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CHAPTER 7

Characterisation of the intC eclement

of Dichelobacter nodosus

“One of the most intriguing facts about the fistory of mobile genetic elements is that no-onc
set out to discover them. In every case, they were initially found by geneticists studying other
problems: chromosome breakage and rejoining in maize, transfer of genetic information
between bacterial cells, [ysogeny, requlation of gene expression, or antibiotic resistance. The
message is . . . .the need to be alert for those unexpected findings which overturn those
assumptions and suddenly open a whole new universe for scientific exploration”

James A. Shapiro, 1995

7.1 Introduction

In previous work, a library of genomic DNA from benign strain C305 was prepared
(Bloomfield, 1997) and probed with sequences that flank the left- and right-hand ends of vap
regions | (askA) and 3 (intB) of D. nodosus strain A198 (Figure 7.1). A lambda clone that
hybridised to both askA and intB was isolatzd (AGB321). Subsequent analysis revealed that
askA and intB were not adjacent in strain C305, but were instead separated by approximately
7 kb of sequence (Section 1.6.8.1) The szquence of an 8035 bp region from this lambda
clone was determined, and several orfs were 1dentified (Figure 7.1). A description of these
open reading frames and a summary of ho nologues identified to date is provided in Table
7.1. Subsequently, the presence of a new genetic element., designated the intC element was

postulated (Bloomfield, 1997).

In this study, Southern blot analyses and PCR experiments were undertaken in order
to determine whether the genes iniC, orf242. orfl71, vapG™, vapH™ are present in other

strains of D. nodosus and if so. whether genes intC, orf242, orfl71. vapG . vapH" are
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clustered together as they are in D. nodosus strain C305, and therefore constitute part of a
single genetic element or otherwise. Furthe ‘more. the spontaneous loss of the imC element
and the D element in one strain of D. nodosus was observed to result in the loss of
protease thermostability, a virulence factor in D. nodosus. Consequently. the integration
sites for the vap, intB and intC clements were investigated in seventeen strains of
D. nodosus: these results suggest that in 2. nodosus, virulence may be modulated by the

site-specific integration of genetic elements.

7.2 Results

7.2.1 Characterisation of the intC element in several strains of D. nodosus

To further investigate the presence of n/C, and to determine if genes orf242 and
orfl 71 are always located adjacent to intC when present, seventeen strains of D. nodosus
were analysed in Southern blot experiments using probes that would detect askA. intC,
orf242. and orfl71 (Figure 7.1). The strains of D. nodosus analysed include virulent
strains A198, 1311, B1006, G1220, HI215, DI172, intermediate strain AC3577. and
benign strains C3052, 819, 1169, 2483, 1493, 3138, 1469. 1311A, H1204 and AC390.
The results of these experiments have been summarised in Figure 7.2, however a complete
record of restriction fragment sizes and maps for each strain analysed are provided in

Appendices 7-8 and 11 respectively.

All strains studied containec at least one copy of nrC, except for strain A198 and
stram 1311A (Figure 7.2; Appendix 7) in which intC | orf242, and orf171] arc absent. In
addition, 0rf242 and orf171 are found on the same LcoRI and HindIIl restriction [ragments

as it C.oan all strains except strains H1215, H1204, AC390 and 1169.

Characterisation of the intC element of D. nodosus
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Figure 7.2: Maps showing the site of integration, the arrangement and integrity of the intC
element in fifteen strains of D. nodosus as determined by Southern blot analyses. Restriction sites
shown include EcoRI (E), and HindIII (H). Potential open reading frames are indicated by shaded
arrows and are classified as follows: belonging to the intB element (green), belonging to the intC
element (yellow) and genes that are not thought to be part of an integrated element (red), including
IRNA genes (redtriangles). Putative attachment sites, ait, are indicated (narrow red boxes). Breaks
in the lines indicate that the distance between the sequences on adjacent lines is unknown. For
strains 1169, H1204, H1215 and AC390, the integration sites are currently unknown and so have
not been shown on the diagram. No map for strains A198 and 1311A has been included, because
these two strains do not contain any of the sequences that so far comprise the intC element.

In D. nodosus strain H1213 there are two copies of intC on 12.1 kb (intC1) and
2.9 kb (intC2) Hindlll fragments (FFigure 7.2; Appendix 7) respectively; no hybrndisation to
the orf171 probe was observed, and the single copy of orf242 present in strain H1215 was
found to be adjacentto the copy of intC2 (Figure 7.2). The genome of D. nodosus strains
H1204 and AC390 each contain a single copy of the intC gene on a 12.1 kb Hindlll
fragment, but do not contain any copies of orf242 or orfl71 (Figure 7.2). Whilst,
D. nodosus strain 1169 contains a single copy of intC and orf242 on a 12.1 kb HindlIll

fragment, and this strain does not contain a copy of orf171 (Figure 7.2).

Characterisation of the intC element of D. nodosus
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It is of interest that in strains H1215, H1204, AC390 and 1169, the copies of the
intC gene that are not adjacent to orf242 and orfl7] are also not adjacent to «askA
(Figure 7.2). In contrast. in all cases whee orf242 and orf171 are contiguous with it
the intC gene is adjacent to askA. Since genzs orf242 and orfl71 are always adjacent to the
intC gene when present, and since when thz intC gene 1s absent (strains A198 and 1311A)
the genes orf242 and orfl71 are alco absent, these results suggest that genes ntC. orf242

and orf171 are part of an ‘infC element’.

The predominant integration site for the intC element is in the 3'-end of the
tRNAser,.... gene that is immediately downstream of the askA gene (Figure 7.2). In all
eleven strains in which the intC gene is integrated adjacent to askA (Groups 2 & 3). intC-
associated genes orf242, orfl71 are located immediately downstream of the intC' gene
(Figure 7.2). It is interesting that in all four cases where the intC gene is not adjacent to
askA (Group 4), gene orfl7] was not present in the genome at all, and in two examples
orf242 is also absent.  These results therefore suggest that alternative site or sites of

integration may be inherently unstatle or subject to high rates of genomic rearrangement.

The integration site adjacent to askA and in the 3’-end of the tRNAser . gene that is
recognised by the mtC element, is the same as that recognised by both the vap clement and
the intB element. This raises the possibility that the infC element may also integrate into the
3"-end of the tRNAser,.., gene located downstream from pnpA into which the vap element

and the 1B element have both been found to integrate.

Southern blot analyses (Figure 7.2, Appendices 7 and &) have shown that pnpA
never hybridises to the same Hindlll fragment as intC, even when this position is not
occupied by the intA or intB elemerts as in strain 3138. Perhaps this suggests that sequence
similarity between the ait sites is not sufficient for integration of cven highly related

integrases like mrA. intB and intC, and consequently, other factors such as DNA topology or
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accessory protein binding sites may be an important influence on the specificity of mrC
versus A and intB for their integration sites, as noted for site-specific recombinases in

general (Stark & Boocock. 1995).

[n order to compare the integrity and the arrangement of the inrC’ element in different
strains of D. nodosus, probes containing fragments that hybridise to vapG"H™ and the
[S/253 element were also used as probes. The interpretation of Southern blot data generated
using these probes is more difficult since: (i, the IS7/253 element is found in multiple copies
in the genome of different strains of D. nodosus. The vapG"H™ sequence is also found in
multiple copies and cross hybridises with vapG. vapH and vapG™ where the vap regions are
present: (/i) many of these multiple copies are in uncharacterised positions of the genome,
and consequently many more Souttern blo: experiments would be required to place these

genes with certainty.

In prior Southern blot analyses, genomic DNA had been digested with LcoRI.
Hindll, and Hindlll/EcoR1 restriction enzymes, and thus the same digests of genomic DNA
were probed with IS/253 and vapG"H™ so they could be positioned relative to the many
genes that had already been mapped. Thus the IS7253 and copies of vapG"H™ have been
placed in their putative positions, based on the best possible interpretation of Southern blot
data and what is already known about the intC element arrangement in C305.  Where
possible, the putative positions of the IS/253 and vapG”H" should be confirmed using a

PCR strategy.

Of the eleven strains of D. inodosus that contain intC, orf242 and orf171, there are
three strains (3138, 819, 1469) in which the arrangement of intC element and downstream
elements are identical to the arrangement found n benign strain C305 (both C3051 and
C3052). (Figure 7.2). The arrangement ol the infC element sequences in strains 1493 and

2483 are also identical to strain C305 up to the end of the IS/253 element and up to the end
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of regA respectively. In strain 1493 the intB element sequences do not hybridise to the same
EcoRI or HindlIIl fragments as the IS/253 probe, and so are not adjacent. Similarly, in
strain 2483 there is no copy of gepA, and gepB and gepC do not hybridise to the same
HindIIl or EcoRI fragments as the 1S/253 probe, and consequently the inrB element
sequences are separated in this strair (Figure 7.2).  All six of the aforementioned strains do

not contain a complete copy of the intB gene, and instead contain intB,, (Chapter 5).

There are five strains, including strain 1311, AC3577, B1006. D1172 and G1220
that have the same arrangement as strain C305 until the start of orf/71, after which they are
distinguished from the other strains by the following: (i) strains AC3577, B1006 and G1220
do not have a copy of vapG"H" adjacent to orf171; (ii) the IS/253 element 1s not located
adjacent to orf17] or vapG"H” in any of these five strains. (iii) strains 1311, AC3577 and
D1172 contain intact copies of the inrB gene whilst strains B1006 and G1220 do not contain
a copy of the intB gene or part therco downstream from the askA integration site
(Chapter 5). None of these five strains contain intB,;; (iv) strains 1311, AC3577. B1006
and D1172 hybridise to large EcoRI fragmants. In strains AC3577 and B1006 the LcoRI
fragments that hybridise to the infC probe arz of identical size (15-16 kb). and slightly larger
than the EcoRI fragment that hybr dises to mtC m strain 1311 (13-14 kb). It 1s unclear
whether strain D1172 hybridises to an EcoRI fragment of the same size as [311 or AC3577
and B 1006 since this strain was not analysed in the same Southern blot experiment (that is.

on the same membrane).

There are two possibilities with regard to the size of the native inrC element: (i) the
intC element is a short integrative clement of approximately 4.5 kb. and therefore intact in
strain C305, and C305-like strains. In this case, in strains in which the mC clement
sequences hybridise to a larger EcoRI fragment (1311, AC3577, B1006. D1172). some
other element or sequence is present which separates the 4.5 kb infC element sequences

from the B element sequences; or (ii) the intC element in strain C305 and C305-like
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strains, has been truncated by some genomic rearrangement, such as simple recombination
between two insertion sequences resulting ir deletion of the intervening regions, and thus the
right-hand end of the element is missing in these strains. In contrast, the strains in which the
intC element sequences hybridise to a larger EcoRI fragment of similar size (1311, AC3577,
B1006, D1172) may contain an intact copy of the intC element, which includes the right-

hand end of the element.

The later hypothesis (ii) seems most likely, since in strain C305 it is apparent that
genomic rearrangements have resulted in the deletion of part of the B clement
(Figure 7.2). and the right-hand end of the intC element may have been deleted at the same
time. The end product of these rearrangzments appears to be a copy of inrB,, that is
integrated close to intC element sequences. In contrast, in strains 1311, AC3577. D1172 the
intB element and gepB-Fsequences downst-eam of askA appear to be contiguous. and are

altogether absent from this position in strains B 1006 and G1220.

The size of the intact infC zlement is currently unknown. It seems that the intC
element sequences are likely to extend downstream of the right-most EcoRI site, since this
fragment is of a similar size in strains 1311, AC3577, B1006, and DI1172. Whether the
sequences downstream of orfl71 comprise part of the infC element in strain G1220 is
unclear. since the restriction polymorphisms present in this strain differ from all other strains

characterised in this study.

Since it appears that the intB element is adjacent to the attR of the intC clement. at
least in some strains of D. nodosus. it may be possible to use LR-PCR or an [-PCR strategy

to isolate the right-hand end of the i1/C element for further analysis.
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7.2.2 Loss of the intC element from D. nodosus virulent strain 1311

During routine laboratory growth, the native plasmid pDNI1 was lost spontancously
from D. nodosus virulent strain 1311, generating a daughter strain designated as [311A
(Section 3.2.6). In later Southern blot analyses. genomic DNA from D. nodosus strain
1311 and daughter strain 1311A was probed with DNA fragments from intB, intC. and askA

respectively (Figure 7.3).

In both strains 1311 and I311A, there are 2 copies of intB. One copy ol intB is
truncated and found on a 2.2 kb EcoRI fragment and corresponds to the copy that is
adjacent to the artR of the vap region that 1s integrated downstream of pnpA in both strains
(Figures 7.3 and 7.4). The second complete copy of infB is intact in both strains, however.
this copy of intB hybridises to a 2.5 kb L'coRI fragment in strain 1311, but to a 3.3 kb
EcoRI fragment in strain 1311A. Thus, these results suggested that the intB gene region had

undergone rearrangement in D. nodosus strain 1311 to generate strain 1311A.

In D. nodosus strain 1311, intC and askA probes both hybridise to a 13.0 kb LcoRI
(Figure 7.3), 2 6.9 kb Hindlll and to a 5.7 kb Hindlll/EcoRI {ragment, indicating that in
strain 1311 the intC element is intezgrated adjacent to askA. In contrast, the genomic DNA
from daughter strain 1311A did not hybridise to the intC probe (Figure 7.3). and thus the
intC gene 1s not present in the 1311A gencme. In daughter strain 1311A, the askA probe
hybridises to 3.3 kb EcoRI (Figure 7.3). 3.5 kb Hindlll, and 2.6 kb Hindlll/EcoRI
fragments respectively; the same restriction fragments that hybridise to the inrB probe in this
strain 131 1A. These results therefore indicate that in strain 1311A the intB gene and askA
gene are adjacent. Thus, the loss of the inrC element from strain 1311 resulted in the
relocation of the intB element such that askA and intB are juxtaposed in daughter strain

131 TA (Figure 7.4).
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Further Southern blot analyses (Appendices 4, 7 & 8) indicated that intC-associated
genes, 01242, orfl71, and vapG "H’" were lost together with the intC gene from strain 1311.
which is consistent with the hypothesis that these genes constitute part of the mrC element
(Section 7.2.1). The hypothesis that the four strains (1311, AC3577, B1006. D1172) that
contain the large EcoRI fragments might contain more intC element sequences is also
supported by evidence that shows that the inrC clement sequences excise from the askA
integration site in strains 1311. The excision of the nsC element results in the relocation of
the intB element such that it is next to askA, and leaves the integration site intact. It seems
most likely that all of the sequences between the «tR or the intC element and the arrL of the
intB element are part of the intC element, since intB and intC integrate into the same att

sequences.

To confirm that intC is adjacent to askA in D. nodosus strain 1311, and that intB is
adjacent to askA in 1311A, PCR products were amplified using primer sets specific for
askA-intC, and askA-intB.  As expected, a 2.6 kb askA-intC product was amplified from
1311 genomic DNA, whilst no askA-intC product was observed for strain 1311A
(Figure 7.5, panel I). Using askA-intB primers a 1.1 kb askA-intB product was detected in
1311A as predicted. however unexpectedly, a 1.1 kb askA-intB product was also observed

for parent strain 1311 in which intC is integrated adjacent to askA (Figure 7.5. pancl 1D).

Consequently, it was hypothesised that if the excision of infC’ element sequences was
occurring frequently in a small population of 1311 cells, both askA-intC and askA-intB PCR
products might be observed. Serial dilutions of an equivalent amount of 1311 template and
131 1A template show that the concentration of the askA-intB product is much lower in 1311
than in 1311A (Figure 7.5, panel IIl). Hence, experimental evidence from PCR results
suggests that a sub-population of D). nodosus strain 1311 are undergoing loss of the intC
element frequently enough to be detected. This observation 1s supported by Southern blot

analysis in which a faint 3.3 kb FcoRI fragment is visible in addition to the 2.2 kb and
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2.5kb EcoRI fragments that hybridise strongly to the intB probe for D. nodosus strain
1311 (Figure 7.3, panel I). Similarly, in strain 1311 a faint 3.3 kb EcoRI fragment is also
detectable in addition to the strong band of 13.0 kb that also hybridises to askA (Figure 7.3,

panel III).

To ascertain whether the loss of intC was due to excision via a site-specific
mechanism and whether the excision or loss of the inrC element disrupted the rRNA gene,
the askA-intB PCR product from D. nodosus strain 1311A was subcloned, sequenced and
aligned to the left end and right end of vap region 1/3 in D. nodosus reference virulent strain
A198. Analysis of this junction reg on shows that the att site is identical to artL, rather than
attR, and thus that the excision of the intC element did not disrupt the sequence of the mature
tRNA gene. This is consistent with the site-specific excision of the intC element. It seems
most likely that the excision of the intC element was mediated by an Int/Xis-catalysed
excision event involving intC element encoded functions, especially given the frequency at
which the intC element is lost (Figures 7.3 and 7.5) rather than via a recA-catalysed

homologous recombination event.

7.2.3 Excision of the intC element from D. nodosus intermediate

strain AC3577

The observed loss of the iniC element in strain 1311, led to the identification of a
second strain, intermediate strain AC3577, in which the excision of the intC element from
the askA position of the genome 1s also detectable. In strain AC3577, the askA probe
(Figure 7.6) hybridises to two EcoRI fragments of 15.5 kb and 3.3 kb respectively. It is
notable that intensity of the 3.3 kb band is significantly less than that of the 15.5 kb band
(Figure 7.6), suggesting that a second partial or divergent copy of askA exists in this strain,

or that the loss of sequences adjacent to askA is occurring in a small population of AC3577
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cells. The later hypothesis is supported by faint hybridisation of the intB probe (Figure 7.6)
to a 3.3 kb EcoRI fragment, which is iden:ical to the fragment that hybridises to the intB
probe after the loss of the inrC elemrent from the askA position in strain 1311 (Figure 7.6).
An EcoRI fragment of 2.5 kb that hybridises strongly to the intB probe is also detectable.
and 1s identical in size, to the fragment whic intB hybridises to in strain [311 when the intC
element is integrated in the askA position (IFigure 7.6). In addition it seems unlikely that a

housekeeping gene like askA would be duplicated in a single strain of D. nodosus.

The hypothesis that intC s lost from the askA position in strain AC3577 is
complicated by the observation that intC, »rf242, orf171 all hybridise to a single EcoRI
fragment of approximately 14.5 kb but to two restriction fragments for both HindIIl or
HindIll/EcoRI digests (Appendix 7). In the digests where hybridisation to two fragments is
observed. one restriction fragment is always significantly less intense (Figure 7.6).  The
most plausible explanation for this is that when the intC element excises in strain AC3577 it
1s not lost, but is instead maintained either as a circular intermediate at low copy number. or
is integrated at a second positior in the AC3577 genome on an LEcoRIl fragment of

approximately 14.5 kb.

To test this hypothesis, two experiments were performed. In the first experiment.
sertal dilutions of an equivalent amount of AC3577 template and 1311A template were
amplified using PCR. and showed that the concentration of the askA-intB product is much
lower in AC3577 than in 1311A, as was observed in an identical experiment in which 1311
and 1311A genomic DNA were used as ternplates (Figure 7.5, panel II). These results are
consistent with the idea that the inrC element 1s excising from the askA position in a small

population of strain AC3577 cells.

To determine whether sequences from the in/C element were maintained as a circular

molecule. a second experiment was performed. Uncut genomic DNA trom strain AC3577
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was fractionated on a 0.6% agarose gel, transferred to a mtrocellulose membrane for
Southern blot analysis and probed with a tragment from inrC (Figure 7.1. probe 4).
However. a distinct plasmid band was not visible. The putative plasmid band may have
been too large to separate from genomic DNA. Consequently, results from this experiment
are inconclusive. and in future experiments pulse field gel electrophoresis and subsequent
Southern blot analysis could be utilised to test the hypothesis with greater sensitivity.
Alternatively. a PCR strategy could »e utilised to amplify sequences that are potentially
adjacent in the circular molecule, but known not to be adjacent when the inrC element is
integrated into the AC3577 chromosome. The design of such an experiment would require
the isolation of the right-hand end of the infC element. A means by which the right-end of

the intC element could be 1solated was discussed previously in Section 7.2.1.

From Southern blot experimerts, there 1s no evidence to suggest that the insC' clement
sequences are being lost from at least seven (C3052, D1172. G1220. B1006. 2483, 1493,
and 1469) of the strains that carry all of the genes that so far define the intC element (iniC,
orf242, and orfl71). However, in benign strains 819 and 3138, faint bands arc visible in
addition to the strong HindlIl and HirdIll/EcoRI bands that hybridise to askA. iniC. orf242
and orf171 (Appendices 7 & 8). suggesting that the rearrangement of inrC element sequences
are also occurring in these strains. However, it is difficult to show this definitively since for
these two strains it 1s unclear what the product of rearrangement might be, given that these
two strains do not appear to contain an intact copy the intB element and its attachment site
(artl).  Consequently, strain 819 and 3138 do not contain the sequences that are
complementary to the primer (GB1) that was used to confirm that the infB clement scquences

are adjacent to askA after the loss of rhe intC clement sequences in strain 1311 and AC3577.

It is interesting that the inrC element appears to be lost from strain 311
(Section 7.2.2) and yet appears to be maintained in D. nodosus strain AC3577. The fact

that the infC element is lost in strain 1311 suggests that the n¢C element may not contain a
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plasmid maintenance system analogous to the vapA/toxA system (Section 1.6.4.1) present in
the vap regions and on the vap plasmid that is found in strain AC3577. Why the intC
element should be maintained in one strain AC3577 but lost altogether from strain 1311 1s
unknown, but may reflect the relative integrity of the intC element in these two strains.
Alternatively, (i) the excision of the /ntC element in strain 1311 in the presence of native
plasmid pDN1 may have led to the destabilisation of an intC plasmid or pDNI1. or both duc
to plasmid incompatibility: or (ii) the inrC’ element may contain no vegetative origin of
replication, and consequently could be lost if not re-integrated following excision: or
(ii1) since both the intC element and vap element are able to recognise the same atf sequence.
the excised nfC element may have integrated into the vap plasmid which is carried only by
strain - AC3577 and consequently be stably maintained as a circular cointegrate

extrachromosomal molecule.

7.2.4 Loss of the intC element from D. nodosus strain 1311 is associated

with the loss of a copy of IS/253 and intD element sequences

In D. nodosus strain C3052 the ntC element genes intC, orf242, orfl71 and
vapGH'™ are followed by a copy of an insertion sequence with approximately 98% amino
acid identity (Bloomfield, 1997) to the IS/253 element previously identitied on the vap
plasmid (Billington et al., 1996) of D. nodosus strain AC3577, and located adjacent to the
OMP1 locus in D. nodosus strain A198 (Moses et al., 1995). Immediately following one of
the two copies of the IS7253 element present in strain C305. there is a 100 bp with 98%
identity to the part of the coding region froni the intB gene (position 410-500) from the right
end of vap region 3 in strain A198 ‘Table 7.1). 344 bp downstream from this partial copy
of mtB, similarity to the intB element from D. nodosus strain A198 resumes from the
beginning of the regA gene (Bloomfield. 1997) (Figure 7.1). Thus, in stram C305 the intC

element appears to be interrupted by the IS/253 element and truncated, since part of the intB
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element is located immediately downstream of the insertion sequence.

In order to determine whether the [5/253 element is always found within the inrC
element in different strains of L. nodosus, Southern blot analyses were employed.
Genomic DNA from each strain was digested with Xhiol (Figure 7.7), EcoRI. HindIIl and
Hindlll/EcoRI (Appendix 7) and hybridised with probes specific for the 1S7/253 element and

orfl71 from D. nodosus strain C3C5.

Of the strains analysed most had one (seven strains) or two (seven strains) copies of
the IS7253 element, whilst a few have three (three strains) or four (one strain) copies of the
insertion sequence (Figure 7.7, Table 7.2). Furthermore, the insertion sequence appears (o
be found in only five different positions in the D. nodosus genome (Figure 7.7). Three of
these five positions are known; the IS/253 probe hybridises to a 10.5 kb Xhol fragment,
which corresponds to the copy of the [S/253 element previously reported to be located
adjacent to the OMPI locus in strain A198 (Moses et al., 1995). a Xhol fragment of
>23.1 kb (Figure 7.7) fragment that corresponds to a copy within the intC element of strain
C305 (Bloomtfield, 1997): and a 13.7 kb X/iol fragment that corresponds to the copy of the

IS71253 located on the vap plasmid in D. nodosus strain AC3577 (Billington et al.. 1996).

Xhol fragments of a novel size are observed for D. nodosus strain 1311 (a doublet
of ~19.6 kb). and for strains HI1215. 1469 and AC390, that have a Xhol fragment of about
[5.5 kb in common. The putative positions of the IS/253 clements in the 18 strains

analysed have been summarised in Table 7.2.

It is likely that the infC element is greater than 19 kb in size since we know that tor
strain 1311 orf171 and IS7253 hybridise to a Xhel fragment predicted to be about 19.6 kb
in size. and there are not Xhol sites within the total 8.6 kb sequenced from the a site

immediately upstream of the intB gene to gepG in strain A198.

Characterisation of the intC element of D. nodosus
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Table 7.2: Copy number ard location of the IS/253 element in D. nodosus

D. nodosus Copies of Location in genonie
Strain IS1252 -
Al198 1 OMP1 locus
C3051 2 intC element, unknown
C3052 ) intC element, OMPI locus
1130k 2 intC element, unknown
1311A 1 OMPI locus
AC3577 2 vap plasmid, unknown
B 1006 2 intC element, OMPI locus
G1220 3 intC element, OMPI locus, unknown
H1204 3 intC element, OMPI locus, unknown
HI215 + intC element, OMPI locus, unknown, unknown
819 2 intC element, OMPI locus
1169 1 intC element
2483 ] intC clement
1493 2, intC element, OMPI locus
3138 2 intC element, OMPI locus
1469 8 intC element, OMPI locus, unknown
AC390 1 unknown
DI172 ! OMPI locus

It is interesting that in strain 1311, there are two copies of the IS7/253 sequence on

Xhol fragments of approximately 19.6 kb. Southern blots in which genomic DNA from

strain 1311 was digested with HindlII and EcoRI confirmed that there are two copies of the

insertion sequence (Appendix 7). Ir contrast, daughter strain 1311A, contains only a single

copy of the insertion sequence. The concomitant loss of a copy of the insertion sequence

and the intC element suggests that a copy of the IS/253 is located within the intC element.

This is consistent with what might be expected for strain 1311 (Figure 7.2), since Southern

blot analyses indicate that orfl7] and IS/253 hybridise to the same Xhol and EcoRI

fragments (Appendix 7).

Perhaps more significantly, the loss of the intC element is also associated with a
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rearrangement involving the second copy of the 1S/253 sequence that is still present in strain
I131TA. The IS/253 probe hybrid.ses to a 10.5 kb Xhol fragment corresponding to the
single copy of the insertion sequence that is present in strain 131TA. Since the IS/253
clement from strain A198 also hybridises to a Xhol fragment of 10.5 kb (Figure 7.7). and 1s
known to be located immediately adjacent to the OMP1 locus, these results suggest that the

copy of IS7253 in strain 1311A is also locatzd adjacent to the OMPI locus (Figure 7.7).

A copy of the intC element and the 57253 element were not the only sequences lost
from the genome of D. nodosus strain 1311A. All of the sequences that comprise the right-
hand end of the intD element (Section 6 2.1) were also lost from the [311A genome

(Section 6.2.2 and Figure 7.9).

A mechanism by which the intC eleraent, the intD element and a copy ol the [S/253
clement could be lost, whilst the reraining copy of the IS/253 element was repositioned n
the 1311 genome is suggested by the order ot genes shown on the physical and genetic map

of D. nodosus strain A198 (La Fontaine & Rood, 1997), and is illustrated in Figure 7.8.

The physical and genetic map of D. nodosus strain A198 indicates that the 1S/253
sequence is located adjacent to vap region 1/3 of D. nodosus strain A198 (La Fontaine &
Rood. 1997), and the IS/253 element is lccated on the same X0l tfragment as the OMPI
locus (Billington ef al., 1996), and it is also known that the /ntB element sequences are
present adjacent to the aftR site of vap regions /3 (Bloomfield er «l., 1997): hencc the
arrangement of the elements shown (Figure 7.8A). In strain 1311 (Figure 7.8B). there are
two copies of the IS/253 element, cne of these punctuates the infC element and as expected
1s Jost with the intC element. The other copy of the IS/253 element is found on a X/iol
fragment of the same size as the aforementioned copy (indicated by a line between the Xhol
sites). With loss of the inrC element and thz intD element from strain 1311, two X/iol sites

are lost resulting in the juxtaposition of the remaining IS7253 element and the OMP1 locus in
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strain 1311A (Figure 7.8C). Since the imD element is not present in most strains of
D. nodosus, the OMP1 locus is next to IS/253 in most strains. The intD element must have
been lost between intB and the OMP1 locus, for there to be a change in Xhol sites between

the IS/253 element and the OMP1 locus. Consequently, the intD element cannot be part of

the intC element.
strain A198
X X X
| R Lo
askA gipA vap element intB element I_IETEES_' OMP1 Iocus
strain 1311
X X X X X
B
IQHL-E__ G S ez -=e2e2e2v
askA gipA intB element intD element OMP1 locus
lS1253 IS1253
intC element
X
|
[ e |
1S1253
Excision and loss of the intC element
intC element and element X
strain 1311A intD element
c )‘( X X
= [ S R QR s
askAgipA intB element OMP1 locus
IS1 253

Figure 7.8: Model for the rearrangement of the 1S/253 element in strain 1311 to generate strain
1311A. The arrangement of vap region1/3, the intB element, 1S71253 and the OMP1 locus from physical
and genetic map of D. nodosus strain A198 (A). The putative arrangement of the intC element, intB
element, IS7253 and OMPI locus in D. nodosus strain 1311 (B). The arrangement of the intB element
and IS1253 in strain 1311A afterloss of the intC element and the intD element (C). Xhol (X) sites are
shown and 102 bp repeats are indicated (narrow black boxes). The drawing is not to scale.

It is also possible that the loss of the intC element with a copy of the 1S/253 element

was followed by the independent transposition of remaining the 1S7/253 element to the
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OMP1 position. Such a transposition event seems less likely since collectively this would

have required three independent rearrangements rather than two.

Like strain 1311, strain AC3577 contains a copy of the sequences from the right-end
of the D element (Section 6.2.2). In AC3577, a faint HindIll band of 14.5 kb is
detectable in addition to a strong Hind(II band of 9.3 kb that corresponds to the
chromosomal copy of these intD clement sequences (Figure 7.9). No such faint band
corresponding to the intD element is detectable in strain 1311.  The intC probe also
hybridises to a faint HindIll band of approximately 14.5 kb n strain AC3577. Thus, these
results suggest that in strain AC3577 the sequences from the right-hand end of the intD
element and from the left-hand end of the intC element may hybridise to the same 14.5 kb
HindIIl fragment. Consequently, it 1s possible that the intD element and intC element
sequences may excise to form a co-integrate circular molecule. However. the in7C probe and
fragments from the right-hand end of the mtD element may also be hybridising to two

separate 14.5 kb bands in D. nodosus strain AC3577.

Since the intD and intC elements recognise the same integration sites one might
expect that they are at least able to form such a cointegrate molecule. [f these elements do
form a cointegrate molecule 1t 1s likely that the right end of the intD element and the left end
of the intC element arc adjacent since they apparently hybridise to the same HindlIll
fragment. However, one would also expect that the aforementioned ends are adjacent it the
iniC element and intD element sequences were part of the same genetic eclement.  To
determine if the intD and intC elements do excise to form a cointegrate, PCR primers
complementary to appropriate sequences from the intC and intD clement sequences could be

used to amplify putative intervening sequences in a cointegrate molecule.
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Figure 7.9: Southern blot analysis of intD element sequences, dapA-C (panel 1) and
102 bp repeats (panel II) in D. nodosus strains A198 (lanes A), C3052 (lanes B), 1311
(lanes C), 1311A (lanes D) and AC3577 (lane E, panel I only). Genomic DNA was
digested with HindIIl in both of the experiments shown above. Lambda HindIlll standard
sizes are indicated at the left of each panel in kb. The intD element probes correspond to
probe 1 (panel I) and probe 3 (panel II) as shown in Figure 6.12.

Characterisation of the ntC element of D. nodosus



- 284 - Chaprer 7

[

7.2.5 Further evidence that the intC and intD elements are

separate integrated elements

The excision of the intC ard intD elements appears to occur at the same time in
D. nodosus strains 1311 and AC3577. This could be explained if the intD element
sequences are part of the intC clement, or if they are two separate elements which excise in
response to the same stimuli and thus would have the potential to interact with each other.
Such interactions have been reported prev:ously for Bacteroides conjugative transposons
which are known to stimulate the transposition of other conjugative transposons in trans due
to the trans-action of regulatory proteins (Salyers ¢t al., 1995b), rather than the trans action
of proteins for excision. If the infC and intD clements comprised a single genetic element.
intC and inrD element sequences should be adjacent in the D. nodosus genome. The
evidence on which the model shown in Figure 7.8 was based, supports the idea that the intC

element and the intD element are different genetic elements.

In addition, we have observed previously the loss of the intD element independently
of the loss of the intC element. The original laboratory strain of D. nodosus C305 (C3051)
lost the intD element from between pripA and intB,, to generate the current laboratory strain.
C3052 (Secuon 6.2.2). Despite the loss of C3051 from laboratory stocks. a very small
sample of C3051 genomic DNA, had been «nalysed by Southern blotting previously (Shaw.
1997). and thus the nylon membrane was available for further analysis. The membrane was
probed with the in/C gene and confirmed that the intC element was integrated adjacent to
askA in the C3051 as it is in C3052 (Appendices 7 and 8).  Thus, the original laboratory
strain of C305. now called C3051 (Sectiorn 6.2.2.1) contained a copy of the intC element
next to askA and a copy of the intD element next to pnpA. Since the two elements were
integrated 1n different positions in the €305 genome and the intD element was lost

independently of the inrC element, they must be different genetic elements.
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There are also many other strains of D. nodosus that do not contain intD element
sequences but do contain intC element sequences (including strains C3052, G1220, H1204,
HI1215, 1169, 2483, 1493, 1469, AC390), also supporting the conclusion that the /mntC and
intD elements are not components of the same element. It 1s interesting that in all of the
aforementioned strains, the intC element does not hybridise to the EcoRI fragments of 13-15
kb like strains 1311, AC3577. B1006, D1172. and thus may not be intact (Section 7.2.1).
Although it might be hypothesised that the interaction between the intC and intD element
requires these sequences to be intact, there appears to be some rearrangement of the intC
element in strains 819 and 3138, and the arrangement of intC element and downstream

sequences are tdentical to those from strain C505, and consequently are not intact.

Southern blot analyses were used to investigate the possibility that the it element
may be integrated between the right-hand end of the ntC element and the left end of the intB
element in D. nodosus strains 1311, AC3577, D1172 and B1006. These analyses showed
that the left-hand end of the intB element is nct next to the right-hand end of the intD element
(Figure 6.15), and is located elsewhere in the genomes in the aforementioned strains of
D. nodosus. Results presented in this section suggest that the intD element is instead

integrated between the intB element and OMP1 locus in D. nodosus strain 1311,

7.2.6 Loss of the intC and intD elements from D. nodosus strain 1311
results in loss of thermostable protease activity

in daughter strain 1311A

Although the precise role of D. nodesus proteases in pathogenesis has not yet been
determined, the protease exoenzymes secreied by virulent strains of D. nodosus readily
degrade elastin (Kortt er al., 1982; Stewart, 1979; Thomas, 1964), keratin, fibrinogen.
hemoglobin and collagen (Green, 1985), and are thought to aid the bacterium in obtaining

nutrients from the hooves and surrounding tissues (Stewart. 1989).  This hypothesis is
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supported by physicochemical differences that exist between proteases secreted by benign
and virulent strains of D. nodosus (Emery. 1988; Lilley, Stewart & Kortt, 1992: Moses &

Yong. 1989).

It has been established that the proteases of virulent strains of D. nodosus arc more
thermostable than proteases of benign strains of D. nodosus (Depiazzi, Henderson &
Penhale. 1990; Depiazzi & Rood, 1984). Furthermore, it is this particular factor that 1s the
basis of current laboratory tests for the differential diagnosis of D. nodosus infections
(Section 1.3) (Plant & Walker, 1994: Rood er al., 1996). Hence. to determine whether the
loss of the intC element trom virulent D. nedosus strain 1311 had an effect on the virulence
classification of the daughter strain 1311A. a protease thermostability assay was performed
(Section 2.13.1) on D. nodosus st-ains 1311 and 1311TA. Reference virulent strain A198
was included as a positive control tor thermostable protease and benign strain C3052 as a
negative control for thermostable protease. The results are summarised in Table 7.3 and

Graph 7.1.

Virulent strains A198 and 1511 have a decrease in protease activity of less than 35%.
whilst for C3052 and 1311A protease activity decreased by more than 64% alfter heat
treatment, indicating that the proteases produced by C3052 and [31TA arc much less
thermostable than the proteases secreted by A198 and 1311. These results suggest that the
virulent strain 1311 was convertec to a patative benign strain, 1311A. Strain 1311A is
referred to as a putative benign strain, because loss of thermostable protease activity does not
provide conclusive evidence for loss of virulence since protease thermostability is only a trait
associated with virulence. To confirm that strain 131 1A produces clinically-benign discase.

sheep trials would need to be performed.
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Table 7.3: Protease thermostability in four strains of D. nodosus

- S — O KO S

Mean Ay + SD

Strain of D. nodosus Mean A s+ SD % Loss of Activity
no heat treatment bl Sobamma after heating
(10 min @ 60°C)
A198 0.233 x 0.04 0.162 = 0.03 205+ 5.6
C3052 0.210 =: 0.04 0.049 = 0.02 74.1 = 11.9
1311 0.323 2. 0.10 0.261 = 0.10 20.1 £ 114

1311A 0.198 #: 0.04 0.028 + 0.01 849 +9.0

Graph7.1: Thermostability of extracellular
proteases in four strains of D. nodosus
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Strain 1311 lost the plasmid pDNI, together with the intC and intD elements to
produce strain 1311A. Tt is highly unlikely that the loss of pDNI resulted in the loss of
virulence since pDN1 has been found in only one D. nodosus strain, and this is supported
by results presented in Section 7.2.7. Thus, it is probable that loss of the intC or intD

elements resulted in the loss of thermostable protease.

These results are interesting in that they suggest that both virulent and benign strains
of D. nodosus must contain at least the genetic potential to express thermostable proteases,
and that the expression or secretion of these thermostable proteases i1s switched on in virulent
strains but off in benign strains. The loss of the infC and intD elements from this strain of
D. nodosus appears to trigger this ‘switch’. No information regarding the potential

production of thermostable protease by benign strains has been reported in the literature.

7.2.7 D. nodosus 1311 and 1311A are morphologically distinguishable

During the passaging of D. nodosus strains 1311 and 1311A it was noted that strain
1311A colonies were consistently smaller in size and produced less exoenzymes than the
colonies of strain 1311 (Figure 7.10). Interestingly, smaller colony size and reduced
exoenzyme activity have been noted as being characteristic of benign strains in general
(Depiazzi et al, 1985; Stewart et al, 1989), though it has also been noted that morphological
differences alone are not reliable enough for the accurate differentiation of benign and

virulent strains of D. nodosus (Depiazzi et al., 1990; Stewart, 1989).

The size difference between strain 1311 and 1311A colonies was utilised to select
colonies of 1311 that had potentially lost pDN1 and/or the intC element. The aim of this
experiment was to determine whether the loss of intC occurs concomitantly with the loss of

pDNI1, since in D. nodosus strain 1311A both the intC element and pDN1 have been lost.
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The possibility that pDN1 loss occurs with loss of the intD element sequences has not yet
been investigated, because initially it was hypothesised that the inzD element sequences may

have been part of the intC element (Chapter 6), rather than a separate element.

A total of 55 small colonies were selected, and screened by Southern blot analyses
using sequences corresponding to pDN1 and the intB gene as probes (Figure 7.1). Of those
screened, five colonies that were selected had lost pDN1 (Figure 7.11), but had retained the

intC element since the intB probe hybridised to the same size restriction fragment as parent

strain 1311 (Figure 7.11). Three of these pDN1 strains (Table 7.4, strain 1311 E, F and H)

642 —

432 —I|8

232 —

2.03

Figure 7.11: Southern Blot analysis of selected small colonies of strain 1311. Genomic DNA
was prepared from selected small colonies of D. nodosus strain 1311 A to O, digested with EcoRI
and probed with DNA fragments from D. nodosus native plasmid pDN1 (top panel) and with an
intB probe (top panel). In Selected 1311 colonies A-D, G, I-M the pDN1 probe hybridises to a 5.1
kb EcoRI fragment, whilst selected 1311 colonies E, F, H, N and O do not hybridise to the pDNI
probe at all. All selected 1311 colonies hybridise to the intB probe; EcoRI fragments of 2.2 kb and
2.5 kb are visible, and correspond to a truncated copy of intB (intB,) and a complete copy of intB
respectively. Thus the two copies of intB are in the same position as in parent strain 1311
(Section 7.2.2).
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were subject to protease thermostability assays. All of the colonies that had lost pDNI had
retained protease thermostability, confirming as expected, that the absence of protease
thermostability in strain [311A was not due to the loss of the native plasmid pDNI
(Section 3.2.6). In addition, in the five pDNI  strains, the loss of pDN1 did not occur at
the same time as the loss of the inrC element (Figure 7.11), since like parent strain 1311, the
intB probe still hybridised to EcoRI fragments of 2.2 kb and 2.5 kb respectively. Whether

the intD element had been lost from any of these strains still needs to be mvestigated.

Also of interest, and not anticipated was that one of the selected small colonics
assayed, strain 1311#12, which had not lost pDNI, had lost protease thermostability
(Table 7.4). Southern blot analysis indicated that this strain has not lost the /n/C element.
Although the loss of protease thermostability is not due to loss of the infC element in this
variant. further investigations are required to determine whether this strain has lost the copy
of the mtD element and/or has acquired a mutation that affects thermostable protease

production or secretion.

Table 7.4: Protease thermostability in seven strains of D. nodosus

S Mean A . o
Strain of D. nodosus Mean Aqys ¢ o % Loss of Activity
' heat treatment ’

no heat treatment . after heating
(10 min @ 60°C) §

Al198 0.924 0.710 131

C3052 0.6°8 (0.091 8583

1311 0.878 0.738 15.9
1311 E 0.932 0.700 24.9
1311 F 0.9:41 0.739 21.5
1311 H (.900 0.672 25.3

1311 #12 0.634 0.042 93.4

Standard deviations are not shown since results are based on a single experiment.  D. nodosus strains
1311 E. F and H have lost pDNI, but not the inrC clement, whilst strain 1311 #12 has lost protcase
activity but not pDN1 or the intC element.
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Results from these selection studies suggest, as expected, that a change in colony
size may be attributable to numerous gerotypic and environmental changes. In these
experiments 9.0% of selected coonies Fad lost pDNI, and 1.8% had lost protease
thermostability, suggesting that a small colony size is associated with both phenotypes that
are apparent in strain 1311A. These results also indicate that the loss of native plasmid
pDN1 can occur without the concomitant loss of the intC element, however it is as yet
unknown whether the intD element is present in these pDN1 strains.  These experiments
also suggest that morphological differences such a colony size coupled with protcases
thermostability assays may be useful for the identification of novel strains of D. nodosus.
that in the absence of a transformation system, may yield some interesting insights into the

regulation of virulence determinants. such as thermostable proteases, in D. nodostts.

7.2.8 Integration sites for vap, intB and intC elements in virulent and

benign isolates of D. nodosus

The results presented in Section 7 2.6 suggest that the loss of the m/C element
resulted in the conversion of a virulent straun (1311) to a putative benign strain (1311TA).
Initially, the fact that a second genetic element, the intD element, was also lost was
unknown, and arose out of later studies in which sequences to the left of a copy of iniB,

from a C305 genomic DNA library were analysed (Section 6.2.2).

It seems unlikely that the intC or intD) elements encode factors that are responsible for
the expression of thermostable protease, since reference virulent strain A198 does not
contain any of the sequences that so far define the intC or intD elements (Sections 6.2.2 and
7.2.1), and yet does produce thermostable proteases (Section 7.2.6). Though, since the
right-hand end of the intC element has not yet been isolated there is the possibility that

determinants involved in protease thermostubility expression might be encoded by the right-

hand end of the intC element, and that these sequences are present in strain A198.
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In addition, many benign strains of D. nodosus contain the intC’ element sequences.
though it is apparent that in the all benign strains studied in this work, the intC clement does
seem to be truncated (Section 7.2.1). Three benign strains also contain the complete D

element (Section 6.2.2), and do not produce thermostable protease.

Consequently, it seems that the most significant difference between parent strain
[311 and the putatively benign daughter strain 1311A (Section 7.2.6) is that the inrB element
is present adjacent to askA instead of the mrC element (Section 7.2.2).  Thus. it was
hypothesised that virulent strains of D. ncdosus have either the inrC element or the vap

element integrated adjacent to askA and the vap element adjacent to pnpA.

In order to test this hypcthesis, the genomic DNA from seventeen strains of
D. nodosus was analysed in Southern blot experiments in order to determine the integration
sites of the vap, intB and intC elements in the D. nodosus chromosome. Probes specific for
askA, pnpA. intA. B and intC were utilised in these experiments (Figure 7.12:
Appendices 4, 5, 7 and 8). The strains of D. nodosus analysed included virulent strains
A198. 1311, B1006, G1220, HI1215, DI1172, mtermediate strain AC3577, and benign
strains C3052, 189, 1169, 2483, 1493, 2138, 1469, 1311A, H1204 and AC390. The
results of these experiments were also confirmed in PCR experiments (Appendix 10).

Results of these experiments are summarised in Table 7.5.

Analysis of the integration sites for the vap, intB and intC elements in the strains of
D. nodosus analysed showed that most virulent strains have the n/C clement integrated
adjacent to askA and the vap element next to pnpA. Virulent strain A198 is distinguished
from other virulent strains by having a copy of the vap element integrated adjacent to the
askA and pnpA position. In contrast, most benign strains contain either the in/C clement or
the vap element in one of the two positions, but not both. Most benign strains appcar to

have a copy of the intB gene or part thereof in either the askA or pnpA position. whilst one
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has a copy of the intD gene adjacent to pnpA, and another has an unknown integrated

element adjacent to pnpA.

Table 7.5: Genetic elements integrated next to askA and pnpA in seventeen

strains of D. nodosus

Strain virulence askA pnpA
classification juxtaposition juxtaposition

A198 virulent intA intA

B 1006 virulent intC intA

D1172 virulent intC intA

G1220 virulent intC intA

HI215 virulent intB intA

1311 virulent intC, intB* intA

AC3577 intermediate intC, intB* intA

AC390 benign intB not intA, intB, intC. intD
C3052 benign intC intB

H1204 benign intB intA

819 benign intC intD**

1169 benign intC intB

1311TA putative benign intB intA

1469 benign intC intB

1493 benign intC intB

2483 benign iniC intB

3138 benign intC not intA, intB, intC, intD

Evidence suggests that in strains 1311 and AC3577 the intC clement is being lost [rom the

askA position and when the intC clement 1s lost the intB clement sequences are repositioned

such that it is immediately adjacent to asksi.

* Preliminary Southern blot analyses in which intD was used as a probe suggest that the inth)

clement is integrated adjacent to papA in strain 819,

These results suggest that virulent strains contain the vap element next to pnpA and

etther the vap element or the intC element adjacent to askA. Of the seventeen strains studied.

the only exception to this is virulent strain HI1215, in which intB and askA are juxtaposed.

It was possible that H1215 had been converted to a benign strain during passaging

under laboratory conditions, in the same wey as [311A. Strain HI215 is atypical of virulent

strains of D. nodosus in a number of ways: (i) H1215 is the only strain of D. nodosus
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analysed that contains two copies of intC. one of which is adjacent to orf242, whilst the
other copy is not. The integration site for either copy of intC in this strain is unknown
(Section 7.2.1): (i) this strain contains a complete inducible prophage DinoHI (Bloomtfield.
1997): (iii) protease assays of this strain (data not shown) indicate that it stll produces
thermostable proteases. however, H1215 colonies are small compared to those of other
virulent strains.  Like virulent strains of D. nodosus, intermediate strains sccrete
thermostable proteases, however they are distinguished from virulent strains by having a
smaller colony size due to reduced surface translocation (Stewart, 1989). Thus it 1s possible
that virulence in strain H1215 may have been attenuated during culture under laboratory
conditions due to genomic rearrangements and as a result may be an intermediate strain rather
than a virulent strain. Unfortunately, clinical trials would probably be required to show this

definitively.

In general, the hypothesis that viruent strains of D. nodosus have either the inrC
element or the vap element integrated adjacent to askA and the vap element adjacent to pnpA
is supported by these Southern blot analyses. However, given that analysis of onc of
seventeen strains does not agree with the hypothesis, it would be valuable to investigate the
integration sites of the vap, intB and intC elements n a larger number of D. nodosus strains.
In particular the analysis of benign strains like benign strain AC390 that have multiple copies
of the vap regions, and of virulent and benign strains of D. nodosus strains that carry single

copies of the vap regions may yield valuable data.

[t is now known that strain 1311A also does not contain a copy of the intD clement
scquences that are present in parent strain 1311, and that the loss of the inrC and intD
clements may be concomitant (Sections 7.2.4). It is unlikely that the D element has a
direct role in virulence since it is present m few strains of D. nodosis and in both benign

and virulent isolates of D. nodosus.
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Another virulence-related locus, the (vr/) region (Section 1.5.1) is thought to be
associated with virulence and to havz been acquired horizontally (Haring er al.. 1995: Katz et
al.. 1991). Furthermore, it has beer. proposed (Haring et al., 1995) that the vr/ region may
not itself encode a virulence function but rather that its integration into a putative ssrA gene
may activate a virulence function elsewhere in the D. nodosus genome. Thus in order to
confirm that the v/ region had no: undergone rearrangement or been lost from the 1311
genome, probes specific for the let and r ght ends of the vi/ region were used to probe
genomic DNA from strains 1311 and 1311A (Appendix 9). Genomic DNA from strains

A198 and C3052 were included as positive and negative controls respectively.

The probes specific for the left and right of the vr! region of D. nodosus strain A198
were shown to hybridise to identical HindIll. EcoRl and HindlII/EcoRI fragments in strains
1311 and [311A. had a similar pattern to A 198, and, as expected, did not hybridise at all to
genomic DNA from strain C3052 (Appendix 9). Hence, these results indicate that any
change in thermostable protease activity observed after loss of pDNI, iutC and the intD
element from strain 1311, was not associated with a rearrangement of the sequences flanking

the vl region.

7.2.9 Another genetic element located next to pnpA in benign strains

of D. nodosus?

During analysis of the integration sites some anomalies were noticed in blots in
which pnpA sequences were used s probes. D. nodosus strain A198 contains a copy of
mntA (the vap element) integrated dewnstream of pnpA. and in this strain pnpA hybridises to
a 4.9 kb Hindlll fragment. As expected all those strains that contain the vap element also
hybridise to a 4.9 kb HindIIl fragment (1311, I311A, AC3577, B1006. G1220. H1204.
AC390, DI1172), except virulent strain HI 215 which contains a copy of vapE’ in place of

vapl (Figure 1.9). and consequently pnpA hybridises to a 4.8 kb HindIII fragment in this
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