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What i1s Proteomics?

WIKIPEDIA

The Free Encyclopedia

Proteomics is the large-scale study of , particularly
their structures and functions. Proteins are vital in living
organisms, as they are the main components of the

physiological pathways of . The term "proteomics" was
coined to make an analogy with , the study of the
. The of an organism is the set of proteins

produced by it during its life, and its genome is its set of
genesé é

Protein + ome +ics = Proteomics ( )
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http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Biological_cell
http://en.wikipedia.org/wiki/Genomics
http://en.wikipedia.org/wiki/Gene
http://en.wikipedia.org/wiki/Proteome
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.Areh”t‘Dlgl'A 'Arrays Er‘ieugh'? ;

Protelns are the prlmary effectors |n .
oeJluIar function.

' RNA levels may not correlate weII wnth
protein expression due to.translational
-regulation, proteln degradatlon splicing
. nuclear fransport, post—translatlonal
‘modification. IR 2t

Proteins are the target of most
- pharmacologlc theraples
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Proteomic Research

chip-based

mass spectrometry approaches

complex mixture analysis
LC-MS(/MS)
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nucleotide sequencing I"
ESTs/genome scale genetic approaches
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Two common guantitative
proteome analyses

quantify digest mass
(ZDE) speciromeatry
enrich identify
digesl separate mass quantify
spectrometry

Nature Genetics 33, 311 - 323 (2003) (,ﬁ, POSTECH
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2DE

DE based Proteomics--Today

Compare gels to find spots of interest

Cut out the spot of interest for in-gel digest
Identify peptides by mass spectrometry
Drawbacks: cannot identify low abundance

~ proteins and some insoluble proteins. Time
- and labor intensive.
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General scheme
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Why peptides, not protein?

B Proteins can be difficult to handle and might not all be
soluble under the same conditions (many detergents
Interfere with MS).

B The sensitivity of the mass spectrometer for proteins is
much lower than for peptides.

B If the purpose is to identify the protein, sequence
iInformation is needed and the mass spectrometer is most
efficient at obtaining sequence information from peptides
that are up to ~20 residues long, rather than from whole
proteins.
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Quantitative proteomics
using ICAT reagents
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ICAT IEI'b‘ElEd protein identification
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ICAT™ reagent [X = H (d0) or D (d8)]
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Peptide separation |
Multi-Dimensional LC separation
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Peptide separation Il
On-line, Off-line LC MS/MS systems

. On-line
Capillary

“‘ C18 Column "‘

(L15cm, ID75~150 nm)

-l

nano LC MALDI spotter MALDI-TOF/TOF

(Flow rate 200~300 nL/min)
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Peptide ionization |
Nano Spray lonization (NSI)

2 kV

+
@ (e

Protein mixture

l Enzymatic digestion
Flow {100-300 nl min=)

——
Feptide
mixture =

Spray needle
(spray tip ~8 um)

Mass
spectrometer

HPLC column

(~75 um diameter)
Hand made C18 column (15 cm, 75 nm) Droplets releasing

peptide ions

A doubly and triply i des
A high ionization ef
A good sensitivity
A peptides and pol ar
A perfect march for
A sensitive to salt,  POSTECH
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Peptide ionization |
Nano Spray lonization (NSI)

Optional coaxial Charged droplets
sheath liquid
and
optional coaxial Desolvated peptide
drying gas Capillary column ions —

effluent /
7 |

hARVITERY / Entranceénass
spectrometer I
Heated desolvation region e
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Peptide ionization Il
Matrix Assisted Laser Desorption lonization

Incoming laser light Z : *
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Kinter, M., Sherman, N.E., Protein Sequencing and identification using tandem Mass Spectrometry
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General scheme
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Mass analyzer

Quadrupole (Q) Time Of Flight (TOF)

Sample
TO e
quadrupole rods DETECTOR target %—Lase
_---"" =
| lon flight path in field free region
* = »
e
A >
\ exit slit \
IONS 1 ! +25kV \ +Q0V
\ \ (o detector) Acceleration
| resonant ion region
\ (detected)
' Reflectron
source Sllt non-resanance 1on
(not detected) Detector

Quadrupole ion trap (IT) Linear ion trap (LIT)

100 200 300 400

G

Overview of 2D Linear lon Trap Mass Spectrometer
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3D Data

-

intensity

MS Scans
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[Ime (Scan #)
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intensity

3D Data

MS scans
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Monoisotopic & Average Masses

For example:

DIGSESTEDQAMEDIK

Mono MH+: 1767.7594 Da
Avg MH+: 1768.8438kDa

Monoisotopic mass

Average mass — centroid of isotopic envelope

Difference in mass can
be significant!

Ao

l_‘._l

Am Charge state =1/ Am
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Resolving Power
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MS & MS/MS

3. Isolate ion

2. Selectan ion

1. Acquire full (MS) scan

ol 1 1, IJ‘||
EE8

4. Fragment ion

MS/MS scan
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From proteins to peptides

1) Start with Intact Protein

2) Digest with Trypsin
(Separate the peptides in LC)

3) Peptide fragmentation
during CID

(%)) POSTECH

SEAS EEEaea



Fragmentation

H,N

R1 O

a, b, ¢

C1TC4N+C—C—N-+C—COOH

a, by ¢; a; b; c;
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Peptide fragmentation

A-P-N-D-F-N-L-K
(MH+ 918.5)

B-ions Y-ions

720 A ............................................................................ P_N_D_F_N_L_K 8474
169.1 A_P ............................................................................ N_D_F_N_L_K 750.4
283.1 A_P_N ____________________________________________________________________________ D_F_N_L_K 636.3
3982 A_P_N_D ............................................................................ F_N_L_K 5213
545 2 N o Y X T O ———— N-L-K 374 2
659.3 A_P_N_D_F_N ____________________________________________________________________________ L_K 260.2
7724 A_P_N_D_F_N_L ............................................................................ K 1471
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Sequence vs. tandem mass spectrum

b7+

F-78.1
g3+
4+
b&+

a7  —

2 +
+ + hg
; i o 5 5
i E 2
4 = ':l% = L
2+ l + +
+ -+ = +u o + + +
= e = on H 3 W0 I
= T ‘j ‘ o H M
F*F****¢*’TT*L*L*‘*T1 1 J T """'I"J" N J - 1
(5] 188 cEaa 3@@ 488 288 =35 %) cFEaa =15 1% ] 204
e E— % > -+
A P N D F N L K
K L N F D N P A

) POSTECH

aY mer@atera



Peptide ionization &
mass analyzer
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Aebersold, R., Mann, M., 2003 Nature, 422,13
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MS & MS/MS
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3D Data: Pep3d
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Standard mzXML

Data is in varied formats --
difficult to:

Apply Common
Data Analysis
Pipeline

Share
data with
others

Share
tools with
others
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