e - - L

Int. Archs Allergy af)pl. Immun. 80: 26-32(1986)

1986 S. Karger AG, Busel
0020-5915/86/0801-0026 $ 2.75/0

Comparative Studies on Tree Pollen Allergens

XII1. Partial Characterization of the Alder (4lnus incana) Pollen Extract by Two-Dimensional IEF/SDS-PAG
Electrophoresis Combined with Electrophoretic Transfer and Immunoautoradiography
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Abstract. Horizontal isoelectric focusing (IEF) and two-dimensional sodium dodecyl sulfate polyacryl-
amide gel electrophoresis (2-D SDS-PAGE) combined with electrophoretic transfer (ET) and immunoautora-
diography (IAR) were used to characterize the crude alder (Alnus incana) pollen extract (Al crude) and fraction
Al 34. IEF resolved Al crude and Al 34 into 34 and 39 distinct protein bands, respectively, when stained with
Coomassie brilliant blue. The band patterns were similar and the majority of bands were located in the pH re-
gion 4.0-7.0. After ET and AR, the distribution of antigenic reactivities was similar to that of the protein stain.
Allergenic reactivity was detected in the pH region 4.6-5.2 only, where two bands at pH 4.9 demonstrated dom-
inating IgE-binding properties. The 2-D reference maps of Al crude and Al 34 consisted of 40 and 45 protein
spots, respectively. The autoradiogram of Al crude demonstrated 35 spots capable of binding rabbit IgG. The
main IgE-binding zone was located at pH 4.6-5.2 and 20 kilodaltons with an area of weaker autoradiographic
signals at pH 4.6-5.2 and 40 kilodaltons. ET from polyacrylamide gels to nitrocellulose (NC) membranes was
quantitative and IAR gave significant radiostaining of spots containing 0.01 and 0.1 ug of Al crude in the 1gG
and IgE systems, respectively. For the characterization of the alder pollen extract, horizontal 2-D SDS-PAGE
combined with ET and IAR provided a powerful supplement to conventional crossed immuno- and radioim-

munoelectrophoretic techniques (CIE/CRIE).

Introduction

Crossed immunoelectrophoresis (CIE) and crossed
radioimmunoelectrophoresis (CRI1E) have been es-
tablished as useful tools in the identification, standar-
dization and purification of heterogeneous allergen
extracts [24-27]. However, these methods are ham-
pered with a number of limitations, particularly attri-
buted to the animal immune response: failure of rele-
vant antigenic determinants to induce antibody syn-
thesis will leave antigens and allergens unrecognized.
In addition, the presence of blocking antibodies may
eventually interfere with the binding of IgE. The in-
tra- and interindividual variability of the rabbit im-
mune response makes the precise comparison of re-
sults between laboratories difficult even when using
serum pools. This problem is potentiated by the arbit-
rary numeration of antigenic precipitates in CIE
bearing no reference to the immunochemical propert-
ies of the antigens in question. Furthermore, the ef-

fects of coprecipitation - the arrest of allergenic pro-
teins within the precipitate network of nonallergenic
antigens during second directional electrophoresis -
has been accepted as a major pitfall of the CRIE
methodology [1, 14, 27]. Finally, the resolving efficacy
of 1% agarose in the first directional separation is
low, the electrophoretic mobility is mainly charge-de-
pendent and eventually bidirectional.

In a previous publication [5], the aqueous aider
(Alnus incana; Al) pollen extract was immunologi-
cally characterized by CIE, CRIE, fused rocket im-
munoelectrophoresis (FRIE), FRIE with autoradio-
graphy (FRIEWA), radioallergosorbent test (RAST),
RAST inhibition and skin prick test (SPT). The CIE
reference patterns of the crude extract (Al crude) and
fraction Al 34 were composed of 27 and 24 precipi-
tates, respectively. Antigenic precipitate No.7 (Ag7)
was demonstrated to be the major IgE-binding anti-
gen, while Ag 1 and Ag 11 were characterized as inter-
mediate allergens of alder pollen.
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To supplement the conventional immunoelectro-
phoretic techniques, recent advances in electrophor-
etic protein separation using polyacrylamide gels
(PAG) were applied to the characterization of alder
pollen allergens: horizontal isoelectric focusing (IEF)
has been widely used due to the high efficiency in
separating proteins of small charge differences [22].
The molecular weight dependent migration of sodium
dodecyl sulfate (SDS)-conjugated polypeptides [19,
23]in PAG has been used for one dimensional separa-
tion [11] and in the combination with IEF developed
into highly powerful two-dimensional (2-D) electro-
phoretic techniques [16]. By successive electrophoretic
transfer (ET) to nitrocellulose (NC) membranes, the
immunological reactivities of the separated proteins
could be investigated by immunoautoradiography
(IAR) [2, 21]. The analysis of allergen extracts from
cereal grains, Dermatophagoides pteronyssinus and
Parietaria judaica pollen by PAG electrophoresis
(PAGE), ET and IAR has been reported [3, 10, 18,
20].

The aim of the present study was (1) to establish
highly resolved reference fingerprints of Al crude and
fraction Al 34 by horizontal thin-layer IEF and 2-D
IEF/SDS-PAGE, and further (2) to identify the 1gG-
and particularly the IgE-binding proteins by ET to
NC and '*I-IAR.

Material and Methods

Extruction and Gel Filtration Chromatography
Preparation of Al crude and isolation of fraction Al 34 was car-
ried out as outlined elsewhere [5].

Rabhbit Antisera and Human Reaginic Sera

The rabbit serum pool described in a previous communication
was used as primary antibody source [5]. Reaginic serum from one
individual with an evident clinical history of tree pollen allergy
(rhino-conjunctivitis), highly positive SPT (mean diameter: 2.0
relative to histamine | mg/ml) to alder and birch (Berula verru-
cosa), RAST class 3 to alder and birch, and class 0 to hen’s egg
white was used. In CRIE, this particular serum significantly radio-
stained precipitates Ag 7 and Ag 11 of Al crude according to 9 and
3intensity points, respectively [5].

Electrophoresis Equipment and Chemicals

Both first and second directional electrophoresis were run using
the horizontal LKB2117 Multiphor system (LKB, Bromma,
Sweden). Acrylamide (for electrophoresis), N,N'-methylenebisac-
rylamide (bis), N,N,N’,N’-tetramethylethylenediamine (TEMED)
and Coomassie brilliant blue (CBB) R 250 were purchased from
Eastman Kodak Co. (Rochester, N.Y., USA). SDS, 2-mercaptoeth-
anol and ammonium persulphate were purchased from Sigma

Chemical Company (St. Louis, Mo., USA). The carrier ampholytes
(Ampholines) were manufactured by LKB Produkter AB (Brom-
ma, Sweden).

Isoelectric Focusing

Horizontal 1EF was run in 1.5-mm thick polyacrylamide gels
(T: 5% and C: 3%). The pH gradient 3.5-9.5 was obtained by mixing
appropriate amounts of ampholytes according to the manufac-
turer’s instructions [28]. Isoelectric point markers of the pl calibra-
tion kit range 4.7-10.6 (BDH Chemicals Ltd., Poole, UK) were run
to control gradient formation. For protein fixation and removal of
the carrier ampholytes, the gel was soaked for 2 h in three changes
of fixing solution. After staining and destaining, the gel was tem-
porarily stored in destaining solution. IEF gels subjected to ET and
TAR either directly or after 2-D electrophoresis were kept unstained
in destaining solution after the fixing procedure.

SDS-Polyacrvlamide Gel Electrophoresis

Horizontal 2-D electrophoresis was run in homogeneous 10%
(T = 10.2%, C = 2.6%) or linear 7.5-15% gradient polyacrylamide
gels (1.5 mm thick) [4]. The gels were polymerized in a casting set
prepared to mould two longitudinal troughs (105x 10x 0.75 mm)
for the 1EF gel lanes. Before application, the IEF gels were equili-
brated for 15-20 min in 10 m M phosphate buffer (pH 7.1) contain-
ing 1.0% SDS and 0.5% 2-mercaptoethanol. The globular marker
proteins lysozyme (14.3 kilodaltons), p-lactoglobuline (18.4 kilo-
daltons) trypsinogen (24.0 kilodaltons), pepsine (34.7 kilodaltons),
OA (45.0 kilodaitons) and BSA (66.0 kilodaltons) were used as
standard molecular weight markers. 2-D electrophoresis was run
for 5 hat 215 mA constant current with the cooling reservoir kept at
+10°C. Electrode buffer was 100 mM phosphate buffer (pH 7.1)
containing 0.1% SDS.

After fixing for at least | h, CBB staining was performed over
night at room temperature. Destaining was done until a slight resid-
ual background staining of the gel matrix was still visible. Silver
staining was performed at 50°C using the Bio-Rad silver stain kit
(Bio-Rad, Richmond, N.Y., USA) according to the manufacturer’s
instructions. ET was performed immediately after termination of
the 2-D run, omitting the fixing and staining procedures.

Electrophoretic Transfer

ET of proteins from the IEF- and 2-D gels was carried out
largely in accordance with Towbin et al. [21] and Burnette[2] using a
Bio-Rad transblot cell fitted with cooling coil, magnetic stirrbar
and thermometer. Voltages up to 100 V (max. 1.5 A) were delivered
by a variable DC rectifier (Trans Electric, Bergen, Norway).

Sheets of pure NC with 0.1 um pore size (Schleicher & Schuell,
Dassel, FRG) were used as immobilizing membranes. Prior to
transfer, the gels were equilibrated for 5 min in reservoir buffer and
placed on presoaked NC sheets. With a double layer of wetted
Whatman No. 3 filter papers on both sides, the assembly was fixed
between Scotch Brite paddings and the Transblot cell grid. The
transfer from 1EF gels was accomplished in 1% acetic acid, the NC
membranes were oriented cathodically to the gel and voltage was
increased stepwise to 80 V (10 V/cm). ET from 2-D gels was carried
out in 25 mM Tris-HCl and 192 mM glycine in 20% methanol (pH
8.3). The NC sheets were placed on the anodic side of the gels and
voltage was increased stepwise to 50 V (6.25 V/cm). The reservoir
buffer was kept at +10°C during transfer which was continued for
16-18 h.
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To check transfer efficacy, the gels were stained for residual
proteins as described. NC membranes were stained either with CBB
R 250 according to the rapid procedure {2] or with the Ponceau
stain for 15 min and successive destaining in 0.5% CH;COOH for
5x 10 min 15}

Immunoautoradiography

Incubation Procedures. A modification of the procedure de-
scribed by Burnette[2] was used to detect the 1gG-binding capacity
of the transblotted proteins. Unless otherwise stated, the following
steps were carried out in 100-ml volumes at room temperature with
occasional shaking: after ET, the NC membranes were washed in
fresh transfer buffer for 10 min and in 70 m M phosphate-NaCl buf-
fer (pH 7.20; PBS) for 30 min. Blocking of the residual free binding
capacity for proteins was done with 10% BSA in PBS for 5h at
+37°C. Incubation with rabbit antiserum serum | +5 diluted in
PBS to 15ml was carried out over night. The immunoblots were
then washed 5 x 10 min in PBS. As secondary antibodies were used
*I-labelled donkey anti-rabbit IgG (Amersham International,
Buckinghamshire, UK). The initial isotope activity in 15 ml PBS
was 3 X 10* cpm/ml and the incubation period was 16-18 h.

The IgE detection procedure was identical to that above except
for using the undiluted human reaginic serum as primary antibody
source and '**l-anti IgE (Phadebas PRIST, Pharmacia Diagnostics,
Uppsala, Sweden) in a concentration of 7 x 10* cpm/ml for the sec-
ond incubation.

After a final washing, the immunoblots were air-dried, mounted
on filter paper supports and sealed in Glad wrap prior to auto-
radiography.

Autoradiography. The prepared immunoblots were placed on
Kodak AR5 (ARS5) or Du Pont Cronex 4 safety films (CR4) which
in turn were layered on the special super high-speed (SP) CaWO,
front foil mounted in a medical x-ray {ilm cassette (Siemens, FRG).
The cassette was placed in an ultra-deep freezer (Forma Scientific,
Marietta, Fla., USA) for exposure at ~80°C [12]. Exposure intervals
varied from 24 to 96 h after which the films were developed in a Ko-
dak X-Omgat RP automated processor for 90 s at 33°C [6].

Dot Immunobinding Assay

To optimize the immunodetection procedures and investigate
the effect of SDS on immunoglobuline binding, a dot immuno-
binding assay was used [9). Freeze-dried Al crude was reconstituted
to [0 mg/ml in PBS, PBS containing 0.1% SDS and PBS contain-
ing 1% SDS and 0.5% 2-mercaptoethanol, respectively. From these
stem solutions 4 10-fold dilutions were made and | ul of each was
applied directly onto NC membranes and air-dried. As control,
crude hen’s egg white extract diluted in PBS to the same concentra-
tions was used. IAR was carried out as for the transblots.

Results

The majority of proteins separated by IEF were
focused within the pH range 4.0-7.0, while only a few
bands were located in the more acidic and alkaline re-
gions of the gel (fig. 1). A total of 34 individual bands
could be detected in AI crude by CBB stain while
fraction AI 34 was resolved into 39 bands. In general,
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Fig. 1. Horizontal IEF run in 5% polyacrylamide with pl range
3.5-9.5. The focused IEF marker proteins are shown in lane 1 with
the approximate pl intervals indicated to the left. Lanes 2 and 3
demonstrates reference patterns of Al 34 and Al crude resolved
into 39 and 34 bands, respectively. Lane 4 shows the autoradiogram
of Al crude after ET and incubation with rabbit serum and '*I-la-
beled goat anti-rabbit 1gG. The corresponding autoradiogram in-
cubated with the reaginic human serum and '**l-anti-1gE is seen in
lane 5. Autoradiography was performed using the CR4 film and SP
screen with exposure for 24 h at -80°C.

the band patterns of Al crude and Al 34 were similar,
but in the pH region 3.5-4.6 Al crude showed 3 addi-
tional intensively stained bands. Between pH 7.0 and
9.5, 5 bands with weak affinity to the protein stain
which were not seen in Al crude could be demon-
strated in fraction Al 34. 2-D separation of Al crude
and Al 34 gave similar reference spot patterns con-
taining approximately 40 and 45 spots, respectively
(fig. 2, 3). A cluster of major and minor protein spots
were located in the region of pH 4.6-5.2 and 20 kilo-
daltons; other dominating protein-containing areas
were pH 6.4-7.0 at 20 and 45 kilodaltons. On both ref-
erence maps, only 4 protein spots were visible in the
pH 7.0-9.5 region.

IAR performed on the Al crude proteins separated
by IEF and electrophoretically transferred to NC
showed IgG binding mainly in pH region 4.5-7.0.
However, additional three IgG-binding bands were
located at the cathodic end of the gel. One band lo-
cated at pH 8.3 was not visualized by CBB stain
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Fig. 2. a 2-D SDS-PAGE reference pattern of Al crude run in a
homogeneuvus 10% PAG and stained with CBB. For illustration, the
respective [EF gel is mounted in the IEF gel trough. b Schematic
drawing of the 2-D protein pattern with the approximate pI and
molecular weight (MW) references indicated. For the second direc-
tional efcctrophoresis the cathode was at top and the anode at bot-
tom of figure,

(fig. 1). The 2-D IAR of Al crude identified 35 protein
spots with retained antigenic reactivity (fig. 4a).

In the IgE system, IAR demonstrated allergenic
reactivity in the pH region 4.6-5.2 only where two
IEF bands approximately 0.2 pH units apart at pH 4.9
gave the highest autoradiographic signals (fig. 1). 2-D
IAR showed that the '25I-anti IgE uptake of this pH
region was resolved into two molecular weight areas:
the zone of strongest uptake at 20 kilodaltons and a

narrower area of weaker signals at 40 kilodaltons
(fig. 4b).

Fig.3. a Two-dimensional reference of fraction Al 34 per-
formed under conditions as given for figure 2a. However, equili-
bration of the IEF gel in sample buffer was done for 20 min which
slightly increased the electrophoretic mobility as compared with
figure 2 where equilibration was done for 15min. b Schematic
representation of the 2-D fingerprint of Al 34 with the pI and mo-
lecular weight (MW) references indicated.

The detection limits of the immunoauto-
radiographictechniques applied were estimated by the
dot immunobinding assay using the ARS film
and the SP intensifying screen. One microliter spots
containing 0.0l and 0.1 ug of Al crude gave vis-
ible radiostaining after an exposure period of
96 h in the IgG and IgE systems, respectively. Re-
constitution of the extract in 0.1% SDS and
1.0% SDS with 0.5% 2-mercaptoethanol did not
affect the detection levels of the two systems (results
not shown).
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Fig.4. IAR of Al crude separated by 2-D IEF/SDS-PAGE.
Autoradiography was performed using AR film, SP screen and ex-
posure at -80°C. Orientation of the autoradiograms are in keeping
with figure 2. a An autoradiogram after incubation with rabbit an-
tiserum and '®I-anti-IgG. Throughout the exposure sequence from
3 to 162 h, 35 distinct 1gG-binding spots could be identified. The
autoradiogram shown was exposed for 24 h. b IgE autoradiogram
exposed for 72 h showing the zone of highest IgE reactivity located
on the reference map at pH 4.6-5.2 and 20 kilodaltons with an area
of weaker radiostaining at pH 4.6-5.2 and 40 kilodaltons. This par-
ticular autoradiogram of Al crude was obtained from a 5.0-12.5%
gradient gel, consequently the relative location in the second di-
mension is not directly comparable with figure 2.

Discussion

The horizontal electrophoresis system gave reprod-
ucable high-resolution one- and two-dimensional
protein reference patterns of the heterogeneous al-
lergen mixtures. The higher number of detected pro-
tein bands and spots in fraction Al 34 was attributed

to the higher protein concentration relative to Al
crude. ET from IEF and 2-D gels at the stated experi-
mental conditions was quantitative as assessed by
staining of gels after transfer as well as staining and
IAR of additional NC sheets adjacent to the NC
membrane in direct contact with the gel. Cooling and
circulation of the reservoir buffer was necessary to
obtain the demanded voltages without overheating
and to assure an even temperature throughout the
buffer system.

Silverstaining of the 1.5-mm thick 2-D gels, al-
though more demanding, showed a higher sensitivity
than CBB for most spots, however, as some proteins
stained by CBB did not take silver stain, the total spot
number was not increased. In addition, staining arti-
facts and background shadows were difficult to
avoid. Staining of the NC blots with the rapid CBB
procedure did lead to partial desintegration and con-
siderable shrinkage of the membranes. The Ponceau
sta'n proved less sensitive but did not distort and alter
the size of the membranes. More sensitive staining
methods for NC-bound proteins by colloidal metal
procedures have recently been reported [17]. Posi-
tively charged nylon membranes did, in spite of more
intensive blocking procedures, give higher back-
ground signals in autoradiography than NC and, fur-
ther, appropriate staining techniques for proteins
bound to nylon membranes did not exist.

As demonstrated by the modified immunodetec-
tion procedures, the electrophoretically separated and
transferred alder pollen proteins showed retained an-
tigenic and allergenic reactivities. Control blots incu-
bated with PBS and a patient serum of high IgE titers
with negative RAST to tree pollen and, further, the
electrophoresed and transferred IEF and molecular
weight marker proteins did not show unspecific bind-
ing of IgE or '2I-anti-IgE. The '%I-anti-IgG signals
in both IEF and 2-D immunoblots were high and the
rabbit antiserum could be used for repeated probes
without apparent loss in activity. IAR in the IgE sys-
tem gave weaker autoradiographic signals, and there
was a significant loss in activity with reuse of the re-
aginic serum. This could partly be attributed to the
differences in serum concentrations of IgE and IgG.
However, a series of denaturating conditions were en-
countered during the separation procedures including
fixing, destaining, carrier ampholytes, reducing

agents and SDS which alone, or in combination,
could induce structural changes that would affect IgE
binding more severely than the binding of IgG. Even
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the binding of allergenic proteins to NC, the mecha-
nisms of which are not precisely known [7, 13], might
decrease their affinity to IgE. In contrast to the effects
of SDS on wheat flour allergens reported [20], it was
shown that 1% SDS and 0.5% 2-mercaptoethanol did
not inhibit immunoglobulin binding of the alder
pollen proteins when investigated by the dot immuno-
binding assay.

Autoradiographic resolution of closely focused
1EF bands was not optimal and did not allow a pre-
cise quantitation of the individual IgG-binding
bands. Obviously, the same problem was encountered
in the 2-D areas of more tightly clustered antigenic
spots (fig. 4a). The reduced autoradiographic resolu-
tion could be explained by the increase in film image
size, a phenomenon which depends both on degree of
exposure and the properties of the autoradiographic
system used [6].

The 2-D reference map demonstrated that single
1EF bands could contain multiple molecular weight
representatives, and thus the separation power of IEF
was enhanced by second directional SDS-PAGE. The
allergenic reactive proteins of alder pollen were sepa-
rated by 1EF into the pH range of 4.6-5.2 where a to-
tal of 12 individual bands were visualized by CBB
stain. 2-D resolution of this region showed a dominat-
ing protein zone at 20 kilodaltons representing a ma-
jor alder pollen protein. This zone also demonstrated
high IgG binding and was the area of strongest IgE
signals. In addition, a smaller area of less allergenic
reactivity was seen at 40 kilodaltons. Consequently,
the 2-D autoradiogram showed that multiple spots in
the pI 4.6-5.2 region did not bind IgE.

Further experimental studies comparing the 1EF
and 2-D reference maps with other tree pollen species
are currently proceeding in our laboratory. High-res-
olution electrophoresis of the allergenic pollen pro-
teins will be investigated for the preparative purpose
of isolating a homogeneous major IgE-binding anti-
gen by affinity chromatography. Additional studies
on the immunological identity reactions are needed to
relate the allergenic proteins separated in this system
to the alder pollen allergens identified in CRIE [5].

Although the complete methodological sequence
was more demanding, horizontal electrophoretic sep-
aration combined with ET and IAR demonstrated ad-
Vantageous properties over conventional CRIE in
terms of superior resolving power and separation of
proteins according to physicochemical properties in-
dependent of animal antibodies. Performing the

electrophoretic steps in ultra-thin gels would add to
the competitiveness of the method by reducing time
and costs considerably [8]. In our opinion, 2-D SDS-
PAGE with ET and IAR at present provides a power-
ful supplement to, rather than a complete substitute
for, CRIE.
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