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~cannot™ accept even this delay, and autonmtically use a biocide: tests are
“therefore nmerely retrospective colfeiéciidhiMptheB a problem A genuinely rapid
"test nethod woul d renove the expense of downtine and biocide treatnents -
~«which are actually unnecessary. At present there is still no rapid test

avail abl e ' ] ' ' - rdogn fuel. The
present i n?/%én?lfe%lﬁn;mev?éﬁ%&t%@%sg&&?‘g%ga?ﬁ%ﬁ r%l??lel?!r?%%r%éﬁfﬁﬁ@'st aspect, the
present invention relates to a method of analysis of a liquid hydrocarbon

- fuel for the presence of a nicro-organjsm the nmethod conpriising . - -
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- M Cr 0- Or gapisifRected: Most laboratories use standard culture techniques which can take up to ten
' ~ days to confirm. -There are so-called "rapid" tests on the market. All, however, are -

based on culture techniques which take 72 hours for a result to be obtained. -

Most airlines cannot accept even this delay, and automatically use a bioeide: tests are
therefore merely retrospective confirmation of a p_roblem. A genuinely rapid test
method would remove the expense of downtime and biocide treatments which are

actually unnecessary.

At present there is still no rapid test available for the presence of micro-organisms in

' .hydroca'rb'pnr fuel. The present invention sets out to address this problem,

Ina _ﬁr'st-aspcct, the p.res'ent inventidi; relates to a method of analysis of a liquid
'Hydrocarbon fuel for the presence of a micro-organism, the method comprising
.contabﬁhg a fuel sarhple with_'an antibody reactive w1th the mi_cro—ofganism, or reactive
with a metabolite or breakdown prodﬁct_- produced hjr the micro-organism, to detect the
presence or absence of the micro-organism.

The method suitably comprises the steps of mixing a sample of the hydrocarbon fuel
and an antibody reactive with the micro-organism of interest, followed by detection of

the binding of the antibody with the micro-organism.
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the present invention, although suitably the analysis is carried out on light- middle
distillate fuel. Pfeferréd are liqﬁid fuels and fuel éomponents having a boiling point
‘below 390°C, such as aviation and diesel fuel, and hydi‘ocarbon fuels with equivalent or -
similar composition. Other suitable -hydrécarbdn fuels are well known in the art.

Gasoline is another preferred fuel in the present invention,

- The invention 'rélates to the detection of any micro-organism that may be present in
hydrocarbon fuel. For example, bacteria, yeasts and fungal species may all be analysed
, _uSing the method of the invention. Examples of bacteria ;whiéh can live in hydrocarbon
fuel, and for which analysis is preferred include Pseudomonas and Alcaligenes species,
: wiﬂl'preferred examples of yeasts including Candida, Yarrowia and Rhodotorula
| ~ species, although the invention is not limited to analysis of these species alone.
'Partictilérly preferred is the fungal species Hormoconis resinae, also known as
Clado.s'porium resinae, and called Amorphotheca resinae during its sexual stage. Other
ﬁ]ﬁgi include Aspergillus fumi ga’mé, A. niger, Alternaria alternata, Paccilomyces viriotii

and Pencillium sp. - | .

The term ‘antibody’, as used herein, relates to any suitable immunological ég_ent which
is reactive with a particular micro-organism. The term ‘antibody’ is thus not limited

simply tornaturally occurring antibodies, and includes fragments of whole antiquies



Particularly preferred is the fungal species Hornoconi's resinae, also ‘known
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The presence of a micro-oi‘gan_ism in hydrocarbon fuel may also be indicated by the

‘presence of metabolites or breakdown products of the micro-organism of interest.

Antibodies raised to such metabolites or breakdown products also allow detection of

micro-organisms in hydrocarbon fuel, and use of such antibodies is also covered by the

* present invention.

Préferably the antibody is specific to the micro-organism of interest, or reactive with

metabolites and/or breakdown products specific to the micro-organism of interest. In

this way, a particular species of micro-organism may be identified using the invention.

However, it is also possible to use an antibody in the present invention which is reactive

with an antigen or derivative common o a number of species. In this case, the antibody -

s not species-specific, but still allows detection of a class of micro-organism present in
_the hydrocarbon fuel. Accordingly, the present invention also relates to a method for
'd_etection of a class of micro-organism in the hydrocarbon fuel, the class being defined

by a common antigen.

Depending upon the assay and detection methods used, antibodies for use in the present.

~ invention may optionally be conjugated to other proteins or chemical markers, to

facilitate detection of the antibody binding to antigen. Preferred are antibodies

conjugated to enzymatic elements such as alkaline phosphatase, or readily detectable
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Pregnancy kilhstratgaisifipleeritdditiént SREditechnology. By way of example, a fest sample |
of antigen can be applied to a dipstick, the dipstick comprising a suitable wick and an

immobilised antibody reactive with the éntigen’. The wicking movement of the sample

i

along the dipstick bﬁngs any antigen into contact with the immobilised antibody.
Bound anﬁgen can then be detected, for example, by further reaction wi{h' a labelled

- antibody. Other embodiments of dipstick technology and analysis methods using such
technology are standard in the art.

. Whilst radiolabelled detection systems are less preferred, nevertheless, methods
' | involving radiolabélling (such as radioimmunoassay and radioallergosorbent testing) are )

- -also effective in the detgction of antibody-antigen binding of the present invention.

Ina particularly preferred 'em_b'bdimen't of the invention, the method of analysis
po_rilpriégs co_nte_tc‘ﬁng the fuel and aﬁt_ibody in the pre'sende of an emulsifier. 'The
presence of an emulsifier facilitates thé-interaction between 'the antibody and antigen in

~ the fuel sample, '

Any s.uitable emulsifier can be used in the invention. Preferred are strong emulsifiers
and emulsifiers which minimise any denaturing effect of alkanes in the fhei sample on

the antibody. Emulsifier suitability may be readily assessed, for example, by

" .
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The method of the present invention d'oes not reqﬁire cultuﬁng of the mibrb—orgaxﬁsm,
and thus results can thus be obtained very rapidly. Typically the method provides a
result in less than 2 hours from the start of the fuel a_naiysis, ie: the point at which the
fuel sample is first treated in any way. |

The invention further relates to kits for use in the analysis of the present invention.
Preferably, a kit for use in the invention comprises a sample of antigen derived from a
micro-organism capable of growing in liquid hydfocarbon fuel, an antibody reactive

with that antigen, and a suitable emulsifier, as described above. .

Optionally, the kits of the present invention coniprise one or more additional _
g | components selected from the following list: suitable substrates pre-coated with the |
| antigen or the antibody (such as microtitre disheé), suitable aﬁtigen standards, labelling
reagents to label the antibody reactive with the mfcro-organiSm,' further (detection)
antibodies which are reactive with the first (micro-organism specific) antibody,

detection reagcnts such as ELISA substrate reagents, stop solutions and wash solutions.

The present invention further relates to methods for the preparation of a micro-organism
and suitable antigens for use in the present invention, comprising a step of incubation of

the micro-organism in liquid hydrocarbon fuel for at least one step of the growth
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The present inventior_a is now illustrated by, but not limited to, the following Example.

Exampie 1 Analeis of-H._ resinae in hydrocarbon fuel using ELISA

Materials

Antigen/Hormoconis resinae preparation

The antigen preparatlon is used in both the coating of the mwroplates and production of }
- the standards used in the ELISA test,

1 H. resinae is grown on mait extract agar (toﬂ‘ee ba.rley malt extract 20g, agar
' ox01d no.3 20g, 1 htre of tap water, pH 6.5, antoclaved at 121°C for 15 mlnutes)
7 - fot 7-10 days at 25°C. .
2 A Spore suspension is prepared in ‘Bushneli Haas' (Difco) liquid broth

Approxnnately 3 mls suspension per 100 ml§ fuel preparatlon are used as an
| inoculant as described below.

3 H. resinae is inoculated into in a fuel medium prepared by floating sterile

susceptible fue] over sterile Bushriell Haas broth in the approximate ratio of 1:3.
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process. The ni cro- or gani sm and/ or antigen is then suitably recovered from
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- et abol i t‘gé 05{&@? Yerivatives derived therefrom are likely qTéGﬂ%fqﬂa? t hose
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*Ant i gen/ Hor noconi s resinae preparation The antigen preparation s used in
both the coati ngeafer fdret mimutespl at es and production of the standards used

in the ELI te resinae i.s own -on | t xtra ar (toffee
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- 6.5, autoclaved wdshdd thrbe fiRes ﬁgtéﬂlgmsﬁggdwggg 7-10 days at 250 2 A spore
suspension. is prepared in Bushnel| Haas' (Difco) liquid broth.
Approximatdy 3 Thesﬁmallhp@nsemmemﬂlet s(teent dri¢diaid thisgpadut iowsedrae thesed as an
i'nocul ant as desct.i bed below. 3 H resinae is inoculated into in a fuel -

_ @ i um prepar ed atgjgt/‘g?’iloat ing sterile susceptible fuel over sterile Bushnelll
as broth in the approxinmate ratio of 1:3. 99 Jul 20% :

~ Antigen for plate coating

1 A2 mg/ml solut1on of homogenised antigen was prepared in PBS buffer pH 7.4 and
vigorously shiaken overnight at 4°C,

2 20 pg/ml of the antigen suspension is then made up in TRIS Buffer (50mM Tris)
at pH 8.5 and coated onto tﬁe wells of microtitre plates at 100 pl/well,

: /) o . 3 The plates are then incubated overnight at 4°C.
4 The plates are washed with a blocking/ glazing buffer which contains 5% by weight
| lactose, 0.2% by weight ﬁeh gelatin and 0.1% sodiﬁm ezide made up in deionised
water (the blocklng is due to the presence of the ﬁsh gelatm protein and the glazmg
is due to the presence of Iactose) _
- , 5 The plates are incubated for 1 hour at room temperature before liquid is -

. .aspirated and _plates left to dry at ambient temperature overnight.

: , Antigen for plate standards
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- confluent fungal mat is obtained in the vessel. 5 The mat-is fllter11 JUL %00&

- har vest edgh@/§kds8¢ nedi um and washed in sterile distilled

~1s then hom)genélgsed in sterile distilled water over ice.i $W%0247bead
‘beater for 4 minutes. 7 The resulting suspensionis spun in-a centrifuge (5
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antigen. Antigen for ate coating i-on sed.
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- 100 I /well. 3 The pI at es.are then incubated overnight at 4C. 4. The plates
are washed with a bl ocking/ glazing buffer which contains 5% by wei ght

| act ose, O.A8ibdwdvwei ght fish gelatin and 0.1% sodi um azi de made up in.

- deionised water (the blocking is due to the presence of the fish gel atin
protein and.the glazing is due to the presence of |act ose). 5. .The plates
ar-e i ncubat | d | pirated
and pl at €s Flﬁ%f%naﬁén %{n‘e&tﬁo B&%Sgggpr%&g ﬁra ge)ﬁsoe\ae? ﬁf’%ﬁ%# ?B{C&E}??f or plate:
 standards mbtibolly DOBSep using standard techniques. k

Yy

~ Conjugate Reagent (Tracer)
A Donkey anti-sheep antibody conjugated to Alkaline PhOSphatase conjugate was used
as a tracer in the assay, to identify the sheep anti-A.resinae antibody. It i is also possible

to conjugate the alkaline phosphatase protem to the sheep anti-/J. resinae polyclonal

ant_lserum and then use it directly as a tracer in the assay.
Sample Diluent

The sample diluent comprises 2.5% by volume Tween 20, prepared in deionised water.

Assay reagents for an ELISA method (may be provided as a kit) |

-' 1 Hormoconis resinae pre—coated microplate 12 x 8 strips (sultably providedina
 sealed bag). | |
2 Hormoconis resinae standards: Standard concentrations range between 0-100
rg/ml. Each vial labelled with concentration. | | | _
3 Hormoconzs resinae antibody in Tris buffer with inert blue dye (cresyl Blue at 15
| mg/htre) protein stabiliser (BSA 1% w/v) and sodium azide 0.1% w/v.
- o - 4 Donkey anti-sheep second labelled ant1body Reagent: In Tris buffer with inert
' blue dye and protein stabiliser (as above) and sodium azide 0.1% wiv. |
5 ELISA substrate reagent:Consists of phenophthalein monophosphate @W,
made up at 22.5g/2.5 litres) and an eﬁzyme co-factor (MgCllz 1M/2.5 litres) in
dietha_nblamine buffer (262.5g/2.5 litres, made up in deionised water).



WD 02/ 068959 PCT/ GB02/ 00747 8 PBS buffer with 20% et hanol -is added to a

- volunme (of known concentration e.g. 2 ng/m) of the antigen s‘u_spenﬁirfrjugo,

. produce Wgﬁg of appropriate concentration e.g. sui t?gt’éﬂ%’g@ ,@/ } (?@5
~g/m, 5p.g/m. Anti body The antigen prepared fromH res L1 g) was - -
~used to generate a polyclonal antibody in sheep using standard techniques. .
Conj ugate Reagent (Tracer) A Donkey anti%sheep antibody conjugated to

Cdent i Ty ¢ Ro. CRES Siopolue: Colltss 4E &R By okl Ry iBe] S FSdiing,
conj ugat e the agdna(EDTAPNOEpHaeptta dietiafbBnine Blfkrabessyeant i - H resi nae
polyclonal _ antiserum.and then use it directly as a tracer -in the assay.

- _Sanpl e Di | dent EXReA seash butfen saneentratothii(aamns). 2Ceusisly ol haspbatehufir FBS
red in dej.an sed: : o : an_ FLI i) my b
D ovided ne a BcY By i ok Plog SAORE BohneBor iR (PReGIR), o°

., Strips (suitabfipalopvérdedony a seal ed bag). 2 Honnoconis resinae standards:
- Standard concentrations range between 0-100 t.g/nm. Each vial |abelled
w th concentration. 3 Hornoconis resi-nae antibody in Tris buffer with inert
- blue dye (g58 @hbm Iilchtre), protein stabiliser (BSA 1% wv) and
sodi um azi { - 190 4 00 ti-sheep second | abel |l ed anti body :
Reagent: | iBrecisicn pipbtas and tisposabletipsbl ue dye and protein stabiliser (as
. above) and_ sodium azide 0. 1£V%vw’ v. 5 FLI SA substrate reagent: Consists of

“phenopht ha P&t REAIRRY D PPR/pm filter.
:  Microtitre plate washer.
(O Distiled or Deionised water.
o Microtitre plate shaker.
‘Methed

Sample Preparation

1 - Thoroughly mix the fuel sample.

2 Aliquot the fuel sample(s) from the container and add an equal amount of sample |
- diluent. The test can be used to assess water and/or fuel phases.

3 Mix vigorously for a few seconds to emulsify.

- :
J 4 Take 100 pl of the mixture and add as instructed in the Assay protocol (below).

~ Assay protocol

1. Removethe }ﬁre-coated plate from the sealed bag and record sample and controi
- locations on a 12 x 8 template sheet. -
“  | 2. l?ipette 100 ul of the standards and samples into the appropriate wells. Standards
o should be run in duplicate. Each sample should also be run in dup“iicaté for
optimum results, ' |
3. Dispense'SOpl Hormoconis resinae antibody fo each well. Cover the plate and

incubate at'roorn temperature (20-25°C) for 30 minutes using the plate shaker.



made up at 22.59/2.5 I|tres) and an enzyme co- factor (I\/gCIZ IM 2.5 I|tres) ot
in diethanol am ne buffer (262.5g/2.5%itres, nmade up in deionised efuL-
©11 Jul 2080 0}¥esosy/ 068959 PCT/ GB02/.00747 9 6 ELI SA stop SD%A% |on nsi st's
" of sodium hydroxide (70g/litre) and a chelating agent (E CRR2YAT it r e)
‘in a diethanol ami ne buffer as above. 7 ELI SA wash buffer concentrate (x| 0
Cone). Consists of phosphate buffer (PBS10 pH 7.4) with sodiumazide, 0.1 %

Neter | ais and Eaeiob SR dnBSAR SSR bhbuste B o i e Bhirandi ps.

| ‘Mcrotitre platigp firnlyem absorbedi3RApeMEnbire & pl ate washer.
~Distilled o D%honl sed water. Ep(I\%lpcrot itre epvglgée&éﬂ&kéaﬁ Met hod Sanpl e
‘1

Preparatio PRI HH@Pkﬁhénﬁﬁ@epsa&mhhephaspthasamnjﬁgm fntlodg el e(s)
fromthe cont aieR& wal unt of sanple -diluent. The test can
be used to assess m@;@&%ﬂgﬁ} Et?'ﬁgglrgﬁﬁ ¥g &t ropmjempgrage d2e 2y Ddpr W few
seconds to erruttmnﬁtpsusingabiaté&ﬁk&r of the nixture and add as instructed in
the Assay p ot ol (belo Assay protocol 1. Renove the pre-coated plate

fromthe se Ripte b Hmes withmpsh baffer avatiove (300 ;ﬂﬁaéll)pﬁﬁreﬂ 'ﬂn@ta})z x 8
ot errpl ate s heet ﬁrmly on absorbent paper. Ensure the wells are quite dry.

R}

~ 7. Dispense 100 pl of ELISA Substrate Reagent as above to each well. Cover the
* plate and incubate at room temperature (20-25°C) for 30 mmutes using the plate -
~ shaker.
- 8. Dispense 50u] ELISA Stop Solution as above to each well. Mix by gently tapping hs )
- theside of the plate :
9. Wipe the undér'surface of the plate free of eondensatien with a-soft tissue, Read
the plate. using a Microtitre Plate Reader at 550nm.

Example 2 - analysis of'i"uel sample

Fuel samples were supphed by an a1rhne for testmg 2 samples were known to have
fungal contamination as tested by convent:onal culture assays. Samples were treated as
outlined in Example 1. Samples were emulsified and run on the day of the assay.
' | Results are shown below. The resulis of the ELISA assay confirm the culture assay,
‘with samples 2082/32 and /36 having high fangal content.

- 'SalnnleS'Idenﬁtv | Cone. ug/ml I -Cone. ug/100ml
2082/32 . >200 > 20000
2082/33 - T 100 -
208234 0.30 30
208235 0.34 34
208236 134 N 13400

2082/37 | 18 480



" 2. Pipette 100 | of the standards and sanples into the appropriate wells.
St andards- should be run in duplicate. Each sanple should al so be Hinl in
- duplicat aydHasoeseps i mumresults. 3. Dispense 50g1 Hor mconir}:ﬂﬁﬁémgﬂ JUL 2005
~anti body to each well. Cover the plate and incubate at room tenperature
- (20-25C) for 30 mnutes using the plate shaker. J WD 02/068959 _
PCT/ GB02/ 00747 10 4. Wash the plate 4 tlitmes with ELI SA wash buffer as
above (3002hgaeg!), invert andgjap firmy on absorg(ﬁnt paper. Ensure the
wells are gui te dry. 5. Dispensé 100 | donkey anti-Sheep al kaline
phosphat as@08%BP ugat e anti body Go each well. Covergthe plate and incubate
at roomtenperature (20-25C) for 30 mnutes using a plate shaker. 6. Wsh
,the plate 4 tines with wash buffer as above (300 |/well), invert and tap
firmy on absorbent paper. Ensure the wells are quite dry. 7. Dispense 100
- Al of ELI SA Substrate Reagent as above to each well. Cover the plate and
¢l Ncubate at roomtenperature (20-25C) for 30 mnutes using the plate
‘shaker. 8. Dispense 501lil ELISA Stop Solution as above to each well. Mx by -
‘gently tapping the side of the plate. 9. Wpe the under surface of the
plate free of condensation with a soft tissue. Read the plate using a
Mcrotitre Plate Reader. at 550nm Exanple 2 - analysis of.fuel sanple Fuel
sanpl es were supplied by an airline for testing. 2 sanples were known to
have fungal contam nation as tested by conventional culture assays.
Sanples were treated as outlined in Exanple 1. Sanples were enulsified and
run on the day of the assay. Results are shown below. The results of the
5I SA assay confirmthe.cul ture assay,



-~ with sanples 2082/ 32 and /36 having high fungal content. Sanples ldentity
Conc. -ug/m - -Conc. ua/100nl 2082/32 > 200 > 20000 2082/33 1 1000 1 2082084
0.30 30 2082/35 0.34 34 2082/36 134 13400 2082/37 1.8 180 11 JUL 200&
WD 02/ 068959 PCT/ GB02/ 00747 11 2082/38 0.4 40 2082/39 00 y i 0 11 .JUL
72005 12 CLAIMS: 1 A nethod of analysis of a liquid hydrocarbon fuel for
the presence of a micro- organi sm thé&2nethod conprising mxing a fuel
sanple with an aqueous diluent containing an enulsifier and contactlng tthe
‘m xture.or one phase thereof with an antibody raised to the nmicro-organi sm
~which has been grown in contact with the hydrocarbon fuel, or raised to a
netabollte or breakdown product of the m cro-organi sm mhlch has been grown
in contact GLAIMSte hydrocarbon fueI to detect the presence or absence of
_-the m cro- organi sm- ~

1 Amethod of analysis of a 11q111d hydrocarbon fuel for the presence of a micro-

© organism, t__he method comprising mlxmg a fuel sample w1th an aqueous diluent
containing a.n emulsifier and coﬁtactingjhe mixture or one phase thereof with an
antibody raised to the micro-organism which has been grown in contact with the
hydrocarbon fuel, or raised to a metabolite or brc_akdown product of the micro-organism 7-

which has been grown in contact with the hydrocarbon fuel, to detect the presence or

absence of the micro-organism.

2 A method acéording to claim 1, wherein the method comprises vigorously

mixing the fuel and aqueous diluent before contact with the antibody.

3 A method according to claim 1 or 2, wherein the emulsifier is a non-ionic
detergent.
4 A method according to any preceding claim, wherein the emulsifier is

polyoxyethylene (20) sorbitan monolaurate.

5  Amethod according to claim 4, Whéfein the Vemulsiﬁer is used at a concentration
of 0.01-10% by volume. |

6 A method according to any preceding claim, wherein the hydrocarbon fuel is
light-middle distillate fuel having a boiiing point below 390°C.

7 A method according to any préceding claim, wherein the micro-organism is .-
) Hormoconis resinae. -
8 A kit for use in the method according to any preceding claim, the kit bomprising

" a sample of antigen specific to 2 micro-organism capable of growing in hydrocarbon

fuel, the antigen having been prepared from the micro-organism grown in contact with




2 A method according to claim1, wherein the nethod conprises vi gggoujﬁgy
m xi ng the fuel and aqueous diluent before contact with the anti body: 2405
met hod according to claiml or 2, wherein the emulsifier is.a non-ionic
detergent. 4 A nethod according to any preceding claim wherein the
~emulsifier is polyoxyethylene (20) sé?bitan nonol aurate. 5 A nmet hod
"according to claim4, wherein the enmulsifier is used at a concentration of

0. 01- 10% by 6 et hod.,according to_an recedj ng claim_wherein

t he hydrocar %&%gﬁbopﬁm 1 Br“gaﬂ"?'bﬁ‘gﬂfﬂa‘ét“ﬁﬁg‘ﬂl? Fl}aéwgeﬂéfl’n ous ket ng
poi nt bel owecd®ffing anAnidfifi@d according to any preceding claim wherein the
m cro-organismis Hornoconis resinae. 8 A kit for use in the nethod

according to any preceding claim the kit conprising a sanple of antigen
specific toga m -Qf gani.sm capabl e of growi ng i n hydrocarbon fuel, the
antigen ha\?? ng b‘gfé(r%n%?og%a %8}’&?0 ePIREepﬁfeglrkG’-W SHF ﬁ}cﬁﬁ%ﬁhﬁrpf@ﬁﬁt’%?t‘te with
119U 2005%f didicrberganibiDwhich®as bethl qrodil ik NbhidAirdogBhisyd, Wi Lh t hat
antigen; and an aqueous diluent containing an érmulsifirer. 9 An anti body

whi ch has been prepared by exposure to a netabolite or derivative - of a
m cr o- or gani sm whi ch has be'en_ gr own in liquid hydrocarbon fuel.



