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A component of Alternaria extract, previously identified as the major allergen, Alt a Is;, was
purified to homogeneity from Alternaria mycelium by means of acetone precipitation and
ion-exchange chromatography. The homogeneity of Alt a 1,55, was assessed by one single band
after sodium dodecyl sulfate-polyacrylamide gel electrophoresis, by one single radiolabeled
band after transfer to nitrocellulose, and by one single peak after size-exclusion chromatography
by high-performance liquid chromatography. Alt a I,5,; was isolated as a heat-stable acidic
glycoprotein (carbohydrate content, 20%; pl, 4.0 to 4.5; 31 kd). The role of the carbohydrate
moiety in the allergenicity is suggested. This major allergen is located in the cytoplasm of
mycelium and spore. {J ALLERGY CLIN IMMUNOL 1991 :88:902-8.)
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In fungal allergy, Alternaria is considered as one
of the most important fungi responsible for allergic
rhinitis and/or asthma in humans.’ Several allergens
from Alternaria have been detected by crossed ra-
dioimmunoelectrophoresis and immunoblotting.>* A
single allergen elicited the most intense reaction
in immunoblotting analysis with '*I-labeled anti-IgE
antisera. Moreover, this allergen was recognized by
85% to 90% of the sera of patients allergic to Alter-
naria.*” This major allergen has been characterized
under the names Alt I, Ag 1, Ag 8, and G2D3-4,
depending on the laboratory.®® Iis isolation was un-
dertaken by Yunginger et al.® and Vijay et al.® by
liquid-chromatography techniques. However, these
authors were not able to purify this major allergen to
homogeneity.

The present study describes the purification of a 31
kd Ag isolated from A. alternata. Previous studies
have demonstrated that this 31 kd protein is one of
the four major allergens identified in Alternaria and
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Abbreviations used
SDS: Sodium dodecyl sulfate
PAGE: Polyacrylamide gel electrophoresis
CHAPS: 3([3-cholamidopro-
pylldimethylammonio)-1-propanesul-
fonate
TC: Tris-CHAPS buffer
pl: Isoelectric point
IEF: Isoelectric focusing

HPLC: High-performance liguid chroma-
tography
F-ELISA: Fluorescent ELISA
PBS: Phosphate-buffered saline
BSA: Bovine serum albumin
Ab:  Antibody
Ag: Antigen

UV: Ultraviolet
MW: Molecular weight

demonstrates the highest amount of IgE binding as
well as the highest frequency of IgE binding. On the
basis of allergen nomenclature,' this 31 kd allergen
could be named Alf @ 1,5;.""

In pollens, allergens are present in the wall and
cytoplasm and are instantly released on contact with
the mucosa or with the extraction buffer.'> '* With
Alternaria, the localization of the allergens has
not been attained until now. This study will also
demonstrate the localization of Alt a I,s; with im-
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munoelectron microscopy techniques based on anti-
Alt a 1,5,; monospecific antiserum.

MATERIAL AND METHODS
Culture and extraction

Spores of A. alternata (Fr.) Keissler, strain 1563 (Institut
Pasteur, Paris), from a 2% malt agar slant were used to
inoculate flasks containing liquid Sabouraud medium (pep-
tone, 10 gm; glucose, 20 gm; H,O liter). Two flasks (100
ml medium) were used to inoculate a 2 L fermenter (Bio-
lafitte, St. Germain en Laye, France) containing 1.2 L of
medium. After 3 days of growth at 21° C, the culture was
inoculated into a 20 L fermenter (Chemap, Volkswil, Switz-
erland) containing 135 L of medium. The fermentation con-
ditions were 300 rpm, 21° C, and 7.5 L of air per minute.
After 2 days of growth, the mycelium was separated from
the medium by filtration on Supra 250 (Seitz, Badkreuznach,
Germany) filter under vacuum and washed three times with
saline.

Mycelium was suspended at a 1:10 ratio (wt/vol) in a
carbonate buffer (50 mmol/L of NaHCO, and 0.15 mol/L
of NaCl) containing 1 mmol/L of phenylmethylsulfonyl
fluoride, 5 mmol/L of ethylenediaminetetraacetic acid, 5
mmol/L of thiourea, and 25% (wt/vol) of insoluble poly-
vinylpyrrolidone. After a 24-hour incubation at 4° C, the
mycelium was removed by filtration on a filter paper (Supra
SKS, Seitz). The filtrate was precipitated with 4 vol of cold
acetone and stored at —20° C until use. After removal of
the acetone by centrifugation, the precipitate was dissolved
in 25 mmol/L of Trs HCI buffer, pH 7.5, containing
1 mg/mi of CHAPS (TC). The resulting solution was di-
alyzed and concentrated with a Centricon ultrafiltration cell
(Amicon Corp., Danvers, Mass.) equipped with a molecular
cutoff limit of 30 kd. This extract was labeled AP 80.

Biochemical analysis

Protein content was determined according to the method
of Bradford" with BSA as a standard. Total carbohydrate
content was estimated by the phenol-sulphuric acid method
according to Dubois et al.”* with glucose as a standard.

SDS-PAGE. SDS-PAGE was performed as previously
described’® with the discontinuous buffer system of
Laemmli."’

IEF. Samples were subjected to IEF on preformed am-
pholine-PAG plates (LKB, Bromma, Sweden) (pH 3 to 10).
Electrofocusing, fixing, staining, and destaining was per-
formed as described in the LKB instruction manual; pl was
determined with Bio-Rad (Bio-Rad Laboratories, Rich-
mond, Calif.) calibration proteins.

immunologic analysis

Patient sera. The IgE Ab pool was derived from 20
patients who had documented positive clinical histories of
mold sensitivity, positive Alternaria skin tests, and with
elevated serum IgE Abs to Alternaria (Phadebas RAST class
2to 4). As an indication, this pool produced, on Pharmacia
disks (Pharmacia Diagnostics, Uppsala, Sweden), 15.4%
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of total count added compared to 23.3% with our crude
Alternaria mycelial extract (12.5 to 0.6 pg of protein) cou-
pled to CNBr-activated paper. A pool of normal human sera
having negative skin test and RAST toward Alternaria was
included in the study as a nonallergic control.

F-ELISA. F-ELISA was performed on Terasaki plates
{Greiner GmbH, Nartingen, Germany), provided by Ri-
botek (Paris, France), as described by Labrousse and
Avrameas'® and Labrousse et al.”” with the following mod-
ifications: Each well was coated with 2 ul of extract (100
pg of protein per milliliter diluted tenfold with 50
mmol/L of carbonate buffer, pH 9.6). The plates were in-
cubated at 36° C for 1 hour and at 4° C for 18 hours. Plates
were washed three times with PBS-Tween 0.1%. Two mil-
liliters of patient serum diluted tenfold with PBS-Tween was
added to each well and kept overnight at 4° C. Plates were
washed again three times with PBS-Tween. The B-galac-
tosidase-labeled anti-IgE' was added and incubated for 24
hours at room temperature. After an additional wash,
B-umbeliferyl galactoside was added. The color reaction
was allowed to develop for 15 minutes and stopped by the
addition of 50 ml of 2 mol/L of Na,CO, solution. Fluo-
rometric determinations were made at 405 nm with a Titertek
fluoroskan (Flow Laboratories, Mclean, Va.).

Immunoblotting. Immunoblotting was performed as pre-
viously described" according to the method of Towbin
et al.?

Dot-blot. One microliter of eluted fractions was spotted
on a nitrocellulose sheet that had been presoaked in water.
This sheet was then dried before immunoblotting.

{solation and characterization of the 31 kd

Anion-exchange chromatography. AP 80 (5 mg) was
loaded on a prepacked anion-exchanger column (Mono Q
HR 5/5, Pharmacia, Uppsala, Sweden) equilibrated with
TC buffer. The bound material was eluted with a two-step
linear salt gradient (LKB, 2249 HPLC pump, 0 — 0.3
mol/L — 1 mol/L of NaCl) with a flow rate of 0.8
ml/min. The eluted fractions (0.8 mi) were monitored by
measuring the UV absorbance with a spectral detector be-
tween 190 and 360 nm (RSD-2140, LKB) and analyzed by
F-ELISA and/or dot-blot immunoassay to test their aller-
genic activity.

Size-exclusion chromatography. The fraction eluted with
0.45 mol/L of NaCl (0.45 M fraction) was dialyzed and
concentrated with a Centricon and loaded on to a Superose
12 column (Pharmacia). Elution was performed with 25
mmol/L of Tris HC1 buffer, pH 7.5 (flow rate, 0.4 ml/ min).
Fractions were monitored as described above.

Hear stability. The 31 kd allergen was heated at 100° C
in a water bath for 5, 10, 15, and 30 minutes. Aliquots were
taken from the solution and analyzed by immunoblotting.

Murine Ab. A preparative gel was run with AP 80 (1 mg
of protein). The gel was blotted, and a lane was used to
localize the 31 kd band in the central preparative blot. The
31 kd strip was cut from the blot into small pieces and
sonicated in PBS with an ultrasonication probe for 10 sec-
onds several times until an homogenous suspension was
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FIG. 1. Anion-exchange chromatography of AP 80 fraction
(80% acetone precipitate). Bo/d /ine illustrates NaC! gra-
dient. Allergenic activity determined by F-ELISA in col-
lected fractions (1 minute) is illustrated by the shaded
area; operating conditions: column, Mono QHR 5/5, Phar-
macia; mobile phase A: TC buffer; phase B: TC buffer
with 1 mol/L of NaCl; fiow rate, 0.8 ml/min; detection:
UV absorption at 278 nm; AUFS: absorption units full
scale.

obtained. BALB/c mice were inoculated intracutaneously
with 200 pl of the nitrocellulose suspension. Three boosts
were performed 2, 4, and 6 weeks after the first injection.
The immunization was followed by immunoblot analysis
with a peroxidase-conjugated antimouse IgG. Mice were
killed after blots were positive at 1:1000 serum dilution.

Immunoelectron microscopy

Germinating spores of A. alternata were fixed for 1 hour
in 2.5% p-formaldehyde and 0.1% glutaraldehyde in PBS.
After fixed spores were washed, they were incubated over-
night at 4° C in PBS containing 10 mmol/L of ammonium
chloride. Fungal material was dehydrated with increasing
concentration of ethanol and embedded in Lowicryl (Link
System, Evry, France) K4M, as described by Carlemalm
et al.

Ultrathin sections recovered on Formvar-coated grids
were incubated for 1 hour at room temperature in the anti-
31 kd antiserum diluted 1: 1000 in PBS containing 1% BSA.
Three washes were performed in PBS containing 0.1%
BSA. Grids were then incubated with antimouse IgG col-
loidal gold (5 nm of conjugate) (Janssen Pharmaceutica,
Beerse, Belgium). After 1-hour incubation at room tem-
perature, sections were washed three times with PBS/0.1%
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FIG. 2. Size-exclusion chromatography of allergenic frac-
tion separated on anion-exchange chromatography. Op-
erating conditions: column, Superose 12 HR 10/30 (Phar-
macia); mobile phase, 25 mmol/L of Tris HCI, pH 7.5; flow
rate, 0.4 ml/mm; detection, UV absorption at 278 nm;
AUFS: absorption units full scale.

BSA, twice with PBS, and five times with water. Controls
included preimmune mouse serum diluted at 1:1000. Sec-
tions were examined in a Philips (Philips Electronics In-
struments, Inc., Mahwah, N.J.) CM12 electron microscope
at 80 kV.

RESULTS

For 1 gm of fresh mycelium (200 mg of dry weight),
a yield of approximately 1.5 to 2 mg of acetone pre-
cipitate was produced that elicited between 100 to 150
pg of protein of AP 80.

Purification of A/t a ;g

A typical elution profile of AP 80 on an anion-
exchange column is illustrated in Fig. 1. The column
adequately separated components of the starting ma-
terial. F-ELISA demonstrated that IgE-binding ma-
terial was recovered when the salt concentration
reached 0.45 mol/L of NaCl. Immunoblotting anal-
ysis demonstrated that the 0.45 M fraction contained
the 31 kd Alt a 1,5 allergen.

The homogeneity of the 0.45 M fraction was dem-
onstrated by chromatography on a size-exclusion Su-
perose 12 column (Fig. 2). Except for one minor peak
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FIG. 3. A, SDS-PAGE (Coomassie blue staining) and B,
Western immmunoblotting of the products obtained during
the purification of A/t a 1,5, /ane 1, crude extract; fane 2,
AP 80; /ane 3, 0.45 M fraction; 37, 31 kd.

with no IgE-binding activity, the 0.45 M fraction elic-
ited one major symmetrical peak with an elution vol-
ume of 7.5 ml, corresponding to 30 kd MW. This
fraction demonstrated a strong IgE-binding activity.
Immunotilot analysis confirmed that this fraction con-
tained the pure 31 kd allergen (Fig. 3). IgE binding
to Alt a I;5; blot was inhibited by Alr a ;s at a dose
of 4 pg/ml of the pool of sera (data not presented).

Characterization of A/t a 1,5

The UV absorption spectrum of the 31 kd allergen,
scanned from 190 to 300 nm, demonstrated a typical
spectral profile with two A maximum at 217 and 278
nm (Fig. 4). One major band with pl 4.2 was visu-
alized after IEF. Two other variants with pl 4.25 and
4 .35 were also identified (Fig. 5). Alt a 1,5 is a heat-
stable protein. Heating of Alt a 1,5 at 100° C for up
to 30 minutes did not alter its binding properties as
tested by Western blotting. Aif a I;s; is a glycoprotein
containing 20% sugar.

Maijor allergen of Afternaria 905
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FIG. 4. UV absorption spectrum of the 31 kd allergen
scanned from 190 to 300 nm, corresponding to the peak
{shaded area) illustrated in Fig. 2; AU, absorption units.
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FIG. 5. Thin-layer electrofocusing of the 0.45 M fraction;
pl gradient (3.5 to 9.5) determined by pH (A/t a l;,
arrow).
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FIG. 6. Labeling of A. afternata mycelium thin sections with an anti-31 kd antiserum and an
antimouse IgG (H plus L) antiserum conjugated to 5 nm colloidal gold; W, cell wall; C, cytoplasm.

(Original magnification x70,000.)

The monospecific anti-31 kd antiserum bound pre-
dominantly to cytoplasmic compartments, whereas the
cell wall was devoid of Alt a I,s; (Fig. 6). This lo-
calization is identical in spore and mycelium.

DISCUSSION

Initial experiments performed with a crude Alter-
naria extract loaded directly on the Mono Q column
led to poor resolution and clogging of the column.
Important concentrations of pigments in this extract
were responsible for low resolution during chromato-
graphic separation. The role of pigments in interfering
with purification of allergens by liquid chromatogra-
phy has already been documented by Haavik et al.*
and Nilsen and Paulsen? with pollen extract and by
Folgert et al.** with Alternaria extract. All efforts
during initial preparation of crude extracts have been
made to minimize the presence of pigments in the
Alternaria fraction. Cultures on different media dem-
onstrated that the yield of Alr a ;5 was greatly in-
creased when mycelium was grown on rich nondefined
medium, such as Sabouraud, in which growth is rapid
without pigmentation. When nutrient-poor media
(e.g., 2% malt extract) were used, pigmented my-
celium was always obtained. Pigments could be partly
removed by polyvinylpyrrolidone treatment of my-
celial extracts. However, pigments were concentrated
during acetone precipitation and precipitated Alt a
I;s6- Although Yunginger et al.® and Vijay et al.’
obtained good results with acetone-defatted matts,
with our conditions, fresh mycelium was more suit-

able for fractionation experiments than lyophilized
and/or defatted (acetone or ether) mycelium.

The localization of Alt a 1,s; in the cytoplasmic
compartment of the fungal cell explains why this al-
lergen can be recovered after breakage of the myce-
lium. However, in spite of its intracellular localiza-
tion, Alt a I,5¢; can be easily recovered after incubation
of intact allergenic cells in carbonate buffer.'> '* ¢
This nondestructive incubation of the mycelium in an
extraction buffer was chosen for Alt a I, purification
because this procedure extracted fewer allergens be-
sides Alr a I;5;. Thiourea, a phenoloxidase inhibitor,?*
added to the extraction buffer, improved the yield on
Alt a 154 yield. Among the different concentration
protocols used (acetone, (NH,),SO., or polyethyl-
eneglycol precipitations), acetone precipitation elic-
ited the best results, probably by eliminating lipids or
lipoproteins. CHAPS, a nondenaturing detergent used
for solubilization of concentrated protein solution in
IEF,* proved to be very efficient for protein purifi-
cation during HPLC.

The biochemical characteristics of Alt a s de-
scribed in the present study (MW, 31 kd; pl, 4.0 to
4.5; carbohydrate content, 20%) are in agreement with
the values obtained for the major allergens, Alr I and
G,D,, by Yunginger et al.® and Vijay et al.® (MW,
25 to 50 kd; pI, 4.0 to 4.5; carbohydrate content,
33%; and MW, 30 to 40 kd, respectively). However,
no direct comparison has been done between Alt I and
Alt a 1,55;. We only know that our crude extract con-
tained a panel of allergens similar to an international
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standard containing Alr I (Yunginger JW. Personal
communication). The major allergen of Alternaria
was thus found to exist in multiple “isoallergenic”
forms that are variants that appear to be immunolog-
ically distinct in the case of Alt I and Ag 8 or similar
in the case of Alt ] and Ag 1.”°

Many allergens have been identified as glycopro-
teins, but only a limited number of studies have been
performed to elucidate the importance of the carbo-
hydrate moiety in the IgE binding. So far, the only
allergen found to loose its IgE binding after degly-
cosylation was the pollen allergen, Xan Vla of Xan-
thium strumarium.” Removal of the carbohydrate
moiety of Alt a ;56 by the trifluoromethanesulfonic
acid technique abolished all the IgE-binding ability of
the molecule (data not presented), suggesting the role
of the carbohydrate moiety. This finding is in agree-
ment with studies on crude Alternaria extract in which
(1) allergenic activity could not be correlated with the
protein content of the extract,”® and (2) removal of
carbohydrate by the trifluoromethanesulfonic acid
method abolished entirely the allergenic activity of
the crude extracts.” The carbohydrate moiety could
also be responsible for the remarkable heat stability
of Alt 1. Variations in the amount of glycosylation of
Alt a 1,s; have been observed with culture medium
(data not presented). Variations may also occur de-
pending on the strain or the propagule (spore or my-
celium) studied. Studies are currently undertaken to
investigate the chemical composition of the carbo-
hydrate moiety of Alt a ;5.

We are indebted to Drs. D. A. Moneret-Vautrin, D. Dur-
iez-Samaille, L. de Decker, and G. Ville for providing sera
of Alternaria-allergic patients, making this work possible,
and C. Fitting for RAST testing of patients’ sera used in
the pool, M. Diaquin and J. Sarfati for technical help with
the fermenter, H. Labrousse for the F-ELISA, and Dr. J.
Sturtevant for her critical reading of the manuscript.
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inhibitor in a

patient with acquired C1-inhibitor

deficiency syndrome

Bruce L. Zuraw, MD,* and Leonard C. Altman, MD**

La Jolla, Calif., and Seattle, Wash.

Acquired Cl-inhibitor (C1 INH ) deficiency is usually found in association with an underlying
disease that is believed to be responsible for increased C1 INH catabolism, ultimately leading to
the development of C1 INH deficiency. We report a remarkable patient with acquired C1 INH
deficiency in whom a unique progression of complement- and contact-system abnormalities has
been observed. S. G. suffers from recurrent episodes of angioedema and hypotension. Results of
repeated complement studies were initially normal, and the patient was diagnosed as having
idiopathic anaphylaxis. Two years later, the patient was found to develop acute consumption of
C1 INH with activation of the complement and contact systems during episodes of angioedema.
The patient continued to have normal C1 INH levels and to have no evidence for

complement- or contact-system activation between attacks of angioedema. One year later, her
course evolved into a more typical course for acquired C1 INH deficiency consisting of
continuously low functional C1 INH levels with evidence of activation of the complement and
contact systems. S. G. provides a unique insight into the development of acquired C1 INH
deficiency. (J ALLERGY CLIN IMMUNOL 1991;88:908-18.)

Key words: C1 inhibitor, acquired, deficiency, angioedema, anaphylaxis, complement,

kallikrein, kininogen, autoantibody
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Abbreviations used

C1 INH: CI inhibitor
EACA: Epsilon aminocaproic acid
HMWK: High-molecular-weight kininogen
PBS: Phosphate-buffered saline

RT: Room temperature
SDS—PAGE: Sodium dodecyl sulfate—polyacryl-
amide gel electrophoresis

The syndrome of acquired C1 INH deficiency was
first described in a patient with lymphoma, recurrent
angioedema, and C1 INH deficiency.’ Subsequently,



