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operably linked to a heterologous nucleic acid; wherein (a) and (b) are
located on the same expression vector, separate expression vectors or are
integrated into the bacterial host genome.
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BACTERIAL EXPRESSION SYSTEM

The present invention relates to an expression system for the transcriptional
control of the expression of a nucleic acid in a bacterial host. The expression
system may be located in the chromosome or localised to an
extrachromosomal element/vector or a combination thereof. More specifically,
an expression system of the present invention may be used to control the
expression of genes involved in anabolism, catabolism, DNA modification or

transposition.

The concept of ‘orthogonal’ expression systems is being explored by
researchers in synthetic biology, and potentially offers high level expression as
discussed in An and Chin, 2009, Proc Natl Sci USA 106: 8477-82. Orthogonal
systems are uncoupled from evolutionary constraints, and selectively
abstracted from cellular regulation, making use of heterologous elements, such
as phage T7 polymerase. The advantage of using such polymerases resides in
the fact that they are specifically targeted to the promoter employed in front of

the transgene.

The present invention provides an orthogonal expression system based on the

properties of a unique class of sigma factor found in toxinogenic species.

The production of major extracellular toxins by pathogenic strains of
Clostridium botulinum, Clostridium tetani and Clostridium difficile, and a
bacteriocin by Clostridium perfringens, is dependent on a related group of RNA
polymerase sigma-factors assigned to group 5 of the sigma (70) family (Dupuy
and Matamouros, 2006, Research Microbiology, 157. 201-205). They
recognise highly specific promoter elements which uniquely precede the
toxin/bacteriocin genes of these bacteria. No other genes in the genome are

known to be under their transcriptional control.

It has been further shown that the group 5 RNA polymerase sigma factors
which include BotR, TetR, TcdR and UviA are sufficiently similar that they are
interchangeable (Dupuy et al., 2006, Molecular Microbiology, 60(4): 1044-
1057; Dupuy and Matamouros, 2006, Research Microbiology, 157: 201-205).
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Such functional interchangeability of these sigma factors has been attributed to
the strong conservation of the subregion 4.2 sequences and the conserved -35
sequences of their target promoters.

In one embodiment, the expression system of the present invention utilises the
Clostridium difficile TcdR sigma factor (TcdR encoded by {cdR) responsible for
the expression of the two toxins, TcdA and TcdB, encoded by tcdA and fcdB,
respectively. The tcdA and tcdB promoters responsible for the expression of
the toxin genes tcdA and tcdB respectively are the only transcriptional signals
in the C. difficile genome recognised by TcdR. However, the expression
system of the invention could equally involve the use of homologous
sequences derived from Clostridium botulinum, Clostridium tetani and
Clostridium perfringens, or indeed any genes/sigma factors that belong to the
group 5 RNA polymerase sigma factor family. That is BotR/botR
(C. botulinum), TetR/tetR (C. tetani) and UviAluviA (C. perfringens) are
equivalent to TcdR/tcdR.

One of the advantages of the expression system of the invention, which uses,
for example, the tcdA and tcdB promoters is that these promoters are poorly
recognised by the E.coli RNA polymerase (RNP). This allows vectors carrying
the promoters to be easily manipulated in E. coli without any potential toxic or
other growth side effects arising from unwanted expression of the nucleic acid
operably linked to the promoter. This can be a problem with using strong
vegetative promoters derived from Clostridium which are invariably also
efficiently recognised by E. coli's RNP, for example, the fdx promoter of the
ferredoxin gene of Clostridium sporogenes (Takamizawa et al., 2004, Protein
Expression and Purification 36: 70-75), the promoter of the thiolase gene (th/)
of Clostridium acetobutylicum (Girbal L, et al., 2003, Applied and
Environmental Microbiology 69: 4985-4988) and the promoter of the beta-2
toxin gene (cpb2) (Chen Y, et al, 2005, Applied and Environmental
Microbiology, 71: 7542-7547) or the cpe gene (Chen Y, et al., 2004, Virology.
329: 226-33) of Clostridium perfringens.

A first aspect of the invention provides a bacterial expression system for

expressing a nucleic acid comprising:
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(a) DNA encoding a group 5 RNA polymerase sigma factor; and

(b) an expression cassette comprising a promoter recognised by the group 5
RNA polymerase sigma factor operably linked to a heterologous nucleic acid;
wherein (a) and (b) are located on the same expression vector, separate
expression vectors or are integrated into the bacterial host genome.

In a preferred embodiment of the invention, there is provided a bacterial
expression system for expressing a nucleic acid comprising:

(a) DNA encoding the TcdR sigma factor; and

(b) an expression cassette comprising a tcdA and/or fcdB promoter operably
linked to a heterologous nucleic acid; wherein (a) and (b) are located on the
same expression vector, separate expression vectors or are integrated into the

bacterial host genome.

A group 5 RNA polymerase sigma factor may be BotR, TetR, TcdR or UviA.
Preferably, the group 5 RNA polymerase sigma factor is BotR. Preferably, the
group 5 RNA polymerase sigma factor is TetR. Preferably, the group 5 RNA
polymerase sigma factor is TcdR. Preferably, the group 5 RNA polymerase
sigma factor is UViA.

The group 5 RNA polymerase sigma factor may have a sequence identity or
sequence homology of at least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
98%, 99% or is identical to one or more of BotR (SEQ ID NO:1), TetR (SEQ ID
NO: 2), TcdR (SEQ ID NO: 3) or UviA (SEQ ID NO: 4).

The BotR sigma factor may be from any toxigenic strain of Clostridium
botulinum. BotR is a positive regulator of the botulism toxin genes, ntnh and
ha33 (Jacobson, M.J., et al.,, 2008, Applied and Environmental Microbiology,
74: 2778-2786) and typically comprises 178 amino acids which may comprise
the following sequence, SEQ ID NO:1. A typical representative is that of
GenBank Accession Number YP_001253340 as defined in SEQ ID NO: 1

below:

MNKLFLQIKMLKNDNREFQEIFKHFEKTINIFTRKYNIYDNYNDILYHLWYTLKKV
DLSNFNTQNDLERYISRTLKRYCLDICNKRKIDKKIIYNSEIVDKKLSLIANSYSSY
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LEFEFNDLISILPDDQKKIYMKFVEDIKEIDIAKKLNISRQSVYKNKIMALERLEPIL
KKLINM

The TetR sigma factor may be from any toxigenic strain of Clostridium tetani.
TetR is a positive regulator of the tetanus toxin gene (tetX) in Clostridium
tetani and is homologous to BotR (Marvaud et al., 1998, Infection and
Immunity, 66: 5698-5702). TetR typically comprises 177 amino acids which
many comprise the following sequence, SEQ ID NO:2. A typical representative
is that of GenBank Accession Number NP_780796 as defined in SEQ ID NO: 2
below:

MNKTKKLIFKAAIKIFSQNGYNGTTMDDIAKEANVAKGTLYYHFKSKEEIFKFIINE
GMNIISEKLDDISKQDSDSISKLKAVCKAQLSVVYENRDFFKVIMSQLWGSEIRQ
SEIREKIEKYIKDIEKYIKDAVDEGGIKKGETYFMAYAVFGMLCSASIYELINEDKE
KIDEVAESLMDYILKGIES

The TcdR sigma factor may be from any toxinogenic strain of Clostridium
difficile, such as strain 630 (Genbank Accession Number AM180355). TcdR
(formerly called TxeR, Mani and Dupuy, 2001, Proc Natl Acad Sci U S A. 98:
5844-5849 or TcdD, Rupnik M, et al., 2005, Journal of Medical Microbiology
54: 113-117) comprises 184 amino acids which may comprise the following
sequence, SEQ ID NO:3. A typical representative is that of GenBank
Accession Number CAJ67491 as defined in SEQ ID NO: 3 below:

MQKSFYELIVLARNNSVDDLQEILFMFKPLVKKLSRVLHYEEGETDLIIFFIELIKNI
KLSSFSEKSDAIIVKYIHKSLLNKTFELSRRYSKMKFNFVEFDENILNMKNNYQSK
SVFEEDICFFEYILKELSGIQRKVIFYKYLKGYSDREISVKLKISRQAVNKAKNRAF
KKIKKDYENYFNL

The TcdR sigma factor is approximately 22-kDa in size and contains a potential
C-terminal helix—turn—helix DNA-binding motif. The TcdR sigma factor shows
sequence similarities to TetR, a positive regulator of the tetanus toxin gene in
Clostridium tetani, BotR, a positive regulator of the botulism toxin genes in
Clostridium botulinum and UviA, a putative positive regulator of the UV-

inducible bacteriocin (bcn) gene of Clostridium perfringens.
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The UviA sigma factor may be from any toxigenic strain of Clostridium
perfringens. UViA is a positive regulator of the UV-inducible bacteriocin gene
(Dupuy B, et al., 2005, Molecular Microbiology, 55: 1196-206.) and typically
comprises 188 amino acids in which may comprise the following sequence,
SEQ ID NO: 4. A typical representative is that of GenBank Accession Number
ABG87874 as defined in SEQ ID NO: 4 below:

MQELYEKIKLCKLGNKEALQEVVNIFEKTIMKELFKFKKENSTIFMNEYDFQDKK
SEITLNVLNAIKNMPIESFEYKTDYSVKKYIRKTILNKLNEIKTKEFNKTENEYKYE
FDFSFFKSSDFNEPNTDIFVHDLIDKLSEKERKVIKYKYIYGKSDVEIGELLNCSR
QYVNKIKNRALKNIKKFLDD

An expression vector of the invention may be a self-replicating extra-
chromosomal vector or a vector that facilitates the integration of the expression
vector into a bacterial host chromosome. The expression vector may be a
plasmid, phage or phasmid or conjugative element, such as a conjugative

transposon.

The expression vector is capable of being chromosomally integrated and
maintained in a bacterial cell or is capable of being maintained
extrachromosomally in a bacterial cell.

The expression vector may comprise an expression cassette. The expression
cassette may comprise a promoter recognised by group 5 RNA polymerase
sigma factor operably linked to a heterologous nucleic acid.

The expression cassette may also include a selectable marker gene to allow
the selection of transformed host cells. Selectable marker genes are well
known in the art and will vary with the host cell used. Preferred selectable
marker genes are those specifying resistance to antibiotics, nucleoside and
amino acid analogues and heavy metals, as well as markers complementing
auxotrophic phenotypes. Antibiotic resistance markers include those specifying
resistance to tetracycline (such as tetM and tetA), erythromycin and lincomyin

(such as ermB) ampicillin (such as bla), penicillin (such as penP)
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chloramphenicol and thiamphenicol (such as catP), kanamycin (such as kan),
spectinomycin (such as aad9) and streptomycin. Examples of nucleoside

analogues include fluoroorotic acid, and 5’-fluorocytosine.

The expression cassette may include one or more other regulatory components
in addition to said promoter. Typically the one or more regulatory components
may include but are not limited to, nucleotide sequences corresponding to
recombination sites, leader or signal sequences, ribosomal binding sites,
transcriptional start and termination sequences, and enhancer or activator

sequences.

According to another aspect of the invention, there is provided an expression
vector which comprises an expression cassette comprising a promoter
recognised by the group 5 RNA polymerase sigma factor operably linked to a
heterologous nucleic acid. Preferably, the expression vector comprises an
expression cassette comprising a tcdA and/or tcdB promoter operably linked to

a heterologous nucleic acid.

In another embodiment of the invention, there is provided an expression vector
which comprises DNA encoding a group 5 RNA polymerase sigma factor and
an expression cassette comprising a promoter recognised by the group 5 RNA
polymerase sigma factor operably linked to a heterologous nucleic acid.
Preferably, the expression vector comprises the TcdR sigma factor and a tcdA
and/or tcdB promoter operably linked to a heterologous nucleic acid.

The promoter recognised by the group 5 RNA polymerase sigma factor may be
that of the C. botulinum ntnh or ha33 gene, the C. tetani tetX gene, the tcdA
and tcd genes of C. difficile and/or the bcn gene of C. perfringens. Preferably
the promoter is tcdA and/or tcdB. The promoters ntnh, ha33, tetX, tcdA, tcdB

and/or bcn may be interchangeable.

The ntnh or ha33 promoters may be from any toxinogenic strain of Clostridium
botulinum such as ATCC 3502, NCTC 2916, Hall A, Kyoto, Loch Maree or
Eklund. The promoter may comprise the following sequence:

aaaattttaggtttacaaaaaatagtgtggctatgttatatataaatgataagaatatactgaaaaa. (SEQ
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ID NO: 5). The bold sequences tttaca and gttata represent the promoter -35
and -10 regions, respectively.

The tetX promoter may be from any toxinogenic strain of Clostridium tetani,
such as Clostridium tetani strain E88 or CN655. The promoter may comprise
the following sequence, SEQ ID NO:6:
taaattttcagtttacaaaaaataacctgattatgttatatgtaattgtaaaaaacatataaaaaat

The bold sequences tttaca and gttata represent the promoter -35 and -10

regions, respectively.

The tcdA promoter may be from any toxinogenic strain of Clostridium difficile,
such as strain 630. The promoter may comprise the following sequence, SEQ
ID NO: 7:

tataagatatgtttacaaattactatcagacaatctccttatctaataGaagagtcaattaactaat. The
bold sequences tttaca and ctcctt represent the promoter -35 and -10 regions,
respectively. The upper case letter in the site sequence represents position +1
of mMRNA.

The tcdB promoter may be from any toxinogenic strain of Clostridium difficile,
such as strain 630. The promoter may comprise the following sequence, SEQ
ID NO: 8:
atctaagaatatcttaatttttatattttatatagaacaaagtttacatatttatttcagacaacgtctttaticaatcga
aga, which contains two overlapping promoter sequences comprising ptcdB1
and ptcdB2:

ptcdB1 (SEQ ID NO: 9): gaacaaagtttacatatttatttcagacaacgtctttattcaatcGaaga
ptcdB2 (SEQ ID NO:10): atctaagaatatcttaatttttatattttatatagaacaaagtttAcata
The bold sequences tctaag and tatttt represent the promoter -35 and -10

regions, respectively.

Preferably, the tcdA or tcdB promoter is derived from a regulatory component
of a tcdA or tcdB gene, respectively.

The bcn promoter may be from any bacteriocinogenic strain of Clostridium
perfringens, such as encoded by the plasmid pIP404 as found in strain SM101.

The promoter may comprise the following sequence:
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tataaatttagtttacaaaattgaagtcaaattactttttatattatgtaaaacaaattcaagcttg. (SEQ 1D
NO: 11). The bold sequences tttaca and cttttt represent the promoter -35 and
-10 regions, respectively.

The heterologous nucleic acid may be any nucleic acid wherein the nucleic
acid is not the natural nucleic acid encoded by the promoter recognised by the
group 5 RNA polymerase sigma factor. The heterologous nucleic acid includes

a synthetic nucleic acid.

The heterologous nucleic acid may be a CAZyme-encoding nucleic acid. The
heterologous nucleic acid may be a transposase-encoding nucleic acid. The
heterologous nucleic acid may be a nucleic acid encoding at least one enzyme

involved in butanol production, isopropanol production or acetone production.

According to another aspect of the invention, there is provided the use of a
bacterial expression system for expressing a nucleic acid comprising:

(a) DNA encoding a group 5 RNA polymerase sigma factor; and

(b) an expression cassette comprising a promoter recognised by the group 5
RNA polymerase sigma factor operably linked to a heterologous nucleic acid;
wherein (a) and (b) are located on the same expression vector, separate

expression vectors or are integrated into the bacterial host genome.

In a preferred embodiment of the invention, there is provided the use of a
bacterial expression system for expressing a nucleic acid comprising:

(a) DNA encoding the TcdR sigma factor; and

(b) an expression cassette comprising a fcdA and/or tcdB promoter operably
linked to a heterologous nucleic acid; wherein (a) and (b) are located on the
same expression vector, separate expression vectors or are integrated into the

bacterial host genome.

According to another aspect of the invention, there is provided a method for
expressing a nucleic acid in a bacterial cell comprising:

(1) introducing a bacterial expression system into the bacterial host genome;
wherein the bacterial expression system comprises:

(a) DNA encoding a group 5 RNA polymerase sigma factor; and
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(b) an expression cassette comprising a promoter recognised by the group 5
RNA polymerase sigma factor operably linked to a heterologous nucleic acid,;
wherein (a) and (b) are located on the same expression vector, separate

expression vectors or are integrated into the bacterial host genome.

In a preferred embodiment of the invention, there is provided a method for
expressing a nucleic acid in a bacterial cell comprising:

(1) introducing a bacterial expression system into the bacterial host genome;
wherein the bacterial expression system comprises:

(a) DNA encoding the TcdR sigma factor; and

(b) an expression cassette comprising a tcdA and/or tcdB promoter operably
linked to a heterologous nucleic acid; wherein (a) and (b) are located on the
same expression vector, separate expression vectors or are integrated into the

bacterial host genome.

(a) and (b) as described above may be integrated into the bacterial genome in

a single event or in two separate events.

The expression vector and or expression system are preferably for use in a
bacterial cell, such as a bacterial cell from the class Clostridia, including the
genus Clostridium. Preferably, the expression system is for use in the species

Clostridium acetobutylicum.

The bacterial cell may be any bacterial species, but preferably members of the
bacterial phylum Firmicutes composed of the class Clostridia (orders
Clostridiales, Halanaerobiales, Natranaerobiales and
Thermoanaerobacterales), the class Bacilli (orders Bacillales and
Lactobacillales) and the class Mollicutes (orders Acholeplasmatales,
Anaeroplasmatales, Entomoplasmatales, Haloplasmatales and
Mycoplasmatales). Within the order Clostridiales is the genus, Clostridium.
Preferred species are C. acetobutylicum, C. aerotolerans, C. baratii, C.
beijerinckii, C. bifermentans, C. botulinum, C. butyricum, C. cadaveris, C.
cellulolyticum, C. chauvoei, C. clostridioforme, C. colicanis, C. difficile, C.
estertheticum,C. fallax, C. feseri, C. formicaceticum, C. histolyticum, C.

innocuum, C. kluyveri, C. ljungdahlii, C. lavalense, C. novyi, C. oedematiens,
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C. paraputrificum, C.pasteurianum, C. perfringens, C. phytofermentans, C.
piliforme, C. ragsdalei, C. ramosum, C. scatologenes, C. septicum, C. sordellii,
C. sporogenes, C. sticklandii, C. tertium, C. tetani, C. thermocellum, C.
thermosaccharolyticum, C. tyrobutyricum, C.paprosolvens, C.
saccharobutylicum, C. carboxidovorans, C. scindens, and C.
autoethanogenum. Within the order Bacillales are Bacillaceae which include
the genera Bacillus and Geobacillus, and Staphylococcaceae, which include
the genus Staphylococcus. Preferred Bacillus species are: B. alcalophilus, B.
aminovorans, B. amyloliquefaciens, B. anthracis, B. caldolyticus, B.
circulans, B. coagulans, Bglobigii, B. licheniformis, B. natto, B. polymyxa,
phaericus, B. stearothermophilus, B. subtilis, B. thermoglucosidasius,
thuringiensis and B. vulgatis. Preferred Geobacillus species are: G. debilis,
stearothermophilus, G. thermocatenulatus, G. thermoleovorans,

kaustophilus, G. thermoglucosidasius, G. thermodenitrificans, G. gargensis,
jurassicus, G. lituanicus, G. pallidus, G. subterraneus, G. tepidamans,
thermodenitrificans, G. thermoglucosidasius, G. thermoleovorans, G. toebii,

ZENORNORNORN ORI A

uzenensis and G. vulcani. Preferred Staphylococcus species include:

%

arlettae, S. aureus, S. auricularis, S. capitis, S. caprae, S. carnosus,
chromogenes, S. cohnii, S. condimenti, S. delphini, S. devriesei, S.
epidermidis, S. equorum, S. felis, S. fleurettii, S. gallinarum, S. haemolyticus,
S. hominis, S. hyicus, S. intermedius, S. kloosii, S. leei, S. lentus, S.
lugdunensis, S. lutrae, S. lyticans, S. massiliensis, S. microti, S. muscae, S.
nepalensis, S. pasteuri, S.  pettenkoferi,S.  piscifermentans, S.
pseudintermedius, S. pulvereri, S. rostri, S. saccharolyticus, S. saprophyticus,
S. schleiferi, S. sciuri, S. simiae, S. simulans, S. stepanovicii, S. succinus, S.

vitulinus, S. warneri and S. xylosus.

Preferably, the bacterial cell is C. acetobutylicum, C. difficile, C. beijerinckii, C.
ljungdahlii, C. kluyveri, C. botulinum, C. autoethanogenum, C.pasteurianum,
C. saccharobutylicum, C. carboxidovorans, C. sporogenes, C.
phytofermentans, C. ragsdalei, C. tyrobutyricum, C. perfringens, C. butyricum,
C. cellulolyticum, C. formicaceticum, C. novyi, C. scatologenes, C. septicum,
C. sordellii, C. sticklandii, C. tetani, C. thermocellum, C.

thermosaccharolyticum, C.paprosolvens, C. scindens, or C. bifermentans.
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Preferably the bacterial cell is C.ljjungdahlii. Preferably, the bacterial cell is C.
acetobutylicum. Preferably the bacterial cell is C.autoethanogenum.
Preferably, the bacterial cell is C.carboxidovorans. Preferably, the bacterial cell
is C.ragsdalei. Preferably, the bacterial cell is C.scatologenes. Preferably, the
bacterial cell is C.scindens. Preferably, the bacterial cell is C.pasteuranium.
Preferably, the bacterial cell is C.phytofermentans. Preferably, the bacterial
cell is C.beijerinckii.

Use of the expression system for expressing CAZyme-encoding nucleic

acids

In a preferred embodiment, the invention provides the use of the expression
system for producing carbohydrate-active enzymes and binding proteins
involved in the synthesis and degradation of complex carbohydrates, referred
to as “CAZymes”(Cantarel BL, et al., 2009, The Carbohydrate-Active EnZymes
database (CAZy): an expert resource for Glycogenomics, Nucleic Acids
Research 37:D233-238: http://www.cazypedia.org/).

In a preferred embodiment, there is provided a bacterial expression system for
expressing a nucleic acid comprising:

(a) DNA encoding a group 5 RNA polymerase sigma factor; and

(b) an expression cassette comprising a promoter recognised by the group 5
RNA polymerase sigma factor operably linked to at least one CAZyme-
encoding nucleic acid; and wherein (a) and (b) are located on the same
expression vector, separate expression vectors or are integrated into the

bacterial host genome.

In another preferred embodiment, there is provided a bacterial expression
system for expressing a nucleic acid comprising:

(a) DNA encoding a TcdR sigma factor; and

(b) an expression cassette comprising a tcdA and/or tcdB promoter operably
linked to at least one CAZyme-encoding nucleic acid; and wherein (a) and (b)
are located on the same expression vector, separate expression vectors or are

integrated into the bacterial host genome.
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According to another aspect of the invention, there is provided the use of a
bacterial expression system for expressing a nucleic acid comprising:

(a) DNA encoding a group 5 RNA polymerase sigma factor; and

(b) an expression cassette comprising a promoter recognised by the group 5
RNA polymerase sigma factor operably linked to least one CAZyme-encoding
nucleic acid; wherein (a) and (b) are located on the same expression vector,

separate expression vectors or are integrated into the bacterial host genome.

In a preferred embodiment of the invention, there is provided the use of a
bacterial expression system for expressing a nucleic acid comprising:

(a) DNA encoding the TcdR sigma factor; and

(b) an expression cassette comprising a tcdA and/or tcdB promoter operably
linked to least one CAZyme-encoding nucleic acid; wherein (a) and (b) are
located on the same expression vector, separate expression vectors or are

integrated into the bacterial host genome.

According to another aspect of the invention, there is provided a method for
expressing a nucleic acid in a bacterial cell comprising:

(1) introducing a bacterial expression system into the bacterial host genome;
wherein the bacterial expression system comprises:

(a) DNA encoding a group 5 RNA polymerase sigma factor; and

(b) an expression cassette comprising a promoter recognised by the group 5
RNA polymerase sigma factor operably linked to least one CAZyme-encoding
nucleic acid; wherein (a) and (b) are located on the same expression vector,

separate expression vectors or are integrated into the bacterial host genome.

In a preferred embodiment of the invention, there is provided a method for
expressing a nucleic acid in a bacterial cell comprising:

(1) introducing a bacterial expression system into the bacterial host genome;
wherein the bacterial expression system comprises:

(a) DNA encoding the TcdR sigma factor; and

(b) an expression cassette comprising a tcdA and/or tcdB promoter operably
linked to least one CAZyme-encoding nucleic acid; wherein (a) and (b) are
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located on the same expression vector, separate expression vectors or are

integrated into the bacterial host genome.

The CAZyme-encoding nucleic acid may encode enzymes involved in cellulose
degradation, such as Cel48F of Clostridium cellulolyticum (Blouzard J. C. et
al., 2007, J. Bacteriol. 189: 2300-2309) and CelA of Clostridium thermocellum
(Beguin P. et al., 1985, J. Bacteriol. 162: 102-105), or the degradation of
xylanase, such as Xyn10A of Clostridium cellulolyticum (Blouzard J.C. et al.,
2007, J. Bacteriol. 189: 2300-2309). These enzymes may be composed entirely
of endogenous encoded amino acid sequences, or consist of hybrid chimeric
enzymes in which the hydrolytic domain of one enzyme is combined with the
dockerin domain of another enzyme able to bind to a heterologous cohesion
domain present on a heterologous scafoldin protein. Thus, the hydrolytic
domain of a hydrolase from a Clostridium cellulolyticum enzyme (eg. Cel48F)
may be combined with the dockerin domain of the Clostridium acetobutylicum
Cel9C, or the Xyn10A hydrolytic domain may be combined with the dockerin
domain of the Clostridium thermocellum dockerin domain of CelS.
Alternatively, an enzyme may be used which encodes the natural hydrolytic
domain and natural dockerin domain, such as the CelA protein of Clostridium
thermocellum. Preferably, the bacterial cell is a Clostridium bacterial cell.
More preferably, the bacterial cell is a solvent-producing species such as C.
acetobutylicum.

Preferably, the CAZyme-encoding nucleic acid encodes Cel48F, CelA and/or
Xyn10A.

Use of the expression system for the development of industrial strains of

C.acetobutylicum for the production of useful chemical commodities and

fuels.

There is currently great interest in harnessing the metabolism of prokaryotic
species to generate chemical commodities and fuels through their growth on all
manner of cost effective feedstocks. Metabolism is the sum of the biochemical
reactions required for energy generation and the use of energy to synthesize

essential cell material from small molecules. Accordingly, there is an energy-
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generating component, called catabolism, and an energy-consuming,
biosynthetic component, called anabolism. Catabolic reactions lead to energy
generation in the form of nucleoside triphosphates like e.g. ATP and reducing
equivalents like e.g. NADH and NADPH, which can then be used in anabolic
reactions to build cell material from nutrients in the environment. The specific
metabolic properties of a microbe determine its fundamental lifestyle and its

potential use in industrial processes.

All microbial metabolisms can be divided according to: (1) How carbon is
captured (either derived from carbon dioxide - autotrophic, from organic
compounds — heterotrophic, or: from CO; and organic acids - mixotrophic); (2)
How the organism obtains the reducing equivalents needed either in energy
conservation or in biosynthetic reactions (either from inorganic compounds —
lithotrophic, or organic compounds organotrophic), and (3) How the organism
obtains energy for living and growth (energy is obtained from external chemical

compounds - chemotrophic, or from light - phototrophic).

Fermentation is a specific type of heterotrophic metabolism that uses organic
carbon instead of oxygen as a terminal electron acceptor. As oxygen is not
required, fermentative metabolism takes place under anaerobic conditions.
Many organisms can use fermentation under anaerobic conditions and aerobic
respiration when oxygen is present. Instead of using an ATPase as in
respiration, ATP during fermentative metabolism is produced by substrate-level
phosphorylation where a phosphate group is transferred from a high-energy
organic compound to ADP to form ATP. As a result of the need to produce high
energy phosphate-containing organic compounds (generally in the form of
CoA-esters) fermentative organisms use NADH and other cofactors to produce
many different reduced metabolic by-products, often including hydrogen gas
(H,). These reduced organic compounds are generally small organic acids and
alcohols derived from pyruvate, the end product of glycolysis. Examples
include alcohols, such as ethanol and butanol, and organic acids, such as
acetate, lactate, and butyrate. Fermentative organisms are very important
industrially and may be used to make many different types of chemical

commodities and fuels.
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One such organism is Clostridium acetobutyicum, which produces acetic acid
and butyric acid during exponential growth, and then undergoes a profound
physiological/metabolic 'switch' as the cells enter stationary phase, whereupon
the solvents acetone, butanol and ethanol are produced. The conditions for the
‘switch’ are poorly-defined, but include extracellular acid accumulation and low
pH. The stage of acid production is known as ‘acidogenic’ phase, the stage of
solvent production as ‘solventogenic’ phase. Within the solventogenic phase
acids, produced during the early acidogenic phase, are re-absorbed and

converted into solvents.

Several problems arise, the first of which occurring during solventogenic
fermentation, where acid re-uptake leads to the loss of carbon as acetone, a
low-value by-product, and as CO,. The switch to solvent production occurs at
late exponential/early stationary phase in laboratory and industrial cultures. A
limit is therefore imposed on the maximum theoretical yield of butanol, as
carbon must be lost as acetone and CO, to recover (and convert to butanol)
the organic acids produced during the first phase of the fermentation.
Secondly, the regulatory mechanism(s) of the switch to solventogenesis are
not well understood, and the switch is not very robust under known conditions.
Some cultures fail to switch, and these are completely unproductive. Solvent
production is typically achieved during rapid growth in sugar-rich medium, very
different conditions than would be experienced by a strain growing on a
renewable substrate, such as lignocellulose. Thirdly, C. acetobutylicum is
known to 'degenerate’, that is, to permanently lose the capacity for
solventogenesis, among other phenotypes, especially during serial or
continuous culturing. At least one mechanism for this degeneration has been
identified as the loss of the large native plasmid pSOL1, which includes genes

essential for solventogenesis.

Use of the expression system allows the development of strains that (1)
produce butanol and isopropanol continuously, including during exponential
growth, (2) express the desired fermentation enzymes constitutively, not
subject to native regulation, and (3) have the necessary genes stably located
on the chromosome, where they are not at risk from the plasmid-loss mode of

degeneration. Isopropanol is not naturally produced by C. acetobutylicum, but
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its production through genetic manipulation would allow the transformation of
the low-value product acetone to a higher value product.

According to another aspect of the invention, the expression system may be
utilised for the development of industrial strains of C.acetobutylicum for the
production of useful chemical commodities and fuels, such as succinate,
isoprenes, alcohols (such as ethanol, isopropanol, 2,3-butanediol, iso-butanol

and n-butanol) and solvents, such as acetone.

Of particular interest are those chemicals that can be produced biologically
from sugars. These include 1-carbon chemicals (eg., formic acid, methanol,
carbon monoxide), 2-carbon chemicals (e.g., acetaldehyde, acetic acid and
anhydride, ethanol, glycine, oxalic acid, ethylene gycol, ethylene oxide), 3-
carbon chemicals (e.g., alanine, glycerol, 3-hydroxypropionic acid, isopropanol,
lactic acid, malonic acid, serine, proprionic acid, acetone), 4-carbon chemicals
(e.g., acetoin, aspartic acid, butadiene, butanediol, butanol, fumaric acid, 3-
Hydroxybutyrolactone, malic acid, succinic acid, threonine), 5-carbon
chemicals (arabinitol, furfural, glutamic acid, glutaric acid, isoprene, Itaconic
acid, levulinic acid, proline, xylitol, xylonic acid) and 6-carbon chemicals (,
aconitic acid, adipic acid, ascorbic acid, caproic acid, citric acid, fructose, 2,5
furan dicarboxylic acid, glucaric acid, gluconic acid, Kojic and comeric acid,
lysine and soribitol). These building blocks may be subsequently converted
into high-value bio-based chemicals or materials, such as acrylic acid, 1,3-
propanediol, methyl acrylate, acrylamide, 1,4-butanediol, Butyrolactone,
tetrahydrofuran, 2-pyrrolidone, malonic acid, caprolactam,
hexamethylenediamine, 6-hydroxycaproic acid and 6-aminocaproic acid,
isoprene, isoprenoids, carotenoids, quinones, squalene and various alkanes

and alkenes.

Preferably, the 2-carbon chemical is ethylene. Preferably, the 3-carbon
chemical is isopropanol. Preferably, the 4-carbon chemical is butanol.
Preferably, the 4-carbon chemical is succinate. Preferably, the 4-carbon
chemical is butadiene. Preferably, the 4-carbon chemical is butanediol.
Preferably, the 5-carbon chemical is isoprene. Preferably, the 6-carbon

chemical is adipic acid. Preferably, the 6-carbon chemical is caproic acid.
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In a preferred embodiment, there is provided a bacterial expression system for
expressing a nucleic acid comprising:

(a) DNA encoding a group 5 RNA polymerase sigma factor; and

(b) an expression cassette comprising a promoter recognised by the group 5
RNA polymerase sigma factor operably linked to a nucleic acid encoding one
or more 1-carbon chemical, 2-carbon chemical, 3-carbon chemical, 4-carbon
chemical, 5-carbon chemical, and/or 6-carbon chemical; wherein (a) and (b)
are located on the same expression vector, separate expression vectors or are

integrated into the bacterial host genome.

In another preferred embodiment, there is provided a bacterial expression
system for expressing a nucleic acid comprising:

(a) DNA encoding a TcdR sigma factor; and

(b) an expression cassette comprising a tcdA and/or tcdB promoter operably
linked to a nucleic acid encoding one or more 1-carbon chemical, 2-carbon
chemical, 3-carbon chemical, 4-carbon chemical, 5-carbon chemical, and/or 6-
carbon chemical; wherein (a) and (b) are located on the same expression
vector, separate expression vectors or are integrated into the bacterial host

genome.

According to another aspect of the invention, there is provided the use of a
bacterial expression system for expressing a nucleic acid comprising:

(a) DNA encoding a group 5 RNA polymerase sigma factor; and

(b) an expression cassette comprising a promoter recognised by the group 5
RNA polymerase sigma factor operably linked to a nucleic acid encoding one
or more 1-carbon chemical, 2-carbon chemical, 3-carbon chemical, 4-carbon
chemical, 5-carbon chemical, and/or 6-carbon chemical; wherein (a) and (b)
are located on the same expression vector, separate expression vectors or are
integrated into the bacterial host genome.

In a preferred embodiment of the invention, there is provided the use of a
bacterial expression system for expressing a nucleic acid comprising:

(a) DNA encoding the TcdR sigma factor; and
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(b) an expression cassette comprising a tcdA and/or tcdB promoter operably
linked to a nucleic acid encoding one or more 1-carbon chemical, 2-carbon
chemical, 3-carbon chemical, 4-carbon chemical, 5-carbon chemical, and/or 6-
carbon chemical; wherein (a) and (b) are located on the same expression
vector, separate expression vectors or are integrated into the bacterial host

genome.

According to another aspect of the invention, there is provided a method for
expressing a nucleic acid in a bacterial cell comprising:

(1) introducing a bacterial expression system into the bacterial host genome;
wherein the bacterial expression system comprises:

(a) DNA encoding a group 5 RNA polymerase sigma factor; and

(b) an expression cassette comprising a promoter recognised by the group 5
RNA polymerase sigma factor operably linked to a nucleic acid encoding one
or more 1-carbon chemical, 2-carbon chemical, 3-carbon chemical, 4-carbon
chemical, 5-carbon chemical, and/or 6-carbon chemical; wherein (a) and (b)
are located on the same expression vector, separate expression vectors or are

integrated into the bacterial host genome.

In a preferred embodiment of the invention, there is provided a method for
expressing a nucleic acid in a bacterial cell comprising:

(1) introducing a bacterial expression system into the bacterial host genome;
wherein the bacterial expression system comprises:

(a) DNA encoding the TcdR sigma factor; and

(b) an expression cassette comprising a tcdA and/or tcdB promoter operably
linked to a nucleic acid encoding one or more 1-carbon chemical, 2-carbon
chemical, 3-carbon chemical, 4-carbon chemical, 5-carbon chemical, and/or 6-
carbon chemical; wherein (a) and (b) are located on the same expression
vector, separate expression vectors or are integrated into the bacterial host

genome.

In another preferred embodiment, there is provided a bacterial expression
system for expressing a nucleic acid comprising:

(a) DNA encoding a group 5 RNA polymerase sigma factor; and
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(b) an expression cassette comprising a promoter recognised by the group 5
RNA polymerase sigma factor operably linked to a nucleic acid encoding at
least one enzyme involved in butanol production, isopropanol production
and/or acetone production; wherein (a) and (b) are located on the same
expression vector, separate expression vectors or are integrated into the

bacterial host genome.

In another preferred embodiment, there is provided a bacterial expression
system for expressing a nucleic acid comprising:

(a) DNA encoding a TcdR sigma factor; and

(b) an expression cassette comprising a tcdA and/or tcdB promoter operably
linked to a nucleic acid encoding at least one enzyme involved in butanol
production, isopropanol production and/or acetone production; wherein (a) and
(b) are located on the same expression vector, separate expression vectors or

are integrated into the bacterial host genome.

According to another aspect of the invention, there is provided the use of a
bacterial expression system for expressing a nucleic acid comprising:

(a) DNA encoding a group 5 RNA polymerase sigma factor; and

(b) an expression cassette comprising a promoter recognised by the group 5
RNA polymerase sigma factor operably linked to at [east one enzyme involved
in butanol production, isopropanol production and/or acetone production;
wherein (a) and (b) are located on the same expression vector, separate

expression vectors or are integrated into the bacterial host genome.

Iin a preferred embodiment of the invention, there is provided the use of a
bacterial expression system for expressing a nucleic acid comprising:

(a) DNA encoding the TcdR sigma factor; and

(b) an expression cassette comprising a tcdA and/or tcdB promoter operably
linked to at least one enzyme involved in butanol production, isopropanol
production and/or acetone production; wherein (a) and (b) are located on the
same expression vector, separate expression vectors or are integrated into the

bacterial host genome.
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According to another aspect of the invention, there is provided a method for
expressing a nucleic acid in a bacterial cell comprising:

(1) introducing a bacterial expression system into the bacterial host genome;
wherein the bacterial expression system comprises:

(a) DNA encoding a group 5 RNA polymerase sigma factor; and

(b) an expression cassette comprising a promoter recognised by the group 5
RNA polymerase sigma factor operably linked to at least one enzyme involved
in butanol production, isopropanol production and/or acetone production;
wherein (a) and (b) are located on the same expression vector, separate

expression vectors or are integrated into the bacterial host genome.

In a preferred embodiment of the invention, there is provided a method for
expressing a nucleic acid in a bacterial cell comprising:

(1) introducing a bacterial expression system into the bacterial host genome;
wherein the bacterial expression system comprises:

(a) DNA encoding the TcdR sigma factor; and

(b) an expression cassette comprising a tcdA and/or tcdB promoter operably
linked to at least one enzyme involved in butanol production, isopropanol
production and/or acetone production; wherein (a) and (b) are located on the
same expression vector, separate expression vectors or are integrated into the

bacterial host genome.

Preferably, the enzyme involved in butanol production is ald and/or bdhB
(derived from Clostridium beijerinckii and encoding coenzyme A-acylating
aldehyde dehydrogenase and NADH-dependent butanol dehydrogenase,
respectively). Preferably, the enzyme involved in isopropanol production is adh
(derived from Clostridium beijerinckii and encoding alcohol dehydrogenase).
Preferably, the enzyme involved in acetone production is adc (encoding
acetoacetate decarboxylase), ctfA (encoding acetoacetyl-CoA transferase
subunit A) and ctfB (encoding acetoacetyl-CoA transferase subunit B).

Use of the expression system for expressing a transposase

In another preferred embodiment, the use of the expression system for the
expression of a transposase has the advantage that the promoter does not

function in the donor E.coli host, as it is only recognised by a specific C.
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difficile sigma factor. As a consequence, transposition does not take place in
the E.coli donor prior to transfer to the clostridial host, an undesirable
destabilising trait, and expression of the transposase (and transposition) is

therefore confined to the eventual clostridial host.

In a preferred embodiment, there is provided a bacterial expression system for
expressing a nucleic acid comprising:

(a) DNA encoding a group 5 RNA polymerase sigma factor; and

(b) an expression cassette comprising a promoter recognised by the group 5
RNA polymerase sigma factor operably linked to a transposase-encoding
nucleic acid; wherein (a) and (b) are located on the same expression vector,

separate expression vectors or are integrated into the bacterial host genome.

In another preferred embodiment, there is provided a bacterial expression
system for expressing a nucleic acid comprising:

(a) DNA encoding a TcdR sigma factor; and

(b) an expression cassette comprising a fcdA and/or tcdB promoter operably
linked to a transposase-encoding nucleic acid; wherein (a) and (b) are located
on the same expression vector, separate expression vectors or are integrated

into the bacterial host genome.

According to another aspect of the invention, there is provided the use of a
bacterial expression system for expressing a nucleic acid comprising:

(a) DNA encoding a group 5 RNA polymerase sigma factor; and

(b) an expression cassette comprising a promoter recognised by the group 5
RNA polymerase sigma factor operably linked to a transposase-encoding
nucleic acid; wherein (a) and (b) are located on the same expression vector,

separate expression vectors or are integrated into the bacterial host genome.

In a preferred embodiment of the invention, there is provided the use of a
bacterial expression system for expressing a nucleic acid comprising:

(a) DNA encoding the TcdR sigma factor; and

(b) an expression cassette comprising a tcdA and/or tcdB promoter operably

linked to a transposase-encoding nucleic acid; wherein (a) and (b) are located
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on the same expression vector, separate expression vectors or are integrated

into the bacterial host genome.

According to another aspect of the invention, there is provided a method for
expressing a nucleic acid in a bacterial cell comprising:

(1) introducing a bacterial expression system into the bacterial host genome;
wherein the bacterial expression system comprises:

(a) DNA encoding a group 5 RNA polymerase sigma factor; and

(b) an expression cassette comprising a promoter recognised by the group 5
RNA polymerase sigma factor operably linked to a transposase-encoding
nucleic acid; wherein (a) and (b) are located on the same expression vector,

separate expression vectors or are integrated into the bacterial host genome.

In a preferred embodiment of the invention, there is provided a method for
expressing a nucleic acid in a bacterial cell comprising:

(1) introducing a bacterial expression system into the bacterial host genome;
wherein the bacterial expression system comprises:

(a) DNA encoding the TcdR sigma factor; and

(b) an expression cassette comprising a fcdA and/or tcdB promoter operably
linked to a transposase-encoding nucleic acid; wherein (a) and (b) are located
on the same expression vector, separate expression vectors or are integrated

into the bacterial host genome.

The transposase-encoding nucleic acid may encode for Himar1 C9.

Use of the expression system_in generating transposon libraries and

screening for mutants of a bacterial strain affected in solvent production,

tolerance or substrate utilisation.

Use of the expression system of the invention may be used to generate
transposon libraries. Such libraries may be screened for mutants affected in
solvent production, solvent tolerance, or in substrate utilisation. Two

fundamentally different approaches could be adopted:-

(i) a pool of transposon mutants could be generated to allow both the direct
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selection of mutants able to tolerate higher concentrations of solvent
and to determine the identity of non-essential genes

(i) a library could be created of specific transposon mutants in all non-
essential genes that can subsequently be tested using Biolog
approaches that are affected in solvent production and substrate
utilisation

Accordingly, in a preferred embodiment of the invention, there is provided a
method of identifying a mutant of a bacterial strain affected in solvent
production, tolerance or substrate utilisation, comprising:

(i) providing a library of transposon mutants of the bacterial strain
generated through the use of a bacterial expression system according to
the invention; and

(i) selecting for mutants that have altered solvent production, tolerance or

substrate utilisation.

The solvent may be acetone, butanol, ethanol, isopropanol, ethylene,

butadiene, butanediol or isoprene.

In a further preferred embodiment of the invention, there is provided a mutant
bacterial strain affected in solvent production, tolerance or substrate utilisation

identified by the method described above.

In another preferred embodiment of the invention, the expression system can
be used in conjunction with a recently described high throughput random
approach, transposon directed insertion-site sequencing (TraDIS), which
utilizes nucleotide sequencing to prime from the transposon and sequence into
the adjacent target DNA, simultaneously mapping the site of insertion of every
transposon in a mutant pool (Langridge et al., 2009. Genome Res. 19: 2308-
16). TraDIS has previously been used to map 370,000 unique transposon
insertion sites to the Salmonella Typhi chromosome. The density and
resolution of mapped insertion sites (one every 13 bp) allowed the
identification of every essential gene in the genome. Moreover, following

growth of the mutant pool in the presence or absence of ox bile, the semi-
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quantitative nature of the assay led to the identification of genes that
contributed to bile tolerance, a trait required for carriage of S.Typhi. Thus, the
method can be used to simultaneously assay every gene in the genome to
identify niche-specific essential genes. One such niche-specific condition is
growth in the presence of butanol.

According to another preferred embodiment of the invention, ABI SOLID 3+
sequencing libraries could be prepared from DNA flanking transposon insertion
sites from a solventogenic Clostridium species, such as C. acetobutylicum,
grown in different selective conditions (eg. standard media as well as media
supplemented with butanol). Sequence reads could then be matched back to
the Clostridium genome to identify genes that are non-essential. Genes that
are not represented or highly under-represented in each sample of sequences
may be candidate essential genes. A total of 20 million mapped sequence tags
of 40-50 bp may be generated, representing approximately 15 bp of transposon
sequence and 25-35bp DNA flanking Himar1 C9 insertion sites. The observed
distribution and frequency of insertion sites across the genome may be used to

identify a list of potentially essential genes and sites under each condition.

The outcome may be two-fold. In the first instance it may allow the
identification of genes that cannot be inactivated. This is extremely important
as it may identify those genes for which time and effort using directed methods
(TargeTron and ClosTron) would be wasted. Secondly, it may identify genes
which contribute to solvent tolerance, providing valuable information on the
mechanisms currently employed to confer resistance and may provide the
basis of rational approaches in enhancing solvent resistance. To identify
solvent resistance, the high density library generated through the use of the
conditional vector of the present invention may be employed to directly select
for mutants that have become more tolerant to solvents (for example, acetone,
butanol, ethanol, isopropanol, ethylene, butadiene, butanediol or isoprene)l, an
important goal in the drive to improve solvent production. Sequencing of the
site of insertion of the transposon may further provide valuable information on
the mechanisms currently employed to confer resistance and again may

provide the basis of rational approaches in enhance solvent resistance.
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Another valuable resource is the acquisition of a library of individual mutants
comprising individual clones inactivated in every possible gene. Such a library
may be generated using the conditional vector of the present invention to
express a transposase-encoding nucleic acid. The generated library may then
be screened, in a BiolLog microtitre format, for those mutations that are
affected in such properties as solvent production, solvent tolerance, and
substrate utilization. Such information may be extremely valuable in
considerably increasing the understanding of the metabolic processes
responsible for solvent formation and sugar utilization, particularly in terms of

regulation.

The following terms, unless otherwise indicated, shall be understood to have

the following meanings:

The term ‘CAZyme’ as used herein refers to carbohydrate-active enzymes
which build and breakdown complex carbohydrates and glycoconjugates.
These are principally based on a family of enzymes termed glycoside
hydrolases (EC 3.2.1.-), commonly abbreviated to GH. These are a widespread
group of enzymes which hydrolyse the glycosidic bond between two or more
carbohydrates or between a carbohydrate and a non-carbohydrate moiety.
Trivial names for their members include cellulases, xylanases, chitinases,
glucanases, arabinofuranosidase, xylosidase and cellobiohydrolases. Other
CAZyme family members include: Glycosyltransferases (GTs), which undertake
the formation of glycosidic bonds; polysaccharide lyases (PLs), which catalyse
the non-hydrolytic cleavage of glycosidic bonds; carbohydrate esterases (CEs),
which hydrolyse carbohydrate esters. These enzymes can incorporate an
carbohydrate binding module (CBM). CAZymes which form part of a
cellulosome also incorporate dockerin module essential to the formation of the
cellulosome structure. The cellulosome is a large, secreted, multi-enzyme
complex, or nanomachine responsible for the degradation of lignocellulose. It
has two major components: (i) the core of the complex is a modular, non-
catalytic scaffoldin protein which serves to bring enzymes into close proximity,
and (ii) catalytic enzymatic subunits, which when anchored to scaffold via

cohesin-dockerin interactions, enhanced enzyme activity. The cohesin domain
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forms part of the scaffoldin, whereas the corresponding dockerin domain forms
part of the CAZyme. Only those CAZymes that are associated with a

cellulosome possess a dockerin domain.

Use of the expression system for expressing a prodrug converting

enzyme (PCE).

A fundamental requirement of any new anti-cancer therapy is the facility to
subject tumour cells to a toxic agent, while at the same time excluding normal
healthy tissues from such exposure. Despite the conceptual simplicity, the
derivation of such therapies has proven challenging. Attempts have been made
to localise protein-based anti-cancer agents at the tumour using ‘specific’
antibodies or viral vectors. The former is disadvantaged by antigen
heterogeneity and the absence of suitable antigen targets in many tumour
types. Viral vectors suffer from a lack of tumour specificity, poor levels of
transgene expression and inefficient distribution of the vector throughout the

tumour.

An alternative approach which overcomes the above deficiencies has been
devised based on the use of non-pathogenic clostridial spores. Whilst
intravenously injected clostridial spores are dispersed throughout the body,
only those that encounter the hypoxic environment of a solid tumour go on to
germinate and multiply. The potential therapeutic efficacy is due not only to the
fact that clostridia show a high selectivity for hypoxic tumour areas, but also
because these hypoxic areas are considered one of the most important barriers
to current cancer therapy. Delivery is thus exquisitely selective. This has led to
the concept of engineering clostridia to produce anticancer agents, and in
particular prodrug converting enzymes (PCEs), through the incorporation of the
gene encoding the PCE into the genome of the clostridial cell. This approach
is called Clostridial-Directed-Enzyme Prodrug Therapy (CDEPT). In CDEPT
(Minton NP, 2003, Nature Reviews Microbiology, 1(3): 237-42) the anti-cancer
drug is introduced into the bloodstream as harmless “prodrug”, and is
subsequently converted into the active drug by an “enzyme’ that has been
specifically targeted (“directed”) to tumour cells through the colonisation of the

tumour with clostridial cells producing the enzyme, prior to injection of the
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prodrug. As the enzyme is specifically produced within the tumour, high
therapeutic doses are achieved only within the vicinity of the tumour, and
nowhere else within the body. Moreover, not every tumour cell needs to be
targeted as a single enzyme molecule can catalyse the generation of large
quantities of therapeutic drug. Thus, there is no necessity to target every
tumour cell, i.e., the so-called ‘bystander effect’.

The successful use of CDEPT in human therapy requires that the gene
encoding the PCE is introduced into the chromosome of the clostridial delivery
vehicle used. A preferred embodiment of the expression system is therefore

its use to bring about the expression of the chromosomally located PCE gene.

Accordingly, in a preferred embodiment, there is provided a bacterial
expression system for expressing a nucleic acid comprising:

(a) DNA encoding a group 5 RNA polymerase sigma factor; and

(b) an expression cassette comprising a promoter recognised by the group 5
RNA polymerase sigma factor operably linked to a PCE-encoding nucleic acid;
wherein (a) and (b) are located in the bacterial host genome.

In another preferred embodiment, there is provided a bacterial expression
system for expressing a nucleic acid comprising:

(a) DNA encoding a TcdR sigma factor; and

(b) an expression cassette comprising a tcdA and/or tcdB promoter operably
linked to a PCE-encoding nucleic acid; wherein (a) and (b) are located in the
bacterial host genome.

According to another aspect of the invention, there is provided the use of a
bacterial expression system for expressing a nucleic acid comprising:

(a) DNA encoding a group 5 RNA polymerase sigma factor; and

(b) an expression cassette comprising a promoter recognised by the group 5
RNA polymerase sigma factor operably linked to a PCE-encoding nucleic acid;

wherein (a) and (b) are located in the bacterial host genome.

According to another aspect of the invention, there is provided a method for

expressing a nucleic acid in a bacterial cell comprising:
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(1) introducing a bacterial expression system into the bacterial host genome;
wherein the bacterial expression system comprises:

(a) DNA encoding a group 5 RNA polymerase sigma factor; and

(b) an expression cassette comprising a promoter recognised by the group 5
RNA polymerase sigma factor operably linked to a PCE-encoding nucleic acid;
wherein (a) and (b) are located in the bacterial host genome.

In a preferred embodiment of the invention, there is provided a method for
expressing a nucleic acid in a bacterial cell comprising:

(1) introducing a bacterial expression system into the bacterial host genome;
wherein the bacterial expression system comprises:

(a) DNA encoding the TcdR sigma factor; and

(b) an expression cassette comprising a tcdA and/or tcdB promoter operably
linked to a PCE-encoding nucleic acid; wherein (a) and (b) are located in the

bacterial host genome.

The invention further provides a method for treating cancer, which method
comprises administering to a subject, a bacterial cell comprising an expression
vector which comprises (a) DNA encoding a group 5 RNA polymerase sigma
factor; and (b) an expression cassette comprising a promoter recognised by
the group 5 RNA polymerase sigma factor operably linked to a PCE-encoding

nucleic acid; wherein (a) and (b) are located in the bacterial host genome.

The invention further provides the use of a bacterial cell comprising an
expression vector which comprises (a) DNA encoding a group 5 RNA
polymerase sigma factor; and (b) an expression cassette comprising a
promoter recognised by the group 5 RNA polymerase sigma factor operably
linked to a PCE-encoding nucleic acid; wherein (a) and (b) are located in the
bacterial host genome for the manufacture of a medicament for the treatment

of cancer.

The invention further provides a bacterial cell comprising an expression vector
which comprises (a) DNA encoding a group 5 RNA polymerase sigma factor;
and (b) an expression cassette comprising a promoter recognised by the group

5 RNA polymerase sigma factor operably linked to a PCE-encoding nucleic
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acid; wherein (a) and (b) are located in the bacterial host genome for use in the

treatment of cancer.

The PCE-encoding nucleic acid may encode for cytosine deaminase (CD),
nitroreductase (NTR) and carboxypeptidase G2 (CPG2). CD mediates the
conversion of 5-FC into 5-fluorouracil (5-FU). The differential toxicity between
5-FC and 5-FU is large (10%). This is because 5-FU is further metabolised into
two inhibitors of DNA and RNA synthesis, 5-fluorouridine-5'-triphosphate and
5-fluoro-2’-deoxyuridine 5’-monophophate. NTR reduces the 4-nitro group of
the prodrug CB1954 (5-(aziridin-1-yl)-2,4-dinitrobenzamide) to produce a
cytotoxic hydroxylamine derivative that causes DNA interstrand crosslinking’.
On a dose by dose basis, the 4-hydroxylamine species is 10*- to 10°-fold more
cytotoxic than the CB 1954 progenitor. CPG2 catalyses the cleavage of amidic,
urethanic and ureidic bonds between an aromatic nucleus and L-glutamic acid.
These include the prodrug CMDA, a benzoylglutamate mustard, which is
derivatised to produce a benzoyl mustard that causes DNA-DNA crosslinking.
The drug is up to 100-fold more toxic than its corresponding prodrug (Minton
NP, 2003, Nature Reviews Microbiology, 1(3): 237-42)

Preferably, the PCE-encoding nucleic acid nucleic acid encodes for a
nitroreductase, cytosine deaminase or carboxypeptidase G2.

The term ‘nucleic acid’ as used herein includes single or double-stranded
mRNA, RNA, cRNA and DNA, said DNA inclusive of cDNA and genomic DNA.

A ‘polynucleotide’ is a nucleic acid having eighty or more contiguous
nucleotides, while an ‘oligonucleotide’ has less than eighty nucleotides.

The term ‘group 5 RNA polymerase sigma factor’ as used herein refers to the
RNA sigma factors BotR, TetR, TcdR and UviA which have been assigned to
‘group 5 of the sigma 70 family. (Dupuy and Matamouros, 2006, Research
Microbiology, 157: 201-205). The term also refers to a group 5 RNA
polymerase sigma factor which has a sequence identity or homology of at least
60, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, 99% or 99.9% to BotR, TetR,
TcdR and/or UViA.
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A nucleic acid has ‘identity’, ‘homology’ or is ‘homologous’ to a second nucleic
acid if the first nucleic acid sequence has a similar sequence to the second
nucleic acid sequence. In a preferred embodiment, a homologous nucleic acid
is one that exhibits at least 65% sequence homology to the plasmid replication
region, more preferred is at least 70% sequence homology. Even more
preferred are homologous nucleic acids that exhibit at least 75%, 80%, 85%, or
90% sequence homology to the plasmid replication region. In a yet more
preferred embodiment a homologous nucleic acid exhibits at least 95%, 98%,
99% or 99.9% sequence identity. As used herein, homology between two
regions of nucleic acid sequence (especially with respect to predicted
structural similarities) is interpreted as implying similarity in function. The term

‘homology’ is synonymous with the term ‘identity.’

By ‘operably linked’ it is meant that said promoter(s) is/are positioned relative
to the endogenous, heterologous or synthetic nucleic acid to initiate, regulate
or otherwise control transcription.

By ‘heterologous nucleic acid’ it is meant a nucleic acid distinct from that
normally linked to a specific promoter. Preferably it means a nucleic acid
distinct from a nucleic acid encoding for example, a tcdA or fcdB toxin-
encoding gene. The heterologous nucleic may be a synthetic nucleic acid. The
heterologous nucleic acid preferably encodes a polypeptide which is to be
expressed in bacteria. The polypeptide can be a CAZyme enzyme such as the
glycoside hydrolases Cel48F, Xyn10A or CelA. Other polypeptides of interest

include transposase enzymes.

By ‘endogenous nucleic acid’ it is meant that the coding sequence faithfully
corresponds to that found in the organism in which it is found.

By ‘synthetic nucleic acid’ it is meant that the coding sequence has been
changed/synthesised such that it differs from the naturally occurring sequence,
but still encodes the same protein sequence.
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A ‘transposase’ is an enzyme that binds to the ends of a transposon and
catalyzes the movement of the transposon to another part of the genome by a
variety of mechanisms, including a cut and paste mechanism or a replicative
transposition mechanism.

‘Himar1 C9 refers to a mini-transposon in which the selectable marker, such
as catP (encoding chlorampheniciol acetyltransferase and responsible for
resistance to thiamphenicol or chloramphenicol), is flanked by inverted repeat
regions (ITR1 and ITR2), proceeded by the transposase gene.

The term ‘promoter’ as used herein refers to a sequence of DNA, usually
upstream (5') to the coding sequence of a structural gene, which controls the
expression of the coding region by providing the recognition for RNA
polymerase and/or other factors required for transcription to initiate at the

correct site.

The skilled person in the art would appreciate that any of the preferred features
according to any aspect of the invention may be applied to any other aspect of
the invention described.

Preferred embodiments of the present invention will now be described, merely

by way of example, with reference to the following drawings and examples.

Figure 1 — shows a schematic view of the plasmid pMTL-MEG6¢c

Key: LHA, left hand homology arm encompassing a foreshortened Clostridium
acetobutylicum pyrE gene lacking its first 13 codons; LacZ’, incorporating
multiple cloning sites; T1, transcriptional terminator of the Clostridium
pasteurianum ferredoxin gene; RHA, right hand homology arm composed of
1200 bp from immediately downstream of the Clostridium acetobutylicum pyrk
gene, encompassing the hydA gene, CAC0028; Repl, the replication protein of
plasmid pIM13; catP, a Clostridium perfringens-derived gene encoding
chloramphenicol acetyltransferase, and; ColE1, the replication origin of
plasmid ColE1.

Figure 2 — shows a schematic view of the plasmid pMTL-YZ001
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Key: LHA, left hand homology arm encompassing a foreshortened Clostridium
acetobutylicum pyrE gene lacking its first 13 codons; fcdR , derived from
Clostridium difficile strain 630 and encoding an alternative RNA polymerase
sigma-factor assigned to group 5 of the sigma (70) family; T1, the
transcriptional terminator of the Clostridium pasteurianum ferredoxin gene;
RHA, right hand homology arm composed of 1200 bp from immediately
downstream of the Clostridium acetobutylicum pyrE gene, encompassing the
hydA gene, CAC0028; ReplL, the replication protein of plasmid pIM13; catP, a
Clostridium perfringens-derived gene encoding chloramphenicol

acetyltransferase, and; ColE1, the replication origin of plasmid ColE1.

Figure 3 — shows a schematic representation of the genome of strain
CRG3011. A promoter-less copy of the fcdR gene (including its ribosome
binding site, RBS) of Clostridium difficile strain 630 has been inserted into the
genome using ACE technology immediately downstream of the pyrkE gene
(CACO0027). lliustrated are the surrounding genes, and the position of the
promoter responsible for expression of tcdR, and the position of the tcdR RBS.
The illustrated terminator is the T1 transcriptional terminator of the Clostridium
pasteurianum ferredoxin gene.

Figure 4 — shows a schematic view of the plasmid pMTL-YZ002.

Key: T2, transcriptional terminator descented downstream of the Clostridium
difficile strain 630 CD0164 gene; po, the promoter region of the Clostridium
difficile tcdB gene; catP, a Clostridium perfringens-derived gene encoding
chloramphenicol acetyltransferase; T1, transcriptional terminator of the
Clostridium pasteurianum ferredoxin gene; repA and orf2, replication region of
the Clostridium botulinum plasmid pBP1; ermB, the macrolidelincosamide-
streptogramin B antibiotic resistance gene of plasmid pAMB1; ColE1, the
replication origin of plasmid ColE1, and; traJ, transfer function of the RP4 oriT

region.

Figure 5 — shows a schematic view of the plasmid pMTL-YZ003.
Key: T2, a transcriptional terminator isolated from downstream of the
Clostridium difficile strain 630 CD0164 gene; fd, the promoter region of the

Clostridium pasteurianum ferredoxin gene, derivatised to include an operator
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sequence from the E.coli lac operon and designated fac ; the catP, a
Clostridium perfringens-derived gene encoding chioramphenicol
acetyltransferase; T1 the transcriptional terminator of the Clostridium
pasteurianum ferredoxin gene; repA and orf2, replication region of the
Clostridium botulinum plasmid pBP1; ermB, the macrolide-lincosamide-
streptogramin B antibiotic resistance gene of plasmid pAMB1; ColE1, the
replication origin of plasmid ColE1, and; traJ, transfer function of the RP4 oriT
region.

Figure 6 - shows CAT activity of either Clostridium acetobutylicum ATCC 824
wildtype or strain CRG3011 (carrying tcdR) carrying plasmids pMTL-YZ002
(Pcas) and pMTL-YZ0OO03 (Pray).

Figure 7 — shows a schematic representation of strains generated to produce a
recombinant CAZyme through TcdR-mediated expression from the Picqa

promoter.

[A] A promoter-less copy of the tcdR gene of Clostridium difficile strain 630
has been inserted immediately downstream of the pyrE gene (CAC0027) of C.
acetobutylicum ATCC 824 wildtype strain by ACE technology resulting in the
strain CRG3011. lllustrated are the surrounding genes, and the position of the
promoter responsible for expression of tcdR, and the position of the tcdR RBS.
The illustrated terminator is the T1 transcriptional terminator of the Clostridium

pasteurianum ferredoxin gene.

[B] In the same cell, CAZymes encoding genes were inserted downstream of
the thiolase gene (thi, CAC2873), together with the promoter of the tcdA gene
and the ermB gene.

Figure 8 — shows Assembly of parts in BioBrick-2 standard format.

Each ‘part’ is preceded by a nucleotide sequence (prefix) encompassing the
restriction enzyme sites EcoRIl, Notl and Spel, and followed by a nucleotide
sequence (suffix) encompassing the restriction sites Nhel, Notl and Pstl. Parts
are joined through cleavage of the Part 1 suffix with Nhel and the Part 2 prefix
with Spel and the subsequent ligation of the compatible sticky ends generated.
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Fusion of the two sticky ends, and the joining of part 1 to part 2, results in the
‘SCAR’ sequence GCTAGT, which can no longer be cleaved by either Nhel or
Spel.

Figure 9 — shows a schematic representation of the assembly of natural
CAZyme encoding modules from 3 BioBrick-2 parts encompassing the fcdA
promoter, CAZyme coding region, and Flag-Tag and stop codon.

The three parts are joined using the compatible sticky ends generated by the
cleavage of the part 1 (tcdA promoter) suffix sequence with Nhel, the part 2
(CAZyme coding region) prefix and suffix sequence with Spel and Nhel,
respectively, and the part 3 (Flag-Tag and stop codon) prefix sequence with
Spel. Ligation of the 3 generated restriction fragments into one contiguous
sequence results in a Nhel/Spel ‘SCAR’ sequence (GCTAGT) between part 1

and 2, and between part 2 and 3.

Figure 10 — shows a schematic representation of the assembly of chimeric
CAZyme encoding modules from 2 BioBrick-2 parts, specifying a CAZyme
catalytic coding region and a cellulosome dockerin domain coding region. DNA
constructs were assembled from re-usable modular parts in a standard format

(BioBrick assembly standard 12.

Figure 11 - shows a schematic representation of the assembled three
CAZymes tested. DNA constructs were assembled from re-usable modular
parts in a standard format (BioBrick assembly standard 12.

Figure 12 - shows a schematic representation of the ACE vector PMTL-JH16.

Key: LHA, left hand homology arm encompassing a foreshortened Clostridium
acetobutylicum pyrE gene lacking its first 13 codons; LacZ’, incorporating
multiple cloning sites; T1, transcriptional terminator of the Clostridium
pasteurianum ferredoxin gene; RHA, right hand homology arm composed of
1200 bp from immediately downstream of the Clostridium acetobutylicum pyrE
gene, encompassing the hydA gene, CAC0028; ReplL, the replication protein of
plasmid pIM13; CatP, a Clostridium perfringens-derived gene encoding
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chloramphenicol acetyltransferase, and; ColE1, the replication origin of
plasmid ColE1.

Figure 13 — shows a schematic representation of the mariner transposon
plasmid pMTL-YZ004 & pMTL-YZ005

Plasmid pMTL-YZ004 was made by swopping the region between the Ascl and
Fsel sites of plasmid pMTL-SC1 which carries the pBP1 replicon with a 1626
bp Ascl-Fsel fragment from the modular plasmid pMTL83251 which
encompasses the replication region of plasmid pCB102. Thereafter, plasmid
pMTL-YZ004 was cleaved with Nsil (*), the sticky ends generated blunt-ended
by treatment with T4 polymerase, and the linear fragment self-ligated to yield
plasmid pMTL-YZ005.

Key: T2, a transcriptional terminator isolated from downstream of the
Clostridium difficile strain 630 CD0164 gene; repH, replication region of the
Clostridium butyricum plasmid pCB102; *, the Nsil site that was blunt-ended to
yield plasmid pMTL-YZ005; ermB, the macrolide-lincosamide-streptogramin B
antibiotic resistance gene of plasmid pAMB1; ColE1, the replication origin of
plasmid ColE1; traJ, transfer function of the RP4 oriT region; IR1 & IR2,
inverted repeat regions flanking the mini-transposon element; T1 the
transcriptional terminator of the Clostridium pasteurianum ferredoxin gene;
catP, a Clostridium perfringens-derived gene encoding chloramphenicol
acetyltransferase, Hlmar1 C9, mariner transposase gene, and; po, the
promoter region of the Clostridium difficile tcdB gene.

Figure 14 - shows Western-Blot analysis on native CelA and chimeric Cel48F
and Xyn10A expressing C. acetobutylicum CRG3011 strains.

Lanes: 1, CelA; 2, Xyn10A; 3, Cel48F, and; 4. Molecular weight marker
(P7710S, NEB).

Figure 15 — shows the assembly of structural genes encoding enzymes
involved in solvent production derivatised to include a COOH-terminal Flag-Tag
sequence. Following fusion of the two illustrated BioBrick-2 parts (through
ligation of the Nhel and Spel sticky ends) the modified gene was inserted into
pMTL-JH16 as a Notl-Nhel fragment between the equivalent sites present in
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the vector. As pMTL-JH16 carries a transcriptional terminator sequence
immediately after the Nhel site (at the proximal end of the RHA), every

construct is followed by a transcriptional termination signal.

Figure 16 - shows assembly of structural genes encoding enzymes involved in

solvent production together with a Flag-Tag and tcdA promoter.

Figure 17 - shows a schematic representation of the strains generated
carrying the various genes encoding enzymes involved in solvent production at
the thiolase locus of the genome. Each gene was derivatised to include a
COOH-terminal Flag-Tag. The position of the thiolase gene promoter (Pu)) is
indicated, as is the position of the transcriptional terminator at the end of each
operon present in the genome immediately 5’ to the downstream CAC2872
gene. Genes are:- thl, thiolase; ermB, erythromycin ribosomal methylase B;
ald, coenzyme A-acylating aldehyde dehydrogenase; bdhB, NADH-dependent
butanol dehydrogenase B; ctfA, acetoacetyl-CoA transferase subunit A; ctfB,
acetoacetyl-CoA transferase subunit B; adc, acetoacetate decarboxylase, and;
adh, alcohol dehydrogenase.

Figure 18 - shows Western Blots of the Various Synthetic Operon ACE

insertion strains.

Figure 19 — shows a schematic representation of additional synthetic operons
inserted into the Clostridium acetobutylicum chromosome. Each gene was
derivatised to include a COOH-terminal Flag-Tag. The position of the thiolase
gene promoter (Pu) is indicated, as is the position of the transcriptional
terminator at the end of each operon present in the genome immediately 3’ to
the downstream CAC0028 gene (encoding hydrogenase, hydA). The position of
the promoter (PtcdA) of the fcdA gene is also shown. Genes are:- thl, thiolase;
ermB, erythromycin ribosomal methylase B, ald, coenzyme A-acylating
aldehyde dehydrogenase; bdhB, NADH-dependent butanol dehydrogenase B;
ctfA, acetoacetyl-CoA transferase subunit A; ctfB, acetoacetyl-CoA transferase
subunit B: adc, acetoacetate decarboxylase; adh, alcohol dehydrogenase, and;
tcdR, RNA Polymerase Sigma factor of the Clostridium difficile a70 family.



10

16

20

25

30

WO 2013/144647 PCT/GB2013/050836

37

Figure 20 - shows Western-Blot analysis on native and chimeric CAZymes
expressing wild type C. acetobutylicum and CRG3011 strains.

Lanes: 1, Molecular weight marker (P7710S, NEB); 2, Flag-tag positive control;
3, wild type C. acetobutylicum ; 4, wild type C. acetobutylicum expressing
Cel48F with dockerin domain CelS under the transcriptional control of thl
promoter; 5, wild type C. acetobutylicum expressing Cel48F with dockerin
domain Cel9C under the transcriptional control of thl promoter; 6, wild type C.
acetobutylicum expressing Cel9G with dockerin domain CelS under the
transcriptional control of th/ promoter; 7, wild type C. acetobutylicum
expressing Cel9E with dockerin domain CelS under the transcriptional control
of th! promoter; 8, wild type C. acetobutylicum expressing Xyn10A with
dockerin domain CelS under the transcriptional control of th/ promoter; 9, wild
type C. acetobutylicum expressing CelA with dockerin domain CelA under the
transcriptional contro! of th/ promoter; 10, C. acetobutylicum CRG3011 strain
expressing Cel48F with dockerin domain CelS under the transcriptional control
of tcdB promoter; 11, C. acetobutylicum CRG3011 strain expressing Cel48F
with dockerin domain Cel9C under the transcriptional control of tcdB promoter;
12, C. acetobutylicum CRG3011 strain expressing Cel9G with dockerin domain
CelS under the transcriptional control of tcdB promoter; 13, C. acetobutylicum
CRG3011 strain expressing Cel9E with dockerin domain CelS under the
transcriptional control of tcdB promoter; 14, C. acetobutylicum CRG3011 strain
expressing Xyn10A with dockerin domain CelS under the transcriptional control
of tcdB promoter; 15, C. acetobutylicum CRG3011 strain expressing CelA with
dockerin domain CelA under the transcriptional control of tcdB promoter.

Figure 21 — shows a schematic view of the plasmid pMTL-YZ005

Key: LHA, left hand homology arm encompassing a foreshortened Clostridium
acetobutylicum pyrE gene lacking its first 13 codons; botR, derived from
Clostridium botulinum strain ATCC 3502 and encoding an alternative RNA
polymerase sigma-factor assigned to group 5 of the sigma (70) family; Cpa fdx
TT, transcriptional terminator of the Clostridium pasteurianum ferredoxin gene;
RHA, right hand homology arm composed of 1200 bp from immediately
downstream of the Clostridium acetobutylicum pyrE gene, encompassing the
hydA gene, CAC0028; Repl, the replication protein of plasmid pIM13; catP, a
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Clostridium perfringens-derived gene encoding chloramphenicol
acetyltransferase, and; ColE1, the replication origin of plasmid ColE1.

Figure 22 — shows a schematic view of the plasmid pMTL-YZ006

Key: LHA, left hand homology arm encompassing a foreshortened Clostridium
acetobutylicum pyrE gene lacking its first 13 codons; Pro, native promoter of
botR: botR , derived from Clostridium botulinum strain ATCC 3502 and
encoding an alternative RNA polymerase sigma-factor assigned to group 5 of
the sigma (70) family; Cpa fdx TT, the transcriptional terminator of the
Clostridium pasteurianum ferredoxin gene; RHA, right hand homology arm
composed of 1200 bp from immediately downstream of the Clostridium
acetobutylicum pyrE gene, encompassing the hydA gene, CAC0028; ReplL, the
replication protein of plasmid pIM13; catP, a Clostridium perfringens-derived
gene encoding chloramphenicol acetyltransferase, and; ColE1, the replication
origin of plasmid ColE1.

Figure 23 — shows a schematic representation of the genome of strain
CRG3755. A promoter-less copy of the botR gene (including its ribosome
binding site, RBS) of Clostridium botulinum strain ATCC 3502 has been
inserted into the genome using ACE technology immediately downstream of the
pyrE gene (CAC0027). lllustrated are the surrounding genes, and the position
of the promoter responsible for expression of botR, and the position of the
botR RBS. The illustrated terminator is the transcriptional terminator of the

pasteurianum ferredoxin gene.

Figure 24 — shows a schematic representation of the genome of strain
CRG3756. The botR gene including its ribosome binding site, RBS, and
promoter, of Clostridium botulinum strain ATCC 3502 has been inserted into
the genome using ACE technology immediately downstream of the pyrE gene
(CAC0027). lllustrated are the surrounding genes, and the position of the
promoter responsible for expression of botR, and the position of the botR RBS.
The illustrated terminator is the transcriptional terminator of the Clostridium

pasteurianum ferredoxin gene.

Figure 25 — shows a schematic view of the plasmid pMTL-YZ007.
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Key: CD0164 TT, transcriptional terminator descented downstream of the
Clostridium difficile strain 630 CD0164 gene; P,,u, the promoter region of the
Clostridium botulinum ntnH gene; catP, a Clostridium perfringens-derived gene
encoding chloramphenicol acetyltransferase; Cpa fdx TT, the transcriptional
terminator of the Clostridium pasteurianum ferredoxin gene; repA and orf2,
replication region of the Clostridium botulinum plasmid pBP1; ermB, the
macrolidelincosamide-streptogramin B antibiotic resistance gene of plasmid
pAMR1; ColE1, the replication origin of plasmid ColE1, and; traJ, transfer
function of the RP4 oriT region.

Figure 26 — shows a schematic view of the plasmid pMTL-YZ008.

Key: CD0164 TT, a transcriptional terminator isolated from downstream of the
Clostridium difficile strain 630 CD0164 gene; P34, the promoter region of the
Clostridium botulinum ha34 gene; the catP, a Clostridium perfringens-derived
gene encoding chloramphenicol acetyltransferase; Cpa fdx TT, the
transcriptional terminator of the Clostridium pasteurianum ferredoxin gene;
repA and orf2, replication region of the Clostridium botulinum plasmid pBP1;
ermB, the macrolide-lincosamide-streptogramin B antibiotic resistance gene of
plasmid pAMR1; ColE1, the replication origin of plasmid ColE1, and; trad,
transfer function of the RP4 oriT region.

Figure 27 - shows CAT activity of either Clostridium acetobutylicum ATCC 824
wildtype or strain CRG3755 (carrying botR) carrying plasmids pMTL-YZ007
(Pptnt), PMTL-YZO008 (Ppas4), and pMTL-YZO003 (Prax).

Figure 28 - shows CAT activity of either Clostridium acetobutylicum ATCC 824
wildtype or strain CRG3756 (carrying botR and its native promoter) carrying
plasmids pMTL-YZ007 (Pptnn), PMTL-YZOO08 (Phass), and pMTL-YZ003 (Prqx).

Figure 29 - shows a schematic representation of the ACE vector PMTL-JH29.

Key: LHA, left hand homology arm encompassing a foreshortened Clostridium
sporogenes pyrE gene lacking its first 13 codons; LacZ’, incorporating muitiple
cloning sites; T1, transcriptional terminator of the Clostridium pasteurianum
ferredoxin gene; RHA, right hand homology arm composed of 1200 bp from

immediately downstream of the Clostridium sporogenes pyrE gene,
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encompassing the CS3234 gene; RepL, the replication protein of plasmid
pIM13; CatP, a Clostridium perfringens-derived gene  encoding
chloramphenicol acetyltransferase, and; ColE1, the replication origin of
plasmid ColE1, and; traJ, transfer function of the RP4 oriT region.

Figure 30- shows a schematic view of the plasmid PMTL-YZ009.

Key: LHA, left hand homology arm encompassing a foreshortened Clostridium
sporogenes pyrE gene lacking its first 13 codons; tcdR, derived from
Clostridium difficile strain 630 and encoding an alternative RNA polymerase
sigma-factor assigned to group 5 of the sigma (70) family; T1, transcriptional
terminator of the Clostridium pasteurianum ferredoxin gene; RHA, right hand
homology arm composed of 1200 bp from immediately downstream of the
Clostridium sporogenes pyrE gene, encompassing the CS3234 gene; Repl, the
replication protein of plasmid pIM13; CatP, a Clostridium perfringens-derived
gene encoding chloramphenicol acetyltransferase, and; ColE1, the replication
origin of plasmid ColE1, and; traJ, transfer function of the RP4 oriT region.

Figure 31 — shows a schematic representation of the genome of Clostridium
sporogenes strain CRG3817. A promoter-less copy of the tcdR gene (including
its ribosome binding site, RBS) of Clostridium difficile strain 630 has been
inserted into the genome using ACE technology immediately downstream of the
pyrE gene (CS3235). lllustrated are the surrounding genes, and the position of
the promoter responsible for expression of tcdR, and the position of the tcdR
RBS. The illustrated terminator is the T1 transcriptional terminator of the
Clostridium pasteurianum ferredoxin gene.

Figure 32 - shows CAT activity of either Clostridium sporogenes NCIMB 10696
wildtype or strain CRG3817 (carrying tcdR) carrying plasmids pMTL-YZ002
(Ptcgs), and pMTL-YZ003 (Pygx).

Figure 33 — shows the nucleotide sequence of a typical fragment encoding an
NTR gene inserted into the genome of Clostridium sporogenes under the

control of the tcdB promoter.

Figure 34 — shows a schematic view of the plasmid pMTL-YZ010.
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Key: CD0164 TT, transcriptional terminator descented downstream of the
Clostridium difficile strain 630 CD0164 gene; po, the promoter region of the
Clostridium difficile tcdB gene; NTR, a bacterial nitroreductase; Cpa fdx TT,
transcriptional terminator of the Clostridium pasteurianum ferredoxin gene;
repA and orf2, replication region of the Clostridium botulinum plasmid pBP1;
ermB, the macrolidelincosamide-streptogramin B antibiotic resistance gene of
plasmid pAMR1; ColE1, the replication origin of plasmid ColE1, and; traJ,
transfer function of the RP4 oriT region.

Figure 35 - shows a schematic view of the plasmid PMTL-MEOQO1.

Key: LHA, left hand homology arm composting 300bp internal fragment of
Clostridium sporogenes pyrE gene; Pfdx, the promoter region of the
Clostridium pasteurianum ferredoxin gene, derivatised to include an operator
sequence from the E.coli lac operon and designated fac, NTR, a bacterial
nitroreductase; RHA, right hand homology arm composed of 1200 bp from
immediately downstream of the Clostridium sporogenes pyrE gene,
encompassing the CS3234 gene; Repl, the replication protein of plasmid
pIM13; CatP, a Clostridium perfringens-derived gene  encoding
chloramphenicol acetyltransferase, and; ColE1, the replication origin of
plasmid ColE1, and; traJ, transfer function of the RP4 oriT region.

Figure 36 - shows a schematic representation of the ACE vector PMTL-JH27.
Key: LHA, left hand homology arm composting 300bp internal fragment of
Clostridium sporogenes pyrE gene; LacZ’, incorporating multiple cloning sites;
RHA, right hand homology arm composed of 1200 bp from immediately
downstream of the Clostridium sporogenes pyrE gene, encompassing the
CS3234 gene; Repl, the replication protein of plasmid pIM13; CatP, a
Clostridium perfringens-derived gene encoding chloramphenicol
acetyltransferase, and; ColE1, the replication origin of plasmid ColE1, and;
traJ, transfer function of the RP4 oriT region.

Figure 37 - shows a schematic view of the plasmid PMTL-YZ011.

Key: LHA, left hand homology arm composting 300bp internal fragment of
Clostridium sporogenes pyrE gene; tcdR , derived from Clostridium difficile
strain 630 and encoding an alternative RNA polymerase sigma-factor assigned
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to group 5 of the sigma (70) family; RHA, right hand homology arm composed
of 1200 bp from immediately downstream of the Clostridium sporogenes pyrE
gene, encompassing the CS3234 gene; ReplL, the replication protein of plasmid
pIM13; CatP, a Clostridium  perfringens-derived gene  encoding
chloramphenicol acetyltransferase, and; ColE1, the replication origin of
plasmid ColE1, and; fraJ, transfer function of the RP4 oriT region.

Figure 38 - shows a schematic view of the plasmid PMTL-YZ012.

Key: LHA, left hand homology arm composting 300bp internal fragment of
Clostridium sporogenes pyrE gene; tcdR , derived from Clostridium difficile
strain 630 and encoding an alternative RNA polymerase sigma-factor assigned
to group 5 of the sigma (70) family, PtcdB, the promoter region of the
Clostridium difficile toxinB gene; NTR, a bacterial nitroreductase; RHA, right
hand homology arm composed of 1200 bp from immediately downstream of the
Clostridium sporogenes pyrE gene, encompassing the CS3234 gene; Repl, the
replication protein of plasmid pIM13; CatP, a Clostridium perfringens-derived
gene encoding chloramphenicol acetyltransferase, and; ColE1, the replication
origin of plasmid ColE1, and; traJ, transfer function of the RP4 oriT region.

Figure 39 — shows a schematic representation of the genome of Clostridium
sporogenes strain CRG3844. A promoter-less copy of the tcdR gene (including
its ribosome binding site, RBS) of Clostridium difficile strain 630 has been
inserted into the genome using ACE technology immediately downstream of the
disrupted pyrE gene (CS3413), followed by the NTR gene expressed by the
tcdB promoter. lllustrated are the surrounding genes, and the position of the
promoter responsible for expression of tcdR, and the position of the tcdR RBS.
The illustrated terminator is the T1 transcriptional terminator of the Clostridium

pasteurianum ferredoxin gene.

Figure 40 — shows a schematic representation of the genome of Clostridium
sporogenes strain CRG1650. An NTR gene expressed by the fdx has been
inserted into the genome using ACE technology immediately downstream of the
disrupted pyrE gene (CS3413). lllustrated are the surrounding genes, and the

position of the promoter responsible for expression of tfcdR, and the position of
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the tcdR RBS. The illustrated terminator is the T1 transcriptional terminator of

the Clostridium pasteurianum ferredoxin gene.

Figure 41 - shows NTR activity of Clostridium sporogenes NCIMB 10696
wildtype or strain CRG3844 (NTR under the transcriptional control of Prgs),
and CRG1650 (NTR under the transcriptional control of Pyy).

Figure 42 — shows a schematic representation of the mariner transposon
plasmid pMTL-GLO01. Plasmid pMTL-GL00O1 was made by deleting the region
between the Ascl and Fsel sites of plasmid pMTL-SC1 which carries the pBP1
replicon.

Key: CD0164 TT, a transcriptional terminator isolated from downstream of the
Clostridium difficile strain 630 CD0164 gene; ermB, the macrolide-lincosamide-
streptogramin B antibiotic resistance gene of plasmid pAMB1; ColE1, the
replication origin of plasmid ColE1; traJ, transfer function of the RP4 oriT
region; IR1 & IR2, inverted repeat regions flanking the mini-transposon
element; Cpa fdx TT the transcriptional terminator of the Clostridium
pasteurianum ferredoxin gene; catP, a Clostridium perfringens-derived gene
encoding chloramphenicol acetyltransferase, Himar1 C9, mariner transposase
gene, and Pyqs, the promoter region of the Clostridium difficile tcdB gene.

Figure 43 - shows agarose gel electrophoresis of the inverse PCR DNA
fragments generated from the chromsome of 11 randomly selected putative
transposon mutants in Clostridium acetobutylicum strain CRG3011. Genomic
DNA from 11 individual transposon mutants was isolated and digested with
Hindlll restriction endonuclease and the resultant DNA circularised by
subsequent incubation with T4 DNA ligase. Lane M, Molecular Weight marker;
Lane C, WT Clostridium acetobutylicum control; lanes 1 to 11, pMTL-GL001

derived Thiamphenicol resistant transposon mutant clones 1 to 11.

Figure 44 - shows agarose gel electrophoresis of the inverse PCR DNA
fragments generated from the chromsome of 21 randomly selected putative
transposon mutants in Clostridium beijerinckii strain CRG3920 (59B with tcdR
inserted at pyrE locus). Genomic DNA from 24 individual transposon mutants

was isolated and digested with Hindlil restriction endonuclease and the
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resultant DNA circularised by subsequent incubation with T4 DNA ligase. Lane
M, Molecular Weight marker; lanes 1 to 21, pMTL-GL001 derived
Thiamphenicol resistant transposon mutant clones 1 to 21.

Figure 45 — shows the location of the different transposon insertions around
the Clostridium beijerinckii stain 59B genome. Twenty-one independent
transposon insertions were sequenced, and their relative positions on the

genome is illustrated.

Construction of a Clostridial strain producing TcdR

In order to generate a Clostridial strain producing functional TcdR protein from
a chromosomally located gene, the following steps were undertaken:

A DNA fragment encompassing the structural gene encoding TcdR and its
ribosome binding (RBS) site was PCR-amplified from the chromosome of the
Clostridium difficile strain 630, and cloned into the vector pGEM t. This
localised the tcdR gene and RBS to a Notl-BamHI fragment (SEQ ID NO: 12).
This fragment was excised and inserted between the equivalent sites of the
plasmid pMTL-ME6¢c (SEQ: ID NO: 13, Figure 1) to yield the plasmid pMTL-
YZ001 as shown in Figure 2 (SEQ ID NO: 14). Plasmid pMTL-MEG6¢c is
essentially plasmid pMTL-JH14 (Heap JT et al., 2012, Nucleic Acids Research,
1-10, doi:10.1093/nar/gkr1321), but which lacks the /acZ'- encoding region
residing between the shorter Left Homology Arm (LHA, encoding a pyrE allele)
and the longer Right Homology Arm (RHA, encoding CAC0028) and in which a
region of DNA encompassing the transcriptional terminator of the Clostridium
pasteurianum ferredoxin gene has been inserted 3' to the pyrE allele, and
preceding CAC0028.

To introduce the tcdR gene into the chromosome, the method, Allele-Coupled
Exchange (ACE) was employed as described in (Heap JT et al., 2012, Nucleic
Acids Research, 1-10, doi:10.1093/nar/gkr1321). In vivo methylated pMTL-
YZ001 plasmid DNA was prepared from cells of E. coli XL1-Blue MR
containing plasmid pAN2 (Heap et al., 2007, J. Microbiol. Methods, 70(3):452-
64), and transformed into the ACE-generated C. acetobutylicum pyrE mutant
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described in Heap JT et al, 2012, Nucleic Acids Research, 1-10,
doi:10.1093/nar/gkr1321. Transformed cells were plated onto CGM agar
(Hartmanis MGN and Gatenbeck S, 1984, Appl. Environ. Microbiol. 47: 1277~
1283) supplemented with 15 pg/ml thiamphenicol and 20 pg/ml uracil. After 24
hours, fast growing single colonies were picked and re-streaked twice onto
CGM agar containing 15 pg/ml thiamphenicol and 20 pg/ml uracil. These cells
represented those in which the plasmid had integrated into the genome by
single cross-over recombination between the RHA. Thereafter, ceils were
streaked onto CBM agar (O'Brien RW and Morris JG, 1971, J. Gen. Microbiol.
68:307-318) to select for cells able to grow in the absence of exogenous uracil
as a consequence of plasmid excision (through recombination between the
duplicated LHA) and restoration of a functional pyrk allele. The final construct
has the tcdR gene, together with its RBS, inserted immediately downstream of
the pyrE gene, immediately upstream of the Clostridium pasteurianum
transcriptional terminator. The tcdR gene is transcribed from the promoter
upstream of CAC0025 (as demonstrated in Figure 3). The Clostridium
acetobutylicum strain generated was designated CRG3011.

Demonstration of TcdR functionality

To test the functionality of TcdR in the Clostridium acetobutylicum strain
CRG3011, a plasmid (pMTL-YZ002, SEQ ID NO: 15) was introduced into the C.
acetobutylicum cell in which the expression of a promoter-less copy of a catP
gene was placed under the transcriptional control of the tcdB promoter.
Plasmid pMTL-YZ002 (SEQ ID NO: 15) as shown in Figure 4, was constructed
by excising a ca. 334 bp Notl/Ndel fragment from the plasmid pMTL-SC1
(Cartman and Minton, 2010, Applied Environ Microbiol, 76: 1103-9) and
inserting it between the Notl and Ndel sites of plasmid pMTL82254 (Heap JT et
al.,, 2009, J Microbiol Methods, 78: 79-85). For comparative purposes, a
second plasmid was constructed identical to pMTL-YZ002, but in which the
fragment encompassing the tcdB promoter was replaced with an equivalent
Notl/Ndel fragment encompassing the fdx promoter (Figure 5). This plasmid
was designated pMTL-YZ003 as illustrated in Figure 5 (SEQ 1D NO: 16).

The two plasmids pMTL-YZ002 and pMTL-YZ003 were introduced into the
wildtype ATCC 824 strain of Clostridium acetobutylicum and strain CRG3011
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carrying the tcdR gene in its chromosome. Subsequently, the four cell lines
were cultivated in CGM medium until an ODgqo, of between 2.0 to 2.5 harvested
by centrifugation, resuspended and disrupted by sonication. Lysates were then
assayed for CAT (chloramphenciol acetyltransferase) activity using the assay
of Shaw (Shaw WV, 1975, Methods Enzymol 43: 737-755). As demonstrated in
Figure 6, the tcdB promoter is relatively inactive in the wild type strain in the
absence of TcdR. Moreover, the level of TcdR-mediated CAT production from
the tcdB promoter (pMTL-YZ002) is broadly equivalent to that of the strong fdx
promoter (pMTL-YZ003).

TcdR-mediated production of carbohydrate-active enzymes and binding
proteins involved in the synthesis and degradation of complex
carbohydrates, “CAZymes”.

In order to bring about production of carbohydrate-active enzymes and binding
proteins involved in the synthesis and degradation of complex carbohydrates
(CAZymes), genes encoding the appropriate protein were inserted into the
chromosome of the strain CRG3011 carrying the tcdR gene immediately
downstream of the thiolase gene (thl) under the transcriptional control of the
tcdA promoter (Piga). A schematic of the resultant strains generated is
illustrated in Figure 7. Additionally, in these examples, the natural stop codon
of the gene was replaced with an extended sequence encoding a Flag-Tag
protein (DYKDDDDK) and which itself ended in a suitable translational stop

codon.

Each genetic element inserted, therefore, comprised the tcdA promoter,
followed by a structural gene encoding a natural or chimeric CAZyme which
had been derivatised to include a C-terminal Flag-Tag, comprising the amino
acid sequence DYKDDDDK. Each gene was assembled from their 3
component parts in BioBrick-2 (BB-2) standard format (Figure 8). Thus, each
component part is preceded by a prefix sequence
(GAATTCGCGGCCGCACTAGT) encompassing the restriction enzyme sites
EcoRI (GAATTC), Notl (CGGCCGC) and Spel (ACTAGT) and followed by a
suffix sequence (GCTAGCGCGGCCGCCTGCAG) encompassing the restriction
enzyme sites Nhel (GCTAGC), Notl (GCGGCCGC) and Pstl (CTGCA).
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By way of example, to construct a CAZyme expression unit which directed the
production of a cellulosome associated, glycoside hydrolase of Clostridium
thermocellum (that encoding CelA, a glycoside hydrolase family 8,GHS,
enzyme), the BB-2 tcdA component part (SEQ ID NO: 17) was isolated as an
EcoRI-Nhel fragment, the BB-2 CelA structural gene (SEQ ID NO: 18) as an
Spel-Nhel fragment and the BB-2 Flag-Tag component part (SEQ ID NO: 19)
as a Spel-Pstl fragment. All three fragments ligated together yielded in a 1595
bp EcoRI-Pstl BB-2 fragment which comprised two 6-nt sequences (GCTAGT)
between the elements ligated together (tcdA and celA, celA and Flat-tag).
These 6-nt ‘'SCAR’ sequences were the result of the fusion of a Nhel and Spel

restriction site as shown in Figure 9.

Similar CAZyme encoding elements were assembled in the same way, except
that the CAZyme gene itself was generated out of two different BB-2 fragments
encoding either a hydrolytic/catalytic domain or a cellulosome dockerin domain
(Fig. 10). The hydrolytic domain was derived from C. cellulolyticum (SEQ ID
NO: 20 [Cel48F] and SEQ ID NO: 21 [Xyn10A]), the dockerin domain from C.
thermocellum (SEQ ID NO: 22) or C. acetobutylicum (SEQ 1D NO: 23). The
combinations generated including CelA are shown in Figure 11.

The final BB-2 CAZyme expressing units were cleaved with Notl and Nhel and
inserted between the equivalent restriction sites of the ACE plasmid pMTL-
JH16 (Figure 12, SEQ ID NO: 24). The plasmids made and their components
are listed in Table 1.

Table 1. List of plasmids generated to express native and chimeric

CAZymes
Plasmid | Vector | Promoter Catalytic Dockerin Flag-Tag
Used Domain Domain

pMTL- pMTL- Ptcaa Cel48F Cel9C variant 1
KS001 JH16

pMTL- pMTL- Ptcaa Xyn10A CelS variant 1
KS002 JH16

pMTL- pMTL- Ptcaa CelA CelA variant 1
KS003 JH16
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The correct assembly of each plasmid was confirmed by restriction analysis

and sequencing.

To introduce the CAZymes carried by each plasmid into the genome, the
method, Allele-Coupled Exchange (ACE) was employed (Heap JT et al., 2012,
Nucleic Acids Research, 1-10, doi:10.1093/nar/gkr1321). In vivo methylated
PMTL-KS001, pMTL-KS002 and pMTL-KS003 plasmid DNA was prepared from
cells of E. coli XL1-Blue MR containing plasmid pAN2 (Heap et al., 2007, J.
Microbiol. Methods, 70(3):452-64), and transformed into C.acetobutylicum
strain CRG3011 carrying the tcdR gene. Transformed cells were plated onto
2xYTG agar (Hartmanis MGN and Gatenbeck S, 1984, Appl. Environ.
Microbiol.47: 1277-1283) supplemented with 15 pg/ml thiamphenicol. After 24
hours, fast growing single colonies were picked and re-streaked onto CBM
agar containing 40 pg/ml erythromycin. These cells represented those in which
the plasmid had first integrated into the genome by single cross-over
recombination between the RHA, and thereafter and positioned the promoter-
less ermB downstream of the th/ gene (see Figure 8). To confirm loss of the
plasmid, erythromycin resistant colonies were patch plated onto CBM
containing 15 pg/ml thiamphenicol, where no growth occurred. The authenticity
of the clones was determined by PCR and nucleotide sequencing of the DNA
fragments generated.

For detection of the expression of the recombinant CAZymes, strains were
grown for 12-16 hours in dilution series in 2xYTG medium (pH 5.7).
Subsequently, exponentially grown cultures were used to inoculate the 25- to
50-ml 2x YTG medium containing 100 mM MES (2-morpholinoethanesulfonic
acid) buffer) (pH 6.9 at inoculation) main culture to a final ODeo of 0.15. After
reaching an ODgoo of 1.2 to 1.8 and a pH of not less than 6.0, cells were
harvested by centrifugation (8,000 x g, 15 min, 4°C). The culture supernatant
was centrifuged a second time, before its protein content was precipitated
using final concentrations of 0.03% (w/v) DOC and 10% (w/v) TCA
(centrifugation at 10,000 x g, 30 min, 4°C). Protein pellets were washed with
10 ml of 10 mM Tris-HCI (pH 7.5), dried and resuspended in 1 M Tris-HCI (pH
7.5) and kept on ice. All samples were normalised to their ODsgo at the time of
the harvest in the early stationary phase. Following, SDS-PAGE and Western-
Blot analysis were carried out using NUPAGE® Novex 4-12% Bis-Tris gels, the
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XCell 1™ Blot Module (Invitrogen) and the ProteoQwest™ FLAG® colorimetric
Western Blotting Kit (Sigma Aldrich). All steps were carried out according to
the manufacturer’s manuals. An analysis of culture supernatants of native CelA
and chimeric Cel48F and Xyn10A expressing strains is shown in Figure 13. All
chosen enzymes showed detectable signals using the TcdR/tcdA expression

system.

Use of the expression system for expression of the transposase Himar1
c9

Transposon mutagenesis using the mariner transposon-based transposon
vector pMTL-SC1 is reliant on TcdR-mediated expression of the mariner
transposase. Accordingly, the introduction of this vector into the C.
acetobutylicum strain CRG3011 should result in transposition of the mini-

transposon carrying the catP gene.

To test this possibility, pMTL-SC1 was first modified by swopping its Gram
positive replication region (based on the plasmid pBP1) with another replicon
based on a segregationally unstable derivative of the pCB102 replication
region. To achieve this, the pCB102 replicon was isolated from the modular
plasmid pMTL83251 (Heap et al., 2009, J Microbiol. Methods. 78(1): 79-85) as
a 1626bp Ascl and Fsel fragment and inserted between the equivalent sites of
pMTL-SC1, replacing the equivalent fragment encompassing the pBP1
replicon. The plasmid obtained was designated pMTL-YZ004 (SEQ ID NO: 25,
Figure 13).

Thereafter, plasmid pMTL-YZ004 was linearised through cleavage at its unique
Nsil site, which resides within the coding region of the putative replication
protein of pCB102, RepH. The linearised DNA was treated with T4 polymerase
and the resultant blunt-ended fragment self-ligated and transformed into E.coli
Top10. A plasmid, pMTL-YZ005, was isolated which no longer cleaved with
Nsil. The presence of the expected sequence was then confirmed by
nucleotide sequencing. The resultant manipulation altered the sequence
ATGCAT to AT. There consequence deletion of 4 nucleotides (TGCA) causes
a frameshift in the RepH coding sequence, replacing the COOH-terminal region



10

15

20

25

30

35

WO 2013/144647 PCT/GB2013/050836

50

of RepH (CIKYYARSFKKAHVKKSKKKK) with LNIMGALKKLM. This
replacement affects the segregational stability of the plasmid.

To determine whether transposition would occur in strain CGR3011, plasmid
pMTL-YZ005 was transformed into Clostridium acetobutylicum CRG3011 and
transformants selected on CGM plates containing 40 pg/ml erythromycin.
Plates carrying greater than 10 isolated, transformant colonies were then
incubated at 37°C for 72 hours. All of the colony growth was scraped from the
plate using a sterile loop and the cells resuspended in CGM media containing
+20% Glycerol. The cell suspension was then plated at serial dilutions onto
CGM agar plates containing 15 pg/ml thiamphenicol. A total of 100 colonies
were then patch plated onto CGM plates containing 15 pg/ml thiamphenicol
and CGM plates containing 40 pg/ml erythromycin as a simple test to ascertain
whether the plasmid pMTL-YZ005 was still present. All 100 colonies still
retained resistance to erythromycin, indicating that under the conditions
employed, the plasmids had not been lost from the population.

To establish whether transposition had occurred, inverse PCR was performed
according to the procedure of Cartman and Minton (Cartman ST and Minton
NP, 2010, Applied Environmental Microbiology, 76: 1103-1109). Genomic DNA
was isolated from 8 individual thiamphenicol resistant clones and digested
overnight with Hindlll at a concentration of 200ng/ul. The Hindlll restriction
endonuclease was heat inactivated (65°C for 30 min), and DNA was diluted to
a concentration of 5 ng/ul in a reaction with T4 DNA ligase to favor self-ligation
(and thus circularization) of restriction fragments. Ligation reaction mixtures
were incubated at ambient temperature for 1 h, and then the T4 ligase was
heat inactivated (65°C for 30 min). Inverse PCRs were carried out in 50-pl
volumes using the KOD Hot Start DNA polymerase Master Mix kit (Novagen),
with 100 ng of ligated DNA and primers catP-INV-F1, SEQ ID NO: 26 (5'-
TAAATCATTTTTAGCAGATTATGAAAGTGATACGCAACGGTATGG-37) and
catP-INV-R1, SEQ ID NO: 27 (5’-
TATTGTATAGCTTGGTATCATCTCATCATATATCCCCAATTCACC-3’),  which
face out from the transposon-based catP sequence. Inverse PCR products
were run out on a 0.8% (wt/vol) agarose gel (Fig. 18), purified with the
QlAquick gel purification kit (Qiagen), and sequenced using primer catP-INV-
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R2 SEQ iD NO: 28 (5'-
TATTTGTGTGATATCCACTTTAACGGTCATGCTGTAGGTACAAGG-3’). To
identify the genomic location of transposon insertions, sequence data were

analyzed using GENtle.

These data revealed that in 6 of the 8 colonies tested, the transposon had
inserted into 6 different locations within the C. acetobutylicum genome (Table
2). In one case (No. 5) no product was obtained, and in another (No. 5) the
sequence corresponds to plasmid pMTL-YZ005. These data provide proof of
principle that the presence of tcdR in the genome of CRG3011 allows
transposition of the mariner transposon in Clostridium acetobutylicum.

Table 2. Sequence analysis of the Inverse PCR products from eight randomly
selected thiamphenicol resistant colonies carrying pMTL-YZ005

Position of Iinsertion
Colony |in the C. | Gene affected Gene function
Number | acetobutylicum
ATCC 824 genome
1 521363 (forward promoter region of ABC-transporter,
strand) CA_C0453 ATP-binding protein
2 3083171 (forward CA_C2948 coding ABC-transporter,
strand) region ATPase
3 3562958 (forward
strand) CA_C3385 hypothetical protein
4 286365 (reverse
strand) CA_C3457 hypothetical protein
5 pMTL-YZ005 NAP NAP
6 No sequence NAP NAP
7 2805189 (forward maltose
strand) CA_C2685 phosphorylase
8 1839066 (forward penicillin-binding
strand) CA_C1688 protein

The use of the TcdR sigma factor to express butanol, isopropanol or

acetone pathway genes in C.acetobutylicum

A derivative of C. acetobutylicum lacking pSOL1 was generated to serve as a

host for the subsequent strain engineering. This was achieved using a variation
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of the ACE method in which the repA gene of pSOL1 was inactivated. Such a
strain is effectively a 'blank canvas' for engineering solvent production, with the
key genes involved in solvent production expressed only from introduced DNA,
free from native regulation. This also provides a sensitive background in which
to monitor gene expression using solvent production as we study different
expression constructs. Genes have previously been introduced into pSOL1-free
strains, but always using plasmids (which are unstable, and require antibiotic
maintenance) and the host strains used were always degenerates obtained by
extensive passaging (Sillers et al., 2008, Metabolic Engineering 10: 321-332;
Lee et al., 2009, Biotechnol J, 4:1432-1440).

A series of synthetic BB-2 DNA constructs were assembled in which the genes
encoding key enzymes in solvent production were cloned, either alone or in
combination with other genes into the ACE vector pMTL-JH16 and then
integrated using ACE into the chromosome of the pSOL1-free ‘strain P’
immediately downstream of the thiolase gene (th/). In each case, the stop
codon of each gene was replaced with the Biobrick encoding a Flag-Tag plus
stop codon (SEQ ID NO: 29) as schematically shown in Figure 15. In some
cases the promoter of the tcdA gene was also added as a BioBrick-2, as
schematically shown in Figure 16.

In the initial series of strains created, the expression of the various inserted
genes was designed to be reliant on the upstream thiolase gene promoter
(pthl, Figure 17). Direct evidence that expression was occurring was obtained
by performing ProteoQwest™ FLAG® colorimetric Western Blotting (Sigma
Aldrich) on cell lysates using antibody directed against the Flag-Tag present at
the COOH-terminus of every enzyme (Figure 18).

The three strains containing the complete operons for butanol (P28), acetone
(P25) or isopropanol (P24) production were further characterised by 72-hours
batch fermentations and GC analysis of products formed in comparison to the
control pSOL1-free strain ‘P’ and wild-type. In each case the expected end
products were detected, confirming functional expression of all the inserted
genes. However, the concentration of the products was low (strain P28, 1.7
mM butanol; strain P24, 4.5 mM isopropanol; strain P25, 10.0 mM acetone)
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suggesting that low enzyme expression was likely the limiting flux in the
inserted pathways.

To test this hypothesis and attempt to improve production, strain P36 was
constructed (Figure 19) in which the strong promoter from the ptb gene was
inserted in front of the butanol pathway genes (ald and bdhB), instead of
relying upon the upstream promoter of the th/ gene. The strain was
characterised as before. Butanol production was found to have improved
slightly (3.7 mM butanol after 72 hours fermentation). This butanol
concentration was still low, suggesting that expression was still the limiting

factor for butanol production.

As limiting expression might be a recurring problem with constructs maintained
on the chromosome at a single copy, the 'orthogonal' expression system based
on the sigma factor TcdR and the corresponding tcdA promoter, both
components from Clostridium difficile was utilised Assembly of the single
enzymes and the operon constructs containing fcdR and tcdA was carried out
following the BB-2 standard. Different strains were constructed. In strain P43,
after integration of the synthetic construct into the chromosome, expression of
tcdR is directed by the upstream strong vegetative th/ promoter (Figure 19). In
turn, TcdR directs expression of the butanol pathway genes from the tcdA
promoter. TcdR should not recognise any other promoter in C. acetobutylicum
other than the introduced tcdA promoter, which would result in high level
expression of the butanol pathway. Indeed, when the p45 strain was
characterised, 18.1mM butanol was present in the batch fermentation after 72

hours, a considerable improvement over the previous strains.

To improve the yield of valuable products in the fermentation, a strain was
sought in which the butanol pathway genes (ald and bdhB) were highly
expressed, while the isopropanol pathway genes (ctfA, ctfB, adh and adc) were
expressed at a low level. The aim was for butyric acid and acetic acid re-
uptake to occur, without flux to acetone and isopropanol competing too
strongly with flux to butanol. To this end, a hybrid system was designed and
constructed in which the isopropanol pathway genes (ctfA, ctfB, adh and adc)

were expressed from the native th/ promoter, along with tcdR, while the butanol
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pathway genes (ald and bdhB) were expressed from the heterologous fcdA
promoter as before (strain P45; Figure 19).

Strain P45 produced almost as much butanol as strain P43, and also produced
8.1 mM lower butyrate and 9.9 mM lower acetate concentrations. Isopropanol
was produced to a concentration of 9.7 mM, and a small amount (1.4 mM) of
acetone was also measured, which is an intermediate in the isopropanol
pathway. To see if the undesired residual acetone could be eliminated, strain
P51 was constructed and designed, in which the gene which reduces acetone
to isopropanol (ald) was moved from the operon under relatively low-level
expression from the th/ promoter to the operon under high-level from the fcdA
promoter. Acetone production was indeed eliminated, and strain P51 also
produced slightly more isopropanol.

Table 3. Levels of Organic Acid and Solvents in the various clones of
C.acetobutylicum

Concentration of Organic Acids and Solvents (mM)

STRAI | Acet | Aceto | Aceto | Butan | Butyra | Ethan | Propa | Lacta | Gluco
N ate in ne ol te ol nol te se

WT 2.5 1.1| 63.0| 892 6.4 9.3 0.1 7.4| 93.8
P 5.8 0.8 0.0 0.0 32.8 1.7 0.0 8.7 | 219.6
P28 7.0 0.8 0.0 1.7 30.5 2.2 0.0 9.8 | 198.4
P24 4.3 0.4 1.9 0.0 35.3 2.0 4.5 8.8 | 188.0
P25 3.3 0.8 10.0 0.0 36.5 1.7 0.0| 14.8| 174.7
P36 8.0 0.8 0.0 3.7 31.8 2.2 0.0 8.8 | 208.7
P43 14.6 1.0 0.0 181 33.9 2.7 0.0 8.5 | 170.7
P45 4.7 0.1 14| 17.3 25.8 1.4 9.7 6.2 | 194.0
P51 3.6 0.1 00| 17.6 23.0 1.6 11.4 6.8 | 188.2

TcdR-mediated production of carbohydrate-active enzymes and binding proteins

involved in the synthesis and degradation of complex carbohydrates,
“CAZymes”

in order to demonstrate the effectiveness of the orthogonal expression system

in the production of carbohydrate-active enzymes and binding proteins
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(CAZymes) involved in the
carbohydrates, two sets of ACE plasmids were generated as described in
Table 1 and 2.

chromosome of the wild type C. acetobutylicum ATCC 824 and the strain

synthesis and degradation of complex

Genes encoding the appropriate protein were inserted into the

CRG3011 carrying the tcdR gene, immediately downstream of the thiolase
gene (thl) with or without the transcriptional control of the tcdB promoter
(Ptch)-

Table 1. List of ACE plasmid generated to express native and chimeric
CAZymes under the transcriptional control of the th/ promoter when

integrated into the genome.

Plasmid | Vector Promoter | Catalytic Dockerin Flag-Tag
Used Domain Domain
pMTL- pMTL- P Cel48F CelS variant 1
KS004 JH16
pMTL- pMTL- P Cel48F Cel9C variant 1
KS005 JH16
pMTL- pMTL- P Cel9G CelS variant 1
KS006 JH16
pMTL- pMTL- P Cel9E CelS variant 1
KS007 JH16
pMTL- pMTL- P Xyn10A CelS variant 1
KS008 JH16
pMTL- pMTL- P CelA CelA variant 1
KS009 JHI16

Table 2. List of plasmid generated to express native and chimeric

CAZymes under the transcriptional control of the tcdB promoter when

integrated into the genome.

Plasmid | Vector Promoter | Catalytic Dockerin Flag-Tag
Used Domain Domain

pMTL- pMTL- Picas Cel48F CelS variant 1

KS010 JH16

pMTL- pMTL- Pican Cel48F Cel9C variant 1

KSO011 JHI16

pMTL- pMTL- Picas Cel9G CelS variant 1
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KS012 JHI16
pMTL- pMTL- Pican Cel9E CelS variant 1
KS013 JH16
pMTL- pMTL- Prcas Xyn10A CelS variant 1
KS014 JH16
pMTL- pMTL- Picas CelA CelA variant 1
KSO015 JH16

To introduce the CAZymes carried by each plasmid into the genome, the
method, Allele-Coupled Exchange (ACE) was employed (Heap JT et al,
Nucleic Acids Research, 2012 40(8):e59). In brief, in vivo methylated ACE
plasmids DNA was prepared from cells of E. coli XL1-Blue MR containing
plasmid pAN2 (Heap et al.J. Microbiol. Methods 2007 70(3):452-64), and
transformed into C.acetobutylicum strains. Transformed cells were plated onto
2xYTG agar (Hartmanis MGN and Gatenbeck S, Appl. Environ. Microbiol 1984
47: 1277-1283) supplemented with 15 pg/ml thiamphenicol. After 24 hours,
fast growing single colonies were picked and re-streaked onto CBM agar
containing 40pg/ml erythromycin. These cells represented those in which the
plasmid had first integrated into the genome by single cross-over
recombination between the RHA, and thereafter excised through excision via
recombination at the LHA resulting in the integration of the promoter-less ermB
gene, together with the CAZymes-encoding gene under the control of the tcdB
promoter, downstream of the th/ gene (see Fig. 11). To confirm loss of the
plasmid, erythromycin resistant colonies were patch plated onto CBM
containing 15 pg/ml thiamphenicol, where no growth occurred. The authenticity
of the clones was determined by PCR and nucleotide sequencing of the DNA
fragments generated.

For detection of the expression of the recombinant CAZymes, strains were
grown for 12-16 hours in dilution series in 2xYTG medium (pH 5.7).
Subsequently, exponentially grown cultures were used to inoculate the 25- to
50-ml 2x YTG medium (pH 6.9 at inoculation) main culture to a final ODggo Of
0.15. After reaching an ODgq of 1.2 to 1.8 and a pH of not less than 6.0, cells
were harvested by centrifugation (8,000 x g, 15 min, 4°C). The culture

supernatant was centrifuged a second time, before its protein content wwas
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precipitated using final concentrations of 0.03% (w/v) DOC and 10% (w/v) TCA
(centrifugation at 10,000 x g, 30 min, 4°C). Protein peliets were washed with
10 ml of 10 mM Tris-HCI (pH 7.5), dried and resuspended in 1 M Tris-HCI (pH
7.5) and kept on ice. All samples were normalised to their ODggo at the time of
the harvest in the early stationary phase. Following, SDS-PAGE and Western-
Blot analysis were carried out using NUPAGE® Novex 4-12% Bis-Tris gels and
the XCell II™ Biot Module (Invitrogen) and the ProteoQwest™ FLAG®
colorimetric Western Blotitng Kit (Sigma Aldrich). All steps were carried out
according to the manufacturer’'s manuals. An analysis of culture supernatants
of native and chimeric CAZymes expressing strains is shown in Fig. 20. All
chosen enzymes were produced at visably higher levels when then gene was
under the control of the TcdR/tcdB expression system, compared to when
under the transcriptional control of the th/ promoter (see Eig. 20).

Generation of Clostridium acetobutylicum strains producing BotR

To demonstrate that all members of the group 5 RNA polymerase sigma factors
may be used in a similar way to TcdR and its cognate promoters, we tested the
effectiveness of the equivalent system form Clostridium botulinum, BotR (CntR)
and its two cognate promoters, Pu., and Pp.34, which reside immediately
upstream of the ntnh-botA operon and the ha34-ha17-ha70 operons,
respectively. To test the system, the botR gene was integrated into the
C.acetobutylicum genome at the pyrE locus using ACE, and the two cognate
promoters (Pnmn and Phasq) placed immediately 5’ to a promoter-less copy of
the C. perfringens catP and inserted into an autonomous plasmid, pMTL82254.

The botR gene was integrated into the genome at the pyrE locus using two
different strategies: (i) a DNA fragment encompassing only the structural gene
encoding BotR and its ribosome binding (RBS) site, and; (ii) a DNA fragment
encompassing the structural gene encoding BotR and its ribosome binding
(RBS) site and its promoter. Both fragments were PCR-amplified from the
chromosome of the Clostridium botulinum strain ATCC 3502, Notl-BamHI
fragments (SEQ ID NO: 26 and 27), and cloned into the vector pMTL-MEG6¢c
(SEQ ID NO: 13 Fig. 1) to yield the plasmid pMTL-YZ005 and pMTL-YZ006
(SEQ ID NO: 28 and 29, Fig. 21 and 22). Plasmid pMTL-ME6c is essentially
plasmid pMTL-JH14 (Heap et al.J. Microbiol. Methods 2007 70(3):452-64), but
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has an additional transcriptional terminator (that of the ferredoxin gene of
Clostridium pasteurianum, T1) inserted between the /acZ and the right hand
homology arm (RHA, encoding CAC0028).

SEQ ID NO: 26: (rbs-botR)

gcggcecgcaaataatatgtatattATGGAAGGGTAGTGGTAAATATGAATAAATTGTTTTTACA

AATTAAAATGTTAAAAAATGACAATAGGGAGTTTCAAGAAATTTTTAAGCATTTTGA

AAAAACTATAAATATATTTACTAGAAAATATAATATATATGATAATTACAATGATATTT
TGTACCATTTATGGTATACACTTAAAAAAGTTGATTTGAGCAATTTCAATACACAAA

ATGATTTAGAGAGATATATTAGTAGGACTTTAAAAAGATATTGCTTAGATATTTGCA

ATAAAAGAAAGATTGATAAGAAAATAATATATAATTCAGAAATTGTAGATAAGAAAT

TAAGCTTAATAGCAAATAGTTATTCAAGTTATTTAGAATTTGAATTTAATGATTTAAT

ATCCATATTACCTGATGATCAAAAGAAAATTATATATATGAAATTTGTTGAAGATATT
AAGGAGATAGATATAGCTAAAAAACTTAATATAAGTCGTCAATCTGTATATAAAAAT

AAAATAATGGCTTTAGAGAGATTAGAACCCATATTGAAAAAATTAATTAATATGTAGt
ttggatcc

SEQ ID NO: 27: (pro-botR)

gcggccgcataattgattatgg atatttcgtaaaaatggcttattaaaaatttaaaggcaattagtttatttatagta
taataaaaaaataatatgtatattatggaagggtagtggtaaatATGAATAAATTGTTTTTACAAA
TTAAAATGTTAAAAAATGACAATAGGGAGTTTCAAGAAATTTTTAAGCATTTTG
AAAAAACTATAAATATATTTACTAGAAAATATAATATATATGATAATTACAATG
ATATTTTGTACCATTTATGGTATACACTTAAAAAAGTTGATTTGAGCAATTTCA
ATACACAAAATGATTTAGAGAGATATATTAGTAGGACTTTAAAAAGATATTGC
TTAGATATTTGCAATAAAAGAAAGATTGATAAGAAAATAATATATAATTCAGAA
ATTGTAGATAAGAAATTAAGCTTAATAGCAAATAGTTATTCAAGTTATTTAGAA
TTTGAATTTAATGATTTAATATCCATATTACCTGATGATCAAAAGAAAATTATA
TATATGAAATTTGTTGAAGATATTAAGGAGATAGATATAGCTAAAAAACTTAAT
ATAAGTCGTCAATCTGTATATAAAAATAAAATAATGGCTTTAGAGAGATTAGA
ACCCATATTGAAAAAATTAATTAATATGTAGtttggatce

To introduce the botR gene into the chromosome, the method, Allele-Coupled
Exchange (ACE) was employed (Heap et al.J. Microbiol. Methods 2007
70(3):452-64). In brief, in vivo methylated pMTL-YZ005 and pMTL-YZ006
plasmid DNA were prepared from cells of E. coli XL1-Blue MR containing
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plasmid pAN2 (Heap et al. J. Microbiol. Methods 2007 70(3):452-64), and
transformed into the ACE-generated C. acetobutylicum pyrE mutant described
in Heap et al.J. Microbiol. Methods 2007 70(3):452-64. Transformed cells were
plated onto CGM agar (Hartmanis MGN and Gatenbeck S, Appl. Environ.
Microbiol 1984 47: 1277-1283) supplemented with 15ug/ml thiamphenicol and
20ug/ml uracil. After 24 hours, fast growing single colonies were picked and re-
streaked twice onto CGM agar containing 15 pg/ml thiamphenicol and 20ug/ml
uracil. These cells represented those in which the plasmid had integrated into
the genome by single cross-over recombination between the RHA. Thereafter,
cells were streaked onto CBM agar (O'Brien RW and Morris JG, J. Gen.
Microbiol 1971 68:307-318) to select for cells able to grow in the absence of
exogenous uracil as a consequence of plasmid excision (through
recombination between the duplicated LHA) and restoration of a functional

pyrE allele.

In the case of strategy (i), using plasmid pMTL-YZ005, the final construct has
the botR gene, together with its RBS, inserted immediately downstream of the
pyrE gene, and immediately upstream of the Clostridium pasteurianum
transcriptional terminator. The botR gene is transcribed from the promoter
upstream of CAC0025 (see Fig. 23 and 24). The strain generated was
designated CRG3755. In the case of strategy (ii), using plasmid pMTL-YZ006,
the final strain CRG3756 is essentially the same as CRG3755, except the botR

gene is under the transcriptional control of the native botR promoter.

Demonstration of BotR functionality

To test the functionality of BotR in the Clostridium acetobutylicum strains
CRG3755 and CRG3756, plasmids (pMTL-YZ007 and pMTL-YZ008) were
introduced into the C. acetobutylicum cell in which the expression of a
promoter-less copy of a catP gene was placed under the transcriptional control
of either Ppwmn (PMTL-YZ007) or Ppazq (PMTL-YZ008). Plasmid pMTL-YZ007
(SEQ ID NO: 30 Fig. 25) was constructed by PCR amplifying the ninH
promoter, a ca. 158 bp Notl/Ndel fragment from chromosome of the Clostridium
botulinum strain ATCC 3502 and inserting it between the Notl and Nde! sites of
plasmid pMTL82254 (Heap JT et al., 2009, J Microbiol Methods, 78: 79-85).
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Plasmid pMTL-YZ008 (SEQ ID NO: 31 Fig. 26) was constructed by PCR
amplifying the ha33 promoter, a ca. 197 bp Notl/Ndel fragment from
chromosome of the Clostridium botulinum strain ATCC 3502 and inserting it
between the Notl and Ndel sites of plasmid pMTL82254.

The three plasmids pMTL-YZ007, pMTL-YZ008 and pMTL-YZ003 (SEQ ID
NO:16 Fig. 5). were introduced into the wildtype ATCC 824 strain of
Clostridium acetobutylicum and strain CRG3755 and CRG3756 carrying the
botR gene in its chromosome. Subsequently, the cell lines were cultivated in

CGM media until an ODeggo, harvested by centrifugation, resuspended and
disrupted by sonication. Lysates were then assayed for CAT (chloramphenciol
acetyltransferase) activity using the assay of Shaw (Shaw WV Methods
Enzymol 1975 43: 737-755). The results are shown in Fig. 27 and 28.

These results demonstrated that the ntnH promoter and ha33 promoter are
relatively inactive in the wild type strain in the absence of BotR. Moreover, the
level of BotR-mediated CAT production from the ha33 promoter (pMTL-YZ008)
is much greater to than that of the fdx promoter (pPMTL-YZ003), Fig 28.

Generation of a Clostridium sporogenes strain producing TcdR

To generate a strain producing functional TcdR protein from a chromosomally

located gene, the following steps were undertaken.

A DNA fragment encompassing the structural gene encoding TcdR and its
ribosome binding (RBS) site was excised as a Notl-BamHI fragment (SEQ |D
NO: 12) from plasmid pMTL-YZ001 (SEQ ID NO: 14. Fig. 2), and inserted
between the equivalent sites of the plasmid pMTL-JH29 (SEQ ID NO: 32, Fig.
29) to yield the plasmid pMTL-YZ009 (SEQ ID NO: 33 Fig. 30).

To introduce the tcdR gene into the chromosome of Clostridium sporogenes
NCIMB 10696, the method, Allele-Coupled Exchange (ACE) was employed
(Heap JT et al., Nucleic Acids Research, 2012 40(8):e59). In brief, pMTL-
YZ009 plasmid DNA was transformed into the ACE-generated C. sporogenes
pyrE mutant described in Heap JT et al. Nucleic Acids Research, 2012
40(8):e59. Transformed cells were plated onto TYG agar (Purdy D et al
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Mol.Microbiol 2002 46:439-452) supplemented with 15ug/mi thiamphenicol.
After 24 hours, fast growing single colonies were picked and re-streaked twice
onto TYG agar containing 15ug/ml thiamphenicol. These cells represented
those in which the plasmid had integrated into the genome by single cross-over
recombination between the RHA. Thereafter, cells were streaked onto Minimal
Medium agar (MM) (Dixon NM et al. J. Appl. Bacteriol 1987 63:171-182) to
select for cells able to grow in the absence of exogenous uracil as a
consequence of plasmid excision (through recombination between the
duplicated LHA) and restoration of a functional pyrE allele. The final construct
has the tcdR gene, together with its RBS, inserted immediately downstream of
the pyrE gene. The tcdR gene is transcribed from the promoter upstream of
CS3415 (see Fig. 31). The strain generated was designated CRG3817.

Demonstration of TcdR functionality in Clostridium sporogenes
To test the functionality of TcdR in the Clostridium sporogenes strain

CRG3817, plasmid pMTL-YZ002 (Fig. 4 SEQ ID NO: 15), was introduced into
the cell in which the expression of a promoter-less copy of a catP gene was

placed under the transcriptional control of the fcdB promoter. For comparative
purposes, plasmid pMTL-YZ003 was also constructed identical to pMTL-
YZ002, but in which the fragment encompassing the tcdB promoter was
replaced with an equivalent Notl/Ndel fragment encompassing the fdx promoter
(Fig. 5). This plasmid was designated pMTL-YZ003 (SEQ ID NO: 16).

The two plasmids pMTL-YZ002 and pMTL-YZ003 were introduced into the
wildtype NCIMB 10696 strain of Clostridium sporogenes and strain CRG3817
carrying the tcdR gene in its chromosome. The four cell lines were then
cultivated in TYG media until an ODsggo, cells were harvested by centrifugation,
and the resuspended cells disrupted by sonication. Lysates were then assayed
for CAT (chloramphenciol acetyltransferase) activity using the assay of Shaw
(Shaw WV, Methods Enzymol 1975 43:737-755). The results are shown in Fig
32.

These results demonstrate that even in the absence of TcdR (that is when
pMTL-YZ002 is present in wild-type C. sporogenes), the tcdB promoter shows
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some activity, as evidenced by CAT activity. However, this activity is
significantly lower than when the tcdR gene is present, ie., when pMTL-YZ002
is present in strain CRG3817. Moreover, the level of TcdR-mediated CAT
production from the tcdB promoter (pMTL-YZ002) is broadly equivalent to that
of the strong fdx promoter (pMTL-YZ003).

TcdR-mediated production of a prodrug converting enzyme (PCE)

To test establish that the TcdR system could be used to express a gene encoding a
prodrug-converting enzyme (PCE), pMTL-YZ002 was first modified by swapping its
catP gene (Fig. 4) with a gene encoding a bacterial nitroreductase. Nitroreductase
enzymes are entirely innocuous and ubiquitous to all bacteria (Anlezark GM et al,
Microbiology 2002, 148: 297-306). Most bacterial species invariably carry more than
one form. They are involved in oxidation-reduction process - metabolic process that
results in the removal or addition of one or more electrons to or from a substance, with
or without the concomitant removal or addition of a proton or protons. The gene used

here was comprised of 222 codons, specifying an enzyme of some 24 kDa in size.

To clone the NTR gene, the gene was amplified by PCR using primers that created an
Ndel site (CATATG) over the start codon (that is effectively introducing CAT before the
ATG start codon), and introduced an Xhol site (CTCGAG) immediately after the TAA
stop codon. This 678 bp Ndel-Xhol fragment (Fig. 33) was inserted into plasmid
pMTL-YZO002 in place of the catP gene, yielding plasmid pMTL-YZ010 (Fig 34). The
NTR gene was excised out from plasmid pMTL-MEQO1 (Fig. 35). A DNA fragment
encompassing the structural gene encoding TcdR and its ribosome binding (RBS) site
was excised as a Notl-BamHI fragment (SEQ ID NO: 12) from plasmid pMTL-YZ001
(SEQ ID NO: 14. Fig. 2), and inserted between the equivalent sites of the plasmid
pMTL-JH27 (SEQ ID NO: 34 Fig. 36) to yield the plasmid pMTL-YZ011 (Fig. 37).
Then a Notl-BamHI fragment containing the native fcdB promoter and the NTR gene

was restriction digested from plasmid pMTL-YZ010, then cloned into the equivalent
sites of plasmid pMTL-YZ011, resulting in the plasmid pMTL-YZ012 (Fig. 38). This
plasmid was used to insert the fragment of tcdR gene and NTR gene expressed from
the tcdB promoter into the chromosome using the method, Allele-Coupled Exchange
(ACE) (Heap JT et al., Nucleic Acids Research, 2012 40(8):e59).
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Plasmid pMTL-YZ012 plasmid DNA was then transformed into the C.
sporogenes NCIMB 10696 strain described in Heap JT et al., Nucleic Acids
Research, 2012 40(8):e59. Transformed cells were plated onto TYG agar
(Purdy D et al. Mol.Microbiol 2002 46:439-452) supplemented with 15ug/mi
thiamphenicol. After 24 hours, fast growing single colonies were picked and re-
streaked twice onto TYG agar containing 15ug/ml thiamphenicol. These cells
represented those in which the plasmid had integrated into the genome by
single cross-over recombination between the RHA. Thereafter, cells were
streaked onto Minimal Medium agar (MM) (Dixon NM et al. J. Appl. Bacteriol
1987 63:171-182) supplied with 40ug/ml uracil and 3mg/ml Fluoro-orotic acid
(FOA) to select for cells able to grow in the presence of FOA as a
consequence of plasmid excision (through recombination between the
duplicated LHA) and the disruption of the pyrE gene. The final construct has
the tcdR gene, together with its RBS, inserted immediately downstream of the
disrupted pyrE gene, then followed by theNTR gene expressed by the tcdB
promoter. (see Fig. 39) The strain generated was designated CRG3844.

To determine the level of NTR expression in strain CGR3844, WT C.
sporogenes and strain CRG1650 were used as the negative and positive
controls. Strain CRG1650 was generated using plasmid pMTL-MEOO1 (Fig. 35)
by the method ACE, which is chromosome integrated NTR gene expressed
from the fdx promoter, inserted immediately downstream of the disrupted pyrE
gene (Fig. 40) The three cell lines were then cultivated in TYG media until an
ODsoo, cells were harvested by centrifugation, and the resuspended cells
disrupted by sonication. Lysates were then assayed for NTR (nitroreductase)
activity using the assay of Menadione assay (Knox, R.J., et al. Biochem
Pharmacol 1988 37(24):4671-4677.). The results are shown in Fig 41.

These results demonstrate that the level of TcdR-mediated NTR production
from the tcdB promoter (CGR3844) is broadly equivalent to that of the strong
fdx promoter (CRG1650), and that the system may be used to express genes
encoding PCEs in C. sporogenes..

Use of the expression system for expression of the transposase Himar1

C9 using suicide plasmid delivery in Clostridium acetobutylicum
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By modifying electroporation parameters, we were able to achieve
transformation frequencies of 1 to 4*10° transformants per pug DNA. This
transformation efficiency is suitable for transposon mutagenesis using the
mariner transposon-based transposon vector pMTL-GLO01, a suicide plasmid,
(SEQ ID NO: 36, Fig 42).

Plamid pMTL-SC1 was modified by deleting its Gram-positive replication region
(based on the plasmid pBP1). To achieve this, the pBP1 replicon was deleted
from the plasmid pMTL-SC1 (Cartman ST and Minton NP, 2010, Applied
Environmental Microbiology 2010 76:1103-1109) as a 2403bp Ascl and Fsel
fragment, the rest of the plasmid, 5017bp fragment was treated with T4
polymerase and the resultant blunt-ended fragment self-ligated. The plasmid
obtained was designated pMTL-GL001 (SEQ ID NO: 36, Figure 42).

To make high transformation efficiency competent cells, Clostridium
acetobutylicum CRG3011 was inoculated with a heavy loop in 10 ml 2xYTG
liquid medium, then serially diluted into 10", 10 and 10 10 ml cultures
overnight. The next day, use all 10ml of the most dilute overnight culture that
still shows good growth to inoculate 310ml of 2xYTG. Incubate at 37°C until
ODgoo = 0.2- 0.25 (usually about 3-4 hours). Put 500ml| of EPB on ice inside the
anaerobic cabinet air locker. Pour 40ml of culture into each of eight 50ml
Falcon tubes and centrifuge at 4°C at 4000 x rpm for 10 minutes.Place tubes
on ice and carefully transfer into the anaerobic cabinet.Carefully pour off the
supernatants and re-suspend each pellet in 20ml EPB by shaking or gentle
pipetting. Return to ice, then combine all eight tubes into four 40ml. Place the
tubes on ice, then transfer out of the anaerobic cabinet and centrifuge as
before.Carefully pour off the supernatants and re-suspend each pellet in 40ml
EPB by shaking. Return to ice. Carefully pour off the supernatant and re-
suspend each pellet in the rest of EPB by gentle pipetting. Transfer to one
tube and return to ice (normally around 1.5 ml at this stage). The cells are now
ready to electroporate, and should be kept on ice and used promptly or aliquot
the rest of competent cell in glass vials and store in -80°C (adding 10% DMSO
before freeze). There are enough cells for 3 transformations. Aliquot the

competent cells in glass vials, use immediately or store in -80°C.
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Add 20uL of miniprepped methylated plasmid pMTL-GLOO1 DNA (10 pg) to
each chilled 0.4cm gap electroporation cuvette on ice. Label the cuvettes and
transfer into the anaerobic cabinet. Gently add 590uL of competent cells to
each cuvette, and incubate on ice for 2 minutes. Dry the outside of the cuvette
with tissue, and place in the electroporation chamber. Electroporate
immediately using 2.0kV, 25uF and «Q. Immediately add 1ml warm anaerobic
2xYTG from a recovery tube to the cuvette and mix gently. Transfer the entire
transformation mixture back into the recovery tube and allow at least 4 hrs
recovery. Spin the cells at room temperature and discard supernatant. Re-
suspend the pellet in 0.5ml 2xYTG and plate transformants onto CGM agar
plates containing 15ug/ml thiamphenicol.

All colonies that arise should be transposon mutants and normally there should
be around 10° per transformation. To establish whether transposition had
occurred, inverse PCR was performed according to the procedure of Cartman
and Minton (Cartman ST and Minton NP Applied Environmental Microbiology
2010, 76:1103-1109). Genomic DNA was isolated from 11 individual
thiamphenicol resistant clones and digested overnight with Hindlll at a
concentration of 200ng/ul. The Hindlll restriction endonuclease was heat
inactivated (65°C for 30 min), and DNA was diluted to a concentration of 5
ng/ul in a reaction with T4 DNA ligase to favor self-ligation (and thus
circularization) of restriction fragments. The ligation reaction mixtures were
incubated at ambient temperature for 1 h, and then the T4 ligase was heat
inactivated (65°C for 30 min). Inverse PCRs were carried out in 50pl volumes
using the KOD Hot Start DNA polymerase Master Mix kit (Novagen), with 100
ng of ligated DNA and primers catP-INV-F1, SEQ ID NO: 26 (5'-
TAAATCATTTTTAGCAGATTATGAAAGTGATACGCAACGGTATGG-3') and
catP-INV-R1, SEQ ID NO: 27 (5'-
TATTGTATAGCTTGGTATCATCTCATCATATATCCCCAATTCACC-3’),  which
face out from the transposon-based catP sequence. Inverse PCR products
were run out on a 0.8% (wt/vol) agarose gel (Fig. 43), purified with the
QlAquick gel purification kit (Qiagen), and sequenced using primer catP-INV-
R2 SEQ ID NO: 28 (5'-
TATTTGTGTGATATCCACTTTAACGGTCATGCTGTAGGTACAAGG-3').
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To identify the genomic location of transposon insertions, sequence data were
analyzed using GENtle. These data revealed that in all the colonies tested, the
transposon had inserted into 11 different locations within the C. acetobutylicum
genome (Table 3). These data provide proof of principle that the presence of
tcdR in the genome of CRG3011 allows transposition of the mariner transposon
in Clostridium acetobutylicum.

Table 3. Sequence analysis of the Inverse PCR products from eight randomly
selected thiamphenicol resistant colonies carrying pMTL-YZ005

Colony | Position of Insertion

Number | in the C. | Gene Gene function

1 reverse 3727867 CA_C 0187 nagB

2 forward 3033632 CA_C 2899 LysM repeat-comtainging

3 forward 549399 CA_C0475 HD-GYP domain containing

4 forward 768217 N/A promoter region of CA_C0661
5 reverse 1200532 CA_C 2631 hypothetical protein

6 forward 328924 CA_C 0289 response regulator

7 forward 776062 CA_C0667 sugar-binding periplasmic

8 reverse 3896561 CA_CO0033 ABCI family protein kinase

9 forward 3926957 CA_C3720 hypothetical protein

10 reverse 1180389 N/A promoter region of CA_C2646
11 forward 716024 CA_CO0611 hypothetical protein

Demonstration of the expression system for expression of the
transposase Himar1 C9 using suicide plasmid delivery in Clostridium
beijerinckii

Clostridium beijerinckii strain CRG3920 was engineered in a similar manner as
described before in Clostridium acetobutylicum and Clostridium sporogenes.
The tcdR gene was inserted into the chromosome of Clostridium beijerinckii
strain 59B, using the method, Allele-Coupled Exchange (ACE) (Heap JT et al,,
Nucleic Acids Research, 2012 40(8):e59). The resulting strain of Clostridium
beijerinckii (strain CRG3920) has the fcdR gene, together with its RBS,
inserted immediately downstream of the pyrE gene. The tcdR gene is

transcribed from the promoter upstream of the pyrE operon.
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280ul frozen aliquot of Clostridium beijerinckii strain CRG3920 was
transformed with 204l pMTL-GLOO1 plasmid (176.6ng/ul) as described before,
followed by a recovery period of at least 4 hrs in 3 ml of 2xYTG media. The
cells were spun down, then the supernatant was discarded, cells resuspended
in 950ul 2xYTG and 100p! dilutions plated out on CBM + thiamphenicol
(15ug/ml) plates. (Colony counts: 102 215, 199, 223, 10°%: 13, 19, 18, 10™: 3,
2, 1. ) 100 colonies were picked from 107 plate and stabbed first into CBM +
Erythromycin (15ug/ml) plate then into CBM only plate, to confirm plasmid loss.
No colonies grew on CBM+Em plate, all grew on CBM only plate, indicating the
suicide plasmid indeed cannot replicate within the cell. 24 single colonies were
picked from the CBM only plate with cocktail sticks and used to inoculate 1 ml
of CBM + thiamphenicol (15ug/ml) broth, 21 out of 24 were grown overnight.
Genomic DNA were extracted from these overnight culture and inverse PCR
were performed as described before. PCR products were visualised on a 0.8%
agarose gel (Fig. 44) and bands cut from the gel, before being sent for
sequencing. To identify the genomic location of transposon insertions,
sequence data were analyzed using GENtle open source software
(http://gentle. magnusmanske.de/).

The data revealed that each transposon insertion had taken place at a different
position around the genome as illustrated in Figure 45.
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CLAIMS

1. A bacterial expression system for expressing a nucleic acid comprising:
(a) DNA encoding a group 5 RNA polymerase sigma factor; and

(b) an expression cassette comprising a promoter recognised by the group 5
RNA polymerase sigma factor operably linked to a heterologous nucleic acid;
wherein (a) and (b) are located on the same expression vector, separate

expression vectors or are integrated into the bacterial host genome.

2. A bacterial expression system according to claim 1, wherein the group 5
RNA polymerase sigma factor is selected from BotR, TetR, TcdR or UviA.

3. A bacterial expression system according to claim 2, wherein the group 5
RNA polymerase sigma factor is TcdR.

4. A bacterial expression system according to claim 3, wherein the group 5
RNA polymerase sigma factor has a sequence identity of at least 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, 98%, 99% or is identical to one or more of
SEQ ID NO:1, SEQ ID NO: 2, SEQ ID NO: 3 or SEQ ID NO: 4.

5. A bacterial expression system according to any one of the preceding
claims, wherein the promoter recognised by the group 5 RNA polymerase
sigma factor is selected from ntnh, ha33, tetX, tcdA, tcdB and/or bcn promoter.

6. A bacterial expression system according to claim 5, wherein the
promoter recognised by the group 5 RNA polymerase sigma factor is tcdA
and/or tcdB.

7. A bacterial expression system according to any one of the preceding
claims, wherein the heterologous nucleic acid is a CAZyme-encoding nucleic

acid.

8. A bacterial expression system according to claim 7, wherein the
CAZyme-encoding nucleic acid is Cel48F, CelA or Xyn10A.
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9. A bacterial expression system according to any one of claims 1 to 6,
wherein the heterologous nucleic acid is a nucleic acid encoding at least one
enzyme involved in butanol production, isopropanol production or acetone
production.

10. A bacterial expression system according to any one of claims 1-6,
wherein the heterologous nucleic acid is a nucleic acid encoding one or more
1-carbon chemical, 2-carbon chemical, 3-carbon chemical, 4-carbon chemical,

5-carbon chemical, and/or 6-carbon chemical.

1. A bacterial expression system, vector or bacterial cell transformed with
the system or vector wherein the heterologous nucleic acid encodes a

transposase or a prodrug converting enzyme (PCE).

12. A method for expressing a nucleic acid in a bacterial cell comprising:

(1) introducing a bacterial expression system according to any one of claims 1
to 10 into the bacterial host; wherein the bacterial expression system
comprises:

(a) DNA encoding a group 5 RNA polymerase sigma factor; and

(b) an expression cassette comprising a promoter recognised by the group 5
RNA polymerase sigma factor operably linked to a heterologous nucleic acid;
wherein (a) and (b) are located on the same expression vector, separate

expression vectors or are integrated into the bacterial host genome.

13. A method according to claim 12, wherein (a) is integrated into the

bacterial genome.

14. A method according to claim 12, wherein (b) is integrated into the

bacterial genome.

15. A method according to claim 12, wherein (a) and (b) are integrated into

the bacterial genome in a single event or in two separate events.
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16. An expression vector which comprises an expression cassette comprising
a promoter recognised by the group 5 RNA polymerase sigma factor operably
linked to a heterologous nucleic acid.

17.  An expression vector according to claim 16, wherein the group 5 RNA
polymerase sigma factor is selected from BotR, TetR, TcdR or UviA.

18.  An expression vector according to claim 17, wherein the group 5 RNA
polymerase sigma factor is TcdR.

19.  An expression vector according to claim 16, wherein the group 5 RNA
polymerase sigma factor has a sequence identity of at least 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, 98%, 99% or is identical to one or more of SEQ ID
NO:1, SEQ ID NO: 2, SEQ ID NO: 3 or SEQ ID NO: 4.

20. An expression vector according to any one of claims 16 to 19, wherein
the promoter recognised by the group 5 RNA polymerase sigma factor is
selected from ntnh, ha33, tetX, tcdA, tcdB and/or ben.

21.  An expression vector according to claim 20, wherein the promoter
recognised by the group 5 RNA polymerase sigma factor is tcdA and/or tcdB.

22. A bacterial cell transformed with the expression system of any one of
claims 1 to 10 or the expression vector of claims 16 to 21.

23. A bacterial cell according to claim 22, wherein the bacterial cell is C.
acetobutylicum, C. difficile, C. beijerinckii, C. ljungdahlii, C. kluyveri, C.
botulinum, C. autoethanogenum, C.pasteurianum, C. saccharobutylicum, C.
carboxidovorans, C. sporogenes, C. phytofermentans, C. ragsdalei, C.
tyrobutyricum, C. perfringens, C. butyricum, C. cellulolyticum, C.
formicaceticum, C. novyi, C. scatologenes, C. septicum, C. sordellii,, C.
sticklandii, C. tetani, C. thermocellum, C. thermosaccharolyticum,

C.paprosolvens, C. scindens, or C. bifermentans.
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24, A bacterial cell comprising an expression system, vector or transformed
cell as claimed in any of Claims 1 to 6, or 12 to 23 wherein (a) and (b) are
located in a bacterial host genome and wherein the heterologous nucleic acid

encodes a prodrug converting enzyme (PCE).

25. A bacterial cell as claimed in Claim 24 wherein the PCE is a

nitroreductase.

26. A bacterial expression system, vector or transformed cell as claimed in
any of Claims 1-6, or 12-25, for use, together with a prodrug, in medicine.

27. A bacterial expression system, vector or transformed cell as claimed in

Claim 26; wherein the medical use is in the treatment of a cancer.
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pMTL-MEG6C
4736 bp

Fsel

Figuore 1.

agtaatgtacttacctttggggatttcataactaaaagcggcagaagaacaccattttttataaatacaggtaactacaagacaggt
aatcaattaaataagttggctaagttitatgctaaagcaatatatgataatittggagatgatttigatattitatitgggectge atataa
aggaatacctttaagtgtttcagtagctatggcacttgataatatttatggaattaatgcagcttattgttcaaatagaaaagaagttaa
agatcacggtgataa ggoaatacttcttggagcaaagcettgaagaaggagacagagttataattgtagaagatgtcacaacaget
ggtacatcagtatacgaaacaatgcqtatacttaaatcacaggctgaggttgatgtaaagggaatcataatatcagtggatagaat
ggaaagaggtaagggagataagagtgccttaactgaacttaaagaaaagtttggatttaaaacatgttctattgttactatggaaga
ggtagtagaatatttgtataagaaaaatatcaatggcaaagtaatcatagatgataaaatgaaagatagaattaatgagtactataa
agagtatggagtaaaatagtaagcggccgctgtatccatatgaccatgattacgaattcgagctcggtacccggggatcctctag
agtcgacgtcacgcgtccatggagatctcgaggcctgcagacatgcaagcttggcactggccgtcgtmacaacgtcgtgactg
ggaaaaccctggcgttacccaacttaatcgccttgcagcacatccccctttcgccagctggcgtaatagcgaagaggcccgcac
cgatcgcccttcccaacagttgcgcagcctgaatggcgaatggcgctagtataaaaataagaagcctgcatttgcaggcttcttat
ttttatgctagctaaaataaatgtgcctcaacttagatgttaaggcacatttattttatatattattcatgttttgaaacatttttatcttttgt
gtattttac gtgtagtaatttgtgagcaagtccttcacctggttttccaaagtagctatcatacattttaataatagctggattatcatgt
gactttctctttgaaagaacatttttatctfggttgtataatactgatgctcttagttttctgtaatcaacattttctctatcaagagcattta-

cgtgaggttgacctccaccatttatacatccaccagggceaagecat
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Figure 1 (continued)
tacttctataaagtgatattgtttttcgttcatttttccagatttcataaactcgaagaagttagaagceaccatttataacagcaacgttta
gtttatttccagcaatttcaacttcegettcttttatgectttaaagectettacticagtgtaatcaacattttcaagtictttatittcage
aaagtctttagetgatcttattgeagcettccataacgecaceggttgecaccaaagatagetecageaccactgtaagtacccatage
aggatcaacttcaccatcttcaagatctgcaaatttaatttttgeatctttaatcattittgcaagetctctigtagitaaggatgeatcaa
tatctcttaagetgttagtitccatgaaaggaatatctgettcatattttitatcattacaaggcatgatagtaactgtataaacatctict
ggagctattcctgaaattgaaggatagtaagttittgatgcagtaccaaatattigitgtgatoattttgetgatgaaagattatctaat
aattcaggatgataattttgagctaatcttacccatgecaggacagcaagatgtaaacatagggaatgggccattatttitaacteige
ctaaaagttcagtageticticcattatagtcatatctgeaccaaagtttatatcaaatactttatcaaagectaacatictaagtgeagt
atatagttttcctgttacatcttttccatatcccattttgaataattcgeccatageagtticttacigatggageeatigcaacaatgaca
tgttttttagggtcattaagagettcttgaacttitictatatgggatttttctittaaagcagcaacaggegegecgeattcactictttt
ctatataaatatgagcgaagcgaataagegtcggaaaagcagcaaaaagtticctttttgetgtiggageatgggagttcagggg
gtgcagtatctgacgicaatgeegagegaaagegagecgaagggtageoatttacgttagataacecectgatatgetecgacget
ttatatagaaaagaagattcaactaggtaaaatcttaatataggtigagatgataaggtttataaggaatttgtttgtictaatttttcact
cattttgttctaatitcttttaacaaatgttcttttitttttagaacagttatgatatagttagaatagtitaaaataaggagtgagaaaaag
atgaaagaaagatatggaacagtctataaaggctctcagaggeteatagacgaagaaagtggagaagtcatagaggtagacaa
gttataccgtaaacaaacgtctggtaacticgtaaaggcatatatagtgcaattaataagtatgttagatatgatiggcggaaaaaaa
cttaaaatcgttaactatatcctagataatgtccacttaagtaacaatacaatgatagctacaacaagagaaatagcaaaagctaca
ggaacaagtctacaaacagtaataacaacacttaaaatcttagaagaaggaaatattataaaaagaaaaactggagtattaatgtt
aaaccctgaactactaatgagaggcgacgaccaaaaacaaaaatacctcttactcgaattigggaactitgagcaagaggeaaat
gaaatagattgacctcccaataacaccacgtagttattgggaggtcaatctatgaaatgegattaagggecggecaagtgggeaa
gttgaaaaattcacaaaaatgtggtataatatctttgttcattagagcgataaacttgaatttgagagggaacttagatggtatttgaa
aaaattgataaaaatagitggaacagaaaagagtatittgaccactacttigcaagtgtaccttgtacctacageatgaccgttaaa
giggatatcacacaaataaaggaaaagggaatgaaactatatcctgeaatgetitattatattgcaatgatigtaaaccgecattca
gagtttaggacggcaatcaatcaagatggtgaattggggatatatgatgagatgataccaagetatacaatatttcacaatgatact
gaaacattticcagectttggacigagtgtaagtctgactitaaatcattittagcagattatgaaagtgatacgcaacggtatggaa
acaatcatagaatggaaggaaagccaaatgctccggaaaacatttttaatgtétctatgataccgtggtcaaccttcgatggcttta
atctgaatttgcagaaaggatatgattatttgattcctatttitactatggggaaatattataaagaagataacaaaattatacticcttt
ggcaattcaagttcatcacgcagtatgtgacggatttcacatttgecgtitigtaaacgaattgcaggaattgataaatagttaacttc
aggtttgtctgtaactaaaaacaagtatttaagcaaaaacatcgtagaaatacggtgttttttgttaccctaagtttaaactectttttga
taatctcatgaccaaaatcccttaacgigagttticgttccactgagegtcagaccecgtagaaaagatcaaaggatcetictigaga

tectittitictgegegtaatetgetgetigeaaacaaaaaaaccaccgetaccageggtgotitetttgecggatcaagagetace
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Figure 1 (continued)
aactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgtccttctagtgtagccgtagttaggccaccactt
caagaactctgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggctgctgccagtggcgataagtcgtgtcnac
cgggttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagcccagcttg
gagcgaacgacctacaccgaactgagatacctacagcgtgagctatgagaaagcgccacgcttcccgaagggagaaaggcg
‘ gacaggtatccggtaagcggcag:ggtcggaacaggagagcgcacgagggagcttccagggggaaacgcctggtatctttata
gtcctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatgctcgtcaggggggcggagcctatggaaaaacgccag
caacgcggcctttttacggttcctggccttttgctggccttttgctcacatgttctttcctgcgttatcccctgattctgtggataaccgt
attaccgcctttgagtgagctgataccgctcgccgcagccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaag

agcgcccaatacgeagggeoceectgeaggag
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Ascl

Figure 2.

agtaatgtacttacctttggggatttcataactaaaageggeagaagaacaccattttttataaatacaggtaactacaagacaggt
aatcaattaaataagttggctaagtittatgctaaagcaatatatgataattttggagatgattttgatattitatitgggectgeatataa
aggaatacctttaagtgtttcagtagctatggcactigataatatitatggaattaatgcagettattgticaaatagaaaagaagttaa
agatcacggtgataagggaatacticttggagcaaagcitgaagaaggagacagagttataatigtagaagatgtcacaacaget
ggtacatcagtatacgaaacaatgcctatacttaaatcacaggetgaggtigatgtaaagggaatcataatatcagtggatagaat

D20

ggaaagaggtaagggagataagagtgccttaactgaacttaaagaaaagtttggatttaaaacatgttctattgttactatggaaga

ga

gtagtagaatatttgtataagaaaaatatcaatggcaaagtaatcatagatgataaaatgaaagatagaattaatgagtactataa

agagtatggagtaaaatégtaagcggccgc gaattcactagtgattcatcattataaatataagagaggatgatcatatgcaaaag
tctttttatgaattaattgtt_ttagcaagaaataactcagtagatgatttgcaagaaattttatttatgtttaagccéttagtaaaaaaactt
agtagagttttacattatgaagagggagaaacagatitaataatattttttatigaattaataaaaaatattaaattaagtagettitcag
aaaaaagcgatgctattatagtcaaatatattcataaatcattactgaatéagacttttgagttgtctagaagatattctaaaatgaagt
ttaattttgtagaatttgatgaaaatatcttaaatatgaaaaataattatcaaagtaagtetgtttttgaggaagatatttgtittitcgaat
atattttgaaagaattatctggtattcaaagaaaagttattttttataaatatttaaaaggatattctgatagagaaatatcagtgaaatta

aaaatatctagacaagctgttaataaggctaaaaatagagcattta
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Figure 2 (continued)
aaaaaataaaaaaagactatgaaaattattitaacttgiaattaatgagcettaaagaaggatcctctagagtcgacgtcacge gice
atggagatctcgaggectgeagacatgeaagettggeactggecegtegtittacaacgticgtgactgggaaaacectggegitac
Ccaacttaatcgecttgcageacatceccctttcgecagetggegtaatagegaagaggeccgeaccgatcgecciteccaaca
gligegeagectgaatggegaatggegetagtataaaaataagaagectgeattigecaggettcttatitttatgetagetaaaataa
atgrgcectcaacttagatgitaaggeacatttattttatatattattcatgttttgaaacatttitatcttttgtgtattttacgtgtagtaattt
gtgagcaagtecticacctggtiticcaaagtagetatcatacattttaataatagetggattatcatgtgacttictetttgaaagaac
atttttatcttggtigtataatactgatgetcttagtitictgtaatcaacatttictctatcaagageatttacgtga ggttgacctccacce
atftatacatccaccagggcaagcecattactictataaagtgatattgtttticgticatttttccagatttcataaactcgaagaa gtta
gaagcaccatttataacagcaacgtttagtttatttccagcaatttcaacttccgcttctmatgcctttaaagcctcttacttcagtgta
atcaacattttcaagttctitattitcagcaaagtetitagetgaicitatigcagettccataacgecaccggttgeaccaaagatage
tccagcaccactgtaagtacccatagecaggatcaacttcaccatcttcaagatetgeaaatttaatttttgeatetttaatcatttitgea
agctctcttgtagttaaggatgcatcaatatctcttaagctgttagtttccatgaaaggaatatctgcttcatattttttatcattacéagg
catgatagtaactgtataaacatcttctggagctattcctgaaattgaaggatagtaagtttttgatgcagtaccaaatatttgttgtgg
tgattitgetgatgaaagattatctaataattcaggatgataattttgagctaatcttacccatgcaggacagcaagatgtaaacatag
ggaatgggccattatttttaactctgectaaaagttcagtageticttccattatagtcatatctgeaccaaagittatatcaaatacttt
atcaaagcctaacattctaagtgcagtatatagttttectgttacatcttttccatateccattttgaataattcgeccatageagttctta
ctgatggagccattgcaacaatgacatgititttagggtcattaagagcettctigaacttittctatatgggatttttcttttaaageage
aacaggegegecegeatteacttctittctatataaatatgagcgaagegaataagegtcggaaaageagcaaaaagtttecttttg
ctgttggagcatgggggttcagggggtgcagtatctgacgtcaatgccgagcgaaagcgagccgaagggtagcatttacgttag
ataaccccctgatatgcetecgacgcetttatatagaaaagaagattcaactaggtaaaatettaatataggttgagatgataaggttta
taaggaatttgtttgttctaattittcactcattttgttctaatttcttttaacaaatgtictitttitttagaacagttatgatatagttagaat
aglitaaaataaggagtgagaaaaagatgaaagaaagatatggaacagtctataaaggctctcagaggetcatagacgaagaaa
gtggagaagtcatagaggtagacaagtiataccgtaaacaaacgtctggtaacttcgtaaaggeatatatagtgcaattaataagt
atgttagatatgéttggcggaaaaaaacttaaaatcgttaactatatcctagataatgtccacttaagtaacaatacaatgatagcta
caacaagagaaatagcaaaagctacaggaacaagtctacaaacagtaataacaacacttaaaatcttagaagaaggaaatattat
aaaaagaaaaactggagtattaatgttaaaccctgaactactaatgagaggcgacgaccaaaaacaaaaatacctcttactcgaa
tftigggaactitgagcaagaggcaaatgaaatagattgaccteccaataacaccacgtagtiattgggaggtcaatctatgaaatg
cgattaagggccggccaagigggeaagttigaaaaaticacaaaaatgtggtataatatetttgttcattagagcgataaacttgaat
ttgagagggaacttagatggtatitgaaaaaattgataaaaatagitggaacagaaaagagtattitgaccactactitgcaagigta

ccttgtacctacageatgaccgttaaagtggatatcacacaaataaaggaaaagggaatgaaactatatccigeaatgetttat
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Figure 2 {continued)
tatattgcaatgattgtaaaccgecattcagagtttaggacggcaatcaatcaagatggtgaattggggatatatgatgagatgata
ccaagctatacaatatttcacaatgatactgaaacattticcagectttggactgagtgtaagtctgactttaaatcatttttagcagatt
atgaaagtgatacgcaacggtatggaaacaatcatagaatggaaggaaagccaaatgeiccggaaaacatttttaatgtatctatg
ataccgtggtcaaccttcgatggctttaatctgaatitgcagaaaggatatgattatttgattcctatttttactatggggaaatattata
aagaagataacaaaattatacttcctttggceaattcaagttcatcacgcagtatgtgacggatttcacatttgecgttttgtaaacgaa
ttgcaggaattgataaatagttaacttcaggtttgtctgtaactaaaaacaagtatttaagcaaaaacalcgtagaaatacggigtttt
ttgttaccctaagtttaaactcctttttgataatctcatgaccaaaalccctiaacgtgagtittcgticcactgagegicagaccecgt
agaaaagatcaaaggatcttettgagatecttittttctgegegtaatetgetgettgecaaacaaaaaaaccaccgetaccageggt
getitgtitegccggatcaagagetaccaactettittccgaaggtaactggettcagcagagegecagataccaaatactgtecttct
agtgtagccgtagttaggceaccactticaagaactctgtagecaccgectacatacctegetetgctaatectgttaccagtggetge
tgccagtggegataagtcgtgtettaccgggitggacicaagacgatagitaccggataaggegeageggicgggetgaacgg
geggttcgtgcacacageccagettggagegaacgacctacaccgaactgagatacctacagegtgagetatgagaaagege
cacgcttcccgaagggagaaaggeggacaggtatecggtaageggeagggtecggaacaggagagegeacgagggagcette
cagggggaaacg_cctggtatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatgctcgtcagggg
ggcggagcctatggaaaaacgecageaacgeggectttitacggttecectggecttttgetggecttttgetcacatgttetttectge
gttatccectgattctgtggataaccgtattacegectitgagitgagetgatacegetcgecgeagecgaac gacégagc gcage

gagtcagtgagegaggaageggaagagegeccaatacgeagggeecectgeaggag
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gure 4.

O

ctgcaggataaaaaaatigiagataaatiitataaaatagititatctacaaittititatcaggaaacagctatgaccgeggecgcet
taatgaatttaaagaaatatttacaatagaaatcaaattttagaattaactttattgtaaaatcaataacttaatctaagaatatcttaattt
ttatattttatatagaacaaagtttacatatttatttcagacaacgtctttattcaatcgaagagcaaattaatcaactgagtgtcttcaat
ttaaaatgttaggaagtgaatgtatatgaaaacctaagtagatattagtatattttataaatagaaaggaggeatatataaaagagtitt
agcatttagatgtaaaaatattcaataaaaatattatagtaaaggagaaaatcatatggtatttgaaaaaattgataaaaatagttgga

acagaaaagagtatttigaccactactttgcaagtgtaccttgtacctacagcatgaccgttaaagtggatatcacacaaataaagg

aaaagggaatgaaactatatccigcaatgctttatiatattgcaatgatigtaaaccgecaticagagtitaggacggceaatcaatca

o

gatggteaatiggggatatatgatgagatgataccaagetatacaatatitcacaatgatactgaaacattticcagectttggact
gagtgtaagtctgactttaaatcattittagcagattatgaaagtgatacgcaacggtatggaaacaatcatagaatggaaggaaag
ccaaatgctccggaaaacatttttaatgtatctatgataccgtggtcaaccticgatggcetitaatctgaatttgcagaaaggatatga
ttatttgattcetatttttactatggggaaatattataaagaagataacaaaattatacticctttggeaattcaagttcatcacgcagtat
gtgacggatttcacatttgecgtttigtaaacgaatigeaggaattgataaatagttaaacgegtccatggagatctcgaggectac

agacatgcaagcttggcactggecgtcgttttacaacgtegtgactgeg
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Figure 4 (continued)
aaaaccctggcgttacccaacttaatcgccttgcagcacatccccctttcgccagctggcgtaatagcgaagaggcccgcaccg
atcgcccttcccaacagttgcgcagcctgaaIggcgaatggcgctagcataaaaataagaagcctgcatttgcaggcttcttatttt
tatggcgcgccgttctgaatccttagctaatggttcaacaggtaactatgacgaagatagcaccctggataagtctgtaatggattc
taaggcatttaatgaagacgtgtatataaaatgtgctaatgaaaaagaaaatgcgttaaaagagcctaaaatgagttcaaatggtttt
gaaattgattggtagtttaatttaatatattttttctattggctatctcgatacctatagaatcttctgttcacttttgtttttgaaatataaaa
aggggctttttagccccttttttttaaaactccggaggagtttcttcattcttgatactatacgtaactattttcgatttgacttcattgtca
attaagctagtaaaatcaatggttaaaaaacaaaaaacttgcatttttctacctagtaatttataattttaagtgtcgagtttaaaagtat
aatttaccaggaaaggagcaagttttttaataaggaaaaattiitccttttaaaattctatttcgttatatgactaattataatcaaaaaaa
tgaaaataaacaagaggtaaaaactgctttagagaaatgtactgataaaaaaagaaaaaatcctagatttacgtcatacatagcac
ctttaactactaagaaaaatattgaaaggacttccacttgtggagattatttgtttatgttgagtgatgcagacttagaacattttaaatt
acataaaggtaatttttgcggtaatagattttgtccaatgtgtagttggcgacttgcttgtaaggatagtttagaaatztctattcttatg
gagcatttaagaaaagaagaaaataaagagtttatatttttaactcttacaactccaaatgtaaaaagttatgatcttaattattctatta
aacaatataataaatcttttaaaaaattaatggagcgtaaggaagttaaggatataactaaaggttatataagaaaattagaagtaac
ttaccaaaaggaaaaatacataacaaaggatttatggaaaataaaaaaagattattatcaaaaaaaaggacttgaaattggtgattt
agaacctaattttgatacttataatcctcat’tttcatgtagttattgcagttaataaaagttattttacagataaaaattattatataaatcg
agaaagatggttggaattatggaagtttgctactaaggatgattctataactcaagttgatg’(tagaaaagcaaaaattaatgat‘(at
aaagaggtttacgaactrgcgaaatattcagctaaagacactgattatttaatatcgaggccagtatttgaaattttttataaagcatta
aaaggcaagcaggtattagtttttagtggatmttaaagatgcacacaaattgtacaagcaaggaaaacttgatgtttataaaaaga
aagatgaaattaaatatgtctatatagtttattataattggtgcaaaaaacaatatgaaaaaactagaataagggaacttacggaaga
tgaaaaagaagaattaaatcaagatttaatagatgaaatagaaatagattaaagtgtaactatactttatatatatatgattaaaaaaa
taaaaaacaacagcctattaggttgttgttttttattttctttattaatttttttaatttttagtttttagttcttttttaaaataagtttcagcctc
tttttcaatattttttaaagaaggagtatttgcatgaattgccttttttctaacagacttaggaaatattttaacagtatcttcttgcgccgg
tgattttggaacttcataacttactaatttataattattattttcttttttaattgtaacagttgcaaaagaagctgaacctgttccttcaact
aglitatcatcticaatataataticttgacctatatagtataaatatatttttattatatttttactitttictgaatctattattttataatcata
aaaagttttaccaccaaaagaaggttgtactccttctggtccaacatatttttttactatattatctaaataatttttgggaactggtgttg
taatttgattaatcgaacaaccagttatacttaaaggaattataactataaaaatatataggattatctttttaaatttcattattggcctc
ctttttattaaatttatgttaccataaaaaggacataacgggaatatgtagaatatttttaatgtagacaaaattttacataaatataaag
aaaggaagtgtttgtttaaattttatagcaaactatcaaaaattagggggataaaaatttatgaaaaaaaggttttcgatgttatttttat
gtttaactttaatagtttgtggtttatttacaaattcggccggccgaagcaaacttaagagtgtgttgatagtgcagtatcttaaaamt
gtataataggaattgaagltaaattagatgctaaaaatttgtaattaagaaggagtgattacatgaacaaaaatataaaatattctcaa
aactttttaacgagtgaaaaagtactcaaccaaataataaaacaattgaatttaaaagaaaccgataccgtttacgaaattggaaca

ggtaaagggcatttaacgacgaaactggctaaaataagtaaacaggtaacgtctattgaattagacagtcatctattcaa
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Figure 4 (continued)
cttatcgtcagaaaaattaaaactgaatactcgtgtcactitaattcaccaagatattctacagtttcaattccctaacaaacagaggt
ataaaattgttgggagtattccttaccatitaagcacacaaattattaaaaaagtggtttttgaaagccatgegtctgacatctatctga
ttgttgaagaaggattctacaagcgtacettggatattcaccgaacactagggtigetcttgcacacicaagtctegaticageaatt
gcttaagetgecageggaatgetticatcctaaaccaaaagtaaacagtgtcttaataaaacttacccgeceataccacagatgttce
agataaatattggaagctatatacgtactttgtticaaaatgggtcaatcgagaatatcgtcaactgtttactaaaaatcagtttcatca
agcaatgaaacacgccaaagtaaacaatttaagtaccgtiacttatgagcaagtatigictatitttaatagttatctattatitaacgg
gaggaaataattctatgagtcgetitigtaaatitggaaagttacacgttactaaagggaatgtgtttaaacicetttttgataaictcat
gaccaaaatccct‘taacgtgagttttcgttccactgag‘cgtcagaccccgtagaaaagatcaaaggatcttcttgagatccttttttt
ctgecgegtaatctgetgettgcaaacaaaaaaaccaccgetaccageggtggtttgtitgecggatcaagagetaccaactcttttt
ccgaaggtaactggettcagcagagcgeagataccaaatactgttcttctagtgtagecgtagttaggecaccacttcaagaacte

tgtagcaccgectacatacctegetetgetaatectgttaccagtggetgetgecagtggegataagtegtgtcttaccgggttgg

[+

ctcaagacgatagttaccggataaggegeageggtcgggoctgaacggggggattcgtgecacacageccagettggagegaacy
acctacaccgaactgagatacctacagegigagetatgagaaagegecacgettcccgaagggagaaaggeggacaggtate
cggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtcc.tgtcgg
gtticgccaccictgactigagegicgattitigtgatgetcgtcaggggggcggageciatggaaaaacgecageaacgeggc
ctttttacggticetggecttitgetggccttitgetcacatgtictitcetgegttatecectgattcigtggataaccegtattaccgecet
ttgagtgagctgataccgetegecgeagecgaacgaccgagegeagegagicagtgagegaggaageggaagagegeccaa
tacgcagggccccctgettcggggtcattatagegatttittcggtatatecatectttticgcacgatatacaggattttgeccaaagg
gttcgtgtagactttecttggtgtatccaacggegtcagecgggcaggataggtgaagtaggeccaccegegagegggtgticet
tcttcactgteecttattcgeacctggeggtgetcaacgggaatectgetctgegaggetggecggctaccgeeggcgtaacaga
tgagggcaageggatggctoatgaaaccaagecaaccaggaagggcageccacctatcaaggtgtactgecttccagacgaa
cgaagagcgatigaggaaaaggcggeggeggecggeatgagectgteggectacetgetggecgteggecagggctacaaa
atcacgggegtcgtggactatgageacgiccgegagetggeccgeatcaatggegacetgggecgectgggcgacctgetiga

aactctggctcaccgacgacccgegeacggegeggticggtgatgecacgatectegeectgetggegaagatcgaagagaa
gcaggacgagettggecaaggtcatgatgggegtggtcegeccgagggcagageceatgactttittagecgetaaaacggecgg

gggtgcgegtgattgecaageacgtecccatgegetccatcaagaagagegacticgeggagetggtgaagtacatcaccga

agq

cgagcaaggcaagaccgatcgggece
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Figure 3.

cctgcaggataaaaaaattgtagataaattttataaaatagttttatctac aatttttttatcaggaaacagctatgaccgeggecgcg
tgtagtagcctgtgaaataagtaaggaaaaaaaagaagtaagtgttatatatgatgattattttgtagatgtagataggataatagaa
tccatagaaaatataggttatacagttatataaaaattactttaaaaattaataaaaacatggtaaaatataaatcgtataaagttgtgt
aatttttaaggaggtgtgttacatatggtatttgaaaaaattgataaaaatagttggaacagaaaagagtattttgaccactactttgc
aagtgtaccttgtacctacagcatgaccgttaaagtggatatcacacaaataaaggaaaagggaatgaaactatatcctgcaatgc
tttattatattgcaatgattgtaaaccgecattcagagtttaggac ggcaatcaatcaagatggtgaatiggggatatatgatgagat
gataccaagctatacaatatttcacaatgatactgaaacattttccagcctttggactgagtgtaagtctgactttaaatcatttttagc
agattatgaaagtgatacgcaacggtatggaaacaatcatagaatggaaggaaagccaaatgctccggaaaacatttttaatgtat
ctatgataccgtggtcaaccttcgatggctttaatctgaatttgcagaaaggatatgattatttgattcctatttttactatggggaaata
ttataaagaagataacaaaattatacttcctttggcaattcaagttcatcacgcagtatgtgacggatttcacatttgccgttttgtaaa
cgaattgcaggaattgataaatagttaaacgcgtccatggagatctcgaggcctgcagacatgcaagcttggcactggccgtcgt

tttacaacgtcgtgactgggaaaaccctggegttacccaacttaatcgecttg
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Figure 5 (continued)
cagcacatcccectttcgecagetggegtaatagcgaagaggeccgeaccgatcgeccticccaacagtigegeagectgaatg
gcgaatggegotagcataaaaataagaagectgeattigcaggcettettattittatggegegecgttetgaatecttagetaatggt
tcaacaggtaactatgacgaagatagcaccctggataagtctgtaatggattctaaggeatttaatgaagacgtgtatataaaatgt
gctaatgaaaaagaaaatgegttaaaagagectaaaatgagticaaatggtitigaaattgattggtagtitaatttaatatatttittct
attggctatctcgatacctatagaatcttctgttcactittgtttttgaaatataaaaaggggcttittageccctttitittaaaactccgg
aggagtttcttcattcttgatactatacgtaactattttcgatttgacttcatigtcaattaagetagtaaaatcaatggttaaaaaacaa
aaaacttgcatitttctacctagtaatttataattitaagtgtcgagtttaaaagtataatitaccaggaaaggagcaagtttittaataa
ggaaaaatttifccttitaaaattctatitcgtiatatgactaattataatcaaaaaaatgaaaataaacaagaggtaaaaactgctitag
agaaatgtactgataaaaaaagaaaaaatcctagatitacgtcatacatagcaccitiaactactaagaaaaatatigaaaggactt
ccacttgtggagattatttgtttatgttgagtgatgcagacttagaacattttaaattacataaaggtaatttttgcggtaatagattitgt
ccaatgtgtagttggcgacttgcttgtaaggatagtttagaaatatctattcttatggagcatttaagaaaagaagaaaataaagagt
ttatatttttaactcttacaactccaaatgtaaaaagttatgatcttaattattctattaaacaatataataaatcttttaaaaaattaatgg
agcgtaaggaagttaaggatataactaaaggtitatataagaaaattagaagtaacttaccaaaaggaaaaatacataacaaagga
tttatggaaaataaaaaaagattattatcaaaaaaaaggacttgaaattggtgatttagaacctaattttgatacttataatecteatttt
catgtagttattgcagttaataaaagttattitacagataaaaattattatataaatcgagaaagatggtiggaattatggaagtitgcet
actaaggatgatictataactcaagitgatgtitagaaaagcaaaaattaatgattataaagaggtttacgaactigcgaaataticag
ctaaagacactgatiatttaatatcgaggccagtatttgaaattttitataaagcattaaaaggcaagcaggtatiagtttitagtggat
tttttaaagatgcacacaaatigtacaagcaaggaaaactigatgtitatanaaagaaagatgaaattaaatatgictatatagtitatt
ataattggtgcaaaaaacaatatgaaaaaactagaataagggaacttacggaagatgaaaaagaagaattaaatcaagatttaata
gatgaaatagaaatagattaaagtgtdactatactttatatatatatgattaaaaaaataaaaaacaacagcctattaggttgttgttttt
tattttctttattaatttttttaatttttagtttttagticttttttaaaataagtttcagectctttttcaatattttttaaagaaggagtatttgca
tgaattgccettttttctaacagacttaggaaatattttaacagtatcttettgegecggtgattttggaacticataacttactaatttataa
ttattattticttttttaattgtaacagttgcaaaagaagetgaacctgttccttcaactagittatcatcttcaatataatattettgaccta
tatagtataaatatattittattatatttitacttttttctgaatctattattttataatcataaaaagtitiaccaccaaaagaaggttgtactc
cttctggtccaacatattifittactatattatctaaataattittgggaaciggtgiigtaatttgattaatcgaacaaccagttatactta
aaggaattataactataaaaatatataggattatcitittaaatitcattatiggecetectttttattaaatttatgttaccataaaaaggac
ataacgggaatatgtagaatatttttaatgtagacaaaatittacataaatataaagaaaggaagtgttigittaaatittatagcaaac
tatcaaaaattagggggataaaaatttatgaaaaaaaggttticgatgtiattittatgtitaactttaatagtitgtggtttatttacaaat
tcggccggccgaageaaacttaagagigtgtteatagtgcagtatcttaaaattttgtataataggaattgaagttaaattagatget
aaaaatttgtaattaagaaggagtgattacatgaacaaaaatataaaatatictcaaaactitttaacgagtgaaaaagtactcaacc

aaataataaaacaattgaatttaaaagaaaccgataccgtttacgaaattggaacaggtaaagggcatttaacgacgaaactg
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Figure 5 (continued)
gctaaaataagtaaacaggtaacgtctattgaattagacagtcatctattcaacttatcgtcagaaaaatiaaaactgaatactcgtg
tcactttaattcaccaagatattctacagtitcaattccctaacaaacagaggtataaaatigtigggagtaticcttaccatttaagea
cacaaattattaaaaaagtggtttttgaaagccatgegtctgacatctatctgatigttgaagaaggatictacaagegiacctiggat
attcaccgaacactagggttgetcttgcacactcaagtetcgattcageaattgettaagctgecageggaatgetitcatectaaa
ccaaaagtaaacagtgtcttaataaaacttacccgecataccacagatgttccagataaatattggaagctatatacgtactitgtttc
aaaatgggtcaatcgagaatatcgtcaactgtttactaaaaatcagtttcatcaagcaatgaaacacgecaaagtaaacaatttaag
taccgttacitatgagcaagtattgtctatttttaatagttatctattatttaacgggaggaaataattctatgagtegettitgtaaatttg
gaaagttacacgttactaaagggaatgtgtttaaactectitttgataatctcatgaccaaaatcecttaacgtgagttttegttccact
gagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctgcgcgtaatctgctgcttgcaaacaaaaaaac
caccgctaccageggtggtitgittgecggatcaagagetaccaactctttttccgaaggtaactggeticagcagagegeagata
ccaaatactgttcttctagtgtagcegtagttaggecaccacticaagaactetgtageaccgectacatacctegetetgetaatee
tgttaccagtggctgctgecagtggegataagtegtgtcttaccgggtiggactcaagacgatagttaccggataaggegeageg
gtcgggcetgaacggggggticgtgcacacageccagettggagegaacgacctacaccgaactgagatacctacagegtgag
ctatgagaaagcgecacgottcccgaagggagaaaggeggacaggtatccggtaageggeagggtcggaacaggagageg
cacgagggagcttccagggggaaacgectggtatctttatagtectgtegggtttcgecacctetgacttgagegtcgattttigtg
atgctegtcaggggggeggagectatggaaaaacgecageaacgeggectttttacggticcrggecttttgetggecttttgete
acatgttctttcetgegttatcccctgattctgtggataaccgtattacegectttgagtgagetgataccgetcgeegeagecgaac
gaccgagcegeagcegagtcagtgagegaggaageggaagagegeccaatacgeagggeceectgettcggggteattatage
gattttttcggtatatccatcettittcgcacgatatac aggattttgccaaagggttcgtgtagactttccttggtgtatccaacggcg
tcagccgggcaggataggtgaagtaggeccaccegegagegggtgttecttettcactgteccttaticgecacetggeggtgete
aacgggaatcctgetctgegaggetggecggctaccgecggegtaacagatgagggeaageggatggetigatgaaaccaage
caaccaggaagggcagcccacctatcaaggtgtactgectticcagacgaacgaagagcegatigaggaaaaggegecgscsg
ccggeatgagectgtcggectacctgetggecgteggecagggctacaaaatcacgggegtegtggactatgageacgteege
gagctggcccgcatcaatggcgacctgggccgcctgggc ggcctgctgaaactctggctcaccgacgaccegegeacggcg

t

(g}

ggttcggtgatgccacgatectegecetgetggcgaagatcgaagagaagcaggacgagetiggcaaggteatgatggac

aQ

ggiccgeccgagggeagagecatgactttittageegetaaaacggeecggggggtgegegtgatigecaageacgteeccatg

cgctccatcaagaagagcgacttcgcggagctggtgaagtacatcaccgacgagcaaggcaagaccgatcgggccc
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BB-2 prefix BB-2 suffix
EcoRl Spel | Nhel Pst]
GAATTCGCGGCCGCACTAGT Part 1 GCTAGCGCGGCCGCTGCAG
Notl Notl.
BB-2 prefix BB-2 suffix
EcoRI Spel Nhel Pstl
GAATTCGCGGCCGCACTAGT Part 2 GCTAGCGCGGCCGCTGCAG
Notl Not}
BB-2 prefix BB-2 suffix
EcoRI Spel Nhel
GAATTCGCGGCCGCACTAGT Part 1 GCTAGC
Notl
BB-2 prefix BB-2 suffix
Spel Nhel Pstl
ACTAGT Part 2 GCTAGCGCGGCCGCIGCAG
Notl
< >
BB-2 prefix BB-2 suffix
EcoRI Spel (SCAR) Nhel Pstl
GAATTCGCGGCCGCACTAGT Part 1 GCTAGT Part 2 GCTAGCGCGGCCGCTGCAG
Notl Not!
Figure 8
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tcdA

promoter
EcoRI | | Pstl
NotI Scar Notl
Nhel

Spel  Scar - Scar

2]
tcdA -
promoter Flag-Tag
EcoRI | - Pstl
3]
tcdA
promoter Flag-Tag

Figure 10
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tcdB g
promoter Flag-Tag
EcoRI Pstl
Notl - - Notl
Scar Scar

Spel Scar  Nhel

2] |
ted Flag-Tag
promoter '
ECORI Pstl
Notl

Spel Scar

tcdB
promoter

Figure 11
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Figure 12.
cctgcaggataaaaaaatigtagataaattttataaaatagtittatctacaatttttttaicaggaaacagetatgaccgeggecatet
atgcaacaaaagcagctattgaaaaagcaggitggacagitgatgaattagatitaatagaatcaaatgaagcettitgecagetcaaa
gcagiagcaaaagatitaaaatitgataigaataaagiaaatgiaaatggaggeagctattgeccttggicatccaattggage
atcaggtgcaagaatactcgttactctigtacacgeaatgcaaaaaagagatgcaaaaaaaggcttagcaactttatgtataggtg
gcggacaaggaacagcaatattgctagaaaagtgctagategattaagaaggagtgattacatgaacaaaaatataaaatattctc
aaaactttttaacgagtgaaaaagtactcaaccaaataataaaacaattgaatttaaaagaaaccgataccgtttacgaaattggaa
caggtaaagggcatitaacgacgaaactggctaaaataagtaaacaggtaacgtctattgaattagacagtcatctattcaacttat
cgtcagaaaaattaaaactgaatactcgtgtcactttaattcaccaagatattctac agtttcaattccctaacaaacagaggtataa
aatigttgggagtattcettaccatttaagcacacaaattattaaaaaagtggtttttgaaagecatgegtctgacatetatctgatigt
tgaagaaggattctacaagcgtaccitggataticaccgaacactagggttgetcttgecacactcaagtetecgattcageaattgett
aagctgcc-agcggaatgctttcatcctaaaccaaaagtaaacagtgtcttaataaaacttacccgccataccacagatgttccaga
taaatattggaagctatatacgtactttgtttcaaaatgggtcaatcgagaatategtcaactgtttactaaaaatcagtttcatcaage
aatgaaacacgccaaagtaaacaatttaagtaccgttacttatgagcaagtattgtctatttttaatagtratctattatttaacgggag
gaaataaagcggecgetgtatccatatgaccatgattacgaattcgageteggtacccggggatcctctagagtegacgteacge

gtccatggagatctcgaggectgeagacatgeaagettgg
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Figure 12 (continued)
cactggccgtcgttttaca-acgtcgtgactgggaaaaccctggcgttacccaacttaatcgccttgcagcacatccccctttcgcc
agctggcgtaatagcgaagaggcccgcaccgatcgcccttcccaacagttgcgcagcbtgaatggcgaatggcgctagcaaa
gtattgttaaaaataactctgtagaatiataaattagttctacagagttat‘[ttttaaaaaaattcraaacttatgtataaaaaatacgata
agaatgtagaattaaaactaaagacagticaatttctittagaataatttagttagtgtggtaaaaaaatgtcataatgatatitatgtig
aaatttgtataaaattcagaaaatgaatatatittatcaattttcagtcatttgaaagattatgaggcetaatgecagtactaggegtaaatt
gaatttataattactatagcgataagaaatggectaaaaacgtttgecagtaatgaaagaaccgtaaatattataaaaaaaaicttaaa
acagagttttatttataaaaatttaagatatataatitaaataacgtgttaaaatagtggaggaagtaatttgaatctgaatatiaaaag
aatgttaaaggttgtaactctttatgatgeaattattgctgcaatagtttcagtaatactttigtttgectgetaattataagatttcgttaat
agtgattatagggattttttcagcaatatitaatttttatttaagtaatttaacagetgatttcgtttitgtaaaaaaaatgggaaatacgte
' acttatatttcttagticaatttttagagtaatacttgttttttttataggtattaticittataaaatatataaatattatttaatagectactta
ggaggatatagtgctcattttatageccttataatttatgggtcactagtaaataaacgatgaaaggaagigatigaatggagcetag
gtgcaaagacagtattttcgatgaagettggaagttacaactttgetataacagaaactgtagtattacagtggattatcatggeagt
tataatattacttgcaatatttcttactaaaaatcttaagaaagtaccaaataggaaacaaagcgtaatagaaatgatigttaacttaat
aaatggattggtaaaagaaaatatgggagagaaattcatgaatttcgttccaattatcggtactatggeagtgtttatacttticttaaa
tttaacagggcetagtaggtatcgaaccageaacaaaggatattagtgttacagecaggcetttgetttagtaagtgceatttttaataaat
gcaactgcaataaaaagaaggcgegecgeattcacttettttctatataaatatgagcgaagegaataagegtcggaaaageage
aaaaagtitcctitttgetgitggageatggopettcagggogtocagtatctgacgicaatgecgagegaaagegagecgaag
ggtagcatttacgttagataacccectgatatgcteegacgetttatatagaaaagaagattcaactaggtaaaatcttaatataggt
tgagatgataaggtttafaaggaatttgtttgttctaatttttcactcattttgttctaatttcttttaacaaatgttcttttttttttagaacagt
tatgatatagttagaatagtttaaaataaggagtgagaaaaagatgaaagaaagatatggaacagtctataaaggctctcagaggc
tcatagacgaagaaagtggagaagtcatagaggtagacaagttataccgtaaacaaacgtctggiaacttcgtaaaggeatatat
agtgcaattaataagtatgttagatatgattggcggaaaaaaacttaaaatcgttaactatatcctagataatgtccacttaagtaaca
atacaatgatagctacaacaagagaaatagcaaaagctacaggaacaagtctacaaacagtaataacaacacttaaaatcttaga
agaaggaaatattataaaaagaaaaactggagtattaatgttaaaccctgaactactaatgagaggegacgaccaaaaacaaaaa
tacctettactcgaatttgggaacttigagecaagaggcaaatgaaatagattgacctcccaataacaccacgtagitattgggaggt
caatctatgaaatgcgattaagggecggccagtgggcaagitgaaaaattcacaaaaatgtggtataatatctttgticattagage
gataaacttgaatttgagagggaacttagatggtatttgaaaaaattgataaaaatagttggaacagaaaagagtatittgaccact
actttgcaagtgtaccttgtacctacagcatgaccgttaaagtggatatcacacaéataaaggaaaagggaatgaaactatatcct
gcaatgctttattatattgcaatgatigtaaaccgecattcagagtitaggacggcaatcaatcaagatggtgaatiggggatatatg
atg
agatgataccaagctatacaatatttcacaatgatactgaaacattttccagectttggactgagtgtaagtctgactttaaatcatttit
agcagattatgaaagtgatacgecaacggtatggaaacaatcatagaatggaaggaaagcecaaatgctccggaaaacatttttaat
gtatctatgataccgtggtcaaccttcgatggctttaatetgaatitgcagaaaggatatgattatttgaticctattittactatgggga

aatattataaagaagataacaaaattatacttcctttggeaaticaagitcatcacgeagtatgtgacggatticaca
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Figure 12 (continued)
tttgccgttttgtaaacgaangcaggaattgataaatagttaacttcaggtttgtctgtaactaaaaacaagtatttaagcaaaaacat
cgtagaaatacggtgttttitgitaccctaagittaaactcctitttgataatctcatgaccaaaateccttaacgtgagttttegttccac
tgagcgtcagaccecgtagaaaagatcaaaggatcticttgagatcctttittictgecgegtaatetgctgettgcaaacaaaaaaa
ccaccgetaccageggtggtttgtttgeccggatcaagagcetaccaactctttttccgaaggtaactggettcageagagegeagat
accaaatactgttctictagtgtagcegtagttaggecaccacttcaagaactetgtageaccgectacatacetegetetgctaate
ctgttaccagtggetgetgecagtggegataagtegtgtettaccgggttggactcaagacgatagttaccggataaggegcage
gglegggctgaacgggaggttegtgeacacageccagettggagegaacgacctacaccgaactgagatacctacagegtga
gctatgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagc
gcacgagggagcttccagggggaaacgcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgatttttgt
gatgctcgtcaggggggeggagectatggaaaaacgecageaacgeggectitttacggttectggectttgetggecttttget
cacatgttetttcctgegttatecectgatictgtggataaccgtattaccgectttgagtgagetgatacegetegecgeagecgaa

cgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcagggccc
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Figure 13.

gcggtcatagetgtttcctgataaaaaaattgtagataaaactattttataaaatttatctacaatttttttatcctgecaggeagtcggcg
cgecgecattatttttttgaacaattgacaattcatttcttattttttattaagtgatagtcaaaaggceataacagtgetgaatagaaaga
aatttacagaaaagaaaattatagaatttagtatgattaattatactcatttatgaatgtitaattgaatacaaaaaaaaatactigttatg
tattcaattacgggttaaaatatagacaagtigaaaaatttaataaaaaaataagtcctcagetcttatatattaagctaccaacttagt
atataagccaaaacttaaatgtgetaccaacacatcaagecgitagagaacictatctatageaatatitcaaatgtaccgacatac

aagagaaacattaactatatatattcaattiatgagattatcttaacagatataaatgtaaattgcaataagtaagatttagaagtttata
gcctttgtgtattggaagcagtacgcaaaggcttttttatttgataaaaattagaagtétatttattttttcataattaatttatgaaaatga

aageogogotea

gggggtgageaaagtgacagaggaaageagtatcttatcaaataacaaggtattagcaatatcattattgactttagcagtaaa

cattatgacttttatagtgcttgtagctaagtagtacgaaagggggagetttaaaaagetccttggaatacatagaattcataaattaa
tttatgaaaagaagggcgtatatgaaaacttgtaaaaattgcaaagagtttattaaagatactgaaatatgcaaaatacattc gttga
tgattcatgataaaacagtagcaacctattgcagtaaatacaatgagtcaagatgtitacataaagggaaagtccaatgtattaattg
ttcaaagatgaaccgatatggatggtgtgccataaaaatgagatgttttacagaggaagaacagaaaaaagaacgtacatgeatt
aaatattatgcaaggagceittaaasaagetcatgtaaagaagagtaaaaagaaaaaataatitatitattaatitaatatigagagtge
cgacacagtatgcactaaaaaatatatctgtggtgtagtgagccgatacaaaaggatagtcactcgcattttcataatacatcttatg

ttatgattatgtgtcggtgggacttcacgacgaaaacccacaat
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Figure 13 (continued)
aaaaaaagagticggggtagggttaagcatagitgaggeaactaaacaatcaagetaggatatgcagtageagaccgtaaggtc
gtigtitaggigtgitgtaatacatacgetattaagatgtaaaaatacggataccaatgaagggaaaagtataattittggatgtagttt
gtitgticatctatgggcaaactacgtccaaagecgtttccaaatctgetaaaaagtatatectttctaaaatcaaagtcaagtatgaa
atcataaataaagtttaattttgaagttattatgatattatgttittctattaaaataaattaagtatatagaatagtttaataatagtatata
Cttaatgtgataagtgtctgacagtgtcacagaaaggatgattgttatggattataageggecggecgaagcaaacttaagagtgt
gtigatagtgcagtatcttaaaatittgtataataggaattgaagttaaattagatgctaaaaatttgtaattaagaaggagtgattaca
tgaacaaaaatataaaatattctcaaaacttittaacgagtgaaaaagtactcaaccaaataataaaacaattgaatttaaaagaaac
cgataccgtttacgaaatiggaacaggtaaagggceatitaacgacgaaactggctaaaataagtaaacaggtaacgtctatigaat
tagacagtcatctaticaacttatcgtcagaaaaattaaaactgaatacicgigtcactttaaticaccaagatattctacagtttcaatt
ccctaacaaacagagglataaaatigiigggagtattccttaccatitaagcacacaaattattaaaaaagtggtitttgaaagecat
gcgtctgacatctatctgatigitgaagaaggatictacaagegtacctiggataticaccgaacactagggttgetcttgeacacte
aagtctcgattcagcaattgcttaagetgeccageggaatgetttcatcctaaaccaaaagtaaacagtgtcttaataaaacttacee
gccataccacagatgttccagataaatattggaagctatatacgtactttgtitcaaaatgggtcaatcgagaatatcgtcaactgttt
actaaaaatcagtttcatcaagcaatgaaacacgccaaagtaaacaatttaagtaccgttacttatgagcaagtattgtctatttitaa
tagttatctattatttaacgggaggaaataattctatgagtegettttgtaaatttggaaagttacacgttactaaagggaatgtgttta
aactcctitttgataatctcatgaccaaaatcccttaacgtgagttttegticcactgagegtcagaceccgtagaaaagatcaaagg
atcttcttgagatectttttitctgegegtaatetgetgettgeaaacaaaaaaaccaccgetaccageggtggttigtttgecggate
aagagctaccaactcittticcgaaggtaactggeitcagecagagegeagataccaaatactgtectictagtgtagecgtagttag
gccaccacttcaagaactcigtagcaccgectacatacctegetetgetaatectgttaccagtggetgetgecagtggegataag
tcgtgicttaccgggttggactcaagacgatagttaccggataaggcgeageggtegggctgaacggggeggttegtgcacaca
gcccagettggagegaacgacctacaccgaactgagatacctacagegtgageattgagaaagegecacgettceccgaaggg
agaaaggcggacaggtatccggtaagcggecagggtcggaacaggagagegeacgagggagettccagggeggaaacgectg
gtatctttatagtcctgtcgggtttcgecacctetgacttgagegtegatttttgtgatgetegtcaggggaacggagectatggaaa
aacgccagcaacgceggcctttttacggitecctggecttttgetggecttttgetcacatgtictttecctgegttatecectgattetgtg
gataaccgtattaccgectttgagtgagetgataccgetegecgeagecgaacgaccgagegeagegagtcagigagegagga
agcggaagagcgeccaatacgcagggecccetigeticggggteattatagegatttiticggtatatccatectttitcgecacgata
tacaggatttigecaaagggticgigtagactitccttggtgtatccaacggegtcagecgggeaggataggtgaagtaggeeca
cccgegagegggtgticettetteactgteecttaticgeacetggeggtgetcaacgggaatectgetetgegaggetgaccgg
ctaccgccggegtaacagatgagggcaageggatggetgatgaaaccaagecaaccaggaagggeageccacctatcaagg
tgtactgccticcagacgaacgaagagegattgaggaaaaggeggeggeggecggcatgagectgteggectacetgetgge

cgtcggccagggctacaaaatcacgggegtegtggactatgageacgtccgegagetggeeccgeatcaatggegacetggge

o

cctgggcggectgetgaaactetggctcaccgacgaccegegeacggegeggticggtgatgccacgatcetegeectget

ggcgaagatcgaagagaagcaggacgagcettggcaaggtcatgatggecgtggtecgececgagggcagage
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Figure 13 (continued)
cvatgacttttttagccgctaaaacggccggggggtgcgcgtgattgccaagcacgtccccatgcgctccatcaagaagagcgac
ttcgcggagetggtgaagtacatcaccgacgageaaggeaagaccegategggececectgeaggectegagateiceatggac
gcgtgacgtcgactctagaggatceccgggtaccgagaaactaacaggtiggetgataagtececggtctaacaaaaaataaga
agcctgcatttgcaggcttcttatttttaagcttagacaaacctgaagttaactatttatcaattcctgcaattcgtttacaaaacggca
aatgtgaaatcogtcacatactgcgtgatgaacttgaattgccaaaggaagtataattttgttatcttctttataatatttccccatagta
aaaataggaatcaaataatcatatcctttctgcaaattcagattaaagccatcgaaggttgaccacggtatcatagatacattaaaaa
tgttttccggagcatttggctttccttccattctatgattgtttccataccgttgcgtatc’actttcataatctgctaaaaatgatttaaagt
cagacttacactcagtccaaaggctggaaaatgtttcagtatcattgtgaaatattgtatagcttggtatcatctcatcatatatcccc
aattcaccatcttgattgattgccgtcctaaactctgaatggcggtttacaatcattgcaatataataaagcattgcaggata,tagtttc
attccctittcctttatttgtgtgatatccactttaacggtcatgetgtaggtacaaggtacacttgcaaagtagiggicaaaatactctt
ttctgttccaactatttttatcaattttttcaaataccatctaagttccctctcaaattcaagtttatcgctctaatgaacaaagatattata
ccacatttttgtgaatttttcaacttgcccacttcgactgcactcccgacttaataacttcttgaacacttgccgaaaaacaattgtgtc
agaccggggacttatcagccaacctgttatacctcgaattcgtaatcatggtcataatttattcaacatagttcccttcaagagcgat
acaacgattataacgaccttccaattttttgataccattttggtagtactccttcggttttgcctcaaaataggcctcagtttcggcgat
cacctcttcattgcagccaaattttttccctgcgagcatccttttgaggtctgagaacaagaaaaagtcgctgggggccagatctgg
agaatacggcgggtggggaagcaattcgaagcccaattcatgaatttttgccatcg»ttctcaatgacttgtggcacggtgcgttgt
qttggtggaacaacacttttttcttcttcatgtggggccgttttgccgcgatttcgaccttcaaacgctccaataacgccatataatag
tcactgttgatggtttttcccttctcaagataatcgataaaaattattccatgcgcatcccaaaaaacagaggccattactttgccagc
ggacttttgagtctttccacgcttcggagacggttcaccggtcgctgtccactcagccgactgtcgattggactcaggagtgtagt
gatggagccatgtttcatccattgtcacatatcgacggaaaaactcgggtgtattacgagttaacagctgcaaacaccgcttagaa
tcatcaacacgtcgttgtttttggtcaaatgtgagctcgcgcggcacccatttcgcacagagcttccgcatatccaaatattgatgaa
tgatatgaccaacacgttcctttgatatctttaaggcctctgctatctcgatcaacttcattttacggtcattcaaaatcattttgtggatt
tttttgatgttttcgtcggtaaccacctctttcgggcgtccactgcgttcaccgtcctccgtgctca’tttcaccacgéttgaattttgcat
accaatcaattattgttgatttccctggggcagagtccggaaactcattatcaagc(;aagtttttgcttccactgtattttttcccttcag
aaaacagtattttatcaaaacacgaaattcctttttttccatcatatgattttctcctttactataatatttttattgaatatttttacatctaaa
tgctaaaactcttttatatatcctcctttctatttataaaatatactaatatctacttaggttttcatatacattcacttcctaacattttaaatt
gaagacactcagttgattaatttgctcttcgattgaataaagacgttgtctgaaataaatatgtaaactttgttctatataaaatataaaa
attaagatattcttagattaagttattgattttacaataaagttaattctaaaatttgatttctattgtaaatatttctttaaattcattaagcg

gce
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agtaatgtacttacctttggggatttcataactaaaagcggcagaagaacaccattttttataaatacaggtaactac
aagacaggtaatcaattaaataagttggctaagttttatgctaaagcaatatatgataattttggagatgattttgatat
tttatttgggcctgcatataaaggaatacctttaagtgtttcagtagctatggcacttgataatatttatggaattaatgc
agcttattgttcaaatagaaaagaagttaaagatcacggtgataagggaatacttcttggagcaaagcttgaaga
aggagaoagagttataattgtagaagatgtcacaacagctggtacatcagtatacgaaacaatgcctatacttaa
atcacaggctgaggttgatgtaaagggaatcataatatcagtggatagaatggaaagaggtaagggagataag
agtgccttaactgaacttaaagaaaagtttggatttaaaacatgttctattgttactatggaagaggtagtagaatattt
gtataagaaaaatatcaatggcaaagtaatcatagatgataaaatgaaagatagaattaatgagtactataaaga
gtatggagtaaaatagtaagcggccg caaataatatgtatattatggaagggtagtggtaaatatgaataaattgtt
tttacaaattaaaatgttaaaaaatgacaatagggagiticaagaaattittaag cattttgaaaaaactataaatat
atttactagaaaatataatatatatgataattacaatgatattttgtaccatttatggtatacacttaaaaaagttgatttg
agcaatttcaatacacaaaatgatttagagagatatattagtaggactttaaaaagatattgcttagatatttgcaata
aaagaaagattgataagaaaataatatataattcagaaattgtagataagaaattaagcttaatagcaaatagtta
ttcaagttatttagaatttgaatttaatgatttaatatccatattacctgatgatcaaaagaaaattatatatatgaaattt
gttgaagatattaaggagatagatatagctaaaaaaottaatataagtcgtcaatctgtatataaaaataaaataat

ggctitagagag attagaacccatattgaaaaaatiaattaatatgtagtttggatcctctagagtcgacgtcacgeg
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iccatggagatctcgaggcectgcagacatgcaagetiggcactggecgtegtittacaacgtcgtgactgggaaaa
ccetggegitacccaacttaatcgecttigcagcacateccecectticgecagcetgg cgtaatagcgaagaggcccge
accgatcgcccttcccaacagttgecgecagectgaatggegaatggeg clagtataaaaataagaagcctgceatit
gcaggcttcttattittatgctagetaaaataaatgtg cctcaacttagatgitaaggceacatttattitatatattattcat
gttttgaaacatitttatctitigtgtatittacgtgtagtaatitgtgagcaagtccttcacctggttttccaaagtagcetate
atacattttaataatagctggattatcatgtgactttctctttgaaagaacatttttatcttggttgtataatactgatgctétt
agttttctgtaatcaacattttctctatcaagagcatttacgtgaggttgacctccaccatttatacatccaccagggea
agccattacttctataaagtgatattgtttttcgttcattittccagatticataaactcgaagaagttagaagceaccattt
ataacagcaacgtttagtttatttccagcaatttcaacttccgettcttttatgcctttaaagcctcttacttcagtgtaate
aacattttcaagttctttattttcagcaaagtctttagctgatcettattgcagcettccataacgecaccggttgcaccaaa
gatagctccagcaccactgtaagtacccatagcaggatcaacticaccatcttcaagatctgcaaatttaatttttge
atctitaatcatttttgcaagctctctigtagttaaggatgcatecaatatetcttaagetgttagtitccatgaaaggaata
tctgcettcatattitttatcattacaaggceatgatagtaactgtataaacatcttctggagctaticctgaaattgaagga
tagtaagttttigatgcagtaccaaatattigtigtggtgatitigctgatgaaagattatctaataaticaggatgataat
tttgagctaatcttacccatgcaggacagcaagatgtaaacatagggaatgggccattatttitaactctgectaaa
agttcagtagcttcttccattatagtcatatctgcaccaaagtttatatcaaatactttatcaaagcctaacattctaagt
gcagtatatagttttcctgttacatcttttccatatcccattttgaataattcgcccatagcagttcttactgatggageca
ttgcaacaatgacatgttitttagggtcattaagagcttcttgaactttttctatatgggatttitctittaaagcagcaaca
ggcgcgccgcattcacttcttttctatataaatatgagcgaagcgaataagcgtcggaaaagcagbaaaaagtttc
ctttttgctattggageatggggoticagggggtgcagtatetgacgtcaatgecgagegaaagegagecgaagg
gtagcatttacgttagataacccccetgatatgctccgacgctttatatagaaaagaagattcaactaggtaaaatctt
aatataggttgagatgataaggttiataaggaattigtttgtictaatttttcactcatttigttctaatttcttitaacaaatgt
tcttttttttttagaacagttatgatatagttagaatagtttaaaataaggagtgagaaaaagatgaaagaaagatatg
gaacagtctataaaggctctcagaggctcatagacgaagaaagtggagaagtcatagaggtagacaagttata
ccgtaaacaaacgtctggtaacttcgtaaaggcatatatagtgcaattaataagtatgttagatatgattggeggaa
aaaaacttaaaatcgttaactatatcctagataatgtccacttaagtaacaatacaatgatagctacaacaagaga
aatagcaaaagctacaggaacaagtctacaaacagtaataacaacacttaaaatcttagaagaaggaaatatt
ataaaaagaaaaactggagtattaatgttaaaccctgaactactaatgagaggcgacgaccaaaaacaaaaat
acctcttactcgaatttgggaactttgagcaagaggcaaatgaaatagattgacctcccaataacaccacgtagtt
attgggaggtcaatctatgaaatgcgattaagggccggccaagtgggcaagttgaaaaaticacaaaaatgtggt
ataatatctttgticattagagcgataaactigaatttgagagggaacttagatggtatitgaaaaaattgataaaaat
agttggaacagaaaagagtattttgaccactactttgcaagtgtacctigtacctacagcatgaccgttaaagtgga
tatcacacaaataaaggaaaagggaatgaaactatatcctgcaatgctttattatattgcaatgattgtaaaccgce
attcagagtttaggacggcaatcaatcaagatggtgaattggggatatatgatgagatgataccaagctatacaat
atttcacaatgatactgaaacattttccagccttiggactgagtgtaagtctgactttaaatcattittagcagattatga
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aagtgatacgcaacggtatggaaacaatcatagaatggaaggaaagccaaatgciccggaaaacatttitaatg
tatctatgataccgtggtcaaccttcgatggctttaatctgaatttgcagaaaggatatgattatttgattcctatttt’(act
atggggaaatattataaagaagataacaaaattatacttcctttggcaaticaagticatcacgcagtatgtgacgg
atttcacatttgccgtittgtaaacgaattgcaggaattgataaatagttaacttcaggtttgtctgtaactaaaaacaa
gtatttaagcaaaaacatcgtagaaatacggtgtitittgitaccctaagtttaaactcctitttgataatctcatgacca
aaatcccttaacgtgagtiticgticcactgagegticagacccegtagaaaagatcaaaggalcticttgagatcctt
tttttctgecgegtaatctgetgetigcaaacaaaaaaaccaccgcetaccageggtggtitgtttgecggatcaagag
ctaccaactctttitccgaaggtaactggcttcagcagagcgcagataccaaatactgtccttctagtgtagcecgtag
ttaggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatectgttaccagtggcetgcetgec
agtggcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcageggtcgggcetga
acggggggttcgtgcacacagceccagcettggagcgaacgacctacaccgaactgagatacctacagegtgage
tatgagaaagcgccacgcttcccgaagggagaaaggngacaggtatccggtaagcggcagggtcggaaca
ggagagcgcacgagggagcettccagggggaaacgcectggtatctttatagtcctgtcggotticgecacctcetgac
ttgagcgtcgatittigtgatg ctcgtcaggg‘gggcgg agcctatggaaaaacgccagcaacgcggcctttitacg
gticctggcctittgetggectitigetcacatgtictitcetgegitatcecectgattictgtggataaccgtattaccgectt
tgagtgagctgataccgctcgecgcagecgaacgaccgagegeagcgagtcagtgagegaggaageggaag
agcgcccaatacgcagggcecccctgecaggag
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agtaatg{acttacctttggggatttcataactaaaagcggcagaagaacaccattttttataaatacaggtaactac
aagacaggtaatcaattaaataagttggctaagttttatgctaaagcaatatatgataattttggagatgattttgatat
tttatttgggcctgcatataaaggaatacctttaagtgtttcagtagctatggcacttgataatatttatggaattaatgc
agcttattgttcaaatagaaaagaagttaaagatcacggtgataagggaatacttcttggagcaaagcttgaaga
aggagacagagttataattgtagaagatgtcacaacagctggtacatcagtatacgaaacaatgcctatacttaa
atcacaggctgaggttgatgtaaagggaatcataatatcagtggatagaatggaaagagg_’(aagggagataag
agtgccttaactgaacttaaagaaaagtttggatitaaaacatgttctattgttactatggaagaggtagtagaatattt
gtataagaaaaatatcaatggcaaagtaatcatagatgataaaatgaaagatagaattaatgagtactataaaga
gtatggagtaaaatagtaagcggccgeataattgattatggatatttcgtaaaaatggcttattaaaaatttaaagge
aattagtttatttatagtataataaaaaaataatatgtatattatggaagggtagtggtaaatatgaataaattgttttta
caaattaaaatgttaaaaaatgacaatagggagtitcaagaaatitttaagcattttgaaaaaactataaatatattt
actagaaaatataatatatatg’ataattacaatgatattttgtaccatttatggtatacacttaaaaaagttgatttgag
caatttcaatacacaaaatgatttagagagatatattagtaggactttaaaaagatattgtttagatatttgcaataaa

agaaagattgataagaaaataatatataattcagaaattgtagataagaaattaagcttaatagcaaatagttatic
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aagttatttagaatttgaatttaatgatttaatatccatattacctgatgatcaaaagaaaattatatatatgaaattigtt
gaagatattaaggagatagatatagctaaaaaacttaatataagtcgtcaatctgtatataaaaataaaataatgg
ctttagagagattagaacccatattgaaaaaattaattaatatgtagtttggatcctctagagtcgacgtcacgegte
catggagatctcgaggcctgcagacatgcaagcetiggcactggecgtegtittacaacgtcgtgactgggaaaac
cctggcegttacccaacttaatcgectigecagceacatceccctttcgeccagetggcegtaatagecgaagaggceccge
accgatcgcccttcccaacagttgcgcagcctgaaiggcgaatggcgctagtataaaaataagaagcctgcattt
gcaggcttcttatttttatgctagctaaaataaatgtgcctcaacttagatgttaaggcacatttattttatatattattcat
gttttgaaacatttttatctttigtgtattttacgtgtagtaatttgtgagcaagtccttcacctggttticcaaagtagcetatc
atacattttaataatagctggattatcatgtgactttctctttgaaagaacatttitatcttggttgtataatactgatgcetctt
agtttictgta atcaacattttctctatcaagag catttacgtgaggttgacctccaccatttatacatccaccagggcea
agccattactictataaagtgatattgtttttcgttcatitttccagatticataaactcgaagaagttagaagcaccattt
ataacagcaacgtttaétttatttccagcaatttcaacttccgcttcttttatgcctttaaagcctcttacttcagtgtaatc
aacattttcaagttctitatittcagcaaagtctttagctgatcttattgcagcticcataacgccaccggtigecaccaaa
gatagctccagcaccactgtaagtacccatagcaggatcaacticaccatcticaagatctgcaaatttaattitige
atctttaatcatttttgcaagctctetigtagttaaggatgcatcaatatctcttaagcetgttagtitccatgaaaggaata
tctgcttcatattttttatcattacaaggcatgatagtaactgtataaacatcttctggagctattcctgaaattgaagga
tagtaagtttttgatgcagtaccaaatatttgttgtggtgattttgctgatgaaagattatctaataattcaggatgataat
tttgagctaatcttacccatgcaggacagcaagatgtaaacatagggaatgggcecattattittaactctgectaaa
agttcagtagcttcttccattatagtcatatctgcaccaaagtttatatcaaatactttatcaaagcctaacattctaagt
gcagtétatagttttcctgttacatcttttccatatcccattttgaataattcgcccatagcagttcttactgatgg agcca
ttgcaacaatgacatgttitttagggtcattaagagctictigaacttttictatatgggattitictittaaagcagcaaca
ggcgcgcocgcattcacttctitictatataaatatgagcgaagcgaataagcgtcggaaaagcagcaaaaagttic
ctttttgctgttggagcatggggagttcagggggtgcagtatctgacgtcaatgccgagcgaaagegagecgaagg
gtagcatttacgttagataaccccctgatatgctccgacgctttatatagaaaagaagattcaactaggtaaaatctt
aatataggttgagatgataaggtttataaggaatttgtttgttctaatttttcactcattttgttctaatticttttaacaaatgt
tctttitttittagaacagttatgatatagttagaatagtttaaaataaggagtgagaaaaagatgaaagaaagatatg
gaacagtctataaaggctctcagaggctcatagacgaagaaagtggagaagtcatagaggtagacaagttata
ccgtaaacaaacgictggtaacticgtaaaggcatatatagtgcaattaataagtatgttagatatgattggcggaa
aaaaacttaaaatcgttaactatatcctagataatgtccacttaagtaacaatacaatgatagctacaacaagaga
aatagcaaaagctacaggaacaagtctacaaacagtaataacaacacttaaaatcttagaagaaggaaatatt
ataaaaagaaaaactggagtattaatgttaaaccctgaactactaatgagaggcgacgaccaaaaacaaaaat
acctcttactcgaatttgggaactttgagcaagaggcaaatgaaatagattgacctcccaataacaccacgtagtt
attgggaggtcaatctatgaaatgcgattaagggccggccaagtgggcaagtigaaaaattcacaaaaatgtggt
ataatatctttgttcattagagcgataaacttgaatitgagagggaacttagatggtatttgaaaaaatigataaaaat
agttggaacagaaaagagtattttgaccactactttgcaagtgtacctigtacctacagcatgaccgttaaagtgga
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tatcacacaaataaaggaaaagggaatgaaactatatcctgcaatgctttattatattgcaatgattgtaaaccgcc
' attcagagtttaggacggcaatcaatcaagatggtgaattggggatatatgatgagatgataccaagctatacaat
atttcacaatgatactgaaacattticcagcectitggactgagtgtaagtctgactitaaatcatitttagcagattatga
aagtgatacgcaacggtatggaaacaatcatagaatggaaggaaagccaaatgctccggaaaacatttitaatg
tatctatgataccgtggtcaaccttcgatggctitaatctgaatttgcagaaaggatatgattatttgattcctatttttact
atggggaaatattataaagaagataacaaaattatacttcctitggcaattcaagttcatcacgcagtatgtgacgg
atttcacatttgccgttttgtaaacgaattgcaggaattgataaatagttaacttcaggtttgtctgtaactaaaaacaa
otatttaagcaaaaacatcgtagaaatacggtgttttitgtiaccctaagtttaaactcctttitgataatctcatgacca
aaatcccttaacgtgagtittcgticcactgagegtcagaccececgtagaaaagatcaaaggatctictigagatectt
tttttctgcgegtaatctgetgetigcaaacaaaaaaaccaccgcetaccageggatggtttgitigeccggatcaagag
ctaccaactctttttccgaaggtaactggcettcagcagagegcagataccaaatactgtectictagtgtagecgtag
ttaggccaccacttcaagaactctgtagcaccgcectacatacctcgctctgctaatectgttaccagtggetgetgec
agtggcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcageggtcgggctga
acggggggttcgtgcacacagcccagcttggagecgaacgacctacaccgaactgagatacctacagegtgage
tatgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatccggtaageggecagggtecggaaca
ggagagcgcacgagggagcttccagggggaaacgcectggtatctttatagtcctgtegggtttcgecacctetgac
ttg agcgtcg‘atttttgtg atgctcgtcaggggggcggagcectatggaaaaacgccagcaacgeggcctttitacg
gttcctggccttttg ctggccttttgctcacatgtictticctgegttatcecectgatictgtggataaccgtattaccgectt
tgagtgagctgataccgctcgeccgcagecegaacgaccgagegceagegagtcagtgagecgaggaageggaag
agcgcccaatacgcagggccccctgcaggag
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cctgcaggataaaaaaattgtagataaattttataaaatagttttatctacaatttttttatcaggaaacagctatgacc
gcggccgotttatatttttaaaaaattttaggtttacaaaaaatagtgtggctatgttatatataaatgataagaatata
ctgaaaaatgtatccaaaatttaagggggcgtgtatagtaaataattaaaagtatgtgcgttgaaataaatttagga
5 gggtggttacatatggtatttgaaaaaattgatéaaaatagttggaacagaaaagagtattttgaccactactttgca
agtgtaccttgtacctacagcatgaccgttaaagtggatatcacacaaataaaggaaaagggaatgaaactatat
cctgcaatgctttattatattgcaatgattgtaaaccgccattcag agtttaggacggcaatcaatcaagatggtgaa
ttggggatatatgatgagatgataccaagctatacaatatttcacaatgatactgaaacattttccagcctttggactg
agtgtaagtctgactttaaatcatttttagcagattatgaaagtgatacgcaacggtatggaaacaatcatagaatg
10 gaaggaaagccaaatgctccggaaaacatttttaatgtatctatgataccgtggtcaaccttcgatggctttaatctg
aatttgcagaaaggatatgattatttgattcctatttttactatggggaaatattataaagaagataacaaaattatact

tcctttggcaattcaagttcatcacgcagtatgtgacggatttcacatttg
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ccgttttgtaaacgaattgcaggaattgataaatagttaaacgcegtccatggagatctcg aggcctgcagacatgce
aagcttggcactggccgtcgttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgccttgcag
cacatccccectticgccagetggegtaatagcgaagaggeccgeaceg atcgcccttecccaacagttgegeage

ctgaatggcgaatggcgctagcataaaaataagaagcectgceatttg caggcticttatttitatggcgegecgttctg
aatccttagctaatggttcaacaggtaactatgacgaagatagcaccctggataagtctgtaatggattctaaggc

atttaatgaagacgtgtatataaaatgtgctaatgaaaaagaaaatgcgttaaaagagcctaaaatgagttcaaat
ggttttgaaattgattggtagtttaatttaatatatttttictattggctatctcgatacctatagaatcttctgttcacttttgttt
ttgaaatataaaaaggggctttttagccccttitttitaaaactccggaggagtttcticattcttgatactatacgtaact
attttcgatttgacttcattgtcaattaagctagtaaaatcaatggttaaaaaacaaaaaacttgcatttttctacctagt
aatttataattttaagtgtcgagtttaaaagtataatttaccaggaaaggagcaagttttttaataaggaaaaatttttc
cttttaaaattctatticgttatatgactaattataatcaaaaaaatgaaaataaacaagaggtaaaaactgctttaga
gaaatgtactgataaaaaaagaaaaaatcctagatttacgticatacatagcacctttaactactaagaaaaatatt
gaaaggacticcactigtggagattattigtttatgttgagtgatgcagacttagaacattttaaattacataaaggtaa
tttttgcggtaatagattttgtccaatgtgtagttggcgacttgcttgtaaggatagtttagaaatatctattcttatggag

catttaagaaaagaagaaaataaagagtttatatttttaactcttacaactccaaatgtaaaaagttatgatcttaatt
attctattaaacaatataataaatcttttaaaaaattaatggagcgtaaggaagttaaggatataactaaaggttata
taagaaaattagaagtaacttaccaaaaggaaaaatacataacaaaggatttatggaaaataaaaaaagattat
tatcaaaaaaaaggacttgaaattggtgatttagaacctaattttgatacttataatcctcattttcatgtagttattgea

gttaataaaagttattitacagataaaaattattatataaatcgagaaagatggttggaattatggaagtttgctacta

aggatgattctataactcaagttgatgttagaaaagcaaaaattaatgattataaagaggtttacgaacttgcgaaa
taticagctaaagacactgattatitaatatcgaggccagtatttgaaatttittataaagcattaaaaggcaageag

gtattagtitttagtggatittttaaagatgcacacaaattgtacaagcaaggaaaactigatgittataaaaagaaa

gatgaaattaaatatgtctatatagtttattataatiggtgcaaaaaacaatatgaaaaaactagaataagggaact
tacggaagatgaaaaagaagaattaaatcaagatttaatagatgaaatagaaatagattaaagtgtaactatactt
tatatatatatgattaaaaaaataaaaaacaacagcctattaggttgttgttttttattttctttattaatttttttaatttttagt
ttttagttcttttitaaaataagtticagectctttttcaatattttttaaagaaggagtatttgcatgaattgcecttttttctaac
agacttaggaaatattttaacagtatcttcttgcgccggtgattttggaacttcataacttactaatttataattattattttc
ttttttaattgtaacagttgcaaaagaagcetgaacctgticcticaactagtttatcatcttcaatataatattcttgaccta
tatagtataaatatatttttattatatitttacttitttctgaatctattattttataatcataaaaagttttaccaccaaaagaa
ggttgtactcctictggtccaacatattttttitactatattatctaaataatttitgggaactggtgtigtaatttgattaatcg
aacaaccagttatacttaaaggaattataactataaaaatatataggattatcttittaaatttcattattggcctecttttt
attaaatttatgttaccataaaaaggacataacgggaatatgtagaatatttttaatgtagacaaaattttacataaat
ataaagaaaggaagtgtttgtttaaattttatagcaaactatcaaaaattagggggataaaaatttatgaaaaaaa

ggttttcgatgttatttttatgtitaactttaatagtttgtggtttatttacaaaticggccggecgaagceaaacttaagagt

gtgttgatagtgcagtatcttaaaatttigtataataggaattgaagttaaattagatgctaaaaatitgtaattaagaa
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ggagtgattacatgaacaaaaatataaaatatictcaaaactttttaacgagtgaaaaagtactcaaccaaataat
aaaacaattgaatttaaaagaaaccg_ataccgtttacgaaattggaacaggtaaagggcatttaacgacgaaac
tggctaaaataagtaaacaggtaacgtctattgaattagacagtcatctattcaacttatcgtcagaaaaattaaaa
ctgaatactcgtgtcactttaattcaccaagatattctacagtttcaattccctaacaaacagaggtataaaattgttg
ggagtattccttaccatttaagcacacaaattattaaaaaagtggtttttgaaagccatgcgtctgacatctatctgatt
gttgaagaaggattctacaagcgtaccttggatattcaccgaacactagggttgctcttgcacactcaagtctcgatt
cagcaattgcttaagctgccageggaatgctitcatcctaaaccaaaagtaaacagtgtcttaataaaacttacec
gccataccacagatgttccagataaatattggaagctatatacgtactttgtttcaaaatgggtcaatcgagaatatc
gtcaactgtttactaaaaatcagtttcatcaagcaatgaaacacgccaaagtaaacaatttaagtaccgttacttat
gagcaagtattgtctatttttaatagttatctattatttaacgggaggaaataattctatgagtcgcttttgtaaatttgga
aagttacacgttactaaagggaatgtgtttaaactcctttttgataatctcatgaccaaaatcccttaacgtgagttttc
gttccactgagcgtcagaccccgtagaaaagatcaaéggatcttcttgagatcctttttttctgcgcgtaatctgctgc
ttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgccggatcaagagctaccaactctttttccgaaggt
aactggcttcagcagagcgcagataccaaatactgttcttctagtgtagccgtagttaggccaccacttcaagaact
ctgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggctgctgccagtggcgataagtcgtgtctta
ccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacaca
' gcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagctatgagaaagcgccacgctt
cccgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggag
cttccagggggaaacgcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatg
ctcgtcaggggggcggagcctatggaaaaacgccagcaacgcggcctttttacggttcctggccttttgctggcctt
ttgctcacatgttctttcctgcgttatcccctgattctgtggataaccgtattaccgcctttg agtgagctgataccgctce
gccgcagecgaacgaccgagegcagcegagteagtgagegaggaageggaagagegeccaatacgeaggg
ccccctgcttcggggtcattatagcgattttttcggtatatccatcctttttcgcacgatatacaggattttgccaaaggg
ttcgtgtagactttccttggtgtatccaacggcgtcagccgggcaggataggtgaagtaggcccacccgcgagcg
ggtgttccttcttcactgtcccttattcgcacctggcggtgctcaacgggaatcctgctctgcgaggctggcoggctac
cgccggcgtaacagatgagggcaagcggatggctgatgaaaccaagccaaccaggaagggcagcccaccta
tcaaggtgtactgccttccagacgaacgaagagcgattgaggaaaaggcggcggcggccggcatgagcctgtc
ggcctacctgctggccgtcggccagggctacaaaatcacgggcgtcgtggactatgagcacgtccgcgagctgg
cccgcatcaatggegacctgggceeg cctgggeggectgetgaaactctgg ctcaccgacgacccgegcacgge
gcggttcggtgatgccacgatcctcgccctgctggcgaagatcgaagagaagcaggacgagcttggcaaggtc
atgatgggcgtggtccgcccgagggcagagccatgacttttttagccgctaaaacggccggggggtgcgcgtgat
tgccaagcacgtccccatgcgctccatcaagaagagcgacttcgcggagctggtgaagtacatcaccgacgag
caaggcaagaccgatcgggcecc
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Figure 26.

cctgcaggataaaaaaatigtagataaattttataaaatagttttatctacaatitttttatcaggaaacagctatgacce
gcggccgcecatattatttttitattatactataaataaactaattgcectttaaatttttaataagecatitttacgaaatate
cataatcaattatgtaaacatactaataaaaatttgatatatttaaattttaggtttacaaaaaataatttgattatgttat
atgttatatgtaagattaattcttéaataaaggaggaatccatatggtatttgaaaaaattgataaaaatagttggaa
cagaaaagagtattttgaccactacttigcaagtgtacctigtacctacagcatgaccgttaaagtggatatcacac
aaataaaggaaaagggaatgaaactatatcctgcaatgctitattatattgcaatgattgtaaaccgcecattcagag
tttaggacggcaatcaatcaagatggtgaatiggggatatatgatgagatgataccaagctatacaatatttcacaa
tgatactgaaacattttccagcctitggactgagtgtaagictgactttaaatcatttitagcagattatgaaagtgata
cgcaacggtatggaaacaatcatagaatggaaggaaagccaaatgctccggaaaacatttttaatgtatctatga
taccgtggtcaaccttcgatggctttaatctgaatitgcagaaaggatatgattatttgattcctatttttactatgggga
aatattataaagaagataacaaaattatacttcctttggcaattcaagttcatcacgcagtatgtgacggatttcacat
ttgcegttttgtaaacgaattgcaggaattgataaatagttaaacgegtccatggagatctcgaggectgcagacat
gcaagcttggcactggccgtegttttacaacgtcgtgactgggaaaaccctggcegttacccaacttaategectige
agcacatccccctticgecagetggegtaatagecgaagaggeccgceaccgategeccttcccaacagttgegea

gcctgaatggcegaatggcegctagcataaaaataagaagcectgcatttgcaggcttcttattittatggegegecegttc
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tgaatccttagctaatggticaacaggtaactatgacgaag atagcaccctggataagtctgtaatggatictaagg
catttaatgaagacgtgtatataaaatgtgctaatgaaaaagaaaatgcgttaaaagagcctaaaatgagttcaa
atggttttgaaattgattggtagtttaatttaatatattttttctattggctatctcgatacctatagaatcttctgttcacttttg
tttttgaaatataaaaaggggctttttagccccttttttttaaaactccggaggagtttcttcattcttgatactatacgtaa
ctattttcgatttgacttcattgtcaattaagctagtaaaatcaatggttaaaaaacaaaaaacttgcatttttctaccta
gtaatttataattttaagtgtcgagtttaaaagtataatttaccaggaaaggagcaagttttttaataaggaaaaattttt
ccttttaaaattctatttcgttatatgactaattataatcaaaaaaatgaaaataaacaagaggtaaaaactgctttag
agaaatgtactgataaaaaaagaaaaaatcctagatttacgtcatacatagcacctttaactactaagaaaaatat
tgaaaggacttccacttgtggagattatttgtttatgttgagtg atgcagacttagaacattttaaattacataaaggta
atttttgcggta atagattttgtccaatgtgtagttggcgacttgctigtaaggatagtttagaaatatctattcttatgga
gcatttaagaaaagaagaaaataaagagtttatatttttaactcttacaactccaaatgtaaaaagttatgatcttaat
tattctattaaacaatataataaatctittaaaaaattaatggagcgtaaggaagtitaaggatataactaaaggttat
ataagaaaattagaagtaacttaccaaaaggaaaaatacataacaaaggatttatggaaaataaaaaaagatt
attatcaaaaaaaaggacttgaaattggtgatttagaacctaattttgatacttataatcctcattttcatgtagttattgc
agttaataaaagttattttacagataaaaattattatataaatcgagaaagatggttggaattatggaagtttgctact
aaggatgattctataactcaagttgatgttagaaaagcaaaaattaatgattataaagaggtttacgaacttgcgaa
atattcagctaaagacactgattatttaatatcgaggccagtatttgaaattttttataaagcattaaaaggcaagca
ggtattagtttttagtggattttttaaagatgcacacaaattgtacaagcaaggaaaacttgatgtttataaaaagaa
agatgaaattaaatatgtctatatagtttattataattggtgcaaaaaacaatatgaaaaaactagaataagggaac
ttacggaagatgaaaaagaagaattaaatcaagatttaatagatgaaatagaaatagattaaagtgtaactatact
ttatatatatatgattaaaaaaataaaaaacaacagcctattaggttgttgttttttattttctttattaatttttttaatttttag
tttttagttcttttitaaaataagtttcagectctitttcaatattitttaaagaaggagtatttgcatg aattgcctttttictaa
cagacttaggaaatattttaacagtatcttcttgcgccggtgattttggaacttcataacttactaatttataattattatttt
cttttttaattgtaacagttgcaaaagaagctgaacctgttccttcaactagtttatcatcttcaatataatattcttgacct
atatagtataaatatatttttattatatttttactttttictg aatctattattttataatcataaaaagttttaccaccaaaaga
aggttgtactccttctggtccaacatatttttttactatattatctaaataatttt_tgggaactggtgttgtaatttgattaatc
gaacaaccagttatacttaaaggaattataactataaaaatatataggattatctttttaaatttcattattggcctccttt
ttattaaatitatgttaccataaaaaggacataacgggaatatgtagaatatttttaatgtagacaaaattttacataa
atataaagaaaggaagtgtttgtttaaattttatagcaaactatcaaaaattagggggataaaaatttatgaaaaaa
aggttttcgatgttatttttatgtttaactttaatagtttgtggtttatttacaaattcggccggccgaagcaaacttaagag
tgtgttgatagtgcagtatcttaaaattttgtataataggaattgaagttaaattagatgctaaaaatttgtaattaagaa
ggagtgattacatgaacaaaaatataaaatattctcaaaactttttaacgagtgaaaaagtactcaaccaaataat
aaaacaattgaatttaaaagaaaccgataccgtttacgaaattggaacaggtaaagggcatttaacgacgaaac
tggotaaaataagtaaacaggtaacgtctattgaattagacagtcatctattcaacttatcgtcagaaaaattaaaa

ctgaatactcgtgtcactttaattcaccaagatattctacagtttcaattccctaacaaacagaggtataaaattgttg
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ggagtattccttaccatttaagcacacaaattattaaaaaagtggttittgaaagccatgegtctgacatctatctgatt
gttgaagaaggatictacaagcgtaccttggataticaccgaacactagggttgctctigcacactcaagtctcgatt
cagcaatigcttaagctgccageggaatgcetttcatcctaaaccaaaagiaaacagtgictiaataaaacttacece
gccataccacagatgticcagataaatattggaagctatatacgtacttigtitcaaaatgggtcaatcgagaatate
gtcaactgtttactaaaaatcagtitcatcaagcaatgaaacacgccaaagtaaacaatttaagtaccgttacttat
gagcaagtattgtctatttttaatagttatctattatttaacgggaggaaataattctatgagtcgcttttgtaaatttgga
aagttacacgttactaaagggaatgtgtttaaactcctttitgataatctcatgaccaaaatcccttaacgtgagttttc
gttccactgagcgtcagaccccgtagaaaagatcaaaggatcticttgagatcctttttttctgecgegtaatetgetge
ttgcaaacaaaaaaaccaccgctaccageggtggtttgtttgccggatcaagagcetaccaactctttttccgaaggt
aactggcttcagcagagcgcagataccaaatactgticttctagtgtagecgtagttaggccaccacticaagaact
ctgtagcaccgcctacatacctcgetetgetaatectgttaccagtggetgetgeccagtggegataagtegtgtetta
ccgggttggactcaagacgatagttaccggataaggegcageggtcgggcetgaacggggggticgtgcacaca
gcccagcttggagcgaacgacctacaccgaactglagatacctacagcgtgagctatgagaaagcgccacgctt
cccgaagggagaaaggcggacaggtateccggtaageggecagggtcggaacaggagagcegcacgagggag
cttccagggggaaacgcctggtatctttatagtectgtegggtticgecacctetgacttgagegtegatttttgtgatg
ctcgtcaggggggceggagcctatggaaaaacgccagcaacgcggcctttttacggttcctggcecttttgetggectt
ttgctcacatgttctttcctgegttatcccctgattctgtggataaccgtattaccgectttgagtgagcetgataccgcte
gccgcagcecgaacgaccgagcegcagcgagtcagtgagcgaggaageggaagagcegeccaatacgeaggg
ccccctgeticggggteattatagegattttttcggtatatccatcctitttcgcacgatatacaggattttgccaaaggg
ttcgtgtagactttccttggtgtatccaacggcgtcagccgggcaggataggtgaagtaggcccacccgcgagcg
ggtgticcttcttcactgteecttattcgcacctggeggtgctcaacgggaatectgetctgecgaggetggecggetac
cgccggcgtaacagatgagggcaagcggatggctgatgaaaccaagccaaccaggaagggcagcccaccta
tcaaggtgtactgccttccagacgaacgaagagcgattgaggaaaaggecggceggceggccggceatgagcectgte
ggcctacctgctggecgtecggecagggctacaaaatcacgggegtegtggactatgagcacgtecgegagetgg
ccegcatcaatggcgacctgggccgcectgggeggcectgcetgaaactctggctcaccgacgaccegegecacggce
gcggttcggtgatgccacgatcctcgccctgctggcgaagatcgaagagaagcag’gacgagcttggcaaggtc
atgatgggcgtggtccgeccgagggcagagcecatgacttitttageccgcetaaaacggecgggggatgegegtgat
tgccaagcacgtcecccatgcgetccatcaagaagagcegacttcgcggagetggtgaagtacatcaccgacgag
caaggcaagaccgatcgggecc
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Figure 29. 4
ttagaaggtcatttcttactatcatctggaagacatagtaatagatattgtcaatgtgcgaaactacttcaatatccac
aaaaagcagaaaaagttattagtgtaatagcacagaagcttaaaaatgtagactttaatataatagtaggaccag
ctatgggtggtgtaatagtatcctatgaattagcaaggcaaactaatagaccaggcatatttgéagaaagaaaag
atggaatcatgtgtatacgaagaggatttgaaataaaaaaaggagataaagttataatatcagaggatgtaataa
ctacaggtaaatcttctttagaagtagctaaagttatagaagaaatgggtggagaagtagtaggtatagcatgtata
gttgatagaagagcggaaggtataaaaacaaactatcaaatatatagtgcttgtaaattagaaatagaaacttatg
aaaaagataactgtgagttatgtaaaaaaaatataccttttgtaaaaccaggtagtagagaacaaaaataagcg
gccgctgtatccatatgaccatgattacgaattcgagctcggtacccggggatcctctagagtcgacgtcacgcgt
ccatggagatctcgaggcectgcagacatgcaagcettggeactggecgtegttttacaacgtcgtgactgggaaaa
ccctggcgttacccaacttaa'tcgccttgcagcacatccccctttcgccagctggcgtaatagcgaagaggcccgc
accgatcgceccttcccaacagttgecgecagectgaatggegaatggegetag catttaaaaataaggagtotctca
aaatagatttaattttgagacatttttttagttttaacaaatattaaacaaaaacttaattttactttaataattatgaaaat
ggttattaatttttattgttttgagttataatagtgttaattatatattataataattgatacattttatttattttagtatagatag

gtattatatataggaggaattattgtggcaaaaccaagtatttttagoaaagattatgaaaatagaatgaaaaaga
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gaaaaagaaggacatittittcagtiatagttataatagtaattitttitaggaataataticactaataatggtatiggtaa
aaaaataaaaaatagittaaaicasataaaagaagaaactaaggcigaagaagaacaaaaaaataaacaac
aagaacaaaaggaaaataaaaaagaaaatcaaaatagaaatgcagccacagtaaaaaaagaaagigaagt
tcctaaagataataatatagaagttcaattagaaggcaatataaaaataaagttgatatatatagaagatagtaat

aaaaataagactattaaatctatagatctaaataaaaataattiattatatgatataaatccticaaaaaattcaatag
ttgtaacaaatcctaaaacicaaaatatttatitagtaaatttaaatggtgaaaagcaagatataacaaataagcag
tatacatcaacatctggaacaactttitcaaaaggatgctatattagcgtcaaaacaagattatttatggggagttttac
ctaagttcatagataatgataatatagcctatgtitctcaactgccatggtttaataaaaccactaaatatgtatggatg
tataatataaaaaataaaactcattiatataatgaaaatatatcaggagaagacattaagtttgataaattaacaga
aaaaggticitacagtaatigcagatggcaaaactitatititaaaagcagatggaagtatagctcagtaaattaaaa
aataltaaatatagaagtiaataagtagcaaitaaaatataaaatitttaagagtgtatgaaatatatacactctigett
tatttaaggaggtaaatatggaaataggaatgtctictgctigtitgtatcctaaagtaccaatagaagaaagtatatc
agtggcgcgccgcattcactictttictatataaatatgagcgaagcgaataagcegicggaaaagcagcaaaaag
tttectttttgetgttggagcatgggggttcagggggtgcagtatctgacgtcaatgccgagegaaagegagcecgaa
gggtagcatttacgttagataaccccctgatatgctccgacgctttatatagaaaagaagattcaactaggtaaaat
cttaatataggttgagatgataaggtttataaggaattigtttgtictaatttttcactcattttgtictaatticttttaacaaa
tgttctitttttittagaacagttatgatatagttagaatagtttaaaataaggagtgagaaaaagatgaaagaaagat
atggaacagtctataaaggctctcagaggcticatagacgaagaaagtggagaagtcatagaggtagacaagtt

ataccgtaaacaaacgtictggtaacticgtaaaggcatatatagtgcaattaataagtatgttagatatgatiggeg

gaaaaaaacttaaaatcgttaactatatcctagataatgtccacttaagtaacaatacaatgatagctacaacaag
agaaatagcaaaagctacaggaacaagtctacaaacagtaataacaacacttaaaatcttagaagaaggaaa
tattataaaaagaaaaactggagtattaatgttaaaccctgaactactaatgagaggcgacgaccaaaaacaaa
aatacctcttactcgaatttgggaactttgagcaagaggcaaatgaaatagattgacctcccaataacaccacgta
gttattgggaggtcaatctatgaaatgcgattaagggccggcecagtgggcaagttgaaaaattcacaaaaatgtyg

gtataatatctttgttcattagagcgataaacttgaatttgagagggaacttagatggtatttgaaaaaattgataaaa
atagttggaacagaaaagagtatittgaccactactttgcaagtgtacctigtacctacagcatgaccgttaaagtg

gatatcacacaaataaaggaaaagggaatgaaactatatcctgcaatgctttattatattgcaatgattgtaaaccg
ccattcagagtitaggacggcaatcaatcaagatggtgaatiggggatatatgatgagatgataccaagcetataca
atatttcacaatgatactgaaacattttccagectttggactgagtgtaagictgactitaaatcatttttagcagattat

gaaagtgatacgcaacggtatggaaacaatcatagaatggaaggaaagccaaatgctccggaaaacattitia

atgtatctatgataccgtggtcaaccticgatggctttaatctgaatitgcagaaaggatatgattatitgattcctattttt
actatggggaaatattataaagaagataacaaaattatacttcctttggcaattcaagttcatcacgcagtatgtgac
ggatttcacattigcegtittgtaaacgaatigcaggaattgataaatagttaacttcaggtttgtctgtaactaaaaac
aagtatttaagcaaaaacatcgtagaaatacggtgtittitgtiaccctaagtttaaactcctitttgataatctcatgac

caaaalcccttaacgtgagttticgttccactgagecgtcagacceecgtagaaaagatcaaaggatcetictigagate
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ctttttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgccggatcaag
agctaccaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgttcttctagtgtagccgt
agttaggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggctgctg
ccagtggcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggct
gaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaactgagatacctacag cgtg
agctatgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatccggtaagcggcagggtcgga
acaggagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtcctgtcgggtttcgccacctct
gacttgagcgtcgatttttgtgatgctcgtcaggggggcggagcctatggaaaaacgccagcaacgcggccttttt
acggttcctggccttttgctggccttttgctcacatgttctttcctgcgttatcccctgattctgtggataaccgtattaccg
cctttgagtgagctgataccgetecgeccgcagecgaacgaccgagegcagegagicagtgagcgaggaagegg
aagagcg cccaatacgcagggccccctgettcggggtecattatagegattttticggtatatccatecttittcgeacg
atatacaggattttgccaaagggttcgtgtagactttccttggtgtatccaacggcgtc_agccgggcaggataggtg
aagtaggcccacccgcgagcgggtgttccttcttcactgtcccttattcgcacctggcggtgctcaacgggaatcct
gctctgcgaggctggccggctaccgccggcgtaa_cagatgagggcaagcgg atggctgatgaaaccaagcca
accaggaagggcagcccacctatcaaggtgtactgecticcagacgaacgaagagcegatigaggaaaaggeg
gcggcggccggcatgagcctgtcggcctacctgctggccgtcggccagggctacaaaatcacgggcgtcgtgg
actaigagcacgtccgcgagctggcccgcatcaatggcgacctgggccgcctgggcggcctgctgaaactctgg
ctcaccgacgacccgc:gcacggcgcggttcggtgatgccacgatcctcgccctgctggcgaagatcgaagaga
agcaggacgagcttggcaaggtcatgatgggcgtggtccgcccgagggcagagccatgacttttttagccgctaa
aacggccggggggtgcgcgtgattgccaagcacgtccccatgcgctccatcaagaagagcgacttcgcggagc
tggtgaagtacatcaccgacgagcaaggcaagaccg atcgggccccctgcaggagtaatataaatgttatagat
atattaaaagaatcaaatgcatta
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ttagaaggtcatticttactatcatctggaagacatagtaatagatatigtcaatgtgcgaaactacticaatatccac
agaaagcagaaaaagitattagtgtaatagcacagaagcttaaaaatgtagactttaatataatagtaggaccag
ctatgggtggtgtaatagtatcctatgaattagcaaggcaaactaatagaccaggcatétttgcagaaagaaaag
atggaatcatgtgtatacgaagaggatitgaaataaaaaaaggagataaagttataatatcagaggatgtaataa
ctacaggtaaatcttctttagaagtagctaaagttatagaagaaatgggtggagaagtagtaggtatagcatgtata
gttgatagaagagcggaaggtataaaaacaaactatcaaatatatagtgcttgtaaattagaaatagaaacttatg
aaaaagataactgtgagttatgtaaaaaaaatataccttitgtaaaaccaggtagtagagaacaaaaataagcg
gccgcgaattcactagtgattcatcattataaatataagagaggatgatcatatgcaaaagtctttttatgéattaatt
gttttagcaagaaataactcagtagatgattigcaagaaattitatttatgittaagccattagtaaaaaaacttagtag
agtiitacatiaigaagagggagaaacagatitaataatattiitiattgaattaataaaaaatatiaaattaagtagcett
ttcagaaaaaagcgatgctattatagtcaaatataticataaatcattactgaataagacttitgagttgtctagaaga
tattctaaaatgaagtttaattttgtagaattigatgaaaatatcttaaatatgaaaaataattatcaaagtaagtctgttt
ttgaggaagatatttgttttttcgaatatatittgaaagaattatctggtattcaaagaaaagttattttttataaatatttaa

aaggatattctgatagagaaatatcagtgaaattaaaaatatctagacaagctgttaataaggctaaaaatagag
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catttaaaaaaataaaaaaagactatgaaaattattttaacttgtaattaatgagcttaaagaaggatcctctagagt
cgacgtcacgcgtccatggagatctcgaggectgcagacatgcaagcetiggcactggecegtegttttacaacgte

gtgactgggaaaaccctggcgttacccaacttaatcgecttgcagcacatecccectticgeccagetggegtaatag
cgaagaggcccgcaccgatcgeccttcccaacagtigcgcagectgaatggegaatggcegctagceatttaaaaa
taaggagtgtctcaaaatagatttaattttgagacatttitttagttttaacaaatattaaacaaaaacttaattttactita
ataattatgaaaatggttattaatttttattgtttigagttataatagtgttaatiatatattataataattgatacattttattta
ttttagtatagataggtattatatataggaggaattattgtggcaaaaccaagtatttttagcaaagattatgaaaata

gaatgaaaaagagaaaaagaaggacatttttttcagttatagttataatagtaatttttttaggaataatattcactaat
aatggtattggtaaaaaaataaaaaatagtttaaatcaaataaaagaagaaactaaggctgaagaagaacaaa
aaaataaacaacaagaacaaaaggaaaataaaaaagaaaatcaaaataaaaatgcagccacagtaaaaa

aagaaagtgaagttcctaaagataataatatagaagttcaattagaaggcaatataaaaataaagttgatatatat
agaagatagtaataaaaataagactaitaaatctatagatctaaataaaaataatttattatatgatataaatccttc

aaaaaattcaatagtigtaacaaatcctaaaactcaaaatatttatttagtaaatttaaatggtgaaaagcaagatat
aacaaataagcagtatacatcaacatctggaacaacttttcaaaaggatgctatattagcgtcaaaacaagattat
ttatggggagtittacctaagttcatagataatgataatatagcctatgttictcaactgccatggtttaataaaaccact
aaatatgtatggatgtataatataaaaaataaaactcatttatataatgaaaatatatcaggagaagacattaagttt
gataaattaacagaaaaaggtcttacagtaattgcagatggcaaaactttatttttaaaagcagatggaagtatag

ctcagtaaattaaaaaatattaaatataaaagttaataagtagcaattaaaatataaaatttttaagagtgtatgaaa
tatatacactcttgctttatttaaggaggtaaatatggaaataggaatgtcttctgcetigttigtatcctaaagtaccaat

agaagaaagtatatcagtggcgcgecgcattcacttcttttctatataaatatgagcgaagcgaataagcegtcgga
aaagcagcaaaaagtttccitttigctgttggagcatgggogttcagggggtgcagtatctgacgtcaatgccgag

cgaaagcgagccgaagggtagceatitacgttagataacccectgatatgetccgacgcetitatatagaaaagaag
attcaactaggtaaaatcttaatataggttgagatgataaggtitataaggaatiigtitgtictaatttticactcattiigt
tctaatttctittaacaaatgttctttittitttagaacagttatgatatagttagaatagtitaaaataaggagtgagaaaa
agatgaaagaaagatatggaacagtctataaaggctctcagaggctcatagacgaagaaagtggagaagtcat
agaggtagacaagttataccgtaaacaaacgtctggtaacttcgtaaaggcatétatagtgcaattaataagtatgt
tagatatgattggcggaaaaaaacttaaaatcgttaactatatcctagataatgtccacttaagtaacaatacaatg

atagctacaacaagagaaatagcaaaagctacaggaacaagtctacaaacagtaataacaacacttaaaatct
tagaagaaggaaatattataaaaagaaaaactggagtattaatgttaaaccctgaactactaatgagaggcgac

gaccaaaaacaaaaatacctcttactcgaatttgggaactttgagcaagaggcaaatgaaatagattgacctccc
aataacaccacgtagttattgggaggtcaatctatgaaatgcgattaagggccggecagtgggceaagttgaaaa

attcacaaaaatgtggtataatatctiigttcattagagcgataaacttgaatitgagagggaacttagatggtatttga
aaaaattgataaaaatagttggaacagaaaagagtatittgaccactactttgcaagtgtaccttgtacctacagca
tgaccgttaaagtggatatcacacaaataaaggaaaagggaatgaaactétatcctgcaatgctttattatattgca

atgattgtaaaccgccattcagagtttaggacggcaatcaatcaagatggtgaattggggatatatgatgagatga
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taccaagctatacaatatttcacaatgatactgaaacattttccagcctttggactgagtgtaagtctgactttaaatc
atttttagcagattatgaaagtgatacgcaacggtatggaaacaatcatagaatggaaggaaagccaaatgctcc
ggaaaacatttttaatgtatctatgataccgtggtcaaccticgatggctttaatctgaatttgcagaaaggatatgatt
atttgattcctatttttactatggggaaatatiataaagaagataacaaaattatacttcctitggcaattcaagttcate
acgcagtatgtgacggatttcacatttgccgttttgtaaacgaattgcaggaattgataaatagttaacttcaggtttgt
ctgtaactaaaaacaagtatttaagcaaaaacatcgtagaaatacggtgttttttgttaccctaagtttaaactccttttt
gataatctcatgaccaaaatcccttaacgtgagttttcgttécactgagcgtcagacccbgtagaaaagatcaaag
gatcttcttgagatcctttttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgt
ttgccggatcaagagctaccaactctttttccgaaggtaactggceticagcagagcegcagataccaaatactgttct
tctagtgtagccgtagttaggccaccacttcaagaactctgtagcaccgectacatacctegctetgotaatectgtt
accagtggcetgotgccagtggcgataagtegtgtettacegggtiggactcaagacgatagttaccggataagge
gcagcggtcgggctgaacgggggoticgtgcacacageccagetiggagegaacgacctacaccgaactgag
atacctacagcgtgagctatgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatccggtaag
cggcagggtcggaacaggagagegcacgagggagcticcagggggaaacgcectggtatctitatagtcetgte
gggtttcgccacctetgacttgagegtegattttigtgatgetegtcaggggggeggagectatggaaaaacgeca
gcaacgcggcctttttacggttcctggecttttgetggcectttigcetcacatgttetttcctgegttatcecctgattctgtg
gataaccgtattaccgcctttgagtgagctgataccgctcgccgcagccgaacgaccgagcgcagcgagtcagt
gagcgaggaagcggaagagcgcccaatacgcagggccccctgcttcggggtcattatagegattttttcggtata
tccatcctttttcgcacgatatacaggattttgccaaagggttcgtgtagactttccttggtgtatccaacggcgtcagc
cgggcaggataggtgaagtaggcccaccecgegagegggtaticeticttcactgteccttaticgeacctggeggt
gctcaacgggaatectgcictgcgaggetggecggetaccgecggegtaacagatgagggeaageggatgget
gatgaaaccaagccaaccaggaagggcagcccacctatcaaggtgtactgecticcagacgaacgaagageg
attgaggaaaaggcggcggeggcecggceatgagcectgtecggectacctgetggecgtcggecagggctacaaa
atcacgggcgtcgtggactatgagcacgtccgegagcetggeccgcatcaatggegacctgggeegectgggeg
gcctgctgaaactctggctcaccgacgacccgcgcacggcgcggttcggtgatgccacgatcctcgccctgctgg
cgaagatcgaagagaagcaggacgagcttggcaaggtcatgatgggcgtggtccgcccgagggcagagccat
gacttttttagccgctaaaacggccggggggtgcgegtgatigeccaageacgtecceatgegetccatcaagaag
agcgacttcgcggagetggtgaagtacatcaccgacgagcaaggcaagaccgatcgggeccectgecaggagt
aatataaatgttatagatatatiaaaagaatcaaatgcatt
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chromosome
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Figure 31
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Notl Ndel

pPMTL-JH27
ColE1 RNA II 5115 bp

Figure 36.
ttagaaggtcatticttactatcatctggaagacatagtaatagatattgtcaatgtgcgaaactacttcaatatccac
aaaaagcagaaaaagttattagtgtaatagcacagaa_gcttaaaaatgtagactttaatataatagtaggaccag
ctatgggtggtgtaatagtatcctatgaattagcaaggcaaactaatagaccaggcatatttgcagaaagaaaag
atggaatcatgtgtatacgaagaggagcggccgctgtatccatatgaccatgattacgaattcgagctcggtaccc
ggggatcctctagagtcgacgtcacgcgtccatggagatctcgaggcctgcagacatgcaagcttggcactggc
cgtcgttttacaacgtcgtgactgggaaaaccctggegtta cccaacttaatcgecttgcageacatccccctttege
cagctggcgtaatagcgaagaggcccgcaccgatcgcccttcccaacagttgcgcagcctgaétggcgaatgg
cgctagcatttaaaaataaggagtgtctcaaaatagatttaattttgagacatttttttagttttaacaaatattaaacaa
aaacttaattttactttaataattatgaaaatggttattaatttttattgttttgagttataatagtgttaattatatattataat '
aattgatacattttatttattttagtatagataggtattatatataggaggaattattgtggcaaaaccaagtatttttagc
aaagattatgaaaatagaatgaaaaagagaaaaagaaggacatttttttcagttatagttataatagtaatttttttag
gaataat.attcactaataatggtattggtaaaaaaataaaaaatagtttaaatcaaataaaagaagaaactaagg
Ctgaagaagaacaaaaaaataaacaacaagaaca-aaaggaaaataaaaaagaaaatcaaaataaaaatg

cagccacagtaaaaaaagaaagtgaagttcctaaagataataatatagaagttcaattagaaggcaatataaaa
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ataaagtigatatatatagaagatagtaataaaaataagactattaaatctatagatctaaataaaaataatttattat
atgatataaatccttcaaaaaaticaatagtigtaacaaatcctaaaactcaaaatatttatttagtaaatttaaatggt
gaaaagcaagatataacaaataagcagtatacatcaacatctggaacaacttttcaaaaggatgctatattageg
tcaaaacaagattatttatggggagttttacctaagticatagataatgataatatagcctatgtttctcaactgccatg
gtttaataaaaccactaaatatgtatggatgtataatataaaaaataaaactcatttatataatgaaaatatatcagg
agaagacattaagtttgataaattaacagaaaaaggtcttacagtaattgcagatggcaaaacitttatttttaaaag

cagatggaagtatagctcagtaaattaaaaaatattaaatataaaagttaataagta‘gcaattaaaatataaaattt
{taagagtgtatg aaatatatacactcttgctttatttaaggaggtaaatatggaaataggaatgtcttctgcttgtttgt

atcctaaagtaccaatagaagaaagtatatcagtggcgegecgcattcacttcttitctatataaatatgagecgaag
cgaataagcgtcggaaaagcagcaaaaagtticcttitigetgitggageatgggggttcagggggtgcagtatct

gacgtcaatgccgagcgaaagcgagcecgaagggtagcatttacgttagataaccccectgatatgetececgacgett
tatatagaaaagaagattcaactaggtaaaatcttaatataggttgagatgataaggtttataaggaattigtttgtict
aatttttcactcattttgttctaatticttttaacaaatgticttititttitagaacagttatgatatagttagaatagtttaaaa
taaggagtgagaaaaagatgaaagaaagatatggaacagtctataaaggctctcagaggctcatagacgaag

aaagtggagaagtcatagaggtagacaagttataccgtaaacaaacgtctggtaacttcgtaaaggcatatatag
tgcaattaataagtatgttagatatgattggcggaaaaaaacttaaaatcgttaactatatcctagataatgtccactt
aagtaacaatacaatgatagctacaacaagagaaatagcaaaagctacaggaacaagtctacaaacagtaat
aacaacacttaaaatcttagaagaaggaaatattataaaaagaaaaactggagtattaatgttaaaccctgaact
actaatgagaggcgacgaccaaaaacaaaaatacctcttactcgaattigggaactitgagcaagaggcaaatg
aaatagattgacctcccaataacaccacgtagttattgggaggtcaatctatgaaatgcgattaagggcecggeca

gtgggcaagttgaaaaattcacaaaaatgtggtataatatcttigticattagagcgataaactigaattigagaggg
aacttagatggtatttgaaaaaattgataaaaatagttggaacagaaaagagtattitgaccactactttgcaagtgt
accttgtacctacagcatgaccgttaaagtggatatcacacaaataaaggaaaagggaatgaaactatatcctgce
aatgctttattatattgcaatgattgtaaaccgccaticagagtttaggacggcaatcaatcaagatggtgaattggg
gatatatgatgagatgataccaagctatacaatatttcacaatgatactgaaacattttccagectttggactgagtgt
aagtctgactttaaatcatttitagcagattatgaaagtgatacgcaacggtatggaaacaatcatagaatggaag

gaaagccaaatgctccggaaaacatitttaatgtatctatgataccgtggtcaaccticgatggcetitaatctgaattt

gcagaaaggatatgattattigattcctatititactatggggaaatatiataaagaagataacaaaattatacticctit
ggcaattcaagticatcacgcagtatgtgacggatticacattigccgttitgtaaacgaattgcaggaatigataaat
agttaacttcaggtttgtctgtaactaaaaacaagtatitaagcaaaaacatcgtagaaatacggtgttittigttaccce
taagtttaaactcctttitgataatctcatgaccaaaatcccttaacgtgagttticgticcactgagcgtcagaccecg
tagaaaagatcaaaggatcticttgagatcctttttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgce
taccagcgagtggtttgtttgccggatcaagagcetaccaactctttttccgaaggtaactggettcagcagagegeag
ataccaaatactgttctictagtgtagccgtagttaggccaccacticaagaactctgtagcaccgectacataccte

gctctgctaatectgttaccagtggetgetgecagtggegataagicgtgicttacegggtiggactcaagacgata
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gttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagcccagcttggagcgaacgac

ctacaccgaactgagatacctacagcgtgagCtatgagaaagcgccacgcttcccgaagggagaaaggcgga
caggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgcctggt
atctttatagtcctgtcgggtiicgccacctctgacttgagegtegattttgtg atgctcgtcaggggggeggagecta
tggaaaaacgccagca'acgngcctttttacggttcctggccttttgctggccttttgthacatgttCtttCCtgcgtta
tcccctgattctgtggataaccgtattaccgcctttgagtgagctgataccgctcgccgcagccgaacgaccgagc
gcagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcagggccccctgcttcggggtcattatag

cgattttttcggtatatccatcctttttcgcacgatatacaggattttgcaaaagggttcgtgtagactticcttggtgtatc
caacggcgtcagccgggcaggataggtgaagtaggcccacccgcgagcgggtgttccttcttcactgtcccttatt
cgcacctggcggtgctcaacgggaatcctgctctgcgaggctggccggctaccgccggcgtaacagatgaggg

caagcggatggctgatgaaaccaagccaaccaggaagggcagcccacctatcaaggtgtactgccttccagac
gaacgaagagcgattgaggaaaaggcggcggcggccggcatgagcctgtcggcctacctgctggccgtcggc
cagggctacaaaatcacgggcgtcgtggactatgégcacgtccgcgagctggcccgcatcaatggcgacctgg
gccgcctgggcggcctgctgaaactctggctcaccgacgacccgcgcacggcgcggttcggtgatgccacgatc
ctcgecectgcetggcgaagatcgaagagaag caggacgagcttggcaaggtcatgatgggegtggtecgeecga
gggcagagccatgacttttitagccgctaaaacggecggggggtgegegtgatig ccaagcacgtcccceatgceg

ctccatcaagaagagcgabttcgcggagctggtgaagtacatcaccgacgagcaaggcaagaccgatcgggc

cccctgcaggagtaatataaatgttatagatatattaaaagaatcaaatgcatta
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Figure 37.
ttagaaggtcatttcttactatcatctggaagacatagtaatagatattgtcaatgtgcgaaactacttcaatatccac
aaaaagcagaaaaagttattagtgtaatagcacagaagcttaaaaatgtagactﬁaatataatagtaggaccag
ctatgggtogtotaatagtatectatgaatiagcaaggeaaactaatagaccaggeatattigecagaaagaaaag
atggaatcatgtgtatacgaagaggagcggccgcegaatticactagtgaticatcattataaatataagagaggatg
atcatatgcaaaagtctttttatgaattaatigttttagcaagaaataactcagtagatgatitgcaagaaattttatttat
gittaagccattagtaaaaaaacttagtagagtittacattatgaagagggagaaacagatttaataatattttttattg
aattaataaaaaatattaaattaagtagcititcagaaaaaagcgatgctattatagtcaaatatattcataaatcatt
actgaataagacttttgagttgtctagaagatattctaaaatgaagtttaatttigtagaatttgatgaaaatatcttaaa
tatgaaaaataattatcaaagtaagtctgtttitgaggaagatatttgttitttcgaatatatittgaaagaattatctggt
attcaaagaaaagttattttttataaatatttaaaaggatattctgatagagaaatatcagtgaaattaaaaatatcta
gacaagctgttaataaggctaaaaatagagcatttaaaaaaataaaaaaagactatgaaaattattttaacttgta
attaatgagcttaaagaaggatcctctagagtcgacgtcacgegtccatggagatctcgaggectgcagacatge
aagcttggcactggcecgtcegtittacaacgtcgtgactgggaaaaccctggegttacccaacttaatcgecttgeag
cacatccccctitcgeccagcetggcegtaatagcgaagaggceccgceaccgategeccttcccaacagttgegeage

ctgaatggcgaatggcgctagcatttaaaaataaggagtgtctcaaaatagatttaattitgagacatttttttagtttta
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acaaatattaaacaaaaacttaattttactttaataattatgaaaatggttattaatttttattgttttgagttataatagtgt
taattatatattataataattg.atacattttatttattttagtatagataggtattatatataggaggaattattgtggcaaa
accaagtatttttagcaaagattatgaaaatagaatgaaaaagagaaaaagaaggacatttttttcagttatagtta
taatagtaattitittaggaataataticactaataatggtatiggtaaaaaaataaaaaatagtttaaatcaaataaa
agaagaaactaaggctgaagaagaacaaaaaaataaacaacaagaacaaaaggaaaataaaaaagaaa

atcaaaataaaaatgcagccacagtaaaaaaagaaagtgaagticctaaagataataatatagaagticaatta
gaaggcaatataaaaataaagttgatatatatagaagatagtaataaaaataagactattaaatctatagatctaa
ataaaaataatttattatatgatataaatccttcaaaaaattcaatagttgtaacaaatcctaaaactcaaaatatttat
ttagtaaatttaaatggtgaaaagcaagatataacaaataagcagtatacatcaacatctggaacaacttttcaaa
aggatgctatattagcgtcaaaacaagattatttatggggagttttacctaagttcatagataatgataatatagccta
tgtttctcaactgecatggtttaataaaaccactaaatatgtatggatgtataatataaaaaataaaactcatttatata
atgaaaatatatcaggagaagacattaagtttgataaattaacagaaaaaggtcttacagtaattgcagatggca

aaactttatttttaaaagcagatggaagtatagctcagtaaattaaaaaatattaaatataaaagttaataagtagc

aattaaaatataaaatttttaagagtgtatgaaatatatacactcttgctttatttaaggaggtaaatatggaaatagg

aatgtcttctgcttgttigtatcctaaagtaccaatagaagaaagtatatcagtggegegeegeattcacttctitictat
ataaatatgagcgaagcgaataagcgtcggaaaagcagcaaaaagtttcctttttgctgttggagcatgggggttc
agggggtgcagtatctgacgtcaatgccgagcgaaagegagecgaagggtagcatttacgttagataaccecct
gatatgctccgacgctttatatagaaaagaagattcaactaggtaaaatcttaatataggttgagatgataaggttta
taaggaatttgtttgttctaatttttcactcattttgttctaatttcttttaacaaatgttcttttttttttagaacagttatgatata
gttagaatagtttaaaataaggagtgagaaaaagatgaaagaaagatatggaacagtctataaaggctctcaga
ggctcatagacgaagaaagiggag aagtcatagaggtagacaagttataccgtaaacaaacgtctggtaacttc
gtaaaggcatatatagtgcaattaataagtatgttagatatganggcggaaéaaaacttaaaatcgttaactatatc
ctagataatgtccacttaagtaacaatacaatgatagctacaacaagagaaatagcaaaagctacaggaacaa

gtctacaaacagtaataacaacacttaaaatcttagaagaaggaaatattataaaaagaaaaactggagtattaa
tgttaaaccctgaactactaatgagaggcgacgaccaaaaacaaaaatacctcttactcgaatttgggaactttga
gcaagaggcaaatgaaatagattgacctcccaataacaccacgtagttattgggaggtcaatctatgaaatgcga
ttaagggccggccagtgggcaagttgaaaaattcacaaaaatgtggtataatatctttgttcattagagcgataaac
ttgaatttgagagggaacttagatggtatttgaaaaaattgataaaaatagttggaacagaaaagagtattttgacc
actactttgcaagtgtaccttgtacctacagcatgaccgttaaagtggatatcacacaaataaaggaaaagggaat
gaaactatatcctgcaatgctitattatatigcaatgattgtaaaccgecaticagagtttaggacggcaatcaatca

agatggtgaattggggatatatgatgagatgataccaagctatacaatatttcacaatgatactgaaacattttcca

gcctttggactgagtgtaagtctgactttaaatcatttttagcagattatgaaagtgatacgcaacggtatggaaaca

atcatagaatggaaggaaagccaaatgctccggaaaacatttttaatgtatctatgataccgtggtcaaccttcgat
ggctttaatctgaatttgcagaaaggatatgattatttgattcctatttttactatggggaaatattataaagaagataa

caaaattatacttcctttggcaattcaagttcatcacgcagtatgtgacggatttcacatttgccgttttgta aacgaatt
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gcaggaattgataaatagttaacticaggtitgicigtaactaaaaacaagtatitaagcaaaaacatcgtagaaat
acggtgtttittgttaccctaagtttaaactccittitgataatctcatgaccaaaatcecttaacgtgagttttegticcac
tgagcgtcagaccccgtagaaaagatcaaaggatcticitgagatcctttitttcigcgegtaatetgetgctigeaaa
caaaaaaaccaccgctaccagceggtggtitgtitgccggatcaagagctaccaactctititccgaaggtaactgg
cttcagcagagcgcagataccaaatactgttcttctagtgtagccgtagttaggccaccacttcaagaactctgtag
caccgcctacatacctcgetetgctaatcctgttaccagtggctgctgecagtggegataagtegtgtcttaccgggt
tggactcaagacgatagttaccggataaggcgcagceggtcgggcetgaacggggggttcgtgcacacageccag
cttggagcgaacgacctacaccgaactgagatacctacagcgtgagctatgagaaagegcecacgcttcccgaa
gggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagegcacgagggagcettccag
ggggaaacgcctggtatctttatagtcctgtcgggtitcgccacctctgactigagegtegatttitgtgatgcetegtea
ggggggcggagcectatggaaaaacgccagcaacgeggcoctttttacggttcctggecttttgetggecttttgetea
catgttctttcctgegttatccectgatictgtggataaccgtattacecgcectttgagtgagctgataccgetegeegea
gccgaacgaccgagcgcagegagtcagtgagcgaggaagcggaagagcgeccaatacgcagggeccectg
cttcggggatcattatagcgattttttcggtatatccatectttitcgcacgatatacaggattttgccaaagggttegtgta
gactttccttggtgtatccaacggcgtcagccgggcaggataggtgaagtaggcccacccgcgagcgggtgttcc
ttcttcactgtcccttattcgcacctggeggtgetcaacgggaatectgetetgecgaggetggecggetaccgecgg
cgtaacagatgagggcaagcggatggctgatgaaaccaagccaaccaggaagggcagceccacctatcaagg
_tgtactgccttccagacgaacgaagagcgattgaggaaaaggcggcggcggccggcatgagcctgtcggccta
cctgetggecgteggeccagggcetacaaaatcacgggegtcgtggactatgagcacgtccgegagetggecege
atcaatggcgaccigggecgcectgggcggectgetgaaactctggetcaccgacgacccgegcacggegeggtt
cggtgatgccacgatcctcgeccetgetggcgaagatcgaagagaagceaggacgagcettggcaaggtcatgatg
ggcgtggtccgecccgagggcagagecatgactttittageegetaaaacggecggggggtgegegtgatigeca
agcacgtccccatgcgctccatcaagaagagcegacttcgcggagcetggtgaagtacatcaccgacgagcaagg

caagaccgatcgggccccctgcaggagtaatataaatgttatagatatattaaaagaatcaaatgcatta
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gcggtcatagcetgtttcctgataaaaaaattgtagataaaactatittataaaatttatctacaatttttitatcctgcagg
cagtcggcgcgcecgaagcaaacttaagagtgtgttgatagtgcagtatcttaaaattttgtataataggaattgaag
ttaaattagatgctaaaaatttgtaattaagaaggagtgattacatgaacaaaaatataaaatattctcaaaacttttt
aa_cgagtgaaaaagtactcaaccaaataataaaacaattgaatttaaaagaaaccgatéccgtttacgaaattg
gaacaggtaaagggcatttaacgacgaaactggctaaaataagtaaacaggtaacgtctattgaattagacagt
caictaticaactiatcgtcagaaaaatiaaaactgaatactcgtgtcactttaaticaccaagatattctacagttica
attccctaacaaacagaggtataaaatigitgggagtaticcttaccattitaagcacacaaattatiaaaaaagiggt
ttttgaaagccatgcgtctgacatctatctgattgttgaagaaggatictacaagegtacctiggataticaccgaac

actagggttgctcttgcacactcaagtctcgattcagcaattgcttaagctgccagcggaatgctttcatcctaaacce
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aaaagtaaacagigicttaataaaacttacccgccataccacagatgticcagataaatattggaagctatatacgt
actttgtttcaaaatgggtcaatcgagaatatcgtcaactgtitactaaaaatcagtttcatcaagcaatgaaacacg
Ccaaagtaaacaatttaagtaccgttacttatgagcaagtattgtctatttttaatagttatctattatttaacgggagga
aataattctatgagtcgcttttgtaaatitggaaagttacacgttactaaagggaatgtgtttaaactectttttgataatc
tcatgaccaaaatcccttaacgtgagttitcgttccactgagegtcagacceccgtagaaaagatcaaaggatcitct
tgagatcctttttttctgcgcgtaatctgetgetigecaaacaaaaaaaccaccgctaccageggtggtitgttigecgg
atcaagagctaccaactctttttccgaaggtaactggceticagcagagegcagataccaaatactgtccttctagtg
tagccgtagttaggccaccacttcaagaactctgtagcaccgcctacatacctegctcetgctaatcctgttaccagtg
gctgctgccagtggcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcegeagegg
tcgggctgaacggggggttcgtgcacacageccagcetiggagcgaacgacctacaccgaactgagatacctac
agcgtgagcattgagaaagcgccacgcttcccgaagggagaaaggceggacaggtatccggtaageggeagg
gtcggaacaggagagcgcacgagggagcttccagggggaaacgcectggtatctttatagtectgtcgggtitege
cacctctgacttgagcgtcgatttttgtgatgetegtcaggggggeggagectatggaaaaacgecageaacgeg
gcctttitacggticetggcecttitgctggectittgetcacatgttctitcctgegttatccectgattctgtggataaccgt
attaccgcectttgagtgagctgataccgetcgecgecagecgaacgaccgagegecagegagtcagtgagegagg
aagcggaagagcgcccaatacgcagggcecccctgettcggggteattatagegattttttcggtatatccatectttt
tcgcacgatatacaggattttgccaaagggticgtgtagactttccttggtgtatccaacggegtcagececgggeagg
ataggtgaagtaggcccacccgcgagegggtgttccticttcactgteecttattcgcacctggeggtgetcaacgg
gaatcctgctctgcgaggcetggeeggctaccgecggegtaacagatgagggcaageggatggetgatgaaacce
aagc‘caaccaggaagggcagcccacctatcaaggtgtactgccttccagacgaacgaagagcgattgaggaa
aaggcggceggcggcecggcatgagectgtecggectacctgetggecgtcggeccagggcetacaaaatcacggge
gtcgtggactatgagcacgtccgcgagctggcccgcatéaatggcgacctgggccgcctgggcggcctgctgaa
actctggctcaccgacgacccgcgcacggcgcggttcggtgatgccacgatcctcgccctgctggcgaagatcg
aagagaagcaggacgagcttggcaaggtcatgatgggcegtggtccgeccgagggecagagcecatgacttttitag
ccgctaaaacggecggggggtgcgegtgattgeccaageacgtccccatgogetecatcaagaagagegacttc
gcggagctggtgaagtacatcaccgacgagcaaggcaagaccgatcgggccccctgcaggcctcgagatctc
catggacgcgtgacgtcgactctagaggatcccegggtaccgagaaactaacaggttggctgataagtccecegg
tctaacaaaaaataagaagcctgcatttgcaggcticttatttttaagcttagacaaacctgaagttaactatttatca
attcctgcaattcgtitacaaaacggcaaatgtgaaatccgtcacatactgegtgatgaacttgaatigccaaagga
agtataattitgttatctictttataatatttccccatagtaaaaataggaatcaaataatcatatcecttictgcaaattca
gattaaagccatcgaaggttgaccacggtatcatagatacattaaaaatgttttccggagcatttggctticcttccat
tctatgattgtttccataccgttgegtatcactticataatctgctaaaaatgatitaaagtcagacttacactcagtcea
aaggctggaaaatgtttcagtatcatigtgaaatatigtatagcettggtatcatctcatcatatatccccaattcaccat
cttgattgattgccgtcctaaactctgaatggeggtttacaatcattgcaatataataaagcattgcaggatatagttte
attcccttticctttatttgtgtgatatccactttaacggtcatgetgtaggtacaaggtacacttgcaaagtagtggtca
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aaatactcttttctgttccaactatttttétcaattttttcaaataccatctaagttccctctcaaattcaagtttatcgctcta
atgaacaaagatatiataccacatttttgtgaatttttcaacttgcccacttcgactgcactceccgacttaataacttctt
gaacacttgccgaaaaacaattgigicagaccggggacttatcagccaacctgttatacctcgaattegtaatcat
ggtcataatttattcaacatagttcccticaagagegatacaacgattataacgaccttccaattttitgataccattttg
gtagtactccttcggttttgcctcaaaataggcectecagtitcggegatcacctcticattgcagecaaattitttcectge
gagcatccttttgaggtctgagaécaagaaaaagtcgctgggggccagatctggagaatacggcgggtgggga
agcaattcgaagcccaattcatgaatttitgccatcegttctcaatgacttgtggcacggtgegtigtetiggtggaaca
acacttttttcttcttcatgtggggcegttitgcegegatttcgaccttcaaacg ctccaataacgccatataatagtcac
tgttgatggtttttcccttctcaagataatcgataaaaattattccatgegcatcccaaaaaacagaggcecattactttg
ccagcggacttttgagtcetttccacgcetticggagacggttcaccggtegetgtccactcagecgactgtcgattgga
ctcaggagtgtagtgatggagcecatgtttcatccattgtcacatatcgacggaaaaactcgggtgtattacgagtta
acagctgcaaacaccgcttagaatcatcaacacgtegttgtttttggtcaaatgtgagetegegeggeacccattte
gcacagagcttccgcatatccaaatattgatgaatgatatgaccaacacgttccttigatatetttaaggectetgcta
tctcgatcaacttcattttacggtcattcaaaatcattitgtggattitittgatgttttcgtcggtaaccacctctttcgage
gtccactgcgttcaccgtcctccgtgctcatttcaccacgcttgaattttgcataccaatcaattattgttgatttccctgg
ggcagagtccggaaactcattatcaagccaagtitttgettccactgtattttttcccticagaaaacagtattttatcaa
aacacgaaattcctttttttccatcatatgattttctcctttactataatatttttattgaatatttttacatctaaatgctaaaa_
ctcttttatatatcctecttictatitataaaatatactaatatctacttaggttttcatatacattcacttcctaacattttaaa
ttgaagacactcagttgattaatttgctcttcgattgaataaagacgttgtctgaaataaatatgtaaactttgttctatat
aaaatataaaaattaagatattcttagattaagttattg attttacaataaagttaattctaaaatttgatttctattgtaa
atatitcttiaaaticatiaagcggee
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