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-_ |  "o*ron 
problem encountered by primary care physicians is the

s ib le  assoc ia t ion between ingest ion o f  a  par t icu lar  food and

l 3T"  " "ner i lng3d 
by  

"  
ch i ld  (Bock ,  1980) .  rn "  Federa l  Reg is rer

íiri""-p".tÈlr;ffit l - . i r ^ r  ^ .  :

b e e n
i l "Pu rLeo  co  sov  p ro te ins  ( cook ,  1960 ;  Duke ,  Lg3 t+ ;  sampson ,  19g3 ;

* : : Î , - 19q8 ) .  
soy  p ro te in  has  been  cons Í s ren r r y  one  o f  t he  f i ve$aJor  toods imol icated in  caus ing food hypersens i t iv i ty  in  over  90gbf  ch i rdren wi th  documented adverse food ieact ions (sampson,  lggg;

! l * : ,  
1988) .  However ,  there are very  few srud ies on rhe

; i l : :9 : l i " i : I_of  the soybean prore in  f rac t ions (Rarner ,  le55;
i : : - : " " . ! i ,  1980 ;  Bu rks ,  1988 ) .  Soy  p ro te ins  a re  be ing  used
; l : : " t " : "g ly  in  a  number  o f  foods and food producrs  (Anderson,  19g4) .' hnu t '  t he  po ten t i a l  f o r  poss ib l e  sens i t i za t i on  i s  a l so  i nc reas ing .
&l

, f l ,_^-  
t t t  some ch i ldren wi th  a top ic  dermat i t is  (AD)  ,  food

i í : " : :_"T i t iv i ty  has been demonsrrared ro  have a parhogenic  ro le  in

i :_ : : : " I "pment  o f  eczemarous les ions (Sampson ,  Lgg4;  fgAS) .

i l : : i | * " .e Iy  35t  o f  ch i ldren wi th  AD undergo ing double_bl ind
lcceDo-cont ro l led food chal lenges (DBPCFC) have food
I P e r s e n s i t i v i t v  

r e a c t i o n q  l , R r r r l e c  
' l  q R e \  D o r - i  a n r - c  * n , { ^ y - ^ í - -f f i i | : " : : l t iv i ty reacr ions (BurÈs, 1988).  par ienrs undergoing a

hi"""  
htere found to develop an eczematous, prur i t ic ,  rorÈi l i form
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rash within 2 hours of ingesting the offending food antigen.
peanuts ,  n i lk ,  egg,  wheat ,  and f ish accounts  for  90t  o f  the
invo l ved  i n  t hese  reac t i ons  (Sampson ,  1983 ;  Bu rks ,  1988 ) .

An enzyme-l inked immunosorbent assay (ELISA) was used to
invest igate  a l lergen-spec i f ic  rgE and rgG ant ibody to  soy prote in
i ts  f rac t ions in  pat ients  wi th  AD and a pos i t ive  DBPCFC to  soy.  g i
from these same individuals was used to examine the antigens in soi
proteins by immunoblott ing techniques. i^Ie then used pooled serun $
from similar patients to investigate the change in antibody responi
after heating or enzJrme digestion of the crude soy protein and i tdl
f rac t ions.  .$

$
EXPERTUENTAL SECTTON 

$
$

Approval for this study was obtained from the Human Researchj
Advisory Committee at the University of Arkansas for Medical Scierù
and Johns Hopkins University Medical School. Eight patients (meanlr
age  6 .18  +  5 .L2  yea rs ,  r ange  -  18  mon ths  t o  16  yea rs )  w i t h  AD  and$
al lerg ic  rh in i t is  and a pos i t ive  immediate  pr ick  sk in  tes t  to  soy, :$
(wheal  >  3  mm) had a pos i t ive  DBPCFC to  soy.  (Sampson,  1983)
Control sera were obtained from norrnal chi ldren being fol lowed at
Arkansas Chi ldren 's  Hospi ta l .  These ch i ldren were not  a top ic  and
reported previous use of soybean products without s)rmptoms.

Solrbean proteins and fract ions

For the ELISA and immunoblott ing investigations protein was I
f rac t ionated in to  75,  11S and whey f ract ions in  addi t ion to  a  crud
ext ract .  The two major  soy prote in  f rac t ions,  75 and 1 lS vrere '$

iso la ted and pur i f ied accord ing to  a  modi f icat ion o f  the proceduré
Thanh and Shibasak i .  (Thanh,  L976)  Comrnerc ia l  defa t ted soy f lake$
\ , rere ext racted wi th  20 par ts  (w/v)  o f  0 .03M Tr is -HCl  buf fer  tpH 8. {
conta in ing 0.001M d i th ioery thr i to l  (DTE) a t  room temperature "*

(20-22"C)  for  t  hour .  Fo l lowing cent r i fugat ion a t  35,000 x  8  fo f |
rn inutes (20"C) ,  the supernatant  was recovered and ad justed to  pH 6

wi th  1N HCl .  A crude 11S prote in  prec ip i ta te  was obta ined by f
cent r i fug ing th is  mix ture ax 4"C as above.  Pur i f ied 11S prote in  I
obta íned by reso lub i l iz ing the prec ip i ta te  in  50 par ts  (w/v)  0 '01Í
phospha te  bu f f e r  ( pH  7 .6 )  con ta in i ng -  0 .4M NaC l ,  0 .001M n tg ,  and  0 j

sodium azide and passing through a concanavalin-A Sepharose 48.cot
to  remove contaminat ing g lycoprote ins.  To obta in  the 75 protern '1
f ract ion,  commere ia l  defa t ted soy f lakes \^ rere ext racted wi th  20 Pt
(w /v )  o f  0 .03M T r i s -HC l  bu f f e r  ( pH  6 .2 )  conca in ing  0 .001M DTE a tÈ

fo r  t  hou r  and  cen t r i f uged  a t  35 ,000  x  g  f o r  20  m inu tes  (4 'C ì '  
T

supernatant  was recovered,  ad justed to  pH 4.8  wi th  lN HCI  anc l  . Ì
cent r i fuged as above.  The pràc ip i ta te ,  thus obta ined,  v /as d isne l

in  10 par ts  Tr is -HCl  buf fer ,  ad justed to  pH 7.6  wi th  lN NaOH ano;

s t i r r ed  a t  9 'C  un t i l  t he  p rec ip i t a te  d i sso l ved .  The  so luc ion  was

readjusted to  pH 6.2  and cent r i fuged.  Fo l lowing the addi t ion o f$

NaCl, the crude 75 supernatant was warmed to room temPerature $
(20-22"C)  and bound.  to  a  concanaval in-A Sepharose t+B co lumn .  , ;
p re -equ i l i b ra ted  aga ins t  0 .03M T r i s -HC l  bu i f e r  ( pH  6 .2 )  conca in l r
0 .4M NaCl  and 0.001M DTE.  Af ter  removing the unbound prot@lns- '  I

pur i f ied 75 prote in  was recovered by e lu t ing the co lumn wi th- the j

buf fer  conta in ing 0. lM o-methy l -D-rnannos ide]  The pur i f ied 7S - i .
so lu t ion was equi l ib ra ted against  0 .035M p i . "p i " .e  buf fer  @H-L '
con ta in i ng  0 .4M NaC l ,  0 .001M DTE,  0 .05 *  sod ium azLde  by  repeaEeo

t imes)  concent ra t ion in  an Amicon s t i r red ce l l  conta in i î$  3  rn-z
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flakes r{7ere
deion ized

. To obtain the crude soy fract ion commercial defatted
extracted at room temperature for 45 minutes with 20 parts
srater  ( r /v )  ad justed to  pH 8.0  wi th  lN NaOH. Fo l lowing
centrífugation as above the supernatant recovered is the crude soy

tpreparation. The whey preparation is obtained by taking the crude
supernatant  and ad just ing the pH to  4 .0  wi th  lN HCt .  The pr inc ip le
g lobul in  prote ins wi I l  p rec ip i ta te  when cent r i fuged as above.  Th is
supernatant is the whey fract ion and is adjusted to pH 7.0 with
d i lu te  a lka l i .

ELISA for IgE and IgG

A b io t in-av id in  ELISA was developed to  quanr i fy  IgE ant isoy
protein antibodies with modif icat ions from an assay previously
publ ished.  (Burks,1986)  The upper  thro  ror^rs  o f  a  96-wel l  microt i ter
p la te  (Gibco,  Santa Clara,  CA)  were coated wi th  a f f in i ty  pur i f ied

igoat  ant i -human IgE (Tago Diagnost ics ,  Bur l ingame,  CA) .  The

[T:i"iiu"I^of, ::. l-:i:: 
*1" coared yirl.o,.," :f_rhe ;ly.producrs

[ (c rude,  75,  11S,  whey)  a t  a  concent ra t ion o f  5  pg/nL in  coat ing
pu f f e r  ( 0 .1  sod ium ca rbona te -b i ca rbona te  bu f f e r ,  pH  9 .5 ) .  The  p la te
has incubated at 37"C for one hour and then washed f ive t imes with
p fnse  bu f f e r  ( phospha te -bu f f e red  sa l i ne ,  pH  7 .4 ,  con ra in i ng  0 .05 *
pween 20;  S igrna,  St .  Lou is ,  M0)  imrnedia te ly  and in  between subsequenr
tncubations. The upper t Ì{ro rohrs used a standard reference to
lenerate  a  curve for  IgE,  ranging f rom 0.25 to  10 ng/ml .

t  T h e  p a t i e n t ' s  s e r u m  s a m p l e s  w e r e  d i l u t e d  ( L : 2 ,  1 : 1 0 ,  1 : 5 0 ,
i :100)  and d ispensed in  dupl icate  in  the lower  por t ion o f  the p la te .
r f ter  incubat ion for  one hour  a t  3 l  oc  and washing,  b io t iny la ted,
f f ín i ty -pur i f ied goat  ant i -human IgE (Tago)  vras added to  a I I  we1ls .
Ì lates \dere incubated again for one hour aE 37"C and washed before
prserad ish perox idase-av id in  con jugate (Vector ,  Bur l ingame,  cA)  r^ /as

f l | :d .  Af ter  washing,  the p la tes were developed by rhe addi r ion o f  a

Pr ter  conta in ing o-pheny lenediamine (s igma) .  The react ion was

l topped by the addi t ion o f  2N-hydroch lor ic  ac id  ro  each wel l ,  and
psorbance was read at  492 wn (T i ter tek  Mul t iscan;  F low Laborator ies ,
pc leanl  VA) .  The s tandard curve was p lo t red on log- log i r  paper  by
gans of  s imple l inear  regress ion,  and varues for  eàch pat ient 's

HPI : -were read f rom the curve as "nanogram-equiva lent  un i ts"  per

t r r r l r t e r  ( ng  pe r  m i l l i l i t e r ) .
E
ql  IgG ant isoy prote in  ant ibod ies to  the d i f ferent  f rac t ions hrere

1_1rmi1ea by us ing a modi f icar ion o f  a  prev ious ly  descr ibed
?ytî: l inked immunoassay. (Burks, 1986) The ttppèt rvro rows of a

: : :11 microt i ter  p lare (Gibco)  r^ rere coared wi rh  a  monoclonal

: :?"1y to  human IgG (Mi les  Sc ienr i f ic ;  Naperv i l le ,  IL)  .  The
' i :1"o"1 of the plate was coated wirh one of rhe soy producrs

I f  '  -7S,  11S,  whey)  ar  a  srandard concenrrar ion o f  5  l tg /nL in
' f tng buffer. The plate was incubated at 37"c for one hour and
[l  washed f ive t imes with r inse buffer imnediately and in between
fequent incubations. The upper cwo ror^rs used a standard reference

f:: : : i ."  
a curve for rgG, ranging from 5 ro 250 1tg/nL. The

i : : : :  s e r u m  s a m p l e s  v r e r e  d i l u r e d  ( 1 : 1 0 ,  l : 5 0 ,  1 : 1 0 0 ,  1 : 5 0 0 )  a n d

i iT :d  
in  dupl i " " t "  in  rhe lower  porr ion o f  rhe p lare.  Af  rer

i l i l l " l  
for one hour ax 3l 'C and washing, alkal ine phospharase

,i ! : :"d goat antihuman IgG (Tago) was 
"aa.a 

ro al l  wel ls. AfrerrDation for one hour at 17"c and washing, nitrophenyl phosphate in

i: : : :  
buffer was added and rhe plare was devetoped. ptares lrere

luread at  405 nm (T i ter tek  Mul t iscan) .  The s tandard curve was
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p 1 o t t e d o n 1 o g - 1 o g i t p a P e r , a n d p a t i e n t v a 1 u e s w e r e r e a d f r o m t h e
curve in , 'nanogr"tn equivalent units" per mil l i l i ter (ng per

m i l l i l i t e r )  .

Immunoblott ing: IgE and IgG 
t, ,

,l

The e lect rophores is  procedure is  a  modi f icat ion o f  Sut ton et  a l
(Sut ton,  Lg82)  SDS-PAGE e lect rophores is  was carr ied-out  wi th  a  5-20t

po lyacry lamide separat ing ge l  and a s tack ing ge l  o f  3 t .  The prote id

,'

i  $TSS'., i ' '$f[ds' . '  ' ;1 '] , ' ,,]$ . '  
' ,  r]ÎS , 

Whey

Flg.  1 .  Coomasie b lue s ta in  o f  5 t  to  20*  SDS-PAGE. Lanes are marK

with low and high molecular weight standards, crude soy PrePa-Iat- i :n

and 75,  1 lS,  and whey f ract ions o f  soy prote in .  The major  subuni ts

of  75 are e , , ,  d ,  and p.  The 11S subuni ts  a : te  the ac id ic  and bas ic '
l

f rac t ions.  , Í i
' ì l

;
concent ra t ion o f  soy product  added to  each wel l  in  the g"1 t t : - t "n  

i
ng/n1. Electrophorlsi" r",  performed overnight for 16 hours ac ru I

(E -C  Appa ra tus  Co rp . ,  S t .  Pe te rsbu ry ,  FL ) .  To  assu re  P rope r . I : : : " i i

separat ion Cooma"" i .  B lue (S igma)  s ta ins v lere done on pre l iminary  " f r

ge l s  j

Proteins $rere transferred from the separating gel to a 
. i i

ni trocel lulose membrane in a transfer buffer with 10* SDS ano. .^i- ì
methanol. The procedure was done in a transblot apparatus (Oi:; ; : ;

for  5  hours  (0 .150 A) .  To assure t ransfer  o f  the prote in  an Aln luvà

Black s ta in  (B io-Rad)  was done on one por t ion o f  t ie  n i t roce l lu lose

After removal from the transblot apparatus, the nitr"""11l: : t Í

was p laced in  b lo t to  (25 gn non- fa t  dry  mi lk ,  0 '5  gm sodrum 
^ i i " l " ; ;

500 ;1 of phosphare buffered sal ine with EGTA added) ^n2^t^o",\ ' i r- ,

hour .  The n i r roce l lu lose was then washed 3 t imes wi th  TBS 
117í" ,

Tr is  base ,  29.42 gms NaCl  in  1  l i te r  o f  water  and ad justeo LQ v"  t

7 .5) .  Next  the n i t roce l lu lose vras.  incubated wiCh the pat i "n t ' t  " ' : :.;
' +

j
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(1 :10 d i lu t ion)  overn ight  a t  4 'C wi th  rock ing.  Af rer  washing again
wi th  TBS 3 t imes,  goat  ant i -human IgE (1 :100,  B io-Rad)  was added and
incubated at room temperature with rocking fox 2 hours. Rabbit
ant i -goat  a lka l ine phosphatase conjugated IgG (1:100,  B io-Rad)  was
then added af ter  washing wi th  TBS,  a t  room temperature for  1 .5  hours
with rocking. After again washing with TBS 3 t imes, development vras
started by adding 250 1tL of. the NBT solurion (30 mg nirro blue
tetrazol ium in 70* dimethylformamide; Bio-Rad) and 250 pl of the
BCIP  so lu t i on  (15  mg  5 -B romo-4 -Ch lo ro -3 - I ndo l y l  phospha re  i n  70 t
dinethylformamide; Bio-Rad) into 25 nI of carbonate buffer at room
temperature with rocking. The reaction is then stopped by decanting
Lhe NBT/BCIP solut ion and incubating the nitrocel lulose for 10
ninutes wi th  d is t i l led water .  The paper  is  then a i r  dr ied.

The procedure for specif ic IgG to the crude product is identical
to IgE except in staining the f irst antibody added is goat anti-human
IgG (1:500,  B io-Rad)  and the second ant ibody is  rabbi t  ant i -goar
a l ka l i ne  phospha tase  con juga ted  I gG  (1 :100 ,  B io -Rad ) .

HEATING AND ENZY-I'IE DIGESTION

The crude soy protein and the 75, 11S and whey fract ions !/ere
subjected to  heat  t reatment .  Each prote in  was subjected to  e i ther
80"c  or  Lzo"c  for  60 minutes.  c rude soy was subjected to  enz)rme
digest ion by the method of  Thresher  er  a l .  (Thresher ,  1989)  The
system is  an i rnmobi l ized d igest ive enz)rme assay ( rDEA).  The assay
cons is ts  o f  2  b ioreactors ,  one conta in ing peps in ,  and the other
conta in ing t ryps in ,  chymotryps in  and in test ina l  mucosal  pept idases.

ELISA INHTBITION

A competit ive ELISA inhibit ion \^ras done using the crude soy
ext ract  and the d igested soy product  (a f ter  pass ing over  the rDEA
sys tem) .  one  hund red  p l  o f  poo led  se rum (1 :20 )  f r om the  pos i t i ve
challenge patients was incubated with various concentrat ions of
e i ther  the crude soy or  d igested soy (0 .00005 to  50 ng/ml)  for  18
hours. The inhibited pooled serum hras then used in the ELrsA
described above. The percent inhibit ion was calculated by taking the
food spec i f ic  IgE va lue minus the incubated food-spec i f ic  IgE va lue
div ided by the food-spec i f ic  IgE va lue.  Th is  number  is  mul t ip l ied by
100 to  get  the percentage of  inh ib i r ion.

DATA ANALYSIS

Statist ical comparisons vrere done by the Mann-I lhitney U test
and the I, I i lcoxon signed-rank test.

RESULTS AND DISCUSSION

Prel i rn inary  ge ls  l rere  s ta ined wi th  Coomassie  B lue to  ensure
adequate protein separation. one can see in Figure 1 the banding
Pat tern for  the crude,  7s,  l1s  and whey f ract ions.  The major  bands
in  the 75 f ract ion are the o,  ,  c  and B subuni ts .  In  the l ls
f rac t ion the ac id ic  and bas ic  subuni ts  are a lso eas i ly  ident i f ied.

The ELISA resu l ts  for  spec i f ic  IgE to  crude so1r ,  75,  11S and
whey are shown in Table 1. Comparing the IgE in thl atopic patients
!o  th"  normal  cont ro ls  there r /as  a  s ta t is t iòa l ly  s ign i f icant  increase
in  t he  a top í cs  t o  rhe  c rude  ex r rac r  ( p  <  0 .005 )  and  75  (p  <  0 .05 ) .
lnu ch i raren wi th  a top ic  dermat i t is  d id  not  show a s ign i f icant
d i f f e rence  i n  t he  I gE  response  ro  whey  (p  >  0 .2 )  o r  1 lS  (p  >  0 .2 ) .
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Table 2  g ives the resu l ts  o f  the IgG ELISA to  crude so) ,  75,  11S
and whey.  The atop ic  pat ients  d id  have a s ign i f icant  increase in  IgG
to  t he  c rude  ex t rac t  ( p  <  0 .02 )  and  11S  (p  <  0 .005 ) .  The i r  I gG
spec i f i c  f o r  whey  (p  >  0 .2 )  and  75  (p  >  0 .05 )  was  no t  s i gn i f i can t l y
d i f ferent  f rom the normal  cont ro ls .

Comparisons were then made among the eight patients found to
have soy protein hypersensit ivi ty to determine i f  there was
sÍgn i f icant ly  more IgE spec i f ic  for  any of  the three f ract ions.
There was an increase in  IgE spec i f ic  for  75 versus whey (p  < 0 .05)
but  not  when compar Í -ng 75 versus 11S (p  > 0 .10)  or  11S versus whey (p

>  0 .05 ) .  A  s im i l a r  compar i son  r . r as  done  fo r  spec i f i c  I gG .  The re  was
no  s i gn i f i can t  d i f f e rence  i n  75  ve rsus  11S  (p  >  0 .10 ) ,  75  ve rsus  whey
( p  >  0 . 2 0 )  a n d  l l S  v e r s u s  w h e y  ( p  >  0 . 1 0 )  .

TABLE 1.

IgE ELISA (ng/ml)  to  crude soy prote in ,  75,  11S,  and whey f ract ions

Pat ients Crude* 7 S * l l s i{h"y

IgG ELISA (ng/nL) tc

Pat ients

8

Normals
( + / - s . D . )

+p<0.02
* p < 0 . 0 0 5

Fig. 2 IgE immunol
four  pat ients  (5  t r

8

Normals
( + / - s . D . )

3

3 . 3

7  . 6 9
T O  . 6 2

1 5

220

4

7 0

40

0 . 7 2

2 . 5

t r .42
l . 9 . 4 5

3

L20

4

2 5

40

3 . 1

1 . 3

9 . 8 7
9 . 9 4

3 0

o . 2 5

40

2

6 0

1 5

7 . 5

0 . 6

2 2 . 8 3
L 9 . 7 5

7 03 0

1 0

6 0

6 0

l 5

2
2

2 5

+p<0 .005
* p < 0 . 0 5

Immunoblott ing for specif ic IgE is shown in Figure 2. Numbers
5-8 are samples f rom the e ight  pat ients  wi th  pos i t ive  DBPCFC's  to  soy
(pat ients  1 ,  3 ,  5  and 6 f rom Table  1)  .  These four  pat ients  had che
highest  spec i f ic  IgE va lues and a lso had the s t rongest  b lo t t ing
pat tern.  A l l  e ight  pat ients  had immunoblots  done.  The in tens i ty  o f
the i r  b ind ing pat tern cor re la ted wi th  the i r  spec i f ic  IgE va lues.
Pat ient  #5 had bands against  the o ' ,  a  and B subuni ts  o f  75.
Pat ient  #6 had s i rn i la r  resu l ts  against  75 but  in  addi t ion had bands
against  the ac id ic  and bas ic  subuni ts  o f  11S.  Pat ients  #7 and +8 had
bands representing 75 and 11S with the major band against the acidic
subunit of 11S. Nurnbers L-4 are representative samples from the se]ra
of  the cont ro l  pat ients .  Min imal  bands can be seen in  each s t r ip
wi th  the s t rongest  band in  number  4  to  the ac id ic  subuni t  o f  11S.
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TABLE 2

IgG ELISA (ng/ml)  to  crude soy prote in ,  75,  11S,  and whey f ract ions

Pat ients Crude+ 1 1 S * lfhey7 S

4

5

6

7

8

Normals
( + i  - s . D .  )

28,2L4

3 0 , 7 L 4

8 , 2 0 3

7  , 6 4 4

9 , 3 7 5

2 3 , 9 6 L

L , 4 0 2

1 , 5 4 8

2 , 7 6 6 . L L
2  , 9 4 8  . 7  6

9 , 0 5 0

1 2  , 0 0 0

L 2 , 3 6 4

12,8L3

44,L60

1 9 , 5 0 0

r , 6 2 3

6 2 9

4 , 0 2 4 . 4 4
4 , 9 4 8  . 7  6

1 5 , 6 0 0

6  , 4 0 0

54,L67

L 4 , 3 7 5

4 7  , 0 4 0

4 5 , 5 0 6

1 , 5 8 3

3 , 3 6 6

2 , 0 j . 6 . 4 4
r , 8 7 4 . 8 6

2 L , 6 0 7

9 , 4 6 4

5 , 6 6 4

1 ,  l 8 o

2 3 , 2 L 4

6 , 0 2 7

633

2 , 3 7  6

4  , L 5 0  . 6 7
4 , 2 8 L . 8 L

1

2

3

+p<0.02
*p<0.005

l ig .  2  IgE immunoblot
rou r  pa t i en t s  (5  t o  8 )

of four normal control
wi th  pos i t ive  DBPCFC to

sub jec t s  (1  t o  4 )
s o y .

and

3 0 1



The inmunoblot for specif ic IgG to the crude product is shown in
F igure 3 .  These are the same e ight  pat ients  serum used in  the IgE
immunoblot. Numbers 1-4 are the control patients and numbers 5-8 are
the pat ients  wi th  pos i t ive  DBPCFC's  to  soy.  Bands can be seen in
each of  the a top ic 's  immunoblot  to  both the 75 and 11S f ract ions.  As
in the IgE immunoblots no one fract ion is scained consistently
darker .

FÍg .  3 .  IgG immunoblot  o f  four  normal  cont ro l  sub jects  (1  to  4)  and
four  pat ients  (5  to  S)  wi th  pos i t ive  DBPCFC ro soy.

To address the question of whether heating would change the
al lergenic i ty  o f  the crude soy prote in ,  and the 7s,  l l s ,  

"nà 
wÌ r .y

f ract ions.  Heat ing o f  these prote ins was done at  80 'C and I2O.C for
60 minutes.  rn  the rgE spec i f ic  ELrsA there was a s ign i f icant
decrease in  spec i f ic  ant ibody for  each prote in  except  whey when
heated to  80 'c  (Table  3)  I lhen the prote ins urere heated to  : .ZO"c
there was a s ign i f icant  reduct ion in  rgE spec i f ic  for  each one.

I n  t he  I gG  spec i f i c  EL ISA  hea t i ng  t o  80 "C  d id  no t  cons i s ten t l y
decrease the immunoglobul in-spec i f ic  b ind ing as in  the rgE ELrsA.
(Table  4)  In  fac t ,  the IgG spec i f ic  for  thà 11S 

"ornpo. , " . r t  
was h igher

when heated at  80 'C.  Heat ing to  I2O"C d id  s ign i f icant fy  decrease the
IgG binding to each protein fract ion although nor to thl degree rhar
IgE b ind ing was af fec ted.

-*U,*
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TABLE 3

IgE (ng/ml)  to  heated soy prote ins

Prote in

Crude Soy

l.Ih.y

7 S

1 1 S

Untreated

8

4

L 2

24

8 0 "  c

0 . 4

4

4

10

L z O "  C

0 . 0 0 5

0 . 2

0 . 0 s

0 . 0 5

l . . i
ij.$
iji$
:i:fi

' r ; ; i s
i ili6

iì
irii$
i;,li
t;tri
iilfl
) r l f  i

i i l i l
:4.1 r

rirí
iÌitr
jÈf

liri
i í ,1

'  i i ; l
:  l i ,à,itl
I '+ir I
,iíri
;fiii
, ,{lr i
lí'ir[i
'lfir
{lr
,}i;
'lfl

'  l t i
i i l l  l

i,flr i
, l { i i,,ìii
, lÌl
:  l l '

. :ii, r
; , ':1li

l!.ii
ii'li
iI,il
,i;li
iiil
i ir
jiil
i l  i ,

iiir
, i l  i  i
l , i 1

ii, l i
li
,,jii

TABLE 4

IgG (ng/ml)  to heated soy proteins

Protein

Crude soy

Wh"y

7 S

1 1 s

Untreated

6 0

50

200

10

8 0 "  c

6 0

5 0

100

2 0

1 2 0 "  c

10

1 0

10

3



Crude soy was passed over the IDEA system to comPare the ,t", :

spec i f ic  IgE to  the crude soy product  versus the d igested soy :

product. An ELISA inhibit ion assay vtas used for the compari-son. l . le
measured the IgE sPeci f ic  to  crude soy wi th  e i ther  crude soy or

digested soy incubated overnight to inhibit  IgE binding (data not .
shówn) .  There was at  least  a  10,000 fo ld  d i f ference in  the i
concent ra t ion requi red to  inh ib i t  the ELISA by 75t ,  suggest ing a  1
signif icant change in IgE binding of the digested soy product ì ,
cornpared to the crude soy product.

D i scuss ion  \
i

Allergic reactions to legumes including soybean and peanut are,

not uncomnon. Soybean protein is used in many commercial foods. i :
Approx imate ly  90*  o f  the seed prote ins are sa l t -so lub le  g lobul ins  ;
with the bulk of the remainder being I^tater-soluble albumins. i
(Naismi th ,  1955;  I^ Io1f  ,  Ig72)  They compr ise a  broad ' range of  I
molecular sizes and display four major sedimentation components in $
the u l t racent r i - fuge,  des ignated 2,  7 ,  11 and 15S.  ( l^ Io l f  ,  1956)  EacS

fract ion is  a  complex mix ture o f  pro te ins.  The 75 and 11S each makè

up approx imate ly  one- th i rd  o f  the ext ractab le  prote ins fo l lowed by T

the 25 and 15S tn i .n  compr ise 20*  and 10*  '  respect ive ly .  (N ie lson,  $

1e8s) ' '*
iff

Glyc in i n  has  a  mo lecu la r  we igh t  o f  320 ,000  t o  360 ,000  and  i s  t t

made up of six subunits. Each subunit t".:.l l:1".U*11,."::-t::Î:;""i
one bas ic  po lypept ide l inked by 

"  
d isu l f ide bond.  Both the ac id ic

and bas ic  po lypept ides are heterogeneous and Possess molecu lar

w e i g h t s  r a n g i n g  f r o m  3 4 , 0 0 0  r o  4 5 , 0 0 0  a n d  1 9 , 0 0 0  t o  2 2 , 0 0 0 ,

resfect ive ly .  (Brooks,  1985)  One except ion is  an ac id ic  po lypept i

des lgnated e5,  which has a molecu lar  weight  o f  approx imate ly  10,000

(Mor ie i ra ,  f -gAf  )  B-conglyc in in ,  a  g lycoprote in ,  has a molecu lar

we igh t  o f  app rox ima te l y - f - g0 ,000 .  (Kosh i yana ,  L976 )  I t  i s  a  t r ime r '

comfosed of- three major subunits ,  Q' ,  A and B, which have molecula

we i i h t s  o f  76 ,000 ,  72 ,000  and  53 ,000 ,  r espec t i ve l y .  (Sha t t uck ,  198 :

The al lergenicity of the globul in fract ions 2, 7 and } l t  l t" :- j
previously been examined by fu\ST and fu1ST-inhibit ion experiments tni

patients with asthma and atopic dermatit is felt  to be .g
soybean-sens i t ive .  (ShÍbasak i ,  1980)  There was cons iderab le . ,  J__ i
cross-reactivi ty among the 3 fract ions with specif ic IgE- anLiO?ÍI--;

found against each one. But the 2S-globul in irad the high"::  "11,::9:
potency to  inh ib i t  the RAST against  Í1S- ,  75-  and 2S-g lobul in '  Heal

treatment of 80, 100 and LIO" C for 30 minutes enhanced the RAST 
f

act iv i ty  o f  the 2S-g lobul in  (when heated at  80"  for  30 minutes)^  j
whi le the activi ty ót t t t .  others was reduced to 40 to 75t of cne 

i
native globul in 

;

The resu l ts  o f  the IgE and IgG ELISA's  in  these atop ic .n" :1 : i

w i th  pos i t ive  DBPCFC's  to  soy show a s ign i f icant  d i f ference 1r r  uw""

IgE and IgG specíf ic for the crude protein extract compared t:^:Ti

normal  cont ro ls .  There was a lso an increase in  IgE spec i f íc  to t - , : i

in the atopic populat ion as demonstrated by rgE ELISA' -Tl" 
aroP,-wl-

group had more specif ic IgG for 1-1S, as shown by IgG ELISA '  : i

The immunoblott ing experiments reveal a Srrea- u?t:?' ion in t ]

proteí-n subunit polypeptides recognized by humln antibodi?1:, 
,r^" i

Variable patterns suggested that no one component of the, so1-; '"-:
v d l l a u l s  P a u u s l l r è  

r u ó ó e è e v e  
t  - î  . , :

bands is  more ant igen ic  than others .  There appeared to  De 16"  
:

i
i"lr
Éibodies to both 75 and 1

I  pa t i en t s .  The  ma jo r i tY

t t t taUf ots also were detec

ls  that  most  o f  the ant ig
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ian another is similar to
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ant ibod ies to  both 75 and 11S f ract ions in  vary ing amounts  in  most  o f
the pat ients .  The major i ty  o f  pro te in  bands ident i f ied in  rhe IgG
immunoblots  a lso were detected in  the IgE b lo ts .  I t  appears  f rom
th is  that  most  o f  the ant igens are a lso a l lergens as wel l .  The
finding that rgE and rgG is present in varying amounts to the
different soy fract ions and that no one fract ion is more antigenic
than another  is  s imi lar  to  f ind ings in  ear l ie r  s tud ies wi th  pat ients
sens i t ive  to  wheat .  (Theobald ,  1986)  These publ icat ions showed
increased amounts  o f  IgE in  the i r  popula t ion sens i t ive  to  these foods
compared to  the i r  normal  cont ro ls .  They d id  not  however ,  f ind any
f ract ion o f  the food prote in  to  be more cons is tent ly  a l lergenic .

Very  l i t t le  is  known about  the a l tera t ion o f  the a l lergenic i ty
of  foods by heat ing.  S imple heat ing o f  bov ine gammaglobul in  and
alpha- lac toa lbumin denatures these prote ins whi le  a lpha-casein  and
be ta - l ac tog lobu l i n  a re  mo fe  hea t  s tab le  (Ande rson ,  1984 ) .  F rom o the r
s tud ies wi th  soy prote in  i t  is  known that  heat ing o f  the crude soy
bean causes aggregaxion of the B subunits of 75 with the basic
subun i t s  o f  11S  (U tsum i ,  L984 ) .  Sh ibasak i  e t  a I  (Sh ibasak i ,  1930 )
examined heat  t reatment  a t  80"c ,  100"C and I20"C of  the crude soy
f ract ion and i ts  components  and i ts  e f fec ts  on IgE b ind ing.  The IgE
bind ing of  the 25 f ract íon was enhanced wi th  heat ing a t  80oC,  whereas
the IgE binding to the other fract ions were reduced 40* to 75* of the
crude product .

s imi lar ry ,  very  few s tud ies have determined the change in
a l lergenic i ty  o f  foods af ter  enz) rme d igest ion.  In  one s tudy done to
examine the d i f ference in  rgE act iv i ty  to  peps in  d igests  o f  p
lac tog lobul in ,  the pat ients  had s ign i f icant ly  rower  leve ls  o f  rgE
ant ibod ies to  the d igested prote ins (Anderson,  1984)

CONCLUSION

This study dernonstrates that chi ldren with AD and posit ive
DBPCFCs to  soy have s ign i f icanr ly  e levared leve ls  o f  rgE and rgG
ant ibod ies to  a  crude soy prote in  ext ract .  I t  a lso prov ided ev idence
of  an IgE and IgG response to  mul t ip le  f rac t ions o f  the soy prote in .
Heating the crude soy and i ts fract ions appears not to enhance IgE
act iv i ty  but  s ign i f icant ly  reduces i ts  b ind ing.  The s ign i f icant
enz)rme treatment provided by the IDEA system also appears to greatly
reduce IgE b ind ing.

Acknowledgements

LIe would l ike to thank Cathie Connaughton and GaeI Cockrel l  for
the laboratory assistance. I . Ie thank the c. V. Mosby company for
grant ing permiss ion to  inc lude the 1988 ar t ic le ,  Burks e t  a l  in  the

.

REFERENCES

Anderson JA,  Sogn DD eds:  Adverse react ions to  foods.  Hyat tsv i l le ,
l {D:  NIH publ icat ion 1984 No.  84-2442.

Anet  J ,  Bach JF,  Baker  RS,  Barnet t  D,  Bur ley
Al lergens in  the whi te  o f  yo lk  o f  hen,s  egg.
- Immuno l  1985  ;77  : 364

RIl,  Howden MEH:
Int Arch Al lerev Appl

i
l&'.
Ir
$
I
i
t'.
v :
h

Bock ,  sA :  Food  sens i r i v i t y .  Ann  J  D i s  ch i l d  19g0 ;L34 :973 .

305

È_
I

i
i ;

I
I

ii: j

g:l



irl '

$i
i l ,

i.i
iit
; . 1

l l'iii
r i l
tiì
Ìil
tat ' !

iij
îi i

fti
ii, ,
$i' f,1

È,1

lii
i:l
;li
ilj
litr'
r lit
ltli:.
ll1i
{il
],fiir
flrJ,
4i

1ftil-
g- l1r '

tr
ijj
r'il

ÌiJ'tl

$
lil'
it,
ì i
j'l
jr

iii,
1ii' '

Brooks JR,  Morr  CV:  Current  aspects  o f  soy prote in  f rac t ion izat ion
and nomencla ture J  Agr i  Chem Soc 1985;62:L347 .

Burks AtrrI ,  Sampson HA, Buckley RH: Anaphylactic reactions fol lowing
gammaglobulin administrat ion in patients with hypogammaglobulinerniÀ:
d e t e c t i o n  o f  I g E  a n t i b o d i e s  t o  I g A .  N  E n g l  J  M e d  1 9 8 6 ; 3 1 4 : 5 6 0 .

Burks A l . I ,  Brooks JR,  Sampson HA:  A l lergenic i ty  o f  major  component
proteins of soybean determined by enzyme-l inked imrnunosorbent assay
(ELISA) and immunoblott ing in chi ldren with atopic dermatit is and
pos i t i ve  soy  cha l l enges .  J  A l l e rgy  C l i n  Immuno l  1988 ;81 :1135 .

Burks AIJ ,  But ler  HB,  Brooks JR,  Hard in  J ,  Connaughton C:
Ident i f ica t ion and compar Í -son of  d i f ferences in  ant igens in  two
commerc ia l l y  ava i l ab le  soybean  p ro te in  i so la tes .  J  Food  Sc i  1988 ;53
( 5 )  : 1 4 5 6 .

Burks AI^ I ,  Mal lory  SB,  l^ I i l l iams L i^ I ,  Sh i r re l l  MA:  Atop ic  dermat i t is :
C l in ica l  re levance of  food hypersens i t iv i ty  react ions.  J  Pedia t r
1 9 8 8 ; 1 1 3 : 4 4 7  - 4 5 l - .

Conover  [ , IJ :  Pract ica l  nonparametr ic  s ta t is t ics .  New York:  John
I,I i ley L97I

Cook  CD:  Poss ib l e  gas t ro i n tes t i na l  r eac t i on  t o  soybean .  N  Eng l  J
M e d  1 9 6 0 ; 2 6 3 : L 0 7 6 .

Duke l^ l t r l :  Soybean as a  poss ib le  impor tant  source of  a l le rgy.  J
A l l e r g y  L 9 3 4 : 5 : 3 0 0 .

Koshiyama I ,  Fukushima D:  Ident i f ica t ion o f  the 75 g lobul in  wi th  B-
cong l yc in i n  i n  soybean  seeds .  Phy tochem L976 ;15 :157 .

Morre i ra  MA,  Hermodson MA,  Lark ins BA,  Nei lsen NC:  Compar ison of  the
pr imary s t ructure o f  the ac id ic  po lypept ides of  g lyc in in .  Arch
B i o c h e m  B i o p h y s  1 9 8 1  ; 2 L A : 6 3 3 .

Naismi th  I^ iEF:  Ul t racent r i fuge s tud ies o f  soybean prote in .  B iochem
B iophys  Ac ta  1955  ;L6 :203 .

Nie lson NC:  St ructure o f  soy prote ins.  In :  A l tschul  AM,  t l i l cke HL
e d s . ,  N e w  p r o t e i n  f o o d s  v o l  5 .  O r l a n d a ,  A c a d e m i c  P r e s s  1 9 8 5 ,  p p  2 7 -
6 4 .

Os te rba l l e  I ,  I psen  H ,  We lke  B ,  Lowens te in  H :  Spec i f i c  I gE  response
toward a l lergenic  molecu les dur ing perennia l  hyposens i t iza t ion:  a
three-year  prospect ive,  double-b l ind s tudy.  J  A l lergy Cl in  Imrnunol
1 9 8 3 : 7 I : 4 0 .

Ratner  B:  A l lergenic i ty  o f  modí f ied and processed foodstuf fs .  V.
Soybeans in f luence of  heat  on i ts  a l lergenic i ty ,  use of  soybeans
p r e p a r a t i o n s  a s  m i l k  s u b s t i t u t e .  J  A l l e r g y  1 9 5 5 ; 8 9 : 1 8 7 .

Sampson HA:  Role  o f  immediate  food hypersens i t iv i ty  in  the
pathogenes is  o f  a top ic  dermat i t is .  J  A l lergy Cl in  Immunol
1 9 8 3 ; 7 T : 4 7 3 .

306

....?il
$
i
3r
ti
1

, f t  4

' ,1

jj

$l
.

,l i :É'$"1
i,1
:1, i4

;$
j f

$
$
. r *

#

:.$
:G' i l

,,$
r;'t

;ff

.$

l.$
,,



'q
,.*
f:rrf

: e i n  f r ac t i on i za t i on

react ions fo l lowing
/po ganmaglobul inemia :
r d  1 9 8 6  ;  3 1 4 :  5 6 0  .

o f  major  component
irnmunosorbent assay

r ic  dermat i t is  and
.  1 9 8 8 ; 8 1 : 1 1 3 5 .

rghton C:
antigens in two

J  F o o d  S c i  1 9 8 8 ; 5 3

A top i c  de rma t i t i s :
: t í ons .  J  Ped ia t r

New York: John

soybean.  N Engl  J

o f  a l l e rgy .  J

75 g lobul in  wi th
: I 57  .

C :  Compar i son  o f
g lyc in in .  Arch

Theobald K,
prote ins in
monoclonal

Sarnpson 111, Jol ie PL: Increased plasma histamine concentrat ions

of tè t  food chal lenges in  ch i ldren wi th  a top ic  dermat i t is .  N Engl  J
i t L  v -  -

t led L984;3tL 372 '

Sarnpson HA,  McCask i l  CM: Food hypersens i t iv i ty  and atop ic

de rma t i t i s :  eva lua t i on  o f  113  pa t i en t s .  J  Ped ia t r  1985 : -L07 :669 .

Shat tuck-Eidens DN,  Beach RN:  Degradat ion o f  B-conglyc in in  in  ear ly

s tages  o f  soybean  embryogenes i s .  P lan t  Phys io l  1985 ;78 :895 .

Shibasak i  M,  Suzuk i  S,  Ta j ima S,  Nemoto H,  Kurome T:  A l lergenic i ty

of  major  component  prote ins o f  soybeans.  In t  Arch Al lergy Appl

I m m u n o l  1 9 8 0 ; 6 L : 4 4 L .

Sut ton R,  I^ I r ig ley  CW, Baldo BA:  Detect ion o f  IgE and IgG b ind ing

prote ins a f ter  e lect rophoret ic  t ransfer  f rom polyacry lamide ge1s.  J
Immunol  Methods L982;52: I83.

Thanh VH,  Shibask i  K:  Major  prote ins o f  soybean seeds:  A s t ra ight

forward f ract ion izat ion and the i r  character izat ion.  J  Agr i  Food Chem

L 9 7 6 : 2 4 : L L L 7 .

B -

the

Thie l  H,  Kal lwei t  C,  Ulmer  I^ I ,  Koniz  t r r l :  Detect ion o f
wheat f lour extracts that bind human IgG, IgE and mouse

an t i bod ies .  J  A l l e rev  C l i n  Immuno l  1986 ;78 :470 .

Thresher  t r IC,  Swaisgood HE,  Cat ignani  GL:  Digest ib i l i t ion o f  the
prote in  in  var ious foods as determined in  v i t ro  by an immobi l ized
digest ive enzJrme assay ( IDEA).  P lan Foods for  Human Nutr i t ion
L 9 8 9 ; 3 9 : 5 9  .

USDA:  Ru les  and  Regu la t i ons .  Fede ra l  Reg i s te r  1983 ;48 :32749 .

Utsumi  S,  Damodaran S,  K inse l la  JE:  Heat - induced in teract ions
between soybean prote ins:  per ferent ia l  assoc ia t ion o f  11S bas ic
subuni ts  and B subuni ts  o f  75.  J  Agr ic  Food Chem L984;32: I406.

I^ Io l f  i . IJ ,  Br iggs DR:  Ul t racent r i fuga l  invest igat ion o f  the e f fec t  o f
neut ra l  sa l ts  on the ext ract ion o f  soybean prote ins.  Arch Biochem
B i o p h y s  1 9 5 6 ; 6 3 : 4 0 .

i lo l f  I^ IJ :  Pur i f ica t ion and proper t ies  o f  the prote ins.  In :  Srn i th  AK,
Ci rc le  JJ  eds.  Soybeans:  Chemist ry  and technology.  lùestpor t ,  CN:
A V I ,  L 9 7 2 ,  p  9 3 .

n  p ro te in .  B iochem

schul A.l{, l.Iilcke HL
c  P r e s s  1 9 8 5 ,  p p  2 7  -

pec i f i c  I gE  response
osens i t i za t i on :  a
l lergy Clin Imrnunol

ed  f oods tu f f s .  V .
use of soybeans

; 8 9 : 1 8 7 .

vity in rhe
in Immunol

i i ,

ì i
t .

307


