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ABSTRACT

Several primer prediction and analysis programs
have been developed for diverse applications.
However, none of these existing programs can be
directly used for the design of primers in protein
interaction experiments, since proteins may have
transmembrane domains (TMDs) and/or a signal
peptide that must be excluded from experiments.
Furthermore, it is frequently the case that a short
restriction sequences must be added to each primer
in order to clone PCR products into a given
destination vectors for expression. DePIE, a web-
based primer design tool, was developed to address
these deficiencies. The program takes as input NCBI
protein accession numbers and returns primer
information including nucleotide sequences, ther-
modynamic melting temperature of the nucleotide
sequences and the target positions. DePIE is imple-
mented in JAVA, PERL and PHP and has proven to
be very efficient in designing primers for our
interaction experiments. DePIE services can be
accessed at the web site: http://biocore.unl.edu/
primer/primerPI.html.

INTRODUCTION

The design of PCR and sequencing primers is an essential
activity of molecular biology. A variety of primer prediction
and analysis programs have been developed to determine
primers for diverse applications (1). Many of the programs take
as input a set of sequences and select candidate single primers
or primer pairs based on melting temperature properties
and secondary structure behavior including hairpin formation,
self-hybridization and cross-dimerization. This ensures the
availability of the primer for the reaction as well as minimizing
the formation of primer dimers.

Recently, research has increasingly focused on the use of
yeast two-hybrid assays to screen in a high-throughput fashion

for protein–protein interactions (2,3). Identifying and ultimately
understanding these protein–protein interactions is a critical
step in functional genomic analysis (4). A pivotal step to the
success of the two-hybrid assay is the design of suitable primers.
Existing primer prediction programs however cannot be directly
used to design primers in this context for the following reasons.
Firstly, proteins may have a signal peptide and/or transmem-
brane domains (TMDs) that must be excluded from the
experiments, since these regions do not participate in the
interaction between proteins. Secondly, it is usually necessary to
add a short restriction or recombination sequence to each primer
in order to facilitate the cloning of PCR products into yeast two-
hybrid bait and prey vectors for expression. Thirdly, existing
programs do not easily lend themselves to a high-throughput
approach for yeast two-hybrid assay projects. In particular, there
are several steps that need to be automated: (i) both the nucleic
and amino acid sequences must be retrieved from relevant
databases on-line; (ii) several TMD and structural prediction
programs must be applied to each such sequence; and (iii) start/
stop sites in the nucleic acid sequences must be determined
before applying the actual primer design package.

To address each of these shortcomings, we have created
DePIE, a web-based primer design program used for protein
interaction experiments. We describe the basic architecture of
the system below.

DESIGN AND IMPLEMENTATION

DePIE is a web tool designed using UML (Unified Modeling
Language) in Rational Suite1 DevelopmentStudio1 (http://
www.rational.com/products/dstudio/index.jsp) and imple-
mented in the Java programming language in SunTM ONE
Studio 4 (http://wwws.sun.com/software/product_categories/
development_tools.html). Both PHP and Perl are used by the
web interface and query-parsing scripts.

The pipeline of data processing is demonstrated in Figure 1
and detailed as follows. Firstly, both the DNA and amino
acid sequences are retrieved from GenBank using Entrez, a
sequence retrieval system developed at NCBI (http://www.
ncbi.nlm.nih.gov/). The amino acid sequence is then used to
predict the structure and topology of the corresponding
proteins with the PSORT program (5). The resulting HTML
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page generated by the PSORT server is then parsed to get
information about the signal peptide, transmembrane domains
and topology. Based on the information from the PSORT,
the domains of interest (for example, domains within the
endoplasmic reticulum), are determined and their correspond-
ing start and end positions are calculated. For each domain of
interest, an 18-base nucleotide sequence is retrieved from each
end of its corresponding nucleotide sequence. The start and
end codons are added a priori to the 50 end of the forward and
reverse 18-base primers, respectively. Thus, each primer is
composed of 21 bases. Protein interaction experiments usually
require the cloning of PCR products into a given vectors for
expression. It is thus necessary to have an option for the user to
input short sequences with restriction or recombination sites
that will be added priori to the 50 end of primer segments.
Since GATEWAYTM provides an extremely fast and efficient
route for functional analysis of genes, protein expression
and cloning or subcloning of DNA fragments (6,7), we set
the restriction sequences used to build GATEWAYTM

clones by default. Their sequences are GGGGACAAGT-
TTGTACAAAAAAGCAGGCTCT for the forward primer and
GGGGACCACTTTGTACAAGAAAGCTGGGTN for the
reverse primer, respectively. These default values can be
changed when required. Other short sequences can be added in
order to design primers for direct entry of the PCR product
into other vector series (i.e. other yeast two-hybrid vector
systems or other fusion protein expression systems).

The candidate primers must meet the following require-
ments: (i) primer sequences should have 35–65% G-C content;
(ii) the annealing temperature of each primer should match and
be within a 45–75�C range; (iii) the primer should be able to
form ‘G/C’ clamps. The bonds between G and C will facilitate
the initiation of complementary strand formation by Taq
polymerase acting at the 30 end of the hybridized primer (8);
(iv) at the 30 end, there are not three or more G or C bases; (v)
primers should not have a high tendency to form secondary
structure; (vi) mispriming, i.e. hybridization of one or
more non-target regions, should be avoided. Reasons why
the above-mentioned rules need to be considered have been

described in Rozen and Skaletsky (1) and Lowe et al. (8).
DePIE uses an annealing test described in Hillier and Green
(9), with slight modification, to check individual primers
for self-complementarity and to check the two primers in a
PCR primer pair for complementarity to each other.

If all of the above conditions are satisfied by a candidate pair,
the program outputs primer information and other options.
Otherwise the program replaces the unsatisfied segment with
another 18-base segment, which moves the window inward
three bases (i.e. there is only 3-base difference between the
new segment and the replaced one). This operation is repeated
until the candidate pair satisfies all of the above requirements
or the sequence is exhausted.

INPUT, OUTPUT AND PERFORMANCE

The input for DePIE consists of NCBI protein accession
numbers. The accession numbers can be entered manually
in the web page or uploaded by file from a local computer.
The output for DePIE includes the primer sequences, TM
(thermodynamic melting point temperature), and target posi-
tions within the nucleotide sequence. Other options include the
nucleotide sequences, amino acid sequences and TMP/protein
topology predication results. The output is returned as a
HTML file and a text file can be saved locally.

Figure 2 shows a sample output produced by DePIE. Note
that the output option, PSORT predictions, was selected.
The protein with NCBI accession number NP_009051 is
predicted to have a signal peptide (the first 28 amino acids), a
transmembrane domain and N-terminal inside endoplasmic
reticulum. Primer sequences are gggctgagagtggaaagg for the
forward and ggtccttgtgaaggctgg for the reverse, respectively.
Thermodynamic melting point temperature is 58�C for both
primers. The targeting PCR product is from base 103 to 1380
within the nucleotide sequence.

DePIE is currently being used in our laboratory and has
so-far proven to be very efficient in designing primers for
our interaction experiments. The testing of results and
experimental findings will be reported in a separate paper.

DISCUSSION AND CONCLUSION

We implemented a web-based primer design program for
protein interaction experiments, which we refer to as DePIE.
Users can use this tool via any common web browser using a
variety of operating systems. The salient feature of DePIE is
that it makes use of existing web resources, e.g. the NCBI
database and the PSORT protein prediction tool, and
implemented an automated pipeline of designing primers
for protein interaction experiments. Another important feature
which makes DePIE different from other primer design
programs is that it provides an option to add a short
restriction sequences prior to the primers. It is essential in the
expression experiment step for PCR products to be cloned
into destination vectors for expression. Although it takes as
default the sequences used to build GATEWAYTM clones,
DePIE could broaden its application to other protein
expression systems that would involve amplifying full length
genes.

Figure 1. The pipeline of data processing in DePIE. Refer to the text for a
detailed description.
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The bioinformatics tool reported in this paper would benefit
future proteomic research. As shown in Figure 1, DePIE makes
use of existing bioinformatics tools to predict domains of
interest. We can take the advantage of diverse protein
interaction databases and evolutionary conserved domain
databases to create domain interaction profiles (10). Based
on this, we can apply computer algorithms, for example,
Support Vector Machine (SVM) and Hidden Markov Model
(HMM), to infer interactions of the domains which are found
by DePIE (11,12). Putting together the knowledge learned
from protein domain binary interactions predicted, we might be
able to build up a network of protein–protein interactions in
either an organelle, e.g. endoplasmic reticulum or an organism,
e.g. Saccharomyces cerevisiae, of interest (13,14).

DePIE accepts as input only NCBI protein accession
numbers in the current version. It is expected to extend the
capabilities of DePIE to be able to accept accession numbers of
other biological databases, e.g. EMBL and SWISS-PROT,
nucleotide sequences and peptide sequences. In addition, since
DePIE needs to communicate with other web servers, i.e.
NCBI server and the PSORT server, the most expensive
operation is data transportation between web servers.

Its running time may be a concern for web interface users.
This is acutely problematic if such servers are not functioning.
Therefore, we plan to releases a version of our software in the
near future that allows PSORT and the NCBI database to be
accessed locally.
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