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1. Natural rubber latex has
been increasingly used in
variety of medical devices.

But: NRL can induce allergic
O " reactions : ldentification and
Ve rVI eW analysis of latex proteins that
are allergenic is very
important

* Mass spectrometry of proteins 2 Menufacturer of medica

devices are required to
control their manufacturing

- Appl icationS process in such a way that

no biological contaminants

° " remain in the final products.
MaSS SpeCtrometry Of peptldes If e.g. enzymes are used to
manufacture bone implants

- Appl ication the removal of the enzyme
_ needs to be proven ->
— Fragmentation analysis

... will be uploaded

* Mass spectrometry of small molecules
— Glycans, amino acids, chemotherapeutics

* MS fingerprint of bacteria
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1. Natural rubber latex has been increasingly used in variety of medical devices. But: NRL can induce allergic reactions : Identification and analysis of latex proteins that are allergenic is very important

2. Manufacturer of medical devices are required to control their manufacturing process in such a way that no biological contaminants remain in the final products. If e.g. enzymes are used to manufacture bone implants the removal of the enzyme needs to be proven -> analysis 
… will be uploaded�


Mass spectrometry of proteins NMI 'i:-

schafft Ergebnisse

Determination of the intact protein molecular mass from
multiple-charge electrospray mass spectra 1

M = molecular mass of the protein (unknown)
z = charge of the protein (unknown)
l M[H] is the rel. mass of a proton = 0.99862349 (~1)

@) =2 s (M =2+ ((F) - MIH])
/

(m/z) = value measured by the mass spectrometer (known)

Two adjacent peaks in the spectrum of a protein have (m/z), and (m/z), where

Z,=2Z,+1




Mass spectrometry of proteins NMI 'i:-

schafft Ergebnisse

Determination of the intact protein molecular mass from
multiple-charge electrospray mass spectra 2

M+2z *M[H]

zl EEmIEED

M+z,*M[H] - | M=

(= 2o @5

z, = z,+1 for adjacent m/z peaks

(%)1 —

http://www.sepscience.com/Information/Archive/MS-Solutions/247-/MS-Solutions-16-Determination-of-Intact-
Protein-Molecular-Mass--from-MultipleCharge-Electrospray-Mass-Spectra



Mass spectrometry of proteins NMI l{:_
ESI spectrum of the light chain of an antibody (25 kDa) |tisalie

Intens.
4
x10

Light chain m/z charge envelope +MS, 18.1-18.8min #(222-231), Background Subtracted
938.7497 -

light chain
4 977.7806 .(M/z)," \ /

1020.2051 »(M/z),"
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charge deconvulution z=...
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charge deconvulution z=… �


Mass spectrometry of proteins

Determination of the intact protein molecular mass

NMI

schafft Ergebnisse

.

m, _ M+zxM[H]
(L, = 2
m, _ M+1+z+M[H]
(&, =

from mass spectra
Intens.
m
794.04 =
x10° _ | 794.01 794.074 ( )1
1.2 z
793.97 \ (2)2
4.14 «—
1.0 - 793.9 /o114
94.17
0.8 1 X
7939 94.20
0.6 1 793.8 94.24
\ 94.27
0.4 - 793.8
793.8 94,30
94.34
0.2 1 793.7
793.7 794.47
7937 7938 7939 7940 7941 7942 7943 7944  7945miz

All peaks have the same charge!
They differ in the amount of carbon atoms with mass 13.
AM(C'3-C12)= 1




Mass spectrometry of proteins NMI -{:_
Exact mass; modifications: deconvoluted spectrum e

e '23428.5130 (Am = - 0.5 ppm) monoisotopic mass

differences in the peak... e.g. 23442.74 average mass

amonlak IOSS/galn loops that bind antigen

Real modifications?
Method artifacts?
Mixture of light chains?

MWWMM“ A Alh
0 A WMWY

T T T T T T T T — T T T T
23325 23350 23375 23400 23425 23450 23475 23500 23525 23550 m/z

* Isotopical resolution of Ab LC with FT-ICR, Orbitrap and modern Q-
TOF instruments

« =» monoisotopic mass can be determined

» Deamidation (Am = 1 Da) can be detected at the level of light chain !
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differences in the peak… e.g. amoniak loss/gain弁
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singel isotopic peaks


Mass spectrometry of proteins:

ESI spectrum heavy chain of an antibody (50 kDa

Intens.

NMI ..

schafft Ergebnisse

x104
1.2]

1.0]

0.8]
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0.0

‘..M‘HH\HHHH\."

800

878.7711

984.0975

—_

025.0697

1000

1171.3688

1200

+MS, 19.7-20.8min #(242-255), Background Subtracted

1400

1521.9760

1600

Signal density shows a highly charged protein.
~ 50 charges per molecule

1800

955.6514
m/z




Mass spectrometry of proteins NMI 'i:-
Charge deconvoluted heavy chain of an antibod g

Intens. +MS, 19.7-20.8min, Deconvoluted (MaxEnt)

x10° ] 49155.8331
Mr(theor., average, -SH) = 49157,018
Mr(exp., average, -SH) = 49155,833
Mass deviation = 1,2 Da

no isotopic resolution, charge state is 50

49317.5644
49061.071

49480.0384

48311.9370  48439.9341
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no isotopic resolution, charge state is 50 
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Mass spectrometry of proteins NMI
Detection of protein degradation

schafft Ergebnisse

HC, z=+40

- HC+ 16Da LG, z=+19
- | (Oxidation)
- /modification of heavy chain )
B \
- LC-17 Da M‘
B HC+ C-term. Lys loss of ammonia <, h
: ¥ HC+ non \ l~ J‘

_/ enzymatlc -
B M ALl O n ‘
=l | | | l | | | | T I
1216 1218 1220 1222 1224 1226 1228 1230 1232 1234 1236

m/z

~ 30% oxidation of the heavy chain & and a slight increase in LC-17
Da for the light chain after storage for 6 weeks at 40 ° C in histidine
formulation

S
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modification of heavy chain

Anna-Lina Hahn
loss of ammoniak


Mass spectrometry of proteins NMI {

schafft Ergebnisse

Determination of glycosylation

+M8nd5.9-[6.8min, Deconvoluted (MaxEnf)

(] '25216.4414
| ~=HCFc gif
Am < 1ppm ~ ?
_ || Glycans may have an impact
on solubility, immunogenicity, 5378.4925
or pharmacokinetics of a protein

40

. zix'ﬁ ¥ ? ¥

~
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ESI| Mass spectrometry of peptide mixtures

Direct infusion info mass spec

gag supermatrix25 1069 (19.659)
1(
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Example for the data interpretation
of ESI spectra of peptides with
different chargees
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ESI| mass spectrometry of peptide mixtures

HPLC separation prior to mass spec detection

ix25 1525 (28.074)

A2

EIC = Extracted ion chromatogram

cagsuy | Mass spectrum at a " Only one m/z is displayed
| given retention time 28,07
28.13
HPLC-ESI-MS analysis enables the
" identification of peptides by
s retentiontime an molecular mass
ol R R e
gf(;g;upermatrixzs 1065 TOF MS E%E
3.23e3
TIC = total ion chromatogram
All m/z signals recorded at a given time
" are summed up
| 185 4151 4265
O o T ettt e




ESI| mass spectrometry of peptide mixtures

758,5
50—
To complex ??
[M+2H2"
12970
38
1141,0
= 797.5
_6; 8855 1070,0
3 [M+3HJ3! 1012,0
@ 9985
§ 25—
= 1254,0
® 390 586,0 1308,0
= ; 9840 1316.0 —
8 0 => MS/MS based structure
298,0 . .
elucidation
1496,0 1729,0
1523.5 16220 1807.5
1609.5 17975

460 .660 860 1000 1200 1400 1600 1800

18.10 Elekirospray-Massenspektrum eines hydrophoben Transmembransegmentes (24 -mer) ohne basische Aminosiduren. Das Spektrum weist
ainen [M+2H]"*-Peak bei 1297 amu und einen [M+3H]**-Peak bei 865 amu auf. Desweiteren deutet die Auswertung der Fragmentierung darauf
hin, dass das Hauptprodukt der gewlnschten Sequenz entspricht.



Tandem mass spectrometer

Fragmentation of molecular ion

=> Structure elucidation by mass spectrometry

Instrument with MS-MS capability

Fragmentation

Mass/Charge lon
Separation detector

lonization Mass/Charge
Separation

rg{



Fragmentation — Principle

Triple quadrupole instruments

Quadrupole 1 Quadrupole 2 Quadrupole 3
MS1 Fragmentation MS2
cell
> >
> >
> >
Static Scanning
increase gas, gas +
,,lon filter* biomolecule collide and lonseparator*
biomolecule gets 7
fragmented

CID:collission induced dissociation

&
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increase gas, gas + biomolecule collide and biomolecule gets fragmented


Fragmentation — Principle

Linear ion trap — fragmentation MS"

spacer
rings

inlet
focussing

exit
\ lens
"l.
trapped IONS
}' ouT

IONS
N —>

exit endcap

electroge

grnirance endcd p
electrode

CID:collission induced dissociation
Fragmentation gas, e.g. nitrogen, helium,

rg{



Fragmentation — Principle

Fragmentation of peptides by CID

Nomenklatur Roepstorff , P, Fohlmann, J., 1984, Biomed. Mass Spectrom. 11 (11): 601.

N-terminal C-terminal
/ . L H : V74
ai’bi’ci Remind: a = ,dmino terminus Xi, Vi Z;
i number amino Z = ,,C terminus “ i number amino
acids in fragment acids in fragment

homogeneous
fraction, probabilities are equal

R
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homogeneous 
fraction, probabilities are equal�


Fragmentation — Principle

Peptide fragments (low energy MSMS)

R3 O R4
—(IE—&—N—&—CODH

- H H

R



Fragmentation — Principle

Peptide fragments (low energy MSMS)

Peptide [M+2H]? Product lon Scan
eptide *

Product lon Spectrum of a Particular Peptide

Product?*

fragment ion spectrum

Attention: The fragmentation of multiply charged ions produces fragments with higher m/z ratio then the

precursor ion showed

R
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fragment ion spectrum


Fragmentation — Example

Peptide fragments (low energy MSMS)

MS spectrum
singly charged

chemical background
. " triply charged peptide ion

505 50 509 1 L TR—-—

[M3H 3
' Eig| '1iDID!
P BB MS/MS spectrum
' ' High mass range only
contains fragment ions
originating from peptide

@'«-. K



Exam: know charge + mass of spectrum (below)
difference between mono average isotopic peaks(?)
two kinds of ionization

Fragmentation — Example

Peptide fragments (low energy MSMS)
H,N-EGVNDNEEGFFSAR-OH

684.140
100+ 180,187 1569,67 Da
333.208 i
813.113
MS/MS spectrum of m/z 785.7
%  187.151 1056.005
: u L I l L 1286.913
0 ‘{‘L‘. 1 H‘ .\L”l Juluﬂ‘hxdllhnl““;ﬂ ﬂm.lmﬂdll l‘l T““L“hl LMHLLH l‘h‘.l‘l‘ Mo ‘u‘u‘ ‘L‘.‘ ‘L‘J\‘ e EE S SN
100.187 N
100
f MS spectrum
| 785.707
1 785.707 786.203
] 237.131 difference 0.5 -> charge = 2
% 365.174
786.699
786.699
787.195
787.195
| 441118 °41.872
07 T T T T T uL‘L“‘\L‘L‘“l\H‘“‘k‘l‘dL\“‘“‘““\““\““\““\““\““““\““\m/z
200 400 600 800 1000 1200 1400 1600

R
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difference 0.5 -> charge = 2
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Exam: know charge + mass of spectrum (below)
difference between mono average isotopic peaks(?)
two kinds of ionization
뺭


Fragmentation — Example

Identification by MS/MS — peptide sequence tag

Elternion 785,7 Da, [M+2 H] 2* H,N- EGVNDNEEGFFSAR-OH
(00 y"6;684.2
Am1 F GF E _E{ N DN Am2
€ > y'7 .
y'4 813.1 |
480.2 ;
y"3 " CG
333.2 y"9 o a
1056.0 y 0~
y"8 1284.9 o
%- 942.1 O
685.2 y"10;1171.0 132,-2-3119 0
5. I
b2
EG =
NEE 2+ :
37 9 497 1 943.1 !
Ly 740.1 1286.9
175.2 612.1 924.1
1288.9
1169.2 |
I boall o520
0 ‘L‘A‘ g I‘-W‘M‘A il u‘iw‘ LL I‘mw“‘\hu\]‘\ i WMM‘M It M\ . T Lyl g M“ e ‘1‘6“2‘8‘2‘ | m/z
200 400 600 800 1000 1200 1400 1600

23



Fragmentation —ldentification

Identification by MS/MS — peptide sequence tag

Sequence Tag = 4 informations for the protein identification using databases

e Molecular weight of the peptide (monoisotopic masse) (MW)
e Part of the sequence (Sequence Tag) (region 2)
e Mass fragment of the N-terminus (region 1)

e Mass fragment of the C-Terminus (region 3)

Region 1

Sequence Tag (333.2) EGFEENDN (1284.9)

< o
<« »

Peptide measured molecular wt = 1569.7

. |QQQQ

Partial Sequence

- e <@ o
< v W »

Region 1 Region 2 Region 3

R



identified
protein in
sample

|dentification of a protein using a sequence tag

Find a Protein Protein Info =—————— E
N e S SHHWGYGKHGPHWHKDF [~
Seweckby: | Jaen ey Y (D PIANGEROSPYNIDTKA
( "“"é“?'ﬁ'ﬁ'?"? Acce.Number: VYUDPALKPLALYYGEA
| 1345.70 | | Bemove | Trra . TSRRMYNNGHSFNVEYD
— (Gears) b swissIPO0921_||nconi v KDGPLTGTY
[ Fina ] ear... 10119351 can2_BovIN RLVQFHFHWGSSOGSEH
|ﬁEﬁﬁEﬁEJ __1017.488 Byl caRBONIC TVDRKKYAAELHLYHWN
Mass Accuracy [%]: [+ 005 | 1345691 | || ANHYDRASE | TKYGDFGTAAQQPDGLA
[ Add | 1580.810 YWGYFLKYGDANPALOK
<MW [kDa] < | 1000.00 2097.870 Seq.Type VLDALDSIKTKGKSTDF
. 2197 211 PNFDPGSLLPNYLDYWT
Peptid dfor match: |
eptides required for matc e ’!’M Seq YPGSLTTPPLLESYTW|
Max numb. 5353 000 ) DNA Seq YLKEPISYSSOOMLKFR
‘ TLNFNAEGEPELLMLAN
Sequence Pattern: pl: 8.95 WRPAQPLKNROYRGFPK
(734.39)SVS(IL)(1120.60) ) <t D i a
25 peptides o
* 427/
nrdb.index{10Jan99)
Index Peptide starts at Acc. Num. Mw [Dal Protein Name
1 18791 208 PO0D921 28508.30 CAHZ_BOYIM CARBONIC ANHYDRASE |
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identified protein in sample


Fragmentation —

glycation

identification of modifications
LC-MS examples: site specific ID of non enzymatic

NMI

schafft Ergebnisse

"Sen

AZ070116 #3560 RT: 41.46 AV: 1 NL: 2.68E3 C6H1OO5
T: ITMS + ¢ NSI d Full ms2 947.45@cid35.00 [225.00-2000.00] |
100 707.41 VQWKVDNALQSGNSQESVTEQDSK
. +
90 Ye
- 929.76
80 FT-scan precursor: mass 947.1136
- 893. 50 A=6 m
o 70 y8 100 947 4475 PP
% - 947 1136 | 9477821
S 60*: 50 948.1154
§ 50 N . e e rese 949.9336
5 ] Yo 946 947 948 949
£ 40 1022.53 m/z
[ . +
o ] y5 + +
30 Yi* 606.31 83;735 Y11
- + . 1237.57 +
20 Y3 47740 b Y14
~ 349.36 1304.02 1495.82
10 —
0 B ww i, m‘w I bl MM \‘\m‘mH“MHM\\HU‘“‘H‘”‘H\M\\H‘MMH‘ M\ H‘ m H\H HHH HM h ‘HH\ Il H\‘MMHMHHH H‘MMH‘MH‘ h H \‘ s \‘ ‘ \\ . H I, \\‘\ i ‘T"“w' - “ : ‘
400 600 800 1 000 1200 1400 1 600 1800 2000

m/z



Mass spectrometry of chemotherapeutics NMI 'ﬁ.

schafft Ergebnisse

Application: off-line monitoring of Oxaliplatin
during chemotherapeutic treatment

nnnnnnn

Isotope | Natural 398.0666
P° | abundance Oxaliplatin
190pt 0,014 %

R 0,782 %
AT 32,967 %
el 33,832 %
@t 25,242 %
=t 7,163 %

Oxaliplatin
Na-Addukt

Fragments of Oxaliplatin

n
»

A

354.0
0261

779
425,
“J l l 364.0689 382.0722 l I l m
.“ L W bkl AL I.‘l NT1TMA .l “l ||||| TV AN 1 uli, l.l. L)
300 ' 320 ' 340 ' 360 ' 380 ' 400 ' 420 '




Mass spectrometry based identification of NM| '{
microorganisms using their molecular

Workflow:

1. Applying a small amount
of biological material directly
On a MALDI target plate

in a thin film

2. The thin microbial film is
overlaid with 2 yl of a
saturated acid matrix
Solution

3. Mass spectra are acquired
between 2000 and 20 000
Da in positive mode

4. ldentification of bacteria,
yeast, fungi by using

the proteomics fingerprint
and peak-matching /
multivariat analysis.




Mass spectrometry based identification of NM| '{
microorganisms using their molecular

E. coli proteomics fingerprint

Intens faul

ribosomal prctein miz
RL38 436433
RS32 5005,82
RL34 538039
S e o540 RL33meth, 6254,39
v | 430000 RL32 631519
R0 641060
Rl TMST.74
R290 7271345
R31 787108
= s RS21 8368,76
|
5410,
0
3358 1
|
‘ \ |
. JM,..M' hdd W WA LA ¢.....u\,.l“' WL x«._.. L:/ w qM
ke 800 L)

anon

Identification by peak-matching
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Advantages of the MS-based ID:

-no initial assessment like gram staining,
oxidase test of unknown samples

or choice of PCR primers

= Faster than PCR or metabolic pathway
Analysis

-Generic experimental setup

- robust method, minimal sample
preparation

Applications:

- clinical routine monitoring,

- environmental & taxonomical research,
- food processing quality control



in the Clinics

NMI ..

schafft Ergebnisse

Mass Spectrometry:
= can measure multiple analytes with high sensitivity
= often faster and cheaper than other methods

Hot topics (applications):
= Endocrines & Biomarkers:
» vitamin D, steroids, testosterons
= Therapeutic drug monitoring
* Immunosuppresants, pain panel drugs,...
= Inborn errors of metabolisms
» newborn blood spot analysis: acyl carnitines, amino acids,...
= Toxicology research:
» Drugs of abuse, opiates, barbiturates, amphetamines.....



