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Based on a recently publ ished unusual case of food al lergy in a latex-al lergic patients, the present study identi-

f ies Hev b uDpcp as a novel al lergen in natural rubber latex able to cause latex-fruit  al lergy syndrome and as a novel, poten-

t ial  pan-al lergen in vegetable foods.
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IIIITRODUGTION

atex al lergy is f requent ly associated with severe

adverse react ions to plant-der ived foods due to

the presence of  homologous proteins in f ru i ts

and vegetab les  ( ,2 \ .  Th is  cond i t ion  has  been ca l led

latex-frui t  syndrome. Most cases of  latex-frui t  syndro-

me are caused by sensi t izat ion to hevein (Hev b 6.02);

proteins homologous to hevein have been detected in

avocado, chestnut,  banana, k iwi ,  tomato,  passion

frui t ,  papaya, and mango (3).  Other cases seem asso-

c ia ted  w i th  the  sens i t i za t ion  to  b -1 ,3 -g lucanase (Hev b

2);  homologous proteins have been detected in avo-

cado,  ches tnu t ,  banana,  f ig ,  and be l l  pepper  (4 ) '

Final ly,  Hev b 7 seems to cross-react wi th patat in f rom

potato (5).

We recent ly reported the case of  a latex-al lergic man

who exper ienced anaphy lax is  fo l low ing  the  inges t ion

of  p lums and,  on  a  separa te  occas ion ,  a  mi lkshake

conta in ing  peach,  banana,  and grapef ru i t  (6 ) .  On sk in

tests the pat ient  reacted to k iwi ,  apr icot ,  p lum, peach,

raw potato,  apple,  tomato,  papaya, mango, and raw

chestnu t .  On immunob lo t  ana lys is  pa t ien t ' s  serum

showed a strong lgE react iv i ty to both Iatex and plum

proteins in the 60-80 kDa range in the absence of  reac-

t iv i ty to latex al lergens known to be associated with

the  la tex- f ru i t  syndrome.  Inh ib i t ion  exper iments

demonstrated the cross-react iv i ty between latex and

p l u m  a l l e r g e n s  r e c o g n i z e d  b y  p a t i e n t ' s  s e r u m .

Pat ient 's react iv i ty to al l  those botanical ly unrelated
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f ru i ts suggested sensi t izat ion to a highly conserved

a l le rgen.  Unfor tunate ly ,  however ,  immunob lo ts  w i th

other plant-der ived foods were negat ive (6) '  In the

present study we now report  the character izat ion of

the  a l le rgen respons ib le  o f  the  c ross- reac t ion  in  th is

pat ient .

METHODS

Latex

Natura l  rubber  la tex  (B  and C serum f rac t ion  [7 ] ,  sup-

pl ied by Prof .  Esah Yip,  Rubber Research Inst i tute of

Malaysia) was centr i fuged at  20,000 rpm at 4 'C for 1

h .  Supernatan t  was  ge l  f i l te red  on  a  Sephadex G25

c o l u m n  ( P D 1 0 ,  P h a r m a c i a  ,  M i l a n ,  l t a l y )  a n d  e q u i l i b r a -

ted  w i th  PBS conta in ing  0 '05% NaN. '  F rac t ions  cor -

respond ing  to  p ro te ins  showing a  MW > 5000 Da

(accord ing  to  ins t ruc t ion 's  man i fac tu re)  were  then co l -

lected and used as latex extract .

lgE ELISA

For ELISA exper iments the latex extract  (10m9/ml;

25mM NaHCO3,  pH 9 '6 )  was  coated  in  dup l i ca tes  on

po lys ty ro l  m ic ro t i te r  we l ls  (Nunc Max isorp ,  Na lge

Nunc In te rna t iona l ,  Rosk i lde ,  Denmark)  overn igh t  a t

4 'C. Non-speci f ic  b inding si tes were blocked with 2%

milk in TBS/0.05% Tween 20 (v lv l .  Coated protein was

incubated  w i th  pa t ien ts  serum (1 :4  d i lu t ion)  overn igh t

at  4 'C. Bound lgE was detected with alkal ine phos-

phatase-con jugated  mouse an t i -human lgE an t ibody

( 1 : 1 0 0 0 ;  B D - B i o s c i e n c e s  P h a r m i n g e n ,  S a n  D i e g o ,
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Cal i f . ,  USA)  and deve loped w i th  the  p-n i t ropheny l
phosphate  subs t ra te .  Co lor  deve lopment  was measu-
red  us ing  an  ELISA reader  (Spec t ra  Max P lus  384;
Molecu la r  Dev ices  GmbH,  Mun ich ,  Germany)  a t  405
nm and 510 nm as  re fe rence wave length .  Opt ica l  den-
s i ty  (OD)  va lues  f rom normal  human serum (n=5)
samples  were  ob ta ined and s tandard  dev ia t ion  ca lcu-
la ted .  A l l  OD va lues  f rom serum samples  (100 p l /we l l )
above mean va lue  p lus  3x  s tandard  dev ia t ions  were
cons idered pos i t i ve .  For  ident i f y ing  carbohydra te
moie t ies  p resent  on  pro te ins  re levant  fo r  lgE b ind ing
ac t iv i t y  inh ib i t ion  w i th  horserad ish  perox idase (HRP;
S igma A ldr ich)  wh ich  conta ins  the  re levant  p lan t  N-
glycans (MuXF, MMXF; [8])  was performed.Therefore,
the  pa t ien t ' s  serum sample  was pre incubated  over -
n igh t  a t  4 "C w i th  HRP 1Omg/ml .  Subsequent ly ,  the  lgE
ELISA was per fo rmed as  descr ibed above.

2D Electrophoresis

Spl  of  the latex extract  solut ion (at  a concentrat ion of
10mg/ml)  were di luted with rehydrat ion buffer (urea
7M, thiou rea 2M, CHAPS 4o/", BioLyte Ampholyte, Bio-
Rad,0.2o/o,  DTT 65mM, BBF traces) up to a total  volu-
me of  125 yt l  and appl ied to 7cm ReadylPG str ips (Bio-
Rad) ,  pH range 3-10NL.  The s t r ips  were  focused on
Pro tean IEF Ce l l  (B io -Rad)  a f te r  a  14h pass ive  rehydra-
ta t ion  fo l lowed by  a  rap id  l inear  vo l tage s lope un t i l
30000 Vhrs were reached.
Pr io r  to  SDS-PAGE,  the  s t r ips  were  equ i l ib ra ted  in
NuPAGE sample  bu f fe r  ( lnv i t rogen)  conta in ing  DTT
50mM in  the  f i rs t  s tep  and iodoacetamide 65mM in
the second one. Proteins were then separated accor-
d ing  to  the i r  mo lecu la r  we igh ts  on  NuPAGE ZOOM
gels  12% ( lnv i t rogen) ,  us ing  MOPS-SDS as  runn ing
buffer,  200 V costant.  Gels were ei ther stained with
Coomass ie  B lue  (F ig .1A)  o r  e lec t rob lo t ted  on to  0 .2 ìm
ni t roce l lu lose  membrane (S igma)  in  a  semi -wet  b lo t
modu le  ( lnv i t rogen)  and revers ib ly  s ta ined w i th  Red
Ponceau.

lmmunob lo t t ing

Membranes were  b locked 2x15 '  w i th  TBS oH
7.4 f fween 0 .3% and incubated  overn igh t  w i th
pat ient 's or control  serum di luted 1:2 in TBS/Tween
0.05%/9e la t in  (B io -Rad)  0 .05%.  2D- immunob lo ts  were
r insed with TBS/Tween 0.03% and incubated wíth
a lka l ine  phosphatase con jugated  goat  an t i -human-
lgE/PALK,  Pharmingen,  d i lu ted  1 :750 in  TBS/Tween
0.05%/gelat in (Bio-Rad) 0.05o/o îor  one hour.  Af ter  the
wash ing  s teps ,  immunob lo ts  were  deve loped w i th
phosphatase subs t ra te  BCIP/NBT (B io -Rad)  (F ig .1B
a n d  1 C ) .
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Pratein ident i f icat ion

The spots in the gel  corresponding to the posi t ive
spots  in  the  immunob lo t t ing  exper iment  were  cu t
f rom the  ge l  and des ta ined overn igh t  w i th  a  so lu t ion
of  25  mM ammonium b icarbonate  and 50% aceton i t r i -
le .  The pro te ins  were  d iges ted  " in  ge l "  w i th  t ryps in
( P r o m e g a ,  M a d i s o n ,  W l ,  U S A )  a s  d e s c r i b e d  b y
Hel lmann and co-workers  (9 ) .

The trypt ic pept ide mixtures were analysed by LC-
MS/MS us ing  an  Ag i len t  (Pa lo  A l to ,  CA,  USA)  1100
ser ies  nano HPLC coup led  to  an  Ag i len t  XCT P lus  ion
trap f i t ted wi th a nano electrospray nebul izer.  The
chromatograph ic  separa t ions  were  run  on  a  C18
nanoco lumn Zorbax  30058 150 x  0 .075 mm (Ag i len t ,

Pa lo  A l to ,  CA,  USA) .  In jec t ion  vo lume was 1  pL  and
f low ra te  300 n l /m in .  Grad ien t  mob i le  phase compos i -
t ion was adopted: 95/5 for  the f i rst  ten minutes to
45155 in 35 min and then to70/30 in 5 min.  Eluent A:
water  0J% formic  ac idSY.  ace ton i t r i le ,  e luent  B :  ace-
ton i t r i le  0J% formic  ac id .  Cap i l la ry  vo l tage was 1600
V and f ragmenta t ion  vo l tage was 1 .3  V .
For elaborat ion of  the LC and MS/MS data the Data
Analysis sof tware (Agi lent ,  Palo Al to,  CA, USA) was
used. Data interpretat ion was achieved by Mascott
sof tware (Matr ix Scinece Ltd,  London UK).

RESUTTS

l gE b ind ing  to  components  o f  the  la tex  ex t rac t  cou ld
be demonst ra ted  by  ELISA.  Pre incubat ion  o f  the
serum sample  w i th  HRP reduced lgE b ind ing  by  on ly
27o/o as determined by OD values compared to the
pos i t i ve  cont ro l  suggest ing  tha t  in  th is  case the  an t i -
body  response is  p r imar i l y  d i rec ted  aga ins t  p ro te in
determinants and not carbohydrates of  a HRP type.
Pat ient 's serum recognized two main immune-react i -
ve spots in latex extract .  The two main immunoreac-
t i ve  spots ,  labe l led  as  1  and 2  in  F igure  18 ,  showed an
approx imate  MW of  52  kDa and a  p l  o f  4 .9  and 5 .1 ,

Figure 1 :  A:  2-D e lect rophores is  o f  la tex prote in  ext ract .
So lub i l ized la tex prote ins were separated in  the f i rs t  d imen-
s ion  us ing  7  cm pH3-10  NL  IPG s t r i ps  and  i n  t he  second
dimension us ing 12% SDS-PAGE. The numbers ind icate  the
two spots  exc ised and ident i f ied.  B:  2-D immunolabel ing o f
latex protein extract with specif ic lgE from patient 's serum.
The numbers ind icate  the two immunoreact ive spots  cor res-
ponding to  the ident i f ied prote ins.  C:  negat ive cont ro l  w i th  a
non a l lerg ic  pat ient  serum.
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respect ively.  These were f inal ly ident i f ied as UDP glu-
cose pyrophosphory lase  (Hev b  UDPGP)  by  search ing
in  NCBI  da tabase updated  t i l l  18  Oct  2005 by  Mascot
s o f t w a r e .  B e c a u s e  t h e  a m i n o  a c i d  s e q u e n c e  o f
UDPGP from latex is unknown, i ts ident i f icat ion was
achieved by homology with Arabidopsis thaliana (gi I
14532836)  (Tab le  1 ) .  Thanks  to  the  h igh  homology  o f
th is  enzyme in  p lan ts  (more  than 80% of  iden t ica l
amino ac id  sequences)  i t  was  poss ib le  to  sequence by
MS/MS 6 internal  pept ides f rom spot 1 and 9 internal
pept ides  f rom spot  2 ,  w i th  amino ac id  sequences
identical to those from Arabidopsis thaliana UGPase.
A sequence coverage of  the UDPGP sequence of  2 l ' / '
and 18% has been obtained, respect ively.

MAATATE KLP QLKSAVDG LT E MSE NE KSG F
INLVSRYLSG EAOHIEWSKI
OTPTDE IWP YDKMANVSED ASETKYLLDK
LVVLK LNGGL GTTMGCTGPK
SVIEVRDGLT FLDLIVIOIE N LNNKYNCKV
PLVLMNSFNT HDDTOKIVEK
YTKSNVD]HT FN OSKYPRVV ADEFVPWPSK
GKTDKDGWYP PGHGDVFPSL
MNSGKLDAFL SOGK EYVFIA NSDNLGAIVD
LK ILKHLIQN KNEYCMEWP
KTLADVKGGT LISYEGK VOLLEIAAVPDEH
YruEFKSIEKF KIFNTNNLWV
N LKAI KKLVE ADALKMEIIP NPKEVDGVKV
LOLETAAGAA IRFFDNAIGV
NVPR SRF LPV KATSDLLLVO SDLYTLVDG F
WRNKARTNP TNPAIELGPE
FKKVASFLS R FKSIPSIVEL DSLKVSGDVW
FGSGVVLKGK VTVKANAGTK
LEIPDNAVLE NKDINGPEDL

Table 1 :  Sequence of  the putat ive UDP g lucose pyrophos-
pho ry lase  f r om A rab idops i s  t ha l i ana  (g i  |  14532836 ) .
ldenti f icat ion of spot 1 and 2 of latex extract (Fig 1A) has
been obta ined af ter  MS/MS sequenc ing of  the i r  t rypt ic  pep-
t ides.  Pept ides in  bo ld  character  show ident ica l  sequences in
putat ive UDP g lucose pyrophosphory lase f rom Arabidops is
tha l i ana  (g i  114532836 )  and  i n  p ro te in  con ta ined  i n  spo ts  1
and 2,  which have been therefore ident i f ied as la tex UDP
glucose pyrophosphory lase.  Pept ides in  i ta l ics  are un ique
for  spot  2 .

IDTSGUS$Oil

UDP-g lucose pyrophosphory lase  (UGPase)  i s  found
in al l  prokaryot ic and eukaryot ic organisms; i t  cata-
lyses  the  fo rmat ion  o f  UDP-g lucose (UDP-Glc ) ,  a  key
precursor for  polysacchar ide synthesis.  In addi t ion to
i ts key funct ion in pr imary carbohydrate metabol ism
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i n  p lan ts ,  UDP-Glc  in  a l l  eukaryo tes  is  essent ia l  in  the
synthesis of  carbohydrate moiety of  g lycol ip ids,  g ly-

coproteins and a var iety of  secondary metabol i tes,
among o ther  func t ions .  When ana lyzed a t  the  der ived
protein level ,  there was more than 80% ident i ty for
p lan t  UGPases (10) .  For  th is  reason UGPase has  been
easi ly ident i f ied by homology in Arabidopsis thal iana
database,  be ing  the  comple te  amino ac id  sequence o f

th is  p ro te in  f rom la tex  s t i l l  unknown.UDP g lucose
pyrophosphory lase  (Hev b  UDPGP)  has  been cons ide-
red  as  a  po ten t ia l  a l le rgen ic  p ro te in  in  na tura l  rubber
la tex  (11) .  However ,  i t  was  no t  inc luded in to  the  most

updated l is t  of  latex al lergens that was recent ly publ i -

shed (12) .  We were  lucky  to  f ind  and s tudy  a  pa t ien t

tha t  was  v i r tua l l y  monosens i t i zed  to  la tex  UDP g luco-

se  pyrophosphory lase .  Th is  a l lowed us  to  show tha t
Hev b  UDPGP is  c l in ica l l y  re levant  and c ross- reac ts
wi th  homologous pro te ins  in  vegetab le  foods .
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