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Restriction endonuclease analysis of Aspergillus
fumigatus DNA

J P Burnie, A Coke, R C Matthews

Abstract
Aims: To develop a genome based DNA
fingerprinting system for Aspergillus
fumigatus mould.
Methods: DNA was extracted from 21
isolates obtained from eight patients with
an aspergilloma. This was with a freeze-
dried mycelial extract fragmented in
liquid nitrogen. DNA was subsequently
purified by phenol-chloroform extrac-
tion followed by ultracentrifugation on a
caesium chloride gradient. The DNA was
restricted by EcoRI and Xba L.
Results: All isolates were identical when
cut by EcoRI; Xba I delineated six DNA
types.
Conclusions: DNA fingerprinting can be
used to type isolates of A fumigatus.
Strains from within an aspergilloma
which were morphologically distinct
could either have the identical DNA
fingerprint or produce a unique type.
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Aspergillus fumigatus has recently been des-
cribed as a cause of nosocomial infection
producing clusters of invasive disease that was
associated with hospital building work.`3 It is
important to be able to differentiate isolates as

outbreaks due to a single source such as an
infected air filter can be distinguished from a

cluster of cases due to an overall increase in the
spore count.

Conventional techniques such as phage typ-
ing, antibiograms, and plasmid profiles are

clearly inappropriate with fungal moulds.
Immunoblot fingerprinting has been pre-
viously applied to A fumigatus and this pheno-
type based system generated 11 types among
the 21 isolates from eight patients with an

aspergilloma.' This technique was laborious
and involved growing up each isolate and
fragmenting it by mechanical pressure. The
resulting supernatants were run on a 10%
sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) gel and trans-
blotted on to a nitrocellulose membrane. They
were developed in a modified enzyme linked
immunosorbent assay (ELISA) with a rabbit
hyperimmune antiserum raised against A
fumigatus NCPF 2109.

In recent years there has been an upsurge of
interest in genotype based restriction fragment
length polymorphisms (RFLPs) of total
cellular DNA as a means of typing micro-
organisms. This technique has been success-
fully applied to several human fungal patho-
gens including Candida albicans,56 Torulopsis

glabrata,' Candida parapsilosis,8 Candida
tropicalis,9 Histoplasma capsulatum,'0 Tricho-
phython rubrum" and Absidiaglauca.'2 Distinc-
tion between isolates depended on differences
in either mitochondrial or ribosomal DNA.'3 In
the case of C albicans 16 different genotypes
were identified among 45 isolates from five
outbreaks of systemic candidosis and 94 control
isolates. This was with the restriction enzyme
EcoR I.5

Methods
Twenty one isolates from eight cases of asper-
gilloma were examined. They were identified
as A fumigatus by their standard cultural
characteristics and microscopic appearance. A
fumigatus NCPF 2109 was the control isolate.

Each isolate was subcultured on to
Sabouraud's dextrose agar and grown at 30°C
for 48 hours. It was inoculated into
Sabouraud's dextrose broth and grown for a
period of three to five days at 30°C in an orbital
shaker rotating at 3000 rpm. The mycelium
was harvested by filtration and the solid culture
was freeze-dried overnight at 4°C. The freeze-
dried mycelium was harvested in liquid
nitrogen. To each gram of white suspension 10
ml of extraction buffer was added. Each 100 ml
contained 20 ml 1 M TRIS pH 8, 25 ml 1 M
sodium chloride, 5 ml of0-5M EDTA, pH 8-5,
2-5 ml 20% SDS and 47-5 ml of sterile distilled
water. This was mixed with a bulb pipette and
stored on ice for 30-60 minutes. It was split in
two aliquots of 5 ml. To each was added 3-5 ml
of phenol and 1-5 ml chloroform:isoamyl alco-
hol. It was spun for one hour at 5000 rpm. This
was repeated and 200 p1 of 20 mg/ml of RNase
was added to each preparation. This was
incubated in a water bath at 37'C for 30
minutes. The nucleic acid was phenol/
chloroform and chloroform extracted. It was
precipitated overnight at - 20'C in ethanol. It
was spun at 4°C for 20 minutes at 10 000 rpm.

After centrifugation the precipitated nucleic
acid was washed with 70% cold ethanol. The
precipitate was dried and resuspended in 3 ml
TE of (10 mM TRIS-hydrochloride buffer,
pH 7 5, 1 mM EDTA, pH 7-5).
To every ml ofsample 1 g ofCsCl was added.

The volume was made up to 10 ml in a
Beckman tube. Ethidium bromide (300 il of 10
mg/ml) was present in each tube. Samples were
centrifuged at 48 000 rpm at 17°C for 70 hours.
The DNA band was collected after centrifuga-
tion.
The ethidium bromide was removed by
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1 2 3 4 5 6 7 8 9 10 11 12
Figure 1 Tracks 1, 2, 11 and 12 molecular weight markers. Tracks 3-10 EcoR I
digestedA fumigatus isolates.

mixing with equal volumes of 1-buta
saturated with distilled water. The aquec
phase was removed and the extraction repeai
six times until the pink colour was remov
from both phases. This was checked un(
ultraviolet light. The CsCl was removed
diluting the DNA with twice the volume
distilled water. The DNA was precipitated
two volumes of ice cold absolute ethanol
- 20°C overnight. It was centrifuged at 10 C

4-44.2

3.3

rpm for 15 minutes at 4°C. It was washed in
70% ethanol (2 x). The DNA was dried at

55°C for 10 minutes. Sterile distilled water (360
4 p1) was added to dissolve the DNA at 55°C for

20 minutes. TE buffer (40 p1 of 10 x ) was then
added.

Reaction buffer (10 p1) and 5 p1 of enzyme
(NBL Enzymes Division, Cramlington) (EcoR
I or Xba I) and 45 MI distilled water were added
to the DNA, giving a final volume of 100 p1.
Endonuclease digestion was carried out to

e9 completion by incubating at 37°C for two
~.5
1.4 hours. The digestion was stopped by heating
.2 the mixture to 70°C for 10 minutes.

Twenty per cent Ficoll (5 p1) was added to

the digested DNA sample and also to both the
Hind III digested ADNA and Hind III/EcoR I

1 digested A DNA (150 mg/ml) as size markers.
Electrophoresis of these samples was carried

7 out overnight at 40 volts (constant voltage) in a

300 ml horizontal gel containing 0-8% agarose

and 15 p1 ofethidium bromide (10 mg/ml). The
gel was run in TRIS-borate-EDTA buffer.'4
After electrophoresis the bands were visualised
under ultraviolet light and photographed with
a Polaroid type 57 film.

nol
)us

ted Results
red Typing systems can be assessed by three
der criteria: typability, reproducibility, and dis-
by crimination. All isolates were typable with both
of enzymes and reproducibility was excellent bet-
by ween gels. Each isolate was examined at least
at three times. The enzyme EcoR I produced no

)00 discrimination between isolates. Bright bands
were detected at 14, 4*5, 3.9, 3.5, 3.4, 3-2, 2-1
and 1-7 kilobases. Eight of the isolates are

illustrated in fig 1. These represent a single
isolate from each case and the control isolate A

16 fumigatus NCPF 2109 in track 3.
Xba I delineated six DNA types. It showed

bright variable bands at 16, 4-4-2, 3-8, 3-3, 2
and 1 kilobases. The criteria for distinguishing
between isolates are summarised in table 1.
DNA types 1, 2, and 3 are illustrated in fig 2
and DNA types 4, 5, and 6 in fig 3. The
different DNA types described were correlated
with the results previously obtained by

3.8 immunoblot fingerprinting in table 2.4 A
fumigatus NCPF 2109 produced an identical
DNA type to the isolate from case 1. In cases 1

and 2 only a single isolate was available for
examination. In cases 5 and 6 variation in
immunoblot fingerprints did not correlate with
differences in RFLP types. In cases 3, 4, and 7

2.0 Table I Details of six types ofA fumigatus generated by
DNA fingerprinting

1.8

1 2 3 4 5

Figure 2 Track 1 molecular weight marker. Tracks 2-6 Xba I digests of
A fumigatus isolates 2, 18, 20, 21 and 15, respectively.

6

DNA types (Xba I digest)
Band
(kilobases) 1 2 3 4 5 6

16 _2 _ +
44-2 Triple +3 + + - +

band
3-8 + + -
3-3 + Double Triple + Trace +

band band
2-0 + - + - _ _
1-8 +' + + - - -

= band is high; 2 = band at 8-6 kilobases; 3= band is low.
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16

- 4.2

38
D,13

Figure 3 Track 4 molecular weight marker. Tracks 1-3, 5 and 6 X
A fumigatus isolates 1, 19, 8, 11 and 13, respectively.

the multiple isolates from v

aspergilloma produced identi
and RFLP types. In case 8
munoblot profile correlated M
of three separate RFLP types
lesion.

Discussion
Denning et al developed a simn
the enzymes Sal Iand Xho I. "
31 epidemiologically separal

three continents into 24 pattei
of DNA extraction was

novozyme 234 and cellulose.
differentiated by the number
heavy band at 23 kilobases (5
21 and 23 kilobases (Xho 1) ar

bands down to a constant regio

These criteria differ from most typing systems
involving restriction fragment length polymor-
phisms where isolates are distinguished by

variation in the brighter DNA bands. The use

of faint bands is questionable as these are the
least likely to be reproducible. They were used
because the yield of DNA following enzymic
extraction was low."5 This problem was

encountered by ourselves and overcome by the

technique presented here involving the extrac-
tion ofDNA from a freeze-dried extract.16

RFLP analysis has been used successfully to

type both C albicans56 and Candida tropicalis.9
In both cases variation in the position of bright
DNA bands was used to delineate between
strains and identify cross-infection. The
application of the technique to Candida para-
psilosis8 and Torulopsisglabrata7 was less rewar-
ding. With C parapsilosis all isolates were

identical when digested with the enzymes EcoR
I, Bam HI, Kpn I, Bgl II, Hpa II, Pvu II or

Hind III. With T glabrata all 33 isolates
examined when restricted by EcoR I were

indistinguishable. Xba I delineated five types
of which one was responsible for an outbreak.

In the case ofAfumigatus all 21 isolates from
=16 the eight patients with an aspergilloma were

aIdigestsof identical when restricted with EcoR I. Xba I
'ba I digests of identified six types (table 2). Denning et al

showed that patients harboured multiple
isolates of A fumigatus in their pulmonary

vrithin the same secretions concurrently and over time.15 The
ical immunoblot results presented here show that aspergillomas
variation in im- may contain isolates of the same genotype

4ith the presence (cases 3, 4, 5, 6, 7) or different genotype (case
from within the 8). A fumigatus has been previously typed by

both silver staining SDS-PAGE and im-
munoblotting.' The former had a degree of
discrimination similar to the RFLP typing
method and defined six types (table 2). These

ilar system using did not correlate exactly with the RFLP pat-

This subdivided terns, but in case 8, isolate 18 had a unique
te isolates from silver stain, immunoblot, and RFLP type.

rns. The method Immunoblot fingerprinting had a higher
enzymic with degree of discrimination producing 11 types

rhe isolates were (table 2). The combination of the three typing
of bands above a systems permitted an adequate degree of dis-
ial I) or between crimination between Afumigatus isolates. This
id the number of will be applied epidemiologically in the future.
in at 12 kilobases. The results show that the isolates, which have

Table 2 Details ofRFLP typesfrom aspergilloma isolates

No of Case Silver Immunoblot RFLP
isolates No stain type type type Illustration

1 1 A 1 4 Fig3, trackl 1
2 2 A 2 1 Fig2,track2
3 3 B 3 3
4 3 B 3 3
5 4 A 4 3
6 4 A 4 3
7 4 A 4 3
8 5 C 5 6 Fig3, track3
9 5 D 6 6
10 5 D 6 6
11 6 C 7 6 Fig 3, track 5
12 6 C 7 6
13 6 D 6 6 Fig 3, track 6
14 7 E 8 3
15 7 E 8 3 Fig 2, track 6
16 8 A 9 3
17 8 A 9 3
18 8 A 10 2 Fig 2, track 3
19 8 F 11 5 Fig3,track2
20 8 A 9 3 Fig2, track4
21 8 A 9 3 Fig 2, track 5
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been shown to be morphologically distinct'3
from within an aspergilloma can be differen-
tiated both in terms of pheno- and genotype.

RCM is a Wellcome Senior Research Fellow. The award was
supported by a grant from The Trustees of the Manchester
Medical School.
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