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& (57) Abstract: The present invention provides a method identifying nonparaffinophilic microorganisms suitable for antibiotic

screening. The method provides the growing of nonparaffinophilic microorganisms on substrates in a bioreactor, wherein the
bioreactor provides an environment conducive to the metabolism of many nonparaffinophilic microorganisms while being
restrictive to methanogens and methane production. The method may further include substrates coated with a gelatinous matrix,
wherein the gelatinous matrix coating baits the nonparaffinophilic microorganisms.
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METHOD FOR ISOLATING POTENTIAL ANTIBIOTIC
MICROORGANISMS

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims priority to U.S. Provisional Serial No.

60/689,480 entitled Producing Antibiotic Microorganisms in a Bioreactor.

FIELD OF THE INVENTION

[0002] The present invention relates generally to the concentrated isolation

and growth of nonparaffinophilic microorganism cultures. More particularly, this
invention relates to a method for the isolation and growth of nonparaffinophilic
microorganism cultures with antibiotic potential. The nonparaffinophilic
microorganisms are isolated is provided by when such nonparaffinophilic

microorganisms form biofilm on substrates, wherein the substrates may be coated.

BACKGROUND OF THE INVENTION
[0003] An antibiotic is a drug that kills or slows the growth of bacteria.

Typically, antibiotics are one class ofantimicrobials, a larger group which also
includes anti-viral, anti-fungal, and anti-parasitic drugs. There is a growing problem
in the medical world of strains of harmful bacteria that have mutated to become
resistant to existing antibiotics. In spite of the need for additional antibiotics to
counteract these mutant strains, pharmaceutical companies have scaled down research
of new antibiotics due to the high cost of research.

[0004] Antibiotics can be derived from funguses or other microorganisms.
Methods of identifying microorganisms to determine their medical benefits are
generally known. For example, typical methods involve screening of wide ranges of
microorganisms. However, such identification techniques can only be used if
microorganisms are first obtained. Uncovering new microorganisms that may
potentially have medical benefits is therefore an important part of antibiotic
development.

[0005] One such class of microorganisms to be screened includes

nonparaffinophilic microorganisms. “Nonparaffinophilic microorganism" means any
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microorganism sustained by a carbon source other than paraffin. Examples of such
nonparaffinophilic microorganisms include, but are not limited to, the following:
Clostridium (butyricum, welchii, pasteurianum, beikerincki) Methylotrohps
(Methylomonas albus, Methylosinus tricosporium) Rumen bacteria (Ruminococcus
albus) Archaea (Pyrococcus furiosus), Acetomicrobacterium, Acetomicrobium,
Bacteroides, Desulfovibrio, Bubacterium, Escherichia coli, Enterbacer aerogenes,
Klebsiella oxitoca, K1. Pneumoniaw, Aeromonas, Alcaligenes, Camp&lobacter,
Escherichia, Enterobacter, Hafnia, Proteus, Salmonella, Serratia. Streptococcus,
Alcaligenes eutrophus, Bacillus licheniformis, Rhodoépirillum rubrum,
Rhodopseudomonas acidophilla, Rh. Capsulate, Rh. Gelatinus, Rh, Sphaeroides,
Oscillatoria limnetica, Anabaena cylindrical A variabilis and Cynechococccus
cedrorum.

[0006] Some classes of nonparaffinophilic microorganisms are also hydrogen
producing microorganisms. Hydrogen producing microorganisms are sometimes hard
to isolate, however, because the production of hydrogen is attractive to methane
producing microorganisms (methanogens), which then essentially convert the
hydrogen into methane. The methanogens subsequently multiply and overwhelm the
hydrogen producing microorganisms.

[0007) Several methods of determining the presence or absence of
nonparaffinophilic microorganisms have been previously disclosed, for example, U.S.
patent no. 5,854,013 to Ollar et al, wherein a carbon based gelatinous matrix is used
to bait nonparaffinophilic microorganisms. However, there has been no use of these
techniques in a screening process or a bioreactor environment, wherein
microorganisms are grown under a controlled environment to substantially reduce

levels of methanogens.

[0008] Thus, there continually remains a need for simple and effective
methods of bioremediation and biodegradation that do not produce substantial levels
of methane.

SUMMARY OF THE INVENTION
[0009] This need, and others, is met by the present invention which provides a

method for identifying nonparaffinophilic microorganisms for antibiotic screening,
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wherein the nonparaffinophilic microorganisms are isolated in an environment
adapted to reduce levels of methanogens.

[0010] It is an object of the invention to provide a method a method for
identifying microorganisms suitable for antibiotic ability, including the steps of
selecting a waste material, heating the waste material to an increased temperature,
introducing the waste material into a bioreactor, forming microorganism-containing
biofilm on one or a multiplicity of substrates, selecting microorganisms, and
screening the microorganisms for antibiotic ability.

[0011] It is a further object of the invention to provide a method for
identifying microorganisms with antibiotic ability, including the steps of selecting a
waste material, heating the waste material to an increased temperature, introducing
the waste material into a bioreactor, adjusting the pH of the waste material between
about 3.5 — 6.0 pH, forming microorganism-containing biofilm on one or a
multiplicity of substrates, selecting microorganisms, and screening the
microorganisms for antibiotic ability.

[0012] It is a further object of the invention to provide a gelatinous matrix
coating, the gelatinous matrix coating formed from agar and at least one carbon
compound.

[0013] It is a further object of the invention to provide a carbon compound
selected from the list consisting of glucose, fructose, glycerol, mannitol, asparagines,
casein, adonitol, I-arabinose, cellobiose, dextrose, dulcitol, d-galactose, inositol,
lactose, levulose, maltose, d-mannose, melibiose, raffinose, thamnose, sucrose,
salicin, d-sorbitol, d-xylose or combination thereof.

[0014] Is a further object of the invention to provide a method wherein the
waste material is heated to a temperature of about 60 to 100°C.

[0015] Is a further object of the invention to provide a method wherein the pH
of the waste material is adjusted between about 3.5 — 6.0 pH at any point of the
method.

[0016] These and other objects of the present invention will become more

readily apparent from the following detailed description and appended claims.
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BRIEF DESCRIPTION OF DRAWINGS

[0017] Figure 1 is a plan view of the hydrogen production system.
[0018] Figure 2 is a side view of one embodiment of the bioreactor.
[0019] Figure 3 is a plan view the bioreactor.

[0020] Figure 4 is a plan view of coated substrates.

[0021] Figure 5 is a top plan view of a system layout in a housing unit.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0022] As used herein, the term “microorganisms” include bacteria and

substantially microscopic cellular organisms.

[0023] As used herein, the term “waste material” includes organic waste
material having carbon-based compounds.

[0024] As used herein, the term “methanogens” refers to microorganisms that
metabolize hydrogen in one or a series of reactions that produce methane as one of the
end products.

[0025] As used herein, the term “nonparaffinophilic microorganism" means

any microorganism sustained by a carbon source other than paraffin..

[0026] As used herein, the term “antibiotic ability” refers to an ability of
microorganisms or derivations of the microorganisms to kill or slows the growth of
bacteria.

[0027] One embodiment of a method for isolating nonparaffinophilic

microorganisms with potential antibiotic ability in accordance with the present
invention is shown in Figure 1, wherein the method uses a system having bioreactor
10, heater 12, optional equalization tank 14 and reservoir 16. The method enables the
baiting and g&owth of nonparaffinophilic microorganisms in bioreactor 10 that
metabolize a waste material by using it as a feed source, wherein the byproducts of
the nonparaffinophilic microorganism metabolizing process do not substantially
produce methane. Waste material often provides a plentiful feeding ground for
microorganisms and is naturally infested with microorganisms. The waste material
may be any material that may contain microorganisms, for example, sugar-containing

waste waters, wastewaters rich in protein and fats, such as milk product wastes, and
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sewage-related wastes, such as municipal sewage. However, any organic feed
material containing organic material is usable.

[0028] In one embodiment, nonparaffinophilic microorganisms are hydrogen
producing nonparaffinophilic microorganisms and may metabolize sugars in the waste

material, for example, under the reactions:

Glucose — 2 Pyruvate )
2 Pyruvate + 2 Coenzyme A — 2 Acetyl-CoA + 2 HCOOH 2)
2HCOOH — 2H, + 2CO, ?3)

[0029] In this embodiment, one mole of glucose produces two moles of

hydrogen gas and carbon dioxide. In alternate embodiments, other waste materials
include agricultural residues and other organic wastes such as sewage and manures.
Typical nonparaffinophilic microorganisms are adept at metabolizing the high sugar
organic waste into bacterial waste products. The waste material may be further
treated by aerating, diluting the waste material with water or other dilutants, adding
compounds that can control the pH of the organic feed material or other treatment
step. For example, the electrolyte contents (Na, K, Cl, Mg, Ca, etc.) of the waste
material can be adjusted. Further, the waste material may be supplemented with
phosphorus (NaH,POy) or yeast extract.

[0030] In one embodiment of the invention, waste material is first contained in
reservoir 16. Reservoir 16 is a container known in the art that can contain a waste
material. The size, shape, and material of reservoir 16 can vary widely within the
spirit of the invention. In one embodiment, reservoir 16 is one or a multiplicity of
storage tanks that are adaptable to receive, hold and store the waste material when not
in use, wherein the one or a multiplicity of storage tanks may be mobile. In other
embodiments, reservoir 16 is a well that is adaptable to receive and contain
wastewater and/or effluent directly from an industrial process. For example, reservoir
16 may be adaptable to receive and contain wastewater that is effluent from a juice
manufacturing industrial process, such that the effluent held in the reservoir is sugar

rich juice sludge.
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[0031] The waste material in reservoir 16 is thereafter conveyed throughout
system 100. Conveyance of waste material can be achieved by any conveying means
known in the art, for example, through passages operably related to one or a
multiplicity of pumps. The method preferably uses a closed system, such that a few
well placed pumps can convey the waste material throughout the system, from
reservoir 16 to optional equalization tank 14 or heater 12, to bioreactor 10, to outside
of bioreactor 10. In preferred embodiments, waste material contained in reservoir 16
is conveyed into passage 22 with pump 28. Pump 28 is in operable relation to
reservoir 16 such that it aids removal movement of waste material 16 into passage 22
at a desired, adjustable flow rate, wherein pump 28 can be any pump known in the art
suitable for pumping liquids. In a preferred embodiment, pump 28 is a submersible
sump pump.

[0032] In some embodiments, the method may further include temporary
deactivation of conveyance from reservoir 16 to equalization tank 14 or heater 12 if
the pH levels of waste material in reservoir 16 exceeds a predetermined level. In this
embodiment, reservoir 16 furthers include a low pH cutoff device 52, such that
exiting movement into passage 22 of the waste material is ceased if the pH level of
the waste material is outside of a desired range. The pH cutoff device 52 is a device
known in the art operably related to reservoir 16 and pump 28. If the monitor detects
a pH level of a waste material in reservoir 16 out of range, the device ceases operation
of pump 28. The pH cut off level in reservoir 16 is typically greater than a preferred
pH of bioreactor 10. In preferred embodiments, the pH cutoff level is set between
about 7 and 8 pH. The conveyance with pump 28 may resume when the pH level
naturally adjusts through the addition of new waste material into reservoir 16 or by
adjusting the pH through artificial means, such as those of pH controller 32. In
alternate embodiments, particularly when reservoir 16 is not adapted to receive
effluent from an industrial process, the pH cutoff device is not used.

[0033] Passage 22 provides further entry access into equalization tank 14 or
heater 12. Equalization tank is an optional intermediary container for holding waste
material between reservoir 16 and heater 12. Equalization tank 14 provides an
intermediary container that can help control the flow rates of waste material into

heater 12 by providing a slower flow rate into passage 20 than the flow rate of waste
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material into the equalization tank through passage 22. An equalization tank is most
useful when reservoir 16 received effluent from an industrial facility such that it is
difficult to control flow into reservoir 16. The equalization tank can be formed of any
material suitable for holding and treating the waste material. In the present invention,
equalization tank 14 is constructed of high density polyethylene materials. Other
materials include, but are not limited to, metals or plastics. Additionally, the size and
shape of equalization tank 14 can vary widely within the spirit of the invention
depending on output desired and location limitations.

[0034] The method preferably further includes discontinuance of conveyance
from equalization tank into heater 12 if the level of waste material in equalization tank
14 falls below a predetermined level. Low-level cut-off point device 56 ceases
operation of pump 26 if waste material contained in equalization tank 14 falls below a
predetermined level. This prevents air from being sucked by pump 26 into passage
20, thereby maintaining an anaerobic environment in bioreactor 10. Waste material
can be removed through passage 20 or through passage 24. Passage 20 provides
removal access from equalization tank 14 and entry access into heater 12. Passage 24
provides removal access from equalization tank 14 of waste material back to reservoir
16, thereby preventing excessive levels of waste material from filling equalization
tank 14. Passage 24 provides a removal system for excess organic feed material that
exceeds the cut-off point of equalization tank 14. Both passage 20 and passage 24
may further be operably related to pumps to facilitate movement of the waste
material. In alternate embodiments, equalization tank 14 is not used and waste
material moves directly from reservoir 16 to heater 12. If reservoir 16 is one or a
multiplicity of storage tanks holding a waste material, equalization tank 14 may not be
necessary. In these embodiments, passages connecting reservoir 16 and heater 12 are
arranged accordingly.

[0035] The waste material is optionally heated prior to introduction into the
bioreactor to deactivate or kill undesirable microorganisms, i.e., methanogens and
non-hydrogen producers. The optional heating can occur anywhere upstream. In one
embodiment, the heating is achieved in heater 12, wherein the waste material is
heated within the heater. Alternatively, waste material can be heated at additional or

alternate locations in the hydrogen production system. Passage 20 provides entry
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access to heater 12, wherein heater 12 is any apparatus known in the art that can
contain and heat contents held within it. Passage 20 is preferably operably related to
pump 26. Pump 26 aids the conveyance of waste material from equalization tank 14
or reservoir 16 into heater 12 through passage 20, wherein pump 26 is any pump
known in the art suitable for this purpose. In preferred embodiments, pump 26 is an
air driven pump for ideal safety reasons, specifically the interest of avoiding creating
sparks that could possible ignite hydrogen. However, motorized pumps are also
found to be safe and are likewise usable.

[0036] To allow nonparaffinophilic microorganisms within the bioreactor 10
to metabolize the waste material and produce gas not substantially containing
methane, methanogens contained within the waste material are substantially killed or
deactivated. In preferred embodiments, the methanogens are substantially killed or
deactivated prior to entry into the bioreactor. In further preferred embodiments,
methanogens contained within the waste material are substantially killed or
deactivated by being heated under elevated temperatures in heater 12. Methanogens
are substantially killed or deactivated by elevated temperatures. Methanogens are
generally deactivated when heated to temperatures of about 60-75°C for a period of at
least 15 minutes. Additionally, methanogens are generally damaged or killed when
heated to temperatures above about 90°C for a period of at least 15 minutes. In
contrast, many nonparaffinophilic microorganisms are resistant to temperatures up to
‘about 110°C. Heater 12 enables heating of the waste material to temperature of about
60 to 100°C in order to substantially deactivate or kill the methanogens while leaving
non-methanogen nonparaffinophilic microorganisms substantially functional. This
effectively pasteurizes or sterilizes the contents of the waste material from active
methanogens while leaving the non-methano gen nonparaffinophilic microorganisms
intact to form biofilm, thus allowing antibiotic screening of the desired
microorganisms. Heater 12 can be any receptacle known in the art for holding,
receiving and conveying the waste material. Similar to the equalization tank 14,
heater 12 is preferably formed substantially from metals, acrylics, other plastics or
combinations thereof, yet the material can vary widely within the spirit of the
invention to include other suitable materials. Similarly, the size and the shape of

heater 12 can vary widely within the spirit of the invention depending on output
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required and location limitations. In preferred embodiments, retention time in heater
12 is at least 45 minute, preferably between 45 and 90 minutes. Retention time marks
the average time any particular part of waste material is retained in heater 12.

[0037] To maintain temperatures at desired levels, at least one temperature
sensor 48 monitors a temperature indicative of the waste material temperature during
the heating step, preferably the temperature levels of equalization tank 14 and/or
heater 12. In preferred embodiments, an electronic controller is provided having at
least one microprocessor adapted to process signals from one or a plurality of devices
providing waste material parameter information, wherein the electronic controller is
operably related to the at least one actuatable terminal and is arranged to control the
operation of and to controllably heat the heating tank and/or any contents therein.
The electronic controller is located or coupled to heater 12 or equalization tank 14, or
can alternatively be at a third or remote location. In alternate embodiments, the
controller for controlling the temperature of heater 12 is not operably related to
temperature sensor 48, and temperatures can be adjusted manually in response to
temperature readings taken from temperature sensor 48.

[0038] Waste material is then conveyed from heater 12 to bioreactor 10.
Passage 18 connects heater 12 with bioreactor 10. Waste material is conveyed into
the bioreactor through transport passage 18 at a desired flow rate. When pumps are
operating and not shut down by, for example, low pH cut off device 52, the system is
preferably a continuous flow system with waste material in constant motion between
containers such as reservoir 16, heater 12, bioreactor 10, equalization tank 14 if
applicable, and so forth. Flow rates in the system can vary depending on retention
time desired in any particular container. For example, in preferred embodiments,
retention time in bioreactor 10 is between about 6 and 12 hours. To meet this
retention time, the flow rate of passage 18 and effluent passage 38 are adjustable as
known in the art so that waste material, on average, stays in bioreactor 10 for this
period of time. In preferred embodiments, pump 26 also enables conveyance from
heater 12 to bioreactor 10 through passage 18. In alternate embodiments, an
additional pumping device can be specifically operably related to passage 18.

[0039] The waste material is conveyed through passage 18 having a first and

second end, wherein passage 18 provides entry access to the bioreactor at a first end
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of passage 18 and providing removal access to the heater at a second end of passage
18. Any type of passage known in the art can be used, such as a pipe or flexible tube.
The transport passage may abut or extend within the bioreactor and/or the heater.
Passage 18 can generally provide access into bioreactor 10 at any location along the
bioreactor. However, in preferred embodiments, passage 18 provides access at an
upper portion of bioreactor 10.

[0040] Bioreactor 10 provides an anaerobic environment conducive for
nonparaffinophilic microorganisms to metabolize waste material, wherein the
nonparaffinophilic microorganisms grow and form biofilm on coated substrates.
While the bioreactor is beneficial to the growth of nonparaffinophilic microorganisms
and the corresponding metabolism of waste material by the nonparaffinophilic
microorganisms, it is preferably restrictive to the proliferation of methano gens,
wherein methanogens are microorganisms that metabolize carbon dioxide and
hydrogen to produce methane and water.

[0041] Bioreactor 10 can be any receptacle known in the art for carrying an
organic feed material. Bioreactor 10 is anaerobic and therefore substantially airtight.
Bioreactor 10 itself may contain several openings. However, these openings are
covered with substantially airtight coverings or connections, such as passage 18,
thereby keeping the environment in bioreactor 10 substantially anaerobic. Generally,
the receptacle will be a limiting factor in the amount of material that can be process\ed.
Therefore, the size and shape of the bioreactor can vary widely within the sprit of the
invention depending on output desired and location limitations.

[0042] A preferred embodiment of a bioreactor is shown in Figure 2.
Bioreactor 10 can be formed of any material suitable for holding waste material that
can further create an airtight, anaerobic environment. In the present invention, -
bioreactor 10 is constructed of high density polyethylene materials. Other materials,
including but not limited to metals or other plastics, can similarly be used. Generally
silo-shaped bioreactor 10 has about a 300 gallon capacity with a generally conical
bottom 84. Stand 82 is adapted to hold cone bottom 84 and thereby hold bioreactor
10 in an upright position. The bioreactor 10 preferably includes one or a multiplicity
of openings that provide a passage for supplying or removing contents from within

the bioreactor. The openings may further contain coverings known in the art that
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cover and uncover the openings as desired. For example, bioreactor 10 preferably
includes a central opening covered by lid 86. In alternate embodiments of the
invention, the capacity of bioreactor 10 can be readily scaled upward or downward
depending on needs or space limitations.

[0043] Bioreactor 10 preferably provides a system to remove excess waste
material, as shown in Figures 1 and 3. In the present embodiment, bioreactor 10
includes effluent passage 36 having an open first and second end that provides a
passage from inside bioreactor 10 to outside the bioreactor. The first end of effluent
passage 36 may abut bioreactor 10 or extend into the interior of bioreactor 10. If
effluent passage 36 extends into the interior of passage 10, the effluent tube preferably
extends upwards to generally upper portion of bioreactor 10. When bioreactor 10 is
filled with waste material, the open first end of the effluent passage allows an excess
waste material to be received by effluent passage 36. Effluent passage 36 preferably
extends from bioreactor 10 into a suitable location for effluent, such as a sewer or
effluent container, wherein the excess waste material will be deposited through the
open second end.

[0044] In further embodiments, a directional flow is achieved in bioreactor 10.
Circulation system 58 is provided in operable relation to bioreactor 10. Circulation
system 58 enables circulation of waste material contained within bioreactor 10 by
removing waste material at one location in bioreactor 10 and reintroduces the
removed waste material at a separate location in bioreactor 10, thereby creating a
directional flow in the bioreactor. The directional flow aids the microorganisms
within the waste material in finding waste materials and substrates on which to grown
biofilms. As could be readily understood, removing waste material from a lower
region of bioreactor 10 and reintroducing it at an upper region of bioreactor 10 would
create a downward flow in bioreactor 10. Removing waste material from an upper
region of bioreactor 10 and reintroducing it at a lbwer region would create an up-flow
in bioreactor 10.

[0045] In preferred embodiments, as shown in Figure 1, circulation system 58
is arranged to produce an up-flow of any waste material contained in bioreactor 10.
Passage 60 provides removal access at a higher point than entry access provided is

provided by passage 62. Pump 30 facilitates movement from bioreactor 10 into
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passage 60, from passage 60 into passage 62, and from passage 62 back into
bioreactor 10, creating up-flow movement in bioreactor 10. Pump 30 can be any
pump known in the art for pumping organic feed material. In preferred embodiments,
pump 30 is an air driven centrifugal pump. Other arrangements can be used,
however, while maintaining the spirit of the invention. For example, a pump could be
operably related to a single passage that extends from one located of the bioreactor to
another.

[0046] One or a multiplicity of additional treatment steps can be performed on
the waste material, either in bioreactor 10 or elsewhere in the system, for the purpose
of making the waste material more conducive to proliferation of nonparaffinophilic
microorganisms. The one or a multiplicity of treatment steps include, but are not
limited to, aerating the waste material, diluting the waste material with water or other
dilutant, controlling the pH of the waste material, adjusting electrolyte contents (Na,
K, Cl, Mg, Ca, etc.) and adding additional chemical compounds to the waste material.
Additional chemical compounds added by treatment apparatuses include anti-fungal
agents, phosphorous supplements, yeast extract or nonparaffinophilic microorganisms
inoculation. The apparatus performing these treatment steps can be any apparatuses
known in the art for incorporating these treatments. For example, in one embodiment,
a dilution apparatus is a tank having a passage providing controllable entry access of a
dilutant, such as water, into bioreactor 10. In some preferred embodiments, the
treatment steps are performed in circulation system 58. In other embodiments,
treatment steps of the same type may be located at various points in the bioreactor
system to provide treatments at desired locations.

[0047] Keeping waste material contained within bioreactor 10 within a
favorable pH range is conducive to lack of methane production. Controlling pH in the
bioreactor may be performed alternatively or additionally to heating waste material
prior to introduction into the bioreactor. In preferred embodiments, pH controller 34
monitors the pH level of contents contained within bioreactor 10. In preferred
embodiments, the pH of the waste material in bioreactor 10 is maintained between
about 3.5 to 6.0 pH, most preferably between about 4.5 to 5.5 pH, as shown in Table
2. In further preferred embodiments, pH controller 34 controllably monitors the pH

level of the waste material and adjustably controls the pH of the waste material if the
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waste material falls out of range or is in danger of falling out of the desired range. As
shown in Figure 1, pH controller 34 monitors the pH level of contents contained in
passage 62, such as waste material, with a pH sensor (represented as the wavy line
connecting pH controller 34 and passage 62.) As could readily be understood, pH
controller 34 can be operably related to any additional or alternative location that
potentially holds waste material, for example, passage 60, 62 or bioreactor 10 as
shown in Figure 3.

[0048] If the pH of the waste material falls out of a desired range, the pH is
preferably adjusted back into the desired range. Control of a pH level provides an
environment that enables at least some nonparaffinophilic microorganisms to function
while similarly providing an environment unfavorable to methanogens. Control of pH
of the waste material in the bioreactor can be achieved by any means known in the art.
In one embodiment, a pH controller 34 monitors the pH of the waste material and can
add a pH control solution from container 54 in an automated manner if the pH of the
organic feed material moves out of a desired range. In a preferred embodiment, the
pH monitor controls the waste materials® pH through automated addition of a sodium
or potassium hydroxide solution. One such apparatus for achieving this is an Etatron
DLX pH monitoring device. Preferred ranges of pH for the organic feed material is.
between about 3.5 and 6.0, with a more preferred range between about 4.0 and 5.5
pH. '

[0049] Bioreactor 10 further preferably includes an overflow cut-off switch
66, as shown in Figure 3, to turn off feed pump 26 if the waste material exceeds or
falls below a certain level in the bioreactor.

[0050] Exhaust system 70 exhausts gas produced by the nonparaffinophilic
microorganisms. Any exhaust system known in the art can be used. In a preferred
embodiment, as shown in Figure 1, exhaust system includes exhaust passage 72,
backflow preventing device 74, gas flow measurement and totalizer 76, air blower 46
and exhaust pipe 78.

[0051] Bioreactor 10 preferably contains one or a multiplicity of substrates 90
for providing surface area for attachment and growth of bacterial biofilms, as shown
in Figure 4. Sizes and shapes of the one or a multiplicity of substrates 90 can vary

widely, including but not limited to flat surfaces, pipes, rods, beads, slats, tubes, .
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slides, screens, honeycombs, spheres, object with latticework, or other objects with
holes bored through the surface. Numerous substrates can be used, for example,
hundreds, as needed.

[0052] Substrates 90 preferably are substantially free of interior spaces that
potentially fill with gas. In one preferred embodiment, ‘the bioreactor comprises about
numerous pieces of floatable 1” plastic media to provide surface area for attachment
of the bacterial biofilm, for example, Flexiring™ Random Packing (Koch-Glitsch.)
Some substrates 90 may further be retained below the liquid surface by a perforated
acrylic plate.

[0053] In one embodiment of the invention, one or a multiplicity of substrates
90 are coated with a carbon-based coating 92 to aid the growth of nonparaffinophilic
microorganisms. The carbon based material 92 is preferably coated on the one or a
multiplicity of substrates 90 within bioreactor 10. The coating baits
nonparaffinophilic microorganisms contained in the waste material, which then grow
thereon, forming biofilm.

[0054] Carbon based baiting material 92 is preferably a gelatinous matrix
having at least one carbon compound. In one embodiment, the gelatinous matrix is
agar based. In this embodiment, the gelatinous matrix is prepared by placing agar and
a carbon compound into distilled water, wherein the agar is a gelatinous mix, and
wherein any other gelatinous mix known in the art can be used in place of or in
addition to agar within the spirit of the invention.

[0055] The carbon compound used with the gelatinous mix to form the
gelatinous matrix can vary widely within the spirit of the invention. The carbon
source is preferably selected from the group consisting of: glucose, fructose, glycerol,
mannitol, asparagines, casein, adonitol, I-arabinose, cellobiose, dextrose, dulcitol, d-
galactose, inositol, lactose, levulose, maltose, d-mannose, melibiose, raffinose,
rhamnose, sucrose, salicin, d-sorbitol, d-xylose or any combination thereof. Other
carbon compounds known in the art, however, can be used within the spirit of the
invention.

[0056] Generally, the matrix is formed by adding a ratio of three grams of
carbon compound and two grams of agar per 100 mL of distilled water. This ratio can

be used to form any amount of a mixture up to or down to any scale desired. Once the
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correct ratio of carbon compound, agar and water are mixed, the mixture is boiled and
steam sterilized to form a molten gelatinous matrix.

[0057] Substrates 90 can be coated by coating material 92 by hand, by
machine or by any means known in the art. In one embodiment, the carbon based
coating material 92 may be coated directly onto the substrate. In alternative
embodiments, however, an adhesive layer may be located between the carbon based
coating material 92 and the substrate, the adhesive being any adhesive known in the
art for holding carbon based compounds. In a preferred embodiment, the adhesive
includes a plurality of gel beads, wherein carbon based coating material 92 is affixed
to the gel beads ionically or by affinity.

[0058] For example, substrate 90 with the gelatinous matrix containing a
carbon source can be prepared by the following method. A receptacle, such as a
laboratory beaker, is first filled with 100 ml of distilled water. Placed into the beaker
are two (2) grams of agar (the gelatinous matrix) per three (3) grams of a carbon
source (such as glucose). This mixture is then boiled and steam sterilized and the
molten gelatinous matrix with a carbon source is poured into a receptacle sitting on a
hot plate. In this way the gelatinous matrix/carbon source remains molten. After this,
a substrate 90 is dropped into the molten gelatinous matrix/carbon source and
becomes coated therewith. The now coated slide is removed from the petri dish and
allowed to stand for a minute or two in order to solidify the coating thereon. The slide
with the coating of a gelatinous matrix containing a carbon source is then ready to be
placed in bioreactor 10.

[0059] An alternative method of preparing the coated substrate involves first
coating the substrate with an adhesive, such as collodion and then applying a plurality
of gel beads (commercially available from Pharmacia of Parsippany, New Jersey) to
the adhesive. The gel beads are approximately one micron in diameter. The coating
containing the coating of gel beads is now immersed in a buffering agent containing
the carbon source (such as glucose) to attach the carbon source to the gel beads either
ionically or affinity-wise.

[0060] In alternate embodiments, the one or a multiplicity of substrates 90 are
generally inserted into the bioreactor through corresponding slots, such that the

substrates can be added or removed from the bioreactor without otherwise opening the
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bioreactor. In further alternate embodiments, the substrates are affixed to an interior
surface of the bioreactor.
[0061] In an additional embodiment, coating material 92 is conveyed from the
container holding carbon based coating material 92 into a hollow or partially hollow
interior channel of the substrate. The gelatinous matrix is conveyed into the channel
with a conveying device, preferably a pump. The conveying device can be any
pumping means known in the art, including hand or machine. The carbon based
coating material 92 permeates from the channel of the substrate to the exterior
through the holes, coating the substrate surface. The carbon based coating material 92
on the substrate can be continually replenished at any time by conveying more
gelatinous matrix into the interior of the substrate. The flow of carbon based coating
material 92 can be regulated by the conveying device such that the substrate is coated
and/or replenished at any speed or rate desired. Further, the entire substrate need not
be covered by the carbon based coating material 92, although preferably the majority
of the substrate is covered at any moment in time.
[0062] In this embodiment, the invention may further provide a method for
producing hydrogen and isolating microorganisms having anaerobic bioreactor for
holding waste material, one or a multiplicity of substrates contained within the

, bioreactor, the one or a multiplicity of substrates having a coating disposed thereon
for hosting the growth of biofilm, wherein the coating is a replenishable coating from
a coating source outside the bioreactor. The coating is contained in a coating
container or other container proximate the bioreactor. The system further contains a
passage connecting the coating container and the interior channel of one or a
multiplicity of substrates. Coating is pumped from the coating container through the
passage and into the channel, where the coating permeates from the channel through a
permeable or semi-permeable surface of the substrates. As the coating permeates to
the surface, it replenishes, i.e., supplements or replaces, coatings already present on
the substrates. Alternatively, if no coating is present, the coating permeates to provide
an initial coating on the substrates. By replenishing coating, the system has a
continuous supply of bait and feeding material for nonparaffinophilic
microorganisms. The nonparaffinophilic microorganisms for biofilm on the coated

substrates and are thereby isolated on the substrates.
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[0063] Coated substrates provide an environment for the growth of
nonparaffinophilic microorganisms in the bioreactor. This is advantageous as
substrates enable microorganisms to obtain more nutrients and expend less energy
than a similar microorganism floating loosely in waste material.

[0064] Further, nonparaffinophilic microorganisms that can metabolize the
waste material grow quickest. The microorganisms, baited by the carbon based
coating material, attach themselves to the substrate, thereby forming a slime layer on
the substrate generally referred to as a biofilm. The combination of carbon based
coating material 92 on the substrate, waste material and the environmental conditions
not favorable to methanogens allows the nonparaffinophilic microorganisms to grow,
multiply and form biofilms on the substrate. If the nonparaffinophilic
microorganisms metabolize the waste, the biofilm, supported by the coated substrate,
can thrive.

[0065] In order to increase growth and concentration on the substrates 90, the
surface area of the substrate can be increased. Increasing the surface area can be
achieved by optimizing the surface area of a single substrate within the bioreactor,
adding a multiplicity of substrates within the bioreactor, or a combination of both.
[0066] Colonies of nonparaffinophilic microorganisms growing on substrates
90, with or without coating 92, or elsewhere in the bioreactor, can be selected from
the biofilm, wherein selecting means removing one or a multiplicity of colonies from
the biofilm in bioreactor 10 by a method known in the art. The selected colonies, by
successfully growing in and metabolizing the waste material, are good candidates for
use screening for potential antibiotic ability. The selected colonies can then be further
isolated and/or identified by means methods known in the art, such as conventional or
molecular based systems. The isolated colonies can them be screened for antibiotic
ability with methods known in the art.

[0067] Bioreactor 10 may further include a coating of alginate within the
interior of the bioreactor. The thickness and type of alginate coating can vary within
the bioreactor. Thus, the bioreactor may have levels of alginate, i.e., areas of different

formulations and amounts of alginate in different locations within the bioreactor.
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Example 1

[0068]‘ A multiplicity vof bioreactors house waste materials were initially
operated at pH 4.0 and a flow rate of 2.5 mL min’}, resulting in a hydraulic retention
time (HRT) of about 13 h (0.55 d). This is equivalent to a dilution rate of 1.8 asl.
After one week all six bioreactors were at pH 4.0, the ORP ranged from -300 to -450
mV, total gas produced by biodegradation averaged 1.6 L d” including hydrogen
production averaged 0.8 L d!. The mean COD of the waste material during this
period was 4,000 mg L' and the mean effluent COD was 2,800 mg L™, for a
reduction of 30%. After one week, the pHs of certain bioreactors were increased by
one half unit per day until the six bioreactors were established at different pH levels
ranging from 4.0 to 6.5. Over the next three weeks at the new pH settings, samples
were collected and analyzed each weekday. It was found that the optimum for gas
production through biodegradation in this embodiment was pH 5.0 at 1.48 L hydrogen
d! (Table 1).

Table 1. Production of hydrogen in 2-L anaerobic bioreactors as a function of pH.

Total H2 H2 per
gas "2 L/g Sugar
pH L/day L/day COD moles/mole
4.0° 1.61 0.82 0.23 1.81
4.5° 2.58 1.34 0.23 1.81
5.0° 2.74 1.48 0.26 2.05
5.5¢ 1.66 0.92 0.24 1.89
6.0¢ 2.23 1.43 0.19 1.50
6.5° 0.52 0.31 0.04 0.32

* mean of 20 data points

mean of 14 data points
mean of 11 data points
mean of 7 data points

mean of 6 data points

[0069] The complete data set is provided in Tables 3a and 3b.

[0070] . Samples of biogas were analyzed several times per week from the
beginning of the study, initially using a Perkin Elmer Autosystem GC with TCD, and
then later with a Perkin Elmer Clarus 500 GC with TCD in series with an FID.
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[0071] Methane was not detected with the TCD, but trace amounts were
detected with the FID (as much as about 0.05 %).

[0072] Over a ten-day period, the waste material was mixed with sludge
obtained from a methane-producing anaerobic digester at a nearby wastewater
treatment plant at a rate of 30 mL of sludge per 20 L of diluted grape juice. There
was no observed increase in the concentration of methane during this period.
Therefore, it was concluded that the preheating of the feed to about 65° C as described
previously was effective in deactivating the microorganisms contained in the sludge.
Hydrogen gas production rate was not affected (data not shdwn).

[0073] Using this example, nonparaffinophilic microorganisms containing
biofilm are formed on the substrates, wherein the nonparaffinophilic microorganisms
are not overwhelmed by methanogens.

[0074] Colonies of nonparaffinophilic microorganisms were selected from the
biofilms in the bioreactor and identified using standard microbiologic methodology
for bacterial identification. The identified nonparaffinophilic microorganisms are
screened for antibiotic ability with methods known in the art.

[0075] Whereas particular embodiments of this invention have been described
above for purposes of illustration, it will be evident to those skilled in the art that
numerous variations of the details of the present invention may be made without

departing from the invention as defined in the appended claims.
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What is Claimed Is:

1. A method for identifying microorganisms suitable for antibiotic ability,
comprising the steps of:

selecting a waste material,

heating the waste material to an increased temperature,

introducing the waste material into a bioreactor,

forming microorganism-containing biofilm on one or a multiplicity of
substrates,

selecting microorganisms, and

scteening the microorganisms for antibiotic ability.

2. The method of claim 1, wherein the substrates are coated with a gelatinous
matrix.
3. The method of claim 2, wherein the gelatinous matrix is for formed from agar

and at least one carbon compound.

4, The method of claim 3, wherein the carbon compound is selected from the list
consisting of glucose, fructose, glycerol, mannitol, asparagines, casein, adonitol, 1-
arabinose, cellobiose, dextrose, dulcitol, d-galactose, inositol, lactose, levulose,
maltose, d-mannose, melibiose, raffinose, rhamnose, sucrose, salicin, d-sorbitol, d-

xylose or combination thereof.
5. The method of claim 1, further comprising the step of adjusting the pH of the
waste material in the bioreactor to a pH between about 3.5 to 6.0 pH at any point

during the method.

6. The method of claim 1, wherein the one or a multiplicity of substrates are

affixed to the bioreactor.
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7. The method of claim 1, wherein the substrates are selected from the list
consisting of pipes, rods, beads, slats, tubes, slides, screens, honeycombs, spheres,

objects with latticework, or objects with holes or passages bored through the surface.

8. The method of claim 1, wherein the bioreactor further includes an alginate
coating.
9. The method of claim 1, wherein the waste material is selected from the group

consisting of sugar-containing waste waters, milk product wastes, and sewage-related

wastes.

10.  The method of claim 1, wherein the waste material is heated to a temperature
of about 60 to 100°C.

11. The method of claim 1, further comprising the step of adjusting the

electrolytes of the waste material.

12, A method for identifying microorganisms with antibiotic ability, comprising
the steps of:

selecting a waste material,

heating the waste material to an increased temperature,

introducing the waste material into a bioreactor,

adjusting the pH of the waste material between about 3.5 — 6.0 pH,

forming microorganism-containing biofilm on one or a multiplicity of
substrates,

selecting microorganisms, and

screening the microorganisms for antibiotic ability.

13. The method of claim 12, wherein the one or a multiplicity of substrates are

affixed to the bioreactor.
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14.  The method of claim 12, wherein the one or a multiplicity of substrates are un-

affixed to the bioreactor.

15.  The method of claim 12, wherein the substrates are selected from the list
consisting of pipes, rods, beads, slats, tubes, slides, screens, honeycombs, spheres,

objects with latticework, or objects with holes or passages bored through the surface.

16.  The method of claim 12, wherein the waste material is heated to a temperature
of about 60 to 100°C.

17. The method of claim 12, wherein the substrates are coated with a gelatinous

matrix.

18.  The method of claim 17, wherein the gelatinous matrix is for formed from

agar and at least one carbon compound.

19. The method of claim 18, wherein the carbon compound is selected from the
list consisting of glucose, fructose, glycerol, mannitol, asparagines, casein, adonitol, 1-
arabinose, cellobiose, dextrose, dulcitol, d-galactose, inositol, lactose, levulose,
maltose, d-mannose, melibiose, raffinose, thamnose, sucrose, salicin, d-sorbitol, d-

xylose or combination thereof.

20.  The method of claim 12, further comprising the step of removing excess waste

material from the bioreactor.
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