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CHAPTER I

GENERAL INTRODUCTION *

Although allergy and immunity may appear, on superficial
examination, to be two unrelated phenomena, studies have revealed that
the mechanisms of the reactions involved in the manifestations of the
immune and allergic states have common features. A brief survey of the
fundamental aspects of immunology would therefore appear to be essent-
igl prior to a discussion of the mechanisms involved in the allergic
reaction.

The existence of immunity can be observed in an animal which,
having recovered from a bacterial infection, is found to be resistant to
a second infection with the pathogenic organism. The serum obtained
from such an animal is capable of causing agglutination or lysis of the
organism when incubated with it in vitro. The factor in the serum res-
ponsible for this reaction is called the antibody and the substance which
induced its formation, in this case the bacteria,is referred to as the anti-
gen. Antibodies have been isolated in pure form and appear to possess the
same properties as normal serum gamma globuling i.es similar electrophore-
tic mobility, sedimentation constant, amino acid composition and solubil-
ity properties. Antibodies can be differentiated from normal gamma globu-~
lins only by their ability to combine specifically with the antigen. Not

only virulent organisms but also toxins and innocuous substances such as

% More detailed descriptions of the concepts presented in this chapter can
be found in the references given at the end of the chapter.



red blood cells and serum proteins of ancther animal species can indu-
ce the formation of antibodies. Incubation of each of these antigens
with its respective antiserum results in a specific combination of the
antigen and antibody. This reaction manifests itself in neutraliza-
tion and often in precipitation of the toxin in the case of toxins, in
agglutination (in the absence of complement) or hemolysis (in the pre-
sence of complement) in the case of the red blood cells and in precipi-
tation in the case of the serum protein antigens. In order for precipi-
tation or agglutination to take place, it has been generally accepted
that both the antigen and the antibody must each have at least two re-
active groupings, ie.e.,they must be "multivalent". It has been shown
that the reaction between the antigen and the antibody is highly specif-
ic and that even closely related antigens do not cross-react. This spec-
ificity must therefore be attributed to a configurational complimentari-
ness between the antigen and the antibody and may be compared to the
specificity of an enzymatic reactione.

There are substances, usually of low molecular weight, which,
by themselves, cannot induce the formation of antibodies but which are
antigenic if they are conjugated to large carrier molecules (i.e., serum
proteins). Such substances are capable of reacting with the antibody once
it has been formed. Landsteiner named such substances haptens.

Usually no visible reaction occurs when a hapten is incubated
with its respective antiserum whereas incubation of the antiserum with the

conjugated hapten results in precipitate formation. Combination of the



hapten with the antibody can be demonstrated to have taken place,
however, since the specific antiserum incubated with hapten is no
longer capable of precipitating with the conjugated hapten. Since
the free hapten can not precipitate with the antiserum, it can poss-
ess only one chemical grouping capable of reacting with the antibody.
Such a hapten (i.e., benzoic acid, sulphanilic acid) is referred to
as a univalent hapten. There are, however, haptens which appear to
be multivalent., Heidelberger and Avery isolated a soluble specific
carbohydrate substance from pneumococcus which reacted with the anti-
serum to give a precipitate but which was unable, by itself, to stimm-
late antibody formation.

The formation of antibodies by an animal in response to anti-
genic stimulation does not always result in an immunity. In 1902, Por-
tier and Richet reported that the injection of a toxic extract of the
tentacles of certain sea anemones into a dog which had recovered from
a previous sublethal dose caused violent illness and often death even if
the dose injected was so small that it did not produce symptoms in normal
animalse. To characterize this apparently increased susceptibility to the
toxin, they coined the term anaphylaxis or anaphylactic shock to differen~
tiate this condition from the immune state. It has since been shown that
substances capable of provoking anaphylaxis need not be toxic in themsel-
ves but can also be innocuous materigls such as serum proteins of a for-
eign species. It is only necessary to "sensitize® the animal by one or

more injections of the material and, after an appropriate time interval,



to administer the shocking dose®. If the produced shock is not
fatal, the animal, after recovery, is temporarily refractory to
the substance.

Anaphylactic shock appears to be due to contraction of
smooth muscle and to increased capillary permeability. Anaphylaxis
can be induced most easily in the guinea pige. Immediately after in-
jection of the "shocking dose", the animal becomes restless, coughs
and rubs its nose. Respirations, which were at first increased in
frequency, become slower and laboured and the animal begins to gasp
and makes tremendous inspiratory efforts. After a few minutes, the
animal dies. In the guinea pig, anaphylaxis appears to be caused by
contraction of the smooth muscle in the bronchioles causing the lat-
ter to constrict thus preventing the animal from breathinge.

There can be no doubt that anaphylaxis is essentially the
result of an antibody-antigen reaction since it can be produced only
with the same substance that was used for the sensitization of the
animal, the induction period for anaphylactic sensitivity is of simi-
lar length to that for antibody production and sensitivity can be pass-
ively conferred to a normal animal by transfer of serum from a sensiti-
zed animal. However, there is still uncertainty as to where the react-
ion causing anaphylaxis occurse. Two different theories have been offer-
ede According to one view, the antibody-antigen reaction occurs in the

circulation (humoral theory), whereas according to the other view, the



antibody-antigen reaction occurs with antibodies present in,
or fixed to, the tissues (cellular theory). In both cases, the
antibody-antigen reaction appears to cause the release of hista-
mine or histamine-like substances which act on the shock organs.
The fact that anaphylaxis can be induced easily in a sensitized
animal only after the concentration of circulating antibody has
decreased to a low level or when antibody has completely disappea-
red from the circulation would support the view that the antibody-
antigen reaction causing anaphylaxis occurs in the tissues. Speci-
fic desensitization of a sensitive animal by successive injections
of small, sublethal doses of the antigen is difficult to explain
except by the assumption that antibodies present in the animal are
slowly neutralized with the antigen so that little free antibody is
present in the tissues when the shocking dose is administered.
Anaphylaxis is classified as a hypersensitivity by many
irmunologists, since the animal has become sensitive, rather than
immune, to the antigen. However, the periocd of time during which ana-
phylactic sensitivity is most prominent appears to be only a rhase of
the immune state when the concentration of antibody has decreased or
when antibody has entirely disappeared from the circulation although
there is still antibedy fixed to the tissues. Anaphylactic shock, as
experimentally induced in animals, is essentially an artificial state.
However, there are conditions that occur in human beings (i.e., serum

sickness, tuberculin sensitivity, allergy) which resemble anaphylaxis



in certain respects., After it was d.:-overed that antisera obtain-
ed in animals against certain bacterial toxins had great therapeu-
tic effects when injected intc persons suffering from bacterial in-
fections, the injection of foreign antisera, especially horse gn-
tisera, into humans became relatively common. It was soon founa
that some individuals became ill and sometimes developed violent re-
actions about 8 to 16 days after they had been injected with the an-
tisera. This illness, which is characterized by the occurrence of
rashes, fever, pains in the joinis, edema and glandular swelling, was
given the name of serum sickness. At first it was thought that the
reaction was due to the antitoxin content of the injected antiserum,
but it was cbserved that the injection of normal serum from the same
animal could also produce serum sickness. Von Pirquet and Schick
offered an explanation for the etioclogy of serum sickness. They sugg-
ested that the patient forms antibodies against the injected foreign
serum proteins. The reaction of these antibodies with the antigens
which have still persisted in the circulation or which may have been
fixed to the tissues causes the symptoms. The antibodies formed by the
patient to the harmless serum proteins have therefore made him hyper-
sensitive to the injected proteins.,

Simultaneous to the discovery of serum sickness, it was noted
that tuberculous animals reacted to the injection of tuberculin in a
manner characteristic of the hypersensitive state. It was also observ-

ed that individuals who had serum sickness or tuberculosis were capable



of giving skin reactions when injected intradermally with the for-
eign serum proteins and tuberculin, respectively. Von Pirquet in-
troduced the term allergy (from the greek allos-altered and ergeia-
reactivity) in order to distinguish a condition of acquired sensit-
ivity to a foreign substance from a condition of tolerance or.immun—
ity to it. He noted that the symptoms of hay fever were similar in
many respects to those of tuberculin hypersensitivity and serum
sickness, two conditions which he defined as allergic states, and
thus hay fever was classified as an allergy. Von Pirquet also pro-
posed the term allergen for the causative agent in allergy to diff-
erentiate it from the antigen, which, by definition, is responsible
for the production of antibodies characteristic of the immune state.

It has been known since the 1870's that a reaction could
be obtained in the skin of an allergic person upon intradermal in-
jection of the specific allergen. In 1921, Prausnitz and Kustner
reported that a site in the skin of a normal individual which had
been sensitized with the serum of an allergic individual was capable
of giving a cutaneous reaction (wheal and erythema) when challenged
with the allergen to which the donor person was sensitive. This reac-
tion was specific and was similar in appearance to that produced in the
skin of the allergic individual. They thereby demonstrated that there
exists a substance in the blood of the allergic person capable of reac-
ting specifically with the allergen. This factor was named "reagin® or

skin sensitizing antibody to differentiate it from the antibodies nor-



mally formed by antigenic stimulation. Reagin is not a normal
type antibody since it can not give a precipitate nor can it be
inactivated or neutralized when the serum of the allergic person
is incubated with the allergen in vitro. It can be inactivated
by heating at 56° C for several hours whereas this treatment does
not appear to affect ordinary antibodies. The failure of reagin
to give a precipitate when incubated with the allergen preparation
may be attributed to the possibility that it is Ypolyvalent® but
present in a very low concentration in the blood or that it or the
allergen are "univalent® molecules. The fact that allergen prepara-
tions can give precipitates with rabbit antisera does not necessarily
imply that the agllergen is polyvalent. It is possible that the aller-
gen and the antigen(s) in such preparations are separate entities.
The concentration of reagin in the blood of an allergic person appears
to be extremely low, since the electrophoretic patterns of the sera
of allergic persons are indistinguishable from those of sera of nor-
mal individuals and we have succeeded, in this laboratory, in isolat-
ing fractions of allergic sera devoid of detectable protein but con-
taining reagin. The allergic state and anaphylactic sensitivity are
therefore both characterized by low concentration of circulating anti-
body.

Many substances, such as pollen, house dust, danders, fungi,
foods, drugs and simple chemicals, have been found to be capable of in-

ducing allergy. Hay fever is a predominant type of allergy on the Amer-



ican continent and affects millions of people during the spring and
sumner monthse It is characterized by watery exudation from the mu-
cous membranes of the upper respiratory tract and conjunctiva, which
results in violent and often protracted sneezing, nasal discharge and
lacrimation. Many pollens of trees, grasses and weeds have been shown
to be responsible for hay fever and ragweed pollen appears to affect
more people than any other pollen.

The purpose of the work reported in this thesis was to
isolate and characterize the allergen(s) in ragweed pollens The iso-
lation of the allergen is not only important as an academic achieve-
ment but is necessary in order for further progress to be made in the
study of the nature and tresgtment of agllergies as typified by ragweed
pollen sensitivity. The treatment of hay fever usually involves a
series of injections of an aqueous extract of the pollen. This type
of treatment was introduced by Noon in 1911. He thought that hay fev-
er was a type of anaphylaxis and that one could desensitize the aller-
gic individual to the pollen by injecting him with small quantities of
the allergen preparation at various time intervals in the same way as
one can prevent anaphylactic shock in a sensitized animal by inJecting
it with small quantities of the antigen prior to the administration
of the shocking dose. THis procedure of "desensitization®™ or "hypo-
sensitization” instituted by Noon still constitutes the main treat-

ment offered to clinically allergic individuals. However, it has been
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noted that a large percentage of allergic persons do not respond
well to this treatment and, in fact, become even more sensitive

to the allergen. Since these individuals are injected with the
whole aqueous extract of the pollen, they may become sensitive to

a constituent(s) of the pollen to which they were not originally
allergic. Such an effect would counteract any desensitization to
the original allergen which may have taken place during the treat-
ment. The isolation of the allergen would allow only its injection
during the treatment which might lead to more effective desensitiza-
tion of the allergic individual.

Many attempts have been made during the past 30 years to
isolate the allergen or allergens in ragweed pollen but almost all
have met with little success. To understand the difficulties en-
countered by the many investigators, it is necessary to examine the
structure and the composition of ragweed pollen.

Short and giant ragweeds are the most commonly found rag-
weeds on this continent. Short or dwarf ragweed (Ambrosia artemisiase-
folia) is an annual herb not more than 4 feet high, frequently much
branched, with rough, fern-like leaves (Fig la). Giant or tall rag-
weed (Ambrosia trifida) is a coarse branching annual herb, with rough
stems and leaves, often reaching a height of 15 feet. DBoth ragweeds
pollinate (release their pollens into the air) from about the first

week in August to the first week in October.



Fibc'. l.

(a) Short Ragweed (Ambrosia Artesisiaefolia).

(v) Ragweed Pollen. Several pores (F) can be
seen protruding through the surface of the
pollen grain.

(a) (b)
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The pollen grains of both ragweeds are very similar
in structure (Fig 1b). They are small spherical structures, 16
to 20 microns in diameter, and are bright yellow in colour. The
outer cell wall or exine forms a very conspicuous portion of the
cell (about 65 per cent of the weight of the pollen) and is com-
posed of a hard, seemingly inert material. Short, blunt spines,
numerous furrows and pores are found on the surface of the pollen.
The inner cavity of the pollen consists of cytoplasm, cytoplasmic
granules and two nuclei, all of which are separated from the outer
cell wall by a thin inner cell wall or intine, which is composed
chiefly of celluloses One of the two nuclei is referred to as the
tube nucleus (it controls the growth of the pollen tube during the
process of fertilization) and the other is the generative nucleus,
which undergoes a single mitotic division forming two sperms or
male cells which are directly concerned with the fertiligzation of
the ovule. The pollen is a very complex structure, endowed with all
the processes of a living cell and therefore contains all the chemical
constituents present in living cells, such as enzymes, nucleoproteins,
carbohydrates, proteins, lipids, peptides and, in addition, pigments.
The difficulty then of isolating an allergen from the pollen is simi-
lar to that of isolating an enzyme from a cell preparation.

The numerous reports of attempts at isolating the allergen

from ragweed pollen which have appeared during the last three decades



are very confusing and often contradictory. There have been claims
that the allergen is a protein and ﬁhat it is non-dialyzable. Some
investigators have claimed that the allergen is not a protein and
that it 1s dialyzable. Still others have associated allergenic ac-
tivity with carbohydrate, lipid and pigment constituents of the
pollen. In some cases, the allergen has been found to be destroyed
by degradation with proteolytic enzymes while in other cases it was
found not to be affected by the same treatment. Therefore, rather
than presenting all the reports in the order of their chronological
appearance, the historical summary has been divided into numerous
sections, each section containing all the data relevant to a single

aspect of the work done on ragweed pollen.
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CHAPTER TT
HISTORICAL SUMMARY

Farly Studiese.

The first recorded observation of the condition re-
ferred to today as hay fever was made by Botallus in 1565 (1) who
noted that certain individuals began to sneeze when exposed to cer-
tain flowers.

In 1819, Bostock (2) described the symptoms of the dis-
ease and it was subsequently known as'Bostock's catarrhM". Evidence
that this catarrh might be due to pollen was presented by Elliotson
in 1831 (3), who observed that the period of worst symptoms coincid-
ed with the maturing of grasses (pollination) in the haying season.
Because of its apparent relationship with the season of the year, the
disease became known as hay fever. The work of Gordon (4), Phoebus
(5), Salter (6) and Wyman (7) all implicated pollen as the causative
agent. Blackley, in 1865 (8), performed the first diagnostic skin
test for hay fever and also showed that the pollen of grasses was
capable of inducing conditions identical to hay fever in allergic in-
dividuals upon their inhalation of the pollen. Dunbar (9), who accep-
ted the view that the pollen of grasses was responsible for hay fever,
repeated the main experiments of Blackley and established beyond doubt
the role of pollen as the causative agent. In 1910, Meltzer (10) show-

ed that a patient suffering from hay fever was sensitive to a constit-
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uent of the pollen.

Studies on the Chemical Composition of Ragweed Pollen.

In 1914, Heyl commenced a series of analyses on rag-
weed pollen. In his initial communication (12), he reported the
composition of the pollen to be as follows: moisture, 5.3 per cent;
phosphorus, 0.37 per cent; alcohol-soluble material, 42.9 per cent;
crude fiber (mostly cellulose), 12.2 per cent; pentosans, 7.3 per
cent; dextrin, 2.1 per cent; ash, 5.4 per cent; protein, 24.4 per
cent. He assumed that all the nitrogen-containing material was pro-
tein. The ether scluble fraction, obtained on defatting the ragweed
pollen, amounted to about 12.5 per cent of the dry weight of the pollen.
In a subsequent study (13), he showed that the water soluble extract of
the pollen, obtained after the pollen was defatted with ether and ex-
tracted with 95 per cent alcohol, contained peptones, adenine, guano-
sine, histidine, arginine, lysine and several other not well character-
ized constituents. In addition to these components, his extract con-
tained two different proteins; an albumin, which coagulated at 45 to
502 C in the presence of small amounts of acetic acid and a proteose,
which could not be coagulated by heat but which cculd be precipitated
by saturating the solution with ammonium sulphate. Extraction of the
pollen with dilute alkali after its extraction with water yielded a
glutelin fraction which contained histidine whereas the albumin and

proteose fractions did not (14). All three protein fractions were

16



allergenically active in ragweed sensitive individuals. Heyl also
demonstrated (15) that the yellow pigments in ragweed pollen are
flavanols which are constituents of many flowers. Two of the pig-
ments which he isolated were isoquercitrin, which is a quercetin-
glucoside, and isorhamnetin, which is a monomethyl ether of cquer-
cetine In a study of the ether soluble fraction of the pollen (16),
he demonstrated the presence of formic, acetic, wvaleric, lauric,
oleic, palmitic and myristic acids. Heyl concluded that none of the
substances which he showed to be present in ragweed pollen (he iden-
tified twenty-seven substances) Mappear to represent any chemical
specialization of the cell™., He did not attempt to correlate aller-
genic activity with all the fractions which he isolated.

A similar but less comprehensive study on the chemical
composition of ragweed pollen was carried out at the same time by
Koessler (17). This investigator determined the total nitrogen of
the whole pollen and its distribution between the different proteins
isolated and also showed that ragweed pollen does not contain starche.

These studies are important in that they demonstrate the
complexity of ragweed pollen and of the aqueous extract of the pollen.
However, they do not offer any aid in elucidating the nature of the
allergen or allergens present in the pollen.

Allergenic Identity of Pollens of Giant and Short Ragweed.

Since many investigators used pollen of either giant or

short ragweed and some made no mention of the type of pollen used, the
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allergenic relationship between the two pollens must be pointed
out. Spain and Hopkins (18), using the method of cross-neutraliza-
tion* of sites sensitized with sera of individuals allergic to both
pollens, failed to find any specific differences in the allergens of
the two pollens. Similar results were obtained by Stull et al (19)
who also showed that the extract of short ragweed pollen was as effec-
tive ag that of giant ragweed pollen in the treatment of hay fever,
Brown (20) reported that many patients suffering from hay fever were
equally sensitive to extracts of giant and short ragweed pollen. Af-
ter treating such allergic individuals with the extract of one of the
pollens, the injection of an equivalent or larger guantity of the
other pollen extract into any of these individuals was not followed
by a constitutional reaction which would have cccurred had the aller-
gens of the two pollens not been identical. Coca and Grove (21), em-
ploying the method of passive transfer, found that sensitized sites
neutralized to an extract of low ragweed pollen would not react to an
extract of giant ragweed pollen and vice versa. The sera used in their
experiments were of patients allergic to both types of ragweed pollen.
Thus, it would appear that the allergens of giant and short

ragweed pollen are identical.

*A critical discussion of the cross-neutralization test is presented
in Chapter ¥ .
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Antigenicity of Ragweed Pollen.

Although precipitating antibodies to ragweed pollen
extracts have never been found in sera of allergic individuals,
ragweed pollen has been found to be antigenic in both rabbits and
guinea pigs, precipitating antibodies consistently being formed
by both these animals (23-37, 40). A large number of investigations
have demonstrated that ragweed pollen contains several antigens
(26, 28-32, 37). For example, Wodehouse has demonstrated the exist-
ence of at least seven antigens in extracts of ragweed pollen using
the gel diffusion method (30, 31).

Harrison and Armstrong (38) and Walzer and Grove (39)
concluded that the antigens in giant and short ragweed pollens are
identical insofar as their antigenicity in guinea pigs is concerned.
They found that the uterus of a guinea pig sensitized to an extract
of giant ragWeed pollen was sensitive to both pollen extracts and
that after the uterus was desensitized with either pollen extract,
it was found to be insensitive to both. However, in order to corre-
late the antigenicity of ragweed pollen with its allergenicity, it
must be ascertained that the antigens in ragweed pollen which induce
the formation of precipitating antibodies in laboratory animals are
identical to the allergens responsible for hay fever in man.

Black (41) showed that ragweed pollen extracts digested
with trypsin were no longer able to act as antigens in complement fix-

ation tests (using human allergic serum) although they were allergeni-
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cally as active as before digestion. Armstrong and Harrison (42)
could find no relation between the complement binding capacity of

the pollen extract (using rabbit antisera) and its ability to pro-
duce skin reactions in allergic individuals. Mosko et al (23),

Roth and Nelson (24) and Hecht et al (25) all succeeded in separating
extracts of the pollen into fractions which were either allergenica-
1ly active or which were able to give positive precipitin tests with
rabbit anti-ragweed pollen sera. The available evidence would there-
fore suggest that the allergens and'antigens in ragweed pollen are
distinct entities.

Evidence in Support of the Protein Nature of the Allergen(s)
in Ragweed Pollen.

In 1906, Wolff-Eisener (43) discussed the possibility

that hay fever might be the result of a sensitivity to a protein com-
ponent of the pollen and that the condition might be similar to ana-
phylactic sensitivity which can be induced in animals. In 1911, the
theory of hay fever as a protein sensitivity was further advanced when
Noon (44), assuming that hay fever was a type of anaphylactic sensitiv-
ity, announced that he had obtained active desensitization of patients
suffering from hay fever by the injection of water soluble extracts of
the pollen. Since only proteins were then thought of as being capable
of inducing the formation of antibodies and since desensitization was
interpreted as a neutralization of antibodies by the injected pollen

extract, it was generally accepted that hay fever was a sensitivity to
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a protein constitutent of the pollen. As a confirmation of this
belief, Koessler (45), in 1914, stated that pollen preparations
in which no protein could be detected were devoid of allergenic
activity.

Bernton et al (46), Rappaport and Johnson (47) and
Moore et al (49) isolated protein fractions fromragweed pollen
extracts by precipitation with either ammonium sulphate or alcohol.
A1l the fractions were found to be active by skin test in allergic
individuals, although variations in the sensitivity of the individ-
uals to the protein fractions was noted (46, 47).

Spain and Newell (48) demonstrated that they could re-
move completely the non-protein nitrogen from ragweed pocllen ex-
tracts by ultrafiltration without appreciably diminishing the act-
ivity.

Unger et al (50) prepared a protein and a carbohydrate
fraction from an aqueous extract of the pollen. They found that
passively sensitized sites neutralized to the protein failed to re-
act to the carbohydrate, whereas sites neutralized to the carbohy-
drate. were still capable of reacting to the protein. The opinion
of these investigators was that the allergen was a protein.

Stull et al have been the most active proponents of the
theory that the allergen is a protein. In 1931, they reported the
isclation of an active protein from an extract of giant ragweed poll-

en (81). Tt contained 13.52 per cent nitrogen, 50.37 per cent carbon



and 6.40 per cent hydrogen and gave a negative Molisch test.
They also isolated an active material of similar composition from
an extract of short ragweed pollen (19).

In subsequent publications (52-54), Stull et al reported
the fractionation of extracts of ragweed pollen by precipitation
with ammonium sulphate. One of the active fractions contained 12 per
cent nitrogen and appeared to be free from carbohydrate while a sec-
ond fraction contained only 2 per cent nitrogen and a considerable
quantity of carbohydrate (53). They also described the preparation
of an active alkali-soluble protein fraction (glutelin) from ragweed
pollen (54). The active material in each of the fractions was found
to be non-dialyzable and, therefore, was considsred to be a protein
by these investigators.

Other evidence in favour of the protein nature of the
allergen was presented by Cohen and Friedman (56). They obtained
active fractions from a pollen extract by fractional precipitation
with ammonium sulphate. Freezing and thawing of these preparations
resulted in a separation of pigment from unpigmented, protein mater-
ial which was allergenically active.

Bukantz et al (58, 59) studied the dialyzable and non-
dialyzable components of ragweed pollen extract. The non-dialyzable
residue contained most of the allergenic gctivity of the original ex-

tract and displayed properties characteristic of proteins. After hy-

drolysis, the non-dialyzable residue was found to contain fifteen amino

acids as well as arabinose,
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Evidence in Favour of the Non-Protein Nature of the Allergen,

Until the middle nineteen-twenties, it was widely
accepted that the allergenically active substance in ragweed pollen
was a protein. Then Grove and Coca (60, 61) announced that they had
been able to eliminate all nitrogen from a pollen extract without
causing a diminution in its allergenic activity. The extract was
digested with trypsin and subjected to exhaustive dialysis. The
dialyzed residue was found to be just as active allergenically as
the original extract, although no nitrogen attributable to the poll-
en extract could be detecteds Black (41) repeated the experiments
of Grove and Coca and obtained identical results. Black and Moore
(62) subsequently reported that a protein-free preparation (negative
biuret and xanthoproteic tests, no precipitation with picric acid
and sodium tungstate) gave good clinical results when it was used
in the treatment of allergic patients.

Long and Teller (63) obtained an ultrafiltrate of a
pollen extract which did not contain protein but which possessed all
the allergens present in the original extract as it was capable of
neutralizing sites to the whole extract,

Abramson et al (64-69, 77) isolated an active fraction
from an aqueous extract of ragweed pollan by free electrophoresis.
It was colourless, did not coagulate on boiling, did not precipitate

with trichloracetic, nitric and sulphosalicylic acids and gave a



negative Molisch test. They claimed this material was a high
molecular weight polypeptide.

Hecht et al (25) observed that incubating an extract
of ragweed pollen at pH 4.0 and 60° C for one hour resulted in
the formation of a precipitate. Only the precipitate was capable
of giving a positive precipitin test with rabbit anti-ragweed sera.
However, the supernatant was found to be allergenically as active
as the original whole extract. The authors claimed that the pre-
cipitate was composed of high molecular weight material and the
supernatant was composed of low molecular weight material although
they did not present any evidence to support their claims. Mosko
et al (23) repeated the experiments of Hecht et al and extended the
study to include more immunoclogic experiments. The material which
did not precipitate on heating to 60° C at pH 4.0 contained essent-
ially all the allergenic activity of the extract, but was incapable
of eliciting anaphylactic shock in guinea pigs sensitized to whole
ragweed pollen extract and of precipitating with rabbit anti-ragweed
serums The material which precipitated at pH 4.0 and 60° C possessed
slight allergenic activity, induced anaphylactic shock in guinea pigs
sensitized to the whole extract and precipitated with rabbit anti-
ragweed serum. Roth and Nelson (24) demonstrated that they could sep-
arate the allergenically-active material from the constituents cap-
able of reacting with the rabbit anti-ragwéed serum. They extracted

ragweed pollen for about twenty days and the extracting solvent was
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examined each day for allergenic activity, nitrogen content, and
ability to precipitate with rabbit antiserum., The eighth extract

no longer possessed allergenic activity whereas all the extracts

up to the twentieth were able to precipitate with rabbit antiserum.
These investigators concluded that the allergenic activity is a pro-
perty of the low molecular weight material only.

Rockwell (70-72) reported the isolation of active mat-
erial from a pollen extract by precipitation with HCl. The pre-
“cipitated material, which contained about 90 per cent of the aller-
genic activity of the whole extract, had a minimum molecular weight
of 4,500 as determined by its sulphur content and had the properties
of a high molecular weight polypeptide. The precipitated material
was not dialyzsble, gave a positive biuret reaction, did not lose any
activity on digestion with pepsin and was not coagulated by heat.

In addition to peptide material, the precipitate also contained ara-
binose and a pigment which Rockwell identified as isorhamnetin. Fror
his data, Rockwell postulated that each allergen molecule contained
one molecule of isorhamnnetin, one molecule of arabinose and two poly-
pevtide chains containing a total of twenty-eight amino acidse The
material precipitated with HC1 alsoc gave good therapeutic results
when used instead of whole extract in the treatment of allergic in-
dividuals (71-73). Subsequently, Rockwell reported that the aller-

genically active materiagl precipitated with HCl could be separated
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into five active fractions by fractional precipitation of the
whole extract with acid and salt solutions (74). All the frac-
tions were of different composition and their minimal molecular
weights varied from 650 to 4,500 as calculated from elemental ana-
lyses. All the fractions contained pigment, polypeptide and car-
bohydrate components.

Brown and Benotti (75) treated ragweed pollen extract
with decolorizing carbon (Norite A) at pH 6.6 and found that the
supernatant after centrifugation was very active by skin test al-
though the charcoal had taken up over 60 per cent of the total nit-
rogen of the extract. The supernatant gave a negative xanthoproteic
test but gave positive Molisch and ninhydrin tests and was found to
contain free amino groups. They (76) also precipitated the ragweed
pollen extract with phosphotungstic acid and found that only 50 per
cent of the nitrogen was precipitated. The supernatant did not con-
tain detectable protein and produced large reactions when injected
in the skin of allergic imdividuals. However, this preparation also
produced reactions, though of lesser intensity, in the skin of nor-
mal, non-allergic personse

In 1948, Robbins et al (57) described the isolation of
a heat-stable, allergenically active substance from an agueous ex-

tract of the pollen., The extract was boiled for one hour at pH 4.0



which resulted in precipitation of the protein. The active
supernatant was absorbed on colloidal aluminum hydroxide cream

from which the active material was eluted with M/15 phosphate
buffer, pH 7.4ks The active materiasl was then precipitated with
alcohol at 0°C. The isolated material contained a carbohydrate
component (composed of hexose, pentose and hexuronic acid), flav-
anol pigment and a component referred to by Robbins et al as Ma
protein component™. This latter constituent, on hydrolysis with
HCl, yielded l4 amino acids (arginine, cystine, glutamic acid,
histidine, isoleucine, leucine, lysine, methionine, phenylalanine,
proline, threonine, tryptophane, tyrosine and valine). This iso-
lated material was allergenically more active than the whole ex-
tract containing the same amount of nitrogen. In view of the fact
that the material was dialyzable and did not precipitate with either
picric or trichloracetic acid, it is very possible that the "protein
component® was a polypeptide,

Allergenicity of the Carbohydrate Constituents of Ragweed Pollen
Extract.

The finding of Grove and Coca (60, 61) that all the nit-
rogen of a pollen extract could be eliminated without any accompany-
ing loss of cutaneous activity influenced many investigators to turn
their attention to the possibility that the allergen(s) in ragweed
pollen might be a carbohydrate. In 1931, Black (78) isclated an
active substance of carbchydrate nature by precipitation of the poll-

en extract with alcohol at pH 4.4« The active material did not pre-
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cipitate with picric, tamnic and phosphotungstic acids and the
biuret, Millon and xanthoproteic tests were negative. The Molisch
test was positive. The material, when made up to a volume equal to
that of the original extract, was more active than the latter. Hy-
drolysis of this carbohydrate fraction yielded 55 per cent reducing
sugar and the nitrogen content was 6 per cent. Black concluded that
the material was not a protein but a complex carbohydrate. He did
not explain what the nitrogen content of the material might represent.
Conceivably, it could have represented up to 37 per cent protein or
peptide (assuming a conversion factor of 6.25).

Caulfeild et al (79) also isolated an active material rich
in carbohydrate. The method used for its isolation was very harsh
and it is most surprising that the activity was not destroyed in the
process of its isolatione. The protein in the extract was precipitated
at pH 4.2 and the carbohydrate was then precipitated with lead acetate
at alkaline pH. The precipitate was dissclved by grinding it in cold,
dilute sulphuric acid. The lead sulphate was removed by centrifugation
and the excess sulphuric acid was removed by the addition of barium
hydroxide. The material which remained in sclution was dialyzed, re-
precipitated with alcohol, redissolved in trichloracetic acid and fin-
ally reprecipitated with alcohol and dried. The final product contained
only 1.5 per cent nitrogen and after hydrolysis yielded 58 per cent re-
ducing sugar. It was active by both direct skin test and by passive

transfer (79,80). The investigators felt that protein could not have
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been present as a contaminant since this carbohydrate fraction
was unable to elicit anaphylactic shock in guinea pigs sensitized
to the whole pollen extract, However, if there would have been
protein present in their preparation which was not antigenic in
the guinea pig, it would not have been detected. These investi-
gators did not make any suggestion concerning the composition of
the nitrogen-containing material present in the active fraction.

Evidence has also accumulated which suggests that the
carbohydrate constituents of the pollen extract are not allergeni-
cally active,.

Baldwin et al (27) isolated several fractions from an
aqueous extract of the pollen by fractional precipitation with
alcohol. One of the fractions contained 60 per cent carbohydrate,
only l.4 per cent nitrogen and gave a negative ninhydrin test.
However, this fraction was allergenically not as active as the oth-
er preparations nor was it very antigenic in rabbits and guinea
pigse These workers found that the allergenic activity of the fra-
ctions diminished as the nitrogen concentration decreased.

In 1931, Stull et al (81) isolated two active fractions
from the pollen extract, one of which contained a large amount of
carbohydrate as well as some nitrogen while the other consisted of
protein and appeared to be devoid of carbohydrate as it gave a neg-
ative Molisch test. Since both fractions were able to neutralize

sensitized sites to each other, these workers concluded that the
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carbohydrate was not active but that it had been ccntaminated
with the protein which was allergenically active. Johnson and
Rappaport (82) reported the isolation of a fraction composed
largely of carbohydrate which was very active by skin test.
However, they found that the active material could be precipi-
tated by saturation of the carbohydrate fraction with ammonium
sulphate, leaving the relatively inert carbohydrate in solution.
They concluded that the active principle was not a carbohydrate.
Unger et al (50) isolated a carbohydrate and a protein
fraction from ragweed pollen. The carbohydrate fraction gave a
very strong folisch test and negative Millon and biuret tests.
The nitrogen content of this fraction was 5.28 per cent. Sites
passively sensitized with allergic serun failed to react to the
carbohydrate solution after being neutrslized to the protein frac-
tion. On the other hand, all sites neutralized to the carbohydrats
fraction gave positive reactions when challenged with the protein
fracticne. Unger et al concluded that the carbohydrate in the poll-
en extract was not allergenically active.

Allercenicity of the Pigment Constituents in Ragweed Pollene.

Abramson et al (6&—69, 77) separated pigmented material
from other constituents of the pollen extract by free electrophoresis
and noted that the most rapidly migrating pilgment was almost as act-

ive as the main, colourless, slow-moving fraction (67-77). Cohen



and Friedman (56) succeeded in isolating pigment fractions
which possessed allergenic activity. However, these fractions
contained nitrogen, which would suggest that the fractions may
have been contaminated with a small guantity of protein or pep-
tide material.

Robbins et al (57) reported that the pigment con-
stituentfs) in the pollen extract was inactive and a similar ob-
servation was made by Perlman (84) who noted that very little
allergenic activity was associated with the pigments when they
were separated from the other components of the extract by paper
chromatography.

Stevens et al (83) noted that a pigmented material
precipitated from an aqueocus extract of the pollen on standing
for several days at 4° C. Purification of this precipitate re-
sulted in the isolation of the pigment isoquercitrin, which on
hydrolysis yielded two compounds, glucose and the pigment quer-
cetin (a pentahydroxy-flavone). This preparation was allergenica-
11y inactive and contained no nitrogene. Preparations of isoquer-
citrin obtained by mild methods of fractionation of the precipitate
were allergenically active but they also contained nitrogen which
would suggest that the activity may have been due to nitrogen-con-
taining contaminants.

Goldfarb et al (85) removed most of the pigment from

ragweed pollen by extracting the pollen with 90 per cent methyl

3



alcohol prior to its extraction with water. This pigment-
deficient aqueous extract was allergenically as active as the
aqueous extract prepared from the untreated pollen. These in-
vestigators felt that the pigment possessed no allsergenic proper-
ties.

Allergenic Activity of the Lipid Fraction of Ragweed Pollen.

Milford (86), in 1930, demonstrated that the ether
soluble fraction of the polien possessed allergenic activity.

The ether was evaporated from the ether extract of the pollen
leaving a residue with a semisolid consistency which was dissolved
in a non-polar solvent to exclude water soluble material and Seitz
filtered to remove pollen granules which might have been present in
the extract., Qualitative tests showed the absence of nitrogen. The
ether soluble material gave positive cutaneous reactions in over 60
per cent of allergic individuals tested, all of whom reacted to an
aqueous extract of the pollen.

Moore et al (87) dialyzed an ether soluble extract against
ether, using a membrane made of thin rubber, and found that the aller-
genic activity was not dialyzable. They do not state the pore size or
permeability properties of the membrane. The dialyzed residue contain-
ed nitrogen and carbohydrate and was allergenically active in 50 per
cent of allergic individuals tested.

The ether soluble extract obtained by Johnson and Rappa-

port (82) contained 0.2 to 0.3 per cent nitrogen and elicited posit-
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ive skin tests in 19 of 21 allergic patients.

Diglyzability of the Allerzen.

Unger et al (88) observed that allergenically active
material could dialyze through three different membranes (cocllo-
dion, cellophane and parchment) and that dialysis was more rapid
with solutions at pH 3.2 that at pH 8.6.

Johnson and Rappaport (82) reported that the dialysate
(they do not state the type of dialyzing membrane used) was active
by skin test in 41 of 42 patients and Long and Teller (63), using
ultrafiltration through cellophane membranes, observed that the
ultrafiltrate contained less activity than the original pollen ex-
tract.

Allergenically active dialysates of pollen extracts
were also obtained by Stone et al (90) and Bukantz et al (58, 59),
who both used Visking tubing as the dialyzing membrane. Stone et
al (90) found that 50 per cent of the allergenic activity in the
extract was dialyzable whereas Bukantz et al (58, 59) observed
that the dialysate was allergenically not as active as the dialy-
zed residue.

There have also been reports to the effect that the
allergenically active material is not dialyzable. Grove and Coca
(60, 61) and Black (41) showed that active material was not dialy-
zable through cellophane tubing either before or after the whole

extract had been thoroughly digested with trypsin. Spain and New-
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ell (48) demonstrated that the degree of diffusibility of aller-
genically active material through cellophane membranss depended
upon the type of menbrane used. A M"thin" cellophane membrane
(presumably a membrane of large pore size) allowed a large quan-
tity of active material to diffuse through whereas a very "dense®
cellophane membrane (presuwnably a membrane of small pore size)
allowed all the non-protein nitrogen but not the allergenically
active material to diffuse through. Stull et al (52) could find
no activity in their dialysates of the pollen extract using Visk-
ing tubing. Unfortunately, they tested their dialysates with the
serun. of only one allergic individual.

Vore recently, Rockwell (70) reported that the active
material obtained by precipitation of the pollen extract was non-
dialyzable.

The discrepancy in the observations pertaining to the
dialyzability of the allergen(s) may be due to the fact that mem-
branes of different composition and most probably of different pore
size were used by the investigators. The reports do not state whe-
ther treated or untreated allergic individuals were used for testing
the dialysate for its allergenic activity. This is a most important
point as will be emphasized in Chapter Eii of this thesis.

Evidence for the Multiplicity of Allergens in Ragweed Pollen
Extracte.

From the findings of these many investigations, one could



arrive at the logical conclusion that there are several aller-
gens of different composition in ragweed pollen. Much evidence
has accumulated in support of such a view.

Milford (86) observed that reactions could still be
elicited by injecting an aqueous extract of the pollen intoc pass-
ively sensitized sites previously neutralized to the ether soluble
fraction of the pollen. Moore et al (L9, 87) obtained similar re-
sults and claimed that there exist at least three distinct allergens
in ragweed pollen.

Caulfied et al (79) obtained a number of active fract-
ions from an extract of the pollen and.each was made up to the same
volune as the original extract. From results of cross-neutralization
tests with the fractions on an equal volume basis, thesc workers con-
cluded that there were several allergens in ragweed pollen. They
also found that a fraction which was very active in the skin of one
allergic individual would sometimes be completely inactive in the
skin of another.

Stull et al (53) observed that two fractions obtained
from an aqueous extract of ragweed pollen by precipitation with ammon-
ium sulphate would not neutralize to each other. Cohen and Friedman
(56) performed cross-neutralization tests with three active fractions
isolated from a pollen extract by precipitation with ammonium sul-
phate at pH 4.0 and found that each fraction failed to neutralize to

the other two. The results of their experiments suggested that rag-
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weed pollen contained at least three different allergens.

Loveless et al (91) separated a pollen extract by dial-
ysis and then fractionated the dialysate by free electrophoresise.
Results of cross-neutralization experiments with the fractions thus
obtained suggested that ragweed pollen contained at least three aller-
gens, two in the dialysate and a third in the non-dialyzable portion
of the extract. In a subsequent study, Loveless and Timasheff (92)
fractionated a pollen extract by electrophoresis-convection and were
able to demonstrate the presence of at least two allergens by cross-
neuctralization tests.

In most of these studies, the allergen fractions were
tested on an equal nitrogen basis. It has, however, been shown (41,
48, 95, 115, 116) that there exists no correlation between the nitro-
gen content of a fraction and its allergenic activity. There would
therefore appear to be no rationale for comparing allergen fractions
on the basis of their nitrogen content which, as will be shown in
Chapter E of this thesis, permits the drawing of fallacious conclus-
ions as to the number of allergens involved.

Effects of Heat and Hydrogen Ion Concentration on the Allergenic
Activity.

Gay (93), in 1926, reported that heating an extract of
ragweed pollen for as short a time as one minute at 100° C produced
a decrease in the allergenic activity. Although boiling the extract

at 100° C for one hour did not completely abolish the activity, auto-
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claving it for twenty minutes at fifteen pounds pressure re-
sulted in complete inactivation. Gay found that heat destroyed
the activity of the pollen extract regardless whether the pH of
the solution was 4.0, 7.4 or 8.4. Arbesman and Eagle (94) re-
ported that 75 per cent of the allergenic activity of an aqueous
extract of ragwéed pollen was destroyed within fifteen minutes
at 56°C, 90 per cent within one hour and more than 95 per cent
within four hours. Hampton et al (96) also observed loss
of allergenic activity in extracts heated at 56°C for 30 min-
utese.
Stull et al (95) reported that heating a neutral ag-
ueous solution caused a diminution in activity, but they did
not specify the length of time of heating nor the temperature,
They found that heating the whole pollen extract at 70° C for
one hour resulted in the destruction of most of the activity (53).
However, evidence suggesting that heat does not destroy
the activity of the pollen extract has been presented. Grove and
Coca (61) and Black (41) showed that heating the extract for one
hour at 56° C or boiling it for ten minutes did not affect its
allergenicity. Long and Teller (63) observed that heating an
aqueous extract at 100° C for one hour resulted in only a slight
decrease in activity.

Rappaport (97) heated the whole pollen, prior to its



extraction, at 140° ¢ for two hours. The allergenicity of the
pollen extract as determined by the size of the skin reactions it
induced in allergic persons and by its effectiveness in the treat-
ment of hay fever, appeared to be unaffected by this treatment.
Stull et al (95) also claimed that heating the pollen in the dry
state at 150° C did not destroy its activity.

Stone et al (90) heated the dialysate of ragweed pollen
extract for one hour at 100° C and were unable to detect any loss
of activity and Robbins et 21 (57) isolated a very active component
from an extract of ragweed pollen after first boiling the extract for
one hour at pH 4.C.

Loveless (91) separated the aquecus extract of ragweed
pollen into dialyzable and non-dialyzable fractions. Heating the
dialysate in a water bath at 100° C for one hour had no observable
effect on its allergenicity, whereas exposure of the dislyzed residue
to 60° C for one hour resulted in the loss of 50 per cent of its crig-
inal activity.

Brown et al (98), in 1931, reported that the allergenic
activity of a ragweed pollsn extract was rapidly destroyed if kept in
0. 1 N NaOH for a short period of time. Batchelder and Gonder (99)
found that maintaining an aqueous extract of the pollen at 37° C for
four hours at any pH outside the range 4.5 to 7.5 resulted in 75 per
cent loss of activity and that the pH region for maximum stability

of activity was approximately 5.5 to 6.5. It is interesting to nots,
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however, that Rockwell (70-72) was able to isolate highly act-
ive material by precipitation with concentrated HCl.

Effect of Enzyme Digestion on Allergenic Activity.

Engymatic digestion of ragweed pollen extracts has
been carried out on numerous occasions in attempts at defining
the chemical nature of the pollen allergen(s).

Although various enzymes, such as amylase, invert-
ase, catalase, reductase, pectinase, phosphomonoesterase, adenosin-
etriphosphatase and pyrophosphatase have been shown to be present
in ragweed pollen (100, 101), their relation to, or effect on, the
allergenic activity of the pollen extract has not been investigated.

Grove and Coca (60, 61) and Black (41) reported that
digestion of either the whole pollen or the aqueous extract of the poll-
en with trypsin did not result in destruction of activity.

On the other hand, Harsh and Huber (55) observed that dig-
estion of ragweed pollen extract with pepsin followed by prolonged
dialysis resulted in marked loss in allergenic activity which could
not be accounted for by dialysis of the extract alone. They did find a
small but constant amount of activity in the pollen extract unaffected
by proteolytic digestione.

Rockwell (103) suspended whole, defatted pollen in hydro-
chloric acid at pH 1 and digested the pollen with pepsin. The digestion
of the pollen resulted in only a small loss of allergenic activity

in the aqueous extract which he claimed was not due to digestion



of the active material but rather to a decrease in its sol-
ubilitye.

There have been a number of reports that the allergen
can be absorbed through the gastro-intestinal tract when the whole
pollep is taken by mouth (104-106) and that it can be absorbed
through the mucous membrane lining the nose and throat when the
pollen is sprayed into the nostrils (107, 108). These findings
would suggest that the allergen is not destroyed by the enzymes
present in the respiratory tract, stomach and ingtestine. Hecht
et al (104) demonstrated that the absorption of the allergen through
the gastrointestinal tract was dependant on the acidity of the fluids
in the stomach. They demonstrated that a decrease in gastric acid-
ity tended to facilitate absorption of the allergen from orally ad-
ministered pollen extract while an increase in gastric acidity pre-
vented its absorption. They did not determine whether the latter
effect was due to enzymatic digestion of the allergen or to alteration
in the permeability of the membranes lining the digestive tract.

Physico-Chemical Studies on Ragweed Pollen Extract.

(i)._ Electrophoretic Studies.

In a series of papers, Abramson et al (64-69, 77) des-
cribed the separation of ragweed pollen extract by free electrophor-
esis into as many as six pigmented components and a colourless mat-
erial which appeared to be present in greater concentration than

any of the other components. They were able to test both the col-
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ourless material as well as the most rapidly migrating pigment
for allergenic activity by withdrawing them from the cell at
the termination of the experiment. The active, colourless mat-
erial which was referred to by these investigators as the M"immobile
fraction" migrated very slowly to the positive pole (in phosphate
buffer, pH 7.4) and had an electrophoretic mobility of 0.5 x 10'5
cmz/ﬁolt/éec (68). The diffusion coefficisnt of this material was
found to be 1.7 % 0.5 x ZLO'6 cmz/sec (64)s From the electrophoret-
i§ pattern of the whole extract, they calculated that the immobile
component constituted as much as 75 per cent of the total material
in the extract., However, they did not take into account the possi-
ble contribution of the salt boundary which normally forms at the
interface between the buffer and the solution and which also mani-
fests itself as a staticnary or immobile peak in the electrophore-
tic pattern. The immobile material was found to be present in both
dialyzed and undialyzed preparations of the pollen extract. This
finding was later substantiated by Loveless et al (91) who also
showed that the dialysate of the pollen extract had a greater pro-
portion of electrophoretically immobile material than the dialyzed
residue.

In 1943, Newell (109) repeated much of the work of Abram-
son et al and extended the study by performing electrophoretic ana-

lyses on fractions obtained by various procedures from ragweed pollen.
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e found that none of the fractions isolated previously by
other workers using precipitation methods was electrophoretic-
ally homogeneous. All fractions were complex mixtures of mat-
erials and a stationary peak having almost no net charge was
found in every preparation at pH 4.0 and pH 7.0. Newell point-
ed out that the stationary peak could not be ccrrelated with
allergenic activity since it was also present in inactive pre-
parations. The stationary peak could have been due, at least
in part, to a salt boundary although Newell made no mention of
this possibility.

Although Newsll was unable to prepare a homogeneous
fraction from the pollen, Loveless and Best (111) reported the
isolation of a colourless, immobile fraction by electrephoresis-
convection which appeared to be homogeneous and which was aller-
genically active. However, Loveless and Timasheff (92) later re-
ported that this essentially immobile material separated into two
components when subjected to prolonged electrophoresis in phos-
phate buffer at pH 5.5. Although Loveless and Timasheff separated
the pollen extract into a nurber of fractions by electrophoresis-
convection, one cannot attach too much significance to their work
since more than 60 per cent of their preparation was dialyzable
and the method of electrophoresis-convection can be applied only

to non-dialyzahble materials.



Stevens et al (83) identified one of the rapidly
migrating plgments as isoguereitrm by comparing the electrophore-
tic pattern of the whole extract with that of a purified preparation
of isoquercitrin. They alsc analyzed the dialyzed residue of the
pollen extract and found that it displayed a single, slow-moving
peak (electrophoretic mobility = 0.6 x ]_O—5 cmz/volt/sec)in buffer
at pH 8.4 (110). They did not state the composition of the buffer.
The diffusion coefficient of this apparently homogeneous material
was Tel X 10~7 cmz/sec in M/15 phosphate buffer, pll 7.4, which is
about one-half the value cbtained by Abramson et al.

In 1954, Goldfarb et al (85) reported the preparation
of an aqueous extract which was obtained by extracting the pollen
with water after it had been extracted with 90 per cent methyl alcohol.
This preparation appeared to be less intensely pigmented than the ag-
ueous extract of the untreated pollen. These workers claimed that
this material was a purified extract as compared Lo the whole water
soluble extract of the pollen. Electrophoretic examination of this
preparation in phosphate buffer, pH 7.4, revealed the presence of
one main, slow-moving peak and a second peak which was a new compon-
ent not present in the aqueous extract of the untreated pollen.

(ii). Ultracentrifugal Studies and Molecular Weight
Dsterminations.

Sanigar (112) was the first to analyze ragweed pollen

extract by ultracentrifugation and he obtained a value of 1.0 x 10
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sec—l for the sedimentation constant of his active extract.
He suggested that this value indicated a molecular weight of
less than 17,000.

Abramson et al (64, 69, 77) found that the electro-
phoretically immobile and colourless material isolated from the
pollen extract had a sedimentation constant of 1.5 T o2 x 10—13
sec—l which was identical to that of the whole extract. From a
knowledge of its sedimentation constant and diffusion coefficient
(1.7 % 0.5 x 1070 cm?/sec), they calculated a molecular weight of
about 5,000 for this allergenically active material.

Stevens et al (110) found that the dialyzed residue
of the pollen extract had a sedimentation constant of 1.3 x ZLO'13
sec—l in phosphate buffer, pH 7.4, and on the basis of this value
7

and the diffusion coefficient (7.1 x 10 cm2/sec), they calculated
a molecular weight of 17,800. On the other hand, Loveless and Tima-
sheff (92) estimated the molecular weight of the dialyzed residue
to be between 2,500 and 14,000 on the basis of the sadimentation
constant of 0.5 x 107 sec™! caleulated for this active material
in phosphate buffer, pH 5.5.

However, in only two of the above investigations was
the diffusion coefficient determined and in none was the partial

specific volume estimated. A molecular weight calculated on the

basis of the sedimentation constant and the asswned values for the
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diffusion coefficient and partial specific volume is, at the
very best, only a rough approximation of the true molecular
weight.

Rockwell calculated minimum molecular weights of
650, 950, 1117, 1168, and 4800 for his five active fractions
on the basis of data obtained by a method independent of the
physico-chemical properties of the materials (74). He calculated
the molar concentrations of all the elements in each preparation
and divided all the values by that of the element present in the
lowest concentration. He thereby found the minimum number of
ators of each clement which must be present in a molecule of
each fraction. However, Rockwell had to make the asswrption
that the fractions were homogeneous and he offered no evidence
that they were.

(iii). Chromatographic Studies on Ragweed Pollen
Extracts.

Bukantz et al (58, 59) fracticnated the dialysate ob-
tained from an aqueous extract of ragweed pollen by descending paper
chromatography. In their initial study (58) they used lutidine as
the solvent which, they later discovered, was capable of eliciting
positive skin reactions in allergic individuals, although not in

normal persons. {Winkenwerder et al (113) and Sherman (114) noted that



many allergic individuals reacted by skin test to nucleilc

acids and to purified purine salts, such as adenine sulphate

and guanine chloride, the molecular structures of which bear

some reserblance to that of lutidine), In a subsequent study,
Bukantz et al (59) used methyl cellosolve as the solvent and

were able to separate the dialysate of the pollen extract into
one carbonydrate and eight peptide fractions all of which poss-
essed allergenic activity. The free carbohydrates present in the
dialysate were shown to be glucose and fructose. The dialyzed
residue, after hydrclysis followed by chromatography, was found
toc consist of fifteen amino acids and arabinose. MNost of the
allergenic activity of the whole extract resided in the dialy-
zed residue. They were, however, unable to fractionate this mat-
erial,

Perlman (84) separabed the whole water soluble ex-
tract of ragweed pollen by ascending paper chromatography and
detected seven peptide, three carbohydrate and two pigment bands.
He did not stain for protein. Iost ¢of the fractions eluted from
the mper were found to be allergenically active. It is intersst-
ing to note that activity was also detected in segments of the
paper devoid of pigment or stainable material.

Bernstein et al (115) chromatographed a water soluble ex-

tract of the pollen through a column of alumina. All the pigmented mat-

16



L7

erial was absorbed at the top of the column and only colourless
material, amounting to 60 per cent of the weight of the solids

in the extract, passed throughe. Distilled water was used as the
eluting agent and the eluates were collected in 15 ml quantities.
FEleven such aliquots were collected and most were found to be
allergenically active by skin test.

Bookman and Wax (116) used ion exchange resins in an
attempt to isolate the allergen from the pollen extract. They
passed extracts of the pollen through columns of various resins
(Dowex-2, Dowex-50 and Amberlite IRC-50) and eluted them with
buffers of different pHe The majority of the eluates were aller-
genically active, but the investigators did not determine the com-
position of any of these fractions.

Sumnarye

Different investigators presented conflicting points
of view with respect to the composition and properties of the aller-
gen or allergens present in ragweed pollen. Although many workers
claimed to have isolated and identified the allergen(s), none pro-
ved that he was dealing with a pure material. In fact, electrophor-
etic studies by Newell (109) on several fractions of ragweed pollen
isolated by methods used by other investigators (up to the year 1942)
revealed that no fraction was heuogeneouse.

Extracts and fractions of ragweed pollen have been examined



in the ultracentrifuge in attempts at determining the mole-
cular weight of the allergen. However, in no study was the
material under investigation shown to be homogeneous and in no
case were all the parameters essential for a calculation of the
molecular weight determinade The calculated meclecular weights
can therefore be accepted as only rough approximations of the
true molecular weight of the allergen.

Tlectrophoretic and chromatographic studies demonstra-
ted that these metheds could be utilized for the fractionation of
ragweed pollen extract. The chromatographic studiss on the dialy-
zable fraction of the pollen extract revealed that allergenically
active fractions could be obtained containing only peptide or car-
bohydrate materials. Unfortunately, no alteumpts were made to frac-
tionate the non-dialyzable fracticn of the extract which contains
the bulk of the allergenic activity. S3ince gluost every fraction
obtained by the chromatcgraphic separation (paper and column chroma-
tography) of the extract possessed allergenic activity, it would
appear that all the fractions were Ucontaminated" with the active
material which escaped detecticn dus to its low concentration.

Thus on2 cannot arrive at eny definite conclusions as
to the composition and properties of the allergen(s) on the basis

of werkx done in the past.
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EXPERIMENTAL

——

CHAPTER III

PRELIMINARY FRACTIONATICN OF RAGWEED POLLEN

INTRODUCTION

In 1954, Goldfarb et al (85) reported the preparation of
an aqueous extract from ragweed pollen which had been freed of much
of the water soluble pigments, This preparation, which they referred
to as MLL, was as active as the aqueous extract of the defatted pollen
(on an equal nitrogen basis). IuLL was therefore selected as the start-
ing material tor our attempts to isolate the allergen(s)ad the physico-
chemical and allergenie properties of this material were c cmpared to
those of other fracticns obtained from ragweed pollen,

METHCDS AND LATERIAIS

Short ragweed pollen was defatted with diethyl ether in a
Soxhlet extraction apparatus for 3 days. The defatted pollen was extrac-
ted with 90 per cent methyl alcohol (50 ml of alcohol per 5 grams of de-
fatted pollen) and the extracting medium was chenged every hour until it
was completely colourless. The alcohol extracts were combined and the
alcohol was distilled under reduced pressure. 7The residue was lyophili-
zed and is referred to as ROH SOL.

The pollen, after the alcohol treatment, was extracted with

L9



water (100 ml of water per 5 grams of the alcohol extracted pollen)
for 72 hours. The yellow-coloured aqueous extract was lyophilized
and constitutes kill. A portion of the insoluble residue of the
pollen was then extracted with water for 12 more days and the residue
remaining after this treatment is referred to as KLL INSOL. All ex-
tractions were performed at 4°¢c,

To determine the specific effect, if any, of alcochol on
the composition and allergenicity of the constituents of ragweed poll-
en, MLL was compared with a water extract of the defatted pollen which
bad not undergone preliminary alcohcl extraction., The defatted pollen was
extracted with water (100 ml of water per 5 grams of defatted pollen) for
72 hours. The suspension was then centrifuged at 20,C00 rpm for 20 min-
utes in a Spineo odel L preparstive ultracentrifuge. The yellow-colour-
ed supernatant was slightly turbid and this opalescence was attributed
to some lipoidal meteriel still present in the pollen after the exten-
sive defatting procedure., The solution was lyophilized, dissolved in 20
m}l of water and recentrifuged at 20,000 rpm for 20 minutes. 4 white
material rose to the surface of the liquid and the clear, yellow-ccloured
solution below it was drawn off and lyophilized. This material is ref-
erred to as WSR (water soluble ragweed). The insoluble pollen residue
which remained after this extracticn was further extracted for 16 days
with water, the extracting fluid being changed every 2 days, ‘The in-
soluble residue which remained after this treatment was lyophilized and

is referred t0 as WSR INSOL. Forticns of this material were extracted
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with normal humen serum, saline (0,9 per cent NaCl) and phosphate
buffer, pH 7.6, for 72 hours,

Both WSR and MLI were dialyzed through Visking tubing
against water, the ratio of the volume of the sclution within the
Visking tubing to that outside being 1:5., In each case, the agueous
solution of the extract was dialyzed for 36 hours and the dialysate
was subsequently lyophilized. The residue remaining within the sae
was further dialyzed for 10 days agaiinst running tap water tc insure
eomplete removal of dialyzable material and was lyophilized,

To determine whether extractable allergenically active mat-
erial wes still associated with LIl INSOL, a portion of this material
was extracted with O.O05N NaCH for 72 hours. The insoluble residue was
lyophilized and is referred to as KNaCH IISOL, The yellow=coloured
supernatant was acidified to pH 6.0 with 0.1 HC1 at whiech point a white,
fluffy precipitate separated out. The supernatant was separated from
this fine precipitate by centrifugation at 25,000 rpm for 20 minutes and
is referred to as pH 6 SOL. The precipitate is referred to as NaCH S0L.
Both fractions were lyophilized. Fig. 2 is & flowsheet of the procedaure
used in the fractionation of ragweed pollen.

The physico-chemical and allergenic properties of the extracis
were ccmpared as follows:

Free Electrophoresis:

MLL, WSR and ROH SCOL were analyzed by free electrophoresis in

the Spinco Tiselius apparatus., The solutions for electrophoresis were



prepared by dissolving the extracts in the following buffers:
(a) Vercnal buffer, pH 8.6, icnie strength 0,1;
(b) Borate buffer, pH 8.6, ionie strength C.l;

(¢} Phosphate buffer, pH 7,80, total ioniec strength
0.17 (contribution of NaCl 0.15);

(d) Glycine buffer, pH 10.6, total ionic strength
0,17 (contribution of NaCl 0,15);

(e) Glycine buffer, pH 3.5, total ionic strength
0,17 (contribution of NaCl 0.15).

Each extraet was found to contain both dialyzable and non-
dialyzable components. Therefore, when each was analyzed by electro-
phoresis for all its constituents, initial dialysis against the res-
pective buffer was dispensed with,

The conductivitiess of the buffer and the solution of the
extract in the respective buffer were equalized prior to each electro-
phoretic experiment. The pH of the sclution was raised or lowered to
that of the buffer by the addition of either C,1N NalH or O.1N HC1;
the conductivities were then equalized by adding solid NaCl to the buffer.
These steps were necessary since, in each case, the solution had a higher
conductivity then, as well as a different pH from, its corresponding buf-
fer.

Paper Electrophoresis:

The aqueous sclution of the material to be separated by paper
electrophoresis was applied at the center of the strip of Whatman No. 1
filter paper (55 ecm x 4 cm), which had previously been immersed in the

buffer and semi~dried between sheets of filter paper, &s a narrow band



about O cm long, The paper was then layered onto a horizontal plex-
iglass® platewhich was used as the supporting surface, This, in

turn, was placed onto the bufrer vessels, the two extremities of the
papers dipping into the buffer to a depth of about 3 em. The buffer
vessels were filled to equal levels in order to prevent chromatographic
efrfects from disturbing tihe resolution of the raterial under observation,
For similar reasons, the plate supporting the filter paper strips was
leveled both longitudinally and vertically.

Heating, caused by passage of current through the paper strips,
results in evaporation of water from the filter papers saturated with
buffer, To minimize evaporation from the papers during elecirophorssis,
a8 glass plate supported by a roam rubber frame was placed over the paypers,
forming a closed system. A sheet of Vhatman No, 3 mm filter paper was
placed between the glass plate and the foam rubber frame., Its function
was t0 absorb any water vapor which might condense on the glass plate dur~
ing elecirophoresis. Due 1o the lower resistance of this buffer-satura-
ted filter paper, as compared to that of the Whatman No, 1 filter paper
strips, more heat was dissipated from it., Consequently, the electrophor-
etic chamber was saturated with vapor emanating mainly from the Wha tman

No. 5 mm filter paper. The buffer vessels were then connected by paper

* The upper surface of the plexiglass plate was provided with smell,
closely spaced pyramidal projeetions, extending t0 & height of 0.3 cm
above the surface of the plate. This arrangement prevented the paper
from sagging and the formation of a surface~ligquid film between the
plexiglass and the paper. The plexiglass plate was 40 cm long and
24 cm wide,
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wicks with the electrode vessels which had been filled to equal
levels with 20 per cent XCl solution. The electrcde vessels contain-
ed silver-silver chloride electrodes® which were used in preference to
the conventional platinum or carbon and steel electrodes to insure
constancy of pH during elec¢tirophoresis,

One hour wes allowed for the buffer to migrate up the paper
strips towards the zones of application (equilibration time) and a
potential of 110 volts DC was applied., The durationd an electrophore-
tic experiment never exceeded 14 hours but varied with the fractiom
being analyzed., Electrophoresis was carried out at room temperature.

Upon completion of the experiment, the paper strips were
dried at 120°C and steined for carbohydrates, proteins, amino acids and
peptides. The following staining reagents were used:

(a) oOne per cent minhydrin solution in 95 per cent ethyl
alcohol to detect amino acids and peptides (117);

(b) A metapericdate-permengenate solution to detect carbo-
hydrates (118);

(¢) Amido-black (10 B) to stain for proteins (119);

The papers were sprayed with reagents (a) amd (b) and were
immersed in reagent (e¢).

For the sake of brevity, all bands revealed by ninhydrin stain-

ing are referred to as peptide bands,

* The silver-silver chloride electrodes were prepared from silver strips

0.6 cm wide and 0.08 em thick.



The extracts were analyzed in the following buffers:
(a) Veronal buffer, pH 8.6, ionic strength 0.,10;
(b) Borate buffer, pH 8.6, ionic strength 0,10;

(c) Pnosphate buffer, pH 7.8, ionic strength 0,17
(contribution of NaCl 0.,15);

(d) Citrate buffer, pH 4,56, ionic strength 0,10;

Ultracentrifugation:

The Spineco Liopdel E optical ultracentrifuge was used to det-
ermine the sedimentation constants of the various fractions. The experi-
ments alsc served to disclose any heterogeniety of the materials.

The synthetic boundary cell, as devised by Pickels et al {120),
was used instead of the standard cell. This cell allows for the formation
of a sharp boundary between the solution under observation and the sol-
vent at the start of the experiment, The average rotor temperature was
20,6°C and the rotor rate was 59, 780 rpm, ‘The sedimentation constants
were not recalculated for standerd conditicns,

All the fractions, with the exception of HOH SQL, were dissol-
ved in 0.9 per cent NaCl. The ROH SOL fraction was dissclved in glycine
buffer, at pH 10,6 due to its low solubility in soluticns of lower alka-
linity.

dergenic -Actiwity:

Solutions of all the fractions were made up in saline to

concentrations of 1,000 units* per ml, Nitrogen values were determined

by a modification of the method of Lanni et al (121), The Nessler

# 1 unit = 107° mg nitrogen.
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reagent was prepared according to the specifications of Koch and
Mekeekin (128). All the fractions were tested on ragweed sensitive
persons by scratch test and the reactions were graded after 20 min-
utes as 0, 1+, 2+, 3+and 4+, depending on size and extent of the
wheal and the surrounding erythema,

QJESULIS

As shown in Table I, initial extraction of the pollen with
methyl alcohol followed by extraction with water resulted in a lower
yield of extractable material as compared with the amount of material
extracted from the pollen with water only. The data in this table were
arrived at by assuming that the lyophilized fractions were complelely
dehydrated.

Free Electrophoresis:

WSR, 111 amd ROH SOL were all found to be electrophoretically
heterogenecus with at least three distinct peaks identified in the electro-
phoretic pattern of each of these extracts (Figs. 3=5). 4n essentially
immobile peak was present in all the electrophoretic patterns of the ex-
tracta., The most striking electrophoretic separation occurred with WSR
in glycine buffer at pH 3.5, At least 5 well-characterized, small peaks
were seen migrating to the negative pole at a rapid rate (Fig. 3).

Paper HKlectrophoresis:

Preliminary experiments indicated that maximum resclution of
any of the extracts occurred in borate buffer, pH 8.6, Therefore, re-

sults obtained with this buffer are the only ones reported,
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It is evident from PFigs. 6 and 7 that WSR amnd AMLL are
distinct materials, containing different numbers of electrophoretic-
ally separable components. WSR (Fig. 6) was resolved into 4 pigment,

1l protein, 1 carbohydrate end 5 peptide bands. It cught to be mentioned
that all 5 peptide bands were detected only in the early stages of elec-
trophoresis (6 hours) of WSR (Fig. 6). In experiments of longer durat-
ion (12 to 14 hours), the 2 rapidly migrating cathodic peptide bands
had completely run off the paper.

Cn the other hand, LLL (Fig. 7) separated into 1 diffuse pig-
ment, 1 protein, 1 carbohydrate eand 3 peptide bands,

ROL SOL gave rise to 3 pigment bands (Fig. 8). No carbo-
hydrate or protein stainable material could be detected while & faintly
stained peptide band was noted at the cathodic side of the point of
application,

The pH 6 SOL fraction (Fig. 9) could not be resolved into
more than 1 component by paper electrophoresis in any of the buffer.

4 comparison of the electrophoretic patterns of the dialy-
sate, dialyzed residue and whole extract of WSR arnd MLL, respectively
(Figs. 10 and 11), suggested that both WSR and MLL could be fraction-
ated by dialysis against water through Visking tubing. The dialysate
of WSR (Fig. 10) contained 4 pigment, 1 carbohydrate and 5 peptide bands,
Only 3 of the peptide bands are shown in Fig., 10 since the 2 rapidly
migrating peptide bands had run coff the paper., The dialyzed residue of
WSR consisted mainly of a protein-stainable material which migrated

slowly to the anode., A slightly visible pigment band and a weakly stain=-
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able carbohydrate band appeared to be superimposed on the protein
band. In addition, a faint peptide band was detected which migrated
slowly to the cathode,

The dialysate of MLL (duration of electrophoresis was 5
hours) resolved itself into 4 peptide, 1 carbohydrate and 2 pigment
bands. (Fig. 1l1). In addition, a faintly stained protein band was
also detected. Three of the four peptide bands migrated at a faster
rate than any of the peptide bands present in undialyzed MLL, The
dialyzed residue of MLL (Fig. 11) (duration of electrophoresis was 12
hours) consisted of 1 protein, 1 pigment, 1 carbohydrate and 3 peptide
bands. The total number of electrophoretically separated bands in the
dialysate and dialyzed residue of MLL was greater then the number det-
ected in undialyzed MLL (duration of electrophoresis was 12 hours).

Ultracentrifugation:

Each extract gave rise to only 1 diffuse peak in the enaly-
tical ultracentrifuge. Fig. 12 is & photograph of a typical experiment.
Sedimentation constants were determined for the ma jority of the fract-
jons (Table II). The sedimentation constants* varied from 0.45 to 2.54S,
WSR had & sedimentation ccmstant of 0,925, while its dialysate and dial=-

zed residue hed sedimentation constants of 0.61 and 2.545,respectively.

- -1
#Expressed as Svedberg units; 1 Svedberg unit = 10 13 sec .
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Allergenic Activity:

The results of 8kin tests are shown in Table 1II, WSR
and MIL appeared to exhibit comparable allergenic activity and ROH SOL
and pH 6 30 slightly less. The activity of the ROH SOL fraction dime-
inished rapidly on standing and completely disappeared after 4 weeks
of storage in aqueous solution at 4°c, On the other hand, the activity
of the other fractions did not appear to diminish even after 3 months
of storage in aqueous solution at 4°C.

In the present study, the ether soluble fraection of rag-
weed pollen was not tested for allergenic activity, However, it bas
been shown in the past to be active (82, 86, 87).

WSR INSCL, even after 16 dajs of continuous extraetion with
water, still possessed cutaneous aetivity, whereas the extracting fluid
(water) at this point possessed no allergenic activity. Extraction of
WSR INSOL with normal human serum, saline or phosphate buffer at pH 7.6
resulted in liberation of allergenically active material into solution.

MLL INSOL was not active when tested by scratch, However,
the pH 6 SCL fraction extracted from this apparently inert ragweed pol-
len residue was gquite active., NaOH IKNSOL and NaCH SOL displayed essén-
tially no activity.

LISCUSS ION

Analysis by free electrophoresis demonstrated that none of
the preparations was homogeneous. A stationary component was distin-
guished in each of the electrophoretic patterns of the WSR, MLL &and

ROH SOL extracts in the various bufiers, One possible interpretation
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for these results is that the extracts might contain a component
having no ionizeble groups, i.e. a closed-ring polypeptide devoid
of free amino or carboxyl groups. The large, diffuse, stationary
peak might also represent tbe contribution of a salt boundary.

Paper electrophoresis permits the fractionation of a
solution containing several materials without prelimipary adjust-
ment of its pH and conductivity to those of the bufter. It proved
to be a far more effective tool than free electrophoresis for the
analysis of rsgweed pollen fractions. The technique yielded more
distinet and reproducible patterns and allowed for simultaneous det-
ection and identificaticn of pigment, carbohydrate, peptide and pro-
tein bands by visual observation and seléctive staining,

WSR resolved itself into eleven components in borate
buffer whereas MLL resclved itself intc & lesser number of compon-
ents, Regardless of the buffer used, MLL was always resolved into
a smaller number of components than WSR, thus substantiating the
claim of Goldfarb et al (85) that MLL was & ®purified"™ extract as com~
pared to WSR.

Alcohol extraction, prior to water extraction, appeared
to free the ragweed pollen of much of its water soluble pigments which
is in accordance with the findings of Goldfarb et al (85). The 3 rap-
idly migrating pigments present in WSR were absent in MLL but were
present in ROH SOL.

The dialysate of WSR appeared to contain all the components



present in whole WSR with the exception of the protein constituent
which was present in the dialyzed residue. Since all the components
identified in WSR were acccunted for in the dialysate and dialyzed
residue, it is highly unlikely that rsgweed pollen constituents are
constantly breaking dowr during dialysis as has been suggested by
Loveless et al (91).

There is, however, a suggestion of some alteration occur-
ring in WSR on dialysis. The dialyzed residue stained for carbohydrate,
although very weekly, in the area of the protein band, whereas the orig-
inal WSR extract contained mo carbohydrate stainable material associated
with the protein constituent, There are at least two explanations to
account for this observation:

(1) Some configurational change might have teken place with-
in the protein molety or WSR during the extensive dialysis liberating
carbohydrate stainable groups.

(2) The faet that carbohydrate stainable material was de-
tected in the dialyzed residue of WSR and not in WSR itself may be due
to a concentration efrect., Since the dialyzed residue was found to
eonstitute less than % per cent of the weight of WSR, the concentration
of the carbohydrate in a given weight of the dialyzed residue would be
wany times that present im an equal weight of WSR.

The presence of detectable pigment migrating with the protein
in the dialyzed residue and its apparent absemce in the whole WSR can

be explained in the same manner,
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The total number of electrophoretically distinet com-
ponents present in the dialysate and dialyzed residue of MLI eX=-
ceeded the number found in undialyzed MLL end several of the pep-
tides in the dialysate migrated at a more rapid rate than any in
undialyzed MLL. These findings suggest that degradation of lerger
into smaller molecules did occur in MLL on dialysis. 4s in the case
with the dialyzed residue of WSR, pigment was present in the d ialyzed
residue of MLI and it migrated with the protein. These data imply
that a pigment is either gpecifically bound to the protein or has
similar electrophoretic properties.

The pH 6 SOL fraction could not be resolved into more
than one component by paper elsetrophoresis, One could interpret
this finding in terms of a one-component system, the protein, car-
bohydrate, peptide and pigment all being part of one amd the seme
molecule which is resistant to alkaline nydrolysis.

On the basis of the sedimentation constants found for
the various extracts, molecular weights conceivably could be calcu-
lated provided that the diffusion coefficient and partial specifie
volume were known for each fraction., However, diffusion coefficients
and partial speecific volumes are significant only when ¢alculated for
one~-component gystems, Since none of our fractions, except possibly
the pH 6 SOL,complied with this requirement, molecular weight deter-

minations were not attempted.



There is no QOubt thet a shift of low molecular weight
material occurred through the Visking tubing on dialysis of WSR
against water. This was reflected by the great discrepancy in the
sedimentation consitsnts of the dialysate and dialyzed residue of
WSRe. This finding serves as evidence for the presence of some large
molecular weight materiel in ragweed pollen extract which might have
been masked by the relatively greater concentration of low molecular
weight material when the whole extract was exemined in the ultracentri-
fuge, This assumption seems reasonable in view of our finding that
abcut 95 per cent, by weight, of WSR dialyzed through Visking tubing.

The sedimentation constant of MLIL was considerably great-
er than that of WSR, suggesting that some low molecular weight mater-
ial had been removed by the preliminary alcohol extraction, The find-
ing of & low sedimentaticn constant for ROH SOL supports this inter-
pretation,

Since some of the fractions were insoluble (LL INSOL,
WSR INSOL), scratch tests, rather than intracutaneocus injecticmms,
were used in order to compare the various preparations for their
allergenic activity, It is worth noting that ragweed pollen powder
displayed cutaneous activity even after 16 days of extraction with
water, Since the extracting fluid at the end of the 16 days extrac-
tion displayed no activity, it would appear that the allergenically

active groups present in the pollen residue were not easily extract-
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able., However, since further extraction of the pollen residue
with normel humsn serum, saline or phosphate buffer, pH 7.6,
resulted in a release of allergenically active material into
solution, it would appear that these allergenically active conw-
stituents possess solubility properties different from the com-
ponents in the water soluble extract (WSR) of the pollen,

MLL INSQL, which exhibited no activity by scerateh test,
nevertheless was able to release active material when extracted with
0.05 N NaCH for 72 hours. 4s it is highly inconceivable that NaOH
could convert an inert material into an allergenically active omne,

a possible explanation for this finding would be that there exist
active components in the MLL INSOL fraction which are shielded in

some way from direct contast with water and alcohol during the ex-
traction with these solvents and which cannot elicit a skin resction
when tested in the skin of an allergic person as they may reside withe-
in the pollen grain and cannot react with the reagin in the skin prior
to their extraction with the NaOH.

Since each sensitive person appeared to display his own
pattern of reactivity to different fractions, it was impossible to
evaluate, on an absolute basis, the allergenic activity displayed

by each fraction,



Flowsheet of the Fractionaticn of Rasweed Pollan.
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Fige 4.

Free Electrophoresis of MLL

BORATE BUFFER, PH 8.6 VERONAL BUFFER, PH 86
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Fige 5.

Free Electrorhoresis of ROH SOL in Glyvecine Buffer, pH 10.6.
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Fig, 6.

Paper Electrophoresis of WSR in Borate Buffer, pH 8.6.
The upper four diagrams represent the resolution of the
constituents after six hours of electrophoresis. The
lower four diasgrams represent the separation of the com-
ponents after twelve hours of electrophoresise
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Fige 7o

Paper Electrophoresis of MLL in Borate Buffer,

pH 8.6, for Ten Hours.

Paper Electrophoresis of ROH SOL in Borate
pH 8.6, for Twelve Hours.
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Paper Electrophoresis of pH 6 SOL in Borate Buffer,

pH 8.6, for Twelve Hours.,
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Fig. 10

Paper Electrophoresis of WSR (Upper Four Diagrams), the
Dialysate of WSR (Middle Three Diagrams) and the Dialyzed
Residue of WSR (Lower Four Diagrams). Duration of €lectro-
phoresis was twelve hours for each of the preparationse.

+
»
z
=]

POINT OF APPLICATION

+ UNSTAINED

STAINED
+ FOR

CARBOHYDRATE

STAINER
LFOR _AMING ACIDS
AND

PEPTIDES

+ UNSTAINED

STAINED
FOR
CARBOHYDRATE

+

STAINED
. FOR AMINO ACIDS
AND

PEPTIDES

STAINED
FOR

FROTEIN

t
POINT OF  APPLICATION



Fif’;. o 11,

Paper Electrophoresis of MIL (Upper Four Diagrams), the
Dialysate of MLL (Middle Four Diagrams) and the Dialyzed
Residue of MLL (Lower Four Diagrams).
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f WSR Analyzed
¢ Boundary Cell

Frame ™" represents the initial boundary in the aynthetic boundary cell: frames'b®, Wom, mqm, Mei gnd Mfw
represent photographs taken subssquently after 12, 18, 32, 40 and 48 minutes.
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TABLE I

Th

Fraction

Percentage of whole defatted
pollen

WOReeeoooeossensssnssocsnce
ROH SOL evecsnetoessccaceces
MLL soveesccosccesscocsonse
PH 6 SOL ceveeccscasescocas
NaOH SOL eeevececsscescccee

NaOH INSOL 9000 GO O0P 0P

30
12
6
20
8
52

TABLE II

Ultracentrifugal Analyses

of the Allergenically

Active Fractions Isolated from Ragweed Pollen*

Fraction

éedimentation constant **

WOR ceveeevceecocsnanonsnee
WSR - dialysate cevececenss
WSR -~ dialyzed residue ....
ROH SOL fuveerviieninnennns

IﬂlL 000000000000 arecrnstree

pH 6 SOL 00 enoe sttt soee

0.92
0.61
2.54
Ouki5
1.34
1.17

* Performed in 0.9 per cent NaCl, except where indicated otherwise.
** Expressed in Svedberg units; 1 Svedberg unit = 10-13 gec™

+ BExperiment performed in glycine buffer, pH 10,6



Allergenic Activity of the

ra

Ragweed Pollen as Obhserved by

ratch Teste.

FPRACTION®

L.X S.T. D.X. ¥.B.
pH 6 SOL 24 0 * s 3+
NaOH SOL + 0 0 o
faOH THSOL 0 o . 0
SR he Iy 2+ -
Sl INSOL
EXTRACTED VJITH 3¢ * . -
VATER ~ 5 DAYS
SR INSOL
FATRACTED WITH - - - + W
LATER ~ 14 DAYS
how 50L L+ Iy N o
FLL X3 - 2+ 4+
MLL INSOL * 0 . -

%*Fach fraction made5
1 unit = 10~

up to 1000 units/ml.
mg nitrogen.




CHAPTER IV
FRACTIONATION OF THE WATER SOLUBLE EXTRACT

OF RAGWEED POLLEN (WSR) AND THE
CHARACTERIZATION CF THE FRACTICNS

A. FRACTICNATION CF WSR BY PAPER EIECTROPHORESIS

In the preceding chapter, it was demunstrated that frac-
tions of ragweed pollen obtained by extracting the pollen with various
solvents were all allergenically active and heterogeneous when examined
by paper and free electrophoresis. Since the water soluble extract of
the defatted pollen (WSR) was obtained under the least harsh conditions,
its constituents were accepted as most closely resembling the naturally-
occurring materials present in the pollen. The results of experiments
in chapter III also suggested thatpaper electrophoresis would be suita-
ble for the fractionation of WSR. In the present study, WSR was frac-
tionated by paper electrophoresis in various buffers in order to deter-
mine the conditions for optimal resclution of its comnstituents.

WSR was fractionated by electrophoresis on paper in the

following buffers: acetate, pH 3.8; citrate, pH 4.6; phosphate, pH
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6.0and 7.8; veronal, pH 8,6 and borate, pH 8.6. The ionic strength
of all the bufferswas 0,10, The staining reagents used f or the det-
ection of protein, carbohydrate and peptide were the same as those
used in chapter Ill. To determine whether carbohydrate material not
stained by the metaperiodate permangenate reagent was present in WSR,
ten other carbohydrate-staining reeagents were employed. These are in-
dicated in Fig. 16 and were prepared according to reference 117. In &all
staining procedures, glucose and sucrose were used as controls.
Preparative electrophoresis was carried out using the same
apparatus as was described in the preceding chapter, Three sheets of
Whatman No, 3 mm filter paper (55 em x 15 cm) were layered one above
the other on the plexiglass plate and one sheet of Whatman No. 1 filter
paper was layered above these three, care being taken not to trap air
between the papers. Whatman No. 3 mm filter paper was used for prepara-
tive electrophoresis in preference to the thinner Whatman No, 1 filter
paper due to its greater absorption capacity. The funetion of the No, 1
filter paper, after being appropriately stained, was to provide a "print"
showing the resolution of WSR.
WSR was dissolved in water (25 to 30 per cent, W/V) and 0.3
m] was applied as a straight line transversely along the center of the
papers. One hour was sllowed for the buffer to migrate up the papers
towards the zone of application and a potential of 110 volts DC was then

applied, At the termination of the experiment, the Whatman No. 1 filter
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paper was removed and dried at 120°C, It was then cut longitudin-

ally into three narrow strips, one of which was stained for peptides,
one for proteins and cne for carbohydrates, These strips served ss
guides for the isolation of the varicus constituents, The three What-
man Mo, 3 mm filter papers (still layered one above the other) were

then cut into segments corresponding to the constituents (peptide, car-
bohydrate, protein and pigment). The segments of filter paper were then
rolled and transferred into plastic tubes provided with perforated bott-
oms. Each plastic tube was placed in a 40 ml standard centrifuge tube
on three glass projections protruding from the sides toward the center
of the centrifuge tube about 2.5 cm from the bottom of the latter., The
tubes were centrifuged for 5 minutes at 2,000 rpm., Four ml of distilled
water were then added to each plastic tube and centrifugation was re-
peated a second time to insure complete elution of the materials The
eluates were brought to pH 7.0 to 7.5 and to 0.9 per cent with respect
to NaCl and were tested for allergenic activity by the method of pass-~
ive transfer,

For the passive transfer test, only individuals who gave no
skin reactions on intradermal injection of a solution of WSR containing
1,000 units per ml were accepted as test subjects. The reaginic serum®
was injected into several sites in the back of the subject (0,05 ml of
serum per injection). Control sites conteined seline or normal humen

serum. The sensitized and control sites were challenged with the aller-

* Serum obtained from a clinically allergic individual is referred to
as reaginic or allergic serum.



gen solutions (0,05 ml of allergen solution per injection) 18

to 24 hours later and the reactions were noted 20 minutes after
injection of the allergen. 4ll solutions used for skin tests were
sterilized by Seitz filtration and stored in sterile vials at 4°C.

RESULTS AWD DISCUSSION.

Electrophoresis of WSR in the citrate (pH 4.6) and phos-
phate (pH 7.8) buffers resultec in an almost identical separation of
the components even though the buffers differed greatly in pH (Figs.
13 and 14). In both these buffers as well as in the acetate (pH
3.8) and phosphate {pH 6,0) buffers, however, the carbohydrate,
protein, pigment and several of the more intensely stained peptide
bands were not well separated from each other and remained in the
central area of the electropherogram. The electrophoretic separa-
tion of WSR in veronal buffer (pH 8.6) was more satisfactory as the
pigments separated from ninhydrin stainable material, The duration
of electrophoresis in the citrate and phosphate buffers varied from
6 to 8 hours and in the acetate and veronal buffers from 12 to 15 hours,
Zven prolonged electrophoresis (up to 20 hours) in all these buffers
did not lead to more satisfactory resolution.

When the electropherogramsof WSR obtained in acetate, cit-
rate, veronal and phosphate buffers were cut into segments and eluted,
the allergenic activity was found to be located, in each case, around
the zone of application. Since most of the constituents of WSR were

also located in this area of the electropherogram, the resolution of



WSR was nct considered to be satisfactory in these buffers,

The optimal resolution of the components of WSR with res-
pect to allergenic activity occurred in borate buffer, pHd 8.6, after
16 hours of electrophoresis, As illustrated in Fig. 15, &SR was
resolved into 4 pigment (P, Pg, Pz and P4), 1 carbohydrate (CHO),

1 protein (Pt) and 3 peptide (AA], AA2 and AAz) bends. Two rapidly
migrating peptide bands, not shown in Fig. 15, were allowed to run

of the paper in order to obtain an optimal resolution of the other

constituents of the extract.

Fige. 16 shows that 8 of the carbohydrate-staining re-
agents produced positive reactions in the region of the paper desige
nated CHO. In addition, two of the carbohydrate reagents, the alka-
line potassium permanganate and the ammoniacal silver nitrate, eli-
cited positive reactions in the P; and Pp regions of the paper.
Since the pigment bands are due most probably to flavanol pigments
which have been shown to be present in ragweed (15, 70, 83), it is
conceivable that the reactions elicited in the P) and Pg regions of
the paper were caused by free phenolic groups present in these plg-
ments., This interpretation is supported by the fact that a positive
ncarbohydrate® reaction was obtained with phenol ikself using the
latter two carbohydrate staining resgents. Three of the carbohydrate
reagents (FPig. 16) produced faintly stained bands in the cathodie
region of the AAj band and two reagents gave barely stainable bands

in the A4g region of the paper electiropherogram. Therefore, the



material present in the area of the paper designated CHO (Fige. 15)
is considered to be the only free carbohydrate present in WSR.

The allergenic activity was found not to be centrally
located (as was found with the other buffers) but extended into
the anodie region of the paper up to the edge of the most rapidly
nigrating pigment (P;) band. The loss of the two rapidly migrating
peptide bands is of no consequenée to this study as they were found
not to possess any allergenic activity.

Since the AA,, P4 and Pt components daid not separate
from each other (Fig. 15), they were eluted as one fraction which
is referred to as AA}*Py. For the same reason, components Pj,

AA3 end CHO were eluted as one fraction designated Pj:C. Components
Ado, Pz and Pg were considered to be homogeneous fractions. The
five fractions thus isolated were designated AA2, AAI*Pt, P3, P2

end P1*#C (Fig. 15). Solutioms of fractions Pz, Py and Pj+C were
light yellow, deep yellow and amber in colour, respectively. A
solution of fraction AA1+Ft has a straw-yellow colour and that of
fraction AAp was colourless.

The entire procedure, electrophoresis of WSR in borate
buffer and elution, was repeated about 20 times and the individual

eluates of each fraction were combined and lyophilized.

81



i’:‘. l L]

Paper Electrophoresis of VSR in Citrate Buffer,

D

H 4.6

POINT

OF

APPLICATION

Fige 1L,

Paper Electrcphores

+ unsTAINED

+ STAINED FOR
CARBOHYDRATE

STAINED FOR
AMINO  ACIDS
AND PEPTIDES.

+ STAINED FOR
PROTEIN

is of WSR in Phosphate Buffer,

“«

pH 7.8,

POINT

OF

APPLICATION

<+ uNsTAINED

+ STAINED FOR
CARBOHYDRATE

STAINED FOR
<+ AMINO ACIDS
AND PEPTIDES

+ STAINED FOR
PROTEIN.

82



83

Fige 154

Electrophoretic Separation (on Paper) of VPR in
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Fig. 16.

The Materials in WSR Detected by the Carbohydrate
Staining Reagents. The uppermost diagram represents
the paper electropherogram of WSR analyzed in berate
buffer, pH 8.6, stained for proteins and peptides only.
The visible pigmnient bands are also showne The lower
five diagrams represent the bands obtained with the
various carbohydrate staining reagents.
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B. AIIKRGENIC AND PHYSICO-CLE;ICAL PROPERTIES OF THE FRACTIONS.

JNTRODUCTION

The isolation of five fractions (AAQ, Adaj+Pt, Pz, Py and
Pj*C) from the water soluble extract of ragweed pollen (WSR) was
described in the preceding section. In the present study, these fra=-
ctions were analyzed for their allergeniec and physico-chemical pro-
perties, The relationship between the nitrcgen am carbohydrate cont-

ent and the allergenicity of the fractions was also investigated,

Allergenic Activity of the Fractions:

The fractions were dissolved in saline and msde up to con=-
centrations of 1,000 dnits per ml. The ph of the soluticns was 8.6,
since each fraction contained the constituents of the borate buffer.
The fractions were tested for allergenic activity by both the seratch
test and the passive transfer techmnique, The scratch test was per-
formed in the skin of elinically allergic individuals. The passive
transfer test was performed in the manner as described in chapter
EE;A. Reaections were graded 20 minutes after injecticn of the aller-
gen fractions as ¢, 1%, 2+, 3+, 4%, etc.,..., depending on tle size of
the wheal and the surrounding erythema.
Ultracentrifugal Analyses:

The following preparaticns were analysed in the Spinco

licdel E optical ultracentrifuge.
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(i) Undialyzed frections. Fractions Ak+Et, Pz, Po

and Pl*C, each econtaining the constituents of the borate buffer,
were dissolved in water to concentrastions of 1 per cent., In addi-
tion, & 1 per cent solution of WSR in borate buffer was also pre-
pared.

(ii) Dialvzed fractiongs, About 0.5 gram of each lyo-
philized frection was dialyzed through Visking tubing against runn-
ing tap water for 48 hours in an attempt to elimipate all easily dia-
lyzable constituents, The material which remsined within the Visking
sac was lyophilized and dissolved in borate buffer to a concentration
of 1 per cent,

WSR was also dialyzed for 48 hours and portions of the
dialyzed residue, after being lyophilized, were dissolved in saline,
the pH of which was adjusted t 0 8.6, and borate buffer, pH 8,.6.

The preparations were analyzed in the synthetic boundary
cell (120) and the solvent layer consisted of borate buffer, pH 8.6,
in the same concentration as present in the various preparations,

For the analysis of the dialyzed residue of WSR dissolved in saline,
pH 8.6, the solvent layer consisted of saline adjusted to pH 8.6,
The average rotor temperature £Or all the runs wes 20.5°C and the
rotor rate was 59, 780 rpm. The sedimentation constants were not re-

calculated for standerfl conditicns and their dependence on concentra=-

tion was not determined.
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Relation Between Allergenic Activity and the Nitrogen
or Carbohydrate Content of the Fractions.

WSR was fractionated by paper electrophoresis in bor-
ate buffer, pH 8.6, on Whatman No.3 mm filter paper. The electro-
pherograms were then cut transversely into segments varying from
2 to 4 cm in width which were eluted with water by the technique des-
cribed in chapter IV-A.

The nitrogen content of each eluate was determined by
the technique of Lanni et al (121). The carbohydrate content or reduc-
ing power of each eluate was determined by the Somogyi method (123)
and was expressed as glucose equivalents., Glucose was chosen as the
standard since it has been shown to be one of the free carbohydrates
in WSR (59, 83, 136). The allergenic activity of the eluates was dem-
onstrated by the passive transfer technique.

RESULTS

Allergenic Activity of the Fractions.

Only two of the fractions, AA_+ Pt and P_, displayed cutan-
A p

3?
eous activity when examined by scratch test on allergic individuals
(Table EE). However, both these fractions displayed allergenic activ-
ity inconsistently as at times they elicited no reactions at all,
Fractions AA2, P2 and Pl+ C gave no reactions when examined by scratch
test,

On the other hand, by the passive transfer method, frac-

tions AA1+ Pt, P3, P2 and Pi+C were all shown to be active and only
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fraction AA2 was inactive (Table i}. Tested on an egual nitrogen
basis (1,000 units per ml), fractions A4 +Pt, Pz and P displayed
almost equal allergenicity with fraction Py being slightly more act-
ive than the other two, Fraction Pl+C consistently elicited the
smallest reacticn of all the fraetiocns.

Ultracentrifugal Analyses.

Each of the undialyzed fractions gave rise to only one
peek in the ultracentrifuge and they all had low sedimentation con-
stants (Table ii). A sedimentation constant of 0,565 was calculated
for undialyzed WSR. Three of the fractions (Pz, Pg snd Py+C) had
sedimentation constants lower them this wvalue and fraction AL +PY
had a considerably higher sedimentation constant,

The sedimentation constants of the dialyzed residues
were much higher than those of the respective undialyzed fracticns
(Table fii). The dialyzed residue of fraction AA1+Pt was the only tra-
ction to be resolved into two components, their sedimentation constants
being 1.81 and 4.51S,.

The dialyzed residue of WSR had sedimentations constants
of 1,80 and 1,535 when analyzed in saline (pH 8.6) and borate butfer
(pH 8.6), respectively.

Relation Between the Allergenic Activity and the Nitrcgen or Carbo-
hydrate Content of the Fractions.

The nitrogen and carbohydrate (reducing power) content

of the eluates is shown in Fig, 17.
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The findings of an extremely high econeentration of
reducing material in the Pi+c fraction suggests the presence of
carbohydrate, which is in agreement with the resulis obtained with
the carbohydrate~staining reagents (Fig. 16). As can be seen from
Fige 18, there exists no correlation between the nitrogen content
and the allergenic activity of the eluates. No correlation was found
to exist between the carbohydrate content and the allergenic activity
of the eluates as well.

DISCUSSION

The results obteined with the scratch tests (Table 1Y)
were inconsistent and errastie., The fractions which elieited reactions
in some individuals (fractions AA1+Pt and Ps) gave no reactions in
other allergic individuals. There are at least two possible explan=
ations to account for this observation:

(1) Allergic individuals may react differently to var-
icus fractioms, thus displeying their individual patterns of reactiv-
itye.

(2) The scratch test may be subject to toco many vari-
ables to be considered as a dependable tool. The depth of the scrateh
may govern the intensity of the observed reaction, rurthermore, there
may exist no correlation between the quantity and specificity of rea-
gin bound in the skin and that circulating in the blood of the aller-
gie individual,

The results obtained with the passive transfer method would



appear to lend support to the latter assumption. The sera of aller-
gic individusls when tested for reaginiec activity to the fractions
by the passive transfer method all yielded almost identical react-
ion patterns (Tablﬁ%ja although the reagin content of the sera var-
ied merkedly. It was also found that the passive trensfer test dem-
onstrated the presence of reagins to fractions P, and P;+C in sera of
individuals who gave no skin reactions to these fractions. C(ne must
therefore conclude that the passive transfer test, for reasons as
yet not {00 well understood, is a far more sensitive method than the
scratch test in testing materials for allergenic activity and that the
results obtained by the pessive transfer method are more consistent
and reproducible,

The lack of correlation between allergenic activity and
nitrogen content has been reported by others (41, 48, 95, 115, 116).
There therefore appears to be no rationale for testing ragweed pollen
fractions for allergenic activity on an equal nitrogen basis, Never-
theless, due to lack of knowledge of the precise chemical constitution
of the allergenic entity or entities in raegweed pollen, the nitrogen
unit has been generally accepted as the basis for comparing fractions
of the pollen for their allergenic activity,

Results of ultracentrifugal experiments suggest that most
of the constituents of WSR are of low molecular weight since the sed-

imentation constant of WSR was only 0,565, Since the dialyzed residue
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of WSR had a lower sedimentation constant when it was analyzed in
borate buffer, pH 8.6 (1.335), as compared to when it was analyzed

in saline, pH 8.6 (1.808), it would appear that the borate ions are
capable of interacting with the WSR constituents and of impeding
their rate of sedimentation, The values of the sedimentation con=-
stants of the different fractions are, therefore, not very signifi-
cant gince all the fractions were analyzed in borate buffer. How-
ever, the values can nevertheless be used &s a guide for a comparison
of the relative molecular weights of the fractions, Since the sedi-
mentation constant of the dialyzed residue of each fraction was sig-
nificantly higher then that of the respective undielyzed fraction, it
must be concluded that all the fractions are heterogeneous and that
there exist materials of different molecular weight in each. It is
interesting to note the presence of & rapidly sedimenting peak'in

the dialyzed residue of fraction Ad;+Pt. Its sedimentation constant
of 4,513 is indicative of high molecular weight; however, no sugges-
tion as to the actual molecular weights of the components of WSR is
made since the other parame ters necessary for the determination of
the molecular weight (partial specific volume, diffusion coefficient)

were not determined due to the heterogeniety of the fractions,
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TABLE 1V

Allergenic Activity of the WSR Fractions

as Observed by Scratch Teste.

SUBJECT mm_ REACTION ELICITED BY FRACTION#
M2 Ay+ Pt P3 P2 Ploc
AP 0 1e o} 0 [
G.Xe - - [ - -
L.G. - - 0 - -
FoTe 0 h* 0 ¢ 0
C.P, 0o 0 0 0 [}
B.C. [+ 1+ 1+ 0 . o
AJGe 0 0 0 (] 0
Adde [ Le 2+ 0 [
CoGe ] 3¢ 1+ 0 0

# EACH FRACTION MADE UP TO 1000 UNITS / CC
1 UNTT % 107> g NITROGRN

TARLE ¥

Allergenic Activity of the WSR Fractions as

Observed by the Passive Transfer Method.

ALLERGIC CTION ELICITED BY FRACTION*

SERUM USED B ELL
P

Ax, Alg+ Pt 3 F, P10G WSR

B.X. 0 3+ %4 3 2+ 3+

B.L. I3 3 4+ 2+ 2¢ b

B.P. [ 5+ & 3 3¢ 5

JaS. 0 3* [ 3+ 1+ 3

BoWs 0 4 54 I+ 2¢ I+

# ALL FRACTIONS ARE MADE UP TO 1000 UNITS / CC
1 UNIT =10™ ng NITROGEN
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TABLE VI

Ultracentrifugal Analyses of the Undialyzed
Fractions of WSR.*

Fraction Sedimentation constant **
XJSR S 6 0 05 00 00D OB OO0 OE O OO NPEEE e NN 0056
Aﬁ+Pt G O 6 60 006059080000 OEP* SISO OOEDS 1.20
P
3 LI IR 3N BN B A BE BE BN NE BE N NN B RE BR BN BN N N B A N N R NN N AN BN A . 0.28
P2 G 8 O 20 0600005 PR C 0P IO SN e O 0.19
P1+C 20 G0 0O T OO0 0SSOI EOLEOEOEOSIDIOEOEOSLINOSOIOSLDS 0.16

*  Performed in borate buffer, pH 8.6

** Expressed in Svedberg units.

TABLE VII

Ultracentrifugal Analyses of the Dialyzed
Residues of the Fractions of WSR.*

Fraction Sedimentation constant **
WSR ~ Dialyzed residue ceeecececcscs 1.33

AAifPt ~ Dialyzed residu€ seeececes 1.81 and 4.51

P3 - Dialyzed residue seceeseseses 1.47

P2 ~ Dialyzed residu€ ceececececece 0,82

Pl+ C-Dialyzed residue ...cececeoces 0.95

* Performed in borate buffer, pH 8.6

** Expressed in Svedberg Units,
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CHAPTER Y
DELONSTRATION OF TWO ALLERGENS IN WSR

AND A CRITICAL EVAIUATICN OF TEE

NEUTRALIZATION TECHNIGUE

INTRODUCTION

The results of previocus investigations have suggested
the presence of at least two allergens in ragweed pollen (49, 53,
79, 86, 87, 91, 92). In the majority of these studies, the con-
clusions were based on results of cross neutralization experiments
carried out with the allergen preparations used on an equal nitro-
gen basis of 1,000 units per ml, The present study was undertaken
to determine whether the four active fractions isclated frem WSR
(44)+Pt, Pz, Py and Py+C) contained identical or different allergens.

As CROSS NEUTRALIZATION EXYERINENTS WITH THE FRACTIONS USED ON
AN EQUAL NITROGEN BASIS.

METHODS AND LATERIAIS

A cross neutralization experiment, as currently carried
out, involves the following steps:

(a) Sensitization of a site in the back of & non-aller-
gie subject with the allergic serum,

(b) Injection of an allergen preparation into the sensiti-

zed site every 24 hours until it no longer elicits & reaction, i.e. the
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site is neutralized with respect to the allergen preparaticn,

(c) Injection of a second allergen preparation
into the site,

If a reaction is obtained in step (c), then it can be
assumed that the allergen preparation used to effect neutralization
does not possess &all the allergens present in the second allergen
preparation. If no reaction is obtained in step (¢), then it canm
be assumed that the allergen preparation used in step (b) contains
all the allergens present in the preparation used in step (c).

The active fractions (A4)+Pt, Pz, Pp and P1+C) and WSR
were made up in saline to a concentration of 1,000 units per ml.

The pH of the solutions of the fractions was 8.6 since they contained
the constituents of the buffer (boric acid-sodium borate) used in the
electrophoreatic fractionation of WSR.

Preliminary experiments demonstrated that three to four
daily injections of any of fractions AAy+Ft, P3 or Pp were required
to effect neutralization.with respect to any of these fractions of a
site sensitized with undiluted'allergic serum whereas six 10 seven
daily injections of fraction PI+C were required to effect neutraliza-
tion of a sensitized site to this fraction, In order to keep the time
factor the same for all the sites, only fractions A4 +Pt, Pz and Py
were used in the following experiments.

The cross neutralization experiments were performed in

duplicate with each of three sera obtained from untreated allergic



individuals. These three sera were used for all the experiments
recorded in this chapter. The procedure for the cross neutralization
experiment 1is lllustrated in Fig. 18. The allergic sera were used
in the undiluted state., The interval of time between successive in-
jeetions was 24 hours and each injection consisted of 0,00 ml of
solution, KReactions were graded 20 minutes after injection of the
allergen fractions., Controls consisted of unsensitized sites and
sites "sensitized" with saline and normel human serum which were in-
jected with the allergen fractions.

RESULIS

Sites 1 to 3 and 4 to 6 were neutralized to fractions
AA} 4Pt and Pz, respectively, in three days, while it took four days
to neutralize sites 7 to 9 to fraction Py (Stage ii; Table iiii).
The initial reactions observed in the sites injected with fractions
Aay+Pt and P, were about equal in intensity, while those observed in
the sites injectea with fraction Pp were somewhat smaller.

The results of stage iii_of the experiment revealed that
after being neutralized in stage ii:to fraction AA+FPt, site 2 gave
a small reaction when challenged with fraction Py and site 3 gave no
reaction when injected with fraction Py, Sites 4 and 6, which had
been neutralized to fraction Pz in stage ii; no longer reacted when

challenged with fractions AA,+Pt and Py,respectively. Sites 7 and 8,

which had been neutralized to fraction Pp in stage ii; gave quite large

reactions when challenged with fractions AA1+Pt and Pz, respectively
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(Table VIIL).

Ko reactions were induced in stage IV of the experiment,
thus demonstrating that all the sites had been neutralized by the
injections in steges II end ILL,

The results of stage V demonstrate that the sites which
had given no reactions in stage 1V were also neutralized to W3R.

Site ©, which had been neutralized only to fraction Pz, did not react
when challenged with WSR, while sites 1 and 9, which had been neutra-
lized to fractions A4y+Pt and Pg, respectively, gave reactions when
challenged with WSR.

The results were identicel for the three allergic sera

used.

INTERPRETATION OF RESULTS.

The results suggest that WSR contains a minimum of three
allergens, Fraction PZ neutralized to fracticns A4;+Pt end Pz and 10
WSR, fraction AAj+Pt neutralized to fraction ks but not to freection
PS nor to WSR and fraction Pp neutralized to neither fractions A4+ Pt
and P3 nor to WSR. Therefore, if one assumes that fraction Py con-
tdins & minimum of one allergen, then fraction Ad+Pt must contain a
minimum of two allergens and fraction Pz & minimum of three allergens.
Since fraction Py neutralized to WSR, it can be concluded that there
exist a minimum of three allergens in WSRH.

B. DEMONSTRATICN OF THE UNRELIABILITY OF THE STANDARD CRCSS
NEUTRALIZATION TEST.

The experiment presented in Table E demonstrates the
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fallaey of the cross neutralization test in the manner as it is
currently carried out. Sites in the back of a normal individual

were sensitized with an undiluted allergic serum and were neuiral-

ized to solutions of fraction AAl*Pt varying in concentraticn from

10 to 3000 units per ml., As can be seen in Table IX , different sites
required different quantities (2.5, 20, 100 and 150 units) of the
allergen fraction in order %o be neutralized. When the neutralized
sites were injected with a solution of fraction AA1+Pt containing

4000 units per ml, only the site which had been neutralized with the
AA1+Pt fraction in a concentration of 3000 units per ml did not react.
The other sites had therefore been cnly apparently neutralized to

their respective allergen solutions. 'This experiment demonstrates

that one can difterentiate between two states of non-reactivity of
sensitized sites, neutralization and desensitizatiom. Neutralization
of a sengitized site is defined as the inactivation of the site to an
allergen preparation but whether the neutralized site will react to

the same allergen preparation when used in a higher concentration de-
pends on the comcentration of the allergen used to effect neutralization.
Desensitization of & site is defined as the inactivation of all the rea-
gin in the sensitized site so that the site can no longer react when chal-
lenged with the allergen frection, regardless of the concentration used.

Thus, for a constant quantity of reagin, the neutralization titer of

the allergen is not an absoclute value and may vary depending on the



concentration of the allergen solution used. The desensitization
titer corresponds to the minimum concentration of the allergen cap-
able of effecting desemnsitization of a sensitized site. A solution
of the allergen capable of effecting desensitization of a site in one
injection is considered to econtain one desensitizing unit per ml.

The desensitizing titers of the active fractions and of
WSR were determined in the following manner, using fraction AA1+Pt
as an example., Five sites on the back of a nocrmal individual were sen-
sitized with one of the allergic sera diluted 15 fold with saline, (n
the following day, tle sites were injected with solutions of fraction
Adq+Ft containing 100, 200, 400, 800 and 1600 units per ml, respective-
ly. All the sites gave large reactions varying from a 4% reaction for
site 1 to & 6+reaction for site 5, Twenty~-four hours later, all the
sites were injected with a solution of traction AA;+Pt containing 6,400
units per ml. Only sites 1, 2 and 3 gave positive reacticns., Sites 4
and 5 did not reect and therefore must have been desensitized by the
first injection of the allergen (800 and 1600 units per ml, respect-
ively). Therefore, a solution of frection AA+Pt in a concentration
of 800 units per ml contains 1 desensitizing unit per ml for this par-
ticular serum diluted 15 fold. ‘In a similar manner, fractions Pz, and
Pg and WSR were standardized for their desensitizing eguivalents which

were found to be 16C0, 6400 and 3000 units per ml, respectively.
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Ce _CROSS NEUTRALIZATICN EXPERIMENTS WITH THE FRACTIONS USED ON
i NG BASIS .

INTRODUCTION

If the allergens present in the four active rractions
(AAp+Pt, Pz, Py and Py+C) are identical but differ only in their
concentration per nitrogen unit, the treactions should be able to
desensitize sites to each other., On the other hand, if the frac-
tions contain identical as well as different allergens, it should
not be possible to achieve desensitization to all the fractions using
only one of the fractions as the desensitizing agent. The follow-
ing experiments were performed to ascertain which ot these two con-
ditions apply to tae allergen fractions,

LETHODS AND mATERIAIS

(i) Experiments with the allergic sera ailuted 15 fold

Fractions Adj+Pt, Pz and Pp and WSR were dissolved in
seline to a concentration of one desensitizing unit per ml (800, 1600
6400 and 3000 units per ml, respectively). A4 solution of fraction
Pi+c in a concentration of 12,800 units was also prepared although
this concentration was below the desensitizing concentration for
this fraction. However, the injection of a solution of fraction Py1+C
in a concentration execeeding 12,800 units per ml consistently resul-
ted in an immediate irritation (formation of an erythema) and in the
Tormation of a blister due to the high concentration of the borate

buffer constituents (90 per cent, by weight, of the fraction), This



effect would mask any specific reaction which might occur bet-
ween the allergen and the reagin.

The procedure and results of the cross neutraliza-
tion experiment are shown in Fig. 20.

(ii) Experiments with the allergic serum diluted
200 fold.

Cross neutralization experiments were performed with
the allergic sera diluted 200 fold and fraction Pl+C used in a con-
centration of 1600 units per ml as it was observed that this concen-
tration of fraction Pl+c was sufficient to desensitize a site pre-
pared with the allergic serum diluted 200 fold. Fractions AA+P%,
Ps and P2 and WSR were used in the same concentrations as in (i).
In addition, solutions of fraction AA1+Pt containing 50 and 200
units per ml were also prepared,

. RESULIS.

(i) Experiments with the allergic sera diluted 15
fold.

The reactions observed in stage IL of the experiment were

all @bout equal in intensity as indicated in Fig, 20.

Stage ziirof the experiment produced some very interesting
regsults. None of the sites desensitized to fraction AA;+Pt, Pz or Pg
in stage ii:reacted when challenged with any of the fractions in stage
III. However, large reactions were obtained when fractions AL +FE, Py

and P; were injected into sites incompletely desensitized to fraction

Pl+CQ
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No reactions were produced when WSR was injected into
sites desensitized to fractions A4*Pt, Pz and Py. Only the site
incompletely desensitized to fraction Pl+C reacted when injected
with WSR (Fig. 20).

Similar results were obtained when the experiment was
repeated with the two other allergic sera.

(ii) Experiments with the allergic sera diluted 200
fold.

Sites which.were desensitized to fraction P;+C in stage
ii (Table X) were still capable of giving large reactions when in-
jected with fractions AA*Pt, Pz and Pp (stage IIL). Furthermore,
fraction AA{+ Pt used in its desensitizing concentration with respect
to the serum diluted 200 fold (200 units per ml) or in ome~-fourth
its desensitizing concentration (50 units per ml) also induced large
reactions when injeeted into sites desensitized to fracticn P1+C.

INTERPRETATION OF RESULTS

As one would expect, the desensitizing titers of the
allergen fractions varied with different allergic sera. For this
reason, sera possessing a&bout equal quantities of reagin were select-
ed for these experiments.

The quantity of allergen required to desensitize a site
prepared on the back of a normal individual with any of the undiluted
sera was S0 large that reactions invariebly occurred in other un-
challenged sites in the back, This effect was probably due to the

absorption of the allergen from the injected site by the lymphatic
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system and in its dissemination over the entire back of the subject,.
Such an eftect would obviocusly render the results of a ¢ross neutral-
ization experiment ambiguous. On the other hand, using the allergic
sera in tco high a dilution would prevent the detection of reagins

of different specifiecities which might exist in low concentration in
the undiluted allergic sera, In comnsequence, the sera were arbitrarily
diluted 15 fold for the cross neutralization experirents. The experi-
ments with the sera diluted 200 fold weré necessitated due to the

fact that we were unable to prepare a sclution of fraction PI+C in

a concentration high enough s80 tnat it woula be capable of desensitiz-
ing a site prepared with the allergic serum diluted only 15 fold.

Since fractions 44 +Py, Pz and Py were able to desensit-
ize to each other emnd t© WSR, it can be concluded that these fractions
are allergenically identical and that each of them possesses all the
allergens present in the whole extract., In view of the fact that frac-
tion P1+C was unable to desensitize to any of the cther tracticms or
to WsR, it can be concluded that WS8R as well as each of fracticms
AA1+Pt, P3 and P2 contains a minimum of two allergens.

Qe EXPERIMENTS WITH HEATED ALLERGIC SERA,

INTRODUCTION.

In 1940, Loveless (124) stated that reegin in sera of rag-
weed sensitive individuals could be inactivated by heating the sera
for 1 to 2 hours at 56°C., If we assume that there are at least two

allergens in WSR, then it may also be assumed that there are at least
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two specific reagins in sera of allergic individuals, each formed
in response to a specific allergen., It might therefore be possible
to inactivate one of the reagins without completely inactivating
the others by heating the serum for different periods of time.

LBETHCDS AND LATERTALS

Aliquots of an allergic serum were Seitz-filtered into
sterile bottles which were placed in a water bath at 56°C and heated
for %, 1, 2, 4, 6 and 8 hours, respectively.

Four sites on the back of a non-sensitive individual
were sensitized with each of the above heated serum preparations and
the sites were challenged 24 hours later with the four allergen frac-
tions (AA*Pt, Pz, Pp and P1+C in concentratioms of 800, 800, 1600,
and 6400 units per ml, respectively}.

In additicn, sensitized sites were prepared with the aller-
glic éerum, undiluted, and with the serum diluted 10 fold, 100 fold,
1000 fold, and 10,000 fold. These sites were also challenged with the
four allergen fractions 84 hours later,

The entire experiment was performed in duplicate with
each of the three allergic sera used in this study.

RESULTS

As can be seen in Table ZI; the activity of the reaginic

serum diminished equally and uniformly with respect to the four aller-

gen fractions with increased dilution of the serum. Sites sensitized



with the allergic serum diluted 10,000 fold were no longer able
to react to fraction PI+C although they were still capable of
eliciting small reactions to fractions AA1+Pt, P3 and Po.

In contrast to these results, the serum after having
been heated for various intervals of time at 5600 behaved quite
differently (Table ZEI). Heating the allergic serum for 2 hours
almost completely abolished its capacity to give & skin reaction
te fraction PIFC while its activity t¢ the other allergen frac-
tions appeared not to be diminished. Heating the serum for 4 hours
resulted in a negative reaction to fraction Pl+C although the three
other fractions (AAi*I%, P5 and Pz) were still capable of elieiting
large reactions,

A site sensitized with the serum heated for 4 hours and

which no longer gave a reaction when challenged with fraction Pf-C

wes injected with fraction AAiTI% in a concentraticn of only 5C units

per ml, The reaction produced was equal to that elicited by the in-
jection of fraction AAf'Pt in a concentration of 800 units per ml,

Similar results were obtained when the experiments were
repeated with the two other allergic sera,

INTERPRETATION OF RESULTS.

It was demonstrated that the reagin(s) directed against
the allergen{s) in fraction P1+C was inactivated by heat while the

reagin(s) directed against the allergen(s) present in fractions
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AA1+Pt, Fz and Py was still active; This finding suggests the
presence of at least two reagins in the allergiec sera., If it
can be assumed that an allergen can induce the formation of
only one reagin in the allergic individual, then we can conclude
that there exist at least two allergens in ragweed pollen, one
allergen being common to all four active fraction and the other
one being present in fractions AA;+Ft, Py and Py only.
DISCUSSICN

From the date presented in this chapter, there can be
no doubt that ragweed pollen extract(ﬂSR) contains at least two
allergens,

Results of cross neutralization experiments with the
fractions on an equal Bitrogen basis (section A) suggested that
there are at least three allergens in WSR. Fraction Pz appeared to
contain all three allergens, fraction A4;*Pt two allergens and frac-
tion P2 only one allergen. Fraction P;*C was not used in these ex-
periments, However, the results were not conclusive as it wes shown
that & sensitized site cecculd be neutralized without actually in-
activating all the reagin in that site. Sites whieh appeared to
have been neutralized to fractions A31+Pt, Pz and Py nevertheless
gave reactions when further challenged with the respective allergen
fractions in concentrations higher than those used for neutraliza-
tion., Neutralization of all the reagin in a sensitized site or de-

sensitization of the site required the injection of a solution of



the allergen fraction in a definite concentration which had to

be determined experimentally and which varied with different

sera, It was found that sensitized sites would be only neutrali-
zed to an allergen solution used in a concentraticn below a cer-
tain threshold value; 1in order %o effect desensitization of the
site, the concentration of the allergen had to be above this thres-
hold value (section B).

On the basis of the results of experiments with the
allergen fractions used on an equal desensitizing basis (section
C) and of experiments with heated allergic sers (section D), it
would appear that fraction P1+C ccntains only one allergen, which
is common to all the fractions, and that fractions AA1+Pt, Pz and
P2 contain at least one additional allergen, whiech is identical im
the three fractions,

In all cross neutralization experiments, it is essen-
tial to ascertain unequivocally that sensitized sites are at no
time refractory to give & reaction. This would imply that sensiti-
zed sites are at no time depleted of factors (i.e. histamine or
histamine-like substances) whose absence would prevent a wheal and
flare reaction, Three different experiments demonstrated that un-
der the conditions of cur experiments, the sites were mever refrac-
tory:

(i) A single site in the back of an allergic individ-

ual injected at intervals of 24 hours for 28 days with WSR in con-
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centrations varying from 100 units per ml (during the first week
of injections) to 5,000 units per ml (during the last week of in-
jections) gave reactions of equal intensity at all times.

(ii) ©Sites sensitized with the serum of an allergic
individual containing reagins to ragweed pollen and grass could be
desensitized with respect to WSR without incurring amy loss of act-
ivity to grass.

(iii) Sites desensitized to fraction P,+C gave further
reactions when challenged with the other fractions,

The findings suggest that results derived from cross
neutralization experiments using solutioms of the allergen fractions
eontaining an equal number of units per ml may give rise to mislead-
ing and cften fallacious conclusions., One must always be aware of
the possibility that desensitization of the sites may not have taken
place in the various pheses of the experiment when interpreting the.

data of & cross neutralization experiment.,
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Fig. 19.

Scheme of Injections for the Cross Neutralization
Experiment with the WSR Fractions Used on an Equal
Nitrogen Basis.
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Fig. 20.

Results of the Cross Neutralization Experiment with
the WSR Fractions Used on the Basis of Equal Activity
Units and the Allergic Serum Diluted 15 Fold.
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TABLE VIII
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Results of the Cross Neutralization Ixperiment with
the Fractions of WSR Used on an Equal Nitrogen Basis.

Sites
1 2 3 4 5 6 7 8 9
Stage I11*
Fraction injected........... AA1 4 Pt | AA1 4 Py | AAL+ Pt P; P P; Py Ps Py
Bize of reaction, first injec-
tionstage IX............. + 6+ + + + + 5+ 5+ 5
Stage 111
Fraction injected........... AAi+ Pt Ps Py A+ Pt Py Py AAi+ Pt P Py
Size of reaction, first injee-
tionstage 11X............. — =+ -— - —_ - 3+ 34+ —
Stage 1V . .
Fraction injected........... Xt Py ) £ Py X A+ PRt P; AAr+ Pt
Size of reuction, first injec-
tion stage IV............. X - - - X - - - X
Stage V
Material injected........... WSR WSR WSR WSR WSR{ WSR WSR WSR |WSR
Sie of reaction............. 1+ - - - - - - - +
* Stage I comprises the, sensitization of all aites with allergic serum.
t X denotes site not challenged.
TABLE IX
Neutralization Experiment with Solutions of
Fraction AA1+Pt in Different Concentrations,
Sites
1 2 3 4

Concentration of solution of fraction
Aé1+Pt used to effect neutralization
of sensitized s5ite®.ieeeeescoseccecnce
Reaction observed after first inject-
ion...................u............o
Number of daily injections® required
to effect neutralizationN,esvececcsessns
Number of nitrogen units required to
effect neutralization.sseesssessssene
Reactions observed on injecting the
neutralized sites with a solution of
fraction AAl+Pt containing 40CC
units/ml.............................

10** 100 1000 3000

2+ L
>

2.5 20

L

e 3

é+

2

6+
1l
100 15

1+

* Concentrations expressed as units
** 1 unit = 1077 mg. nitrogen.
x Bach injJection = C.C5 ml,

per ml,
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TABLE X

Cross Neutralization Experiment with the Fractions of
VISR Used in Desensitizing Concentrations ard the Allergic
Serun. Diluted 200 Fold.

Sites
1 2 3 4 s 6 7 8
Stage IT*
Injection of fraction P14 C
in  concentration  of
(units/ml)............... 1600t {1600 (1600 | 1600 3200  [3200 (3200 | 3200
Reactions observed in stage,
IL o 24 24| 2+ 24 24 241 24 24+
Stage 1IT
Fractions injected......... AA, + Pti| Py P, [Pi+C| AA+ Pt | Py P, |+ C
Units/ml.................. 800 1600 (6400 6400 800 1600 6400 6400
Reactions observed in stage
L ... 3+ 3+ 34+ - 3+ 34| 34} —

* Stage I comprises the sensitization of all sites with allergic serum.

t 1 unit = 10~% mg nitrogen.

 Identical reactions were obtained with a solution of fraction AA; + Pt in a concentration of 200
units/ml. which was its desensitizing concentration for the 200-fold diluted serum.

|5

TABLE

Reactions Obtained with the WSR .Fractions Injected into
Sites Sensitiged with the Allergic Serum Used in Ten Fold

Dilutionse.

Jilution of allergic Reactions obtained with fraction

serum injected into

che sites, AA1+Pt P3 P2 Pl+b
11 5+ E+ 5+ E+
1¢10 5+ 5+ 5+ ot
1:100 L+ L+ 3+ 3+
1:1,000 3+ 3+ 3+ .2+
1:10,000 1+ 1+ 1+ 0




TABLE XII

Reactions Obtained With the WSR Fractions Injected
Into Sites Sensitized With the Allergic Serum Heated
at 56°C for Various Intervals of Time.

Reactions obtained with fraction
Allergic Serum

(hours heated) AAl*-Pt P3 P2 ' P1+ Cc .
3 5+ 5+ 5+ L+
1 5+ 5+ 5+ 2+
2 54+ 5+ L+ +
L 3+ 3+ 2+ 0.
6 2+ 24 1« 0
8 1+ 1+ 1+ 0
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CHAPTER YT

FURTHER STUDIES ON THE WSR FRACTIONS,

INTRODUCT ION

Three of the active fractions isolated from WSR by
paper electrophoresis, AAi*Pt, Pz and Py, were shown to possess
at least two allergens each (chapter V). In this study, the frac-
tions were analyzed by paper electrophoresis in various butfers in
attempts at separating the allergens from inert constituents which
mey be present in the fractions., Since more than 90 per cent of
the lyophilized fractioms consisted of the constituents of the
borate buffer, several attempts were mas8de tc eliminate the borate
from the fractions,

METHODS AND MATERIALS.

Electrophoresis.

Fractions A4y"Pt, Pz and Py were dissolved in saline
and analyzed by paper electrophoresis(using Whatmen No. 3 mm filter
paper) in the following buffers: (a) acetate, pH 6.0; (b) phosphate,
pH 7.4; (c¢) borate, pH 8.6 and (d) carbonate, pH 8.8. The ionic
strength of all the buffers was 0,10, The duration of electrophore-
sis varied from 10 to 15 hours at 110 volts DC, The pH of each aller-
gen solution was adjusted to that of the buffer prior to electrophore-

sis, The electropherograms were eluted (method described im chapter
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IV-A) and the eluates were tested for allergenic activity by the
passive transfer test.

Removal of Borate.

The separation of the borate constituents from the
pollen components of the fractions was attempted by the following

methods,

(i) Dialysis. An aliquot of each fraction was dissol-

ved in saline and dialyzed through Visking tubing against running tap
water for 48 hours. The dialyzed residue of each fraction was lyo=-
philized and tested for allergenic activity.

Dialysis of the fractions was also performed through
collodion membranes of pore size sufficiently small to allow only the
borate ions to diffuse through. Four grams of collodion were
dissolved in 100 ml of a solution of diethyl ether and ethyl alcohol (1:1)
and 10 ml of the collodion solution were applied onto the surface
of clean mercury in a Petri dish 10 cm in diameter. The ether and
alcohol were allowed to evaporate and the collodion membrane was
peeled off from the surface of the mercury. The membranes were
swelled in ethyl alcohol according to the method of Carr et al
(137). The apparatus for dialysis consisted of three cylindrical
compartments made of lucite. The center compartment was open on
both ends and the two side compartments were each open on only one

side. The collodion membranes were placed between the compartments,
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The center compartment weas provided with an opening through
which the allergen solution could be introduced or withdrawn.
The solution in this compartment was stirred during the dialysis
and distilled water was circulated continucusly in the side com-
partments.

(ii) Removal of borate &s trimethylborate by distil-

lation, The addition of methyl alcohol to an aqueous solution of
boric acid results in the tormation of frimethylborate which dis-
tills at 68.5°C at 760 mm of mercury and at much lower temperatures
under reduced pressure (138). Since the formation of trimethylborate
proceeds only with the free boric acid, the pH of the aqueous solu-
tions of the fractions was lowered to abeut 4,0 by the addition of
HCl., Four veolumes of redistilled methyl alcchol were added to each
volume of allergen solution and the distillation of the trimethyl-
borate was performed at 0°C under reduced pressure, The distilla-
tion took about 30 minutes. If the residue was found to contain
borate (by the method of Smith (139), the whole procedure was re-
peated. One portion of the borate-free residue was dissolved in
saline and the pH of the solution was adjusted to 8.6 by the addi-
tion of NaOH, The other portion was disscolved in saline-borate,

pH 8.6. The allergenic activity of these solutions was compared to
that of the untreated fractions. The following were used as addition-
al controls: (&) solutions of the fractions maintained at pi 3.5 to

4,0 for 7 hours at 25°C and then adjusted to pH 8.6 and (b) solutions



of the fractions to which methyl alcchol had been added and
which haa been distilled for several hours at pE 8.6 and 0°C.

All solutions tested tor allergenic activity were
made up to a concentration or 1000 units per ml.

Electrophoresis.

Since electrophoresis of the fractions in all the
bufiers resulted in almost identical separations, only the re=-
sults obtained in the carbonate buffer are presented dlagramati-
cally (Fig. 21). Fractions Pz and Py gave ninhydrin stainable
bands in all the bufters except borate. In none of the fractions
was the peptide comstituent found t0 possess allergenic activity.
In each case, allergenic activity was distributed over & wide area
of the electrcpherogram (Fig. 21) and was located in areas of the
paper devoid of detectable materials,

Removal of Borate.

(i) Dialysis. More than 95 per cent of the material

in each fraction was found to be dialyzable. The dialyzed residues
were found to be free from borate and were allergenically active.
However, it was found that allergenically active material could dial-
yze through this membrene quite readily(Visking tubing).

Collodion membranes swollen in 84 to 85 per cent ethyl
alcohol retained all allergenically active components whereas about

80 per cent of the borate was removed over a period of 6 to 7 days
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of dialysis. However, the allergenic activity of the dialyzed
residues of the fractions was found to be greatly diminished as
compared to that of the undialyzed fractionse.

(ii)} Removal of borate as trimethylborate by dis=

tillation., Complete removal of borate from the fractions was
achieved by distillation with methyl aleohol at pH 4.0, However,
the allergenic activity of the fractions after this treatment was
consistently found to be greatly diminished or completely destroy-
ed (Table XIII). Solutions of the fractions which had been incuba-
ted at pH 4,0 for 7 hours at 25°¢ displayed no diminution in activi-
ty (Table XIV). Fractions to which methyl alcohol had been added and
from which the alecohol was subsequently distilled at pH 8.6 and 0°c
showed no decrease in aciivity except for fraction Pi*C whieh became
inactive in most instances (Table X1V). The addition of borate
buffer to the residues of the fractions distilled at pH 4,0 did not
restore the allergenic activity (Table XV).
DISCU3S ION

Since the fractions nad been obtained by the electrophor-
etic fracticnation of WSR in borate buffer, pH 8.6, it was most sur-
prising to £ind that the activity in each fraction enalyzed in this
buffer was spread over an area of the electropherogram as wide as
that observed with whole WSRK. Since similer separations ocecurred

with the fractions in all the buffers, this diffuse distribution
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of the allergenically setive constituents cannot be attributed

to the effects of the buffer ions. A possible explanation far

this observation would be that active material is counstantly
breaking down in both WSR and in the fractions of WSR. Since the
allergenic activity was found in eluates of segments of the electro-
pherogram devoid of carbohydrate, peptide, protein or pigment, it
would appear that the active material is either none of these or
that 1t is present in a concentration toolow to be detected by the
staining reagents,

The finding that fractions Py and P both displayed nin-
hydrin stainable.material in all the buffers exeept the borate buffer
suggests that borate exerts amn inhibiting influence on the ninhydrin
reaction,

Attempts to remove the borate buffer constituents from
the fractions without & concomitant loss of allergenic activity were
unsuccessful. Although dialysis through Visking tubing permitted
the r&pid elimination of borate, allergenically active material was
found to dialyze through this membrane just as readily. Unfortuna-
tely the allergic sera used for testing the dialysates for allergenic
activity were obtained from treated allergic patients. As is shown
in the following chapter, the dialysate of WSR reacts with sera of
treated allergic individuals only.

Since allergenically active material was never found in
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the dialysates of the fractiocns using the collodion membranes,
the loss of activity noted in the dialyzed residues c¢an only be
attributed to a spontaneous inactivation of the allergens during
the dialysis.

The author offers no explanation as 10 why distillation
of the fractions in methyl alcchol at pH 4.0 resulted in almost
complete loss of allergenie éctivity since neither the pH of 4,0
nor the methyl alecohol by itself had any deleterious effect on

the activity.
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Electrophoretic Analyses of Fractions AA1+Pt,P3 and Py
in Carbonate Buffer, pH 8.8.
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TABLE XTTI

‘Allergenic Activity of the WSR Fractions After
Being Dissolved in Methanol and Distilled at
pH 4.0

Reaction elicited by the fraction
Before distillation After distillation

Fraction tested *

A.Al "Pt 0 0000000000000 000se 6+ 2+
P ® 00 0000000800002 000000 0 + +
3 5 1
P2 0060000000000 00000ts00000 54- 3+
Pl+Co000000000000000.0000'00 2 + :

*A11 fractions made up to a concentration of 1000 units/ml.

TABLE XIV

" Allergenic Activity of the WSR Fractions After
Being Dissolved in Water and Distilled at pH 8.6
and After Standing at pH 4.0 for 7 hours.

Reaction elicited by the fraction

3 *

Fraction tested Untreated After distillation After standing
fraction at pH 8.6 at pH 4.0 for

7 hours

AA]_+Pt 8600000600308 000080000 lj.+ 5+ l}"'

P3 9000000000000 c000000000 00 5+ 3+ 1++

P2 0 0800000080000 OOPTOENINEEDS h+ h+ h+

Pl+c 0000000000000 000000 2"' 0 2"'

* A11 fractions made up to a concentration of 1000 units/ml.
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. TABLE XV

Effect of the Addition of Borate Buffer on the
Allergenic Activity of the WSR Practions After
Distillation with Methanol at pH 4.0

. Reactions elicited by the fraction
Fraction tested™ Untreated after distillation with methanol at pH 4.0
fraction Made up to volume . Made up to volume in
in saline to pH 8.6 borate buffer, pH 8.6

AAl‘*PtQ-ooooaooo 5+ 1+ 2-0-

P e vecsrssctene 6+ 1+ 2+
3

P s e0000s0000s + + +
) 5 3 3

P C €00 cssesosen + 1+ 1+
1" >

* A11 fractions made up to a concentration of 1000 units/ml.
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CHAFTER VII

NON-ALLERGENICITY OF THE DIALYSATE OF

WSR IN UNTREATED ALLERGIC FERSONS

INTRODUCTION

In 1911, Noon (44) observed that patients suffer-
ing from hay fever showed clinical improvement after they had
received a series of graded injections of pollen extract. Vander
Veer et al (11), continuing the work of Noon, reported that 90
per cent of more than 500 ragweed sensitive patients treated with
the extract of ragweed pollen obtained clinical relief from hay
fever. In 1935, Cooke et al (51) demonstrated that a new factor
appears in the serum of an individual who had undergone this pro-
cedure of "desensitization”, This factor, referred to as "block-
ing antibody", is not found in sera of untreated allergic individ-
uals and is capable of reacting with the allergen when the two are
mixed in vitro and of preventing this incubated allergen from re-
acting with reagin in the skin of an allergic person or in a site
sensitized with serum of an allergic individual. The presence of
blocking antibody in sera of treated allergic individuals has
been confirmed by Loveless (124), Frank and Gelfand (125), Sherman

(126), Cooke et al (127) and more recently by Sehon et al (128).
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Since the sera of treated allergic individuals*contain
blocking antibodies, they might also contain new reagins of a speci-
ficity different from those found in sera of untreated allergic per=-
50nS ¢

The following experiments were performed to test this
possibility,

LETHODS AND MATERIAIS

Three allergen preparations of ragweed pollen were used:
(a) WSR, the whole water soluble extract of the defatted pollen,

(b) DIALYSATE, the fraction of WSR which dialyzed through Visking tub-
ing during the first 24 hours and (c¢) DIALYZED RESIDUE, the fraction
of WSR which remained within the Visking sac after 21 days of dialysis
against running tap water.

Blood was drawn from treated and untreated ragweed sen=-
sitive patients and the sera were sseparated by centrifugation and
sterilized by Seitz filtration. In addition, sera were obtained from
5 allergic patients both before and after they had undergone desensiti-
zation treatment., &Hach of the undiluted sera was injected (0,05 ml per-
injection) into two sites in the back of a normal non-allergic individual,
Twenty-four hours later, the sensitized sites were challenged with WSR
* All ragweed sensitive patients who had undergone at least one series

of injections of ragweed pollen extract are referred to as treated or
desensitized individuals. Sera obtained from such persons are re-

ferred to as treated sera &as compared 10 untreated sera obtained from
untreated allergic individuals.
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and DIALYSATE, respectively, used in concentrations of 1000 units per
ml, and the reactions were graded depending on the size of the wheal
and the surrounding erythema.

Whenever it was feasible, intradermal skin tests were
performed on untreated and treated allergic individuals with both WSR
and DIALYSATE.

Sites in the back of & normal indiviaual were injected
with eight treated sera, diluted 10 fold, and the sites were desensitized
to DIALYZED RESIDUE, Similarly sensitized sites were desensitized to
DIALYSATE and all the sites were then challenged with WSR.

In another experiment, sera from two treated individuals
containing reagin to DIALYSATE were tested for their capacity to block
or inactivate the allergens in WSR and in TUIALYSATE, The blocking ex=-
periment was conducted in the following manner., Several sites in the
back of & non-allergic person were injected with an allergic serum con-
taining reagin to UIALYSATE (obtained from a treated patient) in a
dilution such that the sites could be desensitized with a known concen=-
tration of WSR not exceeding 200 units per ml., A solution containing
twice the desensitizing concentration of W3R was incubated for 24 hours
at 49¢ with an equal volume of cone of the iwo test sera previously
neated at 56°C for 8 to 10 hours to destroy its resginic activity. An
aliquot of this incubated solution was then injected into each of these
sensitized sites, TIwenty-four hours later, the sites were challenged

with WSR. Solutions of WSR incubated with saline and normel human serum
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instead of with the test sérum served as controls for the experiment,

The blocking capacity of the two test sera with respect
to DIALYSATE was determined by substituting DIALYSATE for WSR in the
entire experiment, All injections were performed at 24 hour intervels
and each injection comnsisted of 0,05 ml of solution, regardless of its
nature or concentration,

sESULTS

As can be seen in Tables XVI and XVIL, all sera reacted to WSR.
All sera were also found to react to LIALYZED RESIDUE, On the other hand,
only 6 of 36 untreated sera and 27 of 32 treated sera reacted to DIAILYSATE
by the passive transfer test. OUnly 11 of 26 untreated individuals as
compared to all of the 10 treasted individuals reacted to DIALYSATE by
direct skin test whereas they all reacted to WSR (Tables XVI and XVII).

As can be seen in Table XV1lI, none of the sera obtained
from five individuals prior to desensitization treatment possessed rea-
gins t0 DIALYSATE, However, the sera obtained from four of these same
individuals after they had undergone desensitization treatment possessed
reagins to DIALYSATE as demonstrated by the passive transfer test. The
fifth individual became reactive to intradermal injection of DIALVSATH
although no reagin directed toward DIALYSATE could be detected in his
serum. oSera obtained from one of the five individuals (B.P.) one month
and eighteen months after his last ragweed pollen injection were equally

reactive to DIALYSATE (Table XVIII).

None of the sites sensitized with the eight treated sera

and desensitized to DIALYZED RESIDUE was able to react when subsequently
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challenged with WSR. On the other hand,all sites desensitized to
DIALYSATE gave large reactions when challenged with ViSR.

Neither of the two sera,obtained from treated in-
dividuals,used in the blocking experiments demonstrated any ability
to inactivate DIALYSATE although both were able to block WSR in serum
dilutions as high as 1:32,

LISCUBSION

Since 86 per cent of all treated and only 17 per cent
of all untreated sera possessed reagin(s) to DIALYSATE, it can be con-
cluded that reegin(s) of a new specificity was formed by ragweed sen=~
sitive patients undergoing desensitization treatment with ragweed pollen
extract. The demonstration of the absence of this reagin(s) in the sera
of allergic individuals prior to their undergoing desensitization treat-
ment and the presence of this reagin(s) in the sera obtained from the
same individuals after they had undergone desensitization treatment sup-
ports this conclusion. From these results, it appears that the "true®
allergens, i.e. those which react with elther the sera or the skin of
untreated allergic individuals, are present only in the non-dialyzable
fraction of WSR, which constitutes only 2 to 4 per cent, by weight, of
WSR and only 0.5 to 1.0 per cent of the whole pollen,

The significance of the new reagin(s) detected omly in the
sera of treated allergic persons is not clear &t this time., It is possi-

ble that it mey be responsible for the increased clinical sensitivity
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observed in some treated individuals. Patients B.P. and B.W,

both claimed to have had more pronounced clinical symptoms after
treatment although their sera had blocking antibody titers to

WSR of 1:32. Although Loveless (129) claims that blocking anti-
body is the factor responsible for the clinical improvement shown
in treated allergic patients suffering from hay fever, other
attempts at correlating blocking antibody titers with clinical
results have not been very rewarding (126, 130-132). Although

the sera of both these treated patients (B.P, and B,W,) contained
reagin to DIALYSATE in high titer, this does not imply that this
reagin was the cause for the increased clinical sensitivity since
we have detected reagin to WSR in the skin and sera of many indivi-
duals who have never had symptoms of clinical allergy. We have also
been able to demonstrate that formation of reagin can be induced in
some non~-allergic individuals without evoking conditions of clin-
ical allergy (see appendix),

In view of the fact that sites sensitized with treated sera
and desensitized to DIALYZED RESIDUE werz no longer capable of re-—
acting when injected with WSR, it would appear that DIALYZED RESIDUE
possesses all the allergens present in WSR. The "true" allergens
must be of large molecular size or act as haptens linked to large
carrier molecules since they do not dialyze through the Visking

membrane,



An observation which requires explamation is why
some untreated ragweed sensitive individuals possessed reegins
to the allergens in the DIALYSATE.. It may be significant thati
all ot these untreated individuals who reacted by skin test to
DIALYSATE also reacted to some allergens bther than ragweed (i.e.
dust, horse dander end grass)., Since it has been demonstrated
that eross-reactivity exists between different allergens, it is
possible that the reagins reacting with the allergens in the DIALY-
SATE in these individuals were formed on stigulation with other
allergen preparations. LlLiowever, one cannot exclude the possibility
that these individuals were inherently capable of forming these
reagins after exposure to &ll the allergens in ragweed pollen dur-
ing the ragweed season. Five untreated allergic individuals gave
positive skin reactions to DIALYSATE whereas their sera possessed
no reagin to this allergen prepsration detectable by passive trans-
fer, Two possible explanations for this observation are: (1) The
intradermal skin test is more sensitive than the passive transter
test to detect small quantities of reagin, This explanation alone,
howeyer, seems doubtiul in this case since reactions in these in-
dividuals induced by direct skin tests with WSR were not signiti-
cantly larger than the reactions obtained with their sera by pass-
ive transfer., (2) These individuals may have formed reagins in

very low concentration to the allergens in the DIALYSATE during
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the ragweed season. These reagins may have been "bound" to the
skin while their concentration in the blood diminished when fur-
ther stimulaticn for their formation ceased, Iloveless (133) showed
that reagin has a very marked affinity for the- skin and is capable
of being "bound" to it. Since four of the five individuals gave
only small skin reactions to DIALYSATE, it cen be concluded that
reagin(s) directed towerd DIALYSATE was present in only negligible

quantity in their skin.
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TABLE XVL 33

Reaginic Activity in Sera and Skin of Untreated
Allergic Individuals to DIALYSATE and WSR

Serum or skin of Reaction by passive Reaction by direct skin
patient tested transfer to: test to:

DIALYSATE WSR___DIALYSATE WSR
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x Test not performed.



TABLE XVII 3L

Reaginic Activity in Sera of Treated Allergic Individ-
uals to DIALYSATE and WSR

Reaction by passive transfer
to:

Serum tested DIALYSATE WSR

*
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#40
#41
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In addition, 10 individuals who had undergone treatment
reacted without exception by direct skin test to DIALY-
SATE and WSR. All reactions to DIALYSATE werec comparable
to reactions evoked by the injection of WSR (i.e. 3*or
greater),



Reaginic Activity in Sera of Allergic Individuals
Before and After Treatment.,

Reaction by passive transfer te:

Serun tested DIALYSATE TISR
B.P. Prei# 0 5+
Pogt i 5+ 5+

Post 2 x 5+ 5+

10 Pre 0 3+
Post 1+ L+

11 Pre 0 2+
Post 1+ 2+

18 Pre 0) 5+
Post 2+ L+

plod

22  Pre 0 2+
Post 0 3+

Prez refers to serun obtained before trestment.

%+ Post refers to serum obtainzd from the treated individual
after the ragweed season.

x This serum was obtained 18 months after B.,P. received his
last injection of ragweed pollan,.

xx Patient 22 reacted by skin test to DIALYSATE (2+) after
undergoing treatment although his serum contained no
detectable reagin by the passive transfer method.



CHAPTER VILI

JSOIATICN AND CHARACTERIZATION OF AN

ALLERGEN FROL. RAGWEED POLLEN

INTRODUCT ION

The four allergenically acfive fraction isolated
from WSR by paper electrophoresis (44,+Pt, Pg, P2 and Pl+C) were
all found to be heterogenecus, each containing at least two chem-
ically distinct constituents (pigment, earbohydrate, peptide or
protein), Each fraction was also found to contain meterials with
different sedimentation constants (chapter IE}B). It was there-
fore impossible to determine the chemical composition of the aller-
gen(s) in any of the fractions without their further fractiomation.
In experiments in chapter ii; it was demonstrated that
allergenic activity could be isolated from areas of the electrophero-
grams of the fractions deveid of any detectable material. This find-
ing was interpreted as an indication that the allergenically active
material might be present in an exceedingly low concentration in
the fractions, It was shown in chapter ﬁii:that a large quantity
of inactive material could be eliminated from W3R by dialysis throu-
gh Visking tubing without a concomitant loss of allergenic activity
with respeet to sera of untreated allergic individuals. In the pre-

sent study, the protein componentg) wes removed from WSR by heating
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the pollen extract at 60°C prior to its eleetrophoretic frac-
tionatlon and an allergen was isolated by dialysis of one of
the fractions isolated,

VETHODS AND wATERIAIS

An agueous solution of WSR was heated for 15 min-
utes at GOOC and the precipitate which formed was centrifuged
off. The supernatant, whid is referred to as deproteinated WSR
(Fig. 22), was fractionated by electrophoresis on paper in borate
buffer, pH 8,6, and the fractions eluted from the electrophero-
gram are referred to as Ads,, A4 ™, AAj+, Pz, Pp and P1+C (Fig.23).
These fractions were compared for their allergenicity with the
fractions of whole WSR obtained in the same manner,

Fraction 441~ was dialyzed through Visking tubing ag-
ainst running tap water for 14 days (Fig. 22) to insure complete
elimination of dialyzable material, The dialyzed residue, referred
to hereafter as fraction AAl’D, was lyophilized and solutions of
it varying in concentration from 1 mg per ml to 1072 mg per ml were
tested far allergenic activity by the passive trensfer method.

Fraction AA; D was hydrolyzed with 6K, 1, O,IN, 0.OLN
and 0.,00IN HCL in sealed glass tubes at 100°C for periods of 15
minutes, 2 hours, 8 hours &nd 14 hours. Fraction Ad;+ and the
diadyzed residue of WSR were also hydrolyzed with 6N HCL at lOOOC

for 14 hours. 4 solution of fraction Aal-D in 6N HCl was incubat-



ed at 25°C for 8 hours., The HCl was removed by drying the sol-
utions in vacuo. 7The residues were dissolved in water and the
pH of the solutions was adjusted to 7.0 to 7.5 by the addition
of sodium bicarbonate, Solutions of fraction AAl‘D,at PH 7.0,
were heated in a boiling water bath for 15 minutes, 2 hcours, 8
hours and 14 hours. 41l solutions were sterilized by Seitz filtra-
tion and tested for allergenic activity by the passive transfer
method,

The fractions (AAl'D, AA1+ and the diaslyzed residue
of WSR) were examined by aescending paper chromatography using What-
man Ho. 1 filter paper (30 em x 30 em) both before and after they
were hydrolyzed. For chromatography in one dimension, the follow-
ing solvent systems were used; (a) 77 per cent ethyl alecchol
(134), (b) phenocl saturated with water (134), (c) 80 per cent
pyridine (134) and (d) butanol:acetic acid: water = 4:1:5 (V/V/V)
(124). The fractions were also examined by ascending paper chrome-
tography in two dimensions, using the following ccmbinatiocns of sol-
vent systems; (&) 77 per cent ethyl alcohol followed by butanol:ace-
tic acid: water and (b) 80 per cent pyridine followed by phenol sat-
urated with water, After chromatography had proceeded sufficiently
in each solvent system, the papers were dried at room temperature
and sprayed with ninhydrin to detect the presence of peptides and

armino acids and with the metaperiodate-permenganate and the ammon-
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iacel silver nitrate reagents to detect the presence of car-
bohydrates.

In order to determine whether allergenic activity
was asscciated with stainable material, the following experi-
ments were performed. Unhydrolyzed fraction AAl'D was applied
es a streight line 6 em long about 1 cm above the bottom edge
of the Whatman No., 1 filter paper. One dimensional chromato-
graphy was performed in 77 per cent ethyl alcohol and in butanol:
acetic acid: water, The papers were dried &t room temperature
and a strip was cut from each paper vertical to the line of appli-
cation and sprayed with ninhydrin., This strip served as a guide
for the localization of the constituents on the unstained portion
of the filter paper. The latter was cut into segments which were
eluted individually with saline, The eluates were tested for aller-
genic activity by the passive transfer method,

Precipiteting antibodies to fraction AAl"D detected in
both rabbit and goat anti-WSR sera were coupled to diazotized poly-
styrene®. A solution of fraction A4;"D in a concentration of 0,001
mg per ml was incubated with each of the polystyrene-antibody con-
Jugates, Two hours later, the suspensions were centrifuged and the
* The author wishes to thank Lr. L. Gyenes for performing these

experiments, A complete description of the preparation of the

polystyrene-antibody conjugates will be presented in a forth-
coming report from this laboratory (135).
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supe rnatants were drawn off (supernatants A), The polystyrene-
antibedy conjugates were washed five times with saline and them
suspenced in saline. The pH of the suspensions was adjusted to
3.0 and incubation was carried out for two hours at 25°C, The
suspensions were then centrifuged and the supernatants were de-
canted (supernatants B). Supernatants A and B were tested for
allergenic activity by the passive transfer method,.

Fraction #41-D, in a concentration of 1 per cent, was
analyzed in the Spinec kiodel E optical ultracentrifuge using the
synthetic boundary cell (120), Saline was used as the solvent and
the pH of the solution wes adjusted to 7.0. The rotor temperature
was 20.5%C and the rotor speed was 59, 780 rpm. The sedimentation
constant was not reecalculated fa standard conditions and its de-
pendence on concentration was nct determined,

RESULTS.

The precipitate which resulted on heating the agueous
soluﬁion of WSR at 80°C for 15 minutes was slightly yellow in col-
our ana was found to stain only for protein. The supernatant gave
the sarme pattern on electrophoresis in borate buffer, pli 8.6, as
did the whole WSR except that the former did not stain for pro-
tein (Fig. 23). Fraction AA1+ had a faint yellow colour and
Irsction &4y~ had a slight straw-yellow colour after its elution

from tie electropherogram although no pigment coula be seen in the

1o



region of the paper conteining this fraction.

Fraction AAE_and the dielysate of this fraction gave
intense stains with ninhydrin. Fraction ALj-D gave only a faint
colour reaction with ninhydrin whereas it gave an intense stain
with ninhydrin after it had been hydrolyzed with 6N HOL at 100°C
for as short a period of time as 15 minutes. No carbohydrate was
detected in the unhydrolyzed material nor in the 15 minute, 2 hour
and 14 hour hydrolysates of fraction AAl-D.

The fractions eluted fxom the electropherogram of the
deproteinated WSR were able to desensitize sites prepared with
allergic sera {obtained from untreated allergic individuals) to
the respective fractions obtained from the electropherogram of
whole WSR. Fraction AAE’ obtained from the deproteinated WSR,
possessed no allergenic activity. The dialysate of fraction Ady -
reacted only with sera of treated allergic individuals whereas
the dialyzed residue of this fraection, AAl'D, reacted with sera
of both treated and untreated allergic persons., Fraction Adj-D
wes capable of inducing & 2% reaction in en amount as small as
10'7 mg, This fraction lost all allergenic activity after it wes
hydrolyzed with 6N HCl at 100°C for only 15 minutes or with 1N
and O,1N HCLl for 14 hours (Teble XIX). There was no loss of act-

ivity when freetion AA1-D was incubated in 6N HCl at 25% for 8
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hours or when it Was heated at 100°C at P 7,0, or in C,01N
and 0.001N HCL for periods as long as 14 hours.

When fraction AA;-D was analyzed by paper chromato-
graphy, the ninhydrin stainable material was found to be located
about the zone of application inm both solvent systems. The allerw
genic activity waes associated only with the ninhydrin stainable
material.

Both ome and two dimensional chromatography of iraction
447-D hydrolyzed for 14 hours with 6N HCl at 100°C revealed only 8
spots after spraying with ninhydrin corresponding te¢ the aminc acids
lysine, arginine, hydroxyproline, glycine, valine, alanine, nor-
leucine and glutamic acid (Fig. 24). On the basis of the intensity
of the stained spots, arginine appeared tc¢ be present in the lowest
and lysine in the highest cecmcentration of the 8 amipno acids. Sol-
utions of fraction AA,-D heated at 100°C in 6N HC1 for 15 minutes
and in 1N HCl for 14 hours appeared to be completely hydrolyzed
whereas all the solutions of fraction AAl-D whick had been heated
in lower concentrations of HCl appeared tc be incompletely hydroly-
zed since the chromatograns of these preparaticns all gave less than
8 gpot#, and some of the spots did not correspond to any of the 8
amino acids cetected in the completely hydrolyzed material, Neither
the solution of rraction AAl-D boiled at pH 7.C for 14 hours nor

that incubated at 25°C in 6N HCL for 8 hours appeared to have under-
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gone any hydrolysis as they stained only faintly with ninhydrin
and each gave only 1 spot on the chromatogram. Fourteen to six~
teen ninhydrin steinable spots, corresponding to known amino
acids, were detected on the two dimensional chromatograms of

the hydrolysates of fraction Ak4;+ and of the dialyzed residue

of W3Re Lysine could be detected only on the chromatogram of
the hydrolysate of fraction AAl+.

Results of the experiments using the polystyrene-
antibody conjugates are summerized in Table XX. Since supernat-
ant A from the polystyrene-rabbit antibody conjugate gave a nege-
tive reaction by passive transfer, it can be assumed that the aller-
genically active material present in fraction &A;-D was taken up
by the antibodies coupled to the polystyrene, Supernatant B of
this systen gave a 2+ reaction by the passive transfer test, in-
dicating that the allergen had been dissociated from the antibedy
coupled to the polystyrene, The allergenically active material
was not taken up by the polystyrene-goat antibody ccn jugate,

An interesting observation was the loss of the abil-
ity of fraction A4;-D to give a positive ring test with either goat
or rabbit anti-@WSR sera after fraction AA1-D was heated in a con-
centration ot 1 mg per ml at 1C0°C at pH 7.0 for 8 hours, although a
solution of fraction AA1~D in a concentration ¢f only 0,05 mg per

ml was capable of giving a positive ring test with these antisera,



This heated preparation of fraction AAj=-D could not inhibit the

reaction between untreated fraction A4;-D and the rabbit and goat an-

tisera, This treatment did not appear to cause a diminution in
the allergenic activity of the fraction as observed by the passive
transfer test with various dilutions of the heated allergen soclu~
tion,

The sedimentation constant of the unhydrolyzed frac-
tion AA;-D was found to be 1,205,

4lthough heating an agueous solution of WSR at 60°C
for 18 minutes may not have caused complete precipitation of the
pretein, nc stain for protein was obtained with the deproteinated
WSR in & concentration as high as 5C grams per cent, This precipi-
tetion of protein was fcund to occur at 4°C as well but only very
slowly and did not reach completion after even one month. The de-
preteinated WSR did produce & slight opalescence on saturation with
ammonium sulphate and a precipitate with absolute ethyl alcohol.
However, neither of these tests is an absclute criterion for the
detection of protein., In fact, the dialyzable fraction of VSR con=~
tained raterial precipitable with both absolute ethyl alecohol and
ammonrium sulphate,

Fraction AAl- was selected for the studies reported

here since it contained conly ninhydrin stainable material and some

1Lk
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pigment. Assuming that & negligible amcunt of protein may still
have been present in the deproteinated WSR, it would have migra~
ted as & broad bardextending from the zone of application to the
P5 region of the electropherogram, as it does in whole WSR. There-
fore, it could not have been present as an undetected contaminant
in fraction AAl-. Since the dialysate of fraction A&l- reacted
only with sera of treated sllergic individuals and the dialyzed
residue (A41-D) reacted with sera of both treated and untreated
allergic persons, only the latter preparation was investigated
since only it was considered to contain the "true" allergens (those
allergens capable of reacting with the sera or in the skin of un-
treated allergic individuals).

On the basis of the finding that the ninhydrin stain
obtained with fraction A4)-D was very faint but increased greatly
in intensity efter fraction A4;~D was hydrolyzed, it would appear
that the material in its native state is a polypeptide., Since un~
hydrolyzed fraction AAj-D gave only ome spot on the chromatogram
whereas hydrolyzed fraction Ad4,-D gave eight spots, it can be con-
cluded that all eight amino acids were incorporated into the poly-
peptide.

Since the allergenic activity was associated with
only the ninhydrin stainable material when fraction AA~D was ana-

lyzed by paper chrometography and since the material lost all aller~



genic activity after it had been hydrolyzed with HC1l, it would
appear thet the polypeptide is the active material, The fact

that the allergenic activity was not lost when the treatment of
fraction Ad)-D did not result in hydrolysis of the polypeptide
supports this belief, The pigment does not appear to be allergen-
ically active since it could be destroyed (by boiling fraction A4;-D
in 0,0IN HCl for several hours) without & resulting diminution in
the allergenicity of fraction AAj-D.

The results would appear to conflict with those gp-
‘tained in experiments in ohepter VI when it was found that the
activity was not associated with the ninhydrin siainable material
in fraction 4A,*Pt of which fraction A4,-D is a part. However,
the constituents) of fraction AA;-D may not have been present in
a concentration high enough in fraction AA1+Pt to be detected by the
staining reagents,

It was very surprising to find that fraction AAj-D
was capable of giving a precipitate with rabbit and goat anti-WSR
sera since it has previously been reported that only the protein
constituent(s) of WSR possessed this property (23-25). The aller-
genically active material in fraction 44;-D was taken up by the
rabbit antibodies, but not by the goat antibodies, coupled to the

polystyrene., Since the goat anti~-WSR serum was capable of "blocking"

1L6
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the reaction between reagin (using the serum of an untreated
allergic individual) and WSR in a passively sensitized site, it
must be conecluded thet the goat antiserum possesged antibodies
to the allergen(s). Other investigations in this laboratcry dem-
onstrated that red blood cells to which were coupled goat anti-
WSR serum proteins were not agglutinated in the presence of WSR
whereas red blood cells to which were coupled rabbit anti-WsSR
serum proteins did agglutinate in the presence of WSR. Since
antibody molecules are believed to contain only two groupings
capable of reacting with the entigen, the possibility of sterie
hindraence of the antibody grcupings by the polystyrene or by the
surface of the red blood cell when the goat entibody was coupled
to either of these supporting media cannot be ignored,

Fraction AAl-D lost its ability to give positive
ring tests with rabbit and goat anti-WSR sera but not its aller-
genicity after being heated in a boiling water bath for 8 hours
at pH 7.,0. This observation suggests that the groupings on the
polypeptide molecule responsible for allergenic activity are less
susceptible to being inactivated or depatured then are the group~
ings responsible for eliciting positive ring tests with the rabbit
and goat preciritating antibodies,

It waes interesting to note that lysine, one of the
amino acids identified on the chromatogrem of the hydrolysate of

fraction 443-D, could not be detected on the chromatogram of the
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hydrolysate of the dialyzed residue of WSR. It would therefcre
appear that the material detected in fraction A4j-D is present

in too low a concentration in the dialyzed residue of WSR to be
detected by staining reagents when the latter is used as test mat-
erial. Since the dialyzed residue constitutes less than 5 per cent
of the weight of WSR, it is not surprising that the active material
contained in fraction 4dj-D could not be detected.in whole WSR.

The sedimentation constant tor fraction Ad;-D was
found tc be 1,205, However, since the diffusion coefficient and
the partial specific volume for this material were not determined,
due to the small quantity of fraction A4,-D availsble at the time,

a determination of the molecular weight was not attempted.



Fige 22,

Tlowsheet of the Procedure for the Isolation of
Deproteinated WSR and Fraction AAl—D.
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Fig. 23.

Electrophoretic Fractionation (on Paper) of Deproteinated
WSR and the Designation of the Fractions Isolated,
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Tvro Dimensional Chromatogram of the Hydrolysate of Fraction
AA.-D. a, lysine; b, arginine; c, glycine; d, glutamic acid;
e, nydroxyproline; I, alanine; g, valine; h, norleucine.
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©
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TABLE XIX

Effect of Heat and/or Acid on the Allergenic
Activity of Fraction AAy-D

Fraction AA,-D treated Concentration of Reaction by pass—
in the following manner. solution: mg/ml. ive transfer.

Not treated 0,001
14 hours at 100°C, pH 7.0 0,001
8 hours at 25°C, 6N HCl 0.001
15 minutes at 100°C, 6N HC1 0.10
1L hours at 100°C, 1N HCL 0.10
14 hours at 100°C, 0.1N HC1 0,001

1L hours at 100°C, 0,0lN HCL 0.001

> ~ O O O = = r

14 hours at 100°C, 0,001N HC1 0.001

TARLE XX

Allergenic Activity of Fraction AA,~D on Treatment
With the Polystyrene-Antibody Conjugates.

faterial tested Reaction by passive transfer

Polystyrene-rabbit antibody system

Supernatant A 0
Supernatant B 2+

Polystyrene-goat antibody system

Supernatant A 2+
Supernatant B 0



CHAPTER 1X

GENERAL DISCUSSION

From the results which have been presented in this
thesis, one can understand the difficulties which were encountered
by previous investigators who attempted to isolate the allergen(s)
from ragweed pollen, It was shown that an allergenically active
material (fraction AA1-D) could be isolated by dialyzing a frac-
tion (AA;-) obtained by the electrophoretic separation of the water
soluble extract of ragweed pollen (WSR) which had been depleted of
its protein components). Since the injection of 10'7 mg of fraction
4A1-D into the skin of an allergic individual elicited a reaction as
large as the injection of 1074 mg of WSR, it would appear that a
1000 fold purification of the allergen has been aeccomplished. Frac-
tion Aﬂl-D congisted of a straw-coloured pigment amd a peptide com-
posed of eight amino acids-arginine, lysine, glutamic acid, glycine,
alanine, hydroxyproline, valine and norleucine, Since the pigment
could be destroyed without a concomitant loss of allergenic activity
of the preparation whereas hydrolysis of the peptide resulted in a
complete loss of allergenic activity, it would appear that the pep-
tide is the allergen, The fact that thedllergenic activity of frac-
tion AAl-D was associated with the peptide when the preparation was
analyzed by paper chromatography would tend to support this belief,

Although it cannot be stated catagorically that the nitrogen-contain-
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ing material in fraction Ad;~D is not a protein, its low sedimen-
tation constant (1,205), its failure to stain for protein and the
fact that it is composed of only eight different amino acids sugg-
ests that it is a peptide. However, the peptide possessed several
properties characteristic of proteins as it could be precipitated

with ammonium sulphate and ethyl alcohol used in the same concen-

trations as were necessary to precipitate the protein constituent(s)

of the pollen extract., Since ammonium sulphate and ethyl alcohol
were the reagents most commonly used by previous investigators in
attempts at isolating the allergen(s) from ragweed pollen (46, 47,
49, 52-54, 56), there can be no doubt that the active peptide was
precipitated together with the protein component(s) in WSR upon
the addition of either ammonium sulphate or ethyl alcohol to the
agueous extract of the pollen. Since the bulk of such & precipi-
tate has been found to consist of protein with the active peptide
present in only a trace amount, it is not surprising that the
allergenic activity was attributed to protein comstituents of the
pollen by previcus investigators. However, those investigators
who used heat to precipitate the protein component(s) of WSR (23,
25) found that the precipitated protein possessed only slight
allergenicity., From the results presented in this thesis, it

would appear that heat causes precipitation of only the protein

15y
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fraction of WSR, leaving the active peptide in solution. How-
ever, it is possible that allergenically active groupings on the
protein molecule may have been inactivated by the heating. Our
finding that the deproteinated WSR was allergenically as active
as the whole WSR would indicate that the protein, in its native
state, possesses at most only slight allergenicity. Heating the
pollen extract at 60°C is therefore a suitable method for separas
ting the protein component(s) from the extract without destroying
the allergenic activity.

It is interesting to note that investigators who
claimed to have prepared active carbohydrate fractions from WSR
(27, 50, 78, 79, 82) were never able to eliminate the nitrogen-
containing material from their active fractions without an accom-
panying loss of allergenic activity. In most cases, the nitrogen-
containing material was regarded as an inactive contaminant. It
apparently did not occur to these workers that the "contaminant!
in their active preparations might be the allergen. Due to its
high biological potency, only a minute guantity of the allergen
would have had to be present in any of the preparations in order
to give the impression that the material identified as carbohydrate
was the allergen,

It was demonstrated that the dialyzable fraction of

WSR was allergenically active with respect to sera and skin of trea-~



ted (desensitized) allergic individuals only whereas the non-dialyz-
able fraction of WSR was allergenic when tested with the sera or
in the skin of both treated and untreated allergic persons. It
therefore appears that during the course of the desensitization
treatment, the allergic individual forms a new reagin(s) with a
different specificity from any found in the sera or skin of un-
treated allergic patients. Since such a finding has never been
reported previously, it must be concluded that investigators in
the past did not discriminate between the allergic sera or indivi-
duals as to whether they were treated or not when testing the aller-
gen fractions for cutaneous activity. It is probable that the in-
vestigators who reported that the allergen was dialyzable (58, 59,
63, 82, 88, 90, 91) tested the dialysate for allergenic activity
with the sera of treated allergic persons. This is probably true
in the cases of Loveless et al (91) and Bukantz et al (58, 59) who
confined most of their investigations to the dialyzable constituents
of the pollen extract. However, one cannot exclude the possibility
that the dialyzing membranes used by some of the previous investi-
gators were actually permeable to the allergen(s) which reacts with
the sera and skin of untreated allergic individuals and which
has been designated as the "true" allergen(s) in this thesis.,

It was very surprising to find that fraction AAj-D gave a

precipitate with rabbit and goat anti-VWSR sera since it has been
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previously claimed that only constituent(s) of WSR is capable of

reacting with the precipitating antibodies formed in experimental

enimals (23-25). Since fraction AA;-D contained only peptide and pigment,

it can be agsumed that the rabbit and goat antibodies were directed to-
ward the peptide. It would therefore appear that the allergen igolated
is antigenic in experimental animals although it may be that different
chemical groupings on the peptide molecule are regpongible for its
allergenicity and its antigenicity.

It was demonstrated that the cross neutralization test with
the allergen preparations used on an equal nitrogen basis is unreliable
insofar as the determination of the number of allergens present in the
various active fractions is concerned. It was shown that a passively
sensitized site could be neutralized by successive injections of an
allergen solution and yet still give a reaction if further challenged
with a golution of the same allergen in a higher concentration. A
posgsible explanation for this finding is that only a small quantity
of unreacted reagin is left in the apparently neutralized site and in
order to obtain a visible reaction in the gite it isg necegsary to in-
ject a large amount of the allergen so that all the free reagin mole-
cules can react with the allergen simultaneously. A site which has
been injected with a quantity of the allergen capable of neutralizing

all the reagin

15%
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in the site at one time is regarded as desensitized, rather

than neutralized. When cross neutralization experiments were
performed with sera of untreated allergic persons and with the

WSR fractions (AA;+Pt, Py and P;) used on an equal nitrogen basis,
the results of the experiments suggested that fraction Py contain-
ed one, fraction AA;+Pt two and fraction P3 three allergens. When
the cross neutralization experiments were performed with sera of
untreated allergic individuals and the WSR fractions used on an
equal desensitizing basis, it was shown that fractions AA;*Pt, P3
and P, were allergenically identical and that there must exist a
minimum of two allergens in ragweed pollen. The results of the
experiments with the heated allergic sera corroborated this viewe.
On the basis of our findings, the interpretations of results of cross
neutralization experiments performed by previous investigators who
used ragweed pollen fractions on an equal nitrogen basis must be
re-evaluated. At least two important factors were not taken into
consideration by previous workers. They did not discriminate be-
tween the sera which they used for their cross neutralization ex-
periments as to whether they were obtained from treated or untreated
allergic persons nor were they aware of the fact that failure of

a sensitized site to give a visible reaction does not necessarily
imply that all the reagin in the site is neutralized. It is there-
for surprising that previous investigators concluded, on the basis

of their cross neutralization experiments, that ragweed pollen con-~
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tains a minimum of omnly two (53, 79, 86, 92) or three (49, 56,
91) allergens,

Since fraction A4 -D was capable of desensitizing a
passively sensitized site to whele WSK, it must contain a minimum
of two allergens, both of which must be situated on the peptide
molecule, However, it is possible that only one of the allergens
is located on the peptide and that the other is present in too
low a concentration to be detected by staining reagents even after
the extensive purification which has been performed., It is also
possible that fraction 44;-D contains several peptides>possessing
similar physico-chemical properties and that the allergens are sit-

uated on different peptide molecules,
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CHAPTER X

1. Defatted ragweed pollen wasg extracted with various

solvents and the fractions were analyzed by free and paper electro-

phoresis and ultracentrifugation and shown to be of different com-

position,

e All the extracts of the pollen displayed allergenic
activity.

Se The water soluble extract of defatted ragweed pollen

(WSR) was separated into four allergenically active fractions by
paper electrophoresis in borate buffer, pH 8.6.

4, The WSR fractions were shown to be heterogeneous by
ultracentrifugation and were found to contain materials with sedimen-
tation constants varying from C.16 to 4,515. These sedimentation
constants were determined for the fractions examined in borate buffer,
pH 8.6, and no inference is made as to© the actual molecular weights
of the materials.,

5 The passive transfer technique was found to be far sup-
erior to the scratch test in defining the allergenic activity of
the WSR fraections,

6e The classie cross neutralization test was shown to be
inadequate for defining the number of allergens present in different

ragweed pollen fractions. A variation of the method, based on the
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ability of the allergen solutions to "desensitize" sites pre-
pared with allergic serum, rather than to '"neutralize" them, was
presented,

7. It was shown that ragweed pollen must contain at least
two allergens and that the sera of allergic individuals contain at
least two reagins.,

8. Sera (and skin) of untreated allergic individuals were
found to possess reagins directed only toward the constituents in
the non-dialyzable fraction of WSR whereas sera and skin of treated
allergic persons were found to contain reagins directed toward con-
stituents in the dialyzable and non-dialyzable fractions of WSR.

9. The dialyzed residue of one of the fractions obtained
by the electrophoretic fractionation of deproteinated WSR was found
to be allergenically active in an amount as small as 10-7 mg. It
consisted of a pigment and a peptide composed of eight amino acids -
arginine, lysine, glycine, alanine, valine, hydroxyproline, glutamic
acid and norleucine., Results of studies with this material suggest

that the peptide is one of the allergens in ragweed pollen.
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APPENDIX

INDUCED ¥FORIATILN OF REAGIN IN HCN-ALIERGIC

PERSONS TO EXTRACTS OF HAGWEED POLLEN

At the time when the cross neutralization experiments
with the WSR fractions(AA1+Pt, PB and PB)’ used on an equal nitrogen
basis, were performed (see chapter V-A), it was noted that scme of
the non-allergic volunteers used for the passive transfer experi-
ments developed reagins to the pollen fracticns, Positive react-
ions to WSR could be elicited in unsensitized portions of the backs
end arms of these subjects within four days after the initial in-
jections of the allergen fracticns. Fraction P1+C, which was not
even used in these cross - neutralization experiments, consistently
elicited the largest reactions and fraction P, produced reactions
of slightly lesser intensity. OSurprisingly, no reactions were pro-
duced with fractions AA,+Pt and Pz except in one subject (M.D.) who
gave a moderate reaction to fraction Fy. 411 of these persons gave
positive reactions to WSR (Table XXI).

A comparison of the reactions obtained in these individ-
uals with those obtained using the sera of allergic persons (Table E}
suggests that the newly acquired reaginic activity by each of these
subjects used for the passive transfer experirents was not due to

the absorption ¢t the injected reagin and in its distribution over
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the entire surface of the subject but was formed de novo by the
individual. If this reaginic activity had been due to absorbed
reagin, one would have expected that the subject and the allergic
serum used in the passive tramsfer experiment would have exhibited
the same relative degree of activity to the four allergen fractions.
However, the acquired sensitivity of the subjects was greater to
fraction P1+C then to fraction Py and was non-existent to fractions
AA*Pt and Py (except in subject M.D.), Whereas the relative degree
of activity of the allergic sera to tie fractions was in the crder

of A4 +Pt = Pg = Pg) P;+C (Table ¥). This finding suggests that

the allergens to which these subjects had formed resgins were differ-
ent from those responsible for the induction of c¢linieal allergy.
Furthermeore, it is interesting to note that the sera of two subjects
(,b, and 4,L,) were capable of passively transferring their activity.
The reactions observed in sites semnsitized with these sera and challen-
ged with the allergen frsctions were identical to those observed on
intradermal injection of the fractions into these two individuals
(Table XXI). The sera of the other subjects were not tested by the
passive transfer method. It is of interest that ncne of these sub-
jects complained of having developed clinical hay fever or asthme
during the following two years. One subject (iLD.) was tested with
the WSR fractions 10 months after initially showing sensitivity and
the reactions were identifal to those observed originally (Table XI).

The repidity with which this newly acquired sensitivity
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was developed by these indiviaquals is most striking. In the case
of one subject (R.H.), the sensitivity was noticed only two days
after the initial injec¢tions ot the allergen fractions, while in the
other subjects the sensitivity was demonstrated within 3 to 4 days.
Assuming that the fommation of reagin is similar to the formation of
prctecting or precipitating antibodies, the rapid occurrence of the
reaginic activity in the subjects after the initdal injection of
the allergen fractions would suggest a more rapid "primary response
than has ever been reported (140), None of the subjects had pre-
viously been injected with extracts of ragweed pollen or any other
pollen., However, they all had been subjected to airborne ragweed
pollen and it has been shown that the allergen constituents of the
pollen cen be absorbed through the nasal mucous membrane, the res-
piratory trzct and the gastro-intestinal tract (22, 89, 104-108),
Under these circumstances, these persons could nave become "subeclin-
ically" sensitized to the allergens in ragweed pollen prior to our
having used them as subjects for the passive transfer experiments.
Therefcre, the possibility or our having evcked an "anamnestic res-
ponse™ in these subjects cannot be ruled out.
CORCIUS IONS

1. Some normal, non-allergic persons are capeble of forming
reaging in response to injections of extracts of ragweed pollen with-
out beconing clinically allergic.

2 The reagins formed by these persons are detected within

only two to four aays after initial injecticns of the ragweed pollen
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fractions enG they can be passively transferred.

Se the constituents of the ragweed pollen which induced
the formation of reagins in the non-allergic¢ individuals appear
to be different frcm those which elieit reagins in ¢linically

allergic persons.



TABLE XXI

Mlergenic Activity of the WSR Fractions
Individuals Who Had

by Scratch Test in Non-Allergic

Acquired Reaginic Activity.

as

Observed

“Reaction elicited by Iraction

Person tested

AA, + Pt P3 P2 Pl* C WSR
D.K, - - 1+ 3+ 3+
M.D. - 2 s L 3>
A.5.-B - - 1+ 3+ 2+
AL, - - 2+ 3+ 3+
R.He - pat 1+ 24 2
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CLAILS TO ORIGINALITY

1. The technique of paper electrophoresis was used
for the first time as a means for fracticnating ragweed pollen
extract, It was shown that the agueous extract of ragweed pollen
contains at least © peptide, 1 protein, 1 carbohydrate and 4 pig-
ment componentse.

2 It has been shown that the cross neutralization test
as currently carried out (with allergen preparations tested on an
equal nitrogen basis) is unreliable as far as the determination of
the number of allergens present in the active preparations is con-
cerned., The fallacies of the test have been pointed out,

Se Cross neutrzlization experiments with the fracticns of
ragweed pollen used on an equal desensitizing bagis demonstrated
the presence of two z2llergens in ragweed pollen,

4, It has been demcnstrated that there exist at least two
reagins or skin sensitizing antibodies in sera of allergic individ-
uals,

5. It was shown that sera and skin of ragweed sensitive
individuals who hed never been treated (desensitized) for their
ellergy contained reagins directed only toward constituents in the

non-dialyzable fraction of the aqueous extraet of ragweed pcllen,

167



On the cother hand, sera and sliin of treated allergic irdividuals
possessed reagins to the dialyzable and non-dialyzable fractiocns

of the pollen extract. This finding suggests that the desensitiza-
tion treatment induces the formation of a reagin of a new specificity
not formed by untreated allergic patients.

Be 1y was demonstrated fhat reagin formation can be induced
in some normal, non-allergic individuals without evoking conditions
of ¢linical allergy.

7. An allergenically active substance has been isclated
from the agueous extract of ragweed pollen. It was non-dialyzable
and was composed of a pigment and a peptide composed of eight emino
acids~-lysine, arginine, glyecine, alenine, glutamic aeid, valine,
norleucine and hydroxyproline., The injectiocn of 10_7 mg of this
material into the skin of an allergic individuel was capable of elic-
iting a cutaneous reaction. From results of experiments with this
material it would appear thaet the peptide is cne of the allergens in

ragweed pollen.
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