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(57) ABSTRACT 

Disclosed are methods for generating mycolic acid bacterial 
biosensors for particular analytes (especially industrial 
pollutants) by the use of innovative methods for isolating 
DNA encoding an inducible promoter Which is induced in 
response to the speci?c analyte (and/or associated operon 
proteins), the methods generally comprising the steps of: (a) 
culturing a source of mycolic acid bacteria in a selective 
medium containing said speci?c analyte and being selective 
for oligotriphic bacteria; (b) identifying mycolic acid bac 
teria capable of subsisting on said medium, especially those 
Which do not display catabolic repression; (c) extracting 
DNA from said mycolic acid bacteria; (d) incorporating said 
DNA into vectors, such as various shuttle vectors; (e) 
cloning said vector into a suitable host cell (Which may be 
E. coli strain carrying one or more of the mcrABC mrr 

hsdSRM recA and recO mutations); screening that host 
cell (or a second host cell Which is preferably a 
corynebacterium) for said inducible promoter. The methods 
are exempli?ed by the isolation of the R. corallina ohp 
operon. 

16 Claims, 17 Drawing Sheets 
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BIOSENSOR MATERIALS AND METHODS 

TECHNICAL FIELD 

This invention relates to biosensor materials and methods, 
and in particular to methods for generating microorganisms 
having utility in biosensing, tools Which can be generally 
used in such methods, the microorganisms themselves, and 
biosensing methods employing such microorganisms. 

BACKGROUND ART 

It is frequently desirable to be able to detect small 
concentrations of analytes in samples, e.g. environmental 
samples. For instance, to alloW more effective management 
of scarce environmental resources, more ef?cient and faster 
methods of assessing environmental pollution are required. 
At present, molecular-speci?c monitoring of effluent 
streams and other environmental matrices requires extensive 
chemical manipulation of the sample folloWed by Gas 
Chromatography (GC) and Mass Spectrometry (MS) analy 
ses. Although these techniques are highly sensitive, sample 
preparation is necessarily sloW and expensive. 
Consequently, continuous on-site analysis of a variety of 
environmental matrices cannot be achieved using these 
methods at reasonable cost. 

An alternative method for the determination of phenols 
and chlorophenols has been proposed using a biosensor 
based around Rhodococcus sp. [see Riedel et al (1993) Appl 
microbiol Biotechnol 38: 556—559]. In this method micro 
organisms are immobilised in an oxygen electrode, and 
oxygen uptake in response to added substrates Was moni 
tored. Although fairly simple and rapid, this method lacks 
robustness and is not suf?ciently sensitive or speci?c for 
detecting particular environmental pollutants. 

It can thus be seen that the provision of novel materials 
and methods capable of being used in the ?eld of biosensing 
Would represent a step forWard in the art. 

DISCLOSURE OF INVENTION 

In a ?rst aspect of the invention there is disclosed a 
method of detecting the presence or absence of an analyte in 
a sample comprising the steps of: 
(a) contacting the sample With a transformed microorganism 

Which is a mycolic acid bacterium Which expresses a 
binding agent capable of binding the analyte, Wherein the 
binding of the agent to the analyte causes a detectable 
signal, and Wherein said bacterium has been transformed 
such as to improve the detectability of the signal; and 

(b) observing said bacterium for said detectable signal; 
By “observing” is meant ascertaining by any means 

(directly or indirectly) the presence or absence of the 
selected signal Which is indicative of the binding event. 
By “improve” is meant, inter alia, altering the nature of 

the signal to one Which can be observed more readily or 
increasing the intensity of the signal (thereby reducing the 
sensitivity of the means used to observe it). 

Thus by using a transformed microorganism, the limita 
tions inherent in Wild-type microorganisms such as those 
used in the prior art may be overcome. In particular more 
sensitive and robust monitoring methods than those based on 
natural biochemical activities such as oxygen uptake can be 
employed. The mycolic acid bacterial gene expression 
based sensors of the present invention can combine high 
sensitivity With the bio?ltering and bioconcentrating aspects 
of the mycolic acid bacterial cell Wall. Methods for gener 
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2 
ating such transformants are described in further detail 
beloW. Such transformed microorganisms are hereinafter 
referred to as ‘biosensors’. 

Preferably the analyte is an environmental pollutant, for 
instance such as may result from industrial or medical 
applications. Of particular interest is the detection of mono 
and poly-aromatic, cyclic, heterocyclic and linear hydrocar 
bons such as, but not limited to, components of fuels, 
solvents, propellants, energetics and pesticides (such as may 
appear on United States EPA Priority Pollutants List and 
European Community Grey and Black Lists) and naturally 
occurring degradation products of these compounds in 
industrial process media, vapours, effluents, raW Water, 
rivers, ground Waters, or soils. As Will be clear to the skilled 
person from the disclosure hereinafter, the methodology of 
invention is inherently ?exible and may, in principle, be 
employed to develop mycolic bacteria capable of biosensing 
almost any target analyte. 
The mycolic acid bacteria form a supra generic group of 

Gram-positive, non-sporulating bacteria Which is comprised 
of the genera Corynebacterium, Mycobacterium, Nocara'ia, 
Rhodococcus, Gordona, Dietzia and Tsukamurella. Mem 
bers are metabolically diverse and capable of using as sole 
carbon source (a groWth-inducing substrate) a Wide range of 
natural and xenobiotic compounds, including many key 
environmentally-toxic and/or industrially-important mol 
ecules e.g. hydrophic organic compounds. The mycolic acid 
bacteria exhibit several structural and physiological features 
Which appear to be specialisations for hydrocarbon 
degradation, these include a hydrophobic mycolic acid outer 
cell layer and associated production of extracellular mycolic 
acid-derived biosurfactants. Most preferably the bacterium 
is a member of the Rhodococcus or Nocara'ia complex (i.e. 
nocardioform actinomycete). 
The detectable signal may be a change in enZyme function 

(s), metabolic function(s) or gene expression. 
Preferably hoWever the signal is ascertained in conse 

quence to an increased expression of a signal protein from 
a signal gene, more preferably a heterologous signal gene. 
Many suitable signal proteins (Which have a readily detect 
able activity) are knoWn in the art e. g. [3galactosidase, Which 
can generate a coloured substrate. The signal may utilise 
co-factors. Most preferably the activity of the signal protein, 
or the protein itself, can be estimated photometrically 
(especially by ?uorimetry). This may be directly eg using 
instance green (and red) ?uorescent protein, insect 
luciferase, and photobacterial luciferase. Alternatively it 
may be indirect e. g. Whereby the signal gene causes a change 
Which is detected by a colour indicator eg a pH change. 
Methods for introducing signal genes into appropriate hosts 
are described in further detail beloW. 

Generally the bound agent/analyte complex Will initiate 
expression of a signal gene Which is operably linked to an 
inducible promoter. The identi?cation of suitable promoters 
and/or coding sequences Which are operably linked to them 
(including that of the binding protein) in mycolic acid 
bacteria, in order to modify said suitable promoters and/or 
coding sequences to introduce signal genes therein forms 
one part of the present invention. 
As used herein, “promoter” refers to a non-coding region 

of DNA involved in binding of RNA polymerase and other 
factors that initiate or modulate transcription from a coding 
region of DNA Whereby an RNA transcript is produced. 
An “inducible” promoter requires speci?c signals in order 

for it to be turned on or off. 
The terms “operatively linked” and “operably linked” 

refer to the linkage of a promoter to an RNA-encoding DNA 
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sequence, and especially to the ability of the promoter to 
induce production of RNA transcripts corresponding to the 
DNA sequence When the promoter or regulatory sequence is 
recognized by a suitable polymerase. The term means that 
linked DNA sequences (e.g., promoter(s), structural gene 
(e.g., reporter gene(s)), terminator sequence(s), are opera 
tional or functional, i.e. Work for their intended purposes. 
As is knoWn to those skilled in the art, the transport and 

binding proteins (agents) required for the functionality of the 
inducible promoter, as Well as the catabolic enZymes 
induced by it, Will frequently form part the operon contain 
ing the promoter, and may thus be identi?ed and isolated 
along side it using the methods disclosed above. These 
additional proteins are hereinafter referred to as “operon 
proteins”. 

Generally speaking, those skilled in the art are Well able 
to construct vectors and design protocols for recombinant 
gene expression in common hosts such as E. coli. Suitable 
vectors can be chosen or constructed, containing appropriate 
regulatory sequences, including promoter sequences, termi 
nator fragments, polyadenylation sequences, enhancer 
sequences, marker genes and other sequences as appropriate. 
For further details see, for example, Molecular Cloning: a 
Laboratory Manual: 2nd edition, Sambrook et al, 1989, 
Cold Spring Harbor Laboratory Press. Many knoWn tech 
niques and protocols for manipulation of nucleic acid, for 
example in preparation of nucleic acid constructs, 
mutagenesis, sequencing, introduction of DNA into cells and 
gene expression, and analysis of proteins, are described in 
detail in Current Protocols in Molecular Biology, Second 
Edition, Ausubel et al. eds., John Wiley & Sons, 1992. The 
disclosures of Sambrook et al. and Ausubel et al. are 
incorporated herein by reference. 

HoWever, the present inventors have recognised that 
certain methods previously employed in the art Which Were 
developed for enteric bacteria such as E. coli may not be the 
most appropriate for use in mycolic acid bacteria. The 
mycolic acid layer and associated biosurfactants (Which are 
a de?ning feature of these bacteria) and thick cell Wall 
confer great resistance to cell lysis protocols knoWn in the 
art. Similarly, mycolic strains used in the invention may not 
(indeed generally Will not) be laboratory type strains, and 
may thus exhibit very high levels of nuclease activity. 

In addition the detailed chemistry of the inducible path 
Way Which forms the basis of the biosensors of the present 
invention Will frequently not be knoWn eg if there are no 
knoWn enZyme pathWays leading to the degradation of a 
particular analyte, or possibly the analyte is not mineralised 
completely and is only partially utilised in an uncharacter 
ised but inducible pathWay. Therefore cloning by acquisition 
of some de?ned enZyme activity, assayed through a particu 
lar reaction (as opposed to a general phenotypic activity 
Which results in gain of utilisation of a particular analyte as 
a source of metabolically useful products) may not be a 
plausible option to isolate genes from a Wild type mycolic 
acid bacterium. 

Accordingly, advantageous methods have been developed 
by the inventors Which in preferred forms alloW the rapid 
isolation and characterisation of promoters and operably 
linked operon proteins Which avoid or at least minimise host 
restriction and requires no prior knoWledge of the inducible 
enZyme chemistry involved. The methods of identifying, 
modifying and employing novel inducible promoters and/or 
coding regions operably linked to them Which are appropri 
ate to mycolic acid bacteria are detailed beloW. 

Thus in a second aspect of the invention there is disclosed 
a method for identifying DNA encoding an inducible pro 
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4 
moter Which is induced in response to a speci?c analyte 
and/or identifying DNA encoding associated operon pro 
teins comprising the steps of: 
(a) culturing a source of mycolic acid bacteria in a selective 
medium containing said speci?c analyte and being selec 
tive for oligotrophic bacteria, 

(b) identifying bacteria capable of subsisting on said 
medium, 

(c) extracting DNA from said bacteria 
(d) incorporating said DNA into vectors 
(e) cloning said vectors into a suitable host cells 
(f) screening the host cells for said inducible promoter 

and/or proteins in order to identify vectors encoding it. 
By “screening” is meant subjected to analysis in order to 

determine the presence or absence of a particular de?ned 
property or constituent. Generally, in order to construct a 
biosensor strain against a particular analyte, isolation de 
novo from the soil or other environmental matrices of 
mycolic acid bacteria Which exhibit inducible expression of 
catabolic genes in the presence of the analyte Will be 
required. Methods of screening are discussed in more detail 
beloW. 
As is knoWn to those skilled in the art “oligotrophic 

bacteria” are bacteria Which exhibit a preference for, and 
persistent sloW groWth on, very loW levels of bioavailable 
carbon sources. These bacteria are adapted to and predomi 
nate in carbon-poor environments (predominantly aquatic 
habitats Where carbon is limiting to uM levels). The term as 
used herein is intended also to embrace those bacteria Which 
are capable of groWing on de?ned minimal media Without 
supplementary amino acids and vitamins (sometime termed 
prototrophic). Such bacteria are rarely capable of the very 
rapid groWth as exempli?ed by the enteric bacterium E. coli, 
but are by contrast, extremely persistent and metabolically 
versatile. Work done by the present inventors has shoWn 
that, generally speaking, auxotrophic bacteria are not suit 
able as biosensor strains for environmental and industrial 
use. 

Preferably the medium used in the second aspect is a 
de?ned minimal medium called hereinafter ‘MMRN’ Which 
has been developed by the present inventors to screen for the 
oligotrophic mycolic acid bacteria (especially rhodococcal 
and nocardial strains) Which form the basis of the biosensor. 
This medium preparation is a derivative of von der Osten et 
al. (1989) but for mycolic acid bacteria sodium citrate and 
biotin are omitted. Most importantly, the level of carbon 
supplement is reduced to oligotrophic levels (<500 uM, 
more preferably <100 uM). Experiments shoW that MMRN 
facilitates simple, selective enrichment for oligotrophic, 
mycolic acid-containing bacteria as Well as providing the 
basis for testing and characterisation of gene induction. The 
medium forms a third aspect of the present invention. 
DNA may be extracted from the bacteria by any methods 

knoWn in the art. HoWever, the present inventors have 
demonstrated that DNA isolation from mycolic acid soil 
bacteria (particularly novel isolates Which are generally 
highly resistant to lysis) using standard techniques is inef 
?cient. Accordingly, several optimised methods of generat 
ing total DNA from mycolic bacteria have been developed, 
as described in more detail beloW (Examples 3 and 4). These 
involve bacterial culture in MMRN supplemented With 
L-glycine, oligotrophic levels of carbon source (80 uM) and 
removal of biosurfactants by Washing in a non-ionic deter 
gent (e.g. TWeen 80) prior to a modi?ed alkaline lysis 
technique. The concept of using a non-ionic detergent at 
betWeen 0.05—0.5% (preferably 0.1%) in order to facilitate 
DNA extraction is central to the novel, optimised methods. 
















































