Isolation and characterization of Russian
thistle (Salsola pestifer) pollen allergens*

Ali Shafiee, Ph.D.,** John W. Yunginger, M.D., and Gerald J. Gleich, M.D.

Rochester, Minn., and Tehran, Iran

The radioallergosorbent test (RAST) was utilized to identify allergenically active molecules in an
extract of Russian thistle (Salsola pestifer) pollen. Two glycoproteins (RT, and RT,) were isolated
by ion-exchange chromatography, preparative flat-bed electrofocusing, and gel filtration
chromatography. These highly purified proteins were similar as judged by discontinuous
polyacrylamide gel electrophoresis (PAGE), by PAGE in urea-acetate, and by immunodiffusion
analysis. In Ouchterlony double-diffusion, rabbit antiserum to crude pollen extract showed a
line of identity between RT, and RT,. Each allergen possessed a single polypeptide chain, with
molecular weights of 39,000 and 42,000 for RT, and RT,, respectively. Both allergens contained
9.0% * 0.5% carbohydrate and 10.6% = 0.2% nitrogen. Both RT, and RT; eluted from a
calibrated Sephadex G-100 column near the ovalbumin marker, but the elution volume of RT,
was slightly greater than that of RT;. Amino acid analysis of RT, and RT, showed that there
was no difference in composition between the two proteins. The proteins showed different
isoelectric points (RTy = 6.7; RT; = 6.2). They had similar skin reactivity by Prausnitz-Kustner
testing, showed similar potency and identical allergenic qualities as inhibitors in the RAST, and
were more potent on a mass basis than crude extract in the inhibition of the reaction between
solid-phase crude extract and IgE antibodies in the RAST. RT, and RT represent 0.014% and
0.010% by mass, respectively, of the pollen. These results suggest that RT and RT, are
important allergens in Russian thistle pollen and that these proteins are immunologically

identical.

Plant pollens are the most common cause of sea-
sonal allergic disease, and the major allergenic mole-
cules of ragweed and grass pollen extracts have been
isolated and characterized.'™? Purified allergens have
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been useful for standardization of allergy extracts and
for investigation of the pathogenesis of immediate
hypersensitivity reactions.* In the prior studies of pol-
len allergens skin testing of allergic individuals was
used to identify the allergens. An alternative to skin
testing is the radioallergosorbent test (RAST),® which
measures the interaction of IgE antibodies with
solid-phase allergens and which has been used for
identification of allergenic molecules.8

Russian thistle (Salsola pestifer) pollen is a major
cause of allergic rhinitis (hay fever) in Iran® and the
western plains of the United States.!® In these investi-
gations we utilized the RAST to isolate and charac-
terize allergenic molecules from Russian thistle
pollen.

EXPERIMENTAL PROCEDURES
Materials

Pollen (lot 23P5-8) and pollen extract were purchased
from Greer Laboratories, Lenoir, N.C. Paper discs were
from Schileicher and Schuell, Inc., Keene, N.H. Cyanogen
bromide and acrylamide were obtained from Eastman
Kodak, Rochester, N.Y. Freund’s adjuvant was from

0091-6749/81/060472+10$01.00/0 © 1981 The C. V. Mosby Co.



VOLUME 67
NUMBER 6

Difco. Detroit, Mich., and Sephadex, blue dextran, and
RAST zubes were purchased from Pharmacia AB, Uppsala,
Sweden. Diethylaminoethyl (DEAE)-cellulose (DE-52) was
obtaingd from Whatman, Kent, England. Ampholytes
(Ampholine) were purchased from LKB, Bromma, Swe-
den. Bovine serum albumin, ovalbumin, and chymotryp-
sinogen-A were from Schwarz/Mann, Orangeburg, N.Y.
Cytochrome-C and glycyl-L-tyrosine were from Sigma
Chemical Co., St. Louis, Mo. Dialysis tubing (Spectropor)
and 'M-2 membranes were purchased from Spectrum
Medical Industries, Los Angeles, Calif.,, and Amicon,
Lexington, Mass., respectively. Urea was from Mal-
linckridt, St. Louis, Mo., and all other chemicals were
either from Sigma Chemical Co. or Fisher Scientific Co.,
Pittsburgh, Pa.

Antigenic and allergenic analysis

Direct skin testing and collection of sera. Sera were ob-
tained from nine Russian thistle pollen—hypersensitive in-
dividials in Tehran, Iran, during the spring of 1978. All
patienis had classic hay fever symptoms during the pollina-
tion season of this plant; all showed positive intradermal test
reacticns to a 1:2000 w/v dilution of pollen extract (0.02
ml); 3ad all had elevated levels of IgE antibodies reactive
with :zllergens in an extract of Russian thistle by RAST
(below) as shown in Table I. All patients were skin tested
with commercial Russian thistle pollen extract as well as
with an extract made from pollen collected in Tehran in the
summe2r of 1977. A serum pool was made by mixing equal
volumes of the nine sera and was used to determine al-
lergenic activity.

Prqusnitz-Kustner (P-K) testing. The allergic serum pool
(0.05'ml) was injected intradermally into several sites on the
foreaim of a normal individual (A. S.). After 24 hr injected
sites were challenged intradermally with different concen-
tratioms of purified allergens.

Radioallergosorbent test. Allergens were bound to paper
discs according to published procedures.!! Briefly, cyano-
gen Bromide (CNBr) (2.5%, 160 mi) was added to 2 gm of
washizd paper discs; the pH was maintained at 11 for 5 min
at ronm temperature. After repeated washings the CNBr-
activated discs were dried for 2 hr at 4° C and kept in a
desiccator at ~20° C. Isolated fractions of crude Russian
thistl: extract (below) were coupled to the activated discs
accotding to published procedures.’? Usually the pro-
portions were 10 mg of lyophilized sample to 100 CNBr-
activated discs. The lyophilized sample was dissolved in
0.20k1 H;BO,, 0.04M NaOH, and 0.16M NaCl, pH 8.0,
and was added to a small bottle containing the CNBr-
activited discs, which were tumbled overnight at 4° C.
Coupied discs were washed several times with 0.1M
Na,HPO, and KH,PO,, pH 7.4, containing 1% polyoxy-
ethylene sorbitan monolaurate (Tween 20) (RAST wash)
unti} the 277 nm absorbance of the wash was <0.005.

Ir: the performance of the RAST the allergic serum pool
(0.0% ml) was added to the coupled discs, and after over-
nighl incubation at room temperature the discs were washed
thrice with 2.0 ml of 0.15M NaCl. Next, 0.10 ml of
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FIG. 1. Flow chart showing the isolation of RT; and RT,.
Dry-weight yields at each step of the purification are
shown.

radiolabeled affinity chromatography-purified rabbit anti-
IgE containing 20 ng of protein was added to the dises.
After another overnight incubation at room £ the
discs were washed again with 0.15M NaCl aaﬁ wua&d ina
gamma scintillation counter. Results were expressed as the
percent of total counts bound to the disc. As a negative
control, normal serum never showed over 2.5% binding.
RAST inhibition. RAST inhibition experiments were per-
formed by the method of Gleich and Yungiﬁgﬁr" with-mod-
ifications. The crude pollen extract was coupled to CNBr-
activated discs as above, except 25 mg of lyophilized
extract was used to couple w1th 100 dlscs ’Iﬁe Mfai absor-

umes of inhibitor were mixed aﬁd the ﬁm&
brought to 0.05 ml with 0.1M Na,HPO, and
7.4, containing 0.2% bovine serum atbumin, | 'l’%#uen 20,
and 0.1% Na azide. One allergen disc was added and the



474 Shafiee et al. J. ALLERGY CLIN. IMMUNOL.
JUNE 1981
L) T T LS T T T T T T T T T T T T T T
0.005M PO
L 4 -60
090F ] pHr87
0.25} -850
I Pool A PoolAy PoolAg Pool Aq Pooi Ag Pool Ag
H i} + + + —
0.20} 40
§
N
N 0.005M PO, I
< +0.5M NaCl
g oisr pH=87 130 g
S <
g g
2 g
X oo} H20 “g
3
g
Q
005} 410 ©
. cI i A 1 4 1 i L 'l A 1 1 1 1 1 1 i 1 d
0o 0 20 40 60 80 100 120 140 160 180
Fraction Number

FIG. 2. DEAE-celiulose chromatography of Sephadex G-25 pool A. Horizontal bars indicate

pooled fractions; o, A;;; e, conductance.

TABLE |. Elevated levels of IgE antibodies to
crude Russian thistle pollen extract in nine
hypersensitive patients

Patient No.

1 2 3 4 5 6 7 8 9

RAST* 6.3 17.5 19.1 9.7 23.2 12.1 5.2 6.8 13.4

*RAST results are expressed as percent of total counts bound;
normal sera produced binding of 1.5% to 2.5%.

tube was incubated overnight at room temperature. The rest
of the procedure was carried out as described above. Percent
inhibition was calculated according to the following formula:

% counts bound without inhibitor —
% counts bound with inhibitor
% counts bound without inhibitor

X 100%

The quantities of the inhibitor needed to obtain between
20% to 70% inhibition were determined. Percent inhibition
was plotted on semilog paper with the log of inhibitor quan-
tities on the abscissa. The slopes of the lines were compared
by linear regression analysis; a programmable Hewlett-
Packard 9810A calculator was used for the statistical
evaluation.

Rabbit antiserum to crude Russian thistle pollen extract.
New Zealand white rabbits were injected with antigen
emulsified in Freund’s complete adjuvant every 2 wk for 6
wk. The first injection contained 1.1 mg of lyophilized
crude Russian thistle pollen extract dissolved in 0.5 ml of

TABLE Il. Allergenic activity of DEAE-cellulose
pools as measured by the RAST*

DEAE-celiulose pools

Al Az As As As As

RAST 188 84 72 60 42 34

*A sample of each pool, which contained the same absorbance
at 277 nm, was bound to CNBr-activated paper discs. After
washing, the solid-phase allergen was reacted with 0.50 ml of
the serum pool containing IgE antibodies to Russian thistle
pollen. The rest of the procedure is described in the text. Normal
sera produced binding < 1.9%.

0.15M NaCl and 0.5 ml of adjuvant. This emulsion was
injected into the footpads of each rabbit. The second and
third injections each contained 2.85 mg of crude extract,
respectively, and were administered subcutaneously on four
different sites in each rabbit. The fourth injection contained
2.85 mg of antigen dissolved in 0.15M NaCl and was given
intravenously. Sera were obtained 1 wk after a fifth and
sixth biweekly subcutaneous injection of 10 mg of antigen
emulsified in Freund’s complete adjuvant.

Immunodiffusion analyses. In Ouchterlony double-diffu-
sion analysis, 0.01 ml of antigen and antibody were added
to wells, and precipitin bands were observed after 48 hr. In
immunoelectrophoresis the wells were filled with antigen,
and after 20 min of electrophoresis at 250 V and 5 mA,
antiserum was added to the trough. Precipitin bands were
observed after 48 hr.
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FIG. 4. Thin-layer electrofocusing of DEAE-celiulose fraction A, (fer left) and fractions w 20
from preparative flat-bed electrofocusing in 5.0% polyacrylamide gel mw
Cathode () and anode (+) are on the bottom and top, respectively. Fractions 73, M ‘
6.7), and fractions 76, 17, and 78 {pl 6.2), numbering from the left, showed the highest r
with IgE antibodies by the RAST.
M isolation and analyses 4.0M NaOH. The extract was centrifuged: at- 2000 tpm at &

Cride pollen extract and Sephadex G-25 chromatogra-
phy. Russian thistle pollen (100 gm) was defatted with four
500 ml portions of anhydrous diethyl ether by stirring and
decamation. The pollen suspension was filtered through a
Buchpier funnel and the pollen was air-dried for 48 hr.
The defatted pollen was extracted with 1 L Dulbecco’s
phosghate -buffered saline (pH 7.4, 2.0 gm of KCI, 11.4 gm
of Na,gHPO4, 2.0 gm of KH,PO,, and 80.0 gm of NaCl per
10 L H,0) for 24 hr. During the first 5 hr the pH of the
suspensnon was monitored hourly and adjusted to 7.4 with

C for 15 min and the supernatant (crude extract) was col-
lected. The precipitate was washed twice with extraction
buffer and centrifuged, and the supemmatants were com-
bined. The crude extract was cmnﬁm‘by ultrafiltration
through a UM-2 membrane at 4° C. The retentate - was
dialyzed against 0.1M Tris HCI and 0. M NaCl, pH 7.5,
and was fractionated on a calibrated &mﬂa 6«25 caimm
(10 by 75 cm). The flow rate was 200 mifhr; 15 mi
were collected and the absorbance at 277 nm was mtaﬁimmd.
lon exchange chromatography. Allergenic fractions were
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FIG. 5. Sephadex G-100 column (1.2 by 200 cm) chroma-
tography of fractions with pl 6.7 (e) and pi 6.2 (o) from
preparative flat-bed electrofocusing. Arrows indicate the
elution volumes of the following markers: blue dextran
(BD, 2 x 10f); bovine serum albumin (BSA, 6.9 x 10%);
ovalbumin (OV, 4.5 x 10%); chymotrypsinogen-A (Chy,
2.4 x 10%; and cytochrome-C (Cy-¢, 1.2 x 10%).

exhaustively dialyzed against 0.005M K,HPO, and KH,PO,
buffer (pH 8.7, conductivity = 1.2 mmhos) with molecular
weight 1000 cutoff casing and were chromatographed on a
DEAE-cellulose column (4 by 36 cm) equilibrated with the
same buffer. The column was eluted at 50 ml/hr with the
same buffer at room temperature; 13 ml fractions were col-
lected. When the 277 nm absorbance dropped to 0.005, a
linear NaCl gradient (0 to 0.5M, 1.2 to 36 mmbhos) in start-
ing buffer was applied. Six different pools (A; to Ag) were
collected. Finally, the column was washed with the starting
buffer containing 2M NaCl. All pools were concentrated
through UM-2 membranes, dialyzed against 0.05M
NH,HCO;,, and lyophilized.

Preparative and analytical electrofocusing. The most al-
lergenic pool from DEAE-cellulose was fractionated by
preparative flat-bed electrofocusing in Sephadex G-75 con-
taining 2.5% ampholyte with a pH range of 3.5 to 9.5.13
Electrofocusing was carried out for 18 hr with a constant
power of 8 W. After completion the Sephadex gel bed was
sliced into 30 portions. A small amount of each portion was
eluted in H,O for measurement of allergenic activity and
pH, and the remainder was eluted with 0.1M NHHCO;.
Analytical electrofocusing was performed on a portion of
each fraction in a thin layer of 5% polyacrylamide on a glass
plate (12 by 25 cm) containing 2.2% ampholytes with a pH
range between 3.5 to 9.5.14

Sephadex G-100 chromatography. Two fractions from
the preparative electrofocusing experiment, with isoelectric
points (pI) of 6.7 and 6.2, were separately gel-filtered on a
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FIG. 6. Thin-layer electrofocusing (pH 3.5 to 9.5) of
Sephadex G-100 fractions RT, (2.5 mg/ml and 5.0 mg/ml)
and RT, (3.0 mg/ml).

calibrated Sephadex G-100 column (1.2 by 200 cm). After
dialysis against 0.1M Na,HPO,, KH,PO,, and 0.1M Na(l,
pH 7.4, each sample was chromatographed in the same
buffer with a flow rate of 10 ml/hr. Three-milliliter fractions
were collected and monitored at 277 nm.

Polyacrylamide gel electrophoresis. Discontinuous poly-
acrylamide gel electrophoresis (PAGE) was performed ac-
cording to the method of Davis and Ornstein'> with a 0.1M
Tris-borate buffer, pH 8.3, as modified by Nesheim* in a
7.5% polyacrylamide gel. The method of Fairbanks et al.'¢
was used for PAGE in 1% sodium dodecyl sulfate (SDS)
with an 8% polyacrylamide gel; all samples were run in the
presence and absence of 0.04M dithiothreitol. Acetate-urea
PAGE was carried out in 15% polyacrylamide gels in
6.25M urea at a final pH of 3.2 as suggested by Panyim and
Chalkley.!” In all the PAGE systems the gels were stained

*Personal communication.
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with Coomassie blue and destained in several changes of
10% acetic acid,

Mulecular weight estimation. Molecular weights of pur-
ified iractions were estimated by chromatography on a cal-
ibrated Sephadex G-100 column (1.2 by 200 cm) and by
SDS-?AGE.

Chemical analyses

Pritein, nitrogen, and carbohydrate content, dry weight,
and i.mino acid analysis. Protein, nitrogen, and carbohy-
drate contents were determined by biuret,'® micro-Kjeldahl
test,’ and the method of DuBois et al.,'" respectively.
Bovize serum albumin and glucose were used as standards
in the biuret and DuBois methods, respectively. For dry
weigi:t determinations, 1-ml aliquots of sample solution and
dialyvate were separately dried in tared platinum shells at
110° ¢ until constant weights were obtained. The difference
was taken as the dry weight of the sample. The dry weights
of preparative electrofocusing fractions were determined
after exhaustive dialysis in molecular weight 12,000 to
14,060 cutoff casing to exclude ampholytes. Amino acid
analyses were performed as described by Spackman et al.?°
with & Beckman Model 119 automatic amino acid analyzer.

Ex:inction coefficient. The absorption spectra of the pur-
ified: allergenic molecules in 0.005M NH,HCO;, pH 8.3,
were obtained in the wavelength range between 250 to 600
nm, :nd the wavelengths of the maximum absorption peaks
were determined. The extinction coefficients of the al-
lergens were obtained by determination of the absorbance at
the 277-nm absorbance maxima with a 1.0 cm pathlength,
with :he dry weight of the samples already established.

RESULTS
isofation and purification

A flow chart with the yields of various fractions in
the isolation of Russian thistle pollen allergens (RT,
and RT,) is shown in Fig. 1. Crude pollen extract was
concentrated by ultrafiltration with a UM-2 mem-
brane. The retentate and filtrate were separately col-
lected, and the retentate was dialyzed against RAST
wash solution with molecular weight 1000 cutoff cas-
ing. The dialysate was desaited on a Sephadex G-10
column in RAST wash. An aliquot of each fraction
that contained an equal mass of solid, as determined
by dry weight, was coupled to CNBr-activated discs
and examined for reactivity with IgE antibodies by the
RAST. The retentate showed reactivity with IgE an-
tibodies; no reactivity with IgE antibodies was de-
tected in the dialysate. The retentate was fractionated
on a Sephadex G-25 column, and three absorbance
peaks at 277 nm were observed. Each peak was tested
for allergenic activity by the RAST, but only the void
volume peak (peak A) showed allergenic activity.
Fraction A was then applied to a DEAE-cellulose col-
umn. Six pools (A, to Ag), as shown in Fig. 2, were
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FIG. 7. Discontinuous PAGE analysis of 20 ug of RT, and
RT, in Tris-borate buffer, pH 8.3. For both-RT, and RT, two
bands appear in the gel.

made. No absorbance or reactivity with IgE an-
tibodies by the RAST was observed when the column
was finally washed with column buffer containing 2M
NaCl. For the RAST, equal absorbances of each pool
were allowed to react with CNBr-activated discs.
Pool A, showed the highest RAST reactivity with IgE
antibodies (Table II) and was further purified by
preparative flat-bed electrofocusing. Thirty fractions
were obtained, and an equal absorbance of every
fraction was allowed to react with CNBr-activated
discs and was tested for RAST reactivity with IgE
antibodies. Fig. 3 shows the absorbance, RAST re-
sults, and pH profile of fractions obtained from pre-
parative electrofocusing. Fractions 13 to 18 contained
the peak RAST reactivity with IgE antibodies. Fig. 4
shows the analytical electrofocusing results of frac-
tions 2 to 20. Two distinct bands appeared in fractions
13 to 15 and 16 to 18. Fractions 13 to 15 with a pl of
6.7 were pooled, dialyzed, and concentrated; frac-
tions 16 to 18 with a pl of 6.2 were also pooled,
dialyzed, and concentrated. Each pool was passed
over a Sephadex G-100 column to further purify the
fractions (Fig. 5). Each preparative electrofocusing
pool was resolved into three absorbance peaks, which
were pooled separately; equal abserbances of each
peak were used to examine RAST reactivity with IgE
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FIG. 8. Analysis by PAGE of RT, and RT, in gels containing 1% SDS (A} and acetate-urea (B). In
the SDS-PAGE analysis the relative mobilities of the markers to that of marker dye were plotted
against the log of the molecular weights of the standards. The regression line for the standards
had a correlation coefficient of —0.995. The molecular-weight marker proteins are the same as
those in Fig. 5. RT,, RT,, and the molecular-weight marker proteins were treated with 0.04M
dithiothreitol prior to electrophoresis.
TABLE Hll. Amino acid compositions of RT+ and RT2*
Moles amino acid/mole protein of RT1t Moles amino acid/mole protein of RTzt
Residue To nearest integer Found To nearest integer Found
Aspartic 33 33.5 £ 0.68 30 29.7 £ 0.7
Threonine 30 30304 33 32.6 = 0.7
Serine 18 183 £0.3 19 18.8 £ 0.5
Glutamine 39 38.7 £ 0.7 41 40.7 £ 0.9
Proline 21 20.8 £ 1.1 30 297+ 43
Glycine 34 337 £ 0.6 37 37.1 £ 0.8
Alanine 37 36.8 £ 0.7 42 42.1 1.2
Valine 26 26.3 £ 0.3 29 29.4 = 0.8
Methionine 5 52 0.1 5 46 *05
Isoleucine 19 18.8 £ 0.2 19 189 = 1.6
Leucine 18 18.4 = 0.04 18 177+ 1.3
Tyrosine 14 13.6 = 0.1 14 14.1 £ 1.3
Phenylalanine 18 18.2 £ 0.3 20 19.7 + 1.2
Histidine 6 5.7 £ 0.02 7 6.5 = 0.9
Lysine 27 275 £ 2.6 32 320 1.6
Arginine 14 14.2 + 0.4 16 16.2 = 0.6

*Samples were hydrolyzed in vacuo for 24 hr in 6M HCI; cysteine and tryptophan were destroyed by hydrolysis; duplicate determinations
were made of RT; and RT,.

+TNumbers of moles of amino acid were calculated with a molecular weight of 39,000 for RT; (from the SDS-PAGE determination).

$Numbers of moles of amino acid were calculated with a molecular weight of 42,000 for RT; (from the SDS-PAGE determination).

§Mean = SD.
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FIG. 9. Analysis by Ouchterlony double-diffusion {A) and immunoelectrophoresis {B) of AT, and
RT, against rabbit antiserum to crude Russian thistle poilen. In Ouchterlony immunpditfusion we
used 0.010 ml of RT, (1.45 mg/mi, wells 3 and 5), RT. (1.11 mg/ml, wells 4 and 6), and preparative
electrofocusing fraction 14(2.00 mg/ml, wells 7 and 2). Rabbit antiserum (0.010 mi} was addeditc
the middie well. In immunoelectrophoresis (B) the top and bottom wells were filied with RT,
(1.45 mg/ml) and RT, (0.5 mg/ml), respectively, and antiserum was added to the trough after
antigen electrophoresis. In both cases precipitin bands were photographed after 48 hr.

antibodies. In both cases the fractions between the
elutien volumes of ovalbumin and chymotrypsino-
gen-A had the highest reactivity with IgE antibodies.
The protein with a pl of 6.7 was designated RT, and
that swith a pI of 6.2 was designated RT,. Rechroma-
tography of RT, and RT; on G-100 showed single
peaks with the same elution volumes as those in Fig. 5
(resuits not shown). Note that RT, eluted from the G-
100 zolumn with a slightly smaller elution volume
than that of RT,.

Analyses of homogeneity

The purified allergens were analyzed for homoge-
peity (1) by electrofocusing, (2) by gel elec-
trophoresis, and (3) by immunologic analyses. Fig. 6
shows the electrofocusing results: RT, and RT, each
gave a single band with pl of 6.7 and 6.2, respec-
tively. Fig. 7 shows the results from discontinuous
PAGE: RT, and RT, both showed two bands. Fig. 8,
A, shows the results from SDS-PAGE, and Fig. 8, B,
show: acetate-urea PAGE results. In both procedures
RT, gave a single band; RT, gave a single band that
electtophoresed further than RT, by SDS-PAGE.
Howewver, in acetate-urea PAGE, RT, gave a major
band ‘and at least two faint bands. The purity and
antigenicity of RT, and RT, were examined by

Ouchterlony double-diffusion against rabbit antiserum
to crude Russian thistle pollen (Fig. 9, 4) and by
immunoelectrophoresis (Fig. 9, B). Both allergens
formed single precipitin bands with antiserum  to
crude extract as opposed to multiple bands, which
formed when crude extract was tested with the same
antibody (results not shown). A strong band of iden-
tity formed between RT,; and RT, by Ouchtetiony
immunodiffusion, and there was also a second faint
precipitin line for RT; in Fig. 9, 4 (opposite well 3).
In immunoelectrophoresis RT; and RT, migrated
equal distances.

Protein, nitrogen, and e
extinction coefficient, and amino acid
analyses

The protein contents of RT, and RT, were deter-
mined by biuret; on this basis the percentages of ni-
trogen and carbohydrate were calculated. The results
indicate 10.6% *+ 0.2% nitrogen and 9% * 0.5%
carbohydrate in both RT,; and RT,. The absorbance
spectra of RT, (0.70 mg/ml) and RT, (0.45 mg/ml)
solutions in 250- to 600-nm wavelength range showed
absorbance maxima at 277 nm, with no other absor-
bance peaks. The extinction coefficients (E{”,,) for
RT, and RT, at 277 nm were calculated as 10.5 *
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FIG. 10. Inhibition curves showing allergenic potencies and
cross-reactivity of RT, (X), RT, (o), crude pollen extract (CE}
(e), and fraction A, from DEAE-celiulose chromatography
(a) with solid-phase crude pollen extract. The logarithm of
the mass of inhibitor is plotted on the abscissa, and percent
inhibition is plotted on the ordinate. The regression lines
relating percent inhibition and mass inhibitor for RT, and
RT. had correlation coefficients > 0.99. By regression
analysis the slopes of the inhibition lines for RT,:RT,
(F,,4 = 0.096, p > 0.75) and RT,:RT,:crude extract (F,¢ =
0.014, p > 0.975) were not statistically different.

0.4 and 10.2 = 0.4, respectively. Comparison of the
amino acid compositions of RT; and RT, (Table
III) revealed that RT, and RT, had similar compo-
sitions.

Molecular weight estimation

The molecular weights of RT; and RT, were also
estimated by gel filtration and SDS-PAGE. As shown
in Fig. 5, both RT, and RT, emerged from the
Sephadex G-100 column between the OV (4.5 x 10*
daltons) and Chy (2.4 X 10* daltons) markers; the
elution volume for RT, was slightly larger than that of
RT,. The calculated molecular weights for RT, and
RT, from SDS-PAGE (Fig. 8, A) were 39,000 and
42,000, respectively.

Allergenic analyses

The reactivity of RT, and RT, with IgE antibodies
was examined by P-K testing on a normal individual,
by the RAST, and by RAST inhibition. In the P-K
test, 0.8 and 0.9 ng of RT, and RT,, respectively,
induced skin reactions with 13 by 10 mm wheal and
40 by 30 mm flare, compared to a 5 by 5 mm wheal in
the control site. In the RAST, direct coupling of col-
umn fractions of the two allergens always gave a per-
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cent of total counts bound of at least ten times that of
the control serum. The allergenic potencies of RT, and
RT, were compared to that of crude extract by RAST
inhibition. In this analysis, solid-phase crude Russian
thistle extract was reacted with the allergic serum
pool, and quantities of various materials needed for
50% inhibition were determined as shown in Fig. 10.
Comparison of the slopes of the inhibition curves for
crude pollen extract, RT,, and RT, did not show a
difference. Furthermore, comparison of the slopes of
the inhibition lines for RT, and RT, did not show a
difference, suggesting that these preparations were al-
lergenically qualitatively the same. On a quantitative
basis, 37 ng of RT, were required for 50% inhibition,
and 51 ng of RT, were required for 50% inhibition.
Remarkably, both RT; and RT, were more potent
than crude extract as inhibitors in the RAST.

DISCUSSION

Previously, the principal assay system for allergen
purification has been direct skin testing of human sub-
jects. Recently, however, numerous studies® &1t
have shown that the RAST, introduced by Wide et al. ,®
can be used to detect the interaction of IgE antibod-
ies with allergens and thus for assay of allergens. Be-
cause the RAST is more convenient than skin testing
for the detection of allergens, we used it to isolate
allergens from Russian thistle pollen. We realized that
using the RAST to isolate allergenic activity in col-
umn effluents may be limited because the allergenic
site(s) on a protein could be altered, sterically hin-
dered, or not coupled at all in the solid-phase proce-
dure. Two glycoprotein allergens, RT, and RT,, were
purified and analyzed. They had identical immu-
nologic reactivity with human IgE antibodies in the
RAST. With rabbit antiserum to crude Russian thistle
extract they had identical immunologic reactions with
the exception of a faint extra band seen with RT, in
one instance. Also, the physicochemical properties of
RT, and RT, were similar; they had identical patterns
by PAGE at alkaline pH, the same nitrogen and car-
bohydrate contents, and similar amino acid contents.
They differed in their isoelectric points; RT; had a pl
of 6.7 and RT, had a pl of 6.2. The closely spaced
double bands seen for both RT; and RT, in PAGE at
alkaline pH may reflect inhomogeneity at these par-
ticular conditions. In PAGE at acid pH both RT, and
RT, showed a strong major band, but RT, also had
two minor bands, perhaps reflecting a trace impurity.
They also differed slightly in their molecular weights,
RT, being larger than RT,, as shown by the elution
volumes from Sephadex G-100 and by their mobility
on SDS-PAGE.
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In a previous report?' RAST inhibition was used to
examine allergenic properties and cross-reactivity of
purificd allergens. Therefore this technique was used
to study the allergenic properties and cross-reactivity
of RT, and RT, with crude Russian thistle extract and
with the DEAE fraction A,. Fig. 10 shows that RT,
and RT, were more potent on a mass basis in produc-
ing 50% inhibition than the crude extract or fraction
A, aad the slopes of the regression lines for RT,,
RT,, and crude extract were not statistically different,
indiciting the allergenic similarity of these molecules
to the crude extract. Thus these proteins, which con-
stitute only 0.025% by mass of the dry pollen, are
important allergens of Russian thistle pollen. How-
ever, as shown in the results from DEAE chromatog-
raphy and from preparative electrofocusing, other al-

lergens are undoubtedly present in the crude pollen
extragt,

We thank Dr. K. G. Mann, Dr. M. Nesheim, and Mr.
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ses amil Cheryl Adolphson for her critical review of this
manuseript.
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