers contain an ion source, mass analyzer and detector.  There are two types of mass spectrometers 
based on the ion source: Matrix-Assisted Laser Desorption Ionization mass spectrometer (MALDI-MS) and electrospray 
ionization mass spectrometer (ESI-MS).  MS (usually ESI-MS) can also be coupled with liquid chromatography (LC) 
into liquid chromatography-tandem mass spectrometry (LC-MS/MS). All MS methods follow the same general format 
for the analysis of the proteins.  The protein or peptide sample is ionized in the ion source and then it passes through the 
mass analyzer where the proteins/peptides are separated by their mass to charge (m/z) ratio. Finally, the peaks that 
correspond to these peptides/proteins reach a detector, which produces the mass spectra for the protein/peptides sample 
analyzed. Data processing and database search leads to identification of a protein or mixture of proteins (4, 7, 8).  
Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder with few well-understood causes. ASD has a high 
incidence. It is estimated that about 1 in 88 US children, 1 in 54 boys have ASD (12). Some other studies reported an 
even lower incidence of at 1:50 (13). Very often, ASD in children is undetected (14, 15). When it is detected, due to the 
currently used and available screening instruments (behavioral measures) it generates many false positive identifications 
(16). However, ASD treatment is effective when children are detected early in their life (17-19). Therefore, early 
detection of ASDs is critical for effective treatment. Some studies have already been performed in ASD for identification 
of serum or saliva biomarkers (20-24), however, ASD overall is very under-investigated using proteomics approaches. 
Here, we performed a pilot study for ASD samples and investigated the differences between the salivary proteomes of 
children with ASD and their matched controls. Our results show proof-of-concept that MS can easily be employed for the 
investigation of ASD and potentially for other neurodevelopmental disorders. 

 
MATERIAL AND METHODS 

 
Sera: Sera  (7 with ASD and 7 controls) were provided by Taurines and colleagues; description of the sera, collected 
under IRB and informed consent is also provided in this paper (22).    
Tricine-SDS-PAGE.  The gels were made in the laboratory (16% acrylamide-bisacrylamide), Tricine-PAGE and were 
loaded with equal amounts of sera and run and then stained by Commassie according to published procedures (25).  
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Protein digestion and peptide extraction. The gels were cut in 14 gel pieces from each gel lane. Each gel piece had from 
every serum had a correspondent in the sera from all 7 ASD and 7 control children. The gel pieces were then digested by 
trypsin according to published protocols (26). Prior digestion, the cysteine residues from the proteins were reduced by 
dithiothreitol and alkylated by iodoacetamide (26). The resulting peptides were extracted and then combined and dried, 
and then solubilized in 20L of 0.1% FA/2% ACN in HPLC water, placed in UPLC vials and further used for LC-
MS/MS analysis. 
LC-MS/MS. The peptide mixtures were analyzed by reversed phase liquid chromatography and MS (LC-MS/MS) using a 
NanoAcuity UPLC (Micromass/Waters, Milford, MA) coupled to a Q-TOF Micro MS (Micromass/Waters, Milford, 
MA). The entire procedure used was previously described (27, 28). Calibration was performed for both precursor and 
product ions using 1 pmol GluFib (Glu1-Fibrinopeptide B) standard peptide with the sequence EGVNDNEEGFFSAR 
and the monoisotopic doubly-charged peak with m/z of 785.84.  
Data processing and protein identification. The raw data were processed using ProteinLynx Global Server (PLGS, 
version 2.4) software as previously described (27, 28). The resulting pkl files were submitted for database search and 
protein identification to the public Mascot database search (www.matrixscience.com, Matrix Science, London, UK) using 
the following parameters: human databases from NCBI and SwissProt (SwissProt_2013_08 database, selected for Homo 
sapiens, unknown version, 20267 entries), parent mass error of 1.3 Da, product ion error of 0.8 Da, enzyme used: trypsin, 
one missed cleavage, and carbamidomethyl-Cysteine as fixed modification and Methionine oxidized methionine and 
phosphorylation of Serine, Threonine and Tyrosine as variable modification. Additional database searches were 
performed using the in-house PLGS database version 2.4 (www.waters.com). The Mascot and PLGS database search 
provided a list of proteins for each gel band. The Mascot results were exported as .dat files and then combined for ASD 
and for controls and uploaded on in-house Scaffold software version 4.0 (www.proteomesoftware.com).  
Criteria for protein identification. Scaffold (version Scaffold_4.0.4, Proteome Software Inc., Portland, OR) was used to 
validate MS/MS based peptide and protein identifications. Peptide identifications were accepted if they could be 
established at greater than 20.0% probability by the Scaffold Local false discovery rate (FDR) algorithm. Protein 
identifications were accepted if they could be established at greater than 99.9% probability and contained at least 1 
identified peptide. Protein probabilities were assigned by the Protein Prophet algorithm (29). Proteins that contained 
similar peptides and could not be differentiated based on MS/MS analysis alone were grouped to satisfy the principles of 
parsimony. Proteins were annotated with GO terms from NCBI, downloaded Sep 14, 2013 (30). 

 
RESULTS AND DISCUSSIONS 

 
Tricine-PAGE analysis of the sera from children with ASD and their matched controls.  
Several years ago, Taurines et al (22) identified a biomarker signature, with a specific peak with 
a mass-to-charge ratio (m/z) of almost 11 kDa. However, the method used (MALDI-MS) did not 
provide sequence information. Therefore, our goal was to identify the protein(s) responsible for 
the 11 kDa peak and to perform a full proteomics analysis of the sera from children with ASD 
and their matched controls. As such, our overall strategy involved fractionation of the sera under 
Tricine-PAGE under non-reducing conditions, followed by enzymatic digestion and LC-MS/MS 
analysis and data processing. Tricine-PAGE separates proteins under denaturing conditions, just 
like SDS-PAGE, except that the resolution of Tricine-PAGE is much higher for the low 
molecular mass proteins and peptides (2-15 kDa) as compared with SDS-PAGE. In addition, we 
separated the sera under non-reducing conditions, because it allowed us to keep proteins such as 
Haptoglobin and Immunoglobulin G (IgG) in their oxidized, disulfide-linked form, thus 
preventing their interference with our analysis. Therefore, none of the abundant proteins 
interfered with our experiments.  
LC-MS/MS analysis of the sera from children with ASD and their matched controls. For LC-
MS/MS analysis, we cut out the gel bands from all 14 samples (they corresponded to molecular 
masses between 60 and 5 kDa), digested the by trypsin and analyzed them by LC-MS/MS 
followed by protein identification using Mascot database search and data analysis by Scaffold 
software. Using Scaffold software, we identified a series of proteins, some of them shown in the 
print-screen shot shown in Figure 2. In this figure, information about each specific protein is 
shown. For example, information about the identified proteins in terms of biological process, 
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cellular component or molecular function, as well as the quantitative value based on the number 
of spectra that led to identification of that protein is also shown (Figure 2). In addition, we not 
only identified the proteins and the differences between the protein composition from the two 
sets of sera, but we also identified the amino acid coverage for each protein, within each 
condition (ASD or controls), protein quantitation, and protein post-translational modification (i.e. 
phosphorylation or acetylation; currently it indicates no filter in Figure 2). Furthermore, we were 
also able to verify the amino acid sequence coverage for each protein within both conditions 
(ASD and controls). Figure 3A & B shows such an example for Transthyretin. We were also able 
to obtain information within the reconstituted mass spectra for peptides of interest with the amino 
acid sequence GSPAINVAVHVFR which is part of Transthyretin or HLSLLTTLSNR which is 
part of Vitamin D binding protein (Figure 5A). We can also verify and locate the post-translation 
modifications (PTMs) within a particular peptide such as experimental PTMs (alkylation of 
iodoacetamide to carbamydomethylcysteine or methionine oxidation; Figure 4B), natural PTM 
(i.e. threonine phosphorylation; Figure 4C) or a combination of both (i.e. methionine oxidation 
and lysine acetylation; Figure 4C).  
In these experiments, we also classified the proteins and peptides according to the ASD and 
controls (Figure 5) and their classification according to the biological process, cellular process 
and molecular function (Figure 6). We did not quantify the identified proteins, but we do have 
this option, using label-free, spectral counting that reflects the fold change in the levels of 
proteins in  ASD and controls (followed by Fisher’s exact test or when appropriate, using the 
Student’s T-test). However, we did identify some proteins that are specific to ASD or to controls. 
For example, alpha-2-macroglobulin was specific to ASD, but not controls (20 spectra in ASD 
but none in the controls). Similarly, IgG kappa chain C region was specific to ASD, but not 
controls (19 spectra in ASD but none in the controls). An opposite effect was observed for 
protein Piccolo (16 spectral in controls, but only 2 in the ASD) or for PHD finger protein 12 (10 
spectra in controls but none in ASD). Although these differences sound very promising, careful 
interpretation of the results and inspection of the raw data still must be performed. However, 
these results should be carefully inspected. For example, while the quality of the spectra that led 
to identification of alpha-2-macroglobulin and IgG kappa chain C region is acceptable, the 
quality the spectra that led to identification of PHD finger protein 12 and Piccolo are not high 
enough. Therefore, when in doubt, additional inspection of the raw data should be performed.  
Other factors that should be considered when investigating proteins at the proteome scale 
include, among others, sample manipulation (i.e. biochemical fractionation). For example, we 
separated sera under denaturing and non-reducing conditions. The proteins investigated were in 
the 2-60 kDa range. Yet, three of the four proteins mentioned above had a molecular mass much 
higher than the separation range (2-60 kDa). For example, the mass of Alpha-2-macroglobulin is 
162 kDa, of PHD finger protein 12 is 110 kDa and of Protein Piccolo is 553 kDa, while only the 
mass of IgG kappa chain C region was in the investigated molecular mass range (12 kDa). 
Therefore, although the automated software is important and extremely helpful, additional 
verification of the investigated proteins is also required.  

 
CONCLUSIONS 

 
Our results show proof-of-concept that MS can easily be employed for investigation of ASD and 
of other disorders and diseases for protein identification, protein characterization, PTMs, protein-
protein interactions and protein quantitation. In these preliminary studies, we did not identify the 
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protein(s) responsible for the 11 kDa peak, as previously published. However, this does not mean 
that the peak is not there. It is, just that we have to use alternative approaches to identify it 
(them), currently under investigation. Overall, we also identified some differences at the protein 
pattern in the sera of the children with ASD and matched controls, which are currently being 
investigated. This is a starting platform for a comprehensive proteomic investigation of the ASD 
and matched control samples and for additional proteomics research.  
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Figure 1.  PubMed search of genomics versus proteomics 

 
 

 
Figure 5B. Venn diagrams with all proteins and peptides identified in ASD and controls 
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Figure 6. Classification of the proteins from ASD and controls according to the biological 
process, cellular process, and the molecular function.  
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