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Many studies require expression analysis of the same

gene/promoter across a range of bacterial genera. However,

there is currently a lack of availability of reporters based

on the broad-host-range IncQ replicon, which is compatible

with a popular improved IncP transfer system that is self-

transfer defective. We report IncQ lacZ reporter plasmids

with features including (1) compatibility with IncP, IncW,

and pBHR/pBBR replicons, (2) a variety of antibiotic

markers (Sp-r, Sm-r, Km-r, Cm-r), (3) convenient mobilization

via a novel self-transfer-defective IncP conjugation system,

and (4) GenBank DNA sequences. Utility is demonstrated

using three different promoters in different Gram-negative

genera. 
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The broad field of microbiology continues to expand to

include analysis of different bacterial species with potential

applications in environmental, industrial, and medical

microbiology. With increasing amounts of in-silico-genomic

and array-based data, there is continual need to have

relatively simple and convenient experimental approaches

to assay the expression of the same gene and/or promoter

in a wide range of different bacterial backgrounds to help

make conclusions about the utility and evolution of that

gene/promoter. Broad-host-range reporter vectors continue

to be convenient and easy-to-use tools for such approaches.

Some examples of potential applications of these vectors

include gene testing and design for bacterial metabolic

engineering [12, 13, 20], testing of a specific gene expression

requirement in mixed populations for applications such as

bioremediation or bioenergy production [3, 7, 10, 14, 25],

and bacterial evolution studies involving gene transfer [19,

23]. Basic experimental questions in these cases would be

(1) is the promoter for “gene X” transcriptionally active in

a range of different bacterial backgrounds and growth

conditions? or (2) has “gene X” evolved in such a way that

its expression is narrowly limited to its strain of origin or

closely-related strains? However, the availability of convenient

genetic tools to allow analysis of the expression of the

same gene or promoter in a broad range of different bacterial

genera is limited relative to commonly-used narrow-range

molecular reagents. In addition, there is a lack of reporter

vectors based on the IncQ replicon, which is active in a

broad range of bacteria and compatible with an improved

IncP plasmid-based transfer system (see below). Currently,

IncQ-based reporters offer many advantages (as detailed in

the text) as the vehicle of choice for broad-host-range

studies.

During the course of our studies, we required a broad-

host-range lacZ reporter vector based on the IncQ replicon,

but after literature searches, we found one reference to

such a vector (from many years ago: 1993) [11]. We were

unable to obtain this vector, and moreover, the vector

encoded resistance to a single antibiotic (gentamicin) and

did not encode resistance to the range of antibiotics that we

needed for selection in our studies. To fill this void in

availability of these plasmids, we report here a series of

plasmids that allow analysis of gene expression in a range

of Gram-negative bacterial genera via transcriptional

fusion to lacZ on an IncQ-based vector. These plasmids,

termed pQlacZ1, pQlacZ2, and pQlacZ3, encode resistance

to spectinomycin/streptomycin, kanamycin/spectinomycin/

streptomycin, and chloramphenicol, respectively (Fig. 1).

These plasmids are able to be mobilized to different

genera using a donor strain containing a co-resident IncP

plasmid termed pUZ8002 that is defective for self-transfer

but can efficiently mobilize other plasmids containing

suitable oriT and DNA processing functions [1, 6, 17, 23].

The use of pUZ8002 alleviates the need for the frequently-

used IncP donor strains Escherichia coli SM10 or S-17,
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which contain an active Mu phage that can undetectably

transfer to and randomly mutate recipient genomes [21].

The use of SM10 or S-17 can cause unwanted and

undetectable background mutations in recipient strains that

can affect experimental conclusions in downstream studies

and applications [21]. Since many broad-host-range plasmids

are based on the IncP replicon (which is incompatible with

pUZ8002 and other IncP-based donor strains), the IncQ

series of vectors presented here provide an option to

researchers using pUZ8002 or other plasmid-based IncP

transfer systems. The IncQ plasmids described here are

compatible with other broad-host-range replicons of the

IncP, IncW, and pBHR-pBBR groups [18].

To demonstrate the utility of these plasmids, we inserted

promoters into each vector upstream of the lacZ gene and

mobilized each resulting construct (and corresponding

promoterless vector) to a range of Gram-negative bacterial

genera using a donor containing pUZ8002. Strains used as

recipients were Citrobacter freundii ATCC 8090, Enterobacter

cloacae ATCC 23355, Escherichia coli TOP10 (Invitrogen,

Carlsbad, CA, U.S.A.), Klebsiella pneumoniae ATCC 13883,

Proteus mirabilis ATCC 7002, Pseudomonas aeruginosa

PAK pilA [22], and Salmonella Typhimurium χ3339 [4]

(American Type Culture Collection, Manassas, VA, U.S.A.).

We assayed construct-containing strains for LacZ activity

as previously described [9] and compared each strain to the

corresponding vector-only negative control (Table 1). To

test the plasmid pQlacZ1, we individually inserted a

kanamycin resistance gene promoter and the S. Typhimurium

STM4318 gene promoter upstream of lacZ (see Fig. 1

legend for construct details). Additionally, we constructed

another pQlacZ1 derivative termed ∆ STM4318 UP (see

below). To test pQlacZ2 and pQlacZ3, we inserted the

arabinose-inducible pBAD promoter upstream of lacZ in

these plasmids [5]. For pQlacZ3, the kanamycin resistance

gene promoter was also separately cloned upstream of the

lacZ gene. The data in Table 1 show that significant LacZ

expression ranging from 9-fold to 2,887-fold above the

vector can be obtained in a range of bacterial genera, with

fully active promoters generally giving between 200-800-

fold expression over the vector (with a few constructs

giving 1,880-2,887-fold in certain genera). To demonstrate

that these vectors can be used for molecular analysis of the

expression signals in a given promoter fragment, a deletion

of DNA sequence upstream of STM4318 that is essential

for full expression from the STM4318 promoter was

constructed and assayed for LacZ activity in pQlacZ1

(Table 1, ∆ STM4318 UP) [23]. As predicted, the ∆

STM4318 UP deletion fragment displayed significantly

decreased reporter activity in pQlacZ1 (as compared with

pQlacZ1+STM4318 promoter) in all genera tested (Table 1).

To further demonstrate that altered expression levels of

the same promoter can be analyzed using these plasmids,

the pQlacZ2+pBAD promoter construct was assayed for

LacZ activity in the absence and presence of arabinose in

LB medium. Under these two conditions, a predicted

difference in pBAD activity was observed in the tested

genera (approximately 10-fold between uninduced and

induced) (Table 2). Note that the “uninduced” level of

pBAD expression in this case (i.e., absence of added

arabinose) is actually 22-39-fold greater than the vector

alone, most likely due to leaky pBAD activity caused by

the presence of small concentrations of arabinose (about

Fig. 1. Plasmid maps. 
Circular plasmid maps of reporter vectors pQlacZ1, pQlacZ2, and pQlacZ3

are presented to show major features. Genes are indicated by arrows and

labeled with names (the three genes lacZYA are indicated with a single lac

designation on the lacZ gene). Boxes indicate the vegetative origin of

replication (oriV), the origin of transfer (oriT), and transcriptional

terminators (ter). Lines indicate the location of unique restriction sites for

cloning upstream of the lacZ gene, with the exception of the BamHI sites in

pQlacZ2 where the unique two sites in the vector are shown. Maps are not

drawn to scale. Plasmids pQlacZ1 and pQlacZ3 were constructed by

cloning the BamHI-SalI fragment from pRS415 [16] into the BamHI-SalI

sites of the IncQ plasmids pJAK13 and pJAK17, respectively [15, 24].

Plasmid pQlacZ2 is a derivative of pQlacZ1 containing a kanamycin

resistance gene (obtained from pCR4-TOPO, Invitrogen, Carlsbad, CA,

U.S.A.) cloned into the EcoRI site of pQlacZ1 (oriented away from the

lacZ gene). Nucleotide sequences for the plasmids described here are

deposited using GenBank accession numbers GU981673 (pQlacZ1),

GU981674 (pQlacZ2), and GU981675 (pQlacZ3). The sources of the

promoters tested here are the kanamycin resistance gene promoter from

pCR4-TOPO (nucleotides 1021-1953), the 1.21 kb of DNA extending

upstream of the S. Typhimurium STM4318 start codon, and a deletion of

0.64 kb from this fragment from the natural EcoRV site to the STM4318

distal end (corresponding to the STM4318 and ∆ STM4318 UP fragments,

respectively) [8], and the pBAD promoter and araC region from the

plasmid pBAD18 (nucleotides 4172-1322) [5].
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0.003%) in LB medium from the yeast extract component

[2] (Table 2). Virtually identical data were obtained with

the pQlacZ3+pBAD construct in the same bacterial

backgrounds (data not shown). These data show that altered

levels of activity from the same promoter in different

genera can be observed via these reporter vectors.

Here we report the availability of a new series of IncQ-

based, broad-host-range plasmid reporter vectors that are

compatible with an improved IncP plasmid-based conjugative

transfer system. Using a combination of three different

promoters, the utility of these reporters has been demonstrated

in a range of bacterial genera including Escherichia, Salmonella,

Pseudomonas, Klebsiella, Citrobacter, Enterobacter, and

Proteus. We have also used this transfer system to mobilize

plasmids to strains of Agrobacterium and Rhizobium (data

not shown). The results indicate that the promoters driving

expression of a common kanamycin resistance gene, the S.

Typhimurium gene STM4318, and the arabinose-inducible

pBAD expression cassette are all highly active (between

180- and 2,887-fold activities over the vector-only strains)

in the bacterial genera tested. The STM4318 promoter has

been previously shown to be detectably expressed in a

range of genera both closely and more distantly related to

Salmonella [23]. The data obtained here expand the list of

genera in which this promoter is active and contribute to

the evidence that the STM4318 gene has evolved in such a

way that it is able to be expressed in a wide array of

bacterial backgrounds. This promoter may have use in

future applications where a strong constitutive promoter is

needed to express genes in many bacterial types (and is not

a promoter associated with antibiotic resistance genes).

Future experimental directions include further development

of IncQ replicons for use in broad-host-range expression

studies, use of the vectors described here to analyze other

promoters for broad-host-range activity, and addition of

other antibiotic resistance and reporter cassettes to expand

the experimental options of these plasmids.

Acknowledgments

We thank David Figurski for generously providing plasmids

pJAK13, pJAK17, and pUZ8002. We acknowledge support

from the National Aeronautics and Space Administration,

NASA grant NCC2-1362 (CN) and the Department of

Biology at Villanova University. 

REFERENCES

1. Choi, S. U., C. K. Lee, Y. I. Hwang, H. Kinoshita, and T.

Nihira. 2004. Intergeneric conjugal transfer of plasmid DNA

from Escherichia coli to Kitasatospora setae, a bafilomycin B1

producer. Arch. Microbiol. 181: 294-298.

2. Curtiss, R., 3rd, S. Y. Wanda, B. M. Gunn, X. Zhang, S. A.

Tinge, V. Ananthnarayan, H. Mo, S. Wang, and W. Kong. 2009.

Table 1.  Fold LacZ expression above strain with vector only.

Bacterial genus pQlacZ1   pQlacZ2 pQlacZ3

 Promoter      

 Kan STM4318 ∆STM4318 pBAD Kan pBAD 

Escherichia 292 496 12 297 332 272

Salmonella 302 728 97 262 296 299

Pseudomonas 475 180 9 468 NT NT

Enterobacter 400 553 12 650 779 681

Citrobacter 961 2,010 56 504 529 538

Klebsiella 1,821 2,682 103 881 638 2,887

Proteus 415 463 11 338 259 268

Values are the mean from three independent cultures with the standard deviation being 15% or less of the mean for all strains. 

Strains containing pBAD were grown in the presence of 0.1% arabinose.

Differences in LacZ activity between vector-only and promoter-containing strains were found to be significant at p-value<0.001.

Basal LacZ activity in vector control strains was typically 10-40 Miller Units.

NT=not tested.

Table 2.  Fold LacZ expression above strain with vector only:
Different levels of pBAD expression.

Bacterial genus Arabinose Vector Promoter 

  pQlacZ2 pBAD 

Escherichia none  1 22

 0.1% 1 226

Salmonella none  1 23

 0.1% 1 261

Pseudomonas none  1 39

 0.1% 1 412

Values are the mean from three independent cultures with the standard

deviation being 15% or less of the mean for all strains.

LB media without added arabinose contains approximately 0.003%

arabinose from the yeast extract component.

Differences in LacZ activity between induced and uninduced strains were

found to be significant at p-value<0.001. 



874 O’Sullivan et al.

Salmonella enterica serovar Typhimurium strains with regulated

delayed attenuation in vivo. Infect. Immun. 77: 1071-1082.

3. de Lorenzo, V. 2009. Recombinant bacteria for environmental

release: What went wrong and what we have learnt from it.

Clin. Microbiol. Infect. 15 (Suppl 1): 63-65.

4. Gulig, P. A. and R. Curtiss, 3rd. 1987. Plasmid-associated

virulence of Salmonella Typhimurium. Infect. Immun. 55: 2891-

2901.

5. Guzman, L. M., D. Belin, M. J. Carson, and J. Beckwith. 1995.

Tight regulation, modulation, and high-level expression by

vectors containing the arabinose pBAD promoter. J. Bacteriol.

177: 4121-4130.

6. Hou, Y. H., F. C. Li, S. J. Wang, S. Qin, and Q. F. Wang.

2008. Intergeneric conjugation in holomycin-producing marine

Streptomyces sp. strain M095. Microbiol. Res. 163: 96-104.

7. Logan, B. E. and J. M. Regan. 2006. Electricity-producing

bacterial communities in microbial fuel cells. Trends Microbiol.

14: 512-518.

8. McClelland, M., K. E. Sanderson, J. Spieth, S. W. Clifton, P.

Latreille, L. Courtney, et al. 2001. Complete genome sequence

of Salmonella enterica serovar Typhimurium LT2. Nature 413:

852-856.

9. Miller, J. 1992. A Short Course in Bacterial Genetics: A

Laboratory Manual and Handbook for Esherichia coli and

Related Bacteria. Cold Spring Harbor Laboratory Press, Cold

Spring Harbor, NY.

10. Mukhopadhyay, A., A. M. Redding, B. J. Rutherford, and J. D.

Keasling. 2008. Importance of systems biology in engineering

microbes for biofuel production. Curr. Opin. Biotechnol. 19:

228-234.

11. Parales, R. E. and C. S. Harwood. 1993. Construction and use

of a new broad-host-range lacZ transcriptional fusion vector,

pHRP309, for Gram- bacteria. Gene 133: 23-30.

12. Patnaik, R. 2008. Engineering complex phenotypes in industrial

strains. Biotechnol. Prog. 24: 38-47.

13. Purnick, P. E. and R. Weiss. 2009. The second wave of

synthetic biology: From modules to systems. Nat. Rev. Mol.

Cell Biol. 10: 410-422.

14. Rittmann, B. E. 2006. Microbial ecology to manage processes

in environmental biotechnology. Trends Biotechnol. 24: 261-266.

15. Rosche, T. M., A. Siddique, M. H. Larsen, and D. H. Figurski.

2000. Incompatibility protein IncC and global regulator KorB

interact in active partition of promiscuous plasmid RK2. J.

Bacteriol. 182: 6014-6026.

16. Simons, R. W., F. Houman, and N. Kleckner. 1987. Improved

single and multicopy lac-based cloning vectors for protein and

operon fusions. Gene 53: 85-96.

17. Sioud, S., B. Aigle, I. Karray-Rebai, S. Smaoui, S. Bejar, and L.

Mellouli. 2009. Integrative gene cloning and expression system

for Streptomyces sp. US 24 and Streptomyces sp. TN 58

bioactive molecule producing strains. J. Biomed. Biotechnol.

2009: 464986.

18. Thomas, C. M. (ed.). 1989. Promiscuous Plasmids of Gram-

Negative Bacteria. Academic Press, London.

19. Thomas, C. M. and K. M. Nielsen. 2005. Mechanisms of, and

barriers to, horizontal gene transfer between bacteria. Nat. Rev.

Microbiol. 3: 711-721.

20. Warner, J. R., R. Patnaik, and R. T. Gill. 2009. Genomics

enabled approaches in strain engineering. Curr. Opin. Microbiol.

12: 223-230.

21. Wiater, L. A., A. Marra, and H. A. Shuman. 1994. Escherichia

coli F plasmid transfers to and replicates within Legionella

pneumophila: An alternative to using an RP4-based system for

gene delivery. Plasmid 32: 280-294.

22. Wilson, J. W., C. Coleman, and C. A. Nickerson. 2007. Cloning

and transfer of the Salmonella pathogenicity island 2 type III

secretion system for studies of a range of Gram-negative genera.

Appl. Environ. Microbiol. 73: 5911-5918.

23. Wilson, J. W. and C. A. Nickerson. 2006. A new experimental

approach for studying bacterial genomic island evolution

identifies island genes with bacterial host-specific expression

patterns. BMC Evol. Biol. 6: 2.

24. Wilson, J. W., E. A. Sia, and D. H. Figurski. 1997. The kilE

locus of promiscuous IncP alpha plasmid RK2 is required for

stable maintenance in Pseudomonas aeruginosa. J. Bacteriol.

179: 2339-2347.

25. Wood, T. K. 2008. Molecular approaches in bioremediation.

Curr. Opin. Biotechnol. 19: 572-578.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


