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Principles	of	mass	spectrometry	



Ioniza%on	
•  The	purpose	of	ion	source	is	to	ionize,	and	in	some	cases	vaporize,	the	sample.	
•  Low	pressure	is	necessary	to	limit	the	number	of	ion	collisions		

l  Methods: 
l  ESI (A) 
l  MALDI (B) 



Accelera%on	

•  Accelera%on	
–  depends	on	mass	and	charge	(m/z)	
–  two	parallel	plates;	one	repels,	one	aOracts	and	has	holes	

•  Deflec%on	
–  ions	pass	electromagne%c	field	
–  ions	separated	by	m/z-ra%o	



Mass	analyzers	

•  Magne%c	sector	
•  Quadrupole	
•  Ion	trap	
•  Time	of	flight	
•  Fourier	transform-ion	cyclotron	resonance	



Characteris%cs	of	analyzers	

•  Upper	mass	limit:	largest	m/z	that	can	be	
measured	

•  Transmission:	frac%on	of	ions	that	reach	the	
detector	

•  Resolu%on:	measure	of	the	ability	to	
differen%ate	two	proximal	m/z’s	



Detector:	Secondary	electron	
mul%plier	



Protein	fragmenta%on:	Trypsin	

Cleaves	aZer	Arg	or	Lys	if	not	followed	by	Pro.	





Protein	Quan%fica%on	using	MS	

•  Rela%ve	quan%fica%on	of	two	samples	

•  Isotope-coded	affinity	tag	(ICAT)	approach:	
-  Uses	different	isotope	containing	tags	(heavy/

light)	to	differen%ate	the	samples	e.g.	H2,	C13,	
N15	

-  Tag	covalently	binds	to	Cysteine	side	chains	

Reference:		
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Isotope-coded	
affinity	tagging		

1.  Extract	proteins	
2.  Label	cysteine	groups	
3.  Mix	and	Digest	with	

trypsin	
4.  Isolate	tagged	pep%des	

using	affinity	tag	
5.  Analyze	using	LC	and	

MS	
6.  intensity	ra%os	

indicate	expression	
level	ra%o	

analyzed with MS. The m/z of the peptides measured with
MS are compared with the predicted values. An increase in
a peptide mass by 80 or 160 Da indicates covalent mod-
ification by phosphate (HPO3) (mono- and diphosphoryl-
ated species, respectively) [44]. The phosphorylated pep-
tide can then be analyzed using MS/MS to determine the
exact position of the modification. If the protein is un-
known, the sample is divided after digestion, and one
portion is treated with a phosphatase. This step removes
any phosphate groups, and a comparison of spectra be-
fore and after phosphatase treatment will indicate which
peptides are modified. The modified peptides can be an-
alyzed with MS/MS to identify the parent protein and the
site of phosphorylation [45].

The presence of phosphorylation can also be deter-
mined using different scanning modes on the mass spec-
trometer. In “neutral loss scanning,” the mass spectrom-
eter scans for an ion that when fragmented results in a
specified neutral loss (change in mass but not in charge)
[19]. When searching for phosphorylated peptides, the

tandem MS spectra are searched for a fragment that has a
mass 98 Da lower than the original peptide mass (with no
change in charge). This neutral loss indicates a loss of
H3PO4 due to !-elimination. This process cannot detect
phosphotyrosines, however, due to stability of the !-pro-
tons in the benzene ring [44]. In “precursor ion scanning,”
the mass spectrometer scans for a specific product ion
after fragmentation [19]. For phosphotyrosines, the pep-
tides are fragmented using CID and scanned for a positive
fragment ion with 216 m/z (phosphotyrosine immonium
ion). For other phosphorylations, the peptides are frag-
mented using CID and scanned for a negative ion with 79
m/z due to the release of PO3

! [44].
MS has been used to study a multitude of post-transla-

tional modifications, often employing the same ap-
proaches discussed here for phosphorylation: treatment
with an enzyme to remove the modification (with subsequent
spectra comparison), neutral loss scanning, or precursor ion
scanning. It should be noted that for modifications by het-
erogeneous molecules (such as glycans), the structure of the
modification could also be analyzed with MS [46].

CONCLUSIONS

The use of MS was originally limited to the study of
elemental isotopes. However, as the instrumentation,
computer technology, and associated software have im-
proved, the range of MS applications has increased. The
wide variety of sample types that can now be analyzed,
and the breadth of information that can be obtained, have
helped MS to permeate into an extensive range of re-
search areas. The result is that MS has become an essen-
tial analytical tool in biological research.
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FIG. 5. Relative protein quantification using ICAT. The ICAT
reagents contain four main components: an affinity tag, a cleav-
able linker, an isotope tag (which contains zero or nine 13C atoms
for the “light” and “heavy” tags, respectively), and a group that
reacts with cysteines. The proteins from one system are labeled
with the “light” tag and the proteins from another system with the
“heavy” tag. The proteins are mixed and digested with trypsin.
The fragments containing cysteine residues are then isolated, the
linker is cleaved to remove the affinity group, and the resulting
peptides are analyzed with MS. The ratio of the “light” to “heavy”
peaks in the spectra gives a measure of the ratio of protein
expression between the systems.
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Sampling	

•  Samples	represent	popula%on	of	interest	-
>„biological	replicates“	

•  Measurements	have	errors	->	„technical	
replicates“	

•  Summary	measures:	
– Centre	(Mean,	Median)	
– Spread	(Standard	devia%on,	Quar%les)	



Median	and	Quan%les	
•  Non	parametric:	data	not	on	interval	scale	->	use	rank	
sta%s%cs	

•  Median:	„Middle	number“	
– Measurement	of	rank	(n+1)/2	
–  Interpolated	for	even	number	of	ranks	

•  Quan%les:	Measure	of	scaOer	
–  Quar%les:	Rank	of	value	so	that	25%	of	data	is	below/
above	

–  Rank	of	lower	quar%le:	(n+1)/4	
–  Rank	of	upper	quar%le:	(n+1)*3/4	
–  Interpolated	for	frac%onal	ranks,	weights	according	to	
frac%ons	



Example:	Boxplots	

Boxplot	analysis	of	densitometrically	quan%fied	expression	of	MMP	protein.Protein	levels	were	
normalized	to	the	corresponding	expression	of	β-ac%n.	Köhrmann	et	al.,	BMC	Cancer	2009.	



Normal	distribu%on	
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Probability	in	normal	distribu%on	



Probability	in	normal	distribu%on	



Normaliza%on	and	Z-Score	



Tes%ng	for	normality	

Histogram	of	residuals	(differences	between	measured	values	and	mean)	compared	to	theory	



Tes%ng	for	normality	

Q-Q	Plot:	Diagram	of	data	distribu%on	in	real	and	ideal	quan%les	



Tes%ng	for	normality	

Numerous	specialized	test	methods,	e.g.	
Shapiro-Wilk	test:	
	
hOp://sdiOami.altervista.org/shapirotest/
ShapiroTest.html	


