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ABSTRACT 

.. 
A vlrilnt of short rlgweed 111ergen RaS designlted IS RaSSII, ~s 

tsollted fra. DEAE-fract10n C by repet1tive co1umn Ind h1gh perfon.ance 

11qu1d chramatography. 

The preparation WlS sho~ to have a h1gh degr~ of homogene1ty by a 

few phys1cochem1ca1 criteria, 1nc1 ud1 ng acryl.1 de gel e1ectrophoresh 

and hi gh perfonunc~ 11 qui d chrOIIIitography. The mo1ecular we1ght, 

t~ugh not yet conf1r.ed. WIS in the rante of 5000-6000 daltons and the 

variant 111ergen 15 more cation1c than the cla5s1cal species. The .. ino 

Ic1d analysts revea1ed a distinct cOIIIpos1tion as the following: aspl 
t 

thr5 ser3 glu6 pr02 cys~ gl y1 a1a3 vl1 2 tyr3 phe3 1ys 5 aryl. 

The RAST-1nhibition assay suggests the presence of s .. sn.red 

all.r~ic det .... 1n.nts in the two fOMls of RaS. 
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ABREGE 

un variant de l'allergêne RaS du "Ragweed short" designl cOIIIIIe 

Ra5SlI, a êtA fsoU de la fraction C par une grande performanc~ de la 

chromatographie liquide et une repetition du test sur une colonne de 

DEAE-25. 

la preparation s'est montrAe d'un grand degr! d'homogen1t~ par des 

~r1tlres p~siochimiques tel que l'electrophorese sur gel10se acryla.1de 

et la chromatographie liquide. Le poids molecu1a1re. malgrls qu'il 
-

nlest conr1rmf encore, ~st s1tuê entre 5.000 et 6,000 daltons. Le-

variant s'elst montre plus cat1on1que que les autres de son espke. 

L'analyse des acides _ines nous a donnA une cOlftposit10n tel qui suit: 

Ispl thr5 ser3 glu6 pro2 c1S8 gl yl ala3 val~ tyr3 phe3 lY55 argl • 
, 

L'essai par MRAST-inh1bition·, nouS suggere li presence de quelques 

deterw1 nants a t t ergen1 ques part.gls entre les" 2 fO .... 5 de h5 • 

. ---_.-~~- ... -
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CHAPTER 1 ./ 

," J~-

INTRODUCTION 

'\ 
Early stud1es by Seh. McDevitt and Benaeerra'f (1966, 1969, 1972) 

, -

,providecf the bas1s for the eurrent concept that biosynthesi 5 of 

ant1bod1es 15 under the control of 111111tune response (Ir) genes located 

with1n a major histoeOlpatibility camp1ex, sueh as HLA in man and H-2 

in the lIIOuse. The Ir genes mai code for biosynthes1s of specifie 

receptors on the surface of T-1.)111phocytes wh1eh 1nteract wlth, carrier 

regions of the 1_unogen, prov1d1ng a signal to B-l~phocytes for 

production of specifie ant1bodie5 (Benacerraf, 1981)., St~ie5 by Levine 

and Vu (1970) on mur1ne IgE anUbOdy respoftse ta oval-b'&81n suggeste<l 

tnat biosynthes1s of IgE ant1bOdles wnich Mediate allergie react10ns is 

under the Sille' genet1e control as th.t of IgG at both the T and 8 

l)llphOcyte levels. ~1s f1nding, prCllpted a search for 5œe assoc1ation 

betwen a spec1 fic huMn igE ant1bOdy response and one or other of the 

HLA loci (Lev1ne !1.!!..., 1972; Marsh et .!l., 1973). A 51gn111cant step 
• 1 

to __ rd5 the di scoyery of HLA-a55ociated 1~ne responsiveness in IIIn 

c-. w1th the fsolatton of the low _lecular wight prote1n allergen RaS 

fr .. short ra9.ed pollen (Goodfr1end Ind Laptoff. 1972; Laptoff and 

Goodfr1end. 1974). 

The 1s01at10n as _11 IS cne.teal .nd 1..unolog1cll f •• tures of RIS 

ar:,-e su.ar1 zed 1n Sect10n 1.1. The present study concer"s a _lecular 

variant of RIS present in short ragwed pollen. The, potent1al 

usefulness of such a variant for clarification of the 1..uftOlct1ve sites 

as _11 as the HLA-assocllted act1v1ty of RAS 15 1ndiclted tn Sectton 
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1.2 by reference to ~'im1lar stud1es carried Ol,lt wi th cytochromes c. 

, These long-range considerations moti vated the. present study, the 

ilJllled1ate aims of which are made explic1t in Section 1.3. 

o 

1.1 ISOLATION' AND PROPERTIES OF RAGWEED ALLERGEN RaS 

1.1.1 Isolation 

Util1zing the cation1c ragwed allergen Ra3 and anfonic rag_d 

antigen E, UnderdoWl and Goodfriend (1970) extended the i,'inverse' , 
antigen-anti body charge relationship (Sela and rt»zes, 1966) to the 

, 

allergen-human IgE class of antibodies. The finding of appreciable 

overlap in chrOlllatograph1c d1stribution of the allergen specHic IgE 

anti bodies prompted a search for an all ergen IIIOre cati on1c than Ra3. As 

a result, a new allergen. designated RaS. was iso1ated by co1..-t 

chrOlllatography from the start-up DEAE-fraction C (King et .!l .. 1964; 

Underdown and Goodfri end, 1969) of aqueous ragweed extract. In the , 

final purification step of chromatography on the cation exchanger 

CM-cellulose (subsequently replaced by CM-Sephadex), RaS was eluted 

fol1ow1ng application of a buffer gradient. However, the appearance of 

a fraction cross-reacti~g with speci fic anti-RaS ant i serum and el uted 

prior to application of. the gradient was an ear1y and persistent 

observation (L. Goodfriend, unpub11shed) and formed the basi s for the 

present study. The (lUjor) RaS component was pur1f1ed by Laplwff and 

jGoodfriend (1974) to IIIOlecular size and (cationic) dise electrophoret1c 

homgene1ty for stud1es of its structure and i-..nolog1cal act1v1ty. 

----'-~-

Il 
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1.1.2 Structure 

Although initially i~olated to further examine the inverse 
l' 

antigen-anti body charge rel ationship, RaS was soon cons; dered of 

interest for study of the str:-uctural' basis of allergen activity in 

genera~ owing to its low molecular weight, viz. 5000 daltons~ In 

addition, this prote;n 1s carbohydrate-free and has an amine acid 

composition' distinct from those of other purif1ed ragweed pollen 

allergens (Marsh and Goodfriend, 1979). Of further note w1th respect to 

composition is the absence of the amino acids histidine, threonine, 

phenylalanine and methionine. The most noteworthy feature, however, is 

the presence of an unusual1y high content of ha1 f-cystine residues. 

Determination of the cÔmplete amino acid sequenc~ o'f Ra5 by Mol e .!! 

al. (1975) estab11shed the structure sho\tKI in Figure 1. In addition to 

the absence of sorne amine acid residues already noted, other features oi 

the primary structure are ev1dent. There ex1sts a marked1y basic 

C-tenninal sequence. a feature apparent1y possessed by many biologically 

active molecul es and essential to thei r funct i on (Mol e !!. !l., 1975). 

Clarification of this structural feature for Ra5 requires discovery of 

the as yet unknown plant-physiological role of this proteine In common 

with other allergens (Goodfrien~ aL, 1981), amine acid variation has -- , 
been observed for RaS, in this case limited to only a single 

\ 
subst i tut1 on. ù Thus, about 25% of the Ra5 mol ecu1 es \ h~ve 1 euc1 ne in 

place of valine at the second N-termina1 position along the polypeptide 

chain. As would be expected from the chernical lequivalence l of these 2 

anino acids, the major leu val- and minor leu leu- forms of RaS were not 

resolved by conventional physicochemical techniques su ch as gel 

7 ... ",.. 'Ct' T'eil! r ' 'ms 
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chra.atography or 1soelectr1c focusing\. Recently. the leu val- fo ... has 

been prepared in this laboratory by solid phase peptide synthesis 

(Choudhury and Goodfriend. 1982. 1983) and found to be equi ;active wi th 

natu,.-a 11 y occurring RaS (leu val- plus leu leu- fonns) by the 

radi oa 11 érgosorbent (RAST) assay for a 11 ergen i c act i vi ty. This wou 1 d 

suggest that the 2 fonns are allergenically equivalent. 

As already noted, a striking' feature of the primary structure of 

RaS i s the presence of 8 haH-cyst 'Ines out of a- total of 45 residues. an 

unusually high proportion. There being no free sulfhydryl 1n the 

protein (Mole!! al., 1975), it was inferred that the half-cystines form 

4 disulfide bridges and this has been confinned recently by laser Raman 

spectroscopy (L. Goodfriend, private cOlllDun1cation). Drenth et al. 

(~980) have drawn attention to the cl ose correspondence between the 

sequenceopos.-itions of t~e half-cyst1nes ln RaS and the monomer dona1n of 

wheat germ agglutln1n as well as eurobutoxln and have postulated a 

Recent IH-NMR 
, 

'toxin-agglut1n' fold and cys-cys pairlng for RaS. 

studies at 500 MHz by Yidusëk .!!.!l. (1983)- have provided a solution 

confi rmation for Ra5 cœnpatible with the Orenth et .!l. model with 

IlIOdifications. Confinnation and refinement of the solution structure 

proposed by Vidusek .!!.!l. wou 1 d be fac l1i tated by the avai 1 abi 11 ty of 

homologues of RaS with an1no acid substitutions appropriate for 

meanlngful NMR compar1son. 

The high content of cross-links 1n the RaS molecule would be 

expected to resul t 1n, a rather ri g1d tertiary .structure and enhance its 

general i_unogenicity. However. extensive skin tests demonstrated that 

RaS. although inmunogenically ac~in el1cit1ng human IgE and IgG 

antibodies, did so 1n only a smal1 sub~roup of the ragweed sensitive 

"-
popu1 ation (Marsh.!!.!l., 1975; Goodfriend .!!:-A-1. •• 1971). 

~ 

.z 
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1.1.3. HLA-Associated Activ1ty 

Of the ragweed allergie subjects just noted. only 10-201 .ere found 
-

to be -sensitive, to RaS. Tissue typing of the test populat10n for the 

major h1stocœalib1l1ty ant1gens shOwed that responsiveness to RaS 1s , 

closely assoGi ated with possession of the HLA-B7 eross-react1 ng group 

cOllpr1 si ng HLA-B7. Bw27. Bw22 and Bwl0. Thi s was the f1 rst 

daonstrat10n of a s1gnificant assoc1ation between a specifie' j_une 

response and a part1cular HLA 10cus 1n lIan. More recently t w1 th the 

ava11ab111ty of HLA-D typing, an even higher frequency of association of 

RaS sens1t1v1ty w1th HLA-Dw2 than 87 was observed for the RaS poSitive 

group (8ias et .!l., 1979). Indeed. with the use of ultra-pure RaS 1n 

the sensit1v1ty assays. the association appears to be ca.plete (Mars~~ 
al •• 1982). _ 1 

These HLA findings can be interpreted in light of current ~oncepts 
L 

of T and B eell di rected spec1fic1t1es (Benacerraf. 1982). Thus. B cell 

specifie1ty is cons1dered to recogn1ze confor.at1on depandant antigen1c 

deten.inants wh11e T cells likely recognize sequential carrier regions. 

The HLA-associ ated activity of RaS suggests the ritter possesses an 

1 .. un~inant T cell d1rected carr1er reg10n (Goodfriend, 1975, 1976). 

1. .. , a short sequence stretch of the polypeptide cha1n ca.,..ble of 

1nteracting with specifie T. cell receptors coded for bye an 

HLA-associated Ir gene. The interaction INY fo,.. the blsh for the 

lYllphoprol1ferat1ve activity of RIS, an act1vity wtl1Ch su-rv1ves 

antigen1c and allergenic inactivation of th1s protein by reduetion and 

alkylation (Choudhury and Goodfriend, 197.8). These considerations 

fol"Md an additional sti..,1 us for undertaking 1 sollt1on of i putative 

• 

• 
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no.ologue of RaS in shOrt rag~ed pollen. The potent1al use of sueh a 

hoMlogue for defir.tlng the carrier region of RaS mediatfng T cell 

proliferation may be .. ade explicit by reference to s11111 ar studies in 

an1.al models with the ~ll eharaeterized iMMunogen. cytochrome c. 
, 

1.2. AHAlYSlS OF UMJNOACTIVE REGIONS: THE CYTOCHROfE C f«lOEL 

Many globular proteins have been 5uff1ciently purifie<! and 

charaeter1zed $uch that each 15 a fully hoMOgeneous mater1a1 of defined 

.ino acid sequence and tertfary structure. Furthennore. because 

different spec1es produee variants of a given protefn, homologous sets 

of prate1ns are ava11ab1e that pemit local ilation of ant1gen1c 

deter.1nants by cOliparhon of the '.unolog1eal cross react1vltle~ 

e1ther of .e.bers of the sets or of fragDents of these protelps obtatned 

by en~ic or cne.ical cleavages. 

Cytochra.e e, a respiratory chaln ha. protein, has been an 

espec1ally ùseful .odel antigen for study1ng the spec1 flcity of the 

i-..ne response. This globular protetn i5 CQlposed of a s1ngle 

polypeptide ch.in of a little over 100 .1no ac11Î's-. The .ino ac1d 

sequences of over 8S cytochrœes c 'ra. d1fferent species are kno ..... 

(DAyhoff .!!.!l.. 1972). The structure of these protei ns appear ta be 

c10sely si.i lar (Dickenson and n.kov1ch. 1975). a feature """Ch MS 

fKil1tated loca1izat1on of thetr entigenie. (confo ..... t1on.1") 

o.ten.in.nts (urblnski and Mlrgol1.sh. 1977). 

ln .ddition. ca.parattve stUCS1.s wtth cytochrc.e e v.r1ants 

(Corrldin and CJllWoer. 1979) have °5ho ... that recognfthe procassas 

l .. dlng to T cell prol iferAt10n are discri.tnAtory to the extent that 

•• ...J 
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di fferences of a singl e amino aeid residue 1if' the prillary sequence of 
1 

proteins or peptides can lead to an al1 or none effect 1n the capaeity 

of T eel1s to be activated. 

Thus. .!.!!. v 1 tro cha 11 enge w1 th horse or rabbit cytochroaaes e of 

l.YIDph node eells from miee prlmed with,beef eytochrome c lnduced on1y 

minimal proliferation compared to a marked response to challenge with 

beef cytochrome c. Taking into account the amino aeid sequences of 

these eytochromes, the resu1ts suggested that the amino aeid at position 

89 was critiea1 to the speci fi city of the prol1 ferative process, a 

deduct10n conf1rmed d1rect1y using eyanogen brom1de derived peptides of 

cytochrome5 c. Thus. peptide fras-ent 81-104, derived fro. beef 

cytochra.e Ct provoked a proliferat1ve response in ~ice pri~ with beef 

_ cytochrome c, whi1e horse peptide 81-104 falled to st1.u1ate. The two 

fragaents differ sequentially on1y by a threonine to glycine interchange 

at position 89. 
j 

Cross-stimulation studies of the .urine T 1111Phocyte proU ferative 

'response to pigeon cytochrome e 1ed not on1y to identi fication and 

charaeteri zation of the lIajor deter.inant responsible for the 

proliferation but also to the f1nding that recognition of this 

deterwinant 15 unde~ the contrOl of dual _ajor histocœpatib111ty 

cœplex (JIIfC) linked Ir genes (Solinger.!l!l., 1979i Ultee et !l., 
1980). The proliferative regions were 10cal1zed by cross-st1.u1at1on 

experi.nts with spec1es variants and cylnogen brœide elelnge 

fraglllents of cytochrœes e. The detef'llinlnt was found to contlin three 

of the seven .i no le id res i due di fferenees betteen .ouse and pi geon 

cytochro.es e, na.e1y 1s01eucine-l. glut .. ine-100 and lysine-l04. 

TObaeco hOrnwona .oth eytochra.e Ct whiéh shares with pigeon eytochra.e 
, . 

-------------------21 

• !. 
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C the glut .. 1ne It position 100 but hls its carboxyl-tenlfnal lysine It 
, 

position 103 instead of 104, st1.ulated a heterocl1t1c T cel1 response. 

The i .. unoda.inance of the glutaMine and lysine residues WlS supported 

by the '1_unogenicity of pigeon cytochrOlle c fragMent 81-104, wn1ch 

pr1Md T ce11 clones w1th sim11ar spec1ficity ta those pr111ed by the 

whole molecule. Finally, mix1ng experiments us1ng the two 

cross-st1mulat1ng ant1gens h1ppopotamus cytochra.e c and duck cytochra.e 

. " c fragMnt 81-104, each of wh1ch contains on1y one of the two 

i..unodo.inant res1dues I demonstrated that the T l~phocytes responding 

to the prol1ferat1ve detenl1nant cœpr1sed a single f.l1y of clones 

,that recognize both .. 1no acids as part of the s ... detenl1nant. 

1.3 AIN OF THE PRESENT sruOy 

The cytochra.e c !IOde 1 cln 1 n pr1 nc 1 pal be app 11 ed ta any hœo 1 ogous 

t.11 y of protel ns: extensi on of the .,de 1 to ragweed a 11 ergens hls 

"""' bHn 1 long te,.. goll of t,his labOrltory. Ow1ng to 1ts s1ze Ind 

1..unolog1cll, plrt1cu1arly 1 .. unogenet1c propert1es, 1nterest hls 

centered on l11ergen RaS and the isolation Ind character1zation of 

tx.Glogues of th1s prote1n 1n the pollen of other spec1es, e.g. giant 

rlgtllleed (Choudhury and Goodfr1end, 1978) 15 .. 11 as Iny var1lnt of RIS 

(hereafter referred ta as RaSSI) whlch 111ght be present in short rlg.eed 

pollen. This thes1s descr1bes the isolation of one such yar1ant, 

RlSSII. The vlrllnt w.s holated by ordinary Ind h1gh perfo...ance 

l1quld chra.atography tra. a sub-fraction routinely obtained dur1ng 

pur1 ficltian of RISSI. SoM ch_icil and 1_unologicll propert1es of 

Ra5SIl ",re date,..' ned as reparted herei n. 

, 

LF 
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CHAPTER 2 

MTERIALS AND METHODS 

2.1. CHE MI CAlS 

All c*1 ca 1 s were of reagent grade. and __ re purctlased fr. Fi sher 

Se1ent1 f1c Co •• Montreal. unless otherw1 se 1ndicated. A Mettler HSl 

analytical balance- and a Mettler Pl2l0 top lOld1ng balance were used for 

dry Ne1ght _lSuredtents. 

througt1out. 

2.2. .!ill. 

Glass double dist111ed Wlter .es used 

Sephldex &-50 (superfine). $aphadu OEfé-A25. and SePM~x CM-C25 

wera purchased fra. PhI .... c:1i. Montreal. 

Bio-Gel P-6 (200-400 .. sh) -.as purcMsed fre. B1o-Rld. Miss1s."", 

'" Ontario. 

2.3. RMWEEO POLLEN 

Short ragWHd pollen (_rosit .latior) .. s purchlsed fr. 6rtter 

l.Iboratory. Lenoir, North Clrol1na, U.S.A. 

The pol ~en was defatted by Soxhlet extraction wtt" anttydrOUs et ... r 

using WhltINn c.ll ulose extraction ttl1l1bll' (Clnllb, ... t .... l). TM 

pbllen .s a1r-dr1ed and stored at 4~ unt11 used. 

tu 

, 

i 
J 

1 
l , 
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'Sephadex gels and B109.1$ W'" allowect to swll overn1ght in, 

distilled water. Slurr1e$ __ re equilibrated w1th start1ng butters and 

fines were re.oved by repeated decantations. Col..-s (Phlrmac1a) were 

poured w1 th the ai d of CO 11. .. 11 reservo1 rs and packed under hydrostat 1 c 

heads correspond1ng to 1.5 times operat1ng flow rates. Col UllftS were 

connected ta· the LKB Producto'r 'per1stllt1c pURlpS and equi11brated by 

p.usage ot three bed vohlles of the start1ng butter prior to saple 

application. ' All s.ples were Mi111pore tllte'red through 0.22 u betore 

application. 

Col\MWIs were run at rGOIII tape and effluents were lDORitored It zao 
,. in 1 UY1cord Il speètrophotCIHter (LKB Productor) equipped with 1 2 

_ flow cell, and connected ta an LkB two blnd bar recorder and UB 

friction collector. Prote1n concentrations in col~ effluents were 

expressed as the. n..-ber of O. D. (280 rIII) un 1t s. Where necessary. 

fracUons around the prote1n peak of a colla'! ch~outogr_ llllere te~ted 

for the presence of antigen by i .. unodiffus10n aga1nst specific 

.ntisera. 

2.5. ULTRAFILTRATION AND STERILIZATION 

.A1l solutions llllere cOftcentrated at 4·C in 01lflo ultrafiltration 

eel15 equ1pped w1th UM-2 or UM-05 -a,ranes (~1con CorporaUon. 

c.brfdge. Mass. U.S.A.). Sol ut10ns were ster111 zed by passage through 

0.22 u M111ipore tilters (Mtll1pore Corp., M1ss1sauga. Ontario) 1nto 

stern e glass v 1 al $ (Ho 111 ster-St 1 er Laboratory. Spokane. wash1 ngtan • 

U.S.A.) • 

----~------~----------------~---------I~; _J 
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2.6. DIALYSIS 

D111Y51$ ~$ carr1ed out It 4°C for per10ds of 24-48 hr.'(w1th 3 or 

4 chlnges of d1alysates), us1ng Spectrophor 3 membrane ~ub1ng (Spectrwa 

~1cal Industr1es Inc., Los 'Angeles, Cll1forn1a, U.S.A.) hav1ng a 

.alecullr ~1ght cut-off of 3500 daltons. 

2.1. OPTICAL OENSITY ABSORPTiON 

Spectrophota-tr1c readings in the ul trav10let (u.v.) and vistble 

reg10ns wre obtl1ned INnually in 1 Col.an .,del 124 Hitacht double 

be .. grat1ng spectrophota.eter (Col ... n Instru.ents, MI~01, Illinois, 

U.S.A.). 

2.8. POlYACRYLAMIDE GEL ELECTROPHORESIS 

The lIOdel 1200 Clnalco Research Disc Electrophoresis apparltus, 

connected to a 500 volt OC power supply (Helthk1t) by a sifety interlock 

adaptor (Canll'co), dS used 1 n these exper1Ments. 

SOl ut10ns of 151 Icryl .. 1de (BOH Ch_tcal s. Montreal) .. re 

pol,YMr1 zad in g1 ass tubes (0.5 x 6.5 ca) and e1ectrophores1s ~s 

pertor.ed It pH 4.3 accord1ng to the .. thod of Re1sf1eld et al (1962). 

The fol1ow1ng stock sol utions, elch IN. up to 100.1 w1th dtst111 .. 

Wlter, .. re used to prepare the runn1ng and stlck1ng gels: 

(a) 48.1 IN potass1 .. hydrox1de, 17.2 .1 glactl1 Icet1c .ctd, 4.0 

tetr ... t~let~lened1 .. tne (TENEO) ,(lOtI 0-1 cil s, 

Mant .... 1 )j 

-. 
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(b) 58.8 g acryl .. 1de. 1.2 g b1sacryl .. 1de (BON ~1c.ls. 

Montreal); 

(c) 0.28 g ...aniu. persulfate; 

(d) 4~ .1 lN potass1um hydroxide, 2.9.1 glac1al acetic I~id, 0.45 

111 TEMEO; 

(e) 10 9 acryla.1de, 2.5 9 b1sacryla.idej 

(f) 4 mg r1boflav1n {BOH Chamicals, MOntreal}. 

In parts by yolU118, the runn1ng gel (pH 4.3) cCllpos1t10n was: al, b~. 

c4, H2<) 1; the stack1ng gel: al, e2, n, HzO 4. The electrade butfer 

WlS 0.31' B alln1ne and 0.041 glac1a1 acetic ac1d,pH 4.5. 

s.-ples ~re d11uted in 66' sucrase canta1n1ng 0.11 .athyl green as 

trACk1ng dye. S-ple loads .re 10 ta 20 ug 1n a yol.e of 20 ul. 

Elec:traphores1s was tOWlrd the cathode at 2 .... lIA per tube. , , 

Prate1n bands Nere f1xed and stafrted for 1 hr. 1n ,.ido Black lOB 

(lOS .. thanal, 71 glacial acetic Icid, II Aa1do, Black (J.T. Baker 

Ch .. ical Co., Phill1psburg, New Jersey, U.S.A.». Background stain WlS 

r..,ved -bY WlsMng in a sol ut10n of 71 Icet1c Ic1d Ind 30S _thanol. 

681s Wlre stored 1n the Salle solution. 

2.9. AMINO ACIO ANALYSIS 

,.'no Icid cœpos1tions .. ra detera1ned 1n a Beckain Mino 1c1d 

Anl1yzer (~el 12OC) Iccord1ng to the _thOd of Moore, SpackMn and 

Stetn (1958) usfng a Mngle col .... _thodology. Proteins .. re desa1ted 

by d1alys1s and .rotary-evlporated (Buchi-Ratavapor-R. SW1tzerllnd). The 

s.-ples Wlra red1ssa1ved 1n triple d1st111ed 6N Hel Ind hydrolyzed in 

t'aydrolysh tubes (P1erce CheIIlcah) sealed ,1n VICUO ( 70 u) for 24 hr. 

and wHre necessary. for 48 and 72 tir. lt 110·C 1n 1 "Iting ..sul. 

\ 
\ 
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(ReaeU-the .... Pierce C_ieals. Il 11no15 , U.S ... A.). Hydrolysatls .re 

dr1ed by rotary eVlporat1on and rec1issolve<1 in 0.5 1111 dist111ed Wlter. 

2.tO. HIGH PERFORMANCE LIQyID CHROMATOGRAPHY (HPLC) 

L1qu1d ch,.OIIIatography col umns 1-60 and u-80ndapak C18 and all 

equi pment used were purchased from Waters Assoc 1 ates, Milford. 

Massachusetts. Columns were connected to a model M-45 and a mode 1 6000A 

sohent delivery system. The coltnns were equ111brated by passage. of 

10-20 x becl vol. of start1ng buffer. SaRp1es were appl1ed with a 

H_l1 ton pos t 1 ght b 1 unt need1 e 5yr1 nge through a mode 1 U6K Un hersa 1 

l1qu1d chromatograph injector. A mode1 720 system contraller was used 

when a butter gradi ent was needed. Co 1 umn5 were run at l"1li. tape and 

effluents mon1tored at 214 MI in an absorbance detector (.odel 441) 

connected to an LKB two channel recorder (.odel 2210). 

2.11. IMMUNOOIFFUSION 

The tests were done in Ig.,. (Hy1and r-uno~1.t8, Cost. MIs., 

Cil1f.) w1th a SJO.t .ntis .... specifie to RaS (Laptoff and GDodfr1end • .. 
1914). 

2.12. RADlOALLERGOSORBEIT (RAST) ASSAY 

1be 'SHl .5 perfor.d .ecordtng to Cesti and u.cIkv1st (1'72). 

.. 

--------------------------------..... ~ 
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2.12.1. Activation of paper discs , 

Fil ter paper dises, of fi _ di.eter were punched out fra. Whatlun 

no. 3 fi l ter paper. Four grams of dfses were allowed to swel1 in 

distil1ed water for 30 min. and mixaf with. a solution of cy.nogen 

br0ll1de (4 gm 1n 150 ml distil1ed water). The pH was maintained within 
. 

10.0 to 10.5 by dropwlse addition of 1 " NaOH until approximately 37 .1 

were consumed. After aspiration, the dises we~e washed (x 12) in 125 ml 

of 0.05 M sodium bicarbonate for 2 min. The dises were washed (x 2) 

w1th 125 ml di.stl11ed water and successhely with 251, 501. 751 and 1001 

aeetone. They were dried in vaeuo overnight at nm. tempe The actlvated 

paper dises were flushed with nitrogen and stored at -20·C. 

2.12.2. Coupl1ng procedures 
Il 

A ratl0 of 6 to 8 ug of a11ergen per dise was used for coupl1ng. 

The discs were stirred overnight .t 5·C ln the a11ergen solut1on, 60 to 

80 us/ml, in O.lM sodium bicarbonate. The dfses were washed ex 2) at 

rift. tempe for 10 min. 1n 0.1 " sodium bicarbonate (0.2 _l/dise). To 

bloCk exeess reactive groups, the di~es were treated with 0.05 M 

ethanolam1ne (0.1 ml/dise) ln 0.1 M sodiu. b1carbona~e for 3 hr. at ni. 

tempe They were sequentially w~shed (x 2) .t 0.3 ml/dise with 0.5 M 

sodiUM bicarbonate, 0.1 M sodiUII .eetate bufter, pH 4.0, and 0.05 M 

sadit. phosphite buffe}" '* 0.91 sodi .. ehlorlde. pH 7.9.. The allergen , . 
sens1t1zed 41Sts were stored .t -20~C in this 1ast buffer. 

--- --
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./ 
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2.12.3. Assay procedure 

The assay was perfon.ed in d1sposable polystyrene test tunes, 5.5 x 

1 CIl (Phanue1a). Eaeh tube eonta1ned 'Ohe allergen sensitized dise to 

whieh WlS added 50 ul of serum of RaS sensitive individuals. For assays 

of allergenie aetiv1ty by RAST-inhibition, SO ul of test allergen in P8S 

'or 50 ul PBS aJone (uninhibited control) were added ta the tubes a10n9 

w1th the a11ergie serta aliquots. All assays were performed 1n 

dupl1eate. The tubes were covered and 1neubatecs for 3 hr at rm. tempo 
, , 

After aspiration, the dises were weshed (x 3) with 0.05 M sodiu. 

phosphate buffer + 0.9~ NaCl, pH 7.9; between eaeh wash the d1Ses were 
1 .r' 

1neubated in the buffer for 101lin. Mter the final aspiration, eaeh 

dlse was ineubated overnlght at SoC with 50 ul of 125I-labelled ant1-IgE 

antibody solution (Phan.ae1a). A'~er aspiration. the dises were weshed 

(x 3) for 10 .in. with 0.91 NaCl, and eounted for 2 tltn. 1n a 9 .. a 

counter (paekard .odel 578). 

/ 
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CHAPT~. 
EXPERlMENTS AND RESUL TS 

- '", 

3.1. -ISOLATION AND PURIFICATION OF THE Ra5 VARIANT 

, ' 
In thi s section, the preparation /),f the "pre-gradi ent Il fractton and 

the var10us stages of puri fication of RaS 511 will be descr1bed. 

3.1.1~ The Pre-gradient Fraction 

'Crude aqueous extract' of short ragweed poll.n was prepared by 
'\ 

stirring ether':'defatted pollen (1 kg) in' 5 J~ "'Witer overn1ght at 5°C. 

'Thé suspension was filtered by suct10n t'hrough a Whatman Np. 3 filter 

paper in a Buchner funne 1 and the fil trate cl ari fi ed by success ive 

filtra'tion through 8 u to 0.22 u -Mf111pore membranes. Proteins 1n the /-
extract w~re precipitat,e<Î- by 0.9 saturation in ammonium sul fate arKI 

. 
collected by centrifugati-on at 25,000 rpm for 60 min. in an 

, 

. Internat10na 1, 8-60 centrifuge ( rotor 872). ( Suspens10ns of the 

prec1pitate were dta1yzed for 24-48 hours aga1nst several changes of 

dist11led water and darified'by centrifugation. 11'Ie extrac't was loaded 
\' - ~ ~ 

- o"t!b\ a ~SePhadex A-25· ~olumn (5 x 13, cm) equi11brated with 0.025 M 

Tr,1s butfer, pH 7.6. E1ut1on wlth the same buffer gave the catlonic 

OEAE-fract1on C (Lapkoff and Goodfrjend. 1974). 
"' 

Protei ns of this 

, fractionwere precipitateQ by 0.9 saturat1~n 1n anmonlum sulfate.' 'After 

centrtfugation (25000 rpm. 60 min), the prec1pitate ,was red1sso1ved 1n 
i 1 

290 m1~tst~ lled water and the sol ut10n .stored frozen at _20°C in 30 111 

1 quots unt il used. 

---r----_____ -_____ _ 
~--------------~----.. -.~J 
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The traction C a.l1quots were sèparately appl1ed to a col.., of 
o 0 

Sephadex 6-50 S (5 x 90 c.) an'd el uted with 0.001 M sodiu. phOsphite 

butfer pH 7.2. at a flow rate of 60 IIl/hour. As shoW' fn Figure 2. 

three .. jor fractfons wre obta1ned. n_ly AgE-Ra", cytochra.e c-Ra3. 

and RaS which .. re 'local1zed by 1_unOd1ffusion against ~clfic 

antisera. 

A pool of Ra5 fractions fra. the" SeptladexG-SO Mm was loaded onto 
~ 

OI-SepMdex C2S col ... (2.5 x 13 <;a) previously eq~t1fbrated with 0.001 

" socti .. phosphate buffer, pH 7.2. AIt un.bsorbed frac~~Of' WAS obtlfned· 

dur1ng application of the protein s.ple. (Ftgure 3) Wh1ch gave a 

precfpitin' line on i ..... odHfus10n with Inti-RaS antiser... On 

appl1cation of a l1n.ar but fer gradient, the RaS retlined on the col ... 

.as el uted (legend, Figure '"3) and pur1fted as described by Laptotf and 

GoOdfriend (1974) w1th _fnor .adfficatfons. 

3.1.2. Partial Puri fication of RaS Varfant 

, ' 

The unabsorbed Ra5 fraction l1li5 d1alyzecl ag.1nst sev.ral cMngts of ,. 

0.005 " sadi.. acetate buffer t pH 5.0 Md bitch ch .... tographed on DEAE 

Sepb'dU A-2S equl1ibrlted with t ... s .. buffer in a Buchner tunnel (2.5 

x 2 CIl). The filtrate NlS appl1ed to a col __ n (1.5 x 10 CIl) of 

CM-Sep ha dex C25 , prevfously equl11'lrated with the acetate butter. 

Prote1ns were el uted with a l1near gradient COlipoSed of 150.1 starting 

buJfer and an equal volu.e 0.5 " NlCl-acetate at a flow rate of 90 

.l/tlr. As shOWl in Figure 4. two poorly seplrated fractions (1 and Il) 

!lfere obtained. 80th fract10ns gave single precipit1n 11nls on 

i.unod1ffusion with anti-RaS antiser •• 
1 
1 

i·~ 

] 
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3.1.2.1. Chr .. tQ9n ph.Y of Fraction 1 
\ 

Fraction 1 wu dtalyzed agàinst severa1 chinges of 0.005 M sOdh .. 

aC~~lte, pH s.a, concentrated by ultr.af11tratton to 15' .1, and 

chl"ClUtogr~phed on a Bio-Gel P-6 co1uIII (2.5 x 80 CIII) pre-equllibrated 

with the Icetate ,butter (Figure 5). The IIljor eluate peak obtalned. 

cross-reacted w1th the Intt -RaS a,nti serum. It was cycled through a 

co1u. (l.S ,x 13 cm) of CM-Sephadex C25 pre-equt1 ibrated with the SUIe 

.cet.te bufter. App'l1 cation of a 11 near butfer gradient (100 1D1 acetate 

buffer and 100 ml O~5 M NaC] -acetate) y1e1ded a single almost synnetri'c 

elulte peak (Figure 6). No further pur1fication was ach1eved on 

. recycl1ng thi 5 peak through the CM-Sephadex col UlM under identical 

elut10n conditions. 

3.1.2.2. ChrOlUtosraphy of Fraction II 

Fraction II was 51",Oar1y dialyzed against the .cetlte bu"er, 

c:onc:entrated to 15 Ill, and app11ed to a Bio-Gel P-6 colu .. (2.5 x 80 CIl) 

equ11ibrated with the acetate butfer. Of the three peales wh1ch were' 

el uted (Fi gure 7) the ujor cross-reacted with the ant i -RaS ant heru •• 

It was concentrated and applied to a CM-Sephadex C25 co1umn (1.5 x 15 

QI) previously equflibrated with the acetate butfer. Using a now rate 

of 200 .. l/hoor, a s1ngly broad Reak was e1uted w1th a linear gradient of 

250 liT 0.4 M NaCl-acetate as the lillit1ng buffer (ffgure 8). After 
~ 

d1.1ysis and concentration. the peak fraction was ·sieved through a 

Bio-Gel P-6 col.-., but no further resolut10n was achleved (Figure 9). 

. , . 
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3.1.3. Filial Purification of the RaS Variant 

, 
• 

Polyacrylamide gel dise electrophoresis of the purified fractions I 

and II revealed the presence of major and minor' contam1nants (results 
~ 

nôt shown). These were reso l ved by reverse phase HPLC. 

Purified fraction 1 (Figure 6) was dialyzed against d1st11led 

water and concentrated to 1 ml. Al iquots of 50 ul were 1njected 

into a u-Bondapak-C18 col umn (3.9 x 300 nn) and a 1 inear gradient of 

30-401 acetonitrile made in 0.1% triflouroacetic acid was applied over a 

20 1II1n. interval at a flow rate of 2 ml/ii1in. As shown in Figure 10, two 

prote;n peaks, I-A an~ 1-8 were eluted. Repetitive runs were performed 

and corresponding peak fractions pooled. The correspondlng chromatogram 

for purified fraction Il (Figure U) showed the presence of four 

di st i net components of wh; ch the major (II -8) accounted for 80~ of the 
\ 

proteins recovered. 

Fractions 1-8 and II-B reacted positively with anti-RaS 

antiserum; their allino acid compositions and d1sc electrophorettc 

IIIObllit1es were 1dentlcal with that of RaSSI (results -"ot Shown). 

Fraction 1 -A (hereafter referred to as RaSSII) was analyzed for chellical 

and i_unological properties; fraction II-A appeared to have the SaM 

.. 1no Icid cOMpositions as I-A but was not further studied. 

On PAGE analysfs, Ra5SII showed a major band 111grating toward the 

cathode with a higher cation1c IIOb1l1ty than RaSSI (Figure 12). 

Analysis by HPlC on the sieving colu. t-60 (7.8 x 300.) showed a high 

degree of IIOlecular si ze hc.ogene1ty-, although one or two .. inor 

cont_inants wre evident. 

Based on the gel friction of or1gfn of RiSSU (Figure 2). the 
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IIIOlecular weight of Ra5SII was est1l1ated to be the sallie as RaSSI. 

approx. 5.000 daltons. 

The amino acid composition of Ra5SII 15 shown 1n Table 1. The 

composition of the variant was siml1ar to but distinct frOfll that of 

Ra5SI. ,Part1cularly noteworthy 1s the absence of isoleucine and leucine 

and the presence of threon1ne and phenyl~lanine in the variant molecule. 

No reaction was obta1ned on immunod1ffusion of RaSSl1 aga1nst goat 

antiserum to Ra5 (Figure 13). even though a higher concentration (100 

ug/ml) and longer incubation time (up to 4 days) than for RaSSI were 

employed. 

The allergen1c specif1c1t1es of the the t.o forms were assessed by 

RAST inhibition using Ra5SI-sensitized paper dises and an RaSSI-allergie 

human serUM (A-48). Figure 14 and Table II shows the S inhibition for 

varying concentrations of the two fOMis. Whi~ both displayed 

inhib1tory acttvtty. 0 the act-hity of R.5SII was 2 or 3 orders of 

magnitude less than that of RaSSI. Furthermore, an inhibition of 55S 

WBS the .aximu. aChieved,by RaSSII, indicating only ~rtial identity in 

allergenic specificity of the two fon.s. 

. , 



\ 

/ 

DIS eus S 10" 

/ 

j, ..J 



( 

- 21 -

CHAPTER 4 

DISCUSSION 

ln t-he following, 1 shall make SOM observations on the isolation, 

no.ogeneity and properties of the Ra5S11 variant as .el1 as on the RaSSI 

cOMponent (II-B) is01ated concurrently with the variant. 

4.1. ISOLATION AND PURIFICATION 

The variant, Ra5SII, was isolated frOli DEAE-fraction C of short 

ragweed pollen aqueous extract, the Sille fraction tha-t servec1 as a 

starting lliterial for the purification of RaSSI and other cat10n1c 

prote1n allergens. The chraaatographic procedure consisted essential1y 

of repet1t1ve .alecular se1ving and charge separation on ion-exchangers 

unt11 s~tr1c peaks were obta1ned. 

Desp1te the repetithe chrOIIIItography, the variant preparation was 
Cf 

found to be rather contaa1natec1, as judged by disc electrophores1s. A 

higher degree of pur1ty .as at~a1ned through the use of high perfon.ance 

l1qu1d chrœatography. A .. jor drawback of the overall procedure was 

the 10w y1eld of pur1f1ed variant, in the range of 25-50 ug/kg pollen, 

an .,unt probably lIuch lower" thaA the a.,unt extractable and due to 

diff1culties in purification. repeated chra.atography and cuts. The low 

yield thus presented a severe li.1tation to the extant of th1s study. 

c, 
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4.2. HOMQiENEITY 

The final preparation of RaSSII was considered to ha 'le a h1gft, 

degree of hoIIogene1ty by a nuMber of cr1t"""a. Thus ord1nary and h1gft 

performance 11qu1d chrOlllatography y1elded single major s~trical 

peaks. al though the latter showed the presence of one or two mi nor 

In addition. dise electrophores1 s of Ra5SII showed a 

single band and only at very h1gh Simple loads could a s11ght degre. of 

contamination be detected (observed as diffusion). 

It woul d have been advantllgeous to fOMl an anti se ru. to RaSSI 1 

but th1s was precluded by the low y1eld of the purif1ed proteine 

4.3. CHEMICAL AND INMUNOlOGICAL PROP~RTIES 

Gel filtration through Bio-Gel P-6 1nd1cated thlt the variant as 
. 

we11 Ils the RaSSi component (I1-8) had molecular weights in the range of 

5000-6000 daltons. Within exper1l111ntal error, the lIIino Icid 

cœpos1t10n of II-B was 1dent1cal to thlt, of RASSI. ," Furthe,..,re, rio 

di fference between the (clt1on1c) di sc electrophoretic IIIOb111t1es of the 
, 

two protei ns was observtd. On the other nand. the c .. pos 1 t 1 on of 

RaSSII was cl ear1y di st1nct frœ that of RaSSI. In addition, RaSSII 

di splayed a hi gher cat10nic di sc electrophoret1c .,b111 ty than RaSSI. 

Thts f1nd1ng was surpr1s1ng in v1ew of the CM-Sephadex friction of 

or191n of RI5SII. It ..,uld se. that pur1f1ution IM.Y have raoved s .. 

(pos1t1vely) charged-neutrll1 z1ng ca.ponent( s) bound to RaSSII in the 

1.pure state. 

Apparently. the _1no Icid cœIpOs1t1onal d1ff..-enc •• Mt ..... bSSIl 

, . 

------------------------------------ , 
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.. 
and bSSI .are such as ta t.part ujor dt fferences in '.unolog'eI1 

spectf1e1ty of the t.o prote1ns. Thus. RaSSII fa1led to react wtth tne 

Intt-RaS Int1seru_. and had clelr d1fferences in cOMposition and 

a"tigenie spec1f1c1ty. The results of the RAST-1nh1b1t10n assay sugge5t 

the presence of on1y sa.e s~ared allergen1c determ1nants 1n Ra5SII and 

RaSSI • 

.. Recent1y. Roebber .!i.!l. (1982) have isolated t.o species of RIS 

fra. short rag~. denoted Ra5A and RI5B. Analyses revealed thlt RaSA 

__ 5 eh .. icilly and 1a.unolog1cally 1dent1c~1 to conventional RaS. Wh1le 

~58 was more an10nic than RaSA, both fornas were antigentcally 

1ndi stingut shable when t.sted by i.unoel ectrophoresis with goat 

Int 1 -RaS ser.. 1111 no ac1 d COlI po s 1 t 1 ons of the t.o fo 1"11 S( were not 

Ivallable but sequenctng dlta ind1cated no di fferences between the t~ 

fol"lls through the f1rst 30 .. ino-terM1nal res1dues. The authors 
J 

speculated that charge or '.un01091 cal di fferences 1111 have arisen 

with1n the 15 earboxy-tena1nal residues. 

Wh1le the f1nd1ngs of Roebber ~!!. appear to 1ndieate the absence 

of any 'real' variant of RaSSI in short rag..eed pollen extract. the 

resu 1 ts of our study suggest the contrary. Current stud1 es 1 n th1s 

laboratory are dtrected to a fuller. ch .. ic.1 and ' .. uno10gieal 

cblracter1zat1on of the variant protetn, RaSSII. 

, 

.U ..-
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SUlltARY AND CLAUIS Ta ORI&IMLITY 

A yariant of short ragweed al1ergen RaS. des1gnated IS RaSSII. ~s 

tsolated fra. DEAl-fraction C of short rag~ed pollen aqueous 

extract. The techniques used included essentially repetit1ve 

.al.cular sieving, charge sepa,at1on on 10n-exchangers and HPlC. 

z. The RaSSII prèparation .as considered to be highly no.ogeneous by 

gel filtration on Bio-Gel P-6. dise electrophoresis at pH 4.3 and 

HPLC. 

3. ~1no acid ca.pos1t1on of RaSSII sho~d a .arked difference fra. 

RaSSI. notably the absence of 1s01euc1ne and leutine and the 

presence of phenylalanine and threonine. 

4. Pre11.1nary evidence for the allergenic1ty of RaSSl1 ~s obtl1ned 

~i by RAST-1nhtb1tion assays, indicating the presence of sa.. shared 

allergenic deten.inants in RaSSI and RaSSII. 

\.} 

sa 
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TABLE 1 

AMINO ACID COMPOSITION OF RaSSI 1 

_1110 Acid l'III01 es Nulber of Residues 

Fourid AssUiled 

Aspartic acid 14.74 1.27'* 1 (2~*'* 
Threonine 60.33 5.20 5 
Serine 31.47 2.71 3 !~) 
Glutaic acid 69.23 5.96 6 4) 
Praline 22.63 1.94 2 

1:1 Cystine/2 39.51 6.80 8 

Cl Glycine 8.22 0.72 1 4) 
1 Alanine 29.10 2.51 3 3) 

lsoleuc1ne 0.00 0.00 0 t Leucine 0.00 0.00 0 l~ Valine 18.25 1.58 2 
Tyrosine 35.04 3.02 3 ~~~ Phenyl al an

l
1 ne 29.43- 2.54 3 

, Lysine 56.24 4.84 5 ~~~ Arg1n1ne 1 12.58 1.08 1 
Tryptopftfn ND (2) 

* Calculated'by assUling RaSSII contains 6 Glutalic ac1d ... 
res1dues. Averages of dupl1cates of 24 and 48 hr hydrolys1s 
were used. 

*'*Corresponding """bers of am1no acid residues of RaSSI 
are shown in parenthesis. 

1 

------------------------------------...... ~ 
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TABLE II, 

AAST' ASSAY Of RaSSI AND RaSSI 1 
US ING AlLERGI C SERI-" A-48 

1. RAST~Inh1bit1on by RaSSI 

concentration, 
U9 per 1111. 

n11 ' 
0.001 
0.01 
0.1 
1.0 
5.0 

25.0 

ASsay 1 

- (199Or 
o (2401) 

~ H=~ 
65 (697) 
79 (4l0) 
94 ( l17) 

2. RAST-Inhibition by RaSSII 

concentration, 
ug per 1111. 

nU 
0.1 
1.0 
5.0 
25.0 
'0.0 

100.0 

ASsay 1 

- (1734)· 
o (l975) 
o {l7'87} 

20 (l389) 
42 ClOU) 
55 (782) 
SS (783) 

î Inhibition 
ASsay 2 

- (2117) 
o (2571) 
9 (1933) 

47 (1115) 
66 ( 719) 
31 ( 400) 
96 ( 92) 

% Iuhib1t1Oft 
, ASsay 2 

- (17S0) 
o (1990) 
o (1786) 

21 (1390) 
42 (1010), 
5S (792) 
55 (789) 

Average 

o 
9.5 

47.5 
65.5 
80.0 
9S.0 

Average 

o 
o 

20.5 
42.0 
55.0 
55.0 

* Couuta (sbovn in pareathuis) .rel-net after subtract10n of 
backarouDd; the .... y. vere done in dup1icate and the retRl1t1 
aver.ged. 

• 
k 



1 
1. 

c 

o 

l 
- 27 - • 

J 

\ 
C-t C-2 C-3 

~.~----~~------.~ 4.--------------~=-------------~.~4.--------~~~--__ __ 
~ ~ 

~--+-+-+-+-+-+-+--+-+--+-_ .... -----+---+---+ 
LEU VAL PlO en ALA np AU ILl AS" VAL CYS GU IilU LYS AllIa ALA TYR CYS CYS SER ASP PRO 'LY AR' 

" LEU T-1 T-2 T-3 . _.....~ 

T-1' • 
C-4 C-5 C-I 

~ •• ------+. ~.------______ __+. 4.----------------~~--------------+. 
30 40 

\' ~--+-+- -
TYR CYS PRO rit,. 'LN VAL VAL CTS TYIt GLU SEA Sflt IilU ILE CYS SER lYS LYS CYS G lY LYS 

~~ ~5 ~6 
~.~----------------------~------------------~----~. .... . 

r-5' 

Fiaure 1. The complete amino acid sequence of ragweed allergen 
RaS. Arrow. to the right abové each re.idue ind'icate 
the sequence obtained on the whole prote:1n. The location 
of each tryptic (T) and chymotryptic (C) peptide is 
1nci:1c:ated as well. 

Reproduced frOll Mole ~.!l. (1975). 
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Figure 2. Chromatography of DEAE-fraction C on Sephadex-GSOS 

Bed: 5 x 90 cm; buffer: O.OOlM sodium phosphate, pH 7.2; 
flow: 60 ml/hr. 

Cuts we~~ made as shawn by the arraws. 
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, Figure 3. Chroaatoarahpy of pooled laS fract1.ortJ on 
CK-Sepb..tex C2S. 1 

Bad: 2.S x 13 ca; buffer grad1-.t: ,O.OOlK 
phosphate (250 al)' tDto O. SM If'aCl-pbo8Jtbate 
(250 al), pB 7.Z; flov: 60 al/br . 

. Cu,ta· were -de a. lhovn. by the arrôvs. 
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Ff.&ur. 4. Cbrcaetoaraphx of pr .... mdia:Dt fraction GD 01-8.""'_ as. 
-

Two _jor peau ..... lut_: 1 fo11owed by II. 
BellI: 1.5 x 10 ca; buffer ar _1eat: 0.00511 1 
8OCI:Iua ec:etate (750 al) iDto O.SM lIaCl-eeetat. 
(750 al). pB 5,.0; flow:. 90 al/br. 
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Fipre s. Cbr .. toEaphI of Fraction l ou B1o-Gel P-6. 
t 

1_: '2.5 x 80 ca; buffer: O.OO5M aca'ata. pH S .0; 
flow: 30 a1/~. 
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Pipre 6. Cbra.aI:OIraphy of Frac tiOl1 1 fra. B1o-Gel P-6 
011 CH-Sepbadex C2S. 

Bad: 1.S x 13 caï buffer Irad.1mt: O.OOSM acetata 
(100 al) into O.SM NaCl-acatate (100 al). pB 5.0; 
flow: 60 al/br. 
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Ftaura 7. ChrOllAcoaraphy of 'rrac:1:1cm II on Big-Gel P-6. • • 
Becl: 2.S x 80 ca; buffer: O.OOSK aceuta, 
pB S.O; flow: 30 ~/br. ~ 
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rtauz. 8. Chl-Ollacoaraphy of Fl'Ktion II fr«* B1o-Gel P-6 on 
CK-Sepbacla C2S. 

Ied: 1.S x lS CIl; buffer Iradi_t: 0.00511 KecaCe 
(2S0 al) into 0.4M RaCl-acetate (250 ~); 
pa 5.0; flow: 60 al/br. 

t 

--------------------------------...................... ~ 



• 

,-

-e 
c , 
H -
Q 
0 

0.3 

0.2 

0.1 

• 
0 

- 35 -

100 200 300 400 500 

VOLUME OF ELUATE (ml) 
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Pf.avre 9. Cl!rawatoaraphy of Ftact:Lon II on Bio-Gel P-6. 

"Jed: 2.5 x 80 ca; buffer: O.OOSM acatata; pH 5.0; 
flov: 30 al/br. 
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Fiaure 10. Chromatolraphy of Fraction 1 on RPLC (u-IoDdaek-C18). 

Bad: 3.9 x 300 _; butfer gradient: 30-40% acetonitrUe 
in 0.1% triflouroaceUc acid for 20 a1Dut .. ; 
nov: 2 al/min. 

I-A (left) and I-B (right) were collected • 
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Piplre 11. ChroIIatoaraphy of Fraction II OD 

'BPLC (u-Bondapak-C18). 

Becl: 3.9 x 300 _; buffer gradient: 
30-40% aceton~trile ~ 0.1% triflouro
acetic acid for 20 a1nutee; flov: 2 al/.in. 
II-A (left) and 11-8 (right) were collected. 
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" Ftaure 12. Polyacryl_:1de sel dise e1ectrophoreeia. 
pB 4.3, of 10 us RaSSI (left) and 10 ua 
RaSSIl (riaht). 
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