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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 allergie states have common features. A brief survey of the 

fundamental aspects of immunology would therefore appear to be assent-

ial prior to a discussion of the mechanisms involved in the allergie 

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 i solated in pure form and appear to possess the 

same properties as normal serum gamma globulin~ i.e~ 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. 
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red blood cells and serum proteins of another animal species can indu-

ce the formation of antibodies. Incubation of each of these antigens 

with its respective antiserum resulta in a specifie 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, i.e., they must be ttmultivalent". It has been shown 

that the reaction between the antigen and the antibody is highly specif

ie and that even closely related antigens do not cross-react. This spec

ificity must therefore be attributed to a configurational oomplimentari

ness between the antigen and the antibody and may be compared to the 

specificity of an enzymatic reaction. 

There are substances, usually of low molecular weight,which, 

by themselves, cannot induce the formation of ant i bodies 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 f ormed. 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 r esults in precipitate formation. Combination of the 
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hapten with the antibody can be demonstrated to have taken place, 

however, since the specifie 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., b.enzoic 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 specifie 

carbohydrate substance from pneumococcus which reacted with the anti

serum to give a precipitate but which was unable, by itself, to stimu

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 

animals. 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 materials such as serum proteins of a for

eign species. It is only necessary to 11sensitize1t the an:imal by one or 

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

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 occurs. Two different theories have been offer

ed. 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 vvhich 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 

decrea.sed to a lov.r level or when antibody has completely disappea

red from the circulation vmuld support the vievr that the antibody

antigen reaction causing anaphylaxis occurs in the tissues. Speci

fie 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 v.;hen the shocking dose is administered. 

Anaphylaxis is classified as a hypersensitivity by rrany 

irrnunologists, since the anL~al has become sensitive, rather than 

inunune, to the antigen. However, the period of time during which ana

phylactic sensitivity is I!lost prominent appears to be only a phase of 

the immune state 1vhen the concentration of antibody has decreased or 

when antibody has entirely disappeared from the circulation although 

there is still ~~tibody 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., serurr1 

sickness, tuberculin sensitivity, allergy) which resemble anaphylaxis 
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in certain respects. After it was d_ : ·overed that antisera obtain-

ed :in animals against certain bacterial toxins hs.d great therapeu-

tic effects when :injected :into p9rsons suffering fran bacteria.l in

fections, the injection of foreign antisera, especially ho~a~ an

tisera, into humans became relatively cornmon. It was soon found 

that sorne individuals becarne 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 joints, edema and glandular swelling, was 

given the narne of serum sickness. At first it was thought that the 

reaction was due to the antitoxin content of the injected antiserum, 

but it was observed that the injection of normal serum from the same 

animal could also produce serum sickness. Von Pirquet and Schick 

offered an explanation for the etiology 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 
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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 respectè to those of tuberculin hypersensitivity and serum 

sickness, two conditions which he defined as allergie 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 ~~tigen, which, by definition, is responsible 

for the production of antibodies characteristic of the immune state. 

It has been known since the 1B70's that a reaction could 

be obtained in the skin of an allergie persan upon intradermal in

jection of the specifie allergen. In 1921, Prausnitz and KÜstner 

reported that a site in the skin of a normal individual which had 

been sensitized with the serum of an allergie 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 specifie and was similar in appearance to that produced in the 

skin of t he allergie individual. They thereby demonstrated that there 

exists a substance in the blood of the allergie 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-
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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 allergie 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 ttpolyvalent" 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 allergen 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 allergie person appears 

to be extremely low, since the electrophoretic patterns of the sera 

of allergie persons are indistinguishable from those of sera of nor

mal individuals and we have succeeded, in this laboratory, in isolat

ing fractions of allergie sera devoid of detectable protein but con

taining reagin. The allergie 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-
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ican continent and affects millions of people during the spring and 

swm~er months. It is characterized by watery exudation frow the ffiU

cous membranes of the upper respiratory tract and conjunctiva, \vhich 

results in violent and often protracted sneezing, nasal discharge and 

lacrL~ation. V~ny pollens of trees, erasses and weeds have been shawn 

to be responsible for hay f ever and ragïveed 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 pollen. The iso

lation of the allergen is not only important as an academie achieve

ment but is necessary in order for further progress to be made in the 

study of the nature and treatment of allergies 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 \vas a type of anaphylaxis and that one could desensitize the aller

gie individual to the pollen by injecting hiw. with srr~ll qu~~tities of 

the allergen preparation at various tDne 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

sensitizationn instituted by Noon still constitutes the main treat

ment offered to clinically allergie individuals. Hmvever, it has been 
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noted that a large percentage of allergie persans do not respond 

well ta this treatment and, in fact, become even more sensitive 

ta the allergen. Since these individuals are injected with the 

whole aqueous extract of the pollen, they may become sensitive ta 

a constituent(s) of the pollen ta which they were not originally 

allergie. Such an effect would counteract any desensitization ta 

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 ta more effective desensitiza

tion of the allergie individual. 

Many attempts have been made during the past 30 years ta 

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 artemisiae

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. Beth ragweeds 

pollinate (release their pollens into the air) from about the first 

week in August to the first week in October. 
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Fig. 1. 

(a) Short Ra.gweed (Ambrosia Arteiüsiaefolia). 

(b) Ragweed Pollen. Several pores (P) can be 
seen protrudinc through the surface of the 
pollen grain. 

(a) (b) 
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The pollen grains of bath ragweeds are very similar 

in structure (Fig lb). They are small spherical structures, 16 

to 20 microns in diameter, and are bright yellow in colour. The 

outer cell wall or exine for~s 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 cellulose. One of the two nuclei is r eferred 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 rnitotic division forming two sperrns or 

male cells which are directly concerned with the fertilization of 

the ovule. The pollen is a very complex structure, endowed with all 

t he 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, i n 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 
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are very confusing and often contradictory. There have been claims 

that the allergen is a protein and that it is non-dialyzable. Sorne 

investigators have claimed that the allergen is not a protein and 

that it is dialyzable. Still others have associated allergenic ac

tivity with carbohydrate, lipid and pigment constituents of the 

pollen. In sorne 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 treatrnent. 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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Early Studies. 

CHAPTER II 

HISTORICAL SU11!:1ARY 

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 individua.ls began to sneeze when exposed to cer

tain flowers. 

In 1819, Bostock (2) described the symptoms of the dis

ease and it vms subsequently known as''Bostock's catarrh". 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 \'lyman (7) all implicated pollen as the causative 

agent. Blackley, in 1865 (8), performed the first diagnostic skin 

t est for hay fever and also showed that the pollen of grasses was 

capable of inducing conditions identical to hay fever in allergie in

dividuals upon their inhalation of the pollen. Dunbar (9), who accep

ted the view that the pollen of grasses \vas r esponsible for hay f ever, 

repeated the main experiments of Blackley and established beyond doubt 

the role of pollen as the causative agent. In 1910, Heltzer (10) show

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

Studies on the Chemical Composition of Ragweed Pollen. 

In 1914, Heyl co~nenced 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 ~~terial, 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 soluble fraction, obtained on defatting the ragweed 

pollen, runounted 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 ether not well character

ized constituents. In addition to these components, his extract con

tained two different proteins; an albumin, vrhich coagulated at 45 to 

50° C in the presence of small runounts of acetic acid and a proteose, 

1·rhich could not be coagulated by heat but which could be precipitated 

by saturat ing the solution with ai111TlOniurn sulphate. Extraction of the 

pollen vüth dilute alkali after its extraction vüth \rater yielded a 

glutelin fraction which contained histidine whereas the albumin and 

proteose fractions did not (14). All three protein fractions were 
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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 1-vhich he isolated were isoquercitrin, which is a quercetin

glucoside, and isorhamnetin, which is a monomethyl ether of quer

cetin. In a study of the ether soluble fraction of the pollen (16), 

he demonstrated the presence of formic, acetic, valerie, laurie, 

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) "appear to represent any chemical 

specialization of the cell". He did not attempt to correlate aller

genie activity vvith all the fractions which he isolated. 

A similar but less comprehensive study on the chemical 

composition of ragweed pollen was carried out at the s~ne tL~e 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 star ch . 

These studies are important in that they demonstrate the 

complexity of ragweed pollen and of the aqueous extract of the pollen. 

Hmvever, 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. 

s·ince many investigators used pollen of either giant or 

short rae;v1eed and s orne 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 allergie to both 

pollens, failed to find any specifie differences in the allergens of 

the two pollens. Silnilar results were obtained by Stull et al (19) 

who also shm.,red that the extract of short ragweed pollen was as effec-

tive ao 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 aller gie individuals with the extract of one of t he 

pollens, the injection of an equivalent or larger quantity of the 

ether pollen extract into any of these individuals was not follo-;1ed 

by a constitutional r eaction which would have occurred had the aller-

gens of the two pollens not been identical. Coca and Greve ( 21) 1 em-

ploying the method of passive transfer, found that sensitized sites 

neutralized to an extract of low r agweed pollen would not r eact to an 

extract of giant r ag1.,reed pollen and vi ce versa . The sera used in thei r 

experiments ;,.,rere of patients allergie to both types of rag1.veed pollen. 

Thus, it would appear that the aller gens of giant and short 

rag\veed pollen are identical. 

~*A critical discussion of the cross-neutralization t est is presented 
in Chapter "Y.. • 
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Antigenicity of Ragweed Pollen. 

Although precipitating antibodies to ragweed pollen 

extracts have never been found in sera of allergie individuals, 

ragweed pollen has been found to be antigenic in beth rabbits and 

guinea pigs, precipitating antibodies consistently being formed 

by beth 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 Greve (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 arder to corre

lata 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 allergie serum) although they were allergeni-
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cally as active as before digestion. Armstrong and Harrison (42) 

could find no relation betloJ"een the complement binding capacity of 

the pollen extract (using rabbit antisera) and its ability to pro-

duce skin reactions in allergie 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-

lly active or which \fere 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, ~Iolff-Eisener (43) discussed the possibility 

that hay fever might be the result of a sensitivity to a protein corn-

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 fron 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 l'las 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 '.>fhich no protein could be detected were devoid of allergenic 

activity. 

Bernton et al (46), Rappaport and Johnson (47) and 

Noore et al (49) isolated protein fractions fromrn.gweed pollen 

extracts by precipitation with either arrrnonium sulphate or alcohol. 

All the fractions were found to be active by skin test in allergie 

individuals, although variations in the sensitivity of the individ

uals to the protein fractions \'las noted (46, 47). 

Spain and Newell (48) demonstrated that they could re

move completely the non-protein nitrogen from ragweed pollen ex

tracts by ultrafiltration 1.-dthout appreciably diminishing the act

ivity. 

Uneer 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 l'fas 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 

isolation of an active protein from an extract of giant ragweed poll

en (81). It contained 13.52 per cent ni trogen, 50.37 percent carbon 
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and 6.40 per cent hydrogen and gave a negative Holisch test. 

They also isolated an active material of similar composition from 

an extract of short rag\'leed pollen (19). 

In subsequent publications (52-54), Stull et al reported 

the fractionation of extracts of ragweed pollen by precipitation 

with armnonium sulphate. One of the active fractions contained 12 per 

cent nitrogen and appeared to be free from carbohydrate whil e 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 prot ein fraction (glutelin) from ragweed 

pollen (54). The active material in each of the fractions was found 

to be non-dialyzable and, therefore, \-las considered to be a protein 

by thcse investigators. 

Other evidence in faveur of the protein nature of the 

allergen '.-las presented by Cohen and Friedman (56). They obtained 

act ive f r actions from a pollen extract by fractional precipitation 

vlith a,";llDonium sulphate. Freezing and thawing of t hese preparations 

resulted i n a separation of pigment from unpigrnented, protein mater

ial which was allergenically active. 

Bukantz et al (58, 59) studied the dialyzable a~d non

dialyzabl e components of ragweed pollen extract. The non-dialyzable 

r es idue cont ained most of the allergenic activity of the original ex

tract anù displayed properties characteristic of proteins. After hy

drolys is , the non-dialyzable rcsidue vms found to contain fift een amino 

acids as v•~ll as arabinose. 
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Evidence in Faveur 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 -.vas 

digested with trypsin and subjected to exhaustive dialysis. The 

dialyzed r esidue was found to be just as acti ve allergenically as 

the original extract, although no nitrogen attributable to the poll

en extract could be detected. Black (41) repeated the exper:ile.ents 

of Greve and Coca and obtained identical results. Black and Moore 

(62) subsequently reported that a protein-free preparation (negative 

biuret and xanthoproteic t ests, no precipitation with picric acid 

and sodium tungstate) gave good clinical results when it was used 

in the treatment of allergie 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 t he original extract as it was capable of 

neutralizing sites t o the whole extract. 

Abramson et al (64-69, 77) i solated an active fract i on 

from an aqueous extract of ragweed pollan by f ree electrophoresis. 

It ~;tas colourless, did not coagul at e on boiling, did not precipi tate 

with trichloracetic, nitric and sulphosalicyli c acids and gave a 
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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 forrr.ation of a precipitate. Only the precipitate was capable 

of giving a positive precipitin test with rabbit anti-ragweed sera. 

However, the supernatant .-.ras found to be allergenically as active 

as the original whole extract. The authors clalined 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 clai.lns. Mosko 

et al (23) r epeated the experiments of Hecht et al and extended the 

study to include more immunologie experiments. The material which 

did not precipitate on heating to 60° C at pH 4.0 contained essent

ially all the aller genic activity of the extract, but was incapable 

of eliciting anaphylactic shock in guinea pigs sensitized to whole 

ra~Need pollen extract and of precipitating with rabbit anti-ragweed 

serum. The material v.rhich precipitated at pH 4 .• 0 and 60° C possessed 

slight aller genic activity, induced anaphylactic shock in guinea pigs 

s ensit i zed to t he whole extract and pr ecipit at ed with rabbit anti

ragweed serum. aoth and Nelson (24) demonstrated that they could s ep

arate the allergenically- active rnaterial from the constituents cap

able of r eacting vrith the rabbit ant i -ragwéed serum. They extract ed 

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 nctivity whereas all the extracts 

up to the tuentieth vrere able to precipitate 1..,rith 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

genie activity of the whole extract, had a min~um 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 dialyzable, gave a positive biuret reaction, did not lose any 

activity on digestion >vith pepsin and was not coagulated by heat. 

In addition to peptide material, the precipitate also contained ara

binos!9 and a pigrr.ent which Rockwell identified as isorhamnetin. Fron 

his data, Rockwell postulated that each allergen molecule contained 

one molecule of isorhar;metin, one molecule of arabinose and two poly

peptide chains containing a total of twenty-eight ~Tiino acids. The 

~aterial precipitated with HCl also gave good therapeutic results 

when used instead of 1.,rhole extract in the treatment of allergie in

dividuals (71-73). Subsequently, Roc~.,rell reported that the aller

genically active r~aterial precipitated with HCl could be separated 
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into five active fractions by fractional precipitation of the 

v1hole extract •vith acid and salt solutions ( 74). All the frac

tions were of different composition and their min~al molecular 

weights varied from 650 to 41 500 as calculated from elemental ana

lyses. All the fractions contained pigment, polypeptide and car

bohydrate components. 

Brown and Benotti (75) treated ragweed pollen extract 

lüth decolorizing carbon (Norite A) at pH 6.6 and found that the 

supernatant after centrifugation vms very active by skin test al

though the charcoal had taken up over 60 per cent of the total nit

rogen of the eJ,..'tract . The supernatant gave a negative xanthoproteic 

test but gave positive Molisch and ninhydrin tests and was f ound to 

contain free amine groups. They (76) also precipitated the ragweed 

pollen extract ïüth 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 allergie mdi viduals. However, this preparation also 

produced reactions, though of lesser intensity, in the skin of nor

mal, non-allergie persans. 

In 1948, Rabbins et al (57) described the isolation of 

a heat-stable, allergenically active subst~~ce from an aqueous ex

tract of the pollen . The extract was boiled for one hour at pH 4.0 
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which resulted in precipitation of the protein. The active 

supernatant was absorbed on colloidal aluminum hydroxide cre&~ 

from which the active material was eluted \vith M/15 phosphate 

buffer, pH 7.4. The active material 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 Rabbins et al as "a 

protein component". This latter constituent, on hydrolysis 1-rith 

HCl, yielded 14 amino acids (arginine, cystine, glutamic acid, 

histidine, isoleucine, l eucine, lysine, methionine, phenylalanine, 

praline, threonine, tryptophane, tyrosine ~~d valine). This iso-

lated material was allergenically more active tha.n the whole ex-

tract containing the s&~e &~ount of nitrogen. In view of the fact 

that the W4terial 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 ~~d Coca (60, 61) that all the nit-

rogen of a pollen extract could be eliminat ed 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) isolated an 

active substanc e of carbohydrate 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, tannic and phosphotungstic acids and the 

biuret, Millen and xanthoproteic tests were negative. The Molisch 

test vras positive. The r.1aterial1 when made up to a volume equal to 

that of the original extract, 1..vas mor e active than the latter. H;y

drolysis of this carbohydrate fraction yielded 55 per cent reducing 

sugar and the nitrogen content was 6 per cent. Black ooncluded 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 isol ation. The protein in the extract was preci pitat ed 

at pH 4.2 and the carbohydrate was then precipitated with lead acetate 

at alkaline pH. The precipitate was dissolved by grinding it in cold, 

dilute sulphur ic acid. The lead sulphate l'las removed by centrifugation 

and the excess sulphuric acid was r emoved by the addition of barium 

hydroxide. The material which remained in solution was dialyzed1 r e

precipitated with alcohol, r edissol ved in trichloracetic acid and fin

ally reprecipitated with alcohol and dried. The final prod.uct contained 

only 1.5 per cent nitrogen and after hydrolysis yielded 58 per cent r e

ducing sugar. It \·vas active by beth direct skin test and by passive 

transfer (79,80). The investigators f elt 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 vlhole 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 accwnulated 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 

a.lcohol. One of the fractions contained 60 per cent carbohydrate, 

only 1.4 per cent nitrogen and gave a negative ninhydrin test. 

Hmvever, this fraction 1vas allergenically not as active as the ath

er preparations nor was it very antigenic in rabbits and guinea 

pigs. These vrorkers 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 a~ount of 

carbohydrate as well as sorne nitrogen while the other consisted of 

protein and appeared to be devoid of carbohydrate as it gave a neg

ative I-lolisch test. Since bath fractions were able to neutralize 

scnsitized sites to each other, these workers concluded that the 
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aubohydrate was not active but that it had been contaminated 

with the protein which was allergenically active. Johnson and 

Rappaport (82) reported the isolation of a fraction composed 

largely of carbohydrate \vhich vms very active by skin test. 

However, they found that the active material could be precipi

tated by saturation of the carbohydrate fraction vrith arrur.onium 

sulphate, l eaving the r elatively inert carbohydrate in solution. 

The;>' 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 fract ion gave a 

V8ry strong Eolisch test &'1d negative lüllon and biuret tests. 

The nitrogen content of this fraction was 5.28 per cent. Sites 

passively sensitized vlith allergie serwr: failed to react to the 

carbohydrate solution after being neutralized to the protein frac

tion. On the other hand, all sites neutralized to the carbohydrate 

fraction gave positive reactions '.vhen challenged ~rlith the protein 

fraction. Ungar et al concluded that the carbohydrate in the poll

en extract was not allergenically active. 

Allergenicity of the Pigment Constituents in Ragweed Pollen. 

Abrru~son et al (64-69, 77) separated pigment ed mat eri al 

from other constituents of the pollen extract by fr ee electrophoresis 

and not ed that the :nost r apidly migrating pigrr,ent was aln~ost as act

ive as the main, colourless, slmv-movinr; fraction ( 67-77). Coh.:;n 
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and Frieffinan (56) succeeded in isolating pigllient fractions 

':.vhich possessed allergenic activity. However, these fractions 

contained nitrogen, which would suggest that the fractions may 

have bcen contawinated with a small quantity of protein or pep

tide material. 

Rabbins et al (57) reported that the pigment con

stituen~) in the pollen extract was inactive and a sirrtilar ob

servation was made by Perlman (84) who noted that very little 

allergenic activity was associated with t he pigrr,ents when they 

were separated from the other corüponents of the extract by paper 

chromatography. 

Stevens et al (83) noted that a pigrnented mat er ial 

precipitated f rom an aqueous extract of the pollen on standing 

for several day3 at 4° C. Purification of this precipitate re

sulted in the isolation of the pigment isoquercitrin, which on 

hydrolysis yielded two compound~, glucose and the pigment quer

cetin (a pentahydroxy-flavone). This preparation was allergenica

lly inactive and contained no nitrogen. Preparations of isoquer

citrin obtained by mild methods of fractionati on of the precipitat8 

Nere allergenically active but they also contained nitrogen which 

would suggest that the activity r.~ay have been due to nitrogen-con

taining contruninants. 

Goldf a rb et al ( 85) r emoved most of the pigment from 

r ag\·teed pollen by extracting the pollen with 90 per cent methyl 

31 



alcohol prior to its extraction vlith water. This pigment

deficient aqueous extract vras allergenically as active as the 

aqueous extract prepared from the untreated pollen. These in

vestigators felt that the pigment possessed no allergenic proper

ties. 

Allergenic Activity of the Lipid Fraction of Ragweed Pollen. 

Hilford (86), in 1930, demonstrated that the ether 

soluble fraction of the pollen possessed allergenic activity. 

The ether 1,·ras evaporated from the ether extract of the pollen 

leaving a residue \vith 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 materia.l gave positive cutaneous reactions in over 60 

per cent of allergie individuals tested, all of whom reacted to an 

aqueous extract of the pollen. 

Hoore et al (87) dialyzed an ether soluble extract against 

ether, using a merrhrane rr~de of thin rubber, and found that the aller

genie 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 allergie 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 allergie patients. 

Dialyzability of the Allergen. 

Unger et al (88) observed that allergenically active 

material could dialyze through three different n1embranes (collo

dion, cellophane and parchment) and that dialysis was more rapid 

\-.rith 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) v.;as active 

by skin t est 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 bath 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 v.ras allergenically not as active as the dialy

zed residue . 

There have al so been r eport s to the effect that the 

allergenically active rr~terial is not dialyzable. Grave and Coca 

( 60, 61) and Black (41) showed that active material ~'l'as not dialy

zable through cellophane tubing eit her before or after the \'lhole 

extract had been thoroughly digested Hith trypsin. Spain and Ne>'f-
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ell (48) de;;:onstrated that the degree of diffusibility of aller-

gonically active :c1aterial through cellophane membranes depended 

upon the type of nernbrane used. A "thin" cellophane merftbrane 

(presuznably a raerr.brane of large pore size) allowed a large quan-

tity of active material to diffuse through v1hereas a very "dense" 

cellophane r;-,embrane (preswnably a membrane of snall pore size) 

allowed all the non-protein nitrogen but not the allergeni cally 

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 t ested their dialysates with the 

serur., of only one allergie individual. 

l..J:ore rec ently, Rockwell (70) reported that the active 

material obtained by precipitation of the pollen extr act was non-

dialyzable. 

The discrepancy in the observations pertainine to the 

dialyzability of the allergen(s) may be due to the fact that men-

branes of different composition and most probably of different pore 

size were used by the investigators. The r eports do not state whe-

ther treated or untreated allergie individuals were used for t esting 

the dialysate for its allergenic activity. This is a most important 

point as will be en~phasized in Chapter VII of this thesis. 

Evidence for the Hultiplicity of Allergens in Rag\<Teed Pollen 
Extract . 

From t he f indings of these many investigat i ons, one cauld 
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arrive at 'She logical conclusion that there are several aller

gens of different composition in ragNeed pollen. Much evidence 

has accumulated in support of such a vievr. 

l"lilford (86) observed that reactions could still be 

elicited by injecting an aqueous extract of the pollen into pass

ively s ensitized sites previously neutralized to the ether soluble 

fraction of the pollen. Moore et al (49, 87) obtai ned si~dlar r e

sults and clairr,ed that there exist at l east 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 rr~de up to the same 

volune as the original extract. From results of cross-neutralization 

t ests wi th t he fractions on an equal volume basis, t hes e worker s 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 

aller gie individual would sorr,etimes be completely inactive in the 

ski n of another. 

Stull et al (53) observed t hat t \vO fractions obtained 

f rom an aqueous extr act of raeweed poll en by precipitation w~th arrmon

ium sulphat e would not neutral i ze t o each other. Cohen artd Fri edman 

(56) performed cross-neutralization t ests vrith three active fractions 

i solat ed from a pollen extract by pr ecipitation with ammoniwn sul

phat e at pH 4 .0 anj found that each f r action fail ed to neutral ize to 

t he other tivo. The r esul t s of t hei r exper i111ents suggest ed that r ag-
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•·med 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 electrophoresis. 

Results of cross-neutralization experiments with the fractions t hus 

obtained suggested that ragweed pollen contained at least three aller-

gens, tvm in the dialysat e and a third in the non-dialyzable portion 

of the GÀ~ract. In a subsequent study, Loveless and Timasheff (92) 

fract i onated a pollen extract by electrophoresis-convection and were 

able to demonstrate the presence of at least bv-o allergens by cross-

neutralization tests. 

In most of these studies, t he allergen fractions were 

tested on an equal nitrogen basis. It has, ho-vrever, been shown (41, 

48, 95, 115, 116) that t here 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 ni trogen content which, as will be shawn in 

Chapter Y 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 Allergeni c 
Activit y. 

Gay (93), in 1926, reported that heating an extract of 

ragNeed pollen for as short a tline as one minute at 100° C produced 

a decreas e i n t he aller genic activity. Although boiling t he 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 ragweed 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-

utes. 

Stull et al (95) reported that heating a neutral aq

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 act i vity 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 i t 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 who1e pollen, prior to its 
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0 extraction, at 140 C for hro hours. The allergenicity of the 

pollen extract as determined by the size of the skin reactions it 

induced in allergie persans and by its effectiveness in the treat-

H!ent 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 dostroy 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 Rabbins et al (57) isolated a very active cornponent 

f rom an extract of rag1-reed pollen after first boiling the extract f or 

one hour at pH 4.0. 

Loveless (91) s eparated the aqueous extract of ragweed 

pollen into dialyzable and non-dialyzable fractions. Heating the 

dialysate in a water bath at 100° C fo r one hour had no observable 

effect on its allergenicity, v..rhereas exposure of the dialyzed residue 

to 60° C for one hour r esulted in the loss of 50 per cent of its orig-

inal activity. 

Brown et al (98), in 1931, reported that the allergenic 

activity of a ragv.;eed pollen extract Has rapidly destroyed if kept in 

O. 1 N NaOH for a short per iod 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 r esulted in 75 per 

cent loss of activity and that the pH r egion f or maxinn.1m stability 

of activity was approximatel y 5. 5 to 6. 5. It is interesting t o not e, 
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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. 

Enzymatic 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, lOl),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 digestion. 

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

ubility. 

There have been a number of reports that the allergen 

can be absorbed through the gastro-intestinal tract when the whole 

pollen 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 in;testine. 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 t est 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 "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 

cm2/volt/sec (68). The diffusion coefficient of this material was 

found to be 1.7! 0.5 x 10-6 cm2/sec (64). From the electrophoret

ic 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 stationary or immobile peak in the electroppore

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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He found that none of the fractions isolated previously by 

ether ':rorkers using precipitation methods was electrophoretic

ally homogeneous. All fractions \vere complex rdxtures of mat

erials and a stationary peak havin[; almost no net charge was 

found in every preparation at pH 4.0 and pH 7.0. Newell point

ed out that the sLationary peak could not be correlated 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 rr.ade no mention of 

this possibility. 

Although ?'Jewell lttas unable to prepare a homogeneous 

fraction from the pollen, Loveless ~~d Best (111) raported the 

isolation of a colourless, inrrnobile fraction by electrophoresis

convection \rlhich appeared to be homogeneous and which was aller

genicnlly active. However, Loveless and Timasheff (92) later re

ported that this essentially irr::nobile :naterial separated into t\oro 

components when subjected to prolo:1ged electrophoresis in phos

phate buffer at pH 5.5. Although Loveless and Tirnasheff separated 

the pollen extract into a nur:Jber of fractions by electrophoresis

convection, one cannat at..tach tao much significa:1ce to their work 

since more than 60 per cent of their preparation was dialyzable 

and the 1:1.ethod of electrcphoresis-convection can be applied only 

to non-dialyzable :natcrials. 

L2 



Steve~s et al (83) identified one of the rapidly 

mic;rating pig1:1ents as isoquercitrn by com.paring the electrophore-

tic pattern of tho whole extract \'rith that of a purified preparation 

of isoquercitrin. They also analyzed the dialyzed residue of the 

pollen extract and found that it displayed a single, slow--movine 

peak ( electrophoretic mobility = O. 6 x 10-5 ce12 /volt/sec )in buffer 

at pH 8.4 (llO). They did not state the composition of the buffer. 

The diffusio~ coefficient of this apparently homogeneous rnaterial 

was 7.1 x 10-7 
cm

2
/sec in I,!/15 phosphate bu.ffer, pH 7.4, Hhich is 

about one-half the value obtained by Abrarnson et al. 

In 1954, Goldfarb et al (85) reported the preparation 

of a~ aqueous extract t._rhich was obtained by extracting the pollen 

with ·,vater after it had been extracted with 90 per cent 1nethyl alcohol. 

This preparation appeared to be less intensely pigmented tha.'1 the aq-

ueous extract of the untreated pollen. Tnese workera cla~:1ed that 

this r::aterial \vas a purified extract as compareà to the whole tvater 

soluble e:h.-tract of the pollen. Electrophoretic ex:J.iTiination of this 

preparation in phosphate buffer, pH 7 .L., revealed the presence of 

one main, slow-moving peak and a second peak \vhich was a nevf compon-

ent not present in the aqueous extract of the untreated pollen. 

(ii). Ultracentrifugal Studies and Nolecular v!eight 
Determinations. 

Sanigar (112) was the first to analyze ragweed pollen 
_lJ 

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) f ound that the electro-

phoretically irrunobile and colourless material isolated from the 

+ -13 
pollen extract had a sedimentation constant of 1.5 - 0.2 x 10 

sec-l which vtas identical to that of the vrhole extract. From a 

knowledge of its sedimentation constant and diffusion coefficient 

(1.7! 0.5 x l0-6 cm2/sec), they calculated a illolecular weight of 

about 5,000 for this allergenically active material. 

Stevens et al (llO) found that the dialyzed residue 

of the pollen extract had a sedimentation constant of 1.3 x lo-l3 

s ec-l in phosphate buffer, pH 7.4, and on the basis of this value 

a.11d the diffusion coefficient ( 7.1 x 10-7 cm2/sec ), they calculated 

a r.1olecular "lveight of 17,800. On the other hand, Loveless and Ti ma-

sheff (92) estimated the molecular Height of the dialyzed r esidue 

to b e b etween 2 , 500 and 4, 000 on the basis of the s edimentation 

constant of O. 5 x 10-l3 sec -l calculated for this active rnaterial 

L11 phosphate buffer, pH 5.5. 

However, in only bm of the above investigations ~-;as 

the diffusion coefficient determined and in none v.ras the partial 

specifie volume estiri!B.ted. A rr.olecular weight calculated on the 

basis of the sedirnentation constant and the assumed values for the 

44 



diffusion coefficient and partial specifie volume is, at the 

very best, only a rough approxiiT~tion of the true molecular 

RockNell calculated minimwn molecular weights of 

650, 950, 1117, 1163, and 4300 for his five active fractions 

on the basis of data obtained by a method independent of the 

physico-chemical properties of the naterials (74). He calculated 

the molar concentrations of all the el~~ents in each preparation 

and divided all the values by that of the elenent present in the 

lmrest concentration. He thereby found the minimum number of 

ato:ns of each el8;nent which must be present in a molecule of 

each fraction. How2ver, Rocb.rell had to make the asswr..ption 

that the fractions wer e homogeneous and he offered no evidence 

that they were. 

(iii). Chromatographie Studies on Ragweed Pollen 
Extracts. 

Bukantz et al (58, 59) fractionated the dialysate ob-

t a. ined 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 allergie individuals, although not in 

normal persans. ("':Jinkemrerder et al (113) and Sherma.'1 (114) noted that 
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inany allergie individuals reacted by skin test to nucleic 

acids and to purified purine salts, such as adenine sulphate 

and guanine chloride, the molecular structures of vrhich bear 

sorne resemblance to that of lutidine}. In a subsequent study, 

Bukantz et al (59) used methyl cellosolve as the solvent and 

wer e able to separate the dialysate of the pollen extract into 

one carbohydrat e and ei ght peptide f r actions all of which poss

essed allereenic activity. The free carbohydrates present in the 

di alysate wer e shovm to be glucos e and fructos e. The dialyzed 

r es i due, aft er hydr ol ysis followed by chronatogr aphy, was found 

to consist of fifteen amino acids and arabinose. ~ost of the 

allergenic activity of the whole extract r esided in t he dia.ly

zed r esidue . They 1·wr e, however, unable to fractionat e thi s mat-

er i al. 

Perlman (84) separa.t ed the whole 1vat er soluble ex

t r act. of ragweed pollen by as cending paper chromatogr aphy and 

det ect ed seven pept i de, three carbohydr ate and b ..ro pigment bands . 

He did not st ain for protein. Host of the fractions eluted from 

t he paper wer e found t o be allergenically acti ve . It i s inter est

j_rJg t o not e that act ivi ty was al s o detect ed in segments of the 

paper devoid of pigment or sta inable nat erial. 

Bernst ein et al (115) chr omat ogr aphed a water soluble ex

tract of the pollen t hrough a colw:~ of alm~ina . Al l t he pigment ed mat-



erial was absorbed at the top of the colwnn and only colourless 

material, amounting to 60 per cent of the v1eight of the solids 

in the extract, passed through. Distilled water was used as the 

eluting agent and the eluates were collected in 15 rrl quantities. 

Eleven such aliquots were collected and most were found to be 

allergenically active by skin test. 

Bookman and l"Jax (116) used ion exchange resins in an 

attempt to isolate the allergen from the pollen extract. They 

passed extracts of the pollen through colUQns of various resins 

(Dowex-2, Dowex-50 and Amberlite IRC-50) and elut ed them •:rith 

buffers of different pH. The majority of the eluates were aller

genically active, but the investigators did not deterraine the com

position of any of t hese fractions . 

Swrunary. 

Different investigators presented conflicting points 

of vievr -..vith respect to the composition and properties of the aller

gen or aller gens present in ragweed pollen. Although many 1vorkers 

cla~ned to have isolated and identified the allergen(s), none pro

v ed that he was dealing ~'l"ith a pure material. In fact, electrophor

etic s tudies by Newell (109) on s everal fractions of ragi·-Ieed pollen 

isolated by methods u s ed by other investigators (up to the year 1942) 

r evealed that no fraction was hŒnogeneous. 

Extracts and fract ions of ragiveed pollen have been examined 
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in the ultracentrifuge in atter.1pts at deter.mining the mole

cular weight of the allergen. However, in no study >vas the 

material under i.11.vestigation shmm to be homogeneous and in no 

case Here all the parameters essential for a calculation of the 

:molecular weight deter.min·::Jd. The calculated rnolecular weights 

can therefore be accepted as only rough approxirr:ations of tho 

true mol ecular weight of the allergen. 

Electrophoretic and chromatographie studies àeiaonstra

ted that these methods could be utilized for the fractionation of 

rag~t:eed pollen extract. The chrowatographic studies on the dialy

zable fraction of the pollen extract revealed that allergenically 

active fractions could be obtained containing only peptide or car

bohydrat e mat erials. Unfortunately, no attel[!pts ,,mre made to frac

tionate the non-düüyzl'l.bl8 fraction of the extract which contains 

the bulle of the all8rge'1ic activity. Since almost e-rery fraction 

obtained by the chrom.atogr.:lphic separation (paper and colur:n chroma

tograpl-}y) of the ex:'c ract pcssessed allergenic acti·.rity, i t vrould 

appear that all the fractions ~vere \'contaminated" with the active 

material which escaped detection ùue to it s lo>:r concentration. 

Thus one cannat arrivE> at 2.ny definite conclusions as 

to the c o~:,position and properties of the ;üler gen( s ) on the basis 

of Herk done in t he past. 
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E X P_ E R I M E N T A L 

CHAPTER III 

PRELIMŒNARY FRACTIONA~ION OF RAG~VEED 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 S)luble pigments. This preparation, which they referred 

to as ~il4, was as active as the aqueous extract of the defatted pollen 

(on an equal nitrogen basie). l•.Ll.. was therefore selected as the start

ing zœ.terial l'or our attempts to isolate t he allergen(s} Elld the physico

chemical am allergenic properties o 1' this material were c ompared to 

those of ether fractiGns obtained from ragweed pollen. 

fv::ETHO œ AND L:ATERIAIS 

Short ragweed pollen was defatted With diethyl ether in a 

Soxhlet extraction appa.ratus for 3 days. ·rbe defatted pollen was extrac

ted Wi th 90 per cent .tœthyl a.lcohol (50 ml of alcohol per 5 grams of de

fatted pollen) and the extracting medium was changed every hour until it 

was completely colourless. The alcohol extracts wer e combined and the 

alcohol was distilled under reduced pressure. The residue was lyophili

zed and is referred to as ROH SOL. 

The pollen, after the alcohol treatment, was ext racted with 
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water (100 ml of water per 5 grams of the alcohol extracted pollen) 

tor 72 hours. The yellow-coloured aqueous extract was lyophilized 

and cons ti tu tes I1·;LL. A portion of the insoluble residue of the 

pollen was then extracted wi th water· for l2 more days and t he residue 

remaining after this treatment is referred to as liLL ll{S OL. All ex

tractions were Je rformed at 4°0. 

To determine the specifie affect, if any , of alcohol on 

the composition am allergenic i ty of the cons ti tuants of ragweed poll-

en, t iLL was compared wi th a water extract of the àefatted pollen wh ich 

had not undergone preliminary alcohol extraction. The defatted pollen was 

extracted with water (lOO ml of water per 5 grams of defatted pollen) tor 

72 hours. The suspension was then centrifuged at 2o, coo rpm for 20 min

utes in a Spinco h.odel L preparative ultracentrifuge. The yellow-colour

ed supernatant was slightly turbid and this opalescence was attributed 

to some lipoidal material still present in the pollen af ter the exten

sive defatting procedure. The solution was lyophilized, dissolved in 20 

ml of water and recentrituged at 20,000 rpm for 20 minutes. A white 

material rose to tbe surface of the liquid and the clear, yel low-coloureà 

solution below i t was drawn off and lyophilized. This mate rial is ref

erred to as WSR {water soluble ragweed). The insoluble pollen residue 

which remained after this ext raction was further extracted for 16 days 

with water, the extracting fluid being changed every 2 days. 1ne in

soluble residue which remained af ter this treatment was lyophilized and 

is referred to as WSR INSOL. fartions of t his material were ext racted 
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with normal buman serum, saline (0.9 percent NaCl} and phosphate 

buffer, pH 7.6, for 72 bours. 

Both WSR and MLL were dialyzed througb Visking tubing 

against water, the ratio of the volume of the solution within the 

Visking tubing to that outside being 1:5. In eacb case, the aqueous 

solution of the extract was dialyzed for 36 hours and the dialysate 

was subsequently lyophilized. 'f.he residue remaining within the sac 

was further dialyzed for lü days against running tap water to insure 

eomplete removal of dialyzable material and was lyophilized. 

To determine whether extractable allergenically active mat

erial was still associated with I • .LL lliJ"SOL, a portion of this material 

was extracted with o.05N NaOH for 72 hours. 'l'he insoluble residue was 

lyophilized and is referred to as NaOH liQ)OL. The ye llow-coloured 

supernatant was acidified to pH 6.0 with o.IN HCl at which 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 NaOH SOL. 

Beth fractions were lyophilized. Fig. 2 is a flowsheet of the proceau~ 

used in the fractionation of ragweed pollen. 

The physico-chenùcal and aller genic properties of the extracts 

were ccmpared as follows: 

Free Electrophoresis: 

:MIL, WSR and ROH SOL were analyzed by free electrophoresis in 

the Spinco 'l'iselius apparatus. The solutions for electrophoresis were 
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prepared by dissol ving the extracts in the followi ng buffers: 

(a) Veronal buffer, pH 8.6, ionie strength O.l; 

(b) Borate buffer, pH 8.6, ionie strength O.l; 

(c) Phosphate buffer, pH 7.80, total ionie strength 
0.17 (contribution of NaCl 0.15); 

(d) Glycine buffer, pH 10.6, total ionie strength 
0.17 (contribution of NaCl 0.15); 

(e) Glycine buffer, pH 3.5, total ionie strength 
0.17 (contribution of NaCl 0.15). 

Each extract was found to contain both dialyzable and non-

dialyzable components. Therefore, when each was analyzed by electro-

phoresis for all its constituants, initial dialysis against the res-

pective buffer was dispensed with. 

The conductivitias 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 solution was raised or lowered to 

that of the buffer by the addition of either O.ll~ NaOH or O.lN HCl; 

the conductivities were the.n equalized by adding solid NaCl to the' buffer. 

These steps were necessary since, in each case, the solution had a higher 

conductivity than, as wall as a different pH from, its corresponding buf-

fer. 

Paper E1ectrophoresis: 

The aqueous solution of the materiel to be separated by paper 

electrophoresis was applied at tbe center of the strip of Whatman No. 1 

filter paper (55 cm x 4 cm), which had previously been immersed in the 

buffer and semi-dried between sheets of filter paper, as a narrow band 



abw t 3 cm long. The pi~ r was then layered onto a horizontal plex-

iglass* platelbieh was uaed as the supporting surface. This, in 

turn, was placed onto the butter vessels, the two extremities of the 

papers dipping into the buffer to a depth of about 3 cm. The buffer 

vessels were filled to equal levels in order to prevent chromatographie 

enects from d.isturbing the resolution of the mterial under observation. 

For similar reasons, the plate supporting the filter piper strips was 

leve led beth longi tudinally and vertically. 

Heating, caused by passage of current through the paper strips, 

resulta in evaporation of water from the tilter papers saturated with 

buffer. To minimize evaporation from the papers during electrophoresis, 

a glass plate supported by a 1'oam rubber frame was plaeed over the ~IJ3 rs, 

forming a closed system. A sheet of Whatman No. 3 mm filter pliS r was 

placed between the glass plate and the foam ruoOer t'rame. Its function 

was to absorb any water vapor which might condense on t he glass plate dur-

ing electrophoresis. Due to the larer resistance of this butter-satura-

ted tilter pape r , as compared to that of tœ Whatman No. 1 filter piper 

strips, more heat was dissipated from it. Consequently, the electrophor-

etic chamber was saturated with vapor emanating mainly from the Wba.tman 

No. 3 mm filt er paper . The bufter vessels were tben connected by paper 

* The upper surface of the plexiglass pla te waa provideéi. wi th s.ll.IB.ll, 
elosely spaced pyramidal projections, extending to a height of 0.3 cm 
above the surface of the plate. This arrangement prevented the paper 
from sagging and the formation of a surface-liquid film between t he 
plexi glass and t h e paper. The pl exiglass plate waa 40 cm long and 
24 cm wide. 
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wicks wi th the electrode vessels which had been fi lled to equal 

levels w ith 20 :pe r cent KCl solution. The e~ ct rode vesse la con tain-

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 electrophoresis. 

One hour was allowed for the buffer to migrate up the pa~r 

strips towards the zones of application (equilibration time) and a 

potential or llO volts DO was applied. The durationct' an electrophore-

tic experiment ne ver exceeded 14 hours but varied wi th the fraction 

beiug analyzed. Electrophoresis was carried out at room temperature. 

Upon completion of the experiment, the paper strips were 

dried at 120°0 and stained for carbohydrates, proteins, amino acids and 

peptides. The following staining reagents were used: 

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

(b) A metaperiodate-permanganate solution to detect carbo
hydrates (118); 

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

The papers were sprayed with reagents (a} and (b) and were 

~ersed in reagent {c). 

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 o.os cm thick. 
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The extracts were analyzed in the following buffers: 

(a) Verona1 buffer, pH 8.6, ionie strength 0.10; 

(b) Borate buffer, pH 8.6, ionie strength 0.10; 

(c) Phosphate buffer, pH 7.8, ionie strength 0.17 
{contribution of NaCl 0.15); 

(d) Citrate buffer, pH 4.56, ionie strength 0.10; 

Ultracentrifugation: 

The Spinco 1~del E optica1 ultracentrifuge was used to det-

ermine the sedimentation constants of the various fractions. The exJeri_ ... 

ments also served to discloae any heterogeniety of the materia1s. 

The synthetic boundary cell, as devised by Pickels et al (120), 

was used instead of the standard cell. This ce11 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 

20.5°C and the rotor rate was 59, 780 rpm. The sedimentation constants 

were not reca1cu1ated for standard conditicns. 

All the fractions, wi th the exception of ROH SOL, were dissol-

ved in 0.9 per cent NaCl. The ROH SOL fraction was dissolved in glycine 

buffer, at pH 10.6 due to its lor solubility in solutions of lower alka-

lini ty. 

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 = 10-5 mg nitro~n. 
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reagent was prepared according to the specifications of Koch and 

Mchleekin (122). All the fractions were tested on ragweed sensitive 

persona by scratch test and tbe reactions were graded after 20 min

utes as 0, 1+, 2+, 3+and 4+, depending on aize and extent of the 

wheal and the surrounding erythema. 

BJ!SUL'IS 

As shown in Table I, initial extraction of the pollen with 

t~thyl alcohol followed by extraction with water resulted in a le-er 

yield of extractable material as compared wi th the a.mount of material 

extracted from the pollen with water only. The data in this table were 

arrived at by assuming th at the lyophilized fractions were c ampletely 

dehydrated. 

Free Electrophoresis: 

tER, 1lLL and ROH SOL were all frund to be electrophoretically 

heterogeneous with at leaat three distinct peaks identified in the electro

phoretic pattern of each of these extracts (Figs. 3-5). An essentially 

immobile peak was present in all the electrophoretic patterns or tbe ex

tracts. 'l'he most striking electrophoretic separation occurred wi th WSR 

in g~ycine buffer at pH 3.5. At least 5 well-ch~ract erized, small peaks 

were seen migrating to the negative pole at a rapid rate (Fig. 3). 

Paper Electrophoresis .: 

Preliminary experimenta indicated that maximum resolution of 

any or the extracts occurred in borate buf fer, pH 8.6. Therefore, re

sulta obtained with this buffer are the only ones r eport ed . 
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It ia evident from ligs. 6 and ? that WSR and MLL are 

distinct materials, containing different numbers of electrophoretic

ally separable components. WSR (Fig. 6) was reso lved into 4 pigment, 

1 protein, 1 carbohydrate and 5 peptide bands. It ought to be rœntioned 

that all 5 peptide bands were detected only in the early stages of elec

trophoresis (6 hours) CfWSR (Fig. 6). In experilœnts of longer durat

ion (12 to 14 hours), the 2 rapidly migrating catbodic peptide bands 

bad completely run off the paper. 

On the other band, ~L (Fig. ?) separated into 1 diffuse pig

ment, 1 protein, l carbohydrate and 3 peptide bands. 

ROL SOL gave ri se to 3 pigment bands (Fig. 8). No carbo

hydrate or protein stainable material could be detected while a 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. 

A comparison of the electrophoretic patterns of the dialy

sate, dialyzed residue and wh ole extract of WSR ar.d lJLL, res pee ti vely 

{Figs. 10 and 11), suggested that botb V/SR and fv1LL 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 tbe peptide bands are shawn in Fig. 10 since the 2 rapidly 

migrating peptide bands bad run off the paper. The dialyzed residue of 

WSR consisted msinly 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 feint peptide band was detected which migrated 

s1ow1y to the cathode. 

The dialysate of MLL (duration of electrophoresis was 5 

hours) reso1ved itself into 4 peptide, 1 carbohydrate and 2 pigment 

bands . (Fig. 11). In addition, a faint1y stained protein band was 

also detected. 1~ree of the four peptide bands migrated at a raster 

rate than any of the peptide bands present in undialyzed MLL. The 

dialyzed residue of fuLL (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 ~~was greater than 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 analy-

tical ultracentrifuge. Fig. 12 is a photograph of a typical experiment. 

Sedimentation constants were determined for the majority of the fract-

ions (Table II). The sedimentation constants* varied from 0.45 to 2.548. 

WSR had a sedimentation constant of 0.92S, while its dialysate and dial-

zed residue had sedimentation constants of 0.51 and 2.54S,respectively. 

~pressed as Svedberg units; 
-13 -1 

l Svedberg unit • 10 sec • 
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Aller genie Act i vi ty • 

The resulta of skin tests are shown in Table III. WBR 

and 1UL appeared to exhibit comparable allergenic activity and ROH SOL 

and pH 6 SOL slightly less. The activity of the HOH SOL fraction dim

inished rapidly on standing and completely disappeared a1'ter 4 weeks 

ot storage in aqueous solution at 4°0. On the other hand, the activi~ 

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 fraction 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 INSOL, even after 16 days of continuous extraction with 

water, still possessed cutaneous activity, 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 SOL traction extracted from this apparently inert ragweed pol

len residue was quite active. NaOH Il~OL and NaOH SOL displayed essen

tially no activity. 

DISCUSSION 

Analysis by free electrophoresis demonstrated that none of 

the preparations was homogeneous. A stationary component was distin

guished in each of the ele ctrophoretic patterns of tbe WSR, MLL and 

ROH SOL extracts in the various buffers. One possiole interpretation 
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for these resulta is that the extracts rn ight contain a component 

having no ionizable groups, i.e. a closed-ring polypeptide devoid 

of free amino or carboxyl groups. The large, diffuse, stationary 

peak might al.so represent tbe contribution of a salt boundary. 

Paper electrophoresis permits the fractionation of a 

solution containing seve~l mate rials wi thou t preliminary adjust

ment of its pH and conduotivity to those of the butter. It proved 

to be a far more etf'ective tool than free electrophoresis for the 

analysis of ragweed pollen tractions. The technique yielded more 

distinct and reproducible patterns and allowed for simultaneous det

ection and identification of' pigment, carbohydrate, peptide and pro

tain bands by visuel observation and selective staining. 

WSR resolved itself into eleven components in borate 

buffer whereas MLL resolved itself into a lasser number of compon

ents. Regardless of the baffer used, MLL was always resolved into 

a smaller number of components than WSR, thus substantiating the 

claim of Goldfarb et al (85) tnat MLL was a "purified" extract as com

pared t o WSR. 

Alcohol extraction, prier to water extraction, appeared 

to free the ragweed pollen of much of its water soluble pigments which 

is in accordance wi th 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 dialysa te o1' WSR appeared t o eon tain all the oomponents 
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present in whole WSR with the exception of the protein constituent 

which was present in the dialyzed residue. Since ali the components 

identified in WSR were accounted for in the dialysate and dialyzed 

residue, it is highly unlikely that ragweed pollen constituants are 

constantly breaking oown during dialysis as has been suggested by 

Loveless et al (91). 

There is, however, a suggestion of seme alteration occur

ring in WSR on dialysis. The dialyzed residue stained for carbohydrate, 

although very wea.kly, in the area of the protein band, whereas t:œ orig

inal WSR extract contained no carbohydrate stainable material associated 

with the protein constituent. There ara at least two explanations to 

account for this observation: 

(1) Sorue configurational change might have taken place with

in the protein moiety or WSR during the extensive dialysis liberating 

carbohydrate stainable groups. 

(2) The tact that carbohydrate stainable materiel was de

tected in the dialyzed residue of WSR and not in WSR itsel.f msy be due 

to a concentration ettect. Since the dialyzed resiàue was r ound to 

constitute less than 5 per cent or the weight of WSR, the concentration 

of the carbohydrate in a given weight of the dialyzed residue would be 

.ra.any times that present in an equal weight of WSR. 

The presence of detectable pigrœnt migrating wi th the protein 

in the dialyzed residue and its apparent absence in the whole WSR can 

be explained in the same mannar. 
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The total number of electrophoretically distinct com

ponents present in the dialysate and dialyzed residue of MU. ex

ceeded the number found in undialyzed MLL and several of the pep

tides in the dialysate migrated at a more rapid rate than any in 

undialyzed MLL. These findings suggest that degradation or larger 

into smaller molecules did occur in 1ALL on dialysis. As in the case 

with the dialyzed residue of V.SR, pigment was present in the d ialyzed 

residue of Mil. and it migrated wi th the protein. These data imply 

that a pigment is either specifically bound to the protein or bas 

similar electrophoretic properti es. 

The pH 6 SOL traction could not be resolved into more 

than one component by paper electrophoresis. One could interpret 

this finding in terma of a one-component system, the protein, car

bohydrate, peptide and pigment all being part of one and the sarne 

molecule which is resistant to alkaline hydrolysis. 

On the basis of tœ sedimentation constants found for 

the various extracts, molecular weights conceivably could be calcu

lated provided that the diffusion coefficient and partial sp3cific 

volume were known for each fraction. However, diffus ion coeff ici en ts 

and p3.rtial s:fecific volu.rœs are significant only when calculated for 

one-component systems. Since none of our fractions, except possibly 

the pH 6 SOL,complied with this requirement, molecular weight deter

minations were not att&~pted. 
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There is no doubt that a shift of low molecular weight 

rn.aterial occurred through tba Visking tubing on dialysis of WSR 

against water. This was reflected by the great discrepancy in the 

sedimentation constants of the dialysate and dialyzed residue of 

vr.:m. This finding serves as evidence for t œ presence of some large 

molecular weight materiel in ragweed pollen extract which might have 

been rrasked by the rela tively great er concentration of lœ mole culer 

weight mterial when the whole extract was e:x:amined in the ult:ra.centri

fuge. This assumption seems reasonable in view of our finding that 

about 95 percent, by weight, of \eR dialyzed through Visking tubing. 

The sedimentation constant of MLL was considerably great

er tban that ot WSR, suggesting that sorne low molecular weight mater

iel had been removed by the preliminary alcohol extraction. The find

ing of a low sedimentation constant for ROH SOL supports this inter

pretation. 

Since so.rœ of the fractions were insoluble (IvJLL INSOL, 

WSR INSOL), scratch tests, rather than intracutaneous injections, 

were uaed in order to compare the various preparations for their 

allergénic activity. It is worth noting that ragweed pollen powder 

displayed cutaneoua activity even after 16 days of extraction with 

water. Since the extracting 1'luid at the end of the 16 days extrac

tion displayed no activi ty, it woul.d appear th at the alle rgenically 

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 normal hu.man serum, saline or phosphate buffer, pH 7 .ô, 

reault ed in a release of alle rgenically active mate rial into 

solution, i t would appear that these allergenically active con-

. 
stituents possess solubility properties dit'ferent from tbe com-

ponents in tbe water soluble extra ct (WSR} of t œ pollen. 

MLL ll~SOL, wnich exhibited no activity by scratch test, 

nevertheless was able to release active materiel when extracted with 

0.05 N NaOH for 72 hours. As it is highly inconceivable that NaOH 

could convert an inert material into an allergenically active one, 

a possible explanation for this finding would be that there exist 

active components in the MLL INSOL fraction which are shielded in 

solœ way from di reet contant wi t h water and alcohol during the ex-

traction with the se solvants and which cannet elici t a skin react ion 

wœn tested in the skin of an allergie rerson as they may reside with-

in the pollen grain and cannet re act wi th tœ reagin in the skin prior 

ta the ir extraction with tœ NaOH. 

Since each sensitive persan appeared to display his own 

pattern of reactivity to different fractions, it was i mpossible ta 

evaluate, on an absolute basis, the allergenic activity displayed 

by each fraction. 
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Fig. 3 

Free Electrophoresis of ':IJSI.l 
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Fig. 4. 

Free Electrophoresis of ELL 
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Fig. 5. 

Free El ectrophoresis of ROH SOL in Glycine Buffer , pH 10.6. 
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F . b.. lg. 1,) 

Paper Electrophoresis of tJSR in Borate Buffer, pH 8.6. 
The upper four diagrams represent the resolution of the 
const ituents after six hours of electrophoresis. The 
lower four diagrru11s represent the separation of the corr;
ponents after tv1elve hours of electrophoresis . 
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Fig. 7. 

Paper Electrophoresis of l'iLL in Borate Buffer, 
pH 8.6, for Ten Hours. 
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Fig. 9. 

Paper Electrophorcsis of pH 6 SOL in Borate Buffer, 
pH 8.6, for T\velve Hours. 
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Fig. 10 

Paper Electrophoresis of \·JSR (Upper Four Diagr ams), the 
Dialysat e of tJSR (Middle Three Diagrams ) and the Dialyzed 
Re3idue of \'!SR (Lower Four Diagra:ns). Duration of Clectro
phoresis v;as tv1elve hours for each of t he preparations. 
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Fig. 11. 

Paper Electrophoresis oî IJJLL (Upper Four Diaera.rr:s), the 
Dialysate of I·lliL (Hiddle Four Diagrams) and the Dialyzed 
Residue of ~-JLL (Low8r Four Diagrams). 
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Fig. 12. 

Sedlinentation Photographs of WSR Analyzed 
in the Synthetic Boundary Cell 

mme " • · repre~~ctl tta• initial boundary in the eynthet.ic boundary c.U: tra~~~es"b", "c", "d.", "•" and ltf" 
repreaent pbot.osrapha takto aubaecp.tent~ &!ter 12, 181 )2, 40 and 48 ndnut". 

73 



TABLE I 

Fraction 

WSR ••• ••••••••••••••••••••• 

ROH SOL •······•••••••••••• 

~ ...................... . 
pH 6 SOL •••••••••••••••••• 

NaOH SOL •••••••••••••••••• 

NaOH INSOL •••••••••••••••• 

TABLE II 

Percentage of whole defatted 
pollen 

30 

12 

6 

20 

8 

52 

Ultracentrifugal Analyses of the Allergenically 
Active Fractions Isolated from Ragweed Pollen* 

' Fraction Sedimentation constant** 

WSR • • • • • • • • • • • • • • • • • • • • • • • O. 92 

WSR- dialysate ••••••••••• 0.61 

WSR- dialyzed residue •••• 2.54 

ROH SOL ~. • • • • • • • • • • • • • • • • • 0.45 

l~L • • . . . • . • • • . . • . . . . • • • . . • 1. 34 

pH 6 SOL •••·········•••••• 1.17 

* Performed in 0.9 per cent NaCl, except where indicated otherwise. 
** Expressed in Svedberg units; 1 Svedberg unit = lo- 13 sec-1 
+ Experiment performed in glycine buffer, pH 10.6 
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TABLE ill 

Allergenic Activity of the Fractions of 
:tawveed Pollen as Observed by Scratch Test. 

P'iUCTIO~ S~CT TESTED 

L.K. ~ .G . S .T. A.H. Y..L. D.K. B.t. B.K. 

!lb SOL ?.+ 4+ 2+ ! ! J + 

'laOH SOL ! 0 0 

!aOH HOOL ! 

:sR 4• 2+ 1,+ 4+ ?.+ 2+ ! 4• 

~Ïni~ · .. 1TH J• ! 4+ l+ 3• 
'A11:Jl. - 5 OAYS 

i'S it !~OL 
~TRACTED \:ITH ,. ! 3• 
.lA. TER - 14 DA YS 

OH SOL /,+ ,,. ! 

1.L ,,. 1,+ J+ 2+ 4+ 

rm. H50L ! l+ 

~Œach fraction rnade
5
up to 1000 units/ml. 

1 unit = 10- .1:g nitrogen. 

1-!.B. 

3+ 

,,. 

4• 

15 



CHAPTER li 

FRACTIONATION OF THE WATER SOIDBLE EXTRACT 

OF RAGWEED POLLEN ( WSR) AND TEE 

CHARACTERIZATION CF THE FRACTIONS 

A. FRACTIONATION CF YeR BY PAPER EIEC'IROPHORE3JB 

INTRODUCTION 

In the preceding chapter, it was demunstrated that frac

tions of I'a(!;Weed pollen obtained by e:xtracting the pollen with various 

solvants were all allergenically active and heterogeneous when e:xamined 

by paper and free electrophoresis. Since the water soluble extract of 

the defatted pollen (WSR) was obtained under the least harsh conditions, 

its constituants were accepted as most closely resembling the naturally

occurring materiels present in the pollen. The resulta of experimenta 

in chapter III also suggested thatpeper electrophoresis would be suite

ble for the fractionation of WSR. In the present study, \~R was frac

tionated by paper electrophoresis in various buffers in arder to deter

mine the conditions for optimal resolution of its constituants. 

1JETEOŒ .AND IlATERIAIS 

WSR was rractionated by electrophoresis on paper in t he 

rollowing buffers: acetate, pH 3.8; citrate, pH 4.6; phosphate, pH 

76 



6.0and 7.8; veronal, pH 8.6 and borate, ~~ 6.6. The ionie strength 

of all the buffeiS was 0.10. The staining reagents used far the det

ection of protein, carbohydrate and peptide were the same as those 

used in chapter III. To determine whether carbohydrate material not 

stained by the metaperiodate permanganate reagent was present in WSR, 

ten ether carbohydrate-staining reagents 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 cm x 15 cm) were layered one above 

the other on the plex1g1ass 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. ~Vhatman No. 3 mm filter paper was uaed for prepara

tive electrophoresis in preference to the thinner Whatman No. 1 filter 

paper due to its greater absorption capacity. The function 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 

ml was applied as a straight lina transversely along the center of the 

papers. One hour was allowed far the buffer to migrate up the papers 

towards the zone of application and a potentiel of 110 volts DO 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°0. It was then eut longitudin-

ally into three narrow strips, one of which was stained fOr peptides, 

one for pro teins aDd one for carbohydrates. These strips served as 

guides for the isolation of the various constituants. The three What-

man Ho. 3 mm filter papers (still layered one above the ether) were 

then eut into segments correaponding to the constituants (peptide, car-

bohydrate, protein and pigment). The segments of filter paper were then 

rolled and transferred into plastic tubes provided with pertorated bott-

oms. Each plastic tube was placed in a 40 ml standard centrifuge tube 

on three glass projections protruding from the aides toward the center 

of the centrifuge tube about 2.5 cm from the bottom of the latter. The 

tubes were centrifuged tor 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 material. The 

eluates were brought to pH 7.0 to 7.5 and to 0.9 percent 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 intrader.mal injection of a solution of WSR containing 

1,000 units per ml were accepted as test subjects. The reaginic serwn* 

was injected into several sites in the back of the subject {0.05 ml of 

serum per injection}. Control sites contained saline or nor.mal human 

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

* Serum obtained from a clinically allergie individuel is referred to 
as reaginic or allergie serum. 
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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. All solutions used for skin tests were 

sterilized by Seitz filtration and stored in sterile vials at 4°0. 

RESULTS &~ DISCUSSION. 

Electrophoresis of iT.SR in the citrate (pH 4.6) and phos

phate (pH 7.8) buffers resultee 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 L~terial. 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. 

Even 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 eut into segments and eluted, 

the allergenic activity was found to be located, in each case, around 

the zone of application. Since most of the constituants ar WSR were 

also located in this area of the e1ectropherogram, the resolution of 
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WSR was not 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, pH 8.6, after 

16 hours of electrophoresis. As illustrated in Fig. 15, iSR was 

resolved into 4 pigment (Pl, P2, P3 and P4), l carbohydrate (CHO), 

1 protein (Ft) and 3 peptide (AAl, AA2 and AA3) bands. 'IWo rapidly 

migrating peptide bands, not shown in Fig. 15, were allowed torun 

of the paper in order to obtain an optL~al resolution of the other 

constituants of the extract. 

Fig. 16 shows that 8 of the carbohydrate-staining re

agents produced positive reactions in the region or the paper desig

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 P1 and P2 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 Fl and P2 regions of 

the paper were caused by free phenolic groups present in these pig

ments. This interpretation is supported by the fact that a positive 

ncarbohydrate" reaction was obtained with phenol ~elf using the 

latter two carbohydrate staining reagents. Three of the carbohydrate 

reagents (Fig. 16) produced f aintly stained bands in the cathodic 

region of the AA1 band and two reagents gave barely s t ainable bands 

in the AA2 region of the paper electropherogra.m. 'I'herefore, the 
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material present in the area of the paper designated CHO (Fig. 15) 

is considered to be the only free carbohydrate present in iVSR. 

The allergenic activity was found not to be centrally 

located (as was found with the other buffers) but extended into 

the anodic region of the paper up to the edge of the most rapidly 

migrating pigment (Pl) band. The loss of the two rapidly raigrating 

peptide bands is of no consequence to this study as they were found 

not to possess any allergenic activity. 

Since the AA1 , P4 and Pt components àid not separate 

from each ether (Fig. 15), they were eluted as one fraction which 

is referred to as .A.A-!+;Pt. For the sarœ reason, componen ts Pl, 

AA3 and CHO were eluted as one fraction designated pltc. Components 

AA2 , P3 and P2 were considered to be homogeneous fractions. The 

five fractions thus isolated were designated ~, AA1+Pt, P3, P2 

and P1+C (Fig. 15}. Solutions of fractions P3, P2 and P1+c were 

light yellow, deep yellow and amber in colour, respectively. A 

solution of fraction AAl•Pt has a straw-yellow colour and tbat of 

fraction AA2 was colourless. 

The entire procedure, electrophoresis of WSR in borate 

buffer and elution, was repeated about 25 ti.mas and the individual 

eluates of each fraction were combined and lyophilized. 
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Fig. 13. 

Paper Electrophoresis of viSR :i.n Citrate Buffer, 
H .6 
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Fig. 15. 

Electrophoretic Separation (on Paper) of VfSR in 
Borate Buffer, pl! 8.6, and the Jesignation of 
the Fractions Isolated. 
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Fig. 16. 

The Naterials in 1-JSR Detected by the Carbohydrat e 
Staining Reagents. The upper most diagram r epr esents 
the paper electropherogram of ~iSR analyzed in borate 
buffer, pH ~.6, stained for proteins and peptides only. 
The visible pigment bands are also shawn. The lm-ver 
five diagrams represent the bands obtained with the 
various carbohydrate staining reagents. 
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B • AI.l.ERG:ENIC AND PHYSICO-Cl:1E.L~ICAL PROPERTIES OF 'l'HE FRACTIONS. 

INTRODUCTION 

The isolation of five fractions {~, AA1+Pt, P~, P2 and 

P1+C) from the watersoluble extract of ragweed pollen (WSR) was 

described in the preceding section. In the present study, these fra

ctions were analyzed for their allergenic and physico-chemical pro

pert ies. 'lhe re lat ionship between the ni trc gen am carbohydrate cont

ent and the allergenicity of tbe fractions was also investigated. 

T.~ET,f'OIB AIW I.ATERIAIS 

Allergenic Activity of the Fractions: 

The fractions were dissolved in saline and made up to con

centrations of 1,000 ùnits per ml. The pli of the soluticns was 8.6, 

since each fraction contained the constituants of the borate buffer. 

The fractions were tested for allergenic activity by bath the scratch 

test and the passive transfer technique. The scratch test was per

formed in the skin of clinically allergie individuals. The passive 

tranafer test was performed in t be mannar as described in chapter 

~-A. Reactions were graded 20 minutes after injecticn of the aller

gen fractions as v, 1+, 2+, ~+, 4+, etc ••••• , depending on t.œ size or 

the wheal and the surrounding erythema. 

Ultracentrifugal Analyses: 

The following preparaticns were analysed in tbe Spinco 

hlodel E optical ultracentrifuge. 
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(1) Undia1yzed fractions. Fractions AA1+~t, P3, P2 

and P1+c, each containing the constituants of tl::e borate buffer, 

were dissolved in water to concentrations of' 1 par cent. In addi

tion, a 1 per cent solution ar WSR in borate buffer was also pre

pared. 

(ii) Dialyzed fractions. About 0,5 gram of each 1yo

phi1ized fraction was diaiyzed through Visking tubing against runn

ing tep water for 48 hours in an attempt to eliminate al1 easily dia-

1yzab1e constituants. The material which remained within the Visking 

sac was 1yophilized and dissolved in borate buffer to a concentration 

of' 1 per cent. 

WSR wa.s als o d ialyzed for 48 hours and portions of the 

dia1yzed residue, after being lyophilized, were dissolved in saline, 

the pH of which was adjusted t o 8.6, and borate buffer, pH 8,6. 

The preparations were analyzed in the synthetic boundary 

cell (120) and the solvant layer consisted of borate buffer, pH 8.6, 

in the same concentration as present in the various preparations, 

For the ana1ysis or the dialyzed residue of WSR dissolved in saline, 

pH 8.6, the solvant layer consisted of saline adjusted to pH 8.6, 

The average rotor temperature for all the runs was 20,5°C and the 

rotor rate was o9, 780 rpm. The sedilœnte.t ion constants were not re

calculated for standarel conditicns and their dependance on concentra

tion was not determined. 
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Relation Between Aller enic Activit and the Nitro en 
or Car bohydrate Content of the actions. 

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 eut 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 (12l). 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 shawn ta be one of the free carbohydrates 

in vlSR (59, 83, 136). 'l'he allergenic acti vi ty of the eluates was dem-

onstrated by the passive transfer technique. 

RESULTS 

Allergenic Activity of the Fractions. 

Only two of the fractions, ~+ Pt and P
3

, displayed cutan

eous activity when examined by scratch test on allergie individuals 

(Table IV). However, both these fractions displ ayed allergenic activ-

ity inconsistently as at times they elicited no reactions at all. 

Fractions AA2, P2 and P1+ C gave no reactions when examined by scratch 

test. 

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

tians AA + Pt P P and P
1
+c were all shawn to be active and only 1 , 3' 2 

87 



fraction AA2 was inactive (Table V). Tested on an equal nitrogen 

basis (1,000 units per ml), fractions AA1+Pt, P3 and P2 displayed 

almost equal allergenicity With fraction P3 being slightly more act-

ive tœn the other two. Fraction P1+c consistently elicited the 

smallest reaction of all the fractions. 

Ultracentritugal Analyses. 

Each of tbe undialyzed fractions gave rise to only one 

peak in the ultracentrituge and they all had lœ sedilrentation con

stants (Table VÏ). A sedimentation constant of 0.56S was calculated 

for undialyzed WSR. Three or the fractions (P3 , P2 and P1+ C) had 

sedimentation constants lower than this value and fraction AA1+Pt 

had a considerably higher sedimentation constant. 

The sedimentation constants of the dialyzed residues 

were rouch higher than those of tbe respective undialyzed fractions 

(Table VII). The dialyzed residue of fraction AA.1+Pt was the only rra-

ction to be resolved into two components, their sedimentation constants 

being 1.81 and 4.5lS. 

The dialyzed residue of WSR had sedimentations constants 

of 1.80 and l.~&l when analyzed in saline (pH 8.6) and borate but'fer 

(pli 8.6), respectively. 

Relation Between the Allergenic Activity and the Nitrogen or Carbo
hydrate Content of ~be Fractions. 

The nitrogen and carbohydrate (reducing power) content 

o1' the eluates is shawn in Fig. 17. 
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The findings of an extrerœly high concentration of 

reducing material in the :P1+o fraction suggests the presence of 

carbohydrate, which is in agreement with the resulta obtained with 

the carbohydrate-staining reagents (Fig. 16). As can be seen from 

Fig. 18, there exista no correlation between the nitrogen content 

and the allergenic aetivity of the eluatea. No correlation was round 

to exist between the carbohydrate content and the allergenic activity 

of the eluates as well. 

DISCUSSION 

The resulta obteined with the scratch tests (Table ll) 
were inoonsistent and erratic. The fractions which elicited reactions 

in some individuels (fra_ctiona AA1+Pt and :P-3 ) gave no reactions in 

other allergie individuels. There are at least two possible explan

ations to account for this observation: 

( 1) Allergie indi viduals may rea ct di ff" eren·Uy to var

icus fractions, thus displaying their individuel patterns of reactiv

ity. 

(2) The scratch test may be subject to toc many vari

ables to be considered as a dependable tool. 'l'he depth of the scratch 

may govern the intensi ty of the observed reaction. J!'urthermore, there 

may exist no correlation between tbe quantity and apecificity of rea

gin bound in the skin and that circulating in the blood of the aller

gie individuel. 

The resulta obtainect wi th the :IE-SSi ve trans fer method would 
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appear to lena support to the latter assumption. The sera of aller

gie individuels when tested for reaginic activity to the fractions 

by the passive transfer method all yielded almost identical react-

ion patterns (Table ]Ï although the reagin content of the sera var

ied markedly. It was also found that the passive transfer test dem

onstrated the presence of reagins to fractions P2 and P1+c in sera or 

individuals who gave no skin reactions to these fractions. One must 

therefore conclude that the passive transfer test, for reasons as 

yet not too well understood, is a far more sensitive method than the 

scratch test in testing materiels for allergenic activity and that the 

resulta obtained by the passive transfer method are more consistent 

and reproducible. 

The lack of correlation between allergenic activity and 

nitrogen content has been reported by ethers (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 ragweed pollen, the nitrogen 

unit has been generally accepted as the basis for comparing fractions 

of the pollen for their allergenic activity. 

Resulta of ultracentrifugal experimenta suggest t hat most 

of the constituants of WSR are of law molecular weight since the sed

imentation constant of WSR was only o.56S. Since the dialyzed residue 



of WSR had a lower sedimentation constant when it was analyzed in 

borate buffer, pH 8.6 (l.33S), as compared to when it was analyzed 

in saline, pH 8.6 (l.SOS), it would appear that the borate ions are 

capable of interacting with the WSR constituants and of impeding 

their rate of sedimentation. T.he values of the sedimentation con

stants of the different fractions are, therefore, not very signifi

cant since all the fractions were analyzed in borate buffer. How

ever, the values can nevertheless be used as 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 than that of the respective undialyzed fraction, it 

must be concluded that all the fractions are heterogeneous and that 

there exist materiels of different molecular weight in each. It is 

interesting to note the presence of a rapidly sedimenting peak in 

the dialyzed residue of fraction AA1+Ft. Its sedimentation constant 

of 4.5lS 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 parameters neceasary for the determination of 

the molecular weight (partial specifie volume, diffusion coefficient) 

were not determined due to the heterogeniety of the fractions. 
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Analys i s of the Electropherogram of "VfSR for Total 
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+ 

5 + 

w 
1-
<t 
::> __. 
w 

LL 
0 

u 
0 

" 3 z >-
1-

> 
E 4+ 1-

"' u 
::!._ <t 

3 + 

Il 2+ ~ 1+ 

92 



TABLE ll 

Allergenic Activity of the VJSR Fractions 
as Observed by Scrat ch Test. 

SIJBJI!CT 'ŒSTI!D WCTIOII WCI'ŒD BI ~IUCTIOifll 

M2 Ml• Pt. p 
3 

p2 

A.P; 0 1+ 0 0 

G.I. - - 0 -
L.G. - - 0 -
F.T. 0 4+ 0 0 

C.P. 0 0 0 0 

B.C. 0 1+ 1+ 0 

A.G. 0 0 0 0 

A.J. 0 4+ 2+ 0 

c.a. 0 3+ 1+ · a 

* llCH F!UCTIOII IIAŒ OP TO 1000 UNlTS 1 CC 

1 UNIT • 10-s 1118 NITROOI!II 

TABLE y_ 

P
1

+c 

0 

-
-
0 

0 

0 

0 

0 

0 

Allergenic Activity of the 11SR Fractions as 
Observed by the Passive Transfer Hethod. 

ALLBRGIC WCTIOII WCIT!D BY ~CTIOH* 
SERUM U3BD 

~ Mt+ Pt. p3 p 
2 

p +C 
• 1 

B.l. 0 3+ 4+ 3+ 2+ 

B.t. ! 3+ 4+ 2+ 2+ 

B. P. 0 s+ 6> 6! 3+ 

J.S. 0 3+ 4• J + 1+ 

B. li. 0 4+ s+ 4+ 2+ 

* .W. F!UCT!ONS AR1 IWll! OP TO 1000 UKITS 1 CC 

1 UNIT :: 10-s ..& IIItiiOGIII 
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* 

TABLE VI 

U1tracentrifuga1 Analyses of the Undialyzed 
Fractions of WSR.* 

~~~-------------------------

Fraction Sedimentation constant ** 

\~SR • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0.56 

~+Pt • • • • • • • • • • • • • • • • • • • • • • • • • • • 1.20 

p3 •••••••••••••••••••••••••••••••• 0.28 

p2 •••···••••·•·•···•••·••·•·•·•··· 0.19 

P1+c •••••.••••.•.•••••••••.••••••• 0.16 

Performed in borate buffer, pH 8.6 

** Expressed in Svedberg unit~. 

TABLE VII 

U1tracentrifugal Analyses of the Dialyzed 
Residues of the Fractions of WSR. * 

Fraction Sedimentation constant** 

WSR- Dia1yzed residue •••••••••••• 1.33 

AA +Pt - Dialyzed residue • • • • • • • • • 1.81 and 4.51 

p 
3 

1 

- Dialyzed residue 

P
2 

- Dialyzed residue 

P 1 + C-Dia1yzed re si due 

............ 

............ 

............ 

* Performed in borate buffer, pH 8.6 

** Expressed in Svedberg Units. 

1.47 

0.95 
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CHAFI'ER Y 

DEt,LONS'I'RATION OF 'IWO ALLERGENS IN WSR 

AND A CRITICAL EVALUATION OF THE 

NEUTRALIZATION 'rnCENIQ.UE 

INTRODUCTION 

The resulta of previous investigations bave suggested 

the presence of at least two allergens in ragweed pollen (49, 53, 

79, 86, 87, 91, 92). In the majority of tbese studies, the con-

clusions were based on resulta of cross neutralization experimenta 

carried out w.i. th the alle rgen preparations used on an equal nitro-

gen basis of 1,000 units par ml. The present study was undertaken 

to determine whether the four active fractions isolated from \V.SR 

(AA1+pt, P3 , P2 and P1+C) contained identical or different allergens. 

A. CROSS NEUTRALIZA.TION EXPERll\iEN'IS WITH THE FRACTIONS USED ON 
AN EQ.UAL NITROGEN BiiSIS. 

t.<:ŒTHOD3 AND IvJ.ATERIAIS 

A cross neutralization experiment, as currently carried 

out, in volves the follow ing steps: 

(a) Sensitization of a site in the back of a non-aller-

gic subject wi th the allergie serum. 

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

zed site avery 24 hours until it no longer elicits a reaction, i.e. the 
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site is neutralized with respect to the allergen preparation. 

{c) Injection of a second allergen preparation 

into the si te. 

If a reaction is obtained in step {c), then it can be 

assumed that the allergen preparation used to e ffect neutralization 

does not possess all the allergens present in the second allergen 

preparation. If no reaction is obtained in step {c}, then it can 

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 {A.AJ.+Pt, P3, P2 and Pl+C) end WSR 

were made up in saline to a concentration of 1,000 units ~r ml. 

1be pH of the solutions of the fractions was 8.6 since they contained 

the constituents of the buffer (borie acid-sodium borate} used in the 

electrophoratic fractionation of WSR. 

Preliminary experimenta demonstrated that three to four 

daily injections of any of fractions AA1+Pt, P3 or P2 were required 

to affect neutralization. with respect to any of these fractions of a 

site sensitized with undiluted allergie serum whereas sixto sevan 

daily injections of fraction P1+c were required to effect neutraliza

tion of a sensitized site to this fraction. In order to keep the time 

factor the same tor all the sites, only fractions AA1-t~tt, P3 and P2 

were used in the following experimenta~ 

The cross neutralization experimenta were perfor.med in 

duplicata with each of three sera obtained from untreated allergie 
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indi viduals. These three sera were used for all the exp:l rimants 

recorded in this chapter. The procedure for the cross neutralization 

experiment is illustrated in Eig. 19. The allergie sera were used 

in the undiluted state. The interval of time between successive in

jections was 24 hours and each injection consisted of 0.05 ml of 

solution. Heactions were graded 20 minutes after injection of the 

allergen fractions. Controls consisted of unsensitized sites and 

sites "sensitized" with saline and normal huroan serum which were in

jected with the allergen fractions. 

RESUL'1;? 

Sites 1 to 3 and 4 to 6 were neutralized to fractions 

AA1+Pt and P3 , respectively, in three days, while it took four days 

to neutralize sites 7 to 9 to fraction P2 {Stage !J, Table VIII). 

rihe initial reactions observed in the sites injected with fractions 

AA1+Pt and P3 were about equal in intensity, while those observed in 

the sites injected with fraction P2 were somewhat smaller. 

The resulta of stage .Ill of the experilœnt revealed that 

after baing nautralized in stage II to fraction AA1+Pt, site 2 gave 

a small reaction when challenged with fraction P3 and site 3 gave no 

reaction when injected with fraction P2• Sites 4 and ô, which md 

been neutralized to fraction P3 in stage 1!, no longer reacted when 

challenged with fractions AA1+Pt and P2 ,respectively. Sites 7 and 8, 

which had been neutralized to fraction P2 in stage II, gave quite large 

reactions when chal lenged with fractions AA1+Pt and P3, respectively 

91 



(Table VIn") • 

No reactions were induced in stage IV of the experiment, 

tb.us demonstrating that all the sites bad been neutralized by tbe 

injections in stages li and III. 

The resulta of stage V demonstrate tbat the sites which 

had gi ven no reactions in stage ll were a.lso neutra lized to WSR. 

Site o, which had been neutralized only to fraction P3 , did not react 

when challenged with vaR, while sites 1 and 9, which ha.d been neutra-

lized to fractions AA1+Ft and P2, respectively, gave reactions when 

challenged Wi th WSR. 

The resulta were identical for the three allergie sera 

used. 

INTERPREI'ATION OF RE3UL'IS • 

The results suggest that WSR contains a œinimum of three 

allergens. Fraction P3 neutralized to fracticns AA.1+Ft end F2 and to 

ïSR, fraction AA1+Ft neutralized to fraction ~2 but not to fraction 

P3 nor to WSR and fraction F2 neutralized to neither fractions ~1+Pt 

and P3 nor to \\SR. Therefore, if one assurœ s tha t f raction P2 con-

tains a rninilmlm of one allergen, then fraction AA1+Pt IDust con tain a 

min imum of two allergens and fraction P3 a minimum of thr ee allergens. 

S ince fraction P3 neutralized to WSR, it can be concluded t hat there 

exist a minimum of three allergens in WSR. 

B. DEMONSTRATION Ql!, 'IllE UNRELIABILITY OF 'l'HE STANDARD CROSS 
NEUTRALIZA TION TEST. 

The experiiœnt present ad in 'l'able ~ demonstrates the 
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fallacy of the cross neutralization test in the mannar as i t is 

currently carried out. Sites in the back Qf a normal individuel 

were sensitized with an undiluted allergie serum and were neutral

ized to solutions of fraction AA1 ~t varying in concentraticn from 

10 to 3000 units per ml. A!3 can be seen in Table lA , different si tes 

required different quantities (2.5, 20, 100 and 150 units) of the 

allergen fraction in o rder to be neutralized. When the neutralized 

si tes were injected wi th a solution of fraction AAtPt containing 

4000 units per ml, only the site which bad been neutralized with the 

AA1 +Ft fraction in a concentration of 3000 units per ml did not react. 

The ether sites had therefore been only apparently neutra.lized to 

their respective allergen solutions. This experiment demonstrates 

that one can difterentiate between two states of non-reactivity of 

sensitized sites, neutra.lization and desensitization. Neutralization 

of a sensitized site is detined as the inactivation of the site to an 

allergen preparation but whether the neutralized si te will react to 

the sSJœ allergen preparation when used in a higher concentration de

pends on the concentration of the allergen used to effect neutre.lization. 

Desensitization of a site is defined as the inactivation of all the rea

gin in the sensitized site so that the site can no longer react wben chal

lenged with the allergen fraction, regardless of the concentration used. 

Thua, for a oonstant quant ity of reagin, the neutralization t iter or 

the allergen is not an abs olute value and rœ.y vary depending on the 
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concentration of the allergen solution used. The desensitization 

titer corresponds to the minimum concentration of the allergen cap

able of effecting desensitization of a sensitized site. A solution 

of the allergen capable of effecting desensitization of a site in one 

injection is considered to contain one desensitizing unit per ml. 

The aesensitizing titers of the active fractions and of 

WSR were determined in the f ollow ing mannar, using fraction AA1+Pt 

as an example. Five sites on the back of a nor.mal individual were sen

si tized wi th one of the allë rgic sera ài lut ed 15 fold wi th saline. On 

the following day, tl.e sites were injected with solutions of fraction 

AA1+Pt 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 a 6+reaction for site D. Twenty-four hours later, all the 

sites were injected with a solution of traction AA1+Jlt containing 6,400 

units perml. Only sites 1, 2and 3 gave positive reactions. Sites 4 

and 5 did not react and therefore must have been desensitized by the 

first injection of the allergen (800 and 1600 wlits per ml, respect

ively). Therefore, a solution of fraction AA1+Pt in a concentration 

of 800 units per ml contains 1 desensitizing unit per ml for this par

ticular serum è.iluted 15 fold. In a similar mannar, fractions :P3 , and 

P2 and WSR were stendardized for tbeir desensitizing equivalents wh ich 

were found to be 1600, 6400 and. 3000 units per ml, respectively. 
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C. CROSS NEUTRALIZATICN EXPERlMENTS WITH TEE FRACTIOL~S USED ON 
AN EOUAL DESENSITrziNG BASIS. 

INTRODUCTION 

If the allergens present in the four active tractions 

(AAl+ Pt, P3 , P2 and Pt+ C) are identical but differ only in theil• 

concentration per nitrogen unit, the fractions should be able to 

desensitize sites to each ether. On the other hand, if tœ 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 experimenta were performea to ascertain which or tnese two con-

ditiona apply to tne allergen fractions. 

l:ETHODS AND 1'ATERIAIS 

(1) Ex:çeriments with tne allergie sera O.iluted lb fold 

Fractions ü1+Pt, P3 and P2 and WSR were dissolved in 

saline to a concentration of one desensitizing unit per ml (800, 1600 

6400 and 3000 units p3r ml, respectively). A solution of fraction 

P1+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 P1+C 

in a concentration exceeding 12,800 units per ml consistently resul-

ted in an limuediate irritation (formation of an erythema) and in the 

formation of a blister due to the high concentration of the borate 

buffer constituants (90 percent, by weight, of the fraction). This 
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effect would mask any specifie reaction which might occur bet-

ween the allergen and the reagin. 

The procedure and resulta of the cross neutraliza-

tion experiment are ahown in Fig. 20. 

(ii) Experimenta with the allergie serum diluted 
200 fold. 

Cross neutralization experimenta were performed with 

the allergie sera diluted 200 fold and fraction P1 +C used in a con

centration of 1600 units per ml as it was observed that this concen-

tration of fraction P1+c was sufficient to desensitize a site pre

pared with the allergie serum diluted 200 fold. Fractions ~+pt, 

P3 and P2 and ?SR were used in the same concentrations as in (1). 

In addition, solutions of fraction ~+Pt containing 50 and 200 

uni ts p3 r ml were also prepared. 

RESUL'IB. 

(i) Experimenta with the allergie sera diluted 15 
!QM.. 

The reactions observed in stage ll. of the ex:t:e rilœnt were 

all about equal in intensity as indicated in Fig. 20. 

Stage III of the e:x~riment produced some very interesting 

resulta. None of the sites desensitized to fraction AA1+Ft, P3 or P2 

in s tage li. reacted when challenged with any of the fractions in stage 

JJUl• However, large reactions were obtained when fractions AA1+Pt, }3 

and P2 were injected into sites incompletely desensitized to fraction 
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No reactions were produced when WSR was injected into 

sites desensitized to fractions AA1+Ft, P3 and P2• On!y the site 

incompletely desensitized to fraction P1 +c reacted when injected 

with WSR (Fig. 20). 

Simi!ar resulta were obtained when the experiment was 

repeated with the two other allergie sera. 

(ii) Experimenta with the allergie sera diluted 200 
fold. 

Sites which were desensitized to fraction P1+c in stage 

li (Table ID were still capable of gi ving large reactions when in

jected with fractions AA1+Pt, P3 and P2 (stage lli). Furtbermore, 

fraction AAfPt used in its desensitizing concentration with respect 

to the serum diluted 200 fold (200 units per ml) or in one-fourth 

its desensitizing concentration (50 units per ml) also induced large 

reactions when injeeted into sites desensitized to fraction P1+C. 

INTERPREI'ATION OF RESULTS 

AB one wou!d expect, the desens itizing ti ters of the 

allergen fractions varied wi th different allergie sera. For this 

reason, aera possessing about e~ua! quantities of reagin were select-

ed for these experilœnts. 

The ~uantity of allergen re~uired to desensitize a si t e 

prepared on the back of a normal ind ividual wi th any of the undiluted 

sera was so large that reactions invariably 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 i ts dissemination over the entire back of the su bject. 

8uch an affect would obviously render the resulta of a cross neutral

ization ex~riment ambiguous. On the other hand, using the allergie 

sera in too high a dilution would prevent the detection ot reagins 

of different specificities which nùght exist in low concentration in 

the undiluted allergie sera. In consequence, the sera were arbitrarily 

diluted 15 fold fort he cross neutralization exp3rinent s. The experi

menta wi th the sera di lu ted 200 fold were necessi tated due t o the 

tact tnat we were unable to prepare a solution of fraction P1+c in 

a concentration high enough so tnat it woula be capable m· desensitiz

ing a site prepared with the al~rgic sei-um dilu.ted only 15 fold. 

Since tractions ~+Pt, l'3 and P2 were able to desensit

ize to each ether and t o WSR, it can be concluded tbat these fractions 

are alle rgenically identical and that eacb of then1 possesses all the 

allergens present in the who le extract. In vi ew of the fact tba t frac

tion P1+C waa unable to desensitize to any of the other 1'ractions or 

to WSR, it can be concluded that WSR as well as each of fractions 

AA1+Pt, P3 and P2 contains a minimum or two allergens. 

B• EXPERIMEl·rl'S WITH HEATED ALIERGIC SERA. 

INTRODUCTION. 

In 1940, Loveleas (124) stated that reagin in sera or rag

weed sensitive individuals oould be inactivated by heating the sera 

for 1 to 2 bours at 56°C. If we assume tbat there are at least two 

allergens in WSR, tben it nay also be assumed tbat there are at !east 
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two specifie reagins in sera of allergie individuels, each formed 

in response to a specifie 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. 

1ŒTHOD3 AND i>ATERIAIS 

Aliquots of an allergie serum were Seitz-filtered into 

sterile bottles which were placed in a water bath at 56°0 and heated 

for i, 1, 2, 4, 6 and 8 hours, respectively. 

Four sites on the back of a non-sensitive individuel 

were sensitized with each or the above heated serum preparations and 

the sites were challenged 24 hours later with the four allergen frac

tions (AA1+Pt, P3 , P2 and P1+c in concentrations of 800, 800, 1600, 

and 6400 units per ml, respectively}. 

In additicn, sensitized sites were prepared with the aller

gie serum, 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 24 hours later. 

The ent ire experiment was perrormed in duplicata with 

each of the t hree allergie sera used in this study. 

RE3UL'ili 

As can be seen in Table XI, t he activi ty of t he reagini c 

serum diminished equally and uniform.ly wi th respect to the four aller

gan fractions wi th increased dilution of the s erum. Sites sensitized 
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with the allergie serum diluted 10,000 fold were no longer able 

to react to fraction P1+c although they were still capable of 

eliciting small reactions to fractions AA
1
+Pt, P3 and P2 • 

In contrast to these results, the serum after having 

been heated for various intervals of time at 56°C behaved quite 

differently (~able XII). Heating the allergie serum for 2 hours 

almost completely abolished its capaci ty to give a skin reaction 

to fraction :Pi~c while its activity to the other allergen frac

tions appeared not to be diminished. Heating the serum for 4 hours 

resulted in a negative reaction to fraction P1+c although the three 

other fractions (AA
1
+Ft, P3 and P2 ) were still capable of eliciting 

large reactions. 

A site sensitized with the serum heated for 4 hours and 

which no longer gave a reaction when challenged wi th fraction F
1
+ C 

was injected with fraction J;J;.t pt in a concentration of only 50 uni ts 

per ml. The reaction produced was equal to that elicited by the in

jection of fraction AAiPt in a concentration of 800 units per ml. 

Sinùlar resulta were obtained when the experimenta were 

repeated with the two ether allergie sera. 

ll~ERPRETATION OF RESULTS. 

It was demonstrated that the reagin(s) directed against 

the allergen(s) in fraction P1+c was inactivated by beat while the 

reagin(s) directed against the allergen(s) present in fractions 

106 



AA1~, F3 and P2 was still active. This finding suggests the 

presence of at least two reagins in the allergie sera. If it 

can be assumed t hat an allergen can indu ce the formation of 

only one reagin in the allergie 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 tbe other 

one being present in fractions AA1+Ft, P3 and P2 only. 

DISCUSSION 

From the data presented in this chapter, there can be 

no doubt that ragweed pollen extract(W3R) contains at least two 

allergens. 

Results of cross neutralization experimenta with the 

fractions on an equal nitrogen basia (section A) suggested that 

there are at least three allergens in WSR. Fraction P3 appeared to 

contain all three allergens, fraction AA1+pt two allergens and frac

tion P2 only one allergen. Fraction P1+c was not used in these ex

perimenta. However, t he results were not conclus ive as it was shawn 

that a sensitized site could be neutralized without actually in

activating all the reagin in that site. Sites which appeared to 

have been neutralized to fractions AA1+Pt, P3 and F2 nevertheless 

gave r eactions when f urt her challenged with t he respective allergen 

fractions in concentrations higher than t hose used for neutre.liza

tion. Neutralization of all the reagin in a sensitized site or de

sensitization of t he s i te r equired the inject i on of a sol ution of 

107 



the allergen fraction in a definite concentration w.hich had to 

be determined experimentally and which varied with different 

aera. It was found that sensitized sites would be only neutrali

zed to an allergen solution used in a concentration below a cer

tain threshold value; in order to 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 resulta of experilœnts wi th the 

allergen fractions used on an equal desensitizing basia (section 

C) and of experimenta with heated allergie sera (section D), it 

would appear that fraction P1 +C contains only one allergen, which 

is common to all the fractions, and that fra. etions Aa1 +Pt, P3 and 

P2 contain at least one additional allergen, which is identical in 

the three fractions. 

In all cross neu tralization ex~riments, i t is essen

tial to ascertain unequivocally that sensitized sites are at no 

time refractory to give a reaction. This would imply that sensiti

zed sites are at no time depleted of factors (i.e. histamine or 

hista.mine-like substances) whose absence would prevent a wheal and 

flare reaction. Three different experimenta demonstrated that un

der the conditions of our experimenta, the sites were never refrac

tory: 

(1) A single site in tba back of an allergie 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 tbe last week of in

jections) gave reactions of equal intensity at all times. 

(ii) i.-31 tes sensi t ized wi th tre serum of an allergie 

individuel containing reagins to ra5~eed pollen and grass could be 

desensi tized Wi th respect to WSR with out incurring any losa of act

ivity to grass. 

(iii) Sites desensitized to fraction P1+C gave further 

reactions when challenged With the other fractions. 

The findings suggest that results derived from cross 

neutralization experimenta using solutions of the allergen fractions 

eontaining an equal number of units per ml may give rise to mislead

ing and often fallacious conclusions. One must always be aware of 

the possibility that desensitization of the sites may not have taken 

place in the various phases of the experiment when interpreting the . 

data of a cross neutralization experiment. 
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Fig. 19. 

Scheme of Injections for the Cross Neutralization 
E..."'Cperiment with the T;JSR Fractions U.scd on an Equal 
Nitrogen Basis. 

COWMN A COLUMN B COLUMN c 

~r :1~ ~ "' + "' .. 
~ ~ ~ ~ ~ 
"' .. 

ROW 1 STAGE 1:0 STAGE L ® STAGE lll ~3~ -----> 1 -----> 2--
AA, +pt ~1 AA 1+ Pt Pc 

AA,+ Pt ~r P, 

"'0: ili "'0: 

"'"' ~; ~ ;o 

~r :1~ ~1 .. ~ + "' .. 
~i ~ ~ 

ROW 2 ~0~ ~® STAGE ll ® STAGE lll: 
-----> 6--

P, !>tl pl 
P, P, AA, + Pt 

"'0: :r .. il; ~ ~ ~ ; 

~r ~1 ~ ~1 .. ... + 

~f li .. !l .. 
1;; Iii 

ROW 3 STAGEI@~ ~®~ ~® 
p2 ~ o: P, 

Pz AA1 + Pt 
p. l>tr 

il1 .. 0: 

~!Il ~!Il 

STAGE I : - SENSITIZATION OF ALL 

SITES WITH ALLERGIC SERUM. 
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Fig. 20. 

Results of the Cross Neutralization Experiment with 
the 'i'JSR. Fractions Used on the Basis of Equal Activity 
Units and the Allergie Serum Diluted 15 Fold. 
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TABLE VliÏ 

Results of the Cross Neutralization Experiment with 
the Fractions of WSR Used on an Equal Nitrogen Basis. 

Sites 

8 9 -------1----------------------
S~&aell' 

Frac\i.on injectee~ ...... ... .. AAt+ Pt AAt+ Pt AAt+ Pt p, 
Sile of reaction, fint. injec-

ûoo stace II . ...... . . .. . 7+ 6+ 7+ 7+ 
B~&aelll 

Fract-ion injected ... . . . ' . . . AAt+Pt p, p, At+ Pt 
Sise of reaction, firat injec-

lion otace III . ... : 
S~&aeiV 

Fraction iajeet.ed .... . . ..... .Xt Pt p, 
Sise or rett.ction, firtt. injec-

t.ion •t&l'e IV ... x 
8'-Se V 

Mat.erial injeetod .. WSR WSR WSR 
Sile of reaction .. . . 1+ 

• 8\a&e 1 oompriaee the. eeuit.isation of all site. with alleqio III'Um. 
1 X denotee IÏ'- not cballenpd. 

TABLE IX 

p, 

WSR 

p, p, Pt p, 

7+ 7+ 6+ 6+ 

Po Pt AAt+Pt p, 

3± 3+ 

x AAt +Pi p, AAt+Pt 

x 

WSR WSR WSR WSR 

Neutralization Experiment with Solutions of 
Fraction ~+Pt in Different Concentrations. 

Sites 

1 2 

Concentration of solution of fraction 
~+Pt used to effect neutralization 

sensitized site*•·•••••••••••••••• 10** lOO 
Reaction observed after first inject-
ion•••••••••••••·•••••••••••••••••••• 2+ 4+ 
Nu."!lber of daily injectionsX required 
to effect neutralization ••••••••••••• 5 4 
Number of nitrogen units required to 
effect neutralization •••••••••••••••• 2.5 20 
Reactions observed on injecting the 
neutralized sites with a solution of 
fraction AA1+Pt containing 4000 
uni ts/ml • ••••••••.••........••.•.•• •. 4+ 3+ 

* 
** 

Concentratiogs expressed as 
1 unit = 10- mg. nitrogen. 

x Each injection = C.05 ml. 

units per ml. 

3 

1000 

6+-

2 

100 

1+ 

Po 

6+ 

p, 

x 

x 

WSR 
3+ 

4 

3000 

6+ 

1 

15 

0 
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TABLE X 

Cross Neutralization Experiment with the Fractions of 
USR Used in D0sensitizing Concentrations ani the Allergie 

Serur., Diluted 200 Fold. 

Sites 

1 2 3 ' 5 
--

Stage II* 
Injection of fraction P, + C 

in concentration of 
(units/ml) ..... . . . ...... 1600t 1600 1600 1600 3200 

Reactions observed in stage 
Il.. ......... .... ...... .. 2+ 2+ 2+ 2+ 2+ 

Stage III 
Fractions injected . ........ AA, +Ptt p, p, p, + c AA, +Pt 
Units/ ml. ........ ....... 800 1600 6400 6400 800 
Reactions observed in stage 

III ..... .... .. .. ... ...... 3+ 3+ 3+ - 3+ 

• Stage I comprises the sensitization of all sites with allergie serum. 
t 1 unit - 1o-• mg ni trogen. 

- · 

6 7 8 
-----

3200 3200 3200 

2+ 2+ 2+ 

p, p, p, + c 
1600 6400 6400 

3+ 3+ -

t Identical reactions were obtained with a solution of fraction AA1 + Pt in a concentration of 200 
units/ml. which was its desensitizing concentration for the 200-fold diluted serum. 

TABLE XJ; 

Reactions Obtained with the HSR Fractions Injected into 
Sites Sensitized Hith the Allergie Serum Used in Ten Fold 

Dilutions. 

Jilution of allergie ReA.ctions obtained with fraction 
3erum injected into 
~he sites. ~+pt p3 p2 p +C 

l 

1:1 5+ 5+ 5+ 5+ 
1:10 5+ 5+ 5+ 5+ 
1:100 4+ 4+ 3+ 3+ 
1:1,000 3+ 3+ 3+ 2+ 
1:10,000 1+ 1+ 1+ 0 
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TABLE XII 

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

Reactions obtained with fraction 
Allergie serum 

(hours heated) AA1 +Pt p3 p2 pl+ c 

l 5+ 5+ 5+ 4+ 2 

1 5+ 5+ 5+ 2+ 

2 5+ 5+ 4+ + 

4 3+ 3+ 2+ o. 

6 2+ 2+ 1+ 0 

8 1 + 1+ 1+ 0 



CHA.PTER ]l: 

FURTHER STUDIFS ON ThE WSR FRACTIONS. 

IN'rRODUCTION 

Three of the active fractions isolated from WSR by 

paper electrophoresis, AAtPt, P3 and P2, were shown to possess 

at least two allergens each {chapter YJ. In this study, the 1'rac

tions were analyzed by paper electrophoresis in various bu1'fers in 

attempts at separating the allergens from inert constituants which 

may be present in the fractions. Since more than 90 per cent of 

the lyophilized fractions consisted of the constituants of the 

borate buffer, several attempts were made to eliminate the borate 

from the fractions. 

MEI'HO:OO AND MATERIALS • 

Electrophores is. 

Fractions AA1+Pt, P3 and P2 were dissolved in saline 

and analyzed by paper electrophoresis{using Whatman 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 s.s. The ionie 

strength of all the buffers was 0.10. The duration of electrophore

sis varied from 10 to 15 hours at llO volts DC. The pH af eaoh aller

gen solution was adjusted to t hat of t he buffer prior to electrophore

sis. 'l'he elect ropherograms were eluted (method described in 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 constituants 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 lOO 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 was proviaed with an opening through 

which the allergen solution cou1d be introduced or withdrawn. 

The solution in this compartment was stirred during tbe dialysis 

and distilled water was circulated continuous1y in the aide com

partœnts. 

(ii) Removal of borate as trimethylborate by distil

lation. The addition of methy1 alcohol to an aqueous solution of 

borie ac id resulta in t œ formation of tri.methylborate which dis

tilla at 68.5°0 at 760 mm of mercury and at much lower temperatures 

under reduced pressure {138). Since the formation of trin:.ethylborate 

prrcceeds only wi th the f'ree borie acid., the pH of the aqueous solu

tions of the fractions was lowered to about 4.0 by the addition of 

HCl. li'our volumes of redistilled œthyl alcchol were add.ed to each 

volume of allergen solution and t:te distillation of the trimethyl

borate was performed at 0°0 under reduced pressure. The distilla

tion took about 30 minutes. If the residue was round 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 ether portion was dissolved in saline-borate, 

pH 8.6. The allergenic activity of these solutions was compared to 

t.nat of the untreated. fractions. The t'ollowing were used as addition

al cont rols: (a) solutions of the fractions maintained at pH 3.5 to 

4.0 tor 7 hours at 25°0 and then adjusted to pH 8.6 and (b} solutions 
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of the fractions to which methyl alcohol b.a.d been adàed and 

which haa been distilled for several hours at pH 8.6 and 0°C. 

All solutions teated t'or allergenic activity were 

made up to a concentration or 1000 units per ml. 

RESULTS. 

Ele ct rophores is • 

Since electrophoresis or the tractions in all the 

bu.ffers resulted in almost identical separations, only the re

sulta obtained in the carbonate buffer are presented diagramati

cally (Fig. 21). Fractions P3 and P2 gave ninhydrin stainable 

bands in all the burt·ers except borate. In none of the fre.ctions 

was the peptide constituent found to possess allergenic activity. 

In each case, allergenic activity was distributed over a wide area 

of the electrop.b.erogram (F'ig. 21) and was locateci in areas of' the 

paper devoid ot· detectable materials. 

Removal ot· Borate. 

(i) Dialysis. .More than 915 per cent of the material 

in each fraction was found to be dialyzable. T.he dialyzed residues 

were round to be free from borate and were allergenically active. 

However, it was found that allergenically active roaterial could dial

yze through this membrane quite readily{Visking tubing). 

Collodion membranes swollen in 84 to 815 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 foUlld to be greatly diminished as 

compared to that of the undialyzed fractions. 

(ii) Removal of borate as trimethylborate by dis

tillation. Complete removal of borate from the fractions was 

achieved by distillation with methyl alcohol 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 n!I). Solutions of tlle fractions wh ich bad been incuba

ted at pH 4.0 for 7 hours at 25°C displayed no diminution in activi

ty {Table XIV). Fractions to which methyl alcohol had been added and 

from which the alcohol was subsequently distilled at pH 8.6 and o0 c 

showed no decrease in activity except for fraction F1+c whieh became 

inactive in most instances (Table~. The addition of borate 

butfer to the residues of the fractions distilled at pH 4.0 did not 

restore the allergenic activity (Table~). 

DISCUJSION 

Since the fractions nad been obtained by the electrophor

etic fractionation of WSR in borate buffer, pH 8.6, it was most sur

prisL~g to find that the activity in each fraction analyzed in this 

buffer was spread over an area of the electropherogram as wide as 

that observed wi th whole t'BR. Since similar separations occurred 

with the fractions in all the buffers, this diffuse distribution 
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of the allergenically active constituants cannet be attributed 

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

this observation would be tbat active material is constantly 

break:ing dawn in both WSR and in the fractions of WSR. Since the 

allergenic activity was found in eluates of segments of the electro

pherogra.m devoid of carbohydrate, peptide, protein or pigment, it 

would appear that the active .material is either none of these or 

tv~t it is present in a concentration toolow to be detected by the 

staining reagents. 

The finding that fracti ons P3 and P2 both displayed nin

hydrin stainable material in all the buffers exeept the borate buffer 

suggests that borate exerts an inhibiting influence on the ninhydrin 

reaction. 

Attempts to remove the borate buffer constituants from 

the fractions without a concomitant losa of allergenic activity were 

unsuccessful. Although dialysis through Visking tubing permitted 

the rapid elimination of borate, allergenically active naterial was 

found to dialyze through this membrane just as readily. Ullfortuna

telJ7 the allergie sera used for testing the dialysates for allergenic 

activity were obtained from treated allergie patients. As is shown 

in the following chapter, the dialysate of WSR reacts with sera of 

treated allergie indi viduals only. 

Since allergenically active material was never found in 
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the dialysatea of the fractions using the collodion membranes, 

the loss of activity noted in the dialyzed residues can only be 

attributed to a spontaneous inactivation of the allergens during 

the dialyais. 

The author offers no explanation as to why distillation 

of the fxactions in methyl alcohol at pH 4.0 resulted in almost 

complete losa of allergenic activity since neither the pH of 4.0 

nor the methyl alcohol by itself had any deleterioua affect on 

the aetivity. 
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Fig. 21. 

Electrophor etic Analys es of Fractions AA1+Pt, P3 and P2 
in Carbonate Buffer, pH 8 . 8 . 
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TABLE XIII 

' Allergenic Activity of the vlSR Fractions After 
Being Dissolved in Methanol and Distilled at 
H 4.0 

Fraction tested * Reaction elicited by the fraction 
Before distillation After distillation 

AA1 +Pt •••••••••••••••••••• 6 + 2 + 

........................ 5 + 1 + 

......................... 5 + 3 + 

p + C• • • • • • • • • • •. • • •. • • • • • • • • 
1 

2 + 
+ 

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

TABLE XIV 

· Allergenic Ac ti vi ty of the \·ISR 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 
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Fraction tested* Untreated 
fraction 

After distillation After standing 

A\+Pt .................... 4+ 

p3 .••..................... 5+ 

p2 ........................ 4+ 

p 1 + c 2+ ••••••••••••••••••••• 

at pH B.6 at pH 4.0 for 
7 hours 

5+ 4+ 

3+ 4+ 

4+ 4+ 

0 

* All f ractions made up to a concentration of 1000 units/ml. 



. TABLE XV 

Effect of the Addition of Borate Buffer on the 
Allergenic Activity of the WSR Fractions After 
Distillation with Methanol at pH 4.0 
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Fraction tested* Untreated 
fraction 

Reactions elicited by the fraction 
after distillation with methanol at pH 4.0 

Made up to volume . Made up to volume in 
in saline to pH B.6 borate buffer, pH B.6 

AAl+ pt .......... 5+ 1+ 2+ 

p 3 .............. 6+ 1+ 2+ 

p •••••••••••••• 5+ 3+ 3+ 
2 

p 
1 

+C ............ 3+ 1+ 1+ 

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



CHAFTER VII 

NON-ALLERGENICITY OF THE DIALYSATE OF 

WSR IN UNTREATED ALLERGie FERSONS 

lNTRODUCTION 

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 s erum of an i ndividual who had undergone this pro

cedure of !'desensitization11 • This factor, referr ed to as 11block

ing antibody11 , is not found in sera of untreated allergie 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 allergie person or in a site 

sensi tized with serum of an aller gie indi vi dual. The presence of 

blocki ng anti body in sera of treat ed allergie individuals has 

been confirmed by Loveless (124), Frank and Gelfand (125), Sherman 

(126 ), Cooke et al (127) and more r ecently by Sehon et al (128). 
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Since the sera of treated allergie individuals*contain 

blocking antibodies, they rr~ght also contain new reagins of a speci-

ficity different from those found in sera of untreated allergie per-

sons. 

The following experimenta were performed to test this 

possibility. 

l<:iETHOIS AND MATERIAIS 

T.hree allergen preparations of ragweed pollen were used: 

(a) ISR, the whole water soluble extract of the defatted pollen, 

(b) DIALYSATE, the fraction of WSR which dialyzeà 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 ragwo~d sen-

siti ve patients and the sera were separated by centrif\.J.ga tion and 

sterilized by Seitz filtration. In addition, sera were obtained from 

5 allergie patients bath before and after they had undergone desensit i-

zation treatment. Each of the undiluted sera was injected (0.05 ml per-

injection) into two sites in the back of a normal non-allergie individuel. 

Twenty-f our 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 individuels. Sera obtained from auch persans are re
ferred to as treated sera as compared to untreated sera obtained f rom 
untreated allergie individuals. 

126 



and DIALYSl.TE, respecti vely, used in concentrations of 1000 uni ts per 

ml, and the reactions were graded depending on the aize of the wheal 

and the surrounding erythema. 

Whenever it was feasible, intrader.mal skin tests were 

performed on untreated and treated allergie individuals with both WSR 

and DIALYSATE. 

Sites in the back of a normal inàiviaual were injected 

with eight treated sera, diluted 10 fold, and the sites were desensitized 

to DIALïZED RESIDUE. Similarly sensitized sites were desensitized to 

DlàLYSATE and all the sites were then challenged with WSR. 

In another experiment, sera from two treated individuels 

containing reagin to DIALYSATE were tes ted for the ir capaci ty to block 

or inaetivate the allergens in V1SR and in DIALYSATE. The blocking ex

periment was conducted in the following manner. Several sites in the 

back of a non-allergie person were injected with an allergie serum con

taining reagin to DIALYSATE {obtained from a treated patient) in a 

dilution such that the sites coul d be desensitized with a known concen

tration of WSR not exceeding 200 units per ml. A solution containing 

twice the desensitizing concentration of \~R was incubated for 24 hours 

at 4°·c wi th an equal volume of one of the two test ser a previously 

heated at 56°C for 8 to 10 hours to destroy its reeginic activity. An 

aliquot of this incubated solution was then injected into each of these 

sensitized sites. Twenty-four hours l a ter, the sites were challenged 

with WSR. Solutions of WSR incubated with saline and normal human serum 
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instead of with the test serum serveà 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 perfor.med at 24 hour intervals 

and each injection consisted of 0.05 ml of solution, regardless of its 

nature or concentration. 

tŒSUL'IS 

As can be seen in 'rables XVI and ~, 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 DIALYSATE 

by the passive transfer test. Only 11 of 26 untreated individuels as 

compared to all of the 10 treated individuels reacted to DIALYSATE by 

direct skin test whereas they all reacted to 'irSR (Tables XVI and XVII). 

As can be seen in Table XVIII, none of the sera obtained 

from five individuels prior to desensitization treatment possessed rea

gins to DIAlYSATE. however, the sera obtained from four of these same 

inàividuals after they had undergone desensitization treatment possessed 

reagins to DIALYSATE as demonstrated by the passive transfer test. The 

fifth individuel became reactive to intraàen1al injection of DIALYSATE 

although no reagin directed toward DIALYSATE could be detected in his 

serum. Sera obtained from one of the five individuels (B.P.) one month 

and. ei.shteen months after his last ragweed pollen injection were equally 

reactive to DIALfSATE (Table XV!!!). 

None of the sites sensitized with the eight treated sera 

and ciesensitizeà to DIALYZED HESIDUE was able to react when subsequently 
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challenged with WSR. On the ether hand,all sites desensitized to 

DIALYSATE gave large reactions when challenged wi th YiSR. 

Neither of the two sera,obtained from treated in

dividuals,used in the blocking experimenta demonstrated any ability 

to inactivate DIALYSATE although both were able to black WSR in serum 

dilutions as high as 1:32. 

LlliCUSSION 

Since 86 per cent of all treated and only 1? per cent 

of all untreated sera possessed reagin(s) to DIALYSA~~, it can be con

cluded that reagin(s) of a new specificity was for.med 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 allergie individuels prier to their undergoing desensitization treat

ment and the presence of this reagin(s) in the sera obtained from the 

same individuels after they had undergone desensitization treatment sup

ports this conclusion. From these resulta, it appears that t he "true" 

allergens, i.e. those which reaet with either the sera or the skin of 

untreated allergie individuels, are present only in t he non-dialyzable 

fraction of WSR, which constitutes only 2 to 4 percent, by wei ght, of 

WSR and only 0.5 to 1.0 per cent of the whole pollen. 

The significance of the new reagin(s) detected only in t he 

sera of treated allergie persona is not clear at this time. It is possi

ble that it may be responsible for the inereased cli nical sensitivity 
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observed in some treated individua1s. Patients B.P. and B.W. 

both c1aimed to have had more pronounced clinical symptoms after 

treatment a1though their sera had b1ocking antibody titers to 

WSR of 1:32. Although Loveless (129) claims that b1ocking anti

body is the factor responsible for the c1inica1 improvement shown 

in treated allergie patients suffering from hay fever, other 

attampta at correlating blocking antibody titers with c1inica1 

resulte have not been very rewarding (126, 130-132). A1though 

the sera of both these treated patients (B.P. and B.W.) contained 

reagin to DIALYSATE in high titer, this does not imp1y that this 

reagin was the cause for the increased clinical sensitivity sincs 

we have detected reagin to WSR in the skin and sera of many indivi

duals who have never had symptoms of clinica1 a1lergy. We have also 

been able to demonstrate that formation of reagin can be induced in 

sorne non-allergie indi,~duals without evoking conditions of clin

ical allergy (see appendix). 

In \~ew of the fact that sites sensitized with treated sera 

and desensitized to DIALyzED RESIDUE wer3 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" al1ergens 

must be of large molecular size or act as haptens linked to large 

carrier molecules since they do not dialyze t hrough the Visking 

membrane. 
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An observation which requires explanation is why 

some untreated ragweed sensitive ind i viduals possessed reagins 

to the allergens in the DIALYSATE •. It may be s ignificant that 

all oi' tbese untreated individuals who reacted by skin test to 

DIALYSATE also reacted to sorne allergens other than ragweed (i.e. 

dust, horse dander and grass). Since it bas been demonstrated 

that cross-reactivity exista between different allergens, it is 

possible tnat the reagins reacting wi th the allergens in the DIALY

SATE in the se indi viduals were tormed on stimulation wi th other 

allergen preparations. However, one cannot exclude the possibility 

tt.at the se indi viduals were inherently capable of forming thes a 

reagins atter exposure to all the allergens in ragweed pollen dur

ing the ragweed sea5on. Five untreated allergie individuals gave 

positive skin reactions to DIALYSATE whereas their sera possessed 

no reagin to this allergen preparation detectable by passive trans

~er. TWo possible explanations for this observation are: (1) The 

intradermal skin test is more sensitive than the pass ive transrer 

test to detect small quantities or reagin. This explanation alone, 

howeyer, seerua doubtful in this case since reactions in these in

dividuels induced by direct skin tests wi th WSR were not signiri

cantly larger than the reactions obtained with their sera by pass

ive transfer. (2) These individuels 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

tœr stimulation for the ir f ormation ceased. Loveless (133) s howed 

that reagin has a very marked affinity for tbe skin w.d is capable 

of being "bound" toit. Since four of the five individuels gave 

only small skin ~eactions to DIALYSATE. it can be concluded that 

reagin(s) directed toward DIALYSATE was present in only negligible 

quantity in their skin. 
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TABLE XVI 
133 

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

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

DIALYSA TE WSR DIALYSA TE WSR 

B.P. 0 5 + ,X. x 
A.L. 0 5 + x x 
A.P. 0 5 + x x 
L.M. 0 2+ 0 4+ 
M.G. 0 3+ 0 6+ 
D.G. 0 4+ 0 6+ 
S.R. 0 4+ 0 4+ 
P.G. 0 4+ 0 6+ 
A. W. 0 l+ 0 3 + 
# 9 0 3 + x x 
#10 0 3+ 0 2+ 
#11 0 2+ 0 2+ 
#18 0 5 + x x 
#22 0 2 + x x 
#23 0 3 + x x 
#48 0 2 + x x 
#49 0 1 + 0 3 + 
#50 0 3 + x x 
#51 0 3 + 0 3 + 
#53 0 4 + 1 + 4+ 
#54 0 4+ 1 + 5 + 
#57 0 4+ 4 + 5 + 
#58 0 4 + x x 
#59 0 4 + x x 
#62 0 4 + 1+ 4+ 
#64 0 2 + x x 
#65 0 2 + x x 
#66 0 2 + 1·· 3 + 
#68 0 4 + x x 
#69 0 3 + 0 5 + 

H.L. 1 + 5 + x x 
R.A. 2 + 2 + x x 
#52 3 + 3 + 2 + 4 + 
#61 2 + 2 + x x 
#63 3 + 2 + 2 + 4 + 
#67 2 + 4 + x x 

P.M. x x 0 5 + 
R.N. x x 1 + 4 + 
R.S. x x 0 6 + 
R.K. x x 0 4 + 
F.J. x x 0 2 + 
#60 x x 2 + 4 + 
#71 x x 6 + 6 + 
#73 x x 3 + 6 + 
#74 x x 0 2 + 

x Test not performed. 



Serum tested 

B.P. 
F.W. 
A.S. 
R.D. 
# 3 
# 4 
# 5 
# 7 
#10 
#li 
#12 
#14 
#13 
#25 
#28 
#29 
#35 
#36 
#37 
#38 
#40 
#41 
#42 
#43 
#45 
#55 
#56 

#22 
#24 
#33 
#44 
#46 

TABLE ~ 

Reaginic Activity in Sera of Treated Allergie Individ
ua1s to DIALYSATE and WSR 

Reaction by passive transfer 
to: 

DIALYSA TE WSR 

5 + 5 + 
4 + 4 + 
3 + 3 + 
5 + 4 + 
2 + 2 + 
1 + 4 + 
1 + 3 + 
3 + 4 + 
1 + 4 + 
1 + 2 + 
2 + 3 + 
4 + 4 + 
1 + l + 
4 + 4 + 
2 + 3 + 
2 + 3 + 
4 + 4 + 
2 + 3 + 

l + 2 + 
4 + 4 + 
.3 + 5 + 
2 + 3 + 
~ + 3 + 
4 + 4 + 
4 + 4 + 
3 + 3 + 
2 + 4 + 

0 3 + 
0 3 + 

0 .3 + 

0 2 + 
0 4 + 

In addition, 10 individuels who had undergone treatment 
reacted without exception by direct skin test to DIALY
SATE and WSR. All reactions to DIALYSATE were comparable 
to reactions evoked by the injection of WSR (i.e. 3+or 
greater ). 
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TABLE Xllll. 

Reaginic Activity in Sera of Allergie Individuals 
Bef ore and A1'ter Treat~,ent. 

Readion by passiv e transfer tc: 

Ser wr, t ested DIALYSA TE 1-JSR 

B.P . Pre~~ 0 5+ 
Post~Hf- 5+ 5+ 
Post 2 x 5+ 5+ 

10 Pre 0 3+ 
Post 1+ 4+ 

11 Pre 0 2+ 
Post 1+ 2+ 

18 Pre 0 5+ 
Post 2+ 4+ 

xx 
22 Pre 0 2+ 

Post 0 3+ 

-,, Pr2 r efers to serwn obtained before treat~:wnt . 

~-l:- Post r ef ers t o s erum obtained fro:r:-, the treat ed i ndividua1 
after the ra~veed s eason . 

x This ser um was obtained l B months after B.P . r eceived his 
last injection of raglcveed poll-'m. 

Y..X: Patient 22 r eacted by skin t est to DIALYSATE (2+) after 
under g oing t r eatment although his serum contained no 
detectab1e r eag in by the pass i ve transfer met hod. 
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CHAPTER ijÏÏÏ 

ISOLATION AND CHARACTERIZATION OF AN 

ALLERGEN FROI•• RAGWEED POLLEN 

INTRODUCTION 

The four allergenically active fraction isolated 

from WSR by paper electrophoresis (AA1+Pt, P3 , r ·2 and P1+c) were 

all found to be heterogeneous, each containing at leest two chem-

ically distinct oonstituents (pigment, carbohydrate, peptide or 

protein). Each fraction was also round to contain materiels with 

different sedimentation constants (chapter IV-B). It was there-

fore impossible to determine the chemical composition of the aller

gen(s) in any of the fractions without their further fractionat ion. 

In experimenta in chapter VI, it was demonstrated that 

allergenic activity could be isolated from areas of the electrophero-

grams of the fractions devoid of any detectable materiel. This find-

ing was interpreted as an indication that the allergenically active 

materiel might be present in an exceedingly law concentration in 

the fractions. It was shawn in chapter VII that a large quantity 

of inactive materiel could be eliminated from WSR by dialysia throu-

gh Visking tubing without a concomitant loss of allergenic activity 

with respect to sera of untreated allergie individuels. In the pre

sent study, the protein componen~) was removed from WSR by heating 

; l 

136 



the pollen extract at 60°C prior to its electrophoretic frac-

t ionat ion and an allergen was isolated by dialysis of one of 

the fractions isolated. 

I1::ETHOID AND ivATERIAlS 

An aqueous solution of \'/SR was heated for 15 min

utes at 60°0 and tbe precipitate which formed was cen trifuged 

off. The su~rnatant, which is referred to as deproteinated WSR 

(Fig. 22), wa.s fractionated by electrophoresis on paper in borate 

buffer, pH 8.6, and the fractions eluted from the electrophero-

These fractions were compared for their allergenicity with the 

fractions of whole WSR obtained in the same manner. 

Fraction AA1- was dialyzed through Visking tubing ag

ainst running tap water for 14 days (Fig. 22) to insure complete 

elimination of dia1yzable material. The dialyzed residu a, referred 

to hereafter as fraction ~-D, was lyophilized and solutions of 

-8 
it varying in concentration from 1 mg per ml to 10 mg per ml were 

tested far allergenic activity by the passive transfer method. 

Fraction AA1-D was hydro1yzed with 6N, li~, O.lN, o.OlN 

and o.OOlN HOl in sealed glass tubes at 100°0 for periods of 15 

minutes, 2 hours, 8 hours and 14 hours. Fraction AA1+ and the 

dia~yzed residue of WSR were also hydrolyzed with 6N HCl at 100°0 

for 14 hours. A solution of fraction AA1-D in 6N H01 was incubat-
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0 ed at 25 C for 8 hours. The HCl was removed by drying tbe sol-

ut ions in vacuo. 'l'he residues were dissolved in water and the 

pH of the solutions was adjust~d to 7.0 to 7.5 by t he addition 

of sodium bicarbonate. Solutions of fraction ~-D,at pH 7.0, 

were heated in a boiling water bath for 15 minutes, 2 hours, 8 

hours and 14 hours. All solutions were sterilized by seitz filtra-

tion and tested for allergenic activity by the passive transfer 

rnethod. 

The fractions (AA.1-D, AA.1 +and t he dialyzed residue 

of WSR) were examined by ascending paper chromatography using What-

man No. 1 filter paper (30 cm x 30 cm) both before and af ter they 

were hydrolyzed. For chromatography in one dimension, the follow-

ing solvent systems were used; (a) 77 per cent ethyl alcohol 

(134), (b) phenol saturated with water (134), (c) 80 per cent 

pyridine (134) and (d) butanol:acetic acid: water = 4:1:5 (V/V/V) 

(134). The fractions were also examined by ascending paper chroma-

tography in two dimensions, using the following ccn:binations of sol-

vent systems; (a) 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 

amino acids and with the me taperiodate-permanganate and t he ammon-
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iacel silver nitrate reagents to detect the presence of car-

bohydrates. 

In order to determine whether allergenic ac ti vit y 

was asse ciated wi th stainable materiel, the following ex:r;e ri-

ments were performed. Unhydrolyzed fraction AA1-D was applied 

as a straight lina ô cm long about 1 cm above the bottom edge 

of the What~an No. 1 filter paper. One dimensional chromate-

graphy was performed in 77 per cent ethyl alcohol and in butanol: 

acetic acid: water. The papers were dried at room temperature 

and a strip was eut from each paper vertical to the line of appli-

cation and sprayed with ninhydrin. This strip served as a guide 

for the localization of tbe constituants on the unstained portion 

ot the filter paper. The latter was eut into segments which were 

eluted individually with saline. The eluates were tested far aller-

genie acti vity by the passive transrer method. 

Precipitating antibodies to fraction ~-D detected in 

beth rabbit and goat anti-WSR sera were coupled to diazotized poly-

styrene*. A solution of fraction AA1-n in a concentration of 0.001 

mg per ml was incubated w1 th each of the polystyrene-ant ibo dy con-

jugates. Two hours later, the suspensions were centrifuged and the 

* The author wishes to thank r.:r. L. Gyenes for perfornüng t hese 
experimenta. 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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SUIS rnata."lts were drawn off (su~rnatants A). 'fhe polystyrene-

an tibody conjugates were washed fi ve t irnes wi th saline and t han 

suspended in saline. The pH cf the suspensions we.s adjusted to 

3.0 and incubation was carried out for two hours at 2o°C. 'rhe 

suspensions were then centrit'uged and the supernatants were de-

canted (su~ rne.tants B). Su~rnatants A and B were tested for 

allergenic acti vi ty by the passive tre.nsfer method •. 

Fraction AA1-D, in a concentration of 1 per cent, was 

analyzed in the Spinco N~del E optical ultracentrifuge using the 

synthetic boundary cel! (120}. Saline was used as the s olvent and 

the pH of the solution was adjusted to 7.0. The rotor temperature 

was 20.o°C and the rotor speed was o9, 780 rpm. The sedimentation 

constant was not recalculated ter standard conditions and its de-

pendence on concentration was n0~ determined. 

RESULTS. ---
The precipitate Which resulted on heating the aqueous 

solution of WSR at 60°0 for 15 minutes was slightly yellow in col-

our ana was round to stein only for protein. The superne.tant gave 

the sana pattern on electrophoresis in borate buffer, pH 8.6, as 

did the whole WSR except that the former did not stain for pro-

tein (:&'ig . 23). l!'raction AAt had a f aint yellow colour and 

tract ion ü1- had a sl ight straw-yellCJN colour after its elut ion 

frorn tlle electropherogram al though no pigment coula be s een in the 

·-
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region of the paper containing this fraction. 

Fraction AAï and the dialysate of this fraction gave 

intense stains with ninhydrin. Fraction AA1-D gave only a faint 

colour reaction wi th ninhydrin whereas it gave an intense stain 

0 with ninhydrin arter it had been hydrolyzed with 6N HCl at lOO C 

for as short a period ot' ti.rœ as 15 minutes. No carbohydrate was 

detected in the unhydrolyzed material nor in the 15 minute, 2 hour 

and 14 hour hydrolysates of fraction AA1-D. 

The fractions eluted from the electropherogram or the 

deproteinated WSR were able to deaensitize sites prepared with 

allergie sera {obtained r:rom untreated allergie indi viduals) to 

the respective fractions obtained t'rom the electropherogr~ of 

who le WSR. Fra ct ion AA
2

, obtained from the deproteinated WSR, 

possessed no allergenic activity. The dialysate of fraction AA1-

reacted only wi ill sera of treated allergie indi viduals whereas 

the dialyzed residue of this fraction, AA1-o, reacted wi th sera 

of both treated and untreated allergie persans. Fraction AA1-D 

was capable of inducing a 2+ reaction in an amount es small as 

10-7 mg. This fraction lost all allergenic acti vity arter it was 

0 
hydrolyzed with 6N HCl at 100 C tor only lb minutes or with lN 

and O.lN HCl ror 14 hours (Table Xli). There was no loss of act

ivity when traction AA1-D was incubated in SN HCl at 25°0 for 8 



hours or when i t was heated at l00°C at pH 7.0, or in c.OlN 

and o.OOlN HCl for periods as long as 14 hours. 

When 1'raction AA1-D was analyzed by paper chromato

g~phy, the ninhydrin stainable material was round to be located 

about the zone of application in both solvent systems. The aller

genie acti vity was asso ciated only wit h the ninhydrin stainable 

material. 

Both QJle and two dimensional chromatography of fraction 

AA1-D hydrolyzed for 14 hours with 6N HCl at 100°0 revealed only 8 

spots after spraying with ninhydrin corresponding to the amine acids 

lysine, arginine, hydroxyproline, glycine, valine, alanine, nor-

leucine and glutamic ac id (Fig. 24). On the baais of' tbe intens ity 

of the stained spots, arginine appeared to be present in t œ lowest 

and lysine in the highest concentration of the 8 amine acids. Sol

utions of fraction AA1-D heated at 100°0 in 6N HCl f .or 15 minutes 

and in lN HCl for 14 hours appeared to be c ompletely hyd.rolyzed 

whereas all the solutions of traction AA1-D which bad been heated 

in lower concentrations of HCl appeared to be incompletely hyd~ly

zed since the chromatograns of these preparations all gave less than 

8 spots, and some or tbe s pots did not correspond t o any of the 8 

amino acids detected in the completely hydrolyzed material. Neither 

the solution of .crac ti on AA1-D boiled at pH 7. C for 14 hours nor 

that incubated at 25°C in 6N HCl for 8 hours appeared to bave under-
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gone any hydrolysis as they stained only faintly with ninhydrin 

and each gave only 1 spot on the chromatogram. li'ourteen ta six

teen ninhydrin stainable spots, corresponding to known amino 

acids, were detected on the two di.mensional chromatograms ot 

the hydrolysates of f raction AA1+ and of the dialyzed residue 

of WBR. Lysine could be detected only on t he chromatograru. of 

the hydrolysate of fraction AA1+. 

Resulta of the experimenta usi.ng the polystyrene-

ant ibody conjugates are summarized in Table :XX. Si.nce supe rna t-

ant A from the polystyrene-rabbit antibody conjugete gave a nega

tive reaction by passive transfer, it can be assumed that the aller

genically ac t ive material present in fraction AA1- D waa taken up 

by the anti.bodies coupled t a the polystyrene. Supernatant B of 

this system gave a 2+ reaction by the passive transfer test, in

dicating t hat t he allergen bad been dissoci.ated from the antibody 

coupled to the polystyrene. 'l'he allergenically ac t ive materiel 

was not taken up by the polystyrene-goat antibody c cn jugate. 

An interesting observation was the loss of the abil

ity of fraction AA1-D to give a positive ring test wi t h either goat 

or r abbit anti-WSR sera after f raction AA1-D was heated in a c on

centration of 1 mg per ml at 100°C at pH 7 .o f or 8 hours, althou gh a 

solution of fraction AA1-D in a concentration of only 0 . 05 mg per 

ml was capable of giving a positive ring test with t hese antisera. 
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This heated preparation of fraction AA1-D could not inhibit the 

reaction between untreated fraction AA1-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 wi th various dilutions of tœ heated allergen solu

tion. 

The sedimentation constant of the unhydrolyzed frac

tion M 1-D was found to be l.2Œl. 

m§ CU::ii:i ION 

llthough heating an aqueous solution of WSR at 60°C 

for 15 minutes may not have caused complete precipitation of the 

protein, no stain for Ilrotein was obtained with the deproteinated 

vaH in a concentration as high as 50 grau~ per cent. This precipi

tation of prote in was found t o occur at 4°C as well but only very 

slowly and did not reach completion after even one month. The de

proteinated vSR did produce a slight opalescence on saturation with 

ammonium sulphate and a precipitate with absolute ethyl alcohol. 

However, neither of these tests is an absolute criterion for t he 

detection ot' protein. In fact, the dialyzable fraction of WSH con

tained ~aterial precipitable with both absolute ethyl alcohol and 

ruruaonium sulphate. 

Fraction AA1- was selected for the studies reported 

here since it contained only ninhydrin stainable material and sorne 
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pigment. Assuming that a negligible amcunt of protein oay still 

have been present in the deproteinated 1NSR, it would have migra

ted as a bread ba.rrl.extending from tr.e zone of application ta the 

:P3 region of the electropherogram, as it does in whole WSR. 'I'here~ 

fore, it could not have been present as an undetected contaminant 

in fraction AA1-. Since the dialysate of fraction AA1- reacted 

only wi th sera of treated alle rgic indi viduals and the dialyzed 

residue (AAl-D) reacted with sera of both treated and untreated 

allergie persans, 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 allergie individuals). 

On the basis of the finding that the ninhydrin stain 

obtained with fraction AA1-D was very faint but increased greatly 

in intensity after fraction AA1-D was hydrolyzed, it would appear 

that the material in its native state is a polypeptide. Since un

hydrolyzed fraction AA1-D gave only one spot on the ohromatogram 

whereas hydrolyzed fraction AA1-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 wi th 

only the ninhydrin stainable material when fraction AA1-D was ana

lyzed by paper chromatography and since the material lost all aller-
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genie activity after it bad been hydrolyzed with HCl, it would 

appear that the polypeptide is the active materiel. The fact 

that the allergenic acti vi ty was not los t wben the treatment of 

fraction AA1-D did not result in hydrolysis of the polypeptide 

supports this beliet. The pigrr~nt does not appear to be allergen

ically active since it could be destroyed (by boiling fraction AA1-D 

in o.OlN HCl for several hours) without a resulting diminution in 

the allergenicity of fraction AA1-D. 

The resulta would appear to conflict with those ob

tained in experimenta in obapter n when it was found that the 

activity was not associated with the ninhydrin stainable material 

in fraction AA1+Pt ot which fraction AA1-D is a part. However, 

the oonstituentp) of fraction AA1-D may not bave been present in 

a concentration high enough in fra ction AA1+Ft to be detected by the 

staining reagents. 

It was very surprising to find that f raction AA1-D 

was capable of giving a precipitate with rabbit and goat anti-WSR 

sera since it has previously been reported that only the protein 

conatituent(s) of WSR posseased this property (23-26). The aller

genically active material in fraction AA1-D was taken up by the 

rabbit antibodies, but not by the goat ant i bodies, coupled to t he 

polystyrene. Since the goat anti-WSR serum was capable of nblocking" 
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the reaction between reagin (using the serum o1' an untreated 

allergie individual) and WSR in a passively sensitized site, it 

must be concluded that tbe goat antiserum poaaessed antibodies 

to the allergen(a). Other investigations in this laboratcry de~ 

onstrated that red blood cella to which were coupled goat anti

WSR serum proteins were not agglutinated in the presence of WSR 

whereas red blcod cella to which were coupled rabbit anti-WSR 

serum proteins did agglutina te in the presence of WSR. Since 

antibody molecules are believed to contain only two groupings 

capable of reacting with the antigen, the possibility of steric 

hindrance of the antibody grcupings by the polystyrene or by the 

surface of the red blood cell when the goat antibody was coupled 

to either of these supporting media cannot be ignored. 

Fraction ~-D lost its ability to give positive 

ring tests with rabbit and goat anti-WSR sera but not its aller

genicity arter being heated in a boiling water bath for 8 hours 

at pH 7.0. This observation suggests that the groupings on the 

:polypeptide molecule res:ponsible for allergenic a cti vi ty are lesa 

susceptible to being inactivated or denatured than are the group

inga responsible for eliciting positive ring tests with the rabbit 

and goat precipitating antibodies. 

It was interesting to note that lysine, one of the 

anüno acids identified on the chror.J.a togre.m of the hydrolysate of 

fraction AA1-D, could not be detected on tbe chromatcgram of the 
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hydrolysate of the dialyzed residue of WSR. It would therefore 

appear that the material detected in fraction AA1-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

eriel. Since the dialyzed residue constitutes less than 5 per cent 

of the weight of WSR, i t is not surprising that the active materiel 

contained in fraction AA1-D could not be detected .in whole WSR. 

The sedimentation constant tor fraction AA1-D was 

found to be 1.2os. However, since the diffusion coefficient and 

the partial srecific volume for this materiel were not determined, 

due to the small quanti ty of fraction AArD available at the ti~œ, 

a determination of the molecular weight was not atteopted. 

148 



Fig. 22. 

Flowsheet of the Procedure for the Isolation of 
Deproteinated vJSR and Fraction AA1-D. 

HEATED AT 60 • C 

FOR 15 MINUTES 

• DEPROTEINATED" W 5 R 

FRACTION 

AA 1 -

DIALYZED 

FOR 14 DAYS 

\/ 

ELECTROPHORESIS IN 

BORATE BUFFER pH. 8. 6. 

FRACTIONS 

AA1+, P3, P2 AND P1 + C 

DIALYZED RESIDUE OF 

FRACTION A A 1 -
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Fig. 23. 

Electrophoretic Fractionation (on Paper) of Deproteinated 
w~R and the Desienation of the Fractions Isolated . 

+ 

t 
!APPLICATION 1 

EJŒXJ RE FERS TO THE BANDS REVEALED BY NINHYDRIN STAINING. 

Gm REFERS TO THE BANDS REVEALED BY THE CARBOHYDRATE ltEAGENT. 

~m REFERS TO THE VISIBLE PIGMENT BANDS. 
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Fig. 24• 

T1·.co Dimensional Chromatogram of the Hydrolysate of Fraction 
AA1-D. a, lysine; b, arginine; c, glycine; d, glutamic acid; 
e, hydroxyproline; f, alanine; z, valine; h, norleucine. 
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'TABLE ffi 

Effect of Heat and/or Acid on the Allergenic 
Activity of Fraction AA1-D 

Fraction AA1-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 l00°C, 6N HCl 0.10 

14 hours 
0 

at lOO c, lN HCl 0.10 

14 hours at l00°C, O.lN HCl o.oo1 

14 hours at 100°C, O.OlN HCl 0.001 

14 hours at l00°C, O.OOlN HCl o.oo1 

TABLE XX 

Allergenic Activity of Fraction AA1-D on Treatment 
With the Polystyrene-Antibody Conjugates. 

4 + 

4 + 

4 + 

0 

0 

0 

4 + 

4 + 
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1'Jaterial tested Reaction by passive trans fer 

Polystyrene-rabbit antibody system 

Supernatant A 0 
Supernatant B 2+ 

Polystyrene- goat antibody system 

Supernatant A 2+ 
Supernatant B 0 



CHAP'rER g 

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 wae shawn that an allergenically active 

material (fraction AA1-D) could be isolated by dialyzing a frac-

tien (AA1-) obtained by the electrophoretic separation of the water 

soluble extract of ragweed pollen (WSR) which had been depleted of 

) -? its protein componen~ • Since the injection of 10 mg of fraction 

AA1-D into the skin of an allergie individual elicited a reaction as 

large as the injection of 10-4 mg of WSR, i t would appear th at a 

1000 fold purification of the allergen bas been accomplished. Frac-

tion AA1-D consisted of a straw-coloured pigment and 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 acti vity 

of the preparation whereas hydrolysis of the peptide resulted in a 

complete loss of allergenic activity, it VIOUld appear that the ~p-

tide is the allergen. The fact that theallergenic activity of frac-

tion AA1-D was associated with the peptide when the preparation was 

analyzed by paper chromatography would tend to support this belief. 

Although it cannat be stated catagorically that the nitro gen-cont ain-
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ing material in fraction AA1-D is not a protein, its low sedimen

tation constant (1.206), 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, 4?, 

49, 52-54, 56), there can be no doubt that the active peptide was 

precipitated together w ith the protein component(s) in WSR upon 

the addition of either ammonium sulphate or ethyl alcohol to the 

aqueous extract of the pollen. Since the bulk of auch a 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 activi ty was attributed to protein constituants ot the 

pollen by pr evious i nvestigators. However, those investigat ors 

who used heat to precipitate the protein component(s) of WSR (23, 

25) found that the precipitated prote in possess ed only slight 

aller genici ty. From the r esulta presented in t his thesis, it 

would appear that heat causes precipitation of only the protein 
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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 separa~ 

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 quantity 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) allergie individuals only whereas t he non-dialyz

able fraction of WSR was allergenic when tested with t he sera or 

in the skin of beth treated and untreated allergie persons. It 

therefore appears that during the course of the desensitization 

treatment, the allergie individual forms a new reagin(s) with a 

different specificity from any found in t he sera or skin of un

treated allergie patients. Since such a finding has never been 

reported previously, it must be concluded that investigators in 

the past did not discriminate between the allergie sera or indivi

duals as to whether they were treated or not when testing the aller

gan 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 allergie 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 constituants 

of the pollen extract. However, one cannet exclude the possibility 

that the dialyzing membranes used by seme of the previous investi

gators were actually permeable to the allergen(s) which reacts with 

the sera and skin of untreated allergie individuals and which 

has been designated as the 11true 11 allergen(s) in this t hesis. 

It was very surprising to find that fraction AA1-D gave a 

precipitate with rabbi t and goat anti-viSR 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 

animals (23-25). Since fraction AA1-D contained only peptide and pigment, 

it can be assumed that the rabbit and goat antibodies were directed ta

ward the peptide. It would therefore appear that the allergen isolated 

is antigenic in experimental animals although it may be that different 

chemical groupings on the peptide molecule are responsible 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 shawn 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 solution of the same allergen in a higher concentration. A 

possible 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 site it is necessary to in

ject a large amount of the allergen so th~t 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 



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

than neutralized. When cross neutralization experimenta were 

performed with sera of untreated allergie persons and with the 

WSR fractions (AA1+Pt, P3 and P2) used on an equal nitrogen basis, 

the results of the experimen~suggested that fraction P2 contain

ed one, fraction AA1 +Pt two and fraction P3 three allergens. When 

the cross neutralization experimenta were performed with sera of 

untreated allergie individuals and the WSR fractions used on an 

equal desensitizing basis, it was shown that fractions AA1+Pt, Pl 

and P2 were allergenically identicàl and that there must exist a 

minimum of two allergens in ragweed pollen. The resulta of the 

experimenta with the heated allergie sera corroborated this view. 

On the basis of our findings, the interpretations of results of cross 

neutralization experimenta 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

perimenta as to whether they were obtained from treated or untreated 

allergie persona 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 experimenta, that ragweed pollen con-
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tains a minimum of only two (53, 79, 86, 92) or three (49, 56, 

91) aller gens. 

Since fraction AA1-D was capable of desensitizing a 

passively sensitized site to whole WSR, it must contain a minin:um 

of two allergens, both of which must be situated on the peptide 

molecule. However, it is possible that only one of tbe alle rgens 

is located on the peptide and that the other is present in too 

low a concentration to be detected by staining reagents even arter 

the extensive purification which has been performed. It is also 

possible that fraction AA1-D contains several peptides possessing 

siffiilar physico-chemical propertiea and that the allergena are sit

uated on different peptide molecules. 
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CHAPI'ER X 

SUlvi.MARY 

1. Defatted ragweed pollen was extracted with various 

sol vents and the fractions were analyzed by free and Jtiper ele ctro

phoresis and ultracentrifugation and shown to be of different com

posi tian. 

2. .All the extracts of the pollen displayed allergenic 

activity. 

3. 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 conta in materials wi th sedimen

tation constants varying from 0.16 to 4.513. These sedimentation 

constants were determined for the fractions examined in borate buffer, 

pH 8.6, and no inference is made asto the actual n~olecular weights 

of the materials. 

5. The passive transfer technique was frund to be far sup-

erior to the scratch test in defining the allergenic activity of 

the WSR fractions. 

6. The classic cross neut:œ.lization test was shown to be 

inadequate for defining the nuruber 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 11 sites pre

pared with allergie serwn, rather than to 11neutralize" them, was 

presented. 

?. It was shown that ragv1eed pollen must contain at least 

two allergens and that the sera of allergie individuals contain at 

least two reagins. 

8. Sera (and skin) of untreated allergie individuals were 

found to possess reagins directed only toward the constituants in 

the non-dialyzable fraction of WSR whereas sera and skin of treated 

allergie persans were found to contain reagins directed toward con

stituants in the dialyzable and non-dialyzable fractions of WSR. 

9. The dialyzed residue of one of the fractions obtained 

by the electrophoretic fr3.ctionation of deproteinated WSR was found 

to be allergenieally active in an amount as small as lo-7 mg. It 

consisted of a pigment and a peptide composed of eight amino-aeids

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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AFP EN DIX 

INDDCED li'Ol-\L..J..'riCN O.J:t' 1-i .. lli.AGIN W HCN-ALLii:RGIC 

PERSONS TO EXTRACTS OF RAGWEED I'OLLEN 

At the time when the cross neutralization experimenta 

Wi th the WSR fractioDS (AAtFt, F3 and :P2 ), used on an equal nitrogen 

basis, were rerformed (see chapter Y-A), it was noted that seme of 

t he non-allergie volunteers used fort he Jf~.ssi ve transfer experi

menta developed reagins to the pollen fracti ons. Positive react

ions to WSR could be elici ted in unsensi tized portions of the backs 

and arma of these subjects Wi thin four days after the initial in

jections of the alle rgen f racticns. Fraction P1•c, which was not 

even used in these cros.S· neutralization experimenta, consistently 

elicited the largest reactions and fraction P2 produced reactions 

of slightly lasser intensity. Surprisingly, no reactions were pro

duced w.i t h fractions AA1+Pt and P3 exc ep t in one subject (M. D.) who 

gave a moderate reaction to fraction P3 • All of these parsons &ave 

posi t ive reactions to WSR (Table XXI). 

A comparison of the r eact ions obtai ned in t hese i nd i vid

uels wi th those obtained using the sera of allergie rersons ('l'able V} 

su ggests t hat the newly acquired reaginic activ.ity by each of these 

subjects used for the passive tra.nsfe r ex:re rirrents was no t due to 

the absorpti on of the injected reag in and in its distribution over 
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the en tire surface of the su bject but was tonned de novo by the 

individuel. If this reaginic activity bad been due to absorbed 

reagin, one wwld bave expected that the subject and the allergie 

serum used in the passive transfer 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 F1+C than to fraction P2 and was non-existent to fractions 

AA1+Ft and F3 (except in subject rv,.IJ.), whereas the relative degree 

of activi ty of the allergie sera to t t.e fractions was in the o rder 

of AAi+Pt = P3 : P2 } Pl~C (Table V). This finding suggests that 

the allergens to which these subjects had fonned reagins were differ

ent from those responsible for the induction of clinical allergy • 

.I!'urthermore, it is interesting to note that tœ sera of two subjects 

(.M.D. and .A..L.) were capable of passively transferring the ir acti vi ty. 

The reactions observed in sites sensitized with these sera and challen

ged with the allergen fractions were identical to those observed on 

intradermal injection of the fractions into the se two indi viduals 

(Table XXI). The sera or the other subjects were not tested by the 

passive transfer method. It is of interest that none of these sub

jects complained of having developed clinical hay fever or asthrua 

during the following two years. One subject (M.D.) was tested with 

the WSR fractions 10 months after initially showing sensitivity and 

the reactions were identi~al to those observed originally {Table xxi). 

The nlpidity with which this newly acquired sensitivity 
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was developed by these indi vid.uals is most striking. In the case 

of one subject (R.H.), the sensitivity was noticed only two days 

arter the initial injections ot' the allergen fractions, while in the 

other subjects the sensitivi ty was demonstrated within 3 to 4 days. 

Assuruing that the formation of reagin is similar to the formation of 

protectiug or precipita ting ant ibodies, tbe rapid occurrence of the 

reagin1c activity in the subjects after the initial injection of 

the allergen fractions would suggest a rr,ore rapid "primary response" 

than has ever be en reported (140). None of the s ubjects had pre

viously been inj ected. w it.n extracts of ragweed pollen or any other 

pollen. However, they all had been subjected to airborne ragweed 

pollen and i t has been shcwn that the alle rgen cons ti tuen ts of the 

pollen can be absorbed through the nasal mu cous membrane, the res

pira tory tre.ct and the gastro-intestinal tract {22, 89, 104-108). 

Undertbese circumatances, these persona could !ave become "subclin

ically" sensitized to the allergens in ragweed pollen prior to our 

having used them as subjects for the passive transfer experimenta. 

Therefcre, t :te possibility o!' our ha.ving evoked an "anamnestic res

ponse" in these subjects cannet be ruled eut. 

COHCWSIONS 

1. Some norrr.al, non-allergie persona are capable of forming 

reagins in response to injections or extracts of ragweed pollen with

out beco~ing clinice.lly allergie. 

2. The reagins forn:ed by these persans are detected within 

only two to four Qays a1'ter initial injections of the ragweed pollen 
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fractions and they can be passively transferred. 

3. 'l'he c onsti tuents of the ragweed pollen which induced 

the formation of reagins in the non-allergie individuels appear 

to be different frem those which eliei t reagins in clinically 

alle rgic persons. 
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TABLE XXI 

Allergenic Activity of the WSR Fractions as Observed 
by Scratch Test in Non-Allergie Individuals Who Had 
Acquired Reaginic Activity. 

Reaction elicited by fraction 
1 

Persan tested 

.o.K. 1+ 

M.D. 2+ 3+ 

A.S.-B 1+ 

A.L. 2+ 

R.H. + 1+ 

p + c 
1 

3+ 

4+ 

3+ 

3+ 

2+ 

WSR 

3+ 

3+ 

2+ 

3+ 

2+ 
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CLAihS TO ORIGINALITY 

1. The technique of paper electrophoresis was used 

for the first tine as a means for fractionating ragweed pollen 

extract. It was shown that the aqueous extract of ragweed pollen 

contains at least 5 peptide, 1 protein, 1 carbohydrate and 4 pig

roont components. 

2. It has been shawn 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. 

3. Cross neutralization experimenta wi th the fracti ons of 

ragweed pollen used on an eq1.la.l desensitizing basis demonstrated 

the presence of two e lJ.e rgens in ragweed pollen. 

4. It has been demonstrated that there exist at least two 

reagins or skin sensitizing antibodies in sera of allergie individ

uels. 

5. It was shawn that sera and skin of ragweed sensitive 

individuals who had never been treated (desensitized) for their 

ellergy contained reagins directed only toward constituants in the 

non-dialyzable fraction of the aqueous extract of ragweed pcllen. 
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On the ether hanà, sera and skin of treated allergie i:IW.ividuals 

possessed reagins to too d ialyzable and non-dialyzable fractions 

of the pollen extra ct. 'l'his find :ffig auggests that the desensitiza

tion treatment i:ldtï.Ces tbe formation of a reagin of a new specifici ty 

not formed by untreated allergie patients. 

6. It was demonstrated that reagin formation can be i:nduced 

in so IHe normal, non-alle rgi c in di viduals w i thou t evoking con di ti ons 

of c linical allergy. 

?. J..n allergenically active substar..ce has been isolated 

from the aqueous extract of ragweed pollen. It was non-dialyzable 

and was coœposed of a pigment and a peptide composed of eiGht amine 

acids-lysine, arginine, glycine, alanine, glutamic acid, valine, 

norleucine and hydroxyproline. 'l'he injection of 10-? n:.g of this 

material into the skin of an allergie individuel was capable of elic

iting a cutaneous reaction. From resulta of experimenta withthis 

material it would appear that the peptide is one of tbe allergens in 

ragweed pollen. 
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