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SUMMARY

We previously identified a 46-kD protein allergen in latex as having amino acid sequence homology to
the patatin gene family. The objective of this study was to characterize this protein by molecular
techniques. RNA was isolated from the latex or leaf material fidewea brasiliensigand from potato

tubers. Specific polymerase chain reaction (PCR) primers were designed from the amino acid sequence
and reverse transcriptase (RT)-PCR amplified a specific product from latex RNA that was subsequently
cloned and sequenced. This product was 1493 bp in length with an 1167 bp open reading frame. The
deduced amino acid sequence encodes for a 389 aa protein, pl 4-82 with 43% homology to tobacco
patatin. Northern analysis of potatdevealeaf, and latex RNA demonstrated the message to be most
abundant in latex, weakly presenttiteveaeaf, but no hybridization occurred with potato RNA. Patatin

has lipid acyl-transferase and PhAike activity, suggesting it plays a role as a defence-related protein.
Other defence-related proteins in latex such as hevein, glucanase, and hevamine are also allergens.
Increased production of defence-related proteins as a result of increased tapping of the rubber trees to
meet the demand for latex may explain the increased allergenicity of latex.
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INTRODUCTION is tightly bound to rubber particles known as rubber elongation
factor [8,9]. Hev b 2 is a8 1-3 glucanase, a protein highly

Natural rubber latex allergy is an increasingly common health ; 4in lat hich s to h incr d allergeni
problem [1]. The major cause of sensitization appears to p&XPressed n fatex which appears 10 have increased allergenic
exposure to powdered latex gloves produced from natural rubberreacwlty in spina bifida patients [10,11Hev b 3, a 24-kD

bber-bound protein [12], antlev b 4, a microhelix protein

latex. Proteins found in natural rubber appear to be the responsib :
agents [2—4]. Once sensitized, individuals can become extremel 1), are less well characterized. The rubber-bound prgtdﬂas_x,_
1 andHev b 3, are more common allergens for spina bifida

sensitive, and avoiding natural rubber in modern society becomes g - .
g y ghlldren, where the major route of exposure to latex appears to be

major difficulty [1]. A coexisting problem is a high incidence of . i )
food allergy in the latex-sensitive population [5]. Reactivity to by d'r?Ct cont_a(_:t with mucous membranes [12gv b.5 Isa ”.eW.'y
described acidic protein with homology to proteins in kiwi and

certain foods has been reported #50% of the latex-allergic . . ; . )
individuals [6]. The mechanism for this high degree of reactivity is pota_to [13,14]Hev b6 is the heve!n preprotg_ln V\./h'Ch appears in
multiple forms due to post-translational modification and is a major

thought to involve cross-reactive epitopes common to latex and ) .
food proteins [7]. fillergen for health care workers [4,15,16]. The allergenic epitopes

Multiple latex proteins have been identified as allergens ancin hevein have been mapped to the N-terminal region of the protein

several have been cloned and partially characterized. The allerge 7?515262?;6\;\/\;:1?:5 i?ﬁg:?;gefg%"g %e?(r-lglIgrlgir:c;)tZtriI:ﬁ:Isogr?c: ?12_5-
identified to date are found as soluble C-serum proteins and a]%een designatetlev b7

proteins that are normally bound to the rubber particles. Severa
allergens have been given allergen designations by the Interna-
tional Union of Immunological Societieslev b1 is a protein that

MATERIALS AND METHODS
Correspondence: Donald Beezhold PhD, Director, Laboratory of

Macrophage Biology, Guthrie Research Institute, 1 Guthrie SquareRNA isolation
Sayre, PA 18840, USA. Total RNA was isolated from potato skins and tubers by acid
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guanidinium thiocyanate-phenol-chloroform extraction [17]. RNA to x-ray film (XAR 5; Eastman Kodak Co., Rochester, NY) for 24 h

from Heveawas extracted from leaves or latex obtained from 8-with two intensifying screens.

year-old treesHevea brasiliensisv. RRIM C600) growing in our

laboratory. RNA was isolated fromdevealeaf tissue by freezing Extension of the cDNA ends of cDNA HeV b

the material in liquid nitrogen, grinding with a mortar and pestle, cDNA was synthesized froidevealatex total RNA (1-5.9) using

and extracting the RNA by a modification of the CTAB precipi- MMLYV reverse transcriptase, a modified oligo (dT) primer (CDS/

tation method of Murray & Thompson [18]. Rather than using 3 PCR), and CapSwitch oligonucleotide’ {BACGGCTGCGA-

ultracentrifugation after CTAB nucleic acid precipitation, the GAAGACGACAGAAGGG-3 (Clontech Labs, Inc.,, Palo

nucleic acid was recovered by centrifuging at 4g0@r 5 min, Alto, CA). The CapSwitch-anchored ss cDNA was amplified by

followed by LiCl precipitation of the RNA. long-distance (LD) PCR using Advantage KlenTaq polymerase,
RNA was extracted fronklevealatex by a modification of the CDS/3’ PCR primer and’3PCR primer homologous to CapSwitch

method of Prescott & Martin [19]. The latex was collected in (5-TACGGCTGCGAGAAGACGACA GAA-3) (Clontech Labs).

extraction buffer at pH 9-5 rather than 9-0 [20], phenol/chloroform  The ends of thélev b7 cDNA were extended by PCR using the

extracted, and the RNA precipitated with LiCl. amplified CapSwitch-anchored ss cDNA with primers derived
from the sequence of P5xP7, the GapSwitch oligonucleotide,
Reverse transcription and polymerase chain reaction and the CDS/3’ primer. For'%extension, primers L4 (CAG-

Total RNA from Hevealatex (2-5.4g) was reverse transcribed to GAATGATCCCT CTAATCCCACC-3) and 5 CapSwitch oligo-
cDNA using random hexamer primers and MuLV Reverse Tran-nucleotide were used. The PCR was performed in al5@lume
scriptase (Perkin-Elmer Corp., Foster City, CA). Degenerate polyusing 1ul of the amplified CapSwitch-anchored ss cDNAyM. of
merase chain reaction (PCR) primers P5T5T GGA TCC ACN each primer, 20w of each dNTP, and Advantage KlenTaq
CA (A/G) GGN AA (A/G) AA (A/G) AT (A/C/T) ACN G-3'] and polymerase (Clontech Labs). Thirty-five cycles of amplification
P7 [5-TTT GGA TCC (A/G)TA (A/G)AA (A/G)TC (C/IT)TT (C/  were performed (9& 15 s, 68C 5 min).

T)TC (A/G)TC (T/C)TT (A/T/G)GC-3] (where N can be any For 3 extension, overlapping primers L1 {ECAGGGA-
nucleotide) were synthesized based on the amino acid sequence GAAGTACCGG-3) and L2 (3-GGCTGATAACCACCATGCT-

the latex protein previously determined by protein sequencing [4]TACAG-3') were designed for use in the PCR with the CDS/3’
and based on homology to potato patatin. DNA amplification wasPCR primer. PCR was performed as described for trext@&nsion
performed on a Perkin-Elmer thermal cycler, in a/80s0lume using primers L1 and CDS/3’. This PCR reactioru{Lwas then
containing 2mu MgCl,, 5um of each primer, 20pm of each  used in a nested PCR with primers L2 and CDS/3’ using the same
dNTP, 2-5U of AmpliTag DNA Polymerase, and 2¢of Hevea  conditions except only 25 cycles of amplification were performed.
latex cDNA. Forty cycles of amplification were performed ©4 The PCR products were ligated into the pCR 2.1 plasmid using TA
for 1 min, 48C for 3min, 72C for 1 min, and a final polymerase Cloning (Invitrogen), transformed into competent IN\F’ E. coli
extension step at 7€ for 10 min), and the 245-bp PCR product (Invitrogen), and sequenced with T7 DNA polymerase (Sequenase
was analysed on a 2% agarose gel (Seakem GTG; FMC Biopra2.0; Amersham Corp.) using overlapping forward and reverse
ducts, Rockland, ME). The P5xP7 product was inserted into therimers.

pCR 2.1 plasmid using TA Cloning (Invitrogen, San Diego, CA).

The ligated pCR2.1/P5xP7 was transformed into competenCoding sequence of Hevhb

INV =« F’ Escherichia coli(Invitrogen), and sequenced using T7 Based on the sequence obtained, PCR primers LG TBAT-
DNA polymerase (Sequenase 2.0; Amersham Corp., ArlingtorGAATTCCGATGGCTACTGGTAGTACTAC-3, and L6 (5-
Heights, IL) with universal M13 Reverse Primer and T7 PromoterTTAAT GAATTCTCATTT GAGTTGACGGAGCTTTCG-3
primer (Invitrogen). The P5xP7 sequence was compared wittwere synthesized to obtain the entire coding sequenéteufb7
sequences in Genbank using the BLAST program at the Nationah a single clone. Eco RI-sites (underlined) were included for

Center for Biotechnology [21]. cloning purposes. DNA amplification was carried out on a Perkin-
Elmer thermal cycler, in a 100} volume containing amplified
Northern blot analysis CapSwitch-anchored ss cDNA froidevealatex, 2 m: MgCl,,

Twenty micrograms of total RNA from potatbjevealeaf, and 1um of each primer, 20am of each dNTP, and Advantage
Hevealatex were separated by electrophoresis in 1-2% agarosdlenTag polymerase (Clonetech Labs). Forty cycles of amplifica-
formaldehyde gels and transferred to nylon membranes (Magndion were performed (€ for 1 min, 48C for 3min, 72C for
Micron Separations Inc., Westboro, MA). RNA bound to the nylon 1 min, and a final polymerase extension step &C7@r 10 min).
membranes was UV cross-linked, and prehybridized for 5 h in 30%The PCR product was ethanol-precipitated, Eco RI-digested to
formamide, 6x SSC, 5x Denhardt’s, 0-1% SDS, 10@/ml salmon  remove the region of the primers flanking the Eco RI site, and
sperm DNA. The membranes were probed with a 1460-bp cDNAanalysed on a 2% agarose gel (Seakem GTG; FMC Bioproducts).
patatin clone received as a gift from W. Parks (Texas A&M The 1182-bp PCR product was excised from the gel and purified
University, College Station, TX) [22], or with the latex P5xP7 with QIAEX Il (Qiagen Inc., Chatsworth, CA).

cDNA. The cDNA products were purified aridP-labelled by the

random primer labelling technique using Klenow enzyme andRecombinant DNA cloning procedures

«-32p_dCTP (Megaprime, Amersham Corp.). TH&P-labelled  The 1182-bpHev b7 PCR product was ligated into the pGEX2T
probes were added to the prehybridization solution and hybridizavector, and transformed into JM10B. coli competent cells
tion proceeded overnight at 37. The membrane incubated with according to the manufacturer's directions (Pharmacia Biotech
the patatin cDNA was washed irk&SSC, 0-1% SDS at 80, while Inc., Piscataway, NJ). Positive clones containing inserts were
the membrane hybridized with thelevea P5xP7 cDNA was identified by Eco RI digestion of the plasmids and separation on
washed in XSSC, 0-1% at 6&€. The membranes were exposed a 2% agarose gel (Seakem GTG; FMC Bioproducts). Inserts were
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positively identified by sequencing with T7 DNA polymerase RESULTS
(Sequenase 2.0; Amersham Corp.) using overlapping forwar .

and reverse primers. Plasmid pGEXBEV b7, which contains (iisolatlon of clone cDNAev b7
full-length Hev b7 coding sequence fused in-frame with the GST
moiety, was used to transform competent BL21 cells.

Using PCR, the cDNA for the latex protein allergen was obtained

and designated aldev b 7. Oligonucleotide primers were con-

structed for use wittHevealatex cDNA based on the published

DNA sequence of the potato patatin gene, and the previously

R . . . determined N-terminal amino acid sequence for the irftt b7
ecombinanHev b7 production and expression

The GST Gene Fusion System (Pharmacia Biotech Inc.) was usegfo\:e'rnl a:jnd an ?’ro'tkD Ezﬁanrogeir; b\:voTldi?’lit(i:I?IavagI(iez p(;odzgt [g]'
to express Hev b 7 following the procedure modifications of everal degenerate primer pairs were ally utiized and one

Frangioni & Neal [23]. An overnight culture of BL21/pGEX2T/ pair, P5/P7, produced a product of the expected size (245bp). The
Hev b7 was diluted 1:10, grown at 32 to an optical density product was sequenced _and a nuclgotlde sequence homology
(OD)e0o0f 10, and induced with 0-1mPTG for 3 h at 37C. The search [21] performed which showed it to be homologous to the

culture was centrifuged and the pellet resuspended in STE Witlrl)z.itt;l tmof]a(ige ;atlzr:t!lril.n?s;i(\j ((;)r;ta Qfsaﬁztssr.grl:cr:i()t;\(ﬂjg1a8|'799n)m$::
100ug/ml lysozyme. Following a 15-min incubation on ice, with p patatl p : : '

0,
dithiothreitol and Sarkosyl were added to &nmand 1-5% final Heveasequence P5xP7 was 67% homologous.

volumes, respectively. The sample was sonicated for 2min on ice 32;-Y§THPGV bg PS);W PCROgrOQUEf V\{ﬁz pUI’Ierld, 'Iabcfeltletd |WRIt£A
in a water bath sonicator, centrifuged, and Triton-X (2% final » and used as a probe in Northern analysis of tota

volume) was added to the supernatant. Glutathione agarose beafégm potato,Hevealeaf and latex (Fig. 1). Thelev b7 probe did

were added to the supernatant and incubated for 20 miiCaflhe qot hybridize to pqtato RNA, hybridized weakly t@ev_ealeaf
beads were washed five times with cold PBS. The fusion proteiissvugsi':’?ﬁj:hdrgg':: ;:gg?glm\;iﬂ;t:é si\:":h'?ﬂze:}'er;?e?fat
(Hev b7/GST) was eluted from an aliquot of the beads by adding Using the sequence of P5xP7, the cDNA ends were extended

elution buffer (100m Tris pH9-0, 150m NaCl, 20m . .

reduced glutathione, 2%-octyl-glucoside, 5m dithiothreitol) bynPinR Ltls;ln];qr Cﬂ?’;‘? frztzlr;Hgvealatexnas a:%mpla(tje\.,vli::krllmﬁrr: v;/e;:e m

and incubating at room temperature for 15 min with shaking. TocOnstiuc e, om the -bp sequence and use primers iro
CloneTech’s CapFinder cloning kit to construct a series of over-

cleave GST fromHev b7, an aliquot of the eluteéev tr/GST lapping clones which encompass the entire cDNA sequenkewof
fusion protein was thrombin-digested overnight (thrombin dlgest).b 7 (Fig. 2). The sequences of the PCR products obtained using

To obtain purified Hev b 7, the beads were thrombin-digested ~ . - - ) .
. - rimer pairs 5 CapSwitch oligonucleotide/L4, P5/P7, and L2/
overnight at room temperature, centrifuged, and the supernatal DS/3' PCR Primer (CloneTech Labs) were aligned to obtain

Z?lgta'?'egiszieex dle) d7 \;\r/]as ldéx(ﬁisagias;w?gél Iy%p;f(;ltllezire]d, thg completeHev b7 sequence from the’ £ap to the oligo dT
concentrations were determined by the Coomassie Protein Ass%:'g' 3). The overlgpplng gloneg were sequenced, and a CONSENsus
(Pierce, Rockford, IL) equence determined. Minor differences were observed as varia-

tions in one of the three L2xdT clones sequenced. From the deter-
mined sequence, oligonucleotide primers (L5/L6) were designed
for PCR to obtain a single product spanning the compse b7

Western blot analysis coding sequence.

The fusion protein (2g/lane), thrombin digest (dg/lane), and

rHev b7 (2ug/lane) were separated by SDS—PAGE on 15% gels
after denaturation in electrophoresis sample buffer containin
0-0625v Tris—HCI pH6-8, 10% glycerol, 2% SDS, and 534

mercaptoethanol. The proteins were transferred to nitrocellulos%
membrane (Protran, Optn; Schleicher and Schuell, Keene, NH) 5
according to the method of Towbietal. [24], and stained with

Characterization oHev b7 cDNA
BLAST analysis of the nucleotide sequence revealed homology to
atatins in tobacco and potato. Based on MacVector alignment, the
ucleotide sequence biev b7 was 51% homologous to potato and
4% homologous to tobacco patatins. The deduced amino acid
. . . sequence revealed an open reading frame of 1167 nucleotides
g}g:ﬁcﬁ ?Qgia?l'hse trﬁe\;iurzlr'éev&:l: gggfg& ?;?nfﬁrﬂssgzhsc:asg\'ﬁhi_ch tra_nslated into a peptide of 389 amino acids. The first seven
7 amino acids appeared to be cleaved by post-translational modifica-

serum album|.n (BSA) in PBS, and |ncu_bated'overn|gH£¥r?:0I|- tion, as they were notidentified by N-terminal aa sequence analysis
adsorbed patient sera [7] pooled from five skin test-positive Iatex-of the mature protein [4,6], but they did not appear as a typical
allergic healthcare workers (1:10, v/v in PBS). The membrane Wa%ignal peptide. Thedev l,37l amino acid sequence aligned with
washed, incubated for 1 h in monoclonal anti-human IgE (Clonetobacco patatin (NTU68484) using the MacVector PAM 250
GE-1, 1:1000; Sigma), washed, and incubated for 1 h in anti-mous

: . . Fhatrix, showed 43% identities with 66% homology using con-
l9G c_onjugated to alkaline phosphatas_e (1'5000’. Sigma). Afterserva’[ive changes (Fig. 4) and 40% identities and 60% homology
washing, the membrane was developed in the alkaline phosphatalsJ ing conservative changes compared with potato (Potpatb no
substrate NBT/BCIP (Promega Corp., Madison, WI). Each anti- '

CoE 21879). The calculated molecular mass of the molecule is
serum was preadsorbed for 30 min with 1/10th volume of Q-2 mg)z\lAZ 995 D with a pl of 4-82. There are two potential N glycosylation
ml E. coli extract (Promega Corp.). Western blot analysis wa

S_. : . P
also performed using anti-GST antibody according to the manu-Sltes atamino acid positions 238 and 289,

facturer’s instructions (Pharmacia Biotech Inc.). Inhibition experi-

ments using non-ammoniated latex proteins (NAL) separated b¥xpression of the recombinahiev b 7 protein

SDS—-PAGE were performed as previously described [6]. The serdhe coding sequence of cDNAev b7 was expressed as part of the
were preincubated with various concentrationsH#v b7 or GST ~ pGEX2T fusion proteinHev b7/GST. The procedure of Frangioni
(control) for 30 min before addition to the membrane. & Neal [23] was used to improve solubility of the fusion protein.
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Potato Hevea Hevea that Hev b7 is the 46 000 allergen previously identified in NAL. A
RNA leaf latex similar blot was probed with anti-GST (Pharmacia Biotech Inc.) as
a control and the 46 00fev b7 was negative while the 72 0G0ev
b 7/GST and the 29000 GST reacted with the anti-GST (Fig. 6).
Pooled sera from three atopic non-latex-allergic patients with high
28S IgE levels [7] served as a negative control and failed to recognize
any protein bands (data not shown).

To demonstrate further that the IgE was recognizing the latex
patatin homologue in NAL, an inhibition Western blot was
performed. Pooled latex-allergic patient sera were first incubated
with increasing amounts of the recombinadev b 7 protein.
Figure 7 shows that allergic sera could be completely inhibited
from reacting with the 46-kD allergen in NAL usindHev b 7.
Other IgE binding proteins in the NAL preparation were not
inhibited by Hev b 7, demonstrating specificity foHev b 7.
GST, used as a control, failed to inhibit patient IgE from binding
to the 46-kD allergen.

185

DISCUSSION

Sensitivity to latex products is of growing medical importance as
5-17% of healthcare workers are affected in some fashion [1].
Characterization of the latex-allergic response has shown that it is
Hev b7 not directed against a single allergen but to many different
proteins.Hev b 7 is the newest member of a growing list of
cloned latex-derived proteins shown to elicit an allergic response.
We initially characterized the molecule by N-terminal peptide
sequencing, which revealed a strong homology to the patatin gene
family [6]. In an attempt to obtain the cDNA for this protein, we
Fig. 1.Hev b7 Northern blot. Total RNA (2Qg) from potatoHevedeafor ~ UsedSolanum tuberosurpatatin cDNA as a probe for Northern
latex was separated in 1-2% agarose/formaldehyde gel and transferred ot analysis of RNA from potatdieveaeaf andHeveaatex. The
nylon membrane. The RNA was UV cross-linked to the membrane andpatatin cDNA hybridized to potato RNA, but did not hybridize to
probed for theHev b7 gene product. Top panel represents the ethidiumHevealeaf or latex, even under low stringency conditions (data not
bromide-stained gel and the bottom panel represents the blot probed witshown). Successful cloning and sequencingdef b7 required

Hev b7. TheHeveaP5xP7 cDNA clone was used as a probetfiav b7.  pCR using degenerate primers and revealed a previously unknown
latex patatin homologue as another allergen.
By SDS-PAGE, the molecular mass bfev b 7/GST fusion Sequence analysis of thdev b 7 clones reveals a cDNA

product was~ 72000. Cleavage dfiev b7/GST with thrombin structure with characteristics typical of plant cDNAs. Following
yielded two bands with molecular mass-e#6 000 (Hev b7) and the translational ATG start (69—71), there is an uninterrupted open

29000 (GST) (Fig. 5). The yield of affinity-purifieddev b7 was reading frame of 1167 bp which is terminated by a single TGA

1-5mg of broth. codon. Two putative polyadenylation signals are present at 45 and
60 bp downstream of the stop codon. The position and sequence of
Immunoreactivity oHev b 7/GST these signals are consistent with published results showing that

The Hev b 7/GST fusion product, thrombin digest, and purified plant genes ch_aracteristically contain two polyadenylatipn sites
rHev b 7 were separated by SDS—PAGE and blotted to nitro-[25]-_Th_e first is located between 25 and 45bp foIIownng the
cellulose. The blot was probed for IgE binding with sera pooledtérmination .codon apd the second 15-35 b.p after that, W'th the
from five latex-allergic patients known to react with several latexPreferred signal being AATAAA. Comparison of nucleotide
proteins including the 46-kD allergen (Fig. 6). The 46 OB@v b7, ~ Seduences oflev b7 cDNA and potato patatin reveals that the
and 72 00(Hev b7/GST fusion product were reactive with patient €0ding sequences are 51% homologous. We sequenced

IgE, while the 29 000 GST was negative. The IgE binding indicatedrée L2xdT clones each spannin@0% of the cDNA and seven
nucleotide differences were found between the sequenced clones,

suggesting thatlev b7 may be a member of a multigene family.

Hevb 7 This would not be unexpected, as patatins are a gene family that
5 cONA consists of 16—18 members per haploid genome [26]. Alterna-
CapxL4 (4) - tively, the variation seen may be the result of Taq polymerase
Pty :]; — errors. Definitive proof will require the sequencing ldév b7
L2xdt (3) - - genomic clones and analysis of non-coding regions of DNA
L5xL6 (1) - - flanking the gene.
Fig. 2. Diagram of overlapping clones obtained for thev b7 cDNA. The The finding thatev b7 shows homology to a potato protein is
numbers behind the clone designations indicate the number of clones th0t surprising. Two other latex allergertev b6 [7] andHev b5
were sequenced. [13] have also been shown to share homology with potato proteins.
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Fig. 3. Nucleotide and deduced amino acid sequenceél®f b7 cDNA. The consensus nucleotide sequence with deduced amino acid
sequence (below) was determined by alignment of the various clones using MacVector. The underlined nucleotide sequences represent oligos
used in the polymerase chain reaction (PCR). The peptide sequences (dotted underline) were observed by aa sequence analysis [6]. The ATG
start codon, TGA stop codon and AATAAA polyadenylation signals are indicated in bold. The sequence data are available from GenBank
under accession no. U80598.
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NIC PAT TGSTSSVV GEIATVLSID GGGIKGIIPA TVLSFLESQL QELDNNEDARL ADYFDVIAGT STGGILTTMI SAPNEKGRPF

L e A N NN RN N S A R A A e N S N RN AR A A N NN o NS N N

Hev b 7 MATGSTTLTQ GKKITVLSID GGGIRGIIPG IILASLESKL QDLD-GPDARI ADYFDIIAGT STGGLITTML TAPNEDKKPM

NIC PAT  SAAKDIVSFY FEHGPKIFPQ GVWP---PIL --GPKYDGKY LHKVLEDKLG ETRLHQTLTN VVIPTFDMKK FQPIIFTKSE
LN T+l [+ ] L e T et O S L L O G
Hev b 7  YQAKDIKDFY LENCPKIFPK ESRDNYDPIH SIGPIYDGEY LRELCNNLLK DLTVKDTSTD VIIPTFDIKL LLPVIFPSDD

NIC PAT  IANSPHLDAK MSDICYGTAA APTYFPPYYF ENDDGKGNQHE FNLIDGGVVA VNPALIAVST VTKSVDPSVA SI-KP-LD-V
i R g Wt 5 U L T S R o N O B B N T O L 5 B S S
Hev b 7  AKCNALKNAR LADVCISTSA APVLLPAHSF TTEDDK-NIHT FELIDGGVAA TNPTLLALTH IRNEIIRQNP RFIGANLTES

NIC PAT  KQVLLLSLGT GTTADFAGTYT AKEADNWGLV SWLFHNNSNP LIEMSSEASV IMNDYYIATI YRALGAETNY LRIEENALTG
R 1 N U 0 0 U o Bt § D I W s ol g [ []+++] ]
Hev b 7  KSRLVLSLGT GK-SEYKEKYN ADMTSKWRLY NWALYNGNSP AVDIFSNASS DMVDSHLSAL FKSLDCEDYY LRIQDDTLTG

NIC PAT  TTTQMDNATE ANMNLLVQVG ENLLKKPVSK ENPET----- ------ NEEA LKKFAKLLSE RKKRRANKADS
SR L1 e A s + |+ A .
Hev b 7  EESSGHIATE ENLQRLVEIG TELLEKQESR INLDTGRLES IPGAPTNEAA IAKFAKLLSE ERKLRQLK---

Fig. 4. Comparison of thélev b7 amino acid sequence with the patatin homologue fkbaotiana tobacunfNTU68484). Identical matches
are represented by a vertical bat, a conservative change in amino acids. Gaps (—) introduced to maximize alignment. Alignment analysis
was performed using the MacVector PAM 250 matrix. The leucine at the start of the mature protein is indicated in bold.

Potato is a common cross-reacting food for latex-allergic patientscidic isoelectric point is characteristic of the great majority of
[6]. The cDNAs for both patatin anbdev b7 code for a protein of  proteins from latex when analysed by 2D SDS—PAGE [20,28]. The
~43KkD. Both are soluble proteins. The calculated pHelv b7 translated product of thélev b 7 open reading frame and the
(4-82) is very close to that determined for patatin (4-75) [27]. Thispublished potato patatin amino acid sequence are 40% identical.
Allowing for conserved amino acid changes this homology rises to

Eusion Thrombin 60%. The greatest degree of homology between the two proteins
MWM protein cut rHev b7 lies at the 5end of the gene and may reflect a conservation of
94  — Fusion Thrombin Fusion Thrombin

MWM protein - cut rHev b7 protein  cut rHev b7

67 H . GST — Hev b7 ) :

b

94 ; | .
43 - Hev b7 : | s -Fusion
67 ; i e
43 S -rHev b7
30 S 30
-GST

20 14

14

Anti-GST Anti-Latex IgE

Fig. 6. Immunoblot demonstrating anti-latex IgE binding hiyev b 7.

Recombinant fusion protein (@); GSTHev b7), fusion protein cut with

thrombin (4ug), and purifiedHev b7 (2xg) were separated on 15% SDS—

PAGE gels and transferred to nitrocellulose. The blot was blocked with 5%

bovine serum albumin (BSA) and incubated with pooled sera from five

latex-allergic patients. IgE binding was detected by monoclonal anti-IgE
Fig. 5. SDS—PAGE analysis of recombinaHev b7 products. Recom- and visualized with an alkaline phosphatase-labelled anti-mouse 1gG. Anti-
binant fusion protein GSTHev b 7, the recombinant protein cut with GST (left panel) recognized the fusion protein and several additional
thrombin, and the purifiedHev b7 were analysed by SDS—PAGE on 15% proteins (lane 1) and the GST in the thrombin cut (lane 2) but not the
gels. The gel was stained with coomassie blue. Molecular mass wagHev b7 (lane 3). Patient IgE (right panel) recognized the fusion protein
estimated using marker proteins (left lane) obtained from Pharmacia.  (lane 4) and theHev b7 (lane 6) but not GST (lane 5).
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1 2 3 4 5 6 Interestingly, in one study immunoblots of 10 of 12 allergic patient
i ! sera reacted with proteins with both a pl of 4.8 and a molecular

a4 ' _:' ! ! mass of 46kD [28]. WhileHev b 7 possesses both of these
ol .. ' properties it is possible that there are additional allergens with
3 e aance 3 . wwes -Hev b7 each of these properties. Sera from latex-allergic patients used in

Western blot analysis recognized the non-glycosylatéevrb 7,
which would suggest that the allergen is a protein and does not

30 i

RS TR PR e require the presence of carbohydrate. It is possible that glycosyla-

' ain | aiis o | i tion of Hev b7 may produce additional antigenic or allergenic

20 v i Rt B !; ' epitopes, but our results witllev b7 suggest that the amino acid
! sequence alone is sufficient for IgE binding. This further suggests
that the allergenic epitope(s) are composed of linear amino acid

determinants. Additionally, our results demonstrate that the IgE

; antibodies recognize the reduced form of the allergen. This is

‘ i | consistent with results showing that allergic sera reacted to a 46-kD

| allergen, whether reduced or non-reduced [28].
Many proteins in latex have been characterized as defence
proteins. This is not surprising, as the function of latex is to wall off

MWM o 42 g4 167 GST ug of rHevb7  the site of a wound and to prevent pathogen invasion. Hevein is a

Fig. 7. Inhibition immunoblot to demonstrate IgE recognition of 46-kD defence-related protein frotHeveapossessing a chitin binding

allergen in non-ammoniated latex (NAL). NAL (2§/well) was separated domain. It is_ an allergen ir? latex that shares a great deal of aa
on 15% SDS—PAGE and transferred to nitrocellulose. Patient sera (1:1§0mology with the Wound-lnduceq proteins (WIN) f_rom potato
dilution) were inhibited with the indicated amounts bfav b7 for 30min ~ [36,37]. Expressed in tomatoes it increased the resistance of the

before addition to the membrane. Several IgE binding proteins in the NALplants to fungal pathogens [38]. Another allergen, hevamine, is a
are not inhibited by lev b 7, while the 46-kD allergen is completely 29-kD protein with chitinase and lysozyme-like activities [4,39].
inhibited. No inhibition is observed with GST (lane 6) used as a control\\e observed the level of expressioﬂ-wv b7 to be much greater
protein. in latex than leaf tissue, and this is also true for hevein [40].
In general, defence-related genes show a 10-50-fold greater
expression in lacticifers than leaves [10,20,39].

function between the two proteins. The first 23 amino acids of the  The defence-related proteins may have precipitated the current
patatin molecule constitute a signal peptide and are removed tepidemic of latex allergy. In the mid 1980s, universal precautions
yield the mature protein with a molecular mass of 40kD [29]. dramatically increased the use of latex gloves, resulting in an
While we found no evidence for the presence of a signal peptide ifncreased demand for the liquid latex rather than solid rubber. To
Hev b 7, it is interesting to note that N-terminal amino acid meetthe demand for liquid latex, latex suppliers (i) tapped dormant
sequencing of thédev b7 starts at the leucine of position 8 of trees, (ii) increased the use of yield stimulants, and (iii) increased
the cDNA sequence. When patatin aHév b7 are aligned to the frequency of tapping (D. Shaw, personal communication). As a
maximize homology, this leucine is located one position awayresult of this added stress, thieveatrees may have increased their
from the cleavage site of the signal peptide in patatin. It is possiblg@roduction of defence-related proteins [41]. Increased levels of
that the loss of these amino acids is the result of partial proteasthese protein allergens may have increased the allergenicity of the
digestion. Sincélev b7 does not appear to possess a classic signalatex at a time when latex glove use increased in both the number
peptide, processing of thé &nd of the molecule may be required of gloves worn and the duration of time for which the gloves were
for enzyme function or compartmentation. Alternatively, the lack worn. Increased exposure to these allergens is a likely explanation
of a signal peptide may be the result of cloning a truncated membefor the outbreak of latex allergy.
of theHev b7 family.

Patatin is the major tuber protein isolated from potato
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