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Pen b 26 is one of the allergens produced by Penicillium brevicompactum which is one of the most preva-
lent indoor airborne fungi and a major source of respiratory problems, including asthma. Pen b 26 was
cloned and expressed as an N-terminal as well as a C-terminal Hisg tagged fusion protein in Escherichia
coli. This allergen was purified by immobilized Ni?*-affinity chromatography. The purified Pen b 26 was
characterized by immunological, biochemical and biophysical methods. C-Hisg tagged Pen b 26 produced
several fold greater yield than N-Hisg tagged Pen b 26. The affinity of C-Hisg tagged Pen b 26 for the spe-
cific antibody was also 2.75 times higher than N-Hisg tagged Pen b 26.

Crown Copyright © 2009 Published by Elsevier Inc. All rights reserved.

The prevalence of airborne allergic diseases has been on the
rise, especially in the developed countries where the vast majority
of the people live in artificially created and controlled indoor air
environments [1]. This tightly regulated air is often prone to the
overgrowth of ever-present mold species living indoor environ-
ments especially if the excess humidity is not controlled appropri-
ately. The mold-overgrowth is often associated with a number of
allergic symptoms involving respiratory system including asthma.
Penicillium species have been identified as a major source of indoor
mold allergies and respiratory problems including asthma and
Farmer’s Lung syndrome [2-6]. Penicillium brevicompactum is one
of the most frequently isolated indoor Penicillium species. In addi-
tion, P. brevicompactum has also been reported to be one of the ma-
jor food spoilage organisms and a source of mycotoxins [7-10].

Molecular characterization of allergens is of significant value to
understand the pathogenesis of allergic diseases and the develop-
ment of specific diagnostic and efficacious therapies. Classical
methods of allergen protein purification often produce low yield
of poor quality allergens. Allergens cloned using recombinant
DNA technologies can be produced in large quantities with excep-
tional purity. Purified allergens are useful for developing diagnostic
tests to screen susceptible populations allergic to mold as well as
for the hyposensitization of these patients to induce the produc-
tion of protective IgG antibodies. Affinity tags, which are incorpo-
rated into one end of a protein, have been frequently used for
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protein detection and purification. The hexa-histidine (Hisg)! tag
is one of the most popular tags. Hisg tag provides a better advan-
tage over other tags as it binds strongly to the immobilized metal
ion affinity chromatography (IMAC) resin and its small size often
eliminates the need for proteolytic removal. Although Hisg tag
can be incorporated into either end of the protein, N-terminal
Hisg tag has been known to produce better solubility and higher
yield than the C-terminal Hisg tag [11].

We have recently analyzed the extracts of 14 Penicillium spe-
cies, including P. brevicompactum [12]. The extracts of P. brevicom-
pactum showed at least six allergenic bands resolved by
immunoblot analysis. To date, very few allergens have been iso-
lated and cloned from Penicillium species. Allergen Pen b 26 has
been recently isolated from a cDNA library of P. brevicompactum
in our laboratory [13]. In this study, Pen b 26 was over-expressed
using Hisg tag expression system. In order to determine the best
possible expression, we employed both the N- and the C-terminal
Hisg tag containing expression vectors. This paper describes the
expression of Pen b 26 in Escherichia coli and its characterization.

Materials and methods
Penicillium brevicompactum strain DAOM 231273 (Pen-01-0001)

was obtained from Canadian Collection of Fungal Cultures, Agricul-

" Abbreviations used: Hisg, hexa-histidine; IMAC, immobilized metal ion affinity
chromatography; PCR, polymerase chain reaction.
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ture, and Agri-Food Canada and used to isolate total RNA and to
construct a cDNA library as described earlier [13].

Construction of the expression vectors

The cDNA encoding Pen b 26 was amplified by polymerase
chain reaction (PCR) using two internal forward and reverse primer
pairs and cloned into two different Hisg-tag containing expression
vectors (Invitrogen Life Technologies, Carlsbad, California, USA):
pTrcHisTOPO vector, which had a Hisg tag at the N-terminus
(Fig. 1a) and pTrcHis2TOPO, which had a Hise tag at the C-terminus
(Fig. 1b). The forward primer (5'-ATGTCTACCGCTGAGCTCGCTG-3/,
the first 22 nts of the protein coding sequence of the native Pen b
26) and the reverse primer (5-GCTTAGTCGAAGAGACCGAAGC-3,
the reverse complementary sequence of the last 18 nts in the 3'end
of the coding sequence, stop codon and the flanking two nucleo-
tides of the native Pen b 26) were used for the construction of pTr-
cHisTOPO-Pen b 26 (N-Hisg tagged) vector. The same forward
primer and a Hisg tag containing reverse primer (5-TTAATGAT
GATGATGATGATGGTCGAAGAGACCGAAGCCC-3', the reverse com-
plementary sequence of the last 19 nts in the 3’end of the coding
sequence followed by the coding sequence of 6 His residues and
the stop codon) were used for the construction of pTrcHis2TOPO-
Pen b 26 (C-Hisg tagged) vector. PCR was performed by initial
denaturation at 94 °C for 3 min, followed by 30 cycles of 30 s dena-
turation at 94 °C, 15 s annealing at 55 °C, and 30 s extension at
72 °C. A7 min extension at the end of the 30 cycles was also incor-

a Pen b26 with N-terminal
ATG GGG GGT TCT CAT CAT CAT
M G G S H H H

porated. Both constructs were transformed into E. coli TOP10 strain
(Invitrogen).

The selected PCR clones were verified by DNA sequencing as de-
scribed earlier [13]. In pTrcHisTOPO-Pen b 26 construct, total of 35
residues were added to the N-terminus of the native protein which
contained the HisG epitope for detection and purification of the re-
combinant and the original stop codon was retained. The N-Hisg
tag fused peptide added about 3.8 kDa to the size of the native
Pen b 26, thereby increasing its estimated size from about 11 to
14.8 kDa. In pTrcHis2TOPO-Pen b 26 construct, three external res-
idues from the vector in the N-terminus and the six histidine res-
idues in the C-terminus added about 1 kDa to the size of the native
Pen b 26, to give a protein of 12 kDa.

Expression of Pen b 26 fusion proteins in E. coli

The cultures of E. coli with the appropriate expression con-
structs were grown in LB (Luria-Bertani) medium with 50 pg/mL
ampicillin at 37 °C, 225 rpm. The expression of Pen b 26 was
induced by the addition of IPTG into the culture medium at
mid-log phase (Asgonm=0.6) to 1 mM final concentration. For
small-scale, time-course expression, the cultures of 200 mL in 1L
flasks were grown and samples of 10 mL were taken with various
time intervals. The samples were centrifuged for 5min at
10,000g, 4 °C. The pellets were stored at —84 °C until needed. Large
scale expression was performed in 4 x 500 mL LB medium with
ampicillin (50 pg/mL) in 2 L flasks for the large-scale purification

His¢-tag
CAT CAT CAT GGT ATG GCT AGC ATG
H H H G M A S M

ACT GGT GGA CAG CAA ATG GGT
T G G Q Q M G

CGG GAT CTG TAC GAC GAT GAC GAT
R D L Y D D D D

AAG GAT CCA ACC CTT ATG TCT
K D P T L M S
GCC GCC CTC ATC CTG GCC GAT
A A L I L A D
AAG ATC CAG ACC ATC CTC GGT
K I Q T I L G
CCC ATC TGG GCC ACC ATC TTC
P I w A T I F
ATC AAG GAG ATC CTG ACC AAC
I K E I L T N
GCC GGT GCC CCC GCC GCT GCT
A G A P A A A
AAG AAG GAG GAG AAG GAA GAG
K K E E K E E
ATG GGC TTC GGT CTC TTC GAC
M G F G L F D

b Pen b26 with C-terminal
ATG GCC CTT ATG TCT ACC GCT
M A L M S T A
CTC ATC CTG GCC GAT GAC GGT
L I L A D D G
CAG ACC ATC CTC GGT GCC GCcC
Q T I L G A A
TGG GCC ACC ATC TTC GCC AAG
W A T I F A K
GAG ATC CTG ACC AAC GTC GGC
E I L T N \ G
GCC CCC GCC GCT GCT GGT GCC
A P A A A G A
GAG GAG AAG GAA GAG GAG AAG
E E K E E E K
TTC GGT CTC TTC GAC CAT CAT
F G L F D H H

ACC GCT GAG CTC GCT GTC TCT TAC
T A E L A v S Y
GAC GGT ATT GAG GTC TCC GCC GAC
D G I E \% S A D
GCC GCC AAG GTC CAG GAG GTT GAG
A A K v Q E v E
GCC AAG GCC CTC GAG GGT AAG GAC
A K A L E G K D
GTC GGC TCC GCT GGT CCC GCC ACC
v G S A G P A T
GGT GCC CGC GCT CCC GCT GAG GAG
G A R A P A E E
GAG AAG GAG GAG TCC GAT GAG GAC
E K E E S D E D

TAA GC

*

His¢-tag
GAG CTC GCT GTC TCT TAC GCC GCC
E L A A\ S Y A A
ATT GAG GTC TCC GCC GAC AAG ATC
I E \4 S A D K I
AAG GTC CAG GAG GTT GAG CCC ATC
K A\ Q E A\ E P I
GCC CTC GAG GGT AAG GAC ATC AAG
A L E G K D I K
TCC GCT GGT CCC GCC ACC GCC GGT
S A G P A T A G
CGC GCT CCC GCT GAG GAG AAG AAG
R A P A E E K K
GAG GAG TCC GAT GAG GAC ATG GGC
E E S D E D M G
CAT CAT CAT CAT TAA GC
H H H H *

Fig. 1. Nucleotide and amino acid sequence of (a) N- and (b) C-Hisg tagged (bold) Pen b 26. The additional residues to the native Pen b 26 are underlined.
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of the recombinant protein. The induced culture was allowed to
grow for about 4 h and harvested by centrifugation at 3000g for
15 min at 4 °C. The pellets were stored at —84 °C until needed.
All pellets were thawed and re-suspended in appropriate amount
of 10 mM phosphate buffer, pH 7.2, and sonicated until the lysate
was clear (3-5 times in 10-15 s intervals) using a Branson Sonifier
(Branson Ultrasonics, Danbury, CT, USA). The mixtures were centri-
fuged, and their supernatants were collected. Protein concentra-
tions were determined by BCA™ protein assay (Pierce, Rockford,
IL, USA) before being analyzed by SDS-PAGE [14] and immunoblot-
ting [15].

SDS-PAGE and immunoblotting

Crude extracts containing about 30 pg protein per well in loading
buffer with B-mercaptoethanol were heated to 85 °C for 10 min.
Samples were electrophoresed in 15% polyacrylamide using a verti-
cal slab mini gel SDS-PAGE system (Bio-Rad, Mississauga, ON, Can-
ada). The gel was electro-transferred onto PVDF membrane.
Subsequently, standard immunoblotting was performed. Immuno-
blots were routinely probed with primary mouse anti-His antibodies
(anti-HisG antibody for N-Hisg tagged, anti-His (C-term) antibody
for C-Hisg tagged protein, Invitrogen), followed by secondary goat
anti-mouse HRP conjugate (Bio-Rad) for detection of the fusion pro-
tein. Immunoblots with rabbit primary antibody against Pen b 26
was followed by secondary goat anti-rabbit IgG HRP conjugate
(Bio-Rad). For specific applications, human IgG antibody against
ribosomal P antigens (P1a, P1B, P2a, P2B, and PO) (Immunovision,
Springdale, AR, USA) was used as primary antibody. Individual ato-
pic sera were used as primary antibodies for immuno-screening, fol-
lowed by secondary goat anti-human IgE (epsilon)-HRP conjugate
(KPL, Gaithersburg, Maryland, USA). In a separate but similar gel,
proteins were stained with Coomassie brilliant blue R-250 to ensure
that sufficient amount of protein was present. Penicillium allergic
atopic sera used for immuno-screening were purchased from Plas-
ma Lab International, Washington, USA.

Purification of Pen b 26 fusion proteins

Pen b 26 fusion proteins were purified using IMAC (ProBond™
purification system, Invitrogen). The fusion proteins were purified
using native purification protocols, unless otherwise stated,
according to the manufacturer’s instructions (Invitrogen). After
elution from the immobilized Ni*-affinity column, the recombi-
nant proteins were concentrated either through a 10,000 M,, cut-
off centrifugal column (Millipore Corporation, Bedford, MA, USA)
or Amicon filtration device under nitrogen-pressure. With regards
to purity, no visible difference on SDS-PAGE gels was observed be-
tween the centrifugal and nitrogen-pressure concentration de-
vices. The purified proteins were washed 5-7 times with 10 mM
phosphate buffer, pH 7.2, and stored at —84 °C until needed.

Quantitation of the expression of Pen b 26

Analyses of the relative densitometric values for Pen b 26 bands
on SDS-PAGE gels were determined after staining the gels with
Coomassie brilliant blue R-250 using AlphaEaseFC version 6.0.0
software system (Alpha Innotech (San Leandro, CA, USA). Densito-
metric values for protein bands were reported in arbitrary units
above the basal values. Values for Pen b 26 were normalized using
the total protein values.

Generation of rabbit polyclonal antibody against Pen b 26

Two NZ albino rabbits were immunized against Pen b 26 using
purified N-Hisg tagged Pen b 26 which was obtained using the

denaturing protocol for Hisg tagged proteins (Invitrogen). For pri-
mary immunization, 100 pg purified protein in 500 pL saline was
mixed with an equal volume of complete Freund’s adjuvant and in-
jected at five different dorsal sites subcutaneously. Then, the rab-
bits were given three booster injections with 3-week intervals
using incomplete Freund’s adjuvant. The rabbits were bled and
the sera were pooled and analyzed by immunodiffusion prior to
use for immunoblots.

Analysis of Pen b 26 by enzyme linked immunosorbent assay (ELISA)

The affinity of N- and C-Hisg tagged Pen b 26 antigens for
the rabbit polyclonal antibody raised against N-Hisg tagged
Pen b 26 was compared by competitive ELISA. Immulon-2 HB
96-well microtiter plates were coated overnight at 4 °C with
100 pL of either N- or C-Hisg tagged Pen b 26 (500 ng/mL in
PBS, 10 mM phosphate buffered saline, pH 7.4). The rest of
the assay was performed at room temperature. After washing
the wells with 3x with 200 pL of PBS-T (0.05% Tween-20 in
PBS), the wells were incubated with 100 pL blocking solution
(1% bovine serum albumen in PBS) for 1h. A series concentra-
tions of both antigens (0, 1, 2, 5, 10, 20, 50, 100, 200, and
500 ng/mL) were prepared in glass tubes and incubated with
the rabbit polyclonal antibody (1/10,000 in blocking solution)
for 1 h. The bound antigens, called inhibitor, caused the inhibi-
tion of the binding of the rabbit polyclonal antibody to the
coated antigen. Antigen-antibody complexes (100 uL) were
added to the wells after washing the wells 3x with PBS-T,
and incubated for 1h. The wells were incubated for 1 h with
goat anti-rabbit HRP conjugate (1/20,000 dilution in blocking
solution, Bio-Rad) after washing the wells 4x with PBS-T.
TMB substrate (KPL, USA) was added at 100 pL/well after wash-
ing the wells 6x with PBS-T. After 10-12 min incubation, the
reaction was stopped with the addition of 50 pL/well 1 M phos-
phoric acid. The absorbance was read at 450 nm. The ELISA was
repeated 3 times in triplicates to confirm the data. The ICso was
determined as the concentration of each antigen that incubated
with the rabbit polyclonal antibody and caused 50% decrease at
absorbance of the coated antigen.

Mass spectral analysis of Pen b 26 fusion proteins by MALDI-TOF

The IMAC purified Pen b 26 fusion proteins were analyzed by
MALDI-TOF mass spectrometry in order to verify its estimated size.
The samples for MALDI-TOF mass spectral analysis was prepared
as reported [16].

Circular dichroism spectroscopy

CD spectroscopy experiments were performed using a Jasco J-
810 spectrometer (JASCO). Proteins were adjusted to 1 mg/mL in
10 mM potassium phosphate buffer (pH 7.3). The data was col-
lected over 175-260 nm at 50 nm/min in a 0.02 cm round cuvette.
A total of five scans were acquired and the average was used for fi-
nal analysis. The raw CD data were in converted into mean residue
ellipticity and cropped to include only the region encompassing
178-260 nm. CD spectral data was then analyzed with the CDPro
software package and using the SP29 basis set [17,18].

Structural analysis by softwares

The structure of Pen b 26 was further analyzed by using publicly
available internet softwares. The secondary structure analyses
were carried out using PSIPRED software from University College
London, UK [19]. The hydrophobicity [20] and hydrophilicity [21]
plots were drawn using the software of Colorado State University,
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USA web site http://arbl.cvmbs.colostate.edu/molkit/hydropathy/
index.html).

Results
Expression of Pen b 26 in E. coli

The expression construct for Pen b 26 was designed to allow
large-scale production and ease of purification of the recombinant
protein without affecting its antigenic determinants. Pen b 26 was
successfully cloned and expressed with both N- and C-Hisg tag in
E. coli after induction with IPTG. The time-course of the expression
of Pen b 26 was monitored following induction with IPTG. The
purified protein was visualized after SDS-PAGE with Coomassie
brilliant blue stain (Fig. 2). The production of Pen b 26 was stabi-
lized after 3 h of induction and no significant increase in the level
of expression was observed thereafter (Fig. 3). However, the C-Hisg
tagged protein was expressed at levels 3-4 times higher than that
of the N-Hisg tagged Pen b 26. The purified preparations of recom-
binant Pen b 26 were made from the cultures of E. coli after 3-4 h
induction. Pen b 26 was purified using affinity chromatography
and the eluted fractions were analyzed by SDS-PAGE. At the end
of the purification procedure, 15 and 75 mg purified proteins were
obtained per litre culture for N- and C-Hisg tagged Pen b 26,
respectively.

Mass spectral analysis of Pen b 26

The calculated molecular sizes of purified Pen b 26 fusion pro-
teins were 14,790 Da for N-Hisg tagged protein and 12,073 Da for
C-Hisg tagged protein, which were verified by MALDI-TOF mass
spectral analysis, producing the values of 14,790 and 12,075 Da,
respectively.

T -

Em—

Fig. 2. The time-course expression of (A) N- and (B) C-Hisg tagged Pen b 26 in
Escherichia coli. Time after induction with IPTG: lane 1, 0 min; lane 2, 30 min; lane 3,
1 h; lane 4, 2 h; lane 5, 3 h; lane 6, 4 h; lane 7, 5 h; lane 8, 6 h; lane 9, 16 h; lane 10,
purified Pen b 26 (3 pg/lane). Approximately, total 30 g crude extracts per lane was
loaded.
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—a— N-terminal His¢-tag

()]
o

IDV (x10° pixel)
>

L L
0 5 10 15 20
Time after induction (h)

Fig. 3. Comparison of the expression of N- and C-Hise tagged Pen b 26. Integrated
density values (IDV) for Pen b 26 band in each lane in SDS-PAGE gels stained with
Coomassie brilliant blue. Approximately, total 30 g crude extracts per lane was
loaded. Values represent means + SD of three separate experiments.

Analysis of Pen b 26 by ELISA

The affinity of the epitopes on N- and C-Hisg tagged Pen b 26 for
the rabbit polyclonal antibody was compared by inhibition exper-
iments using competitive ELISA (Fig. 4). When the microtiter plates
were coated with C-Hisg tagged Pen b 26, ICsq values for N- and C-
Hisg tagged Pen b 26 were 6.33 + 0.15 and 2.3 + 0.15 ng/mL, respec-
tively. Thus, C-Hisg tagged Pen b 26 had 2.75 times higher affinity
for the rabbit polyclonal antibody than N-Hisg tagged Pen b 26. On
the other hand, when the microtiter plats were coated with N-Hisg
tagged Pen b 26, ICs values for both C- and N-Hisg tagged Pen b 26
were 6.03 +0.30 and 5.33 + 0.45 ng/mL, respectively. Besides, N-
Hisg tagged Pen b 26 produced about 10% higher absorbance

1_2_- —icC by N
] B C by C
g ]
o 0.8+
hre) ]
< ]
< 1
0.4+
0.0—:=
1_2_- N by C
j m= N by N
g ]
o 0.8+
B ]
< ]
< 1
0.4+
0.0-—

o -~ a4 . O O o
~ N 1

100
200
500

Inhibitor (ng/mL)

Fig. 4. Comparison of the affinity of N- and C-Hise-tagged Pen b 26 for the rabbit
polyclonal antibody by ELISA. Top panel: microtiter plate coated by C-Hisg-tagged
Pen b 26, inhibited by either N- or C-Hisg-tagged Pen b 26 (C by N or C by C) that
was incubated with the rabbit polyclonal antibody. Bottom panel: microtiter plate
coated by N-Hisg-tagged Pen b 26, inhibited by either C- or N-Hisg-tagged Pen b 26
(N by C or N by N) that was incubated with the rabbit polyclonal antibody. Values
represent means * SD of three separate experiments.
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(Ass0nm) than C-Hisg tagged Pen b 26 in the absence of the inhibi-
tor. At higher inhibitor concentrations (>10 ng/mL), always the
same inhibitor antigen as the coated antigen produced higher
absorbance than the non-coated antigen. The results were also
reproducible with the different batches of Pen b 26 preparations.

Immunoblot analyses of Pen b 26

Purified N- and C-Hisg tagged Pen b 26 proteins were analyzed
by immunoblotting with several different antibodies (Fig. 5). Both
proteins reacted equally well with the rabbit polyclonal antibodies
raised against N-Hisg tagged Pen b 26, human IgG antibody against
ribosomal P antigens and Penicillium-sensitive atopic sera based on
the intensity of the bands. Both proteins also specifically reacted
with their N- and C-Hisg tag specific antibodies.

Secondary structure analyses of Pen b 26 by CD spectroscopy

Secondary structure analyses of purified N- and C-Hisg tagged
Pen b 26 proteins by CD spectroscopy showed that both proteins
were in their folded conformation (Fig. 6). No major differences
were observed in the protein secondary structures despite the dif-
ferences in their molecular sizes (Table 1). The differences ob-
served were within the range of predictions.

Structural analysis of Pen b 26 by various softwares

Structure of Pen b 26 was further analyzed by processing the
polypeptide sequences of the native and the two versions of re-
combinant Pen b 26 proteins with various publicly available inter-
net softwares, including prediction of the secondary structure and
hydrophobicity and hydrophilicity plots (data not shown). No sig-
nificant differences were observed among the two versions of the
recombinant Pen b 26 and the original cloned Pen b 26. The possi-
ble common epitope in the C-terminal region of Pen b 26 was pre-
served in both proteins while the location of the Hisg tag epitope
varied.

Prevalence of allergies against Pen b 26

Purified C-Hisg tagged Pen b 26 was used as an antigen to screen
the individual Penicillium-sensitive atopic sera to determine the
prevalence of allergies against Pen b 26 by immunoblotting (Table
2). The results obtained from the screening of 41 individual sera
indicated that 30 of the Penicillium-sensitive individuals also had
IgE antibodies against Pen b 26 (73%). This data indicated that
Pen b 26 was a major allergen of P. brevicompactum. However,
the degree of allergenicity against Pen b 26 in the screened popu-

1 2 1 2 1 2 1 2
14,790 Da
. —L.
--
12,075 Da
A B Cc D

=, Eg “a=m_ -

12000
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[}
€ > 4000F
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Fig. 6. Comparison of the CD spectra of Pen b 26 proteins with C- and N-Hisg tags.

lation varied considerably: from weak (22%) to medium (12%) to
strong (39%) reactions as observed from the intensity of the bands
on the immunoblot.

Discussion

A number of Penicillium species have been reported to cause in-
door mold allergies [22-27]. However, very few of these allergens
have been isolated or characterized. Most mold allergens are pro-
duced in small quantities by the mold species as integral part of
the mycelia or spores. Classical method of purification of the native
allergens is a tedious process as impurities are often encountered.
Besides, the yield of the allergen is often not satisfactory for char-
acterization studies. Therefore, it is essential to produce these
allergens in large-scale and highest possible purity for further
studies using recombinant DNA technology.

In this study, the allergen Pen b 26 was cloned and expressed
successfully. The time-course expression of the cloned allergen
was used to optimize the harvest time and thereby the production
of Pen b 26 in abundant quantities. The expression of Pen b 26 with
C-Hisg tag produced 3-5 times higher yield than its N-Hisg tag ver-
sion although the proteins with the N-terminal leader sequence
(35 residue including Hisg tag) is claimed to express better in
E. coli by the manufacturer (Invitrogen). Perhaps, the production
and folding of the smaller C-Hisg tagged protein was less burden
for the cell than its larger N-Hisg tagged version. In the C-Hisg
tagged Pen b 26, there were also three additional residues in the
N-terminus in addition to the C-Hisg tag, which were essential
for the expression of Pen b 26 in E. coli. When these three residues
were deleted, no expression was observed (unpublished data).

= 11,066 Da

E F G H

Fig. 5. Immunoblot analyses of purified Pen b 26 with various antibodies (B-G) and Coomassie brilliant blue stain (A), (B) human antibody against ribosomal P antigen, (C)
rabbit polyclonal antibody against N-Hisg tagged Pen b 26, (D and E) Penicillium-sensitive atopic sera, (F) anti-hisG antibody specific for N-Hisg tag, (G) anti-his (C-term)
antibody specific for C-Hisg tag. Lane 1, purified N-Hisg tagged Pen b 26; lane 2, purified C-Hisg tagged Pen b 26. Approximately, 3 pg of protein per lane was loaded. (H)
Partially purified native extracts of P. brevicompactum after staining with Coomassie brilliant blue (a) and its immunoblot with Penicillium-sensitive atopic serum (b).
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Table 1
Comparison of the calculated secondary structures of Pen b 26 proteins with C- and N-Hisg tags.
Method Pen b 26 OR op Br Bp T 0]
CONTINLL With C-Hisg tag 0.134 0.127 0.150 0.089 0.206 0.294
With N-Hisg tag 0.126 0.120 0.154 0.092 0.207 0.302
CDSSTR With C-Hisg tag 0.102 0.088 0.185 0.100 0.208 0.303
With N- Hisg tag 0.087 0.094 0.169 0.093 0.232 0.314

The secondary structure fractions are regular alpha-helix (o), distorted alpha-helix (op), regular beta-sheet (Bg), distorted beta-sheet (Bp), turns (T), and unordered (U).

Table 2
Prevalence of allergies against Pen b 26 among Penicillium-sensitive individuals.

Total no. of sera: 41  Positives: 30 (73%) Negatives: 11

Degree of reaction Strong (+++) Medium (++) Weak (+) None (—)
Detailed analysis 16 (39%) 5(12%) 9 (22%) 11 (27%)

The mass spectral analyses of both versions Pen b 26 by MALDI-
TOF confirmed that the calculated sizes of both Pen b 26 proteins
were correct and no modification had occurred as the method is
accurate within +1-2 Da.

The lower ICsq value for C-Hisg tagged Pen b 26 indicated that it
had 2.75 times higher affinity for the rabbit polyclonal antibody
than the N-Hisg tagged antigen when the microtiter plates were
coated with the C-Hisg tagged antigen. On the other hand, similar
ICsq values for both antigens on microtiter plates coated with the
N-Hisg tagged antigen, and slightly higher absorbance (10%) for
the N-Hisg tagged antigen without the inhibitor was probably
due to better binding of N-Hisg tagged Pen b 26 to the microtiter
plates than that of C-Hisg tagged Pen b 26. Furthermore, at higher
inhibitor concentrations (>10 ng/mL), it was not possible to com-
pare the affinity of both antigens for the rabbit polyclonal antibody
because of the saturation of the epitopes, thus, similar results were
obtained from both antigen-coated plates. As a result, C-Hisg
tagged Pen b 26 may be a better choice for the large-scale expres-
sion and future studies than the N-Hisg tagged protein.

In Saccharomyces cerevisiae, it was shown that 60 S acidic ribo-
somal proteins form a pentamer of two isomeric copies of P1 (o/B)
and P2 (o/B) joined with a copy of PO [28]. All five subunits in the
pentamer share one common epitope in their C-terminus. This epi-
tope is also present in Pen b 26 and probably plays a significant
role in the development of antibodies against Pen b 26. Immuno-
blot analysis of both versions Pen b 26 with different antibodies
indicates that the common epitope is equally preserved in both
proteins and reacted with the specific antibodies (Fig. 5). Earlier,
it was shown that Pen b 26 had strong amino acid homology
(>50%) to a number of 60 S acidic ribosomal P1 proteins from dif-
ferent fungal species using BLAST search [13]. In this study, our
experimental evidence confirmed the interaction between the
ribosomal P protein specific antibody and Pen b 26 (Fig. 5).

CD spectroscopy as well as theoretical computational analyses
of the secondary structure and hydrophobicity and hydrophilicity
of these two versions of the recombinant Pen b 26 did not show
any major differences between them. However, it could be possible
that the common epitope region may have been slightly secluded
in the tertiary structure of the N-Hisg tagged protein due to the
presence of the large number of additional residues in its N-termi-
nus and thereby causing variation of affinity for the same poly-
clonal antibody.

Pen b 26 appears to be a major allergen of P. brevicompactum
because of its high degree of prevalence (73%) among Penicil-
lium-sensitive individuals. Screening of the Penicillium allergy
population using recombinant Pen b 26 is of significant value.
This recombinant protein could be used to screen large number
of individuals not only allergic to Penicillium but also allergic to

60 S acidic ribosomal P proteins. The significance of the latter is
that about half of the number of individuals carrying antibodies
against 60 S acidic ribosomal P proteins have autoantibodies
[29-30] and therefore prone to autoimmune diseases such as
systemic lupus erythematosus [31], protozoan infections like
leishmaniosis [32], trypanosomiasis (Chagas’ heart disease) [33],
toxoplasmosis [34]. It was shown that specific antibodies in
the sera of systemic lupus erythematosus patients react with
60 S acidic ribosomal P proteins by forming an immunocomplex.
Therefore, cloned and purified 60 S acidic ribosomal P proteins,
like Pen b 26 with C-Hisg tag offers a valuable tool to screen
and confirm the presence of autoantibodies as well as allergies
to Penicillium in large number of individuals.
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