10

15

20

25

METHODS FOR PRODUCI NG SECRETED PROTEINS 5 BACKGROUND
OF THE INVENTION Field of the Invention The present
invention relates to nmethods for producing proteins
secreted out of plant cells. to Description of the

Rel ated Art \Wen a heterol ogous protein gene is
introduced into a plant host cell and is highly
expressed, secreting the expressed heterol ogous
protein into the extracellular apoplast to accunul ate
therein may be envisioned as a neasure to reduce 15 a
| oad on the host cell. Methods for secreting a

het er ol ogous protein into an extracellul ar apopl ast

may incl ude e@bh@%éﬁrﬁﬁﬂtﬁ@ﬁ@ﬁéh@mﬁmi’tﬂwus_

protein int ormof a fusion protein in which -a

signal sequence that directs endoplasmc reticul um
(ER) 20 transport is linked to the am no term nus of
t he het er ol ogous BASKGROVND G JHE JNYFNEERience al | ows

t he Iinkediﬁrotein,to penetrate into the endoplasm c
Feele Pt o5+ t he signal sequence is cl eaved

fromt Ak OOHSH AL SbTaths @ oShe8Rbds MR pradecing
in théﬂghq%%%%rane to rel ease the heterol ogous 25

Proteins i sdaretied &R |efmplantheellst-er ol ogous protein is
folded in the ER lunmen, and then secreted into the
extracel lular apoplast by the intracellular transport

%%Egﬁ’tggféfﬂfﬂei ﬁ?fa hegan seed storage protein,
|

er I's translated in the formof a

progl yghdd na m&eybﬁ@?omﬁmgem grgndk sequehoed ontER
transport, the signal sequence is cleaved fromthe
prleatr bost i eplilhenERL setviuhdye expresgachs #egreting the

expressed heterologous protein into the extracellular apoplast
to accumulate therein may be envisioned as a measure to reduce
a load on the host cell.

Methods for secreting a heterologous protein into an
extracellular apoplast may include a method of expressing the
heterologous protein in the form of a fusion protein in which
a signal sequence that directs endoplasmic reticulum (ER)
transport is linked to the aminc terminus of the heterclogeous
protein. The signal sequence allows the linked protein to
penetrate into the endoplasmic reticulum lumen, and the signal
sequence is cleaved from the heterologous protein by a signal
peptidase in the ER membrane to release the heterclogous
protein into the ER lumen. The heterologous protein is folded
in the ER lumen, and then secreted into the extracellular

apoplast by the intracellular transport system.

Glycinin is a soybean seed storage protein, and after it
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proglycinin. Proglycinin forns a trinmer in the ER and
is 5 transported into a protein storage vacuol e, and
then is processed into a mature glycinin to forma
hexamer. Maruyama et al. (The Plant Cell, 2006, vol.
18, p. 1253-1273) reported that in an experinment of
transiently expressing a green fluorescent protein
(hereinafter, sonetines referred to as 10 GFP) in a
soybean i mmature seed, only when a glycinin signa

€ at0h ER dHeARSPRM &f th %troﬁ@ysc:trli@ﬂ edc@hsdt Shaving a

carboxy termnus by 9-am no’acids sequence derived
16l senaghyei fud ERapramsdcetyi nhé siegiadn segsefesdd t 0
the amno termnus of a GFP to_express, the GFP was
skereredrrfit Bhe IRFeSRERAE et (ADSr ER SRSRFFNES £0

ea
(The P VP 17 p - 1153)
E%%‘girifcelg{? hatér%%tlggﬂéé(%efr%%gngn? g’lf‘lt%e%prl gsgtll%d]éﬁ]a&éP in
Ar 8SSE RNkt § | £ § B BA U to18RRdvadiele a agkly Chér Nis
signal sequence for ER transport that was flanked on
precesssbiptotemature Blyoinid 46 fets fegaBaEe Maruyama

derived from a proglycipipn 20 .am po-ter,mna ion
P i Tl haRt o AlPEs RIS Fhed (S hE S ported
EREO NUS, 0L xBe (FHRrt0 o8 X PESSSierltNe SEFr MRS nBOL green
secreted into the extracellular apoplast. I'n

plodtieidenn piotsisf Uheprbdtafins, tSometingsireferied nad as

useful properties such as enzyne activities or . )
BRYi B GgisesbeanslmmakiE e oPRehf CRAY| R¥hdedlyeinin signal

%gt gér?%eo%%lés‘ﬁ:gr@ aq-ls’%brltt t]lkn)ét P,Jfa%f @5.5.1?1%1& I@lt its carboxy
eterologous proteins to be produced have no

addihihonaly shehbiolmegassssapienrcasr bved oo angsegliyicinin
any. 2 SUMMARY OF THE INVENTION It is an object of the
pméseritenminaht regiaro wapobReRd tonfhe Y NfetREBATRHOL & CFP

%Scéggiégi’a@hgné§§"¥§% 28&%&{24?%% 3 the extracellular
apoplast. Kawagoe et al. (The Plant Cell, 2005, vol. 17, p.
1141-1153) reported that in an experiment of expressing a GFP
in a recombinant rice immature seed, when a glycinin signal
sequence for ER transport that was flanked on its carboxy
terminus by 2-amino acids seguence derived from a proglycinin
amino-terminal region and a few other amino acids was fused to
the amino terminus of a GFP to exXpress, the GFF was not
secreted into the extracellular apoplast.

In production of useful proteins, to maintain original
useful properties such as enzyme activities ox physiological
functions of an intended heterologous protein, it is preferred
that heterologous proteins to be produced have no additional

hetercleogous sequences or short ones, if any.



protein into an extracellul ar apoplast of a plant cel
using a 5 glycinin signal sequence for ER transport,
in production of the heterol ogous protein in plant
cells. The present invention provides: 1. a nethod for
produci ng a heterol ogous protein secreted out of a

pl ant cell conprising: 10 introducing into a pl ant
cell genone a DNA encoding an am no acid sequence
that conprises a glycinin signal sequence for
endopl asm ¢ reti cusUMMARYANFPTOHE ENENTIAOHM no aci d
sequence of a heterologous protein, whereint

he

oi gnal TS cuERCERI RSt (Y SBE| BLASRIE] LREeR HEP i Fon B QR F
f .t , i

STELENEE Slulhe PEEAOLRAOHT 49 RIAELE PlediiSolbul 1O

Prdebhs aidanackersaquence spopliet bet £rplo@0well using a
protein; and expressing the DNA, 2. the nethod ]
adooidings tanallheequenmeal LowhBR e rRrGROr Ani 1o PrROugEier jaf
inserted between the signal,seguence and the am no

|
F°0 NEERERIRALUST PFRRSHeter B3 bPot ein: 3. the

et hodyRE GOrAiaNg {Qvd:N8 dnt pAAPigadherein the one anino
acid is selected fromanong serine, alanine and

met hi obi ne; m2bhdd fidre pretihaichea @c be tle nyl dgeuanprorreirof
the itens 1 to 3, wherein the glycinin signal
sefrehed Wt Endoplasthic®lleCPBRAYAR"IEr ansport is the

o PRARIEEEFin SERAh oA B 3 T Bbflos on
h&li860h 009 Use ReAL8 fhHO Mk EE 885 4 RLRUNTA NGl drall Osaquence
pl ant cell genonme a DNA encodi ng an

for endoplasmic reticulum transport and an amino acid sequence
of a heterologous protein, wherein the signal sequence 1is
directly fused to the amino acid sequence of the heterologous
protein or one or twe amino acids are inserted between the
signal segquence and the amino acid sequence of the
heterclogous protein; and

expressing the DNA;

2. the methed according to the item 1, wherein one amino
acid is inserted between the signal sequence and the amino
acid sequence of the heterclogous protein;

3. the method according tc the item 2, wherein the one
amino acid is selected from among serine, alanine and
methionine;

4. the method according to any one of the items 1 to 3,
wherein the glycinin signal sequence for endoplasmic reticulum
transport is the amino acid sequence of SEQ ID NO:1;

5. a method for producing a recombinant plant cell
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am no acid sequence that conprises a glycinin signal

sequence for endoplasmc reticulumtransport and an

am no acid sequence 5 of a heterol ogous protein,

wherein the signal sequence is directly fused to the
am no acid sequence of the heterol ogous protein or

one or two am no acids are inserted between the

signal sequence and the am no acid sequence of the

het er ol ogous protein; 10 6. a plant expression plasnmd
cerperisrqg acbDhAobrnpodi pgotain ammpeiathg: sequence t hat
conprises a glycinin signal sequence for endoplasmc
reti cui"ﬂﬁﬁ“‘tdl”gﬁéﬁo%’tt"aﬁdpéﬂmérﬁ qergre sedliénegcogting an

.20 [ : C

A ERT TG SR eif e BPREH (odd 3 SR RN SHBHRL “fadibnce
Hereendgicismipr 0661 dulh ePenSFodtWananNaM GndGlodScdd Esequence
inserted between the signal sequence and the am no

ai d Berroiogovd prnteinet ehetoigoubeps bymdln seduendre is
l.asni cording to the item6, wherein e .amno
BiPRE LY TSR LA mrbor nEPL A PR e t0E BAfEARoTous
220881 A0 AGKE SROURNGRiAD AORRIRr 2hogA BRRLELY i

a DNA encodi ng an am no acid sequence that conprises
aighstisequesicgnathd seguenteo faridsdgpeasaric taei cul um

transport and an am no acid sequence of a
RELEF Ol RPNFSPEPE’Hn, wherein one or two amino acids

are i néer%eglgﬁect \@gge%Qf%nsip%ggzlnigscosm%%li%ingc? alBllAt r|1aec:oc1ing
am no aci equence o e “hef'er ol ogous ™ p otern: “9°°%
Bhaghigeldcivl bBgferGRNOABE | HdidMMiieeha agIPALGACOER  an

am no acid sequence is introduced, the am no acid
Seguenee for epdpplaimig asylgwiun frengpalt sedusnosnimgr acid
%288 Aégﬂgfca heterologous protein, wherein the signal
seguence is directly fused to the amino acid sedquence of the
heterologous protein or one or two amino acids are inserted
between the signal sequence and the amino acid sequence of the
heterologous protein;

7. the plasmid according to the item 6, wherein one
amino acid is inserted between the signal seguence and the
aminc acid sequence of the heterologous protein;

8. a DNA encoding an amino acid sequence that comprises
a glycinin signal sequence for endoplasmic reticulum transport
and an amino acid sequence of a heterologous protein, wherein
one or two amino acias are inserted between the signal
sequence and the amino acid sequence of the heterolegous
protein;

9. a plant cell with a genome into which a DNA encoding

an amino acid sequence is introduced, the amino acid segquence
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reticulumtransport and an ami no acid sequence of a

het erol ogous protein, wherein the signal sequence is
directly fused to the am no acid sequence of the

het er ol ogous protein 5 or one or two am no acids are

i nserted between the signal sequence and the am no
aci d sequence of the heterol ogous protein; and 10. a
plant with a genonme into which a DNA encodi ng an
am no acid sequence is introduced, the am no acid
gofpeNethg B0gloaNiirs isignal Gdetfiiencd Sogreaidopaguence f or
endoplasm c reticulumtransport and an am no acid
seguewnkben diranspeet angl 8goUsl Y @cdrnsedRcS At fe

i gnal ., sequence _is direct] fused to the anmino, agid
BERTERLIDE PRE-HalerBESEHUSS SLaPAL SHIHRE P (G SoELY
30589 &Fidds ahend NREK sdaheive?r the W idhodbus protein
sequence and the am no acid sequence of the

het erolagdaws apimt eaidsoara iseedtefl bémvqenathe siahalhe
l'i ke. According to the present invention, it is
§eSdenfe and thecimine 3Aidntestddenef et SEEEEOLPHE n

[ functional form into an extraceliul ar apopl ast
8P°geﬁ¥hﬁ?ugell wi thout fusing 20 a relatively long

pept i de .t OatpEeaietern| HaRMSmMBr Oh€d vhilch aPDNRltidoatingf an
the heterol ogous protein in plant cells. BRIEF

BROCR| #H dOeareeE IBRAME N8I dy. the| aminastacidt gpguence
schemntj c diagran1of t.he glasnid ﬁg PSUM 35S Gr1SP
SOERP e HIY 2 TSR LA ur i TEORENEDT FHRgPEM B t he
] - Yl SP- Ei i ugt ur al

g%ﬁgﬁ‘éﬁﬂé e géé ore s 2 %Figﬂfmagg dsgﬁ e
NeGEFblogous protein, wherein the signal sequence is directly

fused to the amino acid sequence of the heterclogous protein
or one or two amino aclds are inserted between the signal
sequence and the amino acid sequence of the heterclogous
protein, or a seed of the plant: and the like.

According to the present invention, it is possible to
secrete an intended heterologous protein in a functional form
into an extracellular apoplast of a plant cell without fusing
a relatively long peptide to the heterclogous protein, in

production of the heterxologous protein in plant cells.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a structural schematic diagram o¢f the plasmid
pSUM-355-GY1SP S-GFP.
Fig., 2 is a structural schematic diagram of the plasmid
pSUM-35 S-GY1SP-~GFP.

Fig. 3 is a structyral schematic diagram of the plasmid
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Fig. 4 is a structural schematic di agram of the

plasm d pSUM 35S-GY1SP A-GFP. Fig. 5 is a structural
schemati c diagramof the plasmd 5 pSUM 35S- GY1SP
S-Liplsoy. Fig. 6 is a structural schematic di agram of
the plasmd pSUM35 S-Liplsoy. Fig. 7 is a structural
schemati ¢ di agram of the plasm d pBIl-35S GY1SP
S-Liplsoy. 10 Fig. 8 is a structural schematic di agram
of the plasmd pBI-35 S-Liplsoy. Fig. 9is a

RisBirogs Ay ReWMNgrg r anscri ption | evel of the 1ipase
gene. Fig. 10 is an inmage showi ng results of detecting

| i paseFidl5 4pret ®isrringt\Wesl evaheplaot c adbd grsims ofFrige plhswmid
is_an_jimge showi ng results of detecting |lipase
BFBWE?#'B%%S%@??RN ot analysis fromfractionation of

a tobacroeik [ ] - : -
S-Li pr%o%; ﬁags\é\%e%}u}:% f%%ﬁs?ggﬁaggb F%jga%% ?g E\he plasmid
pEMel 38y 1SChermiplsogi. agr am of the plasm d

PSUM GYI - GY1SP S-Liplsoy. Fig. 13 is an inmage showing
resul t5l%f 6déf e tTHYPCLRPas ?chepatéf ndiRunpgs £&r Bhe(rd@smid

%%@%%?m25 DETN LED DESCRI PTI ON CF THE PREFERRED
dPLR°¥he present invention, the term "out of

pl ant ©g),l §" isNBatruheroUtHndfaet ct BBadd=aNbLECOHd plasmid
menbrane. The term "extracel |l ul ar apopl ast” neans a
p8gro¥S-dinlsipde-Liplseoypl ant cell nenbrane, specifically

i ncludes a_vessel or .
Fig. 8 ?s a structural schematic diagram of the plasmid

pBI-35 3-Liplsoy,

Fig. 9 is a histogram showing transcription level of the
lipase gene.

Fig. 10 is an image showing results of detecting lipase
protein by Western blot analysis.

Fig. 11 is an image showing results of detecting lipase
protein by Westexn blot analysis from fractionation of a
tobacco in which the plasmid pBI-355-GY1SP S-Liplsoy has been
introduced.

Fig. 12 is a structural schematic diagram of the plasmid
pSUM-GY1-GY1SP S-Liplsoy.

Fig. 13 is an image showing results of detecting lipase

protein by Western blot analysis.

DETAILED DESCRIPTICN OF THE PREFERRED EMBODIMENTS

In the present invention, the term "out of plant cells™
means the outside of the plant c¢ell membrane.

The term "extracellular apoplast" means a region outside
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xylem a cell wall, an intercellular space, and the

i ke, and includes culture mediumused in cel

culture. The term"secretion"” in the present invention
refers to 5 transporting proteins into the
extracel lul ar apoplast. In general, as the
extracel lul ar apoplast is lowin protein content,

mai nly consists of water and ions, it may accunul ate
het er ol ogous proteins in high concentration. 10 In the
BECSEMt: 3REE! £l AR AN: spakk ANy atisl RRAUENEEs sdihat
conprises a glycinin signal sequence for endopl asm c
k@lbsUlal el | awsior anahidtarceituher aspatbssegqundncize dfikg, and
het er ol ogous protein, wherein tE signal sequence is

APFERASS Ui HUEY MG IURUSER G S8 Y S ¢e of the
heter(H%%ggg?mpwégé¥eQi$§"(¥ e gfeééﬂf auLBA: A6 dSFREE to
i nsert'ed between the S|gn51 sequence and the am no
aehAssaauegCprofeidie ineh et @gOusce Pndi=ei apopbysthe
referred to as "an am no aci d_sequence used in _the
preserkn gRveRR} oMs CHRceTNREASBER PR} 28R B T 47

used jn th esent . 20 inventiqgn' . rr
geotelfgeneelhy ity b SEnval iR S8R IR
Weedmih bl BePb RSB oulsNY 85t 4 :01%' iHBNige cdnk@heratidranded
DNA or doubl e-stranded DNA. "An am no acid sequence
used in the present invention® 25 is an anmno acid
sequence of a fusion protein containing an_ amino acid

repr es¥nttB8 BYCIHE FBPFbW FRF 10Ty ofR (FILR9 ACtfeseauence
EBQ? e%ﬁgn%pst‘qggkf 4 Cngfr#c(mﬁnagig}m NQeGliS GHLRAGop Pasmic
["i'ste romthe no ternmnal to the carboxyl
retituRlm tZafdporn :ad Ao acid seqdessprdantenhifch a
l'ycinin signal . .
eterologous protein, wherein the signal sequence is directly
fused to the amino acid sequence of the heterologous protein
or one or two aminoc acids are inserted between the signal
sequence and the amino acid sequence of the heterologous
protein"” may be referred to as "an amino acid sequence used in
the present inventicon”.

The DNA encoding "an amino acid used in the present
invention” may be referred to as a "DNA used in the present
invention". _

The "DNA used in the present invention" may be single-
stranded DNA or double-stranded DNA.

"An amino acid sequence used in the present invention”
is an amino acid sequence of a fusion protein containing an
amino acid represented by the following (1) or (2).

In the present specification, an amino acid sequence is

listed from the amino terminal to the carboxyl terminal,
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sequence for endoplasmic reticulumtransport is
directly fused to an am no acid sequence of a

het er ol ogous protein. (2) an am no acid sequence in
whi ch one or two amno 5 acids are inserted between a
gl ycinin signal sequence for endoplasmc xeticulum
transport and an am no acid sequence of a

het er ol ogous protein. A glycinin signal sequence for
endopl asmi c reticulum transport used in the present

i nvent i oN drS @i Ab Wa SRYUERCE 1nlQnkon 4 ranNaih d04R0
the endoplasm c reticulum (ER) |l ocated in the am no
tsegwenat Ofr @ngdrpyhsmcimiretpeelbur Soansfbet sigréirectly fused
sequence, has a function t rotein linked to

all ow t he

05 e AT B AC e PATHIE S 8%p%n‘é?tre§t° °Fﬁ‘t‘% RYpgeLn-
endopl G Let] m d sG] € b
o1 gnal "ot dasett TS KRS IS L Eh B D2” php o
sdidBi &8e ((Ober@c@DcBfeRnpaegbftidin syl Nidgueand for
signal sequence for ER transport of each subunit is
lIeTeRR 1N Setierlyn Lrapgport ARd @8l pninegpidygpgugnce of
%ph%%éig é%ou(sSEQ%lLQnNOs: 1to5). Aglycinin signal
sequence or Bh oplrasm c reticulumtransport used in
the prﬁsgelgtcia@nlay@rmll QRqIBYcs 1T Bh&sh1aenliRC redecd g
am no aci d sequence of any one of SEQ ID NOs: 1 to 5,
&ranppeferusdy inhtheymnesenti thvesgdasnte afsiSE@l| Eed@nce

isnot limted to as, far as i

but it t h )
FooL FereRista 1P PR FrEPyTamTis Jatice: b r (i adpratsd dn
BT GHL K4 ATAR0Tdr S UBXAI L (SRYGLILN SEORL: gl

sequence for endoplasnic transport to

fsegqnent® hdshe Fuhenisrand dildswrtheoprgtyin Mimkedgnalits
sequence for endoplasmc reticulumtransport nmay be
FSEROX G iraisBgUENdEIRSFAER N $P6r enIPLAINGA| Feticulun

%umen and is cleaved off by a signal peptidase in the ER
membrane. Five (5) subunits (Gl to G5) are present in
glycinin, and a signal segquence for ER transport of each
subunit is known (Nielsen et al., The Plant Cell (1989) Vel. 1,
pp 313-32B) (SEQ ID NOs: 1 to 5). A ¢glycinin signal sequence
for endoplasmic reticulum transport used in the present
invention may specifically include the amino acid sequence of
any one of SEQ ID NOs: 1 to 5, and preferably the amino acid
seguence of SEQ ID RO: 1, but it is not limited to as far as
it has a function as a glycinin signal sequence for
endoplasmic reticulum transport. For example, glycinin signal
sequence for endoplasmic reticulum transport to be found in
the future and variant of glycinin signal sequence for
endoplasmic reticulum transport may be used.

Signal seguence for ER transport of subunit GI1:
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MAKLVFSLCFLLFSGCCFA (SEQ I D NGO |) Signal sequence for
ER transport of subunit &: MAKLVLSLCFLLFSGCFA ( SEQ
ID NO 2) Signal sequence for ER transport of subunit
G&3: 5 MAKLVLSLCFLLFSGCCFA (SEQ TD NO: 3) Signa
sequence for ER transport of subunit 4:
MEKPFTLSLSSLCLLLLSSACFA (SEQ TD NGO 4) Signal sequence
for ER transport of subunit Gb:
MEKPFFTLSLSSLCLLLLSSACFA (SEQ ID NO5) 10 A

Mheterslorgouscerrd qisey 1o Ndweypresent invention is a
protein intended to be produced by introducing its
structiiyoakrl grequenast Son PodirapEpert o] [sujanbdhes2:and a
int s hot _native to the am no acid sequence
ﬁ%%éi%#hqggﬁﬁgéékﬁ‘ﬁnge?h1qﬁﬁ3) 15 The "heterol ogous
Pr Ot eigYonkACLUHRS, A0k PTRY FaRsPLAL b AVRLEHN it SeA10t
produced naturally in the host plant cell, but also a
PRELELILOFALEEGEERA pisadutediG:3)t he host pl ant cell.

Wien the "heterologous protein” is directly linked to
a gl ydignalssegiances égucifc & TRAFPRRt AT &¥BPeIE &4:cul um

hﬁgﬁéﬁ%ﬁkgLELLﬂfg S?EPQS%yHﬁé%B?EEer than glycinin. A

ogous pro esent invention is

pref erqalin¥1asd@idice BEPER Rrafspdet &J0lsQ8HSt REDL ei n”
in the present invention is preferably a protein

MEKP RN IS LS LOELLISSHCER S EREQ TDaNpEkant cell. The present
invention is suitable 25 for producing proteins which
are not operably folded when expressed in a

prokary ohLee £ daoadChr88e fnr 48! En@hoMaheNi M&ntion is a
oper abl y ofde when expresseg I n ant ce ?i. A

phet erlingendedriat Benprsmycddbiyuther totidshyi atd ysttsetukal
gene into a2 host plant cell genome, and a protein that is not
native to the amino acid segquence linked to its amino terminus.
The "heterclogous protein™ includes not only a pretein which
is not produced naturally in the host plant cell, but alsc a
protein naturally produced in the host plant cell. When the
"heterologous protein®™ is directly linked to a glycinin signal
sequence for endoplasmic reticulum transport, it is a protein
other than glycinin.

A "heterologous protein” in the present invention is
preferably a mature protein. A "heterolegous protein" in the
present invention is preferably a protein suitable to be
expressed in a plant cell. The present invention is suitable
for producing proteins which are not operably folded when
eXpressed in a prokaryotic cell such as E. coli and which are

operably folded when expressed in plant cells. A

"heterologous protein" may include industrially useful



10

15

20

25

9 proteins such as industrial enzynes, vaccines,

physiol ogically active materials, and anti bodi es.
Specifically, a "heterol ogous protein" nmay include

| i pase (for exanple, refer to Longhi et al., 1992,

Bi ochi m ca et Biophysica Acta (1992) 5 Vol. 1131 (2),
pp227-232), anyl ase, pectinase, p-glucanase, phytase,

| actase, and the like as an industrial enzyne;

chi cken Newcast| e di sease vacci ne, vacci ne agai nst
PROCEDRs AMNMEs0iSORTE1aVAELL PR FIFEBEIndI)l §hP8iologically
prot ozoal disease, hepatitis B vaccine, and the |ike
astaveaetiardalhentrdpoitébpdidd f Speoifiddirone,
i,aterferons, and _the, like, as, a, physiol ogicall ctive
TREER Fal SoSHt P ke TogmBBul bl St LeReoe | {16 Bg=URls: refer
a0t LbAg: A ‘ahel el 00euscRIRI& Rt BlofdiRiRGEREDL (1992)
invention is preferably a protein which does not have
FodeqUedcel)o ppR2ive3215 thelasd,r peetindsy, $egietirmse,
efficiency. Exanples of the sequence to reduce the

Bk¥Fate 11AkRssectnd iR ik Aerdy 1REYStrisdl aaaymey
ERISRLAND AL EL L S AR L LY, Sa80 e SR R ne

€ am no acil sequence O

3defles€idnd, i adsiDe BaheRtt NOrcindbfr&to0adldfsease,

"het erol ogous protein” in the present invention is
pepfbitbd \P aaprinei mngt hbe lien asopbeagrigleychenatopoietic
i no_acgi d sequences of these protejns nay be obtained

B85BSR BBRE! G REER n b O HUES @ genet c 25
BAGLDERS 15 GCHN AN HAKOPMN J Dt emBlidog 1@ a2y A the
obf ai ne froma variety of databases available in the
dbke MNudreantdeodssequences encodi ng ami no acid
sequences of these proteins nmay be obtained by using
conven i AP HEPRAYSC PEREE HEe A ghe present invention is

preferably a protein which does not have a sequence to reduce
the extracellular secretion efficiency. Examples of the
sequence to reduce the extracellular secretion efficiency may
include an endoplasmic reticulum retention signal sequence and
the amino acid sequence of any one of SEQ ID NOs: 1 to 3
described in U.S. Patent No. 7,368,628.

A "heterclogous protein" in the present invention is

preferably & protein other than soybean glycinin.

Amino acid sequences of these proteins may be obtained
by using protein engineering techniques and genetic

engineering techniques known in the art, or may be obtained
from a variety of databases available in the art. Nucleotide
sequences encoding amino acid sequences of these proteins may

be obtained by using conventional genetic engineering

i0



10

15

20

25

10 techni ques, or may be obtained froma variety of

dat abases available in the art. In the present

i nvention, a glycinin signal sequence for 5
endoplasmic reticulumtransport is directly linked to
an am no acid sequence of a heterol ogous protein or
one or two amno acids are inserted between the
signal sequence and an am no acid sequence of a

het er ol ogous protein. Depending on the property of a
fasirieflebft 6F Ql000ESoELIRIAN £ xbta idarTayy bef katabases
preferable that one or two am no acids are inserted
deidedrde Lheths gdl sequence and the amino acid
sequence of the heterologous protein for a good yield
of the heterol ogous protein to be obtained w thout
degr aggl LoD, ANERYn TR 2 PLEIAEAR! EL4dA Qience for
amno acid i's I nserted between the signal 15 sequence
antbrildanan e ianildmserpreneetot st dierdwetigr biwigalso an amino
protein. The "one am no acid" may include one am no,
et segppRee f AnhAGSRYI9PEs BFaHE He CTaRBe ik HY¥OnpRene
J0gsSequence, Qs LQ&eéﬁ"thms@?%é‘f's%%uehée PL&] 8h28hYne
an am no aci d sequence ot her an

{phenylqakank Ner SeheD8Ye102Rud PO &N 0dbékndangash Nehe
acid sequence that conprises a glycinin signa
semeartyecf 0z derdoplakeatiaralegboal pmeteiansper tit amag ba
am no acid sequence of a heterol opgous protein, wherein

RFRFSIARAS) tRg Rfc 87 | KW RUATEEPI HOHIR éFet SNPHEFShPREVSeD
A6 &1ana3COUANGROLnk NG I18kEh0! Q0ANSHBLEL bOkepane Of

two am no ac are inserted between the signa
Isegirenegoas bbideiantsp Agodd geglerefe the héesrologous
het er ol ogous protein" may be prepared by conventiona
Rettetiine tenee rediingd t ekifivgudsor st ioganphéd may be more

preferable that one amino acid is inserted between the signal
sequence and the amino acid seguence of the heterologous
protein. The "one amino acid"” may include one amino acid
selected among serine, alanine, and methionine. The segquernce
of the "two amino acids" is preferably an amino acid sequence

other than FS (phenylalanine-serine).

A DNA encoding "an amino acid sequence that comprises a
glycinin signal sequence for endoplasmic reticulum transport
and an amino acid sequence of a heterologous protein, wherein
the signal sequence is directly fused te the amino acid
sequence of the heterologous protein or one or two amino acids

are inserted between the signal sequence and the amino acid
sequence of the heterologous protein™ may be prepared by

conventional genetic engineering techniques. For example,
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11 based on nucl eoti de sequences, "a DNA used in the
present invention" is chemcally synthesized. A DNA
encodi ng a heterol ogous protein may be |inked in
frame to a DNA conprising (a) a nucl eotide sequence
encoding a glycinin 5 signal sequence for endopl asmc
reticulumtransport or (b) a nucleotide sequence in
whi ch a nucl eoti de sequence encoding one or two am no
acids is added to the 3" end of the nucleotide

SEOUEREE nBE1 41 dYY sHGh &k QNvENbIONHeDEAEERE present
engi neering techni ques. Mire specifically, it nmay be

preparied” 10s betsad cobly heymtieldded dedc PiberndadiBgadpl es
bel ow. In the production nmethod of fhe present

herailiogRust PeeteipNmaY Y LiRkeRelHrE@Rt EPnY fith on

d ihed ab is. ipt .ot .
SRRy Te" e grilehbla SRRt A Fl R o
5BYnd NGleydengen@ir endSPHHARS ragisBlhodSsakBput iox the a

art. For exanple, a plant expression plasmd _
voskertiideg seaudidg doedhich rhaupleseitie seAvents Gircoping
i ntroduced by using a,genetic ce gi_ neerin

bRE I e el ramctpotd st cB bhe TaTe Hhode
hecTvi RS s 20u bk | %C'(y{ﬂ%%s&a@o@&we@wimmmic
particle gun nethod, electroporation nethod, and

6Ad ridiAipBOs piatvyuert hotbrel apeespicrddyt oita mpande prepared
transfer nmethod enpl oyed, a plant expression plasmd
botrdian e BethedsydeacripachdnpFEamneHelRtent i on”
may be constructed by inserting the "DNA used in the
present invention" into, for exanple, a Ti

pl asmigr dgei ¥eshuctaohOkeiteh o@s t R8I fikeandi pBirtdbn, Othe
a R plasm d-derived vector, or a conventiona
POA bessd 1E. toolnreseot oinwrrdlionsd degscribed above is

introduced into a plant cell genome to be expressed.

A method of introducing DNA may include genetic
engineering methods known in the art. For example, a plant
expression plasmid containing "a DNA used in the present
invention" is introduced by using a genetic cell engineering
technigue suitable for a host plant cell. These techniques
may include an Agrobacterium method, particle gun methed,

electroporation method, and calcium phosphate method.

In response to a gene transfer mefhod employed, a plant
expression plasmid containing "a DNA used in the present
invention” may be constructed by inserting the "DNA used in
the present invention” into, for example, a Ti plasmid-derived
vector such as pB8I101 and pBI121, or a Ri plasmid-derived

vector, or a conventional pUC-based E. coli vector such as

12
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pBl 221 usi ng conventional genetic engi neering nethods.
The pl ant expression plasmd contains a pronoter and a
term nator to express a fusion protein of the present
invention. 5 The correspondi ng pronoter is not
specifically limted to as far as it can function in
a plant cell, and include a constitutive pronoter

such as cauliflower nosaic virus 35S pronoter

(I nternational Patent Publication W84/02913),

ubi qui tin pronoter . (Internatiqn hgPuétheat.i on
REIWOPPGQQS%V%&E’%{’ i%en%ﬁtg%mé%?ﬁ?%%?e?n ati onal

Pat entrhepgpg%gag,qugsx\:@&@/&é@%a) cont aiinss sepEpiRRGeT End 2
pronoteér Such as  soybean seed gl ycinin pronoter,
(Eutopeai Pat emprdsbki Easidgn PrEPOET 19" BEFF O
CR16GL pronoter (US Patent No.5959176) and conmon
hemenipivaseol i n pronoter (International Patent 15 \imited
Publication 3993) ik asCcheti spdciifidatliplgmate
prormtﬁ'}e C?ﬁ\é\%géép%%%t ?%(@)steroi d responsive prormt}(‘ac%
ggoggnpalira&_, GhudaMHuncteed, iPlamlayt 39l0508120° 1 °
a

tent No. 6,063,985) and ethanal. responsj.ve e
(Caddickt e @Eo&btgr;ﬁyyy’aﬁbfﬁﬁl}glgpsfé%?gagfeyeEQEmg

177-180; International tent |dagabh OWoddy 02913) ,
\w@@ngeswjat#ﬁ@t&%ﬁ’% st %Lﬁ%)itdaspeci fical ly

linited.to $ntdina€abnd Urdtent Prbhiqatden cel |,
a??&%gl? rﬁ:ﬁq%né%%gcl\& ¢ t e?ram ngt or (Int er,nat;i‘o%%len@at ent
Rud1i /080 b on) \MfY 60294 Promoseyb et @@ 1Gyti it m

term nator (European Patent Publicat]. 2 VAY¥SY
apsbidaeitoon OFRAE A0dPRP At G+ “¢B8 Pat eencltﬁll%g. éﬁ%g%%s) . 2

Al so, the plant expressi S-Sy paeBahRi Putdication
s%?%ai“véegﬁr%éfugﬁghg%&gfgo?ropﬁllgc mar ker or_drug 4
re5iShant ) BEKRS: CR16G1 promoter (US Patent No.5959176) an

common bean phaseolin promoter (International Patent

publication WO91/013993), and a chemical inducible promoter

i hua NH
such as corticosteroid responsive promoter {Aoyama T & C p

1997, Plant J. 11,605-612; U.S. Patent No. 6,063,985) and

ethanol responsive promoter (Caddick MX et al., 1998, Nature

Biotech., 16, 177-180; Tnternational Patent publication

W093/21334).

The terminator is not specifically limited to as far as

it can function in a plant cell, and may include, NOS

terminator {(International patent Publication Wwo84/02913),

soybean seed glycinin terminator (European Patent Publication

EP0571741) and carrot Cr16 terminator (US Patent No.7202083).

Alse, the plant expression plasmid may contaln a

i istant
selective marker such as auxotzophic marker or drug res

marker.
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13 Acell with a genone into which "a DNA used in the
present invention" has been introduced nay be sel ected
and purified by characteristics of the selective
marker, for exanple, resistance to kananycin,

i ntroduced along with the 5 DNA. Since the plant
expression plasmd has been incorporated into the
genonme of a plant cell, a sequence of "a DNA used in
the present invention" is transferred to the genone of

a daught es1xelikhakbt @nde@l kindb Vsl eN »@anEnAS & d 8aULte
it is 10 possible to stably express the DNA even I n

tﬂﬁﬁsﬁnégemwentAOpPahas(hﬁdn mnttpduqy@nmae batinhd&meh amd
in the ?resent i nvention" wll

DNA . be
'Hﬁﬁ;Egﬁge%V PRIFETISF 4TSS PE p?%ﬁnse¥8€FPV?§m%ﬁh§Fer5%¥y
exetble f résiRitdfbef 05 RN RDOENE Lt @gﬁggé (ak e otnhe

ti ssue culture nethod, technique of

fi@m a cell or a callus and the cultivation technlque
are established. Also, the host plant cell is
prefer%&ﬁiF §h€ePian?ﬁe%§r5F§¥ﬁnsﬂ%@éﬂéé igpdrecantin¢orporated

Rgys a L.ty useful in St

i S e NS S B SR A GRS
Shieh e 88s e LD THEEN HEGT, ﬁreeglnmreaeaeu{ane Qfé%% oPean,
rice, corn, cotton, rapeseed, wheat, barley, cucunber,

é@gahﬁ%% CQ%%’Péterpﬁﬂhﬁzdlvt%uqn soviees patesudr, pitpkd n,
rI| oni Japanese cedar., pine, wllow poplar,
%gca 0e S%FBﬁ eﬁFrBETcRHA'FFSFo?T thy PéPE%UY-
cIover thale Cress, 25 sorghum sesane, sunfl ower,
Jerusalen1artichoke, swi tchgrass, pampas grass,
Jatrop‘haﬂ@mtcasll oiithpal genarecanud weddn "@ DMB,used in the
ar cane, sugar'beet cassava, and kenaf. A cell wth
REBSFOe T L] df Pl BN ERSCRA, { Heat i3, & host plant

cell is preferably a cell of a plant for which gene transfer
method, tissue culture method, technique of redifferentiation
from a cell or a callus, and the cultivation technigque are
established. Also, the host plant cell is preferably a cell
of a plant species important for industry such as agriculture
or useful in studies such as genome analyses. These plants
may include, soybean, common bean, green pea, peanut, castor
bean, rice, corn, cotton, rapeseed, wheat, barley, cucumber,
eggplant, carrot, potato, taro, sweet petato, pumpkin, garlie,
onion, Japanese cedar, pine, willow, poplar, eucalyptus,
tobacco, birdsfoot trefoil, alfalfa, clover, thale cresgs,
sorghum, sesame, sunflower, Jerusalem artichoke, switchgrass,
pampas grass, Jatropha curcas, oil palm, coconut palm, olive,
sugarcane, sugar beet, cassava, and kenaf.

A cell with a genome into which "a DNA used in the
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14 present invention" has been introduced may be
cultured under suitable conditions by using M
culture mediumand the like. Fromthe cell into which
"a DNA used in the present invention"” has been

i ntroduced, a plant (body) into which "a DNA used in 5
the present invention" has been introduced may be

obtai ned by the conventional redifferentiation

nmet hods. Also, fromthe plant, its seed may be
abtefiandd invetisiar"ohegouserpriat edbduddd malyebestulfyredeunder
produced b 10 expreSS|ng and secreting by a plant
cEficalyle; aenditdonst by widin MEncubune pwagnvmoanq fée like.

pffcﬁr?@hel pYE t:l!ncl’:% w;mgh r'eaISl[SlN%I nge rOd St Pgr ot el gn%ggtlon"

be recovered “appropriately

QidH Maky iSOiuceR, andh1 Rl |(f>b&§=‘)t 'J.Qﬁo”ﬁﬂh&gs"a R used in
exanpl e, culture of the plant cell 15 of the present

i remresanbrinvemtgent Zeds eant imtr cofoctiempy o obhined by
Iant cell of the gresent i nventi on can be recovered

GBEENLEETE Y FALLT o7 RO PR T RS héEPol SELS De
lecgtxﬁl nité’fseécf‘hggel L oB%falBQSt' on containing the

"het er ol ogous pro Interest can al so be

obtai ned by a centrifugation of the 20 culture after

conpl etion of the culture and subsequent recovering

of theAs@&ﬁﬁﬂ¢épaﬂts grdtgibhef purirksedmay et eroboged by
| terest, can be recovered bé‘qsubjectlng

R B Lrd it EoFF oLt T Y8R Ie To Fghost e PEPRODE
Ghiv@ERLSAS HNLCPLACMLES SHAILAS 1holhexs1ange

chronatography, 25 hydrophobi c 1 nteraction

chr omaTlog rragshy + ige | pfdducedt prote iohEaneb® Petidhgred
affinity chromatography and the Iike. A nethod of
PEESTRF 1 3 ldn Pex e rewdiiingk pn apfoirg@énaryg Sisolation and

purification methods. For example, culture of the plant cell
of the present invention or homogenized fraction of the plant
or plant cell of the present invention can be recovered and
used as a fraction containing the "heterologous protein® of
interest. A fraction containing the "heterclogous protein" of
interest can also be obtained by a centrifugation of the
culture after completion of the culture and subsequent
recovering of the supernatant. A further purified
"heterologous protein” of interest can be recovered by
subjecting the supernatant fraction described above to various
chromatographic procedures such as ion exchange chromatography,
hydrophobic interaction chromatography, gel filtration

chromatography, affinity chromatography and the like.
A method of recovering an extracellular apoplast
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solution in which "heterol ogous proteins" are
accunul ated may include nethods described in
experimental protocols (for exanple, " Experinenta
protocol for proteins of a plant, The functions and
structures of proteins approached from genes and 5
organi sns', Kenzo Nakanura et al., 1998, SHUJUN Co.,
Ltd., |SBN 4-87962-180-3) or literatures (for
exanpl e, Boernke et al., Planta (2002) Vol. 214,

3260364 whiteh eXaudHaogaus pddtersnbavang sccomghatehiray
strength such as 1 Msodium chloride or 1 M potassium
icidlode deetteydshde st iint expepingatai prfiqcadidet oF ow

pressures_and .then the cell be centrifuge I
SHEEYS- t FRECHPEF 4h ?é%&tf’seér% _£F°§ op aosffj%sgllﬁ !bn“.%
%ﬂ?‘@ S%\A %ﬂ}e sggﬁé ed REPLLEL W labpb8asdesCridadgbfies and

et ai ref'erence to exanples, but the present
draenkingh, iKerzot Nakimitaedtt @lt hd WRanphes!N Beamphedi

Construction of a green fluorescent protein %5%re§siqp
TR AT796% 16008) b KhiFBERT R UIGTe SRy PROGRFT vad
ree fl c t e iynaf axt e

HrerrEit LALB R P PP B cxcholly &
Wl e HaWhsy GOMSHRULHEIL stibRgid asmshdasohimistidigma DNA

in which a DNA encoding a glycinin signal sequence
drororeddopt ak M Eotess bl BmlpEas Pt be( Rugkgchdmter 2 piant

e 2B S PR B AHICRY I, BB ruces
£SRUhNGpBedS AdORELATE athiekt rhédAluliag, abfpidimblutidn.
Construction of a GFP secretory expression plasnd An
ol i gonucl eoti de consisting of the nucl eotide sequence
éizmples
The present invention will be described in detail with
reference to examples, but the preéent inventicon is not
limited to the examples.
Example 1
Construction of a green fluorescent protein expression plasmid
Tn order to express Aequorea Victoria-derived green
fluorescent protein (hereinafter, it may be referred to as
GFP) in a plant cell, an expression plasmid was constructed,
the plasmid contazining a DNA in which a DNA encoding a
glycinin signal sequence for endoplasmic reticulum transpoxt
(hereinafter, it may referred to as GY1SP} and a DNA encoding
a green fluorescent protein has been linked without causing a
codon frame shift (that is, in-frame).

(1) Construction of a GFP secretory expression plasmid

An oligonucleotide consisting of the nucleotide sequence
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of SEQID NO 6 and encoding a green fl uorescent
protein was synthesized. A PCR was perforned by using
the synthesized oligonucleotide as a tenplate, and an
ol i gonucl eoti de consisting of the nucl eotide sequence
of SEQID NO 7 and an 5 oligonucl eotide consisting of
the nucl eotide sequence of SEQ ID NO 8 as prinmers to
anplify a DNA fragnent encoding GFP and having a Nhe
site and a Sacl site respectively at each of the 5'-
AN GEY Tendopfe tand énaghient a2 Fpeen L uBERzcantDikotein was
pol ynerase (trade nane: KOD- Plus, manufactured by
TORRO1Eed; Pt 8CF YRS PerBorRed ihdsibAd e §ﬂ§t6?sﬁﬁéﬂ

actions e as f u f.ar
SFRGLERR RS o5, el BREBR 190 el 2
SEEONAS ngO0F nﬁ@l@@&%d%eqaaﬂc@%@_ ten HP Nregoafls;an
and foll owed by incubation at 6BC for 3 m nutes. The

@i drfucédoDNPe favagirent navas pbelmuqiﬁcﬁndﬁw%¢ﬂ¥ﬁﬂ§&cpﬁo$ﬁQ

5 ifife S afen SRR D SR PERORR (AR RE Figping’ bFe and
4‘%ga%t NLed v e QX&BQ {1 s:LEEdraspraQQQVéfﬁ aQ:Uféafchegf the

ragment was ligated by using a gene cloning kit
¢ t+ adel Barend aKakRa BiKignént:,. nBowfcaet BEked ab)DNATaﬁKhmrase
Co., Ltd.) to the Sinai site of theég}asn1d pUCL1

fheade nlarng at ¥R Busdprnwias tRRe gl dOIPRL P vo Prﬁ&r dnyas
| t nuf OYOBO
G504 Sl BE s AR B S ]

rarns were

ﬁ%&%@n Nucd get kge %ﬁﬂH@QQesfcﬁfloQEéZI? d Lyems r&ch

ected resistant strains were anal yzed by using
fead®ontdd t30f eecmmiﬁ,e@tﬂf’fdefce:e@lﬂeﬁeeom@,aﬁaﬁyéa"é? for 60

(trade nane: Bi gDye Term nator v3. 1(%%§I§ Séq%gncégg The
T°nqﬁanéﬁﬁcf?ﬁkﬁyeﬂyb¥¥ﬁﬂ9W9§tBPBS?%t S dn™ PRS-
ﬁg&ﬂlﬂ%@ Bna NEC BRhE Ofa S §llaREBd oY 286 féd@dennabBition
ABI Prism 3100 "Cenetic al yzer, manufactured by
Yppldied Bi DSy stemmedapaurification kit (trade name:
MagExtractor-PCR & Gel Clean Up, manufactured by TOYORO Co.,
Ltd.), and the purified DNA fragment was ligated by using a
gene cloning kit (trade name: TaKaRa BKL Kit, manufactured by
TaKaRa Co., Ltd.) to the Smal site of the plasmid pUCll8. The
ligation product was introduced into competent cells of E.
coli DHS5a strains (manufactured by TOYOBO Co., Ltd.) and
ampicillin resistant strains were selected. Nucleotide
seguences of plasmids from the selected resistant strains were
analyzed by using a reaction kit for nucleotide sequence
analysis (trade name: BigDye Terminator v3.1 Cycle Sequencing
Kit, manufactured by Applied Bicsystems Japan. Ltd ABI) and a

nucleotide sequence analyzer (trade name: ABI Prism 3100

Genetic Bnalyzer, manufactured by Applied Biosystems Japan.
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17 Ltd ABI). A plasm d having an intended nucl eotide
sequence was digested with Nhej and Sacl and was
obtained a 0.7 kbp DNA fragment encoding a

pol ypeptide in which a serine residue has been fused
to the amino termnus of GFP. 5 SEQ ID NO 6: 5'-

ATGGT GAGCAAGGGECGAGGAGCT GT TCACCGEGEGT GGTGCCCATCCTGGTCGAG
CTGGACGG

CGACGT GAACGGCCACAAGT TCAGCGT GT CCGGCGAGEECGAGGECGATGCCAC
CI€333A . A plasmid having an intended nucleotide 32%£§§§S

AGCT CCCTGAAGT TCAT CTGCACCACCGGECAAGCTGCCCGT GCCCT
sted with Nhel and Sacl and was obtained a 0.7 kbp DNA

&% RE AP SRR AR AN AR R T

Bl TRRAT CEEAABRLRE AN TS CoF GAEGAGCCCACCATCTTCTT
CAAGGACG

AR IANEBPAEAASIACCCGCGCCGAGGT GAAGT TCGAGGGCGACACCCTGGTGA
R PP ISR eI SRS R PR KA AT ER TS IRGAREE T EROCG
A AR B R R SRR ER SRR e

GEEACTCTGARGTTCATCTGCACCACCGGCAAGC TGCCCGTGCCCTEGCCCACCCTCGTS

TCAAGAT CCGCCACAACAT CGAGGACGGCAGCGT GCAGCT CECCGACCACTACC
RSEACKAECAGCTACGGCGTGCAGTGCT TCAGCCGCTACCCCGACCACATGARGCAGCACGA

Wﬁﬁm %@%A CATCTTCTTCAAC(%ACG

v FSICIOCIONeT
GACOGOCE CCGGGATQACTQACGGOATGGACGAGCTGTAQAAGT CATC
WWMWR%ETMWCGG@WGQGG@MEGGAGTACAA

TR BRI GO SpEPR A CRAC S AT RA ST GRACT
OﬂdA‘l@ﬁE‘ék@@éﬁﬂ%%AT&iébA%%CFHE&féﬂAG%cEg&’%&f&%ﬁzﬁ&aﬁ%mc

D NGs: 9 and respectively were

fquiccahenscancscrat cencdreatredcadacdbCat oxcEraBcaNEESAGTCCGE
and then cooled slowy to roomtenperature 25 to

&%ﬁﬁ?%ﬁ%ﬂ@%@@cﬁ%ﬁwﬂ}ﬁm@f%@ﬁqQ@m&CCGCCG

o g a Trig the pol ypeptide
&EGF%C%‘E%%EEE‘%A gﬁgﬁdé%@ pr epared |inker

iSEQthCﬁbﬁﬂ55%“LB@tagcgtgagcaagggcgaggagctgttcacc~3'

SEQ ID NO:8: 5'-gagctcttacttgtacagctcegtccatgecgtg=3"

Terminally-phosphorylated synthetic oligonucleotides
with the nucleotide sequences of SEQ ID NOs:9 and 10
respectively were mixed at an equivalent mole ratio, heated at
65°C for 5 minutes, and then cooled slowly to room temperature
to prepare a linker enceding a glycinin signal sequence for ER
transport (SEQ ID NO: 1}. The prepared linker and the 0.7 kbp
DNA fragment encoding the polypeptide in which a serine

residue has been fused to the amino terminus of GFP were
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resi due has been fused to the am no term nus of GFP
were 18 ligated to the plasm d pB1221 ( GenBank
Accessi on Nunmber AF502128) digested with BanH and
Sacl and transfornmed into E. coli in a simlar
manner. Nucl eoti de sequences of selected resistant
strains were anal yzed and was obtained the plasmd 5
pSUM 35S- GY1SP S-GFP (Fig. 1) containing the
nucl eotide sequence of SEQ ID NO 11 and expressing a
usj o ei n, . r afuhtesn
ST oF LR Bt B2 SR B oS
A@Sc)gﬁi@)cai@%eaagﬁmgtsaﬁm tarriskedt dhd impasEs foed)tigget E.
gctgcttcg-3° SEQ ID NO 10:

B1icimgr ghadéayceamsact d‘hﬁé&@&é@%mﬁﬁﬁﬁgﬁgiﬁéﬁﬁﬁﬁc
3. SEQID NGO 11: .5
rE YR BSECARBCTET PR HEL P PGH e PR R RAAERS

pE@ﬁ'II%IéYIJS@ S-GFP (Fig. 1)} containing the nucleotlde
TAGCGT GAGCAAGGGCGAGGAGCT GT TCACCGGEGEGT GGTGCCCATCCTGGT CCGA
SGGRERACGE SEQ ID NO: 11 and expressing a fusion protein in

v@@?y\%rlne remdué;TI;ra%Abeen inserted Eegweer%%-r%ﬂ?

AAGCTGACCCTGAAGT TCATCTGCACCACCGECAAGCT GCCCGT GCCCTGECCC
ACCCTCGT

SeACEAGY [GACCT ACGECGT GCAGT GCT TCAGCCGCTACCCCGACCACATGAA
GCAGCACG

ACTNCTRIAGCTECHRBCATHCCCEHAGS : erteersv Niva ot
TCAAGGAC 20
CTXCAAGACCCGCGCCGAGGT GAAGT TCGAGGGCGACACCCTGGTG

M%%%ccacégraaaa% agaaaacaaagggaca:'gial_aéaé:%tagcttggccat&?r'

SEOAGDADA: 11: 5'-
BB R AR CETASTITE 1 e Er T ST P Attt

B SR T A SRS AR g oonee
KdTetrrEANEtediR avas c e mdehyC AGINGG G RECATI CIICITUCRAGGAC

GACGGCAACTACAAGACCCGCGCCGAGGTGARGT TCGAGGGCGACACCCTGGTGRACCGCAT

CGAGCTGAAGGGCATCGACTTCARGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACA
ACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGARGARCGGCATCARGGTGAAC
TTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAA
CACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCE
CCCTGAGCARAGACCCCARCGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCECC

GCCGGGATCACTCACGGCATGGACGAGCTGTACAAGTAAGAGCTC-3

A first-round PCR was performed by using the plasmid
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19 pSUM 35S- GY1SP S-GFP as a tenpl ate, an

ol i gonucl eoti de consisting of the nucl eotide sequence
of SEQID NO 12 as a forward priner, and an

ol i gonucl eoti de consisting of the nucleotide sequence
of SEQID NO 13, 14, or 15 as a reverse 5 priner for
nodi fi cation, respectively. Second-round PCRs were
performed by using a portion of each reaction solution
of the first-round PCR as a tenplate, the

cﬂgwp%ygl@ﬁtspd% @ﬁﬁ%éta %gmppété h%nnuﬂ&&mcci%o%@ayence

12 as a forward prinmer, and
aldngonutheati daeconslsitiing séqudnaenuclezm|xnanbe 12 as a
sequence of SEQ ID NO 16 as a reverse primer

afrﬂﬂ“FF? BE1MS¥A F"F‘gg%rﬂhHSW?PQQ%lSSrTFIPn§ﬁ%m§anat@acZ
Sl-ch. E%?@&%‘écfaé%h}é CEDOIE tl'l% 5 rQS agng Pé erse
Fragnent éncoding-a Fusrén pfo ein in ch

qj’rlﬁlei:ef@@txtiddafaﬁhﬂﬂ:rﬂc izesp&st B vi, S SédbsﬁL&sdn@qtoaeenere
GY1SP and GFP. For the first-round PCR, a 15 DNA

reinfrened oy usite agprtiPni qﬁ&ﬁm Hsac]&wrpcﬁ@nﬁiatseof the

f
B PEAIRE SR phch iaerpnhs v 1 380nYEN e foppietins

WCthar nddl 2R4Q80Sequitice bEM sin SECRBYS12 AN a7 262008 30
seconds. The second-round PCRs were perforned in the

saimeranmed aas of hgoduaisotideincbri2@RL 20g exC apife hihaledticle
i ncubation tine at 72C was nodified to 60 seconds.

ESOHeBFe tHe %FPW% ISNAS T # oFfHTERES REL D itF BERLLLY 3
gja nBI%!&:ngéMé 252 ?}g{fég:élfte a%}x‘é h”é& feéji%e%@&é‘céﬂ%ly

te and t asm
;msuubaﬁ&ﬁfbspss-% tay -2hd r &plidei lﬂgaﬁrh@ﬂDM&\df EAGTERHg a
of pSUM 35S- GY1SP S-GFP encoding a fusion protein in
\Wisisd AN P2 Gife inedhiftie aaslbrmttiiyseapinr gsddnsesidue is

§¥%§?t§ﬁ“ké§§2en &Plégl gaHFE agbr gﬁ' éiﬁ%%sggﬁkd PCR, a

DNA polymerase (trade name: PrimeSTAR HS DNA Polymerase,
manufactured by TaKaRa Co., Ltd.) was used and conditions of
the reactions were 30 cycles each for 98°C for 10 seconds, 55°C
for 5 seconds, and 72°C for 30 seconds. The second-round PCRs
were performed in the same manner as the first~round PCR

except that the incubation time at 72°C was modified to 60

seconds,

Each of the amplified DNA fragments was purified,
digested with BamHI and SacI, and inserted between the BamHI
3ite and the Sacl site of the plasmid pSUM-355-GY1SP S-GFP by
replacing the DNA fragment of pSUM-35S-GY1SP S-GFP encoding a
fusion protein in which a serine residue has heen inserted
between GY1SP and GFP with the BamHI and Sacl-digested

amplified DNA fragment to obtain the following plasmids.
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anplified DNA fragnent to obtain the follow ng

pl asm ds. 20 By using the oligonucl eotide consisting
of the nucleotide sequence of SEQ ID NO 13 as a
reverse prinmer for nodification in the first-round
PCR, was obtained a plasmd pSUM 35S GYl SP-GFP (Fig
2) expressing a fusion protein in 5 which GY1SP and
GFP are directly linked with no additional amno acid
residue insertion. By using the oligonucleotide

consi steyngsig the ohugdenilede; 88 RHRE8:ohg SR dHR NO
14 as a reverse priner for nodification |n t he

f??%#QQﬁQGﬂdS¢QH%n0ﬁaSfoiRQuﬂﬂeUOa ¥ﬂz§§nadr&@erse primer for
SS-GYISP GFP, 9. reSS|n a, fusion
pro%\4 RO vl gﬁe fﬁéﬁ?f ﬂep? i“@Fe® g5§1Tﬁﬁﬂ? plasmid
'[5‘§(ﬁff—13%§ beiarerpCYEEP, and ex&g 5B Ys| ngﬁ]gproteln in
ol i gonucl eotide consisting o nuc ot I de sequence
ofhBEQGY D5 NQndl BFasage rdivecseyplinkd Wath dd additional

nodi fication in the first-round PCR was obtai ned a
parr%fé"iﬂ gepBUmisiseGinsgrtdonep (Fl g. 4) expressing a

f h d b
oo G 40 LA A BB e e
%u@%ﬁ:@@@g@cﬁz‘éﬁhgggfaﬁﬂftlggﬁé“fi GG 3 reg&s%ENgrh.Rer for

NO 13: 5'-cttgctcacagcgaagcagcagcec- 3’
snodc-tfngetm dat &be gﬁagﬁag‘oagd cpc:R. w3EQobEa NRAdL & plasmid

03{53 é@ﬁ&a%ggf‘ f‘%t ""QESC%@E IflgsaNo %@w BEPRgimAin

Q‘ngzﬁn H C&@Q‘Il'o%@ﬁ@ 0pgs &ldaNga0f nddie ﬁﬁgglf'@g& | %wfefégg??f]&ﬁ? and

of SEQID NO 17 as a reverse priner I on
i@FPt.he first-round PCR, is obtained a plasnmd

expressing a
By using the oligonucleotide consisting of the

nuclectide sequence of SEQ ID NC: 15 as a reverse primer for
modification in the first-round PCR, was obtained a plasmid
pSUM-355-GY1SP A~GFP (Fig. 4) expressing a fusion protein in
which an alanine residue has been inserted between GY1SP and
GFP.

SEQ ID NO:12: 5'-gagtcaggatccatyggccaagctagttttttce-3!

SEQ ID NO:13: 5'-cttgctcacagcgaagcageagee=3"

SEQ ID NO:14: 5’'~-cttgcteaccatagegaageageagee-3!

SEQ ID NO:15: 5'-cttgctcacagcagcgaagcagca-3!

SEQ ID NO:16: 5'-gttcgagagctcttacttgtacagctcgtecat-3'

By using an oligonucleotide consisting of the nucleotide
sequence of SEQ ID NO: 17 as a reverse primer for modification
in the first-round PCR, is obtained a plasmid expressing a

fusion protein in which & ¢glycine residue has been inserted
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fusion protein in which a glycine residue has been
inserted 21 between GY1SP and GFP. By using an

ol i gonucl eoti de consisting of the nucleotide sequence
of SEQID NGO 18 as a reverse prinmer for nodification
in the first-round PCR, is obtained a plasmd
expressing a 5 fusion protein in which a | eucine

resi due has been inserted between GY1SP and GFP. By
usi ng an ol i gonucl eoti de consisting of the nucleotide
sequence of SEQ ID NO 19 as a reverse prinmer for
hotearc &P 8R 21 GERe first-round PCR is obtained a

pl asmi | 093 BorkP-1fddsi QD B i@Ank No i n@Blectide
i sol el? [ ﬁégﬂé%:&?‘dgel %s béaen i nserted between GY1SP

886uGRR. oBysEsiTyNan D8 i goruckeetsd@rdnasi fof mpddfieakion
nucl eotide sequence of SEQ I D h(llég as_.a reverse .
brithe Higstnoeind €5Ry okt GFatRES 13 RRSPSENT GRS e

bt ai ned | asm d .expr essi a . [ L GindelrBed
Y & r\?gfagﬂ e é"gﬁlaﬁea hg%%g‘g nr%ér'llséedréts E‘lgg ]Ee(t%welen e

YRR Ane16EPanBYsrsi Nng an ol i gonucl eoti de consi sting
of the nucleotide sequence of SEQID NO 21 as a

rever sy pisingrad ol igoundledtitenconsistiass pf st Gggectide
PCR, is obtained a plasmd expressing..a_20 j : :
BESRRRFE A7 whARcH d%r 3§| e % @% vaue” asﬁgéeﬁg#ﬁﬂéﬁlt%gatlon

t .GQY1S PR 1 BYosisiingqas pldgaauskppéideg a
ggnﬁﬁ%?ﬁﬁ%%ofb?ﬂg nucléot?dez'sequence of SEQ I D NO:
22s86n PrcRe@nSEn Hinwr afof salmaicihe ardsdisiuej has heeen

first-round PCR, is obtained a plasm d expressing a 25
foseerephstEpan i G \aF @R9a%k5r eoni ne resi due has been

| nsert§¥jusgggmgﬁﬂbf§5£§ﬁhfg5¥faépconsisting of the nucleotide

sequence of SEQ ID NO: 20 as a reverse primer for modification
in the first-round PCR, is obtained a plasmid expressing a
fusion protein in which a valine residue has been inserted
betweaen GY1SP and GFP.

By using an oligonucleotide consisting of the nucleotide
sequence of SEQ ID NO: 21 as a reverse primer for modification
in the first-round PCR, is obtained a plasmid expressing a
fusion protein in whi¢h a proline residue has been inserted
betweaen GY1SP and GFP.

By using an oligonucleotide consisting of the nucleotide
sequence of SEQ ID NO: 22 as a reverse primer for modification
in the first-round PCR, is cbtained a plasmid expressing a
fusion protein in which a threonine residue has been inserted
between GY1SP and GFP.

By using an oligonucleotide consisting of the nucleotide

sequence of SEQ ID NO: 23 as a reverse primer for modification
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By using an oligonucl eotide consisting of the

nucl eotide sequence of SEQ ID NO 23 as a reverse
primer for nodification 22 in the first-round PCR, is
obtained a plasm d expressing a fusion protein in

whi ch a histidine residue has been inserted between
GY1SP and GFP. By using an ol igonucl eotide consisting
of the nucleotide 5 sequence of SEQID NO 24 as a
reverse prinmer for nodification in the first-round

R@ERthkSt DRI RRdd P, 2SR BbEXIHAF S Bladnid USpPBssing a
protein in which a glutan1ne resi due has been inserted

Uhtwueenpfaﬂéﬂﬁ andwlg<i aBhrigsidipeamesk dgorhas bebndinserted
S|st|n of the nucleotide 10 sequence of SEQID
tw?%“ E @per&&¥ prinmer for nodification in the

first- g%‘ln C§n é%ﬁ%%%hggf RIASILEy e Ehe B eotide

fusi on prote n utamc aCI esl

kegnentaser tsxg bstwwemGX&SE Pk reBPpr Bye 1l FoRgmadi fication
cligonucl eotide consisting of the nucleotide 15
déqibachi vt -Seand PMNG, iz6okkainacerersespid m@premmg a

SRR Ot TB Pt e PLE B GPALS WS Rogh oerted

%ﬂ@g@gléﬁgpe§hgu&pas been inserted between GYLSP

By using an oligonucl eotide consisting of the

nucl eom;} deingd0as espicRAacDEcSRQ Iconblbt &% a3 ané emeflsRtide
primer for nodification in the first-round PCR, is

SEEuPRRRl of FEQS AP dx BPessi @gr&a'erﬁaspbmem desi m@#mauon
W €N ap, 2 pa%“% @’PO‘J esidue has b asm NSerLe a

bet ieen GYTSP 4R ﬁ%lruf an Fgo?f%ﬁ?g
¥QBSbS P AEAh tRHeyHILGE E%l@@aml%'S a2gd U?é‘éi%lu%f h&FQdda

NO 28 as a reverse prinmer for nodification

inserted between GY1SP and GFP.

By using an oligonucleotide consisting of the nucleotide
sequence of SEQ ID NO: 26 as a reverse primer for modification
in the first-round PCR, is obtained a plasmid expressing a
fusion protein in which an asparagine residue has been
inserted between GY1SP and GFP.

By using an oligonucleotide consisting of the nucleotide
sequence of SEQ ID NO: 27 as a reverse primer for modification
in the first-round PCR, is obtained a plasmid expressing a
fusion protein in which an aspartic acid residue has been
inserted between GY1SP and GFP.

By using an oligonucleotide consisting of the nucleotide
sequence of SEQ ID NO: 28 as a reverse primer for modification
in the first-round PCR, is obtained a plasmid expressing a
fusion protein in which a lysin residue has been inserted

between GY1SP and GFP.
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in the first-round PCR, is obtained a plasmd
expressing a fusion protein in which a lysin residue
has been inserted between GYSSP and GFP. 23 By using
an ol i gonucl eoti de consisting of the nucleotide
sequence of SEQ ID NO 29 as a reverse prinmer for

nodi fication in the first-round PCR, is obtained a

pl asm d expressing a fusion protein in which a
cysteine residue has been inserted 5 between GYLSP andd
GFP. i ng | Qld denePhSinst bgtind rutdeotide
nuclé%?f%%hesggggﬁg%ﬂg?i§§§% I D NO 30I§i a reverse )
RELEREe T SERALDiNGt 20nasia teverserprineuigr prydifigation
obtained a plasm d expressing a fuiionc?rotgigsiﬁg a
inhitbh HirsrgonhaePGhos tgueP RN e 8nPHATLT EFP7T0

bet ween GY1SP and G:P.. B ' ; 'ggayj gpt il rted
LGRERSPTF iof lPh‘%‘hﬁkl%S%f’%%“%é%Eéﬁ%% of %EQ ID NO

feMerse grdrer for nodification in the
é%kfgg??gund SCR, is obtained a plasm d expressin

a .

f usi oy pesirei An| ol WinclklactidosorsiFREIHRE HES ‘b‘g“e]r?"tld“'
inserted is between GY1SP_and GEP. i Bdification
WaugeracPeoiiddPcliRsi ¥t Aig2 of S THE engg 85t i'de ﬁ\se%qulecnace;zl
of REQeL PN AR S eYBESEndd iaTRhabRid reagirbeRig an

i SRt F?%ﬁ%wgénd s obtaiégg a plasmd
BARSSEHBe B ihUFhoeh probeinlme weisihua 23y prephimserted
resi due has been inserted 20 between GY1SP and GFP
Byrwesnn§Y 2P aindg6RBel eoti de consisting of the

T Srsnah STE Gl SERLAR Mo FRAg g ehigcotsoe
th%L%iﬁl%%doﬁ PhRASTH SoSxPr %95_3iangeaergd-l@r@.ﬁeﬁrﬂi:eimdiiﬂicatlon
Whi Ch a phenyl al ani ne resi due has been )

in the first-round PCR, is cbtained a plasmid expressing a
fusion protein in which a tyrosine residue has been inserted
between GY1SP and GEP.

By using an oligonucleotide consisting of the nucleotide
sequence of SEQ ID NO: 32 as a reverse primer for modification
in the first-round PCR, is obtained =2 plasmid expressing a
fusion protein in which a tryptophan residue has been inserted
between GY1SP and GFF.

By using an oligonucleotide consisting of the nucleotide
sequence of SEQ ID NO: 33 as a reverse primer for modification
in the first-round PCR, is obtained a plasmid expressing a
fusion protein in which a phenylalanine residue has been
inserted between GY1SP and GFF.

By using an oligonucleotide consisting of the nucleotide

sequence of SEQ ID NO: 34 as a reverse primer for modification

in the first-round PCR, is obtained a plasmid expressing a
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25 inserted between GY1SP and GFP. By using an

ol i gonucl eoti de consisting of the nucleotide sequence
of SEQID NO 34 as a reverse prinmer for nodification
in the first-round PCR, is obtained a plasnmd
expressing a 24 fusion protein in which a serine

resi due and a glycine residue have been inserted

bet ween GY1SP and GFP. By using an ol igonucl eotide
consisting of the nucleotide sequence of SEQ I D NO

guerse prinmer for_nodificati on. he
T B8 P tpcke T o et ZEPAEHT o RSk SLT G gosicue
fhuse _%b@{ Qtn%_éﬂtétm ptwelnaceRid Radresp due and an
al anine residue have been inserted between GY1SP and

GFP. Bjy wsiing am qﬂﬁq@unqt¢q§ﬂﬁedeoceiﬁﬂkﬂq Rg t%Etnugleotide
nucl eotide sequence of SEQ ID NO 36 as a.rever

SPARBRCT RE FBHI 17 CWti on 310* iTFVERES FRTREEeH SBRA™ lCP§1°n
mgit gt%@ eﬂl%tn&aém %&%9&98&%%%& Hsbﬂkn&rdogggpeé%}ng a

an al ani ne resi‘'due and a glycine resi ave
lFaebon Nafytletd Detwienh &Yi&H mndetEfue SHQ kR MR dike
5' -cttgctcacgccagcgaagcagca-3'  SEQ ID NO 1B:
resgdvediavac hagagapeaged gestfpe@n3GY19B aadQGED- NO: 19:

5 - Ctt ctcacgataqﬁ_ AgGapCadGe" gpns quhﬁiféﬁJnucleotide

5' - cttget cac acagcg gcagcagcc

Beghtd O lFACEHGURTAERAECAGE A FevedER) pHMIP 28+ modification
5' -cttgctcacagt agcgaagcagcagcc- 3' EQ I D NG 23:

5n- tm¢gﬁﬂn&i&gbgmduﬂ@&agéag@btdineEOaSﬁI@ﬂM@dN€Rﬁ43551ng a

5' -cttgctcacttgagcgaagcagcagcc-3' SEQ | D NO 25:

Susien RAAtRdnt Cagtyshigeagriidaesres g adng, gbycine

2es Pl HGL %Cg%gggﬁ%%ggggqg&q‘%%n ev1sFQd Dk 27

5"-cttgctcacaf cagcgaagcagcagcc- 3
SEQ ID NO:17: 5'-cttgctcacgccagcgaagcagea-3"

SEQ ID NO:18: 5'-cttgctcacaagagcgaagcecagcagec—3'
SEQ ID NO:19: 5'=cttgctcacgatagcgaagcagcagcc—3'
SEQ ID NO:20: 5'-cttgctcacaacagcgaagcagcagee-3!
SEQ ID NO:21: 5'-cttgetcacgggagcgaagecagea-3°

SEQ ID NQ:22: 5'-cttgctcacagtagcgaagcageagec~3'
SEQ ID NO:23: 5'~-cttgctcacgtgagcgaagcagcea-3"'

SEQ ID NO:24: 5'=-cttgctcacttgagcgaagcagcagec—3'
SEQ ID NO:25: 5'-cttgctcacttcagcgaagcagcagec-3'
SEQ ID NO:26: 5*'-cttgctcacgttagecgaagcagcagee-3"'
SEQ ID NO:27: 5'-cttgctecacatcagegaagcagcagee-3"'
SEQ ID NQ:28: 5'-cttgctcaccttagcgaagcagcagee—-3'
SEQ ID NO:25: 5'-cttgetcacgcaagegaageagea=-3"

SEQ ID NO:30: 5'-cttgctcacictagcgaagcagcagee~3"'
SEQ 'ID NO:31: 5'-cttgctcacgtaagcgaagcagcagcc-3'

SEQ ID NO:32: 5'-cttgctcacccaagcgaagcagca-3'!
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SEQ I D NO 28: 5'-cttgctcaccttagcgaagcagcagcc-3' 25 SEQ
I D NO 29: 5'-cttgctcacgcaagcgaagcagca-3' SEQ ID

NGO 30: 5'-cttgctcactctagcgaagcagcagcc-3' SEQ ID

NG 31: 5'-cttgctcacgtaagcgaagcagcagcc-3' SEQ ID

NG 32: 5'-cttgctcacccaagcgaagcagca-3' 25 SEQ I D NO 33:
5' -cttgctcacgaaagcgaagcagcagcc-3' SEQ I D NO 34

5' -cttgctcacgccgct agcgaagca-3' SEQ I D NO 35:
5'-cttgctcacagcgctagcgaagcagca 3" SEQ I D NO: 36:

BT LD R BRI A e aey, " O °

éﬂﬁ'i@dH§t34H1sEaebtg&tddaacab655gd§5adeseB1bed in Exanpl e
1(1) is digested with Hndill and EcoRl to obtain a

SEOIRhEO DNy B0 ~EF haecAIEaE FAHII2PRE285  al ned DNA
fra ment s ed to 1121 ( GenBank
SN8n3ihﬁ% gg£\‘%§$§§fasﬁﬁggﬁgggﬁy§dlgested with

BawHI and Sacl to obtain a binary vector plasmd
expressing a fusion protein in which GY1SP and GFP
fr)e cdnseehdyidn pifed GFP-exprossing kdmeaY TRIEEF 4PE

inserted is between GYISP and GFP. Exanple 2 Anal ysis
tﬁfﬂgtpoéxﬁﬁ%ﬁﬂﬂq§ﬁ19ﬂ reconbi nant tobacco cul tured

Fﬁlt 'OS E& y (42 th%t 999&% g egér%'é’d PEREFHDN P13sHEd

ACC0 ture [ s and sel ecti on of
&f&éﬂﬁ@dnﬂnﬁh(HhﬂaiﬂedaﬁuﬂﬂdbRIAnoedmnaaasaoh Bt ehgiDYA
prepared in Exanple 1(1) was introduced into

Seaxpremdi. orEasil pfr tee tBFadeed F fraarenty s’ 1igated to
the plasmid pBI1l21 (GenBank Accession Number AF485783)

previously-digested with BamHI and Sacl to eobtain a binary
vector plasmid expressing a fusion protein in which GY1SP and
GFP are directly linked or one or two amino acids are inserted

baetween GY1SP and GFP.

Example 2
Analysis of GFP expression in recombinant tobacco cultured
cells
(1) Introduction of GFP expression plasmid into tobacco
cultured cells and selection of recombinant cultured cells
An expression plasmid prepared in Example 1{1) was
introduced into suspension cultured tobacco BY-2 cells by
using a gene transfer system (trade name: PDS-1000/He System,
manufactured by Bio-Rad Co., Ltd.}. The preparation of
cultured cells for gene transfer and gene transfer
manipulation were conducted according to a method by IIDA et

al, (BExperimental Study Gene Transfer Experimental Method 1 -
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using a gene transfer system (trade name: PDS-1000/ He
System 25 manufactured by Bio-Rad Co., Ltd.). The
preparation of cultured cells for gene transfer and
gene transfer manipul ati on were conducted accordi ng
to a nethod by I1DA et al. (Experinental Study Gene
Transfer Experinmental Method 1 - 26 Particle gun

nmet hod-, Plant Cell Engineering, 1992, Vol. 4, No. 1,
pp 43 48). Three (3) to 5 days after the gene transfer

TE UL PO ST MRS SRR v

and SkaggqgpPhysol . Plant (1962) Vol . 15, pp473-493),
3% sucrose, 1 |v|2 4-D, 1 mg/L thianin- HC, 100 ng/L
nyo- i rigieol(3) 209 hglalysKel2Ped )theowens nt rep G rgriipwiation,

kanamycin and solidified with 0.8% aga cul tured

| RutHEredigrklavere £Eangkesns T“Fr%rﬂ s g ol netfin s
MRSSESad @S kgl At Mlc&a‘éﬂﬂj@r@m’%hceog hecpeghitelhoe2)
mMasses were cultured on“a nodified agar medi um

Co81 Ai 15,ngp208- a0, of kanaBiGi 0 fuorz, anot heng 4. whéksin-
gr own cel | masses were transferred to a fresh nedium

WHER tHY 3ark momdessitel, ZM0drghlkiRBuh&ontaining 30 mg/L

oSF irokta " Fit ntiRaR A drienlp 4 AR Pyt ehreg an che
Ofa £ RLAM Yo3CHb 2R 9&: 1 hRneRt 8h Nad el Eeﬂ r;@dg&swamtm

performed in a nodified M5 |iquid nedi um cont ai ni ng
200 mpdmyofinkaféey eehedtred bellandcass weget@rimedt on 40

her 2 weeks of cul med
RaR AR NS PRI SRR ICoRE! T B R0 SS0URATEGn £oF
L?ﬁgac MPQE;. QﬁJolwnSE%fi e s3kd §é?@'ﬂﬂaﬁ§f89§e@r&%hfresh

ceI strain sequently, a rotary culture of

tled1eceiibhnené e composition, and then another culture for
3 to 4 weeks was further performed twice to establish
recombinant cell strains. After 2 weeks of rotary culture of
the obtained cell strains was performed in a modified MS
liquid medium containing 200 mg/L of kanamycin in the dark at
23 to 25°C at 140 rpm, another 2 weeks of culture was
performed in a fresh medium under the same conditions to
purify the recombinant cell strains and stabilize the growth
of each cell strain.

Subsequently, a rotary culture of the recombinant cell
strainsg was performed in a modified MS liguid medium without
kanamycin under the same conditions, and 0.3 to 0.4 g of cells
were transferred onto a fresh medium just before the cell

growth would reach a saturated state to subculture.
(2) Analysis of GFP secretion amount in recombinant tobacco
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strains was performed in a nodified M5 |Iiquid nmedium
W t hout kanamnycin under the sanme conditions, and 0.3
to 0.4 g of cells 25 were transferred onto a fresh
medi um just before the cell growh would reach a
saturated state to subculture. (2) Analysis of G-P
secretion anmount in reconbi nant tobacco 27 cultured
cells GFP secreted fromthe reconbi nant cultured cel
obt ai ned as described above into a cul ture nedi um and
GPacqupdhating in the cells were quantitatively
neasured by using a Western 5 blotting nethod and an

i MUNGstak et reretetthod the calconbinant faltygesd 79 ign obtained

anount of the GFP. Wien the growth rate in '

e peeraitibal| goore 4ntped FYltEreale ‘ﬁwné‘nief“ﬂr%“c‘%“ﬁ“%?hggng
reconbi nant cul tured guhd U eyes@srn
FBcbiVRers glﬁnﬁe%een PrF %géé%ﬁg\etlyg%g%u%d Eb%anuf or<§ 10 ©

Bh Bt B5y Het hO@MArE A LAkt @s tand inptisitied gocaplgplate the
supernatant and cultured cells. The culture
sapeenimamnowat ot dheeh¥Fat ed by using a centri fugal

filter_unit (trade_ nanme:;  Centrli Y a1l

manuf d81EH &8 bYF M Fgg?ewaéo.mfk g‘%?ﬂ%%‘%gn? Re volums -
QLshie é#%eﬁeeéfﬂtcu%%r&egfw@é trecameitant/ 200tated fells,
56 OF i gi nal volune, and the concentrate obtai ned was
usefLast thereditued nact recoveiva enftcenirifoprd Bf ©.080
g were frozen wth liquid nitro en,wgé%é)ﬁi beagsa1

@omafer ek0 oipstey &k FORM) EHPERATRTE 5 “ds

cel | wejght and_ 300 L of bef, £ etn1 MBLe sagdderhtamtdwas
HERTPRE elalné1 ﬁ%r%uréardgﬁﬁgggy gggri%di ng gogappar at us

(dohrdar PR bV %814Y 4 iVt BOBugaIRmil et wrdd Hyradk AGEN:
Co., Ltd.). After the obtained ground product was eil
et i b oegre Mt 01 Sn@0 L acsrredt by MiAdFPar e (it 43+ HEt?

the volume of the supernatant was reduced to about 1/200 of

tﬁﬂ%ture

the original volume, and the concentrate ocbtained was used as
a medium fraction. The cultured cells of 0.4 g were frozen
with ligquid nitrogen, glass beads (diameter 0.25 to 0.5 mm) of
the same weight as the cell weight and 300 uL of PBS buffer
were added, and then the cells were ground by a grinding
apparatus (trade name: Mixermill MM-300, manufactured by
QIAGEN Co., Ltd.). After the obtained ground product was
centrifuged at 15,000 rpm, at 4°C for 5 minutes, the
supernatant was recovered and centrifuged at 15,000 rpm, at
4°C for 5 minutes. The supernatant was recovered and used as a
whole cell fraction. An aliguot of each fraction was
collected and was subjected to a measurement of the protein
concentration by using a protein coleration reagent (trade

name: Bio-Rad Protein Assay Dye Reagent Concentrate,
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supernat ant was recovered and centrifuged at 15, 000
rpom at 4C for 5 mnutes. The supernatant was
recovered and used as a 25 whole cell fraction. An
al i quot of each fraction was collected and was
subjected to a neasurenent of the protein
concentration by using a protein coloration reagent
(trade nanme: Bio-Rad Protein Assay Dye Reagent
Concentrate, 28 manufactured by Bi o-Rad Co., Ltd.@and
j Jd ao. prepanatnana (kenokastuwe umin
m%flg%&%gréeﬁf#gh?é as a st gndard. The al i quot of eaé:hd
JrepathoTomnthasgf@ttursl bieSbIng §e -  r Wegen@Shaf FEFnI2<S
(2-fold concentrate, containing 2- p t bangle,
manuf Bet Flé Wt I\%ﬁ:eﬂa&?‘ géiﬁfecfrg AR ng&t\?\%r é'%r%%gd?@and
the m xtu B30T heahthienigrerheatadioC
rfe&rgeg}: ?ﬁ’fnrﬁetr\(le\gﬁ gﬁ%ﬁ tecﬁ)tg%rgggﬁ?% ng m xturegn\f/as st or ed
dihan68, diWhEaRyke ey Wasaappl Tednes AnSDSWRASENgEFd, and
(trade nane: multi gel 1l Mni, manuf actureg Byc %g,:rrg
Bie0 mEaturd twks) sahjleckes! 10 al beal FFREFEERY AMad

current of 3Q mA per.gel i wiS<PAEN in ice. The
BRtESe pRYt & esrﬁg‘f‘#te]%‘g( 6‘.1%5/05 g%s 25 M tris, 192 mm
1 MGI ) s f Qp1k eROHS . a ADsBOAEDI MEint (tBERe nEanef:agndk ool
y Cosnb Bio Co., Ltd was el ectrophoresed as a

£t anodr, dnhouf priotrednby dinsowt Bidetermihdt | Y Affer the
el ectrophoresis, the gel was _slow.y 1 0K, i1} cA8DS-PAGE
¢ Yeatfuophpuesed u@elf-*eser‘g’%%s,"fégrﬁ% Pre?s,agggﬁmwﬁe

ci ne, 20% net | Yo afs s3RM benpPeratiyf e1$DmM glycine)
%Jr%‘fﬁré’??mﬁﬁﬁlst ule%%g%azso zlubj ected to el ectroblotting by

BSE NQ Haul! ans rechhibiddmg GEP vehdfaranytddey CagmpyBic C..
Bi o-Rad Co., Ltd, at 10 V for

1 hour taq_transfer
protwinsleconentineegel 29 & POBEARE ‘?Iaﬁéc’{iﬁl?t"{"g‘ gt
name: | nmobi | on- uf e Msl | tROrf1Cras siowly
peteyminakt PRy ?ﬁgéﬁe réaﬁigc\%ggghwaseheg with a washin
byELerid TBSranfer buffer (0.0375% SDS, 48 mM tris, 39

glycine, 20% methanol) at room temperature for 15 minutes, and

then was subjected to electroblotting by using a Trans

blotting SD cell manufactured by Bio-Rad Co., Ltd. at 10 Vv for

1 hour to transfer proteins from the gel to a PVDF membrane
(trade name: Immobilon-P, manufactured by Millipore Co., Ltd.}.
After the membrane was washed with a washing buffer (TBS

buffer containing 0.1% Tween) for 10 minutes, the membrane was
slowly shook in a washing buffer containing 2% of ECL Advance
Blocking Agent (manufactured by GE HealthCare Co., Ltd.) for 1
hour at room temperature to perform a blocking. Subsequently,
the membrane was washed twice with a washing buffer for 5
minutes, and then it was slowly shook in a 4,000-fold dilution

of GEP Epitope Tag manufactured by Affinity BioReagents Co.,
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buffer containing 0.1% Tween) for 10 m nutes, the
menbrane was slowy shook in a washing buffer

cont ai ni ng 2% of ECL Advance Bl ocki ng Agent

(manuf actured by GE Healthcare Co., Ltd.) for 1 25
hour at roomtenperature to perform a bl ocking-
Subsequently, the nenbrane was washed twice with a
washi ng buffer for 5 mnutes, and then it was slowy
shook in a 4,000-fold dilution of GFP Epitope Tag

TRAuf etdred By Abfd AUt ¥rdRh05RR0R LA fhancd® bbTutidd h
Can Get Signal | nminoreaction Enhancer Sol ution

raAUEact wren by TFEMOEOCCy. Ltdt cht abomoamtegaporattowe 40
for 40 mnutes as a primary antibody reactjon. After

R BURRFHLH Burfe PraBar NaStd ROy t Feaf Wigshi My 6uf Fiat “bﬁﬁ“tt"é‘a“e
for 2_m nut Wi for ' e ; f AR for
P faghey it b Eh o e Pl il Rar BORE S s

& byhi088, AndEGhcdNtdr n8bRLAUIGG thEOhGRIRMeSRas slowly
Per oxi dase- Li ked Speci es-Specific whole Antibody from

choley in nRMif0adt bd eth tny 1GEs Hefl| BARCARDL Opabbiftt d9Gand S-

Pr ot ei n- HRP conj ugat e, manuf act.ured _by. alt hcar

FerReEadhi A P@P“S&@?ﬁlmﬂ‘ﬁﬁu%?‘é‘ae&'g%gt%aﬁghe &Y thoay
Ll g Pyy IERRare lddl,, akdl oA s-

?gj%he!ﬁgﬁﬁ?ygp%%glgﬁ%ﬁ% asya secondar ?/re ant i body

reatkl APHRISURAEqyend | wanafketutdit bye6Brdewd thegrewasttdd Can

three tines with a washing buffer for 5 mnutes, The

Beivh SApea WakimsBF eRP e Pt BRRPER GRANtYR e FIA2GFRTSd PY

[ ECL 1 dvapced stern. Bl otting o] '
R ORacT o ed ) BE SO ERERr At ToF b TOg k08 Edondary
GReRLLYYT EsG8Ree dRbeelhont 16V iaeeer (fHaBRMBARRS was
Chem Doc XRS, manufactured by Bio-Rad Co., Ltd.) and
arshedgehoemltigies vfit wawesiizqds ifamefoQfaminpyeendhe
manufactured by Bio-Rad Co., Ltd.) and the %i gnal
MIFERERE WA iRty GF s1gnal detection by using RCL

Advanced Western Blotting Detection Kit manufactured by GE
Healthcare Co., Ltd., a chemiluminescence detection device
(trade name; ChemiDoc XRS, manufactured by Bio-Rad Co., Ltd.)
and an image analysis software (trade name: Quantity One,
manufactured by Bio-Rad Co., Ltd.) and the signal intensity
was measured.

In the medium fraction of the each recombinant tobacco
cultured cells to which the plasmid pSUM-355-GY1SP-GFP, pSUM-
355-GY1SP S-GFP, pSUM~358-GY1S8P M-GFP, or pSUM-35S-GY1SP A-GEP
has been introduced, a signal of GFP having an appropriate
molecular weight was detected. Each of the secretion amounts
of GFP per milliliter of culture was calculated as 2.4 ng for
pSUM-35-GY1SP-GFP introduced cells, 20,7 ng for pSUM-358-GY1SP

S-GFP introduced c¢ells, 10.1 ng for pSUM-355-GY1SP M-GFP
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In the nediumfraction of the each reconbi nant tobacco
cultured cells to which the plasmd

pSUM 35S- GYI SP- GFP, pSUM 35S- GY1SP S- GFP

pSUM 35S- GY1SP M GFF, or pSUM 35S- GY1SP A-GFP has
been introduced, a signal of GFP having an appropriate
25 nol ecul ar wei ght was detected. Each of the
secretion amounts of GFP per milliliter of culture
was cal culated as 2.4 ng for pSUM 35- GY1SP- GFP

Lniro d S, al f Syt Y& PPa- eGP
%ﬁ%?%d;u%c%gidc%g%'s,ar%g.lis%f]%;r %SUM%%:%YI SP M GEP 30
i At Foierd ceel § S,amnNd ram St g el arspBUM 35SwEY| Sfpaxegtpthat
i ntroduced cells, and fromthese results, it_was

hpper sigousaProtRirngr YEEEoRRCISTEFePRE YHerfdesBLPRY &F 106t

of the plant cells. . Al sp, 0 ,08rPfsdtRred
ﬁﬁ)f’c"d QEd toe @51580?&%%3%‘ \%ﬁéeggﬁ%ﬂagltoefassel?g/ote
9L P h3ReGYh SPGFRoinpsMkBzedyesb+GEP iAtYofiored cells,
pSUM 35S- GY1SP S- GFP introduced cells, 49%for pSUM

856 31 FRUM-GEP-C Yt TP SuBER iowidosiucaddcgdon f 4P tor pSUM-

SUM 35S- GYLSP A-GFP introduced ge ._Fro h
B SSUF ISP M-CaBy AL TASUSEBNESk Mo 221 PRE tfogoviC S5 Gy1sP

J ' | dseen
et et ol adous BOLE L Yap, &X1acE! beddrdsy 10 ssorete

to the heterol ogous protein, and

ahso it NHASnAelr RAtolbgbiensibtiednhare dityhacyl bbb lof

the heterologous protein w thout any degradation when 4
ereramedoheac GY1$E inddnked WetieeheBYIGP ARG PHRFSN, 20
het er ol qgous prot ein, Qnpared . to t e1WheLe tn
éﬁ‘ng_l? Pegf:f"?t?]f rﬁ?@geggyt%oe hf%ehg?%kgéﬁog\ggs _ €
REQL b Togouds® ?%Esiﬁ JARSLE Ushy QlegRbdat 5@ nelear ¥t | eise
expression plasmd To express Candida rugosa-derived
ldcpas es i Insertlednbetiddn, GY28P aandexjeebst OFPIsIoRYAT Br Gl 1
E:%?n;ta:r:‘ggtteg,thtehgagle awshne]r% g’glr.]St"Pallnsl rég.rectly linked to the

heterclogous protein.

Example 3
Construction of a secretory lipase expression plasmid
To express Candida rugosa-derived lipase in a plant cell,

an expression plasmid was constructed, the plasmid containing
a DNA in which a DNA encoding a glycinin signal sequence for
endoplasmic reticulum transport and a DNA encoding a lipase
has been linked without causing a codon frame shift.
(1) Construction of a secretory lipase expression plasmid

The nucleotide sequence of SEQ ID NO: 37 was designed
based on the amino acid sequence (GenBank Accession Number
P20261) of Candida rugosa-derived lipase by selecting codons

to be matched with plant codon usage, and DNA having the
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a DNA in which a DNA encoding a glycinin signal
sequence for endoplasmc reticulumtransport and a
DNA encoding a |ipase has been |inked wthout causing
a codon frame shift. (1) Construction of a secretory

| i pase expression plasmd 25 The nucl eoti de sequence
of SEQ ID NGO 37 was designed based on the am no acid
sequence (GenBank Accession Nunber P20261) of Candi da
rugosa-derived |ipase by selecting codons to be
HRLCNG 0 LR RLAN +CQI0PRAIG0a ANGHON GG ol bas
nucl eot1 de s%quence was synt hesi zed. The synt hesi zed
DN Mas bbosesd athcdbebmpersiitheaantile siindlandsite of the
Hndlll site of the plasmd pTV118N (manufactured
Fhkemial BIYLLEKE. (marofoptaied Tpkasai BicSYRE2)- 7R obtaln

cont ai hi_n cl eoti de, sequence encpdi ng.5 the |
AR A gt e g e R
Phashipf seYDR2d riBiid3e@ cdympl.ate, and an

ol i gonucl eoti de consisting of the nucleotide sequence
of SEQ@ EDRNGas 3&rdfncmed ot ngonacteotildenddnSiNAZdngBos a
t he nucl eoti de sequence_of SEQ I D NO K6 39 gs grinErs %od
EFPPIENEr 167 BNRHLIRGHEHROHAR RERSLRHEY §F t Bhg fiycaeotide

g?&%%nsé ! 8 géﬁ?ﬁ i’y\gﬁl ?%eﬂﬁgc%’ﬂcglgé?m%ﬁe@tidémgor%fs%@gg of

e fragne pol'ynmer ase

thé AR 12308 4e KEnRnds, ofregsy 3ot Hoed3 DYasTEXTREYs G amplify
Ltd.) was used and conditions of the reactions were as

foPYR erdgmint Uemingn aalheld G iter apd m riacds s1t ol TenRegtbyely
30 is cycles each for 94C for sgconds, 5QC f 3
SE ARG Diarhe “Bgr oy 2Gurieh d0nate EAPIES ot Gye TR

bR %Xm%@a@é deOhame: HoDLEER:, Then ARt 1EE€ b PHBYOBO

ragnment was purified fromthe reaction solution by
0si Nl . PNAa b ragie nhdpoonditdansoof kite depcadennamge as
MagExtractor-PCR & Gel d ean Up, manufactured Ey
followed: incubation at 94°C for minutes, followed by 30
cycles each for 94°C for 30 seconds, 50°C for 30 seconds, and

68°C for 90 seconds; and followed by incubation at 68°C for 3

minutes. The amplified DNA fragment was purified from the
reaction solution by using a DNA fragment purification kit
(trade name: MagExtractor-PCR & Gel Clean Up, manufactured by
TOYOBO Co., Ltd.), and the purified DNA fragment was ligated
by using a gene cloning kit (trade name: TaKaRa BKL Kit,
manufactured by TaKaRa Co., Ltd.}) to the Smal site of the
plasmid pUCll8. The ligation product was introduced into
competent cells of E. coli DHSa strains (manufgctured by
TOYOBO Co,, Ltd.) and ampicillin resistant strains were
selected. Nucleoctide sequences of plasmids from the selected
resistant strains were analyzed by using a reaction kit for

nucleotide sequence analysis (trade name: BigDye Terminator
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20 TOYOBO Co., Ltd.), and the purified DNA fragnent
was ligated by using a gene cloning kit (trade nane:
TaKaRa BKL Kit, manufactured by TaKaRa Co., Ltd.) to
the Smal site of the plasm d pUCl18. The ligation
product was introduced into conpetent cells of E
coli DH5a strains (manufactured by 25 TOYOBO Co.

Ltd.) and anpicillin resistant strains were selected.
Nucl eoti de sequences of plasm ds fromthe sel ected

R,%S h S(E_‘)f&t QEH&J}? rﬁt?“ﬁé#@%i?)ﬁe& S %@éggﬁgﬁﬁstems

nGcreot i seqlence analysis (t

BL:—@EHE Ther menat 86d BAutdedt Jclseghente ntiangzKrt (trade
manuf act ured by ﬁgglled Bi osystens Japan. Ltd ABI)
apden mwereﬁmdél Feantec A byzer (Tt ctiaRgd byBpplied

r.ism 3100 zer nuf ured b [
BiG3VRT S JFRRan Lod 45RG ) ¥ RIBPIEHAIEY, B Gfidnued
Hatk-endethe sRYGLRAL IWie acguence Wies Ghéesid swbt hard&las
and Sacl and was obtained a 1.6 kbp DNA fragnent
ebtotlned) aa 1p6l yplemNPdéragmewmlecmoellB@ra rp@lypgp'dute Has
been fused to the am no term nus of ase.

WPbﬁgeaeﬁﬁﬁiEFnﬁe?i@?qzPé@n%?ﬁn\ﬁ¥§epn§%rE aﬂéFﬁeEﬁFmﬁﬁ¥3 ot

it n - f d
b R e e e P e Ve

ehepbldt IS<CASP e GalPI enpoditngha plissndd pEUNEIIE-GY1SP
whi ch a serine residue has been inserted between

GYEEP lindre@RPChNE Hthieh &N Haamasic i PYPONARS -F¥ BEesiCEE

SUM 35S5- GY1 |
P B e PP T Bot g e R eE i "Bet D T B16°
ARde 1Be@ HAtGesh NGy BsH WHHOBFPWAltRI Bhé N WU 2R eBcORINBNA

residue has been inserted between GY1SP and |ipase. .
squm§n¢«3o3¢btgin the plasmid pSUM-35S-GY1SP S-Liplsoy (Fig.

Eﬁéffﬁﬁﬁﬁnlng the nuc eo §HT§§EQQQEEE§§¥QE§]%%TE@(HE%BACTT
expressing a fusion protein in which a serine residue has been
inserted between GY1SP and lipase.

SEQ ID NO:37: 5'-
GGATCCATGGCTCCAACTGCARCTCTTGCTARCGGTGATACCATTACTGGACTTAACGCTAT
TATCAATGAGGCATTCCTCGGTATTCCTTTTIGCTGAGCCACCTGTTGGTAACCTTAGATTCA
AGGACCCAGTTCCTTACTCCGGATCACTTGATGGTCAGAAGTTTACTTCTTACGGACCATCC
TGCATGCAACAGAATCCAGAAGGTACCTATGAAGAGAACCTCCCARAGGCTGCACTTGATCT
TGTGATGCAGTCCAAAGTTTTCGAGGCTGTGTCTCCTTCATCCGAGGACTGTCTCACTATTA
ATGTTGTGAGGCCACCTGGAACCAAGGCTGGTGCARACCTTCCAGTTATGCTTTGGATCTTT
GGTGGAGGTTTCGAGGETTCGTGGAACTTCAACTTTTCCTCCAGCTCAAATGATCACTARGTC
TATTGCTATGGGTAAACCAATCATTCATGTTTCAGTGAATTACCGTGTGTCTTCATGGGGAT
TCCTCGCAGGTGATGAGATTAAGGCTGAAGGTTCAGCTARCGCTGGACTTARAGACCAGAGA
CTTGGTATGCAATGGGT TGCAGATAATATTGCTGCTTTTGGAGGTGACCCTACCARAGGTGAC
TATCTTCGGAGAGTCCGCAGGTTCTATGTCTGTTATGTGTCACATTCTTTGGAACGATGGEAG
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TATCAATGAGGCATTCCTCGGTATTCCTTTTGCTGAGCCACCTGT TGGTAACCT
TAGATTCA 20

AGGACCCAGI TCCTTACTCCCGATCACTTGATGGTCAGAAGT TTACTTCTTACG
GACCATCC

TGCATGCAACAGAAT CCAGAAGGTACCTATGAAGAGAACCT CCCAAAGGCTGCA
CTTGATCT
TGTGATGCAGT CCAAAGT TTTCGAGECTGTGTCTCCTTCATCCGAGGACTGTCT
CACTATTA

AFS T GHA PR AR AT AAREEGET ORI TBEACTARRECAT GG TG
CGATCTTT

GET EONGEET KOS AETCLARCITRES SE P AT T R L ECACREES EIGTAFERR BT GC
ACTAAGTC 25

G

PR aoa T AR AT TP TR SR TR & &rErTe
CATATTCATCTCTTAGACTTTCATACCTT

e A R T e A T G VTG

%@%@@RSACGGTGTTAACATTACAGATGACATGTATGCTCTTGTGAGAGAGGGTAAATA

CTTGGT ATGCAAT GGGT TGCAGAT AATATTGCT GCT TTTGGAGG
AACTASIETCCCTGTTATTATTGGAGATCAGAAC GACGAAGGTACTTT C%%%CCT

%@,ﬁ%&%@gﬁ%ﬁmﬁﬁﬁﬁﬁﬁﬁﬁwﬁaﬁ@mcT
ACARTACTH A0 ATERT AR ERTTC ARCT RS AT BT IREETGCC

QETTCACACRGAET TGN RN EC TR BAATARAGRCEAR FEFACEHEEF TTC
TCCAATGC
TOOATCT ERS AR R PRACET B G E M AT I B EFELT A ™

%@% Wﬁ%ﬁ_CTCCCAGTGCTTGGAACTTTCCACTCAAACGA
CrAKERRT S CCTCGCATATTCATCTCTTAGACTTT
GAAGSTFrECAGGATTATCTTCTCGGTTCCGGTTCTCTTATTTATAATARCGCTTTCATTG

CCTAGGCCAGACGGTGT TAACATTACAGATGACATGTATGCTCI TGI SA%A%
RATAAGT IACCGACCTTGATCCAAATACTGCTGGACTCCTTGTTARGTGGCCTGAR ACA

T A S R AT AT A A R AR ACT RIS an

$Q%%5aé%ﬁﬂﬁ%EH&%%%%#&EBa%ﬁi%%ﬁE&%&EﬁﬁﬂmﬁmvwawmﬂmnmmmnsTGT
TCCT

TR EATECAGAAT TGACACT CTTATGACT GCT TAT CCAGGT GATATTACTCAA
GGCTCOCC .
TSR GACHe AR S AT TE T AR PR RS R AT FE RN A AT TTCAGT
TCTTG. 1 a
- - ' . AAGAATGATGGAGGAT TAGAG-3
é%%h$%ﬁ$éﬁg%Tfkcﬁé?%&%%ﬁﬁ& T CCT T ART CATTACACTGGTG
§0:40: 5'-

TATTCTTTCCTTTCAAAACAGCT TTCOGGT CTCCCAGT GCT
WGGCCAAGCTAGTTTTTTCCCTTTGTTTTCTGCTTTTCAGTGGCTGC%CGC

R A N AT I T A R RE i FAGAT A 0RO AR R ca
ﬁg@@%ﬁ%@%ﬁ@mﬁTﬁﬁm@M

OGRS A REPARTECARTRRERTTETo?

qJ%MMWC§§CCGAGGACTGTCTCACTATTAATGTT

GTGAGGCCACCTGGAACCAAGGCTGGTGCAAACCTTCCAGTTATGCTTTGGATCTTTGGTGG

AGGTTTCGAGGTTGGTGGAACTTCAACTTTTCCTCCAGCTCARAT GATCACTARGTCTATTG

CTATGGGTAAACCAATCATTCATGTTTCAGTGAATTACCGTGTGTCTTCATGGGGATTCCTC
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SEQ I D NO: 39: 5' - GAGCTCTCACACGAAGAATGATGGAGGATTAGAG: 3!
SEQ I D NO: 40: 5" 20
GGATCCATGECCAAGCTAGITTTTTCCCTTTGITTTCTGCTTTTCAGTGECTGC
TGCTTCGC

TAGCGCTCCAACTGCAACTCTTGCTAACGGT GATACCATTACTGGACTTAACGC
TATTATCA
ATGAGGCATTCCTCGGTATTCCTTTTGCTGAGCCACCTGT TGGTAACCT TAGAT
TCAAGGAC

A RI I G A A TTARSECTCAR LG AT RACRE A Th AR A A datmetnea

EPCABTRRITPRBARTHS @@%Mé&%ﬁ%ﬁﬂaﬁﬁw e
R eI T ™

g§¥E§Q¥E¥%CATCCGATAAGCTCGCTTGCCTTAGGGGTGTGTCCTCAGACACACTTGAAGAT

AAACCAATCATTCATGI TTCAGTGAATTACCGTIGIGICTT Cﬁ\§¥%é
Gﬁﬁﬁﬂ@@mﬁtAﬁmnccCCAGGATTCCTCGCATATTCATCTCTTAGACTTTCATACC TAG

A A S G LT A TARTRET GRS RO
Eg%%%%%@%8¥%ﬂEQa%@@ﬁﬂéﬁ?EXER@@EEEEﬂﬂEB@E&EEHE%&KEEEACE%@GEE&CTc

TGORAGACTAORARETT AGATKARETAT TAT TIIBRGABATI THECRIERAEERATTS AR
GAGACAAT

AR AA LR G T e A R PR R ST PP A R A RS SR e
AR B TR B R TR A T ARGAGGA T LT CACCRETTCTTCCCCAT

T@??E%@%%TACCCTCGCTAGACGTTATTTccTTAATCATTACACTGGTGGAACAAAGTATTC
GIGGT TCTGCATCCGATAAGCTCGCTTGCCTTAGEEGTGT ngg%gégﬁéh e
TTT?UEEQTCAAAACAGCTTTCCGGTCTCCCAGTGCTTGGAACTTTCCAC TC

A A AR AL AT R AAGEGTTTE AT €T
g§§g§§§%§@§@%EK¥¥8XKﬁ%ﬁé@EB¥a%ﬁ6EGﬁf@@iﬁﬁiﬁfeﬁcmmzxymagg¢AwpCTc

AT EOGRETEATANTROGACATERTRACRA!
CCTCACTC 10

$€%§E§§32TTC¥K)¥3TCTTAJ(¥¥3TCZITTATCI¥¥33TC¥¥FATT¥¥3TCAA(X33TC
CCCTTTTG

A&ﬁ(JKXEDNTTCTTAﬁ(I}ZTCTCﬁ(ﬁ(IJKJ%ATTCﬁﬁ(¥¥33NTTTcw(%)¥%EEC
TTEECRAREtruction of a cytosolic lipase expression D

?A&%TTL S%T%%G%ﬁg AP g%%HéAI (AT FARCTHH GAACAnd a

E&gl‘wg&%? TR GCERE TIORAAGT EES TGEMAGEE T GEASHTARANO:

TETTCEAGEATFASET TCHREGSTCaGET PUACTTRore AT AT ARCER S PRTER
TTGCATTC

GRFACKEA @B PAATEoRRACTEE B RFF AT SPaRRER A A LR ™4

Agégﬁgggé—Liplsoy (Fig. 6) expressing the lipase to which GY1SP

was not linked to.
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TTCCCAAAGT GGTAACAACCTTATGATGATCAATGCTCTCGGTCTTTATACTGG
TAAAGACA
ACTTCAGAACCGCAGGATACGATCCTCTTTTCTCTAATCCTCCATCATTCTTCG
TGTGAGAG CTC-3' 20 (2) Construction of a cytosolic

| i pase expression plasmd Plasmd SYN224-78 was

di gested wth BanH and Sacl and a DNA fragnent

conpri sing the nucl eoti de sequence of SEQ ID NO 37
was purified. The obtained DNA fragnent was ligated to

%3,Pkas M 9, fELE2: A geghed Wit Raphlpand,Saaktde for
obtain plasmd pSUM 35S-Liplsoy (Fig. 6) expressing

tthenkiEpasiod 0 whi ch GY1ISP was not linked to. 35 (3)
Construction of a |ipase expressjoQn bi

f
Uranst B4 O ERE PHTMAS pP s SBLTAFIRIES! d (bt 62!
et d’ilagst%ﬁw "é’ﬁsa;ﬂh&eékﬁdsé{‘éf h BaBEL; @ DRACk rhGnent
obtaln-a fragnent 5 containing a 1ipase coding

[RGit@NnikAch :9batdecdNhgl Fagimnt SEasimsof ithat BRA tfragments
plasm d pBI 121 previously-digested with Banxi and .
Szl ligetwbtta thei pkaspidepBbi2 b raeniauph~HIestyd pith

- Lipl so Fig. 7) expressing a fusion,protei Qi Rea_
Berlh 8% et F et RabRe e tRecP B pBL L Ros-onse
QESB138¢ IHiRAse; anskellihpnarsusieat geopdAsindwhich a

pBl -§58—€i {pllggy (Fig. 8) e?(pressi ng |ipase to which
@¥érSRevwassitbte hihakeeknt dnsgdlie@rimgaeani HLYF and lipase, and
anti-rabbit |i pase_g\nt [ sgggm Pl asm

)] mq SYI 4-2{8 vas,
RIGELY e TR h PRAFPHS AT ~SdeTL4R; 505 (BbTaiH £*BRBR A
T53QIBRNE  GREQE Egléi‘gqébé RAse1idk eBtai ned DNA
fragnent was 1 nserte etween BanmH site and Hindl |
site of plasmd pQE-80L (manufactured by Q AGEN Inc.)
to obtain . .
{4) Preparation of anti-rabbit lipase antiserum

Plasmid $YN224-78 was digested with BamHI and SacI to
obtain 1.6kbp-DNA fragment encoding the lipase. The obtained
DNA fragment was inserted between BamHI site and HindIIl site
of plasmid pQE-80L (manufactured by QIAGEN Inc.) to obtain
plasmid expressing a lipase to which histidine-tag peptide was
linked at the amino-terminal. The expression plasmid was
introduced into the E. coli JM109 strain and the lipase
protein to which histidine-tag peptide has been linked was
purified from the obtained transformed E. coli strain. A
rabbit was immunized by using the purified protein as an
antigen and an antiserum (AGC TECHNO GLASS CO., LTD)

containing anti-lipase antibody was ocobtained.

Example 4

Rnalysis of expressjion of lipase in recombinant tobacco
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pl asm d expressing a |ipase to which histidine-tag
peptide was |inked at the am no-term nal. The
expression plasmd was 20 introduced into the E. col
JMLO9 strain and the |lipase protein to which

hi stidine-tag peptide has been |inked was purified
fromthe obtained transforned E. coli strain. A
rabbit was imuni zed by using the purified protein as
an antigen and an antiserum (AGC TECHNO GLASS CO.,

LD 155 CANAIR BE AntipasbPaggraysiioaodycres ishbatdastico
é&anp e 4 Analysis of expression of |lipase in
racorblBabion alfaececomdtaht) takaceducti on of a |ipase
expression vector into tobacco, and selection_o

f .
r econbEAgtof SHacEPITHFFBFCEHEPT BIREEY cYPTeds; Brepared in
bi nary vectors _pr ed. | . e
P i ohaEha. srEa b?‘%"%ﬁ?‘%%‘%—?‘t orfum

| 01 R&lalc0By DBk heGecthén ticmatieC tihen twass fgerifor Had
according to the method by Uchi mya (Plant gene

neseni fourknatli accorsdiogl to Mthogthed B HRMAY2t efAf®
pl ant, = Kodansha Scientifjc Ltd.,,1990, ;

| NP3 6 18R FRENUAT BSEPCh O, B’é‘%%“"el% r SEARRI PRIy
vect Qr i ntraduced Nt A -RRa58E1 31T )
ﬁ%%§§%%:ﬁ§l%g%£§%4ﬁﬁﬁahﬁ%?gtu?é@aﬁy Cl ontech) and

the resabhi 8¢ tiparsf eghredsAgnobamdey ivertors | was Wetgoduced
cultured overnight in an LB Iiquid nmedi um_contai ning
; R/

300HRy AIrebRERROYAR ItAe TRBHARSL LA A0 @RAuTanE:

(S o et e ARG rab e AT S Tl R

| Patd & QVEEBE Obe rraght UL, arplLBNL g0 réBiagacomedndny

(M5 inorganic salts, M5 vitam ns, 3% sucrose, 0,8%

ageuNg Al tshreptomgyin, n2pPndvdl eddampicin, and 25 mg/L
kanamycin. Leaf discs taken from asaptically-cultured tobacco
{Nicotiana tabacum strain SR-1) were dipped in the overnight
culture, planted on MS agar medium (M$ inorganic salts, MS
vitamins, 3% sucrose, 0.8% agar) with 0.1 mg/L naphthalene
acetic acid (NAA) and 1.0 mg/L benzyladenine (BA) added, and
then cultured under fluorescent light at 23°C to 25°C for 2
days. These cultured leaf discs were washed with sterilized
water, and cultured on MS agar medium with 0.1 mg/L NARA, 1.0
mg/L BA, and 500 mg/L cefotaxime added for 7 days to eliminate
Agrobacterium. Then, the cultured leaf disks were transferred
to MS agar medium with 0.1 mg/L NAA, 1.0 mg/L BA, 500 mg/L
cefotaxime, and 100 mg/L kanamycin added. The culture of the
leaf disks was performed for 2 months by transferring them to

fresh medium héving the above compesition every 2 weeks to

induce adventitious budding.
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acetic acid (NAA) and 1.0 ng/L benzyl adeni ne (2A)
added, and then cultured under fluorescent |ight at
23C to 25C for 2 20 days. These cultured | eaf discs
were washed with sterilized water, and cultured on M5
agar mediumw th 0.1 ng/L NAA, 1.0 ng/L BA, and 500
ng/ L cefotaxine added for 7 days to elimnate
Agrobacterium Then, the cultured | eaf disks were
transferred to MS agar nediumwith 0.1 ng/L NAA 1.0

ng/ L BA, 500 ny/ L. 25 cefot axi 0,08/ footed MS
kananﬁé‘l"ﬁn’éﬁ%{’g%s ’Pﬁgs c'ﬂ?rteu%é?ag?f? Ee Iliga?1 ﬂgi oKS evvagnﬁ
er forngd fog d shesdday tthemaise themsho
REAT e Ryt DL Meardrg

i ng ove conposition every 2 vveeké to

LBk 1adeeNt iTHeousgbueitited. PBIYRINEFE LFUETBISE Wer e

transferred to and rooted qQn MS__a [ b hn1Q0
pottinarrehici ACGHIwFed b° r'%?es & xttﬁ]élgﬁg{ oém?gg{r-}%%tlg ants.

The regenerated werg 4 rpashreuss. t bft@otgrongng the
§6P?"th§'ﬁ | r?%fealp%rg he exterr?glré environnent in a 5

ghauth ohameeentbere gseuns ivexe jesendiribe. After
growing the plants in a greenhouse, seeds were
harvested. (2) Lipase expression assay of reconbi nant

t obacco by western bl ott 48 Litpag€co by western
epr &4BR i?ﬁ‘ptrﬁésf%rto%akag? to%%gg obt ai ned as

SCL i Ahbye was detected through western blotting
g’ﬁ'ﬁ%’tﬁ%ost\gni ng met hod. A reconbi nant tobac | eaf
8%%?111& as

di sc ofiphniltexprassed siquahe roR@ERAEEJtPRRE s I'Ng

tube with one zirconia bead, (5 j e d
raRsfrabedr AP VREKREE Y rﬁ?‘fg@apiegli%z lfzrl%%!er? “inder

ljquid nitro gng_ground using a grinding apparatus
(T’&é‘ﬁ‘é’sgﬁ]a{‘rle'gf?ﬁeferm Il MV 300, manufactured b
Q agen. rHE&miininki ogoacco leaf disc of about a Z-cm sguare

was placed in a sampling tube with one zirconia bead (5mmo,

YTZ ball, manufactured by Nikkato Corp.), rapidly frozen under

liguid nitrogen, and ground using a grinding apparatus (trade
name: Mizxermill MM-300, manufactured by Qiagen). After mixing

the ground products with 300uL of PBS buffer, the mixture was

centrifuged at 15,000 rpm for 5 minutes at 4°C, the

supernatant was collected and centrifuged at 15,000 rpm for 5

rotein
minutes at 4°C, and the supernatant was collected. The p

concentration was measured by the method described in Example
2 (2), and lipase protein was detected through SDS-PAGE,
wastern blotting, and immunostaining. As the SDS-PAGE gel
(trade name: PAG mini ‘Daijchi’ manufactured by paiichi Pure
Chemicals Co., Ltd.) was used. Tn the antibody xreaction of a

membrane after the protein transfer, the rabbit antiserum

described in Example 3 (4) was used as a primary antibody, and
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the ground products with 300L of PBS buffer, the

m xture was centrifuged at 15,000 rpmfor 5 m nutes
at 4C, the 20 supernatant was coll ected and
centrifuged at 15,000 rpmfor 5 mnutes at 4C, and

t he supernatant was coll ected. The protein
concentration was neasured by the nethod described in
Exanple 2 (2), and |ipase protein was detected

t hrough SDS- PACE, western blotting, and

i mm&ta&m&mab&stt h@s-@mSmEAGEacgeiredzsy(ﬁarawe Corare:
PAG mini "Daiichi' manufactured by Daii chi
MHertieshbel@ay vwast gspd s auSeaonds 1 ﬁ@té‘ﬁ?%od&“he menbrane,
r ction of. a ter_th n.tr f.er,

S BBP L i OCPUAR SRy hah TSR ATl
U&&%l%%maneramgy Rt ADOL, (aaﬂuﬁa&ttdiedgbﬁtmo Rad) to
anti-rabbit | gG AP manufactured by Santa Cruz
Bileteenhhbe obipasss pyokeims a secondary anti body The

b ft ti AR tib
o oo 8 @ GER I FEnp A, ARfidn R, dBee AL BABEL B, o
bye i %}tﬁv@? )hiéh 5 Aebest iﬂfas'e' pasSe:d¥idhevhs a!ﬁsefrved in 15
u

res detection through the western blotting, a
r hatviveky s hamging eaehndﬁvidqaaseoéxxnaymbRGEHVwﬁpbaccos to

observed in 15 individuals anmong 22 individuals L

r@hﬁﬁﬁnﬂ¥5n§5$tﬁ%%§§b§ LEplagy wRSpEtEsigced P glsoy

Waz? J]_vr}.t ua?uced ndgxﬁ uﬁgl an‘@:Mlb%nQHPn&h%%cos where
nbI nan Baccos wher e

ﬁ%:iﬁﬁi-th phs WMESlhakéduhuaed Tiﬂse@eedSbtﬁﬂnﬁdwédomrthn
i ndi vi dual s- were seeded on nodified M ag
neddmd@@ﬂm avwmgeeesl@dngv Lfﬂqé‘&ﬁaﬁ?dﬂ% Wei“e%‘@bt‘%"@tammg

ditjons. Then i vi du h n
1 oG B MR B~ S OB s 1 Ll flduals
'Qﬁé&&ﬂBJ§E§l@@%ﬁ%éﬁﬂgwﬂaﬁéhfgyhah@rggééﬁﬁﬁiﬁd dhe the selected
seeds vere seeded again on kananyci n-added nedi a
ubfeiviasepki eeconglidwnong, cbtain T2 seeds. The T2 seeds were
seeded again on kanamycin-added media under aseptic conditions,

and lines without kanamycin-sensitive individuals were

selected as a lipase expression fixed line.

{3) Analysis of transcription level of lipase gene through
real—time PCR

Seeds of selected T2 fixed line were seeded, and a leaf
disc of about 2 cm square was sampled after 12 days of
acclimation. Total RNA was extracted from the leaf disc by
using a plant RNA extraction kit (trade name: RNeasy Plant
Mini Kit, manufactured by Qiagen), and cDNA was synthesized
from the obtained total RNA by using a cDNA synthesis kit

(trade name: ReverTra Ace, manufactured by Toyobo). The
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and |ines wthout kananycin-sensitive individuals were
sel ected as a |ipase expression fixed line. 20 (3)

Anal ysis of transcription |evel of |ipase gene through
real -time PCR Seeds of selected T2 fixed line were
seeded, and a leaf disc of about 2 cm square was
sanpled after 12 days of acclimation. Total RNA was
extracted fromthe leaf disc by 25 using a plant RNA
extraction kit (trade name: RNeasy Plant Mni Kit,
WRAHE BELdbrednbys Qiagee) meum dracDRAT fpsnesd wehegi FRR

fromthe obtained total RNA by using a ¢ Si s
lsivhthés i zafe cANPE2S ReVERPLATNC éa,nléhﬁﬂ u?gjt,qodu Msa Eégi&g

Toyobo). The 3 uant i fi.cat i fel bPag® rNfovasl and an
SOPpLP i hg=t ‘écnles?)‘/:rll %e%c,l 6d CDNA as a tenpl ate,

and | C ' cersild inglebtide smgvkeot il SEQ

sogﬁﬁgﬁ%(giéoof%q%%élg%éil\%%ngl and an ol i gonucl eoti de

Zﬂztﬂaiosthmga@fpr&heaémudrebuhéle%ilaqiféﬁc ime BEEH2PRAFE Y-
as primers, and using_a_teal; PRAY;

(torade names TPEOOFFRls(RRdal 197 rr%é%D@Sgyggi em t3brea by

manuf.act yr ed ppld.ed.Bi osein@MBtadddirdgnthat @ranality
ﬁpfﬁ'&gédgl?sryesk%ﬂlgﬁfi tEl)?% gfg MRNA of the tobacco '
ubi Gk Br gEne tobepEank iAndessi gene NGAHBRNIUCEZESF - Was

measur ed usi ng ol i gonucl eotides consisting 10 of t )
niclteat D62 &80 waiscreaPirSEQsSLpr Najg-_gogtgcgﬁ%tlzfges Congfstlng

respectively as prinmers. As_a I, Nk Vi ghadgs
stbviineg “Pﬁée‘?:‘iiﬁﬁals%?%mfefspé’geSég:%ﬂetNtorsanscr i ption

| evel i3edekB, the selected T2 fixed lines to
\Aﬂfsﬁ?c\égl(’-gﬁgg%ﬁ}sfs- Li pl'soy or pBI-355 15 Liplso

has beer hnfégnﬁﬂ:ednﬁfwggua;p_sgmy}qg)tNQ:ggmparable Xipase
Séénggizglzggggﬁngggﬁﬁi‘%ﬁéﬁ obtained in the selected T2
fixed lines to which pBI-35S-GY1SF S-Liplsoy or pBI-355-
Liplsoy has been introduced (Fig. 2.

SEQ ID No:4l: 51 ~TTGATCTTCTTGCTTCCAATGC-3'

SEQ ID No:42: 5' -GTCTGAGGACACACCCCTAAGG-3"

SEQ ID No:43: 5' -GAAGCAGCTCGAGGATGGAA-3"

SEQ ID No:44: 5% -GACGGGTTGACTCTTTCTGGAT-3"

(4) Analysis of expression level of lipase protein in
recombinant tobacco

From a leaf disc of the recombinant tobacceo individuals
having thé comparable transcription level of lipase gene,
whole cell fraction was fractionated, and extracellular
apoplast fraction and cell debris fraction were fractionated
according to the method by Boernke et al. (2002, Planta 214,

Pp. 356-364). Then, the amount of lipase protein was measuread
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SEC I D No: 42: 5' - GTCTGAGGACACACCCCTAAGG 3" SEQ ID
No: 43: 5' - GAAGCAGCTCGAGGATGGAA- 3"  SEQ | D No: 44:

51- GACGGGTITGACTCTTTCTGGAT-3" 20 (4) Analysis of
expression level of |lipase protein in reconbi nant
tobacco From a | eaf disc of the reconbi nant tobacco

i ndi viduals having the conparable transcription |evel
of |ipase gene, 25 whole cell fraction was

fracti onat ed and extracellular apoplast fraction and
cell debris fractjio Glds@Rahedlotaciogr dirdg t o
imeafht Pod f§8e1lfn nesmg?l'%gﬁ&ﬁ(ZOOZ Planta 214, pp,
356:364):  ThemethB@ @umiantudats ifies enprbt et SHEEe

neasured 40 1n each of the fractions through western
Digaislel pgoadich- | rmunost aining method to calculate the

amount of secret | PASE HPLOLEIN alkeal £ e lkesachf 0. 1
to O. Zﬂe@fv@‘ %8 eP] #r%om%égch 5 individual after 17

C tizoRQ @rlﬁif Ricell einasi wer @ndeREPERARSI Were
%\I&CX VloJuﬁ % ﬁe met hod described in an‘ﬁlgxét(;?l), 4(2),
Mtfébﬁ&is absehiasg &owhod anstdiod Aeseth n-a I"ar
manner, 5 to 9 g of af s from each
Whtlelvivagamsaf t & qvhagﬁsc ]}’ngc ?ﬁ%tpl on, midribs and
10 maj or ve| ns]té/p%%nglggovgokg Ye]5) bheldagaf geranikakdne from

Ieafs |ntolt020msquareleaf dlscs The
l.aah %&Qﬁdwsneafﬂéh‘ inft I:iai/edoﬁmatt:ﬁl_{wlrmlrofﬂlf Pk

S6lution under vacuum for u SubhENGvere
regbrdisos were remvedf éﬁ@’ﬂ Hhe ;{56%6 al&f 1:rl'ESlﬁm hut 6s

at 4C and t he _supernat an d. e%gdleamldihc%wem
(3 188 ah X Er ﬁge?ﬂﬁ ar tlg%%pﬁi%sgt sol ution. The

r vacuum for 5
§¥§fiﬁt99ted with 100 mL of 1 M KCl solution unde

minutes. The resulting jeaf discs were centrifuged at 1,000 g
for 3 minutes at 4°C and the supernatant was collected, which
was used as an extracellular apoplast solution. The solution
was further concentrated until the liquid volume was reduced
to about 1/20 of the original veolume by using centrifugal
Filter units (trade name: Centriprep YNM-10, manufactured by
Millipore) and Microcon ¥M-10, which was used as an
extracellular apoplast fraction.

in addition, after the eollection of the extracellular
apoplast solution, a portion of the precipitate was collected,
and then protein was extracted therefrom according to the
method described in Example 4(2), which was used as a cell
debris fraction. Measurement of protein concentration, SDS-
PAGE, and western blotting were performed according to the
method described in Example 2(2) for these fractions. ECL

] E
Plus Western Blotting Detection Reagent manufactured by G
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was further concentrated until the |liquid volune was
reduced to about 1/20 of the original volune by using
centrifugal filter units (trade name: Centriprep

YM 10, manufactured by MIlipore) and M crocon YM 10,
whi ch was used as an 20 extracel |l ul ar apopl ast
fraction. In addition, after the collection of the
extracel lular apoplast solution, a portion of the
precipitate was collected, and then protein was

extracted therefr c iRgibe + nreEbp dimesositbeding
Hea B0, T8 ﬁ?i)%se\%h”}"%hg\a‘?a%éﬁéd B i debri s

LLA5Sd Ol aMe assse MR Ee of sqiuatiennic offtient Fat PHSkigpBilk
PAGE, and western blotting were gerforned acGordi,ngni O
whe dimsdlodddestrissddasm LRI P UESP  t hese

fractions. ECL Plus t latt ] el,aei LD

REhyReLY rF&ﬁ&Fé‘&’PUrae&Og?g@ %ﬁ t&%aﬁ}ﬁmc ar e vvasﬂfjalss:d as
%ng§§§¥§#(§gsggggggniﬁfgkam N alnlaged 06t RO, timed Hith
Wash™bu

er solution in which 5%of skimmlk was .. .4
dhpsotvesigias Deecharsaatbbodkimgess| Betbnon ATgrutactt

primary antibody reaction, a soluti..o i t
Byt Foybpalsaa8 #REY selfint RESFTREY T °§§Fp%£§%%%?’b

%iﬁh{l;}l&_‘ed 10,,000. t j s Wh.tBe . GRirsSkgiidh Peroxidase-

6PRacth Sy Erhancer Sol ution (manuf actured b%
Ta¥eka) spesi disegeci i A nhetonaiar bt i(Boekey E2EETBR)

solutions of ECL Anti-rabbit I Hor ser adi p—
Remofiadasesd Lkiyn RE S &?Qpe%?% SEPARGF R Aﬁi’i 5eay- 9+

(donkey-derived). 1 nuf u IdikeGaBRd 30,000
zﬂﬂ?q§3ﬁFBF%4ﬁ§Hk5 g% ggggg %gﬂﬂ%%%?ﬁfggﬁb;'gE Heal t h

@& i EEL,ISQC&Q»EQEQ L1t Taande80s0HR1 Thmemreaction
respectively, with Can Get Signal | mmunoreaction
Brhaneet Solwticnnaputdctotnededy bIOYRBPOBEF et Uses® s

?#%;gézggsggiEégéggiﬁ(éﬁ%éggyyﬁgggtﬁgeﬂti % MeidGortation Co.,

Ltd.) was used.

As a result, signal of lipase protein was detected in
the recombinant tebacco in which plasmid pBI-355-GY1SE S-
Liplsoy was introduced (Fig. 10). As a result of the
fractionation, lipase signal was detected in the extracellular

apoplast fraction, indicating the secretion of the lipase
protein (Fig. 11). As a reault of calculation of the amount
of lipase production and the amount of lipase secretion based
on the electrophoresis level and the signal intensity of the
standard, it was found that 28.9 pg of lipase protein was
accunulated for each 1 g wet weight of the eaf, and

particularly, 1-76 pg of the lipase was secreted inte the

extracellular apoplast.
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15 Ltd.) was used. As a result, signal of I|ipase
protein was detected in the reconbi nant tobacco in
whi ch plasm d pBl-35S-GY1SP S- Liplsoy was introduced
(Fig. 10). As a result of the fractionation, |ipase
signal was detected in the extracellular 20 apopl ast
fraction, indicating the secretion of the |ipase
protein (Fig. 11). As a result of calculation of the
anmount of |ipase production and the anount of |ipase
SQCr gL A58 0 R €$hssd avehedtfb it
s‘?éng%‘al&)ﬁ ens?t ?fo{h%ﬁ% gé?ﬁ]{j%fd, itpvvas found t hat
2318cHo0feli Fasetpswt ei n was 25 accunul ated for each 1

g wet weight of the leaf, and particul art_la%, 1. 76.‘9:9 in
of theR¢tinide messeEmestevas M OrBedeRt e fFaFRIC™ *
apoplast. 42 (5) Measur Cld WrbYm@f activit
I%&gei?ﬂaﬁ%@%ﬁ%ﬁ%n as t% %Egé%%i'cginylzx‘% ggt i onnA%{ni Vit ylv:L Y
HRASULERBI MageRer [OfdRdnake ! Bidasackions, imanufhctired by
|1 pase protein was detected, by using an enzyne )
aetinibbyn Sumitasor Brema Ceagebed (tr afe h&FeNdgFpadepase
Kit S, manufactured by Daini ppon Sumtqnmo P :

Q81 (A REac whoh B et 4q LASBOBOR (Ha Pact (g gy used-

Ml to Xgan%&%%hgt'QP - folhd- dnNaS iHSeHe reA®mBinant
result;”it Wwas téund that, In the reconbi nant tobacco

i fbpaliceh i ! @sidnd pRBEmAb $BEY 1 5B~ G 19pissdyp ey 1@s

i ntroduced, the activities of the whole cell fractio h
aird roducedx t tc eick v By iasp ol 5B Thole FEAL werE | oP Y the

and 37. 3.1 respectively,. fo 1 t I
p‘?"&tr@icﬁilﬂf%%racﬂoﬁ a?% %/nr?é% 1850{’/%9%?;'& Ege%fm} ef]tdlgt éU, it

deindei PatrdheatgCoOPicranbtal Ghateani n Asebeditqieco the
plasm d pBIl=-355-GY1SP S-Lipl soy was .
above described results, it was found that the recombinant
tobacco in which the plasmid pBI-35S-~GY1SP S-Liplscy was
introduced produced enzymatically-active lipase and secreted
the enzymatically-active lipase to the extracellular apoplast
region.

Furthermore, it is supposed that the lipase secreted to

the extracellular apoplast region has high activity and

folding and processing is performed accurately.

Example 5
Construction of a lipase secretory expression plasmid
containing glycinin gene promoter and terminator

To express Candida rugosa-derived lipase in a plant seed,
was constructed seed-specific expression plasmid in which
glycinin gene promoter and terminator were operably linked to

DNA encading an intended protein.
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is introduced produced enzymatically-active |ipase and
secreted the enzymatically-active |ipase to the
extracel | ul ar apoplast region. Furthernore, it is
supposed that the |ipase secreted to the
extracel | ul ar apopl ast region has high activity and 20
fol ding and processing is perforned accurately.
Exanpl e 5 Construction of a |ipase secretory
expression plasmd containing glycinin gene pronoter

and 1 ef il 25: TAnRAPEE S RN It dgpen ol ved

lipase in ap seed, Wwas constructed seed-specific
RAUBEESSED N DI FASBoEanh NEAMEnehapp] eitiiah QENE7HI cdtaeemplate,
and term nator were operably linked to DNA encoding

an Phisorial gatddei ponyUstinerf e pEFlerhr BPaueTsR) ©F

t 1 d, pSUM GY1 . .di scl j_n Pat
a% I ?é?ﬁ&on‘g%gf 731 og'slggnfl%%%?etgldee, cggéggfﬁg;oﬁgcﬁg%ti de
GRR3kstidg fRiqubhee e |2t fdenseauweasep pindfzQrdOatl i b a

and an ol igonucl eotide consisting of the 5 nucleotide

sdygénte afneSEOOREENO fragment fravkngsat Bapihplsifty at 3’ -end
| ycini ene pronot er fragmen avi a BanH| _sjte _at .

2 Eha Prbrene-r Sgmene Far & RUATeIBEhaRR Lhroiterals:

Wgagfugﬁ%nugg%Péd‘%y RBRSEAIHr ed BY) TOBQ60and

Ltd.) was used an conditions of the reactions were

asnbationedsf itheubaddtdipnat wdfe MChal oRdedd Niticebation at

foll owed by 25 cycles each for 94C for 30 seconds,
AQCE forr 20mdpebesls, fodadwveB by 88 syaierutessh fag 94°C for 30

UohRERS i B0 h RLy PRG R8e AB 80n5 p
FoQdBGEd | B\F 8michiBBt i 60 8 @Bed HRrPhasmet d¥(R2rHe BRBDified
(trade nanme, manufactured b

DNA fragment obtained was ligated tc PCR product insertion
site of the plasmid pCR2.1-TOPC (trade name, manufactured by
Invitrogen Inc.).

In a similar manner, PCR was performed with an
oligonucleotide consisting of the nucleotide sequence of SEQ
ID NO: 47 and an cligonucleotide consisting of the nucleotide
sequence of SEQ ID NO: 48 as primers to amplify a glycinin
gene terminator fragment having a SacI site and a HindIIT site
respectively at each of the 5'- and 3'-end of the fragment.
The amplified DNA fragment was ligated between the Sacl site
and the HindIII site of the plasmid into which the glycinin
gene promoter fragment has been inserted.

Terminally-phosphorylated synthetic oligonucleotides
with the nucleotide sequences of SEQ ID NOs:49 and 50

respectively were mixed at an equivalent mole ratio, heated at

65°C for 5 minutes, and then cocled slowly to prepare a linker.
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15 Invitrogen Inc.), In a simlar manner, PCR was
performed with an oligonucl eotide consisting of the
nucl eoti de sequence of SEQ ID NO 41 and an

ol i gonucl eoti de consisting of the nucleotide sequence
of SEQID NO 48 as priners to anplify a glycinin 20
gene term nator fragnent having a Sacl site and a
Hndlll site respectively at each of the 5 - and
3'-end of the fragnent. The anplified DNA fragnent

VBfe |88k 884 betireeNwibeinadctedi bétvednd thierddHdisite and
site of the plasmd into which the glycinin gene
priontizel §iwgneht-hhasléesn inserdiegdh 25e glycinin gene
Term nal | y- phosphoryl ated synthetic oligonucl eoti des
VREROLSE RTRISY @BOSsERfISHYESNLY 9S00 CAIRERAYAT LRageent

respectiyve re meJxed ; [ t I 1O,
TSR et e "SR b BB ER P ok Be e
tRcdHIeRAHEH Bnd 1 NKEhd #4s TERQeptePATRG blAKRId WAR19 (Takara
inserted between the BaiH site and the Sacl site of

tio gingsiid i nto which the glycinin gene pronoter
fragnent apd the glycinin gene termnator fragnent

have bgéﬁ *ﬁﬁﬁﬁ?@d?¥??ﬂfﬁ*§gﬁlf??ﬁf ngn%%t%wﬁﬁﬁﬁegag i

| ECOR L.ngdl 1 1.,3n Sqi r M Plasiidne
MéJ%FTgﬁgP)aaﬂgitgel ﬁé.%?lq"r%iélg\?i S{;a%ﬁglntag] %)%Iuct vvgs .
| 1 FzOitsC @drd Nded ckBpet enicleetide: sefopobe dMelpsoidtdfe the
E. coli DH5a strain anpicillin resistant strains were

setlacted. aRREFddind e sEHipdEC BT I L [NASnPRAbY 23hPy1hsing the
Sr%l:ce_l.ceto%ddgnyémelr:!clen rrxa?f Issa.tsaggagt‘i{oari riciWaSBflglg%ey &%q ?%(ator
usi ng the nu eot| de s)équence anal ysi §re 1 ONn f?l ,

Br 9.0y e ytes ntaptediciny 3xls Qrpbe i &€ pienGisten Kitc (JARRYI eide
Bi osystem Inc.) and the nucl eotide sequence anal yzer,
ABiclRoitd fe 339N eBawetnel yeral, y2ABF Prism 31Q¢0 Genetic Analyzer

(Applied Biosystems Inc,) to obtain plasmid having glycinin
gene promoter and terminator.

The linker having the glycinin signal sedquence for ER
transport prepared in Example 1 (1), and l.6kpb DNA fragment
encoding a polypeptide in which a serine residue has been
fused to the amino terminus of lipase prepared in Example 3(1)
were inserted between the BamHI site and the Sacl site of the
plasmid having glycinin gene promoter and terminator. Thus,
was obtained plasmid pSUM-GY1-GY1SP S-liplsoy (Fig. 12)
containing the nucleotide sequence of SEQ ID NO: 51,
containing glycinin gene promoter and terminator, and
expressing a fusion protein in which a serine residue has been
inserted between GY1SF and lipase.

SEQ ID NQ:45: gttttcccagtcacgac
SEQ ID NO:46: ggatccGACTGATGAGTGTTTAAGGACCAATG
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(Applied Biosystens Inc.) to obtain plasm d having
glycinin 15 gene pronoter and term nator. The |inker
havi ng the glycinin signal sequence for ER transport
prepared in Exanple 1 (1), and 1.6kpb DNA fragnent
encodi ng a pol ypeptide in which a serine residue has
been fused to the am no term nus of |ipase prepared
in Exanple 3(1) 20 were inserted between the BanH
site and the Sac2 site of the plasmd having glycinin

e 1Rr @S ot ai ned
%$§%n1d&g%ﬁﬁL8%99E§%ggh%§ER%Fg§§%?éﬁg 12) containing
td2@ nockeoid:daagegueroTcalrc QAR TRETASIACGTCONt ai ni ng
gl ycinin gene pronoter and term nator, and 25
@E&é@sﬂﬁgﬂ%{ Ha5Ee¥CPIGEEPAIFh which a serine residue
has been 4{5erted bet ween GY1SP and |ipase. SEQ ID

1

NS4 50 BP13%c £858P Tt TFac SEQ I D NO 46:
043 §pCRCTGATGAGTGTTTAAGGACCAATG 45 SEQ I D NO. 47:
gagct CAACCAATAAATAATAATAATAATAATG  SEQ | D NO 48
T3 ATTSE§?1133%@&4@CATCAATCGA

%@t SR TERT Tg'&\T%TgTTT‘%T%%ATQT%GAA%%M%&QF&GC@T%’?LQ‘JLAQJ
M@JﬁWdﬂﬂc@¢iAdﬁﬁ%¥W@MMA

A TAATTATTOS TAT AR T T AT AT T A GAS CAANNKEATBAGTT THAFG T TT
CAACTCAA
AN AR TAGACTC AT ar e N IR AT AC T TN PCR T ARG AEEABCE T PR CTC

A AT P A A TR R ST AR RATA e T

TAAEE G cRESGCATTTAATAAGCARAAACAACTCARTCACTTTCATATAGGAGGTAGCCT
TATTAAATAGACTCCACAAGTAACTTGACACTCTTACATTCATCGACATTAACT
TREARCTCACTCAAAATGCCAACARATAAAAARARAGTTGCT TTARTAATGCCAAARCARAT

TTTTATAAATCA,_FTTW;QQCGK%J@TMHEF’rA'ﬁA%%ﬂ%?E@%%H%ﬁAGT
QRO

ATATTAATATGTTTARATCAACACAATCTATCARAATTAAACTAARAAARARATAAGTGTAC

GTGGTTRACATTAGTACAGTAATATAAGAGGAARATGAGAAAT TAAGARATTGAARGCGAGT
CTAATTTTTAAATTATGAACCTGCATATATAAAAGGAARGABAGAATCCAGGARGAARAGAA
ATGAAACCATGCATGGTCCCCTCGTCATCACGAGTTTCTGCCATTTGCAATAGAAACACTGA
AACACCTTTCTCTTTGTCACTTAATTGAGATGCCGAAGCCACCTCACACCATGAACTTCATG
AGGTGTAGCACCCAAGGCTTCCATAGCCATGCATACTGARGAATGTCTCARGCTCAGCACCC
TACTTCTGTGACGTGTCCCTCATTCACCTTCCTCTCTTCCCTATAAATARCCACGCCTCAGG
TTCTCCCCTTCACAACTCAAACATTCTCTCCATTGGT CCTTAAACACTCATCAGTCggatce
ATGGCCAAGCTAGTTTTTTCCCTTTGTTTTICTGCTTTTCAGTGGCTGCTGCTTCGCTAGCGC
TCCAACTGCAACTCTTGCTARCGGTGATACCATTACTGGACT TAACGCTATTATCAATGAGG
CATTCCTCGGTATTCCTTITTGCTGAGCCACCTGTTGCTAACCTTAGATTCAAGGACCCAGTT
CCTTACTCCGGATCACTTGATGGTCAGAAGTTTACTTCTTACGGACCATCCTGCATGCAACA

GAATCCAGAAGGTACCTATGAAGAGAACCTCCCARAGGCTGCACTTGATCTTGTGATGCAGT
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AAGTACGTACTCAAAATGCCAACAAATAAAAAAAP. AGTTGCTTTAATAATGCC
AAAACAAAT
TAATAAAACACTTACAACACCGGATTTTTTTTAATTAAAATGTGCCATTTAGGA
TAAATAGT 15
TAATATTTTTAATAATTATTTAAAAAGCCGTATCTACTAAAATGATTTTTATTT
GGTTGAAA

ATATTAATATGI TTAAATCAACACAATCTATCAAAATTAAACTAAAAAAAAAAT
AAGTGTAC

E%g§%g%g?E%EaXﬂEE%E%6¥E¥88¥E6ﬁEﬁé5%EE%ﬁ&@@@%%ﬁﬁ%&%@ﬁﬁ@@&ﬁ&?&AGG
(AL T EE A AASRLA ECASEECTGEATAT AT AATANCEANAGANGAATCCNGHNGGTTT

oA R SR T TTIS R PSR AP F AT RSO FREARRSEIRTCS
R R B A A RS AR BTSSR TR SRR ST

AT AR R P AACCCTEGAAGET TCAGC TARCGCTGGACT TARAGACCAGAGACT TGGTATGCA
AGGTGTAGCACCCAAGGCTTCCATAGCCATGCATACTGAAGAATGTCTCAAGCT
N ECATDGCAGATAATATTGCTGCTTTTGGAGG TGACCCTACCARGGTGACTATCTTCGGAG

R R o S R L S L R N R A
T & A T ARG TSR S A ST ECEE I P ACTRATEASACae

gatcc
AEBCEASGAAPCTRECETAACEHEANGT T T CATAICTITECAGTGBIRETEGETIGGTT

AT AR e T MRS SRS TR A PR RATAGEACT
U A e e

ARG A nC ATTACRGATGACATGTATGC TCT TGTGAGAGAGGGTAAATATGCTAATATCC
CCTTACTCCGGATCACT TGATGGTCAGAAGTI TTACTTCTTACGCGACCATCCTCGC

AT AR TTGGAGATCAGAACGACGAAGGTACTTTCTTCGGARCATCCTCACTCRATGTS
GAAT CCAGAAGGTACCTATGAAGAGAACCT G(Zgl T
DEAEAGRCCAECAGGCARGAGAGTACT TTARGCAATCTTT FAAIH R S enca

%%%gﬁ%ggg&%E%%X?éﬁE@EE?EH}3EEEE@Eﬁ@%%¥§@@§£§@éﬂ¥€¥€@@¥¥@@ﬂ@iCAG
KX P BBARACSZY A CEEE AOAACER FACHETIARGCATTROATCTEABAITGGT
GGAGGT TT

PR AC PO CrR RS PR AR T A F A AR AR T A SRR EF RFTCCT
R R A e R A TS RS AT S RS RS AT B ASGAGARG R T ToC

T AR B T CTCGETTCCGGTTCTCT TATTTATAATAACGCTTTCATTGCATTCGCTACC
GATGAGATTAAGGCCTGAAGGT TCAGCTAACGCCTGGACTTAAAGACCAGAGACTT

GHIAMGGATCCAAATACTGCTGGACTCCTTGTTARGTGGCCTGAATACACATCCTCTTCCCA

A AT AT AT T OO T T oA ST ACHAGETCACT T v

PSRRI P SRR ORI ATERE P cdVidmygetennc

AAOGERAAARCACT T FAARARCTARAM A RAR GOMTECTEE QT AEETEICTICAC
TCAGACGC

ARSTTRGAP AT RTCBRCT ARTE PR IRT AR T F AT AP EE T TLRYGR FRAT RIS ACC
ATGIGGIT 10
CrEBATCEERY

R T e A A BT BT CE T CRGRCACAC FTERAE 11T

Al AGE cTGAGCTTCTTGCARBACARAAGGCARACAATARCGAT TGGTCCAATGATAGTT
AACAATACCCCAGGATTCCTCGCATATTCATCTCTTAGACTTTCATACCTTCCT
AN TAGRCGATGATATCT TTAGGARGTGTTGGCAGGACAGGACATGATGTAGAAGACTARA

ATTGAAAGTATTGCAGACCCAATAGTTGAAGATTAACTTTAAGAATGRAGACGTCTTATCAG
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CGGTGTTAACATTACAGATGACATGTATGCTCTTGT GAGAGAGGGTAAATATGC
TAATATCC

CTGITATTATTGGAGAT CAGAACGACGAAGGTACT TTCTTCGGAACATCCTCAC
TCAATGIG
ACTACCGACGCTCAGGECAAGAGAGTACTTTAAGCAATCTTTCGTTCATGCTTCA
GATGCAGA 15

AATTGACACTCTTATGACTGCTTATCCAGGT GATAT TACTCAAGGCTCCCCTTT
TGACACAG

%@%@Qﬁ% CJ.CACTCCACAATTCAAGAGEATTTCAGCAGT TCTTGECG

TTTACCCTCGCTAGACGT TATTTCCTTAATCATTACACT GGTGGAACAAAGTAT
TCTTTCCT
EX@APLACGAGCT TTCCGGT CTCCCAGT GCTTGGAACTTTCCACTCAAACGACAT
CGITTTCC , . . . b ced
AT G T PR R T AT PR R AR S T T EATT GCAT
Iﬁgg%c%@tion of a lipase expression vector into a soybean
TGATCCAAATACTGCTGGACTCCT TGT TAAGT GGCCTGAATACACATCC
EGHTEEGAtion of recombinant soybean

ACQSIZT% se ggg;.T(aAsTs,%LGSIa smgcﬂgpareﬂETélég%Tﬁ% and

gg{ggcggﬂg ATACGAT T CT LTI T TAATCERCAT AR ST GIHRAG a1

CARLADATARTAATANTANT AANFCAATAAAAAREABAGCERET ABET TGCCT T
TTGITCAC . ‘
STANTCT AR GRAGFET ST AT AATERGTRA ARG PR TTRRRTAGR L

ATAAAAGG 25 o '
ﬁ@&‘&&ﬁd%ﬁ&&ﬁ%&ﬂTW&gﬁ%%mmddmdma

TTTTTTI Thypocotyl segment of an immature embryo extracted from
TCTTTCT TC¥IP GAGCTTCTTGCAAAACAAAAGGCAAACAATAACGATTGGT CCAA
TEBRTACIFed soybean immature seed was cut into two immature

AT AT A G A T ST S e FANRRCHT R ETAA

(A#Té#é% ET%(#G@%_X% TGANATT AAGT hd ANCAATGAAACGT
g%mi CA %] LGr 3 sIéxarrpl e 6 Anal ysis of

| icpa®RrexPt efisi,0Bxp N CeddoMenahtd ey Nedn bedrs L3}-158),
Introduction of a i pasefoe:égr ession vector j.nto

Smwnzrm S?é| 8BEro¥f 0 C@ﬁ%ﬂ']ﬂgﬁtr gBy—bEQg” |a|1'l agléltured

expressi on pl asm.ds. prepak i g}p_.hF% 1 h (at 23
gegl?mtgmgef% c?sv%ﬁ'ff \%gr(gdflor#ragégce |t%tlg %oy ean (2
SIRNE'd Gaknt SAHRLI o8P ark Ripntibei ey teivekedgyin nEbdodhus-
and the 10 introduction of the |ipase genes into the

sf mide dpb phiord Ic abma s beremibr yORDY§RE S nERsM 1ed &4

t hrough PCR . , . , .
proligferation medium (MS inorganic¢ salts, BS media vitamins,

90 uM 2,4-D, 3% sucrose, 0.2% gel-lyte, pH 5.8), and then
transplanted again to a fresh medium having the same
composition every 2 or 3 weeks to perform culture 5 to 8 times
under the same conditions.

Each of lipase expression plasmids prepared in Example 3
(1) and Example 5 was mixed with the same amount of a plasmid

in which DNA (GenBank Accession number: V01499) enceding E.
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A hypocotyl segnent of an immture enbryo extracted
from sterilized soybean i nmmature seed was cut into
two i Mnmature cotyledons. Then, the inmature

cotyl edons were placed in 15 induction nmedi um (VS
inorganic salts, B5 nedia vitamns (Ganborg et al.
Exp. Cell Res. (1968) Vol. 50, pp. 151-158), 180 gM
2,4-D, 3% sucrose, 0.2%gel-lyte, pH 7.0), and
cultured at a tenperature 23C to 25C for

BPE OXd Bial Ypids Y Bebat 1 Bked@uiastight tandnd hamoter
dark conditions everyday). The thus- 20 forned

sphelioeld PORBREL-Z2mesyoibakrie ﬁlﬁaﬁsmlﬁnﬂ\?@d 6g48598, and
prollferatl on nedium (MS i nprganic salts

YEEahthEoducsd fpee 4“19 SBBS LT 0SE™2H1S o,enbbeqwf %uiturﬁd for
3 8} 4 a@%ﬁ,e L hen, ﬂ@m%&am@@rm@mm&mﬂfuyeaelﬂ@ou Wane

havi ng sanme conposition every 2 or 3 weeks to
ReehOreT Ggatbeud {tradet hams: EB-160@rHe ryssame
conditions. Each of Ii pase expressi on Jgasm

p\ﬁ@ﬁﬁfﬂé’é&#% byaRprRast) - ( 3hrgsd (BXahipld Y%EQ%&&&Q

the sane 0 e
(l@e ARR- A cessggﬁ%tdn%gr@ %/%%ng) encodlrrﬁs‘gE gyéd -

%%'mc‘éf&ﬁ\s’rr?ééiléﬁ"'ﬂﬁaﬁa eRibiskad, depnaddeartamihe, 30 M
pronoter of plasm d pGBCRGL- 2 described in US Patent

Nege2hBoaB, @nd¥ Ras-O,nBkoswceeke nPd bh¥) sﬂ@ﬁeﬁiiémd with
somati c_enbryos culture

TG PR OYAS oG By UEP RS TSHEs T senEpbedt o
1 our aar
nae%%r 2L éré Ejzrzgg rBJ“"HBBC d%@%? QQQéé‘lelﬁg\{-ﬁt @AY 1 hour dark

ure hree to 4 days after
tdaseldli:mbms).dumheomktmat werg tnaruwefenmq'd@ wefgesh medium
transferred to selection nedium (MS_inorgani c _salt

S
BB ViBE| *aheu%aam FemPati tCRy §Y 8RY ¢ r?r dovgRf2, 4- Berg‘aff“
Scltjl rt%%% g :to 8) t?xg%% dif4gd mt%]amelgogdgt/i&ﬁl - RGN, in
['ect on medi um an red at a

the case of the liquid selection medium, rotary culture was
performed at 100 rpm.

The selected spherical somatic embrycs were sampled, 40
pL cf a nucleic acid extraction reagent (trade name: PrepMan
Ultra Reagent, manufactured by Applied Biosystems) was added

to the embryos, and heated to 100°C for 10 minutes. After
cooling, centrifugation was performed at 15,000 rpm and 22°C
for 1 minute and the supernatant was collected, which was used
as a genomic DNA solution. PCR was performed using the
extracted genomic DNA solution as a template, and an
oligonucleotide consisting of the nucleotide sequence of SEQ
ID No: 52 and an oligonucleotide consisting of the nucleotide
sequence of SEQ ID No: 53 as primers, and spherical somatic

embryos in which lipase genes have been introduced were
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tenperature 23C to 25C at 23 hours light and 1 hour
dark conditions. The enbryos were transferred to a
fresh nmedium having the same conposition every 2 or 3
weeks to perform culturing 5 to B tinmes under the
same condition. Further, in 15 the case of the liquid
selection medium rotary culture was perforned at 100
rpm The sel ected spherical somatic enbryos were
sanpled, 40 gL of a nucleic acid extraction reagent
(delzdeenanForPrpNEOR, Bl DNEA Rdagent se ntmslkdac hamed TaKaRa
ﬁgglied Bi osystens) was added 20 to the enbryos, and
fféd Hot 1¥FEY SPrabPThi MareSaciyiegy by Tafagdy Bio Inc.) was
riLfyoat i : rf.or D C
B g i S L T
VR upbaedon a8 340€NQUY ¢ PGl Uldeiow s8R yas peridy Rdh
using the extracted genom c DNA solution as a
tenplPdfe, fean@dlase@Bdsl, i §6MUdEbe0B) deecows| sanag € fdre
nucl eoti de %%yence of SEQ 1D No: 52 and an )
JrirgsRac ifrd1EBRL i R iRguBRt ik atudP dotfiode? BEMISSCe
QfegSER 1B 3 B3gdgcalddmEscageidl spherical somtic

enbryos in whic I pase genes have been introduced
Ve 1Q9NG e ctted et ddagaPCaca DNA pol ynerase (trade
name: TaKaRa Ex Taq Hot Start Version, manufactured
by Takara Bio Inc.) was used and conditions of the

i nut oS A SEd T 9B s APRAIRR Polegfeepbblod vere

326aRHSanEEL thoemdbs SACaBdSum alME AA6rEokic Malkbesss ardlia
followed by incubation at 72C for 2 mnutes. SEQID
NOtsRLingt g%% Fegaaees tCadgoel SBE4.DPNCESS) . cultured for 6

é%ﬁé??%%%gégngﬁﬁggéﬁﬁﬁ% lg§é?§Hﬁf&egegggpn?hgaggmatic
embryos which became white to yellow cotyledon-shaped embryos
were transferred to germination medium {MS inorganic salts, BS
media vitamins, 3% sucrose, 0.2% gel-lyte, pH 5.8) and
cultured for 2 weeks. The regenerated individuals rooted and
developed true leaves were transferred to potting soil and

acclimated in a growth chamber. After growing the individuals

in a greenhouse, seeds were harvested.

(2) Analysis of expression amount of lipase protein in
recombinant soybean seed by Western blotting method

Proteins were extracted from recombinant soybean seed
and was quantified by Western blotting method and the
immunostaining method t¢ calculate the production amount of
lipase protein.

The recombinant soybean seed which was allowed to absorb
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transplanted to enersion nmedi um (MS i norganic salts,
BS nedia vitam ns, 3% sucrose, 0.2%gel-lyte, pH
5.8), cultured for 6 to 8 weeks, and then dried for 1
to 2 weeks. The somatic enbryos which becane white to
yel | ow Cotyl edon-shaped enbryos 15 were transferred to
germ nation nmedium (MS inorganic salts, B5 nedia
vitam ns, 3% sucrose, 0.2%gel-lyte, pH 5.8) and
cultured for 2 weeks. The regenerated individuals

WAk 8o vl i BV QL ORBA 1leHE: h€AURS VB 8cdd anskets s dikce
potting soil and acclimated in a growth chanber.
ARsepugriowiangubhecomaiiviidgadse 20 ricnnba greeghbusep, YTZ

d. (2) Analysi f [
R AL L R K
b e St 1 PRt ELAGh TBEROder St b8P WRIE BXLERAEHRAusing
from reconbl nant Soybean seed 25 and was quantifiéd by
deghkendim) eipbhRrgtuet (taddandariidre MikeemhDs tvad-300g net hod

to cal cul ate the production anmpunt of qupase protein.
TREUF REBHIR &t SEULAFbBebd ifieeh iba BRY SWEASF it

bsorb .50, wat over ni ght di vi ded into faqur L
Dednasaddi B, dho oty Haind Hhe FAXET bk v aRfat Ty fuoed

QRE1E] §EPNVph, Dead o3 BMmnutES thatbliddmrubashanad Dyrhe
Ni kkato Corp.), and was rapidly frozen wunder liquid

ol Legesd Shiverfipbanin wegedsh wrialggdoahdl WP Wdsikhy Eor >
rinding apparatus (trade nane. M xerm|| MW 300

REFSR tdk ddChy2na ARENSERRANSEANE WR&% SAMRCPRY bilfer

WEBEen@%ﬁﬂﬁ%naggegrgbﬁf%pg gkm&&@d*%hn ytiﬁélﬂé{ﬁgdnaégcribed
and centrifuged " at 15, 080 rpm 4C for 5 mnutes to

dal Eratplupaenat amd .thEhe SDEEPAGE;t @dsseperhiattanhdwas

centrifuged at 15,000 rpmfor 5 10 m nutes at 4C, and
fHEUReHA OGN e iR PEdOrBed ed InTHae primary antibody

reaction, solution obtained by diluting 50,000 times tha
rabbit anti-lipase antiserum described in Example 3(5) with
Can Get Signal Immunoreaction Enhancer Solution (manufactured
by Toycbo Inc.) was used, and in the secondary antibody
reaction, solution obtained by diluting ECL Anti-rabbit IgG,
Horsaradisk Peroxidase-Linked Species-Specific Whole Antibody
(donkey-derived) (manufactured by GE health care Inc.) and S-
protein-HRP conjugate (manufactured by GE health care Inc.)
50,000 times with Can Get Signal Immunoreaction Enhancer
Solution (manufactured by Toyocbo Inc,) was used. The lipase
Oor (manufactured by Meito Industry Inc.) was used as a
standard.

As a result, a signal of lipase protein was detected
from the recombinant soybean seed to which the plasmid pSUM-

GY1-GY1SP S~Liplsoy has been introduced(Fig. 13). The
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concentration of protein was neasured by the nethod
described in Exanple 2(2), and then SDS- PAGE, Western
bl ot and inmunostaining were perforned. In the
primary anti body reaction, solution obtained by
diluting 50,000 tines the is rabbit anti-I|ipase

anti serum described in Exanple 3(5) with Can Get

Si gnal | mrunoreacti on Enhancer Sol ution (manufactured
by Toyobo Inc.) was used, and in the secondary
grodaotyon rmﬂ:onf biglaski vas o@laiuriadebybwﬁdcuphnghECL
Anti -rabbit Hor ser.adi sh Per oxi dase-Lin

Spbdildsy %ﬁlﬁi‘:&rmr@%&ﬁt R %@“F&oh’l&‘é?/“&é?ﬂu gédyhe

(é@%HEQEHRF? L 1@’»:% cit Qh @rﬁﬁa % % gggarﬁ corresponding

protern onj ugat e rranu acture ealth care

ltac aoub 0y (30 offi BBSubUd @r@&éuﬁ&iasSpgldhcéd‘munor eaction
Enhancer Sol ution (rranuf actured by Toyobo Inc.) was
used. The lipase OF (manufactured by Meito Industry

&%%q\/\@s usg% as,a 25 standard. As a.result, }%

pa PRADRS S FatBRL s Bﬁf?hﬁe?“&%ﬁbi’ a Fise
ggygg@gmﬁﬁ%tt QoVhLEh dag pl asm d pSUM  GYl- GY1SP

S-Li pl soy has been introduced(Fig. 13). The 51

pr oducimmiampuntpioftd wpasaddeds byaBoul ae e::ctdtasedemact of

the nobility on el ectrophoresis and a sig
|tmeeﬁ§i=?f9bﬂd¥anfthé°¥%%%{hcf§ﬁ& f%f?%l whichaEhe oﬁ}r&&latlhaf lipase

'JRAEr PLO ‘%ie‘%e ”e%&g&g' e n%?%‘& s 2P 95§64 “lﬂzlnf

rotern was uced S S O am no-ter

s nPo@CQOdm§§9E‘@§]CGP§§ ﬂdm%ewag rbcffego%l PROtokQYRean
seed Ammoni um sul phate was added by 30%to protein

execapitagies wnd nbcohiionantseoy bdésnpsetdin rapmeght cation

h | I I
%n% %eggg}m(ghe nggg}n blot analysis by the method disclosed

in Example 2(2). A membrane onto which protein was
transferred was shaked for 10 minutes by using staining
gsolution (0.1% CBB, 50% methanol, 10% acetic acid), was
destained twice by using destaiing solution (50% methanol, 10%
acetic acid), and was washed twice by using washing solution.
A band detected at a position of about 60 kDa was cut and
provided for the analysis of amino-terminal amino acid
seguence.

As a result, the amino acid sequence of SEQ ID NO: 54,
which is a serine residue followed by an amino acid sequence
of lipase, was detected, and it was found that the expressed
fusion protein was processed immediately downstream of the
glycinin signal sequence for ER transpozt.

SEQ ID NO:54: SAPTA
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10 protein was detected, m xed, and centrifuged at
15,000 rpm 4C for 20 m nutes. PBS buffer was added to
the obtained precipitates and m xed to nmeasure the
protein concentration and performthe Western bl ot
anal ysis by the nethod disclosed in Exanple 2(2). A
menbrane onto which protein was 15 transferred was
shaked for 10 mi nutes by using staining solution
(0.1% CBB, 50% net hanol, 10% acetic acid), was

qast BéNas hnbh € CodVerliSmBladestialyi B Bdddd an HbOein

nmet hanol, 10% acetic acid), and was washed tw ce by
gstngctashiangesothitniao. sowb%n@eéét ected at a posi tion
of about 60 kDa was cut and 2 g i ded fof 5 o

anal y<t QEGFURRTH: ©dr fANTE SfH 1é%l‘be“s §§5u8’ﬁ’3% Rs a

5{(::'%&1 d:f16 a8 0P AGILBEIMNENCePbenEQddd NQ wRtkh lipase

Is a serine residue followed by an am no acid
pequence week Hépasad. waSaldetret ket Niandphenwasddaurdte
that the expressed 25 fusion protein was process

ed
mﬁﬁ’eaa%attmeyi BBVWREMe & oF T h&vasgryes el ¥ s iign RSO “and the

f
L R R R

@X50 ACloMfaiadi hECOH NAAtos Y-DRANNE LR I UTRAS B s 1 2af
enzyne activity was perforned on protein extract of a

Tesgudi ot Soypesprrsced?i h mhhiddhutiguees a5spbotedtss
were detected. Substrate 4-Nitrophenyl decanoate

FRAGF ST -ur 8 Hy o8| erpten %ftaacsva%f i SE6PTREPFH BRERF™

t tyr _ it [
$aeL 1 ol ¥ s oL it stogiase vt

Xnt Oaedtuivact miach Rif thagad it oFegOsiam IsibstirotPreaneon
a 2.5 nmMidilution as a substrate
to perform a reaction at 30°C for 10 minutes. Acetone of 800
pl. was added and mixed as a reaction stop solution. The
resulting reaction solution was centrifuged at 15,000 rpm for
1 minute at 22°, and the optical density of 1 mlL supernatant
was measured at 410 nm. 4-nitrophenol manufactured by Fluka
Co. Ltd. was used as a standard. In addition, 1lU is defined
as the amount of an enizyme to produce 1 pmol of 4-nitrophencl
&8 a hydrolysate of the substrate per minute.

ks a result, it could be seen that a recombinant soybean
seed in which the plasmid pSUM-GY1-GY1SP S-Liplsoy has been
introduced had 17.8 U of lipase activity per gram of dry seed
weight., From these xesults, it was apparent that a
recombinant soybean seed in which the plasmid pSUM-GY1-GY1SPE
S-Liplsoy has been introduced accumulated lipase ha?ing enzyme

activity.
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10 solution. 30 pL of protein extract of a reconbi nant
soybean seed in which a plasm d pSUM GYI - GYLSP
S-Liplsoy was introduced was m xed with 370 gL of 2.5
nmM substrate solution to performa reaction at 30C
for 10 m nutes. Acetone of 800 L was added and m xed
as a reaction stop solution. The 15 resulting reaction
solution was centrifuged at 15,000 rpmfor 1 mnute
at 22C, and the optical density of 1 nL supernatant
a 410 nm 4-nitrophenol manufactured by

b\\@%&kg‘g %giﬁ%tl)gtrswas used as a standard. In addition,
lUis defined as the amount of an enzyme to produce 1
pmol of 4-nitrophenol 20 as a hydrolysate of ngh
subst Rat & pethed nfae PrARduaine R Pt g PHR™SEen
that a reconbi nant soybean i n..wWhi ch the plasmd
HAHATET Oy 1 aSPE?B?S%e;L &S ggg%iﬁz%'ntroduced had 17.8
U of 1;ipasgudGld Yhty def1aatasedl ghnpreeeddNMEngioting an
From these results, it was apparent that a 25
seDoThicidnseqoyiveahhat et ivRP ch IHE1pFAsHIFPal Sequence
pSUM GYI - GYLISP S-Lipl soy has been intr :
Sex BRARLBENET (ReSd CRAVR nGF BT EY a%%t%lnw 5‘?8%‘“1%%“?%“&

Al [S: 1. A f - QUG NG Ralebe&@d@ous
%o? %Eﬁ?"erg%g?%‘fse&@g%{gggf "g{eﬁ%%%t Hﬁtl I g?orrpr i iéi ng: 5
LPLEQAUCiENGel NED thePhAabho Calild genuence oBNAheneesftineg ogAvS
am no acid sequence that conprises a %%%pin'ntsi nal
sequetrcer boe endowl aBihe FEEscAFRNTRITTEoPEE LT an

am no_aci d sequen of a hetear t eh8,
SR r?%@ng?g?féfr%ggqﬂré‘h%% E}cgdoglgglg%ﬁegggused to the

ﬂg}gpofﬁogszﬁng@gqg @hgt he heterol ogous 10 protein or

one or no acids are inserted between the
expressing the DNA.

5. The method according to claim 1, wherein one amine
acid is inserted between the signal sequence and the amino

acid sequence of the heterologous protein.

3. The method according to c¢laim 2, wherein the one
amino acid is selected from among serine, alanine and

methionine.

4. The method according to any one of claims 1 to 3,

wherein the glycinin signal sequence for endoplasmic reticulum

transport is the amino acid sequence of SEQ ID NO:l.

5. A method for producing a transgenic plant cell

sacreting a heterologous protein comprising:
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si gnal sequence and the am no acid sequence of the
het erol ogous protein; and expressing the DNA. 15 2.
The net hod according to claim1l1l, wherein one am no
acid is inserted between the signal sequence and the
am no acid sequence of the heterol ogous protein. 3.
The nmet hod according to claim?2, wherein the one 20
amno acid is selected from anong serine, al ani ne and
nmet hi oni ne. 4. The method according to any one of

cl ai miﬂtﬁdﬁu%ingm%&ianpg.gﬁt eLRYe] Bbﬂorﬁé %%ASQHH%% an

for endoplasmc reticulum 25 transport is the amno
aoidosegikneguehcSHQAtDebigptisds aAghpéiwich fs@gnal sequence
produci ng a transgenic plant cell secreting a

HEeEeFBH 16r BES R ISBNBERRIRAFL 58d] # radei AGid masugnce
Rl-agt DNA encoding _an am no _acid ,
sequeﬁ%%%%%?ggger&)%té%g "a"g ]S"/%lln?}itﬁesfb?ﬂfl Seguehce 5

Hareenrpphasd €ortid GUliHE 4&80) HeQLbnad bR M B0 AR ous
sequence of a heterol ogous protein, wherein the
STERAID sy P8Rcer | &5 agitpecetids agedingettied batweemding

ce of the_ heterologous .protein or e . or two
gﬁgﬁgfa%%lf né:?eari“ﬁs:cg‘ret 8‘89’5%@%(53{1 SPHRENS §hafP&equence
aBdetbBogylisneract g, sequence of the heterol ogous
protein. 10 6. A plant expression plasmd conprising a

DNA encoding an am no acid sequence that conprises a
glycinin sign sequence for endoplasmic reticul um

a
t r anspdr t 2 P n SXRF $° 100 @lasBificiE@réfing a DNA encoding
BRt SR UL UM REQLLISR tHQ@r:,eclngar& €sS4 %alcin§$q%e 5 'S
directly fused to the amno acid seq nce of th
sequence for endoplasmic reticulum transport and an amino acid
sequence of a heterologous protein, wherein the signal
sequence is directly fused to the amino acid sequence of the
heterologous protein or one or two amino acids are inserted

between the signal sequence and the amino acid sequence of the

heterologous protein.

7. The plasmid according to claim 6, wherein one amino
acid is inserted between the signal sequence and the amineo

acid sequence of the heteroclogous protein.

8. A DNA enceding an amino acid sequence that comprises
a glycinin signal sequence for endoplasmic reticulum transport
and an amino acid sequence of a heterologous protein, wherein
one or two amino acids are inserted between the signal
sequence and the amino acid sequence of the heterologous

protein.
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15 heterol ogous protein or one or two am no acids are
inserted between the signal sequence and the am no
aci d sequence of the heterologous protein. 7. The
pl asm d according to claim®6, wherein one amno 20
acid is inserted between the signal sequence and the
am no acid sequence of the heterol ogous protein. 8 A
DNA encodi ng an ami no aci d sequence that conprises a
gl ycinin signal sequence for endoplasm c reticul um
transport 25 and an ami no acid sequence of a
het erol ogous protein, wherein one or two am no acids
are i nSer fedlpet isdd Whth si gremomg efemodhighda t PNA amicnding
i uence of the heterol ogqous otein. 55.9. A
3 ArTB0FF Bt s, o SPRr A Bl i egap e wughee
aBPeiachdl 5YAYEDEEn | Sighlt r osllicstle thF &%{?ﬂa@ﬁﬁ.?
sequence conpfising a glycinin signal sequence for
adéphigmi rahspetrt caldirnt sahsp aididaBdgagn@niofoaaci d
z; uence of a_heterol ogous protein, wherein the
gﬁéP WRtre REETEE A HEEELY thHe Sd@ned SeruansRnds adixpctly
et er ol r b0 L Or one or two, .
IRINENES T ST S BN ot sBln e

amdohéeon w0 afthel SAGLEHES ﬂfsdﬂ&%dhﬁéﬁﬁé&rpﬁﬁéssiggﬁfl
protein. 10 A plant with a genone into which a

SREBERFR) a9 thm splracirgid etpmirnee of | tihe duveedlogdis
ggkggh?cid sequence conprising a glycinin signal
equence for endoplasmic 15 reticulumtransport and an
am no acid sequence of a heterologous protein,
wherein the signal sequence is directly fused to the

am no Hoi dAsepréneétbfa tdemohet fnod ogded prodXidhcoding an
amino acid sequence is introduced, the amino acid sequence
comprising a glycinin signal sequence for endoplasmic
reticulum transport and an amino acid sequence of a
hetercologous protein, wherein the signal sequence is directly
fused to the amino acid sequence of the heterologous protein
Oox one or two amine acids are inserted between the signal
sequence and the amino acid sequence of the heterologous

protein, or a seed of the plant.
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or one or two amno acids are inserted between the
signal sequence and the am no acid sequence of the
het er ol ogous 20 protein, or a seed of the plant. 56 1
SEQUENCE LI STI NG <110> Sumi tono Chem cal Co., Ltd.
<120> METHODS FOR PRODUCI NG SECRETED PROTEINS <130>
521222 <150> JP2008- 184479 <151> 2008-07-16 <160> 54
<210> 1 <211> 19 <212> PRT <213> dycine max <400>
1 Met Ala Lys Lou Val Phe Ser Leu Cys Phe Lou Lou Phe
SERUENCE L@Is%IGl 5 10 15 Cys Phe Ala <210> 2 <211> 18
<212> PRT <213> dycine max <400> 2 Met Ala Lys Lou

Val Leu Ser Lou Cys Phe Lou Lou Phe Sex Ay Cys 1 5
10105 SuftenyAChemical Co., Ltd. :

<120> METHODS FOR PRODUCING SECRETED PROTEINS
<130> 821222

<150> JP2008-184479
<161> 2008-07-16

<{160> 54

210> .1

211> 19

<212> PRT

{213> Glycine max

$400> 1

Met Ala Lys Leu Val Phe Ser Leu Cys Phe Leu Leu Phe Ser Gly Cys
1 5 10 15

Cys Phe Ala

<2106> 2

<211> 18

<212> PRT

<213> Glycine max

400> 2
Met Ala Lys Leu Val Leu Ser Leu Cys Phe Leu Leu Phe Ser Gly Cys
1 ) 10 15

Phe Ala




2 <210> 3 <211> 19 <212> PRT <213) dycine max

<400> 3 Met Ala Lys Leu Val Leu Ser Leu Cys Phe Leu
Leu Phe Ser Ay Cys 1 5 10 15 Cys Phe Ala <210> 4
<211> 23 <212> PRT <213> G ycine max <400> 4 Met Ay
Lys Pro Phe Thr Leu Ser Leu Sgr Ser Leu Cys Leu Leu
Leu 1 5 10 15 Lou Ser Ser Ala Cps Phe Ala 20 <210>
5 <211> 24 <212> PRT <213> A ycine max <400> 5 Met
Gy Lys Pro Phe Phe Thr Leu Ser Leu Ser Ser Leu Cys
Leu Leu 1 5 10 15 Leu Leu Ser Ser Ala Cys Phe Ala 3
20

210> 3

<211> 19

212> PRT

213> Glycine max

<400> 3
Met Ala Lys Leu Val Leu Ser Leu Cys Phe Leu Leu Phe Ser Gly Cys
1 5 10 15

Cys Phe Ala

<210> 4

211> 23

<212> PRT

<213> Glycine max

<400> 4
Met Gly Lys Pro Phe Thr Leu Ser Leu Ser Ser Leu Cys Leu Leu Leu
1| 5 10 15
Leu Ser Ser Ala Cys Phe Ala
20

210> &

211> 24

<212> PRT

<213> Glycine max

400> 5
Met Gly Lys Pro Phe Phe Thr Len Ser Leu Ser Ser Leu Cys Leu Leu
1 b 10 15

Leu Leu Ser Ser Ala Cys Phe Ala




<210> 6

<211> 720

<212) DNA <213) Artificial
<223> synt hesi zed DNA <400> 6 atggtgagca agggcgagga

gctgttcacc ggggt ggtgc ccatcctggt cgagctggac 60
ggcaacctga acggccacaa gttcagcgtg tccggcgagg gccaaggcga
tgccacctac 120 ggcaagctga ccgtgaagtt catctgcacc

accggcaagc tgctgctgcc ctggcccacc 180

ct cgt gacca

<220>

ccttcaccta cggcgtgcag tgcttcagcc gctaccccga ccacat gaag
(pact tcttcaagtc cgccatgccc gaaggctacg

gf tt caaggacg acggcaact a

caagacccgc gccgaggtga agttcgaggg cgacaccctg 360

240

g

cagc
t ccaggagc

caccatcttc 300

eg{At pdoca tggccgacaa gcagaagaac 480 ggcat caagg
t gaactt caa gatccgccac aacatcgagg acggcagcgt gcagctegcc
5402> gB¥cact acc agcagaacac ccccat cggc gacggccccg
t gG89ChPG¢;: ggacaaccac 600
cctgagcaaa gaccccaacg agaagcgcga tcacatggtc 660
ctgctggagt tcgtgaccgc cgccgggatc actcacggca tggacgagct

gtagaagtaa 720
Artificial

400> 6

atggigagcea
ggcgacgtga
ggcaagctga
ctegtgacca
cagcacgact
ttcaaggace
gtgaaccgeca
aagetggagt
gegcatcaagg
gaccactace
tacctgagea

ctgctggagt

210> 7

211> 33
<212> DNA
ey

<220>
223>

400> 7

<220>

aggEceageEa
acggccacaa
ccctgaagtt
ccttcaccta
tctteaagte
acggcaacta
tcgagetgaa
acaactacasa
tgaacttcaa
agcagaacac
ceccagtecge

tcgtgaccge

Artificial

primer

gctgttcace
gttcagegtg
catctgcace
cggcgtrcag
cgecatgece
Caagaccege
gggcatcgac
cagecacaac
gatcegeeac
ccecategge
cctpgagcaaa

cgecgggate

t acct gagca cccagt ccgce

<210> 7 <211> 33
<223> pri mer

ge2Rayggonrhesjge®yt t ¢ acc 33

geggtegtec
tecggegage
ACCEECAage
tgctticagec
gaaggctacg
geecgaggtga
ttcaaggagg
gtetatatea
aacategage
gacggececesg
gacceceaacg

actcacggea

ccateotggt
gcgagggcea
tgeccgtgee
getacceccega
tccaggages
agttcgages
acggeaacat
tggecgacaa
acggecagegt
tgetgetgec
agaagcgcga

tggacgagct

<212> DNA <213>
<400> 7 4 gctagcgtga

cgagetggac
tgecacctac
ctggeecace
ccacatgaag
caccatette
cgacaccclg
cetgmgpeac
gcagaagaac
geagetegec
cgacaaccac
tcacatggte

gtacaagtaa

t%aaccgca t cgagct gaa gggcat cgac ttcaaggagg acggcaacat
HBygfcac 420 aagct ggagt acaactacaa cagccacaac

60
120
180
240
300
360
420
480
540
600
660
720




<210> 8 <211> 33 <212> DNA <213> Artificial <220>
<223> prinmer <400> 8 gagetcttac ttgtacagct cgtccatgcc
gtg 33 <210> 9 <211> 60 <212> DNA <213> Artificial
<220> <223> synthesi zed oligonucl eotide <400> 9
gatccatgcc caagctagtt ttttcccgtt gttttctget tttcagtgge
tgctgcttcg 60 <210> 10 <211> 60 <212> DNA <213>
Artificial <220> <223> synthesized oligonucl eotide

<400> 10 5 ctagcgaagc agcagccact gaaaagcaga 33
aBRIEEREAGR) §OIRRBErEA BEAEF e gt cat g 60 <210> 11 <211>
789 <212> DNA

<210> 8

<211> 33

<212> DNA

<213> Artificial

220>
{223> primer

<400> 8
gagctcttac tigtacaget cgteccatgee gtg 33

<210> 9

{211> 60

<212> DNA

<213> Artificial

220>
<223> synthesized oligonucleotide

<400> 9
gatccatgge caagctagti ttttcccttt gttttctget tttcagtgge tgetgettce 60

<210> 10
<211> 60
<212> DNA

{213> Artificial

2207
€223> synthesized oligonucleotide

<400> 10



<213> Artificial

protein

<220>

<223> DNA encodi ng fused
<400> 11 ggatccatgg ccaagctagt tttttccctt

ttttttctge ttttcagtgg ctgctgecttc 60 gctagcecgtga
gcaagggcga ggagctgttc accggggtgg tgcccatcct ggtcgagcetg
120 gacggcgacg tgaacggcca caggttcagc gtgtccggcg
agggcgaggg cgatgccacc 180
gttcatctgc accaccgtga agctgcccct gccctggeccc 240

ateRlid feiEe

tcac ctac
B0 A g HGEH g

cccgaaggct acgtccagga gcacaccgtc 360

t acggcaagc tgaccctgaa

e

agt acttca_gccgct accc
Mool gudeiEgste o0
ttcttcaagg

qggegg? aa ctacaagacc cgcgccgagg tgaagttcga gggcgacacc
4 C ggtgaacc gcat cgagct gaagggcat ¢ gactt caagg

apdcgg@ssma catcctgggg 480
qgﬁ aggﬁac aacgtcttta tcatggccga caagcagaag 540
a gﬁc

t

cacaagct gg agtacaacta

cigrageti€id@d gccgaccact accagcagaa cacccccatc

ggcgacggcc ccgtgctgct gcccgacaac 660

cactacctga

a aggtgaactt caagatccgc cacaacatcg aggacggcag

gcacccagtc cgccct gagc aaagacccca acgagaagcg cgatcacatg
720> gt cct gct gg agttcgtgac cgccgccggg at cactcacg
gcat ggacga gctgtacaag 780

<273> B\ ercpding fygad proteds Artifici al

forward priner 6

gctagta{tt tcc 33

<4007

ggatccatgg
gcetagegtga
gacggegacg
tacggcaagc
accctcgtega
aagcagecacg
ttcttcaagg
ctggtgaace
cacaagctgg
aacggcatea
geegaccact
cactacctga
gtcctgctee

taagagctc

<210>

<21
212>
<213>

12
33
DNA

<2200
223>

t aagagctc 789

<210> 12
<220>

<223>

<400> 12 gagtcaggat ccatggccaa

ccaagetagt tittitecett tgtittetee

goaaggeEcea
tgaacggcca
tgaccctgaa
ccaccttcac
acttcttcaa
acgacggeaa
gcatcgagcet
agtacaacta
aggtgaactt
accagcagaa
geacccagtce

agttcgtgac

Artificial

forward primer

ggagctettc
caagttcage
gttcatctge
ctacggegte
gtecgecatry
ctacaagacc
gaagggcate
caacagecac
caagatcege
cacccecate
cgecctgage

CECCECCEEE

accgeeetee
gtgtecgecy
accaccggea
cagtgcttca
cccgaagget
CECECCEAEE
gacttcaagg
aacgtctata
cacaacateg
ggcgacggec
aaagacccca

atcactcacg

ttttcagtgg
tgeecateet
8EEECEARLR
agctgecegt
gccgetaccee
acgtcecagga
tgaagttega
aggacgecaa
tecatggccga
aggacggcag
cegtgetget
acgagaagcg

geatgegaces

ctgctgette
ggtegagetg
cgatgccacc
geecetggecee
cgaccacatg
gegeaceate
gEgcgacace
catcctggee
caagcagaag
cgtgcagete
gceegacaac
cgatcacatg

getgtacaag

60
120
180
240
300
360
420
480
b40
600
660
720
780
789



<210> 13 <211> 24 <212> DNA <213> Artificial <220>
<223> nodified reverse prinmer <400> 13 cttgctcaca
gcgaagcagc agcc 24 <210> 14 <211> 27 <212> DNA
<213> Artificial <220> <223> nodified reverse prinmer

10> 15

<400> 14 cttgctcacc atagcgeagg agcagcc 27 <2

<211> 24 <2%2> DNA <213> Artificial <22?> <223>

nodi fied reverse priner 7 <400) 15 cttgctcaca

gcagcgaagc agea 24 <210> 16 <211> 33 <212> DNA
<400> 12

gagtraggat ceatggecaa getagttttt tec 33

<210> 13
211> 24
212> DNA
213> Artificial

<220>

<223> modified reverse primer

<400> 13

cttgetcaca gegaageage agec 24

<2100 14

211> 27

<212> DNA

213> Artificial

<220>

<223> modified reverse primer

<400> 14

cttgetcace atagegaage ageagee 27

210> 15

211> 24

<212> DNA

213> Artificial

<2200
<223> modified reverse primer



<213> Artificial <220> <223> reverse prner <400> 16
gttcgagagc tcttacttgt acagctcgtc cat 33 <210> 17
<211> 24 <212> DNA <213> Artificial <220> <223>
nodi fied reverse priner <400> 17 cttgctcacg
ccagcgaagc agca 24 <210) 18 211> 27 <212> DNA
<213> Artificial <220> <223> nodifed reverse priner 8

<400> 18 cttgctcaca agagcgaagc agcagcc 27 <210> 19
<211> 27 <212> DNA <213> Artificial <220> <223>

nodi fied reverse primer
400> 15

cttgetcaca gcagegaage agea 24

<2100 16

211> 33

<212> DNA

213> Artificial

<220

<223> reverse prmer

<400> 16
8ttegagage tcttacttgt acagetegte cat 33

<210> 17
Q211> 24
<212> DNA
<213> Artificial

<2205

<223> modified reverse primer

<400> 17

cttgcteacg ccagcgaage agea 24

210> 18
<1 27
<212> DNA
<213> Artificial

2200
€223> modifed reverse primer



<400> 19 cttgctcacg atagcgaagc agcagcc 27 <210> 20
<211> 27 <212> DNA <213> Artificial <220> <223>
nodi fied reverse primer <400> 20 cttgctcaca
acagcgaagc agcagcc 27 <210> 21 <211> 24 <212> DNA
<213> Artificial <220> <223>gnodified reverse prinmer
9 <400> 21 cttgctcacg ggagcgaagc agca 24 <210> 22
<211> 27 <212> DNA <213> Artificial <220> <223>
nodi fied reverse prinmer <400> 22 cttgctcaca

gt agcgaagc agcagcc 27 <210> 23

<400> 18

cttgctcaca agagegaage agcagece 27

<€210> 19
£211> 27
<212> DNA
<213> Artificial

<2207

223> modified reverse primer

<400> 19
cttgcteacg atagegaage agcagec 27

210> 20

<211> 27

<212> DNA

<213> Artificial

<220

<223> modified reverse primer

<400> 20

cttgctecaca acagegaage agcagec 27

<210> 21
211> 24
<212> DNA
<213> Artificial

220>
<223> modified reverse primer



<211> 24 <212> DNA <213> Artificial <220> <223>
nodi fied reverse priner <400> 23 cttgctcacg

t gagcgaagc agca 24 <210> 24 <211> 27 <212> DNA
<213> Artificial <220> <223> nodified reverse prinmer
10 <400> 24 rttgcttart ttagcgaagr, agcagcc 27 <210>
25 <211> 27 <212> DNA <213> Artificial <220> <223>
nodi fi ed reverse primer <400> 25 cttgctcact
ttagcgaagc agcagcc 27 <210> 26 <211> 27 <212> DNA
<213> Artificial

<400> 21
cttgctcacg ggagcgaage agca

210> 22

L2l 27

<212> DNA

<213> Artificial

<2207

<923> modified reverse primer

400> 22

cttgctecaca gtagegaage agcagec

<210> 23
211> 24
<212> DNA
<213> Artificial

220>

<223> modified reverse primer

<400> 23
cttgeteacg tgagegaage agea

<210> 24
211> 27
{212> DNA
213> Artificial

220>
<223> modified reverse primer

24

27

24



<220> <223> nodified reverse prinmer <400> 26
cttgctcacg ttagcgaagc agcagcc 27 <210> 27 <211> 27
<212> DNA <213> Artificial <220> <223> nodified
reverse primer 11 <400> 27 cttgctcaca tcagcgaagc
agcagcc 27 <210> 28 <211> 2A0 <212> DNA <213>
Artificial <220> <223> nodified reverse prinmer <400>
28 cttgctcacc ttagcgaagc agcagcc 27 <210> 29 <211> 24
<212> DNA <213> Artificial <220> <223> nodified
reverse prinmer <400> 29

<400> 24

cttzeteact tEAgagaagc AgCageo

<210> 25

<211> 27

<212> DNA

<213> Artificial

2z

223> modified reverse primer

<400> 26

ctigetcact tcagegaage agcageo

<210> 26

211> 27

<212> DNA

<213> Artificial

<2205

<223> modified reverse primer

<400> 26

cttgctcacg ttagcgaage ageagec

<2100 27
211> 27
<212> DNA
<213> Artificial

<220

223> modified reverse primer

27

217

27



cttgctcacg caagcgaagc agca 24 <210> 30 <211> 27

<212> DNA <213> Artificial <220> <223> nodified
reverse prinmer 12 <400> 30 cttgctcact ctagcgaagc
agcagcc 27 <210> 31 <211> 27 <212> DNA <213>
Artificial <220> <223> nodi fijed reverse prinmer <400>
31 cttgctcacg taagcgaagc agcagcc 27 <210> 32 <211> 24
<212> DNA <213> Artificial <220> <223> nodified
reverse primer <400> 32 cttgctcact caagcgaagc agca 24
<210> 33 <211> 27

<400y 27

ctigctcaca tcagcgasge agcagec

<210> 28
211> 27
<212> DNA
<213> Artificial

<220>

£223> modified reverse primer

<400> 28

cttgctcace ttagcgaagc ageagcec

210> 29
211> 24
<212> DNA
<213> Artificial

20>

223> modified reverse primer

<400> 29

cttgetcacg csagcegaage agea

219> 30
Qi 27
<212> DNA
<213> Artificial

<220>

<223> modified reverse primer

27

27

24



<212> DNA <213) Artificial <220> <223> nodified
reverse prinmer 13 <400> 33 cttgctcacg aaagcgaagc
agcagcc 27 <210> 34 <211> 24 <212> DNA <213>
Artificial <220> <223> nodified reverse priner <400>
34 cttgctcacg ccgctagcga agca224 <210> 35 <211> 27
<212> DNA <213> Artificial <220> <223> nodified
reverse prinmer <400> 35 cttgctcaca gcgctagcga agcagca
27 <210> 36 <211> 24 <212> DNA <213> Artificial
<220>

<400> 30
cttgeteact ctagegaage ageagee 27

210> 31

211> 27

{212> DNA

213> Artificial

220>

223> modified reverse primer

<400> 31
cttgctcacg taagceaage ageagee 27

<210> 32

211> 24

<212> DNA

{213> Artificial

<2207

<223> modified reverse primer

400> 32

citgctcace caagcgaage agea 24

<210> 33
211> 27
<212> DNA
213> Artificial

<2207

€223> modified reverse primer




<223> nodified reverse prinmer 14 <400> 36 cttgctcacg
ccagcagcga agca 24 <210> 37 <211> 1620 <212> DNA
<213> Artificial <220> <223> synthesized DNA <400>
37 ggatccatgg ctccaactgc aactcttgct aacggtgata
ccattactgg acttaacgct 60 attat caatg aggcattcct
cggtattcct tttgctgagc cacctgttgg taaccttaga 120
tt caaggacc cagttcctta ctccggatca cttgatggtc agaagtttac
ttcttacgga 180 ccatcctgca tgcaacagaa tccagaaggt
acct at gaag agaacctccc aaaggctgca 240 cttgatcttg
tg@bgcsgtc caaagttttc gaggctgtgt ctccttcatc cgaggactgt
3 cttactatta atgttgtgag gccacctgga accaaggctg
od geamacy hadgegagt tagtgge860 ctttggatet ttggtggagg at
tttcgaggtt ggtggaactt caacttttcc tccagctcaa 420
atgatcacta agaatattgc tatgggtaaa ccaatcattc atgtttcagt
gaabk agggt 480 gtgtcttcat ggggattcct cgcaggt gat
g%%att gg ctgaaggttc agctaacgct 540 ggacttaaag
a ébag ct tggtatgcaa tgggttgcag ataatattgc tgcttttgga
60fi2> ggNgaccct a ccaaggtgac tattttcgga gagtccgcag
gttctatgtc.tgttatgtgt 660 cacattcttt ggaaccatgg
atidaatabifi¢ ¥ aagggt a aaccactctt cagagctgga 720
attatgcaat ctggtgctat ggtgccttca gacgcagttg atggtatcta
gtaacgag 780 atttttgatc ttcttgcttc caatgctgga
fg$@@ttctg cat ccgataa gctcgcttge 840 cttaggggtg
t %ﬁgtg@gﬂigggaﬁhgggghggtgctacta acaat acccc aggattcctc
9 gcatatteat ctcttagact ttcatacctt cctaggccag
acggtgttaa cattacagat 960 gacatgtatg ctgttgtgag
agppgotgaa tatgctaata tcectgttat tattggagat 1020

cttgetecacg cegetagega agea 24

<210> 3%

211> 27

<212> DNA

<213> Artificial

<220>

<223> modified reverse primer

<400> 35

cttgctcaca gegetagega ageagea 27

<210> 36
211> 24
<212> DNA
<213> Artificial

220>
223> modified reverse primer



cagaacgacg aaggtacttt cttcggaaca tcctcactca atgtgactac
cgacgctcag 1080 gcaagagagt actttaagca atctttcgtt
catgcttcag atgcagaaat tgacactctt 1140 atgactgctt
atccaggtga tattactcaa ggctcccctt ttgacacagg cattcttaac
1200 15 gctctcactc cacaattcap gaggatttca gcagttcttg
gcgatcttgg ttttaccctc 1260 gctagacgtt atttccttaa
tcattacact ggtggaacaa agtattcttt cctttcaaaa 1320
cagctttccg gtctcccagt gcttggaact ttccactcaa acgacatcgt
tttccaggat 1380 tatettcteg gttccggttc tcttatttct
aaa@cosgt tcattgcatt cgctaccgac 1440 cttgatccaa
atactgctgg actccttgtt aagtggcctg aatacacatc ctcttcccaa
1300ectaRfEgeRacR8aeh @63 at gat gat caat gct ctcggtcttt

at act ggt aa agacaacttc 1560 agaaccgcag gatacgatgc
tcttttctct aatcctccat cattcttcgt gtgagagctc 1620
<X2WO> 3¥ <211> 30 <212> DNA <213> Artificial <220>

< %?ﬁ P{do§Br  <400> 38 gctagcggtc caact gcaac
tc

gctaaCc 30 <210> 39 <211> 34 <212> DNA <213>
Ari3i chMl <220> <223> priner <400> 39 gagctctcac
aqgi@geﬁttgﬁ%tiglgaggatt agag 34 <210> 40
220>
<223> synthesized DNA
<400> 37
geatccatgg ctecaactge aactcttgct aacggtpata ccattactgg acttaacget 60
attatcaatg aggcattcet cggtaticct tttgetgage cacetgtitgg taaccttaga 120
ttcaaggace cagticcita ctccggatea clitgatggte agaagtttac ttcttacgga 180
ccatcetgca tgcaacagas tecagaaggt acctatgaag agaacctcce aaaggetgea 240
cttgatcitg tgatgeagtc casagtttte gaggetgtgt ctecticate cgaggactgt 300
ctcactatta atgttgtgag gccacctgga accaaggetg gtgcaaacct tccagttatg 360
ctttgpatet ttggtggage tttegaggtt getiggaactt caacttttec tccagetcaa 420
atgatcacta agtotattge tatggetaaa ccaatcattce atgtttcagt gaattacegt 430
gtgtcttcat gggegattect cgeaggtgat gapattaageg cigaaggite agetaacget 540
ggacttazag accagagact tggtatgcaa tgeggitscag ataatattge tgettttgga 600
ggtgacecta ceaaggtgac tatcttogga gagtcecgeag gttctatgte tgttatgtgt 660
cacattcitt ggaacgatge agacaatact tataagggta aaccactctt cagagctgga 720
attatgcaat ctggtgetat ggtgccttca gacgeagttg atggaatcta cgetazcgag 780
atttttgate ttcttgettc caatgetgpa tgtggttetg catccgataa getegettszc 840
cttaggeggtg tgtecteaga cacacttgaa gatgectacta acaataccce aggaticetce 900
gecatatteat ctettagact tteataccett cctaggccag acggtgttaa cattacagat 960
gacatgtatg ctettgtgag agagggtaaa tatgctaata tccetgttat tattggagat 1020
cagaacgacg aaggtactit cttcggaaca tcctcactca atgigactac cgacgetcag 1080
gcaagagagt actttaagea atctttegtt catgettcag atgeagaaat tgacactcett 1140
atgactgctt atccaggtga tattactcaa ggetcccctt ttgacacagg cattettaac 1200



<211> 1677 <212> DNA 16 <213> Artificial <220>

<223> DNA encoding a fused protein <400> 40
ggatccatgg ccaagctagt tttttccctt tgttttctge ttttcagtgg
ctgctgcttc 60 gctagcgctc caactgcaac tcttgctaac

ggtgat acca ttactggact taacgctet 120 atcaatgagg
cattcctcgg tattcctttt gctgagccac ctgttggtaa ccttagattc
180 aaggacccag ttccttactc cggatcactt gat ggt caga

ttc tta 240
Bt et G gisterdten et Gl RRRRAd e 1o
gaétakidet g att@eagatacmaataagttﬂ kiggagag catgattgcmcmtt@aaa:cgmo

ac ctc 360 t aat t gt.ga cc a
R R e e L
otogaggkE tgtﬁ@@@@bt gitatgganestaaartclicittgedtacogatadcgaaat 40
CPREaT e R R LS 2ABEeaG P g et htoea 1600
ageeg B0 Gedth Bl Oft B AP0 b 2RO 1| AVEALLHPAda0ihcttec 1560
ctt aaagacc agagact%%gﬁtatgcaat ata atatt ctg

t BEARGEESAE B R5EALEG tzse%faa%.fgg?ﬁagtca ety Eég@%%&fc 1620
tccgcaggtt ctatttctat tatgtgtcac 720 attctttgga
acgat ggaga caatacttat aagggtaaac cactcttcag agctggaatt
789107 3t caatctg gtgctatggt gccttcagac gcagttgatg
gagi6t aggg taacgagatt 840 tttgatcttc ttgcttccaa

gatgt ggttctgcat ccgataagct cgcttgcctt 900
a%@@gtdmgt cctcagacac acttgaagat gctactaaca ataccccagg
aks @St GOCH QY tattcatctc ttagactttc ataccttcct
aggccagacg gtgttaacat tacagatgac 1020 atttatgctc
tt gt gagaga gggt aaatat gctaatatcc ctgttattat tggagatcag
108}y aacgacgaag gtactttctt cggaacatcc tcactcaatg
tgactaccga cgctcaggca 1140 agagagtact ttaagcaatc
t €2339t tremergct t cagat g cagaaattga cactcttatg 1200
actgcttatc caggtgatat tactcaaggc tccccttttg acacaggeat
tcttaacgct 1260

400> 38

getagegete csactgoaac tettgetaac 30

<210> 39
211> 34
<212> DNA
<213> Artificial

{2205
(223> primer

<400> 39

gagctotecac acgaagastg atggaggatt agag 34

<210> 40
211> 1677
<212> DNA




ctcactccac aattcaagag gatttcagca gttcttggcg atcttggttt
taccctcgct 1320 agacgttatt tccttaatca ttacactggt
ggaacaaagt attctttcct ttcaaaacag 1380 «ctttccggtc
tcccagtgct tggaactttc cactcaaacg acatcgtttt ccaggattat
1440 «cttctcggtt ccggttctct tittataat aacgctttca
ttgcattcgc taccgacctt 1500 gatccaaata ctgctggact
ccttgttaag tggcctgaat acacatcctc ttcccaaagt 1560 17
gg&ﬁ?cagg&i& tgatgat caatgctctc ggtctttata ctggtaaaga
caacttcaga 0O accgcaggat acgatgctct tttctctaat
cctccatcat tcttcgtgtg agagctc 1677 <210> 41 <211> 22
<%%%§ DNA <213> Artificial <220> <223> prinmer <400>
4 gatcttct tgcttccaat gc 22 <210> 42 <211> 22
<400>

<R225> DNA ensliBe aAused ipeot@lin <220>

42 gtctgaggac acacccctaa gg 22

<212> DNA <213> Artifici al

<223) primer
<210> 43 <211> 20

<400> 40

ggatccatgeg ccaagctagt tttttccett tgitttotge ttttcagtre ctgetgette 60
gotagegete caactgeaac tcttgetaac ggtpgatacca ttactggact taacgetatt 120
atcaatgagg cattectegg tattecotttt getgagecac ctgttggtaa ccttagatic 180
aaggacccag ticcttacic cggatcactt gatggteaga agittactte ttacggacca 240
tectgeatge aacagaatee sgaaggtacce tatgaagaga acctcccaaa ggctgeactt 300
gatettgtga tgcagiceas agttttegag getgtgicte cttecatcega ggactgtete 360
actattaatg ttgtgaggee acctggaace aaggelggteg caaaccttce agttatgett 420
tgegatettty gteggagegitt cgaggttegt ggaacttcaa cttticetce agetcaaatg 480
atcactaagt ctattgetat gggtaaacca atcattcatg tttcagtgaa ttaccgtigtg 540
tctteatgge gattectege aggteatgag attaaggelg aaggttcage taacgctgga 600
cttaaagace agagacttgg tatgcaatgg gttgcagata atattgetge ttttggagst 660
gaccctacca aggtgactat cttcgpagag tcegeaggit ctatgtetgt tatgtgtcac 720
attctttgga acgatggaga caatactiat aagggtaaac cactcttcag agetggaatt 780
atgeaatctg gtgctatggt goctteagac geoagttgatg gaatctacgg taacgagatt 840
tttgatcite ttgettccaa tgetggategt ggttetgeat ccgataaget cgetigeett 900
aggggtgtgt cctoagacac acttgaagat getactaacs ataccccagg attcetcgea 960
tattcatcte ttagactttc ataccttcet aggecagacg gtgttaacat tacagatgac 1020
atgtatgete ttgigagapga gggtaaatat getaatatec ctgitattat tggagatcag 1080
aacgacgaag gtactttctt cggaacatcc tcactcaatg tgactaccga cgctcaggea 1140
agagagtact ttaagcaatc tttcgttcat gcttcagatg cagaaattga cactcttatg 1200
actgcttatc caggtgatat tactcaagge tccccttttg acacaggeat tcttaacget 1260
ctcactccac aattcaagag gatttcagea gttcttggeg atcttggtit tacceteget 1320
agacgttatt tccttaatca ttacactggt ggaacasagt attctitcct ttcaaaacag 1380
ctttccggtc tcccagtget tggaactttc cactcasacg acatcgtitt ccaggattat 1440
cttcteggtt ccgettotet tatitataat aacgetttea ttgeaticge taccgacctt 1500
gatccaaata ctgetggact ccttgttaag tggcctgaat acacatccete tteccaaagt 1560



<220> <223> priner 18 <400> 43 gaagcagctc gaggat ggaa
20 <210> 44 <211> 22 <212> DNA <213> Artifici al
<220> <223> prinmer <400> 44 gacgggttga ctctttctgg at
22 <210> 45 <211> 17 <212> DNA <213> Artifici al
<220> <223> Prinmer <400> 45gttttcccag tcacgac 17
<210> 46 <211> 32 <212> DNA <213> Artificial <220>
<223> Prinmer 19

getaacaacc ttatgatgat caatgetcte ggtctttata ctggtasaga cascttcaga 1620
accgeaggat acgatgetet tttctctaat cctccateat tcttogtgtg agagetc 1677

<210> 41

211> 22

<212> DNA

213> Artificial

{2200
<223> primer

<4007 41
ttgatcttct tgettceaat ge 22

<210> 42

<211> 22

212> DNA

<213> Artificial

{2200
<2237 priger

<400> 42
gtetgaggac acaccectaa gg 22

<210> 43

2l1> 20

<212> DNA

<213> Artificial

220>
<2237 primer




<400> 46 ggatccgact gatgagtgtt taaggaccaa tg 32 <210>
47 <211) 33 <212> DNA <213> Artificial <220> <223>
Primer <400> 47 gagctcaacc aat aaataat aataataata atg
33 <210) 48 <211> 34 <212> DNA <213> Artificial
<220> <223> Prinmer <400> 48eagcttcaag tcat gaagaa
cctgataaga cgtc 34 <210> 49 <211> 18 <212> DNA
<213> Artificial <220> <223> Priner 20 <400> 49

gat ccgcggc cgcgagcet 18 <210> 50

<400> 43

gaagcagete gaggatggaa 20

210> 44

211> 22

{212> DNA

<213> Artificial

2200
223> primer

<4000 44
gacgggttga ctctttctgr at 22

210> 45

211> 17

<212> DNA

<213> Artificial

<2202
<223> Primer

<400> 45
gttttcccag tcacgac 17

<210> 46

211> 32

<212> DNA

213> Artificial

{220>
223> Primer




<211> 10 <212> DNA <213> Artificial <220> <223>
Primer <400> 50 cgcggccgcg 10 <210> 51 <211> 3177
<212> DNA <213> Artificial <220> <223> DNA encodi ng
fused protein <400> 51 gaattctctc ttataaaaca
caaacacaat ttttagattt tatttaapsa atcatcaatc 60
gattataatt atttatatat ttttctattt tcaaagaagt aaatcatgag
cttttccaac 120 tcaacatcta ttttttttct ctcaaccttt
ttcacatctt aagtagtctc accctttata 180 tatataactt
atttcttacc ttttacatta tgtaactttt ataatcaaaa ccaacaactt
24Q00 agipatttta ttaaatagac tccacaagta acttgacact
Cttacattca tcgacattaa 300 cttttatctg ttttataaat
atBEAtCHIJacatanstgtt taaeeecaaddt aac cacaaacttt 360 32
cat aaaaggt tcttattaag catggcattt aataagcaaa aacaactcaa
tcactttcat 420 ataggaggta gcctaagtac gtactcaaaa

t jé¢®acHaa, t aaaaaaaaa gttgctttaa 480 taatgccaaa
acaapl taat aaaacactta caacaccgga ttttttttaa ttaaaatgtg
540 21 ccatttagga taaatagtta atatttttaa taattattta
adddgrccPMa tctactaaaa 600 tgatttttat ttggttgaaa
at@liiral,atrQ4Lf aaat ca acacaatcta tcaaaattaa 660

act aaaaaaa aaataagtgt acgtggttaa cattagtaca gtaatataag
aaaaaaatga 720 gaaattaaga aattgaaatc gagtctaatt
ttbgpattat gaacctgcat atataaaagg 780

<223> Primer

400> 47
gagctcaace aataaatsat aataataata atg 33

<210> 48

211> 34

<212> DNA

<213> Artificial

220>
<223> Primer

<400> 48
aagcéttcaag tcaigaagaa cctgataaga egtc 34

<210> 49

<Z11> 18

<212> DNA

213> Artificial

<220>
<223> Primer




aaagaaagaa tccaggaaga aaagaaat ga aaccatgcat ggtcccctcg
tcatcacgag 840 tttctgccat ttgcaataga aacact gaaa
cacctttctc tttgtcactt aattgagatg 900 ccgaagccac
ctcacaccat gaactteatg aggtgtagca cccaaggctt ceatagccat
960 gcatactgaa gaatgtctca aggd cagcac cctacttctg
tgacgtgtcc ctcattcacc 1020 ttcctctctt ccctataaat
aaccacgcct caggttctcc gcttcacaac tcaaacattc 1080
tctccattgg tccttaaaca ctcatcagtc ggatccatgg ccaagct agt
tttttccett 1140 tgttttctge ttttcagtgg ctgetgcettc
geigcget ¢ caactgcaac tcttgctaac 1200 ggtgatacca
ttactggact taacgctatt atcaatgagg cattcctcgg tattcctttt
1e6GQceget gaegR€ae ctgttggtaa ccttagattc aaggacccag
ttccttactc cggatcactt 1320 gatggtcaga agtttacttc
ttacggacca tcctgcat gc aacagaat cc agaaggtacc 1380

t &21§gaglga acctcccaaa ggctgcactt gatcttgtga tgcagtccaa
ag%t%t gag 1440 gctgtgtctc cttcatccga ggactgtctc

a -% taatg ttgtgagagc acctggaacc 1500 aaggctggtg
cazkzbctDNEC agttatgctt tggatctttg gtggaggttt cgaggttggt
1?2& %? ctifcaa cttttcctcc agctcaaatg atcact aagt

et g B 1§ Fdt aaacca 1620 atcattcatg tttcagtgaa
ttaccgtgtg tcttcatggg gattcctcgc aggtgatgag 1680

até ggct g aaggttcagc taacgctgga cttaaagacc agagacttgg
t é; aatgg 1740 gttgcagata atattgctgc ttttggaggt
gagnct deg@raggt gact at cttcggagag 1800 tccgcaggtt
ctatgtctgt tatgtgtcac attctttgga acgatggaga caatacttat
1860 aagggtaaac cactcttcag agctggaatt atgcaatctg
gtgsmbatsggt gccttcagac 1920 gcagttgatg gaatctacgg
taacgagatt tttgatcttc ttgcttccaa tgctggatgt 1980
gBeasEEWEBt ccgat aagct cgettgectt aggggtgtgt cctcagacac
acttgaagat 2040 gctactaaca ataccccagg attcctcgca
tattcatctc ttagactttc ataccttcct 2100 aggccagacg
gfétPaddat tacagatgac atgtatgctc ttgtgagaga gggt aaat at
21k5(> ggtpatatcc ctgttattat tggagatcag aacgacgaag
gtactttctt cggaacatcc 2220 tcactcaatg tgactaccga
c§étZad¥sa agagagtact ttaagcaatc tttcgttcat 2280

g a . aaattga cactcttatg actgcttatc caggtgatat
tg%{%ag\ggglg%ﬁo tccccttttg acacaggcat tcttaacgct
ctcactccac aattcaagag gatttcagca 2400 gttcttggcg
agg%ﬁggttt taccctcgct agacgttatt tccttaaaca ttaccgtggt
2

10

223> DNA encoding fused protein

<400> &l

gaattctcte ttataaaaca caaacacaat {tttagatit tatttaaata atcatcaate 60
gattataatt stttatatat ttttctattt tcaaagaagt aaatcatgag ctiticcaac 120
tcaacatcta ttttttttect ctcaaccttt ttcacatctt aagtagtetc accctttata 180
tatataactt atttcttace ttttacatta tgtasctttt atcaccaaaa ccaacaactt 240
taaaatttta ttasatagac tccacaagta acttgacact cttacattca tegacattaa 300
cttttatetg ttttataaat attattgtga tataatttaa tcaaaataac cacaaacttt 360
cataaaaggt tcttattaag catggcatit sataagcaaa aacaactcaa tcactttcat 420
ataggaggta gcetaagtac gtactcadsa tgccaacaga taasaaaaaa gitgetttaa 480

taatgcecaaa acasattaat aaazacactta caacaccgga tttttittaa ttassatgig 540




ggaacaaagt attctttcct ttcaaaacag ctttccggtc tcccagtgct
tggaactttc 2520 22 cactcaaacg acatcgtttt ccaggatt at
cttctcggtt ccggttctct tatttataat 2580 aacgetttca
ttgcattcgc taccgacctt gatccaaata ctgctggact ccttgttaag
2640 tggcctgaat acacatcctc tixccaaagt ggtaacaacc
ttatgatgat caatgctctc 2700 ggtctttata ctggtaaaga

caacttcaga accgcaggat acgatgctct tttctctaat 2760
CetACtdgpaltabMta Ol Halr AYADCAAARGLE aa%&f”g%@&t%%ét@ﬁa@é‘é aatgg

aat gaat aag 2820 aaaacaaagg ctttagcttg ccttttgttc
aé%%ﬁ%at“éﬁtt&%?@g%féat?gﬁ%gé&téﬁﬁca%@caatfa‘@t treghatgas 660
CHeagdabht aj { ca
O R AR
t 8A9attapay @2t 1EERIEGCEARECIRAD0 i tRoattah gge taerd adltedsangag 780
abiA8 4623 LARAA 12020k {0 M LAl DAL %\!ct atc%Q?aQ: ag . 840
ggaagt gttg gcaggacagg acatgat gta gadgactaaa at ggaagta
900

t tHEhgRset A tErRR tRee sracagfiseefa saqght icha dt tatecactgardtyeergte

tLGA 10> 52 <211> 20
B it VN L S LT L L L T

S@cada¢fgey caziatctobtagebgigtac2 Octac 2O thBeetct>ct20tteactl 21020

D%ct&%%g’ %cc’%’ag;aitcsita%!:acégc ogaggftzc%gc? gﬂi’!crarga[ac é:igacgttscs 1080
tctecattge tecttaazca ctecatcagte ggatccatgeg ccaagetagt tttticectt 1140
tettttetge ttttcagtgg ctgetgette getagegete caactgoaac tettgetaac 1200
Eeteatacca ttactggact taacgetatt atcaatgagg cattcetcgg tattocctttt 1260
gctgagccac ctgtiggtaa cettagatic aaggacccag ttecttactc cggatcactt 1320
gatggtcaga agtttacttc ttacggacca tcctgeatge aacagaatcc agaaggtace 1380
tatgaagaga acctcccaaa ggetgeactt gatcttgtge tgcagtccaa agttttegag 1440
getgtgtete ctteatecga ggactgtete actattaatg ttgtgagrec acctggaace 1500
aaggciggty caaaccttec agttatgett tggatctiteg gtggagpttt cgaggttggt 1660
ggaacttcaa cttttcctee agctcaaatg atcactaagt ctattgetat gggtaaacca 1620
atcaiicatg tttcagigaa ttaccgigtg tcttcatgge gattcotcge agptgatgag 1680
attaaggetg aaggttcage taacgetgga cttaasgacc agagacttgg tatgcaatgg 1740
gttgcagata atattgctge ttttggaget gaccctacca aggtgactat ctteggagag 1800
tcegeagett ctatgtetgt tatgtgteac attctitgga acgatggaga caatacttat 1860
aagggtaaac cactcticag agctggaatt atgcaatctg gtgctatggt geettcagac 1920
gcagttgatg gaatctacgg taacgagatt tttgatcttc ttgcettcecaa tgetegatgt 1980
ggtictgeat ccgataaget cpettgectt ageagtgtgt cetcagacac acttgaagat 2040
gctactaaca ataccccagg attcetegea tattcatctc ttagactite ataccttect 2100
aggccagacg gtgttaacat tacagatgac atgtatgete tigtgagaga gggtaaatat 2160
getaatatce ctgttattat tggagatcag aacgacgaag gtactttett cggaacatce 2220
tcactcaatlg tgactaccga cgetoaggea agagagtact ttasgeaatc tttcgttcat 2280
gciicagatg cagaaattga cactcttatg actgcttatc caggtgatat tactcaagge 2340
teceetttitg acacaggeat tcttaacget ctcactccac aattcaagag gatttcagca 2400
grtciigeeg atetiggttt tacccteget agacgttatt tcecttaatca ttacactggt 2460
ggaacaaagt attctitect ttcaaaacag cittccggtec tcccagtget tggeaacttte 2620




ttatcggatg cagaaccaca 20 23
<213> Artificial
<400> 54 Ser Ala Pro Thr Ala

PRT

cactcaaacg
aacgctttea
tggectgaat
getetttata
cctecateat
aanacaaagg
taatgagtca
atcttetttt
acaagaggea
ggaagtgttg
aatagttgas

<216>
<211>
212>
<213

52
20
DNA

<2200
223>

<400> 52
ctggtgcaaa

<210>
211>
<212>
213>

53
20
DNA

<220>

<223>

<400> 53

acatcgtttt
ttgcattcge
acacatccete
cteggtaaaga
tettegtgte
ctitagettyg
cgaaactitt
gtctetetet
aacaataacg
geaggacagg
gattaactii

Artificial

Primer

ccttceagtt

Artificial

Primey

ttatcggatg cagaaccaca

ccaggatiat
taccgaccit
ttcccaaagt
caacttcaga
agagctcaac
cectttigite
gCcgrgaatas
ctototettt
attggtecasa
acatgatgta

aagaatgaag

<220>

15

22

ctteteggtt
gatccaaata
ggtaacaacc
accgcaggat
caataaataa
actgtaaaat
aaggagaaat
tttttttett
tgatagttag
gaagactaaa

acgtettatc

<210> 54 <211> 5
<223> fused protein

ccggttetet
ctgetggact
ttatgatgat
acgatgctct
taataataat
sataatgtaa
tecaatgagt
tcttetgage
cttgatcgat
attpaaagta
aggticttica

<212>

tatttataat
cettegttaag
caatgctecte
tttctctaat
aatgaataag
gtactcicta
tttctegteaa
ttcttgcaaa
gatatcttta
ttgcagaccce

tgacttg

2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3177

20

20



210>
211>
<212
Q21

220>
223>

<400>

54

5

PRT
Artificial

fused protein

54

Ser Ala Pro Thr Ala

1

5

23



