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The Allergenic Activity antl Stability

of Purifierl Allergens

from the Pollen of Common RYe Grass

(Lolium perenne)
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Introduction

Highll' purilied rve grass pollen allergens have been isolated

and extensivelv characterised by physical and chemical methods

(JoHrsox apd ]f .rnsrr, 1965 a, b, c, d). The present art icle reports

thc dctailed irnmunologicirl bch:rviour and starbility of the allergens

and of thc crr-rde fractions frorn rvirich they were derived.

An outlir-re of tfie pulifìcation irroccdure (JoHNsoN and MaRsu,

1965a) is presented in Fig. l .  Clu'omatographic fract ions D.6, 7

and 9, fronr a DE.{E*-ccllulose fractionation of thc dialysed whole

pollen extract, u'cre found to contain the bulk of the aller-gcnic

rnaterial; furtficr fractionation on 'sephadex G75' yielded the

purificcl allergens. The allcrgenic activity of thc fractions, zrll at the

same concentration b.v weight, was shown to increase after each

purification stcp (tr'Iansu, 1964). Allergens I-B (originally tcrmed
'cr') and I-C (d) rvcre each shown to bc hotnogencous by the fol-

lowing criteria: starch gel electrophorcsis at pll's 8.5 and 3'5

(without urea), ultracentr i fugation, rccltromatography on'Sepha-

clcx G 75', N-tcrminal amino acid analysis and immunodiffusion

against rzrbbit anti-rye pollen sera. Allergenic fraction II-B (7)

appeared to be |omogeneous according to the foregoing criteria

with the exception of N-terrninal amino acicl and immunodiffusion

* DEAFI will bc used as an abbrcviation for'diethylaminoethyl'

ln t .  Arch.  Al lergr ' ,  Vol . ' l { } ,  No.0 ( l ! ) t i f j )



i r
;r ,  i

i , :
r i' i . : ,
,li 

,
l:i,
ilrì;
i i i l r ,
!i,f' '
tÌi*
iili'
ìì: i l
ì{rl
rii
ii4ì'
ir:il.

iii,
i t l j ì l
liii

N ' t  a  r  s  l r , z  l r {  i  I  r r  c  r / . f  o l r  n  s  o  r r

Rye grass pol len (ca.  102 g)

I  I ther  ext ract ion{
Defa t t ed  po l l en  (100  g )

Yic ld of  I - l l l ì 'orn l0( )  s  r , l  c l t : fa t t t r r l  1r , r l l rn ,  r  0 .o lJ ' : ' , ' , .

analysis: iu thc latter casc, lto imrnunoclil l irsion lincs u'cle cilttainccl,

plobably duc to the lorv molecul:rr wcight of this fi 'action (10,000).

Iixamination of allersen II-lì by starch gel elcctr:ophorcsis in borate-

6 lt. urea at pH 8.5 revealecl that scveral cliscrete comporìcrìts wcrc

prcsent, confirnring the heterogeneity suggcstccl by the: N-tcrrninal

atnino acid analysis. Prelirninary rcsults shorvecl that allergcnic

fraction II-A (ó) behaved sirnilarly to II-B (l\4ansn, 1964; JouN-
soN and l \ {anslr ,  1965b).

Allcrgens I-B ancl I-C wcrc both shown to possess rnol. wts. of

irbout 31,500. Thcy hacl sliglit ly cliffering chargcs at alkaline pI{,

manifested by thcir diflerent behaviour on DEAFì-ccllulosc chro-

rnatography and starch gel electrophoresis: in all other: r 'espccts,

inclucling allergcnic and antigcnic activities, they were expcritnen-

tally almost inclistinguishable. Indeed, there is experimcntal cvi-

dcnce to suggest that I-B may be converted into I-C by loss of

irmicle group(s) (JolNsort :r.ncl N,[nnsn, 1965a). Irr:rctions II-A andì

i.i
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II-Iì, both of mol. r,t. about 10,000, were also rclated to each othcr.
Thcy \vcrc not rclated immunologically to thc allergens of higher
mol. u,t., since they failed to inhibit the allergenic and antigenic
le a,ctions of I-l l and I-C. Thc alore rnentioned pollen allergens were
tlrerefbre plurcccl ínto isoallergeníc groups I and II and sub-classifìed

according to thcir appiìrerlt mobilit iers on starch gel electrol.rhorcsis

at alkirl inc pH. For examplc, the so-called rnajor allelgenic groul)
I rvrrs sirorvrr to Lre cclmposr:d of four i.soalIergrls. I-A, -l], -Cl ancl -I),

of u'hich I-Il and I-Cl were the most promincnt (.Jour.rsoN ancl
N , {ans r r ,  1965b) .

For nrost pollcns so far studied, isoallcrgenic groups c:rn bt:
demonstratecl n'hiclr. arc analogous rvith those of thc rye allergens,

but are not necessalily related eithcr allergcnically or arntigenically

tcr  t l r r , 'nr  ( l i INc;  ancl  Nouunr.r ,  lg62;  l i rNc et  a| , . ,7964;. |ouNsom ancl

. [VL\ I {sI I ,  l ! ]65b;  Nf . rnsr t ,  1965).  Cl lassi f ica"t ion of  : i l l  t l r t :sc rL l lergcns

lrccorcling to thc al-rorrc' nomcncl:rtulc is convcnicrrt.

In previous papers (JouNsoN ancl  Nlansrr ,  1965a, b and c l ) ,
the significance of thc carbohycirate moicty of tirc ciloup I ryc pol-

len a.llergens was discusscd, and it rv:ls cotrcludecl that this rnoiety

rv:rs 1;r'obably not irnportant allcrgenically,. In the prcsent paper',

by skin tcsting rvith carbohyclrasc-digestcd allergens, further in-

fbnnatit-rn on this problem has been obtaincd.

l { rc; t r l r i r  t t  a l .  (1961) and Mar lnv et  a l .  (1964a, b)  reportcc l

a l lergenic act i r  i ty  in c i ia lysablc { ì 'act ions f iorn ragwccd and t inrothy

pol lens.  Other t 'orkcls (c. r .  I {unnER'I 'soN et  a l . ,  i95B; Krnc;  ancl

NoRrrrx,  1962; found l i t t lc  or  no act iv i ty  in s in i i lar  low mol .  wt .

pollcn lì ' irc't ions. In oul labor:rtorics no significant skin activity has

evcr bccn cibscrvccl in the dialysable fiaction from rye erass pollen

ir r  ccrnccntrut i r - rns as high as 5.5 mg/ml,  ( I ln l r roN et  a l . ,  l95B;

JoHrso r  unc l  P . r l l ev ,  1959 ;  F t INs lu tw ,  I96 l ;Mens l t ,  1964 ;  Mr r -

NE,R, unl)ubl ished ol ;sc l r ,ut ions) .

Possib lc csplanut ic ins [o l  thesc app:rrent  d iscrcpancics arc:

(a) diffcrcnccs in stability of' allclgcns from griìss, ragweed ancl

other pollcns ,sce discussion) ancl (b) thc use of dialysis tubing of

di f fcrent  pernrcabi l i t ies (Cnarc and I i r ruc,  1962).  Howcvcr,  Rtc;H-

r ln r f  a/ .  (1961) founcl  that  'descnsi t ised'  a l lergic pat icnts wcrc more

skin reactive than untreated individuals towards the dialysable

material of ragrveed pollen (Untrcated inclividuals usually showed

no rcaction). This result might be explained by reversible dissocia-
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tion betrvccn lon, molecular wcight allcrgcnic 'haptcnic material'

ancl thc non-clialysable allcrgenic cclmponents*. We have tcstcd

this hypothesis for I 'yc grass pollcn by exzrmining whether a 1:rt 'gcr

cxccss of the dialysable fi 'action would inhil l it skin reactions lrro-

clucccl by the ryc :rl lcrgerìs in grìtreated allcrgic indivicluals.

A [aterials and Àfel lntl.s

l ic izr r tcc l  po l lcns rve lc  k indly  suppl icc l  by t l re  l ìencarc l  A l lcrgy Lìn i t ,  l - ì ' -cc i , rn t

l ìcscarch Laborator ies.  
' I 'he 

carbohy,drascs cel lu lase.  fJ-g lucosic lasc,  f / -ga lactos i t lasc,  f '

arn l , lase and lysozyrnc l 'c rc  suppl icd b1 '  Kr . rch-L ig l r t  L td.

Al t thod (a, ) .  tJs i r rg a scr ics of  concentrat ior rs  for  t l re  a l lergenic  f ract i , r t rs  arr r l  rv l r r ' r l t r

rlialyscd pollcrr extract, approxirtlatc u,eal areas rvere calculatcd fr'om thc prt'clr-rct of

trvo lveal diamctcrs rncasurecl at liglrt arÌglcs to each otLer. Àll measttrcl'tlcllts \\'erc

avcrages o[at  least  t rvo s i rn i lar  tcsts  pcr  i t - rc l iv ic lua l  ar tc l  compnr isc l r rs  o lsk in act iv i t ics  o{ '

rv5ole pollen e)itracts u,itlr those of allcrgcnic flactions wcrc ttratLe usit'tg tcst sites rvhiclr

wcrc as lear  synuìrc t r ica l  as possi l i lc .  Speci l ìc  act iv i t i ( :s  of  the a l lergcnic  f ìact ior ts  re-

la t ivc to  whole pol len u,cre c lc tc lnr inr :c l  l ior r r  graphica l  p lots  o l ' 'n tcan wt 'a l  < l ian lc tcr '

against ' log.  concctr t ra t ion '  (Sr2uInn,  I1)5() ) .

A typical ser-ies of thcsc plots is given in Fig. 2. Since tlic cut'\res are ìl()t exactly

parallel, the ratio of the allergen conccntration, cì^ , proclucing tlìe same weal diarneter

,., a giuel concentrati<.r1 olw|ole extfact, Crr, r,aries rvit[ the valuc of Cy. Flellce esti-

rnatcs of specifìc actiyity lravc bectt lratle frotn tlie lirl iting Cllv/C^ ratios founcl by ex-

t rapolat ing thc l inear  por t ions of  the gra i r l rs  to  zc lo u 'ca l  c l iametcr ' ,  Reasonal ; ly  consi"s-

tcnt  rcsul ts  c6uld bc o| ta incd us ing a i . .ge n. ,n l . , . .  o f  tcsts  u ' i t i r  a  re lat ive ly  snra l l  Paucl

of '6  a l lerg ic  inc l iv ic lua ls  ( ' l 'ab lc  I ) ,  prov id ing t l rc  ì i r r i i ta t ior rs  of ' l l r is  r ì lc t l ìo(1,  t l iscussc<l  by

S<. l r tnr  (1950) ,  wcre takcn i t t to  cot rs ider t r t io t t .

A lethod (ò/ .  Weal  arcas \ \ 'e le  recorc lcc l  by out l in ing the ra iscc l  u 'ca ls  u ' i t l t  : r  l ra l l -

po int  pen ancl  apply ing ac ibesive cc l lop l tar re taPc to the u 'e: r l . ' fhe tapc rvas rerr r t : ' r 'cc l

witlr the wcal outline, translctretl to graph paper, atltl tlìe areas llÌcasurctl by cotrntine

squarcs t l r rough thc tape.  F i f ty  a l lcrg ic  vo luntcers wclc  tcstet l  in  th is  t t tanuer  t ts i r tg  tu ' t r

conccrrtrations of t|e test solutions :rncl wLrolc clialysetl yrollcrr cotrtrols (Table II)'

+ Iìviclcrrcc th:rt group I allcrgcrrs dissociate in solutiorrs containing sodiurn dode-

cy l  su lp l ratc  (ancl  possi l r ly  urca)  Ì ras rcccnt ly  l )cen l ) r ' ( Ìs( ìn1( ì t l  ( .Jor lNsoN ancl  Nfnnst t ,

r96sd) .
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F ig.  J .  Grapl rs  uscc l  l ì r r  c lc tcr ru inat i , rn  of 'spcc i l ìc  act iv i ty  by nt r - : t l iod (a) .  Cl t , r rc t : r r t r '1 t ior1

cxprcsscd in  mg of  l rcezc-dr icd so l id /ml .  Subject :  J  t )W ( ' l 'ab le I ) .

2 .  A l l e r g e n i c  S t a l ) i l i t y

( a ) Carhohl,dra.se l)ige.slion

I ) igest ion ofa l lcrgen I -B rv i th  the carboh) 'c l rascs cc l lu lase,  p-g lucosidase,  f -ga lact -
t ;s idase and 19-anry lase was per formed overn ight  at  37 "  us ing at r  a l lergen conccntrat ion

of  4 nrg/nr l  in  0.  I  r r l .  pyr ic l ine acetatc  bul Icr  a t  p I {  7 .0 ar td c t rzynre to a l ler€íen rat ios

of  I  :  50.  I .ysozynre c l igest ior rs  rvcrc s inr i lar ly '  pcr f i r r r t tec l ,  cxcept  tLat  a pH of  5.3 rvas

utilisecl. T'lie allelgenic activities of solutions to which erìzynlcs ha<I becn addecl were

compared with those of control solutions to wliich no enzymcs had been addecl.

To determine the extcnt of carbohydrase digestion of allergen I-8, I mg sarnples

of tire various digests and the untreated controls were subjectcd to li igh voltagc paper

electrophoresis in 0. 1 r'1. borate bulfcr at pII 10.0, according to the method of Mtcnr-
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(1951) '  Markr : r  su.qars \4 'cre a lso run a l .ngs ic le  t r r<;  c l igcsts ,  T 'hc papcr  was ac i<r i r icd r ; ,y
spray i r rg wi tb pyr id ine acetate buf fer  pH 3.5 (JouNsoN ur ] , l  M. l *sH,  lg65cl )  anc l  sra inct l
ftrr carbolrydrate using the AgNo3-NàoII r.,-,.i lro,t of rnevnryau ,t ot. qtsls|].,I.ire en-
zyrÌìes 'vcrc f<Ìr.d to lxr devoid -f any substantial Jrrotcolytic activity by staini.g in
para l lc l  r t ' i th  n inhydr i ' .  The prescncc of  h-ec carbohycl ratc-s ta in i r rg -atc . ia l  wi th i .  t l rc
carbohyclrases tlrcnueh,es was investigatr:cl l:y allou,ing sc.rlutions irf tl,c carlr,rhyclrascs
( in  the bt r f l t : rs  g ivcn above)  to  s ta 'c l  ovr : r r r ight  at  37. .  0 .05 rng c, f  cac l r  r r igest  ( i .c .  2) !
t i rncs that  ust :d  f r t r  d igcst ior r  . f  thc a l lcrgc ' )  rvas t l rcn s t , l r jcc tcJ t '  i r igh u. - , ì r .g . ,  t : lect r . -
phores is  arrc l  s ta ined as above.

(b)  I Ieut iw, l t I I  ant t  hn i t  , l t rent th IWtt r

Solut ions r i f  d ia lysc<l  wl ro lc  cxt ract  (0.24 r r rg/nr l )  ar rc l  o f  a l lcrgcr ì  I_ IJ  ( ( t . r l0 iJ  nrg/ r r r l )
i n  p h 1 ' s i r i l ' g i c a l  s a l i r r e  ( P I {  7 . 3 ;  I  - ,  0 . 1 5 )  r ^ . r : r e  h c a t c c l  i .  c l . s e c l  s i l i c . r r e < l  l r . t t l c s  l i r rper iods of  t ime rar lq ins f ionr  0- i l0  ,n i , r ,  ar ,< l  thcn sk in test<: r l .  

' I 'he 
s ta l r i l i t l ,  6 f  t l r r :  a l l r : r -gens at  a  ser ics ofp l l  va l t r r :s  lvas cxarn incc l  b l ,c l ia lys is  of rvhole c l ia lyscd cxt rac. t  against

t l r c  f ì i l l . r v i n u  s r , l u r i r r r r s  f ì r r .  J  l r  : r t  l . : 0 . 1  r r r .  c i t r a r c  a t  f , H  : . r r .  o - i  i , , . j " ; . ; ; ì ,  î r  l ) l l  l u . ( l
a l rd  0 '2  r r '  Na() I I  a t  p I {  I1 .3. ' I 'hc e.x t racts  u 'cre thcn c l ia lyscc l  against  c l is t i l l r : r l  \ r ,arer  for3 h l :c lòre t t )s t ing.  s tabi l i t l '  o f  the a l l r : rgcns tou,arc ls  a( lue() 's  s . lu t io 's  , f  5  u.  Na. l  anc l
2 r ' r .  I iCINS rvas s inr i lar ly  tcstcc l .

Ilesults

l .  Skin Activi t i t :s of Untrcatecl Al lcrgcns
rn cornparing thc activities of 'ario*s fiactions it srrourcr bc

ltotcd that 2.5 g of native Poilen extractcd rvitrr 100 rnr of watcr
(2.5or(, cquiv. concerÌtration) yierclecr :r sorution containing about
82 mg/rnl of rotal solids, r0.B nrg/mr o| non-clialysablc rnaterial
and 0.072 mg/ml of al lcrsen I-8.

Fig. 2 ilh-rstrates a typicar scries of gr:rPhs usccl to cletermine
sl)ccific activities of the aller:gcns (rclativcìo wholc clialysed cxtr.ct)
b)'rnethod (a) a'd'r:rble I gives trre specific acrivities ior 6 ailergic
individuals by this proccclure. Table II surnrnarises the skin test
results usins rnetlÌod (b). A valicl comparison of the solutions tested
at the higher concent.ations is not possiblc since allergenic satura-
tion of the test sites lias probably been exceedecl in most cases.
However, comparison of the results at the lolver conccntrations in-
dicates that allergcns I-B and II-B are about tcn times more active
than whole diat2sed extract o' a rvcight basis. The 'ariation in skin
reactions betwcen the eroup I ancr II ailergcns for cliffcrent ailergic
individuals is illustratccl i'Table rII, which .qives the cletailecl skin
test measurements for the first l5 individuars iestecl bv method (b).
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Speci l ìc  act iv i t ics  of  t l r t :  a l le le t : r r ic  f ract ions.  Spcci f ìc  act iv i t i r :s  g iverr  arc b: rsct l  on f rceze-

clrit:d rvciehts arrrl arc rclative to the whr:rle diallt.sed pollcn extract. 
' l 'o 

olrtain spccilìc:

act iv i t ies re let i lc  to  ( i )  non-c l ia lysed cxt ra ic t ,  ( i i )  wholc  polk- 'n  (< le lat ted) ,  or  ( i i i )  wholc

pol len (nat ivc l  the abr ive valucs are nru l t ip l ied bv t l rc  f t . r l lou ' ing lactors:  ( i )  i .5 ,  ( i i )

l { i . 7 .  ( i i i )  1 7 . 0 .

JI 'W
. lcNr
I ' I ,

IX;
\\'s
N{f,t
Avcragt: splr: .  :rr  t iv i ty

t -1
1 l

? 7  ( I - l l  , , r r Ì i . 1 *

I : J

t 7
')t

t 7

J /

J t

201
50
[ ] l * +

*  S u l r j , ' 6 1  [ t f ,  * a t  u n L r s u a l  l r c r c  i n  t h a t  h c  u ' ; r s  a P p a r c r r t l y  l e s s  s t : r r s i t i v e  t o  I - C 1  t h : l n

I -R in  t l re  a l r , r  r :  t t ' : t : .  
' f l r i .  

r tas r lo t  s l r r . r l 'n  in  l3 t ( Ì r  sk in t r :s ls  on PL.  I ror  I - ( . j .  Clw /
: .

* *  \ ' a l r r . , . i i v c t r  i s  a n  l ì \ . . 1 r ' í r r { ( i  1 ì , r r  r i r r l }  t l x , s r :  s r r ì r i c : r ' 1 s  s Ì i o t v t r  t o  b < :  s , ' t t s i t i v t :  t o  L [ - 8 ,

'I'ahle 
II

Suniur : r ry  r , f  sk i l r  t .cst

f rnet l ro<1 (b) ] .  \za lues < 'o l lcct t 'd  l . ry  sr rbt ract ine contro l  rcadi l ì9 .

- r , e  co r r t r o l  i l a t i v c  r v l r o l c  cx t rac l  l ) i a l ysc l l  u  l r o l e  cx l r ac t  A l l c r s rn  I - l J  A l l c r ccn  I I -B
ì Ì va r r ' s  , . t ' ) r ,  O .2a t ' ) ; ,  l l ) . l J  mr / r r r l  ( ) . 1  n ra /m l  0 . ( ) 72  n tg l t t l  0 ,01  n rg / rn l  0 .1 l 2  n rg /m l  ( ) . l J l  n rg /n l
so lu t i on  (e r1u i v . )  ( equ i v . )

Total lr,cal

area (rlrrrz)

Mean rt<:al

arca (nurr2)

Mean u'eal

205 I

.+ I .()

7.'2

807

l 6 .  r

4.5

2005 903

^10. I I 9.3

7 . t  5 . r )

t 2  1 6  6 1  3  l B 0 5

21.11  12 .3  3 ( ì . I

5 .6  4 .0  6 . f ì
dianrctcr  (nrrn)

2. Allergenic Stability

(a) Clarltoltltdra.se di{leslion. Table IV shor,vs a srtmmzìry of'tlrc:

skin test rcsults lor carbohyclrase-treatcd allergelt I-lJ using method

(b). High voltage electrophorcsis in boratc buffer at pH 10.0 rc-

vealed that staining ftrr reducing sugar was observecl only witir

cellulase and B-galactosidase digests of the allergen. 
'fhe 

control

cxperimcnts, r,r 'hcre cithcr the allcrgcri allne or tlìc carbohyclrase

alone .as incubated at 37 ", showcci no material rvhich stained for

reducing sugar, exccpt in the case of thc ct:l lulasc wlìcrc :ì. weak

spot showing approximately zero mobility was observed.
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Thc cellulase digest of the allergcn produced two strongly

staining regions, one óf which corrcsponded approximately in mo-

bility to mannose :ìncl the other of which migrated at about half

this rate. A further rveak spot with mobility similar to that of xy-

losc was also observecl witù this digest. Thc B-galactosidasc digcst

of allergen I-B showed only one spot which stained for rcducing

sugar: this spot also corrcspondeci in mobility to mannosc. Thc idcn-

tity of these spots could not bc cstablislted with. any certainty, cs-

Tuble III

Detailcd. conrparisorr of weal arcas (rnrnz) procluccd by dialysetl wholc cxtract atrd Pu-

rifiecl allergens for the first l5 p.,li"r-r-."r'rriti,re in<ìividuals tested by rneth0tl (b)' All

sarnplcs tcstcd at cqui l 'alent cnncetttrat ion of 2'5t ' i '  in Evan's solul ion

Patient -ve col l trol
Evan's
solut ion

Dialyscd
wltole

ex t rac t ,W

I
'2
.2

a

6
7
( t

9
li)
I I
t 2
l 3
t 4
l 5
Averagcs

56 40
1 5  1 2
3 0
l) 'f

15 f l
( ) 4

3 6 8
2 2  l 0
2 2 3
, ,)|

23  82
'26 4
3 0

87 25
80 98
26.3 21.3

0.53 0.66
0.2,1 0.73
0.00 0.()t)
0.67 0.80
0.0iJ f).00
0.33 o)
0.38 0.  15
0 .  14  0 .20
0 .  12  0 .  l+
0 .72  l ( ) ' 5
0 .78  6 .37
f ) . l 2  0 . l 5
0.00 0.0()
0.09 0.2')
L  l 9  1 . 2 4
0.38

I
,*
0
0

l 0
0
J

7
0
0

r 2
0
0
7
4
J .  t

(ìt l

3()
{.r

l ( ì
t 2
l ( ;
29
26
29

102
31
t 2

209
B3
* / . J

0.79
0.33
0 . 1 0
0.83
0.83
0.00
2.s3
0.68
0.Bs
0.07
0 . 1 2
0.7( ;
0 .25
0.40
0.96
0.63

* Correctecl by subtracting negative controls'

Table IV

sur.nmary of corrcctcd skin tcst r.csults for 50 pollcn-sensitive inclividuals for rrative ancl ca|bohydrasc'digcstcd

al lergen I-B fmethod (b)] at 2.592" equivalent conccntrat ion (Results: scct ion I).

Carbohydrae digests of al lergen I-B

Cellrr lase B-GlrrcosidascB'Galacto' 
p-Amylxc Lysozyrne

stdase

Controls (I 'B alone)

pH .  7 ' 0  PH  5  3-ve control DialYscd
l , va l t ' s  wno le

solut ion extract

' fotal weal 528 2005

area (nrmr)

Mean wcal 40' I

area (mmr)

Mean weal  7.1

diameter (mm)

608576472670652

1 3 . 413 .0

3.9

t'2.'2I  l . i r

3 .8

9..1

3.5

683

l J . t

4.2
A q
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'I"able 
I'

I i l l i :c t  o t  i rc ; r t ing ( l ( )0 'L l  'a t  p f l  7 . '37 or t  t l ic  a l l t : rgcnic i ty  of  r l i : r lyscc l  ry( r  oxt ra(r t

(0 .24mg/nr l )  11d a l lcrgcn l -B ( r ) .008rng/rn l ) .  r \  ncgat ive contro l  so lut ior t  (sa l inc)  gavc

ntr  rcact i , ln  in  ar ty  of  thc above ind iv iduals '

I ;rac t ion I  i r r r n  u I  l r c . r t i r r g  / s ] I ' rorluct o[ rvcal diarnctcrs (tnnr" I

ws Nf t l

\ \ r l ro lc

c l ia lyscd

cxt  ract

l ; ;
-.ir )

1 2 0
-180

I Íl()(l

l 3 s
7\)
. l ( l

7 ( )
0

2tÌ

(i{ }
5(J
l 0
-10

ir0
3'.)

l ( x )
300
I ()l)

1 0 0
2 5
60

1ì
1

2rl
()
tJ

f  , )
t l

I ( )
3 t t

i  l { )
+L l ( )

I ÍÌr l(-r

l 6
l { t
î
(,
1

2 l )

3lr
9 r t

I 0
6

l 6
4

I'able VI

I - l ì ì , c t  i , f  r i \ t ru r ì rc  p l l  r . , , l r l i t i , , r rs  a r rd  l t ig l r  sa l t  con t : t :n t r ; r l i r r t t s  o t r  a l l c lgcn ic i t . y  o f  l v l r r . r l c

dialy,scrl  ryc cxtract (0.12 rng/nt l)

L lond i t ì on . Prodrrct of weal diameters (urmtl

DCJON4

p l l 3
p f l  l ( l
pFI I L:ì
5  v .  NaCl
2  u .  KC\S
.| ve Control
-  ve  C lon t ro l  (sa l inc )

3(;
u+

I
t'2
2

40
0

36
1 0

f)

0
t_t

42
f)

3i)
3(i

[ ( '
I

4B
A L

0

TabLe VII

Skin test  rcsul ts  for  nr ix tures of ' thc c l ia lysable rnatcr ia l  and a l lergr :n I - lJ  f rorn ryc grass

poi lcn Imet [gc l  (a1] ,  Negat ive cot t t rg l  (sa l ine)  ga\re no react ior t  in  er i thcr  su l r ject '
'fhe 

valtrcs are averages ol 2-4 tests pcr allergic indiviclual'

( loncentrat ion

o f  d i a l ysa te
mg /m l

Concen t ra t i on
al lergen I-B

mg /m l

Product of rveal diarncters (mmt)

WS JPW

0. r0
U
0.0001
0.001
0.01
0 .  l 0

0
0.005
0.005
0.005
0.005
0.005

z
t 2
30
29
l 3
24

0
t 7
20
I B
24
30
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l)cciiìliy in vicw of the probablc prescrìcc c,f'oligosaccharidc matcrial
in the digests.

(lt) Other stabilig,lrsls. Tablcs V ancl VI summarisc rcsults of
tests investigarting the c{lèct of hcat, pH and high ionic strcngth on
allergcnic stability. It hirs not yct been possible to pcrftrrnt thc largc
numbcrs of tcsts rìccessary to observe whcther any statistical signi-
ficauce may bc attzrchecl to thc variation of the skin tcst rcsults afìt'r
difTerent pcriods of hcating. Horvcve r, the prelirninary results sug-
gestcd, that boiling cithcr purificd I-lJ or a u'lrole clialyscd cxtract
ftlr up to 30 min causcd no cletcctzrble loss in aliergenicity. Othcr
preliminary data for the rvholc clialyscd cxtract (Tablc VI) sug-
gcstcd that allcrgcnicity rvas retained at pl{s 3.0 and 10.0, but not
at 11.3. Exposurc to 5 u. NaCl apparcntly causcd rccluct ir , in in skin
activity in all ciìses. Thc e{lbct of 2 u. KCINS w:ìs unceftain, alt-
hough clialysis against 2 ru. KCNS, follorved by cliall'sis lrg:rinst
distilled rvaterr resultecl in prccipitation of a large propoltion of thc
solicls present in thc r.vholc cxtrzrct. In this clrsc, thc clifli:rence in
bchitviour bctwcen sub.jcct PL on thc one h:rnd, ancl.JtlN4 and DCI
on the other, may bc dtre to the partiirl or complctc destruction of
the group I, but not thc group II, iillcrgens. Of thc thrcc scnsitive
individuals testecl, only PL was shorvn to bc scnsitirzc to thc group
II al lcrgcns (Table I).

3. Ellcct of Dialysable Matcrial on Allcrgenic. Activity

fable \/II sumnrariscs preliminary rcsults exarnining tlic ltos-
siblc blocking of skin activity of allcrgen I-l] by the dialysablc frac-
tion fi'om thc whole ryc polleu extract. Thcse results confirmed
previous rcsults in our laboratorics rvhich shorved that no apprc-
ciarble skin activity could be fbund in thc di:ilysablc fractions, and
strongly suggested that dialysable material does not inhibit thc
normal allergic reaction produced by allcrgcn I-8.

Discussion

l. Actiuity of Purifed Allergerts

Skin activity has been conclusively demonstratcd in two dis-
crete groups of ryc pollen allergens in a large number of indivicluals
allcrgic to grass pollens. The results obtaincd r,r'ith the graphical
method (a), suggested that thc group I allergcns werc active in all
ryc pol len al lergic incl ivicluals, brrt  that thc group II  al lcrgcns werc
only activc in ccrtain cascs. As a result of more extensive skin tes- 1

Iì
t
1
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{
. t
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t ing using method (b)  (Tablcs I I  and I I I ) ,  i t  is  c lcar  that  a l lcrgy

towards the group II fraction is much morc wiclespread than had

prcviously been assumecl (JouNsow anci N4,tnsu, 1965a). The rncan

skin reactions for both thc whole dialysed extraìcts (W) ancl the

purifìcd allcrgcns using rnethod (b) rvcrc all slightly, but uot sig-

nifìcantly, bclorv thosc calculatcd lrom mcthocl (a) ft ir thc same

solutc conccntrat ions ( I r ig.2 ancl  Tablc I I ) .  F{orvevcr,  i r ì  v iov of

thc different proceclurcs involvcd irr mcthods (a) and (b), particu-

larly tirt-- rturnbcls of 1;zrticnts tested and thc conccntration rangcs

ut i l isecl ,  thc rcsul ts obtaincd shorv an cncour. ìe ing tnea.surc of

agreemcnt.
' Ihc 

pronounccr l  var iat ion in the rat io of  we al  arcas obtained

lor gloups I ancl II in ditlerent allcrgic inclividuerls ('Iable III) is

well outside that to bc cxpected frorn the crrors inhercnt in thc

tests. I-hcre \r'as no exircrimcntally cletcct:ible differcnce betwccu

thc skin act iv i t ies t i f  thc grouir  I  isoal lergcns ( I r ig.2) ,  exccpt  in onc

incliviciual; the ir spccific :rctivitics relative to wh<"rlc dialyscd c.r-

tract rvcre alsr-; sin-ri lar from indivithial to individual ( Iablc I).

Preliminary skin tcsts on scvererl othcr crude rye polleti frac-

tions (N,Iansu, 196-1) hi*'c suggestecl that furthcr minor allcrgcns

in thc wholc dialysed extr:ìct show pronounced skin reactions only

in certain peoplc. Tiris rvould probably account {br most of the

relatively high rcactions observecl for the whole dialysecl extract in

certairì individuals (Tablc III). Thcsc fLrrther allergcns occur in

prcdominantly polysaccharicle fiactions of low or negativc apltarcnt

mobi l i ty  on starch gel  e lcctrophorcsis at  pH 8.5.

Detailed analysis by microdensitomctry of starch gcl patterns

obtainccl using known amounts of the group I allcrgens from a 1963

rye pollen and the corresponding whole dialyscd extract (JorlNsoN

and MansH, 1965a) indicated that allergen I-lì constituted abotrt

1/20th of  the extract  and al lcrgen I -C about 1/B0th (a l though

thcse relative proportions varied frorn cxtract to cxtract) : othcr

group I allergens were prcsent to a much lesser dcgrec. On this

basis, onc rvoulcl expect a specific activity for group I (total) to be

about l6* rclativc to the dia$,sed extr;rct, ncglccting the contribu-

tions of other allcrgcnic groups. The rtalue of l7* lound by quan-

titative skin testing using the graphical rnethod (a) shon's good

* 'l-lrese 
values correspond to sPccifìc activities relative to tlx:- naliue rye pollcn of

a l rout  270 arrd 280 rcspect ive ly  and re lat ive to  non-d ia lysed cxt ract  o labout  120 and 130

respectively (Table I).



agreerìrcnt with this figurc, brrt is possiblc slightly higir considcring
thc contribution of othcr allcrgenic groups. Therc is thcrcfore no
suPport in this rvork for thc occurrcnce of major ryc pollcn zrllergens
of such high spccific activity (300 times those of clialysecl cxtracts)
as previously cluotecl for othcr grass Pollcns by Aucus.rrN ancl
HnvweRn (1962), unless their fraction:rtion procedures lccl to thc
isolat ion of  minor a l lcrgenic f ract ions.  our f igures agrce nìuch rnor.e
ckrscly r.r ' ith thosc of-l txl - 1()OfJ fòr purificd group I ragrvcccl ;rl lcrgcns,
rclrrtir, 'c to nan-dialyrrrl rvholc laqwer-'d cxtrir"cts (scc prccccling loot-
trote), dctcrrnincd :rficr cxterrsivc skin tcsting Ìry l irrvc et al,] gb.t),

Lt:rx et a/. ( 1962) arnd AnnrsuaN cl at. (rg62) ; although Rossrrls rl n1.
(1963) found l0- fo ld h ighcr spcci f ic  acr i ' i r ics 'ot  o. ly  for  h is
ragu'cccl allcrgenic fraction but ftrr thosc of Krxc ancl also Golu-
nann (AnnESr\{AN et  a l . ,  1962).  Probably cr lors havc ar iscn nrain ly
c luc to thc inaccuracies o[ 'cnd-point '  nrcthods of  sk in tcst ìnq.

2. '\igniJìcanrc o.f tlrc Curholn,drak AIoictl, o,f Groul I .4llergtt.s

Ear l icr  prccip i t in inhib i t ion rcsul ts of  .Jour. rsorv ancl  r \ , IaHsrr
(1965a),  wir ich suagcsrcd th.r  thc carbohyclrarc moicty of  group I
allclgcns was probably Lrnirnportant allcrgcnically, h:rvc been con-
siderably substantiated by the fincling rhat after positive cligcstion
with crucle ccllulasc or B-galactosidase, no measurable loss in allcr-
gcnicity rclative to thc control was apparcnt (Table IV). Aftel
trcatius rvholc grass pollcn cxtr;rcts with thc carbohyclrases ú-zurìy-
last,, cmulsin or takadiastase, Au<;us'rrx (1959) rcportccl no loss in
allcrgcnic activity, althoueh in hcr cxpcrirncnts it rvas not feasiblc
to check if an1, digestion of thc allcrgen molecules hacl takcn Place ;
KtNc et al. (1961) belicvcd thar the low carbohyclratc contenr
(0.5-0.6 %) of their group I ragweed allcrgens rvas duc to an im-
purity, and HrnsÈ,RrsoN et al. (lg58) showed that their alcler ar-
lergenic fraction contained no carbohydratc. Trre bulk of thc
available eviclcnce would thercforc support the vierv tl iat a carbo-
hydrate moiety is 'ot responsiblc for allcrgenic activity in thc major
al lergens of  pol lens (see alsoJonNsoN ancl  N4ensrr ,  lg65cl) .

3. Allergenic S'tability

Ryc pollen allcrgcns havc bccn shorvn to be stablc tolvarcls
hca t ing  (100"  a t  pH 7 .3 )  a .d  a l so  n , i t h i ' t l i e  pH 'angc  3 -10 :
similar findings h:rve been reported by Auc;usuru (rg5g) ancl
Merrr'v et al, (1962) for other grass pollen extracts. purifiecl grass

i . i
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pollcn allergens rvere also stable towards frceze-drying and storage

at 4o in the dr icd state ( l \ {ansu,  1964),  or  in stcr i le concentrated

solut ion ( . t \uc; t rs l tN atrc l  Hnvl 'anu,  1962; N{nrr-nv et  a1. ,1962).  O"

thc other hand, thc purified r':rgrveecl allcrgens showccl maxinrirl

s tabi l i ty  only betr , r 'ecn pI{  6 at tc l  {1.5 anci  werc 'polyruer iscd'by

t ì 'cczc-dry ing lcr l lo ivcd by stor ' : rb-cì  r l t  - -20' ( [ i r r ' i<;  et  a l . , (1964),

a l t l rougir  t l rey wcrc mucl t  l t :ss st lsccpt ib lc torv:r rc ls p loteolyt ic  c l igest-

ion than tlrc corresponcling ryc allcrgcns. T'ltcsc stability diflèrenccs

bctween purilìed grass and r:tqwt:t:d allcrgens :rrc prollably zr rcflcct-

ion of thcir rvidely cli{l 'ering anriuo acici conrpositions aud sequcncc

(JounsoN and NLcRsH, 1965 c). 
' l 'hese 

cliffcrences n ould also account

fbr sorne of tlrc conflicting rcPofts itr t lrc l itcr;rturc in rt ' lation tcr

rr l lcrgcnic stabi l i ty .

It is of inte rcst to note here that the gloup I ryc allergcns also

r"ctained thcir irntigenicity (rneasurcd by gcl dil lusion :inalysis

asainst rabbit autiscruttr ton,ards whcile itollen) after the hcat

t rcatrncnt  lcportcd abovc (Jorrr . r rsoN :rnd -NInnsrr ,  1965a, b) .  Othcr

ryc pollcn liactions havc bccn showu to contain clticlly the urain

thcr.molabilc 
'A-:rntigetrs' <-rf rye pollcn (Aucus'rttl, 1959); but these

fractions proyecl to bc non-:rl lcrgenic (MansH, 1964). Any cluanti-

tative assay of gr:iss pollen extracts basccl on the 1;rollortion of A-

antigcn is thcrefore :r complcterly unrcliablc guidr: to thc allergcnic

content. This fincling coufirms previous conclusious of Aucus'rtu

(1g59) ancl  FurxsrrrN (1961),  obt : r ined using whole gr : rss pol lcn

cxtracts.

'!. Dissociati.on oJ' ALln'genic Detcrtninants

Sincc thc clialys:rblc matcrial prescnt in rvhole r-yc pollen cx-

tract procluced no melsurable inhibition of'the allergic skin rcactior-r

of the group I ryc pollen allergcns and no re action by itsclf orì uu-

trcated allergic sLrbjects, i l seems highly irnprobable tltat normal

non-clialysable :rl lcrgens clissociatcd dtrring dialysis at 4" to give

fragments possessing their allergenic dcterminzrnts. It is thercforc

unlikcly that such 'haptcnic nraterial' rclated to the rnajor rye al-

lergens is prescnt in whole rye pollen clialysatc. The reccnt findings

gf Malrav et at. (1964a, b) fbr timothy grass pollcn demonstrating

allcrgenic activity in dialysablc material appcar to oppose this con-

clusión. Iìowcver, since thcse workcrs were using diffcrcnt condi-

tions for extraction and dii i lysis, thc possibil ity of a pliysical or

proteolytic rl issociitt ior"r of haptcnic mlttct' i i t l catinot bc nrlercl ottt.

l i ,



53.1 l \ 1  a  r s  l r , /  À f  i  I  n  c  r /  J , ,  l r  r r  s o  r ,

othcr fàctors wJrich could havc bcen responsible Ibr the observecl
activity in the dialysate are : dilrusion of the gror-rp II t irnothy al-
lcrgens (mol. rvr. :rbout 10,000) through rhe clial),sis rubing (Cnrrrc
and Krruc, 1963), or the use of desensitisccl inclivicluals for skin tcsts.
It is sigrrif ic:rnt that not all the inclivicluals testecl by N{alrrv et al.
(1964b) rvcre skin-act ivc towards thc rr ia lysable rn:r tcr ia l ;  possib ly
tlrosc rvhich rcacted had previously l-rcen clestnsitisccl. I{rcslr:n r/
a/ .  ( l9t ì l )  obscrvccl  sk in act iv i ty  for  t l ic  c l ia i l ,s i rb lc ragu.cecl  pol lc l
frirction in all dr:scnsitisccl subjccts, but no r.cuction in o'er B0), ot
the ur t rcatcd cases.  A'a logous behai ' iour  rn ight  be expcctccl  ibr
thc corrcsponding t i rnothy f i 'act ion.  Furthcr  exper imcnts a long t l icsc
l incs shoulc l  p lovic le valuable inforrnat ic . rn regar.c l ing the c lcscnsi t i -
set ion 1l r ' ,  rcccl t r r . t ' .

,S'unmtat ),

Allergcricr rrcti ' i t) iras bccn fòurrl in t*'o cliscr.ctt- gro,irs of
isoallergens fi 'o'r r)/e gf;ìss pnllen. Thcsc two groups ha'e pr.cvirusly
bcet shown to be cluitc disti 'ct physica.ily, crrcnrically a.d i 'r-
munologically. Differcnt aliergic inclivi<iuals showccl clif lt 'rent clc-
grccs o{' skin rcaction towards the tu,o allcrgcnic sroulls. A fcu,
individu:rls u'clc also allergic torv:rrds furthcr zrllcrgeirs which h:rve:
not yet ltccn chararcterised.

No dctcctablc loss of'skin acti ' i ty *,as obscrr.ccl aftcr digcstion
of a lrr-rnr'geneous groì.lp I allergc' rvith thc carborrych.'scs fl-ga-
lactosidase and ccllulase, both of which rvcre shown to r.eleas.
carbohydratc lì 'agmc:nts fi 'om this allergcn. This result strongly
suggcsts th:rt a curbr,'hydratc moiety is incsscnlial for- allcrgenic ac-
ti i ' i ty i '  thc g.oup I rye allcrgerìs, espccially when consiclerecl to-
getlìer with earlier cxpcrimental evidcnce suppofti 'g this view.

It has becn shown theit rye allcrgerls are vcry hcat stable ancl
retain lull allergcnic zictivity ovcr a rvicle pH rangc. Allergcnic
activity of tl ie major rye allelgcns could not bc inhibited by a iargc
cxcess of the non-allcrgenic dialysable rnateri:rl obtaineci fi.om whole
pollen cxtracts. T'his lcsult sr-rggests that no ,l iaptenic 

matcrial' is
lemovcd by dialysis.

'4cknou,ledgcnu'rrrs. \A'c are plcascd to tharrk Drs. A. crnoNrl ancl It. I{.A. coouns
lìrr thcir hclp with -skirr tcstin.q and lirr uselul cliscussions. lVe arc also gratcful to Messrs.
C''\. Iinasnn ancl C.G. Lnn and Dr. B. Dvnas fr-rr their assistance u,itlr the largc scalc
sk i r r  test i 'g .  one of  us (DGM) n, : rs  I ì .ar rc ia l ly  suppor . rc( l  i :y  a grant  f rom r)s lR dur ing
par t  ( ) f  th is  rvr t rk .
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