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Abstract

Aspergillus fumigatus a highly pathogenic fungus causing a wide spectrum of diseases in immunocompromised as well as
immunocompetent hosts. The present work was undertaken to evaluate the cytotoxic nature of fractionated aitigens of
fumigatusagainst the mammalian cell lines (J774, RAW, CHO and L929). An enriched protein antigenic fraetfamafatus

was subjected to con A Sepharose and phenyl Sepharose chromatography. Antigenic fractions, ConAub (conA unbound) an
PSC lll (fraction Il of phenyl Sepharose column) containing low mw antigens showed higher cytotoxicity as compared to other
antigenic fractions. PSC Il was further purified on HPLC resulting in an 18 kDa homogeneous protein. The purified protein
showed high ELISA absorbance values for specific IgG and IgE antibodies in sera of ABPA patients. Monoclonal antibody
raised against Asp fl, a major allergen/antigeA.dumigatusecognised the purified 18 kDa by ELISA and western blot. The

18 kDa allergen/ antigen or Asp fl showed similar toxicity towards all the four cell lines (macrophage and fibroblastfyjth an

of 75 ng/ml or 4.16 nM. Reduction in toxicity of 18 kDa at low temperatures and potentiation in presence of ammonium chloride
and monensin indicates mechanism of internalisation of 18 kDa in eukaryotic cells is simgarsm. The present work shows

that the 18 kDa allergen/ antigen (Asp fl) is a major cytotoxin secretéd flaynigatusvhich may play multiple roles in the
pathogenesis of Aspergillosis through allergenicity, antigenicity and cytotoxicity. (Mol Cell Bid&ve89-97, 1997)

Key words Aspergillus fumigatusAsp fl, major allergen, cytotoxicity, eukaryotic cell lines, internalisation

Introduction cal activity of some of these allergens/antigens. Many spe-
cies of Aspergilus such asA. oryzagA. restrictusand A.
Aspergillus fumigatuss the principal fungal species causing giganteusproduce cytotoxins but they are not reported to
allergic and invasive infections in humans and animals [1]. Viru- be pathogenic. The first cytotoxin to be isolated was alpha-
lence ofA. fumigatuss attributed to secretion of various sarcin fromAspergillusgiganteusfollowed by restrictocin
immunologically and biologically active macromolecules such and mitogillin from Apergillusrestrictus[4, 5, 6]. Interest-
as toxins, elastases, proteases and ribonucleases [2]. Howevengly, Asp fl a major allergen/antigen secretedbfumigatus
direct evidence is lacking for their involvement in the disease a pathogenic fungus, showed more than 95% sequence ho-
as only a few of them have been well characterised [3]. Identi-mology to mitogillin [7]. The above fact emphasised the role
fication of virulent factors and their complete immunochemical of cytotoxins in the pathogenesisfoffumigatuselated dis-
and biological characterisation not only leads to a better un-orders. However, absence of any data on the cytoxiciy of
derstanding of the mechanism of pathogenesis but also profumigatusantigens towards eukaryotic cell lines necessitated
vides development of standard diagnostic reagents. the present study. Evaluation of cytotoxicity of fractionated
Extensive tissue damage such as granuloma formation, inantigens ofA. fumigatusagainst the mammalian cell lines
terstitial fibrosis, tissue necrosis has been observégin  RAW, CHO, J774 and L929 was carried out to identify the major
pergillusinduced disorders which results in irreversible lung cytotoxin secreted b&. fumigatusFurther studies were car-
damage [2]. Tissue damage observed may be attributed to inFied out to investigate the uptake mechanism of the major
flammatory response to the allergens/antigens and biologi-cytotoxin by the eukaryotic cells.
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Materials and methods High pressure liquid chromatography

The low mw protein rich fraction Il of PSC (15% ammonium
sulfate + 20% ethylene glycol) was subjected to reverse phase

Sera of patients of ABPA (based on Rosenberg criteria) were 1PLC 0n C-18 column using a 10—70% gradient of acetonitrile
received from the VP Chest Institute, Delhi. Sera from healthy " Water containing 0.1% v/v trifluoroacetic acid.
donors without any indication of pulmonary disease were
taken as controls.

Monoclonal antibodies raised against Asp fl were a kin
gift from Dr. L. Karla Arruda, Division of Allergy and Clinical
Immunology, University of Virginia.

Human sera

d SDS-PAGE analysis of various fractions

The enriched protein antigenic fraction, conA Sepharose frac-
tions and phenyl Sepharose fractions were electrophoreti-
cally analysed on 10% SDS-polyacrylamide gels [11]. Purified

Enriched protein antigenic fraction (crude antigen) protein was analysed on a 15% SDS-polyacrylamide gel.

An enriched protein antigenic fraction Af fumigatusvas
prepared as reported previously [8]. Briefly, a pathogenic
strain ofA. fumigatug285) isolated from an ABPA patient, i ) i
was grown for 3 weeks in asparagine synthetic medium atindirect ELISA (Enzyme linked immunosorbent assay) for spe-
37°C. Culture filtrate proteins were concentrated by ammo- ¢ifi¢ 19G and IgE antibodies was carried out using various
nium sulfate precipitation, dialysed, lyophilised and used for ractions and purified antigen with sera of ABPA patients by
further studies. Fractionation of enriched protein antigenic the method reported earlier [9]. The ELISA and immunoblot
fraction was carried out by conA Sepharose as well as phe@nalysis of HPLC purified antigen was carried out with
nyl Sepharose as they fractionate the antigens based on tHgonoclonal antibody against Asp fl [9, 12].

extent of glycosylation and hydrophilicity of the antigens

respectively.

Immunological characterisation of various fractions

Cell lines

L929 (fibroblast), J774 (macrophage) and RAW (macrophage)
were grown in Dulbecco’s modified Eagle’s medium (DMEM)

The enriched protein antigenic fraction was subjected to conACONtaining 4.5 g/l glucose, 2mM L-glutamine, 25 mM HEPES

Sepharose 4B chromatography according to the procedure rePuffer, 10% FCS and 10 pg/ml gentamicin. Chinese hamster
ported earlier [9]. A column (0.8 30 cm) containing conA  °vary (CHO) (fibroblast) was grown in alpha-MEM, 2 mM

Sepharose was equilibrated with 10 mM tris-HCI pH 7.4 buffer glutamine, 10% FCS and 50 pg/ml gentamicin. All cell lines were

containing 5 mM MgGland 5 mM CaGl Twenty mg of en- maintained at 37°C in 5% G a humidified atmosphere.
riched protein antigenic fraction was applied to the column. The
unbound fraction (ConA ub) was collected with equilibration
buffer. Column was washed with 50 ml of equilibration buffer
and conA bound proteins were eluted using 2 M alpha-D-me-
thyl mannoside in equilibration buffer (ConA b).

ConA Sepharose 4B chromatography

Cytotoxicity assay

Cytotoxicity assays were carried out on above mentioned cell
lines using a rapid colorimetric assay [13]. L929, RAW and
J774 cells were scraped in fresh media and CHO cells were
Phenyl Sepharose CL4B (PSC) chromatography trypsinized. Cells were centrifuged, resuspended in the fresh
medium and dispensed into 96 well plates at a density*of 10
The enriched protein antigenic fraction was subjected to PSCcells/100 pl/well. On the following day cells were incubated
(hydrophobic) chromatography as reported earlier [10]. A PSCwith various dilutions of antigen for 8 h. In control wells no
column (0.% 30 cm) was equilibrated with 25% saturated am- antigen was added. Cell viability was measured by incubat-
monium sulfate solution in 10 mM phosphate buffer, pH 7.4. ing the cells with 0.5 mg/ml MTT(3-[4,5-dimethylthiazol-2-yl]-
Sixty mg of enriched protein antigenic fraction was applied to 2,5-diphenyltetrazolium bromide) in DMEM for 30 min. Medium
the column. Fractions were obtained on successive elutionvas aspirated and cells were lysed using 100 pl of acidified
with a gradient of decreasing ammonium sulfate concentra-isopropanol (40 mM HCI in isopropanol). Absorbance was
tion (25, 20, 15, 10, 5, 0%) and simultaneously increasing eth-measured at 570 nm in NUNC ELISA reader. Cytotoxicity of
ylene glycol concentration (0, 10, 20, 30, 40, 50%). HPLC purified protein on RAW cells was studied in presence
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of 10 mM ammonium chloride, 1 M monensin and at different 8 o
temperatures ranging from 4-37°C. Cells were plated (4 > < g <
well) and pre-incubated for 40 min with assay medium contain- s S & o
ing ammonium chloride or monensin. Fresh medium contain- T3
ing various concentrations of purified 18 kDa was added to the
pre-incubated cells followed by the similar steps as described 66kd— = §
above. All cytotoxicity assays were performed 3 times. Values 45Kd— =
given represent the average of three independent readings. 2Qkd— = —_

18kd— = =
ReSUItS Fig. 1. SDS-PAGE analysis of antigenic fractions Affumigatuson

a 10% gel.
Electrophoretic analysis of fractions
o = = 2 = 3

SDS-PAGE profile of enriched protein antigenic fraction 5 3 3 S o § c o © =
(crude antigen; CrAg) shows the proteinsinthe mwrangeof £ £ 2 & 2 e 2 2

14-70 kDa (Fig. 1). ConA ub fraction was rich in proteins in
the mw range of 14-50 kDa (Fig. 1). ConA b fraction contained
both high and low mw proteins (Fig. 1).

Six fractions were obtained from phenyl Sepharose chro-
matography. Fraction | (25% ammonium sulfate) and fraction
[l (15% ammonium sulfate and 10% ethylene glycol) each
showed two unresolved peaks on the chromatogram and wer
collected separately. However, the SDS-PAGE analysis of
fraction la and Ib showed similar proteins in both the lanes
(Fig. 2). Fraction | was rich in low mw proteins ranging from
14-43 kDa with a doublet in 14-20 kDa region (Fig. 2; lanes Fig. 2. SDS-PAGE analysis of phenyl sepharose fractionated anti-
PSC la, PSC Ib). Fraction Il was also rich in low mw proteins gens on a 10% gel.
in the range of 14-30 kDa. Fraction Illa and Illb both showed
a strong band at 18 kDa with PSC IlIb containing less numberTable 1. Spegific IgG and IgE for various antigenic fractions in sera
of protein bands (Fig. 2; lanes PSC Illa and PSC Ilib). Frac-°" ABPA patients

tion 1V, V and VI contained proteins in the whole range of 14— gaction Patient sera Normal sera
80 kDa (Fig. 2. lanes PSC IV, PSC V and PSC VI). Sp.lgG $.IgE Sp.lgG SplgE
Crude Ag  1.432 0.689 0.067 0.053
ConAb  0.842 0.427 0.042 0.057
Immunoreactivity of fractions ConAub  0.870 0.515 0.070 0.062
PSC | 0.926 0.432 0.035 0.026
! ! - PSC I 0.632 0.243 0.028 0.022
ELISA absorbance values of various fractions for specific IgG pgc 1.192 0.602 0.043 0.055
and IgE binding with sera of ABPA patients and normals is psc v 0.739 0.308 0.025 0.080
shown in Table 1. Fraction PSC Il shows high ELISA values PSCV 0.626 0.218 0.036 0.040
for both specific IgG and IgE (1.192 and 0.602). ( For ELISA PSC VI 0.438 0.127 0.028 0.025
analysis Fraction PSC llla and PSC IlIb were pooled and Frac-18 kd 1.208 0.632 0.028 0.036
tion PSC la and Ib were pooled). Antigenic fraction coated: 1 pg protein/well; Patient sera: Pooled sera

of 10 ABPA patients; Dilution of sera: 1:100; Normal Sera: Sera from
healthy without any indication of pulmonary was taken as normals;

. . . . OD was measured at 490 nm.
Cytotoxicity of antigenic fractions

to RAW cells in a dose dependent manner (Fig. 3). ConA ub
Potent antigenic mixture (Crude antigen) was found to be toxicfraction containing nonglycosylated low mw proteins was
to RAW, L929, CHO and J774 with similar values of (33 found to be more toxic than ConA b fraction (Table 2). Cyto-
ng/ml) (Table 2, Fig. 3). Therefore, further experiments were toxicity experiments with PSC fractions on RAW cells (Table
done on RAW cell line . Both the glycosylated (ConA b) and 2, Fig. 4) shows that fraction I and Il are more toxic in com-
nonglycosylated (ConA ub) proteins were found to be toxic parison with other fractions.
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Table 2 Toxicity of various antigenic fractions on RAW cells Routing of Asp fl
S.No. Antigenic fractions IG (ng/ml) . . . . L. .

- - — . All the cell lines having different origins gave similag |@ith
1 Enriched protein antigenic fraction (Cr. Ag) 43 crude and purified antigen which prompted us to investigate
g gg:ﬁﬁb 2543 the internalisation mechanism of 18 kDa protein. Toxicity of
4 Fraction | of PSC 90 Asp fl was evaluated at different temperatures. It was found
5 Fraction Il of PSC 175 to be maximum at 37°C and it reduced with decrease in tem-
6 Fraction 11l of PSC 60 perature (Fig. 8). No toxicity was found at 4°C and it was mini-
7 Fraction IV of PSC 260 mal at 15°C indicating that uptake is blocked at low tempera-
8 Fraction V of PSC 660 tures. The cytotoxic activity of Asp fl was potentiated by 2-
9 Fraction VI of PSC 1500 ’

fold in presence of 10 mM ammonium chloride (Fig. 9).
Cells were incubated with various antigenic fractions for 8 h and Monensin, which inhibits the translocation of protein from

viability was measured by MTT assay as described in Materials and ; i ;
n m I nti he toxicity of Asp fl (Fig. 9).
methods. IG;: Concentration causing 50% inhibition; PSC: Phenyl endosomes, also potentiated the toxicity of Asp i (Fig. 9)

Sepharose Chromatography.

Discussion

Identification of the major cytotoxin

The present study shows that 18 kDa allergen/antigen is the
High toxicity shown by low mw rich protein fractions ConA major cytotoxin secreted By, fumigatusvith an 1 of 4.16
ub, PSC fraction Ill and PSC fraction | indicated that a low mw NM. Further, it has been established that 18 kda protein puri-
protein is probably the major cytotoxin secretedy  fied in this study is similar to Asp fl, already reported as a
fumigatus Hence, fraction b of PSC, containing significant major allergen/antigen secretedAyfumigatusIC,, of Asp
amount of low mw proteins with minor contaminants, was fl for protein synthesis inhibition in cell free lysates was re-
subjected to reverse phase HPLC. It resulted in five peaksported to be 0.25 nM which is significantly lower than the
The major peak at retention time 5.94 min at 22% acetonitrileconcentration required by Asp fl (4.16 nM) to kill 50% of
gradient resulted in a homogeneous protein (Fig. 5) with aneukaryotic cells [7]. This difference may be due to the regu-
apparent mw of 18 kDa on SDS-PAGE (Fig. 6, lane B). Purified lated uptake of Asp fl by eukaryotic cells. Furtheg, 6 the
18 kDa reacted with monoclonal antibody raised against Aspenriched protein antigenic fraction is lower than purified Asp
fl by ELISA (OD at 490 nm; 18 kDa + MoAb = 1.389; Control  fl indicating that more than one component may be contrib-
=0.067). Recognition of 18 kDa by monoclonal antibody by uting to the cytotoxicity of enriched protein antigenic frac-
immunoblot established the similarity of the purified protein tion or during purification some biological activity may have
to Asp fl (Fig. 6, lane C). been lost.

In view of presence of cytotoxicity in fractions PSC llland ~ The 18 kDa antigen seems to be a potential virulence fac-
PSC I, a dot-blot assay with monoclonal antibody was car-tor as it contributes to the type | and type Il hypersensitivity
ried out using various fractions. The results indicated posi- reactions in allergic forms of aspergillosis. Its role in the inva-
tive reaction with crude antigen (++), Con Aub (++), PSC Ill sive forms of disease is yet not clear although it has been
(++) and PSC | (+). The reaction was negative with the otherfound as a major antigen excreted in the urine of patients of
fractions (Data not shown). These results suggest the presinvasive aspergillosis [14]. Further, it may be playing a sig-
ence of cytotoxicity in some of the antigens other than 18 kDanhificant role in a variety of clinical conditions by contributing
allergen. Further investigations are in progress to identify to the necrosis and tissue damage. However, alkaline protease

other cytotoxins present in other fractions. and Asp fl gene disrupted mutants/Affumigatusstill re-
tained their pathogenicity [15]. Hence, it appears that multi-

ple virulent factors with various biological activities probably
Cytotoxicity of Asp fl may be contributing to varying host-pathogen interactions

resulting in a plethora of clinical conditions such as allergic
Analysis of cytotoxicity of HPLC purified protein (18 kDa bronchopulmonary aspergillosis, aspergilloma, invasive as-
protein or Asp fl) at various concentrations (1 pg—10 pg/ml) pergillosis and chronic necrotising aspergillosis.
showed that 50% of the cells in all the four cell lines were killed ~ Of particular interest, cytotoxicity of Asp fl and crude an-
at a concentration of 75 ng/ml or 4.16 nM (Fig. 7). Cytotoxic- tigen was found to be similar on all the four cell lines used;
ity assays of Asp fl for different incubation time showed that two macrophage cell lines (RAW and J774) and two fibroblast

cells became sick after 1 h of incubation with the toxin and cell lines (CHO and L929). Thus the mechanism of uptake of
were killed by 8 h (data not shown). 18 kDa by different cells appears to be similar. Fusion of phos-
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Fig. 3. Cytotoxicity analysis of fractionated antigens on RAW cells. RAW cell¢ ¢&ls/well) were incubated with the antigenic fractions for 8
h and viable cells were stained with MTT as described in Materials and methods.
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Fig. 4. Cytotoxic analysis of fractionated antigens of Phenyl Sepharose chromatography. RAW celslicl@ell) were incubated with the
antigenic fractions for 8 h and viable cells were stained with MTT as described in Materials and methods.

pholipids, as shown by-sarcin, may be one of the mecha- docytosis as probable mechanism of its uptake by the cells.
nisms of uptake for fungal ribotoxins [16]. Ammonium chloride and monensin raise endosomal pH in
Endocytosis is one of the most common ways of uptake ofcells, reduce the proton gradient across the membrane and
toxins. At temperatures less than 10°C endocytosis of vari-have powerful effects on the toxicity of protein toxins which
ous toxins is blocked as the lysosomal degradation is absenbave endocytosis as a step in their cytotoxicity. Uptake of
[17]. Inhibition of cytotoxicity of Asp fl at 4°C indicates en-  alpha-sarcin is potentiated in presence of monensin [18].
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Cytotoxicity of Asp fl is also potentiated in presence of am-
monium chloride and monensin which indicates that internali-
sation of Asp fl is probably similar to alpha-sarcin.

The partial amino acid sequence [7] and gene sequence [19]
(Sarmaet al unpublished data) of Asp fl showed extensive
homology (95%) with cytotoxins alpha-sarch ¢iganteuy
restrictocin and mitogillin4. restrictu3 known to inhibit pro-
tein synthesis by hydrolysing phosphodiester bond of 28S
rRNA [20]. Asp fl has been shown to inhibit protein synthesis
in cell free lysates [7]. Hence, the mechanism of cytotoxicity of
Asp fl appears to be ribosome inactivation. However, precise
mechanism of cytotoxicity of Asp fl is yet to be established.

Asp fl cytotoxicity against the eukaryotic cell lines is re-
ported for the first time which is significantly higher than other
fungal toxins ( 200 times restrictocin and 2 times Alpha sarcin)
[18, 21]. Ribotoxins, when coupled with monoclonal antibod-
ies against cell surface receptors become more toxic to
eukaryotic cells. Alpha-sarcin conjugated immunotoxin was
successfully targeted against the EJ human bladder carcinoma
cell line and hepatoma cell line [18]. Mbr-1 restrictocin conju-
gates were 600—1500 times more efficient than the uncoupled
restrictocin towards MCF-7 cells with no nonspecific cyto-
toxicity [21]. Asp fl may be conjugated with cell specific mol-
ecules to develop an immunotoxin for targeted cancer therapy.
Immunological activity associated with toxic proteins limits
their use in immunotherapy [22—-24]. A similar problem of
hypersensitivity hampered trials of mitogillin in cancer chemo-
therapy [25]. Since, B and T cell epitopes of Asp fl have al-
ready been identified (patent submitted, 1/NF/251/95-Pat), we
suggest that elimination/modification of these immuno-

EELCS' HPLC _Pf;f”et of puggefs 18| kDa PfOtei“-lg%i/fse F’dhaste logically active domains from the whole protein might result
was carried out on a CE-18 column using a 10-70% gradient of . . . . . .
acetonitrile in water-trifluoroacetic acid. A major peak was identified in & cytotoxic peptide devoid of immunogenicity.

at retention time 5.94 min. and 22% acetonitrile gradient. In conclusion, Asp fl is the major cytotoxin secretedby
fumigatusand its cytotoxicity is established towards four dif-

C ferent eukaryotic cell lines. These studies were carried out
with 18 kDa allergen/antigen purified from PSC lllb, homoge-
neous by HPLC, SDS-PAGE and recognised by MoAb to Asp
fl on western blot. The mechanism of internalisation of Asp fl
is suggested to be similar to alpha-sarcin as shown by
potentiation of Asp fl toxicity in presence of ammonium chlo-
ride and monensin. In view of pathogenic potential of fungal

- — 18 kd allergens, it would be important to examine the mechanism of
cytotoxicity of Asp fl and the relationship between its
allergenicity and cytotoxicity.
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Fig. 9. Cytotoxicity of 18 kDa protein in presence of lysosomotropic agents. RAW cells were pre-incubated for 40 min in assay medium
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