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Introduction

Fusions between green fluorescent pro-
tein (gfp), b-glucuronidase (gus) and gus/
gfp reporter genes and translated regions
of studied genes have found growing ap-
plication into various fields of plant trans-
genic research including: (a) visual selec-
tion of transgenes and monitoring of the
levels and mode of transgene expression
[1, 2, 3, 4]; (b) functional characterization
of gene domains [5]; (c) extracellular pro-
tein trafficking [ 6]; (d) characterization
of signal peptide properties and sub-cellu-
lar protein targeting and accumulation [7,
8, 9, 10]. Although the number of plant
transformation vectors developed so far,
the construction of fusions with reporter
genes is still laborious and time-consum-
ing procedure. The direct cloning into plant
transformation vectors restricts the test-
ing of the functionality of the constructed
fusion protein through expression in E.

coli, prior starting of the lengthy plant
transformation. This makes difficult the
evaluation of the results, especially when
no reporter gene expression is detected in
the obtained transgenic plants. The lack
of efficient in frame cloning procedure
also substantially restricts the character-
ization of signal peptides from plant genes,
whereas in frame cloning of relatively
small fragments has to be performed.
Here, we have created two GFP- and
GUS/GFP- fusion cloning vectors facili-
tating the in frame cloning of PCR-am-
plified gene fragments. The restoration of
recombinant gfp expression, due to shift
of reading frame, allows direct identifica-
tion of the positive colonies.

Materials and Methods

Construction of pFG and pFGG
cloning vectors
Standard molecular cloning procedures
were employed in all performed experi-

SHUTTLE VECTORS FOR DIRECT IN FRAME
CLONING AND CONSTRUCTION OF GFP AND
GUS/GFP REPORTER GENE FUSIONS

K. Stefanova, A. Atanassov, I. Atanassov
AgroBioInstitute, Dragan Tzankov 8, 1164 Sofia, Bulgaria

ABSTRACT
Two shuttle plasmid vectors have been constructed that facilitate the direct in
frame cloning upstream of gfp and gus/gfp reporter genes. Coding sequences
of gfp and gus/gfp reporter genes were inserted into multicloning site of pUC19
cloning vector in a way to create frame shift and prevent gfp and gus/gfp ex-
pression from the lac promoter. Blunt end PCR amplified fragments, correspond-
ing to signal peptide or other translated gene regions, were cloned into Sma I
site upstream of gfp and gus/gfp genes. The recombinant colonies, containing
correct in frame fusion, were directly selected after appearance of green (GFP)
fluorescence under UV light. The use of the developed cloning vectors for con-
struction of gene fusions and plant transformation vectors are discussed.



48Biotechnol. & Biotechnol. Eq. 18/2004/2

ments, [11]. pGFPuv (Clontech, USA,
[12]) and pCAMBIA 1305.1 (http://
www.cambia.org) plasmids were used as
sources for PCR amplification of gfp and
gus gene coding sequences. pUC 19 was
used as a backbone plasmid for construc-
tion of pFG and pFGG cloning vectors.
The pFG vector was made through inser-
tion of gfp coding sequence into multi-
cloning site /MCS/ of pUC19 vector. An
743 bp fragment of gfp gene was ampli-
fied by PCR with GFP-F (CCCCGGG-
TAGCAAAGGAGAAGAAC) and GFP-
R (CAAGCTTGAGCTCTGAGTCGAC-
CTTGTACAGCTCGTCCA) primers.
Sma I and Sac I /Sal I sites were intro-
duced in the forward and reverse primers
respectively. Following digestion with Sma
I and Sac I enzymes, the PCR fragment
was inserted into Sma I / Sac I sites of
MCS-pUC19.
The pFGG vector was constructed through
subsequent insertion of gus coding se-
quence upstream of gfp gene in pFG plas-
mid. The gus gene was PCR amplified
by GUS-F (CCCGGATCCCCGGGC-
CGACGAACTAGTCT) and GUS-R
(CTAGCGTTCTTGTAGCCGAA) prim-
ers. BamH I / Sma I sites were inserted
into the forward primer. BamH I digested
PCR fragment was inserted upstream of
the gfp gene into BamH I  / Sma I sites of
the pFG plasmid.
Construction of fusions with reporter
gene.
The region corresponding to putative sig-
nal peptide of b- D-glucane exohydrolase
gene from Nicotiana plumbaginifolia
was PCR amplified from p2EH plasmid
containing the genomic region of the gene
(Stefanova et al unpublished), using SP-F
(GGA TGGGGAGAATGTCA) and SF-
R (GGGTGTTTTGGGTCCTT) primers.
Both Tag I and Pfu DNA polymerases

(Fermentas) were used for PCR amplifi-
cation. The Tag I amplified PCR fragment
was additionally treated with Klenow I
enzyme (Fermentas) for generating of
blunt ends. The PCR fragment was in-
serted into Sma I site of pFG and pFGG
vectors. Following of E. coli ( JM109 )
transformation, the obtained ampiciline
resistant colonies were screened under
UV (254 nm) light by placing of reverted
petri dishes on the top of transiluminator.
The fluorescent colonies were tested for
presence and correct orientation of the
insert through PCR amplification with spe-
cific primers and digestion with BamH I,
Sma I and SacI  enzymes of the PCR frag-
ment amplified from recombinant plasmid
DNA by pUC reverse and forward prim-
ers.

Results and Discussion

Vector construction
The pFG plasmid was obtained following
directional cloning of PCR amplified frag-
ment, containing the translated region of
green fluorescent protein /gfp/ reporter
gene, into Sma I / Sac I sites of pUC19
cloning vector. The PCR primers were se-
lected in a way to introduce a frame shift,
preventing correct translation of b-galac-
tositase /gal/ and gfp genes expressed
from the lac promoter in pFG, Fig. 1.
Thus, white non-fluorescent colonies bear-
ing pFG plasmid were obtained after trans-
formation of E. coli cells.
The pFGG plasmid was constructed
through insertion of PCR amplified cod-
ing sequence of b-glucuronisidase repor-
ter /gus/ gene into BamH I /Sma I sites of
the pFG plasmid, upstream of the gfp cod-
ing sequence. The PCR primers were se-
lected in a way to obtain in frame fusion
between gus/gfp coding sequences, with-
out restoration of the correct translation
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of gal/gus/gfp fusion gene expressed
from lac promoter. Again only white non-
fluorescent colonies, bearing pFGG plas-
mid, were obtained after transformation
of E. coli cells.
In frame cloning into pFG and pFGG vec-
tors

The use of GFP expression for the direct
selection of recombinant plasmids, con-
taining in frame cloned PCR fragment
into pFG anf pFGG vectors, was tested.
Blunt end PCR fragment, containing the
putative signal peptide /SP/ region of b-
D-glucan exohydrolase gene from Nicoti-
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Fig. 1. Map and MCS region of vectors pFG and pFGG.
(A) Maps of pFG and pFGG vectors. (B) 5‘-end of gfp coding region prior /B.1./ and after /B.2./ cloning
of PCR fragment into pFG. (C) 5‘-end of gus/gfp coding prior /C.1./ and after /C.2./ cloning of PCR
fragment into pFGG.
The MCS-pUC19 sequence is presented with small letter. The coding sequences of gfp and gus/gfp
reporter genes are shown in bold capital letter. The position of the PCR fragment insertion is marked with
-/PCR/- and the sequences of the both ends are shown in italic capital letter. The amino acid sequences of
the carboxyl terminal regions of gfp and gus/gfp reporter genes, after frame shift followed PCR cloning,
are present in /A.2./ and /B.2./.
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ana plumbaginifolia (Stefanova et al.,
unpublished), was cloned into Sma I site
of pFG and pFGG vectors, Fig. 1. The
positions of the PCR primers were select-
ed so that, the insertion of the PCR frag-
ment in correct orientation to restore the
correct triplet order and reading frame of
gal/SP/gfp fusion gene in pFG plasmid
and gal/SP/gus/gfp fusion gene in pFGG
plasmid. The transformation of E. coli
cells with plasmid DNAs obtained after
blunt end ligation of PCR fragments into
pFG and pFGG vectors and observation
of obtained colonies under UV light, re-
sulted in selection of a number of green
fluorescent colonies, Fig.2ab. The posi-

tive colonies were readily detected under
UV light from standard laboratory UV-
transiluminator. In some experiments, es-
pecially when the obtained colonies were
too small, the colony fluorescence was con-
firmed through their transfer on fresh
media and incubation overnight, Fig.2cd.
The presence and correct orientation of
the cloned blunt end PCR fragment was
confirmed through PCR amplification with
specific primers, as well as restriction en-
zyme digestion of PCR fragments ampli-
fied with universal pUC reverse and for-
ward primers. Nearly all tested fluores-
cent colonies contained the cloned PCR
fragment in the right orientation. Similar

A. B. 

C. D. 

pFGG pFG 

(-) pUC19 

pFGGpFG

pUC19
(-)

Fig. 2. Direct selection of GFP fluorescent colonies following in frame cloning of PCR fragments
upstream of gfp and gus/gfp reporter genes into pFG and pFGG vectors.
(A-B) GFP fluorescent colonies following transformation of E. coli cells with plasmid DNAs obtained
after insertion of PCR fragments.
(C-D) UV-light /C/ and visible light /D/ illuminations of plated E. coli cells contained PCR-pFG , PCR-
pFGG; pUC19 plasmids. The plasmid-less E.coli cells are pointed with (-).
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highly efficient directional in frame clon-
ing, using pFG and pFGG vectors, was
obtained also with a number of PCR frag-
ments corresponding to wide range of sig-
nal peptides and gene coding sequences.
In all performed cloning experiments sev-
eral positive recombinant clones were se-
lected within first the ten tested fluores-
cent colonies.
Two procedures for obtaining blunt end
PCR fragments were applied in the per-
formed cloning experiments: (a) PCR
amplification using Pfu DNA polymerase
and (b) PCR amplification using Taq DNA
polymerase followed by treatment with
Klenow I enzyme for producing blunt end
fragments. GFP fluorescent colonies were
obtained after both treatments, but in some
experiments the use of Pfu DNA poly-
merase resulted in obtaining small portion
of insert-less fluorescent colonies.
Once prepared the functional fusion with
reporter gene could be easily re-cloned
downstream of plant promoter region into
a corresponding transformation vector us-
ing standard cloning techniques. Within our
experience, the SP/gfp and SP/gus/gfp fu-
sions were easily transferred into pBI121
derived binary vectors through replace-
ment of the gus reporter gene by excision
/ligation in BamHI / SacI sites.
In conclusion, plasmid vectors and effi-
cient protocol for direct selection of in
frame fusion of signal peptides / genes of
interest with gfp and gus/gfp reporter
genes were established. The constructed
plasmids could be readily used as efficient
shuttle cloning vectors for construction of
fusions with gfp and gus/gfp reporter

genes, testing of the functionality of fu-
sion gene and subsequent re-cloning into
plant transformation vectors. The con-
struction of plant transformation vectors
facilitating the second cloning step is in
progress.
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