
form b in the region where the oligonucleotide was
derived (9). Thus, the cDNA encoding form g was prob-
ably captured by the oligonucleotide for form b. It
should be noted that the human liver and mouse brain
libraries were constructed with vectors that have dif-
ferent flanking sequences at the polylinker region,
which was used to establish by the polymerase chain
reaction which library was the source from which a
cDNA was isolated (4).

Among the cDNAs encoding other proteins in the
kinase group, half coded for vitamin D-binding protein
(Table 3), and the rest apparently coded for yet uniden-
tified proteins based on a BLAST search in GenBank.
These unidentified proteins may actually share a sig-
nificant sequence identity with the oligonucleotides
used for the trapping experiment (only a ;350-bp se-
quence in the 59 end was determined), which probably
contributed to their isolated. In contrast, the cDNA
encoding vitamin D-binding protein shows no signifi-
cant sequence identity with the oligonucleotides; the
reason for its isolation remains to be determined. It
was likely that the abundance of the cDNAs coding for
the kinases to be isolated in these libraries was so low
that an excess of the labeled oligonucleotides was
available to hybridize with unrelated cDNAs and
yielded false positives. This notion is supported by the
fact that all of the sequenced clones in the P450 trap-
ping experiment resulted in the isolation of target cD-
NAs, because P450 enzymes, the primary phase I drug-
metabolizing enzymes, are very abundant in the liver
(5, 7, 11, 12).

We report here a modified cDNA trapping technique
that can accommodate multiple oligonucleotides and
more than one library at the same time. This method
has all the features of the original method such as
screening of a large number of clones within a week,
rapid isolation of full-length cDNA, and identification
of related sequences. This modified method, compared
with the original method, saves time and significantly
reduces the cost, as the reagents used for cDNA trap-
ping are expensive. This is particularly effective for
isolating multiple forms of cDNAs.
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Identification of the correct recombinant clones is often
laborious despite the availability of the blue/white screen-
ing and positive selection cloning systems. Most of these
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TABLE 3

cDNA Trapping of PI-4-Phosphate 5-Kinase and
Inositol 1,3,4-Triphosphate 5/6-Kinase

Enzyme
Number of

positive clones
% of clones
sequenced

Mouse PI-4-phosphate 5-kinase aa 2 6
Mouse PI-4-phosphate 5-kinase b 6 20
Mouse PI-4-phosphate 5-kinase g 4 13
Inositol 1,3,4-triphosphate 5/6-kinase 7 23
Others 12 38

a PI, phosphatidylinositol.
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systems are not free from particular problems which
limit their general applicability (see Refs. 1–5 and 12 for
overview). Here we describe a set of positive selection
cloning vectors which utilize a novel selection principle,
namely the conditional inhibitory effect of the gltS gene
from Escherichia coli K12 on the growth of E. coli cells.

The gltS gene product GltS is a glutamate-specific
permease (6) which is also responsible for the transport
of the glutamate analog a-methyl glutamate (aMG)2

(7). This analog interferes with the conversion of glu-
tamate to glutamine and inhibits the growth of E. coli
on glucose minimal medium (7). Inactivation of the
gltS gene, for example, by insertion of foreign DNA,
should abolish the aMG sensitivity, allowing recombi-
nant clones to grow. This abolishment was indeed ob-
served when a translational frameshift was introduced
at the unique NheI site of gltS (6) and when the same
site was used to clone a 2-kb NheI–NheI Pichia pastoris
genomic fragment (not shown). Translational frame-
shifts introduced at the HindIII or at the ClaI site also
abolished the aMG sensitivity, showing that a substan-

tial part of the coding region could be used for inser-
tional inactivation (see Fig. 1 for restriction map).

The selection vectors were constructed as follows.
The gltS gene fused to a weak, constitutive derivative
of the E. coli lac promoter was cloned between the
HindIII and BamHI sites of pTC01, replacing the an-
tibody cloning/expression cassette of the vector (8). The
promoter region lacking both the CAP binding site and
the lac operator was derived from the pRIZ9O(2) vector
(9). It was fused to the Shine–Dalgarno sequence of the
gltS in the arrangement HindIII–TAATGTAAGTTA-
GCTCACTCATTAGGCACCCCAGGCTTTACACTTT-
ATGCTTCCGGCTCGTATGTTGCATATGAAGGAG–
gltS–BglII, where the 235 and the 210 regions are
underlined and the Shine–Dalgarno sequence is in
bold. The resulting vector pCP1(2) contains the p15A
origin of replication and the chloramphenicol resis-
tance gene. The promoter–gltS cassette was trans-
ferred to the smaller pBS(2) phagemid (Stratagene, La
Jolla, CA) by using the PvuII large fragment of the
vector, resulting in pGA(1) and pGA(2), where (1) and
(2) refer to the direction of the promoter–gltS fusion
with respect to that of the f1 origin of replication: (1)
means identical, while (2) divergent orientations. In2 Abbreviation used: aMG, a-methyl glutamate.

FIG. 1. The structure of gltS-based cloning vectors. gltS–KS: gltS gene containing the KS polycloning region. All indicated restriction sites,
except for the BssHII sites in the polycloning site-containing vectors are unique. In the SK derivatives, the order of restriction sites within
the polycloning site is reversed.
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the (1) vectors the sense, whereas in the (2) vectors
the antisense strand of gltS is recovered after infection
with helper phage. These vectors offer a limited set of
restriction sites for positive selection cloning (SpeI,
BssHII, and ClaI in pCP1(2); SpeI, NheI, BssHII, BclI,
HindIII, ClaI, and EcoRV in the pGA vectors). To
increase the cloning flexibility, we introduced the
polycloning regions of the pBC KS and SK vectors
(Stratagene) into the gltS coding region so that the
permease function was maintained. The polycloning
regions were PCR amplified by using the M13 (220)
and the GCCAAGCGCGCCAATTAACCCTCAC prim-
ers (BssHII site is underlined and an extra C residue
used to maintain the reading frame of gltS is shown in
bold), and the BssHII-cleaved PCR products were
cloned into the BssHII site of the gltS gene of pGA(2)
to obtain pGAII(2) KS and SK. The pGAII(1) KS and
SK and the pCP1(2) KS and SK were also constructed
(Fig. 1). XL1-blue cells (Stratagene) transformed with
these vectors did not grow on plates of M9 glucose
minimal medium (10) supplemented with thiamine,
the appropriate antibiotic, and 40 mg/ml aMG (up to 6
days) at 37°C. Colonies were obtained, however, when
aMG was omitted (2 days) or when LB-based plates
were used (12–16 h, with or without aMG). The se-
quences of these gltS-based cloning vectors, assembled
from known sequence elements, were deposited in the
EMBL Nucleotide Sequence Database under Accession
Nos. AJ005323–AJ005330 and AJ005339.

The applicability of the positive selection system is
demonstrated here by several examples in which dif-
ferent restriction fragments of the HDHII/Ku autoan-
tigen subunits were used (11). In the ligation reactions,
the cleaved vectors were used without phosphatase
treatment and gel purification. The amounts of the
inserts and the vectors were not determined. XL1-blue

cells transformed with the ligation mixtures were
washed with 150 mM NaCl and plated on M9 glucose
minimal plates containing 1 mg/ml thiamine, 100 mg/ml
aMG (Sigma), 100 mg/ml carbenicillin (for pGA vec-
tors), or 25 mg/ml chloramphenicol (for pCP1(2) KS)
and incubated at 37°C for 2–3 days. The results (see
Table 1) show that the selection is highly efficient.
Even when the efficiency of the cloning (colony number
on selective versus nonselective plate) was very low, all
or nearly all selected and tested clones contained the
expected insert. The only false positive detected in six
different experiments contained vector-size DNA with
probably a short deletion causing frameshift in gltS.
Such cloning background is common in other systems
and could be minimized by carefully performed enzy-
matic manipulations (vector cleavage and ligation).

The vectors described here combine the versatility of
the Bluescript vectors with the possibility of positive
selection. A slight disadvantage of our system is the
use of the minimal medium which causes generally
slow cell growth (2–3 days). However, special additives
in the medium or special host strains are not required.
The aMG is commercially available and inexpensive
(about three times cheaper than the carbenicillin).
Since the conditionally toxic gltS gene is expressed
from a weak, constitutive promoter, there is no need to
use an inducer in combination with a host strain over-
producing the corresponding repressor (e.g., IPTG and
lacI q host). No special strain is required with respect to
the chromosomal gltS allele either, since the latter
does not interfere with the selection. There are no
limitations as to the propagation of the empty cloning
vectors. Although overproduction of GltS is toxic to the
cells even without added aMG (6), the low-level syn-
thesis in our system allows stable propagation of the
vectors in commonly used laboratory strains. These

TABLE 1

Examples of Cloning and Selection Experiments Using the Positive Selection Vectors

Vector Cloning sites used
Inserta size

(kb)

Colony number on
Recombinant

clonec per
tested clone

Nonselectiveb

plate
Selective

plate

pGA(1) HindIII 1.43 1480 154 10/10
pGAII(2) KS PstI 1.08 2090 111 9/10
pGAII(2) SK PstI 1.08 1425 67 10/10
pGAII(2) KS EcoRI–BamHId 1.5 765 723 9/9
pGAII(2) SK EcoRI–BamHId 1.5 795 730 10/10
pCP1(2) KS BamHI 0.24–1.42 1650 176 9/9

a The inserts were obtained by the same cleavage as indicated for the corresponding cloning vectors, except for in the pCP1(2) KS cloning.
In this example a mixture of fragments ranging from 0.24 to 1.42 kb was obtained by partial Sau3AI cleavage.

b Estimated by plating aliquots of the transformation mixture onto LB-Amp or LB-Cm plates.
c Plasmid preparations were analyzed by appropriate restriction cleavage(s) and agarose gel electrophoresis.
d The double-cleaved vectors were purified by using the Qiaquick gel extraction kit (Qiagen GmbH, Germany) so that the cleavage mixture

was not subjected to gel purification but mixed directly with solution QX1 of the kit.
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features, together with the highly efficient selection
mechanism, should make our system an attractive al-
ternative to other positive selection cloning systems.
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