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·ABSTRACT 

A coll1llll chrOmatographie method' wa~8Veloped tor sequential 

isola.tion of antigens Ra), Ra4, and ,Ra5 t'rom short ragweed pollen. 

/ 

'IWo major f'orms of antigen Ra) (1 and II) were .separa~ and 

round to have the same Il101 wt (12,000 daltons) azv:l amino acid oo~osition. 

Theil" variable oarbohydrate ~ontent (.",-~) could be reciuced to JI, by .. 
prep-.rative acryl~de gel. eleotrophoresi s. 

f, 

Antigen Ra) wu mOlln to be allergenioally 1ndependent \ of 

antigen Hl by direct skin test or by histaa1ne release ~m leu.aocytes 

ot ragweed sen si tive patients. ~ 

Antige:n Ra4 had a mol wt of 2),.000 Mnd an isoalectric point , 
• • ot pH 8.0. Its, aza1no acid cOqlosit1on showed the p~senae of aU COIlllllOn / 

am:iJlo acids. Its ca:r-bohydra~ eontent ()0-10~) oould be reduo~-to-~-
.... ' . "\ . 

the $ lavel by ammoniUJll sulfate preoipi tation. 

On illlllUloditfusion test, Ra4 aross-reacted vi th the major 

alle~gen. antigen l, but the oûtaneous sensitiv1'U,es to these 2 allergal. 

w,re not assooia~ • 

.ls prev1ou.sly shcnm for RaS, the Ra] and Ra4 proteins vere 
, 

tounc;i to have a single 'polypeptide ohain str\1ature. In a eollaborative 

stuIly, N-~~al utlno ac1d seq,uenoel ver. detena1ned fol" Ra) (25 residu •• ) 

md. Ra4 (22 reliliu.e.) t the reatu.r .. or vhiah wera aOllpared vith RaS and 

other lrotein allergm s • 

• 
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Une méthode de onromatographie aur oolonne a été dwelopph - . ~ 

pour isoler suco;s.sivement les 4tigènes Ra), -Ra'" et Ra5 à partir du 

pollen de Jaoobée. 

Les deu"x formes prtrtc1pales de l'antigène Ra' (i et II) ont 
.' ( 

sepa.J"ées; la même compoS1 tion en aoides a.m1nés ainsi que le même 
( . été 

poids moléoulaire ont été démontrés pour ces deux formes. Leu't- contenu , \ 

, \ 

varillble en hydrate de carbone (7-2J11,) a pu être réduit à )1, p~ 

électro'phorèse sur gel acr1landde préparatif. 
/- . 
f 

L' antigène Ra) a une actirt té allergénique 
\ ' 

indép~ante ~e 
.. ' 

j \ 

oelle de l'antig'èr;le 1. \es épreuves par applioation direote sur la \ 

p~au de pa~ents S~Uibl~S a~ J,,~obée et par libération d'histamine d\ 

leurs leucocytes ~Jiortent oette oonclusion. 

L'antigène Ra4 possède un poids moléoulaire de 2),000 &t un 

pOint isoélectrique au pH 8.0. Tous les acidés &IIl1.nés C0llllllUns entrent 

dans sa' oOllPosition. Son contenu en hydrate de carbone (JO-l~) a pu 

ê~e rMuj,.'t, à ~ par pmipitat10n avec du sulfate d'ammonium. 

Ra4 a ~élé une réaction 01"Oi8aé8, durant l'épreuve 

d 'illl1UJtodifrusion. avec l' allergène prino~pa1 (antigène 1) mai s la. 

senl1.blli té' cutanée au 2 allergènes n'a pas ëté asSOCiée. 
• >"l 1 

COJ!llle 11 a été démontnS avec ~,~ les parties protéiniques de 

of 
RaJ et Ra4 ont mélées une structure d'une .eule chaine polypept1diqu. 

r Par étG4e collaborat.:1ve, la séquellee B-tel'lllinale d'acides llII1nés a été 

d'te~'e poa.r RaJ (25 résidu.) et Ra4 (22 résidus), oes oaractéristiques 

_t al ... taré ..... ~ RaS .t d· ... tra. 01181'1 .... prot.!1niq\1 ... 

'"" t 
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Th1 s study forms part ef the effo-rt by numerou s inve stiga tor s 

to isolate and character1ze the compopents of plant poll~s th'!-t are 

alle~~enic in man. Much df this effort, ineluding the present work on 

. antigens Ra), Ra4, and Ra), has eentered on the pollen of short ragw'e.~ 

r 

(Ambrosia el1ator), the mÇ>st frequently implioated incitant of. aou'te 

allergie reactions on the North ÂlIleriean ,continent. An account of the 

alIel'gens of short ragwéed pollen i5 given in Section I; in the section 

ç, 
followirig we outline the immediate and long-range objeotives of Ule 

present study. 

1. The Allerdn s of Short Ragweed. Pollen 

1. Antigen 1 

f 

The report by T. P. King and assoeiates (1962, 1964) on ragweed 

pollen antigefl i marked a turning point in thé histo4oy of allergen researoh. 

This was the first macromoleoular allergen to be i80lated in hOlllOgeneous 

fOrDI, an outstanding aohievément made possible by applioation of the nevly 

d8Velop~g teohniques of gel filtration an~ ion exohange chromatography. 

'lbe oritical element in King' s methodology was the diviSion of 

WSR (vater soluble ragve~ frem ether extraoted pollen) into a 

relatively cationic fraotion C and reiàt4vely an10nic D fraotion by 
l' f ~ ~ 

DW-cellulose chromatography. Antigen 1 ~, later. antigen K vere 

obtained by oolWlRl chrOlI&tographic pree.ssing ot the D fraction. (In 

contr-ast, the allergens eX&lll1l1ed in the preSa'lt study' "e" !ni tially 

, 

l 

.1 

,1 
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isolated from fraotion C'O) 
i . 

Molecular sieving of fraction D through 

Sephadex G-lOO yielded peaks D-1 to D-Vll t of which D-IV contained antigen 

E. The D-IV fr~ction oould he ful"ther subdivided into 4 differently ~harged 

foms of ~tigen Bt IV-A' through -Dt acoording to the sequenoe of_ their 

e1ution on TEAB-oel1u1ose ohromatagraphy. 

As indica!-ed by their behaviour on ion exohange ohromatOgraphyi 

thl!J 4 forms of ant1gen JI: vere negatively oharged at neutral pH. In a 

reoent study (King, 1972) employing isoeleotric fooussing in polyadrylamdde 

gel, their isoeleotric points w"re shown to be approx. pH 5. 

The 2. major eleotrophoretiœ forms of antigen l, rv..:s and, IV-C, 

vere t,und ta have identioal moleoular velghts (37,800 daltons) and amino 

aoid oompos1 tions. The ooiaposit1ons showecl no unusual fe'atures vhioh m1ght . -
distinguish these allergêns as a distinot sub-olass of protein an~gens, 

.-
exoept pe1"haps for a re~atively high oystine ioontent (7 half oyst'lnes pel" 

, 
moleou!e). (Analysi8 gave O. J - 0.6 moles free sulthyd~l pel" 1II01e protein; 

the presenoe of a s1n~le oysteine residue might explain, at !eut in part" 

the tendenay of ant.1gen .. in solution form to aggrègateVith, time.) 

Analysis .howed a oarbohydrate oontent of leu than O.~ 

(measu.red as aràbinoae) vh1ch oould only he oonsidered as o~nt&Jl1nant. As 

vi-ll be diaousMd in Seotion n, this r~g vas of tunduental illlpOrtanoe 

to the develop~ t of the oonoept of allergwoi ty. , 

In attempts,'to prepare allergenioally aotive fragments of ant1gen 

l, ling et al. (1964) ,tud1,.1 the etfeot ot proteo1.yt1o CS"'B on th • . '\ . 

" 
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allerg.." Native ..,tigen ! va. not dig •• tee! ~I-sin. clllr'{rypsin and 

papain. While digestion vas observeci vith PesrSin, the pH (2.0) of 

incubation employ.ed rapidly led ta denatura-M:.~n and inaotivation of the 

protein. 1'reatment at near physiologi<!a1 pH vith the bacterial enr.yu, 
'.t 

Nagarse, led to extensive degradation but vas accompènied by a 1000-fold 

decrease in i ts &kin activi ty in patients and the lOBS of abil1 ty to 

precipitate SJ>ec1fic rabbi t antiseruJll ('King et al., 1967b). 

The allergenic aoti?1 ty of .. antigen, E was dependent on maintenance 

of the strudt~_ral integr1ty of the protein. ThU8, conditions whioh gener&1ly 

in~uoed oonformational change, !\loh as exposure to extreme pH, protein 

dena'turants (urea, sodium dodecylsulfate, guanidiÎle); reduction and 
. .. 

alkylation; e~8ive modifieation o!'oc.-amino groups or ~- and ~,-carboJIYl 

grou9s, invarlably resulted in marked reduotion or virtual el1m1nation of 

the biologie al actinty of antigen JI: (King am Norman, 1962; King et al., 

1964; King et al., 1973). 

AnUgen 1 was rèeenUy shown to condat of 2 polypeptide ohains, 

a l1ght (e<.) and heavy (~) ohain, ot 13,000 ..m 25,000 daltons, relpeotively. . . 
Gri!'!'i ths (1972) separated the 2 ohains by reduo~on ,and oarboxyaetbylation 

ot antigen 1 fOllowa:i...by ohromatography (on Biog.l A-Sa) in the ... .,r.Hno. of 
f • " 

guan1dine -HC1. On th. oth.r hand, ling et &1. r.ported (1973) that , 

dissooiation ot the 2. ohaine oould take plac. 111 thout prior reduotion 'ot 

th. d18Ultid. bonds, by hèatinl at saoe in ms butt.r, 'or bl" IiOditioat1on 

of 1ts-€,-amino group'. Al1.rlme ae vell as IIltigenio actinty vere lo.t 

J 
-~ 
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as a consequenoe of ohain sepAration. 

The oontent of antigen 1 in ragweed pollen was estimated to be 

f:!1, of Ae pollen protein (King et al., 1967b). The èontribu~on of the 

protètn tp the allergen1c activ1 ty of the whole extraet was lIIeasured by 

the decrease in aotivi ty of the extraet d'ter precipitation of antigen 1 

vith specifie antiserum (King et al., 1964). From the deorease in cut4lneous 

activity of the supematants tested in à ragw~ sen ai tive patients, the 

authors conoluded that antigen 1: aceounted tor at leas't 9~ of the activi ty 

of W~. SupPOrting evidenee was provided by Liohtenstein et al. (1966) 

who showed by leuoocyte sens1 til&t1on that, of the fraotions D, D-I~I, D-lV 

and D'-V, anti,gen li: (D-IV) was IIOst potent in relea81ng histamine from hwun 

leucocytes. 

Although there seellled little doubt that, vith the isolation of 

ant.1.gan l, the mst active of the oausative agents of ragned. sensit1vi ty 

hld been round, thert!l was inereasing nidmoe tor the existenoe ot addit10nal 

ragweed. pollen allergens. / 

Liohtenstein et al. (1966) obse:M'ed ~~t lia uttique pattern of 

4 

sen si tivi ty te ditferat ragveed pollen anu,/en. eharacterises the leuoooytes 
, ' '/ 

ot eaoh 1nd1Vidual". Ishisaka et al. (19d) reported 2 allergie sera that 
/ 

did not give P-It reaoUon. when slc1n si/te. vere ahal181lged vith anti,_ • 

bu t d1d vi th arude r~ed tr~t1on 

mcl WiDkenwerder (1967) repor~ 
_, 1 

1 

treatalllt tolerated h1gher 

(I1ng et al •• 1964). Whereas lIorpaan 

t paU_ts wdergbinl hJ'pos.n81t1sat.1.on 1 
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observed that cl1nieal treau.ent vith ant.1gcm 1: vas not in aU eues as . . • 
benefieia1 .. WSR~ 

The existence of r~gweed pollen allergens other tllan 1 vu 

dellOnstrated in the follOVing y:ears in the isolation of allerg~s wh1ch 

e1 ther shared partial illlllllnologieal ident.1 ty vi th anti,gen 1 (ant.1gcm (, 

King et al. t 1961a: BPA-R. GriCfi t11uOO BrUnet, 1971) or vere antig8lÙ.eally 

and al1ergen1cally independent (Ra', Onderdo1fn and Goodfriend, 1969; Ra;, 

La.pkoCr and ,Goodfriend, 1914). 

2. Antigen K 

À. second ragweed pollen allergen, antigen ,K. was iaolated by 

King ét al. (1961a) emp10Ying essentially the Same method.ology used for 

antigen 1. ls tlle e~rge and I1IOlecl1lar veight (.)8,200 dalt.:,ns) of antigen • 
K vere quit. silllilar to that of antigen l, the preparation of both allergens 

"" -, 
in good quantity proved to be diftioult. Àn alternative and apparentl;y 

superior method for the separation of both àllergens vas recently d8'leloped 

by Kmg (1972). TIle method was based On ~umfSUlph.te gradient elution 

from a oolUJlll paeked wi th WSR preoipi ta te-oeli te mixture. The appUea tion 

of th1s teohrdqu:e for i801ation or othèr pollen allergens has not yet been 

reported. 

'ftle &ldno &cid é01llpOaition of ant1gen K Val distinct t;ro~ that 

of the IUjor Irltig8ll. AI vith antigen l, the sull UIOunt ot aarboh;vt1rate 
# 

deteoted ("'-~) .... oonBiderecl to be JIOst likel1' a oontudnmt • 

5 
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Immunologioal cro'ss-r~aotivi ty be'tween en~gens K and B wa!!! 
~ 

d~~ from the following: A.' reaoUon of part1al 1dentity was observed. 

on 1mmunod1ffuSion of ant.1gens 1 and K w1 th rabb1 t ant.1-WSR antisel'Wll 

and w1 th soJlle (though not aIl) an t.1 sera separa tely rai sec! to eaah an Ugen: 
..... . f 

sensitiv1ty of human leu01)oytes to ant1gens fi: and K vas found (King et al., 

1967&) to be not a. random ooourrenee in 'the allergio population, but 

. olosely linked, w1 th a oorrelat1on ooeffioient of 0.87 (p /.. 0.001). 

J. An tigetÎ Ra) 

The more oation10 DIAI-fraotion C provided the souroe for the 

preparatiQn of antigen Ra), the third ragweed pollen allergen to be 

1so1atM in vhat was oonsidered to be a highly homogeneous. form (Underdown 

and Goodfriend, 1969). 13y analogy vith Sephadex G-100 fraotion D-IV, a , 

G-IOO fraotion C-Iv was further pür1f1ed by TIA.i: ... oeUulose ohromatography. 

'nle more retarded TIll-peak, C-IV-2, cont&1ned Ra). 

Homogene1tyof tPe ant.1gen was estab11shed by &nalytioal 
, 

ultraoa'ltr1fugation, gel filtration thro'ugh Sephadex G-loo, TI:AJ:-oellulose 

ohromatography, pol.yaoryl&Jll1de gel dise eleotrophoru1s, and by immuno-

diffusion analysis with anti-Ra) and anti ... W~ ant1sera • 

. ~e propertiu of Ra) differed marked.ly from 1 (\.m K). It had 

less than halt) the mol lit (15,000 daltons), a diss1l111Ùar &!I\1no aoid 

oOlllpOsiti~, and an appr.-o1able oarbohydrate contclt (1:3 pe~ cent) which 

appa:rently ~ed unchanged through re-chroll&tograp'hy on ~l and 

i?n-exohange oolWlllls. (The a~lerg ... " •• tber~fore oonsider4 to b •• 

. ' 
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glyooprotein, although oovalent o arbohydrate-pro te:11l linkage vas not 
~ ..... " ,. 

established.) • 
• 1 

No oro ss-an tlgeniei ty betlteen Ra) and E was deteoted on illlDlUl'1o-

diffusion analysis vi th oorresponding rabbi t anUsera. 

The ineidenoes of nUll1Ill sensitiv1ty to RaJ and. B vere found by 

direct -sk:11l test of 4il ragweed senn tive patients to be 44 and 7~, .// 
~ 

respecUvely, i.e., saDIe 1 of every 2 patients vere sensitive ta "thé' new1y 

i801ated allergen. Furthermore, half of the Ra) seriai Uve patients gave 

-autaneous reaetlons (on a we1ght basis) equal to oyr greater than antlgen i, 

sp tha t the oon tribu tion of Ra) to total sen n tiv1 ty of ragwe8d allergie 

patients was lj,kely more than minore The f1nding that half of the antigen li: 

sen Si tive patients were unreactive to Ra) suggested the 2 proteins were 

allergenlcally independent; further evldenee was obtained from in vitro 

7 

anaphylaotio and oross-neutral1sat10n stud1es (Underdown and Goodfriend, 1969). 

Further studles on the isolation and physiooehemical properties ~ 

'Of antigen Ra) (Roebber, 1970) showed the presence :11l eolWlll ohromatographie' 

abates of 4 components reacting w1 th aliti-Ra3 antiserum but differing in 

charge and/or sise. This auggested the possibil1 ty that Ra) exista in 

seve:t1lJ. 010 sely rela ted forms. 'lbe major fom of the an tigen, RaJ-B vas 

shown to be cl08e1y silll11ar to the preparation of Underdown and Goodfriend. 

SIIIall UIOunt8 of ) lIlinor forms (RaJ-A, -C and -D) vere isolated in a • 
,./' ~ \ 1 

hOllr)geneous .tata a. judged. by gel chromatography and polyacr,ylam:1de di., 
, " 

~leotrophor.s:1.. Th. 4 fol"llls gave 81ngle prec1p1 tin arcs on imnlUnoditfusion 

'-\ 
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. "test with antiserum to Ra) in a reaction of anJ~ic identity wUe amino 
l, l ,f' ~ t, 

acid ana1ysi s of th,e differen t fcmns of Ra) shoved genera1 Sil'l111ari ties 
1 . 

in composition, appreciable divergence vas found for proline, arginine, 

isoleuc1ne and tyrosine; hovever, these results could he '~ons.idered as 

preliminary only, requiring further analyses for confirmat~on. 
1 

4. BPA-R (Antigen Ra4) 

After antigen K, BPA-R (basic protein allergen tf ragweed) vas 

the second allergen ta be reported w1 th antigenic" eross-reactivi ty w1 th 
• 1 

antigen E (Griffiths, 1969; Griffiths and Brunet, 1971). Of the sev"eral 

': antigens in crude fraction A, 1t had the most cathodio irnrrrunoelectrophoretio 

mobility - hence Griffiths' nomenclature. It vu iso1ated from DKAI-fraction 

C by salt gradient e1u t:;1on from CM-Sephadex and gel filtration t.hrough 

Sephadex G-100, and sholftl to be hOlllOgeneous by a (lim1ted) number of 
. t . 

physicochemical criteria as well as ant.igenically by Immunodlffusldn and 

" iJlJlllllloeleotrophoresis wi th specific and anti-WSR antisera. An ini tially 

reported mol wt of 28,000 daltons (Griffiths and Brunet, 1971) was 1ater 

(Grilfi ths, 1972) amended to 2J,ooO. 

5. An~gen RaS 
( 

/ Reoently, y.t another eaUonia ragweed pollen allergen :&5 
1 eôia ted trom Dtil-fraot1on C by gel and ion exoh"Dge ohromatography in 

1 yi.id- of 10-15 mg/kg pollen (Goodf'rlend and LapkOff t 1972; Lapko!! md 

. Goodfri.-d. 1974). 

• 
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The Ra5 l>rotein lf&S devo1d of o arbohyd ra te and hOMogeneous by 

a number of physicoohemical ori te ri a (Lapkoff and Goodfriend, 1974). 

aJIl:1no acid composition was distinct from the oompositions of l, K, and 

Ra), and wu, characterized by the absenoe of histidine, threonine, 

phenylalanine and ut.hionine. The most interesting features of this 

la test active pollen protein were i ts small moleou1ar size (5000 .± 200 
, 

dalton,) and single ohain structure, properties which fao11i tated 

de termina tion of i ta oomplete amino aaid sequence (Mole et al., 1975). 

Antigen RaS 'Iotas shown to be antigenically and allergenioally 
1 • 

~ts 

di stinotJ fl'Cm an tigen s li: and Ra) (Lapkoff and Goodfrtend, 1974). The. 
l ' 

inoidence of cutaneous activity in man wu oonsiderably leu than that 

of antigen B: 01" Ra). 'nlus, ,of 105 an'4gen I-sensitive patient,: 

siJlllltaneously tested w1 th B: and RaS, only 18 aholted .ppreoiab1e RaS 

reaotivi ty wiule the remainder wu inllells1 tive to the allergen (Marsh et al., 

197), 1974). The re1àt1vely simple struot\1re of RaS and. the llllli ted 

oocurrenée of aensitiT1 ty to i t in the allergio population were l1kely of 

arit1cal importanoe to the f1nding by Marsh et al. (~97), 1974) that 

19È-med1ated _ens1tiv1ty ta RaS wu sign11'1aantly aS800iated vith Po-Nsnon 

-or the h1stooolllpatib111 ty Intigens of the m.-A7 oross-r.acting group. , 

9 
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II. ObjeçUves of the Present Study 

'.'\ . . "\ .... '\ .... 
Studies on the allergens of short ragweed pollen have bhn in 

progress for the put decade. As has a1ready been indioatecl, no special" 

oonsideration other than the tact of high allergénio acUvi ty has motivÀted 

the choie.; of ragWeed in place of otJler pollens or 1ndeed of other souroes 

of allergenically active proteihs. Th. overall afm of these studies has 

been to asllst in the further dsveloplllent of our knowledge of the chem:1.cal 

structure of proteins wh10h subset'1ie th~1r allergen1c funetion of inei ting 

and interatlting vith reag1n1c (IgE) antibodies in man" Following the 

historic' studies of T. P. King on antigens J: and K, the attention of Ws 

laboratory was direotecl to protein allergens of lower IIIOlecular veight 

10 

potentially present in r~.ed pollen vhioh might orfer advantages for 

.tructure-funotion studies. A. a re'sult, two lov mlecu.lar veight allergens, 

Ra) and Ra5, vere isolatecl and a th11"d, Ra4, of "intermediate" sile, has 

oeen under study. , 

In the experimental work for Ws Thesil, Stud188 vere. done on 

J4)roblelllll of a more or less teohnioal nature oonneoted w.1 th the isolation 

and eharaoterbation of th.se a11ercms, the so111tiona to whioh vere 

urgattJ.y reqlÙred. The nature and scope of thes. exper1aents are Ol1tll1'1ed 

be10v. Of interest in themse1ves for, defining the chelll1eal and 1a.molog1oal. 

pl'Operties of ragveed po111ll al1erg4l11, these IIOrl "1I111led1ate" objective. 

or our Itudy .. rnd &1 a "olearing gl'OuM", • neoe.sar,y prlUlI1nary to 

~/ 
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IIIOre long-rang~ st'rUctuz-e-funcUon studies in the development of which some 

progre8s vas ach1eved. 

Multiple forms of lllt1gen RaJ 
,; / 

Prev1ously. evidenoe vas obtained (Roebber. 1970) for the fnsteJ1ce .. , 

of ml tiple fomlof antigen Ra). Stiidies vere unclertaken to isolate 1 or 2 , 

of theae forma reproducibly and on a prepara~ve scale (Experiments and 

Resul ts, r). 

2. An 1mproved, pro9tdur, for isolation of antigen Ra5 

Collaborative studies be"tween t.h1s laboratory and others have 

attempted ta, develop antigen RaS as a lIkXiel for structure-function oorrelation. 

in the field of atapie hypersellsitivity (Mole et al., 1975; Marsh et al., 1975). 

To further develop this model, 1t beoame evident that 8irnpl1~oati<?n of the - ~ 
I18thoà of isolation and Appreciable inerease in yield of Ra5 vere urgently 

: need.ed. The lov yield (10-15 'ItIf!./kg pollèrl) obtained by the exist1.ng procedure 

(Lapkotf and Goodfriend, 1974) staod in sharp contrast 111. th the Ra.5 oontent 

ot aqueous ragweed. .po1:1en extraots ()20-)50 mg/kg pollen) determ1ned by 

rad1o-~lIIIIIlnOdiffu8ion Iras&y (Marsb, 197). Stud±'es ver. therefore undertakm 

to develop an illlproved prooedure for ilOlation of Ra5, one that vould ailov 

,"ail'/l1l t&neous" ilOlat.1on of the other, moVl'l allergens, in particular 
\ , 

antigena Ra) and Ra4 (lxperiaents and Results, II). 
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J. Chetnioal and irn.mo1.odc&l properties of aptigens RaJ. Ra4. and Ra5 , 

(i:!Cperiments and R8!Ults, Ill) i 

The properties of Ra) have a1ready been extensively reported 

(Underdown and Goodfriend, 1969). HowlWer, their re-study seemed justified 

due ta the possibil1ty that the initial preparations consisted of 2 forms 

oL the allergsn which were undetected due to insuffiaient- sensitivity of 

tne dise electrophoretic technique which had been employed to establish 

ho.mogeneltyof the al~. Among other parameters, it lias of particular 

interest to determine: 

i. the IIioleaular lle1gh t by sedimen ta tion equilibrium ul tracen trifuga tion , 

taking advantage of the more sensitive analytical ultracentrifuge equipped 

w1\h UV optioa1 svste:tn, automatio Scanner and reoording app-aratusi 

ii. the oarbohydrate content of Ra) preparations at vanous stages of 

purification: 

i11. the amino acid compon tion of at least 2 forms of Ra); 

Iv. the lRUllU.nologlca1 activl ty of Ra), in part1.cular, 1 ta antigen1c 

rtùationsh1p to antigen Il and the inoidenoe of i ta all'ergen1o aoUrt ty in 

a ragweed sensitive population. 

Sim:1.1ar analyses lIere planned for p\U'itied ant.1g~ Ra4. Apart 
", 

frqm deterlllination of 1 ta IIIOleclllar weight and ant.1.g.,10 cross-reaotivi ty 
1 

'Id th 1, tn if any IIddi tional oheaioal and iJllll1Dologioal. parameters had 

been reported tor t.hl. &ll~rgen.. lDdeed., 1 ta allergen10 &oti Ti ty hld been 

... 
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est.ablished (by P-K test) in only 2 ragweed sensitive patients (Griffiths 

-
and Brunet, 1971). 

J 

It was also planned te determ:1ne the allergenic (outaneous) 

activity of antigen Ra5, when i80lated b'y a modified prooedure, in a 

rando111 population of ragweed senn Uve patients, as weIl as some chemioal 

parameters not previously establ1shed. 

4. Structure-fuucyon, studhs 

Â t the present .stage of knowledge, i t appears that the struoture 

~\ of macromoleoular allerg.,,! must subserve at least 2 functionSl interaction 

1; 

of allergen vi th (mast) cell-bound IgE antibodies fot" release of pharmaoologieal 

mediators and interaction vi th lymphooytes for biosyntheSis of these antibodies. 

Certain requir.ements ooncerning chain or subunit structure of 

allergens appear to be implied by their roIe in bridging of adjacent oeU­
/' 

bound 19B antibedies, a reaotion IIIeOhaniSlll whioh is believed to trigger the 

~tom oomplu of the illlllediate hypersensitiVi ty sute (Ovary and Taranta, 

1963). The genera1 vin is that a miniJllWll nwnber of 2 antibody binding 

determ1nants should he present o~ provoking (allergan) mo1eo\Ùe. 

Stanvorth (1973) has recently proposed that, in the llimplest case, theM 

allerganio determ1nants should be ldentical and d1stribu~ sy'IIMtr,;toally 

on eaoh of 2 subunits or chains at the oritioal. distanoe for oross-l1nking 

./ or adjacent ceil-boum. ant.1body moleaules. 'lbe al1ergenically active 

proteins ~-lactoglobul1n (Bull, 1946: Townead ~ Timamect t 1957: 

f 
• 

& •• ~. 14 

L 



1 

1 

• 

Bleumink and Young, 1968) and phospholipase A (Shipolini et al., 19'?il) 

do' indeed meet the requirement for 2 equal subuni ts. Recently, an 0(- ~ 

(non-identica1) subunit structure was estab1iShed for antigen E (King et 
,t 

al., 1973) so that "adjacent" IgE antibodies may also bridge non-identical 

allergen d-eterminants. The concept of Stanworth of obl1gatory subuni t 

structures for protein àllergens appears to be contradicted, however, by 
~ ... 

the actiVi ty of antigen Ra5 and. codfish allergen M, both of which consist 

of single polypeptide chains. For purposes of generalization, 1t would 6 

be of interest to determine the polypeptide chaj.n struoture of aAidi tian al 

allergens, such as antiger1s RA"3 and Ra4 of th, present study. Antigen Ra4 

would be of particular interest as i 1;' may consti tu te the free heavy chain 

of ant1gen E. 

.? 
Regarding the raIe of allergen in the biosynthesis of reaginic 

antibodies, the general notion has pèl"V'aded the l1te~'blre that SOnte 

special struotural features are common to a11 macromolecular allergens, 

sel"Ying to distinguish them as a clus from other antigens (cf. Strejan, 

1973). Early speculation of the protein versus carbohydrate nature of 

allergens (for review, see Richter and Sehon, 1960) was followed by the 
; 

14 

concept that th,~ allergens of atopic hyper sen sitiv1t y are glyooprotein in 

nature (Berrans, 1962: Stanworth, 196). 'lb1s tenet oould not be reoonolled 

w1. th an in'creasing number of reports on isolation of oarbohydrate-free 

protein allergens; ragweed pollen antigans B, K (King et al., 1963, 1967) 
.... 

and Ra.S (Goodfriend and Lapkotf, 1972); codfish allergen M {Ilsayed and 
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Aas, 1971). Data on the carbohydrate content and 1:4e amino acid cOq:K)sition 

of severaI. ragveed and rye grass pollen allergens and of allergens from cod 

and honey bee do not point to any consistent compositional features (O. Marsh, 

1975) except for a relatively high content of half-cysteine (Mole et al., 1975). 
;.. 

It would seem that only deterrnination, of the oomplete aJI11no acid 
1 

sequence of a number of protein alle'rgens from diverse souroes might reveal 

struotural features of i111>ortanoe to thei:r- allergen10 function. Studies 
\ 

in this direction have been only fragmentary to date. The sequence of bee 

venom phospholip&se A (Shipolini et al., 1971) w~s detemined prior te 

implication of Ws protein in hymenoptera sen Si tivity (Sobatka et al., 

1975). A partial sequence of oodfish allergen M has been reported (Elsayed. 

et al., 1973). Recently, collaborativeJ sj.udies between Ws laberatory and 

that of Dr. J. Don Capra have established the complete amino acid sequence 

of Ra5 (lble et al., 1975). A long-range perspective of the present study 
\ 

was to extend these sequence determinations to ino1ude antigen~ Ra), Ra4 

and other pollen protein allergen-s for olarification of the role (if any) 

of common primary structural 'eleme.nts. 
~ 

Another objeotive of comparative studies of this tYPe should be 

to gain some .1nsight into the ohem1oal natura of the regions whioh oombine 

wit.h IgE antibôdies. ,There has not yet appeared in the 1iterature any 

report on the suooessf'ul preparation 01: a fraptent bearing a single 

(hapt.:en!o) allergen deterllinant or, the oheJllioal defini tion of such a 

determ1nant. &loh hapt..1ic de'terminants DIa1 be present in aqueous pollen 

' . 
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extracts. Halley et aL (1963, 1964) descr1bed an hapter11cally 'active 

preparation obtained from the dialyzable fraction of an aqueous extraot 

... of timothy grass pollen. 
r 

This preparation inhibi ted the precipitin 

reaction of total extract w1 th rabbit àntibod1es ra.ised to the extract. 

Ho~er the isolate was still able ta induce"outaneous reactions in grass 

allergie individuals. Attallah and Sehon (1969) isolated a low moleoular 

we1ght fraction (A-2RS-I) from the dialysate of the aqueous extract of 

short ragweed pollen. They reported that the fraction wu able ta 

1 specifica.lly inhibi t cutaneous (P-K) activi ty of the whole aqueous 

extract, suggesting the presence of monovalent fragments able ta combine 

wi th reaginic antibodies directed ta all the allergenic determinants in 

the erude extraet. If confir1llSd, these f1nd1ngs would obviously have 

great potential for cliniCal treatment of ragweed sen si tive patients, and 

for study of the. 6hemieal. nature of allergen determinants. However, the 

yield of fraotion A-2RS-r would appear to be very low, a rtctor whion l118.y 

16 

'1 account for the lim1 ted cl1nical and chemioal characterization of i t reported 

te date. 

Wh1le these reports enoourage the ~arch for "naturally ooourring" 

monovalent frapents of allerg$nl!l, they &180 point ta the denra.bllity· at 

the present stage of &11ergen rese,arch for "planned" preparation of suoh 

fragments by enl;u.tio VJd/or chem:1.cal degradation of homogeneou8 8Dd we11 

defmed pratein allel"gens. lnoou.ra.g1ng support for efforts 1n this direction 

has aome trom. studies on the ant1genio deterll1inants ot a nUllber of diverse 

__ 3: ? 
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proteins .of known amine acid sequence (Benjamini et al.. 1972). The 

generàl finding emerging from these studies, parUcularly wi th 10w 

mo1ecular weight proteins and polypeptides, such as AC'ni, gastrin, and 

glucagon, 1s that illUlJUJlologieal (determinant) activi ty res1d~ in defined / 

/ 
sequences of &l'Ilino acids in addi tian to tert1ary configurations. /' 
sim:ilar structural eleutents govemed the b1n~ing of a11ergens wi th reagin,s, 1 
one would expeot that the availabili ty of ~ow mo~ecular weight protein /' 

allergens (of the size of the antigens of the present study) lfOuld facil1 ta7 
suecessful preparation of haptenio allergen fragments. 

'Ille avallabili ty of a number ~f al"l~rgens of known amino acid 

sequence and chemica1 modifioation of such a11ergens may 1ead to defin:lUon 

of the chemical nature of the carrier regions of protein al1ergens, i.e., 

regions which in teract wi th thymus dependent (T-) lymphocytes in the 

pl'ocess of !gE antibody synthesis (Good!riend, 1974; ~rsh et al. t 1975). 

Tada et al.. (1971) and Ishizaka et al., (1972) est&blished that the 

collabora tion be bleen carrier- speoifie helper (T) lymphocyte s and haptfm-

speoific preourso.rs of 8lltibody forming {8~ lymphooytes was required for 

maximal anti-hapten IgE ant1body tesponse. An al1ergen MOlecule would 

therefore inoorporate wi th in i te struoture carrier regions to interact 

w1 th Ir gene determined receptora on T oe11s, and h'~ptenic l'egions to bind' - , 

to specifie B oe11s. Differentiation of· these 2 regions was strikingly 

demnstrated recently by Ishizaka et al. (1974). 'nte author-s"-prepared 

urea denatured and recluced and alkylated antigen 1 lt'h1ch vas no longer 
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able to b~ wi th humatl or rabbit IgG a:n t1bodié s and d1d no t induce wheal 

and e"'tu)~ma reaction~ in ,ragweed sen si t1ve individuals. Denatul"ed antigen 
/ ' 1 

E a"i we~l as isolatedloL and a subunits vere found te stimula te carrier-
I! • 

18 

specifie helper oe111 t'or IgB antibody production :1h the rabbit to the same 

extenJ as the nativel aUergen. AU of the moditied preparations induced DNA 

syn~s:iS in periPhe~al lymphocytes of ragweed sensitive patien~s but not of' 

, 1 
normr1 ind.iViduals. 

1 From the foregoing results it oan be in~erred that the carrier 
1 0> 

re~ons of antigen E May De largel1, if not entirely, seql,lence dependant, 

while such is elsarly not the case wi th antibody binding regions. of this 

allergen. These f'indings if general1zed to other allergerns, would point 

ta new possibili tiss in 1mmunothsrapy, as injsc;;ons 'of patients wi th 

peptidyl fragments bearing active oarr1er _oes might be employed to 

al ter the T ceU population in a benene1al manner vi thou t the danger of 

causing allerg1e re~et1ons. 

In lins w1 th the objectives ontlined above" stud1es vere 
, 

in1t1ated ta determine" the polypeptide ehain.titru.ature of ant1gens R .. J 

and Ra4, and, in collaboraticm with Dr.' J. D. Capra and his aSlIOeiates, 

the complete amino acid sequenoè of these proteins. Progréss aoh1eved to 

" 
date will b. presented in Section III.·of "Bxperimenta and Resulta". , 

t 
.. 

/ 
1 
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1. Chellioale 

.All ch-.:1oals w.ré oC reagent grade and were purahased trolll 

'Fisher .Soi_uria Co., Mon~ttal, unless otherviH'indioated.. 

-
II. 8M!!!d Pollen Ul.rgs Preparations 

df#. 

, 

DIAI-Fraction C was prepared from ether detatted short ragweed 

pollen (Sharp & Sharp, Iverett, Waah.) aoaord1ng te the Iftethod of 
. , 

Und.'~01ln and. Goodfriend (1969) 111 th Jd.nor lIOditioat1ons (Roebber" 1970). 

'l11e fraotion was Mill1por. tiltered (see below) and stored at 'j°C unt11 

Artt1gen 1 wu donated by Or. T. P. King, RookefeU.t University, 

li.., York, li. Y •• 

Antigen BPAR (Ra4) wa. donated by Mr. ~. GrifC1 th., Biologies 

Control Laboratory, Canlld1. Co~ioabl. Oi .. asJa, Depa.rtment of National 

H.alth and Wel1'are, Ottawa. 
) 

In. MUlera 

~ . 

Rabbi ts ~eoe1ved wekl.y -.ubautane0I18 injeotion.' of o. '5 III 

antigen Ra) or R.a4 h 1 III al1ql1ot. oC PaS lIIde ~ in Freund' s iDoo..,lete, 

ldjU'Yant (Canldian Laboratory SIlppl1e., Montreal). ~i.at.1on was 
, 

oont1n\ted, for 4 .. eks ADCl, alter a 4 weka' r •• t, cont1aued tor &Il 

" . 

.. 
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, addi tional 4 weeks. Rabbits were blèd 8 days after the lut injeotion 

'" f!'Oli the main artery of the ear uBing a vaoutainer needle. 
, 
\ 

Ra~bi t antisera te WSR and antigen il were obtained froll the 

" ND{ (B.t1le~a, K:l.). Rabbit antiserUDl to antigen Ra5 and goat anti.erum 

to antigen B: were prepared 111 th1s laboratory according to the above 

~",: ~hedule. Goat antiserum to Ra5-ovalbWllin oonjugate was obtained froll 

Dr. David G. Marsh. 

IV • ColllDll ChrolU tograpb.v 

Sephadex gels and ion exohangers (Pharm.aoia, Montreal) and 

Blogels (B1orad Labs., Mi.ainauga, Ont.) were allowed to svell avemight 

in starting butters and fines lIere rellOved by repeated decantations. 

Collllllns were poured w1 th the .id Dt reservoirs (Pharma.cia) and p&oked 

under tvdrostatic heads deterlllined by gel and res1Îl type. i:quil1bration 

vas routinely aohi~8!IIl by passage of starting buttera for 18 hr prior 

to application of the 8&IIpl~ .to the coll1Jlll} top. All ool~s were ru.n 

a~ loGe in an LR/FL50 Putfer Hubbard. Chromatogr&phY Ret'rigerator (lll1ed 

Soientif10, Montreal). Coluan et'nuent. vere IIOnitored at 280 na vith a 

• Uvioord ~I (LIB Produotor) equ1pp~ ·w1th a 2 lIIIl now oeIl and by O.D. 28Onm 
, . 

_a.urements in a Coleman R-4 Perkin IlMr double beu Ipeatrophotoaeter 1 
v 

equipped w1 th a Model CDR ~onoentratiOZl Co.ter (p:1shlr SoientU'io, 

Montreal) • Protein conoentration. in ool~ efnu_ta ".r. exprll_ •• 

. , 
') , 

• 
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the number of O.D' 28Qnm units. ~ere neoe.ssary, espeoially in the 

developmental stages of an isolation proo.ed.ure, severa! fractions 

&pace<! at equal distanees around e&ch protein peak of a eolUlt'l , 

ohrolll&tegram vere tested for the presmee of antigen by immunodiffusion 

against specifie antisera. 

V. Ultrafiltration and Sterilisation 
\ 

. AU 'antigen solutions vere oonoentrated to Tolll1lles t'anging 
1 • 

from 20-40 IIÙ.. at 5°C ;in Diaflo ultrafllttation oells fitted with UH-2 . 
, ç 

membranes (Amicon Corp., Cambridge, Hass •. ). Solutions vere aterllbed by ., 
passa~e through 0.22 u f11ters (Millipore Corp., M:1.snsaug., .Ontario) 

:1nte sterile flasks. 

VI. D1Wsis 

Solllt1ons te be appl1ed. te ion exchange colUftls vere dialysed. 

against starting buffer when they vere of higher lonie strength.; i t vas 

otheMM not found to be nece ... ry. ,Dialysi. Val oarried out' ovemight 

vi th sev.ral buffer ohangea uSing Speotr~r .. mbrane tubing (Spectrl1Jl1 

Medical Industrie .. , Los Angeles) vi th .,1 vt out-01''fa appropriate to the 

aUergen under atudY. 

a 
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VII. Molecular We1ght Determination, 

The molecular lfeights were determ:1n~ at lOoC -4.n a Spinoo 

IIod.I & Ultrao~1UP~od vith. UV ~Pt1 •• "'anner and ..... rd •• 

and employing the "overspeed" modification of the oonventional 

ledimentltion equllibrill}' technique (Chervenka, 1970). A. solution 

(0.12 ml) of antigen in 0.05 M Tris-HC1, pH 7.6, or 0.0, K sodium 

pho &phate butter, pH 6.8, "'as overlayered on 0.0, IIÙ FC-4:3 fluorooarbon 

oil (Spinoo, Palo Alto, Calif.) in the sample Mator of a double Bector 

oell: 0.15 ml. of the appr6pr1ate buffer vas deposited in the solvent 

seotor. Scans were taken at 12,000 rpm to ensure an 0.D. 28Onm in the 

range of 0.2 ta O.). The rotor lfas ov;rsped fr 90 min at 44,000 rpm 

~ --- , , /''/ for Ra, and JO,OOO rpm for Ra4. Operating speeds of 28,000 t'pm, for 

Ra, and 20,000 Tpm for Ra4 vere tJlen maintained ovemight. On the nut 

day, 2 oonsecutive SOMS vere Jbade 1 hr apart ta verity equil1brium 

d1st.ribution of 0.D. 28Onm throughout the oell. The O.D. 280nm distributions 

vere oorribted for the baee-1ine <Chervenka, 1970). The 1'IIOleaular wight-

vas aalaulated from equations K:Ir ~ 2.)0) d to~ 0 whares K =r 

(1';'''). ~ d r) 
IIIOleoular v.ight; R • gas oonstant = Er. )1., +07 ergs/degr •• mol.; 

T = ab801ute telllJ.ratur. =: 291'1., P :Ir dena1 ty of solution, talc:en al 

1 p/ril.; ; :Ir partial ipec1f1a vo1uae in oo/g, caloulat.ed froa th. urino 

&cid. ao.pos.1tion by th. _thod of Cohn' and Id.sall (194,h W. =- angular 

T.loci ty (red/sec): c =- aonoen tra tion (O.D. 28Ôna); r • d1stano. frolll o~ ~r 

or rotor (oa). '!h. slope ~ vas obt.a1n.d b.1 l ... t equare 8Ilalysia 
a(r~-

ot th. exp.ri~tal .-alu.' (Diok.,n, 1968). 
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VIII. 
\ 

Isoeleotr1c Fooussing , 
\ 

lsoeleotric points vere determ1ned in .: UO ml. LKB prepal'ative 

isoel~trio fooussing oolWlln (L1Œ Produotor) thermosta.ted at 5°C by a 

Haake cooling bath and connected to a B"uchler Model No. )-10l4A pover 

supply Mt for oonstant voltage. 

The 'meth~d generally rollo..,1' ~e ou tUne suppl1ed in the 

'IJŒ 8100 Ampholine In.truotioh' Manual. The recolIIIIIendation. for basic 

proteins vere rouom, a glycerin rather than suorase dsms1ty gradient 

was employed. Solutions vere ,pumped into the appro'Pr1ate compartments 

of the oolullll vith a 12,000 Varioperpex peristaltio 'pwap (F1sh~r 

Scienti!io Co.) in the foUowing order: dense electrode solution, den" 

gradiJDlt solution, l1ght gradient solution, light electrode sotut.1on. 

'lbe campan tian of the solutions vere &II follow'l 

12.0 ml. 

5.0 III 

7.7 ml. 

gly'cerol 
1 

1 li N.oH 

HO· 2 

pm .. grad1st 101ution: 

27.0 at. 

26.2 ml. 

1.8 Ill. 

glyoerol 

Light ellctrocle eo.lution: 

0,2 al. 

20.4 III 

Ligh:t. gr!d1st 801ut10p: 

,54.0 al H~ COll t&1n1ng th. 
p~te1n 

ÂllphoUr!e carrier 
Ulpholyte 

" 

.. 
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Arter 4 days at 400-600 volts, ;the colulIIl contatt wu collected 

at 50 ~'lJÙ/hr by peristaltie p~ing in fractions of approx 2 ml ~ the ~ 

tratulII!1ssion of the eftluaoat ...... 8 IIOn1 tored at 280 n~. 'Ibe pH of each 

fraotion lia. me.asured illllfted.1ately and the 0.0. read manu.aUy. 

II. PolyacrxlUlide Gel ileotro~hor.a1s 

1. D1ao electrophoreSis 

The model 1200 'tanaloo Reaea.rch Di80 tneotrophoreSis a.pt>a.ratus 
, 

connected to a 500 volt OC power su.pply (GelJun) by a '~e\y interlock 

adaptor ,1. usec1 for analytical elect~phoreS18. Gels l2-1~ in 

act-ry'de (Internationa~ Sc1aoatit1c, Ot~wa) lIere pol.yme~&ed. in glass 

tub ,(O.S x 7.5 0!1). Sample lo8ds lIere 9 to 20 J,lg in protein in bu.fter ,. 
yblwaes of 0.2"te 0.8 lÙ. )--. . - -

ileot,rophoresis at pH ~.:3 was carried out vi th the oathocJ.1c 

~stelll ot Reidel.d et al. (1962) as' IIOd1tied by Cualca (1968). Generally, 
-

the electrophor •• :U time ",... 2.5 hr at 2 M/tube. Gels lIere fixed and 

. stained a. dellOribed in pa.rt IV of th1s section. 

~. "SodiWI 4odecxlllO.lfate (SQS) gel. el.otrophor,!1. 
,4 ~ , 

œs polyaorylUl1d.a gal e1eotrophor.a:11 "a' p.rfoZ'lUCl 1ait1ally 

by th. _thod of Weber and O.-bom, (1969), utiUs1ng th. l'ollov1ng 

cOllPOnenta(per 100- âl), 

/ 
\) 

2 2U 
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a. Gel Butter PH 7.0 

0.78 g HaH2P04 x 820 

3.86 g liazHP04 x 7 B20 

0.2 g 3.lS 

c. C.talYst 

1.5 g uaon1W1 per sul1'a te 

-

b. Acty1!ll!1de Solution 

22.2 g aorylamide 

0.6 g met.h:rlene b1aacrylam:1d. 

d. TrfCk1nC dt. 
1 .~ 

0.05 g bromphenol blue 

To ton a -..orldng e01ut1on tor 12 gela, 15.0 III 01' gel 

butter were lIixed. vi th 1).5 III ot aarylaa1de 801ut1on~ 1.5 JIll. ot 

aaIOn1W1 peraultate and. 0.045 iaJ.. ot .~li.li:li'-tetr ... thy1_e d1A1111ne ... 

10 lI!ke 1 l 01' tray butter, 500 III 01' gel butter .. re dlluted 1: 2 
, 

wi'th water. 

neotropho~el1. wu oari'1ed out tor 4 hr at 8 .. l''W.~. .. 

In IIIOre reoent mal.7a1. by S>S .e1 eleotrophorena, the 

, _thocl ot WaobDeldt et al. (19'71) was uHd wi'th Idnor md.1t10at1on •• 

'!he tollOWing 801ut.:1ont vere .-pl0lted, eaoh ~. up to 100 JIll. 

> 
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a. gel Bl11'fer el! ~ c. Ca t.al.y art 

48 lIÙ. UI HCl 140 mg ...,nium persulfate 
, ~, 

)6.6 g Tri. 
d. I)S !)lu142n 

46 ' , O. IIÙ. li,li,li,li -tetra llethy1ene-
di&ll1n. 0.8 g ~S 

b. Acrxlp1de 101ut40n e. Traok1pg WB 

46 g &oryl&llide 0.15 g brompbenol bllle 

O. p4 g N ,N' IIletbylene bi sao rylanr1.de 

'lb. vorkinS ao11lt.10p contained l part gel butter, l part 3)5' 101ut1on, 
/J .. 

2, parta acrylaaide solution, .pa 4. of oatal.yst • 
• 

I-
flle toray bufters con~ined in 1000 ~: 

Upper burler (pH ~.9) \Lov.r butter (pH 8.l> 

6.)2 g Tris 

).9CI- g ~1n •. 

1.0 & ms 
( 

12.1 g Tri. 

50 Ill. 11 HC1 

1.0' g 3)S 

'lb. lI'Ork1ng 101ution aM t'ray butter. vere lladt? 0.1_ in 

d.1tb1othr.ito1 (.u.t.nt.1on~ Biooh.-1oal. Corp., Clrt.llDd., Ohio). 

Ileotropho!'edl vU oarr1ed out tor approx 1 hl' at 

2~) _/tJJ.b., b1 vh10h ~ th. traoldns dye Md tr ... ell.d 4.8 o~. 

.. .. 

.. 
, 
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). Prepara\ive eleotrophoresis 

Preparative p~yacrylamide gel electrophoresis was performed 

:in a Kontes K565000 Preparat1ve Ele~trophores1s Apparatus (Canadian 

~ \ . , 
Scienti1'ic Co~any" Montreal) w1 th a 125 Jill. oapaci ty gel chamber. 'Ille 

ca thodic pH 4. J system of Rd sfeld : et al. (1962) was employed as for 

the analytical rlAns., :#.11 steps were carrl,ed. out in a SoC coldroom. To 
, 

form the gel, th~ lower end of the gel chamber was sealed off by 

securing a double layer of parafilm over ,the end. A 80lu tion of a 
~ 

2~ acrylamide (12 1111.) was added to the ohamber and allowed. te polymerize 

to fol'1l1 a plug. A lCJ1, running gel solution {6O ml) was added ta thé 

ohamber, allowed te pOlyMerize, and l hr later a solution of 9-10 mg 

protein in 2CJ1, sucrase was layered beneath the upper bufter. The colulIIl 

tIIas eonnected te a .soOV power supply (Gelman) and electrophoresis was 

" oarrled out at 10 mA. for 40 hr. 

The gel column was removed from the chamber by rimming wi th 

a 2", 22 gauge needle Wlder a stream of water. A 0.5 cm longitudinal 

guide strip vas out w1 th the aid of a gel sliee!" (Kontes K565050) and 

incubated with the CoolUssie blue stain of Koen1ng et al. (1970) for 

" 
5-10 min (see part IV of this section). Gel segments COl'ltaining protein 

were ma.cerated; st1rred witn 10. vol buffer oven1i.ght and the supernatant 

colleoted by centrifugation • 

. . 
.~ 

~ . 
\ 
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4. St&ining of polYaor.yl!llli1d. glls 

, 
1. Protein bands vere fixed for l hr in l~ au.ltosal1oylatet~ 

triqploroaoetio aoid ('l'CA) and subséquently "ashed J x vi 
., . 

tap va ter and J x wi th di st H 20. Gel s vere stainect for 2 br w1 th 

O.~ Coomassie biue in ~ &cetio aoid/l~ TCA. Background ,tain 

vas removed by severa1 washes with ~ acetic aoid; gels vere stored 

in the same solution. 

11. Fixing and sta1ning of protein bands in a single 1J01ution vas 

oarr1ed out uaing ~e method of Koening et al. (1970).. Â. O.02~. solution 

of CooMass1e Brilliant Blue (Schwarz-Mann, Orangeburg, N.Y.) vas prepared 

vi th l~ TCA in .cetie aeidule'thanol:wat.er. 141401160 and. ineubated 

ovemight vi th aorylamide gels and 3)S acrylamide gels. Background staiJ1 

, was washed out vith aoetie aciduuthanol:water, 14:40:160. 

c 
111. Maoromlecülar oarbohydrate vas de-tected in polyacryludde gels 

by a lIocUfioation of the PAS stain de80ribed by Kapi tany and Zebrovsk1 

(197:3). 'lbe .gels vere inoubated for l br ~ 12. ~ TCA and 2 hr in l~ 

period1c aoid. 'nt.,. vere plaaed in cappèd but perforated polyethylene 

tubes) st1r:red in 4 1 of l~ aoetie acid for 2 hr to reJllOV~ the periodl0 

aoid. and ti.nally inoubated in Sohirr', reagent (British Drug Co •• Toronto) 

for 2 hr at SoC in the danc. Background ,tain lIU removed in the dark by 

washing in' ~ &cetie acid. 

f.' 1 : 
r 
./ 

f. 
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x. Carbohydrate Anal.ysj,s 

Total oarbohydrate was determinèd by the tryptophane method 

(Kabat and Mayer, 1(61). Standard aolution. vere prepared oonta1ning 

10 - 50·.ug dt arabinose (British Drug Co., Toronto). Proteins to be 

a ••• yed vere in" solution in Tris or pnosphate oolUllln burters given in 

Part C, Experiments and Results. Reag~t blanks vere prepared 

oonta1ning the same burfer. AJ.iquots ot 7 ml of 7~ H2S)4 vere added 

o to 1 ml of standard. and sampJa .. lutions a.t 15 C. One ml portions of 

l' tryptophane (British prug Co .• , Toronto) ware added followed by 
)" , 

vortexing, and the aolutions vere heated for 20 min in a boi;ting vater 

bath. 1l'1e O.D. 5(>On1ll vere read alter cooling at rm temp for 0.5 hr. 

XI. Amino Ac1ci MW!! s 

i' , ,,\ 
The amino aoid cOIlpOs1. tians "frere determined in a Spinoo ~el 

120B Amino Aoid Analyser, aocording to the method ot Moore, Sp~lcman 

and Ste1n(1958). the amino &cid mixture (Spinco) employed tor 

standardisation vas dlluted to 0.1 uM of ~h amino acid. 

Antigens vere precipit.ated frQlIl their burfer solutions 

by adcl1 tion of &Cetone (ll20,v:v), red1.so1ved in H20, and 

reprecipit.ated vith aoetone. The u.mp1e. vere dried oVei-night in vacuo 
il 

in de.noator and subeequ,ently diS80lved in double distillecl 6N Hel 

(A &: a ~ria~ Chellioala, M~treal). Tu.bes vere sealed in v&ouo (L 70 )1) 

29 
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and hydrolyzed tor 24 hr and, where teasible, tor 48 and 72 hr at 

110 .± IOC in a Fraas OYen (Preoision Soientit1o). Hydrolysates 1Iere 

c 

tUtered through 0.45)l Millipore tUters, dr1ed by rotary evaporation 

and d1ssalved in 2.:3 ml ot 0.2 N ~ium oi trate butter, pH 2.19. One tILl 

aliquots or the mixture were applied to the sh9-l"t and long collllllDs,ot 

the Analyser. The number ot residues per IIIOle protein was oaloulated trom 

the miorolIIOlar compasi tian, assuming 100,( :z-ecovery ot the &JIl1no acids. 
. . 

Cystü1e/Z vas auayed as cysteiç aoid and as earbo~ethyl 
• 1 

oysteine in -aoid hydrolysates ot proteins atter perforlll1c &cid ondation, 

. and atter reduc-t1on and earbox;ymethylation. 

Tryptophane vas determiped by th. speotrophotometrio method 

of Beaven and Holiday (1952). 

The ~lar ratio ot tyrosine to trypwphme va. ealculated, 

trom the formula: 

= 
M.rry 0.26) O.D·28Onm - 0.170 0.0. 29~ 

XII. Perfor!1o Ac1d Ox1dation (Blaokbum, 1968) 

Prior to oxidation, 2 mg ot mt.1.gen Ra) vas precipitated trolll 

butter sa lu tion by addition ot 20 vol acetone (x 2) md the preolpi ta ted 

protein dried in vacuo. The protein vas"'redi .. olved in 1.9 IIÜ ot 99"-
torm1o aoid and the solution brouJllt te? ~C. An allquot ot 0.1 IIÜ 

)0 
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performio acid was added, the glass oont&1.ner atoppered and kept in "an 

ioe bath for 4 hr. Â,vol'WIIe of 0.3 III or ~ lVdrogen brom:1.de was 

aclded and the 8Olution rotary ervâporatecl at 4C)°C. lbe dried rendu. 

waa mainta1ned ovemight in vaauo over H~H peUets to enSU1'e aOll!plete 

removal of aBr. lbe amino &cid oompon tian lIaa deteJ'lll1ned on dupl1cate 

port.ions of the dritKi sample. 

" 

XIII. Sulfh-Yd.rxl' Assy 

, lbe lJUlf'hydryl cont.1t was determined 07: 

1. Me'Yloci of 11lJ!M (l959l. 

Â 8Oll1t1on was prepared of 39.6 mg ot 5,5'-D1th1o-b1a-2-

ni trobenz010 &cid (DINB)(Pieroe Chetll1cal Co •• Roclc:fon::l. lll.) in 10 Ill. 

of phosphate bu!!er, u :; 1. pH 7.0. Prior ta &8h\Y. protein. were 

d~alyr.ed ag&1nst 0.02 M pho~hate bu.ffe,r pH 7.8. An aliquot of 3 JÙ 

, , 

of dialyled aolut1.on ..,a. plaoed in • 1 011 quarts ouyette, 0.02 iù. of 
l 

D'DiB IOlution added' ADd the 0.D'4l2Am determined atter 5 min. Moles of 

Â 
sultbydryl (C) vere calculated by the formula C :: i + D where 

• :; ablOrb8llce at 412 nm. 

1 :; extinction ooefficient : lJ.600/H/cm 

D = dilution factor 

)1 
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2. Method of Rohrbach et al. (197]) 

A stock solution l!UI prepared of 6-7 mg of 4,4'-b1s-dimethylamino 

d1phenylcarbinol (BOC-OH)' (ICI - K & K Laboratories, Cleveland) in 10 IIÙ. 

acetone. A.liquots of 10 ul vere Idded to protein eollltions (2-20 uM) 

prepal'ed vith 0.04 M aodiUJll aoetate, pH 5.1, oontaining 4.0 .M guanidine 

hydrochloride. The ab80rbanoe at 612 nli 1IU1 detel'1llined io min dter 

. the add1 tion of BDC-oH. 

'lbe ,protein conoentration va. p10tted against O.D'612nm al'ld . 
the nWllber of IUlfhydry1s oalculated. from .aJliOpe/&m liber. Km zr apparent 

• Il) , . 
mo1ar abeotpti(m coetficient for BDC+ ::.70,800 M-1cm-l • 

XIV. Reduction apd AlkYlation 

.-
1. One of the procedures employed vas a variation of that deecribed by 

Waxda1 e't+ al. '( 1968) • 

Six mg of anUgen RaJ vere diseo1ved in a 801ution of J DÙ. of 0.01 M 

sod.i\l1ll phosphate butter, pH 7.2, aontafning 1$ 9>S and 4 JIIg of DTT. 'lbe 

aolûtion vas maintained at saoe tor 4 hr, oooled to rm temp, and~e 

O.) IIM in iodoacetam1de. Mter 20 lII:ln in the, dark, the llixture vas 

appl1ed to a 001I1I1II1 of Sephadex G-SOs (_e Part C. bperiments and 

Re'su1ts) • 
, 

11. For d180 eleot.rophoret.1c analya18, proteins vere reduoed according 

to the procedure of Virella and Parkhou .. (191) vith 1II1.nor MIod.ifications. 
" 

, . 
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One mg of protein was incubated for J hr at J~ in 0.2 M Tris, pH 8.2, 

made l~ in ms and J$ in d.1th10thre1tel (OTT). Wquots of 0.04 ml. of 

Ws mixture were subsequently appl1ed te polyaorylam:1.de gels (see 

Part c. Exper1men ts and Reaul ta) • 

The N-terminal amino aoid of antigen RaJ was deter.m:1ned 

by Bdman degradation (saman, 1970). 

A sample of l mg of the antigen was d.1$101véd in 1 ml 

pyr1dinelwater, 1:1, ~e o~ M in N-dimethylallyllJlline. The pH vas 

adjusted te 9 vith d1l11te aqueous trlfiuoroaoétic 'acid, '50 }Ü of 

phanylilOth1ooyana~ (pa:) vas added, the tube vas nuShed vith )12-

) ~Çped, and allowed te st.and l hr at 40°C. 'lbe solution vas extraoted. 

x J vi th 2 ml a1iquots of ben.ene and the aqueous phaM lyophill1led. 

The dry Pn; preparation vas diseo1ved in 100 JÙ of anhydrous 

trifiuoroaoetio aoid ahd inoubated at 40°C for 15 JIlin.' The degraded 

protein was preoipitated (x 2) vith J ml. a1iquots of etby1ene c:hloride 

and the oombined ethy1ene c:hlor1de extract. vere evapora-ted, ta dryne .. 

. in a .treUl of 1 2 • To the dry UlIIple of thiaIlO11none, 0.2 ml. of 1 li J!C1 

was added, the tube \nushed vith )12' IDe! heated at sooe for 10 min. The 

pm tlIino .oid vas extracted (x ) vith 1 Ill. al.iql1ots ot etby1acetate and 
. 

the oollbined u.tract. dried in a jet ~f M2' and the res1due dill801ved. in 

200 u1 ot ethylene obloride.· 

• 
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the N-terminal amino aoid vas identified by thin-layer 

chromatQgraphy on preformed SUioa gd Cl plates (Iastman-Kodak, Montreal) • 

ll1quots (.50 ul) of PTH-standards (Pieroe ChelllicaJ. Co.) and samples vere 

appl1ed to the bottoDt of 3 plates vh10h vere separately run in Dt S, and . 
H BOlvent systems (&iman, 1970). Mter 40 ... .50 1II:1.n, the plates vere 

1 

dr1~ at lOO~C for 15 min and the spot. lOQated by UV l1ght for Rf 

determ.1nation. 

XVI. ~o A.o.a Sequenoe petermi.nàt1on 

ÂIIlino aoid sequenoe s vere determined by Dr. J. Donald Capra 

(Soutltwesterh Medioal School, Dallas, Texas) and his a8eociates using 

the automated Bdnwl degradation method in a Beckman Model 890 sequenator. 

~ 

lbe phenylthiohydan'toin der1vatives vere identit1ed by thin lay-er and 

l1quid-gas ohromatograp'ny (Mole and al., 1975). 

nll. I-molodoal, MethocU 

1. , Ia1jlod1tfu sion 

Double d1f'fus1on in Agar (Ouohterlony technique (Quchterlony, 

1958» vas done in Hyland illlllUloplates (patterns Bande) t us1ng f!II'11arged • 

veUs where neoesu.ry.· Precip1t1n lin .. 1I8re developed overnight by 

inoubat1ng in a hua:1d atllloaphere at J'Dl tempo 

- F', - $ l' " 
, 1""" 
L'.·:~·~~l .;.,.~ .. "t ':~.' . 
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2. Humao leucoSYte h1st&!.1n' rel,a~ &!Ia~ 

The assaya vere performed by Dr. L. M. Lichtenstein (Good 
• 

Samaritan Hospital, Baltimore. Mi),' using a modification (May, 1970) of 

the procedure of Liehterlstein and Osler (1964). '!he a1lergen lpec1f1ei ty 

of hi sta.tl:1Àe release in the direct assay was test.ed by inhibi tion ri th 

specifie anti_ra (Lichtenstein and Oalé!', 1966). 

3. J}1reçt!kin test 

The tests were performed. in the allergy cl1n1c of the Royal. 

Victoria Hosp1 tal, ,Montreal. Ragweed. allergie patients vere injected 

intradermally vith 0.025 IIÙ. of allerglll'l in 0.01 M aodium phosphate, 

buffered physiologieal saline (PBSY. Reactions vere read 15 min after 

injection and graded according to weal rize compared to PBS controls. 

Skin puncture test. vere perfomed by Dr. John Sant.111i on 

... 
alle:rg1c patients at Scott ,lirforce Baie, ID1iioi8. The *in aurt-aoe 
. 
vas scratohed vith a 80arifier and 0.02 111 of a:l.1.ergen solution (30 ug/ral.) 

applied s1JII1l taneou8ly at d1ffermt sites. Reactions vere graded. 1+ to 4+ 

according'to average wheal d1ameters. 

c 
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l. Isolation ol the ~ Major Forme of AnUsa Ra3 

. 
In our previous ·studies (Roe,Pber, 1970) a m.ethod of 

isolation of antigen Ra; was deve10ped that incorporatee! CM-cellulose 

ion exohange as a major purification, s'tep. However, in follow-up 

expenments, the CM-cellu1o-se step proved to be a source ot large 

variation in yiëld of the antigen and wu therelore. replaced by the 

chromatographie procedure employed by UnderdQ'WJ'l and Goodfriend (1969), 

exoept tor the use of the G-50 rather than G-100 type of Sephadex, 
" 

DIAB-Sephadex in place of DlAl-celluLose and altered buffer e1ution 

condi tions. Â flowsheet of the entire iao1ation procedure i8 given 

in Fig. 1. The final step of gel filtrat.ion through Sephadex G-50s 

permitted isolation of the 2 major forms of antigens Ra) (1 ard II) on 

a pt'eparative sca1e. • 

~. "Fraction C-UI • 

An aliquot ot 25 III of traction C (King et al., 1964: 

Underdovn and Goodfrlend, 1969) equivalent to 125 g of ragweed pollen 

vas applied te a column of Sephadex G-SOm (5 x 95 CII1). 'lbe 

chromatogre vas developed vi th 0.05 M Tris-HC1, pH 7.6, at a , 
fiowrate of 60 'IAl/hr and. the eluate collectee! in 20 ml. friction •• 

A. shown in Fig. 2, .5 clearly de.tined peaks (C-I to C-V) 

vere obta1ned, of -vh1oh the third CC-III) aontained aU the Ra) as 

det.eJ'lldned by iBmnoditNaion aga.1nst specifie l'abbi t antiserwa. 

_. "'Ir~:; J lP1Z';<C~,",,~?'- 't~~ ~..:."... ~""-}r..~ ~,'" { 
~:ioI':l."<! ~ • ~~ ,"~ ~ 
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Fraction C-llI (1Bo ml) "'as conoentratee! 10-fold* and equilibrated 

with: O.(){)l P:f Tris-Hel. pH 7.6, by passage through .. oolumn of 

Eiogel P-2 (2.5 x 95 om). 'Ille Ra)-oontaining fraction was oollectee! 

in an ef'fiul!l!l'1t volume of approx. 200 ml. 

'lbree addi tional. aliquote ot fraotion C were separa'tel.y 

processed 'as Ilbove and the derivative C-III tractiOlls oombinedi 

the C-HI pool (corresponding to 500 g pollen) was conoentrated to 

35 Itû. 

1 
2. Fraction C-III-2 

Fraction C-III (35 IIÙ) was appl1ed te a oo1W11'l of 

DIAI-Sephadex A-50 (5 x 25 om) and the .ohro1b.togram deve10ped vi th 
1 il ,... ' 

0.001 K Tris-HCl, pH 7.6, at a now of 120 'lIll/hr. Fig. J sh~ws 

the eluate O.D. profile generally obtained. Ra) was looalized to 

the second peak (C-III-Z) whioH contained approx. 60 O.D. uni ta 

in a 170 ml, volume. The fraction vas found to oontain 2 ooq>onents 

on di8à e1eotrophoreSis (Fig. 4) • 

. --*Here, &!I thrOl1ghOl1t thil!i; study, protein soll1tions vere OOMentrated , 
~ . . 

by ultrafiltration at SOC ~I Diano oells vhioh )Mre ettu1pped vith 
, \. 

UM-2 membranes (see Part B, \~ter1al8 and Methode). 

, 
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J. Fractions C-Ill-2a !pd .. Ze 

Iraction C-III-2 (1?0 ~~ was ooncentrated to 20 ml and 

appl1ed to a oolWll\ of Sephadex G-50s (5 x 95 oa) equilibrated w1 th 

0.025 M Tris-HCl t pH 7.6. The chromatogrAlll was developed with the 

SaJIle butte!" at a nowrate of 20 ml/hl" and the eluate oollected in 

7 IIÙ. 'tractions (Fig • .5! to D). As 'shawn ln the ligure .for ~I!I 

experiment, C-III-2 vas reso1ved-- 1nto peàk and shoulder, fractions 

(C-III-2a and C-III-2b), (Fig. 51.), although in later runs 2 well 

.epar,ated peak traoUons ~ol1ld be obta1ned. Fraction. la and 2b 

in the run of F1gs. 51 and. 5B oontained 40 and 12 0.0. uni ta, respeotively; 

the fractions vere M1llipore fil tered and stored at Soc. 

Fract10ns C-III-2a and -2b der1ved f'rom a total of l kg pollen 

vere separately poo1ed and recyaled (x 2) through Sephldex G-SO. ,,-s 

described abave. , 1 

'lbe final yields of d1ec eleotrophoretiaally pure C .. I~~-2a 

and C-nI-2b (F1g. 5C and D) vere approx 40 and 10 O.D. Ùn1 ta, 

r8lpective),y. 80th fractions gave'precip1t1n arc. in a react:1on of 

ident.1ty vith rabblt anti-~a) mUserum and 'rabblt antnserum to WSR ( , 

('lg. 6 aM ?). In addition to th1. f1nd1ng, the r4hJ.t. to be givm , 
• 

Mlblequeatly of phys1ooohell1oal and ohemloal anal.YHI ot the 2 fraoUons' 

d.-m.tratèd that th., r.pr •• mted 2 forma ot the m'tigal, RaJ-I 8DCl 

RaJ-II, r • .peot4vel7. 

, 
... 
i . '. 
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II. Dev,lOJ)1!!!Rt or a Mer. Intesrated Metbod of llOlatian of 

Ant1gans Ra3a Ralf. apd Ra5 

.. 

./ 

t 

As indicated. in the Intl"Oductory Part of thiS Thesis, 

isolation of the allerg~oally ~,t.1.ve proteins RaJ, Ra4 and Ra5 

trom WSR provided 3 potentially userul models for struoture':funct1on 

" etudies, each having a special interest. However, the methodology 
,,-

ol isolation of eaoh allergen had dtn'eloped l!X)re or less independantly 

ot th~ others, utillzing different chrolll8.tographic. saquT?!S and 

start-tlp ohromatographie fraotions. It became evident ~t, if 
. ! 1 

extensive struc'ture-tunot.1.on studies on the aUergens were to be 

developed silllU.ltaneously, a more integrated and rat.1onalized methou 

fori their isolation would be d.~ble frolll the standpoint o~ speecY' 

. and eoono~. 
\ .. 

An additional ~tilllllus ta the development of a moi:e 
J #. ;. ·t-

etfioaoious method was the finding by Marsh (1973) that aqu~$ 
. 

short ragweecl pollen extract contained 3ZO-J50 mg. Ra5 per ',le 1>ollen, 

a surpris1ng reBUlt in view of the re).ativW 10l amounts of Ra5 

(10-15 mg/kg pollen) obtained on tiràt 11O).ation ot the antig'en in 
• • - ~~ '. 0' 

this laboratory (Lapkotf and Good!'ri.nd, 1971). ÂI! the extraat 

&ssqëd by Marsh vas prepared ~thout the usual prellm1nary .thér 

extraction of th. pollt!m, a I18thod of ilOlation of RaS was developid. 

39 
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utllizlng non .. ether atraoted pollen al ltart-up material (Ro.bber .t al, 197.5). 
, / 
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'!he method was e~tended to include the sequential isolation of 

antigens Ra) and Ra4 and the entire procedure i5 schematized in 

Fig. 8. Major elements of the procedure are: the use of noo-defatted 

short ragweed pollen for preparation of the aqueous extracti the 

use of DEAE-Sephadex for partial depigmentation of the aqueous 

extract; mglecular sieving of the partially depigmented extract 

through Eiogel P-IO to obtain partially pu,rified fraotions of 

antigans Ra4, Ra) and Ra5 (in order of their el:ution); work up of 

the latter J fraotions to final purifioation by ion eXChang"'f&nd 

molecular sieve ohromatography. 

1. Agueous pollen extrict (W$) 

A ba tch of 200 g (?f short ragweed poll s~irred in j 

~.6 l of ~ solution oonsisttrtg of 1 part,b6rate buffer (6.2 g borie . , 
• 

aOid, .'J.'. g sodium tetraborate, 4.3 g of sodium ohloride), pH 8.4, 

and 39 parts of O.~ saline for 20 hr at SoC. The extraot vas 

separated from the pollen by oentrifugation in an IIC E-20 

oentrifuge (rotor 874) for 15 min at 10,000 rpm. The water soluble 

ragweed (WSR) was filtered suooessively through Millipore fiiters 
- \ 

of 14.1l, 1.2)1, 0.45 )l, and 0.22 )l -and ooncentrated to )00 ml. 

2. PartiallY d,piP!!!ted. WSR 
," 

The WSR wu divided into 2- 150 ml portions a.n4 the latter 

f, 
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were simul taneoùsly passed through 2 columns (2.5 x JO cm) of • 
"DB:tlE-Sephadex Â-25. The chromatograms lIere developed w1 th ~ 

0.05 M Tris-HCl, pH 8.0, st a flow of 80 ml/hr. An efnuent 

volume of 400 ml colleoted froM each column oontained. aU of 

"ntigens Ra), 4 and 5 (as well as antig~ E) detectable by 

~diffu~on test. The 2- 400 ml fractions were pooled and 

concentrated to 100 ml. 

). Fractions II, III- and VI 

'. ,Tns partially d~pigmented WSR was app1ied in 2 equal 

portions (of 50 nü) to 2'>eolWlt1s (5 x 90 cm) of Biogel P-IO 
v 

(100-200 mesh). 'Ill~ chromatograms were developed with 0.05 M Tris-HCl, 

pH 8.0, at a flow of 60 ml/hr and the eluates collected in 20 ml 

fractions. À. complex but reproduoible pattern of 8 major eluate 

peaks was observed as shown for one of the chromatographie ~s in 

Fig. 9. By ilmlllnodiffusion tests done on the eluate with specitic 

mimaI antisera, antigans E, Ra4, Ra) and RaS were eluted (in order 

of their size) in peaks 1, 2, J, and 6, r~spect1vely. 'lhere was 
~ 

scme overlap between Ra4 and Hl); in addition, the distribution of 

'" \ 

Ra) coincided wi th,: th~ ~,~soending branoh and should_r of peak J. 
< . ' 

In the run for Fig. 9, the eluate volumes were: for Ra4, 275 1111:" 

Ra), 180 ml; Ra5, ·'150 ml. 

'lhe oorresponding' fraotions (see Fig. 9) from the 2 

• ~l .. ~ 

1,.. ,;;" ,.~.,.r'" .. 1. 
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P-lO columns were pooled, concentrated to approx. 50 ml, Millipore 

filtered, and stored at 5°C. 'ale entire procedure vas repeated to 

accumulate fractions II, III and VI'corresponding ta 400 g pollen. 
,~ . 

'I\qese fraotions sel'V'ed as start-up material for isolation of 
fi 

antigens Ra4-, RaJ and Ra5, respectively • 

• 
4. Antigen Ra4 

1. Fraction n-:2 

Frs-otion II (100 IIÙ) was applied to a "oolumn (2.5 x JO cm) 

of CM Sephadex C-50 and the chromatogram developed vith 0.05 M 

phosphate buffer, ptt 6.8, at a now of JO rril/ht'\ Arter the first 

unretarded, strongly pigmented fraction liais elutecl (fraction II-l, 

Fig. 10) a 1inear gradient of 0 - 0.5 M NaCl t'ormed in 2 l of the 

same buffer eluted seVer al peak f~actions. Âs SODle J to 4 of :the 
\ 

latter gave precipitin arcs vith rabbit antiserum ta Ra4, the entire 

material el\lted by the salt gradient was pooled and the pool 

(t'l'action II .. 2) concentrated ta J) ml for further work-up. 1n later 

l'UllS the s:u t gradient lias replaced by a single ohromatographie 

step using 0.35 M NaC11n the colul7l'l buffer (F~g •. IO). 

~ , 
11. Fraction n-AA 

Fraction 11-2 (JO IIÙ) was divided into J- 10 IIÙ aliquots 

and each aUquot cycled through a colUllll (2.5 x 90 cm) of Sephadex G-75. 

'i 6 The ahromatogram vas developed vith 0.05 M Tris-Hel, pH 7. ,.containing 
\ 
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1" 
0.2 ~ (NH4 )Z OO~ at a flow of 15 ml/hr and the e1uate co11ected in' 

-i\ ml fraotions. Three virtually id en tic al chromatographie patterns 

wer~ObtAined, each showing a large {Ra4) p~ak vi th thé suggestion 

of a shou1der in the ascending branch and a smaller peak on the 

descending side (Fig. lIa). &1rprisingly, Ra4 was detected mainly in 

the descending .branch of the main peak. Cuts, each containing 15 0.0. 

units in 25-30 !TÙ, were made as shown in the figure anq pooled; the 

pool was concentrated to 10 rnH and re-l'un on the same co1umn. A 

single homogeneous peak ;.tas eluted and a peak fraction (II-2A) of 

)2 0.0. units in approxi\Tl8.tely 70 ml was derived (see Fig. l1b). 

The fraction, which was almost colorless, contained mot'e than 100,; 

ca rbohyd ra te (asswrt1ng E~8~m, 1 mg = 1.0 for Ha.4-). 
,nm 

The carbohydra te content of fraction 1I-2A. was drastically 

reduced by precipitation wi th ammcnium sulfate. An aliquot (14- ml: 

13 0.0. units) of fraction II-2A in 0.05 M Tris-Hel, pH 7.6, was 

brought ta 6~ saturation at 4-SoC by the addition of sato ( NH4) 2004 

prepared in the sarne buffer. Aftar centrifugation, the prec1pi tate 

was dissolved in 8 ml of' the Tris buffer and dialyzed ovemight at 

5°C against the same bufter. Af'ter clarification by Milliporè 

filtration. ? 0.0. units were recovered. 'nle Ra4 preparation 
v 

contained l~ carbohydrate, aSsuming sl om, l mg ~ 1 .. 0. 
\ 280 nm • 

4J 
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A duplicate aliquot (14 ml) of f,raction rr .. 2A was brought 

to 601: saturation as above, the preoipitate dissolved in ,14 ml of 

the Tris buifer. repreci'pi~ted vith (NH4)2004' and dialyzed as p.bove. 

The Ra4 preparation obtained in this vay cont.1ned 4.2 0.0. units 

and ,5.~ carbohydrate. The yield from the singly and dou~y precipitated 
~ 

Ra4 preparations were combined (approx. Il O.D. units) for cycling 

through CM .. Sephadex. 

A solution of' ammonium sulfate treated fract10n II-2A 
1 • 

, containing 11 O.D. units in 7 ml of 0.05 M Tris-Hel, pH 7.6, was applied 

to a oolumn (1.5 x 27 C"M) of CM .. Sephadex. The chromatogràm was deve10ped 

"" w1 th 0.05 M phosphate butter, pH 6.8 (Fig. 12). Ai"ter a small unretarded 

peak vas eluted vith the starting buifer, a linear gradient of 0 - 0.5 M 

NaCl in 400 ml. of the l same bu.ffer eluted a Single, somewhat spread peak 

containing 9 0.0. units of R4l4 in 100 ml. 'lhe Ra4 peak fraction was 

concentratéd to 20 ml and Millipore fil tered; the colorless solution 

" was stored at ,!/C. 

5. Antigen Ra3 

i. fragtion III-2 

Biogel P-lO fraction nI was conoentrated to .50 ml, dialysed 

exhaustively against 0.001 M irl s-HCl t, pH 7.8, am appl1ed to a o6lwnn 

(2.5 x JO am) of DJlAB..Sephadex. The ohromatogram was developed wiUl 
r 

the same buffer at a flowrate of 60 ml/hr and "the eluate oolleoW in 

:1 
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20 ml fractions. A large peak vas eluted vith a prominent shoulder on 

the asoending side (Fig. 13a). Ra3 vas located mainly in the descending 
\ 

branch of the peak. A cut',of 160 ml vas made as sholQ'l in the figu:r:e, 
, 

ooncentrated to 50 ml. and recyoled through D1i:AE-Sephadex under the 
" 

same 'chromatographie oondi tions. Two well ... separated peaks vere el~ted, 

of whioh the second (III-2) conta1ned aU the Ra) (80 0.0. uni ts) in 

2 dise eleotrophoretic forms (Fig. lJb). .. 

ii. RarI and II 

Fraction llI-2 vas concantrated from 200 to JO ml and sieved 
. 

through Sephadex G-50s. The chromatograJl1 was developed with 0.025 M 

Tris-HCl, pH 7.6, at a fiovrate of 25 ml/br. :rwo peak fractions were 

eluted (Fig. 14a) corresponding to Ra3-1 ard II in a total yield of 

75 0.0. units. The Ra,3-I out vas reoyoled tvice on the same colllDln 

to obtain a homogeneous peak oontaining dil!lO e1ectrophd'l'-etically pure 

Ra3-1 (26 0.0. uni ts) (Fig. 14b). The solution was concentrated to 
.....' r 

10 ml, M1111pore fil tered, and stored a t SoC. 

The Ra3-!! peak fraotion was not further purified; i t was 

ooncentrated to 20 ntl, Millipore 'filtered" and stored at SoC. 

6. $lt.1.Stp RaS 

i. FracSon U-Z 

RaS-oontaining fraction vt1150 ml) vas oonoe:ltrated to 50 ml 
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and applied to a colWlli (2..5 x JO om) of CM-Sephadex C-2.5. The -ohromatogram wu deve10ped vi th 0.04 M sodium. pho sph .. te burfer, 

pH 6.8. Two vell 8eparated. tràCtions vere eluted (Fig. 15), the 
• 

second of whioh contained almost pure Ra5. Fraotion VI-2. (2.40 .ml) 

vas oonoentrated to 50 ml and' reoycled through CM-Sephadex as 

previously. A single homogeneous peak vas eluted; the oolorless 

peak fraction (100 Ç).D. uni ts) was oonoentrated to 25 ml. 

Fraotion VI-2. (25 ml) vas applied to a coJ,UlIl'l (2.5 x 85 cm) 

of Biogel P-IO (200-400 mesh). The chromatogram vas deve10ped w1 th 

0.025 M Tris-Hel, pH 7.6. at a tlow of 12 ml/hr and the eluate oollected 

in 6 ml. fractions. Antigen RaS waS eluted as a sharp peak (Fig. 16). 
"-

To rel1lOve trace oontaminants, 10 lIÙ. aliquots of the Biogel P:"lO fraction, 

each oonta1ning approx )0 O.D. units, vere oyoled (x 3) through a oolumn 

(2..5 x 90 (111) of Biogel ?-4. The ohrolll8tograms vere developed ~th the 

0.025 M T~s at a now of approx 25 ml/hr (Fig. 17). The final yie1d of 

46 

, l 0111, l mg " 
RaS was 15 mg/kg poUSl (based on 1 280 ::z 2.36 (Goodfrlend and 

nm 
Lapkoff, 1972). 
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III. Che1l1ical and I!IIII!1ll0lodcal Properties of Antigens Ra3. Ra4. and Ra5 

The isolation of ant1gens Ra), Ra4, and RaS from the aqueous 

• 
extract of short ragweed pollS) vas deseribed in the previous section_ 

Purification vas oontinuously monitored by aorylaMide gel disc 

electrophoresis until, as a minimal requirement, the antigen preparations . 
displayed. single bands in an acid1c burfer system (Figs 4, 18, 19)-

Add1tional data bearing on homoganeity vere oonoo1l1itantly obtained .in 

the oourse of ohe1l1ical and. 1mmunological, exandnation of the mtigens and 

will be summarized in part D, III, 1. 

The dat.a obtained for antigens Ra) and Ra4 relate to their 
, 

molecular size and charge, oarbohydrate oontent, amino aoid composition, 

polypeptide chain struoture, and antigenic and allergenic aoUrt ty. 

Chemioa1 and immunologioal properties of antigen RaS vere desoribed by 

Lapkoff and Goodfriend (1974). In the present study, a fev additional 

parameters vere examined, v1z., the 1soeleotrio point, free sulfhydryl 

oontent, and ohain struoture. 

In oollaborative stud18fJ betMean Ws laboratory and that of 

Dr. J. Donald Capra, the ooq>lete am.1.no &c1d sequence of ant1gen Ra5 

(Fig. 20) was reaently determ1ned (Mole et, al., 1975). In aontinuation 

of these stud1es, partial sequenoes have to date bem obtained of the, 

N-term1nal reg10n or ant1gens Ra) and a..4 and are presented in Ws 

seotion. 
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L !l'lUgen Ra; 

i. HoleolÙar veight 

The mOL vts of the 2 toms of antigen Ra) vere detemined by 

analytical equilibrium ultracentrifugation. 

Â. partial specifie volume of 0.731 vas oaloulated froll1 the 

&IIlino aoid oomposition (Tables l, II) and adjusted to 0.722 to talce into 

aooount an $ carbohydrate oontent (Gottschalk, 1966). The'values for 

the slope of log 0 vs r 2 for Ra}-I trom duplicata runs was oalculated , 
by l~ast square analysis to be 0.251 and 0.260 (Fig. 21). ~bsti tution 

in the standard equation gave lQOl wts of 11,900 and. 12,)00 daltons 

• oorresponding to the 2 slopes respectively. The average mol vt vas 

therefore l2,OOd daltons w1 th 2. '" experimental unoertain ty. A single 

analytical run gave a slope of, 0.260 for Ra3-II (Fig. 22); the 

corresponding mol wt was 12,300 da! tons. Thus, no differenoe in 
• 

molecular si"e between the 2 forms of RaJ was deteoted. 

11. Isoelactrio point 

Â solution of 10 mg Ra3-1 in dist H20 vrs inoorporated in .. 

glycerol dens1 ty gradient· together vi th 2.5 IIÙ of pH 7-9 carrier 

. . 

...,holYtes vi th the &id of a gradient mixer. 'lbe !IOlutidn was pumped 

into a 110 ml electrofocu's1ng aolumn and. 600 volts vere appl1ed aoross 

the aolwnn for 4 da,s. 'lbe oolllllln contents were oollected ln 2 ml fractions, 

the effluent was aont:1nuously IIIOnitored tor ~ T at zao JlJI1 but the pH' s of 

8. 
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the 2 ml f:r-actiohs vere separatel,. determined. As shown in Fig. 23, 

RaJ-I eluted as a sharp symmetrical peak vi th an isoelectrio pH of 8.6. 

11i. Carboh.ydrate oontep,t 

Variable and relatively high carbohj"tirate contents vere 

found for Ra) dur:1ng the course of this-study.- b1denee was obta:1ned ----
from the 'follow1ng e:çer1ments that the oarbohydr,te lIa8 present largely; -'-, '-

if not $htirely, as a oontaMinant and not as an 1.ntegral part of the 

mleolÎle. 

a. A .sample of Ra)-I was oyoled through a oolWlln (2.5 x 90 om) of 

'10gel P-JO using 0.025 M Tris-HCl, pH 7.6, for development. 'lbe eluate 

fractions W8re usayed for protein by 0.0. (280 nm) measurements and for 

oarbohydrate, by the tryptophan method. The protein and carbohydrate 

peaks d1d not ooinoide (Fig. 24a). '!he out (0) shown in the figure lias 

CYoled through the same c01umn (Fig. 24b) and a s:111111ar out of the eluate 

peak oyoled as previouely (Fig. 240). On the 3rd oyole, protein and 
,. , 

oarbohytirate peaks a1most ooinoided. '!he f,inal RaJ-I preparation oonW.ned 

~ oarbohydrate, 1Ih11e a pool of outs (d) ~e desoending branohes 

contained 2~. Amino aoid. analys1s of the 2 preparations shoved no 

signif10ant d.1ffeNlloes in oomposition (Table III). 

b • .Antigen Ra) (JO mg) obtained by DIA.I-Sephadex chromatography' ,was 

si ... ed through a 001\11111 (5 x 90 011) of Sephad.x G-5Qs, using Q.025 M 

Tris.HCl, pH 7.6, for development. Allays don. as abavé on the eluate 

fraction_ showed a urked diuooiation betMeen the o~rbohydrate and 

prote1n eluate profil •• (F:1g. 25). 

c" 
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o. An experiment vas done to determine if and ta what extent carbohydrate 

could be rellX)ved. from Ra) by preparatiVe polyaory1amide gel e~etrophoresi8. 

A sample (10 mg) of Ra; obtained from the OIAE-Sephadex colWlln chromatographie 

• step eontained. both forms of the allergm aild l~ oarbohydrate. The sample 

vas run for 40 hl" on a polyacrylamide column in ~e pH 4. J sYstem. A 
i 

vertically out strip of the, colUlll1 vas stained for 10 min in Coomassie 

blu. and showed 2 separate but diffuse bands (J.8 and 5.1 cm from the top 
.-

of a 12 cm colulltl). U sing the stained strip as guide, the 2 un stained . 
bands vere separately sliced, fragmlmted and separately sUrreel ovemight 

in 10 ml volumes of 0.1 M Tris-HC1, pH 7.6. The suspensions vere flltered. 

and the clear supematants concentrated to 2 ml by' analytioal polyacrylamid.e 

" dise electrophoresis at pH 4.), 80-9~ of the upper band preparation 

l consistee! of Ra3-!, the remainder, Ra)..II, and vice ver!a for the lower 

band (Fig. 26). 

Protein yield was detentined from 0.0. (Z8Onm) readings against the 

Tris buffer blank. (Previous determinations had deïi~mstrated that 

eSlentiaHy no UV absorbing materials "ere leachad from protetn-free 

regions of acrylllÜde gel.); The yield of RaJ-I (with 80M II) from . 
10 mg starting mate ri al was 0.70 1Ilg, the yield of RaJ-II (with BON 1), 

0.42 mg. ,jAnaly81.s on dupllcate a11quots of eaoh al1ergen BOlution 
, 

(Table IV) showed th. oontinued. presenoe of carbohydrate, but at a 

lI4l'kedly reduçed leVel o~ ~ for both Ra) fortlts. 

'jlXHt '," ~ ............. ..,.~ "'''''':'!!;I7,':j 
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i v • Amino aeid compo 11 tiOQ 

The amino &cid cOMpo si tion of RaJ-I vas determined on J 

a)..iquots of 0.5 mg eaeh .eparat..ely mbjeeted tAl 24, 48 'and 72 hr &cid 

hyd,rolysis. The nWli:>er of &lldno &cid rendues vas fo'und by oaloulat.1.ng 

the nulllber of IIIOles of eaoh residue per 11,000 g of prc)tein (Table Il). 

1.11 of the umal amino &cids vere f'ound to be pre~ent, exoept methionine, 

for a total of 101 residues. 

Performio aoid orldised Rt.J-I d1d nof show an inerease in 

cystine plus oysteine (determ1ned as cysteic a.cid) comp~ed to unoxid1led 
, " 

RàJ-I (Table V). 1hu., J ay'/2 rendues was obtained in both oase8. 

Hovever, analy&1s of reducetl and alkylated Ra) (see belov) showed the 

pre.ence of 4 oarboxymethylcysteine rendues. 

The udno acid compoai tions of Ra)-I ~ Ra)-TI vere compt.red. 

using 24 hr &cid bydrolysates of' the respective prote1iis. The number of 
,-

re'aidues vere virtually 1dentical except tor t. fev of the amino &Cids, 

a.g., p~e and llYoine. The residue dif'termo .. appearec1 ta 11 .. vith1n 

the erro'!' of the ana.1.yt1oal raethod (Table VI) • 

v. lree~ 

Free IIlltbJd.ryl oontent of RaJ-I ri. dete~ed. by 2 oo1oriMtrio 

_thods: that ot <a> Illun (1959)', unng the "-aglDt D'DJB, and (b) 

Rohrbach et al. (1912), uBing BI)C-oH: 

) 

• 
,,, 
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•• From the O.D. reading (Table VII), the -SI content for BSA "S 
calculated to be 0.64 KIM protem, in close agreement Vith literaure 

values (Putz1&11l, 1965). A value of O.ll HlM prQte1n was found for Ra3, , 
a resul t that vas probably due to the sll~t turb1d1 ty whieh developed 

in the Ra) "lUt1~ follc)1dng reaction W1~ the' colori_tric reagent. 

b. The free sul~~ content of B& lias O~57 MlM protein (Fig. 27, 

Table VIII), in reasonable agreement Vith tne prerlous assay. Free 

su.lfhydl"yl oontent of Ra3-1 lias detem1ned at allergen concentrations 

ranging from'2-lQ nM/ml. There vas no deorease in absorbancy at 612 rua 

w1 th inorease in prot.ein o<?ncentration (Table VIII), 1.e., free ,su.lfhydryl 

waS'not detected. 

Vi. POlneptid, ohain struoture 

The number of cansU tuent polypeptide ch~s of Ra)-! was 
_ 'r 

determined by sn8-acryl,Ulide gel dtee eleotrophorea11 a!tsr reduct1o~ 

and alkylation of the proteine 

a. Prellndl1arily, 6 mg of RaJ-I in 5 IIÙ 0.05 M Tris-HCl, pH 7.6, was 

J"eOy,oled. through a oolWlll (2.5 x 90 cm) ot Sephadex G-501 (Fig. 28). 
-

'lbe .ohrolllAtograa was clevjtloped vi th 0.01 M 8Od1ua phoaphate bv.ffer, pH 7.1. 

The ant.i.gen "'1 rec01'éred 88sct.i.ally quanti tatively in a hOllOgeneou. peak 

at an elq.tion volume of 266 Ill. 

'!h. Ra) aolut1on was oôlloet.rated to ) Ill, ~e J$ in ~S, and 
". / ' 

1naubated with 4 Ile- ot/DTT tor 4 hr at SOOC. It va. albHCla.'t.ly oooled. 
,/ 

'to -N t.p, llide 0:) Il 1n 1ocloao.tudd. aQd Allned to .tand tor JO Idn. 

/ 
1 
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The reaction m:1xtnre was sieved.':through Sephédex G-50s as Aboye, exoept 
.. . 

for the inolusion 'of 0.]$ SOS in the equil1brating and eluting burfer. 
. . 

Ra) WilS eluted essentially ql1anti tatively as a sharp péak. at an elution 

.volume of 190 ml along vith 2 subsequent minor peaks (Fig. 28) • 

Samples of the ujor ~aj ànd Minor pHlcs were exam1.ned a t a sample 
. . 

lÇlad of 10 and, 20 ug in .,' S05-polyacryl&Jll1de gel system of Weber and .. 
Osborn (1969). On !ttaining of 'the gels vi th, Coomaasie blue, the major, 

peak showed a heavy band Along w;1. th a sharp faint band at the top Nld 

t,bottom of the acry18lll1de "gel colum (Fig. 28). Tq.e 2 m1n~ peaks did 
1 

Dot appear as protein sta.1ning bands at the concentration examined • . 
Ta determine the extent of reduction and alkylation of the Ra) 

preparation, the Sephadex G-50s peak fraction was dialyzed ovemight 

at 5°C aga1nst 0.05 M Trie-HCl burfer, pH 7.6, ooncentrated t.o 2 ml, 
, " 

preoipi tated ex 2) vi th acetone, rediseolved ~ diat Hl' and an 

appropriate aliquot arialysed for &lftino &cid oomposition. The results 

(Table IX) ab01fed the presenoe of q. oarboxymethylcyst.eine rendues, 

i.e ••. 1 residue h1gner than the nWllber of half-cystines establiShed 

by amino acid analyllis of unoxidised or performic acid oxid1sed RaJ. 

b. Acidi tiona! evidence oonoeming the oliain struoture of aa3 was obtained 
• 'If, 

as followa. An al1quot (1 Ill) of the same (initial.) eolut10n ot Ra) . 

employed for the reduction and alkylat.1on experiment. duoribed aboTe 

wa~ reduced wiUl DTT aooording to Virella md Parkhouse (1973). 

( 

____ ....... ~~e~~':':"" -:::.J;l";'l,..~>iIiiiI.ttlii·_=.Qit,!i!"';Mfflrm ... '. ~ i -"'" ~~ •... ',~ 
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Reduced Ra) was subjec~ to po1yacrylamide gel dise electrophoresis 

using the basic pH-~S system of Waohneldt (1971). A sample (l mg) of 

antigen RaS reduced in the sa.tne manner and a reagent blanlc vere run 

simui taneou sly. As shown in Fig. 29, a single major band vas obta1n~ 
r 

, ' 

for Ra) and Ra-S, along wi th several minor bands vh1ch vere, hovever, ; 

present in the electropherogram of the reagent èontrol. The m:lgratio~ 

d1stanc~s of the major 'bands vere 4.1 and 4.5 om for. Ra) and Ra5, \ 

respect1vely. As the tracer (bromphenol bIue) inoorporated in the i 

rune migrated a distance of 4.8 om, the P~llity vas p'recluded that 

additional bandes) may have migratea out-of the gel. 
'. 

vii. N-Termina1 amino acid 

The N-term:1nal amino acid of ant1g~ Ra3-1 was round ta be 

glycine. No other ~o aeid vas detected. 

viii. N-Ierminal à'!9.no acid seguence 

St:.w:!1es are in progress in collaborat.\on wi th Dr. J. :bOilaid 

Capra and 'his .. s~oia tes on the c~lete amino, acid sequence of antigen 
~ -

Ra). Studies ta date, utllizing the Baokmari automated Sequenoer have 

established the sequence of 25 residues in the N-term:1.nal regton of 

RaJ-I (following red.uct1on of the antigen vith 2-lIleroaptoethanol and 

alkylation vith iOdoa~etalltl.de!~ The sequence (Capra, J.D. Personal 

cODlllllllioation) U given in Fig. JO. 

• 

~ 
\ 
\ 
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ix. IMmunologieal propertie s 

a. Antigenic purity and specifiei ty of Ra3 ~ere establ1shed by / 

A single preclpi y imnamodiffusion test~ ri th a numbel' of antisera. 

arc vas observed for RaJ-I and -II ~ th rabbi t antiserum to the vhole 

aqueous extract (Fig. 7). Furthermore, the 2 forma of Ra) gave a single 

precipi tin arc il) a re:Ction of eo~te ident; ty wi th' rabbi t antiserum . 
raised to ·Ra)-I (Fig. 6). On the other hand, the antiserum. to Ra) , , 

failed to react w'i th antigens E, Ra4, or Ra5. SimUarly, no reaction ~ 
" 

vas observed be~eEln Ra] and antisera to the latter antigens. , . 

b. 'Ihe ineidM<pe l'of allergen1e (ou'taneous) aetivity of R~J was compar~ 

wi th that of an/tigen B: in patients senn tive 1'f whole aqueous extract 

(Greer) of' short l'agweed. pollen (assays performed by Dr. John Sant4lli). 

Cutaneous reactions vere obtained by skin pWloture tests (see Part B. 

Materials and Methods) at a fixed allergen oonoentration (JO p.g/ml). ( 

'!he incidenoe of patient reaotiv1 ty to the allergens ls given in .i..b{e X. 
\ 

Same 8~ of the ragweed senn tive patients reaoted te antigen E, vhile 

4(J1, reaoted. to Ra). a relative inoidence similar to that reported by 

Underdown and Goodfriend (1969). It i8 notewortby tha t Ra] elloi ted 

outaneou.s reaotions in 4 of thet-~O patients who failed to react to 

antigen li:, emphasiling 1ndependenoe in allergenio aotiVity of te 2 

antigens • 

o. ·H1stall!:1ne releamg actiVity of Ra) oOllPared to antigen 1 VU 

exam1ned qu.anti tatively by the in Y1 tro human leuoooyte teohnique 

.1 
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(collaborative studies vith Dr. Lawrence M. Lichtenstein (1973). Fig. )1 

shows J patterns of h1sta:m:1ne re1ease observed when 1eucocyt.es from 2) ( 

patients we~e separate1y ohallenged w1 th antigens fia) and;t ooncentrations 

t-angil'1g from 10-5 to 10-1 ug/ml. At one extreme vere pat.; t. highly 
, l ' 

sen!ritive to Ji: who shoved no reactivity to Ra), even at concentrations 

103 to 104 times higher (Fig. )la). More comm.on wet-e 1nd1viduals who 

reacted to both allergens but vere significantly less sen si tive to Ra) 

(Fig. )lb). Other patients vere about equally or .lightly more ~Si tive 

(J- to 10-fold) to Ra) (Fig. 31c). 

Table XI lists the concentrations of anUgens Ra) and E requ1red for 
1 

s!J1, histam.1.ne release. Of the 2J patients, the leucooytes of 6 did not 

respond to RaJ: 4 released histamine only wi th very high ooncentrations 
r 

of the 'allergen: 8 reacted to both allergens but: needed J to 40 tim.es 

more Ra): 4 responded more strongly to Ra). Thus, no constant relationship 

vas observed beween sensitivi ty to these 2 antigens, as has been noted 

vi th àross-reaoting anUgens suoh as i and K (King et al., 1964, 1967). 

Ant1genic relationship was studied by determining the abili ty of 

hOlllOlogous and heterologous anUsera to inhibi t RaJ- and E-induced ". 

leuoocyte histamine release (Fig. 32). 'lbe absence of common antigenioity 

.. was implied. by the finding that, in JlX)st patients, anU-JI: inhibi ted 

i .. induoeci histamine release but not that caused by Ra), while anti-Ra) 

inhibi ted the response to Ra) but not to Ii: (F,ig. )-2&). Hovever, in SOUle 

patients unexpeoted. patterns of inhibition vere observed. Thus, anti-B 

• 

/ 
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aIso caused inhibition of RaJ-induced histamine release (Fib. J2b) but 

only at antiserum concentrations 102 to 10; times hlgher than required 

to inhibit the;homologous antigen. 
... . 

In 2 cases (Fig. J2c), anti-E inhibi ted 

Œ-induced histamine relea~e and, at 10- and ~0-fo1d higher conoentrations, 

also blocked the response to Ra), while anti-Ra; vas comptete1y inactlvè. 
/ 

57 

Anti-RaJ~id not in Any case inhibit I-induced h1stam1.ne release. (Discussion 

of the significance of these findings 18 reserved to a later seotion (0, III, 2.)), 
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2. AnttSen Ra4 

h Molecular veight 
, 
/ 

/ 

/ 

j 
! 

/ 

1 
/ 

/ 

The mol wt of a preparat1~ of Ra4 oonta1ning 6lJ1. carbohydrate 
/ 

was determined by analytieal equ1:0-brium ul traeentrifugation. The 
! ' 

value for the slope of log c vs 2 vas cileulated by least square 

analysis ta be 0.157 (Fig. JJ) The partial specUie -volume of 0.731 , 

ealoulated from the amino ac Cl analy'sis (Table XII) vas adjusted for 

~arbohYdrate f.o 0.72). Su titution into the ~tandard eQUat1\n..gaVe a 

mol wt of 22,700 aal tons r 21,100 daltons for the prote:in moiety. 

11. Isoelectrie point 

Â s~le (70 0.D. 28Onm units) of Ra4vas exam:1ned in an LKB 

preparative eleatro cussing colUl'll'l under the same conditions as 
,. . 

deecribed for RaJ-. U sing the LKB Âq)holine carrier Ulpholytes in 

the' range of pH 110, Ra4 vas eluted as a sharp symmetrieal peak ld,th 

an lsoeleotrio of 8.0 (Fig. )4). 

absorption spectrum of antfgen Ra~~as determined in 0.05 M 
. ~ 

phosphate rer, pH 6.&, rrom optioal den si ty readings in the vavelengths 

58 

1.' , 
range 240 :340 lI'Il (F1g. 3.5). 'nle 0.0. profile vas typioal of proteins w1 th 

peak ab rption at 278 nm. 

• J 
,. 
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i v. Carbohrdra te 00n tell t 

In prelim:1nary stud1es, preparations of Ra4 were found to have 

variable and relatively high (> ~) oarbohydrate oontent. Repeated 

oyoling of the preparations through moleoular sieve or ion-exohange 

oolumns did not appear to recluce the oarbohydrate oontent ta any , . ~ 
signifioant degree •. Qn the other hand, the oarbohydrate and protein 

moieties were readily dissooiated on aorylamide gel dise eleotrophoresis 

at pH 4.:3 (Fig. 36). However, attempts to" \ltUbe gel eleotrophores1s on 

a preparative scale for this purpose provecl unsucoessful o'Wing ta an 

.apparent deteriorai1çm (Fig. 37) and low yield of antigen. 

A drastio reduotion in oarbohydrate oontent to the 5f, level was 

aoh1eved by preoipitating twioe at 0.6 saturation in ammonium sulfate as 
, 

desoribed in Section II, 11. No at~t wu made t6 further reduoe the 

oubohydrate content by add1 tional preoip1 taUons, owing to diminishing 

reoovery of antigim. 

v. .yd.no &cid o01!)osit1on 

The am:l.no &cid oompon tion of Ra4 (oonta1ning 6. 'JI, oarbohydrate) 

w~s determined. trom samples of 0.6' and 0.4 O.D • .2BOnm unit. atter 24, 48, 

and, 72 hrs ao1d hycirolysis (Table nI). Th. nUJli)er ,of res1dues wu round 

by caloulating the nWllber of 1II01el pel' 21,000 g ot proteine lil ot the 

ooJlllllOrÙ.y present amino acids, inclu.d1ng uth1onine, were round in Ra4 for 

a total ot 189 residuel. Tbe nUlllber, of tyroSine plu8 tryptophan rendues 

waa. approximately doubl. the nt1Jlber found for Ra). ln view ot " 

1 
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differences in mol wt ?f the 2 aJ.lergens, this finding suggested sim1lar 

extinction coefficients and provided the baSis for the 

1 0111, ! 
in this study of an absorption coefficient of 1 280 nm 

v~. Free sul,fllljl"Xl 

a8su.nt>tion made 

mg = 1.0 for Ra4. 

Free sulfhydryl oontent of Ra4 vas deterlllined by the lI1ethod of 

Rohrbach et al. (1973) urug BDC-OH tat 2 te 7 nJ'J./ml. The 612 nm absorbancy 

did not deorease with inorease in prote1.n oonoentration, ind1.oating the 

absenoe of active sulfhydryl (Table VIII). 

, 

vii. Pobpeptide ohain structure 

A sa.mple (O.ll O.O'28Onm units) of Ra4 (6.51> carbohydrate) was 

incubated for J hr at J-,oc in the medium of Virella and Parkhouse (1972) 

oontaining l~ OTT and l~ SOS. Aliquots of 0.05 ta 0.1 ml were subjected 
1 

to SDS-polyaorylam1de gel electropho~eai8 in the presenoe of 0.1% 0 

as for RaJ. Ineotrophoresis vas stopped vhen the bromphenol bll,le marker 

had travelled a distance of 4.8 cm. Sta1n1n~ of the gels with Coomassie 

blue revealed a sharp major band and J faint bands of lonr IlIObili ty 

(Fig. )8). The oontrol reagent gel vas drroid of detectable st&1ning 

oomponents. 
~ 

An estima.te of the Bize of the IIJOleoular speoies in the major 

, band was obtained tram a plot ot log mol vt vs distanoe trATelled by 

Ra3 and. RaS in 1d.entioal runs (Fig. )9). The mol vt, 22,900 daltons, 

. 
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was in close agreement w1th the value derivéd by ultracentrifugal 

analysis, 22,700 da.! tons .... Al though the faint b8l\ds of lover mobil1 ty 

required e:xp1anation, the resulta vere strongly indicative of a single 

polypeptide chain for the J;ta4 mol$Cule. 

viii. N:'Terminal a.m1no acid SeqUenCe \ 
Antigen Ra4 was degraded by the Edman procedure in a Beckman 

automated Sequencer, f~llOW'ing, redt1ction ,ot: the protein w1 th mercaptoethanol 

and alkylation w1 th iodoacè~de (collaborative studies w1 th Dr. Capra and 

his associates). The sequ$tlce ôbt&ined (Capra, J. D., personal cOllllll.lnication) 

for 22 residues in tbe N'-terminal region i5 sholll'l in Fig. 40. A single 

N-terminal acid, al~ine, was found to be present, further evidence that 
1 

;' 
the protein consiSted of a . single polypeptide chain. 

ix. Immun0log1cal properties 

a. Antigen1c pari ty and !!pecif1city of Ra4 were studiéd by imrmlnodiffusion 

wi th vadolls antisera. 
. ~ 

Single precipitin aros vere obtained in Il reaction of complete 1den~ty 

BPAR. 

and RaS, whUe 

Ra4. 

Ra4 lIith aptisera to Ra4 and BPAR (Fig. 41), eVidenoe 

of the Ra4 prepAration and Hs (antigenic) equivalence with 

to Ra4 fallsf to react w1 th antigens E, Ra}, 

ter antigens were inaotive toward ----- . 

Single precipitin aro8 vere obtained ~or Ra4 and antigen E tested 

, 
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with (NIH) ant1serum to WSR (Fig. 42), ant1genic. cross-reaction was 

evident between the antigens, suggesting the presence of a common 

antigen1c (struotural) region in Ra4 and E (and the presence and absence 

of antibodies
l to this stNoturaJ. reglon in the anti-E and anti-WSR 

, 
antisera, respectively). 

b. Data on the inoidenoe of allergenio (cutaneous) aotivi ty of Ra4 J 

(obtained by Dr. John Santilli) are given in Table X. Al though 8CJ1, of 

the ragweed pollen sensitive patients reaoted to antigen E, only 2f11, of 

these were senSitive to Ra4, a cross-reaot1llg antigen. It 18 noteworthy 

that one patient reacted to Ra4 bu t was in sen si tive to antigen E. 

. ... 
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3. Antigen Ra5 

i. Ant1no aoid composition 
i 

Within exper:1.mental error. an identical residue composition was 

round for Ra5 isolated in the present study and that obtained by the 

earl1er procedu.:re of La.pkoff and Goodfriend (1974) (Table XIII). 

ii. lsoelectric point 

l The 1.Soeleetrtc point of RaS was determined (Roebber et al •• 

1975) in an LKB preparative isoelectr:1.c focussing colW1l1. The sample 

(lO mg) of RaS was 'incorporated in a glycerol density gradient together 
1 

w:i th Ampholine Carrier ampholytes in the pH range 9-11. Aftet' application 

of 400 volts for 4 days at ,oC, the colWlll. contents vere collected in 

2.2 ml fractions. RaS was elutee!. as a sharp homogeneous peak (Fig. 4) 

at an isoelectric pH of 9.,. 
" iii. Free !Ùfjwirxl 

The Assay for free -SB groups vas performed by the method of 

Rohrbach et al. (1913) on solutions of l'taS in the conc~tration range 

of l to JO nM./ml. (Table VIII). Active sulfhydryl could not be deteoted. 

iVe Polypeptide ohain stru0ture 

Âs d.ta:Ued .• arUer (see Rart 1. of this Section), a ~gle 

band vas obtained on S:>S-aorylAmide gel d.1ao el8010resiB of RaS 

&t'ter redu.oti~ vith DTT (fig. 29), ev1dcoe for a gle po~e\>t1de 

cthat1.n struoture. . 1 
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v. !jnt1!1Qological properties 
1 

a. 'The isolation of/~tigen Ra5 vas moni tored by i!lll!!lJlodifflls1on tests 
, 

wi ti1 a goat antiseruzi to Ra5-ovalbumin previollsly. shawn ta have the sue 

/ 
specifiei ty to Ra5 las the anti-RaS antiserwl1 Ilsed in ti1e initial isolation 

/ ' 

(Lapkoff and Gocifriend, 1974) or ti1e antigan. The final preparation 

gaVé a single preoipit1n ara with the ant1serum (Fig. 4-4). 

b. Table X shows the inoidence Of 'illergerg;g (cut"aJ.;eolls) activity of RaS 

i 
(data obtained by Dr. John Santilli). An apprecUbly hj.~er incide-nce . ~ 

:::::>" • 
(approx 4CJ1.) waSl(.found in this study th. iOllsly (2~; cf. (Marsh et 

al., 197). It 1s noteworthy that, 0 ,20 patients who failad. to react to 
"' . 

antigen E. 3 reaoted to Ra5, f11n1ng the allergenic independence of 

'/ the 2 antigens. ,.~O/ 

) 
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1. lsolat.1on of the 2 Major Forms of gt1gen Ra3 

Methodologioally, the isolation of antigen Ra) t'rom f'r.action C 

of' the aqueous ragweed erlract described in Part C, I. was a variant 

of that emp!oyed by Underdo'Wl'l and Goodfriend (1969). '!hus, a change 

wu made in the Sephadex G type used for IIIOlecular siSV'ing: from 

G-lCO ta G-5Om. As a result, higher hydrostatie pressures and nowrates 

vere ach1eved as weIl as &harper and more reproduo1ble eluate peak 

patterns. In addition, in the final ion exohange s'tep, DiAE-Sephadex 

replaoed DJUE-oellulose and the eluting Tris butfer vas rec:luoed trom 

0.002 ta 0.001 M. Th1s step in ,the isolation of Ra) praved to be critioal 

and d1tficult. Critioal, beoause any coptaminants still present following 
-
DtiI-Sephadex ohromatography (Fig. J) invariably appeared in the final 

Ra) preparaticm obtained by G-50s chromatography. Diffioul t, beoause the 

separation of the s11ghtly retained Ra) peak from the unretarded peak 

(Fig. ) appeared to be aPpreo1ab1y affeoted by vèry minor changes in 

the prooedure and was likely also sensitive to batoh dif:rerenoes in 

DtiB-Sephad~x as well as in the start-up pollen. 

'!he 2 torms of antigen Ra) were numbared aooording te the 

order ''01' their elution trom Sephadex G-50s. "The yield of Ra)-I plus -II 

wu generilly 100-120 mg/kg pollen, 1.e.; siJllilar ta (al though somewhat 

Mgher than) the yields reported in the ini t:1al study by Underdown and 

G'Oodfriend (1969). It seema 'likely that the mtig .. Ra) preparer;i by 

these worlcttrs vas also a 2-cOlllPon .. t 1101ate. Detedtion of the 2 foras 

f '" ';'.t~~,~~·7J 0 
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1 
had ~ allait iqlrovement in the technique of polyacrylamide gel dise 

, 
fectroPhore~s and the use of Sephadex G-50s as a final purification 

~\t;eP. ~ 
, ; 

,II. DCvelop!!!ent of a Mole Integratoci Hethod of Isolation of Antig!?J)s 

RaJ. Ra4, and Ra5. 

1. The uthod 

A feature of the pro~èdure for isolation of the ? allergS1s 

was omission of the s'tep of ether extraction of the ragweed pollen 
1 

conventionally used in the preparation of WSR. The extract prepared t'rom 

the untreated pollen cont.a:1J{ed. of oourse, oonside:rable 8lIIOunts of pigment , 

and lipide Howevar, pigment and probably al so lipid lIere partial1y 

aliminated by DIlAE-Sephadex oolUllll ohromatography. ColUllll si&e and butfer 

molui ty lIere ohosen so as to allow passage' of the 1ol01G1 r8.glleeçl pollen 

allvgen.s (including anUgens B and K) anet reta1n unwanted (colpred) 

components. Partial. depigmentation vas previously aohleved by other 

wonce:rs (King and Norman, 1962) and early in the prelllllt study by passage 

of the aqueous extraot thrpugh large Phal'llaOia oolWlll'ls (KU/IOO) of 

Sephadex G-25. However, th1s gel talded to adsorb the basic protein 

al1 erg en 8 resul ting in trailing of the uhretarded A-peak into the retarded 

B-fraction (Roebber, 1970) 1 NJd it.,. use was theretore abandoned. 'J, 

/ 
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For molecular Size separation of Ra), 4 and 5, Biogel P-IO 
Il, 

, \ 
was selected in prèr~reneè to Sephadex G-5Om because the former retained 

pigment somewha..t longer than the latter, alloving the Ra5 to elute in 

" a pigment-free fraction. While antigens Ra.) and 4 e1uted as overlapping 

fractions from P-10, no better reso1ution was observed using Sephadex G-50m. 

~ Antigeh Ra4 had a tendeney to drag on gel filtration unless 

high salt oonoentrations were employed. This was aehieved by incorporation 

of 0.2 M ammonium sulfate in the elut.1ng (Tris) butter. It i5 noteworthy, 

(J .that the bull< of the Ra4 was eorûined to the desoending limb of the 

symmetrical peak eluted from Sephadex G-75. 

The procedure for isolation of antigens RaJ-I and II incorporated 

a DEAE ion exchange step whie,h ""as similar ta that previously emp10yed 

CUnderdown and Goodfriend, 1969) except that the cellulose ion exchanger 

was rep1aeed by the Sephadex ion exchanger. The <V-f'ficul ty of Ws 

chromatographie step noted wi th the earlier procedure was again observed 

and may be apparent from the.ohromatographie pattern shawn in Fig. 13a. 
1 . 

It was frequently necesaary to repeat the D&AlIl st-ap once or twioe te 
, . 

. aohiev'e highly homogeneous preparations. The degree of ho~genei ty of 

the preparations thereby attained was somewhat surpr1s:p1g oon~dering! 

the het that only partial depigmentat10n and rather cMe Bize separa'~on 
v ~. -\ 

was achiaved by filtration through B10gei P-IO: virtually a11 oontam1nating 
, 

oomponen ts in the P-IO trac'tion were separatèd trom Ra) by the bEAB-Sephadex 
~ . -

ste.... Some low leVel contamination w1 th DIOleoular speo1es d1f'.tterent in 

. .... 
l 

, \ . t~ 
.. l 

, 

67 

,,::i.i._~i~:- .. -" ,~ J. ':., ;#', '"t.--;~ .. ~5c~~ ;;-' ":'-JH~"" --~ 



1 

.' 

• 

s:lZè but simi,lar in charge proper.ties lIlAy have been removed by the 
': 

subsequ~t Sephadax G-50s filtration step to separate the 2 forms of 

antigen Ra;. 

Almost all non-Ra5 coftlponents in the P-IO fraction were 

confined to the unretarded fraction eluted from CM-Sephadex. Antigen 

RaS was weIl retained On CM-Sephadex .and eluted rather slow1y in a 

large volume of the single ell,1ant buffer. The final gel filtration 

steps "through Bibgel P-IO and P-4 were used to remove baseline contaminants. 

Simplifioation of the method of isolation probab1y accounts .. 
for the apprec~ably higher yields of antigens RaJ (150 mg/kg pollen) 

,and Ra5 (75 mg/kg) than former1y aohieved (100 and 15 mg/kg, respeotively). 

The inoreased yields obta:med for the 10w moleoular proteins Ra; and RaS 
. 

:rUn contrary ta the concept that such 'components are breakdown products 

of larger native stl"Uotures of the ragweed pollen grain (Goldi'àrb, 1968). 

Th, observation that Ra5 appeared in oonsiderable quantity in a 20 min 

aqueous extraot i8 aiso oontra1ndio~tory (Marsh; Goodfriend and Lapkoff; 

. -unpubl1shed Observations). In general, pollen allergens appeared ta 

pass quj,te readHy inta. the borate bu1'fered phystological saliné employed 

in the tirst extraction st;i, (Seotion Ct II, 1.) and, as found by Johnson 
~ 

1 
and Thome (1958) with grass pollen, the oell tN'all of the pollen gra:1n 

remained uni~aired on mioroscopio inspeotion • 

• 

.. ~' 
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2. Difficul ties ID the method 

l'he overlap of Ra) and Ra4 in the Biogel P-IO chrornato~ram 

(Fig. 9' led to lower yields than might otherwise be possible but this 

could not be remedied by simple changes. Cuts were therefore made 

containing the 2 allergens in one fraction and the allergens separated 

bya subseqùentCM-Sephadex step (Section C, II, 4.; Fig. 10). Ra)was 

quantitatively obtained from the unretarded CM-Sephadex fraction II-l 

and furt:her purified in the usual way. 

The method of isolation of antigen Ra) has become routine. 

The only dif'ficul ty lies in the separation of the 2 RaJ forms 

(RaJ-I and Ra)-II) by Sephadex G-50s chromatography (Section C, II, 5.; 

Fig. 14). Complete separation was achiev-ed wi th considerable losses in 
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material and time until i t was established that the 2 species are essentially 

identi.cal for the purpose of most of the chemical and irmnunological studies. 

The isolation procedure for Ra4 has yet to become routine. This ,. 
allergen appeared in several fractions on salt gradient elution fram 

CM-Sephadex when a concentration gradient was used lower than the one 
~ 

1 ~~ 

employed by Griffi ths and Brunet (1971). As alre~y noted, it vas confined 

to a symmetrioal peak: on Seph~ex G-75 ohromatography (Fig. 11) ~er 

ta the desoending branch of the peak, indicat:1ng inhol1K>gend~ tlse of 
. -~ , , ~ 

Sephadex G-75 SUPerfine to resolve ,·thk~~ attempted beoause 

early in this study it VAS ObS8lfed. that Ra4 absorbed very strOhgly to 

th1ê gel. 'Reoaltly, however, wa have used filtration through Sephadex G-75 

.... 
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superfine ,in the presence of 0.2 M 9JI'I1rionlum sulfate and have resolved 

the sytII11etrical péak from Sephadex G-?S lnto 2 peaks, the second of 

which contained aU the Ra4. lt,is anticipated that use of thls step 

will enable us to obta.in Ra4 in homogeneous form in appreclably hlgher 

yields than the current levels of 20-25 mg/kg pollen. 

Of the J allergens, Ra5 has proven ta. be the easiest to isolate 

in a highly homogeneous state. RecenUy, wi th technical improvement, 

the yield f().r RaS in.creased to 100 mg/kg pollen, still appreciably short 

of theoretical. It has been suggested (Roebber "t8t al., 1975) that the 

presence of a number of components in WSR cross-rea.c~g wi th RaS May 

partially explain the discrepancy between the RaS oontent of aqueous 

pollen extract as daterminetj by radioimmunodiffusion (Marsh, 1973) and 

the yield of the allergen ·obtained. Sinrl.lar quantitative measurements 

are planned for Ra) and R~4 using the HAST assay (Ceska et al., 1972) 

which has been reoently introduced in our laboratory for .anti~en Ra; 

(Goodfriend ànd Lundkvist, Wlpubl1shed observations). 

-III. Chemoal. md Im!!!9no1oflieal Properf4es \ l' 

/ 

1. Chem;ioal propertiés 1 
1. The moleo\Ù.ar weights Qf the 2 fortlls .0: and II) of antigen, Ra;~vere 
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found to be identioal by analytical ultracent.rlfugat4on. /1&, l.2.00'0 da! tons. 
, . 

'The preparatiOl'ls aontained approx f!J1, oarboh1d~ate. 80 that the nrght of' the , 
• 

.. 

, 
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protein moieties May be estimated as ll,OO.o daltons. 

As the amino acid oomposi tions of Ra)-I and -II were also identioaJ. 
~ , 

1d thin the varia.tion of the method, 1t 1 s unolear what difference( s) in . . 
phySicochemical properUes oause the 2 forms to separate by acrylamide 

dise electrophoresis as well as by Sephadex G-50s column chromatography. 

Charge differenoe due to unequal amide con,tent may ac70unt for the 

differential mobili ty, as found tor the vadous forms of antigen E. 

Differences in carbohydrate content may play a major role, though i t 
~ , 

\ was no't clearly established whether and ta lihat extent the carbohydrate 

~te~ted formed an :1ntegral part of the MOlecule. As the carbohydrate 
.' .\ 

content could be reduced ta the same low level of approx JI, by acrylamide 

gel dise electrophoresis, it seems likely that Ra; i8 flot, in fact, a 

glycoprotein. It will be of interest ta determne if quantitative removal 

of carbohydratè can be effected by the simpler expedient of 8lIIIlOnium SUlfate 

précipi taUon and, if so, what effeot Ws would Qave on the 4190 

electrophoretio migration of the 2 Ra; forms. 

p 

11. The Ra4 isolates contained high 'amounts of carbohydrate ( ~ 3~), 
, / 

'lIIDst 01' which at 1east, was loosely bdUnd and could be remcrved by aDIIlonium '. ' 

sulfate precipitation; Hovever, the stability of tJle preparations appeared . 
to decrease vi th 1988 of oarbohydrate as 8V'idenoed. by format.1on of vill:1.b1e 

aggregate's and reduotion in precipitin formation on illllllnodif'f'usion test, 

and no a:ttempt vas, made to oomp1etely remave carbohydrate by' further 

" 

.., 

. ,,' . 
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The mol wt of Ra4 (&1> carbohydrate) vas found by analytical 

equ1l1brium ultracentrifugation to be 2),000 daltons. Taking the 
1 

carbohydrate content into account, the mol wt of the protein moiety cornes 

close to that of the heavy chain of 8l'Itigen E, 21,800 da! tons (King, 197). 

This iends oredence to the possibil1 ty that Ra4 consti tutes free heavy 

• 
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ohain of ant1gen E. However, it should be noted that appr~iable differenc:es 

in a.Dti.po acid composition vere found for Ra4 (Table XIV) and publ:tsÇed data 

" for antigen E hea:vy chain. If these differences are confirmed, -i t would 

seem Le likely that Ra4 and antigen Il heavy chain shar~ only certain 

regions along the polypeptide ohain • 

. 
i11. Determination of the isoelectrio points of Ra), Ra4, and Ra5 showed 

that the "basic protein 'allergen" was not the MOst ~ionio molecular 
",. . ... ... 

speo1es ootained from ragveed pollen extraot (pl :II 8.0). In fact, the 

.,pI of Ra) w1 th an isoeleotrio point of 8.6 and Ra5 n'th 9.5, lay soœevhat 
'. 1 

J 

higher in the basic region, though CM-Sephadex chrolllatography did not 

conform ta thue resuJ ts. 

1v. B:videnoe for hOlIIOgenei ty of the ant1gen preparations vas obtainecl 
1 

by various phylioochell1o&l ori teria. 

All f'inal oolUDtl ohrotiiatographio runs for separation by siee as vell 

as by oharge yieldeel single ~tr1oal peak.. (Retention of Ra5 on 

Biogel P-4 (excü\1s1on 11m1 ta ),600) vas 1ik.1y due te adsorption of the 

..,. ------~/ 
\ 
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basic protein to the ge] in the presence of a low 10nie stl"ength buffer.). 

Analysis of antigens Ra3-I, Ra)-II and Ra4 by analytical equilibrium 

ul tracentrifugation gave linear plots of log c vs r 2, showing monodispersi ty 

of the preparations. 

Ra)-I, Ra4 and Ra5 migrated as a single band on SOS polYacfYlamide 

gel dise electrophoresis, ~dicating size homogen ei ty. 'The very faint 

slower migrating minor bands in the electropherogram for Ra4 which were 

tpresent in the reagent blanle gel are not believed to be contarrtinants as 

they exhibi t very différent size and/or oharge properties. They might 
~ 

oonsist of carbohydrate wi th small amoun'ts of attachtrl proteine 

Purification was usually monitored by pqlyacrylamide gel dise 

electrophoresis at pH 4.). The presence of only a single eli!tctrophorettc 

band was one of the o rite ri a for h~gehei ty of the final preparations. 

Th~ pH 6.6 bu.ffer system did not res~ in imp~ed re801ution and was 

therefore disoontinued,: basie systems eould not he used because the 

allerger;ts did not tmter the gel under these oondi tians. 
, 

On isoeleotrio fooUSMS in a glyoerol den si ty grad1ent, single 

well-defined peaks were obtained for RaJ-I, Ra4 and Ra5, showing oharge 

hOrllOgenei~y. 

2. I!!I!Ull0lodoal properties-

On Ouohterlony tests, the J allergens under .iwly reaoted w1 th: the 

eorresponding specifie' rabbi t antisera, and Ra; and Ra4 w1 th rabbi t 

mUsera to \tISR, w:l. th formatiOJl of «I.ngle preoipi'tin arcs. Ra5 d1d not 

,1 

" 
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1 
prec1pitate wi th anti,-WSR. 'This was observed prev10usly (Lapkoff, 1974) 

t . 
and we have in fact not succeeded in preparing a rabblt ant1...wSR antiserum 

whlch aiso contained antibodi"es to Ra5, nor to our knowledge has any other 

laborator:y. It seems likely that too much of thls smaU, weakly antigenic 

protein has been lost during conventional ether extr~ction of the pollen 

prior te prepara.tion of the aqueous extract used for lmmunization. 
~ 
• The:3 antigens showed no antigenic cross-reactivi ty, sinee rabbi t 

antiserum to lUlY bf the :3 antigens failed te give immunodiffusion arcs 
~ 

to the remainder. It ls recognized, however, that detection of eross-

react1vi ty in these tests is strongly depervient on reaction conditions 

and the nature (lmmune or hyperimmune) of the antiserum. 

H. The data presented in 11gs. 31 and 32 and Tables X and XI demonstrate 

that Ra] 15 a distinct allergen haVing essent1al1y no oross-reactivl ty 
. . 

wi th the major ragweed pollen allergen, antigen i. There 1s no relationshlp 

between the sen si tlvi ty to the 2 allergens in the 23 patients &ssayed by 

leuoocyte hlstamine release. In tens of relative activ1 ties in different 

allergie patients, there ls more' than a lOO,OOO-rold spread. For e~1e, 

the concentrations of Ra] and antigen E requ1red for 5~ histallline' re1ease 

in patient :3 were 1.2 and 11 x 10-4 ug per m:1.11iliter, respeotive1y, so 

that thi. patient wu about ten times mon sensitive to Ra] than ~t1gen 1. 

At the other extreme, th~ sàJl1e figures for patient 17 were 14,000 and 1.8 

x 10-4' ug/ml, i.e.. th1. patient vas about 10,000 timesJ.I.!! sensitive 

- r 
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• 
te Ra) than to antigen E. This mo~e than lOS-fold ratio of sensitivities ... 

ta Ra) and E at the srune Ume demonstrates that the Ra) preparation vas 

free from any signifioant contamination wi th E. 

In studying the immunologie al relationship of antigens E and Ra) 

by inhibition of leucocyte histamine release wi th specifie rabbit 

antisera, the expected. ptittern vas observed, i.e., antigen E induoed. 

histamine release vas inhibi tErl by anti-E antiserum and not by antiserum 

to Ra), and vice versa. HovEWer, in 2 pa.tients, antiserum ta antigen E 

alse inhibi t.ed Ra) activi, ty, and in one of those patients the homologous 

antiserum vas not effective at all (Figs. J2b and 0). 

These findings vere somewha.t surprising and require an expl,anation. 

The data, while li mi ted, vere vell reproducible in these tvo patients. 

The anti-E ant1,sel"\l.1Tl ooncentration that gave a signifioant 1.nhibi tion 

of Ra) activi ty vas 103 and 102 times higher than vas needed ta obtain 

'the same degree of inhibi tian of tne homologous allergen. The obse;rved 

inhibi tion of the heterologous allergen ma.y therefore vell be due te 

contamination in the irmnunizing DlAterial with ei ther Ra) or some Ra) 

oross-reacting coMponent. The data shawn in Fig. J2c, in whioh the 

anti-RaJ hu no ab11i ty to inhibi t Ra)-induoed hi stamine re1ease cannot 

be explained in thi s vay. 

One poulbllity i5 that the rabbit ant1-Ra~ antisel"Wll, vhich vas 
il 

not _ hyperilllllW1et ma;r not have oontained antibod.ies to some less illlllU9ogenio 
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d'\.minants on the Ra) mol.cUle. These determinants may have been tile 

same, or topographically olose to the allergenic determinants deteeted 

by the cell-bound Ig~ antibodies of these two part.1cular pat.1ents. Findings 

paralleling this phenol'llenon have been reported in $tudies on enzyme ,., 

activi ty in presence of specifio anU-enzyme antibodies (Cinader, 1967). 

Thué, neutralizing and non-neutralizing rabbi t antibodies to RNase ~ 

were shawn to exist; indeed., one rabbit consistently produced anUbodies 

which aotivated the enzyme. At present 1 t oannot be exoluded that silllUar 

aetivating, or a~ least non-neutralizing antibodies may be produced in 

the l'abb1t on immurjization with Ra; .. and perhaps other allergens as welle 

76 

However, an()~er possibi1ity which cannot be exoluded is that the J 

Ra) sensitizing preparation oont&tned a minor allergenio oontaminant not 

detected by the phytieoohemical techniques emp1oyed, one that did not 

cross-react vi th antigen Ra) and oross-reacted weakly wi th antigen E. 

Further investigation, including the use of absOrption wi th speoifie 

antibody, are required to diaoriminate be"tween these possible explanations. 

111. !he inoidenoe of patient sen si tivi ty to Ra], Ra4, and RaS was 

deterndned by !kin pWlcture test. For the assays, a single concentration 

of al\ergen, 30 ug/Ml, was emp~oyed, and patients vere oonsidel'ed ll1sensitive 

to a particular allergen if they wre skin "test negative at thls oonoentration. 

For Ws :reason, the results obtained in these studles must be oansidered 

approximate only" however, they are likely te br 0108e 

",.# \ 

approximations in 
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view of the good: correlation found between data 'obtained by skin punc.ture 

and intradermal tests performed simultaneously on individual pat~ents 

(Dr. J. Santilli, personal cOqlfDUnication). The advan tage of· the method 
~ J/ 

used was that a large number of patients could be screened for sensitivi ty 

ta several allergen preparations simul taneously w:i thout too high an 

expenditl1re of Ume and effort. 

As expected, the largest number of people were allergie ta antigen 

E (7~)( Table X), but 21% did not react to the tpajor all:ergen of ragweed 

pollen. 1 Sen si tivi ties ta Ra) and Ra5 were equally distributed (J~ in 

pach casé) indioating that the 2 allergens a~e important contributors te 

the total patient symptoms. S9If1ewhat surpris1ng was the low 1,ncidence 
/ 

of S~sitiVity ta Ra4 (2~ light of it~~ antigenic cross-reaction with 

antigen E. Of the 9~ sensitive patients tested, l~ failed ta reaot .... 
to any of the purified preparations, a reSUl t warranting further search 

~ 

for the co~onent( s) of ragweed responsible for these patients' allergy. 

nH~re 15 no obv1ous linkage of sen si tiVi ties to any grouping of the 

allergens tested. Table XV was construeted to eluoidate tilis type of 

relationsh1p, listing all possible oombinations of sen si Uvi ties. At 

one extreme were patients s~si tive to an test ailergens (l~); most 

Ra4 sensit1ve patients belong ta this group. At the otller extre.me vere 

patients in sen Si Uve to Any of the test allergens (1$). The largest 

proportion of the patient population was allergie to a ~le antig~, 

antigen E (J<:>r;'); only 2 paUeqts were sen Si tive to Ra] alone; one to 

III., 
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Ra5 ilone. Almost all the other possible combinations are present, except .'. 
(RaJ-Ra4) (RaJ-Ra5) and (Ra4). The latter would likely be found if a 

larger number of patients had been used., because sen si tivi ties not involVing 

l' 1 

antigen E were present in only a re1atively smal1 group (21~). The 

distribution of· sçnsi tivi ties suggests that eaeh allergie person has his 
, 

o.wn (genetically defined1) spectrum of sen sUivi ties to the different 

al1ergens he encounters in hls environment, and though he may be exposed. 

to ail the allergens that are compèments of ragweed pollen, he selectlvely 

responds on1y to a certain number of them. 

IV • Structure and FWlct:1on of Protein Allerg!!ijs 

• As discussed in the Introduction, a long-range dm of the present 

studies was to assist in the development of our knowledge of the structure 
j 

cff protein allel"gens wirl.:oh mediate their allel"genio funotion. Reoently; 

S'tanwrth has 'advanced the conoept that the "bridge" mechanism of interaotion 

of allergens with adjacent pairs of cell-fixed IgE antibodies for mediator 
" , 

release requires that protein allergens posseu a 2-polypeptide ohain 

structure. However, the resul ta of the present study do not appear to 
\ 

oonform to this "requirement". '!hua, antigena Ra; and Ra4 were shawn to 

have single chain structures, as prevlously round ·far Ra5. Ant1gen. Ra) 

and RaS have not been observed to d1merize, wh1l~ Ra4 had a tehdenoy to 

88gregate but only in a low 10nie strength butfer enviroJ'llDSlt 'Or tollOWing 

'reJllOVa! of carbohydrate to the ~ level. WhUé dimerization ot tllue 
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all'èrgens at the (Mast) caU surface cannot be exclUded, tilere 1s no 

compelling reason why a single polypeptide chain carrying multiple 

al1ergenic determinants (iden tic al or otherwi se) cannot "bridge" 
, . 

adjacent IgE a.ntibodies directed to these determinants •. 

Several other structural features hB;ve been proposed to be 

necessary for proteins to function as al1ergens but, excePt for a 

relativïY small size (determined by Hmi t,ati.on in permeabiH ty through 

nmcQsal :membrane barriers), none .,uld be shown ta be a common property , \ , 
for thi'~ cIa'ss of proteins ..... ftecenUy, the complete amino acid sequence 

\ 

. of, 2 allergens has become availab1e. 'Ille first allergen to be sequenced. 
d 

(al ~ough ~trospect1vely) was phospho11pase A fro,m b~e v,enom; the 

second vas ràgweed antigen RaS. In addition, N-terminal sequenoes were 

de~~ed for three other allergensi 'IM2 from cod white muscle '(17 

reS1dues), antigen Ra) (25 rendues), and Ra4 (22 residues)." nsayed 
~ . 

à:nd Sletten (1972) pointed out that a salient f-eature of the. 'l'M2 primary 

structure was the occurrenoe of Arg-Ala (x 1) and Lys-Ala (x 2). . , 

. 'lbe doublet .A.rg-Ala also appears in Ra) and RaS and there, 

intereS14ngly, ~ th Tyr a. the next res1dtle (Fig. 45). The ood allergen 

has Phe fOllowing one Lys-Ala dou,blet. Another tr1p~,et vh1ch 1, ident.1oal 

a Ra:3 and RaS 1a Ser-.A.sp-Pro. A very Iilll1lar triplet 'lbr-.A.sp-.u .. ocours 

in 'tM2\ and phospholipase A and a version of this ne- Asp-Pro 18 round 

lit Ra4" \ 

\ . 

.. 
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Another striking feature is the a.!#;sociati<ll:l of Tyr wi th Cys/2 
-"-..... 

as direct neighbors. This oocurs J Urnes in Ra5, once in phosphoUpase A 

and once in, Ra4. Ra; and cod '1'k2 have no Cys/2 in the presently known 'part 

of their st!quence. Cys-Cys bondil1g in Ra5 would necessarily-'juxtapose 

the 2 aroll1at1c rings, a doublet Phe-Tyr 1s found once, and one Tyr-Phe 
(' 

Mee in the sequence of phospholipase A., If some of the doublets and . , 
, , 

triplets mentioned above should he invol.ved in the formation of an aet1ve 

site, it can he visualized that the ac~ivi~ would be lost, for iJlstanoe 

wi th tryptic hydrolysis at (Arg-Ala-Tyr) and wi th reduotion of cystine 
, ..--

which may separa te Tyr rln~s from one anQthe!~ 

The N-terlllinal. sequence Oon81:.1 tUtes 8. po~1:.1al.ly important 
"1 , 

region in the primary struoture of an allergenioally active molecule 

(carrier re~1). The corresponding N-term1n'~ sequen& for 4 allergens 

are oo~ared. in Fig. 46. The allel,'gen1cally aotive 1M2 fragDta'lt' W8.S , ~ 

Itlzymatioally split from the native N-term:1nal reg1.on of, tha M aller8en. . ~ , 

It ia notdorthy that all' N-term:lnal aminci aaids are aliphat:1.a. Val 

ooours close to rendue l, partially ~çlacèd by Leu in Ra5 (mioro-
, . 

hèterogenei ty) and ne in phospholipase A.' The' ~irst 'ryr in the Unno 
\ 

1 , f 
aoid s8quenoé is loc~~ ver:" olose ta the N-teraz1nal' acoomp.an1ed by a 

Val in ,Ra) and Ra4, and by an' ne in phoaphol1pase Â. It' 19' poS's1ble . ' 

that Trp i8 taking the place of 'hr in .Ra,. and :'ould th~ f1,rs~ Cys/2 
"1 J 

bind to the MOODd one in the . sequence , _ Val :vould be pql1 t1.oned oio" 

, \ 
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ixcept in Ra3. the rh"st Cys/2 ocours early in the slqùence, 

and the f1rst Lys (the second in Ra) 1s at a con;>arable place in all 4 

allergan s • 

Chemioally "equivalent" a.m:1po aoids are often .ubsti tuted for 

one another by point mutations in the genet10 oode. Val and Leu appear ". '. 
at the same position 2 in RaS. One of the codons for Val, G-U-U, oould 

have changee! ta the C-U-U oodon for Leu. In,terohanges of Ser and '!br 

and Âlli and Pro oould ooour by G-C mutations. PheJrd Tyr are ooded for 

by the triplets U-U-U and U-A-U, respeotively. A question wh10h might 

b~ uked 1a whether T"cell reoeptors have aooepted these "replacements" 

or if a oonsequenoe of suoh mutations oould be the loss of b1ologioal 
... 

aot1vi ty in oessation of ·IgE ant.1.body b1osynthuis. 

'!he f02"egoing difJOuIS1Orl of 81mil~ tie. in the primary 

) , 
struotures' of 5 a1l~rgens wu prellented as an &t~t te 1nd.1oate the 

poss1b1l1 tiu ..mioh would op8'l up w1 th inoreasing ava1lab111 ~ of 

seqlUD'loe structura1~fomation tor related and unrelated protein allergens. 

f, 

81 
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1. Two dise e1ectrophoretic forme of Ra) (I and II) were i801a~ 

by oolumn chroma.tography in yields of )0 and 10 mg/kg pollen, respectively. 

The 2 forms hac! identioal size and amino acid composition and displayèd 
. . 

complete antigenic identity on immunodiffusion against specifie and 

polyvalent antisera. 

2. A oolumn chromatographie method was deve10ped for the sequential 

isolation of antigens Ra3, Ra4, and Ra5 fram non-def'"atted short ràgweed 
& 

pollen. The allergens were obtained in highly purified states as judged 

82 

, , 
by a number of phyaiooohemioal and 1rrJ1ftuntùogioal ori te ri a and in appreaiably 'r' 
higher yie1d for th~ 2 srnal.1er proteins: from 10 .. 15 mg to 75-10~ ~/kg 

pollen for RaS; from 100 mg to 175 rrJf!./kg for Ra) (I and II). 

). The "i'ariable carbohydrate oontent of antigen Ra) wu reduced 

from 7-~ to ~. by prepatative acrylutide gel eleatrophoresis, aiui of 

Ra4 from 3~ to ~ by I.llImniUl1l sultate preaipi taUon. 
'W 

The mol wt of antigens Ra; (oo~tain.ing .~ earbohydrate) and 

Ra4 (eontaU11ng ~ 'earbohydrat.e) wereitermined by equ1l1briUll1 

ultraoentrifugation to b. 12~OOO and . tOO~ daltons, rupectively. The 

180e1eetrio points were determined l'Y ilOelectrio fooussing to be pH '8.6 

and 8.0, respeotively. 1 

If. On '--nocll.1'full1on ""ÙJ'II1.. no oro ..... tigtllioH;," w" doteqf 

b._ .. ontig ... Ra). Ra4. 11&5. nor b.ln ... Ra). RaS. and IIi h"""'.j 

:: 1 
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antigens Ra4 and 1 exh1b1 ted partial antigern.10.1dentity.' 
\ 

In, a oollaborative study, the activ1ties of Ra) and 1: in 

releasing hi~ne from leucocytes of ragweecl sensitive patients were 

compared. in tne absence and presence of homologous or heterologous 

" rabbi t antiserum. The resu! ta dernonstrated. that about half the 

antigen li: sensitive patients werè also sensitive te RaJ. In most cases 

stud1ed., Ra; and 1 induced leucocyte h1stamine release ~as 1nh1bited 
" 

by the homlogous but not h.terologous antisera, demonstrating antigenic 

independenoe of Ra; and 1. However, in 2 cues, anomalou8 resul ts vere 

obtained in that Ra.) il1duoed reléase was not 1nhibi ted by anti-RaJ 
\ 

antiserwn. 

" 
In a .econd collaborative study, the inoidenoe of outaneous 

a0tiv1 tiel of RaJ, Ra4, and Ra5 vere comparad wi th, that ,of Il in ra.gweed 

sen si tive patients. The relUl ts indicated that the 4 antigens vere 

allergenioally independent. 

Antigens Ra) and Ra4 were shown to consist of SÛlg1e chain 
\ 

" 
polypeptide struoture., as demonstrated ear11er for antigen Ra5. In; 

"1 

~ " 

\ collaborative studie8, the .eqUlllee. of 25 and 22 N-tenn.1nal. amino aoid 

residues vere detemined for Ra) and Ra4, re~eati\l'ely. Comparieon of 

the .. sequenoes with tho.e or Ra5, bel venom phosphol1pue A.t md thë 17 , -

( ',' 
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Lys Phe 
of amino ao1ds: lia 

Arg Tyr 

-, 

, Ser Pro 
Asp 1n 5 of the allergens, 

Thr Ala r 

the oaaurrenoe of certain alIIino acid pairs (Tyr-Cys) and sim:1.1u' &mino 
b 

acida at or alose to the N-terndnal. 
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CLAlMS ro 05IGDJ1LITY 

1. A aolumn ahromatograp~io method was developed for the sequential 

11JOlation of antigens Ra), Ra4, and Ra5 froom non-defatted, sho:r;,t ragweed 

po:aén. 

The 2 majpr forms of antigen Ra; (l'and II) 11'81" separatee!. and 

shown to be identioal by physicochem1cal and ilJlrlunologic&l ori tena. 

3°1[ The che~cal properties of Mtigen8 Ra; a.rld Ra4 were determined; 

mol wt, carbo)Ydrate oontent" isoe1ectr.1c point, Ob~ structure, amina 

acid oOlllposition and (in a collaborative study) the N-term1nal. amino r acid 

sequenoe. ... 

4. The high and variable content or carbo~rat~ of mure- Ra) 

and 4 were shown to be capable ot reduot1on to relatively 1011 1 ... 18 by 

phys1ooohemio~ methods, indioating that tHe terbl "glyoopro'tein" May not 

be appropn.ate for these 2 al1erg.,8. 

5. The inmÏunologioal ~elationship beween antigens Ra3 and 1 was 
~ , 

, 
detemined in a collaborative study using the hWJlan leuoooyte ,histamine 

rele'" auq. 

6. In a oollaboratin study, the inoidenoe of outaneou8 aotivity 
, 

of Ra) IIld Ra4 was determ:1ntcl iD a population ot ragw.ed senn Uv. patient. 

ut11iling a sk:1n punotllr. lIl8tbod of as.ay. 
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r TABLIIl II 

~ ,~ 
1 • 

o !CID Ç9HPOSITlON Of AlT1Gg 8a1=1 

No. of 
Mol •• /ll,OOOg Rel1due./ll;Q90g 

Am.1no ~&sI, - ProteÛl Pro Win 
i _ 

LYBil1e t .. 6.6 1 
l, 

Histidi,.Jle , 2.6 ·3 

Argin:Lne 4.2 4 

ASPyt.:1o A.cid 8.4 8 
~ 

Threonine 7.2' 7 

~rlne ' :5.0 5 

{Glutamio A.oid ... , 10.3 ' 10 

P:toUn., " 6.9 7 

Glycine 9.7 ,10 

Alanine 6.6 7 

Cyst1ne/2 , 4.6 :3 
\ 

Valin, 6.6 , 7 

Methionine-

Iàoleuoine 2.8 :3 

Leucine 7.6 8 

'.5"~s1n. • 
Phenylalanine 

2.9 :3 

1.,0 7 - J 

Tryptophan 2.1* 2 -101 ' 

apee tropho ~1It.trioallyO' .. 
.., 

\-

-
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'tABLI III 

CO~M'~ OE IHI AMDIO A~~ ~OMPOSIIl.Qli~ Of liS2 IRlJ fBIfARAT~i 

• tio. or Resdlles/Mole Prgtpin * 

RaJ-I conta1n~ Ra3-1 oontaining '- , 
A!Il1Ao Acid ", ~ C&rbohYdt& * 2Qi o arbohYdra te* 1:, , 

Lynne 6.5 6.5 

Histidine 2.7 ).0 

Argirdne ).9 4.0 

A. spartic Aaid 8.;2 8.8 

Threonine 7.2 7.6 , 
Serine 5.6 5.0 

Glutamio -Ac id 11.0 U.O 

Proline 8;1 7.9 

Glyoine 9,.7 9.0 

Alanine 7.1 6.9 

Cystine/2 2.6 2.4 

Valine 7.0 6.9 

Methionine 

ltoleuoine 2.7 2.2 

Le,uo1l:te 7"~ 7.5 

Tyrosine 4.0 . )·9 

Phenylalan1ne 7.~ 7.0 r 
( 

. *A'lWIing 7.0 rendu .. of phenylalanine. 

**Bued On amino aoUl ana1y.e. of 2.4 hr hyd,roly ... tel. 
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CARBOHXPMTI Cœ11JiI OF l'HRR}a3 P~WT19HS 
,/ 

Arabino!t8 
Sttpdvdl (ug) 

/ 
OC 
~ 

, Caz:boJl,Yd.rat. conttnt 
il ! 

5 

10 

. 
" Ra) (I + II)* 

. 0.29 mg 

in duplioate 1 
-n 

in duplioate: 

Ra3-11** 

'" 0,.;21 mg 

in dup110atel 

" . 

0.019 

o.o~ 

0.090 

0.122 

0.164 

0.122 1 

0.041 . 
0.048 

0.029 

1 

) , 
29.0 

10.5 

* FrotIl an Ra) preparation atter DSAI-Sephadex ohromatography 

(Fraction I11-2). 

1 • 

10.0 

).0 

. , . . ** From 'preparati .... poly&Ory1udd. Sel e1eotrophorta1s Gf fraation In-2. . , 

( . 

DdL &!t..J 
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" .. TABLBj V ~ 
~~IIAL AMIlio .. cm COMPOSITION OF PRomc #.ClD OX-IDM RarI 

No. of Residue./ 
A1Wl2 Acid W!!91e. * Mole of Prote1l1 ** 
Aapart1c Add 

" 
0.204 7.9 

f 

G1uta.m1c Acid .... , 0~294 1.l.4 

Proline 0.i92 7.5 
. 

Glyoine 0.2;0 9.7 

Alanme 0.169 6.6 

Cysteio Ao1d 0 .. 07) 2.8 

Valine 0.17;3 6.7. 

Methionine Sulfone' .. 
l 80 leuoine 0,,079 3.1 

Leuoine 0.2~ 8.6 

Phenylalanine 0.1BO 1.0 

*eued on amino aaid an&ly ••• of 24 hr hydroly .. tes • 

**Àsl!lU1ft1ng 7.0 rendues of phatylalanine. 

Nearut 
Ia)fier 

8 

11 

8 

~ ,10 

7 

3 
----- ... ----
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t !ABLI VI 

'0 
COMPABJ;SO~ OF THI AMlljO AC~ ~O~SlTlQliS O[ B!J-l, ~Q BaJ:~1 , 

t 

. ) No. of Moles/n.Ooqg * 

A!!!1no.Aoid !i!J:l RaJ-II 

L;ys1ne 6.4 7.2 
• 

Histidine 2.5 2.7 ". 

Arginine 4.0 4.'2 

Aspart1e Âc1d 8.7 8.6 .. 
Threonine 7.0 7.0 .. 
Serine 4.7 4.9 

, 
Glu tamie Acid 10.5 9.9 

Proline 7.1 8.2 

1 
Glyoine 10.4 9.1 

Alanine 7.0 6.4 

Cystine/2 2.0 2.8 

Valine 6.6 .. 6.) 

Mèthionine '-
laoleuoine 2.7 J·5 . 

r; Leucine 7.7 7.6 

Tyrosine 2.8 2.9 

Phenylalan1l1e 6.9 • 6.2 

* Ba sect on amino aoid anaJ.yses of 24 hr lVdrolysates. .. 

• 1 
"-

1 
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, \t SULFRIpRYL CONTINT OF RaJ-I 

~~ 

Free SIÛ~ry1 Protein Concentration 00
412 DM/ml. MIM 

BSA. 10.) 0.087 0.64 
1 

t 
t 

Ra) 16.7 0.026 0;15 

t:- , 
~ 

r t 

., 

• • 

• 
J. ~ ,/ 

1 
1 
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. TAB~1i: VJ;J;J; 93 
" / 

OETlRmATlQI OF SULFHYDRYL COliIaiT 
"*' ' 

Protein CO'rloentrat1on OptJ.Oal Density 

~t Protein . 
nM/!!Ù. ft 612 nm .. 

~ 0 1.050 

4 0.938 
<0, 

8 0.757 \ 

12 0.618 

16 0.415 

" . . 
. Ra) 0 0.813 

1 

2 0.772 

.!<' 
4 0.820 

1 6 0.796 . ., 
\ " 

B 0.768 

" 10 0.800 

( Ra4 0 j 0.995 
"-

2 1.060 , 

~ 
1.040 

A 

0.984 . 
~ . 

7 1.100 
,.4 

~ 

t\ ~ 0 0.549 
., 

:r 0.551 
(» 

5 0.542 
\ ( .. 10 0.539 , \ 

\ 

M 15 " 0.540 

20 0.556 

• 
.. . "', 



• 

-
[ 

\ 
l , 

'. 

.. 

.. -.1 

./ 

.... 
" 

- - ---

TABLE IX J 
f 

PARTIAL AMINO AeIO COMPOSITION OF RiDUCED ~ ALKYLATID RaJ-I 

Aspartio Acid 

Threonine 

Serine 

Glutamie Acid 

Proline 

Glycine " 

Alanine 

Ca~boxymethyl Cysteine 

Valine 

Methionine 

Iso1euoine 

Leucine 

. Tyrosine .. 
Phenyhlanine 

0.09) 

0.068 

0.041 

0.102 

0.064 

0.096 

0.07) 

0.039 

,0.066 

,0.0)) 

0.079 

0.028 

0.069 

- ~ 

No. of Residue sI ' 
Mole of Protein':<* 

9.4 

6.8 

4.1 

ID.) 

6.4 

9.8 

'7.4 

).9 

6. '1> 

8.0 

• 2.8 

*Based on amino acid analysis of a. 24 hl' hydl'olysate. 

** A ssuming 7.0 phenylalanine residue s • 

œt J'tU A._ "lb L 

Nearest 
Integer 

9 

7 

4 

10 

6 

4 

7 

) 

8 

) 

? 

/ 
/' 
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TABLE x 

3{lN PUNCTURE msr:of 95 RAGWD:D sç;SITIVI PATIliNTS 

)lm PURlFIBP ALLIRGDS 

,Number of Patients wi th 
All ergep * Po si ti ve Sein Reac t10n s * * .1. 

Agi 75 ?9 

Ra') J7 39 

Ra4 19 20 

Ra5 J7 J9 

*Eaoh allergen vas tested at a oonoentration of 30 PB/ml • . , 
* *or the 95 patients who vere *1n test pori Uve to aqueous 

ragweed extract, 15 (i.e. l~) d1~ not react to any of the 
pur1fied allergens. ~ 

95 

1 

0, 
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. UBLi XI 

L&lJe~fti HI~T~~ RBitEASil lN '~NSi 1'0 MTIGDSj/Ja> Ra3 '. 
, • 1 

, 'Ântigen Concentration ter 5 
H seRe s 0-

pono~ Ag Ra3 

8 Not s~sit1ve 5 2 

~ " " 4.0 

16 " " 1.6 

'15 " " 1.4 

14 " " 1.'0 

11 " " 0.-33 

17 14,000.0 1.8 

19 1,606.0 50.0 

7 810.0 11.0 , 
~ 

4 220.0 0.3 

2l 50.0 3.0 

18 45.0 0.14 

6 17.0 1.0 

2.3 , 15.0 1.2 

2 10.0 4.5 

13 10.0 0.32 

5 1.0 2.1 

1 4.8 10.0 

10 3.8 " 0.35 

22, 2.0 0.68 

3 1.2 11.0' 
~ ~ 

12 {).44 0.92 

20 ll~* 2"* 
~( 

* Maximal hilltaJaine release. 

A 12& W11.t:.-
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TABLE XII 

e " 

AMmO Aero COMPOSITION OF ~ Ra4 

Mole sl Zl.OOO!, / 

Âverag~or (" Nearest 
Âmlno Âcid ~., 48 hr 22 hl' i!traeolated Moles ;w,teger - j 

Lysine 17.) 15·8 16.3 
~ 

16.4 16 ' . 
; Histidine J.7 ;.5 ;.6 3·6 4 , 
• , ' Arginine 8.2 7.3 7 .. 1 7.5 8 
JI 

Aspartio Âcid 25.1 25·0 22.8 24.3' 24 
, 

l'hreonine 11.0 10.7 10.6 11.2 11 
~ 
Ij: Serine 9.7 10.4 9.4 9.8 10 
l 
f 

Glutamic !cid 13.6 13.6 13.7 1).7 \ 14 
~ 

\ 

'" 6.) 7.6 '1 Proline 7.? 7.2 

Glycine 1,4.5 14.7 14.6 14.6 15 

f Alanine 1.0.9 11.4 10.9 11.1 11 

) Cystine/2 4.) 3.0 4.3 ).9 4 

Valine 11.1 12.1 13.3 12.3 12 

Methionine 4.1 3.0 ;.2 4.1 4 
. • Iso1eucine 10.6 12.2. 13.0 1).0 1; 

Leucine ,12.7 12.8 12 .. 8 12.8 13 
... ~'1 , 

Tyrosine 9.1 9.7 9.7 9·5 10 

Phenylalanine 8.3 8.3 9.1 8 •. 6 9 

Tryptophan 4.0 * 4 

* Spec trophotol1e"ttrically d..~m1ned. 
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TABLE Xln •• 
/ 

»iDO ACIp COMPOSU,Pfi OF ANTIGliiN RaS 

Anlino Aoid 

Lysine 

Histidine 

Arg1ninê / 

ASPa~;~ Acid 
/", 

/ 

Threonine 

Serine 

Gluta.mic Acid 

Proline, 

Glyoine " 
, 

Alanine 

, Cystine/2. 

Valine 

Methionine 

lsoleucine 

Leuoine 

Tyrosine 

Phenylalanine 

Î 

/ 

Jio. of Res1dues/Mol! Prote;1,p 

R!gent Isola te * Repo rted. ** 
3.8 

a 

1.7 

o 

J.8 

4.5 

).4 

4.0 

o 

J.7 

o 

1.9 

1.8 

o 

).9 

, J.O 

J.7 

o 

o 

98 

*Values vere averaged tram ana~s1s ot 48 Md 72 hl' aoid hydrolysate., # 

assuming 4 gly'oines per mole RaS. 

**From Lapk~tt and Goodtrlend (1974). 
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• 1 Pi 95 RAGwp;Q ALLtmIC l!fllNTS' 

Allers!!! C()II'.Ib~a:!::1on8 

B. Ra), 'Ra4, Ra, 

l,. Ra), Ra4 

B, Ra;, Ra5 

1:, Ra4, Ra5 

Ra), Ra4, Ra5 

Ra), Ra4 

Ra), Ra, 

Ra4, Ra5, 

1, Ra) 

i, Ra4 

~, Ra, 

1 

Ra) 

Ra4 

RaS 

Non. . ' 

. , 

1 

Number of Patienta w1 th . Positive Skl.n Reactions 

12· 

2 

12 

2 

l. 

,0 

0 

1 

l 8 

) 

7 

,29 

2 

0 
1 \ 

1 

15 

100 

, ; 

'\ 

'. 
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FRACTION C-
~ SEPHADEX G50-m 

·FRACTION C III' . 
~ DEAE-SEPHADEX 

FRACTION C 111-2 

SEPHADEX G-50s 

y 

Ra31 Ra311 

" 

F1gt 1. lso1at1C1l or mYJ!Il8 Ra3-I and Ra3-I1 'rom DBAB-cilltùose tractiop c • 
• 

'" 

- ,. 

... 

'\ 

, , 

...... 
f3 



fi] 2 4 ,liS a 22& AtZ,j , ELU; :; 4yt44U, "'_,n>l"..,...,,,,,,, .. .;tiCS l'-'-~- "'~""""" 

;: 

• 

.. 

~ 

""" 
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600 800 1000 1200 1400 1600 

VOLUME OFELUATE (ml) 

ru, 5. l{oleelÙ&r !1!!1ng of f~ICt1CP c thl'Ough Sepgads''G-50 !!!d1u!. 

Ra-' -..s loealized to the t..hhd ahrola&"tographic peak (C-IU). 'nle eolWll1 bed 

vas 5 x' 95 cm, the eJ.ut.ihg bu1'f'er ,was 0.05 Jo{ Tria Hel, pH 7.6 ancl the 

fiowrate waS 60 ml/hr. 
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lU. 3. DMl-SftbèsrJ chroll&!fgnphy or tract.1ol) C-PI., 

RaJ was local1sed to. peak 2 CC-IU-Z).. The C01ÙBn bed vas 5 x 25 ca. the eluting 
~er vas O~OO1 H Tris-HC1. pH 7.6 and the nowrate vas llO"ml/br. 
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lige 4_ PglYaCUl"tJ!?14t d111C1 fl,estrophot,l1s ot Nlt.igm Ra). 

a.' Ra) (1 + 'II) troa trtotion C-III";2. 
b. Ra)-I, traction C-III-2a. 
o. Ra)-n, traction c-nr ... 2b. 
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tu. )·5. Stp,nt19A ot Ra3-I 81'Om Ra.;r.U 'w jel tAtr,t.1on 
thmugh Stphadg a-' s.rrm.. ," ... . 

. TA. aol~ béd w .. 5 x 9S cm, the but!,r ",s 0.025 A 
Tris-HCl, pH 1.6 ad tll. fiovr,te VII 20 'tAl/hr. 
A-C repl""ct oonaecut1T' step. in th, purifioation or 
Ra)-I! (fraction c-m-a). 1)- ahOVI th, tinal oyoling 
or Ra3-! (traction C-In-2&) throllgh th, '&III! 001.&.. 
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Fig. 6. Immnnodiffusion asalisis of antigens Ra3-1 and Ra3-II. 

'!he antigan concentration vas 0.20 mg/rrù.. 
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PARTIAll y DEPIGMENTED WSR 

1 BlàGEL P-10 

, - ~ J l 
FRACTION Il FRACTION III FRACTION VI 

CM-SEPHADEX , J DEAE-SEPHAOEX , CM SEPHÀOEX 

FRAC1fON 11-2 FRACliON 111-2 FRACTION VI-2 
'SEPHADEX G-75 ~ 1 SEPHADEX G-50-S , BIOGEL P-10 

FRACTION 11-2a i _ Ra5 
AMMONIUM 1 i 
SULPHATE 
PAECIPIT A TI ON Ra3 1 Ra3 Il 
CM SEPHAOEX 

Ra4 
.oï. 

Fig. 8. Chromatogtapè1c procedures for the isolation of antiSens Ra], Ra4 fnd RaS. 
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SpecUie anUsera vere used to loealize ant.igens to their respective peak 
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the co1Wlln bec! vas 2.5 x JO cm, the bllffer vas 0.05 M phosphate, pH 6.8; 
0.35 M NaC1 vere incorporated in this butfer for the second chromatogrllphic 
s'tep. _ The fiowrate was 100 ml/hr. 
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F1g. lI. Gel .fllkatidn or fraction 11-2 thrQugh S.ph!dg G-Z5 
_~.a - ( 
IIIGI.lêWll. 

" 

. The aolum bed 'lfaa 2.5 x 90 0111, the bu.rrer vas 0.05 M 
,Tris HOl., pH 1.6 oonta1n1ng 0.2 M (NH4)2 504- The tlov 
vas 1.5 ml/br. Ra4 vas localiser! to the clesoend1ng 
brinah . ot th. lII&1n peak. b. abows th. 1ast ohromatographie 
~. ot ~ pool ot :3 eu ta (a.) \ tbrough . th. ... eolWlm • 
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Fig. 12. Sa.l t gras!j st !lllt10n or rraction li-lA (af~r ammon1wa sul.!ate prec1pi taUon) 
t'rom CM-S'phlldex. 

The co1UJ11l bed vas 1.5 x Zl cm, the starting bllffer vas 0.05 M phospha~ JJH 6.8. 
The gradient consisted or 0.5 1 of start:1ng bll.ffer .and 0.5 1 of the same bu.ffer 
conta.1ning 0.5 K NaC1. The fiowrate -vas 28 ml/hr. 
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The eo1umn bed was 2.5 x JO cm, the eluting 'butrer w~s 0.001 M Trls-HCi, pH 7.8 
and the nowrate wa8 60 ml/hr. The eut in "a" vas recycled through the Saille 

column and eluted as a separate peak Ch). 
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F11J' 14. Gel Wtrat.1on or trtqt.1on IU-, tbroW S!DbIdM 
,1 G-SO mtrf1n •• 

, . -
Th. oolWll1 bec! val 5 x 90 011, th. elut1ng bu.tter 
vas 0.025 M Tris-HOl, pH .7.6 aM the fiowrate vas 
25 ml/hr. The Ra3-l: out (a) vas reaycled tw10e on 
til. .... oolWll1 to obtam a ...,..t.r1a&l peak (b). 
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ris. 11'. Gel fil traYon of .RaS on BieRe! P-4. 

\ 
'!he column bed vas 2.5 x 90 om, the elut1ng burfer vas 0.025 M Tris-HCl pH 7.6 
md the nowrate vas 25 ml/hr. 
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FU. 19. 'olyagn1p1d. gel d1pc ,1ectrophol'eGs 'lt pH 4.3 
of 1Q~e;ep Ra4 • 

• Â 8...,11 (15 ug)' 1'1'0. a 6~ .-oniwa sulfate preo1p1 tata 
V&S run on th. lel to th, 18ft: th. s ... UIOunt 6~ a 
8~1 • .t'rom 'a ?fil, aIIIIOn1U1l sulfate preo1p1tâte Wal l"Un 
on th. gel. _ to the r1ght • 
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"MY' 24. Bioge! P-JO chromatographl or !Il HarI preparation. 
J 

The colWlll bed was 2·5 x 90 cm, th. elut1ng bufi'.r was O.02~ M Tris-HCl, pH 7 .. 6. 
RecycJ.1ng of eut e (a) through th. same eollDll resultecl in ehromatogram "b". 
Recycling of a siDlilar eut from "b" yielded chromatogram "e" .. 
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lig. 25. Gel tU trau.on of t'raction IU-2 through Seph!dex a-50 su.perf'ipe .. 

The colwm bed vas 5 x 90 cm, the eluting butter vas 0.025 )of Tris-HCL, pH 7.6. -
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Fig. 26. I)ssitol!!ter traces ot 2 polIacrY1&Dd.de el.sctropherogramse , 

A. s.q,le (10 J,lg each) ot an RaJ-I (above) and. an RaJ-ll (be!ow) 1sqla.te from 
preparative polyacrylanx::l.de electrophoresis vere analyzed by the rodtinely used 
pH 4.) dise elecu-ophoretic system. 'llI.e Côomassie blue stained g~ls ~re ~ed 
to obta1n den si tome ter traces. " 
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'1g. 28. Sephadex C;-50 IRlperfine chrolUtograph,y of (a) native .œ (b)' rèduceri apd a.l.kyl,ted 
l!!J:.I. 

'!he co1W11l bed was 2.5 x 90 cm, the butter in -a" was O.Ol·"rphosphate, pa 7.1. The 
buf"fer in "b" conUùned O.l~ SlS. Use shOlGl 18 the electropherogram of an S>S 
pol.yacrylamide gel run of a ~le (20)1g) from the sh,aded peak fraction (b). 
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