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Abstract

Objectives To establish a positive cloning system
with a zero background for high-throughput DNA
cloning purpose.

Results The cloning vector, pRI857, and the geno-
mic-library construction vector, pRI85S7-BAC, were
constructed based on the mechanism of expression of
the thermo-sensitive cI857 repressor gene that can
stringently repress the Pg promoter and kanamycin
resistance gene (Pr-kan™) at 30 °C, but have no effect
on Pg-kan® gene at 37 °C or at higher temperatures.
When the pRI857 vectors were transformed into
E. coli with or without a target foreign DNA fragment
inserted at the BfrBI site of the c/857 gene, only
colonies with the foreign DNA fragment survive. We
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extended this method to construct a pRI857-BAC
vector for genomic library cloning which displays an
efficiency of ~ 107 cfu per pg of genomic DNA, with
no empty vectors detected.

Conclusions Cloning by indirect activation of resis-
tance marker gene represents a novel DNA-capturing
system, which can be widely applied for high-
throughput DNA cloning.

Keywords CI857 repressor - Pr Promoter -
Repressor-inactivation - Zero-background cloning

Introduction

Gene cloning is an essential bio-technique tool and it is
desirable to generate recombinant clones with zero or
low background of false-positive rate. The lacZ-based
blue/white screening method is the most widely used
approach that allows researchers to readily distinguish
the recombinants from the empty vectors by inspect-
ing colors of the colonies (Holton and Graham 1991).
Unfortunately, the false-positive rate of this method is
not negligible due to the inefficient T-tailing of vector
DNA and defects of X-gal staining (Guo and Bi 2002).
The alternative method using counter-selection mark-
ers such as ccdB and sacB became popular for DNA
cloning due to easy handling and good transform
efficiency. However, there are some limitations
because a large number of mutations can lead to ccdB
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tolerance, and the sacB gene can cause the cell toxin
levan to accumulate in the periplasm in addition to a
high sucrose resistance (Gay et al. 1983; Lepesant
et al. 1974; Mitchell and Michaelis 1998).

From a practical point of view, recombinants
selection by activating an antibiotic resistance marker
is more logical and reliable. Therefore, we have
engineered the temperature-sensitive repressor pro-
moter system cI857-Pr for positive generation of
recombinants. The expression of the positive selection
marker kanamycin resistance gene (kan®) was strin-
gently repressed by the cI857-Pg at 30 °C or lower, but
gradually recovered as the temperature was increased
above 30 °C (Breitling et al. 1990; Villaverde et al.
1993). Here, we report a novel cloning system pRI857
containing the cI857-Pr-kan™ cassette in which the
target DNA fragment was inserted at the BfrBI site of
the cI857 gene upon DNA cloning, resulting in the
disruption of the cI857 repressor. Consequently, only
the recombinant colonies rather than the transformants
carrying the empty vectors can survive in the presence
of kanamycin at 30 °C due to the transcriptional
activation of the kan® gene.

Materials and methods
Materials

The bacterial strains and plasmids used in this study
are listed in Supplementary Table 1. The sequence of
primers are listed in Supplementary Table 2 and DNA
sequencing were carried out by Invitrogen (Shanghai,
China) or Genewiz (Suzhou, China). Ampicillin
(amp), bleomycin (ble), gel purification kits and
plasmid mini-preparation kits were purchased from
Invitrogen. Restriction enzymes, T4-ligases, CIAP
(calf intestinal alkaline phosphatase) and Gibson
assembly kits were purchased from New England
Biolabs (NEB). DNA marker, 1-kb DNA ladder was
purchased from Takara. DNA manipulation and
E. coli transformations were performed using estab-
lished methods. E. coli strains and Pseudomonas
syringae HS191 (Hurlbert and Gross 1983) were
respectively cultured at 37 °C and 30 °C in lysogeny
broth with appropriate antibiotics (ampicillin at
100 pg ml™!, kanamycin at 50 pg ml~' and bleomy-
cin at 50 pug ml~" unless otherwise noted).
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Construction of pRI857-based vectors

The three essential genetic components of the pRI857
vector were PCR amplified separately from their
original plasmids, and then assembled simultaneously
using the Gibson assembly method. In brief, the Py
promoter was PCR amplified from pCP20 (Datsenko
and Wanner 2000) using the primers P1/P2 and then
assembled into the upstream of kan® gene in the PCR
amplified vector pPBBRIMCS-2 (Kovach et al. 1995)
with primers P3/P4, resulting in an intermediate
plasmid named pBBRIMCS-PR. The cI857 gene
was PCR amplified from pCP20 using the primers
P5/P6 and then inserted into the downstream of the
Plac promoter in pUC19 with primers P7/P8, resulting
in an intermediate plasmid named pUC-cI857. Finally,
the Pg-kan® (amplified using pBBRIMCS-Py as the
template vector with primers P9/P10), Plac-cI857
(amplified using pUC-cI857 with primers P11/P12),
and ColEI-dbl terminator (amplified using pKV6
(Petersen et al. 2013) with primers P13/P14) were
simultaneously assembled and transformed into E. coli
DH5o. The resulting plasmid DNA was confirmed by
sequencing and designated pRI857 (Fig. 1). The
cI857-Pr-kan® cassette derived from plasmid pRI857
using the primers P15/P16 was then ligated into the
pCCIBAC vector treated with restriction enzymes
Pcil and Scal, by means of Gibson assembly. The
newly constructed plasmid DNA was confirmed by
sequencing and designated pRI857-BAC (Supplemen-
tary Fig. 1).

Thermal sensitivity assay

Thermal sensitivity was tested by plating 200 pl
E. coli DH50/pRI857 on LB agar containing kana-
mycin in an overnight incubation at 30, 33, 37 and
39 °C. Cell survival rates were determined from the
c.f.u. values. In addition, the growth of E. coli DH50/
pRI857 was measured from the ODg values.

Results and discussion
Principles of the pRI857-based cloning system
The mechanism of recombiannt generation using

PRI857 vector relies on the cI857-Pr-kan® cassette,
in which the kan® can be activated at 37 °C but is
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Fig. 1 Flowchart of the pRI857 vector construction

strongly inhibited by the thermo-sensitive repressor
CI857 at 30 °C. Consequently, the empty vector
transformants can proliferate in the presence of
kanamycin at 37 °C but not at 30 °C. In the scenario
of insertion of the foreign DNA of interest into the
BfrBI site of the cI857 gene resulting in the disruption
of the repressor gene, Pr-kan™ was activated. There-
fore, only the recombinant plasmids can survive in the
presence of kanamycin at 30 °C but not the empty
vector, which gives a zero-background cloning effect.
The flowchart of the stepwise protocol to construct the
pRI857 vector is shown in Fig. 1.

The transformation experiment indicated that
DH5a/pRI857 grew well at 37 °C, but not at 30 °C
in the presence of kanamycin (Fig. 2a). Further, the
growth curves showed that the DHS5a/pRI857 cells
incubated at higher temperatures gradually restored to
normal growth. However, growth rate at 39 °C was
slightly slower than that at 37 °C, probably due to the
growth inhibition at high temperature (Fig. 2b). The
stringency and feasibility of the c/857-Pg-kan® system
demonstrated the great potential of pRI857 vectors in
zero-background cloning.

In our earlier attempts, we directly integrated kan®
gene to the downstream of promoter Py in plasmid
pCP20 in order to repress kan® expression at 30 °C

dbl terminator

and re-activated it at higher temperatures via the
interaction of the already existed CI857 with the
promoter Pr in pCP20 (Cherepanov and Wackernagel
1995). However, undifferentiated growth effects of
E. coli DH50/pCP-kan transformants were observed
within the temperature range from 28 to 39 °C.
Sequence analysis data later revealed that there was
no promoter gene for /857 in the parent pCP20 vector
resulting in a constitutive expression of the Pg-kan®
gene. In order to control the expression of kan®, a Plac
promoter together with a canonical ribosome binding
sequence AGGA were used to drive the expression of
cl857 as mentioned in the Materials and Methods
section.

Applications of DNA cloning and genomic-library
construction by using pRI857-based vectors

To test the gene-cloning efficiency of the pRI857-
based vectors, the PCR fragment of AraC-Pbad-
mCherry from the parent plasmid pCMrfp (Bi et al.
2013) with primers P17/18 was inserted into the BfrBI
site of vector pRI857 using T4 ligase, and then the
ligation mixture was transformed into E. coli DH5a,
followed by plating on LB agar containing kanamycin
and incubating at 30 °C. The colony PCR reactions
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Fig. 2 Thermo-sensitivity studies of c/857-Pg system. a E. coli
DHS5a/pRI857 was plated on LB plate containing kanamycin
and incubated at 30, 33, 37 and 39 °C, respectively. b The
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Fig. 3 Application of pRI857 vectors in gene cloning and
genomic library construction. a PCR analysis of 6 randomly
selected transformants of the ligation mixture of pRI857 vector
and the araC-Pbad-mCherry PCR product. The expected size of

were performed for the randomly picked colonies with
primers P19/20 to verify that they contained the
correct target DNA fragments (Fig. 3a). We also
tested the robustness of the cI857-Pg-kan® cassette by
inserting ble® (Supplementary Fig. 2), PluxI-sfGFP
(Supplementary Fig. 3) and 16S rRNA of P. syringae
HS191 (Supplementary Fig. 4) fragments, respec-
tively, into the pRI857 vector. The recombinant
transformants were verified by colony PCR.

The pRI857-BAC vector allows for positive selec-
tion of recombinants by activating resistance markers
during the cloning processes. As an assessment of
large DNA fragment cloning, the pRI857-BAC vector
was used to clone the genomic fragments of strain P.
syringae HS191.The resulting library yielded approx-
imately 9000 CFU using 0.86 ng of genomic DNA,
and 100 recombinants were end-sequenced with no
empty vectors detected (Fig. 3b). Furthermore, the
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the PCR product was 2126 bp. b BamHI restriction analysis of
10 randomly selected BAC clones from the genomic library of
strain P. syringae HS191 using the pRI857-BAC vector

pRI857-BAC based genomic library construction
efficiency achieved ~ 107 cfu per pg of genomic
DNA.

Conclusion

Compared with traditional cloning vectors, pRI857
provides a simple and efficient approach for DNA
cloning. The desired transformants can be directly
selected with kanamycin at 30 °C, requiring no
specific host strain or additional reagents like arabi-
nose, IPTG or X-gal. Furthermore, the empty vector
cannot survive on kanamycin plate, thus sparing the
tedious and time-consuming screening procedures.
The pRI857-based vectors are especially useful for the
high-throughput DNA cloning in the post-genomic
era, which holds a great potential in biotechnology,
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structural biology and other high-throughput demand-
ing fields.
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