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Method to Reverse the
Order of Multiple
Cloning Sites

BioTechniques 23:220-222 (August 1997)

Cloning of genomic DNAs or
cDNAs is a routine practice in molecu-
lar biology. Many plasmid and phage
cloning vectors have been created and
constantly improved for the various
tasks in the analysis of gene structures
and functions. Most of the newer ver-
sions of these vectors contain a multi-
ple cloning site (MCS) that can be used
for the insertion of the desired DNA
fragments (1,2). The MCS, which is
composed of several restriction
sequences that vary among different
vectors, is usually located downstream
of a strong gene promoter (e.g., cyto-
megalovirus [CMV]) or upstream of a
reporter gene (e.g., chloramphenicol

acetyltransferase [CAT]). Cloning of a
cDNA downstream of the gene promot-
er allows the expression of the mRNA
and/or the protein encoded by the
cDNA. Cloning of a genomic DNA up-
stream of the reporter gene allows the
identification of the potential gene pro-
moter. In either case, the orientation of
the cloned DNA is important. However,
because the restriction sites in the MCS
are usually arranged unidirectionally, it
is not uncommon even for an experi-
enced molecular biologist to toil over
the preparation of DNA fragments with
compatible ends for cloning in the de-
sired orientation. 

For example, I recently encountered
difficulties in cloning a human cDNA
in the sense orientation for expression.
The cDNA was originally cloned in
pGEM (Promega, Madison, WI,
USA) and was to be transferred to
pcDNA3 (Invitrogen, San Diego, CA,
USA) for the construction of an expres-
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Figure 1. Strategy to reverse the HindIII and XhoI sites in pcDNA3. The orientation of the HindIII
and XhoI sites relative to the CMV promoter in the original pcDNA3 plasmid and in the resultant
pcDNA4 plasmid are shown. Arrows indicate restriction enzyme cut sites. The mutagenic nucleotides in
the ds-oligo are shown in boldface.
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sion plasmid. The entire cDNA could
be excised from pGEM as a 5′-XhoI-
HindIII-3′ fragment. However, cloning
of this fragment in the XhoI/HindIII
sites of pcDNA3 would result in an
antisense orientation relative to the
CMV promoter. Possibly because of
some technical difficulties (e.g., the
cDNA was similar in size to pGEM and
shared all the restriction sites that could
be used to cut pGEM), many attempts
to clone the cDNA by blunt-end liga-
tion (to the EcoRV site of pcDNA3)
and by linker addition were not suc-
cessful. Finally, I decided to try to re-
verse the HindIII and XhoI sites in pc-
DNA3, and this indeed led to the
successful cloning of the cDNA of in-
terest. The strategy and the procedure,
as outlined below, can be used to re-
verse any restriction sites in any MCS,
thus facilitating the cloning of DNA
fragments in the desired orientation.

The strategy to reverse the HindIII
and XhoI sites in pcDNA3 relied on the
design of a pair of partially comple-
mentary oligonucleotides (Figure 1). A
step-by-step protocol is provided in
Table 1. After annealing (Table 1, Step
1), the two partially complementary
oligonucleotides became a double-
stranded oligonucleotide (ds-oligo) that
had an HindIII sticky end at the 5′ end
and an XhoI sticky end at the 3′ end.
The ds-oligo could be ligated to the
HindIII and XhoI sites of pcDNA3.
However, due to the designed last-base
changes (AAGCTT to AAGCTC and
CTCGAG to CTCGAA) in the respec-
tive sticky ends, ligation of the ds-oligo

to HindIII/XhoI-treated pcDNA3 could
not regenerate the HindIII and XhoI
sites. A new XhoI site was, however,
designed in the oligonucleotides to re-
place the mutated HindIII site, and a
new HindIII site was designed to re-
place the mutated XhoI site. Thus, a
new vector (pcDNA4) was created that
had the HindIII and XhoI sites in an ori-
entation opposite to that of the original
vector.

Between the newly generated XhoI
and HindIII sites, other convenient re-
striction sites can be included when de-
signing the sequences of the oligonu-
cleotides. In the present case, a BamHI
site (GGATCC) and an NheI site
(GTCAGC) were included. While the
BamHI site was merely a cloning site,
the NheI site was important in that it
was not only a useful cloning site but
also a diagnostic cut site, as explained
in the following. Due to its small size,
whether the oligonucleotide was cloned
in pcDNA3 could not be conveniently
verified by size differentiation (i.e.,
agarose gel electrophoresis) between
recombinant and self re-ligated plas-
mids. However, because pcDNA3 has
no NheI site, only recombinant plas-
mids (containing the ds-oligo) could be
linearized by NheI digestion. In agarose
gel electrophoresis, the linearized re-
combinant plasmid migrates more
slowly than pcDNA3 plasmid (which
remained as closed-circular molecules).
Thus, the NheI site in the oligonu-
cleotide allowed the differentiation be-
tween recombinant and nonrecombin-
ant plasmids.
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Table 1. Protocol for Design of Partially Complementary Oligonucleotides

1.Combine 1 µg of each oligonucleotide in 8 µL of distilled water, boil for 5 min,
and slowly cool down to room temperature.

2.Ligate the annealed oligonucleotides to pcDNA3 by incubating the following
mixture at 16°C for 16 h: 0.5 µL (50 ng) of ds-oligo, 0.5 µL (10 ng) of
HindIII/XhoI-treated pcDNA3, 0.5 µL of 10× ligation buffer (New England Bio-
labs, Beverly, MA, USA), 0.5 µL (200 U) of T4 DNA Ligase (New England Bio-
labs) and 3.0 µL of distilled water. 

Note: It is not necessary to treat the oligonucleotides with kinase or the
HindIII/XhoI-digested pcDNA3 with phosphatase.

3.Use 1 µL of the ligation mixture to transform competent cells (e.g., DH5α;
Life Technologies, Gaithersburg, MD, USA).

4.Isolate plasmid DNA from transformants, digest with NheI, and analyze in 1%
agarose gel.




