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DETECTION OF BIOLOGICAIL, MATERIAL
Field of the Invention _
This invention relates to a method for the detection

of biological material, and to materials for use in such a

method.
Background of the Invention

Many techniques are available for the detection of
biological materials, for instance by the production of a
colour. For example, materials may be added that form
hydrogen peroxide or NADH in the presence of the target
substance, and these may be caused to produce a coloured
compound by further reactions. Alternatively, the target
substance may produce colour more directly; for instance,
many hydrolytic enzymes can act on artificial substrates to
give a coloured product.

A difficulty arises, however, in connection with the
detection of very small amounts of the target substance,
such that the amount of colour produced may be too small to
analyse without complicated apparatus, and certainly not by
the naked eye. Some amplification mechanisms have been
described, such as cyclic reactions for the measurement of
low levels of NAD(H) or NADP(H); see EP-A-0060123. This is
an example of a cycle giving linear amplification of the
target substances, i.e. their concentrations increase in
proportion with reaction time, and therefore a long period
is required for sensitive measurements.

GB-A-2055200 discloses the same and other 1linear
amplification cycles. It also discloses a cycle wherein
adenylate kinase catalyses the reaction of AMP and ATP to
form ADP which is then re-phosphorylated to form ATP by the
action of pyruvate kinase. It is stated that,
cycle, one extra molecule of ATP is produced.
is used to amplify ATP for the purposes of bioluminescence.

The procedure for ATP amplification involves adding the

in each
The reaction

other materials sufficient for the reactions to proceed,
stopping the cycling reaction, and measuring accumulated
ATP using a bioluminescence assay and a luminometer.
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bi-dl ogi cal maferials, for instance by the production of a col our. For
exanpl e, materials nay be added that form 10 hydr ogen peroxi de or NADH in
the presence of the target substance, and these nay be caused to
produce a col oured conpound by further reactions. Alternatively, the

t ar get substance may produce colour nmoge directly; for instance,

many hydrolytic enzynmes can act on artificial substrates to 15 give a

coloured product.  chjttockA &kf fdlCU| B RhledTalNO¥BEEbLy NTEANELEE] GRS
with the detection of very subpst ance,

unts of the t
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EP- A-0060128. Tkisase), pyruvate kinase, phosphoenolpyruvate and AMP. The
authors consider the fate of two molecules of ATP present
initially in the sample. One molecule is consumed by the
luciferase reaction and is converted to AMP. It can then
undergo a reaction with the other molecule of ATP, in a
10 reaction'catalysed by myokinase (adenylate kinase), to form
two molecules of ADP. These are subsequently re-
phosphorylated by reaction with phosphoenolpyruvate,
catalysed by pyruvate kinase, to regenerate the original
two molecules of ATP. The added AMP is described as a
15 "trap" for ATP which helps to get the recycling reaction
underway.
It is not clear from the reaction scheme proposed by
Chittock et al why the proposed ATP recycling mechanism
should cause the observed increase in peak light output of
20 the luciferase reaction, since no net increase in ATP
concentration would occur. - Nevertheless, the authors
" describe the phenomenon as amplification of ATP.
Summary of the Invention
It has now been appreciated that such a system can be
25 used, not simply for the regeneration of ATP, but for the
production of a colour or other easily-detectable signal
which can be used to quantify very low levels of ATP and
ADP. The signal may be visible, avoiding the previous
requirement for additional apparatus such as 'a luminometer.
30 More generally, according to the present invention,
coupled reactions of the type shown below in Fig. 1 are
used to detect the presence of either or both of the
interconvertible compounds C; and C, or of the enzymes E,
and E,, by the provision of the other components of the
35 cycle necessary for the reactions to proceed, including the
respective enzyme substrates S; and S,, and observation of
the loss of a substrate (S, or §,) or, preferably, the
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amr exanpl e of a cycle giving linear anplification of the t ar get
substances, i.e. their concentrations increase in 25 proportion with
reaction time, and therefore a | ong period is required for sensitive
measur enent s. GB- A- 2055200 di scl oses the sanme and ot her |inear
anplification cycles. It also discloses a éycle wherein adenyl at e

- kinase catal yses the reaction of AMP and ATP to 30 form ADP which is then

re- phosphoryl at %@rhataehmHPaoyp&bauct (Bgtiong ?f eaﬁﬁaﬂsohl NASteh thle IS
i s produced. _The

stated that, in each e extra_myl ecu A

reaction i Presedurs aﬁéFFﬁ?sEQP 5 GRe Gpﬁéggg'of ol PR

The procedure fampAlfizarhiohi Qfﬁlusedn\ﬂdrveshaddbsgrtrbeiaﬁ oft hAr extra-
materials sufficiegt for the reactions to proceed, st oppi ng the
cycling reactioff¥® gﬁ& FERRIPPRG "accunul at ed ATP using a

bi ol um nescBénce assapbsnuvatﬁ.om' mayshedirect or by coupling the reactions

to a system that gives a detectable derivative (or
derivative reaction) and which may be known per se.
Advantages associated with the present invention are that
a yes/no result can be obtained, that the reaction is
10 quick, and that it can be used to detect microorganisms.
Description of the Drawings
The invention will be described by way of example only
with reference to the accompanying drawings, in which:
Figures 1 to 5 are each schemes of reactions, more or
15 less general, that may be utilised in the present
invention; and
Fig. 6 is a graph representing results obtained by the
invention. |
Abbreviations used in Figs. 4 and 5, and elsewhere,
20 have the following meanings:
AMP: Adenosine 5’/-monophosphate
ADP: Adenosine 5/-diphosphate
ATP: Adenoise 5’-triphosphate
G6P: D-Glucose 6-phosphate
25 G: D-Glucose '
AAP: 4-Aminoantipyrine
DMA: N,N-dimethylaniline
Gyt D-Glucono-1,5-lactone
AK: Adenylate kinase
30 GK: Glucokinase
GO: Glucose oxidase
HRP: Horseradish peroxidase
G1lP: D-Glucose l-phosphate
G1,6DP: D-Glucose 1,6~bisphosphate
35  3PGP: 3-Phospho-D-glyceroyl phosphate
3PG: 3-Phospho-D-glycera£e
3PHP: 3-Phosphohydroxypyruvate his Sheet Has Been Replaced
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Chittock et al, Biochem cal Society Transactions (1991)

19: 160S, also disclose that the light intensity of t he known
Bi ol um nescence reaction nmay be increased by
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4
GPPDM: Glucose-l~phosphate phosphodismutase
GBPS: Glucose-1l,6-bisphosphate synthase
PGDH: Phosphoglycerate dehydrogenase
DPA: Diaphorase
Col: Colour
INV: INT-violet
Fzn: Formazan.

Description of the Invention
The coupléd reactions on which the present invention

are based are illustrated generally by Fig. 1. By way of
illustration only, a description of how the cycle can be
used to detect a pair of interconvertible compounds C, and
C, is given below. A similar mechanism would apply for the
detection of one or both of the enzymes E, and E,.

The reaction <catalysed by enzyme E, is a
“"comproportionation® reaction, in which one molecule of the
first target compound C, reacts with one molecule of added
substrate S; to form two molecules of the second target
compound C,. By the action of enzyme E, and its
co-substrate S,, these two molecules of C, are now converted
to two molecules of the first target compound C; which are
available as substrates for the enzyme E,. Thus one
molecule of the first target compound has been converted to
two: another turn of the cycle will produce four, yet
another eight, etc.

More specifically, the reactions that take place in
cycles 1, 2 and 3 are as follows: '

1) ¢ + 8, = 2C, and 2C, + 25, —+ 2C; + 2P
2)  2C, + 28, = 4C, and 4C, + 4S5, - 4C, + 4P

. 3)  4C, + 4S, - 8C, and 8C, + 8S, ~+ 8C, + 8P

In this way, an exponential amplification of a target
compound occurs. Molecules of the second target compound
present initially will be amplified in a similar way.

With reference to Fig. 1, there is a choice of methods
by which the progress of the cycle may be followed. As the
cycle proceeds, the concentrations of S; and S, will
decrease, whilst the concentrations of C,, C, and P will
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recycling ATP in a system containi ng nyoki nase (adenylate 5 ki nase),
pyruvat e ki nase, phosphoenol pyruvate and AMP. The aut hors consi der the
fate of two nol ecul es of ATP present initially in the sanple. One

nol ecul e i s consunmed by the | uci ferase reaction and is converted to
AWVP. It can then undergo a reaction wigh the other nolecule of ATP, in
a 10 reaction catal ysed by nyoki nase (adenyl ate kinase), to form t wo
nmol ecul es  of HIreasehedy a6 thebse@iRiides iI€- concenkiatnbar \dmtesl by

reaction W th PISBICEE] PYELS: o) eSS GSLINAPYLR LR I%0E, iy

descr! bed as a W&y oftrepimpde, Aﬂhe/mprbdhetﬂ)ent ommelosise mﬁc;acl@:ogoured
I h L A e

5 to occur in the same reaction system as the amplification

cycle, then samples could be removed for separate analysis;

removal of P may facilitate the cyclic reactions.

Figs. 2 and 3 illustrate more specific ekamples of the

invention, in which interconversion of the two target

10 compounds involves transfer of a chemical group. More
generally, analogous mechanisms exist involving, for
instance, transfer of one or more electrons between redox-
active substances.

X~-Y-Y and X-Y in Fig. 2 might be compounds such as ATP

15 and ADP respectively, which differ only by one phosphate
group. Enzyme E, in this case would be adenylate kinase
(E.C. 2.7.4.3) which catalyses the "comproportionation®
reaction in which one molecule of the first target
substance X-Y¥-Y (e.g. ATP) reacts with one molecule of

20 added substrate X (e.g. AMP) to form two molecules of the
second target substance X-Y (e.g. ADP). Enzyme E, in this
example could be a kinase which, together with added
phosphorylated co-substrate Z-Y, would phosphorylate ADP to
ATP.

25 Fig. 3 shows an alternative cycle in which the flow of
the chemical group Y is, essentially, in the opposite
direction. In this case, the two tafget compounds are X
and X-Y. ' .

Fig. 4 illustrates the linking of the enzymatic cycle

30 of Fig. 2 to colour production, for the case of ADP/ATP
amplification. Enzyme E, is adenylate kinase and enzyme E,
is glucokinase, which produces D-glucose and ATP from
D-glucose-6-phosphate and ADP. The increase in
concentration of glucose is shown to be monitored by the

35 linked reactions of glucose oxidase (E.C. 1.1.3.4) and
horseradish peroxidase .(E.c. 1.11.1.7) together with
suitable chromogenic substrates. Many alternative kinase
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shoul d cause the observed increase in peak |ight output of 20 . the

| uci ferase reaction, since no net increase in ATP concentration would
decur. Nevert hel ess, the authors descri be the phenonenon as
anplification of ATP. Summary of the Invention It has now
been appreciated that such a system can be g5 used, not sinply for the
regeneration of ATP, but for 'the production of a col our or other

easi | y-det ect abdiezyphdflato servehiagh Egaar_he_auaadameqwajeiﬁmn/eimn ovhéiwel s
of ATP and ADP, _.The si gnal visible avoidin h revio
requi r enent fcwsEﬁﬁﬁ?*?nﬁﬂ'éghﬁﬁ%ﬁ :§E¥hlgft§hFﬁﬁiRgﬁggg&geESnase HE"f\/bre

- general ly, accadt . 4@) twithr phosphoenedpyonvate, acedplited kigwse ofB.©f

TP S B S 17 Rk absBi8 provpiied Witk tepe s o)

- of the enzynes WHth (JADPH, fructokinase (E.C. 2.7.1.4) with D-fructose-
6-phosphate, or glycerol kinase (E.C. 2.7.1.30) with
glycerol-3-phosphate. In féct, many enzymes from the group
2.7 in the IUB Recommendations on Enzyme Nomenclature
(1984, Academic Press) might be used in such a scheme. In

10 each case, the product may be detected by a specific enzyme
reaction, a series of enzyme reactions, or a chemical
reaction, producing or destroying a colour.

If desired, contaminating levels of ATP and ADP in the
amplifying reagent can be lowered by an initial incubation

15 of the components of the reagent with an enzyme such as
potato apyrase (E.C. 3.6.1.5) which hydrolyses both ATP and
ADP to AMP. Provided it is at a low concentration, the
presence of apyrase will not interfere with the

amplification cycle.

20 Thus a reagent for the detection of ATP and/or ADP
might comprise AMP, ' adenylate kinase, glucokinase,
D-glucose-6-phosphate, glucose oxidase, apyrase,

horseradish peroxidase and one or more chromogenic
peroxidase substrates in a suitable buffer system

25 containing magnesium ions. Since the cycle is essentially
exponential, a low amount of ADP or ATP (perhaps a single
molecule) present in the complete reagent will rapidly be
multiplied until one of the substrates is exhausted. If
desired, the reagent may' be prepared as two or more

30 separate solutions which are mixed together at
approximately the same time as a sample for assay is added.
Figs. 2 and 4 show that one of the interconvertible

compounds which can be detected is ATP. The present
invention is thus particularly suitable as a ready test for

35 the presence of microorganisms. A liquid sample containing
a very low concentration of microorganisms can be tested

by, for example, presentation on a carrier, e.g. a multi-
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and E[err], by the provision of the other components of the 35 cycle

necessary for the reactions to proceed, including the respective
e€nzyme substrates S err] and S err], and observation of the loss of a
substrate (S[err] or S[err]) or, preferably, the

7

well plate, and adding the necessary reagents for the
reaction to proceed. The process described in WO-A-9319199
may be used to retain microorganisms in wells, even when at
very low concentration in a liquid sample. The present
5 invention can detect the microorganisms in each well,
giving a result that is available to the naked eye, within

a reasonable period of time.
Alternatives to the ATP/ADP amplification cycle exist.
The requirements are (i) an enzyme catalysing a
10 comproportionation reaction, such that the presence of one
molecule of the first target substance causes the formation
of two moiecules of the second target substance, and (ii)
an enzyme which catalyses the formation of the first target
substance from the second. An example is shown in Fig. 5.
15 Here, E, is glucose-l-phosphate phosphodismutase (E.C.
2.7.1.41), E, is glucose-1,6-~bisphosphate synthase (E.C.
2.7.1.106), and the target substances are D-glucose-
1,6-bisphosphate and D-glucose-l-phosphate. Progress of
the amplification cycle may be followed by using the
20 3-phospho-D-glycerate produced by E, as a substrate for the
enzyme phosphoglycerate dehydrogenase (E.C. 1.1.1.95),
producing NADH which can be used to form a colour by
chemical or enzymatic means: for instance, the reaction
' with INT-violet catalysed by the enzyme diaphorase (E.C.

25 1.8.1.4).
The following Examples illustrate the invention.

Example 1 °
Two reagent pre-mixes, A and B, were prepared with the
following compositions (MES = 2-~(N-morpholino)ethane-

30 sulphonic acid):
" Pre-mix A

D~-glucose 6-phosphate 2.67 mM
Adenosine 5/-monophosphate (AMP) _ 1.33 mM
Adenylate kinase 0.27 U/ml
35 Bovine serum albumin 0.2 mg/ml
EDTA ' 0.67 mM
4-Aminoantipyrine 1.33 mM
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formati on of a product (P). By conparison with the procedure

di scl osed in GB- A-2055200, the exponenti al anplification is used for
t'he observation of an extra- cyclic conponent. 5 Qbservati on
may be direct or by coupling the reactions to a systemthat gives a
det ect abl e derivative (or derivative geaction) and which may be known
per se. Advant ages associated wth the present invention are that

a yes/no result can payodimdtidfhadipind he reaction is 10  quizk.pand that
it can be used to detect rrjcrgcﬁ{ anj sns. Description of the Draw ngs
The invention will BPENEIIM %FW%/ of exanple only with FEs er ence

to the acconpanyi ng poteaggiosy chilerideEh: Figures 1 tctdmMe each
schenes of reacti ons, Jmr e aogfyrase ' 0.04 U/ml
5 MES pH 6.0 100 mM
Pre-mix B _
Glucose oxidase 320 U/ml
Glucokinase 80 U/ml
Horseradish peroxidase 32 U/ml
10 Bovine serum albumin 0.2 mg/ml
Magnesium chloride 20 mM
Potassium chloride 40 mM
Potato apyrase 0.04 U/ml
| MES pH 6.0 100 mM
15 The pre-mixes were incubated separately at 25°C for 3

hours, to destroy contaminating ATP and ADP. Then, in each
of three cuvettes, 0.225 ml of Pre-mix A was mixed with
0.075 ml of Pre-mix B, and 0.3 ml of a sample was
immediately added. The samples comprised water (as a

20 blank), 20 pM ATP and 200 pM ATP. The absorbance at 555 nm
in each cuvette was followed in a spectrophotometer during
incubation for 200 minutes at 25°cC.

Plots of absorbance (A) with respect to time (T) are
presented in Figure 6. It should be noted that, after a

25  reaction time of approximately 150 minutes, the three
samples could easily be distinguished by eye. The more ATP
that was added, the sooner a violet colour appeared in the
solution.

Example 2 :

30 A similar reagent composition was used for the rapid
enumeration of E. coli using the most probable number
technique. This approach is based on dilution of the
culture and its even distribution into a number of
compartments (in this case 24 per sample), with dilutions

35 chosen such that each set is likely to include compartments
with either no bacteria or a small number. Addition of
growth medium then allows multiplication of the bacteria to
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15" less general, that my be utilised in the present

I nvention; and Fig. 6 is a graph representing results obtained by
t'he i nventi on. Abbrevi ations used in Figs. 4 and 5, and

el sewhere, 20 have the foll ow ng neani ngs: AVP: Adenosi ne

5' - nonophosphat e ADP: Adenosi ne 5'-digﬂosphate ATP: Adenoi se
5'-triphosphate &P. D d ucose 6-phosphate 25 G D-d ucose AAP
4- Ami noant i pyrifgvels tHd¥\call BedasBioyLaNi dnd&he runide®’ bk compartments
D- @ ucono- 1, 5-1 act pne AK: Adenyl at e ki nase

positive for growth gives an estimate of the sample
bacterial population. This general technique is described
i_n WO-A-9319199.

5 | A microtitre blate with 0.2 um membrane at the bottom
of each well was set up as follows, using dilutions of an
overnight culture of E. coli in 0.9% (w/v) NaCl containing
5 mM magnesium chloride: ' '
Columns 1-6: 0.04 ml diluent

10 Columns 7-9: 0.04 ml E. coli, 10°® dilution
Columns 10-12: 0.04 ml E. coli, 2.5 x 10 dilution.
Vacuun was applied to remove the liquid and to collect
the bacteria on the membrane filters. 0.1 ml of sterile
.yeast extract-peptone broth was then added to each well,
15 and the microplate was covered and incubated at 37°C for
'8.5 hours. _
At the end of the incubation period, the broth was
removed by vacuum; and the wells were each washed with 0.25
ml of sterile diluent.in order to remove non-microbial ADP
20 and ATP (which are present in broth). After vacuuming
again, 0.025 ml of 0.22% (w/v) chlorochexidine digluconate
(a cationic detergent used for lysing bacteria) was added
to each well, followed by 0.025 ml of diluent. For columns
1-6, the diluent was spiked with various concentrations of
25 ATP between 0 and 6 x 10 M.

' The two Pre-mixes, similar to Example 1 but with
concentrations of the constituents adjusted to take account
of the different sample volume in this experiment, were
rapidly mixed together and 0.1 ml volumes were immediately

30 added to each well. The plate was placed in a CERES 900
HDi microplate reader (Bio-Tek) incubated at 30°C, and the
absorbances were measured at 550 nm for up to three hours.

Clear results were obtained after 70 minutes. At this
point, in columns 1-6, only the highest ATP standard (104M

35 in the final reaction mixture) had developed a measurable
amount of colour. In columns 7-12, the absorbance in the
wells was either very close to the starting value (i.e. a
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30° &K ducokinase GO d ucose oxi dase HRP: Hor ser adi sh

per oxi dase GLP: D-d ucose 1-phosphate Gl, 6DP: D-d ucose
1,.6- bi sphosphate 35 3PGP: 3- Phospho-D- gl yceroyl phosphate 3PG
3- Phospho-D-gl ycerate 3PHP: 3- Phosphohydr oxypyr uvat e

10

10

15

negative) or Wis ciearly detectable (a positive, showing
that at least one bacterium had been present initially).
Columns 7-9 had 15 positives, which equates to a most
probable number of 24.5 per ml (95% confidence range 13-
42), and columns 10-12 had 21 positives, giving a most
probable number of 52 per ml (95% confidence range 28-91).
Conventional plate counts on yeast extract-peptone agar of

the initial E. coli culture gave estimates of 29 and 71
cfu/ml respectively for the two dilutions.

The procedure therefore took less than 10 hours to
enumerate the E. coli samples. The degree of colour
development was sufficient to allow reading of the plate by
eye.
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4 - GPPDM__d ucose-1- phosphat e phosphodi snmut ase GBPS

d ucose-1, 6- bi sphosphat e synt hase PGDH: Phosphogl ycerate
dehydrogenaiﬂll“““l“ IM!H{ horase 5 Col: Col our I NV: | NT-vi ol et
Fzn: Formaz ion of the Invention The coupl ed
reactions on ‘whi‘ch“t h& present I nvention 19 are based are illustrated
generally by Fig. 1. By way of

CLATMS

1. A method for detecting the presence of any of the

materials C,, C,, enzyme E; (having the substrates C; and S,)

and enzyme Ez(héving'the substrates C, and S,) that undergo
5 the following reactions

E,
c, + S -~ 26
E,
10 c, + S, = € + P

which comprises adding the other materials éufficient for
the reactions to proceed, and observing the loss of S; or
S, or the formation of P.

15 2. A method according to claim 1, for detecting the
presence of any of the materials X-Y¥, X-Y-Y, enzyme e, and
enzyme e, that undergo the following reactions

€4
X + X=-¥Y-¥ = 2 X-Y
20
e,
XY + Z-¥ -~ X-Y¥-Y + Z

which comprises adding the other materials sufficient for
25 the reactions to proceed, and observing the loss of X or
Z-Y or the formation of 2.
3. A method according to claim 1, for detecting the
presence of any of the materials X, X-Y, enzyme e and
enzyme e; that undergo the following reactions
30 e,
X + X~Y-Y = 2 X-Y

€3
X-Y + Z - X + z-Y
35 '

which comprises adding the other materials sufficient for

the reactions to proceed, and observing the loss of Z or

X-Y¥-Y or the formation of Z-Y.

4. A method according to claim 2, wherein 2-Y is
40 phosphoenolpyruvate or glucose-s-phosphate.

5. A method according to any of claims 2 to 4, wherein ¥

is a phosphate group.
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i Fl'ust rati on—onty,—a description of how the cycle can be used to

detect a pair bl e compounds ([ err] and Cerr] is
dgiven bel ow. t‘i WEQ“MEF"S”] woul d apply for the det ection of one
or both of th and E[ err] 15 The reaction

cat al ysed enzyme FEf[err] is "conproportionation" reaction,

I n which one nDIecuIe of the flrst Héﬂget conpound Cferr] reacts with
one nol ecul e of added & rr for | gcul o]

second target 6. K mr?ﬁ:hOd %éf‘ﬂ]& S{:g c]lah'% éa)lcgmolégegﬁ % }?SY ‘Iﬂé‘?err]
~and its 20 2§oYsﬁb§r¢an@cyeetM]ie Ph@%ﬁhﬂmsrml ecul es of C[err] are now

- converted 710 1 X0 3R b%@'é‘éc&fdiﬁlf £br Shalial 98! waEpeyYRd Xl efrd whach
are avallable as substrates for the enzyne Elerr]. Thus one
- mol ecul e of th&¥r¥sareaplBe ABRpaBARESRs B%%HeEBﬁVEH’ed to t Wo:

another tusn of.theacyméensd! lagEoramey f &t , Bt Prece@riviheciaiight , £6kc.
detecting ADP and/or ATP.
9. A method according to claim 8, for detecting micro-
organisms.
10. A method according to any preceding claim, which
10 comprises observing the formation of P.
11. A method according to claim 10, which is conducted in
the presence of one or more substances that generate a
signal on the formation of P.
12. A method according to claim 10, which comprises
15 isolating P, and determining its presence by the addition
of one or more substances as defined in claim 11.
13. A method according to claim 11 or claim 12, wherein
the signal is a visible colour.
14. A kit of reagents suitable for use in a method
20 according to any of claims 11 to 13, the' reagents
comprising the said other materials and the said one or
more substances, in one or more containers.
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More specifically, the reactions that t ake pl ace in cycles 1, 2 and 3

are as follows: 1) derr] + S[err] ->2Cerr] and 2C + 29[err] ->
2Cferr] + 2P 2) 2Cerr] + 25[err]-> 4Cerr] and 4Cerr] + 4S[err]
->4Cerr] + 4P 30 3) 4Cerr] + 4S[err] ->8Cerr] and 8Cferr] +
8S[err]-> 8(Cerr] + 8P ~In this way, an exponenti al
anplification of a target conpound occurs. Ml ecul es of the second
target conpoundaggrra@pesent initially will be anplified in a simlar way.
Wth reference To FIig. 1, there is_a choice of methods 35 by which the

progress of the cycl® WgFheg fAY odeheckingnhihe presgice phHc88Ys °f nkhe
concentrations mat&E£als @ndcy erdyme |B;, (havinigarasubstitiatels thend s,)

concentrations glfld %r?zr e Ecz:[ ?ﬁglrigtgdtlfevg\lﬁstrates C, and S,) that undergo
5 the following reactions

E,
c, + 5, = 20
E;
10 c, + S, - ¢ + P

comprises adding the other materials sufficient for the
reactions to proceed, and observing the loss of S, or S, or
the formation of P. The formation of P increases
15 exponentially, and that can be used to give a colour
reaction quickly and simply, with a suitable P-linked
reaction, in the presence of microorganisms (C, being ATP).

—_—

-
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5. - increase. Any of these changes in concentration of an

extra-cyclic material m ght be suitable for linking to, by way of
exanpl e, the production or |oss of a col oured conmpound. If it is not
possi ble to cause a col our change 5 to occur in the same reaction system
as the anplification cycle, then sanglgs coul d be renoved for separate
anal ysi s; renmoval of P may faci.litat /he cyclic reactions.
FIG. 1
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S1 1
E
Eq 2

—
This Sheet Has Been R,

MmN



Figs. 2 and 3 illustrate nore specific exanples of the invention, in
whi ch interconversion of the two target 10 conpounds i nvol ves transfer of

a.chem cal group. Mor e general |y, anal ogous nechani sns exi st

i nvol ving, for i nstance, transfer of one or nore el ectrons between
redox- active substances. ?/ -Y and X-Y in Fig. 2 mght be
conpounds such as ATP 15 and ADP respec ely, which differ only by one
phosphat e group. Enzyme E[ferr] in this case woul d be adenyl ate ki nase
(E.C. 2.7.4.3) which catalyses the "conpgggporgionation” reaction in
whi ch one nol ecule of the first target substance X-Y-Y (e.g. ATP)
reacts with one nol ecul e of 20 added substrate X (e.g. AMP) to formtwo
nol ecul es of the second target substance X-Y (e.g. ADP). Enzyne E[err]
inthis exanpl e coul d be a kinase which, together with added

Z
Ejp
Z-Y
This Sheet Has Been Repl
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phosphoryl at ed co-substrate Z-Y, woul d phosphorylate ADP to ATP. 25
Fig. 3 shows an alternative cycle in which the flow of t he chem cal
group Y is, essentially, in the opposite direction. In this case, the
two target conpounds are X and X-Y. Fig. 4 illustrates the

| i nking of the enzymatic cycle 30  of Fkg.é% to col our production, for the
case of ADP/ ATP anplification. Enzy / err] is adenyl ate kinase and
enzyme Ef err] i s glucoki nase, which produces D-glucose and ATP from

D- gl ucose- 6- phosphate and ADP. Th IG igcrease in concentration
of glucose is shown to be nonitored by the 35 | i nked reactions of glucose
oxidase (E.C. 1.1.3.4) and - -horseradi sh peroxidase (E.C. 1.11.1.7)
together with sui t abl e chronogeni ¢ substrates. Many alternative kinase

zZ-Y
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6-° enzynmes to serve as E[err] are available together with their
specific co-substrate: for instance, pyruvate kinase (E. C 2.7.1.40)
wi t h phosphoenol pyruvate, acetate kinase (E. C 2.7.2.1) with acetyl
phosphate, NADH kinase (E.C. 2.7.1.86)

4/6
FIG. 4
Col.
HRP '
AAP
H,0, +
O2 DMA
AMP ATP G G
GO ox
AK GK
ADP G6P
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5+ with NADPH, fructokinase (E.C 2.7.1.4) with D-fructose-

6- phosphate, or glycerol kinase (E.C. 2.7.1.30) with

gl ycerol - 3- phosphate. In fact, many enzynes fromthe group 2.7 in the
|'UB Reconmendati ons on Enzyne Nonencl ature (1984, Academ c Press)

m ght be used in such a schene. In 10 each case, the product nmay be
detected by a specific enzyne reactiP a series of enzynme reactions,
or a chem cal reaction, producing or destroying a colour. | f
desired, contami nating | evels of ATP angféDP in the anpl i fying reagent
can be |l owered by an initial incubation of the conponents of the
reagent wth an enzyne such as potato apyrase (E.C. 3.6.1.5) which
hydr ol yses both ATP and ADP to AMP. Provided it is at a | ow
concentration, the presence of apyrase wll not interfere wth

t he anplification cycle.

Col.
Fzn
INV

DPA

NAD" NADH

3PHP
G G1,6DP 3PG “pCDH |
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20¢% Thus a reagent for the detection of ATP and/or ADP m ght
conprise AMP, adenylate kinase, glucokinase,

D~ gl ucose- 6- phosphat e, gl ucose oxi dase, apyr ase, hor ser adi sh
per oxi dase and one or nore chronpgenic er oxi dase substrates in a
sui tabl e buffer system 25 contai ni ng magne$/®&mions. Since the cycle is
essentially exponential, a | ow anpunt nﬁ: ABP or ATP (perhaps a single
nol ecul e) present in the conplete reage(r}t (\gl rri\pi dly be mul tiplied

- until one of the substrates is exhauste f' desired, the reagent may

be prepared as two or nore 30 separate sol utions which are m xed

t oget her . at apprOX| mately the sane tine as a sanple for assay is
added. Fi 2 and®4 show that one :Uf t he |%erconve§"c| bl e
conmpounds whi ch can be dete®ed is ATP. The® _present ~invention is
t hus particul arl ¢ sfwabte—as—aready—test— ot ) + 1
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DETECTION OF BIOLOGICAL MATERIAL

'Field of the Invention

This invention relates to a method for the detection
of biological material, and to materials for use in such a
method.

Background of the Invention

Many techniques are available for the detection of
biological materials, for instance by the production of a
colour. For example, materials may be added that form
hydrogen peroxide or NADH in the presence of the target
substance, and these may be caused to produce a coloured
compound by further reactions. Alternatively, the target
substance may produce colour more directly; for instance,
many hydrolytic enzymes can act on artificial substrates to
give a coloured product.

A difficulty arises, however, in connection with the
detection of very small amounts of the target substance,
such that the amount of colour produced may be too small to
analyse withogt complicated apparatus, and certainly not by
the naked eye‘._.' Some amplification mechanisms have been
described, such as cyclic reactions for the measurement of

.low levels of NAD(H) or NADP(H); see EP-A-0060123. This is

an example of a cycle giving linear amplification of the
target substances, i.e. their concentrations increase in
proportion with reaction time, and therefore a long period
is required for sensitive measurements.

GB-A-2055200 discloses the same and other linear
amplification cycles. It also discloses a cycle wherein
adenylate kinase catal’ysesl the reaction of AMP and ATP to
form ADP which is then re-phosphorylated to form ATP by the
action of pyruvate Xkinase. It is stated that, in each
cycle, one éxtra molecule of ATP is produced. The reaction

is used to amplify ATP for the purposes of bioluminescence !

The procedure for ATP amplification involves  adding the
other materials sufficient for the reactions to proceed,
stopping the cycling reaction, and measuring accumulated
ATP using a bioluminescence assay and a luminometer.




wel P pl dt EPRATEMENT SYERThG necessary reagents for the reaction to

Rr oceed. crli bed in WO A- 9319199 may be used to retain
m croordarti sns in vvelis, dven when at very |l ow concentration in a

i quid sanpl 84 AR ?9 sqgnt} 5 i nvention can detect the mcroorganisns in
each welf , giving & rlesult that is available to the naked eye, wthin
a reasonjabl e period of tine. Altgrnatives to the ATP/ ADP

anpl i fi cation-cycle—ext-st- The requirenents are (i) an enzyne

catalysing a 10  eadRteRR! { 8NA4] ON BfstdibicaBUdbd ity t Mrapsastieasof
O o morome diSath, 142k, 35BS RS R IORIBIEY op
whi ch cat al ysezhehekriownabioluninebeehtestrdautgiin may sebsinexeasednbyhe
Seoond, An aESe RN, B dysteplbantilluing Eidhasd (adenpiace
5 kinase), pyruvate kinase, phosphoenolpyruvate and AMP. The
authors consider the fate of two molecules of ATP present
initially in the sample. One molecule is consumed by the
luciferase reaction and is converted to AMP. It can then
-ﬁndergo a reaction with the other molecule of ATP, in a
10 reaction catalysed by myokinase (adenylate kinase), to form
two molecules of ADP. These are subsequently re-
phosphorylated by reaction with phosphoenolpyruvate,
catalysed by pyruvate kinase, to regenerate the original
two molecules of ATP. The added AMP is described as a
15 "trap" for ATP which helps to get the recycling reaction
underway.
It is not clear from the reaction scheme proposed by
Chittock et al why the proposed ATP recycling mechanism
should cause the observed increase in peak light output of
20 the . luciferase reaction, since no net increase in ATP
concentration would occur. Nevertheless, the authors
describe the phenomenon as amplification of ATP.
Summary of the Invention
It has now been appreciated that such a system can be
25  used, not simply for the regeneration of ATP, but for the
production of a colour or other easily-detectable signal
which can be used to quantify very low levels of ATP and
ADP. The signal may be visible, avoiding the previous
requirement for additional apparatus such as a luminometer.
30 More generally, according to the present invention,
coupled reactions of the type shown below in Fig. 1 are
used to detect the presence of either or both of the
interconvertible compounds C, and C, or of the enzymes E,
and E,, by the provision of the other components of the
35 cycle necessary for the reactions to proceed, including the
respective enzyme substrates S, and S,, and observation of
the loss of a substrate (S; or S,) or, preferably, the



< ﬁﬂ -
2.7.1. 4 wgu&ﬁ , 6- bi sphosphat e synt hase (E. C 2.7.1.106),
and t he ) REF@AGEME”W s are D gl ucose- 1, 6- bi sphosphat e and
D-glucose 1- g?s aah§7 r(gress of the anplification cycle my be
fol | oned 5 Hg 2 3- phospho-D-gl ycerate produced by E[err] as a
substratje for_the ndynme phosphogl ycerate dehydrogenase (E.C.
1.1.1.95), pr oduci ng |JNADH whi ch can besused to forma col our by
chem cal lor—enzyratt+e—means. for instance, the reaction W th

| NT-vi ol et cat alfosweétipn hefemymo@mﬁom;e ( EBY EBzEn);(:ai-J.l&oi: 4yith the
The follow n e .lnv e _
9 Bygde ?ﬁfg ﬁé.ggito\%gtd; 6rnep§r§:a& 20 55200, YR %]ﬁfp(gﬁeﬁ&ual_

Two reagent pre-m xe

conposi tions (FEPlificatignmpishasedo)farathe sbserqummlozf aand)extra-

cyclic component.

5 Observation may be direct or by coupling the reactions
to a system that gives a detectable derivative (or
derivative reaction) and which may be Xknown per se.
Advantages associated with the present invention are that

. a yes/no result can be obtained, that the reaction is
10 quick, and that it can be used to detect microorganisms.
Description of the Drawings
The invention will be described by way of example only
with reference to the accompanying drawings, in which:
Figures 1 to 5 are each schemes of reactions, more or
15 less general, that may be utilised in the present
invention; and .
Fig. 6 is a graph representing results obtained by the
invention. _
Abbreviations used in Figs. 4 and 5, and elsewhere,
20 have the following meanings: '
AMP: Adenosine 5’-~monophosphate
ADP: Adenosine 5‘-diphosphate
ATP: Adenoise 5/-triphosphate
G6P: D-Glucose 6-phosphate
25 G: D-Glucose
AAP: 4-Aminoantipyrine
DMA: N,N-dimethylaniline
G,: D-Glucono-1,5-lactone
AK: Adenylate kinase
30 GK: Glucokinase
GO: Glucose oxidase
HRP: Horseradish peroxidase
G1lP: D-Glucose l-phosphate
G1,6DP: D-Glucose 1, 6-blsphosphate
'35 3PGP: 3~Phospho-D-glyceroyl phosphate
3PG: 3-Phospho-D-glycerate °
3PHP: 3~-Phosphohydroxypyruvate
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' GPPDM: Glucose-l-phosphate phosphodismutase

D- gl ucose 6-phosphate 2.67 nmM

Bovi ne serum al bum n 0
0.67 nmM 4- joanti pyrine
04 MAR 1997

4

GBPS: Glucose-1,6-bisphosphate synthase
PGDH: Phosphoglycerate dehydrogenase
DPA: Diaphorase

Col: Colour

INV: INT-violet

Fzn: Formazan.

Description of the Invention
The coupled reactions on which the present invention

are based are illustrated generally by Fig. 1. By way of
illustration bnly , a description of how the cycle can be
used to detect a pair of interconvertible compounds C, and
C, is given below. A similar mechanism would apply for the
detection of one or both of the enzymes E; and E,.

The reaction catalysed by enzyme E, is a
"comproportionation" reaction, in which one molecule of the
first target compound C, reacts with one molecule of added
substrate S; to form two molecules of the second target

“compound C,. By the action of enzyme E, and its

co-substrate S,, these two molecules of C, are now converted
to two molecules of the first target compound C, which are
available as substrates for the enzyme E,. Thus one
molecule of the first target compound has been converted to
two: another turn of the cycle will produce four, yet
another eight, etc.

More specifically, the reactions that take place in
cycles 1, 2 and 3 are as follows:
1) ¢ + 8 = 2C, and 2C, + 2S5, —+ 2C, + 2P
2)  2C; + 2S; » 4C, and 4C, + 4S, - 4C, + 4P

- 3)  4C, + 4S, ~ 8C, and 8C, + 8S, - 8C, + 8P

In this way, an exponential amplification of a target
compound occurs. Molecules of the second target compound
present initially will be am;plified in a similar way.

With reference to Fig. 1, there is a choice of methods
by which the progress of the cycle may be followed. As the
cycle proceeds, the concentrations of S; and S, will
decrease, whilst the concentrations of C;, G and P will



g N, N- di et hyl ani | i ne 3| SBERIACEMENT SHEET
Vagnesi um chl ori de 20 mM Pot assi um

chl ori de _ 40 mv Pot at o] apyrGd MAR 1997
0.04 UM 5 MES pH 6.0 100 nmv
Pre-m x B G ucose oxi dase 320 Um

d ucoki nase B0 Um Hor ser adi sh

per oxi dase Vi | hurg
0.2 my/n increasfgnedinim 'éﬁl GPF&E changes iR C%%&%%qu m an
Pot assi um chl Oék‘gfa-cycllc material might bt suiitable for linking to, by

way of example, the production or loss of a coloured

compound. If it is not possible to cause a colour change

5 to occur in the same reaction system as the amplification

cycle, then samples could be removed for separate analysis;
removal of P may facilitate the cyclic reactions.

Figs. 2 and 3 illustrate more specific examples of the

jnvention, in which interconversion of the two target

10 compounds involves transfer of a chemical group. More
generally, analogous mechanisms exist involving, for
instance, transfer of one or more electrons between redox-
active substances.

X-Y-Y and X-Y in Fig. 2 might be compounds such as ATP

15 and ADP respectively, which differ only by one phosphate
group. Enzyme E, in this case would be adenylate kinase
(E.C. 2.7.4.3) which catalyses the "comproportionation"
reaction in which one molecule of the first target
substance X-Y-Y (e.g. ATP) reacts with one molecule of

20 added substrate X (e.g. AMP) to form two molecules of the
second target substance X-Y (e.g. ADP). Enzyme E, in this
example could be a kinase which, together with added
phosphorylated co-substrate Z-Y, would phosphorylate ADP to
ATP.

25 Fig. 3 shows an alternative cycle in which the flow of
the chemical group Y is, essentially, in the opposite
direction. In this case, the two tafget compounds are X
and X-Y.

Fig. 4 illustrates the iinking of the enzymatic cycle

30 of Fig. 2 to colour production, for the case of ADP/ATP
amplification. Enzyme E, is adenylate kinase and enzyme E,
is glucokinase, which produces D-glucose and ATP from
D-glucose—-6-phosphate and ADP. The increase in
concentration of glucose is shown to be monitored by the

35 linked reactions of glucose oxidase (E.C. 1.1.3.4) and
horseradish péroxidase (E.C. 1.11.1.7) together with
suitable chromogenic substrates. Many alternative kinase



Pot at 0 apyrase 0.04 U n REPLACEMEST ISHEET O
100 mM 15 The pre-m xes were incubated separaje -
75 4R 17

hours, to destroy contam nati ng ATP and ADP. Then, i

cuvettes, 0.225 m of Pre-mix A was mxed with : i1 x B,
and 0.3 m of a sanple was - I medi at el y added. The sanpl es conprf sed
water (as a 20 bl ank), 20 pM ATP and 2006pM ATP. he absorbance at . 555
nm in each cuvette was followed in a spectropho
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that, after reactron tine apprOX| mate nutes the three -
sanpl es coul d 2ad3kLy4Bp wisthi Rhdspheenqlpyyravahey mMFetatie kinase4E- fas

added, the soopey 3 YiQhfin GRI<ty1 pRBEBhate), 'WADR kinase (E.C. 2.7.1.86)
' 5 with NADPH, fructokinase (E.C. 2.7.1.4) with D-fructose-
6-phosphate, or glycerol _kinase (E.C. 2.7.1.30) with
glycerol-3-phosphate. In féct, many enzymes from the group
2.7 in the IUB Recommendations on Enzyme Nomenclature:
(1984, Academic Press) might be used in such a scheme. 1In
10 each case, the product may be detected by a specific enzyme
reaction, a series of enzyme reactions, or a chemical

reaction, producing or destroying a colour.
If desired, contaminating levels of ATP and ADP in the
amplifying reagent can be lowered by an initial incubation
15 of the components of the reagent with an enzyme such as
potato apyrase (E.C. 3.6.1.5) which hydrolyses both ATP and
ADP to AMP. Provided it is at a low concentration, the
presence of apyrase will not interfere with the

amplification cycle.

20 Thus a reagent for the detection of ATP and/or ADP
might comprise AMP, ' adenylate kinase, glucokinase,
D-glucose-6-phosphate, glucose oxidase, apyrase,

horseradish peroxidase and one or more chromogenic
peroxidase substrates in a suitable buffer system

25 containing magnesium ions. Since the cycle is essentially
exponential, a low amount of ADP or ATP (perhaps a single
molecule) present in the complete reagent will rapidly be
multiplied until one of the substrates is exhausted. If
desired, the reagent may be prepared as two or more

30 separate solutions which are mixed together at
approximately the same time as a sample for assay is added.
Figs. 2 and 4 show that one of the interconvertible
compounds which can be detected is ATP. The present

. i_nvention is thus particularly suitable as a ready test for
35 the presence of microorganisms. A liquid sample containing
a very low concentration of microorganisms can be tested

by, for example, presentation on a carrier, e.g. a multi-



sol uti on. Exanple 2 30 A similar reagent |cQEPORIEMERT SiETUSEd
f.or the rapid enuneration of E. coli using the nfog : r

t echni que. Thi s approach is based on dilution of tHe culture gndl its
even distribution into a nunber of conpart ment s [(ifn QAiMARIRY 24 per
sanple), with dilutions 35 chosen such that each sét is likely to {n¢gl ude
conpartnents with either no bacteria or a small fnunber. Addition ¢f

growth mediumthen allows nultiplication of? the bact &ri-a—ta
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- well plate, and adding the necessary reagents for the

reaction to proceed. The process described in WO-A-9319199
may be used to retain microorganisms in wells, even when at
very low concentration in a liquid sample. The present
invention can detect the microorganisms in each well,
giving a result that is available to the naked eye, within
a reasonable period of time.

Alternatives to the ATP/ADP amplification cycle exist.

‘The requirements are (i) an enzyme catalysing a

comproportionation reaction, such that the presence of one
molecule of the first target substance causes the formation
of two molecules of the second target substance, and (ii)
an enzyme which catalyses the formation of the first target
substance from the second. An example is shown in Fig. 5.
Here, E, 1is glucose-l-phosphate phosphodismutase (E.C.
2.7.1.41), E, is glucose-1,6-bisphosphate synthase (E.C.
2.7.1.106), and the target substances are D-glucose-
1,6-bisphosphate and D-glucose-l-phosphate. Progress of
the amplification cycle may be followed by using the
3-phospho-D-glycerate produced by E, as a substrate for the
enzyme phosphoglycerate dehydrogenase (E.C. 1.1.1.95),
producing NADH which can be used to form a colour by
chemical or enzymatic means: for instance, the reaction
with INT-violet catalysed by the enzyme diaphorase (E.C.
1.8.1.4).

The following Examples illustrate the invention.
Example 1 ' '

Two reagent pre-mixes, A and B, were prepared with the
following compositions (MES = 2~(N-morpholino)ethane-
sulphonic acid):

Pre-mix A

D-glucose 6-phosphate
Adenosine 5/-monophosphate (AMP)
Adenylate kinase
35 Bovine serum albumin
EDTA
4-Aminoantipyrine

2.67 mM
1.33 mM
0.27 U/ml
0.2 mg/ml
0.67 mM
1.33 mM



| evel s t hat caanLArgngng;rnsrﬁEEln- t he nunber of conpartnents positive

f.or gromh giJeg an esti mate ¢f |t he sanpl e bacterial population. This
general technijqje 04 MARA®Ded | in WO A-9319199. 5 A microtitre
plate with 0.3 [lerr] m nenbrang¢ &t the bottom of each well was set up
as follows, uging diTutions of &n ovesni ght culture of E. coli in 0.9%
(w'v) Nad containing A § magnesi um chl ori de:
N,N-dimethylaniline _ 3.33 mM
Magnesium chloride 20 mM
Potassium chloride 40 mM
Potato apyrase 0.04 U/ml
5 MES pH 6.0 100 mM
Pre-mix B
Glucose oxidase 320 U/ml
Glucokinase 80 U/ml
Horseradish peroxidase 32 U/ml
10 Bovine serum albumin 0.2 mg/ml
Magnesium chloride 20 mM
Potassium chloride 40 nmM
Potato apyrase 0.04 U/ml
MES pH 6.0 100 mM
15 The pre-mixes were incubated separately at 25°C for 3
hours, to destroy contaminating ATP and ADP. Then, in each
of three cuvettes, 0.225 ml of Pre-mix A was mixed with
0.075 ml of Pre-mix B, and 0.3 ml of a sample was
immediately added. The samples comprised water (as a
20 blank), 20 pM ATP and 200 pM ATP. The absorbance at 555 nm
in each cuvette was followed in a spectrophotometer during
incubation for 200 minutes at 25°cC.
Plots of absorbance (A) with respect to time (T) are
presented in Figure 6. It should be noted that, after a
25 reaction time of approximately 150 minutes, the three
samples could easily be distinguished by eye. The more ATP
that was added, the sooner a violet colour appeared in the
solution.
Example 2
30 A similar reagent composition was used for the rapid
enumeration of E. coli using the most probable number
technique. This _approach is based on dilution of the
culture and its even distribution into a number of
compartments (in this case 24 per sample), with dilutions
35 chosen such that each set is likely to include compartments

with either no bacteria or a small number. Addition of
growth medium then allows multiplication of the bacteria to



Col imns 1-6: 0. d4 REPLAGEMENT: SHEET |colums 7-9:  0.04 Ml E. coli, 10[err]
dilution Col s 10-12: 0.04|m} E. coli, 2.5 x 10[err] dilution.
Vacuum was applied tjo OQURAR'EPF Ifi duid and to col | ect t he bacteria on
the menbrane filtefs| of stlerjile yeast extract-peptone broth
was then added to-ga ; ar[d the mcropl ate was covered and

I ncubat ed at 37[erF]C for 8.5 Rours At the end of the

i ncubation period, the broth was r enoved by vacuum and the wells were
each washed wi-t 5 5§€%{ d e | RuRb&e’ ﬂagyﬁi

non- m cr obi al A‘%ﬁ{%}% thatdc%'lé% |cd‘éae?é Ia%‘eusgfr}te I.n b?gt?\f ents

~ vacuumi ng pagdtive0. 605 rgreftly. M%SN/ PP cBESABALR dPRe "&?‘%JI m&ﬁee

(a cationic defb‘a&%%alissepﬁ%twﬁl NOTRES { §éhéna YoSedlitiiigue is descrtitied

~well, followed by O of diluent. For~ col umms
f in WO-A-9319199
5 A microtitre plate with 0.2 um membrane at the bottom

of each well was set up as follows, using dilutions of an
overnight culture of E. ¢oli in 0.9% (w/v) NaCl containing
5 mM magnesium chloride: '
Columns 1-6: 0.04 ml diluent

10 Columns 7-9: 0.04 ml E. coli, 10 dilution
Columns 10-12: 0.04 ml E. coli, 2.5 x 10 dilution.

Vacuum was applied to remove the liquid and to collect
the bacteria on the membrane filters. 0.1 ml of sterile
yeast extract-peptone broth was then added to each well,

15 and the microplate was covered and incubated at 37°C for
8.5 hours.

At the end of the incubation period, the broth was
removed by vacuum, and the wells were each washed with 0.25
ml of sterile diluent'in order to remove non-microbial ADP

20 and ATP (which are present in broth). After vacuuming
again, 0.025 ml of 0.22% (w/v) chlorchexidine digluconate -
(a cationic detergent used for lysing bacteria) was added
to each well, followed by 0.025 ml of diluent. For columns
1-6, the diluent was spiked with various concentrations of
25 ATP between 0 and 6 x 10 M.

' The two Pre-mixes, similar to Example 1 but with
concentrations of the constituents adjusted to take account
of the different sample volume in this experiment, were
rapidly mixed together and 0.1 ml volumes were immediately

30 added to each well. The plate was placed in a CERES 900
HDi microplate reader (Bio-Tek) incubated at 30°C, and the
absorbances were measured at 550 nm for up to three hours.

Clear results were obtained after 70 minutes. At this -
point, in columns 1-6, only the highest ATP standard (10™°M

35 in the final reaction mixture) had developed a measurable
amount of colour. In columns 7-12, the absorbance in the
wells was either very close to the starting value (i.e. a



1- 6, the diluent sRﬂlAbemEmtgmmr ous concentrations of 25  ATP between

Q and 6 x 10[err] fwp Pre-m xes, simlar to Exanple 1 but
W th concentr &t §ons of the cows ituents adjusted to take account

of the different s n& D 4MARIN thl s experinment, were rapi dly m xed
together and 0.1 nll volunes were ijmediately 30 added to each well. The
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i ncubated at 30[ er i].C.._and.-the %bsorb,@nces were nmeasured at 550 nmfor
up to three hours. Clear results were obtained after 70 m nutes.
At this mqﬁtwen) coruwas tleardyl detiectaikjleesta Aes tivelar showingr r | M

of col our 1 BB RE T98: bk bRk ripd At ikt PR s

very close to Chkumnsir 7-8g had ud5(ipesitives, which equates to a most
probable number of 24.5 per ml (95% confidence range 13-

S 42), and columns 10-12 had 21 positives, giving a most
probable number of 52 per ml (95% confidence range 28-91).
Conventional- plate counts on yeast extract-peptone agar of
the initial E. goli culture gave estimates of 29 and 71
cfu/ml respectively for the two dilutions.

10 The procedure therefore took less than 10 hours to
enumerate the E. coli samples. The degree of colour
development was sufficient to allow reading of the plate by

eye.
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10 negative) or was clearly detectable (a positive, show ng t hat

at | east one baei—er—n—&m—h&d—been—present initially).
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- CLAIM
1. A method for detecting the presence of any of the
materials C;, C,, enzyme E; (having the substrates C, and S,)
and enzyme E, (having the substrates C, and S,) that undergo

5 the following reactions

_ E,
c, + S =~ 26
. E,
10 g + S, -+ ¢ + P

which comprises adding the other materials éufficient for
the reactions to proceed, and observing the loss of s, or
S, or the formation of P.

15 2. A method according to claim 1, for detecting the
presence of any of the materials X-¥, X-¥-Y, enzyme e, and
enzyme e, that undergo the following reactions

€4
X + X~-Y-Y =~ 2 X-Y
20
)
XY + Z=-Y = X=-Y=-Y + 2

which comprises adding the other materials sufficient for
25 the reactions to proceed, and observing the loss of X of
 Z-Y or the fox;mation of Z.
3. A method according to claim 1, for detecting the
presence of any of the materials X, .X-Y, enzyme e; and
enzyme e; that undergo the following reactions
30 e, '
X + X-¥-Y - 2 X~Y

€3
X-Y + 2 - X + Z-Y
35

which comprises adding the other materials sufficieht for

the reactions to proceed, and observing the loss of Z or

X-¥-Y or the formation of Z-Y.

4. A method according to claim 2, wherein 2-Y is
40 phosphoenolpyruvate or glucose-é6-phosphate.

5. A method according to any of claims 2 to 4, wherein ¥

is a phosphate group.



5 42), and colums 10-12 had 21 positives, giving a Cﬁﬁﬂéﬁfwgﬂuua
hISH

nunber of 52 per m (95@6confidence range 28-91). §E£t3
counts on yeast extra ar of the initi E. coli cu
gave estinates cfu/m respectively f- r;tmgm wut ops.
10 The pr g W“LMIIHIH t ook | ess than 10 hoyr i enurrera£e
the E. coli sanpless egree of col our develt? I gnt
to allow reading of the plate by eye.

: 12

6. A method according to claim 5, wherein X, X-Y and
X-¥-Y are nucleotide phosphates.

7. A method according to claim 6, wherein X, X-Y and
X~-Y¥-Y are AMP, ADP and ATP, respectively.

5 8. A method according to any preceding claim, for
detecting ADP and/or ATP.

9. A method according to claim 8, for detecting micro-
organisms. ' ‘
10. A method according to any precedlng claim, which

10 comprises observing the formation of P.

' 11. A method according to claim 10, which is conducted in
the presence of one or more substances that generate a
signal on the formation of P.

12. A method according to claim 10, which comprises

15 isolating P, and determining its presence by the addition
of one or more substances as defined in claim 11.

13. A method according to claim 11 or claim 12, wherein
the signal is a visible colour.
14. A kit of reagents suitable for use in a method

20 according to any of claims 11 to 13, the' reagents
comprising the said other materials and the said one or
more substances, in one or more containers.



CLAI VB 1. A method for detecti ng"the presence of any qi.the

materials Cerr], Cferr], enzyme E[ferr] (having the substraﬂe @,"‘""
S[err]) ?Eﬁ[ MEN EET

and enzyne E[err] (having the substrates Clerr} a
that undergo 5 the follow ng reactions [err]
04 MAR 1997
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ABSTRACT .
A method for detecting the presence of any of the

materials C,, C,, enzyme E, (having the substrates C, and §,)
and enzyme E, (having the substrates C, and S,) that undergo
5 the following reactions

E,
c,6 + § - 26
. E,
10 c, + S, - C + P

comprises adding the other materials sufficient for the
reactions to proceed, and observing the loss of S, or §, or
the formation of P. The formation of P increases
15 exponentially, and that can be used to give a colour
reaction quickly and simply, with a suitable P-linked
reaction, in the presence of microorganisms ( C, being ATP).



whi ch conprises adding the other: materials sufficient for t he

reactions to proceed, and observing the loss of S[err] or S[err] or
the formation of P. 15 2. A method according to clai mp—+e+—detecting
t he presence of any of the materials X-Y, X-Y-Y, enzyrﬁEPé{\%MﬂNTaﬁHEET
enzynme e[err] that undergo the follow ng reactions [err]
04 MAR 1997
1
FIG. 1




whi ¢h conprises adding the other materials sufficient for 25 the

reactions to proceed, and observing the loss of X or Z-Y or the
formati on of Z. 3. A nethod according to claim1l, for detecting the
presence of any of the materials X, X-Y, enzyne e[err] and enzyne e3

t hat undergo the follow ng reactions REPLACEMENT SHEET

2 04 MAR 1997

FIG. 2
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35 ° [err] whi ch conpri ses addi ng the ot her

materials sufficient for the reactions to proceed, and observing the
| oss of Z or X-Y-Y or the formation of Z-Y. 4. A nethod according
to claim 2, wherein Z-Y is 40 phosphoenol pyruvate or
gl ucose- 6- phosphat e. 5. A nmethod according to any off-elains-2.10 4
wherein Y is a phosphate group. | REPLACEMENT SHEET
3 ’ .
04 MAR 1997
FIG. 3
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12 * 6. A method according to claim5, wherein X, X-Y and X-Y-Y
are nucl eoti de phosphat es. 7. A method according to claim®6, wherein
X, X-Y and X-Y-Y are AMP, ADP and ATP, respectively. 5 8. A nethod
according to any preceding claim for detecting ADP and/ or ATP.
9. A nmethod according to claim8, for detecting mcro- T -
ording ¢ REPLACEMENT SHEET
4
04 MAR 1997
FIG. 4
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10. A net hod according to any preceding claim which 10 conpri ses

observing the formation of P. 11. A nethod according to claim 10,

whi ch is conducted in t he presence of one or nore substances that
generate a signal on the formation of P. 12. A met hod according
to claim10, which conprises 15 isolating P, and det€F§rangwEEs—pLasence
by the addition of one or nore subst.ances as define EPH\ thHEET -
13. A nethod according to claim11 or clai'm 12, whereij The 5Ty s
a visible col our. 14. A kit of reagents suitable fo @gka%ﬁpt ofl
20 according to any of clainms 1llprsQ 513, the raagent

conprising the said other materials and the said one o

substances, in one or nore containers.
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