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Bi osensors %ng'mf%chni cal Field The inventi Oﬁ&’;‘l&ugpgugq o]
t he use of biosensors for detecting envi ronment al signals based on
t he neasurenent of genetic responses of 5 ells to those signals.
Background Art The standard appioach for biosensor

measur enents "based on genetic responses” is to attach reporter
genes to the relevant pronoters and to Biosdiizass!ir € t he signal * (which

consi sts of the ggtivi.t f .the enzyme encoded by 10 the reporter gene)
in.response to -tiﬁgﬁ-ﬁé{—é—e&é interest. The first publication
dealing with the use ofThéénvaticar redatesuoithenmse of bpesemsorofoadetestinguch

more publ 1 cat | oneiAtcaRPAlE Sl Bt B e preckidhenCL B osbBEe (B

of prﬁ)m)t e:x&élsﬁa\}tboaﬁ)ﬁm Today there are probabl y several
t housand 15 dkefbasd n th| s subject. Most of these publications
rely on the use usions. or of entire |ux casset The

more restricted goal offhe standa aBPrqash fop digsensanmeasunments, gPﬁﬂ @Rgenetic
wi th such constrygksones" id tattach re orth'rcgwﬁedomrae foaﬁ@rérbun@%y

e oD e Sk Yl o B bt B it o b

such bi osenwpr s \theltepertprgénd)dnasyponsentantie analyte of mnbembbr'l’hg first publication
appl i cati ons. (ealing. with the Ris3%Fr'tha lba}‘,tequl 19 ulféxtﬁse %ﬁ)@ﬁ;ﬁ W hehidGe %%ﬂed

utilise either t nmeasurenent or
| uci ferase part aﬁeasturemmmsppearedhnsmw [Baldwmset alhelflii&m x‘&ms;e tlsetrtuagun@w

by external additjon gﬁ{ﬂ?}e dtid |re&]¥8§n%%“@5ﬁm gg‘porterﬂ%g? act1v1ty of

di sadvant age of usIn ron 1st

the enzyme res porl%i’F’B’!Qe!elE avesRipeRrethg Q!PE@PF%PEOW?Y éEY?"éF&E%‘-‘s@tnﬁe
fatty 15 aci d&iﬂé@foﬁ%%ﬁﬂﬁ@dﬁﬁwby Mbst GPithe '&Bl&a‘-’ddﬂs'ﬁehfleﬁtthbyxswdfh

';ngunt of su%gt Pj\‘@nog i unCsIp‘]rf'r %ﬁ?ﬁgetki‘xltcfs?ég% ‘FﬁEf'&;? I"E)r g%ﬁéﬁﬁéa @lﬁ] for
saturation of | uméesnaing theheoiR@ntratipneskepollutantswithssiahy eonstruats weasdfirst
o 2 R A RHAAE S o AR R T
as soon as | ucif Sieanessee Hyﬂlﬁ”k@% ing et al., 1 90) Burlage & Kuo (1994) recently
20 reviewed the application of such biosensors with respect to environmental
' monitoring applications.

Practically all of the constructs described utilise either the entire lux
operon for activity measurement or the luciferase part of it {lux AB, in this
case the activity is measured by external addition of the aldehyde substrate).

25 The major disadvantage of using the entire Jux operon is that production of
the enzyme responsible for generating the substrate of luciferase (the fatty
acid reductase encoded by lux CDE) occurs simultaneously with the
synthesis of luciferase. It is therefore probable that the amount of substrate
produced by the cell will be insufficient for saturation of luciferase. The

30 present inventors have introduced modifications into constructs suitable for
biosensors in an attempt to address this disadvantage thereby allowing
maximal light output as soon as luciferase is synthesised.
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Di scl osur SVOMP80#H6| nyent i on In a first aspecPCTANETPI4EE ont
i nvention consists in a genetic construct for use in a biosensor
conpri si ng: (a) a first nucleic ackd nol ecul e including a
sequence encoding a b5 reporter nolecul e fiaving a detectable activity;

and (b) a second nucl ei c acid nol ecul e i ncluding a sequence
encodi ng an DisclSoiay 8¢ thb b diigifiuces a substrate for the reporter
nol ecul e, the f'l'rs%—————__sgq'u ce being under the control of a first
i nduci bl e pronoter ani a fiast aspect, the pyeeend daventien sensigts iye genslic censtruct

of a second i ndggiek8n R VigesSdor chfprising: In a preferred enbodi ment, the
first nucleic gfg?&& P n_codelp 8 | uci ferase ,Lux AB or a

no ?,cu e ? é _ ,b.aftg,ri al
functional equi®ll entd firgnagleigacid proleguls ipcluding a spayence encedingecul e
encodes Lux CDhepaiiefgndlethle kaviflg acdbiettable activity; and functional
equi val ent t her@ﬂ .. These

x%ene%l ma% .Be opt ai ned f(riom any of the . | ux
operons of bi ol ¥ nest &N RYGEIGAFHEIRRISC gincipding 4 8 U7 ERGpding als
genera Vibrio, efmymésthich prétheces ésithstrate for theorepvateranoleculeythg Hirst
1994). The detegt. [ V] L AL DS SY.SE em.d . ' i ght .
't oW i1 bo appraaoange BEje Whle! fhel aipgbior et TnUEAF BRoBbIctlnf ld O
for the presentsacoudsejuenceheing wadertthewontyel ofe secondtinducible promattere ar e
512, ABRenc 2 s ey, s 4 IGE s clSlondody
choi ce dracemalk iciferasednigt B P8 fracipial putfarhel WA Hhe speach
ajq gnal ht ob\_/vhi ¢ hnucleic acidl hgobbnbeeemde'dsimdamaealhﬂwxm &f\tqt acidredatctdseldrad |
en the biosensor..is used. t ect xylepe f not er i
especi al ly sui t‘é(’ﬁ'lcéloggp ?%‘é"’?f%thﬁe&fmﬁléﬁﬂ?e geXefmdy lt"‘ Sbglill,l\&’ &D?ﬂgpy of the
preferred enmbodumeperas ofibiol uminescept micrdorgémeispise seost af Svhichi beleng ito the s
t he genetjc co ) ' . in
Fig. 4. 18 CCTphlelé Vit Meiforh b PAGEIRBAIA 0 PRV IREAGR Whoighen, f
the present 1994); Therfateetible agtivityincthis systentis thegepesation pf light-ne
enzyne can be i nducedt will be agsieeiab® tatf ifiridiRiblenpreatiters will beesuiabis t er
nmol ecul e. This allows the cell 30 Ext 0 ﬁqe?eclgoaded wi th s.ugﬁttr ate ‘ﬁ{?yUced
by the enzyne. {Ph¥PR BResER} iivention. Examp j SQUE Proxogiars pat qig;s %978 he
reporter nol eclistediie Appernidix @r thisdist, however, ishnotay eghrustivenlisibukis
response th ' , : | e
[ Tesporid o RIRVERE! o defbhStiate WElpldebibBOF bF bosible profioGla. Tnb nofEs
gi ve a det ect afdhadinst promoterds oftenidependent pathp epriroamentabsignal to which
i nduci bl e by expeYibseristr #adapted I6TBAH InPatfizdhldrowhen!theifidsersdd 4§ uséd to
can detect xylene, the Pu promoter is especially suitable as the first promoter.

A further preferred embodiment of the first aspect of the present

25 invention is the genetic construct adapted for the detection of xylene set out
in Fig. 14.

The distinct advantage of the genetic construct of the present
invention is that when in a cell, expression of the enzyme can be induced
separately from the expression of the reporter molecule. This allows the cell

30 to be loaded with substrate producéd by the enzyme. The substrate is
immediately available for use by the reporter molecule when it is produced,
thereby giving a quick response to the signal detected. When the reporter
molecule is made in response to an environmental signal, it can react
maximally to give a detectable activity. Preferably the first promoter is

35 inducible by exposure to an environmental signal to be tested. Induction can
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be achi eved«glars’g’gﬂl)? by the signal or indirectly by activati ngc(?,nAew(')"rm‘n re
separate pathways in the cell containing the construct. The

genetic construct can include further nucleic acid nol ecul es

encodi ng auxiliary elenent or elenents required for activation of the
reporter 5 nol ecule via its pronoter. Exanples include regulatory
genes. or nucl ei c e achieved directhy bjzmhes:gmpbﬁhﬁmg:ﬂpbyanﬂvanagm or more

| | t t t Th
) ol es 10 a4 s o o PR e s, o
i ndi rect activation patFhegebgtic egnstruiot gaxgmrdodeﬁurtber auclmeacig/mqleaulesn ,
f 10 th
Bros nat o " od g aiiRur Bige} br gﬁ‘%ﬂl"@*&%’i‘%%f* Qe VRESH of tnéleporter
be identified molecule vigits pramiater. cExampplasineiuds atory gereser nucleic acid
transposons SUCh ﬁtﬁkecb T(ex%fe@ﬁn% Q@é&?@diﬁf‘éi ﬁ %b%«ﬁ'l@sotoeéctﬁ}ateﬁglfﬁétenzo

V.; Herrero.
6568- 6572, 1990) monsamskey et al. (Sohaskey, 15 C D; Im H &

Schauer, A T., J. BaCtThe &ﬁéétor%@écﬁ?cﬂtxeéaﬂahshng promoters 'which depénd A
aspect, the present,. .ion con 0sensor

an envi ronnent al yahon Pﬁg“gax ?WI mﬁ“@tﬂﬁ' sipes ﬁ@ng@n%][t?{?d by musta[mn%f
construct of0the ﬂherﬁgnaishmdingmté bé thoe mﬂatom peoteim (Ramds et akaRrod, (Natl

nmeasuring the act (\{A& é’stﬁfuﬁ?‘é 8398%998 7P | q\Té\P ﬁxgﬁlo(i&lslcawgﬂé}ﬁhf?

has 20 been e pose Aviron nta cel |
can be any cell |umngannglorb@ré¢a§rpmn;otyeambe vfmtgsﬁ based on trensposons suchi amt

celI's and ani mal thBE@H%Eé’t%é’d E?@e%}é"doget%lbmﬁio.@lHeu-Eli‘G %iakubzﬂc, U

envi-ronnment al’ naI can utants, toxins irr
bi ol ogi cal , and dimas, K 2§P(} act., 172, 55%&57’%398 ’:‘%‘il’j*éqSkP le.’)’s

systemis uwd teDRdfi, H.ge SehaGet) A.UE, J. Bact., 16?4;m-3wsmgzare the second
e e L
reporter el ement meathwimg ay eniironmeritel signabemaprizing a bellfinchdipg cblmgenohc

(unit 1) as well @sq

auxiliary el enments E‘?‘%@Fﬂ‘ @ﬁ@fiﬁﬁf e%lgg%?@gggﬁtshsﬁéas real atnolrly

genes (unit 3). |'Ae’BHiRg thesc of thexrepostes faelesulin e cell has
inserted 290 iHeeh8poB égqymnﬁmhﬂﬁml ﬁé]ganl sm Alternatively, all

‘nserted elements " aﬁfdwﬁ%&a?ﬁ] L R iyBeste Suagalagi] oter

exanmpl e, where tiplest calid SncBEmmahrBraﬂéﬁBly thy ¢el? isabacterial deltnyThe

inserted in the %'i'ﬁ/?lrr?1§n£{?tam:gh§i ciilbb pollutants toxins, temperature, irradiation,
biological, and chemical. -

25 When the bacterial luciferase system is used, the basic genetic units
of the sensor are the second nucleic acid molecule encoding the production
of the fatty acid reductase (unit 2}, the first nucleic acid molecule encoding
the reporter element containing the luciferase genes and the first promoter
(unit 1) as well as in some instances a third unit which would supply '

30 auxiliary elements for activation of the sensor element such as regulatory

‘genes (unit 3). In commercial sensors all elements would be ideally inserted
in the chromosome of the host organism. Alternatively, all units may be
placed on plasmids, or a combination of chromosomally inserted elements
and plasmid-borne constructs may be used. For example, where three units

35 are used, unit 2 and unit 3 may be inserted in the chromosome whilst unit 1
is located on a plasmid. |
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A functi onmowgk‘nsor unit using the bacterial |uciferase FEI(ALPT00473
consists of a device where the sanple to be tested is contacted with

bi osensor cells which include a genetic construct according to the
first aspect of the present invention¥in a cuvette for exanple) and
an instrunment capable of 5 measuring the Iight out put of the cells. Any

l'i ght measuring devic ul.d i . - i.nci.pl e
nost appropriate syst w&tlgmpbmsen Pl %’rﬁr}fst"?%ﬁ a@t@ﬁhi ﬁgcg#egaé)&séé&
devi ces, | uni nocensists, ofphdevice mdnere theisemple to be te@tpdug contacied (wlth bcp,spnsor

'scintillation 09%1 éﬂchﬂ’ﬁ?ﬁg gé&{{ﬁ; & tﬂﬁ;t%&&ﬁiﬁhg to the fxrstoeLsrde fﬂ{eory

based, they can nal ysi s or fecq:
devi ces for nul Preseat quts@s (ing @%vqﬁ@y fosrexample) and ayonstmment By

avai | abl e §ysteﬁfea§uﬂ kthe lf?imdult pép&ﬁar& llanR light hisasheiRig d 1d
publi shed by Stanl eYR;;\rigJ@ | O pu Y iy igﬂ"cen 3 m 739,1%%?0“196121

ni,nes
and regul ar updBFBE r’fg‘é most appxopnatse sys%iﬂﬁﬁ‘ff es can be

lmeaSU(r]I ed 3y t hephbtaaaltip ha»beﬁhmﬁe@bbptbd @e\ilﬁes, lustinbareers, ﬂhe&ﬂhuteek iffber-
I quli nmeal a or

oo et 218 ?ﬁﬁf LaBlesiailigui8 AcrElaa8h 23hpters.. Thest Fhitens hul 88 portale,
function of t heoblabmmm;v bas¢d,shepican heradapted fosingle analysistardgh

'dea' 'y, ggmp! e&u%{lghﬂh& HB e¥"f6 lﬁﬂfef é‘x{al esap/Q B%éﬁﬁn%?&ﬂfkﬁi ghon prior
anal YSI S IP In I'S SO ut i on. rnati ve , analytes
of i nterest 20 conypgreipdlavailable aystenis suitable fon félemrpsqntﬂavanappsh@ heepng

neans such as ubhsh&pby@ﬁﬁleyrmqeBﬁﬂhhﬁﬁbyc rmiémﬁbhﬁnbaderﬂcer 2, 22190825992
menbr anes. Anal copcentrated prior to anal ysi s by,

for exanple, ﬁ r@gbggdgm%re appeare #NG6yh a liquid or through a
suitabl e soli d adsor bAnalytes can be measuredﬁyethlaltﬁemrwhmnadmrbeédot 0

det ect o1 4801 ¢ Airthdl! SAALA T feafor whER i PANEA Bl @sffite W1 O

elicits a“genetic resb ens are
targeted pri naréppdition foramaesurgmer |1aﬂ1atmufflgwgérmmsture bem\@nbb&&@ eRgire

S ol RS e o L et
R A N S P A AL
30 measur eneﬁliﬂysiﬂ'a@xdﬂimﬁlbﬁw i ﬂﬂ@ sbhltltﬁﬁdAltenﬁaimy dralytes dftifiterest
ahiached 2. muy WSk 0 B s AT Peeth 328557 1
performed in t mplve)qtm af selectively permeable barriers such as membranes. Analytes may
also be concentrated prior to analysis by, for example, passing a gas sample
through a liquid or through a suitable solid adsorbent.
The biosensors can be used to detect organic or inorganic chemical or
25 environmental signal which elicits a genetic response in an organism.
Microbial systems are targeted primarily, but mammalian, plant or fungal
promoters can also be used. In addition, the biosensors can be used to detect
physiological responses such as starvation, toxicity or sporulation by
inserting the luciferase genes behind promoters suitable for physiological
30 measurements. The biosensors can be used to detect pollutants attached to
particles, dissolved in aquatic samples or dispersed in the gas phase. The
measurements usually need, however, to be performed in the liquid phase.
In a third aspect, the present invention consists in a method of

detecting an environmental signal comprising exposing a biosensor according
35 to the second aspect of the present invention to the signal such that the
signal induces the expression of the reporter molecule of the cells in the



In a third aspect, the present invention consists in a method of

detecting a nmental signal conprising exposing a bi osepepiausp@rsi N9
35 to therwggg,gsﬁaaspect of the present invention to the signal ﬁﬂ t hat
t he signal induces the expression of the reporter nolecul e of t he
cells in the WO 98/ 04716 5
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bi osensor, prior to or during exposure the cells being induced to produce

t he enzynigiosemdor; prior $a by dnsing exposarerthe ¢ells beingdntucedito prodycd tee
reporter Ibid s Gch s atisntd b {1 3/ RES, BHBRRG e bepdeRE) 2

det ect abl e reacti on,
order that the prm@!mule te sendt ovithudbe pee-ﬁwr@e substrate fadermiadetectable reactxon. _

preferred forns h reference to the foIIovm ng draw ngs.
V\Ax d Ctbb 84161

Brief Description u | agr am of

t he | ux oper% : n order h%l‘&érfgeielitsmé(eﬁtlﬁﬁrlﬁgﬂ 14 IE?’@n‘éleH e f ré'iﬂ"’d
pLUxAB; 10 _ preferrechWwﬂlb% tfbséh%ﬁ&émtﬁfrefélr&ﬁ@ tetiefollcveing drs
Figure 4 is a diagramof cl one o-S|onate pTl ux; Firgure 5 |s
a diagram of the ¥4 bl b SIS AWHIBShe genes encodi ng t he
degradati on of toluene H'xgare'l'mhs a]dedgmm of the lJuxoperon; Figure 6 is a diagram

O Ao S 18 ated pEe EifH Waghabifof cflpBYalfited BEufaRur s of

construct designated p £§5‘am of the
construct ddki gnat ed pﬂ%/lgM‘e 3 is a diagram of clonagiﬁswmteipbuuc am showi ng

the respective positi Ofﬁgﬁfe i €3 dia egnram @ﬂgﬁ?%?dﬂe&g M

Figure 10 is adlagramo areres tatI%lL tran qg
desi gnat ed pl u-x; 18“1'35133 fagiapLof the wo,operons controling 4. P@@Bﬁ% ative

of the transforrr&,l]{codm the dﬁg?rhd@ﬁéﬂ@fl%lﬂénp the Tol operon; Figure 12 shows
the time course of bi oI m nescen e of t FE%?P&&% sensor construct
) and

(Leu-l1acR) with additidri8bfe %¥id éﬂg(?{ﬂ? 25 wi t hout
addi ti on ofisxyl ene (op%gnmﬁrmﬁxWﬂ thesfeatwres of cesgtouck depigmated pXylR;

for the control constr
r epr esent t he relfg%ol(r?;%{sl éa esglﬁgég?%?%cgp gﬂgﬁhﬁ#’ﬁ@{lﬁg absence
of xyl ene, respddgwiecy is a dlagram showing t mrgwq,ctm Rofitigns of th

cal i bration cur v%og%&é}ﬁgl lﬂ\”me/ﬂP new sensor
Figure 10 is a diagram of a representative of the transformant
20 designated plu-x;
Figure 11 is a diagram of a representative of the transformant
designated pLEU;
Figure 12 shows the time course of bioluminescence of the new
sensor construct (Leu-lacR) with addition of xylene (full squares) and
25 without addition of xylene (open squares) as well as the corresponding data
for the control construct (Lux-lacR) where closed and open circles represent
the response in the presence of xylene and in the absence of xylene,
respectively;
Figure 13 shows a calibration curve obtained with the new sensor
30 construct (Leu-lacR). The organisms were inoculated from a glycerol stock
and grown overnight at 30°C with minimal agitation; and
Figure 14 shows a map pf plasmid pLEU.



30 construct (Leu-lacR). The organi snms were inoculated froma glycerol

st ock and grown-overnight at 30[err]Cwith mniml agitation; and

Fi gure 14 WO 8%{A47, A‘?nap pf plasmid pLEU. WD 98/ 04716  FCT/AU97/00473
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Det ai | ed Description of the Invention Al'l conmponents used in
this invention are readily available to the 6 public (except for the
di fferent constructs generated specifically for this work). 5
MATERFALS & MERODS-4 Desc ﬁéhtdfrtﬁeclﬁeghi ibANS - Reconbi nant
strains of ESCh'ET‘I‘C%I‘I‘H"C‘O‘PP‘WETE‘TUULl mery cul tured aerob| cally at

37[err]C in Luria brd\lhcomponentsypseshin Uais nventipirare teagily available to the cast
extract 5 g/L. g\%ﬂiﬁelﬁg;é%@wl tHE differed¥ chhStrae el | érﬁﬁat%ﬁ cffidali§oRRe thgar - 10

Filter sterili tics were added as required. Anpicillin at 100
mg/ m . kksed to nmaintain constructs based on the fol I owi ng
vectors: msp?ZI\;IATERIAU&@mTHT]DS%A and pPL-L; and tetracycline at 10
ng/m for consé‘ggt based on pRK404. The different carbon sources
used were gl ucssutrpcopdifions and | actose (19% w v). 15 Gener al
reconbi nant DNA procéthmoﬂﬂmlant strains of EscResichiactoliowesnmuthelpcdlivredr DNA

di fyi o fal
suppl | er'a. St aABToHEAly E37°C tn Luria B1665 (LBE: ﬁ?@%*%fﬁ“@» AR AL B0 100
were used for rvenstmxtmqtrﬁgg/énMQdmwag solidified pyithe addition @fnlaug/lpKabera@xDNA
fromE og i V‘@?lt@ﬁétﬁeﬁmﬁé aeﬁmaéemewaa&@d Py re%m?&i Dasdhsieasn Q%Obﬁﬁg/ml

Morelle (1989), for ra creeni nqg of plas es.
WO 98/ 04(716 ) ‘was used fo ma?nta?n constructs base t% %ilo%mg pgqi,o;@g)ﬁ]
7 pUC18, pTrc 99A and pPL-L; and tetracyclme at 10 mg/ml for constructs

based on pRK404. The different carbon sources usd were glucose (1% w/v)
and lactose (1% w/v).
15 General recombinant DNA procedures
Restriction enzymes and other DNA modifying enzymes were used
under the conditions specified by the suppliers. Standard procedures as
described by Sambrook et al (1989) were used for manipulating and cloning
DNA. Isolation of plasmid DNA from E. coli was performed according to the
20 method described by Morelle (1989), for rapid screening of plasmid-bearing
clones.



Tabl e 1: Description of clones constructed during this study

Constructs ywoegmaMgCt OF Comment s/ description 5 pCT/AU97/00473
pxyl ac- R pRK404 Xyl R ORF fused to lacZ
pr onot er pXyl R pRK404 Xyl R gene including Pr
cl oned 10 7 into the Pstl/BanH
site of pRK404 pTer pSP72
Cont ai bot h T] 12 il.96 . .
. epmalngfo rg lr5r ntf‘a*a}mﬁp & Description of glgnes constructed duping this study.: o t he
EcoRI/ Smal site of pTer pl uxAB pUC18 . | uxAB
genes fused to |acZ pr onot er
pTLU Cpabiticts - Veclo#xAB genes fComhdntsideséfiption
pronoter in gTu pl ux CDE pTrc 99A | | uxCDE genes
fused to trc pr onot er
pl ux CDABE Trc 99 CDABE gen #
pronoter 25 pfl’&'&fﬂg«BE Pﬁgﬂ% %ylwgﬁdiﬁﬁﬁéérﬁgz cl oned
i nto PFgmoter pLu- x
pSP72 uxCDABE genes fysed to Pu . .
promoter in pTu pkyﬁ{ pLEU pﬁ404 pTrc 99AYIR gene including Prcloned
detection c38sette 30 into the Pstl/BargHd siterafo
t he BanHl / Pst | PRK404 site of pl uxCDE
pTer pSP72 ' Contains both rrnbT1T2April 96
terminators
15 pTu pSP72 Pu cloned into the
EcoRlI/Smal site of pTer
pluxAB pUC138 luxAB genes fused to lacZ
' promoter
pTLU pSP72 luxAB genes fused to Pu
20 promoter in pTu
pluxCDE pTrc 99A luxCDE genes fused to trc
: promoter
pluxCDABE pTrc 99 luxCDABE genes fused to trc
promoter
25 pTluxCDABE pSP72 luxCDABE genes cloned into
pTer
pLu-x pSP72 luxCDABE genes fused to Pu
promoter in pTu
pLEU pTrc 9%A Pu-luxAB detection cassette
30 - cloned into the BamHI/Pstl

site of pluxCDE
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8 Tabl e 2: Description of clones constructed duri nq’é]gé z}gg_&y
Const r uct VO 98/04716/ect or Date constructed 5 @?7 -

pRK404 avail abl e in Aug 1994 10 pXyl R pRK404
constructed 21.4.96 (page 6, Karen

Jury's | abbook) 8 confirnmed
26.4.96 (page 8, Karen Jury's
| abbook) sg:%ﬁ this studgvai  abl e "in Aug 1994
15 pTu TddIeS: Descnptlgg)%clone dfucted durm% h g [ eud?n Aug 1994
pl uxAB pUC18 constructed 3/7/95 (page 28121,
Tony Vancov | abbook 1) :
confirmed 6/7/ Gofstruets2g125 Vector Date constructed
Tony Vancdv | abbook 1) 20 pTLU pSP72
constructed 25/7/95 (page 28141, :
Tony Vancov | abbook 1)
confirmed 1/8/ 28146, ilable in Aug 1994
Tony Vancov | a%ggﬂlgé'%e ab’%‘r% 99A '8 constructed
25/ 7/ 95 (page 28141, : Tony
vancov | apbook pRK404 constructed 21.4.96 (35L 6 Kafen
9/8/ 95 (pHe 2PEE.
Jury's labbook)
confirmed 26.4.96 (page 8, Karen -
Jury's labbook)
pTer pSP72 available in Aug 1994
15 pTu pSP72 available in Aug 1994
pluxAB pUC18 constructed 3/7/95 (page 28121,
Tony Vancov labbook 1)
confirmed 6/7/95 (page 28125,
- Tony Vancov labbook 1)
20
pTLU pSP72 ' constructed 25/7/95 (page 28141,
Tony Vancov labbook 1)
confirmed 1/8/95 (page 28146,
Tony Vancov labbook 1)
25 pluxCDE pTrc 99A constructed 25/7/95 (page 28141,
Tony Vancov labbook 1)
confirmed 9/8/95 (page 28153,
Tony Vancov labbook 1)
confirmed aldehyde producer
30 10/8/95 (page 28154, Tony Vancov
labbook 1)
pluxCDABE " pTrc 99 constructed 13/11/95 (page 9122,
Tony Vancov labbook 2)
confirmed 17/11/95 (page 9124,
35 Tony Vancov labbook 2)
pTIuxCDABE pSP72 constructed 16/5/96 (page 33417,
Tony Vancov labbook 3)

confirmed 17/5/96 (page 15, Karen -
Jury's labbook)



Tony Vancov | abbook 1)

confirned aég&%»producer 30 PCT/AU97/00473

10/ 8/ 95 (pa Tony Vancov

| abbook 1) pl ux CDABE pTrc 99 constructed 13/11/95

(page 9122, 9 Tony Vancov | abbook

2) confirmed 17/11/95 (page

9124, 35 Tony Vancov | abbook

2) pTl ux Chable 2, contimpgwdy 2 constructed 16/5/ 96 (page

33417, Tony Vancov | abbook 3)

confirmed 17/5/96 (page 15, Karen

Jury's | abbook) constfhtR8/ 04716 vVector : Date constructed

PCT/ AU97/ 00443 ' 9 Tabl e

2,- continued Constructs Vect or Dat e

constructed 5 pLu- x pSP72 constructed

21/ 41 96 _ confirmed 21/ 4/96

| uci ferase 10 : as age 5,

Karen Jury's pLu-x - pSP72 abbook) constructed 21}1%’6 (pag

confirmed 21/4/96 (gel digest, page confirmed 21/4/96 luciferase

6 Karen Jury0s | abbook) 15 pLEU ¥sBay (page 5, Karen Jury's

constructed 8/12/95 (page 9142, : _

Tony Vancov | abbook 2) labbook) .
confirmed 21/4/96 (gel digest, page
6 Karen Jury's labbook)

15 pLEU pTrc 99A constructed 8/12/95 (page 9142,

Tony Vancov labbook 2)

confirmed 13/12/95 (page 9143,
Tony Vancov labbook 2)
confirmed 14/12/95 (plate assay,
20 page 9144, Tony Vancov labbook
_ 2)




confirmed 13/12/95 (page 9143,'
Tony Vancov | abbook 2)

confi r redwb®s®a7®5 (pl ate assay, 20 PCT/AU97/00473

page 9144, Tony Vancov | abbook '

2) WD 98/ 04716 |

PCT/ AU97/ 00473 10 10 ' Tabl e
3 Reconbi nant E. coli strains Code E. coli strain
Construct s* e, obtain .U : NVB22. : " pTLU +
pxyl ac- R 'consfx%i‘f 34 7/ 8/ cgmbmantb. o §6ains , p

(page 29151, T@uode E. coli strain Constructs* Date obtained

Vancov | abbook 1) - :

confirmed 10/ 8h9g.168R0e  NM522 pTLU + pxylac-R  constructed 7/8/95

28154, TO@ Vancov - (page 29151, Tony

| abbook 2)° 10 Leu-lacR NVb22 PLEU + pxpheevTablsBlei) uct ed
16/ 4/ 96 fi 16 g %04,
Tony COMIITIMER ooV ?éﬁ%bok
3) - | 28154, Jony Vagcoy, 4/ g6
(pages 33407 and 15 . labbook 2)

33408 Tony Vancov
| abbook 310 Leu-lacBu- R NM522 NVG22 pLEU + pxylae®y +copstryeted 164496 uct ed

10/ 5/ 96 (page 33404, Tae (i)e
in Karen Vancov labbook 3pury' s
| abbook) 20 confirmed 20¢4/861 r med
rléggf ggs (pages 3340 land nolmét er
page 13 K en 33408 Tony oqﬁur;/' S
N abbook) ) labeOk 3] .
Leu-R NM522 pLEU + pXylR constructed 10/5/96
(clone (i)e in Karen
. : Jury's labbook)
20 confirmed 11/5/96

(luminometer readings
and gels, page 13 Karen
Jury's labbook)

Lux-LacR NM522 pLu-x + pxylac-R  constructed 17/5/96

25 , (page 33418, Tony
Vancov labbook 3)

. confirmed 18/5//86
(pages 14-16, Karen

Jury's labbook)

30 Lux-R NM522 pLu-x + pXylR constructed 10/5/96
(clone (ii)g in Karen
Jury’s labbook)
confirmed 11/5/96
(luminometer readings
35 and gels, page 13 Karen
Jury's labbook)

*note that constructs carrying the XyIR regulatory gene (pXyIR or pxylac-R) are
located on the pRK 404 plasmid whilst the actual light generating elements of the sensor
40 are inserted in the plasmids pSP72 (pLu-x) or pTrc 99A (pLEU).



Lux- LacR NVB22 pLu-x + pxylac-R constructed 17/5/96 25

(page 33418 |
Vancov | abb&’)(i-&g?‘“‘ PCT/AU97/00473

confirmed 18/5//86

(pages 14-16, Karen 11

Jury's | abbook) 30 Lux-R NVb22 pLu-x + pXyl R
constructed 10/5/96

(cl one I( i Ib%)g ik” KBidliiminescence Assays - preparation of culture
\(]:g;]%/i fmeg 12? 53 96 Unless otherwise stated, E. coli clones were inoculated from a fresh

(I'um nonet er readagayplate into a flask containing 40 ml of LB media with the appropriate
and gels, page 13

Jury's | abbook) mﬁzﬁﬁf;s@ﬁ*g}fg°ma%e;§8%%%‘t‘g;g§§h Sappe:? Sm%%%ﬁfagm
gene  (pXyl R ®r px33du: Rfheculture was hasves ant(PP6pRIRI APPTeX +1.81
the actual |ight | I inin@ 0 HHefdn

the plasnids pSP?gséﬁcgg XE o@&%%ggﬁaﬁ{lgﬁfﬁrﬁ COﬁS%%%?Oﬁ?lﬁm P héte
PCT/ AU97/ 00473 . buffer pH 7.5, 1/18th diluted LB broth and 0.1% glucose qgr). In some cases,
Bf[ ﬁ' um nesc?nfed'AsSﬁe%Yﬁecll ISP BhA! inducels Eﬁ'ﬂfr:!"'['eﬁec%ors s“d} as II;]TG \d¥deinSxylene (1
ot herwi se stated, 'E,. coli opes, were, i nqcul ated froma fresh .. agar
plate into a fl as‘R‘EQoWFEﬁ ﬂ‘&éﬁﬂ4%hﬁ1°f’§¥caigeﬂ§g¥ 8?\;&’? ﬁ‘r‘qtﬁbe wasAsinsteddo 16and
anti bi oti csi@nd gissuyedias féllows:! y (Wi th shaking) at 37 [err]C for
approximately 5 2- T u S L : ¥ :
approximately 0.8-1. 2, ?Tet“ ml erf&ﬁgls%}gg{ e%ﬂ%ewgﬂ%ﬁ(r?‘zéeﬁg%@%é@% flanggﬁt%ltﬁhf(ﬁé’r sealed
contai ning: 100 rbatiedSphattdottle) whichmaisqlaged on® magnetie stirtenaéadoom br ot h
and 0.196 gl ucos ¢ i ol

I nducers agd/ or Z'Fflyeilg:et\%trug Egﬂiﬂ@%ﬁ@% %fnt(s]engrxff fgﬁgﬂ( 135‘191phﬂg ﬁm@fmfgxr'xged at

added. The opti cithrydq miner 30min integyalsdn aliguat el19¢mil of calipreovas

assayed as {9l | owginoved and the optical hsiy off the Sultuiie PN fmeaBuY & 600 Mo
intoin a 100 m tightly seale

pl aced on a nmagndPPISWeibipmass coptent, Th%oﬁéll‘f@é@?ﬁ’br@%@ﬁﬁ\é@%{ﬁ%ﬁ%f
the experinent. SGogmtsRer\Sesopd; LOPSpwastmeasured wditl ladviic@oBetanscintiblationn
intervals. An alidyiieChsih@IniBrofiterPihied! SrWBity ul of 20 % glucose were added to
each well of the micro-titre plate (glucose acts as an electron donor). In each
20 sample, luminescence activity was recorded with and without the addition of
0.5% tetradecyl aldehyde. Specific activity is determined by dividing the
LCPS by the ODgo0. '
Aldehyde indicator plates
Mixtures of pararosaniline and bisulfite are often referred to as
25 Schiffreagent and have been widely used to detect aldehydes (Lillie 1977).
These components have been incorporated into a solid medium which can be
used to identify clones expressing enzymes that produce aldehydes.
Indicator plates were prepared by adding 8 ml of pararosaniline (2.5 mg/ml of
95% ethanol) and 100 mg of sodium bisulfite to precooled Luria agar. The
30 plates were stored at room temperature, away from fumes containing
aldehydes and light, both of which promote increased background colour.



15 renoved and the optical density of the culture was neasured at 600 nm

to nmeasur e bi omass content. The |ight production (biolum nescence in
Lumi WO /04786 Per Second, LCPS) was neasured with a MRCHEUIHI04TI
scintillation counter using mcrotiter plates. Twenty [err]l of 20 %
gl ucose were added to each well of the mcro-titre plate (glucose
acts as an electron donor). In each 20 saﬂfﬁl e, lum nescence activity was
recorded with and without the addition of 0.596 tetradecyl al dehyde.
Specific actiwg% termned by dividing the LCPS by the Oerr].
Al dehyde i ndi ca ?"gr M xt ures of pararosani]ine and

bisulfite are o mngetiﬁahcg@msa eompenentsSchi f f r eagent and have been wi dely

used to detect %ﬁﬁ Lillie 1977). These conponents have been
i ncorporated i n?joﬁ él(drredl um whi ch can be used to_identify

cl ones expressing enzyheduxABigepeqroducts remXlzminescens arethezmallypngres
Wf[] e plr ;epasgdlggtamd j we té 4H+Cpﬂxaﬂ%%§€§ﬁPlﬁéﬁl%&&?§ (cle&rﬂp & 30°C - Szl@ﬁ&?
et hanol ) an of . sodi e to precool ed Luri

Dl it o9 ner 6. st oRBE MeIBhSG B dhib lykgenas s} tEsGRersaitote dhetire goed in the
“al dehydes and | ggidtrudiddh of thistinobntion T order of thel bastkactavaldgen@s dtirthis
\Ié\gT?i/Ug;lZ(l)g 473 organism is luxCDABE, with the luciferase genes flanked by the JuxCD and
RESULTS Lpdihgenesofsee Fig.fBr ase conponent s a) Background

The | uxAB,gene nescens are thermally nore 5 stabl e
(up to 45ﬂgrr]C?feg6{m%hofgg§z@§ %gr bacterija (onlébup to 30[err]C -

Szittner and e abserpemf a qommergially; l¢ pramates deecting hux
therefore used iy téﬁxe work was affdeithkén k@ BePélopliuthi ¥ RtéinO MThel iﬂﬁ:xﬁbﬁ%ﬂes@f

the | ux structua enes in I s r Ismis_ | uxCDABE

| uci f er ase geneé"ﬁlé PFe W%g’ Contain uirgye égﬂérég f%%% éﬁ 3 , fldl
10 b) d oni ngndEcbRI) ﬁmigedemmedlately upstream from Hee besomel binding site
conmer ci a y av t d

undert ake to d@%%ﬁéfg%cw éé P W&%&Bb%}ﬁ%@% tefiiflaidis [}Pﬂ{tgl'ﬁgjéand
cassette is desafgmmmuntt}ﬂ@aalmumﬂqmnelsgtﬁﬁrigamme@“(ﬁﬁm S ker Pst )

and EcoRl) situgihgeh watﬁdlfa&ﬂitatetm&r&ﬁ iﬁmme?véalaess OFaimbtembqaeﬁéése 15

E rRrB‘EEJT?Iar ? ]h -e|-[ Llrjﬁ?s??te g,ﬂ} &Laﬁncokqp éla? récoﬁ gﬂS‘L a;[x m e correct orientation,
have the potential to express the luxAB genes.
20 The purpose of the rrnbT1T2 terminators upstream of the EcoRV site
' is to prohibit transcription from other promoters into continuing into the lux
genes, while those distal to the Jux genes assist in preventing the
destabilisation of the host-vector system.
To facilitate the cloning of the rrnbTT2 terminators in the different
25 positions on pSP72, two sets of PCR primers were designed. Initially the rear
terminator was amplified from the vector pKK232-8 (Brosius, 1984) and
cloned into the BamHI/Xbal site of pSP72, resulting in pT2. Bglll and BamHI
produce compatible cohesive ends, however the religated ends cannot be
recleaved by either enzyme. Hence, the original BamHI and BglII restriction
30 sites in pSP72 and the rrnbT1T2 PCR product respectively do not exist in
pT2. The forward transcriptional terminator was similarly amplified and
cloned into the Bg/II/EcoRV site of pT2. A positive clone (designated pTER)
was isolated, characterised and retained for further study.
The luxAB genes from X. luminescens were amplified and cloned into
35 the EcoRl/Smal site pUC18, resulting in a transcriptional fusion between the
| vector's JacZ promoter and the JuxAB genes. Bioluminescence of colonies



at mni mumtwo uni que enzyne sites (BanmH and Xhol or Sal | or Pst

whi ch vvouldv{, *’@g te its cloning into other vectors. Pronot

i nserted at (ﬁg E%V Clal and EcoR sites and in the correc f%?ﬁgﬂ@lﬁf
have the potential to express the | uxAB genes. 20 The purpose
of the rrnbT[err]T[err] term nators upstream ofzgthe EcoRV site Is to

prohibit transcription fromother promoters into continuing into the | ux
genes, while those distal to the |ux genes assist in preventing the

dlest abi | ?at 'hO” of : hﬂ_iré cdﬂéth?ft Wit ?ﬁl vxsu'ctll#]sed in the dalk Wihi thetriledtdie,
cloning o errn B er or e er e :
posi tions on pSP7a é‘ébg% qﬂ@-‘ésﬁﬂaﬁ}é\’% \@}‘338@935{18{] O?ICHPPFé‘FF@ISPF?éed
rear term ﬁahptewmd@mibn pid«édfddonteb@vmecfoundrﬂil’ﬁé&ﬁe&htal ts each other

oro. Bl 11 and g BSiuide: OuicAoRg MaghRed kAR, PTG TR EIE A 1
religated enfils canjriGloning theAdeh)edﬁ gsthgemes her enzyne. Hence, the
original BanH and Bg/lk- Cf'bﬁ bﬁ s ep - eXI%@%&]&%tf&ﬁlf?mﬁof

rran[err]T[err] PCR pro res
forward transcri pﬁhuectmmrpm%mmh mntasnwthem 3fjpegiancand, tae lac UV5(-10)

cloned into the idﬂ Eé;fh?m an ﬁl?fbaﬂér au*ﬁ(A?ﬁéﬂxi &ﬁaplm&](qqﬁmntf?&glﬁéfﬁq)

was i sol at ed, cterl ai.n for furt

er, S,
The | uxAB genes fﬂeé‘r?? ed P%B}%Sé(mqeﬁ f!-:ﬂ h&%ﬂéﬂ”@ﬂ L and ligated
the EcoRI/Smml s ltb&hﬁU(ﬁkBl/BaﬂsHl resteicted AuE POR progacio idhiduesiestribéoiveayme

the o VeClOoiglRce MBRRratectith bBSitldHeARIRRS torflitl BFLAER HISE: One

col oni es
PCT/ AU97/ 00473  nucleotide sequence of the primers and the conditious of aygplification are

carrying this Corig,géc?“fﬁ tfi‘@?ﬁg@ﬁ‘&fx' YTH g#ghhﬁg‘ixghgﬁtﬂﬁu&ﬁ%%ts'ilbﬁ&?e&‘@&ﬁﬂ

eye, on a Ion O enous aracteri sa

constructs i sol atagditional 25 rey @fearmphﬁ@aﬂpp Vbi”él&b@lhé’éﬁ@rfméga\ﬂe?@d fwxhd to
be identicajs to ga¢érseigifithers. The fnﬁ!‘i&r&hﬁﬁt'dﬁn ¥ing qhmpE r&aaa 2&b) was

oot ves o oS50 50 e Nyt of U o A
control of trarisfermed ipiodNdI522. Positive eldehyde produting ¢lofA83 wergiisolatedd
1550 * oSk gasind SR S 850 i Sl v
restricted with RE axiplysis aﬁmndogalyexzziCk clanest werifipd the Butheaticity of the
restricted JguxE %GBSB’E@'EQJQ’I cloH@'(%é?%l{aQ% Pan X CUE GBEFIE 3), was reteﬁielE&?ofNer €

i ncorporated and sltlci of ~each” pri ner
nucl eoti de seque bong H‘Q!OH‘H mers and the conditions of anplification are

The plasmid pTrc 99A contains the strong trc promoter which is
inducible by IPTG. F urthermore, the vector contains the lacZ ribosomal
binding site and the lacl4 repressor, which controls the promoter. The trc

25 promoter, however, is a very strong promoter and has been shown to initiate
transcription at a low level even in an uninduced state (Amann et al., 1988).
d) Control Construct - Luciferase operon

Constructs encoding the entire lux operon as a single unit, were to

serve as a control. The entire lux operon (CDABE genes) was amplified from

30 X. luminescens with the luxCD forward and luxE reverse primers, using
Boerhinger 's expand TM Long Template PCR kit. Following EcoRI and
BamHI restriction, the PCR fragment was cloned into the EcoRl/BamHI site of
pTrc 99A, resulting in a transcriptional fusion between the trc promoter and
the lux operon. Visual examination of the resulting recombinant clones

35 failed to yield bioluminescence in the absence or presence of exogenous
aldehyde. However, luminescence was detected with the aid of the



listed in the appendi x. The resulting ligation m xture was subjected to an
additional 25 rounds of anplification with the |uxCD forward and | uxg 15
reverse prWa98047Ihe fi nal product conprising | uxCDE (appr oXXCTAUSTABY73vas
cloned into the EcoRI/BanH sites of the expression vector pTrc 99A and
transfornmed into NMb22. Positive al dehyde producing cl ones were isol ated

by patching transformants onto al dehyde indi 8&tor plates. Subsequent PCR
and RE anal ysis of randomy picked clones, verified the authenticity of the

¢ Som it S oGRS R58 BT LB R TR B

"trc pronoter whioflthese transforman&hmamﬁ abg RCR enalysis, lconfivmed that theentire lux

contains the la ]

fepressor, vhi c%gé‘!’n ? cloned 5&%‘1‘% ?{xttn‘?e ggﬂlé ﬂgxrl%)i?r’o da%"csr desi nated

a very strong pNnﬂEBA&E;dﬂmmtw@sd fonadgitianal warnkat e transcrl ptlon
at a low | gvel even "‘l‘cﬁ{hlﬂ@u’ﬁ‘iH&?@sﬁbﬁi@ c(f‘ﬂiﬁi'ﬂeﬁial?)romo%&%ﬁvann 2 d)
Control Construct - era ron Constructs encodi ng
the entire |ux &maserphionok péqmr@n, theRCR fragment wasclppeddnto thet r ol .
The entire | UX GRORYSHATNGE GIYFER. WRAfEioh with thotaRal eye ¥nd!digi nescens

ool or ] ool opebers o Uppruliae et saflones (dsgiapd .
restriction, thdaifédRtd ywjmm:bhumxmmedm thisabisbacé-op présdmctiof ekbgemdus
pTrc 99A, 1rO(ESU| H(ﬂgn}d} g%'f 1'1%”&&{*8 1S tﬁgq{uéiﬁﬁ.ﬂ%}é?xt%%%ﬂehqgvé frin8éd) 0%&?51

and ux oper exam na e resulting rec

cl ones 35 fal It%llmltll@t?llsdpﬁ tibned imtheEigedbe i n the absence or presence of
exogenous Consflaletda of BTEXSensorM Nescence was detected with the aid
of the WO 98/ 04716
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scintillation counter The 'rdsl lﬁbﬁﬁ@@ﬂ’@éudﬁfﬂd@dﬂﬂpﬁnd& dﬁbddl& f01 enzymes
Characterisation Si S,

gh t tmantfi Vi RE a ﬂ A A 9/1
confirmed Phat THEUZH iR ‘FES%“‘P“ o ih gLieinens %T’%’%‘&e E\ Pxylens’
representative {(Wangek Thans f1874aWarseyl &sWillianes] 1975). Thp|genebrBEodingsthe

retained for adﬁb%i‘ﬂ%ﬁon"ﬁrﬂéluerﬁa are orgamsed in o' %&oﬁ#‘is&ekﬁlgpgf SR i rfsﬁér‘)f

an i nternal pronoter activatin I’ISCI‘I%OI’I ux opero
PCR fragnent wa@a&h‘esmp refpensible for the owmxﬁs lugpe ééldc?fy prresio aromatic

rEégm P?L I Ope\émotng?%ﬁ( l@ﬂdemaglsa}int#g taé 1983 19 atdition & “”Fi‘;’“["g“’ lt:atéﬁgliche
bi ol uri nedlence SRAVERE Qﬁ“ﬁ%ﬂ %F@%&%‘%&%é%@’é@ segplaldiy ioteid which n
concert with upper pathway effectors (such as toluene) triggers expression
from the pathway operon promoter (Pu, Abril ef al., 1989).
b) Cloning the regulatory genes
The xyIR gene was amplified (via PCR) from the archetypal Tol
25 plasmid, and individually cloned into the Pstl/BamHI site of the broad host
range vector pRK404 (Ditta et al, 1985). The resulting constructs are under
the transcriptional control of the inducible lacZ promoter, as shown in Fig. 6.
Since the xyIR gene contains an internal PsfI site, an Nsil restriction
site was introduced at the 5' end of the xyIR gene product via the forward
30 PCR primer. This primer contains a recognition site for Nsil. Cleavage with
Nsil produces compatible cohesive ends with Pstl, thus facilitating ligation.
The resulting construct, designated pxylac-R, contains the open reading
frame (ORF) of the xyIR gene.
The entire xylR gene (including its promoter - Py } was also cloned.
35 The rationale for creating this construct was to demonstrate that strains
containing heterologous genes would respond to BTX compounds more



10 al dehyde. pTlux contains the | uxCDABE genes fl anked two

transcripti termnators (outlined in the Fig. 4).

Constructi ﬂ%’"’é sensor a) Background PCTIaﬂ!?‘WQ?f{s

pl asm d of Pseudononas putida encodes for enzymes 15 required in the
conpl ete degradation of toluene, mxylene and 9§ xyl ene (Wang & Dunn,
1974; Worsey & WIIians, 1975). The genes encodi ng the degradat I on

of toluene are organised in two operons (see Fig. 5). The 'upper'
pat hway i s responapidlg than stiainsohaxbehiring «ai'chaiypelgenedehylemtn‘ngrﬂlgenerﬁz iic

catabolic 20 AR ey iedTiie PERPlod InFTH Hlkinl %lﬁﬁ?‘zgﬁf& the |
protein which in PstI/BamI'HcmtﬁeOftPRaﬁﬂM uppeaul q)athayS@mpaen @t@ifﬁl@ﬁlc& rom the

|
:[Agr :Jﬁng% ;lr l félger gg'yez %Sﬁﬁt&“ the %ér{é)WhE REo A 1VBie OPFostte oviontatidn. (This

ng, .t he ul atpo ne
The xyl R gerfe mgvmsnatpé@y(qx apsn;smecw o sies 9%&}6 fswasd and reverse

plasmd, and i nd'PGI@P?ixhé’rsC TR the fervdig 1;5-5 fokf Bafitding atRuRHI tosoghidet siasit
range vector pRK404 1985 e

t t, | t I d
the transcripti of8gd c%‘% Pg‘ﬁe%ﬁm é’PBﬁeeP"r"g’%%cBIPgﬁﬂg g?l%sof ggﬁo%‘ﬁ}a{%?ag
Fig. 6. illustratifig the fédtaresyofRhgaesulting construot pXyIR; imdepictéd i Fig. 7.
an Nsil restrict 'c??’ sjug the %ﬂtéﬁol‘f@ﬁﬁéfﬁbfqu%?ﬂe%Hgfaec%onegﬂtail the xylR

gene product via ains a

recogniti o0site for NJhe nat@mgéthwstqbyecnve was$¢ clonecthecpromeiep of ithe upper -
conesive ends w aRthl of Y Tol B FOSTER A HEDro é;)ter wad ISl Hoh the
Y

constr UCt deSI g ac- I ns
(ORF) of the xyl Faalesmid, individually lgam@mﬁe JogBViEeaRIsites of RERand; s

promoter - Pr) V\/Qfau%f&@né‘d aiteds. cald HB 101 q?dl&SWﬁfgaPGRfa(Hd Fiseidtioe ehlbfuclease
construct was to de nst r até that strai n%d d {?@ %I r73 gl% het er ai.ﬁgous
genes woul d res pBHH BRELURER 153)ated and refpyned, {95 futire wor.
PCT/ AUW97/ 0Q573 constluct harbouring the Pu promoter is designated pTU (réfer to Fig. 8).
rapidly than strains h%{%%f Hggg &Rl oy 1
kb) was anplified (via é*erom %ﬁm%ﬁ"? ggg‘ﬁ‘é cl oﬁi: Bes%%ﬁ?v&e%e
Pst|/BanH site fanetipwaally trapsenibed s E. qozlafhh@ genes wee smbneémeaﬂéml@ned dnto
the . | acZ g @deab?ew & Wi shifeted with e RIPRPWing blunti
orientation. Thi o 3/61 aiSI stlgﬁﬂgES exc a;l‘?bg‘g i{Ee re?mt | onl | tleug 1(I:)IF
the forward and PB@éFéB’l ally lgated;i Pi hﬁl@o o Rheite g
contains a ZBarTHl pTEAROWiguad I&xﬁnﬁﬁat&bn of the resulting recombinant clones faxled to yield
bioluminescence in the presence of exogenous aldehyde. Luminescence,
however, was detected with the aid of the scintillation counter. A loop full
of cells were scraped of the agar plate and resuspended in an eppendorf tube
containing 100 ml of Luria broth plus 1% tetradecyl aldehyde. The culture
25 was transferred to polystyrene micro-titre plates and scanned for light
production using the scintillation counter. Characterisation of these
transformants via RE and PCR analysis, verified that the constructs were

authentic, _
A diagram illustrating the respective position of the construct's
30 components is shown in Fig. 9.
d) Transcription of Pu promoter constructs
To confirm the potential usefulness of pTLU, luciferase activity of
these clones was examined in response to the known effector m-xylene.
E.coli strains containing the clone and its specific regulator (pxylacR) were
35 also examined (see Table 4). In E.coli NM522 containing pTLU a relatively
low level of luminescence was detected. These results are in agreement with



the 5 end and simlarly the reverse priner contains an Nsil site.

di agram illustrating the features of the resulti ng construct sﬁxyl R,
i s depict wDIsOFLG. 7. c) Fusing the catabolic prorftftEp e | ux
detection system 10 The next step of this objecti ve was to
clone the pronoter of the upper pat hvvaey of the Tol plasmd into
PTER. The pronoter was anplified fromthe Tol plasmd, individually

ligated into the EcoRV/ EcoRI sites of pTER and transforned into

E.coli HB101l. Foll ow n S
- two c: ones wer epﬁeé'b‘?m‘n‘a""t %@ﬁi@’?gbﬂgu@&%@ Eﬁf@}]] wi%Ch hag%?s{-mct
har bouri ng t he matmmn:mt fritinte ttenscpiptienl in the @beﬁme afdtsregulator.

Havi ng established t p@,s?
functionally transcr P%é%é %diguft?ﬁi-%,? ﬁﬁdééﬁ%&sﬁ& SAIHH?SEEG I\eﬁﬁ@ter(l)rrllt':elgafer‘lit o]
pTU. The | uxAB f*om 40 ag#ﬁatfowﬁemgﬂrn&?@ahw:m FHERT PERSERL
aQEU' ng'f' vi H;Ja' 't 10 ﬂ?ﬁ%c‘r&lé& fnheg tﬁ(—‘éht tuaaq:%mdmﬂfe aﬂé!dnfceeiliehebffectoi‘o
p i sual exam nat.| ng, reconbin gnes fai
yield C aolerule dEeRKlens, for all %&ﬁ%‘ Sfcees B wesd & ‘H@h‘(j"&@ gluCose.
Lum nescence, The hig W11e-MMtlactfemwmwwm teaufrdediavith cells grown
scintillation counter f r
pl ate and resus’é’eﬁ ﬁ*‘%"gg{d’&f?a%!? 5?%?)%5)5‘@%5 oéﬂcgaltitl%nﬁ%% éﬁ?‘: ised
~Luria broth plum iiffeimetiagdhyse resabisy since Bhecasel is knewabto repwas trapseriptiond
to pol yst ene AHR r uction
usi ng the Ci ntﬁ%&%‘ﬁkc%lwﬁé@?@gﬁg?en SgiPIEgnfrclghQPEéast%Z proxri%rté’l‘i
transformants via RE and PCR analysis, verified that the constructs were
aut henti c. A diagramillustrating the respective position of
the construct's 30 conmponents is shown in Fig. 9. d)
Transcription of Pu pronpter constructs To confirmthe
_potential usefulness of pTLU, luciferase activity of t hese cl ones
was exam ned in response to the known effector mxylene. E. coli
strains containing the clone and its specific regulator (pxylacR) were 35
al so exam ned (see Table 4). In E coli NMb22 containing pTLU a rel atively
| ow | evel of |um nescence was detected. These results are in agreenent with
WD 98/ 04716
PCT/ AU97/ 00473 16
previ ous findings (Hugouvi eux-Cotte-Pattatet al., 1990), which have shown
that Pu can initiate transcription in the absence of its regul ator.
Expectedl y, Xyl R-dependent expression of the Pu pronoter increased



from40 to 470 fold, depending on the type of sugar and/or |IPTG present. A

5 5 to g‘pogs%‘gmdecrease in |ight output was observed in t‘t&F{W of

the effecto mol ecul e (mxylene), for all organisnms exce ose
grown with glucose. The hi ghest xyl ene-induced |uciferase activity
was recorded with cells grown in the prgsence of glucose (7.5 x
10[err] LCPS). Sone caution nust be exercised in interpreting these
results, since glucose is known to repress transcription 10 _fromthe .
| acZ pronoter [ XyTables 4 r buminessence r antivities| of zeppwhinant) E.coli (NM$22) strains
98/ 04716 " containing the TOL xylR regulators and the ’'upgsn/ Apewhotet73 luxAB
17. : Tabl e bndtHigtnescence activities of reconbinant E. coli (NVb22)
strains containing the TOL xylR regul ators and the 'upper' 'pronoter
| uxAB construct. 5 Constructs ) Suppl enent s
LEcPM 10 O pLUXAB + 1 PTG 6. 2X
10[err] pLuxAB - | PTG 8.9 x
10[ err] px&PRStructs +15upplemenys o LCPM a
pxyl acR +| PTG, - xyl ene a 15 pTLU '
+I PTG + xyl ene - 1.6 x 10[err] pTLU
+I PTG - xyie@ne .. 2.3 x 10[err] _ pxyl acR- pTLU
+ xyl ene pLuxAB 6.6 x 10[err] 4+ IPTG pxylacR-pTLU .2 x 106 -
xyl ene pLu 1.8 x 10[err] -IPTEXY! acR-pTLU 8.9 x 1bFTG +
xyl ene . 10[err] 20 I U +H PTG -
xyl ene E;?s K10[err] + ’é%&?léh_% + gl ucoge, +
xyl ene 7. BRAGR err] p'i'( ’R’-'S’HEBG + gl ucose, -
xyl ene 15 4. TLYo[err] pxyAAcR HPDEpne + 1 itﬁ’b&% +
xyl ene 3. pERLUO[ err] pxyIBER, p¥ylene + | ac2d%10° xy| ene
4.8 x 10[err] 25 pxylacR-pTLU + xylene 6.6 x 104
pxylacR-pTLU - xylene 1.8 x 104
pxylacR-pTLU +IPTG, + xylene 4.3 x 10°
20 pxylacR-pTLU +IPTG, - xylene 8.6 x 104
pxylacR-pTLU + glucose, + xylene 7.5 x 109
pxylacR-pTLU + glucose, - xylene 4.2 x 109
pxylacR-pTLU + lactose, + xylene 3.4x10°
pxylacR-pTLU + lactose, - xylene 4.8 x 104

25

Overnight cultures of the recombinant strains were diluted 100-fold
into LB broth containing ampicillin and tetracycline at a concentration of 100
and 10 mg/ml, respectively. The carbon source, glucose and lactose was

30 provided at a concentration of 1 %. To induce expression of the regulatory
gene XylR, IPTG was added at a concentration of 1 mM. Luminescence

activities (Luminescence Counts Per Second) were determined after 5 hr in
the presence of the effector m-xylene (1 mM ) and the addition of 2 ml of
10% tetradecylaldehyde. Cultures were grown at 30°C.

35 -8, Not detected '



Overni ght cultures of the reconbinant strains were diluted 100-fold

into LB broth containing anpicillin and tetracycline at a concentration of
100 woosidts ng/ m, respectively. The carbon source, &GIAIHIOMTA

| act ose was 30 pr ovi ded at a concentration of 1 % To induce expressi on
of the regulatory gene Xyl R, I PTG was added at a concentration of 1
nmv  Lum nescence activities (Lum nescdfice Counts Per Second) were
determ ned after 5 hr |n the presence of the effector mxylene (1 nV)

and the addition 10% t et radecyl al dehyde. Cul tuires were
grown at 30[er rﬁ)ﬁ%% sensoar CW:HOI ét % WD 98/ 04716

PCT/ AU97/ 00473 The lux operon (control construct) was placed undet ghe control of ¢)
BTEX sensor co const

construct) was F%Fgldbﬂ ‘tmafﬁ’ lf?fep earh?gsoy m?ntxoximie thééuﬁ‘g@'lﬂf'o %(G]bA%?AE
previously rrentgemlee)jwas menplifi¢d fronyX. &p@:mce@mygls Boer. mg%éﬁtpwaé

anplified the 5'
Tgprrpl ate l%&d#ﬁbﬂ%@%@%ﬁ' it gl‘ﬁ’é’?tﬁ ﬁg?henﬁ rexpivted Mith EcoRPagthe

t, t,
end and bl unt eﬁndﬁ@d@l‘l’éﬁfﬂﬂ grrqnprlgrmea; 1gath I‘Itﬁéhgﬁﬁ%"fl sa’{]etség RFpTu.
Fg' | ?W:c ngdt ra”?l*cﬂ[d‘ﬁizi abéffbﬁn%ﬁ%xt@p]&:lﬁdzmhq:dsitWeJhidlraMmthg clmmesweere
i dentified in hce, of ,ex us_al de C on
counter. Restr |‘gﬁ‘32‘e§r’lﬂothﬁl"?§§’é e’ﬁ%ﬁ“&ﬁﬁ%g‘fﬁly‘fﬁar‘é’h@ g’% sltcglwﬁgééélllln ne 10
t heir aut henti cddihtedh Remmmaidmmleésetml PERrmifalysiamas, uskdsiogdatezniine
pLU-X.  1q  “ERi§iBePRAi oA B &ékxﬂaﬁbe the t288fdrhfhntd Yesi g8l Pk,

round | um nescence acti

was cul tured irwas mtama_dijradﬂummlanqua@gafw HcHratgmu W#e“}ﬂﬁlét Bcol

described in thegdRbiRthe bac réaskd Wﬁlﬁés%bﬁcéﬁéilvnf‘ pha-x Wﬁsrtﬁﬂﬁﬁﬁdﬁn\/\las
detected in the presence

absepce of, exogen ene
Const ructi on ofLwd l@@eﬂ'B;'Eéaé@ﬂ@GFOT ing to the protoc O#@§c§ﬁ}' the cgﬁg?@e

was isolated frgm ﬁﬁ%&h&ls&eéﬁéﬁow hehinescence wae detentedinthe predenoeiarg
restriction with BanHl /Pstl, and clﬁned into the simlarly

restricte® sit ADSERCHO LEPRENRUTIXYIEN®-sat i on of these transfornants 20
via RE and PCR ﬂlﬂ}dmsmmtlorrmﬁaumpk&te BIEX sensew- | uxAB cassette was fused to

the | uxCDE genes. PRARAT UiksBite Wi {sORAS] HORRRITLU JRsiginaiegelpl EU

was retained for add| onal at| oS t B
cassette in pLF_QleCB‘ODh@IqSFFe@ thpsgeStIlPthan W a& %cﬂ‘é“?‘ﬂgl 5 'the

background similarly restricted sites of pluxCDE. Characterisation of these transformants
20 via RE and PCR analysis, confirmed that the Pu-luxAB cassette was fused to
' the JuxCDE genes. A representative of the transformants, designated pLEU,
was retained for additional work. The relative position of the Pu-luxAB
cassette in pLEU is outlined in Fig. 11. In order to determine the background
luminescence activity, pLEU was cultured in Luria broth and assayed
25 according to the protocol described in the materials and methods section.
Repeated assays failed to show luminescence, even in the presence of m-
xylene. These results clearly indicate lack of induction of Pu in the absence
of the regulatory protein Xyl R.
The test strain Leu-lacR was created by transforming both pLEU and
30 pxylac-R into NM522 and selecting for resistance to ampicillin and
tetracycline. Similarly, Leu-R, Lux-lacR and Lux-R were produced by
transforming the respective constructs (refer to Tables 1 and 2) into NM522.
Assay results of these strains are presented in Fig. 12. and Fig. 13.
The functionality of the novel sensor of the present invention is
35 demonstrated in Figs. 12 and 13. The response of the new sensor was clearly
superior to that obtained with the reference construct based on the native lux



| um nescence activity, pLEU was cultured-in Luria broth and assayed 25
according to the protocol described in the materials and net hods section.

Repeat ed as¥¥)88841¢ ed t o show | uni nescence, even in the pre

xyl ene. These results clearly indicate | ack of induction of Pu in the
absence of the regulatory protein Xyl RJ[ The test
strain Leu-lacR was created by transform ng bo %’u pLEU and 30 pxyl ac-R
into NMb22 and selecting for resistance to anpicillin and

tetracycline. £UTRe indbictiBhBfARE | mrv%ﬁaefummﬁm h
transform ng thergéé?éé%é{sle{vte consl{nr uct::tsi:l rﬁ?&er%m %g@ éga? F% nhc more
NVG22. Asswemganné o Rewhgansos; Fig. s dear! BiS t galihratiogn g
Fig. 13. ' curves caIﬂUé dbtafiddowthl duchPerisbes A6wa! tostibsppmlevil}in the case

present inventio denonstrated i r on of
t he new sensor Wa%ij ’&YIE’&?I@EHS‘” 133?‘{&?%#}'%Blﬁtrsﬂlrﬁéfgf&ﬁfﬁilﬁgd“mf ‘ﬁ? splittin
reference copstr usftlukagenes @s achéeved! invihel novel senso@ditantd 6

PCT/ AU97/ 00473

gene cassette. The | ndu[étvf l(l)lnbe ?pPngﬂte%Pty psers smu&df’e’a‘st & argﬁgatme%qse

i ntensive in the variatimssand/orinpdificativesmay lm:rmlettnathe linvestion ak ishowti im

curves can be Obttﬁ' @ci’ﬁé &n%uahpgﬁwmmﬁmgag,@;ﬂgppmé r@éﬁt%é Eob@%f‘éﬁ‘ée

of xylene. Sensor onse ore

splitting 5 c;nventéog@s@o |'Fhez n@saat/embgémm&:mth@@f@e to
It wll be gppr e%@é&@klaareaemsansesﬂébtsl ailiutiativediid hoBlestiEBYaUS
variations and/or nodifications may be made to the invention as shown in

t he specific enbodi nents w thout departing fromthe spirit or scope of the
invention as broadly described. The present enbodi nents are, therefore, to
10 be considered in all respects as illustrative and not restrictive.
WD 98/ 04716

PCT/ AU97/ 00473 20
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Xyl R ORF: Forward prinmer (RF): 30 ner 5'

.3 CCAATGCATTGTGGATCATCCCGATAAAAA 10

Nsi | WO 98/04716 Tm- 52.0[err] C G C - 40% FCTAUSTITY, o
primer (RR): 28 ner 15 5' :

3 CGGGATCCCGCCCGTTTTCACACAACGT ' Bam Hi
20 Tm 60.9[err] C G C -60% PCR condi tions:

priners anneal ed for 30 secs. at 46 [err]C, extention time of 2.5
mns. for 30 cyclmenduu Resul ti ng product size: Approx. 1963 '‘bps 25

WO 98/ 04716 0473
22 %1 R eRGR gf ths IR gene frpgy the TOL Pigeriq Jp Fepeqgppnas gufidn
5' According to computer analysis (PGRpx imer and Amplify) the following
CGGGATCCCGGATCT %GéT BarHl
Tm - 62. 4[err] C i%@ ed62% 10 Reverse primer (XylRn.rev): 29 ner
5' ene
XyIR ORF:
Forward primer (RF): 30 mer
5' . 3
CCAATGCATTGTGGATCATCCCGATAAAAA
10 : Nsi I
Tm - 52.00C G.C. - 40%

Reverse primer (RR): 28 mer

15
5' 3
CGGGATCCCGCCCGTTTTCACACAACCT
Bam HI
20 Tm - 60.9 °C G.C. - 60%

PCR conditions: primers annealed for 30 secs. at 46 OC, extention time of 2.5
mins. for 30 cycles.
Resulting product size: Approx. 1963 bps

25



CCAATGCATTGCCOGTTTTCACACAACCT Nsil 15

Tm- 60.9 [err]C GC - 48% PCR conditions: priners
anneal ed fwo9804decs. at 45C, extention time of 2.5 NPOEAUST04T0)
cycles. 20 Resul ti ng product size: Approx. 2111 bps Term nat ors
PCR the Escherichia coli 5s ribosomal RNA termnators (rrnbT[err]T[err])
fromthe vect or pkk232-8. According t@Zonputer analysis (PCRprimer
and Amplify) 25 the follow ng priners were designed: Forward
Ter m nat or rward primer (Frnb.F): 36 ner 5' :
3" 30 GAAGA GAAGTGAAACGCCGTA Bgl I, Bam Hi
Tm - 59.1 [err]Forward primer (XyIRN.fu@}029 mer WO 98/ 04716
PCT/ AU97/ 00473 23 Rever se
primer (Frnb.R): 27 ner 5" ' '
3 CGGATATCETGATGCAAAAACGAGECT 5 3' EcoRV
Tm-62 ferglC G EcRUATCCCGEATEITBCETIEAGBTGRATS90 bPS
BamHI
Tm - 62.40C G.C.-62%
10 Reverse primer (Xlen.rev):'ZQ mer
5' 3'
CCAATGCATTGCCCGTTTTCACACAACCT
Nsil -
15
Tm - 60.9 °C G.C. - 48%

- PCR conditions: primers annealed for 30 secs. at 459C, extention time of 2.5
mins. for 30 cycles.
20 Resulting product size: Approx. 2111 bps

Terminalors

PCR the Escherichia coli 5s ribosomal RNA terminators (rrnbT1T?2) from the

vector pkk232-8. According to computer analysis (PCRprimer and Amplify)
25 the following primers were designed:

Forward Terminator

Forward primer (Frnb.F): 36 mer

5' . | 3
30 GAAGATCTTCGGGATCCTCAGAAGTGAAACGCCGTA
Bgl I Bam HI '

Tm - 59.1 0C G.C-50%



10 Rear Ter m nat or Forward prinmer (Rrnb.F): 26 mer
5' ' :

PCT/AU97/00473
GAAGATCTCACHIBAAKCaOCETA 15 Bgl |11 CTiATS
Tm- 59.1 [err]C G C - 50% Reverse priner (Rrnb.R): 29
mer 20 5' 23 3'
GCTCTAGAGCCTGATGCAAAAACGAGGTC Xba | 25
Tm-62[err] C G C50% Product size: Approx. 380bps
PCR condi tions f ogeRfash pRimer (b, B i2vamer anneal ed for 10 secs. ‘at 63
[err]C, 30 ext e%tl on‘it?i me gg SOMIsecs. for 20 cycles. . WD 98/ 04716
PCT/ AU97/ 00473 o ' 24
Xenor habdus | um nescensg'Lux CDABE genes - PCR the | # operon (CDABE)
genes ( including the rj m ) i ~om X. | um nescens. .
The foll ow ng gene(s) VQ&L mﬁ@@%‘&%%ﬁﬁﬁ -
lux CD 5 5 -EdaRVAB - lux E
- entire operon | ux CDABE
Tm - 62 0C G.C-50%
Product size: Approx. 390 bps
10  Rear Terminator
Forward primer (Rrnb.F): 26 mer
5' 3
GAA_@_’_I‘QCAGAAGTGAAACGCCGTA
15 Bgl I
Tm - 59.1 0C G.C - 50%
Reverse primer (Rrnb.R): 29 mer
20 :
5' 3
GCTCTAGAGCCTGATGCAAAAACGAGGTC
Xbal
25 Tm - 62 0C G.C -50%

Product size: Approx. 380bps

PCR conditions for both products: primers annealed for 10 secs. at 63 CC,
30 extention time of 30 secs. for 20 cycles.



According to conputer analysis.(PCRprimer and Anplify) the follow ng 10

primers werg used: Lux CD: Forward primer (luxCD.F): 26 ner
5' WO 98/04716 3' 15 PCT/AU97/00473
GGAATTCCCCCCGATTAAATGGATGGEC Eco R m -
62.2 [err]C GC - 53% 20 Re§$rse primer (luxCD.R): 32ner

5' 3

GGGGTACCCCGCAAAAAGT TTCCAAATTTCAT Kpnl 25 Tm- 57.4

[ er I‘] C de“usﬂr{imescensfm bﬁ@§ pr | mer S anneal ed f OI‘ 30
secs. at 52 W __for 25 cycl es.
Resul ti ng pr oda’ the lux gpprasy (CBABE) gepes ( includi gsﬂmm@ inding s1te)

PCT/ AU97/ 00473 from X, Iummescens The followmg gene(s) were amplifid@ asa single &hit:
AB: Forward primer X

3 5 CGGAA GGACTCTCTATGAAATTTGG
Eco R 5 -ludAB- 54.4 [err]C GC - 36% 10
Reverse priner (lux.R): ;?u,pgr

- entire operon lux CDABE

According to computer analysis (PCRprimer and Ampllfy) the following
10 priiners were used:

Lux CD:

Forward primer (luxCD.F): 26 mer

5' 3
15 GGAATTCCCCCCGATTAAATGGATGGC
Eco Rl
- Tm - 62.2 0C . G.C.- 53%

20 Reverse primer (luxCD.R): 32mer

5' 3
GGGGTACCCCGCAAAAAGTTTCCAAATTTCAT
Kpnl :
25
Tm -57.40C G.C.-27%

PCR conditions: primers annealed for 30 secs. at 52 0C, extention time of 2.5
mins. for 25 cycles.
30 Resulting product size: Approx. 2483 bps



5' 3' CCTCCCTGCAACTCGAAAT 15
Tm- 61.5 [er

GC - 53% PCR conditions: pr @m | ed
for 30 secs. walferr]c, extention tine of 2.0 m ns. *’?@?‘f’ﬁ &

cycl es. Resul ti ng product size: Approx. 2114 bps 20 WO 98/ 04716
PCT/ AU97/ 00473 .. 25 26 Lux E:
Forward prinmer (luxE F): 32 ner 5'

3 5 GGGGTACCCCCTTGAGGAGTAAAACAGGTATG

Kpnl AB: Tm- 53.4 [err]C GC - 41% -10

Reverse pri ner };‘I UXE. 'F 5'

3. orwar PHMMTWACAATTAGGCAAAGG

Bam H 15 - Tm- 58.3 [err]C GC - 41%

PCR conditions: prinmers apnealed for 30 secs. at 45 [erf]C, exterg.i on time
of 2.0 20 mns. for 25 cycles.

5 CGGAATTCCGAAGGACTCTCTATGAAATTTGG
Eco RI
Tm - 54.4 0C G.C.-36%
10 Reverse primer (lux.R): 18 mer
5' 3
CTCTCGCTGCAACTCGAAAT
15 Tm - 61.5 0C ~ G.C.-53%

PCR conditions: primers annealed for 30 secs. at 50 0C, extention time of 2.0
mins. for 25 cycles.
Resulting product size: Approx. 2114 bps

20



Resul ti ng product size: Approx. 1205bps WO 98/ 04716

PCT/ AU97/ 00 Lux
oper on: %89m%rd prinmer (luxCD.F): 25 mer Z(Z'T’Awwg“n

3 5 GTTGGAATTCCCCCCGATTAAATGG Eco
RI Tm- 62.2 [err]C g GC - 53% 10 Rever se
primer (luxE.R): 30 ner %

3 GCAAGGGATCCACTTACAATTAGGCAAAGG

Bam H 15 Tm- 58.3 [err]C GC - 41%-

PCR condi tions: Boer hj expandTM Long Tenpl ate PCR ki t.
Essentually the f p 'e@“%n %@Wedl | ows: - denature 94C for 10
secs. 20 - anneal at 52[err]C for 30 secs.

- elongation at 68[err]C f@r 5 mns. Then 15 cycles as foI:J,.ows: -
denature 94[err]C for 10 sec - anneal at

52[err]C for530 secs. 25 GGGGTACCCCCTTGAGGAGTAAAAC“@GW@&EGon at

68[err]C for 5 mins. with a SEC
i ncrenental increase in each ongati on step.

Tm-53.40C . G.C.-41%

10 Reverse primer {luxE.R): 30 mer

5' 3
GCAAGGGATCCACTTACAATTAGGCAAAGG
Bam HI
15
Tm - 58.3 0C G.C.- 41%

PCR conditions: primers annealed for 30 secs. at 45 0C, extention time of 2.0
20 mins. for 25 cycles. :
Resulting product size: Approx. 1205bps



Resul ti ng product size: Approx. 5831 bps WO 98/ 04716

PCT/ AU97/ 00473 28 nger
tol uate cat a‘H&’F@"ﬂét hway pronoter region PCR t he upperc?'@rqfaw7
cat abol i c pat hway pronoter (including the ribosomnal bi ndi ng site)
fromthe TOL plasm d in Pseudononas puti da. Acc‘2 rding to conput er
anal ysis (PCRprinmer and Anmplify) the foll ow ng grimers are to be 5
used: Forward prinmer (Uerr]): 19 ner 5'
3 ' Lux.o AGCGCGATGAACCTT 10 - Tm - 62.6
err]C GC - eV rinmer (UR): 28 mer 15
[5- : ] Forward primer (ﬁxx(?lsj:ﬁ): 25 mer (UR) :
GCGAATTCTCGAAGGGTCACCACTATTT : Eco R
Tm- 61.5 [err]C GC, - 53% 20 PCR conditiogs: prinmers
anheal ed for 10 secs. at 58 [err]C, extention tinme of 30 secs. for
25 cycles. 5 Resul t i nGTTGGAATECCECOGRATTARATOES WD 98/ 04716
PCT/ AU97/ 00473 Eco RI

Tm- 62.2 0C G.C.-53%

10 Reverse primer (luxE.R): 30 mer
5' 3!
GCAAGGGATCCACTTACAATTAGGCAAAGG
Bam HI
15
Tm - 58.3 0C G.C. - 41%

PCR conditions: Used the Boerhinger expand M Long Template PCR kit.
Essentually the first 10 cycles were as follows: - denature 94°C for 10 secs.
20 - anneal at 529C for 30 secs.
- elongation at 68°C for 5 mins.

Then 15 cycles as follows: - denature 94°C for 10 secs.
- anneal at 520C for 30 secs.
25 - elongation at 68°C for § mins. with a 20 sec
incremental increase in each elongation step.

Resulting product size: Approx. 5831 bps



29 Appendi x 2: Exanpl es of pronoters which nmay be used as

sensor el enents: Pr onot er Si gnal Ref erence
mer wo”’o‘ﬂéﬁdvy net al s Sel i nofova, O.; Bur IP%'@UWd 5
(particularly nmercury) Bar kay, T., Appl. Env. Mcrobiol.,

59, 3083- 3090, 1993. Psal 28napht hal ene, salicylate
Heitzer, A.; Webb, O F.;

Thonnard, J. E. & Sayler, G

S.. Appl. Env. lM’ﬁ i *% %g p ]“%P ﬁ :
1839- 1846, 199 EP{HH&L cataboli€ pathway promoter region Quz 70, J.;

Guzzo, A & DutRSR the upper toluate catabolic pathway promoter ( including the ribgsomal

Toxicol . Lett. tﬁﬁﬂﬁi_g si®)from the TOL plaslmd in Pseudomonas putida. Accordmg to
693, 1992. sB H& Cpr bi sier
Ji, G: Nuyts, cgmptﬁgr analysis (PCRpumer and Amplify) the following primers arﬁé?dlfay,

M & Silve, SusEEI,\/B

M crobi ol . Lett; 110, 231- .
1993, | ;Hm""ﬁ P“‘“]"%%'c%%fﬁedm Corbisier, P.: Ji,
G ; Nuyts, G; Mer geay, M
& Silver, S. FEMS 20 ' 3"
M ¢robiol. Lett., 110, 231-238, '
1993. " Pmand Ps WQ@T@WWS Abril, M A., M chan,
C, Tinmgp : K. N, and
Ranpbs, J. L. J. Bacteri ol'.
171, 6782-6790, 25 Tm - 62.6 0C G.C.-53% 1989.
tcb chl or obenzenes van der Meer, J. R, deVos, W
M, Harayans, e .
A. Mcrobiol. éée\y&g%gm'g%%zlza mer
1992. 30 clc chl or obenzoat es van der Meer, J. R,
deVos, W5 5' 3'

GCGAATTCCTGAAGGGTCACCACTATTT

EcoRI
Tm - 61.5 0C G.C.-53%

20

' PCR conditions: primers annealed for 10 secs. at 58 0C, extention time of 30
secs. for 25 cycles.
Resulting product size: Approx. 246bps



M, Harayama, S. & Zehnder,
A. Mcrobiol. Rev., 56, 677-694,

1992. WO 4746/ 04716 PCT/AU97/00473
PCT/ AU97/ 00473 30 bph
pol ychl ori nated bi phenyls . van der Meer, 23. R, deVos, W

M, Harayama, S. & Zehnder,
A. Mcrobiol. Rev., 56, 677-694,

1992. 5 cappendix 2: cat echol ' van der Meer, J.

R, deVos, W ' ' M,

Harayama, S. & ExBfiffés of gromoters which may be used as sensor elements: A
M crobiol. Rev., 56, 677-694, -

1992. dppsinoter Sigqmenol S Referend&e, C. C.; More,
T.- & Shingler, 10 V. Appl.
Env. M crobiol. ;78 heavy metals Selinofova, O.; Burlage, R. and
3727-3735, £1996. | aC (particularly meré@fy) °S %Barkay, T., Appl. Env. Microbiol.,

Engebrecht *J.; Sinon, M &

Silverman, M Science, 227, 59, 3083-3090, 1993.

%34591?&33 1&85&&& ara naphthalene, sa ;{:f?f%ké‘ ©%Heitzer, A.; Webb, O.?ﬁ?eg; ﬁ;gt
M Science, 227, Thonnard, J. E. & Sayler, G ’
1345- 1347, 1985. rhlerr] | r hammos®. Appl. Env. Microbiol R&8ps,
J. L.; Roje, F. & Tinm s, 1839-1846, 1992, '
K. N Nucleic Acids Res. 18, 20
2149- 2152, 1990f1iC mel aluminium nmel i bi ddezzo, J.;Guzzo, A. & DEBows,
J. L.; Rojo, F. & Timms, M. S. Toxicol. Lett. 64/65, 687-
K. N -Nucleic Acids Res. 18, 693, 1992.
2149- 2152, 1990.
arsB arsenic Conbisier, P.; Ji, G.; Nuyts, G.;
15 *Mergeay, M. & Silver, S. FEMS
' Microbiol. Lett., 110, 231-238,
1993.
cadA cadmium Corbisier, P.; Ji, G.; Nuyts, G.;
. Mergeay, M. & Silver, S. FEMS
20 _ Microbiol. Lett., 110, 231-238,
1993.
Pm and Ps aromatic hydrocarbons Abril, M. A., Michan, C., Timmis,

K. N,, and Ramos, J. L. .
Bacteriol. 171, 6782-6790 ,
25 1989.

tch chlorobenzenes van der Meer, J. R., deVos, W.
M., Harayama, S. & Zehnder,
A. Microbiol. Rev., 56, 677-694,
1992.

30 cle chlorobenzoates van der Meer, J. R., deVos, W.
M., Harayama, S. & Zehnder,
A. Microbiol. Rev., 56, 677-694,
1992.



Xyl xyl ose Ranps, J. L.; Rojo, F. & Timms,
25 K. N. Nucl ei ' S,
18, WO 98/04716 9149- 21 5@:@%@%@%
sor sor bose Ranpbs, J. L.; Rojo, F. & Timms,
K. N. Nucleic Acids Res. 18, 30

2149- 2152, 1990. 30 hut hi stidi ne Fi sher,
S. H; Rohrer, K & Fer son,

A. E. J. Bact.bph78,

3779- 3784, 199@eVos, W. ni f A

V. Mol. Mocrobiol. 19,

409-416, 1996. 35 ntrC

V. Mol. Mocrobiol. 19,

409- 416, g4996. g WO 98{1041{d16

PCT/ AU97/ 00473
expression of |ateral
flagella in E. coli,

Engebrecht J.;
Silverman, M Sci ence,

I nduced in response 1345- 1347, 1985
5 prouU osnol arit
Csonka, L. N. dmpBact. 178, phenols
3377-33790 1996. csi A
Kjelleberg, S.; Albertson, N 10
Fl ardh, K.; Hol nguist, L.;
Jouper-Jaan. [laer]; Marouga,laBose
Cstling, J.; Svenblad. B. &
Weichart, D. Antonie van
Leeuwenhoek, 63, 3/4, 333-342, 15
1993. 15 ara arabinose
rha rhamnose
20
mel melibiose
| xyl xylose
25 :
sor sorbose
30 hut histidine
nifA nitrogen assimilation
35 ntrC nitrogen-assimilation

polychlorinated biphenyls
ni t r oddn HevayanaaSi & Zehrfgterpgl er,

ni trogenggagsi m | ati on

20
1992. to surfaces

S. A &

Si non,

van der Meer, J. R,

A. Microbiol. Rev., 56, 677-694,
Shi ngl er,

van der Meer, J. R., deVos, W.I ¢
Harayama, $lg Zehnder, ' &
icrobiol. Rev., 56, 677-694,

Zhang, X.: Fl etcher
Sze, C. C.; Moore, T. & Shingler,

st ar vM. iAppl. Env. Microbiol., 178,

3727-3735, 1996.

Engebrecht J.; Simon, M. &
Silverman, M. Science, 227,
1345-1347, 1985.

Engebrecht J.; Simon, M. &
Silverman, M. Science, 227,
1345-1347, 1985.

Ramos, J. L.; Rojo, F. & Timmis,
K. N. Nucleic Acids Res. 18,
2149-2152, 1990.

Ramos, J. L.; Rojo, F. & Timmis,
K. N. Nucleic Acids Res. 18,
2149-2152, 1990.

Ramos, J. L.; Rojo, F. & Timmis,
K. N. Nucleic Acids Res. 18,
2149-2152, 1990,

Ramos, J. L.; Rojo, F. & Timmis,
K. N. Nucleic Acids Res. 18,
2149-2152, 1990.

Fisher, S. H.; Rohrer, K. &
Ferson, A. E. J. Bact., 178,
3779-3784, 1996.

Shingler, V. Mol. Miocrobiol. 19,
409-416, 1996.

Shingler, V. Mol. Miocrobiol. 19,
409-416, 1996. :



sigB, ctc, gsiB, stress response of Hecker, M; Schumann, W &

gspA, katE, j llus subtilis Vol ker, U. Ml . M crobi

gspB. gt aB, wosghiafis 417428, 1996. 9"‘371%‘?39"‘""73
heat shock Van Dyk, T. K ; Majarian, W R ; 20 .

Konst anti nov, K B.; Young, R 31

M ; Dhurjati, P. S. & LaRossa, R

A. Appl. Env. Mcrobiol., 60, ) .

1414- 1420, 1994laf gr pEexpression of lategalat sHingebrecht J.; Simon, Mag& Dyk,
T. K; Myjarian, W R ; 25 flagellain E. coli, Silverman, M. Science, 227,
Konstantinov, K. B.; Young, Rnduced in response 1345-1347, 1985

M; Dhurjati, P. S. & LaRossato farfaces :

A. Appl. Env. Mcrobiol., 60, '

1414- 1420, 5 1994pro1y [errdddBlarity  al Oi nat e Alighpy X MeRksher, ShiAng] €T
V. Mol. Mocrobiol. 19, 30 sonka, L. N. J. Ba%’a%gas

409- 416, 1996. CSpA cold sho ‘hi ma,
K.: Kanamaru, K. ; 3377-3379, 1996, M zuno,
T. & Horikoshi, K J: . : . Bact .
178, 2994-2997,csi496. sinpygtion vi KiellehargdSt; dilbertsansN.
Shingler,10/. Mol. Mocrobiol. 19, 35 Flérdh, X.; Holmquist, L.;

409- 416, 1996. Jouper-Jaan, A; Marouga3R.;

CLAI MS: 1. A genetic construct for usec'jsmiﬁg,qi,,(swﬁqadppmri si ng:

(a) a first nucleic acid nol ecul e including aypeHERCH. Aifeid ga

reporter nol ecule having a detectable activity, LEr Cakk£281 NQ
5 bactgi al luciferase Lux AB or a functional ;‘gg&%gpéng’ ?:ﬂledr/g'o ;fg%
a Se

(b) cond nucl eic acid nol ecul e including ‘qguence encodi ng an
sigB, ctc, gsiB, stress response of Hecker, M.; Schumann, W. %
gspA, katE, Bacillus subtilis . Vélker, U. Mol. Microbiol., 19,
gspB, gtaB, csbA 417-428, 1996.
dnak heat shock Van Dyk, T. K.; Majarian, W. R.;
20 Konstantinov, K. B.; Young, R.

M.; Dhurjati, P. S. & LaRossa, R.
A. Appl. Env. Microbiol., 60,
1414-1420, 1994.

' grpE heat shock Van Dyk, T. K.; Majarian, W. R.;
25 . Konstantinov, K. B.; Young, R.
M.; Dhurjati, P. S. & LaRossa, R.
A. Appl. Env. Microbiol., 60,
1414-1420, 1994.

~ algB alginate biosynthesis Shingler, V. Mol. Miocrobiol. 19,
30 409-416, 1996.

cspA cold shock Nakashima, K.; Kanamaru, K.;
" Mizuno, T. & Horikoshi, K. J.
Bact. 178, 2994-2997, 1996.

hrpS virulence determinants Shingler, V. Mol. Miocrobiol. 19,
35 409-416, 1996.



enzyme whi ch produces a-substrate-for the reporter nolecule, the enzyne
being Lux CDE enzyne fatty acid reductase or a functional equiyval ent

thereof uhdrartovRe i :aumnauﬂlmmumuggs;; P ool T 10

second induci bl e pronoter. onstruct accor gh-Reg—to—etti-—1
such that the nucleic acid m)l ecul es encodi ng Lux ar =TU SHEEE HAS BREN
any of the |ux operons of bi ol um nescent mi croorgani $ns WRERLAGEDoNng
to the genera M RNMS: 15 Xenor habdus, Phot or habdus and PAGTGOACT €1 T UM

3. The consiruct accor di ng to claim1l or for use in.detecting xylene
wherei n Pu prohot er A gepgtic cppstrugt sgrma iosensor COMPHFINE: onst r uct

<1':1_ﬁcor di ntg tot Clafpi M Sa fivdtshwéicaldid nQéleBﬂIe i(m:hidmgl-_a gaque#cf ﬁntco?ﬁﬂg ?20 : 5.

e construct accor n one ns uc a eTirs
promoter is i g&er'ﬁré“ l‘%&?&&éﬂf@atd a ﬁ/?‘?%ﬁ% si gnal , mhg;:gl n .
i nduct i ons bei nib) achiesexbnd mecleicyadigd mblecaiginmdlu mgmsqumtdewrtnp amat i ng
one Oor nore se

The construct SRYAMEMAER dycel Refinett 201 Bl \ol8rlaimgRBRIC, thie figst, | o

nucl ei ¢ acid rmnaencebemg:uude:gﬂwmntr@lrof aeflmténdu@bl%pmntaj angihier ed f or
activation of éelasna%eﬁﬁ&ﬁéem gqm&er\the dohwma%eand mducxble?gr?mo&r

bi osensor for neasur] g an environnent al nal

|
i ncl udi ng t he Zenet | theeoRttFURtacge Paltﬁ§ &r?}‘cg% a“'c Eﬁtr%u@e‘tccﬁ%dand a
neans f o1p neasybleenld Baceddsi bucterialf hiciferdseriont AB orod fawdtionidl egagvaleht when

The bi osensor EEAGRIY G0 onc R Rl foB RS PhoddHbx Com epre atty

the group consacsdm:bmtﬁséaanaéunahonqlempnyalbuh@aﬁreaﬁd other plant cells, and

animal. 3.9 THlEoMRRARebrdRE Udith 23uththit the fifrRidadiaC cell is
33 10 molecyies anaeding bux are obtaingd drom|amyrafaheux epsrangobact er i al

cell is 15 biRihRIsEoh Pmictobrganisms wHith beldhig tdtinsgasera 1ab&e) di ng to

Z‘QYeﬁ[‘Ed"?rS'nﬁtqqgréqéﬂy biilish b b o™ o 91 1

The construct according to any one of claims 1 to 3 for use to detect
xylene wherein Pu promoter is the first promoter.

5. The construct according to claim 4 substantially as set out in Figure
20 14.
' 6. The construct according to any one of claims 1 to 5 such that the first

promoter is inducible by exposure to an environmental signal, wherein
induction being achieved directly by the signal or indirectly by activating
one or more separate pathways in a cell containing the construct.

25 7. The construct according to any one of claims 1 to 6 further including
nucleic acid molecules encoding auxiliary element or elements required for
activation of the reporter molecule via its promoter.

8. A biosensor for measuring an environmental signal comprising a cell
including the genetic construct according to any one of claims 1to 7 and a

30 means for measuring the activity of the reporter molecule in the cell when
the cell has been exposed to the environmental signal.

9. The biosensor according to claim 8 wherein the cell is selected from
the group consisting of bacterial, yeast, fungal and other plant cells, and
animal.

35 10. The biosensor according to claim 9 wherein the cell is a bacterial
cell.
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5 toxins, tenperature, irradiation bi ol ogi cal, and chem cal . 12.
The bi osensgr. acco d| n Ill! ll ﬂ laims 7 to 11 wherein

means for r’r&%’fﬁl‘?“ﬁ | IJﬂ H I) reporter nolecule .n‘}t‘ﬁz‘“é%"@"{’s an
I nstrument capabl e of maasurl ng |g t out put of the cells
The bi osensor according to claim12 whereingghe instrumen TH&%&HEET H@\S BEERS]

measuring the light output of the cells is sel ected from{he gMmEPACED
consi sting of photonultipliers, charge coupl ed devices, |um nNOMETETS;

photonet ers, f her - Ofliechioabhesr, acedflingduiclaint uotwllxérein die bacteiial gell is
14. A net ho%ﬁé d tectlng an environnental signal conprising; (a)
exposi ng a bi o8& i H&%’(dl ng to any one of clains 7 to 13 to the 15
si gnal. such thag. t he Thedsiakensuhacesrding teamyeois ofrclaims Betor Hpwheesinrtheecul e

e colIs are cuvinifbdfy 2*1??*%35?82%%}8@‘*%&5&&8%%%% cRfeiPind 4L bR ARG °

formed i n5t he teking,; temperaturghjrradiationphiolggicab andhchamicalol ecul e to react

wi th- the pre-fggmed '-i*l'ltés’éxﬁﬁéx?sor accordihg tb %hg'(ﬁléj@ft&ﬁfrﬁ?kﬁOrﬁaﬁthéﬂin tggd 20

(c) detecting the rea
means for measunng the activity of the reporter molecule in the cell is an

instrument capable of measuring light output of the cells.

14. The biosensor according to claim 13 wherein the instrument capable
10 of measuring the light output of the cells is selected from the group

consisting of photomultipliers, charge coupled devices, luminometers,

photometers, fiber-optic cables, and liquid scintillation counters.

15. A method of de*~cting an environmental signal comprising:
(a) exposing a biosensor according to any one of claims 8 to 14 to the
15 signal such that the signal induces the expression of the reporter molecule of

the cells in the biosensor, wherein prior to or during exposure the cells are
induced to produce an enzyme such that substrate is formed in the cells;
(b) allowing the reporter molecule to react with the pre-formed substrate
to form a detectable reaction; and

20 (c) detecting the reaction.
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