Proteomics and some of its
Mass Spectrometric Applications

Research Seminar on Data Analysis for Bioinformatics

Reetta Nylund
April 1st, 2005

What?

Large scale screening of proteins, their
expression, modifications and interactions
by using high-throughput approaches
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Why?

The number of found genes 9" 6
(ORFs) in human genome is
much less than the number of
expressed proteins, and
therefore, more information is
needed about the “working
units” of the cells

From Garrett & Grisham,
Biochemistry, 1999,
Saunders College Publishing, USA
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How?

* Proteomics “branches”:
— Proteomic analysis (analytical protein chemistry)
* Characterization of proteins and their post-translational modifications

— Expression proteomics (differential display proteomics)
* Profiling of expressed proteins using quantitative methods

— Cell-mapping proteomics (cataloging of protein-protein
interactions)
* Identification of protein complexes
» Used approaches:
— Gel-based proteomics
— Mass spectrometry driven proteomics
— Protein arrays, Yeast two-hybrid arrays,... etc.
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Proteomics approaches
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From Pevsner, 2003, p.248 | |
Approaches to high-throughput I
protein analysis

April Ist, 2005 Research Seminar on Data Analysis for Bioinformatics g

Reetta Nylund

Gel-based proteomics

» “Older”approach to screen the protein expression at the
large scale

 The typical flow of gel-based proteomics (2DE & MS)
— Sample preparation
— First-dimension isoelectric focusing (IEF)
— Second-dimension SDS-PAGE
— Visualization & evaluation
— Expression analysis
— Protein identification by MS
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Two-dimensional gel electrophoresis (2DE)
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Quantitative proteomics - 2DE & MS

From Simpson, 2002, p.4
General outflow of
DIGE procedure

(a control, b cancer)
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An example of

a quantitative expression analysis (2DE)

Master gel,

14 controls,

14 cases,

protein shown
6-fold upregulated
t-test p=2.5%10"8
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2DE - Highlights and pitfalls
 Highlights

— Resolving capasity of hundreds of proteins at the
same time (Sample fractionation needed for
analyzing proteome more completely)

— Possibility to identify post-translational
modifications (based on pl and MW)

« Pitfalls

— Laborous (time-consuming) and technically
challenging

— Technical limitations e.g. staining method

April Ist, 2005
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Protein arrays

» “Basic idea similar as in cDNA arrays”;

— Substrate (protein, antibody etc) is bound on the surface of
the array

— The sample is introduced to array — binding
— Detection and analysis

» Used for several purposes
— Screening/profiling
— Protein - protein interactions
— Protein - small molecule interactions
— Kinase - substrate interactions
— eftc.
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Protein arrays cont.

Enzyme-Substrate Interactions

P

(| Q- o A\ o
J Qx I\) ? \j Qx J Both figures from Simpson, 2002

Antibody Arrays: Sandwich Assay

The use of protein arrays to identify

enzyme - substrate interactions; ™~ i ‘
a kinase modifies a substrate by transferring of ’ | X
a phosphate group to the substrate Eym *
Antibody arrays: t R N \Y’ Y \VAY

proteins are bound to antibodies S
and binding is detected >

XY Yy
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Protein arrays cont.

» New screening technique - not much
knowledge yet

* “Similarity” to cDNA arrays
— “Technique exists”

— Problems e.g.

* Specificity of substrates, also some proteins are more
“sticky” than others

* Background variations

* Normalization among experiments
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Yeast two-hybrid system

Used to identify protein-protein interactions
— Systematic testing of binding candidates

— Used firstly with yeast (S. cerevisiae the whole
genome know), but nowdays applied also to other
organisms
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Yeast two-hybrid cont.

. *  “Bait” (i.e. a protein whose

interacting proteins are searched)
is bound to the DNA-binding
domain of a reporter gene. Bait
g Ackvator region alone isn’t capable to turn on the
@& transcription of a reporter gene.

*  “Prey” (candidate interacting
protein) is bound to the activation
o _ region of reporter gene. Also prey
o " lopoien8 alone isn’t capable to turn on the
10 pro F; —e— transcription of a reporter gene.
Promoe ey + If bait and prey interact the
transcription of a reporter gene is
from Simpson 2002 turned on — measurement of
reporter gene activity
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Yeast two-hybrid cont.

The method has been highly succesful in detecting
many potential protein-protein interactions, but it has
several limitations

— A bait capable to self-activation of the reporter gene is
unsuitable

— If post-translational modifications (e.g. phosphorylation)
are required for binding activity interaction is less likely to
be detected

— Also if additional non-peptide factors (e.g. DNA sequence)
are needed, the interaction is less likely to be detected

— Some interactions may lack biological content
— Discovery of novel interacting components not possible
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MS driven techniques

» MS identification of proteins after quantitative
analysis by 2DE
— Peptide mass fingerprinting (Maldi MS)
— Sequence based identification (MS/MS)

* Identification and quantitation using MS

— Labeling samples (e.g. ICAT, iTRAQ) for
quantitative analysis

— Identification of the post-translational
modifications
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Generation of peptides for MS analysis

* Proteins digestion

— Typically by trypsin; cleaves on the C-side of Arg
and Lys i.e. generates peptides having R or K at
the C-terminus

— Also other cleaving enzymes e.g. clostripain,
endopeptidase Lys-C
* Peptide analysis
— Total mass of a peptide
— Peptide fragmentation (mass of single amino acids)
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Asalyle boew und From Mann et al., 2001
A analyie moiscde
Mabrix woes wnd matnx
molecules

— Maldi-ToF MS

Sample is cocrystallized with matrix and
irradiated with laser, which leads to ionization
of the peptides.

The time-of-flight of the peptides is measured,
which allows the determination of the peptide
masses.
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Peptide mass fingerprinting analysis
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Peptide mass fingerprinting analysis cont.

MASCOT Peptide Mass Fingerprint

Database search for
peptide masses

Your name [Riotta Nykind Email frootta nyund@etuk fi
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Peptide mass fingerprinting analysis cont.

Batahuse | NCHERE J0RIOMT (JI54163 eequences | NORLIOLGT Tesidues)
Timentamy T4 Mar 003 ab 14:33:16 @1

Top Scare T ATE far gh | ARIASETI, HMIEND [Woma sapiens]

Probakility Based Mowse Score

Bont score ia <10"LogP), where P is the probababty fhat the shserved muteh o  rsd
Frotess seoses preater thus 76 aee ngraficas (<0 05

e o it

Cancive Protein Summary Report
Formatas | [Cove —| Hiely
Segebicace terthald pe [T Mz srrber ofbe [0

FaSeschAl | SewchUsmerched

Maawi 45184 Seaver 170 Beperts 3411 Qeeries metckeds 1
+ wupinna]

e makchedi 31
Srart - End MEiewpl) Mr(eale) Bella  Miss Seguence
AR e Tim e .. T mesTIREGVRY 3 Oridecion (B
T 17les 1TMES  S03 | vEsLKwsCuRR
o w e * @reesmm
0F  Queries matched: 10 W - . *  DERFIEAIVILESEMVE
" - ik o T
oa | s w0 1 - wer * sTeERrvwAseELAE
- * warori
e - + TssITRTIRHCE
oo - 18 . ar e
wa - 358 s e
- ® TG
April Ist, 2005 Research Seminar on Data Analysis for Bioinformatics 2
Reetta Nylund

£ Mascot Search Results
Protein View

Bazen to: gu)
L (—

Homizal mass (8,)
WCBD BLAST search of 4119
Ensarmarted

43471 aguisse
§ fOF pasting o other spplicetices

Tasctowy) Bess sapisns

Fioed medifieatl
Varishle modit

Curbamidonetyl (C)
ne: Cxidazion ()
I3 unless et tesides 13 P

= valmes matched
Beiuence Coversges 33%

i T
— Showprdcdpepadesshe |

ESAPRMSNEY | & Hesidue Muber © Ineressig Masy © Decreasing Muss

11



LC-MS analysis

From Mann et al. 2001

§ !

—

LC (Liquid

180 180 200 Chromatogram) separation

of complex mixtures of
peptides

A)  Total ion current
chromatogram

B)  Ion current for m/z =
591.5, selected ion current
chromatogram

C)  Mass spectra at 117 min

D)  MS/MS spectrum at m/z

April Ist, 2005

591.5 and the interpreted
amino acid sequence
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Evaluation of the results - an example

pH 4 5 6 7 9
MW N r———— S

. Human serum sample (w/o
90 antitrypsin Q_‘:-—-:_-—" = -]

| Albusnin

albumin depletion), 2DE
and protein analysis using
MS

Igy2
o N . . .
Hptoglobis — Proteins analyzed with Maldi
“ pem—— bisipde and ESI Ion. Trap
@ i — a-Antitrypsin
T * No identification by Maldi
15 @ + Identification by ESI with
k;‘l Haptoglobin prec. hlgh SCOTC (Sal’l’lple
Traostiyretio containing also human
keratin...)
» Databases MW ~ 47kDa, pl
~54
— Correct?
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ICAT

State 1  State 2
cICAT labeling

C™3(0) C™3(9)

Combine, digest, fractionate by
SCX HPLC

= 1. MS scan to detect
pLC separation g cICATabeled peptide
) i pairs
[ Fractionate to " .
Sample plate Q' e ws «s  MALDI sample miz
plate, add matrix cig)
2 _om®> 2. Quantify and select
5 e differentially expressed
\ = |co) proteins
—_ ) miz
B 3. Select peptide for
2 identification by MS/MS
H \ \ J ‘ analysis
i \H H.JH . \
m/z
Courtesy of Timothy Griffin, Univ. Minnesota, USA
April 1st, 2005 Research Seminar on Data Analysis for Bioinformatics 26
Reetta Nylund

13



ICAT analysis

£ l * Peptide
; | identification by
%" MS/MS or protein
E | analysis by Maldi
e T —— * Quantitative analysis

£ § by ICAT peaks

g 1082.62 Da g 1394.80 Da

2o 4 B 4

3 z

3 .

o g

(4 o

From Smolka et al. 2002

Analysis of post-translational modifications

A by of phoschonyiaied and
ronphashonaind peptides

ATt et al iy Arphaspoty une -
T (AL e snachent et e ekl

From Mann et al. 2001
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+ Several strategies to analyze post-translational modifications
* Phosphorylated peak in MS; additional mass of 79.966 Da
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Proteomics summary

» There are several different approaches used in
proteonome analysis; most of them are
labourous at least at some point of analysis

» The methods are generally efficient for
profiling the proteome and analyze expression
differencies in case-control studies, but to
obtain complete proteome usually one method
is not enough...
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