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SCI Chromatography
Spec —

“A process by which a mixture is separated into at least two fractions having different

compositions”

\

® 1903 - Mikhail Tsvet (Russian Botanist) records a P e f"
process for the separation of different chlorophylls | da

from plant extract.

® Coined term “Chromatography” (color writing)

® Why are separations desired?
® To identify what is present (qualitative analysis)
® To determine how much is present (quantitative
analysis)

® To purify compounds
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SCI How does chromatography work?

Spec

Continous stream of mobile phase

Stationary Phase

® Separation : Between two phases (Stationary phase and Mobile phase)

® The components are separate from each other based on difference in
affinity for the stationary or mobile phase.

® Separation are achieved based on differences in chemical properties.
S Your Scientific Specialist




Sci Chromatogram
Spec

Detector signal
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Retention time - identification

Peak area -  quantification
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Sci Liquid chromatography
Spec

® Liquid Chromatography (LC) : Chromatography technique which liquid is used as

mobile phase
® High Performance Liquid Chromatography (HPLC)

® HPLC System configuration

Column
Pump with Degasser Autosampler Detector Computer and Software

(in Column Compartment)
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Sci HPLC system
Spec

.

S L o

 Pump : - Control the flow of mobile phase and analyte(s)

- Mix two or more solvents

* Degasser : Remove air bubble in solvents
» Autosampler : Inject the sample into a running system

» Column : Separate each components

» Column Compartment : Control a column temperature

» Detector : Detect signal from analyte(s) after seperation

B

ANNN\¥

» Computer and Software : Control HPLC system and analysis
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Sci The UltiMate™ 3000 LC Systems

( Isocratic
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SCl HPLC Modes
Spec

® Normal Phase (NP): The stationary phase is polar and the mobile phase is

non-polar.

> Niche mode in modern (prep) LC (e.g. separation of enantiomers)

®* Reversed Phase (RP): The stationary phase is made of chemically modified

silica (normally with non-polar surface) and the mobile phase is polar.

> Most common HPLC mode

» Good for separation of broad polarity range

10 Your Scientific Specialist




w
2

Spec

é
g
v

Normal Phase Chromatography
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® Common NP stationary phases:

R= OH Silica
R=(CH,),NH, Amino
R=(CH,),CN Cyano
R=(CH,),0CH,CH(OH)CH,OH Diol

® Common NP mobile phases:
Heptane < Hexane < Toluene < Chloroform < Ethyl acetate

< Isopropanol < Acetonitrile < Methanol

® Summary:
- The least polar component elutes first.
- Increasing the polarity of the mobile phase decreases the elution time.

- Check sample solubility in mobile phase!
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Reverse Phase Chromatography
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® Common RP stationary phases:
R=(CH2)17CH3: C18
R=(CH2)7CHS3: C8

® Common RP mobile phases:

Water < Methanol < Acetonitrile

® Summary:

%
Z
Z
/
%
f
7
f
/

- The most polar component elutes first.

- Increasing the polarity of the mobile phase increases the elution time.

CH, - Most common HPLC mode: 80% RP separation.
0—Si—CHz(—CHz)1s—CHa
CH, - Good for separation of solutes with broad polar range.

12 Your Scientific Specialist




Sci Basic Types of HPLC Solvent Runs

Spec
* ISOCRATIC
-1SO ==> SAME
- Solvent composition stays the same for the entire run
(Ex. 60 : 40 Alcohol : Water)
* GRADIENT

- Gradual change
- Solvent composition changes throughout the run
- Gradually changed or Step changes
(Ex. 100% H,0/ 0% MeOH -2 0% H,0 / 100% MeOH)
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Sci

Spec

Isocratic Separation of 9 Alkylphenones

Mobile phase for isocratic separation:

2250 *:'“ -Pre-mix mobile phase in bottle
2000 or
1750 - -The eluents are mixed by the pump:
1500 “ “dial-a-mix*
1000 ] ‘ ‘ ‘,‘ | A Column: Acclaim 3 ym, 3 x 75 mm,
f |
750 iiﬂ }r J | | /\ Flow rate 1 mL/min
500 | ‘ ‘ ‘ \‘\
T
|- |
250 ] M | “ H H‘ | Mobile Phase: H,O:ACN
\‘ “‘H M‘\ H ‘H\ N .
12000 ) A\ Do
‘ |
-1 ‘J\ 3) 3070
AN —
-750 ‘\\HH“ “\ [
3 UL

min

Isocratic flow: mobile phase of constant composition (thermodynamic equilibrium)

14
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Sci

Spec

1400 SG_2008_05_05_04 Alkylphenones #9

9 Alkylphenones

Gradient Separation of 9 Alkylphenones

UV_VIS 1

—_mAU
Joec:0.0%

1250 -

%Acetonitrile: 90.0 %

1-A-0.507

1125

2-B-0.907

1000
875 |
750
625
500 |

375 -

250

125 4

T T T

4 %Acetonitrile: 45.0 %

4-D-1.860

5-2.007

7-G-2560

=]
A
N
~N
©

8-H-2.833

9-1-3.100

WVL:245 nm

Constant peak width
due to increasing
elution power by

gradient separation

Acclaim 3um, 3 x 75 mm

Flow rate 1 mL/min

® Gradient elution efficiency is better related to peak capacity

— a measure of peak number that can be separated in a defined retention period

— rather than plate number (complex equation for gradient separation).

Gradient flow: composition of mobile phase is time dependent
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Sci System Contribution — Accuracy and Precision

Spec

Accuracy is the degree of closeness of a measured quantity to its true value

= relevance for method transfer

Precision is the degree of further measurements show the same results

(reproducibility) = deviation of repeated measurements
The target analogy: E : ; E é : { ;
accurate, but not precise precise, but not accurate Neither accurate nor precise
(random errors) (systematic error) (useless)

accurate and precise
(ideal result)

A valid method or system is accurate and precise!
Your Scientific Specialist




e Principle of

Mass Spectrometry

SCI

Spec
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SCI What is Mass Spectrometry?

Spec

« The production of ions that are subsequently separated or
filtered according to their mass-to-charge (m/z) ratio and
detected.

« The resulting mass spectrum is a plot of the (relative)
abundance of the produced ions as a function of the m/z

ratio.”
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SCI Mass Spectrometry “Simplified”
Spec ———

Generate - lon Production

Move . lon Optics

Select - Analyser

Detect . Electron Multiplier

The lifetime of an ion from the point of formation
to detection is approximately 50 to 100 microseconds
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Sci

Spec

What is Mass Spectrum?

« Graph of Relative lon Intensity vs. m/z

* lon Fragments detail structure and molecular weight of compound

CCl “parent mass”
100- 3117
{-:f_ﬂd MW=152
L]
% Other are called
g r/,/ “fragments”
0
<
e % | 1
Cl CcCl EClE
47 82
35 ‘
0 "I"""!llll:l:':|II"'I"|'!Ii""I""'l'l'.!'l""Il"""l"':l"l"'"l aasanannamanssl gy
4[] bU gl 100 120 140 16U

20

Your Scientific Sgecialist




SCi Components in LC-MS

Spec
Sample lon Interface Mass Detector
introduction Source to Vacuum Analyser
Liquid

lonization Mass Analyser

Chromatography
* ESI » Triple Quadrupoles
* APCI « Orbitrap
« MALDI
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SCi lon Source

Spec

® lon source converts sample molecules (neutral) into charged

molecules or molecular ions.

® |onization methods in LC-MS

® Electrospray lonization (ESI)
® Atmospheric Pressure Chemical lonization (APCI)

® Matrix assisted laser desorption ionization (MALDI)

22 Your Scientific Specialist




"¢ @
SC| Electrospray lonization (ESI)
Spec

lon Transfer
Capillary

ESI Probe

ESI Nozzle

Electrospray Needle

lon Transfer
Capillary
Entrance

23 Your Scientific Specialist




SCi Electrospray lonization (ESI)
Spec

ESI Needle Solvent evaporation and lon Transfer Tube

+/- 3-5 kV lon desolvation

F-h-ﬁr
>.-’. @E)J,
]

Fump
5‘5 Atmospheric
Pressure
Droplet Smaller Clusters and lons
Crroplet ionic speces

Taylor Cone
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'Sci Atmospheric Pressure Chemical lonization (APCI)
Snec

lon Transfer APCI
Capillary

lon Transfer
Capillary Entrance

lon Source
Interface
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Sci Atmospheric Pressure Chemical lonization (APCI)

Spec

Analyte (M) and
solvent vapour % Uﬂﬁ"&t‘ﬁ!t}"
Sample introduction BRISTUL
needle tip
JIl / . M M+H — 5 To mass
; L . .' analyser
—— o !.:
—= ol .'l
! "' - H4O* H-O
\ I:I:II ision
Vap-uurlser carona discharge region
Hegter hlock (plasma) region

axpanson of corons
discharge [plasmal regio

Hz':' * HzO* H50*

© 2004 Dr. Paul Gates

University of Bristol
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Sci Which is best?

Spec

® It depends on the exact application.

® Increasing polarity and molecular weight and thermal instability

favors electrospray.

- Most drugs of abuse are highly polar and are easily analyzed

using electrospray.

- High molecular weight proteins also require electrospray

® Lower polarity and molecular weight favors APCI.

- Lower background, but compounds must be more thermally

stable.
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SCl Components in LC-MS

pGC
Sample lon Interface
introduction Source to Vacuum

* Triple Quadrupoles
$=———=== . Orbitrap
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Sci Mass Analyzer - Triple Quadrupoles

Spec

HyperQuad quadrupole

Active collision cell (Q2) j ./ mass filter (Q3)

Y e HyperQuad quadrupole

mass filter (Q1) Dual-mode discrete-

lon beam guide with dynode detector

neutral blocker

High-capacity transfer tube (HCTT)

29 Your Scientific Specialist
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SCI Principle of Operation (Triple Quadrupoles, Q1 & Q3)

Spec

® Q1 and Q3 are “mass filter” where ions are scanned by varying the DC/Rf

voltage across the quadrupole set.

+/-(U+V coswt)

>

—— -[+(U+V coswt) '\

Non-resonant ion

30 Your Scientific Specialist
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SCI Principle of Operation (Triple Quadrupoles, Q2)

Spec

® Q2 is “collision cell” where precursor ions are fragmented and pass through

Q3 for ion sorting again.

® ¢ @ o o
Q O 0 —) e D — 6 LI )
) Ql \ 0 v .C I
@ © a 0 ®
——————ee el e i e
Precursor selection Fragmentation Fragment selection

(Collision gas, AR)
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SCI Principle of Operation (Triple Quadrupoles)
Spec —

http://www.youtube.com/watch?v=LFB14D8pkoc
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http://www.youtube.com/watch?v=LFB14D8pkoc

Spec

33

Sci

Scan Mode
Full Scan Scanning
SIM Fixed m/z

Product Fixed m/z

SRM Fixed m/z
Neutral Loss Scanning

Precursor Scanning

Scan Modes

Pass All
Pass All

Pass All (+ CE)

Pass All (+ CE)
Pass All (+ CE)

Pass All (+ CE)

Pass All
Pass All

Scanning

Fixed m/z
Scanning

Fixed m/z

Purpose

MW Info.
Quantitation

Structural Info.

Targeted
Quantitation

Analyte
Screening

Analyte
Screening
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Sci

Spec

Full scan Q1:

Full Scan Q3:

<

AVA VAV

Q1 Scanning

ik

Q1 Pass all

Pass all

Full Scan Mode (Q1 or Q3)

&

S—

Pass all

Q3 Pass all

AVAVANV

Q3 Scanning

Purpose: Survey scan of a chromatographic peak

o Advantages

o Provides structure (MW) information

o Library searchable

34

o Disadvantages

o Low duty cycle

o Low sensitivity
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Sci

Spec

35

Full Scan Mode

RT: O.00 - 20.02

100
os
20
s8s
s0
75
7o
(=17
[=1e}
55
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as
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35
30
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=20
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s
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\ Chromatogram

HA AM J}L -.AML o ew 7=

..-MJ-.Lm.kl.fwl.f-.l,h 8;23 B3.90 9.81
8

12.73 14.05 15.09 15.95 16.93 18.34 _18.94
T T T T T T

100

%

T T T T T
S 10 =
Time (mind

One Click

Spectrum - _

NH= tBu

T T T T T T T T 1
14 16 ias 20

240

Base peak
at m/z 240 (MH")

241

60 80 100

120 140 160 180

200

220 240 260 280 300
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SCi Selected lon Monitoring Mode (SIM)

Spec
Q1 Fixed m/z Pass all Q3 Pass all
T — w —
* . ..0 L
SIM Q1: o'./\/\/\/ co%e /\/\/\/
— — —
Q1 Pass all Pass all Q3 Fixed m/z
T — —
. o
SIM Q3: AVAVAY RV e !’W\/
——— e

Purpose: Quantitation on a specific m/z range of ions

o Advantages o Disadvantages
o Targeted analyte monitoring o Can suffer from interferences
o High duty cycle o Not as sensitive or selective as
SRM
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Sci

Full Scan versus SIM

Spec

RT: 0.00-75.04 SM: 7G

52.33 NL: 2.91E8
100_: Base Peak F: +c
] NSIFull ms [
90 400.00-1800.00]
] MS datal4d
80
705
60
50
E Full Scan
407 47.88
E 31.30
30: 55.14
204
] 34.47 50.24
100100 650 809 1151 17.22 1887 2356 24.15 /\ 39.42 }\
T P L,_» M ) 2217 4424 || W L A\ g@oiwfi?iggjj?}ﬁw MZE)F?E‘_Z%‘@?_‘
oo 3130 NL:7.97E7
T Base Peak m/z=
] 1030.90-1031.90 F:
90— + ¢ NSIFullms [
] 400.00-1800.00]
80 MS datal4d
704
60
SIM
404
30
20
104
J 323 345 1036 1403 1966 2190 27.26 3099 |\ 3 39 °%0° 4053 : 52.44 5553 59.41 64.64 67.24 7357
O e e B B A R e s s s s s e ey e e S B B B i e e e B e B e e e e e e e e B B B I IS B B e S s ey s e |
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
37 Time (min)
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Sci

Spec

RT

Relative Abundance

Relative Abundance

Full Scan versus SIM

S 4.75-5.094
RT: 5.37 NL:
SN: 1464 3.45E8
100 m/z=
. 16.40-127 .40
e Genesis
60: fulk-msz2
40
203
0 RT.5.37 NL:
SN: 4394 169E8
1004 TIC MS
. Genesis
SDE SIM -
603 1 11112817360
3 5
o B - - r. 1 1 1. 1 1. 1 ] 1T 1T ] T 1 T T 1] 1T 1 T ] T T T T J T T 1T T T 1
ensitivity is
Time (min)
10~X Better
126.92 NL: 2.96E8
] full-m=2#526 RT:
80 5.36 AV:1T:+cEl
] Q1Ms
60 191.98 [50.000-600.000]
40 108.91
] 163.95
207 67.00 7893 193.01
] 59.02 . 7 8295 94.90 9895 11291 12603 |127.91 14094 44397 15992 |16495 17692  191.35 (| 19501  209.02 214.24
D_ N N P N P J T P TP 1919? e NL 159E8
100 S~
807 1_111128173605#1
] 575 RT:5.37 AV:
60 1T:+cElQIMS
] [191.945-191.995]
40
20
0 T T T ] T T 171 T T [ T T T T [ T T T T [ T T T T [ T1T T T T T T T [T T T T [ T T T T [ T T T T [T T T T [ T T T T [ T T T 1] T T 7 T T ] T T 1T 7]
50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220
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SCI Selected Reaction Monitoring Mode (SRM)

Spec

Q1 Fixed m/z

Pass all (+CE)

|

—

Purpose: Targeted quantitation

1 Advantages

O Targeted analyte monitoring
O High duty cycle

O “Simultaneous” monitoring of

multiple transitions

39

Q3 Fixed m/z

"N NS \or

] Disadvantages

1 No structural information

Your Scientific Specialist




SCi The Need for True MS/MS

m/z 325 Intact Analyte Parent

m/z 175 Analyte CID Product A

ﬁﬁﬁio
m/z 150 Analyte CID Product B

Different compounds having the same parent m/z have
different structures. True MS/MS facilitates Monitoring of a
Single Reaction (SRM) for interference free quantitation of
analytes in matrix.

Matrix (interference) Parent

mi/z 325
= @\. m{z 325 Intact Matrix Parent
Y ”“=~::::_"“—————a- @ m/z 185 Matrix CID Product A
ﬁ__ﬁﬁhﬁi .
m/z 140 Matrix CID Product B

LS Cross Roads - Revision 7.5 - 827198 - Richard Klein
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SCi SRM Selectivity in Complex Matrices

Spec

RT: 2.28-5.89 SM: 15G

——————————x300
RT: 5.37 NL: 8.14E7
SN: 1093 m/z= 191.50-192.50
1007 MS Genesis Full-MS2
80
60 . N
= Full MS Scan \ S NN
40— \ \/\/
20
0 RT: 537 NL: 1.38E8
SN: 27528 m/z= 191.50-192.50 F:
100 +c El Q1MS
- [191.945-191.995] MS
807 Genesis
605 SIM-1_111128173605
3 SIM Scan
40—
20 ‘ ‘
0 RT: 5.37 NL: 3.27E7
SN: 201353020 TIC F: + ¢ El SRM ms2
1007 191.950
- [126.935-126.985] MS
807 Genesis
605 Full-SRM-Survey-1
3 SRM Scan
40—
20
0
2.5 3.0 35 4.0 45 5.0 5.5
Time (min)
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Sci

Spec

Comparison of SIM and SRM

e 25.37 NL: 2.67E4
m/z=271.50-272.50 F: + ¢ SIM
ms [236.50-237.50,
271.50-272.50, 306.50-307.50]

23.53 RT: 23.76 MS probe20f_sim
22.93 2135
2008 21.25 22.41 238 2402 2455 2467 2548  26.26 e /
— 20.57 - 22.17 . \ . A LT = +{ e
-
S I M RT: 23.76 NL: 9.94E3
1007 m/z= 306.50-307.50 F: + ¢ SIM
] ms [236.50-237.50,
80 271.50-272.50, 306.50-307.50]
60—: 24.59 MS probe20f_sim
] 23.13 24.17 \
40 22.93 R ] 25.18 2534 26.31 27.09
0] 23317 AN AR N 2646 “ 0
] 21.67 2189 22.52 /\ ’/\ . - o “\/‘\"’\‘ T s TN L e .
20 19.65 20.15 20.57 21.15 IR Tt v
— I N R S IR N 4
0_'
RT: 23.77 NL: 6.10E5
100 miz= 207.50-208.50 F: + ¢ El
] SRM ms2 237.000
807 [207.999-208.001] MS
] Genesis Probe20F
60—
40
i
o S RM RT: 23.77 NL: 1.06E6
100 m/z= 236.50-237.50 F: + ¢ H
] SRM ms2 272.000
807 [236.999-237.001] MS
] Genesis Probe20F
60
40
E Superior Selectivity
20
0- T | LS R | LA RS LA | RN IS R RN IS AN MU LS AN MAE IS LA RS RN MRS S RIS LA R RS R AR
18 19 20 21 22 23 24 25 :
Time (min) \ ) Free from sample matrix
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Spec

Sci

Anal. Chem. 2000, 72, 1156—1162

Mass Analyzer - Orbitrap

Electrostatic Axially Harmonic Orbital Trapping:
A High-Performance Technique of Mass Analysis

Alexander Makarov*

HD Technologies Ltd., Atlas House, Simonsway, Manchester, M22 5PP, U.K.

This work describes a new type of mass analyzer which
employs trapping in an electrostatic field. The potential
distribution of the field can be represented as a combina-
tion of quadrupole and logarithmic potentials. In the
absence of any magnetic or rf fields, ion stability is
achieved only due to ions orbiting around an axial
electrode. Orbiting ions also perform harmonic oscilla-
tions along the electrode with frequency proportional to
(m/2)"V2. These oscillations are detected using image
current detection and are transformed into mass spectra
using fast FT, similarly to FT ICR. Practical aspects of the
trap design are presented. High-mass resolution up to
150 000 for ions produced by laser ablation has been
demonstrated, along with high-energy acceptance and
wide mass range.

Figure 1. Equipotentials of the quadro-logarithmic field and an
example of a stable ion trajectory
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Mass Analyzer - Orbitrap
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SCI Principle of Operation (Orbitrap)

Spec

® The Orbitrap is an ion trap — but there are no RF or
magnet fields!

« Moving ions are trapped around an electrode

- Electrostatic attraction is compensated by centrifugal force

arising from the initial tangential velocity

- Potential barriers created by end-electrodes confine the

lons axially

« One can control the frequencies of oscillations

(especially the axial ones) by shaping the electrodes

appropriately r

Orbital traps
(= P

* Thus we arrive at ... Q Kingdon (1923)
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SCi Principle of Operation (Orbitrap)
Spec

Hyper-logarithmic potential distribution:
“ideal Kingdon trap”

k {Zz_r2/2+ R? -In(r/Rm)}

U(r,z)zi-

= Characteristic frequencies:

* Frequency of rotation w,
* Frequency of radial oscillations w,
* Frequency of axial oscillations w,

DR OE

Makarov A. Anal. Chem. 2000, 72, 1156-1162. o o
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SCI Principle of Operation (Orbitrap)
Spec

60

Time Domain | Frequency Domain

- 514032 2067038 2543222
534,403 1854.001 2751794
o 2072.261

%87197.055 439 03

6024.724

3431508 ST B8 ya97.a73
4563646 5178517 5565030 5685055

4356.726

Amplitude

Fourier | ‘ ‘ | ‘
L |

~—— Transform '
/ frequency

L L L L LA L L (LN B B N B B S S N D B B B B
0 200 1000 1500 2000 2500 3000 3400 4000

>

Many lons Generate Mass Spectrum

a Complex

amplitude

“Transient”

| ‘l |‘|| ‘
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SCl Mass Resolution

Spec

® Ability of a mass spectrometer to distinguish between ions of nearly equal

m/z ratios (isobars). m

Am
¢ m - measured mass
* Am - peak width measured at 50% peak intensity (Full Width Half Maximum)
- or the mass difference between two adjacent peaks of equal intensity, in this case pw @

10% valley definition is used.

FWHM

is 0.6 D,@\ /10% Valley
Doublet

Singlet method

method

_Am at 5%

e
\

Singlet

\Qeﬂthod

48 998.5 999 999.5 1000 10005 1001 10015 1002 Your Scientific Specialist




y o
Scl Resolution & Peak Width
Spec —

Chromatography

Low Resolution

High Resolution

Time
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SCi Mass Resolution

Spec

® At minimum the resolution of the mass analyzer should be sufficient to separate
two ions differing by one mass unit anywhere in the mass range scanned (unit

mass resolution).

Typical values of resolution for low resolution mass analyzers (e.g. quadrupoles

and ion traps) are below 5000.

® High resolution instruments have a resolution exceeding 15000.

Mass spectrometer Resolving Power (FWHM)
FT-ICR-MS 1,000,000
Orbitrap 500,000
HR-ToF 60,000
Magnetic Sectors 10,000
Quadrupole / lonTrap in UltraZoom mode 5,000

Quadrupole / lonTrap 1,000
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SCi Commercial High Resolution MS Technology Race

Spec

New Tribrid Orbitrap

500000 -
A
. - /
450000 - --® Orbitrap - # Tof / QTof Tribrid Orbitrap ®
I
400000 - "
= ! .
§ 350000 - ORBITRAP’s spectacular climb ’ LIT-Orbitrap ETD
= in performance in a decade! ,'
= 300000 - Q-Orbltrap*'l ®
= I
% 250000 1 @ @ New Q-Orbitrap
@£ I
= 200000 - i
§ I
I
= 150000 Quad Orbitrap @
7
4
100000 - .
lon Trap-Orblg;xp ‘ Entry Q-Orbitrap
50000 - ”’
Bendix Tof FirstQ-Tof * s
0 & ---—-=—---—=--—----—-------- *-- —
1955 1965 1975 1985 1995 2005 2015

Time progression (year)
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SCi Mass Accuracy
Spec

®* Nominal Mass

The mass of an ion with a given empirical formula calculated using the

integer mass numbers of the most abundant isotope of each element

Ex : M=249 C20H9+ or C19H7N+ or C13H19N302+

® Exact Mass

The mass of an ion with a given empirical formula calculated using the

exact mass of the most abundant isotope of each element

Ex : M=249 C,,Hg* 249.0070
C,oH N+ 249.0580
C,,H,N,0,* 249.1479

13" 119' V3™2
52 Your Scientific Specialist




SCi Mass Accuracy
Spec I

® Mass accuracy is the precision of which the mass is measured by

the mass spectrometer.

®* Typical way of reporting mass error in ppm (relative mass error):

exact mass — measured mass
* 10°

mass error = (
exact mass

® Absolute mass error can be used (mDa).

® Main advantage: the possibility to determine the elemental
composition of individual molecular or fragment ions, a powerful

tool for the structural elucidation or confirmation.
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Sci Mass Accuracy
Spec

® Accurate mass measurements take advantage of the fact that the combination of

elements contained in a molecule have a very specific, non-nominal molecular

weight:
9 Element Isotope Relative Average Exact
Nominal |Abundance Mass mass
Mass (%)
H 1 100 1.008 1.0078
— Carbon has a mass of 12.0000 2 0.016 2.041
C 12 100 12.011 12
13 1.08 13.0034
— Hydrogen has a mass of 1.0078 N 14 100 12007 14.0031
15 0.38 15.0001
— Oxygen has a mass of 15.9949 0 16 100 15.999 | 15.9949
17 0.24 16.9991
. F 19 100 18.998 18.9984
— Nitrogen has a mass of 14.0031 P 31 100 30974 30.9738
S 32 100 32.06 31.9721
33 0.78 32.9715
34 4.4 33.9679
Cl 35 100 35.453 34.9689
37 32.5 36.9659
Br 79 100 79.904 78.9183
81 a8 80.9163
I 127 100 126.905 | 126.9045

Mass accuracy depends on resolution

54 Higher resolution allows for better mass aCCUIai scientific Specialist




Sci Mass Accuracy
Spec ———

® Typical mass accuracy capability for various MS types:

Type Mass Accuracy
FT-ICR-MS 0.1-1ppm

Orbitrap 0.5-1ppm

Magnetic Sector 1-2ppm

TOF-MS 3 -9 ppm

Q-TOF 3-5ppm

Triple Quad 3 -5 ppm

Linear lonTrap 20-200 ppm

(10 ppm in Ultra-Zoom)

Source: Metabolomics Fiehn’s lab
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SCI Importance of High Mass Resolution & Accuracy
Spec

» Selectivity
* |Isobaric compounds separation
 Removing interferences

« Unknown compounds identification
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Sci Importance of High Mass Resolution & Accuracy

Spec

« Selectivity through high resolving power & accurate mass
Linuron, m/z 249.01921

NL: 2.95E6

miz= 243 50000-249 50000
100+ 6.18 F:FTMS+ pESIFullms
- [50.00-750.00] MS Genesis
903 23Jun_31974_matrixB100ppb
3 _vDIA_03a
80 . .
e XIC: Nominal Mass
£ o0 Extraction Window RT708
32 509 SN:13
£+ (249 * 500 mDa)
& 30—5
20—§
10_2 MJ
e e A
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time (min)
RT: 0.00 - 15.00 a7 709 NL: 1.30E6
AA 3501139 miz= 249 01846-249 01996
100 SN: INF F:FTMS+ pESIFullms
: [50.00-750.00] MS Genesis
90 23Jun_31974_matrb8100ppb
] _vDIA_03a
e XIC: Accurate Mass
o 703 . .
Extraction Window
ia  (249.01921 % 3 ppm)
% 404
2 30—2
20—2
10—2 Kﬂ
0:||||||||||||||| ||||||||||||||||||| rl"|||||||||| |||||||||||||||||||||||| | LRI AR RN R |
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Time (min) . e . .
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Sci Importance of High Mass Resolution & Accuracy

Spec
* |Isobaric compounds separation

25 ppb sample

COOH
Cl _/:CH2 N
@] i S
ClI
CF,
c Ilr-:laéalll;: ° A e —— Flunixine

1445 12N3 Tine 3min) T4 72 C14H12F3N,0,

297.05558 297.08458

297.05524
© C14H150 N2 Cl2 ® 297.05521 ~1.18 ppm @ -1.28 ppm
S -1.21 ppm & CuuH1sON2Cl2 o0 s S 297.08420
10 1.08 ppm 00 ~1.31 ppm - 100 015371-52551412 o) R=100,000

297.08426
2 5 A 2 20 A 2 50 -1.21_ppm
2 0 20 2 0
& 297.05588 S 297.07214 K 297.08362
14 C14H15 O N2 Cl2 o C1H150 N2Cl2 14 C14H15 ON2 Cl2
10 0.95 ppm 100 55.70 ppm 100 94.33 ppm R=1 0’000
5 50 :J 50:J
O P T e S e S L o e B B o e I O— e e e e
297.05 297.10 297.00 297.05 297.10 297.05 297.10
m/z m/z m/z
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Sci Importance of High Mass Resolution & Accuracy

Spec

* |Isobaric compounds separation

MO, o
Thiamethoxam i S\ﬂ/m Am . /@%LO Parathion
e W, 0.0138 Da o~
[M+H]" = 292.02656 Ko) 4&“ i 0> © : [M+H]" = 292.04031

292.04031
CioH15 05N P S

100

o
<

e b b b b b b b b b

.

=)
<

3
(=]

=)
(=)

(9]
<

Relative Abundance
I
[—)

292.0;2656 : R= 15,000

Cs Hi1 O8N5 CIS '
1

w
<

R = 35,000

i v
/\d , v R = 50,000
e | R=100,000

292.02 292.04 292.06 292.08
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Sci Importance of High Mass Resolution & Accuracy

Spec

 Removing interferences

High resolution is very important for samples with complex

matrix (e.g. biological, food), since they will contain a significant

R=15000 |4 — Anoly - High resolution is needed for:

J 1) ® Separating co-eluting molecules

' with close masses
il | ® Mass accuracy

207] | g ® Good (semi) quantitation results

Figure 1: Analysis of the MH* peak of Peimicard at 15,000 and 80,000 resclution
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Sci Importance of High Mass Resolution & Accuracy
Spec

« Unknown compounds identification

® Accurate mass measurement is the experimentally determined mass measured to

an appropriate degree of accuracy and precision (Gross, J. Am. Soc. Mass Spectrom.,1994)

Accurate mass measurements narrow down the list of possible formulae for a

particular molecular weight

Mass spectrum and analyst complete the picture:
— Isotope distributions indicate/eliminate elements ( e.g. Cl, Br, Cu)
— User-supplied info eliminates others (e.g. noF, Co)

— Suggested formula has to make chemical sense: (CH,,0, is not reasonable nor is Cl,H,Co, )

61
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Sci Mass accuracy for chemical formulae ID
Spec

® The effect of mass accuracy and molecular weight on the

number of potential chemical formulae.

150

N,O)
X]
<

©
T

~+- 300 Da
~#- 600 Da
—4— 1000 Da

Number of Formulae (C,H,
(T8 ] =11
T T

LR

Mass Accuracy (ppm)
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Sci

Generate Formula from Monoisotopic Mass

Spec

0.549 ppm Mass Accuracy

Right click on mass

Then select

Generate formula form mass

226 080T
Generate formula From mass
296 07289 Label relative to selected mass
22610933
22618003

762 4 22627115 226

1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
] ".I".IE 4 ".I".iE 1 ".I".iE ]

63

RT: 594
SN 10015

ML 4 32E5

M=

226.08918-
226.09008 M3
ICIS
2010_08_17_jsc_2
0_spinach_10ppb

10 ppb
RT:621 RT. 728
_J.. | SN.20 SN 12
RT. 595 NL 4.16E6
SN 44560 miz=
226.08918-
226.09008 MS
ICIS
2010 08 17 jsc_2
4_spinach_100pph
100 ppb
RT. 673
RT. 7.26
O SN 1?1 HEEHHEIE O
RT 547 NL 2 TBET
SN 108431 miz=
' 226.08918-
22609008 M3
ICIS
1000 ppb 2010_08_17_js¢_2
9 _spinach_1000pp
b
RT-5.51 RT. 659
SN 11 SN 12
RT 494 RT:735 RT. 785 RT. 846 RT.- 8%
SN 23 SN 19 SM 36 SN 38 SN2
5 6 7 8 g 10
Time {min)
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Sci

Spec

ElEmental composion
Single mass

Mazs: -
Mag. resultz (10 3:

Telx | Formula | RDB | Delta ppm |
1 C1aHi5 O Mz Clz 75 0.454

File... | List | |

Lirnits
Charge: G
Mitroger-Rule: |Da not use hd
Mass tolerance |2.00 PP

RDE equiv: |-1.0-100.0

Elements in use

Isot0|le| Min | Nlax | DB et|.| Mass | M
141 a 2 05 14.003
160 a 15 an 15995
12c o | 30 1.0 12.000
1H 0 | B0 | 05 1.008
3 o | 10 | 05 34989 |,
Load... Save az.. | Apply | Help |

64

RT. 0.00-1002 =m. 7B

Elemental Composition Generates by Monoisotopic Mass

RT: 5.40 ML: 7 G1EG
S 63471 EIC miz=
100 297.05411-
297 05709 M5
35 oIS
2010_08_17_ISC_
a0 B7_Orange_Incurr
ed_Mavel
\'_ﬂc
H.!‘
Cl
r ]
40
35
304
25
203
154
10
] RT: 5639
e SM: 67
E RT: 711 RT: 7.82
7 Shi 109 Sk 47
L o o o o e o B O BLLNL B o |

0 1 2 3

4

g 7 a 9 10

Time {mir)

Relative Abundance

29705573
CuHisOMaClz

295 .4|4885

299.053238
CiuoHuie sl

300.05582
CrHiOM2Cla
301.04350

CiaHa 0y

297246832
295.05902

Experimental

297 03560

CaHii QaMs

299.052584
CizH7OuNs

295.05569
CHizOq N7 300.05582  301.05042

CojHs M3z CsHiCuoNs

Simulation

LI s s s ey e e e e
297 298 299 300 3
miz

i
ML:
8.33E6
20M0_08_17 _JSC_B7_Oran
ge_Incurred_Plavel#650
RT: 535 A% 1 T. FTMS

11,1} + p ESIFull mz
[100.00-300.00]

ML
1.15E4

CuHuClaMaO+H:
CuHisClaMa0y
plgss, s fedd) Chrg 1
R: 25.0 PP @PHM
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SC| Elemental Composition Statistics

Spec
160 Chemical element 1w
C
140 v
O
120
N
o 100 o
£
-
S
S 80
‘S
o
< 60
40
20 5
O [ ———

Mass Accuracy (ppm)
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SCi Compound ID confirmation through Isotopic Pattern Match
Spec

160 -

140 -

120

8

MNo of Formulae
(=]
=]

60
40 - 30
20 16
: 5 =
0 — .
1 15 2 5 10 50

Mass Accuracy (ppm)

400540 LS
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E 1z Hap O3 N © 3701 E Gz Hen 05 Mg G137 G1 [I;IJIIS-*:I ilg]mb-ucru
E 3% Measured
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e} [}
2 0 2 31300345
CazHu ] =21 T =P P 1Y
o T ! . ol - - ] | )
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! 001543 7 Fag AT L 35T 10e] iz Pag O g Ny Gl
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E £ 5% 5040 SE 1 0] 316.00862 055,35 £e40) Ghrg 1
F G000 Res P . SFWHM ] Ty Mg My TIETT R 50000 Ries: Pwr . SR WHM
a0 0 .
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@0 4]
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P Z16.00862 m: 31500380
CrHag M3 C157C1, ] O g AT,
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SCi Applications of LC-MS

Spec
® Biomolecule characterization ® Pharmaceutical analysis
— Proteomics — Bioavailability studies
— Oligonucleotides — Drug metabolism studies,

pharmacokinetics

® Environmental analysis
— Characterization of potential drugs

— Pesticid food
COUCIAES ON TOOCS — Drug degradation product analysis

— Soil and groundwater contamination , ,
0 — Screening of drug candidates

® Forensic analysis/clinical — Identifying drug targets

* Toxicology * Etc.
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Spec

Applications of LC-MS (Triple Quadrupoles)

« Targeted analysis (Melamine in milk)

HEN

NH,

P
| ’?J\
M h.IH2

SRM Transitions
127 -> 68
127 -> 85

CXCALIBUR\...\MLA4-0622B825

RT:

Relative Abundance

2.00 -5.00

100

N B OO ®
o O O o O

Height R atio

NL: 4.78E3

Base Peak m/z= 84.50-85.50 F:

+ ¢ ES| sid=10.00 SRM ms2

127.100@cid31.00

68.095-68.097, 85.093-85.095]
S ICIS MLA4-0622B25

N
o pd bbb

RT: 3.60
AA: 11764
AH: 2063
SN 233

3.0 3.5 4.0
Time (min)

Walamire

¥=0.0118123"% R*2=03338 W:Equal

NL: 2.09E3

Base Peak m/z= 67.50-68.50 F:

+ ¢ ESI sid=10.00 SRM ms2

127.100@cid31.00

68.095-68.097, 85.093-85.095]
S ICIS MLA4-0622B25

4.5 5.0

Melamire
¥=0.0113126"¥ R*2=09%33 W:Equal

™ T T T ™ T T T T TT ™ T T"7T
0 40 5] a0 100

ngsml
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Sci

Applications of LC-MS (Triple Quadrupoles)

Spec

« Targeted analysis (Chloramphenicol in seafood and

royal jelly)

NL:6.55E2

Base Peak m/z= 151.50-152.50 F: - ¢ ESISRM
ms2 320.800 [151.995-152.005, 256.995-257.005]
MS Genesis sample-spike-0-1ppb-customer

NL: 1.45E3

Base Peakm/z= 256.50-257.50 F: - ¢ ESISRM
ms2 320800 [151.995-152.005, 256.995-257.005]
MS sample-spike-0-1ppb-customer

NL:5.11E2

Base Peakm/z=151.50-152.50 F: - ¢ ESISRM
ms2 322.800 [151.995-152.005] MS Genesis
sample-spike-0-1ppb-customer

NL:4.81E3

Base Peak m/z= 156.50-157.50 F: - ¢ ESISRM
ms2 325.800 [156.995-157.005, 261.995-262.003]
MS Genesis sample-spike-0-1ppb-customer

NL: 4.95E3

Base Peak m/z= 261.50-262.50 F:-c ESISRM
ms2 325.800 [156.995-157.005, 261.995-262.005]
MS Genesis sample-spike-0-1ppb-customer

RT: 0.00-6.02 SM: 7G
OH OH RT:3.36
. AA: 2771
e rgt SN:- 3947
i €l SRM Transitions 100
o.+ = HM. 5% j&
N a  321->151 0
o O
321 -> 262 090
100
B A 3?4
02015 || 180 220 /| 358 438 506
RT:3.34
AA: 1817
100 SN: 2062
5%
i - RT-3314
AA: 23160
100 SN: 13482
5%
i RT 3.33
AA: 31749
100 SN:TA4074
5% rl
|
0‘II\\‘I\\I'III\'P‘IT\'I\\I|\\II‘
0 1 2 3 4 5 6
Time (min)
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Sci Applications of LC-MS (Triple Quadrupoles)

Spec

« Targeted analysis (100 drugs of abuse in urine)

Quantify & Confirm in ONE injection
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SRM chromatograms of ~100 drugs of abuse in under 1.3 minutes [THC-COOH elutes at 1.21 min, inset]
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Spec

Applications of LC-MS (Orbitrap)

« Non-targeted analysis (protein identification)

/2

CELL CULTURE OR TISSUE

Proteins for bottom-up analyses
come from a variety of sources.

AUTOMATED DATA ANALYSIS

Peptides are identified using Proteome
Discoverer software, an automated
program capable of analyzing CID,
HCD, and ETD spectra.

PD

-

3
&

EXTRACTION OF PROTEINS
Proteins are extracted and, in
some cases, fractionated to
reduce complexity.

GENERATION OF PEPTIDES

Proteins are denatured, reduced,
alkylated, and digested into peptides. \
Peptides are, in some cases,
fractionated to reduce complexity.

ANALYSIS BY LC-MS/MS

Peptides are analyzed by
LC-MS/MS on Orbitrap-based
mass spectrometers,

P50
f\J

Gk 764

\.Z‘J'-q‘
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Applications of LC-MS (Orbitrap)

Spec

* Peptide quantitation

Sample 1 —> ||

Treat
Sample 2 Samples

& Isolate
Sample 3 @ Proteins
Sample 4
Sample 5
Sample 6
Sample 7
Sample 8

Sample 9 ()

Sample 10

=)
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\)

h ¢

/3

. ’
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r Reduce,
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v
0
U
!
v
0

i

]

— —

(multiple studies with a single experiment)
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Needs high resolution!
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Tandem mass tags: a novel guantification strategy for comparative analysis of complex protein mixtures by MSMS

Thompson A, Schafer J, et al.
Ansal Chem. 2003 Apr 15;75(8)-1895-904.

Increasing the Multiplexing Capacity of TMTs Using Reparter lon Isctopologues with |sobaric Masses

Graeme C. McAlister, Edward L. Huttlin, Wilhelm Haas, Lily Ting, Mark P. Jedrychowski, John C.Rogers, Karsten Kuhn, lan
Pike, Robert A. Grothe, Justin D. Blethrow and Steven P. Gygi

Anal. Chem., 2012, 84 (17), pp 7462-7478

MultiMotch MS3 Enables Accurate, Sensitive, and Multiplexed Detection of Differential Expression across Cancer Cell Line
Proteomes

Graeme C. McAlister, David P. Nusinow, Mark P. Jedrychowski, Martin Wihr, Edward L. Huttlin, Brian K. Erickson, Ramin
Rad, Wilhelm Haas and Steven P. Gygi

Anal. Chem., 2014, 86 (14), pp 7150-7158

Tracking cancer drugs in living c:ells by thermal profiling of the proteome
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Applications of LC-MS (Orbitrap)

Article

analyfical;ctry

pubs.acs.orglac

MultiNotch MS3 Enables Accurate, Sensitive, and Multiplexed
Detection of Differential Expression across Cancer Cell Line

Proteomes

Graeme C. McAlLstcr David P. Nusinow, 4 Mark P. _]'cdrychﬂws]ﬂ %5 Martin Wiihr,”

Edward L. Huttlin," Brian K. Erickson,” Ramin Rad,” Wilhelm Haas and Steven P. Cyg1

NIH Pubhc Access

Author Manuscript

Published in final edited form as:
J Proteome Res. 2013 February 1; 12(2): 1031-1039. doi:10.1021/pr3008896.

Comparison of protein expression ratios observed by sixplex

and duplex TMT labeling method

Navin Rauniyar!, Benbo Gao*, Daniel B. McClatchy!, and John R. Yates Il

tDepartment of Chemical Physiclogy, The Scripps Research Institute, 10550 N. Torrey Pines Rd.,

Mikchail M. Savitski, Friedrich B. M. Reinhard, Holger Franken, Thilo Werner, Maria Falth Savitski, Dirk Eberha
Martinez Molina, Rozbeh Jafari, F?.e:em_a Bakazt Dovega, Susan Klasger, Bernhard Kuster, Par Nordlund, Me
and Gerard Drewea

Science 2014, 346(6205)

Available online at www.sciencedirect.com

ScienceDirect

www.elsevier.com/flocate/jprot

A comprehensive Xist interactome reveals cohesin repulsion and an RNA-directed chromozome
conformation {Proteomics)

Quantitative accuracy in mass spectrometry based

@ CrossMark.

Anand Mingjigi, John E. Froberg, Chunysc Wei, Hongjas Sunwoo, Barry Kesner, David Colognori, Derek Les: proteomics of complex samples: The impact of

Payer, Myriam Boukhali, Wilhelm Haas and Jeannie T. Lee

Science 2015, 349(6245)

labeling and precursor interference

AnnSofi Sandberg, Rui M.M. Branca, Janne Lehtid, Jenny Forshed"

Science for Life Laboratory Stockholm and Cancer Proteomics, Department of Oncology=Fathology, Karolinska Institutet, Sweden
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74

Knowing the limit of quantification is important to accurately judge the results from
proteomics studies. In order to investigate isobaric labels in combination with peptide
pre-fractionation by high ic focusing in terms of limit of detection,
quantitative accuracy and how to improve it, we used a human cell lysate spiked with 57

protein standards providing reference points across a wide concentration range. Specifi-
cally, the impact of precursor mixing (isolation interference and reporter ion interference) on
quantitative accuracy was investigated by co-analyzing iTRAQ (8-plex) and TMT (5-plex)
labeled peptides. A label-free analysis was also performed. Peptides, labeled or label-free,
were analyzed by LC-MS/MS (Orbitrap Velos). We identified 3386 proteins by the label-free
approach, 4466 with iTRAQ and 5961 with TMT. A linear range of quantification down to
1 fmol was indicated for both iscbaric and label-free analysis workflows, with an upper
limit exceeding 60 fmol. Our results indicate that 6-plex TMT is more sensitive than 8-plex
iTRAQ. For isobaric labels, quantitative accuracy was affected by precursor mixing Based on
our evaluation on precursor mixing and accuracy of iscbaric label quantification, we
propose a cut off of <30% isclation interferance for peptide spectrum matches (FSMs) used in
the quantification
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