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Abstract

We have developed a robust system to purify PCR products
from reaction contaminants using MagneSil™ Paramagnetic
Particles (PMPs). MagneSil™ PMPs act as a "mobile solid
phase” to purify PCR products using laboratory robotic sys-
tems. Purified PCR products are ready-to-use in downstream
applications, demonstrated by microarraying and
fluorescent DNA sequencing.

The Wizard® MagneSil™ PCR Clean-Up System

can be automated to purify 96 reactions in <l hour.

Introduction

Researchers routinely purify PCR products to remove con-
taminating nucleotides, primers and small, nontargeted
amplification products (e.g., primer-dimers). The Wizard®
MagneSil™ PCR Clean-Up System(a) removes such impuri-
ties while maintaining high yield. Purification of 96 PCR(b)
samples can be performed with complete “walk-away”
automation on a robotic workstation. The purified DNA is
suitable for spotting microarrays, fluorescent sequencing
and many other molecular biology techniques. MagneSil™
systems are scalable, allowing scale-up for higher yield and
scale-down for use in a 384 well format.

Fully Automated PCR Product Cleanup

Many post-PCR applications require removal of unincorpo-
rated primers, primer-dimers and other reaction components
from the PCR product. Traditional purification methods such
as ethanol precipitation are difficult to automate. The
Wizard® MagneSil™ PCR Clean-Up System can be automat-
ed to purify 96 reactions in <1 hour. MagneSil™ PCR Clean-
Up is especially amenable to automation because no vacuum
or centrifugation steps are required compared to many filter-
based methods. The principle behind the Wizard®
MagneSil™ PCR Clean-Up System is illustrated in Figure 1.

Size Cutoff and Removal of Primers/Primer-
Dimers

Primers and primer-dimers cause problems in microarray
spotting by competing with the PCR product for binding sites.
Residual primers also interfere with fluorescent DNA
sequencing, often seen as elevated background. Some com-
mercially available purification systems and protocols do not
provide an adequate size cutoff for removing primers/
primer-dimers from the PCR products. However, as evident in
Figure 2, the Wizard® MagneSil™ PCR Clean-Up System effi-
ciently removes primers (<50bp) and primer-dimers (<100bp).

Microarrays Demand High Yields of PCR
Products

Researchers preparing microarrays are interested in high
yields of PCR products. The Wizard® MagneSil™ PCR
Clean-Up System provides yields of = 80% for PCR prod-
ucts 2500bp. DNA fragments up to 23kb have been recov-
ered with the same high yield (data not shown). The recov-
ery efficiency of PCR products smaller than ~500bp is size-
dependent, decreasing with decreasing fragment size
(Figure 3).

Many laboratories design and prepare their own arrays,
using an assortment of reagents and equipment in a
“home-brew” approach (1). cDNA microarrays are typically
prepared by spotting purified PCR products on a solid sub-
strate, often treated glass slides. The spotted PCR products
serve as coordinately defined probes for interrogating
mRNA expression levels. Target cDNAs are typically fluo-
rescently or radioactively labeled during reverse transcrip-
tion of RNA, prior to interrogation by hybridization (2).

In our hands, unpurified, spotted PCR products do not
hybridize well to Cy®3- or Cy®5-labeled oligonucleotide
probes (data not shown). Isopropanol precipitation, the
most commonly used method for purifying PCR products
is not fully suited to automated processing. Isopropanol
precipitation is commonly used as an inexpensive alterna-
tive to commercial products. However, the method requires
lengthy centrifugation steps and incubations at —20°C.
When decanting the supernatant, one risks losing pellets
containing the precipitated PCR products.

Reproducibility is an important issue when fabricating
microarrays. In order to test the reproducibility of purified
PCR products arrayed on poly-L-lysine slides, kanamycin
RT-PCR products were purified using the Wizard®
MagneSil™ PCR Clean-Up System. The RT-PCR products
were purified directly or diluted 1:5, 1:25 and 1:100 prior to
purification. The purified DNA was attached to poly-L-
lysine-coated glass slides by contact printing in replicate
sets (Figure 4). Separate microarrays were hybridized with
either Cy®3- or Cy®5-labeled kanamycin cDNA targets pro-
duced using Promega’s ImProm-II"™ Reverse Transcription
System (Cat.# A3800) as shown in Figure 4. The PCR prod-
ucts were purified independently in three plates using the
stated dilutions. Four independent sample series were spot-
ted from each of the three plates. Each sample set was
arrayed in two identical sets to address intra-sample spot-
ting reproducibility (Figure 4, columns A and B). High
inter- and intra-sample reproducibility were consistently
seen, especially with undiluted product (c.v. = 0.31%), indi-
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Figure 1. Schematic of the Wizard® MagneSil™ PCR Clean-Up System protocol.
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1,500 Figure 2. Removal of primer-dimers from PCR products. A titration of
unpurified 500bp prothrombin PCR product is shown before purification
500 (100%, 50%, 25%, 12.5% and 6.25% of the PCR sample). The ~100bp
primer-dimers are visible in these lanes. Eight replicates purified using the
100 Wizard® MagneSil™ PCR Clean-Up System show the 506bp prothrombin

PCR product with no visible primer-dimers. The ethidium bromide-stained
1% agarose gel was imaged using a FluorChem™ fluorescence imaging
system (Alpha Innotech). Lane M, 100bp DNA Ladder (Cat.# G2101).
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Figure 3. Recovery of PCR products by size. PCR samples (100pl),
amplified using either PCR Master Mix(b) (Cat.# M7505) or AmpliTag®
DNA polymerase, were purified using the Wizard® MagneSil™ PCR
Clean-Up System manually. The yield of each PCR product was determined
by electrophoresis on a 1% agarose gel with ethidium bromide. The gel
was imaged and bands were quantitated using a Molecular Dynamics
Fluorimager®. These reactions consisted of a single size product with no
primer-dimers or primers visible on the gel (data not shown). The purified
PCR products were normalized to an equivalent amount of starting
material. The mean and standard deviation of 12 individual determinations
for each product size is shown.

cating consistent purification yields and array spotting.
Both Cy®3- and Cy®5-labeled cDNA gave similar results,
with minimal background.

Fluorescent DNA Sequencing

Sequence of each PCR product for arraying may be verified
prior to spotting using fluorescent DNA sequencing. We
sequenced a purified 1,000bp PCR product generated from
amplification of a high copy number plasmid. Sequencing
was performed using ABI BigDye™ terminator chemistry
and an ABI PRISM® 3700 capillary sequencer. When using
this brand of capillary sequencer, impurities in the DNA
template can affect the integrity of the read sequence.
Therefore, highly pure template is mandatory.

The results are shown in Figure 5. A representative electro-
pherogram trace demonstrates compatibility with fluores-
cent DNA sequencing. Samples typically yielded an accuracy
of >98% over 600 bases with Phred 20 read lengths (3)
exceeding 600 bases.

Conclusions

We have developed a fully automated procedure for puri-
fying PCR products in 96 well plates for microarraying and
fluorescent sequencing. The purified products exhibit excel-
lent performance in cDNA microarray hybridization exper-
iments. The Wizard® MagneSil™ PCR Clean-Up System is
highly reproducible and generates high yields of PCR prod-
ucts with minimal sample loss. The purified products pro-
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Figure 4. Microarraying. Sample quadrant of kanamycin-control reactions
for both Cy®3 (green) and Cy®5 (red) target hybridizations. Each quadrant
consists of four identical groups of three rows each. The three rows corre-
spond to three 96 well plates containing replicates of the purified probes.
Each row is a duplicate group of five spots corresponding to undiluted,
1:5, 1:25, 1:100 diluted RT-PCR products, and a blank, 3X SSC spot. Note
that spot morphology remains consistent over the dilution range. RT-PCR
product diluted 1:100 gives consistent signal compared to 3X SSC nega-
tive control spots.

vide high-quality templates for fluorescent sequencing,
achieving >98% accuracy to 600-700 bases on both the ABI
PRISM® 377 and 3700 systems. MagneSil™ PCR Clean-Up
efficiently removes primers/primer-dimers from PCR
products >150bp; nonspecific amplification products
<100bp are removed.

Moreover, the Wizard® MagneSil™ PCR Clean-Up System
is compatible with various automated platforms including
the Biomek® 2000 and FX (Beckman Coulter) as well as the
Genesis RSP 150 (Tecan). MagneSil™ PCR Clean-Up offers
a low-cost, high-throughput alternative to existing PCR
product purification methods. The method may also be
adapted to other robotic systems by using the standard
protocol (#TB290).

The Wizard® MagneSil™ PCR Clean-Up System adds a
new dimension to the MagneSil™ product line for purify-
ing PCR products, plant genomic DNA (4), plasmid DNA
(5) and fluorescent DNA sequencing reactions (6).



Figure 5. Fluorescent DNA sequencing. Samples from a 1,000bp PCR pool were purified in 96 wells (100ul per well) using the MagneSil™ PCR Clean-Up
System. Twenty nanograms of each purified PCR product was sequenced using an ABI PRISM® BigDye™ Terminator Cycle Sequencing Kit. The sequencing
reactions were analyzed on an ABI PRISM® 3700 DNA Sequencer, according to the manufacturer’s specifications. A representative trace is shown.
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Ordering Information

Product Size Cat.#

Wizard® MagneSil™ PCR

Clean-Up System(@)* 4x9% preps  A1930
8 x 96 preps A1931

Wizard® MagneSil™ PCR

Clean-Up System, HTP1(@)* 100 x 96 preps ~ A1935

MagnaBot® 96 Magnetic

Separation Device 1unit V8151

*For Laboratory Use.

Related Products

Product Size Cat.#

MagneSil™ YELLOW()* 100ml A9231

Wash Solution* 500ml  A8241

Collection Plates 4 plates A9161

Plate Clamp 96 V8251

Plate Stand V8261

*For Laboratory Use.

MagnaBot and Wizard are trademarks of Promega Corporation and are registered
with the U.S. Patent and Trademark Office. ImProm-II and MagneSil are trade-

marks of Promega Corporation.

ABI PRISM is a registered trademark, and BigDye is a trademark, of The Perkin
Elmer Corporation. AmpliTaq is a registered trademark of Roche Molecular
Systems. Biomek is a registered trademark of Beckman Instruments, Inc. Cy and
Fluorlmager are registered trademarks of Amersham Pharmacia Biotech Ltd.
FluorChem is a trademark of Alpha Innotech.

(@)U.S. Pat. No. 6,027,945 and other patents pending.
(b)The PCR process is covered by patents issued and applicable in certain countries. Promega does not
encourage or support the unauthorized or unlicensed use use of the PCR process.
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