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STRACT . -

A colum chromatographic methed waﬁdeveloped for sequmtial
isolation of antigens Ra3, Rak, and Ra5 from short raguoed pollen.

Two major forms of antigen Ra3 (I and II) were saparat.qd'atxd
found to have the s;lme mol wt (12,000 deltons) and amino acid composition.
Their variable carbohydrate content (7%-20%) could be reduced to k| b}:
preparative acrquxgﬁ.de gel electrophoresis.

L v

Antigen Ra3 was shown to be allergenically independent'of )
' (
XS

antigen E by direct skin test or by histamine release Srom lesucooytes \\
of ragweed sensitive \patimts. iy "

" Antigen Rak had a mol wt of 23,000 khd an isoslectric point
of pH 8.0. 1Its amino acid couposition showed the pr;senee of all tomon/
amino aoids. 1Its carbohydrate content (30-100%) could be reducgd,f%o’
the &% level by anmonium sulfate precipitation.

Qn im.modiffusion test, Ralt cross-reacted with the major
allergen, antigen E, but the citaneous sensitivities to these 2 allergens
wpre not asmsociated. '

' As previously shown for Ra5, the Ra3 and Ralt proteins were

found to have a single '‘polypeptide chain structure. In a collaborative
study, N-tprminal amino acid sequences were determined for Ra3 (25 residues)
and Red (22 residues), the features of which were compared with Ra5 and

other p'rotein allergens.
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Une méthode de chmmatographie sur oolonne a été développée

pour isoler successivement les nétiglmas Ra3, -Rak et Ra5 A partir du

T

pollen de Jacobéde. s
Les deux formes prirocipales de 1'antigéne Raj (I et II) ont
été separées; la mame con‘xporgition en acides aminés ainsi que le méme
poids moléculaire ont été démontrés pour ces deux formes. Leu‘r contenu
variable en hydrate de carbone (7-208) a pu étre réduit & ¥ pa{-
électrophordse sur gol acrilamide préparatif. . -
L'antigane RaB a une activité a.llergénique independante\g ’
'celle de 1'antigine K. \Les épreuves par application directe sur la
peau de patients sc;xsibl s au Jacobée et par libération d'histamine&e
le‘urs leucocytes #pportent cette conclusion.
. L'antigéne Ralt possdde un poids moléculaire de 23,000 &t un
point isoélectrique au pH 8.0, Tous les acidées aminés communs entrent
dans sa composition. Son contenu en hydrate de carbone (30-100%) a pu
dtre réduit % 6f par préoipitation avec du sulfate d'ammonium.
' Ralt a révéléd une x;éaction croissés, durant 1'épreuve
d'immunodiffusion, avec 1'allergime principal (antigéne E) mais la
sensibilité cutanée au h2 allerghnes n'a‘pas été associde.

. Comme i1 a été démontré avec Ra5, les parties protéiniques de
Ra3 et Ralt ont révélées une structure d'gno seule chaine polypeptidique.

"Par étade collaborative, la séquence N-terminale d'acides aminés a 6té

déterminée pour Ra3 (25 résidus) et Ral (22 résidus), ces caractéristiques
sont alors arées svec Ra5 et d'autres allergimes protéiniques.
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This study forms part of the effort by numerous investigators
to isolate ax:xd characterize the components of plant pollens that are
alletgenic in man. Much of this effort, including the present work on

* antigens Ra3, Ral, and Ra5, has centered on the pollen of short r:agNqu
(Ambrosia eliator), the most frequently implicated ineitant of acute ‘
allergic reactions on the North American continent. An account of the
allergens of short ragwéed polien is given in Section I: in the section '
followin"g we outline the :.lmmediate and long-range objectives of the '

present study.

I. The Allergéns of Short Ragwsed Pollen

. _ 1. Antigen E : " “

The report by T. P. King and associates (1962, 1964) on ragweed
pollen antigen E marked a turning point in the history "of allergen research.
This was the first mscromolecular allergen to be isolated in homogeneocus
form, an outstanding achieverg:ent made po‘sai‘ble by application of the newly
developing techniques of gel filtration anfl ion exchange chromatography.

The oritical element in King's methodology was the division of
WSR (water soluble ragwemgd from ether extracted pollen) into a
relatively cationiec fraction C and ibii‘i:i&ely anionic D fraction by
DEAE-cellulose chromatography. YAntigend E and, later, antigen K were
obtained by column chromatographic processing of the D fractien. (In
contr:ut, the allergens exuﬁnod in the present study were initially




isolated from fraction C:) Mol[ecular‘ sleving of fraction D through
Sephadex G-100 yielded peaks D-I to D-VII, of which D-IV contained antigen
E. The D-IV fraction could be further subdivided into & differently charged
forms of antigen E, IV-A'through =D, sccording to the sequence of_their
elution on TEAE-cellulose chromatography.

As indicated by their behaviour on ion exchange chromat&graphy,' |
the 4 forms of antigen E were negatively charged at neutral pH. In a
recent study (King, 1972) employing isocelectric focussing in polyacrylamide
gel, their isoelectric points were shown to be approx. pH 5. 1
‘ The 2 major electrophoretic forms of ﬁﬂgw £, IV-B and IV-C,
were fgund to have identical molecular weights (37,800 daitbnS) and amino
acid compositions. The co'npositiox?s ghowed no unusual fgaturos which might
distinguish these allergens as a distinct sub-class of protein antigens,
except perhaps for a relatively high cystine ‘content (7 half cys?f?;nes per
molecule). (Analyais\ gave 0,3 - 0.6 moles fres sulfhydryl per mole protein;
the presence of a single cysteine residue might explain, at least in part,,
the tendaicy of antigen Y in solution form to aggregate with time.)

Analysis showed a carbohydrate content of less than 0.5%
(measured as arabinose) which could only be considersd as contaminant. As
will be discussed in Section 1T, this finding was of fundamental importance
to the development of the concept of allergenioity..

In Attonptsfto prepare allergenically active fragments of antigen
!; King et al. (1964) n*‘bud{ed the effect of proteolytic ensymes on the
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allergen. Native antigen E was not digested by /trypsin, ckﬁwfrypsin and
papain. While digestion was observed with pepsin, the pH (2.0) of
incubation employed rapidly led to denntura‘t:i;m and inactivation of the
protein. Treatment at near physiological pH with the bacterial enzyme,
Nagarse, led to extensive degradation but was accompdnied by,a 1000-fold
decrease in its skin activity in pa;.ients and the loss of ability to
precipitate specific rabbit antiserum (King et al., 1967b).

‘ The allergenic activity of, antigen E was dependent on maintenance
of the strudtgf;l integrity of the protein. Thus, conditions which generally
mduc;ed conformational change, such as exposure to axtreme pH, protein
denaturants (urea, sodium dodacylsulfato, guanidine); reduction and \
alkylation; extensive modification ofei-amino groups or B=- and ¥ -cnrboxyl
groups, invariably resulted in marked reduction or virtual elimination of
the biological activity of antigen E (King and Norman, 1962; King et al.,
1964; King et al., 1973). ‘

Antigeﬁ R was recently shown to consist of 2 polypeptide chains,
a lightl (=) and heavy (B) chain, of 13,000 and 25,000 daltons, respectively.
Griffiths (1972) separated the 2 chains by roduct:_!.on and carboxymethylation
of antigen E followed by chromatography (on Biogel A-5m) in the prennco of
guanidine -HCl. On the other hand, King et al. reported (1973) that
dissociation of the 2 chains could take place without prior reduction -of
the disulfide bonds, by heating at 50°C in SDS buffer, or by modification
of 1ts £-amino groups. Allergenic as well as antigenic activity were lost

Y




85 a consequence of 'ohain separation.

The content of antigen E in ragweed pqllen was estimated to be '

64 of §e pollen protein (King et al., 1967b). The éontribuf:ion of the |
protein to the allergenic activity of the whole extract was measured by

the decrease in activity of the extract after precipitation of antigen E
with specific antiserum (Ki;xg et al., 1964). From the decrease in cutaneous
sctivity of the supernatants tested in 8 ragwesd sensitive patients, the
authors concluded that antigen E accounted for at least 90% of the activity
of WSR. Supporting evidence was provided by Lichtenstein et al.‘ (1966)

who showed by leucocyte sensitisation that, of the fractions D, D-I;I, D-1IV
and D-V, antigen E (D-IV) was most potent in releasing histamine from humsn
leucocytes.

Although there seemed little doubt that, with the isolation of
antigen E, the most active of the causative agents of ragweed sensitivity
had been found, there was :anr:uing evidence for the existence of additional
ragweed pollen allergens. /’//

Lichtenstein et al. (1966) observed 55/31: LY un:;qua pattern of
sensitivity to different ragweed po}lon ant/igémt characterizes the leucocytes
of esach individual®. Ishigaka et al. (1986) reported 2 allergic sera that
did not give P-X reactions when skin s/itfs wers challenged with antigen K
but did with orude ragweed traqit.ion (King et al., 1964). Wherseas Norman
and Winkenwerder (];96?) roport/‘Ld ] at patients undergoing hyposensitization -
treatment tolerated higher do/-. of antigen B t.hu{‘wsa, Reisman et al. (1966)

/AN /
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' observed that clinical treatment with antigen E was not in all cases as

»

beneficial as WSR.

; ' The existence of ragweed pollen allergens other than K was
g* ' . demonstrated in the following years in the isolation of allergens which

either shared partial immunological {.dentity with antigen B (antigen K,
King et al., 1967a; BPA-ﬁ, Griffiths and Brunet, 1571) or were antigenically
and allergenically independent (Ra3, Underdown and Goodfrisnd, 1969; Ra5,
Lapkoff and Goodfriend, 1974).

b 2. Antigen K
. ' A second ragweed pollen allergen, antigen K, was 4isolated by
King et al. (1967a) employing essentially ths same methodology used for

‘ . antigen E. is the a}'ﬁrge and molecular weight (38,200 daltons) of antigen
K were quite similar to that of antigen B, the preparation of both allergens u
in good quantity proved to b\j difficult. An alternative and apparently
superior method for the separation of both allergens was recently developed
by King (1972). The method was based on ammonium gsulphste gradient elution
from a column packed with WSR precipitate-celite mixturs. The application
of this technique for isolation of other pollen allergens has not yet been
reported. ' |

The amino acid tcomposition of antigen K was distinct from tha‘t
of the major 'mtigeu. As with antigen B, the small amount of carbohydrate

deteoted (£1%) was considered to be most likely a contaminant.
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Immunological cross-reactivity between aniigens K and E was

T

&,
déd\k'b& from the following: A reaction of partial identity was observed

on immnodiffusion of antigens E and K with rabbit anti-WSR antiserum

-~

and with some (though not all) antisera separately raised to each antigen;
w . f
sensitivity of human leucocytes to antigens B and K was found (King et al.,

?’;{:»s :f,_,(j m\(h .
& - - -

1967a) to be not a random occurrence in ‘the allergic population, but

"closely linked, with a corrslation coefficient of 0.87 (p & 0.001).

3. Antigen Ra} .

The more cationic DEAE-fraction C provided the source for the

preparation of antigen Ra3, the third ragweed pollen allergen to be
isolated in what ;ras considered to be a highly homogeneous. form (Underdown

) and Goodfriend, 1969). By analogy with Sephadex G-100 fraction D-IV, a
G-100 fraction C-1IV w;s further purified by TRAE-cellulose chromatography.
The more retarded TEAE-peak, C-IV-2, contained Ra3. {

[N

Homogeneity of the antigen was established by analytical

ultracentrifugation, gel filtration through Sephadex G-100, TEAE-cellulose

. chromatography, polyacrylamide gel disc electrophoresis, and by immuno- >
g diffuston analysis with snti-Ra3 and anti-WSR antisera.

: ‘THe properties of Ra3} differed markedly from B (\and K). It had
less than half, the mol wt (15,000 daltons), a dissimlar u;ﬁno acid
composition, and an appreciable carbohydrate content (13 pe&- cent) which
spparently ed unchanged through re-chromatography on gel and

ion-exchange columns. {(The allergen was t.ixorofora considered to be a
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glycoprotein, aithough coval'ent carbohydrate-protein linkage was not
(G rd

4

established.).

R

No cross-antigenicity between Ra3 and E was detected on immuno-
diffusion analysis with corresponding rabbit anti sera.
The incidences of human sensitivity to Ral and E were found by

direct ‘skin test of 46 ragweed sensitive patients to be 44 and 748, 7

-

¢ -
respectively, i.e., some 1 of every 2 patients were sensitive to .thé newly

isclated allergen. Furthermore, half of the Ra3 sensitive patients gave
*c‘uta.neous reactions (on a weight basis) equal to or greater than antigen K,

so0 that the contribution of Ra} to totsl sensitivity of ragweed alleréic
patients'was likely more than minor. The finding that half of the antigen E
sonsiti;ro patients were unreactive to Ra3 suggested the 2 proteins were
allergenically independent; further evidence was obtained from in vitro
anaphylactic and cross-neutralization studies (Underdown and Goodfriend, 1969).
" Further studies on the isolation and physicochemical properties

of intigavn Ra3 (Rosbber, 1970) showed the presence in column chromatographic:

eluates of 4 components reacting with aiti~Ra3 antiserum but differing in

charge and/or sige. This siggested the possibility that Ra) exists in
severs) closely related forms. The major for:;t of the antigen, Ral-B was
shown to be closely similar to the preparation of Underdown and Goodfriend.
Small amounts of 3 minor forms (Rl)—A,/-C and -D) \:ere i1solated in a 3

el
homogenecus state as judged by gel chromatography and polyacrylamide diasc

slectrophoresis. The 4 forms gave single precipitin arcs on immunodiffusion

"N
. \
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"test with antiserum to Ra3 in a reaction of m‘dgenic identity while amino

acid ‘analysis or the different forms of Raj showed general similarities
in composition, appreciable divergence was found for proline, arginins,
isoleucine and tyrosine; however, these results could be "{:ons;ldered as

preliminary only, requiring further analyses for confima{:}on.

BPA-R (Antigen Ral) . R

After antigen K, BPA-R (basic protein allergen %1 ragweed) was
the second aIlergen to ba reported with antigenic cross-reactivity with
antigen E (Griffiths, 1969; Griffiths and Brunet, 1971). Of the several
antigens in crude fraction A, it had the most cathodic immunoelectrophoretic
;nobility - hence Griffiths' nomenclature. It was isolated from DEAE-fraction
C by salt gradient elutdon from CM-Sephadex and gel filtr‘tion through
Sephadex G-100, and shown to be homogeneous by & (1limited) number of
physicochemical criteria as well as a.ntigenicall;r by immunodiffusion and
imminoelectropheresis with :!pocific and anti-WSR antisera. An initially
reported mol wt of 28,000 daltons (Griffiths and Brunet, 1971) was later
(Griffiths, 1972) amended to 23,000.
5. Antigen Ras

> .
/ Recently, yet another cationic ragwesd pollsn allergen was
186l

ated from DEAR-fraction C by gel and ion sxchange chromtogrq;}\y in
ylelds of 10-15 mg/kg polien (Goodfriend and Lapkoff, 1972; Lapkoff snd

- Goodfriend, 1974). :
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The Ra5 protein was devoid of carbohydrate and homogensous by

RF

<, A
By

a number of physicochemséal criteria (Lapkoff and Goodfriend, 1974). Its

amino acid cémposition was distinet from the composit.ions'of K, Ky and

Ra3, and was characterized by the absence of histidine, threonins,

N LI MR
s ;? —:ﬁ;x‘;;’*‘ S,
i

phenylalanine and methionine. The most interasting features of this‘
latest active pollen protein were its .small molecular size (5000 + 200
daltons) and single chain structure, ;;roperties which facilitated |
determination of its complete amino acid sequence (Mole et al., 1975).
Antigen Ra5 was shown to be antigenically and allergenically
distinct fom antigens E and Ra3 (Lapkoff and Goodfriend, 1974). The .
incidence of cutaneou; activity 4in man was c;msidorably less than that
of antigen E or Ra3. Thus, of 105 antigen E-sensitive patients
. similtaneously tested with E and Ra5, only 18 showed p.ppreoiaﬁle Ra5
reactivity while the remainder was insensitive to the allergen (Marsh et al.,
F . 1973, 1974). The relatively simple structure of Ra5 and the limited
oacurrende of sensitivity to it in the allergic population were likely of
eritical importance to the finding by Marsh et al. (19?3, 1974) that

Igk-mediated sensitivity to Ra5 was significantly associated with possession -

of the hiutoconpat’.ibility antigens of the HL-A7 cross-reacting group.

N
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II. Objectives of the Present Study “

Studies on the allergens of short ragweed pollen have bé&en in
progress for the past decade. As has already been indicated, no special .
consideration other than the fact of high allergenic activity has motivated

the choice of ragweed in place of other bollens or indesd of other saurces

‘of lliergenically sctive proteins. The overall aim of these studies has
been to asgist in the further development of our knowledge of the chemical
structure of proteins which subserve thair allergenic function of inciting
and interiaeting with reaginic (IgE) antibodies in man. Foi_lowing the
historic studies of T. P. King on antigens E and K, the attention of this
laboratory was directed to protein Allergms‘of lower molecular weight

' potentially present in ragweed pollen which might offer advantages for
structure-function studies. As a result, two low molecular weight allergens,
Ra3 and Ra5, ;iore isolated and a third, Rak, of “mterméiate" sise, has
‘been under study. . .

In the experimental work for this Thesis, studies were done on

mroblems of a more or. less technical nature eonne&tod with the isolation
and characterisation of these allergens, ths solutions to which were
urgently required. The nature and scope of these experiments are outlined
below. Of interest in themselves for defining thé chenical and immunological
properties of ragweed pollen allergens, these more "immediate" objoct.ivu

of our study served as a "clearing ground™, & necessary preliminary to

Pl
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more long-range structure-function st;u&ies in the development of which some

progress was achieved.

1. Multiple forms of antigen Ra3 / |

. /
Vv
Previously, evidence was obtained (Roebber, 1970) for the existence

of multiple forms’ of antigen Ra3. Studies were undertaken to isolate 1lor2
of thos'e forms reproducibly and on‘a preparative scale (Experiments and

Results, I). “‘é ) ‘

2. An improved progédure for isolation of antigen Ra5

¢

Collaborative studies between this laboratory and others have -

attempted to.develop antigen Ra5 as a model for structure-function correlation.
in the field of atopic hypersensitivity (Mole et al., 1975; Marsh et al., 1975).
To further develop this model, it became evident that sinpli}?{catiqn of the

pany

method of isolation and apprecisble increase in yleld of Ra5 wére urgently

"nesded. The low yield (10-15 mg/kg pollen) obtained by the existing procedure

(Lapkoff and Goodfriend, 1_9714) stood in sharp contrast with the Ra5 content
of aqueous rlgwelwd pollen extracts (320-350 mg/kg pollen) determined by
redio-immunodiffusion assay (Marsh, 1973). Studies were therefore undertaken
to develo'p an improved procedurs for isolation of Ra5, one that would allow

"sim]l taneous®™ isolation of the other, known allergens, in particular

_antigens Ra3 and Rak (Rxporiuant;s and Results, II).
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3. Chemical and immunological properties of antigens Ra3, Ra4, and RaS
(Experiments and Results, If]).

Tha properties of Ra3 have alrsady been extensively reported p
*o (Underdown and Goodfriend, 1969). However, their re-study seemed justified

£ due to the possibility th;t the initial preparations consisted of 2 forms

of the allergen which were undetected due to insufficient sensitivity o'f

the disc electrophoretic technigue which had been en;ployed to establish
}; homogeneity of the allePgeri. Among other parameters, it was of particular
** ’ _ interest to determine: g
\ ij. the molecular weight by sedimentation equilibrium ultracentrifugation,
taking advantage of the more sensitive analytical ultracentrifuge equipped
! : with UV optical system, automatic Scanner and recording apparatusi
i . i4. th; carbohydrate content of Ra3 preparations at various stages of
purification;
i1i4. the amino acid composition of at least 2 forms of Ra3;
: ' * iv.  the immunological activity of Ra3, in particular, its antigenic
k N [

ralationship to antigen E and the incidence of its allergenic activity in

- a ragwesd sansitive population.

Similar analyses were planned for purified antigen Ra&. Ap:rt
from determination of its molecular welight nmi1 antigenic cross-reactivity
with E, few if sny additional chemical and imminclogical parameters had
been reported for this allergen. Indeed, its allergenic activity had been

AN e
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i established (by P-K test) in only 2 ragweed sensitive patients (Griffiths

oo . and Brunet, 1971) .

. " It was also planned to determine the allergenic (cutaneous)
activity of antigen Ra5, when isolated by a modified procedure, in a

¢ ' random population of ragv;eed sensitive patients, as well as some chemical

parameters not previously established.

\

4, Structure-functior, studies ‘ g .

At the present .stage of knowledge, it appe;ars that the structure
\\ of macromolecular allergens mustl\subserve at least 2 functions: interaction
of allergen with (mast) cell-bound IgE antibodies for release of pharmacological
mediators and interaction with lymphocytes for biosynthesis of these antibodies.
. Certain requirements concerning chain or subunit structure of
allergens appear to be implied by their role in bridging of adjac/ant. cell-
bound IgE antibedies, a reaction mechanism which is believed to trigger the
symptom complex of the immediate hypersensitivity state (Ovary and Taranta,
. 1963). The general view is that a minimum number of 2 antibody binding
11 determinants should be present om tite provoking (allergen) molecule. ‘
} Stanworth (1973) has recently proposed that, in the simplest case, thess
allergenic determinants should be identical and distributed symmetrjically
on each of 2 subunits or chains at the critical distance for cross-linking L

) 7
of adjacent cell-bound antibody molecules. The allergenically active
proteins B-lsctoglobulin (Bull, 1946; Townend and Timasheff, 1957;

-




Bleumink and Young, 1968) and phospholipase A (Shipolini et al., 197%)

do' indeed meet the requirement for 2 equal subunits. Recently, ano(-B
(non-identical) subunit structure was established for antigen E (King 2t
al., 1973) so that "adjacent" IgE antibodies may also bridge non-identical
allergen determinants. The concept of Stanworth of obligatory subunit
structures for protein dllergens appears to be contradicted, however, by
the actavity of antigim Ras and codfish allergen M, both of which consist
of single polypeptide chains. For purposes of generalization, it would *
be of interest to determm\e the polypeptide chajn structure of alditional
allergens, such as antiéeris Ra3 and Rak of th¢ present study. Antigen Ralt
would be of particular interest as it may constitute the free heavy chain
of antigen E.

Regarding the role of allergen in the biosynthesis of rgaginic
antibodies, the general no}ion has pervaded the 1iterepture that some
special structural features are common to all macromolecular allergens,
serving to distinguish them as a class from other antigens (cf. Strejan,
1973). EBarly speculation of the protein versus carbohydrate nature of
allergens (for review, see Richter and Sehon, 196,_0) was followed by the

concept that the allergens of atopic hypersensitivity are glycoprotein in

14

nature (Berrens, 1962: Stanworth, 1963). This tenet could not be reconciled
[:]

with an increasing number of reports on isolation of carbo}\ydrabe—free
protein allergens; ragweed pollen antigens E, K (King et al., 1963, 1967)
and Ra5 (Goodfriend and Lapkoff, 1972); codfish allergen M (Elsayed and
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Aas, 1971). Data on the carbohydrate conterit and the amino acid composition

of several ragweed and rye grass pollen allergens mcf of allergens from cod

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

1975) except for a relatively high content of half-cysteine (Motle et al., 1975).
It would seem that only determination of the complete amino acid

sequence of a number of protein allergens from diverse sources might revea:l

structural features of importance to their allergenic function. Studies

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

venom phospholipase A (Shipolini et al., 1971) was determined prior teo

implication of this protein in hymenoptera sensitivity (Sobatka et al.,
1975). A partial sequence of codfish al(lergen M has been reported (Elsayed
et al., 1973). Recently, collaborativdv gtudies between this laboratory and
that of Dr. J. Don Capra have establisheci the co@lete amino acid ssquence
of Ra5 (Mole et al., 1975). A long-range perspective of the present study )
was to extend these sequence determinations to include antiéens Ra3, Ra4

and other pollen protein sllergens for clarification of the role (if any)

of common primary ;truct’;ural ‘elements.

. Anot‘her objective of comparative studies of this type should be

to gain some insight into the chemical nature of the regions which combine
with IgEk antibédies. There has not yet appeared in the literature any
report on .the successful prcpnration' of a fragment bearing a single
(haptenic) allergen determinant or the chemical definition of such a

determinant. Such haptenic determinants may be present in aqueous pollen
v, -

1



extracts. Malley et al. (1963, 1964) described an haptenically ‘active

Ry
w

preparation obtained from the dialyzable fraction of an aqueous extract

« of timothy grass pollen. This preparation inhibited the precipitin" ",
reaction of total extract with rabbit &ntibodies raised to the extract.
However the isolate was §till able to induce cutaneous reactions in grass
allergic individuals. Attallah and Sehon (1969) isolated a low molecular
weight fraction (A-2RS-I) from the dislysate of the aqueous extract of

short ragweed pollen. They reported that the fraction was able to

|

.+ specifically inhibit cutaneous (P-K) activity‘ of the whole aqueous

extract, suggesting the presence of monovalent fragments able to combine
with reaginic antibodies directed to all the allergenic determinants in
the crude extract. If confirmed, these findings would obviously have
great potential for clinical treatment of ragweed sensitive patients, and
for study of the c¢hemical nature of allergen determinants. However, the
yleld of fraction A-2RS-I would appear to be very low, a Tactor which may
™ account for the limited clinical and chemical characterization of it reported
to date.
e While these reports encourage the search for "naturally occurring®
monovalent fragments of allergens, they also point to the desirability at
the present siage of allergen research for “planned" preparation of such
" fragments by ensymatic and/or chemical degrsdation of homogeneous and well
defined protein allergens. HEncouraging support for efforts in this direction
has coms from studies on the antigenic determinants of a number of diverse

L 3
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proteins of known amino acid sequence (Benjamini et al., 1972). The
generil finding emerging from these studies, p;rticularly with low
molecular weight proteins and polypsptides, such a's ACTH, gastrin, and
glucagon, is that immunological (determinant) activity resﬁdpﬁ/’in defined .
sequences of amino acids in addition to tertiary configurations. If” / / /

similar structural elements governed the binding of allergens with reagings,
_one would expect t.ﬁat the availability of low mo_lecuiar weight protein
allergens (of the size of the antigens of t;he present study) would facilitate
s;xccessful preparation of haptenic allergen fragments. ,
The availability of a number of allergens of known amino acid -
sequence and chemical modification of such allergens may lead to definfﬁon
of the chemical nature of the carrier regions of protein allergeﬂs, i.e.,
regions which interact with thymus dependent (T-) lymphocytes in the
process of IgB antibody synthesis (Goodfriend, 1974; Marsh et al., 1975).
Tada et al., (1971) and Ishizaka et al., (1972) e;tablished that the
co]:laboration beb)een carrier-specific helper (T) lymphocytes and haptonf
specific precursors of antibody forming (B) lymphocytes was required for
maximal anti-hapten IgE antibody response. An allergen molecule would
therefore incorporste within its structure carrier regions to interact
with Ir gene determined receptors on T cells, and hﬂaptmiq regions to bind-
to specific B cells. Differentiation of: these ~2 regions was strikingly
demonstrated recently by Ishiwzaka et al. (1974). The authors, prepared

urea denatured and reduced and alkylated antigen E which was no longer

/

/
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able to bind with human or rabbit IgG antibodies snd did not induce wheal
8

I

E as/weil as isolated oL and B subunits were found to stimulate carrier-

(-
,ﬁ,} specific helper cells‘ for IgE antibody production ih the rabbit to the same
{/ ) oxtent as the native allergen. All of the modified preparations induced DNA
}, .
% ests in peripheLal lymphocytes of ragweed sensitive patients but not of

J nOM/il individuals.

/ From the foregoing results it can be inferred that the carrier

reghons of antigen E may Be largely, if not entirely, sequence dependent,‘
while such is clearly not the case with antibody binding regions of this
allergen. These findings if generalized to other allergens, would point
to new possibilities in immunotherapy, as injectiéns-of patients with
peptiiyl fragmen?s bearing active carrier J:s might be employed to
alter the T cell population in a beneficial manner without the danger of
causing allergic reactions. ‘

In line with the objectiirus otutlined above,.studles were
initiated to determine the polypeptide chain,gtructure of antigens Ra3
and Ra4, and, in collaboration with Dr. J. D. Capra and his associates,
‘the complete amino acid sequence of these proteins. Progress achieved to

date will be presented in Section III of "Experiments and Results".
4 ' '
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Fisher Scientific Co., Montrsal, unless othen_dse'indicatod.

used.

I. Chemicals , «,

*

A1l chemicals wers of reagent grade and were puichased from '

-

II. Ragweed Pollen Allergen Preparations

=
DEAE-Fraction C was prepared from ether defatted short ragweed '
pollen (Sharp & Sharp, Everett, Wash.) according to the method of
Underdown and Goodfriend (1969) with minor modifications (Roebber, 1970).

The fraction was Millipore filtersd (see bslow) and stored at 5°C until

Antigen B was donated by Dr. T. P. King, Rockefeller University, '

New York, N. Y..

Antigen BPAR (Ra4) was donated by Mr. B. Griffiths, Biologics

Control Laboratory, Canadisn Communicable Dinase\a, Department of National

Health and Welfare, Ottawa.
b

[]

III. Aptisera

-

Rabbits gocoivod weekly subcutaneous injections of 0.5 mg
antigen Ra3 or Ra4 in 1 ml aliquots of PBS made 40% in Freund's incomplets
sdjuvant (Cansdian Laboratory Supplies, Montreal). Imniiution was

co;xunnod for 4 weeks and, after a 4 weeks' rest, continued for an

oy i . [

~

~
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additional 4 weeks. Rabbits were bled 8 days after the last injection
from the main artery of the ear using a vacutainer neadle.

' Rabbit antisera to WSR and antigen E were obtained from the

" NIH (Bethesda, Mi.). Rabbit antiserum to antigen Ra5 and goat antiserum

to antigen E were preparod in this laboratory acc'ording to the above

““echedule. Goat antiserum to RaS-ovalbumin conjugate was obtained from

4

Dr. David G. Mu'shl.

IV. Colum Chromatography

Sephadex gels and ion exchangers (Pharmacia, Montreal) and
Biogels (Biorad Labs., Mississauga, Ont.) were allowed to swell overnight
in starting buffers and fines were removed by repeated decantations.
Columns were poured with the aid of resarvoirs (Pharmacia) and packed
under hydrostatic heads determined by gel and resin type. Equilibration
was routinely achieveqd by paasige of starting buffers for 18 hr prior
to application of the sample -to the column| top. All columns were run
at 10°C in an LR/FL50 Puffer Hubbard Chromatography Refrigerator (Allied
Seientific, Montx’-ul) . Columm effluents ‘vere monitored at 280 nm with a
Uvi::ord I1 (LKB Productor) equipped-with a 2 mm flow cell and by 0.0 Ja0rm
measurements in a Coleman R-4 Perkin Elmer double beam spectrophotometer
equipped with a Model CDR Concentration Computer (Fisher Soientific,

Montreal). Protein concentrations in column effluents were expressed as




the number of O'D'ZBOmn units. Where necessary, especially in the
developmantal stages of an isolation procedure, several fractions
spaced at equal distances around each protein peak of a column

chi‘outogram were tested for the presence of antigen by immunodiffusion

against specific antisera.

v
f

V. Ultrafiltration and Sterilieation

\
"All «entigen solutions were concentrated to volumes ranging
from 20-40 ml at 5°C dn Diaflo ultrafiltration cells fitted with UM-2
membranes (Amicon Corp., Cuii-‘idge. Mass.). Solutions were sterilized by

passage through 0.22 u filters (Millipore Corp., Mississauga, Ontario)

into sterile flasis,

\p B:!H sis

Solutions to be applied to ion exchange colums were dialyszed
against starting buffer when they were of higher ionic strangths; it was
otherwiss not found to be necessary. Dialysis was carried out overnight

with several buffer changes using Spectrapor membrane tubing (Spectrum

Medicsl Industries, Los Angeles) with mol wt out-offs appropriate to the

Py

allergen under study.
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(0.12 ml) of antigen in 0.05 M Tris-HCl, pH 7.6, or 0.03 M sodium

VII. Molecular Weight Determination .
i
:;64 : ) The molecular weights were determined at 20°C 4n a Spinco
% "/ Model E ultracentpifuge equipbod with‘UV c;ptics scanner and recorder
%\» ' and employing the “overspeed" modification of the conventional
ﬁ sedimenthtion equilibrium technique (Chervenks, 1970). A solution
£

phosphate buffer, pi 6.8, was overlayered on 0.03 ml FC~43 fluorocarbon
oil (Spinco, Palo Alto, Calif.) in the sample ssctor of a double sector
cell; 0.15 ml of the appropriate buffer was deposited in the solvent
ssctor. Scans were taken at 12,000 rpm to ensure an O‘D‘280n in the

) m
range of 0.2 to 0.3. The rotor was oversped *r 90 min at 44,000 rpm

/'_,/‘*"'—'—"'A-\ . ,
e for Ra3 and 30,000 rpm for Ralk. Operating speeds of 28,000 rpm for

-~

Ra3 and 20,000 rpm for Ral were then maintained overnight. On ’th; next
day, 2 consecutive scans were made 1 hr apart to verify equilibrium
distribution of 0.D. 280nn throughout the cell. The 0.D. 280nm distributions
were corrected for the base-line (Chervenka, 1970). The molecular weight
was calculated from equation: M =( T%;Twz.joj g %:5 ¢ where: M=
molecular weight; R = gas constant = .313 1,07 ergs/degree mole;
T = absolute temperaturs = 293°K; p = density of solutioz‘;. taken as
1 gm/ml; v = partial specific volume in co/g, calculated from the amino
acid composition by the method of Cohn'and Bdsall (1943); w = angular
, veloolty (rad/sec); o = concentration (0.Ds yggpa) ¢ T = distance From center
B 6f rotor (om). The slope g ¢ was cbtained by least aquare analysis
irss

1
of the experimentsl values {Dickson, 1968). ’




) VIII.\ Isoelectric Focussing .

\

Isoelectric points were dotemined' in # 110 ml LKB preparative
{soelectric focussing column (IKB Productor) thermostated at 5°C by a
Haske cooling bath and connected to a Buchler Model No: 3-1014A power
*supply set for constant voltage.

. ’I‘he‘mthqd generally followf the outline supplied in the

'LKB 8100 Ampholine Instructioh Manual. The recommendations for basic

b proteins were followed, a glycerin rather than sucrose density gradient
was employed. Solutions were ,pumpéd into the appropriate compartments
of the column with a 12,000 Variopsrpex peristaltic pump (Fisher |
Scientific Co.) in the following order: dense electrode solution, dense
. gradifnt solut:ion, 1ight gradient solution, light electrode solution.

The composition of the solutions were as follows:

D elect ution: t elec e salution:

12.0 ml glycerol . 0,2 ml conc. Hy30y
]
5.0 ml 1 N NaOH 20.4 mL H50

7.7 ml HZO .

Dense gradimt solution: Jight gradiet solutiop:

27.0 ml glycerol 54.0 ml H20 containing the
. . protein
26.2m  HP
7 0.7 ml Ampholine carrier
1.8 ml1  Ampholine carrier ampholyte

ampholyte ° : .




After 4 days at 400-600 volts, the column content was céollected'
at 50 ml/hr by peristaltic pumping in fractions of approx 2 ml and the %
tranemi ssion of the effluent was monitored at 280 ni. The pH of each

fraction was measured immediately and the 0.D. read manually.

»

IX. Polyacrylamide Gel Electrophoresis

The model 1200 Tanalco Research Dise tlectroph(srasis apparatus

E A 1. Disc electroghofeais ' -
'

g connected to a 500 volt DC power supply (Gelman) by a ‘safety interlock
‘ adaptor 7/3 used for snalytical electrophoresis. Gels 12-1% in
acrylaptide (Intematiomi Seientific, Ott.awa) were polymerited in glass
. tubes (0.5 x 7.5 cm). Sample loads were 9 to 20 ne in protein in buffer
_yblumes of 0.27to 0.8 ml. |
) . Eleot_ropﬁorosis at pH 1?3 vias carried out with the cathodic
system of Reisfeld et al. (1962) as'modified by Canalco (1968). Generally,
the olectr;.\phorons time was 2.5 hr at 2 mA/tube. Gels were fixed 'md

-stained as described in part IV of this section.

o 2. - um lsulfate S) gel. electrophoresis
, " ,
35S polyacrylamide gel electrophoresis was performed initially
by the mathod of Weber and Osborne (1969), utiliging the following : ’

components (per 100-®l):




>3

i : a. Gel Buffer pH 7.0 - b. Ac mide Solution .
* ' 0.78 g NaH POy, x H,0 22.2 g aorylamide
* 3.86 ¢ NaZHPOu x 7 Hy0 ‘ 0.6 g methylene bisacrylamide
“ 0.2 g S
. Catalyst : d. Irscking dve
. \\.‘ ) , .?
1.5 g ammonium persulfate 0.05 g bromphenol blue

To form a working a&lt;tion for 12 éels, 15.0 ml of gel
buffer were mixed with 13.5 ml of ;crylmide solution, 1.5 ml of .
. ammonium persulfate and 0.045 ml of N,N,N)N’-tetramethylens diamine. )
: o / \ To make 1 1 of tray buffer, 500 ml of‘ gel buffer were d'iluiod 1:2

. '/ with water.
y Eleotrophoresis was carried out for 4 hr at 8 mk/tube.

In mre‘ recent analysis by DS gel electrophoresis, the
method of Wachneldt et al. (1971) was used with minor modifications.
The following lolutio;t wers emplojed, each made up to 100 ml A
/ with dist H,04 e’

TR T T P SRR T S I I
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»
a. Gel Buffer pH 8.9 c. Catalyst -
48 ml 1IN HCl - 140 mg smmonium persulfate
' 36.6 g Tris ’ .

) ’ d. DS solutiop -
7' - 0.46 m1 NyNyNy;N ~tetra msthylene- ~

E diamine 0.8 g S

f . . .

b. Acrylamide solution e. Tracking dye

‘(f 48 g acrylamide ’ 0.15 g bromhmoi blue

A

0.64 g NyN* methylene bisacrylamide

The working solutjon contained 1 part gel buffer, 1 part S solution,

2.parts acrylamide solution, afd 4 of catalyst.
. The tray buffers contained in 1000 m!ix
_ Upper buffer (pH 8.9) \Lowg; buffer (pH 8,1)

) 6.32 g Tris 12.1 g Tris » *
3.9 g glyeins ' 50 ml 1§ HCL -
1.0 g DS 1.0' g D3
{

The working solution and tray buffers were made 0.1% in
dithiothreitol (Nutritional Biochemicals Corp., Clevelsnd, Ohio).
Electrophoresis was carried out for approx 1 hr at ) ,

2-3 mA/tabe, by which time the tracking dye had travelled 4.8 om.

-
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3. Preparative electrophoresis

‘ Preparative p&yacrylamide gel electrophoresis was performed
in a Kt;ntes K 565000 Preparative Eleptrophorgsis Apparatus (Canadian
Scian\tific Company, Montreal) with a l'25jml capacity gel chamber. The
cathodic pH 4.3 systam of Reisfeld ‘et all.‘ (1962) was employed as for
the analytical 'run;.~ All steps were carried ;ut in a 5°C coldroom. To
'form the gel, the 1owe§' gnd of the gel ehamber‘ was sealed off by

securing ; doubla{ layer of para.film over .the end. A solution of a
204 ecrylamide (12 ml) was added to the chamber and allowed to polymerize
to form a plug. A 104 running gel solution (60 ml) was added to the
_chamber, allowed to polymerize, and 1 hr later 'a solution of 9-10 mg
protein in 204 sucrose was 19.\yered beneath the upper buffer. The column
was connacted to a 500V power supply (Gelman) and elegtroph;resis was
carried out at 10 mA for 40 hr.

The gel column was removed from the chamber by rimming with
a 2", 22 gauge needle under a stream of water. A 0;5 cm longitudinal
guide strip was cut with the aid of a gel slicer (Kontes K565050) and
incubated with the Coomassie blue stain of Kosning et al. (1970) for
5-10 :nin (see part IV of this section). Gel segments containing protein
were macerated; stirred with 1Q vol buffer overnight and the supernatant

collected by centrifugation.
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g;- 4. Staining of polyacrylamide glla

i. Protein bands were fixed for 1 hr in 14f mlt:)salicy;.ate[ 5%
trichloroacetic acid (TCA) and subssquently washed 3 x with eold
. tap water and 3 x with dist Hy0. Gels were stained for 2 hr with
| O.ﬁ Coomassis blue in 7% acetic acid/10% TCA. B;okgronnd stain
was removed by several wa'ahes with 7 acetic acid; gels were stored

-

in the same solution. .

ii., Fixing and staining of protein bands in a single solution was
carried out uging the method of Koening et al. (1970). A 0.025%_. solution
. of Coomassie Brilliant Blue (Schwarz-Mann, Orangeburg, N.Y.) was prepared
with 108 TCA in acetic acidimethanol:water, 14:40:160 and incubated
. overnight with acrylamide gels and SDS acrylamide gels. Background stain

‘ was washed out with acetic acidimethsnol:water, 14:40:160.

¢
\\ 141. Macromolecilar carbohydrate was detected in polyacrylamide gels

by a modification of the PAS stain desoribed by Kapitany and Zebrowski

1

(1973). The gels wers incubated for 1 hr é 12.5 TCA and 2 hr in 1%
periodic acid. They were placed 1n cappéd but perforated polyethylens
tubes, stirred in 4 1 of 196 acetic acid for 2 hr to remove the per_‘iodic/
acid, and finally incubated in Schiff's reagent (British Drug Co., Toronto)
for 2 hr at 5°C in the dark. Background stain was removed in the dark by

washing in 7% acetie acid.




X. Carbo rate 8

Total carbohydrate was determined by the tryptophane method

(Kabat s.nd’ Mayer, 1961). Standard soluti;:ns were prepared containing
10 - 50 pg of arabinose (British Drug Co., Toronto). Proteins to be
assaysd were in" solution in Tris or pr;osphate column buffers given in
Part C, Experiments and Results. Reagent blanks were prepared

h containing the same buffer. Aliquots of 7 ml of 77% H,S0, were added
to 1 ml of standard and sampls solutions at 15°C. One ml portions of
1% tryptophane (British Prug Cq., Toronto) were added followed by
vortexing, and the solut;.ons were heated for 20 min in a boiling water

bath. THe O’D'500nm were read ai/ter cooling —at rm temp for 0.5 hr.

XI. 0 Ac s

The amino acid conpositiona%rere determined in a Spinco Model
120B Amino Acid Analyser, according to the nlethod of Moore, Splekmn
and Sto1;1(1958). The amino acid mixture (Spinco) employed for
standardisation was diluted to 0.1 uM of Sech amino acid.

Antigens were precipitated from their buffer solutions
by addition of acetone (1:20,v:v), redissolved in H,0, and
reprecipitated with’acetone. The samples were dried overnight in vacuo

in dessicator and subsequently dissclved in double distilled &N HC1

(A & C American Chemicals, Montreal). Tubes were sealed in vacuo (£ 70 p)




and' hydrolyzed for 24 hr and, where feasible, for 48 and 72 hr at
110 + 1°C in a Freas oven (Precision Scientific). Hydrolysates were
filtered through 0.45 u Millipore filters, dried by rotary evaporation

and dissolved in 2.3 ml of 0.2 N soqit:m citrate buffer, pH 2.19. One ml
aliquoté of the mixture were applied to the shart and long columns.of

the Analyzer. The number of residues psr mole protein was calculated from
the micromolar composition, assuming IOOf recovery of the amino acids.

Cystine/2 was assayed as cy:;t.ai? acid and as c;rbomethyl

. ‘ \ .
cysteine in-acid hydrolysates of proteins after performic acid oxidation,

.and after reduction and carboxymesthylation.

Tryptophane was determined by the spectrophotometric method
of Beaven and Holiday (1952). ’

The nplur ratio of tyrosine to tryptophane was calculatodt
from the formula:

Mryr  0¢592°0.D. pgunp - 0263 0.D. 500

-
=

Mrpy 0.263 0.D. pa0ny = 04170 0.De pgu

XII. Performic Acid Oxidation (Blaokburn, 1968)

Prior to oxidation, 2 mg of antigen Ra3 was precipitated from
buffer solution by addition of 20 vol acetone (x 2) and the precipitated
protein dried in vacuo. The protein was redissolved in 1.9 ml of 99+%

formic acid and the solution brought to 5°C.  An sliquot of 0.1 ml

X
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performic acid was added, the glass container stoppered and kept in an
ice bath for 4 hr. A volume of 0.3 ml of 48% hydrogen bromide was
added and the solution rotary evaporated at 409C. The dried residue
was maintained overnight in vacuo over hipOH pellets to ensure complete
removal of HBr. The amino acid composition was determined on duplicate
portions of the dried sample. |

o {

XIIT. Su 1 As : ' .
. The sulfhydryl content was determined by:

1. Me f 1 .

A solution was prepared of 39.6 mg of 5,5°-D1thio=bis-2-
nitrobengoic acid (DINB)(Pierce Chemicel Co., Rockford, I1.) in 10 ml
of phosphate buffer, u = 1, pH 7.0. Prior to ;suy, proteins were
dialyzed against 0.02 M phosphate buffer pH 7.8. An aliquot of 3 ml
of dialyeed solution vas placed in a 1l om qun)rttz cuvette, 0.02 ml of
DINB solution added, and the 0.D,y; 5,y determined aftér 5 min. Moles of

sulfhydryl (C) were caloulated by the formula C = ; +D where

*

A = absorbamce at 412 nm
E = extinction coeffioient = 13,600/M/cm
_ D = dilutien factor
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2. Method of Rohrbach et al.(lﬂ})

A stock solution was prepared of 6-7 mg of 4,4°’-bis-dimethylamino
diphenylcarbinol (BDC-OH) (ICN - K & K Laboratories, Cleveland) in 10 ml
acetone. Aliquots of 10 ul were added to protein solutions (2-20 uM)
prepared with 0.04 M sodium acetate, pH 5.1, containing 4.0 M guenidine

hydrochloride. The sbsorbance at 612 nm was determined 20 min after

. the addition of BDC-0OH.

The protein concentration was plotted against O‘D‘élbm and
the number of sulfhydryls calculated from -s]g:pe/lm vhers E, = apparent

molar absorption cosfficient for BDC* = 70,800 M tem~1,

XIV. Reduction Alkylation

1. One of the procodureQ employed was a variation of that described by
Waxdal et al. (1968).

Six mg of antigen Ra3 were dissolved in a solution of 3 ml of 0.01 M
sodium phosphate buffer, pH 7.2, containing 1% SDS and 4 mg of DIT. The
solution was maintained at 50°C for 4 hr, cooled to rm temp, and\tmdo
0.3 mM in iodoscetamide. After 20 min in the_dark, the mixture was
applied to \u column of Sephadex G-50s ( see Part C. Experiments and
Results).
1i. For dise electrophorstic analysis, proteins were reduced according

to the procedure of Virella and Parkhouse (1973) with minor modifications.
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One mg of protein was incubatad for 3 hr at 37°C in 0.2 M Tris, pH 8.2,
made 1% in DS snd 1% in dithiothreitol (DTT). Aliquots of 0.04 ml of

‘ this mixture were subsequently applied to polyacrylamide gels ( see

Part C. Experiments and Results).

XV. N-Te no Aocid Dete

¢

The N-terminal amino acid of antigen Ra3 was determined
by Bdman degradation (Edman, 1970).

A sample of 1 mg of the antigen was disaolved inlm
pyridineiwater, 1:1, made O&M in N-dimethylallylamine. The pH was
adjusted to 9 with dilute aqueous trifluorcscétic acid, 50 pl of

phenylisothiocyanate (PIC) was added, the tube was flushed with No»

’ g;pped, and allowed to stand 1 hr at 40°C. The solution was extracted

x 3 with 2 ml aliquots of bengene and the aqueous phase lyqphi‘,‘lizad.
The dry PTC preparation was dissolved in 100 apl of anhydrous
trifluoroacetic acid and incubated at 40°C for 15 min. The degraded
protein was precipitated (x 2) with 3 ml aliquots of ethylene chloride

and the combinad ethylene chloride extracts were svaporated to dryness

“in a stream of N,. To the dry sample of thiasolinone, 0.2 ml of 1 N HCl

was added, the tube flushed with N,, and heated at 80°C for 10 min. The
PTH amino acid was extracted (x 3) with 1 ml aliquots of ethylacetate and |
the oonbix'nod axtracts dried in a jet o>f Npy and the residue dissolved in
200 ul of ethylene chloride.’
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The N-terminal amino acid was identifi‘ed by thin-layer
chromatograpliy on preformed Silica gel G plates (Rastman-Kodak, Montreal).
Aliquots (50 ul) of PTH-standards (Pierce Chemical Co.) and samples were
applied to the bottom of 3 plates which were separately run in D, E, and
H solvent systems (Edman, 1970). After N-O-éO min, the plates were
drié at 100°C for 15 min and the spots located by UV light for Rf

determination.

XVI. Ac ce D 8

-

Amino acid sequences were determined by Dr. J. Donald Capra
(Southwestern Medical School, Dallas, Texas) and his associates using
the automated Edman degradation method in a Beckman Model 890 sequenator.
The phenylthiohydantoin derivatives were identified by thin layo?- and

liquid-gas chromatography (Mols and al., 1975).

XVII. Jmmpological Method3
1. Immpodiffusion

Double diffusion in agar (Ouchterlony technique (Ouchterlony,
1958)) was done in Hyland immunoplates (patterns B and C), using enlarged *
wells where necessary.’ Precipitin lines were developed overnight by

inoubating in s humid atmosphere at rm temp.
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2. H suco his reloase agsay
The assays were performed by Dr. L. M. Lichtenstein (Good.
Samaritan Hospital, Baltimore, M), using a mdiric;tton (May, 1970) of
the procedure of Lichtenstein and Osler (1964). The allergen specificity
of histamine release in the direct assay was tested by inhibition with -

specific antisera (Lichtenstein and Osler, 1966).

3. Direct sicip test
The. tests'were performed in the allergy clinic of the Royal
Viectoria Hospital, ,Montreal. Ragweed allergic patients were injected
intradermally with 0.025 ml of allergen in 0.01 M msodium phosphate '
buffered physiological saline (FBS). }Reactions. were read 15 min after
injection and graded a.cconcii.ng to wheal size compared to PBS controls.
Skin pu'ncture tests were performed by Dr. John Santilli on
allergic patients at Scott Airforoe Base, Tllinois. The skin surface
was scratched with a scarifier and 0.02 ml of sllergen solution (30 ug/ml)
applied simul tansously at different sites. Resctions were graded 1+ to 4+
according’ to '.uverage wheal diameters. !
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I. Isolation of the 2 Major Forms of Antigen Ra3

In our previous studies (Ro'ebber, 1970) a method of
isolation of antigen Ra3 was developed u‘mt incorporated CM-cellulose
ion exchange as a major purification. step. However, in foliow-up
exper;.ments, the CM~cellulose step proved to be a source of 1arge¢
variation in yield of the antigen and was therefore replaced by the
chromatographic procedure employed by Underdawn and Goodfriend (1949),
except for the use of the G-50 rather than (;-100 type of Sephadex,
DEAE-Sephadex in place of DEAE-cellulose and altered buffer slution
conditions. A flowsheet of the entire isolation procedure is given
i:;ig. 1. The final step of gel filtration through Sephadex G-50s
permitted isolation of the 2 ma;}or‘forma of antigens Ra3 (I and II) on

a preparative scale, ¢

L. “Fractjon C- .

An aliquot of 25 ml of fraction C (King et al., 1964
Underdown and Goodfriand, 1969) equivalent to 125 g of ragweed pollen
was applied to a colum of Sephadex G-50m (5 x 95 cm). The
chromatogram was developed with 0,05 M Tris-HCly pH 7.6, at a
flowrate of 60 ml/hr 'And the eluats collected in 20 ml fractions.

As shown in Fig. 2, 5 clearly defined pesks (C-I to C-V)
were obtained, of which the third (C-ITI) contained all the Ra3 as
determined by immunodiffusion against specific rabbit antiserum.
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Fraction C-III (180 ml) was concentrated 10-fold* and equilibrated
with 0.001 M Tris-HC1l, pH 7.6, by passage through & columm of
Biogel P-2 (2.5 x 95 cm). The Ra}-containﬁng fraction was collected
in an ofﬂuq:;t volume of approx. 200 m].

Three additional aliquots of fraction C were separately
processed ‘as gbove and the derivative C-III fractions combined;
the C-i*II pool (corresponding to 500 g pollen) was concentratad to
35 mi.

/

2. Fractjon C-I1I-2
Fraction C~III (35 ml) was applied to a column of

'Dm-Sephadex A-50 (5 x 25 em) and the chromatogram developed with
0.001 M Tris-HCl, pE 7.6, at a flow of 120 mi/hr. Fig. 3 shows
the eluate O.D. profile generally obtained. Ra3 was localized to
the second peak (C-III-2) whicH contained approx. 60 0.D. units
in a 170 ml volume. The fraction was found to contain 2 components
on dise electrophoresis (Fig. 4).

!

~
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*Here, as throughout this study, protein solutions were concentrated .
by ultrafiltration at S°C in Didflo cells which wers aquipped with

\ \ “
UM-2 membranes (ses Part B,:Materials and Methods).
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3. Fractio'n; C-JII-28 and -2

§raction C-III-2 (170 ml) was concmtrate& to 20 ml and
ai;plied to a colum of Sephadex G-50s (5 x 95 cm) equilibrated with
0.025 M Tris~HCl, pH 7.6. The chromatogram was developed with the
same buffer at a flowrate of 20 ml/hr and the eluate collected in
? ml fractions (Fig. 5A to D). As shown in the figure for this
experiment, C-III-2 was resolved- into peak and shoulder fractions
(C-ITI~2a and C-TII-2b), (Fig. 5A), although in later runs 2 well
separatad peak fractions could be obtained. Fractions 2a and 2
in the run of Figs. 5A and 5B contained 40 and 12 0.D. units, respectively;
the fractions were Millipore filtered and stored at 5°C.

Fractions C-ITI-2a and -2b derived from a total of 1 kg pollen
were separately pooled and recyocled (x 2) through Sephadex G-50s gs
described above. : ' "

The final ylelds of disc electjrophoreucnlly pure C-I1I-2a
and C-ITI-2 (Fig. 5C and D) were approx 40 and 10 0.D. units,
respectively. Both fractlons ga;re‘procipitin arcs in a reaction of
identity with rabbit anti-Ra3 antiserum and rabbit antiserum to WSR
(Fig. 6 and 7). In addition to this finding, the rdults to éo given
mb;oqumtly of physicochemical md'chemj.cal analyses of the 2 fractions-
demonstrated that they represented 2 forms of the antigen, Ra3-I and

Ra3-II, respectively. o ‘ . 5
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II. Development of s More Integrited Method of Isolation of
Aptigens Ra3, Ralt and Ra§

As indicated in the Introductory Part of this Thesis,
isolation of the allergenically active proteins Ra3, Ra4 and Ra5
from WSR provided 3 potentially useful models for stx-ucture-'ﬁmction
studies, each having a special interest. However, the methodoloy
of isolation of each allergan had developsd more or less independant]y
of the others, utilieing differemt chromatographic- sequmgfs and
start-up chromatographic fractions. It became evident ﬂ{kt, if
extensive structure-function studies on the allergens Lere to be
developed simultaneously, a more integrated and rntionalized/meth
for their isolation would be desi}abla from the standpoint of spe
.and economy. -

An additional stimulus to the development of a more
efficacious method was t.h; at‘:l.m:ling by Marsh (1973) that aquémfs
short rugweod pollen extract contained 320-350 mg: Ra5 per 'k pnllen,
a surpriaing result in view of the re,lative,ly loy amounts of Ra$5
(10-15 mg/kg pollen) obtained on firag, isolation of the antigen in
this laboratory (Lepkoff and Goodfriead, 1971). As the extract
assayed by Marsh was prepared without the usual preliminary ether
extraction of the pollan, a mathod of isolation of Ra$5 was developad
utilizing non-ether extraoted pollen as start-up mﬁer;g]_ ( Rosbber et al, 1975).

M




' . The method was extended to include the sequential isolation of
antigens Ra3 and Ral and the entire procedure is schematized in

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

short ragweed pollen for preparation of the agueous extract; the

use of DEAE-Sephadex for partial depigmentation of the aqueous
axtract; mglecular sieving of the partially depigmented extract
through Biogel P-10 to obtain parti;;lly purified fractions of
antigens Ralt, Ra3 and Ra5 (in order of their elution); work up of
the latter 3 fractions to final purification by ion exchangéand

molecular sieve chromatography.

1. Agqueous pollen sxtract (WSR)
A batch of 200 g of short ragweed pollen was stirred in ;

"ﬁl.é 1 of & solution consistix‘lg of 1 part borate Puffer (6.2 g boric
acid,,9.5"g sodium tetraborate, 4.3 g of sodium chloride), pH 8.4,
and 319 parts of 0.9% saline for 20 hr at 59C. The extract was
separa‘ted from the pollen by centrifugation in an IEC B-20
centrifuge (rotor 874) for 15 min at 10,000 rpm. The water soluble
ragweed (WSR) was filtered successively through Millipore filters

-

of 14 n, 1.2 p, 0.45 p, and 0.22 n and concentrated to 300 ml.

2. Partia on WSR N

»

The WSR was divided into 2- 150 ml portions and the latter
»




were simuiltaneously paésed through 2 colurms (2.5 x 30 cm) of / .
"DEAR-Sephadex A-25. The chromatograms were developed with \
0.05 M Tris-HC1l, pH 8.0, at a flow of 80 ml/hr. An effluent
volume of 400 ml collected from each column contained all of
antigens Ra3j, 4 and 5 (as well as antigen E) detectable by
imLKodiffuqion test. The 2- 400 ml fractions were pooled and

concentrated to 100 ml.

3. Fractions ]I, III-and VI ‘ -

" .The partially depigmented WSR was applied in 2 equal
portions (of 50 ml) to ‘Zt;colums (5 x 90 em) of Biogel P-10
(100-200 mesh). 'Ih; chromatograms we;:-e developed with 0.05 M Tris-HC1,
pH 8.0, at a flow of 60 ml/hr‘ and the eluates collected in 20 ml
fractions. A complex but reproducible pattern of 8 major eluate
peaks was observed as shown for one of the chromatographic runs in
Fig. 9. By immunodiffusion tests done on the eluate with specific
inimal antisera, antigens E, Ral, Ra3 and Ra5 were eluted (1.;1 order
of their size) in peaks 1, 2, 3, and 6, respectively. There was
some overlap between Rali and Rhf: in addition, the distribution of
Ra3 cotncided with the descending branch and shouldar of pesk 3.

In the run for Fig. 9, it:he sluate Qi:lumes were: for Ral, 275 ml;*
Ra3, 180 ml; Ra5,-150 ml.

The corresponding fractions (see Fig. 9) from the 2

i




P-10 columis we’re pooled, concentrated to approx. 50 ml, Millipore
filtered, and stored at 5°C. The entire procedure was repeated to
gccumulate fractions II, III and VI corresponding to 4OO g pollen.
These fractions"éerved as start-up material for isolation of
antigens Rad, Ra3 a.nd’)RaB, respactively. '

3

4. Antigen Rak

i. Fraction ]|-2

1 Fraction IT (100 ml) was applied to a‘ecolumn (2.5 x 30 cm)
of €M Sephadex C-50 and the chroma.to'gra.m developed with 0.05 M
phosphdte buffer, pl 6.8, at a flow of 30 ml/hr\ After the first
unretarded, strongly pigmented fraction wa®k eluted (fraction II-1,
Fig. 10) a linear gradient of 0 - 0.5 M NaCl formed in 2 1 of the
same buffer eluted several peak fractions. ‘ As soms 3 to 4 of the
latter gave precipitin arcs with rabbit antiserum to Ralk, the enatire
material eluted by the salt gradient was pooled and the pool
(fraction II~2) concentrated to 30 ml f|or further work-up. In later
runs the salt gradient was replaced by a single chromatographic

step using 0.35 M NaCl in the column buffer (Fig. 10).
) “u
ii. Fraction II-2A

Fraction II-2 (30 ml) was divided into 3- 10 ml aliquots .
and each aliquot cyclea through a colum (2.5 x 90 cm) of Sephadex G-75.

The chromatogram was developsd with 0.05 M Tris-HCl, pH 7.6,scontaining
Y

b2
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0.2 M’(Nﬂu) , 90, at a flow of 15 ml/hr and the eluate collected in
7.% ml fractions. Three virtually identical chromatographic patterns

ware\obtained, each showing a large (Ra4) peak with the suggestion

AE

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

descending side (Fig. 1la). Surprisingly, Ra4 was detected mainly in

the descending branch of the main peak. Cuts, each containing 15 0.D.
‘units in 25-30 ml, were made as shown in the figure and pooled; the
pool was concentrated to 10 mir and re-run on the same colum. A
single homogeneous peak was eluted and a peak fraction (II-2A) of
32 0.D. units in approximately 70 ml was derived (see Fig. 11b).
The fraction, which was almost colorless, contained more than 100%
carbohydrate (assuming EéBSI‘nr:ml M€ = 1.0 for Rak). ' ‘
The carbohydrate content of fraction II-2A was drastically
reduced by precipitation with ammonium sulfate. An aliquot (14 ml;
13 0.1?. units) of fraction II-2A in 0.05 M Tris-HCl, pH 7.6, was
brought to 60% saturation st 4-5°C by the addition of sat. (NH) 250
prepared in the same buffer. After centrifugation, the precipitate
was dissolved in 8 ml of the Tris buffer and dialyzed overnight at
5°C against the same buffer. After clarification by Milliporé
filtration, 7 O.D. units were récovered. The Ral preparation

contained 104 carbohydrate, assuming EX ™ 1 M8 - .0,
\ 280 nm .

43
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A duplicate aliquot (14 ml) of fraction II-2A was brought
to 60f saturation as above, the precipitate dissolved in 14 ml of
the Tris buffer, reprecipitated with (NH,) ,0,,, and dialyzed as pbove.
The Ralt preparation obtain:ad in this way contained 4.2 0.D. units
and 5.6 carbohydrate; The yield from the singly and doully precipitated
Rals preparations were combined (approx. 11 0.D. units) for cycling
through CM~Sephadex.

A solution of ammonium sulfate treated fracltion II.—ZA

_containing 11 0.D. units in 7 ml of 0.05 M Tris-HC1, pH 7.6., was applied
to a column (1.5 x 27 cm) of CM-Sephadex. The chromatogram was developed
‘with 0.05 M phosphate buffer, pH 6.8 (Fig. 12). After a small unr%etarded
peask was eluted with the starting buffer, a linear gradient of 0 - 0.5 M~
NaCl in 400 ml of the same buffer eluted a single, somewhat spread peak
containing 9 0.D. units of Ra4 in 100 ml. The Ral4 peak fraction was
concentrated to 20 ml and Millipore filtered; the colorless solution

was stored at 5°C.

Biogel P-10 fraction III was concentrated to 50 ml, dialyzed
exhaustively against 0.001 Mﬁ‘rls-HCl, pH 7.8, and applied to a columm
(2.5 x 30 om) of DRAE-Sephadax. The chromatogram was developed with

the sams buffer at a flowrate of 60 ml/hr and "the eluate collected in
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20 ml fractions. A large peak was eluted with a prominent shoulder on
the ascending side (Fig. 13a), Ra3 was located mainly in the descending
branch of the peak. \A cut'of 160 ml was made as shown in the figure,
concentrated to 50 ml and recycled through DEAE—Seph;dex under the

same 'chromatographic conditions. Two well-separated peaks were eluted,
of which the second (IIT-2) contained all the Ra3 (80 0.D. units) in

2 disc electrophoretic forms (Fig. 1%). .

ii. Ra d

Fraction III-Z2 was concentrated from 200 to 30 ml and sieved
through ‘Sephadex G-50s. The chrc:matogram was developed with 0.025 M
Tris-HCi, pH 7.6, at a flowrate of 25 ml/hr. Two peak fractions were
eluted (Fig. 14a) corresponding to Ra3-I and II in a total yield of
75 O0.D. units. The Ra3-I cut was recycled twice 'on the same column

to obtain a homogeneous peak containing disc eiectrophdretically pure

"Ra3-I (26 0.D. units) (Fig, 14b). The, solution was concentrated to

10 ml, Millipore filtered, and stored at 5°C.
The Ra3-I1 i:eak fraction was not further purified; it was

concentrated to 20 ml, Millipore filtered, and storsd at 5°C.

6. Antigen RaS N
i. Freae -

RaS-containing fraction VY"{150 ml) was concentrated to 50 ml

L Y
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‘ and applied to a colu_)r‘li (2.5 x 30 cm) of CM-Sephadex C-25. _The
chromatogram was developed with 0.04 M sodium };hosphate buffer, o
pH 6.8. Two well separated frant.i‘ons were eluted (Fig. 15), the

& second of ;chich contained almost pure Ra5. Fraction VI-2 (240 ml)

was concentrated to 50 ml and recycled through CM-Sephadex as

. previously. A single homogeneous peak was eluted; the colorless

: peak fraction (100 0.D. units) was concentrated to 25 ml. |

) - Fraotion VI-2 (25 ml) was applied to a colum (2.5 x 85 cm)

fn, ' of Biogel P-10 (200-400 mesh). The chromatogram was developed with

0.025 M Tris-HCl, pH 7.6, at a flow of 12 mi/hr and the eluate collected

‘ in 6 ml fractions. Antigen Ra5 was eluted as a sh:.rp peak (Fig. 16).
' ' To remove trace contaminants, 10 ml aliquots of the Biogel P-10 fraction,

sach containing approx 30 0.D. units, were cycled (x 3) through a colum

(2.5 x 90 cm) of Biogel P-4. The chromatograms were developsd with the

0.025 M Trj_:s at a flow of approx 25 ml/hr (Fig. 17). The final yield of

Ra5 was 75 mg/kg pollen (based on B 28:;:; L 2.36 (Goodfriend and . ’

Lapkoff, 1972).
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III. Chemical and Immunological Properties of Antigens Ra3, Rali; and Raj

The isolation of antigens Ra3, Ra4%, and Ra5 from the aquebus
extract of short ragweed pollen was'described in the previous section.
Purification was continuously monitored by acrylamide gel ciisc
ilectmphoresis until, as a minimal requirement, the antigen preparations

displayed single bands in an acidic buffer system (Figs &4, 18, 19).

..“*

Additional data bearing on homoganeity wers concomitantly obtained in
the course of chemical and, immunological examination of the antige;ls and
will be summarized in part D, III, 1.

The data obtained for antigens Ra3 and Ralt relate to their
molecular size and charge, carbohydrats contmt:, amino acid composition,
polypeptide chain structure, and antigenic and allergenic activity.
Chemical and immunological pﬁperties of antigen Ra5 were described by *
Lapkoff and Goodfriend (1974). In the present study, a few additional
parameters wers examined, viz., the isoelectric point,Afroe sul fhydryl
content, and chain structure.

In collaborative studies between this laboratory and that of
Dr. J. Donald Capra, the complete amino acid sequence of antigen Ra5
(Fig. 20) was recently determined (Mole et al., 1975). In continuation

of these studies, partial sequences have to date been obtained of the, \5

~

N-terminal region of antigens Ra3 and Ra4 and are presented in this - ~

section.
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l. Antigen Raj

i. Molecular weight
The mol wts of the 2 forms of antigen Ra3 were determined by

v analytical equilibrium ultracentrifugation.

A partial specific volume of 0.731 was calculated from the
amino acid composition (Tables I, II) and adjusted to 0.722 to take into
account an 8% carbohydrate content (Gottschalk, 1966). The'values for
the slope of log ¢ vs r? for Ra3-I from duplic?u runs was calculated
by least square analysis to be 0.251 and 0.260 (Fig. 21). Substitution
in the standard equation gave mol wts of 11,900 and 12,300 daltons

'corresponding to the 2 slopes respectively. The average mol wt was

therefore 12,000 daltons with 2.5% experimental uncertainty. A single
' analytical run gave a slope of, 0.260 for Ra3-II (Fig. 22); the

corresponding mol wt was 12‘, 300 daltons. Thus, no difference in

molecular size between the 2 forms of Ra3 was detected.

ii. Isoelsctric point ;
[}
A solution of 10 mg Ra3-I in dist H20 wrs incorporated in a

glycerol density gradient together with 2.5 ml of pH 7-9 carrier

ampholytes with the aid of a gradient mixer. The solution was pumped

into a 110 ml electrofocussing colum and 600 volts were applied across

the column for 4 days. The column contents were collected th 2 ml fractions,

the effluent was continuously monitored for 4 T at 280 nm but the pH's of




the 2 ml fractiohs were separatelw dotermineci. As shown in Fig. 23,

Ra3-I eluted as a sharp symmetrical peak with an isoelectric pH of 8.6.

iii. Carbohydrate content

A

Variable and relatively high carbohydrate contents were

found for Ra3 during the course of this study.  Evidenes was obtained

T

from the following experiments that the carbohydrate was present 1argel;': B

if not entirely, as a cmWint and not as an 4ntegral part of the
molecule.

a. A sample of fia}-I was oycled through a column (2.5 x 90 em) of
/Biogel P-30 using 0.025 M Tris-HC1l, pH 7.6, for development. Ihg eluate
fractions were assayed for protein by 0.D. (280 nm) measurements and for
carbohydrate, by the tryptophan method. The protein and carbohydrate
peaks did not coincide (Fig. 24a). The cut (c) shown in the figure was
cycled through the same column (Fig: 24b) and a similar ocut ;f the eluate
peak cycled as previously (Fig. 24c). On the 3rd cycle, protein and
darbohytira’t\.e peaks almost coincided. The final Ra3-I preparation contained
7% carbohydrate, while a pool of cuts (d) of=the descending branches
contained 20%. Amino acid analysis of the 2 preparations showed no
significant differences in composition (Table III).

b. .Antigen Ra3 (30 mg) obtained by DRAE~Sephadex chromatography .was
aicv;d through & solum (5 x 90 cm) of Sephadex G-50s, using 0.025 M
Tris-HC1l, pH 7.6, for development. Assays done as abové on the eluate

fraction® showed a marked dissociation between the carbohydrate and

[}

protein eluate profiles (Fig. 25).

~
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¢. An experiment was done to determine if and to what extent carbohydrate

could be removed from Ra3 by preparati\re polyacrylamide gel electrophoresis.

50

A sample (10 mg) of Ra3 obtained from the DEAE-Sephadex column chromatographic

;tep contained both forms of the allergen and 10% carbohydrate. The sample
was run for 4(? h? on a polyacrylamide column in the pH 4.3 s&stem. A
vertically cut strip of the colum was stained for 10 min in Coomysie
blue and showed 2 ssparate but diffuse bandé (3.8 and 5.1 cm from the top
of a 12 cm colum). Using the stained st;'ip as gulde, the 2 unstainad
bands were separately sliced, fragm‘&nt.edd and ‘separntely stirred overnight
in 10 ml volumes of 0.1 M Tris-HC1l, pH 7.6. The suspensions were filtered
and the clear supernatants concentrated to 2 ml by‘maly-tical polyacrylamide
disc electrophorasi; at pH 4.3, 80-90% of the upper band preparation
consisted of Ra3-I, the remainder, Ra3.II, and vice versa for the lower
band (Fig. 26).

Protein yield was determined from 0.D. (280nm) readings against the
Tris buffer blank. (Previous determinations had defonstrated that
essentlally no ﬁV absorbing materials were leached from protein-free
regions of acrylamide gel.). The yield of Ra3-I (with.aome II) from
10 mg starting material was 0.70 mg, the yield of Ra3-II (with some I),
0.42 mg. JAnalycis“ on duplicate aliquots of each All;rgem solution
(Table 1V) showed the sontinued presence of carbohyz:irate, but at a

markedly reduced level of J# for both Ra3 forms.
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iv. Amino acid composition

"The amino acid composition of RaB-I’ was determined on 3
aliquots of 0.5 mg each separately subjected to 24, 48 and 72 hr acid
hydrolysis. The‘nunbor of amino acid residues was found by calculating
the number of moles of each residue per 11,000 g of protein (Table II).

All of the usual amino acids were found to be pr:e,unt, except methionine,

Y

for a total of 101 residues.

Performic acid oxidized Ra3-I did nof show an increase in
cystine plus cysteine (determined as cysteic acid) compared to unoxidized
Rd3-I '(Table V). Thus, 3 ays/2 residuebs was obtained in both cases.
However, analysis of reduced and a.lkyln{:ed Ra3 (see below) showed the
presence of 4 carbowmﬂxyley;toine residues,

The amino acid compositions of Ra3-I and Ra3-II were compared
using 24 hr acid hydrolysates of the respective proteiria. The number of
rer‘.sidues were Virtually identical except for a few of the amino acids,

0.Zey pr%_me and glycine. The residue differsnces appeared to lie within
N L)
the error of the analytical method (Table VI).

-

A Y

v. Free sulfhydryl
Free sulfhydryl content of Ra3-1 wis determined by 2 colorimetric

mathods: that of (a) Ellman {1959), using the reagent DINB, and (b)
Rohrbach et al. (1972), using BDC-OH. Y
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a. From the 0.D. reading (Table VII), the -S4 content for BSA was
calculated tn be 0.64 M/M protein, in close agreement with literature
values (Putnam, 1965). A vaiue of 0.11 W,l( pratein was found for Ra3,
& result that was probably due to the sligx‘yt turbidity which developed
in the Ra3 solutidn following reaction with the' colorimetric reo.éont.
b. The free sul 1l content of BSA u;o.‘s'/ M/M protein (Fig. 27,
Table VIII), in reasonable agreement with the previous assay. Free
sulfhydryl content of Ra3-I was determined at allergen concentrations
ranging from 2-1Q nM/ml. There was no decrease in absozjbancy at 612 nm
with increase in protein concentration (Table VIII), i.e., free .sulfhydryl

was'not detected. .

vi. Polypeptide ch stru e

The number of constituent polypeptide chains of Ra3-I was
determined by SDS-acrylamide gel diu; electrophoresis after reduction
anfi alkylation of the protein.
a. Preliminarily, 6 mg of Ra3~I in 5 ml 0.05 M Tris-HCl, pH 7.6, was
recycled through a colum (2.5 x 90 cm) of Sephad?x G-50s (Fig. 28).
The chromatogram was dwplo;;ed with 0.01 M sodium phosphate buffer, pH 7.1.
The antigen was recovered essentially quantitatively in a homogeneous peak
at a elatien volume of 266 ml.

The Ra3 aol‘u‘td.on was concentrated to 3 ml, %udo 14 in DS, and

incubated with 4 -g o/f/DTT for & hr at 50°C. It was sibsequently cooled

‘to . temp, made 0.3 M in lodoscetamide and allowed to stand for 30 min.
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ff The reaction mixture was sieved''through Sephadex G-50s as above, except
v for the inclusion of 0.1% SDS in the equilibrating and eluting buffer.
ji Ra3 was eluted essentinily qumtdtativoly' as a sharp peak at an elution
ai‘

volume of 190 ml along with 2 subsequent minor pesks (Fig. 28). b
& « .

Samples of the major Ra? and minor peaks were examined at a sample

load of 10 and .20 ug in 4k SDS-polyacrylamide gel system of Wéber and

Osborn (1969). On staining of ‘the gels with Coomassie blue, the major

peak showed a heavy band along with a sharp faint band at the top and

‘bottom of the acrylamide ‘gel columm (Fig. 28). The 2 minegr peaks did *

!
not appear as protein staining bands at the concentration examined.
To determine the extent of reduction and alkylation of the Ra3 '

preparation, the Sephadex G-~50s peak fraction was dialyzed overnight
. at 5°C against 0.05 M Tris-HC1 buffer, pH 7.6, ‘,c;)ncmtraud %o 2 ml,
precipitated (x 2) with acetone, redissolved in dist HZO, and an
appropriate aliquot analysed for amino acid composition. The results
(Table IX) showed the presence of 4 carboxymethylcysteine residues,
i.e., 1 residue higher than the number of half-cystines established
by amino acid analysis of unoxidized or performic acid oxidized Ra3. A
b. Additional e;idqpco concerning the c}iainmltruoture of Ra3 was obtained -
as follows. An aliquot (1 ml) of the same (initial) solution of Ra3
employed for the reduction and alkylation experiments described above

was reduced with DTT according to Virella and Parkhouse (1973).

S




[ ‘ Reduced Ra3 was subjected to polyacrylamide gel dis«:: electrophoresis
using the basic pH-3DS system of Wachneldt (1971). A sample (1 mg) of

antigen Ra5 reduced in the same manner and a reagent blank were run

similtaneously. As shown in Fig. 29, a single major band was obtainodf,

for Ra3 and Ra$5, a"long with severa‘,l minor bands which were, however, ;
present in the electropherogram of the reagent tontrol. The ud.gratiori‘

, distances of the major ‘vands were 4.1 and 4.5 om for Ra3 and RaS5, \
respectively. As the tracer (bromphenol blue) incorporated in the 2
runs migrated a distance of 4.8 cm, the po&)ility was p'recludo'd that

additional band(s) may have migrated out-of the gel.

vii. N-Terminal amino acid
' The N-terminal amino acid of antigep RakI was found to be

glycine. No other amino acid was detacted.

)

viid. N=Terminal d@o acid sequence

Stuc}i’es are in progress in collaboratYon with Dr. J. Donaid
Capra and ‘his a’sqociates on thejgfuplete amino acid sequence of antigen
Ra3. Studies to date, utilieing the wa automated Sequencer have
established the sequence of 25 residues in the N-terminal region of
Ra3-I (following reduction of the antigen with 2-mercaptoethanol and
alkylation with iodoacetamide), The sequence (Cnpra; J.D. Personal

commnication) is given in Fig. 0.
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ix. Immnologjcal properties
a. Antigenic purity and specificity of Ra3 were established by

immunodiffusion tests with a number of antisera. A single precipi

arc was observed for Ra3-I and -II yiﬂm rabbit antiserum to the whole
aqueous extract (Fig. 7). Furthermore, the 2 forms of’ Ra3 gave a single
precipitin arc if a reayé?tion 91‘ co te ident.’:ty with rabbit antiserum
raised to Ral-I (Fig. 6). On the other hand, the antiserum to Ra3
failed to react with antigens E, Ra4, or Ra5. Sind.iarly, no reaction a ‘~
was observed bepﬁeen Ra3 and antisgra to the latter antigens.

b. The incidencge "of allergenjc Scu}_&geous) acpivitx of Rij was compa.r;d
with that of antigen B in patients sensitive to whole aqueous extract
(Greer) of. short ragwsed pollen (assays performed by Dr. John Santilli).
Cutansous reaci"d.ons were obtained by skin puncture tests ( see Part B.
Materials and Methods) at a fixed allergen concentration (30 pg/ml) .
The incidence of patient reactivity to the allergens is given in l(abfe X.
Some 80% of the ragweed \amsitive patients reacted to antigen E, while
4O reacted to Ra3, a relative incidence similar to that reported by

Underdomn and Goodfriend (1969). It is noteworthy that Ra3 elicited

' cutaneous reactions in 4 of the,20 patients who failed to react to

antigen E, emphasiging independence in allergenic activity of the 2
antigens.

c. Histamine releasing sctivity of Ra3 compared to antigen E was
examined quantitatively by the in vitro human leucocyte technique




(collaborative studies with Dr. Lawrence M. Lichtenstein (1973)). Fig. 31
gshows 3 patterns of histamine release observed when leucocytes from 23 ¢
patients were separately challenged with antigens Ha) and B at concentrations
ranging fron\i 10-5 to 10°1 ug/ml. At one extreme were p.u_,ﬁ- highly
sensitive to E who showed no reactivity to Ra3, even at concentrations
103 to 10* times higher (Fig. 3la). More common were individuals who
reacted to both allergens but were "sigmificantly less sensitive to Ra3
(Fig. 31b). Other patients were about equally or slightly more sgxsitive
(3- to 10-fold) to Ra3 (Fig. 3ie).

Table XI lists 'ghe concantrations of antigens Ra3 and E required for
50% hi;tamine releass. Of the 23 patients, the leucocytes of 6 did not
;-espond to Ra3; 4 released histamine only with very high concentrations
of the‘allergen; 8 reac{aod to both allergens but needed 3 to 40 times {
more Ra3; 4 responded more strongly to Ra3. Thus, no constant relationship
was observed ?eﬁreen sensitivity to these 2 antigens, as has been noted
with cross~reacting antigens such as B and K (King et al., 1964, 1967).

Antigenic relationship was studied by determining the ability of
homologous and heterologous antisera to inhibit Ra3~ and E-induced *
leucocyte histamine release (Fig. 32). The absence of common antigenicity
was implied by the finding that, in most patients, anti-E inhibited
E~induced 'histame release but not that caused by Ra3, while ax;ti-Raj
inhibited the response to Ra3 but not to B (Fig. 32a). However, in some

patients unexpected patterns of inhibition were observed. Thus, anti-E

+
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N also caused inhibition of Ra3-induced histamix;f release (Fib. 32b) but

' only at antiserum concentrations 102 to 103 times liigher than requirod‘
to inhibit the:homologous antigen. In 2 cases (Fig. 32c), anti-E inhibited
E-induced histamine #elease and, at 10- and 50-fold higher concentrations,

w
¥ f

also blocked the response to Ra3, while anti-Ra3 was completely inactive.
4

Anti-Ra3/df{d not in any case inhibit E-induced histamine release. (Discussion

of the significance of these findings is reserved to a later section (D, III, 2.)).

—~—




2. Antigen Rals

/
’ iv Molecular weight }/

The mol wt of a preparzti;;é of Ralt containing 6.? carbohydrate
was determined by analytical equll/ﬂ:brium ultracentrifugation. The
value for the slope of 1og‘c vs /2 was calculated by least square
analysis to be| 0.15:7 (Fig. 33)/ The partial specific volums of 0.731
caloulated from the amino acyd analysis (Table XII) was adjusted for
éarbohydrate to 0.723. Substitution into the standard equat:'kﬂgave a

mol wt of 22,700 daltons ¢r 21,100 daltons for the protein moiety.

ii. Isoelectiric point

A sample (740 0.D.,gp,y, Units) of Ra# was examined in an LKB
Preparative electrofocussing column under the same conditions as
described for Ra3-I. Using the LKB Ampholine carrier ampholytes in
the range of pH '%10, Ralt was eluted as a sharp symmetrical peali with

an isoelectric of 8.0 (Fig. ).

141. Abso trum
Thé sbsorption spectrum of antfgen Ra4™as determined in 0.05 M
phosphate fer, pi 6.8, from optical density read:fngs in the wavelengths
* range 2404340 mu (Fig. 35).‘ The 0.D. profile was typical of proteins with

peak sbsérption at 278 nm.
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iv. Carbohydrate content
In preliminary studies, preparations of Ral¥ were found to have

variable and relatively high (> 30%) carbohydrate content. Repeated
eyeling of the preparations throug}; molecular sieve or ion-exchange
columns did not appear to reduce the carbohydrate content to any
significant degree. -'On the other hand, the carbohydrate and protei?x
moleties were readily dissoclatsd on acrylamide gel disc elsctrophoresis
at pH 4.3 (Fig. 36). However, attempts to utilize gel slectrophoresis on
a preparative scale for this purpose proved unsuccessful owing to an
apparent deteridra'éiqm (Fig. 37) and low yield of antigen.

A drastic reduction in carbohydrate content to the 5% level was
achieved by precipitati:\xg twice at 0.6 saturation in ammonium sulfat‘e as
described 11; Section II, ii. No attempt was made t6 further reduce the
sarbohydrate content by additional precipitations, owing to dirminishing

recovery of antigen.

v. o_acid compo

The amino acid composition of Ralk (containing 6.9 carbohydrate)
was determined from samples of 0.6 and 0.k 0.D« 500, Units after 24, 48,
and. 72 hrs acid hydrolysis (Table XII). The number of residues was found
by caloulating the n\llmber of moles per 21,000 g of prot:ein. All of the
commonly present amino acids, including methionine, were fou.n_d in Ral for
a total of 159 ragiduss. The number. of tyrosine plus tryptophan residues
was.approximately double the number found for Rals In view of 60 N
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differences in mol wt of the 2 allergens, this finding suggested similar
extinction coefficients and provided the basis for the assumption made

in this stady of an absorption coefficient of Epgd sl ™ = 1.0 for Rak. .

vi. Free bYs) 1

Free sulfhydryl content of Ra# was determined by the method of
Rohrbach et al. (1973) using BDC-OH at 2 to 7 nM/ml. The 612 nm at;sorbancy
did not decrease with increase in protein concentration, indicating the

absence of active sulfhydryl (Table VIII).

vii. Polm_e_ggrde chain structure
A sample (0.11 0.D. 280nm units) of Ral (6.5% carbohydrate) was

incubated for 3 hr at 37°C in the medium of Virella and Parkhouse (1972)
containing 1% DTT and 1% SDS. Aliquots of 0,05 to 0.1 ml were subjected

to S)S-pdlyacrylamide gel electropho?esis in the presence of 0.1% D

as for Raj. Electrophoresis was stopped when the bromphenol blue marker
had travelled a distance of 4.8 em. Staining of the gels with Coomassie
blue revealed a sharp major band and 3 faint bands of lower mobility

(Fig. 38). The control reagent gel was devoid of detectable staining

L

components.

An estimate of the size of the molecular speciss in the major

* band was obtained from a plot of log mol wt vs distance travelled by

Ra3 and Ra5 in identical runs (Fig. 39). The mol wt, 22,900 daltons,
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was in close agreement with the value derived by ul tracentrifugal
analysis, 22,700 daltons., Although the faint bands of lower mobility
required explanation, the resulis were strongly' indicative of a single

polypeptide chain for the Ral molecule.

viii. N-Terminal amino acid sequence \\
Antigen Ralt was degraded by the Edman procedure in a Beckman

automated Sequencer, following reduction of, the protein with mercaptoethanol
and alkylation with iodoacetamide (collaborative studies with Dr. Capra ami
his associates). The sequance dbfained (Capra, J. D., personal commnication)
forA 22 residues in the N-terminal reéion i1s shown in Fig. 40. A six;gle
N-terminal acid, al:a:‘zina, was found to be present, further evidence that

‘ the protein conststed of a single polypeptide chain.

ix. Immunological properties
a. Antigenic purity and specificity of Ral were studied by immunodiffusion

with various antisera.
Single precipitin arcs wers obtained in a reaction of complete identi'tyﬁ
unodiffusion of Ralt with antisera to Ralk and BPAR (Fig. 41), evidence

for homogene of the Ra4 preparation and its (antigenic) equivalence with

BPAR. In contrast, an to Raly failed to react with antigens E, Ra3,

and Ra5, while antisera raised to th ter antigens were inactive toward

/ o

/// . R&ul

Single precipitin arcs were obtained for Ra4 and antigen E tested
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with (NIH) antiserum to WSR (Fig. 42), antigenic cross-reaction was
evident between the antigens, suggesting the presence of a common
antigenic (structural) region in Ra# and E (and the presence and absence
of antibodies to this structural region in the anti-E and anti-WSR
antisera, respecti;i,ely).

b. Data on the incidence of allergenic (cutaneous) activity of Ral
(obtained by Dr. John Santilli) are given in Table X. Although 80% of
the ragweed pollen sensitive patients reacted to antigen E, only 20% of
these were sensitive to Ralt, a cross-reacting antigen. It 1s noteworthy

that one patient reacted to Ral but was insensitive to antigen E.

- Se— ey e
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3. Antigen Ra5

i. Amno acid composition

Within experimental error, an identical residue composition was
found for Ra5 isolated in the present study and that obtained by the

earlier procedure of Lapkoff and Goodfriend (1974) (Table XIII).

ii. Iscelectric point
1 The Asoelectric point of Ra5 was determined (Roebber et al.,

1975) in an LKB preparative isoelectric focussing colum. The sample

(10 mg) of Ra5 was‘incorporated in a glycerol density gradient together
with Ampholine Carrier ampholytes in the pH rangs 9-11. After application
of 400 volts for 4 days at 5°C, the colun;x contents were collected in

2.2 ml fractions. Ra5 was eluted as a sharp homogeneocus peak (Fig. 43)

at an isoelectric pH of 9.5.
ANY '
1ii. Free . 1
The assay for free -SH éroups was performed by the method of
Rohrbach et al. (1973) on solutions of Ra5 in the concentration range

of 1 to 30 nM/ml (Table VIII). Active sulfhydryl could not be detected.

iv. Po e ch structure N

As detailed earlier (see part 1. of this Section), a single
band was obtained on S)S;-acrylhmida gel disc elec horesis of Ra5
after reduotiion with DTT (Fig. 29), evidence for a gle polypeptide

chain structure. ( ’ ) l
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v. Ipmugological Qrogerﬁ es ‘

a. The isolation of/ghtigm Ra5 was monitorer.i by immanodiffusion tests
with a goat antiseruxy/t.o Ra5-ovalbumin previously shown to have the same
specificity teo Ras//és the anti-Ra5 antiserum used in the initial isolation
(Lapkoff and Goo/d/friend, 1974) of the antigen. The final preparation
gavé a single precipitin arc with the antiserum (Fig. 44).

b. Table X shows the incidence of aller cutaneous) activity of Ra5
(data obtained by Dr. John Santilli). An appx:eelia‘fly higher incidence

?iously (20%; cf. (Marsh et

(approx 40%) wascfound in this study than
al., 1973). It is noteworthy that, of” 20 patients who failed to react to
antigen E, 3 reacted to Ra5, ‘ r‘]:ining the allergenic independence of

the 2 antigens.
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I. solation of the 2 Major Forms of Apntd Ra

Methodologically, the isolation of antigen Ra3 from fraction C
qf’ the aqueous ragweed extract described in Part C, I, was a variant
of that employed by Underdown and Goodfriend (1969). Thus, a change
was made in the Sephadex G type used for molecular sieving: from
G~100 to G-50m. As a result, higher hydrostatic pressures and flowrates
were achleved as well as sharper and more reproducible eluate peak
,pattems. In addition, in the final ion exchange step, DEAE-Sephadex
replaced Dm-cellulose and the eluting Tris buffer was reduced from

0.002 to 0.001 M. This step in.the isolation of RaJ proved to be critical

and difficult. Critical, because any contaminants still present following

DEAE-Sephadex chromatography (Fig. 3) invariably appeared in the final
Ra3 preparation obtained by G-50s chromatography. Difficult, because the
separation of the slightly retained RaJ peak: from the unretarded peak
(Fig. 3) appeared to be appreciably affected by véry minor changes in
the procedure and was likely also sensitive to batoh differences in
DEAE~-Sephadex as well as in the start-up pollen.

The 2 forms of antigen Ra3 were numbered according to the
order of their elution from Sephadex G-50s. “The yield of Ra3-I plus =II
was generally 100-120 mg/kg pollen, i.e., similar to (although somewhat
higher than) the ylelds reported in the initial study by Underdown and
Goodfriend (1969). It seems 1ikely that the antigem Ra3 prepared by

these workers was also a Z-coinponmt isolate. Detection of the 2 forms
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had to await improvement in the technique of polyacrylamide gel disc

ﬁlectrophoreisis and the use of Sephadex G-F-SOs as a final purification

step. D |

.II. Development of a Mope Integrated Method of Isolation of Antigens

Ra. Rﬂu Ra5s

i

1. The method
A feature of the procedure for isolation of the 3 allergens

was omission of the step of ether extraction of the ragweed pollexlx .
conv;mtior}ally used in the preparation of WSR. The extract prepared from
the untreated pollen contairied, of course, considerable amount‘s of pigment
and 1ipid. However, pigment and probably also lipid were partislly
sliminated by DEAE-Sephadex colum chromatography. Colum size and buffer
molarity were chosen so as to allow passage of the known ragweed pollen
allgrgens (including antigens E and K) and retain unwanted (col?red)
conmponents. Partial depigmentation was previously achieved by other
workers (King and Norman, 1962) md early in the present &udy by passage
of the aqueous extract thrpugh large Pharmacia colummns (K11/100) of
Sephadex G-25. However, this gel tended to adsorb the basic protein‘
allergens resulting in trailing of the uhretarded A-peak into the retarded

-

B-fraction (Roebber, 1970), and its use was therefore abandoned.

b}
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For molecular size separation of Ra3, 4 and 5, Biogel P-10

was selected in préj‘érmce\to Sephadex G-50m because the former retained
pigment somewhat longer than the latter, allowing the Ra5 to elute in
a pigment-free fra::tion. While antigens Ra3 and 4 eluted as overlapping
fractions from P-10, no better resolution was observed using Sephadex G=-50m.
B Antigeh Ral had a tendency to drag on gel filtration unless

high salt concentrations were employed. This was achieved by incorporation
of 0.2 M ammonium sulfate in the eluting (Tris) buffer. It is noteworthy,
-that the bulk of the Rali was confined to the descending limb of the
symmetrical peak eluted from Sephadex G-75.

The procedure for isolation of antigens Ra3-I and II incorporated
,a DEAE ion exchange step which was similar to t.ha: previously employed
(Underdown and Goodfriend, 1969) except that the cellulose ion exchanger
was replaced by the Sephadex ion exchanger. The difficulty of this
chromatographtc step noted with the earlier procedure was again observed
and may be‘ apparent from the chromatographic pattern shown in Fig. 13a.
It was frgaqumtly nec?s;ary to repeat the DEAE step once or twic; to
_achieve highly homogeneous preparations. The degree of homgmait\v of
the preparations thereby attained was somewhat surprisihglconsidering /o
the fact that only partial depigmentation and rather crude 81279 separa-t:.;on
was achieved ‘gy filtration through Biogel P~10: virtually all contaminating
components in the P-10 fraction were separatéd from Ra3 by the DEAE—Sephadex

step. Some low level contamination with molecular species different in

¥ ,



size but similar in charge properties may have been removed“ by the
mbsequ?nt Sephadex G-50s filtration step to separate the 2 forms of
antigen Ra3.

Almost all non-Ra5 components in the P-10 fraction were
confined to the unretarded fraction elut;d from CM-Sephad'ax. Antigen
Ra5 was well reta.;med on CM=Sephadex and e.lut.ed rather slowly in a
large volume of the .single eluant buffer. The final gel filtration .
steps ‘through Biogel P-10 and P-4 were used to remove baseline contaminar}ts.

Simplification of the meﬁxod of isolation probat;ly accounts
for the appreciably higher yields of antigens Ra3 (150 mg/kg pollen)
.and Ra5 (75 mg/kg) than formerly achieved (100 and 15 mgfkg, respectively).
The increased yislds obtained for the low molecular proteins Ra3 and RaS
_run contrary to t;le concept that such components are breakdown products
of larger native structures of the ragweed pollen grain (Goldfarb, 1968).
The observation that Ra5 appearsd in considerable quantity in a 20 min ¢
aqueous extract is also contraindicatory (Marsh; Go{odfriend and Lapkoff;
‘ .unpublished observations). In general, pollen allergens appsarad to
paés quite readily into. the borate buffered physiological saline employsd
in the first extraction st:fa (Section C, II, l.) and, as found by Johnson
and Thorne (1958) with grass pollen, the cell wall of the pollen gra.i.n'
remained unimpaired on microscopic inspection.

bl
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2. Difficulties in the method

[he overlap of Ra3 and Ralt in the Biogel P-10 chromatogram
(Fig. 99 led to lower ﬁelds than might otherwise be possible but this
could not he remedied by simple changes. Cuts were therefore made
contai:lming the 2 allergens in one fraction and the allergens separated
by a subsequent CM-Sephadex step (Section C, II, 4.; Fig. 10). Ra3 was
quantitatively obtained from the unretarded CM—Sephac;ex fraction II-1
and further purified in the usual way.

‘ The method of isolation of antigen Ra3 has become routine.

The only difficulty lies in the separation of the 2 Ra3 forms
(Ra3-I and Ra3-II) by Sephadex G-50s chromatography (Section C, II, 5.;
Fig. 14). Complete separation was achieved with considerable losses in
material and time until it was establisho‘d that the 2 species are essentially
identical for 1;he purpose of most of the chemical and immunological studies.

The isolationbprocedure for Ral has yet to become routine. This
allergen appeared in several fractions on salt gradient elution from
CM-Sgphadex when a concentration gradient was used lower than the one
employed by Griffithsand Brunet (1971). As already noted, it was confined
to a symmetrical peak on Sephadex G=75 cl:lromau.)graphy (Fig. 11) or rather
to the descending branch of the peak, indicating inhomog;}dj;a(/l}se of
Sephadex G-75 superfine to resolvvﬂliing(téempted bec‘nuse

early in this study it was obserped that Ra4 absorbed very strongly to
A

this gel. Recently, however, we have used filtration through Sephadex G-75

i
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superfine in the presence of 0.2 M anunpnium sulfate and have resolved
the symmeirical péak from Sepha@ex G-75 into 2 peaks, the second of
whiek contained all the Ra. It.is anticipated that use of this step
will enable us to obtain Rad¥ in homogeneous form in appreciably higher
yields than the current levels of 20-25 mg/kg pollen.

Of the 3 allergens, Ra5 has proven to.be the easiest to isolate
in a higi*lly homogeneous state. Recently, with technical improvement,
the yleld for Ra$5 increased to 1Q0 mg/kg pollen, still appreciably short'
of theoretical. It has been suggested (Roebber -et al., 19751) that the
presence of a number of components in WSR cross-reacting with Ra5 may
partially explain the discrepancy between the Ra5 conteant of aqueous
pollen extract as determined by radioimmmodiffusion (Marsh, 1973) and
the yield of the allergen obtained. Similar quantitative measurements
are planned for Ra3 and Ralt using the RAST assay (Ceska et al., 1972)
which has been recently introduced in our laboratory for .antigen Ra3

(Goodfriend and Lundkvist, unpublished obsewaﬁims).

III. Chemic d ological Pro es . ,’" -

1. Chemjcal propertjes , | 9/
1. The molecular weights of the 2 forms (I and II) of antigen Raj were

found to be identical by analytical ultracmtrifuga.ﬁm. Hg, 12,000 daltons.

The preparations contained approx 8 carbohydrate, so that the w.fght of 'the

*
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. protein moieties may be estimated as 11,000 daltons.

As the amino acid compositions of Ra3-I and -II were also identlcal
within the variati;: of the method, it is unclear what differenca( s;ﬁ in
physicochemical properties cause the 2 forms to separate by acrylamide
disc electrophoresis as well as by Sephadex G~50s column chromatography.
Charge difference due to unequal amide coptent may account for the
differential mobility, as found for the various forms of antigen E.

[’ Differences in carbohydrate content may play a major role, though it

e

—\was not clearly established whether and to vﬂ;at extent the carbohydrate
c%etected formed an integral part of the molecule. As the carbohydrate
”c'imtent could be reduced to the same low level of approx ¥ by acrylamide
gel disc electrophoresis, it seems 11k;1y that Ra3 is rgyt, in fact, a
. glycoprotein. It will be of interest to determine if quantitative removal
of carbohydrate can be affectsd by the simpler expedient of ammonium sulfate
precipitation and, if so, what effect this would have on the disc

electrophoretic migration of the 2 Ra3 forms.

a

ii. The Ra4 isolates contained high amounts of carbohydrate ( » 30%),

s

s

‘most of which nl léast, was ]:oosqu bound and could be removed by nmf:ni\;m

sulfate p;‘ecipitatim) However, the stability of the preparations appeared

to decrease with loss of ca.rbohydrat; as evidenced.by formation of visible

= ‘aggregates and reduction in precipitin formation on immnodiffusion test,
‘and no attempt was made to complotsly remove carbohydrato by’ further

salting-out with ummium sulfate. ﬁ
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The mol wt of Ral4 (6f carbohydrate) was found by analytical
squilibrium L‘thracmtrifugation to be 23,000 daltons. Taking the
carbohydrate content into account, the mol wt of the protein moiety comes
close to that of the heavy chain of antigen E, 21,800 daltons (King, 1973).
This i-ends credence to the possibility that Ral constitutes free heavy
chain of antigen E. However, it should be noted that apprécisble differences

in amipo acid composition were found for Ralk (Table XIV) and published data

for antigen' E heavy chain. If these differences are confirmed, it would
seem rlé% likely that Ralt and antigen B heavy chain share only certain

‘regions along the polypsptide chain.

111. Determination of the isoelectric points of RaJ, Rak, and Ra5 showed
that the "basic protein 'allergen" was not the most apionie molecul ar
species obtained from ragweed ;:ollen extract (pI = 8.0). 1In fact, u:e
pI of Ra3 with an iscelectric point of 8.6_‘ md' Ra5 with 9.5, lay somewhat
higher in the basi¢ region, though CM-Sephadex chromtog‘rn.phy did not
conform to these reslﬁ ts.
iv. Evidence for homogeneity of the antigen preparations was obtained
by var:llous phyn.oochanioél eriteria. .

All finsl colum chroﬁa‘}ognphic runs for ssparation by sive as well
as by charge yielded single symmetirical peaks. (Retentit;n of Ra5 on

Biogel P-4 (exclusion limit: 3,600) was likely due to adsorption of the

p /




‘ baslc protein to the gel in the presence of a low ionie strength buffer.).
Anslysis of antigens Ra3«I, Ra3-II and Ral by analytical equilibrium
uitracentrifugation gave linear plots of log c vs rz, showlng monodispersity
of the preparations.
Ra3-I, Ra# and Ra5 migrated as a single band on SDS polyanMde
gel disc elecirophoresis, dndicating size homogeaneity. The very faint
L . slower migrating minor bands in the electropherogram for Ra4 which were

w3 .
ﬂ fpresmt in the reagent blank gel are not believed to be contaminants as

thgg exhibit Very différent size and/or charge properties. They might
consist of carbohydrate with small amounts of attached protein.
Purification was usually monitored by pglyacrylamide gel disc

electrophoresis at pH 4.3. The presence of only a single elactrophoratic

. . ) Smd was one of the criteria for homogeneity of the final preparations.
The pH 6.6 buffer system did not res in improved resolution and was
tlferefore discontinued; basic systems could not be used because the
allergens did not enter the gel under these conditions.

» On iscelectric focuuéiﬂg in a glycerol density gradient, single

‘ well-defined peaks were obtained for Ra3-I, Ral and Ra5, showing charge

homogeneity.

,<
Ay

2. Immunological properties-
g . 1. On Ouchterlony tests, the 3 allergens under study reacted with the

/’/‘ corresponding specific rabbit antisera, and Raj and Ra4 with rabbit

antiseras to WSR, with formation of eingle precipitin ares. Ra5 did not

BEEN
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I 5 precipitate with anti-WSR, 'This ws:sé observed previously (Lapkoff, 1974)
and we have in fact not sucgeeded in preparing a rabbit anti~-WSR anti serum
whic}; also contained antibodies to Ra5, nor to our knowledge has any other
1aborator5!. It seems likely that too much of t.?is small, weakly antigenic

“ protein has been lost during conventional ether axtraction of the pollen
prior to preparation 9f the aqueous extract used for immunization.

8
l, « The 3 antigens showed no antigenic cross-reactivity, since rabbit

antiserum to any of the 3 antigens failed to give immnodiffusion arcs

to the remainder. It is recognized, however, ﬂ:at detection of cross-
reactivity in these tests is strongly dependent on reaction conditions

and the nature (immune or hyperimmune) of the antiserum.

1

ii. The data presented in Figs. 31 and 32 and Tables X and XI demonstrate
that Ra3 is a distinct allergen having essentially no cros's-reactivity

with the major ragweed pollen allergen, antigen E. There is no relationship
between the sensitivity to the 2 allergens in the 23 patients ;ssayed by
leucocyte histamine release. In terms of relative activities in different
allergic patients, there is more than a 100,000-fold spread. For exampls,
the concentrations of Ra3 and antigen E required for 50% histamine release

in patient 3 were 1.2 and 11 x 107%

ug per milliliter, respectively, so
that this patient was about ten times more sensitive to RaJ than antigen E.
At the other extreme, the same figures for patient 17 were 14,000 and 1.8

x 10~% ug/mi, 1.e., this patient was about 10,000 times less sensitive '

1




| to RaJ than to antigen E. This more than 10°-fold ratio of sensitivities
L to Ra3 and E at the same time demonsirates that the Ra3 preparation was
free from any signilfioant contamination with K. .
In studying the immunological relationship of antigens E and Ra3
k by inhibition of leucocyte histamine release with specific rabbit

antisera, the expected pdttern was observed, i.e., antigen E induced

histamine release was inhibited by anti«E antlserum and not by antiserum
to Raj,and vice versa. However, in 2 patients, antiserum to antigen E
also inhibited Ra3 activity, and in one of those patients the homologous
antiserum was not effective at all (Figs. 32b and ¢).
These findings were somewhat surprising and require an explanation.
The data, while limited, were well reproducible in these two patients.
' The anti-E antiserum concentration that gave a significant inhibition

of Raj activity was 107 and 102 times higher than was needed to obtain

the same degree of inhibition of the homologous allergen. The observed
inhibition of the heterologous allergen may therefore well be due to
contanunatic;n in the immunizing material with either Ra3 or some Ra3
cross-reacting component. The data shown in Fig. 32c, in which the
an}:ifRaj has ;10 ability to inhibit Ra3~induced histamine release cannot
be explained in this vay. ' ~

One possibility is that the rabbit anti-Ra% mtiser-un;, which was

b
rot hyperimmme, may not have contained antibodies to some less immupogenic

e
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d&‘m.nants on the Raj molecule. These determinants may have been the
same, or topographically close to the allergenic detenmina-nts detected

by the cell-bound IgE antibodies of these two particular patients. Findings
paralleling this phenomenon have been reported in studies on enzyme
activity in presence of specific anti-enzyme antibodies (Cinader, 1967).
Thué, neutralizing and non-neutralizing rabbit antibodies to RNase &

were shown to exist; indeed, one rabbit consistently produced antibodies
which activated the engyme. At present it cannot be sxcluded that similar
activating, or at least non-neutralizing antibodies may be produced in

the rabbit on iwnZSzation with Ra3 < and perhaps other allergens as well.

“ However, another possibility which cannot be excluded is that the ’
Ra3 sensitizing preparation contained a minor a.llergex.iie contaminant not
detected by the physicochemical techniques employed, one that did not
crogs-react with antigen Ra3 and cross-reacted weakly with antigen E.

Further investigation, inciuding the use of absorption with specific

antibody, are required to discriminate between these possible explanations.

+

iii. The incidence of patient sensitivity to Ra3, Rak, and' Ra5 was

determined by skin puncture test. For the assays, a single concentration

of allergen, 30 ug/ml, was erployed, a;1d patients were considersd insansitive
to a partd.cular allergen if they were skin test negative at this concentration.
For this reason, the results obtained in these studies must be cansidered

approximate only, however, they are likely to b{ close approximations in

b\




view of the good correlation found belabdoen data'obtained by skin puncture
and intradermal tests performed simultaneously on individual patients
(Dr. J. San'tilli, persogal cogminication). The advantage of the method
used was that a large number of patients could be screened for semsitivity
to several allergen preparations simul taneously without too high an
expenditire of time and effort. ,

As expected, the largest number of people were allergic to antigen
’E (79%)(Table X), but 21% did not react to the major allergen of ragweed
pollen.  Sensitivities to Ra3 and Ra5 were equally distributed (39% in
pach case) indicating that ‘the 2 allergens are important contributors to
the total patient symptoms. Somewhat surprising was the low incidence
of sensitivity to Ra4 (2 in light of 1ts antigenic cross-reaction with
mmgél E. Of the 95WSR sensitive patients tested, 16% failed to react

.

to any of the purified prepai-ations, a result warranting further search
for *the component(s) of ragweed responsible for these patients' allergy.

There is no obvious linkage of smsitiﬁues to any grouping of the
allergens tested. Table XV was constructed to elucidate this type of
relationship, listing all poss'ible‘combinations of sensitivities. At
one extreme were patients sensiti\-re to all test allergens (13%); most
Ral sensitive patients belong to this group. " At the other extreme were—
patients insensitive to any of the test allergens (16%). The largest
proportion of the patient population was eliargic to a single antigen,

Al

antigen E (30%); only 2 patients were sensitive to Ra3 alone, one to

s
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r . | f

y RaS\alone.‘ Almost all the other possible combinations are present, except
(RaB-Ral&)“(RaB-Ra5) and (Ra#). The latter would likely be found if a
larger number of patients had been used, because sensitivities not involving

! antigen E were present in only a relatively small group (21%). The

distribution of- sgnsitivities suggests that each allergic person has his

o\wn (genetically defined?) spectrum of sensitivities to the different

allergens he encounters in his environment, and though he may be exposed

to all the allergens that are components of ragweed pollen, he selectively

responds only to a certain number of them.

IV. Structure and Fupetion of Protein Q:Lgrgggs

’ As discussed in the Introduction, a long-range aim of the present
studies was to asslst in the development of our knowledge of the structure
“a’i‘jprotein allergens which mediate their a‘{.lergaiic function. Recently,

‘ Stanworth has‘advanced th; c;oncept that the "bridge" mechanism of interaction
of allergens with adjacent pairs of cell-fixed IgkE antibociieg for media;ltor
release requi-res that protein allergens possess a 2-polypeptide chain
structure. However, the results of the present study do not appear to
conform to this "requirement”. Thus, antigens Ra3 and Ral wers shown to

‘ have single chain atructures, as previously found -for Ra5. Antigens Ra3
and Ra5 have not been observed to dimerize, while Ral had a tendemcy to
aggregats but only in 4 low ionic strength buffer environment or following
‘removal of carbohydrate to the 5% level. While dimerization of these
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»

allergens at the (mast) cell surface cannot be excluded, there is no
compelling reason why a single polypeptide chain carrying multiple
allergenic determinants (identical or otherwise) cannot “bridge"
adjacent IgE antibodies directed to these determinants. -

Several oﬂ:xer structural features have been proposed to be
necessary for pmteihs to function as allergﬂehs but, except for a
relatively small size (detarmined by limitation in permeability through
mc?sall,'membrane barriers), no%xe ‘uld be shown to be a common property
for this class of proteins. “Hecantly, the complete amino acid sequence
,of 2 all‘ergans has become available. ’I‘l;e first dlerg:n to be sequenced
(altl?ough n,strospectiVely) was phospholipase A frqm bee venom; the
second was ragweed antigen Ra5. In addition, N-terminal ‘sequenc'es were
determined for three other allergens; TM2 from cod white muscle (17
residues), antigen Ra3 (25 residues), and Ralk (22 residues).,\. Kl sayed
and Sletten (1972) pointed out tljlaft a talient feature of t.hei'ﬂlZ prima;'y
structure was the occurrence of Arg-Ala (x(l) and Lys-kla (x 2).
’ . The doublet Arg-Ala also appears in Ra3 and Ra5 and there,
mterbstizxgly, with Tyr as the next residue (Fig. 45). ‘The cod allergen
has Phe following one Lys-Ala doublet. Another triplet which is :I.den’tioal
in Ra3 and Ra5 is Ser-Asp-Pro. A very similar triplet Thr-Asp-Ala ocours
in ™2 and phospholipase A and a version of this Ile- Asp-Pro is found

1h Ralt,\




Another striking feature is the a;sociEttoxLP\f Tyr with Cys/2
as direct neighbors. This occurs 3 times in Ra5, once i;\pnlmospholipase A
and once in Rak. Ra3 and cod T™M2 have no Cys/2 in the presently known part
of their sequence. Cys-Cys bonding in Ra5 would necessarilycjuxtap;ose
the 2 gromatic rjngez, a doublet Phe~Tyr is found once, and one Tyr-Phe
{twice in the sequence of phosphelipase A.. ;f some of the doublets and
triplets mentioned above ‘should be involved in the formation of an aetive
gita, it can be visualized that the activity would be lost, for imstance
~with tryptic hydrolysis at (Arg-Ala-Tyr) and with reduction of cystine
which m:ay separate Tyr rings from one another:

\ The N-terminal aequence constitutes a potentially important
region in the primary structure of an allei'gmically active molecule
(carrier reg!éfx?) The corresponding N~ terminal aequen$ for 4 allergens
are compared in Fig. 46. The allergenically active TM2 fragment was
enzymatically split from the native N-terminal region of. the M allergen.
It is noteworthy that all N-terminal amino actds are ali;%hatic. Val
occurs close to residue 1, partially replaced by Leu i.n Raj (micro-
heterogeneity) and Ile in phospholipase A. The’ first Tyr m the a.nd.no
mid sequenca is located very close to the N-termhml a.ccompmied by a 7
Val in Ra3 and Ra4, and by an Ile in phospholipass A. It 15 possible ‘
that Trp is teking the place of Z‘yr 1n Ra5s and shoulc;l the first Cys/2
bind to the second one in the As}aqnonco, a Val would be positioned c lobe

ﬁ this Tl?}o'. ’ N - M ’ » ¢ e




Except in Ra3, the first Cys/2 occurs early in the ssquence,
and the first Lys (the second in Ra3) is at a comparable place in all 4
allergens. ’

Chemically "equivalent" amipo acids are often substitutsd for
one an%ther by point mutations in the genetic code. _Val and Leu appear
at the same position 2 in Ra5. One of the codons for Val, G-U-ﬁ, could
have changed to the C~U-U codon for Leu. In[terohmge‘a of Ser and Thr
and le' and Pro could ocecur by G-C mutations. Phe%ﬂ Tyr are coded for
by the triplets U-U-U and U-A-U, respectively. A question which might
be asked is whether T-cell receptors have accspted these "replacements"
or if a consequence of such mutations could be the loss of bioclogical
actix?ity in cessation of ‘Igh antdbody biosynthesis.

The foregoing discussion of similarities in thg primary
structures - of 5 allergens was presented as an attex;l'pt to indicate the
possibilities which would open up with inereasing availability of

sequence structural ginformation for related and unrelated protein allergens.
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- SUMMARY

1. Two disc electrophoretic forms of RlB (I and II) were isolate% ‘
. by collm*n chromatography in yields of 30 and 10 mg/kg pollen, respectively. .

The 2 forms had identical size and amino acid composition and displayed

complete antigenic idex{tity on immnodiffusion against specific and

polyvalent antisera. e .

2. A colum chromatographic method was developed for the sequential
isolation of antigens Ra3y; Rad, and Ra5 from non-def‘atte‘d short ragweed 4
! pollen. The a.llergeis were obtained in highly purified states as judged

by a nurmber of physicochemical and immunological criteria and in apprecisbly **
E higher yield for the 2 smaller proteins: from 10-15 mg to 75-100 mg/kg

pollen for Ra5; from 100 mg to 175 mg/kg for Ra3 (I and II).

3. The variable carbohlydrate content of antigen Ra3 was reduced L
frpm 7-20% to 3. by preparative acrylamide gel electrophoresis, and of .
Ra4 from 306 to 6% by ammonium sulfate precipitation. > //
The mol wt of antigens Ra3 (containing 8% carbohydrate) and /
Ral (containing € carbohydrate) were d termined by equilibrium
ultracentrifugation to be 12,000 and 23,000 daltons, respectively. The /
1scelectric points were determined by isoelectric foocussing to be pH 8.6 /

and 8.0, respectively.

., On immunodiffusion analysis, no cross-antigenicity was deteq

between mﬁgms Ra3, Ra4, Ra5, nor between Ra3, Ra5, and E; however,




:
antigens Ral and E exhibited partial antigenicwidentity.

In a collaborative study, the activities of Ral and E in
releasing .hist ne from leucocytes of ragweed sensitive patients were
compared in the absence and presence of homologous or heterologous
rabbit antiserum. The results demonstrated that about half the
antigen E sensitive patients were also sensitive to Ral. In most cases
studied, Ra3 and E induced leucocyte histamine release was inhibi ted '
by the homologous but not haté}ologous antisera, demonstrating antigenic
independence of Ra3 and E. However, in 2 cases, anomalous results were
obtained 1n that Ra3 uﬂuced release was no\t inhibited by anti-Ra3
antiserum.

)‘ In a second collaborative study, the incidence of outaneou"s
activities of Ra3, Ral, and RaS were compared \d.ﬂ{ tfmt of E in ragweed
sensitive patients. The results indicated that the 4 antigens were

allergenically indepemdent.'

5. Antigens Ra3 and Ral were shown to consist "ot s:ln\gle chain
polypeptide structures, a; dqt‘nonstratod earlier fo“r antigen Ra5. In-
collaborative studies, the sequences of 25 and 22 N-terminal amino acid
residues ;uere determined for ‘Ra3 and Ra4, resspectively. Comparison of

these sequencés with 'those of Ra5, bse venom phospholipase A, and the 17

~~

N-terminal» sequence of cod TM2 revealed the presence of !imilar‘triplet’a_



Lys Phe Ser Pro

of amino acids: Ala ’ Asp in 5 of the allergens,

Arg Tyr  Thr Ala ‘

the occurrence of certain amino acid pairs (Tyr-Cys) and similar amino

acids at or close to the N-t.;rminal.

e

| 4



T0_ORIG ’
1. A column chromatographic method was developed for the sequential
isolation of antigens Ra3, Ra4, and Ra5 from non-defatted, short ragweed

poilen. : _ X

2. The 2 majer forms of antigen Ra3 (I and II) wers separated and

shown to be identical by physicochemical and immunological oriteria.

3.{} The chemical properties of entigens Ra3 and Ral were determined;
mol wt, carbo};ydrnte content, isoslectric point, chain structure, amino
acid composition and (in a collaborative study) the N-terminal amino’acid

sequence. . v ’ ) ‘

% The high and varisble content of carbohydrate of antifens Ra3
and U4 were shown to be capable of reduction to relatively low levels by
_physicochemical methods, indicating that tHe term “glycoprotein" may not

be appropriate for these 2 allergens.

5. The immunological i-elationshig between aritigens Ra3 and X was
determined in & collaborative study using the human leucocyte histamine

release assay. .

6. In & collaborative study, the incidence of cutaneous activity
of Ra3 snd Ralt was determined in a population of ;agwood sensitive patients
utilising a skin puncture method of assay. . o '

¢

—
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AMINO ACID COMPOSITION OF ANTIGEN Ra3-I

-

__hmoles " Average or
' Bxtrapolated
Amino Acid 24 hr ~48 hr 22 hr jmoles
Lysine - © 0.122 0.126 0.134 T 0.127
. Histidine 0.047 0,050 ™ 0.054 - . o.‘oso‘
Arginine 0.075 0.083 0.084 0.081 |
Aspartic Acid 0.165 0?]:’?9‘ 0.160 0.161'I
. ‘Threonine 0.133 0.125 o.}w 0.137
i _ " Serine . 0.0690 0.072 0,060 0.095
g ~ ' Glutamic Aetd 0.198 0.196  0.196 0.197
) v Pr‘oline 0.133 0.129 0.131 013
» Glycine ’: 0.197 0.178  0.179 © 0.185
Alanine 0.133 0.122 0.123 0.126
Cystine/2 0.050 0.051 ‘o.oue' 0.050 y
Valine 0.125 0126 0.2 0.126
Methionine - . - - -
f Isoleucine 0.052 0.056 0.053 0.054
| Leucine 0.146 0.145 0.145 0.145 e
. Tyrosine 0.054 0.0%% 0.056 0.055

Phenylalanine ~ 0,130 0.13% 0.13%4 0.133

—
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f TABLE II
30 MPOSITION O
P Moles/11,000g
Amino Acid ~Proteln
Lysine a"/ . 6.6
Histiditnle‘ . 2.6
"Arginine b2
Asp,rtic Acid . 8.4
"~ Threonine ' ] ' ‘7.2
§'erine ' A 5.0
{Glutamic Acid ™ 10.3
. Proline, - s
Glyeine 9.7
_ Alanine . 6.6
Cystine/2 2.6
Valing 6.6 - -
Methionine -
Isoleucine 2.8
Lem;ine 7.6
=Ayrosine . 2.9
Phemylalme _ 7.0
Tryptophan 2.1%

* Determined spectrophotometrically.

No. of
Residues/11,000g

Protein

”
3
4
8
7
5

* 10
7
N

lmﬂumu_u\wu\w

=
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' ». TABLE 111
;%" ;E d . ’ , . No. of Residues/Mole PQH}B*
' ‘ - ' ' Raé-I containin Ra3-I containing = .
é: Amino Acid . ca, ‘ n,e’;s‘* 208 carbohydrate™*
P Lysine 6.5 : 6.5
¢ - Histidine 27 \ , 3.0
Arginine - 3.9 * ‘ 4,0
. " Aspartic Acid 8:2 8.8
o ° Threonine ) 7.2 S A
Serine _ 5.6 5.0
Glutamic Aoid - 11.0 11.0
| Proline 8.1 ‘ 7.9
Glyoine * 9.7 9.0
Alanine 7.1 . 6.9
bysti.ne/Z ‘ 2:6 A 2.4
Valine . 7.0 _ ‘ 6.9
Methionine - : .
JTsoleucine 2.7 2.2
Leucine 7.9 7.5
Tyrosine . b,0° 1.9
. ‘ "Phenylalanine 7.0 ‘ 7.0 Ve

*Assuming 7,0 residues of phenylalanine.
**Based on amino acid snalyses of 24 hr hydrolysates.
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-
. v’
Arabinose ’ OD/ ¢ : te Co
Stagdards (ng) S ¢ £ )
5 0.019
" 10 | 0,080
20 0.090 ~
0 0.122 ‘ ;
40 . 0164 '
R34 IIF - [ _
0.29 mg . 0.2 | 29.0 10.0
1’:‘“ dupliocate: . “ 0.123.
"~ RadIx
0035 mg | | 0,047 105 3.0 s
in duplicate: - E . 0.6;&8 , - Con
Ra3=TT %% " . .
Tt 0.2 mg , 0,030 7.0 3.3
in duplicate: . 0.029 - _

o 9

* From an Ra3 preparation after DEAE-Sephadex chromatography
(Fraction III-2). "

*% From ’propirativ. polyscrylamide gel clootrt’:ﬁhoruis of fraotion IIT-2.
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‘ No. of Residues/ Nearest .
pmoles™ Mole of Protein ** JInteger

~

4 ‘ Amino Acid
4 . . Aspartic Aeid © 0. 204 7.9 - 8
:1 _ * G]tuta.mi‘c Acid -~ 0. 294 1.4 11
g , Proline ‘ 0.192 7.5 - 8
a N - Glycine " 0.250 9.7 . 10
« ' Alanine 0.1&9 6.6 ) 7 R
L | Cysteic Aoid  0a073 28 3
p , . ;\‘\—
Valine - 0.173 6.7. 7 e
Methionine Sulfone e e o
5 e . Isoleucine ‘ 0.079‘ 3.1 3
* Leucine 0.222 8.6 9
Phenylalanine ' 0.180 7.0 7
& . . *Based on amino acid analyses of 24 hr hydrolysates .
k) asuming 7.0 residues of phenylalanine .
\ ’ :
- ' '
; . N P
s ~ C

b
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“ TABLE V] o
’ COMPARISON OF THE AMINO ACID CONPOSITIONS OF Rad- .
Amino .Acid Ra3-1 Ra3-II
Lysine P 7.2
Histidine | 2.5 2.7 ¢
;trginine ©o4.0 1&.:2
Aspartic Acid ) . 8.7 - 8.6
| Threonine h 7.0 7.0
’ Serine 4.7 4.9
Glutamic Acid T 105 9,9
Proline ' 7.1 8.2
Glycine ' © 10.4 9.1
Alanine - 2.0 6.4 . )
Cystine/2 T 2.0 | 2.8 .
Valine _ 6.6 . 6.3
Methionine - -
Isoleucine 2.7 : 3.5
v Leucine ' 7.7 , 7.6
Tyrosine , 2.8 2.9
Phenylalanine 6.9 ¢ 6.2

© *Bassd on amino acid analyses of 24 hr hydrolysates. *

1
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'» SULFHYDRYL, CONTENT OF Ra3=]
3 * ‘ (. 0

Protein Concentration oD Free Sulfhydryl

b2 M/M
e BSA 10.3 0.087 0.64
E .
E‘ Ra3 16.7 0.026 0.15
f r
F
: . ‘
* L]
]
5 P
E
’ L)
o, | s R
*

) ) ' -




.JTABLE VIII

- ! i

DE TION OF CONTRNT,
Protein Concentration Optical Density
. Protein Lot at 612 pm -
BSA 0 1.050
" 0.938
8 0.757 "
12 . 0.68
16 ’ - - 0,415
\ 2
. ‘ - Ra3d | ," 0 . 0.813
; 2 0.772
) " 0.820
3
& 6 0.796
. 8 0.768
: , ] 10 0.800
i .
( 4 Rak 0 / 0.995
2 - 1.060
»
“ ‘ 1.040
' , 0.984
? 11,100 A
. 4 \'0 \ E 0 0.51‘9
. 3 0.561
©
5 © O.542
; \
. - . . 10 0.5%9 |
o ’ 15 - 0.5“'0

20 . 0.556 °
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: TABLE IX

‘

( ,
PARTIAL AMINO ACID COMPOSITION OF REDUCED AND ALKYLATED Ra3-I

-~

: : N
. No. of Residues/ Nearest

AmingAg ide ’ pmoles™ Mole of Protein™* Integer
" . Aspartic Acid 0,093 9.4 9
Threonine 0.068 . 6.8 Vi
Serins - 0.041 bl I
Glutamie Acid ’ 0.102 10.5 . 10
™~ Proline 0.064 6.4 "6
Glyeine - 0.096 9.8 | 10%\
Alanine 0.073 7.4 al
- Car;bomet}iyl Cysteine (0.039 3.9 L
- Valine - . .0.066 6. 7
Methionine C - - . 4
Isoleucine . 0.rb33 3.4 ' 3
Leucine 0.079 8.0 8
¢ ‘ .
’ Ty:rosine 0.028 2.8 . 3
Phenylalanine 0.069 7.0 ?
~s ‘ -

*Based on amino acid analysis of a 24 hr hydrolysate.

‘**Assunung 7.0 phenylalanine residues.

~

s
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SCIN PUNCTURE TEST-OF 95 RAGWEED SENSITIVE PATIENTS

WITH PURIFIED ALLERGENS
. '. ‘Number of Patients with
Allergen* Positive Scin Reactions ** %
AgE | 75 79
Ra3 ° . 37 . 39
Ral 19 . 20

Ra$5 37 9

~

*Bach allergen was tested at a concentration of 30 pg/ml.

**0f the 9‘5 patients who were skin test positive to aqueous
ragweed extract, 15 (i.e. 16%) did not react to any of the
purified allergens.

N

95




96

. ,
84 ) ~ Not sensitive 5,2 '
’ 3y . .o, L 4,0 , |
16 B noo T 1.6
' 15 A Lo I
14 L 1.0
11 " " ' T0.33
17 14,0000 1.8
19 J 1,806.0 o 50.0
7 . 8100 11.0
R o 220.0 0.3
) 21 . 50,0 _ 3.0
: 18 J W50 0.14 ‘
y 6 17.0 1.0
| 23, 15.0 1.2
g 2 10.0 b5
{ 13 - 10.0 0.32
b 5 1.0 2.1
' 1 w8 | 10,0
10 ’ 3.8 - 0.35
22 . 2.0 0.68
3 .2 11.0’
™~ R
12 0.4 ’ 0.92
20 AT 258 *
\""(
: )
- o * Maximal histamine release.




| _TABLE X
._ } " AMINO ACID COMPOSITION OF ANZIGBN Rab
f ! Holes 21,0008 Averagesor - | Nearast
' . Amino Aeid 24 hr- 48 hr 22 hr Extrapolated Moles eger
Lysine 12.3 158  16.3 716k 16
; Histidine 3.7 3.5 3.6 o, 3.6 ‘ N
; Arginine 8.2 7.3 7.1 7.5 “ 8
Aspartic Acid 25.1 25.0 22.8 24,3 - 2l
4 Threonine 11.0  10.7  10.6 1.2 11
ig Serine 9.7 10.4 9.4 9.8 10
f Glutamic Acid 13.6  13.6  13.7 13.7 \ 14
Proline 6.3 7.7 7.6 7.2 7
‘ Glyeine 4.5 1?7 146 e 15
' " Alanine 0.9 1.4 10.9 1.1 11
> Cystine/2 4.3 3.0 4.3 3.9 | 4
Valine 1.1 121 13.3 12.3 12
Methionine 4.1 3.0 3.2 | 4,1 . 4
Isoleucine 10,6 12,2 13.0 13.0 13
Leucine 2.7 12.8 12.8 12.8 13
Tyrosine - ERREY 9.7 %,9.5 10
Phenylalanine 8.3 8.3 9.1 8.6 9
Tryptophan . C O hO% 4

*Spectrophotometrically determined.




TABLE XIII

1

Ve

AMINO ACID COMPOSITION OF ANTIGEN Ra’S

*

No. of Residues[Mo;g Protein

Amino Acid - Recent Isolate*
Lysine ~, 3.8
Histidine } ’/ 0
’ Arginine 24
Aspa};tﬁ/mid 1.7
Th/rec:nine 0
Serine i ° 3.8
Glutamic Acid ) 4.5
Proline, 3.4
Glycine l:t.Ok
Alanine 2.7
-

, Cystine/2 6.7
Valine 3.4
Methionine 0
Isoleucine 0.9
Leucine 1.3
Tyrosine 2.8
Phenylalanine 0

Reported **
3.7
0
1.9
1.8
0
3.9&
3.9

' 3.0
3.7
2.&
5.9
3.2
0
0.9
1.3
2.8

98

*Values were averaged from analysis of 48 and 72 hr acid hydrolysates, .

assuming 4 glycines per mole Ra5.

**From Lapkoff and Goodfriend (1974).
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* From Ki.ng et ‘lo, 19?3.

JARLE XTIV
COMPARISON OF THE AMINO ACID COMPOSITION OF -
T I < oF
4 oL . - ‘
Amino Acid 3/21.,000 0g*
Lysine TR
Histidine 3.6 3.8
Arginine 7.5 9.1
Aspartic Acid 24,3 25.4
Thrednine 11.2 10.6
Serine 9.8 . 23.1
fGlutandc‘ Acid 13.7 16.8
Proline 7.2 11.4-
Glyeine 14.6 2.7 2
Alanine 11.1 Y2042
Cystine/¥ 29 5.0
Valine 12.3 13
Methionine b 35
' Isoleucine 13.0° 8.7
Leucine 12.8 TS ,
Tyrosine 9.5 2.1
Phenylalanine 8.6 79
Tryptophan 4.0 3.2

]

99



Allergen Combinations
E, Ra3, ‘Ra#, Ra5

E" RaB, Ral
., By Ra3, Ra5
E, Ral, Ra5

.

Ra3, Ralt, Ras
Ra3, Ral
Ra3, Ra5
Raly Ra3

E, Ra3\
E, Rak
.Eo Ra5

4
Ra3
Ralt

Ra$

None

Number of Patients with

+ Posjtive Skin Reactions

~

100

12 -
2

15
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FRACTION C'
SEPHADEX GSO m
FRACTIONC IIl
DEAE- SEPHADEX
FRACTION C -2
SEPHADEX G-50s
Ra3l  Ra3|l
Figs 1. solation.n-o an ‘ s Ra Ra

from DRAE-cellulose frac Ce
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OPTICAL DENSITY {280 nm)

’

—

1 i
600 800 1000 1200 1400 1600
VOLUME OF ELUATE (mi)

Pige 3e Molecular sjeving of fraction C through S_e_ﬂadgx‘“ﬁ-ﬂ medjum. ’
The colﬁm bed

Ra3 was loealized to the third chromatographic peak (C-131).
was 5 x 95 cm, the eluting buffer was 0.05 M Tris HCl, PH 7.6 apd the
flowrate was ml /hr. . .
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Ra3 was localized to peak 2 (C-III-2). The colum bed was 5'x 25 em, the eluting
buffer was 0.001 M Tris-HCl, pH 7.6 and the flowrate was 120 ml/hr.
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2. Ra3 (I +II) from frection C-III-2.

b. Ra3~I, fraction C-III-2a.
¢ Ra3-1I, fraction C-III«2b. .
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Fig. 6. Imminodiffusion analysis of antigens Ra3-I and Ra3-II.

The antigen concentration was 0.20 mg/ml.
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SHORT RAGWEED POLLEN

AQUEOUS EXTRACTION .
WSR
‘ DEAE-SEPHADE X

PARTIALLY DEPIGMENTED WSR

BIOGEL P10
' , 3
FRACTION I FRACTION 1l FRACTION VI
CM-SEPHADEX & DEAE-SEPHADEX CM SEPHADEX
FRACTION 11-2 FRACHON Ii1-2 FRACTION VI-2
SEPHADEX G.75 SEPHADEX G-50-S l BIOGEL P-10
FRACTION 11-2a - Rab
AMMONIUM .
PRECIm T ATION Ra3 | Ra3 Il )

CM SEPHADEX
Ra4

Fig. 8. Chromatom&;c procedures for the isolation of angggs Ra;}', Ral and Raj. ’
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OPTICAL DENSITY (280 nm)

10—t

Figure 5.

COLUMN BED 5=90 cm
BUFFER OO5M TRIS pH 78
! FLOW 60 mihr

o
OAEJ N , . , . \ . n , - .

T 13 ! I ! { I T |
600 800 1000 1200 1400 1500 1800 2000 . 2200

VOLUME OF ELUATE (mi)

Filtration of WSR (after partial d tation) through Biogel P-10.

Specific antisera were used to localize antigens to their respective peak
fractions. .
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Figure 10. C hadex chromatogr. of Fractio -

The colum bed was 2.5 x 30 cm, the buffer was 0.05 M phosphate, pH 6.8;

0.35 M NaCl were incorporated in this buffer for the second chromatographic
step. The flowrate was 100 ml/hr.
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Fig. 11. Gel filtration of fraction II-2 through Sephsdex G-75

* The column bed was 2.5 x 90 cm, the buffer was 0.05 M
Tris HCl, pH 7.6 containing 0.2 M (NHy), SOy. The flow
: + was 15 ml/hr. Ral was localized to the descending
. ‘ branch of the main peak. b. shows the last chromatographic
. run.of & pool of 3 cuts (a.) through the same colum.
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Fig. 12. t t ution of fraction - after ammonium ate ecipitatio
{rom CM~Sephadex.

The colum bed was 1.5 x 27 cm, the starting buffer was 0.05 M phosphate pH 6.8.
The gradient consisted of 0.5 1 of starting buffer and 0.5 1 of the same buffer
containing 0.5 M NaCl. The flowrate was 28 ml/hr.
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OPTICAL DENSITY (280 nm)
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08—
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i 04—t
o0— . 02—
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° 200 400 600 °
VOLUME OF ELUATE
DEAE-Sephadex chromatogr of fraction .

The colum bed was 2.5 x 30 cm, the eluting buffer was 0,001 M Tris-HCi, pH 7.8
The cut in "a® was recycled through the sams
column and eluted as a separate peak (b). .

and the flowrate was 60 ml/hr.
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The colum bed was 5 x 90 om, the eluting buffer
was 0.025 M Tris-HCl, pH.7.6 and the flowrate was
25 ml/hr. The Ra3-T cut (a) was recycled twice on
the same column to obtain a symsetrical peak (b).
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Fig. 15. CM-Sephadex chromatography of Fraction VI. -

Ra5 was localized to the second peak fraction (VI-2).
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" OPTICAL DENSITY (280 nm)
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i COLUMN BED: 2.5x85 cm
- ) BUFFER: 0 026M TRIS, pH 76
™ FLOW. 12 mi/hr
6.0 !
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VOLUME OF ELUATE (ml)* |
Fig. 16. Gel filtratiog-of frac VI-2 on Biogel P-10.
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Fig. 17. Gel filtration of Ras on_Biogal P-4.

The column bed was 2.5 x 90 cm, the eluting buffer was 0.025 M Tris-HC1 pH 7.6
N and the flowrate was 25 ml/hr. g .
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. A mample (15 ug) from a 60f ammonium sulfate precipitate
was yun on the gel to the left; the same amount of a
sample from a 70f ammonium sulfate precipitate was run Y
on the gel to the right. ‘




’ Cy
LEBU VAL PRO CYS ALA TRP ALA GLY ASN VAL
LEU .

' ¥

CYS GLY GLU LYS ARG ALA TYR CYS CYS SER
%memymmcgspmmmvm

VAL CYS TYR GLU SER SER GLU ILE CYS SER

-

*LYS LYS CYS GLY LYS
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Fig. 21. Plot of log Ra3-1 copcentration {c) vs square of distapce from rotor axis Srzi.,

. The slope was caloulated by least squares analysis.
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Fig. 22. Plot of log Ra2-II concentration (¢) vs square of distance from rotor axis (rzz

The slope was calculated by least squares analysis.

221




e I L A

05— T
T 04-}" T7° :
c ’ ‘es,, :
8 'n:,,""" 8 é
ﬁ O 3_—‘- luu"l',"'"" B I-
Q: u-.,,"'""“ Q .
© 02+ !
01— T°
L . ' ] ) o .« > -
1 1 1 |
0 10 20 30
TUBE NUMBER
Fig. 2:3.‘ soeleotric focus of Ra3-I.

Shown is the elution pattern (#T converted to 0.D.) from a glycerol density gradient
colum. The sample load was 10 mg, the volume/tube was 2.5 ml, the ampholine range
was pH 7=9 and the focussing time was 4 days at 600 volts.
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chromato hy of Ra repara .

The column bed was 2.5 x 90 cm, the eluting bixﬂ'er was 0.025 M Tris-HC1l, pH 7.6.

Recyeling of cut ¢ (a) through the same column resulted in chromatogram "b%,
Recycling of a similar cut from *b" yielded chromatogram %e",
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Eig. 25. Gel filtration of fraction III-2 through Sephadex G-50 superfine.

The colum bed was 5 x 90 cm, the eluting buffer was 0.025 M Tris-HCL,
PH 7.6.
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D tometer traces of 2 ac tde electrophsrograms.

A sample (10 ug each) of an Ra3~I (above) and an Ra3~II (below) isqlate from
preparative polyacrylamide electrophoresis were analyzed by the rodtinely used
PH 4.3 disc electrophoretic system. The Coomassie blue stained gels were uged
to obtain densitometer traces. ‘\
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Shown is a plot of the O.D.612 as a function of the concentration of BSA that was
reacting with BDC*.
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The gel in "a" was used for the reagent blank
run. Sample loads were approx 20 ug.
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GLY LYS VAL TYR LEU VAL GLY GLY PRO GLU

L4 4

LEU GLY GLY TRP LYS LEU GLN SER ASP PRO

ARG ALA TYR ARG LEU .
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gradient colum. The sample load was 7 mg, the volume/tube was 2.5 ml, the
ampholine range was 7-10 and the focussing time was & days at 600 volts.

Fig. 4. Iscelectric focussing of antigen Ral. - N~
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- Shown 1s the elution pattern (0.D. was directly determined) from a glycerol density
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Fig.

3

.

Polvacrylamide disc elec hore t pH 4.
of an Raf4 preparation.

The left hand gel was stained with Coomassie blue,

the gel to the right with a PAS stain for carbohydrate.
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»
3 polyscrylamide gel electrophoresis of antigen Rek

dn dithiothreitol

The sample load was approx. 10 ug.
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Fig. 39. Plot of 1o mol wt vs distance travellsd on SBS po

The bromphenol blue marker was at 4.8 cm at the end of the run.
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ALA CYS TYR VAL VAL ASP TRP LYS MET ASP
" [

ILU ASP PRO HIS LEU ILU LYS GLY TLU LYS

PHE VAL

Fig. 40. The N-terminal amiho acid sequence
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Fig. 43. Isoelectric focus of en Raj.

Sho;nhis the elution pattern ($Tomverted to 0.D.) from a glycerol density gradient
col

. The sample load was 10 mg, the volume/tube was 2.2 ml, the ampholine range
was pH 9-11 and the focussing time was 4 days at 400 volts.
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\
; | Ra3 Rab Ra5 | ™2 P-Lipa
. Arg-Ala-Tyr . Arg=Ala-Tyr Lys-Ala-Phe
. . ‘ 21 22 23 15 16 17 8 9 10
;" Arg-Ala-Leu
. 0"' 1 2
f - Lys-Gly Lys-Aia
¥ 17 18 12 13
5, Ser-Asp-Pro  (Ile)-Asp-Pro Ser-Asp-Pro ~ Thr-Asp-Ala  Thr-Asp-Ala
t; 18 19 20 11 12 13 20 2 22 3 45 27 B 29
s Tyr-cys
: 17 18
Tyr=Cys
25 26 - »
. Cys-Tyr Cys=-Tyr . Cys=-Tyr
’ 2 3 32 33 90 91
A Phe-~Tyr
65 66
b2 Tyr-Phe
76 77
Tyr-Phe
82 83
+

C-Terminal of TML

F::Lg. 45. Homologous regjions in the amino acid sequepce of 5 allergens.
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S -
M -
. Ra3 Ralt RaS P-Lipase A
! ‘ N-terminal Gly Ala Leu Ile
¥
‘ 1st valine 3 b+ S 2(+ Leu) (2 = Ile)
in position -
. . 1st Tyrosine & 3 (6 = Trp) 3
i in position
’
; 1st Cysteine - -2 4 9
E in position
3 1st Lygine 2 8 14 14
3 in position 15(2nd Lys)
Fig. 46. Co of - " regiops of 4 rEens.
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