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STY-D812/ PCT | DESCR! PTI ON | A
GENE ENCODI NG A PROTEI N HAVI NG ACYL GROUP -

TRANSFER ACTIVITY 5 Field of the Invention The @EB&SO812/PCT
i nvention relates to genes encodi ng pr-otlei-hs having aromatic acyl
grotip transfer activity and the use thereof. Mre particularly, the
pr esent _invention relates to genes encodi ng proteins having 10
aromatic acyl group transfer activity deDBERIFETEEN genti ans (Gentiana
triflora var. japonica), petunias (Petunia hybrida), perillas
(Perilla ocinoides), and ci nerarias (Seneci and t he use

t hereof Backgr ound BnGENE; ENCODING A, PROTEIN. HAVING ACYL. GRQUE, |
efforts to.devel op new and vari ReticaIvIAY ef fective nmet hod of

pr oduci ng a _new vargj i.nvol yes changing the color of a flower,

for which thd tra&ﬁfﬂ%&éﬁ§§$%%&%W§ Hods have been successful |y

enpl oyed to produce a Vilh¢e prasiegity ipiveqdlions r2d atesf go gemest egqqding

comercial varl elifdreild hdvihAihatic ach! oSty ReMRNTer botivityl Gnd
pro varietre

that a single specCies uces colore S comng in a w de

range of di faher ape dhegieofsi ndlorg pastisnlgedys ithe PrEsER or
each species. 25 jnpventioh®ed@h@iss tof fah@éebaceae_neag%t@ah!al Ha91 nigho
types of pignments,, flavqnoids ang carotenoi ds.. Fl gv

, onoi ds
contribute Hinly 3EMad e ACHs FERUPHETARREET o ACTEVIEW 38rlveg £rem® and
bl ue, while car ot gemitdansofGenitibfat artifeozal ear. japohdvey ,obetuaigs or

yel | ow. Fl avonoid l,ecul_e hat ke 30 a ont.ri hut.i t he
col or of flowers é%%ﬁﬂﬂig—i¥§F&9€3§nEeﬁﬁﬂéﬁsa#ggéggéésPééggéhgggang ?n,

del phi ni di n, ~ cipeanmiidisn (Spaeridi pruentusdi nandndhpehaegthedent .
Di fferent anthocy§%§kbggghp-g§%ked changes in the color of fl owers.
Furthernore, the color o |

owers is 35 _affected by cogignentation wth
col orl ess flavonoids, The flpwex isduptey i6r making, e§EgrssyLkatr fgHelop new

acyl ati on, BRdhyhaioas 9B¢iBEigk.vaaHokesettovknnethblask Breadeidg
a new variety involves changing the color of a flower,
for which the traditional breeding methods have been '
successfully employed to produce a wide variety of colors

20 for almost all commercial varieties. With the above
methods, however; it is rare that a single species
produces colored varieties coming in a wide range of
different colors since a pool of genes is limited for
each species.

25 The colors of flowers are based mainly on two types
of pigments, flavonoids and carotencids. Flavonoids
contribute mainly to the colors in the range of yellow to
red and blue, while carotenoids contribute to the color
tones of orange or yellow. Flavonoid molecules that make

30 a major contribution to the color of flowers are
anthocyans which are glycosides of cyanidin, delphinidin,
petunidin, peonidin, malvidin, and pelargonidin.
Different anthocyans impart -marked changes in the color
of flowers. Furthermore, the color of flowers is

35 affected by copigmentation with colorless flavonoids,
metal complex formation, glycosylation, acylation,
methylation and pH of vacuoles (Forkman, Plant Breeding
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- 2- 106: 1, 1991). There are a nunber of reports of
acykat ed anthocyans I sol ated fromnature including cinerarin derived
from cinerarias (Senecio cruentus) (Goto et al., Tetrahedron 5

25: 6021, 1984), awobanin derived from dayflewérs ' (Comrel i na

condruni s) (Goto and Kondo, Angew. Chem Int. Ed. Engl. 30: 17, 1991)
and genti odel phin derived from Genti ana Maki noi (Yoshida et aI
etrahedron 48: 431306: 1, 193bpp) (Monarda di dyna: Kondo et al.

Tetrahedron 26: 10 BH{dre 1885; apﬁﬁmﬁéﬁsofpﬁéﬁéﬁﬁs(6¥Hébfﬂaﬁéd anthocyans
Tet r ahedr on 27: 241 1987; V\anderla:gui{ daka ef a(hﬁTeclgl‘ %he ron
28: 1901, 1987: Dibselbated;Lromiratu “%lcmerarm

29: 2999, 1990; r edigeabdopes @@zﬁg@mlwruentus)g(wubfémrm I'Dé)tei-alaedron
del phi ni uns, butte ly o 15 ond

Engl . 30:17, °1991: 5! sgf@ar]rgcﬁ cﬁ“’%"’g""e‘hl‘c‘at"|i<a’rn ‘pe‘#ﬂ%%’%{:vh%ﬁﬁgw‘é% 1593
1992; mor ni ntﬁl@lmgg_j_l&!m_l_s.) PGS to Had sKCPI}dC&Z ArgEsyY . 1@9@1 Int.
Saito et al., Phytﬁh%rgirywo 1712213)911)99a‘3nd Adé&g.alodel hOE QEDEASE from

Cl i nopodi um gracil e | aven ni p, Leonur us macr ant hus,
Pl ectrant hus, Prurfgigkana M—a-k—l-!&lvﬁ%s@ﬁﬁ%rﬁerﬁl Se| |ekrahatdpaeds: 4313,

Artichoke: Saito ambz Morlﬂdwrdlﬁyﬂwtmﬁﬁiﬂéé ran 31 Te'i&i%ed&&ﬁ? 26 ant

wat er I|Iy

ack e tochem str 989 99
bel | f1 ower s198r ano‘isi;‘% a19é5'3§er asrg%anig‘é%% (aﬁl%t alpp ‘HoTERRNedray |
Phyt ochem stry 40:2941413998 8y atanddxring Jew HdBiddﬁ/\/aatetalal ;Tetrahedron

Phyt ochem stry. 40:,567. 9 S | fy these
ant hocyan- cont ai-ni nag 90119 Sﬁ)g% OWTH%% éﬁ’{b\kéa C agr'sea>sfl ‘Hased on

their ~ structRhxkodvemistuyhe S &9&&3,{: 1#830; gresupsnhbagesr ibgtycgion
hydroxy ci nnam c ﬁﬂmlﬂ%\fr&’e 1Q§Héel %}ﬁbdm ! cbutterfl??eéy Olyto
such as the_ nal ony er1 ment

mgroup een served
carried out1l8si ngangk Kondo, &\ﬂgﬂﬂry&hﬁﬁ‘ pildenttdhf ERgni #§-:di%r 189

(Pharbitis nil) carrdthal Aabyed ke agyl, @G@lﬂ& %Stfxg;r 31eaqiso®)s 1992
anthooyans 3 (G ulch A s DT 30, SRl cu o
t he | ong wavel engtdaitiadet( BEangl ®httoathemistry 40 1283, 1995; Ajuga
| decumbens, Clinopodium gracile, Lamiums, lavender,
20 catnip, Leonurus macranthus, Plectranthus, Prunellas,
Salvias splendens Sella, Janapnese Artichoke: Saito and
Harborne, Phytochemistry 31: 3009, 1992; giant water
lily: Strack et al., Phytochemistry 31: 989, 1992;
bellflowers: Brandt et al., 33: 209, 1993; gentians:
25 Hosokawa et al., Phytochemistry 40: 941, 1995; hyacinth:
Hosokawa et al., Phytochemistry 40: 567, 1995).

Acyl groups which modify these anthocyan-containing
flavonoids are divided into two classes based on their
structure: one is the aromatic acyl groups centering on

30 hydroxy cinnamic acids, and the other is the aliphatic
acyl groups such as the malonyl group. It has been
observed in the experiment carried out using the
anthocyanin pigment of morning-glories (Bharbitis nil)
that among the acyl groups transfer reactions anthocyans

35 to which an aromatic acyl group, preferably coumaric acid
or caffeic acid, is bound show a shift of the absorption

maximum to the long wavelength side (Dangle et al.,
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- 3- Phyt ochem stry 34: 1119, 1993). Furt hernore, for
cingrarin derived fromcineraria (Seneci o cruentus) which has one

al i phatic acyl group and three aromatic acyl groups, it has been
reported that the 5 stability of the pigiment- decreases in a neutral
aqueous solution by renoving aromatic acyl groups (Goto et al.,
Tetrahedron 25: 6021, 1984). For genti odel phin derived fromgenti ans
(Gentiana maki noi Phattschentigtay [Bden 1119, 19%Jorted that an

i ntra-nol ecul ar stacki %Hh#ﬁ%xﬁ”%f@i%%rari&y% %?%ii@%ﬁ% .

presence of two aromatic acy groups 1 n the no

in stabilization diSenecio Gruentysdnivhishyhasgensu2ldehatich acyds gxearand
al ., Tet r ahegi 4onhtlid ab992)groMpsSoMal ha¥oPiedn riipoiited that hdee
denonstrated_t hat each Qnaglgg%iﬁ at, position 5 and 15 P% ucose at
position 3' of anFﬁ@@V&ﬁi 7 Rigment, ecreases, i@ HRYL agqueous
(Tetrahedron 48: 43l13titeO9d)y removdngalaromatic alegdn greppst dGotoatet al.,
anthopyanln In Fh%ekggmgﬁrgh @%ﬁ'%b%g, l984d(Pe%bEI%e%%ﬁ%ﬁbﬂ%%&n}ﬁe%q%% nin
in which coumaric™acid 1s bound 't 6°gl'dcose "at “position of cyanidin
3,5- 20 di gl ucdgiote geTétemised Gentiansemakinoijsadsp414t hgsgpeen
However, these StE@E%%t@@v%hgﬁeQnCQPEk%QmBEEcLﬁQ@ stacki Geo?SEﬁ%tsQBdwich

organic chem stry s as structura studi es of natdral pignments and

not from t hkl asped¥Pef occurs Hugekenither pregencys off typt arepatds eyl

enzynmes which 25 groupanghetnhaCibleeales: which result®f ihhethbansLatasasof
whi ch transfer_ac¥h grqQups to ant hocyani n plgnents there are many

reports on the e RACBRPE dPoap RANRSRE: §9LUtHRA CKYPFQﬁQPePtaﬁlakiphatic
acyl, including treseahearoa @6kl 4guBtunegal) .pamekeyvad, vochataratehnlal .,

By OShe™ o RBSgoRlRacEdEgal Rdk, ogen obShELE08Y, Bk, ppdliflanhoghe"
1983), 15 seedglngesef a€i pesitioanBi umf( Hotheryahial hasAaphacyl group
Biochem BI ophys- péifla. 2hdretddbetRaflcbben] bie 4333, 1992). A OUBLLE AGKL
ransfer reaction was first reporte for Silene, a nber o
Caryophyl | aceae (RafBt gegosted| that anthgryapém iphybeoleapppaffeReridlas
403, 1980), and tiPerilla ocimoides) is shisonin in which couflaric acid is
bound to glucose at position 3 of cyanidin 3,5-
20 diglucoside (Tetrahedron Letters 27: 2413-2416, 1978).

However, these studies have been carried out from
the aspect of organic chemistry such as structural
studies of natural pigments and not from the aspect of
biochemistry such as efforts to isolate enzymes which

25 transfer acyl groups.

Of the transferases which transfer acyl groups to
anthocyanin pigments, there are many reports on the
malonyl group transferases which transfer an aliphatic
'acyl, including those from a cell culture of parsley

30 (Matern et al., Arch. Biochem. Biophys. 208: 233, 1981;
Matern et al., Arch. Biochem. Biophys. 226: 206, 1983;
Matern et al., Eur. J. Biochem. 133: 439, 1983),
seedlings of Cicer arientium (Koster.-et al., Arch.
Biochem. Biophys. 234: 513, 1984), and the like.

35 Aromatic acyl transfer reaction was first reported
for Silene, a member of Caryophyllaceae (Kamsteeg et al.,
Biochem. Physiol. Pflanzen 175: 403, 1980), and the
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activity of aromatic acyltransferase has simlarly been found in the
sol ybl e enzyne fraction of Matthiola (Teusch et al., Phytochem stry
26 991, 1986). However, these reports have been |linmted to a
nere 5 denonstration of the presence of enkyatic activity, and

nei ther the correspondi ng enzynme proteins have been speci fied nor

fi ndi ngs have been obtai ned on the primary structure of the enzynes
much | ess the genescinciodr mf aromatigmacydirandkeragehas ¢siwidarly been

transferases as weidyfip 4P the 'KPAULI RNBRd UL Rsh tde ¢RI on St (Ml ddie
of proteins or genes. Furthernore, there are no reports of exanples

in which the acyl &% iy redtarh e shithdSfad Tt pilfit s wer e
positively used to expasdvia:, AMRSOfreirss Ifve been flligniEdesd arl 4 GnefeW
them or exapples jn which a%ylaﬁgq@ﬁQS was %ﬁgd in_an .attenmt Ié) d '
stabi | i ze anfPhocydffjistration o HESHIE Hafd 2 i tenicalr an
pat hway of neitthest thef cantdespeaniingy enzReteupraoteibrs deveadodesen

wel | studied (WerJ . H. . 1.0, I i%gyé tgﬁp .

bi ochem stry of piéf&%ﬁté;e%&%ﬁ%?ﬂ‘%%&a?’&?%@?{ Ci%(?rq eosf)bac , pl%ljn.a,ry
asen, S. and Leonidrmctugesof the enpypesciawhstleps ddte prre:s| FRCOdiag)
and the presence Ghen, Foaﬁm@@fmmawcc!acgqn@a@xs%ﬁ%ﬂs @O 1115 no

known. As the acyl group of anthocyanins of Petunia, coumaric acid
or caffeic 48id i FoPRahs. have rdreddpdest theuPaimerycis¢ras tureyofc grogedns

acid is bound to L# igeesde Furidehhioed,3there are &bt hepvatishofMeasmples

chem cal structur n.th ant hocyani'din i s nal di n as heen
assi gned to ' _%h W'%Ch fie acylatqng actQOns of an%hocyhngn pggments

3- 0- (6- 0- (4- 0- coumerey ppsd-tivellyc aspdatos pixpand0ther rangeglofc colors of

20 (6-0- (41 O caf FASH 5 &7F) *B. FFE¥SPRoSy PREBLES, i1 ghiFh, aevlation

pyranosyl - nd$ vi di Wasr asgdctinyany atbempleito skabdligeeapghocyaningports on

ant hocyani ns havi ng t“@nﬁ%ﬁb 8t8LPShand, thB Bbendmcah Fﬁ%hhﬁ Bigi on

The present invention relates to genes encoding 35 . rotei ns_having

aromatic acyl groﬁﬁ“ﬁh&ﬁéﬁePfaéPFgPFya&ﬁﬂs of —QﬁﬂﬁiésgiéﬁéééohﬁsTﬁﬁ§P Wi th

regard to said us@elfihetedied (wierdag¢rubedna aet hednfiag,cont rahkirigante
a§yl group transfgkd biochemistry of pigments. Petunia, P49-63511984),

20 Griesbach, R.J., asen, S. and Leonhardt, B.A.,
Phytochemistry, 30: 1729-1731, 1991), and the presence of
anthocyanins which contain an acyl group is known. As
the acyl group of anthocyanins of Petunia, coumaric acid
or caffeic acid is known. One molecule of coumaric acid

25 or caffeic acid is bound to rutinoside at position 3 of
anthocyanin, whose chemical structure, when the
anthocyanidin is malvidin, has been assigned to
3-0-(6-0~(4-0-coumaroyl)-a-D-glucopyranosyl)-5-0-8-D-gluc
opyranosyl-malvidin and

30 3-0-(6-0-(4-0~caffeoyl)-a-D-glucopyranosyl)-5-0-B-D-gluco
pyranosyl-malvidin, respectively. However, there were no
reports on anthocyanins having two acyl groups.
Disclosure of the Invention- -

The present invention relates to genes encoding

35 proteins having aromatic acyl group transfer activity and
the use thereof. Thus, with regard to said use, there is
described a method for controlling an acyl group transfer



reaction to flavonoids, preferably anthocyanins, which ' provi des a
possidility of developlng a w de range of fl ower colors for a single -
species. In particular, said nmet hod i s considered to be useful for

i mparting bluish 5 tints to the existing eolso~ of flowers, because the
absorpti on maxi num of ant hocyanin shifts to the |ong wavel engt h
direction by transfer of aromatic acyl groups. In order to
real i ze the above t a¢laesliogy toi iflayonoids,nprefexnplyo asitthocyand nshewhich

identity of enzynes tpl-%ndese%p%%g%ﬁlaeg a&oaanrbqogqxsb b @18keangachbiFons
and to separa whi ch encddes sai d eNzZymnes.

Furt hernore, by utllﬂﬁﬁﬁﬁ CReCKENBPEgH SLngdReSPPELPS. In paytirplaryosaid

separate the genes gekthblehsaephsiterBd to betﬁaéiﬁﬁrf@BZiﬁpérthbeB!Q&sh
producti on of be real|zed

t abl h t
acyl ati on S|nég : %lnﬁéyFQtt OC ggénglggggﬁzggggéPﬂﬁFFrt eSP“5¥ the

ant hocyani ns. absorpfhenlmaammomsoﬁaaathsoyaned ahifityl toanbeelang
from petals o I gar u
t her eof . Furthernnr%aggg%hgeﬁegg%%gﬁgﬁﬁnbgcﬂ FngE ge éréﬁSEEE ééyl groups.

i sol ated cDNA' s of acylt AAnerdpEste spalize tgenegaﬁg teehoalagypeit| Las,

and cinerari as, andnecessagﬁt%6”b@§9185€enﬁﬁéeﬂaéH€1€§QH§néﬁ§ bst he
st ruct ur al genes. Thu present i nvention provides

S
sequences encdli ng 5€§PPP§h§i§rggésaﬁﬂPéﬁl%récﬁ}eEEﬁstﬁIZSQaCt%ﬂ%sp@PQI§°
of genti ans, petunlaspaaadeCtn@rannn whiéh encodégayeﬁdoénﬁgmeélas
Furthernore, the en

b
change the col ors. o?xggﬁerm?FﬁmePg 5§1 rgiggfﬁ%nv %m% $ﬂg2€5n$%H%$gﬁ%nf§

and to I ncr eapessibbel toysepanatdothangeses 30f otlpecadylt &esupi ption
Genes encodi ng acyl b d,
foll ows. Thus, f|rs%£§ﬂ§£g£?§§%%@?%raeMgPé§+Q§ Pé&ﬁu??%%nf§%ﬁ$g%§a?s of

genti ans. Prildr to @héh9¢ﬁééhﬂ pigmentgveam ke %?¢1h§¢@hﬁYsa@xﬂ§$#¢my51ﬂce
aromatic 35 acyl §&pDat B6RSESalid Vo f PhdLlased NOLABVEIE P! SF oénéﬁ@cyanms

present invention have succeeded in purifying said enzyne for the
first tinme by enployi ng Vh®i bueeRPEFERBG abfptated an acyltransferase from
- 6- petals of gentians and determined the primary structure

thereof. Furthermore, using recombinant technology we

20 have also isolated cDNA’s of acyltransferases of
gentians, petunia, perillas, and cinerarias, and
determined the nucleotide sequences of the structural
genes. Thus, the present invention provides DNA
sequences encoding acyltransferases which are present in

25 the petals of gentians, petunias, and cineraria, and
leaves of perillas. Furthermore, the enzymes of the
preseht invention can be used to change the colors of
flowers by acylating the anthocyanin pigments and to
increase stability of anthocfanins. |

30 Specific Description . _

Genes encoding acyltransferases may be obtained, for

example, as follows. Thus, first an acyltransferase is
purified from petals of gentians. Prior to the present
invention all attempts to purify aromatic

35 acyltransferases have failed. The inventors of the
present invention have succeeded in purifying said enzyme
for the first time by employing various chromatographic



met hods, especially affinity chromatography using a resin (for

exanpl e, Blue Sepharose (TM resin, etc.) on which I's i mmobilized,

fdr exampl e, Ci bacron Blue 3GA Then, the partial am no acid
sequence of the 5 acyltransferase is eldcédated using the conventi onal
method and a synthetic nucl eotide correspondi ng said am no acid
sequence i s prepared. On the other hand, poly A+ RNA is .
extracted from methpédsal espéciakblyaaffijpity sphronategnaphy desbne 3t¥esited
10 cDNA is syn i ISL N L QN andc@.y on wisfdA
library is furthekggio%ﬁ%%%?é%g?%@gt%%ﬂgﬁligd U%rgf@@ﬁn, st )nded cDNA as
the tenpl ate a DNiSfimmplhlizedci fox e¥ample, GiRackeR BIUQS3FRransferase

i s obtai ge](cj by the PCRrHﬁﬁboﬁlhefpartia'&i n&nihllw édmrwédpgeﬂwxqafiﬁﬁés whi ch
were used for 15 nt hesi s of said, synthetic DNA C N usi ng
this DNA fra'?grrenta%fgrﬁﬁg%?a?%el%b%'é‘yh‘iﬁ? negt © %?rf chg’rrl]%/li s
screened to obtaimephsdtan® &|oneshelasmicleot ide Brids pdnd Eng evdidr ed
fromthe clones are.separate n . | cl eoti de sequences are

det ermi ned. Then ¥H&"20°¢* aérlr? %gré%? dl%eé]%%ce obt ai ned from anala/si s of

t he purified acyPnrehefether hanrd: eolyihot RYAY SeREHacHd from (e

acyl transferase dﬁ&'ﬁ'& g & f ophd headdNAyawiEl £0] | £ifom whicls IBENLE St rardspar ed
to confirmthat the )

above positive . clone is the desired ChD% clqo{he

25 IPhe i A ots $EREhesized d&ﬁﬂl%e‘i%i%om%%m(%m thod anq,g 5,
strain of petuni acyRK -1 Swdiyi Bs PEIPtIReL \Bdoduced. ( SUBHmY YtHd cahove rdavbloeh
the color of the fl| owe as_been ch ed fr r e I

and determ ned th%tranéegs‘fl?%t?ﬁ‘ ehg %i/%nall nlssi\lﬁaélcfca?%irSﬁ‘lxgn"gl tscé%)%%gncgtﬁ)d
as 30 descri bethdygefi@ro£ xanypl eranmidraike eis adbtaMoyhikin tdhhe PCR meghod
Tetrahedron 48:° 3 ) ; N h therdnesentsdpvention
there is 4§ l%%é'gﬁ%l\wnthe%]fcngmﬁ?rir&& E '

ment | enco amno aclid sequence as set,
forth in adp of SEtiedbs af tsaBl swvkhelic iBNA andERNss TheTha tuHiiMf ei ns
having nodified am 0 BEA dr SEGHERNCESs | 4 probe, WHE MaISOME ndn I8 Y aHNIS

have been added, renoved and/or replaced with other. am no apc]ids hdalve
enzymatic activit@lbrary is screened to obtain positive clonq%[ asmi

simlar to the orpga N@hidH of£i Fec\esrsdli figdy , tigenEPones are separated and
their nucleotide sequences are determined. Then the

20 amino acid sequence obtained from analysis of the
purified acyltransferase and the amino acid sequence of
the acyltransferase deduced from the DNA nucleotide
sequence are compared to confirm that the above positive

_ clone is the desired cDNA clone.

25 The inventors have also found petunia mutant (VM) a
mutant strain of petunia var. Surfinia purple (VM)
(Suntory Ltd.), in which the color of the flower has been
changed from red purple to purple, and determined the
structure of anthocyanins accordiﬁg to the method as

30 described by, for example, Yoshida et al. (Yoshida et
al., Tetrahedron 48: 4313, 1992).

As the DNA of the present invention there is
mentioned DNA encoding the.amino acid sequence as set
forth in any of SEQ ID No. 1 to 6. However, it is known

35 that proteins having modified amino acid sequences in
which several amino acids have been added, removed and/or

replaced with other amino acids have enzymatic activity



~encodi ng proteins which have nodified am no acid sequences wherein
one or nore am no acids have been added, renoved and/or repl aced

W th other anmino acids and 5 which retain aromatic acyl group transfer
activity are enconpassed in the presefit -i nventi on. The
present invention also relates to genes encodi ng proteins which
hybri di ze wi.th the nucl eoti de sequence as set forth in any of SEQ ID
No. 1 to 6 or a pémiilen to thetpzigénalf protranpl eAcnergéngilyn empedi ng six

or nore aghaadaﬁgdgrefce&hg ﬁﬁﬂéﬁnﬁaser ﬁBHQ.’EmeH”Qﬁinthcﬁand' tion
of, for exanple 2 errL whi ¢ ¥ cyI gr oup
transf er actlV|t§eqP8PFﬁ§rWBF€elPh8 8pP nﬂﬂFe aM1n°h9BF 3i baveoheen

tenperature depeaddedn tbﬁoﬁual aatiyde i6placedquitheoshdri &mihengthds and
MehﬂaMygheh anes.l ow,

nucl eot i de sequeﬁgélc £8 58@08?’?82‘%?\%?88{’ t5£§“§n§F%“sfﬁrt% %‘éi eo?r?he
a

nucl eot i de sequeeneofp8sbedesh theopragestxiavenbiani ds,

tenperature of S0[errgf0 éQ&ﬁE iﬁvé’ﬁﬂﬁ rgflsoTPgleQE@%e@é n%&nes éﬁ&?&iﬁ&“

al so relates to genes enc lgoﬁro el ns
sequence whi ch ha§05ehbﬁnvbg9 yhsidbge with ﬁli‘%;h@‘lld%?‘é%‘é? SFRGUOROE A S

higher, for exanpbe gOR'in any &f Yhigo! he @@@%ﬁcédpéfi‘ﬂi&'ﬁce as set
forth in a EQID No. 1.t , and which ha 5 aronntic aqgregroup

tradd o athenpet; For cxampl JHad A TIAR AHEGA LG BIX (N
nucl eoti de Sequediiﬁ.eno acids Sobbthe rmzﬁin@énsmﬁecrégimhj yurtse rthedcondition

Exanpl es, S reenln ar DNA
encodi ng the enzyff‘rb w% %%d# Si’rm’ﬁne%o a%:):\(lg %é)‘bé %%]uefhl cHnh e

synt hesi zed by tdtmybogm@upubmxhsfer acsivityli r uxthexnerpencths ept ianPCR
met hod based on t ég¥%§gl For
exanpl e, a_DNA f}tr“??rrr%criﬁz %%}?1\ 1?%}( Ite % g]él?ésﬂ%éesﬂ;}?géc}?& ) m)dl fied
i s obtainédd by. cﬁ%ﬁ%@’i‘% apd th%st?rl“.&}ion Prrpferahlby e dryRaigd 7t dhoni ¢
DNA obt ai ned as @W&nam&fbecomes | Fow hedl uged fc 14k iR hferice obt ai n

tge DNA fragrrglnhéeqﬁw%%t%bo%gtthe dgqs:lgarxfgdlmdjfl ation |2}ﬁrted t herei n by
ligating this t(nﬂdﬁediﬁﬁéWBéﬁuéﬁﬁéxkﬂS(héﬁﬁs}xﬁﬂcbdﬁngfkix amino acids,
a temperature of 50°C or lower is preferred. The present
20 invention also relates to genes encoding proteins having
the amino acid sequence which has a homology of 15% or
higher, preferably 25% or higher, for example 30% or
higher with the amino acid sequence as set forth in any
of SEQ ID No. 1 to 6, and which has aromatic acyl'group
25 transfer activity.

The DNA which has the original nucleotide sequence
is obtained. as specifically described in Examples, by
screening, for example a cDNA library.

DNA encoding the enzyme having a modified amino acid

30 sequence can be synthesized by the conventional
site-directed mutagenesis or a PCR method based on the
DNA having the original nucleotide sequence{ For
example, a DNA fragment having-a site which is desired to
be modified is obtained by digestion with restriction

35 enzymes of cDNA or genomic DNA obtained as above, which
is then used as the template to obtain the DNA fragment
having the desired modification inserted therein by
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- desired enzyne. Alternatively, in order to obtain DNA encodi ng
an 5 enzynme having a shortened am no acid sequence, DNA encodi ng
~an amino acid sequence |onger than the desired am no aci d sequence,
for exanple DNA encoding the full-len@th am'no acid sequence is cut
witth the desired restriction enzyne. \Wen the resulting DNA fragnent
does 10 not- encode the desired entire amno acid sequence, the

m ssing portion ikebdireappdnButadgengsisgari AgPSRnmashpd, and bpNA

A gene encoding QE&EEEﬁBSEBEQSEOaﬁﬁérﬂNﬁgwhﬂchhéncodes 8tR8eNbakPYCBE Ehe

can be obtai ned Bé re55|n t he above 15 clone in Escherichia coli and
yeast using gene9BXpf dspBpryMe. systens, confirm ng that the gene
obt ai ned encodes Aleeyhatanelieg| ase, oﬁﬂdretucbﬁaaiﬁgDNAeehcaashqthﬁn
region of th gn f c I S Fur b

expressi ng sald %e% a g%ge? Xp%% 5§%Ee€ %mﬁ?gt%?ﬁdo egBengefhguﬁesired

acyl transferase eanodéngbani aeino acid sequenteclongévethani thesdessved
possible 10 obtahl; i foid seaRRbs] Ny @%aﬁ%lénﬁﬂﬁoéﬂc@@ﬂa%héhe ami no
aci d sequence described in any © Thus,
the present invefeibnleeghheamine sa¢idondUwenee 2bs cubdeibh theplesiredsa d

DNA, in partmu'fés@ﬂ@ﬂ’éﬁséhé)ﬁne WheRCERE  r&86h 81 SHNA I APSEMERE dadéd D
said vector. As th a eukaryotlc or prokaryotic organism may be

enpl oyed. Phe pr%?%r?%ﬁ?@edF@%H?%%%r%WH%FFh@ﬁ LR RF1d sequeRtegctie

bact eri um bel onghigs ig t Her gbdn Scds e rdsrip Peméted Brl By@ing, synthetic
Escherichia coli bact eri um bel onging to the genus Bacillus, for
exanpl e Bacillus sUbtilis, or any ot her conventional hosts.

The eukaryoti c_or ganikngemhiencodindaapkraneferkse according wukihe ot es,
for exanpl e eUK%ﬁ’é’éé&t ”1&6&96%{”&{5{5 bé%btazfr%d eﬁgr&& Srdsd SHfé‘dé’éwe

yeast or filamentous ngl yeast, re are nmentione |
Sacchar on}€es su‘clrp% in w@% and XRaStadls Ml gane [Rxpression
filamentous stems, confirming that the gene obtdkined encodes

m cr oor gani sns, e are nment i oned pergillus suych as erglllus
ATV AT frAS e nd STUC Fat 1Y i Sans i pepeL

oryzae and Asper
Mor eover, ani nalofethes gﬁne of acyltransferase. Furthermore, by

expressing said gene a genetic product, the protein of
20 the desired acyltransferase can be obtained.
Alternatively, it is also possible to obtain said
protein using an antibody against the amino acid sequence
described in any of SEQ ID No. 1 to 6.
Thus, the present invention relates to a recombinant
25 vector comprising said DNA, in particular an expression
vector, and a host transformed with said vector. As the
host, a eukaryotic or prokaryotic organism may be
employed. The prokaryotic organisms which may be used
include a bacterium belonging to the genus Escherichia,
30 for example, Escherichia coli a bacterium belonging to
the genus Bacillus, for example Baciiius subtilis, or any
other conventional hosts.
The eukaryotic organisms which may be used include
lower eukaryotes, for example eukaryotic microorganisms,
35 for example fungi such as yeast or filamentous fungi. As
the yeast, there are mentioned Saccharomyces such as

Saccharomyces cereviciae. and as the filamentous
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plant cells may be used. The animal cells which may be 5 used i ncl ude

cell lines of nobuse, hanster, nonkey, human, and the |ike.
Furthernore, insect cells such as sil kworm cells or larvae of

si |l kworm t hensel ves may be used as a - %ost. The
exXpression vectors of the present invention 10 cont ai n expression

regul ating regions, for exanple pronoter and_ term nater, replication
origin, and the ’F+‘R’é°°r9anlﬂﬁ)en‘§i‘?@e G HEeRE ipned Aspexgillus, spchias hey
are | nt r odaeEr g £51 8s PhvEdEraddradiateil ls expgessi amd vectors,

conventional ly ed. ters S trc 1 rormt er C noter, |ac
pronoter, etc. %ﬂ%‘gl‘ggﬁﬂﬂ id t}}% ]iﬁ‘ om?tf Y0 ye%%jtmafoﬁ%gsarﬁ)’fe

gl ycer al dehyde- 3pldmts phaal s dnﬁwcbe)gmai;.e mhﬁr(ﬁmaprwb whlqhmé:pe and
the like mgy be r% I | 3 S0

exanpl e, arryl asedrgs%éj 'é’sh?dé) T ’-Léeg I%(énor}la{/é be use %&s 2@ p’?ormter for
ani mal cel | anchd‘sh% like ql %@hﬂ@@%c@%%\ﬂﬁﬁ@arﬂ%ﬁmrw%kwwo

late promoter, aé@lﬁ&%ﬁli@rmdﬁém&om themselveld GnxPd ifdd s &f an
expressi on vectqr may be carried out according to a conventional

nmet hod using 25 hostestriction enzynes, ligase, and the |ike.
Transformation of hostise Vﬂiﬂtéﬁtl@ml’v@tﬁjm G ttihie rﬁl}esent ittt il carri ed
out accor. bng to a conventlonal e rranuf cture of

Int
sai d prot GRY (RPT essm"prr(?tgéﬁlr?tdé’ﬁ FELGAE P RARG i ng,
grow ng, or 30 prd)rroamh renda teositi rartas f mapactamﬂﬂmrt Iw:ajmv,eamhttmeldke

expressi on vect Q{‘ﬁﬁqm}r{é]% q:g% ?&5&1%5 I{I% I &4 th ch t}% g -J4d tration,

centrifugation, trat|o i oma raphy, - ion

exchange cmtomtmcbphy&s m@non@ﬂarkéqroha@@@xeralammesmmrty 35
said protein. yectors, Ariverddnliay %%%@tb&%m@%%r@e%%c%ﬁ%%rkﬁﬁg W th

specific reference to acyl transferaseS derived from
- 10 - 15 FENNCHRE r F&CuRERTOLeEyi LRSS PTORRte e fACi-aday PSsHGR
be noted that tha erprfom&Iexorfomybedtqf foal éxanpiler may be wholly or

partially nDdlfbﬁdceraauéhgﬁe- 3-phosphate dehydrogenase promoter, PHO5
promoter, and the like may be used. As s promoter for
filamentous organisms, for example, amylase, trp C, and
20 the like may be used. As a promoter for animal cell
hosts, viral promoters such as SV40 early promoter, SV40
late promoter, and the like may be used.
The construction of an expression vector may be
carried out according to a conventional method using
25 restriction enzymes, ligase, and the like.
Transformation of hosts with an'expression Vector may
also be carried out according to a conventional method.
In the manufacture of said proteins, the desired
protein can be obtained by culturing, growing, or
30 breeding a host transformed with the above-mentioned
expression vector, and then subjecting the culture to
gel-filtration, centrifugation, cell disruption,'
gel-filtration chromatography,-ion exchange
chromatography, and the like to recover and/or purify
35 said protein. '
Although the invention has been described with

specific reference to acyltransferases derived from



acyl transferases of other plants and then the amno acid 5 sequences of
saLd enzymes are determned in order to cl one genes encodi ng said
enzynmes. By using as a probe cDNA of acyltransferase derived froma
‘gentian according to the present inventlilor, it was al so possible to
obtain cDNA of another acyltransferase froma gentian and cDNA 10

of "anot her acyltransferase froma petunia. Accordi ngly, b Si
part or all of thgegehensf peyiniassipentblas, jand Clne%ﬁ%%?%4e1¥dg@ﬁ?g$n

the gene of anot hkgétxﬁtgtyé&r‘@ﬂé{efﬁéepurificamaﬁéﬂ%ﬂ B f tdeb® emzyre atayl

sequences reveal e presence. of a region of a conserved am no acid
sequence. 15 Bye uehably s PREE ALY W@%l§}§%'ﬁﬁ§%$fﬁ to obtain cDNA
of acyl transferasg.pftBaRstétigednst cothaerplants fand thesivie sanire rridan

be applied to other” plants to obtain
asimlar 5  a8GUYPRFST e‘?gsré"?‘l‘goenzmes g%a?%@%ﬁé%%%%%me °

BZ[ 3i nabove, by p@ldnfl?!:@gnes encading r smid ceraymesier | R MF % 25 RRTE a
nl a, a . . . . . . ! | .
agai nst said enzy‘%gl(]éc%gr%?ﬁb%%ﬁgf%%%%nﬁﬁg%@%ﬁggé rﬁéﬂtﬂﬂ s rdlr}g
possi bl e to cl oneteDblte opresentotayelt By whi (FR252150 RogfRle at‘br%]?te"i’ﬁn

capabl e of reacti i ' ' : :
s not limted to@ﬁNﬂ”&Pa%§+gher acy PPLA RO raddUsrot he gepstamt amdendRBN

_ transf erases derived from ti '
perillas ard ci ne@éraa@?-h%ta@ﬁl’é%%%s%?’é%%ﬁ’yhf%‘“a? o?r‘?a’f‘?’g{]a! RecEFANGEY;
gfght;a”5f6f32$5$§g sing parEUsEheII06 e, thbegpnesehtacylensnsferasat &t i®

of acyltransférasﬁoﬁﬁégg?ﬁéé,Q€¥§%$g€€%?§££%ﬁ%#:%?g%?épt589??%%???§?§%%é5
?Rdtageyrgggh?eéigoﬁ &ri?¢ﬁ16f thése amind|avkdsse@sences revealedeth®re,
caf ooyl - Con et o BRBFERCS SF' aofien o 8 B Sl e
acyl group 15 By using thiSansgmnréthii%na&OfP‘&%%%l%gt?g%F%ﬂgClsﬁﬁ
ﬁ;g?giig?hﬂZhD I-R§ Lyﬁigféng?éfﬁgéCQPU§Vﬁ¥fili§r§ha0H|ciﬂéraria. A
Y sigi agcggghggccagsbglgggf éalig)géﬁggsglants to obtain
cDNA or chromosomal DNA clone of a similar
acyltransferase.

20 As has been described hereinabove, by purifying
acyltransferasés derived from a gentian, a petunia, a
perilla and a cineraria and then obtaining antibody
against said enzyme according to a conventional method,
it is possible to clone cDNA or chromosomal DNA which

25 produces a protein capable of reacting with said
antibody. Thus, the present invention is not limited to
acyltransferases derived from gentians, petunias,
perillas and cinerarias, but relates broadly to aromatic
acyltransferases.

30 Furthermore, the present invention relates to plants
of which colors have been controlled by introducing gene
of acyltransferase thereinto, or progenies thereof or
their -tissues, and they may -be-in the form of cut
flowers. |

35 Furthermore, in the present specification, CoA
esters such as p-coumaroyl-CoA or caffeoyl-CoA etc. were

mentioned as a donor of an acyl group in the acyl group



can al so be used as a donor of an aromatic acyl group 5 (d assegen and

Sei;tz, Planta 186: 582, 1992), and t herefore enzynmes according to the
present invention can be used. Exanpl es The present

i nvention is now explained with 10 ref erenge-to the follow ng specific
enbodi nents. The experinental procedures used were according to

Mol ecul ar Cl oni ng by Sanbrook (Cold Spring Harbor Laboratory Press,

1989), unl ess ot heramskespesdtinh of flavemwiple invdesimgh asfthocyanins,

acyl transferase f AN Seel % - codnda I epadAfl 4y 0f substrate
Del phinidin 3, 5- dﬁ"gfjeucosi de a%d ccc;/anirdci)l}r:\i SR& di gl ucosi de were

obt ai ned from petHArQHFYCraRIanPY1-1-0~glyicasq SHAbEF [Finapol Qs gigcose
Vgr bena gygri da, dun ablsod wtds'%“d g0 & cramebg arfdarfcﬁ(zdﬂi(ﬁ at?ﬂl_”ll_gﬁodﬁe
above an t hen eacetyl ating them of Tapi an

viol et were hormg@iazsé%a%’{ r?"f‘*lqﬂ%‘di Itﬂl}lfd’&‘? iﬁtﬁgg 42, %l?g))r?c)gerﬁnz r,

imersed in 1.5 khdfredfind \Wngynecetamtidrdilgy to theamre®eatt timvienioioan a@at i c

acid (TFA), and then aldowed to stand for three days. 25 The
product thus obtained was filtered under aspiration through

di at omaceous ear tBR§UPIE® spread over filter paper then concentrated
to half the volunme inqhe presdrfi! 3mreIMARAY alOnow AdplwaGdy wadlr filtration

wi th HP-20 (Pharmacia). After washing with 800 m, of, distill 30
wat er, t helBi gnedtefarancsot wdd e fald®Wiing, spss il rmhggliments. The

acetonitrile and dkpipilfehtaAl ipHoceeaesst haldd weire aitcordingetapdodieanlaxt
was | yophilized tqQ ohtain crud I gne (7. . Si t he
mai n pi gments ir1éiﬂﬂﬁﬁga£¥35§§%ﬂ%d%§52%¥§%§F§P&ﬁh§%%%ﬁg'&Phﬁgﬁﬁﬁrﬁiéﬁﬁgghd
cyanidin, the  198%)ql hmliess puhesddse speddfdetdyl ation was carried out.
One_gramof the gggtéﬁg%l%‘ qm:g%e\g%%hd'g&s .%lcﬁﬁq.l.rja?ls%r@semfﬁom B%a%ts

- 12 - tes to
expel dissbbved dijgePreparetdencodl sabsitriade. Separatel y,

di ssol ved oxygen was gdiighani¥i®xRe/sed glucoside’ @Mdd@ynidfinl N sodium

hydr oxi de, into which the abave ) .
3,5-diglucoside were obtained from petals of Tapian
violet (Suntory Ltd.), a breed of Verbena hybrida, by
extracting a diacetylated form of each of the above and

20 then by deacetylating them. Petals (348 g) of Tapian
violet were homogenized with liquid nitrogen in a
homogenizer, immersed in 1.5 L of 50% (v/v) acetonitrile
and 0.2% trifluoro acetic acid (TFA), and then allowed to
stand for three days. ' '

25 : The product thus obtained was filtered under
aspiration through diatomaceous earth (#100) spread over
filter paper then concentrated to half the volume in a
rotary evapofator, followed by gel—filtration with HP-20
(Pharmacia). After washing with 800 ml of distilled

30 water, the pigment fraction was eluted with 800 ml of 50%
acetonitrile and 0.1% TFA. After concentration in an
evaporator, it was lyophilized to obtain crude pigment
(7.3 g}). _ P- =

Since the main pigments in Tapian are

35 3,5-diacetylglucoside of delphinidin and cyanidin, the
following procedure of deacetylation was carried out.
One gram of the crude pigment was dissolved in 50 ml of



-5 pi gnent sol uti on was added dropw se while stirring in the - ice,
~and was stirred for further 30 mnutes to effect hydrol ysis. One ni
of 6 N hydrochloric acid was added thereto to stop the reaction.
Then, 5 m of distilled wat er was addbd and ‘concentrated to half the
val une in an 10 evaporator, to which nethanol was added to a fi nal
concentration of 10% Two ml_aliquots were applied to Sep Pac C18

col um (Waters ABSEbRRCLoANd aprakedavithepitrogen,gagedoyk ¢ miputge to

'Cli';: Ztl I1I56d wat er, P@lekilitsedl\ofetdho% n and takn38Yovaeat eni tickl.e and 0. 6%

el uat es ed and concentrate
evaporator, and then ﬁ?&@FP5m§¥ed bﬁsﬂ eg PEY G Was Slmﬁ%?ﬁ@@s?fpelled-
ODS- 10/ 20 (50 x ¥@Omn5P ManofalKMgskdiimKhydroxidegolinfn, whiohi thewabove
~effected atg a i a %
acetonltrlle froE??@@g%ogéggéégér£gg addTSOHEBEh?Sé %Lgrac?fggggmg gn the
col | ected every @cs,npndtwas stlraedafbroﬁurﬁh@roﬁOsmlnutpertQ1ﬁaﬁect

Absorption spect of hea P t nf e o] rate
Seronr o a5 ¥BFoTya1a0" ST OTUBL Ry opntGE vaesicd opRapa

ucosi d
then concent r at e8hSKEEPYEBNPEPRH §5reacFH%Pph|ﬁhﬁPn 8, BldPQIQEEEFHéed75 ng
and cyani din wat8rSwdb0hd864ai 88d &6nBERtrdbed ¥8MRa®ACHhE $66DhMEdihNan

0.5% TFA tqg a concentration o / and. st ored 80[err]C
it use 0 COBSEBOEEREN £ dnPclnehnaney et caded b oz, E a0t
ci nnanoyl - CoOA wasoneentedtboh ofi 1b%. f oTwownhgabhguets were applied o

ester was synt he e r caffeic tes
N—hydroxysu00|n|%$§ 9?%@¢g§)géiuﬁn gﬁ%ﬁ?ﬁ?nAs é@?&g ?%? uﬂgg% %%k?% mand
Zenk, Z. Neashedrwihh 30ml36L, di@ﬁﬁ;letrhmtesz ean@oesumnymhszasl

di ssolved in 2 n$fogogcgégngnlt§§p@r§ﬁglU £s Ippgol  of Coenzynme A
(CoA: KOHJIN) and 1 nmpl sodi um hydr ogen carbonate were dissol ved
in 20 nl 3P water, toA%h,gﬁu@bgs were co lected and concentrated in an _ q3
f ] added av@pa\taeofh%mtﬂﬁeﬁwﬂwmﬁwn@ﬁ HPOYE. Using a
A ter the m xtur C stirryjn trogen
gas at room terrp@?‘gglg?%fﬁ (ES%HE(Y%& gg@o’ﬁc%#fr’ﬁ?éo“?’ﬁméa r%"f%l’ glgalf)b at or
and centri fuged célumn { 291 900ox was 16f feated ;at eaml/meamsod;ndndifematmﬁrde
the from 0.1% to 0.3% and acetonitrile from 10% to 30% over
20 120 minutes. Fractions were collected every 0.5 minute
at a flow rate of 32 ml per minute. Absorption spectrum
of each pigment faction was measured to separate

delphinidin-3,5-diglucoside and cyanidin 3,5-diglucoside,

which were then concentrated and lyophilized

25 (delphinidin-3,5-diglucoside, 75 mg and cyanidin
3,5-diglucoside, 50 mg). They were each dissolved in
0.5% TFA to a concentration of 1.5 mg/ml and stored at
-80°C until use.

Synthesis .0f another substrate, hydroxy

30 cinnamoyl-CoA was carried out in the following manner.
First, an ester was synthesized from caffeic acid
(Nakalai tesque) and N-hydroxysuccinimide (Merck)
according to a literature (Stockigt and Zenk, 2.
Naturforsch. 30: 352, 1975). This ester (0.5 mmol) was

© 35 dissolved in 2 ml of acetone. Separately 0.1 mmol of

Coenzyme A (CoA: KOHJIN) and 1 mmol of sodium hydrogen
carbonate were dissolved in 20 ml of water, to which was



desired product was collected using HPLC. Using a DEVELOSI L ODS- 10/ 20
(50 x 300 mm Nonura Kagaku K. K.) columm, elution was. carried out at
"a’linear gradient of acetonitrile from18%to 36%in the presence of
0.1% of 10 TFA over 40 mnutes. Fractien33were collected every 0.8
‘mpute at a flowrate of 32 mM per mnute. The absor ption spectrum of
each fraction was neasured (200 to 400 nm) to collect the fractions
havi ng an absor ptadded dropwime rhhe i9ster selhd gt BRPaEBAPOHR as t he

caffeoyl COA 15  fragiidn.c neinl St HANGRIY Adted overdigiy wiEper at or,
they were separated using the sane col unm agai.n.

! However
el ution was carr il ERANGENdaR MHGROgen gas: it RATY LENRPTAL R, 1t was
acetonitrile and &ndénitfataaNdd e rotary aapqrdtior et tdammisiugehsur ed
si mul t aneously to 20 concentrate the fractions cantai ni i
conpounds i A a ro&za%sp%éb&'ap"di nifh; vﬁﬁngj‘?%é{lsoolubalﬁ y"o[!pE h%%?zeg. |EI s
met hod produced 3fediared modifctt s colleutmtlictssindBHRIMbst iUadtrich@ coumari ¢
acid for caffeic agi )AL - 0 WHPA MARLSY Kdthw 86k The
product was 25 e nol /s%%%%aétbeq at’ 2 ng/m "and st ored )r;t
-80[err]C until wdumn, elytiorEmasa@amiiafkiiid a5 & RénaargatARpF of

sol ution acetOH @& A 193 ) Fs tis iR ([RIsdnve &l [0 Q% of
parts, etc.) from which e&z{%n& was to be extracted was %to‘l f‘#ozen irb 8

liquid nitiBgen TR RECTGbIENUES i n FFactiong,{erg cq FFEHer

hgrmgeni zed by agdgiifigcel Gitla Gflow ratd hef &2 mectdean nhifufter. (MG MV

phosphate buffer, pH 7.5, 10 mvi,sodi um .

2- ner capt oet han.olé)lpsﬁﬁi)%a?s" spectmyn O ee(?ctth ougca-'rltqﬁ{r g’eaﬁlgliler red gfa?uozoe.to

After adding 3 g4 nm)oftdORect: Xhe mclenedaving aradhsaegfalan Kogyo

K. K.) and stirreq for 10 .5 nute e ' SINME Id+Er &tgzon

under aspirati onq“zfﬁ‘cf"l{ e lg%ebq-'lrilles%oaf“tiéné{]ﬁeS'S“Lrll .VL%S 3r s the ciffddyI ¥

- 14 - 15 vt idssud iy consentiat icshtn fudgatasy ©7ARRIRYOY,

20 mnutes). It vugg Qﬁé}é%@gﬁ&tﬁgd _Q;sSLEHgt IdHe cggméjmrumn again/.0%
9

saturated ammoni um sul fate t recipitate proteins. . IThe precipitate
was suspended into 1 fHowsValhe e]@tlo%ﬁ%iqqlﬁlﬁfﬁﬁq &Y 59 osphat e
buffer, pH 7.5, khromatodBdphy Ryfa@eidesontminid iarsblutlie TRY endwdshe

removed by absorption spectrum was measured simultaneously to
20 concentrate the fractions containing the desired
compounds in a rotary evaporator, which were then
- lyophilized. This method produced 35 pmol of the
products. By substituting coumaric acid for caffeic acid
above, p-coumaroyl-CoA was synthesized. The product was
25 dissolved in distilled water at 2 mg/ml and stored at
-80°C until use.
(2) Extraction method of the crude enzyme solution
Three grams of the plant tissue (petals, edible
parts, etc.) from which enzyme was to be extracted was
30 frozen in liquid nitrogen and was homogenized in a
mortar. .It was further homogenized by adding 10 ml of
the extraction buffer (100 mM phosphate buffer, pH 7.5,
10 mM -sodium ascorbate, 14.mM 2-mercaptoethanol) and was
filtered through three layers of gauze. After adding 3 g
35 of DOWEX (1-X2, 100-200 mesh; Muromachi Kagaku Kogyo
K.K.) and stirred for 10 minutes, the resin was removed
by filtration under aspiration and the debris of the



-'centrifugation (27,000 x g, 5 mnutes). Then it was desal t ed usi ng

‘Sephadex G 25 col utmm (NAP-10; Phar nmaci a) whi ch had been equili brated
with 'the solubilizing buffer 10 and the solution thus obtai ned was used
‘as the crude enzynme sol ution. (8)14vet hod of neasuring enzyne
actavity Fifty [err]l of a reaction m xture containing 100 nv

phosphat e buffer, SH 8.5, 24 nnol of delphinidin 15 3, 5-di gl ucosi de,
21.5 nnol of caf f PégNtCbASsuadwas femeyedoby centrifuganizone (2dl 0000k das

reacted at 30[errhf h9hut8syl NUEESwas then’bhBjestO@PtBIshIeing§achtOnA¥r
adding 50 [err]l of acetonitrile containin 8% (v/v) acetic_acid

| 13. 8% (v .
and’ i nsol ub? 8¥naftrrated ?@HBQ%H“b?u%QﬁF?igﬂg@f?%h ttateopretepns. g
5 mnutes), it washenpryzepibytdi @ils psaspenaadeihtguidml of tREr omat ography
(HPLC). Twengy [er

rll,of.the reagction, o xtur alyze sLng
C18 reverse hasesg%ﬁlﬂﬁ;lf%-%éﬁer (20 '@)§em?s%bﬁtﬁ%€’?ﬁﬁf 9%:7'%112
21. 6% acetoni tri | BMaRem@rddptoethanol j | amdd ctwetlebbe i matten waswemnoveedf by
m per mnute. 25 n et ec : MSJ at ' i ona
chr omat ogr aphy syg?ré?n;?%ﬂé\%g?f%lg?7s [lst?ragu&’sg ?gﬁté%%,g) ) ﬁgﬁ%ﬁ%ﬁd it
was found that théepabbedtupbRy FeRMRGRHtIG0HS columpp(imi Gt BRammagli®) nm
which is absent ighibR BAASHESH Cequil ibAded NAltk NEnaDSOT b1 Pz IR | BUFEER

the visible |ight %g range shifted by about 6 nn1frqg1519 nmto 525 nm
confirmingihat aAP9chhe Fotptienrthng chtapned wag ised as thecrude
del phi ni di n 3- gl ussyhe Ssshdtbsxy] gl ucosi de has been pr oduced.

By detecting at a velength of 520 n the ratio of. 35 t he peak area of
t he product (del ph‘?ﬁi éﬂ%%%l?fcdg?ﬁsur ng €12¥e e%iltrl‘@’rf%osi de) to the sum
of the peak areas of thiefty pl clilmstredctice/pixnict ctaihipachdd de) and

t he product SE. s
(del phinidin 3-g|%%%si}fa%e- c% %%ry’I %If USC.OSS'i dzelﬁ mvv‘z‘aosl of ]&Ipc}gf%#dn;\'?\ed to

cal cul ate #Re nol ¥ Iblucasidry ptodudmel of caifpeyl e damhelf asl 1ok
enzymatic activi tghd kéldyme sdBution wad H&Hiad 46 B0 TOregacto aeimeotsyl, i n
this HPLC anal ysi s was, as follows: caffeoyl-CoA 6.3 mn, delphinidin

5 y ]
3, 5-di gl ucosi de, ALEe%yiSLORRANhithQIiTRaEGIqR Jfjjadding 50 kil of
5-caf feoyl gl ucosiagttatdnik e containing 13.8% (v/v) acetic acid and

insoluble matter was removed by centrifugation (18,000 x

20 g, 5 minutes), it was analyzed'by high performance liquid
chromatography (HPLC). Twenty pl of the reaction mixture
was analyzed using a C18 reverse phase column (YMC-Pack
ODS-A, 6.0 x 150 mm; YMC) and 21.6% acetonitrile and 0.1%
trifluoroacetic acid at a flow rate of 1 ml per minute.

25 The compounds were detected using a three dimensional
chromatography system (CLASS-LC10; Shimazu Seisakusho,
K.K.) and it was found that the product has an absorption
maximum at about 330 nm which is absent in the substrate
and that the absorption maximum in the visible light

30 range shifted by about 6 nm from 519 nm to 525 nm,
confirming that an acyl group (caffeic acid) is bound,
and delphinidin 3-glucosyl 5-caffeoyl glucoside has been

produced. - -
By detecting at a wavelength of 520 nm, the ratio of
35 the peak area of the product (delphinidin 3-glucosyl

5-caffeoyl glucoside) to the sum of the peak areas of the
substrate (delphinidin 3,5-diglucoside) and the product



Since under this reaction condition del phinidin 3,5-diglucoside in
the; reaction mxture is nodified with 10 caffeic acid by the action of
acyl transferase resulting ‘in color change of the reaction m xture
fromdark blue to reddi sh purple, the-elfzysmati'c activity can be
det=erm ned, as a sinple nethod, by carrying out the reaction in a
mcrotiter plate. 15 When the plate after the reaction is all owed
to stand at (AedphividénaBugdutoesyd prondfigerlpolneasdte)i was

(one day to one “@6%Erm§ﬁbaht8'Qh@cﬁlétg'ﬂhécﬂélgenﬁﬂbéb of the“@§o&9&t
acyl at ed becones colorless wher eas hi ni di %Iu005|de

whi ch was acyl at e¥ b?htWéSZGeflnﬁétﬁﬁntBP ?HEY@ﬁE}ﬁeaFE%XFﬁg {kat)eddi The

purple color, so retentibﬁttihébfbtzéétﬁnc@ﬁpdﬁhahiﬁlﬁhﬂs3H§Ld|8h§§9§hde in
a neutral to alkalln SO|UtIO $servgd becaus

Syl ation S i1 5PR. SANERLAGHAS aPRELSOELoraRuche? dBLAASICLENINTAER as (e
substrate, the coBgﬁ—diglheosEdetlBn3nmzhuréeBﬁhlnldhangeglﬁcoayledd|sh

purple to dark bl ones stabilized, and hence it
is possible to de?e ?PQeEPfg?hQHEE&ehH%IC ag ivity by a S|nple enzyne-

assay. On tﬁeneehendﬁanﬂzlmaeﬁi%mn@:@w% delphieydin
Wi th p-counaroyl - @ﬁ*dfgybé&w&edfﬁ[s%éﬁr?@ f&égﬁﬁﬂ%ﬂﬂ@f@ 29 modlf%ed with

stabilization of anthocyanin are degree change
in the tondlOof cofdffPiCsaeidchbythh® agtion of agw} teans fepase resur(—ﬂl)\g

Sear ch for aCyHrﬂlﬁ\Scf:@I@ﬁechange of th@rt@@c’@ﬁﬂ@lﬁﬂhﬂélﬂf&n%ﬂc%lﬁé%ﬁd
froma variety 35 I ncl udi enfians,.iris,

| ant el
st ocks, o or LT RS P e S LEHT AL AT i e dt8Bnined,
Larkspurs, pansy,aziaesimphbs rethad s EYWCafmyfﬁgnnnt the reaction in a

- 16 - . ages, red onions, Kintoki carrots,
western carrots, purﬁﬁ% pd?gggggg perillas (edlble parts for the

above pl antl$) and egg Premtthe cplatr|atendthe o‘reaCtlon iheaklawed tand

their enzymatic a@ééﬂdtaesraeﬁetexépera@l%&rfaf\eéi éd? tiod of time
acyl transferase act|V|t|es of 001 and nkat / ngy proHeln

were detected in (one day ko Lne é’t‘ﬂ@‘h cﬁﬁ%’bﬁﬁlr} u%é‘ﬂﬁ%lﬂﬁﬁ%‘?%éﬂl
pi nks, and WA Md A NSoy TSR Bdothes dEI¥1 Ribs Wiitidrdiagl dihe hi ghest

delphinidin 3,5-diglucoside which was acylated by the
20 action of the enzyme retains the reddish purple color, so
that stabilization of delphinidin 3,5-diglucoside in a
neutral to alkaline solution was observed because of its
acylation. Similarly, when cyanidine 3,5-diglucoside was
used as the substrate, the color of the reaction mixture
25 changed from reddish purple to dark blue and the pigment
becomes stabilized, and hence it is possible to detect
the enzymatic activity by a simple enzyme assay.
On the other hand, when caffeoyl-CoA is replaced
with p-coumaroyl-CoA, acylation-derived colox change and
30 stabilization of anthocyanin are observed, but the degree
of change in the tone of color is smaller than with
caffeoyl-CoA.
(4) Search for acyltransferase
Crude enzyme solutions were extracted from a variety
35 of plants including gentians, iris, delphiniums, stocks,
Eustoma russellianum Griseb, pinks, sweet peas,

Larkspurs, pansy, cinerarias (petals for the above



'ac'yltransferase activity per protein extracted, was used 10 as a

material for enzynme purification. Det ermi nati on of protein
‘concentration was carried out using the Bio-Rad Protein Assay

(Bi 0- Rad) . Exanple 2. Purification of- d®yl+ransferase derived from
gentians 15 (1) Purification of enzyne Enzynme was extracted
from petals of Genfiana triflora var. japonica. The follow ng
experinent was Plantg)yizedovabbages: orad cpniengnl Kintekhezarsetpot ed.
Three ki | oghagBeph ©8EAOEs PfpiPPid apsratdds OrBe¥fllas 2pOdiKe Parts

was honogeni zed in the presence of i nitrogen using . .the cel
Aut 6 I—brrggelnizzer | ToK- ‘SI}gN?IH‘Bﬁe §é}?<’?‘t"|" )qu‘_:md ég%aﬁﬁ?higﬁ I (&a’t@i‘e%&ﬁfn@aﬁt L°%)f
the extraction butherfruit), (dAd tité phospiwiet beifdetivptids Oredd nM sodi um
ascor bat e, O, [err] M p-ap di noph I n orjde 25

hydr ochl ori C?e (p-iﬁéﬁ?l%‘&b %g]cfea Cﬁ%r”ﬁleic]%‘l sé%%‘?éy%&ﬁ%é Jéé‘l&i&eg of
dithiothreitol (DIT63Naka0&l2esdnd 2hdB StKay/ng pudtelmrwere deigBuad {Mako
Pure Chemical s K. {44, okirX@Ss CAFMM, eé&%%o%a ﬁus;&qfﬂﬂlﬁ@g{%rigeb, pinks,Aféﬁci
the pul verized |iquid was squeezed W ayers ol_gauze, It was
further centrifuggentiansporgspectively 30 Grnpiany révshe Rad Ithririghesthen
it was salted OUtacyltraﬂ%f&é’%’/"e&%Nﬂf%mB&éﬁﬁL&i@aﬁ‘c@é’tﬂ |yl

matter was renoved prior to salting out again with 70% sat ur at ed
amoni um s&P0f at e.29H TRERT A} A RRZERE RHASESHRP®50 35 . nl of the

sol ubi l'i zing buffer (2fetétrinstidd oPprotsinl koncentte idiVvas\RMYridd mM

DTT), and insoluble matfer S femyve . by centrjfu i an. Then it was
desal t ed using Séﬁﬁédﬁ?lng gﬁg élggkaéj?roteln Assay (éléﬁﬁaé3. - 17 -

G 25 col um (95 >EXdnip e 2 Pharumich ia tyiv e loh et idorans ferase)ddanibrent efrom t h
the sane buffer. The prat.ain-containing fractions were collected (860
m) and subjected to t %%%% ng chromat ography. 5 Each of
chr onmat ogr 4phi es ) QREpHErdFpAL [ngyme H Trap Blue and Phenyl

Superose were carried ghiyiSivwil extradti® Fildm éaé%aqrg (I YdMSGisha
First, the sanples were applied to Q Sepharose Fast ow x 100

mm  Phar maci a) whIAELRKR Far 6lfRAN53t efhe following experiment was
carried out at 0 to 4°C unless otherwise noted. Three

kilograms of petals of Gentiana triflora var. japonica

20 was homogenized in the presence of liquid nitrogen using
the Excell Auto Homogenizer (DX-3; Nihoh Seiki
Seisakusho). After adding 8 L of the extraction buffer
(100 mM phosphate buffer, pH 7.0, 10 mM sodium ascorbate,
10 pM p-amidinophenyl methanesulfonyl fluoride

25 hydrochloride (p-APMSF; Wako Pure Chemicals K.K.)), 5 mM
dithiothreitol (DTT; Nakalaitesk), and 500 g of polyclar
SB-100 (Wako Pure Chemicals K.K.), it was completely
pulverized.

After the pulverized liquid was squeezed with 4

30 layers of gauze, it was further centrifuged (11,000 x g,
30 min) to remove cell debris. Then it was salted out
with 40% saturated ammonium sulfate and insoluble matter
was removed prior to salting out again with 70% saturated
ammonium sulfate. The precipitate was suspended into 250

35 ml of the solubilizing buffer (20 mM Tris-HCl, pH 7.0, 10
MM p-APMSF, 1 mM DTT), and insoluble matter was removed
by centrifugation. Then it was desalted using Sephadex
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10 with the sane buffer. After adequately washing the colum with
"the sanme buffer, it was eluted with a |iner gradi ent of sodi um
chloride from0O Mto 0.4 Min 60 mnutes (8 m/min). After the
fractions containing enzymatic activ+ty7were pooled (130 m), they
were 15 subjected to affinity chromatography. It was then appl i ed
to three colums of HiTrap Blue (5 m, 16 x 25 mm_ Phar nmaci a) o
connected in a s@-i28s coldemd98 x Wddham; Pharmgodm )t whishmbasl,fesn  and

eluted with the %%gﬁlqlﬂrfa‘%red with ¢! dafie"Buk fdrsodivwa@ chl oride. The
active fractions

were salted out with 70% sat ur.at ed ul fate
to - obt ai n PLStEia-soptadning;dgactions were gol qﬁcé" %&0 “\)@ nd
suspengeg in 1 msdg édﬁéd to th@p&@hﬁbﬁﬁm@gCMubhamu@rAphqsolubIe matter was
renove y centrl gatd on t hen,was h 0 25
(25 x 1150 #m Phar ma@iaﬁ‘ | CRTRIR SOSERPEGGS %%pg'%%f’th%r%%% %%h °%’0
sol ubi l'i zi ng buf fﬂa.lTra@ Bluk and @henyfl Gupexrose werepearyiegt @Ué'-b@lﬁtln:g m
fracti ons were c %ﬁﬁ% %&%t@&sﬁ@harmac1%§e active fractions were

col l ected again I um was added thereinto tg a
concentration of 1 M Figst, Ahecsampliey werer applied §Qs L& ﬁPﬂaFrﬁ’&?dFaSt

(39,000 x g, 10 low, drﬁ‘Gn)x tl‘r?or ‘ﬁHPV@h'aQﬁQL::‘i@)ew'ﬁ&Ehehaan%e@ﬁp d 16 ®rhedy |
. Superose 5/5 (5. armaci a)

b t d
with the sb®ubil Wz-ltrli'gtﬁ't?f\sémecéﬁﬁ‘t tdemi- ngAftﬁlr ageq%é%&llé(mwéﬁﬁ’gﬁgu ra ©

After adequatel y coagiin"&ith 2hkl eemeabafFer). 3trwas eluteﬁh@1¢hnaeﬂumemlon

of sodi um anmoni um was | i nearl de
mnutes to el utegradient of soium chloriii%a%%gmf o’k ;l‘_ M tgl & W n° 69’ 60

protein. AO0.5 rrtnlahlwt@s;ot(SOinle'mh)framErtem whe fraswieds contaihimg
enzymatic activit zgqéll na%%%b&%hb gooledsﬁ§3 hi?cr¥h% deree

el ectrophoresi s 50, 000 was observed
as an al nok3 5 subgiecgied ppo@éﬁnnaﬁa §hﬁ@@a@@HFéP§W'onIﬁa¥a§b§@PPe

bet ween ??ﬁre‘at ¢l tHRe 2 bl Yiuh¥, otfhmn-&abe B'lu\éaf( 5¢ mql uges 2G
be the desired acylftransferase. The fractions

activity were fuffiePhsgmacig) GPNNeFirde 1Bhésg£rles' aﬁ@@&atﬁi %%thg

obtain a single pieWudhe same buffer, and eluted with the same buffer
containing 1 M sodium chloride. The active fractions
20 were salted out with 70% saturated ammonium sulfate to
obtain a protein precipitate.
The precipitate was suspended in 1 ml of the
solubilizing buffer and insoluble matter was removed by
_ centrifugation, and then was applied to Sephacryl S-200
25 (25 x 1150 mm; Pharmacia) which had been equilibrated
with the solubilizing buffer. At a flow rate of 0.2 ml
per minute about 3 ml fractions were collected and after
the active fractions were collected again (27 ml), sodium
ammonium was added thereinto to a concentration of 1 M.
30 After fully stirring, it was centrifuged (39,000 x g, 10
min) to remove insoluble matter and applied to Phenyl
Superose 5/5 (5.0 x 50 mm; Pharmacia) which had been
equilibrated with the solubilizing buffer.containing 1 M
sodium ammonium.
35 - After adequately washing at a flow rate of 0.5 ml,
the concentration of sodium ammonium was linearly
decreased from 1 M to 0 M over 60 minutes to elute



10 Using a DEVELOSIL 300 C4-HG 5 (4.6 x 250 mm Nonura Kagaku
K. K) colum, elution was carried out at a |inear gradi ent of
acetonitrile from40.5%to 56.7%in the presence of 0.1%
trifluoroacetic acid over 30 m nutes at - 1. flowrate of 1 m per
mnrute. One nm fractions were 15 col l ected while nonitoring absorbance
at 280 nm Each fraction was further anal yzed by SDS-pol yacryl am de
gel el ect rophotedns t3 Bobl mit aliguotonf eanhafmhragipnowesnmeasuredf

nol ecul ar wei ght 9@9“5n§9m999c g¥t£€P€9t'n9ntEhsaEE§ is by for 30 tines
and concentrating_ in a speed Concentr at or Savan?) .abgut 0.2 m

of single prote|nSDS‘P°1$FSHMé§m%ﬁ§ g8t aphegtrophoregss QnQP?glg of

purified protein molecular w&‘b@ﬂtSQﬁoﬁﬁDSOQbopuwaél 6bs@redichs\af alhpset ed
to t he. am no, ac;% e cer
I

Sei ku
500 ool of 3ot aRiBoLE; BERHSTRchpd  Ehge SOrERTde PN SR MBagRyeq Prtuten

90 pnol of gl utantbiscpdoteinhand actigitpndtBéageothein wWesecord]luded hot
at the third stagge th dﬁée‘ﬂré&e&‘??i{fé ﬁ&é&" NOLHe ffca&‘@fohgf ?iéeﬂlpjhat

t he N-t er m nal enzyne was n sone
However, since |tha*élkgmtmatymenetﬁvert\h%rmﬁafled by I%VQfF%l?aEhéSQm d,

pyroglutan1c aC|dHP§Cfpﬁm§gdégd% &NSbtain a a ﬂﬂﬁpée?fé qgéescri bed above
it is

by- Edman degradation is served, robable that the

Nt er ni nal 35 t HeS ER@ yAeDFCERPSTan? @0 L4 HG-5 2 3% e & nBPREER

of the precipi tatmg@ﬁudmﬁpj V@S vitin A elutlozscwél@a\rﬁﬂéu%@tn&tw ienedt
of 45 mM Tri s- HC -

M ur ceSTAHHERE 1o RPRLORE IR LR sl 1R Hiol® ofn the
I ysyl endopepti dqmeiéysqlofrmomptrﬂﬁhﬁormmmwm deidnover 30 Aciwiwiedast or

| yticus; Viako Pure FGHLAls & 19 JnfBedRinyte csﬁéﬁfd%ﬁcéﬁ& L S A

hours. The reaction 'm xture para ed direc
C4- HG- 5 coRdm. collected mhvelcsemm¢mq:omﬁqunmsata 28(!)vv1mat eéEagho. 7

m - of a lingadcOidw v AlrOfst idiyica fﬁf@%ﬁ&l}%}:/ E}fl’ ide ge1 /0
m nutes in the presence of 0.1%trifl uoroacetic "acid nmoni t or | ng
absorbance at 21PIRREFORIRFASLN AR Rphlect fractions contalnlng protein

of molecular weight about 50,000. By repeating this HPLC
for 30 times and concentrating in a speed Vac

20 Concentrator (Savant), about 0.2 ml of single protein
product was obtained.
(2) Analysis of purified protein

When 500 pmol of purified product was subjected to

the amino acid sequencexr (PSQ-1; Shimazu Seisakusho

25 K.K.), 200 pmol of glutamic acid at the first stage of
Edman degradation and 90 pmol of glutamic acid at the
second stage were detected, but not at the third stage’
and thereafter. Accordingly, it was inferred that the

: N-terminal of the enzyme was blocked in some way or

30 other.

However, since it is known that when the N-terminal
is glutamic acid, pyroglutamic acid is formed and the
sequence as described above by-Edman degradation is
observed, it is highly probable that the N-terminal of

35 the enzyme is glutamic acid.

The remainder of the precipitate was dissolved in a

solution containing 80 ul of 45 mM Tris~HCl, pH 8.5, 3.6
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10 peak absorbance were collected. Qut of 13 peak fractions t hus
obtained, three fractions which eluted at acetonitrile concentrations
of 32%to 40% were concentrated in the Speed Vac Concentrator and

t hen separated and purified using an ©O89cel um (DEVELOSIL 300 15
ODS- HG- 5; Nonmura Kagaku K. K.) under the sane condition as . above.

Each fraction was concentrated to dryness in the Speed Vac
Concentrator, di s¥olred i arg0 0.89%] SD§f, 20%which wasewrgmed iliée pmadd athen
subjected to the Q@%QQ %&H@p%%tlda§%q;%?§§& Enﬁ%p@p&%ﬁﬁ%@w 8- 13BN FrAd d

sequences of six pepti des _were be anal yzed. The am no acid

sequence for eachAﬁ@EPWQQaF§°§héﬁﬁlséﬁowmekﬁeP§§&u€ﬁ€@1F§ s K.K.ghape was
the direction frOEbtheaﬂhm03U@CWEbuSGthohhe The eaaba&mntmnmkmué)wagS

Am no acid quence Phe- wrhan- Gy<Ser~Pro-Lys
(SEQ I D No. %g $eph bt dixectaf ¥e8u8h§§L?§¥? fﬁo E4-ﬁ§ 57¢oLumn.

Il e-Hi s-Met- Asp-AIa Ph&hal sepprat$bQ tbnNgtidh was a flow Aaiteoodci0d7 ml

sequence (AT741- 1):£ 201 inefY g¥aki Ght- %k §%¥3§@kr§% le28nPD- k%S 80%EGVER

No. 9) no acl equence

Al a- Ser - Leu- Ser - L&0- mApuLes- Eystbsmreaeme ef) 0-1% trifluopppretisi gcid.
sequence (AT9)- By monitoring absorbance at 210 fragments hav1ng a

Hi s- Tyr-Val - Pro- Leu- Ser-d y- ASn- Leu- Leu- Met - Pr q- IIe Lys~35 g D No.
11) 10 AnPﬁBkaépa°§§38€ﬁc@eF%T83}1eCted Out” of 13 peak ractions

Val - Arg- Al a- Thr - Tﬁhnyabbtﬁﬂngﬂr tﬁﬁeélﬁrgtﬁlbhé whilchyéluted at

- 20 - ni nq_of
acyl transf er ase. d@?? BBlg?bﬁ? %Once“tratlogg of a%%EPA gbglyege (1)
Construction of cBbAcenbratgd Bn the Spefdtvbe Geneenbrbtorednfir bhen

comrer o 8l 9et | 208paraten, ACATLLANALLA LOKE XR'onkBATLER) (BRUmosTr 300

honogeni zed unde rogen omt onbgen
RNA Ifas ob®BEnBa@-by Nh@unetﬁ@@ahlebﬁbhgugﬁanlﬁhﬁesame Condltlon aS
thiocyanate/ceC|ugbgpéorlde and then poly A + RNA was 10 obt ai ned usi ng

the Oigotex (N hon Roche) in the nethod
Each fraction was concentrated to dryness in the

Speed Vac Concentrator, dissolved in 30 pl of 40%
acetonitrile, and then subjected to the amino acid
20 sequencer. As a result, the amino acid sequences of six
peptides were able to be analyzed. The amino acid
sequence for each peptide is shown below (the sequence is
shown in the direction from the amino terminus to the
carboxy terminus):
25 Amino acid sequence (AT73):
Arg-Phe-Leu-Gly-Ile-Thr-Gly-Ser-Pro-Lys (SEQ ID No. 7)
Amino acid sequence (AT72):
Ile-His-Met-Asp-Ala-Phe-Ala-Lys (SEQ ID No. 8)
Amino acid sequence (AT741-1):
30 Gly-Val-Glu-Ile-Gly-Val-Ser-Leu-Pro-Lys (SEQ ID No. 9)
Anino acid sequence (AT741-2):
Ala-Ser-Leu-Ser-Leu-Thr-Leu-Lys (SEQ ID No. 10)
Amino acid sequence (AT9)s-
His-Tyr~Val-Pro-Leu-Ser-Gly-Asn-Leu-Leu-Met-Pro-Ile-Lys
35 (SEQ ID No. 11)
Anino acid sequence (AT83):
Val-Arg-Ala-Thr-Tyr-vVal-Leu-Ser-Leu-Ala-Glu-Ile-Gln-Lys
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recommended by the manufacturer. The nmethod using guani di ne

t hikocyanat e/ ceci um chl oride was carried out according to the nethod
described in detail in R - McGookin, Robert J. Slater et al., Methods
in Mol ecular 15 Bi ol ogy vol. 2 (Hurman Pre28 #nc. 1984). Usi ng
the obtained poly A+ RNA as the tenplate, doubl e stranded cDNA was
synt hesi zed usi ng the ZAP- cDNA synthesis kit (manufactured by
Stratagene) and WSEX|IEh@®. 12) into phage vector [err] ZAPII. Furthernore,

using the 20 eklq P F%g ?% %ﬂ | %E{QW
CDNA library was'%t eGQ'JIﬁQA il 0 es r|tu]£mtsf%fratsr(l}e € Ki

i nsert. (2) Designi ng §¥¥Eﬁéﬂ§ei®NA priners Anong t he
am no aC|d seque Q9s ConaititdtionEeEeDNA23 ibrazy t he sequence represented

b -Hi s- Net Al a- Phe- Al S No. 13)._i.S ver

Tkely to b5 Lye I Te. BEEabs: WREE RPRLBRe Aoppscpapstisal’ otinians, ,
consi dering the {Genitfiamiat ¢rdffloyayar. JapendcpepandahemOUemngedhanpemtion
represented by t??gﬁﬁﬁ nﬁ%gbﬁﬁn ?gd 5&8!@%& b FEom ye homogenate , RNA

Lys-11e-Hi s- Met I’S sequence, the
fol | owi ng yesgebtaiaed dy ®hs @?ﬁbﬁéspi-éélmng guanidipgc| eot i de

sequence (A ige %h1ocyanaté/cééB&EHE%Y&IEEQYQEBTIKSE §ol§SECH|ENM0wa%6) 35

Here, the sequence of nucleic acids Is shown t he e-letter caqde

in accordaiffe wi PREALPRE RELNITREE Pdigotex (NFhSHeﬁPﬁBe)Clnc§PSSWﬁ§h°é
guani ne, T: thy”t@EOmMenGEGrby the manufacturer. The method using - 21 -
T, RAor G H g or g .and I:tézosine. ch . q Furthergnre

anot her ollgonucpgspﬁ &0EhERACHERBArRASSCIUR chlpride, KARERTE HaS8E on
the prinmer used aorording toobbérmethod déschébedNin| dbtaiy @wnRi.oned

PO o, TGP B RERE G 41, Mephody, in, Molepulax

fragnents Iof t heBaeyprgraveler ds¢Humpn Press Inc. 198fhg about 0.1 [err]g of

doubl e stranded cDNA ﬁ§ih§‘eghe obtalﬁé&%% Rf +PRURI §sofngepbhpatand
digo 1 and dig_ 2 as . priners reaction was carried ou The

reacti on mﬁguEé?r?EHaﬁﬁ?dugpﬂé vae pyniheshzed chaingr thet FAR-KPNA

synthesis kit (manufactured by Stratagene) and was cloned
into phage vector AZAPII. Furthermore, using the

20 GigapackII Gold Packaging Extract kit of the same company
CDNA library was constructed by the method described in
the kit insert.
(2) Designing synthetic DNA primers

Among the amino acid sequences obtained in Example

25 2, the sequence represented by
Ile-His-Met-Asp-Ala-Phe-Ala-Lys (SEQ ID No. 13) is very
likely to be Lys-Ile-His-Met-Asp-Ala-Phe-Ala-Lys (SEQ 1D
No. 14) considering the specificity of lysyl
endopeptidase. Using the portion represented by the

30 amino acid sequence: Lys-Ile-His-Met-Asp-Ala-Phe-Ala (SEQ
ID No. lS) in this sequence, the following
oligonucleotide was synthesized:

Nucleotide sequence (Olige 1):

5’-AARATHCAYATGGAYGCITTYGC-3’ (SEQ ID No. 16).

35 Here, the sequence of nucleic acids is shown by the
one-letter code in accordance with IUPAC-IBU. That is,
A: adenine, C: cytosine, G: guanine, T: thymine, Y: C or



Gene Anp (Takara Shuzo K. K.) for 35 cycles with one cycle conpri sing
95[err]C for 1 mnute, 45[err]C for 1 mnute, and 72[err]C". for 2

m nut es. \When the reaction product thus obtained 15 was run on a 1%
agarose gel electrophoresis, a specific - 21DNA fragnent of about 400 bp
was observed. This DNA fragnent was recovered and 10 ng thereof was -
subjected to 25 cycl es of the above-nentioned pol ynerase chain

reacti on using tHy B@ mrlGotHdd mxtlrar Boand dgerinomgine. and synt hetic

nucl eotide | and |1 tgQRhaidhddds |ARAINS 011 ondgw%gﬂiﬂﬁnﬁﬁd%n below (s

Cl oni ng of cDNA of acylt ransf er ase ITElﬁhage | i brary obtai ned
as above was i nf &Sy sygitthesized hagned an fhe )Hff- &gt f8%gene) to

screen five plat eondfrructidme ahe EDNA AbreaRt dchti®rd Qb :aques per
plate. . Phage \gas adsor bed to a r‘#Iter 2(I—beond N+, Amer sham)
and treated®in the rreg‘ﬂ‘(? t( ) *manuf acturer and t hen

the filter was alsl mmmmmmmmwmmwn-m HBRO diDz o ori7t)uffer (5 x

SSC, 50% f or mam S, 2%
Bl ocki ng0 gadent ?%oenﬁrl ngéﬁ% 0 %ﬁ%’% %lééélg:g’sﬁn%ze}g%enélé%@ i
sal mon sperm DNA) at AEiag jaboudr 0% 1hcb‘{gr ofTHeuble |siFandegl cDNA dgmjived
fragment obtal ne%z%npmvv%ff édad st %ft @%ntlans R ldillz;%t Iloanaobqtllgorz 2lad

i ncubated for 16 hours. he filter was wash a washin
solution (B2 x Prlmersscth@ f%RSBS)aC&JrG’nt Was &ﬁ‘réﬁff/’n%mné" s&faCtl n
(Boehri ner wiign lagirTle dU Sty u%h.@thFtGeS polivinedaset ichady, kebellion with

- 22 - . | kal i.ne Hp hat g r.ri.ed t t%l%%t%ﬁE énpolor
devel opnent usi.n S8, ATRD- oﬁsﬁ 68653 afd gn ﬁlfyg%ﬁue
tetrazoliumsalt cofipe igdingc 9500 lfelrhddmlnute, 45e€ fes dsmémuteor andi 72fRe
manufacturer’ s i gt Yohiilites.5 whep the’3elckiBl brodubenciazeBpRAghELYe

cl ones were obt ai ned.  From ones o was collecte
the pl asmikb pBl uwasr KN SR a ﬂﬁségﬁIQﬁeogeéDﬁAeﬂ&§°Ph°reSléxa#iﬁP&belC

agarose gel el echyaphongmentaBd hbolRs400UBY was obsbﬁ}%bdt hephRgepiinon of
CDNA' s of varyi nct]¥5| zes "was 10 observed In all clones and the | ong est

among them was 1Iyagment wps xgsRYerREPOdcLOnBY hBPEeeRo¥aER §HHJﬁEF8 to
subj ect ed be apahusi 5rbyheeabbvetnentebagdepolhmeeradienghyini t was

reaction using the DIG-nucleotide mixture (Boehringer)

20 and synthetic nucleotide I and II to obtain DIG-labelled
DNA fragments.
(4) Cloning of cDNA of acyltransferase

A phage library obtained as above was infected to E.

coli strain XL1-Blue (Stratagene) to screen five plates

25 (diameter, 13.5 cm) containing 50,000 plaques per plate.

| Phage was adsorbed to a filter (Hybond N+, Amersham)
and treated in the method recommended by the
manufacturer, and then the filter was allowed to remain
in the hybridization buffer (5 x SSC, 50% formamide, 50

30 mM sodium phosphate buffer, pH 7.0, 7% SDS, 2% Blocking
reagent (Boehringer), 0.1% lauloyl sarcosine, 80 mg/ml
salmon sperm DNA) at 42°C for 1 hour. The DIG-labelled
DNA fragment obtained above was -added to the
hybridization solution and incubated for 16 hours.

35 The filter was washed with a washing solution (0.2 x
SSC, 0.1% SDS) and then an enzymeimmunoassay (Boehriner
Mannheim) using the DIG-specific antibody labelled with



found that simlar patterns of restriction enzyne cl eavage were
obsgerved, though their sizes were varied. 15 (5) Determ.nation of

nucl eoti de seqguence Plasm d was extracted fromthe clones thus
obt ai ned. Usi ng the AB1373A DNA Sequencz2z {Perkin Elner), for six

cl ones (pGAT2, pGAT3, pGAT4, pGAT7, pGAT8, and pGAT1l) out of nine
whi ch are considered to contain the 20 full-length, the nucl eotide
sequence of the 5alkmdipk phosphablsewwesdeasriiedegdubytohdetipdboky sedaznce

met hod usi ng de’ir@?ioiﬁnk!ﬁi:oggﬂhﬁ BQBQSBBS41’-6131932‘80@3%9&51&5!9 A88Phate
manuf act ur er . result géeste hat t hese clones have t he

same 25 nucl eotPdenitgobhee EﬁHrEFP Bm; gatke | et HebPCEERRA, mathod From

among these cl oneﬁseahﬁaenasrgeﬁucbeahl if ghgupanafactureefspEAddrubsions.
det er m ned. t er m nat on of th was carried out

nuc|
for each clche after §e?| Esgit ) Eeﬂe&%?%ﬂ BPﬁﬁgévﬁe?EOBEFaVﬁﬁﬁ usi ng
the Deletion Kit bbtaSﬁed KFromS2Quehone$ TakatheShobNA «aK.¢ollected(6¢

Conpari son of thetﬂgcéﬁg%$gg ﬁgﬂgggggié{E Sgthe fﬂg%g‘ on of ¢

sequence was I ns into represen%ed %703

bases, which was ¢¥@mined bYnagaroa@ gpbnelee’arﬂg Presds3and itomey found
conprising 1410 bgggs £HONIRL ﬁhgfségﬁAcgdgf) Se gnce S
shown in the sequence fﬁst%n Q%E%? var%%%ga%? e partla
ani no aci d equeregeryed hin all clones and the longest among them wagi3l.?

acyl transferase rlewealmdon@ tHafPd ec LoREE Ui £ @BoSEh NEnd were agiljected
sequences in the was .concl uded

th _ I . h
gene of acyltrans?%r%g%i%%+?v%% ??%ﬁﬁlcglong%ﬁg$gﬁ§ Aﬁaﬁ@§$§§§§u1ru éﬁ?%o
term nal of the foundivhat asinhlaodoatsegyeseidresarigtivmanenzyeed is the

e et he o ar’ggg &5&%"@&@3. |sé%| on a; tt%%ogéﬁéifdgfheesnu‘g% eot‘rédﬂae(]il st

ATG fromthe 5 he T ni on on
sequence ofl5t he cONA. Determinatiam efhenuglrotidecSequenreet he cDNA of pGATS8

is 10 shorter than PGSt Pheds t@:?@ﬁa@éed herGn ﬁ'ﬁgciéné@sthus 4c;btaJ.ned

suggested that this was not the full-1leng CcDNA.
Expression of gerl¥ing e AB1373A DNi 1§ectﬂﬁf§i€?‘ﬂc@?ﬁ“’df %k?ﬁ’ék&%ﬁi‘pﬁ’a?ém d

clones (pGAT2, pGAT3, pGAT4, pGAT7, pGAT8, and pGAT11)
out of nine which are considered to contain the
20 full-length, the nucleotide sequence of the 5’ end of
cDNA was determined by the dideoxy sequence method using
the fluorogenic reagents recommended by the same
manufacturer.
 The result suggested that these clones have the same
25 nucleotide sequence and differ in the length of cDNA..
From among these clones, the entire nucleotide sequence
of pGAT4 was determined. Determination of the nucleotide
sequence was carried out for each clone after a series of
deleted clones were obtained using the Deletion Kit for
30 Kilo-Sequence (Takara Shuzo, K.K.).
(6) Comparison of the nucleotide sequence with the amino
acid sequence
c¢BNA which was inserted into pGAT4 represented 1703
bases, which was found to contain an open reading frame
35 (ORF) comprising 1410 bases (containing the stop codon).
The sequence is shown in the sequence listing SEQ ID No.
1. Since all of the partial amino acid sequences of the



'pTrc99A (Pharnacia), an E. coli expression vector, 15 was used for

expression of the acyltransferase gene of E coli. This pTrc99A
contains E. coli trc pronoter which can be induced by

i sopropyl -[err]-D-thiogal actopyranoside - 23(+PTG and therfore by

I nserting the desired gene downstream of said pronoter the gene can
be expressed in 20 E. coli. A restriction enzynme_Ncol sjte
has been i nsertedcyltrandfandse cayealsd i Foangle e 9GAU5ERd AF UYL
ATG sequence ; $ydaindlid &5 tRPIAES] At Wad MoHEidRT IRAE the

fromthe initiation codoh 1S possible by reconbining if 25 Wit h .
PGAT10 was const riangf PNt i gHtR o ?%ﬁ@%‘s"}eras% %fevrﬁd\lctorom
(containing all myleaidgle ForIgRGRS ofs tIRi amino texmiimaln SEQHED No. 1)

obt ai ned by_di gestion of. pGAT4 wi t.h Rl I | 5 esent
in the presént 3GMitiaids qRdgp tsr\%ggf:ec,scﬁﬁdzgtﬁhatl(%qlésé{ﬁ'{iecs\,gcgfﬁ{]hlg e
anve- menti oned pPB=iR% of the amind rtemmigralt,o sontthatudd aascdinfgnred n
the vicinity of t.he d.ni L gl _ccgtj fe 4 Rgs s figliass e idie
foll owing two ol itghoarf'ucq}{eéotﬁlggesfsd \;\i}téﬂrde)r}syn ﬁ-'rehs??zsed%ncf‘c %5 lcol(ra‘:rs"'es|c310nd to
the vicinity of tdesldmian dtheomusdgsitigied sequengeh©f BB+t he

acyl transferase (aboulopQhedngied 1Afd, sindditHdidoml idh pad®)is
- 24 - | gonucl eot i de ( GAT-Ncol): .

5' - TTCACCAT®GA ;guﬂ@S@§|13qQ§e§u5t the 5’ end, it was

A i gonucl eot i de (yedd ‘tHat CEAGT WaSCABEATIRCfill-1length SEQA.D No. 19)

5 Wth 1Q n f pGAT4 as the te ate, .a.pP r td on was
carried out usi.néﬁ%&/e = Q}E enes nCI%. s prinmers. The

reaction was carr(ilgd @unsixhugitdre of expressipmemdasmidhi n reaction kit

Gene Anp (Takara Shuz , afgqra 15 et Q;ms%arﬁ veRigy¢ Si ng
95[err]C for 1 10 'I'nructge?,A é?[rgrt)r"] ) c)r' mgn_'ut'éﬂ,' la' nd~/2[err]C for 2 ’
mnutes. When was usete fiomeppessiom@t thes astidimans fpraseuIene Lhid-
agarose gel el ecidpphor egj; Wéﬁ‘m fdontdhd FRIE@RNL &frc promotAowhidl) bp
was observed. Thi'sS DNA fra nt was . .

can be induced by isopropyl-p-D-thiogalactopyranoside

(IPTG) and therfore by inserting the desired gene
downstream of said promoter the gene can be expressed in
20 E. coli.
A restriction enzyme Ncol site has been inserted

thereinto by making use of the initiation codon, ATG

sequence, so that direct expression of the desired gene

from the initiation codon is possible by recombining it
25 with NcoI.

PGAT10 was constructed by recombining the 1.8 kb DNA
fragment (containing all nucleotide sequences as set
forth in SEQ ID No. 1) obtained by digestion of pGAT4
with EcoRI and Kpnl which are present in the present

30 vector with the EcoRI and KpnI sites of the
above-mentioned pTrc99A.
| In order to introduce a Ncol site in the vicinity of
the initiation codon of the -acyltransferase, the
following two oligonucieotides were synthesized which
35 correspohd to the vicinity of the initiation codon and
the inside of the acyltransferase (about 300 bases from

the initiation codon):



collected and cleaved with restriction enzynes Ncol and 15 Aatl. It was
thep ligated to a 6 kg fragnent which was obt ai ned by .cl eavi ng
pGAT101 with Ncol and Aatl to construct pGAT102. It was confirned
~that the nucleotide sequence of the PCR4mplified portion was the
sane as t hat of pGAT4 after construction of pGAT102. 20 (2)
Expression of. acyltransferase gene in E. coli pGAT102 was used
to transformE. coli MMdgopygdeexride (GARsHROAAAAl pro thi) (Mesel son and

YuanngatF[e1d2%75’aTTCAC@%@@EAG@@@&ECCXh?Tbﬁ@L3USQSEbegﬁ weed 189t be
specifically defined and.ma any E. coli _host whic n ed ,as
t he "host for transforn&ﬁﬂ@ﬁ%ugﬁﬁoﬁgﬁgr(%A -SCE?ﬁarﬁs-E§63W0§§E§WE8§F%§H§,
etc.) which are ggsEgallbyNo. 19)used for transformation and which are
readily avaid abl e . 0 [ I gt art ¢ e y [

met hod gfor trans &%%i%g E% §§|Fb§gg gg gggcﬁ%ggggﬁg’HggghgnggﬁFIggn
Mol . Biol., 166: 98%- carg8sy outhusingnther abdve. oddpgpnucleotijdesi ascyhet ed

into 2 mM of LB Is try n : k a8 X c , di um
chloride 10 g me?ggéﬁgggrvegh?nfégcglogngafi%3?5% ad%&?iﬁfgagmgﬁgr and pH
was adjusted to 7pglymerasgj haiBdraafhianokifiefenfdAMAc(Bakagaadhyzperr]C

?ﬂver ][ii iC\J/Bt - 3,5 (K.Ig_. )OiﬁrnhSOEy&mﬁscu%ﬂErsgégg & e \a8mp RS that §§;CREgr1Q

(0} nedal um ( sQdl um eogen pnos al e . (0] o oL assg! um di ny ogen

phosphat e d;égb sH&PHﬁfch ngdgér mEnute, and 72°C fog 5 mléutes. WL@ 25
0.5% aheoperotibhopird@udt 1¥hugl obbaenédSas mrgneshua 1%

;ulfate 1 mM vitamn Bl 4[err]lqgl H7.2) to I ch-wer added
0. 5% casam no aciaggﬁasgog%glﬁ$g8£}gﬁﬁ?f??f%h,aa%gelelc S§ﬁ|Fﬁ?gﬂ93§ of
37[err]C for 3 hoabeutadfdltbpnwds fbseivedi (0TBid4/|IDEBA fragienttwasfi nal
concentration, 2 d . Ll ; ' f e
M) 14883 Qﬁ&it ﬁgg%\é?? Sw:u{t:‘%' eJ&é‘é@rX@él&ﬁgédhaﬁﬁs 3@60 dh4

hours. After harvesting [ wer e was .
Tris-HO b#Xer, Ratl. pEt7was thenalgaedotat sbdranfeagmentiewhipl vasn

t he ) I\lfvashed 6B£&§né§f6y3é$83iﬂﬂﬁéji peAD1 41 rﬂ:i@}fllﬁclst]gx sa&hg Ratteto 10
T e col s v e At L Rl DSOS 2o b Lo a2l oy o SRR
frozen and t hawedséquehbeeceftthesPCR-amplifiedrpmttide waeds | the same as
After centrifugatipn, ab¢13:000 LPELL %LonOe OISR of peaTi02.
20 (2) Expression of acyltransferase gene in E. coli
pPGAT102 was used to transform E. coli MM294 (supE44
hsdR endAl pro thi) (Meselson and Yuan, Nature, 217:
1110-, 1968). The host used here need not be
specifically defined and may be any E. coli host which

25 can be used as the host for transformation, and other
strains (such as JM109,.  DH5, etc.) which are generally
used for transformation and which are readily available
to those skilled in the art can be employed. The method
for transforming E. coli was as described by Hanahan (J.

30 Mol. Eiol., 166: 557-, 1983). The transformed E. coli
was inoculated into 2 ml of LB medium (trypton 10 g,
yeast extract 5 g, sodium chloride 10 g were dissolved in
one liter of distilled water and pH was adjusted to 7.2
with sodium hydroxide) and incubated at 37°C overnight.

35 One ml of the culture liquid was inoculated into 10
ml of M9 medium (sodium hydrogen phosphate 0.6%,
potassium dihydrogen phosphate 0.3%, sodium chloride



~

.15 t he supernatant obtai ned was used as a crude enzyne sol ution
and the enzymatic activity thereof was determ ned in the nmethod for
determ nation of enzymatic activity as set forth in Exanple 1(3). In
.the mcrotiter pl ate nmethod the acyl -gesup transfer reaction was 20
confirnmed in E. coli to which pGAT102 was i ntroduced. Accordingly,
they were anal yzed by HPLC. As a result it was found that in the
E. coli into 0. fvhi oamrmmmzblvﬂasridﬂ rbdfee glud g thdl® ofmagmgmium di n

3-glucosyl 5-caff Qﬁkde\ri’@aﬁn rprﬁﬁach;fc_f/qﬁf‘l. 2‘&31-9”?'2)25:0 witfch were
del phinidin 3, 5- ucosi de and 5 nnp| of ): CoA
Conbi ning this re%‘?ﬂ%dvﬁtfh t%sqéwm a%id anthoq pg/ml °farﬂ”PRJ‘tﬁFaJn}tW'ofand

g?nt tan the acyl lcﬂfpéi&'é& aourPd et B assurs, andittmﬂﬁltm Q1 Dfargl pasi tion
ot alyzen he" s oulithd fnd "B ol AR, Lo S e e o
80|S| L! opd5 01; :. cultamd]masamdnﬁ,rﬁraﬂ dlaxcdsindece hours. Aftanr tha-:maa‘te,ng
el phinidin e S f’é\ﬁﬁ
produced in E. cg%t% lt#gé\;@sgﬂ sto f%e"i@e ng\snhed stfb e cgp%rﬂg'eve}{ prent en
al l owed to stand R;H 7.5, Cmnmeﬁfhm sadiruny ghledsiged anst Mt?fbfthei me
simlarly l{&i %%I@Wé’itee%lg?eq@é& rﬁﬁ:ﬂ qr ?ﬁe c&bt Ay buffer.
- 26 - purifyin romgentia Expressi on of

genes in ydfst To the( Ee IBg mers addasctlomy t?fyé'é@tozymér 25 nl of hed> M
expressi on vect OrElﬁ.fA Y easd alVFRRdNMRS stand ade9C0 lFd: i30 JEpRARSE The

Unexam ned Patent P blicatiQ used

( f2) DEszg essi ont ofceclﬁé'; m%ﬁ‘fﬂiﬁ’?@(ﬂgéﬁg |tﬁ’a§?'§§lst‘tz@\_r4ree ;“ﬁod-’to 1.8 kb
o] ragnent etifsaiupad  diedast.i ng either p or p at
restriction enzyne sites, EcoRl 1 a = R h i.d
vectors was |igated t@%%er ¢S Eﬁﬁ%ﬁgﬁa§a%fg%N&5;£§§§§ﬁ%l2gg§%%e q%?E%S'
digesting 15 dihel [smperna¥Eaamodit aiaeRl wasd ugsdll asi e $ruelec @RsyIgCct

yeast expressi on AAGhAIGH RHEAALBANATE, RUGHTLy choresirauiss tans! ati on

at the first nethjonine, but | aCks part of 5 end qf the
i sol at ed cDNA Stgkﬁgrmlned 1n the method for determlnatlon of enzymatic

activity as set forth in Example 1(3). In the microtiter
plate method the acyl group transfer reaction was

20 confirmed in E. coli to which pGAT102 was introduced.
Accordingly, they were analyzed by HPLC.

As a result it was found that in the E. coli into
which pGAT102 was introduced, 18.3 nmol of delphinidin
3-glucosyl 5-caffeoyl glucoside was formed from 24 nmol

25 of delphinidin 3,5-diglucoside and 21.5 nmol of
caffeoyl-CoA.

Combining this result with the known fact that in
anthocyanin of gentian the acyl group is bound to glucose
at position 5 and position 3’, it was revealed that the

30 acyltransferase encoded by pGAT4 catalyzes the reaction
of transferring an acyl group to glucose at position 5 of
anthocyanin 3,5-diglucoside.

Furthermore, delphinidin 3,5-diglucoside whlch was
acylated by acyltransferase produced in E. coli have also

35 shown a stable color development when allowed to stand at
room . temperature for a prolonged period of time similarly

to the one acylated by acyltransferase obtained by



-

translation not at the translation initiation nethionine of

acyl transferase (nunber of am no acid sequence in the .sequence
listing SEQ ID No: 1), but at the next nmet hi oni ne (nunber of am no
acid sequence in the sequence 20 listing 2BQ-4 D No: 5). In

t hese yeast expression vectors, the cDNA encodi ng acyltransferase is
| i gat ed downstream of the pronoter for gl ycer al dehyde- 3 phosphat e
dehydrogenase, oreunifyieg from gemiiamutive yeast pronoters, and its

transcription hasgxdmple bgen ggéiéggfghtyi§@éﬁg§rg@2§§58t Usi ng
the method by Ito et a%. E acteriol., 153: 163-168,

lto, et al., J ., |
1983), a yeast Satthar @8sion veton AR ¥RA%E 315 (Ashikari et al., Appl
M crobi ol . Bi ot exdintihe &Xprédsidr OrediS@)ofagedstaNPYE2BA. ashe 30
transf or nedyeast | ect ed; hased on,l £ . fhetic
ability of ? rypt o% an’?fﬁeg o Jap%srf?s%hrbor%ﬁ’garﬁjé&én)%te%%t%&%tplf%lelégegls host as
used her ei ntEakai) e k32§ HIB iwvashortsednited, but it may be

any strain which djspl t r ' fgﬁ%# AUes t s o
i nconpl ete TRP1 ggin)z (%gé %(%i% ed,)f'pr(}?l}{e19 cmtgci a ey _&rﬁ%aﬂ a‘ﬁées?r om
the Yeast Genetic Stocd®@htler8 pde|BNA fragment oidmingd 1w dikgesthing

edition (1991), RAGGHEX®)pGAT4 or pGAT8 at restriction enzyme sites, PcoRI
The transfornant obtai ned was cultured under shaﬁiqgﬁ: in
toxfs

0. mM o
Bur khol der 1Redi uAtBHHNo RIesetein pagiyof sai W) Jzﬂﬂﬁeéi fi%hg
1% casam no aci d.abduta £ &YE rcff DNA fradnait rdbtaiddie bieakigesdtiaty has
spont aneousl y.recovered , 5 1S hejd ¢ abil ity af tryptophan wa
cultured in a - slmlsliar'ﬁllyarp]majr‘#ﬂ:ra.ﬁ:yr%‘tcoepIf anCP ]éﬁrtlermht est] ncgqurql:eru(?e | s,
t hey were washed yeast tdwpressiors amee taymsuYGHT4 eande gl YGAN S r uptiGATouf f er

30 "M Tri ss , | ; I . S
1£urther in1lmn | (%'ftjat s ?gﬁé‘%lﬁtﬁgr@rﬁﬁéén@l&gfﬂMl%@g%ﬁ% into a

1.5 m Eppéhdorf whilgh lgcker part ofcdrit endigdf: ithe ised afgskoiiVamtants
removed and the translt8UPidct @4 ¢dld T AR 8TV AMNISRHINY et Hlomdne

E geass Beazgnzzg%%gﬁ%mgf%%?%gﬁ% ¢ rgor?%) %c’sm S%%%(jesrl“\]ﬁSQi& Fha y
to di srupt the yezguesreld disting SEQ ID No: 1), but at the next
methionine (number of amino ‘acid sequence in the sequence
20 listing SEQ ID No: 5).

In these yeast expression vectors, the cDNA encoding
acyltransferase is ligated downstream of the promoter for
glyceraldehyde-3 phosphate dehydrogenase, one of the
constitutive yeast promoters, and its transcription has

25 been regulated by said promoter.

Using the method by Ito et al. (Ito et al., J.
Bacteriol., 153: 163-168, 1983), a yeast Saccharomyces
cereviciae G1315 (Ashikari et al., Appl. Microbiol.
Biotechnol. 30, 515-520, 1989) was transformed. The

30 transformed yeast was selected based on its recovery of
synthetic ability of tryptophan.

It should be noted that the yeast host as used
herein-for transformation is not limited, -but it may be
any strain which displays a tryptophan requirement due to

35 its incomplete TRP1 gene (for example, one commercially
available from the Yeast Genetic Stock Center; Berkely,
CA, USA; Catalogure 7th edition (1991), page 36).



The supernatant after centrifugation was used as a crude enzyne
solution and the enzymatic activity thereof was determ ned by the
nmet hod for determ nation of 20 enzymatic activity as set forth in
Exanple 1(3). Since acyl group transfe27reaction was observed by the -
mcrotiter plate method in all yeasts into which pYGAT4 and pYGAT8
were introduced, they were then anal yzed by HPLC. The yeast used as
the control did not sh&headyransiormganti wbbaigedymas guddm wg¥der shaking

The result indicatjgd 1ighal; 5% BuHRbI1dS %@d&u&ﬁ?bu&&hcldar,dg%ﬁg%ani@ot.

3-gl ucosyl 5-caffeaqyl %Iu005|de wer e f.ornmed from 24 nmp

del phi ni di n 3, 5- dd§ifud$i~dd 0angoptadning 1% casagino,acdsl, - saa control
respectively in tegpgedsienitnt @hehiyelas30whichYBhasd spoattRYiestS 1yerecovered
i ntroduced. . Both %f thet%r%Lein oduced Q%r%é?AT4 and

.  q i.ch
DYGATS had atyl gr&dpSynthe ﬁfaﬁgﬁ%?tXbP&C%%yﬁgﬁéﬁﬁﬁrVﬁgiFu&nlno 31 i

ermni
wer e di ffereiamilar manner. Furthernore, del phinidin 3,5-diglucoside

~which was 35 acyl at ?&t@!:_ %Q@e@%)(h\%%ﬂ%f Bedis pﬁ:gx@gtcgrgagywtagﬁegte%itth the

“have shown a stable coloration even when all owed t room
tenperature for aSplgl eRguatpefi sheofedilngisruption buffer (30 mM

- 28 - si ticki gLt ophihg . gNe3acimakedibin ERGoReubYr aanlesaspended
obt ai ned by @urlf i n fron1gentian%. Exg+1 l e 6. 8 cl oning of the
acyl transf etbse déprybgr in 1 ml of the sapmg, "géﬁ{fi gRd( ey was Anmong
the DNA fragnent stebhsifaetdelly idtgeat 108 mfl EppendpcATédube.senfterth in
Exanple 3(6), i.e, T4 hayi.ng t DNA_as set forth i.n_the, sequence
Sating St i b hoceheritudB¥ipl,' Phe ppperBRcaif,RBS ERBRPeHNARRGERS v
DNA fragnenpsemmpihatedtaémlshwereanebaspendedgﬁpnooﬂ.iOml of the_
acyl transferase wepiecphkealed:bognt AR" va09ababa! k68 #hBr g1assDhads In
ned a I'ng I's as a e, the phage o

the met hods nentio ove. " Us ) . gro ! g CDNA
library frod pet al§lassgBrafand25-600 nisraasofeéd-Uash, aSigmagdr apdy shaken

N+, Amersham), Wh{€Borously“es &P§PupEILREr pbaEtb¥el 5DVIi Ng the pignents
and the DI G 15 | abel s aitached to the filter according to the nethod

‘recomended by the nantP8cPRPRFNRBABE SRARFT afGnELbfRERELON was used as a

crude enzyme solution and the enzymatic activity thereof
was determined by the method for determination of

20 enzymatic éctivity as set forth in Example 1(3). Since
acyl group transfer reaction was observed by the
microtiter plate method in all yeasts into which pYGAT4
and pYGAT8 were introduced, they were then analyzed by
HPLC. The yeast used as the control did not show any

25 activity of acyl group transfer.

The result indicated that 16.6 nmol and 20.9 nmol of
delphinidin 3-glucosyl 5-caffeoyl glucoside were formed
from 24 nmol of delphinidin 3,5-diglucoside and 21.5 nmol
of caffeoyl-CoA, respectively in the yeast into which

30 PYGAT4 and pYGAT8 were introduced. Both of the proteins
which were produced by pYGAT4 and pYGAT8 had acyl group .
transfer activity though their amino termini were
different. ) - - _

Furthermore, delphinidin 3,5-diglucoside which was

35 acylated by the acyltransferase produced by the yeast
have shown a stable coloration even when allowed to stand
at room temperature for a prolonged period of time



to hybridization in a | ow concentration fornmam de hybri di zati on

buffer (5 x SSC, 30% formam de, 50 nmM Tris-HO, pH 7.5, 1% SDS) at
42[err]C for 16 hours. 20 After washing at 50[err]C in the wash
solution (5 x SSC, 0.1% SDS), the filkt@B was allowed to devel op col or
as, described in Exanple 3(4). A few dozen cI ones devel oped

color. Qut of the clones which devel oped col or, cl ones_which did
not devel op coIors1m1Eaahple03%M$ QR#E%QIiate@HQEJﬁ@% acyherangferRs e
sequences of cDNA, S &et e4mé ped fromthe 5 end in
t he above rrentlon g%n%t%%%lf%ﬂﬁn%% t he nu eOtIP derived
sequences of 11 cExaBR1egS nciiliA 1S Aoy LLFanslerase 0

did not, which was designat edfﬁangﬁéﬁ H.{6n @) The entire nucl eotide
sequence of pGATlOG ne V&i g}_b@ SPNAE

i ntroduced Pnto O%h('l3 elé)‘?%s rn?ﬁ%ﬁ%%zé%%és%gg??bf :9 J|'n whi chh
ORF conpr i ShENT4 449 @atseﬁottlmnilallimmgplq!leff 6t bp EcRlorg AR4 having t

found. This is sh@ﬁ%%%\%@g ENER {ASTEdGuSHE: | Didbingdseg 2 NEDIL] he

ORF contained in

S.exa ith the
entire region of whih anesibr bet ton enzy@%ﬁﬂ%ﬁfﬂ%l e?ﬂ%&ﬂo%‘&e{)y The
honol ogy was foung;&gmgﬁts which contain the translation region 0f 29 -

ool ogous M th {¥eY LEFaRRESERSS HesEnSREIEDYSh ISt '2RT TAPEL I8 wit
that the forner h@ﬁcaaéiﬂi’xlalﬁeaﬂéwﬁwdsmeﬁtlonattaqu, iUsinanthisiasty of
catal yzing acyl gro t ransf t clet

ant hocyani n _ Pr%Eegeﬁ??aﬂga%%s g_@ﬁﬁﬁfgﬂggg é#ﬁhdégéai é%ﬁ géﬁtiQﬁs
position 5 and 3'wasigg@sésbédavn AT 1H5] tex a( Hylend HEt AmerS%w@ynaY &ch
eacti on of 1ransl et Tt igh Wegcil-BLRY A rdorind ot otyflnet anaenecoro

The result indicales erases may _ be different é
positions afs labebarstbﬁcbﬂdhb@yEM$n%lhh$%ha$¢ﬂﬁd%?%n§?e? Qg @? group

but 1t (e ari npeabileREGHCHE SEnd ek bEaSUUE1 66! Afrsham) seRdcssocted

encodi ng them ar ogous her ei habove described, there

are many ant%ob¥%ﬁ+ﬁkzﬁh+%% 2 1y crothsrabhan t ¥R Bt vhPounds
vary widely in theybHi®esaenén Posttepn(Dfxaggt, g30upSormamide, 50 mM

Tris-HCl, pH 7.5, 1% SDS) at 42°C for 16 hours.

20 After washing at 50°C in the wash solution (5 x SSC,
0.1% SDQ), the filter was allowed to develop color as
described in Example 3(4). A few dozen clones developed
color. Out of the clones which developed color, 12
clones which did not develop color in Example 3(4) were

25 obtained. The nucleotide sequences of cDNA of these
clones were determined from the 5’ end in the
above-mentioned method to find that the nucleotide
sequences of 11 clones coincided with that of pGAT4, but
one clone did not, which was designated as pGAT106.

30 The entire nucleotide sequence of pGAT106 was
determined as described above. The cDNA introduced into
pGAT106 represented 1622 bases in length, in which an ORF
comprising 1440 bases (containing the stop codon) was
found. This is shown in the sequence listing SEQ ID No.

35 2. For the ORF contained in SEQ ID No. 2, its homology
was examined with the entire region of the amino acid _
sequence encoded by pGAT4. The homology was found to be



Accordingly, it is expected that there are a nunber of enzymes which
catal yze acyl group transfer reaction. It 20 Is readily inferred that

t he ami no aci d sequences of t hese enzynes have honol ogy with the

am no aci d sequences of pGAT4 and pGAT1R®B ebt di ned herein. Based on
t hi-s ot her acyltransferase genes can be obtai ned. Exanpl e 7.
Ant hocyani n of petunias 25 Ant hocyanins found in a nmutant (VM in
whi ch the cH83r- of the flower was changed to purple fromthe

original reddish purpl ¢;efcePehdNlamimbibcda “oquedde ehRoded byPWdAla 06 is
(Suntory Ltd.), a_breed of, was_extracted by pul veri zin etals

t hereof in Iiquid GONSad thh&fhafo ot the: eRzymgy SRcereso aggﬁgﬁhtﬂﬁle
and ]9: 1°dA) EFA. Af t gis étnfegrioeiglp thati @he thmee'td h:aat a ‘Sﬁ.ﬁli&e&aé&fzgﬁ\a&ﬁd: "
purified by an reverse phase cal'um r onat ogr aphi es. en
one of -t he 5%npouﬁ§21%&§yanéP§Ze8niﬁcﬁéyéiw 8? Eﬂéﬁéyzﬁgﬁrngﬁ ITOURVR, and
[err] C NVMR, a newtaanisdeyation andbhobgandnsl-t STBEB facst thatutbei snthowmyanin

?ﬁ;gmﬁs1 the strulfy dsntians has acyl groups at §lucosel fbikcules at

3- 0- ( 6- 0- (4- 0- (4- Dopérdopabf angll 3 eprPIBSEFUEDRYr RFDTYOP- 8tmlyzes the
aroyl)-a-L-ramosghkyingkthit- Pe8besonyb&nesihsfarYihg bh- Beghugepup o
anosyl -l v Qi O s aR 30OY anehacyanin.  "#nd Yesult indicates that
acyltransferases may be different in the positions of
_ sugars of anthocyanins which they transfer an acyl group
~ but that the amino acid sequences and the nucleotide
sequences encoding them are homologous.

15 As hereinabove described, there are many
anthocyanins which have acyl groups, and these compounds
vary widely in the number and position of acyl groups.
Accordingly, it is expected that there are a number of
enzymes which catalyze acyl group transfer reaction. It

20 is readily inferred that the amino acid sequences of
these enzymes have homology with the amino acid sequences
of pGAT4 and pGAT106 obtained herein. Based on this
other acyltransferase genes can be obtained.

Example 7. Anthocyanin of petunias

25 Anthocyanins found in a mutant (VM) in which the
color of the flower was changed to purple from the
original reddish purple of Petunia hygrida ver. Surfina
purple (Suntory Ltd.), a breed of, was extracted by
pulverizing petals thereof in liquid nitrogen and then

30 extracting with 50% acetonitrile and 0.1% TFA. After
filtration, the filtrate was separated and purified by
ODS and ODP reverse phase column chromatographies. When
one of-the compounds was analyzed in- detail by FABMS, 'H

NMR, and Be NMR, a new anthocyanin was found. Its

35 structure is shown below:
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groups are bound. I n addition,
3-9'(6-0-(4-0-(4 0-(6- O counmaroyl -[err]-D gl ucopyranosyl)-cou
maroyl)-[err]-L-ramosyl)-[err]-D gl ucopyranosyl)-5- C)[err] D- gl ucopy 20
ranosyl - mal vi di n, - 30 -
3-0=(6-0-(4-0-(4-0-(6-Ocaffeoyl-[err]-Dglucopyranosyl)-caff
eoyl)-[err]-L-ramosyl)-[err]-Dglucopyranosyl)-5-OJ[err]-D gl ucauom,a
nosyl - mal vi di n,

3-0-(6-0-(4-0-(4-0-(6-0Ocounaroyl -[err]-D-gl ucopyranosyl) caf
feoyl)-[err]-L-ramosyl)-[err]-D-gl ucopyranosgl)

anosyl -mal vidin were al sgydetected. The anthoI
Ful co

(Sa\kta Seed Coy,),

present in the dark purple petals of
anthhcyani ns hg¥ing

ad Gory BI we ( BaliP
two acyl groups
petunias.

petuni a come iin
Icé‘bctlon of trgnsferring
B

two types: the enzyne which catalyes a 35
courmaric acid or caffeic acid to rutinoside at positi

ant hocyani n, and the enzyne |ch cat al yzg reacyi on>ef o
transferring courmaric acid o Ho 31 -
or caffeic &%id to nonoacyl | ucoses Exanpl e 8. cDNA
cloning of the acyltransferase )éerl ved OH from petuni as

cDNA portion of pGAT4 ribed i.n 6 i.e. pGAT4 having
DNA as set forth in th %qd@rfc the s %ﬁ%ﬁér’f}gd%EQ ID No. 1, was |abelled
with DIGin the rré‘t—l&ads O-(4- Qje(%rﬂ-ueﬁd-oa-m&ﬁecarid-ﬁ%gﬂmwpymmwa coum
pet al s of §loyiha hr. K X I ey =le N

pl aque hybr| di zatl on tgcﬁ.hn-liql}leaqalo l) fazg?t golﬁf ar“’—g}luaer1 )Scf{]?ﬁg%\%e%lld%yr
carried outl¥Under 2PREYIOHE ]{"ll(S’H-"srl rﬁrl &N ghthocyanife toheHLh WS AL i n

Exanpl e 6. groupSbate HHXrHO0 cl ones were screened, from which one
weakly hybridi zi ng cl one dd%bt ai ned. This clone was desi gnated as
pPATS5. Determ nation o % R P8t i de 15 sequence reveal ed that nore
t han one DNA wer e 3i-0s46-6d (i4R-0= ( 4 -0—{BATE-c om0yt e~ - co pyamersEl ) -cou

simlar to that Okaroyl)—a-L-ramnosyl)-ﬁ—nglucopyranosyl)—S—O—ﬁ—D—glucopy

20 ranosyl-malvidin,
3-0-(6-0-(4-0-(4-0-(6-0-caffeoyl-~p-D~glucopyranosyl)-caff
eoyl)-a-L-ramnosyl)-p-D-glucopyranosyl)-5-0-f-D-glucopyra
nosyl-malvidin,
3-0-(6-0-(4-0-(4-0-(6-0-coumaroyl-B-D-glucopyranosyl)-caf

25 - feoyl)-a-L-ramnosyl)-f-D-~glucopyranosyl)-5-0-8~D-glucopyr
anosyl-malvidin were also detected. The anthocyanins
were found to be present in the dark purple petals of
Fulcon Blue (Sakata Seed Corp.), Old Glory Blue (Ball
Seeds), and the like. Thus, anthocyanins having two acyl

30 groups conceivably contribute to the dark purple color of
petunias. .

Accordingly, the foregoing suggests that
acyltransferases related to.anthocyanins derived from
Ppetunia come in two types: the enzyme which catalyzes a

35 reaction of transferring coumaric acid or caffeic acid to
rutinoside at position 3 of anthocyanin, and the enzyme
which catalyzes a reaction of transferring coumaric acid



C-terminal of the protei n encoded by pGAT4 and pGAT106 in the reverse

priser side of the plasm d. Based on the - reverse priner, a nucleotide
sequence: 20 S' - AACAGCTATGACCATG 3" (SEQ I D No. 20) was synt hesi zed

and the oligonucl eotide was designated as the3RR-priner. In
order to obtain the full-length cDNA of pPATS, 100 ng each of the RP
primer and the oligo 2 priner, and 10 ng of pPATS digested with Xhol
were subj ected t ooPCRaffeic pgadt tonmpnoacyilnBelyédinevan Gdupesell. The
reaction cas Ex3ﬁﬁiée§ OUEDﬁﬁrc%9n§M§|6§ thhaQQQtEXEEQeQQEBVHék@ged
95[err] C for m nut e err or m nute, an err or

m nut e. The DNA fragnen £rgm pesuniggo bp thus obtained was run on

an agarose gel el eCtrO@bNAeﬁbitQBﬂ per pGbhed BgsCENGEHEAN. ERBmpleABi6Y,t he

fragment was. enzype d S t he nment  of abo t 400
bp aas purliiedZYﬁ g ;Bﬁg%grhaVlng ﬁgéngﬁ s Em%fﬁﬁpf%ggﬁggtsﬁﬂgePgﬁelFed
with the abdistimgt 5BQedDDNG. 1, was labelBedgwihb DaBefihethé®Ntethod
f t, the ab 5 b t d
Fagmen € a OéiSsﬁ?g‘ﬁé abovk! ﬁ&ytﬂé Bﬁﬁé\aihﬁian YR ﬁ%y%@é ggr eene

by the plaque i zat'| oh echn fter Idi zati on
was carri edPabunia hybridssean: 0% eGl?EYfBluﬁ Waar screened by the

- 32 - ;Eig?oneﬂ% £0q 95 BSnnﬂfégﬂi%@é 59ﬂ#ﬁf§&19£ti83 phasnid

recovered fromth talne revea E cont ai ned the
same sequedde as FERlTEngoBere TRRErigdsphnunder the ceonditigneniBilfsttag
SEQ I D No. 3. Thlﬁhéegﬂgngg 8a8€ £&rth onheRBhpDy €f 20% and 16% with pGAT4
and pGAT106, . respec he level of amno.acid se

Exanpl e 9. Extraction %u%@b ggén%i%%?ﬁtV%ﬁef?%ﬁ?ened’ from which “one
perillas weakhyuhgbredltfmgesluneewmaraktazmedronThhe plone Wéds

bodi es of Perlllng?iﬁpéggg ﬁ%ﬁﬂh'ﬁéﬂ%ﬁmdﬁ§913h06§d€he ?uclﬁggy@g

sol uti on was extrac accor to the nme ort
Exanpl e 1(2p. Thu%eqmncr%azce*eqawﬂhtls@t [eP¥¢ | than onegfDBAwexerinserted in

contai ning, at a fpAps, COﬁE@Qtréﬂéfﬁhwég dMeq uencémﬁfﬁﬁl&ﬂmﬂﬂoﬁﬂ@ﬁl@f pH

8.5, 0.48 nMdelp inidin 15 dlglu005|de 3 mM caffeo nd, 20
[err]l of the  C-tepingl Qf u‘ElF%rP’éf‘?t%{)T e‘?‘F‘T?,d‘F%lleL(P%%ﬁt%%X &f 140
of acet oni t¢hé erewsitsd Npnds. SPA&cef | €hacpTasibd Addeskéd on the
reverse primer, a nucleotide sequence:
20 5'-AACAGCTATGACCATG-3" (SEQ ID No. 20) was synthesized

and the oligonucleotide was designated as the RP primer.
In order to obtain the full-length cDNA of pPATS,
100 ng each of the RP primer and the oligb 2 primer, and
10 ng of pPAT5 digested with XhoI were subjected to PCR
25 = reaction in a final volume of 50 pl. The reaction cas
carried out for 20 cycles with one cycle comprising 95°C
for 1 minute, 55°C for 1 minute, and 72°C for 1 minute.
The DNA fragment of about 600 bp thus obtained was run on
an agarose gel electrophoresis and purified by GENECLEAN.
30 After the fragment was enzyme digested with SmaI, the DNA
fragment of about 400 bp was purified in a similar
manner. The DNA fragment was labelled with the
above-mentioned DIG. i =
Using the labelled DNA fragment, the above cDNA
35 library of petals of petunias was screened by the plaque
hybridization technique. Washing after hybridization was
carried out in 0.2 x SSC at 65°C for 1 hour.



the reaction mxture to stop the reaction. After centrifugi ng at

15000 rpmfor 5 mnutes, a 10 [err]| aliquot 20 of the supernatant was
anal yzed by HPLC under the foll ow ng conditions. The
colum used was the YMC-Pack ODS-A (6.0 x ¥32 - c¢m, and sanples were
separated under the condition of 0.1%trifluoroacetic acid, 21.6%
acetonitrile, and a flow 25 rate of 1 mM/mn. Detection was carried out
at 520 nm DPatermihptienndft the mwnelteetiédedeepuensdi af the plasmid

3, 5-di gl ucosi de \A@écsbéksé #fond Eh@%fénénébtaﬁneaerwealed tPi\QtCﬁPﬁ@flée' c
acid was transferred t 885|t|0 3 0 |n|§ 3, | ucpsi de was
el uted at 4.7 n1nﬁ?%§a1§ th?héa%%s%?%??ﬁﬁenﬁﬁlHB%T i %%?d c% %uhﬂ BRPYY

531 nm inMohef seqhénse byiseifigi SEQCID Nas 3l soTheensédp@énce had

del phinidin | ucosi de,was u s_t he bs re when
Counar oy - G5 nass RRRELI8E HES0ecahd 16K SLER Sonra ang MEAREDET
coumar oyl group magsp$691veﬂy,35t th¢tlamslr@ﬁeamemot&@ida$$%w@@menatural

perillas do not E ?Egn fﬁﬁ@léﬁ% AL NOEYERT Profh NE
acyltransferase o] x%% | can yse e p AL < °
- 33 - 3- glu005|de I nidin 3 5 di gl ucosi de as the acyl

group recipient and Cowgyfé@ofea'%ﬁeé ReeRE Yhatfded from €4¥9%51ant
Exanpl e 10. Purification t he acyltransferase derived b5

fromperil s  bodies of Rerillaiocimoides,vary AkacRieiuRy AR \2CFedm
Egrl I : asz\(/v«’it)s c;at_[] réxeﬁhnwk ts¢mﬁ£@:@rmcexwa&téd@dmifwﬂql Ig to tKemetimed ag
anpl e ree r ajrs erillas wa
liquid nitrogen. ahtt %F OE?’ﬁ“E(’alae ffbéz))e'n |']F‘}”as g'%?'ﬁcztee?é W]‘Irﬁbeéb Al
pul veri zed matericf avasixture dmmogeninmed aga rfimllCdndentsratfidme 50 mM
extraction buffer ﬁgE%Ll hag odi um
ascor bat e, %Otrﬁ\ﬁ dltr%()%liu% to @fgr@ﬁ e‘%\95!@JSI g%?g"( 0ngap\)ﬂorchl ar
SB-100) i nl8 honmoydidicglucas idewad 143 miht ﬁmﬂﬁawea% 20 15k fkeehe n
four layers, and dimne a8 it iaehe BT fcmmo minutdLr 149 30 Ji nutes).

Ammoni um sul fate was added to the ernatant, to a 40% sat uration.
After dissol utiorfcetonityids ﬁqwqw i ree%pé“fteg&%rﬁfe‘rd ¥as adnaed to
condi tion. the reaction mixture to stop the reaction. After

centrifuging at 15000 rpm for 5 minutes, a 10 pl aliquot
20 of the supernatant was analyzed by HPLC under the
following conditions.
The column used was the YMC-Pack ODS-A (6.0 x 15
cm), and samples were separated under the condition of
0.1% tfifluoroacetic acid, 21.6% acetonitrile, and a flow
25 rate of 1 ml/min. Detection was carried out at 520 nm.
Under this condition unreacted delphinidin
3,5-diglucoside was eluted at 3 minutes and the one in
which caffeic acid was transferred to position 3 of
delphinidin 3,5-diglucoside was eluted at 4.7 minutes,
30 the absorption maximum of said compound being 531 nm.
Modification by caffeic acid was also seen when
delphinidin 3-glucoside was used as the substrate.
Furthermore, when coumaroyl-CoA was used as a donor of
acyl group, transfer of a coumaroyl group was observed.
35 It was revealed that although natural perillas do not
contain delphinidin glucoside as anthocyanin, the
acyltransferase of perillas can use delphinidin



Ammoni um sul fate was added to the supernatant to a 70% 20 saturation.
After dissolution, centrifugation is repeat ed under t-he sane
condition. The precipitate was di ssolved in a mni mum anount of the
desal ting buffer (bis Tris-HO, pH 6.3,33L MM dithiothreitol, 10

[err] M p- APMSF, 10% gl ycerol), and then desalted by Sephadex 25

G 25 nmedium (Pharmacia, 9.5 x 45 cn) which had been equilibrated with
t he same buffer 3 glucosideTthdéehphédiéfaane5wd$g$ubj>eédeda$othenacyl

exchange EOQEEEE#H’E' 84 §3189 %Q%E{?\}/Isés F{:ﬁé’ %gﬁogﬁé‘;& ting

| i near gradi ent o lum c orlde In t
buf fer was run atdanPFew rate of 8 n1/m n over 1 hour. The acti ve

fractions were e'ﬁk&ﬂ?ﬁé N purifi€QDL6At Al tRASaEY1EPANEfOrdSet QePivedl
The active ractions vverg adsorbed to four H Trap Blue (5 nm)
col utms conmected in a series n equilibrated 35 with the
desal ting solution. APteifadatichedf thshacygltransféhaseollemniwedi £homhe

same buffer, el ”tﬂa&{{i*‘/’?éscv%éi@&'rﬂ‘éd out iRYadcdidfile %E‘E'ﬁenéhé)fmégﬁ&&m
chloride fromO t I'n - -
t he desal ti ng buffescyibeduir, Example a2 €1 5. nl Thweg kilegrams of ghkeaves of

fractions were elulgéf.glf‘ﬁs Ne&d £POLEN LA 0®i @ nitrogen Cafd tQulhyErMedhese
fractions were s ected chromat 0 araphy usi ng a hydroxyapatite

col um (cer&nic f:rozelﬂyb’é '?IhQFGDgﬁﬁlﬁ%t e paleerbiindieTittHvas

sanpl e hadhbeefenpped esgans aslenpal tersashechav dibt kit § Edn Amiﬁﬁer
nv sodi um phospha

di t.hioth t ol 0) VSF,
10% gl ycerol ). ﬁo%%@o%‘é‘“eﬂ’ I%Q?‘%i‘f?‘nr 6.8, g f’ﬁég%éh‘ﬂﬁ‘ e‘?ﬁccP]F%?ﬁe'
AR A L 1M (D6 1o It €0 1010 pmfp)-&‘AHMBE,, 9 G Br) Ipolddclar

dithiothreitol, .. l]}%lﬂ(” 119 éb‘ @q%emﬁ“ e oot ve rac]%:)ltm&cp v?jl.t!:‘r]i gé%%ére

about 0.2 M sodi phosp I"ONS” Wer e usSe
bi ocheni call5char a&tmk@atlmrﬁmr tyayersyrand then centrifiyged s(8i0C¢ ypmner
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del phi nidin SUPSLRA tARNe 59 (ﬂe SR alan as Atendisspispion,

reci pient. As theawyti SIGRPLEONY FeBEBRIY hurfddk Ak same condltlon
Ammonium sulfate was added to the supernatant to a 70%

20 saturation. After dissolution, centrifugation is
repeated under the same condition. The precipitate was
dissolved in a minimum amount of the desalting buffer
(bis Tris-HCl, pH 6.3, 1 mM dithiothreitol, 10 uM
p-APMSF, 10% glycerol), and then desalted by Sephadex

25 G-25 medium (Pharmacia, 9.5 x 45 cm) which had been
equilibrated with the same buffer. |

The desalted sample was subjected to ion exchange
chromatography using Q-Sepharose Fast Flow 26/10. A
linear gradient of sodium chloride from 0 to 0.5 M in the

30 desalting buffer was run at a flow rate of 8 ml/min over
1 hour. The active fractions were eluted at NaCl
concentrations of about 0.15 to 0.3 M. The active
fractions were adsorbed to.four HiTrap Blue (5 ml)
columns connected in a series which had been equilibrated

35 with the desalting solution. After adequately washing
the columns with the same buffer, elution was carried out
by a linear gradient of sodium chloride from 0 to 1 M in



:caffeoyl CoA coul d be used. The nol ecul ar wei ght was 20 found to be

akaut 50, 000 by SDS-pol yacryl am de gel el ectrophoresis. The

i soel ectric point was determned to be 5.3 using a Mono-P colum
(Pharnaci a) . Exanpl e 11. cDNA cl oni ng3df -t he acyl transferase derived
fremperillas 25 By conparing the structures of pGAT4, pGAT106, and
pGAT48 which were cloned in Exanple 3, Exanple 6, and Exanpl e 8,

respectively, it wee desambtihatbwfifenn{2chewers, flow zatgehcorl/min). The
Asp- Phe- G y- Tr p- Qye fys f:.sgtgjh é\k\% eXd) e NVEd at NaPEeForOSSEF¥Efons of

Accordingly, it |s e ected t s 30 structure 1s_also conserved in
acy[ t r ansf er ases. M. 0'?1"1?-‘?# sEERGuERS, WORKR | BRRifrteddirnce:

- - GA( |TC) TT( TC) G@%m&&&ahf SEQ AP Ahyd)xy@satite ccSWlﬁzhe(Sd:d:.eﬁn:&Bd

t i s oligonyucleot de e a oung
| eaves of pg || AP ?Q\I@f\/\g@ e‘@a‘ﬁn The Wge%t%d’ﬂb’sc}ble%csf%
Exanple 3 and a DA Bed aagpl:.ed wmsa@cpmtmlmtwa&hexﬂ mmgoumz@-m
synt hesis kit

(Stratagene). Using %%dlum (ﬁh%so%l})a}te, ded’ c]DI{IKII v%lt}hléé‘relwl ]fo ”M
here as the terrplm'tlg’béﬁﬁl: 105 rﬁg‘-mﬂpb)f tH’B‘-en enzymer@a;ﬁueﬂé*t%dndum <‘=b| | go

2 primer, PCRTeaGijn q&?aihent frcﬁ\@rﬂd%rp‘ﬂ td) puffdi@lp VA 00 8P s il um

[err] 1 u5| ng t he PCR k| kara Shuzo). _The reaction was carried

out for hatey tpfi rcyl‘:ll'@'I HrttHiathreigslor (& W P-RENST e,
50 [err] C 1f03!f dlyaersle),, atthic? dlaftre]cfl dtorabboud rmute.M Add¥An r agnent
of about 4Q0 b hus %ﬁ{al ar‘r'ai vered and cI on into

vector using the 15 1tvr% qron of the

nucl eot i de sequ_erhjmcﬂfentmmciraa:acterlzaihtom mffdﬂ}m/mizgﬁld hat the clone

desi gnated as pSAT104 . th

Using 10 ng of pSAT10 nasé t%lér[}t ["%[e ang:rg)(yg@h \%he clq%?ach % Sa}&'?&e
primer andlbhe oago usgst, reay, q:fcpzmudlrr éaahmam,cmamah@m usi ng the
PCR kit (Takara $NuzQiigiucodids, derl irikaln waqunR oafided 8y ]delp_ﬂl‘?u.dln

reaction was carried out. for cycles w th one cycle conprising 9
[err]C for 3¥ Imddglac @G-P&WG%P%%%P@ thed aFle GEPEH or 1
m nut e. Usireg ipilegiv.] | aef thidl adynoduoupaddnbll ceginadly1eicdahandliC
caffeoyl-CoA could be used. The molecular weight was
20 found to be about 50,000 by SDS-polyacrylamide gel

electrophoresis. The isocelectric point was determined to
be 5.3 using a Mono-P column (Pharmacia).
Example 11. c¢DNA cloning of the acyltransferase derived

from perillas
25 By comparing the structures of pGAT4, pGAT106, and

PGAT48 which were cloned in Example 3, Example 6, and

Example 8, respectively, it was found that the amino acid

sequence: Asp-Phe-Gly-Trp-Gly-Lys (SEQ ID No. 21) have |

been conserved. Accordingly, it is expected that this

30 structure is also conserved in acyltransferases. Based
on this sequence, nucleotide sequence:
57_GA(TC)TT(TC)GGITGGGGIAA-3’ (SEQ ID No. 22) was
synthesized and this oligonucleotide was used as an ATC
primer. _ ,

35 From young leaves of perillas, RNA was extracted in
the method as described in Example 3 and a cDNA library
was also constructed using the ZAP-cDNA synthesis kit
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20 prinmer and the oligo 2 primer, PCR reaction was carried out

using the PCR kit in a final volunme of 50 [err]l. : However, 4
‘[err]l of the D GIabelled nucleotide sol ution (manufactured by

. Boehringer) was used here as t he deoxyBbcteotide solution. After the
reacti on was 25 complete, 5 [err]l of 3 Msodiumacetate and 100 [err]]|
of et hanol were added to carry out ethanol precipitation. The
product obt ai ned (fdsratsgenedr. t ks ingSéymantofsidepple stranded aliiigrhigh
label | ed DNA fragnente figiddv et dd @0 the teaéﬁ ardq lddei2iof @he

| eaves of perillas was 30 screened therp qye hybri di zati on

techni que. WashiAf Primex,and the (,9&1&9( 5 Primergs®CR IeRchioicwas 1

hour . Det elc@irididdo uaf ﬂnha rﬂi@iae.ot\nod.wqﬁem uaf uslimg the PCR kit

hybri di zed gl one geveal ed.,that,.- cl gnes SAT?2 SAT207,
pSAT208, p T209( 6% gh 5?9 #Fafﬁ? tﬁgnggﬁs %%55%30 % ?%%hégbe of
pSAT104. When t leyciesl edtthdene cycleeq@mp(resgmgt 86 °% f@nrdsl mmlrt@seS& °6nes

were compared  eor W Wlifial abPOATE eny palhRe. nad Bt EAGmEth R

- 36 - shorter and none e initiation ¢
The nucl eoti de sé@@@ﬁcé@ooPPSTh@ﬁd§b6ﬁlﬂSﬂTE@§ &ggovered ggmarsdgneghdnto

PSAT209 and pSATZlQawene WIGRl ¢ak msel’%ﬁln kit (anvikeogen)t.han pSAT206
by 6 residues, and pSAT209 was 5 shorter than PSAT206 g& iPdues

on the vecthr pBPgésEmipatipn ofhtbe apRAeotife sequenF&kP
that enabl e therrbmaﬁnéa reved@edatBRat the gebaeoﬁetsliqmeeﬁoas P9ATAD4t he
above-nentioned nes . PSAT206 SA and pSAT207 are taking such
shapes that 10. n&bpégPhQHWB °8¥pW8§§ §%%§fu5|on protein with

[err]-gal act osi dase, WhengaiOpﬁgT@ﬁQpSAﬂlpSAES1®hbatempﬂat9ednd 100 nganes

so that they canpgpyf 8rfmt§ef hﬁb%x%&&ehﬂfi the Slﬁﬁé gstegéTz%R PSAT209,

and pSAT210 were expresse for the
enzynatlc-&tt|V|r?a§t195 waSa@yrrgeduputraﬁsnGrth@ BSBlkﬂﬁn(?aBﬁrglﬁbB§@

usi ng del pli gl §i Bn3a>rdnghUeBLAS 8@dSgahﬁeoybhgbéeaEhgoHE%EQd
for inducing expression etc. was_carried out in ﬁccor dancge, mntgsmhe

nmet hod as set foFFHrFﬁdE9&ﬁp¢€r415 cycles withngne cygle SORBRLSiRGN
- pSAT209 and pSAT23@ di flifGte, 50°C for 1 minute, and 72°C for 1 minute.

Using 1 pl of this product and 100 ng each of the ATC
20 primer and the oligo 2 primer, PCR reaction was carried
out using the PCR kit in a final volume of 50 ul.
However, 4 pl of the DIG-labelled nucleotide
solution (manufactured by Boehringer) was used here as
the deoxynucleotide solution. After the reaction was
25 complete, 5 pl of 3 M sodium acetate and 100 ul of
‘ethanol were added to carxry out ethanol precipitation.
The product obtained was used for the subsequent study.
Using the labelled DNA fragment derived from
pSAT104, the cDNA libra¥y of leaves of perillas was
30 screened by the plaque hybridization technique. Washing
was carried out in 1 x SSC at 65°C for 1 hour.
Determination of the nucleotide sequence of the
hybridized clone revealed that-the clones-of pSAT206,
"pPSAT207, pSAT208, pSAT209, pSAT210, etc. contains the
35 nucleotide sequence of pSAT104. When the nucleotide
sequence of the 5’ ends of these clones were compared

with that of pGAT4, every clone had an amino terminal



' 20 exhibit any enzymatic activity of transferring acyl groups, but
‘the E. coli containing pSAT206 exhibited the enzymatic activity of
acyl ating 48% of del phinidin 3, 5-diglucoside and the E. col
cont ai ni ng pSAT207 exhibited a simlar3é&nzynmatic activity of

acyl ating 24% 25 of said conpound. These results denonstrated that
pSAT206, pSAT207, and the |ike reveal cloning of the gene havi ng t he
enzymati c acti vi tshogftenr Hisine pGATY acy ngneupad the imdtglatdede cadqivsiti on

3 of anthocyani nogfe RRIHIldAIde sequences VIORG e o3 Yra20dh@ndicl eoti de
sequence derived 30 from cDNA of pS

AT208 was determned. . This is
in - the seqiSAE208,s@ndyPSRAB203 RYd PSAEd 0 ers ddeptical. sgﬁﬁl}g’?
gggyceddfagg1theﬁawékm@Mu@& TRANS PSATR0BI biyt 6d résidues haimal EHATE0 93 Ws
9 an oW t h, pGAT4, - pGAT1 d pRPATA48, respectively. As
descri bed herei nS8PEET F%F? ?%STZ%ge&Xéécgfsﬁﬁ &%ﬁ not a full-length cDNA,
can express act ione thez yeesolry ploesdirigta S+, t dblesel ¢DNAHSi @recodon

as a fusion genetgk&gnggég forms that Fnable them to fuse to the Lack/ -
By conparing the amno acid sequences o acyl transferases which were

el uci dat ed by t h@epeesdnthe vectorpyeRutorf the ebRyerteatieassncdonss -

clarified. BasedpsaT206,0psa208] Badapsdreequanee taking sSutddishapest that
possible 5 to clgne acyltransferases Mhl%h nodi f ugars., ot her
bosi tions L ant FBEPARI Sheh to expEegsyAs £2IUERRR BFGREID ¥itthe

Ecyltransrera?e @gegaledtosidase, whereas pSATRO® andepSAT240 have shifted
-rom petal s of Senecio cruentus _yar. Jupiter. Blue 10 . ( Seed
Corp.), RNA was gfﬁpﬁétéﬁ §§a¥h§ ﬁgtﬁ8888§ foim"a %8 ngrE%%?%ggianple 3
above and Poly ApSARRO6WapSAT20Rer pSAT209,pandf pS4T210 wBka kixpresgedadn
constructed using t . - C n Sk§ K| a ;

Usi ng 50 ng of dgﬁb 814 rgﬁ&egﬁgBNggéﬁgghkggshﬁgrﬁégQ§EE§E %§?§¥%§Yiﬁ§
tenpl ate atfl 100anylegzhupf traasA®C ppi peFition 354 gRUCEBRQYSANEr | ner,

PCR reaction wasgeaphiiR4d@Ht 3|, 8-8iglucositiBahn¥OLHFEe8l1560RE! I ItheUmeRBolhe
PCR kit (Takara Shuzg). . The reaction was carrieq gut for 25 cycles
with one cycle for ipgnFingi AFPYSFELPT BtFor WESHFREEESISBRE A'C for 1
m nute, and 72[ epkb6rddnce H@EhlthenmbehodDhA seagiferth @h BlRempl40@.bp

thus The E. coli’s containing pSAT209 and pSAT210 did not
20 exhibit any enzymatic activity of transferring acyl

groups, but the E. coli containing pSAT206 exhibited the
enzymatic activity of acylating 48% of delphinidin
3,5-diglucoside and the E. coli containing pSAT207

exhibited a similar enzymatic activity of acylating 24%

25 of said compound. These results demonstrated that -
PSAT206, pSAT207, and the like reveal cloning of the gene
having the enzymatic activity of transferring acyl groups
to glucose at position 3 of anthocyanin of perillas.

Among these clones, the nucleotide sequence derived

30 from cDNA of pSAT208 was determined. This is shown in
the sequence listing SEQ ID No. 4. The amino acid
sequence deduced from the.nucleotide séquence exhibited a
homology of 37%, 29%, and 15% with pGAT4, -pGAT106, and
pPAT48, respectively. As described hereinbefore, this

35 sequence, though not a full-length cDNA, can express
active enzymes by providing a suitable initiation codon

as a fusion gene with LacZ.
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obt ai ned were collected and cloned into a vector using t he TA cl oni ng
kKit. (I nvitrogen). Determ nation of the nucl eoti de sequence of cl ones
obt ai ned reveal ed that a cl one designated as pJAT4 had a high

honol ogy with pGAT4. 25 Then the cDNA3Tibrary of petals of

ci nrerarias was screened with pJAT4. Several clones were obtained.
When the am no aci d sequences deduced fromthe nucl eotide

sequences of the 5' en@YofompagdngDhhesamine a@sipaseguences @fth t he

sequence of the pae[iﬁit&aﬁ%@%aaspﬁﬂéh pere 8hudldatedD @het peeskaes of
cinerarias were full-length. _ Anon emthe entire nuycleotide

) ) th Jcl,
sequence of cDNA &PVEREiPPgnk&he °°gsF§Vﬁ€dsﬁ€ﬁ?§Cﬁa§aﬁeF PRiLkEgd - ThBased

shown in the onsehecamtnbi atidgs8ghehPeNof this Thgief,natadsdpsegibilec
deduced from the pucl eotide seguence obtained.exhibi.,ted ho y of
260 55% 1% andbsTIONP: ACKEAEANS FeRetas, whitH 3 EY Buddes akOBEES
respectively. positions of anthocyanins. - 38 -

Exanpl e 13. Const | a hhRar et ar g0 I D :

the gene of the aﬁH hb28 faséb I%g § .of gha' 8t Qtransferaseggﬁrlgﬁd
After the acyltransferase genefremgehperasiagGAT4, 5 was conpletely _
digested with Kpnl, a PNAmfpafgestoff senecio éPREAtd 6v!§£.\/\4fih$hté§ abhai ned
by partial digestign éhereof W I al was co Igcted. hi s ENA
fragnment (Sakahp| SRed GeFRg) ¢ BNR¥RF| B¥FEACERS yRE FREOURERPENAS
sites, KpnsetinfloXbhl inoExamfll® Boabotai and Pbhgnhd+pRELSATds fOrther

Af ter pUCGAT4 was_¢C L erely,di t 11h I | .. partjially
di gested with Sac?u?gPﬁgﬁrec% %8§§Mf$?§%£ n@géféoné£rxgﬁ%%tuﬁ}§§ Eéé A
pl asm d obt ai ned BiP+¢cPHA| signtheési®NALt (Stratageed); about 0.75 kb DNA

fragment obtai ned by Usin%d%§e§§i9@ &gugééxﬁﬁyaxﬁ%@ﬁé%%%d?ﬂﬁcﬁg&ﬁé,féﬁﬂe&

DNA 15 f ragment obtal ne estion asm .
(described, 15 or eherplas the sftemplate|and AbQ@ ng each (pf  thg| ATE cprSuor

219-225, 1995) W 44 XPRé SDflgSag!pMBRer, PCR 881G 8FadScRBE(#d . odbi $n a
plasmd is a blnagﬁ?vector t he %gntlan acyl transferase cDNA is
c

, and
under the 20 b voruRr o £ 30 i 11 ARFnFothe PR ikt 3Rk pRpPRRZO) -
havi ng enhancers el td&cbbpal wie cyntiedeoterfonal®rcycles withi ongl eptle

cells. It also hﬁgogb}{gfgéa§gfﬁlfg¥‘ Gfinute, 50°C for 1 minute, and 72°C

20 for 1 minute. DNA fragments of about 400 bp thus
obtained were collected and cloned into a vector using
the TA cloning kit (Invitrogen). Determination of the
nucleotide sequence of clones obtained revealed that a
clone designated as pJAT4 had a high homology with pGAT4.

25 Then the cDNA library of petals of cinerarias was
screened with pJAT4. Several clones were obtained. When
the amino acid sequences deduced from the nucleotide
sequences of the 5’ end of these cDNA‘s were compared
with the sequence of the protein encoding pGAT4, none of

30 cDNA of the clones of cinerarias were full-length. Among
them the entire nucleotide sequence of cDNA of the clone
termed pCAT8 was determined. This is shown in the
sequence listing SEQ ID No. -5.- -‘The amino-acid sequence
deduced from the nucleotide sequence obtained exhibited a

35 homology of 28%, 35%, 16%, and 37% with pGAT4, pGAT106,
PPAT48, and pSAT208, respectively.
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call ed Q sequence at the 5 end of cDNA of the gentian

acyltransferase. It is noted that the pronoter and 25 term nator as used
herein are not limted to those just . descri bed, but they may be a
constitutive pronoter or a pronoter whi3h specifically works in
petal s such as the pronoter of the gene of chal cone synthase.

Exanpl e 14. Introduction of the acyltransferase gene 30

derived from gent Exampdeo 13|.ant 8 8 centaing
Agrobact eri um tu”EfaC'en%ﬁesﬁéﬁbno%QEGE(h@&it?hg@kera§b0§£i§baalQgﬁm
9: 963-967, 1991) by the 0 escri bed Tn-Plrant ecular

Bi ol’'ogy Manual (Klumer Acadeni 8eP&BBAshers). On the 35 ot her hand, by
culturing a shoot apexagtea tﬁéea&§ﬂtransferh§éeQdﬁelBf E&ﬁtuangedpgnmup

ghzghngﬁl(GEPenzywas compiete 9uaigggted gﬁlkan%B ( ESBRE% aCI?ése

30 g/1, and Cel | aab&um 2.§/ kbwehéchddedobbathedMBy partlamedmgestmonbtain
Enbrlogenlc Callu % g tur

strainin the LB ﬁ%égg%f é@tﬁ ﬁﬁgi Qgs coé 8c§8h @REE Bﬁﬁ g?%éﬁeﬁglgas
contai ni ng 20 [ersy§¢hpn9ﬂ uging hbetagytrmgbh@nt@naﬁwasreﬁggaltlon sites,

concentration of foXrifhalkhat, of §ALLS!Eb. aftheh LMBRASHAG pheckEain this

bacteri al culture u exc was w ped cl ean i
sterlllzed]#¥IterAﬁﬁﬁErPuﬁgA??aﬂéﬁlﬁﬂﬂpﬁ@tﬁﬁﬂ digestedgwith BgliIyhitgas
medi um i n which Bﬁaﬁtzélmglalgéﬂﬁe@ whtAUSAcT 100 coBVec0se BRAAOftaghsft of

bt ai ned. From 00t 0 FankRyci R PLapnid pEERHITR Bei hEARH: MANAM IO

obt ai ned usfnggmentplabbuteerSCkbennnliragmeng obtsimd®d bg t he

Mo Cang " AEEEF R toycdary, S AN T AN 2 oSS | D
No. 24) sydﬁhe5|zéﬁa@m9%ﬁ obtaheed ey cdigest teyueficeleasmid p21heAT4 as the

primer, RT-PCR repgdiOpiNeg, C%fl@ﬁaﬁyie in Am&r@cwﬁ Acgkees RT- PCR
System (Promega) . _Usi ng t he' sane 20 RNA as_t he tenpla e, _and
ol i gonucl eot i de Kiprficultureg %@TI%ﬁﬁTiiﬁﬂTiﬂﬁ?ﬁVﬁ} Xkgh 396l \gachoyas ng

ol i gonucl eot i de kies 2gnoted RS PEHEXT COTTHYE/1E Ssmi{BES |  binary Neec by,

synthesi zed basedar(l)g Elrrgee é‘gﬁ: fgﬁlgc:e feqraeﬁqscfexggse cDNA is under the

20 control of the cauliflower mosaic virus 35S promoter

having enhancers and the nopaline synthase terminator
within plant cells. It also has a translation enhancer
called Q sequence at the 5’ end of ¢cDNA of the gentian
acyltransferase. It is noted that the promoter and

25 terminator as used herein are not limited to those just
described, but they may be a constitutive promoter or a
promotér which specifically works in petals such as the
promoter of the gene of chalcone synthase. '

Example 14. Introduction of the acyltransferase gene

30 derived from gentian into plants
PBEGA4 was introduced into Agrobacterium

tumefacience strain Agl0 (Lazo et al., Bio/Technology, 9:
963-967, 1991) by the method described in-Plant Molecular
Biology Manual (Kluwer Academic Publishers). On the

35 other hand, by culturing a shoot apex of a rose var.
Lavende in a solid medium in which BA (6-benzyl
aminopurine) 2.25 mg/l, GA3 (gibberellic acid) 3.46 mg/1,



nptll on the binary vector as the prinmer, RT-PCR reaction 25 was
simlarly carried out. The reaction was carried out for 40 cycles
wi th one cycle conprising 94[err]C for 30 seconds, 60[err]C for 1
mnute, and 68[err]C for 2 mnutes. From - 39the callus of the
transformant a band derived from pGAT4 and a band derived fromnptll
were observed, but fromthe 30 cal lus of the non-transformant no bands
correspondi ng to sucrosehdlalgdie wedeGeBdenyveum Pha/dewere ieddedates theats

t he géne of nagyhh 2Bsbetasia EthQBPbﬁE% QQEHQSb?EbWtfoﬁﬂcédernlght
into the rose. Construction o bi nary vector gtloned above

35 ° and its traReisrEE: PEnthet abavel ARl 0astrade PPnFP@dLPome lum ¥Was gene
of aCy|tranSferaS§queﬁﬁ€HI@BStﬁ@nMslmQQuhﬂ medium containing 20 ug/ml of

- 40 - but. ot her acg 5 gs%erases can betlgtroguged é
plants and gknes Fﬁ@FBﬁVr&Bﬂoﬂg teppd R B GRpgenggation © Pecl’es of.
a plant, a rose waeldegfli begrhereinnbe¥eéng the ECBih shmeebaetb@dalof
transformation have ﬁeen a Eonted 5. aor ] n¥ othere Iagts or exanpl e,
carnati ons, CulfpgsahiHBAd s e*E 888 6§?g§e AR 4P geF 8F&s Y pet uni as,
etc.), acyltransfeteselmzaddfhéténtpapared Bytbraaaplanting phdnCuipeCLBg
by enpl oyi ng publ it sh h e he o]

full-1ength cDNA %ﬁ ?ﬂ n@% ﬁgaium in Whgéﬁngh ?tran %Z?éséh rpvgg ??/1'
perillas 10 sucrghe 3ONB/ bf an?leebhgneGumeZgGAb wergeaddedsto the MS
PSAT208, encodes gchiyf, eQZ¥9§ﬁ?f§rﬂ§ﬁ€rbQﬁdbébQBﬁalﬁé'H Prom! £hias not

full-length. Accordingly, a DNA ntai nin

initiation codon hﬁga§¥ﬁ%ﬂe§?§éﬁtﬁﬁ§eﬂa%%“§5°bta%ﬂ%dnu%“%o??geogEﬁb%ﬁée of
acyl transferase gesengftrizol gBDfésss,opléidal Thusysihe Ohlfsskhmanabethay
was synthes#zed1 JThe am.no agldtS&%Uﬁgfe encoded by the DNA IS
al so shown. The fY¥Sr ﬁﬁ%ér??ﬂenﬁ% \ k=) recogni ti on sequence,
and the next5 undeb ! +DEGORAMRTGCECP?DGCGTEATGe e (SBDt AP NRA. | 23 pSATR08. Behi nd

t he BanHi ne SUPPERAALEA h
often occurs |nné§&8?g?£i§efore ?hegtL§%S?§?¢A§éTéTéﬁ nltggtlon pgﬁonl?n
pl ants. 5' mmxyﬂtiyvmy¢hﬁ¥;z9@;bﬁ@e¢aqnc¢heAn@;t§Q;£££:%ﬁqpﬁnw?

ACG TGT AGA 3 PGAT4 as the primer, RT-PCR reaction was carried out

using the Access RT-PCR System (Promega). Using the same

20 RNA as the template, and oligonucleotide Kan-1:
5 -ATCGTTTCGCATGATTGAAC-3’ (SEQ ID No. 25) and
oligonucleotide Kan-2: 5’-TCAGAAGAACTCGTCAAGAA-3’' (SEQ ID
No. 26) synthesized based on the nucleotide sequence of
nptII on the binary vector as the primer, RT-PCR reaction

25 was similarly carried out. The reaction was carried out
for 40 cycles with one cycle comprising 94°C for 30
seconds, 60°C for 1 minute, and 68°C for 2 minutes. From
the callus of the transformant a band derived from pGAT4
and a band derived from nptII were observed, but from the

30 callus of the non-transformant no bands corresponding to
the above were observed. The result indicates that the
gene of acyltransferase of gentians could be introduced
into the rose. . - =

Construction of the binary vector mentioned above
35 and its transformation into a plant are not limited to

the gene of acyltransferase of gentians contained in



L]

25 Mt Gu A@nlle dn Met Val Ala Val Ile Au Thr Cys Arg
(SEQ I D No. 27) PCR reaction was carried out in a final volune of 50
[err]l contai ning 100 ng each of this prinmer and -20 prinmner:
5' - GTAAAACGACGCCCAT- 3" (SEQ I D No. 28), and- 140 ng of 30 pSAT208. The
reagction was carried out for 15 cycles with one cycle conprising
95[err]C for .1 mnute, 55 err]JC for 1 mnute, and 72 C for 2 m nutes.
After the reacti oRGADHA but othexgasvltrapséeraseseran beointnednesgdt inko
m xture using A ?laEEQEQBEA&‘eﬁgbO{:HE):eQY thg BBt BY régﬁemﬂdﬁﬂahisg hea3s
e

manuf act ur er. r digesting the recovered DNA wi,th | BarmH|, an
EcoRl, followed b§ S5BSFd€E BE2ePLlaRFopRoFaspswas describpd heLgiBaPoye-
about 200 bp was Beatoggned. mébh6d®NAE transformation have been reported

- 41 - f n |igated, to DNAfI ni _of _about 3. 3kb
obt ai ned byfhiges%$%3E5§X¥§g§eﬁﬁ? a E%R‘?%ﬁdef%%sgggs%?ﬁnaglOHg’obtained
was terned pSATF26BryFahrthemumsi i tebgsegosncpettinias, gerberap) apetdnias,
determ ned from 5g¢gnd o TNA, Scoul8oBdi L I |
sequence. %&gngfegﬁ%?gﬁépresé?%% %?utﬁe ggne o?g?ﬁgg fﬂ{bdﬁany
acyl transferase dR}RRBASPPRREHPY | $BR1IPYIiNg published methodsyeast

In accordance wi { i1 8e1 800 gpsenided on EHATBLELI0enarh. cRTEROBYRS

expressed iin yeast and tested Tor. enzymaiic_activity. us, a plasmd

obt ai ned by% igating a Drovitransierage derlveditrom perilias

gIQEStIOEbOfbt ' by ' NET@ 6¥”$&Y5qu§§§$r§$$ﬁ%fh I f% I?iigf Ao
obt ai ne i gestion o W a a a Wwas

Cermed pySaT2os. BoATYof, SRiadds tabivd [S0Amts ¥ MEke e Rhous byt

t he dot actgv[tytoWaacw¢trfq&in§ngthﬁ t&mcaxdi¢qzmg arfuﬁif&eggﬁh cDNA

was det erni ned. : i Y47 S

I ntroduced, for né’ts?lg%é%?%% %ﬁrr%l%a g?}z’%én é&%ﬁm%disry%t-}é%%f eoyl g%sugc%s?%e

5- gl ucosi dé3f r om @1e Mg leotide wgequants mHisrwl tranyferass denmPL1. 5 nno

of _ caffeoylgé;pﬁm, 4ed. THdWIS tH DIGS IR IBEIbv Rads the
synt hesi zed full -

ength ¢ cotai ned, in pSATF208 encod th
activity of acylt% &fizgd. oghe %%@7.%%‘% lﬁﬂ‘?‘?ff?cgfsb% tﬁfehd?l‘iﬁ

vector containingis also shown. The first underline means a BamHI

recognition sequence, and the next underline means a

20 °©  sequence contained in pSAT208. Behind the BamHI
recognition sequence is inserted a sequence AACA which
often occurs immediately before the translation

initiation codon in plants.
5’ GGGATCCAACA ATG GAG CAA ATC CAA ATG GTG GCC_GTG ATC GAA ACG TGT AGA 3°

25 ‘Met Glu GIn Ile Gln Met Val Ala Val Ile Glu Thr Cys Arg

| (SEQ ID No. 27)
PCR reaction was carried out in a final volume of 50 ul

containing 100 ng each of this primer and -20 primer:
5 -GTAAAACGACGGCCAT-3’ (SEQ ID No. 28), and 10 ng of

30 PSAT208. The reaction was carried out for 15 cycles with
one cycle comprising 95°C for 1 minute, 55°C for 1
minute, and 72°C for 2 minutes. After the reaction, DNA
fragments were recovered from the reaction mixture using
GENECLEAN (Biol0l) by the method recommended by the

35 manufacturer. After digesting the recovered DNA with
BamHI and EcoRI, followed by agarose gel electrophoresis,
a DNA fragment of about 200 bp was recovered. This DNA



the acyltransferase gene derived from perill as

Plasm d pE12[err] GUS is one in which the expression unit : of GUS gene
on plasm d p2113G (Aida et al., Acta 30 Horticul ture, 392: 219-225,
1995) has been inserted into the H nd+l41land EcoRl recognition sites
of PUCL9. After. pE12[ err] GUS was digested with Sacl and bl unt-ended
using the _ DNA blunting kit (Takara Shuzo), it was ligated to an

Xhol Iinker (ToyolfgRgmend passdiigatiedaiteed A riegment o aboutol3 | 3kbker

i nserted thereint QUARS el 'ﬂifddi%le%[tﬁwg] EdRi208Awith ECRASEnd HUNAIIEME

I 2.8 kb DNA f f th
p:gghiggmf?ﬁuhlndﬁﬂqggﬁ@ w%%gtermed pSATF%% Ine%h%ynghq%%%!%g %edﬁéﬁ%e of

EcoRl to pBinl9 ditgdst @daswiild Wasddeltead nedo Broma S’ end ofdediegediNgd to
pBEGUSx. A plasm d_oght.ain I fragment of about 11
kb obt ai ned by dlgég& 5ﬂ1§$e8é&ﬁ§%%klﬁg %egwAﬁcﬁanHl and Xhol to a DNA
fragment obt ai ned Example 16di gExipres QAT EROR g EaeHe and Xhol was
ter med PBESA208. Cn thi %@ﬁ%ﬁh@ﬁiﬁ;@%@ rﬁ»@af% BiCpRlirillas in
perillas is under the control OWer nosal ¢ Vi rus S

pronot er havi ng enhancers and ®¥8&Sg&opal i ne synt hase term nator. 10

Exanpl e 18. |ntrOdUCtEﬂnaQEoEﬁﬁnééy%EEﬁnﬁhérﬁé%héﬁnﬁegﬁrlbed in Exam
perillas into plants BESA208 was introd ucg into %robac erlum

t umef aci enck? st r aPn R&P@F?9§28a§teéPresBFSI?ECKﬁBFGg9n gtested 1gg3. 967,
1991) by the net hedzg¢maticbadtigiblyant TMik¢cul pladhid oBtaliagd bMgnddgating

{ranst or m pet uni.aeF ANBoAEPalent O pBobE: B K gbesi RedBy auetFigh Shiat s
‘Seed Co.), and pYEZImtwmtheBamBakand Seddl €dth byDNAefrmegmedtdefcabbett Bn
Plant Ml ecul ar Bjg| 8g¥a§’ﬂﬂaaby(Ekg&@{éléﬁagf"géﬁﬁ’ 08 fF¥Ph! ﬁQﬁﬁ@ and185%¢

Petal s of petunia con I 'n-3- COSI e as a
ant hocyani nt3 was termednp¥EARRPBon was also carried out to a rose var.

Lavande by the above-mpghsengd3nst a6 transfokxaaPletA9pySxnbbgshndothehe
full-length cDNA thEv1t§50f acyltransferasgcz%t£ 25L3£3f51g8r£¥ggs%£gggnt
cinerarias
was determined. As a result, in the yeast into which
PYSAT208 was introduced, formation of 10 nmole of
20 delphinidin 3-caffeoylglucoside 5-glucoside from 24 nmol
of delphinidin 3,5-diglucoside and 21.5 nmol of
caffeoyl-CoA was observed. Thus, it wés confirmed that
the synthesized full-length cDNA cotained in pSATF208

encodes the activity of acyltransferase.

25 Example 17. Construction of a binary vector containing
the acyltransferase gene derived from

perillas
Plasmid pEl12QGUS is one in which the expression unit

of GUS gene on plasmid p2113G (Aida et al., Acta

30 Horticulture, 392: 219-225, 1995) has been inserted into
the HindIII and EcoRI recognition sites of pUC19. After
PE12QGUS was digested with SacI and blunt-ended using the
DNA blunting kit (Takara Shuzo)}, it was ligated to an
XhoI linker (Toyobo). The plasmid obtained which has an

35 XhoI linker inserted thereinto was termed pE12QGUSx. A
plasmid obtained by ligating about 2.8 kb DNA fragment
obtained by digestion of this plasmid with HindIII and "
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The cDNA of. cineraria acyltransferase gene, pCAT208, ~as herei nabove
descri bed, was not full-Iength. Accordingly, a full-length cDNA
containing the initiation codon was synt hesi zed based on the

nucl eoti de sequence of 30 the gentian acyl 42ansferase gene, pGAT4.

Thus, the DNA shown bel ow was synt hesi zed. The am no acid sequence
encoded by the DNA is al so shown. The first underline nmeans a BanH
recogni ti on seque¥s®RIortac|pBiindg, digesitied with HiagdIinded Ec@RTeaesS a
sequence contai nedhe} AL antbsx. Sa BIARCPUERANEIRT PATRLAADREC
GIG AAC ATT CTC GAA C Met “Val Asn
Ile Leu du fragmen@sgé P@ONG.129rb obtalned by dlgestlon of BEGUSx

- 43 - w1thP@Bmmeaehhomhwast@aerbud Q&hghﬁn& bbtalined wye of 50

err]l contalning 100 eac ri.mer _an nd 10
g of pCATS S The  FREBEdRRGS BsATRaRebyit,Poter aAa xhET kas fermellc
cycle conprising PHESA0E. foDnlthusupdesﬁipethpCaciltrahsierasenaﬁe and
r2[err]C for 2 ”‘%%&&ilasAREehnhQ% &ﬁ%CEbﬁ@rol of twﬁsggﬁgéfégﬁé fﬁ@ggget

were recovered fromthe react m xture usin B|o

‘the met hod Vﬁé@énﬁéﬁd@aoﬂytﬁﬁehﬁHhGﬂaéPbPéFerﬂfFéﬂ &hgeBPPAdiPRe
recovered DNA wi t ByReRkEkeaRdriMiaktokql | owed by agarose 10 gel

el ectrophoresis, a DNA_fragnent of about 200 bp recovered ThIS
DNA f r agment? was ﬂ%&%&éga Jroducti e <

by digesting pCAT8 with Qakaulagdlxhelgaaﬁtglasn1d pBIuescrlpt SK—

digested with nd .t he ,pl.asm ed.was terned 15
pCATF208. The nucleotpgggégggeﬂeé BP%FHFECﬁP éﬂ?ﬁ &ﬂgogacgerag?ernined
fromthe 5 end otumbéachbAceostoainr Ayilbe(Lazo ehualept Bile/Seghrotegy, 9:

Exanpl e 20. d oni 0 DNAg ogi,n h t e;
derived fronllaveg grESZO' 69? B&A?%%mﬁgﬁﬁﬁéaégggéiﬁéédl?rPlant M?lecylar
| avender ofl5 Bindogyr ManualafKlywerajandenicafgbdishersdh; wAglld strain

constructed by thergRrERefmantSkhs! QEEA tB Eﬁéﬂ@k@rﬁ paeéma Falé@ﬁeeeed by
t he plague hybridi zation technique detai out

300, 000 cl ones wefeakafecrgfd §Rus/ §3C°ar?ﬁer$?ob%ah§ﬁﬂn§%§do%?a?neﬁnﬁy
carrying out PCR rg8&hi 88d (Sakata 8eé&dned.yobynthefméthéderdésctsbag iR0 ng

each of the Plant Molecular Biology Manual (Kluwer Academic
20 Publishers). These Petals of petunia contain
cyanidin-3-glucoside as a major anthocyanin.
Transformation was also carried out to a rose var.
Lavande by the above-mentioned method.
Example 19. Synthesis of the full-length ¢DNA of the
25 acyltransferase derived from cinerarias
The cDNA of cineraria acyltransferase gene, pCAT208,

as hereinabove described, was not full-length.
Accordingly, a full—length cDNA containing the initiation
codon was synthesized based on the nucleotide sequence of
30 the gentian acyltransferase gene, pGAT4. Thus, the DNA
' shown below was synthesized. The amino acid sequence
encoded by the DNA is also shown. The first underline
means .a BamHI recognition sequence for cloning, and. the

_ next underline means a sequence contained in pCAT208.
35 5' GGGATCCAACA ATG GAG CAA ATC CAA ATG GIG_AAC ATT CTC GAA C 3°

" Met Glu Gln_Ile Gln Met Val Asn Ile Leu Glu
(SEQ ID No. 29)




synthetic nucleotide R prinmer: ' 5' - CTCGGAGGAATTCGGCACGAC-3' (SEQ I D
No., 30) and the oligo 2, 10 ng of pSAT208, and a DI G| abell ed

nucl eotide as the 30 nucl eoti de. The reaction was carried out for 25
cycl es with one cycle conprising 95[e+rdX $or "1 mnute, 50[err]C for
1 - m nute, and 72[err]C for 2 m nutes. The | abel | ed cDNA
fragnment was added-to the hybri di zati on sol ution and hybridi zati on
was carried out 35 FCR3Tpactlionf wyasf garrdedl utodns a finalf violamewas 50
washed wi th WInEoMESBNGG T e cbBnX oFSEn: 4%PHb: 0d! 190 R imer,
enzynE|nnunoassay Boehr 1 ner hei

- 44 - Desds g8cingi @ fapCABSdy Easerpé&twpphwaﬁk§ﬁrﬁée§h@§§hépasé5

was carried out teyéqb§0%lﬂﬁsbhbvegehenesmptlﬁahgr95 c fordevaliapkent sgScng
5- br onp- 4- cg%oro i nqol E sgﬂg 9 2 robluggﬁetr?ﬁollum zﬂt
The det ect i met 584 €ed 2sCsEors 6y MAnEEeEhe GFakhg, Epagtion

I nstructions. was over,APNA feagmenteneepesikecveerbednéromsthbt akaetion
Thi s cDNA c ys$.al '
pBl uescri pt SK- agggtéggtgngbo F§C£Eorn1 SEQ?ZPB? the @%?kgd phage

as the vector usi ngcommendedobyr ébenmanuéacbyrekie 1efterndmge§§@ggethe A

plasm d was extraghedybred bR] QEQHeBamHI afBtAlaed 2841¥Red! BY"BHapPbART L.
As descrlbed above, _t he nucl eot 1 de_sequence inthe vicinity of the 5

end of cDNAD gt BEQFIIRBQOHéﬁéFnlﬁeBNﬁsfﬁ@9¥ﬂﬁtABfB?QOEFm?§ gBBn¥as

(Perkin El nmer) byréaevarsaentTHQQXMNﬁeﬁﬁagﬁenﬁewagdlmgaheaSto at bRa
fluorogenic pigne

reconmende nuf act ure.
sequence deduced EFBﬁW?HE R CP88P¥di skgabggaﬁﬂ%ﬂcéytﬂbgeﬁBfﬁgnggkﬂgs
hi gh honol ogy wi tHMvaheaadi khoI and ptasmiéqpBhuesofiptybKradigested with

perillas and ?aﬁﬁfté SXhéfgggﬁ& ﬁﬂetﬁﬁésﬂkéﬂ%b€gfﬂgﬁsw39etéQm
acyltransferase o avender's ence encoded
by  pLAT1 |d&nuntEEATﬂaa8thaThefnucleotadqlseqm%m@ea@é bhl@eplasmsdovas
gentians and it '&eFermln GORESHVERL Vs / ”Qﬁ?'ngtﬁQO Ateo 88€§§rﬁh€h8”t're
| engt h of acy trans erase. Accordi ng using t ragnent 25

of pLAT1 | abel | ed"9F1fobide a8egnanee obe, the cDNA I|brary

| avenders was scregasggiangel tdecs SPNEDNA Ofncoding NERé i ferdde

_probe was Iabelled by the F{}zderlved from lavenders

20 A cDNA library derived from petals of lavender of
the perilla family, Lavandula angustifolia, was

constructed by the method as set forth in Example 3, and
screened by the plaque hybridization technique detailed -
in Example 3. About 300,000 clones were screened. Thus,
25 the probe used was obtained by carrying out PCR reaction
in a final volume of 50 pl using 100 ng each of the
- synthetic nucleotide RI primer:
5’ -CTCGGAGGAATTCGGCACGAC-~3’ (SEQ ID No. 30) and the oligo
2, 10 ng of pSAT208, and a DIG-labelled nucleotide as the
30 nucleotide. The reaction was carried out for 25 cycles
with one cycle comprising 95°C for 1 minute, 50 C for 1
minute, and 72°C for 2 minutes.
The labelled cDNA fragment was added-to the
hybridization solution and hybridization was carried out
35 at 37°C for further 16 hours. The filter was washed with
the washing solution (5 x SSC, 1% SDS) and then an
enzymeimmunoassay (Boehriner Mannheim) using the
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reaction in a final volume of 50 [err]l containing about 1 ng of
'PLAT1 plasm d as the tenplate, 500 ng each of the R 30 prinmer described

bel ow and the oligo 2, and 8 [err]l of dNTP- . | abel | ed m xture
(Boehringer). The PCR reaction was carrd%ed- out for 25 cycles with one
cyel e conprising 95[err] C - for 1-mnute, 42[err]C for 2 m nutes, and
72[err] C for .3 m nutes, and the reaction was kept at 72[err]C for 7

nore mnutes in SBIG-SB¢§9f1€oaprb€dY iabedledgwitbnalkadinenphospbaphggue

hybri di zati on wasygar &bEE'lQHt oh¥ {:BGdéEéEedpééi‘éHQeélones pgbeygoexcept
that the concentration.of formanmide in the

_ 45 - hJBY e 4PPEENE NUBIRY 5 - hEenGoss Ghioraas-indolylt Bhogabate

washed with 2 x S@Edaﬂﬂtic%ﬁm téfbﬁaﬂupi@ﬁt_sdﬁtseqmécaetectlonliﬂeth@d
vicinity of the 5 e posi obt aj ned

do I
deternined & desRFf Yﬁaﬁb%@eseﬁnﬁoﬁth?n H&%ﬁ‘ﬂ%‘,‘“ﬁﬁ‘i’g‘i&mﬁu thes Euﬁ'ilﬁﬁs
| onger than pLAT1 was As a reshltj neme pbsitiseshbomeiwashebtaipedce This

1sting SEQ 1D cona $s festQUEVEL, tl’?é'pgg'}md*{'ﬂl@ﬁte BL0PL o1 Agm @I N ONi ne

initiati on codon elt er and was not |on enou to enc e entire
|l ength. 10 Ex ol eesqripsHiiheas sao‘fef‘t’Wf <Pm|téh@tf\0@mmhb¢htweploys A

acyl transferase dﬁﬂé?@daé rone | pyeEsier$sing the metRbdCLedbifim&hNA ByAIRd

whi ch is cansidered encode, t he acyltransferase of | avenders does
not contai A9 mApREAEERTSRT ned i M AsBEF JHRR R actRd BT oM ohie chene
initiation codon cﬁmtsalﬂwd agitle dvd® tdrméd SIARDL. t s cddfcribed abbﬁéplethéo

permt its expressi east. Accordinaly, . . ) el

descri bed bel ow, ’ﬁt‘?z{]"r "*f JTeqAAIce 1n n%h%r‘f’e%nbﬂfyt% g’iﬁﬁ p%sﬁ’é Sf cDNA
fragnent in whichof hﬂ.ATl wasmlénemnneed ms i i tte cm731mm&qwuteek:t o]
the 5 end 20 T Y e .9959: Its
contains, in addi {)Elt o%%nuc l? %ﬁeﬁ&éﬁy %é é‘:}géﬂ%d “t”fth
PLAT21, thé5met hithe ri%lucmqqesniq)rpxmnt rxerommended g ke drai R SYCA

for gene expressifhe idhildMcid sequdtdd deddi@dd o&sh lthd i RePPiaad] acent
to the upstream 25 t her eof and%he restriction enzyne BanH recognitjon

site requi riRAYSKAICY it APEBINEd Ad 2 AHr B NV IREY orith thee amino
direction of 5 uusid essidhce .ofl A Fdds®rof PeFillas ddd No. 31):

gentians, suggesting that pLAT1 encodes the
20 acyltransferase of lavenders. But, the amino acid
sequence encoded by pLAT1 is shorter than that of
acyltransferase of perillas or gentians and it is,
conceivably, not long enough to encode the entire length
of acyltransferase. Accordingly, using the cDNA fragment
25 of pLAT1 labelled with DIG as the probe, the ¢cDNA library
of laveﬁders was screened under the same condition
mentioned above. The probe was labelled by the PCR
reaction in a final volume of 50 pl containing'about 1 ng
of pLAT1 plasmid as the template, 500 ng each of the RI
30 primer described below and the oligo 2, and 8 pl of dNTP-
labelled mixture (Boehringer). The PCR reaction was
carried out for 25 cycles with one cycle comprising 95°C
for 1 minute, 42°C for 2 minutes, and 72°C for 3 minutes,
and the reaction was kept at 72°C for 7 more minutes in
35 order to perfect the elongation reaction. The plaque
hybridization was carried out by the method described
above except that the concentration of formamide in the



5' - AGTCGGATCCAACA ATG ACC ACC CTC CTC GAA TCC 3' 30

Thr« Thr Leu Leu G u Ser PCR reaction was carried out in a fina
vol une of 50 [err]] containing about 100 ng of the pLAT21 plasm d as
t he tenpl ate, and 500 ng each of- the- IA&T--ATG prinmer and the

oli‘go 2 prinmer. PCR reaction was carried out for 10 35 cycles with one
cycle conprising 95[err]C for 1 mnute, 42[err]C for 2 mnutes, and
72[err]C for 3 nmihpbzidizatiiohebuéferiwvas 50% apdsthaptthe ¥2leer]€abor 7

nore mnutes in ogdeheliowpPehf 8k ssc and 1% SDS The nucleotide sequence”
46 - the_el ongation reaction, The fra nent thus obtal néd

was “cl eaved with BﬁnFPeaMHCEBbFU %ﬁdtBeDNmk?F%gﬂﬁn?Dﬂﬁ of the g@gitivgg0 bhp
gas er ecover edf Ebléxll@be:éﬁﬂ@& nsﬁraé!\laéetemlneégilﬁ idé@driﬁé@ éb@vBagkhdaadd
co sites 0 te asm Ve pl asmi ues and terne
PLATPCRL1. °The 1608 uBﬁ’é’d%erd g’eﬁ%eﬁ%elgfb LA TEhat! aﬁ&w 8d as
nment i oned bef or e, ohtalinédwasThbsf is neldowhaint the sequené&I&aﬂpin@|SBQDNA

fragment had thelﬁﬁfmsse %v?&@eié‘gn@f'ﬁzh did 195 Eoming. ?h e?tﬁ:?o

site of pLAT21 cDNA, and hlonlne i AT 'on Cco n in
the LAT-ATG ipithetiemoceden c@n%mn@n%e‘m@mtfmngemowlpr'e@wwdﬁ

plants, and the rgﬁéréﬁ%ifglfggq@@ BanmHl recognition site required
ess

for ligation to a yeast expr on vector FurthernDre the
entire nucﬂ@otlddﬁﬁﬂaﬁhﬁs%f gnthes R ! '

nmet hod to the one used tabiggﬁaﬂgfgragéedugiﬁgulggb@eggggﬁgg cDNA
of pGATA4. .~ The a no aci.d s enc ect 0 be encod thIS
CDNA had a horml ogy of>E¥E FR,C é‘rﬁw]a'nd"eriﬁ}lvﬂrsf hconsl %%«

pGAT4, pGAT8, pGAdrd%ie atrma pﬂiﬁﬂ]&lﬂ&:anmet vaef y1 adinders-xdoes _eu2t2 contain
Expr essi on of thec}?é:%é{}‘?{bﬁ'{ﬂésﬁrﬂ?{&dl on codon, therl Ehﬂ%i d from

| avenders in yeast I'ng a f ragnment

of aBsut 55@1)?)1@@&1/&9@9;1 muaﬁnm/ﬂnIMIt%the E?a'mnchmjf the cDNA
ECORl, a DNA fra ff?r&rdéraiqp exjmll@_b f@%ftﬁ%@l&{ Q‘\?d’ay%‘agé Aoy,

W th EcoRI and Xhol, and fragnent of about” 8 kb ‘opt al ned by
cl eavage of pYE22HAY 1 B&Pﬁq}erarﬁf descrlg%gd, RRoWe BCh HRAFLICTHVMAAT21. As

her ei nabove caeia natk teasinthkeslivavas firanedmy ad wiidh tdhes pl asni d
methionine initiation codon has been added to the 5’ end
20 of pLAT21. The primer LAT-ATG is designed so that it
contains, in ‘addition to 20 nucleotide sequences at the

AAAAA

5’ end of pLAT21, the methionine initiation codon, the
conserved sequence AACA for gene expression in plant
which is believed to be present adjacent to the upstream
25 thereof and the restriction enzyme BamHI recognition site
required for ligation to a yeast expression vector in the
direction of'5'.upétream to 3’. The LAT-ATG primer (SEQ

ID No. 31):
5'-AGTCGGATCCAACA ATG ACC ACC CTC CTC GAA TCC 3¢
30 Thr Thr Leu Leu Glu Ser

PCR reaction was carried out in a final volume of 50
ul containing about 100 ng of the pLAT21 plasmid as the
template, and 500 ng each of the LAT-ATG primer and the
oligo 2 primer. PCR reaction was carried out for 10

35 cycles with one cycle comprising 95°C for 1 minute, 42°C
for 2 minutes, and 72°C for 3 minutes, and the reaction
was kept at 72°C for 7 more minutes in order to perfect
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and the activity of acyltransferase was determ ned. 30 As a result,
in the yeast into which pYELAT21 was i ntroduced, fornmation of 19.9
nnol of del phinidin 3- caf f eoyl gl ucosi de 5-gl ucoside from 24 nnol of
del phinidin 3,5-diglucoside and 21.5 nnol of &&f+$eoyl - CoOA was
observed. Thus, it was confirned that the 35 synt hesi zed full-length
cDNA cotained in pYELAT21 encodes the activity of acyltransferase.

- 47 - Exhepledorgaticongengtiron offhg PNAafyagmeny: thyst sbtiaiged

the acyltransferaggsogigader ¥8enf BAMHT and EcoRI and a DNA2Y¥SREREHt of
A plasm d obtai ned_by I%gatlng a DNA fragnent of . 5 about- 550 bp cl eaved

out 'from pLATPCRL&bgith 5BanhP yag recoverpdsr ThispRNAf £xgF@RNtoMasbout 1
kb obtai ned by cl gapadened intoOthelLAdREIwahl E€ORI andexhelf, thadplabiad

fragnment of about 11 kb .obtai ned by, dj.gestign, of E ' Ba

and Xhol ma§5desi§ﬁ8?85 BiaB§EEAE%iuﬁ§°ﬁé¥§ihgﬁoegglﬁermggxgﬂgﬁﬁghaqfhigﬁe

was transforned i nholégtdtdecsequence of pLATECRELewee detarmingh @sand was

supplied for mghgﬁgﬁfaiir %Eb?@,olxnﬁeﬂ%éé 8BHriPRES: that Fhﬁéa”p' e 24.

Construction of antibody @g@lns acyl transfterase 15

As a neans to obt BFR-empliéiedoPNAnfsngpaatwhadethe samansrguanre 3eqhbate

Is simlar to thanO!‘fr&Re,tgessr'eQnd to EEBRYNBitbNsEepLATIRNEDRASIaAqMet hod

in which the cDNA _ library of the expression formis screened bé

anti body td0 cgrtaippdethenmeghionine in4tiatisndGoda98i A8t LhReL2E-ATG

acyl transferase epeofled BidPERd4cehsEpReliassqiiBhice for éﬁduéﬁﬁre§éﬂbhaihy,
ansf erases

It I ble t t d t th . .

L PO Bl h Rt Sanl phacRobERChEEoh Caftyih B5H: " FASHERERSEN oice
(pharnaci a Bi ot eche¢quinedGid# pigationwes @5Syeastxpxpsession vecger.
quantities using E. Coﬁ-hrtﬂé%bié%gﬁ%x% enti££'en@£‘i%§£ggﬁ‘1'§§q9éﬁ&£'sg-to

(1) Construction of expression S . was use
express thdSacyl tPEAE2éreae determiped in & similar mehbodhte plExons-usgd

fgsi on protein 30to q¥téPmPhe! 8hE! ANE] sot {@ESEEGESRCE 3E DEDRA EHRT SdaTyhi ch
| .

The amino acid sequence expected to be encoded by this
cDNA had a homology of 69%, 38%, 37%, 37%, and 19% with
pPSAT208, pGAT4, pGAT8, pGAT106, and pPAT48, respectively.
20 ' Example 22. Expression of the acyltransferase gene
derived from lavenders in yeast
A plasmid obtained by ligating a DNA fragment of
about 550 bp cleaved out from pLATPCR11 with BamHI and
EcoRI, a DNA fragment of about 1 kb obtained by cleavage
25 of pLAT21 with EcoRI and Xhol, and a DNA fragment of
about 8 kb obtained by cleavage of pYE22m with BamHI and
Sall was designated as pYELAT21l. As hereinabove
explained, yeast G1315 was transformed with this plasmid

and the activity of acyltransferase was determined.

30 As a result, in the yeast into which pYELAT21l was
introduced, formation of 19.9 nmol of delphinidin
3-caffeoylglucoside 5-glucoside from 24 nmol of
delphinidin 3,5-diglucoside .and 21.5 nmol.of caffeoyl-CoA
was observed. Thus, it was confirmed that the

35 synthesized full-length cDNA cotained in pYELAT21 encodes
the activity of acyltransferase.



purified efficiently using an affinity colum of gl ut at hi one
S-t+ansferase. After pCEX-4T-1 was digested with Smal and Xhol
it was bl unt-ended using the DNA blunting kit (Takara 35 Shuzo).
The DNA fragnment of about 4.9 kb thus obtainedl? - ~ was dephosphoryl at ed
usi*ng al kal i ne phosphat ase BAP C75 (Takara Shuzo). A DNA fragnment of
about 1.6 kb obtained ' - 48 -

by di gestion of p&xample 23ShaiConstryeilion ofem binag aiging

bl unt - ended as descri bed bEfOrQheaaéﬁﬁﬁiansferas%eggﬁg @@Qﬂyddnﬂgam

above- nenti oned the qunt-ende& after digestion of pGEX-4T-1
with Smal and Xhol to 5 corS¥eRdeISCGEXGAT4. By digesting with EcoR
and Bgll1, it wa5paanhhﬁneﬁthhabdtbg AiyAtding @ DNA! fregment of
S-transferase on T4 I he_s i | S n of
acylt ransfef%se |%§I§utc§‘r%o b tleave%m?)gg_ %’}" g?‘AgPER}MUé%)“ @é ;Hgngngr med
Wit h pGEXGATA4. 10EcoRIanaf@NﬁaﬁmagmehtEofcabpumag &br pbtd ined by chearagkod

of ranahangll iy Bith ARy SRE xnb¥80hnaTROpNAISUORERE of

coli was inocul ate
extract 10 g, andabedtumlckbopb@aiped by dlgeﬁé#éndp§sEBEGHSKnWétbnEamHier

of distilled Wateﬁndaﬁﬁoi5was hBeR HEE&@Sa§d Bﬁhﬁglto Ksoh@&EEnEBQVH”‘
hydr oxi de) cont ai_ni ng ICIP err]g/l) and 2% gl ucose, and

t hen: kﬂnturgﬁpéééﬂﬁﬂghFhéﬁ 3?FeFF?E§fOFB?FylHF°oPQFHBaE PELFE was .

i nocul ated into 49uﬂbfﬁ&13nl§eY§tﬂ‘EﬁihUm;Q00t ahdi Wgs supplasqni €bklin (100
[err]g/l) and 2% gl ucose ubation at 37[err]C for 3

hours, to which-4452 E?waa fOPP?% Pgtunlaffﬁﬂél T®BfBentration 10 MV was
added and cul turelxampl® 24. Consteubbilon, ofiff aptibadyeagangstthe cells

wer e suspended to 100 ni. afts FBpagsodi um chloride 8.2 g,
pot assi um chloride 2.0 rogen phosphate 1.43 g, and 25
pot assi um dishydr ogen phésﬁhﬂ?énﬁ 79 gbhieie Ehesgepedofnan enzymaewhpger of

distilled water) sRihél 8&nd éaq{léﬁéélvi@fsﬁﬁ%&r to thatf b€rthbeqsyspeasi on
was di srupted by sonicatio 0% TritqQn, X-100 was added

(final concentrat FBRYHSy tﬂere l?ﬁ?%?téﬂ%?@nﬁ rache +Brwﬁbch1ﬁﬁ?e§DNPt was
centrifuged 30 1abrdZy06f the égprdfsivnufesm idhsecpeenedi bat &nobbadyetio

was suspended to %g enz%&eG N&grgﬁis 8a¥@lcgnm§§tfgg§ against the
20 acyltransferase encoded by pGAT4 of gentians was
produced. Similarly, it is possible to produce
antibodies to other acyltransferases.
First, using the Bulk and RediPack GST Purification
Modules (pharmacia Biotech), the GAT4 protein was
25 expressed in large quantities using E. coli, from which

the antibody was purified.
(1) Construction of expression plasmid
PGEX-4T-1 was used to express the acyltransferase
gene in E. coli. Using this pGEX-4T-1 a fusion protein
30 with glutathione S-transferase can be prepared, which is
purified efficiently using an affinity column of
glutathione S-transferase.
After pGEX-4T-1 was digested with SmaI and XhoIl, it
was blunt-ended using the DNA blunting kit (Takara
35 Shuzo). The DNA fragment of about 4.9 kb thus obtained
was dephosphorylated using alkaline phosphatase BAP C75
(Takara Shuzo). A DNA fragment of about 1.6 kb obtained



equal amount of 2 x SDS sanple buffer and treated at 90[err]C for
5-m nutes to prepare a sanple. This sanple (0.8 m) was
separated on disk gel 35 el ectrophoresis (separating gel 7.5%

acryl am de, stacking gel 5% acryl am de:48AFTO BIO PHORESISI 111) and
coll ected in aliquots of 0.8 nml. Each fraction was anal yzed on

- 49 - _ SDS- pol yacryl am de gel el ectrophoresis (separating gel

10% acryl anmi de, sk¥ciiggstyidnl060p@RTY|whtefmaThand Kpnl preséenti hui saidd

that there was a \fré@’E&foﬂaé o h€hefded  as d@é@ffb@dh@éfaﬂea HRb eguk ar
wei ght of about 75, 000 corresponding to the size of a fusion protein

of fhe acyl¥?%9@?h?%§éwﬁﬁﬁ Emﬁt%ﬁ?ﬁ%ﬂmﬁ@F%?%ﬂéfE?%s%l%%ﬁﬁﬁ%ﬂe ySite
PGAT4 was presegtaﬂseﬁ @1@@&€1m%£lmgx 47-1 w1thT$lg§Ifé1@&tXle5|I(802 )
was concentrate ntrico con).10 obta ut

of the fusidn pro?%?%gr‘l‘bt P%@?ﬁft h%ﬁgs hpFE-t %%t‘?’o‘blaygﬁ%alg?p?’%%ﬁ%%f%sl ng
BALB/ C m celtbywa$1ec@mfmmd ot neteocDNAsamd ghutsatintomady, a

honol ogs of acylt FK§ ﬁg*% Iggﬁgt é¥wglcablllty
As herei nabove deésgl%%ﬁd nscé;&):o ance wt ln the p‘? eﬁéent I nvention,
aromatic acylt ran@?hraﬁ?@%ﬁﬁsm % cﬁﬁyltranﬁg@ﬁd%slfwa%_;ﬁﬂ.lll ed, the cDNA
of said enzyne was g%ﬁ‘%r ﬂgiﬁ@sﬁ%@%faﬁ%ﬁ?ﬂh&i‘%ﬂf nﬁ@éﬂsﬁﬁ\m

was det er m ned. 'Fﬂr ernore, by expressing the activit

coli and yd8st, tTFrnskqrmafian cC[ﬁ\VE-wé‘@Jdemaﬁ fArgiehoutp by ﬁftmmerféwd Wi h
the one encodi ng Ky C(Jicmdlr ansifer Asks6: 557-, 1983NUS, THY SRS At

t he cDNA accordin to t he ese i nvention t abl e pl ant
expressi on vector= €01l ¥As t ]T‘P[tﬁfii r%dllnfl ‘?ﬁ[% & ;S#'la AJ{"F'Pbecame

possi bl e t q ityptiore ddy gt iveasteaottixact rnbrgerand soghitumolchlverizle 5

color of flowers. [ | jzZi

enzymatic SRS dlsstOl‘Heé g‘?{; oeﬁ lﬁ}’;_é&(# df 4}% (ralueq{ Sfa?sgro'f and

ant hocyani &8 in pihen spfbrwash adlus(tadn t@r Jer0 tvel fdy (ﬂnﬁb‘elm hydrqmyd@)st abl e

ant hocyani ns. containing ampicillin (100 pg/l) and 2% glucose, and then
cultured overnight at 37°C . Forty ml of the culture was

inoculated into 40 ml of 2 x YT medium containing
ampicillin (100 pg/l) and 2% glucose, followed by
20 incubation at 37°C for 3 hours, to which 440 pl of IPTG
(final concentration 10 mM) was added and cultured for 5
more hours. After harvesting, the cells were suspended
to 100 ml of 1 x PBS (sodium chloride 8.2 g, potassium
chloride 2.0 g, disodium hydrogen phosphate 1.43 g, and
25 potassium dihydrogen phosphate 2.45 g were dissolved in
one liter of distilled water) containing 10 uM of APMSF.
After the suspension was disrupted by sonication, 5 ml of
20% Triton X-100 was added (final concentration 1%).
After shaking in ice for 30 minutes, it was centrifuged
30 at 12,000 rpm for 10 minutes. The precipitate obtained
- was suspended to 12 ml of 6 M urea, to which was added an
equal amount of 2 x SDS sample buffer and treated at 90°C
for 5 minutes to prepare a.sample.
This sample (0.8 ml) was separated on disk gel
35 electrophoresis (separating gel 7.5% acrylamide, stacking
gel 5% acrylamide: ATTO BIO PHORESISI III) and collected
in aliquots of 0.8 ml. Each fraction was analyzed on



- 50 - SEQUENCE LISTING SEQID NO 1
SEQUENCE LENGTH: 1703 SEQUENCE TYPE: nucleic acid STRANDEDNESS: doubl e
TOPOLOGY: |linear MOLECULE TYPE: cDNA to nRNA HYPOTHETI CAL SEQUENCE: No
-ANTI - SENSE: No ORI G NAL SOURCE ORGANI SM 4%ertiana triflora var.

] aponi ca TI SSUE TYPE: petal | MVEDI ATE SOURCE LI BRARY: cDNA |ibrary
CLONE: pGAT4. SEQUENCE DESCRI PTION TCATT ATG GAG CAA ATC CAA ATG GIG AAG

- GIT
Val

ACA
Thr
20

CAG
Adn
CTG
Leu
50

TCT
Ser
75

Pro
85

TTG
Leu

95
"Pro Pro Ser A&%s‘ﬂlnF Tﬂﬁil%ébe@th@i:utE%EeS'é?sL@ufP?St’VaT‘ in whigh a

CTT GAA AAA T8DSepplyacrylamide gel electebphoresibe(Skpaketingl geys
Leu u Lys Cyﬁ%GEEr lamlde, st&ckln el 4. 5%5ac lamlde) Thel0 GIT
CCA CCA TCT GAC ACA ACA GAT' GTC GAG ITA TCG CTA. CCh, G val
profeinARdvin§ d TholddudE wEIghEH T T&GAE TT(DAAT AAG ATG
;g? EZIS 30 %égrrggﬁon EnEHE A%Reléfze 8fTrpf&§§%ﬁﬂSr%gglﬁsgfL¥ﬁeNEg
TTT TAC GAC FﬁTYIﬁfﬁﬁ@iBfﬁﬁeA&ﬁdﬁ@lﬂtﬁﬂhﬂﬁﬁeTﬂflfﬁdsﬁ&ﬁaﬁﬁjéncodaélby

Phe Tyr Asp Pﬁ;@ﬂ %Jgrpfégeﬂgaghéoﬂiqgg%@p Thr Val

) CTT AAG GCC TCT TTG
CTC ACT CTA AAA CAthimGExzgtion (392 mllk way gepcertrayed Apy Spatrigen

Leu Thr Leu Lyg Amidoh \@% obtain about @531%%30f the fu5139 rotein.
CCG CTT AGC GCGA T 1T G ATG CCG A ATG 2

LeuSer 18 y Adsing this mmﬂ%' |4rét£%d$ewa%®r@w%tuﬂ%g BALB/C gg
nic®bPAch JTJOI%JMJIS@&HO&T G EFh GG IhAdy, ACT

sro o B R S S A9 Ak gk 1 ITe T

Il e Val
~ Industrial Applicability

As hereinabove described, in accordénce with the
15 present invention, aromatic acyltransferase derived from
gentians was purified, the cDNA of said enzyme was
cloned, and the nucleotide sequence of said cDNA was
determined. Furthermore, by expressing the activity in
E. coli and yeast, the separated cDNA was confirmed to be
20 identical with the one encoding aromatic acyltransferase.
Thus, by connecting the c¢cDNA according to the
present invention to a suitable plant expression vector
and then introducing it into a plant, it became possible
to utilize acylation reaction in order to control the
25 color of flowers.
Furthermore, by utilizing the present enzymatic
activity, it is possible to modify the structures of
anthocyanins in plants or in vitro in order to provide

more stable anthocyanins. -



- 51 - GCG GAG TCT GAC CAG GAT TTT GAC TAC CTT AAA GGI' CAT CAA CTG GTA
383 Ala Au Ser Asp A n Asp Phe Asp Tyr Leu Lys Ay Hs @n Leu Val 110

115 120 125 GAT TCC AAT GAT TTG CAT GGC
CTT TTT TAT GIT ATG CCA CGG GIT ATA 43150Msp Ser Asn Asp Leu His Ay
Leu Phe Tyr Val Met Pro Arg Val Ile 130

135 i 140 AGG ACC ATG CAA GAC TAT AAA GIG ATC CCG CTC GTA
GCC GIG CAA GTA® 479 Arg Thr Met @EQUﬂyﬁET%ﬁSEgyGVaI lle Pro Leu Val
Ala Val dn Val SEQ ID NO: 1145 150 155
ACC GTT TTT CCT AAC CGI G&C ATA GCC_GIG GCT CTG ACG GCA CAT CAT 527
Thr 'Val Phe Pro A§§QHF§CQ'9ENFQHAIalWQﬁ Ala Leu Thr Ala His Hi s 160
165 SEQUENCE TEAEAT TnkEAcTATacLd AAA AGI TTT GIA ATG TTC ATC
MI GCT TGG GCC r lle a Asp Ala Lys Ser Phe Val Met Phe Ile
Asn Ala Trp Al a STR‘W%ENE% 68ub!8 . 180 185 TAT ATT

AAC AAA TTT GGG ABRBPCRQGEBEG BAGeaTG TTG TCC GCG Mr CTT 623 Tyr Ile

Asn Lys Phe d L I L e | a Asn Leu 190
105 Y Mél’é;gﬁ’ﬁ FvPER LEbnk JE°§‘§{5§“‘\CTT CCA TCT TTC GAT AGA TCG

ATA ATC AAA GAT CHEPQRHETLCABTAEQUENCE: N@71 Leu Pro Ser  Phe Asp Arg Ser

Ile Ile Lys Asp LgNTfygEﬁtg Lepod u 210

215 GAA ACA TTT TGG AAC GAA ATG CAA GAT GIT CTT GAA
ATG TTC TCT AGA ORIGW% S@PBCHhr Phe Trp Asn Gu Met G n Asp Val Leu Qu
Met Phe Ser Arg ORGANISM: 225ent1ana triflora ¥&8P. japonica 235
TTT GGA AGC AM CCC ngsgéﬁ GTA CGA GCT ACA TAT GIC 767
Phe Ay Ser Lys-Pro <] s Val Arg Ala Thr Tyr Val 240

245  IMMEDSATE SOURCE
LIBRARY: cDNA library
CLONE: pGAT4
SEQUENCE DESCRIPTION

TCATT ATG GAG CAA ATC CAA ATG GTG AAG GTT CTT GAA AAA TGC CAA 47
Met Glu Gln Ile Gln Met Val Lys Val Leu Glu Lys Cys Gln
-1 1 5 10
GTT ACA CCA CCA TCT GAC ACA ACA GAT GTC GAG TTA TCG CTA CCG GTA 95
Val Thr Pfo Pro Ser Asp Thr Thr Asp Val Glu Leu Ser Leu Pro Val
15 20 25
ACA TTC TTC GAT ATC CCC TGG TTG CAC TTG AAT AAG ATG CAG TCC CTT 143
Thr Phe Phe Asp Ile Pro Trp Leu His Leu Asn Lys Met Gln Ser Leu
30 35 40 45
CTG TTT TAC GAC TTT CCG TAC CCA AGA ACA CAT TTC TTG GAC ACT GTT 191

Leu Phe Tyr Asp Phe Pro Tyr Pro Arg Thr His Phe Leu Asp Thr Val

50 55 60
ATC CCT AAT CTT AAG GCC TCT TTG TCT CTC ACT CTA AAA CAC TAC GTT 239
Ile Pro Asn Leu Lys Ala Ser Leu Ser Leu Thr Leu Lys His Tyr Val
65 : 70 75
CCG CTT AGC GGA AAT TTG TTG ATG CCG ATC AAA TCG GGC GAA ATG CCG 287
Pro Leu.Ser Gly Asn Leu Leu Met Pro Ile Lys Ser Gly Glu Met Pro
80 85 20
AAG TTT CAG TAC TCC CGT GAT GAG GGC GAC TCG ATA ACT TTG ATC GTT 335

Lys Phe Gln Tyr Ser Arg Asp Glu Gly Asp Ser Ile Thr Leu Ile Val
95 100 105



CTC TCC CTT GCT GAA ATC CAG AAG CTA AAG AAC AAA GTA CTG AAT CTC
815 Leu Ser Leu Ala Qu Ile An Lys Leu Lys Asn Lys Val Leu Asn Leu

255 260 265 AGA GGA TCC GAA CCG ACA ATA
CGT GTA ACG ACG TTC ACA ATG ACG TGT 86351Ag Gy Ser Au Pro Thr lIle
Arg Val Thr Thr Phe Thr Met Thr Cys 270 275

280 285 GGA TAC GTA TGG ACA TGC ATG GIC AAA TCA AAA GAT GAC GTC GJA TCA
911 Gy Tyr Val TFPESTHE BL CARCAGFAT FET S8F TAfS CRT MAASTPTVEAT AP &5 GTA 383

290 Ala 299 Ser Asp Gln Asp Phe A3POTyr Leu Lys Gly His Gln Leu Val
- 52 - GAG GAA g TCG AAC GAC %A AAT GAG CTC ;‘é@ TAC TTC AGT TD'SACA
959 "  Gu Gu Ser & nAspGIuAJs GQu Leu Au T Phe Ser Phe Thr

305 GAT JTO AAT GAT TTG CAT GGC TP WACTAARTITEICCCHM GEA TITTATIG ACB1

CCC CCG TGI CCG T C T 0 e hr
Pro Pro Oys Pro g?gp%%‘g A I;lz__)-[,eu Hljs QZy LAgan'éS@y%l'%eq gﬂy Alrguild‘l ElJ
330 GGC AAC TGTI CIT GCG TCA TGE3GTT GCA AAA GCAIRTA CAT AAA GAG H+PA 1055

Ay Asn Cys Leu Ahge J8t LS cNalcadl Patlxsa Ahra alltr ctd STEYSraGhtt 80 caa ¢B85 479

340 345 _ GTT. GGG GAT AAA GGG CTT CIT GIT GCA GJT. GCT
ATT GGA GAA GOC Arg 195 Map,FlaghAsp gy Eys Ve Lleehrq Lguval ﬁ\’raa"%l Glﬁaﬂ a

lle Ay GQu Ala 350 145 355 150 360 155

365 ATT GAA AAG A C 11
Te Qu Lys arg LB AT Sl Mg erdfip o ot ofg hoRhe i A chbar 1%
370 Thr ¥4 Phe Pro Asn Arg Gly 389 AA@TVa'ﬂG@IE' TAUTOG GA HIGTHIAT GGA
ATC CCT TCA AAA AGA TTT {hC GGG 1199 ‘{gg Trp Leu Ser G4 Ser Asn Ay lle
Pro Ser Lys Arg-Phe Leu Gy 390

395 ATT ACC GGA Tt &ZT GMG;AITI' CCLAPATART TAT EETATSTATCATCTAAT GEA TREEHCC 12475
Ser Ile Ala Asp Ala Lys Ser Phe Val Met Phe Ile Asn Ala Trp Ala

175 . 180 185
TAT ATT AAC AAA TTT GGG AAA GAC GCG GAC TTG TTG TCC GCG AAT CTT 623
Tyr 1le Asn Lys Phe Gly Lys Asp Ala Asp Leu Leu Ser Ala Asn Leu
190 195 260 205
CTT CCA TCT TTC GAT AGA TCG ATA ATC AAA GAT CTG TAT GGC CTA GAG 671
Leu Pro Ser Phe Asp Arg Ser Ile Ile Lyé Asp Leu Tyr Gly Leu Glu
. 210 215 220
GAA ACA TTT TGG AAC GAA ATG CAA GAT GTT CTT GAA ATG TTC TCT AGA 719
Glu Thr Phe Trp Asn Glu Met Gln Asp Val Leu Glu Met Phe Ser Arg
225 . - 230 235
TTT GGA AGC AAA CCC CCT CGA TTC AAC AAG GTA CGA GCT ACA TAT GTC 767
Phe Gly Ser Lys Pro Pro Arg Phe Asn Lys Val Arg Ala Thr Tyr Val
240 | 245 250
CTC TCC CTT GCT GAA ATC CAG AAG CTA AAG AAC AAA GTA CTG AAT CTC 815
Leu Ser Leu Ala Glu Ile Gln Lys Leu Lys Asn Lys Val Leu Asn Leu
255 260 265
AGA GGA TCC GAA CCG ACA ATA CGT GTA ACG ACG TTC ACA ATG ACG TGT 863
Arg Gly Ser Glu Pro Thr Ile Arg Val Thr Thr Phe Thr Met Thr Cys
270 - 275 T 280 o 285
GGA TAC GTA TGG ACA TGC ATG GTC AAA TCA AAA GAT GAC GTC GTA TCA 911

Gly Tyr Val Trp Thr Cys Met Val Lys Ser Lys Asp Asp Val Val Ser
290 295 300



Ile Thr Ay Ser Pro Lys Phe Asp Ser Tyr Ay Val Asp Phe Ay Trp 400

405- 410 GGA AAG CCT GCA AAA TTT GAC ATT ACC TCT GIT GAT TAT
GCA GAA TTG 1295 Ay Lys Pro Ala Lys Phe Asp Ile Thr Ser Val Asp Tyr Al a
Gu Leu 415 . 420 - 52 - ‘425 ATT TAT GIG ATT CAG

TCC AGG GAT TTT GAA AAA GGT GIG GAG ATT GAA 1343 Ile Tyr Val Ile @n Ser

Arg Asp Phe Gu Lys Ay Val u lle Gy 430 - 435

440 GAG Gihs Tear ACG AACTHAS GAF AAZCFAOrPTEAACATS BRT AEATHIACHCA 959
AAA ATC TTT GAA Glu Glu Ser b8PlasMahspSelulmu E1w Lky Gl ByiHPhe Mir P TAEa Phe
Ala Lys Ile Phe Qu 450 455

460 "GAA GGC TTT TGC TCT TTGPEA TAGTCTCTTT ANFPAGAACCA TATTTGRRCC
1442 A u Ay Phe Gps GBgr T¢RGGS®GA CTT CTG ACG CCI6BCG TGT CCG £6B AASATACAATIAC 1007

TTGAATCACT ACMOCE Tt RTRCATRA TRIAERCEY B RTAPAER 1265 A*Briter
CTGAAAAGTT GAACCTCACA CCYRACATGG TGTTACGAPA GGTATTGTAT 1832 AATGCCATTA

TATACTTCCA TAAAGT fd&aatAIdeCOPT Aos AeA eld @Y AShCLART GOAMcAlBSE aaa cac TTA 1055
- 53 - AAAAAAAAAA AAAAAAAAAA A _
1703 SEQ I D NO SI%SECPERCELEENGTHFer1 622 Yk eners MIPEThr |t 478 & bou

STRANDEDNESS: doubl e 3B&POLOGY: | i near sMOLECULE TYPE: cia¥A to nRNA
Gant i ana 111l oratthrcs] AfoMe 250 TSGR CPEA BIR P AGATEFEA dacbee 1103
LI BRARY: cDNA |i bvak ¥ly A&pOhfs GhAEL0Ge SNQUENGEVAIESCRIATRl I Gly Glu Ala
: 350 " 355 360 365
. ATT GAA AAG AGG TTG CAC AAC GAA AAA GGC GTT CTT GCA GAT GCA AAA 1151
‘ Ile Glu Lys Arg Leu His Asn Glu Lys Gly Val Leu Ala Asp Ala Lys
370 375 , 380
ACT TGG TTA TCG GAA TCT AAT GGA ATC CCT TCA AAA AGA TTT CTC GGG 1199
Thr Trp Leu Ser Glu Ser Asn Gly Ile Pro Ser Lys Arg Phe Leu Gly
385 390 395
ATT ACC GGA TCG CCT AAG TTC GAT TCG TAT GGT GTA GAT TTT GGA TGG 1247
Ile Thr Gly Ser Pro Lys Phe Asp Ser Tyr Gly Val Asp Phe Gly Trp
400 405 410
GGA AAG CCT GCA AAA TTT GAC ATT ACC TCT GTT GAT TAT GCA GAA TTG 1295
Gly Lfs Pro Ala Lys Phe Asp Ile Thr Ser Val Asp Tyr Ala Glu Leu
415 420 : 425
ATT TAT GTG ATT CAG TCC AGG GAT TTT GAA AAA GGT GTG GAG ATT GGA 1343
Ile Tyr Val Ile Gln Ser Arg Asp Phe Glu Lys Gly Val Glu Ile Gly
430 © 43S 440 445
GTA TCA TTG CCT AAG ATT CAT ATG GAT GCA TTT GCA AAA ATC TTT GAA 1391
Val Ser Leu Pro Lys Ile His Met .Asp Ala Phe Ala Lys Ile fhe Glu
_ 450 455 460
GAA GGC TTT TGC TCT TTG ICA TAGTCTCTTT AATAGAACCA TATTTGCTGC 1442
Glu Gly Phe Cys Ser Leu Ser
— 465 468 = .
AATAAAGTAC CAAGTCCTTT AGTAACACTA CACCAAACCC TACTTTCGAG GCGGGAACAC 1502
CACAACGAGG TTCAATCAC.T AGAAGGTTGT ACTTCATAAA TTCCAGAGGT CGAATATACA 1562
CCGTTGTCCT CTGAAAAGTT GAACCTCACA CCTGACATGG TGTTACGATA GGTATTGTAT 1622
AATGCCATTA TATACTTCCA TAAAGTATCC TATGCAATAG AGAACATGTT ATGTGTTAAA 1682



GAACCATTGA ATCCAATTAA TCTGATTTAT TAAG ATG GCA GGA AAT TCC GAG 52

Met. Ala Gy Asn Ser Qu ' , 1

5 GAT ATC AAA GIT CTIT GAG AAA TGC CGI GIT GCG CCA CCA CCG GAC cCC 100
Asp Ile Lys Val Leu Qu Lys Cys Arg Val Ala-F® #ro Pro Asp Al a

10 - 15 20 GIC GCC GAG TTT ACA GIC CCA CTG
TCG TTT TTC GAC ATG CGA TGG TTG 148 Val Ala G u Phe Thr Val Pro Leu Ser
Phe Phe Asp Met AAMAARAAALL AAAAAAAAAA M5 30 1703
35 ATC TCT GAT E@AQD%:CAE CTG CAT TTC TAC AGA TTC CGC CAT CCT 196
Ile Ser Asp Al a U Hs Hs Leu Hs Phe Tyr Arg Phe Arg H's Pro 40

45 - SEQUENER BENGEEe T&¥2ApAA TTT ATC ATT TCA TCC ATT AAA TCG

TCC CTIT TCC 244EOVENBEOTRPR : SehukY&ibhaclibe 11e Ser Ser Ile Lys Ser Ser
Leu Ser 55 65 ' 70 CIT GIT

CTC AAA CAC TTT c??R&BBE?‘FRg%E:C @eRPART TTG ATT TGG CCG 292 Leu Val Leu
Lys H s Phe Leu ProrPOBOGE:a GGinedsn Leu lle Trp Pro 75

80 | 3%8L§§/8f%21‘5§6‘ée?c§8§%p rRAEA ATG CCG GAG TTG CGI TAC AAG

AAA GGG GAC rg Met Pro Gu Leu Arg Tyr Lys
Lys Gy Asp HYPOTHEQQJCAL SEQUENCE: Nog5 100 :

- 54 - TCC GITaneT_dRsACA 4T GCA GAA TCG AGC ATG GAT TTT GAT TAT CIC

388 Ser Val Ser Leu Thr Ile Ala Gu Ser Ser Met Asp Phe Asp Tyr Leu
105 ORIGINAL SOURCE 115 GOC GGA GAT CAT CAG AGG GAT

TCT TAT AAA TTC AAGRBANTSIE: ATGehtiana trifBordl eaLl Yjé‘ﬁtﬁnﬂ:?zg n Arg Asp

Ser Tyr Lys Phe Asn e e Pro 120

130 CAG CTG CCA. GAAT%{&T%[E#A ARREAEC GoC GAC GAA GTA TTA CCA CTT

484 A n Leu Pro AMMPDDATEESQURCENr Ser Gy Asp Qu Val Leu Pro Leu 135
150 TTT GCT TTA CAG GTG ACG GTG

140 ) .
TTC TCC AAC ACC ﬁ%%& ATPGAPTATY "535 phe Ala Leu G n Val Thr Val

Phe Ser Asn Thr d yCHOBE ©yspGAB1CH y . 155
160 SEQUBREE G5EsA¥Ipfdn CAT CAA GTT CTT GG GAT GOC AGT TCT

TTT CTG CAT TTT GAACCA%%%% ATCCAATTAA TCTGATTTAT TAAG ATG GCA GGA AAT TCC GAG 52
Met Ala Gly Asn Ser Glu
1 5
GAT ATC AAA GTT CTT GAG AAA TGC CGT GTT GCG CCA CCA CCG GAC GCC 100
Asp Ile L&s Val Leu Glu Lys Cys Arg Val Ala Pro Pro Pro Asp Ala
10 15 20
GTC GCC GAG TTT ACA GTC CCA CTG TCG TTT TTC GAC ATG CGA TGG TTIG 148
Val Ala Glu Phe Thr Val Pro Leu Ser Phe Phe Asp Met Arg Trp Leu
25 30 35
ATC TCT GAT GCA GAA CAC CAT CTG CAT TTC TAC AGA TTC CGC CAT CCT 196
Ile Ser Asp Ala Glu His His Leu His Phe Tyr Arg Phe Arg His Pro

40 _ 45 50

TGT CCC AAC TCT AAA TTT ATC ATT TCA TCC ATT AAA TCG TCC CTT TCC 244
Cys Pro Asn Ser Lys Phe Ile Ile Ser Ser Ile Lys Ser Ser Leu Ser

55 60 65 ' 70
CTT GTT CTC AAA CAC TTT CTT CCG TTA GCC GGG AAT TTG ATT TGG CCG 292
Leu Val Leu Lys His Phe Leu Pro Leu Ala Gly Asn Leu Ile Trp Pro

. 75 80 85

GTA GAT TCC TCC GAT AGA ATG CCG GAG TTG CGT TAC AAG AAA GGG GAC 340 -

Val Asp Ser Ser Asp Arg Met Pro Glu Leu Arg Tyr Lys Lys Gly Asp
90 : 95 _ 100



Arg
170
GAC
Asp
195
676

205"

AGA
Arg
230
772
235
CTA
Leu
260
868
265
GIG
Val
290
GAC
Asp
305
CGA
Arg
325

Asn Leu

AAA TCC
Lys Ser
TTC CTT
Phe Leu

AAA CTG
Lys Leu

"AAA TCT

Lys Ser

CAC CCT
H's Pro
AAG AAA
Lys Lys

ACA TCT
Thr Ser

ACC GIC
Thr Val

CAA CGT
Adn Arg

Ar
GCT CCG CCG ATA

Hi s

AAT
Asn
CCA
Pro

CTC
Leu.
CAG
Adn

ATT
I'le
TTC
Phe

GCA
Al a

GTA
Val

TTT
Phe

Gn Val Leu Ay Asp Ala Ser Ser Phe Leu H s Phe

175 180 AAT AAA TTA TGG GIT TTG GIT
GGA GAT TCA TTA AAG 628 Asn Lys Leu Trp Val Leu Val
Gy Asp Ser Leu Lys - 585 190

CTIT TCT TCT CTA CCT ATG TAC GAC AGA TCT GIG GIG CAA

Leu Ser Ser Leu Pro Met Tyr Ser Val Val dn 260
Tt 51 (FORNTTAOASA I €08 Chir TCOUAIORES 4R, RTCCRATALATIGoan, 388

Ser Val Xbr &P TRE a1BNL1dHGEu |de@ #4109 MAE g\sleBhd-QHpTWr pan Gu

215 220
GGC ACA 8T ACT GTT CTA AR CCA GCA ATT T AAAGAT

@GoC Tha JRATOCANhCAY/AGGLEAT ASTI TARTOAMN &TC |AACSEAT IPS AXTPCCE 436
i KR Apdimaiifes As S8 IgF iy bhe A8 R0 16 lllﬁ‘e"‘\ le
Asp RE@ Met Lys Leu 125 250 130 255

AJ G E88 cEA e A CcdATT (o R@&TEEAGG%C@A%A&R AT oBATcTr 484

Il e Ser Ser Lys Asn Arq Asn Leu Thr Ser Ser Asn
a

Gln bey Pro Glu Pro Ile V T12q§eTA§|1yAqu 5 VI’C}}ALﬂCPrY'IJGuACG
GRe ATC TGG ACA TG :

916 Tyr s Leu Ser Thr P Thr
Leu Ile Cys

TTT GCT TTApCA-IC-;hGTG ACG GTG TTC TCC AA§5ACC GGT-IAfl'é *%EG%M%CA T-PB\Z
AR ANGCLAAGIGT G XSAAr GAG Bifel Ser AsnOGHr GlgullBecyd Wde SlHl‘y Leu

Arg Qu Lys Va&%u A u Asp 2%159 300

310 AAA GCA GCA AAC TTR TGT GCT TTC AT® AaC TaC

CGC1AD CTT|GAT Eids GAT LTA| GETASAT (GG &% TAT AL TOHETq [CAT AT Oy s 580

Asn Leu HJ.S Gln V§i—5Le Gl sp Ala Ser s82(he Leu His Phe
CAAAAT T TSGR A TEE ATA Gre ot T ar

1060 Ala Pro Pro Ile Pro d’® Asn Tyr Phe GWSAsn Cys Ile Vat®®ro COys

AAT AAA TTA TGG GTT TTG GTT GAC AAA TCC AAT GGA GAT TCA TTA AAG 628
Asn Lys Leu
185

CCA

Val Leu Val Asp Lys Ser Asn Gly
190
CCT

Pro

Trp Asp Ser Leu Lys
195
TCT

GTG 676

Val

GTG
Val

CAA
Gln

ATG
Met

TAC GAC
Tyr Asp

TTC TCT CTA AGA

Phe

CIT CTT TCT

Leu Ser
205

CGA

Arg
210
GAA
Glu

Leu Leu Ser Ser
200
CCA

Pro

Pro

ATT ATC TAC AAT AGA CTG CTC 724

Ile

CGT
Arg
220
CCT

Pro

GAT TTT

Phe

CAT
His Leu
230

GAT

Leu Tyr Asn Leu
225

AAT CCA

Asp Arg Lys Arg Lys

215
772

GCA TCT

Ala

ATT
Ile

GTT CTA

Val

ACT
Thr

GGC
Gly

ACA
Thr
235 -

ACC TTC
Thr Phe

TCT

Ser

CAG

Gln Asn Pro Ser
240
CCT ATT

Pro 1le

Leu Lys
245

AAG

Lys Asp

ATC 820

Ile

ATG
Met
260
AGT

ATC CTA CAC GAT CTC

Ile

GTT
Val

GCC
Ala
250
ATT
Ile

GAA
Glu

CGA

His Lys Leu
255

CGC

Arg Leu Asp

AAC TTA ACC AGT AAT 868

Thr

GGT
Gly
275
ATC
Ile

TTC
Phe
265
CTG

TCG TCA

Asn Asn Leu Ser Ser Asn

270 . _ .
GTG ACA TCT GCA
Val Thr Ser Ala

Lys Lys Ser Ser Lys Arg

TGG ACA TGC 916

Thr

ACG CTG
Thr

285

ACT
Thr

TTC
Phe

TAT AAT
Asn

280

TCA
Ser Leu

290

Tyr Leu Trp Cys



-

330 335 340 ATG GTIG GGA TCG ACT CAT GAG
CAA CTT GTA GGA AAT GAA GGG TTG TCG 1108 Met Val @y Ser Thr Hs Qu
Adn Leu Val Gy Asn Gu Ay Leu Ser 345 350
355 GTA GCT GCA ACC GCC ATC GGA GAT CGCT AFCHBATF AAG AGG TTA CAT GAC

1156 Val Ala Ala Thr Ala lle Gy Asp Ala lle H's Lys Arg Leu H's Asp
360 365 370 TAC GAA GGA ATT CTG AGA GGA

GAT TGG ATA TCG CEZS ECE AMBATGACATAGAC ACC SBQ GTRyACAGEAC 4AF FTG CAM PAR ATy y 964
Asp Trp lle Ser PréuBee iAsUseeLedsp Bibval Val Arg Glu Lys B0Glu Glu Asp

385 390 TCT CCA AGG TCG AgZG CTC ATT TAT C GIT
GGA TCC GCA CAA 293252 Ser Ala %°§CAro Arg Ser TRP Leu Ile Tyr Vagr‘\/al

Gy Ser Ala G n AAA CAT GCA GCA AACS[% TGT GCT TTC ATC AAC 4B CGA CAA CGT TTT 1012
405 CGC AAT GIG T T T T G.CTT,

1300 Arg Asn Valgﬁ i\sAlaP%Ia Asn %%sp %é‘%lye %%b(%)gy gqéﬁ:@éﬁ{f

410 415 315 420 AAEOCAT GAA TCT GIBP2FCA ACT
AAT CCT TCG GCA Asér edé cﬁETAﬂT@cz‘\EQA AATL 343 TT'EY§GAH16.§T Qo A G¥@|cc$eTGTThr 1060
Asp Pro Ser Ala Thr Leu Ile_Leu Il

435 TCT OGG TCC MAPRGATPTHLeARRO é@\ @eATvrfhaA‘E%YCﬁn &L %%FTV‘T%:?WT@S

1396 Ser Arg Ser Arg Arg Py Lys Ay Ala LglgsGI u Leu Gly Il e48er Leu
440 T AGG ATG_GAC GCA

TTT GOC ACC ATT T E\'&i; CRATIGFTACTAPAT GAGl%m CTﬁr%“AL%A Aéﬁ Ay KR T TR POl o 2108
Phe Ala Thr |l e R Thr GAsrsd?heahﬂ Ines @55G1n Leu Val Gly Asn GIB0OGly Leu Ser

465 % Cﬁ;‘ TG AGG AGC CCT, oETG TAAGAAAAAA
GITGGTATCAA : S‘ﬁ Asn Ser Leu I's Val Arg Ser Pro Leu

475 413 GATSRAF ARSARCAGECAIGACRT GFT ATCATEC AARGRSATT PAT TRRCGAGAT P
ACAAATCCAT 1551 ya1 pla Ala Thr Ala Ile Glé_I_Aglp Ala Ile His Lys %f MTGT

ATCAAACTCA TCTCTCT ATA (;I'ATATATATT CAATT

1622 SEQ ID NO 3
TAC GAA GGA ATT CTG AGA GGA GAT TGG ATA TCG CCG CCC CGA TCA ACA 1204

Tyr Glu Gly Ile Leu Arg Gly Asp Trp Ile Ser Pro Pro Arg Ser Thr
375 380 | 385 390
TCT GCG GCA CCA AGG TCG ACG CTC ATT TAT -GIC GTT GGA TCC GCA CAA 1252
Ser Ala Ala Pro Arg Ser Thr Leu Ile Tyr Val Val Gly Ser Ala Gln
. 395 400 405
CGC AAT GTG CAT GAT TTT GAT GCA GAT TTT GGT TGG GGA AAG CTT GAA 1300
Arg Asn Val His Asp Phe Asp Ala Asp Phe Gly Trp Gly Lys Leu Glu
410 415 : 420
AAG CAT GAA TCT GTT TCA ACT AAT CCT TCG GCA ACA CTA ATT TTG ATC 1348
Lys His Glu Ser Val Ser Thr Asp Pro Ser Ala Thr Leu Ile Leu Ile
_ 425 430 435
TCT CGG TCC AGA AGA TTT AAA GGA GCA CTT GAG CTT GGC ATT TCT TTG -1396
Ser Arg Ser Arg Arg Phe Lys Gly Ala Leu Glu Leu Gly Ile Ser Leu
440 | 445 450
CCT AAG AAT AGG ATG GAC GCA TTT GCC ACC ATT TTT ACG AAT TTC ATC 1444
Pro Lys Asn Arg Met Asp Ala Phe Ala Thr Ile Phe Thr Asn Phe Ile
455 .- 460 _ .. - hes o 470
AAT AGT CTC CAT GTG AGG AGC CCT TTG TAAGAAAAAA GTGGTATCAA 1491
Asn Ser Leu His Val Arg Ser Pro Leu '
475 479
TGTATAAAAA AGACAGACAA GTTATGATGC AACAAATGTT TTAGGAGATT ACAAATCCAT 1551



SEQUENCE LENGTH: 1605 SEQUENCE TYPE: nucl eic acid STRANDEDNESS: doubl e
TQROLOGY: |inear MOLECULE TYPE: cDNA to nmRNA HYPOTHETI CAL SEQUENCE: No

ANTI - SENSE: No ORI Gl NAL SOURCE  ORGANI SM Pet uni a hybrida Tl SSUE TYPE:
petal | MMEDI ATE SOURCE LI BRARY: cDNA librar56 - CLONE: pPAT48 SEQUENCE
DESCRI PTI ON TGTCGACGAA ATCCATTTCA TTTCCTCTTC TTTCTTGITT TTCTAATTTC
GTCATCATTG 60 TTATCC ATG GCA GGI GAA GTA GCA AAA CAA GAA GIT ACA AAA GIG
AAA 108 CCRAMGATE T ARFAAMETCA \TETCTQTATA TATETATART |CAMITCTIHT pLANAGARAY | 1611
1 5 AAAAAAAAAA A 10 GIC CTG AAA AAA ACA AAC GIG AAA CCA Chgzz
AAA CCA CTA GGA AAA 1§6 Val Leu Lys Lys Thr Asn Val Lys Pro H's Lys
ProLeu @y Lys L§§91§D NO: 20 25

30 GAG TGT CAA TTEECUANBEALERGTEAT C€E05CCT TAC CTA CGCT TTC TAT TAC 204
Gu Cys An Leu Vi h p Leu Pro Tyr.Leu Ala Phe Tyr Tyr

35 gkgg%cg TrpE: nu‘:fez‘t% %‘AﬁbCAA AAA TTT CTC ATC TAT AAA

GGT GCT GAA AAC TSTRBROECHESSECG doub2&2 Asn A@n Lys Phe Leu Ile Tyr Lys Ay

Ala A u Asn Phe hr 55

60 GTG GAA AAA AT BK%H&X HE aoc A GTA TTG GTG GAT TTC TAT 300
Val Qu Lys |le LYOQLEGHLE] JYPBy AFBNRetio\ERNRey val Asp Phe Tyr 65
70 HYBBTRAATERD SEAuRAEE AANGETT GGA AAA GAT GAA GAA GGG GTT
TTC AGG GIG 348 A n Leu Ala Gy Lys Leu Ay Lys Asp Gu Gu dy Vval Phe
Arg Val g0 ANTI-SENSE: Nogg 90

- 57 - GAA TAC SREGHMI. GBOUREES GAT GGI GTA GAG GIG ACA GIG GCT GIT GCA

396 Gu Tyr Asp ASpOﬁéRN%f'I Aspetuxlé/aﬂybru Val Thr Val Ala Val Ala

' TISSUE TYPE: petal
IMMEDIATE SOURCE
LIBRARY: CcDNA library
CLONE: pPAT48

SEQUENCE DESCRIPTION
TGTCGACGAA ATCCATTTCA TTTCCTCTTC TTTCTTGTTT TTCTAATTTC GTCATCATIG 60

TTATCC ATG GCA GGT GAA GTA GCA AAA CAA GAA GTT ACA AAA GTG AAA 108

Met Ala Gly Glu Val Ala Lys Gln Glu Val Thr Lys Val Lys

i 5 10
GTC CTG AAA AAA ACA AAC GTG AAA CCA CAT AAA CCA CTA GGA AAA AAA 156
Val Leu Lys Lys Thr Asn Val Lys Pro His Lys Pro Leu Gly Lys Lys
15 ' 20 : 25 30
GAG TGT CAA TTG GTA ACA TTT GAT CTT CCT TAC CTA GCT TTC TAT TAC 204
Glu Cys Gln Leu Val Thr Phe Asp Leu Pro Tyr Leu Ala Phe Tyr Tyr .
35 40 45
AAC CAA AAA TTT CTC ATC TAT AAA GGT GCT GAA AAC TTT GAC GAG ACG 252
Asn Gln Lys Phe Leu Ile Tyr Lys ély Ala Glu Asn Phe Asp Glu Thr
50 55 60

GTG GAA AAA ATT AAA GAT GGA CTG GCC TTA GTA TTG GTG GAT TTC TAT 300
Val Glu Lys Ile Lys Asp Gly Leu Ala Leu Val Leu Val Asp Phe Tyr

- 65 70 .. _. .75
CAA CTA GCT GGG AAA CTT GGA AAA GAT GAA GAA GGG GTT TTC AGG GTG 348

Gln Leu Ala Gly Lys Leu Gly Lys Asp Glu Glu Gly Val Phe Arg Val
80 ’ 85 90



95

GAA
du
120
TTG
Leu
CAT
Hi s
145
CAT
H s
170
636
180
GAA
Au
205
732
210
CCG
Pro
235
828
245
ACA
Thr
270
924
275

GIT
Val

GAA
Au
CGC
Arg

‘GCT

Al a
TGG
Tr p:

CGA
Arg
GIC
Val

GCC
Al a
GAA
Au

TTC
Phe
CTC
Leu

- 58 -

972

Pro

GCA
Al a

GGG
Ay
CCT
Pro

GIG
Val

CAC
Hi s

ACC
Thr

AAG
Lys

AAC
Asn
AGA
Arg

CAA
Adn
TCC
Ser

100 105 110 GAA GAG ATA

GAT CTT ACT GAT GAA GAA GGC ACC ACC AAA 444 du Qu lle
Asp Leu Thr Asp Gu Qu Ay Thr Thr Lys- 115

125 TTC CAG GAC TTG AT TLT-TGTI AAT AAA ATC TTG AAT
CTT 492 Phe A n Asp Leu Ile Pro Cys Asn Lys Ile Leu Asn,

Leu 130 135 140
CTT CHaé BAF BECCLNGACTATCAGKT KRBT STACCANCTEMCACEES CGFE GTT 6CA54(0 396
Leu Letu A-ga A& AL AshatetTREp loy§ dAUGLY ValSth:CGryl bQd Val Ala

150 155 ACCA'Ire;é;GGATTAGCATT pAC
cTG ¥ caT ACT ToG AGE? 588 Thr M8 Gy Leu Al a Pht’ Asn

Leu Asin Ghy AAr ceIGTTIBCA GAT TBD ACT GAT GAA GAA GGC KBB ACC AAA 444

¥
TTT T G T T T
Phe NETC FEF T SirYeLAta R B REA bgdtectly By i uye

. 185 115 190 AT¥20[CT GTC CCA CCA2PTC CTT

AAG Gric eid AAMCTRCRTE@ST TeT aaPShal heC 906 Al TTY @aR dbcPber Leu 4902
Lys Ala Arg Asn Thr Ar 195 200
Cre Ake B4 AspThenAlexdkoreys AaT loeallbetdtncien Gbt Gladke
Leu Asn Leu Serifdn Pro Ser AspiAlsa Pro Qu His Aka Lys

ora 8 BE cerrerEreTager 616 oRS dat ANCRRS i ARG SFOAS val 340

Val Asis Rep PPooLdicledAJa Val Gln L2ASThr Lys Leu Lys Asp GA3(Leu

GTA TTC AAG %%’C TCC GAG TTA %‘OA ATT GAC AAA ATC AAG TCA

Val -Phe Lys e Ser Au Leu alle Asp Lys ITe Lys Ser 240
_ ACC ADGBGACITAGECA AT ABCCCANGCTCITGELIE GAL FRICACTACETACGCTCC 588

TCA ope Megzﬁy-rlm’u X2l phSNaA Rid91aSRIT Ry AGpUG]yﬂl‘hPrSQrPﬂ?: Ser

Ser 255 260 265

GCA CAC 81 TGG CTA GCC Gie ACA CGT GCG CREPCAA CTC AAG

Al a Hcet Yad 1T micencdtec Vide Tie cAcocTd acd\rmgr @t bew AcgsTca 636

CCC GAG %chgsgéhﬂdﬁete?@ FRE %@TséSr%lﬁ‘T"F“cﬁF EXT FECSNEPAEIAGS

Au

Asp Tyas Thr Val Tyr ThsoVal Phe Ala AspsLlys Arg Lys ArgLoc

ATT TCT GTC CCA CCA TTC CTT GAA CGA ACC AAG GCT CGT AAC ACT CGA 684
Ile Ser Val Pro Pro Phe Leu Glu Arg Thr Lys Ala Arg Asn Thr Arg
- 195 200 ' 205

GTC AAG CTC AAC CTC TCT CAA CCA TCA GAT GCA CCC GAA CAT GCT AAG 732
Val Lys Leu Asn Leu Ser Gln Pro Ser Asp Ala Pro Glu His Ala Lys

- 210 - 215 220
TCA GCA ACC AAC GGT GAT GTC CCG GCC AAC GTA GAC CCA CCT CTT CGC 780
Ser Ala Thr Asn Gly Asp Val Pro Ala Asn Val Asp Pro Pro Leu Arg

225 230 235

GAA AGA GTA TTC AAG TTC TCC GAG TTA GCA ATT GAC AAA ATC AAG TCA 828
Glu Arg Val Phe Lys Phe Ser Glu Leu Ala Ile Asp Lys Ile Lys Ser '

240 245 250

' ACA GTC AAT GCC AAC TCA GGA GAG ACG CCA TTC TCC ACA TTC CAA TCA 876

Thr Val Asn Ala Asn Ser Gly Glu Thr Pro Phe Ser Thr Phe Gln Ser
255 . 260 ] - 265 - 270
CTC TCC GCA CAC GTG TGG CTA GCC GTC ACA CGT GCG CGC CAA CTC AAG 924

Leu Ser Ala His Val Trp Leu Ala Val Thr Arg Ala Arg Gln Leu Lys
275 280 285



290

TAC
Phe
315
Il e
325
GAC
Al a
GCC
I'le
355
TGT
Val

380
Arg
390
TAT
Leu
GGA
Arg
425
TTC
Leu
GCT

1520 TATGITTTTT CT

TTC
Ay
ATT
Phe

GCT

Lys.

ATT

Asp

GIT
Al a
AGG
Phe

TTG
Tyr
AGA
Ser

CTC
Met

295 300 GIT GAT CCT CCA ATG CCA GAA AGT
GGEC AAC CTA ATT CAG GCA 1020 Val Asp Pro Pro Met Pro @ u Ser Tyr
Asn Leu Ile dn A a 305 310
TTC ACA GIG ACC GCG GCA GGTI TTG TTA- @ GCA "AGC CCG ATC GAG 1068
Thr Val Thr Ala Ala Ay Leu Leu Leu Ala Ser Pro Ile Qu 320
330 TTC GCT GGT GGG ATG ATA CAA CAA GCG ATC GTG AAG CAT
AAG 11%6C PAE Ca TLF WCT GTGVEBAC JACE &YCn TTT ($CA| GAT| [EC V&P AAASABF s AsPy?2
335 Pro Glu As Ty134ﬂr Val Tyr Thr Val Phe3Ada Asp Cys Arg Lys Arg 350
GAT GAA AGA AAC GGAGTGGGAGAGCAACCCGAAGACTT% 1164 Al a
GQu Arg Asn Lys Qu ‘ﬂp G u Ser Asn ¥ Lys Il e Phe 300
GTT 3;&0 CCT CCA ATG CCA GAA 36D ¥aROrTAGGAMACCETA GET @aAcéﬂ' G Ard2o0
GCT GIT 12 n . Tyr n Cys
val dy ggﬁ. ée? BC%IC%et Pro &gu 976 TjX: é’%ly IpsnALeu ?.}g 16‘S
TTC AAG GIT TAC AC GIG GAT TTT GBA TGG GGA AAG CE¥W GAG AGT 1260
Lys Val Tyfr "ﬁ@ A‘é@' G'ﬁﬁ RcE’ Q%GGMA E&P 'HGYT'HY %TK’ rqeaChst %@é ATC GAG  fvs
AGG TTT GAT GGA ATG GIG
TAC 1308 ‘9&? ngéeﬁ‘haﬁlas&a ﬁéh %&é‘nL%df gepmalaA%v &rg We Sl Tyr
400 320 405 325 413(},OCAA GCC AAA AAT GGA
AGC ATT GAT GIG GAG ATT Al X gs Asn Céy qu
e Asp VEIC EFT, GO G@e‘ATieq}Ad:lﬁx E.AL‘B GCG ATC GTG AAc ¢AT £5¢) GCT AA 16
Phe A13@G160AyARdt G1E ATEGeIN@1ATE el VEd @ BIAAACHNTA1AAKLY SGAG
ATG GAA 51404 Al a Asn AIﬁOI\/Et Gu Arg Le34§5| u Lys Asp Ly33§ u Phe
Au . 435 45 ACT

TAATTTCCTT AGSLTEUEAGRT CRACRGIBRA ADRCHAT ATE TCART BAGERCOICG AAG ATC TIMA60 1164
Thr Al a ATGACT CA%%%EA;T%A&% %&T"I;I;TGIJ %&m ed QLA TEEGT1ds TAL TEkT TTC

G TATAAAGGAA AATGT TTTC

1580 AGITATTAAA AAAAAAAAAA AAARZD 360 365

16(5)8 SEQ I D NO cacATSEQWENS EENGEE: cT6144® T6T GTT GCT GTT GGA AGT TCG CCA 1212

SEQJENCE TYPE nucl eic_acid
In Tyr Lys Asp Ala Gly Val Asn Cys Val Ala Val Gly Ser Ser Pro

370 375 380
AGG TTC AAG GTT TAC GAC GTG GAT TTT GGA TGG GGA AAG CCA GAG AGT 1260
Arg Phe Lys Val Tyr Asp Val Asp Phe Gly Trp Gly Lys Pro Glu Ser
385 390 395
GTG AGG AGT GGT TCG AAC AAT AGG TTT GAT GGA ATG GTG TAT TTG TAC 1308
Val Arg Ser Gly Ser Asn Asn Arg Phe Asp Gly Met Val Tyr Leu Tyr
400 405 : 410
CAA GGC AAA AAT GGA. GGA AGA AGC ATT GAT GTG GAG ATT AGT TTG GAA 1356
Gln Gly Lys Asn Gly Gly Arg Ser Ile Asp Val Glu Ile Ser Leu Glu.
415 420 425 430
GCA AAT GCT ATG GAG AGG TTG GAG AAA GAT AAA GAG TTC CTC ATG GAA 1404
Ala Asn Ala Met Glu Arg Leu Glu Lys Asp Lys Glu Phe Leu Met Glu |
435 ' 440 445
ACT GCT TAATTTGCTT AGCTTGGACT CAACTGGCTA CACTTTATTT ATGAGCTGCT ' 1460
Thr Ala
ATGACTCACA TGCATGTATG TTTATTTTTT TTGGAGGGGT .TCTTTICCTTT TATTGTTTTC 1520
TATGTTTTTT CTTTCTTGTA CGTTATGAAG AGAAACCGAG TATAAAGGAA TAATGTTTTC 1580
AGTTATTAAA AAAAAAAAAA AAAAA ' 1605

SEQ ID NO: 4
SEQUENCE LENGTH: 1479



STRANDEDNESS: doubl e TOPOLOGY:
HYROTHETI CAL SEQUENCE: No ANTI - SENSE: No ORI Gl NAL SOURCE ORGANI SM
Tl SSUE TYPE:

Per i

| T-a

library

GI'TF
Val

10

CTG
Leu
CCcC
Pro
40

CTC
Leu
CAC
Hi s
70

GAC
Asp
TCT
Ser
100
CTC
Leu
125
GAA

cee
Ay

CAT
Hi s

ATG

Met

TCT
Ser

TTC
Phe

TCG
Ser

TTC
Phe

TAC
Tyr

TCC

oci npi des

Pro Pro Pro Asp Ser Val

i near

| eaf

Al a

MOLECULE TYPE: cDNA to nRNA

1

47

Val

| MVEDI ATE SOURCE

Ile Au Thr
5

LI BRARY: - cDNA
CLONE: pSAT208 SEQUENCE DESCRI PT+BECE GTG ATC GAA ACG TGI AGA
CCG CCG CCG GAC TCG GIG GCG

Cys Arg

SE[RENEE QYAREECGNUEGed@CGachid ACA TTC TTC GAC ATG ACG TGG

TTT sﬁéuﬁébx@s% Serdo\@kL Pro Leu Thr Phe Phe Asp Met TthTgA)\T

Phe

25

CTT CAG CTOROEQGEEC M@e@m TTC CCT TGT TCC AAG CAA
Leu G n Leioreewihayby: Gctmﬁhe;oPmmws Ser Lys A n

ma HESDHHETIGL ko

143 Hi s

35

ATCGTTCCAAAACTCAAACAATCT

ﬂ e Val Pro Lys Leu Lys @n Ser
Lys ANTIS-C‘BENSE. No 60 ACT CTC ATA
TTC CCT é% gl TA ATC TAC CCT TCA 239 Thr Leu Ile
Phe Pro Leu er %&C/goﬁsﬁr& Leu Ile Tyr Pro Ser 65
ORGANISMECGPeadlAasost®oddesGAG TTT CGG TAT CTA TCC GGG
GIT 2&4 G ujkyg Met Pro Gu Phe Arg Tyr Leu Ser Gy
Val 80 s3tf YPES 85 Led 90 95
ACC ATC GEMMERAATETSRUBCEAC GAC TTC GAT GAT CTC GIC GGA 335

Thr Ile Al arLgpraR®: SebNASRiDER

AAC TTT. GTC%%?‘EAAAPW@ZOS
Asn Phe_VSEQBENCEYDEBGRIPTION

CC GIG A
GAT AGA AAA CIC

383 Asn Arg Pro A u Ser

he Asp Asp Leu Val
0 AAT CGT CCA GAA TCT CCC GIT AGG

115

dy

120

Pro Val

Val Ile Glu Thr Cys Arg Val Gly Pro Pro Pro Asp Ser Val Ala

l.

5

GAG CAA TCG GTG CCG CTC ACA TTC TTC GAC

Glu

CAT

His

CAT

His

ACT
Thr

TCC
Ser

80
TCT

Ser

Asn

Gln

Cccc

Pro

TTT
Phe

CTC
Leu

65
CCG

Pro

Ser

ATG
Met

TCA
Ser

50
ATA
Ile

GAG
Glu

TTC ACC
Phe..Thr

CGT
Arg

CCA

Pro

Val

CTT

Leu

35

Glu

CAC

His

Lys

ATC
Ile

GAA
Glu
115

Pro

20
CAG
Gln

TCC

Ser

TTC
Phe

ATG
Met_:

GCA
Ala
100
TCT

Ser

Leu

CTC

Leu

ATC
Ile

TTC
Phe

CCG
Pro

85
GAA
Glu

cce

Pro

Thr

CTC

Leu

GIT
Val

CCT
Pro

70
GAG
Glu

TCT

Ser

GTT
Val

Phe

TTC
Phe

CCA

Pro

Phe
TAC
Tyr

40

Lys

55.

CIC

Leu

TTT
Phe

AGC

Ser

AGG
Arg

TCA

Ser

CGG
Arg

GAC
Asp

CTC

Leu
120

Asp

25
GAA
Glu

CTC

Leu

TGC
Cys

TAT
Tyr

GAC
Asp
105
TAC
Tyr

10
ATG
Met

TTC
Phe

Lys

AAT

Asn

CTA
Leu

90
TTC
Phe

AAC

Asn

ACG TGG CTG CAT

Thr

CCT

Pro

CAA
Gln

TTA
Leu

75
TCC

Ser

GAT
Asp

TTT
Phe

Trp

TGT
Cys

TCT
Ser

60
ATC
ile

GGG
Gly

GAT
Asp

GTIC
Val

Leu

TCC
Ser

45
CTC

Leu

TAC-

Tyr

GAC
Asp

CTC

Leu

CcCt

Pro
125

His

30
AAG
Lys

TCT

Ser

CCT

Pro

TCG

Ser
GTC

val
110

Lys

15
TTT
Phe

CAA
Gln

TCA

Ser

GTT
Val

95
GGA
Gly

TTG

Leu

Arg

TG GAA ACG TGT AGA. GTT cac €6c cee E&GGQEI%c@TJTGGEQGGAA 47

95

143

191

239

287

335

383



Pro
130

155
527
165
CAC
H s

185 -

ATA
I'le
ACG
Thr

215

Arg
ACC
Thr

245
CTC
Leu
270
863
275
TTG
Leu
300
959
305

Prolle Val Qu AQu Ser Asp Arg Lys Leu Phe A n Val Phe Al a

135 140 GIG CAG GIG ACT CTT TTC CCA
CGA GGC GTC GGT ATT GGA ATA GCA 479 Val dn Val Thr Leu Phe Pro
Arg Gy vVal Ay Ile dy Ile Ala 145 60 - - 150

ACG CAT CAC ACC GIT AGC GAC GCC CCG TCG TTT CTIC GCG TTT ATA ACG
Thr H's H's Thr Val Ser Asp Ala Pro Ser Phe Leu Ala Phe Ile Thr 160
CCG QOEOATT GTC GAA GAA TCC GATSAQACPAK(RICTEIC FAA GRIGTAGECRAA 431
ATT GAA AAT GMoGAL SN VERTeIZ Ly ser AsD7BrAlLgs Tiidy ﬁﬁé’ GIRIvAEPhS@IalYyS

Ile Au Asn Gu Asp Glu Asp Gu
1901¥hA TTT AAA TCT ¥PG CCA GTT TTC é&? AGA TCC GTC

AAA TAT CCG 616 cAB28rddacT RiTa t3cs cBereeeccPGeC \GIc &6 ARS (GGAr 4TAECAVal 479

Lys Tyr Pro 195 2 205
AMA TTT GAC TOEL AP %T‘fba‘el{cﬁ‘%ﬁgééé o1\ yqpafﬁlyc&e i e Alagoy
Lys Phe Asp Ser 1348 Tyr Trp Arg A3A0Al a Leu Lys Ph&5¥ ro Leu 210

0 C TIT
e nco e 20 SRRk ] RECIT el M TR s

Thr Thr Phe Thr 44 His Thr Val Ser Asp Adg Pro Ser Phe Leu Ala PZ135 GI'TgTTC
CAA TCC AAA Afdo AAG AAA TTG AAﬁ;SGGT TGG ATT CAG74CC 767 ValksPhe
A@n Ser LysIIeLly é/s Leu SGAXA lle A n Ser
SEOTCT TCA ATG AGC C SATKG‘&MGT“*TCE% ﬁﬁ‘i’ G \CATTEAEAT  O75

TCA TCT TTT GRia Gep ekl séEMeEFer Lys Hi81HlAGDu Mah FlwAGerGiueAsp/8liuHi s
Ser Ser Phe val Ala lle A 260 265
TAT ATG TGG.GCT GGC ATA AC%SB\AA Tca TTC ACA®A GaT caa cac B8a
Tyr Net Trp AG&A GITY AdAeTGRTTEyGCASGET FHG GATr ARS ACASGICGATA AdS TATHCCE 623

Glu $80 Lys Ser Leu Pro Val PK@@;% C %@ QfJLQQAr TEJTC
ATT CCG GTC GAT CTA A ErASedRe ™ ¥ g% n G Pens pve
lle Pro Val Asp Leu Argl¥fo Arg 2@(9 20 295
TTA GAT CCG Chée G G0TckNAcAART TR TEE A@@Q\AA@CE (E'BATIA\ o5 deCrre 671

L "Pro Pro Val Pro n Tyr Ph n
eu Asp ° C)r é.%e Phe Asc?) Se@sIle yr TgEBACEgyAéaﬁs Ala Leu Lys %ge PrX: Leu

210 215 220
CAA TCT CGT CAT CCC TCA TTA CCG ACG GAC CGC ATT CGA ACC ACG TTC 719
Gln Ser Arg His Pro Ser Leu Pro Thr Asp Arg Ile Arg Thr Thr Phe
225 - 230 235
GTT TTC ACC CAA TCC AAA ATT AAG AAA TTG AAG GGT TGG ATT CAG TCC 767
Val Phe Thr Gln Ser Lys Ile Lys Lys Leu Lys Gly Trp Ile Gln Ser
240 245 ) 250 255
AGA GTT CCA AGT TTA GTC CAT CTC TCA TCT TTT GTA GCG ATT GCA GCT 815
Arg Val Pro Ser Leu Val His Leu Ser Ser Phe Val Ala Ile Ala Ala
260 265 270
TAT ATG TGG GCT GGC ATA ACG AAA TCA TTC ACA GCA GAT GAA GAC CAA 863
Tyr Met Trp Ala Gly Ile Thr Lys Ser Phe Thr Ala Asp Glu Asp Gln
275 280 285
GAC AAC GAG GAT GCA TTT TTC TTG ATT CCG GTC GAT CTA AGG CCA CGA 911
Asp Asn Glu Asp Ala Phe Phe Leu Ile Pro Val Asp Leu Arg Pro Arg
.-290 295 . . - . 300
TTA GAT CCG CCG GTT CCT GAA AAT TAC TTC GGG AAC TGC TTA TCG TAC 959

Leu Asp Pro Pro Val Pro Glu Asn Tyr Phe Gly Asn Cys Leu Ser Tyr
305 : : 310 315



- 61 - GCG CTG CCG AGA ATG CGG CGG CGA GAG CTG GIG GGA GAG AAA GG GIG
1007 Ala Leu Pro Arg Met Arg Arg Arg Gu Leu Val Gy GQu Lys Ay Val 320

325 330 335 TTT CTG GCA GCT GAG GTA ATC GCG
GCG GAG ATA AAA AAA AGG ATC AAC 1055 Phe 6ku-Ala Ala Qu Val Ile Ala
Ala Gu Ile Lys Lys Arg Ile Asn 340 345

350 GAC AAG AGA ATA TTA GAA ACG GTG GAG AAA TGG TCG CCG GAG ATT CGT 1103
Asp Lys Arg |le LEGCETE 97 AGAIATY ECQ FSC 1Y S CBF ST 664 CAC A0g GGG 616 1007

355 A186GQu Pro Arg Met Arg ASH AR ELLTE WhE EAGCAMAyECALyTALL TTT
TCG GITG GCA GGA' T OAGC AAG CTA 1151 Lys Al a LeL!5 %—‘l n Lys Ser Tyr g’?e Ser
Val ‘Ala @y Ser S&f%Lys Leu 32370 375

380 GAT CTT TAC GBIT GTA G GTT CAGRTAI AR GGG FUECCACATAGMAALL BAL AFEAAAC 119655

Go0 o T Y ARe 338 AR Pl e A8 S e TR wiR s AR oo
TGT. AAA GCC 1247 Ile Leu Ser34Ple Asp Ay du3tys Tyr Ala Met R Leu Cys

Lys Al a 400 GAC AAG AGA 400 T1A GAA ACG GIG cac?ARA T6e Tce cce cac aTrdédr ACGI 103
GAT TTC GAA GGA GGA TTG GAG GIT TGC TTG TCT TTG CCT AAG GAC 1295 Arg Asp

Phe Gu Gy Gy LAt &8 AR 1k depcflusThr Val Puplys Irpspr Pro Glu Ile Arg
420 425 355 430 AAgQ;oATG GAT GCT TTEe§CT GCT TAT

TTT TCA CTG GGA ATT AAT GGT 1340 3& cPAIaPheAIaAIaTrPhe
Ser Leu Ay Ile EFG TTIG CAG AAA TCA,BAT TTT ch GTG GCA GGA,FCG AGC AAG CTA 1151

446 TAATAAATGT ATIHAATT ARuACTRAATATSEA THA PGS ASRCAVAT RAATCIAASR T G f GAGTRd . 1400
CGTGAAGAAT AATCCCTATT ATATATTTAT GATTTGGLIEC AAATAAAGTG TAMGCCTCT 1460
TGAAAAAAAA AAAAAAAAA 1479 SEQ

| D NO 5 SEQUENCECATERTTHAC1GEUB CSEGIENTE FOPECCNERT AAE &6 AC/STRANBRDRMESS: 1199

doubl e TOPOLOGY: A L Gl TNBEphe 6& t &1 POIHESS @b c1
SEQUENCE: No i MELERE Ao bl aa Wepne oIy cggﬁlggt ity dn oty

385 -390

ATA TTG TCG ATT GAT GGG GAG AAA TAT GCA ATG ACR CTT TGT AAA GCC 1247
Ile Leu Ser Ile Asp Gly Glu Lys Tyr Ala Met Thr Leu Cys Lys Ala
400 405 410 415
AGG GAT TTC GAA GGA GGA TTG GAG GIT TGC TTG TCT TTG CCT AAG GAC 1295
Arg Asp Phe Glu Gly Gly Leu Glu Val Cys Leu Ser Leu Pro Lys Asp

. 420 425 430
AAA ATG GAT GCT TTT GCT GCT TAT TTT TCA CTG GGA ATT AAT GGT 1340
Lys Met Asp Ala Phe Ala Ala Tyr Phe Ser Leu Gly Ile Asn Gly

435 - 440 446
TAATAAATGT ATGTAATTAA ACTAATATTA TTATGTAACA ATTAATTAAG TGTTGAGTAA 1400
CGTGAAGAAT AATCCCTATT ATATATTTAT GATTTGGTTC AAATAAAGTG TAAAGCCTCT 1460
TGAAAAAAAA AAAAAAAAA . 1479
SEQ ID NO: 5
SEQUENCE LENGTH: 1508
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: CcDNA to mRNA -
HYPOTHETICAL SEQUENCE: No
ANTI-SENSE: No '
ORIGINAL SOURCE
' ORGANISM: Senecio cruentus



- 62 - TI SSUE TYPE: petal | MVEDI ATE SOURCE LI BRARY: cDNA library
CLGNE: pCAT8 SEQUENCE DESCRI PTION TG AAC ATT CTC GAA CAT GCC CGA ATA TCG
GCC CCC TCG GGC ACC ATC 47 Asn Ile Leu Gu Hs Ala Arg Ile Ser
Ala Pro Ser Gy Thr Ile 1 - 65 - 10
15-G3C CAT CGC TCG TTA TCT CTT ACT TTC TTC GAC ATT ACT TGG CTA CTC

95 Ay H's Arg Ser Leu Ser Leu Thr Phe Phe Asp Ile Thr Trp Leu Leu

20 T2E§SUE TYPE: petal 30 TTC CCT CCG GIC CAC CAT CTIT TTC
TTC TAT GAC TTT CﬁquﬁfAFfﬁ:TSaﬁﬁCE 143 Phe Pro Pro VaI H's His Leu Phe
Phe Tyr Asp Phe Pro_H s _Ser Ly 35 40

45 TCC CAT TTC ATG BRBRARY: AT?D@‘FTle’EEaRm CTA AAA CAA TCT TTA TCG

191 Ser Hi's Phe MetcphoNeThrpthegVal Pro Arg Leu Lys G n Ser Leu Ser
50 60 GTC ACT CTT CAA CAT TTT TTC CCG

TTT GCT AGT AAT ﬁ‘EQig"FCETRE%‘%‘%IPTION 239 Val Thr Leu G n H's Phe Phe Pro
Phe Al a Ser Asn LB AACATIAET(PIGAA CAT GG, CGA ATA TCG GCC CCC TG®) GGC ACC ATC 47

75 CCT AAC ACT GAT QG 1i0GLG0E:T i shTa ARG AASCCAIGM AT M9 011

287 Pro Asn Thr Asp Gy Ser Ay Phe Asn Lys Lys Pro Qu Ile Lys Hs 80

85 30 95 GIT GM\ GGT GAT TCT GI¥ GIG

\C/5T ;l' #ET II'IT EICA Gt cIﬁEGE@E:Ii;CﬁD}AS @6@ cTT AcBITcVelc Ehg AG(I)‘VAG%S@GCSQ:FTA\@ﬂc Val o5

a r e a u S s_Leu p

1605 Ry U3 4o rsrmakad kT ercThRbedheate AT TaerTERskenAg T

GAA AAC TTT TAT . 383 Phe Asm Asn Leu Thr d2s Asn His Pro ArgoLys Cys
125

CCA CTT GTa oUT. Tk SToCEBARATAGERT ATE R0 TTH AT GATT (58 BTCT a3, 200

Pro Leu Val Pro S Peq P@\WaAsHisAHgs |Ley Phes Phe fy@ysspAdhe Bre Hid Ser Lys 130

135 ' 140 ACGsGIC CCA CTT TTT4JCA CTT CAA GIG ACG TTT TTT
CCG G&C TCG GGT 479 Thr Val Pro Leu Phe Ser Leu G n Val Thr Phe Phe
Pro d y Ser d y TCC (itﬁli-) TTC ATG GAC ACT ATT GEh CCC AGG CTA AAA CAA TG 4TA 191

Ser His Phe Met Asp Thr Ile Val Pro Arg Leu Lys Gln Ser Leu Ser

50 55 60

GTC ACT CTT CAA CAT TTT TTC CCG TTT GCT AGT AAT TTG ATT GTA TTT 239

Val Thr Leu Gln His Phe Phe Pro Phe Ala Ser Asn Leu Ile Val Phe

| 65 70 75

CCT AAC AéT GAT GGT TCG GGT TTT AAT AAA AAA CCA GAA ATA AAA CAC 287

Pro Asn Thr Asp Gly Ser Gly Phe Asn Lys Lys Pro Glu Ile Lys His

80 85 920 95

GTT GAA GGT GAT TCT GTT GTG GTT ACT TTT GCA GAA TGT TGT CTT GAC 335

Val Glu Gly Asp Ser Val Val Val Thr Phe Ala Glu Cys Cys Leu Asp

100 105 110
TTT AAT AAT TTG ACA GGA AAT CAT CCT CGA AAA TGT GAA AAC TTT TAT 383
Phe Asn Asn Leu Thr Gly Asn His Pro Arg Lys Cys Glu Asn Phe Tyr
115 120 125
CCA CTT GTA CCT TCA TTG GGA AAT GCA ATC AAA TTA TGT GAT TGC GIC - 431
Pro Leu Val Pro Ser Leu Gly Asn Ala Ile Lys Leu Cys Asp Cys Val
130 . 135 140
ACG GTC..CCA CTT TTT TCA CTT CAA GTG ACG TTT TTT CCG GGC TCG GGT 479

Thr Val Pro Leu Phe Ser Leu Gln Val Thr Phe Phe Pro Gly Ser Gly
145 150 155



- 63 -

ATA TCA CTA GGA ATG ACG AAT CAT. CAT AGC CTT GGT GAC GCT AGC ACG

527 1le Ser Leu Ay Met Thr Asn Hs H's Ser Leu Ay Asp Ala Ser Thr 160
165 170 175 CGG TTC AAC TTT TTG AAA GGG
TGG ACT TCG ATT ATT CAA TCT GGT GTA 575 ®8g-Phe Asn Phe Leu Lys Ay
Trp Thr Ser Ile Ile @n Ser Ay Val 180
185 190 GAT CGG TCT TTT TTA ACG AAA GGA T TTT
GAT AGA TTG B34 TRECTHy GOAATOPARE AAT) Opfy CAT) 466 GFTSESFT |§P8 (ﬁToA%IACFDhe 5217
Asp Arg Leu Ile Ser Leul @3y Met Thr Asn His Hi2@Br Leu Gly Asp Ala Se2@hrATT
AAC ATC CCA CAT T ,g\oGAT GAA AAT TTG AGA CAT A GG CTC 671 ﬁle
Asn 1le Pro H's LeEU Asp Qu Asn Ly 5LeuArngsThr B\rgLeu 5
215 CGG 20 AMCATAGITTE TARATATE AGA AT TTC@TAQTICTAA GET 3T 6CEC ACT75
GAT AAA GTT 19 felasfonfN@u s kY5 120Ommesetie ik ¥oh FrVely Qalhr
Asp Lys Val %8 u'BYs, 51 Teb erdie e $in SRS TrT
GIG TTG ACC CGA ACT AAT ATC AARSETA CTA AAG AAA185 767 Arg Seri%hr Phe
Val Leu Thr Arg Thm%a i’d'leTf@rTTheAbd-m lckéﬁ iMScé’AQ:cc GTT TTT GAT AGA T?45 623
250 : 5 AAG GTIC TTA ACC CAA CCA AAC TTG GAG TAC ATG
TCA TCT TTT ACG AsP “é§551fy§h‘v&1e“|_’8’ﬁ s G rFVaF“Pr%%‘éﬁ’r 257 AGPuAﬁgyi"e‘NEt
Ser Ser Phe Thr 195 260 200 265 205
GTA ACT TGT GGT T 63
Val Tht Oye Gy TOF ARG A0REEab tra T R AAOMS A e 08 aco x
275 ~ Ile 280 Ile Pro His Leu Asp 236 ANDALGEGAe G gAELS AAG AECLENA GAC
GAGTTAGAACAGTTCATA%QJ]'BCACC 911 g%e Gy Gu Arg Lys Gy Gu Asp
GQu Leu Gu A@n-Phe Ile Tle Thr 3 295 _
300 ATT GAT TGI Cem RET TICTTAN BAGLCETCIOE GEA CATTCTICECAGACEST FAT AMTGTT 719
959 Ile Asp Cys Agfl 36t ﬁegT}ﬁlﬂyé‘sﬁ}oP§& Bep deluevdlr @l;h.’rro%l?r eVal 305
310 315 GGTI AAC TGT GGIL GCA CCA TGI GIC _CCG A AAA AAT
GTC GIT TTG 1007 @y Asn Cys Ay AP Pro Cys Val PrddThr Leu Lys Asn Val
Val Leu 320 CGG TCA ACG T’Bﬁﬁ'rc; TTG ACC CGA ACT AKISATC AAT CTA CTA AAG AA335 767
ACT AGC GAA AAT %XS AT%C% AT 055 Thr
Ser Qu Asn Ay yrrg £F5 Su 1@ 5“@% %% T%TAA ¥1PGI n? eu Lys &ys
340 240 345 245 350 250 255

AAG GTC TTA ACC CAA GTG CCA AAC TTG GAG TAC ATG TCA TCT TTT ACG 815

Lys Val Leu Thr Gln Val Pro Asn Leu Glu Tyr Met Ser Ser Phe Thr

260 265 270
GTA ACT TGT GGT TAT ATA TGG AGT TGC ATA GCG AAA TCA CTC GTA AAA 863
Val Thr Cys Gly Tyr Ile Trp Ser Cys Ile Ala Lys Ser Leu Val Lys
275 -+ 280 285
ATA GGA GAA AGA AAG GGC GAA GAC GAG TTA GAA CAG TTC ATA ATC ACC 911
Ile Gly Glu Arg Lys Gly Glu Asp Glu Leu Glu Gln Phe Ile Ile Thr
290 295 300
ATT GAT TGT CGA TCT CGT CTT GAT CCA CCA ATT CCC ACA GCC TAC TTT 959
Ile Asp Cys Arg Ser Arg Leu Asp Pro Pro Ile Pro Thr Ala Tyr Phe
305 310 315

GGT AAC TGT GGT GCA CCA TGT GTC CCG ACC TTA AAA AAT GTC GTT TTG 1007
Gly Asn Cys Gly Ala Pro Cys Val Pro Thr Leu Lys Asn Val Val Leu
320 - 325 .. - 330. .- 335
ACT AGC GAA AAT GGG TAT GCA CTT GGT GCT AAA GTA ATT GGA GAG TCT | 1055
Thr Ser Glu Asn Gly Tyr Ala Leu Gly Ala Lys Val Ile Gly Glu Ser

340 345 350



- 64 - . ATA TGC AAA ATG ATA TAT AAT AAG GAC GGA .ATC TTG AAA GAT GCC GCG
1103 Ile Cys Lys Met Ile Tyr Asn Lys Asp Gy Ile Leu Lys Asp Ala Al a

355 360 365 AGA TGG CAT GAA CCT TTC ATG ATC
CCG GCT AGG AAG ATT GGI GIT GCT 1151 Arg-Te4d His Gu Pro Phe Met Ile Pro
Ala Arg Lys Ile @y Val A a 370 375 '

380 GGI ACA CCT AAG CTC AAC TTG TAC GAC TTT GAT TTT GGG TGG GGG AAG 1199
Ay Thr Pro Lys LATGA/RRE péA ATGrATASPATPHAT A\G EAfe B \ATEr BTGIARA|GAT GCC GCBgs 1103
390 1139 <Cifs ARA PUCHTARsAG A GTF TCALAT Ay GGpTATa AN ACG
TCG ATT TCT 1247 Pro e Lgs Tyr G u Thr %?I Ser Ile Asp tyr Asn Thr Ser
Il e Ser 400 %10 415 ATA

AAT GCA AGC AAA AGSA TIGS GXOAGEALCBATTICATG GAA @CGT GACAGETAAGAGTT GGT1@HD 6Efe A3RS1

a5 TS T Siky 48 AP b 118 S AR e T Sl e 7T

GAT GAA GGA 1343 Leu P Ser Met A n W6 A u Al a Phe S8B%9Ser Ile Phe Asp

Gu Ay 6T 422 CCT AAG CTC AAC TTé‘f41Qc GAC TTT GAT TTT GééETGETé‘s&ﬁﬁ; AGT119g
CAA GIT TCA TTG TAGATCATCG TCCCCTTTTT GIGIGCATCA 1394 Leu A u Ser

G n Val Ser Leu G6ly Thr Bmpylys Leu Asn Lewdyr Mspriterdite Rber$imArefor¥tEcacTG
TTCTATTCTT TAAGTATAC@SETTCGACTAT 14543ﬁiTTTGAAGA TGCAA@GATA TAAAATGAAA
AAAAAAAAAA AAAAAAAAAA AAAA 508 SEQ. | D NO ECUEN%E dEHGWHE 15%32
SEQUENCE TYPE: nuff&ifdAa4% T%TrISAﬁ[ﬁﬁNﬁ"é% Ch ‘éAGrc’iﬁ&_“ééYAc‘f &t VB ECUL
TYPE: cDNA t o nRNArdNMROTHET A1 6EHENOE Se NI 1ANASp SENSEsn Rlor Gk G dABe SOURCE
ORGANI SM Lavang%aangustifolialms Tl SSUE TYPE: Q?Bal | MVEDI ATE SQHBCE
i ATA AAT GCA AGC AAA ACA TCA GCA CAA GAT CTT GAA ATT GGA TTG AGT 1295
Ile Asn Ala Ser Lys Thr Ser Ala Gin Asp Leu Glu Ile Gly Leu Ser
420 . 425 430
CTA CCG AGT ATG CAA ATG GAG GCG TTT TCT AGC ATC TTT GAT GAA GGA 1343
Leu Pro Ser Met Gln Met Glu Ala Phe Ser Ser Ile Phe Asp Glu Gly

435 440 445
TTA GAG AGT CAA GTT TCA TTG TAGATCATCG TCCCCTTTTT GTGTGCATCA 1394
Leu Glu Ser Gln Val Ser Leu '
450 454
AGTTTCTGTC GTTTTTATGA GTTGCCACTG TTCTATTCTT TAAGTATACC TTTCGACTAT 1454
GTTTTGAAGA TGCAACGATA TAAAATGAAA AAAAAAAAAA AAAAAAAAAA AAAA 1508

SEQ ID NO: 6
SEQUENCE LENGTH: 1521
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: cDNA to mRNA
HYPOTHETICAL SEQUENCE: No
ANTI-SENSE: No
ORIGINAL SOURCE
ORGANISM: Lavandula .angustifolia
TISSUE TYPE: petal
IMMEDIATE SOURCE
LIBRARY: cDNA library
CLONE: pLAT21



LI BRARY CDNA library CLONE: pLAT21

- 65 - SEQUENCE DESCRI PTI ON - TG ACC ACC CTC CTC GAA TCC TCC CGA GIG GCG
CCG CCT CCA GGC ACG 47 Xxx Thr Thr Leu Leu Gu Ser Ser Arg Val A a
Pro Pro Pro Ay Thr 1 5 65 - 10

15 -GITG GCT GAG CAG TCA CTC CCG CTC ACC TTC TTC GAC ATG ACG TGG CTG

95 Val Ala Qu G@n Ser Leu Pro Leu Thr Phe Phe Asp Met Thr Trp Leu-

20 SEQUENCE DESCRIPTION 30 CAT TTC CAC CCC ATG CTT CAG

ETT ETC ;:;C $AC GG%GCKEG EéEP CT@'ETEQEIAA tcc Tcclddh irs d?JS@ecdzth gcPracaMete laed G n 47
eu Leu Phe Tyr u u Pro_Cys Ser.

45 AAA CCC GCC TTé"ﬁ'I%r ;&% lercClurfeede-aiee &t A/S:\‘AAP’ESA,Rr‘Tc?é"TGr‘AY Thr

191 Lys Pro Ala Phe Lea Gu Thr Val sval Pro Lys Leuibys G n Ser Leu 15

50 0

T oo ot Tea TES AT $45CaG Ao aqte oos crbiadChee Mcite G A6 ed s 02 phe’S

Phe Pro Leu Ser Cysl Adm €l Glh feTylkeu Pro 18 Thr Phe Phe Asp Met Th‘:oTrp Leu
75 CCT CTA TCG CCG GAG AAA ATG Q@G GAG TTC CGG Tgd CAG AAC GGT GAfp

287 Pro Leu Ser Pro Au 0 Gu Phe Ser Val Ser Phe Thr 1le 80
85 5§ GAC ooC ATe Crr Gho CTRSSHCRIGRCTEM SHECRBAATIoNTG 143
‘GAG TCT GIC GGA GAds @A¢ KXCPEAMetXeu Gin Leu3idn bkd. T UG I LeSPro A 869 Tyr
GQu Asp Val Ay Asp H's Pro s Ser 100
105 . 110 GCTPTAT AAA TAC TAC *Pac TTT ace ot Adc Gac GaT
TAT GAA GAT CTC AAA CCC3BR M@ CHICSGAAY SCA\TCTYIT (G ARheCTN AAKICAALTOC PToO Pr o191
Ile Val Qu Qu E&AAQ ég 125
\/ P ] L
CAG CTG G06 QoG AT BFE ARTRAHGIecRY d8L AN EI i e Gl Ser tev 437
Ser Asp Arg Lys Leu Phe @0 Val Pro Leu A58 Tyr @ n Asn G 60 Asp - 130
135 TCT chﬁOAcETe'rchQA CER@ %T@&QC@C@Tﬁ@ATEE QQECG%TA&G@A(@G 239
GIG TGC ATC GGA hr Leu Phe Pro Ay Arg Ay
Val Cys Ile @y Ser Leu Thr Leu Lys H1s Phe Phe Pro Leu Ser Cys Asn Leu Ile Tyr
65 70 75
i CCT CTA TCG CCG GAG AAA ATG CCG GAG TTC CGG TAT CAG AAC GGT GAC 287
Pro Leu Ser Pro Glu Lys Met Pro Glu Phe Ser Val Ser Phe Thr Ile
80 ' 85 : 90 95
TCG GTT TCT TTC ACG ATT ATG GAG TCT GTC GGA GAT CAT CCG CAT TCC 335
Met Glu Ser Ser Asp Asp Tyr Glu Asp Val Gly Asp His Pro His Ser
' 100 105 110
GCT CAT AAA TAC TAC TGC TTT GCC CCT AGC GAC GAT TAT GAA GAT CTC 383
Ala His Lys Tyr Tyr Cys Phe Ala Gln Leu Pro Pro Ile Val Glu Glu
115 120 ) 125
CAG CTG CCG CCG ATA GTC GAG GAA TCT GAT CGG AAA TTG TTT CAA GTIT 431
Ser Asp Arg Lys Leu Phe Gln Val Pro Leu Arg Tyr Gln Asn Gly Asp
130 135 140
TTA GCC GTG CAA GTG ACT CTG TTT CCC GGT CGC GGG GTG TGC ATC GGA 479
Leu Ala Val Gln Val Thr Leu Phe Pro Gly Arg Gly Val Cys Ile Gly
145 150 155 _
ATA ACG ACG CAC CAC ACC GTT AGC GAT GCT CCA TCG TTIT GTA GGG TTT 527
Ile Thr._Thr His His Thr Val Ser Asp Ala Pro.Ser Phe Val Gly Phe
160 ' 165 170 175
ATG AAG AGT TGG GCT TCC ATC ACT AAA TTC GGA GGA GAT GAT GAA TTC 575

Met Lys Ser Trp Ala Ser 1Ile Thr Lys Phe Gly Gly Asp Asp Glu Phe
180 i85 190



145
AGC
Ser

170
GAT
Asp
190
TGT

Cys

GAT
Asp

GAT
Asp

TTG
Leu

200 -

AAC
Asn

Pro
230
TTG
Leu
255
815
260

285
911
290

Pro
315

Cys

Al a
TTG
Leu

AAG
Lys
ATT
Ile

ATC
Il e

Lys
Al a

TGT
Leu

Ser

150 155 ATA ACG ACG CAC CAC ACC GIT
CCA TCG TTT GIA GGG TTT 527 Ile ThrThr His Hs Thr Val
Pro Ser Phe Val Ay Phe 160 165
175 ATG AAG AGT TGG GCF 66C-ATC ACT AAA TTC GGA GGA
TTC 575 Met Lys Ser Trp Ala Ser Ile Thr Lys Phe Ay Gy
Phe 180 185 -
TTG GAC GGA AAA GGT GAA TGT TTG CG@.CTT RELCCAHGCAJCCABRC G2F GAA623

GIT Tieu LICGIGTE lGE?s $331 MRUAASArfd serl ¥6u Glay G U
Val Phe Aqﬁs% %932 lﬁlul bed Br A$ & :
205 AARPTAT CCG CCT AAA%RYG Gac ACA TAT %PA TGG AAC

AAA  AAT TAT/tcaAToT TANA Pro cRc aaday $AT @7A Asys AKe AAQrcdce0AG IABAASN 671

0
TE5 AR CRF BEAPRASFTACCARR 36 BRTTERIRIPTAR: Ale SE3geny
Ser An Hs PO Ser Leu Pro 15 Asp Arg |l e A2g0 225

CGT e%%%%;x&%c-r&% €7 cEACrACeriARGTAd: GAR G%-ETA'PIA@GAAA 719
TTG a Thr f/ Leu Phe Thr An Ser Qu Ile Lys Lys
Leu 24¢8 Pro Leu Glu Ser Glm His Pro Ser Leu Pro Thr 4gp Arg Ile Arg

AGA AAA I3 CCA AAT GTA Gpio AAT CTC TCT TCG3sITC GIC GCG

M0 e R B B ehoc Bha 33 SR PEMBI e e i
AAA TEGa GHE BGALGAPhEAThr Gln Se36@ld Lie Alya wsaLaerylsl @lyTLpu Thr
Lys Sef,Val Ay Asp Ty 0
C.CA° GAC AR AnA GHE¥aCT TTC TIT TT%SB\TT CCG ATC GATZ§§
VaI Asmeg #Gfp ALY SCOr GLAARAT [BT4 GXToAARETE| ECTPTEC |TTE G GCC 815
?G(iﬁ Arg Lys Ala Pro Asn V%QOVE-E.TR‘SIA%I% QQ-PIIGI&AIIQCG
eee AAC TAC T‘FC &GA AAC 959 Leu Arg Pro Arg Leu Asp Pro
Ay Asn Tyr Phe d \58sn 305 265 310 270
TCG Tifc Gcke ARGCrAarédAfecAlée GES QGGGQBGAEAEEGTE@ GE& é&Atac 100863

Phe Al Al L I L Arg Ar Val
€ Ile I\lﬁta Ala\a %lslle 'Ierp %lilr Glg IlegAﬁEEys Ser Val G1¥ Asp Tyr

275 280 285
AAA GAC GTG GAT GAC GAC AAA CGC GCT TTC TTT TTA ATT CCG ATC GAT 911
Lys Asp Val Asp Asp Asp Lys Arg Ala Phe Phe Leu Ile Pro Ile Asp
250 295 300
TTA AGG CCG CGT TTG GAT CCG CCG GCT CCGC GGG AAC TAC TTC GGA AAC 959
Leu Arg Pro Arg Leu Asp Pro Pro Ala Pro Gly Asn Tyr Phe Gly Asn
305 310 - 315 '

TGT CTA TCG TTT GCG ATG GCG AAG ATC CTG CGG CGG GAT TTG GTC GGA 1007
Cys Leu Ser Phe Ala Met Ala Lys Ile Leu Arg Arg Asp Leu Val Gly
320 325 330 335
GAT GAA GGG GTG TTT CGG GCA GCT GAG GCG ATC GCG GCG GAA ATA GAG 1055
Asp Glu Gly Val -Phe Arg Ala Ala Glu Ala Ile Ala Ala Glu Ile Glu
340 345 350
AAG AGG ACG AGC GAC AAG AAG ATT CTA GAA ACT GTG GAG AAC TGG CCG 1103
Lys Arg Thr.Ser Asp Lys Lys Ile Leu Glu Thr Val Glu Asn Trp Pro
- 355 360 . : . . 365
TCT GAG ATT CGC GAA GCC TTG CAA AAC TGT TAT TTC TCG GTG GCG GGA 1151
Ser Glu Ile Arg Glu Ala Leu Gln Asn Cys Tyr Phe Ser Val Ala Gly

370 375 380



320 325 330 335 GAT GAA
GG GTG TTT CGG GCA GCT GAG GCG ATC GCG GCG GAA ATA GAG 1055 Asp Gu Gy

Val Phe Arg Ala Ala u Ala lle Ala Ala Qu Ile Qu 340

345 350 AAG AGG ACG ACC GAE BAG-AAG ATT CTA GAA ACT GIG
GAG AAC TGG CCG 1103 Lys Arg Thr Ser Asp Lys Lys Ile Leu Au Thr Val Gu
Asn Trp Pro . 355 365 TCT GAG ATT

CGC GAA GCC TTG CARCAHE #ﬁﬁC‘FATGAF‘T@TTrGGCcﬂ@ GL% CAEATTT G§4 PFCERT &g GGG Arld99
?72 Ala Leu Gn A%'érQ/eSr IYé 1Bheaspelelalyr A1y My Asp Phe Gly I£P Gly (IS..)?rs Ala .
AGC AGG CTT GAT CTT T?fé GGC GOG GAT TPPPGeA TGG GGT AAPHCG 1199 Ser Ser
Arg Leu Asp Leu TwrcGAG Sha cAsTaheTddTeG TATT GAY coyscall AAG TTTIRE ATG TCG 1247

ace a1e oo 124t b i Y LY Sefitteckid FRE QLT B th T E 1)

Met Ser 400 400 405 . 405 410 410 415 §¥3G TGT

AAA CCG AGG GAT G@’r’cc&%@ QﬁAc@@ﬁc&T&@e@r CEEE %AGEIQTECEAG crdéta bRy T@ts LY89s
Pro Arg Asp Ala Ala dy Leu G u Val Leu Ser

425 Leaa‘é}'STer mm@m&ww@ EAR LsareirYabflychae fm‘ TTT
GCG GAG GGA 1343 Leu Pro Lys 4gpu A u Leu A n Abs Phe Asp Asp Ty(:.fo Phe Al a

Gu Gy 435 440
TONTTARTCA TTTANTERE CEhAAG PO GAA THISCARRRR T1T AT GaT ot 38r o GACaER, 1363
450 TCCTCTGITT CALed CrATlysGEIJ AAAQkeN EM‘R‘[ITFIETA%‘EﬁWhE’ 'IA'[['ETGQ.G'G@}* 1452

AATAAAAAAA AAAAAAAAAA AAAAARQDMATG AAAAAACTCA TATTTTTT TTTTTI,]I 1512
TTTTTTTTT o 4 521 SEQ I D

NO 7 SEQUENCE LEN@‘T HAG1EETSECATHNAECAT ¥ PRAATEAT G FAZEARFARGIXUGOERCGAMA| near 1392
MOLECULE TYPE: pepii d§sHYROTHETI CAL SEQUENCE: No |

450 .
TCCTCTGTTT CATCTCTATT GTTTAAACAA TAATTTTTTT CCATTGAACT TTTTTGAGTC 1452
AATAAAAAAA AAAAAAAAAA AAAAAAAATG AAAAAACTCA GTTATTTTTT TTTTTTTTTT 1512
TTTTITITT | 1521
SEQ ID NO: 7
SEQUENCE LENGTH: 10
SEQUENCE TYPE: amino acid
TOPOLOGY: linear
MOLECULE TYPE: peptide
HYPOTHETICAL SEQUENCE: No
SEQUENCE DESCRIPTION
Arg Phe Leu Gly Ile Thr Gly Ser Pro Lys
1 5 ' 10
SEQ ID NO: 8
SEQUENCE LENGTH: 8
SEQUENCE TYPE: amino acid
TOPOLOGY: linear
MOLECULE TYPE: peptide
HYPOTHETICAL SEQUENCE: No. -
SEQUENCE DESCRIPTION
Ile His Met Asp Ala Phe Ala Lys
1 5
. SEQ ID NO: 9



SEQUENCE DESCRI PTION Arg Phe Leu Gy Ile Thr Gy Ser Pro Lys 1
5 10 SEQ I D NO 8 SEQUENCE LENGTH: 8 SEQUENCE TYPE:

am no acid TOPOLOGY: |inear MOLECULE TYPE: pepti de HYPOTHETI CAL SEQUENCE:

No. SEQUENCE DESCRIPTION Ile H's Met Asp Ala #Be-Al a Lys 1

5 'SEQID NO 9 - 68 - SEQUENCE LENGTH:
10 SEQUENCE TYPE: am no acid TOPOLOGY: |inear MOLECULE TYPE: peptide
HYPOTHETI CAL SEQUEMCUENGE IEBNGMNGE DOSCRIPTION Gy Val Au lle Ay Val Ser
Leu Pro Lys 1 SEQUENCE TY].{E: amino acid 10 SEQ I D NO 10 SEQUENCE
LENGTH: 8 SEQUENCE PE: amno acid TOPOLOGY: |i.near MOLECULE TYPE: peptide
HYPOTHETI CAL SEQUEIQBELOGY :SEAMDREE DESCRI PTION Al a Ser Leu Ser Leu Thr Leu
Lys 1 MOLECUBEQTYPENC. pebt ideQUENCE LENGTH: 14 SEQUENCE TYPE:

%gigECEEkEETSEgESﬁﬁﬁoédﬁﬁ?bﬂyp%@ﬁH&ﬁcgszﬁOpeptide HYPOTHETI CAL. SEQUENCE:
SEQUENCE DESCRIPTION
Gly Val Glu Ile Gly Val Ser Leu Pro Lys
1 5 ' 10
SEQ ID NO: 10
SEQUENCE LENGTH: 8
SEQUENCE TYPE: amino acid
~ TOPOLOGY: linear
~ MOLECULE TYPE: peptide
HYPOTHETICAL SEQUENCE: No
SEQUENCE DESCRIPTION
Ala Ser Leu Ser Leu Thr Leu Lys
1 5
SEQ ID NO: 11
SEQUENCE LENGTH: 14
SEQUENCE TYPE: amino acid
TOPOLOGY: linear
MOLECULE TYPE: peptide
HYPOTHETICAL SEQUENCE: No
SEQUENCE DESCRIPTION
His Tyr Val Pro Leu Ser Gly Asn Leu Leu Met Pro Ile Lys
1 5 10
SEQ ID NO: 12
SEQUENCE LENGTH: 14
SEQUENCE TYPE: amino acid
TOPOLOGY: 1linear
MOLECULE TYPE: peptide
HYPOTHETICAL SEQUENCE: No
SEQUENCE DESCRIPTION .
Val Arg Ala Thr Tyr Val Leu Ser Leu Ala Glu Ile Gln Lys
1 5 10
SEQ ID NO: 13
SEQUENCE LENGTH: 8




‘Hs Tyr Val Pro Leu Ser Gy Asn Leu Leu Met Pro Ile Lys 1 ' 5
10- SEQ ID NO 12 SEQUENCE LENGTH: 14 SEQUENCE TYPE: amino acid TOPOLOGY:

| I near MOLECULE TYPE: peptide HYPOTHETI CAL SEQUENCE: No SEQUENCE

DESCRI PTION Val Arg Ala Thr Tyr Val Leu Ser b&u-Ala G u Ile A n Lys 1

5 - 10 SEQ ID NO 13 SEQUENCE LENGTH: 8

- 69 - SEQUENCE TYPE: ami no acid TOPOLOGY: |inear MOLECULE TYPE: peptide
HYPOTHETI CAL SEQSB@UENGR BERIENCEMDFSGEFYI ON Ile His Met Asp Ala Phe Al a
Lys 1 ToPOROSER | D NG r 14 SEQUENCE LENGTH. 9 SEQUENCE TYPE:

am no acid TOPOLOGY: |1 near MOLECULE TYPE: peptide HYPOTHETI CAL SEQUENCE:
No SEQUENCE DESCAHGERGYLE \EYFE: (pepPhife asp Ala Phe Ala Lys 1
- 5 SEQID NO 15 SrRMNETIEACTSEQUENCGEURMNCE TYPE: ani no acid TOPOLOGY:

| i near MOLECULE T, X ti ;’ TI CAL SEQUENCE: No SEQUENCE
DESCRI PTI ON Lys I$%§ﬁ¥é£ﬁk§é§E$£¥§gj he Al a
: Ile His Met Asp Ala Phe Ala Lys
1 5
SEQ ID NO: 14
SEQUENCE LENGTH: 9
SEQUENCE TYPE: amino acid
TOPOLOGY: linear
_ MOLECULE TYPE: peptide
- HYPOTHETICAL SEQUENCE: No
SEQUENCE DESCRIPTION
Lys Ile His Met Asp Ala Phe Ala Lys
1 S
SEQ ID NO: 15
SEQUENCE LENGTH: 8
SEQUENCE TYPE: amino acid
- TOPOLOGY: linear
MOLECULE TYPE: peptide
HYPOTHETICAL SEQUENCE: No
SEQUENCE DESCRIPTION
Lys Ile His Met Asp Ala Phe Ala
1 5
SEQ ID NO: 16
SEQUENCE LENGTH: 23
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: single '
TOPOLOGY: linear
MOLECULE TYPE: synthetic DNA
HYPOTHETICAL SEQUENCE: No
SEQUENCE DESCRIPTION .-
AARATHCAYA TGGAYGCITT YGC
SEQ ID NO: 17
SEQUENCE LENGTH: 23
SEQUENCE TYPE: nucleic acid



-

(A 5 SEQ ID NO 16 SEQUENCE LENGTH: 23 SEQUENCE TYPE: nucleic
acgi.d STRANDEDNESS: single TOPOLOGY: |inear MOLECULE TYPE: synthetic DNA
HYPOTHETI CAL SEQUENCE: No SEQUENCE DESCRI PTI ON AARATHCAYA TGGAYGCI TT YGC

23 SEQ I D NO 17 SEQUENCE LENGTH: 23 SEQUENCE70YRE: nucleic acid

- 0 - STRANDEDNESS: single TOPOLOGY: |inear MOLECULE TYPE: synthetic DNA
HYPOTHETI CAL SEQUENCE: No SEQUENCE DESCRI PTI ON CTCGAGITTT TTTTTTTTTT TT

23 SEQ I D NO 18 SXPMHRBDNESGTH si2®1I8EQUENCE TYPE: nucleic acid
STRANDEDNESS:  si N@hcpoildtsdOGY ;s nddnear MOLECULE TYPE: synthetic DNA
HYPOTHETI CAL SEQUENCE: No SEQUENCE DESCRI PTI ON TTCACCATGG AGCAAATCCA AATGGT
26 SEQ ID NO 19 YBHREWEE (1 H, sypthetdeNENATYPE: nucl eic acid
STRANDEDNESS: si n{ypOie3#10RaY; JEguENCcEVOLEGULE TYPE: synthetic DNA

T}(POT HETI CAL SEQJ@%%%EM %I%%I}%I%SCRI PTI ON CGAGTCGCCC TCATCAC
CTCGAGTTTT TTTTTTTTTT TTT 23
SEQ ID NO: 18
SEQUENCE LENGTH: 26
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: single
TOPOLOGY: linear .
. MOLECULE TYPE: synthetic DNA
~ HYPOTHETICAL SEQUENCE: No
SEQUENCE DESCRIPTION
TTCACCATGG AGCAAATCCA AATGGT 26
SEQ ID NO: 19 ' |
SEQUENCE LENGTH: 17
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: single
TOPOLOGY: linear
MOLECULE TYPE: synthetic DNA
HYPOTHETICAL SEQUENCE: No
SEQUENCE DESCRIPTION
CGAGTCGCCC TCATCAC ' : 17
SEQ ID NO: 20
SEQUENCE LENGTH: 16
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: single
TOPOLOGY: 1linear
MOLECULE TYPE: synthetic DNA
HYPOTHETICAL SEQUENCE: No
SEQUENCE DESCRIPTION
AACAGCTATG ACCATG - : - 16 -
SEQ ID NO: 21
SEQUENCE LENGTH: 6
SEQUENCE TYPE: amino acid
TOPOLOGY: 1linear




éE@—ID NO 20 SEQUENCE LENGTH: 16 SEQUENCE TYPE: nucl eic acid STRANDEDNESS:
si.ngle TOPOLOGY: |inear MOLECULE TYPE: synthetic DNA HYPOTHETI CAL SEQUENCE:

No ' SEQUENCE DESCRI PTI ON AACAGCTATG ACCATG
16 SEQ ID NO 21 SEQUENCE LENGTH: 6 SEQUENCE TYPE: amino aci d TOPOLOGY:
| i near - 71 - MOLECULE TYPE: pepti de

HYPOTHETI CAL SEQUENCE: No SEQUENCE DESCRI PTI ON Asp Phe Ay Trp Gy Lys 1
5 SEQ ID NGO 22 smmmm.ﬂ_mm Pep8EQEENCE TYPE: nucleic acid

STRANDEDNESS:  si ngj RoULE TYPE: synthetic DNA
HYPOTHETI CAL SEQUEN Eﬂ%a%&@ N@H'% PTI ON GAYTTYGG T GGGGE AA

17 SEQ I D NO 235EQUE§§§u RIPGEON. 21 SEQUENCE TYPE: nucleic acid
STRANDEDNESS: si ngy ECULE TYPE: synthetic DNA
HYPOTHETI CAL SEQUEN QUE CE %Es | PTI ON TGGCAACTGT CTTGCGTCAT G

21 SEQ ID NO 24
SEQ ID NO: 22

SEQUENCE LENGTH: 17
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: single
TOPOLOGY: 1linear
MOLECULE TYPE: synthetic DNA
. HYPOTHETICAL SEQUENCE: No
~ SEQUENCE DESCRIPTION
GAYTTYGGIT GGGGIAA
SEQ ID NO: 23
SEQUENCE LENGTH: 21
SEQUENCE TYPE: nucleic acid.
STRANDEDNESS: single
TOPOLOGY: 1linear
MOLECULE TYPE: synthetic DNA
HYPOTHETICAL SEQUENCE: No
SEQUENCE DESCRIPTION
TGGCAACTGT CTTGCGTCAT G
SEQ ID NO: 24
SEQUENCE LENGTH: 23
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: single
TOPOLOGY: linear
MOLECULE TYPE: synthetic DNA
HYPOTHETICAL SEQUENCE: No
SEQUENCE DESCRIPTION
CCATGTCAGG TGTGAGGTTC AAC
SEQ ID-NO: 25 -
SEQUENCE LENGTH: 20
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: single
TOPOLOGY: linear

17

21

23



SEQUENCE LENGTH: 23 SEQUENCE TYPE: nucl eic acid STRANDEDNESS: single
TOROLOGY: |inear MOLECULE TYPE: synthetic DNA HYPOTHETI CAL SEQUENCE: No
SEQUENCE DESCRI PTI ON CCATGTCAGG TGTGAGGTITC AAC

23 SEQ ID-NO 25 SEQUENCE LENGTH: 20 SEQUENCE2 TYPE:: nucl eic acid
STRANDEDNESS: single TOPOLOGY: |inear -
72 - MOLECULE TYPE: synthetic DNA HYPOTHETI CAL SEQUENCE: No SEQUENCE
DESCRI PTI ON ATCGT MOLBCUAEGAYPEBAACsynthetic DNA 20

SEQ I D NO 26 SEQ%E% X ENCE TYPE: nucl ei c aci d STRANDEDNESS:
si ngl e TOPOLOGY: |nggﬁhgggé@UEé%?ésgg's?ﬁfhetic DNA HYPOTHETI CAL SEQUENCE:
No SEQUENCE DESCRSBOUBNCECREASBAREIPEGTCAAGAA

20 SEQ ID NO 27 SEOJENGECCENGERrTEAABEQUENCE TYPE: nucl eic acid 20
STRANDEDNESS: dou%léET NgbOGY: | i near MOLECULE TYPE: synthetic DNA
HYPOTHETI CAL SEQUEREEIPNSOSEQSENCE DESCRI PTI ON GGGATCCAAC A ATG GAG CAA ATC

CAA ATG GIG GCC GSBQEESCEARENGEBHEGI20 50 Mt Qu dnille dn
~Met Val Ala Val lEEQGEHCEh&Ygﬁg nucleic acld 5 10
| STRANDEDNESS: single
TOPOLOGY: linear
MOLECULE TYPE: synthetic DNA
HYPOTHETICAL SEQUENCE: No
) SEQUENCE DESCRIPTION
. TCAGAAGAAC TCGTCAAGAA ' 20
SEQ ID NO: 27
SEQUENCE LENGTH: 53
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double |
TOPOLOGY: linear
MOLECULE TYPE: synthetic DNA
HYPOTHETICAL SEQUENCE: No
SEQUENCE DESCRIPTION

GGGATCCAAC A ATG GAG CAA ATC CAA ATG GTG GCC GTG ATC GAA ACG TGT 50
Met Glu Gln Ile Gln Met Val Ala Val Ile Glu Thr Cys
1 ‘5 10
AGA 53
Arg -

15

SEQ ID NO: 28

SEQUENCE LENGTH: 16

SEQUENCE TYPE: nucleic acid
STRANDEDNESS: single

TOPOLOGY: linear

MOLECULE TYPE: synthetic DNA -
HYPOTHETICAL SEQUENCE: No
SEQUENCE DESCRIPTION

GTAAAACGAC GGCCAT ' 16
SEQ ID NO: 29



AGA 53 Arg 15 SEQ ID
NQ- 28 SEQUENCE LENGTH. 16 SEQUENCE TYPE: nucleic acid STRANDEDNESS: single
TOPOLOGY: |inear MOLECULE TYPE: synt heti c DNA HYPOTHETICAL SEQUENCE: No
SEQUENCE DESCRI PTI ON GTAAAACGAC GGCCAT - 73 -~

~16-SEQ I D NO. 29 _ - 73 - SEQUENCE
LENGTH. 45 SEQUENCE TYPE: nucl eic aci d STRANDEDNESS: doubl e TOPOLOGY:

| i near MOLECULE T9ERUENGE AENGIHBRNA48YPOTHETI CAL SEQUENCE: No SEQUENCE

DESCRI PTI ON GGGAT NQEA;@PQAG g;%légg %AdATG GTG AAC ATT CTC GAA C 45
Mt Qu A@nlle dn t Val 5
10 SEQ ID NO 30 §E@5§R@PNE§ﬂGTHF1°2‘?1SEQJENCE TYPE: nucl e| c acid

STRANDEDNESS: si ngbeoloe@:OGYinkiagrear MOLECULE TYPE: synt hetic DNA
HYPOTHETI CAL SEQU ENCE CRIPT CTCGGAGGAA TTCGGCACGA C
21 SEQ ID NO. 31 @%Ekfé @E%T s¥8 gE&HEN YPE: nucl eic acid
STRANDEDNESS: douHY2OTEROICEY. SEQUENCE: No

SEQUENCE DESCRIPTION
GGGATCCAAC A ATG GAG CAA ATC CAA ATG GTG AAC ATT CTC GAA C 45

Met Glu Gln Ile Gln Met Val Asn Ile Leu Glu
1 5 10

SEQ ID NO: 30

. SEQUENCE LENGTH: 21

~ SEQUENCE TYPE: nucleic acid
STRANDEDNESS: single

" TOPOLOGY: linear
MOLECULE TYPE: synthetic DNA
HYPOTHETICAL SEQUENCE: No
SEQUENCE DESCRIPTION
CTCGGAGGAA TTCGGCACGA C 21
SEQ ID NO: 31
SEQUENCE LENGTH: 35
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear
MOLECULE TYPE: . synthetic DNA
HYPOTHETICAL SEQUENCE: No
SEQUENCE DESCRIPTION .
AGTCGGATCC AACA ATG ACC ACC CTC CTC GAA TCC 35

Thr Thr Leu Leu Glu Ser
1 5
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The Thr Leu Leu Qu Ser 1

- 74 - CGLAANE ' 1. GCene
encodi ng a protein having aromatic acyl group transfer activity or a
derivative thereof having said enzymatic activity. 5 2.

The gene according to claim1 obtainable byCLAIMS ¢l oning using as the

primer a nucleotide Seguenc@ene enco@@ﬁ@dhngngglﬁ”h991ﬁ§'gréﬁﬁﬂgecﬁc§§ set
forth in SEQ ID No. ene accord to_ Claim

2 wherein said 109r°uBrFﬁ§Psﬁ§§ Pﬁ81H6§Ye8F|Bed§€ﬁﬁgﬁé@ea§h§€F°fopﬁﬁlPH SEQ
| D No. 22. Sald enzymat4c actheiggne according to claim1l or

encodi ng any, he agino acid_se nces, as_set f
to 6, or ébdlfled a Nno a@ba g%ﬂﬁeﬁsngﬁlﬂﬂlEﬂ ?EngS g5869§E§%1E% aC|d
seguence has beenchodihgedshbpgaddi thenprimer arnueheotidef seguencenvore

ami no aci ds, or SuRbhitiy! ®fle amino"htPqCkbRheRs 8 3608 Foreh, in sEQ 10

The gene accordlnﬁ to C encodi ng-a tern, which gene is
capabl e of hybri d¥2inglwith part 20 or all of the nucleotide sequence

encodi ng any of the 3. agh80qg éﬁédaééﬁﬁeﬂﬁgstéscﬁsimfQrﬁﬁetélﬁEéhi&>“b 1
to 6 nder the condition of 5. x err]C, and_wh

SS
protein hasbr onePFimgE nag, bhe FP%%%?E+§%C§?Q?? s set forgh iphSEQ.fR
according to claimol »2.2 encodlng a 25 proteln whi ch gene is capable

of hybridizing with pajt n i de. sequen i
any of the . an1no£a0|d e%c%%rs% f%&t P 'nskdﬁgtihésb§g¥§862gy
under the conditioh bheZaMLQEIh@n@ sofeend s amgl $¢ﬂcﬁoptbtémrSEQ ID Res 1
aromatic acyl groyp 6raaff§“mé&if é&yamfﬁb o acid | sedquencd "fn %eiEc dﬁCERéd'”g

to claiml1l or 2 encod has™an am no aci sequence

having a 13 ho@k%gyar@#nata%%s%eqwaw ha g reeen ned bfied by rddit Hen

or removal of one or more amino acids, or substitution
with other amino acid(s).

5. The gene according to claim 1 or 2 encoding a
protein, which gene is capable of hybridizing with part

20 or all of the nucleotide sequence encoding any of the
amino acid sequences as set forth in SEQ ID No. 1 to 6
under the condition of 5 x SSC and 50°C, and which
protein has aromatic acyl group transfer activity.

6. The gene according to claim 1 or 2 encoding a

25 . protein, which gene is capable of hybridizing with part
or all of the nucleotide sequence encoding any of the
amino acid sequences as set forth in SEQ ID No. 1 to 6
under the condition of 2 x SSC and 50°C and which protein
has aromatic acyl group transfer activity.

30 7. The gene according to claim 1 or 2 encoding a
protein which has an amino acid sequence having a
homology of at least 15% or higher with any of the amino
acid sequences as set forth in -SEQ ID No. 1 to 6, and
which has aromatic acyl group transfer activity.

35 8. The gene according to claim 1 or 2 encoding a
protein which'has an amino acid sequence having a
homology of at least 30% or higher with any of the amino



romet i o acyl group transter activity. 95 o Tne oo WRAEHIIIIIN

to claim1l or 2 encoding a protein which has an ami no acid ‘sequehce’
havi ng a honol ogy of at |east 30% or -hi7§her with any of the am no

- 75 - acid sequences as set forth in SEQID No. 1 to 6, and

whi ch has aromatic acyl group transfer activity. 9. A vector
conpri sing a genacist @etiuenaes @8 sgt forth ¢imi$hQ IR N, 1530 6, and 10. A
host transformed g§iidh hat dr¥maASO d iy didup trafd @M&tivity. 11. A
host according to claim 10 wherein sai'd host Is a mcrobiral or anlgml
cell. 12. A hostt F&IF FPHRF IE H1% A ISR AG PR Hss A ©

is a plant cell @laind anttda@ly. 13. Protein encoded by a gene

according tp any of | ai tQ . 14. .Protej Vi n
aromatic acgl group t st & okt ]trfﬁs%ﬂ?"fdv\mlc%h i% 0 cttéjlr(r)\aaé:l%@ﬂagf fQ:IOI’li ty
chr omat ogr aphy 1@lain0ﬁ-a crude enzynme extract of a plant with a resin on
whi ch G bacron Blue 3@A i s J Mo ldtRftding to claim 20 KR ih GBI

specifically biding to - ., antiboedy to the protein of claim113 or 14 and
whi ch has dforfamicTabiialyosugnimads cql lacti vity. 20 16. A
met hod for produci ng 32pr olaeindstadick®rding ¥ @IRLinC 13 Whefedwp saian host

activity wherein a host ccording to ¢lajm 10 is cultured or grown,
and then al® isr & &lAfaGeld 2% Fad 310 roup transfer activity is
recovered fromsaid hast.. 2rotein encbded Ay hethd accprddmg g anyr cifei n
havi ng aro thsaﬁ¥%og%oup transfer activity wherein a crude

enzyme extract .of glﬂ\a I's treated with an affinity chr omat ogr aphy
using a resin on whi cR4G bReoteiBl hevi®y aromatiic agydbigrionsd tramsfer

18. A method for ' r q.ei i s | &haow 4D
transfer activit??%ggﬁg igPﬁgmt%% bgtgi%gpgﬁ 3?'§§géi L%gﬁly bfﬁ%{ng Pg
anti body t¥5the pfoleicude enzymezgysrastaiofs alplagtiwith a resin on

which Cibacron Blue 3GA is immobilized.

15. Protein capable of specifically bidihg to
antibody to the protein of claim 13 or 14 and which has
aromatic acyl group transfer activity.

20 16. A method for producing a protein having
aromatic acyl group transfer activity wherein a host
according to claim 10 is cultured or grown, and then a
protein having atomatic acyl group transfer activity is
recovered from said host.-

25 17. A method for producing a protein having
aromatic acyl group transfer activity wherein a crude
enzyme extract of a plant is treated with an affinity
chromatography using a resin on which Cibacron Blue 3GA
is immobilized.

30 18. A method for producing a protein having
aromatic acyl group transfer activity, comprising the
step of specifically binding to antibody to the protein
of any-of claims 13 to 15.. . -

19. A method for acylating a pigment, comprising

35 bringing said pigment to the action of the protein of any
of claims 13 to 15. )

20. A method for acylating a pigment in a plant,



o

arament to the action-of ‘the brorern’ of cany o ot ct o e AU SREANLANNIN
20. A nethod for acylating a pigment in a plant,

.-, 16 - _ conpr|3|ng the steps of |rnrb@ut|ng a.gene according to
any one of clains to 8 into the plant, allow ng said gene to
express, and acylatln t he ehgnent in the Elant . - wWith the protein
produced. 5 compr3gingathg: REEPFoPEs L AbFPARFAGIa 2pOSRENECRREAANT &8 d

pigment is acyl aag byet b€ athims 0of tbhe phebethe plantacadldiviggt 8aday of

I 13 to 15. bi |
glghgs ° con%??giﬁa ?ﬁgrgfépsagae% gsgbggnéﬁ?kghééﬁgtaéﬁogggng1%8t?0
any of clains 1 vdtB theopmopéint praihlcedng said gene to express, and

acyl ating tghe pigmentyjn t ] o] 0,
23. A netﬁ%d for cont%oll?ﬁ%géﬁ§&c§$ s£$ﬁ%}121ng . b?bﬂeRE Qﬂéfgln sﬁld
st eps of |ntroduE%ﬁ@eﬂhelaeﬁ@Yh%§%¢dbﬁgthg qgtlonag§ §hecP§Ph§ln to 8 into

a plant, allow ngcsardifgneot&ny of cfgpm§5§3 gpdigcylating the pignent in
the plant with the pr ot ej duced 24. The_ net hod

according to any of A2 b et aod for stahhlizingt fePpyBpRht insa plant,

anthocyani n. 20 comprisii®.thé\ Ht&ps d@oﬁﬁtﬁ@a@élﬂ?stb@eﬁeﬁ@%é@éf&ﬂnéﬁo

i ntroduci Rg thereinto,a ene cording to an 8
its progeﬁg havi 7Y t9% % dé?ﬁ@ O t? t' gifBYhﬁge%?ld gene £o

26. The pl ant tiexpressccnkl r@pyrat:img nt 125 p\tmnent\ 25 the splant iwstie tle a
flower. Oég&?ﬁkfgane pwer of t he pl ant according to claim25

or its progeny H%V|ng property.
A method for controlling the color of flowers,

comprlslng the steps of introducing the gene according to

15 any of claims 1 to 8 into a plant, allowing said gene to
express, and acylating the pigment in the plant with the
protein produced. |

24. The method according to any of claims 19 to 23
wherein the pigment is anthocyanin.

20 25. A plant whose color has been controlled by
introducing thereinto a gene according to any of claims 1
to 8, or its progeny having the same property, or tissues
thereof. _ :

26. The plant tissue according to claim 25 wherein

25 said tissue is a flower.

27. A cut flower of the'plant according-to claim 25
or its progeny having the same property.
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- 77 -

ABSTRACT

- A protein having aromatic acyltransferase activity,
a genetic system encoding said protein, and a method for
producing said protein using said genetic system, as well
as the use of said gene and said protein are provided.
The gene and the enzyme protein serve to change the color
of a plant by acylating pigments in the plant such as
anthocyanin, and they thereby impart to the plant, in
particular a flower, the color that the original flower

did not have.



