EEEEEEEE
EEEEEEEEE
NNNNNNNN
AAAAAAAAAA

UCRL-JRNL-230183

Protein Microarrays--Without a
Trace

J. A. Camarero

April 23, 2007

BlOforum Europe



Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor the University of California nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any
specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States Government or the University of California. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States Government or the University of California,
and shall not be used for advertising or product endorsement purposes.



Protein Microarrays—Without a Trace
Traceless and Site-specific Attachment of Proteins onto Solid Supports

Julio A. Camarero, Ph.D., Staff Scientist

Biosciences and Biotechnology Division, Lawrence Livermore National Laboratory, University
of California, Livermore, CA 94550, USA

Contact Information

Julio A. Camarero, Staff Scientist

Lawrence Livermore National Laboratory, University of California
7000 East Avenue, L-231, Livermore, CA 94550

Phone: (925) 422 6807

Fax: (925) 422 3160

E-mail: camarerol @linl.gov

Summary

Many experimental approaches in biology and biophysics, as well as applications in
diagnosis and drug discovery, require proteins to be immobilized on solid supports. Protein
microarrays, for example, provide a high-throughput format to study biomolecular interactions.
The technique employed for protein immobilization is a key to the success of these applications.
Recent biochemical developments are allowing, for the first time, the selective and traceless
immobilization of proteins generated by cell-free systems without the need for purification

and/or reconcentration prior to the immobilization step.
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Introduction

Protein microarrays are ideal reagents for high-throughput experiments that require very
small amounts of analyte, and therefore can be used very efficiently to analyze many kinds of
molecular interactions en masse including protein—nucleic acid and protein—small molecule
interactions.

Although enormous progress has been made in the immobilization of DNA biomolecules
onto different types of solid supports, the immobilization of proteins has been a particularly
challenging task. Most of the available methods for the immobilization of proteins onto solid
supports have traditionally relied on non-specific adsorption or on the reaction of naturally
occurring chemical groups within proteins (mainly amines and carboxylic acids) with
complementary reactive groups chemically introduced onto the solid support. In both cases, the
corresponding proteins are attached to the surface in random orientations, which may cause the
loss of the protein’s biological activity. Site-specific covalent immobilization, on the other hand,
allows the proteins to be arranged in a definite, controlled fashion. This process requires the
presence of two unique and mutually reactive groups on the protein and the support surface. The
reaction between these two groups should be highly chemoselective, thus behaving like a
molecular Velcro.

Protein Immobilization Using Expressed Protein Ligation

Our group has pioneered the use of expressed protein ligation (EPL) [1] for the
chemoselective attachment of biologically active proteins to produce protein microarrays [2].
Key to this approach was the use of recombinantly produced protein a-thioesters [3], which can
be attached efficiently to surfaces containing N-terminal Cys residues through native chemical

ligation (NCL) (Fig. 1). In this reaction, independently developed by Kent [4] and Tam [5], two



fully unprotected polypeptides, one containing a C-terminal a-thioester group and the other a N-
terminal Cys residue, react chemoselectively under neutral aqueous conditions to form a native
peptide bond at the ligation site (Fig. 1a). We have recently used this process for the direct
immobilization of several biologically active proteins onto modified glass surfaces through their
C-termini (Fig. 1b) [2].

Although chemoselective ligation reactions such as a NCL are powerful tools for the site-
specific and traceless immobilization of proteins through their N- or C-termini, they still require
the use of relatively high concentrated solutions of the corresponding protein derivative. In the
case of NCL, we have estimated that the minimal protein concentration required for an
acceptable level of immobilization was =40 uM [2]. Other chemoselective ligation reactions,
such as Staudinger ligation of “click” chemistry, have also been shown to have similar
concentration requirements [6].

Protein Trans-Splicing: A Traceless Capture Ligand Approach for Protein Immobilization

The idea of using surfaces coated with reactive ligands for the covalent capture of
proteins in order to allow selective covalent immobilizations under very diluted conditions has
recently been reported by several groups (Fig. 2) [6]. In this approach, the protein to be
immobilized is fused through its C- or N-terminus to a capture protein, usually an enzyme. The
enzyme moiety then reacts selectively with the capture ligand immobilized onto the surface. This
approach has been shown to work quite well with complex mixtures such as cellular lysates,
where the concentration of the proteins to be immobilized are typically in the low uM range. One
of the main limitations of this approach, however, is that the capture protein remains attached to
the surface after the immobilization process has taken place (Fig. 2). To address this problem,

our group has recently developed a new traceless capture ligand approach for the selective



immobilization of proteins to surfaces based on the protein trans-splicing process (Fig. 3) [7].
This process is similar to protein splicing [8] with the only difference being that the intein self-
processing domain is split in two fragments (called N-intein and C-intein, respectively) [9]. In
our approach, the C-intein fragment is covalently immobilized onto a glass surface through a
PEGylated-peptide linker, while the N-intein fragment is fused to the C-terminus of the protein
to be attached to the surface (Fig. 3). When both intein fragments interact, they form an active
intein domain, which ligates the protein of interest to the surface at the same time the split intein
is spliced out into solution. Key to this approach was the use of the naturally split intein DnaE
intein from Synechocystis sp. PCC6803. The C- and N-intein fragments of this intein are able to
self-assemble spontaneously (K; = 0.1-0.2 uM), not requiring any refolding step [7, 10].
Moreover, the DnaE intein-mediated trans-splicing reaction is also very efficient under
physiological-like conditions (t 1, = 4 h and trans-splicing yields ranging from 85% to almost
quantitative) [7]. Using this split intein, we have successfully immobilized several proteins to
chemically modified SiO,-based substrates (Fig. 3) [7].

Protein immobilization using protein trans-splicing is highly specific and efficient. It
allows the use of protein mixtures and eliminates the need for the purification and/or
reconcentration of the proteins prior to the immobilization step (Fig. 3). The required minimum
protein concentration for efficient immobilization was estimated to be sub-micromolar [7]. More
importantly, once the protein is immobilized to the surface, both intein fragments are spliced out
into solution, providing a completely traceless method of attachment. All these features allow
this methodology to be easily interfaced with cell-free protein expression systems with rapid

access to the high-throughput production of protein chips and other types of biosensors.



Concluding Remarks

Immobilization of proteins onto solid supports is of great importance in numerous
applications, including protein analysis, drug screening, and medical diagnostics, among others.
The success of all these technologies relies on the immobilization technique employed to attach a
protein to the corresponding surface. The recent introduction of protein trans-splicing makes it
possible for the first time to interface a site-specific and traceless method for the immobilization
of proteins with high-throughput expression systems thus allowing rapid access to high-quality
protein chips.
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Figure 1. a) General scheme for the chemoselective immobilization of protein a-thioesters onto
N-terminal Cys-coated surfaces through NCL. b) Immobilization of fluorescent proteins EGFP
(green) and DsRed (red) using NCL. The concentration of the proteins spotted onto the

derivatized glass slide was = 100 uM (=1 mg/mL).
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Figure 2. Protein immobilization through a capture ligand approach.
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Figure 3. Site-specific and traceless immobilization of proteins onto solid supports through
protein trans-splicing. Maltose binding protein (MPB) was directly immobilized without
performing any purification or reconcentration step from a) soluble cellular fraction of E. coli
cells overexpressing MBP-Iy, and b) MBP-Ix expressed in vitro using a cell-free expression
system. MBP was detected by immunofluorescence. MBP-Iy concentration on the different

samples spotted was estimated by western blot analysis.





