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Applications requiring generation of functional RNA molecules with precise sequence
from phage promoters demand availability of suitable cloning sites close to the
promoter so that the transcripts contain minimal vector sequences. We constructed
two modifications of the Bluescript vector viz., pBgl II and pStuI, offering
transcription initiation precisely at the insert (+1in pBgl II) or at two bases upstream
of the insert (-2 in pStu I), from bacteriophage T7 promoter. These vectors retain all
the advantages of the Bluescript plasmid viz. blue-white selection, a composite multiple
cloning site, and annealing to Bluescript primers.

Introduction

Vectors offering multiple cloning sites and the possibility of transcription of the insert
usually result in transcripts with a chunk of vector sequences at the 5' end. It is essential to
minimize these additional sequences to study the kinetics of ribozyme reactions and the
influence if any of the associated sequences. The cloning vectors pBluescript SK/KS
(Short et al., 1988) allow convenient blue-white screening of inserts. They possess versatile
multiple cloning site and can be used as sequencing and expression vectors. The pBluescript
derivative pBloT7 contains an Nsi I restriction site immediately adjacent to the T7 promoter
sequence (Kaelin, 1989). Digestion of pBloT7 with Nsi I and subsequent removal of the
3' single stranded extension with pol Ik in the presence of all four nucleoside triphosphates
creates a flush end immediately adjacent to the T7 promoter. In vitro transcription of the
insert with their natural or defined 5' end, yields mRNA with no additional vector
nucleotides at its 5'end. However, when there is a direct ligation at Nsi I site or ligation of
blunt ended fragments in the NsiI cut and overhang-resected vector which result in ‘T’
occupying +1 position, it results in extremely low efficiency of in vitro transcription from
T7 promoter. These features are important also for generating small RNA molecules like
the antisense and catalytic RNA for targeted modulation of gene function. Cloning strategies
for such molecules has generally depended on inserting the catalytic domain in cDNA
employing synthetic oligonucleotides (e.g., Tabler and Tsagris,1998). Vectors described
in this report offer sites for sticky as well as blunt end ligations that result in a G occupying
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+1 position for efficient transcription initiation and leaving minimal non-insert nucleotides
in the transcripts.

Materials and Methods

Construction and sequencing of pStu I and pBgl II
The ScaI/EcoRI fragment of pBluescript II (KS) was cloned in corresponding sites of
pBloT7. The recombinant construct (designated pBII) was screened for the presence of a
BssHII site upstream of T7 promoter. The polycloning sites and promoter region of pBloT7
was amplified by polymerase chain reaction employing a degenerate primer PK7
(5'TGAGCGCGCTAATACGACTCACTATAG (G/A) (C/T)(A/C)TTG3') over the T7
promoter and the reverse primer (5'AACAGCTAT GACCATG3') from the T3 promoter
end (Figure 1). The resulting pool of amplified sequence was digested with BssHII and
XhoI and cloned in corresponding sites in pBII. The recombinant plasmids were screened
for presence of sites for StuI and BglII restriction enzymes. Nucleotide sequence of
plasmids with expected sites was confirmed and the plasmids designated pStuI and pBglII
respectively.

In vitro Transcription
For generating run-off transcripts, 5 µg of vector DNA was digested with PvuII . The
restriction enzyme digested DNA was treated with proteinase K (400 µg/ml) for 30 min at
37°C in 10 mM EDTA and 0.5% SDS and extracted in phenol and chloroform prior to
precipitation in 0.3M sodium acetate pH 6.0 with 2 volumes of ethanol. The pellet was
washed twice with 70% ethanol; excessive ethanol was removed under vacuum and the
DNA dissolved in DEPC-treated water. In vitro transcription was carrried out in 50 µl
reaction mix consisting of 10 mM DTT, 0.5 mM of each of the ribonucleotides, 20 units
of RNAsin (Promega), the linearized DNA template prepared as above, and 20 units of
T7 RNA polymerase, in 1x transcription buffer made up to required volume in DEPC-
treated water. As tracer, 10 µCi of α-32P-UTP (3000 Ci/mmol, 10 mCi/ml) was added to
the reaction mix. Transcription was carried out for 30 minutes at 37°C unless mentioned
otherwise. The reaction mixture was incubated with 5units of RNase-free DNase and
further incubated for 15 min. The transcripts excluded from Sephadex G-50 (pre-
equilibrated with DEPC-treated water), were pooled and precipitated with two volumes
of ethanol in the presence of 0.3M sodium acetate.

Mapping the 5' end of Transcripts
To confirm the exact position of transcription initiation, transcripts produced from pStuI
were mapped by primer extension method. Reverse transcription was performed on the
T7 transcripts annealed with a primer. Dideoxy chain-terminating sequence reactions
performed employing the same primer served as a marker to locate the exact base position
of the primer extension product.
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Figure1. Construction of pBgl II/pStu I vectors offering BglII or StuI as the promoter-proximal cloning site.
Transcription with phage T7 RNA polymerase in these plasmids starts precisely at the insert’s first base.

p

p
p

p



20   Yadava

Results and Discussion

Sequence modifications made in the promoter proximal region of the Bluescript vector
were confirmed. A comparison of sequences of these vectors with other pBluescript-based
vectors is presented in Figure 2. Both pStu I as well as pBgl II have a ‘G’ at putative +1
position of transcription from phage T7 promoter.

The nucleotide following ..5'TATA3' in the T7 promoter normally represents the
transcription initiation site. The primer extension products generated on transcripts made
from the modified vectors confirm that transcription initiation in the new vector indeed
takes place at the projected position in these vectors (Figure 3). Since both the vectors
place a ‘G” at +1 position for transcription, which also seems to be a requirement for
transcription by T7 RNA polymerase, the present vectors will be useful for efficient
transcription over inserts as compared to other modifications offering a ‘T’ at that position.
An assessment of yield of transcript from Bluescript vectors offering G, A, T or C at +1
position showed that as against 88 copies of the transcript generated from the vector with
a ‘G’ at +1, vectors with other bases in the same position yielded less than 10 copies (cf.
Table 1). Results of primer extension in conjunction with sequence reactions using the
same primer exactly match the base position corresponding to the transcription initiation
site (Figure 3).

The vectors pStu I and pBgl II offer unique site in proximity with the promoter and
actually overlapping with the transcription initiation site. Cleavage with StuI offers the
possibility of blunt-end ligation although it would leave two guanosine residues at the 5'
end of the insert. On the other hand, sticky end ligation in BglII site places the insert

Fig ure 2. A comparison of sequences of the newly constructed vectors with other pBluescript derivatives. Bold
letters indicate transcription initiation point.
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Table 1. Yield of transcripts from templates varying with respect to the base at the +1 position under otherwise
identical conditions of reaction

Sequence Base at +1 of Plasmids Length (nt) No. of transcripts
the transcript per template

5'....TATATG T pBloT7/PvuII 330 8
5'....TATAGN G pR15/EcoRV 460 88
5'....TATACN C pID4.3/PvuII 414 10
5'....TATAAN A pR423/EcoRV 400 6

Figure 3. Primer extension analysis
(lanes 1 and 2) of the 5' end of the T7
transcript generated in vitro. The results
establish that the primer extension
product on the transcript of pStuI
actually corresponds to the projected
position following 5'TATA3' as
visualised by the sequencing reaction
products (lanes G, A, T, C) made with
the same primer.

sequence at +1 position leaving no vector nucleotides. The pBgl II vector can be adapted
also for blunt end ligation after making flush ends either by S1 treatment or by filling the
5' overhangs with Klenow or T4 DNA polymerase reactions in the presence of all the
nucleotides. If flush ends are created by S1 treatment, it will place the insert right at
transcription initiation while the end-filled preparations will bring in four nucleotides in
front of the insert.
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We compared transcription efficiency of various derivatives of the Bluescript vector
offering G, A, T or C at +1 position by making labeled in vitro transcripts. Yield of
transcripts under otherwise identical conditions suggests that efficiency of transcription
by phage T7 RNA polymerase is drastically reduced if the +1 position in the transcript is
occupied by any non-guanosine base (Table 1).

Transcripts in these vectors would have either none or 2 bases from the vector sequence
depending on the site used and preparation of the vector for ligation. These vectors will
be particularly useful in situations demanding minimal representation of undefined non-
insert bases in the transcript. We have constructed these vectors for generation of precise
transcripts for targeted ribozymes. It has been noticed that presence of additional sequences
may influence the interaction of the ribozyme with its substrate.

Sequence comparison of newly constructed vectors with Bluescript and their
derivatives over T7 promoter and transcription initiation site are given in Figure 2. These
vectors have ‘G’ at the +1 position and show a very high efficiency of transcription (Table
1). Preference for a G at initiation site seems to be the a property of T7 RNA polymerase.
Transcripts of the inserts cloned in the Bgl II site of the vector pBgl II would not have any
additional vector nucleotides at 5' end. Similarly, transcripts of the inserts cloned in pStuI
would have only two additional nucleotides (GG) at the 5' end. This was checked by
primer extension analysis (Figure 3). Both the vectors retain all other characters of
pBluescript vectors including blue-white screening (data not shown) and availability of
all the original cloning sites. The latter can be used for insertion of a naturalT7 terminator
to adapt these vectors for expression in E. coli. A comparison of the primer extension
products on RNA template with the sequencing reactions using the same primer confirms
that the modification made has placed a ‘G’ at transcription site in the pStu I vector (Figure
3) which is required for high yield of transcripts from T7 promoter as shown in the data
presented in Table 1. We find this vector applicable for generation of ribozyme molecules
with no extra sequences except if required for an experiment. Incorporation of terminator
sequence 3' of the insert makes the vectors suitable for generation of the ribozyme in
Escherichia coli cells.
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