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lntroduction

Direct and stable gene transfer into plants was first reported in 1984 [],2].

S\ntt thrn, r\\r5\) '.-tononrrta\\y ixrptstus,t trtpì, havt btt+. Et$tt\gù\LY e+,gk

neered, usually via AgtobucteriLtm or particle gun technologies [3]. The variety

of traits being introduced into crops is impressive, and includes insect protec-

tion, delayed ripening, virus resistance, modified starch, herbicide tolerance,

modified oils, disease resistance and male steri l i ty [41. Most traits introduced

into crops result from the expression of one or more new proteins. Typically

these proteins are expressed at low levels and represent a minor percentage of

the total plant protein. Several transgenic plant products have been commercial-

ized and many others wil l arrive in the marketplace in the near future (table l)

[5]. Prior to market introduction, each of these products is subjected to extensive

food, f-eed and environmental safety assessments. We present the current

approach to assess the allergenic potential of foods derived from trans,eenic

plants.

Plants tissues can express at least 100,000 discrete proteins. Yet, despite this

large variety, allergy to food proteins is uncommon - aff'ecting perhaps 57o ot
infants and up to 2o/o of adults [6]. Where food allergy is indicated clinically,
patients usually are allergic to only one or two taxonomically related toods. Nine

foods or food groups (peanuts, soybeans, tree nuts, milk, eggs, f ish, crustiìcea,

mollusks and wheat) account for over 90Vo of food allergies [7]. The majority of

allergy suff-erers exhibit immunoglobulin E (IgE)-mediated immediate hyper-

sensi t iv i ty [8] .
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1 .  T ransgc r t i c  p lan ts  i n  r t r  ncu r ing  the  n ru rkc tp lecc

Gcne t i c  t ra i t Crop Prirnary int r i l t l r rced gcnc Conrpany

De layer l  r iy ;en ine f ru i t Ant isensc PG
ACC clcaminlse
Ant isensc PG

Tclnrlto

Tomato

Tonrato

Tonrato

Cal-uene
Monsanto
Zeneca

Ant isense A(JC synthase DNA Plant  Tech.

I nsc ' c t  r cs i s t l rncc Pot l t to

Co t ton

Corn

Corn

I ) . r . t .  I c r v l l l t \ l
B .r .k. U'rt ' l  t l (  t ' ) l
B . r  k . I ' r y l A ( h ) l
B. r .k . lc r t , t , ' \ (b) l

Monsanto
Monsanto
Monsanto
C i ba-Ge i g yft,lyco_een/
Northrup King

Vi rus res is tance Squash
Tobacccr

Vi ra l coa t  p ro tc i r r s

V i ra l  coa t  p ro te  i n

Asgrow Sced

CI r ina

Herbic ic ie to lcrancc Cotton BXN r ' !r  nitr i lasc
Cotton CP-l EPSPS
So1'bcan CP4 EPSPS
Flax Acctolaciat.  ,ynihur"
Conr Basta tolcrancc
Canoll t  Basta tolcrance
Canola CP4 EPSPS/GOX

Calgene

Monsanto

Monsanto

Un iv .  Saska tchewan

AgroEvo

A_groEvo

Monsanto

Male s tcr i l i ty Cano la Barnase/Barstar P lan t  Gene t i c  Svs tems

Oi l  qual  i ty  rnocl i  I ' icat ion Cant l l r Th iocsterasc Cit lgenc

ACC =  l -A t t t i nocyc lop ropanc - l - ca r t roxy l i c  ac i c l :  [ ] . t . t .=  Ru t ' i l l us  thu r ing iu t . s i , r  subsp .  r c i i -
br i r t t t i .s ,  [ ] . t .k .= IJut i l l t r .s  t l rur i r t ,J i t ' r t .s i , r  sr"rbsp.  kt t r . r tuk i ;  BXN = bror-noxonvl :  Cp- l  EpSpS =
-5-entr lpyrLrvvlshik i rnatc--3-pl rosphl t tc  svnthase f ronr , ' \gtohuct t , t ' i r rnr  sp.  st ra in CP: l :  p6 = poly-
galacturonasc.

Assessment of  the al iersenic potent ia l  of  tbocls der ivecl  f rom new plant var i -
et ies c levelopecl  through genet ic r . :  ngineer ing shoulc l  locus on three componenrs:
( l )  the source tront which the gene was obtainecl :  (2)  physicochenl ical  anf l  b io-
lo-s ical  comparisons of  the introducecl  protein wi th commonly al ler_qenic pro-
teins conrbined with previoLrs consulnpt ion informat ion,  and (3) potent ia l
chan-ees in the enclogenous al lergens of  the host plant ( i f  appl icable).

A key physicochemical  t ì rctor l ikely to be i rnportant to foocl  a l lersenic i ty is
stabi l i ty  of  proteinaceolrs al lergerts to digest ion by the gastrointest inal  t ract .  We
provide evic lence that stabi l i ty  of  a l lergens relat ive to other foocl  proreins in a
simLrlatec' l  gastrointest inal  d igest ion model is a val id tool  sLr i table fbr  use in an
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Source of Gene

(Allergenic)

. No Homology to allergens

. No Stability to digestion

. Not Prevalent in food

. Homology to "safe" proteins
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F i :1 .  l .  A l l e  rgen ic i t v  asscssn tc r r t  o f ' t oo r l s  dc r i vec l  f n tn t  t ransgen ic  p lan ts .

al ler-qenic i ty assessment stratesy.  Vloreover.  we consic ler  th is pararneter to be i r
ke,"-  cornponent in a rat ior t : l l  assessment strategy ernploying careful  stepwisc
clecis i t t t rs.  The total i ty of  thesc assessments provic les i , tssur i rnce that t ì rods
t ler ivecl  f rom transgenic plants c lo not introcluce al lergcnic conct:rns bcyoncl
those prc 'sent in thc currcnt  toocl  supply.

Al lergenic Sources of  Genes

It 'a gene tritnsferrecl into a foocl crop is obtained fronr lt source kno'uvn to be
comtnotr ly al lergenic,  c lata shoulc l  be -eeneratecl  to assurc that  the scne does not
encode an al lersen. The US Foocl  and Drug Aclministrat ion (FDA) recoqnizecl
th is  neec l  [91 .  Th is  par t  o f  the  assessment  ( f ig .  l .  r igh t  s ic le )  shou ld  bc  ac lec is ion
tree appr(tach 'uvhere each subsequent level of ev:.rluation represents a grei.ìter
clegree of certainty that the source protein ts ttot an aller_een.

The f i rst  level  in the decis ion t ree employs in v i t ro assays such as racJioal-
le  rgosorbcr ì t  tes ts  (RASTs)  [  l0 ] .  cnzyme- l inkec l  imrnunosorbe n t  assays  (ELIS; \  )
l l l  I  . r  i t r r t t t t n o h l o t t i r r c  î s s l ì v s  [ 2 ]  t o  d e t e c t  t h e  p r e s e n c c  o f  a n  u l l e r g c n ( s )  i n  t h c
transsettic plant or i.IS iì pLrrif ied -{ene product. These assitys should Lrse IgE trac-
t ions of  pcloled serunl  f rom indiv iduals that  are act ively sensi t ive (al lergic)  to the
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food frorn which the t ransferrecl  gcne was der i l 'cc l .  Serunr c lonors shoulc l  mect
c l in ica l l y  rc levant  c r i te r ia  wh ich  inc luc les  u  conv inc ing  h is to ry  anc l /o r  pos i t i r , , c
rcsponscs  in  c loLrb le -b l inc l .  p lacebo-cont ro l led .  f 'ooc l  c l ra l l cnges  (DBPCFC)  i l0 .
l3 l .  Data f rotn one or Inorc t t f  thcse in v i t ro assîys provi t les stron_g evic lence of
al lergcnic i ty of  a s iven -scnr 'pro( lLrct .  A c lear posi t ive resLr l t  f rorn the in v i t ro
lests woLr lc l  require that  any tood includine the introduced genc bc labeled as
containing a gene frorn that  source. This is also the recommenclat ion of  the FDA
Ie l .

I f  no c l i f fèrent ia l  response is observed dur in_g in v i t ro test in_g. exper iments
proceed to  in  v ivo  sk in  p r ick  tes t ing  f  l0 l .  A  pos i t i ve  resu l t  f  rom th is  in  v ivo  tes t
lvould raise the same concerns as the in v i t ro tests above.

I i  the protein does r tot  i l l ic i t  a posi t ive rcsponse in ei ther of  the above tests,
a f inal  eval t tat ion coulc l  involve pertbrming DBPCFCs with sensi t ive ancl  non-
sensi t ive pat ients unde r  control led c l in ic l l  concl i t ions.  Pat ients who are knolvn to
be allergic to proteins frorn the source orsanism woLrld be testecl clirectly for
hypersensi t iv i ty to fbod containing the protein encocled by the gene from the
ai lergenic soLrrce.  Food f iom nontransgenic l ines woulc l  be used as a negat ive
control .  The ethical  considerat ions for  th is type of  assessment woulc l  include. but
not be l imi ted to.  factors such as l ikel ihood of  inciucing anaphylact ic shock in
test  sLrb. jects.  avai labi l i ty  of  appropr iate safèty precaut ions,  and approval  of
local  inst i tut ional  review boards.  Final ly.  i f  there wert :  a react ion by sensi t ive
patients, tood clerivecl from crops containing the protein r.voLrlci require label-
ing.  I f  no adverse react ions wcre observecl  in th is c lecis ion t ree test ing,  i t  woulc l
be conclLrcled that the gene obtained from the allersenic source clicl not encocle
one of the enclogenoLls allergens and the prodLrct coulcl be marketecl without
labe l ing .

An example i l lustrat ing the ef fect iveness of  th is approach was the clemon-
strat ion that a gene encoding a Brazi l  nut  25 albumin storage protein r ,vhich hacl
been en-tineereci into soybean [-11 and canola [5] encocles u ma.jor allersen. The
Brazi l  nut  25 albumin storase protein contains 18.87o of  the essent ia l  amino acid
methionine [6]  and rvas perce ived to be an ic leal  cancl idate gene lor  enhance-
ment of  nutr i t ional  seed clual i ty i l71.  However,  Brazi l  nut  is  known to c i tuse i ìna-
phylact ic react ions f  l8.  l9 l  ancl  would be clescr ibecl  as an al lergic source of  a
gene. The Brazi l  nut  25 protein expression in soybean representecl  a s igni f icant
tì 'action of total soybeen seed protein. Subsecluent RAST ancl immunoblot assays
establ ished that sera f rom 8 of  9 Brazi l  nut-al lers ic pat ients reacted with t rans-
genic sovbeans containing the Brazi l  nut  -eene L20,211. I imarketed. th is product
u'oulc l  have to be labelec' l  as containing a protein f rom Brazi l  t ' ìut  to alert  Brazi l
nLr t -a l le rg ic  ind iv idua ls .  Th is  t - run tp lc  c lemonstmt r -s  fhc-  v l lue  unr l  c f lec t i v r -ness
of usin-g in v i t ro assays to ident i fy the accidental  t ranster of  kno'uvn al lergens bv
genet ic engineer ing.
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In  c l tscs  whcre  su i tab lc  i rnmuno logrca l  rcugcnts  a re  no t  ava i lab lc  lo r  in  v i t ro
or in v ivo tcst ing.  then thc introclucc'c l  protc i r r  should he usscssccl  in thc sarne
ni ; . rnne r  as proteins f rom nonal lergenic sourccs.

Nonal lergenic Sources of  Genes

There appear: i  to be no single.  prcdict ive assay to asscss t l - re al lergenic
potc 'nt ia l  of  prote ins f  rom nonal lcrgenic f  ood sourccs 19,22].  Howcver.  compiìr-
ing the important physicochemical  and biokrgical  propert ies of  an introclLrcecl
protein wi th known al lergcnic proteins provic les the best scient i f ic  basis f 'or  an
assessrt lent  ( f ig.  l ,  lef t  s ide).  The phvsicochemical  character ist ics of  cornnton
food al ler- tens l tave been descr ibecl  11.23,2-11. Br ief ly,  foocl  a l lergens ure r ,vpi-
cal lv stable to proteolysis,  may be,glvcosylatecl .  tend to be abr-rnclant.  and tencl  to
be re s istant to f  ood processing.

There are it two approaches to address the alle r-senicity of a protein prospec-
tivel,"". First. w'hen a candidate -qene is being consiclered fbr transf-er into a plant,
the gene is usual ly wel l  character izecl  -  the DNA and amino acid sequences are
known. A: i  a start ing point ,  a search for amino acid sequence homology of  the
introducecl  protein wi th known al lergens can be pertorrnecl .

Seconcl .  an analysis of  the physicochemical  propert ies of  the introclucecl
protein is infbrmat ive.  A key prerequis i te tor  tbocl  protein al lergenic i ty appears
to be stabi l i ty  to the proteolyt ic and acid concl i t ions of  the human cl igest ive sys-
tcnt .  Tl ic hi -sh concentrat ions of  a l lergens in foocls that  causc al lerey and the sta-
bi l i ty '  of  a l ler-sens to processinu into speci f ic  foocls products are acldi t ional
important factors contr ibut ing to the al lergenic i ty of  a protein.  For example.  soy-
bean and peanLl t  a l lergens retain their  a l ler_senic potent ia l  af ter  the processinu
steps usecl in preparation of fbocl products such as peanut butter [7].

,-\rtt i tto Acid Sequenc'a Sinilarirt, to Knov'tt Aller,qanic Proteins
The arnino acid sequences of  many al lergens, including food al lergens, have

been reportect  f25| .  and the l is t  is  expandin-e wi th t ime. Many important T-ccl l .
B-cel l  anci  lgE-bindin-e epi topes of  a l lergens have been mapped [26-371 bur rhe
cl ist inct ion bet i ,veen al lergenic and nonal lersenic epiropes is obscure [3t l l .  The
opt intal  pept ide length for  b inding is between 8 and l2 amino acids [391. T-cel l
epi topes of  a l lergenic proteins and pept ide f ragments appear to be at  least  8
I tmino acic ls in length [391. Exact conservat ion of  epi tope sequences is observed
i t t  l - tontol t )gous ul lergens of  c i isparate species [34,  401. lndeecl .  conscrvi . t t ive sub-
st i tLr t ions ìntroclLtcecl  hr ,  s i te-c l i rectccl  n lL l tugcnesis can recluce epi tope ef f icacv
t-+ i l .
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Based on  th is  in to rmat ion .  an  immuno log ic r . r l l y  rc lcvunt  sequence compar i -
son test  fors imi lar i tv bet"veen the amino acic l  seclucnce of  the introclucccl  protein
ant l  knt lwn al lergcns has been def ined: a s ieni f  ical t t  seqLlence sini i lar i ty requires
a ntatch of  l i i  lcast  I  cor l t iguous ic lcnt ical  anr ino acir ls.  In the abscnce of  spcci f ic
epi tope in lbrnlat ion,  th is test  c letermines whether there is a theoret ical  possibi l i ty
that the introclucecl  protein shares an epi tope with a known al lergen. Thus. tw.
issues are addressed in a sequence comparison test :  ( l )  whether the introclucer l
gene encocles a knolvn al lergen or an evolut ionary relatecl  (hontoloeous) protein
and (2) whether the introduced gene coulc i  cncode an immunolosical lv relevant
epi tope. Addi t ional  analysis is required i f  a posi t ive resul t  occurs in ei thercase.

We have searched the amino acic l  sequences of  a l ler-qens present in publ ic
domain genet ic c iatabases (GenBank. EMBL. PIR. ancl  S,"v issprot)  fbr  s imi lar i ty
to sequences of  each of  the proteinl ;  exprcssecl  in t rans_9enic plants shown in
tables 2 and 3 using the FAST A l42l  compLrter prosram. With rhe resr cr i ter ia
above. no honlology ancl  no immunological ly relev:-rnt  sccìLrence simi lar i ty i ,vas
observed with al lergens. We conclucle ( l )  that  the _eenes introclucecl  into these
foods do not encode known al lergens or their  hornologues. and (2) that  none of
the introcluced proteins share l inear epi topes with known al lergens.

S tuhility to Di.qestiott
The abi l i ty  of  food al lergens to reach ancl  to cross the mucosai  membrane of

the intest ine are l ikely prerequis i tes to al lergenic i ty.  Clear ly,  a protein which is
stable to the proteolyt ic and aci t l ic  concl i t ions of  the c l igest ive t ract  has an
i t rcreased probabi l i ty  of  reeching the intest inal  n lL lcosa. Intact  proteins are capa-
ble of  crossing the ntucosal  membrane of  the gut ancl  of 'enter ing the c i rculatory
s y s t e m  [ - 1 3 ] .  V l a n y  a l l e r e e n s  e x h i b i t  p r o t e o l v r i c  s t a b i l i t y  1 1 . 2 3 . 2 . + . 4 4 - 4 6 1 .
althou-sh the majority rernain untestecl ciirectlv. Thr-rs. physicochemical proper-
t ies which l ìvor digest ive stabi l i ty  can be usecl  as an important incl ic l tor  of  a l ler-
,qenic potent ia l .

We have usecl simulatecl gastric ancl intestinal nioclels clf marnr11alian cliges-
t ion [47 |  to svstemat ical ty compare the relat ive c l igest ive stabi l i t ; ,  of  a number of
common food al lergens to proteins engineerecl  into plants.  These cl ieest ion mod-
els have been used to invest isate the c l igest ib i l i ty  of  p lant proteins f48,  491, ani-
mal proteins [50]  and tboci  addi t ives 15lJ.  A s imi lar  mot je l  has also been useci  ro
examine the  s tab i l i t y  o f  m i lk  a l le rgens  [52 ,  5 -3 l .

The gastr ic digest ion moclel  consistecl  of  an incubat ion of  a test  protein in a
solution of pepsin at acid pH. and was refèrred to as simulutecl gastric f lui<J. The
model of  gastr ic protein digest ion was in i t ia l ly  character izecl  bv evaluat ing the
cl igest ib i l i ty  of  two proteins.  spinach leaf  r ibulose bis-phosphate carbexylase/
oxygtnasc  (RLrb isco)  lnd  sorbean Kun i tz  t ryps in  in i r ib i to r  (SK- f l )  unc ie r  a  se t  o f
standard concl i t ions.  As assessed by SDS-PAGE ancl  Coontassie Br i l l iant  Blue

Astrvoocl/Fuchs



LSU

Peps in

SeC.  minu tes
0 1 5 3 0 1 2 4 8 1 5 6 0

'*- Ti{-:f;
. .;,,;;i 

,: .4 gz
, .,.ì1. ..1

,,, ,;.1't l 66
) l  - -

H  .  i 5 5
' , " , . 1  1 . 1 i }

* Y s b r F r Í . r * F 5 t É l

I  ' t J

, 2 1

,  1 4
i
i

. 1 6
' ' .,i *oa

.  t 1

Sec.  minu tes
0 15  30  , t  2  4  B  15  60

-:rq:rgEw

;:.;  ;  *$:t{ 
n,' " t

'  r b b

I  j s s

y { - b i r e * g *  t  C S

. .  ,  ì
. i s r

:* r* * trr r* t- f* S" lÀ$i
. . .  . :  ; 2 1

.  t .

I  1 4' r j
.  r l

" l'  ' . ' , ' l i  6. t  t r  .  
ì.  
i k D a

- . , ' ,  1 ]

Peps in

SKTI

Fig. 2'  Characterization of a sastr ic nìo(lel tbr protein cl igestion. Gastr ic cl isests werc
pertbrrnecl essential ly as describec' l  previously t-571 with the fol lowine mocli f icat ions: 170
ng/pl of protcin was cl igested in 2(X)-,ul al iquots of simulatecl gastr ic f luicl  composed of 0.3%
(w iv )  peps in .0 .03  M  NaC l .  pH  1 .2 .  D iges t s  we re  qucnchcc l  by  ncu r ra l i za r i on  w i rh  75  p l  0 .16
,V Na.COl  a t  the f ì l l lowins t in tes:  0 .  l5  anc l  - l0  scc.  and 1.2 . .1 .8 .  l -5  anc l60 nr in .  D igest ion, f
prote ins was cva luatec l  bv  sDS-PAGE (10- l (x , :  i l c r ) , lamic le  wi th  t r ic ine buf fèrs  [66] )  anc l
v isua l izec l  by  Coontass ie  Br i l l iant  B lue co l lo i r ta l  s ta in ins [67] .  Incubat ion t imes arc  inc i icarec l
abovc. protein labels are on the lef ' t  and nrolecular ' ' ,veight nlarke rs are on thc r ir :ht.  -500 n-g of
prote in  was loat lcd in  each Ianc.  SDS pAGE ( .1)o ic l igest ion o f  Rubisco larse subuni r  (LSU)
ar tc l  sn la l l  subur t i t  (SSU).  SDS-PAGE ( /J t  o f  c l igest ion o f 'soybean Kurr i tz  t ryps in  iph ib i ter
( S K T I ) .

col lo ic la l  stainine. Rubisco was digestecl  completely wi th in 15 sec wherea:ì  SKTI
was s tab le  fo r  60  min  ( f ig .2 ) .  To  es tab l i sh  whether  peps in  acr iv i ry  was l im i r in_q
and whether pepsin act iv i ty could be saturatccl  by the test  protein.  pepsin con-
centrat ion was var iecl .  A wide winclow of  pepsin concentrr ì t ions y ie lc ls s imi lar
resLllts' The range of test protein concentration was cleterminecl to be between
I and 200 ng/ml of simulated gasìtric f lLricl.

To test  whether a complex protein mixtLlre ef fècts the c l igest ion of  a speci f ic
protein. a soybean floLrr extract was prepared arìd introducecl into the -uastric
mode l .  Then. the digest ion of  B-conglycinin.  a major protein component of  soy
floLrr L'xtract. was lnonitorccl by immunoblot ancl compareci to the cligestion of
pur i l ' iecl  p-conglycinin alone. The cr-subLrni t  of  p-conglvcinin , ,vas srable for  2
nr in r ,vhether presenr in a soy f lour rnixrure or c l i_qested alone ( f ig.3).  The [ ì_sub-
uni t  wi ls stable for  > 60 min in both cases. This exper iment su_sgests that  a com-
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Fr ,g .  - i .  E l ' t ec t  o l ' co rnp lcx  p ro t t i n  r -n i \ t u res  on  d igcs t ion  o f  sov  [3 -cong lvc in in .  170  ng /u l

o f  p ro tc i r t  w 'as  r l i gcs tc r l  i n  l (X ) -u l  ; . t l i qL ro ts  o l ' s imu lu tcc l  gas t r i c  f l L r i c l  con rposcc l  o f  0 . i% (w /v )

peps in .0 .03  r l l  NaC l .  p l l  l . l .  D rges ts  \ \ ' e re  r l uenc l t cc l  bv  neu t ra l i z ; . r t i on  w i th  7 -5  g l  0 . l 6  rU

N a , C O q  a t  t l r c  f o l l o r . i i n q  t i r t t c s :  0 .  l . i  a n r l  - - ì 0  s .  u n c l  l . l .  - 1 .  E .  l - 5  a n i l  6 0  n t i n .  D i g e s t i o n  o f
p -conu l l , c in in  u ,us  e ru luu tc r . l  l - r_ r  SDS-P ; \CE o r  i n r rnunob lo t tec l  by  s tanc la rc l  p roccdurcs  [681 .
and  p ro tc ins  \ \ ' c r c  r l c t cc tc t l  r i i t h  rabb i t  ru ì t i - f J -c ( )ng lvc in i r r  sc ra  anc l  v i sua l i zc r i  r v i t h  a l ka l i ne

phospha t l se - l i nkcd  g t ra t  u r t t i - n ibb i t  sccon t l  i t n t i l l ( ) ( l v .  I ncubr r t i on  t i n rcs  u rc  i n r l i ca tc r lub r t ve .  p ro -

tc in labcls i . r re on thc lc t ' t  unr l  nrolccular  r 'veight  t t tarkcrs afc ( ) r ì  t l rc  r ight .  SDS-P,\GIr  lnd Coo-

n tass ic  s tu in ing  ( , \ )  t r t ' pu r i l ' i c r l  p -conu l r , ' c i r t i n  subun i t s  (u )  u r r i l  ( [ i ) .  100  nu  o f  pL r r r f i cd  [3 -con-
g l v c i n i n  r v ' u s  I o u r L ' r l  i n  c u e h  l l u t c .  I t n t t t u t t o b l o t  ( 1 j ) o l ' p - c o n u l v c i n i n  s L r b u r r i t s  ( t y . ) u n t l  ( f ì )  i n  s o v

t ' l ou r r l i gcs tcc l  i n  u  g i r s t r i c  r t t o t l c l . 5 ( ) ( )ng  o l ' t o tu l  so r '  f l r l r r r c \ t rac t  r v 'us  l ou r led  in  c t r ch  lane .

plcx proteir t  nr ixture l ike sovbcan f loLrr  cxtr i , rct  c locs not cf ièct  thc stabi l i ty  of  a
protein in th is gastr ic n ' rodel .

Wc huvc sLtrvel 'er i  l7 cotnnion t 'oocl  a l lcrgcns. incluci ine thc mujor cuu.
nt i lk ,  peanLrt .  sovbei . r r ì  ar ì ( l  n lust í . t rd al lergens. for  c l igc-st ib i l i ty  in s inrLr latecl  gas-

tr ic f lu ic l .  Thc clata presente( l  in table 2 shows thut thcse cìonlr lon al lerqens are.
rv i thout except ion.  stablc.  to c l igcst ion in th is sr . rstr ic mo(lc l .  In cases where the
f 'ood al ler-gen w:.rs lcss stable ( i .e.  not  stable t ì r r  60 rnin).  f raqments wcre sener-
ated lvhich rvere stable for  a substant ia l  pcr iocl  of  t ime. In contrast .  lve have also
shovvn that contnìon plant protc ins are rapi( l lv  c l igested in the gastr ic moclel
( t a b l e  l ) .

Protc i t ' is  i l t i f  i lLrc bcert  l r .pr 'ù: :ct l  ìn i i ' l i i r :gcnic piants havc bcen testcci  for
stabi l i tv  r . r ' i th th is rnodel .  I r r  contrast  io foocl  a l lersens. al l  e ight  pnrteins cx-
pressecl  in t ranssenic plants r . r 'erc rapic l l ; - 'deuracled ( table 2).  The t ime recpr i recl

\ s t r i  oor l /F  ue  h : l r l
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I ' u l t l t  l .  Su rn rna rv  o f ' a l l c rgcn  unc l  p ro tc in  s tah i l i t f  i n  a  gas t r i c  rnoc lc l

P ro tc  i n l ?  t o t l l  p r o t c i n r  S t a b i l i t v .  n t i n l

r , v l t o l c  p r ( ) t c i r ì t ' r lSn rcn ts

F, g g vr lt i t c u ! I a r,qa tt.s

Ova lb r r rn in  ( ( ìu l  d  2 l

Ovor r r r . r co id  \Ou l  d  l )

C r r r ra lb r rn r in  (Gu l  d  3 )

< l

l t
l 2

60
ó
0 1.5

,Vilk ullcrguts

B-Lactogkrbu l in
Casc in
BS. \
cr--Lactalburn in

9
80

I
,l

60
2
0._5
0..5

t-5
l 5
2

S t tv lt t, tt tt u I I t' r g e tt.s

B-Congl l ' c in in  1  P-subuni t )
Kun i t z  t 11  ps in  i nh ih i t o r
Soy lcc t in

B-Conglyc in in  (  u-subuni t )
G l yc in i r r
Glv  r t t  Bd iOK

1 3 . - 5 '
1 . 1

t " )
I  

- -

l g . 5 r

_ 5 1

ó0
60
l-5
2
0.-5
0

60
l -5

ft

Pt'dntt l  ul lcr,qctts
A ra  h  I I
Pcanut  lcc t in

o
t l
l . - )

60
tì

,l[ rt.s t tt rd u | | c r.qc tt s
S i r r  a  I
t ln t . l  fE

Cott t t t t t t t t  1r tu, , ,  1r , ' r r , r i^  

-

RLrb isco  LSU (sp inach  lea f )

RLrb isco  SSU (sp inach  lea t )

L ipoxygcn: . rse (sovtrean secd)

l0
l0

60
60

Glr, 'colate recluctase (spinach leaf)

PEP carbo.xyl rse (corn kernel)

. \c ic l  phosphatase (potato tuber)

Sucnrsc  syn thc tase  (whca t  kc rne l )

p- . \my lasc (bar ley kcrnel)

2-5 r

2-51
< l
< l
< l
< l
< l
< l

0  ( <  l - 5  s )
0  ( <  l - 5  s )
0  ( <  l - 5  s )
0.2_5
0  ( <  l - 5  s )
0  ( <  l - 5  s )
0 ( < l - 5 s )
0 ( < l 5 s )

to dcgttc le these proteins was betwcen <10 and 30 s in s imir latecl  gastr ic t lu ic l .
Al lergens or thcir  f rasments were stable for  at  least  2 min (and the major al ler-
sens were stable for  > 60 min) in s in iu lated -sastr ic f lu ic is.  wi th var ious stabi l i t ies
in s imr.r latecl  intest inal  f lu ids (data not sho\,vn).  Interest ingly.  those al lergens with

i l l



Tublc I  cont .

Prole:  in r l  t r l t u l  p ro tc - in l

wht>lc protcin t  ra_gmcnts

I t t Í n td u t' c d p rr t t t, i tr.s'l
B . t . i .  i nscc t i c i r l l l  pn r t c i n
B. t .k .  HD-73 insect ic ida l  prorc i r r
B. t .k .  HD- I  i r rsccr ic ic la l  pro tc in
CP-t EPSP svnrhase
G lyphosate ox idoreclucrase (GOX)
ACC deaminasc (ACCcl )

B-D-Gl ucuron iclase ( GUS )
Neomycin phosphotransfèrasc I l

( N P T I I I

< 0 . 0 I
< 0 . 0 I
< 0 . 0 I
< 0 . 1
< 0 . 0 1
0 4
0 . 0 I

< 0 . 0 I

0  ( < 3 0  s )
3 0 s
3 0 s
0 ( < l - 5 s )
0 ( < l - 5 s )
0  (<  l - 5  s )
0  (<  l - 5  s )

0 ( < l 0 s )

I  Perccnt  protein aclaptc-d f rom re tercnces ,54--59.
rS tab i l i t y  rep resen ts  the  las t  t i n re  po in t  a t  wh ich  the  p ro te in  o r  a  p ro teo ly t i c  f raement  was

observed:  -  =no f ragfncnts.
I  Rcpre sents the tota l  proport ion of  protein fbr  combinccr subuni ts.
l  Stabi l i ty  c lata t i r r  int roclucecl  proreins aclaptecl  f ionr  rcfèrences -57.  69.

low stabi l i ty  in s imLrlated gastr ic f l r - r ic ls tencled to have at  least  some stabi l i ty  in
simulated inte st inal  f lLr ids (c lata not shown).  NIan,v al lergens were stable for  24 h
in s i rnulated intest inal  f lu ic ls.

Rapid c legraclat ion of  the proteins expressed in t ransgenic plants great ly min-
imizes the l ikel ihood that these proteins wi l l  be absorbecl  ancl  hence el ic i t  an al ler-
genic response. The hurnan digestive system provicles íì very effective nlecha-
nism to remove thcse proteins before they have the opportunity to reach the
intest inal  mucosa. The simulated gastr ic model provides a valuable tool  to assess
concerns about the al lerge nic potent ia l  of  proteins introclucecl  into food crops.

Prevalertce irt Food und Sequence similuritr- to Food prcteins
Many food al lersens are present as mit jor  protein components in the speci f ic

fboci. typically rarlgin-s between I ancl tì0% of total protein [5a] (table 2). In con-
trast. the introclLrced proteins l istecl in table ) are expressecl in plants at levels
rangins f rom appror imatelv < 0.001 to 0.03% of the raw procluct  on a f resl i

"veisht  
bases or < 0.01 to 0.- l 'É of  the protein content t -55--591

The lor ,v expression levels.  combinecl  r ,v i th digest ive labi l i ty  re lat ive to that
for known foocl  a l lersens. sLrggest a very low probabi l i ty  of  any of  these proteins

Astw rrorl /Fuchs l l . +



rcach ing  thc  i r r tcs t ina l  n tucosu dur ing  consumpt ion . ' l ' hcse  pro te ins : . t rc  no t  l i kc l_v
to  scns i t i ze  inc l i v i r lua ls  consr - r rn i r rg  f 'ooc ls  conta in ing  thenr .

Thc t ' inal  cotnpone nt  used in the i Ìssessment for  the al lcrge nic potcnt ia l  o l 'a
ner,v ly expre: ist : t l  protc in is the anr i r ro acic l  sequence sirni lar i tv to nonal lergenic
fc locl  proteins.  J 'he prese nce of 'b io logical ly homologous proteins in foocl .  espe-
cial ly l t  foocl  wi t l r  s imi lar  levels ancl  typcs of  consumption, c lccrcases concerns ot
potent ia l  a l lergcnic i ty.  IVlost  of  the introcluced proteins l is tecl  in table 2 shorv bio-
logical ly relevant arnino acic l  seqr:encc hontoloul t  to proteins already present the
foocl  sLrpply.

Potential Untoward Effects of Genetic Engineering on the Host Plant

I f  the host plant being -uenet ical ly enuineerecl  is  kno'uvn to contairr  speci f ic
endogenous al lergens and sera arc avai lable f rom al lersy pat ients.  the fbocl
derivecl from lhe ns'lv plant variety should be analyzecl to assure t] iat t l-re com-
position and level of endo-qenous allersens \,vere not altered clLrring the genetic
engineer ing proce: js.  Al thougl i  there is no prececlent to sLtg_gest that  the genet ic
engineer ing process i tsel f  coulc l  change ei ther the contposi t ion or level  of  en-
dogenol ts proteins,  to conl ' i rm this expectat ion a direct  assessrnent is pruclent for
food proclucts f r t t tn t ransgenic plants.  Of course. i f  the plant has no l r is tory of
causins al lcrgy or a l imi tecl  h istory that  precluc- les the avai labi l i ty  of  sera.  th is
assesslÌlell i  cl l l l l lot be perforntecl. Irnnrirnoblotting ancl/or ELISA ntethocls cou|1|
be uset l  fbr  t l t is  assessrnent.  Al though thc ELISA provic lcs quant i tat ivc r . rssess-
nlcnt  of  the total  a l lergcnic protc in cornposi t ion.  t l - ìe intrnunoblot t in_9 approach
provic les l l lore c letai lecl  infbrnrat ion on thc composi t ion ot 'spcci f  ic  enclogcnoLrs
al lergerts ancl  t l teretbre is the preferred rnethod t601. Using this i rnmunoblot
approach r'vith I-eE f'rom soybean-sensitivc ancl nornral indiviclLrals. Burks ancl
Fuchs l ( r0 l  showecl  no cFral i tat ive or quant i tat ive c l i f fèrences in the enclosenous
al lergetts in t ransgenic glyphosate-tolerant soybeans comparecl  wi th t l re parental
so1'bsx6 var iety or wi th soybcans frorn comnrercial  var iet ies.  Assessing the
enci t lgent lus al lergcns in t ransgcnic -ulyphosate-tolerant soybeans wits thc f i rst
appl icat ion of ' th is approach ancl  conf i rnrccl  that  the genet ic enginec-r ins process
cattsecl  no changes in the cornposi t ion or levels of  enclogenous al lergens.

Future Prospects

Genet ic et tg ineer ing provides a LrniqLrr '  opportuni ty to rcciuce the levels of
speci f ic  a l lergens i r r  the tood sLrpply.By introclucins genes in the ant isense or i -
tnt ì t ior l  ( the opposi te or ientat ion required to proclLrce a protein).  the levels of

I  l - r
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protein prodLlced by the 'sense'  or ientat ion can be dramat ical ly recluced. This is
the techniqLre used to produce the delayed-sof ienin_u, Flav-Savrr \ t  tomato.  By
inhibi t ing the prodLrct ion of  a polysalacturonase enzyme that normal ly caused
sot icning in tonì i , ì to.  the shel f  l i fè of  tornato was extencied [61].  This same
approach has been usecl  to s igni f icant ly rec|-rce the pr i rnary al lergen in r ice.  Mat-
st tc laet  a l .  f62l  c lonecl  the gene encoding thc l6-kD al lcruenic prorein f rom r ice,
al tc l  introchtced thc '  gene encocl ing th is protein in the ant isense or ientat ion into
r ice.  TI te levels of  the l6-kD proteir ì  werc s i -qni f icar- ì t lv  reduced in r ice se-ecl  f rorn
312 to 60 prgiseed [63].  Furt l ter  stLrcl ies are unclerwav to achicve grearer recluc-
t ions in th is al lerqen. The ant isense approach coulc l  be r-rsed in other f ì rocl  crops
sllch as peanuts and so1'beitns tc-t selectively redr-rce the levels of specific aller-
gens. al thouch the presence of  rnLr l t ip le al lergens arrc l  mult isene f i ìmi l ies makes
this prospect more cor lp lex.

Conclusions

The assesstrìent stl 'ate-gy presentecl above is consistent with guiclance frorlr
pLrbl ic inst i tur t ions sucl t  as the FDA nncl  the Environmental  Protect ion Adnr in is-
t rat ion in the lJni ted States t9,  641, the Organizat ion fbr  Econornic ancl  Coopera-
t ive Developlnent [65ì  anci  the World Heal th Organizat ion [661. The approach
presented provic les -sreater detai l  ancl jLrst i f icat ion for  the cornbinat ion of  factors
t l - rat  shoir lc l  be t t lc l r 'cssccl .  I t  is  i r lportur l t  to rentember that  no s inslc proprr ty or

. \stwootl /Fuchs l 1 6

L



l s sa ) ' a l t l nc  can  p red i c t  a l l c r scn i c i t r .  How 'cvc r .  i f  u  p ro t c i n  l acks  l l l o f ' t hc  i r npo r -

t an t  che r l t c t c r i s t i c s  o f  an  a l l e rgen i c  p ro t c i n ,  no  t ' u r t hc r  i n fo rn ta t i on  sh r tu l d  bc

ncctssarv  pr i t t r  t t t  n tarket ing the ncr . i , 'p lant  var ie t r .  For  prote ins that  sharc  one or

n lore character is t ics  o f  a l le rgcn ic  pnr tc ins .  a  sy 'n the s is  o f  a l l  the in f ì r rmat ion c l is -

cussed above ( tab lc  3)  shoulc l  bc  cons ic lerec l  rvhcn dec ic l ine i f  fur thcr  rescurch or

charactcr izat ion is  pr r . rdcnt .  In  thc  enc l .  th is  ba lanccc l  approach lv i l l  assure the
saf 'ety of foods derived from trans-{enic plants.
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