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In-Gel digest




Samples from SDS-PAG

. MDC

S spectrometry
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In-gel digest from SDS-

DAGE ' MDC

mass spectrometry

Advantages
® high resolution

® casy to use

® compatible with
Immunprecipitations

Disadvantages

® [ow recovery of
peptides

e coomassie stainable
band recommended

e ot compatible with all
staining methods
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Amounts - MDC
Staining Detection
L Molar amounts
method limit
5 pmol (10 kDa Protein)
Coomassie ~50 ng | pmol (50 kDa Protein)
0.5 pmol (100 kDa Protein)
colloidal | pmol (10 kDa Protein)
. |10-20 ng 0.2 pmol (50 kDa Protein)
Coomassie 0.1 pmol (100 kDa Protein)
100 fmol (10 kDa Protein)
Silver Stain -5 ng 20 fmol (50 kDa Protein)

|0 fmol (100 kDa Protein)



INn-gel digest and alternatives ~ MDC

mass spectrometry

method proteins identified
in-gel digest

6
elution with 8M Urea
in-solution digest

high pH elution
in-solution digest



Alternatives to the gel
digest




Alternatives to the in-gel digest ' MDC

mass spectrometry

* in solution digest

+fast

+sensitive

- NO protease inhibitors

- NO detergents

* filter associated digest (FASP)

+can deal with detergents and protease inhibitors
- many lengthy wash steps

- rather significant losses
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VWhat can go wrong...




MS workflow - MDC

. mass spectrometry

Digest CI18 cartridge RP chromatography

EvEvEvD

*Protease Inhibitors
*Polymers
*Detergents

Peptides




...and If something goes wrong

mass spectrometry
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Polymer contamination - MDC

mass spectrometry

Iime
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Handling tips

' MDC

mass spectrometry

* Gloves, no touching!

* NO detergents if possible

* NO protease inhibitors

® small volumes



Peptide capture column - MDC

S spectrometry
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Quantitative Proteomics

SILAC etc.




" mass spectrometry

Peptides have diff
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Resolution of a mass spectrometer

mass spectrometry
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natural occurring isotopes - MDC

i ma spectrometry

Carbon

Nitrogen

Hydrogen

0 25 50 75 100



Isotopic labels

- MDC

L. mass spectrometry

Lysine
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SILAC - MDC

Ul mass spectrometry
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- MDC

LT mass spectrometry
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Silac-label Lysine 8 ~ MDC

L7 mass spectrometry
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Silac-label Lysine 8 MDC

.~ mass spectrometry

peptide contains | lysine® peptide contains | lysine®




Silac-label Lysine 8 MDC

.~ mass spectrometry

peptide contains | lysine® peptide contains | lysine®
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Comparison of two
different
cell populations or tissues




Labeling if cells with SILAC amino acids = MDC

L= mass spectrometry

77

— —
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Switch to SILAC
amino acids



SILAC comparison of wt vs. mutant cells = MDC

L. mass spectrometry

ABIm10 vs. Ctrl
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Usage: ' MDC

mass spectrometry

e Quantification of relative protein concentrations
® |arge-scale experiments

® proteome analysis



SILAC Labeling comes with a price ~ MDC

S spectrometry

N N N OK

= &= = @

OK, but....

Probably not..
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Dimethylation

chemical modification of peptides




Dimethylation reaction with formaldehyde = MDG

mass spectrometry

H H
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Isotope douplette in a dimetylation exp

eriment

mass spectrometry
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Dimethylation MDC

.~ mass spectrometry
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protein extraction



Comparison SILAC and dimethylation analy3|s - MDC

" mass spectrometry

SILAC Dimethylation

Introduction of the label metabolic chemical reaction

Variations introduced by sample

: low high
preparation

material need low high
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1M1 ana relatives

chemical modification of peptides




|sobaric tags

- MDC

L. mass spectrometry

TMT

CID NHS
cleavage site {amine- reacnve groupl

SIS

Mass Tag Mass Normahzer

ITrag

hﬁrb

i

Y
Reporter Group

Balance Group Popudo Reactive Group

J

Y
Isobari Tag



M ~ MDC

L mass spectrometry

CID NHS
cleavage site {amine- reacnve groupl

CQL R H%Z»Xu[

Mass Tag Mass Normalizer

RSN



Qantitation in the MS? MDC

-l mass spectrometry

Relative Quantitation

? ™ |
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Intensity
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Multiplexing up to 10

Wao

~ MDC

- mass spectrometry

Sample 1 ’ij l-a_t’BJ_'__[__EE’__,’ﬁj

Sample 2 ﬁj Label TMT®-127 P’i‘/

Sample 3 &j Label TMT™-128 ,, < o/ Ao
I
Sample 4 ’ij Label > @
2

sample5 < % Label TMT'-130 ,

Sample 6 ﬁﬁ M} ’(%

Relative Quantitation

" Intensity

Intensity

LC-MS/MS

| [ | | -

............................................

Sequence Assignment

Protein Identification



Differences and advantages - MDC

spectrometry

SILAC/DML
MS t MS m/z
T™T T™T

MS2 t MS2 m/z



Differences and advantages '~ MDC

.~ mass spectrometry

SILAC/

Dimethylation

Quantification MS MS? or MS3

) . man

Quantification events 4 one per MS2
at least 16

Complexity of the spectra double or triple always single

max multiplexing 3 [0 or I8
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SILAC-IP




What if an IP looks like this? - MDC

mass spectrometry

* High background IPs
* Interactions are transient
* many interactions detected
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'MDC

- mass spectro
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Spectra of a 3-catenin

- MDC

L. mass spectrometry

Relative Abundance

Relative Abundance
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Selbach and Mann, Nature Methods, 2006



SILAC |

- MDC

L. mass spectrometry

log10 intensity
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abel free quantification




| abel free quantification methods ~ MDC

mass spectrometry

needs
standard

accuracy

spectral
counting

PAl/emPAl

LFQ
MaxQuant

IBAQ

low

low

mid

high

low

mid

mid

better than
mid




spectral counting ~ MDC

. mass spectrometry

Quantitation in shotgun proteomics by spectral
counting

== =Nk

T B == Yy
:D': %D. digest — = LC-MS/MS> 4_1 ‘J_J ._!*;, Ili‘. ll
D;D. — - Ul —J_J

protein peptide )
abundance abundance spectral counting



INnteractor ma

D

. MDC
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DING USINg

abel-free proteomics

repeats are your friends




Label free quantification I

(LT mass spectrometry

miz (full) miz (full)
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same peptide in two samples



Intensity comparison based on the top 5 - MDC

pe pt i d es Ui mass spectrometry
MS2
A1
= | tcou'?tf :o'
Peptide MS1 £ ntensity =
A1 e 5
: = Digest, = Electro- A1 -
Protel'n Al = LC = spray 2 —
(10 copies) | =—— = @
—— — o B1 B1
i o
Protein B = 2
(1 copy) Peptide i miz Clba & Count = 1
- Intensity = 1x
B1 =
1 | ad | [




L abel-free ' MDC

mass spectrometry

Bait Ctrl

15000

11250

7500

Intensity

3750

rep rep2 rep3 repl rep2 rep3



L abel-free ' MDC

mass spectrometry

15000
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Intensity
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L abel-free ' MDC

mass spectrometry

15000
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rep rep2 rep3 repl rep2 rep3



SILAC |P - MDGC

UL mass spectrometry

significance '
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IBAQ




' MDC

BAQ - quantification using a standard

— mass spectrometry

1 H UniProt Protein Name MW (Da) Source or

48 human proteins has been formulated into a e monym] e | revomemont

dynamic range of concentrations, ranging from s caronic anhyarase 2673  Enythrocytes

5 O O | 't 5 O | 50,000 Carbonic anhydrase 2 29,115 Erythrocytes

amO eS O me eS 50,000 Complement((:lssa][Complement 8,536 e E. coli
50,000 Hemoglobin alpha chain 15,126 Erythrocytes
50,000 Hemoglobin beta chain 15,867 Erythrocytes
50,000 Leptin 16,158 Recombinant E. coli
50,000 Serum Albumin 66,357  Recombinant /oM@
pastoris

50,000 Ubiquitin 10,597 Recombinant E. coli
5,000 Catalase 59,625 Erythrocytes
5,000 Cytochrome bs 16,022 Recombinant E. coli
5,000 Epidermal Growth Factor 6,353 Recombinant E. coli
5,000 Myoglobin C 17,053 Heart

NAD(P)H dehydrogenase

5,000 [quinenal D Biaphorasallc 30,736 Recombinant E. coli
5,000 Peptidy"‘/’:‘[’g;;f‘;:ﬁi’:‘s /Smerase 20,176  Recombinant  E. coli
5,000 Peroxiredoxin 1 21,979 Recombinant E. coli
5000 Oomal ”biq”[itsi’gh':g_‘f]d modifier1 13815  Recombinant  E. col
500 Alpha-lactalbumin 14,078 Milk
500 Creatine kinase M-type [CK-MM] 43,101 Heart
500 Histidyl-tRNA synthetase [Jo-1] 58,233 Recombinant E. coli
500 Lysozyme C 14,701 Milk
500 Neddylin [Nedd8] 9,072 Recombinant E. coli
500 Retinol-binding protein 21,071 Urine
Ribosyldihydronicotinamide

500 dehydrogenase [quinone] [Quinone 25,821 Recombinant E. coli
oxidoreductase 2] [NQO2]

Ubiquitin-conjugating enzyme E2 |

500 [UbcHO] 18,007 Recombinant E. coli
50 Antithrombin-11| 49,039 Plasma
50 Beta-2-microglobulin 11,731 Urine

BH3 Interacting domain death

50 21,995 Recombinant E. coli



BAQ - quatification using a standard ~ MDC

log10 iBAQ intensities

T T T T
1 2 3 4 5

log10 UPS2 amounts [fmole]

courtesy of M. Selbach



BAQ guantification

- MDC

L. mass spectrometry

106 - 8
10° A

10 -

Protein copies/cell

10° -

102_

courtesy of M. Selbach



Other applications of
Mass-spec based
oroteomics




. MDC

mass spectrometry

PlICS

proteomic identification of protease cleavage sites




Proteases I\/IDC

S spectrometry

Protease

Target
Target Target



DICS MDGC

~ mass spectrometry

Two steps

1. library generation
2. ldentification of specific cleavage products

Schilling, O., and Overall, C.M. (2008).



Natural proteome

NH, , L
NH,

v

i Digestion into oligopeptides 1

NH
2 SH

NH— NH,—1—
NH,

v

Protect cysteines
NH,

NH,—— NHQi
NH,

v

Protect amines

OS]

v

Proteome-derived
peptide library




Incubate library with protease\

®— L NH,
oy b
v

Biotinylate neo-NH,
€— biotin

—y
4

[ Biotin-streptavidin pullout

biotin
Immobilized
streptavidin
. J
v
4 o

LC-MS/MS of prime side
cleavage products

i1
| * |

Bioinformatically build
nonprime sequence
THPAS-LIATR
(database) (LC-MS/MS)

- _J




D|CS result ~ MDC

- mass spectrometry

P6 P5 P4 P3 P2 P1 P1’ P2’ P3' P4’ P5' P6’
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mass spectrometry

TAILS

The identification of protease cleavage sites




Proteases

Protease

Target
Target Target



Proteome

Digest with protease

Dimethyl labelling

tryptic digest

capture of free N-termini

O N-terminal
© Dimethyl light
@ Dimethyl heavy



Proteome
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Isotopic labeling of amine groups

\"\t"“'{_}’;

| SV

Sample mixing
"Y ‘\9/ \A\\ﬁ‘\!l%:'r’f - L"‘

Tryptic digestion

&g NH~-

NH2' .—NHZ" ~'§-—NH2" @_NHZ. o NH2'
NH= &g NH= ._'l @-NH;  ©=g NH;

e ]

Capture of internal peptides with amine-reactive polymer

Negative selection of pepti

des with blocked N-termini

by centrifugation
- - e -
| — Fs | —
{ ol o—g Vv R e |
MS/MS analysis of N-terminal peptides
Mature N-termini Protease
labeled Ac+ labeled K -generated -depleted
N-termini
1.0 1.0 Protease/control high low
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- MDC
i froum spectrometry

Mo mass

|dentified recognition site
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Preferred peptide
signatures of the
proteasome




. . . u
Protein digestion by the proteasome  MDGC




peptides

o

SQSKVIPVPQKAVPYPQRDMPIQA
SQSKVIPVPQKAVPYPQRDMPIQ =

MHQPHQPIPPTVM
HQPHQPIPPTVMF -

DKIHPF —

20S

20S-PA28

26S

intensity
7.5
5.0
25

0.0



. MDC
Lh. : mass spectrometry

Post-translational
modifications




Common post-translational modifications =~ MDC

mass spectrometry

* Protein N-acetylation

D

U

nosphorylation (Serine/Threonine/Tyrosine)

piquitination

* currently 949 different PTMs listed in data bases'

las of:15.08.2012



Peptide coverage IS
essential....




Peptides mapped to the protein sequence - MDC

(sequence coverage) 1 massspactomety

(VLELTSDNDRLRJ

ERNNIAVRK (VLELTSDNDRJ (RVEQLSRELDTLRJ (QLPESSLVKJ
lGLAGPHPDLRI ERNNIAVR (NVETQQKVLELTSDNDRJ (RVEQLSR) (@IFRQLPESSLVKJ

-KGLAGPHPDLRTGGGGGGGAGAGKAKKSVDKNSNEYRVRRERNNIAVRKSRDKAKQRNVETQQKVLELTSDNDRLRKRVEQLSRELDTLRGIFRQLPESSLVKAMGNCA

250 260 270 280 290 300 310 320 330 340 350



Detection of the P M
N the MS spectra




Post-translational modifications ~ MDC

® detection as mass shifts on amino acids

* +144 Da on lysines for ubigquitin

* +80 Da for phosphorylations

* +14 Da for methylations



Neutral loss phospho-serine MDGC

mass spectrometry

o o
al al
Q) Q)
A A
O O
O=C O=C
N\ N\
CHy == CHy == O === H,PO3 — CH=CH: + HsPOg4
HN / H

VEPVFETLD
VEPVFETLD =



Aspertate

- MDC

L. mass spectrometry

OO
VEPVFETLDSCKG

PR

# b b+t b* b+ p? B+ Seq. ¥ y-l-l- y¥ Fg—l—l- YI} YB-H- #
1| 100.0757| 50.5415 v 15
2| 229.1183|115.0628 211.1077|106.0575| E [1616.7737|808.8905(1599.7472|800.3772|1598.7631|799.8852|14
3| 326.1710]|163.5892 J0B.1605|154.5839| P |1487.7311(744.3692|1470.7046|735.8559(1469.7206|7353639|13
4| 425.2395|213.1234 407.2289|204.1181| V |1390.6784|695.8428(1373.6518|687.3295|1372.6678|686.8375(12
5| 572.3079|286.6576 554.2973|277.6523| F |1291.6099(646.3086|1274 5834 |637.7953(1273.5994|637.3033|11
6| 701.3505|351.1789 683.3399|342.1736| E |1144.5415|572.7744|1127.5150]|564.2611|1126.5310563.7691 |10
7| BO2.3981|401.7027 T84.3876(392.6974| T |1015.4989|508.2531| 998 4724|499.7398]| 997.4884|499 2478 9
8| 915.4822)|458.2447 897.4716(4492305| L | 914.4513|457.7293 . 896.4407|448.7240| 8
9(1030.5092|515.7582 1012.4986|506.7529| D f 8013672 AR NN D) 392.1820( 7
10]1099.5306|550.2689 1081.5200|541.2637| § 334 6685 6
11{1259.5613|630.2843 1241.5507|621.2790| C | 617.3188(30 N 5
12|1387.6562|694.3317|1370.6297|685.8185|1369.6457|685.3265| K | 457.2881)|229.1477| 440.2616|220.6344 4
13|1444.6777|722.8425(1427.6511|714.3292|1426.6671|713.8372| G | 329.1932|165.1002| 312.1666|156.5870 3
14|1541.7305|771.3689(1524.7039|762.8556|1523.7199|762.3636| P | 272.1717|136.5895| 255.1452|128.0762 2
15 R | 175.1190| B8.0631]| 158.0924| 79.5498 1




Neutral loss phospho-serine

- MDC

L. mass spectrometry

@O
VEPVFETLDSCKG

PR

# b b+t b* b+ p? B+ Seq. ¥ y-l-l- y¥ Fg—l—l- YI} YB-H- #
1| 100.0757| 50.5415 v 15
2| 229.1183|115.0628 211.1077|106.0575| E [1616.7737|808.8905(1599.7472|800.3772|1598.7631|799.8852|14
3| 326.1710]|163.5892 J0B.1605|154.5839| P |1487.7311(744.3692|1470.7046|735.8559(1469.7206|7353639|13
4| 425.2395|213.1234 407.2289|204.1181| V |1390.6784|695.8428(1373.6518|687.3295|1372.6678|686.8375(12
5| 572.3079|286.6576 554.2973|277.6523| F |1291.6099(646.3086|1274 5834 |637.7953(1273.5994|637.3033|11
6| 701.3505|351.1789 683.3399|342.1736| E |1144.5415|572.7744|1127.5150]|564.2611|1126.5310563.7691 |10
7| BO2.3981|401.7027 T84.3876(392.6974| T |1015.4989|508.2531| 998 4724|499.7398]| 997.4884|499 2478 9
8| 915.4822)|458.2447 8974716(4492305| L | 914.4513(457.7293| BO7.4247)|4492160| 896.4407(448.7240| 8
9(1030.5092|515.7582 1012.4986(506.7529| D | 801.3672{401.1872| 784.3406(392.6740] 783.3566|392.1820| 7
10]1099.5306|550.2689 1081.5200|541.2637| § A=69 > S - 1|8 (neutral loss) 3297|334.6685| 6
11{1259.5613|630.2843 1241.5507(621.2790| C g 617.3188 5
12|1387.6562|1694.3317|1370.6297|685.8185|1369.6457|685.3265| K | 457.2881|229.14 140.2616)220.6344 4
13|1444.6777|722.8425(1427.6511|714.3292|1426.6671|713.8372| G | 329.1932|165.1002| 312.1666|156.5870 3
14|1541.7305|771.3689(1524.7039|762.8556|1523.7199|762.3636| P | 272.1717|136.5895| 255.1452|128.0762 2
15 R | 175.1190| B8.0631]| 158.0924| 79.5498 1




Carbamidomethylated cysteine

- MDC

L. mass spectrometry

OO0
VEPVFETLDSCKG

PR

# b b+t b* b+ p? B+ Seq. ¥ y-l-l- y¥ Fg—l—l- YI} YB-H- #
1| 100.0757| 50.5415 v 15
2| 229.1183|115.0628 211.1077|106.0575| E [1616.7737|808.8905(1599.7472|800.3772|1598.7631|799.8852|14
3| 326.1710]|163.5892 J0B.1605|154.5839| P |1487.7311(744.3692|1470.7046|735.8559(1469.7206|7353639|13
4| 425.2395|213.1234 407.2289|204.1181| V |1390.6784|695.8428(1373.6518|687.3295|1372.6678|686.8375(12
5| 572.3079|286.6576 554.2973|277.6523| F |1291.6099(646.3086|1274 5834 |637.7953(1273.5994|637.3033|11
6| 701.3505|351.1789 683.3399|342.1736| E |1144.5415|572.7744|1127.5150]|564.2611|1126.5310563.7691 |10
7| BO2.3981|401.7027 T84.3876(392.6974| T |1015.4989|508.2531| 998 4724|499.7398]| 997.4884|499 2478 9
8| 915.4822)|458.2447 8974716(4492305| L | 914.4513(457.7293| BO7.4247)|4492160| 896.4407(448.7240| 8
9(1030.5092|515.7582 1012.4986(506.7529| D | 801.3672|401.1872| 784.3406(392.6740| 783.3566|392.1820| 7
10]1099.5306|550.2689 1081.5200(541.2637| § | 686.3402|343 6738| 669.3137|335.1605| 668.3297|334.6685| 6
11{1259.5613|630.2843 1241.5507(621.2790| C j 617.3188 @A I (N @R BV (alkylation) 5
12|1387.6562|694.3317|1370.6297|685.8185|1369.6457 |685.3265| K 4
13|1444.6777|722.8425(1427.6511|714.3292|1426.6671|713.8372]| G . . 3
14|1541.7305|771.3689(1524.7039|762.8556|1523.7199|762.3636| P | 272.1717|136.5895| 255.1452|128.0762 2
15 R | 175.1190| B8.0631]| 158.0924| 79.5498 1




What is so difficult?



Neutral losses and
other MS effects




Neutral loss phospho-serine MDGC

mass spectrometry

o o
al al
Q) Q)
A A
O O
O=C O=C
N\ N\
CHy == CHy == O === H,PO3 — CH=CH: + HsPOg4
HN / H

VEPVFETLD
VEPVFETLD =



Protein ~50 tryptic peptides 100 pmol

1 49 . other Peptides
mocﬁified Peptide 2 pmol
90%
10% ° > Not phosphorylated
phosphorylated 100 fmol
50% |
50% > without neutral loss

neutral loss 50 fmol



Modification specific enrichment ' _MDC

mass spectrometry

* Phosphotyrosine

* [P on peptides using an a-plyr antibody

* Phospho-Serine and Threonine

® Titanoxide-column
® Works on proteomic level

® Protein-specific peptide antibodies



Good identification  MDC

. mass spectrometry

Source: Kermit_20121015_RM_MSC06314
Scannumber: 8450

Protein: Cyp2e; Cyp2el; Cyp2e-1; Q05421
Peptide Score: 85.5

Method: FTMS; HCD; 1

Ys Y7 Ye Ys Y& Ys Yz Y1

LT

bz bs bs bs be

o
o™~
& .
- v7 [
o 355.5265 | I
=
= A
1 o
J =
Ys L
o o 717.289
o | L
Q @] |
c i ) Ys_ ys—NH:z I —
I 602.2481 ___ ___! )
S ] | 00.2624 o =
[ | Y o g
- bs-NH: L
< 2- 586.2654 -
e y2 ys ' -
S 285.202 504.2778 R
D | YZ—NHS | ! B |
= Y' o oria7ed i 5 ys I
i 175.118 i1 : | y7—NH: 1106.562 L
1 | bz i bs | 3425002 ys—NH:z L
i bz 4592:_1?.‘ 732_;5:.;5 b i 083.524 o
o 2471111} i o N ' { ~
N 4 Y3 ' 789.2522 ! L
o A T JI| L Inl ’1 | |1| | I‘I. nI L , o

100 200 300 400 500 600 700 8(')0 900 1000 1100 1200 1300 1400 1500 1600

m/z [amu] g



more problematic.

mass spectrometry

Source: Kermit_20121015_RM_MSC06314
Scannumber: 338911
Protein: Rps27a; Uba80; Ubcepl; mCG_13441; mCC_15222; RP23-52B18.5-003; Ubc; Ubc; Ubb; mCG_23377; RP23-234K24.1-001; RP23-234K24.1-002; Ubb; Cm1821; Ubb; UbaS2; Ubcep2; m{
Pe re:  59.54
Me FTMS; HCI
Yie Yi4 Yis Yiz Y1 Yie Ye Y= Y7 Y3 Y& ¥s Yz W

x o I I

o e P S P e e o e

o
o™
] ye
o 1002.51 I
84
27 Lo
2 o I
g @ | yi11—NHz -
H 1212.585 r 2
T | | :
2 -2
o _ Yio =3
<o .Y’ N_H; 1121.552 1 L Q‘
Y 4 985.4827 ; w11 —_
> 1 | [ —
2 i i 1230.521 (=
© ' i [ &
S i 2
€ 9 v |
| 305.4575 |
v 5 ! E Yiz _—
147.1128 | ! { 1259.654
] o | yiz Yis yis |
= VA “HS 241212 Y - 1472.748  1572.735 1787.927
280. 2 Y‘__ §02.2508 ., e | 5 5 i : [
: 485.2657 032.2885 Y7 | | | YIq—NHS
i | \ | J | H | | | 818.4254 { | 1455{721 . r
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600 800 1000 1200 1400 1600 1800
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Do you believe the interpretation??  MDC

mass spectrometry

Source: Kermit_20121015_RM_MSC06312
Scannumber: 21581
Protein: Kenbl; mCG_14614; RP23-19L12.6-001; Kenb1; BOLAE2; QON2SS; ©80X33; Q8KOD1; Q03717
Peptide Score:  13.085
Method: FTMS; HCD; 1
A Al

LI B L B B B
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phosphorylation of Y562 phosphorylation of Y345

wt -+ wt - + 1 2 3 4

1.2 3 4

1500000
|

6e+06
|

1000000
|
4e+06
|

counts
counts

500000
|
2e+06
|

0e+00

samples samples

Selected Reaction Monitoring



Intensiy, g
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Quadrupole 1

Q1

)

fragmentation cell

[

\

Quadrupole 3
Q3
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time

Detector
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Regulation of Nemo by Ub-chains ~ MDC

gt mass spectrometry

80000

60000

40000

20000 Nemo (lklc gamma)

2l gamma treatment

o ctrl

LK(Ub)EEAEQHK  LGLEK(Ub)LDK



. MDC
Lh. : mass spectrometry

Quantitying branched

Ubiqurtin




Ubiquitin chains

[ Substrate [ Substrate [ Substrate

\/ \/ \/

degradation  stabilization localization




Ubiquitination sites in ubiquitin

MOQIFVRKTLTGKTITLEVEPSDTIENVKAK
IQDKEGIPPDQOQRLIFAGKOLEDGRTLSD
YNIQKESTLHLVLRLRGG

Ubiquitinated peptide



ryptic

peptides of ubigquitin

MOQIFVKTLTGK
TLTGKTITLEVEPSDTIENVK

TITL]

SVEPSDTIENVKAK

AKIQDK

IQDK.

FGIPPDQOOR

LIFAGKOQLEDGR
TLSDYNIQKESTLHLVL

Ubiquitinated peptide

KG
K11
K27
K29
K33
K48
K63




SRM measurement for Ub quantification

B XIC of +MRM (00 pairs): 272.8/390.2 Da ID: K29, branched from Sample 8 (Katrin 5_ U7+C1) of 20110324_Ubiq

Intensity, cps
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Quantification of Ub-chains

normalized counts

10

K6

-

K11

K27

K29 K33

Ubiquitin chain linkage

K48

K63

total Ub

collaboration with AG Sommer
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