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(57) ABSTRACT 

The present invention provides an expression vector adapted 
for inducible ampli?cation and inducible transcription of a 
heterologous polynucleotide operably linked to a transcrip 
tional promoter provided in the vector. The invention further 
provides a method for using the vector to produce large 
quantities of a heterologous polypeptide encoded by the 
heterologous polynucleotide. The pBAC of the present 
invention is derived from a BAC cloning vector by modi 
fying the BAC cloning vector to include a conditional ori for 
amplifying the pBAC and an inducible promoter for regu 
lating the transcription of an inserted gene. Both the condi 
tional ori and the inducible promoter can be activated jointly 
or separately by suitable signals in a host cell. Once a 
polynucleotide of interest is inserted into the pBAC and the 
pBAC is introduced into a host cell, the level of the product 
encoded by the polynucleotide can be controlled by regu 
lating the copy number of the expression vector or the 
activity of the promoter under Which transcription of the 
inserted polynucleotide is controlled, or both. 
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EXPRESSION VECTOR WITH DUAL CONTROL 
OF REPLICATION AND TRANSCRIPTION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] Not applicable. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not applicable. 

BACKGROUND OF THE INVENTION 

[0003] This invention relates to processes and expression 
vectors for producing and recovering heterologous polypep 
tides from bacterial cells. More particularly, the invention 
relates to expression vectors that comprise polynucleotide 
control sequences that permit simultaneous or independent 
control over both the level at Which the polypeptide-encod 
ing polynucleotide sequences are transcribed and the copy 
number of the expression vectors. 

[0004] In a typical expression system, heterologous 
polypeptide production is either not regulated or is regulated 
by modulating transcription from a transcriptional promoter 
operably linked upstream of a polynucleotide that encodes 
the heterologous polypeptide. To ensure that large amounts 
of protein are produced, expression vectors having high 
copy-number are typically employed. In such high-copy 
number expression systems, When the promoter that regu 
lates transcription of the polypeptide-encoding sequence is 
not tightly regulated (is “leaky”), even small amounts of the 
polypeptide produced can be toxic to, or can have other 
adverse effects upon, the host cell. Also, high-copy-number 
expression vectors can be unstable and can yield undesired 
deletions or mutations or chimeric recombination products. 
This is a rather common disadvantage of high-copy-number 
vectors. 

[0005] Alternatively, a host cell can better tolerate tran 
scriptional leakage When the expression vector is present in 
one or a feW copies per cell. HoWever, such vectors are also 
of limited utility in that the amount of polypeptide produced 
from a single-copy vector is very small and large numbers 
of cells containing such a vector carrying the polynucleotide 
of interest must be groWn to obtain suf?cient quantities of 
the polypeptide for isolation and puri?cation. 

[0006] Bacterial arti?cial chromosome (BAC) vectors 
(and plasmid forms, pBAC) are single-copy vectors used to 
maintain large genomic DNA fragments, and have not been 
used as expression vectors. BAC (or pBAC) vectors typi 
cally accommodate inserts in the range of up to 300 kilobase 
pairs. Kim, U-J et al., “Construction and Characterization of 
a Human Bacterial Arti?cial Chromosome Library,” 
Genomics 34:213-218 (1996) describe a noW Widely used 
BAC cloning vector, pBeloBACll, that uses lacZ X-Gal/ 
IPTG complementation to distinguish by color insert-con 
taining recombinant molecules from colonies carrying the 
BAC vector Without an insert. The pBeloBACll is an 
improvement over pBAC108L, a prior BAC cloning vector 
described in ShiZuya, H., “Cloning and stable maintenance 
of 300-kilobase-pair fragments of human DNA in Escheri 
chia coli using an F-factor-based vector,” P.N.A.S. USA. 
89:8794-8797 (1992) that lacked the ability to identify 
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insert-containing BACs. US. Pat. No. 5,874,259 (incorpo 
rated herein as if fully set forth in its entirety) discloses 
conditionally ampli?able BAC vectors having, in addition to 
an F factor-based origin of replication that maintains the 
vector at one copy per cell, a conditional origin of replica 
tion at Which replication is initiated in response to a suitable 
signal in the host cell. The disclosed vectors facilitate 
obtaining large amounts of a genomic polynucleotide frag 
ment, thereby overcoming a knoWn disadvantage of BAC 
vectors, namely loW DNA yield. After induction, the copy 
number of the vector or the insert-containing vector 
increases substantially and the polynucleotides of interest 
can be isolated. In the vectors of US. Pat. No. 5,874,259, a 
pair of excision-mediating sites (EMS) can optionally ?ank 
the conditional ori and a site into Which a cloned genomic 
polynucleotide fragment can be cloned. In the latter case, the 
nucleic acid betWeen the EMS can be excised to create a 
circular plasmid that comprises the genomic fragment insert 
and Which can replicate When the conditional ori is activated 
by induced Rep protein. None of the aforementioned patent 
and publications contemplate employing BAC vectors for 
transcribing polynucleotides and none of the vectors 
includes all of the elements for doing so. While pBelo 
BACll contains the T7 and SP6 promoters, these are used 
only as sites to anneal the sequencing primers, not as 
promoters of transcription. 

BRIEF SUMMARY OF THE INVENTION 

[0007] In a ?rst aspect, the present invention is an expres 
sion vector for expressing in compatible host cells a heter 
ologous polypeptide encoded by a heterologous polynucle 
otide sequence in the vector. The expression vector of the 
invention comprises both a conditionally ampli?able origin 
of replication (ori) that functions in the host cells and a 
tightly regulated inducible transcriptional promoter operably 
linked to the heterologous polynucleotide sequence. The 
vector is capable of independent replication in the host cell 
and therefore also can include polynucleotide sequences that 
encode any proteins required for plasmid replication, main 
tenance, and partitioning that are not otherWise provided in 
the host cells, either in the groWth medium, in the host 
genome or on a separate expression vector. 

[0008] For convenience, the expression vector also pref 
erably contains a selectable marker for con?rming the 
presence in the host cells of the vector. The vector also 
preferably includes at least one cloning site into Which the 
heterologous polynucleotide of interest can be cloned. It is 
also desirable to distinguish clones that contain a heterolo 
gous polynucleotide of interest from the expression vector 
itself. In accord With conventional practice, the cloning site 
can therefore be situated in a larger polynucleotide coding 
sequence that confers an alterable phenotype upon the host 
cells. A change in that phenotype can indicate that a heter 
ologous polynucleotide is present in the cloning site. An 
expression vector of the invention can optionally include a 
pair of excision mediation sites (EMS) ?anking the condi 
tional ori, the inducible promoter and the site into Which the 
polynucleotide of interest is inserted, for excision of the 
expression cassette from the vector to a separate, smaller, 
and conditionally-ampli?able plasmid. 

[0009] In a related aspect, the invention is also summa 
riZed in that a host cell for producing heterologous polypep 
tides includes in its interior an expression vector of the 
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present invention. The host cell can conditionally provide 
the signals required to activate the conditional ori and/or the 
inducible promoter in the modi?ed vector. The expression 
vector in the host cell can comprise a heterologous poly 
nucleotide insert that encodes the polypeptide of interest. 

[0010] In yet another related aspect, the invention is 
further summarized in that a method for obtaining a desired 
amount of the heterologous polypeptide of interest from a 
host cell that contains the eXpression vector With heterolo 
gous polynucleotide insert includes the steps of modulating 
the activity in the host cell of an agent that conditionally 
ampli?es the ori to maintain the vector at a desired copy 
number and modulating the activity of an agent that induces 
a desired transcription level of the heterologous polynucle 
otide to maintain an overall desired level of polypeptide 
production from the vector, and isolating the heterologous 
polypeptide from the host cells. 

[0011] It is an object of the present invention to produce 
heterologous polypeptides in a host cell, even Where the 
polypeptide is toXic or has other adverse effects on the host 
cell that Would prevent cloning and/or stable maintenance of 
inserted polynucleotide prior to the overproduction of the 
polypeptide in conventional cell-based protein eXpression 
systems. 

[0012] It is another object of the present invention to retain 
the advantageous properties of eXisting vectors including 
stability of an inserted polynucleotide. 

[0013] It is a feature of the present invention that the 
vector includes both a conditional origin of replication and 
an inducible transcriptional promoter. 

[0014] It is a feature of the present invention that the 
expression vector alloWs user control over both vector copy 
number and transcription level. 

[0015] It is another feature of the present invention that, in 
the presence of inducing signals, the copy number of the 
heterologous polynucleotide in the host cells increases from 
1 copy to betWeen at least about 10 and 100 copies or higher 
Which can be, but is not limited to and the cellular machinery 
transcribes the copied polynucleotides. 

[0016] It is an advantage of the present invention that host 
cells that comprise a vector of the invention are more 
tolerant of promoter leakage before induction than cells in 
conventional systems because the vector is maintained as a 
single-copy or at very loW copy number. 

[0017] It is a further advantage of the present invention 
that the host cells are able to produce large quantities of a 
heterologous polypeptide, even toXic polypeptides, because 
the cells both amplify the vector and transcribe the polypep 
tide quickly after induction such that large-scale protein 
production is complete before the polypeptide can adversely 
affect the cells. Before induction, a leaky transcriptional 
promoter can have little effect on the cells, because the 
vector copy number is so loW. 

[0018] Other objects, advantages, and features of the 
present invention, including more ef?cient preparation of the 
vector for the cloning, and simpli?ed puri?cation of the 
DNA or protein product, Will become apparent upon con 
sideration of the folloWing detailed description taken in 
conjunction With the accompanying draWings. 
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BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0019] FIGS. 1, 2 and 3 schematically depict vectors 
prepared in accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0020] Apreferred eXpression vector of the invention is a 
bacterial arti?cial chromosome (BAC or pBAC), but the 
principles of the invention can apply With equal force to 
other polynucleotide eXpression vectors. A skilled artisan is 
familiar With the kinds of genetic manipulation used to 
create neW vectors or to modify eXisting vectors in accord 
With the invention. To produce a BAC or pBAC vector of the 
present invention, a conditional origin of replication (ori) for 
amplifying the vector and an inducible promoter for regu 
lating the transcription of a heterologous polynucleotide 
insert are provided on the vector. The present invention 
provides dual control over the eXpression of heterologous 
polypeptide in a host cell. One aspect of control lies in the 
regulation of the promoter activity. The other aspect of 
control lies in the increase of copy number from one to about 
10 to about 100 per cell. Ampli?cation of and transcription 
from a BAC vector modi?ed as described can be separately 
or coordinately regulated to control the amount of heterolo 
gous polypeptide produced in the host cells. For maXimum 
eXpression, the promoter is induced to the highest level of 
activity alloWable and the ori is induced to maXimiZe copy 
number. HoWever, the ability to engage both mechanisms 
independently makes it possible to achieve a range of 
polypeptide levels not achievable using either mechanism 
separately. 

[0021] The methods for physically modifying the vectors, 
including but not limited to nucleic acid cleavage, ampli? 
cation, reverse transcription, ligation, and the like, are Well 
Within the level of skill in the art and are not detailed herein. 
Modi?cations in accordance With the present invention are 
described relative to pBeloBAC11, although one skilled in 
the art can readily make the same changes to other plasmids 
including, but not limited to, pBAC108L. 

[0022] Although the invention is described in terms of a 
modi?ed BAC vector, the skilled artisan Will appreciate that 
other non-BAC cloning vectors can be adapted as described 
herein. EXamples of other suitable single-copy or loW-copy 
cloning vectors that can employ this approach include P1 
and pSClOl plasmids. The BAC model is particularly 
desirable as it has been shoWn to accommodate very large 
DNA inserts and keep them Without being subject to dele 
tions or other rearrangements. Moreover, pBAC/oriV vec 
tors described in US. Pat. No. 5,874,259 are clearly superior 
since they are not only truly single-copy vectors, but are also 
very stable and permit easy ampli?cation to high-copy 
number. 

[0023] Both the conditional ori and the inducible promoter 
can be activated by suitable signals in a host cell. The agents 
can be positive regulators or can interact With negative 
regulators to increase ampli?cation and transcription as 
desired. A positive regulator (inducer) acts by providing a 
signal that increases an activity While a negative regulator 
(repressor) prevents an activity until an agent (also histori 
cally designated as inducer) prevents the negative regula 
tion. The agents can be organic or inorganic chemical agents 
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or can be polypeptides encoded by polynucleotide sequences 
in the host cell genome or on an extrachromosomal vector 
present in the host cell. Alternatively, the agents can be 
administered manually to the host cells by, e.g., providing 
the agent in the groWth medium. Preferably, the inducing 
agent(s) increase transcription and/or replication to an extent 
proportional to their level in the host cell. The skilled artisan 
Will appreciate that it is Within the level of skill in the art to 
provide as simple or as complex a regulatory scheme as 
desired for ensuring that the appropriate agent is available to 
the vector at the appropriate time. The precise nature of that 
scheme is not critical to the invention. Rather, for purposes 
of this invention, it is understood that the ultimate agents for 
amplifying the vector and for inducing transcription can be 
provided as needed. 

[0024] Conditional origins of replication are knoWn to the 
art and the details of inducible ampli?cation are not repeated 
herein. Of course, the conditional origin is chosen for 
compatibility With a knoWn inducing agent provided as 
disclosed herein, for its normally tight doWnregulation in the 
selected host cells in the absence of the compatible inducing 
agent, and for its strong inducible operability in the presence 
of the inducing agent. The conditional origin is provided in 
addition to a origin of replication that maintains the vector 
at a single copy per cell. One such suitable origin is oriS 
Which maintains the vector at a single copy When glucose is 
present at about 0.2% in the groWth medium. 

[0025] The conditional ori, When provided in combination 
With the compatible inducing agent, should have suf?cient 
activity to amplify the vector to a copy number suf?cient to 
produce an adequate amount of the heterologous polypep 
tide after inducing transcription. It is also preferred that such 
origin of replication have a broad host range to accommo 
date shuttling the vector among different cell types. A 
preferred conditional ori is oriV, GenBank No. L 13843, 
although the conditional ori could be any ori that functions 
in the host cell and is normally inactive until exposed to the 
replication-inducing agent. 

[0026] It is preferred but not essential that replication be 
conditioned upon the presence of a single agent, such as a 
protein, although multi-agent replication systems are 
knoWn. If the inducing agent is encoded by polynucleotide, 
the sequence that encodes the polynucleotide can be pro 
vided in an expression cassette under the transcriptional 
control of an inducible promoter, Which can be the same or 
different from the inducible promoter that controls the 
transcription of the heterologous polynucleotide. Similarly, 
the replication-inducing agent can be induced by the same 
agent that induces transcription from the transcriptional 
promoter. The expression cassette can be provided in the 
host cell genome, on the vector itself or on another poly 
nucleotide element such as a loW-, medium-, or high-copy 
number plasmid that contains an origin of replication. The 
skilled artisan Will thus appreciate that the dual aspects of 
vector control can be coordinately or separately regulated. 
Either Way, after replication is induced by the agent, repli 
cation begins and the vector copy number increases. The 
oriV is preferred because it has a broad host range, it can 
replicate DNA fragments of even 100-kb or larger, it can 
amplify to high-copy-number and it requires only one induc 
ing protein (TrfA or a copy-up mutant thereof), the structure 
of Which is knoWn to the art. The copy number of the vector 
can be controlled by the mutant TrfA protein that retains an 
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ability to induce DNA replication, such mutants being 
knoWn to the art, Which in turn is controlled by the promoter 
activity level. In the presence of mutant TrfA, a vector that 
comprises oriV is induced to replicate to high-copy-number, 
such as more than at least about 10 copies per cell, prefer 
ably more than about 50 copies per cell, and still more 
preferably at least about 80 to 100 copies per cell, or more. 
When the oriV/TrfA system is used, the vector is suited for 
use in any Gram-negative oriV/TrfA compatible host. Other 
knoWn conditional origins of replication that can be used in 
the invention include but are not limited to pBBR1 and 
RSF1010. 

[0027] Inducible promoters are knoWn to the art and a 
detailed summary of the state of the art is not provided 
herein. A suitable inducible promoter functions in the 
selected host cell and responds to an inducing agent With 
suf?cient strength to promote a high level of transcription of 
a doWnstream heterologous polynucleotide operably linked 
to the inducible transcriptional promoter in the vector. In this 
application, “operably linked” means that the promoter is 
situated upstream of the polynucleotide coding sequence 
such that productive transcription of the polynucleotide is 
initiated at the promoter. “Heterologous” refers to a poly 
nucleotide or polypeptide not natively found in or produced 
by the host cells. The term “polypeptide” broadly encom 
passes all proteinaceous molecules including, Without limi 
tation, oligopeptides, peptides and proteins, as those terms 
are understood in the art. Ahigh level of transcription yields 
ample amounts of protein, at least about 1%, preferably 
betWeen 1% and 10% of cell Weight, but can be higher. 
Before induction, in contrast, the promoter should normally 
be inactive, resulting in insigni?cant or undetectable levels 
of product as measured by conventional detection methods 
in the non-induced state. It is also preferred that the pro 
moter require only a single agent for induction. Although the 
inducible promoter could be any promoter having these 
attributes, preferred inducible promoters are the araC/Pm 
BAD (activator gene)-promoter (araC-PmBAD; GenBank 
Accession No. X 81838 nt 1-1277) and the TetR/PLteto 
repressor promoter (PLetO; GenBank Accession No. U 
66312). These promoters are preferable because they are 
tightly regulated When non-induced, and very strong When 
induced. These tWo promoters can be activated by treating 
the host cells With 0.01% L-arabinose and 100 ng/ml 
anhydrotetracycline (aTc), LutZ et al., 25 NA.R. 1203 
(1997), respectively. Concentrations of LA and aTc shoWn 
above are believed optimal but are not essential. AraC/ 
ParaBAD also responds to an anti-inducer, D-fucose. Thus, the 
activity of AraC/ParaBAD can be regulated by adjusting the 
LA/D-fucose ratio. Other suitable inducible promoters 
include, but are not limited to, P186, P T5, T7, and others. 

[0028] In a method for conditionally producing a heter 
ologous polypeptide, vectors thus modi?ed can be inserted 
into suitable host cells using standard nucleic acid transfer 
methods such as electroporation, calcium-mediated trans 
formation or cos-mediated phage lambda packaging and 
transfection. A suitable host cell includes facility for condi 
tional expression of the agents that can modulate ampli? 
cation of the vector and transcription from the transcrip 
tional promoter. The host cell strain is preferably bacterial, 
preferably an E. coli strain, but can be a plant, yeast, or 
animal cell, including a mammalian cell, as long as the 
conditional ori and the inducible promoter in the BAC 
vector, as Well as the activating functions, are selected so as 
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to function in the selected host. One could also employ 
shuttle vectors incorporating the critical single-copy and 
ampli?cation elements of pBAC/oriV, or also regular BAC. 
Hamilton, C. M., “A Binary-BAC system for plant trans 
formation With high-molecular Weight DNA,”Gene 
200:107-116 (1997) describes a BAC shuttle vector for use 
also in plant cells, but Without the disclosed ampli?cation 
feature. 

[0029] The present invention Will be better understood 
upon consideration of the following non-limiting example. 

EXAMPLES 

[0030] A BAC expression vector of the present invention 
Was obtained by modifying existing pBeloBAC11 (Kim, 
U-J, et al., supra; GenBank Accession Number U51113) for 
on demand ampli?cation of the vector. The oriV element of 
broad host-range plasmid RK2 Was inserted at the unique 
XhoI site of pBeloBAC11 to create pBAC/oriV. Procedures 
for preparing such plasmids and for delivering the plasmids 
into host cells are described in US. Pat. No. 5,874,259, and 
are similar to those in Wild, J. et al., Gene 179:181-188 
(1997), particularly the references cited in the legend accom 
panying FIG. 4 thereof, all of Which are incorporated herein 
by reference. The modi?ed vector, depicted schematically in 
FIG. 1, can receive a heterologous polynucleotide in its oWn 
MCS in the manner analogous as pBeloBAC11 receives 
genomic DNA fragments. 

[0031] To provide the TrfA replicator protein, gene trfA, 
carrying various copy-up mutations that retain the ability to 
act as a replicator protein (see US. Pat. No. 5,874,259) Was 
placed under the transcriptional control of either the AraC/ 
ParaBAD activator/promoter or the TetR/PLteto repressor pro 
moter. These tryA cassettes Were placed either on the host 
genome (using att/Int system) or cloned into the unique SalI 
site on the pBAC/oriV vector. In the Example, the function 
ality of the copy-number control aspect of the invention Was 
demonstrated by shoWing that the vector copy number 
increases When it comprises oriV. The ability to function as 
an expression vector Was demonstrated by transcribing trfA 
from the vector in the presence of an inducing agent. The 
subsequently translated trfA protein induced replication 
from oriV. 

[0032] In the ?rst embodiment (FIG. 1), the pBAC/oriV 
plasmid contains the PLteto promoter cloned in the SaII site 
With the lacZ reporter gene in an MCS doWnstream of the 
promoter. The host cells used Were the E. coli strain DH10b 
re-engineered to contain the PmBAD-trfA203 operon in the 
host chromosomal lacZ gene and to constitutively express 
the tetR gene inserted at host attB site. In this case, the 
reporter lacZ gene expression is regulated by aTc and the 
plasmid ampli?cation by L-arabinose. 

[0033] In the second embodiment (FIG. 2), the pBAC/ 
oriV plasmid contains the ParaBAD promoter cloned in the 
SaII site With the lacZ reporter gene in a multi-cloning site 
(MCS) doWnstream of the promoter. The host cells used 
Were E. coli strain DH10b re-engineered to contain the 
PmBAD-trfA203 operon in the host attB site. In this case, 
both the reporter lacZ expression and the plasmid ampli? 
cation are regulated by L-arabinose. 

[0034] In the third embodiment (FIG. 3), the pBAC/oriV 
plasmid contains the PmBAD-trfA203 operon cloned in the 
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SaII site, With the lacZ reporter gene in an MCS doWnstream 
of the PmBAD-tfA203 operon. The host cells used any E. 
coli strains, preferably electrocompetent and of the DH10b 
type. In this case, both the reporter lacZ expression and the 
plasmid ampli?cation are regulated by L-arabinose. 

[0035] In these strains We measured the lacZ expression in 
the Miller’s units and found it to be negligible in the absence 
of L-arabinose inducer (embodiments 2 and 3) or in the 
absence of L-arabinose and aTc inducers (embodiment 1). In 
the presence of 0.2% glucose, trfA Was completely repressed 
and the vector remained at 1 copy/cell. Upon induction, With 
0.01% L-arabinose or 100 ng/ml aTc there Was high ampli 
?cation of the pBAC/oriV clones to about 100 copies/cell. 
Massive amounts (over 30,000 Miller’s units) of the lacZ 
product (beta-galactosidase) Were produced; the protein 
product Was isolated on the gel or by any other procedure. 

[0036] The present invention is not intended to be limited 
to the foregoing but rather to encompass all such variations 
and modi?cations as come Within the scope of the appended 
claims. 

We claim: 
1. An expression vector for transcribing a heterologous 

polynucleotide that encodes a heterologous polypeptide, the 
expression vector, comprising: 

a conditional origin of replication, Wherein replication 
from the origin of replication increases When a repli 
cation-inducing agent is present; and 

a transcriptional promoter operably linked upstream of the 
heterologous polynucleotide, Wherein transcription 
from the transcriptional promoter increases When a 
transcription-inducing agent is present. 

2. The expression vector of claim 1, Wherein the tran 
scriptional promoter is PmBAD. 

3. The expression vector of claim 2 Wherein the transcrip 
tion-inducing agent is L-arabinose. 

4. The expression vector of claim 1, Wherein the tran 
scriptional promoter is PLtetO. 

5. The expression vector of claim 4, Wherein the tran 
scription-inducing agent is anhydrotetracycline. 

6. The expression vector of claim 1, Wherein the condi 
tional origin of replication is oriV. 

7. The expression vector of claim 6, Wherein the replica 
tion-inducing agent is selected from the group consisting of 
TrfA and a mutant thereof that encodes a replication-induc 
ing agent. 

8. The expression vector of claim 1, further comprising a 
polynucleotide that encodes a replication-inducing agent 
and a transcriptional promoter operably linked upstream of 
said polynucleotide, Wherein transcription from the tran 
scriptional promoter increases When a transcription-induc 
ing agent is present. 

9. The expression vector of claim 8, Wherein the tran 
scriptional promoter is PmBAD. 

10. The expression vector of claim 9 Wherein the tran 
scription-inducing agent is L-arabinose. 

11. The expression vector of claim 8, Wherein the tran 
scriptional promoter is PLtetO. 

12. The expression vector of claim 11, Wherein the 
transcription-inducing agent is anhydrotetracycline 

13. The expression vector of claim 8, Wherein the origin 
of replication is oriV and the replication inducing agent is 
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selected from the group consisting of TfrA and a mutant 
thereof that encodes a replication-inducing agent. 

14. The expression vector of claim 1, Wherein the repli 
cation-inducing agent is encoded by the heterologous poly 
nucleotide. 

15. The expression vector of claim 14, Wherein the 
transcriptional promoter is PmBAD. 

16. The expression vector of claim 14 Wherein the tran 
scription-inducing agent is L-arabinose. 

17. The expression vector of claim 14, Wherein the 
transcriptional promoter is PLtetO. 

18. The expression vector of claim 17, Wherein the 
transcription-inducing agent is anhydrotetracycline 

19. The expression vector of claim 1, Wherein the vector 
comprises a bacterial arti?cial chromosome. 

20. A bacterial arti?cial chromosome for transcribing a 
heterologous polynucleotide that encodes a heterologous 
polypeptide, the bacterial arti?cial chromosome, compris 
mg: 

a conditional origin of replication, Wherein replication 
from the origin of replication increases When a repli 
cation-inducing agent is present; and 

a transcriptional promoter operably linked upstream of the 
heterologous polynucleotide, Wherein transcription 
from the transcriptional promoter increases When a 
transcription-inducing agent is present, 

Wherein the transcriptional promoter is selected from the 
group consisting of PmBAD, PLteto and Wherein the 
conditional origin of replication is oriV. 

21. Abacterial arti?cial chromosome as claimed in claim 
20 Wherein the transcription promoter is ParaBAD and the 
transcription-inducting agent is L-arabinose. 

22. Abacterial arti?cial chromosome as claimed in claim 
20 Wherein the transcription promoter is PLteto and the 
transcription-inducting agent is anhydrotetracycline. 

23. A host cell, comprising in its interior: 

an expression vector that comprises an origin of replica 
tion, Wherein replication from the origin of replication 
increases When a replication-inducing agent is present 
and a transcriptional promoter operably linked 
upstream of a heterologous polynucleotide, Wherein 
transcription from the transcriptional promoter 
increases When a transcription-inducing agent is 
present. 

24. The host cell of claim 23 further comprising a 
polynucleotide that encodes a replication-inducing agent 
operably linked to an upstream transcriptional promoter, 
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Wherein transcription from the transcriptional promoter 
increases When a transcription-inducing agent is present. 

25. The host cell of claim 24 Wherein the polynucleotide 
that encodes the replication-inducing agent and the operably 
linked upstream transcription promoter are not encoded on 
the expression vector. 

26. The host cell of claim 25, Wherein the transcriptional 
promoter operably linked to the replication-inducing agent is 
ParaBAD' 

27. The host cell of claim 26 Wherein the transcription 
inducing agent is L-arabinose. 

28. The host cell of claim 25, Wherein the transcriptional 
promoter operably linked to the replication-inducing agent is 
PLtetO' 

29. The host cell of claim 28, Wherein the transcription 
inducing agent is anhydrotetracycline. 

30. The host cell of claim 23, Wherein the origin of 
replication is oriV and the replication-inducing agent is 
selected from the group consisting of TfrA and a mutant 
thereof that encodes a replication-inducing agent. 

31. A method for inducing expression of a heterologous 
polypeptide in a host cell that comprises an expression 
vector, the expression vector comprising an origin of repli 
cation and a transcriptional promoter operably linked 
upstream of a heterologous polynucleotide that encodes the 
heterologous polypeptide, Wherein replication from the ori 
gin of replication increases When a replication-inducing 
agent is present and Wherein transcription from the tran 
scriptional promoter increases When a transcription-induc 
ing agent is present, the method comprising the step of: 

inducing replication of the expression vector; and 

inducing transcription from the transcriptional promoter 
operably linked to the heterologous polynucleotide. 

32. The method of claim 31 Wherein the step of inducing 
replication comprises the step of inducing transcription in 
the host cell of the replication-inducing agent. 

33. The method of claim 31 Wherein the step of inducing 
transcription comprises the step of exposing the host cell to 
a transcription-inducing agent. 

34. The method of claim 31 Wherein the replication 
inducing step and the transcription-inducing step are coor 
dinately regulated. 

35. The method of claim 34 Wherein the step of exposing 
the host cell to a transcription-inducing agent induces tran 
scription of the replication-inducing agent. 


