Protein Sample Preparation for 2DE Using Reversiblérotein Capture on Resin
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proteomics data hinges on the quality of the protei
Abstract sample analyzed. Commonly used proteome
The quality of proteome analysis hinges on thanalysis techniques such as two-dimensional gel
quality of the protein sample used. Protein sampletectrophoresis (2DE) and mass spectrometry are
frequently contain non-protein cellular materiahdversely affected by the presence of contaminants
and/or exogenously added components that interfene samples. Therefore removal of these
with proteome analysis. All methods used currentigontaminants from protein samples is a criticap ste
have their limitations. None removes all types gfreceding proteome analysis. Standardizing
frequently encountered contaminants. Further,fall protocols for contaminant removal presents a
them bias towards certain proteins in a complechallenge because different samples contain
mixture resulting in irreproducible loss. Thedifferent contaminants depending on the inherent
ProteoHook" technology attempts to overcomeproperties of the cell type under study and the
these limitations. It involves reversible captufe anethods used to harvest proteins from cells.
proteins on a resin via primary amino groups oAdditionally, proteins are very diverse in nature.
their lysine residues and at their N-terminii;The issue is further complicated by the fact that t
contaminants are washed away while proteins athemical properties of proteins sometimes overlap
immobilized on the resin. The ProteoHOYK2DE  with those of contaminants one wishes to remove.
sample cleanup kit is based on this technologZommonly used isolation methods for 2DE include
Results presented in this article show that the lptecipitation, gel filtration and dialysis. None of
removed >98% of DNA and SDS andthese methods removedl types of contaminants
approximately 95% of lipids from protein extractsfrom a protein sample. Protein precipitation causes
Samples prepared in SDS were successfuliyeproducible protein loss. Not all proteins are
subjected to 2DE following cleanup. The kit wagffectively precipitated and once precipitated, som
found to capture and release all classes of pmteiare not readily resolubilized (1, 2). This resutts
thus maintaining relative amounts of the varioualteration of the relative amounts of the various
proteins in a mixture. It performed better thaproteins in the mixture (3). Furthermore, some
precipitation-based kits, minimizing streaking andontaminants like the detergent, SDS and nucleic
giving better resolution of proteins on 2DE gels. acids may not be effectively removed or their

presence may greatly decrease protein recovery.
Introduction Filtration and dialysis may result in loss of pioge
Proteins are the workhorses of cells. Hence thmsed on size or chemical nature. Commercially
study of proteins, or “proteomics”, is expected tavailable sample preparation products based on
provide the next generation of biomarkers and drugese methods are optimized to remove specific
targets for various diseases. The quality afontaminants. Hence a sample containing more than



one type of contaminant may need to be subjectedlitoug of °’H DNA or 8 pg (1 nmole) of“C lipid
multiple cleanup steps. Since every source @phosphatidyl choline; GE Healthcared DNA
proteins is different, one must optimize for everyas prepared by nick translation in the presence of
type of sample. ®H dCTP (7). The protein solutions were treated
Proteopure, Inc. has a unique ProteoH8ok with the ProteoHooR! 2DE kit. Radioactivity in the
technology that overcomes the limitations of cutrrewvarious fractions was determined using a liquid
methodologies. The technology makes use of szintillation counter. Radioactivity in the firdtree
protein-specific “hook” to immobilize proteins on aeluates was added to determine total radioactivity
resin while contaminants are washed away. Themaining in the sample as a percentage of that in
binding of proteins to the “hook” is reversible an the starting solution. The experiment was done in
pH-dependent manner, allowing protein recovemuplicate. A parallel experiment was set up tokrac
from the resin following contaminant removal. Therotein amounts in the various fractions, as a
central component of the technology, th@ositive control of the experimental set up; BSA
ProteoHook” reagent, is a maleic anhydridevas fluorescently labeled with Cy3, the various
derivative. Substituted maleic anhydrides have be@&actions from treatment with the kit were run an a
known to reversibly couple to proteins (4, 5, 6)SDS-PAGE gel and the fluorescence intensity in the
Maleic anhydrides previously used for proteifiractions compared.
coupling have a slow reversal rate with the cogplinTo test removal of SDS, 100 pg of BSA was
reversed in 3-6 hours at acidic pH (5). Theuspended in 1% SDS, 100 mM NaCl, 10 mM DTT
ProteoHook" technology makes use of a derivativeand 100 mM Hepes pH 8.0. The protein solution
that has a much faster reversal rate with reversahs spiked with 2.8 pg 6fC SDS (Sigma Aldrich)
occurring within minutes rather than hours. so that the concentration 6fC SDS was 0.03%.
Maleic anhydrides couple proteins via primaryercentage of radioactivity left in the sample rafte
amino groups on lysine residues and at the Mleanup with the ProteoHoBk 2DE kit was
terminii of proteins. Lysine residues account fodetermined as described above for DNA and lipid.
approximately 7% of all amino acids. All proteinsTo test if SDS was effectively removed from the
have at least one lysine residue. Thus all clasEessample, 200 pg obrosophilaembryo extract was
proteins are expected to be captured on the résin prepared in 100 pl of 1% SDS, 10 mM DTT, 100
the ProteoHooR' reagent irrespective of theirmM NaCl, 100 mM Hepes, pH 8.0, labeled with
individual properties. Additionally most Cy3 (GE Healthcare), cleaned with the
contaminants do not contain primary amino groupBroteoHook™ 2DE sample preparation kit and the
The technology has been adapted for 2DE sampebjected to 2DE (8). Labeling was done as
cleanup. recommended for the ProteoHdYkkit. A parallel
The ProteoHooR' 2DE kit has been tested for theexperiment was done with a precipitation-based kit
following: (1) efficiency of removal of various for comparison. Both 2DE gel images were visually
frequently encountered contaminants; (2) ability toompared for protein spot resolution and total
effectively remove SDS from cell lysates andumber of protein spots resolved.
subject such a sample to 2DE; (3) ability to captuAbility to maintain relative ratias Drosophila
and release proteins without bias, thus maintainirgnbryo extract was made in lysis buffer containing
relative ratios of the various proteins in a migtur 7M urea, 2M thiourea, 2% Chaps, 10 mM DTT and
and (4) ability to use on different sample types. 100 mM Hepes, pH 8.0 (9). 100 ul aliquots of
extract, each containing 200 pg of protein, were
Materials and Methods labeled with Cy3 or Cy5 for 2D-DIGE (GE
Efficiency of removal of contaminantdo test Healthcare; 8, 10). The Cy3-labeled sample was left
removal of DNA and lipids, 100w of Bovine untreated while the Cy5-labeled sample was treated
serum albumin (BSA) suspended in 180buffer with the ProteoHooR! 2DE sample preparation Kit.
containing 8 M urea, 2% Chaps, 10 mM DTT, 10babeling with Cy dyes was done as recommended
mM Hepes, pH 8.0 was spiked with approximatelfpr the ProteoHoo® kit. The samples were mixed



and separated by 2DE (8). Protein differences wepeecipitation or difficulty solubilizing thereafter
detected visually by displaying the Cy3 and Cy3he efficiency of precipitation and resolubilizatio
images as a two-frame movie sequence and loopidgpends on the individual characteristics of the
continuously between the two frames usingroteins in a mixture. Hence precipitation-based
Quicktime (Apple Computer, Inc.). A duplicate gecleanup frequently results in alteration of the
was run with the labeling scheme reversed in ordezlative amounts of proteins in a mixture. The
to differentiate between real protein differenced a ProteoHook™ 2DE kit was tested for its ability to
those resulting for labeling artifacts. maintain relative protein ratios by comparing the
Comparisons with precipitation-based cleanup kitgrotein profiles of treated and untreated samples
The performance of three kits was compared — twsing 2D-DIGE. Drosophila embryo extract was
precipitation-based kit and the ProteoHBbKRDE used for the experiment since it does not usually
kit. HeLa andE.coli extracts were prepared byhave contaminants that interfere with 2DE
homogenizing washed cells in 7M urea, 2Meparation. Fig. 2 shows an overlay of the imades o
thiourea, 2% Chaps, 10 mM DTT and 100 mMhe untreated and treated samples acquired from the
Hepes, pH 8.0. 125 ug of protein from each ceflame 2DE gel. The untreated image is
type was fluorescently labeled with Cy3 and treatqubeudocolored green and the treated image is
with one of the three kits. Treated samples wepseudocolored red. Protein spots that are

separated by 2DE. unchanging in untreated and treated samples appear
yellow while proteins that changed between the two
Results and Discussions samples appear red or green depending on the

The ProteoHooR" 2DE kit was tested for its ability direction of change. As seen in Fig. 2, most protei
to remove contaminants such as lipids, nucleicsacidpots were unchanging between the two samples
and detergents. As shown in Fig 1A, approximateBnd appear yellow. The gel images were also
95% of lipid (phosphatidyl choline) and > 99% ofanalyzed as two-frame Quicktime movies, since this
DNA and SDS were removed. SDS is an anioninables detection of even minor (< 2-fold intensity
detergent that binds proteins, thereby alteringr thalifferences). Based on analysis of this gel and a
pl. Washing away unbound SDS may not bduplicate with the labeling scheme reversed, d tota
sufficient to effectively separate the sample bye2D of 9 protein changes were observed between
To make sure SDS was effectively removed by thentreated and treated samples. Considering that the
ProteoHook" 2DE kit, Drosophilaembryo extract 2DE gel has approximately 1500 protein spots, this
was prepared in 1% SDS containing buffer, treatettcounts for approximately 0.06% of all proteins on
with the kit and subjected to separation by 2DE. the gel. All 9 differences were small differencas i
SDS is not effectively removed, proteins will beabundance rather than complete
expected to cluster near the acidic end of the 20fisappearance/appearance of a protein. Accurate
gel due to the net negative charge on proteinsdbouguantification of differences was not possible
to SDS. Fig. 1B shows that proteins were seeneat thecause all changing proteins were in areas of the
acidic (left) and basic (right) ends of the 2DE gedel with high spot density and software currently
even though the sample was loaded in a cup placadiilable do not accurately detect spot boundamies
at the acidic end of the gel. Protein spots werk wdighly populated regions of the gel. This experitnen
resolved. By contrast, the sample cleaned using thieows that the ProteoHoBk 2DE kit captures and
precipitation-based kit showed more streakingeleases all types of proteins that resolve on B 2D
(poorer resolutions) and fewer protein spots on tlgel, while maintaining their relative ratios.

gel (Fig. 1C). It should be noted that the dark

protein masses in the center of the gels are d&f yol

protein clusters and are typical ddrosophila

embryo samples separated by 2DE.

One of the drawbacks of precipitation-based

methods is that proteins are lost due to incomplete



Figure 2: Ability of the ProteoHodK 2DE kit to maintain relative
protein ratios. A 2D-DIGE experiment was done tmpare protein
profiles of Drosophilaembryo extracts with and without treatment
with the ProteoHoo®' 2DE kit. An overlay of the Cy3 and Cy5
images from the same 2DE gel, representing unttezte treated
samples respectively, is shown. The image of theeated sample
is pseudocolored green and that of the treated Isan®gm
pseudocolored red. Unchanging protein spots appe&dow.
Proteins that are present in greater amounts initbtreated sample
appear green, while those present in greater amonrnhe treated
sample appear red. The acidic end of the gel thedeft, basic to
the right.

Figure 1: Ability of the ProteoHodK
2DE kit to remove lipid, DNA and
SDS from protein samples. (A) BSA
samples with a concentration of
1mg/ml  were spiked with *C
phosphatidy! choline®H DNA or **C
SDS. Radioactivity present in the first
three eluates was summed to
determine the total % of contaminant
left in the sample after treatment with
the ProteoHook! 2DE kit, and
thereby the total % removal. Numbers
shown are the average of two
experiments. In all cases, standard
deviation between the two readings
was less than 0.5%. (B)rosophila
embryo extract made in buffer
containing 1% SDS was labeled with
Cy3 and treated with the
ProteoHook" 2DE kit. Resulting
sample was subjected to 2DE. Cy3
image of the 2DE gel is shown with
the acidic end to the left and the basic
end to the right. (C) Equal amount of
Drosophila embryo extract prepared
in SDS-containing buffer was labeled
with Cy3 and treated with a
precipitation-based kit. Cy3 image of
the 2DE gel is shown with the acidic
end to the left and the basic end to the
right.




Figure 3: Comparison of
performance of
ProteoHook" 2DE kit
with  precipitation-based
kit for bacterial and
mammalian cell extracts.
E.coli whole cell extracts
were labeled with Cy3 and
treated with the
ProteoHook" 2DE kit (A)
or a precipitation-based kit
(B). HeLa whole cell
extracts were also labeled
with Cy3 and treated with
the ProteoHooR' 2DE kit
(C) or a precipitation-
based kit. Boxes show
regions of the gel where
protein spot resolution is
different between (A) and
(B) and between (C) and
(D). In all cases, the acidic
end of the gel is to the left
and the basic end to the
right.

The contaminants that interfere with 2DE  kits were identical for both sample types. Hence
focusing are often endogenous to the sample and only one representative image is shown in Fig. 3.

are unknown. Hence the ProteoH8%KDE kit As seen in Fig. 3A and Fig. 3H.coli extracts
was tested with different samples types. Whole treated with the ProteoHoBk 2DE kit showed
cell extracts from bacterial cellsE.coli) and better resolution and thereby more protein spots at
mammalian cells (HeLa) were treated with the the basic end (right) of the 2DE gel and the high
ProteoHook" 2DE kit and two precipitation- molecular weight region, compared with extracts

based kits. Results from both precipitation-based treated with a precipitation-based kit. Fig. 3C and



Fig. 3D show that better results were seen with and reproducibility in two-dimensional gel

the ProteoHooR' 2DE kit for mammalian cell electrophoresis. Electrophoresis27:1825-
extracts as well; HelLa extracts treated with the 1831.

ProteoHook” 2DE kit showed less protein 3. Zellner, M., Winkler, W., Hayden, H.,
precipitated at the point of entry (left/acidic &nd Diestinger, M., Eliasen, M., Gesslbauer, B.,
on to the 2DE gel compared with precipitation- Miller, I., Chang, M., Kungl, A., Roth, E. and
based kits. Oehler, R. 2005. Quantitative validation of
In summary, the results presented here show that different protein precipitation methods in
the ProteoHooR! 2DE kit is a good alternative to proteome analysis of blood platelets.

the frequently used precipitation-based methods Electrophoresis26:2481-2489.
for cleanup of samples prior to 2DE. It is specific 4. Dixon, H.B.F. and Perham, R.N. 1968.

for proteins and can be used on different types of Reversible blocking of amino groups with
samples to remove a wide range of contaminants. citraconic anhydride. Biochem. 109, 312-4.
Its ability to remove SDS more effectively 5. Atassi, M.Z. and Habeeb A.F.S.A. 1972.

compared with precipitation-based kits allows Reaction of proteins with citraconic anhydride.
researchers to use such harsh detergents for Methods in Enzymolog?5: 546-53.
harvesting proteins more completely from cells. 6. Nieto, M.A. and Palacian, E. 1983. Effects of

The ProteoHooR' 2DE kit was found to capture temperature and pH on the regeneration of the
the entire spectrum of proteins that typically amino groups of ovalbumin after modification
resolves on a 2DE gel. It was found to provide with citraconic and dimethylmaleic
better protein spot resolution than precipitation- anhydrides. Biochem Biophys Acta49 204-
based kits for mammalian and bacterial cell 210.
extracts. 7. Sambrook, J. and Russell, D.W. 2001.
Molecular Cloning: A Laboratory Manual.
Competing Interests Statement (Third Edition).
Surya Viswanathan and Wen Zhou are employees 8. Viswanathan, S., Unli, M and Minden, J.S.
of Proteopure, Inc. Jonathan Minden is the 2006. Two-dimensional difference  gel
inventor of the ProteoHod¥ technology and electrophoresis. Nature Protocols1:1351-
serves as a consultant to Proteopure, Inc. 1358.
9. Gong, L., Puri, M., Unlt, M., Young, M.,
References Robertson, K., Viswanathan, S.,
1. McDowall, R.D. 1989. Sample preparation for Krishnaswamy, A., Dowd, S.R. and Minden,
biomedical analysis. J. Chromatography. J.S. 2004. Drosophila ventral furrow
492 3-58. morphogenesis: a  proteomic  analysis.
2. Manadas, B.J., Vougas, K., Fountoulakis, M. Development131 643-656.
and Duarte, C.B. 2006. Sample sonication 10. Unlt, M., Morgan, M.E. and Minden, J.S.
after  trichloroacetic acid precipitation 1997. Difference gel electrophoresis: a single
increases protein recovery from cultured gel method for detecting changes in protein
hippocampal neurons, and improves resolution extracts. Electrophoresis8: 2071-2077.



