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Proteomlcs and the Proteome
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Historical review for proteomics

Klause Biemann
Mass spectrometer
Amino acid analysis
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Gene bank
EST bank |
Protein database

Marc Wilkins:
“Proteomics”

Protein chemistry & enzymology
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2000 —>

lonization technology
Fast atom bombardment (FAB)
Peptide sequence analysis

Biomolecule analysis

MALDI-TOF
ESI-MS/MS
Protein 2-DE analysis

Francis William Aston
Invented mass spectrograph
Cavendish Laboratory (1919)
Cambridge University, England

Computer science
(Swiss-Prot, PC/GENE, GCG, NCBI, etc.)

Adapted from Liebler (2002) Introduction to Proteomics, Foreword



Is proteomics just what we used to call protein chemistry?

Protein chemistry Proteomics
Individual proteins Complex mixtures
Complete sequence analysis Partial sequence analysis

Emphasis on structure and function  On identification from database

Structural biology Systems biology

Fixed protein target Dynamic proteomic targets

Traditional technology High-through put technology
fEE L R BRI ZEE BT\ R AE

Genomics and proteomics have
challenged biologists to think DB“@

Adapted from Liebler (2002) Introduction to Proteomics, p.7



How to look at a proteome?
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(1) One genome expresses many proteomes
(2) All proteins have life and death cycle
(3) Proteins are composed of modular structures
(4) Proteins belong to functional families
(5) Deducing the proteome from the genome
(6) Gene expression, codon bias and protein level

Adapted from Liebler (2002) Introduction to Proteomics, Ch.2



(1) The proteome and the genome

1 Genome e > 1 Proteomes
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Dynamic change by
time, cell type and stimulation

Juang RH (2007) Proteomics




(2) The life and death of a protein

— Ubiquitination [l
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Proteins
biosynthesis

Juang RH (2007) Proteomics



The backbone of a protein molecule

Variable

Juang RH (2007) Proteomics



Why protein is folded into secondary structure?
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Myoglobin is built by eight o helices

Kendrew & Perutz (1962)
Cambridge University

o helix 1s a solid structure

Zubay (1988) Biochemistry (2e) p.64




Hemoglobin has quaternary structure

Myoglobin Hemoglobin

Mathews et al (2000) Biochemistry (3e) p.214



(3) Proteins as modular structures

Protein is composed of modular or mosaic structures in several levels

FEHEEHBER XA "R, FrEEmAY (BIaAN—&eIE S E )

m

Module Example Function

Amino acid motif -Asn-Xaa-Ser/Thr-  N-glycosylation
Secondary structure « helix, B sheet Building blocks
Supersecondary agPs Barrel structure

Domain Dehydrongenase NADH binding domain
Subunit Ab V, + V| — Ag binding site

Module — Function

Adapted from Liebler (2002) Introduction to Proteomics, p.18




(4) Functional protein families (human)

cell adhesion (577, 1.9%)
miscellancous (1318, 4.3%)

viral protein (100, 0.3%)

chaperone (139, 0.5%)

cytoskeletal structural protein (876, 2.8%)

extracellular matrix (437, 1.4%)

immunoglobulin (264, 0.9%)

ion channel (406, 1.3%)

motor (376, 1.2%)

structural protein of muscle (296, 1.0%)

transfer/carrier protein (203, 0.7%)

transcription factor (1850, 6.0%)

protooncogene (902, 2.9%)

select calcium binding protein (34, 0.1%)
intracellular transporter (350, 1.1%)
transporter (533, 1.7%)

nucleic acid enzyme (2308, 7.5%)

signaling molecule (376, 1.2%)

receptor (1543, 5.0%)

kinasc (868, 2.8%)

uononpsuen [eusis

select regulatory molecule (988, 3.2%) ~

transferase (610, 2.0%) GO Categories
synthase and synthetase (313, 1.0%)
oxidoreductase (6506, 2.1%)

lyase (117, 0.4%)

ligase (56, 0.2%)

isomerase (163, 0.5%)

hydrolase (1227, 4.0%) molecular function unknown (12809, 41.7%)

Panther categories

E2MEE (11%)
Signal transduction
- 21B& kinase (2.8%)
RS S (13.5%)
Nucleic acid binding

Hthf#35 (10.3%)

Other enzymes
- KB R Z (4%)
Hydrolyzing enzymes
mEEHE (0.3%)
Viral proteins

15% Intermediary and nucleic acid metabolism
15~20%  Structure and protein synthesis/turnover
20~25%  Signaling proteins and DNA binding proteins
40% Unknown

EANH
BE
HEEER

Venter et al. (2001) Science 291: 1335



(5) Predicted protein products from genes

Rubin et al. (2000) Science 287: 2204
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Adapted from Liebler (2002) Introduction to Proteomics, p.21




(6) Gene expression not correlates with protein

The abundance of cellular protein is affected by:
(a) DNA transcription rate (codon bias)

(b) MRNA translation rate
(c) Protein degradation rate

Codon bias Ser = UCA, UCC, UCG, UCU, AGG, AGU
L - ()] OB (O Ser 1T TR -
I fﬁmﬁﬁ fﬂiﬁﬁ ELFpS £k (P2 2% high codon bias value) -
ol vy F‘j low codon bias value %L PIEREER-E FL‘ pLLEA o

Activity regulation
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Adapted from Liebler (2002) Introduct|on to Proteomics, p.22



Tools of Proteomics
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Juang RH (2007) Prote@



Protein repertoire not equivalent to gene expression

One Gene, One

Protein?

(1) AN BEERFT—EEBERE

Z<IZER A HH[A]

(2) F22E  HHIRAVERE

(3) EFRIRMEE L RAFHAT B ol

(4) EREXRRRBE—TRYSEELRIE
(5) EHE ZMEARNAHERNF

(a) EREERKA LR E MR
(b) EHERZ EEZERK
(c) EREEMEVRAYZ E T 4 = HAE]

(d) FEssIIRRET 2 M E
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Juang RH (2007) Proteomics



2-DE analysis is not perfect, but itgs useful

(DEF f—
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SDS-PAGE
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(3) Staining
REfRE

Juang RH (2006) Proteomics




Quick identification of an unknown protein

. Proteolytic h/\
dlgestlon \'/

/

Sample 2-D electrophoresis Pure protein Proteolytic fragments
‘ Capillary
Electrophoresis,
l MALDI-TOF HPL ¢
Mass spectrum Y

LC-MS/MS
(ESI-MS)
Amino acid sequencing v

— V@OOC00® - 7

Juang RH (2007) Proteomics
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Mass spectrometer has three essential parts

Source Analyzer Detector
| A
Ay A %
= >
lonization —» (+)—> >
—> m >
(evaporation) @ / V4 IR
sample ion
MALDI TOF

Desorptlon 8 @ g
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: lonization Time Of Fligh
sample (Matrix Assisted)

Adapted from Liebler (2002) Introduction to Proteomics, p.56, 58



ESI-MS/MS can analyze smaller fragments

Source Analyzer Detector

LC ESI MS/MS  (or lon-trap, Q-TOF)

Quadrupole Qi

ElectroSpray lonization / — D
$ + /-‘-‘-’-
+

high i
voltage solvated desolvated

needle  Ions 1ons Triple Quadrupole 7' I'Ji- TOF

e aBAF

E mmre

Adapted from Liebler (2002) Q 1
Introduction to Proteomics,
p.68 ,70




Unknown protein
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MALDI-TOF is useful in identifying an unknown protein Juang RH (2007) Proteomics




Unknown protein Phosphorylated protein

] @
Protease | digestion Protease | digestion
% P1 P2 P3 P4 P1 P2 P3 P4
j 7 7 7 7 7 |
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Amino acid sequence of a protein can be analyzed by ESI-MS/MS Juang RH (2007) Proteomics




Access the mass data

@ Sensitivity m S E  ~ femtomole (10-15 mole)
@ Precise fSTEE  ~ 1 Dalton (Resolution)
@ Accuracy I_ﬁﬁ’l" Correct identification?
@® Coverage JH=EE > 15%

Precise

. .
.

Accurate

Juang RH (2007) Proteomics



Basic principles for protein analysis are unchanged

@ N- or C-terminal amino acid determination 12
@ Amino acid composition analysis cpime| e
@ Amino acid sequence analysis BRI coccsccescescses
Edman degradation
cDNA open reading frame G de%?;?gt]ion
Sequencing by LC-MS/MS
| | <— pTHe!
@ Peptide mapping (Trypsin) . Zesosssasessssesee
TLE/TLC, HPLC, SDS-PAGE, MS :
\ 4
HPLC

JULMVMM

Juang RH (2007) Proteomics




2-DE has been used for over

Hemoglobin A

half century
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The features of modern protein technology

@ ==#: High-through put
@® [15F High-speed
® 4= Micro-scaled

ol 2 - - el

This is a DNA chip



Application of proteomics

(1) Mining Proteomes

= HEREAYEREN o)
(2) Protein Expression Profiling

RREHERERIRZERER
(3) Identifying Protein-Protein Interactions
EaEHEZBNRZEER
(4) Mapping Protein Modifications

e =8 1280 (1L ~ EBML)
(5) New Directions in Proteomlcs

e~ BEE ~ EBE&SA

Juang RH (2007) Proteomics



Sampling proteome is critical

(a) Growth period
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(b) Tissue or organ
Z 1Rz E RNV E R ERERE A

(c) Cell compartmentalization
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(d) Solu
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olllty of the target proteome

Z AR EY FF A

(e) Modlflcatlon of the target proteome
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(f) Stimulation or signaling
HMINRAE G HE EHERIBTFE

Juang RH (2007) Proteomics



Proteomic pattern changes during growth

Cellulose synthesis Juang RH (2007) Proteomics (with Wu YJ)
2L Protein ID Accession no. ﬁ?l(ilg?t/egl 03/2?;320(3/0) ( MSACSOCrgT) f'r\gga:;[g;
79  Sucrose synthase ?@:ﬁﬁfgfm dhamiy  92-8/6.03 35 402 14
80 Sucrose synthase ?Q::Sﬁf:ol dhamii) 92.8/6.03 35 245 7

82 Sucrose synthase '(A\éa\\r/r?;?ssfol dhamii) 92.8/6.03 35 1112 45

8 gﬁ;ﬂg‘;ﬁﬁgyme e ) 51.6 /5.4 18 302 26

9 gﬁopr;ﬂ'(‘;scgﬁsr'ylase e ) 51.6 /5.4 17 359 20

10 gﬁopr;%'gggﬁgr'ylase ) 51.6/5.4 21 408 38

11 UDP-glucose- BAB69069 516/5.4 20 377 35

pyrophosphorylase  (Oryza sativa)




Underground shoot

60-cm shoot

Total proteins extracted by different methods
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Water soluble proteins

Non-polar proteins

Glycoproteins

Juang RH (2007) Proteomics (with Wu YJ)
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Sucrose synthase

Activity staining
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Connect 2-DE results to metabolic pathway
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Specific activity

—
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UDP-glucuronate

Cell wall

' - biosynthesis
Juang RH (2007) Proteomics (with Wu YJ)
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ng bamboo flowering

Proteomic change duri
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Before flowering . After flowering « \
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Juang RH (2007) Proteomics (with Tsai YC)



Antibody is a specific probe against target protein

RHEHETE  HE 60 cm 1175

(B A Kt b

Starch
‘ phosphorylase

(mAb detection)
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Juang RH (2007) Proteomics (with Wu YJ)



Nltrocellulose

Integrated Intensity (I0D)

20 40 60 80 100 120 140 160 180 200 220

Antibody Concentration (pg/spot)




Microfluidics and Lab-on-a-chip applications

Agilent mezeEmisEs T MM

Agilent 2100 bioanalyzer

il R IE
B sample well pretreatment
°
| EEED 7
Capillary electrophoresis E’E

{EEEIJ I =

"

detection

http://www.chem.agilent.com/Scripts/Phome.asp

\ 4
. HERLEOMA
Mass analysis

Juang RH (2007) Proteomics

Minimize protein purification and analysis in one chip



Immunoprecipitation of interacted proteins

M1 2 AE6C3 @
.. O

Interacted proteins

-
- Protein ID Match peptide
t
- Adenosylhomocysteinase IVLTIIR
DSAAVFAWK
| HSLPDGLMR
O LVGVSEETTTGVK
Histone H4 (wheat) IFLENVIR
> IDGLIYEETR
TVRAMDVVYALKR
v LC-MS/ MS Fructose bisphophate aldolase  VTPEVIAEYTVR
Interacted proteins [ > IGPNEPSQLAIDLNAQGLAR
Triosephosphate isomerase TNVSPEVAESTR
VIACVGETLEQR
NAD-dependent malate DDLFNINAGIVK
Validation! oyeoaeone
1 Histone H3 ASAPATGGVK
Putative lipase DQVLEEVRR

Juang RH (2007) Proteomics (with Wu YJ)
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From proteomics to systems biology

Y WAV 15T-CENTURY SLAVERY

AMERICAN.

Alberts et al (2002) Molecular Biology of the Cell (4e) p.107

Systems Biology

Scientific American (2002) cover page

RS IERYS

DN N\ —

Proteomics «.8e%
Next Big :

- Challengeés

. .,Q. _ | ; ) A

¥y
-

T
» "

._‘ y ’
-

UK.£3.50

L}

-

Virtual Captions
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PREE 1A Medicine man
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On the trall of an amazing discovery
he finds an explosive adventurel



