
BioRadiations
129

A Resource for Life Science Research   

In this issue:
Busting myths about RNA integrity assessment
Strategies for purifying and generating native, tag-free protein in a single step
Conducting mutational analysis of the breast cancer–associated ATM gene
Advancing fibrillogenic protein disease–related research

 A HISTORY OF SOLUTIONS
Continued in Current Innovations

TOP-DOWN, BOTTOM-UP
The Merging of Two High-Performance Technologies



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

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.
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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  

•	 Improve experimental workflow and automation tasks to ensure 
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
		  Minimum	 Recommended

Operating system	 Windows XP Professional SP2,	 Windows XP Professional SP2, 
		  Windows Vista Home Premium	 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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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 qPCR applications. By combining a novel engineered hot-start fusion polymerase with 
an optimized buffer, robust qPCR 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 qPCR conditions
•	 Instant polymerase activation and rapid polymerization kinetics for fast qPCR results in less than 30 min
•	 Compatible with any real-time detection chemistry

* �U.S. patent 6,627,424.

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

Ordering Information
Catalog #	 Description	
172-5230	� SsoFast Probes Supermix, 200 x 20 µl reactions, 2x mix contains dNTPs,  

Sso7d fusion polymerase, MgCl2, stabilizers
172-5231	� SsoFast Probes Supermix, 500 x 20 µl reactions
172-5232	� SsoFast Probes Supermix, 1,000 x 20 µl reactions
172-5233	� SsoFast Probes Supermix, 2,000 x 20 µl reactions, 20 ml bottle

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 µl 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 qPCR 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 HeLa 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%, R2 = 0.997. Insert shows the standard curve  
for the various dilutions. RFU, relative fluorescence units.
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* �U.S. patent 6,627,424.

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 qPCR applications. By combining a novel engineered hot-start fusion polymerase with 
an optimized buffer and ROX passive reference dye, robust qPCR 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 qPCR 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 qPCR results in 40 min

Ordering Information
Catalog #	 Description	
172-5240	� SsoFast Probes Supermix With Low ROX, 200 x 20 µl reactions, 2x mix contains dNTPs,  

Sso7d fusion polymerase, MgCl2, ROX passive reference dye, stabilizers
172-5241	 SsoFast Probes Supermix With Low ROX, 500 x 20 µl reactions
172-5242	 SsoFast Probes Supermix With Low ROX, 1,000 x 20 µl reactions
172-5243	 SsoFast Probes Supermix With Low ROX, 2,000 x 20 µl reactions, 20 ml bottle
172-5250	� SsoFast Probes Supermix With ROX, 200 x 20 µl reactions, 2x mix contains dNTPs,  

Sso7d fusion polymerase, MgCl2, ROX passive reference dye, stabilizers
172-5251	 SsoFast Probes Supermix With ROX, 500 x 20 µl reactions
172-5252	 SsoFast Probes Supermix With ROX, 1,000 x 20 µl reactions
172-5253	 SsoFast Probes Supermix With ROX, 2,000 x 20 µl reactions, 20 ml bottle

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 µl reaction. (—), VIC-labeled 18S rRNA probe duplex reaction; (—), FAM-labeled 
2M probe duplex reaction. 18S rRNA efficiency = 89.7%, R2 = 0.999; 2M efficiency = 101.5%, R2 = 0.999.
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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 qPCR applications. By combining a novel engineered hot-start fusion polymerase with an 
optimized buffer and ROX passive reference dye, robust qPCR 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 qPCR 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 qPCR results in 40 min

Ordering Information
Catalog #	 Description	
172-5210	� SsoFast EvaGreen Supermix With Low ROX, 200 x 20 µl reactions, 2x mix  

contains dNTPs, Sso7d fusion polymerase, MgCl2, ROX passive reference dye, stabilizers
172-5211	 SsoFast EvaGreen Supermix With Low ROX, 500 x 20 µl reactions
172-5212	 SsoFast EvaGreen Supermix With Low ROX, 1,000 x 20 µl reactions
172-5213	� SsoFast EvaGreen Supermix With Low ROX, 2,000 x 20 µl reactions, 20 ml bottle
172-5220	� SsoFast EvaGreen Supermix With ROX, 200 x 20 µl reactions, 2x mix contains dNTPs,  

Sso7d fusion polymerase, MgCl2, ROX passive reference dye, stabilizers
172-5221	 SsoFast EvaGreen Supermix With ROX, 500 x 20 µl reactions
172-5222	 SsoFast EvaGreen Supermix With ROX, 1,000 x 20 µl reactions
172-5223	 SsoFast EvaGreen Supermix With ROX, 2,000 x 20 µl reactions, 20 ml bottle

* �U.S. patent 6,627,424.

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 µl reaction designed to detect 18S rRNA (—). 18S rRNA 
efficiency = 98.6%, R2 = 0.999.

Cycle number

100,000

10,000

1,000

0.100

0.010

D
el

ta
 R

n

	 2	 4	 6	 8	 10	 12	 14	 16	 18	 20	 22	 24	 26	 28	 30	 32	 34	 36	 38	 40



WHAT’S NEW

Visit us on the Web at discover.bio-rad.com  	 BioRadiations 129 7

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  
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 
	 experimental reproducibility 

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

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

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

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 
pads can make it difficult to close the sandwich 
cassette and insert it into the transfer module. 

After a thorough validation and verification 
process, Bio-Rad will replace the white fiber  
pads with a black foam polyurethane pad. This 
material will provide consistent thickness over 
the life of the pad and minimize the amount of 
pressure on your gel and membrane without 
compromising blot transfer quality.

For more information, contact your local  
Bio-Rad sales representative or go to  
www.bio-rad.com/contact/.

Ordering Information
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

Comparison of traditional white fiber pads and the new black 
foam pads. Proteins were separated on a Criterion™ Tris-HCl 4–20% 
linear gradient gel and transferred onto a nitrocellulose membrane 
(0.45 µm) using white fiber pads (A) or the new black foam pads  
(B). Membranes were stained with SYPRO Ruby protein blot stain 
and imaged on a Molecular Imager® VersaDoc™ MP imaging system. 
Bands were quantitated using Quantity One® 1-D analysis software. 
Comparable quantitative results were observed between the two  
blots (C). Data are mean ± SD.

A. Traditional white fiber pads

C. Quantitative comparison of blots

B. Black foam pads
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Join Bio-Rad in a “Collaboratory” Effort at HUPO 2009 
Bio-Rad is a premium sponsor of the Human  
Proteome Organization (HUPO) 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
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 In the U.S., call toll free at 1-800-4BIORAD (1-800-424-6723) Visit us at www.bio-rad.com

chromatogr aphy //  affinit y purification

Automated antibody and protein  
affinity purification made easy.
Purification of your antibodies and affinity-tagged  
proteins takes time and energy. Bio-Rad saves you  
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  
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.

purifenomenal.
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PRODUCT FOCUS

According to the recently published quantitative 
real-time PCR experiment publication guidelines, 
or MIQE (Bustin et al. 2009; http://medgen.ugent.
be/rdml/guidelines.php), providing RNA integrity 
data is essential when publishing real-time reverse 
transcription quantitative PCR (RT-qPCR) data. RNA 
integrity is critical in RT-qPCR experiments in order to 
obtain gene expression results that are reliable and 
reproducible, and therefore publishable.

The Experion™ automated electrophoresis system 
provides an automatic assessment of RNA integrity by 
providing the RNA quality indicator (RQI) in addition to 
the electropherogram, gel view, and 28S/18S ratio and 
concentration (Figure 1, Table 1). Here we illustrate that 
the NanoDrop (ND-1000) spectrophotometer can also 
assess concentration and provide some purity data 
(via A260/280 nm and A260/230 nm readings) for the same 
mouse liver total RNA sample that has been degraded 
to varying degrees (Table 1). However, the ND-1000 
spectrophotometer does not provide RNA integrity data. 

When mouse liver samples (with varying degrees of 
integrity, as generated by heating samples at 90°C) 
were run on both the Experion and ND-1000 systems, 
Experion system results show: 

•	 Samples 1, 2, and 3 (RQI 9.8, 9.2, and 8.1, 
respectively) are highly intact and can be used in 
downstream applications with confidence

•	 Samples 4 and 5 (RQI 6.5 and 5.9, respectively) 
are somewhat degraded and may or may not be 
useable depending on the application

•	 Samples 6, 7, and 8 are highly degraded (RQI 2.2, 
2.0, and 1.8, respectively) and should not be used 
for downstream applications (Figure 2)

ND-1000 spectrophometer results indicate that all 
samples are good quality.

Conclusions
NanoDrop ND-1000 spectrophotometric readings provide  
only part of the information needed for reliable RT-qPCR 
results. Conversely, the Experion system provides 
a complete evaluation of total RNA, with all results 
automatically generated, saved, and easily exported. 

Reference
Bustin SA et al. (2009). The MIQE guidelines: minimum information 
for publication of quantitative real-time PCR experiments. Clin Chem 
55:4, 611-622. 

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

Table 1. Experion system and ND-1000 spectrophotometer assessment of the same  
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 
28S/18S ratio) to help determine RNA integrity. (n), very little or no degradation; (n), some 
degradation; (n), significant degradation.

	 Experion Automated	 NanoDrop ND-1000  
	 Electrophoresis System	 Spectrophotometer

Sample			    	 Ratio		  RQI	 Conc, 	 	  
Number	 Sample Name	 	 28S/18S	 RQI	 Class	 ng/µl	 A260/280*	 A260/230*

	 1	 Control — no heat 	 1.60	 9.8	 n	 115	 1.90	 2.44
	 2	 3 min @ 90°C 	 1.23	 9.2	 n	 114	 1.93	 2.40
	 3	 5 min @ 90°C 	 0.89	 8.1	 n	 115	 2.06	 2.37
	 4	 10 min @ 90°C 	 0.50	 6.5	 n	 115	 2.03	 2.37
	 5	 15 min @ 90°C 	 0.15	 5.9	 n	 116	 2.02	 2.31
	 6	 1.0 hr @ 90°C 	 0.46	 2.2	 n	 109	 1.99	 2.18
	 7	 2.0 hr @ 90°C 	 0.81	 2.0	 n	 117	 2.00	 2.32
	 8	 4.0 hr @ 90°C 	 0.00	 1.8	 n	 118	 1.89	 2.23

* �Note: Generally accepted ratios (A260/280 and A260/230) for good quality RNA are >1.8; the 
ND-1000 spectrophotometric readings indicate that all samples are good quality.

Fig. 1. Experion system electropherogram overlay of mouse liver total RNA sample 
progressively degraded with heat. With longer heat exposure, there is an observed 
decrease in the 28S and 18S peaks with degradation peaks appearing between the lower 
marker and the 18S peak.
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Fig. 2. Experion system virtual gel clearly 
shows that samples 6, 7, and 8 are highly 
degraded.
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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/.

Electroporation Protocols for Various Applications Using the  
Gene Pulser MXcell™  Electroporation System
 

Reference
Jordan ET et al. (2008). Optimizing electroporation conditions in primary and other 
difficult-to-transfect cells. J Biomol Tech 19, 328-334.

5F2C	 5641 �

CHO	 5641 
	 5704 
	 5858 �

CHO-DG44	 5733 �

CHO-K1	 5687 
	 0108 �

COS-7	 5858 

General	 5622 
	 5760

HeLa	 5641  
	 5687 
	 0108 

HL-60	 5778 �

Human neuroblastoma	 5720 
  cells	� Jordan ET et al. (2008). J Biomol Tech 19, 328-334.

Human primary	 5684 
fibroblasts	 5603  
	� Jordan ET et al. (2008). J Biomol Tech 19, 328-334.

HUVEC	 5684  
	� Jordan ET et al. (2008). J Biomol Tech 19, 328-334.  

Jurkat	 5686  
	� Jordan ET et al. (2008). J Biomol Tech 19, 328-334. 

5684 

Mast cells	 5823

MCF-7	 0108 

N2A 	 5684 

Namalwa	 5842  
	 5860	�	

Neuro-2a	� Jordan ET et al. (2008). J Biomol Tech 19, 328-334.

Neutrophils	 5774 �

Ramos	 5842

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
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TIPS AND TECHNIQUES

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 (KD < 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 SapI-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)

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.

Total time: ~60 min

Load sample.Clone gene of interest 
into pPAL7 vector and 
express.

Incubate 30 min (on-column cleavage).Use monoclonal 
antibody to detect 
Profinity eXact tag.

Determine protein 
solubility and proceed 
with chemical or physical 
disruption protocols.

WashDetect Elute tag-free 
protein

Prepare lysate Bind tagged  
protein

Clone and 
express
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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 NdeI and a 
downstream restriction enzyme corresponding to a site in the 
multiple cloning site (for example, NcoI, BamHI, EcoRI, XhoI, or 
NotI). 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 Cl– or F–. Chloride 
ions from additives such as NaCl, KCl, and Tris-HCl act as 
slower cleavage/elution-triggering anions. Substitute sodium 
acetate (NaOAc) or potassium acetate (KOAc) for NaCl or KCl

•	 Improve ionic strength — if using the 0.1 M NaPO4  
Profinity eXact bind/wash buffer, use a higher NaPO4 
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 HCl to adjust the pH of the buffer

•	 Improve solubility/protein denaturation — use 8 M 
urea instead of guanidine-HCl 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 NaPO4, 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 
NaPO4, NaOAc, or (NH4)2SO4 (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)

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

P1'-P2' Amino Acids: First two amino acids of target protein

	  P4 P3 P2 P1–P1'  P2'

  …EEDKL  F    K    A   L – M   K  SNGEKKYIVGFKQGFKSCAKKEDVISE…  

   .… Profinity  eXact  tag – maltose binding protein…

cleavage

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

Position	 Amino Acid	 Problem	 Solution

P1'	 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
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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 
ExPASy 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 H3PO4. This also effectively removes contaminants 
from the resin 

•	 Immediately after cleaning, re-equilibrate the resin with bind/
wash buffer or storage buffer (100 mM NaPO4, 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 H3PO4, 0.1 M NaOH, or water 
for long periods of time (>1 hr) 

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

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 	 1x Protease inhibitor cocktail (BD Pharmingen)
	 inhibitors	 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

 Detergents 	 5% (v/v) Triton X-100
		  5% (v/v) NP-40
		  5% (v/v) Tween -20
		  5% (w/v) octylthioglucoside
		  5% (w/v) n-dodecyl b-D-maltoside
		  5% (w/v) CHAPS
		  5% (w/v) CHAPSO

 Reducing	 20 mM b-mercaptoethanol
	 reagents	 10 mM DTT
		  5 mM TCEP

 Chelating 	 20 mM EDTA
	 reagents	 20 mM EGTA

 Buffer 	 50 mM Tris-acetate, pH 7.2
	 reagents	 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

 Additives 	 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 MgCl2**
		  5 mM CaCl2**

*	� 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.
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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.

Analytical Technique	 Compatibility Considerations	 Recommendations for Improving Compatibility*

 1-D – LC-MS/MS and	 There are no compatibility issues with the elution buffer 	 Elution yields may be increased by eluting with an elution buffer 
 western blotting	 for 1-D applications. 	 containing up to 10% SDS with a reducing agent (for example, 50 mM DTT).

 2-D DIGE	 Acetic acid will interfere with dye labeling (Cy dyes 	 Elute with DIGE labeling buffer: 20 mM Tris, 7 M urea, 2 M thiourea, 4% CHAPS,  
	 require pH 8–9) and IPG separation. 	 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 µl of 4 M sodium carbonate to  
		  300 µl of eluent to bring the pH up to 8.5).

 2-D electrophoresis 	 Acetic acid will interfere with IPG separation, resulting 	 If loading <50 µg of protein on the IPG strip, streakiness will be minimized. For  
  	 in streakiness.	 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).**

 Immunochemistry	 The elution reagent causes proteins to be denatured, 	 To improve compatibility, use a nondenaturing buffer such as  
 (Bio-Plex® suspension	 which may prevent antibody-target binding. 	 0.2 M glycine-HCl, 2% NP-40, pH 2.4; 0.1 M acetic acid, 2% NP-40; 1 M  
 array system)		  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.

 SELDI MS	 There are no compatibility issues with the elution buffer 	 Eluted sample is still very complex; resolution may be improved by using the 
	 for this application. 	 ProteoMiner sequential elution kit (163-3010 or 163-3011).

 Trypsin hydrolysis – MS	 CHAPS will reduce the enzymatic activity of trypsin	 When using the standard elution buffer, it is recommended that you utilize inline LC or 
	 and can interfere with ionization processes.	 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. 

 Other applications	 If your downstream analysis technique is negatively 	 Elute with standard elution buffer, then buffer exchange the sample with 
	 impacted by low pH, detergents, or salts, you will need 	 Micro Bio-Spin 6 columns (732-6221 or 732-6200) pre-equilibrated with the 
	 to remove the incompatible components of the	 appropriate buffer (for example, 7 M urea, 2 M thiourea, 2% CHAPS, optional 	
	 elution buffer.	 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 lsg_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.

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/.
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advantages of Bio-Rad’s ProteinChip SELDI technology to Bruker’s 
high-resolution mass spectrometers. This collaboration enables 
both bottom-up and top-down approaches on the same MALDI 
TOF/TOF systems, as well as a complete SELDI-based biomarker 
discovery solution that includes both protein profiling and, for the first 
time in a SELDI-based workflow, protein identification of biomarker 
candidates, either by direct on-chip TOF/TOF analysis (suitable for 
small peptides) or by enrichment, purification, and digestion followed 
by TOF/TOF analysis (for larger proteins) (Figure 2). 

“Collaboration among scientists leads to more productive research; no 
scientist can become an expert in all facets of a multidisciplinary project,” 
says Dr John Whitin, researcher with the Cohen Lab in the Department of 
Pediatrics at Stanford University’s School of Medicine. “In a similar manner, 
I believe that collaborations on technology by vendors such as Bio-Rad and 
Bruker will aid investigators in their proteomic research.” Such was Whitin’s 
response when asked how the partnership between Bio-Rad and Bruker 
might help him in his proteomics research.

Whitin’s laboratory is currently working on finding biomarkers in 
diseases of children for which there is a significant diagnostic dilemma, or 
where a different approach to research might improve the understanding 
of mechanisms of disease. “An example of the former,” says Whitin, “is 
Kawasaki disease, an illness characterized by coronary vasculitis that is the 
leading cause of acquired heart defects in children. An example of the latter is 
the study of plasma biomarkers that correlate with premature birth. In this case, 
we are studying plasma in a mouse model of premature labor and birth.”

In most studies, Whitin and colleagues prefer to work with plasma rather 
than serum samples, though urine and cerebrospinal fluid samples have been 
used to study certain diseases. “Plasma is not absolutely superior to serum, 
but we are particularly interested in novel truncated forms of biomarkers and 
wish to avoid as much proteolysis as possible,” explains Whitin.

For all sample types processed, his group most often performs discovery 
studies as a top-down strategy. However, they have also been working on a 
better method for purifying phosphopeptides for subsequent analysis, and 
these studies follow the bottom-up approach. 

Because the group’s background is in traditional biochemistry and not 
mass spectrometry, the first-generation ProteinChip SELDI system enabled 
them to pursue top-down strategies for biomarker discovery. Whitin describes 
the ProteinChip SELDI instrument — and the whole SELDI system — as 
“relatively easy for us to master.” 

Whitin’s group is self-characterized by a constant quest for techniques 
and strategies that will lead to answers for questions posed in their research. 
“For example,” says Whitin, “we look for techniques that add value to the 
study of large peptides/small proteins. Sometimes the biomarkers discovered 
on the SELDI platform are easy to identify, but sometimes peptides between 
3 and about 7 kD are difficult to purify in sufficient quantities to be visualized 
on SDS-PAGE.” The group is therefore intrigued by the potential of the  
Lucid Proteomics System to define a biomarker on a ProteinChip array, and 
then use the same system for direct identification — essentially providing the 
final piece to the puzzle of the SELDI protein profiling workflow. 

Whitin concludes by saying, “It will also be interesting to perform 
discovery studies on the smaller peptidome of various biological fluids, 
for example, urine. Our current methods are really optimized for peptides/
proteins larger than approximately 3 kD, and we would love to be able to 
extend our range to peptides smaller than 3 kD.”

A Researcher’s Perspective on the 
Lucid Proteomics System

John Whitin, PhD 
Cohen Lab, Standford University 
School of Medicine

Bruker’s MALDI TOF and TOF/TOF systems offer reliable and 
detailed protein characterization and identification, high-resolution 
MALDI imaging, and LC-based bottom-up biomarker discovery. 
The ultrafleXtreme mass spectrometer, Bruker’s most advanced 
MALDI TOF/TOF system, offers high efficiency and sensitivity 
and delivers MS/MS spectra with nominal mass resolution for 
peptides. Typically, full MS/MS data sets can be acquired from 
low femtomole levels of peptides within seconds. The unique 
modular design of Bruker’s mass spectrometers enables versatile 
instrument configurations including linear-only mode for screening 
applications, reflectron mode for improved resolution, and TOF/
TOF technology for identification. With the introduction of the 
Lucid Proteomics System, SELDI-based biomarker discovery 
leverages the flexibility and versatility of Bruker’s MALDI TOF/TOF 
systems for top-down proteomic biomarker discovery.

Bio-Rad has developed a complete line of  
Lucid Proteomics System products including profiling, 
identification, and system check kits, that bring ProteinChip SELDI 
capabilities to the Bruker ultrafleXtreme mass spectrometers as 
well as specially configured autoflex and ultraflex MS instruments 
(see What’s New section, page 7, for product details). Bruker 
MALDI TOF/TOF users are now able to profile native peptides and 
low-mass proteins (<30 kD) in a large number of samples. Bio-Rad’s  
portfolio of array chemistries provides researchers with an easy 
and robust method for biomarker discovery that combines 
on-chip chromatographic enrichment for simplifying complex 
protein mixtures with rapid, label-free analysis of large numbers of 
biological samples. The top-down method preserves information 
about posttranslational modifications or truncations and facilitates 
subsequent purification and identification of candidate markers.  

The Lucid Proteomics System combines and refines the 
benefits of ProteinChip SELDI technology with high-resolution 
Bruker mass spectrometers for increased peak counts, better 
peak resolution, improved quantitation, and facilitated identification, 
thereby increasing opportunities to discover biomarkers important 
for disease diagnosis, disease prognosis, monitoring disease 
progression, and determining drug response (positive or adverse).

Conclusions
Though interest in protein profiling for biomarker discovery 
continues to grow, current findings indicate that a single-
method research approach does not foster rapid advances. A 
collaboration between Bio-Rad Laboratories and Bruker Daltonics 
has resulted in the Lucid Proteomics System, which enables both 
top-down and bottom-up proteomics approaches on one platform 
for maximum coverage of the proteome — allowing greater 
flexibility with experimental design and accelerating biomarker 
research programs.
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Regeneration of Prepacked IMAC Cartridges on the  
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Table 1. Custom program steps to regenerate an IMAC cartridge using the 
native IMAC methods template (for 1 ml and 5 ml cartridges). Step values 
specific for 5 ml cartridges are shown in parentheses.

Step		  Flow Rate, 		  Step	  
Number	 Step	 ml/min	 CV	 Time, min	 Conc	 Fraction

01	 Water wash	 —	 —	 —	 DI	 —
02	 Equilibrate DI C1	 2 (10)	 2	 1 	 DI	 W
03	 Equilibrate C1	 2 (10)	 20	 10 	 B1, 1x	 W
04	 Load S1 to C1	 2 (10)	 0	 0	 S1	 1A
05	 Wash 1 C1	 2 (10)	 0	 0	 B1, 1x	 1B
06	 Wash 2 C1	 2 (10)	 10	 5	 B2, 1x	 1C
07	 Elute 1 C1	 2 (10) 	 —	 3.1 	 B3, 5x	 W
08	 Elute 2 C1	 2 (10)	 1	 0.5	 B3, 5x	 1D
09	 Clean 1 C1	 2 (10)	 10	 5	 B5, 1x	 W
10	 Clean 2 C1	 2 (10)	 5	 2.5	 B6, 1x	 W
11	 Clean 3 C1	 2 (10)	 10	 5	 DI	 W
12	 Store C1	 2 (10)	 7	 3.5 	 B7, 2x	 W

Introduction
Immobilized metal affinity chromatography (IMAC) is the most 
common affinity method used to isolate recombinant proteins. 
Prepacked IMAC cartridges charged with nickel can often be 
used several times. However, regeneration of the column may 
be necessary or desirable if: 1) some or all of the bound metal 
ion is lost, resulting in decreased protein binding activity, 2) the 
resin needs to be stripped and sanitized prior to purification of 
a different protein, or 3) a metal ion other than nickel (such as 
cobalt) is needed to enhance the binding of a particular protein 
and tag combination.

The Profinia protein purification system performs automated 
and fast purification of recombinant proteins and antibodies 
by affinity chromatography (Berkelman T and Urban M 2006, 
Bernardini M et al. 2008, Hui S and Usinger L 2006, Ngo et al. 
2008). One of the applications for the Profinia system is metal 
affinity chromatography using prepacked IMAC cartridges of either 
1 ml or 5 ml size. Here, we demonstrate that prepacked cartridges 
can be easily regenerated with nickel and cobalt directly on the 
Profinia system and that the newly regenerated IMAC cartridges 
function with performance similar to a brand new cartridge.

Methods
Materials and Instrumentation
Profinia control lysate (E. coli ), prepacked Bio-Scale Mini™ 

Profinity™ IMAC cartridges (1 ml and 5 ml), native IMAC 
purification kit, and Profinia protein purification system were all 
from Bio-Rad Laboratories, Inc.

Regeneration of Prepacked Cartridges
The cartridges were cleaned with 20 column volumes (CV) of  
0.5 M NaOH and rinsed with 10 CV deionized (DI) water. Metal ions 
were stripped with 1 CV of 0.1 M EDTA followed by a rinse with  
10 CV DI water. The cartridges were then recharged with 5 CV of  
0.1 M nickel sulfate or cobalt sulfate, pH 4.5, rinsed with 10 CV of 
water, and then rinsed with 7 CV of 2% benzyl alcohol for storage.

The buffer port positions on the Profinia system and buffer 
concentrates used for cartridge regeneration were: B1, 150 ml 
0.5 M NaOH (1x); B2, 100 ml DI water; B3, 100 ml 0.5 M EDTA, 
pH 8.0 (5x); B4, 100 ml DI water (not used); B5, 100 ml DI water; 
B6, 100 ml NiSO4 (1x); B7, 100 ml storage solution (4% benzyl 
alcohol) (2x); B8, 125 ml 20% ethanol. Sample positions S1 and 
S2 both were both 50 ml DI water.

The IMAC regeneration method on the Profinia system can 
be programmed starting from the home screen. Select Program 
Methods, IMAC, then press Next. On the Select Method Type & 
Options screen, select Native IMAC, 1 Sample, and 1 ml or 5 ml 
Cartridges (depending on the cartridge size to be regenerated), 
then press Next. Enter a method name (for example, 1 ml IMAC 
regeneration) and a username. Press Edit Methods at the bottom 
of the screen and use the down arrow on the right side of the 
screen to scroll from steps 1 to 12. At each step, modify only the 
CV and buffer concentration (Conc) to match the values in Table 1. 
Press Save. From the home screen, select Saved Methods, IMAC, 
and then the newly saved regeneration method. Make sure to 
enter a sample volume of 1 ml before starting the program.

SDS-PAGE Analysis
The fractions from each purification were loaded along with 
unstained Precision Plus Protein™ standards on a Bio-Rad 
Criterion™ Tris-HCl gel (4–20% acrylamide), run for 60 min  
(200 V), fixed, and stained with Bio-Safe™ Coomassie stain. 

Results and Discussion
We tested the regeneration program on the Profinia system 
using prepacked Bio-Scale Mini Profinity IMAC cartridges. A 
1 ml and 5 ml cartridge were previously used for polyhystidine 
tag protein purifications (four cycles) prior to regeneration. We 
also took an unused, uncharged IMAC cartridge and charged 
it with nickel sulfate using the regeneration procedure. After 
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regeneration, these IMAC cartridges were used to purify the 
51 kD protein from the Profinia control lysate according to the 
Profinia native IMAC purification kit instructions and using the 
preprogrammed Bio-Rad native IMAC method on the Profinia 
system. A control purification of the 51 kD protein was carried 
out with a new (unused) 1 ml IMAC cartridge. 

A 1 ml cartridge that has been regenerated (stripped and 
recharged) functions the same as a new one (see the Profinia 
chromatography profiles overlayed in Figure 1). The amounts 
of sample loaded for each separation varied from 5.5 to 5.8 ml, 
and the resulting chromatograms shifted by as much as 0.33 ml. 
Using the Profinia 2.0 software, elution peak values for the  
control and the used/recharged cartridge were compared. The 
beginning of each elution peak occurred after 5.4 and 5.5 ml 
of elution buffer was delivered and the actual elution peaks 
nearly coincide at 5.9 and 6.0 ml of elution. Correcting the 
chromatograms for the slight difference in load volume, the elution 
peaks for the control and the used/recharged cartridge coincide 
to a high degree (see Figure 1 inset chromatogram overlay). A 
Bio-Scale Mini cartridge hand-packed with uncharged Profinity 
IMAC resin and charged with nickel sulfate using the regeneration 
procedure, produces a purification profile (blue trace in Figure 1) 
very similar to the control chromatogram (green trace). 

Conclusions
We have shown that in addition to performing fast and 
automated affinity purification, the Profinia protein purification 
system can also be used to sanitize and regenerate IMAC 
cartridges in an automated fashion. The regeneration of 
IMAC resin on the Profinia system should help reduce cross-
contamination between runs on the same cartridge, help 
maintain reproducible results, and extend the life of the cartridge. 
This procedure gives users the flexibility to easily recharge a 
cartridge with the metal ion of their choice, which can be specific 
for their research needs. 
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Gel electrophoresis of the chromatography fractions (Figure 2)  
shows that similar amounts of 51 kD protein were isolated in 
each separation and at similar purity levels. Purification using 
the regenerated 5 ml cartridge gave similar results but with 
higher overall protein yield (5.3 mg), as expected as a result of 
the increased amount of IMAC resin in that cartridge (data not 
shown). These results validate the regeneration procedure and 
show that both used and uncharged new IMAC resins give 
good performance, unchanged from a control cartridge, after 
recharging with nickel ion. 

The protein concentration and yield for the different 1 ml IMAC 
chromatography runs are listed in Table 2. The amount of protein 
purified per ml of loaded lysate is almost the same for the three runs.

Fig. 1. Overlay of chromatograms from 1 ml native IMAC purifications of a 51 kD  
control protein. (—), new 1 ml cartridge (control); (—), cartridge that was regenerated 
with nickel sulfate (used/recharged); (—), uncharged resin cartridge that was charged 
with nickel sulfate (new/charged).
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Table 2. Comparison of yield using 1 ml IMAC control and regenerated cartridges. 

Type of	 Loading	 Total	 Protein	 Total Protein	 Total 
1 ml	 Volume, 	 Protein	 Concentration, 	 Purified/ml	 Collection 
cartridge	 ml	 Purified, mg	 mg/ml	 of Lysate, mg	 Volume, ml 

New Ni-charged 
cartridge	 5.74*	 3.2	 0.83	 0.55	 4

Regenerated (Ni) 
after 4-time use	 5.48*	 3.0	 0.75	 0.55	 4

Charged (Ni) from  
uncharged IMAC  
cartridge	 5.81	 3.3	 0.83	 0.57	 4

* �Samples for these purifications were from the same vial of Profinia control lysate 
(total volume 12 ml). Protein concentration shown was determined on the Profinia 
by UV absorbance at 280 nm using 1.33 absorbance units for a 1 mg/ml solution 
of 51 kD.

Fig. 2. SDS-PAGE gel showing chromatography fractions from the three 
purifications shown in Figure 1. Lanes: M, marker; L, load; F, flowthrough; W1 
and W2, wash 1 and 2; E, elution-purified 51 kD protein. Lanes 3 to 6 are fractions 
from the purification with a new 1 ml IMAC cartridge (control); lanes 8 to 11 are 
from purification with the 1 ml IMAC cartridge that was regenerated with nickel 
sulfate (used/recharged); lanes 13 to 16 are from the purification with the 1 ml IMAC 
uncharged cartridge that was then charged with nickel sulfate (new/charged).

	 1	 2	 3	 4	 5	 6	 7	 8	 9	 10	 11	 12	 13	 14	 15	 16	 17

	 Control	 Used/recharged	 New/charged

	 250

	 150

	 100
	 75

	 50

	 37

	 25
	 20

	 15

	 10

M	 L	 F	 W1	 W2	 E	 M	 F	 W1	 W2	 E	 M	 F	 W1	 W2	 E	 M







TIPS AND TECHNIQUES

BioRadiations 129	 © 2009 Bio-Rad Laboratories, Inc.28

Specialty Websites Support Proteomics Research and  
Optimize Electrophoresis Efforts 

Life scientists are diverse members of a community united by 
the common interest in investigating biological puzzles. Access 
to information on tools and techniques that can be used to 
accelerate discovery is critical in this endeavor, and often the 
best sources for this information are other scientists. Bio-Rad  
has developed several specialty websites to help foster 
connections and promote communication in the research 
community. This article explores the ways in which two of these 
sites, expressionproteomics.com and MyTetraCell.com, can 
best be used to help overcome challenges in proteomics- and 
electrophoresis-based research efforts.

Supporting Success in Proteomics 
Proteomics is a powerful protein analysis technique that is rich 
in opportunities for discovery but also raises many questions 
on how to make it work for your research. The Bio-Rad 
expressionproteomics.com site serves this area of interest 
with an extensive library of protocols, experimental studies, tips 
and techniques, and links to help make your 2-D electrophoresis 
based experiments successful. Specific functions to support 
proteomics studies include:

•	 2-D Doctor — a self-help interactive guide that enables you 
to identify and troubleshoot the possible causes of your 2-D 
gel issues (Figure 1). Gel images from actual 2-D experiments 
demonstrate common problems; detailed information on how 
to solve the problem accompanies each situation

•	 How-to videos — demonstrations guide you through the 
use of common proteomics equipment, with tips on how 
to make your experiments successful. You can learn how 
to use the MicroRotofor™ cell for sample preparation, or 
see the technique for loading ReadyStrip™ IPG strips in the 
the PROTEAN® IEF cell in videos that provide a practical 
approach to using Bio-Rad’s proteomics tools (Figure 2) 

•	 Citations Library — quick reference source for journal 
articles that provide insight into how other scientists have 
used Bio-Rad electrophoresis products in their work (Figure 3)

The expressionproteomics.com site has many other 
resources as well, such as scientific papers and posters, links 
to other proteomic sites, and current industry news related 
to proteomics. You can also sign up for regular updates from 
Bio-Rad to get the latest information on proteomics tools, 
applications, and events. 

Visit expressionproteomics.com to see how Bio-Rad can help 
you get the most from your proteomics research. 

Fig. 1. Get help diagnosing and solving 2-D gel probelms with 2-D Doctor.

Fig. 2. View how-to videos to get the most from Bio-Rad proteomics products.

Fig. 3. Consult the extensive Citations Library for proteomics references.

DIMENSIONS
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MyTetraCell.com Social Networking Site 
Electrophoresis is a workhorse technique in science, and the 
green-lidded Bio-Rad Mini-PROTEAN® electrophoresis cell is a 
common sight in laboratories. Developed for researchers to share 
interests and knowledge, MyTetraCell.com (Figure 4) provides 
a portal through which to engage with colleagues around the 
world, whether to help solve electrophoresis issues, find tips on 
techniques, or connect just for fun to chat about the outcome 
of the next Super Bowl or World Cup. As you use the features 
of the site, you build up TetraPoints that can be redeemed for 
great Tetra swag in the TetraStore. MyTetraCell.com is a place 
that unites Mini-PROTEAN cell users in their common passion for 
sharing ideas and information.

The site’s features include:

•	 The Forum — a place for electrophoresis enthusiasts to 
share experiences and information from the bench. Anyone is 
welcome to sign in and post a question or comment (Figure 5).  
The Forum allows fellow scientists to help each other solve 
electrophoresis problems. For example, past discussions 
have centered on casting stacking and resolving gels, 
concentrating samples in loading buffer, and improving 
western blot results

•	 Video tutorials — see how to solve electrophoresis issues 
(Figure 6). We put our expertise to work by sharing tips and 
techniques in videos to help you solve common questions 
and problems. We’re also interested in hearing from you 
about what you would like to see added to our video library

Explore all the ways in which you can collaborate with Bio-Rad 
on your electrophoresis efforts at MyTetraCell.com.

Conclusions
Two Bio-Rad specialty websites, expressionproteomics.com 
and MyTetraCell.com, provide places on the Web where people 
from laboratories around the world can share their experiences 
and gain insights from others with similar interests. If you are 
involved in proteomics research or working at the bench running 
gels, these sites can help you get more from your efforts. 

Fig. 4. Select from several resources on the MyTetraCell.com home page. 

Fig. 5. Post questions and ideas on the MyTetraCell.com Forum.

Fig. 6. Watch videos on MyTetraCell.com that provide tips to help you 
achieve best results.
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Accelerating the Study of Fibrillogenic Peptides

It was while obtaining his pharmacy 
degree at the University of Milan that 
Dr Marco Gobbi started work at the 
Mario Negri Institute for Pharmacological 
Research, also in Milan. It was to 
this laboratory, headed by Dr Tiziana 
Mennini, that Gobbi returned to launch 
a career as a neuropharmacologist after 
completing a fellowship at the University 
of London’s School of Pharmacy. The 

main emphasis of researchers at the Institute is to understand 
the mechanisms of drug therapies in various diseases. Gobbi 
spent his initial years there using biochemical techniques to 
study compounds interacting with neurotransmitter receptors 
in the CNS, in particular, those with potential anorectic, 
antidepressant, sedative, anxiolytic, or antiepileptic activity.

Misfolding Proteins and Fibrillogenesis
Some years ago, Dr Mario Salmona, head of the Department of 
Molecular Biochemistry and Pharmacology, suggested to Gobbi 
that he extend his interests to proteins and peptides. The new 
projects focused on misfolding proteins such as the fibrillogenic 
proteins involved in spongiform encephalopathies (prion proteins) 
and on the peptides involved in Alzheimer’s disease (amyloid 
beta [Ab] peptides).

The misfolding proteins project needed input from a variety of the 
department’s researchers. “The project is based on interdisciplinary 
studies and requires many different types of expertise, from the 
chemical synthesis of the peptides to chemicophysical studies in 
vitro, from cell assays to neurobiological animal studies,” explains 
Gobbi. The collaborators identified surface plasmon resonance 
(SPR) as one of the most promising techniques to investigate the 
binding reactions underlying the aggregation/elongation process in 
fibrillogenesis. “Because of my work in neuropharmacology,” notes 
Gobbi, “I had extensive experience in general binding studies using 
radioactive compounds and in analysis of the resulting kinetics 
data.” The opportunity to continue to focus on binding reactions 
(previously between drugs and neurotransmitter receptors, now, 
using SPR, between proteins), and the belief that the study of 
misfolding proteins was becoming a very important field of research 
led Gobbi to agree to pursue these new research projects.

SPR Studies of Fibrillogenic Peptides
SPR is a technology that allows binding reactions between 
unlabeled molecules to be monitored. One of the two binding 
partners is immobilized on a sensor chip while the other binding 
partner flows over it through a microfluidic apparatus. The binding 
between the two molecules is measured in real time as a change 
of mass at the chip surface, providing very useful data on the 

kinetic constants (Figure 1). It had been shown that SPR has 
the potential to provide insights into the elongation process of 
amyloidogenic peptides such as Ab1-40 (Cannon et al. 2004). 
In the simplest experimental protocol, fibrils are immobilized on 
the chip, and the monomeric peptides flow over the surface-
bound fibrils. The increase of mass on the chip will be due to the 
aggregation/elongation process. This approach was first used 
by Gobbi in an effort to characterize the reactions underlying the 
oligomerization of a fibrillogenic fragment of prion protein (Gobbi et 
al. 2006) and, more recently, of Ab1-42 (Figure 2). The SPR data 
were consistent with and confirmed the well-known dock-and-
lock model of fibrillogenesis in which the binding of the monomer 
to growing fibrils (docking) is followed by a conformational 
rearrangement of the bound monomer (locking), which increases 
its affinity for the fibril (Cannon et al. 2004, Gobbi et al. 2006). 
“The potential of SPR to measure the kinetic constants underlying 
this process in a timescale of seconds — and to measure the 
corresponding kinetic parameters — makes it a technology of 
choice; it provides results that are very difficult to obtain with other 
approaches. Moreover, SPR offers the possibility to investigate 
any condition affecting the aggregation process such as mutations 
and antifibrillogenic compounds,” says Gobbi.

Fig. 1. Mechanisms of SPR. A, the classic SPR configuration; B, interpretation of 
the SPR sensorgram. The antibody (ligand) is immobilized to the surface and the 
analyte is passed over the surface; as the analyte binds to the ligand, the response 
increases. Once the interaction reaches equilibrium, there is no change in response. 
As the analyte dissociates from the ligand, response decreases back to baseline, 
unless the interaction is high affinity such as for antibody-antigen interactions. 
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Multiplex SPR Accelerates Studies of Fibrillogenic Peptides
Though Gobbi believes the technique is critical, he did find 
limitations in his laboratory’s initial SPR tools. One of the key 
challenges was the amount of time required to obtain then 
analyze multiple data points on the SPR instruments the 
laboratory had access to. In 2007, the laboratory acquired the 
ProteOn XPR36 protein interaction array system. “The possibility 
offered by this instrument, with its 6 x 6 array (Figure 3), to 
conduct simultaneous analyses of different analytes or different 
concentrations of the same analyte (Figure 2) at the same time 
is very convenient,” explains Gobbi. “For example, if we want 
to evaluate whether a compound interferes with the elongation 
of a fibrillogenic protein, we need to inject the monomer alone, 

the compound alone, possibly at different concentrations, and 
the mixture of monomer and compound. The possibility to inject 
them in the same run greatly reduces the time needed to get the 
data and makes analysis much more straightforward by allowing 
us to avoid potential artifacts caused by regeneration.”

Recently, the ProteOn XPR36 system was used to investigate 
some of the properties of a mutant form of Ab (AbA2V) that, if 
expressed in a homozygous state, leads to very severe, early-onset  
familial Alzheimer’s disease (Di Fede et al. 2009). In particular,  
Gobbi immobilized wild-type Ab (AbWT) fibrils and injected, in 
the same run, monomers of either AbWT or AbA2V. Very similar 
sensorgrams were obtained for both monomers; this is consistent 
with the finding that Ab elongation is primarily driven by hydrophobic 
stretches in the central and carboxy-terminal parts of the peptide. 
However, Gobbi found a marked difference between the binding 
properties of the amino-terminal fragments Ab1-6WT and Ab1-6A2V,  
indicating that the A-to-V substitution favors the interaction between 
mutant and wild-type Ab. Since the mutation produces the disease 
only in a homozygous state, “the idea came about that the mutated 
protein could potentially act as an inhibitor of disease,” says Gobbi, 
explaining that the next step will be designing new peptides or 
molecules derived from these peptides that can interfere with 
disease progression.

Future projects will include continued investigations of  
diseases characterized by protein misfolding and tissue deposition 
of amyloid aggregates in the CNS (for example, prion diseases 
and Alzheimer’s and Huntington’s diseases) or peripherally (for 
example, systemic amyloidosis). The ProteOn XPR36 system 
can also be used for conventional studies to look at protein 
interactions relevant in other medical conditions such as stroke. 
For example, in collaboration with researchers in the Department 
of Neuroscience of the Mario Negri Institute, Gobbi used the 
ProteOn XPR36 system to evaluate the binding profile of a 
recombinant C1-inhibitor that showed a surprisingly lengthy 
window of efficacy in animal models of brain ischemia. The finding 
that the recombinant C1-inhibitor binds mannose binding lectin 
with high affinity allowed the identification of a novel target for a 
possible stroke therapy (Gesuete et al. 2009). 

The ProteOn XPR36 system is an important tool for the 
researchers at the Mario Negri Institute in their studies of therapeutic 
compounds as it allows them to collect and analyze kinectic data at 
a faster rate and reduces the need for regeneration.

References
Cannon MJ et al. (2004). Kinetic analysis of beta-amyloid fibril elongation. Anal 
Biochem 328, 67-75.

Di Fede G et al. (2009). A recessive mutation in the APP gene with dominant-
negative effect on amyloidogenesis. Science 323, 1473-1477.

Gesuete R et al. (2009). Recombinant C1-inhibitor in brain ischemic injury. Ann Neurol. 
[published online ahead of print May 11, 2009] Accessed June 10, 2009.

Gobbi M et al. (2006). Gerstmann-Sträussler-Scheinker disease amyloid protein 
polymerizes according to the “dock-and-lock” model. J Biol Chem 281, 843-849.

Bound ligand

Fig. 3. The ProteOn sensor chip array. Up to six different ligands and up to six 
different analytes or analyte concentrations in the orthogonal direction result in 
up to 36 data points.
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Fig. 2. Sensorgrams obtained with the ProteOn™ XPR36 system by injecting 
different concentrations of Ab1-42 monomers onto Ab1-42 fibrils immobilized 
on the sensor chip. Four different concentrations (0.3–10 µM) and the vehicle 
were injected simultaneously, taking advantage of the ProteOn XPR36 system’s 
multiplexing capability. The first injection (—) was followed by a second identical 
injection (—), highlighting the high reproducibility. The observation that identical 
sensorgrams can be obtained by subsequent injections of Ab1-42 monomers 
(without intermediate regeneration), with no apparent saturation, supports the 
concept that this is an elongation process in which the binding of the flowing 
monomers to the immobilized fibrils is followed by the generation of a new binding 
sites. The observation that a substantial proportion of bound peptides does not 
dissociate confirms the conclusion that the growing fibrillar structure is highly stable. 
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