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GENE TRANSFER // ELECTROPORATION

transfectionist.

Improved transfection.
Unrestricted parameters.
Universal protocols.

You need the best electroporation technology available.
But you also want the ability to transfect primary cells
with a flexible system. We understand. Bio-Rad’s

Gene Pulser MXcell™ electroporation system with the
ShockPod™ accessory gives you the ability to quickly
and seamlessly transfect primary cells like never before.

Generate reproducible data by selecting the
parameters ideally suited for your specific mammalian
cells. Carry out your experiment using whole or
fractional plates for limited cells or use a single
cuvette for scaling up primary cell numbers.

To learn more about Gene Pulser MXcell, please
visit www.bio-rad.com/ad/mxcell/ or contact
your local sales representative.

Research. Together.

To find your local sales office, visit www.bio-rad.com/contact/ - .
In the U.S., call toll free at 1-800-4BIORAD (1-800-424-6723) Visit us at www.bio-rad.com BIO RAD
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TO OUR READERS

Bio-Rad has built a reputation for expertise in surface-enhanced laser desorption/ionization (SELDI)
technologies, an application used by researchers engaged in the top-down approach to protein
profiling for biomarker discovery. Bruker Daltonics is well known for the flexibility, speed, and high-
resolution capabilities of its MALDI time-of-flight (TOF) mass spectrometers — instruments widely
used by researchers employing bottom-up approaches to proteomics research. Recently, Bio-Rad
and Bruker have partnered to combine the advantages of SELDI applications with the now even
more versatile Bruker instruments. The result is the Lucid Proteomics System™, a line of SELDI-based
kits that bring Bio-Rad ProteinChip® arrays and top-down methods together with Bruker's TOF/TOF
instrument platforms. Researchers now have the ability to perform both top-down and bottom-up
approaches to protein biomarker discovery research on one integrated platform, as well as apply
SELDI technology to protein profiling and identification.
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CFX Automation System for Real-Time PCR

The CFX automation system works with the CFX96™ and CFX384™
real-time PCR detection systems to enable walk-away, high-throughput

operation in a simplified format that does not compromise
precision. The plug-and-go benchtop plate handler has

the capacity to load up to 20 PCR plates at a time. This
system facilitates the automation of workflows, generation

of large volumes of data, and rapid analysis of that data.

The system is ideally suited to meet the high-throughput
requirements of today’s drug discovery workflows, letting you

process up to 7,680 samples in a single run of twenty 384-well

plates on the CFX384 system.

The CFX automation system makes it easy to:

« Maximize laboratory throughput by integrating 1 CFX96 or CFX384
real-time PCR detection system with hands-free running of up to

20 plates

maximum productivity
¢ Track samples using the integrated bar code reader

« Navigate, set up, and execute multiple PCR experiments using intuitive

CFX automation controller software

Define PCR protocols for an entire plate stack at once

* Receive email notification with an attached data file or report upon

completion of a single run

System Requirements

Improve experimental workflow and automation tasks to ensure

Recommended

Operating system Windows XP Professional SP2,

Windows Vista Home Premium

Windows XP Professional SP2,
Windows Vista Home Premium

Processor 2 GHz 2 GHz

RAM 1 GB (2 GB for Windows Vista) 2 GB

Hard drive space 10 GB 20 GB

Screen resolution 1,024 x 768 with true-color mode 1,280 x 1,024 with true-color mode
Drive CD-ROM CD-RW

USB port 2.0 Hi-Speed 2.0 Hi-Speed
Internet browser Internet Explorer Internet Explorer
Additional software - Microsoft Office Suite
Ordering Information

Catalog # Description

184-5072 CFX Automation System, includes robotic plate handler, base tray, bar code scanner,

CFX automation control software CD
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WHAT’'S NEW

iPhone Application With Tips and Techniques for PCR and qPCR

Bio-Rad has recently developed an application for the iPhone that will soon

be available for free download. The Amplification Central application provides
researchers performing PCR and gPCR with several helpful tools including

tutorials, troubleshooting tips, and assay-specific information.

This application is derived from two trusted sources of information

on amplification: the Real-Time PCR Applications Guide, in

print since 2004, and the Gene Expression Gateway microsite
(www.bio-rad.com/genomics/), available since 2005. The application
includes popular resources such as the PCR Doctor and assay design
and optimization tools. Additional features will continue to be added, such
as tutorials on PCR and a new PCR reagents and plastic consumables
selector, so please check back for updates.

This application runs on Apple’s iPhone or iPod Touch and can be
downloaded at the iTunes App Store.

MyiQ™"“2 Two-Color Real-Time PCR Detection System

The MyiQ2 two-color real-time PCR detection system offers two-

target analysis capabilities for duplex PCR and routine detection of
single fluorescence experiments using SYBR® Green | or other green
fluorescent dyes. The system is built on the quality gradient-enabled
iCycler® thermal cycler and can accurately quantitate targets over a
dynamic range of more than 9 orders of magnitude. iQ™5 optical system
software, version 2.1, is used to control the MyiQ2 system and has
advanced features for streamlined gene expression analysis, quantitative .
assays with multiple standard curves, and other qualitative assays, \
including allelic discrimination and screening for known mutations.

FEFEEE

Key Features
¢ Multiplexing of up to 2 fluorophores in each reaction well, enabling
2-target detection

* Advanced gene expression analysis by relative quantity (AC;) or normalized
expression (AAC;), accounting for differences in reaction efficiency or use of multiple reference genes

+ Gene study feature for direct comparison of gene expression results from up to 5,000 C; data
points and multiple plates

* Multiple data reporting options to generate publication-quality statistics and graphs, quickly create
customizable reports, or export data from tables with 1-step export to Microsoft Excel software

 User preference settings for managing data files, analysis settings, and access privileges

Ordering Information

Catalog # Description

170-9790 MyiQ2 Two-Color Real-Time PCR Detection System, includes iCycler chassis, MyiQ2 optical reaction module, 96-well
reaction block, iQ5 optical system software, version 2.1, iQ supermix, Q™ SYBR® Green supermix, accessories

170-9758 MyiQ2 Optical Reaction Module, includes iQ5 optical system software, version 2.1, two installed filter sets, 96-well
reaction block, accessories, for use with the iCycler chassis

170-8791 MyiQ2 Calibrator Dye Solution Kit, package of 3, 0.6 ml each of FAM, TET, HEX, and JOE calibration solution for
calibration of the MyiQ2 system

170-8794 External Well Factor Solution, 5 x 1.5 ml tubes

Visit us on the Web at www.bio-rad.com BioRadiations 129 3



SsoFast™ Probes Supermix

SsoFast probes supermix is part of Bio-Rad’s next-generation family of high-performance, real-time PCR
reagents. This supermix uses patented* Sso7d fusion protein technology to deliver excellent performance
in a wide range of gPCR applications. By combining a novel engineered hot-start fusion polymerase with
an optimized buffer, robust gPCR results can be generated in less time and with increased reliability and

sensitivity. Benefits include:

» Robust, simultaneous detection of up to 2 different gene targets under fast or standard gPCR conditions
* Instant polymerase activation and rapid polymerization kinetics for fast gPCR results in less than 30 min

» Compatible with any real-time detection chemistry
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SsoFast probes supermix delivers superior results for gene
expression analysis of two targets on the CFX96™ real-time
PCR detection system, with no difference in detection of a
low-expressing gene in duplex or singleplex. cDNA from human
liver (100 ng) was used in each 20 pl reaction. (—), HEX-labeled
GAPDH probe duplex reaction; (=), Texas Red-labeled IL-2 probe
duplex reaction; (=), HEX-labeled GAPDH probe simplex reaction;
(=), Texas Red-labeled IL-2 probe simplex reaction. Total gPCR run
time = 38 min. RFU, relative fluorescence units.

Exceptional reproducibility can be achieved on the CFX384™
real-time PCR detection system with SsoFast probes supermix.
Efficient discrimination and reliable quantification can be obtained
from 1.33-fold serial dilutions of input template. The GAPDH gene
was amplified from varying amounts of HeL.a cDNA (1 ng to 100 pg).
From left to right: (=) = 1 ng, 565 pg, 320 pg, 181 pg, and

102 pg; (—) = 752 pg, 425 pg, 240 pg, and 136 pg. GAPDH
efficiency = 91.5%, R? = 0.997. Insert shows the standard curve

for the various dilutions. RFU, relative fluorescence units.

For more information, go to www.bio-rad.com/supermixes/.

Ordering Information

Catalog # Description

172-5230 SsoFast Probes Supermix, 200 x 20 pl reactions, 2x mix contains dNTPs,
Sso7d fusion polymerase, MgCl,, stabilizers

172-5231 SsoFast Probes Supermix, 500 x 20 pl reactions

172-5232 SsoFast Probes Supermix, 1,000 x 20 pl reactions

172-5233 SsoFast Probes Supermix, 2,000 x 20 pl reactions, 20 ml bottle

*U.S. patent 6,627,424,
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WHAT’'S NEW

SsoFast™ Probes Supermixes With ROX

SsoFast probes supermixes with ROX are part of Bio-Rad’s next-generation family of high-performance,
real-time PCR reagents designed for use on Applied Biosystems (ABI) 7500 and 7900 HT real-time PCR
systems. These supermixes use patented* Sso7d fusion protein technology to deliver excellent performance
in a wide range of gPCR applications. By combining a novel engineered hot-start fusion polymerase with

an optimized buffer and ROX passive reference dye, robust gPCR results can be generated in less time and
with increased reliability and sensitivity. Benefits include:

« Robust, simultaneous detection of up to 2 different gene targets in fast or standard gPCR conditions

» Convenient 1-tube formulation, preblended with the appropriate amount of ROX to correct for interwell
signal variation on ABI 7500 and 7900 HT real-time PCR systems

« Instant polymerase activation and rapid polymerization kinetics for fast gPCR results in 40 min
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Robust duplex qPCR results with SsoFast probes supermix with ROX on the ABI 7500 fast real-time PCR system. Serial dilutions (10-fold) of
100 ng to 100 pg of cDNA from human liver were used in each 20 i reaction. (=), VIC-labeled 18S rRNA probe duplex reaction; (—), FAM-labeled
2M probe duplex reaction. 18S rRNA efficiency = 89.7%, R? = 0.999; 2M efficiency = 101.5%, R? = 0.999.

Ordering Information

Catalog # Description

172-5240 SsoFast Probes Supermix With Low ROX, 200 x 20 ul reactions, 2x mix contains dNTPs,
Sso7d fusion polymerase, MgCl,, ROX passive reference dye, stabilizers

172-5241 SsoFast Probes Supermix With Low ROX, 500 x 20 ul reactions

172-5242 SsoFast Probes Supermix With Low ROX, 1,000 x 20 ul reactions

172-5243 SsoFast Probes Supermix With Low ROX, 2,000 x 20 ul reactions, 20 ml bottle

172-5250 SsoFast Probes Supermix With ROX, 200 x 20 pl reactions, 2x mix contains dNTPs,
Sso7d fusion polymerase, MgCl,, ROX passive reference dye, stabilizers

172-5251 SsoFast Probes Supermix With ROX, 500 x 20 pl reactions

172-5252 SsoFast Probes Supermix With ROX, 1,000 x 20 pl reactions

172-5253 SsoFast Probes Supermix With ROX, 2,000 x 20 pl reactions, 20 ml bottle

*U.S. patent 6,627,424.

Visit us on the Web at discover.bio-rad.com
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WHAT’S NEW

SsoFast™ EvaGreen® Supermixes With ROX

SsoFast EvaGreen supermixes with ROX are part of Bio-Rad’s next-generation family of high-performance,
real-time PCR reagents designed for use on the Applied Biosystems (ABI) 7500 and 7900 HT real-time PCR
systems. These supermixes use patented* Sso7d fusion protein technology to deliver excellent performance
in a wide range of gPCR applications. By combining a novel engineered hot-start fusion polymerase with an
optimized buffer and ROX passive reference dye, robust gPCR results can be generated in less time and with
increased reliability and sensitivity. Benefits include:

« Unique Sso7d fusion polymerase and optimized buffer deliver unrivaled speed and performance for a
variety of gPCR applications

« Convenient 1-tube formulation, preblended with the appropriate amount of ROX to correct for
interwell signal variation on ABI 7500 and 7900 HT real-time PCR systems

« Instant polymerase activation and rapid polymerization kinetics for fast gPCR results in 40 min
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SsoFast EvaGreen supermix with ROX generates linear results over 6 orders of magnitude
on the ABI 7500 fast real-time PCR system. Serial dilutions (10-fold) of 100 ng to 100 fg of cDNA

from Hela total RNA were used in each 20 pl reaction designed to detect 18S rRNA (=). 18S rRNA
efficiency = 98.6%, R? = 0.999.

Ordering Information

Catalog # Description
172-5210 SsoFast EvaGreen Supermix With Low ROX, 200 x 20 ul reactions, 2x mix
contains dNTPs, Sso7d fusion polymerase, MgCl,, ROX passive reference dye, stabilizers
172-5211 SsoFast EvaGreen Supermix With Low ROX, 500 x 20 ul reactions
172-5212 SsoFast EvaGreen Supermix With Low ROX, 1,000 x 20 pl reactions
172-5213 SsoFast EvaGreen Supermix With Low ROX, 2,000 x 20 pl reactions, 20 ml bottle
172-5220 SsoFast EvaGreen Supermix With ROX, 200 x 20 pl reactions, 2x mix contains dNTPs,
Sso7d fusion polymerase, MgCl,, ROX passive reference dye, stabilizers
172-5221 SsoFast EvaGreen Supermix With ROX, 500 x 20 pl reactions
172-5222 SsoFast EvaGreen Supermix With ROX, 1,000 x 20 pl reactions
172-5223 SsoFast EvaGreen Supermix With ROX, 2,000 x 20 pl reactions, 20 ml bottle

*U.S. patent 6,627,424,
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WHAT’'S NEW

M

Lucid Proteomics System’

The Lucid Proteomics System combines
and refines surface-enhanced laser
desorption/ionization (SELDI) from
Bio-Rad and time-of-flight
(TOF/TOF) technologies from
Bruker Daltonics, enabling

both approaches to biomarker
discovery in one system. The
system provides new solutions for
protein biomarker discovery, in particular, high-
throughput profiling and high-confidence identification
of intact peptides and proteins under 30 kD, which
can be challenging for current technologies to
accomplish. The Lucid Proteomics System includes
the following products from Bio-Rad that are
designed for processing on the Bruker ultrafleXtreme
and autoflex series mass spectrometers:

* Lucid™ profiling access pack — includes high-
capacity chip holders, system license, array
assortment pack, buffers, software, and accessories
required to perform SELDI-based protein profiling
and to qualify and optimize system performance

¢ Lucid ID access pack — includes chip holder, system
license, consumables, protocols, and guidelines
necessary to perform protein and peptide identification

Key Features
High-sensitivity detection and
high-confidence identification of intact

Lucid Proteomics System components — Lucid
profiling and ID access packs and Bruker Daltonics
ultrafleXtreme MALDI TOF/TOF mass spectrometer.

proteins and peptides, especially critical
for post-translationally modified or
truncated proteins and peptides

Label-free, rapid processing of large
numbers of biological samples

Proven and optimized methods for easy
and robust protein profiling across the
entire mass range

Latest generation ultrafleXtreme MALDI
TOF/TOF system provides unmatched
top-down capabilities

Dedicated, intuitive, and powerful
software package with sample tracking

Premier expertise and support in top-
down profiling and protein sequencing

Quality control standards to ensure

PR EE e

I|'.ri|1rll1-'ll'||'||'
I

«Exa I EFRDRINNE

High-throughput protein profiling and identification with the
Lucid Proteomics System enables discovery of statistically

experimental reproducibility relevant biomarkers.

Please visit www.lucidproteomics.com for
complete system and ordering information.

Visit us on the Web at discover.bio-rad.com
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WHAT’S NEW

Western Blotting Fiber Pads Updated

After more than a year of validation and testing,
Bio-Rad introduces a new fiber pad material for
western blotting transfer.

A.Traditional white fiber pads B. Black foam pads

Bio-Rad’s blotting equipment has traditionally
used white fiber pads to support a blotting
sandwich for tank transfer of proteins from gel
to membrane. The innate variability in the fiber C. Quantitative comparison of blots
pads can make it difficult to close the sandwich
cassette and insert it into the transfer module.

® Foam pad
40,000 Fiber pad

30,000

ty

After a thorough validation and verification
process, Bio-Rad will replace the white fiber

SYPRO Ruby signal
intens
n
o
o
S
o

10,000
pads with a black foam polyurethane pad. This o _
material will provide consistent thickness over 1,000 500 250 125 625 3125 1562 7.81
the life of the pad and minimize the amount of Protein, ng
pressure on your gel and membrane without Comparison of traditional white fiber pads and the new black

foam pads. Proteins were separated on a Criterion™ Tris-HCI 4-20%

compromising blot transfer quality. linear gradient gel and transferred onto a nitrocellulose membrane

For more information, contact your local (0.45 pm) using white fiber pads (A) or the new black foam pads

. . (B). Membranes were stained with SYPRO Ruby protein blot stain
Bio-Rad sales representative or go to and imaged on a Molecular Imager® VersaDoc™ MP imaging system.
www.bio-rad.com/contact/. Bands were quantitated using Quantity One® 1-D analysis software.

Comparable quantitative results were observed between the two

Ordering Information blots (C). Data are mean + SD.

Catalog # Description

170-3914 Trans-Blot Cell Foam Pads, 15.5 x 20.5 cm, 6
170-3933 Mini Trans-Blot Cell Foam Pads, 8 x 11 cm, 4
170-3995 Trans-Blot Plus Cell Foam Pads, 27 x 28.5 cm, 2
170-4086 Criterion Blotter Foam Pads, 9.5 x 15.2 cm, 4

Join Bio-Rad in a “Collaboratory” Effort at HUPO 2009

Bio-Rad is a premium sponsor of the Human
Proteome Organization (HUPQO) 2009, held this year
in Toronto from September 26 to 30. Visit the
Bio-Rad booth, view the posters, and attend the
luncheon presentation (on September 29 from
12:00 to 1:00 pm). Luncheon topics include:
¢ High-throughput protein profiling and high-confidence
identification for biomarker discovery using the
Lucid Proteomics System™

» Using the ProteoMiner™ protein enrichment system
for mass spectrometry applications

Poster presentation topics include:

« Fixing Proteomics Campaign: a global quest for reproducibility

« A proteomics approach to understanding Cryptococcus gatti infection
 Protein identification using the Lucid Proteomics System

« Antibody capture and identification of APP fragments by mass spectrometry
« Protein profiling using the Lucid Proteomics System for biomarker discovery

¢ Enrichment of phosphopeptides by a ceramic hydroxyapatite micro spin column with stepped elution
for mass spectrometric analysis

 Enrichment of low-abundance proteins in tissue and cell-line samples using a ProteoMiner system library

8
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CHROMATOGRAPHY // AFFINITY PURIFICATION

purifenomenal.

Automated antibody and protein
affinity purification made easy.

Purification of your antibodies and affinity-tagged
proteins takes time and energy. Bio-Rad saves you | B |
both with fast and easy automated purification. The
Profinia™ protein purification system gives you purified
antibodies or proteins in as little as 30 minutes.

No chromatography expertise necessary and no
neutralization or dialysis step needed. Just automated,
one-step affinity purification. It's simply phenomenal.

Simplify your purification with the Profinia system. For a-
more information and to download our latest technical
bulletins on using the Profinia protein purification system
for antibody and protein affinity purification, please visit
us at www.bio-rad.com/ad/antibody/ or contact
your Bio-Rad sales representative.

Research. Together.

To find your local sales office, visit www.bio-rad.com/contact/ - .
In the U.S., call toll free at 1-800-4BIORAD (1-800-424-6723) Visit us at www.bio-rad.com BIO RAD



Myth Busted: A NanoDrop ND-1000 Spectrophotometric Reading
is Insufficient to Determine RNA Integrity

According to the recently published quantitative Corrsl - o5 hast
real-time PCR experiment publication guidelines, Eoriea - ra el erin 8§50 e i g 20
or MIQE (Bustin et al. 2009; http://medgen.ugent. 1i g e 2w @ I 4 ter 8 90

be/rdml/guidelines.php), providing RNA integrity Lo |!
data is essential when publishing real-time reverse 50
transcription quantitative PCR (RT-gPCR) data. RNA I
integrity is critical in RT-gPCR experiments in order to g
obtain gene expression results that are reliable and E 3:': Marker
up“; 20 Increasing
ﬂ

reproducible, and therefore publishable.

Degradation

The Experion™ automated electrophoresis system W0 Ih
provides an automatic assessment of RNA integrity by e A -
providing the RNA quality indicator (RQI) in addition to AP A A A A A

the electropherogram, gel view, and 285/18S ratio and . 5 L] ) 40 45 = 5
concentration (Figure 1, Table 1). Here we illustrate that

the NanoDrop (ND-1 OOO) spectrophotometer can also Fig. 1. Experion system electropherogram overlay of mouse liver tgtal RNA sample
trati d id ity dat progressively degraded with heat. With longer heat exposure, there is an observed
assess concentration and provide some purity aata decrease in the 28S and 18S peaks with degradation peaks appearing between the lower

(Via Asgo/na0 NM and A, o NM readings) for the same marker and the 18S peak.
mouse liver total RNA sample that has been degraded
to varying degrees (Table 1)' However, the ND-1000 Table 1. Experion system and ND-1000 spectrophotometer assessment of the same

spectrophotometer does not provide RNA integrity data. mouse liver total RNA sample. Experion system results give fast (11-12 samples in 30 min)
and the most complete information (electropherogram and virtual gel profile, RQI value, and

When mouse liver samples (with varying degrees of 285/18S ratio) to help determine RNA integrity. (M), very little or no degradation; (™), some

integrity, as generated by heating samples at 90°C) degradation; (M), significant degradation.

were run on both the Experion and ND-1000 systems, Experion Automated NanoDrop ND-1000

E . i its show: Electrophoresis System Spectrophotometer

xperion system results show: Sample Ratio RQl Cono,

. Samples 1,2,and 3 (RQ| 9.8, 9.2, and 8.1, Number Sample Name 28S/18S RQl Class ng/ul  Ayise”  Asgorso
respectively) are highly intact and can be used in 1 Control — no heat 1.60 9.8 u 115 1.90 2.44
downstream applications with confidence 2 3min@90°C 1.23 4193 240

. 3 5 min @ 90°C 0.89 115 2.06 2.37

» Samples 4 and 5 (RQI 6.5 and 5.9, respectively) 4 10 min @ 90°C 0.50 115 2.03 237
are somewhat degraded and may or may not be 5 15 min @ 90°C 015 116
useable depending on the application 6 1.0hr @ 90°C 0.46 109

] 7 2.0 hr @ 90°C 0.81 117

« Samples 6, 7, and 8 are highly degraded (RQI 2.2, 8 4.0 hr @ 90°C 0.00 118
2.0, and 1.8, respectively) and should not be used *Note: Generally accepted ratios (A gy g0 @Nd Aggysg0) for good quality RNA are >1.8; the
for downstream applications (Figure 2) ND-1000 spectrophotometric readings indicate that all samples are good quality.

ND-1000 spectrophometer results indicate that all

samples are good quality.

P g quallty. 6,000 il
Conclusions
. . . 4000 ----=—
NanoDrop ND-1000 spectrophotometric readings provide =~ 3,000 mes = =
. . . 2,000
only part of the information needed for reliable RT-gPCR 1500 s ———

results. Conversely, the Experion system provides 1,000 sm—
a complete evaluation of total RNA, with all results 500 m—
automatically generated, saved, and easily exported. 200 B8

Fig. 2. Experion system virtual gel clearly
Reference 50— —— ————————m= === shows that samples 6, 7, and 8 are highly

Bustin SA et al. (2009). The MIQE guidelines: minimum information L1 2 3 45 degraded.

for publication of quantitative real-time PCR experiments. Clin Chem
55:4, 611-622.

10 BioRadiations 129 © 2009 Bio-Rad Laboratories, Inc.



PRODUCT FOCUS

Electroporation Protocols for Various Applications Using the

Gene Pulser MXcell" Electroporation System

Electroporation is a commonly used method for delivering siRNA,
DNA, and other molecules into cells. The Gene Pulser MXcell
electroporation system is particularly effective for gene delivery into
primary and difficult-to-transfect cells. The system’s enhanced user
interface contains preset protocols, which can be used as is or
easily customized for many cell types.

Bio-Rad has compiled a comprehensive list of reliable protocols that
have been developed internally or submitted by our customers and
collaborators. In the table below we summarize a list of resources that
describe the recommended starting conditions to use in determining
optimal electroporation conditions for various mammalian cells using

the Gene Pulser MXcell electroporation system and Gene Pulser®
electroporation buffer.

For information about obtaining copies of Bio-Rad literature or to

download PDFs of the bulletins listed, go to www.bio-rad.com/mxcell/.

Literature describing recommended conditions for electroporation of various mammalian cells on the Gene Pulser MXcell system.

Cell Line Bulletin/Journal Article Cell Line Bulletin/Journal Article
5F2C 5641 Human primary 5684
fibroblasts 5603
CHO 2%21 Jordan ET et al. (2008). J Biomol Tech 19, 328-334.
5858 HUVEC 5684
CHO-DG44 5733 Jordan ET et al. (2008). J Biomol Tech 19, 328-334.
Jurkat 5686
CHO-KI 5687 Jordan ET et al. (2008). J Biomol Tech 19, 328-334.
0108
5684
cos7 5858 Mast cells 5823
General 5622
5760 MCF-7 0108
Hela 5641 N2A 5684
5687 Namalwa 5842
0108 5860
HL-60 5778 Neuro-2a Jordan ET et al. (2008). J Biomol Tech 19, 328-334.
Human neuroblastoma 5720 Neutrophils 5774
cells Jordan ET et al. (2008). J Biomol Tech 19, 328-334. Ramos 5842
Reference

Jordan ET et al. (2008). Optimizing electroporation conditions in primary and other
difficult-to-transfect cells. J Biomol Tech 19, 328-334.
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Using the Profinity eXact"” Fusion-Tag System: Strategies for Success

Introduction

The Profinity eXact fusion-tag system is a novel E. coli-based
system for the expression, detection, purification, and on-
column cleavage of affinity-tagged proteins without the
addition of protease. The system utilizes an immobilized,
extensively engineered protease that both recognizes and
avidly binds to the small N-terminal (K, < 100 pM) coexpressed
affinity tag in the fusion protein. Subsequent to column
washing, the protease performs a specific, controlled cleavage
and removal of the tag from the fusion protein directly on the
column. The result is the release of highly purified recombinant
protein with a native N-terminus. This article presents helpful
tips and techniques to apply when working with the Profinity
eXact fusion-tag system to ensure purification success and
the generation of a native, tag-free protein in a single step
(Figure 1).

Cloning Using pPAL7 Expression Vectors

Fusion proteins with an N-terminal Profinity eXact tag are
expressed with the 5.9 kb pPAL7 expression vector. This
inducible expression vector utilizes the strong, tightly regulated
T7lac promoter. The pPAL7 plasmid has been designed to
facilitate cloning of a target gene through several methods,
including restriction-based cloning and restriction-independent
cloning (RIC).

When using RIC methods, the following conditions can be

optimized:

» T4 DNA polymerase/dGTP reaction — use a thermal cycler
to accurately obtain the desired 12°C reaction temperature.
A less accurate method is to incubate the reaction mixture on
the bottom shelf of a refrigerator

« Cloning efficiencies — if reduced cloning efficiencies are
observed, ensure that the PCR primers are 5'-phosphorylated.
Primers must be phosphorylated at the 5' end because the
RIC-ready vector has been alkaline phosphatase-treated

» Ligation — when using a quick ligase with the RIC vector,
incubate the ligase reaction mixture for 20 min at room
temperature. The Sapl-generated overhang of the RIC vector
has only three bases, so using a quick ligase for only 5 min
does not allow time for proper ligation. Standard ligases
should be incubated 16 hr at 16°C

E. coli transformation — achieve highest transformation
efficiencies by incubating the chemical competent cells and
the RIC ligation on ice for 30 min prior to the 30 sec, 42°C
heat shock

When using general cloning methods, the following techniques
can help achieve best results:

Use of threonine-serine (Thr-Ser) spacer — A Thr-Ser spacer
can help overcome problems related to binding and cleavage. A
Thr-Ser spacer is recommended when:

* Proteins exhibit significant N-terminal structure —
protein binding to the resin may be affected by significant
N-terminal structure. A Thr-Ser spacer may be introduced at
the cloning stage between the Profinity eXact tag and the target
proteins to generate an imprecise fusion when poor binding of
the protein occurs

» Undesirable P1'-P2' amino acids are in the target
protein — when designing the construct, consider the P1'
and P2' amino acids and their effects on purification. If either
or both of these amino acids in the target protein (immediately
downstream of the Profinity eXact cleavage site) is Pro, the fusion
will not cleave; introduce a Thr-Ser spacer (Figure 2, Table 1)

Clone and Bind tagged Elute tag-free
express > Detect > Prepare lysate > @' protein > Wash r protein
Clone gene of interest Use monoclonal Determine protein Load sample. Incubate 30 min (on-column cleavage).

into pPAL7 vector and
express.

antibody to detect
Profinity eXact tag.

solubility and proceed
with chemical or physical
disruption protocols.

Total time: ~60 min

Fig. 1. Protein expression and purification workflow. The Profinity eXact system offers parallel purification and on-column cleavage. Availability of immobilized protease on

the column appreciably shortens the purification process.
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P1'-P2' Amino Acids: First two amino acids of target protein

P4 P3 P2 P1-P1' P2’
.EEDKL F K A LFM K SNGEKKYNGFKQGFKSCAKKEDVISE...

.... Profinity eXact tag|— maltose binding protein...

Fig. 2. Cloning considerations for P1' - P2' amino acids.

Table 1. Troubleshooting problems with cleavage and P1'-P2' amino acids.

Position Amino Acid Problem Solution
P! Proline No cleaving Spacer (Thr-Ser)
Cysteine Premature cleaving Cold wash buffer
Spacer
Aspartate Very slow cleaving Spacer
p2' Proline Cleaving may be very slow Spacer

Use of alternative vectors —The Profinity eXact tag can be
placed into a customer’s vector of choice. Simply isolate the
tag sequence from the pPAL7 vector using Ndel and a
downstream restriction enzyme corresponding to a site in the
multiple cloning site (for example, Ncol, BamHI, EcoRl, Xhol, or
Notl). The complete vector sequence is available online at
www.bio-rad.com/profinityexact/ (from this page, select
“Expression and Cloning Products” to download the sequence
file). Another alternative method is described in bulletin 5813.

Purification Using Profinity eXact Resin

The Profinity eXact system utilizes an extensively engineered
subtilisin protease that is immobilized directly onto a
chromatography support. The tag is a modified form of the
subtilisin prodomain, a 75-amino acid sequence (8 kD) fused to
the N-terminus of the target protein. Both the mature protease
and its prodomain tag bind strongly to one another. Upon
incubation (30 min) with a fluoride-containing buffer, a
controlled and highly specific cleavage occurs directly after
the 9-amino acid cleavage recognition site (EEDKLFKAL) to
generate a tag-free protein containing its native N-terminal
amino acid sequence.

To improve experimental conditions in the cell lysis, sample
application, and washing steps:

« Improve protein binding — allow the lysate to incubate with
resin for up to 1 hr at 4°C or for 30 min at room temperature.
Lysates with fusion proteins >75 kD often benefit from a
longer incubation period

» Substitute with acetate buffers — ensure lysis and wash
buffers do not contain triggering ions, such as CI~ or F~. Chloride
ions from additives such as NaCl, KCl, and Tris-HCI act as
slower cleavage/elution-triggering anions. Substitute sodium
acetate (NaOAc) or potassium acetate (KOAc) for NaCl or KCI

+ Improve ionic strength — if using the 0.1 M NaPO,
Profinity eXact bind/wash buffer, use a higher NaPO,
concentration (0.3-1.0 M, pH 7.2) to raise the ionic
concentration of the lysis and wash buffers

¢ Minimize intrinsic cleavage — use a lysis buffer with a
pH of <7.0, but do not use HCI to adjust the pH of the buffer

¢ Improve solubility/protein denaturation — use 8 M
urea instead of guanidine-HCI for denaturation, but dilute
lysates to 2—4 M urea before loading onto the column; high
concentrations of urea affect performance of the resin

 Chill buffers — maintain the lysate at 4°C prior to loading to
reduce intrinsic cleavage. If the P1' amino acid is Cys, prechill
the lysate and use cold buffers; otherwise, the fusion protein
may cleave during sample loading and resin washing steps

Elution of Target Proteins

Elution of target proteins is typically conducted by incubating
the resin in 100 mM NaF, 100 mM NaPO,, pH 7.2, at room
temperature for 30 min. For best results:

¢ Increase elution incubation times — if the P1' amino
acid is Asp, the fusion will cleave very slowly. Perform
an overnight elution incubation at room temperature, or
introduce a Thr-Ser spacer

« Use azide in the elution buffers — as an alternative to F-,
use azide in the elution buffer as the triggering ion. A much
lower concentration of azide is required (10 mM vs.

100 mM fluoride), and the purified protein can be used
directly in downstream applications without the need for
desalting or buffer exchange

If contaminants are observed in the eluate:
« Dilute the lysate (for multimeric proteins)
¢ Reduce the load of fusion protein

¢ Incubate the lysate with resin for up to 1 hr at 4°C to increase
binding capacity of the target fusion protein

¢ Perform an additional wash step

» Reduce nonspecific, electrostatic binding by increasing
the ionic concentration of the wash buffer; use up to 0.3 M
NaPO,, NaOAg, or (NH,),SO, (pH 7.2), or amend the wash
buffer with any of the aforementioned salts. Do not use NaCl

¢ Reduce hydrophobic interactions by decreasing the salt
concentration of the wash buffer

¢ Supplement the wash buffer with a suitable detergent (Table 2)
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Table 2. Chemical compatibility.”

Reagent Type Compatible With Profinity eXact System

Lysis solutions  Bacterial lysis and extraction reagent (Bio-Rad)
B-PER protein extraction reagent in Pi buffer (Thermo Fisher Scientific)
B-PER protein extraction reagent in Tris buffer™
BugBuster protein extraction reagent™ (Novagen)
FastBreak cell lysis reagent™ (Promega Corporation)

Protease
inhibitors

1x Protease inhibitor cocktail (BD Pharmingen)

2x Protease inhibitor cocktail set 1 (Calbiochem)
Complete protease inhibitor tablets (Roche Diagnostics)
0.5 mM PMSF

0.1 mM TLCK

0.1 mM TPCK

5% (v/v) Triton X-100

5% (v/v) NP-40

(v/v) Tween -20

5% (w/v) octylthioglucoside
(
(

Detergents

5% (w/v) n-dodecyl B-D-maltoside
5% (w/v) CHAPS
5% (w/v) CHAPSO

20 mM B-mercaptoethanol
10 mM DTT
5 mM TCEP

20 mM EDTA
20 mM EGTA

50 mM Tris-acetate, pH 7.2
50 mM Tris-phosphate, pH 7.2
50 mM HEPES, pH 7.2

50 mM PIPES, pH 7.2

50 mM MOPS, pH 7.2

50 mM MES, pH 7.2

20% (v/v) glycerol

20% (v/v) ethylene glycol
20% (v/v) ethanol

20% (w/v) sorbitol

20% (w/V) sucrose

200 mM imidazole

200 mM sodium acetate
100 mM sodium borate
100 mM sodium citrate
100 mM sodium sulfate
15% (w/v) ammonium sulfate
5% (v/v) DMSO

20 mM B-mercaptoethanol
5 mM MgCl,**

5 mM CaCl,*

Reducing
reagents

Chelating
reagents

Buffer
reagents

Additives

* Compatibilities determined using Profinity eXact control lysate; some reagents,
like ammonium sulfate, are protein dependent.
**Chloride ions trigger slow cleavage of target proteins from the column.

Confirming Generation of Target Protein

Use mass spectrometry (MS) methods to confirm the generation
of a tag-free protein. The following experimental results are
included to illustrate a suggested method.

Purified maltose binding protein (MBP) from a Profinity eXact
column is free of extraneous amino acids, as evidenced by MS
data (data not shown). MBP eluates purified from a Profinity eXact
column were analyzed by LC/MS using a QSTAR quadrupole-time
of flight mass spectrometer. The expected mass of the purified,
tag-free MBP (calculated from the amino acid sequence using the
ExXPASy compute MW tool) was 40,339.89 Da; experimental mass
from spectra was 40,343.9 Da.

The terminal residue of the tag is a leucine, which has
a molecular mass of 113 Da. The first residue of MBP is
methionine, which has a molecular mass of 131 Da (Figure 2).

If any miscleavage occurred, the mass spectrometer-measured
mass of the purified protein would be off by greater than

100 Da — compared to the 4 Da difference demonstrated by
these results (observed vs. expected mass difference is within
the 100 ppm mass accuracy of the instrument).

Resin Storage and Cleaning

To ensure maximum shelf life of the Profinity eXact resin:

« Store it at 4°C. However, the subtilisin mutant is stable in
incubations of 30 min at 60°C and 5 days at 37°C

« Regenerate it by stripping off the cleaved Profinity eXact tag
from the mutant subtilisin ligand by incubating the resin in
0.1 M H,PO,. This also effectively removes contaminants
from the resin

* Immediately after cleaning, re-equilibrate the resin with bind/
wash buffer or storage buffer (100 mM NaPO,, 0.02% sodium
azide, pH 7.2) to prevent loss of activity

* Remove any other residual contaminants by washing the resin
with 0.1 M NaOH (the resin is base stable). After cleaning with
NaOH, equilibrate the resin with bind/wash buffer

* Do not store the resin in 0.1 M H,PO,, 0.1 M NaOH, or water
for long periods of time (>1 hr)

For more information, visit www.bio-rad.com/profinityexact/.
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Sample Compatibility Considerations After Processing With the
ProteoMiner™ Protein Enrichment Kit

ProteoMiner System’s Elution Methods

As a protein enrichment technology for biomarker discovery, the
ProteoMiner protein enrichment system is used upstream of many
protein analysis methods. This article addresses compatibilities that
should be considered between the ProteoMiner system and various
downstream analysis methods.

Proteins bind to ProteoMiner beads through classical protein-
protein interactions such as ionic interactions, hydrophobic
interactions, hydrogen bonding, and van der Waals forces.
Therefore, to ensure efficient elution of proteins from the beads,
the elution reagent must be able to disrupt these forces.
ProteoMiner kits are available in two formats:

« Single elution — utilizes a single elution reagent designed for
maximum disruption of binding

« Sequential elution — utilizes multiple elution reagents for
preferential elution of proteins based on unique binding
interactions such as charge or hydrophobicity

Sample processing and downstream application compatibility considerations.

The single elution method provides the highest level of enrichment
and excellent recovery while utilizing a simplified protocol. It is
therefore the preferred elution method for most researchers.

For this reason, we will focus on the single elution protocol

when examining what steps need to be taken prior to analyzing
ProteoMiner eluates with various downstream techniques.

Preparation for Various Downstream Applications

First, you may need to quantitate the amount of protein in your
sample. For this we recommend the Quick Start™ Bradford
protein assay 1 (500-0201); this kit is easy to use and has been
tested for compatibility with the ProteoMiner system.

The ProteoMiner single elution protocol utilizes an elution buffer
containing 8 M urea, 2% CHAPS, and 5% acetic acid. The table
below identifies buffer compatibilities with a number of analytical
techniques and provides guidance for improving compatibility.

For more information, visit www.bio-rad.com/proteominer/.

Analytical Technique Compatibility Considerations

Recommendations for Improving Compatibility*

1-D - LC-MS/MS and
western blotting

2-D DIGE

There are no compatibility issues with the elution buffer
for 1-D applications.

Acetic acid will interfere with dye labeling (Cy dyes
require pH 8-9) and IPG separation.

2-D electrophoresis Acetic acid will interfere with IPG separation, resulting

in streakiness.

Immunochemistry
(Bio-Plex® suspension
array system)

The elution reagent causes proteins to be denatured,
which may prevent antibody-target binding.

SELDI MS There are no compatibility issues with the elution buffer

for this application.

Trypsin hydrolysis - MS CHAPS will reduce the enzymatic activity of trypsin

and can interfere with ionization processes.

Other applications If your downstream analysis technique is negatively
impacted by low pH, detergents, or salts, you will need
to remove the incompatible components of the

elution buffer.

Elution yields may be increased by eluting with an elution buffer
containing up to 10% SDS with a reducing agent (for example, 50 mM DTT).

Elute with DIGE labeling buffer: 20 mM Tris, 7 M urea, 2 M thiourea, 4% CHAPS,
pH 8.5. This may result in a decrease in yield compared to the standard elution
protocol. Alternatively, adjust the pH of the eluent to approximately 8.5 with

4 M sodium carbonate (add approximately 30 pl of 4 M sodium carbonate to
300 pl of eluent to bring the pH up to 8.5).

If loading <50 ug of protein on the IPG strip, streakiness will be minimized. For
best results, it is recommended that you clean up your sample using the
ReadyPrep™ 2-D cleanup kit (163-2130) or Micro Bio-Spin™ 6 columns (732-6200).**

To improve compatibility, use a nondenaturing buffer such as

0.2 M glycine-HCl, 2% NP-40, pH 2.4; 0.1 M acetic acid, 2% NP-40; 1 M
NaCl, 2% NP-40; or 0.1 M acetic acid containing 40% ethylene glycol.
Success of eluting proteins with a nondenaturing elution reagent is protein
dependent. If using the alternate elution buffer above, the acidic eluates may
need to be neutralized with 3 M Tris base.

Eluted sample is still very complex; resolution may be improved by using the
ProteoMiner sequential elution kit (163-3010 or 163-3011).

When using the standard elution buffer, it is recommended that you utilize inline LC or
clean up your sample using the ReadyPrep 2-D cleanup kit (163-2130) or Micro
Bio-Spin 6 columns (732-6200)."* Alternatively, you may perform on-bead digestion,
in which the trypsin digest occurs directly in the column instead of after elution.

Elute with standard elution buffer, then buffer exchange the sample with
Micro Bio-Spin 6 columns (732-6221 or 732-6200) pre-equilibrated with the
appropriate buffer (for example, 7 M urea, 2 M thiourea, 2% CHAPS, optional
15 mM Tris, pH 8.5) or use the ReadyPrep 2-D cleanup kit (163-2130).

* For more information on these recommendations, please contact our technical support team at Isg_techserv_us@bio-rad.com.
**When using Micro Bio-Spin 6 columns (732-6200) for cleanup of your sample, buffer exchange will be required. It is recommended to exchange with

7 M urea, 2 M thiourea, 2% CHAPS.
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Bio-Rad Laboratories introduced the ProteinChip® SELDI system in 2006 to
provide researchers engaged in biomarker discovery with a high-throughput,
high-sensitivity approach to protein expression profiling. The ProteinChip system
incorporates chip-based applications with top-down mass spectrometry (MS) for protein profiling, an area of

research that has typically relied on more conventional approaches such as 2-D gel electrophoresis. Since

its introduction, the ProteinChip system has been used by researchers in many fields of study to discover

biomarker candidates from a variety of sample types.

Until now, researchers have had to choose between such top-down intact protein profiling methods and

digest-based bottom-up methods utilizing high-performance MS for biomarker discovery. Bio-Rad has

recently partnered with Bruker Daltonics to combine the benefits of the SELDI chromatographic retention

sample preparation technology with the high-performance mass spectrometers also used for bottom-up

proteomic analyses, providing researchers with both discovery methods on one platform.

Current State of Protein Profiling

In the past decade, interest in protein profiling has grown
exponentially (Table 1). Protein profiling technologies are evolving
as rapidly as the field is expanding. The main goal is discovery
of protein biomarkers (based on determination of differences in
their expression levels) that can be used for disease diagnosis,
disease prognosis, and prediction of drug response (either
positive or adverse) based on patient-specific or disease-specific
protein profiles.

The single biggest challenge facing researchers hoping to
achieve these objectives is the complexity of the proteome —
it is estimated that approximately 30,000 genes code for up to
30 times as many proteins, with concentration ranges varying
by 10-12 orders of magnitude. Furthermore, there is a small
number of high-abundance proteins relative to the many lower-
abundance — and often more biologically relevant — proteins.
Unlike the genome in which genetic information is fairly static,
protein characteristics are constantly in flux and affected by
changing environments. Therefore, tools developed to help
advance proteomics research must provide researchers with
a way to wade through immense amounts of information to
achieve results that are meaningful.

There are currently two major types of approaches to protein
biomarker discovery (Figure 1): the analysis of intact proteins
(top-down proteomics) and the analysis of peptide mixtures
from digested proteins (bottom-up proteomics). In the past,
researchers have been limited by protein biomarker discovery

systems that have required a choice between top-down
and bottom-up methods. This decision has meant choosing
between throughput (top-down systems) and resolution
(bottom-up systems).

Although the literature suggests exponential growth in
research interest in protein profiling, to date very few biomarkers
discovered by MS have been approved by the FDA. One
approach alone (for example, the widely adopted bottom-up
methodology) may not provide sufficient information or include
enough samples to provide results that survive the validation
process. The result of a joint product development and
comarketing agreement involving Bio-Rad’s SELDI
technology and Bruker Daltonics mass spectrometers,
the Lucid Proteomics System™ now offers researchers
the opportunity to utilize both bottom-up and top-down
methodologies in one system — merging the benefits of both
approaches to MS-based protein profiling.

Table 1. “Protein profiling” in the literature.

Year Number of Year Number of
Articles Published* Articles Published*

1998 54 2004 5,626

1999 229 2005 7,120

2000 1,041 2006 12,290

2001 1,880 2007 12,240

2002 2,663 2008 15,132

2003 3,738

* Results returned from a search of “protein profiling” in journal articles listed in the
PubMed database (www.ncbi.nim.nih.gov/pubmed/).
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100s of Protein IDs With Relative Quantitation

LC-MS/MS or
LC-MALDI-MS/MS Analysis

Enzymatic Digestion

Sample Preparation
(optional depletion, tagging, and labeling)

10s of Complex Biological Samples

Bottom-Up Approach to Protein Profiling

Top-Down Approach to Protein Profiling

10s-100s of Complex Biological Samples

Chromatographic Separation/Enrichment

Mass Spectrometric Profiling

Statistically Significant Candidate
Biomarkers Selected Based on
Relative Quantitation

Selected Biomarker Candidates
Purified and Identified

Fig 1. General bottom-up (left) and top-down (right) proteomics profiling workflows. The primary characteristics of bottom-up approaches are enzymatic
digestion of a small set of biological samples, liquid chromatography-based high-resolution peptide separation, and MS/MS analysis for both relative quantitation and
identification. The primary characteristics of top-down profiling approaches are direct analyses of statistically meaningful numbers of biological samples to determine
differences in relative expression levels of undigested native proteins, followed by identification of small numbers of selected biomarker candidates.

The Bottom-Up Approach
The bottom-up approach to protein profiling (proteolytic digestion
of proteins prior to MS analysis) has been widely adopted in
modern MS-based proteomics research. Known as “shotgun
proteomics,” the bottom-up proteomic approach involves direct
digestion of a biological sample using a proteolytic enzyme (such
as trypsin) that cleaves at well-defined sites to create a complex
peptide mixture. The digested samples are then analyzed on
platforms that include liquid chromatography and tandem mass
spectrometry (LC-MS/MS or LC-MALDI MS/MS). Differential
expression using the bottom-up approach often involves labeling
the sample with isobaric tags prior to digestion. All methods using
the bottom-up approach require the use of high-resolution, high-
performance instrumentation (Han et al. 2008).

Because the bottom-up approach involves exhaustive
analysis of samples, analytical systems are low-throughput
by requirement, and basic biological questions are usually
addressed using a small number of samples from simple model
systems. For example, an oncology study might compare
differential protein expression between paired cell lines (cancer
VS. noncancer or invasive vs. noninvasive cancer) or focus on a
single cell line with samples taken at a few time points (before
and after drug treatment using different treatment doses, or after
treatment with different drug candidates).

The main advantage of the bottom-up approach is the
ability to achieve high-resolution separations. Other strengths
include a comprehensive coverage of proteins with the workflow
producing protein identifications and relative expression for
hundreds of proteins within a small number of samples (for
example, two to eight samples). Because the method is widely
used and accepted, a variety of sophisticated technologies
from a number of manufacturers have been developed to
aid researchers using this approach. Bruker’s versatile mass
spectrometers offer a complete solution for the bottom-up
workflow with instruments that perform sample preparation,
liquid handling, liquid chromatography, and spotting followed by
MALDI TOF/TOF analysis — all on one platform.

Although this method has proven successful for the profiling
and identification of proteins, researchers continue to face
challenges when screening for biomarkers, in particular for
candidates below 30 kD. Smaller proteins and peptides have
fewer proteolytic cleavage sites and often do not generate
enough peptides for confident identification. Information is
therefore potentially lost for natively occurring small peptides
and biologically generated protein cleavages as well as
posttranslational modifications (PTMs).
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The Top-Down Approach
In the field of proteomics, the term “top-down” describes two
different techniques. Top-down as applied to protein identification,
also known as “top-down sequencing,” is so named because of its
similarity to DNA sequencing methods and is typically conducted
on highly purified protein preparations. Top-down as applied to
protein profiling, also known as “top-down proteomics,” involves
separating intact proteins from complex biological samples using
traditional separation techniques such as liquid chromatography
or 2-D gel electrophoresis, followed by differential expression
analysis using spectrum analysis or gel imaging platforms. Spots
or fractions that are predicted to contain biomarkers are identified
using MS. The top-down methods discussed in this article focus
on proteomic profiling of intact proteins.

The strength of top-d