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Figure 61.  Example of biofilm cells hybridising with the ALF 1b probe after 42
days of biofilm development in chloraminated Sydney drinking water (Prospect WFP)
supplemented with 400 pg acetate-C L™

Figure 62.  Example of biofilm cells hybridising with the BET 42a probe after 42
days of biofilm development in chloraminated Sydney drinking water (Prospect WFP)
supplemented with 400 pg acetate-C L™

Figure 63.  Example of biofilm cells hybridising with the GAM 42a probe after 42
days of biofilm development in chloraminated Sydney drinking water (Prospect WFP)
supplemented with 400 pg acetate-C L™
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Figure 64.  Example of biofilm cells staining with DAPI after 55 days of biofilm
development in chlorinated Sydney drinking water (Orchard Hills WFP)

Figure 65.  Example of biofilm cells staining with DAPI after 65 days of biofilm
development in chlorinated Sydney drinking water (Orchard Hills WFP)

199



CRC for Water Quality and Treatment Research Report 20-2004

Figure 66.  Example of biofilm cells hybridising with the GAM 42a probe after 55
days of biofilm development in chlorinated Sydney drinking water (Orchard Hills
WFP) supplemented with 400 pg acetate-C L™

Figure 67.  Example of biofilm cells hybridising with the GAM 42a probe after 65
days of biofilm development in chlorinated Sydney drinking water (Orchard Hills
WFP) supplemented with 400 pg acetate-C L™

Figure 68.  Example of biofilm cells hybridising with the GAM 42a probe after 90
days of biofilm development in chlorinated Sydney drinking water (Orchard Hills
WFP) supplemented with 400 pg acetate-C L™
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Figure 69.  Example of biofilm cells hybridising with the ALF 1b probe after 78
days of biofilm development in chloraminated Sydney drinking water (Orchard Hills
WFP)

Figure 70.  Example of biofilm cells hybridising with the ALF 1b probe after 90
days of biofilm development in chloraminated Sydney drinking water (Orchard Hills
WFP)

days of biofilm development in chloraminated Sydney drinking water (Orchard Hills
WFP) supplemented with 400 g acetate-C L™
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Figure 72.  Example of biofilm cells hybridising with the GAM 42a probe after 65
days of biofilm development in chloraminated Sydney drinking water (Orchard Hills
WFP) supplemented with 400 g acetate-C L™

Figure 73.  Example of biofilm cells hybridising with the ALF 1b probe after 78
days of biofilm development in chloraminated Sydney drinking water (Orchard Hills
WFP) supplemented with 400 pg acetate-C L™

Figure 74.  Example of biofilm cells hybridising with the GAM 42a probe after 78
days of biofilm development in chloraminated Sydney drinking water (Orchard Hills
WFP) supplemented with 400 pg acetate-C L™
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Characterisation of potentially opportunistic pathogenic biofilm cells

Three morphologically distinct colonies were isolated from the biofilm reactors used to
investigate the effects of organic carbon on biofilm development. Small white colonies
(CRC3) were isolated from all reactors and contained branched rods, which gave an
indeterminate Gram reaction. Off-white colonies (CRC2) were also isolated from
reactors supplemented with 100 pg acetate-C L™ and 200 pg acetate-C L™. These
colonies were formed of Gram negative cocci. In the reactors supplemented with 400
ng acetate-C L™, mucoid colonies containing a blue/green pigment (CRC1) were

mostly isolated and contained Gram negative rods.

Comparison of isolate sequences (Appendix 1) with those in the 16S rDNA database
revealed that isolate CRC1 (blue/green colonies) were 99% homologous with
Pseudomonas aeruginosa, cells from the off-white colonies (CRC2) were 98%
homologous with Acinetobacter haemolyticus (but 99% homologous with an unnamed
Acinetobacter sp.) and cells from the small white colonies (CRC3) were 99% similar to
Mycobacterium ratisbonense. Phylogenetic analysis of the isolate revealed that it lay

within a cluster containing M. ratisbonense, M. fortuitum and M. chelonae (Fig. 75).

Discussion

Little is known of the types of bacteria in biofilms formed in Australian drinking water
and even less of the impact of water quality parameters on biofilm population
characteristics. A number of studies have used fluorescently labelled oligonucleotide
probes, specific for different bacterial groups, to characterise drinking water biofilm
populations (Kalmbach et al., 1997; Szewzyk et al., 1994; Manz et al., 1993). In the
present study the use of fluorescently labelled oligonucleotide probes directed against
the sub divisions of the Proteobacteria showed that the disinfectant type and
concentration of BOC in the water selected for different populations of bacteria in
biofilms formed in Sydney drinking water (Prospect WFP and Orchard Hills WFP).

Bacteria from the o subdivision of the Proteobacteria were the first biofilm cells to
hybridise in the chloraminated treated drinking water (Orchard Hills WFP), however,
hybridising cells were only observed late in the experiment (day 78). This suggested

that prior to day 78 there was insufficient cellular activity, resulting in a low number of
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Figure 75.  Phylogenetic relationships of the strains belonging to the genus

Mycobacterium, including the isolate from this study, and related bacteria
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ribosomes in the cells, to give sufficient signal for detection of hybridisation. The
correlation between bacterial activity and intensity of hybridisation signal has been
shown (Poulsen et al., 1993). The presence of low bacterial activity may also have been
the case during the investigation of the effects of organic carbon on biofilm
development, as no bacterial cells were observed to hybridise within 60 days of biofilm
formation in either unsupplemented chloraminated drinking water (Prospect WFP) or
chloraminated drinking water supplemented with 100 ug acetate-C L. It was not until
the BOC concentration was increased to 200 pg acetate-C L™ or above, that it was
possible to observe hybridised cells in biofilms in the chloraminated water from
Prospect WFP. In the chloraminated drinking water supplemented with 200 pg acetate-
C L™ cells from the o subdivision of the Proteobacteria were observed by day 22 and
from the o and P subdivisions of the Proteobacteria by day 32. When the acetate-C
concentration in the chloraminated drinking water (Prospect WFP) was increased to 400
ng acetate-C L™, cells from the a subdivision of the Proteobacteria were observed by
day 22 and from the a, B and y subdivisions of the Proteobacteria by day 42. Similarly,
supplementation of the chloraminated drinking water from Orchard Hills WFP with 400
ng acetate-C L™, allowed cells from the o and y subdivisions of the Proteobacteria to
be observed in biofilms 20 days after supplementation with acetate-C. This compared
with 78 days before detectable hybridisation in unsupplemented chloraminated water
(Orchard Hills WFP) biofilms and highlighted the increased activity in the
supplemented reactors, even in the presence of disinfectant. The predominance of cells
from the o subdivision of the Proteobacteria in unsupplemented chloraminated Sydney
drinking water (Orchard Hills WFP) biofilms differed from population characteristics
of drinking water biofilm populations observed in other drinking water (Kalmbach et
al., 1997; Manz et al., 1993). In their study, Kalmbach and co-workers (Kalmbach et
al., 1997) showed that biofilms formed in unsupplemented German drinking water,
containing no disinfectant, were mostly comprised of  sub division cells after 35 days,
and up to 70 days of biofilm formation. In this case it is likely that the lack of
disinfectant provided the opportunity for greater cell activity and hence the detection of
biofilm cells earlier in biofilm development, compared to the Sydney results.

It was not possible to observe hybridised cells at any stage of the experiment (90 days)

conducted in unsupplemented chlorinated drinking water (Orchard Hills). Cells were
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only observed by staining with the nucleic acid stain, DAPI, which showed that there
was a transition in cell morphology from short rods and cocci, to medium length rods
over the experiment. The lack of hybridisation signal from the biofilms in
unsupplemented chlorinated water was likely due to a lower ribosome content and
hence lower activity of cells in this disinfectant type, compared to chloramine. This was
surprising considering the rapid increase in biofilm development once acetate-C was
added to the chlorinated system (see section Comparative Effects of Disinfectants on
Bioflm Development). Indeed, it was only after supplementation of the chlorinated
water with 400 pg acetate-C L™ for 10 days, that it was possible to detect cell
hybridisation. In contrast to the chloraminated drinking water, the predominant cells in
the supplemented chlorinated water were from the y sub division of the Proteobacteria.

No cells from other Proteobacteria sub divisions were observed.

The detection of hybridisation in the reactors supported the trends observed in biofilm
development after the supplementation of both chlorinated and chloraminated reactors
with acetate-C (see section Comparative Effects of Disinfectants on Biofilm
Development). Biofilm biomass reached a maximum 10 days after acetate-C
supplementation compared with 20 days after in the chloraminated reactors. The FISH
results also indicated the increased activity of the biofilm cells in response to increased

inorganic nutrients.

Sequence analysis of bacterial isolates from reactors supplied chloraminated drinking
water (Prospect WFP) supplemented with 400 ng acetate-C L™ showed that one of the
isolates (CRC1) had 99% homology with Pseudomonas aeruginosa, while another
isolate had 98% homology with Acinetobacer haemolyticus (CRC2). It was not
surprising that bacteria similar to Pseudomonas aeruginosa and Acinetobacter
haemolyticus were isolated as these organisms are commonly found in drinking water
biofilms (Norton and LeChevallier, 2000; Percival et al., 1998; LeChevallier et al.,
1987). The fact that P. aerugoinosa was isolated from the reactors supplemented with
400 g acetate-C L™and belonged to the y subdivision of the Proteobacteria (Woese,
1987) agreed with FISH results. Conversely, Acinetobacter was isolated mostly from
the reactors supplemented with 100 pg acetate-C L™ and 200 pg acetate-C L™ and yet
no FISH positive results for the y subdivision of the Proteobacteria were obtained. It is

possible that these organisms were relatively inactive in the biofilms but readily grew in
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culture. Further, it was surprising that no cells from the B subdivisions of the
Proteobacteria, and in particular no cells from the o subdivision, were isolated as these
were also detected in the supplemented chloraminated reactors. It is likely that the high
temperature used for isolation (37°C) may have selected against the cells from the o
and B subdivisions present in the biofilms. A high incubation temperature was used to
increase the chances of isolating potentially opportunistic pathogenic bacteria as well as

indicator bacteria, such as faecal and total coliforms, but the latter were not isolated.

Phylogenetic analysis of the third isolated strain (CRC3) showed that it was most
closely related to Mycobacterium ratisbonense (98%), which formed a cluster with M.
fortuitum and M. chelonae. Both M. fortuitum and M. chelonae are part of a group of
rapidly-growing Mycobacterium which form colonies on culture media in less than 7
days (Hall-Stoodley et al., 1999; Butler, 1986). The rapidily growing Mycobacterium
also contain the species M. vaccae and M. duvalii, which together with the isolate from
this study, M. ratisbonense, M. fortuitum and M. chelonae were grouped separately to
the slow growers M. lentiflvum, M. avium, M. tuberculosis and M. kansasii (Butler,
1986), based on 16S rDNA sequence comparisons (Fig. 75). The isolate from the
reactors in the present study formed colonies within 48 hours, which agrees with the

genetic grouping.

Both M. fortuitum and M. chelonae have been shown to form comprehensive biofilms
under both high and low nutrient conditions in relatively short time periods (10 days)
(Hall-Stoodley et al., 1999). Similarly, the isolate from this study was found in each of
the reactors regardless of nutrient levels. Mycobacterium is commonly isolated from
drinking water and has been found in distribution systems biofilms (Falkinham et al.,
2001). Indeed, it was shown that Mycobacterium numbers were higher in the
distribution system than immediately downstream of the treatment plant, which
indicated growth in the distribution system (Falkinham et al., 2001). This is not
surprising as Mycobacterium is resistant to chlorine with typical free chlorine C.T.
values about 10-fold greater than for E. coli and greater than 1,000 C.T in chloramine
(Sobsey, 1989). Nevertheless, while Mycobacterium could be isolated readily from
swimming pools at free chlorine concentrations of 0.5 mg L™, none could be isolated
from water with free chlorine concentrations above 0.7 mg L™ (Leoni et al., 1999). In

the present study, the isolated Mycobacterium strain was readily isolated from reactors
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in the presence of approximately 0.5 mg L™ chloramine. Both M. fortuitum and M.
chelonae have been identified as opportunistic pathogens, causing infections mainly in
trauma related injuries, nosocomial infections and in immunocompromised individuals.

The pathogenicity of the isolate from this study is unknown.

Characterisation of biofilm populations using the FISH technique showed that the
concentration of BOC and disinfectant type, either chlorine or chloramine caused
changes in biofilm bacteria populations. Bacteria from the o subdivision of the
Proteobacteria were detected in either unsupplemented or supplemented chloraminated
drinking water. Moreover in the presence of an additional 400 ng acetate-C L™, cells
were observed from each of the a, B and y subdivisions of the Proteobacteria in the
chloraminated water. Conversely, no cells were found to hybridise in chlorinated
drinking water biofilms over 90 days. It was only after supplementation of the
chlorinated drinking water with 400 ng acetate-C L™ that cells from the y subdivision of
the Proteobacteria alone were observed. It was evident that low cellular activity during
the initial stages of biofilm development in unsupplemented reactors, either chlorinated
or chloraminated prevented the detection of cell hybridisation. This implied that in low
nutrient, disinfected environments such as drinking water, the FISH technique might
need to be modified to increase hybridisation signal. Nevertheless, hybridised cells
were detected relatively early in biofilm development in supplemented reactors.
Moreover, in the investigation of the comparative effects of disinfectants on biofilm
development, the difference between the detection of biofilm cell hybridisation in
chlorinated and chloraminated reactors (10 and 20 days after supplementation,

respectively) corresponded to trends observed in biofilm formation.

Isolation and speciation of bacteria from biofilms showed close relationships to
Pseudomonas aeruginosa, Acinetobacter haemolyticus and Mycobacterium
ratisbonense. Phylogenetic analysis of the Mycobacterium strain revealed that it
clustered with the rapidly growing species M. chelonae and M. fortuitum. Both species
are readily isolated from drinking water and are classified as opportunistic pathogens.
The pathogenicity of the isolate from this study is unknown. This study was an initial
characterisation of biofilm populations and successfully showed the dynamic nature of
biofilms in distribution systems. As biofilms can contribute cells to the aqueous phase

and the nature of biofilms can be impacted by water quality parameters, it is
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recommended that a more intensive study of biofilm populations be undertaken,

primarily from a risk analysis viewpoint.

Outcomes

This component of the project addressed the milestone “Description of biofilm

community under various disinfectant regimes” by delivering the following outcomes.

o The use of the FISH technique showed that biofilm bacteria populations were

affected by changes in BOC concentrations and disinfectant type.

o The FISH technique was not sensitive enough to detect cells in unsupplemented
chlorinated drinking water and only at a late stage in biofilm development in
chloraminated water. This indicated a low ribosome content and hence low cell

activity in these reactors.

o The FISH technique detected cells early in biofilm development in
supplemented reactors, either chlorinated or chloraminated, which highlighted

an increase in cellular activity.

o The FISH results supported biofilm biomass results obtained during the
investigation of the comparative effects of disinfectants on biofilm
development. Hybridising cells were detected on the days of maximum biofilm
biomass concentrations and indicated an increase in cellular activity following

acetate-C supplementation, in either chlorine or chloramine.

o Isolation and 16S rDNA analysis of biofilm isolates revealed relatedness to
Pseudomonas aeruginosa, Acinetobacter haemolyticus and Mycobacterium
ratisbonense. The Mycobacterium strain clustered in with other rapidly growing
Mycobacterium species, which are readily isolated from drinking water. The
pathogenicity of the isolated Mycobacterium strain is unknown.
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APPENDIX 1

Sequence of isolate CRC1 (99% identity Pseudomonas aeruginosa)

TTAGTGTAAAACGACGGCCAGTAGAGTTTGATCCTGGCTCAGATTGAACGC
TGGCGGCAGGCCTAACACATGCAAGTCGAGCGGATGAAGGGAGCTTGCTCC
TGGATTCAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGGTAGTG
GGGGATAACGTCCGGAAACGGGCGCTAATACCGCATACGTCCTGAGGGAG
AAAGTGGGGGATCTTCGGACCTCACGCTATCAGATGAGCCTAGGTCGGATT
AGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATCCGTAACTGGTCT
GAGAGGATGATCAGTCACACTGGAACTGAGACACGGTCCAGACTCCTACGG
GAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATCCAGCCA
TGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGA
GGAAGGGCAGTAAGTTAATACCTTGCTGTTTTGACGTTACCAACAGAATAA
GCACCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGTGCAAGCG
TTAATCGGAATTACTGGGCGTAAAGCGCGCGTAGGTGGTTCAGCAAGTTGG
ATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATCCAAAACTACTGAGCT
AGAGTACGGTAGAGGGTGGTGGAATTTCCTGTGTAGCGGTGAAATGCGTAG
ATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACTGATACTGA
CACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAG
TCCACGCCGTAAACGATGTCGACTAGCCGTTGGGATCCTTGAGATCTTAGTG
GCGCAGCTAACGCGATAAGTCGACCGCCTGGGGAGTGCGGCCGCGGGGTTA
AAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTT
AATTCGAAGCAACGCGAAGAACCTTACCTGGCCTTGACATGCTGAGAACTT
TCCAGAGATGGATTGGTGCCTTCGGGAACTCAGACACAGGTGCTGCATGGC
TGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGCGCA
ACCCTTGTCCTTAGTTACCAGCACCTCGGGTGGGCACTCTAAGGAGACTGCC
GGTGACAAACCGGAGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTAC
GGCCAGGGCTACACACGTGCTACAATGGTCGGTACAAAGGGTTGCCAAACC
GCGAGGTGGAGCTAATCCCATAAAACCGATCGTAGTCCGGATCGCAGTCTG
CAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGTGAATCAGAATGTC
ACGGTGAATACGTTCCCGGGTTTTGTACACACCGCCCGTCACACCATGGGA
GTGGGTTGCTCCAGAAGTAGCTAGTCTA
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Sequence of isolate CRC2 (98% identity of Acinetobacter haemolyticus)

AACGCTGGCGGCAGGCTTAACACATGCAAGTCGAGCGGAGTGATGGTGCTT
GCACTATCACTTAGCGGCGGACGGGTGAGTAATGCTTAGGAATCTGCCATT
TAGTGGGGGACAACATTCCGAAAGGAATGCTAATACCGCATACGTCCTACG
GGAGAAAGCAGGGGATCTTCGGACCTTGCGCTAAATGATGAGCCTAAGTCG
GATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATCTGTAGCGG
GTCTGAGAGGATGATCCGCCACACTGGGACTGAGACACGGCCCAGACTCCT
ACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGGAAGCCTGATCCA
GCCATGCCGCGTGTGTGAAGAAGGCCTTTGGTTGTAAGCACTTTAAGCGAG
GAGGAGGCTACTAGTACTAATACTACTGGATAGTGGACGTTACTCGCAGAA
TAAGCACCGGCTACTCTGTGCCAGCAGCCGCGGTAATACAGAAGGGTGCCG
AGCCGTTAATCGGATTTTACTGGCGTAAAGCGTGCGTAGGCGGCTGATTAA
GTCGGATGTGAAATCCCTGAGCTTAACTTAGGAATTGCATTCGATACTGGTC
AGCTAGAGTATGGGAGAGGATGGTAGAATTCCAGGTGTAGCGGTGAAATG
CGTAGAGATCTGGAGGAATACCGATGGCGAAGGCAGCCATCTGGCCTAATA
CTGACGCTGAGGTACGAAAGCATGGGGAGCAAACAGGATTAGATACCCTG
GTAGTCCATGCCGTAAACGATGTCTACTAGCCGTTGGGGCCTTTGAGGCTTT
AGTGGCGCAGCTAACGCGATAAGTAGACCGCCTGGGGAGTACGGTCGCAA
GACTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATG
TGGTTTAATTCGATGCAACGCGAAGAACCTTACCTGGTCTTGACATAGTAA
GAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTTACATACAGGTGCTG
CATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACG
AGCGCAACCCTTTTCCTTATTTGCCAGCGGGTTAAGCCGGGAACTTTAAGGA
TACTGCCAGTGACAAACTGGAGGAAGGCGGGGACGACGTCAAGTCATCAT
GGCCCTTACGACCAGGGCTACACACGTGCTACAATGGTCGGTACAAAGGGT
TGCTACCTAGCGATAGGATGCTAATCTCAAAAAGCCGATCGTAGTCCGGAT
TGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCGCGGAT
CAGAATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCAC
ACCATGGGAGTTTGTTGCACCAGAAGTAGGTAGTCTAACCGTAAGGAGGAC
GCTTACCACGGTGGGCCGATGACTGGGGTG
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Sequence of isolate CRC3 (99% identity with Mycobacterium ratisbonense)

ATTTAAGTGTAAACGACGGCCAGTAGAGTTTGATCCTGGCTCAGGAACGAA
CGCTGGCGGCGTGCTTAACCCATGCAAGTCGACGGAAAGGCCCTTCGGGGT
ACTCGAGTGGCGAACGGGTGAGTAACACGTGGGTGATCTGCCCTGCACTTT
GGGATAAGCCTGGGAAACTGGGTCTAATACCGAATAGGACCACGCGCTTCA
TGGTGTGTGGTGGAAAGCTTTTGCGGTGTGGGATGGGCCCGCGGCCTATCA
GCTTGTTGGTGGGGTAATGGCCTACCAAGGCGACGACGGGTAGCCGGCCTG
AGAGGGTGACCGGCCACACTGGGACTGAGATACGGCCCAGACTCCTACGG
GAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCGA
CGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAATAGGGA
CGAAGCGCAAGTGACGGTACCTATAGAAGAAGCACCGGCCAACTACGTGC
CAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTGTCCGGAATTACTGGGC
GTAAAGAGCTCGTAGGTGGTTTGTCGCGTTGTTCGTGAAAACTCACAGCTTA
ACTGTGGGCGTGCGGGCGATACGGGCAGACTAGAGTACTGCAGGGGAGAC
TGGAATTCCTGGTGTAGCGGTGGAATGCGCAGATATCAGGAGGAACACCGG
TGGCGAAGGCGGGTCTCTGGGCAGTAACTGACGCTGAGGAGCGAAAGCGT
GGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGG
GTACTAGGTGTGGGTTCCTTCCTTGGGATCCGTGCCGTACTAACGCATTAAG
TACCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACG
GGGGCCCGCACAAGCGGCGGAGCATGTGGATTAATTCGATGCAACGCGAA
GAACCTTACCTGGGTTTGACATGCACAGGACGCCGGCAGAGATGCGGTTCC
CTTGTGGCCTGTGTGCAGTGGTGCATGCCTGTCGTCAGCTCGTGTCGTAGAT
GTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTATGTTGCCAGCGG
GTTATGCCGGGGACTCGTAGGAGACTGCCGGGGTCAACTCGGAGGAAGGTG
GGGATGACGTCAAGTCATCATGCCCCTTATGTCCAGGGCTTCACACATGCA
ACAATGGCCGGTACAAAGGGCTGCGATGCCGTGAGGTGGAGCGAATCCTTT
CAAAGCCGGTCTCAGTTCGGATCGGGGTCTGCAACTCGACCCCGTGAAGTC
GGAGTCGCTAGTAATCGCAGATCAGCAACGCTGCGGTGAATACGTTCCCGG
GCCTTGTACACACCGCCCGTCACGTCATGAAAGTCGGTAACACCCGAAGCC
GGTGGCCTAACCCTTGTGTTATT
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