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Extracellular activity in Cryptococcus
neoformansstrains isolated from
AIDS patients and from
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Summary  Nineteen Cryptococcus neoformans strains isolated from AIDS patients and 16
from bird droppings were tested for their extracellular activity. Typical enzymatic
activity that was different from other medically important yeasts was found. The
results obtained may indicate that there are new extracellular enzymatic activities
that imply a relationship between C. neoformans and its virulence. A correlation
among the different enzymatic activities was also investigated and according to
the results obtained no relationship was observed among any of the recorded
extracellular enzymatic activities. Research on C. neoformans's extracellular
enzymatic activity is useful not only to better understand its metabolism but in
particular to establish a possible relationship between its virulence and pathoge-
nicity.
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Actividad extracelular en cepas deCryptococcus neo-
formansprocedentes de pacientes con sida y del
ambiente

Resumen  Se examinaron las actividades enzimaticas extracelulares de 19 cepas de
Cryptococcus neoformans aisladas de pacientes con sida y 16 de heces de
aves. Los resultados obtenidos demostraron una actividad enzimética diferente
de otras levaduras de interés médico. Segun los resultados obtenidos, es posi-
ble identificar una relacién entre las nuevas actividades enziméticas extracelula-
res de C. neoformansy su virulencia. No existe ninguna correlacion entre las
diferentes actividades enzimaticas extracelulares de C. neoformans. Las investi-
gaciones sobre la diferentes actividades enzimaticas extracelulares de C. neo-
formans pueden ser muy utiles para profundizar en el conocimiento del
metabolismo de esta levadura y en la relacion entre su virulencia y su patogeni-
cidad.

Palabras clave  Cryptococcus neoformans, Virulencia, Fosfolipasa, Proteasa, Fenoloxidasa

Extracellular enzymatic activity iandida albi-
canshas been well known for a long time with a great
number of published reports. Ii€ryptococcus
neoformanslimited research has been performed in this
field until now, although the extracellular activity of this
yeast was reported since 1986 by Brueske, Alal.,
Chenet al.and Jacobsoet al.[1-3].

Research of. neoformaris enzymatic activity is
useful not only to better understand its metabolism, but in
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MATERIALS AND METHODS

NineteenC. neoformansstrains, from the
Infectious Diseases Institute of Turin University’s culture
collection isolated from AIDS patients, and sixteen from
the Institute of Microbiology of Messina University, iso-
lated from bird droppings (BD), were transferred onto
malt agar slants and incubated at@3or 5 days. After
this time period, the following tests were performed:

Variety and serology of the strairs order to dif-
ferentiate the twdrilobasidiella neoformansarieties the
C. neoforman®AIDS strains were tested on Canavanine-
Glycine—-Bromothymol blue agar (CGB) Petri dishes at
25°C for up to 5 days [4]. The serotype of the AIDS
strains was determined by a slide agglutination test with
specific monoclonal antibodies for capsular polysacchari-
de Crypto-check kit (latron Laboratories Inc., Japan).

API-ZYM systemA loopful (1x1G cell/ml) was
inoculated into 200 ml of sterile 2% malt extract liquid
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Phospholipase productiorDetermination of
phospholipase production was performed essentially
according to Polak [5] using the egg-yolk plate method of
Priceet al. [6]. The inoculated plates were incubated at
37°C. After 6 days of incubation, the diameter of the
colony (a) and that of the colony plus its precipitation-
zone (b) was measured. Phospholipase activity was
expressed by Pz = a/b. Thus, a high Pz value means low
production of phospholipase. The average Pz value was
obtained with three separate samples of each strain.

Protease productionDetermination of protease
production was performed according to Aeial. [2],
the test medium consisted of agar plates containing bovi-
ne serum albumin (BSA), 60 ml of a solution containing
0.04 g MgSQ@7 HO, 0.5 g kHPQO,, 1 g NaCl, 0.2 g dried
yeast extract, 4 g glucose and 0.5 g BSA (Fraction V,
Sigma, USA) was prepared, the pH was adjusted to 3.5
with 1 N HCI. The solution was sterilized by filtration and
mixed with 140 ml of melted agar; 20 ml of this medium

medium and shaken on a gyrotary shaker at 120 rpm forwere poured into each Petri dish and 10 pl of cells suspen-
24 h at 28C until the cells reached their early log-phase ded in 2.5 ml of sterile physiological saline solution were
of growth. The cells were centrifugally washed three inoculated in each Petri dish (four inocula were placed in
times in the sterile malt extract liquid medium and then each Petri dish) and incubated af@7or 7 days. The
tested for their enzymatic activity by using the semi-quan- diameter of the zones around the colonies was considered
titative API-ZYM system (Biomérieux, France) according as a measure of protease production. Protease activity

to the manufacturer’s instructions. For this purpose each (Pz), according to the method of Prieal. [6], was mea-

C. neoformansstrain was inoculated into 5 ml (1x10
cell/ml) of physiologic saline solution (0.9%). The optical

sured in terms of the ratio of the diameter of the colony
plus the precipitation zone, thus a low Pz signified a high

density (OD) at 550 nm of each suspension was about 0.1.production of the enzyme, i.e., high virulence, while a

Sixty-five microlitres of each inoculum was dispensed
into each of the 20 API-ZYM strip wells and incubated at
37°C in a thermostat for 4 h in the apposite API-ZYM
chamber humidified with 5 ml of distilled water. After
this incubation period a drop of each of ZYM A
(Biomérieux - France) and ZYM B (Biomerieux, France)
reagents were added to each of the twenty wells.

The color reaction was read after 5 min, according
to the API-ZYM system’s reading color-scale (Table 1),
which ranges from 0 (negative reaction) to 5 nmols
(maximum positive reaction), i.e. 1 corresponds to 5
nmols, 2 to 10 nmols, 3 to 20 nmols, 4 to 30 nmols, 5 to
40 nmols or more of each API-ZYM substrate metaboli-
zed by the strains. Each strain was tested in triplicate.

Table 1. Interpretation of the enzymatic tests (API-ZYM system).

high Pz indicated low production of the enzyme, i.e., low
virulence [7]. The average Pz value was obtained with
three separate samples of each strain.

Phenoloxidase activityPhenoloxidase production
after six days, was tested at°87in Pal’'s medium [8]
which contains the extract from seedsHxélianthus
annuusinstead ofGuizotia abyssinicaPhenoloxidase
activity was scored as follows according to the color
intensity of the medium: 3+ high activity; 2+ low activity;
1+ very low activity; and 0 no activity. Phenoloxidase
activity of each strain was tested in triplicate.

Statistical analysisStatistical analysis of the
enzymatic activities of AIDS and BIQ. neoformans
strains was performed by using the Mann-Whitney test.

Result

N° Enzyme assayed Substrate pH Positive Negative

No colour or colour of the sample
1 Control if it has an intense coloration
2 Phosphatase alcaline 2-naphtyl phosphate 8.5 violet Z 4
3 Esterase (C4) 2-naphtyl butyrate 6.5 violet o2 2
4 Esterase Lipase (C8) 2-naphtyl caprylate 7.5 violet S845
5 Lipase C14 2-naphtyl myristate 7.5 violet =ct ¢
6 Leucine arylamidase L-leucyl-2-naphtylamide 7.5 orange ° % %g@
7 Valine arylamidase L-valyl-2-naphtylamide 7.5 orange = Sc
8 Cystine arylamidase L-cystyl-2-naphtylamide 7.5 orange 8a g 2c
9 Trypsin N-benzoyl-DL-arginine-2-naphtylamide 8.5 orange 0252
10 Chemotrypsin N-glutaryl-phenylalanine-2-naphtylamide 7.5 orange = 8528
11 Phosphatase acid 2-naphtyl phosphate 5.4 violet T c=c
12 Naphtol-AS-Bl-phosphohydrolase Naphtol-AS-Bl-phosphate 5.4 blue 5388 S 2
13 a-galactosidase 6-Br-2-naphtyl-aD-galactopyranoside 5.4 violet g 55 8-
14 B-galactosidase 2-naphtyl-BD-galactopyranoside 5.4 violet OcRo®
15 B-glucuronidase Naphtol-AS-BI-BD glucuronide 5.4 blue 50 5 ;‘B
16 a-glucosidase 2-naphtyl-aD-glucopyranoside 5.4 violet 5 ﬁ £83
17 B-glucosidase 6-Br-2-naphtyl-BD-glucopyranoside 5.4 violet O® ¢y 29
18 N-acetyl-B-glucosaminidase 1-naphtyl-N-acetyl-BD-glucosaminide 5.4 brown 3 i_ < 05; 3
19 a-mannosidase 6-Br-2-naphtyl-aD-mannopyranoside 5.4 violet 0S3>d
20 a-fucosidase 2-naphtyl-aL-fucopyranoside 5.4 violet Zoo. <
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Table 2. Parameters of classification for phospholipase, protease and phe-
noloxidase production and enzymatic activity assayed by the API-ZYM sys-

tem.

Table 4. PZ values obtained from phospholipase, protease and phenoloxi-

dase in Cryptococcus neoformans bird dropping strains (n = 16).

Strains

Phospholipase 37°C Protease 37°C

Phenoloxidase

Negative Weak Moderate Strong
Phospholipase (Pz) 1 0.70-0.99 0.50-0.69 <050 CN 21M 0.93 0.74 et
Protease (Pz) 1 0.70-0.99 0.50-0.69 <0.50 CN 30M 0.948 0.79 0
Phenoloxidase (activity) 0+ 1+ 2+/3+ 4+ CN 40M 0.7 1 0
API-ZYM (activity) 0 1/2 3/4 5 CN 74M 0.1 1 +++
CN 79M 0.8 0.94 +++
CN 1(10) 1 0.559 ++
RESULTS CN 12(2) 1 0.8 ++
CN 12(8) 1 0.421 ++
Variety and serology of the straingll the AIDS CN 13(4) L L T
and BDC. neoformanstrains tested on the CGB agar Jo, . o83 it
belonged to the variet¢. neoformans neoformanall N 3UB 0.7 0.65 N
the BD strains collected from separate sites were serotype-y sup 0.7 0.34 -
A, while serotype D was prevalent among the AIDS cn3ue 1 0.46 ++
strains. Only two AIDS strains, CN7 and CN13, resulted cn 7rcg1 1 0.47 "
serotype C and D, respectively. Cn 2pac 0.571 0.82 ++
Phosphollpase activityln the 19 AIDS strains
assayed, phospholipase activity was positive for 18 strains: Stan%ard deviation  0.90 +0.15 0.72 +0.22

and their Pz ranged between 0.271 and 0.980 (Pz average

= 0.63, standard deviation = 0.199). Only one strain, CN7,

did not show phospholipase activity (Table 3). On the C. neoformansstrains were negative for phenoloxidase
contrary, in the 16 B.D. strains only eight of them were production and the others strains showed medium activity

positive for phospholipase activity and their Pz ranged (++ or +++) (Table 4).

between 0.1 and 0.948 (Pz average = 0.68, standard devia-

tion = 0.27) (Table 4).

Table 3. PZ values obtained from phospholipase, protease and phenoloxi-

dase in AIDS Cryptococcus neoformans strains (n = 19).

Strains

Phospholipase 37°C Protease 37°C

Phenoloxidase

API-ZYM test As presented in Table 6, all of the
AIDS C. neoformanstrains showed enzymatic activity

for the enzymes number 3 (esterase C4) and 4 (esterase
lipase C8). Most of the AIDS strains tested showed good
enzymatic activity for the enzymes 6 (leucine arylamida-
se), 11 (phosphatase acid), 12 (naphthol-AS-Bl-phosp-
hohydrolase) and 173(glucosidase). In contrast, no
enzymatic activity was observed for the enzymes 2

gmg g'gég 8“7‘38 o (phosphatase alcaline), 8 (cystine arylamidase), 9 (tryp-
CN7 1 08 N sin), 10 (chymotrypsin), 13u(galactosidase), 13 (glu-

CN8 0.56 1 0 curonidase), 190( mannosidase) and 20 {ucosidase).

CN9 0.271 0.91 0 In the BD strains, no enzymatic activity was
CN 10 0.65 1 0 observed for enzymes 2 (phosphatase alcaline), 5 (lipase
CN 13 0.408 1 4t C14), 8 (cystine arylamidase), 9 (trypsin), 10 (chymotryp-
CN 14 0.583 1 + sin), 13 @ galactosidase), 14 (@Qalactosidase), 1B @lu-

CN 16 0.98 058 i curonidase), 19a( mannosidase) and 2@ fucosidase).
Nis oo ol o All of the BD strains showed enzymatic activity for enzy-
ON 19 0.626 0o ot me number 3 (esterase). The majority of the BD strains
CN 20 062 078 + showed good enzymatic activity for enzymes 4 (esterase
CN 21 0.921 0.43 .t lipase), 6 (leucine arylamidase), 11 (phosphatase acid), 12
CN 22 0.596 0.69 et (naphthol-AS-Bl-phosphohydrolase), 16 ¢lucosidase)

CN 25 05 0.9 ++ and 17 B glucosidase) (Table 5).

CN 19015 0.35 0.86 +Ht From the results obtained, the following correla-
AIDS | 0.73 0.5 it tions could be deduced:

AIDS I 08 063 +++ a) Correlation between protease and phospholipase acti-
Average Pz+ vity in the AIDS strains. Among the 10. neoformans
standard deviation  0.650 +0.211 0.76 +0.19 AIDS strains 2 showed a correlation between moderate

Protease activityFifteen AIDSC. neoformans

phospholipase and protease activity (Pz = 0.5-0.69).
b) Correlation between protease and phospholipase acti-
vity in the BD strains. In the BIZ. neoformanstrains,

strains showed positive protease activity with Pz values five showed a correlation between weak or negative prote-
between 0.43 and 0.91 (Pz average = 0.69, standard deviaase and phospholipase activity (Pz = 0.7-1).

tion = 0.16) (Table 3). Four strains did not show protease c) Correlation between phospholipase and phenoloxida-
activity (Table 3). In the 13 BD strains with positive pro- se activity in the AIDS strains. Among the 19 AIDS
tease activity the Pz values ranged between 0.34 and 0.9€. neoformansstrains seven presented a correlation bet-
(Pz average = 0.66, standard deviation = 0.19) (Table 4).ween moderate phospholipase and phenoloxidase activity

Only three BDC. neoformanstrains (CN 40M, CN 74M
and CN 13(4)) were negative for protease production

(Table 4).

Phenoloxidase activityzrom the 19 AIDS strains,

(Pz =0.5-0.69).

d) Correlation between phospholipase and phenoloxida-
se activity in the BD strains. No correlation was observed
between phospholipase and phenoloxidase production in

three were negative for phenoloxidase activity and the the BDC. neoformanstrains.

majority of the strains (12) showed moderate phenoloxi-

e) Correlation between protease and phenoloxidase acti-

dase activity (++ or +++) (Table 3). Two of the 16 BD vity in the AIDS strains. Five of the AIDS. neoformans
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Table 5. Enzymatic activity of the Cryptococcus neoformans BD strains (n = 16).

BD 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

CN 21M
CN 30M
CN 40M
CN 74M
CN 79M
CN 1(10)
CN 12(2)
CN 12(8)
CN 13(4)
Can1l
Can 4
CN 3uUB
CN 3UD
CN 3UE
Cn 7rcgl
Cn 2pac
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Table 6. Enzymatic activity of the Cryptococcus neoformans AIDS strains (n = 19).

AIDS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

CN5
CN 6
CN7
CN 8
CN9
CN 10
CN 13
CN 14
CN 16
CN 17
CN 18
CN 19
CN 20
CN 21
CN 22
CN 25
CN 19015
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1
1

N
WabhpPRPrRPARPRERE
PNRPPRPRFPOW g ww
PNPR PP NP0
N
N
[l N W

NNNWNRPWONRPENERENDORRONN
PNE NN

NNRPNRRNORNRRRNONDW®RERNDN
PRRPRPNRPNREPR
NN NN

RN

a1
N

strains showed a correlation between moderate proteas®f enzymes 3 (esterase) and 4 (esterase lipase) and phosp-
and phenoloxidase activity (Pz = 0.5-0.69). holipase production, because at low or medium Pz values
f) Correlation between protease and phenoloxidase acti-of the strains did not correspond to high (3 or 4) API-
vity in the BD strains. No correlation was observed bet- ZYM enzymatic activity (Tables 3-6). On the other hand,
ween phenoloxidase and protease activity in the an inverse correlation in the AIDS strains was observed

C. neoforman®&D strains. between enzyme 6 (leucine arylamidase) and phospholi-
The results obtained for phospholipase, proteasepase production, because in general a low Pz (high phosp-

and phenoloxidase activity in the AIDS and ED neo- holipase production) of the strains corresponded to a

formansstrains can be resumed: negative or low activity of enzyme 6 (leucine arylamida-

The greatest part of the AIDS. neoformans  se). In the BDC. neoformanstrains no correlation was
strains (n = 13, 68.4%) presented strong or moderateobserved between phospholipase production and the enzy-
phospholipase production, while for the B.D. strains the matic activity tested by the API-ZYM system.
higher percentage (n = 15, 93.8%) showed weak or nega- eProtease productionln AIDS strains CN10,
tive phospholipase production. CN13 and CN14 the high activity of enzyme 6 (leucine

On the other hand, protease activity was similar arylamidase) corresponded to negative protease produc-
for BD and AIDS strains with weak or negative protease tion in the AIDSC. neoformanstrains (Tables 3-6). On
activity (AIDS = 12, 63.1%, BD = 10, 62.5%). the other hand, no correlation was observed between the

The highest percentage of AIDS strains (n = 13, activity of the enzymes studied by API-ZYM and protease
68.4%) and BD strains (n=11, 68.75%) showed moderateproduction by theC. neoforman8D strains (Tables 4-5).
phenoloxidase production. Furthermore, two (12.5%) *Phenoloxidase productionn the 19 AIDS
strains of BDC. neoformanshowed strong phenoloxida- C. neoformanstrains, eight showed a correlation between
se production while in the AIDS strains no strong pheno- moderate phenoloxidase production (3+) and weak enzy-
loxidase production was observed. matic activity of enzyme 6 (leucine arylamidase) (1-2)

Considering the results obtained for phospholipa- (Tables 3-6). No correlation was observed for the other
se, protease, phenoloxidase and the enzymatic activityenzymes and phenoloxidase production. In the@BReo-
determined with the API-ZYM system, the following formansstrains, no correlation was observed between
correlations could be made: phenoloxidase and the enzymes tested by the API-ZYM

*Phospholipase activityin the AIDS strains no  system (Tables 4-5). Although the phenoloxidase activity
correlation was observed between the enzymatic activity of the CN8, CN9, CN10 AIDS and CN30M, CN40M, BD
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C. neoformanstrains resulted negative (Tables 3-4) all The results obtained regarding the inverse rela-
these strains were confirmed to 6e neoformanwar. tionship, only observed among the AIXS neoformans
neoformans strains, between high phospholipase production and low

Statistical analysisStatististical analysis between enzymatic activity of enzyme 6 (leucine arylamidase) and
the AIDS and the BEC. neoformanstrains performed by  between low protease activity and high activity of enzyme
the Mann-Whitney test resulted significant for enzymes 4 6 are very interesting. More detailed studies in this field is
(esterase lipase C8) and 6 (leucine arylamidase) P= 0.0secessary to discover if this inverse correlation is a valid
and P= 0.05, respectively. The same test was not signifi-and useful criterium to discriminate pathogenic from envi-
cant for enzymes 3 (esterase C4) P= 0.872, ronmentalC. neoformanstrains. Previous findings indi-
11 (Phosphatase acid) P= 0.136 and 12 (naphtol-AS-Bl-cate that phenoloxidase activity is related Go
phosphohydrolase) P= 0.585. neoformanwirulence [31-33].

The Mann-Whitney test for phosholipase activity According to the results obtainea vitro using
between the AIDS and the BD. neoformanstrains Pal's medium it was not possible to evaluate a relationship
resulted very significant (P=0.003). On the contrary, the between the different. neoformansstrains tested and
test was not significant for protease and phenoloxidasetheir virulence. For this purpose the assay of phenoloxida-

activities ( P=0.654 and P=0.597) respectively. se activity, would be more useful according to the enzy-
matic methods described by Kwong-Chueigal. [31].
DISCUSSION This is because not all of the strains tested developed the

typical brown pigment although these strains were confi-

Yeast enzymatic activity could be a useful method remed to beC. neoformanwar. neoformansThose in
to help the identification and discrimination of different which the pigment was manifested were difficult to discri-
C. neoformanstrains isolated from immunocompromised minate their intensity due to human error (the inability to
patients or from the environment. The techniques invol- discriminate amongst the different pigments).
ved are rapid, inexpensive and do not require a great deal The same problem occurs when using media that
of experience. Further research in this field would be very containG. abyssinicaseeds or media that contains caffeic
useful to better understar@. neoformans’ghysiology acid (data not reported). In contrast to that reported in the
and biochemistry. On the contrary, molecular biologic or literature, it seems that not &ll. neoformanstrains are
genetic techniques, which are useful tools for the identifi- able to produce brown pigment by using these media
cation of differentC. neoformanstrains, are expensive [8,34-37]. We can hypothesize that, while the testing met-
and require very experienced technicians [9-17]. hods have remained unchanged,@Ghaeoformanstrains

Further evidence to support the study of yeast have undergone phenotypic or genetic changes.
enzymatic activity are the very different results obtained According to the results obtained, no relationship
by Chenet al. [18] and ours on the differei@. neofor- was observed among any of the enzymatic activities
mansstrains tested with the API-ZYM Kkit. In fact, 10 of recorded such as phospholipase, protease, phenoloxidase
the enzymatic activities among the 19 of the API-ZYM kit and those of the API ZYM kit. This means, according to
resulted different. In particular enzymes 2, 5, 7, 8, 10 and Jacobsoret al [32], that each enzymatic activity has its
15 resulted negative in our AIDS and BD strains and posi- own pathway, which could i@. neoformange separately
tive in those of Chent al[18]. Moreover, the study of the  related to its virulence. Nor was there any relationship

enzymatic activity of the 3&. neoformanstrains exami- among the enzymatic activities studieddn neoformans
ned showed a typical enzymati: neoformangrofile, that were not already know. neoformangirulence
which is different from that of the other medically impor- virulence factors i.e. capsule, growth at@7and melani-
tant yeasts [19,20]. ne activity. The activity of protease and phenoloxidase

Phospholipase activity specifically according to can be altered unden vitro conditions and this could
recent literature [21,22] and to the results obtained, seemsnfluence a discrimination between AIDS and BDneo-
to be more related tm vitro C. neoformanwirulence. formansstrains.
The phospholipase activity of enzyme number 4 (esterase According to Franzogt al.[23] it is possible to
lipase C8) and number 6 (leucine arylamidase) are statisti-hypotesize tha€. neoformansindergoes rapid changies
cally significant, according to the Mann-Whitney test. It vitro, which may induce new genotypic and phenotypic
would be useful to identify and discriminate the different characteristics and interfere with its enzymatic activity.

C. neoformanstrains to determine their virulence. For this reason careful attention to storage and working
The new and different enzymati@. neoformans  laboratory conditions shoud be mandatory.
activities shown by the API-ZYM on the strains tested, in The serotype A of the BIT. neoformanstrains

particular in enzymes 3, 4, 5, 11, 12 and 17, according toindicate than in Italy two different serotype A and D can
Chenet al.[18] reveal that there are several new extrace- be prevalent. The first in the northern and central part of
llular enzymatic activities in tissue invasion and may also lItaly, the second in the second part. According to Criseo
indicate a relationship betwedh neoformansand its et al.[38] geographical and climatological conditions can
virulence. For this reason more detailed studies would beplay an important role in the diffusion &. neoformans
very useful on these new extracellu@rneoformanscti- serotypes.
vities.

Little attention has been paid to the recently con-
firmed proteolitic activity ofC. neoformang2,23,24].
Although the results obtained in this study, did not prove
to be very useful to separdfe neformanAIDS and BD
strains, it would be of great interest to research whether
the extracellular protease activity 6f neoformanss The authors are grateful to Prof. G. Criseo from
associated, as i@. albicans with its virulence and patho- g"ﬁfgg}gr‘#n'gxgﬁfg{jﬁgp‘gmzrg?stf};ig‘d serotyping the
genicity [5,18,25-30].



References

10.

11.

12.

13.

14.

15.

Brueske CH. Proteolytic activity of a clini-
cal isolate of Cryptococcus neoformans. J
Clin Microbiol 1986; 23: 631-633.

Aoki S, Ito Kuwa S, Nakamura K,
Ninomiya K, Vidotto V. Extracellular prote-
olytic activity of Cryptococcus
neoformans. Mycopathologia 1994; 128:
143-150.

Chen LC, Blank ES, Casadevall S.
Extracellular proteinase activity of
Cryptococcus neoformans. Clin Diagn Lab
Immunol 1996; 3: 570-574.

Kurtzman CP, Fell JW. The yeasts, a
taxonomic study. Fourth revised and
enlarged edition. Amsterdam, Elsevier
1998.

Polak A. Virulence of Candida albicans
mutants. Mycoses 1992; 35: 9-16.

Price MF, Wilkinson 1D, Gentry LO. Plate
method for detection of phospholipase
activity in Candida albicans. Sabouraudia
1982; 20: 7-14.

Buchanan KL, Murphy JW. What makes
Cryptococcus neoformans a pathogen?
Emerg Infect Dis. 1998; 4: 71-83

Pal M. Pulmonary mycosis in a pigeon
handler due to Cryptococcus neoformans
var. neoformans. 2nd International
Conference on Cryptococcus and crypto-
coccosis. Milan (Italy) 1993: Abstract
pp.4-5, p.119.

Perfect JR, Magee BB, Magee PT.
Separation of Cryptococcus neoformans
by pulsed field gel electrophoresis. Infect
Immun 1989; 57: 2624-2627.

Varma A, Kwong-Chung KJ. DNA probe
fingerprints in Cryptococcus neoformans.
J Clin Microbiol 1992; 30: 2960-2967.
Meyer W, Mitchell TG, Freedman E,
Vilgalys R. Hybridization probes for con-
ventional DNA fingerprint used as single
primers in the polymerase chain reaction
to distinguish strains of Cryptococcus neo-
formans. J Clin Microbiol 1993; 31: 2274-
2280.

Dromer F, Varma A, Ronin O, Mathoulin
S, Dupont B. Molecular typing of
Cryptococcus neoformans serotype D cli-
nical isolates. J Clin Microbiol 1994; 32:
2364-2371.

Varma A, Swinne D, Staib F, Bennet JE,
Kwong-Chung KJ. Diversity of DNA finger-
printings in Cryptococcus neoformans. J
Clin Microbiol 1995; 33: 1807-1814.

Chen R, Currie BP, Chen LC, Spitzer SG,
Spitzer ED, Casadevall A. Genetic rela-
tedness of Cryptococcus neoformans cli-
nical isolates grouped with repetitive DNA
probe. J Clin Microbiol 1995; 33: 2818-
2822.

Yamamoto Y, Kohno S, Koga H, et al.
Random amplified polymorphic DNA
analysis of clinically and environmentally
isolated Cryptococcus neoformans in
Nagasaki. J Clin Microbiol 1995; 33: 3328-
3332.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Extracellular activity on Cryptococcus neoformans

Chen SCA, Brownlee AG, Sorell TC,

et al. Identification by random amplifica-
tion of polymorphic DNA of a common
molecular type of Cryptococcus neofor-
mans var. neoformans in patients with
AIDS or other immunosuppressive condi-
tions. J Infect Dis 1996; 173: 754-758.

Lo Passo C, Pernice |, Gallo M, et al.
Genetic relatedness and diversity of
Cryptococcus neoformans strains in the
Maltese Islands. J Clin Microbiol 1997;
35: 751-755.

Chen LC, Pirofski LA, Casadevall A.
Extracellular proteins of Cryptococcus
neoformans and host antibody response.
Infect Immun 1997; 65: 2599-2605.
Garcia-Martos P, Gutierrez JM.
Contribution of the knowledge of the
enzymatic activity of yeast of clinical inte-
rest. Mycopathologia 1995; 132: 9-13.
Dworecka-Kaszak B, Qynkiewcz Z,
Blaszczak B. Evaluation of selected phy-
siological and morphological characteris-
tics of Pityrosporum pachidermatis
isolated from clinical cases of otitis exter-
na and dermatitis in dogs and cats. Arch
Vet Pol 1994; 34: 163-175.

Chen SCA, Muller M, Zhou JZ, Wright LC,
Sorrel T. Phospholipase activity in
Cryptococcus neoformans: a new virulen-
ce factor? J Infectious Dis. 1997; 175:
414-420.

Vidotto V, Sinicco A, Di Fraia D,
Cardaropoli S, Ito Kuwa S.
Phospholipase activity in Cryptococcus
neoformans. Mycopathologia 1996; 136:
119-123.

Franzot SP, Mukherjee J, Cherniak R,
Chen LC, Hamdan JJ, Casadevall A.
Microevolution of a standard strain of
Cryptococcus neoformans resulting in dif-
ferences in virulence and other phenoty-
pes. Infect Immun 1998; 66: 89-97.
Hamilton AJ, Goodley J. Virulence factors
of Cryptococcus neoformans. Curr Top
Med Mycol 1996; 7: 19-42.

Ghannoum M, Abu Elteen K. Correlative
relationship between proteinase produc-
tion, adherence and pathogenically of
vatious strains of Candida albicans. J
Med Vet Mycol 1986; 24: 407-413

Hube B. Candida albicans secreted
aspartyl proteinases. Curr Top Med Mycol
1996; 7: 55-69

Hube B. Possible role of secreted protei-
nases in Candida albicans infections. Rev
Iberoam Micol 1998; 15: 65-68.
Beausejour A, Grenier D, Goulet JP,
Deslauriers N. Proteolytic activation of the
interleukin-1-beta percursor by Candida
albicans. Infect Immun 1998; 66: 676-
681.

Vidotto V, et al.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Watts HJ, Cheah FS, Hube B,

Sanglard D, Gow NA. Altered adherence
in strains of Candida albicans harbouring
null mutations in secreted aspartic protei-
nase genes. FEMS Microbiol Lett 1998;
159: 129-135.

Akashi T, Homma M, Kanbe T, Tanaka K.
Ultrastructure of proteinase-secreting
cells of Candida albicans studied by alca-
line bismuth staining and immunoche-
mistry. J Gen Microbiol 1993; 139:
2185-2195.

Kwong-Chung KJ, Rhodes JC.
Encapsulation and melanine formation as
indicators of virulence in Cryptococcus
neoformans. Infect Immun 1986; 51: 218-
223.

Jacobson ES, Emmery HS. Temperature
regulation of the cryptococcal phenoloxi-
dase. J Med Vet Mycol 1991, 29: 121-
124.

Torres-Guerrero H, Edman JC. Melanin-
deficient mutants of Cryptococcus neofor-
mans. J Med Vet Mycol 1994; 32:
303-313.

Kaufmann CS, Merz WG. Two rapid pig-
mentation tests for identification of
Cryptococcus neoformans. J Clin
Microbiol 1982; 15: 339-341.

Fleming WH IIl, Hopkins JM, Land GA.
New culture medium for the presuntive
identification of Candida albicans and
Cryptococcus neoformans. J Clin
Microbiol 1997; 5: 236-243.

Staib |, Seeliger HPR. Un nouveau milieu
sélectif pour I'isolement de Cryptococcus
neoformans des matiéres fécales et du
sol. Annales de I'Institut Pasteur (Paris)
1996; 110: 792-793.

Denning DW, Stevens DA, Hamilton JR.
Comparison of Guizotia abyssinica seed
extract (birdseed) agar with conventional
media for selective identification of
Cryptococcus neoformans in patients with
acquired immunodeficiency syndrome. J
Clin Microbiol 1990; 28: 2565-2567.
Criseo G, Gallo M. Serotyping of
Cryptococcus neoformans isolates from
environmental and clinical sources in
extreme southern ltaly (Calabria and
Sicily, central Mediterranean area).
Mycoses 1997;40:95-100.



