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Abstract. An allergenic fraction, designated as C-I-2-6, was isolated from among the
allergenic constituents present in the dialysate of the aqueous extract of defatted Kentucky
blue grass (KBG) pollen by a combination of gel filtration, ion-exchange chromatography
and preparative isoelectrofocussing. This fraction was shown to consist of glycoprotein with
a molecular size corresponding to 10,000 daltons and of two components with closely re-
lated pI values (4.5-4.9); its protein moiety contained all the amino acids except cysteine.
As demonstrated by crossed immunoelectrophoresis with a sheep anti-R serum, fraction
C-1-2-6 shared the antigenic determinants of 2 of the 15 antigenic components of the non-
fiialysable components, i.e. retentate (R) of the aqueous extract of KBG pollen. Remarkably,
in spite of the markedly lower molecular weight than R, fraction C-I-2-6 possessed all the
allergenic determinants of R responsible for inducing murine IgE antibodies.

Introduction

Conventional hyposensitization  treat-
ment of allergic patients suffering from hay-
fever to a given pollen consists of a series of
injections of the whole aqueous extract of
the pollen. In view of the complex composi-
tion of these preparations, it may be visual-
ized — as actually demonstrated in an earlier
study [37] — that this treatment may result
in the sensitization of the patients to some
component(s) of the extract to which they
may not have been sensitive before treat-
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ment. Therefore, it would seem desirable to
treat patients with a purified and well-char-
acterized fraction(s) of the extract that is
(are) devoid of components to which the pa-
tients are not sensitive. Moreover, such pur-
ified allergens would serve as reference
preparations for the standardization of al-
lergenic products obtainable from different
manufacturers for use in hyposensitization
treatment. In the context of this paper, the
terms ‘allergen’ and ‘antigen’ will be used to
designate the moieties in an allergenic prep-
aration which combine with IgE and IgG
antibodies, respectively.

There is overwhelming evidence that im-
mediate hypersensitivity reactions are trig-
gered by the cross-linking of IgE antibodies,

fixed to mast cells or basophils, by the ap-

: propriate polyvalent allergens [5, 11, 20]. A

| rational therapcutic approach would, there-

Isolation of a Purified Allergen from Kentucky Blue Grass Pollen! |

fore, involve inhibiting the cross-linking of
cell-fixed IgE antibodies by muitivalent al-
lergens by the administration of haptens of
the appropriate allergenic molecules or of
fragments of these molecules containing
only single determinants. These univalent
compounds would then be expected to bind
to the Fab regions of the IgE antibodies and
thus inhibit the combination of IgE antibod-
ies with the offending multivalent aller-
gen(s). The feasibility of this approach gains
support from the successful regimen devel-
oped by de Weck [10] for the treatment of
penicillin allergy by the injection of large
doses of the univalent penicillin derivative,
benzylpenicilloyl-formyl lysine, prior to ad-
ministration of penicillin to sensitive pa-
tients.

In another approach, Malley et al. [29]
showed that suppression of formation of hu-
man IgE antibodies to timothy grass pollen
allergens, which was accompanied by clini-
cal improvement, was achieved by treat-
ment of the patients over a period of only 2
years with a low-molecular-weight hapten-
like fraction of the pollen extract. More re-
cently, abrogation of the ongoing reaginic
responses to haptens, such as the benzylpen-
icilloyl and 2,4-dinitrophenyl groups in ex-
perimental animals (mice, rats and dogs),
was also achieved by the injection of conju-
gates of the appropriate hapten with nonim-
munogenic carriers, such as isologous
y-globulins [24], polyvinyl alcohol [26] or
the synthetic copolymer of D-glutamic acid
and D-lysine [21, 41]. Clearly, this thera-
peutic modality could be extended to a wide
spectrum of allergies on condition that the
determinants of the appropriate allergens
were available in the form of compounds

which could be incorporated into tolerogen-
ic conjugates. In essence, this approach
would involve the establishment of the
chemical structure of the relevant allergenic
determinants and the subsequent synthesis
of the appropriate compounds, as has been
achieved, for example, for the determinants
of sperm whale myoglobin [2, 9]. In this
connection, it is to be noted that low-mole-
cular-weight hapten-like constituents were
shown to be present in the dialysates of the
aqueous extracts of ragweed pollen [1] and
Kentucky blue grass (KBG) pollen [8].

In relation to the regulation of antibody
formation, it is now generally accepted that
(i) collaboration [27] between T helper
(Ty) and B cells is a prerequisite for the in-
duction of the IgG and IgE antibody res-
ponses to most protein antigens (i.e. to
T-dependent antigens) in mice [22, 31] and
rats [39]; (ii) B lymphocytes differentiate to
become antibody-producing cells; (iii) the
population of T cells contains not only Ty
cells, but also T suppressor (Tg) cells [33,
40] and amplifier cells which may enhance
the effects of Ty and Ty cells [34, 35], and
(iv) the homeostatic balance among these
different subpopulations of T cells is re-
sponsible for controlling the magnitude and
duration of antibody responses [23, 30,
33-35]. Obviously, from a therapeutic
standpoint, it would be desirable to estab-
lish the nature of the determinant(s) of an
allergenic molecule, which is(are) capable of
stimulating Ty cells and which in turn
would lead to the suppression of IgE anti-
bodies to the allergen in question. In sup-
port of this concept, Sercarz et al. [38] have
recently demonstrated the presence of a sin-
gle suppressive determinant on the lysozyme
molecule which promoted the generation of
Ty cells capable of abrogating the forma-
tion of antibodies directed against the anti-
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genic determinants of the lysozyme mole-
cule as a whole.

On the basis of these considerations, it is
obvious that for the design of a rational ba-
sis for immunotherapy, it is essential to es-
tablish the chemical nature of the diverse
determinants of an allergenic molecule.
Many pollen allergens have been shown to
be glycoproteins with molecular weights in
the range of 10,000-14,000 daltons. Owing
to the chemical diversity and heterogeneity
of substances responsible for common aller-
gies, so far the clucidation of the chemical
structure has been achieved only for the
codfish allergen M [15, 16] and the low-mo-
lecular-weight constituents of the ragweed
allergen Ra5 [32], which have molecular
weights of the order of 12,300 and 5,000
daltons, respectively.

In view of the high preoponderance of
respiratory allergies and hayfever to KBG,
an attempt was made in this study to isolate
the low-molecular-weight allergens of this
pollen, since it is obvious that allergens of
low molecular weight are more readily ame-
nable to chemical studies. In an earlier study
[12], it was shown that the allergenic ac-
tivity of the dialyzable components of the
aqueous extract of KBG pollen was asso-
ciated with a fraction designated as D-I. As
described in the present article, a purified
allergenic fraction was isolated from D-I by
a combination of gel filtration, jon-exchange
chromatography and preparative isoelectro-
focussing. Remarkably, this allergenic frac-
tion, designated as C-I-2-6, was found to
share all the allergenic determinants of the
components present in the higher-molecu-
lar-weight, nondialysable and multicompo-
nent fraction of the aqueous extract of KBG
pollen, as demonstrated with the aid of IgE
antibodies produced in mice by immuniza-
tion with the latter fraction.

Materials and Methods

Preparation of Dialysable and Nondialysable

Fractions of Pollen

An aqueous extract of KBG pollen (Hollister-
Stier Laboratory, Mississauga, Ontario, Canada)
was prepared according to the procedure previous-
ly established in this laboratory [14]. The aqueous
extract was dialyzed through Visking tubing,
No.20 dialysis (Union Carbide Canada Ltd,
Lindsay, Ontario, Canada), against distilled water
for 24 h at 4 °C; the dialysable components are re-
ferred to as the dialysate (D). To ensure a more
thorough removal of dialysable components from
th.. nondialysable fraction, dialysis was continued
for an additional 24 h; the nondialysable compo-
nents are referred to as the retentate (R).

Chromatography

Since a previous study [12] had revealed that,
on filtration of D through a column of Sephadex
G-25 (Pharmacia, Uppsala, Sweden), the skin-ac-
tive components were confined essentially to the
first fraction, referred to as D-I, this fraction was
used as the starting material for the isolation of
the individual dialysable allergens. Thus, fraction
D-I was subjected to cation-exchange chromatog-
raphy on CM Sephadex C-25 (particle size 40—
120 um, column size 1.6 X 40cm) which had
been previously equilibrated with a sodium phos-
phate buffer, 0.01 M, pH 6.8. After passage of the
components which had not been retained in the
gel, the ionic concentration of the eluting buffer
was increased linearly up to a molarity of 0.15; a
final attempt to elute the material from the col-
umn was made with the initial phosphate buffer
(i.e. 0.01 M) in the presence of sodium chloride at
a concentration of 1 M.

For gel filtration, Sephadex G-50 (particle size
20-80 um) was equilibrated with phosphate-buf-
fered saline (7.75g NaCl, 0.54g KH,PO,, 2.14g
Na,HPO,, in 1 liter of H,0; pH 7.2; PBS), and
packed into a column (2.5 X 90 cm) at 4 °C.

All chromatographic eluates were desalted by
gel filtration on Sephadex G-15, which had been
swollen in distilled water (particle size 40-
120 gm) wusing double-distilled water as the
eluant. In some cases, desalting was accomplished
by ultrafiltration through UM-2 membrane, with
a cutoff for molecules larger than 1,000 daltons
(Amicon, Lexington, Mass., USA).

Isoelectrofocussing (1SO-EF) on

Polyacrylamide Gel

For the preparation of a concentrated gel, a
volume of 30 ml of a solution containing acrylam-
ide (28%; Bio-Rad Laboratories, Richmond, Calif.,
USA) and bisacrylamide (0.735%; ‘Bio-Rad) was
mixed with 8 ml of a 1% solution of N:N:N'N'-te-
tramethylenediamine; Bio-Rad) and 3 ml of 40°%
Ampholyte buffer, pH range 3.5-10 (LKB-Prod-
uctor AB, Stockbolm-Bromal, Sweden). For each
gel, a volume of 0.67 ml of the mixture of mon-
omers was mixed with 0.1 ml of the sample to be
analyzed (l00-500 xg) and then a volume of
122 ml of a 0.1% solution of ammonium persul-
fate (Fisher Scientific Company, Fair Lawn, N.J,
USA) was added. This mixture was then immedi-
ately pipetted into a glass tube (5 X 125 mm) and
allowed to gel at room temperature for 30 min.

The ISO-EF was carried out in a Bio-Rad elec-
trophoresis cell (model 300A). A solution of 0.1 N
H,S0, was used as the anode electrolyte and a
solution of 0.1 N NaOH was used as the cathode
electrolyte. To minimize undesirable effects due to
the heat liberated during electrophoresis, a pulsed
constant power supply (Ortec 4100, Ortec Incorp.,
Oak Ridge, Tenn., USA) was used and the tubes
containing the gel were cooled by a surrounding
flow of cold tap water. The ISO-EF was per-
formed at a potential of 350V, with a discharge
capacitance of 0.5 xF at an initial frequency of
50 pulses/sec for 1h, then raised to 100 pulses/sec
for 1 h and continued at 200 pulses/sec for 22 h.

At the completion of the ISO-EF, the gels
were removed from the tubes and fixed in 12%
trichloracetic acid (TCA) for 1h. Following a
brief washing with distilled water to remove the
major portion of TCA, staining was accomplished
by immersing the fixed gels for 2-3 h in a solution
of Coomassie blue R250 (Ames Company, Divi-
sion of Miles Laboratories, Inc., Elkhart, Ind.,
USA) at a concentration of 0.2% (w/v) in a solu-
tion composed of a mixture of ethanol:water:gla-
cial acetic acid in ratios of 45:50:5 (v/v). The gels
were destained in a Bio-Rad Model 172 diffusion
destainer with 7% acetic acid in the presence of
the jon-exchange resin AG501-XD (D; Bio-Rad
Laboratories) until a clear background was ob-
tained.

Preparative ISO-EF
The procedure of ISO-EF described by Radola
[36] was adapted with slight modifications. Thus,

11.5¢ of Sephadex G-100 superfine (Pharmacia)
was swollen in a volume of 200 ml of distilled wa-
ter. A volume of 7.5ml of the stock solution of
the Ampholyte buffer was added to the gel sus-
pension, which was then deaerated under vacuum.
The gel was poured onto a horizontal glass trough
(20 X 40 X 1cm), spread uniformly and dried
(equivalent to a weight loss of 25-30%0) so that the
gel did not slide when the glass trough was tilted
at an angle of 45°, This drying procedure was im-
portant for achieving uniform and reproducible
separations.

The appropriate amounts of the allergenic
preparations (e.g. 110 mg of fraction C-1-2) to be
separated were dissolved in 1.5 ml of distilled wa-
ter and applied over an area of 3 X 18 cm? in the
central part of the gel. The gel was then allowed
to dry for an additional 5 min. The glass trough
was placed on the precooled metal block of the
electrophoresis chamber (Desaga, Heidelberg,
FRG), through which cold tap water was circulat-
ed. A strip of cellulose acetate membrane pre-
soaked with a solution of 0.2M H,SO, for the
anode, and another strip presoaked with a solution
of ethylenediamine (0.4 M) for the cathode were
then laid on top of the gel at the far ends, and the
platinum electrodes were placed on top of the
membrane. The ISO-EF was carried out for a pe-
riod of 96h at a constant voltage, starting at
50 V/em for the 1st day, increasing it to 100 V/cm
for the 2nd day and 125 V/cm for the 3rd and 4th
days (Brinkman, Voltage and Current Power Sup-
ply, Brinkman, Rexdale, Ontario, Canada).

After 1SO-EF, the gel was divided into 15
equal sections. A volume of 5 ml of distilled water
was added to each fraction and the pH of the sus-
pension was measured. Each gel suspension was
then filtered, followed by resuspension of the gel
in another volume of 10-15ml of distilled water
and the gel was again filtered. The combined fil-
trate was then dialysed through Spectrapor mem-
brane tubing (molecular weight cutoff 3,500,
Spectrum Medical Industries, Inc., Los Angeles,
Calif,, USA) against distilled water. All fractions
were finally lyophilized and dissolved in 2ml of
distilled water and stored in the frozen state.

Molecular Weight Estimation

For the estimation of the molecular weights of
the pollen constituents, they were subjected to fil-
tration through a Sephadex G-50 column calibrat-
ed with human serum albumin, a-chymotrypsin
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and cytochrome C (molecular weights are listed
below), or alternatively to electrophoresis in poly-
acrylamide gels containing sodium dodecyl sulfate
(SDS-PAGE) according to the procedure de-
scribed by Weber and Osborn [42]. Prior to elec-
trophoresis, samples were incubated at 37 °C for
2h in 0.1M sodium phosphate buffer, pH 7.0,
containing SDS at a concentration of 1% and
2-mercaptoethanol, also at 1%. The samples were
fractionated on 10% polyacrylamide gels, 120 mm
in length, prepared in phosphate-SDS buffer (78¢g
NaH,PO,H,0, 38.6g Na,HOP,7H,0, 2g SDS
and water added to a volume of 1,000 cm?). Elec-
trophoresis was performed at a current equivalent
to 8 mA/tube and stopped when the tracking dye,
bromophenol blue, migrated close to the bottom
of the gel (in approximately 3.25h). Proteins with
known molecular weights were used as standards
for the calibration of gels, i.e. human serum albu-
min, 68,000 (Pentex, Miles Laboratories, Elkhart,
Ind., USA); ovalbumin, 43,000 (ICN Pharmaceutj-
cals, Cleveland, Ohio, USA); pepsin, 35,000
(Worthington, Freehold, N.J., USA); a-chymotryp-
sin, 24,000 and the two chains of a-chymotrypsin,
13,000 (chain B) and 11,000 (chain C; Worthing-
ton); cytochrome C, 11,700 (Sigma, St. Louis,
Mo., USA).

Amino Acid Analysis

The samples were hydrolyzed with HCI at 110-
112 °C for 24 h according to the procedure  used
previously in this laboratory [14]. The hydro-
lysates were then analyzed by Dr. F. Stevens of
the Department of Biochemistry, University of
Manitoba, with the Beckman automatic amino
acid analyzer, Model 120-139 (Beckman, Palo
Alto, Calif., USA); the tryptophan content was de-
termined spectrophotometrically [6].

Protein Measurement
The protein content of pollen fractions was de-
termined by the method of Lowry et al. [28].

Carbohydrate Analysis

Carbohydrates were detected by spot tests [17}.
A pinch of the sample was placed in a microcruci-
ble, One drop of syrupy-phosphoric acid was add-
ed and the crucible was covered with a disc of fil-
ter paper moistened with aniline acetate solution
(10%% aniline in 109/, glacial acetic acid). A watch
glass was used as a paper weight. The bottom of
the crucible was continuously heated for 30 sec
with a microflame. The furfural formed during

hydrolysis of the carbohydrate reacted with anj-
line to give violet products.

The carbohydrate analysis was performed by
Dr. J. R. Clamp, Department of Medicine, Uni-
versity of Bristol, Bristol, UK, by gas-liquid chro-
matography (GLC). For this purpose, methanol
(500 ml) was dried by heating under reflux for 1h
with magnesium turnings (2.5g) and iodine
(0.1 g). Hydrochloride gas was bubbled into the
dried methanol until the acid content was slightly
in excess of 1N and its concentration was finally
adjusted to 1.0 M by dilution with dried ethanol.
The solution of methanol-HCl was then trans-
ferred to 10-ml ampoules which were purged with
nitrogen gas, sealed and stored at —10 °C until re-
quired.

The samples were placed into 2-ml glass am-
poules. To each ampoule was added an amount of
0.1 mol of each of the standards arabitol, mannitol
and perseitol. The contents of the ampoules were
thoroughly dried and then 0.5ml of 0.1M
HCl-methanol was added. The ampoules were
purged with nitrogen for 10 sec, sealed and placed
in an oven at 85°C for 24 h, The contents were
then neutralized with solid silver carbonate and
0.05 ml of acetic anhydride was added. The am-
poules were covered with aluminum foil and left
for 6h at room temperature. After thorough tri-
turation, the ampoules were centrifuged and the su-
pernatants transferred to 5-ml pear-shaped flasks.
The trituration and centrifugation steps were re-
peated by three further additions of 0.5ml of
methanol to each sample. The combined superna-
tant fractions from each sample were then dried
by rotary evaporation at 35°C under reduced
pressure, and the flask was stored in a vacuum des-
sicator over phosphorus pentoxide until required.
To the dried material was added 0.05-0.10 ml of
silyating agent [trimethyl chlorosilane, hexame-
thyldisilazone and pyridine, in the proportions
(1:1:5)]. The mixture was thoroughly triturated
and the stoppered flask allowed to stand for 30 min
at room temperature. After centrifugation, 1-5 ul
of the supernatant was injected into the gas chro-
matography column at the starting temperature of
140 °C; the temperature was then raised to 200 °C
at the rate of 0.5 °C/min.

The Radioallergosorbent Test (RAST)
The test was performed according to Ceska et
al. [7]. Briefly, R was insolubilized by attachment

through covalent bonds to cellulose discs (7 mm
diameter) punched out from Whatman 3 MM pap-
er. For this purpose, the discs were first treated
for 1 h with an equal weight of cyanogen bromide
in aqueous solution at pH 10, which was kept con-
stant by the addition of the requifed volumes of a
solution of 1N NaOH. The discs were then
washed with copious volumes of a solution of
0.1 M NaHCO, and then incubated with the aller-
genic sample for 24 h at 4 “C with constant agita-
tion. To block any residual, active sites on the cel-
lulose, the discs were reacted with a solution of
/i-ethanolamine (0.5 M in 0.1 M NaHCO;) for 3h
and then washed sequentially with a solution of
0.1'M NaHCO; and 0.1 M acetate buffer (pH
4.0). The allergosorbent discs were then main-
tained in PBS (0.9°/y NaCl, 0.05M phosphate
buffer, pH 7.4) containing 0.3% human serum al-
bumin and 0.05%% sodium azide. Volumes of
0.05 ml of a pool of human sera from patients al-
letgic to KBG were incubated overnight at 4 'C
with the allergosorbent discs and then washed
with the PBS. The extent to which the IgE anti-
bodies bound to the insolubilized allergens was
evaluated by the addition of 123l-labeled sheep
anti-human IgE antibodies which had been puri-
fied with appropriate immunosorbent(s). These an-
tibodies had been kindly provided by Dr. K. Ishi-
Zeka and labeled with 125] by the procedure of
Hunter and Greenwood [19]. The discs were then
thoroughly washed in order to remove any un-
bound labeled antibodies and the amount of 125]
sheep anti-1gE antibodies bound to the discs was
measured with a Beckman Gamma 300 system
counter. Since maximal binding of IgE antibodies
to the allergosorbent occurred when an amount of
100 g of R was coupled to the activated discs,
this amount of R was used for ail the subsequent
RAST experiments described in this paper; each
RAST was performed in triplicate.

Neutralization of Passive Cutaneous

Anaphylaxis (PCA)

This procedure was employed to establish the
allergenic activity of the dialysable fractions rela-
tive to that of the retentate of the aqueous extract
of KBG pollen. For this purpose, IgE antibodies
to the allergens present in R were produced in
mice and were determined in terms of their PCA
titers in the skin of rats, as previously described
[13]; the PCA titer of the reaginic anti-R serum
used in this experiment was 2,560. The capacity of

the dialysable allergens to combine with the mu-
rine anti-R IgE antibodies was evaluated in terms
of the degree of neutralization of the PCA reac-
tions. This procedure consisted in mixing the al-
lergenic fractions, in different amounts, with an
appropriate volume of the murine reaginic anti-R
serum and maintaining the mixture for a period of
1h at room temperature. (The final dilution of
this serum was chosen as 1:1,280 since, at this di-
lution, only minimal amounts of allergenic frac-
tions were required for neutralization of the an-
ti-R 1gE antibodies.) For the actual determination
of the degree of neutralization, hooded rats were
locally sensitized by the intradermal injection of a
volume of 50 z1 of the mixture and 24 h later the
PCA reaction, if any, was elicited by intravenous
(i,v.) administration of 1 mg of R in the presence
of Evan’s blue dye (1% in saline); a positive PCA
reaction was due to the residual free IgE antibod-
ies. A PCA reaction was considered positive when
the extent of the extravasation of the dye, as mea-
sured on the underside of the skin, was 5Smm in
diameter or greater.

Crossed Immunoelectrophoresis (CIE)

The CIE procedure originally described by Ax-
elsen et al. [4] was employed for resolving the
identifying antigenic components present in the
aqueous extract of KBG pollen. Briefly, glass
plates (10.1 >/ 8.2cm) were overlayered with a
volume of 20 ml of 1%/ agarose (Indubiose A-37,
L'Industrie  biologique frangaise, Gennevilliers,
France), which was prepared by dissolving the
agarose at 100 “C in a buffer at pH 8.6 (contain-
ing 8.86 g tris (hydroxy methyl)-amino methane,
448 g barbital 0.106 g calcium lactate, 0.2 g so-
dium azide, dissolved in distilled water and adjust-
ed to a final volume of 1 liter). The electrophores-
is of the KBG pollen extract in the first direction
was performed for a period of 2h at a potential
of 100V using the Gelman electrophoresis cham-
ber (Gelman Instrument Company, Ann Arbor,
Mich., USA). Electrophoresis in a direction per-
pendicular to the first was carried out for a period
of 24 h at a potential of 25V after the addition of
a 1"/o agarose gel, which contained the sheep an-
ti-R serum (5.6 v/v). Following electrophoresis,
the gel was dried by pressing between several lay-
ers of paper towels. The dried plate was stained
with  0.5% Coomassie blue [methanol/acetic
acid:water (4.5:1:4.5)].
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Results 1:1.6:11.7, as determined from their optical | was devoid of allergenic determinants capa-
densities at 280 nm (fig. 2). | 100 ¢ bl of combining with IgE antibodies direct-

Chromatography ] % 80 ed to the allergen(s) of KBG. As would be
Fraction D-1 of the dialysate, isolated by Allergenic Activity | 3 expected, the PCA reactions were complete-

filtration through Sephadex G-25, as pre- The allergenic activity of subfractions | 2 * ly neutralized by R at a concentration of

viously described [12], was resolved by ion- C-1-1, C-I-2 and C-1-3 was evaluated in iz 0 5 pg/ml.

exchange chromatography on CM-Se- terms of their capacity to inhibit either the 2

phadex C-25 with sodium phosphate buffer RAST using a pool of human reaginic ser- 2 Physiochemical Characterization of

(0.01 M, pH 6.8) into at least four fractions um, as described by Gleich and Jones [18], o« . T =5 Chromatographic Fractions — C-1-1,

designated arbitrarily as C-I, C-lI, C-1lI
and C-IV (fig. ). No additional material
detectable by absorption at 280 nm emerged
from the column on increasing the concen-
tration of the eluting buffer from 0.01 to
0.15M and only a trace of material
emerged on increasing the molarity of the
cluting buffer to 1 M with NaCl. Since C-II,
C-IHT and C-1V were isolated in very small
amounts, only fraction C-1 was used for fur-
ther fractionation by gel filtration on Se-
phadex G-50, which led to the subfractions,
C-1-1, C-1-2 and C-1-3; these three subfrac-
tions were recovered in the ratios of
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Fig. 1. Cation-exchange chromatography of
fraction D-1 on CM-Sephadex C-25. Column size:
1.6 < 40 cm; eluting buffer: sodium phosphate
buffer, 0.01 M, pH 6.8.

or the PCA reactions with the aid of a mu-
rine anti-R reaginic serum [13].

For the experiments involving the inhibi-
t'on of RAST, 0.5-ml volumes of a pool of
sera from four KBG-allergic patients were
mixed with different amounts of each of the
three subfractions and maintained for 1 h at
37 "C and the overnight at 4 “C prior to ad-
dition of the allergosorbent discs. The re-
sults given in figure 3 indicate that the ca-
pacities of the subfractions C-I-1 and C-1-2
to inhibit the binding of IgE antibodies to
the allergosorbent discs were comparable to
that of R and it is, therefore, concluded that
thesc fractions contained essentially all the
allergenic determinants of R. By contrast,
the subfraction C-1-3, which constituted the
bulk (82%) of the material present in the
parent fraction C-I, did not inhibit the bind-

»
o
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Absorbancy at 280nm
5
X

200 300 400 500
Volume Effluent, ml
Fig. 2. Gel filtration of fraction C-1 on Se-

phadex G-50 (particle size, 20-80 ;um). Column
size: 2.5 X 90 ¢m; eluting buffer: PBS, pH 7.2.

Amount of Fraction, ug

Fig. 3. Inhibitions of the radioallergosorbent
test by fractions of D-I with a pool of sera ob-
tained from 4 individuals allergic to KBG pollen.
Aliquots of the pool of sera were mixed with dif-
ferent amounts of the fractions C-1-1, C-1-2 or
(-1-3 and maintained for 1h at 37°C and then
overnight at 4 “C, prior to incubation with the al-
Jergosorbent discs prepared with R. The degree of
binding of IgE antibodies to the allergosorbent
discs was established with an 125]-labeled anti-IgE
antibody  preparation: O = C-I-1; @ = C-1-2;
x o C-1-3; A = R

ing of the human anti-KBG IgE antibodies
1o the allergosorbent discs and was, there-
fore, considered to be devoid of allergenic
determinants.

The evidence for the shared allergenic
determinants  between the subfractions
C-1-1, C-1-2 and R is further strengthened
by the findings that (i) these subfractions
clicited PCA reactions in rats sensitized
with a murine reaginic antiserum to R, and
(i) on mixing C-I-1 or C-I-2 with this re-
aginic anti-R serum, these subfractions, at a
concentration of 50 ug/ml, neutralized the
capacity of the serum to give PCA reac-
tions. On the other hand, subfraction C-1-3,
vven at a concentration as high as 10 mg/
ml, was not capable of either eliciting PCA
reactions, or of neutralizing the murine an-
i-R IgE antibodies; this finding further sup-
ports the conclusion that this subfraction

C-1-2 and C-1-3

The molecular weights of CI-1, C-1-2,
and C-1-3, which were deduced in terms of
their elution volumes by gel filtration
through a column of Sephadex G-50 cali-
brated with proteins of known molecular
weights, were of the order of 31,600,
19,000 and 4,800, respectively.

Since one of the objectives of this study
was to isolate and to characterize the lowest
molecular weight allergen(s) present in the
aqueous extract of KBG pollen, subfraction
C-1-2 was subjected to SDS-PAGE. It was
thus confirmed that C-1-2 contained a com-
ponent with a molecular weight of the order
of 19,000 daltons. Moreover, this technique
revealed the presence of an additional com-
ponent in C-I-2 with a molecular weight of
the order of 14,500 daltons, which had not
been resolved by gel filtration. Hence, C-1-2
was rechromatographed on Sephadex G-50
and the eluates were arbitrarily pooled into
two subfractions, ie. C-1-2a and C-I-2d,
which were respectively the ascending and
descending portions of the chromatographic
profile. By analysis with SDS-PAGE, it was
confirmed that subfractions C-I-2a and C-I-
2d consisted primarily of components with
dimensions corresponding to substances
with molecular weights of 19,000 and
14,500 daltons, respectively. Moreover,
when these two subfractions of C-I-2 were
covalently coupled to CNBr-activated cellu-
lose discs, the resulting allergosorbents were
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shown to be capable of binding human IgE
antibodies to KBG; these data are in agree-
ment with the results of the experiments
demonstrating that C-I-2 inhibited the
RAST.

As illustrated in figure 5b, the subfrac-
tion C-I-2d was further resolved by analyti-
cal ISO-EF on polyacrylamide gel into three
major components with pl values of 3.2, 4.7
and 5.1, and a minor component with a pl
value of 3.9. On the other hand, R was re-
solved into at least 30 components with pl
values ranging from 3 to 10 (fig. 5a).

Fractionation of C-1-2 by Preparative

ISO-EF and the Allergenic Activity of

the Subfractions of C-1-2

In an attempt to achieve a better resolu-
tion of fraction C-1-2, it was subjected to
preparative 1SO-EF on Sephadex G-100 in
the pH range of 3.5-10. The gel containing
the components was arbitrarily subdivided
into 15 subfractions. 75% percent of the fo-
cussed components were localized on the gel
within a relatively narrow region corre-
sponding to pl values in the range of
4.1-5.3 (fig. 4).

The allergenic activity of these 15 subfrac-
tions of C-1-2 was evaluated by inhibition

Protein {mg)e e
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Fig. 4. Preparative 1SO-EF of C-1-2 on Se-
phadex G-100 (Ampholine: pH 3.5-10; 96 h).

of the RAST utilizing allergosorbent discs
prepared with R and the pool of human an-
ti-KBG reaginic sera, and in terms of their
ability to elicit PCA reactions in the skin of
rats sensitized with murine anti-IgE anti-
bodies. The results of these tests, listed in
table I, indicate that whereas all 15 subfrac-
tions inhibited the RAST to varying de-
grees, only the subfractions 6-14 eliciled
PCA reactions. These results demonstrate
that (i) all 15 subfractions possessed aller-
genic determinants capable of blocking the

Fig. 5. Analytical ISO-EF of R(a), C-1-2d(b)
and C-1-2-6(¢c) in polyacrylamide gel (Ampholine:
pH 3.5-10; 22 h the anodal end of the gel is at the
bottom).
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Table I. Allergenic activity of focussed fractions of
C-1-2

Fraction No. PCA titer Inhibition
obtained! of RAST?, %
1 nil 11
2 nil 43
3 nil 49
4 nil 38
S nil 28
6 80 49
7 320 65
8 640 7
9 640 85
10 640 87
11 640 96
12 320 87
13 320 97
14 640 94
15 nil 73
R 640 96.6

! 100 ug (protein) of each fraction and of R was used
for i.v. challenge of rats passively scnsitized with serial
dilutions of a murine reaginic anti-R antiserum.

2 100 pg (protein) of each fraction and of R was
incubated with a pool of sera from humans allergic to
KBG pollen, prior to addition to the allergosorbent disc

prepared with R.

interaction between human anti-KBG IgE
antibodies and the allergosorbent. and (ii)
cach of the fractions 6-14) possessed multi-
ple allergenic determinants capable of trig-
gering PCA reactions by cross-linking of the
murine IgE antibodies fixed to the rat mast
cells.

Demonstration of Hapten-Like Material

in Subfractions of C-1-2

Although subfractions 1, 3, 4 and 5 did
not elicit PCA reactions (table I; subfrac-
tions 2 and 15 were not tested because of
their presence in only minute amounts),
these subfractions completely inhibited

these reactions. Thus, addition of 500 ug of
each of these 4 subfractions to 1 ml of the
murine anti-R reaginic serum (which was
used at a dilution of 1:640) completely in-
hibited the PCA reactions elicitable with R.
The inhibition of these PCA reactions was
deemed specific, since mixing any of these
subfractions with a murine reaginic serum
containing anti-OA IgE antibodies, prior to
using this serum for a PCA reaction in rats,
did not interfere with this reaction on subse-
quent i.v. challenge of the rats with ovalbu-
min. Hence, these findings — taken in con-
junction with the results of the preceding
experiments — support the interpretation
that (i) all 15 sufractions possesscd allergen-
ic determinants capable of blocking the in-
teraction between 1gE antibodies produced
by patients allergic to KBG and the allergo-
sorbent, and (ii) whereas each of the subfr-
actions 6-14 possessed multiple allergenic
determinants capable of triggering PCA re-
actions by cross-linking the murine IgE an-
tibodies fixed to the rat mast cells, the
subfractions 1, 3, 4 and 5 possessed happt-
en-like properties capable of binding to both
human and murine IgE antibodies, the for-
mation of which had been elicited by expo-
sure of the allergic patients to KBG pollen
and by sensitization of mice to R.

Physicochemical Properties of

Subfraction C-1-2-6

The 15 subfractions of C-I-2 were sub-
jected to analytical ISO-EF. Subfraction 6,
referred to hereafter as C-1-2-6, appeared to
be the most homogeneous since, as shown
in figure 5c, it was resolved into two closely
associated components with pl values 4.5
and 4.9. However, on SDS-PAGE, subfrac-
tion C-1-2-6 showed only one diffuse band
corresponding to a molecular weight of the
order of 10,000 daltons.
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Table Il. Amino acid composition of fraction
C-1-2-6

Amino acid Residue per molecule
Lysine 8
Histidine 2
Arginine 1
Aspartic acid 10
Threonine 6
Serine N
Glutamic acid 15
Proline 5
Glycine

Alanine 13
Half cystine 0
Valine 9
Methionine 1
Isoleucine 3
Leucine 4
Tyrosine 1
Phenylalanine 4
Tryptophan 1

The amino acid analysis of subfraction
C-1-2-6 revealed that it contained all the
naturally occurring amino acids except cy-
steine (table 1I). Moreover, it gave a posi-
tive test for carbohydrate. However, the
fack of a sufficient amount of C-1-2-6 pre-
cluded the determination of the nature of its
sugar residues. Nevertheless, since the sugar
residues of the parent fraction, C-1-2, were
identified by GLC as glucose and galactose,
one may make the reasonable assumption
that C-I-2-6 contained either or both of
these sugars.

Immunological Properties of Subfraction

C-1-2-6

Injection of 100 ;g of the subfraction
C-1-2-6 with 5mg AI(OH), into A/HcJ
mice resulted in the production of IgE anti-
bodies, which could be revealed by PCA in
rats, using cither C-1-2-6 or R for i.v. chal-
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Fig. 6. IgE antibody response to C-1-2-6 in
A/Hel mice. The mice were immunized by an in-
traperitoneal injection of 100 yg of C-1-2-6 with
5Smg (AI(OH);. T = PCA reactions elicited with
C-1-2-6; @ = PCA reactions elicited with R.

lenge. The kinetics of the anti-C-1-2-6 IgE
response is illustrated in figure 6. It is inter-
esting to note that the PCA reactions elicit-
ed by challenge with R were considerably
higher, i.e. by a factor of at least 4, than the
PCA titers obtained by i.v. challenge with
C-1-2-6.

On the other hand, for the neutralization
of anti-C-1-2-6 IgE antibodies in PCA reac-
tions, C-1-2-6 proved to bind more effec-
tively to these antibodies than R; thus, the
amount of C-I-2-6 required for neutraliza-
tion was only one-tenth of that of R. By
contrast, in neutralization experiments using
anti-R IgE antibodies, the amount of R re-
quired to inhibit the PCA reactions was
one-tenth of that of C-I-2-6. The apparent
discrepancy in the manifestation of the rela-
tive allergenic potency of these two prepara-
tions, as reflected by the results obtained by
these two different methods, will be dis-
cussed later.

In spite of the fact that C-I-2-6 elicited
in the presence of Al(OH), the production

|
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Fig.7. CIE of R a and C-1-2-6 b. The elec-
trophoresis in the first direction was performed
for a period of 2h at a potential of 100V and in

of murine IgE antibodies, it did not induce
the formation of a detectable precipitating
antibody on immunization of rabbits using
IFCA as an adjuvant, as was the case for R
[12]. Nevertheless, C-I-2-6 was shown to
share some of the antigenic determinants of
R as demonstrated by CIE. Thus, as is evi-
dent from the CIE pattern of C-1-2-6 (illus-
trated in fig. 7b), using a sheep anti-R anti-
serum, two essentially superimposable pre-
cipitin peaks were revealed. By contrast,
one could detect at least 15 antigenic com-
ponents in R.

Discussion
One of the main objectives of this study

was to isolate low-molecular-weight allergens
from KBG pollen extract since, obviously,

the second direction for a period of 24 h at a po-
tential of 25 V.

the task of establishing the chemical struc-
ture of the determinants of an allergen mo-
lecule would be simpler, the smaller the size
of the molecule. Hence, the dialysable frac-
tion, D, was selected as a potential source of
low-molecular-weight allergens and, on fur-
ther fractionation by gel filtration on Se-
phadex G-25 [12], it yielded the skin-active
subfraction D-I, which was, in turn, subject-
ed to ion-exchange chromatography and gel
filtration. In this manner, two allergenically
active fractions, designated as C-1-1 and
C-1-2, and an inactive fraction, C-I-3, were
obtained. Although C-1-3 was considered
allergenically inactive, as determined by
RAST, it ought to be noted that the RAST
assay may not have detected the entire spec-
trum of possible allergenic specificities pre-
sent in various fractions, since it may be vis-
ualized that had one employed a larger ser-
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um pool for the RAST, one may have de-
tected IgE antibodies to C-1-3.

In view of the fact that the parent frac-
tion had originated from the dialysable
preparation of the aqueous extract of KBG,
it was surprising to find that fraction C-I-1
possessed a component with an apparent
molecular weight as high as 31,000 daltons,
as estimated from its elution pattern on Se-
phadex G-50 and confirmed independently
by SDS-PAGE. This apparently high molec-
ular weight of C-I-1 may be attributable to
its high carbohydrate content, which is
known to vitiate molecular weight determi-
nations based on methods which had been
calibrated with proteins of known molecular
weights. In view of the indications that
C-I-1 possessed a high-molecular-weight
component and since the original objective
was to isolate low-molecular-weight aller-
gen, C-I-2, with an apparently lower molec-
ular weight of 14,500 daltons, was selected
for further fractionation.

Fraction C-I-2 yielded thus, on further
preparative ISO-EF, the still lower-molecu-
lar-weight allergenic component, C-1-2-6,
which contained carbohydrate and all the
naturally occurring amino acids except cy-
steine. The lack of cysteine suggests that al-
lergen C-1-2-6 may be a single polypeptide
chain. Glutamic acid, alanine, lysine and as-
partic acid were present in relatively large
amounts. It is interesting to note that the
presence of these amino acids in relatively
large amounts had been previously also
found in allergenic fraction C-1V, isolated
from timothy grass pollen [14].

Remarkably, the results of the experi-
ments involving the neutralization of PCA
reactions indicate that the low-molecular-
weight allergen C-I1-2-6 shared apparently
all the allergenic determinants of R. One
may contend that reaginic antibodies were

not elicited to all potentially allergenic spe-
cificities present in R by immunization of
the inbred mice. Nevertheless, these results
justify investing further efforts for the isola-
tion of this allergen in larger amounts and
for a more detailed characterization of its
immunochemical properties.

ISO-EF analysis of the allergen C-I-2-6
revealed the presence of two components
only, whereas R was shown to contain at
least 30 components with pl values over the
broad range from 3 to 10. By CIE, 15 of
th- components in R were shown to be anti-
genic, whereas under identical conditions al-
lergen C-1-2-6 possessed only two antigenic
components (fig. 7b). This is reminiscent of
the findings of Aukrust et al. [3], who re-
ported that the purified codfish allergen,
DS22, which consisted of two antigenic
components, had all the allergenic specifici-
ties of the crude extract containing 17 anti-
genic components.

During this study, it was observed that
polien fractions capable of inhibiting RAST
were also capable of neutralizing PCA reac-
tions and/or eliciting PCA reactions in rats
passively sensitized with murine anti-R TgE
antibody. Therefore, the neutralization of
PCA reactions by fractions isolated during a
particular fractionation procedure was rou-
tinely used to test their potency. Moreover,
subfractions 1, 3, 4 and 5 of C-I-2 which
could not elicit PCA reactions but which
could completely inhibit PCA reactions nor-
mally elicitable with R, were regarded as
possessing hapten-like properties. However,
considering the dilution of the serum, these
subfractions required for the neutralization
of PCA reaction are very large. Hence, ei-
ther affinity of hapten-like constituents for
antibodies is extremely low or their concen-
tration is very low.

The allergen C-1-2-6 was shown to neu-
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tralize in vitro the anti-C-I1-2-6 reaginic ser-
um more effectively than R. Therefore, the
observation (fig. 6) that injection of R elicit-
ed a stronger PCA reaction than that of
C-1-2-6 in rats passively sensitized with mu-
rine anti-C-I1-2-6 reaginic serum is at first
sightly surprising, since one would have ex-
pected to obtain a stronger PCA reaction
with the homologous allergen C-1-2-6. This
apparent discrepancy in the relative al-
lergenic potencies of C-1-2-6 and R, as de-
termined by the two variations of the PCA
method, may be reconciled by the reasona-
ble suggestion that R, having a higher mo-
lecular weight, possesses a higher epitope
density and would, therefore, bridge more
effectively the IgE antibodies fixed to the
mast cells, which is a prerequisite step for
the triggering of their degranulation. Hence,
R would be expected to be a better elicitor
of PCA reactions than C-1-2-6.

The original aim of this study to isolate
low-molecular-weight allergenic constituents
of KBG has been achieved and the finding
that several components of C-1-2, isolated
by ISO-EF, had hapten-like properties,
opens up the possibility of establishing the
chemical composition of at least some of the
allergenic determinants of KBG. However,
it must be stressed that the hapten-like na-
ture of these components has so far been
demonstrated only with respect to the IgE
antibodies present in the murine reaginic
serum. The findings of inhibition of RAST
indicate that these components can combine
with human IgE antibodies, but the inhibi-
tion of RAST could not distinguish between
a haptenic fraction from a polyvalent aller-
genic fraction Hence, a definite identifica-
tion of these components as haptens with
respect to the IgE antibodies produced by
KBG-sensitive patients must await the re-
sults of experiments involving the inhibition

of P-K reactions with serum of allergic pa-
tients. Obviously it is essential to establish
the chemical structure of the individual al-
lergenic determinants before their syntheses
can be attempted by the application of mod-
ern methods of organic chemistry. The
availability of these determinants will make
it possible to convert them to tolerogenic
conjugates capable of abrogating specifical-
ly the corresponding IgE antibodies, as was
recently successfully achieved in this and
other laboratories for well-defined haptens
|21, 24,26, 41] and higher-molecular-weight
allergens [25].
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