
ARTICLE

A Pair of Ligation-Independent Escherichia coli Expression Vectors for Rapid
Addition of a Polyhistidine Affinity Tag to the N- or C-Termini of Recombinant
Proteins

Hanhong Dan, Aru Balachandran, and Min Lin

Canadian Food Inspection Agency, Ottawa Laboratory (Fallowfield), Ottawa, Ontario, Canada, K2H 8P9

6�His tag is one of the most widely used affinity fusion tags that facilitates detection and purification of
recombinant proteins. However, the location of this tag within a particular type of protein may influence the
expression, solubility, and bioactivity of the protein, and the optimal location needs to be determined
experimentally. To provide a tool for rapid generation of 6� His tags at the N- or C-terminus of any
recombinant protein, we have constructed a pair of Escherichia coli expression vectors—pLIC-NHis and
pLIC-CHis— based on the pET30a vector, for ligation-independent cloning (LIC). Construction of this new pair
of LIC vectors was accomplished by replacement of the multiple cloning site of pET30a with two specifically
designed LIC cloning sites. A target gene derived by PCR with a pair of predesigned primers can be inserted
into the LIC site of pLIC-NHis for expression of recombinant proteins fused with the N-terminal sequence
MHHHHHHG or into that of pLIC-CHis for expression of recombinant proteins with the C-terminal sequence
THHHHHH. Successful expression of two normal mammalian prion proteins and five bacterial proteins in E.
coli using this pair of LIC vectors reveals that these vectors are valuable tools for the production of
recombinant His-tagged proteins in E. coli.
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The increasing demand for recombinant proteins for appli-
cations such as biomedical research, therapeutics, diagnos-
tics, and vaccine development has driven many improve-
ments in protein expression and purification technology.
For example, fusion of a 6� His affinity tag to the N- or
C-terminus of target proteins through recombinant DNA
techniques has greatly simplified the detection of protein
expression using antibodies specific for the tag and the
purification of recombinant proteins using immobilized
metal affinity chromatography (IMAC).1–4 Although a
number of other affinity tags, including FLAG and GST,
have been described in the literature,5 6� His tag is still the
most widely used tag for production and high-throughput
purification of affinity-tagged recombinant proteins, as it
exerts a low metabolic burden on expression hosts and
offers flexible conditions for IMAC, such as mild, nonde-
naturing conditions or denaturing conditions.2,4 6� His
tag is particularly suitable for purifying proteins that often
accumulate as insoluble aggregates (inclusion bodies) in the
cytoplasm when overexpressed in Escherichia coli and re-

quire solubilization and purification under denaturing con-
ditions.4 As a result of its relative small size and charge, as
well as poor antigenicity, 6� His tag rarely has any effects
on the structure and function of target proteins.6,7. As
such, removal of the 6� His tag from fusion proteins is not
always necessary for practical applications, such as the
development of recombinant protein-based vaccines8 and
immunoassays9,10 and for protein characterization and
structure determination.11,12

It has been shown that the solubility and expression
level of a fusion protein in an E. coli cell-free system can
sometimes be influenced by the location of a 6� His tag.13

Woestenenk et al.14 also reported that N- and C-terminal
His tags generally affect protein solubility negatively, but
N-terminal 6� His tags have less negative effect on solu-
bility than C-terminal 6� His tags. In spite of these gen-
eralizations, the effect of the 6� His tag location on protein
solubility is target protein-specific14 and thus, needs to be
determined experimentally for each individual protein to
achieve the optimal result. The availability of plasmid
expression vectors that allow rapid cloning of any target
genes in frame with the N- or C-termini 6� His tag coding
sequence of the vector would facilitate a quick assessment
of the effect of the 6� His tag position on protein expres-
sion. Insertion of a gene or DNA fragment into a selected
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vector is achieved traditionally by a time-consuming and
less cost-effective restriction-ligation cloning approach15 or
by recombinase-mediated cloning,16–18 which introduces
unwanted vector-derived residues into target proteins. A
ligation-independent cloning (LIC) approach has been de-
veloped that improves the efficiency of cloning PCR-am-
plified DNA fragments into a plasmid vector by eliminat-
ing the restriction-ligation steps.19 The method involves
the generation of 12–15 bp protruding overhangs at both
ends of a PCR-amplified DNA product and annealing of
the DNA fragment specifically to complementary, single-
stranded tails of a linearized vector, followed by transfor-
mation of E. coli. Compared with the conventional restric-
tion-ligation-dependent cloning method, LIC is fast,
efficient, and independent of the target gene sequence.19

A number of LIC expression vectors have been re-
ported in the literature20–22 or are available from a com-
mercial source such as Novagen (Madison, WI, USA).23

The majority of these vectors was designed to contain the
coding sequences for N-terminal tags (6� His tag, S tag,
GST tag, or Nus tag) immediately upstream of a protease-
cleavage site. The tags may be removed from the expressed
proteins by specific proteolysis using enterokinase, factor
Xa, or tobacco etch virus (TEV) protease if desired. C-
terminal 6� His-tagged proteins may be generated with
the pT7LIC series of LIC plasmids.21 However, during the
generation of recombinant constructs to express His-
tagged proteins for diagnostic applications, we noted that it
was not possible to select, from all of the LIC vectors
described to date, a pair of vectors for expression of a target
protein fused only with the N- or C-termini 6� His tag.
This limitation prompted us to create a pair of LIC expres-
sion vectors for the rapid generation of expression con-
structs to place the 6� His tag at the N- or C-terminus of
recombinant proteins. In this work, we modified the T7-
based vector pET30a to create a pair of LIC vectors that
contain a short sequence, coding for 7–8 aa, including a
6� His tag at the N- or C-termini of target proteins. The
two LIC vectors were evaluated further by cloning and
expression of several selected genes of prokaryotic and
eukaryotic sources and shown to be useful for the produc-
tion of various recombinant proteins in E. coli.

MATERIALS AND METHODS
Materials and Bacterial Culture

The pET30a vector was obtained from Novagen. Restric-
tion and modifying enzymes for molecular cloning were
purchased from New England Biolabs (Pickering, Ontario,
Canada), unless stated otherwise. PfuUltra Hotstart DNA
polymerase was from Stratagene (Cedar Creek, TX, USA).
QIAquick Gel Extraction and QIAprep Spin Miniprep
kits, Penta-His mAb (anti-His mAb), and nickel-nitrilotri-

acetic acid (Ni-NTA) agarose resin were obtained from
Qiagen (Mississauga, Ontario, Canada). Luria Bertani
(LB) medium was purchased from VWR (Mississauga,
Ontario, Canada). All chemicals were purchased from Sig-
ma-Aldrich (Oakville, Ontario, Canada), unless noted oth-
erwise. E. coli strains used for cloning or protein expression
are DH5� from Invitrogen (Burlington, Ontario, Canada)
and BL21(DE3) and Rosetta 2(DE3) from Novagen.
Transformants of E. coli strains were cultured in LB me-
dium, supplemented as required with 30 �g/ml kanamycin
[DH5�, BL21(DE3)] or 30 �g/ml kanamycin plus 34
�g/ml chloramphenicol [Rosetta 2(DE3)].

Construction of LIC Plasmids

Standard DNA manipulation procedures were followed as
described.15 For the construction of pLIC-NHis, to be used
for expression of N-terminal 6� His tagged proteins, PCR
was conducted to synthesize a DNA fragment from the
pET30a template using PfuUltra Hotstart DNA polymerase
and a pair of 5�-phosphorylated primers P698 (5�P-
GTGATGATGATGATGGTGCATATG3�) and P699
(5�P-GTGGAAGTGGATAACTGAGATCCGGCTGCT-
AACAAAGC3�). Sequences of P698 and P699 annealing to
nt 328–350 and nt 117–139 of pET30a, respectively, are
underlined. The PCR product was gel-purified using a QIA-
quick Gel Extraction kit (Qiagen) and then self-ligated with
T4 DNA ligase to create pLIC-NHis, in which a new se-
quence, 5�CGTGGAAGTGGATAAC3�, replaced a 188-bp
segment (nt 140–327) of pET30a (Figure 1A). The pLIC-
NHis plasmid (5250 bp), propagated in and prepared using a
QIAprep Spin Miniprep kit (Qiagen) from E. coli DH5�, was
analyzed by restriction digestion and DNA sequencing to
confirm the presence of the new sequence containing a unique
PmlI site (i.e., LIC site) and the loss of the original multiple
cloning site (MCS), including the sequence coding for a
thrombin site, an S-Tag, and a C-terminal 6� His tag. Simi-
larly, for the construction of pLIC-CHis to be used for expres-
sion of C-terminal 6� His-tagged proteins, PCR was per-
formed to obtain a DNA fragment with a set of
5�-phosphorylated primers P723 (5�P-ACTTATATCTC-
CTTCTTAAAGTTAAACAAAATTA3�) and P724 (5�P-
ACTCACCACCACCACCACCACTG3�). The underlined
sequences of P723 and P724 are those annealing to nt 351–
381 and nt 138–157 of pET30a, respectively. Self-ligation of
the PCR product with T4 DNA ligase resulted in a circular-
ized plasmid pLIC-CHis (5235 bp), in which a unique ScaI
site, 5�AGTACT3� (i.e., LIC site), was introduced to replace a
193-bp sequence segment (nt 158–350) of pET30a (Fig. 1B).
The presence of a new sequence in pLIC-CHis was confirmed
by restriction digestion and DNA sequencing.
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Linearization of LIC Expression Vectors for LIC Cloning

LIC plasmids were cut with a unique LIC restriction
enzyme, followed by digestion with T4 DNA polymer-
ase, as described elsewhere.22 Briefly, pLIC-NHis DNA
was digested with PmlI, gel-purified as described above,
and treated with T4 DNA polymerase in the presence of
dGTP to create the cloning-ready vector with 5� over-
hangs (18 and 14 nt, respectively) at both ends (Figure

2A). Similarly, pLIC-CHis DNA was linearized with
ScaI, followed by digestion with T4 DNA polymerase in
the presence of dCTP, to generate the cloning-ready
vector with 5� overhangs (20 and 22 nt, respectively) at
both ends.

Primer Designs for LIC Cloning

To clone any target genes amplified by PCR in the
correct orientation and reading frame into pLIC-NHis,
sense primers were designed to begin with the sequence
5�CACCATCATCATCATCACGGT3�, followed by
sequences encoding six or more N-terminal residues;
antisense primers begin with the sequence 5�TTATC-
CACTTCCACG3�, followed by sequences reverse-
complementary to the stop codon and the sequences
encoding six or more C-terminal residues. Sense primers
for cloning the genes of interest in the proper orientation
and reading frame into pLIC-CHis should begin with
the 5�TTTAAGAAGGAGATATAAGTC3�, followed
by a gene-specific sequence coding for six or more N-
terminal amino acids; antisense primers should begin
with the sequence 5�AGTGGTGGTGGTGGTGGT-
GAGTC3�, followed by sequences reverse-complemen-
tary to the sequence encoding six or more C-terminal
residues with omission of the stop codon and the nucle-
otide at the third codon position of the last codon.
Accordingly, primer sets for PCR amplification of sev-
eral genes, which had been selected to evaluate the LIC
expression vectors described in this study, were synthe-
sized and listed in Table 1.

Ligation-Independent Cloning of Target Genes

To evaluate the LIC expression vectors, the genes coding
for the following proteins were amplified by PCR from
respective genomic DNAs with PfuUltra Hotstart DNA
polymerase (Stratagene) and the appropriate primer
pairs (Table 1): a L. monocytogenes protein Lmo1941
(hypothetical peptidoglycan-binding protein), four L.
borgpetersenii proteins (the lipoproteins LipL32 and
LipL36, SphA, and the OmpL), and two prion proteins
(PrPc; bPrPc and oPrPc). For a serotype 4b strain LI0521
of L. monocytogenes, the genomic DNA was isolated as
described30 using the GenomicPrep Cells and Tissue
DNA Isolation kit (Amersham Biosciences, Baie d’Urfe,
Quebec, Canada); for a serovar Harjo strain 6.92 of L.
borgpetersenii, its genomic DNA was extracted by using
the methods described previously.31 DNA from bovine
and ovine blood samples was isolated using a MagNA
Pure LC DNA Isolation kit (Roche, Laval, Quebec,
Canada). The PCR products corresponding to the bac-
terial genes were gel-purified and treated with T4 DNA
polymerase in the presence of dCTP to generate 5�

RBS                    NdeI                                          PmlI (LIC)
5’ AAGAAGGAGATATACATATGCACCATCATCATCATCACGTGGAAGTGGATAACTGAGAT 3’

M     H     H     H    H     H     H V     E     V      D    N     * 
6xHis tag

PmlINdeI

T7

pLIC-NHis
5250 bp

A.
140150160 170 180 190 

T7

ScaI

pLIC-CHis
5235 bp

RBS              ScaI (LIC)      
5’ AACTTTAAGAAGGAGATATAAGTACTCACCACCACCACCACCACTGAGAT 3’

T   H     H     H     H     H     H *
6xHis tag

B. 140150160170 180

FIGURE 1

Schematic illustration of the pET30a-derived LIC vectors pLIC-NHis
and pLIC-CHis, which are derived from the parent plasmid vector
pET30a (Novagen), as described in Materials and Methods. The
nucleotide sequences of the derived plasmids are numbered with
the first nucleotide corresponding to that of the parent plasmid
pET30a. (A) pLIC-NHis is shown in a circularized plasmid DNA (5250
bp) with the locations of the T7 promoter (T7), lac repressor gene
(lacI), kanamycin-resistance gene (Kan), and the pBR322 origin of
replication (ori). The T7 expression portion is expanded and anno-
tated with the positions of the ribosomal binding site (RBS), relevant
restriction sites (NdeI and PmlI), and a 16-bp nucleotide sequence
(boldface type), replacing the original 188-bp segment (nt 140–
327) of pET30a. A unique PmlI site CACGTG (underlined) was
created for LIC cloning. The corresponding amino acid sequence,
including a 6� His tag (underlined), is depicted in a single-letter
code. (B) pLIC-CHis (5235 bp) is shown and annotated similarly as
pLIC-NHis. A unique ScaI site (boldface type and underlined) for LIC
cloning was introduced into the T7 expression region to replace a
193-bp sequence segment (nt 158–350) of pET30a.
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overhangs complementary to those of the cloning-ready
pLIC-NHis (Fig. 2A). The PCR products correspond-
ing to the two PRNP were treated with T4 DNA poly-
merase in the presence of dGTP to produce 5� overhangs
complementary to those of the cloning-ready pLIC-
CHis (Fig. 2B). After annealing of the pretreated PCR
products (10 ng) to the corresponding cloning-ready
LIC vectors (10 ng) via compatible overhangs at room
temperature for 5 min, the mixture was used to trans-
form E. coli DH5�. Bacterial colonies were screened by
colony PCR as described30 with T7 promoter and T7
terminator primers to identify the clones containing the
inserted gene of expected sizes and verified further by
DNA sequencing. The recombinant plasmids were in-

troduced into E. coli BL21(DE3) or Rosetta 2(DE3) for
protein expression.

Protein Expression and Purification

E. coli cells harboring an expression construct were grown
in 20 ml LB broth containing 30 �g/ml kanamycin [for
BL21(DE3)] or 30 �g/ml kanamycin plus 34 �g/ml chlor-
amphenicol [for Rosetta 2(DE3)] at 37°C overnight with
constant shaking. Overnight cultures of bacterial cells were
diluted 100-fold into 2 L LB broth, supplemented with
appropriate antibiotics, cultured as above until an OD590

of 0.6–1.0 was reached and then induced to express the
recombinant proteins for 3 h by adding isopropyl �-D-
galactopyranoside (IPTG) to a final concentration of 1

NdeI PmlI
M  H  H  H  H  H  H  G  

5’CATATGCACCATCATCATCATCACGTGGAAGTGGATAACTGAGATCC 3’
3’GTATACGTGGTAGTAGTAGTAGTGCACCTTCACCTATTGACTCTAGG 5’

PmlI digestion
T4 DNA polymerase + dGTP 

5’ CATATG 3’ 5’ GTGGAAGTGGATAACTGAGATCC 3’
3’ GTATACGTGGTAGTAGTAGTAGTG 5’ 3’ GACTCTAGG 5’

5’ CAC CAT CAT CAT CAT CAC GGT ATG NNN NNN C 3’
3’CCA TAC NNN NNN G CAC CTT CAC CTA TT 5’

TargetGene

H   H   H   H   H   H   G

Amplified ORF (with a stop codon)

T4 DNA polymerase + dCTP

5’ CAC CAT CAT CAT CAT CAC GGT ATG NNN NNN C GAG GAA GTG GTA AA 3’
3’ GTG GTA GTA GTA GTA GTA CCA TAC NNN NNN G CAC CTT CAC CTA TT 5’

Annealing 

A.

pLIC-NHis

Recombinant Construct 

5’ TTT AAG AAG GAG ATA TAA GTC ATG NNN NNG 3’

3’ G TAC NNN NNC TGA GTG GTG GTG GTG GTG GTG A 5’

T  H  H  H  H  H  H  *

Target Gene

pLIC-CHis 5’ TTTAACTTTAAGAAGGAGATATAAGTACTCACCACCACCACCACCACTGAGA 3’

3’ AAATTGAAATTCTTCCTCTATATTCATGAGTGGTGGTGGTGGTGGTGACTCT 5’

5’ TTTAAC 3’ 5’ ACTCACCACCACCACCACCACTGAGA 3’

3’ AAATTGAAATTCTTCCTCTATATTCA 5’ 3’ CTCT 5’

ScaI

ScaI digestion 
T4 DNA polymerase + dCTP

T4 DNA polymerase + dGTP

5’ TTT AAG AAG GAG ATA TAA GTC ATG NNN NNG ACT CAC CAC CAC CAC CAC CAC T 3’

3’ AAA TTC TTC CTC TAT ATT CAG TAC NNN NNC TGA GTG GTG GTG GTG GTG GTG A 5’

Annealing

B.

Amplified ORF (no stop codon)

Recombinant Construct 

FIGURE 2

Ligation-independent cloning of PCR-amplified
open-reading frames (ORFs) into pLIC-NHis or
pLIC-CHis. Procedure details are given in Materi-
als and Methods. (A) PmlI-cut pLIC-NHis is treated
with T4 DNA polymerase in the presence of
dGTP. An ORF of interest, generated by PCR,
using a specifically deigned primer set, is treated
similarly in the presence of dCTP. Subsequently,
the T4 DNA polymerase-treated PCR product is
annealed to the treated vector at room tempera-
ture and used to transform E. coli DH5� for prop-
agation of recombinant plasmids. (B) ScaI-cut
pLIC-CHis is treated with T4 DNA polymerase in
the presence of dCTP. An ORF of interest, gener-
ated by PCR, using a specifically designed primer
set, is treated similarly in the presence of dGTP.
Recombinant plasmids were propagated as stated
above.
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mM. After harvesting by centrifugation at 10,000 g for 20
min, bacterial pellets were resuspended in PBS (pH 7.2)
containing 1 mM PMSF, lysed with a French Press at 1500
psi, and centrifuged (27,000 g, 20 min) to collect the
insoluble materials (inclusion bodies), from which His-
tagged recombinant proteins were solubilized and purified
by Ni-NTA agarose chromatography, as described previ-
ously.32

SDS-PAGE and Western Blotting

SDS-PAGE and Western blots were performed to analyze
the E. coli lysate containing His-tagged recombinant pro-
teins or purified recombinant proteins as described else-
where.33 The proteins, after separation by SDS-PAGE,
were stained with Coomassie blue or electrotransferred to
nitrocellulose membranes using a Trans-Blot SD semi-dry
transfer cell (Bio-Rad, Hercules, CA, USA) for Western
blotting. The membrane-immobilized proteins were
probed with anti-His mAb. Bound antibodies were de-
tected by using HRP-conjugated goat anti-mouse IgG
(Jackson ImmunoResearch Laboratories, Inc., West
Grove, PA, USA) and a 4-chloro-1-naphthol/H2O2 sub-
strate kit (Bio-Rad), according to the manufacturer’s in-
structions.

RESULTS
Features of LIC Expression Vectors

Two LIC vectors, pLIC-NHis and pLIC-CHis, derived
here from the parental vector pET30a, are presented sche-
matically in Figure 1. Both vectors retain the backbone of
pET30a, including the T7 promoter, lac repressor gene
lacI, RBS, kanamycin-resistance gene kan, and the pBR322
ori. In pLIC-NHis, the original MCS of pET30a was
essentially deleted and replaced with a 16-bp sequence
(5�CGTGGAAGTGGATAAC3�) immediately down-
stream of the 6� His coding sequence to create a unique
PmlI site (CACGTG) for LIC cloning. In pLIC-CHis, a
unique ScaI restrition site (AGTACT) for LIC cloning was
introduced immediately upstream of the C-terminal 6�
His coding sequence to replace the original MCS of
pET30a. Using the LIC cloning strategies outlined in
Figure 2 (see Materials and Methods for details), a target
gene derived by PCR with a pair of predesigned primers
(Table 1) can be inserted into the LIC site of pLIC-NHis to
express a recombinant protein fused with an N-terminal
sequence MHHHHHHG or into that of pLIC-CHis to
encode a recombinant protein with a C-terminal sequence
THHHHHH.

Evaluation of LIC Expression Vectors

Cloning of the genes coding for L. monocytogenes Lmo1941
and L. borgpetersenii LipL32, LipL36, mature SphA (aa

28–556), and OmpL1 into pLIC-NHis and the genes
coding for bPrPc and oPrPc into pLIC-CHis, using the LIC
cloning procedure (Fig. 2), yielded seven respective expres-
sion constructs (Table 1). The expression constructs for all
of these proteins were generated using one of the two LIC
vectors. PCR analysis and DNA sequencing revealed that
these constructs contained the correctly inserted genes.
Western blot analysis of the total protein lysates from
IPTG-induced E. coli, transformed with any one of these
constructs, revealed protein bands recognized by anti-His
mAb, in agreement with the predicted sizes of His-tagged
fusion proteins (data not shown). This indicated that target
proteins were expressed as N- or C-terminal His-tagged
proteins from these constructs and that this set of LIC
vectors is useful for expression of any target proteins. Each
expressed protein described here was found predominantly
in the insoluble fraction (presumably as a result of forma-
tion of protein aggregates referred to as inclusion bodies) of
the cell lysates and was purified further after solubilization
to 80–90% purity by Ni-NTA agarose affinity chromatog-
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FIGURE 3

SDS-PAGE analysis of seven recombinant proteins expressed from
the constructs generated with pLIC-NHis or pLIC-CHis. All recombi-
nant proteins were produced from the expression constructs in E.
coli BL21(DE3) with the exception of rSphA-m (N) in E. coli Rosetta
2(DE3), affinity purified by Ni-NTA agraose chromatography under
denaturing conditions, and analyzed by SDS-PAGE. The position of
6� His tag at the N- and C-termini is indicated by (N) and (C),
respectively. M, Prestained protein standards (Bio-Rad). rLipL32 (N),
rLipL36 (N), rOmpL1-m (N), and rSphA-m (N) proteins are encoded
by the corresponding genes from L. borgpetersenii serovar Harjo
strain 6.92; rLmo1941 is a protein of L. monocytogenes serotype 4b
strain LI0521. rbPrPc-m and roPrPc are mature bovine and ovine
proteins, respectively. The amount of purified proteins loaded for
each lane: rLipL32 (N), 4 �g; rLipL36 (N), 2 �g; rOmpL1-m (N), 1.5
�g; rSphA-m (N), 1.5 �g; rLmo1941, 1.0 �g; rbPrPc (C), 4 �g;
roPrPc-m (C), 8 �g. Recombinant target proteins are indicted by
arrows with calculated molecular masses of 33 kDa for LipL32 (N),
38 kDa for rLipL36 (N), 32.3 kDa for rOmpL1-m (N), 61 kDa for
rSphA-m (N), 26 kDa for rLmo1941, 24.5 kDa for rbPrPc-m (C), and
23.8 kDa for roPrPc-m (C).
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raphy, as judged by SDS-PAGE (Figure 3). The additional
minor bands observed most likely represent protein con-
taminants from E. coli (Figure 3). It is also possible that the
minor lower molecular weight bands are a result of prote-
olyic degradation of the expressed target proteins.

DISCUSSION

We have derived from the pET30a vector a pair of prokary-
otic expression vectors, pLIC-NHis and pLIC-CHis, into
which any target gene, regardless of its sequence makeup,
can be inserted using a ligation-independent cloning strat-
egy.19 The usefulness of these two vectors was demon-
strated in this study by successful cloning and expression in
E. coli of seven protein-coding genes. These genes were
selected for protein expression using the LIC vectors for
two main reasons: We are interested in producing these
recombinant proteins to evaluate their diagnostic potential,
and these rapidly available genes in our laboratory represent
the genes of various sources (Gram-positive bacteria,
Gram-negative bacteria, and eukaryotes) and may thus
allow for assessing the ability of the two LIC vectors to
express proteins of various organisms. As found commonly
with expression of foreign proteins in E. coli, all seven
recombinant proteins were expressed in an insoluble form
(inclusion bodies). Given the fact that the location of a 6�
His tag interferes with the expression level and/or solubility
of fusion proteins,13,14 the availability of pLIC-NHis and
pLIC-CHis would allow for expression of a target protein
fused only with an N- or C-terminal 6� His tag and thus,
facilitate the assessment of the effect of the tag position on
protein expression. Although the mechanism by which the
position of a His tag influences recombinant protein ex-
pression is not understood, it appears that the effect of the
His tag position on fusion protein expression is dependent
on the sequence of expressed proteins.

All of the previously reported LIC expression vec-
tors20–23 do not have the flexibility of expressing two
recombinant fusion proteins that are different, essentially
only in the location of His tag. The majority of LIC vectors
reported previously20–23 incorporates a number of non-
native amino acid residues to fusion proteins. Although the
pT7LIC series of LIC vectors described by Chanda et al.21

is similar to pLIC-CHis, in that all of these vectors express
recombinant proteins, fused only to a C-terminal 6� His
tag, there are no other LIC vectors partnered with them to
express recombinant target proteins fused only to a N-
terminal 6� His tag. To the best of our knowledge, pLIC-
NHis, together with pLIC-CHis, represents a unique pair
of LIC expression vectors having the same plasmid back-
bone for production of recombinant proteins fused only to
a 6� His tag at the N- or C-terminus. The presence of a 6�
His tag did not appear to produce unwanted interference

with practical applications.8,9,11,12 Thus, incorporation of
a specific protease cleavage site into recombinant proteins
for the purpose of removal of the 6� His tag was not
considered during the construction of the LIC expression
vectors. If required, a specific protease cleavage site, such as
enterokinase, TEV protease, or factor Xa, can be intro-
duced between the 6� His tag and a target protein by
synthesizing appropriate PCR primers and thus, allow for
protease-guided removal of the tag from recombinant fu-
sion proteins.

In summary, a detailed procedure for the preparation
of cloning-ready vectors and the design of gene-specific
primers, as reported in this communication, allows for
rapid and easy cloning of any PCR-amplified genes into
pLIC-NHis or pLIC-CHis. This new set of LIC vectors,
like any other LIC expression vectors described previous-
ly,20–23 offers significant advantages over the conventional
restriction-ligation cloning approach, including no need to
digest vectors and PCR-amplified genes with restriction
endonucleases to create compatible ends for cloning, the
elimination of the T4 DNA ligase step, and the avoidance
of interference with cloning from any restriction sites
within target sequences. Thus, generation of protein ex-
pression constructs using the LIC expression vectors de-
scribed in this study and elsewhere20–23 is efficient and
cost-effective for high-throughput recombinant protein ex-
pression.
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