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Plant Defense-Related Proteins as Latex Allergens®!
Takeshi Yagami®?

Immediate-type allergic reactions to latex products made from natural rubber are called latex
allergy. One of the notable features of latex-allergic people is their cross-reactivity to various
vegetable foods and pollen. The structurally similar proteins which most kinds of plants potentially
induce must be responsible for these cross-reactions. However, the taxonomical dissimilarity
among the causative plants has kept us from concrete explanations of such cross-reactive
allergens. We have speculated that plant defense-related proteins are a possible cause of the latex
allergy. The well-known serologic relationships and sequence similarities of these ubiquitous plant
proteins can explain the cross-reactivity without difficulty. Rubber trees cultured in plantation
farms are repeatedly tapped and treated with phytohormones. These stresses would result in the
significant induction of defense-related proteins. Indeed, we were able to detect defense-related
enzymes in latex extracts. Moreover, three hydrolytic enzymes ( A -1,3-glucanase, chitinase/
lysozyme, and carboxylesterase) that are very likely to take a defensive role were specifically
recognized by the IgE antibodies of latex-allergic people and atopic patients. These experimental
results strongly support our hypothesis. Because of their conserved structures, defense-related
proteins should form a family of plant pan-allergens.

Keywords: latex allergy, cross-reactivity, defense response, conserved protein, pathogenesis-
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BOEMIL DS, RATAEGPERL 2o TRIET 5
EMEsfd (I8 7UAF—-DEETHEESND L) Tk
7200, RRTLBGED T L DK (Hevea brasiliensis) D
W(F7v o2 ) 2EEELTESREZ LS, 20T L
WF—ETT7F v 72 AT UNFEF= IR TWwA (Table 1),
B E 2 H5RRTLERE, FHHFERITF—TN, F
N=FhtwozERHR - BB 2 10, RERATLE,
TANYF, TARMRE Vo ZZ OB - ILEICES
T, FHEHIIRATVED, 2905797271
VEF—IL, G RRT LGS~ OMELBMZTT
B, RRTLEZECHOLDIHEGMIZIDFIZEZIING
WHEMEN D B,
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Table 1. Characteristics of latex allergy

Causes Gloves, catheters, rubber dam, balloons, etc.

Prevalence 5to 15 % of medical personnel are IgE positive
Symptoms Local to generalized urticaria, anaphylaxis

Allergens Proteins in natural rubber and their derivatives

Cross-reaction | Vegetable foods, pollen, medical plants, etc.
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L, RIRTLAERICERRM LU ZGEICOART VIVF—IE
RPHBLT B LIRS v, Bz, 77 v 2 ABFLIC
BARASNTOAENTF =0, FLLVFV2RELT TS
PHZFREL L, BEACEAEASHAL LTV 5 B E 1T RS o RIEE
BT UM — %5 &RBITIEPFHSPIZEINRTWEY,
T, BELTVENRYF—35, T2 MEOIER %
HEYALYF MY/ ICE D BEILHEGR SV LIREED
O TWE®, 0k LZIRE2S, /89 F =284
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DEMERLIZERE SR TWAY, —F, 5597 X
TUNT YT T LY A X DOBEFGH, BEEEORE
BEREL TR EWIMALHESNAE), 2ok
W7y 7 AT UAF =%, RIRTLAHBIHET 288488
ZVAIZESTORRE o TWAIIFTTRL, B#ETL
WrryZ#BATEHEENDDHETOAICL o TOBREEHI
EVWHHIEDETS.
RRTLAEMZEI BT LIVE—E LTI, B0 kR
REERERETHEER (VA) 7LV F—5Laihs
HMoNTBY, TLATLAF-LIFERTwAE, T4T L
VE—DOERBE (TLAMT ) 1L, RARTLEGOHE
BRETHRMEN BB FrofbEWE (NFEER S 5 »
EZALBEIEAD) R 20 bR TH S Z LAY, B S
TWh, —F, 379y 7 AT VLVF—QERWEIX, Th
DAROBBIZETNABROBEHERFOLLETH S 2
NS, THETOZREIZBITAMIICIVHASLSMIZERT
&30 BABOT LAY YABREDIGE HiRITES L
THEREL R L, ERERT T 74 7F% - av s
EVO TIERDRBECELARET LVF -, 97 v 7
AT VNVF—TdHb (Tablel), LL, F7v 7 ATV
VT2 OBARNREH, TLOROBIIBITZENLD
A RFEENCOWTIE, BETHARWL AN S,
FTTFv AT UVNF—ICE L TRbEETRELE, &
ERBHETH B3, 5F v 7 AT VVF—DBRENN
FFRTRAREV ORI L TL T UAF e %
MY T —ANHH I EL, HMOEK»HIEHIR,

Phytopathogens

latex-fruit syndrome &BIHENRTELRY, 20k, TE
FOCEDSHERR S N MBS OfEEII 2 L, B - B3 - &
HEe o Y HARICIRS Y, HIHEOKRDIEH PR
W A ARRZERUCE b i S e, BETE, T L
WE—=RT7 FE—RBEATAEEDL, 57V 27AT LIV
F—ODONAYAZ T NV—T2EETHIEEZEZONLTW
B0 gk o@Y), RKETLEGHFEREE 2o THIEI
ELHWMTLLVE—%, 579 7 AT LLF—LIFAT
&7:. LaL, 50% %25 BENTShORMIZT LT
RECEZ R TERPSHWT 5 £ 129, — %82 iy
TLVWF—O—H& LTTT v 7 AT LIVE— 28T
BHM, LHEHTHLEEDLNS,

T v AT VK —DBEDTLEM Y L TR
ERCHERTHEEE, MICEENICEINRG, MEo
PBAENT T 2 AT LVE T ) 3SERIS IR
ThorhdieEzoNb, Lrl, BEENLSHEC
I, REE 22 HAEREICB L TWwWD &idwni
v, LdioT, BARAMICED L) REQENS T v 7
AT VN 2T ) ZEFISHETUR % 2 TW A DML,
INFTEeLBHIN TPk,

EFIL, RRTLUROREERBRR BE OB L
VYABECATARE, 97 v 7 AT VIVY rofEbici
THMEEEDTE. FOHBET, BEOKSHUAIILT
RIS L TH T LAF—RIBERd &) 3, —
BCHEB LA 2LC, HMYWOEEHE>OICEbE L
LRERETREELOBRTRESATVE E W) MR
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Relevance of plant defense-related proteins to latex allergy
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rEXAEDYE, HMYOAEKREGEREYI T v 7 AT
LVErThY, RERGEMRETSH S| L) RHEE L
T/, BETHE IR TWETLOKRIE, HA4LAMVA
EZIFTBY, AEHECEETAERARYSEICHEL
TWhAEFHEEING, T/, Z0L)LEEHEETLILVY
CTHDHERET S E, HEWHEICK S RV—EDEELE
WAHBIENSTD, S5 v 7 AT VIVE—IIMED B
WRERIEEZ SEBIICHHAT A Z &7 TE S (Fig.1).
AT, WBYOEERHHEREICOWTHBICHEI L
%, 97 v 7 AT LVF - BEHHERYE L OBEMEC
DV, FHLOERED S 2k T 5.

1. HEHOEHFH

1. 1. &EpHEEaED

R, EORERN & I3E Rk o BRI
VATLAERLTVA, FEEORESCHE, ESECM
WA VE Y OEE, FiEoRikE, BEetr v rEin
oY A L ARSI, F08%
FoH7cH, —HEDOEMPHUS (defense responses) %
IO oEKBEHKIEOBETHEE SN BEOYH
A%, AR EEY (defense-related proteins) T 5.
IHETIZHON TV B4 REKRBFHERER, #04&
B REHPLHFLEER PS5 RENICHTEENRE. —D0F,
BT A NVAPRA L FFaONEELEiL L, ik

ERNORSEHILT 2 L) 2B EPHLHARKTH S,

D& ) % AR & B ICIE, hydroxyproline-rich
glycoprotein (extensin) % glycine-rich protein (GRP)
HEEhb, b5 —oid, MWHEIIEE ESTHINED
H (phytoalexin) DEARBICLEL SNIMERTH 2.
PHEESETETHHEWEL 77 8, 2ERBHICED 2
FEHRHETHDLEEZ LN TOWEHD, ZLTEHEHELZDI,
pathogenesis-related proteins (PR HHE) &k & b ¢
BN TWE —HEOEKRGHEHETH 5.
1. 2. pathogenesis-related proteins (PR ZHE)1®-2
FNWNIADEIZTANVADPRELBICHF LS, EAY
BT, B OISO SN TE . 20,5
 ONHECHRABLFERRIHESN, Z0L) 2EH
B IRESFENEBQE (pathogenesis-related proteins;
PR HHH) LMEND &) 1% o7z 19924E8 A IZA A
ATHPRERES#EIZBWT, PREAZ L IE [HERK
ARG L, WWAYERIRES 2 Wik 20 &) ik
Zhas L, BETHIEYHLHFLSNIEAHENE] b2
TSNz, 7o, TANARHIE - 4 EIZE ARG,
IFVYREDWWELVEYR, FF2 - F Mol
WIHRTARTFCHEEINABEAHIIPREAE LT A
A, BEPHLZA VAL VFEENLEAEIIPRE
HELIEFER VI ) IIRIBE .

UL, E\EYHLEAN VRS, TF L2k L
EVOREZRL, PREOHOFEER L 252 L3 %
DHEOFEETHL I SN, T, HMPEOHER
iz (GRRIER) 12, dEHVIIREBREO—C, Ao
EHUPEFWICHEINIYLEFH 2 L dMESH
72880 WA, YN - EAEWN LR ML ARSI
THWICHEEINAHEBER XL T, HEMIC PR EA
HULBATHLEZENFNEZVDTIERVWIAERDRS.

PR EHEDFEEI, HBEHKE V., EWA F LD
Mbo - TIE, 2RAEDOTH% % PR EBENED
2LdbFHbLTwaEE, PREHHENE (I, 5~50kD O
KEBEBETHY, SEARTHRICE>TI—FEh,
MBI (apoplast) REAIZERMINLEATH L.
HIZPREFE R, MhoMyERAEICHTEEE R
TRETH Y, FWEME - SHEMED protease {HEHEITXT
LTEIEERTIEPMONTWSS, DL )% PR
HAEO— I, BEFTICHOATW KT T
LV ORI T 58545, FHICHET 5.

L DWPIEP S I NETICRWEsh7: PR EHE,
ZDILFEFR - RIEFHRHEBERLT 2/ BRES OB,
BREEORHIIETVT, #or07 7 3 —IIH5HS
NTwad, FEREHEEINLTWASRELY®, ENLED
B &3tz Table2 2737,

PR-1773Y—i3, 15~1TkDDOHFE* AT HEH
HEEDPORH A, FOHEBMNLEREEL, U CEEERTE
DFELH B, KL LTAHLZENE Y, PR2 T 7
31 —i3, endo- -1, 3-glucanase {HtE 2R+ EHEMNT
HY, 30~3BKkDDFFREFTSDOH%E\. PR-3 7
7 31 —id, endochitinase {FM: % /R$#30kD 0 FEEHE
B (#5 A 1,1, chitinases) 5L A%, 75 21
endochitinase {¥, T4 55 v 7 AlZ& F L5 hevein &9
FEEYICHYT S 5 U ESHEE A, HEBLCN-E
MBI E ATV A, Fl#IC 3-1,3-glucanase & endochiti-
nase ¥ ABFICHEIA &2 &, HEMIERA LAY, HE
BT 2IIUIE T A5 L 8 TwaY, endochitinase
WML lysozyme A A DEHOBEAYE (29 A1
chitinases) i%, PR-8 7 7 I ) — |25 ST W 5D,
PR-877 IV —IlETAEBHELPR3 773 —ILE
THEBEOMIZ, 73 /BEREFOMEEIZR S v,
PR-477 IV —-ZETAERRI, HBEHILT A
TIHESND win FEFOMRWCHU L7 I /8
Be%) %A L, win-like proteins & HIRITH 2172, T4 5
7 v 7 A& F 15 hevein §ER{K (prohevein) @ C-F v
HMEHIE, PR4 77 3 —0FAZICH VAR LR
$9 PR-5 77 3 —DHEHHIZ thaumatin-like proteins
ELTHTN, thaumatin & W) HEREFEICEMUL 27 3
SRV ERHRETS. 077 I)—IIBTABAED
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ElFiL, o -amylase/protease £ v ¥ ¥ —3HD7 I JEE
BFICLEHEM L Twa, L L, BEAFEETERICRE
ShiBliIE ST Rw. —F SHICEThAT LIV
YDA, PR5T77 I —DEHHR e -amylase/
protease f Y v E¥ —JICHHF 47 I /BERFIEH T4
3™, EEIET S, MIIZIER L AR MR BRI
A NS osmotin FR, T OO zeamatin &\
MACHEHAED, PRET77IV—IZBTAEEZLNT
WA, PRE77IV—UIGHENLIEOIPOEHYE
(permeatins) i, FRBIZRT #FT 5 2 & THH KIS
Hx I T 5%, protease FIIx 54 e ¥y —iEtk%
EBRICET AHEYEREEAEE, PR-6 77 I U245
nTw5, ¥/, endoprotease !X PR-7 7 7 IV — 2,
peroxidase I PR-9 7 7 3 J — I ENLTW 5,
PR-10 7 7 3 1) —i3, ribonuclease iEE4HTH LI 1B
HETHE IS, AfE (Betula verrucosa) fEX3D X T
X—TVUNFELTHSY: Betvl $%49 PR-10 7 7
IV-KETAEANTH .
PREHEDOHFEICH L TEEL A, £EAHEOME
20 - BN AHBLER T I BV OFEMYE, BERE
HDOFFAHIEME TH Y, BRT HHWEIIEE SR
WEWYETH LY, ZhIIIF T, A PLAL b7
WU s s BEERE, #LoBRE CRIMICZELT
BB, BESNTELZLZTRLTWA, ZOHE
Yz 827 PR BEHHOHUM L STICEITIE, iz
PR-1077 IV — BT AHAEHBICTLTT LIF
—FInERTHEEIL, PR-I0OTV77IY—IZETAHEBAYE
FEUCETORMYIIHLTH 7 LIVE— Rt 2R Ttk
HHhHLTREING, HE, QEEHOT VT Y (Bet

v 1) i UCTRBE L LB, HIRZEAEBE (Bet
v l-related proteins; PR-10 77 3 1) —) # &, KPP
B, MPEAMITLTY, TLVEF—RnidRT
EHHOENT VS,
1. 3. SBPHERES®

NI BIT S, ARBHESEOSRN L FILERE
i, UToLicgedonhs, 9, £ - EEWD
RAMVADY T FVEMIEDL Y, EEBHEET
(defense-related genes) DOREMNEHE I NS, Z DHE(E
T ORI A, EARPHHERH TH 5. extensin X GRP
EA ML ARZTCREFMRIICHFT SR, MBEOEc
M54 5. peroxidase D— b, HBEDRILICND S,
faPTiL, phytoalexin D EESRICHLELFENFLEI N
5. —7, (-1,3-glucanase % endochitinase, lysozyme,
protease inhibitor, ribonuclease & \» - 72 PR & 1 H i,
BALTELWERICEBER T LIS, 205L
13 apoplast RERNIZWBE NS, £ 72, HERIMASH
FERTEI, YRS OMRIEE, & A4 ) THEHI % HEHE
&, ERBEKIBICED 74— ¥y 2% 3757,

sy O ERFRRIGIE, A PV AEZFLBITCBITS
B Tihiv e (hypersensitive response; HR) 1ZFR & 7%
V. ANVRAD Y ZFViE SRR S mE S
PHESEEE T2 &9 % PR BEEIHMKRD LT ICEHE
aha, 2Fh, —FEAMNVAZZIT MY, PREQ
FAMBECHEEL, ROA ML A LTS RT &
I hAHEEZONS, HRIZHE 2D &9 LK BHIK
[&1d, systemic acquired resistance (SAR) &IEHENRTw
%40,

PREHELZHET S Z & THYAHREE IS T HIEH

Table 2. Recommended classification of pathogenesis-related proteins

Family Type member Properties

PR-1 tobacco PR-1a antifungal, 14-17 kD

PR-2  tobacco PR-2 endo- 3-1, 3-glucanases, 31-35 kD

PR-3  tobaccoP,Q typeI,1l,and IV endochitinases, ~30 kD
PR-4  tobaccoR antifungal, wir -like proteins, 13-15 kD
PR-56  tobacco S antifungal, thaumatin-like, osmotins, zeamatin
PR-6 tomato inhibitor I protease inhibitors, 6-13 kD

PR-7 tomato P endoproteases

PR-8 cucumber chitinase type I chitinases, chitinase/lysozyme
PR-9  lignin-forming peroxidase peroxidases, peroxidase-like proteins
PR-10 parsley PR-1 ribonucleases, Bet v 1-related proteins
PR-11 tobacco class V chitinase type V chitinases
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HrEETLILLIE, COLIREAEEL BT LM
RS R EEIESVENI T kb, L VITD
NCELRESRRO—EHE, HEEICHEVWEEY £AHT
CEREMELTEL, FARETIE, PREAEZ -
N3 285TF 05 Lt e e L TERSRICEI S
D, PREAEDEEZEFE2HLIEATS I ET, HwEt
RRTHMEEYHNE ) ETARANRAIITLRATY
289 xp iz, E#Eo{ftbh L LTSAR #FiE T4 X
) ARFWOWE 2 L, WEEIC L 28E 2 RRICH
ITHETHEELD B,

ok HizEEL, A MNLAOMb o 2-RIcHE X
N5ARBEEBER, HICHDRSEICHEIhKE
HDOPREFYED, STYIZATLIF—REFNIZEIR
ERTOFERYEICR > TWAEDTER W EHER L 7.
R, HEYOERGHMEAEL I Ty 2 ATLLF—LD
MERICOWTRRT 5.

2. STV IATLILE —EEYOESHHERY

2. 1. EAFHEABOFE

T rF—varTHEEEINTVwS TLDKIE, FHHIM
TEINELDTLSG Ty I AZNHET B EHNTEL LD,
BIEIISBIRENTCEAGHETH A, FLTZOBREICS
W, AABEEEEFABFICHLETS L) hME, B
ML TERSINTELENH S, Kush 513, BREIE
RENITLDARD, T5 v 7 AEEMA (aticifers) %
A, FORKR, TLORERICEST AMEORIEETF
B CHEAARHHEET DS, 5L D20~ 10045 K U010 ~501%
FNFNELBBEL T2 b o720, HiniE,
HERBHEAE S CHET L &) R, BEER
THbHD, LRINGERENTEz0 bR W,
KIRTLTT v 7 AL, TLOROEITZERIROE 4+
i} (tapping), WHHAEHEZEET5 2 LI2X DIRILE
Na, LiIZo$3L97 vy 7 AV L THOZEE,
BB EIL$ 5. Lo T, tapping 20K L1TH
NBZ A, TLAORIZESTIHEVA ML A2
Liwvs, Fi, IF v AOFHEREFIEEILLED,
WHL-gokhmr Gl chEgksesZ 2 BEL,
ethephon & W I {LEMENE L T2 OKIZIERSE X Tw
%. ethephon i, WWFNEy D—HETHLLFL V%
BEIELYMETHD., LidoT, ZOEL T/, &
HHHEAE 2 SRICHUSECLERE 2 1555, Hk,
PUETEE %% ¥ 5 hevein ®°, chitinase G2 545 7 5
v 7 ABHHADOREBES, ethephon TRM$ 2 I &2k
DFELLHEMLZE ) FRIRESNTVED, F7-
ethephon MLIE 2[R &9°, TL DK E{EFIT 71 abscisic
acid THLE L 7235412 ), hevein ik o — F 4 5 EEF
DEEEA S EREICHMML: LRE SR TWwED,

PDED &) 2Rk o, RATHEIA TS TLDOKR
PoBoNzT Ty 7 AR, EWOEKRHHERY,
IZKEED PREBEDFSRICETATVREOTI 2V
CHBENRD, FITEER, HHINTWERKT L
WY, TOHBROHEEFERNTHLT VEZTITT v 0 A
O, WYOEKGHICEST 5 &9 e E&EE A ERICIHE
ENBREIDRERRDLIEIZL.

2.2 SFvIVIARBEOREEETONE
a) EEHHESEORE

TRENTVLRENLRRTLAMRE LT, REAK
CEMHOFELZREY, Hlem? OFF IO L. K
12, TLADHEF 1gH/72) 5mi OV VEEBEHEEFEAIEK
(PH7.4) %#MIx, SRT2HMIELS) THILIEDE
FLEOMBEEFHML 2. RATLHEFOEZEOELERE
THATVEZTIT v 7 AOMMER, KRRTLTTF v
SA (YT UVERETIT v R) OIS, FkICH
L7, SRS o ERKEHEREIEET S H
EH 23, PREHECHHENZBEZOBELZHIETSA
EAZ X HIMT L7,

FORER, MYWOEKHEICEREBES T EEZIOLNS
lysozyme (EC 8.2.1.17) % endochitinase (EC 3.2.1.14),
B3 -1, 3-glucanase(EC 32.16 &%\ EC32139) i
B, £ ToMBEFIcRE S h/z, T, &6 E oM
BHEABFETII WD D P, carboxylesterase (EC 3.1.1.1)
DE®D, @TOMBEFIRH I Nz, SHIZRKTA
Z7 v 7 ZAOMMEICIE, LEEEEORBEFERICmR T,
ribonuclease O{FEMR, 7V Y protease IZiF4 5 £ &
L ¥y —DEEIRE S /D,

BWT, M ENKEERDS, LAY ICRERS LT
B5F v AT UMY VEBIZHENL M EET A0 LD
hE, BREEGRUFEREHTICBT A5 FREVITH
PO, FEEOBRLTERE, TVEZTIFv 2 A
DO Z 100°C T204 WAL L 72k, 3T T HEERENE
TRETH I EIZL DML, EEREETIIBIT AL
FEIX, TVEZTI77 v 7 ADMBRETSVABH T 4
IRML, SEROBERELFEEAEOBHNEE L
ByaZ LicdhRo,

FORER, TUYEZTIF vy A& T NS lysozyme,
endochitinase, -1, 3-glucanase &, V3" $25~45kD O
FEHETHDHZ Ehbhoi. —F, FEHLMTICBIT
% carboxylesterase DFH 1, 60kD L ETH o7z, F
72, TYESTIT v 7 OB MARIE L/1-HTH,
lysozyme, endochitinase & U¥ 8 -1,3-glucanase D g ASH
I SNz, 29 LAKBROBRTERSCT TR,
Ty IAT VG Y OREIZ R = L7225,

PDEDEHZ, TLT7F7 v 7 ANLHRABLZETHOMHE
IS, WY OEEDICES T2 LEZ SN BEROBE
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FiEWSRE SN, F, TRODEEEN, TT v IR
FUNT AL AT 5 I E O HL Mo 72,
FIT, FEETOHREHEL, 97 v AT LY -BE
D IGE PLfRIC & o THIHEWIZERHRE NS, 77 v 7 A
BEThrLEIPEFERDIEICL.
b) REAFRICEZE N B lysozyme®

FHEAFEOMMBE A, S lysozyme ({EVE 2 F T 5 15
EHH Y THL, RURHRICE TN A lysozyme (JHHEL
L7sERTHLE) e EiE Lz, 72, 9792 X
TULF—-HEEDOGE Gk L o THEHEMIIFTRHR I NS,
G597 ARED—2ThHhL 0L ) hrreifi.

¥, REHAFEOMMTIZT0%EME IR 5 & THilik
TYREZYLEMLZ, HRLTWARZAEERIERLZ. X
|z, Micrococcus lysodeikticus DELIRRARIZITT A A HIE S
RIRZIZLGHS, ANVKFIAFNENT AT L
AWbEpA+ g rax vy 7574 —, 0T, 75
dra<w S 74 =12k, lysozyme 40EEL 72 55
800 g PREMF42 5, 5.2mg DIEEM lysozyme % 15
AT EWPTET.

TEEosuvT S S 7 40 —THE L /2 lysozyme 13,
HAH HPLC 2BV TIRIFH—D ¥ -2 & L THRINE N,
F 7>, sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) T34 Fif27kD OB —IN F
ELT, SBEEESKE (IEF) Tidpl (isoelectric point)
SO NVF TNy FE L THRINENTZ, &b, Fil
RAFERT7 V22797 v 7 AOJH % SDS-PAGE %
IEF TH#7 L7=356E %, S#EL 72 lysozyme &[5 UALEIZ
FHEONY P anz, SibcgIns&AH
DIFEALE, FVFRAIFHENTVEL)ITHY,
SDS-PAGE % HPLC TOGM A HETH o 72, FEEL G
BE | 7= lysozyme 1%, SDS-PAGE (2% < A= g4 TH
TAHIENTESL, Vv FO—2THho7z,

= DM lysozyme 1, A F 2 EREE0. 03D BEREMRANK
G Micrococcus lysodeikticus DEIGHE R R E L
&, PH4 AR UTOCIZBWTIg KiEE R L. 7o,
RISBEBEDA & VHEEA/NS L BIZONT, ZOERG
AT R AMEMAERD SNz, & 512, lysozyme G
W25 5 S HEEER O RE LM, histamine A%
0.02 M T#60% &\ ) BV HEMR 2R T DI,
N-acetyl-p-glucosamine @ RHERIF130.4 M TH20% &
BTV Edb o/, FAZOFEBEIE, 20 A MR
XF Ry a—)VFF Ik L T endochitinase {1 %
B L7 M lysozyme DI ) Vo FoEEMEIL, 2084 Y
RAF V7 Lo 2RI E F L5 chitinase/lysozyme
ORI, BL—KLAZBO, LarL, HHIZEEINS
lysozyme DM L X, DR EL-Tw,

RIZ, FEEL 7z lysozyme OLEMEEY, 7 v 7 AT L

NE—BEOMEZRVWAEAL L/ 70y T 4 2 TR
I, FHEOMBT LS L% % SDS-PAGE (2
L7, =toeruo—RARICEEL, EEaEzT7TT Y
FUYLE HBWT, 5501 OBREICHIRL KM
ExE L, BERT—/E- 72, ki, HIER7 LV —
DEREZLNSS GE#HEHEEOH T, ¥k FIBE ik
PRVWCHRHEL, REOoBEARABREE LR LK
L7z, 95 v 7 ATV AF—BEHEOMFE LTE, BRD
WD SRS N2 TN, FAIRERIC
i, TUMF—IRED VR AP HIREL 20 (1
vTN) BERLI.

F DR, wfh@?%v727vw¥~$%®m%%
MR L7BAICd, 8L 7383k lysozyme 7%, IgE #i
%#m&?5EB Ao—Dok LT eI, —F, EF
AD I & v TAT o 723t BBEER T, IgE LR H & L
REBHEONY FEeEd sl rolz, Lo TIDIE
M lysozyme 25, F5 v 7 AT LVIE—HEEDIGE Hifk
Sk o THEMIZER SIS, F7 v 7 APEO—D2TH
LT EPHOMI T,

c) PYEZT ST v RTEE N B carboxylesterase®™

TYERZT T vy AOMME A S carboxylesterase %
SHEL, TOBMENTLAOROEAEBHMICES TS L)%
BEOETHADEIDE#HR . /2, 97 v AT LN
FoBROBEHEICE o THEMIZERSINS, 77
v 7 APBDO—DTH AN E ) DEFER L.

9, TYEZTITv 2 AOMBTEIZT0%MEC
LETHET Ve dMz, BHE LB L. rkL
p-nitrophenyl acetate (Zx33 % carboxylesterase J§14 %
fefE\2 L7755, DEAE ¥ Vv u—Ah T A%V HEA

o aw b7 74—, e, Svsal s RS
57 4—i2% 1, carboxylesterase #43EE L 7>, 500 mé D
TYEZTIT Y7 APDL, 700 ug @ carboxylesterase
BELZLNTER. TYyELTIFy 7 ADLHEEN
LZEHER, BLAEET VFLIIFRENTVE L) T
Y, BEOFEILIDIGNPRETH 72, FEVTHE
L 7z carboxylesterase i, 7 IV EFIKENE TR 5
ZENTEL, BBV FO—DTHhH o7,

SEEL BRI, EEBEMGTICBWTHEKD D45+
BEEALTWwZ, TOFE#E% Davis 5125 % PAGE (238
M, SEgm LR, H—onNr FE L THRESRL.
FF0ONY FOMEIL, esterase DIEMELIC L ) i

ENTNy Fof@Eiz—5 L7z, DLEoiRlE, carboxyl-
esterase IELULEL T CORTIKENERICE I D5 F

THHMENIZEERTIDTHD EEZ LN, —F,
COBEEFERLNT COERKEHETH 5 SDS-PAGE
WHEALEE A, A5kDONY FaRAL LT, L
DN F (14, 16, 24, 25, 28, 39kD) AR &7,
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%7z, IEF Tl pl 4.2~5.20VF TNy P& LTH
HEns, —EDDriERIE, O carboxylesterase A5
BO2=y Mo bBmAEERE LTHFET A LR
THDOTHD LR ENT

3k1Z, p-nitorophenyl acetate % 3EF{IZHVY, SBEL 72
HEHORFEWER esterase {HFEDIFHIZ OV THARL,
COBEIIEEPS T VA Y HDIEV pH I 2o TR
ETHY, % pH OBEEPIZ20CTIOFHER- 2% TD,
esterase {EHEAHARE IR & /e, T 72, pH 7. 10 Tris-18
FRRRAT R TIX, 60°C T30 E TOMMIEIIH L TRE
Thot:. ZOEQEN esterase {G1E % R4 BB,
PH 7. 10DE W HIZ BT 51055 B O JUES & v 9 G4 Tid60
CThorz. T2, 30CITBIFBI05MORIE & v &4
TOR@EpH I, 7.1THo 7.

—7F, CONUKGIREER ORI 2 405 L 73 4
L2 H8R5EED p-nitrophenyl ester (ZXf LT carboxylesterase
EHERTM, SME7VT Il LCHEEICE
 protease iEMERT Z Edbh ot £, JOBHED
carboxylesterase {EMEI, &) YFEER L A F T R,
ANWKRF D NVEOBHRNC X Y EEI N/, F4—ndk
DIEHAITIEHE SN o 7e.

WWT, 7V ELT 5 v 7 A0 64508 L7 carboxyles-
terase DAEILFNLIFEE T I BRI Z, TADKIZ
HR$ % esterase & LTI IZEEE E LT % hevain
a,b,l OF—¥LHEL, #DEFEH LRI >VWTHE
L7z, ZOHERIOREEIL, TLDOKD luteids & W) 285
PHGEES NIz hevainl 15, ZRHHFML T3 2 Lashhy
o7z, lutoids I T ICHNS T A ETH D, PREHHEN
BRI Db H B9, UL, 58 L7z carboxylesterase
& hevain ! 2%, @TOHET—HLTWAEWV) DIFTIE
dpolz, LIedoT, CORFESTLAORDELRBHEIC
BE5TALILBRAETHLNE I x, HLEMITHZ
LidTE Lot

57BE L 72 carboxylesterase DLE X, 7 v 2 AT L
WE-—BEOMEFELERTAL L/ 7Oy T4 VT THN

Determined sequence F DENXK
B-1,3-Glucanase from
Rubber tree

Tobacco

Green pea

Potato

Z O ==

Q

S
N

2 EY OB LR 2 IFEMES T TO Davis #EI2 8 5
PAGE %%\ % SDS-PAGE |23 L 7214, polyvinylidene
difluoride (PVDF) JRICERE L7z, RIZ, EAELLRKE
23y, —HEIOAL VT FECLAEAYE
Wz, BO—#k% esterase DIEMESEIZ, FRD % 1 4
70y T4 TG, SFVvIATUNNF-BED
miFeE LTk, BERNomEE»SRESh 237V EH
Wiz, FMEBERIZE, TUUVF-REOLRWEE AL
LIRELzIMiE (19> 7)) 2R

FOFER, DavistEic X 5 PAGE 12 A 4/ 7Ty
TAYITTHE, 77 v 7 AT VAT —-BHEOMFITR LA
PVDF JRIZD A, IgE GG HEQEDHE /Y FAMRIE &
hiz, LHPbZE0NY FOMBEIR, guf FuT—)L K
TSN EBE D /N KR, esterase DS TH
ONTNY FOMBIZ—F L ORI, 7TVEZT T
F v 7 A5 5EE L7 carboxylesterase 25, BMEFMEF O
IGE Uik L D RMICEEE DS, 77 v 7 AHEO—
DTHLILERTHDOTHD, /2, SDS-PAGE iZ#k
KA LTy 547 Th, carboxylesterase DAY L
=y b, $51245kD £39kD OEBHEH, GE KAHED
HoNr Fe LTt shi, —F, @EAOMmiEs
BN TIT o 72t BB Tk, IgE AP HE L EHED
Ny PR BB Eh e hor, —HOEBRERNIS,
esterase G & RIF T HIFEMIKEOELE O AL ST,
EWUENTTRELZZ2Z0MK2=y b b, 7 v 2 R
FEDO—D2THAZ EHFBELNITE o7,
d) RRILS T v 7 RIZEEN S B-1,3-glucanase,

chitinase/lysozyme R carboxylesterase™

TV AUFRLZOEEFHTHET VST I T
v AEENSERE I, AEIETHRMEN AR
ILEWEIZ L YIS SN T LIRS 5. T/, Bk
BEAST 27 TR ) EoEEE LTEMHBEE SR
BIEDNL, FENTVWARBRAANIBIHICELL TS
TRELEV., FIT, TLOKROHHE (/v 7 rEZT
7y R) pOZHONKGHERESEEL, TOBY

X EV EKXKHFGLTFTFPD
P .

G | S 4 N
P L - . . . . .V .Y N
P L - . . . . . . .8 .N

Fig. 2 Amino acid sequences of plant j-13-glucanase. The N-terminal sequence of a peptide
obtained from the BrCN cleavage of latex f -13-glucanase is shown at the top. Several
residues expressed by X were not strictly determined. This sequence is compared with that of
3 -13-glucanase from various plants. Dots indicate the same amino acid residue as the
determined sequence, and dashes are introduced for the maximum similarity.
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RT3 VBRI EANLI LI E5I, IF Y
AT ULEF—-EERLT P —BEOMFE RV, &R
OPUEEIZDWTIRE L7z,

= L DA (Hevea brasiliensis, clone RRIM 600) D #iii3,
The Rubber Research Institute of Malaysia & WA L7-.
7, BHEOEE ) 2R L THRAERIIRERT v €27
Lrfafisd, BRLTCWAEHAZIER L. R0T,
R LB R [ AETHED, FVAEH S LAEAWT
B3 L7z, COXHWCLTHIMT T v 7 AEBHEDS,
B -13-glucanase, chitinase/lysozyme J% UF carboxylestera-
se FEELL 7.

B -1,3-glucanase {&itk % 47§ 5 & H F{IZ, laminarin {2xf
TABRHEELIRIEIC LYo 5REL:. £9, o7y

7 AmBEE & RERIEAL G (20 mM, pH 10.5) 1ML,

FRBER CEA L Sz A 4 YRR D A T A28
L7z, Z08EE, B-13-glucanase i§M % ¥ 2 EEAH I,
FEYESICERE N, 20 p-13-glucanase [l 5 %
SDS-PAGE TH#fL7z& 25, ZARDNNY F (35, 36.5,
38kD) A& &z, IFEMSEMGTICBITS PAGETYD,
BERONY ¥R Ehz, LhL, Z013EAEETH,
8 -13-glucanase DIFE PG TR E 7z Y FOME L
—F L. ZO#EH,S, SDS-PAGE Tl Sz =K
DNy FIiE, AHMICHEKETEHDTIRRL, TLADKRD
WM p-13-glucanase 54 VEERTEL LTHET LI L
ERTHDTH D LWL,

XKiz, $EFEYE B-13-glucanase D4 VEERBEEY Z 0T E
Edman 5 REICE A ¥ — 2 T v REFTICERA L, N-Fif
73 BRI ORERRAL. FORKE, T IJEHEA
e BT, 1 VEBEERON-KRiZ—fKiI7ay
JERTWEZ Edbroiz, 22T, 4 VEFRELTO%
FERICERL, H1%OBEBICRLEICTUEIT V%
Mz, BEATIC CEIRTISEEM RS S &7, ¥4 HPLC T
BELL MR b7 F FO—2IZ DT N-EKi v — o =

Determined sequence
Chitinase/ly sozyme from
Rubber tree
Ivy
Vine
Cress
Cucumber
Azuki bean .. .SV .
Tobacco . D .V
Chickpea - . . .V

VAN EIT o2 25, Fig.2 IRT & 9 2BECHIATRE
Ehi. ORI, BEIBHFINTWEI T v 7 AT
V4 Hev b 2 OEFNIT®, T I/ EE% EREICHR
ETELho/z X OMELZRVWTESII—H LA £,
F— s N—AEHWTHELZT I/ EERY 2 EFTHAERE
FMBLLESR, s35a2Y FY, BF w75l
ICHkS 5 g-13-glucanase A%, FILLL:BHEHTHZ
EHHS IR o7 (Fig.2).

chitinase/lysozyme {2 B3 5 HEEA KL, REHFE
WCE TN EEM lysozyme O E & FIRGIRIEICL D
WL, WHHPLC # HWTELIZHFRLAE Bonk
chitinase/lysozyme (29.6kD)® N-Ku#7 I / ERECFIIZ,
THDKD S PRI HEE X TV /2 hevamine O FELF| 1259,
X Ot & CEaic—8 L7z (Fig.3). 5612, HF
T IERVAETAEBECRELLHEE, vieT
ke, 2LV, ¥awyy, 7A%, F2Na, DEZHE
W 2R C BT 5 chitinase/lysozyme #S, JEH A
PLZ-EFERT 22 EXHLMI R o7 (Fig. 3).

carboxylesterase iflE* F T A2 EBHEIL, 7vE=T 7
5w 7 2124 F N B carboxylesterase DA & FIAE 20 121
XD SEEL, BEA A AR HPLC 2 HWTE S IZFE R
L7 BoNEREL, 7Yy T7 97 v 7 AL LaEEL:
carboxylesterase {23l L 72 ®H %# A/ L?, SDS-PAGE
TIZ44 KD & A f Y & L72BEH D/ > FE LT, IEF Tid
PLE4. 6D IVF T NNy FE L THREBEN, HWT,
A4 NV F (44kD) @ N-K#iy — 7 L7 Al & A
12, BELREHTEAIZLENTELRP. £IT,
B -13-glucanase D& AR PIUI LY, 7OELT
VAR ATol. LinL, MEORWETRLXRTF FE5H
AHZEWETE LMoz

HWFOHIFMIL, 5T v 7 AT LVEF—-BEOMFEET
FE—BEOIMF % HYvy, enzyme-linked immunosorbent
assay (ELISA) & £ &/ 70w 5 4 ¥ 7T/, ELISA

GGIAIYWGQNGNEGTLTQTXSTRKY

. Coo
.CN .G
.o .CN .G . .
.N .SA.CA .GR.
.S . A8 .CA .GN.
.S .ADACN . NN.
.S . AD.CA . NN.
.S . QDACN . NN

Fig. 3 Amino acid sequences of plant chitinase/lysozyme. The N-terminal sequence of latex
chitinase/lysozyme is presented at the top. Refer to legend of Fig. 2 for description.
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BT, SEELY 7L MIEE LR, EEAEE 7O
¥ 7L, 10701 OREICHERLLFMEEZMR TE
BTC—HEo7. 7L — b LOBEEICHEE L7 I8E JiEE,
Pl PBESIAEHWTHB L, A4 780y T74 >
7T, ¥ KEEE % SDS-PAGE |2/ L 7%, PVDF Ji
R L, A 7uy 2 v/ Lk W, PVDF &
T EMHRICEINT L7221k, 10550 1 OBEECHRL & ik
WRL, BIRT R o7, ki, IgE Uk iEE L&
HEDNY F%, ik P GEHUEEHVTHRB LA, 5
Ty AT LWF-BFOMFGE LTIE, HREWNOHFHIE
oM E - MiE & PlasmaLab International (Everett,
Wash.) 2 SEEA LMIED, 515 > vz v, &
biZ, T v AT LS —LidgShidhoizdbon,
7 v AEBEICHT S IGE YUADGIERIC A RS &
NI-EMT VIVEF—BEOME (7% 7)) &, 7rE
—BEOMEE LTXFIL, ELISA L4470y 54
YW FAMBERICE, TULF—FHEOLRW
EEAOME (6% 7)) &, IgE myeloma serum (1
FrTW) RER L.

ZOFER, p-13-glucanase 4 V BERTEICxT 5 IgE #iL

ROBURIDHED SRH Y TVoRE, STy 27 AT
LA -BEOMFTE/I (M 70y 57 4R
ELISA)T& Y, 7 b¥—HBEOMFTIIS/7(M L/ 70
254 7)) HABHWI4/7 (ELISA) Thotz (Fig.4A).
f-13-glucanase 1 VEFIFEDAL L/ Ty T4 X7 T,
SFEOKECTARDINY F(36.5kD L38kD) AT IgE
EMEHE L LTSN, FTEIRL/NEVIKD O
NV R SN o 7z, 153514 chitinase/lysozyme
1235 5 BE OB ERIC S BOH s iz 7 Lo
X, 97 v 7 AT UVF-BEOMIFTL/I5 (1470
54 7)) HHWII2/15 (ELISA) THh, 7 r¥—
BEOIMFH T/ (A A2 78y 514~ 7 RUELISA)
THho7: (Fig.4B). & 512, carboxylesterase [ZXF3 5
ISE RO R IC A 2RO Sy 7 Vofut, S5 v
JATVNF—-BEDOMFET/15 (AL 70yF 4 0 F)
H5Hi310/15 (ELISA) THY, 7 FE—AEZBOMFT
35/7 (A 5/ 78y 5 47 RUELISA) TdHo 72
(Fig.4C). —7%, *ERFEERTIE, LOFERIHT S GE
MAEOEELELED N Lo, DLEORER2S, K
RILT Ty 7 AX )G L -ZHONKGREEEY, I

1A 1B 1C
405nm | J e *
L 2 L
1.000 — ¢ 5 3
; : e o
¢ ]
° ]
o ¢ :
0.100 A ® L 4 -] 3
i ’ ® ® o
----------------------------------------- .------------- -------..-----------------------
’ ‘ s o
8 ¢+ 38 - 3 ©
® @ : § . (o]
0.010 o ® r - 8
] ® ]
8
T T T T T T T T T
Latex Atopy Control Latex Atopy Control Latex Atopy Control
Fig. 4 ELISA of specific antibody (IgE) to g-1,3-glucanase (A), chitinase/lysozyme (B), and carboxylesterase (C).

Antigens were adsorbed onto microtiter plates by incubating overnight at room temperature. Following
blocking of the unoccupied sites, diluted serum (1:10) was poured into the respective wells and incubated
overnight. Each serum was donated by latex -allergic people (Latex) or by atopic subjects (4 topy) who had
IgE antibodies to crude latex proteins but had subjective symptoms to vegetable foods rather than to
latex. In the control experiments (Control), each serum from healthy individuals or IgE myeloma serum
was used. The IgE antibodies binding to the antigens were then reacted with phosphatase -labeled goat
anti-human IgE for 1 hour. After complete washing, p-nitrophenyl phosphate solution was added to
every well. The color development was continued for 2 hours, and the absorbance at 405 nm was
measured. Every assay on a serum was done in triplicate and averaged. Border line (broken line) was
arbitrarily set at 0.036 for definition of IgE - positive sera. This blank - subtracted absorbance corresponds

tothe mean + 5 X SD of all the control sera.
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Fy AT VIVF-BHERLT PE—BHOIGE ki
WEHEND, FTF v 7 ARETHA I Lhbhol. £
7z, —WOBEIHTLE Ty 7T AR, LAY I Vi
HEF A S DFEEREND, ZHOBENIERIZTLVF 25|
ERITEHETHLILORENLD,
e) B-1,3-glucanase MIEHI A HIEMICRA-TRE™
RIKRTLTGT v 7 AL LT 8-1,3-glucanase 1
WMEHORTT I JBEMNE, 57y 7AT7 VNIV
Hwbzwmﬂ’—ﬁbt(ﬁg@ Hev b 2 O&EH|Hp
ZiX, BEHEEAOa Y Y A B SEET
%w.%%u,»03/{/%1%m-ﬁ%T6%ﬁ%m
DFEWIZE Y, B-13-glucanase A SDS-PAGE T=4A"
N> F (35, 36.5, 38kD) L LTHHEINLEDOTIERW
MheFx ., £IT, p-13-glucanase 1 VEEH I =
concanavalin A D774 =574 -0 bs774—1C
WAL, HEEZAETLIHRAHTHINE ) PERADL LH
(2, BEBHEEOBRWICED B A VEEROSREE A AT
9, KRTLF7T v 7 A6 L7z p-13-glucanase
4 VEEERE(G) %, HIEF MY YA 0M) 2 & OREERE
(50 mM, pH6.0) ICEF L, RMBE R CEEfL3E:
concanavalin A-agarose 7 AR L7z, BHAEZ R E
LholBEBE (GO
% BB E R THE B 2, & 512 methyl- ¢ -D-mannopyra-
noside (0.3M) * &L AMREETHHEELERELH
(GI) 2B R/ RNT, ZDEHIZLTHLEREDA
VEEFE(GI, G, GI) %, ﬁ%’ﬁﬁuﬂ) 8 -1,3-glucanase £
EE3PE(G) L 4£|- SDS-PAGE |5&/8 L, PVDF 225
Lt.%4/@%#%@%%?5%5@(%%#&7#@,
B EOLABREY IO VN T— )V FETHRE LR E,
PESH A AR AR LR 2 i A2 Z LiC X DR
L7z, &7, A VEBROHELEEZ, 7 v 7 AT LLF
—BEOME*HVLA L) 7Oy T4 2T THRN:,
SDS-PAGE IZ L 2 5 #T D45 R, GIIIX35kD /v F
12, GLIZ36.5kD ®/3> Kz, GUix38kD @/ 3 FiZHf
W2z Lhbhos: (Fig. 5). concanavalin A (ZEAN
WErTRLEZEDS, GIE GIREERETHLI LN
FHEINZZA, TOTFRISERLFRNICRE LER?
LL T EN/(Fig.5). &5, ¥ERTHETS GlE GO
o7y 7 AT ULV F-—BEORE HEIZL VE#ES N
B, MRV GIIZIFEALEESNL LW LN
bhotz (Fig. 5). —F, BEAOT—VMERL IgE
myeloma serum % WV TIT o 72 BBEERTIL, wWiho
AVEEFZD BEREAUEAE L LTk S dr oz
(Fig.5). D EOEBREENL, 77 v 7 AT LIVF—
# @ IgE HikIZ & % B-13-glucanase DFFEY 2 FRRIC
COREEDORERIMS S RE L EE 2 BT REMEATURER S
FWAR

ICHEE, A LIHERE(GI)

Glll GlIl GI G

o

e =]

Total protein staining

Glycan detection

Latex-allergic patient

IgE myeloma serum

10[qounuUIuIf

Non-allergic people

Fig. 5 SDS-PAGE and immunoblotting of j-1,3-glucanase
isoenzymes. The basic f-1,3-glucanases (GI, GII, and
GIII) were applied to SDS-PAGE, transferred onto a
PVDF membrane, and subjected to the respective
analyses. The first column represents the total protein
staining with colloidal gold. In the second column,
glycoproteins were specifically detected. The lower
three columns indicate the results of immunoblotting
where the proteins recognized by the IgE antibodies
were immunochemically detected. Lane G corresponds
to the partially purified latex g-123-glucanase from
which the isoenzymes were separated by affinity chro-
matography on concanavalin A -agarose.

PR R IC R TR S OB EN A R T 5720, &4
VEELBI T ERTF MY 7 A THRE L CESEE B
SR LSO, IgE HiRDEEMIZELEH N LD L) 'l
A7, £9,GI,GI KRG # ELISA o7 L — MZHE
E LM%, 20mM 083 v HEBT M) U LR ECRERR
(0.1 M, pH6.0) 2 NZ, RIRT 6 FMHE-7. H3
EEEF M) LRSI RVERRERE (0.1M, pH6.0)
PMAABERD, T L TTo 72, VT EFKEEE
Ty xR rULRE, 10501 0BECHFRLIZIT v
AT LAV —BEOLMFE (Plasmalab International 7
LEEA, 137N iz, SRT—HE-o 2. RIS,
TL—F EOHBEICES L BE Hifk%, Hie FIgE L
HKEBVTHREB L.

FOMER, GIR GLOMEBELRILIBTL L, T
FYZATUNF—BEDQIGEHAFIZL YITL A LR
BB b edbhrol., T, HEHBELF -2V
G, BB OAREIZEL ST, BEHFIZLDIZEA
LEamashhdhol, DLEOERER»S, S7v 7 AT
LIVE —BEO IgE RIS & 53EHM B -1,3-glucanase D
BROLERIC, JOBROMEHEMSPERRRE R
TENHLPIZE 5T,

2. 3. STYIRTLLF L ELTOEGHEERR

FEIE, TT v AT VIVEF—-DBRENIEA IR
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MR LT T UNF - ERT I LICHFBL,

(O EEBHEAERS T Ty VAT LV E Y THY,

RERSHNETH S| LW I)RBEL T, 2L TID
RO HTAL, T7 v 7 AT Ly etz Ra
FEBE 55y s ABPERT VEZT TT v 7 ADM
Bl ESH L2225, HOERDIEICES T3 E#2
LNDWEI—FRIREB SR, ZoERE, RKRTL
HEITHYOEFFHEQRRFIL EIN T LR
RIDDTHHEEZLNS, SLIL, RERFEN L
L 7z chitinase/lysozyme R 7 VS EZT ST v 7 A0 64
B L 7- carboxylesterase, KIKT LG T v 7 ADHBHL
e bR _MOBFE L p-13-glucanase DE TS, 7 v ¥
AT VvF—BEDIGE HUFIC & )RR I N
—EOEBFERIE, TAOKIIEEL S N Y O EAREH
BEARD, 579 VAT UV VOMBREHRE 2 oTw
HUHetE %, WMARTOIDOTHAHEEZLNS,

RIKT LT T v 7 Apb4H L7 B-1,3-gluca-
nase DT I/ BREHNIL, BEICEHIhTWAI Ty
JAFTLNE Y Hevb 2 (34, 36kD;pl 9.5) DEFI® |z
—% L7 (Fig.2). 7, ZOMEON-FFIE 7Oy »
SNTWwzd, Hev b 2 ON-FKigdb 702 v 7 STz
EMESNTVDED, LizhioT, 73 /BECHID O HIME
THRY, FFHITEE L 23BN p-1,3-glucanase & 5 7
YIATVLNT Y Hevb2 X, Bl—ThbreEZONS.
DT UNT eIl L7z The Rubber Research
Institute of Malaysia @ 7'V —7%, Hev b 22%5-13-
glucanase IEHEZH LT W2 E R LTWAY, Lk
LIS D3RG TIE, Hev b 2 7% 3-13-glucanase {HME %A
‘9‘6 EDNFRENTERIONT, ZL{ERENTVES

. E#E, p-13-glucanase Y O A ARBEHIZEE < B
béﬁ?? (PR-27 73 —) ThHhHILIZEITNTHEE
RS FLTIOBEEREDY, 77 v /AT LVLAF-—BE
DIGE MK DRI NG, 97 v 7 AP O—D2T
HHEIERFELEL. RIALRIET 5 HNTHEEL 72 HBE
B, ECHMVIBEILSNAT LIS Y EE—YTH-
7ol EERIE, BN TARKREOESEZE T
BLDTHBHEEZLNS.

% ORYIRE R OMMLEEICIE, f-13-glucan 23& T
TWwa, Lzh-> T, HWICHE SIS p-13-glucanase
DHHEHE, 0L LRWERE I L TEEEHOKE
TRIETEBETE 2V EE S POEZ LR TE B,
T2, A L ADIND o 7SO, MFEFMICEB L
7z [;’ -1,3-glucanase " FH IN L Z t%%ﬂ%ﬂ'(w% =

R, BTRAERTF FO7 3 /BRSNS L - EF 2 A3
5%5?%@%Lttc&%o#@ﬁ%tm%?5ﬁm
3-glucanase 25 A b7 v 78Nz (Fig.2). ORI,
RRTLT T v 7 AZEER Tz f-13-glucanase 75,

TLORDERGEHICHETAEAK TH 72 & 2R
LTwa, 72, B4 LMl ~$’“éﬂ6’f§1_0)fl)\t[3 -1,
3-glucanase %, KER L% b5l a3k ITT LIV T VIZ

THEMEERTHIDTHEEELZLND,

=4, 9T v 7 AT UVVF—BEOGEAFIZE Y B-1,
3-glucanase 755k  FRE S N B 70 101d, WL EHT
5T EHFLETHo 2 (Fig. 5). IgE HikiZ X HE R
ICHEEBEORERS P EE R EH R0, ohE
TIZHHE SN TV ED, 4%, BEHEDIGEHMEIB-1,
3-glucanase OFEHIZITHEFH L T2 DD, HHWILHE
A GO AEEEZEER L TWEONE, BHTLLE
HHbHEBEDLNRBOM F7- = OO L EE T AT
THIEIIED, YRR BEICAFA % complex glycan
B, TT v AT VIVEF =) BRIV E R TICEFS
LTWBDAEI LWV BHIZonTHD, o2z 52
ENTED LHFFS NS, & 51 Churngchow 613,53 -1,
3-glucanase DHFTONEHE LK AT H A VERIFTLD
RKOEAHEIZEL Do TWwE LW RFEHELTE
D, WYOEEKHEHEARE ST 7 AT LIVE—0D/
HEW)EEDS D ERITEE NS,

L2 AT, BEAE O ERS (cross-reactive carbohyd-
rate determinants; CCD) 7% B-cell =¥ + — 7 TH 544,
MfafE LT IgE A D EEREITR S D Z L id %<,
TV NVEAERODEBUTESES v &) BRI T
HHHO, fhdy, BEHIE =TT VIV FE—ERD
FRENBFAIHMONTNED, L7zA5>T, Hevb2 @
HOTLVT BIZo0TIE, BEELABEYHVTRA
FIVHEFA IR T v s F A MEERYEL, HEICH
HTAULERSL EEDbND,

KIKNT LT T v 7 A5 558 L 7 chitinase/lysozyme
DON-E7 3 BEFIL, T20RDSERICHESRTY
7z hevamine (29. 6 kD; pl 9.5) DEFIZ—Fk L 7 (Fig. 3).
hevamine |, TADKRDEMKGMIZEADL L Z & HLAFiH»
5354 2 T % chitinase/lysozyme T 25960, ffitgyiz
W ABHEEOPIZIL, lysozyme DL E L 5 LD At
BERERS 2 FROMIE <, MBI CX T VG ET AT A EN
EIND, LIz2% CHEPNCEEEE NS chitinase/lysozyme
3, 2oL REEICA U TAKHEORE BT R
HETRZWHALESPSFEZON T2, EENIIC
COBEOEEL B0 TFREELEVI LY, LEHH
FHETHHLEEMTII—HEL>TWE, T/, A b
VARZT TS EOREY)NC, MR L7 chitinase/
lysozyme SFFHEEINZ T L H LN TS, EE, e
SN7N-EKm7 I/ BEFICEE LBV 28T 588
HEMBELLEZ A, £ OHICH R T % chitinase/
lysozyme 1) A b7 v FENI(Fig.3), ZH L7 3/
EEFRCHI OIS S, SROMWICFHEE SN B chitinase/



BEISTFvIATLAF VE LTOHYOESBHEAY 57

lysozyme B RERIE R G ERITT LV S R D
AT, B-1,3-glucanase DA L FHRIZE DN B.
Lavaud 54, RRTLFTF v 7 AIE TN B30kD D
lysozyme ASZEEZERIBET VIVY  Th AT EeE fafi L
TV\Z.)GB’GQ).

—7%, carboxylesterase # #K T 29 7=  (44kD)
DON-KHIE, 7oy 2 ENTVWLIEREIE» 7.
Beezhold 5 b FREDSFREETEIT VI AT VNV
4 Hev b 7 (46kD; SDS-PAGE) %5 L TWwA7S,
FZON-E#II7TO v 2 ShTnwikh o720 Hevb7 @
a7 3/ ERECHNIE, KT MZE TN D patatin L) &E
HEIZEMUL TV LHRE ST 519, patatin 13+
Y URENBEELRREETRITMASHERTH Y,
esterase 15> lipid acyl hydrolase F%RT. £512,
EHOREFHETL L) 2AKBHEBEL LTOHE
FHHILEIHMOENTWAE™, k) RIKEA,S, Hev
b7 b TADKRDEAIICELEZERETH A LN S
NBICES5TWVWE™® Hev b 7 HFesterase iFiEER L7
T ELREREINLDM, FEENVSBE L/ carboxylesterase
b, Y YRESEERREE RIS HEETH Y,
patatin {ZFHPL L TW A AN EOhH o7z, T 72 Subroto
5%, patatin IZEMLL72NET I VBRI ZAETEH 5T
v 7 ABEE (43kD; SDS-PAGE) ® N-Eitix, 7ov
ZERTORERELTWED, LizhoT, SHELL
carboxylesterase & Hev b 7 X &L HREELZWVOR, H
LZWIEFRIRONMKSHEEZECH L O00 % HETT 572901213,
W7 3/ BEFIOWREEZ &0, SO REFLE
Thab. b LEEHET carboxylesterase A patatin £ &
BED—2TH D% HIE, THAOKRIZELE NS EKHH

BHHEET Ty 7 AT VIVE— L OREEY, ORI
DWTHHbENDZ LIZR 5.

ZoMizd, TLOKROEEHHICESTALEELLN
BEOMDERALED, ST IATULNFVELTHILGR
THTVv 3, Alenius 5 Chen 5%, hevein(Hev 6.02)
% ZOHjE4R (prohevein ¥ 7243 hevein preprotein; Hev b
601) WEFELTF v 7 AT LIS Y (hevein-related
allergens) Ta& 5 & £5E L TW5b, hevein i&, BEMEOHE
PREE I L CHEEE 2R T MmO T,
¥ 7=, prohevein ® C-FKigllEHE (Hev b 603) D7 3/
ESECH)IZ5, PR-4 7 7 3 Y — (win-like proteins) (23 %
HEHHEOBFNIIEIL L TWwW A, —7F Sunderasan 5 ¥,
microhelix & W\ TLADKRDIEFEIZEITNAHRHAEN, E
BTy ATV (Hev b 4)Thb EHEL T
B, ZOBEBQEOHEHIIoOWTIE, BETLTHHS
nTwivy, LA L, microhelix 784 @RI ethephon
PHEA LB EICHHEINLIBETHL I 0L,
Hevb4 & EEKBHHKIGITO »OMEELFOEHET
FhwvhreHERMENL, EHIZPosch i, 75 A1
endochitinase % superoxide dismutase [ZFIL 72 N-K
WMEEFEAET AT T v 2 ABAEEEY, BHOE Hifg
X DERMICERIA A LHELTWA™., ThETIZ
BHEENTWESFy 7 AT VNI (Hevb 1~Hev b 7)
%, PRI EHEN2EEIE®KICT O L, Tabled
DEHIRDB, TOEISD, ERBHBEBRFEST T Y
JATVNVTF Y OERGRTZLHEDTVWAE I LIRALHAT
H5b.

2. 4 LEREHTLILSF L ELTOEGHAERE

KRT LT T v 7 A& ENDHEMOELRHEAE,

Table 3. Registered natural rubber-latex allergens

Name Trivial name Predicted physiological role  References
Hevbl rubber elongation factor rubber biosynthesis 79,80
Hevb2 B -1,3-glucanases defense-related 57,58
Hevb 3 small rubber particle protein latex coagulation ? 52,81
Hevb4 microhelix component defense-related ? 57
Hevbb acidic protein ? 82,83
Hev b 6.01 prohevein, hevein preprotein
6.02 hevein e ation 76,7778
6.03 prohevein C-terminal domain
Hevb 7 patatin-like protein defense-related 11,70
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TIZKBEEDO PREBEVFITYIAT LAV Y ThHbH L
T2&, 2L DF5F v 2 AT VT —BEHIRERT 5IEL
WA FEMICHBET AL TE S, Fraioiif
D, #¥Yo PR EZHEIIELOBRTRECRESIATSED,
EHEETIR 2 W TH > THIMFEFFNIHEL L PR &
HEZHETHE-29, LiedoT, TLOADPREH
I LTT U F-RIse Ry EFE, UL PR &
HEZECHLQHHYIIH LTS, TUVVF—REEIR
TR H D L TFHEENS (Fig.1). :

¥12, hevein (4.7kD) #FF v Z AT LT v D—D
THbI Lid™®, FHIMT S, COEAER, 75 A
I endochitinase {Z3%@ 7% N-KitEHATH B L L2,
wheat germ agglutinin 7 &¥F Y IZEETAMEEHT
BIEMEL 72 F VHHO, R LEERALTY H 528,
L7225 T, hevein iIZx@ LT 7 VIV ¥ — R 2 RTHEE
¥, 7 5 A Iendochitinase ¥ F V#EEHL I F 28
LETOMPIXLTY, 7TVVF—RInkRTTRENA
HAD . EEE Akasawa 513, 7R ¥ (Persaa americana) D3l
Rl 7y 7 AT LIV —BED IgE HiiFR58#T 5 &
HELZSHHE L, £ 052 KGR 25 endochitinase
CHET 27 I /VBENEE LTIz HRL T
%%, Vanek-Krebitz 5 b, 7S KO CDNA 5475 1)
=AYy —FLIF v (Persa ) DFEZFEIDHL,
ZDIFHAEFAZ 5 A 1 endochitinase DEFIIZATY L 7=
ZEEFRELTWAE®, F7: Mikkda i, IF v 7 AT
LV F—-HZEORE JUENEERT AN FORAEZ S
#rL, £DON-FKi R A7 I/ BRACY A% endochitinase
OBEFICEVWHEMEZRLZZEZRBELTHL, X5
2 Alenius 5889 Beezhold 69, S5 v 7 AT LU F
—HBF0 IgE Pifkic £ 1, wheat germ agglutinin % &%
TEBAEDORHYEL 7 F V hF RIS I - L v ) EER
BREBRE LTS, —EOZERRIE, #boBE TR
FFENTE /- hevein & W) HEEHALA B-cel 2 b~
R, EFRETII LV ORIZO RERIEAF &R
ENBEV)ZERBIRLTWVS.

FROXD I, EYOEKBHEQERIREREDR
WehnBaz e, KETOHEICLVHL2IZEAD
25%. L»L,PREHER VI F Y EHIE, B0 D
2500, RYRHE,BHIEINDI TR EEAHE
THb. ROBPUZL ) NS OBEBAE I L THLILT
VIVF—RIGERT LI 2R B ANIE, #hIZEEEEN
LB EhE, 2Fh, Z{ODPREHERL 7 F VI,
BEIZEAEATZ L T A 8#EIC oral allergy syndrome
(OAS) 2 & DT L NV F—fEIR 5] &#8 2 40 elicitor T
E B, FITBEAEE KA & 50 sensitizer T3 7
WEEZBLZLHPTES,

ROEBUI L D F7RER LS A &) R EBEHEIR,

BRBCHILIRIZ A wknwIEHrEs s Tn
AN =k BEEEMEIR complete food allergens
EIRITh, BAEE B &4 5 sensitizer Th 5 & [FRIZT
VIVE—EREZ T & 27 elicitor T H B, —F, H
RHETESICHELENTLE S &) 2HEEIE, BIOER
LT sensitizer {247 {509, Lo L, BMARH
JEIZBIC & ) BAEDSAL T AW RIS B EEXD
No, Z2LC, YOLIRRETHAIZEL, HAHEHAHE
X33 B RBRAES— B TUE, F—& 5w idscERIoH
%41 5 #HBEY (non-sensitizing elicitor) 2 A L7- 0 #7201
B L7256, 7TUVVF—ERFBND &R S 5589,
R BN L -BICHB T A8BR 7 LV F—2 &YW 7 L
WF=LIFATWS DY, BOERIC & ) BEASR L7z
BRSO LS, HIiES I WEBHED icitor TH 5
ELBRERVWDTH DL,

Bz, AEOERICH L TT VIV F -G 2 RTHEE -
DREZEE, HEDOEHCHEYERRIF LTI T LAF
— o % R3S TH D, birch-pollen syndrome
EIFENR TV A5, RLVKERICENR O NS HEE
PSR LR, YRR OX Uy =T LS
v(Bet v )EMATEIETEIEIHMILL, FDHK, K
RIGEXHT5HBE (Bet v 1-related allergens; PR-10
773V ERADLVIIEOBEBRLZBIZT LV F—
ERFHEB S 22 b o 2819 g oo Malus
domestica) & Fh b Bet v l-related allergen THh b
Mald 1 OHRIT LIVF—RIpzmR L1019 [iEfEsic
MLTTUVVF-RIGERSLWEFIE, ZEALRWE
ERTVRWY, BLYWREREOREREL 29 —D
D7 VN B (pan-allergens) & L C, B4
BIHOT 7 F AEEUERBRE TH 2 profilin FHHH 6 1
TVEY ZoT7 LTy yBEOBEDd, T9ERL L
EF b profilin #W AT 2 Z & TREIEIKI L, F01E,
RERIM % KT A profilin WA L2 ) FOEIL 2
BRIZT7 LV F —ERAH BT 2 L BE S T 589699,
EETREZ L, £<{® Bet v l-related allergens 3
profilin #H, HROBRL-BSERESICHEILsnTLTE
)& HREAYETH OO I sensitizer 1213 7% Y 5%
WEWH e ThHAH, LarL, & elcitor iidR hig5s.
Z? X 9 7 "non-sensitizing elicitor" 1%, A=zt
DLTVVT U ThHDBEEZOND, #ILOBETRE
SNTELEEHRCHESGEHDE (binding proteins) %%
MAZHEET 5 EHER S 5 106107,

TEMIEDSE LRI, 77 v 7 AT LIVF—DE/ER
BO—D2L LT, TUVT U HRE LINY ¥ %R AT
BV— b EH DY, i, T7 v s AMGAREICEERE
iy s LIZXBEES, BRBEENDD. wThofF
BTHhreEL, RIATLABBIZIIPREAENGIATY
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H5DT, TNOHIITAREEPRALTHWREENHS.
L T—HBREfED L3S, BRBTESHIZHIEEhTL
FH)L)LPREHEZAOCHYHEARIIHLTY,
OAS&E@?V»¥-KE%%T&5K&%t?ﬂéﬂ

., —HOEKNHESRIE, BRESFHRERSR
ﬂ LTCIHEILEETH LD, complete food allergen
ELTIERTAWRER L H D, Z0EE, $TF0LI%

PREMAE*ELCEMIIHTATLIVF—ANBL, 20
%, 77 v AERBIARETAENLAr—A0H5D
LEZLNE.

bW I

BB, MYOEAHHEDERSRARITLHEMILS
EREL7 LV X —DFRPETIE v ML, Bkt
H#EDOTE /e, HEYEGHHERE 2 FESELERE,
WEECEE, MW RLVE 2S00 {bEEO R4
YR EORKEWHE, RIMRRPHLVWEFTRELZ LT
HbH., 0L RERRZ, BREOITAOKIZESLT, o
ZL DWW LTOMb o TWAEDTIRRWES I H?
FHREETHE, FRAGEMICHL SIS EEHHERE
BEDS, RMIRCOTIC X B ENREAELT LV E — OB IE RN, i
LD THELTWELID TR L WhEEZ LI ENTE
5.

BiziL, BEIBREOF YV ViRESEVWAROIERITL, 7
W—=TV ERINAET VLV OENSE P ol
ENHEIN T, [, iR Zits
ERA VI ELTE, AVY—TUAMT Y THD Betv
1 OEAHEMLIzL V) EBRERESBRINAT, F/2,
V—F o IlEINAT VT O—D0, ERALA
WEDFBEEINDIEBEHETHLZ EDFAHL»IZEN
721D ¥ &4z Hanninen 513, # 7 (Brassica rapa) %
ethephon % salicylic acid TS % & IgE Hifkas38a 4
HEABOENIOBL LIZOMMT2 2L 2RL, MO
BB RS A EAT LS Y ERFEL LN
SHEDBZEIOLNDEHRL TWBEYS, BRI
COBMERENFHATREZVWLIOD, T X AF
uriperus asha) FEF D7 L V4 v —> (Jun a 3) 1%,
PR-677 3V —OHEAKRICHRZT I /EEEHIZHE LT
W18 —F % B (Parthenium hystercphorus) )
BT LT (Par h 1)O7 3/ EEECH)IE, extensin @
EFNZEBLTWAO, F/4, avavilgIhs TN
FrO—DFEA MLV ALY FHSALIEAEIZ, ST
' 1% bell pepper IZHINAT LIV VIEZPR-5 77 3
J-OFEHEICHRAEZ R LMD, 2502, k&
(Glycine max) |
Iy FUOEKHHERBEICEMULT I VBRENZAE L
T2V, I mb A4 % A b UADS, FEYIRSIC

ZEIThAETLAFD—D (Glym2) ),

L BEIRET LV F — DEIMEIICES LT 5050 L)
B, GHROILRIMEOREVFEING,

—7%, WEEICEEL R TEY Y 5 —FEe L
T, AABEBRAEEZAAT 25— AWML T30, &
FOMEUREICL YR EZE TS L) E2/ED T
RAE, HLhHTbRTEL, WA TERETIE, BEF
TEMEFETHCTREEICHC R 2 E €S & ¢

BRANEATHHBD, YD FET 5 EAHHEAE
HOTLLVT U EVHIBENILIE, TOXHITLTED
HENABERCEOT RS2 2580w, BETHES
NTWBEITLDORS, BN LMELZERL, BRIH
RENTELRHELDTH 5509,

Hi1Z, prohevein(Hev b 6.01) % 2 — F¥ 5 §f{EF 28
TAHIEILYEBEENA, BEEIZHNE W?iﬁ%%
DI IPHRESNTHEI, ZoOr<bETTV IR
TULVF—-BHERT P E—-BEPARGE, TLLE-
g% 4TI EE T & kv, $ 72, endochitinase
¥a2—- FT2HEETREATAI LT RED LI &
TBHRAD, %L OEWIZDVTITFhR T 24901819
L#4*L, hevein (Hevb 6.02) % 7 K% F& endochitinase
(Pers a NASAY vy —L T LA ELTERBEENTVS
HEr, REdTIizTabhw. 0L LEBEAEENS
BB S BEYSEME LTHBICH 2B, &
ECBIIBHAFITA4 D&, 20REELIY IR
DHEBEICHEEFTENE Z LI 2920 Inschlag 5 b, 7
WEINBAT Y —T LTV
(Prua2) #% thaumatin-like proteins (PR-5 77 3 1) —)
WCHRZT I VBRI TAZERRL, 29 LI2EH
HEREHSEL/IETUREDOREEIIDOWTIEE R
BRLTWEE, ERRICFHINL AR R ORI
BETRERYIIY DA 2 EE LR LI Ty
5. FOEEGLZEBLELLEVEOIZY, AR EN:
BN T UAMNF—DFERELZ LRV EI D, BHOH
BaboTiHESNLZ EAZINE,

E 33

BaEoME s TRV EF L, BETLRFEES
R AR R B R WEEN EE, Li)ogk
FHRERE EFRET oL, RUBEMEHEET LLVE
—HER RiE X W, #ECOEHeLLET. T
T3 BESISIICSH A e W2 T L, HBERK
FEMEEFHRELIR WIFEC L, RURBER
REECEFREBFIZ DEILEM B, & EH
WizLET. [RATLARBIZEAIET LIVF— L
BRI HERE & OREZERIZ BT HRFE] 1L, PR
6~BEERE AR EH RIS (EAEMFRIIF RIS
FHFES) =#mIATONRL.

5 v KR (Prunus avium)
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