TUFTS
EUIUNTIENGINEERING

Advances 1n analytical biochemistry
and systems biology:

Proteomics

Brett Boghigian
Department of Chemical & Biological Engineering
Tufts University
July 29, 2005




TUFTS

Proteomics

The basics
History

Current and developing techniques and
technologies

How we can use proteomics in our research




TUFTS
EUIUNTIENGINEERING

Genome vs. Proteome
e (Genome * Proteome

— All of the genetic — The complete profile of
information and material proteins expressed in a
possessed by an given tissue, cell, or

organism biological system at a
given time

DNA = -3 Proteins

Genome - Transcriptome - Proteome
CGITCCAACTGALCG
TCTACAGGCTTAT
TTAGCGCTATAAG
TATATATAGGCGA
AGTCATACCTGTA
ATT{:EC 1r
i b A\‘(J-’ﬂ
TACCCGGGTAT

DNA seguencing cDNA arrays 2D-PAGE 7
Figure 1 (DNA — RNA — protein)

www.oardc.ohio-state.edu/tomato/Proteomics%20Presentation.pdf
Lee SY, Lee DY, Kim TY. Trends Biotechnol. 2005 Jul;23(7):349-58.
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Mapping the genome

1995 — first prokaryote Haemophilus influence
mapped

1996 — first eukaryote Saccharomyces
cervisiae mapped

1998 — first multicellular organism
Caenorhabditis elegans mapped

2000 — first plant Arabidopsis thaliana mapped
2001 — human mapped

Blomberg A. “Proteomics in Metabolic Engineering.” From: Metabolic Engineering in the Post Genomic Era. Jan 2004:37-68.
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Mapping the proteome?

e (Genome * Proteome
— Essentially static over — Dynamic over time
time — Site-specific
— Non site-specific — Human proteome not
— Human genome mapped mapped

(2001) « ~400,000 proteins
* ~22,000 genes — No equivalent of PCR

— PCR used to amplify for proteins
DNA
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SCHOOL OF

Genome — Proteome

» Large increase in protein diversity due to:
— Alternative splicing of pre-mRNA (introns and exons)

— Post-translational modifications (phosphorylation,
glycosolation, hydroxylation, etc.) of proteins

— Cell-age and health

<

cDNA Array 2D SDS-PAGE

Figure 2 (DNA chip array translates into proteins separated by 2D SDS-PAGE)

Lee KH. <www.leelab.org>
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The basic proteomics “workflow

Proteins extractad
from samples of
inte rest

Separation of protein
mixture by
alectrophorasis or

chromatography

0@

extract

- ® |

Figure 3 (Basic proteomics workflow)

3

Mare art than science.
Preparation is sample specific.
Oftten less than 1 mg protein.

High resolution separation required.
because of sample complexity.

Complex mixture of thousands to be resclved.

Critical step to characterize protein.
Techniques widely available only recently
Fmol sensitivity required.

quantify
(2DE)

separate

mass
spectrometry

identify

mass
spectrometry

quantify

Lee KH, Reardon KF. AIChE J. 2004 Apr;49(11):2682—6.
Patterson SD, Aebersold RH. Nat Genet. 2003 Mar;33 Suppl:311—23.
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History — 2D PAGE
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Fig. 2. Seporation of Escherichia coli proteins. E. eoli (110H1}
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Figure 6 (Separation of E. coli proteins)
O’Farrell PH. J Biol Chem. 1975 May 25;250(10):4007-21.
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HlStOI‘y — from protein E==lHE
chemistry to proteomics

* 1980s — advances in molecular biology:
— Gene cloning
— Sequencing
— Expression analysis
* Led to a link between observed activity or

function of a single protein and the gene that
encoded it — protein chemistry

Patterson SD, Aebersold RH. Nat Genet. 2003 Mar;33 Suppl:311—23.
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HlStOI‘y — from protein E==lHE
chemistry to proteomics

Successful sequencing projects led to the
development of “reverse” approaches

— Focus on phenotype instead of genotype
Also led to gene sequence databases

With a wide array of complete gene sequences, why
not look at all of an organism’s proteins instead of
one? — proteomics

Now the only limitation was not correlating genotype
to phenotype, but in the ability to sequence proteins
and peptides — mass spectrometry
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History — mass spectrometry

* 1899 — J.J. Thompson publishes first article on
mass spectrography

* Principle 1s that molecules must first be
1onized
— Dafficult to do to with larger molecules such as
proteins without destroying them

» Late 1980s — advent of electrospray 1onization
(ESI) and matrix assisted laser
desorption/ionization (MALDI) techniques
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History — Systems biology technologies

genomic > > £ protein »  functional ) biological
‘eehnalcgy DNA “_products protein system

activity profiling data integration

emerging : :

post-translational modification system simulation
analysis: inferred activity

expression profiling

subcellular localization

: ¢ guantitative protein
prototype : structural determination profiling
' H I
protein linkage maps protein linkage maps
(catalog) (dynamic)

mature sequencing

Figure 7 (Systems biology technologies and their relative maturity)

Patterson SD, Aebersold RH. Nat Genet. 2003 Mar;33 Suppl:311—23.
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History — Proteomics technologies

chip-based
approaches

\

mass spectrometry
complex mixture analysis

LC-MS(MS) |

2D gel electrophoresis

algorithms
nucleotide sequencing .
ESTs/genome scale genetic approaches

Figure 8 (Timeline of proteomics technologies)

Patterson SD, Aebersold RH. Nat Genet. 2003 Mar;33 Suppl:311—23.
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Gel vs. gel-free methods

* 2D SDS-PAGE « HPLC

— Gold standard in proteomic — Developing technology
analysis typically used in tandem with

Very low and very high MW, ESI-MS/MS
and very basic and very acidic

proteins have limited

sensitivity

Can detect post-translational

modifications with various

protein stains

— Multiple proteins in one spot
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Gel-based proteomic worktlow

IMAGING

T
— i‘ﬁ___ -
ProXPRESS™ Proteomics

Imaging System

SAMPLE PREP and TARGET
SPOTTING

MultiPROBE® Il Proteomics
Workstation

ANALYSIS

Progenesis™ 2-D Image Analysis
Saftware

TARGET SPOTTING

] ' 1 ‘.': : e
TOFprep™ MALDI Spotting

System

SPOT EXCISION

ProXCISION™ Proteomics Gel
Cutting Robot

PROTEIN IDENTIFICATION

prOTOF™ 2000 MALDI O-TOF
Mass Spectrometer

Figure 9 (PerkinElmer’s proteomic workflow and series of instruments)

www.perkinelmer.com
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Step 1: Protein separation

* 2D SDS-PAGE

— First dimension — separate by charge

— Second dimension — separate by size




New technologies in
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gel-based protein separation

* Increased first-dimensional focusing power

ReadyStrip IPG strips are
| preprinted to indicats
| anode end {+) and pH
| range; in additon, a bar
| code is printad on the
; 24 cm strip.

Figure 11 (Bio-Rad PROTEAN IEF Cell)

pH
Range

Combined 17 em -
Cwarlapping ; 3 (pH 2109
Gol Area r} pH H—E}ﬁ &

3-10
3-10
3-10

L § foH 5-8f
~26cm r
=17 em 3

} =40 cm

Figure 12 (Bio-Rad ReadyStrip IPG Micro-Scale Strips)

(oH 7 - 10}
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Step 2: Gel dying

 Coomassie Brilliant Silver stain
Blue (CBB) stain — Complex staining

_—

-n-r\- -

:gﬂff“ﬂnu-i'

-

Figure 13 (Pierce GelCode Blue stain) Figure 14 (Bio-Rad Silver stain)

Stehmann C, et al. Proteomics. 2005. In press.
Berggren K, et al. Electrophoresis. 2000 Jul;21(12):2509-21.
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New technologies in TR

protein gel staining

* Fluorescent stains and multiplexing proteomics
— SYPRO Ruby (all proteins)
— Pro-Q Diamond (phosphoproteins)

— Pro-Q Emerald (glycoproteins)

Figure 15 (1D gels stained with Pro-Q Diamond (left) and SYPRO Ruby (right))
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Step 3: Gel imaging and analysis

* Charge-coupled device  * Laser imaging devices
(CCD) cameras — Fixed wavelengths

— Filters define wavelength — Lower resolution but
diversity relatively fast

— Higher resolution but
relatively slow

Figure 17 (Bio-Rad Molecular
Imager FX Pro Plus System)

www.bio-rad.com
Figure 16 (PerkinElmer ProXPRESS 2D Proteomic Imaging System) www.perkinelmer.com
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gel 1imaging and analysis

» Three-dimensional gel analysis

L -

i
- - N TR O N R
= en - n in

En

Figure 18 (3-D image analysis of a 1-D gel)

Kleiner O, et al. Proteomics. 2005 Jun;5(9):2322-30.
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gel imaging and analysis

Three-dimensional gel analysis

[*1] 1abeled [*'1] labeled
phosphoproteins total proteins
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Figure 19 (3-D image analysis of multiplexed 2-D gels)
Kleiner O, et al. Proteomics. 2005 Jun;5(9):2322-30.
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Step 4: Gel-spot excision

 Cut protein spots from 1-D and 2-D gels for
subsequent mass spectrometry analysis

* Typically done manually
— Extremely labor intensive and time-consuming

— May miss some of a spot and therefore miss
protein

 Disrupt quantitative-intensive experiments
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New technologies in TR

gel-spot excision

* Automation
— Some systems have a CCD camera on board
— Use 1n tandem with a standalone imager

Investigator

ProPic Il

Figure 21 (Robot cutting two, 2-D gels)
Figure 20 (Genomic Solutions Investigator ProPic II)
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Step 5: Sample HIERIENG N ERING

digestion and plating

» Typically done manually
— Extremely labor intensive and time-consuming

— Large problem with contamination
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sample digestion and plating

 Automation

— Saves time and manpower
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Step 6: Mass spectrometry

 Identify and quantify proteins and peptides

Inlet Ion \Y RN Detector Instrument
Source Analyzer Control

System

Vacuum System

Data System

Figure 23 (General flow diagram of a mass spectrometer)
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Step 6: Mass spectrometry

* Jon sources (ESI and MALDI) are coupled
with mass analyzers

— MALDI 1s commonly coupled with a time-of-
flight (TOF) analyzer

— ESI 1s commonly coupled with a 1on-trap or
quadrupole analyzer




TUFTS
EUIUNTIENGINEERING

MALDI-TOF MS

Hource

TOF Analyzer detactos
Figure 24 (MALDI ion source and TOF mass analyzer)

www.oardc.ohio-state.edu/tomato/Proteomics%20Presentation.pdf
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ESI Quadrupole MS

Optional coaxial Charged droplets

sheath liquid
and
optional coaxial Desolvated peptide
drying gas Capillary column '0”5
f ef‘fluent
‘V + Y& ¥

+
2 kV to +5 kV Entrance to mass

spectrometer
Heated desolvation region

j. 1 | __-|- Fie=
| = 3

gz detector

source

Figure 25 (ESI ion source and quadrupole mass analyzer)

www.oardc.ohio-state.edu/tomato/Proteomics%20Presentation.pdf
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MALDI-TOF vs. ESI-quadrupole

« MALDI-TOF « ESI-quadrupole

— Sample on a shide — Sample in solution

— Spectra generate masses — MS-MS spectra reveal
of peptide 1ons fragmentation patterns —

— Protein 1dentification by amino acid sequence
peptide mass data possible
fingerprinting — Protein 1dentification by

— Expensive cross-correlation

— Good for sequenced algorithms

genomes — Very Expensive

— Good for unsequenced
genomes

www.oardc.ohio-state.edu/tomato/Proteomics%20Presentation.pdf
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Step 7: Protein databases

SWISS-PROT — database of annotated protein sequences.
Contains additional information on protein function, protein
domains, known post-translational modifications, etc.
(http://us.expasy.org/sprot)

TrEMBL — computer-annotated supplement of Swiss-Prot
that contains all the translations of EMBL nucleotide sequence
entries not yet integrated in Swiss-Prot.

PIR-International —annotated database of protein sequences.
(http://www-nbrf.georgetown.edu/)

NCBInr — translated GenBank DNA sequences, Swiss-Prot,
PIR.

ESTdb — expressed sequence tag database (NIH/NSF)

UniProt — proposed new database. Will join Swiss-Prot,
TrEMBL, PIR. http://pir.georgetown.edu/uniprot/

www.oardc.ohio-state.edu/tomato/Proteomics%20Presentation.pdf
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Applying proteomic techniqu
to metabolic engineering

» Advantage — 2DE provides excellent
quantitative results on protein expression

 Better resolution than running 1D gels

— DEBSI1 (370 kDa), DEBS2 (380 kDa), and DEBS3
(332 kDa) are large proteins; therefore, difficult to
view on 1-D gels

» Specific Aim 1 — correlate DEBS protein
expression under standard culture conditions to
6dEB production




Applying proteomic techniqu
to metabolic engineering

« Advantage — MS provides extremely sensitive
measurements based on m/z ratio

* Detect proteins (DEBS) and organics (6dEB)
on very low levels
— Much more sensitive than HPLC

« Specific Aim 2 —use MALDI-TOF MS or LC-
MS/MS to test viability of MS instruments on our
system




Applying proteomic techniqu
to metabolic engineering

« Advantage — fluorescent multiplexing
techniques provide information on post-
translationally modified proteins

» Using specific stains, view phosphorylated and
glycosolated proteins

« Specific Aim 3 — after 2-D protein maps have
been generated, run again with different stains to
multiplex 1mages
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Questions?




