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Introduction

Allergies to airborne antigens are
=10--20% of Europeans and North

that Alternaria ulternata is a
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Alternaria alternata is recognized as an important source of fungal acroaller-

gens. Alta 1, the major allergen of this meld. is a dimer of disulfide-linked sub-
units that migrate in SDS-PAGE under reducing conditions at apparent M.s of
14,500 and 16,000. IgE antibodies to this protein are present in the sera of >90%
of 4. alternata-sensitive individuals. Previous studies from this laboratory show-
ed that the N-termini twenty amino acids of the purified subunits are nearly iden-
tical. We now report the isolation of clones from an 4. «/ternata (strain 34--016)
¢DNA library constructed in hgtll, using rabbit IgG antiserum against partially
purified Alt a 1. One of nineteen clones selected from screens totalling 305.000
pfu (rbS1) was sequenced. and determined to harbor an insert of 660 bp. An in-
frame open reading frame within the cloned insert encodes a peptide of M, 16,960
that bears no significant homology to known allergens or proteins. The size of the
rb51 transcript was determined to be = 0.7 kb by Northern analysis of 4. alterna-
tatotal RNA. The largely hydrophobic N-terminal region of t*:e peptide contains
an a-helical domain and other features charzcteristic of membrane targeting or
seerctory signals. The peptide sequence downstream of this region matches pre-
viously sequenced Alta I N-terminal from two independc it sources at 17 of 20,
and 24 of 26 positions. Recombinant Alt a | expressed as a secreted protein in
Pichia pastoris exists as a dimer in conditioned medium, as shown by immu-
noblotting under nonreducing conditions. Recombinant Alt a 1, like the natural
allergen in A. alternata extracts, is also reactive with serum IgE from A. alierna-
ta-sensitive individuals.
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protein fractions whose components bound Ik in a major-
ity of 4. alternara-allergic patients [4-6]. One such fraction
(ALT-1), a carbohydrate-rich Sephadex G-100 fraction elut-
ed in the M, 25,000-50.000 range. has been recognized as
termined  the source of the major allergenic activity of A. alrernata
of furgal

a prominent soiurce
acroallergens [2. 3]. Initial attempts to characterize the ma-
jor allergenic components of 4. alternata extracts yielded

[4]. However, this protein fraction was shown to be of hete-
rogencous composition. consisting of several 1gE-binding
components [7].
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Recent immumoblot analyses of 4. alternata extracts
prabed with pooled atopic sera have enabled more precise
characterization of individual 4. u/rernata allergens within
fractionated extracts. The most commonly observed aller-
gens in such extracts are five proteins migrating within
ranges of 85-95, 55 60, 40-45, 2530 and 15-20 kDa in
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) un-
der reducing conditions [7-11]. Of these, =>90% of atopic
seracontaining Alrernaria-specific IgE react positively
againstamajor allergen isolated by several groups and orig-
mally designated Al a-29 [12]. 4l a 1 [13.14). or 4l a Bd
29K [15]. As characterized in our laboratory, this allergen
was isolated as an M, 29.000 protein by gel filtration of ace-
tone-defatied crude extract, followed by DEAE-cellulose
ion exchange chromatography [16]. Fractions were ob-
tained that strongly inhibited IgE binding to 4. ¢lrernata ex-
tracts in the radioallergosorbent test (RAST), but which
failed to generate a passive cutancous anaphylaxis (PCA)
response [17]. Further purification and immunoblot analy-
ses demonstrated that this allergen is a disulfide-linked dim-
er of subunits with apparent M, of 14,500 and 16,000 [12]
and nearly identical N-terminal sequences that are also 85%
homologous to the corresponding N-terminal residues of a
similar isolate obtained by Matthiesen et al. [14]. Based on
the striking N-terminal homology between these two pro-
tein isolates, this allergen is now collectively termed Alta 1
according to the recently revised system of allergen nomen-
clature [18].

Progress in the characterization and purification of fun-
gal aeroallergens is complicated by high variability with re-
spect to allergen profile between strains [19-21], as well as
difficulties i the recovery of specific spore populations
[19]. As aresult, immunotherapeutic allergen extracts pre-
pared from fungal species are often of inconsistent compo-
sition and quality. containing contaminants which may be
ineffective or potentially capable of generating an anaphy-
lactic response. By using recombinant DNA techniques to
isolate cDNA clones corresponding to major fungal aller-
gens, these allergens may be produced in organisms engi-
neered for large scale protein expression. and conveniently
purified with greater fidelity than in the fungal source. In
this study, we have used rabbit polyclonal 1gG antibodies
against partially purificd Alta I to isoalte and characterize
cDNA clones corresponding to this allergen. The expres-
sion of this protein in the yeast. Pichia pastoris. and its reac-
tivity with serum IgE from A alicrnata-sensitive individu-
als is also described.
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Materials and Methods

Antisera and Immunoscreening

Purification of mRNA and construction of a ¢DNA Tibrary in 7.gtl]
was carried out by a commiercial firm (Clontech) using A, alternata
total RNA isolated i our laboratory. Screening of the library was car-
ried out using standard protocels [22]. Phage from the unamplified
library were plated at 10.000 pfu. 100 mm plate and grown for 3.5 h at
42°C. Dry nitrocellulose membranes previously impregnated with
10 mAf isopropyl-B-D-galactopyranoside were overlaid on the plates
and incubated at 37°C for L3 h. Duplicate membranes were also ap-
phied and incubated for an additional 2 . Filters were blocked with 19
bovine serum atbumin (BSAy in Tris-buttered saline (30 mV/ Tris-HC
pH 75 130 mA/ NaCE TBS) overnight at 4°C.,

Polyclonal rabbit antiserum was prepared against Alt a | that was
partially purified by Whatiman DE-52 jon exchange chromatography
and Sephadex G-100 gel filtration {12]. and used in immunoscreening
and immunoblots at 1:800 dilution in TBST (TBS containing 0.03%
Tween-20). This antiserum was preabsorbed by incubation with dry
nitroceliulose embranes impregnated with lysates of isapropyl-p-D-
galactopyranoside-induced Escherichia coli Y1090. Membranes were
washed for 3x 5 min each in TBST and incubated for 1 h with alkaline
phosphatase (AP)-conjugated goat anti-rabbit 1gG antibody (diluted
2,000x with TBST}) at room temperature. After washing as before,
staiming was carried out using nitroblue tetrazolium and S-bromo-4-
chloro-3-indolyl phosphate in AP buffer (100 mAf Tris-HCI pH 9.5,
100 mA NaCl. S mM MgCl.).

Polymerase Chain Reaction and DNA Sequencing of Isolated

Clones

Immunoselected phage plaques were resuspended and purified by
several rounds of sparse plating and immunoscreening until all
plaques on a membrane stained positively. Purified phage plaque ly-
sates (10 pl) heated to 99°C for 5 min were subjected to polymerase
chain reaction (PCR) using 10 pmol each of Agt11 forward and reverse
primers, 0.2 mM dNTPs, and 5 U of Taq polymerase in a 50-u! volume
of PCR buffer (10 mA Tris-HC! pH 8.3, 30 mA7 KC1, 1.5 mM MgCl.).
The reactions were heated to 95°C for 5 min and subjected to 30 PCR

vcles oS C e 2603 C tor 36 s and 72 C for 90 s, .‘\]M]UUL\ ot

PCR products were hgated into the plasmid pCR 11 (Invitrogen) and
plasmid mini-prep DNAs were sequenced using the ALF laser fluores-
cence system and fluorescein-conjugated M13-30 and reverse primers
(Pharmacia).

Southern and Northern Hvbridizations

To assess whether immunopositive clones contained sequences en-
coding the Alt a 1 N-terminus. digoxigenin (DIG)-labeled 1CHA7
probe was prepared using the DIG Oligo Labeling kit (Boehringer-
Mannheim). JCHA7 is an 8-fold degenerate oligonucleotide
(GAAGGTGAYTACGTYGTYAAGAT) designed from the N-terminal
peptide sequence of our Alta 1 protein isolate [12]. PCR-amplificd
inserts from immunosclected positives were run in 0.8% agarose gels,
transferred to nylon membrane, and incubated with ICHA7 probe at
Spmol'mlin hyvbridization solution (1% blocking agent. Sx SSC. 0.1%
N-lauroyvl sireosine, 0.02%0 SDS) for 3h at 35°C. after a 1-hour pre-
hybridization. Washes were for 2x5 min with (5x SSC, 0.1% SDS) at
room temperature, followed by 2x10 min washes using (2x SSC.0.1%
SDS) also at room temperature. Membranes were blocked for 20 min
at room temperature with 1% Blocking Reagent (Boehringer-
Mannheim) in TBS. AP-conjugated anti-DIG Fab fragments (Boeh-
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ringer-Mannheim) were applicd at 110,000 difution in blocking solu-
tion. fotivwed by washing for 2x4S mun cach with TBST containing
0.29 Tween-20, a brief incubation in AP buffer contatning SO mYf
MaCls and an incubation with Lumi-Phos 536 chemiluminescent de-
tection reagent (Bochringer-Mannhem) for Imin, After incubating
between transparency pages for 30 min at 37°C, blots were exposced 1o
N-ray film for 5-15 min.

DIG-tabeled rb31 probe used in Northern analyses of 4. aliernaia
total RNA was prepared by PCR in reactions as deseribed above. ex-
cept for the replacement of 0.2 mdf Thyridine 3% Triphosphate (TTP)
with 0.13 mAf TTP and 0.07 m\ DIG-11-dUTP. Total RNA was ox-
tracted from myveelia of A aliernara isolate 34-016 grown in revised
tobacce medium for 3-20 davs. Harvested myveehia were frozen and
ground to powder in liguid nitrogen. RNA extraction was carried out
by the roethod of Chomezynski and Sacchi [23] using 1 ml Trizol(Life
Technalugies) per 30 mg of myvelia. RNAs were fractionated in 1.2%
formaid-hvde-agarose gels and transferred to nylon membrane. La-
heled rh31 probe was hvbridized to the blot osernight at 20°C. Washes
were for 2x 5 min with (2x SSC, 0.1% SDS) at room temperature and
2x 10 min using (0.1xSSC, 0.1% SDS) at 68°C. Further processing of
these blots were carried out as described above.,

Recombinant All A 1 Expression and [mmunoblot Analvses

Plasiid pCR 1 containing the 1b31 insert was cleaved with NViel
and Ybul and subcloned directly into 4wrll-cleaved and dephosphoryl-
ated P pustoris expression vector pPIC9. The oricntation of inserts
from individual transformants in pP1C9 was established by restriction
digest and correctly oriented constructs were linearized with Dral pri-
or o transfection of spheroplasts.

Spheroplasts were transformed with 10 g of linearized construct
and plated as described in protocols provided with the Pichiia Expres-
sion Kit (Invitrogen). Transformants appeared 4--6 days after plating
and incubating at 30°C. Individual colonies (12 for each or 4 trials)
were replica-plated on MD [2% agar, 1% glucose, 1.24% yeast nitro-
gen base (YNB), 0.00004%% biotin] and MM (2% agar, 0.5% methanol.
1.34%6 YNB. 0.00004% bictin) plates to establish methanol utilization
(mut) phenotvpes of the colonies. To assess levels of expression of Alt
a 1 individual tansformants, 3-ml cultures were grown in BMGY
(190 yeast extract, 2% peptone, 0.01 M potassium phosphate pH o0 1"
glycerol, 1.34% YNB, 0.00004% biotin) and cells were pellcted and
transferred to BMMY (BMGY containing 0.5% methanol instead of
elycerol) I day later. After 2 days of growth at 30°C, aliquots of culture
were removed and the cells were pelieted. A nitrocslinlose membrane
was spotted with 3 pl of each culture supernatant and allowed to dry.
The daot blot was then immunostzined using rabbit 1¢G antitodies
against partially purified Alta as deseribed previously. Large cultur-
es of a mut+ transformant exprossing high levels of Alta Lwere giown
and induced in liquid MM medium supplemented with 1% casamino
acids and 2.3% methanol. Culture medivm was concenty sted using an
Amicon ultrafiltration unit with Y M10 membrane. diluted with sterile
witer, and concentrated agiin. Afier centrifugation at 30,000 g for
20 min and passage through a 0.2 pim syringe filter, the supemuatant
was used in immunoblotting studies. The resuliing solution was con-
contrated =40-fold from the original culture medium.

Atopic sera from A, alternatu-sensitive individuals were ebtaiicd
locally; additional plasma samples were obtained commercially (Plas-
mal ab International). Al sera scored 19% or greater in RAST assavs
carried out in our laboratory. Total protein in concentrated conditioned
medivm from P pastoris Alta Twansformant and 4. alicinata 34016
crude extract was assaved using the mcthod of Bradford [24]. Samples

Cloning and Expression of 4. alternata
Altal

corresponding to S ug of extract protein or 27 g of conditioned
media protein were Joaded into preparative 129 SDS-PAGE gels {25]
and Blotted onto 0.2-um nitrocetufose membrane in Towbin transfer
buffer {26] containing 137 methanol. Afier blecking with 174 BSA in
TBS. blots were sereened tna Bio-Rad manifold. Antisera or plasma
were applied 1o blots at B4 in TBST and incubated overnight at room
temperature. Immunoblots were washed with TBST for 3x5 min and
incubated with AP-conjugated goat antihuman Igk at 1:1,000 dilution
for 2 h. also at room temperature. Washing and statning with nitroblue
tetrazolium and S-bromo-4 chloro-3-indoly] phosphate were as de-

seribed ubove.

Sogrtonce dnalvses

Analyses of hydrophobicity [27], secondary structure {28] and
armino acid content were caried out using Prosis software (Hitachi).
The BLAST alporithm was used for homology searches of GenBank
and EMBL databases [29]. Analyses of sequence block mivtifs were
carried out using PROSITE {30).

Fasults

Southern Analysis of PCR-Amplified Inserts from

Immunopositive Clones

High density immunoscreening of the 4. alternata-spe-
cific cDNA library using rabbit antiserum against partially
purified Alt a 1 yielded nineteen positive clones from a total
of 305,000 pfu screened. The staining intensities of these
positives varied considerably, suggesting that the clones
represented either Alt a 1 clones of differing sizes, or se-
quences corresponding to more than one distinct gene prod-
uct. Surprisingly, none of the positives reacted positively
when immobilized plaques were immunostained with
pooled human atopic IgE. This lack of IgE reactivity has
heen attributed 1o epitopic masking in nondenatured p-ga-
lactosidase fusion proteins of the Agtll clones, since Igk
hinding of the fusion proteins has been demonstrated in im-
munoblots.

To s2lect clores containing the Alt a 1 N-terminus, in-
« rts from all nineteen positive clones were amphfied by
PCR, and Southern blots of the PCR products were probed
using digoxigenin-labeled ICHAT oligonucleotide, a 23-
mer with 8-fold degeneracy designed from the Alta 1 N-
terminus [12]. This probe was hybridized to the PCR-amphi-
fie Tinserts at low stringency. owing to the size of the oligo
and its degeneracy. As shown in figure 1, the sizes of the
immunnselected inserts ranged from =570 to 1,880 bp, of
which a large proportion were 800-900 bp in length. The
majority of the clones bound the probe. although hybrid-
ization to clones rb25, rh51 and rb61 was more intense than
to any of the others. In contrast. clones rb31. rb82 and rb53
were unable to bind the probe. likely because they were too
Jhort (570 640 bp) to contain Alt a I N-terminal peptide
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clone rb:

Fig. 1. Southem hvbridization of Altal
N-terminal oligonucleotide to PCR products
from ¢cDNA clones selected using Alta 1-spe-
cific rabbit 1gG. PCR products were tun in
(.87 agarose gels (@) transferred to nylon
membrane. and probed with @ degenerate oli-
gonucleotide JCHAT fig. 2) deduced from
the Alt a I N-terminal peptide sequence (b).
Positions of markers of known size are indi-
cated 10 kilebase pairs.

1251 61 81 82 91 01 21 41 52 71 42 24 31 25 23 44 14 53 kb

2.0
1.6

1.0

0.52

sequences. Strongly immunoreactive clones rb9l, rb24,
rb21 and rb81 also failed to bind the probe despite their large
sizes (840, 860, 1030 and 1060 bp, respectively). These
clones may have been immunoselected by rabbit 1gG spe-
cific for other proteins in the partially purified Alta | prep-
aration.

DNA Sequencing of Immunopositive Clone rb51

On the basis of its relatively strong hybridization with
ICHA7 probe. clone tb31 was selected for DNA sequenc-
ing. The 660-bp insert contains an open reading frame
(ORF) of 474 bp, from positions 64 to 534 (fig. 2). A se-
quence homologous to the oligonucleotide ICHAT. which
encodes amino acids near the Alt a | N-terminus, is located
from positions 166 to 188. The 5’ terminal insert sequence of
arelated clone (rb42) is also shown to demonstrate that both
clones encode the same gene product, differing only in ¥
untranslated sequences that bridge 2gtll 3-galactosidase
sequences to the ORF. Searches of gene banks using the
BLAST algorithm [29] failed to reveal significant sequence
identity with gencs encoding known proteins or allergens.
Of other clones that have been partially sequenced, ten con-
tain sequences that are common to th31 (b0l b2, rbl4,
rh23. 1h25. rb41. rbd2. b6l and rb82). Three clones (1bOl,
rb32 and rb71) are known to contain rRNA sequences,
which likely accounts for their increased length. Seven
clones have not yet been investigated (including six that did
not hybridize to ICHA7 oligo). Therefore, we conclude that

(9]
foss]
o0
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most of the immunopositive clones obtained contain some,
if not the entire coding sequences of Alta l.

Translation of rb51 ORF and Comparison with Alra ]

N-Terminal Peptide Sequences

The translated rbS1 ORF encodes a peptide of 157 amino
acids, with a calculated M, 0f 16,960 (fig. 3). Comparison of
amino acid analyses between rb51 ORF and our Alta 1 iso-
lated [12] show considerable similarity (table 1), except for
the amino acid proline. However. the hydrolysis conditions
used may have accounted for the overestimation of proline
in the amino acid analysis of Alta 1 [12]. The predicted iso-
electric point of b3l is within 0.5 units of purified Alta ]
(table 1). The expected N-terminal peptide sequence of Alt
a1is located at residues 2948 of the rb51 ORF, and match-
es the sequence of Curran etal. [12] (NTERM2: fig. 3)at 17
of 20 positions. Moreover, this ORF also matches the N-
terminus of Alt a 1 isolated by Matthiesen et al. [14; Lowen-
stein, pers. commun.} at 24 of 26 positions (fig. 3). differing
only at positions 30 and 40. residues whose identities re-
mained unresolved in the latter protein. Vartations in amino
acid sequence between our Alt a 1 protein isolated and the
translated ORF of clone rb51 are also found at these posi-
tions. and at position 29. indicating that ¢ither A ulicrnuta
cells express muliiple isoforms of Alt a 1. or that slightly
different polymorphic forms of Alt a | may exist in 4. al-
ternata isolates.
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Northern Analvsis of rb31 Transcripts in AL alternata

Tl RNA

To assess the size of tb3 1 rar sevipts n A alternata, total
RNA was extracted from mycchal simples taken at various
times postinoculation and analyzed by Northern blot probed
with DIG-labeled rb31. Total RNA was extracted with little
or no degradation, as is evident from the mtegrity of the
rRNA bands in figure 4a. However, we consistently observ-
ed a substantial proportion of insoluble nuclere acid i sam-
ples from 13-, 17- and 20-day cuitures, likely caused by the
presence of contaminating DNAL The transeript encoding
rb51 is shown as an abundant transcrip of = 0.7 kb, the simi-
lar sizes of the transcript and tb31 clone suggest that the
ORF cobtained represents a tuil length Alt a 1 subunit. Peak
levels of thST transeripts were observed in S-day smnples,
which decreased rapidly from 7 to 10 days post-inoculation.

Hydrophobicity and Secondary Structure Prediction of

rb3] ORF

Hydrophobicity and secondary structure predicitons of
the rb51 ORF were carried out using the methods of Kyte
and Doolittle [27]. and Chou and Fasman [28]. The most
hydrophobic region in the rb51 ORF is located at the N-ter-
minus, from amino acids 10-23 [data not shown]. This re-
gion coincides with the longest ¢-helical domain observed
in the secondary structure prediction illustrated in figure 5.
As amino acids 1-28 were not previously detected in micro-
sequenced Alt a 1 N-terminal peptides, it is likely that the
first 28 amino acids represent a leader sequence that is
cleaved from the protein during processing. The remaining
sequence of the protein of short stretches of a-helical or -
sheet-like domains that alternate with amino - oids specify-
ing turns. Analvses of sequence block motifs using PRO-
SITE [30] determined that no potential N-glycosylation
sites are present in the rbS1ORFE

Expression and [gE-Binding Capability of Recombinant

Alta l Protein in Immunoblots

To express the Alta I protein in large quantity. bS] se-
quences were cleaved with Niel and Abal and ligated into
pPICY, a P pasioris-secreted expressicen vector, This vector
features a Succharomycees cerevisiae a-facter prepro pep-
tide sequence located upstream from its multiple cloning
site. It was anticipated that the insertion of 1b51 nito the
Avrll site in this vector would be in the appropriate reading
frame for correct expression of Alt a |, although the ex-
pressed protein might contain as many as 26 additional N-
terminal amino acids followed by the Alta I N-terminal sig-
nal peptide. Spheroplasts were transformed with this con-
struct, and transformants were screened for their sicthanol

Cloning and Expression of 4 «liernata
Altal

Table 1. Amino acid compositon and pl of Alta 1 and translated
b3 ORF
Aftal? RbS1
resdaes 100 residies 100

Amino acid

Aspartateasparagine 12,18 114

Threonine 978 892
Serine 864 892
Glutamate glutamine TN 700
Proline 720 R
Glyeine X.77 828
Alanine 9.73 1O.N3
Cystine 101 NA
Cysteine NA 318
Viline 6.03 446
Ncthionine (.63 1.27
Isoleucine 303 318
leucine 77 7.64
Tyrosine 4.53 5.10
Phienylalanine .37 573
Histidine 0.51 0.64
Lysine 344 5.73
Arginine 2.00 2.55
Tryptophan ND 1.27

NA = Not applicable; ND = not done.
?  Data obtained from Cusran etal [12].

utilization phenotype and for methanol-induced production
of secreted protein reactive with rabbit IgG against Alta l. A
single transformant of mut+ phenotype was isolated that se-
creted Alta ] protein into conditioned medium. Bands of M,
13--20.000 were not observed in rabbit anti-Alt a 1-probed
immunoblots ot redia protein from methanol-induced non-
transformed, or vector pP1C9-transformed P pastoris [data
not shown]. Aliquots of concentrate (1 pg) were compared
with an equal amount of natural allergen that was extracted
from 4. alternata and further purified by ultrafiltration and
cel filtration in Sephadex G-100. The recombinant and nat-
ural Alt a 1 were compared under beth nonreducing and
reducing conditions i immunoblots. Surprisingly. the re-
combinant Alt a 1 subunit associated as a dimer in culture
medium, as shown by the 29-kDa hand in nonreducing im-
musioblots (fig. 6, top row). Under reducing conditions, the
recombinant Alt a 1 migrated as a doublet of bands with
slightly Tess mobility than those of the natural allergen. The
ten N-terminal amino acids of the two recombinant Alta 1
bands observed in reducing SDS-PAGE were analyzed: the
sequences obtained revealed that the slower-migrating band
beging at amino acid 22 (scquence obtained: ESRQDT-
ASXP), whereas the faster-migrating begins at amino acid

Int Arch Allergy Iromunol 1996111385 395 389




RB51.SEQ
RR42.SEQ
1CHAT.SEQ
RES1.SEQ
RB42.SEQ
ICHAT.SEQ
RB51.SEQ
RB42.SEQ
ICHA7.SEQ
RBS1.SEQ
RE4L2.SEQ
1CHAT.SEQ
RBS1.SEQ
RB42.SEQ
R851.SEQ
RB42.SEQ
RBS1.SEQ
RBS1.SEQ
RB51.SEQ
RBS1.SEQ
RBS1.SEQ
Fig. 2 Nuclcotid; sequence. of EDNA RES1.SEQ
clones rb31, rb42 and oligonucleotide ICHAT.
Initiation (ATG) and termination (TAA) co- Rty
. - _RB51.SEQ
dons are double-underlined. The polyadeny- S
lation signal (or closest approximation) is un- RBS1SEQ
derlined. Asteriks denote bases that match :
those shown in clone rb31.
Fig. 3. Peptide sequence of bS] ORF RBS1.AA
T ) NTERM1.AMI
and compar:<on with previously described N- NTERM2. AM]
terminal peptide sequences. NTERML.AMI .- NTERMM.AHL
and NTERM2.AMI represent alternative pos- S
sible Alta ! N-terminal peptide sequences as RBS1.AA
determined by Curran et al. [12]. NTERM- NTERMM. AMI
M.AMI represents Alta | N-termiral peptide
sequences as determined by Matthicsen et al. RB51.AA
[14: Lowenstein, pers. commun.]. Asterisks
denote amino acids matching the deduced RE51.AA
peptide sequence of th31 ORF (RBSEAA).
390 Int Arch Allergy Immunol 1996:111:385-395

10 20 30 40 50
1 GTTACGAGCT ATTGAGCGTA ASTLGTCGCT AGCVTGGYTG AATCTCAAAT 50
1 ........ ok kWL L L. ... C TT‘MCC*CA itcﬂ&**ifﬂ 50
-165 ..., Ces e iteea sarreresas eeseaeasae ceeeaenean -116
60 70 80 90 100
S1 CAACTICATC AAAATGCAGYT TCACCACCAT CGCCTCTCTC TYCGLCGCCG 100
51 FRERREARIE KREFEFREAR AT v w b FF A e FARRAFRARE 2P rAwErend 100
B T e 66
’
110 120 130 140 150
101 CYGGCCTTGE CGCTGCTIGLT CCTCTCGAGT CTCGCCAGGA CACCGCAYGC 150
101 FRAERLEREE AAXPARRR AR AAF 2+ kAR Rk ARk r kb hkh KAFERRFARR 150
- Z -16
160 170 180 190 200
151 TGCCCTGTCA CCACTGAGGG TGACTACGTC TGGAAGATCT CCGAATICTA 200
151 PEAXLFRFIERE RARAET R I LS xFrxat kA d ARXXAFFI LT AR LR RFARRA N 200
S e ieies eea JERARK Rrxyrdsway GUykrRAx 35
210 220 230 260 250
201 CGGACGCAAG CCGGAAGGAA CCTACTACAA CAGCCTCGGC TYCAACATCA 250
201 FRFARFAAEA Ahkdhk kR kk WddkpdrtrRn t:**'*k*ﬁi Wk kot kokk (ﬂso
260 270 280 290 300

251 AGGCCACCAA

CGGAGLAACC

CTCGACTTCA CCYGCTCTGC TCAGGCCGAT 300

251 wasawawnw wwmgEw R

310 320 . 330 340 350

301 AAGCTTGAGG ACCACAAGTG GTACTCCTGT GGCGAGAACA GLTTCATGGA 350
360 370 380 390 400

351 CTTCTCTTIC GACAGCGACC GCAGCGGTCT GCTCCTGAAG CAGAAGGTTA 400
410 420 430 440 450

401 GCGACGACAT CACCTATGTC GCTACCGCCA CTCTTCCCAA CTACTGCCGC 450
460 470 480 490 500

451 GCTGGCGGTA ACGGCCCTAA GGACTTTGTC TGCCAGGGTG TYGCCGACGC 500
. 510 520 530 540 550

501 CTACATCACC CTCGTSACTC TCCCCAAGAG CTCTLééGCG ATAGTTGGYC 5590
560 570 580 590 600

551 GAGCATATAA GAAGCATCAA CTTCTCTTAC TGTAAATTTY TTATTAGCGC 600
. 610 ... 620 630 . 640 . 650

601 ATTCAAGATA GACAYTCCVT ATTCTAGACT TAATTTAACC ATTTATCTGA '650
560 670 680 690 700

651 TCAABRARRA ©evvvevnrs vvineiins sneenneann cennneeene 700
10 20 30 40 50

1 MQFTTIASLF AAAGLAAARAP LESRQDTASC PVITEGDYVW KISEFYGRKP 50

L - AD *ERFAEIAAY kAR A[AE 22

-28 rreeanne eeenees AD RERRESRRLY kxiwrrw 2D

-28 eaiivives weieseso¥X BRERRERNEY MERRERERRE DD

60 70 80 90 100

51 EGTYYNSLGF MIKATNGGTL DFTCSAQADK LEDHKWYSCG ENSFMDFSFD 100

23 hhd

110 120 130 140 150

161 SDRSGLLLKQ KVSDDITYVA TATLPNYCRA GGNGPXDFVC QGVADAYITL 150

157
15T VTLFK S ™ . . ittt tiiinerues sercreiaas reeeanaean 200
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Fig. 4. Size analysis of th31 transeript by o .
Northern blotting of total RNA from AL w/ter-
nata. Numbers listed at the top of lanes in- - 75 : Zi
dicate the day postinocaation on which total 44 :
RNA was harvested from cultures of A, alter- ' —24
nata sirain 34--016 grown in revised tobacco —24 —14
medivm. a An ethidium bremide-stained —14 07— 42 B
1.2% formaldehvde-agarose gel of total RNA — 024
is shown, b Autoradiograph of the corre- —0.24
sponding Northern blot afier probing with
DIG-Tabeled 31 probe is represented. Posi- .
tions of markers of known size are indicated b .
in kilobases. .
10 20 30 &0 S0 60 70 80
MQF TT1ASLFAAAGLARAAPLESRGDTASCPVT TEGDY VWK SEFYGRIPEGTYYNSLGFNIKATNGGTLDFTCSAGADK
HEL1X hhhhhERHRERHERRERRRRBR RHHRHRN hhhhHRHR
SHEET SS8S85S5Ss $5585s $55855585 sss  ss§SS $555858Ss
TURN TITTINT TTTITY TIVIPTITTIT TTVINY
coIL cc c
90 100 110 120 130 140 150 157

LEDHKWY SCGENSFMDFSFDSDRSGLLLKQKVSDD I TYVATATLPRYCRAGGHGPKDFVCQGVADAY ITLVTLPKSS

Fig. 5. Sccondary structure prediction of

rb51 ORF using the method of Chou and Fas- RELIX Kihhhh hhithh hEHREHA  hhhhhbhhh _ hhhhhhhhi
man [78] Capital lower case letters d ( SHEET ss $SSe5S sessss8 588353585Ss 5$558585595588Ss
<0]. Lapial Or Iower case ieliers aenote TURN  TTTTTITTTITIT TTUTTTTIIT 71T TTTTTTTITITIIIIT Y

strong or weak tendencies. respectively, to colL
form the associated secondary structure.

25 (sequence obtained: QDTASXPVTX). The dimer also
shows greatly increased reactivity with IgE compared with

reduced  cnomers, indicating that some IgE antibodies
may be «© ific for epitopes generated by subunit interac-
tions. Tk ands are of similar intensity and purity in both

G-100-pu:ified samples and conditioned medium concen-
trate. Thus. the production of Alta | from culture medium of
P, pastoris offers a convenient source for the purification of
the recombinant protein.

The reactivity of recombinant Alt a 1 with serum IgE
from 57 A. altcrnata-sc sitive individuals was compared
with 4. alternata 34 -016 extract in immunoblots run under
reducing conditions in figure 7. Both natural and recombi-
nant allergens interact relatively weakly with most of the
commercially obtained plasma samples (lanes 1-17), al-
though visible staining of the fastest migrating band of the
recombinant doublet 1s evident in 14 of the 17 lanes. Lanes
immunostained with locally obiined Igk tended to show
stronger and more consistent reactivity with both bands of
the recombinant doublet than those incubated with plasma
samples (lanes 18-37). In total, 46 of 57 serum and plasma
lgEs tested reacted positively with recombinant Alt a |

Cloning and Expression of 4. alternaia
Altal

(82%), indicating that the recombinant protein may be of
use in the immunodiagnosis of allergy to 4. alternata. The
reactivity of the sera to the recombinant appeared to corre-
late with that of the natural allergen in extracts of 4. alrerna-
1a isolate 34-016, although immunostaining of the endoge-
nous Alt a 1 was especially weak in lanes 41-57. This can be
primarily attributed to limitations in the amounts of crude
extract that can be loaded into gels without gel distortion, as
well as to the relative inscnsitivity of the immunodetection
methods utilized. Recombinant Alt a 1 was also able to com-
pletely abolish the immunostaining of natural allergen in
immunoblots run urder reducing conditions, suggesting
that the recombinant does not appear to lack epitopes pre-
sentin A. alternata-derived Alta | [data not shown].

Discussion

We sought to isolate ¢DNA clones corresponding to the
subunits of the 4. aliernara major allergen Altal,a 29-to
31-kDa disulfide-linked dimer isolated by several groups
and previously referred to as Alra 1, Alr a-29, or Alt u Bd
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Fig. 6. Comparison of recombinant (lanes 1) and 4. alternara-
derived (lanes 2) Alta 1 in immunoblots. Natural Alta} allergen was
purified by ultrafiltration and gel filtration on Sephadex G-100 [12].
Recombinant allergen was prepared as described in Material and
Methods. Aliquots of I g were run in 10% (nonreducing. top row) or
12% (reducing, bottom row) SDS-PAGE, transferred to PVDF mem-
brane, and immunostained with rabbit IgG against partially purified
Altal(a). pooled human atopic IgE from A. alternata-sensitive indi-
viduals (b). or nonatopic human serum pool (€). or stained with Coo-
massie brilliant blue R-250 ¢d). Positions of M. standards of known
size (myare mdicated i thousands.,

29K [12-15]. Using rabbit IgG antibodies against partially
purified Alt a 1, we immunoselected a 660-bp clone (rh51),
one of nineteen clones immunoselected fron an 4. alterna-
ta-specific ¢cDNA library constructed in 7gtll. Northern
analyses identified a transcript of =0.7 kb that hybridizes
with labeled rbS1 probe.

Anin-frame ORF within the rb31 cloned insert encodes a
protein with caledlated M, of 16.960 and pl of 4.59. Its pep-
tide sequence matches previously sequenced N-termini of
two independent Alt a 1 isolates at 17 of 20, and 24 of 26
positions. These findings indicate that clone rh31 encades
an Alta 1 isoform. Despite a lack of sequence data. it is
possible that A4/t @ Bd 29K [15] and Alra 1,5, [11,, 31], dis-
ulfide-linked dimers of 29-31 kDa with pls of 4.2, may rep-
resent the same protein. However, the subunit sizes of 4/ a

(99
O
]
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esare 19 and 20 KDa. considerably larger than those of Alt
a Loand this protein has been stared as containing 20% car-
bohydrate [31]. Analysis of the translated rbS1 ORF using
PROSITE failed to reveal potential N-linked glvcosylation
sites. Although there is no oby fous consensus sequence for
isolated O-glycosylation sites [32], proline at —1 relative to
the serine or threonine acceptor. orat -6 or +3 in the absence
of a charged residue at -1, has been identified as a potential,
but not absolute predictor of O-linked glycosylation [32.
331 An examination of rh31 ORF reveals 3 sites that fulfill
these criteria. with aceeptors at residues 44, 33 and 157
(fig. 3). However, previous attempts to deglycosylate Alta |
in laboratory. either enzymatically with endoglycosidase F
or O-glycosidase or chemically using Trifluoromethanesul-

phonic Acid (TEMS). invariably failed to reduce the M, of

the pratein [12], indicating that Alt a | is nonglycosylated.
We cannot account for the observations of Paris et al. [31]
suggesting that Altal . is glycosylated, unless their protein
is a variant form that contains a simall number of glyeosyla-
tion consensus sites. One other recently sequenced clone has
been reported to contain the Alta 1 N-terminus; however, this
PCR-amplified sequence encodes a peptide of M, 9,500 and
pl of 7.00, and is highly divergent from Alt a I in sequence
[34]. The sequence of this clone is also distinct from the three
A. alternata allergens recently cloned by Achatz et al. [35],
and exhibits no significant homology with other known al-
fergens or proteins in the GenBank/EMBL databases.

Differences between sequenced N-termini of various Alt
a | isolates and homologous sequences within rbS! are con-
fined to specific sites (residues 29, 30,40 and 46 in rb51) [12,
14]. These ambiguities could represent amino acid positions
which differ among closelyv related isoforms of Alta 1. Iso-
clectrie focusing of Alta 1 has revealed a major component
witha plof4.15, and minor components with pls of 4.25 and
4,40 [12]. Minor differences between the amino acid distri-
butions of Alta I and the translated rb51 ORF may also re-
flect the presence of more than one isoform in the sample
subjected to amino acid analysis [12]. However, if multiple
isoforms of Alta 1 were expressed in 4. alternata, cDNAs
to such isoforms should also have been sclected as distinct
clones using Alt a I-specific rabbit IeG. A comparison of
three clones (rb51. tb61 rb42 )y whose DNA sequences at this
site are known failed to reveal differences that could have
accounted for the amino acid alterations expected at these
specific positions. It remains possible that other clones may
contain isoform-specific sequence deviations at these or
other sites.

Analyses of the translated rb51 ORF have revealed addi-
tional information regarding the structure of the Alta 1 gene
product. The N-terminal 28 amino acids of the translated
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Fig. 7. Reactivity of serum IgEs from A. alrernata-sensitive individuals to 4. alrernara-deri

ved (@), or recombinant

(b) Alta l. Preparative immunoblots of crude extract or concentrated conditioned medium were screened with 57 atopic
igEs (lanes 1-57) or nonatopic pooled serum (lane na) as described in Material and Methods.

ORF, a highly hydrophobic and strongly a-helical domain,
appears to serve as a cleaved signal peptide that directs Alt
a 1 for export from the cell, as significant amounts of Alta |
are secreted into culture broth of A. alternata [12]. Al-
though rb51 is lacking a signal cleavage motif common at
the C-terminus of both bacterial and eukaryotic signal pep-
tide sequences (Ala-Gly-Ala), signal peptide scquence re-
quirements for functional cleavage in eukaryotes tend to be
nore relaxed that in bacterial systems [36]. The Alta I N-
tenminal signal peptide also shares 41% homolegy over the
first 22 amino acids with signal peptides of Ncurospora
crassa BLI-7 (also known as CCG-2) and Aspergillus fumi-
gaius RODA genes that encode hydrophobins, secieted Iv-
drophobic proteins implicated in the formation of conidial
rodlets [37--39]. However, Alta 1 hvdrophaobins are highly
dissimilar in scquence and structure other that their limited
signal peptide homology.

We have also shown that recombinant Alt a 1 secrc
into the media of P pastoris associates as a dimer. similar to
natural allergen purified from A. alicrnata culture medium
or mycelia. Under reducing conditions in SDS-PAGE, re-
combinant Alt a I appears as two distinet bands, even

Cloning and Expression of 4. alternata
Altal

though both are translated from the same Alta 1 sequences.
Sequencing of the peptide bands indicates that the differ-
ence between the two N-termini is only three amino acids
not enough to account for differences in mobility observed
between the bands. This observation parallels that of the
natural allergen. whose subunits also migrate differently
reducing SDS-PAGE, even though their N-tenmini are near-
ly identical. These findings iaply that Alta 1 may be a ho-
modimer of diffeientially processed subunits, that posttran-
slational processing of one or both mem™crs of the recombi-
nant dimer would probably occur during or following their
association as a dimer, and that such processing may be sim-
ilar to that which occurs in the natural allergen. These proc-
essing functions may be intrinsic to the interacting subunits,
or carried out by other secreted proteins such as extracellu-
lar proteases, although £ pasioris carries out relatively little
protein secretion of its cwn and probably secretes a signif-
icantly different profile of proteases than would A. alrerna-
fa. 1tis interesting 1o note that P pastoris appears to be able
to cleave the 4. wlternata-derived Alt a 1 N-terminal signal
peptide, even though cleavage of the two recombinant Alt
a 1 bands appears to be at different sites from the expected
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cleavage site of the natural allergen at position 28. This has
resulted in production of a recombinant allergen that is
more similar to the natural allergen in terms of size and
structure than was previously expected.

Serum IgFs from 82% of 4. alternata-sensitive individ-
uals bound Pichiu-expressed Alta 1 in immunoblots, con-
firming this protein as a major allergen in 4. alternata and
demonstrating the potential benefit of recombinant Alt a 1
as an immunodiagnostic reagent. The case with which rela-
tively pure Alta I has been obtained will facilitate the devel-
opment of a specific enzyme-linked immunosorbent assay
or monoclonal antibodies. Knowledge of the Alt a 1 se-
quence will now permit localization of antigenic and aller-
genic sites on Alta 1. Although Alt a T was fi1-t isolated as

-rovtuno-Doocn-t...c-Qcc'.ocu-‘ooaltonooonDcocoﬁutour-tuotol-t0---:.0’0-;..00.-0-;.:--.c--.-t-oooo--..snrr

an allergen that was capable of inhiibiting high RAST scores
without eliciting a PCA response [17], we have recently
shown that sera from mice immunized with KL H-conjugat-
ed Alta I N-terminal 20mer peptide can elicit a PCA re-
sponse upon challenge with BSA-cenjugated peptide [40].
Consequently, precise mapping of B and T-cell epitopes. in-
cluding those that generate Thi and Th2-responses, remains
a priority.
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