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A rapid method for detecting extracellular
proteinase activity in Cryptococcus neoformans
and a survey of 63 isolates
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A rapid method to detect extracellular proteolytic activity around colonies of
Cryptococcus neoformans was developed with tannic acid used to complex with residual
protein in a solid medium. A survey was conducted with 32 isolates of C. neoformans
var. gattii and 31 isolates of C. nmeoformans var. neoformans which were cultured on
medium containing gelatin as the sole nitrogen source. The annulus of clearing around
fungal colonies was >1.2 mm in 24 (77%) isolates of C. neoformans var. neoformans
compared with only 7 (22%) isolates of C. mneoformans var. gattii. There was no
difference in proteolytic activity between environmental and human clinical isolates of
C. neoformans. However, there was a difference between the size of the annulus around
animal isolates of C. neoformans var. neoformans and isolates of the same variety from
other sources. The annuli around the 14 animal isolates were all >1.2 mm, while 7
(70%) of 10 human clinical isolates and only 3 (43%) of 7 environmental isolates were
scored in the high proteinase range. A difference between the genetic types (as
characterised by RAPD typing) of C. neoformans var. gattii was also evident with 17
(77%) of 22 VG-I isolates having a small annulus compared with only 1 (17%) of 6 VG-
II and VG-III isolates with annuli of similar size. Relatively low proteinase production
by C. neoformans var. gattii may reduce local and systemic spread of infection in

mammalian hosts.

Introduction

Cryptococcus neoformans, a pathogenic yeast-like
fungus, causes pulmonary and neurological disease.
There are two recognised varieties, C. neoformans var.
neoformans, representing serotypes A and D, and C.
neoformans var. gattii, representing serotypes B and C.
A recent report argues for the separation of serotype A
from C. neoformans var. neoformans to a new variety,
C. neoformans var. grubii, on the basis of phenotypic
and molecular genetic differences [1]. The existing
nomenclature has been retained for this report. The
recognised varieties differ in ecology, epidemiology
and clinical manifestation [2—5]. The likely route of
infection is by inhalation of infectious propagules from
the environment [6, 7], followed by dissemination to
other organs via the blood stream. The factors
responsible for tissue penetration by cryptococci have
not been defined.
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Virulence determinants of C. neoformans that have
been well characterised to date primarily promote
survival of the fungus in the host. For example, the
polysaccharide capsule may protect against phagocy-
tosis [8], laccase activity protects against leucocyte
oxidants [9, 10] and calcineurin promotes survival at
physiological temperatures [11]. Phospholipase (PL)
activity may facilitate tissue invasion [12], but this has
not been confirmed by characterisation or disruption of
the PL gene in either variety of C. neoformans.

Proteinases are important virulence determinants in
bacteria. By compromising host defences, causing
tissue damage or increasing vasodilatation, they may
provide nutrients for the pathogen and aid in its
dissemination [13, 14]. Amongst the fungi, Candida
albicans has nine isoforms of secreted aspartyl pro-
teinase (SAP). Each of these is differentially expressed
during the infectious process [15]. The loss of SAPI,
SAP2 or SAP3 individually [16], or SAP4—-SAP6
together [17], results in loss of virulence. Proteinases
produced by species of Aspergillus are poorly defined
as virulence factors. Although variation in the
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elastinolytic activity of A. fumigatus affects its
virulence [18,19], disruption of any or all of the
known extracellular proteinases does not result in loss
in virulence [20-22].

Extracellular proteinase activity in C. neoformans was
first reported in 1972 [23]. Cryptococcal proteinases
degrade several host proteins such as elastin, collagen,
fibrin, fibrinogen, complement factors and immunoglo-
bulins [23-25], suggesting that they may be important
in tissue disruption and perturbation of host immunity.
Chen et al. [25] partially characterised cryptococcal
extracellular proteolytic activity in vitro as serine
proteinase(s). Purification of the proteinase enzyme(s)
has proved difficult, because detection of the activity
requires extended periods of incubation in the substrate
[25, 26].

Tannic acid is a relatively non-toxic substance that
forms an insoluble complex with proteins. It has been
used to detect proteins in polyacrylamide gels [27] and
in tissue samples after counter-staining with an iron
compound [28]. It has also been used to complex
proteins in solid media to assess proteinases that
remain functional in the presence of tannin [29].
However, some proteinases are destroyed by tannin or
are unable to hydrolyse proteins complexed with
tannin.

This study compared the use of tannic acid to detect
extracellular proteinase activity of C. neoformans on
solid media with other methods. A survey of 63 C.
neoformans isolates from environmental and clinical
sources was performed to determine the variation in
proteinase production by isolates from different
sources. A recent survey of proteinase production by
this pathogen has been published; however, it only
examined proteinases of C. meoformans var. neofor-
mans [30].

Materials and methods
C. neoformans isolates and culture conditions

Isolates of C. neoformans were obtained from environ-
mental and clinical (human and animal) sources and
were representative of different genetic types as
assessed by a randomly amplified polymorphic DNA
(RAPD) method [31-34]. Isolates were cultured from
stock and maintained on Sabouraud-2% Dextrose Agar
(SAB; Difco).

Proteinase assay

Isolates were cultured on defined medium containing
(/L): KH,PO, 1.0g, MgSO, 0.5g, NaCl 0.1g,
CaCl,.2H,0 0.1 g, MnS04.4H,0 0.4 mg, thiamine.HCl
0.4 mg, FeCls 0.2 mg, Na;MoO4 0.2 mg. The pH was
adjusted to 5.5 with NaOH and Bacto Agar 12 g was
added. Approximately 20 ml were poured into 90-mm

petri dishes and allowed to set. Defined medium
containing a nitrogen source — 10 mM NH4ClI or skim
milk powder (SMP) 0.5-1.0% w/v or gelatin bloom 75
(Sigma) 1.0% w/v or bovine serum albumin (BSA;
Sigma) 0.5-1.0% w/v — and a carbon source (galac-
tose, fructose or xylose 1.0% w/v, or glucose 0.5—
1.0% w/v) was prepared and ¢. 5 ml were poured on to
the base layer of defined medium. Plates were
incubated at 30°C in humid conditions, to reduce
desiccation, for 2—14 days.

Plates containing gelatin and inoculated with different
strains of C. neoformans were assessed after 14 days.
Residual protein was fixed by flooding the plate with c.
S5ml of one of the following agents: HgCl, 5-
10% w/v, ZnCly 5-15% w/v, ZnSO4 10-30% w/v or
tannic acid (Sigma) 5—10% w/v. The time of exposure
varied with the agent used. The plates were washed
thoroughly with de-ionised water. In some experiments
isolates were washed off the plates with de-ionised
water before fixation for observation of hydrolysis
under the colony.

Plates stained with Coomassie Brilliant Blue (CBB), as
described by Aoki er al. [26], were first fixed with
trichloroacetic acid (TCA) 20% v/v for 2h at room
temperature. Colonies were washed off the plate with
de-ionised water, as cell debris interfered with the
assay. A solution of CBB 0.1% w/v in de-stain solution
(methanol 40% v/v, acetic acid 10% v/v) was added
and allowed to stand for 30 min. The plates were
washed repeatedly in de-stain solution until clearing
was visible.

Survey conditions

Isolates were inoculated on to basal medium containing
gelatin 1% and galactose 1% from a single colony
picked from a SAB agar plate with a 1-ul disposable
loop. Plates were incubated at 30°C for 14 days in
humid conditions to prevent drying. The width of the
annulus (the radius of the colony subtracted from the
radius of the zone of clearing) was measured.
Preliminary results showed that the annulus produced
by colonies of C. neoformans was relatively constant
regardless of the colony size (data not shown). It was
assumed that the size of the annulus correlated with the
proteinase activity of C. neoformans.

Statistical analysis

The annuli around colonies were measured on two
axes. Duplicate colonies were grown on different plates
to limit measuring errors. The average annular size of
each isolate was tallied for each population and the
Mann—Whitney U test, a non-parametric test, was used
for statistical analysis. A difference was determined to
be significant when the p value was <0.05.
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Results and discussion

Extracellular proteolytic activity in C. neoformans has
been demonstrated in previous studies [23—26]. The
present study confirmed that C. neoformans was able to
grow on media containing protein (gelatin, casein in
SMP, and BSA) as the sole nitrogen source, but only
when the medium was supplemented with a carbon
source. Proteinase activity was best visualised when the
protein media were supplemented with a de-repressing
carbon source such as fructose, xylose or galactose. In
the presence of glucose, proteinase activity was not
clearly visible (data not shown). This suggests that
proteinase activity could be repressed in the presence
of an easily assimilated carbon source.

To survey a large number of cryptococcal isolates for
proteinase activity, a simple, reproducible method was
developed. Previously described methods for detection
of proteolytic activity on solid media included the use
of an opaque substrate such as casein in SMP [35] or a
‘fixative’ with or without counter-staining. However,
the use of an opaque substrate is relatively insensitive
and does not detect low levels of protein hydrolysis in
the medium. No zone of clearing was visible when
SMP was used to detect protein hydrolysis by C.
neoformans on solid media, regardless of the time of
incubation, and whether SMP was present throughout
the medium or only in the top layer (Table 1). This
finding is consistent with the long incubation times
needed in other studies to measure the proteinase
activity of C. neoformans [25, 26].

Table 1 shows the methods used for visualising
proteolytic clearing on a plate. Flooding gelatin-
containing plates with trichloroacetic acid, ZnCl, or
ZnSOy failed to reveal a zone of clearing. Precipitation
of residual protein with trichloroacetic acid followed by
counter-staining with CBB [26] was suitable for
demonstrating proteolytic activity; however, the method

Table 1. Comparison of the agents used to visualise
extracellular proteolysis around C. neoformans

Agent* Concentration and time Evidence of clearing!

SMP 0.5-2% for 2—14 days None

HgCl, 5% for 2 min Satisfactory
10% for 30 s Good

ZnCl, 5-10% for >15 min None to poor
15% for 10 min Satisfactory

ZnSOy 10-30% for >15 min None to poor

TCA 20% for 2 h None

TCA + CBB 5h Good

Tannic acid 5% for 2 min Satisfactory
10% for 15-20s Good

SMP, skim milk powder; TCA, trichloroacetic acid; CBB, Coomassie
Brilliant Blue.

*All agents, except SMP, were tested on basal medium containing
1.0-2.0% gelatin.

Poor, clearing evident with indistinct boundary; satisfactory, distinct
boundary for some but not all isolates; good, well-defined boundary
of clearing for majority of isolates.

was time-consuming and was not practicable for
examining a large number of isolates (Table 1). The
use of 10% HgCl, or 10% tannic acid gave the best
results with a very short exposure time (Table 1).
However, HgCl, has the disadvantages of toxicity to
man and of killing C. neoformans. The use of lower
concentrations (5% w/v) required longer exposure to
produce an opaque complex, which then lacked the
clarity achieved with the higher concentration. Isolates
were no longer viable after exposure to HgCl, at either
concentration. Colonies of some C. neoformans var.
neoformans isolates were detached from the surface of
the medium after HgCl, fixation, precluding measure-
ment of the zone of clearing.

In contrast, tannic acid is relatively non-toxic [36]
and produced a precipitate comparable to that of
HgCl, /protein complex. Tannic acid at 10% concen-
tration produced an opaque complex with residual
protein after 15-20s. A longer exposure to tannic acid
allowed this agent to diffuse deeper into the medium
and form complexes with intact protein under the
colony, thereby masking evidence of proteolysis closer
to the surface. This occurred even after the surface of
the medium was washed thoroughly with de-ionised
water. Presumably, residual tannic acid continued to
complex native gelatin in the medium. Marking the
position of the zone of clearing and the colony on the
base of the plate, or taking a photograph of the plate
immediately after exposure to tannic acid circumvented
this problem.

Cells survived after a 3-min exposure to tannic acid,
which was nine times longer than that required to view
a zone of clearing, and colonies did not dislodge from
the surface of the medium. Therefore, this would be a
useful agent to screen for mutants or variants in
proteinase activity (random or otherwise) in a popula-
tion without the need for replica-plating.

Thirty-one isolates of C. neoformans var. neoformans
and 32 of C. neoformans var. gattii were examined for
extracellular proteinase activity on medium containing
gelatin, and supplemented with galactose (Table 2). All
except one isolate of each variety of C. neoformans
had measurable proteinase activity, and were included
in the statistical analysis of the annular size. Neither of
the remaining two isolates showed clearing around or
beneath the colonies. However, their ability to grow on
medium containing protein as the sole nitrogen source
suggests that some activity was present, possibly
associated with the cryptococcal cell wall.

There did not appear to be a difference in the size of
the annulus between environmental isolates and human
clinical isolates of either variety of C. neoformans.
This finding is supported by a recent report [30] which
describes the proteinase activity of 40 strains of C.
neoformans var. neoformans from clinical (AIDS
patients) and environmental (avian guano) sources. In
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Table 2. Distribution of isolates in relation to the size of the annulus produced on medium containing gelatin

Size of the annulus

Variety and source no clearing®

small (<0.6 mm)

intermediate (0.6—1.2 mm) large (>1.2 mm)

C. neoformans var. gattii

Human clinical 1 VG-I 6 VG-I, 1 VG-II 1 VG-I 2 VG-I, 1 VG-III; 2 NT
Animal None 4 VG-I; 1 NT 2 VG-I; 2 VG-II None
Environmental None 6 VG-1 1 NT 1 VG-I; 1 VG-I
Total 1 18 6 7
C. neoformans var. neoformans
Human clinical None 1 VN-Ia 1 VN-Ia; 1 NT 2 VN-Ia; 1 VN-II; 4 NT
Animal None None None 14 NT
Environmental 1 NT 1 NT 2 NT 3 NT
Total 1 2 4 24

NT, not typed; VG, variety gattii RAPD type; VN, variety neoformans RAPD type.

*No clearing around or beneath the colony.

the present study, annuli around colonies of C.
neoformans var. neoformans were significantly larger
than those around C. neoformans var. gattii. The
median annular size around isolates of C. neoformans
var. neoformans was 1.6 mm, compared with 0.4 mm
around isolates of C. neoformans var. gattii
(p <0.00001) (Fig. 1). With this as a guide, the data
were divided into three categories: those with small,
intermediate and large annuli (Table 2). It could be
seen then that 77% (24 of 31) of C. neoformans var.
neoformans isolates had an annulus >1.2 mm, while
the majority of isolates (19 of 32) of C. neoformans
var. gattii had an annular size <0.6 mm (Table 2). This
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Fig. 1. Box plot of the distribution of C. neoformans
isolates according to the size of the annulus of each
isolate. The box represents the first and third quartile
either side of the median, with vertical bars representing
the interquartile range. G, variety gattii (n=31); N,
variety neoformans (n = 30); M, median; @, outlier; —,
boundary to interquartile range.

may reflect a difference in the way these varieties
initiate infection and disseminate. C. neoformans var.
gattii produces circumscribed lesions (cryptococcomas)
more commonly than C. neoformans var. neoformans
[2]. A deficiency in proteinase production may limit the
ability of C. neoformans var. gattii to disseminate
locally and into the circulation.

Within C. neoformans var. gattii, a comparison of the
genetic types revealed a difference in proteinase
production. The common Australian type VG-I pro-
duced a smaller annulus than the other types (VG-II
and VG-III), which are mostly found outside Australia
[34]. Seventeen (77%) of 22 isolates of VG-I produced
annuli of =<0.6 mm compared with 17% (1 of 6) of
VG-I and VG-I (p<0.02). Few examples of the
latter types were available at the time of testing, so it is
not clear whether this difference in activity between the
types suggests a difference in virulence or reflects a
small sample size.

Differences were also found within C. neoformans var.
neoformans depending on the source of isolation, with
larger annuli around colonies of animal isolates (Table
2). All 14 animal isolates produced large annuli
(> 1.2 mm) compared with 43% (3 of 7) of environ-
mental isolates (p <0.0005) and 70% (7 of 10) of
human clinical isolates (p <0.01) of C. neoformans
var. neoformans. This may be related to differences in
genetic types. It has been shown previously that the
source of the strain may be related to genetic type, as
patients with AIDS and other immunosuppressive
conditions were more commonly infected with C.
neoformans var. neoformans RAPD type VN-Ia [32].
An alternative explanation may be that there is a
difference in the selection pressure for survival between
isolates from different sources.

In summary, a rapid method to assess extracellular
proteinase activity of C. neoformans on solid media
has been developed. This method, using tannic acid,
reduces the processing time from several hours [26] to
a few minutes, and it is better suited for examining a
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large number of isolates. Significant differences in the
size of the annulus produced by each variety may relate
to differences in the type, amount or diffusibility of the
proteinase(s) produced, and these may influence disease
development.
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