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Purification and characterization of the extracellular aspartyl proteinase
of Candida albicans: removal of extraneous proteins and cell wall
mannoprotein and evidence for lack of glycosylation
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Aspartyl proteinase (AP) is an extracellular enzyme of Candida albicans implicated as a pathogenic factor.
Previous reports on the purification and characterization of AP suggested that a single DEAE-Sephadex
chromatographic step was sufficient for the removal of extraneous proteins and that the final product was
glycosylated. We purified AP using a chromatographic series consisting of DEAE-Sephadex A25, Sephadex G75
and rechromatography on DEAE-Sephadex A2S5. Use of DEAE-Sephadex alone did not remove extraneous
proteins and removed little contaminating mannoprotein (MP). The addition of a Sephadex G75 column to the
purification scheme removed the majority of contaminating MP and proteins. The final DEAE-Sephadex A25
chromatographic step resulted in (a) removal of detectable extraneous proteins, (5) removal of immunologically
detectable MP by dot blot and Western blot enzyme immunoassay, (c) loss of periodic acid—silver stain positivity,
and (d) a high AP yield (1295 U 1) and specific activity (1749 U mg™'). We conclude that a single DEAE-
Sephadex A2S5 purification step is insufficient to remove extraneous proteins and MP, which could interfere with
the production of AP-specific antibodies and the dissection of moieties responsible for immune reactivity. Reports
of periodic acid—Schiff or anthrone positivity of AP preparations may reflect the presence of extraneous MP, which
can be removed by the chromatographic series we describe.

Introduction

Candida albicans is an opportunistic fungus responsible
for increasing morbidity and mortality in the immuno-
compromised host (Reingold et al., 1986; Richardson,
1991). Characteristics associated with the pathogenicity
of this normally benign, endogenous commensal include
predisposing host factors (Morrison et al., 1986; Odds,
1988), conversion from the yeast to the pseudohyphal
form (Barnes et al., 1983; Anderson & Odds, 1985),
increased adherence to epithelial or mucous membranes
(McCourtie & Douglas, 1984 ; Ghannoun & Abu Elteen,
1986) and the production of an extracellular aspartyl
proteinase (AP) [EC 3.4.23.6] (Staib, 1969; Macdonald
& Odds, 1980; Kwon-Chung et al., 1985).
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The use of AP for the immunodiagnosis of candidal
antigenaemia has been described (Riichel & Béning,
1983; Riichel et al., 1988). The advantage of a test using
a pathogenic factor as a marker for infection lies in its
potential to differentiate between simple colonization
and invasive disease. However, antibodies used in these
tests are only as specific as the purity of the antigen used
to elicit them. Therefore, AP should be free of con-
taminating cell wall mannoprotein (MP) and extraneous
proteins that could reduce specificity. In addition, studies
to dissect epitopes responsible for immune respon-
siveness or to delineate the pathogenic mechanism(s) of
AP could be complicated by impure AP preparations.

Several methods to purify AP from crude culture
supernatants have been described (Macdonald & Odds,
1980; Riichel, 1981; Negi et al., 1984; Ray & Payne,
1990). The resultant products demonstrated carbo-
hydrate positivity either by anthrone reactivity
(Macdonald & Odds, 1980) or by periodic acid—Schiff
(PAS) staining (Riichel, 1981; Negi et al., 1984; Ray &
Payne, 1990). Antibodies against such preparations may
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therefore recognize carbohydrate as well as protein
moieties. Since carbohydrate epitopes are often re-
sponsible for cross-reactivity among unrelated fungi,
antibodies raised to these common entities could confuse
diagnosis (Hellwege et al., 1972; Taschdjian et al., 1973).
The ubiquitous presence of C. albicans MP in culture
supernatants (Kaufman & Reiss, 1992) complicates the
production of monospecific anti-AP antibodies unless
measures are taken to remove immunologically reactive
MP. In addition, MP may down-regulate the immune
response (Domer & Garner, 1989; Garner et al., 1990),
thereby complicating studies examining immune re-
sponsiveness to AP and its role in pathogenesis.

To eliminate the possible complications associated
with the presence of contaminating proteins and MP in
AP preparations, we describe the detection and removal
of chemically and immunologically detectable MP and
extraneous proteins from AP preparations.

Methods

Micro-organism. Lyophilized stock cultures of C. albicans strains
CBS 2730 (a gift from R. Riichel, University of Gottingen, FRG; a
variant of the type-strain also known as DSM 6659), 36B (a gift from
P. Auger, University of Montreal, Quebec, Canada) and B311 (Mycotic
Diseases Branch, Centers for Disease Control culture collection) were
used. Blastoconidia were grown on Sabouraud glucose agar slants
(BBL) for 48 h at 25 °C, harvested, washed by centrifugation in 0-01 M-
phosphate buffered saline PBS; 0-11 % (w/v) Na,HPO,, 0032 % NaH,
PO,.H,0O, 0-85 % NaCl, pH 72, and resuspended in PBS. For
extracellular production of AP, blastoconidia (7-5x 10®ml™) were
grown in yeast carbon base broth (Difco) containing vitamins
(0-1 pl mI™}, IsoVitaleX enrichment, BBL) and 0-2% (w/v) each of
glucose and BSA (fraction V, Sigma), adjusted to pH 5:6. Cultures
(300 ml medium in each of ten 1 litre Erlenmeyer flasks) were rotated
at 140 r.p.m., 25 °C for 8-14 days (Lam et al., 1991). Selected flasks
received 0-5-5 pg tunicamycin ml~! (Calbiochem), predissolved in
ethanol, to inhibit glycosylation (Duksin & Mahoney, 1982).

Proteinase activity assay. AP activity in culture supernatants was
tested daily. Enzyme activity was determined spectrophotometrically
following the digestion of BSA as substrate as described by Crandall &
Edwards (1987). To 0-5 ml culture supernatant, 20 ml 1 % (w/v) BSA
in 01 M-citric acid—sodium citrate buffer (NCB), pH 3-5, was added,
and the mixture was incubated at 37 °C for 30 min. The reaction was
then stopped by adding 5-0 ml ice-cold 10% (w/v) TCA. Precipitated
protein was removed by centrifugation at 1500 g for 10 min followed by
filtration through a 0-45 pm porosity filter (Millex-HA, Millipore). The
amount of proteolysis was determined by measuring the 4,4, of the
filtrate.

Control tubes containing 0-5 ml culture supernatant were incubated
for 30 min at 37 °C, followed by the addition of 50 m]l TCA and then
2:0 ml BSA. One unit (U) of AP activity was defined as equal to a
change in 4,4, of 0-1 mI™! (30 min)~!, at pH 3-5 and 37 °C. One unit of
AP activity corresponded to 0-7 U of proteinase A activity from
Saccharomyces cerevisiae [endopeptidase, (EC 3.4.23.6, Sigma) re-
suspended to 1 mgml™! and assayed for BSA digestion (Crandall &
Edwards, 1987)].

Purification of AP. Purification procedures were conducted at 4 °C.
When AP activity reached a maximum (after 8-10 days of culture),

culture supernatant was collected by centrifugation at 1500 g for
30 min, filtered through a 045 um porosity membrane (Nalge) and
concentrated 10-fold in a 31 ultrafiltration unit containing a YM-10
membrane (Amicon Corporation). The retentate was dialysed over-
night [12 000-14 000 kDa molecular mass cut-off dialysis tubing,
(Spectra/por, Fisher Scientific)] against 3 1 of 0-02 M-NCB, pH 63.

A DEAE-Sephadex A25 (Pharmacia LKB) column (2 x 25 cm) was
packed to 40 ml capacity and equilibrated to pH 63 and a conductivity
of 44 mQ~". Dialysed retentate (300 ml) was applied to the column at
33 ml h™! and washed in with 175 ml of column buffer. Elution buffer
(0-2 M-NCB, pH 6-3) was applied, and 5 ml fractions were collected.
Fractions from the resultant single 4,4, peak, containing maximum AP
activity (fractions 6-10 following application of 0-2 M-NCB), were
pooled (25 mi) and concentrated to 2-5 ml by ultrafiltration through a
YM-10 membrane.

Concentrated, pooled fractions from the DEAE-Sephadex A25
column were applied to a Sephadex G75 column. The column
(1-7 x 85 cm of packed gel) was equilibrated with 0-02 M-NCB, charged
with the sample, and eluted with 0-02 M-NCB, pH 63, at a flow rate of
32-5ml h™'. Fractions of 55 ml were collected. Two 4,5, peaks were
observed: a smaller peak eluted between fractions 7 and 9, and a larger
peak, containing the majority of AP activity, eluted in fractions 10-16.
Fractions 10-16 were pooled and rechromatographed on a second
DEAE-Sephadex A25 column.

The second DEAE-Sephadex A25 column (1 x 15 cm) was packed
with 8 ml of gel, equilibrated with 0-02 M-NCB, pH 6-3, and charged
with pooled fractions from the G75 column. The flow rate was 162 ml
h~%, and 2-7 ml fractions were collected. The sample was washed into
the column with 2-5 column vols of 0-:02 M-NCB, pH 6-3, and a linear
gradient of 0:02-0-4 M-NCB, pH 6-3, was applied at a flow rate of
162ml h™!. A single 4, peak containing AP activity eluted in
fractions 3-10.

Pepstatin A—agarose column chromatography. Pepstatin A—agarose
chromatography was performed by a modification of the method of
Kregar et al. (1977). Concentrated culture supernatant (20 mf) was
dialysed against 0-1 M-sodium acetate buffer, pH 3-5, containing 1 M-
NaCl and passed through a pepstatin A—agarose (Sigma) column (5 ml
gel in a 07 x 13 cm column) at a rate of 15 ml h™!. Bound sample was
eluted with 0-1 M-Tris/HCl buffer, pH 86, containing 1 m-NaCl
Fractions (5 ml each) were collected into tubes containing 1-0 ml-0-1 M-
sodium acetate buffer, pH 3-5, to acidify the samples.

SDS-PAGE and immunoblotting. Proteinase samples containing 1%
SDS, 0-01 M-DTT, 10 % (v/v) glycerol, and 0-025 % bromophenol blue
were heated at 100 °C for 5 min prior to SDS-PAGE. Electrophoresis
was conducted using a PhastSystem apparatus, pre-cast (4-5x 5 cm)
8-25% gradient gels, and SDS buffer strips (Pharmacia LKB).

Alternatively, electrophoresis was performed with a discontinuous
Tris/borate/sulphate/chloride buffer (Tsang et al., 1983) using 10%
homogeneous polyacrylamide gels (dimensions: 160 x 180 x 0-75 mm)
and a Hoefer Scientific (Model SE 400) electrophoresis apparatus. The
SDS-PAGE-resolved bands were stained with silver (Tsang, 1987), or
to detect carbohydrate-containing protein bands, a periodic acid
modification of the silver stain was used (PA-SS: Dubray & Bezard,
1982; Tsai & Frasch, 1982). This method was reported to be 500-times
more sensitive than PAS staining to detect carbohydrate (Tsai &
Frasch, 1982).

PhastSystem SDS-PAGE-resolved bands were transferred electro-
phoretically to nitrocellulose (0-2um porosity, Schleicher and
Schuell), and blots were developed by enzyme immunoassay (EIA) as
described by Tsang et al. (1986).

Dot blot EIAs (dot EIAs) were conducted as described by Todaro-
Luck et al. (1989), except that nitrocellulose strips were dotted with
purified (Peat et al., 1961) MP (1-0, 0:1 or 0:01 mg mlI™!) or products of
AP purification steps. The mean amount of protein dotted was 284 +



10 pg ml~! (n = 4) except for the following samples: MP peak from
Sephadex G75, 117 pg ml™!; peak fraction from secondary DEAE-
Sephadex A25 (2°D peak), 136 pg ml~!; and pooled, concentrated
fractions from secondary DEAE-Sephadex A25 (2°DEAE 2),
635 pgml~!. These were tested with horseradish peroxidase-labelled
polyclonal anti-AP antibodies (1:250 dilution, described below),
monoclonal IgM anti-MP (CB6-AB11, 1:250), or monoclonal IgG
anti-MP (DC5-CD10, 1:500) (Reiss et al., 1986). Polyclonal rabbit
anti-C. albicans cell-wall 1gG (Reiss et al., 1974) was used in indirect
dot EIA (1:2000) with peroxidase-labelled goat anti-rabbit IgG as
indicator antibody (1:1000, y-specific, Hyclone).

Immunization of mice with AP. Purified AP, in Freund’s complete
adjuvant, was used to immunize female CFW mice (Charles River
Laboratories, Wilmington, MA, USA). Mice were immunized by
intraperitoneal (i.p.) injection of 0-1 ml antigen—adjuvant emulsion
containing 20 pg purified AP and boosted twice by i.p. injection of
10 pg purified AP in Freund’s incomplete adjuvant at 2-week inter-
vals. Mice were bled biweekly, and those testing positive for anti-AP
antibodies by immunoblot analysis were injected i.p. with sarcoma
180/TG cells to induce antibody-containing ascitic fluid (Sartorelli
et al., 1966). Immunoglobulin was purified from ascitic fluid by a
modification of previously described methods (Reiss er al., 1977).
Briefly, ascitic fluid was fractionated by ammonium sulphate pre-
cipitation [35% (NH,),SO, saturation followed by 50 % saturation of
the non-precipitated material], and IgG fractions were isolated by
DEAE-Sephadex A25 column chromatography using 0-1 M-Tris/HCl
buffer, pH 8:2, containing 0-1 M-NaCl (Reiss et al., 1977). IgG fractions
were then dialysed versus 0-1 M-PBS, pH 7-2, bound to protein A, and
desorbed with (-1 M-sodium citrate buffer, pH 4-0. Fractions were
collected into 0-5 M-potassium phosphate buffer, pH 8-0, to neutralize
samples before pooling of IgG peak fractions, concentration by
ultrafiltration (YM-30 membrane), and dialysis versus PBS.

Double antibody sandwich EIA for M P detection. MP was detected in
AP preparations by using a double antibody sandwich EIA (Kaufman
& Reiss, 1992).

Protein determinations. Total protein was determined by the method
of Bradford (1976) using a commercial reagent (Bio-Rad) and human
albumin/globulin (Sigma) as standard. Chromatograms of column
fractions were depicted such that 100 % transmittance was equivalent
to an A,g, of 2:00.

Statistical analyses. Student’s t-test was used to determine significant
differences between experimental means. Values were expressed as the
arithmetic mean plus or minus the standard error of the mean for the
number of experiments designated. A P value of <0-05 was considered
significant.

Results
Isolation and purification of AP

Various methods have been employed to purify AP from
crude culture supernatants. In each case, the purified
product was PAS- or anthrone reaction-positive, sug-
gesting that AP was a glycoprotein (Macdonald & Odds,
1980; Riichel, 1981; Negi et al., 1984; Ray & Payne,
1990). In addition, depending upon the purification
procedure used, various numbers of protein bands in the
final purified preparation were detected by SDS-PAGE.
We chose a purification method modified from the
original protocol of Remold et al (1968) because that
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method was the only one that obtained a single AP band
as the result of systematic removal of other proteins.

Primary DEAE-Sephadex A25 chromatography

Fig. 1(a) shows the A,y elution profile obtained from
the primary DEAE-Sephadex A25 column and the AP
activity for each fraction. A single chromatographic
peak, corresponding to maximum AP activity, was
obtained.

SDS-PAGE of primary DEAE-Sephadex A25 frac-
tions conducted using the PhastSystem revealed a
prominent protein in the predicted (Riichel, 1981; Negi
et al., 1984; Ross et al., 1990) range of 42-44 kDa (Fig.
15, lanes 6-10). Bands of lesser intensity appeared
immediately above and below this protein in fraction 6
(Fig. 1b), where peak AP activity occurred (Fig. 1a). Co-
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Fig. 1. Primary DEAE-Sephadex A25 column chromatography of
supernatant from an 8-day culture of strain CBS 2730. (a) UV flow
analysis (line) and AP activity [ml~! (30 min)~'] of the corresponding
column fractions (bars). (b) Silver-stained gel from PhastSystem SDS-
PAGE of column fractions.
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Fig. 2. Sephadex G75 column chromatography of pooled AP fractions
from primary DEAE Sephadex A25 column chromatography shown in
Fig. 1. (a) UV flow analysis (line) and AP activity [ml~! (30 min)~'] of
the corresponding fractions (bars). Total A4, absorbance values are
multiplied by six to accommodate axis dimensions. (b) Silver-stained
gel from PhastSystem SDS-PAGE of column fractions.

purifying with AP was a 60 kDa protein of unknown
activity. Proteins of less than 20 kDa were also evident
(Fig. 14, lanes 4-10).

Although other investigators terminated purification
at this step (Shimizu ez al., 1987; Macdonald & Odds,
1980; Ganesan et al., 1991), our data indicated that
further purification of AP was necessary to remove
extraneous proteins.

Sephadex G75 chromatography

Pooled fractions from the primary DEAE-Sephadex A25
column containing AP activity (fractions 6-10) were
concentrated 10-fold and applied to a Sephadex G75

sizing column. The chromatogram and AP activity for
the collected fractions are shown in Fig. 2(a). Two
absorption peaks were obtained: the smaller peak,
eluting first, contained minor AP activity [3-4 +0-4 U (mg
protein)~!, n = 4], and the larger peak contained major
AP activity [1448 +243 U (mg protein)™!, n = 7).

SDS-PAGE using the PhastSystem (Fig. 24) demon-
strated that the Sephadex G75 column removed low
molecular mass protein contaminants but retained the
previously observed 60 kDa protein in the nascent
fractions (fractions 9-12), including one fraction con-
taining maximum AP activity (fraction 12). A 43 kDa
protein was observed in fractions derived from the
second AP-containing peak, whereas the smaller peak
(fractions 7-9) did not contain detectable protein at
43 kDa (Fig. 2b). Large format SDS-PAGE of pooled
fractions from each of the two peaks confirmed the
presence of the 43 kDa protein in the larger peak and its
absence from the smaller peak. It also revealed a smear
of high molecular mass material at the top of the gel
(> 71 kDa) for pooled fractions from the smaller peak
only (data not shown). This dispersed material at the top
of the gel may be contaminating MP because the smaller
peak contained approximately 50-times more MP
(341 4+ 63 ng (ug protein)™!, n = 4] than the second peak
[61+12ng (ug protein)y!, n=4, P <0025, as
determined by sandwich EIA.

MP peaks were also observed after Sephadex G75
chromatography of AP when two other strains (36B and
B311) of C. albicans were used. These observations
indicate that the Sephadex G75 column not only removes
extraneous low molecular mass proteins but also con-
taminating MP. Use of Sephadex G75 first, followed by
DEAE-Sephadex A25 (Remold et al., 1968), resulted
in no resolution of AP from MP and a lower AP yield
(342 U total activity, 500 U mg™ specific activity, and
55:4% recovery of total units).

Secondary DEAE-Sephadex A25 chromatography

Pooled AP-rich fractions from the Sephadex G75 column
were rechromatographed using a second DEAE-Seph-
adex A2S5 column. Chromatography yielded a single
A, peak corresponding to maximum AP activity (Fig.
3a). PhastSystem SDS-PAGE of the fractions (Fig. 354)
indicated that this purification step removed the 60 kDa
protein (smudge above fractions 4-6, Fig. 34, is not
lane-associated, and is an artifact not seen in subsequent
gels) and yielded a single 43 kDa protein in fractions
corresponding to maximum AP activity. Pooled peak
fractions (4-10) from the second DEAE-Sephadex A25
column were concentrated 10-fold by ultrafiltration and
will be referred to as ‘purified AP.’

Purified AP contained an average of 0:640-1 ng MP
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Fig. 3. Secondary DEAE-Sephadex A25 column chromatography of
pooled peak AP fractions from Sephadex G75 column chromatography
shown in Fig. 2. (¢) UV flow analysis (line) and AP activity [ml™'
(30 min)™'] of the corresponding fractions (bars). Total 4,4, absorbance
values are multiplied by six to accommodate axis dimensions. (b)
Silver-stained gel from PhastSystem SDS-PAGE of column fractions.

(ug protein)™ (range 0-1-0 ng pg™', n = 5). Thus, Sepha-
dex G75 chromatography removed the majority of
contaminating MP (985 % removal relative to unpurified
culture supernatants; range 97-100%), whereas the
second DEAE-Sephadex A25 column removed add-
itional MP (i.e. purified AP versus AP after Sephadex
G75 chromatography contained 10-fold less MP after
the final purification step: 0-6 ng pug™' vs. 61 ng pg',
P = (0-025). The quantity of MP present in purified AP
was therefore less than 0-06 % of the total product.
The total yield of purified AP recovered was 1295 U
I7! (or 07401 mg I'Y) of culture medium or 3884 U
(222mg) per 31 batch culture (specific activity,
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Fig. 4. Pepstatin A-agarose column chromatography of supernatant
from 8-day culture of strain CBS 2730. (@) UV flow analysis (line) and
AP activity [ml™! (30 min)~'] of the corresponding column fractions
(bars). (b) Silver-stained gel from PhastSystem SDS-PAGE of column
fractions.

17494390 U mg™", n = 8). This represents a 339% or
4-4-fold increase in specific activity relative to unpurified
AP from culture supernatants.

Purification of AP by pepstatin A—agarose
chromatography

Alternatively, a pepstatin A—agarose column was used to
purify AP. Pepstatin A inhibits AP activity through its
specific binding to the active site of aspartyl proteinases
(Riichel, 1981). Pepstatin A—agarose chromatography of
unpurified culture supernatant yielded a single chromato-
graphic peak corresponding to maximum AP activity
(Fig. 4a) and a single 43 kDa protein by PhastSystem
SDS-PAGE (Fig. 4b).
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HAg Pro
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Fig. 5. SDS-PAGE comparing conventional silver stain with PA-SS of
purified AP from strain CBS 2730. Abbreviations: Ag, gel stained by
conventional silver stain for protein detection; PA, gel stained by
PA-SS for carbohydrate detection; HAg, H antigen of Histoplasma
capsulatum; Pro, purified AP; S, molecular mass standards.

Although use of pepstatin A-agarose resulted in a
purified AP product (Fig. 45), recovery of AP activity
was lower (specific activity, 150 U mg™) relative to that
obtained by anion exchange chromatography and gel
filtration.

Analysis for glycosylation of AP

Purified AP was subjected to SDS-PAGE and stained
with periodic acid-silver stain (PA-SS). PA-SS is
reported (Tsai & Frasch, 1982) to be 500-times more
sensitive for carbohydrate detection than the PAS stain
used by others (Riichel, 1981; Negi et al., 1984; Ray &
Payne, 1990) and detects as little as 0-4 ng carbohydrate
(Dubray & Bezard, 1982). Carbohydrate was dem-
onstrated by the PA-SS method in a positive control
glycoprotein, the H-antigen of Histoplasma capsulatum,
but not in purified AP (even when AP was overloaded
onto the gel, Fig. 5). The absence of PA-SS-detectable
carbohydrate in preparations of AP purified by our
method indicates that if AP is glycosylated, it is at a very
low level (< 0-4 ng pg™).
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Fig. 6. Dot EIA of purification step products of AP from strain CBS
2730. Antigens from top to bottom: Purified cell wall MP (1-0, 0-1 and
0-01 mg ml™"); unpurified culture supernatant (CS); primary DEAE-
Sephadex A25-purified AP (1°DEAE); MP-containing peak from
Sephadex G75 chromatography (MP); AP-containing peak from
Sephadex G75 chromatography (G75); peak fraction of purified AP
from secondary DEAE-Sephadex A25 chromatography (2°D peak);
pooled peak fractions of AP from secondary DEAE-Sephadex A25
chromatography (2°DEAE 1 and 2°DEAE 2, separate runs). Strips
(left to right) were tested with one of the following: CB6-AB11 or
DC5-CD10 anti-MP mAbs, anti-CW (polyclonal anti-C. albicans cell-
wall IgG) or anti-AP (polyclonal anti-AP IgG).

We also observed no effect on the molecular mass of
AP (by SDS-PAGE), or any reduction in the generation
of AP activity, when C. albicans blastoconidia were
grown in the presence of tunicamycin (0-5-5-0 pg ml™),
an inhibitor of glycosylation (Duksin & Mahoney, 1982)
(data not shown).

Dot EIA of sequential products of AP purification steps.

Nitrocellulose strips were dotted with purified (Peat et
al., 1961) cell wall MP or AP in progressive stages of
purification and tested in dot EIA with one of the
following: (a) CB6-AB11 (IgM) anti-MP mAb, (b) DCS-
CD10 (IgG) anti-MP mAbD, (c¢) rabbit anti-C. albicans
cell wall polyclonal IgG (anti-CW), or (d) mouse anti-AP
polyclonal IgG (anti-AP). The results are shown in
Fig. 6.

CB6-AB11 and DC5-CD10 monoclonal antibodies
gave positive reactions with purified MP (10, 0-1, and
0-01 mg ml™"), unpurified culture supernatant, primary
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Fig. 7. Immunoblot analysis of unpurified culture supernatant and of
purified AP from strain CBS 2730 as antigens tested with polyclonal
anti-AP IgG (a-AP), anti-C. albicans cell-wall 1gG (a-CW) or
monoclonal anti-MP antibodies (DC5-CD10, a-MP). Lanes: 1,
unpurified culture supernatant (327 pug protein ml~!); 2, purified AP
(305 pg protein ml~!). S, molecular mass standards.

DEAE-Sephadex A25-purified AP, and pooled fractions
from the smaller, MP-containing peak from Sephadex
G75 chromatography. Little or no reactivity with the
larger, AP-containing peak from Sephadex G75 chroma-
tography was observed using DC5-CD10 or CD6-
ABI1 mAbs (Fig. 6). In addition, no reactivity with
either mAb was observed against the peak fraction of
secondary DEAE-Sephadex A25 purified AP or with
pooled, concentrated peak fractions of secondary
DEAE-Sephadex A25 purified AP from two separate
runs.

Anti-CW antibodies reacted positively with purified
MP and all products of AP purification up to and
including the Sephadex G75 chromatographic step.
Minor or no reactivity with anti-CW antibodies was
observed for AP purified by secondary DEAE-Sephadex
A2S5 chromatography (Fig. 6).

Anti-AP antibodies did not react with purified MP
(1-0, 0-1 or 0-01 mg ml™") and showed minor reactivity
with the MP-containing peak from Sephadex G75
chromatography. Products of all subsequent purification
steps reacted positively with anti-AP (Fig. 6). Thus,
primary DEAE-Sephadex A25 chromatography alone,
or in combination with Sephadex G75 chromatography,
is not sufficient to remove immunoreactive carbohydrate
and cell wall antigens from AP preparations. Addition
of a secondary DEAE-Sephadex A25 column following
primary DEAE-Sephadex A25 and Sephadex G75
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chromatography is sufficient to remove immunoreac-
tivity to MP. Anti-AP antibodies did not recognize MP
(1-0, 0-1 or 0-01 mg mI™"), indicating that MP had been
sufficiently removed from AP by our chromatographic
series to prevent development of MP-reactive antibodies.

Immunoblot analysis of AP for the presence of M P- or
cell-wall-reactive components

Western blot (immunoblot) analysis demonstrated the
absence of detectable MP- or cell wall-reactive com-
ponents in the final, purified AP preparation despite its
presence in the unpurified culture supernatant (Fig. 7).
MP and cell wall reactivity was observed as a diffuse
smear at the top of the nitrocellulose strip when
unpurified culture supernatant (lane 1 of each pair, Fig.
7) was tested with DC5-CD10 anti-MP mAbs (a-MP)
or polyclonal anti-C. albicans cell wall 1gG (a-CW).
This diffuse reactivity was similar to that observed for
silver-stained polyacrylamide gels of the smaller,
MP-containing peak obtained from Sephadex G75
chromatography described earlier. No such reactivity
was observed in immunoblots of purified AP (lane 2 of
each pair), indicating removal of reactive contaminants
(Fig. 7).

Discussion

We describe the systematic purification and characteriz-
ation of the extracellular AP from C. albicans.
Unpurified culture supernatants contained significant
amounts of contaminating cell wall MP which, unless
removed, could interfere with the production of AP-
specific antibodies. This is especially important when
questions regarding the detection of AP in infected
tissues or body fluids, or on the surface of C. albicans
cells are being addressed using antibodies raised against
an impure AP preparation. Detection methods using
multireactive antibodies could reflect reactivity to the
contaminating MP rather than to AP itself. Indeed,
reports describing AP as a glycoprotein that has PAS
(Riichel, 1981; Negi et al., 1984; Ray & Payne, 1990) or
carbohydrate positivity (Macdonald & Odds, 1980) may
be describing effects due to the presence of contaminating
MP.

MP detection by sandwich EIA indicated that AP
purified by our methods contained 0-6 ng of MP (ug
protein)~'. This concentration is less than 0-06 % of the
total purified product and confirms the efficient removal
of contaminating MP from AP preparations. In addition,
anti-AP antibodies did not react with purified MP in dot
EIA, indicating that there is insufficient MP in our
purified AP preparations to elicit MP-reactive antibodies.

The lack of PA-SS positivity for purified AP pre-
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parations suggests that AP is not glycosylated. Further,
when C. albicans blastoconidia were grown in the
presence of tunicamycin, an inhibitor of glycosylation
(Duksin & Mahoney, 1982), no reduction in the excretion
or activity of AP was detected, nor was the molecular
mass of AP different. Possibly, other strains of
C. albicans exist that produce a glycosylated AP, but our
data, generated with the standard proteinase test strain
CBS 2730 (Riichel et al., 1986) and two others (36B and
B311), suggest that AP is either not glycosylated or is
glycosylated at a very low level (< 04ng ug™' by
PA-SS). Riichel et al. (1986) demonstrated that purified
AP from C. albicans strain CBS 2730 did not bind
concanavalin A, indicating a lack of terminal glucose
or mannose residues, and did not bind wheat-germ
agglutinin, indicating a lack of terminal N-acetylglucos-
amine residues. Further, although proteinase obtained
from a strain of C. tropicalis reacted strongly in
immunoblots with antibodies raised against mannan
from C. albicans CBS 2730, these antibodies reacted only
weakly with proteinase from C. albicans or C. parapsilosis
and were considered to be non-specifically reactive
(Riichel et al., 1986). In addition, although there has
been controversy regarding whether there are one or
more secreted C. albicans proteinases and what role each
may play (Hube ef al., 1991, Morrow et al., 1992 ; Riichel
et al., 1992), one of the reported enzymes, from
C. albicans ATCC 10231, does not appear to contain
N-glycosylation sites in the deduced amino acid sequence
of the mature enzyme, whereas one such site occurs in the
propeptide (Hube ef al., 1991).

No reactivity with anti-MP mAbs and little or no
reactivity with polyclonal anti-CW antibodies was
observed in dot EIA against the final product of AP
purification. No reactivity with either anti-MP mAbs or
anti-CW antibody was observed by Western immunoblot
versus purified AP. Given these results, the minor
reactivity of purified, concentrated AP (2°DEAE 2) to
anti-CW antibodies in dot EIA may be a non-specific
artifact due to an excess amount of protein dotted
(635 pg ml™"), compared with the peak purified fraction
(2°D peak, 136 pg ml™"), which did not give a positive
reaction. An alternative explanation may lie in the
complex nature of the cell wall antigens used to raise
anti-CW antibodies (Reiss et al., 1974). Indeed, immuno-
electron microscopic studies have shown that AP is
present in the cell wall of C. albicans yeasts (Ray &
Payne, 1991).

The original AP purification method of Remold et al.
(1968) used a Sephadex G75 column followed by a series
of two DEAE-Sephadex A25 columns. Although this
purification scheme resulted in the recovery of a single
AP band by gel electrophoresis, no analysis of the
product was conducted to determine possible MP

contamination (Remold et al., 1968). Use of Sephadex
G75 first, followed by DEAE-Sephadex A25 chrom-
atography, did not provide separation of MP from AP in
our studies. In addition, others (Macdonald & Odds,
1980; Shimizu et al., 1987; Ganesan et al., 1991)
terminated AP purification after the primary DEAE-
Sephadex A25 chromatographic step. This step alone
does not remove the majority of contaminating MP and,
as shown by PhastSystem SDS-PAGE, does not remove
contaminating proteins from AP preparations of higher
(approx. 60 kDa) or lower (approx. 20 kDa and below)
molecular mass. These bands may represent proteins
other than AP produced extracellularly by C. albicans,
protein components of yeast carbon base medium, or
breakdown products of BSA digestion (Riichel et al.,
1982).

Use of synthetic medium and/or synthetic peptide
substrates for the production of AP may result in fewer
or less complex products being released into the medium,
making purification more straightforward. Poly-L- or
poly-D-glutamate were used as substrates for AP pro-
duction (Lerner & Goldman, 1992), but no analysis of
the purified product was described. To date, all studies
on AP purification have used complex protein substrates.
Ray & Payne (1990) reported that keratin as a substrate
resulted in cleaner AP preparations relative to other
substrates. There may, however, be strains of C. albicans
that are keratinolytic and those that are not. When
keratin was used as a substrate in our system, we were
unsuccessful in obtaining any significant AP production
from C. albicans strains CBS 2730, B311, or 36B (Lam et
al., 1991) even though the same keratin source as that of
others was used (Ray & Payne, 1990).

Our purification method resulted in high AP yields
and high specific activities although absolute com-
parisons to the results obtained by others were often not
possible. Although others used BSA as substrate for the
extracellular production of AP in culture medium, the
definition of a unit of enzyme activity was often based on
the degradation of a different substrate (for example,
haemoglobin or azocoll) rather than BSA, as in our
studies.

Use of pepstatin A—agarose to purify AP resulted in a
purified product with lower specific activity than that
obtained by anion exchange chromatography and gel
filtration. Alkaline conditions were necessary for the
elution of AP from the pepstatin A column. Since
alkalinity may denature AP and reduce its activity
(Riichel, 1981), exposure to alkaline conditions during
pepstatin A—agarose purification might explain the loss
of specific activity observed for AP purified by this
method. Alternatively, bleeding of pepstatin from the
column during elution may have contributed to a loss of
detectable activity in the product although no attempt



was made to determine whether pepstatin was present in
the product.

Studies on the immunologic reactivity of AP should
take into account the presence of other proteins and/or
carbohydrates in AP preparations. The presence of
contaminating MP in impure AP preparations could
complicate studies to dissect the immunochemistry of
moieties responsible for immune responsiveness, since
MP may down-regulate the immune system (Domer &
Garner, 1989; Garner et al., 1990). In addition, MP and
extraneous proteins in AP preparations could interfere
with studies to understand the role of AP in pathogenesis.

Use of a single DEAE-Sephadex A25 column to purify
AP is not sufficient to remove extraneous proteins or
carbohydrate. Contaminating carbohydrate and non-
pepstatin A-binding proteins should be removed from
AP preparations before use in the production of
polyclonal antibodies or, at the very least, contaminant-
reactive antibodies should be removed by adsorption or
other means.

Strain-specific proteolytic capacities have been de-
scribed for extracellular aspartyl proteinases (Riichel et
al., 1982). In addition, Riichel et al. (1992) found strain-
specific amino acid sequences for proteinases from each
of two strains of C. albicans. More recently, however,
each of these C. albicans strains was shown to contain
two genes for aspartyl proteinases (Wright et al., 1992).
One gene was expressed at a much higher level than the
other under conditions of proteinase induction (Wright
et al., 1992). The other gene may encode a proteinase
functionally different from the secreted AP (Morrow et
al., 1992). Further complexity is indicated by the finding
that at least four forms of the proteinase described by
Hube et al. (1991) can be distinguished by RFLP analysis
of genomic DNA (Miyasaki er al., 1992). We have
evidence that AP can be produced in more than one
extracellular form by each of several strains of C.
albicans. This finding will be reported separately.
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