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responsible for the restriction fragment length
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Restriction fragment length polymorphisms (RFLPs) detected in total DNA or in
rRNA genes are widely used to differentiate strains of bacteria. The changes
accounting for these polymorphisms and the extent of genomic difference that
they reflect are generally unknown. In this report, several methods have been

used to examine the DNA differences between nine Enterococcus faecalis
isolates, Restriction fragments from total DNA and from rRNA genes were
compared between isolates using four and five different restriction enzymes,
respectively. The proportion of polymorphic fragments detected was greater
with total DNA than with rRNA gene patterns, but depended considerably on
the restriction enzyme used. DNA changes underlying nine RFLPs were
investigated by using the polymorphic fragments as probes to test for
alteration in the position of recognition sites of other enzymes. Two
polymorphisms were deduced to result from point mutation in a restriction
site. S5ix were judged to result from DNA rearrangements, five of which
involved deletion/insertion of the entire probe fragment. The results
demonstrate that DNA rearrangements may be responsible for a high
proportion of RFLPs used to differentiate and type strains of bacteria. While
this does not limit the utility of such methods, it does preclude calculation of
overall DNA sequence conservation from similarities in restriction pattern
between isolates. DNA sequence determination of the 165-235 rRNA intergenic
spacer of three isolates revealed minimal base substitutions (less than 1%),
suggesting that overall sequence divergence between the isolates may be low.
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INTRODUCTION

Numerous studies have demonstrated that genomic DNA
restriction fragment patterns differ between different
strains of a single bacterial species. Such restriction
fragment length polymorphism (RFLP) analysis has been
used as & typing method to trace the dissemination of
particular strains of bacteria in communities and within
and between hospitals (Bingen ¢f 4/, 1991; Kristiansen ¢/

% al,1986; Owes al., 1991; Blumberg e/ a/., 1991 ; Struclens
B ef al, 1992; Murray ¢f a/., 1991). This approach has also
3¥ been used to identify functionally significant subgroups
% within species, as for example the subset of FHaewophilis
. influengae biogroup Aegyptius isolates responsible for

7 Abbreviation: RFLP, restriction fragment length polymorphism.

i2  The GenBank accession numbet for the nucleotide sequence data reported
=L in this paper is 116515,

Brazilian purpuric fever (Irino ¢/ a/., 1988). A variery of
formats have been used for genomic DNA fingerprinting
or RFLP analysis (Owen, 1989). Methods using dircct
visualization of stained fragments involve digestion of
total DNA with a suitable restriction enzyme, followed by
electrophoresis in agarose or acrylamide gels or by pulsed-
field gel electrophoresis, each method separating frag-
ments of a different size range. The restriction enzyme
used should generate a moderate number (ideally 10-20)
of well-resolved DNA fragments within the appropriate
size range for the electrophoresis method. Alternatively,a
subset of the genome is detected by hybridizing Southern
blots with labelled probes. In the most general method,
often referred to as ribotyping, rRNA genes are detected
(Stull e7 a/., 1988; Grimont & Griment, 1986).

In this laboratory, DNA fingerprinting has been used to
type Enterococcus faecalis (Hall et af., 1992a, b). Digestion of
total DNA with the restriction enzyme S/l followed by
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Fig. 1. Total DNA from nine isolates of £, faecalis digested with'S;ti {left panel) and with Xhol {right panel). Lanes
marked M contain molecular size markers of 16, 2, 3, 4, 5, 6, 7, 8, 9 and 10 kb {1 kb ladder; Life Technologies).

separation on conventional agarose gels proved to be

highly discriminatory, with, for example, 94 diflerent

patterns produced from 135 urinary tract isolates (Hall e

al., 1992b). The investigation also highlighted a group of.
isolates with very similar restriction patterns that was
associated with resistance to high-level gentamicin and
with f-haemolysis. This work hasded to further questions
about the relationship berween isol{ntcs with similar
restriction patterns: in particular, whether it is valid 1o

relate restriction fragment length  conservation with

" overall DNA sequence conservation in bacteria, as has
been done for mitochondrial genomes (Upholt, 1977).
The calculation of sequence conservation from fragment
patterns described by Upholt (1977) depends, among
other factors, on the assumption that fragment changes
are due to point mutations rather than DNA rearrange-
ments. It is not clear that this is the case in RFLPs of
bacterial DNA.,

The present investigation examines nine isolates of E.
faecalis that fall into three groups of three similar isolates
by Ss/1 restriction pattern. Four questions relating to
the interpretation of genomic DNA fingerprints are
addressed: (1) the extent to which the choice of restriction
enzyme alters the discriminatory power of DNA finger-
printing and deduced relationships between isolates; (2)
relative discrimination between isolates by total DNA
pattern compared with ribotyping; (3) the relative im-
portance of point mutation versus DNA rearrangement in
causing restriction fragment length changes; and (4) the
extent of DNA sequence divergence berween selected
isolates in the 165-235 rRNA intergenic spacer.

METHODS

Bacterial isolates. Liight clinical isolues of 2. fuecalis from urine
samples from a collection previously deseribed (1l 7 al,,
1992b) were used, together with the type serain NCTC 775, The
isolates were chosen o represent three different Vit pateern
types from each of three groups of related isolaes. lsolates 530
and 89 were similar to the type strain. Isolaes 805, 612 and 196
were from the previously deseribed group A (associated witha
high incidence of antibiotic resistance excluding high-level
genramicin resistance). Isolates 617, 931 and 485 were from the
previously described group B (associated with a high incidence
of antibiotic resistance, including high-level gentamicin re-
sisrance, and with production of haemolysin),

DNA fingerprinting and hybridization. Towl DNA was
extracied by the methad of Pitcher ef of. (1989), and restriction
digests performed and compared exactly as described previously
(Hall ef @/, 1992a). Restriction enzymes used were Sw/1, Bglll,
Smal, Nbel and Sa/l for comparison of toml DNA digests, |
Hindl11, Peadl, EcoRV, Bael and FeoR] for ribotyping, and S/,
EeoRY and Hird11] for evaluation of polymorphisims. Extracted
DNA was digested with restriction enzyme for at least 4 h, and
the fragments separated by electrophoresis in 0% % agarose
with TBE bufier (0:089 M Tris, 0-089 M boric acid, 0-002 M
Na,EDTA) (Sambrook e af, 1989). Plasmid DNA was
extracted by alkaline SDS as described by Kado & Liu (1981)
and separated by electrophoresis as above. For Southern blots,
DNA was transferred to Hybond-N filters (Anersham) using 2
positive pressure system (Posiblot, Stratagene). DNA was fixed
by UV rreatment for 2.min, The tRNA probe for ribotyping
was labelled, hybridized and detected as described previousty
{Hall ef af.,, 19920). DNA fragments to be used as probes wer€
purificd from agarose, using Geneclean (Bio 101), and labelled
with digoxigenin (DIG DNA labelling and detection kit
Bochringe:). Hvbridizations were performed at 65°C and
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washed to a final seringency of 002 x §SC (1 x SSCis 0-15 M
NaCl, 0-015 M sodium citrate) at 65 °C by standard methods,
Hybridization was detected by chemiluminescence using
AMPPD |4-methoxy-4-(3-phosphate- phenyl}-spiro(i,2- dioxxe-
tang-3,2° ~qd'1mqm'mc) disodium salr; Boehringer]. Blots were
stripped and reused by the mcthod recommended by the
supplicr,

Polymerase chain reaction and DNA sequence analysis.
Primers for amplification of the 165-235 spacer are related to
those described by Barry o 4/ (1991). Primer A was
5 AGTCGTAACAAGGTAAGCCG ¥, and primer B was
5" TGCCAAGGCATCCACC 3, PCR reacrions were pet-
formed with GeneAmp. PCR Core Reagents (Perkin Elmer
Cetus) using the standard recommended pmmcol with 2:5 mM
MyCl,.. Reaction conditions were 95 °C for 30 s, 60 °C for 30 s
and 72°C for 30s for 30 cvcles, performed on a. Hybaid
Thermal Reactor. PCR products were rendered blunt-cnded by
incubatiion with Klenow polymerase and 0-2 mM dNTPs for
Smin at 37°C, then recovered by ethanol precipitation.
Products were then ligated into the Swel site of MHmpi‘) -
DNA sequencing was performed by chain rermination using =
Sequenase verston 2.0 kit and I’)I‘(Il(](‘()l (USB). Sequences were
read an a sonic digitizer and processed with PC/gene software
(Intelligenetics).

RESULTS

Restriction patterns of total DNA generated with
different enzymes

Eight clinical isolates and the type strain of E. Jaecalis were
selected for analysis on the basis of their relationships
already determined by Sl digestion. All isolates were
distinguishable, bur they formed three groups of three
rebated isolates (Fig, 1), Groups were delined previously
as comprising isolites with > 50% of fragments in
common, but in practice the isolates used here have
> 80% of Sl fragments in common. Isolaes from
different groups had less than 50% of fragments in
common (only fragments of 1-6-8 kb in length were
considered).

DNA sampies from the isolates were all digested with
four other restriction enzymes, chosen because the
fragments generated were well resolved on a conventional
agarose gel (example in Fig. 1). Fof each enzyme,
fragments within a defined size range were compared
between all isolates, and the isolates placed in types (Table
1). A single band difference was used as the criterion to
define a different type. The size-range was chosen to
contain about 10-20 bands. However, Smal generated
only 3-5 bands in the usable size range and was thus
excluded from further analysis. The similarity of fragment
pattern between pairs of isolates was calculated by Dice
coefhicient, i.e. 2% the number of shared bands divided
by the total number of bands (Dice, 1945) (Table 1).

The restriction enzymes used varied in their ability to
discriminate between isolates {Table 1), Only Bg/ll shared
with Ssr1 the ability to discriminate all isolates. The other
enzymes, Sa/l and X/, failed to discriminate between
S5/l group B isolates. These enzymes also generated
identical patterns for some other pairs of isolates, but the
pairs comprised different isolates for the two enzymes.

The extent of similarity between isclates also varied with
the restriction enzyme used (Table 1). lsolates within Sl
groups had highly related restriction patterns for all
enzymes (over 70% similar). However, the similarity
between isolates from diflerent groups ranged from
24-45% for Sel to 72-88 % for Sa/l. For all four enzymes,
Ssr1, Belll, Nhol and Safl, intra-group pattern similarity
was higher than inter-group similariey: the difference was
greatest with Sl

Restriction patterns of ribosomal genes generated
with different enzymes

Restriction enzymes used for ribotyping were chosen
because they digested toral DNA to fragments mostly in
the range of 1-20 kb, Again, isolates with patterns
differing by onc fragment or more were placed in different
types {Table 2). Discrimination by ribotyping was lower
overall than by total DNA analysis. None of the enzymes
used could discriminate between- isolates within Sl
group B, and only EreR1 differentiated some of group A
from group B. The number of types obtained ranged from
one with Hindill to five with EreR1. Dice cochicients
were not calculated as the number of bands was generally
low.

DNA probing to investigate RFLPs

Polymorphism in the length of an S71 restriction fragment
between isolates of . faecalis could be due o a point
mutation, causing loss or gain of an Sl recognition site,

Table 1. Discrimination between £, faecalis isolates from
total DNA pattem with different restriction enzymes

Typues are dl‘:tml‘u:\hul b\ one or more band dlﬂunncu
Simil: arity between two isolates is caleulaed as
{2 % no. shared bands)/Gowl no. bands).

Isolate Group Typt
Sst1 Bpill Xhol Sall
NCTC 775 1 -1 1 1 1
530 1 11 Il H 1
89 1 mn I I 1
805 A v v 111 It
612 A hY AY HAY ni
196 A vl VI v 1Y
617 B VIl VI v AY
931 B VUHI V1l \Y v
485 B N IX Ay \Y
Range similarity B3-96  73-92 72-100  93-100
within groups (%) .
Range similarity 24-45  48-(9 62-69 72-88
between groups {%)
Size range of 1-6-8 1-6-6 b-6-7 1-6-3
fragments scored
(kb)
No. of fragments -5  17-26 12-16 12-15
per isolare
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Table 2. Discrimination between isolates by ribotyping
with different restriction enzymes

Types are dlsnngulshcd b)' one or more b'md diﬂ'crcncee

Isolate Group Type
HindlIl Punll EcoRV Bscl EcoRI|.

NCTC 775 1 1 I i 1 1
330 1 1 11 11 1 11
89 i 1 I I 1I- il
805 A 1 1 11 IAY v
612 A 1 I 1l v \Y
196 A I 1 11 v v
617 B 1 H 11 1Y v
931 B 1 1 11 v v
485 B 1 1 11 v v

or to a DNA rearrangement such as an insertion, deletion
or inversion. The causes of polymorphisms were investi-
gated by the following scheme. Five 55/1 fragments from
NCTC 775 and four fragments from isolate 617 were
isolated from gels and labelled. All nine fragments were
polymorphic in that a fragment of the same length was
absent in the DNA of some other isolates. LEach was
hybridized in turn to pancls of DNA from the nine
isolates under investigation digested with So/l, Hindl1]
and EcoR1. The majority of fragments generated by the
latter two enzymes are in the range 1-20 kb,

The resulting fragments detected are tabulated for
NCTC 775, isolare 805 and isolate 617, representing the
three groups of related isolates (Table 3). In"'most cases,
other isolates in the same group had the same result and
occasional exceptions do not alter the interpretation. Two
probes, 1 and 3, detected no polymorphism in EceRI or
Hindll1 digests. This indicates that the 5571 polymorphism
is caused by a point mutation, as other enzyme sites are
not affected. Probe 9 detected polymorphism of boih
EreRI and Hindlll fragments between isolate 617, which
has a 4:3 kb Ss5/1 fragment, and NCTC 775, which does
not. As the sites for three different restriction enzvmes
are affected simultaneously, it is probable that a DNA
rearrangement has occurred within this fragment, (There
is also an EroR1 polymorphism between isolaies 617 and
805, though S#/1 and Hidlil fragments are both con-
served.) Probe 8 derected polymorphism of Hindlll
fragiments but not of EeoR1 fragments; no Arm conclusion
could be drawn as to the change underlying this Sl
polymotphism. For five probes (2, 4, 5, 6 and 7) no
complementary sequence was detected in isolates that
did not share an S1 fragment of the same length; Thus
the apparent S¢/1 polymorphism is due to a deletion o
insertion event involving the entire S/l fragment (or
enough of it to prevent detectable hybridization). (With
probes 4 and 5, the two isolates that have an So1 fragment
of the same length nonetheless show polymorphic frag-
ments with one or both of the other restriction enzymes.)
DNA fragments present in some isolates but not others
could derive from plasmids rather than genomic DNA.
This possibility was tested by hybridizing the probes to
preparations of plasmid DNA from the isolares they were

Table 3. Results of hybndlzmg total DNA dlgests of three isolates with polymorphtc Sstl fragments as probes

Columns S R 'md H List the size uf fnl.,mc.m (Lh) duu:u_d b\ LlCh pruln. in dIL\L\l\ \\1111 .S_r.f] I“rolll md Hmd]ll ruspectiv t.i) Probes
1-5 are Sa/l fragmenes of the given size from NCTC 775, probes 6-9 are 3571 fragments of the given size from isolate 617 (probe
fragments shown in bold). Dashes are shown where no band hybridized (in 31 digests this may also carrespond to hybridization to 2

large fragment nar resolved on the gel).

Probe NCTC 775 1solate 805 Isolate 617
Enzyme digest Enzyme digest Enzyme digest
s R H S R H § R H
1 25 82 39 25 §2 39 11-0 82 39
2 52 47 50 52 47 50 - - -
43 24 43 2-4
3 55 11-0 8-0 52 110 80 55 i1-0 80
4 23 51 1-75 - - - 23 60 175
5 22 50 50 22 43 59 - - -
6 - - - - - - 2:9 1-5 32
1-3
7 - - - - - - k| 85 66
8 - 26 80 - 26 44 38 26 41
22 41 26
9 - 10:0 23 43 60 23 43 61 23
62 1-6 4-5 21 2-8. 21
_ 1-65 1-65
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NCTC
775 M bp bp
1636 1636
1018
1018
, 517
517, 506 506
396
344 396
298 344
298

Fig. 2. PCR products of amplification of NCTC 775 DNA with
primers A and B run on 1% agarose (left panel) or 4%
polyacrylamide gels (right panel). M, size markers.

derived from. No hybridization to plasmids could be
detected.

In summary, out of nine S« RFLPs investigated, only
two were due to point mutations in a restriction site, while
six were due to DNA rearrangements, including deletion/
insertion, and one remained unassigned.

Sequence of the 165-235 rRNA intergenic spacer
from different strains

To gain a measure of DNA sequence divergence between
isolates, the 165-235 rRNA intergenic spacer was ana-
lysed. This was considered to approach the ideal of a
selectively neutral DNA sequence that was yet equivalent
in ail isolates. Primers homologous with conserved
sequences at the 3" end of the 165 and the 5" end of the 235
coding regions were used to amplify the spacer region by
PCR. Two major bands migrating at approximately 350
and 450 bp were obtained, plus a band which migrated at
about 550 bp on agaraose gels but resolved to two bands of
1-0 and 1'1 kb on acrylamide gels (Fig. 2). The differential
migration indicates that these more slowly migrating
bands are not normal double-stranded DNA. The relative
intensities of all bands remained constant when annealing
temperature or magnesium fon concentration were varied,
or DMSO added, indicating that none of the bands was
produced by non-specific binding of primers.

The PCR products were cloned into ml13 vectors by
blunt-end ligation. Sequences corresponding to the
350 bp PCR fragment were determined from two clones
of NCTC 775 (type strain), and three ciones each of
isolates 805 and 617. Sequences cortesponding to the
450 bp PCR fragment were determined from two clones
of NCTC 775 and one clone each of isolates 805 and 617,
{Direct sequencing of gel-purified PCR fragments con-
firmed which fragments the clones corresponded to.)

165 rRNA gene

short AGTCGTAACKAGGTAAGCCGTATCGGAAGGTGCGGCTGGATCACCTCCTT 50
long AGTCCTAKCARGGTAAGCCGTATCGGAAGGTECGGCTGGATCACCTCETT 50
primer A >
3>

short TCTAAGGAATATTACGGRAATACACATTTCGTCTTTACTTTGTTCAGTTT 100

fong TCTAAGGAATATTACGGAAATACACATTTCGTCTTTACTTTGTTCAGTTT 100

short  TGAGAGGTCTACTCTCAA- mmrm——m-——— - e e e =

----- 118 -

Iong TGAGAGGTCTACTCTCARTCAAATAARTTCGGGGCCTTAGCTCRGCTGGE - 150

S pn. tREAp] 5 GGGGCCTTAGCTCAGCTGEG 20

short  ~rm==em e e e oo mm s e 118

long  AGAGCGCCTGCTTTGCACGCAGGAGGTCAGCGGTTCGATCCCGCTAGGCT 200

tRNA  AGAGCGCCTGCTTTGCACGCAGGAGGTCAGCGGTTCGATCCCGCTAGCLT 70

short  —---memmmcemmeceaee AACATTCGTFCATTGAARACTGGATATTGA 148 Fig. 3. Alignment of DNA sequences obtained

!(%r&gA CCATTGATAGCTTTTGCTATCAGATTCGTTCATTGAAMACTGGATATTGA 250 from two forms of the 165-235 rRNA spacer
Ol e — et mmmm e e ———— 73

short CGGTGGATGCCTTGGCA 316
long  CGGTGGATGCCTTGGCA 417
< primer B

short AGTARARAGAATCAAAACAALCCGAGARCACCGCGTTGAATGAGTTTTITT 198
long AGTAAARAGAATCAARACAARCCGAGAACKCCGCGTTGAATGAGTTTTTT 300

short AATAAGTTCAATTGCTTATTTATTGATTARCCTTCTATCGCTAGAAGALG 248
long AATAAGTTCAATTGCTTATTTATTGATTAACCTTCTATCGCTRGAAGARG 350

< 5¢ 235 rRNA gene
short TGATCAAGACCCAACCGTAARGGTTGATAAGGTTAAGTGAATAAGGGCECH 298
Iong TGATCRAGACCCAACCGTAMGGTTGATAAGGTTAAGTGAATAAGGGCGCA 400

region of E. faecalis and the published
tRNA,, gene of S. pneumonize (S. pn.)
(Bacot & Reeves, 1991). Sequences
corresponding to the two primers are
underlined. Sequences from the 165 and
235 rRNA genes are in bold, the ends of the
genes being deduced from comparison with
the genes of other eubacteria in the EMBL
database. Ambiguities in the long spacer
are: R at 127, which is G in 775 clones 1 and
2, and is A'in 617 and 805; R at 144, which is
‘G in 775 clone 2, and is A in 775 clone 1, 617
and 805; M at 238, which is A i 775 clones
1 and 2-and 805, and is C in 617; R at 266,
which is A in 775 dones 1 and 2 and 805,
and is Gin 617,
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The shorter PCR fragment is 315 bp long (Fig. 3).
Sequences in the 165 and 235 coding regions are
recognizable by homology with other bacteria. The likely
3 end of 165 and 5 end of 235 were deduced from this
homology. The intergenic spacer comprises 225 bp of
DNA with a high A + T base composition. No differences
were observed In the sequences of eight independent
clones from three different isolates. The longer PCR
fragment is 417 bp long and contains an intergenic spacer
of 327 bp (Fig. 3). The two clones of NCTC 775 consain
one sequence heterogeneity., The clone of isolate 617
differs from NCTC 775 at three positions, and the clone of
isolate 805 differs from NCTC 775 at one position, but has
the same sequence as 617 at that position (Fig. 3}).

The longer spacer differs from the shorter in having an
extra segment of 102 bp. At the junction with the extra
segment there are rwo base differences berween the
spacers, but the remainder of the spacer sequence is
identical. The extra segment includes 2 t(RNA |, gene of
73 bp which is identical to the analogous gene in the
165-235 intergenic spacer in Swreplococcus  prenmoniac
(Bacot & Reeves, 1991) (Fig. 3).

To address the possibility that the smaller fragment was
generated by an artefact of PCR amplification in which the
extra segment was looped our, rwo further experiments
were performed. Reamplification of the purified 417 bp
frngment produced an intense band of the same size, with
no shorter band. Hybridization of the short PCR fragment
1o total DNA (from NCTC 775) digested with FEcoR]
detected two bands of 211 and 2-2 kb. This confirms that
mwo forms of fRNA operon are present in the genomic
DNA (there s no EeRl site in the spacer), The
compaosition of the addidonal PCR products observed ac
higher Al values was not confirmed, but they probably
cepresent hererodimers berween the two major bands.

DISCUSSION

This study analyses differences in the DNA of nine
isolates of E. faecalis by a variety of approaches. Com-
“parison of toral DNA fngerprints reveals thac the
propertion of fragments shared between isolates varies
depending on the restriction enzyme used. In other words,
the level of discrimination varies. Nevertheless, placing of
the isolates inte three groups on the basis of $s/1 pattern
was substantiated by results with three other enzymes, in
that similarity of partern between isolates within groups
was always higher than between groups. Ribotyping
was less discriminatory than toml DNA fingerprinting,
Relationships berween isolates deduced from ribotyping
were only partly consistent with S5l groups: similarity
within and between groups A and B was greater than
similarity within group 1,

The DNA changes underlying nine &1 fragment poly-
morphisms were studied. To differentiate between point
mutation and DNA reacrangement, the fragments were
used to prebe the size of overlapping fragments generated
by other restriction enzymes in isolates with or without an
S5l fragment of the same size, A point mutation in an $4/1

site will not alter the sites of other restriction enzymes. A
DNA rearrangement will change the distance between
sites for all enzymes. It was found that two of the nine
polymorphisms could be interpreted as caused by point
mutations in 51 sites, while six were caused by DNA
rearrangements and one was inconclusive. Of the six
rearrangements, five comprised deletion/insertion of the
entire s/l fragment.

Possible sources of error in interpreting these results were
considered. When EcRl and Hindlil fragments are
unaltered, it is possible that a rearrangement could
coincidentally restore a fragment of the same length, but
this seems very unlikely for fragments generated by two
different enzymes. A small inversion changing an Y7l
fragment length could occur within both EreRl and
HindI1} fragments without changing their length, but
again the probability seems likely to be low. It is also
possible that loss of the S#/1 site could be due to a change
in methylanion that would not aflect sites fur other
enzymes: such a change could result from generation of a
new modification site overlapping the restriction site — by
point mutation ~ or from alteration of the modification
enzymes. The latier would be expected to result in a gross
change in the frequency of sites for anv aflected restviction
enzyme and is thus unlikely to account for any of the cases
in this study.

When EreRE and Hindlll fragments detected by a
polymorphic S#/1 fragment do differ between isolates, it 1s
possible that independent point mutations could coine-
dentally have affected these sites, racher than the change
being due 10 DNA rearrangemient. From the resules
obtained with five restriction enzymes on total DNA itis
found that 58-64 % (mcan 60%) of all fragmenss com-
pared are shared between representative isolates of
difierent S5/l groups, Thus the probability ofany fragmene
being polymorphic would be approxinmarely 0 4, :md of
any rwo fragments both being polymorphic would be
';pproum'ncly 0-16. Observation, with three probes, of
polymorphism in ErR] or Hmdlll fragments berween
isolates that do not differ in the co“c‘.kpondm.(b Nerl
fragment confirms thar there is a significant level of
independent  polymorphisms, Hence, if most poly-
morphisms were due to point mutation, there would
remain an estimated 0:16 probability that point mutations
could coincidentally affect both EwRl and Hindill
fragments detected with a polymorphic Serl fragment,
and so lead to misinterpretation of a point mutation as 2
DNA rearrangement. However, in the present study five
of the six polymorphisms considered to be due to DNA
rearrangement involve deletion/insertion of a sequence
including the whole Ss1 fragment {or enough of it to
prevent detectable hybridization), and are thus not subject
to this source of error.

An independent approach to comparing the DNA of
different isolates was to sequence the 165-23§ rRNA
intergenic spacer. The spacer is considered to be largely
non-functional, and therefore not under selective pressure
to maintain its sequence. On the other hand, this region
is equivaient in all species. 1t is known that the DNA
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sequence of the 163-235 spacer differs extensively be-
tween species of Clestridinm (Barry ef af., 1991) and of
Myeoplasma (Uemori ef af., 1992}, and intraspecies vari-
ation in spacer length in Pseudomonas cepacia has also been
observed (Nostman ef a/., 1992). Further srudies will be
required to determine how spacer sequence divergence
relates to sequence divergence elsewhere in the genome,
but it is postulated that this sequence might be useful as
an indicator of overall homology. Results in this study
showed there to be two forms of the spacer in each isolate,
with and without a tRNA gene. Sequences of the shorter
spacer from three isolates in different S¢/1 groups were
identical, and from the longer spacer had 2 maximum of
three base changes in 327 bp. Sequence differences could
be contributed by different copies of the spacer within the
genome, as well as differences between isolates, and also
possible PCR artefacts. However, it appears that the
extent of base substitution in the spacer region between
isolares is under 1 %.

The results of this study lead to the conclusion that
differences in S&/] fragment pattern between different
isolates of E. fuecalis are much more frequentty due to
DNA rearrangements than to point mutations. The
rearrangements are likely ro include excision and insertion
of various transposable elements, insertion sequences, or
bacteriophage genomes, although, intetestingly, none of

-the probes appeared to include repeated  sequences

(hybridization to other 821 fragments was not observed).
The enzyme Sl was initially selected for typing studies
because of the small number of bands produced in the
selected size range, ardsing from the fact that it cuts less
frequently than would be expected in a random sequence
of the same G +C content. It also produced restriction
parterns that were particularly discriminating between
isolates, It is possible that use of this enzyme spectfically
sclecred for detection of mobile DNA clements. For
example restriction—-modification systems in this species
could result in sclection against or modification of 7]
recognition sites (GAGCTC), leaving a very low fre-
quency of sites within essential regions of the genome
(analogous to the low frequency of CG dinucleotides in
mammalian DNA), Thus the majority of sites might be
in DNA segments introduced recently inro the genome,
such as mobile elements. Intriguingly, a restriction
enzyme Sdrl, with a specificity that would include all Si7]
sites (G[A/G/T|GC[A/C/T|C), has been reported from
an isolate of Enterococcus durans {Janulaitis ¢f a/., 1981). On
the other hand, use of pulsed-field gel electrophoresis as
an alteenative approach to fingerprinting would also
maximize detection of DNA deletion/insertion events
(above a certain size) because fragment lengths of a large
proportion of the genome are compared.

The finding that much of the polymorphism between
restriction patterns is due to DINA rearrangements rather
than point mutations precludes the use of Upholt’s
equations to extrapolate pattern similarity to overall
sequence similarity between isolates, It indicates that the
frequency of base substitution would be lower than such
a calculation would predict. This also concords with the
results of 165-235 rRINA spacer sequence analysis that

dernonstrate very limited sequence divergence between
the isolares studied (although more work 1s needed to
determine how sequence divergence in the fRNA spacer
relates to divergence elsewhere in the genome).

Ir is not known how generally the resuits of this study
may apply amongst other species of bacteria. However, it
seems likely that DNA rearrangements, probably in-
volving mobile elements of various kinds, could con-
tribute significantly to RFLPs in many species, Thus,
deductions of sequence similarity from pattern similarity
are unlikely to be valid. Indeed, detailed investigations of
the evolution of sections of the Escherichia cofi genome
demonstrate some large-scale DNA rearrangements due
to prophages and insertion sequences among natural
isolates of this species (Stolezfus o o/, 1988; Milkman &
Bridges, 1990} 1t is of interest to speculate wherther
transposition and recombination events are much less
tfrequent in species in which DNA fingerprinting has been
less useful in discriminating between isolates such as

. Mycobacterinm leprae (\Williams ef af., 1990),
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