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What does a mass spectrometer do?
1. It measures mass better than any other technique.

2. It can give information about chemical structures.

Mass and the Mass Spectrum

What are mass measurements good for?

To identify, verify, and quantitate: metabolites,
Matt Renfrow recombinant proteins, proteins isolated from natural
sources, oligonucleotides, drug candidates, peptides,
MCLM 570 synthetic organic chemicals, polymers
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How is mass defined?
Isotopes

Assigning numerical value to the intrinsic property
of “mass” is based on using carbon-12, 12C, as a +Most elements have more than one stable isotope.

reference point, For example, most carbon atoms have a mass of 12 Da, but in
nature, 1.1% of C atoms have an extra neutron, making their mass
13 Da.

One unit of mass is defined as a Dalton (Da).
+Why do we care?

One Dalton is defined as 1/12 the mass of a single Mass spectrometers can “see” isotope peaks if their resolution is

high enough.
carbon-12 atom. gh enoug
If an MS instrument has resolution high enough to resolve these

isotopes, better mass accuracy is achieved.
Thus, one 12C atom has a mass of 12.0000 Da.
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Mass spectrum of peptide with 94 C-atoms

Stable isotopes of most abundant elements of (19 amino acid residues)

peptides

Element Mass Abundance “Monoisotopic mass”

H 1.0078 99.985% No 3C atoms (all 12C)
2.0141 0.015 T~ 1981.84

12.0000 98.89 A
13.0034 1.11
14.0031 99.64
15.0001 0.36 ‘
15.9949 99.76 || 1983.84

16.9991 0.04 /| «—Two 3C atoms

17.9992 0.20

One 3C atom

Isotope pattern for a larger peptide (207 C-atoms) Mass Spectrum of insulin

2x13C

4361.45 \
13C

4360.45 12C:5730.61

Insulin has 257 C-atoms. Above this mass, the monoisotopic

peak is too small to be very useful, and the average mass is
usually used.




Monoisotopic mass

Monoisotopic mass
corresponds to
lowest mass peak

T T T T U T U
1296 1297 1298 1300 1301 1302

When the isotopes are clearly resolved the monoisotopic mass
is used as it is the most accurate measurement.

What if the resolution is not so good?

At lower resolution, the mass measured is the average mass.

Better

{ . Poorer
resolution

resolution

N\
lrdoed A

6130

Average mass
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Average mass corresponds
to the centroid of the
unresolved peak cluster

1296 1297 1298 1201 1302

When the isotopes are not resolved, the centroid of the envelope
corresponds to the weighted average of all the the isotope peaks
the cluster, which is the same as the average or chemical mass.
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How is mass resolution calculated?

R = M/AM

FWHM = AM

100

01500 15.01820 15.02140 15.02460 15.02780 15.03100




Mass measurement accuracy depends on resolution

Counts

High resolution means better mass accuracy
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Resolution =18100
15 ppm error

Resolution = 14200
24 ppm error

Resolution = 4500
55 ppm error

T T T
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Mass (m/z)
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Two peptides - same nominal mass - simulation

Peptide mixture: [Val’]-Angiotensin Il

DRVYVHPF
CaoHegoN13012

Sequence:
Formula:
Exact mass:
Am (mmu):

RP = 18,000

[M+2H]?* = 516.76671
18.2 mmu

Lys-des-Arg®-Bradykinin
KRPPGFSPF
CSI‘IH73N1301|

[M+2H]?* = 516.78490

RP = 56,700

516.77581 (observed)

516.76671
(correct)

516.78490
(correct)

Intensity (%)

Intensity (%)

2
g

2
2

s
3

N
8

516.76671 M 516.78490

T T  —— T
51665 51670 51675 516.80 516.85
miz

T T T Y T T
51665 51670 51675 51680 516.85 516.90
miz

Is Mass Accuracy Important ? Mass Resulution =m/Am

Results for error limit up to 5 ppm

Theoretical Delta Delta RDB Compo:
Mass [ppm] [mmu]

RP =491.2594 / 0.0055 amu
= 89,31

RP =491.45/0.69 amu
=712

516.76805 Csz Heg Oy Nig
516.76537 Cus Hrs O Nip
516.76807 ! ; Css Hrg O14 Nis S,
516.76513 X X . Cus Hgy Oy Np S
516.76513 Cus His Oy Nis S,
516.76839 Cis Hzs Oz Nis S,
516.76479 Cs Hzs Oy Ny S,
516.76872 -3 . . Csq Hyy

516.76470 i . 4 Cas Hyy

516.76874  -3. . . Cao Hay

516.76446 Cas Hyg Oy3
516.76897 Cao Hrs Ore
516.76907 Cy H7 O13 Nio S,

FT-ICR MS




ah 20121221 CRB| STeGH2 CC #3136 RT 1284 AV 1 N 13657
T: FIVS+p NS Full s [300.00-1800.00]
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ah 20121221 CRB| STeGA2 CC #3136 RT- 1284 AV 1 N 3306

T: FTIVS+pNS! Full s [300.00-1800.00]

Relative Abundance

o B B 8 &5 8 8 3 8 8 B

z
3

4432123
R=63501

\"M

470929

z3

4717397
R=61504

RE3004 501 479147
=l = R=62101
4635780 73

4811683

H\H“m‘“‘”lw}m L

455

u“‘ il

460 465 470 475

e B
\‘\‘m‘\‘\‘u“\‘u‘ﬁ}‘m‘uu‘uA

485



ah 20121221 ORB| STeGA2 CC #3117 RT 1276 AV 1 N 6216
F: FTVB+p NSl Full s [300.00-180000]

470.9296

ah 20121221 ORB| STeGA2 CC#3136 RT 1284 AV 1 N 28266
T: FIVS +pNS! Full 5 [300.00-1800.00]
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ah 20121221 ORB| STeGA2 CC #3117 RT- 1276 AV 1 N 7.97E6
F: FTVS +p NS| Full s [300.00-1800.00]
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ah 20121221 CRB| STeGH2 CC #3136 RT- 1284 AV 1 N 63156

T: FTIVS +pNS! Full s [300.00-1800.00]

Relative Abundance
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ah 20121221 CRB| STeGA2 CC #3136 RT 1284 AV 1 N 98055
T: FIVS+p NS Full s [300.00-1800.00]

fh Jﬂ. J MAM L1l MA MMHTH‘ HIHM‘MM fw

miz
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ah 20121221 ORB| STeGA2 CC #3117 RT- 1276 AV 1 N 7.97E6
F: FTVS +p NS| Full s [300.00-1800.00]
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ah 20121221 CRB| STeGA2 CC #3102 RT- 1272 AV 1 N 7.8654
T: MVS +p NSI d FUl me2 61.1.80@5id30.00 [156,00-1235,00]
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ah 20121221 CRB| STeGA2 CC 43108 RT- 1273 AV 1 N 201E4
T: MVS +p NSId FUl me2 612.30@5d30.00 [156,00-1235,00]
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ah 20121221 ORB| STEGA2 OC #3237 RT: 1324 AV 1 N 44766
T: VS +pNS! d Ful me2 759.36@at30.00 [195,00-1530.00]
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ah 20121221 ORB| STeGA2 CC #3117 RT- 1276 AV 1 N 7.97E6
F: FTVS +p NS| Full s [300.00-1800.00]
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RXR-Ligand binding domain

C182pip80bunp treyhend 3Te#2-11 RT 006056 AV 10 NL: 64554

T. FIMS +p ESI AUl s [500.00-1500.00)]
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total crude lipids

B C

AczPl AczPIM2 SL-1 PDIM
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FT-ICR mass spectra of total crude lipids derived from MtbAwhiB3 growing in macrophages demonstrate the absence of
SL-1. (A) Total crude lipid extracts were prepared from Mtb growing inside macrophages and analyzed in the negative
ion mode by FT-ICR MS. We observed the presence of Ac,PIl species at m/z 835.5261 and 851.5566, which corresponds
to their reported theoretical masses. The dimannose specie esterified to three acyl chains (Ac;PIM,) corresponds to
mass m/z 1413.8888 was also detected in all the strains tested. Note that the multiple lipoforms of SL-1 were absent in
MtbAwhiB3. (B) The SL-1 region of FT-ICR mass spectrum showed a complete absence of this class of lipids (—m/z 2300
to 2600) in MtbAwhiB3 (C) FT-1CR mass spectra of the PDIM region.
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How does a mass spectrometer work?

Mass Spectrometer Block Diagram

Turbo

— | molecular
pumps

| I Mass | Jl Data
Inlet Bl Analyze i Detector ju System

Mass Spectrometer Block Diagram

High Vacuum System
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Sample Introduction

High Vacuum System

Mass Data
i Analyzer jguu Detector by System

HPLC
Flow injection

Charged vapor stream
Sample plate

i Mass |l Data
Bl Analyzeql Peteclomm System




lon Source

High Vacuum System High Vacuum System
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Mass Analyzer

MALDI
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Magnetic Sector
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