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ABSTRACf 

An allergeD1ca1ly active protein, Antigen Ra.3, 

vas isolated from the aqueous ext.ract of short ragweed 

pollen by the combined techniques of ammonium sulphate 

precipitation, gel filtration am ion exchange chromatograp~. 

Antigen Ra.3 vas shawnto be homogeneous by 

TEA.E-ce1lulose chromatograp~, po1yacry1amide dise electro-

phoresis, sedimentation velo city ultracentrifugation, gel 

filtration and immunodiffusion tests. 

Antigen Ra.3 was shawn to have a mo1ecul.ar wight 

of 15,172, o -13 0 -7 an S20,w = 1.8 x 10 seo, D20,w = 10.1 x 10 

cm2 sec-l, a total hexose + pentose oontent of 12.~ and an 

amine acid composition distinct from the major allergen of 

ragweed pollen, Antigen E. 

By direct skin, P-K and in vitro anap~laxis 

tes~s, Antigens Ra.3 and E ditfered in allergenic spec1ticity 



but aharec1. cOlIIIIIOn allergenic determ1nanta. 

Evidence vaa obta1ned b;y DEAE-Sephadex 

chromatography that reag1n1c antibod1ea to Antigen Ra.:3 

were relatively negatively charged compared to reagina 

to Antigen E. 
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PREFORATORY NOTE 

Camponents present in short ragweed pollen are 

the 1mmediate oausative agants ot allergie disease in 

hereditarily predisposed (atopie) individuals. Prior to 

an historical review ot attempts to isolate and eharaeter

ize these eomponents, it seams appropriate to diseuss those 

teatures ot atopie allergy whieh are ot partioular relevance 

to the past and present investigations. 
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PART A: GENERAL INTRODUCTION 

CHAPTER l 

SCIŒ FEATURES OF ATOPIC ALLERGY 

Atopic allergy 18 1rtduced b,y diverse enviromnental 

substanoes to which who1e populations are fŒ.POsed, Roh as air. 

borne pollens ot ragweed, grasses 8l1d trees, as vell as tungi, 

animal danders, house dust, and toods. Wh1le harmless to most, 

inhalation or ingestion ot these substances (the allergens) b,y 

atopio 1rtdiv1duals rap1dly oauses the appearanoe ot rh1n1tis, 

asthma, or bives (urtioar1a, erythema). As these symptoms are 

very similar (and, in some respeots, essential.l1' 1dentioal) to 

the manitestations ot anap~laotic reaotions, it is appropriate 

to pretaoe a discussion ot atopic allergy vith a briet review 

ot anap~lax1s (qstemic, 100al, and in vitro) ard its under. 

l.ying meohanism. 

1. Anaphylaxis 

The term anaphylaxis vas emp10yed b,y Richet (1) to 

de scribe a heightened state ot sensitivity to an antigen1c 

stimulus. Pc:r-tier ard Richet (2) in 1902, wh11e 1mmunising 
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dogs with a toxic substance floom sea anemone tentacles, noted 

that the animal s experienced an acute qstanic reactioll aIId died 

upon reinjection ot an otherw1se sub-toxic dose ot the antigen. 

SUbsequently', other workers (3, 4, 5) showed that this anap~lac

tic reaction could be obtained in other animals, although the 

manitestations ot anap~lax1.s varied floom species to species. 

a. Slstemic Anapb.ylaxis 

The reaction described above, termed qstemic anap~

laxis, is us~ accompli shed by the intravenous injection ot 

antigen into a previously' sensitized anima'. The symptom complu: 

seen in qstemic anaphy'laxis is characterized by contraction ot 

smooth muscle am an increase in vaseular permeabUi ty, but the 

particular tissues attected (the shock organs) vary, depending 

upon the auj.maJ. Thus, in the guinea pig, contraction ot the 

bronchi are the cause ot death, while in the dog, the hepatic 

portal vein contracts, causing the liver to beccme engorged vith 

blood, vith consequent shock am death to the animal. Sy'stanic 

anaphy'laxis may be passi'Yely' transtened fltcm a sensitized to a 

non-sensitized animal b.v transfusion ot serum. Following trans

fusion, a "latent" period" is required (6) tor anaphy'lactic 

antibody to tix (via the Fc region ot the antibody (1» to the 

tissues ot the host, beiore passive B,Ystemic anap~laxis can be 

induced. 



b. Local cutaneous A.naplvlaxis 

Injection ot antigen into the skin ot a s8Dsitised 

animal results in a local autaneous anap~lactic reaction, con. 

sisting ot erythema and an increase in vascular permeability 

leading to local edema. As vith sy'stem1c anap~lax1s, this reac. 

tion can be transterred by the serail ot a sensitised te a normal 

an1mal. In passive autaneous anap~lax1s (PCA), the tissue may 

be sensitised by injection ot antiserlllll intravenous~ tollowed 

by local autaneous challenge vith antigen, or by local autaneous 

injection ot ant1serum and subsequent intravenous or local chal. 

lenge vith antigen. The reversed PCA reaction oceurs when the 

tissue is sensitised vith antigen consisting ot gamma globuline 

c, In Vitro AnaphYlaxis 

That anap~1actic react10ns may take place in vitro vas 

first shown 1ndependent~ by Shults (8) am Dale (9). Isolated 

pieces ot uterus or ile'Wll trom a sensitised animal (u~ 

guiDea pig), when suspended in p~siological media, vere ob. 

served to contract on challenge vith antigen. Such in vitro 

anap~lactic reactions may also be obtained using passive~ sen. 

sitised SIIlooth muscle preparations and passive in vitro anap~. 

laxis has been reported tor such tissues as guiDea pig heart (10), 

rhesus monkq ileum (ll), human tracheal rings (12), appendu 

(13), ileum and uterus (14). 
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Challenge vith antigen of cellular aM chopped tissue 

preparations (acti~ or pass1~ sansitised) lead.s to the re

lease of pharmac01ogic~ aotiTe med1ators. The anap~lactic 

release of such mediators has been observed w:lth chopped tissue 

preparations of guinea pig lung (15, 16), rhesus monkey lung 

(17), aM sld.n (18), aDl vith rat _st cella (19), rabbit plate

lets (20), aDl h1DlWl leukocytes (21). 

d. Mechan1a 

The biochadcal evants follow1ng cOlllbination of antigen 

vith tissue-f1xed antibody deperds to a degree on the shock organ 

atfected. 

Present ..ndence 1Diicated that the cell-bound. anti. 

~-antigen camplax 1n1t1ates a series of reactions leading to 

the release of pharmacolog1c~ active chem1cal Mediators which 

react d1rectJ~ on the S111"l"01m1ing tissue to produce contraction 

of SIIlOOth muscle aM an increase in vascul.ar permeabUi ty. His

tamine is the chem1cal Mediator most trequent11' impl1cated in 

anap~lax1s. Thusi the release of histamine has been direct11' 

observed in vivo aJId in vitt-o tollowiDg challenge with antigen 

(22, 2), 24). Forthemore, a reduction in the extant of anap~

lactic shock has been noted upon pre-treatment of the sensitised 

animal w:lth ant1h1stam1nes (25). The fa1lure of ant1h1stamines 

to completely 1nh1bit anap~lax1s (26) suggests that other med

iators, such as slow reacting substance (SRS-A), serotonin. aM 
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seVltral plasma ldnins, also participa te • The role that a g1:"n 

med1awr plqs in a particular anaphylact1c reaction depeDds en 

the concentration at wh1ch 1t 18 present in the shook organ and 

the degree of sens1t1vity ef the organ te the med1awr. 

The patbway leading from the antigen-antibody reaction 

tG the release or chemical med1aters bas not been fUlly elabo

rated. In vitro studies vith chopped guinea p1g lung (27) aDd 

rat mast cella (28) 1Di1cate that the react10n 1s relatively 

rapid, two-th1rds of the tetal histudne release eocurr1ng vith

in l - 2 minutes. Maximum lecal cutaneeus anaphyl.ax1s oceurs in 

human skin in about 20 minutes (29) •. The release of chemcal 

mediaters appears te involve a cbyme1irypsin~lilœ enzyme since 

inclusion of d11s.propyltluerophospba~, an 1nactivater ef chy

me1irypsin, inh1bits tbeir release subsequent to antigen-antibody 

combination (30). Calcium ion, requ1red in several anaphylactic 

systems <:31, 32, 33), 1II&Y' be invo1ved in the activation ef such 

an enzyme ()4). Comple_nt 1s net necessary for in vitre ana

phylaxis (17, 33); howevar, some evidence bas been reported 

which imp11cates cemplement in PC! react10ns in the rat (35). 

A number of phys101egical coDdi tiens aDi ceponents 

such as pH, salt concentration, glucose, aM di basic acids re

qu1red fer opt1mÙm in vitro anaphylaxis bave been determined, 

part1cularly for guinea pig lung suspensions (31, 36) and human 

1eukocytes (37). 
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Pretormed antigen-antibody complexes have been shown 

()8, 39, 40, 41) to induce anaphy'lactic reactions, indioatins 

that antigen-antibody combination itselt is not necessar,y to 

initiate the sequence of reactions leading to anaphy'laxis: 

rather, the complexes as a whole possess this property. While 

complexes prepared in antigen exoess having the moleoular for

muJ.a Ag
3

.A.b
2 

vere the Most efficient, oomplexes formed at the 

equ1valenoe point and in antibody excess vith non-precipitating 

antibody oould also induce anaphy'laxis (42). 

Stœies by lsbisaka and Campbell (43) showed that the 

formation ot antigen-antibody oomplexes was aooompanied by' an 

inorease in levorotation. These workers postulated that, tollow

ing oombination vith antigen, structural ohanges oceur in the 

antibody Molecule which 1n1tiate the anaphy'lactic reaction (44). 

lt should be mentioned that in order tor an antigen 

to p&rticipate in anaphy'lactic reactions it must be minimally 

divalent (45). Tbis cornition would appear to be related to 

the inabllity of univalent antigens to fom complexes of suitable 

moleoular composition. 

Investigations into the nature of the antibody in ana

phylaxis have 1ndicated a species variation. In general, the 

antibodies responsible for passive transfer of anaphylaxis with

in a species are of the gamm~ type, While those responsible 

for passive transter to a different species are of the g~ 

type. This has been shown in the mouse (46), dog (47, 48), 
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rabbit (47. 49), and man (SO, 51). The guinea pig has a gammal 

antibody whioh produces both types of anaphylaot10 reaoUon (52, 

53); however, it has been reported. that guinea pig g8Dll1l~ anti

bodies oan sensitiBe for homologous PCA (54) and tor heterologous 

PCA in the rat (53). In the guinea pig (53) and mouse (55) it 

has been shown that the ant1body respons1ble for oomplement tixa

tion 15 of the gamm~ type. Austen (56) has suggested that PC.! 

reaot1ons wlth guinea pig gamma
2 

ant1bod1es in the rat ~ pro

oeed by a oomplement depandent cytolyi~ic patlnray s1milar to that 

seen in immune hamolysis. 

The g~ hamologous anaphylaotio antibodies are read

~ inaotivated by heating at S6°c, Whereas the gamma2 heterolog

ous anaphylaotio antibodies are heat stable (49, 57, 58). In some 

oases, it has been established that the antibodies responsible for 

homologous PC.! have a higher sedimentation ooeffioient than the 

antibodies whioh mediate anaphylaxis aoross the speeies barrler 

(49, 50, 59). 

2. Anapb.ylaxis and Atopt 

The similarities between anaphylaxis and atop,y lad 

Noon (60) ta postulate that atopy was a form of anaphylaxis. 

Some allergie reactions whieh oeeur in the human, sueh as drug 

~ersensit1vitY' (e.g., to penie1llin (61», are anaphylaet1e 
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in nature but are not considered to be atopic because of the 

absence of a familial ten:lency in these disorders (62). 

8 

Sherman (63) mi Arbesman (64) have stressed the diff

erences between anaplv'laxis in animale and atopy- in man. The;r 

point out that anaplv'laxis in animals i8 usuall:;y associated with 

precipitating antibod;r which the sera of atopic patients do not 

usually contain. In addition, the;r note that the frequency of 

induction of anaplv'laxis in the exper1mental animal is conside

rabl;r higher than the incidence of atop;r in man. On the other 

han:l, Patter son an:! Sparks (6.5) have shown that serum from rag

weed atopic dogs which contained no demonstrable preeipitating 

.antibod;r passivel1 sensitized normal dogs for s,ystemic anaplv'

lax1s. Thus, the association of precipitating antibod;r vith 

anaplv'laxis is probabl1 fortuitous. 

Kabat et ù (66) have shawn that the majorit;r of the 

human population is able to produoe anaplv'lactic antibod;r to 

dextran. A s1m1lar observation has been reported for ascaris 

antigen (67). However, the occurrence of atop;r in onl;r a frao

tion of the population exposed to the atopie allergens (sueh as 

pollen spores) 1D:1ieates a predisposition on the part of some 

to develop the d1.sease. Studies in the rat (68) aM rabbit (49) 

have revealed that the induotion of homologous anapnylactic anti

bod;r eould be aecomplished onl;r in a fraction of the animals 

tested. Thus, it is possible that Most ind.ividuals of a species 

ean manufaoture homologous anaphylactic antibod;r depending on 
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the intensity ot immunization, wh1le atopic indiv1duals have an 

increased propensity to produce such antibodies compared to the 

non-atopies. 

The higher trequency- ot occurrence ot atopy in certain 

1ndividuals m., be connected to the route of sensitization. 

Salvaggio and his aesociates (69, 70) have reported that groups 

ot non-atopic am. atopic indiv1duals exh1bited the same tendency

to become sensitized atter intradermal injections ot antigen; 

the atopie group on the other band, had a greater tendency- to 

become sensitized b.1 nasal insuf'fiation ot antigen. These work

ers postulated that, compared with non-atopic, the atopiè 1ndi

v1duals have a difterent method (apparently genetically deter

mined) of processing the allergen on contact with the nasal 

mucosa. 

3. Antibodies in Human Atopic Serum 

a. Skin Sensitizine; Antibodies (Reagins) 

Th.e pa3sive transter of cutaneous activ1ty tr01ll an 

atopic to a normal indiv1dual was tirst accomp1ished qy Prausnitz 

and Kustner (71) in 1921. Injection ot fish extract into a skin 

site prev10usly sensitized with the serum ot a tish sensitive in

div1dual induced a cutaneous reaction similar to that seen on 

direct challenge ot a tish sensitive subject with the same extract. 



10 

Charaoteristioe.J.4r, the sera of atopio subjeots oan regularly 

sensitise the Sk1n of almost a1l normal persons to cutaneous 

reaotions on ohallenge vith speoifio allergens. The Prausnits

Kustner (P-K) reaotion is identioal to that obtained on direot 

skin testing of the atopio patient with allergen, namely: the 

development of a pale, elevated, irregular weal surrounded by 

a sone of er,ythama due to looal edama and arteriolar dilation, 

respeotively. As found for passive cutaneous anapb;rlaxis in 

the guinea pig (72), a latent period is required between the 

tble of injeotion and ohallenge, presumably in order for the 

antibody to beoome fixed to reoeptor sites of tissue mast oells 

and probably also platelets (73). Combination of allergen vith 

oe11 fixed antiboc11es, l1kely changes the permeabl1ity of the 

mast oell membrane (possibly due to ohanges in the oonfiguration 

of the antibody Molecule (43» and leads to the leakage of phar

maoologice.J.4r active Mediators, suoh as histamine. 

The anap~laotio release of suoh Mediators probably 

aocounts for the various manifestations of atopie disease in 

man. The anap~laetic antibodies :Ut the serum of atopie ind1v

iduals are termed skin sensitising antibod1es or reagins. 

Considerable researeh bas been directed toward the 

characterisation of reag1n1o antibodies. There 1s a str1king 

sblilarity between reagins and the homologous antibodies mediat-

1ng anap~laotio reaotions in animal species in general. Thus, 
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reagins are capable of transferring cutaneous activity only 

within the human or sub-htmlSll primate species such as the monkey 

(74). Reaginic antibodies are of the gamma
l 

type as jmged by 

their behavior on ion-axchange chramatograp~ (75), electrophor

esis (76), and ammonium sulfate precipitation (77). Their mole

cular weight is slightly greater than IgG judging by their be

havior on gel filtration (78) and by their sedimentation coeffi

cient, variously reported as having values between 8 and 11 5 

(79, 80). 

Goodtriend and his associates (81, 82) provided evid-

ence tram column chromatographic and immunoabsorption studies 

that reaginic antibodies (in the main, at least) do not belong 

to the IgG, IgA, IgM, or IgD classes and suggested that they be

long to an as yet uncharacterized immunoglobulin class. At the 

same time, Ishizaka and co-workers (83, 84) reported direct 

evidence that reagins belong to a new immunoglobulin class, IgE, 

with light chain determinants in common with the other four 

immunoglobulin classes but with distinct heavy chain determin

ants. The IgE reagins are electrophoretic~ heterogeneous 

(85), and show a sedimentation constant ot 8 5 on sucrose den

sity gradient centrifUgation (84). The heat lability of IgE 

reaginic antibody appears to be due to alteration of its skin 

fixing moiety and not to its antigen binding sites (86). 
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b. Blocking Antibodies 

Sera tram atopic indiv1duals &lso contain bunune type 

antibodies produced b.Y ~osensitization ot the atopic patient 

(see below). Such antibodies are able to block the reaction bet

veen allergen aDi reagin and are reterred to as blocking anti

bodies (87). To demonstrate such antibodies, allergen 1s incu

bated with the atopic serum in vitro and the mixture is tested 

tor its content ot allergenic activity b.Y P-K test. The quan

ti ty ot blocking antibody is measured in terms ot a dilution 

(titer) ot the serum Just capable ot blocking the P-K reaction. 

Various studies have shown that the antibody respon-

sible tor blocking activity ditters trom reaginic antibody and 

in tact behaves l1ke a gamma
2 

antibody on ammonium sulphate 

precipitation (88), ion-exchange ohramatograpQy (75), electro

phoresis (89) and ultraoentrifugation (90). In contra st to rea-

gins, blocking &ntibodies give positive heterologous pC! reac-

tions (51). 

Reaginic antibody may be turther distinguished trom 

blocking antibody b.Y several other properties. In contra st to 

blocking antibody, reaginic antibody is heat labile (86), un

stable at pH 3 (91), and sensitive to reducing agents (92). 

c. In Vitro AsseY ot Reaginio and Blocking Antibodies 

Detection ot antibodies in the serum ot atopic patients 

May be accompli shed b.Y the passive hemagglutination technique, 
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using either the tanned cell (9:3) or bisdiazotized benzidine 

method (94). The close relationship between the ph1'sicochemical 

properties ot blocking am hanagglutinating antibodies (75, 95) 

suggests that the blocking antibodies account tor the bulk ot 

the hemagglutinating activity ot allergie serum. However, the 

possibilities have not been excluded that reaginic antibodies 

participate in passive hemagglutination and that the passive 

hemagglutination test measures antibody other than blocking and 

skin sensitizing types. 

The passive transter or P-K test has provided the 

principal. method tor the assç' ot reaginie activity. This test, 

aJ.ong wi th the direct skin testing ot atopic subjects, has also 

been used to assç' the cutaneous activity ot various allergenic 

preparations. 

Reeent1y, in vitro model systems ot human atopic reac

tions have been developed which utilize leukoc.ytes tram allergie 

(:37) or nonnaJ. (96) indiv:lduals, rhesus mOnkey ileUlll (ll) and 

suspensions ot rhesus monkey lung (17) or skin (18). 

d. HYposensitization with Allergens 

The simllarities between anaphylaxis and atopy led 

Noon (60) to introduce the procedure of desensitization, which 

he hoped would lead to a retractory state, as in anaph1'laxis 

(97). The procedure ot injecting small quantities ot allergen 

in increasing doses, termed ~osensitization, has been shown 
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to be effective in reducing s,ymptoms in several atopic diseases, 

notably ragweed. atopY'. The exact meohanism by which the red.uc

tion is achieved is poorly understood. Various studies have 

tried to relate the improved clinical status wi th a decrease in 

reagin titer (98) or an increase in blocking antibody (99, 100). 

There seems to be general agreement that changes in serum levels 

of the two antibody types do oceur but their quantitative relat

ionship to c1inical improvement is unclear. 

4. Chemical Nature or the Allergens in AtopY 

a. The Theo" of Benens: 

Berrens (101) advanced an b1Pothesis relating the cap

acity of substances to tunction as atopic allergens with their 

chemical structure. The hiYPothesis was based on the fiMings 

that purified. allergenic preparations are amber in co1or, poly

disperse in the ul tracentrituge, and are often not digested. by 

tr.ypsin. Benens attributed these properties to the presence 

of N-glycosidic linkages wh1ch exist as l-amino-l-deo~-2-ketose 

structures. He postulated. that these moieties were formed by 

the conjugation of sugars to proteins through the epsUon-N~ 

of lysine and consequent rearrangement via the Maillard reac

tion (102). Experimental evidence for the existence of these 

structures was obtained in spectroscopie (103) and fiuoreseence 

emission spectra (104) studies. Thus, s,ynthetie protein-sugar 
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conjugates vere toum to have a characteristio absorption max1mum 

at 305 lIlJl, am to exh1bit blue fluoresenoe when excitecl at 365 

DIJl. Partiall3 puri.t1ed allergens such as kapok, ipecacuanha, 

am tomato exh1bited simil ar behavior to these synthetic prod.

ucts. 

In a subsequent paper, meumink and Berrens (105) re

ported that the cutaneous activity ot beta-lactoglobulin increa

secl vith the addition ot N-glycosidic linkages when tested in 

m1lk: sensitive patients. However, no explanation vas otfered 

tor the tact that native beta-lactoglobulin, while allergenio, 

did not contain N-glycosidic linkages detectable b.Y ~ectros

copy (103), fluorometry (104) or vith ~ecitic antisera (106). 

In another study, Barrens et al (107) correlated the 

increased allergenic activity ot extracts ot .ripe, compared to 

unripe tomato, vith the "browning" which takes place during the 

ripaning procass via the Maillard raaction mechanism. The in

creasecl allargenic activity ot ripa tomato is not surprising 

since tomato sensitive patients are us~ exposed to the ripe 

fruit. 

The reSlllts of Barrens and co-workers have undoubtedly' 

demonstrated the presence ot N-glycosidic linkages in allergenic 

extracts, but the lack ot homogeneity ot the allergens tested 

makes it difticult to assess tha relation ot such linkages to 

allergenicity. 
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b. The Theo" of Stanworth 

In a discussion on the chemical basis of allergen1cit~, 

stanworth (11) pointed to the chemical s:l.milarit~ of several pur

ified atopic allergen preparations. A highly purified glycopro

tein preparation, of mo1ecular weight )4,000 am oontaining 9f, 

hexose, was iso1ated b~ Stanworth (108) tram horse dander ~ 

traot. Berrens am assooiates provided evidence that the aller

gens of house dust (109) and ipeoacuanha (110) were glycoprotein 

in nature. The mo1eoular weight of the house dust allergen pre

paration was caloulated to be approximately 23,.500. The glyco

protein nature ot a purif1ed allergen~c preparation tram r,ye 

pollen was reported by Johnson and Thome (lll). The allergen 

oontained some 40~ carbobydrate and had a mo1ecular weight of 

approximately 19,000. Purif'ied allergenic preparations i801a

ted trom short ragweed pollen by Goldfarb et al (112) mi King 

et al (113) were reported to contain carbo~rate and to have 

mo1ecular weights in the range ot 30,000. 

Based on the evidence cited, stanworth proposed (11) 

that the atopic al1ergens are glycoproteins with sedimentation 

coefficients in the range ot 2...4 S, and that the carboh3'drate 

moieties of these proteins determine their al1ergenic speeifi

eit~. He proposed a scheme for the deve10pment ot atop~ in 

whieh the allergen would st1mulate the produotion of reaginio 

antibod~ specifie for the glyeopeptide moiet~ of the mo1eoule. 
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He also suggested that, since the surtace membrane ot epithelial 

tissue cells is known to possess gJ.ycopeptide components, a 

dual-specific antibod,. would be produced capable ot bilding to 

gJ.ycopeptides ot epithelial cells. According to Stanworth, this 

would be tantamount to breaking the atopic patient's toleranoe 

ot his own tissue components. Subsequeütly, Staa"'l1w"'Orth (ll4) re

vised this model and suggested reagin to be a gamma G - gamma A 

dimer. The antibody' site ot gamma A Was cons:1dered to bind to 

the g~copept:l.d.e determinants ot the epithelial cells, and the 

antibody active site ot the gamma G to bind to the allergen. 

While recent studies on the immunoglobu1in nature ot 

reaginic antibodies (ci ted earlier) appear to make the stanworth 

model improbable, the possibilit,. could not, on these grounds, 

be excluded that allergenic determinants may be gly'copept:1de in 

nature. However, recent studies on cutaneously active proteins 

isolated trom rye and ragweed pollens suggest that carbobydrate 

is not an essential structural teature ot atopic allergens. 

c. Puritied Allergens ot Rye and Ragweed Pollen 

Johnson and Marsh reported (115) the isolation ot three 

allergens trom rye pollen: I-B, I-C, and TI-B. Allergens I-B 

and I-C were immunochemicall,y identical and were higbly puritied 

judging by their behavior on starch gel electrophoresis at acid 

and alkaline pH. The molecu1ar weights ot I-B and I-C were id

entical (34,000) and both contained 5% carbohydrate. The authors 
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suggested (116) that allergens I-B and I-C represent an iso

allergen qstem, with the two allergens dittering only in their 

amide content. Allergen II-B was al1ergenicaJ.ly' active in a 

smal1 proportion ot r,ye sensitive patients. It had a mo1ecular 

weight ot approximatel1 10,000 and contained one-tbird the car

bohydrate content ot allergens I-B and I.C. 

Studies by Johnson a.rd. Marsh (117) on allergen I-B 

strongl1 suggest that carbo~rate is not invo1ved as all.ergenic 

determinant. Thus, enz.ymatic digestion ot the carboqydrate moi

et y vas without ettect on the activity ot the allergen. As no 

eviden~e vas obtained that digestion had been complete, impli

cation ot carbobiYdrate in the allergenic determinant coul.d:-not 

be comp1etel1 ruled out. However, the results ot chemical mod

itication studies done on I-B suggest invo1vement ot tertiar.y 

po~eptide structures in the activity ot the allergen. Thus, 

reduction, oxidation, ~lation by iodoacetic acid, digestion 

vith trypsin and chymotrypsin, and aJlcaline h.vdrolysis ot al1er

gen I-B separatel1 oaused a 10ss ot activity (118). Partial 

dans.y1ation ot amino groups resulting in the substitution ot 

2 groups per mole was wi thout ettect, but. a reduction ot act.i

vit.y was observed on substitution ot 5 danq1 groups per mole. 

In a study ot major signiticanoe, cu1minat.ing years 

ot research by nwnerous investigators, King et. al (113, 119) 

iso1ated a highly al1ergenically active protein, Antigen E, 
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suggested (116) that allergens I-B and I-C represent an iso

allergen system, with the two allergens dif'tering only in their 

amide content. Allergen II-B was allergenicall.y active in a 

small proportion ot r,ye sensitive patients. It had a molecular 

weight ot approximat8ly 10,000 and contained one-tbird the car

bo~ate content of allergens I-B and I-C. 

Studies b,y Johnson and Marsh (117) on allergen I-B 

strongly' suggest that carbol\'Ydrate is not involved as allergenic 

determinant. Thus, enz.y.matic digestion of the carbo~rate moi

et y was without effect on the activity of the allergen. As no 

evidence vas obtained that digestion had been complete, impli

cation of carboh1drate in the allergenic determinant cou1d:-not 

be completely' ruled out. However, the results of chemical mod

ification studies done on I-B suggest involvement of tertiar,y 

po~eptide structures in the activity ot the allergen. Thus, 

reduction, oxidation, alkylation b.r iodoAcetic acid, digestion 

with trypsin and c~otrypsin, and alkaline bydrolysis of aller

gen I-B separately' caused a loss of act1vity (118). Partial 

dansylat10n of amino groups resulting in the substitution ot . 
2 groups per mole was without effect, but a reduction of acti

vit Y was observed on substitution of 5 dansyl groups per mole. 

In a study of major signiticance, culminating years 

of research b.1 numerous investigators, King et al (113, 119) 

isolated a highly' allergenic~ active protein, Antigen E, 
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:trom short ragweed pollen. Antigen E vas f'ound to exist in at 

1east 4 dif'f'erent e1ectrophoretic f'orms, each with a mo1ecular 

wight of' 37,500. The carbobydrate (arabinose) content vas f'ound 

to decrease with increasing purif'ication of' the allergen, reach. 

mg a "final" 1eve1 of' 0.7tf,. King et al (119) considered the 

presence of' this low 1eve1 of' carbobydrate to be due to contami

nation. No absorption peak vas obeerved at 305 l1l}1, indicating 

the absence of' N-glycosidic linkages of' the type predicted by 

the Berrens theor,y of' allergen structure. Furthermore, chemical 

modif'ication studies (118) strongly imp1icated the invo1vement 

tertiar,y protein structures in the allergenic~ active sites. 

As the present etudies are concerned with the isola

tion and characterization of' ragweed pollen allergens, a more 

detailed discussion of' Antigen E will be def'erred to the Msto

rical review of' etudies on the allergens of' ragweed pollen. 
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CHAPTER II 

STUDIES ON THE ..ALLERGENS OF RAGWEED POLLEN: AN BISTORICAL REVIE.W 

ijagweed pollen is the most important cause ot hay' 

fever in North America. Ragweed plants deperd on wind pollina

tion tor reproduction and, as a result ot their occurrence trom 

the Atlantic seaboard to the Roc~ Mountains, over 90% ot the 

North American population is annual.l.y' exposed to the pollen dur-

1ng a period trom late summer to autumn. There are two princi

pal species ot ragweed plant: short or common ragweed (Ambrosia 

elatior) &rd giant ragweed (,Ambrosia trit1da). The pollen 

grains ot both plant types have a similar appearance, being 

approx1lllately Zl)"miorons in diameter &rd bright yellow in color. 

Eaoh grain consists ot an ex1ne or outer covering trom wb1ch 

blunt spicules protrude, and an inner oavi ty containing two 

nuclei &rd cytoplasm. 

The pollen grains contain most substances found 

in living cells, such as enzymes, nucleoproteins, carbo~rate, 

proteins, lipids, amino acids &rd pigment. 

Heyl, in a series of papers (120, 121, 122, 123, 

124) between 19l7'and 1922, reported quantitative determinations 

of moi sture, phosphorous, crude fiber, carbohydrate, ash, pro

tein &rd alcohol-soluble and ether-soluble material of ragweed 
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pollen. He damonstrated the presénce of seven aliphatic acids, 

several amino acids, peptones, and two classes of proteins based 

on heat coagulabUityo. Re also isolated the pigments isoquer

citin ~ isorhamnetin. 

A.t the same time, Koessler (125) 1nd.eperdent4r 

contirmed the existence of ether-soluble, alcohol-soluble and 

water-soluble substances, f1nd.ings which were used b,y later in

vestigators in attempts to isolate the allergenio principles. 

Such attempts bagan soon atter the reports by' 

Reyol and Koessler. The central questions posed in these studies 

pertained to the number and nature of the allergenic components 

in short ragweed pollen. The voluminous li terature on the sub

ject prior to 1960 has been the subject of several reviews (126, 

127, 128, 129) .&rd. shows w1de disagreement on the nature ot rag

weed allergens. 

1. Early Studies 

a. The Exine 

In an ear4r studyo on the allergenicity of the 

outer covering of ragweed pollen grains, Campbell and Sussdorf 

(130) reported that rabbit antisera produced against a dialysed 

suspension of pollen grains contained a factor absent from nor

mal rabbit serum, which would adsorb to the washed pollen grains. 



The factor was localized b.1 means of a fluorescent anti-rabbit 

globulin serum, suggesting that the exine adsorbed ragweed 

specifie antibody. Campbell and Sussdorf explored the effieac,y 

of this technique to detect antibodies in hnman ragweed aller

gie sera. While both ragweed allergio and normal sera showed 

positive adsorption, the normal sera showed less. 

In a more recent study, Wicher et al (131) re

ported that ragweed pollen grains were agglutinated b.1 rabbit 

anti-sera, but an indirect Coombs test was necessar,y to damon

strate agglutination with human allergie sera. Positive agglu

tination, however, was also obtained with normal human sera. 

ClearlY, no conclusion regarding the allergen

icity of the exine can be drawn tram the studies cited. 

b. Ether and Methanol Soluble Material 

Milford (132) reported that ether soluble mater-

181, a dark greenish-brown oil, elicited positive skin tests in 

approximatelY two-thirds of the ragweed sensitive patients 

tested. However, no attempt was made to purifY the pigmented 

traction. Moore et al (133) &rd. Johnson',and Rappaport (134) 

confirmed Milford' s firding but reported that the oil contained 

nitrogen of unknown origine Thus, the possibility could not 

be excluded that the cutaneous activity of the ether-soluble 

material Was due to contamination with peptidyl allergen. 

Goldfarb et al (135) ramoved an appreciable 
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quantity ot yellow-colorecLmaterial irom detatted pollen by' 

methanol extraction prior to aqueous extraction. As the 

aqueous extracts prepared in tbis W8:3' were as allergenical.ly 

active as those prepared without methanol extraction, these 

workers concluded that the Methanol extract contained little 

allergenic aotivity, although no attempt was made to measure 

tbis direotly. 

c. Moleoular Size and Diallsability ct Allergenic Material 

23 

In early studies, sedimentâtion coetticients 

were determ1ned in the analytical ultracentrituge to obtain an 

approximate estimate ot the moleoular weight ot the allergens 

in partially puritied tractions. Sanigar (1:36) reported a sedi

mentation coetticient ct 1.05 S tor an aqueous extract or rag

weed pollen. Stevens et al (1:37) tound a value ot 1.35 S ter 

a dialysed residue ot the aqueous extract. Abrahamson and 

associates (1J8) studied an eleotrophoretically puritied pro

duct and tound a value ot 1.5 S. Richter et al (139) calcula

ted values ot 1.81 and 4.51 S tor two components ot a puntied 

dialysed traction. It should be noted that crude preparations 

were employed in these studies and the assumption was made 

that the peak(s) observed in the ultracentrifuge werEt due to 

the allergenic principle(s). 

Considerable controver8,Y developad concerning 

the dialysability ot allergenic components ot aqueous ragweed 
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extraot. The data obtained b,y different investigators oonflic

ted, part~ due to 1aok of standardization of di~sis membranes 

sni, ocoasionally, 1ack: of quantitation. Unger et al (140) ob

served that active material could pass tbrough di~sing mem

branes. The latter were not standardized, however, and Cooa 

(141) reported that egg albumin oould pass through s1milar mem

branes. Johnson and Rappaport (1)4) also found some di~sab1e 

activity but attributed th1s to protein 1eakage. stone et al 

(142) reported that ~ of the al1ergenic activity was d~

sable, but the membranes .. sed were not standardized. Dankner 

et al (14), using similar tubing, demonstrated allergenio ac

tivity with conoentrations of di~sate of 2 mg/ml., but the 

bulk of the activity vas non-di~sab1e. Love1ess (144) re

ported s1milar results: she estimated the di~sate to be 500 

times 1ess active than the retentate. The studies of Grove 

am Cooa (145), Black (146), stull and Sherman (147), and 

Rockwell (148) irdicated that most of the allergenic activity 

was non-di~sab1e. 

Riohter et al (149) found. that di~sate vas 

allergenic only in those ragweed patients who had received 

hyposensitization therapy. In non-treated patients, the bulk 

of the allergenic activity remained in the retentate. Treated 

individuals reacted to dialysate both by direct skin tests and 

,by passive transter tests with their sera. 

Meacock et al (150) repeateci the studies of 
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Richter and co-workers, and concluded that the ditferences ob

served betveen treated am non-treated patients resulted trom 

the technique used to sterilise the solutions for testirlg. Thus, 

dialysate ster1lized by' m11l1pore filtration vas eq~ aller

genic in bath groups of patients; ster1l1zation by Seitz fil

tration (previously' employed by Richter et al) ranoved material 

allergenic in non-treated patients. The relative activity of the 

dialysate am dialysed residue vas not reported, but presumably 

the bulle of the activity rema1ned in the dialysis sac, as shown 

for non-treated patients in the prev10us study by Richter et al 

(149). 

d. Carbohydrate Constituents 

In 1924, a brief account (145) of studies by Grove 

and Coca appeared which 1ndicated that the allergen in a ragweed 

pollen extract was not of a protein nature. In a more detailed 

paper (1.51) published a year later, Grove and COca reported that 

incubation of the crude pollen extract with a pancreatic pro

tease am subsequent dialysis resulted in a loss of some 90~ of 

the nitrogen content with no decrease in activity. This was 

taken as evidence against the then current view that the aller

genic components were protein in nature. However, Grove and Coca 

did not dialyse their control, which consisted of crude extract 

in saline, a.lXi their failure ta do 50 must be viewed in light of 
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the taot that 95~ ot orude aqueous ragweed extraot is di~sable 

(152). 

Following Grove and Cooa's report, numerous in

vestigators tocussed their attention on oarbohydrate oonstituents 

ot ragweed pollen. Black (153) isolated a fraction b,y successive 

alcohol and acid precipitation Which contained 55~ carbohydrate 

as reducing sugar, and ~ nitrogen. The fraction was allergeni

cal.ly active, but no ev1dence ot hQlllogeneity vas reported. 

Cault.Ud et al (154) isolated an allergenical.ly active, carboby

drate-containing mater1al, but no account was taken ot a amall 

amount ot nitrogen present in the preparation. 

Wh1le the above studies demonstrate that fractions 

rich in carbohydrate ~ be allergenic, no detinitive conclusion 

is possible regarding the allergenic aotiv1ty ot the constituent 

carbohydrate ow1ng to the lack ot purity of tha preparations. 

ether studies tended to rule out the role ot carbo

hydrate in allergenic activity. Thus, Baldwin and associates (155) 

tound a decrease in carbohydrate concomittant with purification 

ot an allergenio fraction. Stull et al (156) isolated a carboby

drate traction and subsequen~ showed that its allergenic activ

ity vas due to contaminating proteine Similar conclusions were 

reached b,y Johnson and Rappaport (134) and Unger et al (157). 

However, these studies exc1uded some~ but not all, of the carboby

drate as structural e1èments or as specifici ty determinants ot 
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the allergenically aotive proteins ot ragweed pollen. 

e. Proteinaceous Material 

The ~othesis that the allergenic activity in 

pollen vas due to protein vas made by Wolt-Eisner (1.58) in 1906, 

tollowing the then newl:y discovered phenomenon of sensitivity 

to protein (anap~lax1.s) by Portier and Richet (2). Meltzer 

(159) reported a patient with astbma and hay tever which was 

termed a case ot pollen-toxalbumin sensitivity. Reterence to 

the protein toxin nature ot the allergen is tound in the papers 

by Noon (60) and Koessler (160). Cooke (161), in conjunction 

vith the standardization ot ragweed extract used tor hyposensi

tization, redetined the Noon unit (60) in terms ot protein nitro

gen, agreeing with the theory ot the day that the excitant ot 

hay tever vas a proteine 

Experimental evidence for the allergenic aotivity 

ot protein tractions tram ragweed pollen vas reported by Caultei1d 

et al (162) in 1926. Adopting the'ehemical procedures ot Heyl 

(122), these workers isolated albumin-proteose, proteose, and 

glutenin tractions. The albumin-proteose vas the Most active 

and the glutenin traction the least. Unger et al (156), confirm

ing the earlier studies of stull (155), carried this work turther 

by employing tractional ammonium sulphate precipitation combined 

wi th treezing am thawing. They reported that all fractions vere 
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-
allergenioalJ;y aotive. Johnson aM Rappaport (163) isolated. 

tbree protein-containing traotions b.Y ammonium sulphate pre

cipitation and showed all tbree to possess allergenio activ1ty. 

Goldtarb (164) isolated. a higbly pur1tied, aller-

genio~-active traction tram giant ragweed pollen b,y Methanol 

precipitation. This traction, oalled Tritidin A, was judged te 

be homogeneous b,y antigen analYsis and isoeleotric electro

phoresis. Chem10al analYàis revealed that the allergen oon-

tained both protein and carboh;ydrate. 

Sane investigatera oonsidered that the allergens 

ot r~eed pollen were either snall proteins or polypeptides. 

The evidenoe tor this hypothesis was obtained tram studies which 

entailed heating the aqueous extract te precipitate proteine 

The derivative supernatant, thought to contain lowmolecular 

weight protein or polypeptides, was tound to be as allergeni

cally active as the original extract. Hecht et al (165) heated 

the whole extract at acid pH to precipitate high molecular 

weight protein which the,y considered responsible tor precipitin 

reactions with rabbit anti-ragweed antiserum. The supernatant 

lost its ability te precipitate with rabbit anti-sera, but ra

tained its allergenicity. The validity ot this tiMing is 

questionable, huwever, owing to the absence in this study ot 

exact quantitation. Thus, a loss ot 50% ot the allergenic ac

tivit.y could not have been detected b,y the method employed to 

assay cutaneous activity. Robbins et al (166) attempted to 
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isolate the allergen trom the-supernatant of a heated aqueous 

extract. An active traction was obtained which contained both 

protein and carbo~rate, but no determination of its size was 

reported. 

Sehon et al (152) iso1ated several tractions b,y 

paper electrophoresis tram aqueous extract of short ragweed 

pollen. The fractions were a1lergenic~ active and contained 

both protein aM carbohydrate. In a subsequent study (167), the 

same workers ~de-proteinated" the aqueous extract by heating and 

fractionated the resultiDg supernatant b,y paper e1ectrophoresis. 

B.1 this procedure an allergen1c~ active component was iso1ated 

containing both peptide and carbo~rate .aterial. The authors 

conc1uded the allergen was a glycopeptide w1 th a sedimentation 

constant of 1.2 S. 

In a subsequent study, Sehon and his associates 

(168) found that the procedure of heating gave rise to irrepro

ducibllity due to the variable amounts of protein precipitated. 

A ditferent procedure was therefore deve10ped'wbich invo1ved 

paper electrophoretic separation of the exhaustively dialysed 

aqueous extract. An allergenic~ active traction, Delta, was 

isolated wh1ch was 100 times more active than the "Dialysed 

Residue". Chromatography of Delta traction on Sephadex G-75 

reve°aled size heterogeneity. No electrophoretic analysis of 

the Delta fraction was reported. Studies by' Al"besman and co

workers (169) showed Delta to contain several antigens. 



Richter et al (170) isolated. a partially puri

f'ied. f'raction tram the dialysate of' an aqueous extract of' rag

weed. pollen b.Y phosphotungstic acid precipitation. On'&n equal 

weight basis, the pur1:f'ied. fraction was 100 times more aller

genically active than the whole di~sate and contained. pred.om

inantly peptidyl material. 

It may be concluded. trom a review of' early studies 

that the Most allergenic~ active components in aqueous rag

weed. extract are likely of' macromolecular dimension. However, 

the chem1cal composition of' these Macromolecules, i. e., their 

protein or carbo~rate nature, could not be deduced :f'ram these 

studies, since the purif'ied. fractions obtained were heterogeneous. 

Recently, more hamogeneous allergen preparations have been pre

pared. b.Y the use of' gel :f'1ltration and ion exchange chramatograp~ 

in the isolation proèedures. 

2. Recent Studies 

The studies to be discussed in this section have 

been grouped together f'or several reasons. All were executed 

in a manner wbich would yield the Most active allergen in short 

ragweed pollen, used the same starting material and. similar 

techniques, and achieved. essentia11y identical results. The 
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degree of homogeneity of the purif'ied.. allerge.n preparations ob .. 

tained was higher than had ever been previou~ damonstrated. 

Robbins et al (171) f'raotionated the aqueous ex.

traot of short ragweed pollen b,y preoipitating the allergens 

with ammonium sulphate at full saturation. Subsequent ion ex.. 

ohange ohromatograp~ (DEAE--Sephadex)and gel f'iltration (Sepha

dex G-75 and G-200) yielded a fraotion, A.1a2, which had the 

highest allergenic aotivity of' all the separated fractions. By 

immunoelectrophoresis and immunodiffusion, fraction A.la2 con .. 

tained at least 4 antigens; however, the homogeneity of' tbis 

preparation was not examined b,y zone electrophoresis or analy .. 

tical ultracentritugation. Robbins et al (171) reported that 

fraction A.la2 was 1000 times more allergenically active than 

the dialysed extract, indicating a considerable degree of' pur .. 

ification of the Most aotive allergen in the aqueous extract. 

They did not exolude the possibility that the aqueous extraot 

contained allergens other than those of' f'raotion A.la2. Chemical 

an~sis of' f'raotion A.la2 revealed a carbohydrate content of' 

20~, calculated as arabinose. 

Goldf'arb and bis aS60ciates (172) isolated a 

highly purif'ied allergenic preparation trom short ragweed pollen, 

Pool Cc, by DEAE-cellulose ohromatography and ammonium sulphate 

precipitation. Pool Cc contained a single antigen on immuno

diffusion with an antiserum to the whole extract. However, 
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immunoelectrophoresis using the same antiserum demonstrated the 

presence of several antigens in Pool Cc. Cellulose Acetate 

electrophoresis at pH 8.6 showed o~ one oomponent. Pool Cc 

contained approximately 12% nitrogen and its acid bydrolysate 

revealed all of the common amino acids. Ultraoentrifugation of 

a cruder preparation, Pool C, dem.onstrated a single peak with' 

a sedimentation coefficient of 3.15 S. Pool C contained approx

imately 12% oarboh\Ydrate oalculated as arabinose. Pool C an:i 

Trifidin .A., the major allergen of giant ragweed pollen, contained 

both common an:l ditferent antigenic components. By" direct skin 

tests of ragweed allergie patients, Pool Cc vas shown to have 

speoific activity similar to that reported for Robbins' fraotion 

A.l~ (171). 

King and co-workers (113, 119), using the technique 

of gel filtration an:l ion exchange chromatograpby, isolated an 

allergenic~ aotive preparation containing a single antigen 

when tested by immunodiffusion vith rabbit antisera to whol. ex-

tract. The specifie activity of Antigen E was similar to that 

reported for Goldtarb' s Pool Co and Robbins' A.la2. Antigen E 

was shawn to exist in 4 eleotrophoretically distinct tonns: IV-A, 

B, C and D. Fractions IV-B and IV-C were immunochemically identi-

cal and bad similar amino acid compositions. 

Chemical analy'sis of Antigen E (IV-C) gave 17.1% 
-

nitrogen and 0.5% arabinose whichthe authors judged to be a 

contaminant. Antigen E (IV-C) was judged- to be homogeneous when 
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when tested b,y staroh gel electrophoresis at pH 7.9 and 6.3, 

and b,y anal1tical ultraoentrifUgation. The allergen vas deter

mined to have a molecular weight of 37,ooot 2,000 b,y equili

brium ultracentrifUgation. 

Antisera produced"b,y 1mmunization of rabbits 

with purified AgE (IV-C) were h1g~ spec11'ic, sinoe antibodies 

to other antigens eould be demonstrated ~ at high concentra

tions ot the whole aqueous ragweed ext.ract. The allergenio ac

tivity ot AgE vas stable between pH 5.8 to 7.9 but decreased at 

pH 4.1 and 10.1, with a parallel reduction in antigenic content 

ot the traction. 

King et al (119) detel'lllined the contribution ot 

Antigen E to the allergenic activity of the wole extract b,y 

measuring the decrease in activity of the whole extract atter 

precipitation ot Antigen E vith specifie antisera. Testing ot 

ragweed sensitive patients with the aqueous extract before and 

atter the precipitation ot Antigen E, revealed a decrease in 

specifie activity ot the extra ct varying !"rom 10 to l,ooo-told, 

depending upon the patient tested. The authors concluded that 

Antigen E was responsible tor more than 9fY1, ot the activity in 

the aqueous extra ct. 

In contrast to the puritied r,ye pollen allergens, 

Antigen E was not digested b,y trypsin, c~otrypsin, and papain 

(119);however, partial degradation to a molecular weight ot 



:30,000 was achieved with pepsin, vith little loss ot activity 

(173). Antigen E was extensively digestfld with the bacterial 

enzyme nagarse, a treatment which completely destroyed the all

ergenic activity (174). Reduced and alkylated Antigen E pos

sessed only one one-hundredth ot the activity ot the unmoditied 

molecule (119). Attempts te obtain an inhibiting fragment by 

tr,ypsin digestion ot reduced an:l carboJl'3Dletbylateel Antigen E 

wereunsuccesstul (178). 

Recently, King et al (175) have isolated ancther 

higbly pU:l!'itieel allergen, Antigen K, which cross reacteel with 

Antigen E when testeel with rabbit antisera and human allergie 

sera. The allergenic activity ot Antigen Kwas slightly less 

than that ot Antigen E. ot 37 patients examineel by direct 

skin test, one gave a higher cutaneous reaction te Antigen K 

than to Antigen E, while 6 showed equall.y reactivity to both 

al1ergens. Antigen K had a mclecular weight ot 38,000 as deter

mined by equilibrium ultracentrifugaticn am had a s1milar, 

though distinct, amino acid composition. No zone electrophoresis 

data were given as evidence ot purity. As tound tor Antigen E, 

Antigen Kwas resistant te digestion with trypsin, .cbymotrypsin, 

and papain, but was susceptible to digestion with nagarse with 

a concommitant lOBS in activity. 

King et al (174) have suggesteel that the ability 

ot rabbit antise~ to precipitate over 90~ Ot the activity from 

the wole aqueous ragweeel extract may be due to the tact that 
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Antigen E shares common antigenic determinants with other pro

teins in the extract. If this were the case, the contribution ~ 

of Antigen E to the total allergenic activit,. might be less than 

90~ should such proteins have difterent allergenic determinants. 

Using the technique ot in vitro anaphylaxis ot 

leukoc,-tes obtainec1. trom ragweec1. allergie individuals, Lichten

stein et al (176) contirmec1. the direct skin testing results ot 

King et al (119), which indicatec1. that Antigen E was the most 

active allergen in the whole pollen extract. 

The antigenic purit,. ot Pool Cc, Antigen E (IV-C) , 

and fraction A.la2, was investigated b,y Prusan~ and Patter son 

(177) b,y a technique developed to determine the homogeneit,. ot 

radioactively' labelled antigens. Experiments with the three 

fractions labellec1. with I131 indicatec1. that Antigen E was the 

most homogeneous (8~), tollowec1. b,y Pool Cc (6~), and traction 

A.la2 (6~). 

Robbins aM oo-workers have reoently' reportec1. 

(178) that Antigen E was the major antigen in their fraction 

A.la2. These workers developec1. a moditied isolation procedure 

which y-ielded. an Antigen E preparation wi th essentiall,. identi

cal propert1es to those reportec1. by' King et al (119). It i6 

ver,y likel,. that Antigen E also torms the major antigen in Pool 

Cc. 

In view of' the reported purity ot Antigen E and 



its importance as the major allergen"" in aquaous ragweed extract, 

a nwnber ot investigators carried out studies to determine the 

etticao,y ot Antigen E tor ~sensitlzation ot ragweed allergie 

patients. Lichtenstein et a1 (119) observed a decrease in 

sensitivity ot the leukoo,ytes am an inorease in serum blooking 

antibody levels ot ragweed sensitive patients treated with 

Antigen E. Norman et a1 (180) and Reisman et a1 (181) reported 

that patients could tolerate h1gher dosea " ot Antigen E than ot 

whole aqueous extract. However, the latter workers noted that 

treatment with Antigen E did not prove as beneticia1 to some 

patients as did treatment with the whole aqueous extract and 

suggested that these patients were sensitive to other ragweed 

allergens as well as to Antigen E. 

3. The Existence ot Mu1tiple Allergens in Shor-t Ragweed Pollen 

One ot the tirst indications that ragweed pollen 

contains more than one "excitant" ot ~ tever came tram studies 

by ~.iltord (132) on the l1pid traction ot the" pollen. He 

showed that reagin sites, injected with the 11pid traction until 

they gave no further cutaneous reaction, still retained the 

capaci ty to react wi th the aqueous extract. This technique 

showed that the lipid traction could not "cross neutralize" 

the allergenic activity of the aqueous extract. 
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Simllar cross-neutralization studies with the 

aqueous extract yielded variable results. Unger et a1(157) pre

pared a polysaccharide fraction according to Black (153) and a 

protein fraction according to Stull et al (156). Whil.e the pro

tein traction neutralized the reaginic activity to both tractions, 

the polysaccharide traction neutralized onl.y the reaginic Rtivity 

to itse1f. Caulteild (182) tested patients with rive crude frac

tions of aqueous ragweed and observed that none of the fractions 

neutralized th~who1e extract comp1etely and that each traction 

varied in its abllity to do so. Caulteild.conc1uded from these 

rasults that ragweed contained multiple allergens. Stull et al 

(183) and 1ater Cohen et al (184), using ammonium. sulphate trac

tionation of the aqueous extract, found that the various prepar

ations th~ obtained could not neutralize each other. Cohen 

concluded that there was a minimum ot three ragweed allergens. 

Richter et al (185) provided evidence from cross neutralization 

studies with partially puritied al1ergens that aqueous extracts 

of short ragweed pollen contained a minimum ot two allergens. 

Cece et al (186) performed cross neutralization 

tests with the three purified tractions: Pool Cc, traction IV, 

and traction A.1, the latter two tractions being penultimate 

fractions to Antigen E (IV-C) and A.1a2, respectively. The re

sults demonstrated that the three preparatio~s contained similar 

allergenic determinants. However, the authors conc1uded-that 



other allergens exist, since sensitized sites neutralized te ~ 

one of the fractions still reacted to the whole extract. 

In contrast to the exper1ments of Cece et al, ReiSl118ll 

et al (169) reported that Antigen E neutralized aU the reaginic 

activity to the whole extract. On a weight basis, hovever, re

latively larger amounts of Antigen E were needed for neutraliza

tion and the authors concluded that the whole extract contained 

allergens other than Antigen E. The fact that the Antigen E' 

preparation neutralized the reaginic activity te the whole ex

tract might have been due to contamination of the preparation 

b.Y other allergens. Alternativel1, the neutralization might 

have been due to cross-reacting allergenic determinants present 

on Antigen E and other allergens. 

Further evidence for the existence of multiple rag_ 

veed pollen allergens was obtained by McKaba and Norman (187) 

who separated an aqueous extract by starch gel electrophoresis. 

The relative allergenic activity of the starch gel fractions 

varied from patient to patient, indicating that the fractions 

contained allergens of different spectficity. 

Lichtenstein et al (176) suggested that allergens 

other than Antigen E vere present in the whole extract on the 

basis of their study of the reactivity of ragweed allergie 

leukoa,ytes toward Antigen E and a more heterogeneous ragweed 

fraction A (113). Thus, the weight ratio of traction A to 
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Antigen E which caused 50% histamine ielease tram leukocytes 

varied tram one allergie patient to another. 

Ishizaka et al (84) have recently reported that 

a reagin-rich traction, prepared by ion exchange chromatography 

and gel filtration, reacted to aqueous ragweed extract but not 

to Antigen E. Furthermore, the P-K titers of allergic sera to 

the whole extract did not unitorml.y correspond with the P-K 

titers to Antigen E. 

4. .Aims of the Present Study 

As noted above, evidence has been obtained for 

the presence of components in aqueous ragweed extract with 

allergenic speciticity different tram Antigen E (ancl K). How

ever, no such allergen had been isolated in pure form, and the 

present studies were undertaken with th1s objective. The isola

tion of additional higbly pur11'1ed ragweed allergens wes con

sidered to be of interest for several reasons. 

a. The observation that Antigen E was not as 

effective for byposensitization therapy as the whole extract 

in some cases, suggests that other allergens are:required. 

Ideally, a battery of purified ragweed allergens should be avail

able for testing and patienta treated with only those allergens 

to which they are sensitive. 



b. Studies on the structural nature of pollen 

allergens have been limi ted thus far to the fev highly purified 

prepar,-tion referred to above. The availabllity of additional 

allergens would facllitate comparative s~cture-tunction 

studies. The biological role of peptide and carbo~ate 

moietias, of primar,y, secondar,y and tertiar,y structures requires 

elucida.tion for a number of purified allergens. It is as yet 

unclear whether atopic allergens have structural features which 

cause than to 1D:iuce reag1n1c-type antibodies in the atopic 

individual. In this connection the sjmll arity in charge and 

size of Antigen E and the pur11'1ed. rrye allergens I-B am I-C 

suggest that such properties, among ethers, might be common 

features of atopic allergens in general. However, an insuffi

cient number of purified allergens of distinct and oammon c.rlu

lar sources have been studied to allow any generalizations to be 

made concerning this 'prob1ém. 

c. In connection with structural studies, chem1cal. 

and enz.ymatic degradation of ragweed allergens might result in 

the production of haptenic fragments able to affect in vivo neu

tralization 01' the reaginic antibodies 01' allergie patients with 

no attendant release 01' pharmacological Mediators. Studies on 

enz.ymatic proteolysis 01' Antigen E have not, as yet, resulted in 

the production 01' allergenically 1nhi~itorry fragments. It is pos

sible, however, that ragweed allergens other than Antigen E might 

prove more amenable to the preparation-of such fragments. 
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PART B: PRESENT INVESTIGATIONS 

CHAPTER In 

ISOLATION OF A PURIFIED ALLERGEN. ANTIGEN Ra.3 

1. Introduction 

In the course ot prelim1nary chromatographie 

tractionation ot aqueous extracts of short ragweed pollen, an 

allergenically active traction devoid of Antigen E was tound to 

contain a single antigen (Ra.3) when tested vith rabbit anti

serum to the who1e extract. The final procedure for the iso

lation of Antigen Ra.), to be described in this chapter, was 

based on the method of King et al (113, 119) for the isolation 

of Antigen E. 

2. Materials and Methods 

a. Materials 

Short ragweed pollen was purchased from Sharp and 

Sharp, Inc. (Everett, Washington). Sephadex G-25 (medium) and 

G-100 (40-120 p) were purchased from Pharmacia (Montreall. 

Diethy1aminoethyl-(DEAE-) and triethylaminoethy1-(TEAE-) 
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celluloses were of standard capacity and were purchased from 

Calbiocham. (Los Angeles). All other ohemicals were reagent 

grade and were purohased from Fisher Soientific Co. (Montreal). 

b. Column Chromatography 

Sephadex gels were routinely suspended in water for 

three days before use; on the third day, the slurry was oon-

secutively stirred, allowed to settle, and decanted to remove 

the fines. The slurry was suspended, stirred, and allowed to 

settle three times in the starting butfer. Columns were poured 

as a slurry oontaining an equal mixture of paoked gel and butfer. 

Sephadex G-100 oolumns were paOked under a pressure head of 

about 20 om of butfer; Sephadex G-25 columns were paoked under 

a head of 50 to 75 cm of buffer. 

DEAE- and TEAE-oelluloses were twioe washed alterna-

tely in 0.2 M NaOH and 0.2 M Hel, am finally with 0.2 M NaOH. 

The slurries were washed with distilled water untU the pH reac-

hed 8.0, after which they were suspended in starting butfer 

three t1mes, prior to being poured into oolwnns. 

AIl gel filtration and anion exohange oolumns were 

equUibrated b,y passage of starting butfer for 24 hours prior to 

applioation of the sample. Chromatography was performed at 24 -, 

26°c and oolumn effluents were collected in a Buchler or Spinoo 

o fraction colleotor, refrigerated at 5 C. 



The effluents vere monitored b.1 their absorption of 

ultraviolet light at 280 mJ1 as measured man~ with a Beckman 

DU spectrophotometer or automatic~ vith an LIB Uvicord spect

rophotometer (LKB-Produkter) equipped with a 2 ml flow celle To-

tal hexose and pentose dete~1nations were done on the effluent 

fractions using the Tryptophane method (see Chapter VI, 2. Methods). 

Pooled fractions were concentrated in a Diaflo ultra

filtration cell at 6°C equipped with a UM-2 membrane (Amicon Corp., 

Cambridge, Mass. J. The yield of Antigen Ra.3 vas determined from 

optical density (O.D.) measuremitnts at 280 m)1, using the experi-
lJng/ml. 

ment~ dete~ed coefficient of E = 1.09 at pH 7.3 (see 
lem 

Chapter VI, 2. Methode). For storage, solutions of Antigen Ra.3 

were millipore flltered (0.22 )1) and kept at SoC. 

3. Experiments and Results 

a. Preparation of Agueous Extract 

To defat short ragweed pollen, 2 liters of anbydrous 

etb;yl ether vere added to 1000 gms of the pollen, the suspension 

was stirred t'or o. S brs., allowed to settle t'or l br. and the 

ethereal layer decanted. This procedure was repeated six times 

until the ethereal layer was free of pigmented substances. The 

det'atted pollen was dried in air for 2 days. 

The dried, defatted pollen was e:rlracted by stirring 

for lj. hours at room temperature in SOOO mls of O.OOS M sodium 
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phosphate butter, pH 7.4. A tew drops ot toluene were added to 

prevent bacterial growth. The suspension was tiltered by suc-

tion through 2 lqers ot Whatman No. :3 tUter paper on a Buohner 

tunnel. The residue ot insoluble material was washed with an 

additional .500 mls ot phosphate butter and. discarded. The com

bined tUtrates (.5000 mls) were brought to pH 7.0 by the addi-

tion of 3 N NH40H. 

The tU trate was cooled to SoC and. brought to 0.9 

saturation in ammonium sulphate by slowly add~, with contin

uous stirring, 620 gms ot the salt per liter ot extract. The 

resulting suspension was stirred overnight at SoC. The precip

itate was isolated by centrifugation at 10,000 rpm tor 40 mins. 

in an International :8-20 centrifuge using rotor ·:no. 874. which 

had been precooled to SoC. The precipitate was dissolved in 

500 mls ot 0.1 M TRIS-HCl, pH 7. 9, to torm a viscous, dark 

brown solution (aqueous extraot). 

b. Sephadex G.25 Gel Filtration 

The aqueous axtract was separated into high and low 

molecular size tractions (.A. and. B, respectively) on a Sephadex 

G-2S column (10.0 x 95 oms) equilibrated with the eluting butter 

ot 0.025 M TRIS-HCl, pH 7.9 (~. 1). The fiow rate was 400 

mls/hr ard 20 ml tractions were collected. A considerable amo

unt ot pigmented material was adsorbed to the column: this 

coul.d. be partia.l.ly removed by extensive washing ot the column 



e 

45 

vith 1 M acetic acid. The G-25 columns were used only tvice and 

then repoured vith fresh gel. 

c. DEAE-Cellulose Chromatograpb.y 

The high molecular size fraction A (Fig. 1) was con

centrated. by ammonium sulphate preoipitation at SoC (0.9 satu

ration). The precipitate was dissolved in 0.025 M TRIS-Hel, 

pH 7.9, di~sed exhaustiv~ and applied to a DEAE-cellulose 

column (5.0 x 50 cm.s) previous~ equilibrated wi th the same 

(eluting) b"after. The tlow rate was 250 mls/br and 20 ml trao

tions were colleoted.. Fraction C, containing Antigen Ra.), was 

obtained by this step (Fig. 2). Fraction D, containing Antigen 

E, was eluted vith 0.05 M TRIS-Hel + 0.2·M NaCl, pH 7.9. 

d. Sephadex G-lOO' Gel Filtration 

DEAE-c811ulose traotion C was oonoentrated to 150 mls 

by ultrafiltration at SOC. Aliquots ot 75 m1s were di~sed. 

against O.lM TIIS-Hel + 0.2 M (NH4)2S04 and separate~ appl1ed 

te a bed ot Sephadex G-lOO (2 Pharmacia columns, each 5.0 x 70 

cm.s, in series), equ1librated. with the S8Il1e (eluting) butter. 

The fiow rate was 50 m1s/br and 20 ml fractions were collected.. 

As shown in Fig. ), six fractions (~ - Cvr) were obtained, ot 

which fraction Crv was turther purified by TEAE-cellulose chro

matography. The bulk ot the carbobydrate (total hexose and pen

tose) was tound in the higher molecular size tractions. 
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e. TEAE-Cellulose Chromatograplv 

Sephadex G-100 traotion Crv vas ooncentrated to 20 mls 

b.y ultrafiltration at SoC, di~sed exhaustive~ against 0.002 

M TRIS-HCl, pH 7.6, am applied to a TEAE-cellulose column (2.0 

x 50 am) equilibrated with the same (eluting) buf'fer. The now 

rate was 35 mls/hr am 5 ml tractions were collected. As shown 

in Fig. 4 (top), three traotions were obtained (Crv -1' <Ti-2 
am C

IV
_
3
). 

Fraotion CIV• 2 vas rechromatograpl),ed on TEAE-cellulose 

to remove contamination b.y adjacent tractions. As shown in Fig. 

4 (bottom), 2 peak tractions vere eluted, both of which con

tained oarbo~rate. The major traotion contained Antigen Ra.3 

in a yield of 100 mgs per kg of dry pollen. 

4. Discussion 

With minor modifications, the method employed b.y King 

et al (113, 119) to prepare Antigen E was adopted for the isola

tion of Antigen Ra.3. In this WQY a degree of staM~ization 

was established betveen the isolation procedures tor the two ant-

igens. 

A relatively large scale isolation was carried out, 

since the yield of Antigen Ra.3 vas o~ 100 mgs/kg ot pollen. 

The processing of a kilogram ot pollen i&"lstead of the 200 gm 
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quantities employed tor the isolation ot Antigen E by King et 

al d1d not entail sny additional problems except in the initial 

stages. For example, the isolation by centrifugation of the 

aDDIlonium sulfate precipitate ot the aqueous extract requ1red 

approximately 12 hours tor completion am vas done continuously. 

The Sephsdex G-25 gel filtration am. the DEAE-ce11ul

ose chromatograpb;y prooedures vere essentially sirn'U ar to those 

ot King et al. As Sephadex G-1OO vas reported to be more effec

tive than G-75 for the gel filtration ot DEAE-ce11ulose fraction 

D (119), the same gel vas employed to turther resolve DEAE-cell

ulose traction C. It vas assumed that traction C would be as 

heterogeneous as traction D, so that the ratio of sample volume: 

column volume vas identical to that used by King et al: i.e., 

0.01. 

Further pur1t1cation ot traction Crv vas effected b,y 

ion-exchange cbromatography' on TEAE..ce11ulose. prel:iminary ex

perirnents indicated that DEAE-Sephadex vas not suitable for 

purification ot this traction since extremely lov flow rates 

were encountered with the lov ionic strength butters required 

tor adsorption of the proteins to the resin. 

Concentration of the chromatographie tractions was 

eftected by ultrafiltration rather than lyophilization. It vas 

felt that the latter method could lead to relatively greater 

losses of allergenic activ1ty due to protein denaturation am 
aggregation, as tound tor Antigen E (119). 



48 

CHAPTER IV 

HOMOGENEITY OF ANTIGEN Ra. 3 

1. Introduction 

As described in the previous ehapter, chromatography 

of fraction Crv-2 on TEAE-cellulose yielded a major fraction 

containing Antigen Ra.,. To obtain evidence for its hamogen

eity, the Antigen Ra.) preparation was examined by various 

physieo-chem1eal and immunological techniques. These consisted 

of: rechromatography on TEAE-cellulose; dise electrophoresis 

at acid, near-neutral and alkaline pH; analytieal ultracentri

fugation; gel filtration on Sephadex G-100; and immunodiffus

ion vith rabbit antisera. 

2. Materials and Methods 

a. Materials 

AIl chemicals were of standard reagent grade, and Most 

were purchased from the Fisher Scientific Co. (Montreal). Chem

icals used in the dise electrophoresis experiments were purchased 

from the Canalco Co. (Rockville, Md.) except for Tris (Hydrox;v

methyl)aminomethane (TRIS), ~rochloric aeid and acetic acid. 
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Agar gel, employed. in immunod1ftusion experiments, 

was prepared by heatiDg in a boUing water bath, a suspension 

conta1ning 0.85~ Oxo~ Ionagar no. 2 (Consolidated Laborator

ies) in 0.14 M NaCl bu:tf'ered with 0.01 M sodium phosphate, pH 

7.4, and 10-4 sm/ml of merthiolate. Alter a clear solution was 

obtained (approximately 0.5 hrs.), 5 ml al.iquots were transfer

red to petri dishes (5 cm in diameter) and al.lowed to cool and 

harden for approx1mately 20 min. The petri dishes were covered. 

and stored at SoC. 

Antigen E (IV-C) vas prepared according to King et 

al (1l9) with minor modifications. DEAE-cellulose traction D 

(Chapter III) vas tiltered on Sephadex G-100 to obtain traction 

DIV: the column dimensions and elution baffers were identical. 

to those employed for the isolation of Antigen Ra.J. Fraction 

DIV was chromatographed on TEAE-cellulose to obtain fraction 

IV-C (Antigen E) using a gradient elution system identical to 

that used by King et al (1l9). The Antigen E preparation 

showed a single precipitin arc on immunodiftusion in agal" vhen 

tested with a rabbit anti-serum specifie to Antigen E. 

Two preparations of Antigen E (IV-C) vere supplied 

by the National Institutes of Health (NIH), Bethesda, in sterile 

vials as a solution in 0.1 M TRIS-HC1, pH 7. 9. On immunod1ftu-

sion with a rabbit antiserum specifie to Ant1gen E, the NIR pre

parations 'showed a line of identity with the Antigen E prepared 

in the present study. 
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Antisera to the aqueous extract of short ragweed 

pollen (Chapter III) were prepared by immunillling rabbits with 

a mixture containing l ml of' aqueous extract (35 mg/ml) and l 

ml of complete Freund' s adjuvant (Consolidated. Laboratories). 

The rabbits were injected. subcutaneous~ at week~ intervals 

f'or four weeks. Ten daysatter the last injection, the animals 

were bled via the marginal ear vein. The antisera were stored 

in small aliquots at _200 C. The rabbits were h;vperimmuniz~ 

over a period of six months and. bled at periodic intervals. 

Specifie antisera to Antigens Ra.3 and E were prep

ared by injecting rabbits subcutaneous~ with a mixture of l 

ml of' antigen in saline (0.5 mg/ml) and l ml of complete 

Freund's adjuvant. The rabbits received two injections a week 

apart and were bled ten days atter the la st injection. The 

sera were stored in small aliquots at _200 C. 

A rabbit antiserwn specifie to Antigen E vas supplied 

by the NIH. 

b. TEAE-Cellulose Cbromatographr 

A TEAE-cellulose column was prepared as described pre

vious~ (Chapter III, 2.). The column effluent was monitored 

a t 280 Dl}l wi th an LKB Uvicord spectrophotometer. The carbohydr

ate (total hexose and pentose) content of Antigen Ra.3 was det

ermined before and after cbromatography as described in Chapter V. 



c. Disc Electrophoresis 

The disc electrophoresis apparatus consisted ot 500 

ml capacity upper and lower butter vessele constructed ot plex1-

glass and titted with removable carbon electrodes (Speer Carbon, 

Montreal). The upper butter vessel contained 8 apertures tor 

housing the electrophoresis tubes and was suspended over the 

lower vessel b;y means ot a plexiglass stand. A 400 v D. C. power 

supply (Heatbldt) was employed in these experiments. 

The method used was essentially that ot Davis (188) 

vith some modification. A single 6~ running gel was used in 

conjunction vith a discontinuous butter s.ystem. Electrophor

esis was carried. out in soft glass tubes (0.7 cm i.d. x 12 cm). 

Electrophoresis at pH 9.5 made use ot the anodic 

butter s.ystem ot Ornstein and Davis (189). The electrode but

ter consisted ot: 

TRIS 0.6 gms 

Glycine 2.9 gms 

~O to 1000 mls, pH 8.3 

The running gel was tormed trom solutions (a), (b) and (c); 

(a) lNNCl 48 mls 

TRIS 36.6 gms 

TEMED* 0.46 mls 

~O to 200 mls, pH 8.9 

'" TEMED = N,N,N',N' - Tetrametbylenediamine 



(b) Acry1amide 

BIS * 
~O to 

l.I8 gms 

1.6 gms 

200 mls 

(c) 0.07tf, Almnonium. Persulphate in water. 

To form the gel, the solutions were combined in the ratio 

(a):(b):(o) = 1:1:2 (v:v:v). 
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Electrophoresis at pH 6.6 utilized a cathodic 8,Ystam 

obtained front the technical 1iterature issued by the Canalco Co. 

(dated 10/14/63). The e1ectrode butfer consisted of: 

2,6-Lutidine 3.82 ml 

Glycine 1.37 gm 

~O to 1000 mls, pH 8.3 

The ranning gel was formed from solutions (a), (b) am (c): 

(a) 1 N KOH l.I8ml 

Glycine 114 gm 

THI> 0.4 ml 

~O to 600 ml, pH 7.3 

(b) Acry1amide l.I8 gms 

BIS 1.6 gm 

~O to 100 mls 

(c) 0.56tf, Ammonium Persulphate. 

* BIS = N,N' Methylenebisacrylamide 
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Electrophoresis at pH 3.8 was done with the cathodic 

system ot Reisteld et al (190). The electrode butter consisted 

ot: 

Beta-Alan1ne 

Glacial Acetio Acid 

~Oto 

3.12 gm 

0.80 ml 

1000 ml, pH 4.8. 

The running gel was tormed !rom solutions (a), (b) mi (c): 

(a) 1 N KOH 48 ml 

Glacial Acetic Aoid 17.2 ml 

TBMED 4.0 ml 

~O to 200 mls, pH 4.3 

(b) Acrylam1de 48 mls 

BIS 1.6 gm 

~O to 100 mls 

(c) 0.28~ Ammonium Persulphate in water. 

Except where 1ndicated., sample loads ot 0.05 mg in 

0.15 ml ot 0.005 M NH4HC03 made 3% in sucrose, were applied to 

the top ot the gels and e1ectrophoresis was carried out tor 2-3 

hours using a current ot 4 ma/tube. In the pH 9.5 system~ brom

phenol blue was used as a marker dye, each gel being run untl1 

the blue marker band. had travelled a tixed. distance. In the 

cathodic systems, no suitable dye was toUDi and theretore gels 

were run tor a constant time. 

Alter electrophoresis, the gels were removed. trom 

the tubes and. stained tor 0.5 br. with 0.5~ amido black in 7% 
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acetic acid. After staining, the gels vere rinsed in 7~ acetic 

ac1.d for 2 hours and destained electric~. 

d. Analltical Ultracentrifugation 

Sedimentation velocity experiments vere performed with 

a Spinco Model E an~ical ultracentrifuge equipped with Schlie

ren optics. A single sector (20
) cell with a KEL-F centerpiece 

was employed, in conjunction with an AnD rotor. Experiments 

vere perfomed with a rotor speed of 60,000 rpm and an average 

rotor tamperature of 20ÔO. An average sedimentation constant 

ns calculated for each run by plotting the logarithim of the 

distance of the sedimenting boundry trom the axis of rotation 

against time. The sedimentation coefficient was calculated 

according to the formula: 

S20,b = 2.303(10g ~ - log ~)/(t2 - ~) w2 

where 

S20,b = sedimentation coefficient at 200 0 in butfer 

Xl = distance in CIIl of the sedimenting boundry 

trom the axis of rotation at time ~ 

t = time in secoMs 

w = angular velocity in radians/sec. 

The values of Xl and ~ were chosen trom points which 

tell on the straight line plot of log x vs. t. 
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e. Gel Filtration on Sephadex G-100 

Sephadex G-100 preparecl as described earlier (Chapter 

III, 2.) was packed into a co1umn (2.5 Je 95 cm) am alloved to 

equilibrate overnight by passage of butfer (0.1 M TRIS-Hel. + 

0.2 M (NH4)2S04' pH 7.9). The column effluent vas monitored 

'Ni th an LKB Uvicord.. 

f. Immunodit.tusion 

Double diffusion in agar vas carried out by the 

Ouchter10ny technique (191). Appropriate wells vere eut out of 

the agar am tilled with reactants. The petri dishes were in

cubated at room temperature in a humid atmosphere for 24 to 48 

hours during which time the appearance of precipitin lines vas 

observed. 

3. Experimenta and Results 

a. TEAE - Cellulose Chromatograph.y of Antigen Ra. 3 

80 mg 01' Antigen Ra.3 in 5 mls of 0.002 M TRIS-Hel. 

butter, pH 7.6, vas app1ied. to a TEAE-cellulose co1umn (2.0 Je 

50.0 cm), previously equilibrated with the same butter. A 

single peak emerged trom the co1umn atter e1ution of 82 mls 

(Fig. 5). The carbobydrate content (hexose and pentose) 01' 

Antigen Ra.3 vas identical before and atter chromatograp~, 
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i.e., 12.4 t 2~. The recover,y of Antigen Ra.3 was determined 

by optical dens1 ty measurements to be m. 

b. Disc Electrophores1s of Antigens Ra.3 and E 

On disc electrophoresis (~. 6) at pH 9.5, Ant:!gen 

E migrated toward the anode as one major, and one minor band, 

while Antigen Ra.3 migrated toward the cathode and was there

fore not observed in the gel. At pH 6.6, Antigen E still mg

rated toward the anode and therefore d1d not penetrate the gel; 

Antigen Ra.3 showed only one component in this system. At pH 

3.8, both ant:!gens m1grated tOW8l"d the cathode: Ant1gen E was 

observed as a major component, w1th some traU1ng; Antigen 

Ra.3 showed essenti~ one component vith the possibility of 

a trace contaminant on the cathodal side of the band. Hetero

geneity at pH 9.5 was also observed vith the two NIH prepara

tions of Antigen E examined at a sample load of 0.15 mg (Fig. 7). 

The Antigen E prepared in the present study was considered to 

be less heterogeneous. 

c. Analytical Ultracentrifugation of Antigen Ra.3 

Samples of Antigen Ra.3 were exhaustively d1alysed ag

ainst a butfer of 0.1 M NaCl + 0.01 M sodium phosphate, pH 7.3, 

and run at four different concentrations: 1.0, 0.8, 0.6, and 

O.~. The photographs of the schlieren patterns obtained for 

Antigen Ra.3 at the three highest concentrations are reproduced in 
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Fig. 8. Only' one peak was observed. in all cases: the sedimen

tation coefficients calculated for the four concentrations are 

given in Table l. 

d. Sephadex G-100 Gel Filtration 01' Antigen Ra.~ 

Four mls 01' Antigen Ra.3 (12.0 mg/ml) in 0.1 M TRIS

HCl + 0.2 M (NH4)2S04' pH 7.9, was applied to a Sephadex G-100 

column (2.5 x 95 cm) and eluted with the same but1'er at a fiow 

rate 01' 20 mls/hr. A single peak amerged trom the column atter 

passage 01' 380 mls 01' buf1'er (Fig. 9). 

e. Immunodi1'1'usion 01' Ant!gens Ra.3 and E 

Antigen Ra.3, at the various concentrations shown in 

Fig. 10, was allowed to di1'1'use against a rabb:ilt anti-Ra.3 

serum. As can be sean in Fig. 10, Antigen Ra.3 showed only' one 

component at all concentrations examined.. ldentical results 

were obtained with 3 rabbit antisera. 

Antigens Ra.3 and E, each at a concentration 01' 

1 mg/ml, were allowed to di1'1'use against an antiserum to the 

aqueous ext.ract 01' short ragweed pollen. The resul ts are shown 

in Fig. 11: each antigen preparation gave only one precipitin 

arc with no evidence 01' cross-reaction. ldentical results were 

obtained with 2 rabbit a.~tisera. 

The possible cross-contamination 01' Antigens Ra.3 and 



E was investigated b,y immunodittusion with specifie antisera. 

The results are shown in Fig. 12. The Ra.3 - anti Ra.3 reter

ence line (Fig. 12 (a» between wall 1 and well 2 vas defiected 

by 0.02 mg Antigen Ra.3/ml. in wall 3. However, Antigen E in 

well 4, caused no such detlection. Thus, Antigen E at a con

centration ot 4.0 mg/ml. wou1cl contain less than 0.02 mg Antigen 

Ra.3/ml., or less than O.~. S1milar~, ~ contamination ot 

Antigen Ra.3 by Ant:\gen E would be less tban 0.5~ (Fig. 12 (b». 

4. DisOllssion 

The experiments and results ot this chapter demonst

rated the homogeneity ot Antigen Ra.3 by several criteria. 

Rechromatograp~ ot Fraction C:rv-2 (Chapter m) on 

TEAE-cel1ulose gave a single peak which was o~ sl:\ghtly' arsy

mmetric, indicating rEllloval ot contaminating oomponents !rom 

adjacent fractions C:rv-l and Crv-3. The presence ot an iden

tical amount of carbobydrate, betore and atter chromatograpb;r 

provided evidence that this moiety vas an integral part ot the 

Molecule. 

Antigen Ra.3 contained one major component on dise 

electrophoresis at pH 6.1 and 3.8. Antigen E on the other band, 

contained one major and one minor component at pH 9.5. The 

Antigen E preparations ot the present study and those supplied 
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by the NIH displayed mul.tiple banding. The disc electrophoretic 

heterogeneity ot Antigen E may have been due to the presence ot 

either genetic polymorphs or unrelated oontaminants, but this 

was not studied f'urther. The disc eleotropherograms revealed 

electrophoretic ditterances between Antigen Ra.3 and Antigen E: 

the tormer was shown to be a basic protein, the latter, ac1dic. 

Antigen Ra.3 sedimented in the anal3tical ultracen

tritnge as a single peak with a sedimentation coetticient in 

the range ot 1.68 to 1.76 S. No gross contamination with more 

rapidly sedimenting contaminants was evident. Gel filtration 

on Sephadex G-IOO provided additional evidence tor the mole cu

lar size homogeneity ot Antigen Ra.3. 

The immunoditfUsion experiments provided evidence tor 

the antigenic purity ot Antigen Ra.3. No contaminating compo

nents were tound on testing Antigen Ra.3 with rabbit antisera 

to the whole extract or wi th specitic anti-Ra.3 sera. The re

sults obtained with rabbit antisera to the aqueous extract (Fig. 

11) demonstrated the antigenic disimilarity ot Antigens Ra. 3 

and E. On the basis ot experiments with specifie rabbit anti

sera, any cross-contamination ot the two antigens would be less 

than O. s'f,. 
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CHAPTER V 

PHYSlCAL AND CB1!K[CAL PROPERTIES OF ANTIGEN Ra. J 

1. Introduction 

Some physico-chemical properties of Antigen Ra.:3 have 

already been presented. in Chapters III and IV. Antigen Ra.:3 

vas shown to constitute a single size and electrophoretic spec

ies of carbo~rate-containing macromolecule. 5tudies were done 

to determine the additional physical and chem.ical. parameters of 

molecular weight, absorption coefficient and spectrum, nitrogen 

and carbo~rate content and amino acid composition. 

2. Materials and Methods 

a. Materials 

.All standards EIIlployed. for analysis were of reagent 

grade (Fisher Scientitic Co., Montreal). Solution volumes were 

delivered. with Class A (NBS) pipettes but were not calibrated 

before use. 

Samples to be weighed were heated in a Freas oven 

o 
(Model 82S, Precision 5cientitic), at lOS C to constant weight, 

and stored over P20
S

' A Mettler balance (Model 5-6) was used 

for weighing. 
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Optical density measurements were made with Beckman 

DU and Coleman Junior spectrophotameters. 

b. Determination of Molecular Weight 

The sedimentation coefficients calculated trom the 

sedimentation-velocity centrifugation experiments of Chapter 

In were extrapolated ta intinite dilution. The extrapolated 

values were corrected to standard conditions using the relation: 

where 

o 
S 20.b 

= sedimentation coefficient corrected 

to standard conditions of intinite 

dilution in water at 20°C 

= sedimentation coefficient at intinite 

dilution in butfer at 20°C 

~20,b/~20,w = ratio of the viscosities of butfer 

and water at 20°C. Viscosity values 

were obtained from published data (192). 

To obtain a diffusion coefficient for Antigen Ra.), 

anaJ.;rtical ultracentrif'ugal runs in a capillary-type synthetic 

boundr;v cell were performed in 0.14 M NaCl + 0.01 M sodium phos

phate butfer, pH 7.), at three protein concentrations: 1.0, 0.8, 

and O. 6~. The concentrations of Antigen Ra.) were determined 

trom O.D. readings at 280 mp.. Rotor speec:1s of 9,000 rpm were 
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employed and, alter equilibration for 1 hour, photographs of 

the scblieren patterns vere taken at 32 minute ·intervals. A 

diffusion coefficient for each concentration vas calculated b,y 

the height-area method (193) using the relation: 

D20,b = K2A2/4.".tH2 

where 

D20,b = diffusion coefficient in butfer at 20°C 

K = enlargement factor (0.676 x 10-2) 

A = area under peak after enlarganent (cm2) 

H = height of peak after enlargement (cm) 

t = time (sec.). 

The ratio A2/4'tfH2 vas plotted against time and the slope multi

plied b,y K2 to yield D20, b for each concentration. The diffusion 

coefficients were extrapolated to infinite dilution and corrected 

to standard conditions in an identical manner to that employed 

for the sedimentation coefficients. 

The partial specifie volume (i) of Antigen Ra.3 was 

calculated b,y the method of Cohn and Fdsall (194) from the amino 

acid composition (see below). 

where 

The molecular veight was calculated t'rom the formula: 

R = gas constant (8.31 joules/oK/mole) 

T = temperature (~) 

l' = density of sedimenting med.i'Wll determined t'rom 

pub1ished data (192). 



c. Absorption Coetticient and Spectrum 

The absorption coetticient ot Antigen Ra.) at 280 ~ 

was determined on a sample ot known optical density prev10usly 

dialysed exhaustively' against 0.005 M NH4HCO). The sample vas 

dried to constant weight at 1050C; the dialysate was weighed 

as a control. Subsequent protein concentrations vere determined 

using the calculated absorption coetticient. 

An absorption ~eotrum was obtained trom optical den

sity rea.dings in the wavelength range 240 - )40 ~ given by a 

solution (1.04 mg/ml) ot Antigen Ra.) in 0.005 M sodium phos

phate butter, pH 7.). 

d. Nitrogen Content 

Ni trogen content was determined by the method ot Jacobs 

(195) • Solutions ot standards and samples were prepared in 

0.005 M sodium pho~hate butfer, pH 7.). The butfer alone ser

ved as a blank. Aliquots (0.2 mls) ot the various solutions 

were separately added to 20 ml test tubes containing 0.1 ml ot 

concentrated ~S04 and 1 mg ot a catalyst, consisting of 

CuS04:K2S04:HgO:Se, 5:15:5:1. After heating for Z hours the 

digests were cooled, ox1d1zed with 0.05 ml ot 30% HzOz and 

heated tor 4 hours. iller cooling, the sulphur1c acid vas 

neutra1ized w:Lth 10 mls of 0.4 M sodium citrate butfer, pH 5.5, 

and an aliquot (O.) ml} trom each tube added to 1.7 ml of 4 M 
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sodium acetate butter, pH 5.5. An equal volume of n~r1n 

solution (196) was added am the mixtures heated in a boiling 

water bath for li() minutes. A.1'ter cooling, 6 ml.s ot .50~ ethanol 

was added to each tube and the optical density ot the solutions 

determined at 570 ~. 

e. Carbobydrate Content 

standard solutions were praparec1 in 0.005 M sodium 

phosphate butter pH 7.3. Blanks consisted ot butter to which 

reagent was added, as well as sample solutions with reagent GIIl

itted. All determinations were done in duplicate, except tor 

the arabinose standards in the total hexose and pentose assays. 

Total hexose am pentose was determined by' the Try

ptophane method (197). 7 ml. portions of 77% H2S04 were sapa

rately added to 1 ml. aliquots of semple am standard sQlutions 

previously cooled to 15°C. Af'ter co01ing, 1 ml. aliquots ot 1% 

Tryptophane solution were added am the mixtures shaken. Atter 

thorough mixing, the solutions were heated tor 20 minutes in a 

boil1ng water bath, cooled to roODl temperature, and the optical 

de~sity determined at SOo ~. 

Pentose was assayed by' the Cysteine-sulphuric acid 

method (198). Aliquots (4 ml.s) of concentrated ~S04 were sapa

rately added to 1 ml aliquots of samp1es and staMards previously 

coo1ed to l50C. The reaction mixtures were kept at room tempe

rature tor" one hour with intermittant shaking, and 0.1 ml 
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aliquots ot 3f, Cysteine-HCl were added. The optical density of 

the reaction mixtures was determined at 390 and 424 mp.. 

Hexose was determined by the anthrone procedure (199). 

Aliquots (2.0 mls) of sample am stardards were layerecl over 

4.0 ml aliquots ot 0.2% anthrone solution in conoentrated ~S04. 

The mixtures vere vigorously shaken in a cold vater bath (150 C), 

brought to roam tamperature, and heatecl at 900 e for 16 minutes. 

Atter eooling, the optical density of the reaotion mixtures was 

datarmined at 625 mp.. 

Hexosamine vas datermined by the Elson~organ prooe

dure (200). Samples and standards were ~rolysed in vaeuo in 

2 N Hel at 1080 e for 4 hours. After ~rolysis, the solutions 

vere dried b,y rotar.y evaporation and the contents of eaeh tube 

dissolvecl in 2.0 mls of water, following whieh, the solutions 

~re quantatatively transterred to 10 ml volumetrie nasks. 

Aliquots (1.0 ml) of a solution ot aeetylaoetone (0.2 ml in 10 

ml ot 0.5 N Na2e03) were sdded, and the mixtures heated in a 

bolling vater bath for JO minutes. Atter eooling, 3.0 ml ali

quots ot absolute athanol, and 1.0 ~~ aliquots ot Erlichs rea

gent (201) vera added. with m1x1ng. The fiasks vere made up to 

the mark and incubated in a water bath at 37°e tor 30 minutes 

and allowed to cool. Optical densities were read at 540 ~. 
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t. Amino Acid Composition 

The amino acid composition ot Antigen Ra.3 was 

determined vith a Spinco Model 120B amino acid an~ser accord

ing to the method ot Spackman, stein and Moore (202). The col

umns were standardized. vith a mixture containing 0.5 )1Dloles ot 

each amino acid. Duplicate samples were bydrolysed in 6 N Hel 

tor 24, 48 and 72 hours at 10aoC, dried by' rotary evaporaUon 

(x2), and dissolved in sodium citrate bufter, pH 2.06. 

Cysteine and cystine were determined as total cysteic 

acid on a separate sample which had been oxidized vith pertor~ 

mie acid by the method ot Rirs (203) prior to acid bydrolysis. 

Tryptophane was determined by a spectrophotometric 

method (204) on samples ot the intact protein dissolved in 0.1 

N NaOH. Optical densities were read at 280 and 294 mu and the 

tryptophane content was calculated trom the tormula: 

M tyr/M tryp = 

0.592 x O.D' 294 - .263 x O.D. 280/0.263 x O.D'280 - O~·170 x O.D' 294 

where 

M = gram moles in l gram ot proteine 
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3. Experiments and ResUlts 

a. Molecular Weight 

The sedimentation coefticients ot Antigen Ra.3 were 

dete~tned tor various concentrations (Table 1). Extrapolation 

ot the ooetticients to int1nite dilution (Fig. 13) gave a value 

ot 1.76 x 10-13 sec-l, or 1.80 x 10-13 sec-l when corrected to 

standard conditions. 

The ditfusion coefficients were calculated for three 

concentrations and are given in Table II. Extrapolation ot the 

ditfusion coetticients to int1n1te dilution gave a value ot 

9.98 x 10-7 cm2 sec-l, or 10.1 x 10-7 cm2 sec-l when corrected 

to standard conditions. 

A value of 0.715 was oalculated tor the partial speo

ific volume of Antigen Ra.3, assuming a value of 0.61 tor the 

specifie volume of the carbohydrate (205). 

From the aforementioned data, the molecular weight of 

Antigen Ra.3 was calculated to be 15,172. 

b. Absorption Coefficient and Spectrum 

A 4.0 ml sample of Antigen Ra.3 in 0.005 M NH4HC03 Md 

an optical density of 1.36 at 280 I1l}l. The dry weight ot the 

sample was 4.99 mg; the dialysate control had no weight. The 

absorption coefficient was calculated to be 

F-J.:mg/ml = 1 09 + 0 02 
-.Lem • - • • 
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The absorption spectrum or a solution (1.04 mg/ml.) 

or Antigen Ra.3 in 0.005 M sodium phosphate bufi'er, pH 7.3, 

was determined over a wave-length range or 240 - 340 lD.)l. As 

shawn in Fig. 14, the spectrum. showed a peak absorbance at 280 

mp.. 

c. Nitrogen Content 

standard solutions or (NH4)2S04 were prepared contain

ing 0.37, 0.185, 0.093, and .061 mgN/ml. A solution or Antigen 

Ra.3 (2 mg/ml.) in 0.005 M sodium phosphate butfer, pH 7.3, was 

used ror analysis. The colorimetric values obtained are listed 

in Table III: from the denvative standard curve (Fig. 15) a 

nitrogen content of 13.5 ! 4t% vas calculated ror Antigen Ra.3. 

d. Carboh;ydrate Content 

For the analyses, a solution of Antigen Ra.3 (0.39 

mg/ml) in 0.005 M sodium phosphate buffer, pH 7.3, was employ-ed 

axcept for the hexosam1ne determination, ror which a solution 

of 1.0 mg/ml vas used. 

To determine total hexose and pentose, standard solu

tions or arabinose were prepared of concentrations: 112.0, 

89.6, 67.2, 44.8 and 22.4 ')lg/ml. The color1metric values ob

tained are given in Table IV: trom the derivative standard 

curve (Fig. 16), a total hexose and pentose content of 12.4 ! 

.2f1, (as arabinose) was calculated for Antigen Ra.3. 
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To determine total hexose, standard solutions ot 

galactose were prepared ot concentrations: .51.0, 25.5, aM 

12.15 pg/ml.. The colorimetrie values obtained are given in 

Table V: trom the derivative stan:lard curve (Fig. l'n, a total 

hexose oontent ot 4.9 ! .2% ( as galactose) was caleulated tor 

Antigen Ra.3. 

To deter.mine total pentose, standard solutions ot 

arabinose were prepared ot concentrations: 45.0, 22.4, 14.0 

and 9.0 pg/ml.. The colorlmetrio values obtained are given in 

Table VI: trom the derivative standard eurve (Fig. 18), a 

total pentose content ot 8.7 ! .2% (as arabinose) was oalculated 

tor Antigen Ra.3. 

To deter.mine total hexosamine, stan:lard solutions ot 

galaotosamine were prepared ot oonoentrations: 72.5, 50.8, 

25.4, and 12.7 pg/ml.. The oolorimetrie values obtained are 

given in Table VII: tram the derivative stardard ourve (Fig. 

19), a total hexosamine content ot 0.8 ! .02% (as galaotosamine) 

was ealculated tor Antigen Ra.3. 

e. Amino Aeid Composition 

Duplioate samp1es each containing 2.3 mg ot Antigen 

Ra.:3 were h;ydrolysed tor 24, qa and 72 hours and the ~oly

sates were taken up in 2.7 mls ot citrate bu:.t'ter. Duplioate 24 

hour h;ydrolysates ot a pertormio aeid oxidized sample ot Antigen 

Ra. 3 was treated in an identioal manner. The results ot the 
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amino acid anaJ.ysis of these ~roly'sates are shown in Table 

VIII. From the data of this table, the ~ nitrogen recovered 

was calcu1ated to be 91. 'J1,. From the average values for each 

~roly'sis time, a best value was determined as the average 

value for the 3 bydroly'sis times or, the value extrapolated to 

zero ~roly'sis time. The average and best values are listed 

in Table IX. The number of residues of each amino acid listed 

in the table was calculated on the basis of a molecu1ar weight 

of 15,172, of which l~ was carbobydrate. 

Discussion 

The molecular weight of Antigen Ra.3 determined in 

the an~ical ultracentrifUge was 15,172. 

The total carbo~rate determined as total hexose and 

pentose was 12.4:!: .?$, in close agreement with the SUm of the 

separate hexose and pentose determinations: 4.9! .2 + 8.7 + -
.2 = 13.6 ! .~. The hexosamine content was 0.8 ! .02%. This 

value May be min1mal since no attempt was made to determine the 

optimum bydrolysis time for maximum liberation of hexosamine 

units. 

The nitrogen content of 13.5 ! .~ :Mas in accord with 

the presence of 1% carbohydrate in the Molecule. 

The absorption spectrum of Antigen Ra.3 showed a sin

gle peak with a m.ax1mum at 280 MP., typical of proteine 



Amino ac~ an~sis demonstrated the presence or all 

the common amino ac~s; of these, proline was present in rela

tive~ high concentration (approximately 10%). 
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CHAPTER VI 

ALLERGENIC ACTIVITY OF ANTIGEN Ra.:3 AND ANTIGEN E 

1. Introduction 

In Chapter IV evidence was presented tor the presence 

ot a single component in the Antigen Ra.3 preparation. In par

ticular, it was demonstrated that this preparation contained no 

detectable Antigen E, the major allergen in ragweed pollen (113, 

119). In view ot the established purity- or Antigen Ra.3, an 

assessment was made or its allergenic activity- b.1 direct skin 

tests or ragweed allergic patients, am b.1 Prausnitz-Kustner 

(P-K) tests with the sera or ragweed sensitive patients. Sim· 

ul taneous testing or Antigen E am or the whole aqueous ragweed 

extract was done to prov:lde data on the relative activity- or 

the three allergen preparations. In addition, the reaginic 

activity directed to Antigens Ra.3 am E, in the sera ot rag

weed allergie patients, was assayed by the technique or in 

vitro anap~lax:1s or monkey- skin suspensions. Final.ly, cross 

neutralization tests were pertormed to investigate the aller. 

genic cross reactivity- or Antigen Ra.3 and Antigen E. 
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2. Materials am Methods 

a. Materials 

Antigen Ra.3 am the aqueous extract of short ragweed 

pollen (water soluble ragweed: WSR) vere prepared as described 

in Chapter III. Antigen E was prepared as described in Chapter 

IV. 

b. Measurement of Total Solid Concentration of Allergen Solutions 

The total solid concentration of solutions of WSR was 

determined b,y heating aliquots to oonstant weight at 105°C. 

The conoentration of Antigen Ra.3 solutions vas dete~ined spec

trophotometric~ at 280 ~ using the absorption coefficient 

determined in Chapter V, and that of Antigen E solutions using 

the published absorption coefficient (113), ~ ::/ml • 1.13 

at pH 7.15. 

c. Direct Skin am P-K Tests 

Prior te testing, each allergen solution was steri

lized by filtration through a m1llipore membrane fllter (0.22 }l 

pore size) at a concentration of l mg/ml in 0.14 M NaCl + 0.01 

M sodium phosphate, pH 7.4 (phosphate butfered saline: PBS). 

For testing, the sterile solutions were diluted te an approp-

riate concentration with sterile PES. 
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Direot skin testing ot allergen solutions was done 

by intradermal injection ot 0.05 ml aliquots into the torearm 

ot a ragweed sensitive 1ndividual. Reactions were read at 15 

minutes post-injection and the area ot the wheals determined 

trom the dimensions ot the major and minor axes. 

For P-K tests, normal volunteers (negative atopic 

history and negative skin test to ragweed extract) were injec

ted. intradermal.l.y vith 0.05 ml aliquots ot appropriately dlluted. 

ragweed. allergie serum at skin sites on the back, 4 to 6 cm 

apart. .Alter 24 hours, the sensi tized sites vere ehallenged 

vith the appropriate allergen solution and the reaetions were 

measured in the same marmer as amplo;yed in direot skin testing. 

The relative aetivit;y ot the various allergen preparations were 

assayed simultaneously in individual volunteers. 

d. In Vitro Anaphylaxis ot Monkey Skin Suspensions 

Allergenio aetivity vas assayed. by an in vitro ana

phylaotio technique (206). Weighed portions (200 mg eaoh) ot 

rhesus monke;y skin tragments vere ·sensitized by incubation with 

ragweed reag1n1c serum (2.0 ml ot serum made 1:2.5 with Tyrode 

(207» tor 1.5 hours at 37°C. The sensitized. tragment aliquote 

vere separately vashed three times with Tyrode and inoubated 

tor 15 minutes at 37°C vith solutions ot allergen prepared in 

T.yrode. Atter oentrifugation, the supernatants vere ass~sd 

tor the presenoe.. ot smooth muscle stimulators using the 
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isolated guinea pig ileum preparation, standardized with 

histamine. Reaotions were quantitated b,y oomparison with those 

of histamine standards and reoorded as histamine equivalents 

per gram of tissue. 

e. Cross-Neutralization Tests 

Cross-neutralization tests were performed b,y diluting 

reaginio serum with allergen solutions in vitro and incubating 

at room temperature for 24 heurs prior to sensitization of nor

mal skin, as in the P-K test. The injeoted sites were ohallen

ged with appropriste allergen and the reaotions measured as in 

the P-K test. The oonoentration of allergen solution used to 

dilute the reaginio serum was suoh as to just oause oomplete 

inhibition of the P-K reaotion, and was determined in prelimi

nar,y experiments. 

3. Experiments and Results 

a. Comparison of the Allergenio Aotivity of Antigens Ra.:3 

and E b[ Direot Skin Test 

Antigen Ra.:3 and Antigen E were used in direot skin 

testing of 46 ragweed sensttive patients. Of this total patient 

group, 26 had undergone at least one year of hyposensitization 

therapy w1 th ragweed extraot, wh1le the. remaining 20 patients 
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were untreated. For testing, allergen solutions were fres~ 

diluted to a concentration of 10-9 gm/ml. in sterile PBS. Each 

patient received a single dose of each preparation. 

The results of the direct skin tests are recorded in 

Table X and Fig. 20. The reactions were of ) types: 28 pati

ents (Group 1) reacted with greater intensity to Antigen E than 

to Antigen Ra.): 10 patients (Group 2) reacted with approxima

tely the same intensity to both allergens; 8 patients (Group ) 

showed no reaction to either allergen at the concentration used 

for testing. 

b. Assa.y of the Allergenic Activity of Antigen Ra.3 and 

Antigen E br P-K Test 

P-K tests were performed with the sera of patients 

representing 2 groups: those reacting predominantly to Antigen 

E b,y direct skin test, and those reacting to both allergens 

with approximately the same intensity. The tests were carried 

out b.Y sensitizing with a constant dilution of a given allergie 

serum and challenging with var,ying concentrations of allergen 

solution. Alternatively, skin sites were sensitized with vary

ing dilutions of a given allergie serum and challenged with a 

constant concentration of allergen solution. 

Table XI shows the results of experiments using con

stant serum and varying allergen dilutions. The dilution of a 
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given allergic serum was adjusted so that the autaneous reactions 

obtained tor all ot the sera would tall witbin a s1m11ar range. 

Antigen E showed considera~ greater activity than Antigen &&.3 

when testéd with sera P.R. and A.C., in agreement with the re

sults ot direct skin testing ot these patients (Tabile X). Beth 

allergens had approXimately the same degree ot ~eactivity when 

tested with the remaining sera (M.M., K.B., M.C., B.U., M.B.), 

again in accord with the direct skin test results (Table X). 

Tab1e XII shows the results obtained when varying 

dilutions ot allergie serum vere used tor sensitization and the 

sites challenged with a constant concentration ot allergen sol

ution. The sera ot patients P.R. and A.C., who reacted more 

strongly to Antigen E than to Antigen Ra.3 on direct skin test 

(Table X), showed greater reaginic activity to Antigen E than 

to Antigen Ra. 3. The sera ot patients M.M., and K. B., who gave 

similar reactions on direct skin test with Antigens &&.3 and E, 

showed approximately equal reaginic activity to both allergens. 

c. Comparison ot the Allergenic Activity ot Antigens Ra. 3 

and E b;y In Vitro Passive Anaphylaxis ot Monkey Skin Suspensions 

In vitro passive anaphylaxis was employed to corrobo

rate the relative activity ot Antigens Ra.3 and E observed by' 

direct skin and P-K tests. Three sera tram patients who, on 

direct skin test, reacted predominantly to Antigen E, and seven 
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sera from patients who showad equal reactivity to both allergens, 

were assayed by this method. Monkey skin suspensions sensitized 

vith allergie serum vere challenged vith 50 pg of allergen/ml. 

The resul.ts are shown in Table XIII ar:d are represented diagra

matical.ly by the histograms in the lover half' of' Fig. 21. The 

reaotions plotted are the averages of duplicate determinations 

given in Table nIT. For comparison, the upper half' of Fig. 21 

shows the direct skin tests results obtained f'or the same pati

ents. In all cases, the in vitro anapqlactic reactions agreed 

vith the direct skin test data, except for patient F. V. Patient 

F.V. reacted to both allergens on direct skin test but reacted 

only' to Antigen E by in vitro anapqlaxis. 

The activities of Antigens Ra.3 and E were compared 

by the in vitro anapqlactic technique using sera M.M. and A. C. 

f'or sensitization and, tor challenge, 10-fold dilutions of' 

approximately equimolar concentrations of' the two allergens. 

The results obtained are shown in Table XIV and Figs. 22 ar:d 

23. Serum M.M., (Fig. 22) showed equal reactivity to both 

allergens while serum A. C. (Fig. 23) reacted only to Antigen 

E. These results agreed with the in vitro anaphylactic reac

tions previously obtained emplo,ying a single allergen concentr

ation (Fig. 21) and vith the direct skin test results (Table X). 
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d. Comparison of the Allergenic .A.ctivity of .Antigens Ra.) &Di E 

With WSR by P-K Test 

Two allergie sera, M.M. and K.B., showing approximately 

equal reaginic activity to .A.ntigens Ra.) and E (Table XI) were 

empla,yed in'these experiments. Normal skin sites sensitized 

with these sera were separately challenged with ten-fold serial 

dilutions of the allergen solutions. The results are shown in 

Table XV. The cutaneous activity of the two purified allergens 

was approx1ma~ely 100 to 1000 times greater than the activity 

of 'WSR. 

e. Allergenic Cross-Reactivity of .A.ntigens Ra.) and E 

To deter.m1ne the allergenic cross-reactivity of 

Antigens Ra.) and E, the two allergens were compared for their 

capacity to cross-neutralize the reagins in three ragweed all

ergie sera. 

The sera obtained !rom patients M.M., M. C., and M. B • 

. showed approximately equal reaginic activity to both allergens 

(Table XI). 

Approximately equimolar concentrations ot Antigens 

Ra.3 am E (0.5 p,g/mJ. and 1.0 pg/rnJ., respectively) were employed 

to challenge the sensitized sites. 

In a preliminar,y experiment, each allergie serum was 

separately incubated with serial dilutions of Antigens Ra.) and 



e 

80 

E and the serum-allergen mixtures were used to prepare sensitized 

skin sites. The sites were separately challenged vith the same 

allergen employed tor incubation and the cutaneous reactions ob

tained are shown in Table XVI aM were identical tor all sera. 

As cm be seen trom the table, a concentration ot 5 pg/ml. ot 

Antigen Ra.) and 10 pg/ml. Antigen E were required tor complete 

inhibition of the P-K reaction to the respective allergen. The se 

concentrations were employed in the cross-neutral1zation tests. 

To pertorm the tests, skin sites on tbree normal vol

unteers were injected vith the allergie serum-allergen mixtures 

shown in Table XVII. Allergie serum-saline mixtures served as 

non-neutralized controls. 24 hours tollowing injection, the 

sites were separately ehallenged vith Antigens Ra.) and E and 

the cutaneous reactions obtained are shown in Table XVII. In 

all cases, Antigen Ra.) eompletely neutralized Ra. )-specit1e 

antibodies but fa1led to neutral1ze the E-speeifie antibodies. 

On the other hand, Antigen E neutralized the serum reagins 

directed to both allergens. 

4. Discussion 

The allergenie activity ot Antigen Ra.) was establis

hed by direct skin testing ot ragweed allergie patients (Tabla 

X and Fig. 20). ot the patients giving positive cutaneous rea

ctions, 75'1> reacted predominantl.y to Aittigen E, while 25'1> reacted 
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with approximate~ equal intensity to both allergens. In this 

respect, no ditference was observed between treated and untreated 

patients. 

The relative activities of Antigens Ra.3 and E seen 

on direct skin test of iD:lividual patients was also observed 

in the P-K and in vitro anaph\vlactic assays. Thus, patients 

who reacted predominantly to Antigen E on direct skin test, 

possessed greater reaginic aotivity to this 81lergen than to 

Antigen Ra. 3. On the other har:d, patients who reacted with 

approximately' equal intensity to both allergens on direct skin 

test showed s1milar reaginic activity to both allergens. 

The variation in the relative activities shown b,y 

Antigens Ra.3 and E on direct skin testing (Fig. 20) damons

trated that the two allergens had distinct specificities. This 

was confirmed b,y assays of allergenic activity in P-K tests 

with seven allergie sera (Table XI). 

Thus, the same preparation of Antigen Ra.3 showed 

positive reactions for some sera and little or no activity for 

others, while Antigen E elicited positive reactions with 811 

of the sera. Similar results were obtained in the in vitro ana

phylactic assays (Figs. 21, 22 and 23). 

The ability of Antigen E to completely neutralize Ra.3-

specifie reagins could not have been due to contamination of the 

Antigen E preparation b,y Antigen Ra. 3. The amount of Antigen Ra. 3 

needed to oompletely neutralize the Ra.3-specific reagins (Table 
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XVI) vas greater than the amount which could have been present 

in the Antigen E preparation as contaminant, (0.5%, sea Chapter 

IV, 3.e.). 

Sinee Antigen Ra.:3 eould neutraJ.ize reagins to itself 

but not those directad to Antigen E, while Ant1gan E neutraJ.i

zad reagins of both speeifieities, it would appear that Antige."l 

E possesses both its own unique allergenie determinants as well 

as allergenic determinants in eommon with Antigen Ra.:3. 
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CHAPTER VII 

DIFFERENCES IN CHRCHATOORAPHIC DISTRIBUTION 

OF REAGINS TO ANTIGEN Ra.:3 AND ANTIGEN E 

1. Introduction 

It has been reported (81, 82) that reaginic antibodies 

contained in the sera of ragweed allergic individuals show con

siderable heterogeneity in elution properties when chromatogra

phed on the anion exchanger, DEAE-Sephadex. This report~~ het

erogeneity m~ in part retlect the presence in allergie serum 

of reaginic antibodies directed to diverse allergens in the 

whole aqueous ragweed extract employed in the stldies cited.. 

The experiments of tbis chapter were designed to provide evid

enee :t'or tbis, in view of the availability of two purified rag

weed allergens, Ant~ens Ra.3 and E. For tbis purpose, two 

ragweed allergie sera were separately chromatographed. on DEAE 

Sephadex and the derivative tractions vere assayed. by P-K test 

for reaginic activity to each allergen. 



84 

2. Materials am Methods 

a. Materials 

DEAE-Sephadex A-,O (Pharmacia) was suspended.. in water 

overnight and washed.. alternately vith 0.2 N NaOH am 0.2 N Hel, 

the last wash being 0.2 N NaOH. The slurr,y was brought to pH 

8.0 by successive washings with distUled.. water and suspended. 

in starting butfer three times prior to pouring. Solutions of 

Antigen Ra.) and E were prepared.. trom sterile stock solutions 

b.1 dilution with sterile PBS to final concentrations of O., and 

1.0 p.g/ml, respectively. 

Two sera, M.M. and K.B., which contained.. approximately 

equal reaginic activity to both Antigens Ra.) am. E (Table XII), 

were employed.. in these experiments. 

b. Column Chromatograp& 

DEAE-Sephadex chromatography' was performed.. at ,oC, us

ing step-wise elution vith TRIS-Hel buffer, pH 8.0, ot ditfer

ent molarities. The column effluent was monitored.. b.Y its ab

sorption at 280 ~ in an LKB Uvicord spectrophotometer equipped 

with a 2.0 ml flow cell and collected.. in a Spinco traction coll-

ector. 

Etfluent tractions were concentrated.. by positive. 

pressure ultrafiltration (see Chapter III, 2.). After di~sis 
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against PES, the tractions were millipore tiltered and ass~ed 

tor reaginic activity b.Y the P-K test (Chapter III, 2.) done 

in duplicate and at two dilutions. 

3. Experiments and Results 

A sample (10 mls) ot each allergic serum was dialysed 

overnight against two 2 liter changes ot 0.15 M TRIS-Hel, pH 

8.0. The samples were separate13 run on a column (1.8 :x: 25 cm) 

which had been equilibrated b.Y passage ot the same butter tor 

24 hours. Alter elution ot 135 mls, a second butter ot 0.23 M 

TRIS-Hel pH, 8.0, was applied to the column. Alter elution ot 

115 mls, a final butter ot 0.5 M TRIS-Hel, pH 8.0, was applied 

to remove the remaining proteine 

The elution pattern obtained was essentially similar 

tor both sera am is shown in Fig. 24 tor serum U.M. Three 

tractions (l, II and III) were pooled as shown, and concentrated 

tor testing. 

The results ot the P-K tests are show in Tables XVIII 

and xn am in Figs. 25 and 26, tor serum M.M. and K.B., respec

tively. It can be seen tram the results, that the reaginic acti

vit Y directed toward Antigen E had a dit!erent distribution 

among the DEAE-Sephadex tractions than the activity toward 

Antigen Ra. 3. For both sera, the ma:x:im.um anti-E activity 
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appeared in :traction l, whereas the maximum reaginic activity 

specifie for Antigen Ra.3 occurred in :tractions II aM lU. 

4. Discussion 

The choice of butfer e1ution conditions emp10yed in 

these experiments were suggested by the data of Good:triend and 

his associates (81, 82). These workers, using a concentration 

gradient e1ution technique, fouId a spread of reaginic activity, 

with the buJ.k of the reagins being e1uted between 0.10 M ard 

0.35 M TRIS-Hel, pH 8.0. Accordingly', in the present experim

ents, butfer mo1arities of 0.15, 0.23 ard 0.5 M were employed 

for step.wise elution. 

To improve the accurac,y of the P-K ass~, the reagin 

:tractions were tested at dilutions such that the wheal areas 

fell into the range of 60 - 160 mm2• previous P-K testing had 

indicated that the wheal dimensions in this range were amenable 

to accurate measurement with a minimum standard deviation. As 

can be seen !rom Figs. 25 ard 26, the average deviation was 10% 

trom the Mean. 

The results shown in Tables XVIII and XIX and Figs. 

25 aM 26, demonstrated that the reaginic antibodies to Antigen 

E were eluted earlier in the cbromatogram than the antibodies 

to Antigen Ra. 3. In view of the relatively' small deviation :trom 
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the mean (tl~) foUld in the P .. K tests, it vas concluded that 

the d1:tferences in elution properties of reag1n1c activ1ty to 

Antigens Ra.3 and Evere s1gn:1:t1cant. 
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CHAPTER VIn 

GENERAL DISCUSSION 

The combination ot gel t1ltration and anion-exchange 

chromatographir proved etficacious tor the purification ot an 

allergenic~ active protein, Antigen Ra.), trom the complex 

mixture ot substances eontained. in the aqueous extraet ot short 

ragweed pollen (Chapter nI). The isolation prooedure was patt

erned atter the method ot King et al (11), 119) tor the prepara

tion ot Antigen E. This allowed tor the simultaneous isolation 

ot Antigens Ra.) and E and consequently, tor a ccmparative study 

ot the properties ot the two allergens. A more etticient isola

tion procedure m1ght have been developed. tor Antigen Ra.), had 

the latter's phirsical and chemieal properties been known. For 

example, the polyaor.ylamide gel, Biogel P-30, might have proven 

superior to Sephadex G.100 tor molecUlar size tractionation ot 

DEAE-cellulose traction C. In addition, the complexity ot 

DEAE-cellulose traction C might have been reduced b,y eluting 

vith a butter ot lower ionic strength. 

The procedures used to purify' Antigen Ra.) resulted 

in the isolation ot a homogeneous preparation when judged. b,y 

several criteria (Chapter IV). Erldence tor charge homogeneity 

was obtained by' TEAE-cellulose chromatography and polyacr.ylandde 

gel dise electrophoresis. An~ical ultracentrifUgation and 
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gel filtration on Sephadax G-100 providad evidence tor the size 

homogeneity ot the Ant1gen Ra.) preparation. Immunod.ittusion 

experiments with two rabbit anti-sera prepared against the whole 

aqueous extract (WSR) and three rabbit anti-sera against the 

pur1t1ed antigen preparation, demonstratad a single precipitin 

arc, underlln1ng the antigenic purity ot the Ra.) preparation. 

Immunodittusion analysis ot Antigens Ra.) and E vith rabbit 

antiseram to WSR demonstrated that cross-contamination ot the 

two allergens, it present at aU, would be less than O.S~. 

Pb;ysical and chem1cal analysis (Chapter V) demonst

rated that Antigen Ra.) is a basic protein, conta1ning an app

reciable amount ot carbolvdrate. Evidence was obtainecl that 

the carbobydrate torms an integral part ot the molecule. Thus, 

on rechromatograp~ ot the Antigen Ra.3-containing traction, 

CIV_2 (Chapter III), the carbohydrate distribution tollowed 

the optical density distribution at 280 M)1 (attributed to pro

tein). Furthermore, the carbohydrate content ot Antigen Ra.) 

showad no change on rechromatograpb;y (Chapter IV) or extensive 

dialysis. Carbohydrate analysis ot Antigen Ra.) revealed the 

presence of hexose and pentose units, but the nature of these 

units and ot their arrangement remains to be determined. 

It is notewortb;y, that the absorption spectrum ot 

Antigen Ra.) showed a single peak at 280 ~, characteristic ot 

proteins. No peak was evident at 305 mp suggesting the absence 

ot the l-am1no-l-deo~-2-ketose linkages pcstulated b.Y Barrens 



to be a common f'eature of' atopic allergens (Chapter I). 

A comparison of' the properties of Antigens Ra.3 and. 

E is given in Table II. As can be seen f'rom the table, the 

electrical charge on the two allergens dif'fer (Chapter IV), Ra. 3 

being a basic protein, Antigen E, aoidic. The lover sedimenta

tion coefficient and higher diffusion constant ot Antigen Ra.3 

retlects the ditferences in molecular weight of' the allergens. 

While Antigen E contains only O. 7~ pentose, Antigen Ra.3 con. 

tains a total hexose am pentose content of 12.4 '! .2~. The 

nitrogen content ot Antigen Ra.3, 13.5 '! .~, is lover than that 

ot Antigen E, 17 .l~ (119), retlecting the higher carbo~rate 

content ot Antigen Ra. 3. 

Allergenic testing ot Antigens Ra.3 and E established 

the ditferences in specif'icity ot these two preparations (Chap

ter VI). Fran the observation that both Antigens Ra.3 and E 

provoked essentially equal cutaneous reactions in some patients, 

while only Antigen E provoked reactions in others, it se8MS 

reasonable to conclude that the two preparations differ in 

their allergenic speciticity'. P-K tests and in.vitro anapby-

lactic experiments vith appropriate ragweed allergic sera con

f'irmed the existence ot two distinct allergen-reagin qstems. 

Thus, some sera passively sensitized human and monkey skin tor 

cutaneous reactions to both allergens whUe others sensitized 

for reactions only to Antigen E. 
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Antigen Ra.3 h&d the same 1eve1 ot specifie acti'V1ty 

as Antigen E in 25fo ot skin test positive patients. In 75~ ot 

such patients, the relative speoific activ1ties ot the tvo all

ergens varied. som. patients showiJlg no reactiv1ty to Antigen 

Ra. 3, wh1le others reacted to Antigen Ra.3, but 1es8 markedl.y' 

than to Antigen E. No patients are observed reacting to Anti

gen Ra.3 but not to Antigen E. 

The results ot direct skin testing ot allergic pati

ents conf'irmed the importance ot .Antigen E as the major allergen 

ot ragweed pollen. The higher inoidence ot reacti'V1ty to this 

antigen might be due to its relative ab1miance in the pollen. 

In this connection, the yield ot .Antigen E in its tvo major 

e1ectrophoretic torms, IV-B and IV-C, vas reported b,y King et 

al (1l9) to he 1 gm/kg ot pollen, which is in marked contrast 

to the yield ot 0.1 gm/kg ot pollen obtained tor .Antigen Ra.3. 

The comparative activ1ties ot.Antigens Ra.3 and E 

vith WSR, vere exam1ned b,y P-K tests, us1ng sera trom patients 

who reacted with similar intensity to .Antigens Ra.3 am E b,y 

direct skin test. The acti'V1ties ot the two purified allergens 

were essent1al.ly 1dentical, ani are J.OO to 1000 times higher 

than that ot the WSR preparation. 

The l'esalta obtained in cross neutralization studies 

vith .Antigens Ra.3 mi E suggest that the two antigens carry 

common allergenic determinants. This is in accord vith the 



suggestion ot King et al (174) that Antigen E shares eommon 

determ.1nants vith other proteins in ragweed pollen extraets. 

It woul.d appear that Antigen E possesses bath -ER and -Ra.). 

allergenic determinants, whlle Antigen Ra.) possesses Ra.) 

determinants only. 
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Sinee neutralization ot anti-Ra.) reagins in ragweed 

allergie sera caused no reducti~n in the P-K reactions ot these 

sera to Antigen E, the contribution ot the Ra.) determinants 

to the total cutaneous activ1ty ot Antigen E must be relatively 

minor, at best. The apparent inabllity ot Antigen E-anti-Ra.) 

reagin complexes te el1cit cutaneous react10ns may be due te 

the presence on the Antigen E Molecule ot a single Ra.) aller

genie deter.m1nant, sutfieient te effect neutralisation ot anti

Ra.) reag1ns but ineffectual for eliciting cutaneous reactions 

vith these antibodies. The presence of addit10nal Ra.) deter

minants on the Antigen E Molecule is not precluded, but such 

determinants would. likely be sterica.ll.Y' hiMered to render the 

Molecule tunction~ hapten1c with respect te Ra.) determinants. 

The structural s:lmllarities of Antigens Ra.) and E 

retlected in their allergenio oross reactiv1ty are Dot apparent 

trom the pbys1cochEi1ii1oal properties of the two proteine. Fur

thermore, immunoditfus1on tests with rabb1t antisera fa1led te 

show ~ ant1gen10 cross reaot1on between the two allergens. 

However, the phy's1cal, ohemioal, an:::i antigen10 diss1m1larities 
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ot Ant:1gens Ra.3 am E do not exclude the presence ot an Ra. 3 

region on the Antigen E molecule. Such a region could be re

latively small in size, ot the order ot a penta- or hexapeptide, 

as has been tound tor antigenic determinants (208, 209). 

Evidence was obtained in the present study (Chapter 

VII) that the reaginic antibodies in ragweed allergie serum. 

directed to Antigen Ra.3 chramatographed dif'terently than the 

antibodies to Antigen E. Reagins to Antigen Ra.3 were eluted 

tram DEAE-Sephadex at relatively higher butter molarities than 

reagins to Antigen E, suggesting that the antibody types dittered 

in electrical charge. The basis tor this ditterence may reside 

in the chem1cal nature ot the two allergens. Sela ard Mozes 

(210) have shawn that specifie rabbit antibodies var,y in their 

overall charge depending on the net charge ot the immunogen. 

Thus, negatively charged iMmunogens elicited relatively po si

tively charged antibodies, while positively charged immunogens 

induced relatively negatively charged antibodies. The ditter

enees in chromatographie distribution ot reaginic antibodies to 

Antigens Ra.3 and E suggest that the charge on the two allergens 

intluence the physieoehemical nature ot their respective reag

inie antibodies in a similar way to that observed by Sela and 

Mozes tor rabbit antibodies. This could account, in part, tor 

the heterogeneous nature ot reaginic antibodies tormed to the 

camplex miXture ot allergens in ragweed pollen. 



From the f'oregoing discussion, it sesms f'air to 

eonelude that the prinoipal aim of' the present investigations 

was ach1eved: namely, the isolation f'rom ragweed. pollen of' a 

eomponent distinct in its pbysieochem1eal and allergenie pro

perties trom the major allergen, Antigen E. The isolation of' 

this eomponent, Antigen Ra.), has eonfirmed earlier, suggestive 

ev1denee f'or the presence of' multiple allergens in the aqueous 

extraet of' the pollen. The ava1labillty of Antigen Ra.), in 

relative11' appreeiable quantities, allows tor the use of' both 

it and Antigen E in hyposensitization therapy of' ragweed

allergie patients. In view of' the fiD:ling that 25~ of' ragweed

allergie patients tested were cutaneously' sensitive to Antigen 

Ra.) as well as to E, the eombined use of' bath allergens may 

result in greater ef'f'eetiveness of' hyposensitisation therapy. 

The availab1l1ty of' Antigen Ra.) also makes possible compara

tive studies with Antigen E, to asoertain those chem1eal 

f'eatures of' the allergens whieh lie at the basis of' their 

speeifieities and whieh may also impart ta these proteins 

their unique immunogenie property of' indueing the atopie 

allergie state. 
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2. 

SUMKARY 

-
An allergenio&lly active protein, Antigen 

Ra.3, was iso1ated from the aqueous extract of short 

ragweed pollen by the oombined techniques of ammonium 

sulphate precipitation, gel filtration on Sephadex 

G-25 and G-100, and ion exchange chrolllatography on 

DEAE- and TElE-oellulose. 

Antigen Ra.3 was shown to be homogenecus 

by TElE-cellulose chromatography, po1yacry1amide gel 

dise electrophoresis at pH 6.6 and 3.8, sed1mentation

veloeity ultracentrifugation, gel filtration on Sepha-

dex G-l00, and immunodiffusion with rabbit antisera 

prepared to the whole aqueous extraet and to the puri-

fied allergen. 
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3. Antigen Ra.3 was shown to be a glycoprotein 

of mo1ecular weight 15,1'72 with an S~O,w = 1.8 x 10-13 sec, 

D~O,w = 10.1 x 10-'7 cm2 sec-l, Nitrogen = 13.5 ± .~, total 

total pentose = 8. '7:!: .2$, total hexosamine = O. 8 ± .02$. 

Antigen Ra.3 vas shown to have all of the eommon amino 

acids and an amino acid composition distinct from Antigen E. 
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s. 

6. 
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Antigen Ra.:3 was .. shown by direct skin test to 

ditter in allergenic speoificity trom the major allergen 

ot ragweed pollen, Antigen E. Antigen Ra.:3 had the same 

level ot autaneous aotivi~ as Antigen E in 2S~ ot 3B 

skin test positive patients. 

Cross neutralization tests wi th ragweed aller-' 

gio serademonstrated that the two allergens share oammon 

allergenio determinants. Antigen Ra.:3 neutralized anti

Ra.:3 reagins while Antigen E neutralized reaginio aotivity 

both to itselt and to Antigen Ra.:3. 

Evidenoe was obtained by DE.AE Sephadex ohroma

tograpby that reaginio antibodies to Ra.:3 were relatively' 

negatively charged oompared to reagins to Antigen E. 
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CLAIMS TO ORIGIN.u.ITI 

An allergenic~ active gllrooprotein, Antigen 

Ra.), vas isolated trom short ragwee:i pollen. 

2. Antigen Ra.) was shoWn to be homogeneous by 

p~sicochamical and immunologie al an~sis. 

). The tirst physical and chem1cal parameters in-

oludiDg 1Il0leoular weight, nitrogen and carbobydrate con

tent and amino composition, were determined tor this 

allergen. 

4. The allergenic activit:r ot Antigen Ra.) was 

5. 

an~sed by direct skin P-K and in vitro anaphylaxis 

tests and vas shawn to ditter trom the activit:r of 

Antigen E, the major allergen in short ragweed pollen. 

Ev:ldence was obtained that the heterogeneity 

of ragweed reaginic antibodies was due, in part, to the 

net charge on the allergenic components ot short ragweed 

pollen.· 
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TABLE l 

SEDIMENrATIOB COEFFICIENT OF ANrIGEN Ra.3 AT VARIOUS 

SOLUTION COBCENTRArIOBS* 

Concentration 
(g ~) 

1.0 

0.8 

0.6 

0.4 

Sed1mentation,g0efficient 
(S x 10"'- sec) 

1.722 

1.682 

1.762 

1.742 

*Solutions were prepared in 0.14 M NaCl + 0.01 M 

Sodium phosphate, pH 7.3. 



TABLE II 

DIFFUSION COEFFICIENT OF ANTIGD{ Ra., AT V.ARIOUS 

SOLUTION CONCENTRATIONS. 

Concentration 
(g ~) 

1.0 

0.8 

0.6 

Diffusion Coefficient 
(D x 107 cm2 sec-l ) 

8.32 

8.98 

9.02 

• Solutions were prepared in 0.14 M NaCl 

+ 0.01 M Sodium phosphate, pH 7.3. 
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TAlLE III 

DEtERMINATION OF NITROGEN CONTENT OF ANrIGEN Ra.:3 

Nitrogen Optical Density (570 ..,,) 
Sample Content (mgNlDÙ.) 1 2 Averüe 

standard 0.370 .405 .415 .410 

Il 0.185 .235 .235 .235 

.. 0.093 .100 .110 .105 

.. 0.061 .070 .078 .O?f.l. 

Antigen Ra. 3* .305 .295 

*Concentration of Antigen Ra.3 solutions 2.0 mg total solida/ml. 



Semple 

standard 

.. 

.. 
te 

te 
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TABLE IV 

DETERMINATION OF TOTAL HEXOSE AND PENTOSE 

CONTENT OF ANTIGEN Ra.) 

Arabinose Content Optical Density .. 
M/ml at 500 !11]1 ~-.\ 

112.0 .475 

89.6 .:385 

67.2 .290 

44.8 .220 

22.4 .100 

Antigen Ra.). .205 

.. .210 

.Concentration ot)Antigen Ra.) solution: 0.)9 mg total solids/ml. 
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TABLE V 

DETERi-1I;îUTION OF TOTAL HEXOSE CONTENT OF ANTIGEN Ra. J 

Galactose Optical Density at 625 Dl}l 
Samp1e Content (s/ml) 1 2 Average 

stardard 51.0 .610 .575 .593 

Of 25.5 .301 .292 .297 

Il 12.8 .148 .162 .155 

Antigen Ra.3 • .210 .210 .210 

• Concentration of Antigen Ra.:3 solution: 0.39 mg total.olids/ml. 
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TABLE VI 

DETERMINATION OF TOTAL PENTOSE CONTENT OF ANTIGEN Ra. 3 

Arabinose âO.D.* 
Samp1e Content (pg/ml) 1 2 Averase 

standard 45.0 .662 .648 .650 

.. 35.0 .495 .495 .495 

.. 22.4 .305 .280 .292 

Il 14.0 .218 .202 .200 

Il 9.0 .152 .150 .151 

Antigen Ra.3** .484 .488 .486 

'" Difference in optical densities at 390 and 424 ~. 

** Concentration of Antigen Ra.3 solution: 0.39 mg total solids/ml. 



104 

TABLE VII 

DETERMINATION OF TOTAL HEXOSAMINE OF ANTIGEN Ra.;3 

Galactosamine Optical Density at S40"m~ 
Semple Content ~Silmll 1 2 Averge 

standal'd 72.5 .799 .801 .800 

et 50.8 .593 .595 .594 

et 25.4 .298 .292 .295 

et 12.7 .152 .152 .152 

Antigen Ra.3* .102 .099 

*Concentration of Antigen Ra.3 solution: 1.0 mg total solids/ml. 



105 

TABLE VIII 
i 

AMINO .lCID CQŒlOSITION OF .lCID BIDROLYSATE OF ANTIGEN Ra. J* 

No, of pmo1es fOuM (x2) 

A. B 0 
jmino Acid 1 2 1 2 1 2 

Lysine ,812 ,818 .841 ,845 .836 ,814 

Histidine ,321 .355 ,:301 ,317 ,327 .325 

A.rginine ,402 .466 ,491 .455 .471 .451 

Aspartic ,833 .857 .888 .916 ,831 ,791 

Threonine ,922 .878 .817 .841 .8ll .827 

Serine ,556 • .548 ,453 .467 ,426 ,416 

G1utamic ,950 .942 ,958 ,946 .933 .949 

Proline 1,343 1.043 1,ll7 1,167 1,324 1.020 

Glycine ,9~ .970 .931 .9ll 1.0ll .977 

Alanine .770 .754 .731 .737 .755 .745 

Cystine/2 .345 .339 

Valine .761 .707 .741 ,753 .7~ .762 

Methionine .082 .082 .086 .085 .080 .080 

Isoleucine e497 .517 .513 .491 .521 .503 

Leuoine .963 .981 .963 .983 .978 .958 

Tyrosine .290 .286 .241 .253 .307 .333 

Phenylalanine .810 .834 .784 .758 .735 .717 

*Acid ~rolysis was carried out in 6 N HCL in vacuo for 24(1), 

~ (B) and 72 (0) hours. No. of )1JD.oles based on 0.5 umole amino 

acid standards. 
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TABLE IX 

AlfiNO ACID CQ.fPOSITION OF ANTIGEN Ra. 3 

Average 
No. or pmoles round (x2). 

Best No. or Clos.st 
24 48 Z2 Value residues.. Inte!!er 

Lysine .815 .843 .825 .828 7.0 7 

Histidine .338 .309 .327 .325 2.7 3 

Arginine .424 .473 .461 .474 4.0 ~ 

Aspart1c .845 .902 .8n .852 7.2 7 

ThreoDine .900 .829 .819 .935 7.9 8 

Serine .552 .460 .421 .610 5.2 5 

Glutamic .946 .952 .941 .947 8.0 8 

Proline 1.193 1.142 1.172 1.171 9.9 10 

G~cine .959 .921 .994 .958 8.1 8 

Alanine .762 .734 .750 .746 6.3 6 

Cystine/2 .342 .342 2.9 3 

Valine .734 .752 .755 .746 6.3 6 

Methionine .082 .086 .080 .083 0.7 1 

Isoleucine .507 .502 • .512 .507 4.3 4 

Leucine .972 .973 .968 .971 8.2 8 

Tyrosine .288 .247 .320 .285 2.4 2 

Phenylalanine .822 .771 .726 .875 7.4 7 

Tryptophane 3.6 4 -
Total 101 

• See Table VIII and texte 

** Based on 1 residue ; 0.118 uMe 



107 

TABLE-I 

DIRECT SIIN TEST REACTIONS TO ANTIGENS Ra.;3 AND E* 
1 

Wheal Area (mm2) Wheal Area (mm2) 
Group l Antigen Group l Antigen 
Patients E Ra:J Patients E Ra.J 

A.C. 100 12 A.L. 105 9 

M.S. 143 90 H.H. 99 9 

-B.W. 81 12 M.D. 110 12 

W.G. 90 9 M.H. 100 9 

P.N. 100 49 H.J. 1)!) 42 

A.W. 68 9 R.D. 81 12 

M.S. 81 49 T.M. 70 9 

P.H. 132 9 W.J. 90 49 

M.G. 49 9 W.M. 110 56 

J.G. 121 49 I.C. 81 12 

K.N. 90 63 L.P. 81 9 

H.L. 50 25 W.I. 72 9 

M.H. 100 12 J.A. 81 9 

C.M. 90 9 T.K. 99 56 

(Continued next page) 
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TABLE X (continued) 

Wheal. Area (~) Wheal Area (mm2) 
Group II Antigen. Group III Antigen 
Patiepts E Ra.' Patients E Ra.) 

M.M. 110 143 M.S. 12 12 

B.U. 81. 99 B.B. 9 9 

M.C. 70 90 P.P. 9 9 

K.B. 56 ',,64 D.M. 9 9 

M.B. 90 126 T.C. 9 12 ... 

R.R. 50 35 T.H. 9 15 

M.V. 72 99 c.o. 9 20 

H.R. 81 80 G.T. 20 9 

M.T. 64 72 

A.B. 100 121 

• For the test, 0.05 ml aliquots ot solutions (10-9 gm/ml) 

ot Antigens Ra.3 and E were separately injected. .All 

patients vere injected vith 0.05 ml ot 0.15 M NaCl as 

control. The control wheal areas ranged trom 9-12 mm2• 
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TABLE XI 

COMP ARISON BI P-K TEST OF THE ALLERGENIC ACTIVITI OF ANTIGENS Ra.3 .AND E* 

Al1ergen P.H. A.C. M.M. 
Conc. (1:100) (1:100) (1:10) 
~lml. Ra.~ E Ra.~ E Ra. 3 

10-6 49 144 42 132 190 

10-7 9 110 9 120 168 

10-8 9 81 9 100 110 

10-9 9 64 9 81 99 

10-10 n.d. n.d. 72 

* Reactions expressed as wheal areas (mm2) 

Saline control = 9-12 mm2 

n.d. = not don. 

E 

210 

170 

120 

100 

64 

SERA 

K.B. M.C. B.U. 
(1:10) (1:10) (1:100) 

Ra. 3 E Ra.3 E Ra.J E 

132 152 89 81 190 210 

110 130 72 72 100 120 

72 90 64 56 80 100 

72 72 9 9 50 90 

25 25 9 9 12 9 

e 

M.B. 
(1:100) 
Ra.~ E 

110 132 

90 100 

81 81 

49 49 

9 12 

b 
'D 
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TABLE nI 

COMP ARISON BI P-K TESr OF THE ALLERGENIC ACTIVITY OF ANTIGEN Ra.;3 AND E* 

Serum Challenge Serum Challenge Serum Challenge 

P.R. Ra.;3 E A.C. Ra.J E M.M. Ra.J E 

(1.110) 72 1.87 (1110) 90 169 (11100) n5 1.00 

(1,1.00) 12 no (1..50) 9 144 (1'300) 72 64 

(1.1500) 1.2 81 (1.11.00) 9 1.32 (11900) 25 25 

(1.200) 9 no 

* Serum sites were challenged with 5 x 10-n moles of each allergen 

Reactions expressed as wheal areas (mm2) 

Saline control = 9-12 mm2 

Serum Challenge 
K.B. Ra.J E 

(1.10) 169 210 

(1.30) 81 no 

(1.90) 49 63 

(1.12'70) 9 12 

e 

~ 
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TABLE nn 
COMPARISON OF THE ALLERGENIC ACTIVITY OF ANTIGENS 

Ra,3 .AND E BI PASSIVE IN VITRO ANAPHILAXIS OF 

MONKEY SKIN SUSPENSIONS 

Histamine Equivalents (pg/gm tissue) 

50,0 )1g Antigen E/ml SO.O pg Antigen Ra.3/ml 

Serum 1 2 Averaflae 1 2 AverU8 

B.U, .0.52 0,48 O.SO 0.40 0,40 0.40 

M.C, 0.16 0.17 0.17 0.18 0.12 0.16 

R.R. O.ll 0.09 0.10 0.12 0.10 O.ll 

M.B. 1,00 1.00 1.00 0.80 0.60 0.70 

M.U. 0.50 0.64 0.57 0.50 0.50 0.50 

M.M. 0.18 0.13 0,16 O.SO 0.50 0.50 

F.V. 0,30 0.25 0.28 0.06 0.06 0.06 

P.H. 1.00 0.80 0.90 0.02 0.02 0.02 

M.H. 0,35 0.30 0.33 0.04 0.04 0.04 

T.W. 0.03 0.03 0.03 0.04 0.04 0.04 

D.W. 0.04 0.04 0.04 0.04 0.04 0.04 
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'l'ABLE m! 

CCloIPARISON OF THE ALLERGENIC ACTIVITY OF ANTIGENS Ra." AND E 

BY IN VITRO PASSIVE ANAPHYLAXIS OF MONIŒY SKIN SUSPENSIONS 

lJistam1ne Equivalent (p,g/gm tissue) 

Concentration Serum M.M. Serum A.C. Serum T.W. 

A11ergen ~B8lmll 1 2 Average 1 2 Average l 2 Average 

Antigen Ra.3 .50.0 0.40 0.36 0.38 0.08 0.0.5 0.07 0.0.5 0.03 0.04 

" .5.0 0.20 0.22 0.21- 0.08 0.08 0.08 0.03 0.04 0.04 

" 0 • .5 0.08 0.10 0.09 0.0.5 0.08 0.07 0.03 0.03 0.03 

" 0.0.5 0.06 0.0.5 0.06 0.03 0.08 0.06 0.03 0.03 0.03 

Antigen E 100.0 0.40 0.40 0.40 0.80 0.60 0.70 0.03 0.0) 0.0) 

" 10.0 0.26 0.26 0.26 0.60 0.70 0.6.5 0.0) 0.04 0.04 

" 1.0 0.10 0.10 0.10 0.70 0.70 0.70 0.0) 0.02 0.0) 

" 0.1 0.0.5 0.0.5 0.05 0.15 0.25 0.20 0.02 0.03 0.0) ~ 
N 



TABLE XV 

C'Œ!PARISON BI P-K TEST OF THE ALLERGENIC 

ACTIVITI OF ANTIGENS Ra.3 .AND E WITH WSR* 

Serum 

Allergen M.M. (1:10) K.B. (1:10) 
Concentration 

~œlmll WSR Ra.~ E lrGR 

10-6 :99 190 210 72 

10-7 64 168 170 )6 

10-8 42 110 120 12 

10-9 9 99 100 12 

10-10 n.d. 72 64 n.d, 

* Reacticns expressed as wheal areas in mm.2 

Saline control = 9-12 mm.2 

Ra.J 

132 

110 

72 

72 

25 

113 

E 

152 

130 

90 

72 

25 
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TABLE XVI 

IETERMINATION OF ALLERGEN CON~TION REQUIRED FOR NEUTRALIZATION OF P-K REACTION 

Wheal Areas 

Antigen Ra.) (pg/m1)* 

ChaDenKing _Dose_l_ 5~.5 ~ ~ _~.1>~ 

Antigen Ra.): 

0.,5 ug/m1 

Antigen E: 

1.0 ug/m1 

9 49 100 

Antigen E (pg/m1)* 

10 1.0 0.01 

9 64 10,5 

Saline* 

11,5 

10,5 

* Sk1n sites vere sensitized vith serum M.M. di1uted 1:,50 vith solutions of eaoh 

allergen at various oonoentrations and vith saline. Sk1n sites sensitized vith 

saline alone gave wheal areas = 9-12 mm.2• 

e 

~ 
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TABLE XVII 

P-K REACTIONS OF RAQWEED_ALLERGIC uSERA CROS~NEUTRALIZED WITH ANTIGENS Ra., AND E 

Wheal Area (mm2) on Challenge. 

Subject 1 Subject 2 Subject :3 
Serum Di1uted in E Ra.J E Ra.J E Ra.J 

M.M. (1:50) Saline no 120 100 90 8l 88 

Il Antigen Ra.-JM n5 12 99 9 96 9 

Il Antigen E** 9 9 12 9 9 9 

M.C. (1:10) Saline 72 70 81 90 

Il Antigen Ra.:3 70 9 72 9 

Il Antigen E 9 9 12 12 

M.B. (1:10) Saline no 90 144 no 

Il Antigen Ra.J li5 9 1J2 9 

Il Antigen E 9 9 9 12 

* Sites challenged with 1 ~g Ag.E and 0.5 ~g Ag.Ra.J. Saline control = 9-12 mm2 ~ 

** Antigens Ra.J and E: 5 and 10 ~/m1, respective1y, in saline. 
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TABLE XVIn 

DISTRIBUTION OF REAGINIC ACTIVITY TO ANTIGENS Ra.3 AND E IN DEAE-SEPHADEX FRACTIONS OF SERUM M.M. 

Serum Fraction Dilution (1:10) Serum Fraction Dilution (1:20) 

Wheal !rea (DDIl2) Wheal !raa (DDIl2) 

1* 'Ra. 3. 1 Ra. 3 

Fr •. No. 1 2 Av. 1 2 Av. 1 2 Av. 1 2 Av. 

l 165 182 174 81 90 86 99 108 104 64 42 53 

n 100 100 100 99 100 100 80 72 76 81 64 71 

In 64 63 64 80 81 81 40 42 41 72- 63 68 

• Sensitized skin sites were challenged with 1.0 pg Antigen E and 0.5 pg Antigen Ra.3 

~ 
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TABLE XIX 

DISTRIBUTION OF REAGINIC ACTIVITY TO ANTIGENS Ra.3 AND E IN DEAE-SEPHADEX FRACTIONS OF SERUM K.B. 

;h. No. 1 

l 165 

II 156 

III 63 

Serum Fraotion Dilution (1.5) 

Wheal Area (mm2) 

!* Ra.J* 

2 Av. 1 2 

182 174 99 99 

156 156 165 154 

56 60 SCI 99 

Av. 1 

99 l20 

160 99 

90 64 

Serum Fraotion Dilution (1.10) 

Wheal Area (mm2) 

! Ra. 3 

2 Av. 1 Z_Av. 

120 l20 63 56 60 

90 95 63 70 67 

56 60 72 72 72 

* Sensitized skin sites were ohallenged with 1.0 pg Antigen E and 0.5 pg Antigen Ra.3 

e 

~ 
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TABLE IX 

C<J.fi> ARISON OF PHrSICAL AND CHJ!MICAL 

PROPERTIES OF AN'l'IGEN Ra.3 .AND ANTIGEN E 

Property 

Electrophoret1c 
mobility (pH 6.6) 

Mo1ecular weight 

Nitrogen content 

Total hexose 
+ pentose content 

Antigen Ra. 3 

Cathodic 

-1.3 
1.80 x 10 sec 

-7 2 -1 
10.1 x 10 cm sec • 

15,172 

13.5f, 

12.4f, 

Antigen E 

Anoclic 

-13 
3.05 x 10 sec 

-7 2 -1 
7.41 x 10 cm sec 

37,000 

17.1f, 

(continued) 
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TABLE XX (continued) 

No. o~ Residues Antigen Ra.;3 Antig8n E 

Lysine 7 18 

Histidine ;3 6 

Arginine 4 16 

Aspartic 7 49 

Threonine 8 17 

Serine 5 26 

Glutamic 8 25 

Proline 10 15 

Glycine 8 37 

Alanine 6 31 

C7stine/2 3 7 

Valine 6 24 

Hethionine 1 7 

Isoleucine 4 20 

Leucine 8 21 

Tyrosine 2 4 

Phenylalanine 7 12 

Tryptophane 4 6 

TOTAL 101 341 
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Fig. 6. Dise eleetrophoretic analy'sis of Antigens Ra. J and E. 
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Fig. 7. Dise e1eetrophoretie analysis of two NIH Antigen E 

preparations. 
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8. Sedimentation-veloc1ty Ultracentrifugation of Antigen 
Ra. 3. Photographs were taken at 16 min. intervals. 
Concentrations: l~ (top); O.8~ (middle); O.6~ 
(bottom). Direction of sedimentation: trom right 
to lette 



Fig. 8. 
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::iedi"r1.entation-velocity 'lltré'.centrifugation of Antigen 
Ra.3. Photographs .. rere -:aken at 16 min. intervals. 
Concentrations: 1;~ (to;:»; O.8;b (middle); O.6~b 
(bottom). Direction of sedi'nentation: trom rj.ght 
to 1eft. 
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Immunodif'f'usion analysis or Antigen Ra.3. Antigen 
Ra.3 in wells: 1 (0.50 mg/ml.); 2 (0.10 mgltrt~); 
3 (0.20 mg/ml.); 4 (0.05 mg/ml.). Rabbit antiserum 
to Antigen Ra.3 in well. 5. 



10. lmmunoo iffusion 
i\a.3 in Hells: 
J (0.20 mg/ml); 
to flntii'en lta. 3 

129 

éLnalysis of Anticen !{a. J. Anticen 
1 (0.50.~,:=/fTl.l); 2 (0.10 >n:.:/r:ü); 

4 (0.05 ciW/rr!1). l(abbit antiseru"l 
in HeU 5. 
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Fig. 11. 
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Immunoditfusion analysis of Antigens Ra. 3 and E. 

Antigen Ra.3 (1.0 mg/ml) in well 2; .4ntigen E 

(1.0 mg/ml) in well 3; rabbit antiserum to WSR 

in well 1. 



1)0 

Fig. 11. Irnmunodiffusion analysis ot Antigans Ra.) and E. 
Antigen Ra.) (1.0 Inr;/ml) in ,.ell 2; Antigen E 
(1. 0 mg/ml) in ,.el1); rabbit antiserum to \\;SR 
in well 1. 
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(a) 

Immunod1ffusion analysis of Antigens Ra.; and E. 
Antigen Ra.; in wells 1 (0.5 mg/ml) ani 
; (0.02 mg/ml) 1 Antigen E in wall 4 (4.0 mg/ml) 1 
rabbit antiserum to Antigen Ra.; in wall 2. 

(continu.ed next page) 
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(a) 

Fi~. 12. Immunodiffusion analysis of Antigens Ra.3 and S. 
Antigen Ra.3 in wells l (0.5 mg/ml) and 
3 (0.02 mg/rrù.); Antigen E in ~.ell 4 (4.0 mg/ml); 
rabbit antiserum to Arltigen Ra.3 in well 2. 

(continued next page) 



Fig. 12. 

1)2 

(~) 

(cont'd). Immunodiffusion analysis of Antigens Ra.) 
and E. Antigen E in wall 1 (0.5 mg/ml) and 

well 4 (0.01 mg/ml); Antigen Ra.) in wall ) (2 mg/ml.) J 

rabbit antiserum te Antigen E in weIl 2. 
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Cb) 

Fig. 12. (cont'd). Immunodiffusion analysis of Antigens Ha.) 

and s. Antigan E in well l (0.5 mg/ml) and 

wall 4 (0.01 mg/ml); Antigen Ra.) in well ) (2 mg/ml); 

rabbit antiserum ta Antigan E in wall 2. 
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standard curve for the determination of total 
hexosamine for Antigen Ra.3. 
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IN VITRO ANAPHYLAXIS WITH MONKEY SKIN SUSPENSIONS. 
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IN VITRO ANAPHYLAXIS WITH MONKEY SKIN SUSPENSIONS. 
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