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ESTRATEGIAS PROTEOMICAS

Muestras complejas. Extractos proteicos: proteomas, subproteomas...

Protedmica Tradicional Protedmica ~Shotgun™

Escuela Americana
En solucion

Escuela Europea
en gel

-Separacion de Proteinas (1D-2D)  -Digestion de las proteinas

-Digestion de cada proteina -Separacién cromatogrdfica de péptidos

-MS y MS/MS -LC-MS/MS



Identificacion de proteinas mediante

huella peptidica (MS, PMF)

Espectrometria de masas

MALDI-TOF

Matrix-assisted laser desortion-ionization (MALDI).
Time of flight (TOF).



Single Stage Mass Spectrometry
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ldentificacion de proteinas por huella

Protein

peptidica

Peptides

Enzymatic
digestion

..MAIILAGGHSVRFGPKAF

AEVNGETFYSRVITLESTNM
FNEIIISTNAQLATQFKYPN

VVIDDENHNDKGPLAGIYTI
MKQHPEEELFFVVSVDTPMI
TGKAVSTLYQFLYV ...

Sequence

database entry

In-silico
digestion

ﬁ

Mass spectrum

- MAIILAGGHSVR
- FGPK
- AFAEVNGETFYSR

- VITLESTNMFNEHISTNAQLATQFK

- YPNVVIDDENHNDK

Theoretical

proteolytic peptides

Peaklist

840.695086
1676.96063
1498.8283
1045.564
2171.967066
861.107346
842.51458
1456 .727405
863.268365

Result:
Match ranked list

* of protein
candidates

861.107346

838.695086

1676.96063

1498.8283

1045.564

2171.967066

842 .51458

1457 .827405

863.268453

Theoretical

peaklist



PROTEIN IDENTIFICATION BY MALDI-TOF MS
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Separation of proteins by 2-D gel electrophoresis. In-gel 'rr'ypsin.digest.ion
Excision of protein spots from 2 -D gel Extraction of peptides mixture
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Database searching Peptide mass fingerprint by
@ MALDI -TOF Mass Spectrometry

Protein identification:triose phosfate isomerase




Tratamiento de las manchas proteicas

* Des'rmcuon

IODOACETAMIDA
iijf Reduccmn y alquilacion
Corte del gel
_ Deshidratacion
o 2 Hidratacion con
L \ tripsina y digestion 37°C ON
Evitar contaminaciones g
Digerir la proteina eficientemente Extraccion de los
Recuperar la mayor cantidad de péptidos \epfidos
Minimizar las pérdidas por manipulaciones
> a4
;Concentracion o
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y limpieza?



Espectro de MALDI

Micromass TofSpec 2E
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Resolucion isotdpica: Capacidad para separar dos picos que
se diferencian en una unidad de masa.

“Masa
monoisotopica”

\ 198%

1982.84 OneC atom

No 13C atoms (all 12C)

1983.84
—TwW0 13C atoms




{ MATRIX
SCIENCE.

Mascot > Peptide Mass Fingerprint

MASCOT Peptide Mass Fingerprint

Your name

title

Database(s)

Taxonomy

Fixed
modifications

Variable
modifications

| Email |

SwissProt
sSGD

Enzyme |Tr\_.rpsin V|

Display all modifications 0

Oxidation (M)

pmte;m D

Mass values

Data file

Query

NB Contents
of this field
are ignored if
a data file

is specified.

Decoy

®mHT OM, OM-H

Acidiphilium llow up to missed cleavages
uniprothuman v
LTCBR
|AII entries V|
Carbamidomethyl (C) Acetyl (K)

= Acetyl (N-term)

= Acetyl (Protein N-term)

Amidated (C-term)
Amidated (Protein C-term)
Ammonia-loss (N-term C)
Biotin (K)

Biotin (N-term)
Carbamyl (K)

= Car] M)
arboxymethyl (

Peptide tol. |50 | |ppm V|

Monoisotopic

Browse...
] Report top |AUTO V| hits

Tolerancia: es la
diferencia entre el valor
de la masa medida
experimentalmente y el
valor tedrico

absoluta (Da) = [M exp-
M tedrica]

relativa ( %, ppm) = [M
exp-M teorica)/ M tedrica



Analisis de péptidos tripticos

TRIPSINA: corte muy especifico (lisina y arginina)
K-X, R-X excepto K-P, R-P

En proteinas de mamifero el contenido en Arg es 6% y
en Lys es un 5%, (cada 100 aminoacidos hay 11 sitios
de corte de tripsina)

Tamafo medio de los péptidos tripticos es de 9
aminoacidos: facil extraccion de péptidos del gel.

En este intervalo de masas (800 Da —2000 Da) la
resolucion es buena
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Probahbility Based Mowse Score

Score is -10*LoglF, whete P is the probabdlity that the observed match iz a random event.
Protein scores greater than S0 are significant (p<0.05).
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Probability Based Mowse Score

Protein score is -10¥Log(P), where P is the probability that the observed match is a random event.
Protein scores greater than 78 are significant (p<0.05).
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Probability Based Mowse Score

Protein score is -10*Log(P), where P is the probabilitv that the observed match is a random event.
Protein scores greater than 64 are significant (p<0.05).

% Mas restrictivos en la busqueda
para que aumente la puntuacion

T T
G0 B
Probability Based Mowse Score

MNumber of Hits

Probability Based Mowse Score

Protein score is -10*Log(P). where P is the probability that the observed match is a rando
Protein scores greater than 60 are significant (p<<0.05).

Humber of Hits

3z
Praobability Based Mowse Scare
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S Glucan 1,3-beta-glucosidase precursor (EC 3.2.1.58) (Exo-1,3-beta-glucanase) {(GP29) {(Soluble cell wall protein %)
SUPPORT
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Taxonowy: Saccharomyces cerevisiae

Cleavage by Trypsin: cuts C-term side of ER unless next residue is P
Mumber of mass walues searched: 25

Number of mass walues matched: 5

Sequence Coverage: 21%

Matched peptides shown in Bold Red

1 MRFSTTLATA ATALFFTASQ VIAIGELAFN LGVENNDGTC ESTSDYETEL
51 QALESYTSTY EVYAASDCNT LONLGPAAEA EGFTIFVGYVI PTDDSHYALE
101 FaALOTYLPE IFESTYAGFL VGSERLYPHD LTASQLSDEI HDVRSYWVADI
151 ZDEDCESYIC EQVGTVDIWN VIVAGYNIAY IEASDFYMAN AFIYWQEQTHM
201 QMNASYSFFDD IMOQALQVIQS TEGSTDITFW YGETGWPTDG THNFESSYRAW
251 DHNAKQFWEEG ICSMRAWGYN VIVFEAFDED WEFNTZGTSD VEEHWGVETS
301 SDHLEY3LDC DF3

Show predicted peptides also

sort Peptides By % Residue Number 7 Increasing Mass © Decreasing Mass
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[ Sort Peptides By

Start -
46 -
186 -
200 -
278 -
356 -
367 -
377 -
493 -
519 -
B0 -

Ho matech

End
ab

199
211
289
364
386
386
518
549
588

to:

Observed

1765,
1638,
1475,
1353,
1065.
2286,
1179,
2565,
2383.
3312,

1005.4658,

Ta26
8801
7712
7319
4350
1353
6403
1314
2663
2695

Mr (expt)
1764.
1637.
1474,
1392,
1064.
2285,
1178.
2564,
2382,
3311.

7553
8728
7639
7248
4377
1280
6330
1741
2550
2622

] & Residue Number O Increasing Mass O Decreasing Mass

Miz=z Segonence

Mr({calc) Ppm

1764.7275 16 0 R
1637.8525 12 1 K
1474.7780 -10 0 R
1352.7249 -0 1 R
1064.5138 -25 0 K
2285.1175 L] 1 K
1178.5931 34 0 K
2564 .1595 & 0 R
2382.9447 G 0 R
3311.3009 -12 0o R

1046.6005, 10B2.5182,

100&.3552, 1013.52%5%5,
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. GOCCGEYCSGeSSYGSCO05YCSGCCCEE0R
. GSYCSGGSSYGSCOGSYOSGOCGECHASYRS

1137.5847, 11e8.5879, 1232.624%5



Probability Based Mowse Score

Protein score is -10¥Log(P), where P is the probability that the observed match is a random event.
Protein scores greater than 78 are significant (p<0.05).
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Probability Based Mowse Score

Protein score is -10*Log(P), where P is the probabilitv that the observed match is a random event.
Protein scores greater than 64 are significant (p<0.05).

N

MNumber of Hits

Probability Based Mowse Score

Probability Based Mowse Score

Protein score is -10*Log(P). where P is the probability that the observed match is a rando
Protein scores greater than 60 are significant (p<<0.05).

N
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Praobability Based Mowse Scare



1. Numero de péptidos en la huella peptidica es insuficiente para una
coincidencia estadistica (digestion, glicosilacion)
2. Mezcla de proteinas: supresion ionica, HPLC acoplado a MALDI-TOF

3. No esta anotada en la base de datos de proteinas

Necesitamos mas informacion



Tandem Mass Spectrometry

MS/MS usa 2 analizadores de masa (combinados en un instrumento) para seleccionar un analito (ion) de
una mezcla, entonces genera fragmentos del ion aislado para obtener informacion estructural.

neptide
protein peptides fragments
® .++ +
\ o ¢ s
— . — ¢ o A
AW ++ o
0 ¢ &
Digestion lonization Isolation  Fragmentation Mass
Analysis
. o
MS / Isolation MS/MS

1
m/z m/z m/z




1101.6, 38875]

4700 Reflector Spec #1[BP

3.9E+4

LESSTOTT

0c9.°G9¢Ee
8.0L°¢cce

LL19°//0€

009%'S20€ |

6.15°688¢]

9981°008¢
0LTV'¥¥.LC

1612°995¢

0092'6052
E—

0LST°9LEC §

3
o]
69019122 |

0£80°071Z D3
JAN%S{0] mocmu

B

LETO'ELET B

4013.0

3370.2

2727.4

2084.6

<

¢078'9¢8T |
0006'¥9.T |

qe]

T608'9599T

VSEL C6kzz°0,51]
TVEL VTS

6CTL va.Wh

-+

9857221 =
G/G8STT ]

0029°STTT 3

G'/86

96v5'¥v0
7787°0/6

v¥8E°6¥8

¢867°6¢6 WW
e
(&5 7AS P4 42}

—

1441.8

99.0

100

o
)

o
©

70]

5 5
© Yo}
Ansuaiul %

40]

o
=

30]
20

0!

Mass (m/z)



Fragmentacion del ion precursor:

4700 MS/MS Precursor 1101.55 Spec #1[BP = 701.4, 24936]

100 70139 2.5E+4

90
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80

70] 159.07 (73.28
3,6072.05
B
c
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£ 50
N 86.07 286.14

401.17
40| 1101.54
30|
112.06 258.15
170.05
05 288.14
308.16
456.2 0231 816.4
99, 057 5
T v T v T T T . T = L'L“
287.8 506.6 725.4 944.2 1163.0

Mass (m/z)



Los iones se fragmentan frecuentemente por los enlaces peptidicos
dando lugar a una “escalera” de iones peptidicos caracteristica de la
secuencia del péptido. La diferencia de masa entre iones consecutivos
define un residuos aminoacidico.
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Peptide Identification by MS/MS

MS/MS database matching using fragment ion masses

Protein(s)

‘

Enzymatic
digestion

..MAIILAGGHSVRFGPKAF

AEVNGETFYSRVITLESTNM
FNEIHISTNAQLATQFKYPN

VVIDDENHNDKGPLAGIYTI
MKQHPEEELFFVVSVDTPM
ITGKAVSTLYQFLV ...

Sequence
database entry

Peptides

In-silico

MS/MS spectra of

digestion

#

- MAIILAGGHSVR

- FGPK

- AFAEVNGETFYSR
- VITLESTNMFNEIIIK
- YPNVVIDDENNDK

Theoretical

proteolytic peptides

fragmented peptides

lons peaklists

340.695086
peptides 676.96063
498.8283
‘ ﬁ 545 .564
H;MH\\ ‘}JL S 1171.967066
| 261.107346
M‘H.‘ .” Ll ‘h\\ulﬂ\ 342 .51458
bbb Lk 456.727405
363*68365
Match
In-silico -MAIILAG *
fragmentation -MAIILA 361.107346
MAIIL 338.695086
S sl 67696063
-MAII 498.8283
-MAI 1045 .564
-M 1171.967066
M 342 _.51458
-AlILAG 457 .827405
263.268453
Theoretical Theoretical

peaklist

Result:
ranked list of
peptide and

protein

candidates



MASCOT MS/MS lons Search

Your name | | Email |
Search title | |
Database(s) SARA14-131 Enzyme |Tryp5|n V|
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Allow up to missed cleavages
5GD v
Acidiphilium Quantitation |None W
Taxonomy |A|I entries V|
_ Fixed [Carbamidomethyl (C) Acetyl (K)
modifications Acetyl (N-term) A
= Ace_tyl (Protein N-term)
Amidated (C-term)
Amidated (Protein C-term)
Display all modifications L] Ammonia-loss (N-term C)
. Biotin (K)
Variable [Oxidation (M) Biotin (N-term)
modifications > Carbamyl (K)
earbarayl (N-term) v
Carboxymethy

Peptide tol. + )3.3 ||Da
ge |2+ and 3+ V|
Data file
Data format | Mascot generic V|
Instrument |Default V|

Decoy [ |

‘ Start Search ...

v| #clo | Ms/MStol. £ |0.3

|[pa_ V]

-iC©

Browse...

Precursor I:l m/z

Error tolerant [ ]
Report top |AUTO V| hits
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IDENTIFICACION DE PROTEINAS MEDIANTE ESPECTROMETRIA DE MASAS

Digestion con tripsina en gé
Extraccién de péptidos.

Separacion y excision
de la proteina Obtencion de la huella peptidica
por espectrometria de masas MALDI-TOF

Espectrometria de masas
en tandem
MPGDVEGLR

Secuenciacién de novo

Fragmentacién del i6n peptidico precursor

e

T S
WAT i

BUsqueda en bases de datos



Ventajas de espectrometria de masas en tandem
respecto a huella peptidica.

La informacidn de la secuencia es mds discriminatoria
que la masa molecular.

Un dnico péptido de una determinada longitud es suficiente para identificar
una proteina de un genoma secuenciado.

Secuencia de novo, se pueden identificar proteinas homélogas de otros
organismos.
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