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Abstract

The cloning and expression of a large number of genes has been an enormous challenge for gene
function studies in the post-genomics era. One of the major limitations has been the lack of a pair
of universal restriction enzymes for generating the cohesive ends required for directional cloning.
Traditionally, different enzymes are used for directional cloning of each gene, which restricts
throughput and increases workload. To overcome this problem, thionucleotides dATPoS and dGTPaS
are incorporated during PCR amplification with restriction enzyme site sequences engineered into
the primers. Digestion of the amplified product with Exonuclease Ill produces 5' ends that are
restriction enzyme site compatible and capable of ligation into vectors digested with corresponding
restriction enzymes. With this approach, cloning efficiencies are greater than 90 % (transformants
with positive inserts in the correct orientation). Because this method of cloning is universal, it is
highly adaptable to robotic applications. Using this technology we have developed a system to both
systematically and directionally clone open reading frames in a universal fashion without consider-
ation of internal restriction enzyme sites. We have cloned 384 unique E. coli ORFs using this
technology with a 74 % success rate. In addition, we applied this technology to successfully clone
selected ORFs from mammalian systems into expression vectors with comparable success.

Introduction

Functional analysis of open reading frames (ORF) requires the amplification and directional cloning
of target sequences into an expression vector. The use of two restriction enzymes traditionally has
been used to facilitate directional cloning with restriction enzymes recognizing a six base pair site
being preferred. When cloning multiple ORFs the choice of restriction enzymes is limited to the
sequence of a particular ORF. Probability of a six base pair site in a random sequence is 1:4096 while
the probability of either restriction enzyme site being present is 1:2048. The need for a directional
cloning platform that is sequence independent and is amenable to automation is apparent consid-
ering the enormous number of gene products that are yet uncharacterized.

This method uses Exonuclease Ill, a double-stranded specific exonuclease that catalyzes the
stepwise removal of nucleotides from the 3’ hydroxyl termini of double-stranded DNA, to produce
cohesive ends. To control the extent of nucleotide removal we have incorporated thiopurines
dATPaS and dGTPoS into double-stranded DNA during amplification. Because Exonuclease IlI
cleaves phosphorothioates extremely slow, 5’ termini are produced which are compatible with
cohesive ends generated with common restriction enzymes in digested vectors.

Results
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Figure 1. Quantitative PCR amplification of the E. coli pho A gene using thionucleotides. PCR was carried out on an
ABI 7700 thermocycler using sequence detection software 1.7 and the fluorescent dye SYBER green. The addition of
thionucleotides has minimal effect on PCR. C;'s for a normal nucleotide mix gave a value of 19 and with a thionu-
cleotide mix a C; of 20 was observed. We are able to achieve maximum incorporation with minimal effect on PCR. Under
these conditions a mean 5' overhang length of 20 nucleotides was calculated assuming a completely random sequence.
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Figure 2. Thi ides are i during Primers are designed to contain a restriction enzyme,
allowing for controlled digestion with Exonuclease Iil to produce a 5’ overhang. Amplified products are ligated into an
appropriate double digested vector and then transformed into E. coli.

PCR Amplification of Bacterial and Mammalian ORFs

Figure 3. Amplification of A) E. coli and B) Mammalian ORFs. £. coli ORFs were amplified from strain Wj,,, using genomic
DNA as template. Mammalian ORFs were amplified from prepared Hela cDNA as template. All forward primers had
the sequence AGCTT added to the 5’ end to allow cloning into a Hind Il site while the reverse primer had a GATCT to
allow cloning into a Bg/ Il site. Amplifications were performed in a 96-well format under identical conditions.
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Figure 4. pFLAG-MAC was double digested with Hind Ill and Bg/ Il and used for cloning of . coli ORFs. pFLAG-CMV2
was double digested with Hind Ill and Bg/ Il and used for cloning of mammalian ORFs.
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Figure 5. A register of 384 E. coli ORFs, which were amplified and cloned using thionucleotide incorporation. Primers
were purchased from Sigma Genosys (Woodlands TX). Sense primers were designed to be cloned into a Hind Ill site,
while antisense primers were designed to be inserted into a Bg/ Il site of the expression vector pFLAG-MAC double
digested with Hind Ill and Bg! II. Following this approach, we are able to automate the PCR, exonuclease digestion and
ligation for cloning into E. coli expression vectors using a BIOMEK 2000 liquid handling robot (Beckman Coulter
Instruments) to increase throughput.
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Figure 6. A list of ORFs amplifed and cloned from HeLa cDNA. Primers were purchased from Sigma Genosys (Woodlands TX).
Sense primers were all designed to be inserted into a Hind Ill site and the antisense primers were designed to be cloned
into the Bgl Il site of pFLAG-CMV-2. Cloning was carried out in an automated fashion using a BIOMEK 2000 liquid
handling robot.

Automated Cloning Performance

384 E. coli ORFs 96 Mammalian ORFs

PCR amplified 97 % 88 %
Ligated and Transformed 922 % 84 %
Sequence verified 74 % 70 %
Table 1. 384 individual E. coli ORFs and 96 unique ORFs were for and

cloning. Percentages were determined from the original target number. Sequenced verified clones were recovered with
the same success rate for both bacterial and mammalian sources. Size of targets ranged between 125 to 2900 base pairs
with GC composition ranging between 30 % to 65 %.

Conclusions

* Multiple ORFs from both bacterial and mammalian sources were directionally inserted into plas-
mid vectors by incorporating thiopurines into amplified product followed by digestion with Exo IIl.

* Thionucleotide incorporation allows for a universal directional cloning platform without the
addition of extra sequences.

* The system allows one to design primers for amplification without consideration of internal
sequence composition.

* One may systematically clone unique ORFs without having to search for unique restriction
enzyme sites that are compatible within multiple ORFs or having to potentially perform sequen-
tial digests.

* Construction of clones with this platform greatly increases throughput via simplified primer
design for hundreds of ORFs allowing one person to produce 400-800 expression ready clones
per week.

* This platform is commercially available (Director Universal Cloning System, Sigma Catalog Number
RDC-, RDC-LIG,, and RDC-L;).
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