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ISOLATION AND SOME PROPERTIES OF 
ALLERGENS FROM TIIIOTHY POLLEN 

HISTORICAL INTRODUCTION 

Upon the introduction of diptheria antitoxin 

therapy in 1890, the injection of foreign serum became 

relatively common. It was soon found that some of the 

individuals receiving such serum developed unfavorable 

reactions, often leading to a condition which was called 

serum sickness. It was believed that this reaction was 

due to the antitoxin content of the serum. In 1903 

von Pirquet and Shick (34) showed as a result of clinical 

and experimental studies that serum sickness was not due 

to the d.iptheria antitoxin, but to the foreign proteins 

of the injected serum. 

In 1906 the term allergy was used by von Pirquet 

(33), using it to mean an "altered capacity to react", 

and the foreign protein which after single or repeated 

injections prepared the individual for such altered re- 

actions was called an allergen. He wanted the term 

allergy to embrace the areas of immunity as well as 

hypersensitivity, but the modern tendency is to use the 

word allergy to denote certain types of hypersensitiv- 

ities. 

Hypersensitivity may be defined as an altered way 
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of reacting to an antigen which has harmful effects on 

the body (this is in contrast to immunity where the 

effects are beneficial), and. is often used as a synonym 

of the word allergy. The manifestations of a11err in 

nian may include such diverse phenomena as serum sickness, 

food allergy, hay fever and asthma, poison ivy dermatitis, 

and sensitivity to drugs. The inciting substances induce 

their altered reactivity following penetration by in- 

jection, ingestion, or absorption through the mucousal 

mernbrances. The existence of the allergic state becomes 

evident after a later exposure to the same material or 

chemically. The opportunities 

for exposure are quite unequal with different types of 

allergens, and in many cases sensitization will be the 

result of repeated exposures. The necessary nwnber of 

exposures will vary among individuals and is indicative 

of differences in the host factors determining suscep- 

tibility to sensitization. Although the existence of a 

hereditary predisposition to aller had been implicated 

many years ago, insufficient data are available, and 

there still remains some controversy on this matter. 

Hypersensitive reactions can be divided into two 

types: immediate and delayed. The differences between 

these two types of reactions are more fundamental than 
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the time requìred for the expression of clinical symptoms. 

The immediate tyie reactions are associated with the 

presence of circulating antibodies in the serum, and 

these antibodies can be studied by passive transfer ex- 

periments (the injection of serum containing antibody 

into a non-allergic individual and subsequent challenge 

by allergen eliciting a characteristic wheal and flare 

reaction). The immediate type reaction occurs in the 

vascular tissues and depends upon changes which occur in 

the blood vessels and smooth muscle. On the other hand, 

delayed type reactions do not seem to be associated with 

circulating antibody, passive transfer cannot be accom- 

plished, and the reactions can be elicited in non-vascular 

tissue. 

The fact that antibodies are involved in allergic 

reactions was first demonstrated by Prausnitz and 

Kustner (35) by passive transfer reactions. Prausnitz 

( non-sensitive) received in his skin a small amount of 

serum taken from Kuatner, who was quite sensitive to 

fish, and 24 hours later received directly into the same 

site an injection of an extract obtained from fish. A 

wheal and flare reaction developed only when the extract 

of fish was injected. This technique has been extended 

mainly by the studies of Coca and Grove (17, p. '445-464) 

and was found to be applicable in many clinical allergies 
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and to represent u valuable investigational tool. 

Although the inciting substances may be of diverse 

nature, it has been clearly demonstrated that allergic 

reactions are the result of antiL-en-antibody reactions. 

Upon the co:bination of antigen with antibody, histamine 

and/or histamine-like compounds are liberated which lead 

to cellular damage and the observance of T1normal" clinical 

symptoms. There has been an uncertainty for many years 

regarding the maimer in which forei proteins induce the 

synthesis of antibodies, and this question is still not 

completely answered. 

Generally speaking, there seem to be two main con- 

cepts concerning the synthesis of antibody. These con- 

cepts differ mainly in regards to the role that the anti- 

gen plays in the synthesis of antibody. One, the elec- 

tive theory, postulates that the information required to 

direct the synthesis of a given antibody is already in 

the organism before the antigenic stimulus is received. 

The second, the instructive theory, postulates that the 

antigen conveys the information for the specificity of 

the globulin synthesized under its influence. 

An elective theory of antibody production was pro- 

posed many years ago by Ehrlich, and has recently been 

revived by Jeme (25), Talmage (39) and Lederberg (28). 

These theories postulate a number of globulin molecules 



with different configurations being produced by differ- 

ent cells prior to any antigenic stimulus. Upon anti- 

genie stimulus, the antigen combines with a globulin 

molecule which has a similar configuration. It is not 

necessary, and it is indeed unlikely, that this initial 

combination between antigen and antibody is a "good" fit. 

However, this combination leads to cell proliferation and 

selection of cells which produce the type of globulin 

which combines with the invading antigen. These new cells 

produce a range of types of globular molecules, sorne of 

which make a still better fit, and lead to selection and 

cell proliferation of this best variety. This continues 

until the development of a clone of cells which are cap- 

able of the production of antibody molecules that possess 

a complementary structure to the invading antigen. Con- 

sequently, the antigen need participate in no type of 

specific reaction with cell constituents other than anti- 

body itself. 

The elective theory of antibody production also 

attempts to provide an answer to the question concerning 

the mechanism of immune tolerance. Immunological toler- 

ance is the finding that except in unusual cases an adult 

animal does not produce antibodies to his own substances 

which are antigenic to other animals. 

It has been shown by Bellinghain, Brent and Medawar 



(12) that immunological tolerance can be acquired. during 

the fetal or immediate newborn periods by the injection 

of foreign antigens. In order to explain acquired immune 

tolerance in animals, it IS necessary to postulate a 

recognition system capable of distinguishing between the 

antigen and the tolerated substance. One choice might be 

that the antigen induces differentiation, but then un- 

differentiated cells would require a system to recognize 

the tolerated substances. An alternative explanation 

could be a progressive differentiation where the corn- 

bination of the antigen with the first antibody f ormed 

stages of differentiation has the effect of 

inhibiting the differentiation. The inhibition of 

partially differentiated cells would result in a sel- 

ective destruction of these cells. One of the important 

problems in the field of immunology is the design of 

experiments which will distinguish between these two 

explanations of immune tolerance. 

The instructive theory postulates a more direct 

role of the antigen in the production of antibody. Pro- 

ponents of this theory believe that antibodies are formed 

while in contact with the antigen or a small part of the 

antigen molecule. klaurowitz (214., p. Y14-34-5) proposed 

that a protein molecule acts as a template for the pro- 

duction of antibody, and that the template is maintained 
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in an ecpanded rather than helical form by a ribonucleic 

acid (RNA) molecule. Antibody formation proceeds by the 

deposition of amino acids upon the surface of the tern- 

plate with each amino acid being the same as the one be- 

low it on the template. Upon the formation of peptide 

bonds the newly synthesized protein is released from the 

template and enters the circulation. The main criticism 

of this theory was the need for the persistence of anti- 

gen within the cell for long periods of time. 

Pauling (32, p. 2644) believed that it was un- 

necessary to assume that antibody globulin molecules con- 

acids are arranged in 

any different order than those of normal globulin. He 

postulated that the differences between normal globulin 

and antibody were due to a differential folding of the 

protein in contact with the antigen. 

$chweet and Owen (37, p. 206) postulate that anti- 

gen possesses a dual role in the synthesis of antibody: 

(1) that the antigen acts on desoxyribonucleic acid (DNA) 

by a combination at the gene locus concerned with globu- 

lìn synthesis, and (2) that the antigen acts at the cyto- 

plasmic level as an inducer. The correlation of these 

activities suggests a possible mechanism for the formation 

of antibody in response to environmental stimuli and in- 

dicates the possible involvement of genetic influences 



in allergy. 

Using labeled antigen, Coons (20, p. 12-13) and 

Beale (11) demonstrated that the antigen enters the 

nucleus during the primary response. Also Campbell (15) 

found RNA molecules that were complexed with antigen 

fragments. These RNA-antigen complexes were found in 

the cell one year after the initial exposure of the 

antigen, and they were more efficient than the original 

antigen in eliciting antibody formation. 

These new observations, particularly the findings 

of Campbell and Garvey, suggest that one must re-evaluate 

the merits of the instructive theory in the light of the 

ability of antigen persistence for long periods of time 

in tissue. The controversy concerning the mechanism of 

antibody formation is not over, nor is it the only con- 

troversy to be found in the field of allergy. However, 

one may hope that with time new methods of investigation 

will become available, and eventually this and other 

basic problems concerning the field of allergy will be 

answered. 

Those individuals possessing allergies contain 

antibodies in their serum which differ in their chemical 

and physical characteristics from those derived due to 

bacterial and viral infections. 

Frausnitz and Kustner demonstrated by means of 
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passive transfer the existence of the 'tskinsensitizinß 

antibody" reaginsu. Reagins, upon injection into 

nonnal human skin, will remain fixed at the site of 

injection for periods up to 30 days. These reaçins will 

respond only upon challenge with the specific allergen, 

and yield a characteristic wheal and flare reaction. 

Other characteristics which distinguish reagins are: 

(1) they are heat-labile, losing their skin-sensitizing 

capacity upon heating at 56°C. for 30 minutes to 8 hours 

(the time required for complete inactivation will vary 

from serum to serum); (2) they do not appear to pass the 

placental barrier, and when mixed with the allergen, 

they do not yield a precipitate. 

Allergic individuals receiving regular injections 

of small amounts of their allergens (a process called 

Itdesensitizationhf) usually exhibit marked clinical im- 

provement. This improvement could not be related to a 

reduction in the amount of circulating reagin. content of 

the serum. It was later realized that the series of in- 

jections were giving rise to thermostable antibodies that 

combine readily and. specifically with the allergenic 

material. The existence of these antibodies was sug- 

gested by van Leeuween and Kremer and more recently by 

Cooke (19, p. 748-79). The thermostable antibody upon 

combination with the allergen is capable of neutralizing 
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the latter so that it is not able to produce a positive 

wheal and flare reaction on a sensitive individual. Con- 

sequently, this antibody has been called "blocking", "in- 

hibiting't, or "neutralizing" antibody. A comparison of 

the properties of classical, blocking, and reagin anti- 

bodies is given in Table 1. Blocking antibody is capable 

of withstanding temperatures which destroy reagins, there- 

by permitt1n its determination in the sera of patients 

(allergen treated) who possess both types of antibody. 

In order to demonstrate the presence of blocking antibody 

vivo the reagin neutralization technique is used. 

Nixtures are made with the a1leren and injected into 

passively sensitized skin, and it is compared with the 

reaction obtained when the allergen is injected alone. 

The measurement of blocking antibody by in vitro methods 

has been reported by Gordon, Rose and Sehon (23, p. 37- 

49) and Feinberg, iiavison and flick (21) and will be dis- 

cussed in a subsequent portion of this thesis. 

The classical assay method used in the study of 

allergy is the skin test. This method, involving in- 

jection of the allergen into an allergic patient, yields 

only qualitative information because it is a measure of 

the physiological response of the capillaries of the skin 

to histamine (and possibly other intermediates) released 

by the combination of the antigen and antibody. The 
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Comparison of the Characteristic Properties 
of Classical, Reagin, 

and Blocking Antibodies (16, p. 169) 

Characteristic Reagin Classical Blocking 
Antibody Antibody 

Heredity implicated 

Protein type 

Heating at 60°C. 

Reaction in vitro with 

yes 

Y-or Ç-g1obu1in 

labile 

' 

stable 

v1-obulin 

stable 

antigen none shown precipitation no precipitation 
reaction shown by 
special methods 

Passive sensitization 
of skin Fixes to skin leaves skin leaves skin 

(leads to positive readily readily 
P-K test) (no P-K test) (no P-K test) 



12 

intensity of the response may be affected by the amount 

of histamine present in the skin, physiological activi- 

ties of the capillarïes, and other factors not readily 

measured. As a result of dissatisfaction with the skin 

test, many workers in this field have turned their 

attention to the development of some type of in vitro 

assay for the study of the allergen and skin sensitizing 

antibody. 

A number of workers showed that collodion par- 

tides or red blood cells (ABC) coated with the allergen 

were clumped when suspended in allergic serum. In 1941, 

Cohen and Weller (18) stated in a preliminary report that 

colloidion particles coated with an adsorbed layer of 

ragweed pollen extract were clumped when suspended in 

allergic sera. The clumping was observed regularly with 

sera of treated allergic individuals, while most of the 

sera of non-treated patients gave negative results. In 

1947 a systematic reinvestigation of this technique by 

Swineford and Houlihan (8) failed to confirm the earlier 

results. 

Orlans, Rubinstein and Narrack (31) and more 

recently Feinberg, Davidson and Flick (21) used Boyden's 

hemagglutination technique (14, p. 107-120) attemj±ing 

to demonstrate antibodies in allergic sera. Grass and 

ragweed pollen antigens were adsorbed to tannic acid 



treated RBC and added to the sera of a11er1c patients. 

The results of both groups were comparable, i.e., posi- 

tive reactions were obtained in about 20-70% of the cases 

depending upon the degree of treatment of the patient for 

his allergy. Although the hemagglutination technique in- 

volving the adsorption of antigens to tanriic acid treated 

RBC is versatile and sensitive, its main drawback is that 

the antigens are attached to the RBC by relatively weak 

adsorption forces. It has been shown by Feinberg and 

Flick (22) that antigens adsorbed in the tannic acid 

heniagglutination method can dissociate spontaneously from 

the sensitized IRBC. This in part may explain some of the 

poor reproducibility obtained by investigators utilizing 

this method. 

In 1942, Pauling, Pressman and Campbell (36) 

described a new hemagglutination method. This method in- 

volves the coupling of RBC to the antigen through bis- 

diazotized benzidine (BDB method). In this method the 

antigen is held to the "sensitized't RBC through a chem- 

ically stable azo bond. A second advantage of this 

method over the tannic acid method involves the lack of 

technical manipulation that is present in the tannic acid 

method. 

As a result of the suggestive evidence by a number 

of workers that the antibodies in allergic sera could be 
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detected in vitro, Gordon, IZose and Sehon (2, p. 37-49) 

undertook a study of the detection of the antibodies in 

human sera. They assumed the antibodies in allergic sera 

to be bivalent and that their failure to give visible 

precipitation reactions was due only to their being 

present in exceedingly low concentration. They felt that 

the diazotization method of Pauling, Pressman and Camp- 

bell could be adapted to fit their needs. Using a whole 

ragweed pollen extract as a source of antigen they ob- 

tamed positive hemagglutination titers only with the 

sera of patients sensitive to ragweed. The sera of non- 

allergic patients gave negative results. The specificity 

of this reaction was demonstrated by attempting to obtain 

hemagglutination using ragweed "sensitized" RBC with the 

sera of patients sensitive to aspirin and grass pollen. 

In each case there was no hemagglutination of the ragweed 

sensitized" 1fl30 to the heterologous antibodies tested. 

Consequently, they concluded that the BDB method of hem- 

agglutination provides a rapid and sensitive method of' 

the determination of reagin and blocking antibodies. 

However, it has more recently been shown by Nalley, 

Lietze and Reed (29) (some of tuis work being part of 

this thesis) that the BDB method of' hemagglutination does 

not measure the concentration of either reagin or block- 

ing antibodies. Using whole timothy pollen extracts and 
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animoniwn sulfate fractions of the timothy pollen it was 

demonstrated that the antigen involved in the hemagglu- 

tination reaction is not the same as that responsible for 

the skin reaction. It was also demonstrated by passive 

transfer methods that the BDB hemagglutination does not 

involve either reagin or blocking antibody, however, only 

timothy sensitive patients will give a positive reaction. 

Although the antibody being measured has some of 

the characteristics of blocking antibody, it is distinct 

from blocking antibody, at least as it is customarily 

defined (antibody reacting with the allergen causing the 

skin reaction). ¿mce only timothy sensitive patients 

give positive reactions, and from the demonstration by 

passive transfer methods that reagin and blocking anti- 

body are not involved in the hemagglutination reaction, 

it becomes necessary to consider the possibility that a 

third antibody is present in the serum of allergic 

patients. This antibody -- the hemagglutinating anti- 

body -- would be specific for the hemagglutinating anti- 

gen, as was demonstrated by attempting to obtain heinag- 

glutination with sera of patients allergic to dust and/or 

eggs but not timothy grass pollen. Since only allergic 

patients give this reaction, it would appear that there 

is some connection between the hemagglutinating antigen- 

antibody and the allergen-reagin reactions, and it is 
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hoped that future investigation will clarify this re- 

lationship. 

Ìluch of the modern efforts at isolation and char- 

acterization of allergens has been devoted to ragweed 

pollen. It was elected to investigate timothy grass 

pollen for two reasons. First, grasses rather than rag- 

weed are the major pollen allergens in the Pacific North- 

west, and the present assay system (skin test) requires 

a need for allergic patients; secondly, previous inves- 

tigations by others had indicated the grass pollen did 

not appear to have the allergenic complexity of ragweed. 

Blackley (1) was the first to suggest that chem- 

ical investigation of grass pollen would be fruitful, 

but it was not until the present century that this in- 

vestigation was productive. The studies prior to 1952 

were extensively reviewed by Augustin-Freidman (5, p. 

290-314) and indicated that the allergenic activity was 

associated with a protein fraction precipitated by satu- 

rated ammonium sulfate, and that proteolytic enzmes do 

not destroy the activity. This review also described 

the stability of the active material to freeze-drying, 

the loss of activity by heat denaturation, and stated 

that the active material was on the borderline of 

dialyzability through semi-permeable membrances. 

Augustin (3-10), using crude pollen extracts, has 
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reported the results of her own investigations concerning 

the allergenic material of timothy pollen. Using paper 

chromatography in butanol-acetic acid-water mixtures she 

demonstrated the existence of free amino acids, peptides, 

carbohyrates, proteins, and a number of pigments to be 

present in the crude pollen extracts. There remained at 

the base-line a stationary material which contained bio- 

logical activity, and at least 14 common amino acids and 

also Y-aminobutyric acid. 

By the technique of isoelectric precipitation 

followed by sodium chloride fractionation, she separated 

a strongly pigmented carbohydrate-rich fraction from al- 

most colorless carbohydrate-poor fractions. All of these 

fractions, however, proved to be about equally active on 

an equal weight basis. ugustin coLcluded from later in- 

vestigations that carbohydrate extracts of timothy pollen 

contain almost no biolo°ical activity, and that the 

allergens are proteins. 

Nembrane diffusion and ultra-filtration experi- 

ments indicated that the allergenic material of timothy 

grass pollen was non-diffusible (< 1% would pass through 

the membrane), and she concluded from diffusion and 

ultra-centrifugation studies that the active material had 

a mean molecular weight of 14,000 and a elongated molec- 

ular shape. Contrary to what she reported in her review, 
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she also showed that b1oloical activity was destroyed 

by pepsin or trypsin, but not by autoclaving for 15 min- 

utes at 20 atmospheres. 

Abramson, Engel and ioore (1, 2) using'; crude 

timothy pollen extracts isolated electrophoretically 

an unpigrnented, slow-moving component which they called 

'tpraetensin". Both the unpigmented and pigmented frac- 

tions isolated possessed bio1oica1 activity. The un- 

pigmented active co.ponent did not sediment in the ultra- 

centrifuge under an applied force of 150,000 G for 2 hours 

at room temperature, and the molecular weight of this 

material was estimated to be 5,000 or less. 

Augustin (7, lo) has claimed to have isolated and 

crystallized a "highly purified!I active component from 

crude timothy pollen extracts. However, she has neither 

described in any of hr papers details of the methods 

used in the crystallization of this fraction nor inter- 

preted the meanin. of 'highly active" in quantitative 

terms. The only mention of biological activity of her 

active fraction was that it proved to be as active as the 

whole pollen extract (7). This would suggest that her 

"highly active cor.ponent" had been chemically denatured 

during her isolation procedure or that there was no con- 

centration of the allergen during the isolation pro- 

cedure, and one must consider closely the interpretations 



of her results. 

In. the purification of the proteins from timothy 

pollen the removal of inactive material should lead to 

an increase in the biological activity compared to the 

starting material -- whole pollen extract. À failure to 

observe this increase in specific activity leads directly 

to the suggestion that denaturation has occurred, and the 

results invalid. This method of investigation has been 

the guiding principle in our studies concerning the iso- 

lation of allergens from timothy grass pollen. 

With this background our own investigation con- 

cerning the isolation of a biologically active allergen 

from timothy pollen was started. Àt this point it should 

be noted that an essential difference exists between the 

present work and. the work previously reported by other 

investigators. This difference involves the fact that 

earlier investigators studied biological activity, corn- 

position, heat and pH stabilities using whole pollen ex- 

tract prepared with Coca's solution or by Noons tech- 

nique (0). Because of the neterogeneity and protein- 

protein interaction of the whole pollen extract, it seemed 

advantageous to delay this type of study until a more 

homogenous preparation was available. 

As a working hypothesis it was assumed that the 

biologically active material was a protein, and the 
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methods of protein fractionation that have provided the 

biochemist with considerable success were utilized. An 

essential feature of our plan of isolation was the com- 

parison of the fractions obtained by each procedure with 

each other and with whole pollen extract by direct skin 

testing in timothy sensitive volunteers. 
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MATERIALS AND NETHODS 

3ource and Treatment of Naterials 

The supply of timothy grass pollen was obtained 

from Sharp and Sharp of .Lverett, Washington. 

The pollen was extracted with ether for 24 hours 

in a soxhlet; the defatted pollen was dried in a vìcuum 

desiccator and stored in vacuo under low pressure at 

-15°C. until ready for subsequent fractionation. 

The purpose of the ether extraction was to remove 

ether soluble material which lead to non-specific skin 

irritation upon bioassay by injection into patients, and 

which make the subsequent protein fractionation more dif- 

ficult to accomplish. 

Previous investigators demonstrated that the al- 

lergenic activity of timothy pollen is extractable in 

aqueous solution. Consequently, a series of experiments 

were done usinr small quantities of dried, defatted 

pollen extracted with aqueous solutions at pH values 

ranging from 3 to 11. The results of this experiment 

indicated that higher yields of allergenic activity was 

obtained at pH lO and 11. The choice of pH 10.4 for 

the extractin medium was therefore a compromise between 

the desire to obtain a high yield of biological activity 

and to avoid denaturation due to the high alkaline 
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environment. It had also been reported that glucose 

provides a stabilizing effect on the allergenic activity 

of timothy pollen, and therefore the extracting medium 

contained 10% glucose. The choice of concentration of 

phosphate buffer used was determined by extraction ex- 

perinients of the dried defatted pollen. During ammonium 

sulfate fractionation of the whole pollen extract, 

solutions of higher concentrations of the phosphate buf- 

fer would be completely frozen during centrifugation of 

the precipitate 4°C. 

Chemical Assays 

Total Organic Solids Content 

Since it was not certain that the allergens in 

timothy grass pollen were proteins, the method of John- 

son (26) was used to determine total organic solids con- 

tent in our solutions. This method involves the oxi- 

dation of organic material in concentrated sulfuric acid 

and potassium dichromate with consequent reduction of 

= +++. 
Cr20 to the Cr ion. The dichromate-sulfuric acid 

solution has an absorption maximum at 440 mu, and the 

degree of oxidation is determined by measuring the de- 

crease in optical density of a given solution from a 

standard solution containing a known amount of potassium 
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dichromate. 

Approximately 4.4 g. of potassium dichromate was 

dissolved in 20 ini. of water and then diluted to i liter 

with concentrated sulfuric acid. A 25-ml. aliquot of 

this solution was used for standardization by iodometric 

titration. An excess of potassium iodide was added, and 

in the subsequent oxidation an equivalent amount of 

iodine was liberated and titrated with sodium thiosul- 

fate. Appropriate calculations determined the muli- 

equivalents of dichrornate present in solution. Subse- 

quent standardization of the dichromate solution was made 

spectrophotometrically. 

Protein Determination 

At a subsequent stage in the investigation it be- 

came apparent that at least part of the allergens in 

timothy pollen were protein (Table 2). Consequently, the 

concentrations of solutions for fractionatìon and bio- 

logical assay were determined by the biuret method (27). 

The reagent for the biuret test is prepared by 

dissolving 1.5 g. of copper sulfate and 6 g. of sodium 

potassium tartrate in 500 ml. of distilled water. Three 

hundred (300) ml. of l0 sodium hydroxide was added with 

constant stirring and the total volume was brought to 

1000 ml. by the addition of distilled water. A standard 



Table 2 

A Comparison of the Total Organic Solids, 
Total Protein and Biological Activity 

of Various Fractions of Timothy Grass Pollen 

Total Organic Fraction Solids 
Total 

Protein Protein 
Biological 
Activity* 

Whole Pollen Extract 38.4 g. 3.1 g. 8.1 l:lO 

49-55% Sat'd. (4)230k 0.69 g. 0.233 g. 34 1:106 

> 40% Ethanol 0.271 g. 0.158 g. 58 l:lO 

*Represents increase on a weight per weight basis 
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curve was made by preparing standard solutions (i-20 mg. 

of protein/mi.) of commercially obtained (3ìma Chemical 

Co.) crystalline bovine seruri albumin. One ml. of a 

protein solution is added to k nil, of the biuret re- 

agent, mixed, and allowed to stand 30 minutes at room 

temperature before reading in a spectrophotometer at 

550 mu. 

Heinagglutination Nethod 

1. ireparation of reagents. 

a. Bis-diazotized benzidine (BDB). -- The 

BDB was prepared by dissolving 0.23 g. of benzidine in 

45 ml. of 0.2 N HOi and adding 0.175 g. of NaNO2 in ml. 

of distilled water to this solution at 0°C. The reaction 

was alloweu. to proceed for 30 minutes with intermittent 

stirriri. Aliquots of this solution were naced in 2 ini. 

vials, quickly frozen in a dry ice-acetone bath, and 

stored at -20°C. until required. For each experiment the 

contents of a vial, immediately after thawing, were di- 

luted 15-fold with 0.15 11 phosphate buffer, pH 7.3, and 

were used for coupling the antigen to the red cells. 

b. 0.15 N Phosphate buffer (pli 7.3). -- The 

phosphate buffer was prepared by mixing 215 ml. of 0.15 i 

Na2HPO4 and 49 ml. of 0.15 N KH2PO4. 

C. Alsever's 3olution. -- The following 
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materials were dissolved in distilled water and diluted 

to a final volume of 1000 ml.: citric acid, 0.55 g.; 

sodium citrate, 8.0 g.; sodium chloride, 4.2 g.; 

Dextrose, 20.5 g. 

By adding an equal volume of Alsever's 

solution to rabbit blood collected for the hemagglutin- 

ation test, coagulation was prevented. 

2. Collection of blood from rabbits. 

Thirty-five (5) ml. of blood was obtained by 

heart puncture and was prevented from coagulating by the 

addition of 35 ini. of ìtlsever's solution; it was then 

stored at 4°C. for about 6 days. The red blood cells 

(RBC) were separated when needed by centrifugation at 

1000 RPN and were washed 3 times with chilled saline. 

Normal rabbit serum (KRS) was collected from 

the marginal ear vein of the same rabbit which supplied 

the erythrocytes. The serum was heated at 56°C. for 

30 minutes to deactivate the complement and then stored 

at 4°C. for 6 days. The Ttdiluent solutionr? used in the 

hemagglutination test consisted of ffRS diluted 100-fold 

with 0.15 N phosphate buffer. 

3. Sensitization of red blood cells. 

It was reported by Gordon, Rose and 3chon 

(23, p. 41) that for sensitization of RBC the ratio of 

'benzidine to antigen was found to be critical. This 
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ratio was established for each batch of 13DB, (a) by 

varying the BDB concentration and keeping the antigen 

(whole pollen extract) concentration constant, and (b) 

by varying the antigen concentration and keeping the BDB 

concentration constant. Each batch of sensitized cells 

was tested with a timothy sensitive serum and a normal 

human serum. 

It was found that the best ratio was .25 ml. of 

a "60 mg% of total organic solids of whole pollen ex- 

tract" and 0.5 ml. of the BDB-phosphate solution when 

these were mixed WiIL u,l ml. of a 50% suspension of 

washed red blood cells. This reaction mixture was kept 

at room temperature for 15 minutes with occasional stir- 

ring, auì then it wa: centrifuged at 1000 RFI'I at 

for 5 minutes. The supernatant was discarded, and the 

cells washed with 3.5 ml. of the diluent solution. Upon 

centrifugation the supernatant was discarded, and the 

cells redispersed in 2.5 ml. of the diluent; these 

"sensitized cellst' were subsecuently used in the hemag- 

glutination test. 

4. The hemagglutination test. 

In order to remove non-specific agglutinins, 

before testing for antibodies all sera were treated at 

room temperature for 20 minutes with an equal volume of 

packed, washed, non-sensitized red blood cells. The 



cells used. for the absorption and those for the sen- 

sitization were always from the same rabbit. Subse- 

quently, 2-fold serial dilutions of the serum with the 

diluent were prepared. The volume in each tube was 

0.5 ml., and 0.05 ml. of the Thensitized" cell suspension 

was added in each tube. For each experiment three con- 

trols were used: (a) in one series of tubes the serum 

was replaced by the diluent (serum control), (b) in an- 

other series untreated cells were used instead of sen- 

sitized cells, (c) in a third series normal human serum 

was used instead of serum from a patient allergic to 

timothy pollen. 

All tubes were allowed to stand overnight at room 

temperature to permit the development of a specific 

pattern. If no antibodies were present the red cells 

sedimented to the bottom of the tube to form a coipact 

button (negative result). On the other hund, if the 

correct antibodies were present an evenly dispersed 

layer of red cells across the bottom of the tube was 

obtained (positive result). The reciprocal of the high- 

est dilution of the test serum which still gave a positive 

result was taken as the titer of the serum. 



Biological Assay 

Skin test 

dhole pollen extract and its fractions are assayed 

for their total organic solid content and their protein 

concentration, and initial dilutions of each fraction are 

prepared in a concentration of 1 mg. protein in 10 ml. of 

Coca's solution (1:10,000). Decimal dilutions of the 

above samples are made, and sterility tests using a thio- 

glycollate medium are prepared for each sample. The 

sterility tests are kept at 3?OC. for 48 hours, and if 

no bacterial contamination is found these samples are 

ready for skin test assay. 

ìach fraction is assayed by intradermal injection 

of 0.02 ml. of the decimal dilutions containing 10 to 

io0 mg. of protein per ml. of Coca's solution into 

about 10 patients knowil to be sensitive to timothy pollen. 

The skin test titer of each fraction is expressed as the 

reciprocal of the mean end point dilution in milligrams 

of protein per milliliter. The end point is taken to be 

a wheal and/or erytherna larger than the control tesç of 

Coca's solution. 

Passive transfer test 

The passive transfer test is a variation of the 
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skin test just described. It is performed in the skin 

of an individual not allergic to the allergen, and use 

is made of the skin-sensitizing properties of reagin. 

The sera of patients known to be allergic to 

timothy grass pollen are prepared in serial dilution, 

and injected, into the skin of a non-sensitive "volunteer". 

Twenty-four hoars later each site that previously had 

been injected with serum is challenged by a known quan- 

tity of allergen, and the concentration of reagin in the 

serum can be estimated by the intensity of the reaction. 
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EXPERINENTS AND RESULTS 

Isolation of Timothy Grass rollen Allergen 

Ammonlu.m Sulfate Fractionation 

Dried, defatted pollen (loo g.) was extracted with 

300 ml. of 0.127 N phosphate buffer, pH 10.4, containing 

lo glucose. This suspension was agitated continuously 

by magnetic stirring for l8-2L hours at L0 The sus- 

pension was filtered through a Buchner funnel and the 

filtrate (250 ml.) which possessed a dark brown color 

and a pH of 6.7, was retained. The pH of the filtrate 

was adjusted to 10 by the addition of 0.1 N NaOH prior 

to the ammonium sulfate fractionation (Table 3). 

To the whole pollen extract 28 . of ammonium sul- 

fate was added slowly and stirred continuously by mag- 

netic stirrin'. to avoid localized denaturation. The 

precipitate (0-48% sat'd. fraction), which contains the 

heinagglutination antigen to be described later in this 

thesis, was centrifuged at 6000 RPN for 15 minutes at 

k°C. To the supernatant liquid another 5 g. ammonium 

sulfate was added, and the precipitate (49-55 sat'd. 

fraction) was collected in the same manner as described 

above. Another fraction was collected, but this was 

primarily carried out for the purpose of collecting any 
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Table 3 

A.mmoniuin Sulfate Fractionation Procedure 
of Timothy Grass Pollen 

Defatted Pollen (loo g.) 

Jtract with 300 ml. of 
0.127 M phosphate buffer, 
pH 1O., containing 10% 
glucose; filter suspension 
through a Buchner funnel. 

Residue Filtrate (250 ml.) 
discarded (whole pollen extract) 

I Adjust pH to 10.0 and 
add 28 g. (NH4)2S0/l00ml. 
of extract. 

E 
I 

Re si due 
O-'4-8 sat'd. (NH)S0 

fraction 

Residue 
4t955% sattd. (NHk)2SO4 

fraction 

Supernatant (265 ml.) 

Residue 
55-62) sat'd. (4)230 
fraction dissolved in 
phosphate buffer, 20 ml., 
and reprecipitated any 
49-55) fraction still 
present 

Add 5 g. NH11)2So 

per 100 ¡nl. of 
solution. 

Supernatant (265 ini.) 

Add 5.0 g. 

(NHk)2so per 

loo ml. of 
solution 

Supe rna- 
tant dis- 
carded 
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of the 49-55% fraction which did not precipitate earlier. 

Each precipitate was dissolved in a minimum (10- 

20 ini.) of the phosphate buffer-glucose solution and re- 

precipitated, redissoived in the phosphate buffer- 

glucose solution, and dialyzed against cold running tap 

water for 18-24 hours to remove the animoniwn sulfate. 

Each fraction was concentrated by pervaporation at room 

temperature, and subsequently prepared for skin test 

analysis in allergic patients. 

Upon bioassay of the fractions collected, it was 

determined that the 49-55% sat'd. ammonium sulfate 

fraction contained the highest activity and further iso- 

lation was attempted using this fraction as the starting 

material. 

Ethanol Fractionation 

The 4955'o sat'd. ammonium sulfate fraction was 

diluted with sufficient distilled water to make a 2% 

protein solution. This solution was put into a salt- 

ice water bath, and subsequently fractionated with so- 

lutions of glucose, barium acetate, and varying concen- 

trations of ethanol (Table 4).. 

The reagents used for precipitation of the various 

fractions were prepared as follows: each solution con- 

tamed 0.02 N barium acetate, 10% glucose, and sufficient 
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Table k 

Ethanol Fractionation Procedure 
of Timothy Grass Pollen 

49-55 ;at'd. (4)230k (30 ml.) 

Add 30 ml. of 30% ethanol, 
10% glucose and 0.02 N barium 
acetate at pH 7.5 

Residue 
15% ethanol 

Residue 
30% ethanol 

Supernatant (60 ml.) 

Add. 30 ml. of 60% 
ethanol, 10% glucose and 
0.02 N barium acetate at 
pH 9.0 

Supernatant (90 ml.) 

Add 30 ml. of 
70% ethanol, 10% 
glucose and 0.02 N 
barium acetate at 
pH 9.0 

Residue Supernatant (120 ml.) 
Li-0% ethanol > k(J% ethanol 
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ethanol to make 30%, 60% or 70% ethanol solutions. The 

pH of each solution was adjusted with i N NaOH until the 

desired value was obtained. 

The 2% protein solution was placed in the salt- 

ice water bath and stirred continuously with a magnetic 

stirrer. A 30% ethanol solution, containing 10% glucose, 

0.02 N barium acetate, at pH 7.5, was added dropwise, and 

the precipitate collected by centrifugation at 6000 RPN 

for 15 minutes at -2°C. 

The supernatant of this fraction was further sep- 

arated by addition of a sufficient concentration of 

ethanol equal to 30% ethanol. The precipitate obtained 

was collected in the manner previously described, and 

the supernatant solution further fractionated. A 40% 

ethanol fraction was also obtained by the addition of a 

sufficient quantity of a 70% ethanol solution until the 

final concentration of ethanol equaled 40%. The remain- 

ing solution was designated as the fraction soluble in 

40% ethanol (> 40% ethanol). 

Each precipitate was dissolved in a minimum of 

water, dialyzed against running cold tap water, and con- 

centrated by pervaporation in the cold room at 4°C. Each 

fraction was prepared for assay in allergic patientx, and 

the fraction found to contain the highest hio1oical 

activity was the fraction soluble in 40% ethanol. This 
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fraction was retained for further purification. 

Electrophore sis 

At several stages during the isolation of the 

allergens of timothy grass pollen, attempts have been 

made to utilize several electrophoretic tecimiques. 

However, in each experiment the method proved inadequate 

and it was discontinued. 

Continuous Flow Paper Electrophoresis. -- The 

49-55; sat'd. ammonium sulfate fraction was dialyzed 

against a 0.05 N phosphate buffer at pH 7.3. The sup- 

porting medium for this electrophoresis equipment was a 

vertical filter paper sheet, and was completely saturated 

with the phosphate buffer before the sample was applied 

to the filter paper. 

Thirty-two fractions were automatically collected, 

and each fraction was dialyzed against running cold tap 

water for 2- hours, concentrated by pervaporation, and 

prepared for biological assay. 

The tan colored material moved only very slightly 

toward the anode, and was collected in tubes 17-20. Upon 

dialysis, these fractions lost their tan color, and it 

did not reappear upon concentration of the fractions by 

pervaporation. Considerable confusion concerning the 

role of the flavanoid dactylin in the allergic reactions 
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of timothy pollen led us at this time to investigate the 

effects of d.actylin added to the material collected by 

the electrophoresis experiment. The following samples 

were prepared: (1) a solution of pure dactylin (1 mg. 

per ml.) diluted 1/10,000 and 1/100,000; (2) the electro- 

phoresis samples without added dactylin; (3) the electro- 

phoresis samples with an equal concentration of added 

dactylin. 

The experiment described above has been repeated 

several times with a completely new batch of timothy 

pollen obtained from Sharp and Sharp. Unfortunately, 

the results in each case indicated that the material 

collected was either completely denatured or, at best, 

considerable bioloica1 activity was lost. 

Glass Fiber Paper Electrophoresis. -- The fraction 

soluble in '-o; ethanol was dialyzed against barbiturate 

buffer, pH 9.0, and a 0.05 ionic strength. The glass 

fiber filter paper was equilibrated with this buffer and 

the entire buffer used for equilibration was removed 

prior to the addition of the sample. 

The fraction soluble in 40% ethanol was adsorbed 

irreversibly to the glass fiber filter paper, and after 

several attempts failed this method was discontinued. 

Starch Block Electrophoresis. -- The fraction 



soluble in I4o% ethanol was next prepared for starch 

block electrophoresis, by concentrating via lyophilyza- 

tion. The residue was taken up in 0.5 ini. of distilled 

water and applied to the starch block which previously 

had been equilibrated with 0.025 N Tris buffer at pH 7.0. 

The allergen solution was applied to the center of the 

starch block over a l-O-ininute period, and then the power 

supply was connected. A current of 7 ma and 410 volts 

was applied for a period of 45 hours. 

Upon termination of the run the starch block was 

divided into 9 equal (2 inch) areas, and eluted with dis- 

tilled water and 0.015 N phosphate buffer, pH 10.4. Iach 

fraction was concentrated by pervaporation at room tem- 

perature, and assayed for its biological activity. The 

results indicated that the fraction isolated in the area 

2 inches toward the cathode fìom the spot where the al- 

lergen was originally applied contained as rauch biological 

activity as the starting material. Due to an inability 

to completely remove starch from the solution this method 

was discontinued. 

Moving Boundary .ilectrophoresis. -- Jlectrophoresis 

of the fraction soluble in 40% ethanol by the methods 

described above yielded unsatisfactory results. However, 

an attempt was next made to further separate the allergens 
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of timothy pollen using a Perkin-Eliner moving bouiidary 

electrophoresis apparatus. 

The fraction soluble in ethanol was dialyzed 

against a 0.2 ?' Tris-acetate buffer, pH 9.0, and the 

electrophoretic experiment was carried out using a 

current of 8 ma and 100 volts. The results of this ex- 

periznent indicated that two proteins were present in the 

starting material, and that their electrophoretic 

mobility at pH 9 allowed a complete separation of these 

two proteins. The faster moving component possessed a 

yellow color, and contained all the biological activity. 

The slow moving component was colorless and contained no 

biological activity. 

By the technique of copensation, the faster 

moving component was isolated in the ascending limb of 

the Perkin-Elmer electrophoresis cell, and this sample 

was studied in the ultracentrifuge for the purposes of 

obtaining an estimate of the molecular weight. 

The ultracentrifuge experiment was carried out in 

0.2 I Tris-acetate buffer, pH 9.0, at 6°C. and 

59,780 RPM. During the duration of the ultracentrifuge 

experiment (3 hours) the sample did. not pull away from 

the initial boundary, and consequently no sedimentation 

coefficient could be evaluated. The results, however, 

suggested that the molecular weight is less than 15,000 



and that no higher molecular weight impurities are 

present in this preparation. 

In an attempt to provide larger quantities of 

the faster moving component isolated in the Perkin-Elmer 

electrophoresis cell, a new supply of timothy pollen was 

extracted. After ammonium sulfate and ethanol fraction- 

ation the fraction soluble in 40% ethanol, which contained 

as much biological activity as previously obtained, was 

dialyzed against a 0.05 N phosphate buffer, pH 9.O at 

L4°C. This material was examined in the standard cell 

(11 ml.) of the model H Spinco electrophoresis apparatus. 

The results of this experiment (Figure 1) indicated that 

both proteins, which previously appeared to be honiogenous 

in the Perkin-Emmer electrophoresis cell, contained con- 

taminating proteins. 

From preliminary experiments it was suggested that 

the isoelectric point of the allergen of timothy pollen 

was near pH 7, and an electrophoresis experiment was 

designed to take advantage of this information in an 

attempt to bring about further separation. 

The fraction soluble in 40% ethanol was dialyzed 

against citric acid-phosphate buffer, pH 7.25, for 18 

hours at 4°C. Electrophoresis was carried out in the 

standard cell of the model H electrophoresis apparatus 

using 16 ma and 120 volts at 0°C. for a duration of 



FIGURE I. Electrophoresis of Timothy 
40% Ethanol 157 minutes 

Pollen Fraction Soluble 
Magnification 2x. 

In 



15 hours. All the components moved very slowly toward 

the anode, and at several times during the experiment 

compensation of the materials in the cell allowed for 

further separation. The material remaining in the 

ascending limb of' the electrophoresis, which showed by 

earlier experiments to contain the ma(jority of the bio- 

logical activity, was collected and dialyzed against a 

phosphate buffer, pH 6.0, for 18 hours at k°C. Electro- 

phoresis of this sample was carried out in the standard 

cell of the model H electrophoresis apparatus using 13 ma 

and 125 volts. The sample being studied still moved to- 

ward the anode very slowly and was not hoinogenous. 

It was concluded that the proteins present in the 

fraction soluble in ethanol could not be completely 

separated by the electrophoresis techniques described 

above due to their very similar electrophoretic proper- 

ties. 

:3ephadex Column Chromatography 

A new supply of the fraction soluble in M-0% 

ethanol was prepared and a small amount (120 mg. of 

protein in a 10 ml. volume) was placed on a Sephadex -75 

column (1 5/16 inch diameter and 13Y2 inches in length) in 

the cold laboratory at M-°C. Once the protein solution 



was entirely on the ;ephadex column elution was started 

using a O.97 sodium chloride solution. 

The breakthrough volume of the 3ephadex column 

was 70 ml., and two major protein peaks carne off within 

the next 100 ml. of solution eluted from the column. One 

peak possessed a yellow color and the second peak was 

colorless. Protein concentration was determined by the 

biuret reaction. The second peak, which contained 25 mg. 

of protein in 70 ml. of eluate, gave no biuret reaction 

and was detected only by measurement of the optical 

density at 280 mu in a Cary spectrophotometer. 

The yellow colored peak was spread over tubes 

7-14, and samples from tubes 8 and 12 were assayed for 

their biological activity. The colorless peak was spread 

through tubes 15-19, and a sample from tube 17 was 

assayed for its biological activity along with the 

starting material -- the fraction soluble in 40% ethanol. 

The results of the biological assay (scratch test) 

indicated that the colorless fraction possessed no bio- 

logical activity, and that both samples from tubes 8 and 

12 possessed at least as much biological activity as the 

starting material. 

irevious experience suggested that the yellow 

colored protein peak contained two or more protein com- 

ponents. Consequently, electrophoresis of the material 
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collected in tubes 8 and 11 were carried out in the 

standard cell of the model II 3pinco electrophoresis 

apparatus. Both fractions were dialyzed against 0.05 N 

citrate-phosphate buffer, pH 8.0, for 18 hours at 4°C. 

In both cases a current l ma and 125 volts was used 

during the electrophoresis experiments. 

The results of these experiments showed that the 

material in both tubes 8 and 11 contained two proteins. 

However, the ratio of the areas of the material under 

the two peaks shows a marked difference between tubes 8 

and 11, and sug;'ests that a more complete separation can 

accomplished by utilizing a larger 3ephadex column and 

application of the protein solution in a more concen- 

trated form. 

Investigations 
of the Hemagglutination Reaction 

The hemagglutination reaction was first carried 

out using whole timothy pollen extract and the serum of 

untreated timothy-sensitive patients. Normal sera gave 

negative controls, and the sera of timothy-sensitive 

patients gave weakly positive reactions (Table 5), 

The hemagglutination reaction was next carried 

out using ammonium sulfate precipitated fractions of 

timothy pollen and a serum from an untreated patient. 

his serum gave positive passive transfer reactions when 



FIGURES 2 and 2a. Eectroporesis of Sephadex treated 
Timothy Pollen. 

tube ¡I - 85 minutes a. tube 8 128 minutes 



Table 5 

Hemagglutination Titers with Whole iollen Extract 
and Sera from Untreated Timothy Sensitive Patients 

Allergic Sera Normal Sera Hemagglutination Titers 

R.D. 16 

P.H. k 

K.S. 16 

L.1). 4 

R.T. 16 

R.C. 16 

GB.W. 2 

Cb. 16 

B.B. 8 

A.B. 8 

LIli. 16 

A.M. o 

A.L. O 

E.H. O 



diluted 1:10,000 and tested L48 hours later with 0.1 mg. 

of total organic solids per ml. of whole pollen extract. 

ach fraction of ammonium sulfate precipitated pollen 

was compared for its hemagglutination and skin reaction 

titer (Table 6). From this experiment it appeared that 

the antigen of the heinagglutination and the antigen of 

the skin reaction were not the same substance. 

The results of further studies to clarify this 

difference are presented in Table 7. The hemagglutin- 

ation test was performed with whole pollen (WP), the 

0-20% fraction and the '4-9-55% fraction (the fraction 

shown to possess maximum skin test activity) using sera 

from untreated timothy-sensitive patients, from treated 

patients whose last timothy injection had been more than 

18 months earlier, and from patients who were currently 

receiving treatment with timothy pollen in a total dose 

range of 5,000 to 25,000 protein nitrogen units (as well 

as an equal amount of other grass pollens). everal of 

the sera were tested after being heated at 56°C. for 

6 hours to destroy the skin-sensitizing activity. The 

0-20k fraction gave strongly positive hemagglutination, 

whereas the k9-55,. fraction gave weakly positive re- 

actions. A number of sera from individuals with no 

symptoms of hay fever or asthma during the grass season 

were also tested as normal controls. A few gave weakly 



Table 6 

Correlation of 3kin on Hemagglutination Titers 
of Fractions of Timothy Pollen 

Fraction Hemagglutination Titer Skin Titer 

hole pollen 32 

O-20% saturated 64* 

20-46% saturated 16 negative 

46-52% saturated 4 iO6 

52-57% saturated 4 io6 

> 57% 4 



Table 7 

Hemagglutination Titers 
with Fractions of Timothy iollen 

Hemagglutination Titers 

Serum Donor WP O-20% Sat'd. k9-55'o .3at'd. 

K.S. non-treated k 4096* 0 
AJ. " 32 3072 32 
J.R. 8 512* 8 
D.R. " 16 384 8 
LH " 8 64 1+ 

0.8. ' 4 64* 0 
R.D. " 16 64 8 

N.NcC. treated > 18 mos. ago 32 512* 6k 
RT n 1I 64* 0 
R.C. 8 64* 4 
L.D. " 4 64* 0 
T.S. " 16 64* 32 

N.C. treated currently 4 64 k 
J.s. " 16 64** 8 
1i.H. " 32 4096* 16 
E.F. " 8 128 8 
C.F. 4 128 16 
A R.I " 4 3072 0 
R.D. " 8 512* 32 
A.K. " 16 6k 8 
G.C.N. t' 4 2048 0 
A.C.H. " 16 512 8 



Table 7 (Cont.) 

Hemagglutination Titers 

Beram Donor WP O-20% Sat'd. 49-55% Sat'd. 

N.C. heated 8 256* 8 
A.K. 16 256* 4 
N.H. lT 4096m 16 
A.R.P. 4 4096e 8 

E.F. k 256* 4 
J.S. k 512 4 

A.S. normal serum 6k 128 8 

A.N. 0 16 0 
B.H. 0 16 0 
N.C. 11 0 0 0 
K.R. n 0 8 0 
JN 'I Q 44* 0 
A.D. O O O 
N.N. 0 6k 0 

N.B. dust sensitive O O O 

A.L. egg sensitive O O O 

* Maximum dilution carried out 

Confusing reactions described in text 

Ji 

o 
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positive hemagglutination reactions, but most were 

negative. 

The sera of a dust-sensitive and egg-sensitive 

patient were also tested and agglutination was not ob- 

served with any of the fractions tested. It was con- 

eluded from these results that the heinagglutination ob- 

served with the O-20>o sat'd. ammonium sulfate fraction 

of timothy grass pollen is a specific phenomenon. The 

data showed clearly that the fraction possessing high 

hemagglutinating activity was distinct from the fraction 

possessing high skin test activity, but that the hemag- 

glutination test both to the O-20,o fraction and to the 

9-55% fraction distinguished the allergic from the 

normal sera with a fair degree of accuracy. 

A series of experiments were next undertaken which 

were designed to provide some information concerning the 

nature of the antibody involved in the heinagglutination 

reaction. The effect on the hemagglutination reaction 

of heating the serum at 56°C. for 6 hours to destroy the 

skin-sensitizing activity is shown in Table 8. The serum 

of 6 patients was divided into 2 tubes -- one heated, and 

one kept at room temperature. The hemagglutination titer 

was not diminished and may have been increased by the 

heating. 

3ince the hemagglutination titers of the O-20% 



Table 8 

The Effect on the Hemagglutination Reaction 
of Heating serum from Treated Patients 

at 56°C. for 6 Hours 

Serum 4P 

Unheated 

O-2O Sat'd. 

Hemagglutination 

Serum 

k9-55% Sat'd.. 

Titers 

Heated 

P O-2O Sat'd. 

Serum 

49-55 sat'd. 

A.K. 16 6'i. 8 16 256* 

N.C. L4 6Ll ¿I- 8 512 8 

N.H. 32 O96* 16 32 4096* 16 

E.F. 8 128 8 4 256 

A.R.P. 4 3072 0 4 4096* 8 

J.S. 16 64 8 4 512 4 

* ?Iaximurn dilution carried out 
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fraction were much higher than those of the whole pollen, 

an attempt was made to inhibit the agglutination of the 

O-20% fraction sensitized cells by mixing the serum with 

an excess of the 49-55% fraction. Three sera were 

tested. One serum was from an untreated timothy-sen- 

sitive patient, one from a patient last treated 18 months 

previously, and one currently receiving timothy injection 

treatment. Each seram was diluted 1:4 with 0.9% saline 

and 0.25 ml. was mixed with 0.3 ins. total organic solids 

(a 10-fold excess) of the k9-55 fraction and incubated 

at room temperature for 10 minutes prior to the addition 

of the O-2O sensitized cells. Serving as control exper- 

iments were heuiagglutination reactions with the same sera 

not receiving the tenfold excess of the 1-9-55 fraction. 

The hemagglutination titers of these mixtures were com- 

pared (Table 9), and no evidence of inhibition of the 

hemagglutination of the 0-20/o coupled cells by the '9-55% 

fraction was found. These results suggest that the 49- 

55, fraction does not form a stable complex with the 

hemagglutinating antibody for the O-20% fraction. 

In an attempt to further clarify the nature of 

the antibody involved in the hemagglutination reaction, 

a preliminary passive transfer study was undertaken with 

one representative serum from an untreated timothy- 

sensitive patient. 



Table 9 

Results of Inhibition Study 
using 10-fold xcess 

of 49-55,.0 Saturated Fraction Before Addition 
of O-20% Sensitized Red Blood Cells 

O-20% 
+ 

Serum O-20% Sat'd. 9-55% k9-55% Sat'd. 

N.NcC. 32 512* 512* 6k 

R.!). 8 512 512* 32 

J.R. 8 512 512* 8 

* Maximum dilution carried out 
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The reagin neutralization technique was used -- 

0.1 ini. of serum was diluted 1:'4-O in Coca's solution and 

mixed with 0.006 mg., 0.01 mg., 0.03 ing., 0.06 ing., 

0.1 mg. of total organic solids of whole pollen, O-20% 

fraction, and 49-55% fraction and incubated overnight 

at 4°C. One-tenth ml. of each mixture was injected into 

the skin of volunteers not allergic to timothy pollen, 

and each site challenged 8 to 24 hours later with 0.1 mg. 

total organic solids of whole pollen. Reagin was neu- 

tralized by 0.01 ing. of whole pollen and 0.006 m. of 

the 49-55% fraction, but not by 0.1 mg. of the O-20% 

fraction. 

One-half ml. of this reagin containing serum 

diluted 1/10 in saline was mixed with 0.1 ml. of a 50% 

suspension of rabbit red blood cells coupled to the whole 

pollen, to the 0-20%, and to the 49-55% fractions. The 

mixtures were incubated overnight at room temperature. 

The supernatant was tested by the reagin neutralization 

technique just described. No adsorption of reagin by 

cells coupled with whole pollen or any fraction was 

demonstrated. 

It serum from a treated patient was heated at 56°C. 

for 6 hours, and demonstrated to contain blocking anti- 

body to whole pollen by inhibition of reagin neutral- 

ization. One-tenth ml. of the 1/40 dilution of serum 
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containing reagin used in the preceding erperiment was 

mixed with 0.1 ml. of 1/40 dilution of the heated serum 

containing blocking antibody and 0.006 ing., 0.1 mg., 

o.o mg., 0.06 mg., 0.1 ing. of whole pollen, O-20% and 

k9-55% fractions. iach mixture was incubated overnight 

at 4°C. One-tenth ini. of each mixture was injected into 

the skin of a normal volunteer and challenged 24 hours 

later with 0.1 ing. whole pollen. Blocking antibody was 

found to block neutralization of reagin by the 4-9-55% 

fraction as well as by whole pollen. Again the O-20% 

fraction did not neutralize reagin. One-half ml. of a 

1:10 dilution of the serum containing blocking antibody 

was mixed with 0.05 ml. of packed rabbit blood cells 

(100-fold excess) coupled with whole pollen, 0-2O, 49- 

55% fractions, and each mixture was incubated overnight 

at room temperature. The cells were removed by centri- 

fugation and the supernatant tested for blocking anti- 

body by the reagin neutralization technique just 

described. The blocking antibody was adsorbed by the 

cells coupled with whole pollen and the 49-55% fraction, 

but not the 0-20% fraction. 
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DISCUSSION 

Although the allergen of timothy grass pollen has 

not been isolated in a homogenous form, considerable 

progress in this direction has been made. By ammonium 

sulfate and ethanol fractionation we have repeatedly 

obtained a fraction from the dried, defatted whole pollen 

which is 10,000 times more reactive than the whole pollen 

extract. Further purification by means of various 

electrophoretic techniques were, in general, unsatis- 

factory. 

Satisfactory results were obtained by the method 

of column chromatography using Sephadex G-75. Besides 

obtaining an additional increase in biological activity, 

one of the contaminating substances was removed. Results 

of electrophoresis examination of the yellow colored 

active peak suggests that further purification can be 

accomplished by (1) increasing the length of the Sephadex 

column, and (2) applying the sample on the Sephadex 

column in a narrower band. 

Some of the characteristic properties of the 

allergen became evident during the isolation procedure. 

The highly purified allergen is quite unstable to heat 

and almost completely loses its biological actigity when 

allowed to sit at room temperature for 24 hours, although 



both the whole pollen extract and the 49-55 fraction 

show considerably more stability -- stable for 3-5 days 

at room temperature. The purified allergen is quite 

stable for periods up to several weeks without loss of 

biological activity when stored in a refrigerator, and 

for much longer periods when stored in the freezer at 

-15°C. after lyophilization of the allergen. 

The allergen of timothy iollen maintains its bio- 

logical activity over a broad pH range (-lo.5). ire- 

liininary experiments (starch block and. paper electro- 

phoresis) sugnested that the isoelectric point of the 

allergen was near pH 7.0; however, it was later demon- 

strated by moving boundary electrophoresis that the 

allergen still possesses a slight negative charge at 

pH 6.0. The mobility of the allergen between pII 6.0 and 

7.25 is very slight toward the anode, and broad pH range 

of essentially zero mobility sugc.:ests that a portion of 

the allergen contains a residual negative charge which 

is not as susceptible to fluctuation in pH as the protein 

moiety of the allergen. 

There have been some discrepancies concerning the 

dialyzability of the allergen of timothy pollen. In an 

attempt to provie an answer to this question, the 

fraction soluble in 40P ethanol (50 mg. protein) was 

placed in a Visking 1,2i- cellophane dialysis tube, and 
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dialyzed against distilled water for several days. The 

dialysate was changed every 24 hours, concentrated by 

lyophilization, redissolved in 2 ml. of distilled water, 

and protein concentration and biological activity was 

measured. The dialysates treated in this manner showed 

no biological activity and no protein as measured. by 

the biuret reaction. The fraction soluble in 4O>, ethanol 

and another sample of this fraction which had been 

dialyzed for 7 days possessed the saine concentration of 

protein and biological activity. These results would 

clearly indicate that the allergen of timothy grass 

pollen does not pass through a dialysis membrane. 

Jxact determination of the molecilar weight of 

the allergen would be premature until homogeneity can 

adequately be demonstrated. However, from the ultra- 

centrifugation experiment using 0.2 N Tris-acetate 

buffer, pH 9.0, at 59,780 R} for 3 hours, the failure 

to obtain any sedimentation would. suggest that the 

molecular weight is less than 15,000. Although sub- 

sequent electrophoresis of the fraction studied in the 

ultracentrifuge demonstrated several impurities to be 

present, we feel that our conclusions are still valid, 

because no high molecular impurities were demonstrated 

and no sedimentation of any of the proteins present in 

the solution occurred. .riother possible explanation of 



the failure to obtain sedimentation of any of the pro- 

teins is that the density of the 0.2 N Tris-acetate 

buffer used was approximately the saine as that for the 

al1eren. The density of the 0.2 iÏ Tris-acetate buffer 

was determined and corrected to 1.01 at 0°C. 3ince most 

proteins have a density around 1.34, it would not seem 

that the Tris-acetate buffer retarded the sedimentation 

of the a1leren. 

The spectrum of the al1eren of timothy pollen 

(Figure 3) was determined in a Cary spectrophotozneter. 

Absorption maxima were present at 404 mu and 278 mu, and 

an absorption minimum at 250 mu. It has also been dein- 

onstrated that the spectrum of pure dactylin possesses 

absorption maximum at 365 mu and 273 mu, and an absorption 

minimum at 250 mu. The significance of this similarity 

in spectra between pure dactylin and the isolated aller- 

gen will be discussed during the discussion concerning 

the role of dactylin in the allergic response to timothy 

grass pollen. 

During the isolation of the allergen an inter- 

eating phenomenon was observed. In the ethanol fraction- 

ation procedure a 100-fold increase in bioloica1 activ- 

ity takes place without a corresponding increase in the 

concentration of protein. Since these results have been 

repeated many times, it leads to the somewhat interesting 
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possibility that during the ethanol fractionation sorie 

inhibiting substance is removed. This paradoxical situ- 

ation has not, as yet, been checked, but at sornìe later 

time should be investigated. The finding of such in- 

hibiting substances might provide the medical profession 

with a new and more efficient method of protection of 

the allergic patient. 

The f lavanoid pigment, d.actylin, has been known 

to exist in timothy grass pollen for many years. Early 

investigators suggested that dactylin was the substance 

which caused the allergic response to timothy pollen. 

i1any attempts have been made to investigate the role of 

dactylin in the allergic reaction, and the results have 

been contradictory. In some cases investigators found 

that the isolated dactylin was biologically actìve, and 

in other cases it was found to be biologically inactive. 

In our own laboratory dactylin was prepared by 

treatment of the residue of the extracted dried, defatted. 

whole pollen with citric acid buffer, pH .O, for sev- 

eral days at 0°C. The crystals obtained were dissolved 

in sodium hydroxide, and the dactylin recrystallized. in 

citric acid buffer. After several recrystallizations the 

dactylin was prepared for biological assay and. the re- 

suits indicated that the purified dactylin prepared in 

the above manner possessed no biological activity. 
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During the electrophoresi.s experiments on filter 

paper, it was observed that the fractions which con- 

tamed a yellow color lost this color upon dialysis. 

This yellow color did not reappear upon concentration, 

and this prompted an invcstiation of the effect of added 

dactylin upon these fractions. To each of these fractions 

an equal concentration of dactylin was added, and the 

biological activity of the various fractions with and 

without added dactylin was compared. The results in only 

one experiment showed a sli;ht enhancement of biological 

activity, but in most of the cases studied no enhancement 

was observed. However, be mentioned that the 

bioloßical activity of the fractions collected from the 

electrophoresis experiments were at least 100-fold less 

active than the '#9-55 saturated ammonium sulfate fraction 

used as the starting material. The results of these ex- 

periments suggest that during the electrophoresis experi- 

ments described, the allergen was denatured and the bond 

between the protein and colored moieties is irreversible, 

i.e., once it is broken it cannot be reformed by a simple 

collision process. 

Examination of the spectrum of the allergen of 

timothy pollen and its similarity with the spectrum of 

dactylin along with the observation that only the active 

preparations contain this yellow colored moiety prompt 
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the suggestion that d.actylin is the prosthetic group of' 

the allergen or timothy pollen. The inactivation of the 

allergen during electrophoresis can be explained by the 

breaking of this bond between the protein and the colored 

moiety. The bond between these moieties must not be a 

salt-type linkage, because addition of dactylin to the 

protein solution should then restore the biological 

activity. Instead, the bond between these moieties must 

be covalent in nature, and upon the removal of the clac- 

tylin moiety from the allergen the protein may be able 

to alter its three-dimensional structure in SUCh a way 

that prohibits the recoinbination of the protein and. dac- 

tylin moieties. Unfortunately, the question of the role 

of dactylin must remain o[en until the allergen of' tin- 

othy grass pollen is obtained in a homogeneous prepar- 

ation. However, further purification of our most highly 

purified preparations may yield two proteins both con- 

taming considerable biological activity. This conclusion 

is supported by the findings that proteins obtained from 

the Sephadex column must be very similar in molecular 

weight since they are eluted from the Sephad.ex column 

almost simultaneously, and that the mobility of these two 

proteins studied in the moving boundary electrophoresis 

is approximately the same over the pH range 6-9. These 

results suggest that these two proteins are very similar 
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in their amino acid composition, possibly differing in 

their composition in only a few amino acids. 

The results of the experiments concerning the 

hemagglutination reaction of rabbit red blood cells 

coupled to timothy pollen by diazo bonds indicate that 

it is not suitable for an in vitro assay of reagin or 

the allergen in timothy pollen responsible for the skin 

test. 

It has clearly been demonstrated that the antigen 

involved in the hernagglutination reaction is the O-2O; 

fraction and not the 49-55 fraction which is the antigen 

responsible for the skin reaction. Since the hemagglu- 

tination reaction is a specific and fairly reproducible 

antigen-antibody reaction, the question remains what 

antibody is involved. 

The following results indicate that the antibody 

is not reagin (skin-sensitizing antibody): (1) heating 

the serum did not diminish the hemagglutination titer; 

(2) there is a sharp separation of the fraction in tim- 

othy pollen producing hemagglutination from the fraction 

producing both the direct and passive transfer skin re- 

action; (3) reagin was not absorbed from serum by the red 

blood cells coupled to pollen; (4) incubation of serum 

with the 49-55 fraction which has high affinity for 

reagin in the skin did not inhibit the hemagglutination 



of cells coupled to the O-2O. fraction. 

The hemag1utinating antibody has several of the 

properties of blocking antibody. It is heat stable and 

is present in higher titer in treated than in untreated 

patients in those few cases we actually tested. How- 

ever, the results of the passive transfer studies indi- 

cate that blocking antibody is not absorbed by red blood 

cells coupled to the antigen most reactive in the hem- 

agglutination test, but is adsorbed by red blood cells 

coupled to the skin reactive antigen. Noreover, the 

technique for the demonstration of blocking antibody de- 

fines this antibody as reacting with the skin reactive 

antigene So the heinagglutination antibody to the O-2O 

fraction must be distinct from blocking antibody as it 

is customarily defined, although they share some of the 

properties of "classical" as contrasted to "reaginict' 

antibodies. The adsorption of blocking antibody by the 

cells coupled to whole pollen and the 4-9-55 fraction is 

evidence that the pollen allergen is actually attached 

to the red blood cell, and that antibody binding sites 

are available to combine with antibody of the same 

specificity as that involved in the timothy sensitivity 

of the patients. The findings that the '4-9-55, fraction 

is coupled to red blood cells demonstrates that the low 

hemagglutination titers of the k9-55. fraction is not 



due to failure of' coupling of antigen to red blood cells, 

but due to failure of reagin to agglutinate these cells. 

The failure to denionstrate adsorption of reagin 

by these cells coupled. to whole pollen and the '4-9-55% 

fraction, while blocking antibody was adsorbed, suggests 

that the bond between allergen and blocking antibody is 

stronger than the bond between allergen and reagin. 

The observation that only allergic patients to 

timothy grass pollen give a positive hemagglutination 

reaction suggests that there is some relationship be- 

tween the heinagglutinating antigen and the allergen. It 

has been suggested that the allergen is a natural break- 

down product of the hemagglutinating antigen. An attempt 

to obtain increased biological activity (skin reaction) 

by treating the hemagglutinating antigen with various 

proteolytic enzymes and concentrated barium hydroxide 

yielded negative results. Consequently, the interrela- 

tionship between the hemagglutinating antigen and the 

allergen remains to be determined. 



SUT1IIARY 

By means of am.monium sulfate and ethanol fraction- 

ation a fraction has been isolated from timothy grass 

pollen which ap, ears to possess 10,000 times as much 

biological specific activity as the starting whole pollen 

extract. 

Attempts at further purification using various 

electrophoretic tec1miues were unsatisfactory. Further 

purification has been accomplished using 3ephadex column 

chromatography, and the results suggest that complete 

isolation can be achieved using longer columns. 

The hemagglutination of rabbit red blood cells 

coupled to timothy pollen extract by diazo bonds was ex- 

plored as an in vitro assay for timothy allergen during 

fractionation and purification procedures. It was found 

that rabbit red blood cells coupled to the fraction of 

timothy pollen precipitated by 20% saturated ammonium 

sulfate were agglutinated by sera of patients allergic 

to timoth pollen, but that this fraction gave very weak 

skin test reactions. The fraction soluble in 49 but 

precipitated by 55 saturated ammonium sulfate gave low 

heniagglutination titers, but strongly positive skin 

tests. Passive transfer tests indicated that the hemaglu- 

tinating factor is distinct from reagin and blocking anti- 

body. The separation of the fraction in timothy pollen 



producing hemag1utination from the fraction producing 

the skin reaction indicated that reagin and the antigen 

in timothy pollen responsible for the skin reaction are 

not involved .n the hemagglutination reaction. 
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Abbreviations 

Ribonucleic acid -- 

Desoxyribonucleic acid -- DNA 

£rausnitz Kuestner Test -- P.K. Test 

Red blood cells -- RBC 

i3is-diazotized benzidine -- 3DB 

(ravity -- G 

Centigrade -- C. 

hillimicrons -- mu 

Gram -- g. 

ililliliter -- ml. 

Fiilligram -- mg. 

Revolutions per minute -- RP1I 

Normal rabbit serum -- NR 

Saturated -- sat'd. 

hilliaxnpere -- ma 

Whole pollen extract -- 


