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TITLE: BIOREMEDIATION OF POLYCYCLIC AROMATIC
HYDROCARBON AND/OR POLYCHLORINATED BIPHENYL

CONTAMINATION

FIELD OF THE INVENTION

The present disclosure relates to methods and compositions for detection and/or
recovery of polycyclic aromatic hydrocarbons and/or polychlorinated biphenyls and
their associated constituents in fluid samples. More specifically, the present disclosure
pertains to compositions comprising a tetrabrachion protein from Staphylothermus
marinus and/or fragments thereof, and to uses of the compositions for detecting and/or

recovering chemical elements from solutions and/or suspensions.

BACKGROUND OF THE INVENTION

Polycyclic aromatic hydrocarbons such as naphthalene and naphthenic acids are
naturally occurring constituents of crude oil and are generally categorized as saturated
acyclic and cyclic carboxylic acids in which the carboxylic acid group is attached to an
aliphatic sidechain or alternatively, to a cycloaliphatic ring (a single benzene ring or
multiple-fused benzene rings). More precisely, polycyclic aromatic hydrocarbons can
be described as a complex mixture of saturated alkyl-substituted acyclic and cyclic
aliphatic carboxylic acids with a general formula C,H,,.;0,, where »n indicates the
carbon number, and Z specifies the number of rings in the molecule. Polycyclic
aromatic hydrocarbons are quite corrosive and are removed from crude oil (e.g.,
bitumen) during its extraction from oil fields and oil sands, and during subsequent
refining of the recovered crude oil. The consequence is that water used for recovery and
processing of crude oil becomes increasingly enriched with polycyclic aromatic
hydrocarbons. Significant amounts of dissolved polycyclic aromatic hydrocarbons
remain in waste process water and consequently, are stored in large tailings ponds. It is
also known that coal deposits comprise naphthenic acid constituents that are
assimilated into water used to recover and process coal ores. Additionally, polycyclic

aromatic hydrocarbons, commonly recovered during crude oil refining and isolated
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from conventional petroleum distillates, are subsequently used as source materials in
the manufacture of corrosion inhibitors, wood preservatives, lubricant and fuel
additives, driers for paints and inks, and in the production of metal soaps, and as a

consequence, may end up as contaminants in industrial waste water streams.

Polychlorinated biphenyls (PCBs) are another class of compounds characterized
by a core of two benzene rings, and are closely related to polycyclic aromatic
hydrocarbons. PCBs are of particular concern because of their environmental toxicity
and serious health effects on human, animal, and aquatic species. PCBs are very stable
compounds and do not readily decompose because of their resistance to chemical
oxidation and reduction in natural environments. Furthermore, PCBs have long half-
lives ranging from eight to fifteen years, and are generally insoluble in water.
Furthermore, the destruction of PCBs by chemical, thermal, and biochemical processes
is extremely difficult, and consequently, most countries have banned the commercial
production and use of PCBs. Because of the difficulties in safely destroying PCBs and
their long persistence in the environment, considerable quantities of PCBs have been
stored in evacuated buildings and municipal landfill sites. However, many of these
storage sites were not design to safely contain PCBs and as result PCBs are able to

escape into the atmosphere and groundwaters.

The problem with both classes of compounds, i.e., polycyclic aromatic
hydrocarbons and PCBs, is that their elevated levels natural waterways are extremely
toxic to aquatic life including snails, bacteria, fish, plants, mammals, zooplankton, and
algae. Furthermore, it is possible for these pollutants to move from the natural

waterways into municipal water supply systems.

SUMMARY OF THE INVENTION

The present disclosure provides use of tetrabrachion protein or a fragment
thereof from Staphylothermus marinus or a composition comprising tetrabrachion
protein or a fragment thereof for detecting and/or recovering polycyclic aromatic
hydrocarbons and/or PCBs from fluid systems exemplified by waterways, municipal

water supply systems, industrial water supply systems, waste water storage facilities,
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water purification and recycling facilities and from related sludges, sediments, and
suspensions. The present disclosure further discloses methods for detecting and/or
recovering polycyclic aromatic hydrocarbons and/or PCBs from solutions and/or

suspensions using a tetrabrachion protein or a fragment thereof.

According to an aspect of the present disclosure, use of a tetrabrachion protein
or a fragment thereof from S. marinus for detecting and/or recovering polycyclic
aromatic hydrocarbons and/or PCBs from natural waterways, from municipal water
supply systems, from industrial supply systems, from wastewater storage facilities, and

from water purification and recycling facilities is disclosed.

According to another aspect of the present disclosure, a use of a composition
comprising a tetrabrachion protein or a fragment thereof from S. marinus and a carrier
therefor for detecting and/or recovering polycyclic aromatic hydrocarbons and/or PCBs

from a water system and/or a suspension and/or a sludge and/or a sediment is disclosed.

According to a further aspect of the present disclosure, a method for detecting
and/or recovering polycyclic aromatic hydrocarbons and/or PCBs from a water system
and/or a suspension and/or a sludge and/or a sediment is disclosed, wherein the method
comprises: (a) introducing S. marinus into the solution to produce tetrabrachion protein
or a fragment thereof, and (b) providing conditions that permit the tetrabrachion protein
or the fragment thereof to recover a naphthenic acid and/or a PCB from a water system

and/or a suspension and/or a sludge and/or a sediment.

According to another aspect of the present disclosure, a method for detecting
and/or recovering a naphthenic acid and/or a PCB from a water system and/or a
suspension and/or a sludge and/or a sediment is disclosed, wherein the method
comprises: (a) introducing tetrabrachion protein or a fragment thereof from S. marinus
into the solution; and (b) providing conditions that permit the tetrabrachion protein or
the fragment thereof to recover the naphthenic acid and/or the PCB from a solution

and/or a suspension.

According to another aspect of the present disclosure, a method for detecting

and/or recovering a naphthenic acid and/or a PCB from a water system and/or a
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suspension and/or a sludge and/or a sediment is disclosed, wherein the method
comprises: (a) a composition comprising tetrabrachion protein or a fragment thereof
from S. marinus into the a water system and/or a suspension and/or a sludge and/or a
sediment; and (b) providing conditions that permit the tetrabrachion protein or the
fragment thereof to recover the naphthenic acid and/or the PCB from the water system

and/or suspension and/or sludge and/or sediment.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the present disclosure will become more apparent from the

following description in which reference is made to the appended drawings wherein:

Fig. 1 shows an exemplary diagrammatic representation of the canopy-like
arrangement of the tetrabrachion stalk anchored to the Staphylothermus marinus cell

membrane;

Fig. 2 shows an exemplary diagrammatic representation of the tetrabrachion
stalk illustrating the dimensions of the tetrabrachion stalk. The spherical balls represent
the STABLE protease that binds to the RHCC polypeptide chain fragment of

tetrabrachion;

Fig. 3 shows the RHCC domain of tetrabrachion. Fig. 5(a) shows a side view of
the four helices of the RHCC domain of tetrabrachion at 1.8 A resolution. The N-
terminus is at the bottom, and the C-terminus is at the top of the figure. Fig. 5(b) shows

an axial view from the N-terminus of the RHCC domain;

Fig. 4 shows an amino acid sequence of a tetrabrachion protein from S. marinus

(SEQ ID NO: 1);

Fig. 5 shows a 52-amino-acid sequence of the RHCC polypeptide chain
fragment of tetrabrachion (SEQ ID NO: 2);

Fig. 6 shows a listing of the amino acid sequence (SEQ ID NO: 3) of a RHCC

polypeptide chain fragment of tetrabrachion and the codon optimized nucleotide

PCT/CA2015/050373
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sequence (SEQ ID NO: 2) encoding the RHCC polypeptide chain fragment used in the

exemplary embodiments of the present disclosure;

Fig. 7 is a chart showing the fluorescence anisotropy of various concentrations
of RHCCy in the presence of 20 uM naphthalene measured at 340 nm with an

excitation wavelength of 286 nm;

Fig. 8 shows a RHCC polypeptide chain fragment of tetrabrachion with two

naphthalene molecules within the hydrophobic channel; and

Fig. 9 is an electron density presentation from a cross-section of a co-crystal
structure of a RHCC polypeptide chain fragment with two naphthalene molecules
within the hydrophobic channel.

DETAILED DESCRIPTION

The present disclosure pertains to use of compositions comprising a right-
handed coiled coil (RHCC) structure or domain of the tetrabrachion protein from a
Staphylothermus marinus microorganism for detection and/or recovery of polycyclic
aromatic hydrocarbons and/or PCBs from a water system and/or a suspension and/or a

sludge and/or a sediment.

Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which the
invention belongs. Certain terms are discussed in the specification to provide additional
guidance to the practitioner in describing the methods, uses and the like of
embodiments of the invention, and how to make or use them. It will be appreciated that
the same thing may be said in more than one way. Consequently, alternative language
and synonyms may be used for any one or more of the terms discussed herein. No
significance is to be placed upon whether or not a term is elaborated or discussed
herein. Recital of one or a few synonyms or equivalents does not exclude use of other
synonyms or equivalents, unless it is explicitly stated. Use of examples in the
specification, including examples of terms, is for illustrative purposes only and does

not limit the scope and meaning of the embodiments of the invention herein. Although
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any methods and materials similar or equivalent to those described herein can be used
in the practice or testing of the present invention, the preferred methods and materials

are now described.

To facilitate understanding of the disclosure, the following definitions are

provided.

As used herein, the term “waterway™ means any naturally occurring or man-
made body of water exemplified by lakes, ponds, pools, reservoirs, oceans, seas, and/or
conduits wherein water moves along and/or into and/or out of a body of water such as

exemplified by rivers, streams, channels, canals and the like.

As used herein, a “water system” means a man-made infrastructure for
conveying water between a source and a destination, and includes pumping devices,
filtering apparatus, treatment apparatus for settling, and/or clarifying and/or purifying
and/or chemically treating, and/or disinfecting and/or sterilizing the water. Examples of
water systems are municipal water systems for receiving water from waterways,
treating the received water to make it potable water, conveying the water for
consumption, receiving wastewater and sewage and other water-borne materials and
conveying the same to sewage treatment plants from which the treated water is
discharged into a water and/or alternatively, further treated to produce potable water for
municipal use. Other examples of water systems include industrial water systems for
receiving water from waterways, optionally treating the water, and then using the water
for or in industrial processes exemplified by processing natural ores for separation and
recovery of minerals, refining of petroleum products, extraction of hydrocarbons from

oil sands, manufacturing of chemicals, food processing and the like.

As used herein, “solution™ refers to any chemical element-containing liquid
including, without limitation, any organic liquid, waste water, mine tailings, oils, coal

and effluents produced by various processes.

As used herein, “suspension” refers to any suspension or slurry that is a

heterogeneous mixture containing solid particles of chemical elements.
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As used herein, “sludge™ refers to any residual, semi-solid material left behind
from an industrial wastewater treatment process or of from a sewage treatment process,
or it may be used herein as a generic term for solids separated from suspension in a

liquid.

As used herein, “sediment” refers to naturally occurring materials that have
broken down by processes of weathering and/or erosion and are transported by water or

have settled out of water.

CE NS

As used herein, “recover”, “recovered”, “recovering” or “recovery” refers to the
obtaining of and/or extraction of and/or separation of one or more chemical elements

from a solution and/or a suspension.

As used herein, “STABLE” refers to the stalk-associated archaeabacteria endo-
protease proteins that bind specifically to the right-handed coiled coil polypeptide chain

fragment of the tetrabrachion protein from Staphylothermus marinus

As used herein, “RHCC” refers to the right-handed coiled coil polypeptide
chain fragment of tetrabrachion from S. marinus comprising 52 amino acid residues

and to which the STABLE protease binds.

As used herein, “host cell” refers to a cell of any microorganism into which a
nucleic acid construct encoding tetrabrachion or a fragment thereof can be transformed.
The host cell is not to be considered limiting in any manner, and can be, but is not
limited to, a mammalian cell, an insect cell, a bacterial cell or a yeast cell, exemplified
by and including, without limitation, Escherichia sp., Pseudomonas sp., Bacillus sp.,

Saccharomyces sp., Schizosaccharomyces sp. and Candida sp.

As used herein, the term “synthetic DNA” means DNA sequences that have
been prepared entirely or at least partially by chemical means. Synthetic DNA
sequences may be used, for example, for modifying native DNA sequences in terms of

codon usage and expression efficiency.

PCT/CA2015/050373
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The word “comprise” or variations such as “comprises™ or “comprising” will be
understood to imply the inclusion of a stated integer or groups of integers but not the

exclusion of any other integer or group of integers.

As used herein, the word “complexed” means attached together by one or more

linkages.

The term “a cell” includes a single cell as well as a plurality or population of

cells.

The term “about” or “approximately” means within 20%, preferably within

10%, and more preferably within 5% of a given value or range.

The term “nucleic acid” refers to a polymeric compound comprised of
covalently linked subunits called nucleotides. Nucleic acid includes polyribonucleic
acid (RNA) and polydeoxyribonucleic acid (DNA), both of which may be single-
stranded or double-stranded. DNA includes cDNA, genomic DNA, synthetic DNA, and
semisynthetic DNA.

The term “gene” refers to an assembly of nucleotides that encode a polypeptide,

and includes cDNA and genomic DN A nucleic acids.

The term “recombinant DNA molecule” refers to a DNA molecule that has

undergone a molecular biological manipulation.

The term “vector” refers to any means for the transfer of a nucleic acid into a
host cell. A vector may be a replicon to which another DNA segment may be attached
so as to bring about the replication of the attached segment. A “replicon” is any genetic
element (e.g., plasmid, phage, cosmid, chromosome, virus) that functions as an
autonomous unit of DNA replication in vivo, i.e., capable of replication under its own
control. The term “vector” includes plasmids, DNA-protein complexes, and
biopolymers. In addition to a nucleic acid, a vector may also contain one or more
regulatory regions, and/or selectable markers useful in selecting, measuring, and
monitoring nucleic acid transfer results (transfer to which tissues, duration of

expression, etc.).
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The term “cloning vector” refers to a replicon, such as plasmid, phage or
cosmid, to which another DNA segment may be attached so as to bring about the
replication of the attached segment. Cloning vectors may be capable of replication in

one cell type, and expression in another (“‘shuttle vector™).

A cell has been “transfected” by exogenous or heterologous DNA when such
DNA has been introduced inside the cell. A cell has been “transformed” by exogenous
or heterologous DNA when the transfected DNA effects a phenotypic change. The
transforming DNA can be integrated (covalently linked) into chromosomal DNA

making up the genome of the cell.

The term “nucleic acid molecule™ refers to the phosphate ester polymeric form
of ribonucleosides (adenosine, guanosine, uridine or cytidine; “RNA molecules™) or
deoxyribonucleosides  (deoxyadenosine, deoxyguanosine, deoxythymidine, or
deoxycytidine; “DNA molecules™), or any phosphoester anologs thereof, such as
phosphorothioates and thioesters, in either single stranded form, or a double-stranded
helix. Double stranded DNA—DNA, DNA-RNA and RNA—RNA helices are
possible. The term nucleic acid molecule, and in particular DNA or RNA molecule,
refers only to the primary and secondary structure of the molecule, and does not limit it

to any particular tertiary forms.

Modification of a genetic and/or chemical nature is understood to mean any
mutation, substitution, deletion, addition and/or modification of one or more residues.
Such derivatives may be generated for various purposes, such as in particular that of
enhancing its production levels, that of increasing and/or modifying its activity, or that
of conferring new pharmacokinetic and/or biological properties on it. Among the
derivatives resulting from an addition, there may be mentioned, for example, the
chimeric nucleic acid sequences comprising an additional heterologous part linked to
one end, for example of the hybrid construct type consisting of a cDNA with which one

or more introns would be associated.

Likewise, for the purposes of the invention, the claimed nucleic acids may

comprise promoter, activating or regulatory sequences, and the like.
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The term “promoter sequence” refers to a DNA regulatory region capable of
binding RNA polymerase in a cell and initiating transcription of a downstream (3’
direction) coding sequence. For purposes of defining the present invention, the
promoter sequence is bounded at its 3’ terminus by the transcription initiation site and
extends upstream (5’ direction) to include the minimum number of bases or elements

necessary to initiate transcription at levels detectable above background.

The term “homologous™ in all its grammatical forms and spelling variations
refers to the relationship between proteins that possess a “common evolutionary
origin,” including homologous proteins from different species. Such proteins (and their
encoding genes) have sequence homology, as reflected by their high degree of
sequence similarity. This homology is greater than about 75%, greater than about 80%,
greater than about 85%. In some cases the homology will be greater than about 90% to

95% or 98%.

“Amino acid sequence homology™ is understood to include both amino acid
sequence identity and similarity. Homologous sequences share identical and/or similar
amino acid residues, where similar residues are conservative substitutions for, or
“allowed point mutations™ of, corresponding amino acid residues in an aligned
reference sequence. Thus, a candidate polypeptide sequence that shares 70% amino
acid homology with a reference sequence is one in which any 70% of the aligned
residues are either identical to, or are conservative substitutions of, the corresponding

residues in a reference sequence.

The term “polypeptide” refers to a polymeric compound comprised of
covalently linked amino acid residues. Amino acids are classified into seven groups on
the basis of the side chain R: (1) aliphatic side chains, (2) side chains containing a
hydroxylic (OH) group, (3) side chains containing sulfur atoms, (4) side chains
containing an acidic or amide group, (5) side chains containing a basic group, (6) side
chains containing an aromatic ring, and (7) proline, an imino acid in which the side
chain is fused to the amino group. A polypeptide of the invention preferably comprises

at least about 14 amino acids.

PCT/CA2015/050373
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The term “protein” refers to a polypeptide which plays a structural or functional

role in a living cell.

A coding sequence is “under the control” of transcriptional and translational
control sequences in a cell when RNA polymerase transcribes the coding sequence into
mRNA, which is then trans-RNA spliced (if the coding sequence contains introns) and

translated into the protein encoded by the coding sequence.

The terms “codon optimization” and “codon optimized” mean the selection of
appropriate DNA nucleotides for the synthesis of oligonucleotides of a sequence
encoding a tetrabrachion protein or a fragment thereof using codons that are typically

utilized within the target host.

The term “corresponding to” is used herein to refer to similar or homologous
sequences, whether the exact position is identical or different from the molecule to
which the similarity or homology is measured. A nucleic acid or amino acid sequence
alignment may include spaces. Thus, the term “corresponding to” refers to the sequence

similarity, and not the numbering of the amino acid residues or nucleotide bases.

The term “derivative” refers to a product comprising, for example,
modifications at the level of the primary structure, such as deletions of one or more
residues, substitutions of one or more residues, and/or modifications at the level of one
or more residues. The number of residues affected by the modifications may be, for
example, from 1, 2 or 3 to 10, 20, or 30 residues. The term derivative also comprises
the molecules comprising additional internal or terminal parts, of a peptide nature or
otherwise. They may be in particular active parts, markers, amino acids, such as
methionine at position —1. The term derivative also comprises the molecules
comprising modifications at the level of the tertiary structure (N-terminal end, and the
like). The term derivative also comprises sequences homologous to the sequence
considered, derived from other cellular sources, and in particular from cells of human
origin, or from other organisms, and possessing activity of the same type or of
substantially similar type. Such homologous sequences may be obtained by

hybridization experiments. The hybridizations may be performed based on nucleic acid
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libraries, using, as probe, the native sequence or a fragment thereof, under conventional

stringency conditions or preferably under high stringency conditions.

The term “operatively linked” means that the particular sequences, for example
a regulatory element and a coding region of interest, interact either directly or indirectly
to carry out an intended function, such as mediation or modulation of gene expression.
The interaction of operatively linked sequences may, for example, be mediated by
proteins that interact with the operatively linked sequences. A coding region of interest,
such as the nucleotide sequence encoding tetrabrachion protein, may also be introduced
within a vector along with other sequences, typically heterologous, to produce a
chimeric construct. A transcriptional regulatory region and a sequence of interest are
“operably linked” when the sequences are functionally connected so as to permit
transcription of the sequence of interest to be mediated or modulated by the

transcriptional regulatory region.

The terms “regulatory region” and “regulatory element” mean a nucleic acid
sequence that has the property of controlling the expression of a sequence that is
operatively linked with the regulatory region. Such regulatory regions may include
promoter or enhancer regions, and other regulatory elements recognized by one of skill
in the art. By “promoter” it is meant the nucleotide sequences at the 5° end of a coding
region, or fragment thereof, that contain all the signals essential for the initiation of
transcription and for the regulation of the rate of transcription. There are several types
of regulatory elements, including those that are inducible, constitutive or the like. A
regulatory element may be derived from any suitable source provided that the
regulatory element is active in the host cell. A regulatory element may be an animal
nucleic acid sequence, a bacterial nucleic acid sequence, a viral nucleic acid sequence,
a protozoan nucleic acid sequence, or a yeast nucleic acid sequence, provided that the
regulatory element functions within the host cell in which it is used. A regulatory
element may comprise, in whole or in part, synthetic nucleic acid sequences not found

in nature (a synthetic regulatory element).

Staphylothermus — marinus 1S a marine hyperthermophilic ~ Archaea

microorganism, isolated from geothermally heated sediments and from a “black
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smoker” on the ocean floor. S. marinus requires elemental sulfur for growth. The
optimum temperature for growth of S. marinus is 85°C in minimal medium and 92°C in
rich medium. S. marinus is capable of tolerating wide ranges of pH (2-10), high redox
potential, pressure and salinity. S. marinus possesses a filiform glycoprotein complex
tetrabrachion that forms the surface (S-) layer of the organism (Fig. 1). The S-layer
forms an assembly of protein molecules that coat the outside of the cell, thus providing
the cell membrane of S. marinus protection against potentially damaging solutes and

macromolecules.

Tetrabrachion protein comprises an a-helical stalk of 70 nm in length that is
anchored to the cell membrane at its C-terminal end, and an N-terminal domain
consisting of four arms each approximately 24 nm in length formed of B-strands. The
arms of the N-terminal domain form end to end contacts with the canopy-like
meshwork of the S. marinus S-layer and give rise to a “quasi-periplasmic space” (Fig.

2).

The a-helical stalk of tetrabrachion comprises four copies of a “heavy” chain
polypeptide that together form a parallel four-stranded a-helical coiled coil that is
membrane-anchored (Fig 3(a)). At the top of the coiled coil portion, there is a hinge
domain at which point the four heavy chains diverge from each other and the four N-

terminal arms are formed of “light” chain polypeptides (Fig. 3(b)).

The S-layer stalk of tetrabrachion is not uniform throughout its length. For
example, the first 130 amino acid residues after the hinge show a classical heptad
repeat motif that is characteristic of “left handed coiled coils”. However, after Pro1160,
the heptad repeat is replaced by an undecad repeat (an 11 amino acid residue repeat)
that results in the formation of a right handed coiled coil (RHCC) structure or domain.
A protease known as STABLE (stalk-associated archaeabacteria endo-protease) binds
to the RHCC domain of tetrabrachion. A major feature of the tetrabrachion stalk
domain is its extreme thermostability even in the presence of 1% (w/v) sodium dodecyl

sulfate (SDS), 6M guanidine, or 70% (w/v) sulfuric acid.

The RHCC structure of the stalk is a 52-amino-acid residue tetrameric bundled

protein. (Fig. 4). The RHCC polypeptide chain fragment forms a parallel right-handed
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coiled coil with an average length of about 72 A and width of about 25 A. It has a 11/3
residue repeat, with the N-terminal part more supercoiled than the C-terminal part due
to the presence of a stutter between Ilel1 and Thr16 (Fig. 5). There is also a unique 7,4

residue repeat.

The RHCC molecule contains four large globular cavities along the inside of
the tetramer (Fig. 6), which have sizes in the range 150 A’ to 340 A’ The original X-
ray structure of RHCC in the native state revealed that the cavities are occupied by
water molecules. Because of the lack of buried polar groups and the resulting weak
water-protein interactions, these water molecules are clustered into groups. Clusters of
nine water molecules and five water molecules are found in cavities two and three,
respectively. Cavity one at the N-terminus and cavity four at the C-terminus are

occupied by two water molecules and one water molecule, respectively.

It is to be appreciated by those skilled in the art that a “fragment” of the
tetrabrachion protein can be any portion or domain of the full-length tetrabrachion
protein and may be, but is not limited to, the 52 amino acid residue of the RHCC
structure of the tetrabrachion protein. The amino acid sequence of full-length
tetrabrachion protein is known (Genbank Accession No. AAC44118), and is described
as SEQ ID NO: 1 in the present disclosure. Therefore, a person skilled in the art would
understand that the present disclosure contemplates the full-length amino acid sequence
of SEQ ID NO: 1 (see Fig. 4) or any portion or domain of the full-length amino acid

sequence.

In an aspect of the present disclosure, a use of tetrabrachion protein or a
fragment thereof from Staphylothermus marinus for recovering a chemical element

from a solution and/or suspension is provided.

It is to be understood that tetrabrachion protein and fragments thereof can be
made using a variety of cell production systems, such as, but not limited to, mammalian
cells, insect cells, yeast, for example, Saccharomyces cerevisiae, and bacteria such as

but not limited to Escherichia coli, Bacillus subtilis or Pseudomonas aeruginosa.

PCT/CA2015/050373



10

15

20

25

30

WO 2015/164978

-15 -

If desired, the codons of the nucleotide sequence encoding tetrabrachion or a

fragment thereof may be optimized for the host cell expressing the construct.

Transformation of a suitable host cell are well known in the art (for example,
Maniatis et al, 1982, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor, or
Ausubel, et al. (eds), 1989, Current Protocols in Molecular Biology, Vol. 1, Green
Publishing Associates, Inc., and John Wiley & Sons, Inc., New York) and can be
accomplished by a variety of means well described in the art such as transfection,
calcium chloride or other chemically induced transformation or electroporation.
Regardless of the transformation method, once a modified host cell is generated it can
be cultured and the tetrabrachion protein or fragment thereof can be expressed and
isolated. In an altemative embodiment, the host cell expressing the tetrabrachion
protein or fragment thereof can be used directly for detection and/or recovery of a
chemical element from a solution and/or suspension as will be described in more detail

below.

In another aspect of the present disclosure, a use of a composition comprising
tetrabrachion protein or a fragment thereof from Staphylothermus marinus and a carrier
therefor for recovering detection and/or recovery polycyclic aromatic hydrocarbons
and/or PCBs from a water system and/or a suspension and/or a sludge and/or a
sediment, is provided. As used herein, the “carrier” may be, without limitation, a host
cell, such as Saccharomyces cerevisiae or Escherichia coli, or a gel, matrix or other
type of attachment surface. Furthermore, the composition of the present disclosure may
comprise nanotubes composed of tetrabrachion protein or fragments thereof for

detection and/or recovery of chemical elements from solutions and/or suspensions.

In another aspect of the present disclosure, a method for polycyclic aromatic
hydrocarbons and/or PCBs from a water system and/or a suspension and/or a sludge
and/or a sediment, using tetrabrachion protein or a fragment thereof is provided. The
method comprises: (a) introducing S. marinus or tetrabrachion protein or a fragment
thereof from S. marinus or a composition comprising tetrabrachion protein or a
fragment thereof from S. marinus into a solution; and (b) providing conditions that

permit the tetrabrachion protein or the fragment thereof to detect and/or recover of the
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chemical element from a solution and/or suspension. In the step of introducing (a),
where tetrabrachion protein or a fragment thereof from S. marinus is introduced into the
solution or suspension, the tetrabrachion protein or fragment thereof that is introduced
can be made as described above. It is optional to express the tetrabrachion protein or a
fragment thereof more than once, for example two times or three times, before
introducing the expressed tetrabrachion protein or a fragment thereof into the solution

or suspension.

In accordance with a further aspect of the present disclosure, there is provided a
method for detecting and/or recovering polycyclic aromatic hydrocarbons and/or PCBs
from a water system and/or a suspension and/or a sludge and/or a sediment, wherein, in
place of S. marinus, a different host cell transformed with a nucleic acid construct
encoding tetrabrachion protein or a fragment thereof is introduced into the solution.
Accordingly, there is provided a method for recovering polycyclic aromatic
hydrocarbons and/or PCBs from a solution, wherein the method comprises: (a)
introducing a nucleic acid construct encoding tetrabrachion protein or a fragment
thereof into a host cell; (b) incubating the host cell under conditions that permit
expression of the nucleic acid construct, thereby producing tetrabrachion protein or the
fragment thereof; (¢) introducing the host cell into the solution or suspension; and (d)
providing conditions that permit the tetrabrachion protein or fragment thereof to detect
and/or recover the polycyclic aromatic hydrocarbons and/or PCBs from the solution

and/or suspension.

As provided above, if desired, the codons of the nucleotide sequence encoding
tetrabrachion or a fragment thereof may be optimized for the host cell expressing the

nucleic acid construct.

In one embodiment, the nucleic acid construct encoding tetrabrachion protein or
a fragment thereof may comprise a nucleotide sequence encoding tetrabrachion or a
portion thereof operatively linked to a regulatory region. In an exemplary embodiment,
the nucleotide sequence may be the sequence according to SEQ ID NO: 3 (see Fig. 6),
encoding the 52 amino acid residue sequence (SEQ ID NO: 2) (Fig. 5) of the RHCC

structure of tetrabrachion, which is codon optimized for expression in Escherichia coli.
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In an alternative embodiment, the nucleotide sequence may be a codon optimized
sequence that encodes the full-length tetrabrachion protein according to the amino acid

sequence of SEQ ID NO: 1 (see Fig. 4).

The nucleic acid construct of the present disclosure may be expressed in any
suitable host cell that is transformed by the nucleotide sequence, or nucleic acid
constructs, of the present disclosure. Examples of suitable host cells include, but are not
limited to, bacterial cells such as Escherichia sp., Pseudomonas spp., Bacillus sp.,

yeast, such as Saccharomyces sp., Schizosaccharomyces sp. and Candida sp.

Recovery of polycyclic aromatic hydrocarbons and/or PCBs from a water
system and/or a suspension and/or a sludge and/or a sediment is important for reducing

damage to both the natural environment as well as to man-made environments.

Surprisingly, the inventors have discovered that the tetrabrachion protein or a
fragment thereof from Staphylothermus marinus disclosed herein are useful for
detection and recovery of recovering polycyclic aromatic hydrocarbons and/or PCBs
from natural waterways, from municipal water supply systems, from industrial supply
systems, from wastewater storage facilities, and from water purification and recycling

facilities, using the methods disclosed herein.

Fig. 8 is a schematic illustration of a RHCC polypeptide chain fragment 10 of
tetrabrachion expressed by the nucleotide sequence set forth in SEQ ID NO:3, having
two pairs of naphthalene molecules 30 sequestered within the hydrophobic channel 20.
Fig. 9 is an electron density presentation from a cross-section of a co-crystal structure
of the RHCC polypeptide chain fragment 10 shown in Fig. 8, with two naphthalene
molecules 30 within the hydrophobic channel 20.

Stock solutions of 20 pM naphtahlene/fluorene were prepared in a 10 mM
bicine buffer (pH=8, I-154mM NaCl). To improve the solubility of fluorene, a pre-
stock solution in 30v/v % ethanol was prepared. The solutions were incubated at room
temperature for 30 minutes in 10mg/ml stock solutions of RHCC expressed by the
nucleotide sequence set forth in SEQ ID NO:3. Steady-state fluorescence spectra were

measured on a Fluorolog-3 Horiba Jobin Yvon spetrafluorometer (Edison, NIJ).
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The reaction was thermostatically controlled at 25C by a Jeio-Tech refrigerating bath
circulator. The data shown in Fig. 7 show that increasing concentrations of the present
RHCC polypeptide chain fragment of tetrabrachion expressed by the nucleotide

sequence set forth in SEQ ID NO:3 sequestered increasing amounts of naphthelene.

Accordingly, the present disclosure can be used in relation to the detection
and/or recovery of polycyclic aromatic hydrocarbons from waste water and/or slurries
produced during recovery and processing of mineral ores, mine tailings and sludges
from tailings ponds, from waste solutions recovered from other types of industrial
processes. Examples of polycyclic aromatic hydrocarbons that can be detected and
recovered by the methods disclosed herein include naphthalene, napthenic acids,
anthracene, tetracene, phenanthrene, acenaphthene, acenaphthylene, fluorine, and their

derivations.

For example, the present disclosure can be used in relation to the detection
and/or recovery of PCBs from waste water and/or slurries produced during recovery
and processing of mineral ores, mine tailings and sludges from tailings ponds, from
waste solutions recovered from other types of industrial processes. . Examples of
polycyclic aromatic hydrocarbons that can be detected and recovered by the methods
disclosed herein include biphenyl, monochlorobiphenyl, dichlorobiphenyl,
trichlorobiphenyl, tetrachlorobiphenyl, pentachlorobiphenyl, hexachlorobiphenyl,
heptachlorobiphenyl, octachlorobiphenyl, nonachlorobiphenyl, and
decachlorobiphenyl.
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CLAIMS

What is claimed is:

1. Use of a tetrabrachion protein or a fragment thereof for detecting or recovering

a polycyclic aromatic hydrocarbon and/or a PCB from a solution or a suspension.

2. Use according to claim 1, wherein the tetrabrachion protein or fragment thereof
comprises an amino acid sequence that shares at least 85% sequence identity with one

of SEQ NOID: 1 or SEQ NO ID: 2.

3. A composition for detecting or recovering a polycyclic aromatic hydrocarbon
and/or a PCB from a solution or a suspension, the composition comprising a

tetrabrachion protein or a fragment thereof and a carrier therefor.

4. The composition of claim 3, wherein the tetrabrachion protein or fragment
thereof comprises an amino acid sequence that shares at least 85% sequence identity

with one SEQ NO ID: 1 or SEQ NO ID: 2.

5. Use of the composition of claim 3 for recovering a polycyclic aromatic

hydrocarbon and/or a PCB from a solution or suspension.

6. Use of a microbial cell that expresses a polypeptide molecule comprising an
amino acid sequence that shares at least 85% sequence identity with one of SEQ ID
NO: 1 or SEQ ID NO: 2, for recovering a polycyclic aromatic hydrocarbon and/or a

PCB from a solution or suspension.

7. A method for detecting or recovering a polycyclic aromatic hydrocarbon and/or

a PCB from a solution or a suspension, the method comprising:

() commingling with and culturing therein the solution or the suspension
the composition of claim 3, said composition comprising a plurality of right-

handed coiled coil polypeptide chain fragments of tetrabrachion;
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(b separating a portion of the plurality of right-handed coiled coil
polypeptide chain fragment of tetrabrachion from the solution or suspension;

and

© assessing the separated portion of the plurality of right-handed coiled
coil polypeptide chain fragments of tetrabrachion to detect a polycyclic

aromatic hydrocarbon and/or a PCB therein.

8. The method of claim 7, additionally comprising the step of recovering the
polycyclic aromatic hydrocarbon and/or the PCB from the separated portion of the
plurality of right-handed coiled coil polypeptide chain fragments of tetrabrachion.
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(SEQ ID NO:
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