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lant  non-speci f ic  l ip id t ransfer proteins (LTPs)
a r e  u b i q u i t o u s  p r o t e i n s  w i d e l y  d i s t r i b u t e d
throughout  the  p lan t  k ingdom.  Severa l  mem-
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bers of  the plant LTPs fami ly have been ident i f ied as
re levant  a l le rgens  in  foods  and po l lens .  LTPs are  now
c lass i f ied  as  p lan t  pana l le rgens .  Food a l le rgy  to  f ru i t
LTPs of  the Bosaceae fami ly is wel l -known in the
Mediterranean area. LTPs are also ident i f ied as major
allergens for Rosaceae allergy. Moreover, LTPs have
been ident i f ied  as  re levant  a l le rgens  in  o ther  p lan t
foods as fruits not belonging to the Rosaceae family
or  cerea ls  and a lso  in  po l lens .  The phys icochemica l
propert ies and structural  stabi l i ty  to both heat t reat-
ment and proteolyt ic digest ion of  p lant LTPs are
in t r ins ica l l y  l inked to  the i r  a l le rgen ic i ty .  These share
propert ies could let  imagine strong cross-react iv i ty
between di f ferent plant LTPs. We focus, here,  our
at tent ion on these share propert ies and analysed
recent works in cross react iv i ty of  p lant LTPs. The ana-
lys is  o f  recent  f ind ings  on  the  b iochemica l  and a l le r -
genic propert ies of  LTPs wi l l  a l low to better appre-
hend the  "LTP syndrome"  and to  unders tand the
interest  of  many scient ists on the study of  th is model
o f  p lan t  pana l le rgen.

Functians and structures clf plant hTFs

LTPs are  ub iqu i tous  pro te ins  in  the  p lan t  k ingdom and
form a  very  homogeneous c lass  o f  p ro te ins .  P lan t
LTPs are  smal l ,  abundant  and so lub le  ex t race l lu la r
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proteins that  are able in v i t roto bind and transfer bet-
ween membranes a  var ie ty  o f  l ip ids  (1 ) .  Never the less ,
their  b io logical  funct ion in v ivo remains unclear.  LTPs
expression pattern is complex and character ised by
s t rong deve lopmenta l  and t i ssue spec i f  i c i t y  and
modu la ted  by  env i ronmenta l  and s t ress  cond i t ions
(2l , .  Consequent ly,  d i f ferent hypothesis have been
suggested. LTPs could be involved in the t ransfer of
the  hydrophob ic  monomer  o f  cu t in  o r  in  the  de fence
response against  pathogens (3-5).  LTPs have been
suspected  to  invo lved in  the  t rans fer  o f  phospho l ip ids
f rom the i r  syn thes is  s i te  to  membrane and thus  to
p lay  a  ro le  in  manag ing  the  f lux  o f  l ip ids  essent ia l  fo r
the  genes is  and renewal  o f  ce l lu la r  membranes (6 ) .
They can be div ided into two types: those that are
spec i f i c  fo r  cer ta in  c lasses  o f  phospho l ip ids ,  and
those (cal led "nsLTPs" for  non speci f ic  LTPs) that  are
ab le  to  accommodate  severa l  var ie t ies  o f  l ip ids .  They
have been proposed that LTPs could act  as systemic
s igna l l ing  molecu les .  LTPs may in te rac ted  w i th  spec i -
f i c  ce l lu la r  membrane receptor  o f  e l i c i t in ,  a  10  kDa
pro te in  ab le  to  l inked to  l ip id  and secre ted  by  a  fun-
gus (7,  8) .  Recent ly,  they have been descr ibed that the
local isat ion of  LTPs in the pol len grains oî  Par ietar ia
judaica changes dur ing the process of  hydratat ion (9).
The loca l i sa t ion  o f  LTPs in  cy top lasm and l ip id  bod ies
assoc ia ted  w i th  vacuo les  showed tha t  LTPs o f
Par ietar ia judaica pol len represent pr imari ly intracel-
lu lar  proteins.  These authors suggest that  these LTPs
may be cytoplasmic proteins secreted for the pol len-
s t igma in te rac t ions .
P lan ts  LTPs are  encoded by  a  mul t igen ic  fami ly  (up  to
30 genes in A. thal ianal  and form a big fami ly of  l i t t le
basics monomers (pl  -  9) ,  wi th sequences between 90
to  95  amino ac ids  (8 ,  10) .  On the  bas is  o f  mo lecu la r
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mass.  LTPs are  subd iv ided in to  two subfami l ies :  LTPI
(Mr -  9 kDa) and LTP2 (Mr -  7 kDa),  except for  LTPs of
Parietaria and Artemisia pollen which sequences are
compr ised be tween 12  to  15  kDa (1 ,  11-141.  The
degree of  sequence homology between LTPs of  d i f fe-
ren t  spec ies  d i f fe rs  la rge ly  be tween less  or  no
sequence homology  to  s t rong sequence homology
(22 to  65%)  (F ig .  1 ) .  LTPs had s t rong in t ra -spec ies
homolog ies  in  the i r  p r imary  sequences  (80  to  95  %)
jus t i f ied  f requent  c l in ica l  observa t ions  o f  c ross  a l le rgy
between members  o f  the  same spec ies  (15 ,  16) .  On
the  o ther  hand,  p lan ts  LTPs show no sequence homo-
l o g y  w i t h  m a m m a l s  L T P s  ( 1 ) .

Moreover ,  LTPs are  members  o f  the  pro lamin  super -
fami ly  carac ter ised  by  the  presence o f  a  conserved
ske le ton  o f  e igh t  cys te ine  res idues  w i th in  the  pro te in
sequence;  th is  super fami ly  inc ludes  a  range o f  impor -
tan t  p lan t  a l le rgens  (17 ,18) .  P lan ts  LTPs are  charac te-
r ised by the presence of  e ight conserved cysteines
f o r m i n g  f o u r  i n t r a m o l e c u l a r  d i s u l p h i d e s  b r i d g e s ,  c a l -
led :  "The cys te ine  s ignature  o f  LTPs"  (F ig .  2 ) ,  wh ich
a r e  r e s p o n s i b l e  o f  t h e i r  c o m p a c t  f o l d i n g  a n d  t h e i r
s t rong s tab i l i t y  to  the  var ious  heat  o r  enzymat ic  t rea t -
m e n t s  ( 1 ,  1 9 ) .  R e s o l u t i o n  o f  t h r e e - d i m e n s i o n a l  s t r u c -
tu res  o f  the  cerea ls  LTPI  by  X- ray  c rys ta l lography

a l lows es tab l i shment  o f  th ree-d imens iona l  mode ls  o f
plants LTPs folding (Fig.  3)  (20-22).  These proteins are
charac ter ized  by  on ly  one compact  domain  w i th  four
a-he l i ces  connected  by  f lex ib le  loops  and a  C- te rmina l
f ragment  hav ing  the  or ig ina l  shape o f  saxophone
(19) .  The fo ld ing  o f  these a-he l i ces  a l lows fo rmat ion
of  hydrophob ic  tunne l  covered by  the  s ide  cha in  o f
the  hydrophob ic  res idues  o f  the  amphiphat ic  he l i ces
and the  C- te rmina l  reg ion .  Th is  hydrophob ic  cav i ty  i s
par t ia l l y  c losed by  a  f lex ib le  C- te rmina l  reg ion .  Tunne l
s ize seems to be di f ferent wi th isoforms comparing
folding of  d i f ferent LTPs, thus conferr ing less or more
l i p i d  b i n d i n g  a n d  t r a n s f e r  p r o p e r t i e s  ( 2 3 ) .

ln te res t ing ly ,  o ther  p lan t  a l le rgens ,  such as  soybean
Gly m 1,  the cr-amylase/trypsin inhibi tors f rom cereal
f lours and some 25 storage proteins,  show 3-D struc-
tures c lose to the LTP fold (19,24l ' .  Crystal  structure of
the  major  peach a l le rgen,  Pru  p  3 ,  has  been reso lved
recent ly by Pasquato ef  a l .  (Fig.  4 l  (251. These data
may va l ida te  3D mode ls  o f  p lan ts  LTPs fo ld ing  and
may loca l i se  ep i topes  on  the  fo ld ing  o f  these pro te ins .
Plants LTPs share l i t t le s ize (between 7 and 16 kDa)
and common func t ion ,  a  ro le  in  p lan t  de fence mecha-
n isms aga ins t  pa thogen,  a t  leas t  in  some spec ies  and
t issue (24).  Consequent ly,  LTPs are now classi f ied in
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Fig.  1 :  Mul t ip le  a l ignment  o f  var ious LTPs by CLUSTALW. ldent i ty  percent  wi th  Pru p  3  was ind icated on the r ight  co lumn.
Conserved Cys res idues are ind icated by p ink box.

F ig .  2 :  The Cyste ine s ignature o f  LTPs.  Dis t r ibut ion and
bind lng of  Cyste ine res idues in  pr imary sequence of  LTPs.
"H1 -4 "  show ing  t he  f ou r  a -hé l i ces  (19 ) .

F ig  3 :  Three d imensional  s t ructures o f  three LTP1 of  cerea ls :
maize (A) ,  r ice  (B)  and wheat  (C)  showing the four  s-he l ices
( 1  1  1 - 1  1 3 ) .

Fig 4: Crystal structure of peach Pru p 3. Ribbon diagram of
the model led Pru p  3  showing the three . -he l ices (p ink)
connected by turns and loops (b lue) ;  Red s t icks cor respond
to the d isu l f ides br idges;  N(A)  and C(A)  cor respond to  the N-
and C- termina l  amino-ac id  o f  the po lypept ide cha in ,  respec-
t ive ly  (25) .
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the  pa thogenes is - re la ted  (PR)  p ro te in  fami l ies  as  PR-
14 (26l ' .  Two propert ies that  seem in general  to be sha-
red  by  p lan t  p ro te in  a l le rgens  are  abundance coup led
with structural  stabi l i ty  (27).  Whi le LTP are not very
abundant  in  the  who le  p lan t  t i ssues ,  leve ls  o f  LTPs are
re la t i ve ly  abundant  in  sk in  and pee l ,  be ing  around 7-
fo ld  h igher  in  these t i ssues  compared w i th  pu lp  in
f ru i ts  such as  peach (28 ,29 l . lndeed,  LTPs are  loca l i -
sed  in  the  p lan t  aer ia l  o rgans  (1 ,  4 ,  19 ,  30-32) .  LTPs are
accumula ted  in  the  ep idermal  t i ssues  o f  exposed sur -
face  l i ke  f ru i t  sk in .  Th is  why,  the  sk in  f ru i ts  be long ing
part icular ly to the Fosaceae fami ly are considered
more  a l le rgen ic  than the  pee l  o f  these f ru i ts  (33) .
lndeed, except for  p lum and apr icot ,  other Rosaceae
f ru i ts ,  espec ia l l y  app le ,  concent ra te  LTPs in  the  sk in
(29l ' .  Moreover,  the local isat ion and distr ibut ion of
LTPs in t issues of  Rosaceae frui ts could be also provi-
de  in fo rmat ion  fo r  d iagnos t ic  and therapeut ic  app l i ca-
t ions .  Indeed,  the  subce l lu la r  loca l i sa t ion  o f  LTPs in
Rosaceae frui ts shed new l ights on the avai labi l i ty  of
these a l le rgens  fo r  t r igger ing  an  anaphy lac t ic  respon-
se  in  suscept ib le  ind iv idua ls  (29) .  The loca l i sa t ion  o f
secreted LTPs as components of  the cel l  wal l  of  epi-
dermal /hypodermal  ce l l s  ensure  the  expos i t ion  o f
these al lergens at  the surface of  these frui ts.  Recent
resul ts suggest that  the îuzzy hairy cover of  peach
might  account  fo r  the  h igh  preva lence o f  sens i t i sa t ion
to  peach in  peop le  f rom Medi te r ranean count r ies  (34) .
As a consequence Borges et  a l .  recommended a
consumption of  peeled-of f  f ru i ts to reduce the r isk of
severe  a l le rg ic  reac t ions  in  ind iv idua ls  sens i t i sed  to
Rosaceae frui ts (29).  The chemical  peel ing t reatment,
i f  appropr ia te ly  added in  an  indus t r ia l  p rocess ,  cou ld
lead to  hypoa l le rgen ic  der iva t ives  by  success fu l l y
removed Pru  av  3  (LTP o f  cher ry ) ,  such as  jams and
f i l l i ngs ,  su i tab le  fo r  peop le  sens i t i sed  exc lus ive ly  to
LTP (35).  Furthermore, the syruping process removed
a lmost  a l l  a l le rgen ic  p ro te ins  to  whom pat ien ts  w i th
po l l inos is  a re  respons ive .  However ,  d isc repanc ies
were  observed among the  d i f fe ren t  commerc ia l l y
ava i lab le  app le  var ie t ies .  S imi la r  d i f fe rences  were
shown among the  f ru i ts  f rom var ious  peach and
app le  var ie t ies  (36 ,  37) .

W*awutx &S W * &Efier gwmu wnYg

The broad distr ibut ion of  LTPs among the plants sug-
gests a potent ia l  ro le of  vegetable panal lergen (Table 1)
(16 ,  38) .  Never the less ,  in  Nor thern  Europe and Cent ra l
Europe,  p lan ts  food a l le rgy  is  ma in ly  due to  sens i t i sa-
t ion  by  b i rch  po l len  (39) .  Indeed,  up  to  80% of  pa t ien ts
of these areas, suf fer ing f rom plants food al lergy,
s h o w  p o l l i n o s i s  a s s o c i a t e d  w i t h  b i r c h  ( 4 0 ) .  T h e
pat ients sensi t ised by birch showed an important
reactivity with the fruits oî Rosaceae family (apple,
peach,  cher ry , . . . ) ,  bu t  a lso  w i th  o ther  p lan ts  (car ro ts ,

c e l e r y ,  h a z e l n u t , . . . ) .  T h e  i m m u n o l o g i c a l  b a s e  o f  t h i s
phenomenon is  the  c ross  reac t iv i t y  o f  lgE due to  the
s t rong homolog ies  o f  p r imary  sequences  be tween
a l le rgens  o f  po l len  and some a l le rgens  o f  vegetab le
food (41 ,  42l ' .  The major al lergen of  the birch,  Bet v 1,
and i t s  homologues as  food pro te ins  (Ma l  d1  fo r
app le ,  Pru  av  1  fo r  cher ry  and Cor  a  1  fo r  haze lnu t )  a re
important mediators of  cross react iv i t ies (43-45).  Bet v
2 ,  Bet  v  6  and Bet  v  8  a re  a lso  invo lved in  the  same
type of  cross react ions (46-48).  Most of  the t ime,
pat ients suf fer ing f rom this type of  food al lergy have
presented restr icted mi ld symptoms with oral  a l lergy
syndromes (39 ,  49) .  In  th is  case,  the  a l le rgens  respon-
s ib le  fo r  the  pr imary  sens i t i sa t ion  are  po l len  and no t
food frui ts al lergens. However,  systemic react ions l ike
anaphy lax is  o r  u r t i car ia  were  a lso  descr ibed fo r  th is
a l l e r g y  ( 5 0 ,  5 1 ) .

Th is  t rad i t iona l  d iagram o f  p lan ts  food a l le rgy  main ly
due to  b i rch  po l len  in  the  areas  o f  Nor thern  and

Common name Species Allergen , Reference

Rosaceae
A lmond
Apple
Apricot
Cherry
Peach
Pear
P l u m
Raspberry
Strawberry

Prunus dulcis
Malus domestica
Prunus armeniaca

Prunus avium
Prunus persica

Pyrus communis
Prunus domestica

Rubus idaeus
Fragaria ananassa

Pru du LTP (74l,
M a l  d  3  ( 1 5 )
P ru  a r  3  (56 )
P ru  av  3  (104 )
Pru p 3  (54)
Pyr c 3 02\
Pru d  3  (57)
R u b i 3  ,  ( 1 1 4 )
F r a a 3  '  ( 7 6 )

Nuts
Chestnut
Hazelnut
Pea n ut

YSt^r!_.
Cereal
Barley
Maize
Wheat
Rice

Castanea sativa
Corylus avellana

Arachis hypogaea
Juglans regia

C a s s S
C o r a S

Ara h LTP
J u g r 3

(80)
(79 )

17 4 l
t82)

Hordeum vulgare Hor v LTP
Zea mays Zea m 14

Triticum aestivum Tri a LTP
Oryza sativa Ory s LTP

(63)
(84)
(86)
(30)

Pollens
Short ragweed
Mugwor t
Sunf lower
Ol ive

Am brosi a a rte m i si ifol i a
Artemisia vulgaris
Helianthus annuus

Olea europea
Parietaria judaica
Parietaria judaica

A m b a 6
A r t v 3
H e l a 3
O l e e T
P a r j l
P a r j 2

( 1  1 5 )
(75)
(se)
.92l
( e 1 )
(90)

Wal l  Pe l l i to ry

Y:lP-:)lll:,
Others
Asparagus
Cabbage
Carrot
Grape
Latex
Lemon
Lettuce
On ion
Orange
Tomato

Asparagus officinalis
Brassica oleracea I

Daucus carota
Vitis vinifera

Hevea brasiliensis
Citrus limon

Lactuca sativa
Allium cepa

Citrus sinensis
Lycopersicon escu lentu m',

Asp o 1 (99)
Bra o 3 i'102t,

D a u c L T P  ,  ( l O t )
V i t v l  '  ( 6 9 )

H e v b 1 2  .  ( 9 7 )
c i t t 3  '  ( e s )
L a c s l  i  ( 1 0 0 )

A l l  cLTP  ,  ( 98 )
Cit s 3 (83)
L y c e 3  :  ( 6 1 )

Table  1 :  A l lergenic  LTPs of  p lants .
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Cent ra l  Europe is  d i f fe ren t  fo r  a l le rg ic  popu la t ions  o f
the  Med i te r ranean areas .  Ten years  ago,  ma jor  a l le r -
gen for indiv iduals sensi t ised to f ru i ts of  Prunoideae
subfami ly  and who,  moreover  d id  no t  p resent  c ross
react iv i ty wi th birch and grass pol lens,  was ident i f ied
a s  a  8 - 1 0  k D a  p r o t e i n  ( 3 3 , 5 2 , 5 3 ) .  T h i s  a l l e r g e n  i s  a
member of  LTPs fami ly and many cases of  food al ler-
gy  were  descr ibed among members  o f  th is  f ru i ts  (15 ,
54-57).  The patterns of  sensi t isat ion and cl in ical  symp-
toms are di f ferent for  pat ients suf fer ing f rom food
a l le rgy  w i thout  assoc ia ted  po l l inos is .  Indeed,  sys temic
react ions are f requent ly observed (20 to 30 oó),  even in
absence of  oral  a l lergic syndrome (58, 59).  LTPs were
ident i f ied  as  the  major  a l le rgens  fo r  th is  popu la t ion .
H igh  s tab i l i t y  o f  these a l le rgens  to  p ro teo ly t i c  d iges-
t ion  and heat  t rea tment  h igh l igh ted  the  hypothes is
tha t  LTPs were  the  pro te ins  respons ib le  o f  the  pr ima-
ry sensi t isat ion by ingest ion and this why LTPs were
descr ibed as  a  t rue  food a l le rgen (60-65) .  They  were
known to induce severe react ions in many pat ients
(16) .  LTP o f  ma ize  (Zea m 14)  a lways  presents  lgE-b in -
ding si tes of  serums of  a l lergic pat ients even af ter
heat  t rea tment  go ing  un t i l  100oC,  wh ich  a l te r ing  in  an
irreversible way the secondary structure of  th is pro-
te in  (66) .  In  the  same way,  the  recombinant  ma jor
a l le rgen o f  cher ry  ( rPru  av  3)  had shown s t rong s tab i -
l i t y  to  pept ic  d iges t ion  conf i rm ing  the  resu l ts  obser -
ved on  the  peach major  a l le rgen (Pru  p  3 )  (64 ,67) .  LTP
of  g rape (V i t  v  1 )  has  been used as  mode l  o f  p lan t
LTPs (68) .  V i t  v  1  i s  a  ma jor  a l le rgen fo r  pa t ien ts  a l le r -
g ic  to  g rape in  Med i te r ranean area  (69 ,  70) .  These
authors  have s tud ied  the  res is tance o f  V i t  v  1  a l le rge-
nic i ty wi th in v i t ro model of  gastroduodenal  d igest ion
i n c l u d i n g  e v a l u a t i o n  o f  d i g e s t i o n  e f f e c t  w i t h  o r
w i thout  a  phys io log ica l  phospho l ip id  (phosphat idy l -
chol ine) l inked to LTP. They conf i rmed that grape LTB
l ike  o ther  p lan ts  LTPs,  i s  a lso  very  s tab le  dur ing  gas-
t r i c  d iges t ion  and showed no s ign i f i can t  change in
lgE-b ind ing  capac i ty  on  immunob lo t t ing  or  in  ab i l i t y
to  t r igger  h is tamine re lease.  D iges ts  a lso  re ta ined
their  capaci ty to induce a posi t ive skin pr ick test  res-
p o n s e .  G a s t r o d u o d e n a l  d i g e s t i o n  w i t h  r a t i o s  o f
enzymes re la t i ve ly  c lose  to  the  phys io log ic  cond i t ions
of  human gas t ro in tes t ina l  t rac t  rap id ly  gave r i se  to  a
s tab le  f ragment  o f  approx imate ly  6  kDa tha t  had los t
the C-terminal  port ion of  the LTP. This f ragment then
remained in tac t  dur ing  2  hour  o f  d iges t ion  and kept
i t s  lgE-b ind ing  po tency .  Th is  i s  p robab ly  why the  LTP
digests retained their  b io logic act iv i ty in v i t ro and in
vivo.  Furthermore, i t  is  interest ingly to observe that
add i t ion  o f  phosphat idy lcho l ine  dur ing  gas t r i c  d iges-
t ion protected LTP to a l imi ted extent against  d iges-
t ion .  Th is  resu l t  con f i rmed tha t  the  presence o f  l igand
can increase s tab i l i t y  by  reduc ing  po lypept ide  back-
bone mob i l i t y ,  and many pro teases  requ i re  f lex ib i l i t y
in substrate proteins for  opt imal act iv i ty (42).
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In br ief ,  the al lergenic act iv i ty of  p lant LTPs is highly
resistant to in vitro digestion. This property, their abun-
dance in the plant,  a lso their  h igh resistance to heat
t r e a t m e n t  a n d  t h e i r  c l a s s i f i c a t i o n  a s  p a n a l l e r g e n
conf i rm that plant LTPs could be model al lergens of
t rue food al lergy which are of  h igh importance to ato-
pics in Mediterranean countr ies (71).  These propert ies
might faci l i tate sensi t isat ion v ia the gastrointest inal
t ract  and might also potent iate the abi l i ty  of  LTPs to el i -
c i t  severe al lergic react ions in sensi t ised pat ients (42).

I Fruits LTPs. - Several members of the Rosaceae
fami ly  induce food a l le rg ic  reac t ions ,  par t i cu la r ly ,
f ru i ts of  the Prunoideae (peach, apr icot ,  p lum, cherry,
a lmond. . . )  and the  Pomoideae (app le ,  pear , . . )  sub-
fami l ies  (15 ,  33 ,  53 ,  59 ,  72 ,731.  Peach is  one o f  the
Rosaceae f ru i ts ,  wh ich  is  the  more  ea ten  in
Med i te r ranean area  and respons ib le  o f  many food
a l le rg ic  cases  (54 ,  58 ,  74 l ' . ln  1999,  ma jor  peach a l le r -
gen (Pru  p  3 ) ,  a  9  kDa pro te in  o f  the  LTP fami ly  has
been ident i f ied  and sequenced (54) .  S ince  then,  a  lo t
of  proteins between 8 to 13 kDa have been ident i f ied
by lgE-binding of  a l lergic pat ient  sera to Rosaceae
f ru i ts  in  Med i te r ranean area  {52-55,  57 ,  64 ,  72 ] ' .
Moreover ,  var ious  s tud ies  have shown tha t  lgE-b in -
d ing  o f  pa t ien t  sera  were  no t  inh ib i ted  by  grass  or
b i rch  po l len  ex t rac ts  in  immunob lo t  inh ib i t ion  assay ,
h igh l igh ted  sens i t i sa t ion  w i thout  assoc ia ted  po l l ino-
s is  (52 ,  53 ,  75) .  The las t  years ,  number  o f  da ta  about
Rosaceae LTPs, involved in food al lergy cases, has
increased cont inua l l y  (16 ,  42) .  Bes ides  Pru  p  3  and
Mal  d  3  (LTP o f  app le ) ,  c lose ly  re la ted  a l le rgens  (80  %
of sequence ident i ty)  have been found in apr icot
(Prunus armeniaca, Pru ar 3), cherry (Prunus avium,
Pru av 3),  p lum (Prunus domest ica,  Pru d 3) and
s t rawber ry  (Fragar ia  ananassa,Fra  a  3 )  (F ig .  1 ) (56 ,57 ,
64, 76l ' .  Moreover,  a l lergenic LTPs have also been
ident i f ied in other f ru i ts,  such as grape (Vi t is  v in i fera,
Vi t  v 1),  pear (Pyrus communis,  Pyr c 3),  raspberry
(Rubus idaeus, Rub i  3) ,  a lmond (Prunus dulc is,  Pru
du LTP) and tomato (Lycopersicon esculentum, Lyc e 3),
and in nuts, such as chestnut (Castanea sativa, Cas s 8),
peanut (Arachis hypogea, Ara h LTP) and hazelnut

F ig .  5 :  Schema t i c  r ep resen ta t i on  o f  c ross  reac t i v i t i es
between dif ferent plant LTPs.
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(Corylus avellana, Cor a 8) (69, 70,77-80l'. Cross reac-
t ions  among a l le rgens  (LTPs)  f rom Rosacea f ru i ts ,  and
between these and al lergens from other foods have
been demonstrated in vitro and in vivo. Major peach
a l le rgen,  Pru  p  3 ,  i s  used as  re fe rence a l le rgen in  the
most cases to study cross react iv i ty between plants
LTPs (Fig.  5) .  Cross react iv i t ies were observed bet-
ween different Rosacea LTPs, but also to LTPs of
g r a p e ,  n u t s  a n d  c i t r u s  f r u i t s  ( 6 9 , 7 4 , 7 6 , 8 0 - 8 3 ) .

I Cereals LTPs. - Some isoforms of cereals LTPs were
isolated from soluble extract, where they represented
approximately 5 to 10 % of total  soluble proteins (1).
Presence of these isoforms suggest that cereals LTPs,
l ike others plants LTPs, belong to a mult igenic fami ly
compr is ing  the  two groups :  LTPI  and LTP2 (11 ,12 ,77) .
Currently, there is less case of food allergy associated
with cereals LTPs compared with Rosaceae LTPs.
Nevertheless,  LTPIs have also been ident i f ied as major
allergens for patients with food allergy to maize, Zea m
14 (84). Indeed, among 22 subjects presenting systemic
symptoms after maize ingestion, 86% of these sera had
speci f ic  lgE bindingtoZea m 14. Maize LTPI presented
no cross react ion wi th pol len al lergens, indicat ing that
sensi t isat ion occurs probably by ingest ion and not by a
pr imary sensi t isat ion wi th homologous of  pol len al ler-
gens (84).  Heat resistance have been demonstrated on
maize LTP but also on barley LTP (Hordeum vulgare,
LTPI)  that  have st i l l  found in beer af ter  technologic pro-
cesses as brewíng and malt ing (63, 66, 85).  Indeed, beer
has been impl icated as the causat ive agent of  contact
urt icar ia and severe lgE-mediated anaphylaxis.  In a pre-
vious study, we reported, for the first t ime, the presen-
ce of specific lgE to wheat LTPI in about 30% of 60
patients suffering from food allergy to wheat (86). Cross
reactivit ies between different cereals LTPs have been
also studied by ELISA using several  LTPs pur i f ied f rom
wheat (LTP1 and LTP2), maize (LTP1) and barley (LTP1)
seeds (87).  These resul ts highl ighted the diversi ty of  lgE
responses to cereals LTPs. The cross reactivit ies could
be explain by sequence homologies between wheat
and bar ley LTPsl  (72% of homologies) and to a lesser
extent between these proteins and maize LTPl (around

55 %1. On the other hand, cross reactivit ies between
wheat LTPI and LTP2 (18% of sequence homologies)
could be probably explained by homologies in their  fo l -
d ing .  L inear  and conformat iona l  common ep i topes  b in -
ding to lgE of  pat ients suf fer ing f rom food al lergy to
wheat could probably explain cross react iv i t ies obser-
ved (87). Cross reactivity between maize LTPI and
peach major al lergen (Pru p 3) have been also shown,
but only in vitro, by immunoblotting (84).

I  Pol lens LTPs. -  In the Mediterranean area, food
al lergy to Rosaceae frui ts,  mainly peach and cherry,
were c lear ly associated to LTPs sensi t isat ion and
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were markers of  severe symptoms (38, 59).  LTPs were
regarded as food al lergens, however,  major peach
a l le rgen cou ld  a lso  probab ly  ac ted  as  resp i ra to ry
a l le rgen and cause occupat iona l  rh inocon junc t iv is
and as thma (88) .

LTPs were  ident i f ied  as  a l le rgens  in  severa l  po l lens .
Par ietar ia judaica pol len is the main cause of  a l lergy
in  the  Med i te r ranean area  (89) .  Ma in  a l le rgens  in
Parietaria judaica pollen are Par j 1 and Par j 2, belon-
g ing  bo th  to  the  LTPs fami ly ,  and were  known as  d ia -
gnosis markers for  Par ietar ia pol len sensi t isat ion (90,

91) .  Recent ly ,  o ther  a l le rgens ,  members  o f  the  LTPs
fami ly ,  were  a lso  descr ibed in  o thers  po l lens  l i ke
Helianthus annuus (Hel a 3\, Artemisia vulgaris (Art v
3)  o r  O lea  europea (O le  e  7 )  po l lens  (77 ,  92 ,  93) .  H igh
presence o f  these p lan ts  in  the  Med i te r ranean area
had open some debate  as  to  whether  a l le rg ies  t r igge-
red by LTPs in plant foods are actual ly the resul t  of
pr imary sensi t isat ion to pol len LTPs. So, cross react i -
v i t ies between pol len and food LTPs could just i f ied a
pr imary  sens i t i sa t ion  by  resp i ra to ry  rou te  and then a
food sensi t isat ion by cross react ion.  Several  studies
have at tempted to elucidate the cross react iv i ty bet-
ween foods and pol len LTPs from di f ferent sources.
An l ta l ian group reported on part ia l  cross react iv i ty
between Rosaceae LTPs (peach, apple,  apr icot)  and
those from di f ferent plant sources (mugwort ,  chest-
nut)  due to common epi topes shared by LTPs from
theses  foods  and po l lens  (77) .  Never the less ,  lgE reac-
t iv i ty of  pat ients suf fer ing f rom Rosaceae al lergy
remains weak against  Artemisia LTP. The higher per-
centage of  inhibi t ion is obtained for Artemisia LTP
against  peach or apple.  Mains al lergens of  Par ietar ia
pol len were LTPs and they presented no cross react i -
v i ty wi th grass and birch pol len LTPs and peach LTPs
(17,94-96).

I  Other plants LTPs. -  Al lergens belonging to the LTP
f a m i l y  h a v e  a l s o  b e e n  i d e n t i f i e d  i n  o t h e r  p l a n t
sources .  Thus ,  a  bas ic  p ro te in  o f  9 ,3  kDa have been
ident i f ied as al lergen in latex (Hevea brasi l iensis,  Hev
b 121. Hev b 12 have shown around 65% of sequence
ident i t y  w i th  Pru  p  3  (F ig .  1 )  (97) .  A l le rgens  be long ing
to  the  LTP fami ly  have been ident i f ied  in  asparagus
(Asparagus officinalis, Asp o 1.01 and Asp o 1.02), let-
tuce ( Lactuca sativa, Lac s 1), carrot (Daucus carota,
Dau c  LTP) ,  on ion  (A l l ium cepa l  and cabbage
(Brassica oleracea, Bra o 3) (98-102).

GONGTUSION

Wide d is t r ibu t ion  and b iochemica l  fea tures  o f  p lan ts
LTPs jus t i f ied  the i r  des ignat ion  as  t rue  vegeta l  pan-

a l le rgens  invo lved as  food and ior  resp i ra to ry  a l le r -
gens. The frequency of  sensi t isat ion to plants LTPs in



the  southern  European popu la t ions  to  mu l t ip le  vege-
tab les  foods  tha t  migh t  o r  migh t  no t  be  bo tan ica l l y
related, such as Rosaceae frui ts,  nuts,  cereals and
others foods but also to several  pol lens of  d i f ferent
p lan ts  cou ld  be  de f ined by  the  common te rm "LTp
S y n d r o m e " .
Figure 5 presents a synthesis of  the di f ferent cross
reac t ions  descr ibed in  s tud ies .  The major i t y  o f  these
s tud ies  have used major  peach a l le rgen,  Pru  p  3 ,  as
reference al lergen for the cross react iv i t ies studies.
These cross react iv i t ies observed in v i t ro did not sys-
temat ica l l y  invo lve  c l in ica l  symptoms.  Never the less ,
the knowledge of  common epi topes between LTPs of
d i f fe ren t  p lan ts  i s  impor tan t  fo r  b iochemis ts  bu t  a lso
for  c l in ic ians  in  p rescr ip t ion  o f  a  d ie t  w i th  avo idance
of any products.  A recent study on the lgE react iv i ty of
peach LTPs al lergic pat ients,  against  bean extract ,  has
shown no in v i t ro react iv i ty (103).  Authors have
conc luded on  the  absence o f  common ep i topes  be t -
ween theses  organ isms or  on  the  absence o f  LTPs in
beans. This study concludes of the in vitro saîety of
th is food for al lergic pat ients to LTPs.
Moreover,  cDNA clones encoding several  LTps al ler-
gens  have been ob ta ined,  a l low ing  no t  on ly  to  dedu-
ce  the  fu l l  amino ac id  sequence o f  the  pro te in ,  bu t
also to express i t  in heterologous systems, ei ther pro-
karyotic (Escherichia colù or eukaryotic (Pichia pasto-
r i s l  176,79 ,94 ,97 ,101,104] r .  The recombinant  LTPs o f
d i f fe ren t  p lan ts  cou ld  a l low,  in  a  f i rs t  s tep ,  the  ident i -
f i ca t ion  o f  ep i topes  b ind ing  to  the  spec i f i c  lgE o f  a l le r -
gic patients in vitro, as described earlier for Parietaria
and peach LTPs (14 ,  105,  106) .  Three-d imens iona l
crystal  structures of  maize and peach LTP have been
descr ibed (22 ,25 ] r .  These da ta  cou ld  a l low the  va l ida-
t ion of  3D models suggested for plants LTPs and
a l low the  loca l i sa t ion  o f  spec i f i c  lgE ep i topes  ident i -
f ied  on  the  s t ruc tu re .  These in fo rmat ions  cou ld  be
usefu l  fo r  the  deve lopment  o f  a l le rgen mutants  w i th
reduced lgE reac t iv i t y  fo r  therapeut ic  app l i ca t ions  (76 ,
107,  108) .  However ,  cer ta in  da ta  s t i l l  remains  to  be
determined.  Par t i cu la r ly ,  none ep i tope b ind ing  to  T
lymphocy tes  have ever  been ident i f ied  fo r  these a l le r -
gens .  These knowledges are  a lso  impor tan t  to  we l l
unders tand p lan ts  LTPs a l le rgen ic i ty .  LTP sens i t i sa-
t ion  shows a  surpr is ing ly ,  and no t  ye t  fu l l y  exp la ined,
geograph ica l  d is t r ibu t ion  pa t te rn  in  nor thern  and sou-
t h e r n  E u r o p e a n  p o p u l a t i o n s .  S e v e r a l  h y p o t h e s i s
cou ld  exp la in  th is  d i f fe rence:  genet ic  pa t te rn  o f  these
popu la t ions ,  food consumpt ion ,  env i ronment  o f  the
p lan ts  cu l tu re  (s t ress ,  pa thogens) ,  t ype  and/or  loca l i -
sa t ion  o f  cu l tu re ,  s to rage and/or  t ranspor t  cond i t ions ,
in f luence o f  the  r ipen ing ,  in f luence o f  techno log ica l
t rea tments . . .  Cer ta in  g roups  s ta r ted  to  work  on  one or
o ther  o f  these prob lems,  bu t  i t  remains  s t i l l  much o f
p o i n t  t o  s o l v e  t o  u n d e r s t a n d  c l e a r l y  t h i s  " L T p
S y n d r o m e "  ( 3 4 ,  1 0 9 ,  1 1 0 ) .
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