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Mass spectrometry

Analytical technique that allows obtaining information on:

v" molecular weight
v" chemical structure
v' amounts of examined compounds

Analytical technique that allows to separate and identify ions
according to their mass-to-charge ratio (m/z)
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Mass spectrometry

Stages of the analytical procedure based on mass spectrometry

sample ionization [in the ions source]
N%
separation of obtained ions [in the analyzer]
N%
ions identification [in the detector]
N%

mass spectra interpretation



Mass spectrometer

Main components =

Turbo pumps
Rough pumps
Rotary pumps

Mass spectrometry

/

lonization
source

\_

Mass analyzer

Detector

High vacuum system




Mass spectrometry

MS workflow

lonization of the analyte
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Separation of the ionized molecules according to their m/z
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lonization methods

= electron impact ionization [El]

= electrospray ionization [ESI]

" matrix-assisted laser desorption ionization [MALDI]
= atmospheric-pressure chemical ionisation [APCI]

hard ionization — products: molecularion + fragmented element

v El

soft ionization — the main product - molecular ion

v  ESI
v MALDI
v APCI

Mass spectrometry



Mass spectrometry

ionization techniques

Electron ionization (El)

uncharged
not detecable

molecular ion i
accelerated electrons

1
1
: \
fragmentation
@: ¢ >@’.’ > A* + B

A t
i !

charged detecable charged detecable

Electron ionization mechanism and subsequent fragmentation



Mass Spectrometry
Electron ionization (El) ionization techniques

» Typical analytes:

relatively small,
non-polar,
volatile,
thermostable

» Mass range:
e <1kDa

» Sample introduction:
* GCor liquid/solid

» Advantages: > Disadvantages:

* non-polar analytes, .
* noion suppression,

e easily coupled with GC,

e spectrum libraries

analysis

v" volatile compounds,

v’ thermally stable compounds,

v low molecular weight compounds,
= hard jonization,



Electrospray ionization (ESI)

Mass spectrometry

ionization techniques

/ /'

_— e———J

1 2 3 4 5

1- production of ions,

2- formation of charged droplets spray,
3- desolvation,

4- , Coulomb fission”,

5- gas phase ions genertion

The mechanism of electrospray ionization



Mass spectrometry

ionization techniques

Electrospray ionization (ESI)

» Typical analytes:
e polar compounds
e.g. peptides, proteins, sugars, nucleotides

» Mass range:
<200 kDa
» Sample introduction:

e LC or solution

> Advantages: » Disadvantages:

. thermolabile compounds * jonizable analytes
* high MW compounds « sensitive to salts
* multi-charged ions .

e ion suppression
* sensitivity

e easy tointerface with LC
e soft ionization method



Mass spectrometry

ionization techniques

Matrix-assisted laser desorption ionization

(MALDI)
s sy Ao
o® J©®
000 ® - o OO0 ® ——— Analyzer
CQOO T @ o009
@ L+
0‘ Matrix

The mechanism of matrix-assisted laser desorption ionization



Mass spectrometry

ionization techniques

Matrix-assisted laser desorption ionization
(MALDI)

» Typical analytes:
e polar compounds
e.g. peptides, proteins, sugars, nucleotides
» Mass range:
» <500kDa

» Sample introduction:
* sample mixed with a solid matrix

» Advantages:

* thermolabile compounds, > Disadvantages:

* high MW compounds, * awide range of matrices,
* sensitivity, e difficulties in quantitative
* less sensitive to salts, analysis,

e softionization method * jon suppression



Mass spectrometry

ionization techniques

Atmospheric-pressure chemical ionization
(APCI)

» Typical analytes:
e polar compounds
e.g. peptides, proteins, sugars, nucleotides
v' Mass range:
e <1kDa

v' Sample introduction:
 LCorsolution

» Advantages:

 thermostabile compounds, » Disadvantages:

* sensitivity, * needs solubility in polar solvents,
 allows fgr large flow rates, « sensitive to salts,

* easy tointerface with LC, .

LU RE _ ion suppression
* softionization technique



Mass spectrometry

mass analyzers

Mass analyzers

Separate ions according to their mass-to-charge (m/z) ratio

» operate under high vacuum

» key specifications are:
* resolution

* mass accuracy
* sensitivity

 dynamic range



Mass spectrometry
Resolution mass analyzers

the ability to differentiate between closely related signals
R = Am/m

where resolving power is defined as:

m,/(m,m,)

m, is the lighter ion and (m,-m,) is the difference between two consecutive ions

Mass accuracy




Counts

8000

6000

4000

2000

The higher resolution
the better mass accuracy

Mass spectrometry

mass analyzers

Resolution =18100
15 ppm error

N~

Resolution = 14200

24 ppm error

Resolution = 4500

95 ppm error

| | |
2840 2845 2850

mass to charge ratio

(m/z)

2855




Mass spectrometry

mass analyzers

Sensitivity

the detector response that is related to the concentration of an analyte
which reaches the detector

* determines the limit of detection (LOD)

Dynamic range




Mass spectrometry

Mass analyzers
mass analyzers

lon-trap (IT)

Most frequently used mass analyzers

Quadrupole (Q)

L)
— nglll'll_lglllll It

Orbitrap

-

Time-of —flight (TOF)




Mass spectrometry

Mass analyzers mass analyzers
Quadrupole (Q):

e consists of four parallel rods
e uses combination of RF and DC voltages to operate as mass filter
* has variable ion transmission modes:

v’ ion scanning (SCAN),

v' single ion monitoring (SIM)
* low resolution
* highest sensitivity (quantitative analysis)

nontransmitted ion transmitted ion

=

Scheme of quadrupole mass analyzer

ion detector

ionization source



Mass spectrometry

mass analyzers

Mass analyzers
Quadrupole (Q):
| Chncistion Quadugole
Acquisition speed (Hz) 2-10
Mass accuracy (ppm) low
Mass range <3000
(m/z)

Resolution unit



Mass spectrometry

mass analyzers

Mass analyzers

lon-trap (IT):

e trapsions using quadrupolar fields
* two types:
v' 2D ion-trap (linear ion-trap)
v" 3D ion-trap (quadrupole ion trap)
* low resolution
* high scanning rate

ionization
source

.

detector

Scheme of 3D ion trap mass analyzer




Mass spectrometry

mass analyzers

Mass analyzers

lon-trap (IT)

Acquisition speed (Hz) 2-10
Mass accuracy (ppm) low
Mass range <6000
(m/z)

Resolution unit



Mass spectrometry

mass analyzers

Mass analyzers

Time-of-flight (TOF):

* jons are formed in pulses

* measures the time for ions to reach the detector
 smallions reach the detector before large ones

* high resolution

* high mass accuracy

* high sensitivity

acceleration
voltage, V

;

ionization unit ions separation

> m, >

m, ms
‘ —_——— —_— = ||> ion detector

The mechanism of ions separation in TOF mass analyzer



Mass spectrometry

mass analyzers

Mass analyzers

Time-of-flight (TOF)

Acquisition speed (Hz) 10-100
Mass accuracy (ppm) 1-10 ppm
Mass range <100,000
(m/z) unlimited

Resolution <50,000



Orbitrap:

Mass spectrometry

mass analyzers

Mass analyzers

consists of barrel-like electrode

the m/z values are calculated by fast Fourier transform from the
oscillation frequencies of the trapped ions

high resolution

high mass accuracy

high sensitivity i




Mass spectrometry

mass analyzers

Mass analyzers

Orbitrap
Acquisition speed (Hz) 1-18
Mass accuracy (ppm) 1-5 ppm
Mass range <6000
(m/z)

Resolution <500,000



Analyzer

Advantages

Disadvantages

Q

easily interfaced to
various ionization
techniques,

higher dynamic range,

low lost

low resolution,
low mass accuracy,

low mass range,
low scanning speed,

MS/MS requires
multiple analyzers

Mass spectrometry

Comparison of different MS analyzers

IT TOF
easily interfaced fast scanning,
to various ,
ionization high mass
range,
techniques, MS" ,
’ high mass
low cost accuracy
low resolution,
low mass lower
accuracy, dynamic

range than Q,
low mass range,

_ high cost
low scanning

speed

mass analyzers

Orbitrap

high mass accuracy,

fast polarity switch

lower scanning rate
than QTOF,

lower dynamic
range than Q,

high cost



Mass spectrometry

mass analyzers

Tandem mass spectrometry (MS/MS)

Tandem mass spectrometers

Triple quadrupole
Quadrupole time-of-flight
lon trap

Quadrupole orbitrap

[QqQ]
[QqTOF]

1T]
[QqOrbitrap]



Mass spectrometry

mass analyzers

Tandem mass spectrometry

0 ) 0 ) 0 )
° |2 ° 0 — q
@ 9 9 ) T~ ) D
— o, ——-H~> <——=<H--> ————f>
ionization 0 — 0 )
source
Q1 Q2 Q3
(CID)

The tandem mass spectrometry based on triple quadrupole [QqQ] operation

MS/MS analysis:

selected/multiply reaction monitoring (SRM/MRM)
product ion scan

precursor ion scan
neutral loss scan



Separation techniques coupled with mass spectrometry

Mass spectrometry is most commonly combined with

 liquid chromatography LC]
d gas chromatography (GC]

 capillary electrophresis CE]



LC-MS

Introduction to LC-MS

Combination of the physical separation capabilities of liquid chromatography (LC)
with the mass analysis capabilities of mass spectrometry (MS)

I
= — — p—
Sample — — —
liquid
chromatograph mass spectrometer
LC allows separation of many LC-MS allows differentiating many
compounds according their compounds with similar tg,
retention time (tg) but with different m/z or

fragmentation pattern



LC-MS
Introduction to liquid chromatography [LC]

LC - chromatography in which the mobile phase is a liquid (“eluent”)

Separation mechanism

Due to different interaction between stationary/mobile phase and polarity of
compounds in the sample, their molecules move at different rate and elute from the
column in different time.

f STATIONARY PHASE h 2
MOBILE PHASE
o mmm) o 0—
[~ strong weak
interaction interaction
]
Column
Sample

AACLifeSci 2,



LC-MS

Liquid chromatography (LC)

A typical chromatographic system contains major components:

1 — mobile phase container,
2 - pump,

3 - injector,

4 — chromatographic column,
5 - detector,

6 — computer




Technique selection

> 2000

organic
H,O
2 solubility | Selvents

Gel chromatography

* Gel filtration
* lon-exchange chromatography (IEC)
* Reversed-phase chromatography (RP)

LC-MS

Sample

<2000

molecular mass

H.O organic
2 solubility | Solvents

* Reversed-phase chromatography (RP)
* Normal phase chromatography (NP)

* lon-exchange chromatography (IEC)
* Reversed-phase chromatography (RP)
* Hydrophilic interaction chromatography (HILIC)




LC pump LC-MS

The major task of the pump is providing a stable flow, which varies depending on
the interface being used in the LC-MS
and
the parameters of the chromatographic column.

Pump delivers mobile phase to the chromatographic system in:

e isoctratic mode e gradient mode
(constant eluent composition) (varying eluent composition)

Solvent 1 /Solvent 2 =6 /4

Long time of analysis

NN

Solvent 1 /Solvent 2=8/2

nt

95%|-

Poor separation 30%

‘ Concentration of solvent | in elue




. . LC-MS
LC injector

Injector used almost exclusively in LC is known as the loop injector (or six-port valve injector).

. : 2. While the loop is filled, the

1. The sample is introduced, using mobile phaseri)s pumped through
a micro-syringe, into a mobile the valve into the cofumn to
phase that fills a loop of a keep the column in equilibrium
nominal volume.

with the mobile phase.

from syringe from syringe

to waste \l/

to waste

") .
A o

to ca

LOADING INJECTING
the sample loop the sample

Injector should perform injections with

= high reproducibility,
= accuracy,

= avoiding the presence of air bubbles or pulses.



LC-MS

LC column

The format of an LC column refers to:
= the column length,
= column diameter
= particle size of the stationary phase.

Column lenght Column Particle Optimum Pressure
[mm] diamter diameter flow-rate [bars]
[mm] [um] [ul/min]
Nanobore column 50-1000 0.05-0.1 1-3 0.3 <300
Capillary column 50-1000 0.3 1-5 5 <500
Microbore column 50-1000 0.5-1 1-5 10-50 <800
Narrow(small)-bore column 50-250 2.1 2-5 400 <1200

Normal-bore column 30-250 4.6 2-5 1000 <400



LC-MS
LC column

| Sample throughput

Scalability

Sensitivity LC column packing materials:

C18 (ODS) type
C8 (octyl) type
C4 (butyl) type
phenyl type
TMS type
cyano type

Retention

Selectivity

Chemical stability

2 2
NN N NS NSNS NS NN
CH, CH, CH, CH, CH, CH, CH, CH, cH, C18(0DSs)type

C4 Cg C18
V) AV AAMAAANN
Weak Medium 18tr0n91

the interaction between the analyte and column



LC-MS
Mobile and stationary phases

The nature of the analyte /the compounds to be separated/,
determines the stationary phase and the mobile phase selection.

. . Type of separated
LC mode Mobile phase Stationary phase P P
compounds
: organics: silica, amino, cyano organic compounds
NP dichloromethane, ’ . ’ )
diol not soluble in water
ethyl acetate
RP water/organic with or C18, C8, C4, cyano, neutrals, weak acids,
without additives amino weak bases
HILIC acetonitrile with water, olar, pure silica olar compounds
ionic additives polar, b P P
buffered aqueous anion or cation, o .
IEC . : ionic, inorganic ions
solutions exchange resin




LC-MS
Normal phase chromatography (NP)

Chromatographic separation in NP results from interactions of separated
compounds with polar stationary phase and non-polar mobile phase

Stationary phase used in NP: Mobile phase used in NP:
e silica gel: -Si-OH * hydrocarbons
* cyano type: -Si-CH,CH,CH, CN e dichloromethane
* amino type: -Si-CH,CH,CH, NH, * ethyl acetate
e diol type: -Si-CH,CH,CH,OCH(OH)-CH, OH e other water-immiscible solvent

1
f POLAR NONPOLAR l \ 2
MobiIthase i é H ﬂ
strong weak '
\ interaction interaction U ||\ JL_

column




Reversed-phase chromatography (RP) LC-MS

RP chromatography is the most common of all the methods used in HPLC

Chromatographic separation in RPresults from the interactions of separated compounds
with nonpolar stationary phase and polar mobile phase

Stationa.ry phase used in RP: The mobile phase in RP:
(long-chain hydrocarbons covalently bonded to . .
the silica surface) water or buffer solution, and organic solvents,
. C18 among which the most frequently used are:
- C8
e C4 * methanol
* cyano * acetonitrile
* amino

NP-LC and RP-LC are used for different purposes in biological samples analysis:

NP-LC is applied for separation of individual lipid classes based on the polar head groups,
RP-LC is used for separation of lipid species based on their different hydrophobicities (fatty acyl chains)
RP gradient chromatography is also useful for metabolite profiling in metabolomics studies



LC-MS
lon-exchange chromatography (IEC)

Chromatographic separation in ion-exchange-phase results from
the interactions of ionic and ionizable compounds with
ionic funcional groups of stationary phase,

usually with opposite charges than that of the analytes

anionic stationary Mobile phase is highly polar, separation of cations or

phase moisiifggﬁglgu??:fg BN "‘_‘ter' positively charged molecules

Increasing the ionic strength
of the mobile phase is the main

factor responsible for the elution
of compounds from the IEC
column.

IEC is useful both for large and small biomolecule separations,
such as of amino acids, carboxylic acids or amines.

Due to the ion suppression phenomenon, IEC, which utilizes high ion strength in the mobile phase,
is relatively difficult to be directly coupled with a mass spectrometer.



LC-MS
Hydrophilic interaction chromatography (HILIC)

HILIC for separation of polar compounds

HILIHC separation mechanism bases on a liquid/liquid extraction system
with water layer formation on the surface of the polar stationary phase and organic mobile phase

e hydrophilic
e HILIC columns typically contain silica polar

surfaces or it can be derivatized to amino
or amide bonded phases

Ne
An

¢ solvent system typical for RP, most
frequently acetonitrile, with a small
amount of water

* ammonium acetate or ammonium formate
are often added to the mobile phase to
increase polarity and ion strength

Schematic of interactions between different types of
polar analytes and a stationary phase in HILIC mode

HILIC is easily adaptable to MS
The use of organic solvents increases MS sensitivity due to a decrease of ion suppression



LC-MS
Detectors

LC detectors:

uv,
fluorescence,
electrochemical,
conductivity,
refractive index,
MS detectors

O O OO0OO0OO0

e ability to determine an analyte of interest without interferences derived
from the matrix, the solvents or other substances present in the system

N
e the smallest concentration of an analyte that is sufficient for its detection

detection with a set probability
J

\
e the detector response that is related to the concentration of an analyte

which reaches the detector.

DETECTORS PARAMETERS

Mass spectrometers - ideal detectors for both qualitative and quantitative analysis



GC-MS
Introduction to GC-MS

Gas chromatography (GC) is a separation technique
capable of separating highly complex mixtures based primarily upon differences of
boiling point/ vapor pressure and of polarity.

In GC:
= the mobile phase is a gas (Ar, He, N, or H,)

= the stationary phase is either:
* asolid (adsorbent)- Gas Solid Chromatography (GSC) or
* an immobilized polymeric liquid - Gas Liquid Chromatography (GLC)

Separation in GC depends on
the transfer of a substance (as steam) using carrier gas (mobile phase) through a column.

The rate and degree of compounds partitioning in GC
depends upon :

= the chemical affinity of the analyte for the stationary
phase

and

= the analyte vapor pressure — which is governed by
the column temperature

3e+005 o

2e+006

124005




GC-MS
Strategies for the GC determination

Sample collection

gaseous
“qll‘.i(? ™ & o @
SOl Pre-treatment
drying d _ =
filtration , 5
homogenization 6 o &
R Sample s
-~ preparation
d O SPE
SPME
N\
Derivatization
silylation
OH alkylation
A N
4-HNE GC, GCxGC
PFBHA*HCI .
BSTFA:TMCS anaIyS|s
OSi(CH3)3 i FID
N0 " MS

4-HNE-PFB-TMS F



GC-MS

Sample collection

The sample to be analyzed by GC could be:
" 3gas
= aliquid
= molecules adsorbed on a surface after solid-phase microextraction (SPME)

Stabilization of the composition and properties of the samples
is often obtained by adding appropriate agents that:

Fiber

- inhibit biological activity organisms present in the samples holder
.. . . Protecting

- eliminating the occurence of adsorption of sample needle

components on vascular walls Polymer

coating

Thermostat

- eliminating volatilization, thermal decomposition, chemical
reactions, etc.

Scheme of SPME



Sample pre-treatment

Solid

grinding
pulverizing
digesting

dissolving

Solid+liquid
and/or gas

filtration
separation
cutting
homogenization
centrifugation

Liquid

dilution
filtration

Liquid + gas

collection

adsorption
filtration

separation

GC-MS

Gas

collection
adsorption
filtration



: GC-MS
Sample preparation

Static headspace analysis (SHSA)

:ﬂg;i;‘?g: % Dynamic headspace analysis (DHSA)
Purge and trap (PT)
- Classical liquid-liquid extraction (LLE)
Extraction ey re s . S .
techniques of Lle‘?le:LC;'c';?:r"d Continuous liquid-liquid extraction (LLCE)
liquid samples Microextraction (ME)
SPE equipment Single drop microextraction (SDME)
Stir membrane liquid-liquid
microextraction (SM-LLME)
Extraction to the liquid ph
. Gas-liquid < xtrac u-)n o. e |o.|u| phase
e extraction Extraction with using of the
semipearmeable membranes (SPMD)
:rec;tjlceting 7l ) Liquid-solid Solid phase extraction (SPE)
. phase Solid phase microextraction (SPME)
Polymer (o e Extraction extraction
coating W TR o . Rotating disc extraction (RDE)
Thermostat C',,s techniques of Membrane Solid phase microextraction
— ; gaseous samples embrane O(MI?SSRI?E) CrOEXEractio
C
- Moleculary imprinted solid-phase
extraction (MI-SPE)
Scheme of SPME :
Gas-solid Dispersive solid-phase extraction (DSPE)
extraction
Polymeric membrane extraction (PME)

Extraction methods of liquid and gaseous samples



Sample preparation

AL

Extraction

AN

techniques of
solid samples

Microwave extraction system

Thermodesorber

Solid-gas
extraction

Solid-liquid _
extraction

GC-MS

Static headspace analysis (SHSA)
Dynamic headspace analysis (DHSA)
Thermal desorption (TD)

»Shake extraction”
Extraction in a solvent stream
Soxlhet extraction
Sample homogenization

Multi-stage (sequentional)
extraction

Saponification

Ultrasound assisted

Classical extraction (USE)
method - Microwave assisted
supported extraction (MAE)

Accelerated solvent extraction (ASE)

High- pressure extraction (HPE)

Microwave-assisted solvent
extraction (MASE)

Supercritical fluid extraction (SFE)

Extraction methods of solid samples

spoyiaw |eaisse|)

sanbiuydal
uoI1oeIIXd
uIdpoN



GC-MS

Derivatization

The direct analysis of compounds mixture in GC is difficult due to:

too low volatility of analysed compounds

too low thermal stability of analsed compounds

interactions between the compounds

interactions between the compounds and the GC column stationary phase

too low sensitivity or specificity of the assay

Therefore, the main way to prepare a sample for analysis is conversion of analytes to
derivatisation products

Derivatization of analytes is performed as a result of

silylation
alkylation
acetylation
BSTFA:TMCS, 60 C/60 min
TMSO

+
HO
cholesterol cholesterol TMS

Reaction of silylation



Procedure

Functional group -

Derivatization

Derivative

GC-MS

Reagent

Compound type

Silylation = -OH -alcohols, phenols  Trimethylsilyl ethers Bistrimethylsilyltrifluoroacetamide (BSTFA)
-CO -ketones, steroids N- methyl-N-t-butyldimethylsilyl-
-COOH -amino acids, trifluoroacetamide (MTBSTFA)
fatty acids, steroids N- methyltrimethylsilyltrifluoroacetamide
-(CH,OH)n -sugars (MSTFA)
-NH, -NH, -amines urea  Trimethylsilyl amides Trimethylsilylimidazole (TMSI)
-CONH, -CONH, -imides, Halo- methylsilyl reagents
proteins
Alkylation -OH -alcohols, phenols Methyl esters (DMF) Benzylbromide
-CO -aldehydes Trifluoroacetates (TFAA) Boron trifluoride (BF;) in methanol or butanol
-COOH -amino acids, Methyl esters (BF;-methanol) Dimethylformamide (DMF)
fatty acids Pentafluorobenzyl ethers Pentafluorobenzyl- hydroxylamine
-NH, -NH, -amines, (PFBBr) hydrochloride (PFBHA)
amino sugars Methyl amides (TMAH) Tetrabutylammonium hydroxide (TBH)
-CONH —amides Methyl esters (DMF) Trifluoroacetic anhydride (TFAA)
-SH -mercaptans
Acylation  -OH -alcohols, phenols  Pentafluoropropionates (PFPA)  Heptafluorobutyric anhydride (HFBA)

-(CH,OH)n -sugars
-NH, -NH, -amines
-CONH -amides
-SH -mercaptans

Trifluoroacetamides (TFAI)
Trifluoroacetamides (MBTFA)
Trifluoroacetamides (TFAA)
Trimethylsilyl ethers (MBTFA)

N-Methyl-bis( trifluoroacetamide) (MBTFA)
Pentafluorobenzoyl chloride (PFBCI)
Pentafluoropropanol (PFPOH)
Trifluoroacetic anhydride (TFAA)




GC-MS
Gas chromatograph

Heated t
Transfer line |
~ Sampling
Gas
Chfﬂm‘-”iﬂnghIILj_ Carrier Gas Flow
The gas chromatograph consists of — - ;{1,
o LI -y
" Injector Detector ~ Capillary | |
the sample is injected into the heated injection port = Column .
where it is volatilized and carried into the column by the (99 39;’5"’%]
carrier gas - inert purity 2 99,9995% (Ar, He, N, or H,) '
Figure. Diagram of the GC system
» GC column (modified from de.leco-europe.com)
the sample is separated inside the column
= detector

115
114
1.05

responds to some physicochemical property of the i

0554

analyte and generates an electronic signal measuring the |

amount of analyte present il

chromatogram - result of chromatographic separation MMM

3 7 8 3 o 2 1 % 1 1. 17 1 1® 2 A 2 A
wisition Time (min)

Counts vs. Acg
GC chromatogram of human plasma components



GC injector

Stages of injection

1. The sample is injected into the heated injection port
2. Inthe injection port the sample is volatilized

GC-MS

3. The carrier gas entraines volatilized sample into the carrier stream entering the GC column

Needle
Septum

Types of GC injectors are Split/Splitless (SSI)

=

of Injection Syringe

Septum Purge

oy o o . Gas Outl
Split injection Inlet Gas e ﬁﬂ i
. . . . S ly — - -
only a small portion of the vaporized samples is applied """ O ]
to the column (usually 1/20 to 1/500)
. . . . Split Line
- primarily used for non-trace analysis of volatile samples Gas Outlet
li L |
: L |
Splitless injection split Valve
the whole sample reaches the column Heated
. . . . eate
- primarily used for trace and ultra-trace analysis Infet Liner —g— | Injector
oay
a\
Retaining4‘j
Nut and .
Ferrule Capillary Column



GC-MS
GC columns

Packed column (analytical, micro packed) filled with solid particles

* carbon adsorbents /f«:\)
* silica /// /)
* alumina v
* molecular sieves \

porous synthetic polymers

Adsorbents are less common stationary phases due to the:

* lower reproducibility of the results
* longer retention time
* appearance of "tails" with much lower separation efficiency

Capillary column (capillary, microcapillary)

= open tubular capillary tubes are embedded with a liquid
e silicones
e squalene
* polyethylene glycol
= Jiquid stationary phase should be:
* chemically inert
e capable of dissolving separated components
* highly selective for the components of the mixture
* low volatility

thermal stability under the operating conditions of the column
particularly suitable for the separation of gaseous components
with high separation efficiency

= are frequently used



Column phases

CH,
—Si—0 —

CH,
100%

(CH2)3

— 90% —

— 10% —

Increasing polarity

Methylpolysiloxane

Methylpolysiloxane + 5% phenyl

Methylpolysiloxane + 50% phenyl
Methylpolysiloxane + 7% cyanopropyl + 7% phenyl
Methylpolysiloxane + 25% cyanopropyl + 25% phenyl
Polyethylene Glycol (PEG)

Methylpolysiloxane + 70% cyanopropyl

Polysiloxane + 290% cyanopropy!

GC-MS

Increasing selectivity




GC-MS
Separation mechanism

The rate and degree of compounds partitioning in the GC column is a function of the
distribution of these components in two phases (mobile and stationary) remaining in
equilibrium

Separation is the result of different migration rates caused by different values of the
partition coefficient (Ks)

Mobile phase
The Nernst equation can express the partition coefficient:

mixture
KS = CL/CG . . . slower
o
C, - the concentration of the substances in the stationary phase K >
slower

C. - the concentration of the substances in the mobile phases

The higher affinity for the stationary phase material, the higher value of Ks and the
higher the value of the retention time (tg)



GC-MS
GC detectors

Characteristic of ideal GC detector

O high sensitivity
O good stability and reproducibility

O wide range of linear response to solutes that extends over several orders of magnitude
(calibration purposes)

O a wide temperature range .

O a short response time independent of flow rate | %

O high reliability and ease of use

Signal

O similarity in response toward all solutes

1 the detector should be nondestructive 1 Linear range

_ Compound
[l concentration

0 10 20 30



GC detectors

Type of LOD

Linear range

GC-MS

Comments

[g/sec]

response

Thermal conductivity universal  103-10° 103-104 measures changes in heat

(TCD) conduction

Flame ionization universal 1012 106-107 measures ion currents from

(FID) pyrolysis

Electron capture selective 1014 10%-103 detector for compounds containing
(ECD) atoms with high electron affinities
Flame photometric selective 1013 102 detector for compounds containing
(FPD) S,P

Nitrogen- selective 1031014 10°-107 selective for compounds containing
phosphorous (NPD) N, P

Photoionization selective  108- 1012 10° selectivity due to identify of gas in
(PID) lamp

Fourier-transform selective 10710 depends of the polar molecules

infrared (FTlR) functional group

Mass spectrometer universal 1072  dependsofthetype non-destructive detector,

(Ms)

of MS analyzer,
operation mode and
compound

one of the most accurate and
efficient tools for analyzing organic
samples,

the most powerfull detectors for GC




GC detectors

Comparison of GC detectors sensitivity and dynamic range

TCOET —]
FID BT 1
HECDIET _ 1
FPD-SIE 1
FPD-PIEC —1]
NPD-PEEC ]
NPD-NIEET o
PID I _ 1
MS . m
(SIm) (SCAN)
1015 1012 10°° 106 103
fg P8 ng Hg mg
1 ppt 1 ppb 1 ppm 0,1% 100%

latl.

GC-MS



GC-MS
Gas chromatography — mass spectrometry

(GC-MS)
GC-MS

= s aversatile tool to:
e separate
* identify
e quantify unknown substances

= js the most effective technique for the analysis of volatile organic compounds in complex
matrices in a wide range of concentrations (from ppb to ppm)

= js characterized by high selectivity and sensitivity, providing a wide range of applications:

- medical and pharmaceutical applications

- biological analysis

- forensic and criminal applications

- environmental monitoring

- security and chemical warfare agent detection
- food/flavor/fragnance analysis

- chemical/industrial applications

- geochemical research

- petrochemical analysis



GC-MS
GC-MS instrumentation

Analysed lonization
Analyzer
substance source

lonization techniques

El - electron ionization - the most commonly used ionization technique in GC-MS, hard ionization

Cl - chemical ionization - relatively mild (so-called ,, mild ionization”)

other ionization techniques used in GC-MS:

photoionization (PI)

field ionization (FI)

field desorption (FD)

laser desorption (LD)

fast atom bombardment (FAB)

plasma desorption (PD)

secondary ion mass spectrometry (SIMS)
matrix-assisted laser desorption ionization (MALDI)



GC-MS instrumentation

Analysed
substance

Analyzer - separate charged ions according to their m/z ratio

lonization
source

*= Q- quadrupole (singleQ, tripleQ)
= IT—ion traps (linear, spherical)

=" TOF — , time-of-flight”
= hybrid MS analyzers:

QqQ
Q/IT
Q/TOF
Orbitrap

= other analyzers used in GC-MS:

* magnetic (B) sector
* electric (E) sector

e electric and magnetic sector
* ion cyclotron resonance (ICR)
* Fourier transform ion cyclotron resonance mass spectrometry (FT-ICR MS)

Analyzer

GC-MS

Detector - data registration

Faraday cup
electron multiplier
microchannel plates
photomultiplier



GC-MS

Advantages

Fast analysis

High efficiency — leading to high resolution
Sensitive detectors (ppb)

High quantitative accuracy (<1% RSD)
Non-destructive — (coupling to MS)
Requires small samples (<1 mL)

Rugged and reliable techniques

Well established with extensive literature and

applications

GC-MS

Disadvantages

Limited to volatile samples or
derivatisation is required

Not suitable for thermally labile samples
that degrade at elevated temperatures -
derivatisation is required

Not suited to preparative chromatography

Requires MS detector for analyte
structural elucidation (characterization)

Most non-MS detectors are destructive
The limited peak capacity in analysis of

very complex samples — GCxGC
separation is required



Two-dimensional gas chromatography
(GCxGC; 2D GC)

Gas & ling 1
Chromatograph St ek
Carrier Gas Flow

Detector ———,

2™ Dimension —— | //

Column 4 ( )
Secondary 1B 7
Oven

L Thermal Modulator \— 1* Dimension Column
Diagram of the GCxGC system (de.leco-europe.com)

GCxGC columns

GC-MS

GCxGC detectors

» FID (max. 300 Hz)
» TOFMS (max. 500 Hz)
» W-ECD (50-100 Hz)

[ 10 spectra/second
@ 250 spectra/second

52 53 54 55 56 57 5.8 59 6.0 6.1 6.2 6.3

Acquisition rate

2D column

0,5-2m

0,1 mm

0,1-0,25 um

50% phenyl/50% dimethylsiloxane or
polyethylene glycol (Carbowax)

polar




GCxGC
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GC-MS
GCxGC

Chromatogram of the mixture of volatile compounds (alkanes, alcohols,
aldehydes, ketones, amines) analyzed in 2D GC [Pegasus 4D; Leco].



GCxGC
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GC-MS

GCxGC
Advantages Disadvantages
Increased peak capacity - separation of = Required detectors with a high
complex mixtures is possible acquisition rate (TOF, pECD, FID)
Total separation of all components = Large capacity of registered data - data
processing can be very time—consuming
Detection limits (signal/noise ratio) is
improved (|n Comparison W|th 1D GC) [ Very h|gh cost of equipment

Structured chromatograms obtained

2D GC chromatogram contains much more
information than 1D GC - easier and more
reliable identification of unknown
substances

The ordered nature of chromatograms
makes group analysis much easier
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Capillary Electrophoresis-Mass
Spectrometry (CE-MS)

Coral Barbas
Antonia Garcia
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Separation based on electrophoretic mobility
Simple instrumentation

Primary applications in bioanalysis

— DNA sequencing

— DNA fragment analysis
Multiple modes for improved
selectivity of neutrals

— MEKC

— CEC




Advantages and Disadvantages of CE

Advantages
Offers new selectivity, an alternative to HPLC
Easy and predictable selectivity
High separation efficiency (10° to 10° theoretical plates)
Small sample sizes (1-10 ul)
Fast separations (1 to 45 min)
Can be automated
Quantitation (linear)
Different “modes” (to be discussed)

Disadvantages
Cannot do preparative scale separations
Low concentrations and large volumes difficult
“Sticky” compounds
Species that are difficult to dissolve
Reproducibility problems

MCLiTeSci 4

o

Applications of CZE

* Wide variety of applications

— Small molecules

— Macromolecules (proteins, peptides)
* Limitations

— Must have different charges

— Low ionic strength sample
e Advantages

— Simple

— Direct analysis of complex systems

MCLiTeSci 4

o
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Capillary Electrophoresis (CE) & v

Detection

Fused silica

buffer buffer

ACLifeSci 2

Modes of CE & ceu

Capillary Zone Electrophoresis (CZE)
— Basic mode using open channels

Micellar Electrokinetic Chromatography (MEKC)
— Separates compounds with micelles

Capillary Gel Electrophoresis
— Size exclusion using sieving gels

Capillary Electrochromatography
— Hybrid of CE and HPLC

Capillary Isoelectric Focusing
Enantiomeric CE
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Capillary Zone Electrophoresis (CZE) & ¢'u
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Mechanism of separation

Electroosmotic flow: EOF ........,

2 Forces:
- EOF
- Analyte electrophoretic mobility

Main Menu

ANCTifeSci 2,
Electroosmotic Flow & ceu

San Pablo

Capillary flow mechanism based on applied potential and pH

Provides bulk solution flow in capillaries with moderate to low
concentration buffers are used

Very dependent on solution ionic strength and surface
chemistry

Fixed layer

Mobile layer

[

CATHODE
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Electrophoretic Mobility @cu

_ 9
onnr

u= electrophoretic mobility
Q= charge on the particle
n= solution viscosity Anode (+) Catlwde (-)

r = Stokes radius of the particle (= =
o0 P &  o° @@ e ©
>
Buffer _v_ Buffer
ES ;r:rn

Computer
with

Recorder

E=V/d

ACTifeSci 2,
Electrophoresis and Electroosmosis % 'V

A pictorial representation of the combined effect in a capillary,
when EO is faster than EP (the common case):

V

- (IUEp T Heo )E = (:uep T Heo )I

cation ‘ VeE Viot=Veof +Vep

: Viot=Veof-V
anope on @ Ve VeVerVe carpope

A%
neutral‘ ~eofy Viot=Veof




ACLifeSei 2,

& ceu

Diagrams of flow in CE and HPLC

Capillarywall

Columnwall

—

W

Universided
San Pablo

Detection Options

ACLifeSei 2,

Detector

Advantages

Characteristics

Limit the range of

detection (M)

UV/vis absorbance -The possibility of direct and | -Universal -10°3
indirect detection -10°® for the detection of
-Very common detector aromatic compounds

LIF (Laser-induced -Highly sensitive and highly | -Selective -10°-10°

fluorescence) selective
-Used for fluorescent
compounds or derivatives

MS -Qualitative and -Universal -~107 (it depends on the
quantitative information -Selective type of MS and

-Highly sensitive and highly
selective

metabolites)

W

& cru

Universided
San Pablo




Optimizing CE Separations
PARAMETERS

pH

— First paramater to control

— Effects EOF and mobility (charge)
Organic Solvent

— Analyte solvation

Interacting agent

— lon-pairing, solvation, etc.
Non-agqueous Conditions

— Solvation and charge

Temperature
— Solvation, chemical equilibria

MCLiTeSci 4

& cru

INSTRUMENTATION CE-MS

Sheath quuid’I<

CE cassette \

sgmple/buffer

U vial
- * 2 :
capillary

N

*
ESI

Calibration
masses

MS-TOF

* OPTIMIZATION REQUIRED

2
&
(¥s]
w
"
2
(o]
2
m
5

TOF

MCLiTeSci 4
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Sheath liquid

-
-

o
ok
B

T \ T » Need to be optimized

to MS

ANCLifeSei 2,
CE-MS: Electrical interfacing & cru

Universidad
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™\, MS entrance
__i:"= capillary

Capillary end at ground
Py 2 HV +/-

Capillary end at high voltage
HV +/- HV +/-

lon source | J—

image provided by Agilent Technologies
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METABOLOMICS

Coral Barbas

Danuta Dudzik

M2 Fernanda Rey-Stolle
Francisco J. Rupérez
Antonia Garcia
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SUMMARY

1. Introduction to metabolomics

2. Analytical approaches in metabolomics

Workflow of the metabolomics study
Quality Control and Quality Assurance Procedure in Metabolomics

3. Data processing and identification of metabolites

Data processing pipeline

Non-targeted metabolomics data treatment
Metabolite identification

Statistical analysis

4. Data analysis

5. Practical sessions

From data identification to pathways
Biomarker validation

Targeted and non-targeted metabolomics
Metabolomics with free online tools

ACLiTeSci 2

& cEl

Universidad
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Metabolomics CI:U

siclad
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New emerging field of “OMICS” research (which includes genomics, proteomics and
metabolomics) concerned with comprehensive characterization of the small molecule
metabolites present in biological systems.

Omics & Systems Biology

TN N
@"" o».

ACLifeSe kS
Addendum: Definition of Metabonomics CI:U

siclad
I !I

» Measurement of the dynamic multiparametric metabolic response
of living systems to pathophysiological stimuli or genetic
modification (Nicholson, 1999)

— quantitative measurement of the time-related “total” metabolic
response to pathophysiological (nutritional, xenobiotic, surgical
or toxic) stimuli

» MetabolLomics - the picture, MetaboNomics — the movie

* Nowadays, everything is Metabolomics
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Definition of Metabolome & cru
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« “.the complete set of

metabolites/low-molecular-weight
intermediates, which are context
dependent, varying according to the
physiology, developmental or
pathological state of the cell, tissue,
organ or organism...” (Oliver 2002)

» Origin: Endometabolome, Microbiome,
Xenobiome, Nutribiome...

* Nature: Glycome, lipidome,
sphingolipidome, peptidome...

* Metabolome < Phenotype
biom
. e
Nutr!
A(TifeSei 2,
What metabolomics can provide (l) & cru

Universidead
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e QOverview of the metabolic status and global biochemical events associated with a
cellular or biological system.

— Pathological situations without known mechanism, i.e. relationship between obesity
and insulin resistance
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What metabolomics can provide (ll)

AClifeSci 9
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e Identification (proposal) of new biomarkers, important in the

process of new drug discovery or as in vitro diagnostics tools.

— For instance, new diagnostic biomarkers for aggressiveness

in chronic lymphatic leukemia

kers of
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What is metabolomics good for.....

AClifeSci 9
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» searching for metabolic differences between groups of samples (case vs control;

before vs after treatment; One condition vs another)

+ identifying compounds that are significant and proposing the mechanisms

+ finding out information about the phenotype
» observing the effects of a treatment
« finding new drug targets

What is metabolomics NOT....

« a method to reveal the fate of a metabolite or drug
» a method for quantification

» the use of a simple kit to quantify a grouop of metabolites (it requires NMR, MS...)

» Possible without simultaneous comparison of samples




Definition of Metabolism

AClifeSci 9
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The complete group
of (bio)chemical
processes within an
organelle, cell,
tissue, organ or
organism, essential
for life

Analytical approaches in metabolomics

AClifeSci 9
+ CEU
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Alignment and Data treatment

“Confirmation with MS/MS from standards

| Metabolomics strategies
Untargeted Targeted
(=3 [ e ]
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Samples Samples and Standard metabolites
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Data analysis/Quantification

|

Comparison of sample and standards

_|._

I Global metabolic profile

I Quantification of specific metabolites I




Three ways to do metabolomics

@ Metabolome analysis q

METABOLITE METABOLITE TARGET
mmum PROFILING ANALYSIS

sample treatment standards for quantification selectivity +

non-biased sample  data treatment -

AA(TifeSci 2

+ CEU

WORKFLOW

Metabolomics workflow
2

3

Expe}iment STIm::!e Metabolite
collection .
design extraction

Separation
and detection

'
M

8
Biological
interpretation

Fingerprinting

5
Data
processing

ULy

7 3
Metabolite

identification

2

9

Statistical
analysis

i
\AARAAAAS

AClifeSci 9




ANALYTICAL TECHNIQUES

GC/MS: Small polar compounds

— Mainly water soluble (some hydrophobic)

— Sample treatment: Derivatization

— Fragmentation reproducible - databases
NMR

Water-soluble

— Virtually no sample treatment
— High LOD

LC/MS
— from small to large (<1500 Da) medium to non-polar metabolites

CE/MS: Small-medium polar compounds

— Amino acids, acylcarnitines, polyamines, etc.

No derivatization

ACLiTeSci 2

|

lllllllllmllilum

MS Based analytical platforms in metabolomics

ACLiTeSci 2

Analysis Application Advantages Disadvantages
Technique

GC-MS Separation, High chromatographic Inability to analyze
identification, and resolution, availability thermo-labile and high
quantification of of large spectrum molecular weight
volatile and thermally libraries for metabolites | metabolites, the
stable less polar identification. requirement of
metabolites. derivatization for non-

volatile metabolites.

LC-MS Separation, High sensitivity, large Limited availability of
identification, and sample capacity, commercial libraries,
guantification of very derivatization not restriction on LC eluents,
broad groups of required, ability to matrix effect, limited
metabolites, analyze thermo-labile potential in identification
depending on the type | compounds. unless an MS-MS
of column and mobile technique is used.
phase.

CE-MS Separation, High resolution and Limited availability of
identification, and rapid analysis, utility for | commercial libraries.
quantification of polar | complex biological Buffer incompatibility,
and ionized samples, even ifin a detection limits. Limited
metabolites, using small volume. potential for
reduced sample identification unless an
volumes. MS-MS technique is used.
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Quality Control and Quality Assurance Procedure in + (ﬁE'UJ

Metabolomics

A: QCs (red dots) clustered together B: QCs spreaded

DATA TREATMENT IN METABOLOMICS: MdlifeSei 2,

Signal Processing + o

Raw data processing || Data pre-processing || Data pre-treatment Data treatment

* Noise reduction

I * Peak detection I
* Alignment

* Data filtering

* Missing Values

DATA PROCESSING PIPELINE

* Normalization I * Metabolite indentifcation
» Transformation » Statistical analysis:

* Scaling Multivariate & Univariate

* Raw data file conversion




ANALYTICAL TECHNIQUE: GC-MS MCTifeSci 2,

$ccu

Gas chromatography coupled to mass spectrometry

Gold standard
— Highly sensitive and reproducible
— Information: Quality and Quantity
— Spectrum libraries for identification purposes
— 10-20% of the known compounds can be analyzed by GC

* High metabolic relevance

(a) 3D Data of GC/MS, (b) Extracted lon chromatogram for the selected ion
(c) Asingle data point in time gives a single mass spectrum
adapted from Chromatography today

AACTifeSci 9,
Deconvolution & cru

TIC : a) ﬂatrix b)
Component 1
Component 2 : ! ll
Component 3 : Nerence

| ‘l. : ‘ |

Coelution of 3 compounds
Mget | ||I| L L

After deconvolution

a) Before and b) After the deconvolution process
adapted from https://www.agilent.com/cs/library/Support/Documents/f05017.pdf
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Deconvolution in LC-ESI-MS and CE-ESI-MS

Universidead
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« Peak-based methods

* Molecular Feature Extractor (Agilent) considers the accuracy of the mass
measurements to group related ions by charge-state envelope, isotopic
distribution, and possible chemical relationships when determining whether
different ions are from the same metabolic feature.

* |t can consider also related ions like adducts: proton, sodium, potassium and
ammonia adducts in positive ionization or loss of a proton, adducts with formate,
etc. in negative ionization mode.

ACTifeSei 2,
== CEU
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After Deconvolution

Universidead
San Pablo
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a) Total lon Chromatogram

b) Chromatograms from every single compound obtained after deconvolution




Chromatogram or features list?
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:: =3 5| 4.801 524.3702 8523.3620 Positive 12 6862020 111854136 100
:; =3 5027 5243702 523.3629 Positive 6| 1308318 8748089 a7
as " 5.550) 163.0003) 162002 Posilive 4] 1349230 5379156 100
asl, I 5 S| 5.561| 201.2839| 2002767 Positve| 15| 7367381 | 51796644 100
ik " - | = S| 5561 140.0235 148.0162| Positive| 4| 2915086 | 12888771 100
=3 5,597 3383418 3373345 Positive ] TG 4058574 100

= 5| 5848 6755425 674.5353 Positive 7oGE134 30406860 100

= S.BST| GET.5338|  G26.5066 Positive 3 n2rea G768 100

= 5| 5.0904| 701.5583 700.581 Fositive & B615328 50468044 100

=3 S| 5.041 G80.568| 6GAA.5607 Positive & 378377 18867332 100

1+ | 5991 7545572 753.5299] Positive| 4] 77180 [ 4127601 100

I i I o | R onn TN RAR0 T30 R07T [ =R HYN T 1RNAR1T | BARAAT 10
' A\ Chromatogram Results «[| 1 ms Spectrum
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Alignment

— Peak shifts are observed across the RT axis
— Two groups:
 data are aligned before peak detection
» peak-based alignment methods: detected spectral peaks are aligned across
samples.

« softwares:
— MetaboAnalyst (metaboanalyst.ca)
— mzmine and mzmine2 (http://mzmine.sourceforge.net/)
— metAlign
— BinBase (fiehnlab.ucdavis.edu)
— xcms and xecms2 (Scripps)
— metaXCMS (Scripps)
— XCMS Online (Scripps)

Missing values

— Problems in further analysis

— Different strategies
* Replace by the half of the minimum, by mean/median, k-nearest neighbour (KNN),
probabilistic PCA (PPCA), Bayesian PCA (BPCA) method, Singular Value Decomposition
(SVD) ...

Filtering
— Variables of very small values - detected using mean or median

— Variables that are near-constant - detected using standard deviation (SD)
— Variables that show low repeatability - measured using QC sample




Data pretreatment

e Normalization o

Sample-specific normalization (i.e. weight, volume)
Normalization by sum or median

Normalization by reference sample

Normalization by a pooled sample from group control
Normalization by reference feature

Quantile normalization

ACLiTeSci 2

$ceu

Data scaling

— Mean centering

— Auto scaling (mean-centered and
divided by the standard deviation
of each variable)

— Pareto scaling (mean-centered
and divided by the square root of

standard deviation of each
variable)
— Range scaling (mean-centered

e Data transformation

— Log transformation

_ Cube root transformation and divided by the range of each

variable)

ACLiTeSci 2

& ceu

Statistics for Metabolomics

AIMS to:

o detect differences between sample groups at the chemical level
0 rank compounds by relative importance for sample differentiation

VARIABLES |

J Independent
o dependent variable: represents the output Variable
or effect, or is tested to see if there is effect, '( (
e.g.: abundance of metabolite e Influences
o0 independent variable: represents the inputs .,’ C in theGE
or causes, or are tested to see if they are the )
_ " 2 -
causes, e.gtg.. treatment conditions within the Dependent “
experimen / Variable -
TYPES

S

0 Univariate analysis UVA:
o Normal distribution: Student’s t-Test, ANOVA,
o Non-normal distribution: Mann-Whitney U-Test, Kruskal-Wallis

o Multivariate analysis MVA: PCA, PLS-DA, OPLSDA
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6 used as a tool in exploratory data \

analysis
0 each dot graphically represents each
sample measured

G 2
o the algorithm has no knowledge of the (OUE @
group associations of the samples —
unsupervised analysis

Y-Axis

Group 1

o first principal component explains most

of the variance
vari L

o compound loadings indicate the impact

. Group 3
of that compound on the analysis - Tz

0 each dot is the sum of the compound
loadings for a sample

o the tightness of the clustering reflects

\the variance of the samples /

Group4 &5

ANCiTeSci 2,
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an algorithm using past data to predict the

results of future observations

+ the algorithm has knowledge of the
group associations of the samples —
supervised analysis

« common algorithms

— Partial Least Squares
Discriminate Analysis (PLS-DA)

— Support Vector Machine
— Decision Tree

— Naive Bayes

K— Neural Network /




o ACifeSei 2
Class prediction: PLS-DA & ceu

Partial Least Square - Discriminant Analysis
Projection on Latent Structures - Discriminant Analysis

-~

a statistical method that bears some relation to principal components analysis (PCA) but\
is a supervised analysis

o0 creates a linear regression model by projecting the predicted and observable variables to a new
space

o well suited when there are more predictors (compounds) than observations (samples)

o0 each compound has a t-score that represents its impact on the prediction
\o a prediction confidence value is assigned when the model is run j
Y-Axis
(e} Y-Axis
) § [E '
o i
"
® @ |
Q | A
| A
A ,%m .
TS g > Zis _x,ﬁxf > ZAxis
AACLifeSci 2,
Univariate and Multivariate Statistical Analysis + CEU
:—M:MC:I fr ’ B mataboanalyst.ca . - @ Q nageo =

~ R Command Histery

=! l!‘ MetaboAnalyst -- a comprehensive tool for metabolomics analysis and interpretation
i
Dpiead

o

Zipped Files |2ip) |

DataType  » NUR pest st

Data File: Baerar. | N

Pair e Examinar_ | Nos# ha sHectonsso

2) Try our test data :

Data Type Description

i L Mo it gt 3077113
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assesses accuracy of prediction rule that is built and provides an indication of over-
fitting models:

all samples in the training set except one is used to build the prediction rule

using this rule, the class of sample that was left out is predicted

the sample is returned to the training set while a different sample is left out and the prediction
rule is built with remaining samples

this process is repeated until each sample in training set has been predicted exactly once
the number of correct and incorrect predictions is then tallied to determine the success rate

. samples in the training set are randomly divided into N equals subsets, maintaining relative
classes frequency

. N-1 subsets are then combined for training and the remaining set is used for testing

. repeat step 2 step with each group left out in turn

. repeatstep 1, 2, 3 M times

. each sample gets predicted M times and majority class predicted over these M times is

reported in validation results

ANCiTeSci 2,
Identification & cru

Database matching using ks
accurate mass measurement

Database matching with isotope
pattern matching

Database matching with isotope
pattern matching and retention
time

4. MS/MS library matching

5 MS/MS library and retention time
matching

ERIVETIV ko)

L J




DATABASE CLASIFICATIONS

+ Based on Spectral input

— Mainly small molecules and not only metabolites

— NMR
— MS or MS/MS

 Based on compound information

ANCLiTeSei 2
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— Compound name, structures, physical properties, identification

 Based on Metabolic pathway database

— Metabolites, xenobiotics, proteins, signal pathways

 Complete Metabolomic database

— A combination of the previous ones

Database List in 2018

Name

KEGG

://www.atipd.ethz.ch KEGG Glycan
http://bigg.ucsd.edu KNApSAcK
http://biocyc.org/ LipidMaps
http://bionumbers.hms.harvard.edu/ MarkerDB
http://www.bml-nmr.or MassBank
http://www.bmrb.wisc.edu/metabolomics MetaboAnalyst
http://www.cowmetdb.ca/cgi-bin/browse.cgi Metabolights

http://www.ebi.ac.uk/chebi MetaCrop
https://www.ebi.ac.uk/chembl/about# MetaCyc
http://www.ebi.ac.uk/chebi METAGENE
http://chemminedb.ucr.edu METLIN
http://www.chemspider.com MMCD
http://ccd.chemnetbase.com/intro/index.jsp#abo
ut mzCloud
CSF Metabolome Database http://www.csfmetabolome.ca oMIM
CyberCell Database http://ccdb.wishartlab.com/CCDB/ OMMBID
http://www.drugbank.ca Oryzabase
http://www.ecmdb.ca PepBank
://web.expasy.org/pathways, PharmGKB
://fiehnlab.ucdavis.edu/Metabolite-Library-
PMN
://www.foodb.ca PubChem
://gmd.mpimp-golm.mpg.de Reactome
http://metabolomics.pharm.uconn.edu/iimdb RiceCyc
Serum Metabolome
http://www.genome.jp/ke Database
http://www.genome.jp/ke lycan SetupX & BinBase

ANCLiTeSei 2
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://prime.psc.riken.jp/?action=metabolites index
http://www.genome.jp/ke lycan
http://prime.psc.riken.jp/?action=metabolites index
http://www.lipidmaps.or;
http://www.markerdb.ca/users/sign in
http://www.massbank.j
http://www.metaboanalyst.ca/MetaboAnalyst
http://www.ebi.ac.uk/metabolights/index
http://metacrop.ipk-
gatersleben.de/apex/f?p=269:111:
http://metacyc.or
http://www.metagene.de/program/a.pr.
https://metlin.scripps.edu/index.ph
http://mmcd.nmrfam.wisc.edu

https://mzcloud.or;
http://www.ncbi.nIm.nih.gov/omim
http://ommbid.mhmedical.com
http://www.shigen.nig.ac.ip/rice/oryzabase
http://pepbank.mgh.harvard.edu
http://www.pharmgkb.or:

http://www.plantcyc.or
http://pubchem.ncbi.nIm.nih.gov
http://www.reactome.or;
http://pathway.gramene.org/gramene/ricecyc.shtml

http://www.serummetabolome.ca
http://fiehnlab.ucdavis.edu/projects/binbase setupx




Experimental Masses (*):

Salaccio

enter significant input masses

All Experimental Mas

Chemical Alphabet ")

CHNOPS
CHNOPS + ©

Modifiers (*).

Datsbases [*)

Retention Times:

F2 Al nxcapt MINE

ey In 5

Hegg
HMDE

Matin

Lipadiaps

MINE (Oréy I Sdics

Metabodines (')

nar archivo

icant retention times

eu

Input Masses Mode (*):

Composite Spectra: °
enter a-gn.’.sanr composite spectra
L]
L]
All Compe
enter all composite spectra
L]

lonization

I Mas:

miz Masses

Meqgative Mode
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Devoted to metabolite annotation.

Performs searches over unified compounds
from different sources.

Apply knowledge based on the input data
given by the user.

Aid to identify oxidized lipids.
http://ceumass.eps.uspceu.es/mediator

Mode (*): Adducts (*):

calculation of new m/z from neutral
mass based on selected adducts

b'd

AClifeSci 9
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A B | C E | 3 | e} I T | J | K LM ] | ] |

1 [LIST OF COMPOUNDS

2 | Ezpe Iden Weigh Name Formula cas Kegy  HMDE Lipiliaps Metln  EubChem  InChiKey Pathways

3 7732 MH 353.3349 L-palmitagleamitine C23H4EMO LMEAOTO7007Y HOMRRGHIHMYIMOC-NRF ANRHFS A1

[ 17761 MH 399.3349 O-palmitayloaritine CZIHABN LLEANFO70058 ROPRRGRKHMYIMOC- JHFFF ADYSA-N

5 TFEET MeH 399.3349 Palmitoylcarnitine C23H45M04 2064-67-2 L2090 HMDE000022Z LMFAOFOTO004 26667 TM9SS1E  WKOMRRGHKHMYMOC-OAQYLSRUS Eatry scid Metsbolism  Eattya

& 0 Mia Mo compounds found for esperimental mass 3383367 and adduot:

7 13882 MaNHS 3823083 methyl 9-butglpercy-10.2-octadecadiencate C23H20% LMEAMMONIE 74461 HVZNKF ORHKMPCH-ZAPIVE JS AN

& 13443 MUY 3823083 methul 13-buryiperoey3,M-ootadecadiennate CaHe204 LMEANMINGT  T4462 GUWYTNFTRALBO-AEFWDTSSEA M

E] 35769 MehlH4 382.3083 Lepidumterpenyl ester CZ3Hs208 HIMDB0036EEE "aE63 172320 PASMASGUCOKBJK-UHFFFAQYSAN

10 53861 MaNH4 3623053 ME00R20:2(11Z, Z)H0k0) C23He204 HIADEOiT54 5232 BMENGRE  PMUSUEZTCFTEMO-HZSYTTRNS AN

1 52648 MehH4 3823083 ME(20:2(11Z,HZ)0:0M0:0] C23H4z04 HIMDB001I5?: 62358 GM3038F QRBGFYBOCEYOSN-KOTZR/SHSA-N

i G063 MaNH4 3623053 Persenone B C2aHe204 HMDE0R38E "ati4s RILHNGLZUOMHEHE-SLYRVAYSA-H

] 0 MeH-HO) Mo sompounds found for eaperimental mass 339.3367 and adduet: |

M 16968 MoH 4213192 Gamma-linolenyl ¢ amitine C2EH4IND HMDEOMEHE LIMFANTONES) 53369 "BMTIH0  VDPMHVILMVSAGH-EAHSRKMESA-N

% 96332 eH 4213182 Alpha-linclenyl camitine C26H43M04 "ha2a0 "BR477E2|  DFWRGGHKDAHTIL-UHMZISMFEA-N

i 126612 M.H 4213205 AGELASINE C26HI9NS "aar

7 138401 MH 421312 Latanoprost ethyl amide-d4. C2EHIE04M04 "aga7y

] 17732 MuNa 353.3349 L-palmitagloamitine C23H4EMO LME Q7070079 HOMARGHHMYIMOC-NRF ANFHFS A1

] 17761 Msbla 399.3349 O-palmitayloaritine CZIHABN LLEANFO70058 ROPRRGRKHMYIMOC- JHFFF ADYSA-N

20 17657 Mella 399.3349 Palmitoylcarnitine C23H45M04 2064-67-2 L2090 HMDE000022Z LMFAOFOTO004 26667 TM9SS1E  WKOMRRGHKHMYMOC-OAQYLSRUS Eatry scid Metsbolism  Eattya

El] 1284 MANHY 404.2927 talpha,25-dibyhony-21-nor-20-0savitamin O3 Falpha 25-diydrony- 2| C26HS004 LMETO020028 41870 ADMOZOOKWZZ THY-DOGZISIESA-M

2 1295 MoNHS 404.2927 Talpha,25-dihydrany-24 in 0 Halpha,25-dihyd C25H4004 LIMSTO2020030 41971 UMFLCGLUMNECT-NPNEGCSOS AN

) 2650 MMH4 404.2927 Tb-Hydrowy--0s0-Bb-cholan-24-0ate C26H4004 LMETOa07005:  B2a%g RHALT YUHWGHOC.JFRF JAPEA N

24 117990 MaNH4 4042927 Anch 317-dicl IphaI7bet: C25H4004 4350-M.5  CI4E24 7020 M52 FWAYUWSHYLKUEY-LFWYWRECSA-N

£ HEROT MNH 404.2327 ITCarboy-gamma-chromanol C26H4004 HMDEOiZ6(T BMEMEE  ITULCHMOMORAH YYULODDRSA-

2 23679 MehlH4 404.2927 ME(0:0R25(72102, 132,82, 192)/0:0] C25H400% HIDEO015%6 62333 GME0971  LRBJLYVDLUAON-JLNKQSITIAN

) BO261 MNHY 404.2927 MG(226(42,72,102, 132, 8Z)00:000.0) C26H4004 HLMDEOiIG2G % BMENGSE  HOIGCISTZKHUDO-AJWITYRPSA N

2 105373 MuNHS 406.2927 ME(00ZZSHZ7ZI0Z 132 I6Z)00] C25H400% HIDEO01555 62338 GMA0T0  WPZWSEAEZZLYGU-WMPRHZDHSA-N

# 56624 MehH4 404.2927 ME(225(72,102,132,162, 1520000001 C25H4004 HIADEO0i53G B2 BMANGSE  IDSLCYURGAOTOA-YAWGMZOFSA-h

E 17695 MaH-H2O) 439.3298 3-hydranylinclecylearniting C2EHAENDS LIAFA0FOT0042 WRYKCASYHUFNSIUTJGPWESSAN

El 17712 MeH 315.241 Decanoylcarniting CIFHEIN04 HIADEO000E5] LIMF ADT07005S 0245130 LZOSYCMHEHPEFU-UHFFFADYSA-N

32 126531 MaH 315241 L-Hexanoylcanitine n-butyl ester C17HE3M04 jpiitt]

ES] 17659 M.H 15.241 O-decancybFrcamitine CIPHEINO4 3992456 L0209 HMDBO0G263 LIMFAOTOTO00E 36669 953821  LZOSYCMHGKPEFU-OAHLLOKOSANM

a4 0 Mia 0 hlo compounds Found for esperimental mass 315.2424 and addust: |

] MZTF MaNH4 236,214 GE-Hepradecenedioic acid CIFH004 LMEANIPONSS 74025 WOTSYODUGKHLOY-DWOJBTEDSA-N

36 MBI MAehIH4, 2382144 Plakortic acid Ci7Hz004 Lipiss 7630 0402441 ZCLIFHUIADAYRG-CMDGGOEGSA

] 1 MoH-HzO) 0 Mo foundiar 15.2424 and adduct; !

] 0 MH Po compounds Found For esperimental mass 337.2234 and adduot:

E7] 17712 MeMa 15.241 Decanoylearniting CIFHEIN04 HIMDE00006S] LIF A0T070053 0245190 LZOSYCMHEHPEFU-UHFFFADYSA-N

40 126531 Mila 316241 L-Hesanoylcarnitine n-butyl ester CAPHEINO it

] 17659 M.Na 15.241 O-decancyhR-c amitine CIPHIINO04 3992-45:6 00209 HMDBO0S2EY LIMFAOZOTO00E 38663 953821  LZOSYCMHGRPEFU-OAHLLOKOSA-M

4 1060 MNHY FISEE testolio acid CI3HES04 LOtets LIM5T02020081 'EIEL 433634 KMUJXIPRPRRETR-DZBHESCOSAN

4 116962 MaNH4 3201988 10beta-Hydromy-Bbeta-izobutyryliurancsremophilane CraH2e0s Co96es G684 42377 WWEMAQLGBIMUOLBIGGFYEDSA-N

44 130603 MNHY FIGEE [+)a-CMEHD CI3HES04 083082 "aded

45 53388 MehlH4 320.1988 [8]-Gingerdione C13HZ30% THII-0E-E HMDB003327E 33864 ] QOSRAFNZOKMHPZ-UHFFF AOVEA-N

4 4PRAE_ MahIH4 1 19535 F-Carhni-alnhachinmanal C13HPANS HICIE 74 TRARIE24 WP YRAFZ IBK-MEYZPHK SAN -
Sheet0 @ [« ] [+]




Confirmation by Standard addition

13
12

X105 [+ESI EIC(130.0863) Scan Frag=125.0V TRT_pipecolic.d '
14

A

s 12
Counts vs. Acquisition Time (min)

14 145

X103 |+ESI EIC(161.1285) Scan Frag=125.0V QC_MIX_C.d

—
108 11 112 114 116 118
Counts vs. Acquisition Time (min)

12 122

124

Pipecolic acid

Methyl-lysine
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From Lists to Pathways

metabolomics

Retenton | Conc.in Retenton | Conc. in
Time Urine Time Urne
Compound (min) v Compound (min) M)
Dns-o-phospho -L-serine 092 <DL*  Dns-lle 635 2
Dns-o-phospho -L-yrosine 095 <DL Dns-3-aminosalicylic acid 644 05
Dns-adnosine monophosphate 099 <DL Dns-pipecolic acid 650 05
Dns-o-phosphoethanolamine 106 16 Dns-Leu 654 54
Dns-glucosamine 106 2 Dns-cystathionine 654 03
Dns-o-phospho -L-threonine 1.09 <DL Dns-Leu-Pro 660 04
Dns-6-dimet hylmine purne 120 <DL Dns-5-hydroxylysine 665 16
Dns-3-methyl -histidine 122 80 Dns-Cystine 673 160
Dns-taurine 125 834 Dns-N-norleucine 681 01
Dns-carnosine 134 2 Dns-5-hydroxydopamine 747 <DL
Dns-Arg 153 36 Dns-dimethylamine 7.33 293
Dns-Asn 155 133 Dns-5-HIAA 746 18
Dns-hypotaurine 158 10 Dns-umbelliferone 747 19
Dns-homocarnosine 161 39 Dns-2,3-daminoproprionic acid 763 <DL
Dns-guanidine 162 <DL Dns-L-omithine 7.70 15
Dns-Gin 172 633 Dns-4-acetyamidophenol 7.73 51
Dns-allantoin 183 38 Dns-procaine 773 89
Dns-L-citrulline 187 29 Dns-homocystine 7.76 33
Dns-1 (or 3 -}-methylhistamine 194 19 Dns-acetaminophen 797 8
Dns-adenosine 206 26 Dns-Phe-Phe 803 04
Dns-methylguanidne 220 <DL Dns-5-methyo xysalicylic acid 804 21
Dns-Ser 224 511 Dns-Lys 816 184
Dns-aspartic acid amide 244 2% Dns-anine 817 <DL
Dns-4-hydroxy -proline 256 23 Dns-leu-Phe 822 03
Dns-Glu 257 21 Dns-His 835 1550
Dns-Asp 260 90 Dns-4-thialysine 837 <DL
Dns-Thr 303 157 Dns-benzylamine 838 <DL
Dns-epinephiine 305 <DL Dns-1ephedrine 850 06
Dns-ethanolamine 3n 471 Dns-tryptamine 863 04
Dns-aminoadipic acid 347 70 Dns-pyrydoxamine 894 <DL
Dns-Gly 343 2510 Dns-2-methyl -benzylamine 924 <DL
Dns-Ala 388 503 Dns-5-hydroxytrptophan 925 012
Dns-aminolevul 397 30 Dns-1,3 diaminopropane 944 023
Dns-r-amino -butyric acid 398 46 Dns-putrescine 960 05
Dns-p-amino -hippuric acid 398 29  Dns-12-diaminopropane 966 01
Dns-5-hydro xymethyluri 458 19 Dns-tyrosinamide 9.79 29
Dns-tryptophanamide 470 55  Dns-dopamine 10.08 140
Dns-isoguanine 475 <DL Dns-cadaverine 1008 008
Dns-5-aminopentanoic acid 479 16 Dns-histamine 1019 04
Dns-sarcosine 481 72 Dns-3-methoxy -tyramine 1019 92
Dns-3-amino -isobutyrate 481 85 Dns-Tyr 1028 321
Dns-2-aminobutyric acid 491 17 Dns-cysteamine 1044 <DL
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Pathway Databases

Rich source of biological data that relates metabolites to

ANCLiTeSei 2
&= cru

genes, proteins, diseases, signaling events and processes

Provide various tools to permit visualization and
gene/metabolite mapping

Often cover multiple species

KEGG (www.genome.jp/kega/), BioCyc/MetaCyc

(https://biocyc.org/), SMPDB (www.smpdb.ca), Reactome
(www.reactome.org), WikiPathways
(http://www.wikipathways.org)...
“Strictly speaking, one could argue that pathways don't
exist... there are only networks.” (WikiPathways.org)

Universidad
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KEGG - Kyoto Encyclopedia of Genes and

Genomes
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http://www.genome.jp/kegg/
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Over Represgntation Single Sample Profiling Quantitative Enrichment
Analysis Analysis
Compound concentrations Compound concentrations Compound concentrations
Compound selection Compare to normal
(t-tests, clustering) references
\ 4
; Assess metabolite
Important compound lists Abnormal compounds set directly
/ Find enriched biologicalthemes
ORA input Vv
For MSEA

> Metabolite set libraries

N

A 4

Biological interpretation
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= MetaboAnalyst W S
i U = - a web service for metaboldiiiie tata &)
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'
QHO”"E‘ Statistical Analysis | Pathway Analysis Time Series Other Utilities

» A list of compound names (over representation analysis)

| » A list of compounds with concentration values (single sample profiling) ‘

| » A concentration table (quantitative enrichment analysis) ‘

G}Home Statistical Analysis Pathway Analysis Time Series Other Utilities

» A list of compound names (over representation analysis)

| ®» A list of compounds with concentration values (single sample profiling) |

| » A concentration table (quantitative enrichment analysis) |




Concentration Comparison

Comparison with Reference Concentration

Note: refersnce concentrations are in the form of mean(min - max) format. In cases where the ranges were not

reported in the original literature, the min and max were calculated using the 95% confidence intervals. In the
Comparison column, H, M, L means higher, medium (within range), lower compared to the reference

concentrations. Click the Image Icon link to see a graphical summary for the comparisons.
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Data check

M g value

Data fitter

Enrichment

Pathway

Peak search

¥y ¥ ¥y ¥y ¥y757

Metabolitez
Download

Log out

| Compound Concentration | Reference Concentrations Comparison | Detail | Include

L-lzoleucine 0.3z

Fumaric acid 0.47

Succinic acid g4

Methylhistidine

L-Azparagine | 19.62

L-Threonine 93.19

M = r

1 =

0.58

Methylhistidine |~ e TR ' -

Quantitative Enrichment Analysis

Statistics

Enrichment

[
>
[
»  Pathway
>
[
=

Statistical Analysis Pathway Analysis Time Series Other Utilities

» A list of compound names (over representation analysis)

| ® A list of compounds with concentration values (single sample profiling) |

¥ A conce ion table (quantitative enrichment analysis)

Upload your concentration data (.csv)
@Fcrmat

Browse..

Compound Label Type: Compound names | ¥
Phenotype Label: Dizcrete (Classification) =

Try our test data:

Data Compound Phenotype  Description

Urinary metabolite concentrations from 77 cancer
* Dpatal Common name  Discrete patients measured by 1H NMR. Phenotype: N -
cachexic; ¥ - control
Urinary metabolite concentrations from 97 cancer
patients measured by 1H NMR. Fhenotype: muscle

' Data2 PubChem CID  Continuous R . .
gain (percentag Nin 100 days, negative values

Submit
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RESULT

LA IS ML NI | AR ILIE MIE AL
GLUTAMATE METABOLISM
AMMONIA RECYCLING
INCEITOL METABOLISM
SPHINGOLIFID METABOLISM
FYRUVATE METABOLISM
GLYCOLYSIS

INSULIN SIGNALLING

FRUCTOSE AND MANNOSE DEGRADATION
GITRIC ACID CYCLE

PURINE METABOLISM

MITOCHONDRIAL ELECTRON TRANSPORT CHAIN
UREA CYCLE

ASPARTATE METABOLISM

PHENYLALANIME AND TYROSINE METABOLISM
CATECHOLAMINE BIOSYNTHESIS

»  Time Series
»  Peak zearch
*  letabolites
Downlead

Log cut

BILE ACID BIOSYNTHESIS

FYRIMIDINE METABOLISM

CYSTEINE METABOLISM
GLUCONECGENESIS

GLUCOSE-ALANINE CYGLE

HISTIDINE METABOLISM

ARGININE AND PROLINE METABOLISM
TYROSINE METABOLISM

PHOSPHOLIFID BIOSYNTHESIS

PORPHYRIN METABOLISM

TAURINE AND HYPOTAURINE METABOLISM
ALANIME METABOLISM

OXIDATION OF BRANCHED CHAIN FATTY ACIDS
BETA OXIDATION OF VERY LONG CHAIN FATTY ACIDS
STARCH AND SUCROSE METABOLISM
MALATE-ASPARTATE SHUTTLE

LYSINE DEGRADATION

BIOTIN METABOLISM

KETOME BODY METABOLISM
PANTOTHENATE AND COA BIOSYNTHESIS
BETA-ALANINE METABOLISM
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Fold Enrichment

Metabolite Set

H TRYPTOPHAN METABOLISM 34
. PROPANOATE METABOLISM 18
. BETAINE METABOLISM 10
. METHIONINE METABOLISM 24
—

| Total | Hit | Statistic | Expected | P Value | Holm P | FOR | Details
2 |15.088 1.3158 5.3712E-5 | 0.0024707 | 0.0020529 .|..*1L
1 17.695 1.3158 1.3942E-4  0.0082741 0.002052% .l..*ll..
Z 1431 13158 1.4515E-4 | 0.0083865 | 0.0020529 .I..‘l
4 | 11.386 1.3158 1.7852E-4 | 0.0076762 | 0.0020529 .l..‘l .

Metaboanalyst
Metabolic Pathway Analysis (MetPA)

MULiTeSei 2,
+ CEU
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San Pablo

Purpose: to extend and enhance metabolite set enrichment analysis for

pathways by
— Considering the structures of pathway
— Dynamic pathway visualization

Currently supports ~1500 pathways covering 17 organisms (based on KEGG)
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WorkflowqMetabolomies 3.0
o Vel he- el e 1 e '] atud v analyss
G ) andl annotation for Metabolemics o Ao MSCorven
: ' TR
e . fee Vendor: [¥)
STEP 2 STEP 3 STEP 4 M5 Levels:
Requestan account || Comnect 1o Gatary || Uplaad your data | | Mk reproducitie -

| ~Galaxy | am ?gw ) ()

Output Drwctony

=Y
Optons
Outpus fomat: [mXL_v] Extonson:

By encoding precision: @ G4be 0 326k
Witeindex: [ Use 2 compresson: [

[ Usethese setings nest e | tan MSConves |

ANCLiTeSei 2
PRACTICAL SESSION. VISUALS 2 &= cru

Universidad
San Pablo

B Fle La Veew Teol Wwdiw el mrIr
[ b T.
-E w0
Chove -
. Life
- o IICDS ge
e Soltware
Frint Setup_
o [T e Pt il = emem-
Hazwa - Duta medfikacii  Typ =
it i - CBATTISAT  massapec,
Ec2C 15417 1349 rass spec o
(234 BAIT 14 s e
Ec_aC 15417 1550 PSS SPEC 1
Ee 5C 15417 1350 g e
[ 18417 1550 s 3 -
7T 15417 13% PSS e 1
e BC 194171251 RAEE et ¢
e SHE 15417 1581 s pec
Ee_WHC 15417 1343 PRRSS SPeC 1
(PRI BAIT 1k s e
[ 1A} 15417 1544 PSS e 1
Ee 13HC 19417 1344 LT
(PR 19417 1345 s pec
B 15HC 15417 1343 PSS ST 1
< >
Magwea plicu e =l Otwdr
P W05 it Fios C e L s mabiL A =] e
B Pl B8 ew Toch Window Help i
"s A AR T e BT o
-1}
[t 4 . ' 0 ' . . = ' - ' . =]
e -
d 81062 L
o — Raw data |
J | - window i
1 | a7a004
s [

Bae Pesk e

\ ee580 [

-

787008
h BIAEET  Pemeaa i
89,159 \ wrarmr s
J A |"|I . JOOB04 Sansid g #2006 120.084 170.084

i » £ & » &
time, i
2l
. v i ' ' ' ' -
5. fErrn L
. e wazon 5
e
= ]
i~ :
L g i
roren ! W saram
. 102971 | 7 )" damsos MIIH l”f" Lbonliy e ol 497008 Banses 63046 wrnmsi ranss  rwssw ssesedssneez | PR saran tesen visess i
3 = [ na [ i 13

g
vz terd




AACTifeSei 2,
PRACTICAL SESSION. VISUALS 3 &= cru

Universidad
San Pablo

Edt View Tools Windew Help -2 x

3 Fe
08 oA a e sw .,

Dy Toaimburmt [ mizargnis I

* Pk ®
e | i)
R
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Sow  Loaw
"y
it

Tew ¥ Mty
s

=] =l

o WorkflowsMetabolomies 3.0

*
STEP 1 STEP 2 STEP 3 STEP 4
Request an accownt i Convect 10 Galary Upload your data | | Maka reproducitie

[ S ki

= | emm | Cem | S

ACTifeSei 2,
PRACTICAL SESSION. VISUALS 4 &= cru

Universidad
San Pablo

= Galaxy / 4 / Metabolomics

Tools & & “ History el
Uptond File from yosr . Unnamed histery

computes

e Workflow4metabolomics e ..
R @) Current version : 3.0 e
statitcal anstess ol Evenwa . Tt s Chisiophs Care (Z014). WorkRemaWetEbolomicet A

Annotation f

s

Preprocessing

‘Nermalisation 2

T ) Latest news

Annotation . m}ﬂl,- LE-MS: A new gl e e

v « 20/T42017 - - cnack ey

Preprocessing

Normalivation + Changeicg

Qualitx Contrs! [+ Tusorias

Stativtical Anatysis

Annotation

COMMON TOOLS ms ‘ -

Texl Manigslation

the name you want (just avoid it to begin with
ID" if you plan to open it with Excel later)

column names
Sample metadata

«—— first row

Information about your samples
(study factors for example)

You can add to this
table as many columns
as you want or need

I

first column

Samples’ ID must absolutely match
those in the data matrix file
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class

batch

sampleName
QcC
C1
HC3
BL

one
one
one
one

polarity
positive
positive
positive
positive

sampleType

pool
sample
sample

blank

Bl
B1

B1

injectionOrder

MULiTeSei 2
+ CEU

Universidad
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= Galaxy / 4 / Metabolomics

Tools

uplond Filg fram your
computar

i
&=

Workflow4metabolomics

Histary

Unnamaed histary

(empty) - .

Le-mMs

Hormalisation
Quality Control
‘Statistical Analysis
Annotation

Ge-ms
Braprocessing
Harmalisatian
Quality Sontrol
Satistical Anatysis
Annatation

NHR
Preprocessing
Harmalisation
Quality Control
Statistical Analysis
Annotatien
COMMON TOOLS
Data Handling
Text Manipulation
Filter and Sort

from web or upload from disk

Composite  Collect

Mame

Type (set all):

1 Crovee Tocad Mie

5 Chocsn FTP file

Ganoms status

Upload configuration o

BZ  Convert spaces 1o ats

B Use POSIX standard

R Genama (st all):

# FastniFatch date

wese: ([ oo

sstory I8 empty. You can
or

PRACTICAL SESSION. VISUALS_6

| Workflow4metabolomics

N ifb
A

" Histary

Unnamed history

{empsy) e

Download from web or upload from disk

Be

sqular | Composite

Collection

TP fies o

This Galaxy server allows you to uploa files via FTR. To upload some fies, log In
0 tha FTF server #t fp workflowamatabalomics.org using your Galaxy
credertials (email pddress anc password)

=T

.
g

local file || B Chooss FTP file

(& Paste,Fetch data

it history Is empty. You can
o ogf gala
fom.an extermal source

Close

Usnacured FTR connedtion

0 Unsecured FTF connection

MULiTeSei 2,
+ CEU

Universidad
San Pablo

Hashe will be senl in plairtent. Piease contecl your e

henbrg serve provider Tor ssntance

- D mect

[ Dont show again

0 Pomos

e
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O choose local file E¥ Choose FTP file

Download from web or upload from disk

Composite  Collection
You added 1 fle{s) to the queue. Add more files or click 'Start’ to proceed
Name Size Type Genome Settings Status
=% samples. pe - - ~ - -1
FTP flles -]
This Galaxy server allows you to upload files via FTP To upload same files, log in
to the FTP server at ftpowerkflowdmatabolomies.org using your Galaxy
credentials (amall addrass and password ),
Avallable files: [ 1 files & 19.6 MB
& Name Size Created
B samples.zip 19.6 MB 11/22/2017 05:09:03 PM
Type (sal ] -

e - I

[ Paste/Ferch data

MULiTeSei 2
CEU

Universidad
San Pablo

Download from web or upload from disk
Boguine | Composite  Collection
Name size Type
ESLC_Pasitive_meXMLER 3.0 GB Auto-dete .+ Q)
Type (set all): Q
£l Choose local Mie || &> Choose FTP file

Ganome Sattings Status

k-3

100%

-

unspecified (7} .

Guenome (st all):

[

¥ Paste/Fetch cata ”

PRACTICAL SESSION. VISUALS_38

Tosls

Uniaad Eile from your
computer

LE-M5

Preprocessng
Normalmation
Quality Contred
‘Statistical Anabesks
Annotation

GE-MS

Statintical Anabysis
Annstation

COMMON TOOLS

Eaka Haniing = UPGRADE - xerma.® (2.1.0): upgrade et e o
Texs Manigslation 1.44.0t0 1

e « MEW - xcm The WaM tocis

— = take a3 input & single fie. Tt will allow to

< seversl files and merge them afterward

istary coem
1 ift> °
“’ln . - Unmamed history
| Workflow4metabolomics - s
@) current version : 3.0 LLE Positve me @ x
Publicatson: Franck Glacomonl, Gikdas Le Corguiiié, Misharl Manscor, Markn Landl, Perme Pericard, Laip

Sephie Goul

by Pt

nistopte Duparier, Marks Trambilay-Frasce, Jean-Frangels Martin, Dansel Jacob,
Etierne A, Théwanot and Cheistepha Caros (7014). WorkflowsMetabolomics: A

Help

) Latest news

= Changeleg

- 3.0

Upload File
Dataset Information

and support: supROrtEMEENavdmetatciomics.arg

= 10/85/2017 - LE-MS: A new tisbeeial vides axplain how to run x

L]
= 20/04/2007 - WorkRewdMstabolomics v3.0 starts today - Check

.0 - 207042017

Le-ms

« Preprocessing

MULiTeSei 2,
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+ Extraction
= Extraction of ions in each sample

Visualize
Important Peaks
getBIC()

Filter and independantly.
Identify Peaks
xemsseti) « Grouping < alignment
X — *Each ion is aligned across all samples
Match Peaks Retention Time
Across Samples Caorrection - a a .
aroupt ,p — crcor() * Retention time correction (optional)
Raw ¥
LCMS Fill in Missing *Fill peaks
Data Peak Data *Replace missing data with baseline value
HetCDF "
fillpeaks()
mz XML — — .
mzData \ .statistics and visualisation (optionals)
Anayze Rosuis | g CAMERA | ‘CAMERA
difffreport() Annotation * For annotation of adducts, neutral loss and
isotopes

\——

J
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= / Metabolomics
Toals + Soem
has e guccesehully added to the - i
o o ) elly £ the queus - reuing in e Salkwing datiiet o
T 3: LE_Poitive_mzXML xset Rbats
compunar
3: LE_Positive_meiML sampleMeladats oy
[ EA Y ]
e 44 LE_Panilive_meXMLased.TICs_raw.pdl eIy
Pk Miementon ...q"‘ Mt log i
el e L 8o LE_Pusitive_meXMLasel BPEs_ram. ol o
Fickace I s o ey BLLC Positive maX @ o ¥
Mih_wmm #1LC_Positive_mzXMLxset.log.tat
——— 7o 40 hackthe 41t of Qubu B4 88 vew The rHGTNG 448Dy releESIng e Vastory pane. When | 10 Lot OHETALIEN 1w
::mm:"‘:"m the Joh s faners runs (5 status will changs fros ‘russing” i Tirished f compleled sucoesshuly o ‘errer’
s probloms weors ncountonod. Ewh -
gV Gooup praks z
TQeCtar MTOAY BATpIeE Using
veilepging P b o O &LLC Positive muX ® 4 %
akalaton of wmoothed peak MLocset.ADats
ey 1S Poant o . ¢ %
AL FERCOr Metention Time:
Corrmetion using reben
tenction om xcms R package
MmOl Inegrwe 8
Sampie’s MQNal in region
WhOTE PRk groups are ol
TERRRSANIA T CrRATE BeW
ek in i reas
MCH Sandy Create &
< >
sample
'+ Metadata = 2 T !
TATPMMEARIA parny Ic T
e 10nc L Pestive_manML  postve
Be_REHC LE_PosEse_maxML  postiee H
LoSEL S LE_ Postiee mzxML  posive
G1C Positive XM @ 4 x| LD SR e Data processing
Lasstlog.ta e 1 [re—————
LENTTS LE. Poutive_maiL :
SiLC Positive mzXM @ # x| eoineo LE_Posmve_maxbl  pasve |
LxsetBPCs raw,pdf R G R ok o [ |
1o LE_Postive maxi  postve " 1 k
451G Positive mzXM @ 4 x| e I e N g -
Lxset.TICs raw.pdf we_zoco LC Posssve mexML  posmve
e _TthcO LE_ Postrve mrxbl  postoe —t—
LC Positive makM @ 4 x| IR [ —
2o LE_ Poskive_maxbil  postive et —r—
LaAmpMERIAdL e 2anco IC Postwe mesl  posewe
(T LC_Poste maxHL  pstve : B
AL Positive mIXM @ # x| oo LE Postave_maxML  poste PC
LixsstADat Re_4c LC Poskive msXML  josisve
[ LC_Poskove mrxML  poskve I
AL Positive mzXM @ 4 x| toac L Pouive mML  gaive
Lzip W [ ——
L LE Positive mIxMl  posiive i |
e_Pwc LC Postve maiML  posive |
Qcie LC Postive moxMl  pogtse
acn LE Posive mIXML  posiive 1
Qe LE Posmve_maxML  pawtve J
acty LE_Pousve. maibL  postve |
aci4 LE_ PorEve_meiML  gontsve N _Aa L l i
C1s LE Postve maxML  posive
L
TifeSei @
AA(TifeSci #,
PRACTICAL SESSION. VISUALS_10 :
— CEU
Universidead
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poot1by o opeetm . pootiey Parameter : num + label[Format
196.0910 EG 711733921 196.0902 66.6 7933325 .
xcms.aroup Group peaks 9. 7a594) [158.1173  67.4__ 82969 Or : RData file | rdata.xcms.raw
260877 | 342.0308 2581 .
together across samples using X 850038 434851 [283.0030 yarast] Or : RData file | rdata.xcms.retcor
overlapping m/z bins and . ——— e - -
196,905 66,6(75100%6) 186,091 667 11753921 |196.0802  66.67933525
calculation of smoothed peak Group ions by m/z [1ss1180  &7.a] 71736 |3az.0310 6 7as8a | | i 1
distributions in '::;a g S e |
chromatographic time. | . it
196.0910 55.4 11733921
Group ions by R |
342.08
2670561 260877
283.03. EESLERE
. Resulting
mz rt 1181 [pool1B2  |pooll1B3 |
| 196.0905. 66.6/ 7810936/ 11733921 7933325
158.117 67.4 71736 82969/
342.0: 21.3 2581
342 68.3| 202 74594
267.058 65.5 28203 260877

283.031! 65. 424631] 357
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Xcms.group Group peaks together across samples using overlapping m/z &% Versions | w Options
bins and ion of thed peak distr in aphic time. (
2.1.0)

xset RData file

[ & (b No rdata.xcms.raw, rdata.xems.group, rdata.xcms.retcor or rdata dataset avallable. -
output file from another function xcms (xcmsSet, retcor etc.)
Method to use for grouping

density -
[method] See the help section below

Bandwidth

30

[bw] bandwidth (standard deviation or half width at half maximum) of gaussian smoothing kernel to apply to
the peak density chromatogram

Minimum fraction of samples necessary
0.5
[minfrac] in at least one of the sample groups for It to be a valld group
Width of overlapping m/z slices
0.01
[mzwid] to use for creating peak density chromatograms and grouping peaks across samples
Advanced options
show -
Maximum number of groups to identify in a single m/z slice
50
[max]
Get a Peak List
Yes No

ANCiTeSci 2,
PRACTICAL SESSION. VISUALS 12 & cru

Universidad
San Pablo

Grouping peaks in mass bin: 337.975 — 338.225 m/z (mzwid)

2500 3000 3500 4000

2500 3000 3500 4000
Problem
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Grouping peaks in mass bin: 337.975 — 338.225 m/z (mzwid)

bw = 30 sec

Problem
Solved

1
4000

3500

Minfrac = 0.5

® e
e
“e

g

miz I miz
90
: 09 XX
1 1
1 1
RT RT
e 4 samples in each

group
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= Galaxy / 4 / Metabolomics

Tosls ‘£ History Sem
E 1 3ot huam Dewn succRssfully added 10 Ehe quewe - Tesulling in the following datasets:
0 O : S
: LC_Pasitiva_m.
T e # XML x5t group ADats o
#1 LE_Positive_maxML xsat.group. Rplots. paf o
Le-Ms 36208 .-
- 1 LE_Positive_maxX ML uset.group. variablaMatadata. sy Ty =
Peak Tdentilcation using
e iy TR 10: LE_Pusitive_mEXML rsalgroup.dataMatriz sy ataMatrie e
packBge to presencess LE/MS. on e
data fer relathve quantfication 11: xeattog.txt e
and stanistical analysts ML AL QIALRIAY
e ets €an check the status of cueued JobS and view e resulling dats by refreshieg the History pane. When
iy SR S e | o i o al%
be used by
u roum atapat
HEMS AR Sroup
bagather across sampies using O 7:0E Positive m @ S x
overlaoping myz bins ML Eset.OrouR.RD
calculation of mocthed pesk =
distributions in
time, G LC_Positive_mzX  ® / x
MLxnetien.tet
Retention Time
CaeTection using retoor SilC_Positive miX = / x
froem woms & package MLssetNECs caves
- ar
s 4110 Positive miX w4 w
represanted 1o cras o HLasetTICS rawn
tedt te ereate nim e
pesks in missing areas
B LE_Positive mzx @ & x
MLsampleMetedate.
summary of NCMS anabysis =
10: LG Positive mz ® / x Group.variableMetadata. Group.dataMatrix.ts
XMLetgroup.data e = — -
Matrinte —
$iLC Positive maX & # x
MLxsat.group.varia
leMatadata.tay
8iLC Positive maX @ / x
ML.zsat.group Relel
wpdl
ZiAC Positive mIX @ F % =
MLxsataroup ROAE i
a —_—
e Group.Rpl 0.4 3000
R ots.pdf
‘Snows the differents samples (dot) §
5 Qrouped togetie in a peak density
ENCMagrAm defied by bw and §
. vale A
Pt . 1
: I4 -
Yy 5 |
: , - IH'
|
[ i- f’n
! 2 \
! " g —k
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xcms.retcor Retention Time
Correction using retcor
function from xcms R package

Parameter : num + Iabel|Format
1 : RData file |rdata.><cms.gmup

xcms.retcor Retention Time Correction using retcor function from xcms R o Versions | = Options
package (Galaxy Version 2.1.0)
xset RData file
Bt | O No rdata.xcms.raw, rdata.xcms.group or rdata dataset avallable. hd
output file from another function xcms (xcmsSet, retcor etc.)
Method to use for retention time correction
peakgroups -
[method] See the help section below
Smooth method
loess b &

[smooth] either 'loess’ for non-linear alignment or ‘linear’ for linear alignment

N b of extra peaks to allow in retention time correction correction groups
1
[extra]
N ber of missing ples to allow in retention time correction groups
1 Number of admitted missing well
[missing] behaved peak in a group.

Advanced options
hide -

L2

ACifeSei 2
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PRACTICAL SESSION. VISUALS_16

Advanced options

show -
Degree of smoothing for local polynomial regression fitting
0.2
[span]
Family
gaussian hd
[family] if gaussian fitting is by least-squares with no outlier removal, and If symmetric a re descending M
estimator is used with Tukey's biweight function, allowing outlier removal

plottype N .
Plot to visualize the result of the

deviation retention time correction. v
[plottype] if deviation plot retention time deviation points and regression fit, and if mdevden also plot
peak overall peak density and retention time correction peak density

ip fi @

= Galaxy / 4 / Metabolomics
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Tools L

r o 1 Job has been successfully added to e queue - resisting in the lollowing datasets:

Upload File frem your 12: LC_Positive_meXML xsot.group.retcor. ROt
computer
13: LC_Positive_meXML.xselgroup. retcor. Rplots. pdf
Le-Ms
Praprocessing
ACMAEMESEL FRration and
Peak Identification using
womaset function from xoms R
patkags 1o preprocess LC/MS
data for relative quantification 16; xuat log.txt
and statistical anafysis

14: LE_Positive_mzXML xset.group.retcor. TICs_corrected.pdf

15: LE_Positive_mrXML xeat.group.retcor. BRCA_corracted.pdf

You can check the status of Gueued jobs and view the resulting data by refreshing the History pane. Wien

the Job has been run the status will change from ‘Tunning” to Minished® If completed successhlly o ‘error If
ProbiFE waee ENCountEred.

ACMANEMASEL Merger Merge
Xoms,xEmsSet xuet In one to
e used by greup

MEms.oreug Group peaks
together across samples using
overlapping m/z bins and
enlewstation of smpsthed peak
dastributions in
chromatographic tine.

AOms.retcor Retention Time
Correction using retcor
function from xcmes R package
‘Homs. WPeaks Integrate &
sampie’s signal in regions
whirs peak Groups are not
represented to create new
peaks in missing areas

HOMS. UMMy Create a
summary of XCMS analysts

CAMERA.annctate CAMERA =

History

=]
Unnamed histary
37168 -
0 151 LS Positive x
XML ssetaroun.r
etcarBPCA_cormected.mf
0 14005 Positive *x
XML EseLArOuE.E
O1nLC Positive *
etcar.Ralata.pdf
Q@ 12i LC_Posltive_ x
MIXMLEseLArOuE.T

Z:1C_Positive_mIX @ # x
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Toohs X History com
0 1150 hen been succenstully added to the queue - resulting in the followeng datasets
............. . o o
Py A7 LE_Positive_maXMLwet.Group retcor. grovp. AData
pachiage 1o pregeocess LOMS i
dats for Telative quantffcation 18: LC_Positive_ma ML xsel.group.retcor, growp. Rptots. pdt
802 statiatical anghyss 17368 EA N
uThamiiet Heger Herge Sl T B =
ArE S Yot Wil O 2045 Positive. @ S x
be med by groxp 20: LE_Positive_meXML.xeel. ‘isar.arous. dalaMatriniay
ELTArOuD Group pedks
togethar acrass Samples LEng 21t asetdog.tat @ 19115 Positive. ® # %
overlappieg Mz Bins and mAXMLAsALArOUR.E )
cakulation of smoothed peak Vona €3 eheck the statis of quesed Jobrs e view the ¥ Whiss hzor
dHRNbuTIeng In the job has been run the status wil changs from ‘runsing’ to Tnished If compieted successfuly or "smer’ If [l
chiematographic bme. prodlems were encountered. D 181 Positive. @ # x
ETfelor Retention Time: miXMlrsstaroup.s
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i 0 idomics AMCLifeSei 2

- The full characterization of lipid molecular species and of their
biological roles with respect to expression of proteins involved
in lipid metabolism and function, including gene regulation

(AOCS Lipids Library)

- Analysis of lipid profile and its relation to cell physiology
and pathophysiology

Lipidomics
s . . Lipid Study of
Lipid isolati an;r::/sis metabolic
pathawys
Lipi domics ACLifeSci 2,

» Profiling cellular lipidome

» Membrane lipid domains & dynamics

» Regulatory (e.g. signaling) functions of lipids

» Integration of omics & interaction of cellular
complement & machinery to form cells/organism




Why lipids are so important? “293‘7‘4‘@

Membranes

Cellular Regulation
signaling messengers,
hormones, ...

Energy Metabolism/Reserves e T
@<¢

Lipids - Cell Membrane Miiiesei 2,

Membrane Assymetry
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Lipid profiling in cell, tissues and biofluids
MULileSei 2,

Each type of cell, tissue and body fluid have a characteristic lipid profile with
a defined lipid compositions.

% of total acyl lipid content

inner
Chloroplast mitochondrial plasma
Glycerolipids thylakoid  ~membrane ~membrane

Identification of all cellular lipids - MGDG S1% 0 0
DGDG 26 0 0
lipidome o L
PC 3 27 32
Ps 0 3.0
PG 9 0 0
PE 0 29 46
PI 1 0 19
CL 0 20 0

Profile of Phospholipid classes M2

%0 Phospholipid classes quantification
3 Control
3 Ischemia _. 50
* @@ Starvation 2 OJcm
o 40 Il Stress
22 g
2 3o
10 §
S 20 Mousse brain
2
SM PC P PS PE CL !_’H 10
Q
[
Cardiomyocytes cell line 0
S LT & & o
” Main classes of phospholipids
s EA Control
G B3 OA 50- = CONT
b g £ o -rou
=3 0 LA2 g .
_2 g 20 N
5 H e
g H I8
i & O & © NN in
e i 0d & S < AR, < &
© PL Classes N
RSB R S NP P Y |k

Breast cancer cell Lines Mitochondria from heart

Mitochondria from
muscle




AMCLiTeSei 2,

Profile of Fatty Acids

Relative content (%)

ciel clso

=conT

ciel
FA

cis2 cigo c204 s

Effects of PL fatty acid composition in membrane properties
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What are the big challenges in
lipidomics?

ANCLifeSci 2,

Structural complexity of lipids  muiesi




Phospholipids/ Glycerolipids Molecular Species AM“”TQSCi o

Also called glycerophospholipids

A H2C—O—R'"y
R;~C—O—CH
HaC—0—P—0—X
b
B
HO-+X =Choline HO-+CH,~XE  Choline glycerophospholipid (PC)
" Ethanolamine HO—CHNH; Eth ine gly ipid (PE)
: H
Glycerol HO--CH ‘i,ou Phosphatidylglycerol (PtdGro)
T . OH
Myo-inositol %ﬂ" Phosphatidylinositol (Ptdins)
HO-
Serine HO—CH AH;  Phosphatidylserine (PtdSer)
: coo-
Hydrogen oxide HO+H Phosphatidic acid (PtdH)

Phospholipids/ Glycerolipids Molecular Species  AtlifeSci 2,

2
<
o
o
=4

choline

2
<
o
o
=4

ethanol-
amine

PC, PE, PS, NPE, PG, CL, PI, PIP, PIP,, PIP,, LysoPLs......




PL & fatty acid composition & membrane properties AACTifeSci 2,

Biiayer
tmanantan O atitToo
G4s8s0dds , opsees

nnmmm |
D

INSIDE

Phospholipid Biosynthesis

ACTifeSci 2, G3P e
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1 H . . . ACLifeSci ‘e
Deviations in the Lipidome MUlieSei .2,

— Alteration in metabolic pathways
— Oxidative modification of some lipids

Others:
-source of different lipids

Importance:
New biomarkers
New therapeutic strategies
New biotechnological applications

Lipidomic analytical strategies to overcome
the complexity of the lipidome

m SM  PC CHOL
i rr’

PS PE PE-O

&
G &t

ACLiTeSci 2,




Lipidomic apprOaCh ACLifeSci 2,

Lipossomes ’ Cells ’ Tissues ’

! ! !
Lipid Extraction ’

!

Fractionation/Separation by
Chromatography: TLC, HPLC or

' l SPE

Mass Spectromatry (MS) Analysis

Untarget analysis

Targeret analysis

. , .
Lipidomics workflow iS4,

LC-MS
Bligh and Dyer

1]
Folch ° 3
MTBE i "
=
Tissue and cells H Q Data analysis

Lipid

identification
' Data - S ) .
O quantification

Lipidomics based on
Mass Spectrometry (MS)
analysis




Biological samples

Lipid extraction: Lipid fractionation
methanolichloroform

Lipid extraction
and fractionation

Thin-layer chromatography

oc
s2
oK
T g
Ba f
Ja i S
T Hﬂm& & y HPLC | Reverse phase
2D-TLC £ nLC | Normal phase
UPLC | Hydrophilic interaction
Mass Spectrometry data acquisition
)
]
=
2
; lonization lon analysis Detection
=
@
ESI Low mass resolution TIC/RIC .3
MALDI High mass resolution MS «
APCI/APPI MS/MS 2
SIMS o
om0 m e @

MULileSci

Lipid Extraction

ACLifeSei 2,

Chemical extraction using organic solvents:
U Folch method (CHCI;:CH,0H 2:1)
U Bligh and Dyer (CHCI;:CH;0H 1:2)

U others

suspended

dissolved
material

water

cell debris
protein

and ——

chloroform
methanol

sugars
salt

Doe—

dissolved
lipids

~

moslty
methanol
and water

mostly
chloroform
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Lipid Extraction

ANCLifeSci €,

Analyzed Matrices ‘

‘ Extration protocols ‘

Animal
tissues
23%

Others
12%

MTBE/MeOH
tissues 12%

Cajka and Fiehn, Trens in Analytical chemistry, 2014

_ Chloroform/MeOH
T0%

_DCM/MeOH

6%

Lipid Extraction

ANCLifeSci 2,

Selective extraction of phospholipids from
plasma using Hybrid SPE

DroprietayHybridsE S,
poracm i osy 3
/ S °)/~°
/
ks / o s % N
U | 4 ot 0 PO
Brne R ot
’ \ == \ o : JSPEPH
(I} Vs
X TheZstom acsasa 4 i
\ Lo midearon & i
o Saepon b n e -
e 2 m [ Dz meempyaobien e
HydrophobicFer  packed Bed Asembly actsas adepth \ M’
et o G R .
josisasong
i e e doey st wih
U o o on e st

oM™ Precipitated
Proteins

Retained  [3+3%
| Phospholipds
|
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Fractionation of lipid extracts M.,

Solid phase extraction Ir ¥l
To separate neutral from polar lipids
Neutral lipids(TG) from PL .
I

Chromatographic methods

TLC (Thin layer chromatography)
HPLC (High performance liquid chromatography)

To separate lipid classes/molecular species

Separation of phospholipid classes Muifesei £,

Phospholipid classes can be separated based on their
polarity by:

TLC HPLC
|

100 02 307E7

RT000-6003

13



TLC — Thin Layer Chromatography

Different elution systems- different TLC profiles

AMCLiTeSei 2,

Front _
CL-Cardiolipin
i -
PA-Phosphatidic Acid T
== PA PE- Sterols — | I [
Phosphatidylethanolam
QPE . p y Monoacylglycerides = | S5 ‘
ine
TIPS PS-Phosphatidylserine
«—= Rl PI-Phosphatidylinositol Sphingolics — | %
DR PC-Phosphatidylcholine
> M
— G SM-Spingomyelin .
LPC_Lyso Phospholipids :A: . T
Phosphatidylcholine PC—|
PM DRM
ID-TLC ACTifeSei 2,
OTFE H
L]
OTPS m
pro 0a ‘ ‘ A
| - L
07 On w §
: Ops ull 2
@ A ‘ L3
choo‘w TR}
* > 2 AT "'7 Qriglr

Two Diferent Solvent Systems

Prof Valerian Kagan lab
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HPLC-MS |
Tv:(mm]
BIOLOGICAL * Plasma, serum
MATERIAL = Animal or plant tissue, cells
EXTRACTION * Addition of internal standards

* CHC, or DCM)/MeOH (1-2:1, v/v)

* MTBE/MeOH (5:1.5 v/v)

* BUOH/MeOH + heptane/EtOAC (3:1 +3:1, vfy)
E Separation of Lipid Species
z P,
0 = nFLL
v " SFC
£ * NARPLC I | :
a‘ * Silver ion-LC lonization lon Mability Detection ¢
= .
g LS (optional) * (Q)TOF

Separation of Lipid Classes = ApCI * (Q)Orbital

ion trap

* NPLC * FTICR

* HILIC * QUT (MRM) ¢

" SFC M Tifalpr *

Qg0 MRM] AACLifeSci 2,
R rna
DATA * Data processing
HANDLING * Lipid identification and annotation
* Quantification
Cajka and Fiehn, Trens in Analytical
chemistry, 2014
e o @
off -lineTLC-MS on-line HPLC-MS | AACLifeSci 6_9.‘
HL -
e P L
i
% Ps
Lipid Extraction H
| F A
" (PG
MS Analysis w:: mn)
C s
10 i PS ﬁ \;ﬁ}ﬁ
Ry Ro’s(\o—o, 0 A g
Y
o
® 7896

B
815
1007 o PI 0 Ho OH on "
R7OTY v?\om
Rp OH O
. 837
8856
8356 bl a3 |86

898 | 5366 ssog ||| [se57
2 \‘r” BT8898 h] (K wrams), ﬂw‘”‘” o095,
2

820 825 830 835 840 Bd5 850 855 860 865 B70 875 880 B85 890 895 900

Ta0s

7616 765 ||7906  gg
746 ( 046 41068196 s34,

fﬂf“ hezes ‘}‘ 1916, D0, 202, SASE5S i sigo
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MS DATA ANALYSIS: i 2,

lons formed during ionization of lipids

Lipid class Positive mode Negative mode

LPC, PC [M+H], [M+Na] [M-H], [M + HCOOJ, [M + CH3C00]
LPE, PE M+H]', [M+Na]" [M-H]

PG [M+H]", [M+NHe]", [M+Na] [M-H]™

Pl [M+H]", [M+NHe]", [M+Na] [M-H]™

PS M+H] [M-H]

PA IM-HI"

CE [M+NH2]", [M +Na]’

M M+H]" [M +HCOO], [M + CH3C00]
Cholesterol [M—H20+H]'

MG, DG, TG [M+NHe]", [M+Na]”

MGDG, DGDG, SQDG [M+NH2]", [M+Na]” [M-H]™

Fatty acids [M-H]”

cL [M+H], [M+NHe]", [M+Na] [M-H], [M—2H]"

Cer, GluCer, LacCer

[M+H], [M+NHs]', [M+Na]

[M=H]", [M +HCOO], [M + CH3C00]"

High Resolution Mass Spectrometry (HRMS) AMifesei £,

O High mass accuracy:
O molecular weight calculation
O elemental composition and molecular formula determination
O molecular structure
O Molecular ions of isobaric species (same m/z value but different

molecular formula and structure) could be distinguished

B TAG 52:2
PC 36:1 876.8012
100 788.6161
90 3100~ CuyHy; O NP
g 80 4 o 3
é 70 - 60 3 PS 36:2
< 60 4 40 788.5432 TAG 50:1 TAG 54:2
2 504 203 Gy Hyg omAN F" 88,6715 850.7856 904.8325
pE
o . ' . 4 A -
2 409 Zaa0" T Tede 788.4 788.6 7888
_g 30 PC-0342 pe g0 TAG 48:1
T 20 7425741 7585601 PE 38:4 8227542
768.5535
10
03 . I._l.n. bl
700 720 740 760 780 800 820 840 860 880 900

m/z
Cold Spring Harb Perspect Biol. 2011 Sep; 3(9): 2004614, doi:t10.1101/cshperspect.a004614
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Tandem Mass Spectrometry (MS/MS) data analysis \(ieSei 2,

Fragmentation: MS Spectrum
Selection of ion of interest in MS
Formation of fragment ions in MS/MS
Structural information “\ ‘
MS/MS Spectrum
oty

A

lon selection for

MS/MS (M+H)'", p. e. |
| ‘ mkz

MS,MS . I I - The interpretation of the MS/MS
- I spectrum is like solving a puzzle

N

| Precursor ions | Allows us to obtain structural

: information about the initial
compound.

Tandem mass
spectromety (MS/MS)

ACLifeSei 2,
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Glycerophospholipids or phospholipids (PL)

AClifeSci 2,

i
Fatty acyl P Polar Head group
~ o O/ | ~ O/
R, OH
Fatty ac l/o \ ‘ :
. Yy acy N:—  Choline
Information needed to be R, |
. R, and R, are used to designate

confirm: ! § , \

undefined alkyl groups at the sn-1 NH, Ethanolamine

and sn-2 positions, respectively

- Polar head group

H
i OH OH
- Fatty acids @ Inositol
H H

OH HO

- Type of percursor ion

- Colision energy Glycerol

NH2  Serine
Fragmenation depends on: 0:27
OH
HO OH

- others
-H Hydrogen

Phosphatidylcholine— MS/MS [M+H]*+ i 2,

1841 e v PC16:0/18:1
100
-R,COOH -R,;COOH [M+H]*
N
4504 478:4504.5 760.7
§ (L seee
0 T T T i T i T T
[MH]+ H.C
miz 760 3/\NVCH3 HC o,
o HsC " C/N -
£)
HaC X o 2
o
o

o ~L, MS/MS spectrum
[MH-R,COOH" = - m/z184
miz 478 ©  [MH-R,COOHT - Loss of fatty acids

m/z 504
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Phosphatidylethanolamine— PE "%

Positive Mode [M+H] *

Negative Mode [M-H]~

H* H*
ESI-MS/MS [M+H]* Na*
Characteristic loss of 141 Da PE 16:0/18:1
-141Da
Loss of RCOOH and RC=0 1007

(R,=CO* and R,=CO*).

%,
[M+H]*
718.6

m/z

Phosphatidylethanolamine — MS/MS i,

ESI-MS/MS [M-H]

sy 2834
38 )
MS/MS spectrum in negative mode = 327.5 [M-H]
5% 790.4
& 15
* R,COO0ion
i [ P2 Y 2 ")
* R,COO ion Py 0 o
m/z
R,COO"
W I
0”7 o= ~¢
R o NN
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Phosphatidylserines — PS s

ESI-MS/MS [M+H]* POPS R

100
185 Da
= [M+H]*
760.4
0L T T T 1 T T T T T T T J T m/z
500 550 600 650 700 750
MS/MS [M+H]* Characteristic loss of 185 Da
ESI-MS/MS of [M-H]- ESI-MS/MS [M-H]- POPS
10
* Loss of 87 Da . 3911
* R,COO0 ion .
* R,COOion 403 R,CO0° 415.1
5 255.1 .
’ R,COO 42 wgp
T T 11T |0 T o

R - \’
1.07e3 \n/

-87 Da

-87 Da
67|1 3

Phosphatidylglycerol- PG

Espectro de ESI-MS/MS in negative mode

R,COO"
100 281.3
R,COO" [M-H]
253.2 699.5
= 3803 700.0
1417.3 567.4
1282.3
18, 699.
Al [ [ o e
m/z
100 206”7 300 400 500 = 600 700
R,COO"

(o]
o
)J\ 1 on
R o//\s(\\c//r\c\/l\/m
R o H 3

g i .
© H‘//\:\)\/H

R,cO0 m/z 171

ACLifeSei 2,
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Phosphatidylinositol -PI

ESI-MS/MS of M-H]-

16:0/18:1-PI :
6:0/18 RC00
100 Q-2
@ 391.2
X
M-HJ
2230 R,qOO° [83545]
392.2 553.3
|(57‘|.3
T AR T T T T m/z

T MARARRRARARARAR T T T
100 200 300 400 500 600 700 800

R,COO"
R o\ Tk - o~ \-o
\n/ HO. o
HO OH
R,COO" I
m/z 241

ACLifeSei 2,

Phospholipid classes and MS/MS

Positive ion Negative ion
Headgroup
Phosphatidylcholine Precursor ion m/z 184 —
Phosphatidylserine Neutral loss 185 Da Neutral loss 87 Da
Phosphatidylethanolamine Neutral loss 141 Da -
Phosphatidylinositol — Precursor ion m/z 241
Sphingomyelin Precursor ion m/z 184

Information about fatty acyl composition

— Positive mode
* Loss of RCOOH e R=C=0

— Negative mode
* Formation of carboxylate anions RCOO-

AMCLifeSei 2

21



Untarget Lipidomics analysis "

Ms TIC
60 Positive ion mode PC
w0
20 ‘ 100 .2
730 760 N, Tn 1: MS/MS g
6 -l
. ]
2 1 PE sm
o ak e 1 31 56 24.1
E 77 118 14 LPC
OOHH‘HHMH \\\\\\\\2\5\\\
a-A q . Time
Bioinformatic tools:
Mzmi 5K Bharaone
zmine MS 100 miz: 7826
. 100- 80-
Compound Discover o Tepe © RIC
Lipidizer oo 2
P 0 7568 10 15 20
LipidBlast 20
703.5 7325 754.5 8406 56?'7
Others 760 ' ' ' ' 7%0 800 ' ' 3‘50 '

Target Lipidomics analysis ‘Wi

Shotgun Lipidomics

Positive ion

Negative ion

Headgroup
Phosphatidylcholine
Phosphatidylserine

Phosphatidylethanolamine

Phosphatidylinositol
Sphingomyelin

Precursor ion m/z 184
Neutral loss 185 Da
Neutral loss 141 Da

Precursor ion m/z 184

Neutral loss 87 Da

Precursor ion m/z 241

Product ion scan

of
[ ] =N o © aselected
=2y
o o — uuu L ®  precursor ion
Selected m/z
Precursor ion scan (P1)
Precursor ions
K
00,0 4 =" with a selected
Pk TS g product ion
Scanning Selected m/z
Neutral loss scan (NL)
lons with a given
: ry
N o — ¢ neutral-loss
o — ¢ fragment
Scanning
Selected reaction monitoring (SRM) lons with a
specified
[ ] = e precursor /
e L fragment
Selected m/z Selectedm/z "o P2

(Mass analyzer)

Collision Cell MsS2
() (Mass analyzer)
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Quantification by LC MS it 2,

Precursor ion spectrum (MS')

Internal
Standard

Before
PL Specles.

Extraction
Interpal .~ ]
Standard

Before MS 1

possible losses that

Intensity

di-C14 di-C15 . N
di-c17 Analysis can o:;curtt'iurmg Extracted lon
extraction
Chromatogram Phospholipid
Internal Standard Molecular Species

Different lipid species have different quantitative

Intensity
Intensity

responses
One internal standard for each one phospholipid
Ti Time
class ™ "
Relative quantification
(area under curves)
Normalization of each molecular species to the A

internal standard of the corresponding class f L
£ /‘{ 5\

This project has been funded with support from the European Commission.

This publication reflects the views only of the authors, and the Commission
cannot be held responsible for any use which may be made of the information

contained therein

’ “

e Erasmus+
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Mass spectrometry-based proteomics

Pedro Domingues
Rosario Domingues
Rita Ferreira

Tania Melo

Eliana Alves
Elizabete Maciel
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Proteome

S. Serevisiae
Number of proteins (proteome): 5858
Total of proteins/cell: 42 million

e wergE s

cC :+E?% of the
' proteome

)
I _———
if] ‘H\

4+— First Decile —» 4+—— Tenth Decile —»

GO Process Enrichment: GO Process
Mitotic cell cycle Response to DMA f Enrichment:
regulation damage : Cytoplasmic Translation
(p=11x10% (p=56x10%) ' |/ I (p=3.0x 10"
Protein ubiguitination : —— :
(p=6.6 x 105) ' '
T T T T T T
10° 102 100 104 10% 108

Median Protein abundance (molecules per cell)

B saciesci 2

Ho et al., 2018, Cell Systems &, 1-14
February 28, 2018 © 2017 Elsevier Inc.
https://doi.org/0.1016/].cels.2017.12.004
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| Translation |
A 4

Nascent polypeptide chain

Folding| Protein expression
analysis
A 4
FOCUS :
Complex samples
Whole proteomes
Aberrant protein Functional protein 200 and more protein

Excessive
protein level

Degradation‘i<—> Protein—protein |<—> Protein <«—> Cellular
interaction modification compartmentalization

I |

1

Appropriate level of functional protein

Interaction / Functional PTM analvsis Nature Reviews | Molecular Cell Biology
Proteomics
FOCUS :
FOCUS : Single protein
Subcellular fraction
Organelle 1-20 proteins
Protein Complex

1-200 proteins




Proteomics B waitese 2,

Sample Extraction of proteins and
Tissue or cell culture purification

\

\
Digestion of protein and ===~

B
purification of peptides ‘ 7
N

i

/

Analysis of data and '
automation Analysis by LC-MS



Mass seectrometg-based Eroteomics

SAMPLE

Cell breakage
Sonication Subcellular fractioning
Grinding Density gradient centrifugation
Lysis

Protein purification
lon exchange chromatography
Hydrophobic interaction
Affinity chromatography

Protein assay 1D SDS-PAGE Staining of gel
Lowry protein assay or RC-DC Sypro
BCA (bicinchoninic acid assay) Silver
2D SDS-PAGE

Coomassie Blue

Protein solubilization and stabilization
buffer
protease inhibitors

Digestion of protein
Trypsin Spot quantification
Lys-C Melanie
ImageQuant

Multistep Liquid Chromatography
lon exchange chromatography
Reversed-phase liquid chromatography

M9 AACLifeSc 9

universidade
de aveiro

10" 10° 10 10 10° 10°
Median Protein abundance (molecules per cell)




Sensitivity B it 2,

Sensitivity
System response on a calibration curve
Detection limit
Signal to noise ratio (S/N)
Depends on the matrix

In Omics:

roteins in a sample

' Detected proteins

# of true results not rejected

Sensitivity =
total # of true

Number of proteins
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Peptide-based vs protein-based approachesu%w AACLileSci 2.

Protein extract

Digestion

|:> Top-Down
-Peptide-based (Shot-gun)
-Gel—based (GeLC-MS/MS)

~ Bottom-up
|:>Gel-based (2D)

Protein identification



Peptide-based approach (shotgun)

Purified Raw
—

extract extract
— e e———

<
<

Complex Protein

Mixtures
3 F.’eptllee 1D
’/ digestion C18RP

\ -~ ; =t
2D /
SCX
Peptides C18RP

Multidimensional Protein
Identification Technology (MuDPIT)

B AACLifeSci 9

GS*LK
|



Protein- roch (Electrophoresi
otein-based approch (Electrophoresis) ﬁ AACLifeSci 2

Purified Raw
4—

extract extract
— e e———

<
<

Sample

Complex Protein
Mixtures

[

Gel
electrophoresis

e —
e ) s

@
]
@
=
2

A :; . Peptide

/
/ / digestion LC-MS
/ C18RP

- I ‘ Direct
‘ 7 analysis
) (MALDI)
Peptides



MS-based protein identification : concept .
P P B moitesc 2,

fragmentation

Mass Mass
analyser analyser

/ \

QUL Srrrrsrserseserasasaatatatasiaasasaaatarsaararaans LU =frermesmem s e mmmana e ettt

relative abundance (%)
relative abundance (%)

>

I I I T 1 1
400 800 1200 m/z 200 600 1000 m/z
MS spectrum MS/MS spectrum

PMF - Peptide Mass PFF - Peptide Fragment
Fingerprinting Fingerprinting



MS-based protein identification : PMF concept o
P P B aaciesi 2,

P T T
@‘ - Sequence
- Protein sample Protein sequence(s
c& P 9 (s) database
. »

Protease In silico
m digestion digestion

uences

MS software l

software

3

¥
Prot-ents

Best Match(es) TheoretigaliuS data




Protein Sequence Databases ﬁ ANCLieSci /2,

cDNA, EST, genome

International Nucleotide Sequence Database Collaboration
EMBL DDBJ GenBank

UniProt: Swiss-Prot + TrEMBL + (PIR)
NCELnr: Swiss-Prot + GenPept + (PIR) + RefSeq + PDB + PRF

* curated non-redundant protein database



Protein Sequence Databases - UniProt

I

universidade
de aveiro

&« = C fi [ wwwuniprotorg
5 Apps (3 DuckDuckGo & Molarity Calculator () Rainy Cafe: Ambient.. [ Moodle@UA gy My Drive - Google ...

% Countdown $ Online Alarm Clock ) SimplyNoise - The B...

wé el

UniProt 3
o9

x| Advanced~ | @, Search

BLAST Align Retrieve/ID mapping

-
Help Contact

The mission of UniProt is to provide the scientific community with a comprehensive, high-quality and freely accessible resource of protein sequence and functional

information.

UniRef

Sequence clusters

Swiss-Prot T
(549,646) o
‘ﬁ Manually
annotated and
reviewed.
Literature citations
TrEMBL -
(52,783,601)

Automatically Cross-ref. databases

annotated and not
reviewed.

Al
(i

UniParc

Sequence archive

((

Supporting data

Taxonomy

o

Diseases

X

Proteomes

AR

Subcellular locations

Keywords

News

008

Forthcoming changes
Planned changes for UniProt

UniProt release 2015_10

The smell of the sea in UniProtkB | Cross-
references to WBParaSite | Removal of the
cross-references to CYGD | UniParc cross-
reference t...

UniProt release 2015_09
Life (and death) in 2D | 27 new species in

B News archive

AACLifeSci 2.,



Protein digestion (in silico)

Pl |
|
o]

e |

aTop

Sequence status*: Complete

Sequence processing: The displayed sequence is further processed into a mature form.

P02769-1 [UniPar A || @ Add to basket

« Hide
18 20 30 a0 s
MKWVTFISLL LLFSSAYSRG VFRRDTHKSE IAHRFKDLGE EHFKGLVLIA
50 70 20 % 108
FSQVLQQCPF DEHVKLVNEL TEFAKTCVAD ESHAGCEKSL HTLFGDELCK
118 120 130 149 150
VASLRETYGD MADCCEKQEP ERNECFLSHK DDSPDLPKLK PDPNTLCDEF
168 170 180 199 200
KADEKKFWGK YLYEIARRHP YFYAPELLYY ANKYNGVFQE CCQAEDKGAC
218 220 230 240 250
LLPKIETMRE KVLASSARQR LRCASIQKFG ERALKANSVA RLSQKFPKAE
268 270 280 29 300
FVEVTKLVTD LTKVHKECCH GDLLECADDR ADLAKYICDN QDTISSKLKE
310 220 330 340 358
CCDKPLLEKS HCIAEVEKDA IPENLPPLTA DFAEDKDVCK NVQEAKDAFL
368 270 380 399 400
GSFLYEYSRR HPEYAVSVLL RLAKEYEATL EECCAKDDPH ACYSTVFDKL
110 420 430 440 450
KHLVDEPQNL IKQNCDQFEK LGEYGFQNAL IVRYTRKVPQ VSTPTLVEVS
160 470 480 1% 08
RSLGKVGTRC CTKPESERMP CTEDYLSLIL NRLCVLHEKT PVSEKVTKCC
518 520 530 540 550
TESLVNRRPC FSALTPDETY VPKAFDEKLF TFHADICTLP DTEKQIKKQT
560 570 580 500 608

ALVELLKHKP KATEEQLKTV MENFVAFVDK

STQTALA

CCAADDKEAC FAVEGPKLW

Length: 607
Mass (Da): 69,293
Last modified: February 1, 1996 - v4
Checksum:' 39167DFE768585D4

PeptideMass -

B NSy

PeptideMass
The entered protein is: P02769

The selected enzyme is: Trypsin

Maximum number of missed cleavages (MC): 2
All cysteines in reduced form

Methionines have not been oxidized

Displaying peptides with a mass bigger than 500 Dalton

Sequence

Protein sequence(s) database

In silico
digestion

otein fragment sequences

software

PeptideMass

Using monoisotopic masses of the occurring amino acid residues and giving peptide masses as [M+H]*

‘You have selected ALBU_BOVIN (P02769) from UniProtKB/Swiss-Prot:

Serum albumin precursor (BSA) (Allergen Bos d 6)
Signal and propep in positions 1-24 have been removed.

« Chain Serum albumin at positions 25 - 607 [Theoretical pl: 5.60 / Mw (average mass): 66432 96 / Mw (monoisotopic mass): 66389 86]

mass position #MC medifications

4910.3837 4588 2 PHOS: 82 4990.3500
45352954 37-75

4246.0511 508-544
4185 9547 169-204
4110.9707 300-336
3837.8131 66-100
3758 8958 402-433

2

2 PHOS: 512 4326.0174

2

2

2

2
36658460 3565 2

2

1

2

1

2

2

2

1

PHOS: 82, 89 3997.7456

3659 6722 168-197
3579.8555 45-75

3523 6874 480-489
3503.5711 169-197
3444 4810 267297
3419 6068 499528
3307 6289 310-340
33906826 3765

PHOS: 296 3524 4473
PHOS: 512 34995731

peptide sequence
GLVLIAFSQYLQQCPFDEHV KLVNELTEFAKTCVADESHA GCEK
DLGEEHFKGLVLIAFSQYLQ QCPFDEHVKLVNELTEFAK
RPCFSALTPDETYVPKAFDE KLFTFHADICTLPDTEK
HPYFYAPELLYYANKYNGVF QECCQAEDKGACLLPK
ECCDKPLLEKSHCIAEVEKD AIPENLPPLTADFAEDK
LVNELTEFAKTCVADESHAG CEKSLHTLFGDELCK
HLVDEPQNLIKQNCDQFEKL GEYGFQNALIVR
FKDLGEEHFKGLVLIAFSQY LQQCPFDEHVK
RHPYFYAPELLYYANKYNGY FQECCQAEDK
GLVLIAFSQYLQQCPFDEHV KLWNELTEFAK
CCTKPESERMPCTEDYLSLI LNRLCVLHEK
HPYFYAPELLYYANKYNGYF QECCQAEDK
ECCHGDLLECADDRADLAKY ICDNQDTISSK
CCTESLVNRRPCFSALTPDE TYVPKAFDEK
SHCIAEVEKDAIPENLPPLT ADFAEDKDVCK
DLGEEHFKGLVLIAFSQYLQ QCPFDEHVK
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NRRPCHSHTKECESAWKNRPCHSHTKKPCHSHTKKNRKVWKIPPFFW
X% X% % X XX X X%

trypsin digest

\4

). ;4 ECESAWK KPCHSHTK & IPPFFW

RPCHSHTK NRPCHSHTK X BAE

Trypsin predominantly cleaves proteins at the carboxyl side (or
"C-terminal side™) of the amino acids:

- lysine (K) and

- arginine (R)

- except when either is bound to a C-terminal proline (P).



PMF (peptide mass fingerprinting)

Protein sample

Extracted peak list (m/z)

Protease
COM=10 pmol digest of Sample BSA @ digestion
MASS=Monoisotopic 927.59
USERNAME=Pedro Domingues 1901 Il
USEREMAIL=p.domingues@ua.pt 1801
TITLE=Cmpd 7, +MS, 16.8 min 1704
847.50413 160
868.97220 0]
922.46673 o
923.48150 )
927.49393 = B
1022.45510 0 1201
1050.45330 : 110
1163.63123 = 1001 84759
1164.65310 c 1
1193.60273 g Zz MO0 147998 _1567.4
1249.62173 - 0
1250.71030 ] 1640.16
1296.75560 o e |

501 1305.87
1305 71663
1416.79290 124977 12586
1439.81233 1024.56\] S 128341 1417.8
1479.79593 threShOId ' ‘I N " |13§6.7\? 0L 505,05 182409
1482.75830 I ! L 1601 84 | ‘ﬁl él?on'ln i
' 0 0 L e P O T

1567.74323 800 90 1000 1100 1200 1300 1400 1500 1600 1700 1800

1639.93833 miz, amu
1823.86000



ldentification search engines M LS @

eeeeeeeeeeee
eeeeeeee

 Mascot

« XlTandem,

*  MS-GF+,

« MS Amanda,
* MyriMatch,
« Comet,

* Tide,

« Andromeda
« OMSSA

* ProteinProspector
e Sequest

« PEAKS

 PRIDE



PMF (peptide mass fingerprinting) 9 AACLifeSci 2
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miz

Experimental MS data Best Match(es) Theoretical MS data

Protein Search Engines

MATRIX
SCIENCE S e

m [REESS S EIE = RCE M Products  Technical support Training News Blog Newsletter Contact

Access Mascot Server | Database search help

Mascot database search = Access Mascot Server

Access Mascot Server

You are welcome to submit searches to this free Mascot Server. Searches of MS/MS data are
limited to 1200 spectra and seme functions, such as no enzyme searches, are unavailable.
Automated searching of batches of files is net permitted. If you want to automate search
submission, perform large searches, search additional sequence databases, or customise the
meodifications, quantitation methods, etc., you'll need to license your own, in-house copy of
Mascot Server.

More info

> Mascot overview

Search parameter
reference

v

v

Data file format

Results report
overview

v

Peptide Mass Fingerprint

The experimental data are a list of peptide mass values frem the digestion of a protein by a
specific enzyme such as trypsin.

Perform search | Example of results report | Tutorial

Sequence Query

One or more peptide mass values associated with information such as partial or ambiguous
sequence strings, amino acid compesition information, MS/MS fragment ion masses, etc. A
super-set of a sequence tag query.

Perform rch | Example of results report | More information

MS/MS Ions Search
Identification based on raw MS/MS data from one or more peptides.

Perform search | Example of results report | Tutorial




PMF (peptide mass fingerprinting) B AMLifeSci 2,
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T
] Experimental MS data BCSt Match(es) Theoretical MS data
Extracted peak list (m/z)
MASCOT Peptide Mass Fingerprint
847.50413
Your name |pedro Email [p.domingues @ua.pt
868.97220 b il
rch title
922.46673 Database(s) |SwissProt Enzyme | Trypsin /
923.48150 NCEBInr
contaminants 1 ¥ | missed cleavages
927.49393 cRAP
1022.45510 Taxonomy |. . ... .. .. ... Mamralia (mammals) v
1050.45330 I |— none selected — Acetyl (K)
| =] Acetyl (N-term)
1163.63123 . Acetyl (Protein N-term)
[ Amidated (C-term)
1164.65310 Amidated (Protein C-term)
1193.60273 \ Display all modifications Ammonia-loss (N4term C)
. Biotin (K)
Variable |Oxidation (M) Biotin (N-term)
1249.62173 5 [z Carbamidomethyl (C)
Carbamyl (K)
1250.71030 L5 | Carbam |
vl (MN-term) =
1296.75560 Protein mass kDa Peptide tol. + 5 ppm ¥ /
1297.74990 Mass values ®MHtT M, COM-H Monoisotopic '® Average
1305.71663 Data file | Choose File | No file chosen
1416.79290 \ ® Query
847.58413
1439.81233 Data input |868.37228
922.46673
1479.79593 923.48158
927.49393 v
1482.75830 1922.45518 4
1567.74323 Decoy ¥ Report top |AUTO v | hits
1639.93833 Start Search ... Reset Form

1823.86000



PMF (Mascot results)

M9 AALifeSci @

universidade

Decoy

1. During the search, every time a protein
sequence from the target database is
tested, a decoy sequence of the same
length is automatically generated and
tested.

1.  Reverse sequence
2. Random sequence

2. The matches and scores for the decoy
sequences are recorded separately in
the result file.

3. When the search is complete, the
numbers of matches and the false
discovery rate are reported in the result
header.

Contaminants
Sequences for common contaminants, such as
keratins, BSA, and trypsin.

Expect is the number of times we
would expect to obtain an equal or

de aveiro
MATRIX /
WUsEENE: Mascot Search Results
User : pedro
Email : p.dominguesfiua.pt
Search title
Database : SwissProt 2015_10 (549646 sequences; 195983064 residues)
Taxonomy : Mammalia (mammals) (664@1 sequences)
Timestamp : 28 Oct 2015 at 11:43:21 GMT
Top Score : 104 for ALBU_BOVIN, Serum albumin 0S=Bos taurus GN=ALE PE=1 SV=4
SwissProt Decow
Protein hits above identity threshold 1 0
Highest scorng protein hit 104 20

Mascot Score Histogram

Protein score 1s -10*Log(P). where P is the probability that the observed match 1s a random event.
Protein scores greater than 61 are significant (p=0.03).

o
|

N

Mumber of Hits

zmznzﬂzazmzmgy
= zazzz”

T T 1
40 &0 &0 100 120
Protein Score

=1
I

Concise Protein Summary Report

Format As | | Concise Protein Summary ¥ Help
Significance threshold p=|0.05 Max. number of hits AUTO

Preferred taxonomy | All entries v

| Re-Search All | | Search Unmatched |

1. ALBU_BOVIN Mass: 69248 Scoce: 184  Expect: 2.6e-86 Matches: 11

higher score, purely by chance
(smaller is better)

Serum albumin 05=Bos taurus GN=ALB PE=1 SV=4

ALBU_FELCA Mass: 68615 Score: 24 Expect: 2.6e+82 Matches: 4
Serum albumin 05=Felis catus GN=ALB PE=1 5V=1

ALBU_CAPHI Mass: 1848 Score: 24 Expect: 2.8s+@2 Matches: 2
Serum albumin (Fragments) 0S=Capra hircus GN=ALB PE=1 5V=2

ALBU_SHEEP Mass: 69143 Score: 22 Expect: 4e+82 Matches: 4

¢

@



PMF (Mascot Scoring)

The Mascot Score is given as S = -10*Log(P), where
P is the probability that observed match is a random event

P=E*N-1
E=expect value

N=number of proteins in the database
The significance of that result depends on the size of the database being searched. Mascot
shades in green the insignificant hits using an E=0.05 cutoff

Number of Hits

20

In this example,
scores less than 60 are
insignificant

Mascot Score

100 = 1x1010
I 1 1 1 1 1 I I 1 1
40 60 80 100 120

Protein Score

B saciesci 2



PMF (Mascot results)

MATRIX
SCIENCE

n MASCOT Search Results
Protein View: ALBU_BOVIN

Serum albumin 0S=Bos taurus GN=ALB PE=1 SV=4

Database: SwissProt
Score: 104
Expect: 2.6e-06
Nominal mass (M,): 69248
Calculated pI: 5.82
Taxonomy: Bos taurus

Sequence similarity is available as an NCBI BLAST search of ALBU BOVIN against nr.

Search parameters

Enzyme: Trypsin: cuts C-term side of KR unless next residue is P.
Variable modifications: Oxidation (M)

Mass values searched: 22

Mass values matched: 11

Protein sequence covera

ge: 18%

Matched peptides shown in bold red.

1 MEWVTFISLL
51 FSQYLQRCEF
101 VASLRETYED
151 HADEREFWGE
201
251
301
351
401
451
501
551
601

LLFS5RY5RG
DEHVELVNEL
MADCCEEQEP
YLYETARRHF

LLFEIETMEE
EVES, TID

CCDEPLLEES
GSFLYEYSER
HHLVDEPQNL
RSLGEVGETRC

ECIREVEXDA
HPEYAVSVLL
IRGNCDQFEX
CTKEESERME
FSALTPDETY
KATEEQLKTV

VFRRDTHESE
TEFAETCVAD
ERNECFLSHK
YFYLPELLYY

LRCASIQEFG

1 GDLLECZDDR

IFENLFFLIA
BRLAKEYELTL
LCEYGFQNAL
CTEDYLSLIL
VPELFDEKLF
MENFVLEVDE

IAHRFEDLGE

ESHRGC

EHFEGLVLIA
HTLFGDELCE
PDENTLCLDEF
CCOREDEGRC

RLSQKFPELRE

7 QDTISSELEE
HNYQELFDAFL
EECCAKDDEH
IVRYTREVPQ

VSTPTLVEVS
PVSEXVIHCC
DTEXQIKEQT
FLVEGE

NRLC
TFHADICILE

CCRLDDEELC

M AACLifeSci

universidade
de aveiro

Unformatted sequence string: 607 residues (for pasting into other applications).

ae'@'@

Sort peptides by | '® Residue Number Increasing Mass Decreasing Mass
| Show predicted peptides also |
Start - End Observed Mr(expt) Mr (calec) ppm M Peptide
25 - 34 11%3.6027 119%2.59%55 1192.5949% 0.4% 1 R.DTHESEIAHR.F
35 — 44 1249.6217 1248.6145 1248.6139% 0.46 1 R.FEDLGEEHFE.G
66 - 75 1163.6312 1162.6240 1162.6234 0.50 0 K.LVNELTEFAE.T
161 - 167 527.493% 5926.4867 926.4861 0.57 0 K.YLYEIAR.R
205 - 211 5922.4667 $21.4595 521.4589% 0.56 1 K.IETMREK.V + Oxidation (M)
242 — 248 §47.5041 46,4969 B46.4963 0.63 1 R.LSQFFFE.A
347 - 359 1567.7432 1566.7360 1566.7354 0.33 0 K.DAFLGSFLYEYSE.R
360 — 371 1439%9.8123 1438.8051 1438.8045 0.41 1 R.RHPEYAVSVLLE.L
402 - 412 1305.7166 1304.70%4 1304.7088 0.40 0 K.HLVDEPQNLIKE.Q
421 — 433 147%.79%5% 1478.7887 1478.7881 0.34 0 K.LGEYGFQNALIVR.Y
437 - 451 1639.9%383 1638.9311 1638.9%303 0.35 1 R.EVPQVSTPTLVEVSR.S
No match to: 565.5722, 223.4815, 102Z2.45331, 10 1164.6531, 1250.7103, 1296.7556, 1287
S -5
3 o,
I e R -,
g .
1.
w "
0.4 Fmmm oo SRR LR R R
T T T T - T \. T 1
1000 1250 1500
FMS erraor O ppm Mass (Dad
ZC F0278%9; LRSPJX3; QO02787; PO4277; (Q35ZRZ;
DT 21-JUr-1986, iptegrated jnto UniProtER/Swiss-Prot




PMF (peptide mass fingerprinting)

aldae @ @
I AACLifeSci 2
unigorsidade S

Mass values searched: 22
Extracted peak list (m/z) Mass values matched: 11
+TOF MS: 50 MCA scans from Sample 1 (BSA Digest 100 fmol) of BSA Digest 100 fmol MS ... Max. 1305.0 counts.
_ a3 56217430068478150e-004, 10=3,64725678201043440e+001, Thresholded
COM=10 pmol digest of Sample BSA ()
MASS=Monoisotopic 921.59
USERNAME=Pedro Domingues 1901
USEREMAIL=p.domingues@ua.pt 180
TITLE=Cmpd 7, +MS, 16.8 min 170-
847.50413 160
868.97220 5]
922.46673 o]
923.48150 ;
927.49393 = B
1022.45510 o 120]
1050.45330 R 1101 [5)
1163.63123 = 1001 84759 ®
1164.65310 2wl oo @
g T _1479.98_1567.94
1193.60273 .
1249.62173 - - ® @
1250.71030 el BN
1296.75560 60 86907 S @
1297.74990 501 1305.87 sl 8
1305.71663 10 12996 " '
1416.79290 301 1249.77 5}
1439.81233 102456 128391 “IP @
1479.79593 th reSh 0 I d N " |13\86ﬁ{ 0L 05,05 1824.09
] [ 1601 84 | 179010 |
1482.75830 0 T T e nmhhnmmmﬁihﬁn‘mmmm\u\.l.|.|.mmmr.m\mmn
1567.74323 80 90 1000 1100 1200 1300 1400 1500 1600 1700 1800

1639.93833 miz, amu
1823.86000



PMF (peptide mass fingerprinting) M \AClifeSei 2

Fast, simple analysis
High sensitivity
Not good for mixtures
especially a minor component.
High mass accuracy is necessary.




MS-based protein identification : PFF concept  pyq oo o

o™
Y . : Sequence
- Protein sample Protein sequence(s)
'23 database
. -»

Protease
digestion software

(Trypsin)

. 5

Protein fragments Protein fragment sequences

software Calculated exact masses of
MS .
peptides
MS/MS

Calculated fragmentation
software spectrum of each peptide

<)
Ll ol b Ly @

Experimental MS/MS data BeSt M a.tCh (eS) Theoretical MS/MS data




MS/MS QTOF




MS/MS QTOF

Percursor ion Activation  Fragment ions
@ > v —> @
o

O




Peptide Fragmentation M9 AACifeSci 2

lllllllllll

H Rz

Amino acid 1 N.&minu acid 2
. | ;o
Polypeptide chain Rio H g
Il
X3 Y 4z X Y, 4, X Y Zy “CTT+EfD-
H H Rz
Peptide bond
P o
M N N
cH NH ﬁ
| 5
. 1 R3 .
N terminus C terminus
A, BB C, A, B, C, A, B, GC,

CID Roepstorff P. and Fohlman J (1984)
Biemann, 1988



Charge-directed fragmentation

LA

+
H3N—+—

H

B AACLifeSci 2

H
s+ »ny .
C N C
| \‘IJ'
H Rz

Amino acid 1 Amino acid 2

;b

H* Ry II:i H a
O O ! O i _ 7
|| || i || +T'+
H,N~ CH—C—NH—CH—C—NH—CH—C ~NH —CH—C—OH |
| | | X | Feptide bond
R, R, R, AH R,
b ion formation ,/’ and/or y ion formation
il SN

I i I
by HN— CH—C—NH—CH—C—NH—GH—C +

|
R1 RZ R3

+
Neutral pumped away by vacuum system

H—NH—CH—C—OH
H R,

+
Neutral pumped away by vacuum syst

Y1

em



Complementary lons b/y pairs |
(multiple charged ions) B aaiesai 2,

[ANELK+H]?* === [ANE+H]*+ [LK+H]*
[ANE+H]2*  LK+H
ANE [LK+H]#

2+
[ANELK+2H] [ANE+H]*

ILKH]




Complementary lons b/y pairs M9 AACLifeSci 2
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N -ala —ser —phelprn—lys —gly—qly—arg —irp lasp —glu —lys —t:ys-c

T

trypsin
b, A NELLLNVEK Vs
b, AN ELLLNVEK 7
b ANE LLLNVEK V¥s
by ANEL LLNVK Y
b: ANELL LNVK V:
b ANELLL NVK Y
b ANELLLN VK VY:
by ANELLLNV K ¥
Y5
100 586.4
Y4 Y6
473.3 609.5 ¥7
828.5
50 L
b2 Y3 -
186.1 b3-NH2  360.2 b4-NH3
208.1 411.2 Y7-H20
1:1’;?1.1 EIEE-E ‘ ‘ bg;’i“; 8105
I |||I' ILl ;d J: |..II | J|]| i 1 |'|I' R |I._|I||I| . | 1 — . | ITI,I'E
100 200 300 400 500 G000 Fo0 ao0




In silico peptide fragmentation models M9 AACifeSci 2
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Protein sequence(s) Sequence
database
Fragment Ion Calculator Results 1
/i
_ software
Sequence: AEFVEVTK, pl: 4.53158
Fragment Ion Table, monoisotopic masses 4
Protein fragment sequences
Seq # B ¥ # (+1)
software Calculated exact masses of
A 1 72.04444 922.48807 8 peptides
E 2 201.a3703 851.45@95 7 Calculated fragmentation
F E) 348.15544 722.42836 5 spectrum of each peptide
W 4 447,22386 575.33995 5
E 5 576.26645 476.27153 4
W 5 £75.33486 347.22894 3
T 7 776.38254 248.15853 2
K 8 9094.47750 147.11285 1
Theoretical MS data
Mass/Charge Table Theoretical MS/MS data

| || Mass |

| || Mono || Avg |

|(_\[) 921.48079|(922.04592

”C\[+H)+ 922.48807|(923.85320

||C\[+2H)2+ 461.74760||462. 83026

||(_\[+3H)3+ 385.16757||398.35595

lovrramy* 231,375 2315187

http://db.systemsbiology.net:8080/proteomicsToolkit/
FraglonServiet.htmi

AEFVEVTK


http://db.systemsbiology.net:8080/proteomicsToolkit/FragIonServlet.html

Accurate modeling of peptide fragmentation P g ‘2

Ionization method Fragmentation method Fragmentation Energy

Region in :
N-terminal aa the peptide C-terminal aa

o

a-H,O0
b-H,0-NH, y-H,0-NH,

(1) correlations between fragment ions;

(2) dependencies due to the relative position of the cleavage site in the peptide;

(3) influence of flanking amino acids to the cleavage site.



ldentification search engines M LS @
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 Mascot

« XlTandem,

*  MS-GF+,

« MS Amanda,
* MyriMatch,
« Comet,

* Tide,

« Andromeda
« OMSSA

* ProteinProspector
e Sequest

« PEAKS

 PRIDE



Protein identification

B9 AACLifeSci 2,
de aveiro

MATRIX
SCIENCE ez e

m [REE e EVEEER-= sl Products Technical support Training MNews Blog MNewsletter Contact

Access Mascot Server | Database search help

Mascot database search = Access Mascot Server

Access Mascot Server

You are welcome to submit searches to this free Mascot Server. Searches of MS/MS data are
limited to 1200 spectra and some functions, such as no enzyme searches, are unavailable.
Automated searching of batches of files is not permitted. If you want to automate search
submission, perform large searches, search additicnal sequence databases, or customise the

More info

> Mascot overview

> Search parameter
reference

Data file format

v

> Results report

Mascot Server. .
overview

Peptide Mass Fingerprint

The experimental data are a list of peptide mass values from the digestion of a protein by a
specific enzyme such as trypsin.

| Example of results report | Tutorial

Sequence Query

One or more peptide mass values associated with information such as partial or ambiguous
sequence strings, amino acid composition infermation, MS/MS fragment ion masses, etc, A
super-set of a sequence tag query.

Perform search | Example of results report | More information

MS/MS Ions Search

Identification based on raw MS/MS data from one or more peptides.

Perform search | Example of results report | Tutorial




PFF (Peptide Fragment Fingerprinting)

Protein sample

Protease
digestion
(Trypsin)

COM=10 pmol digest of Sample BSA
MASS=Monoisotopic
USERNAME=Pedro Domingues
USEREMAIL=p.domingues@ua.pt
BEGIN IONS Protein fragments
TITLE= Cmpd 7, +MSn(461.8), 16.8 min

PEPMASS=461.7491 18565 M S/M S 46 1 ' 7
CHARGE=2+ "':‘1';:_?. FMSZA61E), 16,517 Imin #5244847
147.05 229 g
154.98 787 1+

172951734 1+

183.87 410 1+ ™
200.91 2479 1+

218.92 144

248.16 150

347.22 250 0
347.96 200

476.17 670 1+

548.13 180

575.33 672

576.37 393 1+

675.33 231

722.45 13125 1+

723.14 357 1+

759.39 159

833.47 141

851.45 149 Threshold
904.13 432 1+

END IONS

=

0.4 <




PFF (Mascot)

M9 aacLifesei ,
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m/z

Experimental MS/MS data

software

Best Match(es)

MATRIX
SCIENCE Search this site O\

UEELIEELELEECE el Products  Technical support  Training Mews Blog  Mewsletter Contact

Access Mascot Server | Database ssarch help

= MS/MS Tons Seardh

Theoretical MS/MS data

MASCOT MS/MS lons Search

Your name |pedro

p.deminguesi@ua. pt

Database(s) | SwissProt (AA) Amino acid (AA)
= contaminants
— cRAP
| I MCElprot
Nucleic acid (NA)

Environmental_EST
Fungi_EST
Human_EST
Invertebrates EST
Mammals_EST '

............ Mammalia {(mammals) v

Enzyme | Trypsin v Allow up to |1 ¥ | missad cleavages
Mone r
Fixed |- none selected - Acetyl (K}
modifications = Acetyl (N-terrl'n) .
- Acetyl (Protein N-term)
[ Amidated (C-term)

Amidated (Protein C-term)

Display all medifications Armmoniz-loss (M-term C)

Biotin {K)
i — none selected — Biotin (M-term)

medificati : Carbamidomethyl (C)

< Carbaryl (K}

— Carbarmyl (N-term) &7

5 ppm v | #3c(ov - 5 ppm_¥

Peptide charge |2+ r * Average

file | Choose File | Mascot MSMS2 td
Mascot generic ¥ Precursor miz

Instrument |Default v Error tolerant

Decoy ¥ Report top [AUTO ¥ | hits

Start Search ...

Reset Form
= =

1

Ly
‘9
™



PFF (Mascot results)

I

universidade

de aveiro

NG Mascot Search Results

User
Email
Search title
MS data file

: Pedro Domingues

: p.dominguesfua.pt

: 10 pmol digest of Sample BSA
: new 1.txt

Database : SwissProt 2015_10 (549646 sequences; 195983064 residues)
Taxonomy : Mammalia (mammals) (66421 sequences)
Timestamp : 21 Oct 2015 at 13:31:53 GMT

Protein hits : ALBU_BOVIN Serum albumin 0S=Bos taurus GN=ALB PE=1 SV=4

SwissProt Decov False discovery rate

Peptide matches above identity threshold 1 0 0.00 %

Peptide matches above homology or identity threshold 1 0 0.00 %
Mascot Score Histogram
Tons score 15 -10*Log(P). where P is the probability that the observed match is a random event.

Individual 1ons scores = 21 mndicate identity or extensive homology (p=20.03).
Protein scores are derived from 1ons scores as a non-probabilistic basis for ranking protein hits.

\

Number of Hits

Protein Score

Peptide Summary Report

Format As | | Peptide Summary v
Significance threshold p=|0.05 Max. number of huts AUTO

Standard scoring * MudPIT scoring Tons score or expect cut-off |0
Show pop-ups '® Suppress pop-ups

Preferred taxonomy | All entries v

Select All | | Select None | | Search Selected | Error tolerant

1. ALBU_BOWIN 69248 Matches: 1(1)
Serum albumin 05=Bos taurus GN=ALB PE=1 SW=4

Mass: Score: 64 Sequences: 1(1)

Check to include this hit in error tolerant search

Query Observed Mr(expt)
Ld 1 461.7491

Mr(calc) ppm
921.4836 921.4807

Miss Score Expect Rank Unique
3.15 @ [T 3e-06 1 u

Sort unassigned | Decreasing Score

AACLifeSci 2,

Help

Showr sub-sets |0

¥ | Requare bold red

Peptide
K.AEFVEVTK. L

Search Parameters

Type of search : MS/MS Ion Search

Enzyme : Trypsin
Mass values : Monoisotopic
Protein Mass : Unrestricted

Peptide Mass Tolerance : = 5 ppm
Fragment Mass Tolerance: = 8.5 Da
Max Missed Cleavages 1
Instrument type Default
Number of queries 1

|| Mascot: hitp:/www

_matrixscience.com’




PFF (Mascot results)

MATRIX
SCIENCE

MASCOT Search Results
Protein View: ALBEU_BOVIN

Serum albumin 0S=Bos taurus GN=ALB PE=1 SV=4

Database:
Score:
NHominal mass (Mg ): 69248
Calculated pI:
Taxonomy:

SwissProt

61

5.82

Bos taurus

Sequence similarity is available as an NCBI BLAST search of ALBU BOVIN against nr.

Search parameters

MS data file: new 1
Enzyme:

TEE

Protein sequence coverage: 1%

Matched peptides shown in bold red.

1
31
101
151
201
251
301
351
401
451
501
551
601

MEWVIFISLL
FSQYLQQCEF
VASLRETYGD

EADERFFWGE

EHLVDEPQNL
RELEEVEIRC
TESLVNRRFC
ALVELLEHFP

LLFSSAYSRG
DEHVELVNEL
HMADCCEKRQEE
YLYETRRRHE
HEVLRSSRRQR

KECCH

CCH

HCIAEVEHDA
HPEYAVSVLL
TRONCDOFER
CTHEESERME
FSALTEDETY

FATEEQLE

VFRRDTHESE
TEFAK
ERNECFLSHK
YFYAPELLYY
LRCRSIQEFG
GDLLECRDDR
IPENLPFLIA
RLAKEYERIL

LEGEYGFQNAL

ICVAD

VEFAFDEELF TF
v MENFVAFVDE

Trypsin: cuts C-term side of KR unless next residue is P,

IAHRFEDLGE

ESHAEC

ANEYNGVFQE CCQAEDEEAC
ERALEAWSVE RLSQEFPEAE
ADLAKYICDN QDTISSHKLEE
DFREDEDVCE N

EECCAKDDEH
IVRYTREVEQ VSTETLVEVS
VEEEVTECT
DTEEQIKEQT

CCRRDDRERC FRVEGPELV

Unformatted sequence string: G607 residuss (for pasting into other applications).

Sort peptides by | ® Resldue Mumber

Sheow pradictad peptides also |
Query Start - End Ohserwed
[Cl 24% — 256 461.7491
o B
2
I - e e e e e e e e
& .
b 3.
3
T T T T T T T T T
s 925
RHE error 3 pon
AC

Incl'easlng Magss ' Decreasing Mass

Mr jlexpt) Mricale)
$21.4836 921 . 4807

FD2T7€3; RSPJXI; Q02757:
JL=1F26, inTegrated
ssguancs Vars

Em )E Socore

3.150

61

6.

M AACLifeSci

universidade

de aveiro

Expect Bank T Feptide

le-D6

1

U E.AEFVEVTE.L

-J-I@'@



PFF (Mascot results) ﬁ | AMCifeSei 2

NGRS Mascot Search Results NASS N e Of Sample BSA

USERNAME=Pedro Domingues
USEREMAIL=p.domingues@ua.pt

Peptide View BEGIN [ONS
TITLE= Cmpd 7, +MSn(461.8), 16.8 min
MS/MS Fragmentation of AEFVEVTE PEPMASS=461.7491 18563
Found in ALBU_BOVIN in SwissProt. Serum albumin O5=Bos taurus GN=ALB PE=1 SV=4 ?E%l:(;g;%
Match to Query 1: 921 483648 from(461.749100.2+) mtensity(18565.0000) index(0) 154.98 787 1+
Title: Cmpd 7. +MSn(461.8). 16.8 min 172.95 1734 1+

183.87 410 1+
200.91 2479 1+

Data file new 1 .txt

218.92 144
R 248.16 150
e T T T T 347.22 250
alelelvlelvlitlk 347.96 200
v . 476.17 670 1+
2oTReT pee 548.13 180
) 575.33 672
100 — - 576.37 393 1+
- —15e4 675.33 231
] Measure: 99.800 Th i 722.45 13125 1+
20— L i 723.14 357 1+
X ] 795 [bl30] N 759.39 159
g 1044 5 833.47 141
= =7 o 851.45 149
! - = 904.13 432 1+
2 0] P END IONS
o i [ 2
2 | = — 5.0e+3
20—- E &
- " A 1L = Ty — —
g = o o = o= ) ~ [
a -I T >|‘I L I :-I- T }: T T T 0:: T T T - T T Jll_ |I T T 0.0e+0
200 400 &00 800 1000
m/fz
@ @ Q Q g% ﬁ 4705 |to| 100413




2-PFF (Mascot results) MM ACLieSe @
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Label all possible matches Label matches used for scoring '®
Monoisotopic mass of neutral peptide Mr(calc): 921.4887 L8338
Ions Score: 64 Expect: 2.5e-@5 A(EJFJV&I\JT(K
Matches : 13/56 fragment ions wsing 19 most intense peaks {help) [N R
# a a™t b b'"  |Seq.| ¥ v e vt |8 - e 0 e
1| 44.0495) 225284 72.0444| 36.5258| A 8 % -
2(173.0921| 87.0497|201.0870{101.0471] E |851.4509|426.2291(834.4244|417.7158|7 gm g
31320.1605|160.5839(348.1554|174.5813| F |722.4083|361.7078|705.3818(353.1945|6 2 = s ™
4|419.22891210.1181(447.2238]224.1155| V |575.3399|288.1736(558.3134|279.6603|5 : =] | = o) E g 5 >
o il T T 5 = a 000

5|548.2715|274.6394|576.2664|288.6368| E |476.2715|238.6394(459.2449(230.1261|4 Yo 0 o w0 o
6|647.3399|1324.1736(675.3348|338.1710| V |347.2289|174.1181(330.2023|165.6048|3 s
T|748.3876|374.6974|776.3825]388.6940| T |248.1605|124.5839(231.1339|116.0706|2
8 K |147.1128| 74.0600]|130.0863| 65.5468(1
P B e R e T L T T T T = ]
g g L et L et it Rl
T e g - 1
g g ]
P e LU & -5 —_":"'"""": """""""""""""""""

-0.2 T T I. T T -I T T T T T T T T 1 T T T T T T T T T T T T T T T 1

230 i) 7o 280 el Fa0

RS ertor 401 pom Mass (Dal RS error 401 ppm Mass (Dal

NCBI BLAST search of AEFVEVTK
{Parameters: blastp, nr protein database, expect=20000, no filter, PAM30)
Other BLAST web gateways

All matches to this query

Score|Mr(calc)| Delta | Sequence
642 [921.4807|0.0029 [AEFVEVTE
141 |921.4807(0.0029 |YTADLEAK
12.8 |921.4807(0.0029 |[EADLFISK
12.8 |921.4807(0.0029 |VTDFLAEK
11.8 |921.4841(-0.0005 | VTMETLTK
11.5 |921.4807(0.0029 |JAEATYDIK
11.5 |921.480710.0029 |JAEAYIIDK
11.5 |921.4807/0.0029 JAEVIADIK




PFF (Orthogonal datasets and confidence levels)mwy s @
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Orthogonal datasets and confidence levels
Db : 100 000 sequences
500 spectra

Probability of one (any) spectrum “accidentally” matching a sequence
(wrong match) :

1/100 000 x 500 = 5.10-3 (0.005)

Probability of 2 spectra “accidentally” matching the same sequence

(wrong match) :
5.10 x 5.103= 2.5 x 10~

Much higher confidence of identification with at least 2 peptides
matching the same protein sequence



Data Dependent Tandem Mass Spectrometry B asiesei 2,

de aveiro

Protein 2 5o
database T a0

In silico 1o
digested peptides 3

0
Time (min)

NG

In silico

fragmentation pattern \
338222 33.8409
1.5+
: One full scan + 10 HCD MS/MS in 1.1 sec
Matching .
s
£ 10 HCD in 0.83 see
z
2
é 33.8308
2 o051 - 33,8377
] 33.8457
_‘ ‘ 338320, aas0 ‘
FAB‘# B 33.8474
0.0 ‘ ‘ | | ET‘ 1

33.820 33.825 ) 33.830 33.835 33.840 33.845

Time (mim)




2-PFF

Easily automated for high throughput
Can get matches from marginal data

Can be slow
Large dataset

MS/MS is peptide identification
Proteins by inference.

* o conclusive evidence (P, = 0)

Peptides Proteins Protein summary list
F E < @ P
= : Minimum Ast of peoteins (protein groups)
P that can explain all chserved peptides:
ps 3] P; 1 ProteinA Probability P,
; = peptides 1, 2
pe 2a ProteinC Probabiity P
p: [5] =it @ P peptides 3, 4, 5, 6
§ 2b Protein B Probability Py = 0
pe [B] peptides 3, 4
fEs 3. Proteins G,E (Indstinguishabie), P,
P @ - : Py peptides 7, 8, 9
e ®
$ D
p: (8] - ’

B AACLifeSci 2



Peptides

P
P2
P
Pa
Ps
Pe
Py

Pa

&

EEEEEEEEE

Proteins

®©®

W

b

@6 @

N
»

°
w

0

O

9

°
=

MM AACLifeSci
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Protein summary list

Miremum st of proteins (protein groups
that can explain all chserved peptides:
1 Protein A Probability P

peptides 1,2
2a ProteinC Probabiity Py

peptides 3,4,5,6
2b Protein B Probability Py« 0

peplides 3, 4
3. Proteins G.E (Indstinguishabie), Py,

peptides 7, 8, 9
* no conclusive evidence (P, = 0)

T Protein Inference - Protein Level X
Lavout Export Legend Help SelectAll #Proteins: 1

Protein Labels Peptide Labels

() validation Status () Protein Evidence @ Molecule Type
@ AllNeighbors (L) Unique Only (L] Highlight

#Peptides: 37

'MW] Group Details

L
e@&b
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Transformation of data to mzML with MSConverter in B ifeSei @
ProteoWizard e e o

To look at the data in the mMass application, although it can read the mgf file format that is used in SearchGUII,

it is best if to convert the RAW data to mzML format.

20160421_THP1C_insol_0323_ziptip_1ug 04/21/16 15:06:19
RT: 0.00 - 120.00 4
6232 NL:
100 7A7E9
a0 Tc MS
11541 20160421_T
30 HP1C_insol
a5l MsConvertGUI (64-bit) — O =
Lo
2
2 60 (® Listof Files () File of file names
5
2 50 File: | Browse About MSConverGLI
H
E 40
5 Remove
o

64,04

Filt
‘ E:\Pedro\Desktoptest . THP 1C_insol_Tug raw ‘ hers

6877 T3.56
77.04 92.94 104.24

390 681 16.02 2018 26.72 : Output Directory:

| E\Pedro"Desktoptest | Browse _
TimeG [(]min} I:I

Options

Output format: |\ mzML  ~ | Edension: l:|
Binary encoding precision: (@ 64bit () 32bit
Write index: Use zlib compression:

TPP compatibility: Package in gzip: [

Add Remave
|Use numpress linear compression: [ |

|Jse numpress short logged float compression: [ Fitter Parameters

Use numpress short positive integer compression: |:|

Use these settings next time | startt MSConvertGLI



Data observed in the mmass application B clifesci @
e @
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B Select Sean X

id retention | ms | precursor | z ‘ mz range ion current points. | data type | -~

1 0.01 (0:00:00) 1 371-1816 38722960 21077 continuous

2 0.01 (0:00:01) 1 3I71-1616 227480220 15177 continuous

3 0.02 (0:00:01) 1 371-1616 231800370 16644  continuous

4 0.02 (0:00:01) 1 371-1616 225244400 16244  continuous

5 0.03 (0:00:02) 1 371-1616 231822420 16554  continuous

6 0.04 (0:00:02) 1 371-1616 227891420 15853  continuous

7 0.04 (0:00:03) 1 371-1616 230262860 16826  continuous

] 0.05 (0:00:03) 1 371-1816 226081700 16483  continuous

9 0.05 (0:00:03) 1 3I71-1616 228444850 16713 continuous

10 0.06 (0:00:04) 1 371-1816 230408880 16336  continuous

" 0.06 (0:00:04) 1 371-1616 228220700 16424  continuous

12 0.07 (0:00:04) 1 371-1616 227129540 16354  continuous

13 0.08 (0:00:05) 1 371-1616 224338780 16062  continuous

14 0.08 (0:00:05) 1 371-1616 230365350 16612  continuous

15 009 r-0n-nsy 1 AT1-1R16 FPRATIRAN 1R448 canfinunis v

b= R

2 90 TIC (MS)

3 BPC ([f15) »

=

=

T 60+

N

@

E

2 304

T T T
30 60 90 120

retention time in min_

Cancel Open Selected

Open mzML format file

Observe the sequence of MS and MS/MS spectra in the acquisition list
Open MS at 45.50. Peak piking

Observe the MS spectrum at RT 47.50

Search MSMS m/z 1216.56(+2) at RT 47.53

Search MS/MS in Mascot
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& mh 3720] — O
File View Processing Sequence Tools Libraries Links Window Help
G B S ke & ees | =il i T oA EE 0 A EX (2R B § o3
E-~E Documents miz int. »
- @@ *MSn spectrum [13720] 185.1644 131033
| | [ [ MSnspectum [13720] ¢ ] |13 45¢ 116756
= 8 0e+05 258.0901 187466
L] MSn spectrum [13720] » 282 1801 37448
— 300.1911 33849
il 3271110 108078
TALSSE & 3692132 36687
Peak Picking = | 4181207 260482
4321528 16575
B b om0 e A apply | 4352018 43404
440.1958 110408
503.2093 87132
ERxeDdEy) 5.0 531.2040 201857
. . 548.2386 4548
Abs. intensity thresheld: | 0.0 5492439 33153
. . 579.2233 39520
Rel. intensity threshold: | 0.1 o
& : 550.2406 16800
1 90 100 5182347 43283
Picking height: G20.2822 118666
8302721 147886
trrr = 670.2302 20940
Apply baseline: ¥  See baseling pansl o] 6872548 35384
[
Apply smoothing: [~ See smoothing panel " — 7052650 30392
o = 713.3160 42088
Apply deisotoping: W See deisotoping panel o o 721 3287 204016
- @
Remove shoulder peaks: v 9 758.8831 15482
- o . i - 768.3069 29588
@ o @ © &2 = 776.3419 12510
i @ =) o &
E — — J { 783.3173 150894
0.0e+00 il i Al T I 800.3359 28115
500 1000 1500 2000 2500 E_%D?S%«_S 11?4811 ]
miz < »
+ | = we | ] |20 | db =R mm| 113 In em| A | A || A% 2 + | = || 4

¢ @
)
@ @



Search MS/MS in Mascot B saciesei 2
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Mascot - PSS lon Search H

CE 2 %% LT Serven IMatrix Science j ﬂl

Title: | MSn spectrum [13720]

] Marme: I pedro E-mail: I p.domingues@ua. pt

Taxonamy: I ................ Homa sapiens (human) ;I
]

Database: ISwisstt ;I Enzyme: ITrypsin ;I Misd. : |2 vI
] Fixed modifications: (0) Variable modifications: (3)

Acetyl (K) A ICPL:13C(8)2H(4) (K} N

Acetyl (N-term) ICPL:A3C(8)2H(4) (M-term)

Acetyl (Protein N-term} ICPL:13C(8)2H(4 ) (Protein N-term}
| |Amidated (C-term) ICPL:ZH(4) (K)

Amidated (Protein C-term) ICPL:2H({4) {Protein N-term}

Ammonia-logs (N-term C) ITRAQ4plex (K)

Biotin (K} e TRAQ4plex (N-term) ~

[~ show hidden modifications

] Precursor mfz: | 1216.55735674 Mass type: |Monaisotopic |
Precursor tolerance: | 10.0 |ppm | Charge: |2+ -]

| MSMS tolerance: |0.05 |pa >|  instrument: |Default ]
Quantitation: [None |

I¥ Decoy [ Error tolerant Report: |ALTO -

Modifications: Oxidation M
Carbamidomethyl (C)



Mascot Score Histogram

[ons score 1s -10*Log(P). where P 1s the probability that the observed match 1s a random event. Q & CLlfeSCl J@é
Individual 1ons scores = 20 indicate peptides with significant homology. @ @
Individual 1ons scores = 26 indicate 1dentity or extensive homology (p=0.03).

Protein scores are derived from ions scores as a non-probabilistic basis for ranking protem hits.

N

Number of Hits

o T T T T T T T T T
il 20 40 &0 g0 jiRule]
Protein Score

Peptide Summary Report

Format As | | Peptide Summary v Help
Significance threshold p=:|0.05 Max. number of hits AUTO
Standard scormg ® MudPIT scoring Display non-significant matches Show sub-sets |0
Show pop-ups '® Suppress pop-ups Sort unassigned | Decreasing Score ¥ | Require bold red
Preferred taxonomy | Al entries v
Select All | | Select None | | Search Selected | Error tolerant
1. HS9@E_HUMAN Mass: 83212 Score: 182 Matches: 1(1) Sequences: 1(1)

Heat shock protein HSP 9@-beta 0S=Homo sapiens GN=HSP2BAB1 PE=1 SvV=4

Check to include this hit in error telerant search

Query  Observed  Mr(expt) Mr{calc) ppm Miss Score Expect Rank Unique Peptide
L4 1 1216.5574 2431.1802 2431.0970 1.28 a 182 1.4e-@9 1 u R.LVSSPCCIVTSTYGHTANMER.I + 2 Carbamidomethyl (C)

Search Parameters

Type of search : MS/MS Ton Search

Enzyme : Trypsin

Variable modifications : Acetyl (K),Carbamidomethyl {C),Oxidation (M)
Mass values : Monoisotopic

Protein Mass : Unrestricted

Peptide Mass Tolerance : *+ 1@ ppm

Fragment Mass Tolerance: + @.85 Da

Max Missed Cleavages 2

Instrument type : Default

Number of queries 1

|| Mascot: http:/‘www.matrixscience.com’ ||




Sequence Editor

-
Sequence Medifications

Mo.

I | | gd AACLifeSci a@@
n de aveiro

| Y | i
-
IE Protein Digest n
Posi
E see O | e @2 S Mass: {* Mo Ay Max charge: |2 Digest | Match | Annotate I
Dy _posi
g Alc  Enzyme: ITryrpsin ;I Miscl.: I 1 Mass range: I 500 = I 2000 [ lgnore mods  Coverage: 0/99 %
AllM
E:I slice I mis. I n'u'zl z I Sequence I errnrl L]
e [73-82] 0 11946477 1 kIDIPNPOERt
Fl [360-378] Sequence Editor n
- [482-502]
K5 {ggi;ﬁﬂ;] > L& | EK'Il ﬂ'f‘l i L Seguence type: |Reqular amino acids v | [ Cyelic Pattern I
LY [584-504] Peptide Fragmentation n
Il [393-202] Mo.
TE [457-477] [ %ee & G0 @2 i B, Mass: % Mo O Av  Max charge: IE Fragment | Match | Annotate |
[5&4-504]
[507-5268] — ) _
ps7arn BV Wwnw WaWMbl c [ intal HNladder [ -H20[ -co | Definedlosses [ +H20 [ Allow scrambling
[507-528] [ im
[393-402] Match Fragments n
[457-477] ion | error | s
[338-347] M | & Tolerance: Ilﬂ-ﬂ " Da ™ ppm [ Ignore charge Calibrate | ]
[169-180] M n]
[96-107] M -H20 Remove: | annctated | Matched | Unzelected v Izotopez [ Unknown n]
[429-438] M -H20 n]
M -NH3 nj
M -NH3 — nl
*
a10 £ 34
all % 24 *
al0-H20 | 8 14 .
a10 -H20 o g4 R o ] .
ali 4 &
a1l ) * s ® *
-
a11 -H20 -2 * ¢
a11 -H20 3 I ‘ " ‘ +
al2 4 - "r|| | J Wl ol e 1 . |
alz T T T T
al? -H20 500 1000 1500 2000
212 -H20 m/z v
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% mMass - MSn spectrum [13720] © — m] X
File View Processing Sequence Tools Libraries Links Window Help
B S| fn [ | o= e | B R ES DA KX (D ] B $ 4
=] Documents . m'z I int I r.int. 5 M
S *MSn spectrum [13720] 185.1844 131033 2286 8168
-4 Annotations | | ‘ ‘ ‘ I MSn spectrum [13720] + | 2131594 116756 2019 4225
~-we Unttled Sequence = = 253.0801 187466 3241 3302
-l 185.1644 (-0.0005 Da} a2 [1-2] < &00000 4 = MSn spectrum [13720] « 262.1801 37448 648 489
i 213.1584 (-0.0003 Da) b2 [1-2) - 200,181 33848 585 348
i 282.1801 (-0.0011 Da) b3 -H20 [1-3] = 3271110 108078 1668 847
i 300.1911 (-0.0006 Da) b3 [1-3] 550000 o 269.2132 36687 634 203
i 369.2132 (0.0 Da) bé -H20 [1-¢] 2 4181207 260462 4504 1128
i 435.2018 (-0.0002 Da) y3 [19-21] 9 432.1529 16575 287 68
i 549.2439 (-0.001 Da) y4 [18-21] 500000 2 :i:'fg;i 1:3‘:3; 1;:3 1:‘:
it 620.2822 (0.0002 Da) yS [17-21] 503.2083 67132 1161 273
it 721.3287 (-0.0011 Da) y6 [18-21] ) 450000 531.2040 201857 3487 &7
T776.3419 (-0.001 Da) a7 [1-7] [2xCarbamidom 5430336 4543 0.80 21
i 800.3358 (-0.0071 Da) a7 -H20 [1-7] [1xAceh = 5452439 AT ]
- 804.3348 (-0.0033 Da) b7 [1-7] [2xCarbamidor | 400000 . = 5709933 19620 885 218
i 818.3505 (-0.003 Da) a7 [1-7] [1xAcetyl; 2xCz = o 590.2406 16800 290 100
- 8074078 (-0.0011 Da) y7 [15-21] 2 b 618.2347 43283 748 328
i 917.4225 (0.0005 Da) b8 [1-5] [2xCarbamidor | 520000 7 = g - §20.2822 118686 2052 917
it 964.4299 (-0.0007 Da) y& [14-21] . 3z by £30.2721 147666 2553 1261
i 1016.4903 (-0.0 Da) b9 [1-9] [2xCarbamideme | 3n0000 4 a G 670.2302 20940 362 27
i 1127.4918 (-0.002 Da) v [13-21] R = = £87.2548 35384 612 588
--fji 12285389 (-0.0026 Da) y10 [12-21] E = ; - g ; 705.2850 30392 525 629
- 13155722 (-0.0014 Da) y11 [11-21] 250000 s § g ® % 713.3160 42008 728 978
1 14166223 (0.0011 Da) y12 [10-21] 2 84 -2 z =2 _ 721.3287 204016 3528 540
i# 1515.6902 (0.0006 Da) y13 [8-21] == 2 - 8 m oo = — 7588831 Ig2) 268 2
id 1628.7791 (0.0054 Da) 14 [3-21] 2000007 & &~ = ] & - % > = TER e ol as)
: 1788.7978 (-0.0065 Da) y15 [7-21] [1xCarbam o 5 ] - :\E')) = E; 5 7833173 16094 278 631
--fji 2219.956 (0.0042 Da) y19 [3-21] [2xCarbamid 150000 4 % = =2} ?; o g % EE 800.3359 28115 485 832
~-aa Unttled Sequence b = e EQ ‘_1 1 = =] T o B04.3346 43431 838 1357
o T § o S = g 5 | _ 3 = 818.3505 25309 438 595
100000 Tag 3 8 3 2|2 = = 881.3950 7018 1.21 82
@ 2 &8 & O = o ® 2 200.3881 13552 234 94
% 2 o 2 2 ] @ 507.4079 90453 1564 558
50000 1 i b © @ & 917.4225 32852 568 174
@ =) = < 264.4299 302411 s2235 94
0- t T 1 1127.4918 180983 3129 185
500 1000 1500 2000 1228.5389 192884 3335 115 ¥
< 3 miz < >

+| - o 0| db [ om 1 e[ n om| A A e 42| 52 +| - i B o4
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» Mass calculator
« Mass to formula



Generation of FASTA database from Uniprot (SwissProt) B9 ArcLifesci @
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I) Now, you should download the FASTA file of the proteome of HOMO sapiens.

a)  This should be done in the taxonomy page of Uniprot site and search Homo Sapiens

advanced w | O\ Search

; P
BLAST Align Retrieve/ID mapping Peptide search Help Contact .

Taxonomy results @ sbout Taxonomy
Filter byi «1to250f 8,220 B Show

Repeat search in UniProtkB (2,393,722) b 4

Taxons with:

s e
UniProtkB (7,305)

Homo sapiens (Human) & u

n

5 reviewed Eukaryota » Metazoa » Chordata » Craniata » Vertebrata » Euteleostomi » Mammalia » Eutheria » Euarchontoglires »
entries in Primates » Haplorrhini » Catarrhini » Hominidae » Homo

UniProtkB (531)

a proteome Proteomes (1) UniProtkB (156,851)- Reviewed (Swiss-Prot) (20,168) Unreviewed (TTEMBL) (136,683)

(1,051)

reviewed:yes AND organism:"Homo sapiens (Human) [9606]" Advanced

BLAST Align Retrieve/ID mapping Peptide search

Help Contact

2) Now you should download the Reviewed (Swiss- UniProtKB results Py —
Filter by’ 50457 = aiign |[&Download] @ Adc to basket| [ £ Columns 1t 250f 20,168 B Show 25 7|
FASTA fil - —— x
prot) ile T e SIS P——
—— BEZRIER romotrsmommica ) l
Popular [J P20848 AIAT| ® Compressed ' Uncompressed SERPINA2 ARGS, Homao
organisms ; ATR, PIL, SERPINAZP ' sapiens
Preview first 10 Go
' (<o) (amar)
[ QouNA3 A4cd A4GNT Homo 340
Proteomes - acetylglucosaminyltrans... sapiens
UP000005640 (Human)
(20,162) [J Q968GX2 ' A7L3B_HUMAN q Putative ataxin-7-like ATXN7L3B Homo a7
View by “% protein 38 sapiens
(J Q8N5Z0 AADAT_HUMAN ﬁ Kynurenine/alpha- AADAT KATZ2 Homo 425
_ % aminoadipate amino... sapiens




Dbtoolkit dataBase Processing Tool B9 AAClifesei 2,
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You can look and edit the FASTA file information by using the Dbtoolkit dataBase

Processing Tool

@ Database Processing Tool - a X
File Settings Tools Help

File selection

Database file : |E:\Pedro\Desktopluniprot-organism%3A9606+reviewad%%3Ayes fastaluniprot-organism%3A9606-+reviewed%3Ayes fasta | | Browse...
Preview pane (2 FASTA entries)

[v]

>sp|P20848 |R1ATR HUMAN Putative alpha-l-antitrypsin-related protein OS=Homo sapiens GN=SERPINA2 PE=1 SV=1
MPFSVSWGVLLLAGLCCLVESSLVEDFQGDARQKT DT SHHDQGDWEDLACOKT SYNVI DLAFDLYKSWLI YHRQHVLVT FT SVAMAFRMLSLGTKADTRTEI LEGLNVNLTET PFEAKIHECF
ROVLOALSRPDTRLLT TGS SLEVNESMELVDT FLEDTKKLYHSEASSINFRDTEEAKEQ INNYVEKRTGREVVDLVEHLEKDT SLALVDY I SFHGKWKDKFKAER IMVEGFHVDDKT I IRV
FMINHLGRFDIHRDRELSSWVLAQHYVGNATAFFILEDPKEMWQLEEKLT Y SHLENIQRAFDIRS INLHFFKLSI SGTYKLERVERNLGI TKI FSNEADLSGVSQEAFLELSKAVHVAVLT I
DEKGTEATGAPHLEEKRAWSKYQTVMFNRPFLVI IKEY ITHF PLFIGEVVNEFTQK

>8p |Q3UNA3 |R4GCT_HUMRN Rlpha-1, 4-N-acetylglucosaminyltranaferase O5=Homo sapiens GN=R4GNI PE=2 5V=1
MREELQLSLSVILLLVCGFLYQFTLESSCLFCLESFESHQGLEALLSHRRGIVF LET SERMEPPHLVSCSVESARKT YPEWFVVE FMEGLTDST PMPSHSTYPAFSFLSAIDNVEFLF PLDME
RLLEDTPLFSWYNQINASAFERNWLHISSDASRLAI INKY&GEIYMDTDVISIRPIPEENFLARDASRYSSNGIFGFLPHHPFLWECMENFVEHYN SAI WG QG PELMTRMLEVWCKLEDFQEV
SDLRCINISFLEPQRFYPISYREWRRYYEVWDTEPSFNVSYALHLWNHMNQEGRAVIRGSNT LVENLYRKHC FRTYRDLIKGPEGSVI GELGPGNE

L]

Status panel

Status :

21-02-2017 (16:51.23) - Mo file loaded.

21-02-2017 (16:51:38) : Processing incoming file (E)\Pedro\Desktopluniprot-organism®% 3A9606+reviewed% 3Ayes fastaluniprot-organism%3A9606+reviewe d%
21-02-2017 (16:51:35) : FASTA formatted file 'E\Pedro\Desktopluniprot-organism%3A9606+reviewed¥% 3Ayes fastaluniprot-organism%3A9606+reviewed% 3Ayes
<] I [ []
Errors:

[21-02-2017 (16:51:23) : Mone.
[21-02-2017 (16:51:35) : Mone




Transformation of data to MGF with MSConverter in Prote
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Use MSConverter in ProteoWizard to convert the HPC-MS data acquired in the orbitrap
(RAWV data file) to a format that can be read by the SearchGUI (MGF data file).

20160421_THP1C_insol_0323_ziptip_1ug

04/21/16 15:06:19

RT:- 0.00 -
100

Relative Abundance

90

80

70

60

50

40

30

20

120.00

3.90 681 1602 2018 2672

31.06

6232

6404

68.77 73.56
i 77.04 9294

NL:

=]

mc MS
11541 20160421_T

HP1C_insal

0323 zipti

p_Tug

ol MSConvertGUI (64-bit)

(®) Listof Files (C) File of file names
File:: | Browse

Remove

| E:\Pedro®Deskioptest . THP1C_insol_Tug.raw

10 20 30 40 50 60 70 80 90
Time (min) COutput Directory:
| E:“Pedro“Desktop'test | Browse
Options

CQutput format: | mzML | Bdension: I:I
Binary enceding precision: (® &4bit () 324bit
White indezx: Use zlib compression:
TPP compatibility: Package in gzip: [
IUse numpress linear compression: [

|Use numpress short logged float compression: [ ]

Use numpress short posttive integer comprassion: |:|

Use these settings nesd time | stat MSConverGUI

Fitters

Filter

About MSConvertGUI

MS Level w

Add Remove

Parameters



Search Engines: SearchGUI B9 aaaitesc 2,
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Y3 SearchGUI 3.2.8 - O X
File Edit Help

Input & Output

OPen the searchGUI. Spectrum File(s) 1 file(s) selected Add Clear
Search Sefings | test v | Add || Eat |

In the search setting select edit and
Qutput Folder E’\Pedro\Deskiopitest Browse

fill the form as shown.

Pre Processing

Variable modification were chosen o MsConvert MSConvert File Conversion - Proteolizard web page
(Wh)”) Search Engines
U X! Tandem XITandem Search Algorithm - XITandem web page
You can also Conﬁgure the peptlde MyriMatch MyriMatch Search Algorithm - MyrilM atch web page
. MS Al da S h Algorithm - MS A d b pag
shaker to open the results file, as o MS Amanda manea searen Algonim - £2 AMancs Weo 0age
U MS-GF+ MS-GF+ Search Algorithm - MS-GF+ web page
ShOWI’] beIIow. O OMSSA OMSSA Search Algorithm - OMSSA web page
. . | Comet Comet Search Algorithm - Comet web page
The searchGUI will ask you if you
0 Tide Tide Search Algorithm - Tide web page
want to create U Andromeda Andromeda Search Algorithm - Andromada web page
concatenated_target_decoy fasta De Movo Mgorithms
D Novor Movor De Movo Peptide Sequencing - Movor web page
. .. )
ﬁle' Say yes (Wh)’ IS thIS Important') U DirecTag DirecTag M3/M3 Sequence Tagging - DirecTag web page
Post Processing
(&) PeptideShaker PeptideShaker - Visualize the results in PeptideShaker

@ Please cite SearchGUI as Vaudel et al.: Proteomics 2011:11(5::996-9. Start the Search!



Select the search options
and the FASTA
database

Variable modification

were chosen (why?).

M9 aAiteSci 9
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}\;‘: Search Settings - test X
Database
Database (FASTA) 13A9606+reviewed¥ 3Ayes fastaluniprot-organism%3A9606+reviewed%3Ayes_concatenated_target_decoyfasta Edit
Modifications
Fixed Modifications (0) l Most Used Modifications |v]
MName Mass == | MName Mass |
B Acetylation of protein N-term 4201 | K
- B Deamidation of N 088
Deamidation of Q 0.28
B Fhosphorylation of S 7997 |
B Fhosphorylation of T 7297 |
i - I Fhosphorylation of Y 7997 |
Variable Modifications (3} I Pyrolidone from E -18.01
| Name Wass . I Pyrolidone from Q -17.03
—— I Pyrolidone from carbamidomethylated C -17.03
B Oxidation of M 15.88 TMT 10-plex of K 22318 1
Carbamidomethylation of C 57.02 | = TMT 10-plex of peptide M-term 22916 1
BN Acetylation of K 4201 | TMT 6-plax of K 22518 1
TMT &-plex of peptide N-term R |
ITRAQ 4-plex of K 14410 | ¥
Protease & Fragmentation
Digestion [ Enzyme |"] Precursor miz Tolerance 10.0 ppm v
Enzyme l Trypsin | "] Fragment miz Tolerance 10.0 ppm v
Specificity L Specific | '] Precursor Charge 2 - G
Max Missed Cleavages 2 Isotopes 0 _ 1
Fragment lon Types l |'J l ¥ |"]
® OK Cancel




ﬁ AACLifeSci 2

Select the peptideshaker options

PeptideShaker Settings =
Peptide Shaker
r N
Location |E:\PedrmDesIdop\F’eptideShaker—1.16.0\F’eptideShaker—1.16.0.jar | ( Edit ]
Project Details
Project Mame | THP1 |
Sample Name | THP1_f51 | Replicate 0
Output
Qutput File |E:\PedrmDesIdop‘.test\F‘eptideShaker_output.cpsx | [ Browse ]
Advanced Settings (see help for details)
Project | Default | Edit
Mascot Files | | [ Browse ] [ Clear ]

- —




Generation and evaluation of results: PeptideShaker for peptide and
protein visualization, and validation. PTM analysis

universida
de avein

|) After the searchGUI has performed the search

* (~3 minutes with an Intel I7-6700K with 16 MB of RAM), it will open the
results in the peptideshaker platform.

2) Here you will be able to see that ~700 proteins were identified, although
373 have been classified has doubtful (why?).

3) Also, you will be able to see information about the peptides identified for
each protein and the mass spectra with the annotated fragmentation
pattern.

e nnnnn g’

‘Spectum [ Budtle Piot | on Tadle




A peptide-spectrum
match (PSM)

M9 AxCLifeSc <,
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& Quality Control (beta) =
General Settings
fF ) |
Mark as Doubtful
[] Hits obtained on small databases (<1000 protein sequences)
[ Datasets with a low number of target hits
| [ Hits nearthe confidence threshold (margin= 1 x resolution) ‘
Protein Filters
I ) |
| | Name Description |

1 ==2 confident peptides

2 s -onfident spectra

Mumber of confident peptides filter
Mumber of confident spectra filter

Peptide Filters
£

Name

1 One confident PSM

Description
Number of confident PSMs filter

PSM Filters
b

1 | Fragment lon Sequence Coverage
2 Mass deviation

Description

rage filter by fragment ions

Precursor m/z deviation probability

(@) Ruht-dickin the tables to edit the fiters.

. oK . Cancel .




Data analysis: protein information, pathway analysis, and gene ‘
ontology Gdd AACLifeSci /2,
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Explore the advanced data analysis options of the peptideshaker by opening
the modifications tab, and the GO analysis tab.

Overview ]

Spectrum IDs

Fractions

Modifications
30 Structures

Annotation |
G0 Analysis |
1,['| Validation
QC Plots




Data analysis: protein information, pathway analysis, and gen& .
O AACLifeSci 2,
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de aveiro

In the annotation tab you will be able to annotate information for each protein.
However, if you wish to annotate multiple proteins, you will need to export
your results (default protein report) and click the web link next to the
resource and follow the instructions provided at the resource web page.

&) Peptideshaker 1.16.0 - THP1 (Sample: THP1_S1, Replicate: 0] - 0O X
Eile Edit Export View Help Find protein or peptide)
Basic Protein Annotation _ Protein Annotation - Help . @
" . Spectrum IDs
Accession PE3261 Single Protein P
To access the annotations for the currently selected protein, simply click the button Fractions
Description Actin, cytoplasmic 2 (ACTG_HUMAN) corresponding to the wanted resource. Modifications

3D Structures

Annotation

Multiple Proteins
To get the list of all validated proteins in your project click here.

Gene Name ACTG1 Chromosome 17 Advanced export options: Export > Identification Features.
GO Analysis
Taxonomy Homo sapiens To querry using multiple proteins, click the web link next to the resource and follow Validation
the instructions provided at the resource web page
Database UniProt CEEES
UniProt - protein knowledgebase _ Reactome - pathway database

=
o
=3
=3

Search Reactome Manually curated and peer-reviewed pathway database. web

neXtProt - human protein knowledgebase _ DAVID - functional annotation

Search neXtProt High-quality human protein infermation and annotation

Search UniProt High-quality protein sequence and functional information.

web Search DAVID Database for Annotation, Visualization and Integrated Discovery. web
STRING - protein interaction _ IntAct - protein interaction
Search STRING Known and Predicted Protein-Protein Interactions. web Search IntAct Analysis tools for protein interaction data. web
QuickGO - gene ontology terms and annotations _ InterPro - predictive protein signatures
Search QuickGO Web-based browser for Gene Ontology terms. web Search InterPro Integrated database of predictive protein signatures. web
DASty - protein sequence features _ PDB - protein data bank
Search DASty Web client for visualizing protein sequence feature information. web Search PDB Biological macromolecular resource. web

PICR - Protein Identifier Cross-Reference Service




Validation

100%

20%
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Show the results of this analysis:
« Number of proteins identified
- Top 3 most abundant proteins

* Select a group based on GO analysis
- Show the string analysis (functional protein association networks) of this group
» Annotate one important protein (central node)
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