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y-glutamyl dipeptides are formed from gluta- 
thione and an amino acid in the presence of a 
y-glutamyl transpeptidase (Thompson et al., 
in press). 

The lengthening list of amino substances which 
are found in the form of y-glutamyl compounds 
in diverse places in the plant kindgom suggests 
that they may play an interesting role in the ni- 
trogen metabolism of plants. 

REFERENCES 

Connell, G. E., Dixon, G. H., and Hanes, C. S .  

Kalyankar, G. D., and Snell, E. E. (1957), Nature 

Levv. A. L.. and Chung. D. J. (1955). J.. A m .  Chem. 

(1955), Can. J .  Biochem. Physiol. 33, 416. 

180, 1069. 
- I  . .  

sic. 77, 2899. 
Moore, S., Spackman, D., and Stein, W. H.  (19583, 

Anal. Chem. 30, 1185. 

Morris, C. J., Thompson, J .  F., Asen, S.,  and Ir- 
reverre, F. (1959), J .  A m .  Chem. SOC. 81, 6069. 

Morris, C. J., Thompson, J. F., Asen, S., and Ir- 
reverre, F. (1961), J .  Biol. Chem. 236, 1181. 

Rinderknecht, H., Thomas, D., and A s h ,  S.  (1958), 
Helv. Chim. Acta 41, 1. 

Sachs, H., and Brand, E. (1953), J. A m .  Chem. SOC. 
75, 4608. 

Thompson, J. F., and Morris, C. J. (1959), Anal. 
Chem. 31, 1031. 

Thompson, J. F., Morris, C. J., Arnold, W. N., and 
Turner, D. H. (1962), Proceedings of the Con- 
ference on Amino Acid Pools, Amsterdam, Holland, 
Elsevier Press (in press). 

Thompson, J. F., Morris, C. J., Asen, S., and Ir- 
reverre, F. (1961), J .  Biol. Chem. 236, 1183. 

Thompson, J .  F., Morris, C. J., and Gering, R .  K. 
(1959), Anal. Chem. 31, 1028. 

Virtanen, A. I., and Matikkala, E. J. (1961), Suomen 
Kemistilehti 34, 44, 53. 

Zacharius, R. M., Morris, C. J., and Thompson, J. F. 
(1958), Arch. Biochem. Biophys. 73, 281. 

Isolation Studies of Allergens from Ragweed Pollen* 
T. P. KING AND P. s. NORMAN1 

From the Rockefeller Institute and The Johns Hopkins University School of Medicine 
Received February 5,  1962 

A highly allergenic protein preparation apparently of 32,000 molecular weight has been 
isolated from the ragweed pollen extract by ammonium sulfate precipitation followed 
by chromatography on DEAE cellulose and on Sephadex. A second component of 
about 10,000 molecular weight was found to be also highly reactive in four out of thirty- 
two untreated hay fever patients. A cause for the gradual loss of the allergenic activity 
of ragweed pollen extract on storage is suggested. 

One of the most common seasonal hay fevers is 
caused by ragweed pollen. Extensive studies de- 
signed for the isolation and characterization of the 
active allergens have been under way in many 
different laboratories ever since the recognition 
that this pollen is the causative agent. These 
studies have been reviewed by several different 
authors (Newell, 1941; Sherman, 1959; Richter 
and Sehon, 1960). 

In  spite of all this careful work, the objective 
has not thus far been realized and the real chemi- 
cal nature of the allergen is not known. The re- 
sults from most laboratories indicate the activity 
to be associated with protein fractions, but others 
indicate i t  to be present in peptide fractions. 
Obviously the problem is one of considerable 
difficulty and one which presents a challenge to 
any laboratory interested in the isolation and 
characterization of active principles. It has been 
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taken up with the hope that certain techniques 
being developed in this laboratory may prove of 
value. 

One major difficulty in the isolation of the rag- 
weed allergens is the lack of methods capable of 
providing quantitative estimations of the aller- 
genic activity. At present estimations are usually 
made by direct skin tests on sensitized individuals 
or by indirect skin tests on normal individuals 
passively sensitized with sera from ragweed 
patients (Sherman, 19591. Both tests are sub- 
ject to a t  least tenfold variations. Because of 
such variations, it is helpful to have an independ- 
ent in vitro assay method. One such possible 
met,hod is agar gel diffusion analysis of antigens 
with precipitating antibodies from rabbits im- 
munized with ragweed pollen extracts. In  the 
present work, the Ouchterlony analysis of anti- 
gens was used for rapid identification and com- 
parison of different ragweed antigens. Since the 
substances which are antigenic in rabbits are not 
necessarily the allergens in man, direct skin tests 
were carried out later on the isolated fractions to 
identify the allergens. 

This paper will describe the isolation of a highly 
allergenic protein preparation of 32,000 molecular 
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weight from the ragweed pollen extract by am- 
monium sulfate precipitation followed by chroma- 
tography on DEAE-cellulose and on Sephadex. 
A second component of about 10,000 molecular 
weight was also highly active in about 10% of 
untreated hay fever patients. 

A DEAE-cellulose column was prepared from 
30 g of dry DEAE-cellulose which previously had 
been passed through acid and base cycles. The 
column (18 x 4 cm) was equilibrated with 0.025 
M Tris hydrochloride buffer (pH 7.9). Fraction 
A (5.3 gj was dissolved in 40 ml of the Tris hydro- 
chloride buffer, and the p H  of the solution was 
adiusted to 7.9 with the addition of 3 N ",OH. EXPERIMENTAL 

Materials.-The low ragweed (Ambrosia elatior) 
pollens of 1956 and 1960 crops were stored a t  deep- 
freeze temperature. The 1960 crop was furnished 
by the Division of Biologics Standards, U. S. 
Department of Health, Education and Welfare. 
Comparison of the extracts from the two crops by 
the Ouchterlony technique showed no discernible 
difference in antigen content. 

Rabbit anti-ragweed sera were prepared by the 
procedure of Cebra (Cebra, 1956). Two of the 
sera used were generous gifts from him. 

The proteins used for the standard chromato- 
gram in Figure 4B were as follows: bovine plasma 
albumin (Armour Co., Lot No. T682041, bovine 
@-lactoglobulin (Pentex Co., Lot No. F23), and 
bovine pancreatic ribonuclease (Armour C o . ,  Lot 

Sephadex G-75 and G-25 (Pharmacia Co., 
Uppsala, Sweden) were dry sieved through an 
80-mesh screen, and only particles larger than 
80-mesh size were used. DEAE-cellulose (Carl 
Schleicher and Schuell CO., Lot No. 1126' had an 
exchange capacity of 0.9 meq,'g. 

Carboxypeptidase A was a Sigma Chemical Co. 
preparation (Lot No. C-50-B-82). p-Nitrophenyl- 
acetate, p-nitrophenylphosphate, and bis-p-nitro- 
phenylphosphate were purchased from Mann 
Research Laboratories. 

Isolution of the Allergens from Pollen.-Low rag- 
weed pollen (200 g J was defatted five times with 
1-liter portions of ethyl ether by decantation. 
After removal of the residual ether under reduced 
pressure, the pollen was extracted in 1400 ml of 
water a t  25" for 5 hours with stirring. The solu- 
tion was filtered through a Buchner funnel and 
the pollen residue was washed with 300 ml of 
water. The combined filtrates (1500 ml, pH 5.9) 
were adjusted to p H  7 with 4.5 ml of 3 N ",OH, 
then 900 g of ammonium sulfate was added with 
stirring. After 3 hours a t  4", the precipitate was 
collected by centrifugation. The dark brown 
gummy precipitate ica. 20 mli was dissolved in 
65 ml of 0.05 M Tris hydrochloride buffer ' p H  7.9). 
A small amount of insoluble material was removed 
by centrifugation. The solution was then passed 
through a Sephadex G-25 column 150 X 4 cm) 
with water as the eluant a t  a flow rate of 300 ml 
per hour, and the effluent was collected in 20 ml 
fractions. The ammonium sulfate peak was lo- 
cated by ninhydrin analyses (Moore et al., 1954). 
Fraction A, which contained all the antigens, was 
quite turbid and was clarified by centrifugation be- 
fore lyophilization. To insure the removal of am- 
monium sulfate, the lyophilized fraction A was 
passed through the G-25 column a second time. 

NO. 647-213). 

The solution was then passed through the DEAE- 
cellulose column with 0.025 M Tris hydrochloride 
buffer as eluant a t  a flow rate of 300 ml per hour. 
After the collection of 30-35 fractions (25 ml each 
fraction), the eluant was changed to  0.05 M Tris 
hydrochloride buffer containing 0.20 M NaCl 
(pH 7.9). There was also a significant amount of 
material adsorbed on the column which could be 
eluted only with strong alkali. For recovery, 
60 g of solid ammonium sulfate was added to each 
100 ml of the pooled fraction. After 3 hours a t  
4", the precipitate was collected by centrifuga- 
tion, dissolved in 15-20 ml of water, dialyzed 
against several changes of distilled water a t  25 O for 
6 hours, and lyophilized. The dialysis casiligs 
used were Visking 23/32 grade previously washed 
with water and 2 x N disodium versenate. 

Fraction D (1.0 gj was then chromatographed 
on Sephadex G-75 as described in the Methods 
section. For recovery of the fractions, 53 g of 
solid ammonium sulfate was added to each 100 
ml of solution. After 3 hours a t  4 O ,  the precipi- 
tate was collected, dissolved in 10-15 ml of 1 x 
10 - M NH4HCOs, and dialyzed against several 
changes of 1 X 10-3 M NH,HC03 a t  25" for 6 
hours. The use of NH,HCO, was found to reduce 
the precipitation which took place with fractions 
III , ,  IV,, and Vi.  After dialysis, the fractions 
were lyophilized. The fractions were rechromato- 
graphed on Sephadex G-75, and the following 
amounts were used: 147 mg (fraction I I , ) ,  212 mg 
(fraction I I I ] ) ,  302 mg (fraction IV,) ,  150 mg 
(fraction VI), and 140 mg (fraction VII).  

Methods 
A. CHROMATOGRAPHY ON SEPHADEX G-75.- 

The column (600 x 2.5 cm) was constructed in 
three 200-cm sections, mounted a t  the same level 
and connected in series with polyethylene tubing 
(1.0-1.4 mm I.D.). Before packing, the Sephadex 
gels were washed with 50% acetic acid and water, 
then equilibrated with 0.5 N ammonium acetate. 
Air pressure of 5-6 cm Hg was applied to drive 
the buffer through the columns and to reduce 
the degassing of buffer solution on the top of the 
second and third columns. The flow rate was 
adjusted to  60-65 ml per hour by the attachment 
of a fine-glass capillary tube to the exit poly- 
ethylene tubing. Chromatography was carried 
out a t  25". Samples (up i o  2 g in 15 ml of the 
buffer) were used and the effluent was collected 
in 15-ml fractions. The positions of the peaks 
seldom varied by more than two fractions. Thp 
eluant, 0.5 N ammonium acetate, was chosen be- 
cause it serves the dual purpose of buffering the 
solution a t  neutrality and preventing the clogging 
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of the column. When a salt-free concentrated 
protein solution passes through the Sephadex 
G-75 gels, there is always a shrinkage of the gel 
and the column becomes clogged. This can be 
avoided by using an eluant of high ionic strength. 

B. CHEMICAL ANaYsEs.-Phosphates were 
determined colorimetrically (Lowry and Lopez, 
1946). For the determination of covalently 
linked phosphate, the sample was previously 
hydrolyzed in 3 N HC1 for 2 hours a t  100". 

Hexoses and pentoses were analyzed by the 
orcinol-sulfuric acid method (Tsugita and Akabori, 
1959) and the orcinol-ferric chloride method 
Volkin and Cohn, 1954). With the first method, 
both hexoses and pentoses gave the same color 
yield; with the second method, arabinose gave 
fourteen times more absorption a t  660 ml.c than 
glucose and twice that of glucuronic acid. No hy- 
drolysis of the sample was required with either 
method. 

Hexuronic acid was determined by the carbazole 
method (Dische, 1950) without prior hydrolysis. 
A standard curve was constructed with glucuronic 
acid. 

Hexosamines were determined by the p-dimeth- 
ylaminobenzaldehyde method (Elson and Mor- 
gan, 1933). The samples were hydrolyzed in 3 
N HCI a t  100' for 2.5 hours, then neutralized with 
NaOH for analysis. A standard curve was pre- 
pared with galactosamine. The values for hex- 
uronic acid and hexosamines were not corrected for 
decomposition. 

For identification of the neutral carbohydrate 
present in fraction A, samples i3 mg) were hy- 
drolyzed in 1 N HC1 for 4 hours a t  110". After 
passage through a mixed bed ion-exchange column, 
the hydrolysate was used for paper chromatog- 
raphy in a solvent system of isopropanol, n- 
butanol, and water 1140:20:40). The chromato- 
grams were developed with p-anisidine spray. 
For isolation of the carbohydrate, a larger sample 
'200 mg) was hydrolyzed. The carbohydrate 
was recrystallized from a mixture of ethyl acetate, 
ethanol, and water. 

Sulfhydryl grocp was deterr.ined by the amper- 
ometric titraticn method (Benesch et al., 1855). 
The titration medium contained 0.15 @mole of 
protein in 5 ml of H,O and 1.5 ml of 1 &I Tris 
nitrate buffer ipH 7.4), and the titrant, 2 x 10 - ?  

N AgN03, was added in 5-pl aliquots. 
Amino acid analysis was carried out on a 

Spinco automatic amino acid analyzer (Moore 
et al., 1958). The samples (3-4 mg) were hy- 
drolyzed in 6 N HC1 in sealed evacuated tubes for 
22 hours a t  108". The hydrolysates were taken 
to  dryness 01: a rotatory evaporator, then dissolved 
in 5 ml of buffer for analysis (Crestfield, unpub- 
lished observation I ,  Tryptophan was determined 
spectrophotometrically t Goodwin and Morton, 
1946). 

C. IMMUNOLOGIC ANALYSES.- 4gar gel diffu- 
sion of antigens 1 Ouchterlony, 1958) was carried 
out as follows: microscope slides (3 x 2 in) were 

coated with 5 ml of warm 0.8% Difco Noble agar 
in Tris hydrochloride buffer (pH 7.9, r/2 0.11) 
containing 0.01 % merthiolate. After gelling, 
wells (4 mm diameter) were made by gentle suc- 
tion with a fine glass tubing. Three parallel 
rows of six wells each were made, and the wells 
were spaced with centers a t  1-cm intervals. 
Antisera were in the middle row and antigen 
solutions in the first and third rows; solutions were 
introduced in 10-gl aliquots. A second addition 
to the wells after 24 hours sharpened the precipitin 
lines even when antigen or antibody were in 
excess. The stated amount of antigen and 
antiserum was added in two equal portions. After 
48 to 72 hours, the precipitin lines were photo- 
graphed. Near the midzone between wells, the 
precipitin line position varies with the logarithm 
of the antigen concentration, and from this line 
position it is possible to compare concentrations 
of an antigen in different fractions. However, it 
is not valid to compare concentrations of different 
antigens, as precipitin line positions depend on the 
concentration of the specific antibody and the 
rate of diffusion of the particular antigen. These 
are different in each antigen-antibody system. 

Direct skin testing on untreated ragweed- 
sensitive subjects was carried out by intracuta- 
neous injection of 0.05 ml of test solution. Test 
solutions were made up in isotonic saline buffered 
a t  pH 7.4 with Tris hydrochloride. Each fraction 
was tested a t  serial tenfold dilutions until a 
negative reaction was observed. The reactions 
were graded after 15 minutes as follows: 

Grade Erythema Wheal 
0 <5 mm <5 mm 
f 5-10 5-10 

I +  10-20 5-10 
2 +  20-30 5-10 
3+ 30-40 10-15 or with pseu- 

dopods 
4 +  > 40 >15 or with many 

pseudopods 

Scratch Cests were performed by making a 1-cm 
scratch on the skin with a vaccination needle. 
One drop of test solution was placed on the 
scratch and after 15 minutes reactions were 
graded 1 + to 4+ by the size of the wheal. 

ticn analyses wera carried out in a Spinco model E 
ultracentrifuge with double-channel cells a t  50,740 
rpm with 1 %  protein solutions in a buffer of 0.10 

(pH 7.7). Synthetic boundary cell runs a t  12,590 
rpm gave the total protein concentration. The 
rapidly sedimenting material referred to that frac- 
tion of the sample absent in the high-speed runs. 
Diffusion coefficients were calculated from th t  
synthetic boundary cell rrns by the height-area 
method. Partial specific volume was calculated 
from the determined amino acid composition 
iCohn and Edsall. 1943). 

E. ELECTROPHORESIS. --Zone electrophoresis 
in starch was carried out in a half cylindrical 

D. SEDIMENTATION ANALYsEs.-Sedimenta- 

M NaCl $- 0.004 hl KHJPO, + 0.035 M KZHPO, 
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trough (50 X 3 x 1.5 cm) with 4 mg of the sam- 
ples; a potential drop of 2.3 volts per cm a t  4' 
for 41 hours was used. The block was equili- 
brated with a buffer of 0.05 M sodium barbital 
f0.01 M barbital f0.05 M NaCl (pH 8.55). After 
the block was sectioned into 1-cm segments, each 
segment was extracted with 4 ml of water, and 
the protein concentration was determined colori- 
metrically on 1-ml aliquots of the extract (Lowry 
et al., 1951). 

F. DETERMINATION OF THE CARBOXYL-TER- 
MINAL AND AMINO-TERMINAL AMINO ACIDS OF 
FRACTION IVL.-Carboxypeptidase A digestions 
were carried out under the following conditions: 
ca. 12-15 mg of the sample (ca. 0.354.44 pmole) 
was digested with 0.02 pmole of diisopropyl- 
fluorophosphate-treated carboxypeptidase A in 
2.0 ml of 0.05 N NH,HCO? a t  25". Carboxypepti- 
dase A concentration was estimated spectrophoto- 
metrically (Neurath, 1955). At  zero time, the 
entire mixture was transferred into a thin film 
dialysis apparatus (Craig et al., 1957). The sac 
used was Visking 23 132 cellophane membrane, 
which is impermeable to proteins but permeable 
to free amino acids. The apparatus was designed 
so as to provide ca. 50 cm2 of dialyzing area, and 
the volume of the outside solution was 25 ml of 
0.05 N NH,HCO1. At intervals, the outside solu- 
tion was changed and set aside. The collected 
solutions, after lyophilization to remove water 
and NHIHCO1, were dissolved in p H  2.2 citrate 
buffer and the liberated amino acids were then 
determined on the amino acid analyzer. 

For the detection of amino-terminal amino 
acid, ca. 12 mg of the protein sample was converted 
to its dinitrophenyl derivative by treatment with 
50 mg of 2,4-fluorodinitrobenzene in 3 ml of 50% 
ethanol containing 0.24 mmole of NaHC03 for 2 
hours a t  25". The derivative precipitated out on 
acidification and was triturated with ether. After 
drying, the sample was hydrolyzed in 1 ml of 6 
N HC1 in an evacuated tube a t  108" for 13 hours. 
After dilution with water, the hydrolysate was 
extracted with ether. The ether extract and the 
aqueous phase were examined by paper chroma- 
tography (Levy, 1955 t .  

ENZYME ASSAYS.- -Proteolytic activity was 
determined by the method of Kunitz [Northrup 
et al., 1948). The assay was carried out a t  p H  
7.6, 5.3, and 4.0. Casein was used as the sub- 
strate a t  p11 7.6. and bovine plasma albumin was 
used a t  pH 5.3 and 4.0. 

Esterase activity was determined with p- 
nitrophenylacetate as substrate. The assay sys- 
tem contained 1 pmole of substrate and x pg of the 
pollen fraction in 3.25 ml of 0.05 M potassium 
phosphate buffer cpH 5.9). The release of p -  
nitrophenol a t  25 was followed spectrophoto- 
metrically a t  400 or 440 mp for 10 minutes. In 
the region of 0 60% hydrolysis, the rate of release 
was directly proportional to the amount of en- 
zyme used. A unit of activity was defined as 
the release of 0.01 pmole of p-nitrophenol per 

G. 

Desalting of Pollen Proteins on Sephodex G - 2 5  l51x4cml 

Eluont. Woter c_ 

D280 

' 0  

ml eff luent 

FIG. 1.-Chromatography of the ammonium sul- 
fate precipitate from pollen extract on Sephadex 
G-25. 

minute, and the specific activity was defined as 
the number of units prese-nt per mg of the fraction 
tested. 

Phosphodiesterase and phosphomonoesterase 
activities were measured with bis-p-nitrophenyl- 
phosphate and p-nitrophenylphosphate as sub- 
strates, respectively. The assay system contained 
1 pmole of substrate and x pg of the pollen fraction 
in 3.25 ml of 0.05 M sodium maleate buffer (pH 
6.1). Hydrolysis a t  25" was followed by measur- 
ing the liberated p-nitrophenol spectrophoto- 
metrically. In the region of 0-30% hydrolysis, 
the rates were proportional to the amount of en- 
zyme used. The unit of activity and the specific 
activity are defined as above. 

RESULTS 

The allergens were isolated from defatted pollen 
by water extraction and subsequently precipi- 
tated with ammonium sulfate a t  0.9 saturation. 
The precipitate was desalted by chromatography 
on Sephadex G-25 (Fig. 1). Adsorbed yellow 
pigments and other low-molecular-weight sub- 
stances were removed together with the ammo- 
nium sulfate in the process. In the extract fi,.< 
antigens were detected with the antiserum used 
These antigens were designated as A to E accorc- 
ing to their precipitin line positions (Fig. 2, uppe> 
row). The first peak, fraction A, was frund to  
contain all the antigens present in the extract 
except that there was a decrease in antigen A 
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FIG. 2.-Agar gel diffusion analyses of ragweed pollen antigens (see text for designations). 

The pigment-containing peak, fraction B, was de- 
void of antigens. 

Direct skin testa showed that the allergenic 
activity was concentrated in fraction A, as frac- 
tion B had diminished activity (Table I). The 
tests were carried out on ten different patients, 
and only one representative case is given in Table 
I. The supernatant from the ammonium sulfate 
precipitation was not tested, since previous work 
(Stull and Sherman, 1939) has shown it to be 
inactive. 

Fraction A was found to contain 10 % nitrogen, 
< 0.1% phosphorus, 37% L-arabinose, and 
traces of hexosamine and hexuronic acid. The 
phosphorus present was found to be due to absorp- 
tion of inorganic phosphate, since the same values 
were obtained before and after acid hydrolysis. 
The neutral carbohydrate was identified as L- 

TABLE I 
COMPARATIVE SKIN TESTS OF FRACTIONS A, B, C,  
AND D ON A SINGLE RAGWEED-SENSITIVE PATIENT 

Fraction 
Gram Pollen 
Used Extract A B C D 

10 --B 2+ 
10 -7 

10 -8 z!c 
10 - 9  4 +  3 +  1+ 
10 -10 1+ 1+ 2 +  
10 -11 0 f 0 f 

The symbols f to 4 +  refer to the grade of the skin 
reaction on intracutaneous injection of the stated 
amount of the material (see text for designations). 

arabinose by paper chromatography and by 
actual isolation. The isolated sugar had an 
identical melting point and optical rotation with 
an authentic sample. The arabinose was shown 
to be present in the form of a polymer by the, 
observation that it dialyzed through a cellophane 
membrane Visking 23/32 grade a t  a rate much too 
slow for the monomer. The material that did 
dialyze probably represented enzymic degrada- 
tion products, since a boiled solution of fraction 
A showed a decreased amount of dialyzable arabin- 
ose. Removal of 50% of the arabinose in fraction 
A did not cause any detectable change in its anti- 
gen composition as judged by the precipitin line 
positions. 

To gain a preliminary insight into the properties 
of fraction A, zone electrophoresis on starch and 
thin film dialysis through cellophane membrane, 
Visking 20/32 grade (Craig et al., 1957), were 
carried out. At p H  8.5, fraction A migrated as a 
negatively charged broad band with a mobility 
of two thirds of that of plasma albumin. At  p H  
3.7, it migrated mainly as cationic substances. 
Therefore, the isoelectric points of the pollen 
proteins are in the p H  range of 4-8. The dialysis 
experiment indicated a wide distribution of 
molecular sizes in fraction A, up to 5040% in the 
molecular weight range of several thousand to 
twenty thousand. 

Fraction A was readily separated into two frac- 
tions, C and D, by chromatography on DEAE- 
cellulose with a stepwise increase of the ionic 
strength of the eluant (Fig. 3).  Only antigen C 
was present in fraction C (Fig. 2) .  All the other 
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Group Separation of Pollen Proteins, Froction A on DEAE Cellulose ( l 8 x 4 c m l  

0025 N Tr i i  
0015 NHCI 

0 20  N NoCl 
0 05 N T m  
003 N HCI 

ml effluenl 

FIG. 3.-Chromatography of fraction A on DEAE- 
cellulose. 

ChrornotoqroDhy of Froclion 0 On Sephadex G-75 1600x2 5 c m l  - Eluant. 0 5 N NH4Ac 
E280 

70.. 

a 

Bowne plosrno 6 
albumin 

. ) 0 I O  
Arob8nose 

0 1000 I300 1600 1900 2200 2 5 0 0  2 8 0 0  3100 

ml e f f l uen t  

FIG. 4.-Chromatography of fraction D (A) and an 
admixture of known proteins and arabinose (B) on 
Sephadex G-75. 

( 1 ) O  
I 

1400 

4200 

'11 1, C 

A 
'1 

0 1000 I300 1600 1900 2200 2500 
ml affluent 

FIG. 5.-Rechromatography of the fractions from 
Figure 4A on Sephadex G-75. 

antigens were in fraction D. The precipitin lines 
corresponding to antigens A and B split into new 
components, and these were designated as anti- 
gens A,, A2, B,, and Bs (see also Fig. 6). The 
allergenic activity was found to be concentrated 
in fraction D (Table I). Attempts to resolve 
fraction D with linear gradients of increasing ionic 
strength were unsuccessful owing to excessive 
trailing of the peaks. 

Further resolution of the antigens in fraction D 
was obtained by chromatography on Sephadex 
G-75 (Porath, 1960). The indicated fractions 
(Fig. 4A) were recovered, and antigenic analyses 
indicated resolution of several of the antigens. 
The fractions 111 through VI,  wep  therefore re- 
chromatographed (Fig. 5). Fraction I ,  was not 
rechromatographed, as it gave a weak diffise 
antigen pattern and showed low allergenic ac- 
tivity. The yields of the various fractions from 
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TABLE I1 
SUMMARY OF YIELDS FROM VARIOUS FRACTIONS AND THEIR ESTERASE ACTIVITIES 

Phosphodi- Phosphomono- 
esterase 

Yieldh Specific Total Specific Specific 
Fraction" (g) Activity Units Activity Activity 

. 
esterase __- Esterase 

Extract 
A 
C 

11, 
IIIqA 
1II;B 
IVZ 
VP 
VIiA 
VIiB 

50.500 
5 . 6 0 0  
2 . 1 0 0  
1,100 
0 . 2 4 0  
0.110 
0 . 1 3 0  
0 . 1 7 0  
0 . 0 8 0  
0.050 
0 . 0 3 8  
0 . 0 2 4  
0 . 0 5 6  
0 . 0 8 7  
0 . 0 2 9  
0.011 
0 . 0 1 4  

1 . 9  

0 . 6  
14 

54 
62 

260 
34 
- 

- 
600 

82 
40 
32 

2 - 

95,000 
78,000 

1,300 
59 : 000 
15,000 
29,000 

4,400 

- 
- 

23,000 
2 ,000  
2,200 
2 ,800  

60 - 

0 . 2 5  
2 . 5  
0 . 4  
5 . 5  
1 . 4  

12 
3 . 2  
0 
- 

0 . 4 3  
4 . 6  
0 . 4  
9 . 4  

12 
22 

1 . 6  

.- 

Fraction A is isolated from G-25 chromatography of the ammonium sulfate precipitate of pollen extract 
Fractions I I  

Fractions 11, to VI? are from rechromatog- 
(Fig. 1). 
to VI1 are from G-75 chromatography of fraction D (Fig. 4A). 
raphies of fractions 11, to VI, (Fig. 5). 

Fractions C and D are from DEAE-cellulose chromatography of fraction A (Fig. 3) .  

Yield from 200 g of pollen. 

FIG. 6.--Agar gel diffusion analysis of 

200 g of pollen are listed in Table 11. In Figure 
4B is shown the Sephadex G-75 chromatogram of 
a mixture of bovine plasma albumin, b-lactoglobu- 
lin, ribonuclease, and arabinose. The relative 
molecular sizes of the various fractions can be 
estimated by a comparison of their positions of 
emergence from the column with those of the 
standard substances. 

antigens in the fractions from Figure 5. 

Analyses of antigen contents of the rechromato- 
graphed fractions are shown in Figure 6. Frac- 
tion IVa contained antigen E, as the precipitin 
line can be traced to that in fraction D. Frac- 
tion III,B contained mainly antigen B, and traces 
of antigem Bz and E, and the identity of antigen 
B1 can be followed by tracing the precipitin line 
through fractions III,A and 11, to that in fraction 
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TABLE I11 
COMPARATIVE SKIN TESTS OF THE FRACTIONS DERIVED FROM FRACTION D 

IN FIGURES 4A AND 5 ON A SINGLE RAGWEED-SENSITIVE PATIENT 
Gram Pollen -. ~- Fraction 
Used Extract II I12 III2A IIIzB IVn V? VIiA VIzB 

5 x 10-8 3 +  
5 x 10-9 1+ 2-t  
5 x 10-'0 0 3 +  3 +  0 
5 x l o - "  2 +  1-t 2+  I+ 
5 x 10-12 f 0 * 0 3+ 

5 x I O - "  f 0 

2+ f 3 +  
x 10-13 0 0 1+ 0 1+ 

The symbols f to  3 +  refer to  the grade of the skin reaction on intracutaneous injection of the stated amount 
of the material (see text for designations). 

D. Fraction III,A contained antigens B1, Bn, A,, 
and A2. Fraction 11, contained antigens B, and 
B2. Fractions 11, and III,A also contained a 
component corresponding to E. I t  is not certain 
whether this component is a dimer or polymer 
form of antigen E or another large protein with 
an antigenic determinant group similar to that 
of E. Fractions V12A and VI,B contained anti- 
gen D. Fraction V contained antigens D and E 
and an unidentified component. 

Comparisons of the relative allergenic activities 
of these fractions were carried out on seven hay 
fever patients. The entire test on one of the 
patients is given in detail (Table 111) to serve as 
an example. The others are summarized in 
graphic form (Fig. 7 ) ;  only the smallest quanti- 
ties required to give positive reactions are given. 
The scattering of data in Figure 7 is caused in 
part by the inadequacies of the skin tests, but is 
also due to varying degrees of sensitivity in pa- 
tients. The results in general suggest that frac- 

Direct Skin Tests on Isolated Fractions 5 m  
10- 3 r 

001. n 

A I  O A  +A. 0 A m  

1 9  -.A 

,e- 2 

0- 

OOA 301. + O A W  +ADO. 

0 & A 0  O A I  A 

i 0 + 3 l  . +OD i C - a l  
A 0  AOm 

tion IV2 was about ten times more reactive than 
the other fractions. Identical results were also 
obtained with six other patients in a preliminary 
experiment when fraction A was chromatographed 
on the Sephadex G-75 column to give a similar set 
of fractions. 

The only exception in Figure 7 was that in one 
patient fraction V12A was as highly active a0 
IV2. V12B, however, was not highly active. 
This is anomalous, as it is unlikely that either 
fraction V12A or V12B would be entirely free of 
substances present in the other. However, this 
did raise the possibility that fraction VI2 was a 
second allergen to which an occasional patient is 
also highly reactive. Rapid screening of nineteen 
other untreated patients by scratch testa showed 
three more patients who were as highly reactive 
to VI,A as to IV,. 

Because fraction IV2 was the most reactive 
allergenic fraction, it was chosen first to be more 
closely characterized. A summary of the steps 
required for ita isolation is given in the flow sheet 
(Fig. 8). By antigenic tests, fraction IV2 was 
estimated to be enriched about two-hundred-fold 
in comparison to the extract; by allergenic tests 
with threefold serial dilutions, fraction IV2 was 
enriched about one-thousand-fold. No attempt 
was made to estimate the yield of the allergenic 
activity because of inadequacies of the assay. 
With the antigen assay, it is estimated that the 
yield of fraction IV2 was about 30% from the 
extract. The major loss was found to occur dur- 
ing the isolation of fraction A, when visible 
amounts of precipitate formed during desalting 
on the Sephadex G-25 column (Fig. 2). The 
nature of this precipitate has not been studied. 

The analytical data of fraction IV2 and its 
amino acid composition are given in Tables IV 
and V. The amino acids found (uncorrected for 
decomposition) accounted for 93 % of the nitrogen 
present. The low recovery is within the experi- 
mental error and may be due  in part to incom- 

and valyl bonds. An interesting feature Of the 
ComPosition is the abundance of aspartic and 

FIG. 7.-Summary of skin test data of the fractions 

tients. The  entire test on the patient designated 
with the svmbol is described in detail in Table 111. 

from Figure 5. The symbols represent different pa- pleb hydrolysis Of the abundant isoleucyl- leUcY1, 

Skin tests were negative in seven normal people a t  a glutamic acids, leucine, isoleucine, proline, and 
level of 5 x 10-6 g of fraction IV.. hydroxyproline. It remains to be determined 
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Low ragweed pollen, 200 g 

Ether extraction, 23 g removed I+ 
Defatted pollen 

I- Water extraction, 50 g 

Pollen residue 0.9 sat. (NH,)/so~ P P ~ .  

i 
Supernatant G-25 column 

Fraction A Fraction B 
1.6 g 

J. "\;EA; column 

Fraction C Fraction D 
2.0 g 1.1 g 

i G-75 column 

1 
Major allergen fraction, IV2 

0.04% yield from pollen 
87 mg 

FIG. 8.-Flow sheet for the isolation of the major 
allergen fraction 1V2. 

whether the traces of carbohydrates present are 
contaminants or actual constituents of the 
protein. 

The ultraviolet spectrum of IV2 did not reveal 
any special chromophoric group besides those of 
tyrosine and tryptophan. Ita absorption max- 
imum was a t  282 mF with a shoulder a t  292 mp. 
The ultracentrifugal analyses of several prepara- 
tions of IV2 showed that 85% of the material sedi- 
mented as one peak. Ten per cent of the material 
was slower sedimenting than the main peak, and 
the remaining 5 % was in the form of rapidly sedi- 
rnenting materials. The molecular weight of the 
main peak was estimated to be 32,000. 

When IV, was tested for its immunochemical 
homogeneity against six different antisera a t  anti- 
gen concentration levels lower than that in Figure 
6, a split of the precipitin line E into two closely 
spaced precipitin lines was observed. (A photo- 
graph of these results is not shown in this paper.) 
This suggested the presence of two antigens in 
IV2. Further attempts to resolve IV2 by zone 
electrophoresis a t  pH 8.5 gave the result shown in 
Figure 9. Although the pattern indicated a 
separation, antigen analyses .acroa the band did 
not reveal any difference. 

In order to form some estimates of the homo- 

TABLE I V  
ANALYTICAL DATA OF THE MAJOR ALLERGEN 

FRACTION, IV2 

Nitrogen 
Arabinose 
Hexosamine 
Hexuronic acid 
Ash 
O.D. a t  280 mp 

Partial specific volume 
Estimated molecular weight 
Sulfhydryl group per 32,000 

g '  

16 Of/c 
2 4yc 
0 3yc 
0 6 %  
0 0% 
1 1 3 f o r C  = 1 
mg/ml a t  p H  
7 . 1 5  

3 . 0  f 0 . 1  X 

8 . 0  =k 0 . 1  x 
10 - I 3  sec. 

10-7 cm2/ 
sec. 

0 .719  
32,000 

0 . 5 2  f 0 . 0 5  

TABLE V 

FRACTION, IV, 
AMINO ACID COMPOSITION OF THE MAJOR ALLERGEN 

No. of No. of 
Residues Residues 

Found per to Nearest 
Amino Acid 32,000 gn Integer 

Lysine 
Histidine 
Ammonia 
Arginine 
Hydroxyproline 
Aspartic acid 
Threonine 
Serine 
Glutamic acid 
Proline 
Glycine 
Alanine 
Half cystine 
Valine 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Tryptophanb 

1 3 . 1  f 0 . 4  
5 . 6  f 0 . 2  

2 3 . 2  f 3 . 7  
1 0 . 3  f 0 . 5  
4 . 5  f 0 . 4  

3 5 . 7  f 1 . 7  
1 2 . 4  f 0 . 8  
1 5 . 5  f 1 . 5  
2 0 . 2  * 0 . 9  

2 9 . 4  f 1 . 1  
2 1 . 4  i 0 . 7  

5 . 0  f 0 . 2  
1 6 . 3  f 0 . 7  

4 . 8  f 0 . 3  
1 3 . 3  f 1 . 2  
1 5 . 7  i 0 . 7  

3 . 7  f 0 . 4  
1 0 . 0  f 1 . 0  
3 . 1  

1 3 . 7  i 1 . 8  

13 
6 

23 
10 

5 
36 
12 
16 
20 
14 
29 
21 

5 
16 

5 
13 
16 
4 

10 
3 

a Average of three determinations. Spectro- 
photometric analyses. 

geneity of IVs, amino- and carboxyl-terminal amino 
acid determinations were carried out. To deter- 
mine the amino-terminal residue, fraction IV2 was 
dinitrophenylated and then hydrolyzed in hydro- 
chloric acid. The ether extract of the hydrolysate 
and the aqueous phase were both examined by 
paper chromatography for a-dinitrophenyl-amino 
acids. Several faintly yellow spots were found, 
but none was present in a significant quantity 
(less than 0.01 mole per 32,000 g). If glycine, 
cystine, tryptophan, or proline were the amino- 
terminal residue, it could have escaped detection 
due to decomposition during hydrolysis. Car- 
boxypeptidase degradation showed that leucine 
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Origin 

I 

Biochemistry 

10 2: 33  4 0  50 

r-r 
FIG. 9.-Zone electrophoresis of the major aller- 

gen fraction IV?. 

was released in the largest amount, 0.61 mole per 
32,000 g after 4 hours (Table VI) .  A possible 
interpretation of this result is that fraction IV, 
consists of only 60% of one protein. 

DISCUSSION 

In a preliminary study of the stability of the 
aqueous extract of ragweed pollen, a gradual loss 
of pollen antigens together with the appearance 
of turbidity was noted when the extract was 
allowed to stand a t  25" Fig. 2 ,  lower row left 1. 

When the pollen extract W:IS acidified to p H  4, 
a heavy precipitate formed and the antigen pat- 
tern of the supernatant was foand to be similar to 
that of the aged extract, with the exception of 
antigen C, which did not change (Fig. 2 ,  lower 
row right). This similarity suggested that the 
loss of the antigens in the aged extract was caused 
by a slow liberation of hydrogen iors. This was 
found to be the case when the pH of the extract 
was followed [Fig. 10). A sudden drop in pH 
of the extract occurred after 5 hours, when its 

TABLE VI 
CARBOXYPEPTIL)~SE '4 DIGESTION OF THE MAJOR 

ALLERGEN FRACTION, Iv. ____ 
Mole Released per 

32,000 ,g 
After After 

Amino Acid i 5 h r  4 0 hr. 

~- ~ ~ 

Aspartic acid 
Threonine 
Serine, asparagine, 

Glycine 
Alanine 
Valine 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 

glutamine 

0 
0 10 
0 26 

0 1 2  
0 15 
0 09 
0 04 
0 22 
0 41 
0 01 
0.11 

0 07 
0 16 
0 40 

0 22 
0 27 
0 19 
0 04 
0 30 
0 61 
0 01 
0 13 

30 I I I J 
0 IO 20 30 40 5 0  

Hours 

FIG. 10.-Hydrogen ion release of a 13% pollen ex- 
tract a t  25'. 

natural buffering capacity (15 mM phosphate) 
was exhausted. 

An origin for this hydrogen ion release is sug- 
gested by the finding of an esterase in the extract, 
as shown by direct assays with a synthetic sub- 
strate, p-nitrophenylacetate. The specific ac- 
tivity of the esterase was increased about three- 
hundred-fold in the course of the isolation of the 
allergens (Table 11). The crude extract also 
exhibited phosphomonoesterase and phospho- 
diesterase activities when assayed with p-nitro- 
phenylphosphate and bis-p-nitrophenylphosphate 
as substrates. Since there was no concomitant 
increase in phosphate concentration with the 
hydrogen ion release, it would seem unlikely that 
these enzymes caused the observed p H  change. 
Determination of proteolytic activities with frac- 
tion A a t  pH 7.6, 6.3, and 4.0 gave negligible 
results. 

The presence of phosphomonoesterase and 
phosphodiesterase (Nakamura and Becker, 1951) 
and various other enzymes (Paton, 1919) in rag- 
weed pollen extract has been reported, but their 
effects on the allergenic activity of the extract 
have not been studied. It has been reported 
that the allergenic activity is unstable outside the 
pH limits of 4.5 to 7.5 ,Batchelder and Gonder. 
1941). The presence of an esterase activity 
then offers an explanation why ragweed pollen 
extract loses its allergenic activity on storage 
iStull and Sherman, 1939). 

The natural substrate of this esterase is still 
unknown but is apparently of low molecular 
weight, as a solution of fraction A in 15 mM 
phosphate (pH 5.9) did not show a marked 
change in pH on storage. With the removal of the 
unknown substrate, the allergenic activity of frac- 
tion D was stable even after storage in pH 7.4 
buffer a t  4" for 6 months. 

There are many conflicting reports in the litera- 
ture on the chemical nature and mdlecular size of 
ragweed pollen allergens. These differences 
may in part be caused by the different experi- 
mental procedures used, but they also indicate the 
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possibility of a multi-allergen system in ragweed 
pollen (Sherman and Stull, 1947). Because of 
this possibility, efforts were made in this study to 
examine closely all the derived fractions for their 
allergenic activities and antigen contents. Aller- 
genic activity tests were carried out only on un- 
treated ragweed hay fever patients, as it has been 
reported (Richter et al., 1958) that treated pa- 
tients developed an additional sensitivity toward 
the “dialyzable” fraction of the pollen extract, 
which was usually inactive in untreated patients. 

All the pollen antigens were in fraction A ,  as 
described in the Results section. Procedures for 
the separation of this antigen mixture were devised 
after some preliminary observations on the elec- 
trophoretic mobility and molecular size distribu- 
tions of fraction A. Chromatography on DEAE- 
cellulose was chosen because of the probable acidic 
nature of the pollen proteins. This led to the 
separation of fraction A into fractions C and D. 
Fraction D contained several antigens, and these 
were resolved on the basis of their molecular size 
differences by chromatography on Sephadex 

Tests of allergenic activities of fractions A and 
B (Table I) clearly showed that the molecular 
weights of the allergens must be larger than 
several hundred, otherwise fraction B would have 
activities equal to that of A .  Also, after chroma- 
tography on DEAE-cellulose the activity was 
concentrated in fraction D. The skin test data 
(Table I11 and Fig. 7 )  of the fractions derived 
from fractions D by Sephadex G-75 chromatog- 
raphy were not as decisive as those in Table I. 
The data definitely showed that fraction IV, was 
the most reactive one in all cases tested, but frac- 
tions IIL, IIIL, and V! were also more reactive than 
the extract. The explanation of the observed 
activities of these fractions could be that they are 
contaminated with IVI or that they are different 
allergens of lower activities. At  present both 
possibilities are to be considered. One would 
expect from the rechromatograms t Fig. 5) that 
fractions 111) and V2 would be contaminated with 
a few per cent of fraction IV?, and this is indicated 
from the antigen analyses (Fig. 6). That amount 
of contamination in these two fractions could give 
the observed activities when compounded with 
the variations in skin testing. The activity in 
fraction I1 could be explained by the observation 
that this fraction contained antigen similar to that 
in fraction IVr, as described in the Results section. 

Because of one exception in Figure 7 which 
showed fraction VILA to be equally reactive as 
IV2, further tests were carried out, and they led 
to the finding that fraction VILA is a different 
allergen, highly reactive in four out of a total of 
thirty-two patients tested. If other allergens 
were present in fractions IIL, 111.. and V,, their 
frequencies in eliciting a skin reactim as strong as 
IVI must be less than or equal to that of fraction 
VIIA, or otherwise the activity relationship in 
Figure 7 would not have been observed. 

G-75. 

Within the limits of these results, it is possible 
to conclude that the ragweed pollen contains two 
allergens, a major one in fraction IV, and a minor 
one in fraction VI?. The other fractions perhaps 
are also allergenic but they probably play less 
significant roles in hay fever hypersensitivity than 
the two mentioned. 

Recently Goldfarb and Callaghan (1961 have 
also reported the isolation of an allergenic fraction 
from ragweed pollen. Their fraction probably 
corresponds to the major allergen in fraction IV,, 
as it was reported to have a skin reactive potency 
similar to IV,. A detailed comparison of these 
two different preparations is not possible owing 
to a lack of information on the physicochemical 
properties of their sample. 

The minor allergen fraction has not been studied 
thus far with regard to  its purity and composition. 
On the basis of its elution volume on Sephadex 
G-75 chromatography, its molecular weight is 
probably about 10,000. Its antigenic determi- 
nant group appeared to be differant from the major 
allergen, as the Ouchterlony analysis of the two 
fractions did not show any fusion of the precipitin 
lines. 

From the results discussed in the above section, 
the major allergenic activity would seem to be 
associated with a protein fraction aprarently of 
32,000 molecular weight. Since fraction IV2  
represents a t  best no more than 10% of the pro- 
teins in ragweed pollen extract, it is of interest to 
question the cause of its powerful sen *itizing 
effect. The amino acid composition of fraction 
IV, has not revealed any unusual chemical feats c 
which could explain this effect. The traces of 
carbohydrate found in fraction IVJ are probably 
impurities, as a t  each stage of purification the 
carbohydrate content decreased while the aller- 
genic activity increased. Therefore, it is unlikely 
that the allergenic activity resides in the carbo- 
hydrate moiety. The relatively large molecular 
weight of fraction IV- also raises the interesting 
question of how this allergen can be so readily 
absorbed through mucous membranes as to 
sensitize the susceptible persons. Perhaps the 
allergen dissociates into smaller molecular units 
under suitable conditions. 

Finally, it is not to be inferred from the ob- 
served close correlation of the allergenic activity 
with the presence of antigen E that the allergenic 
and antigenic sites are identical. Indeed the 
allergenic activity may be due to some small 
haptenic group attached to a carrier proteir, which 
is antigenic in rabbits. These aspects, as well as 
the homogeneity of fractions IV: and VI) ,  are 
being studied further. The application of frac- 
tion IV2 to desensitize ragweed hay fever patients 
is being carried out. 
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