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I-icalth Scicncc, 540 Narucla, C)dirtvara,Kanagarva 250, Japan

cDNA clones coding for Cry. i  I ,  a m.ì jor al lergen of the Japanese ccdar (Cnìptotneria
:ultonica) pol len,have been isol ir tcd. 

-fw,oof 
the clones were scqueilccrJ and folrnd to codc

ior  a  putat ive 21-rcs iduc s ignai  pept ide anc l  a  353-res ic lue maturc  prote ln  u ' i th  a  der ived
molecular n'eight of 38.5 KDa. Fivc possiblc N-l inked gl-vcosylat ion sites x,erc found in
the scquence. Companson of '  the nuclóotrcle sequences of i tr .  tx,o clones rcvealed sixteen
nuclcotide dif ferences and these lcd to f ir ,c amino acicl exchanges in thc mature al lcrgen,
indicating that an isoform of the Cry i  I  molccule exists, Thc deduced amrno i icid
sequencJof, the Cry j  I  show,s 46 - 48" 7o identrt ies rvrth thosc of the Atnb a I farni l ,v
and Arnblda II ,  the 

"major 
al lcrgens of short ragi i ,eed. Thesc f indings shoulcl faci l i tatb

study oi ' thc structure-f-unction relat ionship bct*,ecn the al lergen and the immunocorxpctcnt cel ls.
o  1 9 9 4  A c a ì d e m i c  P r e s s ,  I n c .

Pollen from Japanese cedar (Cryplonrcria japonica) is a potent seasonal aeroallergcn in

Japan w'i th more than lO Vo of the populat ion being affected by cedar pol l inosis. The

crude extracts of Japanese cedar pol len avai lable for cl inical usc conlain active al lergens

and lalge amounts of sugar-like matcriais rvhich are allergenically inactive. Purification of

the al lergens from the poi len should improve the accurac), of cl inical diagnosis and ttre

efficacy of immunotherap.v. Along a line, tu,o major allergens lrom Japanese cedar pollen

wcre punfied: the f irst one designated as Sugi basic protein (SBP) ( i)  or Cry j  I  (2),

and the sccond as Cry j II (3) Cry j I is a basic gl,vcoprotein with molecuiar rveight of

4l - 45 KDa and pl of 8.9 - 9.2. The allergen was separated into foLrr fractions birsed on

charge and size dif ' ferences (1). Taniai et ul.  (4) proposed that the di l- ference nright bc

Cue in piìr t  to thc existence of N-l inkcd carbohydratc chains. A 27-residue N-tcrminal

" The nucleotide sequencc tlata reported in this paper rvil l  appcar in the GSDB, DDBJ,
EMBL and NCBI nucleotide seeuence dati ibases lvith the f 'ollorvins acccssion numbers:
D26aLX and D2(r545.

xTo n,horìl correspondcnce shorrld
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i . . , Ío i l :cLr l r r  r : jor i i lg  is  à i - r r - r i1,g i1 '1-1f  io i  ,  t r :  c i : i t ía, : rc i lz ,e l i , :  i . i lc f ! l r lnr ì  t ) i i ; i i r i  r i i  '

t ) r  r lSgí ì i  SjLr- l ( l ) , ,  ! \ /C Ì ' i t i ,e i : i t l  l i tCCl r :DN,, \  Cìr- ' i tcs Cù' , i ; l l  . l  f i ' ' i  l l r t  ( ' ' r  i '  . , i  I  . ' t ' ' " t '  I  :  '

Sr , (1, ì , ' i iceC i , , , , ,o c. ; i  t i icsr  c l l , l 'J l ,  c l i - " , r ics.  Lol l i  r : lor ;es coi^,5 l ls i  of  i :  1.3-Kbp ; ' r ' ì l ' l ; \ '  i ' :

i r  i r . i i c i i  S i . : I i t l  F :p r . i , JC  En i  a  n la i i r , r iC  ( ' r1 t . i  I  n1 , ; , - ì t : .  
' i ' l i c  

r i c r l r t r : c ' l  i : : l i ; ' 'O  i : r - r i : ' i

, l  l l tu  i l r t  ^ Ì  1 1r ;ys: : r lS i l i i r t  i i i i  i : ,o l -or in o i  t1c { . i ' r -  i  I  Ì l i t r ic .eì l  is  t , i - ] , ; . l ; ' i . '  i l i t ' i ' ' i ' '

i , : r n . : s  c , - r c i i ; ; g  f c r  C t ' 1 ,  1 l  shou le l  l ' i r c r l r t l t t -  t a t  Jg ; ' r ' r : { ì r rC t [ ' : l  p i c l ' l l r ; r1 'o ' l  " r  
í '  i ' i ' ] ( ;

I , i ie i , {e i l .  i i ie  i r r : 'or . - r i i ì t lon of  i l ic  coprpietc i l r t i : , i ,  l ' . r , : i r1 : ;e,"1uci- r , )L j  c i  ( r j '  j  I  ! ' i i " ' i '

ih . :  c . i t icr t t r in i ' i ion oi '  i ' -  ln i l  I l - r :c1l  cpi lop*s.

tlf,;

i : r lar;,1 r:r* ie.r i : ,r ls. Pit l lc i-r Í ' i , . rm ()rtJsicrnerio. Jt lpolì tC,:I
tlo,r,t)rli oí -fa;lane:,r ccdar tlccS lc,cilted rn KiiÌìl.lti;iir:1.

stu'r. ; ' .1 ; ."t  -70 'C 
1'r i .rr  tr I  t ;S,1.

* ' r 'e i r i r . ; ' r ' ^ i i r tn .  cnzyme t i iges i ion,  and sequr :n t i : i1 '  t , ; ' i " ry  j  1 '  t l r l t  j  I  p ' ' i ' l c tn  was

i-, , . , . ,?' i . ,- t  by t6e 1r:thod Ccicntrci b1' ) ' iuuccla.e;rr1. i i ) .  Lt lzf i l i : r t ;c cl .Scsi ion ' ; ' ' i  . r-"r l '  , i  
1 by

ir:;\,lrn,lcrpeariciasc (i;,C. 3./+.21.50) in 8 ki [Jica ri'as. pr.:rlbr",:nc.., by' ll-r,: ri' ir--;';ttl ' i r-lcscribed

ósÉr"l ,crc i t i ,  S), 
' l 'h,r 

pcptir lc mixturc was a1;r; l i l l  t ' . r  a i lv ' l r- ì{ ì-pi] .rsrc i-{r jJ 'C tÌslng a

ì r ro te i i r  C4 cc ig inn 1Úr ,c ie i r r , 'CA,  U.S. . r . ) ,  o f  a  Ci l ,  co l1 ,n , r  {N i l l t 'n  i " i i l ip ' , r , . , ' l  l ' ; . r ro) ;1n6

ea.: i i  pcptidc f ' ract. ic,n 
- 

was ccl lr :ci .rd. Tl i ;  anti t lc ar: i . i  sct i- icl luc cf tht,  prl l . t i" i : .s \{ /as

dctcrr i incd b-r, 1:; i1g a 470!,,  Piotcin Scq', iencct (Appìier ' l  t i i t ' 's ' , 's icrns i t lc" Cl l ' ,  tJ ' i i 'A') '

1:-r. , ! i r t ic '  tr , 'H.N,ci. .  Isrt !at ion c' ,1-Rl" lA u,as pcrlonne,r u' i t i i  a ntodi i ie ' j  r let l l ' : rr l  r ' lcscribed

b' Bri tcr icr-1tr eÍ al.  (9). I-rrgzcn pol len (1 ej \ \ ' : rs h(,tr toscrr i : lcd r ' , ' i lh t  i 'ef io'r  ! ' ;st lc at a

"i,,rir"", 
;;;; fì:r -"ó srr.kes iri ìr rni:rrr,ì" ót- 1:, nil hoi--roy.cni;'t_nrq b 'f-i-er ( i0c rirll Licl'

t0 rnM EL;' i 'A, I  Cf; sD5, 20 % 2-r,crcatiocthauir l ,  r : i r i i  lÓtt nrvi 
- i ' r is- l lC1, 

uf{ 9.-5) and

,15 nrl  I , . i ie,rol lcir ìorolbnl/ i : ;samyiaic3ìrol (3.4:2.1: i) .  ;1.1ici  piusr scplìrÎ i icxi bY cci i l r i lugation,

ih,:  r ,qdeoirs ph;se wL-.s e,\trar:tr :ci  a! l . i i t r  ì . , ' i ih pi. 'enrr l  ai ,r i  i i icn u' i tn CFiCI-, nlonc' 
'1hc 

pH

.;I tlic si.riiition ivas a,Cjr.rsted to 
'/:5 

by fhc zrriditroi' r.ii 1] 1-'1 t1'liun' 'giii 'ìl 'e' An equai

volr i in,:  t t i  4.\4 l , iCl r. , ,as acldccl to t iré soiut ion ai i .r  ' , t tc r-ni; i t t- t i r :  kep,t ' r t  -2: i ' )"(" ' rrernight '

Tri: Í'ruzcn matcri:-r.ls rvele allorvccl tc tflarv at ro<--r:L te,iilfiel?ilji:: ilnr"i \v'Cirj' th:n c' rtrifuged'
'l 

o.tal F.NA i,,'cre ob1riled iis p,'ecipitaLes (': 0.8 rit!).

, , i .wpi i f- ie*r l i r :- .  cf screerring ;rruhe brv reyers;e' i i ' . r ìrr ì ' , :r inta.se pc!ynlel ' rr . f i l  chl i . ; : '  reaction

(ll.T-ìlr-)lì). U;nois-.str,.,n7j",,l cDNA \./its s.,'ír';he:;izl,i l '^r-,iu i ,ug- lc,al iìf'JA -l'r' MoLV-

,",,,,ru., transcripu.rse-:;upp-liecl b;' Gci-rcAmp P.NA ì-''CFl }iir: (Pt:i'k-in-Eill:'; Cetr" lnsii'uments,

("f ,  t l . í :) . ,4,.).  
' l ' t tcl  

f j Ì ' jA pt, l 'yrncra:; i : ,  a ioru'; , .rr- i  pr i t : ler i i t l i l  i t  i - :Y::) isic.prir ' ;ei ,( l  l lVf l isted

in i j ig. l ,  and t i ic, buficrs'roòlr '  : idclecl io the .sclut ion ct ' ;" ; fa;r i1lP. si i lSlc-,t ianiì ; ' r i  
. : : ' f"  

*d

the rnixturc ,r ' r , ,  
-  

k;; ;  ; ;  f , j  
'C 

t 'or 5 n'r i i t  t t- ,  c1c:r i i iure thr: i : i ' : : : ' : rr  [ j  r l ' , i jc i iptí ìst:  '  PCR

arlpl i i icat ion n, i is perfc.: lned ior '  ?0 r:y.r ics uit .h ci icr i i  c '"r:1e a,- ' ' , i1;5;1i1g {rÍ '  i  ni i- ' . -at,95 "C

t-or clcr iatur-:rt i<)n, i  rnin at 4?, "C. to anrelr l  pi ì ' i ic ls i i r l r- l  I  |r . : i ' i  i t t  
' l ' )  "C for

Dol1,;; ,rr,r :r i . i t . : i , .  
- iha 

i ,CR plgrlurl is \ , , , . ie ioa(1,:C oiì i , . ; ;r .  1.5 ()b' , lai . i r jSe g'; i  :r-r l t i  i f icn rvere

cieclroph,:rescr, l .  l . l  rr inpl i f  rcci cDN,l iLi i tr l  (natr ' ,cci ( l11rl  i i -r14-ír) ' - , ' , ' ; : ls cl i i l l r- i  i  r-c1iì  thc- g?i

r l i (1 t l :cn s' . ibclonr:: ,- ì  ìnto l l te pCR. I i  ' r- :ctoi '  ( invif i -or ' : i  eo',  r-- ' , \ ,  Lj ' i ì ' : \ ' ) '  ' l  i t r :  pC\ t I

vecioi corillir,iiy; ilryltrCi{r1,5 *'irs seicc'icil anr,ì'iqtpi,iii:i-i ar:cc,i'cling i"'-' lìit: p'rtit.c",::'i 
1tP:1],"j

to i Ic ki i .  " fp,. : :r inr l i l ' ieci r ' r :cf i t f  w:ìs digrsied',vir ir  j - :r :r . , i l i  i rnr i  i , i lc,919l1r-;; ' ì  i1-- i ' ! i i l rc lCaocu

oi. ' i , l ì  
, t . i  

Íc ,_,grir .r , , . l 'g. i .  Ai-tcL elecrropÉore..; ts, Cir: ' í_lRzl-6 r, , l r : :  cir ired Í-rc;r t ,^c gcl and

iiseC as a p,rci-tc. for screontng.

j :1-ì l{A. I i f : ;ra;"; t  al ' rcì ci t i l i i l i  oî C"-y j  i  ci , ' i ' Ì4. , : t j i " i r '^ ' i \" !s :r ' i r f  i - ' r :sizci- l  l ' i  " ' r ' i  I  l ' ,2 -p?ly
(.\ .)  Ri l iA using the cl- l t  l=i \  S. i  i r t t iesrs Si,s' .cm i; iu:;  Kit  ( .A.inershl l tn I . t i 'ct ,  ' i  r ior ial Lid' '

i ì r . ,cr: incharnsl iare] E;ngiairr l)  r 'ncl ìr ,a-s clor,eci into thc l :cci ' . í  si t"c c{ ' fhc l ;- , tnr^' i i i "L-gi.1C veclor '

coì1 - , , : ic t i  ! - ; '<. ; i l ì  t , ra i l r l 'e  male

! ìh lzt ro l ; ; r  F ' l ' : l l3 ' : : . i t ' r . : : i  i ,1d \ \ /as

::- .-. -':::*-"M

ó2ù
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An aliqr-ror. of cl)NA lrbrary n,as plated into il "* 
clishcs ancl the plaque-s ltplrcirrctì n'crc

transf 'crrcd to nrtroccl luiosc menrbrancs. Posit ivc piaqucs x'erc seicctcd b-v h1'bri t l izat ion

screcning using trtÈi-i;b;i"o cr1,ÉcR4-6 irs a p^robc. The plaqucs u'clc piclied of'l-, and

arnplil' ieA. A seconiiary scrcening lvas then pcrftltmed'

l ;ucleotlde sequencing. l"he cDNA inscrt obtainei l^b1' Ecolì l  di .gcstion.ol lanibcJa-gtl t)

vcctor rvas subéionecl iito thc EcoR.i site of tirc pllCl9 r'ectcrr. 
'fhc 

DNA scqrlcncc \\ias

dcrcrmined by f luoresccnce-based sequcncing of 
' tcmpiatcs 

ampli lred b1'-asymmelr- ic PCIì '

gsing 37Or\ DNA Seaucncing S-u-stcni (appl ieci Bioslsten'rs Inc',  CA, U'S'A.) (10)'

R.ESUi-TS AND DTSC{- ig5ION

'fhe pepticìe fragmcnts irfter 11,,s-vlen<lopcpticlasc cligcstion of Cr)' i I molccttlc \\/ere

separatci l  into about 28 peaks b1' revcrsc-phasc FIPLC using cithcr a Protein C4 coiumn

or a C1g column (cjat ir  not shou,,n). Ninc sharp pcaks i .rppcared, t ì teir fract ions sclectcd

an<i thcir amino acicl sequenccs dctermincd. Seven pepiide fr:rci ions of '  r i 'hich ono

corrcsponciecl to an N-terminal sequcncc sho*'ecl rcproclucible aminc-r acid scquences'

respecti 'ely (shon,n in Fig. 1A). Thc antino acicl scqucnccs of the N-tcrminus eind the

No.5 iuternal pcpl icie rvere identical to those of the N-tcrminus ancl an internal peptide

reported previously by Taniai et al. (4).

Trvr: peptide sequcnces, one rvith NWAQR located rvithin the l /- tcrminal sequence

and another with F-NeFGp rvithrn thc No.3 internal pcpi ide, $,ere selectcd to synthesizc

primers for PCR. Four folvard primcrs (FP) and t$'o reverse primcrs (RP) we rc

synthesized (shown in Fig. lB). Thc inosinc-. rcsicJue was inscrtccl at highly redundant

positions. A nuclcotide rvas piaced in the 17-mer primers at positions 13 - 11, since 
'fac1

DNA polymera-se might be cxpectecJ to drive rvell. A cDNA (CryPCR4-6) having 66'i) bp

w,as amplifiecl by PCR n'hen FP-4 and RP-6 w'ere uscd for primers'

The lambcla-gtl0 cDNA l ibrary ot '  2 x ld plaqucs rvas screened rvith J"Pl- labeled

cryPCR4-6 anc-l  22 posrt ivc cloncs (= 0.11 (%) were obtained. Trvo of- the cDNA clones

lnamedpCCI-2-2 and pCCI-15), r i . ,hich rvere the longest among the clones, were sequcnccd

. ;horvn in  F ig .  2) .  Both c loncs cons is ted o i  1 ,280 and 1,271 bp nuc leot idcs.  The

A
l {- terni nal Sequence

DNP I DS CWRG D SNIÙ.AQNRMX
-LADCAVGFGSST

In terna l  sequence

B
Amino Acrd

Genetic Code

Forward Pri:ner
F n l

r r - l

r n a
r  r - L

r - v - J

F P _ 4

Asn Trp  AIa  Gln  Asn Ar :g

AJ\Y TGG GCN CÀR AA'Y MGN

AAY TGG GCI CAR AAT CG-3'

AA.Y TGG GCI CAR AAT AG-3'

AÀ,Y TGG GCI C,\R AAC CG_:.'

ÀÀY TC,G GCI CAR AAC AG_3'

Asn Gl ,n  Phe Gì -Y Pro

A.I\Y CAR TTY C'GN CCN

TTR GTY A.A.R CCI GG-5'

TTR GTY AA,R CCI GG-5'

1 . GCDLY'fl/TNSDDDPVNPAPGTLRY

2. VT4LLGHDDAYSDDK Amino Acid Phe

3. XXVAIUQIGINXC'QRMPRARYGL Genetj-c Code TTY

,,1 rì \ .r frrprcxK Reverse Prlmer

5. EAI'}WENGNATPQI,TK RP-5 AAA

6. NAGVLTCSLSK RP-6 A.\G

Figure 1. Thc amino acicl scquences of an N-tcrminus and six internal pepticles lrom

C6j-]Tú ancl the oligonuclcoiidc primers synthestz-ed. ior PCR amplification (B). X in

(Ai indìùte.s arì uncleteririned amino acid residue. Underlined amitlo acid sequences lverc

ònór"n to synrhesii." ttr" primers for PCR. l-etters lvf and I in (B) mean A or C, and

inosine, rcspcctively.

o / r

hpt.-_
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' t  
e /1 f l - f  

' )  ' )

l ' i  f - / ' . . . 1 . - I ^ 1 - ' L

.",GA.AAT'ICTACAC rc TGC TACC.I\ÀAAAAîGGATTCCCCTTCC TTA
X D S P C L

GTAGC]\TTACTGGTTCTC TC TTTTGTAATTGG,ATC'ITGCîTTTCT
V A L L V L S i ' V I C S C F S

GhTAA?CCCA.TAC*AîAGCTGCîCcAGAGGAC,AC'.if A-4AC TEGGCA
p_lL__-p I__p_-_5_ c w_B_s_ p 9_ N_L__Àl

- l - . ' l - - i t l  K . - r  A  D  C  À  V  G  F

L Y ' i v ? ì j _

A:CÀGGA.AC ii TGCC{T AT

_ s T r . t G G K C , L . D

S D 1 ] D P V N P A P G T L R Y

Yl r, î \ l1T 
' l  

C:
I .  \ J \ - \ - . L - I J

!

Cl'CATÀATCATAtrATÀGCCGTATAGAA 28
^AGA.AATTC T.\C All TCTGC TÀCC.NU\NL{!:G€rlTTCC CC T'rGC TTA 7 3

H  D  S  P  C  L  * i ó

GT}GCATTAC lSGTTFTCTCrITTGTA}.TTffi A'TC TTl]CÎTTTC T 1 I 8

v A L L V i í s ! ' v r G s c F S - 1

,^.. ^ r ^ /'- --cTGG,X;AG(;AGACTCAAÀCTGGGCÀ. I 6 3

D N P I D S C W F. C O S N I{ A 15

C;-LAÀCÀCAATGAÀCC TCC C ACATI'G'ItrCAC TGGCC T rc GGAAGC 2 1 B

Q N R H X L A D C A V G F G S 3 0

TL CÀ(' C ATC6î AGC Cì-ACC C ACG.ÀG.q TC T i L ÀTÀCe91 Crc E;.\C 2 5 3

S T } { G G X G T . ; D L Y T V T N 4 5

TCAC ATC AC GAF CTG 1EA.\TCC: TGC I\C C ÀGG A.AC rc 1\lc GC TAT 2 9 8

S  D  D  D ' - P  V  N  P  A  P  ( ;  T  L  R  Y  6 0

Gl AG-- AI\C C CGp{ ; ATAGCd C CC i CTCGATAAT TTTC\G TGcC Ar\T : 4 8

G A T I ì D R P L ' , I I I F S G N 7 5

A ICAAT ATAÀAtr TCA.ì\.AA 1C{C TATGTACAT TSC TGG] TATA.AG 3 8 8

} . I I í I X L X H P M Y I A G Y K 9 0

ÀC î TTTGÀ IGCCÀGSJCAIìC ACAAG T TTATAT TGGCè'ATGGC 6GT 4 3 3
, I F D G R G À Q V Y I G N G G i O 5

cccTG lETGTTTA.rcÀAGAGAG Tfii\CCAATGTTATCAìrcACGGT 4 7 I

P C V } ' I K R V S N V I i H G I 2 O

Î Ttr;-IArc TGTAC GC'C T G TAG TAC TAG TGT TTTGCGGA.A'I\] TTTTG 5 2 3

L * [  L  Y  G  c  s  î  s  v  L  G  N  v  L  1 ] 5

ATAAAC GAGAG TT T TEGC{] TCCAGC C 1€ TTCArc C TCAGGATGGC 5 6 B

3 0
l 5

- 1 0

1 2 0
- 1

i 6 5
t 5

2 t 0
3 0

2 5 5
4 5

3 r 0
Ò 0

G A T R D F . P L W I I T ' S G N 7 5

} I N I K L K I { P M Y I A G Y X 9 0

T  F  D  G  R  G  A  Q  V  Y  I  G  N  G  C  1 ] 5

C -'C i'GTG TT: 1'TTATCAACAGÀGTGACC AATG TTA'I CA'f AC ACC;G T 4 3 O
P C V F I  K R V S i . i  V I  I  i {  G 1:O

L  H  L  Y  G  C  S  T  S  V  L  C  N  V  I ,  1 3 5

r l r o : E l  r  c  v  E  p  v  H  p  e  D  c  l 5 o  r  N  E  s  F  G  v  E  P  v  H  P  Q  D  G  1 s 0

GATGCTCîTACTCTGCGCACTGCTACÀ,AATATTTGGATTGATCAT 615 GATGCTCÎTI\CrcTCCGCAC'IGCTACAA.ATATTTGGATTGATCAT 613

D A , L  T L R T A T N  I W  I  D H  1 6 5  D A L T L R T A T N  I I I  I  D H  1 6 5

AJ\TTCTTrcTCCÀATTCTTcTGATq;TCTGGrcGATGTCACrcTT 660 }ÀTTCTl"icrcCA.\TTCTTCîGATGGTCTffiTCG.\IGrcACTCTT 65 8

N  s  F  s  [ T r - S ] E D  G  L  v  D  v  r  L  l 8 o  N  s  F  s  N  s  s  D  G  L  v  D  v  T  L  1 8 0

îcTTCGI\CTc(;AGTTACTATTTCC\AC.AArcTTTT1'T"JCAACcAT I O5 [qT'TCcACTC,CAGTTACTATTTCEAÀCA.ATCTTTTTTTCAACCAT 7 03

S  S  T G V T  I  S  N N L F F N H  1 ' 5  
" i S  

T G V T  I  S  N N L F F N H  1 9 5

LArffislbArurrurIA$ìGCATGATCATCCATATAGIGATGAC ;50 CATAJ\AGTGAIGTGGGTAGGGCATGATGATC€ATÀTAGTGATGAC 748
H  X  V  M  L  L  G  H  D  D  A  Y  S  - D  D  2 I O  H  K  v  H  s - t  G  t i  D  D  A  Y  S  D  D  2 1 0

AAATCCATCAA.GGTGIaCAGTTGCG T1!AATCAAT"TTGGAccTAAc 795 A,IU\TCCATGÀ\CCÎGÀ.CAC'I\]GCETrcAATCAATTTGCrcCTAAC 7 93

x  s  l , r  x  v  r  v  a " i i " " N " ' ó " " i r " " c " " È _ u  2 2 5  K  s  x  x  v  r  v  A  F  N  Q  F  G  P  N  2 2 5

'TGTGC"ÀCAè"\GAATGCCCAGGGCACGATATGACTTGTACATETT 84 O Î]TGGACAAAGAATGCCCAGq]CACGATA.TGGACTTGTACATGîT 8 3 B
C  G  O R H P R A R  Y  G L V H V  2 4 0  C G Q R M P R A R  Y 6  L V H V  2 4 O

GCÀ.AACAATA.A,TTATGACCCÀÎCGACTATATATC{AATTtrGTEGG 885 C,CAÀACAÀTAATTATGACCCATGGACTATATATCCAATTGGTGC'G 8 83

è ,  N  N  N  Y  D  P  I {  T  I  Y  A  I  G  G  2 5 5  A  N  N  N  Y  D  P  W  T  I  Y  A  I  G  G  2 5 5

AGTTCÀ\ATCCAÀCCATTCTA.àCTGAACCGAATAGTTTCACTGCA 930 AGTrcAÀÀTCCAACCATÎ]TAAGTCAAGGG.A.ATAGT'Trcè.CTGCA 92 8
s  s G f - P - f l  r  L  s  E  G  N  s  F  T  A  2 1 0  s  s  N  P  r  r  L  s  E  G  f Ì  s  F  r  A  2 i 0

CCAAAI'GACAGCTACAAGA,TIGCAÀ,GTA.ÀCCATACGTATTGGATGC 9 7 5 CCAAATGACATCTACAÀG.AAGCAÀGTÀACCATACGTA'IîGGATCC 97 3
PnfT-Tly x K e_A__X.__I___.8___L__g-__!_ 2Bs p N E s y x x Q v r r R r G c 28s

À]\iU\CJ\1'C;\TCArcTTGTTCAAATTGGGTGTGGCÀATCTÀCACA,à IO2O A^q.AÀCArcATCATCTTGTTCA:\ì\TTGC,GTGTCC{A.A'ICTAC\CAA IO18
X  T  S  S  S  C  S  N I { V ? I Q  S  T Q  3 O O  K  T  S  S  S  C  S  N W V W ( ì  S  T  Q  3 O O

L'8rb !1 r. 1r TATsa$AbCTTATTTTCTATCATCÀGrcA-AATAT 1065 CATGTTTT*TA.TAÀ.TGGAC,CT1'ATTTIETATCATC"ÀGCGAAIiTAÎ l.063
D V F Y N G A Y T ' V S S G X Y  3 1 5  D V F  Y N G A Y F V S  S G X  Y  3 1 5

TATATNWN]A.AAGAA-àGA.AGCT1'ICAATGîIGAG 1110 GAAG]GGGT.A.àTATATAC.qCAAAGAÀ.AGAAGCTTTC]\ATGTTGAI] 1108
E G G N  I  Y T X K E A F N V E  3 3 0  E C G N i  Y T K K E  A F N V E  3 3 0

À,1r'b(,bAA',IULAALI'LLILAA.T="*O*O*'"""'"., '="* 
"" 

AATCGCA.A,TGC.A.ACTCCTCAfrTTCATJ*ATU!{TGCTGGCGTI'|TA 1i53

- , ì {  c m r o  N  A  6  v  L _  3 4 s  N  c  N  A  r  P  I  L  r  E  N  A  G  v  L  3 4 s

.I1CATGCTCTCTCrcTAA.ACGT'TGTTGATGATGCATATATTCTAGC 12OO ÀCArcCrcTCTCT'CTAAACGÎTGTÎGATGAîGCATATATTCTAg: I198
T C S L S X R C T 3 5 3 T C S L S K R C ' 3 5 3

ATGTTGT,IL'iATCTAAATTAA,CATCA.ACA.AGAÀ,ATAîArcATGAT 12,i5 ATCTTGTACT.àrcT.I)AATTA.ACATCAACA.AGA.AÀ.TATATCATGAT 1243
GTATATTGTTCTqJ\M T28O GTATATTGTTGTÉAAEEEA.$.AAAAAA ).2'1 T

IUgIg_ ?. Nucleotide and prcdictcd amino acid sequences c)l the tri'o clones, pCCI-2-2
rAr rnrl  nl-Ci-|5 (Ì l ) ,  cct ing for Cry j  I  An ATG init iat iol  codon and a TGA stop
codon present bold tvpcs ancl an iÌstcrisk, respecti\,cl.v. 

'l 'he putatrvc signal pe ptidc is
in<i icated by ncgative nunrbcrs. Undcrl ined amino acids rvcrc identi t- ieci b,v- amtno acici
scquencíng (shorvn in Fig. 1A) Dotted un,Jerl ines indicate t irc posit ion of PCR primers.
Irive possible l/-tinked glvcosylation sitcs arc snown by bores. The nucleotide differcnces
and the amino acìd exchanses bclw,een pCCI-2-2 and pCCi-i5 indicate inverted lettcrs in
( B ) .

seqlrence containcd an open reading f ' rame (ORF) of 1,122 bp start ing \\ , ' i th Lìn ATG

ir r i t i i t t ion codon i ìnd terminat ing u , i th  a  TGA stop corJon at  pos i i ion 1 ,180 (pCCI-2-2) .

Tlre dcducetl amino iìcid sequence of the Cry j I consisted ctl 3'lí-residue polypcptidc and

622
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t t  con la inec l  a  21-r 'cs iduc s ign i i l  pcpt i r ìc  anr- l  a  353-rcs i r luc  mn" turc  protc in .  Th is  scqscncc
ctl i t l l t i i iccl i tn ,&-tcrnt inal sccLlci lcc ancl six inrcrnal pcpticlcs t lctcrminci l  biochcnrical l i ,  al '1er
lVst ' lc t tc l t lpcpt i<- lasc drgcst i<- -n  o t '  nat ive Cry  . i  I  molccu lc  (F ig .  l r . ) .  

- l ' rkcn 
toget i ic r ,  the

cDNA cloncs isolaLcd are bcl icrcJ to cncr>i lc t l ic gcncs of ' t l rc l lajor al lcr-r:c '  Crl t . j  l .
ìyloiccLrlar rfcigfrt  Of matit t 'c C:r.v . j  I  basccl on t i ic scqucncc !\ ,as ci i lculatecl to 3g._5

KDir. 
' l -hc 

nrolct:ular w'eiglht oi- thc nativc Cryt . i  i  u,as esi. imatcci to bc 4I - 4..  KDI ( l)
ani l  45 - 5i i  i ' .Da (4) by' SDS-PACIr, rcsnccl ivclr ' ,  Fivc possiblc ,n/- l inl lecl gl) 'ces), lat ign
sitcs having the charactcrist ic Asn-X-Scri ' l 'hr rr iot i Í '  r i 'crc l 'ound in the Cry j  I  scclLrencc
(Fig. 2A). 

-ì ' l icn, 
the ci i f ' t 'ercrtcc of- {.hc nrolccular w'eight bctrr, ,ccn nuti i 'c pretcin :r ' i l

p re t l i c t cd  a i t t i no  i i c i c l  seq t t cncc  o [ 'C ry  t i  t s  p ro l - ' ' ab l ' , , r i L l c  t o  t hc  g l l , cos ' l a t i . n  o l ' t he
i r to lccu lc .  . ' r .c tu i i l l \ , ,  " f  i rn j l i  t , l  r t ! .  ( ( j )  h i . rvc  rcpor lc r l  thc  cx is ie  ncc o f  i ì i t  rV_ l inkcd
gir"co:;t ' lat i<-l i i  -si tc r i 'hich corrcsp.roncÌcd to i ln Asn l i t  posltrol. t  333 in ()ur scql lcncc,
i 'hcrcl ' t l rc, at lcast ottc of Asn-rcsidues rn thc scqucncc m;ìv bc gl1,cr.,s1,lated.

Cornpi t r isc ln  o l -  thc  nuc lcot id i :  scqucnccs o l 'pCCl-2-2 w ' i th  pCCI-15 reyca lcc l  s i r tcc '
nuc ieot idc  d i f ' fc rcnccs (1 .2  7c)  (shor i 'n  in  F is .  2B) .  Thesc nuc lcot i r je  d i f - l -c rcnccs rcsu l tec j
in  s ix  amino zrc id  exch i Ìnqcs at  pos i t ions -10 (Lcu ro  Phc) ,  122 (His  to  T1 ' r - ) ,  lg l  (Scr  rcr
Thr) ,  200 (Lcu t .  Scr ) ,  337 (Gln ro  l { is ) ,  a 'd  340 (L ,vs  ro  Gln) .  ,s i rn i la r l } , ,  'mino ac ic l
exchirnges \\ 'crc l-ounci at posit ion 24 (Ci 's iL Ly,s) and at posit i6n 327 (phe Lo pr.) by
c{ ) rnpar lson $ ' i th  the con lp lc tc  scc l t - tcncc anc l  par l ia l  scquenccs of - thc  pcpt idcs l - rom nat i lc
Cry  . i  I  rcpt> l ' tcc1 pr$ ' ious ly '  (5 ,  6) .  Fur thcr rnorc ,  Gr i f ' f i th  e t  u l .  (1 l )  ha 'c  p . in tec l  out
i r r o l . e  am ino  i i c i d  e r chnngcs  a t  pos i t i ons  38 " ' (G lV  t o  G lL r ) , 51  (Va i  r i - r  A la ) , 60  ( ' f l , r  t o
Iì is) and 7a (Gl1' to Glu). Thcsc obsen'at ir lrs indicate that the gencs cocl ing lbr Cir-v. l  i
arc grlymorphic and rrtay' belong to rclatci l  sencs of a sinal l  ntult igcrrc f  amily t9 thc ertent
oi I  Lo 2 %: nuclcotide <i i l ' lcrenccs.

The nucleotidc scquences ancl the clcducccl anrino acitl scquencc of' thc Cry j I lvcrc
comparccl to thc sequcnces in thc clata bascs of ' I IMBL-GDB (Rcl. 33.0, Dcc. 1gg2) and
\iJRI;-PDB (Rcl. 35.00, Dec. 1992) ancj no proteins shori, ing abovc -<0 Vo scquencc
.-lentity il ' ith C,',v 7 I tverc I'ound. Hou'cvcr, the anrino acici s;cqucncc of Cr1, i I shrl*,ccl

'+-5'-5 - 46.1"18.0, 44.5, 4'3.4, and 4-5. 1 7o itlcntitics nith those ol Atrtb a \ l'ar-nilv (Arnb
a I . l  -  I  .4 '  iso iomrs) ,  Arnb o I I  (bot l i  a rc  a l lc rgcns ot '  shor t  ragr l 'ccd)  (12 -  l4 )  (sho* ,n
rn F ig .  3) ,  1 . , ' \T-5ó,  LAT'59 (po l lcn p i 'o ic in  in  t r ;mato)  (15) ,  i inc i  ( ) ( :12 (p isr i l -erprcsscc. l

Sene in tornato) (16), rcspcctivciv. Short ragri ,ecri  ( ,4mbros' ia rtr tentisi i fct l ia) pol len is an
rmpxrrtant airlxrrnc ailcrgcn in Norlh Amcncu and thc Atnb rt I l-anril,v ancl thc Antb a II are
lhc major  a i íergcns in  pat icnts  w ' i th  p t r l l inos is .  T 'hc  s i r l i lantv  o1thc amino ac ic i  scquencc:

i -  Crv . i  I  rv i th  thosc of  thc  Ar t rb  a  i  f 'a rn i i ) ,anc. l  Arnb a I I  is  in tercst . ing i t r  rc ia t ron t t>
: i ìe nlechantsln of- poi l inosis. C11, i  I  t t ,as l 'or-rncl tcl  sharc sequerìce iclenti t f  in l i r ' i tccl
reSrions rvith pcctatc l l 'ase A iLni i  E (38.5 7c of 1I7 anrino acicls and 36.-/  ír , ,  ol  i09
amino acids, rcslxct ivcl lr)  of l , ,nyinia chr1l;6ys1rr,, , '  (a bactcrial plant pathtxcn), ancl prectatc
lyase A and B (24.3 c/c <t l '148 amino acicl-s 36{ 2.8.3 (/o otì 1,15 anrino acicls, rcspcctivclr,)
ctt ' l invinio carolovort l  suggcstin5r that Cr1, .1 I  ancl i i i lcrten/proteins honrol<;goi is to Cry j  I
rncntior ' ìed abovc might have an co./_'v, lr ìc acriviry sirni lar to a lrct i ì tc lr ,a^sc (13, 1_5, l j ) .

o/.J
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crl i
CIY J
.l*rùs a

.4rnb a

I (ÉCI-?-2) DNPIDSCWRG DSMIAQNRFJ( LADcAVc!'cS STXGGKC€DL Y1'\ry'NS*DDD 49

I  ( p c c l - 1 5  )
i . 1

r 1

4 9

: ; - I - -G--- -

r { - I - -K---C

PVN?A?GTLR

ir"AD- -E- --KÀ -----Q---K

X?D--E--Qir *cN--Q--- K

YC,ATRDF,PLW I i T'SCNTTiIK IJC'{PMY r.àGY K1'FDCIìGA'V 9 9

9 9

VA-*KE---- F--AQN---- ---EPO-V-R -DKE-WNSD ---r----- l-  l -00

v---KE---- F---Q-----.  ---Qru)-I-y -QQE-V\ruSD --r-----K- 100

c-v - - -D- -T  - - - - -SUL- - -  50

A- i i - - -w-* r  -H- - ' sm-- -  50

czy j  J .  ( f iCl-z-?)
c ry  j  T  (pcc l -15 )
t I tD  a  I .  !

l.rrrb a II

Cry ) I (pCCI-2-2) YIGìicG?CVl- II(RVSÌ'I/IIH GLHLYGCSTS

cry  j  I  (Fcc I -15)  - - - -  - -Y- - - - - - -

.àrrb A I,1 E-I-A-**FT I,T.1G-K----- NINHHDVKVN

,&nb a TI ELVY--**IT Iì'fl{-K----- NIDIHD!'R!.L

VI-GN\TLTNIJS

P*-GLIKSNI)

PG_R.IKS_GG

F6/:BPVHFCD 149

f  i 9

G-Y ÉVì--.ÈIJ"I,(À> -- r : /

PAi* -R-QS-  r47

,furLb

Arru5

j I (pCcI-2-2) GIjAI'ILRTAT NTWTDIINSFS NSSDGLVDW Í,.5STCi\II'ISN NI-,FI'l l l l i{KVM 1.99

j  I  (pcc r - ]5  )  - r - . , - - - - - "  1ee
a l .  1  - - - ISISG"SS Q--- -  { -L-  K-V-- - - - }X -GT-RL- ' , ' * -  S--TQ-Qr ' - l '  I91

a I r  - - - r t ivTGSS D--- - -CTL- K-F-- - - - -N î , tG-- - - - - - -  CK-I I ' I -E-AV I91

Cry J I  (pccl-2-2) IJTIHIJDAYSD

c r y  j  I  ( p c c I - 1 5 )  s - - -

èmò a I.1 -F-.AG-ENIE

,qrnb a If ---AS-THFQ

DKSMK TVAF NQFGPNCGQR I'fPR]\RYGLVH

-RG-LA,---- -T-TD-VD-- ---C-H-r 'FQ

-IJ(-H--L-Y -I-TNWHE- ---C--F-r 'rQ

VAMNYDPÍ\IT 249

249

- v - - - - - ^ - b  z n  I

l v - - r  - - K - U  Z *  t

SCSM.IW{QST 299

299

c ry  j  I  (pcc l -2 -2 )
c ry  j  r  (pcc r - l s )

"Àmb a f .1

.&r.b a If

c r y  j  I  ( p c c l - 2 - 2 )

c r y  j  I  ( p c c l - 1 5 )

dtru) a I .,t

TNND A IL

IYAIC{^SSNP TI LSEGNSFT APbiESYKKQV T IRIGCKTSS

s------.As- ----Q--R-C --D-RS--|I-

K- - - - - - - - -  - - - -Q- -K-V - -DFr - - -N-

QDV!'YIJGÀ,YF VSSGXYEGGN IYTKKEAFNV

K--LE---I- *A--VDPWT PEQSAGMÌPA

N--LE---r- -A--SDPVLT AEQ|L4GMIIQ;\

IC-H-*EAAA ESM(-N-RÎN 296

CL-T-AQEPE W*ì'!T-N'-RTQ 296

ENGNATPQLî KNAGVLTSI, 349

- - - - - - - H - -  a - - * - - - - - -  3 4 9

-P-ESAI,S-- SS----S-QP 346

-P-Dl 'rv---- l f--------P 346

cry  j  I  (pcc l -2 -2)  sKRc

c r y  j  I  ( p c c l - 1 5 )  - - - -

Amb a f .1 cAP--

Àmb a II cAP-

3 5 3
3 5 3
3 5 0
3 5 0

Figure 3.  Sequcncc compar ison among Cry j  I  (pCCi-2-2 and pCCI-15),  Arnb a Ll ,
àtrd Antb o l I .  Antb a i . l  (a representat ive oi - lbur isoforrns of  Ainb a I  fami ly)  and
Anth a Il are thc grlicn allergens of short ragwecd. Florizontal bars mean identic:al amino
acids. Thc isterisk indicatcs a blank that has been insertcd to maxintiz.e identiir. '.

As for the scquencc similaritv rncntioned abovc, the tree prllen aìilergells such LLs Crtr

( t l ( h a z e l ) ,  | ì e t v l ( b i r c h ) , A l n g l ( a l d c r )  a n d C u r b l ( h o r n b c a n r ) h i t v c s i m i l a . r

scqLrcnccs (18) and thc qra-ss pollen allergens such a-s Poa yt L{ (Kentuckv bluegra^ss) (19)

and [,ol p Ib (r1,c grass) (20) are also rclated. I t  appears that al lergens o|poi lcn from

trces and grasses may irì  f 'uturc bc classif ied into scvcral gloups,

In the prescnt study, w,c fìiìr,c reported the conrplete amino acid sccilcnce of Cr,y i I,

a nìajor al lcrgen of Janancse cedar pol len, b,v using molccular clonrng techniqr-rcs. We

also clcariy demonstrated that an isoform ol '  thc Cry j  I  rn<tlecule exists. Thc recomb,inant

Cry .j I molecuie may be availablc in l-uture and rt may' cr-rntributc [o t]re stanCarcliz-alicrn o[

the a i lc rgens used for  thc  d iagnos is  and thc rmmunot i rerap) .  
' l -he 

in l -ormat jon o1 '  t l tc

completc ani ino acid sequcnce of Cry j  I  may l-aci l i tate c)lpcrimental detcrmination of t l tc
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A. F. ( l>ì l ì , . i )  [ ì .r l i .  Wi11.) É-+, 
'15-i  - /  1,.).

l ì : , t :a l l r ic ì i i ,  h ' i . ,  Inour 'c .  i l . ,  
' i ' l rn i i t i ,  

- 'u i . .  , , \  nr , ' l , - i ,  S . ,  l_ . i . : r i ,  ì , r i .  ; -Lr ì ,_ i
(  i  ,9 ( i )  À l le  r ry  .15,  339- l  12.' . 'anuri,  

, ,4..  l ' ,nr l , l . : ,  S., I  I : ;r i i ,  1..4.,  I lLrr inio,.o, i .r ' í ,  l - ì . i l - i . r ;u,:1; i ,  ) , ,1.,
1.,{ i  r ihi i : ; i ,  T. ( l98l i)  Fi: l Ì . ì l  i_e î{. .  - t-?,),  : .  i .g-?31a.
!, .aw'i isi , l l t ìa, l ' . ,  J 'ani lr t ,  Iui . ,  tJsr- l i ,  iv i . ,  . ,r .r1i, io, S.. Í i . i  , . intoi i t ,  lul .
( 1 "9 ' : f J \  l n t .  A rc i i .  . r . l l c l gy  i : i t ; r i i t n r - r l .  t r , 8 ,  l l l l - 12 i ; .
i ' iLni l i ,  I 'o,1.,  }{; . , i ' i lno, j '1. Í ' lk l 'kurl ,  I ì . ,  : 'Lì i Ì l i1tì l , ,r l r ì .  I i . ,  Ljsir i ,  iví

Ku:inrr. ; io. \ , i . ,  Panz.r ini,  i . ì .  l ;nr, i  lv l ;-r i .un;.r:r i .  T, '  f  1:;91) ìvl l l .  i rr ' rrr irnoi.
l íar; i : l ; i .  

- l ' . ,  ' i 'ai l l l rc, 
l .  í . ,  I ' i ' lk i i r ;rr ,r i- i ,  l ( .  

' rr i . . l  
-ei i , : l i r i l l ; ,  lv l .  (  rgFi l)

Liophr,: ; .  , . \cta. 0(>C, " lr i -50.' j  
suna,srr i ' i r ,  5. l lasi ihi ,  

- l - . ,  
l -{rr;sc, hi. ,  ; \or: i i r : i ; r ,  \4. a. i i , . i

[ ] i<t l .  Cncrn. ?l>4, : i ;-12 3i*119.

Rumrrc id ,  i { .  Kraf ' t .  D.  a , rc i  l j che incr ,  o .  1  |98s)  In t . . \ ic i1 .  Appl .  ìnr i ; i ru" :o l .  l tJ ,
19-2,7.

i0 .  i l ibb: ; ,  i { .  i ^ r . ,  i . i f - lu \ ,cn,  P. -11. .  ì r , lcBr i r lc ,  t . .  J . ,  i , rocp i - ,  s .  I , .1 .  rn , . l  Crskc i , ,  (  ' i .

( i ! r -8> ' ì  Proc.  l r ia i i .  Ac lú .  Scì .  U. I i . . : i .  b t i ,  19 i9-19?3.
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