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MS CHARAKTERIZACE MODIFIK ACI
POSTTRANSLAENI
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Fosforylace

Protein Phosphorylation is of Fundamental Importance in Biological Regulation
cca 10-30% of all proteins are phosphorylated

& S, T, Y 1800 : 200 : 1 www.protein.sdu.dk

¢ H RV

Whereas phosphorylation of serine, threonine or tyrosine results in the
formation of a phosphoester linkage, phosphorylation of histidine
residues occurs on nitrogen atoms, producing a phosphoramidate bond.
Phosphohistidines have a large standard free energy of hydrolysis making

them the most unstable of any known phosphoamino acid.
Klumpp et al, Eur. J. Biochem. 269, 1067-1071 (2002)

Phosphorylation sites db:


http://phospho.elm.eu.org/

Bi7050

Fosfoproteom - Potizista

potlaceni signalu v MS
- pouze mala ¢ast z celkového poctu proteinu je
fosforylovana
(prednostni ionizace nemodifikovanych peptidu)

vétSina signalnich proteint je v bunice v nizkych koncentracich

protein se muZze vyskytovat v rﬁzn}’/c]‘gfo formach

c.i defosforylovany

proteiny mohou
fosfat) Y

m zpra
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Specifické barveni fosforylovanych proteini, 2D GE

(from the Molecular Probes website)

phosphoproteins
(Pro-Q Diamond , blue)
proteins

(SYPRO Ruby, red).

alternativa
Metabolické znacéeni 32P
méfeni radioaktivity

immunoblotting

phosphatase treatment
phosphoproteins display a
basic shift in their pl after
the dephosphorylation.
comparison 2D gels
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Immobilized metal affinity chromatography
(IMAC)

(Cu2+, Fe3+, Ga3+)
charging _& - L z

. X )

Fiy X " ? ? .
specific binding ‘ }

ﬂ
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IMAC enrichment of -Casein phosphopeptides (1 pmol of tryptic digest)
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Technical note - Millipore
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Enrichment of phosphopeptides by TiO,

INH B solution {204 mpmd.)
+

Peptide mixiure

1

TiO,
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Kasein (1 ug) po digesci trypsinem Bi7030
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Kasein (1 ug) po digesci trypsinem

Bi7050
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Kasein (1 ug) po digesci trypsinem

Bi7050
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MALDI-MS spektrum peptidu bez a s fosforylaci
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Potvrzeni fosforylace pomoci alkalické fosfatazy

Digest kaseinu
TiO,
MALDI-MS
2 x Phos
1 x Phos




ESI-MS (IT) spektrum peptidu bez a s fosforylaci Bi7050

positive mode

Intetesis.
waq

25
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i/ 743 8" 3% 2+ Y 2SS T
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Precursor lon Scan Bi7050
Sken prekurzord

Scan Precursors CID Parked on marker
// / DT © O O O : Scan Q1
oW, @ 222222 Q1 scan
,/ v ® ® ® ° - | Q3 fix

OO T, O~ 2 2 22| 2 22 2 »

/ T e SR S |

E ' m/z

Q1 Q2 Q3

 PTM-bearing peptide @ Non-modified peptide # Marker fragment

# kvadrupol Q1 analyzuje vSechny ionty prekursorti, zaznamenany jsou jen

prekurzory, z kterych vznikl fragmentaci v kolizni cele (Q2) vybrany fragment
s hledanym rozdilem v m/z

# kvadrupol Q3 propousti na detektor pouze vybrany fragment (marker)

Marker fragment examples

» -79 for phosphorylation (POy) » +204 for N-glycosylation (HexNAc)
» +216 for Phosphotyrosine (pY immonium ion)

upraveno z materialit ABI
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Constant Neutral Loss Scan
Sken neutralni ztraty

Scan Precursors CID Offset Scan “-2“
/ 1 Scan Q1
oooooe®,’ ./lé.??;.f"' Q1 scan
2 ek P j Q3 scan

OO, oo J looooo
. m/z

Q1 Q2 Q3
 PTM-bearing peptide @ Non-modified peptide = Marker difference

# kvadrupol Q1 analyzuje vSechny ionty prekursorti, zaznamenany jsou jen
prekurzory, z kterych fragmentaci v kolizni cele (Q2) vznika fragment s

odpovidajici neutralni ztratou (tj. nejcastéji M M

prekurzor ~ Y- neutralni molekula)

# kvadrupol Q3 oproti Q1 skenuje s posunem odpovidajicim hmotnosti vybrané
neutralni ztraty

Constant Neutral Loss Scanning examples
» A 49 for doubly charged phosphopeptides (Peptide?*-H;PO,)
» A 32.7 for triply charged phosphopeptides (Peptide®*-H,PO,)

upraveno z materialit ABI



Fosforylace histonu H4 kinazou Aurora B
(K. Novadkova)

fosforylace

proteolytické Stépeni trypsinem

frakcionace fosfopeptidu na TiO,

LC-MS/MS analyza — sken neutralni ztraty (ETD)

Schéma MS analyzy

vybér novych prekursorti

|
B —

<
I

vybér prekurzori  fragmentace vybranych detekce neutralni ztraty fragmentace prekurzoru
dle intenzity prekurzort v CID MS/MS spektrech vykazujiciho ztratu H,PO,
std. fragmentacni odpovidajici ztrat¢ HyPO, Setrngjsi fragmentacéni

technikou (49, 32.6) technikou



LC-MS chromatogram
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2. { r \ +MS2(559.0), 21.9-22.1min #916-#924
526.3 /
N\
™ 4 m/z 559.0
807.5
= MS/MS spektrum, CID
593.3
fragment 526.3, 3+
detekovana neutralni ztrata 32.7
693.4 podezfeni na fosfopeptid
1+
938.5
1+ 1+
2+ 368.2 1009.5
320.2
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Identifikace peptidu databazovym prohledavanim
MS/MS Ion Search (MASCOT)

m/z Charge

559.0 3+

MASCOT

RT (min)
22.063

e 21223582 Mass: 11230 Score: 74  Queries matched: 2

histone H4

Observed Mr(expt) Mr(calc) Delta Miss Score Expect Rank Peptide
558.98 1673.93 1673.86 0.076 2 (23)

558.98 1673.93 1673.86 0.076 2 75

Modifications: Optional: Phospho (ST)

Expect Mr
1674.0

7.8 1 K.RKIVTAMDVVYALK.R + Phospho (ST)
5e-05 1 K.RKTVTAMDVVYALK.R + Phospho (ST)

Search Parameter: Charge=2+ and 3+, MS Tol.:0.500000 Da, MSMS Tol.:0.500000 Da, Trypsin

Mascot 2.2.03, NCBInr NCBInr_20081101.fasta

Biotools

CID
RKTVTAMDVVYALK
RKTVTAMDVVYALK

ETD
RKTVTAMDVVYALK
RKTVTAMDVVYALK

Score

Score

(Biotools) (Mascot)

520
518

6149
774

23
22

75
47

CID
ETD
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Mixture of phosphordated
and nonphosphorylated proteins

Irmmunopracipitation
uzing phosphcapecific
antibodias

10 or 20 gal
eledrophorssis

Exziz= and digest
with trypsin

Mixture of phosphoryated

‘;/' and nonphosphorylated peplides
Enrichment by
IMAC, aligo R2

or PSC columns

In-sclution
digestion with trypsin

‘\\i

Chemical modification
and biotin-tagaing

2D phosphopeptide  Precursarion Precursor ion of phosphate
mappirg scanning (MSME)  scanning (MSMS) containing residues
-+ Pheephatass [with “<P-ATP - negalive made - positive mode +
lab=ling)
¢ ¢ ¢ Affinity purification on
¢ Il hif awidin column
MALDI-TOF Elute phosphcpeptide lf:gﬂgnigd
analysis of M5/MS ; .
) ‘ phosphopsplides
s2qUeNCing from TLC plates mﬁ;:g;ﬁ!j"de MEM S s=quencing
L Switch to positive
made and sequencs
MALDI-TOF by KMS/MS

analysis, MSMS
sequencing or
Edrman

TRENDS in Biofechnoiogy

Bi7050

M. Mann et al TRENDS in Biotechnology Vol.20 No.6 June 2002
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Ubikvitinace

Ubiquitination 1s an enzymatic, protein post-translational modification (PTM) process
in which the carboxylic acid of the terminal glycine from the di-glycine motif in the
activated ubiquitin forms an amide bond to the epsilon amine of the lysine in the
modified protein.

Protein ubiquitination regulates many cellular processes including transcription,
endocytosis, cellcycle control, signal transduction, stress response, DNA
repair as well as proteasomal-mediated degradation

TP 4 ""I.-IEII s ii-l_"__\] I. -__E I —
. el
. . r }-'ilh g g
® lokalizace modifikovanych AMK o gy ¢ D - ,
& . . .. T e ¢ -4 Ey
& urceni vazeb v polyubikvitinu - =i }*“J"-
_ ‘>:,__,—F’J h""-\._.-
T S g - ’
i 'Cl-."
| [
re—
_ B | i
i Brewenyramyp M1
Mebapiin- i ol it binfy
The most studied polyubiquitin chains - lysine48- Bitrcshiattiiation ki

linked - target proteins for destruction

- |

digradalion




heterogenita forem

200 —
Tl
97 — 7
66 —
55 —

45 — '
I — | X

WY (kD)

29—
24—

ubikvitin — protein 8.5 kDa (76 AMK)

MQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIPPDQQRLIFAGKQLEDG
RTLSDYNIQKESTLHLV LRLRGG
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Strategie analyzy ubikvitinovanych mist

Ubigquitin C-terminus

Trypsin Digestion

%

> K- )

- 114.1 reminant tag

- milssed cleavage site
Trypsin Digestion ﬁ; '1‘. 6,
1 14.1 remnant tag - 383.2 remnant tag
- missed cleavage site - missed cleavage site
{% % ’
= 114.1 remnant tag -383.2 remnant tag

(not observed)

N.J. Denis, Proteomics 2007, 7, 868—874
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Schéma experimentu

Protein Peptide K-GG
Lysate Mixture Peptides
— — %f —
Y ’ﬁ?"
L',. ."'"'
£

Trypsin anti-K-GG LC-MS
Digestion enrichment Analysis

D.Bustos, MCP, in press
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Glykosylace

one of the most common post-translational modifications of proteins in

eukaryotic cells.
involved in a wide range of biological functions such as receptor binding, cell signaling,
immune recognition, inflammation, and pathogenicity.

Zakladni typy glykanu.

@ N-linked
@ O-linked
@ GPI anchors

Variation in the degrees of saturation at available glycosylation sites
results
in heterogeneity in the mass and charge of glycoproteins

Signal Supression


http://www.expasy.ch/tools/
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N-linked glycosylations

glycans are attached to the protein backbone via an amide bond to an
asparagine during protein synthesis

N-X-S(T) X nesmi byt P
subtypes:
@ High-mannose
@ Hybrid
@ Complex
\ﬂ-ﬂ M, N -dicatydchibolviodn trve
I I
O o i e b e
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N-linked:High-mannose subtype

a{137) ﬂ{‘l-l‘.'

a{1-2) /
Man \
a3 — — -
GlchiAc GhlAe —————— Amn
s -0 S
/M
My M T Wan
ar{1-2) ar{1-2)

Man,  [-D-Mannose

GIcNAc - (-D-N-Acetylglucosamine
L
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N-linked: Hybrid subtype

w— —— r—
GlkeMAc Ay
14_!’-[1 — —

B M
Aﬁ

/l
NI

pi1-4)

i :: @ pa-n T
@ B8 'H_!
. B-D-Galactose

@ a-N-Acetylneuraminic acid (Sialic Acid)
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N-linked: Complex subtype

Halle Add
Teminua Mun GleNAsCore

S=emy
A W

<>“0*“_<”‘“/ =T
@m DT

a-L-Fucose

Fuc
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O-linked glycosylations

glycans are linked via the hydroxyl group of serine or
threonine

P14 S—
—u Gal GlehAc

=

GalNAc  [3-D-N-Acetylgalactosamine
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GPI (glycosylphosphatidylinositol) anchors

anchors are linked via C-terminus, membrane bound
protein _
C—NH; |Phosphoethanclamine

Perstible modificstions ta Mane-Glc
oligosaccharide come

Ry =Man o{1-3)

R; = Phasphoathanolamine

Ra = Phosphoerthanolamine

Ram Galy

Rs = GalNAC 1-{1-4)

Rg = Fatly Add at C; or C; of Inostol
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Charakterizace glykoproteinu

@ specificka detekce glykosylovanych proteint
@ 1dentifikace proteinu

@ urceni glykosylacniho mista

@ urceni struktury glykanu
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Specificka detekce glykosylovanych proteinu

Pro-Q Emerald 300 - glyko only

dalsi techniky detekce:
kolorimetrickad detekce
fluorescencni detekce

specifické obohaceni:
afinitni chromatografie
(lektinové matrice.
m-Aminophenylboronic Acid)

1dentifikace proteinu:
Peptide mapping
MSMS Ion search

- all
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Deglykosylace

chemicka:
Hydrazinolysis
Hydrazine hydrolysis has been found to be effective in the complete release
of unreduced O- and N-linked oligosaccharides.

Alkaline B-Elimination - jen O-linked s vyjimkami

Trifluoromethanesulfonic Acid - destrukce glykanu
enzymaticka:

PNGase F N-linked, v8e pry¢, pokud ne =sme—="u"

PNGase A N-linked, vse pryc, pokud ne @o

Endoglycosidase H N-linked, Stipe az za prvnim gl
Endoglycosidase F1, F2, F3 N-linked, Stipou specificky ke struktuie

O-Glycosidase O-linked. vSe pry¢

B-galactosidase  Stipe pred
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Urceni mista glykosylace, resp. struktury glykanu

@ glykosylace ,,jen*“ na S nebo T (O-linked)
NXS(T) (N-linked)
[ze vytipovat potencionalni glyko mista
urcité strukturni typy u glykanii (high-mannose....)

@ Kkombinace MS a MS/MS technik
@ separace glykoproteini resp. glykopeptidu

@ vhodna deglykosylacni strategie
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MALDI-MS spectrum of glycosylated and non-glycosylated protein
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1D GE of protein before and after deglycosylation R

confirmation of glycosylation

glykosylovany protein

protein po deglykosylaci
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MALDI-MS spectrum of deglycosylated protein
confirmation of glycosylation

Endoglycosidase H;

deglycosylated

i YRS M‘A’,

w |
At

00000



MALDI-MS celych proteint

Bi7050

500
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400

350

300
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MALDI-MS tryptickych digesti

Bi7050

500

450

400

350

300

250

200

150 —

100

8.588

162

1360.618
1360.618
1437.600
1031]. 483
1757.872

2783%.3528

@ stejny protein

@ rozdilovy peptid

5626.770

3000
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Detail spekter digestu proteinu pred a po deglykosylaci

500

450

400

350

300

250

200

150

100

12783

PNGase A

objevil se peptid 2797, vedle peptidu 2795

180

bl

@ N-glykosylace
@ A . =1169Da

aver

peptid 3966 zmizel

2900 3100 3300 3500

3700 3900 m/z




Detail spekter digestu proteinu pred a po deglykosylaci

Bi7050

450

350

250
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Shrnuti vysledkii

trypticky peptid 2796 Da ...PHIFDYSGS...,
kde D vznikd z N po deglykosylact PNGasou A

puvodni sekvence je tedy ...PHIFNYSGS... (hmotnost 2795 Da)
Peptid potvrzen take LCMSMS analyzou (v glykosylovaném vzorku
digestu nebyl nalezen)

Hmotnost glykanu 1170 Da odpovida

xylose+fucose+3*mannose+2*N-acetylglukosamin

Nebyl ddle potvrzen MSMS technikami
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..missing parts have potential N-glycosylation

sites. ..
MLRNVCPVLILLIIGATA GE A F A NVEW SVA E LKRYV
LVMGVPR NHS DSLLPVS

AYCDMETDGGGW TVFQRRGQFGNPVYYFYKKWA
DYAHGFGDPAKEYWLGNNVLHALTSDKAMSLRIE
KNHS VASEEEYFKINVGGYIGSK
NGS G
AWYTSCHGSNLNGLNLNGEHPSYADGIEWSAR
GGSTGLYYYSYPNVEMKVRDAHFISRVADGRAS

from lecture of Petr Man
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... glycopeptide...

100 =

Relative abundance

50 =

full ms

600

643.5 7095

971.7

1000

11481

1202.2 MS/MS

from lecture of Petr Man

hexose increments

1316.1 1397.8

1200 1400 1600 1800 miz




MS/MS from 1202.2 - - glycopeptide, type of glycan identified

100 -

50

Relative abundance

?peptide?

ms/ms
precursor
m/z - 1202.2

400 600

800

[PAN+2H'T"
971.7

from lecture of Petr Man

H — Hexose
N — HexNAc

Doubly charged fragment ions

1000

1073.2 |

12352 199720
: ] 1 1559.3 |
1641.3

i [PIN+1HT
1721.9 1941.5

1200 1400 1600 1800 m/z

Bi7050



Bi7050

MS/MS from 971.7 - peptide with one HexNAc - site of glycosylation identified

Relative abundance

100 -

o
o
|

ms/ms
precursor
m/z 971.7

b,
N(HexNAc)H

455.1

400

870.1

m

from lecture of Petr Man

N-H;S:LIEIT'LTIAE- Y-S IV-F K

| o

N-HIS!LESTiLITIALE Y-S IV:F-K

o "]
H — His
N — Asn
1487.4
Yi3
944.4 SLETLTAEYSVFK
1158.3
1287.4
1739.4
1511.5 1795.4

1200 1400 1600 1800 m/z




Bi7050

MLRNVCPVLILLIIGATA GEAFANVEWSVAELKRV
LVMGVPR DSLLPVS
AYCDMETDGGGW TVFQRRGQFGNPVYYFYKKWA
DYAHGFGDPAKEYWLGNNVLHALTSDKAMSLRIE
KNHS VASEEEYFKINVGGYIGSK
G
AWYTSCHGSNLNGLNLNGEHPSYADGIEWSAR
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MALDI-MS spectrum of ribonuclease B
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Fig. 2. Positive 1on lmear MALDI mass spectrum of a mixture of ribonuclease A (unglyeosylated) and B (glycosylated) recorded from

4-HCCA with a Micromass TolSpec 2E mass spectrometer. The structures of the five high-mannose glycans attached to the proten to
form ribonuclease B are shown. Key to symbols: () GleNAc, (O) mannose.

DI Harvey ! nternational Joumal of Mass Spectrometry 226 (2003) 1-35



MSn of ribonuclease B glycans (AP-MALDI-IT MS)
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Figure 6. MS* analysis of ribonuclease-B glycans from a HABA matrix. (a) MS spectrum of
underivatised glycan solution (500 pmaol); (b) MS/MS spectrum of (Man)s(GleNAc), (m/z
1257.5); (¢) MS® spectrum of (Man)sGlcNAc (m/z 1036.3); and (d) MS* spectrum of
(Man),GlcNAc (m/z 874.2).

C. 5. Creaser, ]. C. Reynolds and D. . Harvey Rapid Commun. Mass Spectrom. 2002; 16: 176-154



) - " Bi7050
Kombinace deglykosida¢nich enzymu

@ o Gl I

or{i-1,E 5 5n murminkiesm —3pe- a-{1-8)

L
GalNA-

~ @
M-
wﬂ-um-nmmhum O I]-{— a0ty g e 0 | s
.@ . M-
Glllk _!l'mlr
a-2-3)




Postupna deglykosylace riznymi enzymy (MALDI-MS)  Bi7050
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Fig. 2. MALDI-MS analysis of fraction T9 (A), after the digestion of fraction T9 with
sialidase S (B), followed by pl-4 galactosidase (C) and then by pl-2-N-acetylglucosaminidase
digestion (D). MALDI-MS analysis of fraction T9 after treatment with a«l-6-fucosidase and
s-mannosidase (E).

L.P. Kotra et al | Bivorganic Chemistry 30 {2002} 356-370
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