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How does DNA act as A code?
• The order of bases on the DNA strand instructs the 

ribosomes how to synthesize proteins 
• Gene:  portion of DNA that codes for the production 

of a specific polypeptide
• Polypeptide:  building block of a protein
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Amino Acid codon
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But in Fact…
• Genome ~ 20,000-25,000 protein encoding genes 
• Human proteins ≥ 1 million 

Zimmermann J and Brown LR. (2001) 6



Proteomics and the proteome
• Proteomics is the study of the proteome, the full protein complement 

of organisms e.g. plasma, cells and tissue.
• Understanding the proteome allows to characterisation of proteins, 

understanding protein interactions and identification of disease 
biomarkers.

• Unlike related fields like genomics, proteomics allows for the study of 
post-translational modifications and interactions.

Hemoglobin Apoptosome-Procaspase-9 - CARD Complex
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Bad protein folding and Disease
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Reliable quantitation
Patients plasma (comorbidity)

Abundant proteins

Throughput 

Large data files
Maintaining system 

performance over a long 
period of analyses

Avoiding contamination

Normalisation

Maximising number of 
confidently assigned 

proteins

What to do with 
low confidence 

proteins

Protein degradation

Data archiving and management

Challenges

Experimental design
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Post-Translational Modifications

• Phosphorylation
• Glycosylation
• Ubiquitination
• Methylation
• SUMOylation

• smaller chemical groups
Acylation
Alkylation
Amidation
Hydroxylation
N-Acetylation
S-Nitrosylation
S-glutathionylation
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Common PTMs by frequency

• In 2011, statistics of 
each post-translational 
modification 
experimentally and 
putatively detected have 
been compiled using 
proteome-wide 
information from the 
Swiss-Prot database
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Protein Phosphorylation
Phosphorylation is the addition of a phosphoryl group (PO3)− to a molecule. In 
biology, phosphorylation and its counterpart, dephosphorylation, are critical for 
many cellular processes.
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Acetylation
Acetylation (or in IUPAC nomenclature ethanoylation) describes a reaction that 
introduces an acetyl functional group into a chemical compound. Deacetylation is 
the removal of an acetyl group.

N-terminal acetylation 14



N-linked glycosylation
N-linked glycosylation, is the attachment of the sugar molecule oligosaccharide 
known as glycan to a nitrogen atom (amide nitrogen of asparagine (Asn) residue of 
a protein), in a process called N-glycosylation, studied in biochemistry.
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Methylation
• In the chemical sciences, methylation denotes the addition of 

a methyl group on a substrate, or the substitution of an atom 
(or group) by a methyl group. Methylation is a form of 
alkylation, with a methyl group, rather than a larger carbon 
chain, replacing a hydrogen atom. These terms are 
commonly used in chemistry, biochemistry, soil science, and 
the biological sciences.

• DNA/RNA methylation
DNA methylation in vertebrates typically occurs at CpG sites (cytosine-phosphate-
guanine sites–that is, where a cytosine is directly followed by a guanine in the DNA 
sequence). 

• Protein methylation
Protein methylation typically takes place on arginine or lysine amino acid residues in the 
protein sequence.
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Cell Culture
Clinical Samples
Animal Tissue

Protein
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Digestion
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Analysis

Workflow of Proteomics

ProteinLynx Global Server

Bioinformatics

Peptide
Fingerprint
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Schiess R. et al. , 2009. Targeted proteomics strategy for clinical biomarker discovery, 
Molecular Oncology, 3( 33–44)

Sample Preparation (Cont.)

High abundant proteins

Accessible Proteins

Plasma protein dynamic range

Mass Spectrometry 
capability
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Techniques
• 2D-Gel electrophoresis, Sample enrichment 

(Beads, Affinity Matrix)
• BCA Assay
• Shot gun proteomics
(Tryptic digestion)

• Solid-phase extraction
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2D-Gel electrophoresis
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Basic principles of biomolecular MS
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Principle of Electrospray 
Ionization (ESI)
Electrospray ionization (ESI) is a technique used in mass spectrometry to produce 
ions using an electrospray in which a high voltage is applied to a liquid to create an 
aerosol.

Taylor cone
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Principle of Matrix-assisted laser 
desorption/ionization (MALDI)

MALDI is the abbreviation for "Matrix Assisted Laser Desorption/Ionization."
The sample for MALDI is uniformly mixed in a large quantity of matrix.
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Mass Analyzers (MS)

• Quadrapole
High Sensitivity, acceptable mass accuracy and 

resolution
Easily coupled to chromatography 

• Time of Flight
High Sensitivity, high mass accuracy, high resolution
Limited to small m/z ratios
Not easily coupled to chromatography
Easily coupled to MALDI

• Ion Trap 
High Sensitivity
Low mass accuracy and resolution
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Schematic of a Q-TOF mass 
spectrometer

Nature Protocols 8, 639–651 (2013) doi:10.1038/nprot.2013.024 25



Schematic of a orbitrap mass 
spectrometer
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Chromatogram produced by MS

Chromatography and 
Mass Spectrum
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NanoFlow
ESI

Low Flow 
ESI

Waters UPLC

Waters        
M-class 
UPLC

Waters        
G2 qTof

Lipid Identification

Peptide Identification

Equipment in CLB, KMUH
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Cisco UCS C460 M2 High Performance 
Rack Server Equip with 4 Intel Xeon 

E4860 10 core processors
Synology RackStation NAS 

RS18016xs+

Meta-analysis 
service

Statistic software  
service

Image process 
service

Proteomics 
analysis service

Lipidomics
analysis service

Glycosylation 
analysis service

Stimulated
virtual machine

Data storage

Remote control 
software

Users

NGS analysis 
service

Microarray data 
analysis  service

Bioinformatics server in CLB, KMUH
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Protein Database
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Identity MSE Results from PLGS
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Acetylation in MSMS
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Phosphorylation in MSMS

Sensitivity as a function of the number of phosphoryl groups. A: Positive ion electrospray 
(deconvoluted spectrum). B: Positive ion MALDI-MS (DHB matrix).

33



Progenesis QI for proteomics 
workflow
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Relative quantification by Progenesis
QI for proteomics
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Identify peptides fingerprint
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PTMs Search
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Review proteins
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Reports 

http://163.15.167.51/QIP/20161229%20L1L5mito.htm
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Combine data with bioinformatics 
analysis software (IPA)
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