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Technigques such as passaging in batch culture are

20 still used today for the discovery of microorganisms which
can metabolise a test substrate. These techniques are
often labour intensive, slow and the expected outcome is
not known until the enriched microbial population is
plated onto selective media. Traditional methods for

25 monitoring the activity or growth of a microbial
population include measurement of biomass concentration
and/or measurement of substrate consumption. These
analytical techniques do not provide an assessment of the
status of a microbial population in real-time to enable

30 the status of the microbial culture to be determined, and
intervention to occur if necessary.

The chemostat provides continuous culture and has
been used for enrichment to facilitate the discovery of
microorganisms with useful properties and the study of

35 evolutionary pathways. The effectiveness of conventional
continuous culture is limited because the status of the

discovery process cannot be evaluated rapidly. In a



continuous culture is limted because the status of
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producti on and oxygen consunption have been used to
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SUMMARY OF THE TNVENTTON

Accordingly, the present invention provides a method

of selectively enriching for a microorganism able to
metabolise a test substrate, and/or the enrichment of an

enzyme involved in the metabolism of the test substrate,

the method comprising the steps of

a) providing a population of microorganisms in a
vessel,

b) feeding fluid into the vessel at a controlled

flow rate commencing with an initial flow rate, the fluid
comprising a nutrient medium and, for at least part of the
feed period, the test substrate,

c) producing a signal indicative of the level of a
metabolism indicator over the time-frame of the
enrichment, and

d) providing an output based on the signal to
enable assessment of selective enrichment of a

microorganism that metabolises the test substrate, and/or



met abol i smindicator over the tinme-frame of the
enrichnment, and d ) providing an output based on the
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up-regulation of an enzyme or enzymes that are involved in:
the metabolism of the test substrate. Thus, the
metabolism of the microorganism also reflects an increase
in the population or amount of enzyme in the vessel

25 (compared to the relative amount of that enzyme in the
vessel at the outset of the procedure) that has the
desired function of catalysing the reaction of the test
substrate.

The teéhnique developed by the inventors has further

30 advantages in terms of its flexibility in discovering
microorganisms capable of metabolising a test substrate in
conditions selected by the operator (i.e. a selective
pressure), and potentially modified by the operator over
time. The modification of conditions can be used to

35 identify microorganisms that have the capability of
producing an enzyme or enzymes that assist in the

metabolism of the test substrate under such conditions.



The techni que devel oped by the inventors has further
advantages in terns of its flexibility in discovering
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substrate in conditions selected by the operator (i.e
a selective pressure) , and petentially nodified by
the operator over time. The nodification of conditions
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preset conditions should be set to define the
TaFRLERARTE @mrwtstoaft @lirooganisms which metabolise

the test substrate more quickly and therefore reproduce
more quickly. In effect, the preset conditions should be
set to define the maintenance of steady state in the
culture over the predetermined time period. The
predetermined time period may be in a time unit of
measurement (eg a number of minutes or hours), or may be
set by reference to a predetermined multiple (including
fractions) of the hydraulic retention time of the vessel.
Consequently it will be understood that the reference to a
predetermined time period need not be an exact, repeated
number of hours, especially if the fluid flow rate is
changed over time.

The flow rate of the fluid fed into the vessel may be
increased by increasing the flow rate of the test
substrate. Further, the fluid flow rate may be increased

by increasing the flow rate of the nutrient medium in



culture over the predeterm ned tinme period. The

predeterm ned tine period may be in a tine unit of
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The signal of the level of the metabolism indicator
is preferably provided as a visual output, such as a plot
of points which represent the level of the metabolism
indicator against time. The signal output will be an

25 electrical signal, and therefore the plot may be of the
electrical output (eg current) against time. Otherwise, in
the example of the metabolism indicator being oxygen
uptake, the electrical signal may be converted into oxygen
concentration or oxygen uptake rate, and this may be

30 plotted against time. The output could also be a numerical
digital or liquid crystal display. The visual output may
conveniently be updated in periods of less than 20
minutes. Ideally, the visual output is updated in periods
of 10 mins or less.

35 As a consequence of this, in the embodiment where
conditions are pre-set to result in a change in the fluid

flow rate, the values set may be in units of the direct



The signal of the level of the netabolismindicator is

preferably provided as a visual output, such as a pl ot
w@boopoimass whi ch represent the | evel of the nepebal2®a001577
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el ectrical signal, and therefere the plot may be of

the electrical output (eg current) against tine.
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20 However gdnlerlsg 130PRe atRAAY JN&F pre-setting the range
(upper and lower signal ranges) of the signal is to
identify when the culture has reached a steady-state.
Once a steady state has been identified, it is possible to
change the flow of fluid (nutrient medium and/or test

25 gubstrate) into the vessel.

The fluids fed into the vessel are most conveniently
fed in through separate feed or supply mechanisms.  Being
able to supply the two fluids separately offers more
control to the user in terms of modifying the conditions

30 under which the microorganisms are required to metabolise
and reproduce. Secondly, this offers advantages in terms
of switching from one test substrate to the next without
changing the nutrient medium fed into the vessel.

Preferably the preset range of the signal is set by

35 the user. In the case where the signal is representative
of the level of oxygen in the vessel, the user preferably

gelects the maximum and minimum levels in any appropriate
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the range (upper and lower signal ranges) of the
signal is to identify when the gukture has reached a
steady -state. Once a steady state has been
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Se%%@%cﬁlve pressure. Possible selective pressures are an

increase or decrease in temperature, pH, aeration,
dissolved gas content, salt concentration, and the
presence or absence of a chemical compound such as a toxin
or nutrient component.

The user may further be able to set other conditions
that impact on the metabolism, such as the oxygen level or
aeration rate.

The population of microorganisms used in the method
of the invention may be a heterogeneous population, such
as activated sludge, or may be a homogeneoﬁs population.

Preferably the population of microorganisms is a
heterogeneous population. It may in this case be a
heterogeneous population containing at least 10,
preferably 100 different strains or species of
microorganism. This is explained further in the detailed

description.
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15||ght ?ﬁ%uﬁ%lthSOE.%@%éﬂ@ﬂya|ﬂ¥1d§ﬁk5ﬂﬂdﬂ“ﬁf the apparatus
w&rlse th step g%¥;| t he enriched
CrolrGa %nge SMSISH f ur t her provi des
a M Cr o@rigaitieS M \ilzen e;@heniaﬁdcorlmsmmiasﬁ_d]y dtheehe apparatus
0 descrlbed b t vj des
(o a4 S foridi by Seihen Aobata il Aot S0 e
enri chm@hfgumee 3 ﬁh@ws the correlation between OUR and

20 microbial activity as determined by conventional
analytical techniques, as well as the correlation between .
different conventional analyses, using acetic acid as the-
test substrate.

Figure 4 shows the correlation between OUR and

25 microbial activity as determined by conventional
analytical techniques, as well as the correlation between
different conventional analyses, using sodium acetate as
the test substrate.

Figure 5 shows the correlation between OUR and

30 microbial activity as determined by conventional
analytical techniques, as well as the correlation between
different conventional analyses, using benzyl alcohol as
the test substrate.

Figure 6 demonstrates the correlation between a
35 population change and BOD - the BOD and residual substrate

concentration.



timeframe of the enrichment process, which includes
steps (a) to (d) as outlined above. BRI EF DESCRI PTI ON
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of the apparatus of one enbodi nent of the invention.
Figure 2 is a schematic illustra@ti-on of the apparatus
of Figure 1 wth further apparatus conponents. Figure

3 shows e COoM & Aldnt Retse e OR B 8 P ween a

activity as determned by conventional analytical ,
t eBRRVGGEL Crashpgge 284 RO o7 r&lSatGheRdRs igerfhe population

di b&em@u@wwﬂ@mim@hm& r?mmtg; anel icoricddl atensity.
test substrate. Figqure shows the corr tiaqn between, .., .
OUR and P AER S0P V1S SELAA Athdip iyt cLee iE Hadition
c ofe At-imertdly laralpptriredli dtiechrs quesy casltwetd. as t he

correl ati. et i f . i y ;

ol e oEdhRe Y S S A Al R 2 ani sns

shéwem ke tdorertsicats lowdse e dr MEURYATE TRYET ;e inone .

activit yias[detigr e Mo Juweid enatimpalydwiaalor

techni ques, gs well as the correlqaté* n bet ween

di PFEFeR: Seoivait ifard astdivpdes d?@ge BEHAA dadesimre as the
as tkhe tegistsuhsirate. Figure 6 denonstrates the

correl atj.on _between a ul atdion .ch and BOD - the

BOD and%ﬁgéjir&ua:ﬁ%§51§§?sf gjl%ee ce(#r%ecn rog%now -raf%ﬁ:icbrhr%% BOD of
derp s Bratrep arteel icdr-deigatadimcb et wesrb i Jp apuhaltd wien .

change %u@@ 12 t%%m@ e%ﬁtq_ctahl_e ﬂ%ﬁltﬁ:gﬁfh ASreadings of

nmeasurea using viable ce counts and opt enslty.

Fi §are1@ss ieken He dmhdheadesseBAD dtaiothe/ afdidiberent
of rl®t Mlow 3pred .0l i dinone to a culture. Figure 9
i UL RS R M——
10 aghrdws tBOT coutyie idurliatgsgrdestdridded in Example 7.

Figure 14 is a graph of the biological oxygen demand
reading taken from the vessel over time in Example 8.1.

Figure 15 is a micrograph of a sample taken at a late
stage of operation of the method of the invention at 80°C
in accordance with Example 8.2.

Figure 16 is a graph of relative nitrate
concentration over time and pH over time for the contents
of the vessel during population development in Example 9.

Figure 17 is a graph of relative nitrate
concentration over time and pH over time for the contents
of the vessel over the full operation of Example 9.

Figure 18 is a micrograph of a sample taken at a late

stage of operation of the invention in accordance with

Example 9.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention provides a method for the

selective enrichment of a microorganism able to metabolise
a test substrate. It will be understood that a

“‘microorganism” means any microorganism, for example,



m croorgani sms from activated sl udge usi ng dodecane as
the test substrate. Figure 11 shows the effect of flow
WO a108/0¢1388 he BOD of a 1, -propanedi ol -degradi PQI/AU2004/001577

m crobi al popul ation. Figure 12 shows the optical
density (OD) readi ngs of sanplesotaken fromthe vesse
in Exanple 7 at different feed flowrates. Figure 13
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Where the chemical reaction is a metabolic reaction,
20 the enzyme is involved in the metabolism of a test
substrate. As used herein, “involved” means that the
enzyme catalyses a reaction which is part of a metabolic
pathway. The enzyme may catalyse more than one reaction
in the metabolic pathway, and may catalyse anabolic or
25 catabolic reactions. Typically, the enzyme will catalyse
at least the first reaction in a metabolic pathway.

It must be noted that as used herein, the singular
forms “*a”, “an”, and “the” include plural reference unless
the context clearly dictates otherwise. Thus, for

30 example, reference to a microorganism includes a plurality
of microorganisms.

As used herein, the term “enrichment” means an
increase in the number (or relative concentration) of
microorganisms in a population which are able to

35 metabolise the test substrate compared to microorganisms
that do not metabolise the test substrate, or an increase

in the number of molecules (or relative concentration) of



m croorgani sm Specific mcroorganisns in one or the

ot her of these classes can be enriched by inposing the
wappsopisat e conditions for either aerobic resptTav2@m001577

or anaerobic respiration to select for a mcroorgani sm

in the chosen class. An enzyne i1s a protein which

catal yses a chem cal reaction, such as a netabolic
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m croorgani sne._ i.n a ul ati.on ich are able to
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su strate eI -1y} i ncrease in the nunmber of nol ecul es
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i n et abdleitsdpodfi siefe magsts fghgtgeattdie test substrate in a

20 chemical reaction within the microorganism by either

catabolism or anabolism. Therefore a test substrate may
be used in a chemical reaction that combines the test
substrate into a more complex molecule, or may be used in
a chemical reaction which breaks down the test substrate

25 into a simple molecule.

The “test substrate” is any substrate for which it is
desired to screen for a microorganism able to metabolise
the test substrate and does not include substrates which
are commonly metabolised, such as glucose and acetate.

30 The purpose of the method of the invention is to arrive at
a microorganism population that is able to metabolise the
test substrate, and/or an enzyme associated with the
metabolism. Generally the method is suited for the
situation where a microorganism or enzyme is desired to be

35 formed which has the ability to metabolise a new (test)
substrate which no suitable microorganism is known to

metabolise. Suéh test substrates may be environmental



conpared with the starting enzynme popul ati on of the
popul ation of mcroorganisns. In the case of enzynes,

WO p00aadei488 on to i ncreasing the nunber of nol ecedBAULI04/001577
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over the tine period of the earighrent to inprove its
properties in the conditions to which it is exposed in
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20b @icroorganisms or may be a heterogeneous population of

microorganisms. A homogeneous population may be useful to

selectively enrich for a microorganism by evolution.

A homogeneéus population is one which contains a single

species, but which may be a phenotypically heterogeneous
25 population before, during and/or after enrichment.

Where the population of microorganisms is a
heterogeneous population this may be, for example, a
microbial library or a heterogeneous population, such as
activated sludge. A good diversity of the starting

30 population of microorganisms, gives very good results in

the method of the invention. Therefore, the heterogeneous

population preferably comprises at least 10, preferably at

least 100 different strains of microorganism. The
heterogeneous population more preferably comprises at
35 least 10, preferably at least 100 different species of

microorganism, for increased diversity. The greater the
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201 Nas) the test substrate. The concept of “similar
substrates” to the test substrate is described below. The
nutrient medium will depend upon the microbial population
being enriched and the substrate being tested. However it
is generally a nitrogen (ammonium), phosphorus, sulphur,

25 salt (eg Na, Mg, Ca) and trace metal-containing solution.
For example, when the method of the invention is used to
enrich for microorganisms able to metabolise acetic acid
(an organic carbon-containing substrate), the nutrient
medium may be that set out in the Examples below. The

30 nutrient medium may contain a trace amount of the similar
substrate provided that the amount does not interfere with
the detection of the enrichment process. The amount of
the similar substrate must be such that it does not
interfere with detection of the enrichment process.

35 Ideally, the nutrient medium contains no similar
substrates. For example, where the test substrate is an

organic carbon-containing test substrate the nutrient
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2022%0“ e MELOGNSIE 0P B0 FERY APOLL SEnACOLLLe1 as part
of the nutrient medium or separately to the nutrient
medium. For better control, these fluids can be fed into
the vessel independently.

The initial flow rate at which the nutrient medium

25 and test substrate are fed into the vessel, or hydraulic
retention time, is chosen by reference to factors such as
the starting population of microorganisms, the nutrient
medium, the temperature of the vessel and the fluid, the
pH of the fluid, and the stage of enrichment, and the

30 vessel volume. Hydraulic retention time is a measure of
the length of time that liquid remains in the vessel. It
equals V/Q (V = vessel volume, Q = flow rate). Typically
the initial hydraulic retention time will be relatively
long in order to establish a steady state within the

35 wvessel. During feeding of the fluid into the vessel,

there is also an outflow (or overflow) of fluid exiting
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of the simlar substrate provided that the anmount does
not interfere with the detectiopsof the enrichnent
process . The anpunt of the simlar substrate szt be
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apparatus, including the vessel and any associated
conduits. Monitoring the level of a metabolism indicator
on-line alleviates the need for off-line analyses in order
to monitor enrichment and therefore facilitates the real-
time determination of enrichment.

As used herein, “real-time” means that the output of
the level of the metabolism indicator is provided fast
enough to enable the status of the microbial culture in
response to a change in conditions to be determined, and
intervention to occur if necessary. An example of
intervention providéd by real-time monitoring is that
which prevents the loss of a microbial population in
response to a change in the conditions of the population
that does not enable metabolism of the test subétrate by a
microorganism in the population. The frequency required
to provide the output of the level of the metabolism
indicator will depend upon the status of the enrichment

process and the growth rate of the microorganism being



The initial flowrate at which the nutrient medi um and
test substrate are fed into the vessel, or hydraulic
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as the starting popul ation of m croorganisns, the
nutrient nedium the tenperaturies of the vessel and t he
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the Ves%%ke%ndT%E% %%%9% a%%%ermlned by adding oxygen to the
culture followed by the determination of a change:in the .
oxygen level after a specific time period. The OUR gives
a real-time measure of both substrate utilisation and
growth of the population. By using this value to calculate
the biological oxygen demand (BOD) of the test substrate
in the fluid fed into the vessel, the level of substrate
utilised can be determined. This is described further
below in the examples.

Similar calculations can be used for any other
metabolism indicator and signal or probe combination. For
example, in the situation where the microbe is an anaerobe
and does not use oxygen to respire during metabolism of
the target molecule, but instead uses nitrate as the
terminal electron acceptor, a nitrate probe can be used to
monitor levels of nitrate.

The method of the invention may further comprise

subjecting the microorganism population to a mutagen. As
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As used herein, "real-tine'- ngans that the output of
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source of the enzyme, the enzyme to be isolated, and the
purity in which the enzyme is required to be isolated.
A typical method of isolating an enzyme would
25 include:

1) Preparation of crude extract, such as by cell
lysis or membrane solubilisation;

2) An optional step of removal of nucleic acids,
and/or ribosomes;

30 3) Precipitation with a precipitating agent such as
(NH4) 2S04 ;

4) Purification, usually by chromatography such as
one or more of affinity, gel filtration, ion-exchange, and
hydroxyapatite chromatography; and

35 5) Removal of salt from the enzyme,'for example by

filtration.



According to one enbodi nent, the oxygen uptake rate

(OUR) of the mcrobial culture may be used as the
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identification of aerobes. This can be determ ned by

addi ng oxygen to the culture folgowed by the

determ nation of a change n the oxygen level after a
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EXAMPLES
Figures 1 and 2 illustrate an example of the

25 apparatus upon which the method of the present invention
can be performed when the metabolism indicator is oxygen.
Variations on the device for other metabolism indicators
are set out in following Examples. The apparatus
comprises a vessel or bioreactor 1 with an oxygen (air)

30 injection means 2 and a dissolved oxygen measuring probe
3. The vessel is also associated with a temperature
control means, including a temperature probe 4. The
vessel also includes a stirrer 5 for stirring the contents
of the wvessel.

35 Fluid is fed inﬁo the vesgsel through inlet 6. The
embodiment illustrated contains one inlet for feeding a

combination of nutrient medium and test substrate, however



bacteria, a sanple of the enriched culture may be
pl ated onto solid nutrient nedi um which contains the
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Baﬁﬁgri%&&9¥ﬁmntrol unit 11 is under the control of a
computer 12, which includes a monitor and a keyboard. The

20 computer is programmed to provide a graphical user
interface with the control program which allows the user
to control the parameters described in the Examples that
follow. The computer interacts with the control unit so

- that they together operate to control the supply mechanism

25 to control the supply of fluids into the vessel in
response to the probe signal.

. The apparatus illustrated provides a series of wvisual
outputs. This output shows the settings entered by the
user for defining the pH, temperature, aeration level,

30  upper and lower limits of the probe signal range (measured
in this case in terms of the level of oxygen, measured in
mg 17), the initial flow rate of inlet fluid, the flow
increment (positive value represents increase), and the
predetermined time period (which can be set as a number of

35 vessel volumes).
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tenperature control nmeans, including a tenperature

probe 4 . The vessel also includes a stirrer 5 for

stirring the contents of the vessel . Fluid is fed
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20 T 1 gio@97 ) anghhe dd PRS- d EdNU/8R%8ls at 28°C shaking at
190 rpm, then centrifuged and resuspended in 10 ml of
defined medium (DM) with no carbon source added, was used
to inoculate DM that contained 1.5 or 2.0 g 17 acetic acid
or 1.0 g 1™ benzyl alcohol. After inoculation the culture

25 was sampled periodically for determination of microbial
activity by conventional analytical techniques such as
viable cell number, optical density (600 nm) and residual
substrate concentration. OUR was measured every 10
minutes. These conventional analyses were compared with

30 OUR measured using the method of the invention. The
experiment was repeated three times, twice with acetic
acid as the test substrate -and once with benzyl alcohol.
The correlated results of the three experiments are shown
in Figures 3, 4 and 5.

35 From the data shown in Figures 3, 4 and 5 there is a
clear linear correlation between OUR and both substrate

consumption and biomass concentration regardless of



Overflow fluid is renoved fromthe vessel via fluid
outlet 7 . The apparatus further conprises an inlet 8
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pHin the vessel. Two inlets, are each for acid.and
base, can alternatively be used21The pH of the fluid
in the vessel is neasured by a pH probe . Further
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To test and demonstrate the operation of the method

oxy

of the invention, a control experiment was performed which
compared the output of the method with off-line
measurements that are traditionally used to monitor
microbial activity. Technigues that are typically used
include measurement of the residual substrate
concentration and/or measurement of biomass concentration
(viable count and optical density). These methods were .
compared with the output of the present method to
demonstrate the utility of the method.

For these control experiments a steady state culture
of an Escherichia coli BL21DE3 which was supplied by
Novagen (Novagen Inc., Madison, WI, USA) and was expected
to grow on glucose only was used. The culture was
established using 5 ml of an E. coli culture taken from a
100 ml shake flask culture which had been grown for
17 hours shaking at 200 rpm and 30°C in defined medium
with 1.0 g 1™ glucose as the carbon source. Although the



apparatus will be well understood to those skilled in

the relevant arts, in the light of the functional
wa@ele®snipass on provi ded herein. In the foll owi ngPCT/AU2004/001577

exanpl es, unl ess otherw se specified, the nutrient

medi um used was a defined nediupR (DM prepared as

outlined in the first section of Appendix 1 . EXAMPLE
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wepereenpakLedaws th QUB smeasyy.gd gusi ng the nmethod of
the invention. The experinment was repeated three

times, twice with acetic acid as the test substrate
15 and-dnce wi t BrBURRyPEaFcokoll #md Eor PaItddad oneand dn the
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20 acQHOUrlBeﬁ%yﬂnanéhQFﬁsence of benzyl alcohol (i.e. benzyl
alcohol is not toxic to E. coli). Also of key importance
was the inability of E. coli to grow on benzyl alcohol.
Similarly, it was important to demonstrate growth of
P. putida on benzyl alcohol. Although P. putida is well

25 known for its ability to grow on a wide range of aromatic
substrates (Wackett, & Hershberger, 2001), growth on
benzyl alcohol has not been reported. The ability of each
of the two strains to grow under the conditions used in
the method is shown in Table 1. The optical density at

30 inoculation was calculated (based upon the optical density
on the inocula) as 0.021 (E. coli) and 0.026 (P. putida).
The cultures were incubated shaking at 200 rpm and 30°C.
The optical density was measured at 600 nm after
incubation for 23.5 and 75 hours.

35
Table 1: Growth of E. coli and P. putida on glucose and

benzyl alcohol in batch culture.



The correl ati on between bi omass and substrate
utilisation shows a clear exponential correlation.
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bi omass per gram of substrate) is not a true constant

and is actually dependent on gresth rate which is

changi ng constantly during growh in batch culture
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establised that P. putida was able to grow in DM

containing both glucose and benzyl alcohol.

f

2.2 Measurement of a characterised population shift
using the method of the invention

DM was inoculated with E. coli to give a starting
optical density (measured at 600 nm) of 0.06 and then
operated in batch mode for 19 hours during which time the
BOD increased to approximately 200 mg 1. The BOD then
declined rapidly indicating that the glucose in the medium
was exhausted. When the fresh medium was pumped into the
vessel the BOD increased again, peaking at just over
200 mg 17 before stabilising at ~185 mg 1. Based on the
calculated BOD for a feed fluid containing 0.5 g 17
glucose the BOD was expected to be 178 mg 17 (gee

calculation below) .



17 hours shaking at 200 rpmand 3 in defined nmedi um
wth 1.0 g 1 glucose as the carbon source. Although
wao b@s/027488 - feed contai ned anot her substrate (PENAYR004/001577
al cohol) , no gromh on this substrate was expected
because this m crobial popul ati 2a was known to be
unabl e to use this carbon source for growth. Wen
SteadYBéiéﬁéehEﬂeb§€81§ﬁ£@REt§9egf %QeOqul%%Eﬂg %%%%%1on
flask culture of Pseudononas putid was adde
P . putida FI culture had been grown at 30 C for 17
hours, with shaking atc200,rpno, i-ncadef + ne® medi um wi th
1.0 g 1 glucose as the car bon source. The P . puti da
FI was supplied by the Anerican Type Cul ture
5Col I ection (ATCC) and was expetted to grow on benzyl
al cohol ' and/ or gl ucose. The OUR was expected to change
as a result of the increased microbial activity after
the addition of P . pHi@da+ 201 & eWPh f6HO. coli and
P . putida on and in the presence of glucose and
benzyl al cohol in defined nmedium.in batch culture The
success of this control expePPhBAPTGRas dependent upon
10the ability of E. coli to grow on glucose in DM and
gro n resen e of en y | coho
en¥¥f%§%£ﬁuﬁx cﬁntOX| % é%ﬁ re%ﬁéﬁe%f k%Ol of O,
i mportance was the inability of E CO|I to grow on
benzyl al cohol . Si t
denonstrate growth&g)#ﬁ?‘éw kaFggééﬁgEg%zg?%m%coho
Al though P . putida is well known for its ability to
159row on a male [ s O £ af et | CegubBé & at s« (¥agkehs, o,
& Hershberger, 2001) , growth’'on benzyl al cohol has
not been reported. The ability of each of the two
strains to gromumnley dhecCeigodi tequsrasetlongtbe o,
nmethod i s shown in Table 1 . The optical density at
i nocul ati on was cal cul ated (based upon the optica
density @pneaetirabtonapfaglocose LE. thel fpednd 0.628 17
20 (P. putida). The cul tures werg-Lhgpbat ed shaki ng at
200 rpm and 30 C .

0.5 g of CH,0, requires 0.53 g of O,

Therefore the Chemical Oxygen Demand (COD):

25
COD = 530 mg 17
The BOD is assumed to be one third of the COD:
30 BOD = 178 mg 1™

The correction factor for conversion of COD to BOD
was determined experimentally using acetate as the carbon
source. The BOD of a known concentration of acetate was

35 determined experimentally and compared to the calculated
COD for the same concentration of acetate and the

difference was found to be three-fold. It is assumed that



The optical density was neasured at 600 n after

i ncubation for 23.5 and 75 hours. Table 1 : G owh of
wE20050¢1488 and P . putida on glucose and benzyl pel/avkmk/001577

in batch culture.- 23 - Oganism (Optical density at

600 m Carbon source after 23.5 aBd-75 hours

i ncubation) Benzyl E . coli P . putida G ucose al cohol

23.tPel 208 20 z—gzé&ljorg fjs)ct(o]r Qeh "Ha Uy sr J}%Sof
hours Not ad Not added 0.026 0.027 O. 050 0. 046

Not- S5dded é’lﬂf@% sk BEPFIASES- + 0. 102 0. 097
0. 042 0713%3 aNatu=addesh twdd %Z.Eg@lﬂ%ﬂ Hhidlzdr Oy dHoOm

th t Table 1 at E I
SRR A5 g i S g o dredeiopine
5 al celsplidatiod dfutthe ldulgruoe .i madimmw@mmiraltﬂorg can be
| '
LoPERARSON b SO oo 9] laild s
pr éderefiore Weransterit Wb dhea Rl Ams s cagrirtmppton in the

|t reas et abld sed tsfiﬁéstﬁ’fateowrf&rmsa@mr? vsé;g %@l’&ﬁf‘vely low
DM cont ai ni ng both gl ucose and benzyl _al cohol

Vb 506 GYSRP S0 COTIRIH A IrS 8 G At O asrfﬁfi’i“ﬂ’s}r%ﬁ@ly the
10t hbaﬁkbﬂ@dlﬁbﬂf ¥ il rameirdr @\ﬁisDde.S By @iedll méddti dation can

G06°niE SE G0, Sh] Than DT ET (DR e e Ptate.
hotl‘ihg deeidnd Iwhice i ltdwrel o reedBOR] i éased Ho and a rapid

§E9§b E@l %Qﬁh%éloﬁgg%d%a) qggb‘ﬁ?”ﬂﬂgﬂhﬂéﬁhéu>bf any
I cat i ng that e glucose 1n
readilly degradable carbon the BOD is usually greater than

15 zero. After a period of stabilisation the BOD will-attain
a steady value which is an indication of the background
respiration.

" Based on the BOD it was clear that steady state had
been attained (it is generally assumed that steady state

20 has been established after turnover of at least three
vessel volumes which, in thigs example would occur after
37.5 hours). After 125.7 hours (equivalent to 10 wvessel
volumes) of continuous operation, P. putida was added to
‘the culture. Initially, there was no change in the BOD so

25 to ensure P. putida was not being washed out of the vessel
the feed flow rate was reduced from 60 ml h™ to 30 ml h™
The BOD increased slowly indicating that degradation of
benzyl alcohol was beginning to occur. This observation
was confirmed by measuring the residual benzyl alcohol in

30 the culture supernatant, which had started to decrease. As
the P. putida population developed the BOD increased,
peaking initially at nearly 1400 mg 1 before declining to
1050 mg 1™ after which a second peak in the BOD was
observed. The reason for the oscillation in the BOD is not

35 clear although before reaching steady state microbial
populations can demonstrate oscillations as the system
equilibrates. After the second BOD peak, the BOD



was exhausted. Wen the fresh nmedi um was punped into
the vessel the BOD increased again, peaking at just
wo@@s/0208 ng 1 before stabilising at 185 ng " 1PCBAF2®4/001577

on the calculated BOD for a feed fluid containing 0.5

g "1 glucose the BOD was expeected to be 178 ng 1 (see
cal culation below) .- 24 - Bal ance the stoichionetry

of JihifaldNNg BRAUBIAPM* T fd1D wadQnd eﬂ%ec?ed ﬁblﬁ for a
+ 60 6CO + 6HO Therefore;, Conpl ete oxidation of 1 no

of '699 GG EY & mld of TCHIRRS 1219 ol h¥ b thenzyl
gr alrchaoll80.s2graTredfatc dh @<l res 32 x 6 grans O
180.2 g of CH Orequires 192 g of O Concentration of
glucose in the feed = 0.5 g 1, therefore: 0.5 g of CH
50 requi reslan&8 ghef sGoihbiemeteyt hEé ChédbwahgOeygenion:
Demand (COD) : COD = 530 g 1 The BOD is assuned to be
one third of the COD:. BOD = 178 ng 1 The correction
factor for conversion &H.L0D Op BEPmas Heet er mi ned
experinmental ly using acetate as the carbon source. The
BOD of a known concentrati on of acetate was determ ned
experinmental |y and conpared to*tfe cal cul ated COD for

10t he sane concentration of acetate and the difference

was found to be thr -f.ol d t is u at- 2 5 -

t he sane conversionﬁﬁg%bo?.%gEZbé %@2 Fggﬂggrange of
readi |l y bi odegradabl e substrates . The actual BOD was
slightly higher than the cakgulatgd.BOD for the
substrate due to background respiration of the culture

Background respiration can be

15 Complete oxidation of 2 mol of CH,O requires 17 mol of O,
Convert from moles to grams:

108.1 x 2 grams of CHO requires 32 x 17 grams O,

20
216.2' g of CH,O requires 544 g of O,
Concentration of benzyl alcohol in the feed = 1.0 g 17,
therefore:
25
1.0 g of C7H80 regquires 2.52 g of O,
Therefore the Chemical Oxygen Demand (COD) :
30 COD = 2516 mg 1™

The BOD is assumed to be one third of the COD:

BOD = 839 mg 17
35



attributed to mai ntenance energy production and is
t heref ore dependent upon the bionmass concentration in

W bh@soerst or . As the substrate concentrati on WeSI/AU2004/001577
relatively |l ow the biomass concentration was al so | ow
and simlarly the background regpirati on was | ow.
Background respiration can be determ ned after the

cul t uiee thas fleeathashsd aadbstate. 5 Ther fegd, £Lul daxfuhoyv 0g 1™

is reduced.t ra ecrease 1 n BOD
obserg%ﬁ?yﬁé§ﬁFPg]thXHS§Eﬁée ngHﬁyWP@Qd POy substrate are
degr adabhe waefobyt haeBfibcirsbtiallabbyugeedber ithahe reactor:
zero. After a period of stabilisation the BOD will

attain a steady value which is an indication of the
S5pbackground respiraBPBn= BaSed 08t kelBOD iy Was cl ear

that steady state had been attained (it is generally
assuned that_steady state has been established after

t ur nover'st faed cnsitiriog e J& coptaesingi ¢hS ¢nl” glucose

tlgié—:m;fﬁarmlge 1\1\1013&11@10%1{%}{1%1 wWs 5f|é@u31|£r§eo a/\l}é%el at 30°¢C
alent_to vessel, vol unes)
RS o ER G O RS s SR D Chenl B As
10 culshmm ilmirtiicaldey,6 t iaeﬁteemaslm]c&’taitgﬁ da:‘.t’l the f@:ﬁh’@@r with
P.. t. hein shed out of.t

vessel lgl Ig)% Agv(/ ratspOp\%/asabcre uced Tom TP HH S o which
30 apuli Orfﬁh'eU@(qulnmcem@ds s m:;bcpmoﬁcuatcmgfcumagrowth was
degradatiisamel tetyl 9 caholoyasibegiinling: 1o 066 Wenzy1

Thi s observation was conflrned y neasuring t
r eSiFERC b éF2 A Ca?m?ﬂwsq%%ef%mmv\ét%w@%aﬂa?ﬁ added to

15 whittle haéctioar t @ﬁ:ﬂcﬁv docreasechfsrdde Pl ow idavas reduced

I OD d, Ki
ol 24 90, 901000, e SR AN ERe PER TG g ona
ngdkcakase WMI@@nzyﬁuaﬁubhm&ﬂcontéﬂﬁr&ﬂlwaWEre observed
ObSBLVRG £]NC ARASAUL ol 03 'Alacg I&%ﬁ{e%@r%%lon was

not cl ear al'thoug SFOr e reac
m EESBIat efopslimd ens mqmmam}e @étlﬂh%ttsajﬁ% tigne that

20t hengy soemseawihiiial ahe Mdfuddre SECQNML B ’alcohol
the BOD- 26 - stabilised at_ 1040 1 which was
exﬁ@@?@&tééﬁlPGrW§s zero. Interestingly, with a feed flow

rate of 30 ml h™ steady state was expected to be attained
after 75 hours. However, based on the BOD, steady state
that was not achieved until 94 hours after the feed flow

25 rate was reduced from 60 ml h™ to 30 ml h™. From this
observation the microbial discovery process will be
improved by waiting at least four vessel volumes before
assuming a microbial population has reached steady state.

During the course of the experiment the biomass

30 concentration was also monitored as was the number of
benzyl alcohol-degrading microorganisms in the population
(Figure 7). Viable cell numbers were estimated by plating
samples of the culture (diluted in DM with no added carbon
source) on to solid DM containing either 1.0 g 17 glucose

35 or 1.0 g 1™ benzyl alcohol. The optical density of the
culture was measured at 600 nm; samples were diluted in

water i1f the optical density was greater than 0.4. After



feed containing 0.5 g 1 glucose and 1.0 g 1 benzyl

al cohol (see calculation below) . Bal ance the
wae@sokisesret ry of foll owi ng equation: C H O + BO/AB2044/1577

i.e. 2CHO + 170 14CO + 8HO Therefore : Conplete

oxidation of 2 nmol of C H OreqeBres 17 nol of O

Convert fromnoles to grans : 108.1 x 2 grans of CHO

requliorceﬂa%%ah ofr Hras- QAL zugcrpr ChQr ﬁzﬂf&%éﬁ%ﬁ“

ncentration of benz al.cohol in t
: é’o U% &fo r@crfqyg&rﬁfsyl@r%%qqﬁ%% onkbyp gsefglucose
0 Hseraefdarxeadrh%dﬁm cdr Qoyyath Demnsk { B ) sheLOP = putida,

b hird of the
ot eGP BRI 8 LU e Rir g For
50. grgwthyl mé:fmml added th bdre WeaxtmmholAexped ed A
OUtr%‘éhl\M&?Pc t?ﬁ{&eséétést At tqrc%lb%é}ﬂsl%d ﬁ%% {@tﬁ%snumber of

mcr0|a popu ation in the reactor

1071ef1le Aied et dis siRprofo DMl diitthgc @Bl grow on
al %@&%@rlarad__cl;&m lvé%ﬁ%@exa}é?ph@rm dred e Biserved

vessel at 3Q . The feed flow rate was
i nllﬁcglelafe(idnmblﬂ“apsﬁs quﬁtﬁ%r@@u% ey correlated
10 i nedihatthen ieofcrds o dactBmD wikdwrE in QﬂlguJ{eArG OWHY ,EA coli
0 Gl f Qr gani sns mhlch d onI use
o1 Bopia oSl ol et O AR e #%bﬁﬁasmeed
(AFP@\WaBn)ed R. 5%001 ilda, chhj éhObanyuéermengyhnaltsd)hm[L

as on f
reacg%g?l&*(é,&r rr%\?\}lér%)% gg{lctg{ﬁg%ed%ow rate gés re ucedl The

t o 1B@PHIE Y CAr i8R B ) CoAlr @M@t ath e a8V PBdrenzyl
15 andldenbeases ’dadizelsohala tGeRe eMdaty s Wal18-ure onto

Ob%%%{%%d medium with benzyl alcohol as the only carbon
source. Immediately after addition of P. putida to the
culture the number of microorganisms growing on benzyl
alcohol increased to 4.47 x 10° cfu ml™. In parallel with

20 the increase in the BOD, the number of microorganisms in
the population capable of degrading benzyl alcohol
increased. As expected, the total number of benzyl
alcohol-degrading microorganisms and the optical density
of the culture increased as the BOD increased and the

25 Dbenzyl alcohol concentration decreased. When the
population approached steady state the number of benzyl
alcohol-degrading microorganisms had increased to greater
than 10™ cfu ml™ (Figure 7), an observation clearly
reflected in the BOD. These data demonstrate the utility

30 of BOD for on-line real-time monitoring of the status of a
microbial discovery process. Unlike the BOD, both analysis
of residual benzyl alcohol concentration by gas
chromatography and off-line measurement of biomass
concentration take time and do not provide an instant

35 assessment of the activity of a microbial population.

Using an experimental procedure which enabled the

development of a microbial culture growing exclusively on



(Arrow E). The residual benzyl al cohol concentration
was estinmated using gas chromatography. At the sane
wao eve/041388 t he BOD stabilised the nmeasured respPdiabn2004/001577
benzyl al cohol concentration was zero. Interestingly,
with a feed flow rate of 30 m-l 2B steady state was
expect ed to be attained after 75 hours. However, based

hﬁ:c%@,arfd ey 1sf£taz£cfad&iﬁtory\a§f r@tp&&mﬁyﬁ@lﬂ u@ltié.lll e that
94 ho after C{f_hle ed flow rat educed from 6

W & hea AHi & ¢ HRODY @ pp5f -1ine
di ﬂamﬁerfy:qm aeessent idndle anaﬂrynae:chbytd\ﬁmi@ge@twéﬁ@st

pob B (ISR HEAF AT e beees
5of stusd @& e tiarsl tdfemmtarvas@ad@rﬂ:ecmuratc i amd viesss adlsanl
m@uw&%@ R4S HUReT 1Q=Ialbﬁma/é %%}‘a@%ed that the

de INg m Croorgani sins in popu
7)€ %ﬁ%% Q?@qrwﬂ%ﬂé? §3%r%ffe‘slt1t%t%t%9”%¢%t@ “observed
samgl eheofadrne 4 P&fx%rl(siid'xtgl%d:lc{hﬂdwﬁétvf%@%ﬂl g and
car pon n 0 SOl | ont al el r . .
R P o e A O A At e Ty ed in
10 of halt@h:tdxﬂjr@:e/va\amwélw eﬂa@rxﬁé}]) i tlsanpdresi s es system.
d | t t eater .
| Tlfl %’% Id}%&}% O?ermoélf é"tll}jet nocu? Q{tlglﬁl'% ‘%'%éﬁ?%g% %rus\’/\?t%n real-
E tl@nﬂ mquArtras e 1ot dhsomififadtore hfchdngeorigan sescrobial

A GO SRy Gl CRRR B8 A L ahbon,.sour ce for
gro h was established. P . putida, which can use

enzyl al cohol as _a carbon source for growth, was then
15 ad 3E Re reactUSE OEr BOR FOR MICRQBIAL RESGIERYse

in optical enS|ty, the tot al nunber of viable cells

an f cel qrow o 117
al eﬁo sl%%v%\%gls) g"e_r N 3’\7\‘71.6 Lf"ldf'hec'r%) seri\;": g
[ nmanMSs concent ration (Figure 7)

cor r el athd i e INGIRAZA TN AD SN bl KO & g

. The E . coli popul ati on grow ng ucose an
20 gt @Ay oorgieE IsHiR avraﬁe@eszsafmediwmqﬂ( IW‘?%rC?ﬁ righe

Uniihsen®i'ch @fy Guldodieg RANefiwhighsod gnOWIoE case the
ben%&' %!C%hohti?y%e l-methyl-2-pyrrolidinone as a sole
source of organic carbon and energy) in unison with BOD.
The method was performed in the apparatus of Figures 1 and
25 2. A population of microorganisms with the regquired
characteristics was readily established.

Fresh activated sludge sourced from a wastewater
treatment facility was used as the source of
microorganisms for enrichment of l-methyl-2-pyrrolidinone-

30 wutilising microbes. As l-methyl-2-pyrrolidinone is soluble
in water it was added to the feed fluid at the 1 g/1
concentration. The enrichment process was performed at
30°C and pH 7.0 (the pH was maintained at 7.0 by the
automatic addition of a potassium hydroxide or

35 hydrochloric acid solution as the alkali and acid,

respectively). The feed flow rate was 60 ml h™.



inability of the E . coli population to grow on benzyl
al cohol was confirnmed by plating undiluted culture
W ni0s/0¢m88 ned nmedi um wi th benzyl al cohol as t hBCDAD004/001577
carbon source. Inmediately after addition of P .
putida to the culture the nunbeB0Oof m croorgani sns
grow ng on benzyl al cohol increased to 4.47 x 106 cfu

m Inbl. |20F thawr b he8l a ity dheof %@@@T%fa%ﬁ&cg%?éhgo a

nu er Cr oor gani sSNB in u |

degridi e:')Fg tg]é% g’l’%%ﬁb’rg}ﬂ n(:g?%%%’g%ﬁ Haarx PRl iR, Lt he The

t otead t interted ﬂudl_ﬁ]&yidaédﬁgﬂl .‘:(:jrﬁte@iaﬂlElng ]ch]ecauls? it

' ' ensit the cul ture.
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| NCr ease

- degradi ng m croorgani sns rea
t hefT PR ki nene 1 AfFigfure ) O GRS owner@htqiynone

f eflertpilidd ddeciRORredies e datsy demonsd it esi he rapld rise

uti,li of BOD for onI|n reaJ-tlme noni t orj ng oft e
ot L EO5 AR o e S br R T K P
10 BOOFiboptde dhal yRiis Oiatrae&tad:u&i)e h&rrzdllt(alccaﬂ‘@hlate pmax

co r y of f - e . .
oaGERLE b 8 CHaTRA0 AR AN AL o) Py, 45 sxoving
notorpridie dratkat-atst aﬁr@ms@mp@temwjadwweeqn 012%10 and

m arQly &li RAUY A PNimdds | dih ah EXPESHBht aéapé&ft L4 ©

whi ch _enapl ed the devel opnment of a m crobi al
gr Sty Pexc MIEiGIeIGPIGIRSEPTHS & (e gt eng hgime of

151 ntir.gduciduas ofTiee pepil@td«r ghange sdmt (Lot He Figure 8)
readlly ch ra erised, on-line BAD and_off -1jne dat

f r S comtren G SASH IS TR C?rhtﬂa% T TRt R,

Com@@rwl@dncof hdnmgB@}eﬂudr dftfarl itiee aimi»wrstesofsmky@@q
opty 11%%[‘%& Clqpl Lount and residual substrate
ear

concentrati on nDnstrat ed that the changes
obser vedften Hélld?ﬂfajl e datepaiatel ot s ol sersiesin i was

20t he BB cHEd %&ft&%dcﬁi@trdﬁ@hdﬁgﬁﬁﬁé’veﬁ)n BB MY feed fluid

concentration t was enonstrat ed
re%%%u?né¥£§§e 48 a ow rate of 60 ml hg It should be

Innoted that when the feed was started the BOD appears to be
very low. This is not a true reflection of the status of
the culture; the BOD was in fact off-scale (too high) and

25 could not be measured accurately. After the feed pump was
started a second exponential rise in BOD was observed
which could be attributed to unbalanced growth. The
culture will take a period of time to adjust to the fluid
flow rate with the usual result being a build-up of the

30 limiting nutrient that is then rapidly depleted as all
nutrients are once again in excess. The rapid decrease in
BOD after the exponential rise signifies depletion of
excess l-methyl-2-pyrrolidinone as the system approaches
equilibrium. The BOD then stabilised at approximately

35 800 mg 17, which is the expected value from a feed
containing 1.0 g 1" l-methyl-2-pyrrolidinone (see

calculation below) :



batch culture was al so observed in the continuous
system These data denonstrate the utility of BOD for
was@siosr4eal tinme nonitoring of the effect of PCEHAY2®4/001577
to a mcrobial population growing in continuous
culture . EXAMPLE 3 USE CF BOD FOR-M CROBI AL DI SCOVERY
Di scovery of -nethyl-2-pyrrolidinone -utilising
m croorgani sms Di scovery of |-methyl -2-pyrrolidinone
ut-ilising mcroorganisnms was perfornmed using. the
net hodBatanpe tlﬁ@eﬁt@bﬁhbymﬁﬁﬁzsﬁgt@@l getilowippessypéion:
(in this case the ability to utilise -nmethyl -
2p-yrrolidinone as a sole sgurce of organi ¢_carbon and
energy) in unison wrhOBoD, ﬂhecﬁétﬁog ¥s "Bér f or med
5in the apparatus of Figures 1 and . A popul ation of
m croorgani sns with the requirgdecharacteristics was
readi |y established. Fresh activated sl udge sourced
froma wastewater treatnment facility was used as the

sour ce of i cr ogegRRirsIS, f6T LOMGENENS 2fo -iTekhy]

5779

- 2p-yrrolidinone - ut|I|S|n§ m croBBes. As® - nmet -
p-yrrolidinone is soluble in water it was added to t he

1ofeed fluid at the 1 g/1 conprateabien. The enrichnment
process was perforned at 30 C and pH . (the pH was
mai ntained at 7.0 by the automatic addition of a
pot@ssp Leat dydrdaa deonrofiydrochl ofi €, BN0d sefwitren 258 mol of O,
the al kali and acid, respectively) . The feed fl ow
rate was 60 ml h .- 3 0 - After the addition of the
activated sl udge t@orveesséromheoBep RasIghpyh:(great er

1sthan 500 g 1) . The activated sludge had a high
initial BOD because it contained residual readlLy

bi odegr3tabf e~ chr $6AMHNP £ hC il Og RFIHI S degraded,

resulting in the observed gradual decllne in BOD

before the addi n of E%J - ag i non
After 2 nl of%%ﬁﬂ of ﬁ% GIFE non%S 3 gdgg Pb
t he vessel (AWYOMIA‘ Figure 8) a rapid rise
20 - Concentration of l-methyl-2-pyrrolidinone in the feed =

grams O,

1 g 1%, therefore:

;

i 1 g of CHNO, requires 2.18 g of O,
25 Therefore the Chemical Oxygen Demand (COD) :
COD = 2180 mg 17°

The BOD is assumed to be one third of the COD:
30
BOD = 726 mg 17

The calculated BOD for 1 g 17 l-methyl-
2-pyrrolidinone is less than the measured BOD output. Once
35 again, the difference is probably due to background
respiration. As expected, when the flow of the feed fluid

was reduced to 0 ml h™ the BOD dropped rapidly and



in BOD was observed indicating exponential growh
(Figure 8). This data can be used to cal culate mmax
W@ pangiosndss doubl ing tinme) for the popul ation theCT/AE2004/001577
growi ng on the substrate. G owmh is exponentia
bet ween 1220 and 1460 m nutes ampd-nmmax can therefore
be calculated as 0.52 h , which corresponds to a

OUB AL | I8 ol 34 NS OS5 60 G| 106 4G, BID his

ure e to the oxygen consunp
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stxmcursol@ial héisubvere; thher8LB-iES Valraceiver askgreer
tré?%f@éﬂgoﬁngfC@Héds@&%ugeoﬁeésﬁi§go@é§yrﬁk@béssAfF@f

was started a second onenti al in
BGBGMﬁ%l%bS%@%eHa@%?c&e%%u}% BePattr FBGt 883F 5 of' Bhe

10 @%@ﬁﬁﬁ@ngr oMt Burdhe) cel v s eawtl batakadacpel bado6f

ting t st .t th d fl

T e A 1 LR S bt Bk gpo oo
I Sbé hﬁdﬂecﬁ afps dhygdi@t etedsaseat | substrem%caneenh@étlons and
aqgthefno§%§§§§ng ggfa Qgég Leaggal, léOanEBQEqu%lng the

exponent i rrse’s Eﬁetlon of excess -nethy
Z@OQrwblad@ﬂbhecaéarh%ub§§¥@ aEE?oﬁEﬁ§§t@6uFﬁpbﬁpﬁﬁFe that

15 Th@bﬁcghﬁggfa§éa@bhbéﬁgréﬁléﬁp&ﬁxtHBtQbéd8aae€gnbt exceed
wh I's the expected value froma feed containing 1.0

qhen%?ﬁ§vra§beyFPB|PHFHBHe (see cal cul ation bel ow)
:- 31 AB@éanm%t heustotnbi gaetlr ﬁlof/v trheef ohkownpgeased to

eq¥§6igﬂ:h gNshoggﬁy afggr thb %Lmethyl—Z—pyrrolidinone
concentration in the feed was increased to 2 g 17 (data not'
20 shown). This was continued for a further 95 hours after ‘
which a sample was taken for isolation of pure cultures of
the microorganisms that were present in the culture. The
sample was heavily aggregated with large flocs present and
microscopic examination revealed a culture that was
25 dominated by a non-motile rod with a low number of motile
rods also being present. The sample was plated onto solid
defined medium with l-methyl-2-pyrrolidinone as the sole
carbon source and the plates incubated at 30°C for ~40
hours. From these plates three isolates, designated 2A, 2B
30 and 2C, were purified. Based on microscopic appearance and
colonial morphology 2A and 2C were assumed to be the same
organism and 2C was pursued no further.
The characteristics of the pure isolates are shown in
table 2:
35



4CHON + 270 2 0CO + 12HO + 4NH Therefore : Conplete
oxidation of 4 s of CHNO requires 27 nol of O Convert

WO ecsowi4es t o grans: 99.13 x 4 grans of CHNO PEmAi2®8/001577
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32 x 27 grams O 396.5 g of CHNO requires 864 g of O
Concentration of -nethyl - p-ypBgold dinone in the feed
=191, therefore: 1 g of CHNOrequires 2.18 g of O

Zl f@rf té@%é§§nh8§ﬁhg¥ naﬁ&“ﬁﬂgr&gggﬁlc Eggkacterlstlcs

S assums to eonethlrdo th

CaE mpoehyy-1-Tyer e bl S LP AR e dd BEFP 4RI - 18091@Fﬁ§|

&ﬁjﬁ@ié&l@gngnaszgess t han the neasured BOD
out put. Once again, the difference is probably due to
barkgrnund,rpqn|rat|nn As_expected—whentheflowof

the_ feed fluigwas peduced to 0 ml h theBID.dropped
rapidly and- 3 2 - renmi ned constant at approxi mately

80 doaoh281g 1. Thiuscbaslegrieund edpiniali on needsctasdpeic

Sﬁ% = ,tiﬁ fromthe neraa%uiredl Bﬁ&g&egwo gi Vgpéglrf%e

cal cul at ed BCD are approximately the sanme. Theslightly bent,
absol ute BOD is not _critical forSltiigetd¥ccess of JLhe
methGai8f the i nvBATi BIFPSFor mi grobisal di scovePy Y coccd
rel ative value gives a better reflection of théns¢lztims

of a discovery proge For exanple, the large peak in

BOR Al theqstart 5Fi¥he experi menti1GR/gHIE 9) Fb¥eSotile

cl ear |nd| cat| on ebtiitrwobi al attack of the substrate.

The, %g";%g@ﬁw can be used as a guide to select

subs a e co t sabionsod@nd ot hemmoperdstdy Cocco-bacilli
paraeters . For exanple by calculating the BOD of a

pardiscylar substrate the operator can ensure that
Gram negative Round colonies Gram positive

diameter
. Apparent
Slimy

fluorescence
Apparent
fluorescence

The ability of the pure isolates to grow on l-methyl-
2-pyrrolidinone as the sole source of carbon in liguid
culture was also evaluated (Table 3). The cultures were
grown in 50 ml screw-capped plastic tubes that contained
10 ml of defined medium and 1.0 g 17 l-methyl-
2-pyrrolidinone. To ensure each culture was inoculated
with a consistent number of cells, 10 ml of medium was
seeded with 100 pl of a single colony that had been
resuspended in 1 ml of DM. The cultures were incubated at
30°C shaking at 190 rpm. A single 10 ml culture was
harvested by centrifugation at each time point and the
supernatant kept for determination of the l-methyl-
2-pyrrolidinone concentration. The l-methyl-
2-pyrrolidinone concentrations were estimated using gas

chromatography



the substrate concentration in the feed does not
exceed the neasurable BOD output . After 116 hours the
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after the -methyl -2p-yrrolidinone concentration in

the feed was increased to 2 g- "4 (data not shown)

This was continued for a further 95 hours after which

a sanple was taken for isolation of pure cultures of

the mcroorgani sns that were _present in the culture. ,
ThBaBafpPe whsMRERVILHY -RYyFregALadoRe Hedrge trigedy isolates
preaseghgapd_ m croscopi ¢ exam nation revealed a culture

that was dom nated by a non-notile rod with a | ow

nunmber-of nmotile rods i

was pl ated ontoégﬁjicd;adlef]imhmwwrpw:tﬂim&tyé
-2p-yrrolidinone as the sole c nu,source and the

pl at es incubate&%ﬂc%ﬁ¥?%§1%b ﬁ%ﬁ?&) From t hese pl ates
t hreémei sbkates, designated 2A, 2B and 2C, were

Put (Egdac Based Bh it | or appeas ance andh sekopkal
norg ol ogy armmbridzoier e assuned to be the sane i
ordani sm and 2C was pursued no further. The
chgracteristics he pure i tes are wn in

ta ﬁe i- 33 - Taqﬂgi' Col ony 2@%%hology an B

m ggoscopi ¢ chargant eri stics ofyhe -rnet hykp
2-pyrrolidinone d-egrading isol ates designated 2A and
2B721 sol ate 2A I ate 2B Col agfibal M croscpi c

Col oni al M croscopi ¢ norphol o appear ance nor phol ogy
appéar ance SlighHt1% bent, Slig%Qly Micoi d ®8d shape
possi_bly cocci coid in chai Sl i ght Senj__opaque
VeRPBw whi te NorP Hbt il e N s

a Not detected (limit of detection « 20 mg 17).

The results show that from a large mixed population
(activated sludge) two isolates were obtained that were
able to use l-methyl-2-pyrrolidinone as the sole source of
carbon. Both these isolates were able to completely
degrade 1.0 g 17 l-methyl-2-pyrrolidinone in batch culture
within 24 hours.

The BOD output demonstrates the usefulness of BOD as
a real-time monitor of the status of a culture. Any
changes to the operating conditions are reflected almost
immediately in the wvisual output. This enables the
operator to make changes and note the response of the
culture rapidly without the requirement for off-line
analyses which are time consuming and result in a delay
before the effect of a change can be assessed.
Additionally, growth on l—methyl—z—pyrfolidinone was
demonstrated without the need for development of an assay
for the substrate. This has the added benefit in that

insoluble substrates (see Example 4) can be assessed which
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fluorescence Apparent fluorescence The ability of the

pure isolates to grow on -net-hys 2-pyrrolidi none as

the sole source of carbon in liquid culture was al so
eV@éHa$§dd£E?Pé 18) o ThE 89'EHEQﬁs@Eéerng@@ehﬂa@Qv@‘sample
screw -capped plastic tu%es t hat contalne 10 m
defaRRAt el takaRdend gralvagdhgpsily. pyrrolldlnone .

To ensure each culture was inoculated with a

coggambERta nunberpeéc6ekRe. oR bodrcnrasi L yhsc seeded

wth 100 mof a sﬂﬁgkeogghnmsmghat had been

ded | DM _Th : '
T
hapeeﬁ@ede@yusengrthagmetbndabfeabh thiengéent Bivd impesing
SUQSEQ%}?@& KeBL 00 qgheEﬂkgaEéQE Qﬁetaﬁlllg§tmﬁlutlllse

2-pyrrolidinone concentration.
2-@9feerndi avne eOheeRPPEEEOAS %F@O@sﬁpﬁate@&r@éf ngn unison

ga@lﬁﬂrﬁBﬁi@Qf@ﬂQYCh§4BODT@Qk§u3 a- fiethvbial population
2p-yrroI|d|none de atlon ﬁﬁhso ates 2
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Ti ne abfietane is practically insoluble in water it was fed
into the culture using a separate peristaltic pump at a
flow rate of 0.79 ml h™. The purpose of this example was
to discover microbes that could potentially hydroxylate
linear hydrocarbons. This i1s extremely difficult to
achieve using convention chemical (non-microbial)
techniques.

Fresh activated sludge sourced from a wastewater
treatment facility was used as source of microorganisms
for discovery of dodecane-utilising microbes. The process
was conducted on the apparatus of Figures 1 and 2. The
discovery process was performed at 30°C and pH 7.0 (the pH -
was maintained at 7.0 by the automatic addition of a
potassium hydroxide or hydrochloric acid solution). The
feed was comprised of DM that had no carbon source added
and the feed flow rate was initially 30 ml h™ and the flow
of dodecane was 0.79 ml h™. The experiment was conducted
over 137 hours then the apparatus components cleaned and
restarted (using the same culture) (Arrow B) with a feed
flow rate of 60 ml h™ (the dodecane flow rate was
unchanged) . After 330 hours of operation the fluid was
sampled to enable isolation of dodecane-degrading
microorganisms (Arrow C, Figure 10).

Although the BOD output was variable, clearly a
population of dodecane-degrading microorganisms had been

established. The population took somewhat longer to



Uni nocul ated i nocul ation Isolate 2A Isolate 2B Control

(h) 24 1000 NDa ND 48 960 ND ND 72 850 ND ND 96 870 ND
wOoR»0308748900 ND ND a Not detected (limt of detRPCL/AGN04/001577

20 ng 1). The results show that froma | arge m xed

popul ati on (activated sludge)-t8o sol ates were

obt ai ned that were able to use -nethyl -
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response o e culture rapl
r eGlidsEREHe fredusters. |mw039%3y§ést%ﬁ diesgtle ingreln slower

CoRsWtRY and st iigh @ def@aedef arsHie: eetrt&cetn ofn@oluble

change can be assessed Addltl onal | growt h on
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Thi s S th added berleflt ilne S tr}sot ubl e c
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sagpl @ 16anat, he dakenand gnalysed €asidy. rﬁé@@é& £-
A R A i SR an |
type molecules further decreasing the acce551blllty of the

15 substrate resulting in a continual compounding negative
effect. In this experiment dodecane was fed into the
reactor using a peristaltic pump which resulted in the
variable BOD output. Syringe pumps or peristaltic pumps
can be used to feed insoldble substrates into the culture,

20, however a syringe pump is preferred because the product
contact components of a syringe pump are compatible with a
wide range of chemicals.

The BOD output i1s significantly less than the
calculated value based on the COD of dodecane (see

25 calculation below) .



D scovery of dodecane -utilising m croorgani sns was
perfornmed using the nethod of the invention. By
WO pesTags sel ective pressure (in this case theP@bADRM0Y001577
to utilise dodecane as a sol e source of carbon and
energy) in unison with nonitori®g £he BOD out put, a
m cr obi al population with the required characteristics
wagafgadid ¥restab)iicshetheths, dadeganedis qaed i&plddion:
insoluble in water it was fed into the culture using a
separate peristaltic punp at a flowrate of 0.79 ml h
The purpose of this €ExHapteOnas €@ di Ee®ver nicrobes
that could potentially hydroxylate |inear
5 hydrocarbons. This is extremely difficult to achieve
usi ng convention chem cal (non-mcrobial) techniques .
Fresh activated sludge sourced from a wastewater
treatnment facility @aghused @y so0dh€e, of 26H,0
m croorgani snms for discovery of dodecane -utilising
m e ‘ t n e_appafat :
R e e
10at 30°C and pH 7.0 (the pH \R%%lrﬁ}]?rf?ai ned at 7.0 by
the automatic addition of a potassium hydroxi de or
hydrochl oric acid gghytte@nfreom ThelEgedovgsamanpri sed
of DM that had no carbon source added and the feed
flowrate was initially 30 mMm h and the flow of
dodecanel ifas3 0% B G O He.lbx peRTwERES wis tohdugtals O.
150ver 137 hours then the apparatus conponents cl eaned
and restarted {upidg tde cae £kl - &3 ifMOﬁW Br)ow th
a feed flowrate of 60 mI”H°(the dodecane flTow rate
was unchanged) . After 330 hours of operation the
flui d ARSUBHAY| ede t ecepabreatsonaffoficdpcaBaeétnghe feed =
- degr adi ng mi croor gani sheg ( Ay ovhE&refbirgure 10)
20Alt hloug_h thef Bngout put was vgri able, clearly a had
popul ation o odecane -degrading m croprgani a
been establ i shed: STH p%gﬁls a??%‘hg‘i%%kgs é5119%\/{1‘5%\?nzllionger
to- 3 6 - establish than was observed wth the water
sol ubl e Therefore the Chemical Oxygen Demand (COD) :

25 COD = 3480 mg 1™
The BOD is assumed to be one third of the COD:

BOD = 1158 mg 1™

30
Actual flow rate of dodecane = 0.788 ml h™ = 0.591 g h™
Therefore the estimated dodecane concentration in feed =
0.591/60ml = 9.85 g 17
35

Expected COD = 28861 mg 17 and BOD = 9620 mg 17

This result was unexpected although it could be
explained by the insolubility of the substrate. As
40 dodecane is less dense than water it will tend to float to

the surface of the culture, particularly during the



substrate -nmethyl - p-yrrolidinone. Two possible
expl anations for this observation are (i) the

wo a005ai4B8 ty of substrate flow resulted in graPEAU2004/001577
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washout of any 5 dodecane -degradi ng popul ati on that
may have becone established andger-(ii) the insoluble
nature of the substrate reduces m crobial attack

I e fdlateh NGl (S| PRSI D £ A £ QRN O 10f o AL + opped

washout and an 1 nsol'uble sSubstrate could result In
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of moridhicdagighyr 8 FhX 1BY vmneBumaiitto e ¢lod Gt organism
requld 9% 17\718.854 &rogue% no further.

The characteristics of the pure isolates are shown in
table 4:



Assum ng the concentration of dodecane in the feed 1 g
"1, therefore: 1 g of CH. requires 3.48 g of O

wab@seinase the Chem cal Oxygen Demand (COD) : BCDAE2004/001577

3480 g 1 The BOD is assuned to be one third of the
COD: BOD = 1158 ng 1 Actual flow rate of dodecane =
0.788 ml| h = 0.591 g h Ther gore the esti nmat ed
dodecane concentration in feed = 0.591/60mM =9.85¢g 1
Expected COD = 28861 ng 1 and BOD = 962 0 ng 1 This
result was unexpected although it could be expl ai ned
bYalhle 4:nsdolbili hyrpholdey anssmigrescapscdodecane is
| @55 fanss dhan W@t Bhel dodiddnd-erRgrhaihhoatoigcshe
surface of the cu ture, particularly during the- 3 8 -
5% y@@ﬂ u%take where aeration has
stopped and the stirrer has slowed. Mich of the

dodecane dé be washed out_ in the overfl ow The

measulF8TBAD may al so be afcFhdication of the amount

cQbnsubst natethal | $.R66eSSi bl ButQsihe Meipbhal  microscopic
popul ation and that is limted by the solublli y of
TR ERNe PREARAICEr . APPRY 907 hSERETE nr«wmfﬁq° ratal abpearance

dodecane @.sanpl e was;haken frannd bes enr isghadumgulat ur e

sfioy i solation of pure cultures . M croscopic Long rods
exani nat i GAtSt the SEFPTET eveded ﬁﬁFanéehﬁ?&?od

-shaped bacteria both short and fil ament @us.ki1£0CCi

regflaped bmetrerila werrersat strredi denileand a nug@g&eof Non-motile

motil e rods were al so observed. The sanpl®&®Was pl at ed
oPntacsol igd.DM wi t h dogdggane as 4&-he sol e carhan.source

and the plates were .incubated at 30 C for 48 hour s. Gram negative

Cfﬁ8h1the§€gﬁfﬁfes fgﬁ?efsolateseg&e5|gnated’fA B, 1C
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~adwcol oni al mor phol.ogy  A_and D were assUfed°¥§ e t he

asag®-0r gani sm and A was pursued no f urt heppsarance
halo
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The ability of the pure isolates to grow on dodecane
as the sole source of carbon in liquid culture was also
evaluated and is shown in Table 5. The cultures were grown
in 50 ml screw-capped plastic tubes that contained 10 ml
of defined medium and 0.75 g 1 dodecane. To ensure each’
culture was inoculated with a consistent number of cells,
10 ml of medium was inoculated with 100 pl of a single
colony that had been resuspended in 1 ml of DM. The
cultures were incubated at 30°C shaking at 190 rpm.
Residual dodecane was extracted by the addition of 20 ml
of hexane to a single 10 ml culture at each time point.
The tube was shaken vigorously for one minute and after
phase separation, the upper layer was kept for
determination of the dodecane concentration. The dodecane

concentrations were estimated using gas chromatography.



The characteristics of the pure isolates are shown in

table 4 :- 39 - Table : Col ony norphol ogy and
wWOonR@sosaspi c characteristics of the dodecane -PemAEimg01577

i sol ates designated IB, 1C and ID. Isolate B Isolate

1C Isolate D Col onial M croscopx Col onial M croscopic

Col oni al M croscopi ¢ norphol ogy appear ance nor phol ogy

ap nge y : c i€

B R

appearance short rods colonies Crinkly Round Non

-notile TargetIgng ' < i r eq-2

Of white G am 3- Qﬁ%%wgéaﬁcé}?gv&}%%éﬂé%%n@ﬁgga?@ %el )

corbme aégati ve_di aneter negative col our Apparent — .

nm Hazyv/ gpagye PRiBPesdereddi afetate appdacaice hal gsolate

n é ? !

The abrTrty of theatpwne isolaigs to growon dodecan®

as (hhe sole source of carbon in liquid culture was

al eval uat ed IS shown i abl e . cul ture

we grown in 5%5§1 screMI-ca%%gd plast}%ﬁ%Ubes thEPBO

coggained 10 m gy defined nmegdggm and 0465 g 1

dodecane. To ensure each culture was inoculated with a

congi stent nunmbeopoof cells, 19201 of nediaim was 740

i noculated with 100 mof a single colony that had been

reSéspended in I4@8 of DM Tha7@ul tures 44ér e i ncubdtléd

at 30 C shaking_at 190 rpm Residual dodecane was

extP8cted by thé48ddition of 28%m of heddhe to a 310

single 10 m culture at each tinme point.

The results show that from a large mixed population

5 (activated sludge) three isolates were obtained that were
able to use dodecane as the sole source of carbon. In
batch culture the isolates were able to use (over a
168 hours period) 50 to 60% of the dodecane added to the
culture. The rate of dodecane utilisation is substantially

10 slower than l-methyl-2-pyrrolidinone which may be due to
the difference in the solubility of the two compounds
(dodecane is practically insoluble in water). The
insolubility of dodecane may impose mass transfer
limitations which will slow growth and utilisation of the

15 substrate significantly. The variability in the gas
chrométography data from the batch exberiments highlights
the difficulties associated with analysis of
concentrations of insoluble substrates. This problem can
be partly overcome by monitoring BOD, as oxygen

20 consumption can be used as an indirect indicator of growth

on the substrate.



The tube was shaken vigorously for one m nute and

after phase separation, the upper |ayer was kept for
wa@ledosuidgmt i on of the dodecane concentration. AEEAU2004/001577

dodecane concentrati ons were estimated using gas

chromat ogr aphy. - 40 - Table 5 :4Dodecane degradation

by isolates IB, 1C and I D. Residual dodecane

COBZANPLE: bon ( ny DISCOVERYaOFcOLIMEQELIUTEUISTINGat e

| sol ate Isol ate | NGCROQRCANISMS rol B 1C D (h) 24 820

920 630rHel08Q 48 33QvESQ:162Q 920 fe2 2001420 1 4;?1171@11:5
96 740 270 440 410 168 740 290 280 310 1@§ resy
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range.
The vessel was filled w1th activated sludge and 10 ml
4Qf olive o0il was added. The BOD rose rapidly and peaked at
20 ~1700 mg 17. The rapid onset in the ability to degrade
olive oil in a population of microorganisms from activated
sludge is not unexpected as the presence of this type of
substrate in the influent streams of wastewater treatment
facilities is highly likely. After the peak in BOD was
25 observed (20.5 hours) olive oil was fed continuously into
the vessel as was a separate stream from DM mixed with
activated sludge in the ratio 4:1. The pH set point was
reduced to pH 4.0 and after 225 hours the feed medium was
changed from a mixture of DM and activated sludge to DM.
30 No. changes were made to the conditions for 138 hours
(equivalent to 11 vessel volumes) and the BOD of the
culture remained high. From these observations it was
concluded that a microbial population had been established
that could use olive o0il as the sole source of carbon at
35 pH 4.0.
The olive oil flow rate was reduced to 0.061 ml h™

and the feed was again changed to a mixture of activated
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20 greater than 9.5. The reason for this observation is not
clear however two possible explanations for the increased
sensitivity to pH 10 could be (i) one of the medium
components was insoluble at pH 10 resulting in significant
nutrient limitation and a decline in BOD or (ii) the

25 microbial population present in the culture had not
adapted to growth at pH 10. The culture was maintained at
PH 9.5 for 125 hours and clearly a population of
microorganisms growing on olive oil as the sole carbon
source at pH 9.5 had been established. It cannot be

30 concluded that this population also has the potential to
grow at pH 2 because the time taken to establish this
population may have resulted in the development of a
totally new population that is better adapted to growth
under the new conditions.

35 Over a 37 day period growth of a microbial population
on olive oil at a range of pH values was demonstrated. The

two extremes of pH were 2.2 and 9.5. Clearly microbial
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specified by the operator. This is described briefly above .

in relation to the appar'atus of the embodiment illustrated
25 in Figures 1 and 2. The software to run the feedback loop
was developed using a commercially-available software

package used to write control software.

6.2 Testing of the feedback loop between feed flow rate
30 and OUR “

Isolation of 1,3-propanediol-degrading microorganisms
was used to test the feedback loop between feed flow rate
and OUR. The feed medium was a defined medium designated
4618 (Appendix I) which contained 1.0 g 1™ 1,3-propanediol

35 and the initial flow rate was 43.5 ml h™. The operating
temperature was 30°C and pH 7.0. The medium was inoculated
with ~700 ml of activated sludge. The feed flow rate was

increased by 20 ml h™ if the BOD remained constant for four
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20 The response of the culture to the changing flow

rates is shown in Figure 12.

EXAMPLE 7 USE OF METHOD IN ENZYME DISCOVERY
. The aim of this example was to demonstrate that the
25 method can be used to discover specific enzymes and that
the kinetic behaviour of the enzymes could be selected and
controlled. The method was used to demonstrate (i) the
discovery of 1,3-propanediol dehydrogenase activity and
(ii) the specific activity of the discovered enzyme could
30 be altered in a controlled way during the course of the
discovery process. For this purpose, 1,3-propanediol was
used as the sole carbon source. It was assumed that in
prokaryotic systems; oxidoreductases are amongst the first
class of enzymes used to degrade a carbon source therefore
35 the likelihood of discovering a dehydrogenase specific for
1,3-propanediol was high. Furthermore, by utilising the

feedback loop as described in Example 6, it was
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minimum of three vessel volumes had passed through the
system. Optical density measured at 600 nm was used as a
measure of the biomass concentration. Samples were taken
after the culture had reached steady state and before the
flow rate increased. Optical density stabilised at
approximately 0.3 after each flow rate change but dropped
significantly at a flow rate of 163.5 ml h™ (Figure 12).
The decrease in biomass concentration correlated with a
decrease in the diversity of the microbial population in
the vessel. Further increases in the flow rate did not
result in washout of the culture, in fact the optical
density of the culture recovered and continued to be

maintained at ~0.3 up to a flow rate of 290 ml h™.
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1#4 43 .5 0.164
945 163.5 0.696
16#1 172.5 0.543
le#4 172.5 0.935
24 %1 290 0.701
24#2 290 1.347

Table 6 above sets out the specific activity of

1,3-propanediol dehydrogenase in the selected isolates.
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in the cell- free extracts was measured by the method of
Bradford (Bradford, 1976) with BSA as the standard. -
Protein analyses were performed in triplicate.

25 By increasing the dilution rate we demonstrated a
correlation between the substrate flow and the specific
activity of 1,3-propanediol dehydrogenase. This is shown
in Figure 13. The enzyme activity test showed that
microorganisms isolated at a high dilution rate had an

30 increased specific enzyme activity.

This example therefore demonstrates that the method
can be used to specifically discover a chosen enzyme
activity. The example also demonstrates that the specific
activity of the chosen enzyme can be controlled using

35 dilution rate and the feedback loop and that microbes with

previously undescribed phenotypes may be isolated.
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of the growth medium that was expected to occur at lower
temperatures. The discovery process could be performed at
lower temperatures although operation at temperatures less
than 4°C would require the addition of extra solutes to
the medium to prevent freezing.

Discovery of psychrophiles was performed using the
method of the invention, on the apparatus described above.
By imposing selective pressure (in this case the ability
to utilise acetate as a sole source of carbon at 4°C) a
population of microorganisms with the required
characteristics was readily established.

A mixed microbial population suspended in water was
used as source of microorganisms for discovery of
psychrophilic microorganisms. The discovery process was
performed at 4°C and pH 7.0 (the pH was maintained at 7.0
by the automatic. addition of ammonium hydroxide or
phosphoric acid solutions). To prevent growth in the feed
line the test substrate (carbon source) was added to the
vessel separately from the nutrients. The nutrient feed
was the defined medium 4168 of Appendix 1. The nutrient
feed flow rate was 20 ml h™ and the substrate (16.6 g 17
sodium acetate trihydrate) flow was 6 ml h™ - total 26 ml



enzyme activity is equivalent to the fornation of one
m cronol e of product per mnute. The protein
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by the nethod of Bradford (Bradford, 1976) wi th BSA as

the standard. Protein anal ysessaswere perforned in

triplicate. By increasing the dilution rate we
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cellular processes. These observations also highlight the
value of the method in providing a real time assessment of
the status of a culture, a feature that is important when
attempting to find microorganisms that perform a desired
function under extreme environmental conditions or
transform a particularly recalcitrant compound. The
optical density of the culture was periodically measured
at 600 nm between 234 hours and 402 hours and averaged at
1.36. The fact the\bptical~density was maintained at ~1.3
over a period of 168 hours demonstrates that there was a
population of psychrophilic microorganisms in the vessel
that were able to survive and reproduce at a temperature
of 4°C. A constant biomass concentration in the vessel is
consistent with the output of the method (which was also
constant over the same time period) again demonstrating
that the output can be used as a real time indirect

measure of the status of a microbial population.
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extra solutes to the mediumto prevent freezing.

Di scovery of psychrophiles was perfornmed using the

nmet hod of the invention, on the apparatus descri bed
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microbial population growing on acetate as the carbon
source at 4°C was established. Although the discovery
process was slower at 4°C than is typically observed at
30°C (an observation that was not unexpected as many
cellular processes are likely to slow at lower
temperatures), a psychrophilic population was nevertheless
established. This example therefore demonstrates that the
method is very versatile, and can even can be used to

isolate microorganisms that grow at low temperatures.

8.2 Use of the method for discovery of thermophiles

The aim of this experiment was to demonstrate that
thermophilic microorganisms could be isolated from a
readily available source of microorganisms using the
method of the invention. Thermophilic microorganisms are
defined as organisms that live at elevated temperatures
(Brock and Madigan, 1988). This definition is subjective

and can be clarified somewhat with an example of a



100 hours (~4 days) of operation after which a gradua
i ncrease in BOD was observed. The BOD peaked after 220
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hours. The tinme taken for a significant increase in
activity of the culture to be-ob%erved was far greater
than typical operation at 30 . This highlights the
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the water decreases and therefore reliable measurement of
dissolved oxygen concentrations at high temperatures is
essential. To enable discovery of thermophiles, the
apparatus described at the outset of the Examples was
modified to enable the installation of a dissolved oxygen
electrode that could operate at high temperatures (up to
80°C) . The vessel was also modified to improve its thermal
tolerance and the heat input was enhanced with the use of
an improved heating system.

A mixed microbial population suspended in water was
used as source of microorganisms for discovery of
thermophilic microorganisms. The discovery process was
performed at 80°C. To prevent growth in the feed line the
test substrate-a carbon source (acetate)- was added to the
vessel separately from the nutrients. The nutrient feed
was the defined medium 461S described in Appendix 1. The

nutrient feed flow rate was 52 ml h™” and the substrate



increase in BOD and optical density however no
increase i ' either paraneter was observed. Simlarly,
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attain a BOD of 720 g 1 but the output stabilised at

400 to 450 ng 1. Fromthese ebservations it can be
inferred that . either the tenperature was |limting
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th&émﬁ&ﬁgﬂtgg'EﬂerEEQQHkée@as examined microscopically after
16 days of operation. The micrograph of the sample is set
out in Figure 15.

The examined sample was 1.2 ml in volume, and was
centrifuged for 2 minutes and resuspended in ~25 ul of
medium. The concentrated sample was examined as a wet
mount by phase contrast microscopy at a magnification of
1000x. ~

The micrograph clearly shows the presence of small
rod-shaped bacterial cells - see Figure 15. The cell
numbers were very low (given the sample for the micrograph
was concentrated ~56—fold) which correlated with the wvery
low output of this trial. Although not apparent in the
micrograph, some of the rod-shaped cells were motile
giving a clear indication that some of the cells were

viable. These observations provide evidence to suggest



as having very high tenperature optim. For exanple,
Ther nococcus has an optimumtenperature for growth of
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t her nophi |l es was performed using the apparatus and
techni ques descri bed above. By5Bnposi ng sel ective.
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h the heterogeneous population of microorganisms used in the
method. This example demonstrates that the method can be
used to discover microorganisms that grow at high

temperatures.

EXAMPLE 9 DISCOVERY OF ANAEROBIC MICROORGANISMS

The apparatus described above which contains an
oxygen probe, suitable for the measurement of oxygen
uptake rate, was limited to the discovery of aerobic
(oxygen dependent) microorganisms. The aim of this part
of the work was to demonstrate that the method can be used
to facilitate the discovery of anaerobic bacteria. The
apparatus was therefore modified to enable the isolation
of anaerobes with the use of a probe that can detect a
molecule used for anaerobic respiration. The ability to
use the method for isolation of anaerobic bacteria is

valuable because access to other groups of bacteria with
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The apparatus described above was modified to enable

the installation of a nitrate ion selective electrode.

Nitrate was chosen as the terminal electron acceptor in

place of oxygen to demonstrate the discovery of anaerobic

bacteria.

Denitrification,

a process whereby in the

absence of oxygen nitrate in used as a terminal electron

acceptor and

nitrogen, is

converted into more reduced forms of

guite common (Brock and Madigan,

1988)
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recovered using the nethod of the invention. A though
limted, there is sone evidencgst hat suggests that
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to 30°C. The response of the nitrate probe was fairly
stable, increasing gradually from ~285 to 320 ml 17" over
4.5 hours. The vessel was then drained to the sample port
(a loss of approximately one third of the vessel volume)
and refilled with a mixed microbial population (activated
sludge) suspended in water. This resulted in partial
dilution of the nitrate in the vessel and corresponded to
a reduction in the output of the nitrate probe. The
apparatus was left in this configuration for 1.3 hours to
establish the initial nitrate level. The relative nitrate
level after addition of the sludge was stable at
~227 mg 1. The test substrate (acetate) and nutrient
pumps were then started at a fluid flow rate of 30 ml h™.
Over the next 17 hours the relative nitrate level
decreased to ~1 mg 1%. This is illustrated in Figure 16.

Although optical density could not be used to

estimate the biomass concentration due to interference

from the initial microbial sample added to the vessel,
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The ability to use the nethod for isolation of

anaerobi c bacteria is val uabl-eslgecause access to ot her
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d'@ﬁ%ﬁ%ﬁ%gﬁ@a;Tﬁ@' SBCLESSRA MBEPYSLNGNt PR-TRERRAte level
of "the invention. There are a range of electron |

acteitiorss thatlean HedigeEopyohnackedie consumption and

¥2%§§Q%E&B%§§£$€%?%§Feé@@i#?@yth@ﬁ@ §@&oﬁatéhaigabbg is pH.
: [ spi ration processes ro n

R S, STy Ra TG beot bf FEVER| FBR BESRRRACT ofPFATuED
qﬁ%éi%gﬁﬁi§ﬁ§ %@@ﬁ@éf&%ta@hétpﬂi&haagdsSakphan indicator of
obl i.gat e anaerobic s. cteri t L gat

e P o Rt oo R e REB R P8 EoRBlinda’ Be o
COncobh s gat ehaclaei obekeneafiznegedi by Cahpondt gontroller to
bagégﬁfﬁ;tgbﬁ%g@zeaﬁé)E%én§ﬁEQQ§§egygéﬁaﬁﬁement for pH

Succl nogeni C cteria rumar ate SU(}CI nate facul tat lve
aneerobpt MErTelaked Wikt FAECNBEANER Gakp Of nitrate

(dggﬁéﬁﬁﬁtﬁéﬁiﬁﬁicﬁaﬁg!lﬁ&ﬁ&&t@ﬁ@ brofiekbbgatlegrowth. pH
anaerobi¢c Fe Fe bacterla,The.aBEar?%us descri bed above
waSCRBHPEI 8 FbSenabpEn in Figure Io.

The parameters were not changed for the next 86 hours
during which the output of the nitrate probe remained
relatively stable with values between 20 and 40 mg 1™
being recorded. The full operation pH and nitrate.
concentration results are shown in Figure 17.

To determine whether nitrate or acetate was the
limiting nutrient, the test substrate (acetate) feed pump
was stopped. If acetate was the limiting nutrient then the
nitrate concentration would be expected to rise, the
absence of substrate would reduce the energy and therefore:
nitrate requirements of the cells. Alternatively, if
nitrate is the limiting nutrient the nitrate levels would
remain low because the excess acetate would continue to be
consumed. After the acetate pump was switched off, no
increase in nitrate was observed which suggested that
nitrate was the limiting nutrient.

To ensure the nitrate probe was, working correctly
(not fouled by a biofilm), after 122 hours the vessel was
spiked with 5 ml of 218 g 17 KNO,. A rapid increase in the
output of the nitrate probe was observed indicating the
probe was still responding to changes in nitrate
concentration. The acetate feed was restarted and the
nitrate level again decreased to 20 mg 1™ (See spike in

Figure 17).



the installation of a nitrate ion selective el ectrode.
Nitrate was chosen as the term nal el ectron acceptor
w0 pooplosraes of oxygen to denonstrate the di scoverPgr/aii2004/001577
anaerobi c bacteria. Denitrif ication, a process
whereby in the absence of oxyge®v nitrate in used as a
term nal electron acceptor and converted into nore
r educedTéofusthérniemogenrats ghatetbemmnréBeocknghgption
VAL 9280 o 1988 e SppeshiE! BEOLE géel%eﬁ%%ﬂo gb1 population
m croorgani’s e m xed popul ati on capab
ana@rbbEcVﬁSSEétéhﬁegpﬂﬁaf?owaﬁa§xéﬁﬁ§9§eWé@rﬁﬁﬁﬁPQCal1Y
likely. Nitrate was neasured continuously using a
Iaboratorﬁ bench neter with a Ealo ue out t; the
daf A9WAS égéédau§Fﬁ§°§r68ﬂp82e? Snd ?P&ﬁle E&ffﬁgp € was
de??hﬁ@ﬁédfaé ﬁhWQtDMbnﬁsebybphadeono&taadarmldab@copy at a
col | ection_t echni trate d t.h
RPPRHESFabaort RE. PP Red ear et iA sty Bpnsar =0
KNénal ladepiRcehbrat rodsef 1 g 1. Acetate mas used as -
the tes&héuﬂﬁﬁ%@Eeo@ac% ﬁbgggégubg%keﬁﬁe%%%eé@%imated at

chosen oveér a fernentab strate to prevent the
10 grbeihgof eper kharateie (BREcPIBI ESilc LoBESamitemELRRFent 1in

th@hépﬁ%%b@a%:; %@@hgeaewbﬁlaah&og%etso HRASYT @on-motile

anaer obi ¢_condi t Ver e mai ntai tate
us€89Fn BRtAASURP Sﬁ poside) sphg ﬁe Ppgléa 2@%*?5%@

wapagd@emrtah ThIheobessebtWB& Bihblved. wihish mutrisgrdte population

medi un1t tabli.s f [

tow?ﬁeeﬁl %i BF ag b%%ﬁggédg df%ht ee%E?}Féﬁﬁﬁ$§itlons
15 feedd ahelsnpﬁosatrmlél viaslslet aey oHic7 opegird it the mixed

HESE@EE% P%QaglonTQﬁaEe%B%nﬁ%ﬂﬂldﬂ?%'&ddéﬁ‘%o the
robe was ftair stabl e, |ncrea3|ng radual | fron12 5

toVSEGGFH hfdo@@ﬁrm S9TkEGr dNtPHE ¢ o d number of

dr Ak Bedokgahhensamhe Rokt ded ikess pafopappried .mat el y
vVesse VO

one th|r r
xed mEEROBA o et atioN L AE I, 68 SHidge) ot Snaeropic
20 suspadded ois waﬁem;efbb&aﬂea@dymiUM1waaﬂﬁaﬂeQHQMﬂnbn

of Lhe RitrAted RREYRSSE NG iGILESRANGRA 4P ion

selective electrode. Although nitrate was the only

ul

terminal electron acceptor measured in this example, the
system can be easily modified for detection of the other
25 terminal electron acceptors listed in Table 7. The only
limitation is the availability of a suitable ion selective
electrode. In this example the molecule used for
respiration was measured. Electrodes that detect the
product (s) of anaerobic respiration could also be used to
30 monitor the microbial discovery process in the method.
This example demonstrates that the method can be used to

discover anaerobic microorganisms.

Modifications may be made to the preferred
embodiments and Examples described above without departing

35 from the spirit and scope of the invention.



a reduction in the output of the nitrate probe. The
apparatus was left in this configuration for 1.3 hours

wWo 0so4akd i sh the initial nitrate | evel. The reCHEHAUX®4/001577
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nitrate level after addition of the sludge was stable

at 227 g 1. The test substrate Jacetate) and nutrient

punps were then started at a fluid flowrate of 30 m

h REEMRENCEE next 17 hours the relative nitrate |evel
decreased to 1 ng 1. This is illustrated in Figure 16.

Al t hough optical density could not be used to estinmate
th@r@ﬁgﬁﬁé'-s Mnceht ) on AdduEaPsdi nEerRFéEéHee et hefor the

I nghhAatieherobi Alr saPtegratedubattihe ekess®l probebn- utilising
there are two indicators of mcrobial activit

appafent PEARCH®Sut pRE  THEEFTFEE %%t he agéf%‘gse j pralytical
t hpiatheatethkgvab ,waidgh2bd .a cl ear indi cator of

nitrate consunption and therefore mcrobial activity.

The second indicator is pH After approximtely 17

hoBreckhe fTFegueneyndof MadiginoscitIti oddIBBereasktology of
Thﬁl@kb893g9?§m%r65%ﬂ | Bl ¢abAl Ob SWRSUARR11, New Jersey,
consunption (as acetate is consuned the pH increases

whVeéh-is then adjusted by the pH controller to return

to pH 7) and the increased requirenment for pH control
correlated wth the maxinmu ate of t .
coﬁgaﬂﬁtiB‘nfmﬁoélﬁirig-isndiaegl v8%f & ﬁ %ooueoﬁn) gradretion of
pFﬂCBanObah&dabSob@hﬂW@bsﬂeEﬂgup@ebﬁwnﬁb@,pammﬁﬂ%ﬂS

6 Jig whi ch
thelcrgg %Iiafg%t 10% tﬁjglt%elgg?gg% rltg)g)gr %efﬁur el ati vIeICy

st able vvlth val ues betvveen 20 and 40 g 1 being

regokdedaThe Ul lLnepefiaticen @Hﬂﬁnq2003 . Metabolic
ni trateconcentration results are shown i.n Flo(g#re 1

ToCHELBPRTAS IO &en L CEOE 16 REQOMSE TS Thetr 3-
| i pi-bbAgeddlli.enturridhe 0pdhisuws tirarE Jtaetiratleygf aeld,
4\Q/a§9stopped. If acetate was the limting nutrient
nitrate concentrati on woul d be expected to
rise, the absence of substrate would reduce the energy

angtggﬁ ?jo%E , Ingraham, J.L., Wheelis, M, M.L. and
Painter, P.R. (1987). General Microbiology 5th Edition,

Macmillan Education, London, United Kingdom.



nitrate requirenments of the cells. Alternatively, if
nitrate is the limting nutrient the nitrate | evels
wowwba4Tesai N | ow because the excess acet at e weal/dU2004/001577
continue to be consunmed. After the acetate punp was
swi tched off, no increase in-nigyate was observed
whi ch suggested that nitrate was the limting
NUAPPENDIXT@ ensure the nitrate probe was working
correctly (not fouled by a biofilm , after 122 hours
t hMedéssel was spiked with 5 m of 218 g "1 KNO. A
rapid increase in the output of the nitrate probe was
5 obSerpeditaginc afi RgLiRedptishéWadP®)i || responding to
changes in nitrate concentration. The acetat® feed was
restarted and the nitrate | evel again decreased.to 20
ng 1 (S@gf§bike in Figure 17) .- 57 - To furfh%r
dennnstggﬁg that the nitrate consunption was gue to
the pre & of an active nicrobial popul ationin the
vessel e culture was exam ned m croscopi cal -1
Fi gure &§°i§%%éqﬁcrograph of the sanple. The %g%ﬁP% !
was examj wet nount by phase contrastg 17
15n1croscgg§%gfa§ﬁ%%gnification of 1000x. The microbia
cel s appgan asgygal |l dark short rods . The nunber of
cel| types pfesent was estimated at being | ess than
ten (notxakkceehMetizypescaneiapparent in the 1.0 ml 17
m crograph) with the dom nant types being non -notile
20rods, notile rods, notile spirals, and fil anmentous
baaflér inadi®hiwerebserdeativoni ns hewmsd stehatsmepsdisafater and
poBHﬁﬁtg!t%& s gstab 'mﬁg%d ahy =l et hod under .
anaerobi ¢ conditions and as i1s observed duri ng aerobic
operation, the m xed m crobial popul ation that was
i niathakbhyraddad trthe vessak thadbegmaorted into
smal|l or reduced nunber of mcroorganisns with the
25 desired properties. The method was successful |y
op@hatred renadr @l aefeshiac weardisttieons isredl Mcraobiatlaving at

aC&E%%Eyf%@SZ%Faggﬁﬁ%mgylﬁrge volumes (up to 20 litres) of

feed were autoclaved at 121°C for at least 60 minutes.

10

30 * Magnesium and calcium were added as a concentrated
sterile stock solution (17.0 g 17 MgCl,.6H,0; 1.0 g 1™
CaCl,.2H,0) after autoclaving to prevent precipitation with

orthophosphate.
35 Carbon sources were added after the media were autoclaved.

S0lid media were prepared by the addition of 15 g 17 agar.



measuri ng the consunption of nitrate using an ion
sel ective el ectrode. Although nitrate was the only

WO 2005104788 el ect ron acceptor measured in this eREIPU004/001577
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the system can be easily nodified for detection of the

other termnal electron acceptenos-isted in Table 7 .

The only limtation is the availability of a suitable

|oh*SEM@CIr&@eeMetalsdeolmhl®m|@O@Rah@E@ t he nol ecul e

used for respiration was measured. El ectrodgs jthat

detect the product(s) of anaerobic respiration could

al so bepiged 7o moni tor the m crobial discovary

process in the’method. This exanpl e denonstrates that

t he mst@wbca@ de used to di scover anaerobico0.2

i croorgani'sms”. Mbdificati ons may be made to the

pref er negs@ngdi ment s and Exanpl es descri bed Galdove

wi t hout departlng fromthe spirit and scope of the

i nvent iXiCk, . $H30- REFERENCES Bradford, M. (1976) . A

rapi d sensitive method for the quantitation of

m cr ogriéee@anrii,®i es of protein utilising thé-05

princi pl e of protein-dye binding. Analytlcal

Bi ochenit®Csy 72, 248-254. Brock, T . . and Mi%h, ™
. (1988)_. Bi ol ogy of Mcroorganlsrrs 5th E&td

Prenti ce*<Hal | New Jersey, USA. Huang, H., &? CS.

and Tsa (2002). Production of 1, -pr di ol

by KI eb&l%% a?Hpﬂeum)ni ae; Applied M crobiol ogy‘atﬁe

Bi ot echnol ogy 98-100, 687 -698. Nakarrura CE. and

20 WhCompos 3 ion @ZODeﬁlneﬁhMQEQUmc éﬁéShe@hﬂﬁ@ figr at he

25

30

35

40

45

n1ﬁ58?ff&a9£%ﬂ“8%' nm?51$a§ m@ﬁ@ﬁﬁn@@bgklbe@U%&eﬂbgel and

Cplnlons In Biotec 54 -459. _Stanier,
, Andgeanar 29 CEtedv&?@eES%Z Msel’man Cuéﬁ&rﬁaFﬁ’t]érFCtéon -

wwl 1884 . aeGaBaral .M crobi ol ogy 5th Edition,
Macmi | | an Educati on, London, United Kingdom- 59 -

ml 17
*Salts solution 10
**Trace Elements Stock 0.7
***Phosphates 20

* The Salts solution contained:

g 17
CaCl,.2H,0 1.0
MgSO, . TH,0 | 50.0
MnSO, 1.0
NH,C1 30.0
NaCl 5.0



APPENDI XI Medi a Conposition of Defined Medium (DM g r
NHCO 1 . 0O KHPOO . 5 10%Na SO2 . O m r *Wgd . 6HO

W@O®2005047488CaCl . 2H 0O . 01 **Trace Metal s sol ut PONAL2004/001577
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m 1 All nedia were nade up in reverse osnosis water

and adjusted to pH 7.0 with 4MeNaGH All chem cal s were

of anal ytical grade. Wiere required, nedia were
sterilised by autoclaving at 121C for 20 m nut es.

Lat fyeThve| cimesidabs t bn 26hei Tresy Biemerdsweieck were

a df’&é el ady 1AL Tk abrheask OmBhaYt 88ock MBgREShUM:
and cal cium were added as a concentrated sterile stock
solution (1770g 1 Mmd . HO; 1.0g "1 Cad . HO)

af tf&tﬁutpﬁé@vimgocgﬁ%@r@yggbwéacﬁﬂi taggsg HFuhbefﬁre the
ort psphate .. rbon sources re added after the
ma%‘?‘gf%? %%t%?a‘?/té]a.ersﬁﬂmaoﬂ%]apg‘\iere pr epared by

the addition of 15 g agar.- 60 - ** The Trace Metals
solution contained: g r FeSO.7H O .0 CoSO .g H'O ®f 5M HC1)
MiSO.HOO. N . HOO0.1 NawvwO. HOO0.05 HBO 0.0

62 ZnCF@SQOQ7HMSO . H O 0. 02 Conposition of O&f ned

Medi um (461S) which is a
7nCl, 0.14
MnSO, . H,0 0.12
H,BO, 0.01
CoS0,. 7H,0 | 0.45
Cuso,.5H,0 : 0.004
NiCl,.6H,0 - 0.048
NaMoO, . 2H,0 0.072

**%* The Phosphates solution contained:

-1

gl
Na,HPO, 72.5
KH,PO, 12.5

All media were made up in reverse osmosis water and all

chemicals were of analytical grade.

Media were prepared by the mixing the Salts solution and

the Trace Elements Stock prior to autoclaving.

Where required, media were sterilised by autoclaving at
121°C for 20 minutes. Large volumes (up to 20 litres) of

feed were autoclaved at 121°C for at least 60 minutes.

The Phosphates solution was added after autoclaving to
prevent precipitation of orthophosphates with the metals

in the medium.



nodi fication of a m ninmal nedi um descri bed by Nagel
and Andreesen as cited by DSMZ (German cul ture
w@oloseesoON - www. , dsnz .de/ media) . ml 1 *SedT/a02004/001577

solution 10 **Trace El enents Stock 0.7 ***Phosphates
20 * The Salts solution contaimed:-g "1 Cad . HO 1.0
MSO. HO50.0 MiSO.0 NHO 3 0.0 Nad .- 61 - * The
chemcals in the Trace El ements Stock were dissol ved

T c a e;
Pt o GRS A e e T T het g, & e ucoctaved.
addition of the other conponents .) g 1 (of 5M HO)
Fe&id%@la wlr&nteBare8 byldhbheldibiBn0o¥21H §01 agar.
0.01 CoSO. HO0.45 CusO. HO 0.004 N . HO"
0.048 NaMbO . H O 0.072 *** Phosphates sol ution
contained: g r Na HPO 72.5 KH PO 12 . Al nedia were
made up in reverse osnosis water and all chemnicals
wer e of anal ytical grade.



Media were prepared by the mxing the Salts sol ution
and the Trace Elenents Stock prior to autoclaving.

wob@se4megiui red, media were sterilised by aut oRCEXDUZIY4/001577
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at 121C for 20 minutes. Large volumes (up to 20
litres) of feed were autoclaved3at 121C for at | east
60 m nutes. The Phosphates sol ution was added after

U%;ﬁf 1% I\ﬁ‘lﬁé' efirpin Pt hiP AR
or oéﬁbgﬂﬁ%t t$%gnetals in t%e ﬁ%%l%%%%o%% -

Car bon sources were added after the nedia were

aut ocl ayeg 1R | £ B4k Be¥el e Dy epaF Behbygt heragddi ti on
of 15 g 1 agar.- 63 - THE AI DEFI' N

RN SRS TASIFER LN F50 1 et hoteT or “UaFBEEF§el 523/ °F
eWMéﬂ&ﬂﬁhéﬁmeﬁtrﬁﬁr@@rgﬁﬂ%®ﬂ1BWVQlVednEnabbélmetabollsm of

t substrate,. and/or h
?\ﬁﬁFFrF?WEFE%Y%boTlsn1o$ﬁ%§ g§ﬁér9£l%§t§géyg€eﬁs of
mst hod xonpréosiding he seepbabion §f pRbordprgarisms in a

popul ation, g% croorganlsns in a vessel, b ) feeding
fluid into e vessel at a controlled fIOM/rate

connendbhgfﬁﬁﬂhn@nflﬁ%@l5mt?lBﬂﬁrﬁ?ésegh@tfPuFBntr01led flow

conpri si Ng,-a: QuUtbinBhc PRGI WitAngn iatitcabll €asw pate,othe
the feed period, the test substrate

todu
si gnal |ndf%%%@vgo%@r%ﬁénge@e?u ¥1ghﬁe%g§oPm gnag 8or at
i ndi cat or Dé&éttb&rtlﬁf thanteofl pbe1edp|Chﬁenegtaﬁgbgtrate,

) Providing ap outpul based, obhibeshgRabet enenablen of o

assessne nric a m croorgani sm
that net aboetseslihe iedicstibst pues, thadrémerfeame of the

enri chment _gf. gmgﬂg mgL@r oduced by the m croorgani sm
that is_invo he netabolism_of th
subst r adk. P20V1¢h€gn§FhBHtBF cpﬁﬁﬁélonwﬁEFeFﬁQPﬁé to enable

output is gredysmenel et sencealivy dntéchimentr om the

signal, Suﬁgcgggggggisﬁukggk hétggg E%%% %ﬂélkggt substrate,
and/or the enrichment of an enzyme produced by the
microorganism that is involved in the metabolism

of the test substrate.

2. The method of claim 1, wherein the output is produced
electronically directly from the signal, such that the

output is provided on-line.

3. The method of claim 1 or claim 2, wherein

the method further comprises presetting conditions to be
met by the signal output to result in a change in the
fluid flow rate, and changing the flow rate at which fluid
is fed into the vessel when the conditions are met,
wherein the preset conditions are a combination of a
predetermined period of time and a preset value range
within which the signal must remain for the predetermined

period of time.



3 . The nethod of claim1l1l or claim2 , wherein the
nmet hod further conprises presetting conditions to be

woredosloy748he signal output to result in a changeCi/AURMN@/001577
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fluid flow rate, and changing the flow rate at which
fluid is fed into the vessel WM& -t he conditions are
met, wherein the preset conditions are a comnbination

of4 a pnﬁgﬁtﬁg 83d098519§m0£ tWHBréﬂﬂ 8npresatgvalve rate is
range wt t he si gnal remain for the

pré@%t%?ﬁ@@e@hﬁéer@ Etetﬁhecon@atloﬁs a¥Re™REt hod of

claim 3 wherein the f|UId flowrate is i ncreased when

th preset condi 5 .. The.nmethod | ai m 4 -
rein ?ﬁem?FEP ?é?ghrsWhﬁ eas%g’g £3018' $18 race is

prb@@réa@eﬂlby pﬂOpGﬁSmngalhE ihomeaauegothboﬁhOWheate of

NULLLeNt, Iedpm ang 10g; LRSLaSUBALY fber Gubsthecuet hod

of “any one of "¢l ar s o 4, wherein the netabolism

|nd|cator i's the upt ake or rel ease of a nol ecul e

'n80|veﬂhén g@ﬁéaobfsgh9foﬁEeoEe§Ea§MESﬂr%be4 7whe¥%@n the
met hod of c?a|n16 wherein fhe netabolism indicat is

seretrlal i FBNiPACABPAK S oF PP PREEESOPToFFJERS C ] b8n

di gx1 deu16arhobat,ed sul phabbolighpbidr thei tteate substrate.
fumarate or iron. 8 . The nethod of claim®6, wherein
the nmetabolismindicator is selected fromthe uptake
or7tel ease méthxyiged, cdaliphét eyheuephuithenimetabelism

fugﬁ&f%gg8gligoge %ctegh@rgﬁtgﬁg t%k%'%&ﬁréﬂﬁﬁgﬁ %f

t he ne $h RdrCatar TTs 't he up ake or _rel ease of
oxyyeaenandarhensdgnaides FREBGEEE by SHIPGRAFGen SHLEHET -

10, ; fhgr et R0k tanyronecaf. clains 1 to 9, wherein
the output based on the signal of the level of the

metabolismindicator is a visual output. 11. The
meghod ohechaichbd0 o fwkeséin 6t herheirgial thfe tiedalevdlsmof
net ahol i sm i ndi cato [ [ I L of
RLAICHLETY 20 S22 1k8 RO 180, Anan sualraad ¢
oxygen, sulphate, sulphur, nitrate, fumarate or iron.

9. The method of claim 6, wherein the metabolism
indicator is the uptake or release of oxygen, and the

signal is produced by an oxygen probe.

'10. The method of any one of claims 1 to 9, wherein the
output based on the signal of the level of the metabolism

indicator is a visual output.

11. ' The method of claim 10, wherein the signal of the
level of metabolism indicator is provided as a visual

output of the metabolism indicator versus time.

12. The method of claim 10 or claim 11, wherein the
visual output is updated in periods of duration of 20

minutes or less.



12. The method of claim 10 or claim11l, wherein the
visual output is updated in periods of duration of 20

WORWEaNERSHr | ess. - 65 - 13. The net hod of cl ai PCWAU004/001577
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claim1l, wherein the visual output is updated in
periods of duration of 10 m nautes-or less . 14. The
nmet hod of any one of clains 1 to 13, wherein the

popul ation, %ﬁﬁﬂqé '%ﬁfd S J1B4 B COENEPMSrein the

populatlon clajm 14, wherein the
WMwMWWWmmW%W®@&ﬁW%%f%%P%Ofw

difsferent specigs of mcroorganisns . 16. The net hod
of claim 14, wherein the popul ati on of m croorgani sns

is activated sludge. 1 . The nethod any one of clains

1 to, 1 Thahgsdgicd tde popudbnmd i of ofaimsrbotgahd snehezein the

hono ous 8.. The met hod of )8 lto
e bk T S S

|$mpulamp¢me enriched m croorganism or isolating the

enriched enzyne. 19. The nethod of any one of clains 1

to 18, wherein the test substrate is, not. a conngnlx
metbol Thednstied raf eclath Fhe WRERHU oFR&NOBHEEEROR oF

Cl i OB dird o ilSns WOSH €4 né her t BedssuDSt daf €erenanspecies of
organi ¢ carbon -containing nol ecul e other than gl ucose

orMEHERUWEDINS The et hod of any one of claims 1 to
20 wherein one, two or all of the conditions in the

vessel ASL SRl ety éfog;épglﬁkh4teﬂﬂ@£@&ﬂr€hengo@a&aEaeﬂ of

€ usef prior to conmencenent
oﬁmi¢mp¢I§EMI§m©flSeQCtSUQE@ﬁaF udgieo t he vessel . 22.
The nethod of any one of clainms 1 to 21, wherein a
sel ective pressure is applied to,the_cont

e
6 57- VERSenetlaodepB¥t OF8r 4 fi-2+88r jahPs anH%SFeln the

U%&ﬁ@lé@@énléfeﬁitﬁbaagaﬁdgmsthe nondiuthenssof the
sel ective pressure

18. The method of any one of claims 1 to 17, the method
further comprising the step of isolating the enriched

microorganism, or isolating the enriched enzyme.

19. The method of any one of claims 1 to 18, wherein the

test substrate is not a commonly metabolised substrate.

20. The method of any one of claims 1 to 19, wherein the
test substrate is an organic carbon-containing molecule

other than glucose or acetate.

21. The method of any one of claims 1 to 20, wherein one,
two or all of the conditions in the vessel selected from
the pH, temperature and aeration conditions are set by the
user prior to commencement of the feeding of test

substrate into the wvessel.

22. The method of any one of claims 1 to 21, wherein a

selective pressure is applied to the contents of the



23. The nethod of claim 22, wherein the selective
pressure is selected fromone or nore of an increase

w@eoodecrease i n pH, tenperature, aeration, salPCT/AU2004/001577
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concentration, dissolved gas content, and presence or
absence of a chem cal conpounds624. The net hod of
claim 22, wherein the m croorgani smenriched by the

gg}éé%%f o erates. el gyat ed of S oduceth eImey 3t UESSyme that is

m croorgani Smor enzynme enriched or_isol ated bg
t frnndettiest ustdeshytlemec otd el 9% af ttgh@sselective pressure.

23. The method of claim 22, wherein the selective
pressure is selected from one or more of an increase or
decrease in pH, temperature, aeration, salt concentration,
dissolved gas content, and presence or absence of a

chemical compound.

24. The method of claim 22, wherein the microorganism
enriched by the method tolerates elevated or reduced

temperatures.

25. A microorganism or enzyme enriched or isolated by the

method of any one of claims 1 to 24.



