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An allergen enolase is isolated from camellia pollen

Kouhei TANAKA and Norio NAKAMURA

Graduate School of Integrated Science, Yokohama City University, 22-2 Seto, Kanazawa-ku, Yokohama 236-0027, Japan.

Among proteins separated from an extract of Camellia japonica pollen by 2D-PAGE,
three proteins, Cj 57, Cj 53 and Cj 50 with molecular weights of 57, 53 and 50 kDa respec-
tively, were detected as allergens by Western blotting using serum from a patient with ca-
mellia pollinosis. Moreover, the protein Cj 50 was identified as an enolase by mass spec-
trometry, and the amino acid sequence deduced by cloning of the Cj 50 gene confirmed that
the protein is an enolase. Furthermore, the protein partially purified by column chromatog-
raphy was found to have enolase activity.

An antibody rised against Cj 50 recognized Cj 53 as well as Cj 50. Cj 53 may be an
isoform of Cj 50 because it always was detected in the enolase fraction with Cj 50. These
proteins were detected in the extracts of pollen grain, flower and leaf by Western blotting
using the antibody, but Cj 53 was detected only in the pollen grain.

Immuno-electron microscopy detected the labels of the antibody in the cytosol and
generative cell nucleus of pollen, and in the cell nucleus of leaf cells. The immuno-labeling
in the nucleus suggests that Cj 50 and/or Cj 53 have another physiological function besides
enolase activity.
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1. MEEEHROEE

BATEERT O Y /5% (Camellia japonica) DAEH S Fi
w8, CTHESE-05, fit@ L THEHOA
REDI. BOIAERI ) A SNV ERIERAEEE T
~20CCIRAF L7z, BLARTEM BRI L 2R L H U
a7 & A ERTCERILL 72

IONEFER A 0.1M 3 3 — 1.5% SERBE 12 ScAm |,

BCTHELL.

2. EHEOHE

BEEOMM ORI 4C T o7, FEl% pHT5
? 20mM Tris SEEICEE L, Ky ¥ —FRETFA
W—Ex AT L, #F L7 % 10000x g T 20
SERLTEEL. BEE S 51280000xg T 1 KM
EOLOBEL Bon-EBIcEG TRy BHERE

BB D LM, BEIE, 2RRREL .

BHEHHH L TELHE 10000 X g T 10 4 HERL5
MEL72. LERETCLOL, BiTR NV EMA, RA
N FTIRB iR L, B 10000 % g T 10 471 #E
LEEL 7z, BEREC RESETELNIEEY
BAIER D 80000 x g HIEEHE L L7z

% (4bmm OFE 2 HLERED), 657, EOEHEICD
WTIE, IhOHBEIASICAN, WERERTTILE
HEWTHR L, BRI oA 2y RV
VT Fa—TWBL, 007% 2-AVAH T by ) —
Nk 10% TCA ZEELH1 b v &ML TE HITHRL
7o WPEREROSEEL, Boh B E TR T
o 7zfk, BRSE7 FHMOLE %z 125mM Tris
BEW (pH6.8) —5% 2—- ANB T Iy J— -
25% SDS—10% 7'V tu— LiIcBEL, <A
RHGTE SITHE L7, FNEN OBV & &
LDABEL, Bon/- LETESAKERFERL L2

3. EREREDAE
EFE R Bradford £ 12 X W HIE L7z

4. EHERED_RTERXE (2D-PAGE)

2D-PAGE 13 O'Farrel D /3" (24t 5 TT o 72, 44
BL-EZBE 80000xg LiEH/E) % 95M RE
~2% Triton X-100—2% Biolyte 3/10—-5% 2— A%
FRLY =)V —-5% PVPAOHRIZEHL, RANLT
FTVORLA BEHEBRZZERCIBHTEL 2%
10000 % g T 10 RO BEL, RiEEMERH L —
W H OSBEBLKKEIT T ~ — 7P VERIKEIEE
ZMEH L CI7o 72, WAL Biolyte 3/10 & Biolyte
58 EMHL, ZOEAE1:28 L TBEBE

1213 100mM V) ~ & & 100mM NaOH 2 L7, =
Wt H @ SDS-PAGE & Laemmli 531" 125 - THT
WV, AT TBESKEEETHAL, 10% 727UV T 3
FrVvcEAE L. B SV E 30% A
77— N-10%FHBEICE L CEREYEE LR
CBB¥:t%fTo7:. BHEOG FREEIDTEY—
71— (Bio-Rad #t) #HTHIL 2.

5. EB7 LIS Cj50 & Cj53 DEEMA
Hellman 5 @ In gel Digestion " (25t > TH &4
MoOABZRELL 72, BIEEETIy XY PV T
Fa—T &Moo TiTo/l. CBBRETTTHE 72
Cjp0 & Cjp3 D AFK v N % 2D-PAGE 7 WS89 L
Fa—TIWZAN, FhIZ60% 7= )V EL
THE L, ZLTHE 100% 7+ b= M) VIZE#R
L, “ Ve +aEsgl £2LTC Fric
125ng M1 7Y v/ ul—100mM NHHCO, B dH 5 \»
Elng VY NVLY FRTF =¥, ul~100mM Tris
BEW (pHO.0) #imz, ACTH VEBHEI /.
ZFOH, VRIS o 7o BE R BRI A HLY
BR&, MUTYUOEAIZIENBHCO, BilE, )Y
VIV FRTFF—-LORHEITIE Tris RE R HE
Mz, 37CT—MlbEE, X7F FOBEH LE
% CI8 75 ATHHE L, Q-TOF micro (Micromass #L)
THM L7z, B 5727 — ¥ 13 Masslynx ver. 4.0 & H
WTHIT L7z, F/7 -9 R—2DL /) F5—¥Rs
O—=v7L72Ch0% M) 7Y VL 72561015
ENARTF FOER LT I/ BEH I MS-digest
(http://prospector.ucsf.edu/ucsthtml4.O/msdigest.htm) %
FCHERI L 72

6. CHOBEGEFO/O—=2T

4 RNA #i1H1 13 Shirzadegan & @ /519 124 o T Ll
TOENATo T2, BARER CHES S &7 48H & Al
L, 2-3f5& ® & RNA fill 11 i (pH 8.0 @ 100mM
Tris #% f %, 10mM EDTA, 100mM LiCl, 1% SDS)
CRE L, ZOBERT 7/ V-7 0uakiA
JLER 7212, 138O IOMLICIA#EZNZ, —20CT
1L ERE L. Shed 0L CEsibEy
2M LiCl-50mM EDTA ¥ 8E L, HEROO 8L T
RNA O L& % #37-. L& % lmM EDTA %* & &
pH 8.0 @ 10mM Tris R E W IZ B L, BEMH LM
RNABWHZ 7=/ —-Z700FRVAMBL, 1%
J = VLB I AR 22 R R B KIZ R L, RNA
e Lz, B5N7/2RNA X 70C THER S w72
RNase [HEFIFFE T CHEBERIG T T /2. WEER
ot 42°C x50 43, 70C %1543 ToiTo 72, HEEE LT
1872 cDNA #*5 Cj50 @ cDNA #1585 720, WES 7
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BT LVA L) 5—F 87

A4 <— A (GGN AAY CCN ACV GTB GAG) &HEE T
5 4 <—B (GGN GAT GAY YIN TTR GTY AC) % H

WT PCR #1T272. PCRIFZ 94T x30#, 52T %147,

2T X255 T3H T A7 VAT 72 KIZ CB0 BEIET 2
B RA RS (TAATGGTTCACAAAAGATCTCAG
G) %AV T3-RACE # 1T o 72. PCREWIZTA 7
O—=YZ7%v b (Invitrogen #) % fI\»T pCR TN
7 & — A AA, DNA ¥ —% ¥ — (ABI PRISM
310 Genetic Analyzer; Applied Biosystems #1) TiA:HAL
%A 72 HERY X GENETYX V7 b7 =7
(Software Development 1) % Fl\ > THAT L 72, AR
Bl HHEM S /27 3/ BRECH L BLAST, FASTA %
i > 7- DDBY W A A 7 & (http://www.ddbj.
nlg.acjp/) ZFIH L THHTL 72,

7. Cj50 D¥EsL
CHODIFEEE, 7 v 7 AT LVF—DT L IVYT
Y ORERIEY IR LT Y, £TORER4CT
To7-.

ek 1.0g 205 20mM Tris fRAEE (pH7.5) % AT
HE (10000 x g T 20 43 R ga - 4 ) # AR B L,
(NH,),S0, (Bi%) LB %47 - 72, TR E
0—-45%, 45-60%, 60—"75%, 75— 100% i 55
FNENIZOWT, YNFRIEBREMEZ VT
YL AYyTay MRV, Flx ) T — B0l
ExRATo 72 WIZ, MEEERIG L7 45-60% D%
H 5 D& & % Sephadex G-75 77 7 A (¢l.6xh 120cm,
S0 3ml) AV BEERCER , SE L. FRE
NOBEFIZDONWT, MFEEHAVTY 2 AY 70y b
7w, 15— PIEEORNEZITo 7.
FVABEOESO) LMEERIEL, kb
T — VIR o 2 OO 5 U Lok %
FoWin % ED T, 2O % DEAE — VU — A%
T A (9l2xh 10cm, 78 2ml) 22 0) 72 EHIE
0.3M NaCl &L BEEW TIT-72. FLTEREFNRD
B OWT, MEFENTY Ay 70y b &4T
v Fon ) - EiEEORME T

8. BEEEMDAIE

I 5 — B{EEIE Westhead & Mclain @ 5" 12
WU THE L EAE lug 2 5 CETER T UG
W (pH7.5 ® 67mM Y » P& %% & #, 1mM MgSO,,
2mM 2— K AR Z U kY VB #£E ImL) 2H1Z,
30C TG &4, 240nm OWLEEE{LICES X, &
LR ART - VELY VEBERNE L. BE
HHOMEE, 14812 lumol OREE % I E(LE
WirEEEY 1 2=y b LTHIEL, EEEMED
By = (kat) IZEHLTERLL.

b1,

9. i1 Cj50 MiEDIER

CBB %:ff |72 2D-PAGE 7 V72 5 Cjh0 D AR v
REDHL, FursEAEYHE L B
Cjp0 BEHEBEW % 4 384 @ Balb/c M~ w7 A ERER
GL7:. 1HEEEREREE 70 v ME2T V2
Ny M ERE, DREAEELT VanNy MERYE, 10
ABEICFH4MBIEL 2. Hidfizy oAy >y 7y
NCHED, DIEE ) EMBRL, FoIME i
Cjo0 Bifk & LCfER L 72

10. A& JOvy bk

T AY Ty hEATH 20, 2D-PAGE H 5 \»
{2 SDS-PAGE 12 L > T ML - EHE R 70y 7 1
VIEBEHGCT, VS NCED S\ iE PVDFE R
NIEE L7z BEEBRBAKTESEES LD, pon-
ceau S THML L, BRHEDARy 2R L. EE
0.1% Tween-20 % 4 ¥ PBS & (PBS-T) (8.1mM
Na,HPO,, 1.5mM KH,PO,, 140mM NaCl, 2.7mM
KCl) (Z& L 3 m¥E - Bl U727, 1% BSA # &t
PBSTIZRLTACT—MHIRELHI L, 7uv 7%
1oz,
A e MIEETHWA YRS 7ay b

0.1% BSA &% 09% NaCl T4 /BIZHRL 7
b MIE I PBS-T CHEH LB E 258, 25C T3
RIS S 72, % PBS-T C 3 HPEH L7, PBS-T
T 2000 fFEIHER LAY FHRANVE XV —E -1
L M IgEIZIEE a4, 30C T 1RMED S
B P U727, ECL FUS (Amersham Biosciences
M) IR LTESE, XB7140s RXU TV
T AV AFE) IZBOL S SHUARUS 2 R L7z,
B. HLCROPUEE W/ 2 A% 7 ay b

10mM Tris #% & i (pH8.0) —150mM NaCl—
0.1% BSA ¥ CEHEAR L 7280 Cjp0 PLEH I % o
S, BiRT2RMRIS S S BEEREE 2000
RIZHR L2 €4 F /bt~ X G Hlk (7 < H
k) &S &7z, WIZPBS-T THEEE L, 5000 54
MLz a7 ERESNF I —EREETE
DrERIGEET. i EREOED AT 7.

11. i Cj50 Hifk % AV A REEFEEMEHE

B E 4% ST TF VAT VT F=05% V%
VT VT F=50mM % 2V )VERREEE (pHT7.3) 2
BL, vAr0yx— 70 L BSAEE TV,
EHIC—MEE D EE L. R 2V VERRE TR
TG L7z, 01% 0s0,—15% K Fe(CN)e] #Ei1Z
BL, 1BMEEIOBEELL BESN-RE 2 &G
WT—MIRE D) Ltk =% /7 —VRIITHKL
LR-White # i (London Resin #£) (283 L 72, fE#L
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L-BEORZNE Yy FlZod, —Bggsd

7z,

L SRIEBREIIIROD L DI To . PR E o2 MW
) v K% TBS (pH 7.2 @ 50mM Tris /% % %, 150mM GeDa)
NaCl) T30MIZAHN L2 EE Y FFR S IR L, 97

3040, EETTOyF SN EE L FOR, 661
TBS T 2000 R L 7241 Cjp0 Pifk & 4T T—B IS
S&72. 50mM Tris A& (pH7.2) —150mM NaCl —
0.2% BSAETHH L7z, 100 fF12HHL 72 10nm 4
£anA FERYFHRIA~Y Y A 1GHW (753>
) LRRTIHEOSSE RREEL, BT
Yetrn O 247572 & HII—MER S -3 % IEM 81
1200EX Z# A E-FHESEIC L > THE L.

(B&EE) ‘

LR L 72BEEE OB, DUT ORGREZ R L7
BSA : £MFE7NVTIY, CBB: 7y —7Y YT
F7V— R250, EDTA : =F L ¥ V7 3 v MFERE
NC: = buatkppua—2A, PCR:FEYY AT —PEMEK
& PVDF: KUY V=UFyI7ay F. PVPAQ : Fig. 1. Z2D-PAGE of the extract from camellia pollen.

. 5 . The extract from the mature quiescent pollen grains
— N2 . > >3 ﬁ
JE=eny Ry -40, SDS-PAGE : I VBERR of Camellia japonica was subjected to 2D-PAGE.

TV A-RYT 7 I)NVT I FTIVERIKE, The spots of Cj 57, Cj 53(a, b) and Cj 50 proteins
TCA: MY 7 OOFEEE, Trs:2-73./-2-k Fo (arrows) were reacted with serum from a patient
FUAFIL 13- TNV T F— )b with camellia pollinosis. The proteins in the inset

(dashed line) were concentrated and then developed
once more by 2D-PAGE (lower figure).

Bw R
1. YIREEWT LAY Cj50 OF X / BECHIMRAT Table 1. Amino acid sequences of the fragments of camel-

- . . lia pollen allergen Cj 50.
VNFACK UL 2D-PAGE THHEL Tl &L Molecular weights and amino acid sequences of

TEEE LY NXEHEREMFE L RS S8 25, the fragments revealed by mass spectrometry (up-
FF&E 57, 53, 50kDa DEHE AR Y P BFIE E IR per lines) were compared with those of Hev b 9
L7 (Fig. 1), 22T, ZOWMETIZES, 50kDa ® which is an enolase in Hevea brasiliensis, and its
BEE (CB0) 12EH L7 HEE M L7 B0 % sequence had the highest homology to that of Cj

o o P 50, and with that of an enolase in Arabidopsis
)T rEALL, BRSO EITo728 25, Table 1 thaliana (asterisk).

WCRTHEELE T I VBEFZFEOXRTF PRI,

INSEDRTF FIZDOWT FASTA 7O %7 5 A% Fwn No Mass Amino acid sequence
HEBMRE I T8 2 A, BEORTF A . 1525.14 IQIVGDDLLVTLLL
Y- B - BEAR O S—PLHRAEERRL, & 1500.73 VQIVGDDLLVTNPK
INFITA ) FRUA XFAFOL) 5—-EIlH 5 1672.90 VNQIGSVLVSIFAVK
WHIRPE %R L7z, G50 © N KM 7 3/ BRBLSI T 178 VNQIGSVIESIEAVK
bITo720, W25 3T dh o7, 5 1679.86 PYPAFNVIDLLYNLR
2118.38 NLVLPVPAFNVINDGSHAGNK
2. Ch0&EFO/A—=7 . 1716.00 KLQVEVDISSLLLFL
) . . * GNPTVEV G
BRI CH/L N CGEO DT 3 J BEFIZ KT\ 187 NPTVEVDIHTSNGIK
THBLETIA =% AT, B0k G50 &E s 2251.32 RLFSDTEIAPLSVGLLFSRI
TEra—=vr Ll 4RO CH)EETEELC 2251.13 SGETEDTFIADLSVGLATGQIK
BELLd o, 42873 JEBEFHELMILE 2 . 301561  SFVSEYLLLALLELFFDSPFAYAFLT

2944.20 SFVAEYPIVSIEDPFDQDDWAHYAK

LT Cp0 ERFI 2 LB SN D 7 I BRI E
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Vid 0 2N E e A B 29
cj0 0 ee————— GNPTVEVD | CLSNGVKARAAVPSGASTGTYEAL ELRDGG-SDYLGKGYSKAVTNVNAL | GPALVGKDP—-TDOVA | DNFMVQQLDGTYNEWGWCKGKLGANA |
Hevea MAITIVSVRARQIFDSR. ... .. AVK.D.YL............ | P LU Bl -
Arabidopsis ~MAT ITVVKARQIFDSR. . HTLL VT e . N L -, Q_T .......

Oryza MAAT IVSVKARQIFDSR. ... V. C.D. TF. . v D SV.A.. L. — 8 ARL
Homo —MSILKIHAREIFDSR. ....... LFT.K. LFR— ......... I NDKTR M. EHI.KT. A.. .. S.KLNV.E. EK. . KL. |EMDGTEN-—-—_S.F.....
Saccharomyces —MAVSKVYARSVYDSR. . .. ... ELTTEK. .FR-SI... ... .. VH... . M... DK KWM....LH .K...DV.A.. F KANIDVK. . K. V. D. LISLDGTAN—-.S. . ... ..
sdokkkk * Foppdkdok  kdkk ok **** ¥k * ¥ Rk * * * % skkkkk
\ Y Y
Gj50 LAVSLAVCKAGASYLN [ PLYKH | ANLAGNKK-—LVLPYPAFHNV | NGGSHAGNKL AMQEFM I LPVGASNFKEAMKMGVEVYHHLKAV | KKKYGADA | NVGDEGGF APN 1 GENKEGLELLKA
L HKG...E......... NS A S T
Arabidopsis ... V.86l Pl AS...oo S T T
Oryza ... L. IKK. ... Q.. O TAS. NS T T
Homo G VEKGY. . .R...D.... SE—VI. ... A R.RLA.N.N E..K.T........... | T
Saccharomyces LG... ASR.AAEK. V... .. L D SKS. TSPY. ... FL..L....... GA..L.....AT KA LRLS ...N.SLT..R..AS.G....... V... TAE.A.D. IVD
* dkkk F % *** * % ok Sokkk kK dokdofkRk Sk ***** * %k %k Bk K **** ok ok kK Ok slkkkk ik * % %

, Y \i il \
Cj50 AIAKAGYTGKVV | GMDVAASEFYGS-DKTYDLNFKEENNNGSQK | SGEQLKDLYKSFVSEYP VS | EDPFDQDDWEHYAKMTSE | GEK |Q | VGDDLLVTNPKRVAKA | KEKSCNALLLKY
Hevea QA A A LR A
Arabidopsis GEe SE- DA......... A TCTEV. ..., Ao
Oryza B NDK. ... D...... DS, NV . AV T [ A
Homo G Do FR.—GK...D..SPD-DP.RY. .PD..A. ... .. DY GAWQ. F.ASA. —, . V... .. T..... I WN C....
Saccharomyces . KA. UHD...K..L.C.S...FKD-—GK...D..NP. SDK. KWLT.P. . A.. . H.LMKR.......... AE. .. AWSHFFKTA.— .. A .. T..... [.T..EK AAD......

sk % ok Rk Kk kel sk Fk * * ok % ok Rkl kol ® ok % kok klokk Xk kK sokkook
il Y
Cj50 NQIGSVTES| EAVKMSKHAGWG IMASHRSGETEDTF | ADLSVGLATGQ | KTGAPCRSERLAKYNQLLRI EEELGSEAWAGASFRMPVEPY
Hevea
Arabidopsis V T
Oryza . R...VW.T A A A
Home LQ. C.LAGAN. .. V.V, ... v X . oo KOKF. RN N LAK-
Saccharomyces C G TLSCCUKCAQDLFAL VLV Vo.o.Ro.ooo.. Ao | I DN. . F. . EN. HHGDKL-
**** £ Ak k skekk k ok ok

Fig. 2. Homology of amino acid sequences between Cj 50 and enolases from various species.
The amino acid sequence of Cj 50 was compared with those of Hevea brasiliensis, Arabidopsis thaliana, Oryza sati-
va, Homo sapiens and Saccharomyces cerevisiae. Cj 50 had the highest homology (92%) to H. brasiliensis and con-
served all the amino acids needed for enolase activity (arrowheads), in addition to possessing two LXVXL motifs
(arrows) related to transcriptional repression.

BONMORREERL LA, Y - 8 - BRo ) 4. Cj53 07 I / BECHIFHT
F—XlieEWHESERLZ (Fig. 2). &b MM Cjp0 DAERLIZER LT, Cjp3 i Cj50 & [/l Lo &
EholDENRTTL)FOL) 5 —FHevb9 T  FhTWiz/z®, CH3IWZOWTH M) 7 Ui bL
R THY, ZLONTERMPRTEMY O ) HESNZITV, Table 3WWRT L) REEET I/
=PIzt LT 80%LLE, B FETIZ695%, B BREH zFRORTF FPELNT. GBI DT FF
BTIE60.7% 72> 72. LI ME EDREATMN R LY 122w, FASTA 707 5 A% /- MEMEHRE %
DI/ 7 —EEEERTOILELRT IV BRIIETR fTo2blh, 6HONTT FA%EY - i) - B
FERTwsIeRs®Y ci0ide /7 —EFEE Lo/ 5—CrMRAtERL:. HED 1983.82 ®

rbOoLHENEING, RTFF2ZFET O R FAF R85 TH 2 FI2IETH
FAEEREY, A2 ERIOL) F—F
3. PLITFLOBRET/ S—EiEE ENO2 IZ 72\ MR A 7R L7z, F72 Cj0 & Cjp3 iz

Wi, 7VvAMSH, BAF Rz avw Ny WTEESITRE TREM «7%F@ﬁm%ﬁ&t
774 — (Fig.3) %47\, GO Mo BH L 7-. LZTAH, FNENBEORTF P LA (2
CROMEEFNLIBAF v RB 7 u~ s 7974 -0  FRLEEOXRTF FPEED o 725612 il@kﬁx
4 14 ©1.7 5 — B iEHE 80000 x g HIEERD i

5t LT 20 RIS S 7z (Table 2). 72 %F“%” Table 2. Partial purification of enolase in camellia pollen.
BloBWTEBEME V2 Ay v 7ay b Protem — —
. Purification ste content Enzyme activity Purification
o ThbE , bR AR liﬁ] [ETHA CJJO L 53kDa D P (mg) (nkat/mg protein) {fold)
EHHE (CH3) FHicEEFnTwar I trbhoi: Extract G0000X8 17028 ” 1£
(Fig.3). 727 —F W3R L TRV, yNFEHT :I“:’e'“at:“‘)h
sy —_ N alting out witl
9 —BREEERTOIE M BLETH Y, FO ammonium sulfate 51.00 44 18
JEHEIE NaF 12 & > THHE S 7z, F 72508 pH (3 7.5, (45-60% saturation)
[N S Gel filtration on 243 163 68
i 50C Th o 7. Sephadex-G75
Anion exchange
chromatography by 0.78 445 18.5

DEAE-Cellulose
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Fraction No.

10 12 14 16 18 20

SDS-PAGE

Ci53 = |
cj50 —>

Western blotting

Cj53 — |
cjs0 —>

Enolase activity (nkat/mg protein)

0 25 445 250 90 35

Fig. 3. Anion exchange chromatography of Cj 50 on
DEAE-cellulose.
The fractions having high enolase activity on
Sephadex G-75 gel filtration were subjected to
DEAE-cellulose column chromatography. The frac-
tions eluted with the buffer containing NaCl were
collected and each fraction was analyzed by
Western blotting and its enzyme activity deter-
mined.

72). Cjp0 & CjB3 THEMF LT F FA 11 55
Nizis, EbR7F P AT BB I Nz B2 b
NTF FILCHR0 & Cip3 THIRT AT F F2SHH L
ZADICELCENFNORTF FOERLTI VB
BF % /R L7z (Table 4). ¥ 72 Cj53 13 2D-PAGE Tl
HEBHORLL20DARY PakblilghbsnT
(Fig. 1), ZhENIZDOWCTEESH 21707288, &
BRBEXRTF NIBELNL o,

5. M CH0MFEERAWEY T X270y MER
2D-PAGE THBEL7-CR0 2~ A 2®%mEL, i
CHROFURZER L7 ER LT HW Ty 2 A
yr7ay b afTolzE 25, ZOPRIZ B0 72T
Tk <, CR3 bB# L7 (Fig.4). 22T ik
THWT, YNFOLMEICBITET ) 5 —-FoRE
ZAAIZE TS, BLCHOPURIZ L - TR E 7z 50
kDa D3 FiziE DA b8, #2BRn-0E 12

Table 3. Amino acid sequences of the fragments of camel-
lia pollen allergen Cj 53.
The upper lines show the molecular weights and
amino acid sequences of the fragments of Cj 53
obtained by mass spectrometry, and the lower
lines show those of the corresponding fragments
of Hev b 9, having high homology to Cj 53, and
that of the corresponding fragment of the enolase
(ENO2) from Zea mays (asterisk).

No Mass Amino acid sequence

1 1572.82 VNQIGSVTESIEAVK
1572.84 VNQIGSVTESIEAVK

9 1983.82 GNPTVEADVFACDDGTFAVG
1986.18 * GNPTVEVDVF - CSDGTFAR

3 3105.40 YGQDATNVGDEGGFAPNIQLLVPNC - - -
2324.35 YGQDATNVGDEGGFAPNIQENK

4 1826.86 IEEELGSEAVYAGASFR
1856.01 IEEELGSEAVYAGANFR

5 2251.10 SGETEDTFIADLSHLLFDLQ
2251.13 SGETEDTFIADLSVGLATGQIK

8 991.98 ARQIFDSR
991.53 ARQIFDSR

Table 4. Comparison of mass and amino acid sequence
between Cj 50 and Cj 53.
Cj 50 and Cj 53 were digested with trypsin and
analyzed by mass spectrometry. Common pep-
tides in Cj 50 and Cj 53 were examined. Nos.1-
11shown in the table indicate the common pep-
tides in Cj 50 and Cj 53 and in Nos.12-13, the
upper lines represent the data for Cj 50 and the
lower lines those for Cj 53. The data of Nos.1,
10, 12 (upper) and 12 (upper) were obtained by
mass spectrometry, and the others were deduced
from the data obtained by MD-digest analysis
(http://prospector.ucsf.edu/ucsthtm14.0/msdigest.
htm) of the amino acid sequence of the cloned Cj
50. ND: not determined.

No Mass Amino acid sequence
1 1023.59 LTIKSVHAR
2 1045.64 N.D.
3 1117.72 LAKYNQLLR
4 1152.63 N.D.
5 1281.67 DGGSDYLGKGVSK
6 1292.76 ISGEQLKDLYK
7 1492.67 SERLAKYNQLLR
8 1791.08 AAVPSGASTGTYEALELR
9 1919.10 VNQIGSVTESIEAVKMSK
10 2251.19 SGETEDTFIADLSVGLATGQIK
1" 3055.66 N.D.
12 3017.15 SFVSEYPIVSIEDPFDQDDWEHYAK
2099.45 SFVAEYPIVSIEDPFDQDDWEHYAK
1 ::;; GNPTVEVDICLSNGVKAR

GNPTVEADVFACDDGTFAVG
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Ext DC Western
blotting

Fig. 4. Detection of Cjb0 and Cj 53 by Western blotting us-
ing anti-Cj 50 antibody.
The extract from C. japonica pollen (Ext) and the
most active enolase fraction (No. 14) obtained by
DEAE-cellulose column chromatography (DC)
were developed by SDS-PAGE. The active proteins
in the enolase fraction (No. 14) developed by SDS-
PAGE were detected by immunoblot. Ab: the anti-
body against Cj 50 reactive with both Cj 50 and Cj
53.

SHEFEL Zhicx L, 53kDad/NY Fid{EH
ORI L Tz (Fig.5).

6. M C50 HihE AV - REEFHREMEEE

8L L 728t Cj50 PLiAid Cj50 & Cjb3 % 78k L 7.
L72h 5T, RERFIHMBEHIE T CH0 & CH3 £
PROSHEXILTMAZ LIZTEL WA, =/
F—VBLLTOG/EMNAZLIITESL, 22TID
PEE AT, IyNFICBI 52 Y05
RIS R OREFERIIBWT, a0
FRAFOT NOVIGHBE L RIEL /L TBY, W
BEIZODEPICRLNHE, AR Sl
(Fig. 6A—B). F7z& {IZHEEMBLOM (Fig. 6B) 12
L TAVHERLN, REHEICH TN ARLNT
(Fig. 6C). F72HEIZBWTHME EBIZ T~V D5
AR SNz (Fig 6D).

z =
YNEAEMT LV kSR L b SEEAEL,

FD4rF&EI1L 63 kDa, 58 kDa, 55 kDa TH b Z &t
HED STV, FOBRBHLESTEY—

SDS-PAGE

Western blotting

= # s ot
g8 =

Fig. 5. Occurrence of Cj 50 in different tissue of C. japoni-
ca
The proteins extracted from the pollen grain (P), an-
ther from which pollen grains had been removed
(A), flower from which anthers had been removed
(F) and leaf (L) were subjected to SDS-PAGE and
the separated proteins were examined with anti-Cj
50 antibody. Cj 50 was detected in all preparations
and Cj 53 was detected only in the pollen grain.

W= FOBEE L ESHB L. F2TIO
T~ — I — 22 CTHESTFEOREI 2 fTo/ L

ZhH, 32DT VT Y OFFEIZENE N 5TKDa,
53kDa, 50kDa CTH 5 Z &2 -7z (Fig.1). #LC,
eI L BT X BREHIENT (Table 1, 3,4), &
EForu—=r7 (Fg2), BHEEENE (Fg. 3,
4) 5, CHOECHIRT ) FT—ETHLEERD
N5, 95BN FTIOBRO7LLF—%
FTIIATVVF =T UV F Yy ELTHRESR
MREICRAT AERAE CHEENE W E R ST
BY, INFEHEOHEIFE L LI RTLIVF VT
HrHLELLND RS,

Cj50 & CiB3 IZ PV TIXEEA NI BV THENH
CARTF L LBENN, 73 BESINELR D
RTFREHDLIEND, FOECIBH L EOPE
TR, INBIEBRRLEETHROTA Y 74—
LTHLEEZOLNDL (Tabled). F72, ThFETIC
WHEINTWEL ) T —F¥OREpH 14 6.8~81 TH
D& Y NFIEROT ) T —CORE pH b 2 O#F
WiZEEhTwi £/ 5—BEFTFROKE
LORETEH L ERTWEAY) B0 & b3 ik
75kDa Ml EOEHE % &t 7V HBGE OO Vo H
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Fig. 6. Distribution of enolases in the germinating pollen and the leaf of C. japonica.
Immunolocalization of the enolases, Cj 50 and/or Cj 53, in the germinating pollen (A-C) and the leaf (D), was exam-

ined using the anti-Cj 50 antibody.

The enolase was also detected in the nucleus as well as the cytosol. Cy: cytosol, In: intine, GN: generative nucleus,
GCw: generative cell wall, VN: vegetative nucleus, Nu: nucleus. Arrowheads show the position of the nuclear mem-

brane.

57 ? SDS-PAGE I E N r o 7z (F— 4 I3mR
LTwiw), =) 53 —Y¥o8KBHIZIE M »8
WIETH B, TER ORIV A BIZ 7/ ER
12 MgSO, 2 E& M TH Vo HIFIZIX CjH0 & CjbB3 1
BESNT, =/ 7—-CERSRERL72. VN F
) 9 —ErBEERDLVIEZERTHNTWV S
DPIZOVTIEE L ITREDPLETH L5, GH0 &
Cp3 ITHER L LTHIELTWAZ L EZ LN,
FEBLL 7250 CjB0 P N 1B @ Cj50 721 T

{ Cjp3 AL 278 (Fig. 4), PLCpO Ptk T
TIAY YTUy N RIToll A, UNFOERE
DAL Tl 50kDa DN > FASH & 41, 53kDa D/
Y FidfE o sz (Fig.5). E5127—%
BRLTWRWwA Ty By 2 Ofek T 53kDa @
NV RHBHE &R CB0 & Cjb3 D RIZIZEER oM
BlZBWTENDH Y, ok & R Sk s
FNEFMAICERL TV D0 Lk, HED
RBEbT )58, RBERHLEGILLLT®®,
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FNENOMPBEBINLBEEBICE L2 DL ) F—
ERRBLTCWEIEDREZ LNTWED,

I T — VIR OBRTH 5 -0 EICD
ROATHEEZ BN, ENUNOHERIRIZBIT S
G2V TES LT YVFARLN TRV, 22T
Cis0 Tk Z W7 iE BTSRRI L - T, %

F LIy NRNFRIIBIT B L) F—E OG5 &7z

I 5—EOREEZRT T OVIGHBEOMIZHIZD
HFEL, LBEMROEO~T a7 u<vF vil%
CINNVD RSNz (Fig. 6B). T/ 5 — Y13 R
BETEHL), MICOBEELZHFOZ LEHEINT
VTR R BT ORBIHICED S EAYE
THsmyc#EAEHYE MBP) da-1 /) 5—¥E
fZFOEHEICEFR I NS DNA OFERY PO X F
FoUPLEIRENDD, BICHELT S 2 EHES
NTwas® F72MBP I TR a-1 ) F—FI2
b myc BT 7O0E—47 -l OBEERID 5
TENFEINATWEY, 15— Mo BIETF

DTUE—5 —HRERET HHRBIEY T ALN,

a4 XFAFDT /T —¥ LOS2 MRS S EET
DEEE. % YEIT B STZIZATI0 DIEE % B4 5 2 &
BEEINTWEY, 72 MBP & LOS2 DS4&T 5
WEHAFEF CTiE 2 WSR2 S ), o5 &
DFEAIZLEE S5 LXVXL EF— 7% 13 ¢j50 12
SHEEL. SO X, IYNFEROBICKEE S
Jex ) 7 —E L5 DORIEFOBREFREICE Do T
WAHZEERELTHWEONE LI,

-

R EATR 9 1H T2, MR LR ARF AW
FEHT OB AL T oA L RS O & RIS A
WWHEEGH L EET O 0—o ZJIZBWTRERE
Iy E L BOBRHoEERRLET
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