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Abstract. Cultivated rye pollen extracts were characterized by means ol crossed immunoelectrophoresis
(CIE) and crossed radioimmunoelectrophoresis (CRIE).32 antigens were identified in CIE and among these
l6 were radiostained in CRIE analysis of a rye pollen sensitive patient panel. Crossed line immunoelectro-
phoresis revealed that some ofthe rye pollen antigens were immunological partially identical with antigens of
wheat flour and rve fluor.
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Introduction

Allergic reactions lol lowing inhalat ion of cereal
proteins are well recognized [l-a]. Wheat and rye
flour proteins are important al lergens and part icular-
ly the f lour dust may cause asthma and rhinit is in bak-
ers [,  4].  Extensive biochemical and immunochemi-
cal characterization of wheat and rye flour extracts
have been repor ted Í2,3,5,  61.  On the other  hand re la-
tively few studies have been performed on the charac-
terization of cultivated rye pollen extracts. Kalveram
et al.  [7] have studied the antigenic relat ionship be-
tween grass and cult ivated rye pol lens by means of
skin test and Rast.

In this study we report on the antigenic and aller-
genic composition of cultivated rye pollen extracts.
Furthermore, the specifìcities of IgE antibodies react-
ing with individual rye pollen proteins were investi-
gated in individuals with clinical symptoms related to
rye pol len inhalat ion.

Materials and Methods

Allergen Extracts
Rye pollen (Secale cereale)was obtained from Allergon AB,

Sweden, as dried nondefatted material. A crude extract of cultivat-
ed rye was prepared by extraction of rye pollen (extraction ratio
l:10, w/v) in PBS buffer (0.05 M phosphate, 0.075 M NaCl), pH
7.2,îor l8 h in a cold room (4-8rc). After extract ion the material
was fìltered to get rid of the debris, lyophitized and stored at - 20 T
unti l  use.

Extraction of rye f lour (f ine rye f lour; Kungsòrnen, Sweden)
and wheat f lour (Kungsórnen, Sweden) were performed by shaking
a l0o/o(w/v) suspension of each species in a cold room for l6 h in
dist i l led water. The suspension was cleared by centr i fugation
(40,000 g for 20 min) and by passing the supernatant through a f i l -
ter of 0.22 1m. The f i l t rates were then desalted on Sephadex G-25
(Pharmacia  F ine Chemica ls) ,  lyophi l ized and srored at  -20"C unt i l
use.

Rabbit Antisera
Antisera towards rye pol len proteins were prepared substantial-

ly as described by Harboe et al.  [8]by immunization of 6 rabbits us-
ing 1,000 pg (d.w.) of rye al lergenic extract per immunization and
rabbit,  in Freund's complete adjuvant. The rabbits were boosted
every 6 weeks and bled 7 days after each immunization. The rabbit
antisera used were pooled sera from many bleedings.

Patient Sera
Human patient sera were collected from patients allergic to cul-

tivated rye pollen (from clinical history). The patienrs used in this
study had not been subjected to immunotherapy.

IgE
Total and specific IgE were determiried using Phadebas Prist@

and Phadebas Rasto kits (Pharmacia Diagnostics, Uppsala, Swe-
den), respectively, according to the manufacturer's instructions.

Crossed Immunoelectrophoresis ( CI E)
CIE was performed on 8 x 8 cm glass plates essentially in ac-

cordance with the previously described procedure [9, l0l using
0.025 M Tris-tricine buffer, pH 8,6, containing 0.0005 M calcium
acetate in l0/o Agarose (Agarose A; Pharmacia Fine Chemicals, Up,
psala). Some components showed cathodic migration, therefore
both an anodic and cathodic second dimension gel containing rab-
bit antisera were used. Samples of 5 pl of crude rye allergen extract
(7.5 mg/ml) were run in the f irst dimension electrophoresis for
60 min with l0 Y/cm at l5'C. The second dimension electrophore-
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s i s  was  pe r fo rmed  fo r  20  h  w i th  I  V ,  cm a t

a n t i s e r u m / c m r  g e l .

C r o s s e d - l i n e  i m m u n o e l e c t r o p h o r e s i s  ( (

p rev ious ly  desc r ibed  by  Are lsen  e t  a l .  [ 9 ] .

l 5 ' ( ' .  u s i n g  2 0  , u l  r a b b i t

l - l  t j )  was  pe r fo rmed  as

Crossed Radioimmunoelectrophoresis r  ( '  R I  E t

T h e  w a s h e d  C I E - p l a t e s  w e r e  i n c u b a t e d  w i t h  0 . 7 4  m l  o f  t h e  p a -

t i e n t s '  s e r u m  d i l u t e d  t o  l l  r h l  w i t h  ( ' R I F .  i n c u b a t i o n  b u f - f ' e r

( 0 . 0 - 5  m o l / l )  p h o s p h a t e  b u f f  e r ,  p H  7 . 4 .  c o n t a i n i n g  0 . 9 0 , 0  s o d i u m

c h l o r i d e .  3 . 2 9 b  T w e e n  a n d  0 . 3 0 , 0  D e x t r a n  l 0  f o r  l 8  h  a t  2 2 " C  i n  s u i t -

a b l e  p l a s t i c  b o x e s .  A f t e r  w a s h i n g  t h e  ( ' l E - p l a t e s  w e r e  i n c u b a t e d

w i t h  r r i l - a n t i - l g E  ( P h a d e b a s  R a s t  I s o t o p e  R e a g e n t ;  i n  l 3  m l  t o t a l

v o l u m e  ( 7 2 , 0 0 0  c p m / m l )  f o r  a n o t h e r  l 8  h  a t  2 2 " C ' .  A f t e r  w a s h i n g

and  d ry ing  the  p la tes  were  p laced  on  X- ray  pho tog raph ic  f i lm  fo r

au to rad iog raph ic  exposure .  A l l  p la tes  were  exposed  severa l  t imes ,

us ing  t ime  pe r iods  va ry ing  f rom I  t o  27  h  I  l ] .  Each  exposure  co r re -

s p o n d e d  t o  o n e  p a r t i c u l a r  C R I E  c l a s s ,  u s i n g  t h e  C R I E  c l a s s i f l c a -

t i on  sys tem p rev ious ly  desc r ibed  [2 .  l - ] 1 .  As  a  nega t i ve  con t ro l ,  a

pa t ien t  se rum (8369)  no t  sens i t i ve  to  r )e  po l l en  p ro te ins  was  u t i -

l i z e d  ( P h a d e b a s  R a s t  c l a s s  0 ,  t o t a l  I g E  1 6 . 3  k U , ' l ) .

Pror  e i  r t  D e t  e r t r t i  nul  i  orr

T h e  p r o t e i n  c o n t e n t s  o f  r y e  p o l l e n  e \ t r a c t .  r l c  f l o u r  e r t r a c t  a n d

rvhea t  t l ou r  ex t rac t  were  de te rm ined  by  a  n r t rd r t i ed  Lowry  p roce -

du re  [  41 .

Results and Discussion

Figure la  demonstrates the C I  [ :  pat tern of  cu l t i r , 'a t -
ed rye pol len ext ract  (Secale cereela I  against  h1 'per im-
mune rabb i t  an t i se ra  a f te r  p ro te i r r  s ta in ing  w i th
C 'oomass ie  b r i l l i an t  b lue .  Many  we l l - reso lved  compo-
nents can be detected af ter  prote in s ta in ing of  the
CIE-p la te .  In  f i gu re  lb  the  C IE- re fe  rence  pa t te rn  o f '
r , ve  a l l e rgen  e .x t rac t  (a  schemat i c  d raw ing)  i s  demon-
s t ra ted  w i th  a rb i t ra r i l y  numberd  imrnLu toprec ip i ta tes
f rom anode to the cathode.  The presence of  l2  d i f fer -
ent  components is  i l lust rated in  the C' IE,- reference
pat tern of  cu l t ivated rye.  Two immunoprecip i ta tes
(Ag-22  and  Ag-32)  were  no t  v i s ib le  when  p ro te in
sta ined and therefore could only  be detected af ter  in-
cuba t ion  w i th  pa t ien t  se rum in  CRlE , .  Mos t  o f  the
components in  the studied rye ext ract  are ac id ic  in  na-
ture and migrate against  the anode,  lvh i le  some are
neu t ra l  and  a lka l ine .  Ana lys is  by  CRI  E ,  o f  l 4  c l i n i ca l -
ly  rye pol len posi t ive pat ients 'sera was per formed by
incubat ing the CIE,-p late wi th pat ient  serum for  spe-
c i f i c  IgE  b ind ing  fo l l owed  by  incuba t ion  w i th  i so -
tope.  The CRIE data together  wi th Rast  data and tota l
IgE levels  are summar ized in  f ig .  3 .  The background
radiosta in ing (unspeci f ic  IgE b inding;  was very low.
By  incuba t ing  C IE-p la tes  w i th  nega t i ve  pa t ien t  se rum
(8369)  o r  sa l ine  fo l l owed  by  incuba t ion  w i th  i so tope

F ' i g .  l .  a  ( ' r o s s e d  i m m u n o e l e c t r o p h o r e s i s  o f ' c u l t i r a t e d  r r e  p o l -

l e n  e r t r a c t  a g a i n s t  h y p e r i m m u n e  r a b b i t  a n t i s e r a .  5 l l  o f  r y e  p o l l e n

c r u c l e  e x t r a c t  ( 7 . , 5  m g / p l ) e l e c t r o p h o r e s e d  ( p H  t t . ó 1  r ' r i t h  l 0  V  c m .

l i ' (  l ' o r  l 0  h  i n  a g a r o s e  c o r t t . r i n i n g  r a b b i t  a t r t i ' r r c  p o l l e n  p r ( ì t c i n

s c r u m  1 2 0  l r l  a n t i s e r u m , / c m r  g e l ) .  A n o d e  t o  t h e  r i g h t  i n  l - i r s t  d i m e n

s i i l n  a n d  a t  t o p  i n  s e c o n d  d i m e n s i o n .  b  C I E  r e f e r e n c c  p a t t c r n  o f  c u l

t i v a t e d  r ) ' e  e x t r a c t ,  a  d r a r v i n g  r v i t h  a r b i t r a r v  n u m h e r s  a s s i g n e d  t o

t h e  p r e c i p i t a t e s .  T w o  a n t i g e n s  ( d o t t e d  l i n e s ) c o u l c l  o n l r  b e  d e t e c t e d

b v ' m e a n s  o f  C R I E  r a d i o s t a i n r n g .

solut ion no radiosta in ing at  a l l  was detected af ter  ex-
posure  even  in  CRIE  c lass  G.  For  tha t  reason  rad io -

sta in ing corresponding to CRIE c lass G may be used

as speci f ic  for  evaluat ion of  data in  f ig .  l .  As shown in

f ig .  3  i t  was ev ident  that  l6  d i f ferent  immunoprecip i -

ta tes gave speci f ic  IgE b inding.
Some pat ients responded to many d i f ferent  ant i -

gens,  whi ls t  o thers gave radiosta in ing to only  a few

ind iv idua l  an t igens .  One  immunoprec ip i ta te  (Ag-3 )

was detected in  just  one par t icu lar  pat ient  serum
(K.S . ) ,  and  th i s  pa t ien t  se rum exh ib i ted  a  ve ry  dense
rad ios ta in ing  (CRIE  c lass  A)  aga ins t  th i s  pa r t i cu la r

ant igen.  Many of  the resolved prote in components
did not  b ind speci f ic  lgE,  f rom any of  the studied pa-

t ient  sera and must  consequent ly  be regarded to be

unre lated to a l lergenic  act iv i ty  in  rye pol len ext racts .
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Figure 2 demonstrates some examples of developed
CRIE films on patient sera presented in figure 3.

Based upon the frequency and density of radio-
staining of individual components (degree of specific
IgE binding) in the patient panel (fig. 3), a more pre-
cise definition of major intermediate and minor al-
lergens I I, l2lin rye pollen extract was established. 5
antigens are considered as major allergens (Ag-24,
A9-26, Ag-27, Ag-29 and Ag-30), 5 as intermediate al-
lergens (Ag-16, Ag-18, Ag-22, Ag-31 and Ag-32) and
at least 6 as minor al lergens (Ag-3, Ag-11, Ag-14, Ag-
15, Ag-20 and Ag-28). When trying to relate the CRIE
pattern for individual patients to the total IgE levels
(fig. 3) no defìnite pattern could be established. On
the other hand, the Rast-values and the intensities of
CRIE radiostaining seem to correlate very well.

Immunochemical cross-reactivity between culti-
vated rye pollen antigens, rye flour antigens and
wheat flour antigens were analysed directly without
any prior separation by means of CLIE. It must be
observed, however, that the proteins extracted from
rye flour and wheat flour are the water-soluble frac-
tion only. Rye pollen proteins were electrophoresed
in the first dimension and subsequently rye flour pro-
teins or wheat flour proteins were applied in the line
well prior to starting the second dimension electro-
phoresis, into the agarose gel containing rabbit antis-
era raised against rye pollen proteins. Antigens No. 7,
I I ,14 and 15 of cult ivated rye pol len extract were par-
tially identical to antigens in rye flour, while antigens
No. l2 and l4 were partially identical to antigens of
wheat flour.
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Fig. 2. X-ray {-r lms from CRIE analy-

sed patients in f igure l .  Radiostaining cor-

responding to CRIE class G is shown for

3 dif ferent patients, patient K-S. a; P'J'  b;

S.N. c, and a control patient serum 83ó9 d'
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Thc intensity of .adiostaining is shown as hatchcd squares symbolizing the CRIE classes: I - 'C; E- S; B- C: E - D; El- E:

E:  F ;  E :  G .

FiS.3.Totalandspeci|tclgEagainstcultivatedrycandcRlEradiostainingofthevariousprecipitatesinaclEref€rcncepattefnof
Qltivated rye pollen extract.
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A quite different approach was used by Blands et
al. [5]when they studied immunological cross-reactivi-
ty between cereal antigens and grass pollens. Using
rabbit antisera against wheat flour proteins they
found that between 2 and 7 grass pollen antigens, de-
pending on species, showed partial identity to wheat
flour antigens. Our fìndings, in which we used rabbit
antisera against rye pollen extracts, were similar fur-
ther demonstrating the existence of the high degree of
immunological cross-reactivity between different
grass pol lens [ 5].
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