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ABSTRACT

An important question in understanding the epidemiology of Candida albicans
is to determine whether certain strains, e.g. HSP strains (highly successful strains),
more prevalent in Candidosis patients than in healthy individuals, replace
commensal strains under certain conditions and whether the replacing strains may
cause Candidosis. This question was investigated in experiments which monitored
the genetic diversity of commensal C. albicans isolates obtained from individuals
before and after they were exposed to conditions that may predispose them to the
development of Candidosis. The distinctiveness of C.albicans strains isolated from
individuals was analysed using the phylogenetic method of split decomposition. The
method was found to provide a good representation of the phylogenetic information
in strain replacement Ca3 data.

Our study highlighted difficulties in monitoring of strain replacement with Ca3
methodology. An indication for strain replacement was observed in one patient at low
risk to acquire Candidosis. However, the observations that cancer patients, who
were at a high risk of developing Candidosis, were colonised with diverse strains and
that healthy individuals could be colonised with different commensal C.albicans
strains within one body location, cautioned against overinterpretation of this finding.
These results demonstrated the need for extensive sampling of larger numbers of

isolates from different body locations when evaluating replacement hypotheses.

In investigating potential sources of C.albicans infections we successfully
isolated this fungus from the hospital environment of high risk patients,
demonstrating the potential of the hospital environments as a source for infection
causing strains. In characterising strains, a nonradioactive fingerprinting protocol was
developed for a more convenient use of Ca3 fingerprinting.

Until now the existence of the HSP group has been based entirely on Ca3
fingerprinting data. To test for the existence of this group we have analysed amplified
fragment length polymorphisms (AFLP) of 36 C.albicans isolates from different

geographical regions. Phylogenetic reconstruction from both data forms (Ca3 and
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AFLP data) were highly congruent and suggest a worldwide distribution of HSP
strains. Study of the tree building properties of AFLP and Ca3 data using Quartet
Puzzling and a tree comparison metric showed that AFLP data were more treelike
than the Ca3 data.

However, whilst both AFLP and Ca3 methods provided high resolution data to
identify strains and substrains of C.albicans, the need for population based studies to
test for strain replacement makes the use of either method limited. For this reason,
both nuclear ITS and AFLP derived PCR markers were investigated for their
potential use in such studies. In particular, one AFLP derived PCR marker that was
partially characterised appears very promising for future strain replacement studies.

It is likely to provide a simple diagnostic test for rapid identification of HSP strains.
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PCR polymerase chain reaction
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RNase ribonuclease

rpm revolutions per minute

RT room temperature

SAB Sabouraud

Shs Similarity value
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VS. versus
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Ca3 profiles, quartet puzzle trees were made using parsimony
criteria. (a) Quartet puzzle tree constructed using Ca3 scoring data
in which band intensity was included as a character. (b) Quartet
puzzle tree was built using Ca3 scoring data, in which band intensity
was excluded as a character; thus only presence or absence bands
were scored. Strains that were present in the HSP group when
intensity was included (tree 4-6a) have been highlighted. Trees show
significant differences and relatively low puzzle support values.

Figure 4-7: Quartet puzzle trees constructed with a) combined AFLP
and Ca3 (including intensities) scoring data and b) combined AFLP
and Ca3 (excluding intensities) scoring data using parsimony criteria
or both trees. Both trees showed the same HSP group as a quartet
puzzle tree constructed with AFLP data alone (see Figure 4-5b). The
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puzzling support of the HSP cluster in the puzzle tree constructed
with the combined data set was 55% when Ca3 band intensities
were included and 61% when intensities were excluded.

Figure 4-8a: Order of three rRNA genes and design of primers for
the amplification of the internal transcribed spacer regions ITS1 and
ITS2. PCR fragment containing the ITS1 spacer region was amplified
using primers plTS1 and pITS2. The PCR fragment containing 1TS2
was amplified using primers pITS3 and plTS4 (see Table 2-7).

Figure 4-8b: Alignment of ITS2 sequences from two HSP strains
(hp42bt and RIHO1) and two noncluster strains (hol-c and hp5bt). A
restriction site of endonuclease Accl was present in the two
noncluster strains and absent in the two HSP strains. All non spacer
regions were eliminated for sequence alignments.

Figure 4-9a: Restriction fragment length polymorphism (RFLP)
cleavage of amplified fragments containing ITS2 from different
C.albicans strains by endonuclease Accl .

Figure 4-9b: Control digest with Sphl was performed on strains not
digested with Accl.

Figure 4-10: RFLP analysis results of the amplified ITS2 region using
endonuclease Accl were superimposed onto a Quartet Puzzle tree
made from a combined data set (AFLP & Ca3 fingerprinting data
excluding band intensities, see also Figure 4-7b). Strains that were
cleaved by Accl are marked with 0. Most HSP strains (15/18) were
not cleaved by Accl, while most noncluster strains (11/17) were
digested using this enzyme. (n.a. = not available)

Figure 4-11a: Sequence identity (92%) between the first 60 bp of
AFLP fragment P1CTC and the upstream region of a corticosteroid
binding protein gene (CBP1). Primers PICTCF and CBP1R were
designed and this region amplified in one HSP (C1-1S2) and one
noncluster strain (var1.7). Amplification in both strains yielded a
strong approximately 800 bp large product.

Figure 4-11b: Sequence identity (92%) between the first 406 bp of
P1CTC and an unpublished sequence termed “265153H01.x1.seq"
of the Stanford data base. Primer 188F was designed and used to

amplify PAICTC and its flanking regions as described in section
4.3.2.9.3.
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Figure 4-12: Southern blot hybridisation experiments were performed
to test for presence of P1CTC or related sequences in HSP and
noncluster strains. Hybridisations of a) Msel and b) EcoRI digested
genomic C.albicans DNA were performd under moderate stringency
conditions using P1CTC as probe (top). As controls, blots were
stripped and reprobed with part of the single copy gene actin
(bottom).

Figure 4-13: Process and amplification results of ligation-mediated
asymmetrical PCR. EcoRI digested genomic DNA from one HSP
strain (CLB42) and one noncluster strain (CLB44) were linked to Eco
linkers and asymmetrical PCR was perfomed using either
P1CTCF/Eco or PACTCR/Eco primers in a ratio of 1:5.

Figure 4-14: Inverse PCR process and amplification products.
Amplification with primers P1 and P3 in one HSP (YSU649) and one
noncluster (var1.7) isolate yielded in 1200 bp, 890 bp, 680 bp, 500
bp, 400 bp, and 380 bp products. Most bands were successfully
isolated, reamplified, and sequenced.

Figure 4-15a: PCR amplification of P1CTC-plus in three HSP
isolates (YSU649, CLB42, var1.10) and three noncluster isolates
(CLB44, var1.7, AU47).

Figure 4-15b: PCR amplification of P1CTC-plus in one HSP isolate
(YSUB49) and three noncluster strains isolates (CLB44, var1.7,
AUA47) with various additives (1.25% and 5% DMSO, Q-solution, and
enhancer).

Figure 4-16: Sequence of 792 bp large PCR fragment comprising
P1CTC (bold) and its flanking regions. This sequence was obtained
from an HSP associated strain YSU649. Sequences of primers used
in this section (188F, PACTCF, P1, P3, PICTCR, and 3end'R; see
Table 2-7) and their directions (€/=») with respect to present
sequence are marked (underlined).

Figure 4-17: Quartet puzzle tree reconstructed from a joint data set
combining all information available independent of the P1CTC
profile. This included four AFLP profiles (without P1CTC bands), Ca3
fingerprinting data (without intensities), and the ITS2 restriction data.
The puzzle tree was built using parsimony criteria. Onto this tree the
presence of the P1CTC band was superimposed ** = faint P1CTC
band, — = strong P1CTC band in AFLP profile Msel-CTC.
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Figure 4-18: Multiplex PCR performed with two primer pairs
simultaneously in 36 C.albicans isolates. The primer pair for P1CTC
amplified a 514 bp fragment in HSP associated strains (C1-1S2 -
hp38an, Otg16 - HmHc4, YSM1-HUNS92; underlined; see section
4.2.1.2). A faint 514 bp product was present in isolates jam2c and
W136, while it was not amplified in the other isolates. (CLB43,
0D8826, W13-AU34, and HUNG65-AU47). The positive control
amplification of a single copy actin gene fragment (838 bp) was
successful with all isolates.
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