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The advent of recombinant DNA
technology has revolutionized biologi-
cal and genetic research (9,10). These
technologies have allowed us to per-
form previously unthinkable tasks,
such as the sequencing of the human
genome and the deletion of a gene of
interest in animal models (6,14,21).
Most of the commonly used cloning
vectors are derived from bacterial plas-
mids, which are self-replicating extra-
chromosomal DNA moleculesfoundin
virtually all bacterial species (1,9).
M ost plasmids are double-stranded, cir-
cular DNA molecules, and their repli-
cation is coordinated with that of the
bacterial host (16,19). Plasmid vectors
used for molecular cloning are primari-
ly derived from E. coli plasmids. These
vectors possess three common features:

areplicator, at least one antibiotic se-
lectable marker, and a multiple cloning
site (MCS). The replicator is a stretch
of DNA sequence that contains the ori-
gin of replication (ori) and encodes the
RNAs and proteins required for plas-
mid replication in host cells. Although
the mechanisms underlying plasmid
copy number control are still the sub-
ject of extensiveinvestigations, itis be-
lieved that the replicator may play a
pivotal role in determining the copy
number of a given plasmid in different
host cells (11,20). Most cloning vectors
contain a replicator derived from the
prototypic ColE1 origin. Although both
pBR322 and pUC19 plasmid vectors
contain similar replicators from the
ColEl-related pMB1 (4,13), subtle
changes in the replicators render them
significantly different in their ability to
maintain their copy number in host
cells. Asaresult, in most host cells, the
pBR322 vector is maintained at
100-300 copies per cell, whereas the
pSL301plasmid with the pUC19 repli-
cator contains 1000—3000 copies per
cell (3,5,22,25,26).

Although recombinant DNA tech-
nology has been established for more
than two decades, subcloning large
DNA fragments remains a rather chal-
lenging maneuver (15,18). Our previ-
ous experience with the construction of
the AdEasy (www.coloncancer.org/
adeasy.htm) and other large vectors
suggested that the cloning efficiency of
large DNA molecules might be affected
by the copy number of a given vector.
Higher cloning efficiency was seem
ingly associated with the use of alower
copy number vector (12). This phe-
nomenon was particularly true when
larger inserts (e.g., >3 kb) or larger des-
tination constructs (e.g., >10 kb) were
involved. In this report, we sought to
test the above observations using a
more definitive approach.

To ensure that a lower copy number
vector was structurally comparableto a
high copy number vector (i.e., pSL301,;
Invitrogen, Carlsbad, CA, USA), ween-
gineered the pMOL UC vector that con-
tains a pBR322-derived replicator.
Specifically, a507-bp fragment contain-
ing the MCSwas PCR-amplified from a
pSL301 vector using the M 13 forward
and M 13 reverse primers, 5'-GTAAA
ACGACGGCCAGT-3" and 5'-GGAA
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ACAGCTATGACCATG-3'. The ampli-
fied fragment was blunt-ended and sub-
cloned into the pBR322 vector at the
blunted EcoRIl and BspEl sites. The
DNA sequence at the cloning junctions
and the insert orientation were verified
by DNA sequencing and restriction di-
gestions. Figure 1A illustrates that the
pMOLUC vector has a backbone simi-
lar to that of pSL301, except that the
replicator of pMOLUC was derived
from a pBR322 plasmid (2). The full-
length sequence of pMOLUC is avail-
able a http://mywebpage.netscape.

com/ucmolab/home.html.

To generate a pool of DNA frag-
ments of various sizes, we used a re-
combinant adenoviral plasmid (approx-
imately 34 kb). When this plasmid was
digested with Ncol, more than 20 frag-
ments were produced with a broad
range of size distribution: one fragment
was less than 100 bp; five fragments
were 100 bp to 1 kb; 10 fragments were
1-2 kb; one fragment was 2—-3 kb; and
three fragments were greater than 4 kb.
However, please note that potential par-
tial digestions and/or possible con-

A

Plyiskar Sl

Fea | BT
BEIE W B
w111 700
PN 106
Bagl 118
Bam | 108
Bl @ 11E
Ezolt 1 120
Bampld 1 138
Sall 144
Bsiula | 150
Emal 165
Paph | 163
Sl 16T
Baph 200 16
Al T2
Blamid | 1R
Mun | 188
Pl | 168
Bell 1%
Bglil 208
BasH Il 214
Ezefl V328
Zphl 250
Fedtve | 2000
Era | 250
Aeoh | 2
Agal I

Frigloisar Sites

Kpn 1272
Hpa | 280
HigoM | 280
hae | 290
Sralf | 798
Baphd I 359
BagE | X3
Gl 319
Forr 1 320
hisi § 330
K 11l 338
Hat | 336
Kars § 351
Har i 352
Bba | 355
Mis i 25
Beffy | 306
hirg | 374
L b
Bar: | 387
Hha | 308
B | 357
Bigss 1406
Mss | £13
Pl 1447
51413
AE AN
1] A

Figure 1. The pM OLUC vector map and the comparison of ligation efficiency between pMOLUC
and pSL 301. (A) Schematic representation of the pMOLUC vector. Seetext for construction detail. Full-

length sequence of this vector is listed at http://mywebpage.netscape.com/ucmol ab/home.html. MCS,

multiple cloning site; M13F, M 13 forward primer sequence; M 13R, M 13 reverse primer sequence; and

T3and T7, T3and T7 promoter/primer sequences, respectively. (B) Recombinant coloniesresulted from
subcloning in pSL301 and pMOLUC vectors. The ligation products were transformed into DH10B E.

coli cells by electroporation. Approximately one-fifth of the transformation mixture was plated on

LB/ampicillin plates, and recombinant DNA clones were selected and grown overnight.
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Figure 2. Restriction analysis of recombinant DNA clones derived from pSL301 and pMOL UC vectors. Twenty colonies for each ligation (Figure 1B)
wererandomly picked up and grown for plasmid DNA purification. Approximately one-tenth (i.e., 5 uL) of each miniprep DNA was either directly loaded onto
and resolved on 0.8% agarose gels (A and B) or subjected to Ncol digestions, followed by resolution on 1.0% agarose gels (C and D). The 1 Kb Plus Ladder(d
(Invitrogen) was used as asize marker (lane 1). Positions of the vector controls (lane 2) areindicated by arrows.

catamerization of digested fragments
would likely shift the size distribution
to larger fragments. The plasmid (5 pg)
was digested with Ncol, followed by
the subcloning of the digested DNA
pool into the Ncol site of the pMOLUC
and pSL301 vectors with T4 DNA lig-
ase (Invitrogen) at 16°C for 4 h. To re-
duce the ligation background, the Ncol-
digested vectors were treated with calf
intestinal alkaline phosphatase (New
England Biolabs, Beverly, MA, USA).
Ligation products were transformed
into DH10B E. coli cells, and recombi-
nants were selected on LB/ampicillin
platesat 37°C. When the same amounts
of pMOLUC and pSL 301 vectors were
used for ligation and transformation,
the pSL301-based ligation yielded
more colonies, approximately two
times those of pMOLUC (Figure 1B).
Recombinant col onies were randon:
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ly picked up and grown in 2 mL
LB/ampicillin (50 pg/mL) ina37°C en-
vironmental shaker overnight. The plas-
mids were purified using the alkaline ly-
sis procedure. After being resolved on
0.8% agarose gels, the majority of
clones derived from pMOLUC were
significantly larger than those from
pSL301 (Figure 2, compare A and B).
These results were further confirmed by
restriction digestion. When digested
with Ncol, most of the clones derived
from pSL301 produced an insert small-
er than 2 kb (Figure 2C). Conversely,
most of the clones derived from
pMOLUC yielded significantly larger
inserts (Figure 2D). Specifically, al of
the clones derived from pMOLUC con-
tained an insert greater than 2 kb, and
50% (10 of 20) of them contained an in-
sert larger than 3 kb (Figure 2D, lanes 4,
5,9-11, 13, 16-18, and 22). One clone

even contained an insert that was greater
than 7 kb (Figure 2D, lane 18). It should
be pointed out that one of the clones
(Figure 2, B and D, lane 17) might be a
mixture of two separate clones, although
it seemed that both clones contained
large inserts. Thus, our results have
demonstrated that pMOLUC indeed ex-
hibits a higher cloning efficiency for
larger DNA fragments than pSL301,
which suggeststhat the cloning efficien-
cy of large DNA molecules could be
significantly improved by using alower
copy number vector. It should be point-
ed out that cloning large DNA frag-
ments into a high copy number plasmid
vector is still possible; however, it is
more difficult (23).

In addition to containing the
pBR322-derived replicator, pMOLUC
represents a versatile cloning vector
with a superlinker containing more
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than 56 unique cloning sites, which is
flanked by M13 forward and M13 re-
verse primer sequences. This vector
also contains the T3 and T7 promoters
flanking the linker site, which are suit-
able for in vitro transcription from ei-
ther strand. Several studies have report-
ed the construction and utility of lower
copy number vectors in molecular
cloning (7,24).

One possible drawback of using a
lower copy number vector is that the
DNA vyield is lower. Because the repli-
cation of pMB1-derived plasmids does
not require plasmid-coded factors and
relies entirely on long-lived host en-
zymes, a practical means to increase
plasmid yield is to add antibiotics such
as chloramphenicol or spectinomycin at
the early stage of amplification. These
drugs can inhibit host protein synthesis
and prevent replication of bacterial
chromosome, while the plasmids con-
tinue to replicate until several thousand
copies accumulate in the host cell (8).
Nevertheless, the quantity of DNA ob-
tained from a routine amplification
should be sufficient for most molecular
and cell biology experiments. Interest-
ingly, several low copy number replica-
tor-based vectors (i.e., <20 copies per
cell) have been used for constructing
YAC or BAC genomic DNA libraries
(17). Although subcloning alarge frag-
ment (e.g., >100 kb) into these vectors
is efficient, the extremely low DNA
yield prevents their widespread use in
molecular cloning experiments. There-
fore, the pBR322-based vectors (e.g.,
pMOLUC) are probably the preferred
choice for most conventional cloning
experiments because they provide a
high cloning efficiency for large DNA
fragments (up to 30 kb) yet produce a
reasonable quantity of DNA.
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