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g 134822 ¥y e &3 @ YRE ExEEeld
gelslel TheAtizel ARt AT F ABRPS AXA AT
288 gyt

2 dFolNE A7 Adel TRY HEE sistiel $4 wol A=

l-n
r_Nx.

AYYE FoAs] A% H3 AYAUS SRS PR trehalose A
$4 fAx Belsielth tiRF trehalose HTY FUE F AL
ST F4Ee Qeu, B AV o UA olF FHAk wd

L FANA L%t F A {FHAE st shie YR
2E ARsl, 2 54 FHstden A2 trehalose AYF -3
e &N, Rea|stect. Brevibacterium helvolum (ATCC 11822) 225
E] trehalose %o BoIdl= BwMISase, BwTHase & 71¢] FAAE
2dt 11 B4 FEsigden, olf #AxtY Ud 1&E FIA
7171 $iste] F 71e FARE FYUSHA stk FURAAE Axs
3, 3 BaHe FuEsich E¥ olgel F7Ista Ak trehalose ¢
At ® cjakAdixbo] 7bsEtAl SH7) $iste uldAd 59 Sulfolobus
acidocaldarius (ATCC 49426) ©.E%-E] trehalose ¥4 FAA} (SaMTs,
SaMTH) & #ejste] 2 54& F3gsidon, 43 i 288 5
7 A717) $1%) SaMTSH §UEAE ZA|sl BAHE W 54& +33t
otk 7129 AERARYH £¢ fAx wEPEe £ Rojut &
T ¢t olm A = AAPUE Alay AULE FERE M rbeS
T2 RE-transit peptided o] &% EYFHAL FEA U YA A &E
< 7hitste] Aol RAA NEY YL FEREHN T A
2 o) vl 29 AR ydo| of 20ui7t FFE ZAE HY
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Py W WAAALY 22EF 2} 28 SAAE W w4
Rle AAF 5Y W FEAM Fulel T 7Y ReE Aoy
W ohe 2 FARY APATE BT 43M0s d7g $us

— ¥Mabx 3t [ A=} (trehalose synthase gene) 7'
— ¥k 3l §-A =} (trehalose synthase gene) ¥ FHAAH
— walau) x84 FA=} (phytochrome gene) ¥ FAXH

R ST P P L

V. d37he st 9 ol tidt 29

-1. ﬂ‘;.’al'xii‘o""é 8=} (trehalose synthase gene) 7i'¢

E 7o) tAFe] trehalose 6-phosphate synthase (TPS,
otsA) ¢} phosphatase (TPP, otsB) -F3x} 7] MEE TA=E
polymerase chain reaction (PCR) & A3} otsd 2} otsB RAAE

E ]2 & pUC18 vector ¢ cloning slgict. cida (MC1061 strain)
genomic DNA & He|sto] At F4 Hind 111 & AR F 2.9 kb
band & 2|5} partial genomic DNA -§Ax} 23-& A Zslgct o]
genomic DNA §3x} 23ofx, ¢lollA 2% PCR clone & probe B
A}&-, screening & A5t otsA 2} otsB & gDNA clone &5 A5}
vt AEY RAANES HEULT WrINY W BAWNE FVL
24 FAstArt

SAAAN2E 71 olL3ted TPS o TPP §AAME shte] /A=
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2 AQzygsta, o=y wAEE N2y FHELAENHY (TPSP) of
trehalose & EIA o0& Y= E &A1t A=yd S
A §AAE AFIA thE YA 7z, dEE Y=y FPILDY
= (TPSP) & <«a-Ee|stqrcl. UDP-glucose  (UDPG) 3
glucose-6-phosphate (G6P)& 7|AZ A}&3lo] trehalose P8& BH
st3, ztzte] dAThYA (TPS, TPP) 3 ARY FAthya (TPSP) &
714 (UDPG, G6P @ TEP) of thdt km W Vo & Fste] A2YrLT
W (TPSP) ©] trehalose YAHREE FIFLoR FAXIE AL |

B e 384 ¥}y 23l tE HFL2HE trehalose
A3z BEE o ZaEY] B FAANE B, s ®

2 dv|Nddo| 43 A 9l Mycobacterium tuberculosis H37Rv 24§
trehalose AP FAAE Lelsla o] probe E 0|83
Brevibacterium helvolum (ATCC 11822) <2%¥ A2 F{Y
trehalose A FAX7F 2 #elstgd e, Brevibacterium
helvolum (ATCC 11822) S E2XE trehalose ¥4 FEA (BwlSase,
BWMTase) $U7LE Eelsin, 2 S48 FYsidch 2 d7oAs
Buutel el (Brevibacterium helvolum ATCC 11822) S2%E F7}
A trehalose g T HAFHAE Eestact. A wAz=
22848 REo] 2, 328bpel Brevibacterium maltooligosyltrehalose
synthase (BwMTSase) fZxlo|x, FHz] fAxHs F2F{FAA Lo
1,767bp ¢! Brevibacterium maltooligosyl trehalose trehalohydrolase
(BuMTHase) -8 x}o|t}, BwMISase W BvMTHase -§-dx}e] IHEESE F
74x217] $18te] F 7je] A} (BwMTSase ¢} BWMTHase) & B33t A
28 FYRAA (BwMISHase) & 2Astct F 79 FAAE PR &



o]&35}o] site-directed mutagenesisE AA|3}3, FARAZY WU
o] &3l Bt KAAR ARSER, o|EHE UAHFE trehalose
RYBEAE shie] §Y&EL (BwISHase) 2 ZAIStolct. o] &
AL WEGE| A trehalose 73 X Ml WS FAlol ¥
ot FgIATH Ao,

2 dFoAEe da) Aoz AgHHATt F43% S8 e
trehalose 2] thgBAe 8] UdA FF24E trehalose BUY &
A SARE Basla, o]& o]L3t trehalose o izt e )
st dAd MIS @ MTH XAE o| &%t trehalose B4t 7L ¢
&}o] Sulfolobus acidocaldarius V@A TFFZHE trehalose A3
HA (SaMTS, SaMTH) §AAS @A Eea)sieict. E= SaMlS W SaMTH
SRzt WHELS F7HFI7] F Y FA2E UYL AM2E 8T
FAAE ARl 3 YA, I25E UBFHE ARE
trehalose B3 FIpFEATNI (SaMTSH) & ZAstdct. o] Wd4
I AR UEE A trehalose Y X FhrE3 WSS 7
0C & 2oA FAlo] & F gl FP&ELchYAojr}, o] URA
215 g o] AU F, oiFTold rpidsia Axy YR
AThiA g ¢4 EeEdle] ojEo] WELIIY U ALLERH
trehaloseE Aatsh= AT L3S HUstArh

> b

V-2. thx3bAd §A=} (trehalose synthase gene) ¥ BAAH &

AFQHE= A F Trehalose-6-phosphate  synthase (TPS) &}
trehalose-6-phosphate phosphatase (TPP) S fusionA] 71
trehalose-6-phosphate synthase-phosphatase (TPSP) R-AAIE i<
oAl WA A7l A3} trehalose-6-phosphate synthase (TPS) 8- A =gt
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WA AP Rl u3] thaF ol trehalose &3 9Fo] 308 o] HA
2 o uych weld 2 dFede UARY KA =4
H v U EFE trehalose synthase-phosphatase fusion--#x}
(TPSP gene)E AP ZTZWE{(bi 1), ABA-RE ZEEE A7,
viof FAARNX|YOZA Trehalose synthase-F-AAITHE I YA A
& o BAEID S Aol vinlstn =T BAAH MEY 45 o
Soel iy EaE HaoRie YRR dTe YU
EE HFAN & £E£0E FAA WS RFEdH: RAeE 2 4
FAo] ]3] Ak ¥ Sbel(starch branching enzyme) 2 RE|o]
TPSP fusion -FA2}E AZste vlo] FAAHSIH ¥ Fxpfol 2
£F0 %8 trehalose’} £2d ZHO2 7|ti¥|n], 4rabidopsis Senl X%
ZEo] TPSP fusion SHALS dAsl] FAAHH W A Eo] AZRE
ZER ZEstressE WS B ¥ o RN 2 FELR /E,
WY ZHog Jgu AANY eumse Agrobacter‘iuml-ﬂi =
i FAAHAL] =R Hel L YIS $EIHAL W &
273 9 ExolN GEM G AUASl & +&2] trehalose’t F3{
#elsleir}. TPSP fusion §AAIZL £E th4e HAATNE
Q GAAY Tl Aize o] B FAHRE 98] Tl A
ol theo] ¥l Aad 3 AL E R
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IV-3. YUAxiu} =3t §A=} (phytochrome gene) ¥ FA AR
Phytochrome -f-3x} 4l @ Uo] ¥IH HAAH K /NS ol
Moz FAS +Ysisch. the slol AYANA FAAREAE U
ofA]Zl ¥ 2Alof olalsti A EAZ} FactAle] 22t F=}
fele] AEA F IUE ek A& AP = FAXLY &
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12 dxt FAsQCt Southern-blot HHo g EAAESHY fAx|
E Aoz A i Atz {FAA Holzt AFEHHA dojrte A
#gstgion, Western blotdeog =F@xte} @ o iy
T HAPL 2N T MriRe] AR Fo] W d¥oe] AHEHA
A HE=XE #UstArt = A= the A2 Ho] W iy
ol ¥l H AMAZFE thd Au(12)oMe] ¥E HAF L 218t i
o] & "ot FAART AEA] B opdZTo vl
phytochrome A ¥ AT/} o0, Jof ufE ABe]Hed HHE Lieh
2lt}. Plant height, culm length and panicle lengthZ} o}¥%-oj u]3j
Zagion], zt AT Kot FAE Frstact. |ARL o]AHE o]
S A E ¥ I} A7 B3 o Zloln, b AAR Ve B
Ho® FAAH Yagt kx| 1 T2 REE FfolA] Rl o]
£ £ A Hu, ¥ FAAHRS B, E= WIS ¢S LAY
W FAAR JE AEF lo] o]FoixA Hrl =Y & dF Z
Zholl A dojx]= WAl M3 W= wRle =5Y H U PAF
ZUE B3l w9 27t BRY ¥ L F7 597N B3] A
71o8 Zlolth. ¢FP L AEY F T ulE Ex A W @Y R
ol 7hssich. 28u e Ay JIdEl 8RR de e
gong 2AEPI Yol wolA VY BHFo] e W
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FAHBH H&te B 22X =

E ol§3stq ¥ GFA|(chloroplast)uo] &, FFAlol RAx} AE
2] FH S FEHPLE N trechalose synthase SAR}e} Zho] XA )
of WAA] AEA Aol N2 3o deiEe R EAFL v
ol AHE-EAL 3t EY AP HH {Ax T GEA6AM 75 3t
t 3 FAAY ATl o]&3:x el ol A7 =URA
18] AEE GSA Jol 3o whle] gy 9 Uy
FE AEL 91X AFS w] Bol P48 AE o, i Ud3
ZF sk fAdxbe] gyl olgste AMEL R ofF UP A&
& Uizt siolel. A7 A Aol Y @EA v gSAE
nEgEelol W ThE MXY A7|FE PEsl A WHY £ 3
7] di2el @A U fdx 45 542 EE AE d5A9 A
L obderAE Fejd ol o|-8staxl stgdch

= dFolM= GFP FAAE ol83td ¥ ZAwte] V& £5 U
B8S B0t HEEAA ¥ FAFBISS YU GFPY G&FA|
Ul URS 91k GFP ¥ ¥ ¥AAB/EL SUA|(pSB-RIG)E A3,
Agrobacteriun 2 =¢], ¥Ustdon v FAARS 7lg £ ¥
AAH ZEFUE U3 thed FAABAE B, A2 A4
AEE B3l FAPBAY H2A AYPL dFstact. £3F Ao
A BBEd A5A U GFP Y FAAPAE Qo Y, N, BF
EEF AP ALE FAAI =UFHA 2 viet A clE ul glo] B
23 RN E Bk ¥AARA L hid uy BME B3y
AEA W dEAl A2y g us] of 20u) A UE S R
dom ol AAMEIA chlAe] 10% o] S A= 20T LIElYL
tl. EIF confocal microscopy HiHE Ed}e] GFPL A XL Ex o 4t
FE=E Aes 9 ¥ o ZAojA JASIg o Southern F4E& §
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sted =9 RAAHGFP) 71 AASA ¥ HEAZ =UHASS FUsHA
I Northern EAEL ¥t whald dyint oplel FAlAGNE
GFP FAxte] wWdo] AXz el vlsf of 10u] o] FAHAUZE
gelsldch. olaldt g&A U wd A& AU IR AERA
Zto] F2 A= =UFARY AR U @8 A Yehtbs 24
AES AY 4 UG AoE HErl &, £ A& gasEo] WE
28 Qsle] FHYPo] BHAUT Z¢ F A2 f Ud A vehte
E43e] 58 Y £ A tAUde R o/ 8H 4 QoM doR
2 FARE 2 $FE0E A LA o F8Y Re=
7lei¥ict

12



I+ XHBH

SUMMARY
(92 %)

1. Isolation, characterization and identification of

new genes for trehalose synthesis

To isolate a gene for trehalose 6-phosphate synthetase (TPS)
and for trehalose 6-phosphate phosphatase (TPP), a E. coli genomic
DNA library was prepared and a genomic clones for TPS and TPP were
isolated by using PCR amplified probe on the basis of EMBL
database. A bifunctional fusion enzyme (TPSP} has been designed by
fusion of genes for TPS and TPP, The fusion enzyme catalyzes the
sequential reaction in whicll) the formation of T6P followed by
dephosphorylation leading to the synthesis of trehalose. The fused
chimeric gene was over-expressed in E. coli and purified to near
homogeneity. The fusion enzyme shows kinetic advantages in that
the initial velocity to produce trehalose from UDP-glucose and
glucose-6-phosphate is faster than that of a mixture of equimolar
amounts of individual enzyme. The Km values of the fusion enzyme
for both substrates were smaller and the kcat values were higher
than those for the native enzymes resulting in the increase of the
catalytic efficiency, kcat/Km, upto 50%.

A DNA fragment encoding two enzymes leading to trehalose

biosynthesis, maltooligosyltrehalose synthase (BvMISase) and
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maltooligosyltrehalose trehalohydrolase (BvMIHase), has been
cloned from non-pathogenic bacteria, Brevibacterium helvolum, Open
reading frames for the two proteins are 2,331 and 1,770 bp long,
respectively, overlapping by four nucleotides, Recombinant
BwMTSase, BwMTHase, and their fusion gene BwMISHase constructed by
the insertion of an adenylate in the overlapping region were
expressed in E coli. Purified BwMISase proteins catalyzed the
conversion of maltopentaose to maltotriosyltrehalose that was
further hydrolyzed by BwMTHase proteins to produce trehalose and
maltotriose. The enzymes shortened maltooligosaccharides by two
glucose units per each cycle of the sequential reactions to
release trehalose. Maltotriose and maltose were not catalyzed
further, thus were respectively remained in the reactions
depending on the substrates of odd or even number of glucose
units. The bifunctional in-frame fusion enzyme, BvMISHase,
catalyzed the sequential reactions more efficiently than equimolar
mixture of the two individual enzymes, presumably through a
proximity effect between the catalytic sites of the enzymes. The
recombinant enzymes produced trehalose from soluble starch, an
abundant natural source for the trehalose production. Addition of
@ -amylase in the enzyme reaction dramatically increased the
trehalose productivity by partial hydrolysis of the starch, hence
providing more reducing ends accessible for the BwMISase catalytic
sites.

Two genes encoding maltooligosyltrehalose synthase (SaMTS) and
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mal tooligosyltrehalose trehalohydrolase (SaMTH) were isolated from
a hypertherﬁophilic microorganism, Sulfolobus acidocaldarius (ATCC
49462). ORFs of the SaMIS and SaMTH genes are 2,163 and 1,671 bp
long and encode 720 and 556 amino acid residues, respectively. A
bifunctional fusion.enzyme (SaMISH) was constructed through the
gene fusion of SaMTS and SaMTH. Recombinant SaMIS, SaMTH, and
SaMTSH fusion enzyme were overexpressed in E. coli BL21. SaMIS and
SaMTH produced trehalose and maltotriose from maltopentaose in a
sequential reaction. SaMISH fusion enzyme catalyzed the sequential
reaction in which the formation of maltotriosyltrehalose was
followed by hydrolysis leading to the synthesis of trehalose and
maltotriose. The SaMTSH fusion enzyme showed the highest activity
at pH 5.0-5.5 and 70-75C. SaMTIS, SaMTH, and SaMTSH fusion enzyme
were active in soluble starch, which resulted in the production of

trehalose,

2. Transgenic rice plants expressing trehalose

synthase/phosphatase fusion gene

The trehalose-6-phosphate synthase (THS) together with
trehalose-6-phosphate phosphatase (TPP) are enzymes responsible
for the synthesis of a disaccharide called trehalose. Trehalose is
proposed to protect the proteins and memhranes within plant cells

during desiccation processes. Recently, tobacco and potato plants

15



transformed with the THS gene synthesized trehalose and produced
desiccation tolerance in the plants, However, the transgenic
plants were severely stunted. In our study, to develop a drought
tolerant transgenic rice by expressing a £ coli THS/TPP fusion
gene (TPSP) in a secure and regulated manner, we have inserted the
fusion gene under the control of several regulatory sequences
including the maize ubiquitin promoter, the barley ABA-inducible
promoter, the rice rbcS promoter/chloroplast targeting signal for
sequestering TPSP in chloroplast. Several fertile transgenic rice
plants were produced by co-cultivating embryogenic calli with the
Agrobacterium harboring the vectors, Southern blot analysis of
primary transformants resulted in distinct band patterns,
indicating that all the transformants had been generated by
independent integration events, Northern  blot ' analysis
demonstrated that expression of TPSP transgene was observed in all
of the lines, but expression levels varied in different lines.
Trehalose was accumulated up to 0.1% of fresh weight in leaves and

seeds of some of the transgenic plants

3. Transgenic rice plants overexpressing the

phytochrome A gene to suppress shade-avoidance response

Plants standing densely and within a vegetation canopy exhibit
shade-avoidance response (SR) in searching of light sources by

stem elongation. SR that exhibits stimulation of elongation
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growth, acceleration of flowering and reduced chlorophyll
synthesis is modulated by the antagonistic response plant
red/far-red light photoreceptors of phytochrome A and phytochrome
B. Phytochromes sense intensity, duration and ratio of red (R)
and far-red (FR) lights and mediate the SR mainly by their ratio.
Since the ratio of FR to R decreases under canopy, the
over-expression of phytochrome A that responds to FR light will
bring an effect to suppress SR,

To suppress SR in rice and eventually to obtain planting
density-tolerant transgenic plants, we overexpressed the
Arabidopsis phyA cDNA (PHYA) by using of two expression vectors
ubi-PHYA and rbeS-PHYA driven by maize ubi-I promoter and rice
rbcS promoter, respectively. Several lines of transgenic plants
wér‘e produced by co-cultivating of Agrobacterium containing the
vectors with embryogenic rice calli. Stable integration and
expression of transgenes were demonstrated by Southern- and
Western-blot analysis of the transformants in the RO and/or Rl
generations. The transformants exhibited the .phenotypical
differences in plant height and culm length under white light and
in cotyledon growth under FR light compared to nontransgenic rice
plants, The inheritance of transgenes of each line was detected by
genetic analysis of Rl and/or R2.

Thirteen lines (Ul1-Ul3) that were transformed with Ubi-PHYA
were chosen and analyzed by Southern- and Western-blot

experiments. Our analyses revealed that transgene copy numbers
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varied from 1 to 4 and the 13 plants were grouped into five
independent lines, as judged by transgene copy numbers and
Southern hybridization patterns. Of those plants, the lines U4,
U7, Ul2 and U13 contained a single copy of PHYA and the transgene
was expressed at very high levels, Expression levels of the
transgene in dark-adapted plants were comparable to that of the
endogenous PHYA in etiolated rice seedlings, indicating 50-100
fold overexpression. The lines U3, U5, U8, U3 and Ull also
contained a single copy of the transgene, but expression levels of
the gene were low,

Several transgenic rice plants were produced by
Agrobacterium-mediated rice transformation. The introduced
phytochrome was efficiently expressed in ubi-PHYA and rbcS-PHYA
transgenic rice plants and its expression level was 3 to 10 times
higher than WT rice plants, as judged by western blot analysis of
dark-adapted green leaves and etiolated rice seedlings.

Plant height, culm length, and panicle length of transgenic
rice plants (R1) grown in rice field were shorter than those of WT
rice plants by about 70 to 90%, Coleoptile elongation of
transgenic rice seedlings (R1) was suppressed under FR radiation,
but not significantly under R radiation, This phenomenon is
proportionally related to transgene expression level, suggesting
that the transgenic rice has marked effects to suppress SR. The
suppression of SR in rice will lead to reduce the lodging damage

and eventually increases the quality and productivity of crops in
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intensive production systems,

The seed weight per grain and total seed weight per tiller
increase of the transgenic rices increase over the wild types,
while the tiller number and the grain fertility of the transgenic
rices decrease compared to the wild types. Although the overall
crop yields need to be analyzed by further cultivation in the rice
field, the U2 homoline and several U lines are likely to be good
candidates for the breeding of density-tolerant and high yield

lines.

4, Development of a high-level expression system using
a chloroplast targeting signal in transgenic rice

plants .

In order to develop a high-level expression system in
transgenic rice, we inserted a synthetic gene (sgfp) encoding a
modified form of the green fluorescent protein (GFP) into
expression vectors, Two expression vectors, rbcS-sgfp for an
untargeted and rbcS-Tp-sgfp for a chloroplast targeted expression,
were constructed to compare expression levels in transgenic
plants., To study mechanisms underlying the regulation of transgene
expression by the Tp sequence, we mutated the sequence (@Tp) in
such a way that it can no longer localize fused heterologous

proteins into plastids, while it retains identical nucleotide
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sequence to its wild type. The mTp was fused to the sgfp gene and
linked to the rice rbcS promoter, generating an expression vector,
rbcS-mTp-sgfp, Several transgenic plants were produced for each
construct by the Agrobacteriummediated method., Transgenic plants
were identified by herbicide resistance test and genomic Southern
blot analysis. Confocal microscopic analyses demonstrated that GFP
fluorescence in the rbcS-Tp-sgfp-transformed lines was
specifically localized within chloroplasts, whereas  the
fluorescence was detected within cytoplasm and nucleoplasm in the
rbcS-mTp-sgfp- and rbecS-sgfp-transformed lines. Northern blot
analysis indicated that mRNA levels are very different in
transgenic lines, depending on the types of the Tp sequence
employed. Transcript levels of rbcS-Tp-sgfp-transformed lines are
10 fald higher than those of either rbcS-mTp-sgfp- or
rbcS-sgfp-transformed lines, whereas levels of the last two are
comparable. Levels of sGFP accumulation are also correspondingly
higher in rbcS-Tp-sgfp-transformed lines than those of the other
two, as examined by immunoblot analyses using anti-GFP antibodies,
Thus, increase in levels of sGFP accumulation appears to reflect
increase in mRNA levels, which is caused by the presence of the
functional rbcS transit peptide. These results suggest that a
functional rbcS transit peptide enhances transgene expression in
addition to target of the gene products into chloroplasts.

The levels of sgfp expression were about 0.5% of the total

soluble protein in mature leaf tissues of the
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rbcS-sgfp-transformed lines. In contrast, expression levels were
markedly increased in  mature leaf tissues of the
rch-Tp-sgfp—tranéfomed lines, yielding about 10% of the total
soluble protein. N-terminal sequencing of the localized GFPs
revealed that the Tp-GFP fusion protein was correctly processed
during import to non-green plastids, as well as to chloroplasts.
Thus, our results demonstrate that GFP can be produced at high
levels and localized in specific subcellular spaces of transgenic
plants, providing a high-level expression system for general use

in rice, an agronomically important cereal.
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VMEISES W@llv BEABS PR UBAFIE LA AE
g Bl 7171 2 SE29Y fo] g Aol F2 AEANE
iy 4= <9lodcl (Harry Smith, presented at Eur. Symposium on
Photomorphogenesis in Plants, Barcelona, Spain, July 9-13, 1995;
Jordan et al., 1995). ol&7}x] I EIEE WRIG A B0 FAARHA
A BHAABAE /T e EaEA ¢x 9ol gIFoa A=
HA e Reg g gl FudMe WE XY FILELS
BAAVI &Y §-5F0] ABH FF5Fo Fol7t =, FAZYH 7
of 2%t ¥e] AEF MY 71&¢E HYR3t= AL =Y clE &AE 4
A AR stFEY7} o Ach

B PAAY Jlgol HYPHHE Al 5 Y} YIRYAHA A9

THsdte] FEHA §FATY At =¥ Ao 4] JloqY A

L= 7k, I Uy FAA Ade] g A FH e A
o+, F%o] W oA ¥ Fol AYHE Hol: 3}E, AL €T %
F/go] WHEH 2=}, xgate] 2ol HEE fA), A SexA o
 EnE 59 $4& 7hsstA st gl

71z #7 Wilel wrel = YEHE FAXE AY WHAA
A 5 st o3 AP E e AEY 4L AEdHKeY O &

SN T RS B =X 85/ S8R



AE2EXN: AE

AT MHH HEE H 2N S

e a8 BEAYHAIL B3l 2 ojfe iR
of mal §5 UAEE FARNEY JeS HAUSH RE& FelolA
AE =97l ez xgEHch weld 8 dFoAe=  trehalose
synthase 2} Zo] trehalose ¥’ 7l%50] A3 <A [FAAE o]
£3lo] Fhi APY BEF & §AdstnA AUk 53] HE BeE o}
7} A F3] $Ad5to] o|FF trehalose FEIE T A7A F
FelT ZoE AHEE oA BiRA T 54E JHRAL oA 2
B]#} trehalose & tisko @ ZIRPA] ABARSH7] 213 ANWSI|E o)
AR A EE QA ¥

71&8) AE FAFTEe] 2 ¥ FEARLS MR UP gloA
AR Behgdat w2 wEeR EHste YUY S 7|tisty] o
U 48A ol A} AHES FH5ke Vg /Lo EN JA
o xUFAHA WY 7lgdd HEH fXe 4 F UASARLE oF
el

Ar
lo
od
o
2]
ol
rE
e

Fol

2) ZA- A3 &9

e paFRie o, HAsolzle EIE /A de =
7t FAAEH0] HI gtk AP tiiie XYY FAE
shdAshs FA4d F4& st e

HEas 28 AHN FUZA FL¥ KL A=A e
AtGH-Bolth. & 29 20713 F=9] k53 2§, AN ZFAYE A+
o] 12% 4Foin F FHUSAIY ARk 65%0 syFCL T}, ¥iE
A7t Z71HTHE o] & tifEo] 5 AAtej7l= dA|ut tiAsi ¥
AT 2L8Y £ Y& Aol gon iy 4d=i7t d Hojct
HZ 2717A Aol WE UL 4F P2 ARF oy

O
o
o
it



4n2te] 713 =7t ogsEa, Ausy E 245 AES A3
HArjH o R 450 W2 vEAlE 7ML gltl. EW FLFeg:
wToxjAle] el wke 5 - & - £AEY U MY F A A o
A5l 2 H4& oA stz don, & AF Y] wbE IA7 Z
A FEIE oS chydos AYs o2 & o wrtaS
8] A&H AL FF AL B4 JHsAdel fedErh ¢do= oA
HE $53% BUAE chuiste] £F3EA b Aujol] FAFYH S
719 2L It AL E vl Fastee, g4 e g ey
Azt FHeRt AEE MU HRle kFY Az U Qg FUE 5
3t v =7t ARY P W FUt A7E AL 4 dlch

3) 13- 24 &d

el AR 4e FHoE WAL o Eioln, =sAbet
#e fele E3te} AEFH FLoY S &) ok #H A= ¥
+& WA, £2A4E YPsln A48 R R FEE Heshs A
az718 343 Jisx 385 Adch w2ty HEsaes AdEFL] B
E71'52 AT EY EGolzhe gt FdF JeS 7R gt
Y HE AAZIUAY AW &E Yt A=Ay wie Ag £
e, WIoANAlo] ciuldle] f-2]8] Hrled Ze 2 AR A
A wFEHox & FA Hrh gt Fetziedd &3A s
© AES Uit 53 9 4FUE ¥Rl JE AdRE J19 Ut
o} gt}

S-2Ltghe IR tiEEHE 5e4AE 59 A% Ad Y, &
Ao AFE, eIyl AF77E], &R BFY Hoiy G
TLE Uste mig- ojelE A%l A gl 2BE FAAY A
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EAE o] o FAXL] U W o] & o]&3lq MEE FAL 7}
A AEAE /Mshe AL AU s BFARE Y Fay
NNes R4E3 glon, 7|&9 5P YHo| FANY A7 2
HE 2341 A EAAA W ¥AAY 71€y Lol 7t A
B3 FAF A ko] AU wrety AEF Adel 23t
B Badol B € Zolth

Selvete] 2] 23 J|FERFGoA hie] o 4=
3o A3 FAIIE (HA)E o] &Y IXIIFIAY] Trehalose’d
Ato] sl e wl AA AgAA 3t A oy & FERE S
Rog AlmEI @] feluety $EXFYY P& Y A
35 FEs17] Y5t 2-3dujol]l AAY oFQd = AzpApuiye] 3
314 phytochrome- -8} E¢Joll &gt WAzjul-g FFNES +=4844
d AL D BREDN 5o Y XLAHU 5U5-%E JheIA Y A
ojni, A} AgAcie] VI A7IE EHH LR chASA v}
719 2147 A AthY g 4 B3] S Wiew
AEFHA HARA 7go] FATUA IS FEALLEN AEE
el 284 w9 F2d 4 AL Ao JgHeh

LaH o R FAA g o3 2 1/ F-& A=Y A
A AU ¥R Q oj2RE JusE If A8 HESY Y %
BE7} JEsstA =He, #-8 R =] ot AupuiHygy ¥4
ARYEL] LS QAR AgFF Ak Ao IA e
A Bt #Asa Rt AYE siAct & Aoz QZdAct )
A4ty FAABVAEL] AU = Fd sl &Y S #2
g ot Aol BAHEY HIIVIAE &Y ¥ oblzt iy W
5y o2 Ay £ &AM 49 €EY Relrh
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2. U BdrI=] F A

1) MEIFZ} LAAqujete] BA

Y EIFS AE0] AAFE Lotd AlE Fxle] ol - HH, €2
2o 23 33 - 73t - AA T YUY FPEP S BYsH=
FrEAZA 22 A EA] A, B, 59 o8 FFI e A A
2 & 715 /X132 glc) (Smith, 1995: Parker and Song, 1995).
3 FollM W] zpuiet WfEH/dS phyAst phyB7t 2A3te AeR ¢
#=x]31 9lcl (Quail et al., 1995: Yanovsky et al., 1995).

Y EFE2 ZL-Le Wl 7] (low fluence response, very low
fluence response, high irradiance response) 4 R(ZA3 660
nm) /FR(4 2 3, 730 nn)&] ¥]& (o]RAL HANFEFS IEIEA Pry
2t ARG M EFFA Pirge] BgulE)el sliM AW 21 F
ol Al R/FRO] 71¢ &% @47} Hrl (Quail, 1994). F3] LA )
8] Ffol olel 2o R uHiel Zo] Felof A HENTI 3N
ZE& Frues Aste] R/FRY o] 4t welA Pir/Powm® %ol
FE3HA ZAstA Bk AEAE o] R/FRY HIEEA UM s
& ZAAste] AR 9 el 2AA Hrh

R7} FRECI Adridog g2 Ay slolx = phyBe] Piryo] &3
A 2AE 3t FAHY AEAE AAAITIU, A8l 2ol AW &
EZ o] A HNFPS FrULE UM I ol AdriFeR
3 (FR)2] ofo] wolx|m, ojumi& phyAZl Al&e] F4AHA Ae)7t
HES gt Iy phyas Wol 23t Z4sIET Auzez ol
Z phyBoll 2JsjjA] =3d WAL & FRY W& ol PrBe] Helzt w
olxlaL 2tFsE (hypocotyl )z} £7]2] =& A st PrBe] 4R
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Aste 2Pt E 7l =X SHAHT} (Quail et al., 1995).

2) TIEIE FAAH A EA

YNEIE A FAxRE= s, S99, # % (cucurbita), ZAI} F
oA A g3, FEIE B KA H, AL, FI oA
(Arabidopsis) oA &3~ slon, WEAEF C, D, E FAX= o7 %
thol A atal™ Qlt} (Parker and Song, 1995: Clack et al., 1994:
Furuya, 1993).

AtAgstol A D EIEL g FRel 23t ¥|E3F B (PrB)2]
Ve FE3ln, 2L ke A4S dARe e AGstEY A
S A3}l de-etiolation U %3} (greening)& &IA|ZIT}h

JEIE pddy 542 H99e 5 9 39 AulF (cultivar)
ol wie} therstAl LEhdTh (Nagatani et al., 1991), ©]2|¥t g e
2 Qs MEAFY FAUY P FYHOE o gt ui
Ao Mejo] ojF . Yt WP HGo] YETL 2= A
AEQ ghjol Azl INEIE AE EYIH 5~200B= MEIF A2
WS 271 AJZ o (Keller et al., 1989), 2] MNEIEF AY A
wd e Z7] AlA (stem elongation)?] A3} &4 F71, E&F
43 (apical dominance)?] Zt4 B o] 3pUx] AIIF YeRten}
(Keller et al., 1989: Cherry et al, 1991), & ¥|&= A]7] W FZ}
F=aro = W] gldrh

NEIE A AU MY E 5o A4LQPA (dvarfisn)olm of
AEo] vzl FAAYVH MEA Q] F7|7} 4y Aastedch Az ¥
E3E AY oz PAARY gl Aoy o Fol H|s|A 2uf
olate] vhiiag HHstn giglon, Fibdel TAsHs I ol



Z7tg)gich. ey ol4tstgta IR (CO; fixation)2 F7IEA] UGk
t} (Sharkey et al., 1991). ¥ T EAE AS ©ul (cv. SR1)eol] Q1A
Ae o AGsEe] VAL AElR, cab KA circardian 2L
W3IA 7| (Kay et al., 1989: Nagatani et al., 1991), H&] ZEZ
2 AZ En}E (Lycopersicon esculentum, cv. CF36)el]l HAAR A3
& o whejoldl fARE EEYYE Holn, NEIF A Fo] 2-20
Bl A= Z71steict (Boyl and Ruail 1989: Cherry and Vierstra,
1994). ©hxie] AlEe] MEAE A9 Po| thE AE (HAG ME)
HlalA u)$ ArjojEe] =YR ¥ DEIFS] APl 2t =3}
€ d &4 + AUrh

Robson et al (1996. 8, Biotechnology 14, 995-998)%-2 #Hele] 3]
EIEA SAAE @A BN 2oy A7 A gAA# el A
Bl HABAo] thzPet ¢ t}EA shade avoidanceZt HA|H
2 gale g e mE 771 23 ekt 2okg KRSk AdE
Rol Focrl &, YAYHAE zAPBEE o AP A (shade
avoidance)o] UEIL}R] ¢ietst wAlo 2 zjuf3l& wjiE internodeZ o]
7t e AR Y43 Y F4E& 2Ach

E AT AY 35 g4 NEE W spgelMe ofirR
o fale) NEIEAS HuslGI, NEA okl el £ U
A7\ 2=} 817] wBo o] A A Ao FFAdo] FAEHEA LA
A ad vsde] HEEX GdYEo] vl-§ EobHch

3) ¥ ¥AAR A+

Z 2000 He oate s 1991d WHE AFE JEL 7TAdE ¥ A
L 2ol JdAz o 10,0007 A BRE WU,
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1,500 78} EARAAE /Ust] ¥ A& 3R] o8I dell A
23 qUE Y5t oA HY EAFERAHA I e £33
Eol nis] " go] F3Fo glrh.

W FAAR AREHE 7le2 8 fAA F (Particle Gun) ©]
L¥o] dg] ARREH T 9o (Kim et al, 1994) 23] Agrobacterium
& o83 Wyo] UL glolM(Hiel et al, 1994) FAARI|&
o] ujz 3 Bolsicl. ¥ FAAH J|go] RIFAA, Bt toxinF-AA}
(Fujimoto et al, 1993) ¥ Protenase inhibitor -R-AXx} (Ray Wu et
al, 1994)& o] &% )& ¥, chitinase-FA=} =gt Ugd o
(Lin et al, 1995) W A=A M3 ¥ (Kim et al, 1994) To] 7Y
ol 23 AlgFol orh H3] w2t #tg A ST FAx 23
713to] M2 ooz wxigeA WP Aol &L Actin} rbeS
promoter, CaMV 35S promoter W <+ 7ZE3¥ VA zt= JloR ¢y
Zl AMT (adenine methyltransferase) promoter& AMZ-3iC},

A AQ Y¥ol o3 A E ¥ A wbHo] 19839 FE sEE
o] 1986 A 2 Aol MAIH ZEL ¢ 92d U Wz 14 7HF
oA 860 Zoj o]231 glor} (Beck and Ulrich, 1993), th¥-£ &2,
Entg, zkx} 5 ARG A 8ol FHH glen 8 FEA U, &+
= ¥ 5 A" AEY Z$e= s AWHo|tH(McElroy and
Brettell, 1994).

4) Trehalose A% &Y X4 AP A7

3 oY F trehalose 7} MEoA =Y A=z APEE Foishe
Zow A o3 uletd 8 dFolME trehalose § FYE3h=
trehalose synthase & RAZ}E oty v AN UE o]4] UHAA
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Hud o E5& $4%he o SE8 £ gtk

Trehalose (a-D-glucopyranosyl-[1-1]1-a-D-glucopyranose) + <%,
A, F%o], A, AR O ¥ A8 BoM UAE e w8
A o|gtfolrt (Elbein 1974). trehalose + HUAQ wt43E2] A%
Hejolr|E AT F2 FPEY 27, e, A2, idx AW, AF
ot 5 tigt R uigAsx] B B3 et of FHelA ]
EEE LR Qo gHE AES BIFHE U He JoR 4AF
t} (Eleutherio et al., 1993). 53] Myrothamus flabellifolia &}
2 At AlEo] Ao AY el F e Tt wist 77t §
A 7|F o] Tr] Atohd 4 9l A& HIE trehalose WjEQ ZoE
<3 At (Bianchi et al., 1993; Drennan et al., 1993).

Trehalose & AZ HFolA whyaz} Axute] XA 44 AY
& slol A 72E T0iE KA 8 Fo 4B 2% 28 E
o], Mab AR = & XY 4 UA e} (Crowe et al., 1984). w}
2t A AEY B2 NI Frjg RESN= AF A/AIEA o8
4 o1& Byl onel JHE RS PAXNLLEN MNEY HFEE B
A1 4 Q7= g} (Kidd and Devorak, 1994). ©|@]}} trehalose
£ AL ZUYN o]BE J2la g8 AEANA 52 22 U

. o] H&t ol2oE trehalose + AL 1P THdol AT 734 4

&9 #a] FHoMx g Eajske ZAoE U ATt (Mueller et al,,
1994). uwield AE 52 u@dE FolAl trehalose BI/d #E I
FARE E F {KAR} o]2] Lo 22 trehalose & UH &
€ wold JHRol tigt AEY Uiyl 7Y = Josta e
(Kidd and Devorak, 1994) AA|2 o] 24 AlE<¢ ehule] F$ o]
2§ Aldo] Z9E it} (PCT WO 95/01446). Holmstrom et al(1996.8,
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Nature 379, 683-684)52 #R2| I3+ (trehalose-6-phosphate
synthase, TPS1)-RAXIE guldl Exo] =¢ HdS AWz} vl o
Z A oA trehalose’do] 0.8-3.3 mg/g dry leafT+FLE (t|RAE=
0.06mg/g dry leaf) A ¥AEdon FAZ} ¢ hulde Felsty
Az7A FEE dolzle FEE ST 23 2T w3 W
e 202 Uetda =Y U E £ ok HEFEE A
zlo] 7t & BHE 4+ Ugich

B Aol AY A EAd ¥ Ahtelde oidE Rl
FhibA] 84 (trehalose-6-phosphate synthase/phosphatase fusion gene)
FARE B AEsta gl el EATL ohd o] =9, AT
2z} 8t7] wRo] A7 Eddo] AAHUA HFEHE S4HEC] 1l
$ gold ez 47 ok

3. d7hue) 213t A9

2 ApoMs feElo F22EQ BE tiges g 35U =
T Aupziu] PP wAA ARG 12X R v} JFR
Z Z o] oA AFYYL zte ¥ LS SR UAREIAE
(Phytochrome)-§-3x}2} ¥hita] 3+ (Trehalose synthase)R-AXIE o] A3
B 2 ANEoA uUsti o]lEE ¥ FAA Z2RE| APt o
Y37 gEAo] FAREZ o8 JAAR AN F FAAVNE Ay
s gAxte] &2 ¥ UPL YAdT =YFAXY cheA2e] &
AAg AT ¥ ABARL AXM ATEES GBI ol A
29 BAAYY L YAANAYY +EESE SENFYLE A
HEH gozy AAF g L F=AME Foiol A slostaat
olzie} ZL FAFQA FAAYoT E AFE FUsIACL

- vo] MEIE A FARNE Ao WA= FFE UEA
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HE Wy Agusitiels UESAE 21 %L 3U ALS s
£2, & ABe WYL VA NEABY KARE WY
A WAzl E vt 2n Qo) FEEW Ul Frisk] WA
o] BaE UEH WA Aty £3¢ AATUHY Yios
4 saz) st

- Trehalose BY4 VA oz FAAE W ABA U o4 ud
AA trehalosed® AUHALLEN T A3} FolAE UL W E
& St stolnh

- 23 FEQ ME Yo MED U gEAU] sgFes &
23 $HE B¢ WHAS|E WS UASmEN 24E YAAY 7|
&e) FU 71¢ 7INhe FEE By ofzt B} ABol $8Y 4
=g mjeaz} sielch.

Ort
O
u

NEEd : A2 W HEgs H 20 F



Al 2 7 st Mgd AL JfE

A1d A A (d7EY 54 & F2%)

2 A7 5L trehalose AL AW el FARE ¥ AEA
U o]al WPAA trehalose & FUFAHLEN LY H &FF
& g%t Ak APy EFE ALstE A& FHLoE gl

Trehalose (a-D-glucopyranosyl-[1-1]-a-D-glucopyranose) & %,
A, TFol, HA, AR T3 gF AEA FolA UAFEe v
4 ojgtFoli, Zulx MH¥e 46%x Fxoltt (Elbein 1974).
Trehalose & BUAY kHe3tEe] AA Pejol7lx A F2 JF&
o] 27, 2, AR, A4 AP, AFY § Ui 7 v
23 B2y 3y o FFoA v REE U 4B RE AES
sl gL 3= Zer Xy il gltl (Eleutherio et al.,
1993). Trehalose & ZZ }HolA chiadz} Mxute] Ax|A g4
AYE st HE FRE Il XA 3 £ AEF F¢ L/
Ful, ¥4, A7 5 & {AY = AUA Yrh (Crove et al., 1984).
el Az AlEe) Z$ A3 FulE REske NF WA ol%
& 4 olg B oyl 18£S ALANTLEA AFY AHAPEE
ara|Z) 4= 9l7]% Blr} (Kidd and Devorak, 1994). Trehalose &= All
oA e A= AYPS Fosle o= oA gdemR HE
%2 oQE SolM trehalose FYAY TY AL {FIAAE L F
|A=L o]4] wHo] 2]2] trehalose o WH &S &old 7Haol ©f

N2EH : A2 MUl HEE H 2N |5/ s87



T FAEY gl F/H o2 Jldsiz stz ot (Kidd and
Devorak, 1994).

Trehalose = UDP-glucose 2}  glucose-6-phosphate 7}
trehalose-6-phosphate  synthase  (TPS) ol &3 FUE
trehalose-6-phosphate 7} A}7]3L trehalose-6-phosphate phosphatase
(TPP) ©] 2H2 02 trehalose 7} A7l A&7 hAF3} ARE F4
o2 7% ol @77} =glch

UDP—glucose + glucose-6-phosphate
trehalose 6-phosphate synthase
trehalose-6-phosphate
trehalose 6-phosphate phosphatase
trehalose + phosphate
wpels] 2 AFoAE  trehalose & A= trehalose-6-
phosphate synthase (TPS) % trehalose-6-phosphate phosphatase
(TPP) 2] FAE ciFFo2Hy Felslas, we Yz g8A 53
AR B B53E thrbrl ST vlo] o]y WBAFI AL, olE &
AAE ¥ P Ao gubA zgsoct. £&F TPS R TPP {-AA}

o] HAXEL F7A 717 ¢iste TPS | TPP & F7iA] f3#E /3
222G} 71eS ol &3to It FAAE Axysta, ol2HE U
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I

I+ ZH K

Bl 2|23 TAThA (TPSP) ©] trehalose & Ao T M=
& 3tgich. ol trehalose ol F 7l HAE o|83he ZHTIE=
1] BAE o] SHO2H trehalose YHREE F7HZE 5 S
Aoz 7lcigel. olEy BEE 9457 st F 7l fAAE &
AR 7€ ol-8ste e RARE AL, oiFdolA Tl
2 wHAzZich UEd AR¥YzATNA (TPSP) & ereldt F
UDP-glucose (UDPG) £} glucose-6-phosphate (G6P) & 7]|AE AlE-3}o
trehalose S ARSI, Zpzre] ZTAehila (TPS, TPP) I} x| 2%t
fAchaa (TPSP) o] 7]A (UDPG, G6P W T6P) of tigt Km W Vm &
ZA sl AZYPFTATHNZ (TPSP) ©] trehalose FHYHLZS FTIFO
2 FANINEAE FF5oc

2 Q79 3/8E ¥u5y] st e MFLERY trehalose
A3tz BAH A2 FARE @A, Eelstgct. DNA sequence I
amino acid sequence data base ZAAA2}, Mycobacterium tuberculosis
F3== Rhizobium R Arthrobacter &) trehalose ¥4 2Rt} o
S AAEE 7HRlE RAXE ZUst s Aoz wAHCL
Rhizobium X Arthrobacter 4 U|AQEE amylose ¥4 wWtre]
glucose Alol8] a-1,4 AL q, a-1,1 AYLE AHorJles Ha
maltooligosyltrehalose synthase (MTS)%} amylose Wglo] A7l a, a
-1,1 AL ¥ FAY glucose  WSIE ZMeENShe
maltooligosyltrehalose trehalohydrolase (MTH) 2 7}x] F4-of &3j
trehaloseE AYE3I= Aoz a4 glch (Kizawa et al., 1995:
Maruta et al., 1995). DNA B! amino acid sequence data base Zi4
2}, Mycobacterium tuberculosis H37Rv &] Z-9- MTS @ MIH S-Ax}E
1A Qi How &dlA 9o, Brevibacterium helvolum (ATCC
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11822), Cellulomonas sp. (ATCC 21712) 5% o]|&} Z& trehalose 23
3t AHA=Zof &3] trehaloseE AA4sh= Zex d3A gltt (Maruta
et al., 1996).

Maltoohgosaoc}mnde /

Maltool.lgosy}. tmhalose \

Trchalose

b £ Qo WA @7Mde] YA Q& Mycobacteriun
tuberculosis BXE] trehalose AR FAAE Ee|slaL o|& probe
8 o]|R3} Brevibacterium helvolum (ATCC 11822) SO =2H¥E
trehalose %A B-Ax}Q) BuMISase W BwMTHase FAXE EE|3l2
Ztzie] RAzRY T2 W GIINEE APt Eelt Ay 73
25 Aol A W A]F| 31 BwMTSase Q! BwMTHase A4 whj3Ag ¢
Rt ¥, 2tzbe] f Ao iRl trehalose YPFE W J|AFo|EE
st E{t BwISase W BwTHase R-Axte] UHEES F7H4171
7] Sisle £ 9] {8t (BwISase 2} BwiHase) & &R A=2&
SURANE KAz o3 YstE, 225 UdEHE A
2.8 trehalose A SYF AT (BuMISHase) & A8t Th o]
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SUELATYY L UEEe| A trehalose T & 7HeEsl S
Aol ¥ 4 gl gL Polct o] FHUFAAE UHHE o I
2T ¥, tiFgFelA chidsia A2y §PRLAIYIYE &+ £
2|3l o]Bo] UWELZeIY W AL OZHE trehalosedF PAIsh= &
A2 Z23E HUdlych. £ dFolA Y FERAA 22X
g HoEo] AEHE §FUYHATYIL Ao EAstA] U A2E
Rolsl, 7|80 BIaH F7HA]| ALE o83l trehaloseE B33t
L Ak rhE, ] 1SS SAlo ¥ 4 ok 3 AEE &
fa Ak ot

29| trehalose B4l FR FAA F&Hsh= WP T P45t
g, 7170] kg & 200 @ o]t vlojoiA Algo] AFHAo]
qt}l. trehalose A Z WHL TR FA|oA] F23h= Wy, opmicAt
BAFE o] gy Ay, AAE AMEdte ELY (Nakata et al.,
19953, b) 5& & 4 glom, AIol: oY Aa KAAE ARE
2 5 ZEof o]a] WA Aasts whyg Fol ok vt H2 A
Bo] sjopalutetatol ] HAYE o]EY chgdite] HediATA 715
o] kg W 4 & AEE At wEld trehaloses T &e|1FE
A e oiA ZulRE 3 ARggo] FA3] FUksta ook B 4
B slopa|ulefol|A] o] Fo|x|&= trehalose?] AtdA it Udy @5
25 Bt g/ trehalose AYUY HLE o] &YW TLYPLE o]
Zo]x]32 913 (Nakata et al., 1995a, b). o]¢} 23 g8 H4E
o] &% AEANI|&] YT trehalosed HHY 7HF o= T4
33 olth, ¥ Hayashibara AlolA 7|t WL Sulfolobus 42
WEE FF2HE MIS & MTH 2 714 B4 w23l ol &% &
Rg /Nustdc} (Kizawa et al., 1995; Maruta et al., 1995; Nakada
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FIHHH HEE B 24 |

et al,, 1995a, b).

227t ¢#A  trehalose MY BH @Y HaE URE
Sulfolobus 48] 2%t u|PEA He|=E|gden], S solfataricus, S.
acidocaldarius R S, shibatae o)A ZtZ} trehalose AR AF U4
A FA SAR (MTS, MTH)7} #2215 2ltt (Kobayashi et al., 1996a,b,
Isabella et al., 1998). ¥ AFME U@ MIS W MTH H4E ©]
L% trehalose A4 /WS #1351 Sulfolobus acidocaldarius V€43
FF22E trehalose A HA (SaMTS, SaMTH) F-AxNE B L
sttt EX A7 2f4 o SaMts @ SaMTH f-3=te] UREES
Z7ANA71 F Al FARE FUT AELR FURAANE A2
Holl &3] AT, JT2HE UHE = A2 trehalose B &
UFATHN Y (SaMTSH) & 2A|3Igch o] Udd SHELATHEILS T
E&2| 24 trehalose ¥ U 7HEEs] 1S Sl ¥ 4 = &Y
Faehdolct, o] FYFAAE wAHEo] N2UF F, chFFolA
Feptd st A2y FHELCYA L & Leste o|§o] UELE
3% W HEOFHE trehalosed FAlshHe A2 ZEUS YA
t}.
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A2d ATAY g L P

1. thArF trehalose A FAx} 8] @ H548 43

Trehalose synthase f-Zx}o] tidt dF= tiFF} ARE FAHL
2 713 gol 37t HArh £ dFolMxe thFF2] trehalose
6-phosphate synthase (TPS, otsd) £} phosphatase (TPP, otsB) -S-Z A}
7] A ¥ (Kaasen et al. 1994) & A E polymerase chain reaction
(PCR) & AA|5}t otsA &} otsB FAAE FEAIZ ¥ pUC18 vector
o cloning 3tgth. cth&+ (MCL061 strain) genomic DNA & #E|8}o
¥t 4 Hind 111 2 HER ¥ 2.9 kb band & E2|3}o] partial
genomic DNA R-Axt &¥-& Az sloch of genomic DNA {-A=} 2ol
A, ekojlA] g PCR clone & probe & AME, screening & A5}
o] otsA 2} otsB 2] gDNA clone §& AEsidrt WHY FAAES
HEHOE A7lAd W BAYNS PuosA Yasiurt,

2. WAHRVE AAR LVA Az

Eal¥r A2 trehalose 6-phosphate synthase (TPS, otsd) £}
phosphatase (TPP, otsB) F2x2] ORFE B ¥ A ABE HA
(pIPBS0)oll AZY AIZTE ol WA HALS W actin TEEHE
gasia 7] dEedl ARAAE ¥ IA2Y 9 JH AT &2
o WAAY £ = A 23 drh dFHes HE ¥
otsA &} otsB -SAAE Ztz}t pIP850 2] multicloning site of 4l¢ls}
oy, w actin promoter-otsA-NOS terminator £} B} actin
promoter-otsB- NOS terminator & FA4E o] Q&= +MNHNE &4zt A=
3 slglch. R 22PY S ol 83l FUkx] 2HAIE e b
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b XH HH

N2 sz, S ¥ EHE]  trehalose  6-phosphate
synthase (otsA) 2} trehalose-6-phosphate phosphatase (otsB) 7} '
¥EHES stych

3. thAFE trehalose AR A} WA && F3

fAAE FAAANRY 71&L ol§3to TPS &} TPP {AAE sh
2 RARE AxYsta, ol2e UH=EE A=y TaThAA (TPSP)
o] trehalose & EH o= YAsh=x& &FFP3idch A=yd &Y
Thald GAXE TN cpdBAFIL, dEE Agrygrachyi
(TPSP) & <£42edlgdrl. UDP-glucose (UDPG) £} glucose-6-
phosphate (G6P) & 7]AE A}L3}o trehalose ¥dE& AFsta, Z4z
o] IachyA (TS, TPP) 3t A=y JAchyd (TPSP) o 713
(UDPG, G6P % T6P) of thdt Kn R Vn & FFste] ARy achid
(TPSP) ©] trehalose IHELS ENFoZ ZANFEAE FYsta
1=

7} TPS, TPP W TPSP HAPAEE &F

TPS TAYEEE= 71A2 A UDPG 2} G6P 2H-E] T6P AJite] uld 7]
A G6P o ZAEHE 4 FAsl BAsidct g EUER: 8%
L0 2 A 33mM Tris-HC1/pH7. 5, 2. 5mM MgCle, 10mM
2-mercaptoethanol ZZojA] 10mM G6P &} 5mM UDPG & E{¥tch TPP .
AAVYEE 71A2A TPE ETUsH 4 242 TPS T4 BH =S}
Yotk Zela § ukg BE 37T oA 108 £ 6023 -EF 100T
oA 38 JoiM WgE& Fx|AZch Trehalose o G6PYZ thin
layer chromatography (TLC) @E-= high-pH ion chromatography (HPIC)
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A MU NS B =X 5

ol eslA BA, Basielc)

U g2y W AY

2 €4 TLC & HPICo] oJ3jA o|¥3dct TLC F-¢ Zz} wkg
F WS-E2 3uE TLCE °| &3l #Asl%icl. A7j-8ui= n-butanol:
ethanol: H0& 5:3:28 X33 R o|&sigen 20% Hitg ol &
slo] WAl © ek DX500 HPIC AJARlo]A] Carbo-Pak PAl
columng o]-&3lgct. Column e EH-E] o] 82 150mM NaOH 8ol
A 0-250mM NaOAc?] ‘s £7]&7]& ol-83lo 08¢ §&3lden, &&
5]+ w2 ED 40 electrochemical detector® 73 3}4icl.

t}. AR Trehalose oF 24

g Uollde gaetuale] 4 Y4 F &Fstr flEA »Z
pRSETB (ciontr‘o]), pRTPS (TPS), pRTPP (TPP) 12|53l pRTPSP (TPSP) &
Zn =2 tiRddS YAAYSIR, cFdlol M trehalose U I
&3stodch Zzte] FAFHRA B BL21E ¥3A ampicilling X
33 5ml LB ujR|oA] vl % 20TolA 15AI2t wiSF 5008 AHE
& 50ml LB ujx]o] H&5l5 590nmoll M2l FFx=7t 0.60] H whzix]
ujorslelc}t. o]¥ IPTG (isopropyl-f-D-thiogalactoside)& #FHXT
2 0.5mMo] EA H7Iste] 20TelA A1 vigstsct. wige InlE
AW F FAE A FFAHEE BIAF|SL 2008 FFel
e ¥ 20 2% 3H 2SvkMzg st Eaistadch. 12000g04 15
2 QA ¥ 4R QS 25t HPicet TLCE &4 sioich

1. %Y AYY DA R e
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Trehalose synthase -R-Azjo] iyt A= ozt ERE F4L
2 71 ol A3 IHrh £ GFoM=z i trehalose
6-phosphate synthase (TPS, otsA) £} phosphatase (TPP, otsB) 3=}
& 53, olE 43X ORFE ¥ ¥ ¥F ARE A (pIP8S0)
of 2}z AFct. £ A7 A/FEE HEI 45l TS A=
HE] trehalose AUt VAP TP H4EL AP [FAAE ©4,
Hz|3lgct. DNA sequence T amino acid sequence data base ZAMZ
2}, Mycobacterium tuberculosis H37TRv T3+ maltooligosyl
trehalose synthase (MTS) - maltoolijgosyl trehalose
trehalohydrolase (MTH) ol 2]3} maltodextrin 2.2HE| trehalosed
qyEse RANE ZWI Qe Zes  wsAt.  =v
Brevibacterium helvolum (ATCC 11822), Cellulomonas sp. (ATCC
21712) &% o]} L& trehalose AYAE 2o 23] trehalosed A
A5he ZeE oA gtk weld £ dFddiME Wi dr14dol ¢
& Q= Mycobacterium tuberculosis H37Rv 2HE] trehalose J¥}7d
LAXE Bestdrt. a8y Mycobacterium tuberculosis H37Rv =
Y FFBE, o] RAAE I3 AEN =Y 4 TIE T
F24E trehalose AP FHAHE Fel3h=tl probe 2 AH8-31%iTh
o|& probe & ©|R-35} Brevibacterium helvolum (ATCC 11822) S &%
8 2 ZH2 trehalose AUAR FAAIF EXPgS UKo,
Brevibacterium helvolum (ATCC 11822) © 2 X-¥| trehalose Y &
& (BwTSase, BwMlHase) R-AALE £2lsla, I 54-& F33t4ct

7}. Brevibacterium helvolum (ATCC 11822) S ZX.¥] Trehalose ¥}/

AR el
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Brevibacterium 755 DNAZHE] trehalose PP AA FAAE Ha
ofl o]-85= probex= 7|&of £&|% Mycobacterium tuberculosis H37Rv
8] trehalose YJH A FAAEZ o|L31Ht}. Brevibacterium & A=
DNAZXE]  trehalose {dAA [KAXNE Helshr] ¢3)o,
Brevibacterium ©] Al DNAE AELE Axhstz, o7tz 2 Ay
V&Y thE, Mycobacterium ©BHE] |8t trehalose YAHATA &
A2l DNA T probe & o]R3}o] Southern blot A& AlA|5}o
trehalose 3/ FA=te] YTE Felsidct. A FAxE Eelsi
3to], E2|}t d¥ |AEAE probe & A3} Southern blot £
& AAI8to Brevibacterium o] trehalose ¥4 KAz} ANE £a)s}
ootk e 8RS pUC18ol Hste] AtE A A =F 2Hgdsta @
71 4E& A3 sAdct

U}, BwMISHase -§Y{ i 4 FA=} A=

2 dFox= Beu|ye2l® (Brevibacterium helvolum ATCC
11822) 2258 F71A] trehalose Yy A HAFHXE £astdd
th 3z AR F2FAAR o] 2,328bpel Hau|wteelg T
EL&2 324 trehalose XA | (Brevibacterium maltooligosyl
trehalose synthase: BwTSase) §-dx}ol3, FHz| {AX}E= FREA
z} Fo] 1,767bp Q1 Ban|vlee]R UELE| Al trehalose 7HE3]
X4 (Brevibacterium maltooligosyl trehalose trehalohydrolase:
BwMTHase) -2 =x}o|r}. BuMTSase W BvMIHase §-A=}e] W T LS =
7A717] f18te] F 718 fAAL (BwTSase £t BwlHase) & -S4 Al
2 84FA=x (BwISHase) & =Aslgdct. F e /IS

polymerase chain reaction (PCR)}& ©o]&3%}lod site-directed



mutagenesis& AAI3t, {FAXANZY WS o]-§3te] shte] {AA
2 ARG, ol2HE YAEE trehalose YL ALE hte] &
3} F A (BwISHase) & ZA|stgct. o] thiizd e UE & T4 trehalose
38 9 ke WS FAlol ¥ 4 e YT LT |k

th. chF ol 48] BwMTSase, BwMTHase I BwMTSHase -§-3-F-H=}2]
HE 9 & &1

el U2 HYE & BwlSase I BvMTHase F71A] Akt
YA ]85l trehalose & UFY 4 A=A A ¢t 42
8] FZRFAA} FEE Eelstn o FolAe] dE ¥ pRSET &2t&
ul=of 4Abelste] pRBWIS 3l pRBWIH & AlRstedch =¥ §3F-AA
EHE HYELE BMISHase SR LIRS o] &3} trehalosed T
B4Y 4 deA BU] 95t SFYRAAY F2AHAL FEE TE
St chREolMe) WeIWElQl pRSET FehaAuSol AFIshol pREWTSH
WRAWE & ARSIt oA ARH Zzte] A2y ZetAn=E f
F BL21E BAARAIFIR, 1242 wjgE ¥, IPTC & HF5E 1nM
o] =& HIISIA 4A1Z o uwidsle] Ztzte] Hachide] UPE #
=3t WY zbzte] TAThYAL Ni¥-NTA-agarose F2 2 28
nlE3 & o] &3ty ¢4t ZZY UEd HARMES
o5 2T ¥ trehalose 5 AAPstAct

2}. BvMISase, BwMIHase X BvMISHase HHTATHRAS o]L3F)

trehalose §14d W 7| A HolA
&4 2|8l BwMlSase, BwMTHase % BwMISHase JYZATHYAL]
trehalose W% W 714 Bol4g Wolny] sl olerixl WES
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Zl29E 71423819 trehalose YFJUHE AAslgic). whg=AL
50uM A4HAF-EY(pH 7.0) RABtoIAN Ai7ix] YEZAIFE MY
TEZ HIISIAL 72} 500ngd] 4w AAE HUlslo EA wkg
F-3& 50ul 2 st} olF 37TolA 1A wkgA 7|3, 95TeA 10
5 Aelste Hbgg FASIATE. BAE trehalose = TLC E:
HPIC %ol &3iA &4, F3Fsiich.

rx

o, AEOSEHRE] trehalose §4

AEE 7|AZ o]&3l trehalosed UAY = UL dolrr] ¢
8] 4873 A(soluble starch)E 7]AE AME3l3 ¥EA|ZHE 244
Z7bx] AAQstodct MRS R AL 50mM Q1 AHEE-R-(pH 7.0) ZAB}oA
1% +84 AL 7|42 ¥rstn &4 2 2o %48 1S
A71ste] AA EHEEIE 100ulZ 31}, o] 37TColN 24A]771x
WEAIFIR, 95T 10EE]t Helslq we-& FAsIArL. =N A
O ZHE trehalosed] it FEEE Eol7] sl 484 AR
(soluble starch)oll u}-opbd elAl( ¢ -amylase)& A 2|3t WA
24X 712 dFstct WERAL 50mM UYatRE-8-Y(pH 7.0) 223}
oA 1% =878 FEEZ 7|AZ H7Isla 0.05%9] o) dwt-oidzlAl, «
Tl §YUEA(BWISHase)E g HE7I3t AN MR uE
100ul 2 3tHch olF 37CoA 24 A|7}px] WFSAIF|L, 95CAM 10
T AN dlq WS FAs%TE. BAYH trehalosers g2 IEn}
EIqn Y 9l HPIC whHell o) ¥lstdct.

5. LA trehalose %A HA §Ax} Ha @ B4 33
E Ao s ¥Hx] AlgdFgeoeg AewWr 233 Ziela Q=
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trehalose 2] TjalAiate 918 g4 FF2HE trehalose PY XL
A §AXE Belsta, o|& o]{¥ trehalose o PB4t 7led A
utsteirt, 2 28] trehalose A4t AR FAlolA F&sh= YHo=
Aasiden, 7Hgol kg @ 200 @3 0138 astelolA AHg-Fol A
Frolgirt. 2yt T g FFERE Eett g4 trehalose
AEE BAE o] &Y BAUE o4 TR0 FHeARA 7Y
ol kg & 4 @8 F=T AL E dFoNE HEPd MIS W MH &
AE 0|23} trehalose B4t & $13to] Sulfolobus acidocaldarius
a4 #3532 HE trehalose A XA (SaMTS, SaMTH) RFAxE ©
A Bastelrt. g SaMIS W SaMTH f-Axte] WEEEE F7HA717
T 72l SARE U AR SURARE KRz 2% 3
Qslgm, a2RE WHEE A2 trehalose AYY FHETLTHA
(SaMTSH) & ZAIstdch o Udyd SPRauyde UESIA
trehalose 34 9 7H42a) W1gg S0 ¥ 4 & FHELTNE
oltl. o] §YRAXE wAWE o] AZUY ¥, chFFelAd Hrhdd
st Az FUTATMAS ¢4 Bt olEo] YELAINTY U
AE O ZHE trehalosed Qatsh= AR 2HE3E HASIYTL

7}. Sulfolobus acidocaldarius(ATCC 49426)2] ¥i%} ¥ Alis DNA £
WA u|AE Sulfolobus acidocaldarius (ATCC 49426)%& ATCCOllA|
Horutetom, ATCC Sulfolobus media #1723 & o}-&3lo] 75C, 273
9l Z7olA 4-5Q wle¥stairt.
Sulfolobus acidocaldarius (ATCC 49426)2] Al DNA+= Charbonnier
o] uh (Charbonnier et al., 1995) off w2l ¥2|stlch 500 ol &
S, acidocaldarius Wj¥]& fAlE-e2|sled (6,000 rpm, 10%) "B E
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FAE 34stdct. 8 ml 2] TNE 89 (100 mM Tris-HCI, 100 mM NaCl,
50 oM EDTA / pH 7.5) & 7isted ®ERE ¥ 1 ol o 10%
N-lauroylsarcosine& 7}3t3l d3d3] Egstgrt 1 ml 2] 10% SIS &
7}t EZ§{E ¥ 0.5 ml 2] proteinase K €< (20 mg/ml )& & 7}8l2
50CoA 3 At wEgsigict. wbgo] Tyt ¥ phenol/chloroform/
isoamyl alcohol (25:24:1) &¢jo g IH F&3}3, 2uf Hujo] oghg
S 7}5}o] Al DNAE HAARATE 2o e DNAE 500 ul TE &do] &
EHRt ¥ RNaseAE 718t} 37TolA 308 RHEstach Whgol B¢ F
phenol/ chloroform/isoamylalcohol (25:24:1) ®A0 & 3H F&3}3,
RrE-E 718l Al DNAE M AAIZch

U}, Sulfolobus acidocaldarius (ATCC 49426) ©2%%¥| trehalose
4 e £l
S. acidocaldarius (ATCC 49426) 7| DNARY-E| trehalose 3}/g3
& KRS E23l7] fIsled, Suifolobus & FFoA E2|H MIS W
MTH F3zlel]l 33 L2 vehles d71Md FE& ol €319 primerg
A ztstodct. ol & ol &3le] PCR W& AdAISt, &% DNA THH S
probe & o]&3}od Southern blot EX4E AxE * S
.acidocaldarius (ATCC 49426) Z%-¥| trehalose ¥4 FAxE 2|5}
et el {FARE plClsel 4tdste AtaL A=F P54
71 & ARsiAdch

vl UigA SaMTS, SaMTH @ SaMTSH -8-&hghial FHA2] cjatFolA
ol ud gl Eel
2ot 4z ydd L /32 L FHsARe 2R {AARE
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AA=EA

FIEE Heted H =X =

S BT WA WE pRSET plasmid o] 4FYste] zpzte] 2R3 HAgH
BAL UEE Fedla, &5 Beldtd &4 84S BFstA. &
2|3 428 trehalose BYAH T4 FH=} (SaMTS, SaMTH) W SaMTSH

U I 7L BES AR 93l o] HIAAE P ¥ 5
Ol =& T7 promomter &} XJZYFt DNA & E. coli BL21 ¢ FAAHs}
31 BL21 transformants & ampicilling X3} LB ujxloA FH=7t
0.7-0.9 ol =¥ wizl=] wjeFstdct. #F H=7F 1 oM o] HA IPTG
g FJF ¥ AN 5o o njgstdct. E ocoli &= QAlResto A
H ¥ 5 mi/go] XA lysis buffer A (6 M guanidine hydrochloride,
0.1 M NaHzPQ4, 0.01 M Tris, 0.02 M B-mercaptoethanol, pH8.0)& 4]¢]
3L sonication¥t ¥ Hilwelstd HFAE sl RAUE S HA
I3 &52elE 33Tt &52eE 28 A= nickel-NTA-agarose
affinity resino] At5olg Ae|gr ¥ Zy Rw 10 wjdel buffer D
(8 M urea, 0.1 M NaHzPOq4, 0. 01 M Tris, 0.02 M P-mercaptoethanol,
pH6.3)2} Zg Ry 5 ujde] buffer E (XA buffer D2} ¢,
pH4.5) 2 £AH e A2y A &3t

i

2h. WjEd/d SaMIS, SaMTH W SaMTSH S-etwidl Jae] ¥y Y

4 w¥2|¥F SaMTS, SaMTH %! SaMTSH §3gta # A9 trehalose
U8s U 718 Bold& Uothy] sl A7z dES 1Y S 7|
=23l trehalose PYPAHES AAIslc, HHg2AL 20mM sodium
acetate 3-8 (pH 5.5) ZZ3tollA oHrlx] LWELILYE 1nM2]
TEE FAJPSta 27} 500nge] &4 Ee HAE Hsle] AN ukg
F3 & 50ul® 3}tk ol& 75TolA 1A1ZF WHEAlF|R TLC WYz}
HPIC ®yoll &]3] trehalose ¥H8S I3ttt

H>
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1. th¥ trehalose FYY FH= L2 ! 58 73

£ dolME= BT FF MC1061 & otsA/B F+AXE polymerase
chain reaction & ©]£3}of PCR clone & w&|3tgict. 7|&of vis A
9l trehalose-6-phosphate synthase (TPS, otsA) £} phosphatase
(TPP, otsB) §#AX} @71 AH¥ (Kaasen et al. 1994) 2 ¥¥g
N-terminal 2} C-terminal +-9]2] oligonucleotide & 3¥/d5tcl.
N-terminal oligonucleotide 2] 5°‘ $]X]ojl= start codon Q1 ATG H}IE
gloll EcoRI Azt L A9l E AUt cloning of Hestes =2}
sl ¥AR oligonucleotide & primer & AME3}lo polymerase
chain reaction & AlA]3}3 otsd &} otsB §AARE FZ A7l ¥ pUC18
vector o] cloning 3}ttt H2]%t PCR clone o] otsA/B FA A1 &
As}7) ¢lste] 4F Axideoz Ry RERFow FUIMAS ABYL 4
2}, E2]3F PCR clone & otsA/B 9& Iy 4 9ladrt, =¥ PCR
clone & probe 2 A}g3}le] thAF (MC1061 strain) genomic Southern
blot & AlA}3t A=z}, ¢F 2.9 kb Hind II1 AH ol trehalose g
S 2T & F Ak o] AARE JIEL B tiFFE
genomic DNA & A|§t 4 Hind 111 2 A%t ¥ 2.9 kb DNA band &
Ba|slo] partial genomic DNA 8=} 23& A =314}, ©] genomic
DNA 3=} 2304, ¢lofl4] 2|3 PCR clone & probe & AME,
screening & AA|5t] otsd 2} otsB 2] gDNA clone && Al'H3tHrTl
(2 1), A fAREe & Q7/INES 235t HAsideh o
AFog HE et 2.9 kb Hind 111 AH o= trehalose §8 f
A=t (otsA/B) 7} BAlol 2A%UL & 4 AL, otsA 2} otsB {FAA}
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7} Y44 overlapping E|oJl¥E operon 2] FElE EAEE & 4+ AU

t}.

Hind 1l
1 657 1450 1472 2863

otsB

otsA

v

3% 1. Structure of 2.9 kb Hind 111 fragment carrying the otsA/B
genes, otsA gene corresponds to the second ORF from nucleotide

1450 to 2871 and otsB gene the first ORF from 675 to 1472,
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2. ¥ BAATL AR kA A2}

Ha|gt A8 trehalose 6-phosphate synthase (TPS, otsd) £}
phosphatase (TPP, otsB) -2 =2}2] ORFE AF XEst= DNA FHE Y
8 ¥ ARG A (pIPgs0)o] A=y AFch ARG A2y
FHxHe A A% ol ulel detAsnl dx1Eel o3t ¥ ™A
Qofl&= CaMV &2 actin promoter &} W FLE IAAF7] ¢
3t intron ¥-¢], X 2j #HR}e] ORF, HAL £ #49] T2 3%
Hch ¥ ¥ ¥ ARG A (pIPg50) o HF 2 ¥ actin ZER

et o7l wfEol elRAXE B A=A L JHe] ZAF
e F£EOE WEAY £ e AES 2n drt. T e= FH
#e|gt 2.9 kb Hind 111 A¥ Yoll&= trehalose 43 ARl (otsA/B)
7} FAlo] EXYS & 5 Adrh olE FAAR: otsd & otsB FA=}
7} 43 overlapping S[o]ol& operon & HElE ExWstEE, THE 4
g2 BYRBA Zt7e) FAxo] thy promoter 9 terminator &
N EE FAx A2LE HASIACE otsd & otsB RAAE 247 &
23t %, pIP850 2] multicloning site o 4t¢d3dted, ¥ actin
promoter-otsA-NOS terminator {pIP850THS) 2} 32| actin

r&i

promoter-otsB-NOS terminator (pIP850THP) 2 F/dEo] = EWAE
ztzh Az st (3§ 2).

ILte] $utA| £ XE] trehalose 6-phosphate synthase (otsd) 2}
trehalose-6-phosphate phosphatase (otsB) 7} FAlo] WU EF 317]
g1ste], FAA ZFPYS olf3l T FUAE shite] EUAE
2 z3stoict (pIP8SOTHSP, 17l 3), ZztZke] fAxk= BF ¥ actin

promoter &} NOS terminator & XE¥3}al it}
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(1) plP850THS

Actin Promoter | T6P synthase NOS }—
Xho! 13 kb 14 kb 0.26 kb FLI Cla] |J{v Aglll

(2) plP850THP

Actin Promoter | T6P phosphatase | NOS %
Xhol 1.3 kb 0.8 kb 0.26 kb IIII Jlal LV Lgl I

a3 2. Construction of rice transformation vectors carring E
coli trehalose-6-phosphate synthase (otsd) gene and T6P
phosphatase (otsB) gene. (1) pIP850THS : Trehalose-6-phosphate
synthase (otsA) gene in pIP850. (2) pIP850THP : T6P phosphatase
(otsB) gene in plP850

—|AcP [16P synthase|NOS|{AcP|T6P phosphatase| NW
RI'Clal RV Bgl i

Xhol/end filling Xhol/end filling

( pIP850THSP )

7 3, Construction of rice transformation vectors carring E.
coli trehalose-6-phosphate synthase (otsA) gene and T6P
phosphatase (otsB) gene (pIP850THSP). The 2.95 kbp fragment of
pIP850THS digested with Xhol and Clal was isolated and treated
with Klenow fragment to make blunt end. The pIP850THP vector was
digested with Xhol and treated with Klenow fragment to make blunt
end. Two blunt-ended DNA fragments were ligated and constructed
pIP850THSP.
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3. oA trehalose AYAM FAHA U A S £

7t 3zl TPSPo] 2%} Trehalose A

T 718 A4FA NS o]dqste U NALY o]HE o] &3]
18l A th3=te] TPS$} TPP MRS §¥ste] TPST UMY AS A=
stgct. ol & Aol g WHAIFIAL 98% o] o] ¥ ehidg
T2lgt ¥, TPSP ofl &J§t trehalose ¥/ VAEEE &£F3idct. 2
Y 42] A2] lane 9%} B2] TPSP ofjA] Ll ZAM7 §3ehdel TPSP
= G6P 2} UDPG & 7]Z R o]|R3}% trehalose & A4 F+ &
Astedet. o] Az gHUHYAA TPSP 7t 5oz 71HA 66
UDPG ZHEH T6P & AAtsli, T6P ZH-E] trehalose § A4lsh=
N A&4HA WS FuldE FPUcl. ¥ Zzpe] TPS ¢ TPP
WA QA A =E &5t TPS B9 71W &AM G6P2} UDPCE-
T6PE A3t TPP 79 T6PEHE| trehalosed AARIS o 4+ 4l
t} (2”1, lane 6 3} 7). 2|3 TPS} TPP thid& E{sle] yig:
¢ B F EAY d5FA whgol 23t G6P 2 UDPG ET-E]
trehalose & XA 49ldrt (¥ 4, A% lane 83} BY
TPS/TPP). olo] wiE uFE&=E JFFY Az, G6P ¢ UDPG ZH-E]
trehalose & AAste 2= YUY TPSP HLE o8 B¢
7} TPS &} TPP wiwial z}zhg EJIsie] urgst AR} o wEs
4 glct (13 521 6).
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% 4, Analysis of reaction products of the fusion protein TPSP.
Purified recombinant enzymes indicated (10 pmole each) were
incubated at 37C for 60 min in a volume of 100i£ of reaction
mixture containing 10mM T6P or 7.5mM G6P and 15mM UDPG as
substrates. Reaction product was analyzed by Silica gel TLC (A)
and HPIC (B).

[A] tanes 1-5 : 2ug of each standard, glucose (G), (UDPG), (G6P),
(T6P) and trehalose (T), respectively. lanes 6-9 : 3£ of reaction
products of TPS from UDPG and G6P, of TPP from T6P, of TPS and TPP
mixture from UDPG and G6P and of TPSP from UDPG and G6P,
respectively. Identify of each spot is indicated on the left,

[B] HPIC chromatogram,

a : A of 52.5ng of standard trehalose. b,c : Control and reaction
products of TPS and TPP mixture from G6P and UDPG after 0 and 40
min of incubation, respectively. d : Reaction products of TPSP
from G6P and UDPG after 40 min of incubation.
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.1%} 5. Time course of trehalose production from UDPG and G6P by
TPSP,

A 10 pwmoles of TPSP (@) or TPS/TPP (Q) was incubated at 37C in
a final volume of 1004 of the reaction mixture containing 33mM
Tris-HCl/pH7.4, 2.5mM MgClz, 15nM UDPG and 7.5mM G6P. Aliquots (10
#2) were withdrawn at the indicated time points and quantitated by
HPIC.

76

g2 MHE HEE B 25 S5/ s8%7



1.6
1.4
12
1.0
0.8
0.6]-
04|
0.2 1

1/v (nmole! min)
e [ =y o o L B e |

L L L |

Lo 1 i

0 02 04 0 01 02
1/[UDPG] (mM) ' 1/[G6P] (mM)

% 6. Initial velocitiess of the couple reactions by the
bifunctional fusion enzyme, TPSP, and mixture of individual
enzymes, TPS and TPP. ‘

Double-reciprocal plot of the initial velocity at various
concentrations of UDPG against 30mM G6P. Reactions involving the
TPSP fusion enzyme (@) and TPS and TPP mixture () are shown
(left side). Double-reciprocal plot of the initial velocity at
various concentrations of G6P against 15mM UDPG (right side).
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L A TPSP o] WS &EALS

S TPSPe] HATAQ HAL AE3] H3iA HgEES
ZA3sldct ol k2 2 H9] X Vo)A Lineweaver-Burk plotS
o]-&sle] 3tk FUTWAL A& F uhg2 Ztze Eesly
E3Y WYo] ol7] o] TPS f4 8] ¥AHEE WHgo] Ao W
714 G6P o] ZAF = 4& HPIC E F31o EMsidct, o A= 7)
Z1Ql UDPG &} G6P ol tidt TPSP H A% Km Zh-& TPS H A9 Km IR T}
Ztz} 20.2%, 6.6% Stotom 7]l UDPG 2oF G6P of thyt TPSP & A
Vm 2t TPS #A2] vm grHcl 23zt 18.6% 7.7% ottt ez 713
Q1 T6P of ti¥ TPSPe} TPP & 42] T6P 3 458 4 Az}, TPSP
T 20 Km gho] TPP E 48] Km ZtRTh 20.8% Yoton Vm gk TPP &
22 Vm ZrETE 21.7% EQvh TH FER] Lol 4 urge) iyt
AA g &= Y4  ZAR A2t UDPG 9f G6P of] thyt TPSP 49
Ko Zke] TPS/TPP F FAQ] E{lATele] Km Rt} zhzl 24.2%, 24.2%
ytom UDPG £} G6P of cth¥t TPSP A 42) Vm ZtS TPS/TPP £ H A8
Zgtatele] Vo ZERTE 212 16.5 %, 12.5% &otth E=3 g3Feha o
oJRt AN WS HE (kcat)E Vo/Kmgkol &jste] A4kt Az} TPS/TPP
T Hae] EYAJelEc} FywhiyAo] of 49.5-64,.5% ©] X-EXUS &
4 gt oY A= Al TSP ATt TPS/TPP F &
o] EJENRCTE trehalose Fate] of AAYS Uehja, ol=
Hel whge] 71A2A A ) Whg AES ol g3l ME TIE F

42 2PE) 7lQAste Ao HAT 4 ok,
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c}h, oiZF WollM 2] Trehalose BitE & AA

AE Uollale] ggthde] a4 HYEE F33517 A3 44
pRSETB (control), pRTPS (TPS), pRTPP (TPP) 1|3l pRTPSP (TPSP) &
Stzu =2 oj}ES BAAUSL, tFFUolA trehalose 33 FL
&7g3talch. o A=} pRSETB, pRTPS 2|3l pRTPP EfRnj=2 PAA
BY hPFL IPT6 Helst FAshA trehalose 7h AAHA ATt
22y pRIPSP Selznj=2 FAAHA Aol E IPIGE A
3tx] = A9 of 8mg/ml B X trehalose %Fo] FHAEFQonl IPIC &
A e st X Foll:= oF 24mg/ml FE2] trehalose?} ZAARFHATH (2
7). o Az §% wdel diAFE UelN tixl FREAZRE
trehalose ¥/4E FHuits FHsln, ClE A JYOJME trehalose

o BAEEE FANY 5 g THsdS A YL
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2%y 7. In vivo synthesis of trehalose by overexpression of the
bifunctional fusion enzyme, TPSP. E. coli harbouring plasmid,
pRSETB, pRTPS, pRTPP or pRTPSP, was induced with 0.5mM IPTG for
dhr and lysed by sonication,

(A) A 548 each of supernatant sample was spotted onto TLC and
analyzed, lanes 1 and 2 indicate glucose (G) and trehalose (T),
respectively. lane 3 : pRSETB: lane 4 : pRTPS: lane 5 : pRTPP:
lane 6 : pRTPSP.

(B) HPIC chromatogram,

Trehalose : 110 ng of standard trehalose

Before IPTG : sample before IPTG treatment

IPTG (3hr) : sample after IPTG treatment for 3hr

Five microliters of the cultured cells was analyzed,
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ct
=]

4, I AP 2fF FARE £

= A AR E HEBI] 9l thE MFLEHNE trehalose
Azt AP Tl R4S BE FIRE HY, Eelstdch
Brevibacterium helvolum (ATCC 11822) o trehalose ¥4 §-Ax}7}
ZA% ¥RIBY o, Brevibacterium helvolum (ATCC 11822) o2 X
E| trehalose YA XA (BwISase, BvMIHase) -S-AxIE #3132,

o 548 st

7}. Brevibacterium helvolum (ATCC 11822) S 2 X-B] Trehalose A
SR 2l

2 dFoANE WA Mycobacterium tuberculosis H3TRv &
trehalose 34 [FHAE polymerase chain reaction & ©]|&3}H
PCR clone & ¥-e|stgdr}. 7]&o] wtsA Q= M tuberculosis H37Rv
o] {Axt 47 A—]% (Philipp et al. 1996) & X¥| oligonucleotide
E 343l ©o)E primer & AME3}3 polymerase chain reaction &
A A|8to] trehalose B3 FA=le] YF-E FHAIY F plC18 vector
ol cloning 3ttt £2]3 PCR clone ©] trehalose A 8- x}Q1A|
"elstz] flsled 9% AvidogRy REEHow griMde AT
Az, H2|%t PCR clone & M, tuberculosis H37Rv®] trehalose 3%}
4 FAAL S HAY 4 AddArh

Brevibacterium 2. 25E] trehalose UG A GAXIE ety ¢
sto] 7]&ol Ea|¥t M tuberculosis H37Rv &] trehalose YA A &
MAE probe & o|&3tatrh Brevibacterium ¥ DNAS BamHI,
EcoRI, HindIII, Kpnl Q! Pstl Z}tz}e] Agtu 42 AHxhsia, opylz
72 A79EY v}, ¥Ps} EA]H Mycobacterium 2] trehalose ¥4 I
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4 A X} DNA ¥HH-& probe 2 ©0]-83} Southern blot ¥4& AlA|3}
frt. 3 ZH3t EcoRle® HRIRE 79 of 4,.3kbp I7]¢] DNA Truo]
probe DNAS} E433l=]glt) (23 8). 4.3kbp 37]2] EcoRI DNA GHH
22|33l o] & EcoRILE ¥Rt EefAn| = pUCi8el A1ttt olad
A Az 2y SFetAu=2 ofFFE MC1061E FAARAY o)L,
TEYUZEEHE HAISt 48& Uehle odadg Adsigden, o
& L= NE StAuEE £edle, AVRAXEE A4dsta
d71-EE& ARt A7l EcoRI DNA ©HHS pBvR4. 302} sl
th EG7IAY9E ARl Az}, pBvR4. 3 trehalose PYAAETA §A
#pe] 5° Ko AREREE TS gt AN FAHAE B o
3t ClE AFPHEAZ A 2|3 DNAE o] L3} Southern blot 24 A
ARt A2, Salleg Ayt 79 ¢ 6.0kbp 27|28 DNA ©HHo| probe
DNAS} EAdtE|elc). 6.0kbp Z7]2] Sall DNA %G Eelsta ol&
Sallo 2 Huhgh EefAn|= pUCl8el AHqslaith ojgAl A=z2¥ ==z
Y ETtANER QoM Vet A S FEYUTHHE Ao ¢
4E& UEhliE tiZdHE AEstdoen, ol tidFoeRY Fetan
EE Festo, AVALAEE st 471 ES FAAsHch £el
¥ Sall DNA ©H.& pBvS6.0olzt WH3idct. A7INEE FRsIE
Z3}, pBvS6.0-Z pBvR4.32] 3 F9le] oF 1kbp FEIF FAHAH
trehalose ¥4 X4 FH21e] 3 & A =8t Qdodch
X710l 2%t pBvR4. 3 W pBvS6.00] B S DNA ¥huie] Abchz
A f1A 9 AYEL A== 27 9o Yehgch. 37 90A, EE
EcoRI, St Sall, Bi= BamHI, H: HindII19] A TrA A Axiiel& ztzt
viehlin, 3atiEs g1 de]l AFE DNA o Q9 NIFFe] W

LteRATE
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AA| trehalose T4 FAALY @714 W o|24E AAHE o}
oiest g I 100] uehidch 2 10004, CEA FES
ribosone Y, TUA P Asb-obUekA AR TaolN T
Exog UAHE oAt AY, (#)& WIFHANSE A e
th 3y 10014 RXEo], @7INEE ZAY DM TH AJle
4,715bpo] ], 5 719 trehalose 33 |HHAE AT H3I gk A
izl FAAE FR AR PEo] 2,328bpY Bau]utelel g YEST
T Altrehalose 33X A (Brevibacterium maltooligosyltrehalose
synthase: BwMTSase) fZxlojx, o|2FE Wes= Btz
UE &2 2Atrehalose §HgH A (BvMISase) = ofm]i=4t 776702 43
Y o} 85.8kDa2] EAlaFg ziE whAo|rt, o] AL UELIHINY
(maltooligosaccharide) £] Tl E25He o (1—4)FE]IAH
A% a(1-1)Z23AY AYges AVAF LESE|IA trehalose
(maltooligosyltrehalose) & A%ttt FHzl {FAxIEe FRFIA}
HHo] 1,767bp Q1 BaH]ulela] UEL eI trehalose 7HEEINE
Z  (Brevibacterium maltooligosyltrehalose trehalohydrolase:
BwTHase) F#x}o]il, ol24E WHEHLE Rau|ddes WES:|L
Altrehalose 7}4=E-3]& A (BwlHase) & ofn|k4t 589/ FA4H ¢
64.2kDa2] Ex}FE 2k thAolct. o] JAi= BwTSaseoll 23 374
¥l WE g AAltrehalosed] UELE|A ¥92} trehalose 9|3t
a(1—4) 22IXNY AYgS 7t T2 w971 27 FHod
UE 22|34} trehalose & FAd¥ct. BwISase -F-8=}e] 3¢ Wyt
BvMTHase -5 =18] 5 ek}l 1708 nucleotide 7} AA R FHR #+=2
g 713 glen, oyt T2E F Y {FHAI} operon FERE °f

231 9& sheael Yok,
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%! 8. Genomic Southern blot analysis of Brevibacterium helvolum
(ATCC 11822) for maltooligo-syltrehalose synthase {(BvMTSase) and
maltooligosyltrehalose trehalohydrolase (BvMIHase) genes. Each
genomic DNA was digested with restriction enzymes, separated by
0.8% agarose gel electrophoresis, transferred onto nylon membrane
and probed with pMtK5.5, the genomic clone containing the genes
for MTSase and MTHase of M. tuberculosis. '
Lane Ml : lamda DNA digested with Hindll1l

Lanes 1-5 : B, helvolum genomic DNA digestedted with BamHl, EcoRI,
Hindl1ll, Kpnl and Pstl, respectively.

Lane M2 : pUC18 DNA digested with EcoRl and Hinfl
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[ pBvSGO imsert (B0) SC

E § 8 B H s 8 k E (~k500) S{~6000
)] 115!) {6y (127) (Tm ﬂ?m)Bl‘:S) DE
| 1 |
pBvR4{ insert {4.%b)
—_— - T — =2 ——

- P —

¢ MG

% 9. Restriction enzyme map of pBvR4.3 and pBvS6.0
These clones contain full-length ORF of BwMISase and BvMTHase

genes (thick arrows). The thin arrows represent sequenced regions

and directions. Abbreviations used in this figure: E, EcoRI: S,

Sall. B, BamHl: H, HindllI.
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23 10.

of the pBwTISase and pBvMTHase. The deduced amino acid sequences
of BvMISase and BwMTHase are shown below the nucleotide sequences.
The homologous regions common to the a-amylase family are shown in
shadow. Stop codon are marked by asterisks. The putative ribosome
binding sequences are underlined. The 3’'-end of pBwMISase was
overlapped with the 5'-end of pBwMTHase by one nucleotide. This
sequence appears in the GenBank database with the accession number

AF039919.
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U iAol A 2] BwTSase W BwMTHase -frA2te] Ud W et

ot A28 W= BwMISase I BvMTHase F71A] Ikt
A& o]§38lo] trehalose § PYZE 4 A=A A7 5t &2z}
8] FAXE ciFFolA LEATIZ, LhE TR AU ESE &
£ ¥ trehalose e ARIIAch 7Y FR{FANFES
Halsta oigdolae] wEwe{e pRSET SefAnj=of Attt o]
YA ARE Z4zhe] N2y SstAn=E2 ol BL2IE BAAHAT
3, 12X vjeiRt ¥, IPTC € HFEE 1mMo] S =& HIIsla 4412
o ujerstey zbzhe] mAchNA S WP RESIACL HEHE 2z
T AT AL Ni*-NTA-agarose F3 2 Z 2ol u]g o838l &
4 Bastget. 2¢ 11 UEY AT AL SDS-PAGE A7 G551
#el¥t Azolrh. @ 89 M eI EAFntF 0|5, C& control A
PogA pRSET Eetan|=gteg E¥she dFFo25E A wid
& &35 SDS-PAGE A7|FT¥ Heltk. ¥ 114 1, 32
BwMTSase 4! BwMTHase -5-AAEF E§5h= pRMIS W pRMTH ElAn|=&
ol FEUEAIZIR, 42 A whyig $&3to] SDS-PAGE A
71958 ZAzoln], I 112] 2, 4= WHH ZzZe ZAUAS
Ni*-NTA-agarose &2 7 I 2ulEd# 3§ ol &3l &4 Eel¥t Az
oltl, 17 110)A] X XEo| BwMlSase W BwMTHase R-AXE XE¥sl=
PRMTS 4! pRMTH EetAn=g cffFold f= LdAD 3L,
BwMTSase 3! BwMTHase &A= ol o g trigl wyxglen UHd 2z}
zte] JATHYR L Ni*-NTA-agarose F2t 2 IZnlE ¥ g o] &3]
of 98% o]} ¢4 Eastdrt (2 11, lane 2, 4).
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1% 11. Expression and purfication of BwISase and BvMIHase in E.
coli. '

The ORFs of pBwMISase and pBvMTHase were introduced into pRSET E
coli expression vector and induced by adding luM IPTG at 37TC for
4 hours, Protein extracts prepared by sonication in SDS-PAGE
loading buffer were analyzed by 12.5% SDS-PAGE and stained by
Coomassie Blue. BwMTSase and BvMTHase were purified by Ni%-NTA
chromatography. The molecular weights of recombinant BvMTSase and
BwMTHase are in agreement with the predicted value from their
deduced amino acids,

Lane M: Molecular weight marker

Lane C : crude extract of E. coli BL21 harboring pRSETB

Lane 1 : crude extract of E, coli BL21 harboring pRBwMISase

Lane 2 : purified BvMISase by Ni®-NTA chromatography

Lane 3 : crude extract of E, coli BL21 harboring pRBvMIHase

Lane 4 : purified BvMTHase by Ni®’-NTA chromatography
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T}. BwISase I BwMTHase B ARHIAE o] &3 trehalose ¥4 I
71" Hol%

&4 H2|3 BvMTSase % BvMTHase A% L]l trehalose 3%
W 71A Fold & Yoty #Hste Agrix] UYEZIAYES AR
o trehalose U FAPE AAICE WHERUAL 50mM AAIBZ-E
(pH 7.0) ZA3loA A7t UESITS 1M FEE E7sa
7t} 500ngd] eyt E4E HUIsl AA whEH-E 50ulE s}
deh olF 37TelA 142 WgAFIZ, 95Tl 1085 Helsto
Hhg& At

a9 1-12= U ESElL A (maltopentaose, G5) & 7|AE ARR3IR
BvMISase 3! BvMTHase Z ATt & A 2]31e] trehalose S AA|¥H
¥ ¥/d¥ trehalose & HPIC WHol 2J3f H<QIgt Azlolrt, ¢ 129]
AE UENELR Aof BwWMTSase & WHAIZ F2] HPIC E4ZAolx, O
Y 122] B= LEXELL L0 BwMTHase & RWHA|Z] 2] Zjolch
Y 12¢] Ct YEME}LL Aof BuMISase} BWMTHaseE EF ¥HSA|Z ¥
HPIC g3ol ofsl] EM3 ZAzelrt. 27 129 AcjA BRo] LESE]
L.2of BwlSased HHSAIZAE of, 1 Al ¥ WENELIQA (G5) & o
80%7} UEE 2] 2Altrehalose (maltotriosyltrehalose: G3-T)Z2 A#F]
A At 2y gEMELR Ao BwMTHaseE WHS-A1Z& uf,
o] i UEMEl A0t AFPAHoTE= HHSSHA] et (¥ 12,
B). WENE}LQ Ao BwMISase?} BwMIHaseE RF wHgA| Z-$, LUE
HE}Q A& trehalose &} UEEZ QA (maltotriose, G3) & 100% A
Bedct (28 12, ). ol ZA}E FYUslo{RW, BwMISase U
BvMTHase ZAuhNI L mtEwlel@ Ao Z-R3}o] trehalose & T}

o8 g 4 9J&E viehdct
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£ 2|3 BuMISase W BvMIHase TAxhIZ L] 7]Z] Eold&
ol® 7] 93t AEr}A| LWELEATGE 7|AR3} trehalose A
8L AAsieich. 28 132 oy 7R dEEE|1DE I3
trehalose YAAAH-S AAFE T TLC ¥PHoll 2]3] trehalose A S ¥
Q13 ZHIo|rt Y 139 1L 7|FEAEBAM trehalose (trehalose,
T), UEEzZ] QA (maltotriose, G3), UEEHEe}L A (maltotetraose,
G4), UESEIL A (maltopentacse, G5), WEF AL A (maltohexaose,
G6), UEYE}I LA (maltoheptaose, G7) & E¥Eo|ct, & 13¢] 28
B 87tx= 717t dREz|eAs, UEHE:zIA, UENEI A UEY
AL, UEYEle A LEZENY EUE Y +E84 IEE IR
AHE-31o] trehalose /3 HVS AAIRE Azfolrt. I 1304 HZo]
57] o] ErY Zxd TR Holddt BELIIFES HF W
2-8o0] trehalose &} UEEZ LA (G3) o]y (¥ 13, lane 4, 6),
YEE QAL o o4 HREA YTt (1Y 13, lane 2). 67)
ol Fle] REY tHZ FHoldle WELEIYES HF WEE
o] trehalose & UEEHE2}LA (64) ol (2% 13, lane 3, 5), ¢
EHERAE AN U3G9S B $- 27o] trehalose & WEA
(maltose) B AW/EQct 1} ARE 7|AE AMESl 22 g2
ZojlA] trehalose 8-S AAI¥F ZA}E= trehalose & B0l uff Y
L £Folgict (g 13, lane 8).

2 3o A Hel§t BwlSase % BvMTHase -R-Ax}+=
Brevibacterium helvolum (ATCC 11822) oA trehalose 4 HEAE &
33}l R =}o|5l, BwlSase I BwMTHase T ATHNAL LELE
@O ZRE trehalose & 4ot TAUL FH3tgct. BwMISase

UE g el Rt EAste a (1—4)Fe|ZAY 23S all

rlr

3|

fr
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'

AW HESE H 2R S

—l)2eIAY AYPes  ARAH  UELEIA  trehalose
(maltooligosyltrehalose) & Ad4Jsh= HAo|3, BvMlHase:= BvMISase
of &3] A4 UEEE|IAMtrehalosed] TWELEIH F9}
trehalose W18 a(1—4) Ze|IAY AL 7H-E3A A E=g
2] &7t 27] FolW UESe| 1Y} trehalose § PP Htol
Cl, BwISase W BwlHase f3zjet 212HE HYgEo] APEHE AL
thil 2l (BwTSase 4 BwMIHase) & 7|&of W% trehalose 4 H A
ot thE MEE ZoE E AFE B3l EeEl¥E 3§9 trehalose
g fA=Aleltt.
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A AcSon of MTSase on Wallopenlaces

1. Aztion of MTH=se on Mallopomace

o A

C. Boguintial reattion of MTBase and MTHAse

2% 12. HPIC profiles of the products by BwMISase and BvMTHase
on maltopentaose '
A : the action pattern of BvMTISase on maltopentaose (G5),
Mal topentaose was converted to maltotriosyltrehalose (G3-T).
B : the action pattern of BvMTHase on maltopentaocse (G5).
BwTHase did not act on maltopentaose by itself.
C : the action pattern of BvMISase and BvMIHase on maltopentaose
(G5). Trehalose and maltotriose (G3) were produced by the
conjugated reaction of BvMISase and BvMIHase
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NIEX - ALXT} T

T~ &
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[£F gy
@-'
G~
ar ~ !*

Origin- #». IR v

i 2 3 4 5 8 7 &

J# 13. Substrate specificity of BwISase and BvMTHase, Several
maltooligosaccharides and soluble starch were incubated with
BvwMISase and BvMTHase at 37C for an hour and analyzed by thin
layer chromatography,

Lane 1: Authentic trehalose (T) and maltooligosaccharides mixture
(G3, maltotriose: G4, maltotetracse; G5, maltopentaose; G6,
mal tohexaose; G7, maltoheptaose). Lanes 2-8: Reaction products by
the BvwMISase and BvMIHase with maltotriose, maltotetraose,
maltopentaose, maltohexaose, maltoheptaose, maltooligosaccharide

mixture and soluble starch as a substrate, respectively
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7}. &Y<t BwTSHase o] 2|3} Trehalose ¥4

F 70 A5 WSS olste SR ALY o|FHE o] &3]
2)3) A BwMTSase 9} BvMTHase -FAAIE 8313l BwISHase §3wheyzl
& A Rslgcrt. 1Y 14= BwMTISase W BvMTHase -§-3X}Z polymerase
chain reaction (PCR) % F3Ax} zRZ 71 o|L3l9 3JIUY
BvMTSHase §3% #HA& A|Rdt= #3 & Ueld Zlo|cl. BvMISase I
BwTHase #dxh= 1708 @771 3350 A& 73 F2E 7HA L
olxdl, o] FAXE WHA|F|HE BwMTSase AU L chyjd g wl
#o| 7b&dht, BwMIHase HAGHHAL HH ciE thao] qhEolx]
3L, R FholAM DA o] Huke EXAY aATH Al 3
Hrh TeB22 ZZpe] RAXE Felste 27be] TathiA g A =3
ofst ofalgel gtk F 7Y RAAI FAAA Y s §UH
Aal2 25ty 9ste] 12 1ol UEP A3} 2+ oligonucleotide
primer& H/d5tR, PCR P& ol &3t A 47|71 sh} o A" &
IR A2E A Z3IAcT). BwMISHase &3 Al= BwlSase {3218 ¥
HEFAN-$7F ¢lol=A| L BwMTSase 2| npx|2} ofm|=4t ThZol BwMTHase
FAxL] HYAAF27 A= e FUFAAY F2E 7P
I3 15& #A|ZY BwTSHase -3t €E7|Md 9 228H U Y
St obulit Ade Uehdth, ¥ WHold AZY trehalose AL
T4 SFHRAALY] T2{FAR FEL 4,095bpo|H, F Y T4 wh
o] FHY Helz dZ stz At FUFAAY] HA KA F
#l& BwlSase 32} £Foli, FHal (A2} H9]+= BwWlHase {3

Atojrt, ol e WARE FHFTATNYL UEge| T trehalose
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3} 714 B 8| fi A (BMTSHase) o], ofmjxAt 1,365702 F4H &
150kDa®] EAH3E ZH= SYF LT golrt,

—| BvMISase RMA || BvMTHase REIAt |
—_———— ‘_.-.-...T_.—._
primerl primer2
—_ -—
primer3 primer4
polymerase polymerase
chain reaction chain reaction
g
—_— * —
primerl
primer4

annealing and polymerase chain reaction
with primer 1 and 4

|

b

BvMISHase 23S XA}
PRSET plasmid Of 44

pPRBVMISH plasmid 204

j Pr7 >Ini-" BvNTSase & X X > BvMTHase ¥ & &

PBVRMTSH (7.0FKb)

primer 1 : 5'-GCGATATCATGAAGACTCCGGTCTCCAC-3’
primer 2 : 5’ -CAAGGTCATTGCCTTTTC-3'

primer 3 : 5’ -GAAAAGGCAATGACCTIG-3’

primer 4 : 5°-TTAAGCTTCAGGACTTGAGGACCG-3’

3% 14, Strategy for the cloning of a BvMISHase fusion gene by
two step PCR and the nucleotide sequences of 4 primers using two
step FCR.
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skt it ©43 KR G [ AL AELDFACLARTRAGDE
2581
At Tattst €3 R 7 E L L VT EREALALNFSED
¥ s
€1 cocaulact v 83 A 9 R Y E P v W A E S AAADMN
am
1 . NS 8 R aTDADIEALTLATR
It ey
73 L QAS0OO0URDTAVDLPTAMRBRED
21 CanACT T
©CAC ACCOCTT M3 E LT @AIYEPFPUDQVOVAEVLET
TPVETYRFGQI 2081 TROTCANCETT
eaa T eeATeeT WYL ¥ M VWAL LAFYODEKANRTLVAY
€ QVPY .t DLAEVHHYFLSPIL WtiTina s
TACAACT CAACCHA 281
TAEKGSENOYNTETOFESE PV DEP 7 @ N FDVWMAPRDVIBVVYLVAGD
»
6 0 R & B P AL @ALE Y AR NN 27 & R QY P RO CEETAFE LR NMNT
L3l wal
8 FVLLIANVTIBENYOVATREVENTP 47 A O AP PFNEDVEVEYLLEENT
»l T Al an
1039 4 WM SL .8 E0RKRKSEP YV A&ERFOV 7 T PEP R OAELPFADYVHMNKSA
W coacT e TOCABOAT
123 DWW DL AE@GE GO EVERLPMLEEDNGNL 9 Y v W P PP Y RNQODENMWNERKELGS
1021 TecnaTy vl TIRQACOCE
143 6 M L T v ¢ D @ M LAY Y NMHEROFHNL 107 6 T L ) YOLWYV BT ET PFDATLDA
1081 01
153 & & € M ® £ B D AL OLY WTHGHYA 12T A 0 E K LS YLV L8t O F I ELLP
1a TACCEICHT Edl
181 4 MO MW ® AD AL v " LA W M v N B F NGB T MY aYDRVQHYTV
1201 £ M3y
703 T L A B ) % W EE PRV L E YN ALY 187 4 E &Y DaPAAYaQ F VD AAMHWRAR
1261 T aa 1<
203 @AW FTISLVISPAVINEFEDRDRTS W 8L 8V iIiQDVYVNYRNWNLELRAERYF
(L] '
163 A B F B & > F W ou b ¥ D v N BB oA VL 207 ¢ x L B P W L AQGGDANTLBDSVSN
ol T
€ v I E i LEPFBREVLPOOTFACE AT YL DA AR B DV F R LY I LD WAAL W
1841 20a1
203 T O Y DA . ADVEEYFIVDFADDR 247 ¥ 6 B Y W VD BN OF B ANVHAVEDL
%ol Lo w2
W03 A L P AL E A &L EEY R L FADY AL 26) B AV H I L EDLEALGSGDA I B & €T
1561 AATOATCC! aret
223 M 4 R 6 T & ® W I AD D LR ELYVLE 27 a L P E T L I AEBEDF NNPRLIYP
(621 TEABar = BACGACT
M3 L AR LY F 5 M PRV B G AAD A 27T R DV NOYDLAGGHUEDDEHTAV
1501 ca 201 T
W AL L LA PV YR BYLFYEADV 27 WY BV ESETT ANV Y REDF L EL A
1761 61 Tececao
BI L KE AL A B AAKLMREFDLEVAYS M7 L oA E ¥ L E DB PR O )
1901 so21
403 1 L QP & & L B FAKF i ARGl %7 A W HORP I R POLAKPAALYVEC
106) .08)
423 B O N v M A ®. G ¥ € D! AFYREYTEL MW! N G N MOQI OMNEATEDALS QDL
T o
T L v 8 AL ST EF AV EPFPQLLF 469 0 Y B QL AV AAYVLTLTR FTorn
THTSGAL aro1
463 W G A AT 4 MG a FLERTTLAY Q7T L F M AGEEY BATT PFHOT vV 8 H P
2044 «341
s W BT E N 6 A R KA BN I AELP 4 £ P EL QR ATACOR | KEFERANGQ
[t ]
AL T LALLS®XLAPF | FDGF ) WD FAVYFOPFPOD PR TF RN
sa81
Lob o= G A L VU AMPE AT AL KL 497 B W B L A B T BB MoA R L ALL LY EAL
PP a "
A [ & &4 ARCAQNE ™ KEMWT Q3 07 1 AL ® B K WP B LABLSES DG LV
zzm TCOAZ" CCAA TRCAOTC TCOACOACUCCAA 4801 YeATTCOA ate
563 K L D f € ¢ + VOAAVD AV I DOALFK Y 8 F D ODAGULARS ®P VIV VLV
2381 10124 SeEacy cren < a1 1T
583 VAR VLT DFEVARUAAMT EAANTD “7 WL BDAKVALDDAADGDLLLAT
3400 08T b asy
€3 v B AP L v QL T AP PO VYGQaAGE WP B LoD MFL BB EELALYPEMEAAY
2481 CGAACYCT BBIAAL LC' COCT CACROAATCOBACARCLOCC GOC CCCTOBACT Y CURTAC [l '
73 L L ML ® %L P L oF AR R oY WL e e

&) 15. Nucleotide and deduced amino acid sequence of the gene

encoding BvMTSHase fusion enzyme.
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NEEXM: HdE

AU MUl Hegg W 24 5

L}, iAol A 2] BwMTSHase -S8-7-3=1e U 9 482

SUGAX2EE HAE BwISHase SUIATHYLS o] &3l
trehalosed YL = A=A HAsH] S5t ¢ FAAE 32
oA WHAF|I R, WY §Y HATNAS &+ Felgt ¥ trehalose
P45 ARSI YA FRAAARES St iR
o A 2] WU Ejql pRSET Eeliu|zo] ARISIACE oA AzH )
Z§ EelAn|=(pRBWISH)E th3a BL21S FAARAIIZL, 1242
aj o3t ¥, IPTG (isopropyl-pf-D-thiogalactoside)§ &%= 1mMo]
e Asketa 442 o slosiel 3 mavhude] wwg fEs)
Ach W™ §3 HAATNHULS Ni*-NTA-agarose F 21 Z2utED
A g olgsl] &fEestct. BwiISHase §URAAE E¥sh=
PRBWISH EetAu| =g ool F=g@ A 73-¢, BwTISHase §-3t
FavhdL Bojxog tigk wyzgon UEd §RIATHYFILS
Ni¥-NTA-agarose ¥t 7 ISnlEdel¥§ ol &ste] &4E27 75
3ot

C}. BwTSHase 8§ ¥ 4% & o] &%t trehalosedtd X 713 HojAd

4 2|3 BwISHase §3 F AN trehalose 8% I 7]
A FoldS oty #I3le ot HREEEILYS 7| H 23}
trehalose FPFAUYVE MA3tHch SR AL 50mM QUATHE-L(pH
7.0) Z43oAM A7 LEEIIYE 1Me] =2 HABSla
500ng?| ¢RE| £4AE HIiste AN WgH-IE 100ulE 3ttt
o] 37TColA 1AI7 ¥hgAIF| 3, 95ColA 1085 Aelste] uheS
FZ3oct 578 ol E4Y EEY TE Hode UELeLY
& #F WgEo| trehalosedt UWEE S A(G3)oln, UEEIHOAL
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o o4t JheRslEA] gkt 671 ol EH7le EEE ©E Ho
9l teL.g|a%S XFE 4h-gEo| trehalosed} UEEHER2A(G4)o]
o, UYEHEZLAE FAZ WAL F$ 4£FTO| trehaloses}

E A(maltose) E AHVHS o 4 AT

-

gl. dul-oldziAE o] &3 HAE2THEY trehalosePd EE& S
AES 7IAZ o]&3}o] trehaloseE VY 4= AEA] Yolir] ¢
5lo) 48A A (soluble starch)& 7|AE ARSI BIGAI LS 244
27t AASHATE WS R AL 50mM ¢lANER-(pH 7.0) ZZistolA
1% 4874 AL L 71AE HJsta &2 §UH 4 (BwWISHase) &
1ug& B7lste] Aal g2y S 100ul 2 3ttt o]& 37TolA 244
Z7kA] WrEAI7I5L, 95TColM 1025 Azste WhEE FASISTH
3% 162 24A17 whg ¥ whgES HPIC el o3 ¥AHH
trehaloseS ¥Qlstil YAH trehalose?] & Fakyt Azjolth Y
16014 HEo] 242t whg Fof Al o 30%7} trehalose® HHE
4SS #Hlstarch
HE O 2XE trehalose?] JAb AEE Ho|7] #ste +848 A

A

(soluble starch)o] ¥¢z-otdelA|( @ -amylase)E A e]st ¥HgA| 2
24X 77} A] AAFstdct. HbERAL 50mM A4HREEH(pH 7.0) =A3
oA 1% 484 AES J|AE HA/IsIR 0.05%¢]S] dup-opdetA, &
45233t §3YBA(BWISHase)E 1ugd H7iste] AN WEFIE
100ul 2 3tdt}. oS 37CollA 24 A7tx] whgA}FIR, 95CelA 10
HBxol x2|sle ure-g FAsIqth Uvt-opdzHE HEsla 2443
7}#] trehalose §guHeS VWA 729 WAt me} FELE

HE $AE= trehalose?] o] Uul-olyalAE HIsHA] U ZH$

fllo

-
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o] njsle] WE3 F/1EES Atk I 172 gup-otUziAE
Aa|sle] W2 3 HEZEZ HPIC Whyol o8] A trehalosed &
A3}t /¥ trehalosed] ¥& FIT ZAztolrt. 2y 1704 HRo]
24A] 7 wh-E Fof AMEL] ¢F 70%7} trehalose® AMFEAUSS st
3, gut-oldetAlE HrpstAl 2 Fgoll wiste oF 230% o]}
trehalose A¥ F Jo] F7}3}eic]

Jg2g £ AFoA AHE-Rt BwISHase &% HATHYAZ o]-&35
¥ BvMTSase 3  BwMIHase 2}Zte] HAE o|&sh= 7ol u|3lo
trehaloseE ¥hH2 Whgo % FxHO T Y 4 ol =Y 84
AEE Yyl-otdeid] HAE WA Aty UESNIGLRE ANY
¥ ol 7|AZE ARSI, trehalosed| BAIXEE 2v] o] F7HAA

A trehalosed tidgF A4y 4 & Zojr}

mv
900.000~ C

£00.000-

300.000- 8
] G2 J\ g
0.000- A A

T T T I e e oo e e LRI I
min 0.00 3.00 8.00 9.00 1200 1500 1800 2100 2400 2700

1% 16. Trehalose production from starch by BwMISHase fusion
enzyme.

Soluble starch (1% solution) was incubated with lug of BvMTSHase
fusion enzyme

at 37°C for 24hr. The reaction product was analyzed by HPIC.
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my
900,000+ L

-

§00.000-] i

300.000- B

! & @3
o.oon:——J A__A )\

LN e e e i B e e i e e e o
min 000 3.00 6.00 800 1200 1500 1800 21.00 2400 27.00

% 17. Trehalose production from starch by BwMISHase fusion
enzyme and ¢ -amylase. Soluble starch (1% solution) was incubated
with lug of BvwMISHase fusion enzyme and 0.05 unit a-amylase at 3
7C for 24hr. The reaction product was analyzed by HPIC,

6. ¥4d trehalose FEd H 4 {FAx} 2] D 4 43

7t Wd4d trehalose AYd XA FAx £e

2| 271x] 3|2 trehalose BAH TH JGAH FLAE iy
Sulfolobus 42] 3%t n|BEA Fel=lglen, S solfataricus, S.
acidocaldarius R S. shibatae oA Z}Z} trehalose A4 A A
4 ZA FAx} (MTS, MIH)7} #e)= 2lct (Kobayashi et al., 1996a,b,
Isabella et al., 1998). mietd & @FolA& trehalose g A
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acidocaldarius 2] T}

Wed Za R} ok Lelslx g s
2932 Y SHxE 2

strain (ATCC 49426) 028 T4 ¥4

gistddct. 2 AFoMe 7&d &é
33909)¢] Li@/d MIS/MTH f-axte] @7l g2 58 ORF H-¢lo N-mkh
ool sigshe primerg U/ET F, PCR Wdol o) FEXHE 3

2} (1kbp) & welstdz, #EHoE driMdE AFgstedct 2 A3
PCR ®Wjo]l 2J3] FFH lkbp FAAIY U7\ LdL S acidocaldarius
(ATCC 33909)¢] MTS /- =te] N-whgh 2]} 98% homologyE LIEIWI L
utetA] o] JFAR}= S, acidocaldarius (ATCC 49426) &) MTS 84 x}2)
d¥dE HAstodh 559 1kbp FHXE probeZ A}E3to] WIS T
MTH HA| {FHXE Ee|s517] ¢35t genomic Southern blot& AA}&t:
3 ASE 23 180 Yeholrh o] A2 R 1kbp FHxte} A3}

—

F+= DVAE Fel§t ¥, partial genomic libraryE® ZA|s}l1,

aul f“l° flo

S. acidocaldarius (ATCC

mlm

colony hybridization ol 2]3te] S. acidocaldarius (ATCC 49426)
o] AMTS W MTH S =x}E Hea|steict. Hz|8F MTS 9 MTH -S4 =}e] ORF
A7IMdE& T 192} 200] vrehigich 23 19of uleld fA A=
ZFHA} F-Fo] 2,168bpQl S. acidocaldarius (ATCC 49426) 2] MTS &

44

2

Aztolq, olZHE WAEE SaMTS & ojnjial 720703 ZAH o
84.8kDas]  Fx}FE 2t whdelrh o ‘At wELaY
(maltooligosaccharide) & 3{dwgle)] EaRsle q(1—4)Z2IA
AYE a(1-1)ZeIAY Aygor ABAH BEL22 A trehalose
(maltooligosyltrehalose) & AAd3tct. 2l 200 Lepd §Ax= 2
ZFAA &) 1,67lbp & S. acidocaldarius (ATCC 49426) ] MTH
FAzfola, o]2HE] HAEE SaMTH & ojn|i-al 557708 FAH o
64.4kDa2] A} ZH= whMolth o] BAL SaVTSol o#f A4H
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AAEEH A

ZI b XH UK

YEge| T trehalosed] UEZe| T4 ¥9)9 trehalose %1710 «
(1—4) ZeNIAY ZEL 7teEsiAA 2xTe] thelzt 27] FHol
UEL2AF2} trehalose & AAAYIITE SaMTS of SaMTH R-ARL] 7]
Mgg& 7]&ol Fe|d Sulfolobus & HP/d FF&] MIS, MTH {3 x}&}
B3 A}, S acidocaldarius (ATCC 33909) &t= ztz}t 99 8%, 99, 9%
o] FAIEE UENWR, S solfataricus KM! = Z}Zt 64.3%, 66.4%

8] RAL=E UEhfglch

M 1 2 3 4 5

1% 18, Genomic Southern blot analysis of S acidocaldarius (ATCC
49426). Each genomic DNA was digested with restriction enzymes,
separated by 0,8% agarose gel electrophoresis, transferred onto
nylon membrane and probed with 1Kbp PCR product, the DNA fragment
containing the partial gene for MIS of S. acidocaldarius (ATCC
49426). Lane M : lamda DNA digested with Hindlll, Lanes 1-5 :S.
acidocaldarius (ATCC 49426) genomic DNA digestedted with BamHl,

EcoRl, Hindll1, Pstl and \bal, respectively,
102
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Ll 94 trehalose A T4 KA Y

T e <43 S o3t gAY o]HE <] &3]
91804 SaMTS 9} SaMTH F-AxE Fste] SaMISH §HHYA S A =3
gl 28 21 SaMTS ¥ SaMTH A X}E PCR ¥ {3} P B) i =
& o|&3lo] Fhite] saMISH &% REAE ARshe AR E Uehd A
ojtl, & ol Az g4 trehalose JEFHA FFIFAA}Y
FZ2RAR FEL2 3,831bpeln, F 718 &4 whio] §3HH Fel=
Az stsia gt SYR-BAe] AHz| fHA Fele SaMTs FAA F
Holi, FHA| §AR} H9 = SaMTH FAAlo|tl, o|2HE HAEE=
SR A e wE g TAltrehalose ¥ 714w 3l B 4 (SaMISH) o)

2

W, ohulieat 1277702 THH o 150kDad] EAIFE e §YH2Y

Tl ciAFol A 2] SaMTS, SaMTH W SaMTSH §A=te] Wy 1 e42e
223t FAZEE HYE = SaMTS, SaMTH @ SaMTSH g3 =}
& ©|&3le trehalose & YUY 4 A=A HASII| $lste] Zpzte]
FHAE tiFFolA YEAF 2, dEd o] aATNAS &5
2|3t ¥ trehalose 35S AAstAct Zzhe] FRFAXT
2|5l ol A e] W Wejql pRSET Eet4n|=of Abgdstadct
A Hz2E Zhzte] 2|2Y EelLu|ER iy BL21E FAIHAF| L,
1241 7w}t ¥, IPTC € #HFsE loMo] H=F HISa 4412 o
ujgste] Zhzte] mAchyAe] g fesigich UHEH 44y AL
thalz) e Ni*-NTA-agarose &% 2] A2nfEIE o] &3l ¢ &
2] 33T}, SaMTS, SaMTH %! SaMTSH -8 218 38} pRSaMTS, pRSaMTH

<o

-
Lo

de
o
oF Ar r-|11

W pRSaMTSH FetAul=EF cfdold f= HPAL 7§, SaMTs,
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SaMTH Bl SaMTSH Tk Holdog tie sasigdon Wiy ztzte)

Ni¥-NTA-agarose &2t 2 2EulE:eh] & o] 8-5}o] 98x

[ saurs ] | saMm |

Qrime; 1 primer 2 primer § primer 4
PCR 1 PCR 2
‘ mix, reannealing
3 3
+ ’
57 5
primer 1 ‘v 3"extention, PCR
‘ primer 4
3 3

SaMTSH fusion gene

[SaMTS] [SaMTH]
~ AGG ATA CTA GIT AGA ATG TAA ATG TTT TCG TTC GGT GGA- -
R I L V R M = M F 8§ F G G
‘ fusion by PCR

[SaMTSH]

- — AGG ATA CTA GTT AGA ATG ATG TTT TCG TIC GGT GGA - -
R I L vV R M M F 8 F G 6

2%l 21. Strategy for the cloning of a SaMTSH fusion gene through

two step PCR and DNA sequence of the fused region of SaMTS and
SaMTH,
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g} SaMTS, SaMTH Y SaMTSH & A& o] 8-t trehalose T3
44 2|3} SaMTS, SaMTH I SaMTSH ZAguA el trehalose /3
=2 olR ] ¢J5le] WENMELIQA (maltopentacse, G5)& 7] 23}
trehalose AHAH G AAstedct SR AL 20uM Mcllvaine ¥&-§
o} (pH 5.5) Z7slolA LYEMHEISAE MY HEE H7IStaL 27} 1
proled] &42elit TAZ HUlsto] AA WUEH-¥E 100ul2 3tgich
o]& 70ColA 1412t ¥FgAF1L, 100THA 1085 Aelste] g
ZAstAct
03 22%= UEHEIQAE 7|AE ARSI SaMTS, SaMTH @ SaMTSH
chal 2l 8 A 2]8}lo] trehalose ¥4 S AAIZH F A trehalose
£ HPIC whiol o3 Hu¥t Zxjolrh
Oy 228 AL J|EEAURA ZFIAL  (glucose, Gl), LEX

|q.

(mal tose, G2), trehalose (trehalose, T). LEEZ| QA
(maltotriose, G3), WEHEzZIQA (maltotetraose, G4), LUEBIELL
2 (maltopentaose, G5) olt}, & 22¢] B plasmidd EHSIA] UYe=
chAh BL21 o] AA ©wid FHEZ o] 43le] UEMEL A0} NHERY
Roz, WEMNEle A M vl PelE AFHA] YA S & T
th 2% 229 ct WESELR Ao SaMTS ¢} SaMTH & REF 2hgA|
¥ HPIC %ol 2j3) B4y Axjo|ct, 7] 229] CollA ERo| WER
E}Q A% trehalose 2} WEEE QA (maltotricse, G3) B AHYS
o 4 odch 2% 22¢] D= YERNELS Lo SaMTSH 8Tt g
A7 % HPIC Wl s £MY Aztelth. 17 222 DA R
U EMELQ AL trehalose 9} UEE:] 94 (maltotriose, G3) & IAH
Yo o 4+ o metd T 7le A4l 1g e olgske st

SUDNA=A U YaAstock

) kg

¢
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3y 22. HPIC analysis of reaction products obtained from
mal topentaose through the enzyme activity of recombinant SaMTS,
SaMTH, and SaMTSH. (A) HPIC chromatogram of standard
carbohydrates. G5, G3, G3T, G2, Gl, and T denote maltopentaose,
maltotriose, mal totriosyltrehalose, mal tose, glucose, and
trehalose, respectively. A 5 mM of maltopentaose was incubated at
70°C for 30 min with E. coli BL2l total protein extract (B), 1
pmole of each recombinant enzymes, SaMTS and SaMTH (C), SaMTSH
fusion enzyme (D).
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o}, FESTH-EY trehalose 33

HEZ J|WE 0|83} trehaloseS UFE + AR dotr] 4
5to 4=24 ZE(soluble starch)E 7|A R AM&3 BHEA| ZHS 244]
7W7kx) A Astect ¥R AL 20mM Mcllvaine #3898 (pH 5.5) &
Astoll N 1% $84 AES 7|IE Hysla ¢+EEld SaMTS/SaMTH
E3H A SaMISH §UEAE 22 1 pwoled 71t A &1
£ 100ul & s}eich o] & 70COlA 24A12t7kx] ¥hg-A]F|3, 100°TCollA
1085¢t Halsle) whg2 FAstAch 3 234 += SaMTS/SaMTH &4
Taoh AR UAZ W F OMGEL HPIC el g3 wEd
trehaloseS o135} A H trehalosed| &S AIE Z}o|1,
ul

g %
23B = SaMTSH §3HAet AEL 24217 Ubg F WHGES HPIC Y

—

*

ol 2|3 LAH trehalosedE HQldta YA H trehalosed] P HEY
Aztolth. 17 23A oM ERo| 24| g Fo HFe| of 18.1% 7}
trehalose® WVHASS Bolstgdon, §URLE A& HIgY
A% o 15.9% 7} trehalose® HVEHASE ¥HUsiHdrh o FRole
atu}-olul gl & ClE 4= He|stx] UUS TR trehaloseR e FH
o] add Zles FHHACL uwlgiy UgdAy FUELE o83l A

r

2o 2 PE trehalosed tizF Aty £ Q= 71544 S AARICH
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3% 23. Trehalose production from starch by SaMTS, SaMTH, and
SaMTSH,

Soluble starch (1% solution) was incubated with 1 pmole of each
crude SaMTS and SaMTH mixture (A), and SaMTSH fusion enzyme (B) at
70 C for 24 h. The reaction products were analyzed through HPIC.
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A3 & Bte Mgy Ao gERE

Ad A A

Trehalose= AM|XolA B A AYPE Foshs AT U7
A 93, AE E2 n|PE FolA trehalose FE FH HL FIA
£ Eeg F 433 o]Al Wde] ) trehalose o] WH +EFE& I
W 7R ol zZEe uyge] FUHY ez Juisia st glct
(Kidd and Devorak, 1994). IRl trehalose &= AX }AolA
3} Mot Ax A} & AYS o] X TZRE IR FASH
3 Fo MES Z¢ /Y Ful, ¥4, AR F & /AAY 4 A
ghc} (Crowe et al., 1984). uwleld AR A& RA$ Azt Fu& B
Z3H= AE HIHAEA o] &Y 4 g B¢ ohlel 1] FEE WA
AResd AEY APHE VAL 4+ A% st (Kidd and
Devorak, 1994). Trehalose += UDP-glucose &} glucose- 6-phosphate
7}  trehalose-6-phosphate synthase (TPS) ol 23 Z¥= <]
trehalose-6-phosphate 7} A37]5L trehalose-6-phosphate phosphatase
(TPP) 2] zH2 0% trehalose 7} A7l Z27} 3ddz ARE F4
22 7% wol 437t Harh

2 @FojMdt thAF Trehalose-6-phosphate synthase (TPS)%}
trehalose-6-phosphate phosphatase (TPP)& fusioni]|Zl trehalose-6-
phosphate synthase-phosphatase (TPSP)-f-Ax}g tiFFolA HeA2
232} trehalose-6-phosphate synthase (TPS) -R-Axpat wWHAIZl Zoj
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H| 3] chFt ol trehalose &3 9Fo] 30u) o)At WA L o=
HZ )l u}lelA trehalose-6-phosphate synthase-phosphatase (TPSP)-&
AARE ol&, SUANE AZ, FAARS ¢yl

MES 7he, W3, 9, BAF BB F stressES AP uAR
t}. olul, HEL stresso HE3AY E& stresso] BAY {FAE
& dAsHA "Hclh o8y o7 stresst $b& u] A EAY AEZEE
abscisic Acid(ABA) X% 7}7} W53 ABAZ7}o] u}le} ABAR-E whd)
AEL] ol thFE F7I5iA "l olull, o]¥ ABA X2 Eo] &3] o
2] fAxEC] R + d& AL SEFHE FAAEY ZER2Y U
o]l ABA-responsive complex (ABRC)E 2| cis-acting element?}
ofdh= o= A glth ABAY] 23 RE=EXE RAA F HVA22E}
Bl B Y §Ax= T2 2E ujo] ABRCE 3 glon oA
L 1 LAA}FY] Intronzt 37| Ba| aleuroneM| XS o]L£%t transient
expressiond ol ABA MeE|A] f3x} UHS 1308] F7HAFE= AL
Z B3 5 ¢jri(Shen and Ho, 1995, Plant Cell 7, 295-307). & dF
o] A] &= HVA22 promoter\] ABRC®} actin promoter 2] basal region &}
I HVA22 intron& A%t hybrid promoter& ©]-8, ¥Hu=A]8rA4 fusion
M X} trehalose-6-phosphate synthase/phosphatase gene)oll A%t
Sk A ztg fEslgtt. E4 9] hybrid promoter7} HAAN B A
BAOIA RES SHe BAREY U ZAZol 4o WHE FiA o

28 ¥QIsz] $iste FTUY T2 RElE GFPo] @7 promoter”] 5 A A
Y& gysidct. EY vFxold g2 £E2 33X WRE &
Esl= Zog 2 d3xo &3 AAjsit ¥ Sbel(starch branching
enzyme) T2 RE[o] TPSP fusion -A2E dAste] FHAAH ¥ F=Al
ol &8 4£2% trehalose’t £$3H Ze& 7|ty o, TPSP fusion
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AA}LS Arabidopsis Senl EZEE|o] st FAAR ¥ AEo]
AZE TP ZF stressE WS F¢ ¥ o A 2 TEL
2 fE, wdy ew JusEE SPAHE A Az
Agrobacterium]2 E3td ol WA 4B  pSBI09-TPSPS}
pSB109-GFP HAATA ] =¢14dx ¥ L LAEMES ¥Rt

8 AAWE pSBI09-TPSPS} pSB109-GFP F A MM ] TPSP =URA
A4S Qs n, SYU|AR Hol § wHEAS AAE pSB10I-TPSP
¢} pSBI09-GFP ®WAA|NS AAFH d@Ey 9 pSBI0I-TPSPY
pSB109-GFP 3 AATAZHE AAFE RIAE B 2HolH A8Fol
olth, ALY ZERE|(Ubi 1)o] TPSP7} @7 pSB-UTPSP, ®{Y
seedo| A B 4ZzoT WYPAF|= Sbel ZERE|o] TPSP7} d4d
pSB-SbTPSP, 2]Eo] stress& Wek& % W o AN g2 TEL
2 9%, WHEE  Arabidopsis Senl ZERE]o] TPSP7} Q™
pSB-SaTPSP -2¥INE wo] FUA/SIo| ROAMTIE 2AdA B8Fol
olth Vxi7tA] 4971x]8] HAAUAE ¥R, AzA AYY HAF 4A
93, A4E ¥ FAAWA L] B YO THE genonic DNA W RNAE
Ba)5le] Southern Mg Fslod = RKAAKTPSP)E HASHIUL
Northern £4-& $3to] AAIetA AL TPSP FAAte] WHE HASL
den u @ =23 9 Fxold FEHE AN g2 FEY
trehalose”’} 2 AH S Hstoch
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NaEsEx A T

A2d AT g L W

1. 8 PAARE FAx WA A

Balgt tfaFe] trehalose 6-phosphate synthase (TPS, otsA) 2}
phosphatase (TPP, otsB) -3Ate] ORFE fusiondt TPSP §-A=X}
(trehalose-6-phosphate synthase/phosphatase fusion gene)g o ¥
AR 9 LutAls AFsigcth W EAARE A kA=
Super binary vector system& ©[§3135L 2A7 ®E&= plasmide
pSB1122 A right border (BR)&t left border (BL) sequencelfjoll=
selectable marker®# A|ZA] A8Hd {A=xIQ bar geneo] CaMV 358
promoter2} NOS (nopaline synthase) terminatoro] AAEe] 2lth
TPSP -§-A =z} PINII(protease inhibitor II) terminators ¥-F3LL
olom theFdt promoters AZsle] SNAE A st FAUE =
SR (0bi 1)oll TPSP7} AT pSB-UTPSP, B19] seedold &2 +T2
= wA|F|= Sbel T2 EE|6] TPSP7} QAE pSB-SHTPSP, A& 2=
2ol ABAol oJ3) REEE ZzREe] TPSP7t AZA¥ pSB-109TPSP, 4
Bo| stress® Lot AS ¥ o 2o &S £ELE fE, WY
$] Arabidopsis Senl ZERE|o] TPSP7t @AY pSB-SaTPsPE& A=t
sted B FA RG] o]-&3falrt

9 Az LA 2) Agrobacteriun )22 £ F #
7}. Triparental mating *3

B HAAHL SNA Y Agrobacterium} 22] =4 intermediate
vector (pSB11)& 7FX|3L Q= E.coli DH5 a £} acceptor vector(pSB1)

g 1IR3 A Agrobacterium LBA4404Atelell  conjugal straingl
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A2EX A

A MY HEE H 24 5

E.coli HB101 (pRK2013)& B3l A€ F3le triparental mating
o= susigct

Triparental matingoll A Z}zZ}e] FF£E FI I AJelE AU
%]%) DH5a (pSBG700)& LB + spectinomycin 50ug/ml(LBS) ILajujx],
HB101(pRK2013)& LB + kanamycin 50ug/ml(LBK) iAjuj=lo] ztz} =t
3l 37C ujgrolA IHREQ uidsieil LBA4404(pSBl)= AB +
tetracyclin 10ug/ml(ABT) S A|ulx]of] =URHF 28T ujd7]olA 3d &
ot uj¥stgct. Triparental matingS $]31 nutrient agarilA|uj=|of
ol WX LBA4404(pSB1)E =5t L $]ofl HB101(pRK2013)& =WR¥
nlA|eto 2 DHS @ (pSBG700)& = 3t A &F& HAlolE vhe 28T
ajoF7loll A 3HRB<F wigBtATt. ¥ HAUes A FH 255 AB +
spectinomycin 50ug/ml + tetracyclin 10ug/ml(ABST) <§jujjx] 400uloj
HQl ¥ ABSTRAIwixo] =4t 3tal 28Cuid7]olA 3Y FoF vieket ¥
W= glol ®AE VY ZIUE AZE ABSTTAMIA O] §AFck
FH Adej}F HFHo2 P dd F2Y /& YRn oY
AATRL vt 2] Agrobacterium}Ee] = UF co-integrationS ¥
She A& AAISHLL

L}, Co-integration® EejAun|= DNA £i]

Plasmid DNAS] &2]E #|3}] wi23 £2]$ mini-prepdS& AR5}
gt (Li et al. 1995). ABST ZAjujx|ollA] wjekZeQl vl E2UE 3
3] YEP + spectinomycin 50ug/ml + tetracyclin 10ug/ml(YEPST) <yxjju
2] 5 mlo] YFY ¥ 28T, 200 rppl 2 2% F¢t AY wigsigich 2
¥ 4T 4000 rpoofld 58 F¢ dHERNE F HAE FojE €2
th3 AlE&31E #3] Sol'n 1 (50aM glucose, 25mM Tris-Cl, pH 8.0,
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10mM EDTA) 200ul®} 10mg/ml lysozyme 20ulE Y31 R3jA|3c}. Sol'n
II (0.2N NaOH, 1% SDS) 400ul & M 713l A& oA 158
ot utRAj71¥ Sol'n III (5M potassium acetate 60ml, glacial
acetic acid 11.5ml, H:0 28.5m1) 300ul ¥ 4 ¥ d2oA 30%
¢t ¥ttt 4T, 14,000 rppl 2 102 WA Eelsl] ¢ 700ul ]
A% 9 Y ohS slE8Y(pH 8.0) 400ulE HII3te 2EL Ao F
3 chloroform : isoamylalcohol(24:1)S H8F Yol&¥F 287 ¢ 4o]
F3 9o BYY =AM AP EEE HASIY 45 HE 500ul H3L
oich. -20Teol H#F<Ql isopropanol& 500ul H7}stal -20C 3F Aol
12]13H5¢t DME ZAA TS 14,000 rpnl. 8 1087 AL E B3
DNAE ol ¥ TE (pH8.0) &< 60 ulell et

T}. Co-integration® FelAn|E DNAL] A tA A Axhel
Agrobacterial]oll co-integration® SutN|2] Helg ¢3l, &l
sl EejAn|S DNAS AT Sal [ 22 AT ¥ vz #4549
Tl 232 E pSBl& wWE Heldlo APRAL Sal 108 Y A
Argstadct, Sal 125 AwhY pSB1 cointegrateo]A] AJ4d == DNATE
He ulastzgEy 0 0F ZglAn=rsl AgrobacteriumiiollA]
cointegration® ¢12& ZW3tgct. olul cointegrate® utAoAE=
5.3kb band7} Ale}x|3 7.3kbe} 3.1kb band7} AME A& HRAYLE

A =z} A 8] Agrobacteriunf22] EQ1& HstoiTh

3. AgrobacteriumE& WiZiNE% ¥ FAAH
£ dFel 4ua) AT 8 YUAY vl FF W 2y
1 of BABATL
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X 1. Media for rice transformation.

Medium

Composition

AAM

N6-7-CP

2N6

2N6-AS

2N6-CP

AA salts and amino acids, MS vitamins, 500 mg/L casamino acids,
68.5 g/L sucrose, 36 g/L glucose, 100 uM acetosyringone, pH 5.2
N6 major salts, N6 minor salts, N6 vitamins, 2 g/L casamino
acids, 20 g/L sucrose, 30 g/L sorbitol, 1 mg/L, 2,4-D, 0.5 mg/L
6-benzyladenine, 7 mg/L phosphinotricin, 250 mg/L cefotaxime, 2
g/L Gelrite, pH 5.8

MS salts, MS vitamins, 100 g/L myo-inositol, 30 g/L sucrose, 1
mg/L NAA, 2 mg/L Kinetin, 3g/L Gelrite, pH 5.8

N6 major salts, N6 minor salts, N6 vitamins, 1 g/L casamino
acids, 30 g/L sucrose, 2 mg/L 2,4-D, 2 g/L Gelrite, pH 5.8

N6 medium plus 10 g/L glucose and 100 uM acetosyringone, pH
5.2

IN6 medium plus 250 mg/L cefotaxime and 7 mg/L phosphinotricin,
pH 5.8

7t g & &y

Agrobacteriumg UIZINEY W YRR Yay REAME
scutelln® Z2E 9718 WAz 43 ZgAQReE oA ot
(Hiei et al, 1994). u}a}d scutellunS BHE WIYAE {71517 ¢
sto] 8] EXos L JEB|(Oryza sativa, cv Nakdongbyo)& AMS-31%L
th gAY UdA 24 W FAEREH FAAR ARd WHLE
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Qoluly] ¢ls) Al <F 200719 FApel AL WAL HId A
ZHEetA A0 wol 70% oEhE 100mlFo] £ AlA E&o A&
* 20% 2A 100mlE Y3 120rpnd] ME7) fJolA 1A £5F v
HWF42 5-63 Aojudct. WY FAE W6 AL /7] wixol
X A481aL 25T ujdriollA 3327t gujgstalct 3% scutellaZH-H
718 AHLE NS N6AMAZ Acjuldstadn &AA 442
7l A7 PAAR AEE At

. F5-E

Co-cultivationi] Agrobacterium®] ‘sX+ 3-5x10° cell/mlgu] 3
AAYo] 71 E&AY Zez LAYt (Hiei et al, 1994)
Agrobacterium®] =571 10°cellis/mlo] e &}7] 2l3)
LBA4404(pSB11)E 107]2] ABSTIZAImjx]el]l =RURicHS 28T uig7]olA
30 S wiQdR ¥ of AZ0T I FojHop BE 2ste] AM A
%] 30mle] 3¢l T} Al&sladr}. o]& spectrophotometer® F3T 2
7} 0.Dswoll Al 1.8-2.0& UERICH

t}, Co-cultivation

49 AT P BEY AeAE IF 12w EL] 7R A
2 g A tumefaciens LBA4404(pSBG700)7} solQlE Sl AAM Aulx|
of 38 ZoF wI ¥ 2Ne-ASTAMix] ¥ plated 50704
co-cultivationdte] 25°C wjek7lolAd 3¢ F dwjedsiict.

g}, 1x} Ay
38l E9QF co-cultivationqt ¥ HAZFH Agrobacteriung &-tl
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3 U798 Agrobacterium X]AFAAAIQ) cefotaxime(250mg/1)o]
9 wWago] wyo] Rolun FAAH|Y AAE AUty
N6-CP 1x}21't sAul=o] A 25C wid7lolA] 33 H& Lujesial

=2

uh, 22} A
1} AtE WA E N6-7-CP 22t Mg IARE A 25C ¥
71014 100 F eujerstact.

sh. 223t

23} At wixloll A Bt st AR AejA wE AUsie] A
23} uj=]Qd MS-CP2 &A 28T wigdolA Budes ALHE F=
sttt AEHE v AEAE T2 AR o2 MS x| ol &A
Fol 1 F47t Aol Y R el 4L &Y Az Ao &A
ALzt

QAABY W AEA A2 Ay A7

2 Ao A8 nAEA Az APH FIAE AL

Sol Qb PAA AU SRR el v B 4

e LR ofUist HW AVY AEA S£FolHE AWY 4
&

A% WSk ¥A AVY W BN A2 APe AP
7 181 NZolN TiEal A2AQ BastaB A 0,542 2008} ¥4
o Agsidrt. dETEE ¥ ABAA ke YENE ASsd
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F

i

Dl

(R
il
i)al
j=|

b XHBH

th. AFstaat sk g ES I N EFCE EAY thE 0.5%
Basta8el-& Qo AW, Fo] TF wiE F 157U Fof BUY A
2 g2 o] ZYoe nlEx A& W FAFVAE obFd d
e W U 4 g 2 254 dg st

5. HAA v AEN U =Y FA A W £
SAAY ) AEA o TPSP §3A =4 e ¢ =" 8=
4=(copy number)& ¢o}R7] 213 southern £4-& 3}l

7}. B8] genomic DNAS] £l

LA AAE ¥ AEMEHE £83 0.529] A=ZS gAA
4of 47 chg WApApda} B-g o|-§3lo upafdli A& genomic DNA
Ea] 2e8el DNAzol®ES(Molecular Research Center, Inc., DN128)& A}
&8t genomic DNAE w23t Tl ol H X 3 o]
guanidine-detergent lysing €< 1.5 ml& 37}3}3 5837 A-2elA
2zt Ao]3&elt}. Chloroform 1.5ml& 75l 2023t vortexingdlil
12,000g, 1087t YAl alsio] A5UE AUk FFYo 1.5012 o
Y& 718t genomic DNAY BAE HE3l3 500082 423 ¥4
Beste A5 e AASIIL genomic DNA pellet?tg B4ch. Bi+
150ul & A 7}5}l genomic DNAE 50|31 glanidine-detergent lysing
£93} ofgkgo] 1 : 0.75 volume 4joigl= £ 1.5 ml HII5aL
5,000e2 4837 QAEAF A5A& AAsIGrE 95% oL 15wl
A 7}5lo] 5,000g2 48-2toll genomic DNAE washingd}ith. DNA pellet
S etk 8mM NaOH 50 ul 7}3le] genomic DNAE <5°]|il 0.1M
HEPES 6ul & H7}slod pHE 8.022 wniigch
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1}. Genomic Southern-blot

Fluorometer(Hoefer)& o]&3lod genomic DNAE A8l 5ug?]
genomic DNAS A3t& AT A¢tslo] 0.8% agarose gelol] 100VE 88Xt
Asjd st AZNGEFE o7k2A HL 0.25 N HClel 1583
shaking3}®{ depurinationd}3 0.4 N NaOHoll 157} shakingd}to]
denaturationd}git}. Capillary transfer ¥H{ o & olrig Az 2 HE
Hybond N+ membrane(amersham)oi] 0.4N NaOH=E 12A]Z} B genomic DNAS
Ao|3}31 membraned 2X SSC(20X SSC:175.3g NaCl, 88.2g sodium
citrate, pH 7.0)oll 103t F3A|Zit}. ¥ genomic DNAZ} Ho|H
membrane& hybridization €% ( 0.5 M NasPOs, pH 7.2, 1 % Bobine
Serum Albumin, 7 % Sodium Dodecyl sulfate, 0.1 mg/ml denatured
salmon sperm DNA)SllA] 3A]Zt %Qt pre-hybridizationA]Zl ¥, ®FA}A
THULE FEXH TPSP FHAE probeR A3t 65TolA 12413
hybridization ®¥hg3lgtt TPSP JAxle] 2J3)] hybridization®
membraneS washing 29 (1x}: 2X SSC, 0.1% SDS, 2x}; 1X SSC, 0.05%
SDS, 32 0.5X SSC, 0.05% SDS)& ARg3}e] w|Ho|d AYUS A2
-70ColA x-ray filmQ 2 Z}gste] Wy g HAsiAch

6. BAAR ¥ AEA U =URAA LR 4

7}. Total RNA 2] F32]

- Ade] AMSY V= 138 FE gl g2 Tyt WFIt AMSsta,
w2l 871 9 waApg 200C A€ BHIZ AU RE Age
0.1% diethyl pyrocabonate (DEPC)E X e8] 2¢PdF3tAL 0.1%
DEPC AMe]3}i 1qH A3 FF4E Axste] AHE-3HAcL

Total RNAL] £ el Chomczynski®} Sachhi®] acidic phenol ¥hdol uw}
2} 4ustact. o 2-3g8] AE ZMg 9N Wil JATHE WxpAPY
& ©o|83te] np3ti 10ml18] F& HUIFEAL (M guanidinium
isothiocyanate, 25mM sodium citrate pH 7.0, 0.5% sarkosyl)& X7}
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N

=

=4 :

Y

a
Jal

=

'

it
]

1

b XH BH

gt ¥ 2 Molqlrh 1mle) sodium acetate pH 4.0& 7SIl A&
ThS 10m18] B2 XA phenold Wi I 4oE F 1Y
chloroform: isoamyl alcohol (24:1)& A713te] AojF3 5,000g00 A
1087 QA Bagt 3, Az 23qch S#e] isopropanol& W
3A HolE ¥, -20ColA 1417 o] UAY F 4Tl 10,0008=
1023 9A Zelste] A5eE AASL 500 ul2] DEPCE AW 57
22 AAES %94rt. E39 WM LiClE Y2 F 4ToA 1A o4
WA SEIL 14,000g00 4 QA B2 F 45U AAN AT AAE
& 70%2] WZHH ethyl alcohol Ho|&E ¥ AXAAC AR T
DEPC  Hel$E& st @ Ro&E H, =S <ES
spectrophotometer& ©|&3}o] &3 3stcl.

L}. Northern blot

gloA Ee|3t total RNAL] 10ugS iodoacetamide (0.084g/100m1 ) 7}
3tesl 1.2 % o7} alo] A7 1QE3IaL Southern-blotolA AFX
capillary transfer 3#2.2 nylon membrane (Hybond-N+: Amersham ) o]
Mo] A7t} Membrane?] pre-hybridization, hybridization W washing
2 gjojA] AT% Souern-blot7t TYUR oz £y

7. TPSP S-Ax} ¥ HAAHA Y| trehalose 4 U BT

TPSP Az E9€ HAAY wvig o A FA A
trehalose7} &3] 2 & HPIC (high-pH ion chromatography)& o] &
sjol 2Asigch. e A delol g gAY o HEAN W B
A Hx| ok u AlENZRE 8% 0,529 dzH Y FAE AA
Aao] g the TAiAbgz} £-g olgsle] niafstal 60042 H0°]
Yo 147 59 ¥ 4T, 14,000 rpnl 2 1087 |APEeste & 300
pe] AHSAlg 23t olF 1008 AFES 90048 H00l EHAMTL
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* 0.45m LE]E o] &3l E&3AL o]F DX500 HPIC A|&FollA
Carbo-Pak PAl columng o] &3} Aarsigdrt ColumoBHE o £
&2 150mM NaOH R-¥ollA] 0~250mM NaOAcl] HE7]&7|& o]&3ly 30
27t 2235t on, 235 9 ED 40 electrochemical detector®
2Asloct. Trehalose &¥HrE Awsl7] $13lAM standard® 242
500ng, 1000ng, 1500ng, 2000ng &©1%lE  trehalose& ©]&31 Y=
0.231X + 0.094624)2 At} Trehalose pick7} W=715 ¥els}t7] ¢
Blo] VAAN =] o} v YRZ o) 2000ngd] trehalosed Y3 &
A% A3} trehalose pick7} 2% 24X ~483% Alojo] Uehhe= RE ¥

Astelct.
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A3d d7Ad 23

1. RhUASE o PdS f 8AARE A= 21

B g32o] &gy tiAF Trehalose-6-phosphate synthase (TPS)
%}  trehalose-6-phosphate  phosphatase  (TPP)&  fusionA]3l
trehalose-6-phosphate synthase-phosphatase (TPSP)R-Ax}& ciFoll
A Y7 A3} trehalose-6-phosphate synthase (TPS) R-Hxiqt i
}AN Aol us) chAF o)l trehalose &3 Fo] 30u] o] UM &
2 Aoz At w2y £ dFdMEe Trehalose
synthase-phosphatase fusion§-E8XHTPSP gene)& ¥budAsd v 7y
L 2T RARE o] &3ttt

7t A Ly Z2RE(Ubi-1)E ©]-8%F A A=} (pSBU-TPSP)

pSBU-TPSP= Maize ubi-1 ZZERE|&} Maize Adhl intron7} 444
fusion promotere]] thRF O 2RE |3t TPSP FAAI7t AZE A
on terminator®A% Pinll dterminator& AME3IH I AW upH = A
AzA AsH |ARQA bar FAAI} CaMV 355 ZE2EE|[e} NS
terminators] AZAE Il (Y 1A). o] kAl FFL A YR
5= W actin TZHEHCT} WU Yol FL Maize ubi-1/ubil
intron fusion promoter& Rt 7] wiRol LlFAxE ¥ A
z3z Q 7P TLF ¥ FELE YA £ e FEE 72
oict,

Maize ubi-1/Adhl intron ZE2RE-TPSP §-3A=} ©H UAE A3}
5171 3] TPSP FAAH= & dAFolA oln| A|ztE pSBI0I-TPSPEFH
Halstod A2t 94¥F, TPSPRAA QU Ubi-1 ZZRE|-TPSPRA= 42

130

NSEX  AGX0 M B8 H 24 =

Op
O
o
3l



NEEH

IF THBH XM et B 2 A

29le) @719 ¥ stalct

U MBA-fE ZEREE o]&% Wb x| 2H(pSB109-TPSP,
pSB109-GFP)

HVA22 promotert] ABRC2} actin promoter 2] basal region 18]
HVA2Z2 introng& AR} hybrid promoter& Az}, U fusionS
A=} (trehalose-6-phosphate synthase/phosphatase gene)o] QZA¥ $&
WA A 2SI 27 1B). Actin basal regiong AME3¥F o]-8-& HVA22
FARTE R Falo gt UWET] gBo] 22AZolde wiHA e
A ZAo|M UHH 4 Q3 53| sEo] ¢ il Udo] SEHEE
St71 #1¥tolth. ol¥A #2Y hybrid promoteryt HWAAY w 4B
Uolld BXEZ2 she ABAREA U 2AGo|4e] ME Fix ouE
HAS7] 2] SUY TR RE|E sGFPol A, pSBIO9-GFPE 3},
promoter7] e HEE WAt Yy  1c).

ol2iRt eNMAl= pSBU-TPSPE EYUT o] LubA] Azt 9l QA
Yol oyt RUAFZM pSBU-TPSPE TPSP §-AA}7} &44 Wbil
promotere] AZE o] glom HWAHY v ABAY A =N 34
EE] miZel] AEAS AL} el AR & 4E ojA o] A

- Fol ciu]Sla =X Yoy wivi(ihle] og A9) TYRAANE B

+Eo2 WYANUOEA A MU wioke Ye| ABA A of
UX 4 E &0l 302H FA AZAE ot 9§03 we S
2AFY FHed g Bol 77 AW oy,

ot F2t Hol3 Uy R ZTE2REE o] &Y LUk =3}
(pSB-SbeTPSP)
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FA Bol3 wE fx ZE2REQ ¥ Sbhe 1 TEREE WY seed
oA HESE wt=XE starch branching enzyme®] promoter@# &jziFA
2HE ¥ seedolld £ £ELE UPAE 4 U Z2REHEH £ o
ol oldRt F2} Holy Wl A% ZIREE TPSPHAALY &
A, ¥ FAAR) ALY O TN seedol] WP FHH trehalosed ¢
&4 & o2 7)Y}, pSB-SbeTPSPE rice Sbel TERE|o] Ti%
T22HE Ee¥ TSP #3Ax7t A= 2ow terminatorEA &
PinIl terminator& AME-3IH I A AR A AZxA A3E FAXA
bar §AA}7} CaMv 355 2 RE}Q} NOS terminatoro] AZAE oo} (2
Y ID).

8] Sbel ZERE|-TPSP Az} ¥/ -2WAE A5 fs) o
Sbel ZERE|= BA|c] & W3] a4 AP AZF ¥ Sbel 2
2E 7} ¥-89 pBSBEPROF EIARI=E YRSl ¥ Sbhel ZEREE #
2, olgstelrt. #el® She | TLEEIE TPSPRARL Ui LA
X5} pSB-SbeTPSPS A &3l TPSPH-A2} W Sbe-1 TZERH
-TPSPR-AXt AAF-91 G714 ES ¥ syt

gh, k3 9 AEYA YUY FE Z2REE o] &% 2ukA| Az
(pSB-SaiTPSP)

Arabidopsis2HE £2|¥ k3l @ AEA UYH = ZEZREQ
Senl T2 REjE F4F YAl HEoMEe HEE F=skA] X,
AlEo] AEHAE UE Aoyt HolFH oz ¢ RN g2 TELE
UL FESH= Z2REHEA £ dFore oyt 2E8HA UE &
T ZZRE|(Sen 1) EUHOLBAN 54 FolE Kol thyd A
FAAE ¥ @ 2N g2 £E0E S, WA £ AL e
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2 7t} antdoz Axide] TRyt galg AEdAE dd
2Zo] uy] wEo] £ AFojrE BAH Arabidopsis®] Senl T2
e ©xigel ¥e] introni S AZAAIF fusion ZEREE AHE
5] TPSPR-AAI7} 2402 WHHACE st} pSB-SaiTPSP=
Arabidopsis Senl 2 RElo] rice Actl introno] dAEl i 12
Fogre Helyt TPSP faxl7t dd=o] 9en terminator2AE
PinII terminator& AFEslER AW npARA AXA Ay FAAY
bar S-AR}7} CaMV 355 T2 RE|8} NOS terminatoro] @ZAE ST

Arabidopsis Senl ZZ2RE|-rice Actl intron-TPSP LA} F
WA A 2sr] 18] B Senl ZEREE Falt) o] &% a4 YA
oAl A2t Arabidopsis Senl TZRE|7} {-#¥ pBI-ASRIPAIS2fAn]
© & ¥R 3}o] Arabidopsis Senl TEZRE|E £2], o]&3tart. £el€
Sen 1 TERVEE TPSPHAA ¢fF AR T ol8}o] pSB-SaiTPSP&
Azt 31(2e 1E) TPSPEA 2} B Sen-1 X2 RE]-TPSP-R-AA} B2 F
f1o] A7 EE HAstach .

2. Azt &N e Agrobacterium22] =) B He)

NZHog A WY [KARHTPSP) HF %‘ﬂﬂ]%‘%
triparental mating el &3]  Agrobacterium i ==Y
mini-prepol 3] EelAul= DNAE Eeldled Agrobacteriatio]
A co-integration® SuAe] ¥E ¢l3l, Ze)sid Fehin|= DA
& APAA Sal 1 ©F A F pSB1 cointegrateo] ] BAE =
DNAGHH-S W2 822X cointegration® U&= Zusigdrt. o
cointegrateo A= 5.3kb band7} Apg}x|3L 7.3kbe} 3.1kb band2] A4
©2 cointegrationo] clAtI2 AYEUSS HAY 4 ATt
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(A) pSB109-TPSP

*
- B X RVRIPRIPSm
HIRVRIScK RV BSpXNSCIRI NeRINE

4 w8
H3 RVRI PSm BSpXNSclIRI NcRINE

I ~_ |
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*

* RVRIP Sm B

BR BXNsilsc B B GP RVKK

II] ABRCI of berley HVAZX0. 19465)

Intron! exon2-intran2of bardey
HVAZX(0. 18kb)

SCFP coding (0.7 1)

R Mize wi -1 irm (1.0K)

[El RicAdtl itron (05kb)

37 Anll (LOK)

. bercatingregion 0391)

XN &1 B N RNE Ne s RIRVDSCR

roiil]

Rice Act basal prormoter (0. 18kb)
ﬁﬁm Mm /
Maize ubi -1 promoter (1.04)
[E] Amtidopsis  sen promoter (20kb)
Rice Sbe! promoter (20kb)

35 S promoter (074 kb)

TN 02B1)

I 1 TSR UAYY FAA gR A

135

O
o
o
gl

NESEH A M) &S H 24 |



IaEAH A

A MY HEE B 20 S

3. AgrobacteriumE uj/|AN2 3 o FRAAHR

¥ HAARL Agrobacteriurg MiZIAEF B FAXRH whdog
4=885toic}, pSB109-TPSPY] 9= % 150274, pSB-UTPSPS] ZH$:= %
16877H, pSB-SaTPSPe] 7ZA-$-+= % 17327, pSB-SbTPSPY] Z$: % 1916
71, pSB109-GFP2] Z-§-= F 1822719 A& FAAH AHrKE
1-1). pSB109-TPSPY] Z-$ % 1502712) A% 7387, pSB-UTPSPS
A= & 1687702 A AF 8267), pSB-SaTPSPe] ZH-$+= & 17327)
MY AZ 8877], pSB-SbIPSPL] ZH$= & 19167] W AZF 90871,
pSB109—CGFP2] 7% & 1822712] #e|A% 595708 yeAE Austal
el o)A Ztz} 49%, 49%, 51%, 47%, 33%] 1x AW AAE el
och. 104% 1x} M4 7387H(pSB109-TPSP), 8267H(pSB-UTPSP), 887
70 (pSB-SaTPSP), 9087)l(pSB-SbTPSP), 59570(pSB109-GFP)2] ZzlA 2
shopm 943 sAl Ed¥) 32870 (pSB109-TPSP), 3937 (pSB-UTPSP), 4467}
(pSB-SaTPSP), 2217](pSB-SbTPSP), 36971(pSBI09-GFP)2] el AS At
tglch ol X AMgH Aol uisl ztz} 22%, 23%, 24%, 23%,
20%2] 2xt AMubAztolch 2xp A wix|olAN st KAsHAl xRE
embryogenic A ATHE A dste] AE3} wix]Qd MS-CP2 &A 28T ui
Gl 1243 Ho guig/duigos EHRE fFESHACL
1,23} M3yt 25 upd 32870 (pSB109-TPSP), 3937H(pSB-UTPSP), 41774
(pSB-SaTPSP),  4467)(pSB-SbTPSP),  3697H(pSB109-GFP)2] i A7}
MS-CP zi&#3} wix|2 AFZD AMEHI FEEdch AEZE A XA
4 &<l phosphinotricino] 4ug/ml ol wiz|ollA] AAIRE Az} 1470
(pSB109-TPSP), 37H(pSB-UTPSP), 57H(pSB-SaTPSP), 471(pSB-SbTPSP),
237](pSB109-GFP)&] {7} xjE3} HH A&t © sAAE Msouhzlel
w7 1047 viURt ¥ EYo] &= BIE FAFUAI 25 A=
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=A & Foll ATHE 2).

M2, Agrobacterium-mediated transformation of rice.

. ) Co- First Second )
Plasmids Experiments L ] . Regeneration
cultivation selection selection

pSB109-TPSP 7 1502 738 328 14

pSB-UTPSP 8 1687 826 393 3
pSB-SaTPSP 8 1732 887 417 5
pSB-SbeTPSP 8 1916 908 446 4

pSB109-GFP 8 1822 595 369 23

4, AAW o JEA U = 82 ¥ W E£4

SAANY ¥ AEA ol TPSP F-H=tet GFP FAxEY] =¢l ¥l
0 =8 FAxM=(copy number)E Yot 7] 918 southern £4& 4
g3tdct = F3x "l @ {fAA 8§ dolRI] % JEdYe
E OEY f3x 92 = AR M=oz Ay 4 9l
APALE o] L3193 QEYE FAASFE SUA U = /3=l
& st T A $9uE JXlE EL AR E o] &-5iirt. TPSP
FAxLe] A2 Uy (pSB109-TPSP) 2] Z-$-&= TPSP A=A JA& ¢35}
o] 8] genomic DNAS A|¥tH 4 EcoRICZ Axtsigd =¢H TPSP FA
o] 4=o] UQle R FEA Neol S o] &3l Artsiadct A A

fr

137

ANe&Ed: A0 M HEE H 24 |

OB
o
o



(pSB-UTPSP) 2] 79 TPSP R-Ax} ¥el& $i5ld ¥ genomic DNAE A
FE A EcoRISE HWsids =¥ TPSP #AxMe] 4o Held ARt
B4 Saclg o] &3t AestdAR, ¥ FA iy} U (pSB-SbeTPSP)
8] 7Z$E TPSP |3 ¥AE 4%l B genomic DNAE AHEA
EcoRlIo g2 Aetstgdzn =JE TPSP /Ax] 49 U AP
Sail & o]-23le A}l 1, stress §-T U (pSB-SaiTPSP)2| AP+
TPSP S-A X} ¥e& 913l B genomic DNAE A|jtA A EcoRlL® Akt
3ld =YUH TPSP RAAFY] 4 AL AHYAL Sail& o] 85l
st} GFPY] MXA Uy (pSB109-GFP)2] 7§, GFP /A=l &
2 BanHl, AP0 #HA Spel & 22t AME3tgt. =UH GFP &
Axtol] thyt probei= TPSPS} GFP-R-A=} -7 HEAIR] pSB109-TPSPLt
pSK-sGFPE 2}Z} EcoRI+Pstlz} PstI© 2 Axhdle] 24z} 1.4kbe] TPSP
F2x w3t 0.7 kbe] GFP R @& o] &3t =41 RA=lel
it A2 uia 23] HE, 33 2 o Ri= uiel Tol(IH 24)
pSB109-TPSPH A A #A 2] Z9, BE lineo]A TPSP FAA] =YUHA
28 ¥l 31993 N(Neol)oH & 4 2Ko| T1,T3 line 17, T2,
Tdline 5 718 TPSP RAx} =QHASE ¢ 4+ Asdch
pSB109-GFP A AHA ] AL x(23 2B) BRE linedd =4 #3H=}
2 ¥ 3t S(Spel)olld BEeo] £U™ §8=A}t 4(copy number)7}
nf¢ ciegs o 4 ok g Jle] GFP fEx7E =AW F-$(A3, A5,
A8, AS)XE] 271(Al), 370(A2), multi copy(Ad, A7)% ul-$- C}I3HA|
GFP A7l =¢ Hol AL & 4 Urh pSB-UTPSP FAA[A Y
7A¢(2%Y 2C), pSB-SbeTPSP ¥ AABA L] Z-9-(2¥ 2D), pSB-SaTPSP
HAMRBA L AT 26)Y FSE RE linedd =4 R3S &
Astaz, =YUE RAA 4(copy number)7} uwj-$ cigS &4 glth
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(A) pSB109-TPSP

NC HS Hé6 H7 HS H9 HI0 HIl

M 5X 3X 1X RIRI Nc¢ RI Nec RI Ne RI Ne¢ RI Ne RI Ne RI Ne

Ve

(B) pSB109-GFP

A0 _All AI2 AI3 Al4 AIS Al6 Al7 AIS
MSX3XIX NCBSp BSpB Sp BSpB SpBSp B SpB SpB Sp

(L ! » A

139



(C) pSB-UTPSP

ul U2

(D) pSB-SbeTPSP

SB1 SB2 SB3 SB4
NC RI S RI §$ R § RI S

M 5X 3X IX

s .
A i
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NEEH

e

=

bal
=]

J

b XH K

(E) pSB-SaiTPSP

M 5X 3X 11X IX NC RI S RI S

3% 2. Southern blot analysis of (A) pSBIO3-TPSP , (B)
pSB109-GFP, {C) pSB-UTPSP, (D) pSB-SbeTPSP  and  (E)
pSB-SaTPSP-transformed rice plants .

o

HAAH o AEAN U =dR/AA UE B4
FAAR o MEA ol TPsPet GFP Xt AL LAIMY U
428 oo}y 7] 93] Northern-blot £4 & AA|ststt. A2 lg‘?g
defoll ole VAR o HEA 9 B A 42 ¥ AEANER
B £H[ 0.1g8] 4XZE ANALo] €Y kg Az} B& o]
£35}o] njygt ¥ guanidium isothiocyanateE o]-& total RNAE &
3t FFEE RASEE &HHSL RNA 10ugE  iodoacetamide
(0.084g/100m1 ) 7} S0l o7& A Aeof H7]QERF ThE capillary
transfer W © 2 nylon membrane (Hybond-N+: Amersham)©E RNAE
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HolAZl ¥ Southern #¥4A] AW 1.4kbe] TPSP /3=l 4HE3}
0.7 kb®] GFP §-# X} AHE-& probeE ARMZ-3to] $lofA QAF¥ Southern
B3 SU% W 0T probingdtdth. E& AA] RNAYE QASHA 2
< £E2Z UHNEIE ¥As] Astoq PSP FAXMEES GFP &
A=}ATE L probe® ARl filter& deprobing -&94(0.01X SSC, 0.1
X SDS)ofl Y3 10&37t Hof deprobing®t F AEHEUolAN B 4
Zo2 WHS= tumor supressor cDNA(SC34)E probing®¥t A2} AA
RNAS] UHS4EL2 AW £F08 PHINESS YAsidnh AL ©
Aol A 2] TPSP FAA}8} GFPY] ¥ 4EE& vl 4] R4, TPSP &
Az} UHe] AY tiRFolA @AY TPsP AAL AHES gem ¥
ARA|(HI-H)ol = MECE &2 ArMtEel A& HAoKId
34). GFP o] Hex tiz7olN #HE GFP A AHES flolen
HAABA|(AL-A9) ol M= MECIE ££¢ AAMMEC] wE SAtH2
2 3B).u}e}A] TPSPL} GFP HAAIELS ME rj2 fAAR/AIUA )
2 ThE £208 YHsIE AUSS HAsAH2H 3).
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(A) pSB109-TPSP

NC H1 H2 H3 H4

TPSP

§C34

(B) pSB109-GFP

NC Al A8 A2 A3 A4 A5 A6 A9
B e TR

GFP

SC34

1% 3. Northern blot.analysis of pSB109-TPSP (A) and pSB109-GFP

6. TPSP R-Ax} HAMNYRA trehalose ¥4 U F
PSP SAAH EUE WAAR WY 4 223 Fxlel AAL
trehalose7} &3 %+ A& HPIC (high-pH ion chromatography)& ©]&
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p

St £t T2 A Aelo] U= FAAR ¥ AEAN 3y A
[ HA 42 o AEANZLE Fu3 0,558 Q=237 R Zx2HE
$%% <& DX500 HPIC A]A®o)A Carbo-Pak PAl columng ©]&3}ed
B8l Columo24E o] £&LZ 150mM NaOH £foN 0~
250oM NaOAc2] FE71&71& ol§3led 30%3 &&dlglon, &=
&2 ED 40 electrochemical detector® AR} Trehalose X3}
& A P3817] ¢)3lAM standardE 2z} 500ng, 1000ng, 1500ng, 2000ng
Eo]9+= trehalose(1Y 4A,B,C,D)& o]&3}o] Y= 0.231X + 0.0946]
& @2l Trehalose pick7t WE71E Hels)y 9131 H§AAH wx
02 B o] == o 2000ng?] trehalosed Y £43 A3} trehalose
pick7} 24 24Z~48% zjolo] Uehte e ¥AstarH 2 46).
HPICE ©]-83to] ©HEA & ¥ ZAa} pSB-UTPSP HAARAe] ¢of =7 g
A2} pSB-SbeTPSP B AA#A2] ¢l 232 9 Fx}oJ A trehalose pick
7t @A Uehde ¥ASYI(2Y 4H,1,0,KLM,N,0) pSBI09-TPSP,
pSB-SaTPSP FHAAHA 2] ¢ =3 Y Fx}oJA trehalose pick7} LIE}
@S H{AStHAH Y 4P,R,S,T). 53] pSB-UTPSP 1 HAARA L ¢
ZZ 4l FA}9} pSB-SbeTPSP 1 HAAHA ] =20 N HPICE 0]}
o BF¥H U 3.6, 3.3, 2.3 ZZ cfYuF¥F HMuje- g I 4
Z}z}e] AA|F%o| 558mg, 51lmg, 425mgd 558ug, 550ug, 376ug2)
trehaloseZ} 52 E& & 4 A3 ol AAFH2) 0.1%, 0.11%, 0.09%

& 28k A& o 4 AUMdrh ol J|&e] 1o} Wl FAARA
ol B3 =Hogwl Zof ul3)] 1007} B A2o|5L trehalose FRA
FAA] AEA U ciggda] o |HAY 4 A3 @ Fx Y
ole MY F¥S FA UL HAstgct 2L} pSB-RTSP FA A
BAo] @ ZAo|ME trehalose pick7t UENLR] Qkgtth  of=
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trehalose ¥JA] LY UDP-Glucose?} FEAjols Qrhe RS ¢
4 ot 2¥ 40).

(A) Trehalose standard 500ng

my
1000000
o
§00.000 l
0.000+——*- —+
T o e e

tl T 7T
min 000 300 600 900 1200 1500 18.00 2100 2400 27.00

(B) Trehalose standard 1000ng
my
1000.000 -

500,000 -

et

LJNN U AN MU 2 N R NN Ay R A

T N 0 165 O DT Y AT T S
min 0.00 3.00 6.00 900 1200 1500 1800 2100 2400 27.00

(C) Tredmlose  standard 1500ng
mv

100,000 l

500000 k :
0,000 —

LI A A | T T

LD LRI GURGCHIR S T AL IR Lk
min 000 300 600 900 1200 1500 1800 21.00

S A
2400 27.00
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(D) Trehalose standard 2000ng
my l
1o00000] ¥ i
500.000- s
0,000 -
B R i i L e S AL S i ) S P et
min 000 300 600 900 1200 1500 1600 2100 2400 27.00
E) Noao-transgenic leaves
my
1000.000- -
500.000]
0.000 e -
A L A0 Do B NI S (AL AR Bt N BN EN A LB L LI, O LA I LSO S PR
mn 000 300 600 900 1200 1500 1800 21.00 2400 27.00
(F) Non-transgenic seeds
my
100,000 -
500000 -
0.000 -
AL 'l L l L T v T L NN B | LI .’ T T v 1 I LIS 'I LA BN J
mn 000 300 600 900 1200 1500 1800 21.00 2400 27.00
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(G) Non-transgenic leaves + trehalose 2000ng
my l
100000 ¥ s

500.000

0.000 - r ~F

mn 000 300 600 800 1200 1500 1800 2000 2400 27.00

(H) pSB-UTPSP leaves
my
1000.000

500,000

0.000 e —

A &) UL FRlaes il G R (L LT IS
min 000 300 600 g00 1200 1500 1800 21.00 2400 27.00

(I) pSB -UTPSP 1 sceds
my

1000000

500,000 ,l -

0000 —

LIS B L I I |

L LT AT A3 DTS W T W I
min 000 300 600 800 1200 1500 1800 2100 2400 27.00
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NesEH : A X 0F THHH

(J) pSB -UTPSP 2 leaves
my
1000.000 L
500000 l
u‘nnu-: i P
L T L] I L] L T 'I T T 1 L] T L 'I T LN 'I Ll L] L] 'I Ll Ll L) L I Ll Ll T
mnh 000 300 600 800 1200 1500 1800 2100 2400 27.00
(K) pSB -UTPSP2  seeds
my
1000.000- -
] r
500,000 l .
] [
0.000- Mo
mn 000 300 600 900 1200 1500 1800 2100 2400 27.00
(L) pSB -SbeTPSP 1 leaves
mv
1000.000
500.000- 1
0.000 e
S S
mn 000 300 600 800 1200 1500 1800 21.00 2400 27.00
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(M) pSB -SbeTPSP 1

seeds

v
1000.000 [
500.000- l

0000 o
LR Rl S ERAERELY (ERES A SEEE TR ) 50 SRS e
mn 000 300 600 900 1200 1500 1800 2100 2400 27.00
(N) pSB-SheTPSP 2 leaves
v
1000.000- E
500.000 l ot
00001 s .
LA M I L Zumr bt ) l LI L] I LI | I LA L2 e ) 'l LML B I AL LB I LA
mn 000 300 600 900 1200 1500 1800 2100 2400 27.00
(O) pSB -SbeTPSP 2 seeds
mv
1000.000-
500.000 l
E
0,000 A
L L R L AR (R ISR S LN IO S
mn 000 300 600 900 9200 1500 1800 2100 2400 27.00
149
N2EM: 2D Il HEgE H 24 S5/ SEF



(P) pSB-SaiTPSP 2 seeds

my
1000.000 .
0.000- .
i s B (I (R I Endi T FRCHE T
min 0.00 3.00 8.00 900 1200 1500 1800 21.00 2400 27.00
(Q) pSB -RTSP 4 leaves
my
1000.000-
500.000]
0.000 Rt |
T T o T e
min 000 300 600 900 1200 1500 1800 2100 2400 27.00
(R) pSB-Sai 2 leaves
mv
1000.000
500,000
0.000 ——— |
I NN T i, T il A i Gy
mn 000 300 800 800 1200 1500 1600 21.00 2400 27.00
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(S) pSB109-TPSP 8 leaves
mv

1000.000+

500,000 l

0.000- n—— —F

T

T T Ty

" T v
min 000 300 600 900 1200 {500 1600 2100 24.00 27.00

(T) pSB109-TPSP 8  sceds
my

1000.000-,

500,000~

T

0000 o

T =T

AL T —r

T T T
min 000 300 600 800 1200 1500 1800 2100 2400 2700

)
Az
1

% 4, TPSP FAAH A EANY B
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7. WUAPY KA =9 FARWHY FARLGE

LAY FARE =40 viee] FAABNEREH R FAE ]
B3tz Fol 4EDRS AT §F AYES HustaA} X Ao
AzA Ao AFE B3l Ful £33 =49 BHAIVA R Alth
A& ¥Ryt (Z 3). ¥R R Al Fxk= ¥ AeBXE
AT ARE AME o Folrt

E 3. 2 20MF ¥RE R FA 9%

I Plasmids Line | Rl seed R2 seed i
. pSB109-TPSP. 1 79 154 |
L 2 17 nz |
T 3 34 135 ;
— T - -
i 5 30 136
I 6 | 57 | 14 |
! ) .7 P 164 ’
| . 8 | o | 148
[ N A | 54 146
pSB-UTPSP. | 1 | 21 . 146
b i 12 45 | 136
. pSB-SaiTPSP 1 | 81 165
R S N S 1 153
I I R S I
| _pSB-SbeTPSP | 1 67 | 134
‘ 2 2 S . <
! R - I S -
| [ D T e e - Y
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synthesis by sequential reactions of recombinant
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Seo, H. S., Y. J. Koo, J. Y. Lim, J, T. Song, C. H. Kim, J.-K,
Kim, J. S. Lee and Y. D. Choi. (2000) Characterization of a
bifunctional fusion enzyme between trehalose 6-phosphate
synthetase and trehalose 6-phosphate phosphatase of Escherichia
coli. Appl. Environ, Microbiol.66: 2484-2490.

v o] ey WUR
EAE R (F])

Choi, W.-B., Kim, C. H., Jang, 1.-C., Seo, H. S., Choi, Y.-D,
Nahm, B. H. Kim, Ju-Kon (1999) E. «coli trhalose
synthase/phosphatase fusion gene expression in transgenic rice.
The International Program on Rice Biotechnology, Phuket,
Thailand, September20-24, poster.

th U et UE

FAZA )

153



NEEX

e

OF THeH HEE

Choi, W.-B., Kim, C, H., Jang, I.-C., Seo, H. S., Choi, Y.-D.,
Nahm, B. H. Kim, Ju-Kon (1999) Increase in Levels of Trehalose
Accumulation in Transgenic Rice Plants. ‘99 ¥ttty FAY
R 2¥3A, AdridHa, 1999, 10.29.

Choi, W.-B., Kim, C. H., Jang, I.-C., Seo, H. S., Choi, Y.-D.,
Nahm, B. H. Kim, Ju-Kon (1999) Expression of E. coli trehalose
synthase/phosphatase fusion gene in transgenic rice. 99 Ll
3jes) 2A &Y, &34 FArE|RE, 1999, 5. 20-21, TFUE

Seo, Hak Soo, Lim, J. Y., Koo Y. J., Kim, C, H,, Kim, J.-K., Lee,
J. S., Choi, Y. D. (1999) Characterization of a fusion enzyme
between trehalose 6-phosphate synthetase and trehalose
6-phosphate phosphatase, ‘99 ¥rTis3ats] &EAttec)y, &8 F
Ab2|RE, 1999, 5. 20-21, +FUE

Wu, R and Kim J, - K.' (1997) Strategies for producing transgenic
plants that give durable protection against insect pests or
diseases and show significant tolerance to drought, high salt,

or low temperature, Rri=3j8td] 7)274d, 1997, 10.19, AJ&rf
B4l

ELELE(IUW)

Kim, Y.-H., Kim, C. H., Kim, Ju-Kon, Lee, J. S., Choi, Y. D.
(1999) Construction and characterization of

mal tool igosyltrehalose  synthase-trehalohydrolase bi functional

fusion enzyme. ‘99 ¥tFEuty] Frtt&oiy], Adci¥am, 1999.

154

AL
|
H0
OR
O
oM
all



10.29, X AFH,

Choi, W.-B., Kim, C. H., Jang, I.-C.,, Seo, H. S., Choi, Y.-D.,,
Nahm, B, H. Kim, Ju-Kon (1999) Transgenic rice plants expressing
trehalose synthase/phosphatase fusion gene accumulate trehalose
at high levels. '99 VTEANELY FAYEH, ALK ES}
3, 1999, 10.25-26, XAFE,

Kim, Y.-H., Kim, C. H., Kim, Ju-Kon, Lee, J. S., Choi, Y. D.
(1999) Construction and characterization of
mal tooligosyltrehalose synthase-trehalohydrolase bifunctional
fusion enzyme. ‘99 TREALUEUY ZAUETIY, NS B
@, 1999. 10.25-26, XEAE.

Choi, W.-B,, Kim, C. H., Jang, I.-C., Seo, H. S., Choi, Y.-D.,
Nahm, B. H. Kim, Ju-Kon (1999) Trehalose synthase-phosphatase
fusion gene in transgenic rice. A 133 Al EAIHZIA XL, A
Soidta B3, 1999. 7. 15-16, EAFE.

Choi, W.-B., Kim, C. H., Jang, I.-C., Seo, H. S., Choi, Y.-D.,
Nahm, B. H. Kim, Ju-Kon (1998) Expression of trehalose synthase
gene in transgenic rice for drought resistance. ‘98 ¥UZEXZE

a3 2Atteoy, ALoitta B3y, 1998, 10.22-24, EAE,

155

NBEX: AR M HEE H 24 85/ s8R



M ez YANHMEY FHA HYHLS

A1d A A (d7ALe] 55 2 F84)

2 dFodEe 5 ZEQ wel MEAE A FAXE AL ¥
A7l 53 BEA WE U4 Aisitels UERES 23 4
g FiA g 4 e EFS AATHHY e &Fstax st
ot & AEe UYe) Y4 VY VNEIEY FIAE WA
AA WAl ME F)71 2z Yo S282Y U] FUiste FUA
Seo] PAY UxEY YAz Aed 5L $staxt siach

PP P AL BASHE F4LAA FNEIAES HolA APYeR U
gr g gaAuiA UEEALE 23 $HEE FuAd 5 sle
E3S FAZYHU WYoR FtAA} Arabidopsis MEIE /3
2} (phyA)E W2 rbeS TERE| S} &4-42] ubiquitinl ZEREE ¢
AAA ¥ FAAHR 2ubAQl pSBR3. 72} pSBU3. 7S Ztzt A RUAHA
fdslgct. o] ukAjo] ZHE v rbeS TEREE FAol 71 ¥
WhA dojihs ¥ o AN MEIAEFES 23 Fo|HLE 2
4320 WAL fsdle B3 %3 don SeqoM El™ Ubi-l
E_EEE‘i-‘—;- 2}H|2] exonz} introno] QAH o] glom &F BHAHU £
QA(E3] W)oll BAGe]l wxIg AlEe ARANAH FHIA MEIF
& HEY 4 g BJL AR drk o] FUANES H2A AP
§AAE Teslan ol7] wiio] FAARA] ALutA 2R ohlel, HE
A2 AT F A2 APYLS AxAZ ol J2E vdgFges
AAY 4 oo} AA Hdo] HLHUE ol o840l & Zolth &

¢
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5], A" AuAulA] A7 F2 AA o]8Ado] ol F & Zow
AZE At ol =%5Y A +¥Y FuE /X3 & Aolth
2 Aol A= Arabidopsis M| EIE -FAA (phyA)E 2] rbesS =
E2RE2} S92 ubiquitinl TEREE dAXA v A ANL &
utalQl pSBR3. 73} pSBUS.7& A3}, AgrobacteriumfE =9, Holslgd
oo ¥ PARHY J& FHI PARYY] BLFUE A tige
BHAAVANE HE, A2A Ay AFS Soho] FAAUAL) A 2A)
A3 E AF3ATL olot B2 AAE EUE £ dFoML yAA
BAEL] 9 UE 24& T3t PhyA fAx] U YaAsigdn
B4E W FAA[AY ¥ QoS HE genomic DNA U RNAE E&]5lo
Southern £4& §3l = FA2xHPhyA)E Helslgich =T Y7
o 9= Ubi-PHYA PAAY ] 13 (culm length) R 4= (plant
height) & &35l FUARA EHFPAL] M2y FHS FH3A

th
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o+ ZHEH HE S

Al AE YA A vectord] ZA| U FF Aol Nebraska T
3t A B 2|32} Center for Biotechnology?] Dr. Mitra 24=9} g
Y Zloly, Al FHelyPy dFEokd] HFE 2EQ 0= California
tha} Berkeley2] Peter Quail2] AHAZ} AAste A3t A3t
B7HE Y& olFel vk d& Hitachidy4e ¥EIAEF cirigl
Furuya 9fA}e] A& & Zolm, ojn] cloningd €7 MEIAE
cDNA®] A1-8-& 3 7hdstct

HF HEAE cDNALE Dr. Masaki Furuya (Hitachi Advanced
Research Lab. )& ¥ AIL&71E Wolon, tif 1 EFFE cDNA=
AYchetn PYUBAATYE AHRSFE VT elel NEAS AL
Dr. Peter H. Quail (University of California, Berkeley)ollA] A}8-&
Y Zoln, AL HEAA ErkA] M EIEF F8ALE cloning
gt

Promotor+= ¥zl & AFUxto]r AMR%I &= rbeS promoterd
Zt= pBYGOSRRS Alg-Rtch. HAABF 1x L2 ufriAle] 4™
bar geneol| 2]3A Yojil=t] o|RL bialaphost} glufosinate
ammoniun®} Z2 A A o] ANEHdE& zta slch

mRNA processing®} translocationg& Z7} A}7]7] 93} mEIE
SAzxh)oll adh (maize alcohol dehydrogenase 2 x%})2] 1'H intron
At viANE F/331e, visiMe 42 3709 promotere} adh 1
H introng ALEAz AAJsHA| YA EIEF KAAE FEH
o] shite] TEAE FAAL F 6712 visiAN7t TR o] FAAR o]
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€€ ot

2. ¥ ¥2
7h W B3/ | A Az

Ea]%) Phytochrome® z}z} 3RAW¥z} €22 Bo] UL K&}
7] $13to pBY605 &4IA] {2 Agrobacterium & utAo] ARtE L A
@ 2L HY Yo MUY oHolrt.

AdintA = H| 2] A 814 LAz}
acetyltransferrase gene (bar)& 35S promoter2} €7 FU3¥} plasmid
ol fXAY A& AHEY Zojtt

ri
rid

phosphinotricin

oW PAAE Q AEA A2

BEEA (G )Y AAE NUFE 70 ot 20% F2H}AF o]
£ AT N6ui R0l X ARiT) 35 wjdF AelAT) T
€ THA] 2NGul x| ol Alth wirsle] 43t 71E ¥ HAAH uiE o] &
L= 2

L23stAl Al A= WHa2E i
tumefaciens LBA4404-8-oo]] oF 3&37 @ Fof 2N6 IAul=] AJofA 3
d S¢F 35 wjgic}, 2% wiYg¥ WY AES cefotaxime(250 mg/l)
o] o] Q= HFSof B2 F 2N6-CP vfix|ollA ¢didefolA 352t vl
gyict.  uixlolN FSHAl Atk AelA A Fepx(1-2 m)
N6-7-CP uliz|ollA] ThA] 10437t idefoll A wjoddict. ¢kl wjx]olA At
U PYLES L3} x| (N6S3-CP)ell A, 2000522] P& Ro|HA
ujegtich. 2L AEAE ¢ 10 oo HAS o XEZ HAN 24
oflA] zfuligict.

2

& 7zl3 9l&= Agrobacterium
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=

FIHHH S8 W 24 =

HAAKA ] g2 ogrE DNAEE], southern blot WHOE

Ha] AT DNA 10-20gS F718] A HAZ AYStE o, of u)
3t 7l= Phytochrom f-AAIHE itAlolA FAehle HA4LE MFst
THE ¢ Zie SN AR ¥ A ofsil HAE M3 AR
gich, whetd e fAAINE Acshe Z42E FAAYP AHH
|AA7E FAAY FFolA HHER 9 FARHA ] LAPel=
fAHE AE 4 4 AU, HkA Dt ¢ ) H2 des B
2= =¥ 3-AAe] copy number& o 4= A HLEA transgene?]
AR mal oz} ¥AABAUY EAYLE ¢ 4 UA "ok

v}, Northern blot ¥

iz e Ha® AA RNAS o] 25} Northern blot Weg 2
2] A Holdg EMY 4 gk ol ¥y 4o #Ed /& 3
Z} 2 YBE probeZ AME-3ld Zt ZZFo] riyt in-situ hybridization
wyow AW, ME 88 @& FM5hs Zelth

oz fAx =9lo] YA FAAR v AEN = FAXY ¥
& %57 $lsiA H¥EHY phytochron ekt Aol ciyt FAE ol &
dlo] HAAR ¥ dx3o|H FEH AL tiY L2 jomunoblot
AEE TPt

Phytochrome 532} 4lelo] Held 7jAFolAN Fx&g & + o
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AAesEd:HY

ZI 10+ XH UK

£ 2 27 104ME dYsie] d2Po2E wuYL FEuTh
229 VAL SIS-PAGEOIA 7] FER F PRl 713 4t
F3x 3 VUL ENE A Sel AYHoE Wgshe
doln ZuE WA WS ALoTA 7zt A 43I WA A=

< Hurh

4, BAAR W Fof Y PEAFR

Phytochrome -F-Hzx} 4l @ ddo] HRIH JAJH ¥ 7INE o)
dor FAg SRl i sjo] APMo|N FAHARFAE Yol
A7) ¥ 24of o|Adta AEA FagtiAe] & W &4 FA &
Aol AEA F sIUE Feld g2l SHUEE EAFE ¥ Barstar
15§ Ro2 Asle] A2A AYYeE = FAAY ESAME LA
Qlgict.

flollA A1-8¥ 2 Suothern Blot I E EAIEF {3z}
& HIgoz N thg Atize] {Ax o7t AFHA doluh= A
& zARIch ER folM ARERE Western blotH o2 =QI|-3=}e]
Uy 9 EHsES HAgezA chgAuEY {32 dol W Uy
o] AFEA RAAHE A& AL

EARAAY iAoz Ho] W UHo] ¥ H© ZAMERH
CHEAHICl(T2) ol M ] BEARE #13le clege] Fa& Rt

Phytochrome F3x} =9 Wl Z9E & Whjoz 4dA %
AAR/EAE Yol F BEE UEI o]AES S4olA Aoz
o] 8le] A EA 7} FIHeETA e o) FUAR FHA 2 W
2] zlo|H & Wi uviolE 2RIt ol EHA H FHYPLRE U9
d&E4  (chlorophyll) %&F &3, HAREAY wol§ oMdF
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(wild-type) 2} ul@sto] 7171 2t FAE Uehle ZANE AY, 82
AYAE obIF2 ulasi Moz Foldt A Ay, Blue
acetate®] S28 Q143 1ug UFo] Fo| P UFE Fol
I Audes QAP P& F AAH 2EE ¥
(shade-avoidance mechanism)@4-& Z-HE3l= 7/IHE A'Ygict
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L]

Z"._'

A3d Ay 23

1. Wale] A3y FA= e @ &4 A3

NEIE A FAXE L2l R FAARE JUAE A3
218t 1xpd % o F= Arabidopsis®] W EIAE A FAX} (phyA)E R
352, B ¥IAARL UNE A AEo A 2AEE wiPAA
ol Ao o] &Y 4 AEF 3fHcTh

7h, WA g FAX JE

WAl ziu) 2 3Hd RHA}R Arabidopsis T EIE-S HHI}A AR}
odrl. &5 IEIAEFE A FHX} (phyA):= pBluescript®] BamHIZ}
EcoRI AIFtH A 2-9lo] clonings pPP800 plasmidE Y22 Masaki
Furuya group® 2€|, EX} Arabidopsis?] M EIE A -FHA} (phyA)
&= pBluescript®] EcoRIZ} Clal A3 A
plasmid& u]=2] California, Berkeley¢] 2l Plant Gene Expression
Center?] Peter H. Quail groupC ZXE ¥R3le] ARG

B Yo cloning® pAP3.7

Lo FAAREL
1) pSBRI =z
YNEIAEE RN ELHOZ WHAF|7] 84 rbeS ZER

BHE A2A AU |AANS 72 M® parker® X1 U=

Agrobacterium& ©]-&%¥ o FAAWAQ pSBI05e] AJAZict 4

ol& I8t rbeS T2 RE{E {3t Ql= pRN729} pSBI05 plasmid

DNAE Ztz} Zu|¥t ¥, pRN72 plasmidg A¥A A BamHlZ} Xbal S A 2]

¥t ¥ IMG(low-melting agarose gel)ZHEl rbcS ZERE HFE4¢l

FA% oA A3
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1.3kb Bamil-Abal DNA ©HH-& Ea|5}%Th. E§} pSB105 plasnidE T
T AVELE A4 Ae)sta ogh AL $3) pSBI05 plasmid DNA
S {elste 1.3kb BamHI-Xbal DNA ©HHZ} AF¥RE-S A7) 3
electroporator& ©]-83led E coli DHSaoll HAAY At o &
spctinomycine] XEE o] 9l LB wix|o] =@ F uvjotrlo) 12-144]
 FE st A7lolA L T colonyE-2 YM|ulxlef TiA] wuj
@3t miniprepste] FA W50l plasmidS £e]|5tAct. MEA
TEoll plasmid DNAS ¥Q135}7] 913l ALE L Smal-g o8l A
TxL Feh 24& A5 1.1kbe} 9.0kbE FAY 4= glglen o
= pSBRLo] e} Pl

r

v

2) pAP3,7-N, pPP800-N |2}

pSBR1 plasmid®] rbeS X ZRE|2} PinIl terminatorAlo]ol] Q&= %t
d ATHEA Xbal?} Notl F-9] ARo|ol| Arabidopsis$t 52 MEAE
A FARE AYAIZI7] 18- Arabidopsiset $Fe] NEAE A §
AAA}7} cloning® o] ¢l pAP3.72} pPP800 plasmido]] Aj2-& A|FH A
Notl §-21& vtE Wart lodch wield s E3E A F3=le] 30 Ukt
F-sloll Notl ATIAL H-9{7F EUE|o] &= 3’ Adaptor(THER)E
pAP3. 73} pPP800 plasmid®] MCS(multi cloning site)o] Ql& AFZA
Clal3} Sall §-%] Alolo] AANES B3l AUYAA AMZE Notl K9]
& gL ol§ 7t pAP3.7-N2} pPPB00-NE} B stelc).

3) pSBR800O |2}

pPP800-Noj| H|RYH A Xba 13} Not 1€ Hrlo] A3l IMGE 23]
3.6kbgl $F2] M EIF A FAAS £a]5lo] pSBRIO] AHIAA Xba
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b XH HH

I3} Not 1S A 2|3l ofste FAE AlA £t DA ©uz 443
& AlZc} o] & electroporator& ©]-&3lo E coli DH5aol FAAH
X712 niniprepdte] AAL Ag 4L F3 AFA THE
plasmide] YEIE FAXV} Efislo] S AT olFA B
¥ plasmidE pSBR800o] e} BBl

th. lbi-1, rbeS Z2RE]E o] &% Walxju] Aed F-3=e] |
P4

L4240 B2 bi-1 ZTERES} oM EalH rbS TERY
£ ofg] AEAeA o] A HE Z2REE A ok 59,
)8 #BA 3L 2o #AGle] ©AY AEY %1_}_31'01]*1 ZestA U
dite T2 REo|tl INEIES BZFHY _Ml(~=r*l W z=7)e Wy
of S wix] gdodA we] AxzoA WA A S5
Ubi-1 ZZRE|S} W2 rbcS Z2RE|E 22} o] 8¢ UANE A%}s)
ok

1) ¥ AAH
7}) pSBU3.7
Arabidopsis D EAE AR} o] Q& pAP3.7-N EatAn =2 R

B ABEA Xmal 02 HEGAIZ ¥ ok AL T3 FHE DA

HEL AMFA AL, HE DNA @2 rhA] Notle =2 HhgA|3

¥ low melting agaroseolA] 3.7 kb2] Xmal-Notl DNA ¥t¥ieQl I EIE
A fAxEE Fasigch o|¥A Fel¥ 3.7kb Xmal-Notl HEAF A
SA=H= pSBUZ. 0ol A XA Smaldt Notl-E ztzh Helsia oletE& 3
AL AA g DA izt AdukgS

HEA A3}

A2l ¥ electroporator& ©|
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L8} E coli DHS g oll VA MHRK] I miniprepdle] AT A At 2
A& B3 MEA ¥44E plasnido] MNEIE KA EYFS U
+ At oA B plasnidE pSBUI. 70]2} H 3l

1}) pSBR3.7

Aol et o] Eeld EIE A FHAL pSBRIO] AFEA Xnmal
3 Notl& Ztz} A3t ofghg FAL Al# £e2% DNA whizt a4
8122 A]Z ¥ electroporatorS o] &3} E coli DHS e o BAAA)
7|3 miniprepdle] A|FELA Axt ML Tl AFA ¥4 Y plasnid
o MNEIE ARV XYEo] USE FUsiAch ojFA B¥AEH
plasmid& pSBR3. 70|} W 5tr].

2) WAl A EE -2 gAAR

BHeNB S BRI Fr-EAY MEIAER ol HPeE U
Aoz YA WEEEE 20 o3gE FuAL £ U=
EFE FEIYAY WHLE §F3aAl Arabidopsiset ¥Fe IE
38 {F3A} (phyA)S B o] rbcS ZTERE|L} S442] ubiquitinl &
EEE QZAA ¥ ¥ ¥4 J¥|E SWUAQ pSBR3. 7, pSBUI. 7S Zt%
AMzZYAA Bgstact (I 1), o] itAle] EHUH W rbeS T2R
HE 3idel /M8 dshAl dojus He o z3A MEIAES
Z3 Boleog w2 &Y UL A=t §FE 243 ey &
oA BelH Ubi-1 Z2REE XA|Q] exon} introno] € ZAE|o]
Jdeorn 2§ RFAA (53] W BAgle]l ©xd A Ee] =%
oA ZY3tA NEIES WY 4+ A= FIJ & 7K Ak o 2
ubAjo] Al A A8d FAXE ET§st oY) wiel ¥ FAARA
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ANEEX: AT WM HEeg H =4 =

AUFRZA 2 ofz}, MBI A= A= PGS WE AW
EX 2 ALY 4 9on, B AA Yol ALHAS vl FEAEA
AzA o oy AYEE FxI Pol 21 BAFH X (=Y IR)

—
T
g 89 F & Holth

[:l Rice rbedS promoter (1 3kb) D Ubi-1 promoter (0.86kb)

fe5] 358 promoter (0.74kb)

% phy A coding region (3.7kb) m Ubr-1 exon (0.11kb) Bar coding region (4.59kb)
[ 3° pins? terminntor (1.0kb) £ usi-t intvon (1.01kb) (IR 3° ¥os terminator ca.28Kkb)

%Y 1. Schematic diagrams of the strategy of the construction of
pSBR3.7 and pSBU3.7. pSBR3,7 and pSBU3.7 are the expression
vectors to express phytochrome driven by rbcS promoter and ubi-I1
promoter in rice plant.
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7}. Agrobacterium& ui7|NEF v HAAH

HolA HE8E SIS o8 FAAR UYL 1, 2x} MhiAlE
B AFA SAdstA =gt A AE 250 mg/ £ cefotaxime} 4 me/ £
phosphinotricino] X¥IE N6S3-CP |23} wix|& &7 16/8x|3te] #
F712 25T ¥ vl e K231, 987iAI rbeS-PhyA
FAABAL} 13709] ubi-PhyA FAA[AE HHIATH (F 1).

X 1. Efficiency of rice transformation by A. tumefaciens.

N; of et et et e
scutellum-derived calli Plants produced Herbicide

Plasmids Experiments calli Produced BarR cells on regeneration resistance
medium plants

First Second

selection selection

ubi-PhyA 1 135 75(55%) 37(27%) 1 1
2 200 104(52%) 58(29%) 1 1
3 131 59(34%) 23(18%) 3 3
4 123 45(36%) 36(29%) 2 2
5 555 165(30%) 85(15%) 6 6
e 1144 448(39%) 239(21%) 13 B
.;bCS'Phy 1 204 130(64%) 30(15%) 39 39
2 250 131(52%) 50(20%) 33 33
3 295 159(54%) 63(21%) 46 46
749 420(56%) 143(19%) 98 = 98
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3. ¥AARY YAAHAY 7Y
SAARH o] AEAY AM2xA AYY 2A

2 dFoiAe Ay uAEA A2xA AYY {FAAE ARSI
o] dutQl $A3A My faxtehs de] FAFH YoM =
2] wjgA] AL FFEAAY Aubewt ozl HA ARH AEAN 4
FoME AU £ Qe AAL FX L o AEdolA driEe] 2
23 HE 240 3 @3t 712 F AxA] Ayd 2B S AR
th B3 AR/ o AEAY AxA HPPS AR 2l AFA
zhof el A2 A|Ql Bastad 0.5%(V/V)2 3 A3lo] AlgsiAc) =7

= ¥A ARAIA] G YN E AMgstdrt. ARzt she o
8 T siet B Ee® EAJRE the 0.5% BastaE ¢lo) dH, ¥H

o] ZIF HIE ¥ 159 Hol TG A3} 2P Qo] AMoE n}
223 AE i, HAARAE ojRd WIE VY Y 5 AT B
o] 254 Q8 $x|stert (¥ 2).

Hx3 daday

% 2. Test of Herbcide resistance of transgenic line.
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b XHBH

4, FAAAAY A UH £

FHABA L] DEAFY UPSYE western EH 08 HISYTL
Y EIE] FAAVE HE 2¢ F¢ ¢ Aegen oo tiRFE n
FAA/AE S z=dolA dAe sigch. 4z AR 0.522) S
GA Ao G th HRAPgelA uly ¥ 3 1.5m12] & HHFAS
o|-&8le] i F&3tdrt. Abduwd 9 ¥ikg A ¢35
d&4ollA 1212 St rocking 3193 4T 11,000 rpol 2 1587 o
AEelste] dF5dE AEE ARgsigch ZtZe] A 100ugE 7%
SDS-PAGEo| A} A 719 %3819}t o] ¥ PVDF membrane(Milipore Cat#IPVH
00010, 0.45m)L.2 transfer 3}7] ¢ 3l electroblotor (Hoefer
Cat#TE22) S ©]&3}e 150mAojA] 3A]|Zt F4¢} electroblotting 31Tt
FEURTEE oYY ¥ RokE 74T TEEO] ¢l MSulix|elA
7€ the ¢l L WHeE F&31 AHE3IArh Iomunodetection
< 93] AME-% primary antibody: WX #=Y MEIAFS FA
of ¢lAl3}= 073D¢} WA M EIFRE AdASK= 1.985A(n]= He]ay
o} th¥H(Berkeley)®] Peter Quail FT4ZHE HoE AlL3tQiL
secondary antibody:= Immuno-Star Anti-Mouse Detection Kit(Bio-Rad
Cat#170-5010)& 938} alkaline phosphatase’} &l Anti-Mouse
antibody® AM8S}e]  x-ray Wiol 'WHAA Justach 07302
anibody& ©|-8% ©hA Wy 4743 P4 ciRFoME 120kDag]
il do] {AF AR PN BHE YA bande Hul3A
120kDAS} ¢huizlo], HAAH A EAo)ME line 4, 7, 12, 130)A
118kDa Arabidopsis M EZ &L WH & wA Uepgton wid,
line 1, 2, 3, 5, 8, 9, lloAdE ¥ $&o] WA Yelutrt (24
3). 2L} line 6, 100M& HEAFE WHol HA=A] Ygith =
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3t o]Ee] o] arabidopsis® IEIFUL HAI A
monocot/dicot:& BF Q143H= antibodyE AMEY APl B8
ZFelAqut chaae Ue 4 qlgich o|2XE FAAR woA:=
X 3}H 02 arabidopsise] NEAFo] Ao 2 UAHS ¢ 4 A
th $1¢} 22 AY ZZ ubi-phyAo® UZY pSBU3.7 HHAS] B
AAGA AN B o 2 YA

ED‘\1234567 E89101112130

3% 3. Immunoblot analysis of phytochrome extracted from WI and
RO tran.sge:;ic. rice,
E : Etiolated rice seedlings (7 days)
DA : Dark-adapted non-transgenic rice (2 days)
1-13 : Dark-adapted transgenic rice (2 days)
Indicates U1-U13 line of ubi-PHYA transenic rice
0 : Purified oat phytochrome A
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b HBH

5. HAAH 2] Southern &4

13712] ubi-PhyA A AF v{e] Southern 4] whHz} Z=dstA 26
18] rbcS-PhyA B HARAE Southern £4& 3Tt FAARA
g P AJRAZRE EHT 0.5 g¢] JRIE YA Lo dF Tt
gRpabgat B& ol-8ste] mpisti AE genomic DNA #e] £l
DNAzol®ES (Molecular Research Center, Inc., DN128)& A3}
genomic DNAE £2]5lgt}t. 10 ug®] DNAo] EcoRIz} Kpnl AZtFEAE Zt
Z} ARERE A HESAE 37C wid7lolA 12412 HESAlA A F
ChAZ1F o5 1% agarose gelolA 30V, 13A]7 B¢t A7 EAA &
2]l Alzith. =219 DNA ¥HHS X35t Qe geloll HCl X 9 NaOH
AHelE 3 ¥ odZg| capillary transfer WH 22 nylon membrane
(Hybond-N+: Amersham)© 2 X2l ¥, 2X SSC BoojA] BHANF
9l prehybridization €ejA 3A1 ¢
prehybridizationA]Z] ¥, Arabidopsis WEAE KA 5° wg
1.1kbe] DNA RZ}o] Ladderman™ labeling kit (Takara)E A}&&}od
[32P]1dCTPE labelling¥} DNA probe& prehybridization &<joff A 7}3}
o] 48X]Zt ¢t hybridization A]ZTt}. Hybridization® membraneg Al
HRoo g 23lof AX MASIL X-ray filmol] =2A|Zict

ol Az 2E HAAAANA 3.1 kb 2|t} BHEE RoE

Hol Arabidopsis?] ¥EIEo] EYUH FHOS=T rlejudcrl.  rbcS-PhyA
HAANANE % R47, R71, R73, R79, R80, R815-2 1 copyd] M EIE
o] R84, R85, R43, R45, R35 52 2-3 copy?] I EIFo| AU
B, R4, R5, R6 Ho)A = rearrange® ZoZ BTl (I 4).

salmon sperm DNAZ} o]
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pSBR3.7

PC NT 12 42 43 45 47 4 S 6 13 35

23.1-

I NT T 2 BH B % T B PO & &8 8 & &
IXXIX IKRKRKRKRKRKRKRKRKRKRKRKRKRKRK RKRK

1% 4., Southern-hybridization analysis of RO rbcS-PhyA transgenic

rice plants,
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6. W EIF(ubi-Phyd) A APAe] TP AL ey 54

g IEIE FUAVAENAN Uehts 713 dursed 3o
Aol HAIRHAY 7171 Folx= Wako] oz PAAUANE B3] &
g} vt £ dRAE old F4E | 4Y¥sjo) Y=
ubi-PhyA EAAY w2l 3 (culm length) X 4% (plant height)&
35Tt MEAEL] YUl H&FF 4£F 1 1y ol A
UElKTL Southern ¥4 ZAENE EFA group HE 43 QU 3
< Uehd ZzjolA B Western #£4 AzlolA MEIF WHo] &2
AetollA] ZHold] A2 F=7t A Yelde ¢ 4 2t

7. Y E3Eo] £UH 1 ubi-PhyAl2} rbcS-PhyA2] R1 Ex} ¥y

ubi-PhyA2} rbcS-PhyA2] B AAY v 24E R $AE 2MFsidon
(X 2-1, 2-2), ol ¥ ¥ AT+, YL 5o T4 lineEL T
g} ol ¥ SRt
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NEEH :

¥ 2-1.

Summary of expression level and copy number of PHYA

transgene, herbicide resistance and seed recovery of ubi-PhyA
transformants,
PHYA transgene (R0)  Herbicide
ubi-PhyA resistance Seed
Transformant in R1 o S
Expression Copy # R S R1 R2
generation  generation
uL + 2 18 10 >0 15
>100
. M 15 3 >100
U3 + 1 16 6 35
v + 1 2
- * 1 10
ué ND M 0
o e 1 14 4 25 7
R . 1 :
v + 1 16
u10 ND#x M 0
Uit + 1 15
_ue tHt 1 1
u13 e 1 16 4 00 8
% Multicopy gene integrated
%% ND : not detected
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H 2-2. Summary of expression level and copy number of PHYA

transgene, andseed recovery of rbcS-PhyA transformants.

h PHYA trénsgene“

! PHYA transgene

rbeS-PhyA (RO) Seed rbcS-PhyA (RO) Sesd
Transformant l-i_)trii'éss-ion Copy _Rl ' iTransfomant E}iﬁr-ession Copy R1
# generation | # generation
R4 1-2 45  IR75 NE
RS 1-2 |R76 NE 40
_R6 1-2 | R77 NE
R12 NE# 90 !I R78 NE 8
" I
R13 NE 55  IR79 1
R35 2 20 |Reo 1 12
“Ra2 NE % |ret 1
R43 M 73 RS2 NE
R45 M 50 R83 2
RS3 o+ 25 ‘|R85 2
RS5 . 100 | R86 NE
. R7L 1 16 [ RR1L NDs 17
| 2 P
R72 1 20 |RRL » 221
o |5
R73 1 l, RR1 ++ 150
I 6
R74 NE 30 !! RR2 ND 212
‘5
s - s T r e ——— -
% Multicopy gene integrated
¥ ND : not detected
%%k NE : not estimated
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8. RLAITIolN BAABAS] 24
7. Aam AMNB At YAABRAL F4

JESE YAABAE  deacfisn, & AT AF, 7B 23,
LA 5 ofd WAES wWlel tigt @77} oln] oigl AEMeIA
BEel gt & A7} USH wi-Phyd FUABA iR
dvarfisng ZHAs}7] i3] AP Q AFAPe] Q@ v ¢ =23
U = gt AAE Azstel YAARY Aoke] Popx] el Tit Hal
o] gag thz7e} wlasiel Yotuglct.

o] Az} MEATo] WARBAIA He) Polzt thETo| ula
A2 9 QAR Nz BN BB, YHNB ANeolA
Zole] 44 A= Hol7t ZA etk

U, Az Agd A BU R A FAARAL E2

242 &3 99 uwi-PhyA ¥ rbeS-PhyA BAAY o] A2A 2
28 B3 B AMriold 2eulE Rt} (Table 2-1, 2-2). HUL A
N4-2] Aol &5t 1 copy FAABANA 3:18] FeulE Bt
ol Pl dE EAe AJE FAAWA Heug BUSHEEA O
2 AT AANE E 5 g Holth

9. R Altiolld MEIE FAAVAL] Ud 24

R #otolla] HAAR wEIFY AW BEE AN fANA
Vestern BM& 48steich NEIE YHo] $4351A B H lined}
obgEle] © Hotg HAL WAURL 25L ¥ 4 me/t
phosphinotrisine] Eoigle Msujxloll X4 &t idellM 742t Fl
& ¥ SEE HelM western ¥4 st 2ol AR 0.5 g9
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U & wRpAbRol A ANALZE FEAA ulA F 1.5 0l F& #F
o [67 mM Tris-HCl (pH8.3), 93 mM (NH4)2SOs, 7 wM NasEDTA, 20 mm
sodium metabisulfite, 33% ethylene glycol, 0.1 (w/v)
polyethyleneimmine, 4 oM PMSF, 1 ug/mL leupeptin]& o]-&3}e ©hy
A F&olgcl. £2E ARE & SolA 1AL 5 rocking 3%
3, 4T 11,000 rpno 2 1087 YAEsl] AH5UL ANEE 283
gl Ztzbe) kA 100 wgE 7% SDS-PAGEO|AM A 7)gF8laL, PVDF
membrane (Milipore Cat#IPVH 00010, 0.45 mm)S & transferd}”r] ]3|
electroblotor (Hoefer Cat#TE22)E o©]&3led 150 mAolAM 3x]3 F<t
electroblotting 5}¢iCh Immunodetectiong $I3 XF&3¥ Ux} A=
izl gxtd NEIEES FAlol JAsH= 073D THAE MEAE
o} Q1A]&}= 1.9B5AS um|X 72| XEL]o} t]¥} (Berkeley)®] Peter Quail
242RE P4 Yol AMEsIAR, ol Al Immuno-Star
Anti-Mouse Detection Kit (Bio-Rad Cat#170-5010)& F%i3}od
alkaline phosphatase?} @@ Anti-Mouse antibody& AF&3}o] x-ray
"ol wRAA wasiect

o] Az} uIPAAY vio]A Rt FAANRA A FEIFY W]
wA TASArh F3) U013, U1 ubi-PhyA2t R15, R16, R47Y
rbcS-PhyA HAABA A £ ¥EIFo] A UYUHI Ut} (2
¥ 5). = TR/ gAY NEAE BFo HolFHLoE HgSh= 073D
mAb2} Tty I ETEoT FHo|H o g WHgEH= 1.985A mAb2] W3 2
2} A YYEE WNEIES Arabidopsis®] VEIEC] A UVFH=
Ao velyrt
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10. ubi-PhyA, rbcS-PhyA 3 A A3y 84
7t At o (BHF)

Z} line @ 300709] #|or& PetridisholA 25C wljg7]elA 3HF
ot AF A]70 ¥ 3WM paperS 7t petridish® &7 2U3 WolE «
=3t (& 3).

N
o ™

| 1
NT U13 UI-2R12R15R16 R25 R4

3y 5. Western Blot Analysis of wubi-PhyA and rbcS-PhyA
transformants in Rl generation,

NT: etiolated nontransgenic rice seedlings

U : etiolated ubi-PhyA rice seedlings

R : etiolated rbcS-PhyA rice seedlings

073D : monocot/dicot phytochrome reactive monoclonal antibody

1.9B5A : monocot phytochrome reactive monoclonal antibody
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¥ 3. Planning of transplanting wubi-PhyA and rbcS-PhyA

transformants in rice field and pots.

f ubi -PhyA l‘ rbcS-PhyA

|
i R1 generation : R2 generation : Rl generation | Rl generation F
|
|

iField Ul 20 Field Ul-1 20 [Field R71 16 | Pot R77 5 |
s vz 20 | -2 20 ¢ R72 20 | R78 8

u3 20 | U1-3 20 | R74 20| RS0 12

| U3 20 ‘ Ui-4 20 | R76 20 |Field RL 20 |
I Pot Ul 10 Ul-6 20 ! R79 20 R2 20 |
i U2 10 | ul-7 20 | R82 20 R5 20 |
I‘ U3 10 | ul-8§ 20 ! R4 20 RS 20 |
i Uus 2 | Uz-1 20 . R12 20 R 20 |
: u13 10 ¢ uz-2 20 | R13 20 | R12 20 |
: | U2-3 20 | R42 20 RI3 20 |
J | U4 20| R43 20 RIS 20 |
i | Pot U3-1 3 R45 20 | R16 20
i i U3-6 1 i R47 20 | R25 20 |
| | -1 3 | R52 20 R26 20
;' . u7-2 4 | RS3 20 R32 20 |
| ; u13-1 4 | RS54 20 !
! | U13-4 4 ! R55 20 I

¢ Total number of transplanted seeds
1) Rice field

ubi-PhyA : 15704] x 20
rbcS-PhyA: 2975 x 20

300 seeds
580 seeds

2) Pot
ubi-PhyA : 61 seeds
rbcS-PhyA: 25 seeds + 145 seeds (297HA] x 5 seeds) = 170 seeds
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ANESEX :

U A aF(EE) 3 SE(FH)

Wold REE 6X129] Fo| = FRYY =8 FS AL ¥ &
& FE3] FAo Fol thHAA st 4 F F 91 Aok YA
< o] 83t &A Mk AR AL A 3T S F 24

22 &A 17T ¥ I F Eurje] A} A7 JRE F|Hcl
(2% 6).

th, 27|

oj3l BRE ZAEtiYa Z3ol 30X17 am TFo= 7t ¥ =Y
EUZ1E stddct. 2 lined 20718 R& 71A shuby Aodx, 20746
Rulxle Aol ARE Aol 83 F Hol& 4t (¢ 6B).
EZ 2} line ® 4-5 712] BE B4& 93] XEo] 4o Fdr} (29
6C).

. YEAF BAARA Y xugA 423 54

48 MEIE FHAVAEAA Uehts 71 9iEd 231¥ 9
zol= FHAAR/AY 7171 Folxl= BAto] Bagnt glct. ole} T2
ool MEAF FAAH oMz & Yeldz gt B dyodM=
old §4& HHstAL Y74 = ubi-PhyA, rbeS-PhyA BAXR
B{¢] culm length, panicle length W plant height& &3Astgct tl
B og WE o] B U13, U3 linex} RI5 lineolA u]¥AAHA <]
70-90% H X2 plant height& Rgtt. E§ 7|7} 2ol WAL ¥
EAFY U¥e] £S5 IA Uehte 2208 Hol MEAFY] WY
S AL VAT ALE & 4 UTHaY 7, 8, F 4).

ERF FHABA Y] 24717 kolA L AEAY F7T €AAS KA
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b XH BH

tlh, 53] U3 line2 23, U3 54, UHA| lineolHE 24U FEE
E5 A7I7E A Yeldth o] =X MEIE FHAFA AN vl
£ JiElA) 7] wHEel dAUE e AR U13, U7, U3 lined|
A 4 "3 F7tE BHY 4 ddch

ot . = ?‘:‘:!’Aé%:"‘%ﬂnw =

% 6. Transgenic plants transplanted in rice field and pots.
A. One month-old transgenic rice plants transplanted in rice
seedbeds. B. Transgenic rice plants transplanted in rice field. C,

Transgenic rice plants transplanted in pots.
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cCt
=

% 7. Phenotypic traits of transgenic rice plants.
A and B ; ubi-PHYA and rbcS-PHYA transgenic rice plants
(R1 genetration) in rice field
C and D : Panicles of ubi-PHYA and rbcS-PHYA transgenic riceplants
E i UI3 ubi-PHYA line
F ; flag leaves from Ul13 ubi-PAYA line and WT
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3% 8. Plant height, culm length and panicle length of transgenic

rice plant (Rl generation) grown in rice field,
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¥ 4. Summary of ubi-PHYA and rbcS-PHYA transformants.

Herbicide resistance

PHYA transgene (Ro) R, Ratio of transgenic rice plants to WT plant

Transformant Expression level Copy number R S Culin length  Panicle length  Plant height
Ul + 2 22 4 093 0.96 0.93
u2 + Me 22 4 095 0.4 0.95
u3 + 1 12 3 0.83 0.87 0.84
ul13 +H+ 1 12 2 0.74 091 0.77
R9 ND** ND 25 4 0.39 092 0.90
R13 ++ 2 23 3 0.88 0.73 0.89
R15 + 1 19 6 094 1.0t 0.95

12. BAAR vie] )

FAAWA Ueld ¢ A& o Hole AAFII M=ol =Y
ol WHd MEIAFS FAVE Uehle vE WEY] S30A4 e
Yaolth. olF i &4A71e ¥ Jo2RE AZE sta
PAAY Y $&F o] §sle] A& AZTh o] F R472} RI lined
9, 25719 =elgdE |t (28 9).
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NEEX :

I

b XH bl

%! 9. Rice seeds produced by backecross,

A. rbcS-PhyA (R47), B. rbcS-PhyA(R9)

13. FAABA2] 2 AA
7}. PhyA HA AR v A 2A AEY S5 F¥ homo, hetero,
recessive line A%t

Y Aot AZxAIL $RH wixo] Xdslo ol R EF Al
E Baslo Homo, hetero, recessive Line Awslgict (& 4). o] 2
ot 4= YAABAe] FAAE uiYeRY data £ A,
transgene copy 47} HIL (1-2 copy), UPEA &S JFAAVA=
ubi-PhyA lineoA= U1, U2, U3, U7, Ul3 line& Ad¥siadx,
rbcS-PhyA lineolAJ= R12, R13, R16, R47, R73, R74 lineZ Awy3}ad
o ztzte] lineo] thd}e] Homo, Hetero, recessived 41'dsle] X3}
Azistect (& 5).
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NEEH A

A B HEE H 24 =

Ll #] ot wlo}
2} line & 5007]12] M ok& culture tubeojlA] J}FF AFA|Y
¥ 3WM paper7} Z3 A petridish® &A 2¢3 PolE f=3tadch

th A IE 9 |8

wold {RE 6x12¢8] Fo] Y FEI 28 FE JIF A
& F B 83 3 &S Ak 4 & 2 vy HokE UAS
o] 835l A H2 F AN 3% Flsrh 3FT 24N A7t
2E o9 A ALINEF 24 oM 1% o Flslen, 27
of Ayt A2 BE 4 4+ AT

g, 2]

o RE ZAEUga Yol X3t =0l Z Lined ¥ E7|A 2270
AE 30X 17cn PALT X Azstdrt. delm, 2AA THE
line2 2= & o] 73 WHolg 433t

of. 49 ¥

BuU7] 105 ¥ gaA38Aet v g AARA Y &4 U (Heading time)
S Yelsigch, FAAB|AVL v|PAA[/A Bop RO 3-2¢ &
4 X717} wieg] Ueiytch. E3] U3, R47, R74 lineold 3Y wiE &4
do] BPX|R Z} lineo] BF ¥& Al7l& H|HA[A|L} Zo] SATL
U13, U1, U7, R12, R13, R16, R72 lineolAd= H|HAABA9} 2 A
718] &4¢do] Uelgen, U2 lined 2¥ A UEluten, 53
multi copy?! U13 line?] -4 u|¥AAHARC} 2d £A &5dol U
Elton, RE AV} 45w A7 uPAABA £ ohvze} o
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£ PaAAFARC} 30 EA Lelyich

X 4, Selection of Homo, Hetero and Recessive lines by Herbicide
Test
Transfo " Her}l:lclde resuitsance U]z
A 39 3 H
F 38 4 H
U 0 123 9 R
S 38 | 4 H
A 42 0 H
iz | K 42 0 H
i 7 35 R
F 31 11 h
il 8| T4 H
R16 F 38 4 H
D 42 0 H
MR |19 T | ®
AL 40 2 H
R72 1 B 40 2 H
g L 42 B 0 H
H 41 1 H
AT T T T

* AN 427] F AYAES Uehd= X ot 427} 38~42 7] (H : homo),
(R:

30~37 7} (h : hetero), 0~29 7}

O THEH HEE B 2N |

4

==

0

o
o
gl
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X 5. Planning of transplantation of the ubi-PhyA and rbcS-PhyA

transformants in rice field

SR} M NS H =

/8

Line Homo Hetero Recessive Total (50
Line)
= 6
4°(u3) G,0" e
5(U13) FR.Q —— 3 =
6(u1) AF,S R3 p -
7(03) TKL ...._3
7(U13) 0.P.0 ; _i
15(U2) A,S.K 2 ey
18(U7) Q,S— - e 2
 19(R72) A T e
20(R74) D.K.H ; ;
32(R47) A,D c - = _
43(R12) AE F e )
44(R13) AH . s
46(R16) ALF.S . .
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14. Phytochrome B A¥A] EHPW} Y|y & £4

X271 ¢33 Phytochrome FAAJFAEoA Uehhs Gt
FEgAY Hed 5L ¥ A¥AY 771 Fopdrhs Folrt. 43
UE dRoxe} o] old A AWAY BEE B, ol¥A ¥
g oz FoE JI7t APl nxlEs ¥E Yoty s
ubi-PhyA, rbcS-PhyA A AH vje] plant height, culm length,
panicle length B Ztz}e] lineofr 500 seed weight, tiller <,
total weight(2}Z} line&] AA] seed weight), seed number/tiller&
At&slo] Bitsk(Yield) o] BAE 431t (R 6, 7, 8, 9)

7} Wbi-lined] EHYP AL ey EF

Ubi-lined] EJY AL Az)d EF2 u|yAAMAG waside
o] Plant height®} culm length7} 72~8%%%2 ZIAEglonm, K3
Phytochrome?] 48&o] && U3, U3 Line® plant heightolld ztzt
73%, 88% 12|31 culm lengthol M Z}Z} 72%2} 76%2 ZHE ubi-lined|
TIE HAABNECHIO~94%) 717} Folx= AL B 4 UATHE
6, 1% 10). EZ panicle length® ZAFcCt (27 124). EXH
o] A2 ANgd HAES3 S B 2 Eelu|§ YobRlrh Homo lineo]
M Axa] Aol UEelLten, hetero line?} recessive lineod A&
3:13} 1:12] £ 7t Uetydcl (& 6).

Grain weight®} tiller 48 RAI%F A3} H3] U32] 7J lineo]A
tiller number7} 2172 v]PAARA L] 14.37) Bcl U2 A& & +
olejom Ul U2 line(60 line: 14,5, 15A: 17.4)0llA efzre] F7H&
Heoioh 2|3 5007 Kot BAE rhREe] ubi-linedM F713le
o, U3 line (13.602g)2 wiRAMTAN(12.094g) BT}t 1.5¢ o ©Weol 1t
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St (E 7).

a3, PAAHA L seed sized H|PAAHA 2} v

ste o IA ZAY ez Uil 53] U3 lineo] 7HE IA F7t

Eact (28 13).

X 6. Plant height, culm length and panicle length of the Ubi-

transgenic rice (R3 generation) grown in rice field

Ratio of Tansgenic

Line é”e" bicide lfelia;htt 12%%1 Pl?nigcgt? 2R AL B2
' (cm) (cm) (cm) Plant Culm Panicle
_ height length length

WT - - 93.87 73.34 20.55 100 100 100
GG ++++ 89.03 7103 18 9484 96.85 87.59

i 60(R):§ - + 85.82 68.09 17.59 91.42 92.84 85.60
15A(H); + + 84.99- 67 “17.96 9054 9136 67..;19

" ISQ(R)g + + 86,13 67.3 18.8 91.75 91.76 91.48
UG -+ e+ 69.32 5282 165 7385 72.02 80.29
U3 40(h)§ - + 73.81 57.48 16,33 78,63 78.37 79.46
7J(h)? - + 83.23 65.8 17.43 88.67 89.72 84.82
VI3 5a(h) | - + ¢+ 76.35 56,631 20.04 BLIM 7678 97.52
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X 7. Tiller number, weight of 500 seeds, seed number per tiller

of the Ubi - transgenic rice(R3 generation) grown in rice field

Grain Weight

. ‘Tiller 500 seeds Weight/ Seed num/ Seed num/
inumber weight(g) Tiller Tiller 7
wT + 14.3 12,094 2.19 90. 54 1337.0
eAM) 142 1L98 193 80.70 11220
o 60(R) ‘ 14.5 12.051 1.47 60.99 782.5
15A(H): 17.4 12 6'4I7m 1.70 _ 67-21 _ 1164.0
. ISQ(R); 14.7 12.7 1.95 76.77 1136.2
G(h) 10 13.602 108 4134 4985
U3 40(h) - 14 13.533 1.34 49.50 779.6
7J(h) 23 12.645 1.41 55. 75 1083. 4
M3 100h) 134 12.650  0.87 3439 M6.6
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culm length and panicle length of the
193

Ubi-transgenic rice(R3 generation) grown in rice field

2% 10. Plant height



L}, rheS-lines] XV YA Pe|3 &3

rbeS-line2] E@ AL Ae]y FHALZ ubi-linedA] RojA plant
height2} culn length®] &olFo] ulad zhabxlut, wigAABA} ]
25+l w plant height®} culm length7} 90-97%% ZtAs}oic}. H3
R12, R13, R722] Homo lineofA] u}32AA#A|2] 90-92%371 2 FeLudTh
(X 8, 1§ 11). rbcS-1ine?] panicle length:= homo linediAl= H|H
AARA 2} vlad TL AVIE VEIWoH, hetero W recessive line
M Zasiglct (23 12B). 22|31, ubi-lineo X8t U7X 2 =
Y el wof] AMExA AR AEL Tl I EE Yot 2
3 Homo lineofAl¥= 2t line®] A siMjoM AH2A| A%go] e R
2 "Hx9Jon, hetero lined 3:1¢8] v &E €}yl O, recessive
lineol s 2 lines] A Anlold M2x APde WA 4+ gglch
(R 8). HAANANY grain weight$} tiller 8 RAIIH LW, rbeS
BA] lineol A v]FAABANY tiller numberBr} 2 AE HAY 4
aladrh. 2au} 5007 seed weighte] 7-¢ n1¥ A AA|(12.094g) Rl
glo] Uston], seed weight/tiller, seed number/tiller ZA} ZAz}
R12, R13, R16, R47, R72, R74 lineolA| % tiller % seed weight7}
RE Z71 ¢ A& B 4 993, AWHO= Homo lineolX UEIGITE
delR, RE rbes-lineo A BIYAARA BT} seeds sizert ¥ A7
Ueluton], 55| R12, R42, R72%] seedso] H|FAA[/A] ¥cl o &
seeds size§ UERNAT (Fig. 14). R12% Homo linez} R472] Homo
1 recessive lined I ZAAMA(90.547)2] seeds number/tillers
vjzstee m 24z 102.8570, 95.9671, 96.6670E © wuo| Uehitcl.
a3} ®7] o seed number: wild type2} H|3FlE S wi ¢ W2 4
§ HolE lined YeRA] elsgict (X 9).
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¥ 8. Plant height, culm length and panicle length of the

rbcS-transgenic rice (R3 generation) grown in rice field

: Ratio of Tansgenic

Herblclde Plant Culm Panicle __rice to Wild type

. test height length length Plant Culm Panicle
R helght length lelg_q_x__

WT - --- 9387 7334 2055 100 100 100

Line

43E(H) + + + + 8812 6756 2056 9387 9212 100
RI2 43F(h) - + + + 8538 6633 1926 9096 9044 9372
C43G(R)- - - - 8897 695 1974 9478 9476 9606
44H(D, (Vi 4 v 8754 681 1044 9326 9286 9466
MR- - - - 8791 6897 1894 0365 9404 9217
HBSAD + + + + 9493 7424 2096 1011 1012 1007
SER): - - - - 913 713 1993 9726 9122 9727
JDH) + + ++ 9574 74 2093 1020 1009 1018
RA7 320(h) |+ + - - 9462 7491 1971 1008 1021 9591
2G(R) - - - - 9086 7L1 1977 9679 9695 920

19L(H) + + + + 8.1l 6752 1958 9280 9206 9528
R72 19K(h): - + + + 8676 6773 1903 9243 9235 926
______ I9C(R)| - - - - 9188 7309 2017 9788 9966 9815

JOKED -+ v+ 08 TL5 193 9673 9749 9392
WUR) i - + ++ 8931 7036 1895 9514 9694 @21
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X 9. Tiller number, weight of 500 seeds, seed number per tiller

of the rbcS-transgenic rice(R3 generation) grown in rice field

Grain Weight

e g0 et Vg Sesdn Sesg
WT 1425 12094 219 9054 1337.0
BEH) 1198 13077 269 10285 12059
R12 43F(h)’ 1113 13264 212 79.92 888.1
BGR) 1169 13172 225 8541 1001.0
Rl;@ﬁ(ﬁ)% 1325 13203 219 837 10765
MRR) 1409 13073 194 74.20 1056.4
C46SH) 1173 12712 226 8889 10396
SER)| 1325 12309 204 82.87 10943
2D 1256 12818 246 %596 11948
RA7 30C(h)° 1345 13131 235 89.48 11876
RGER) 1290 12363 239 9666 12388
"”'151','(?1');' 1425 12622 218 836 13033
R72 19K() 1300 13630 224 82.17 10785
19C(R): 1331 12715 180 70.78 991
ook 127 13067 224 Tl 1016
oo 1254 134w 1w 73.08 1019.1
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B: rbcS-PhyA line (H: homo, h: hetero, R: recessive)

A: Ubi-PhyA line (H: homo, R: recessive)
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13 12, Panicles of transgenic rice plants
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3% 13. Comparison of ubi-transgenic rice with wild type seeds
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% 14, Comparison of rbcS-transgenic rice with wild type seeds
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th g4 =Quiel SUT BAAGNA YAARAL] ey F5HE

AEAES YA Auislde B9 olxdhe AEA6lA WAHAY
2ol U AFR)EY F71& At R light/FR light$] Hl&
o] ZtAsHA EH=ul, o]t VA W= IEIF 3 AAHH,
Al BN So] 2x}etA S signal sourceZXA ZHLRIt. IEIAF AE
et AL o o]t A BN APo] A=, Rzlgle] YA
ol 2 AYe NEASS AT YA PFAAR vig LA Auist
Ag wot SUY BFRAL ASIH T s YA/ el e
A 5A& @{Pshed 1 F3o] gt

1) Shade avoidance response 4% <&H]

7}) Homo, hetero, recessive line 48 Q) wlo}

ERANE 98] A¥Y Homo, hetero, recessive line& A1Ey3}o
o &4 AL ¥ AXNE AR oA AH HY& [Usch

W) Ayt AR
ABUGL ol AN 24 ol 7I=(2.50)XME (Im) X o]
(1.5m)8] 2Fgetol FR light7} $&EE ¥RE5E drstgon, i

it apguby Eajste Jels FAa, E ohe shue 2RTE 4

1A kL elgF Fel2 Fol tizpT JASAct (Fig 15).
th) A=t
33 15A8] AL ofAF0] AAhgo] YA MHA homo, hetero line

o] Zahg ¥l A uvebdch ey, ¥AABANL] recessive line
oA ofEHCTI ¥ 2 H4ALS Uil tiRFOoEAN 1Y 158
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opdE2] A4gol 1% wA Uehdten 7 =X JHF Zch 12]a,
a2y 15C ALHE npRRIE op3Ee JFEol AR Aen,
plant height E¥} 713 it}

NEIE YAARAY F9 QiFY Ay EJow w¥IAR
2] plant height @ culm lengthe] dFo] =Bt oA Yy A
3} Qe e ulel SUAT VEE AT Aol v AARA
2] plant height®] 4 38o] HFABARCt o A Uelsly] dLel
da] Auial o B BAHF S U © RAes AHrh
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LAY

32 15. Investigation of shade avoidance response by cahopy
A: canopy and FR light rich lamp, B: only canopy, C: only sun
light, c: canopy, L: FR light rich lamp
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15, 2 #
2 dFolMe o] AP WA Al AL Ze= o
Mg X2 YA ey A /8L (Phytochrome) & HENAM A
WA o5 W FAx TR ddstel W Mol YAAY A2
F HAIRAS WY SYREAY B4 W YR WA AR
A2 cheAci2e] §agdY AN ERYL 5 HF A &
®E 9/dstalch

olel £ ¢-to] tiyt AXE FAHFLE M sty vhzt @
th. A WA ] AP [FARZ Arabidopsise] M EIF A /A=
(phyA)E HE3jgch ¥ FAAHRE A2 WA A2S 913 42
t}E =2 RE|E AHE3tdTh dhue WA £el¥ rbcs ZEREHEHN
Fygdol 713 ustAl doluhs ¥ o ZAAM IEIRE X3
Boljog 2 45 Ui fxdl= 5J& 2 9deon, E o2
Lt %4;"1“01]*'] Ba® Wi-1 TEREHEZ 28] exon} introno]
dFE o, o BAAU 2 (53] Wol FARC] wxlg A
B9 AxzN ZFYiA NEIFS YFY ¢+ U= 5IE /2
olth, olE Ztzte] ZERElE ARA A FAAE AY markerE
71X e entAlo] Atlstgch I A rbes TEREE o] &Y
pSBR1Z} ubi-1 T2 REE o]-&¢t pSBU2. 0-:AE A ztsiddct. 2e2|¥
MEAE A FAXHE pSBRIZ} pSBUZ.0 Ztzjoll Al HFHoE ¥
32 AR ARl pSBU3. 73t pSBR3. 7& A|AS}| Agrobacterium
& o]€% W ¥IAARL YAsigch. £ pSBR3.7E B wHEOlR
FAAY|AE R’ lineoZ BEsigx, pSBU3.7& B3] wEAM A2
U’ linee & wWstgrl.

FAARY we| EARAYA F4E B3 & lined] HIES
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Betgdcel. U-lined] §32 YEIAF A2] YW BETL R-lineo] w3
Ao T HOn, copy numberd 1~28 UERCh olE4 culm
length, panicle length W plant heighti= ofdFoj] ul3f ¢} 15% A=
24350, R-line¥rt} &2 H|EE 74sidct 23, o] U-lined]
seed weightol Al seed BhL}e] 7)== opZo| H|3] An], FAXE ofA
Zol u3] Z/SAAT, ago] uop A BAFE HLsHAct
U-linedll= HAARE ¥ EIFFL UHAEQL copy numberZ} THE Ul
(dEAE:1, copy number:2), UV2(U4HUAE:1, copy number:
multicopy), U3(‘d¥ARX:1, copy number:l), Ul3(A¥3=:3, copy
number:1) lineo] ¢l2n Ul, U2 homo line, U3, Ul3 lined hetero
lineojt}, 9 homo line?] 7] hetero line B} ¢} 10cm I,
seed weight® AArl 53] U2 lineo] Ul lineof ul3] ¥ 7§
tiller =% 718431, plant height® ©] ZrolF om Atc]AQl seed
weiht7} Z715 2ltl. Hetero lineollA] U3 lineo] M EIAEL] WU F=
7F 3uju} & UL3Xc} plant height®} culm length®] Zh4 W|&o] ob
MR F17F 2| seed weights= U lineol]M Atiy el gho] 713 &7
vElydtl, & U lineoA] homo lineXE} hetero lineoljA] plant
height, culm length/} &&EA FH= Ae|d B4 seed weightd]
5717 A Uelsich Jeiu A0l glelA hetero lines] Y&
o] ol homo line®] AJiteko] WA & Lejultch

w}abA] Ul, U28] homo lineo] WXl 8§L3lt}. o]|E lined o iFof
H]3] plant height$} culm length7} X% Z4ASIo, Alc]A Q] seed
weight® Z7I¥Ith H]& T lineo] wla] L ul&o] WAut, UAE
o] 7] wiFolrt.

rbcS ZE2REE 0|83 R-lined] homo lineoA R12, R13, R72
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lineZ plant heigth®} culm length’} H}o] ZtAsiedon], Alr)zel
seed weight+ F7}%]¢lct, wbA R16, R47 line plant heigth®} culm
lengthol]l & W7} glem, ©3]8 HrixA seed weights= ZHAE| S
th. 3] R12, R722] hetero lineo]A & plant heigth®} culm length?)
gl Fot 77F J1F 3, FriFQl seed veight: Z71H Q).
323 R lineg] &h}e] tillero] th¥t seed weight= ofAE X} uia}
th 22U opdFolM & Aol E3EE tiller 71 ¢} 1-27) 3=
%7 wigel & FHAlo] ciy} seed weighti= o}AFo] © Wol R line?]
3232 o Foll vid WA el ol# ¥ A= R linedHE U
lineo] u|3)] MEIFS WH F=7t L A2l g Wy zt
ARk, i Q] seed weight7} $7MHUSE ¢ 4 Uk 223 U
lineo] u]3j 14l&o] &t}

A4 UE-S FeEldte] XY thga Pk ME ) ZEREE A}
&% R-linex}t U-lineo|A] U-lineo] M EIFL] WY FErt o o
of w}& plant height, culm length B panicle length7} ©] T}o] ZtA
S gl 53] hetero lineoq & xlo]l& Holut dalgo] Yol Al
A Aabare ZolEQlrt. uMHo] homo lined hetero lineo] B]3] 7)o
R 4 8[&2 WA QAdgo] ol Batele & A2E F3 4
t}. melA] homo lineQ] U2 lineo] §&3%t FAZH ALY 4 olt}
W R line2 MEAZe] U F=s} T wXE dou Ao
seed weight= 715 %ch ol Z2RE o] ¥ YPHwxke A=y W
o] A% A BHE /P AR ZEIES] F7ME  daPe] el
YA Eo] Al JuF F7lol] GrlsE U= FES gAY 4+
rh. wetd FAARE FEIFY UUPo] AriHo® AL rbeS
ZZRE|E o|8% R-lined] B2 opFZF 3} viasted & wl Tiller
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% seed weight W seed 4= WokR|ul, 7] o tiller 7} F27]
w 2o Agatare] itk AT 1 Aol mje Akt ojRL WA
AV YEEY SAXE T3 WA AP S R 9] o)
2ol wte] WAY Ag 4 ot ANSE vigAABA N O Yol F
ZAFdets WAle] wets BAH GR(R/AR lightd] HlEZAE <
¢ 2xighe) AEst vgAABN R Frhs R AP BHA %
gon, Xy o tiller 571 Fo] datato] mulstA Holn 7 WA
ol et ®ri4e Z7HE B E3 IHY 4 AUk

E dFoME $ABH wyes AEY NEAZ FAXE o
ol WAAVANAN W] FYR Q L APy wHE st 4
PR goli F1E A sl teY UYsHY 3 AUe 28l
At

EI WA Au) A AEE PgE =59 A7 QL ANY S
& Bl HRe 45 Zu) ¥ 27} AU A3h 4 oden, FI
NEBg EAZoA 2 4 A Hol wiel thE AlEAY B
ol Thg Xyt 2 Aoz JlcUc) ¥ YAAY A71E A A
71¢ @ AAE TAZ W HAIY &g AU o] e wE
Fu) AA3tel chedyt $-8 AABoe] WHYY SLUTE o] Fofe
AFFE27 H 4+ A& 2o sif¥cth

16. A4z

7t =9 ey W

ELE UE(FS)
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NE2EX : AT THoY

Garg, A. K., Kim, J.-K., Wu, R. (1999) Genetic engineering of
indica rice for increased harvest index through light-regulated
expression of a heterologous phyA gene, The International
program on Rice Biotechnology, Phuket, Thailand, September20-24,
poster,

Kong, S.-G., Jang, I. C., Kim, J.-K., Kim, I.-S. (1999) Transgenic
rice plants overexpressing Arabidopsis phyA gene to suppress
shade avoidance response. The International Program on Rice

Biotechnology, Phuket, Thailand, September20-24, poster

Y. Sl ey dE
ELEUE(SU)

Kwak s.-G., Kong S.-G and Kim I.-C (1999) Red and far-red light
effects on protein phosphorylation in Phytochrome-transgenic
rice plant. ‘99 VIEAEEUY FA e, AE R{EHY
, 1999. 10. 25-26, X AF,

Kong, S.-G,, Jang, I.-C., Kim, J-K, and Kim I-S (1998) Transgenic
rice plants overexpressing the Arabidopsis Phytochrome A gene.
‘98 FFEARELY FAYEY, AMEridz 343, 1998
10.22-24, X A¥,
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NEEH: dEH

M5z A5A Ul UK YA HE

AlE A A

2 dFoME GFPE W rbeS ZERE| Y rbeS transit peptide
(Tp)§ ©lg3le] W G&Al(chloroplast)Uol]l ¥, GF Aol A=
AHES] 238 53023 Trehalose synthase A X[e} o] M X3
o]l HEA] AEA] Aol U ool dEE R EAMEE ¥
Edl ARR3A st I FEE BH KA F AFAeIA IS
e FAA YAAY dFo) olg3x} st oYY AxE =Y
Azl il AHES EEA Jol FAgo e A gy W
H kg MEZ X AL uwl Kl B4H AE &, o U o
A2} sH= fExte wdo] o] 83te A2 FAFUY P Ud A
AR Agstaat stgch. AFAR dold ¥F AS5A W g5A
& nEE=z o W i€ MEU 47|3EI} sl 4A BAY 5
7] o] dEAN U FAx AEY £ 2 AHE dFAY e
W odeviAE PeldFol o-87RX7t &AL o R

Green fluorescent protein(GFP)< Jellyfish Aequorea victoria®
Be 22 o= 238709 olmjiite s FAEQUS EXIRTOl 27
kDaQl monomero|™ ultra violet ¥Ei= blue lightojlA] 23l wleo] ¥zt
& Uthic $3& 712 Atk obgyel oGPk 395 w2l L& 3
o2 F4si 509 el §F L& WVUTH olAY W GRS A
e olu|:=4to B 4% chromophore 2 4-E] Bl 2= o
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Ser65-dehydroTyr66-Gly67o] #ALRE A3l  GUS(B-
glucuronidase), LUC(luciferase), LacZ( B -galactosidase), CAT
(chloramphenicol acetyl transferase)% 7|&oil @o] oW reporter
EL Ao #Ee HMe Jdolut 2o 4E YT SH= Wb GFP
£ 7129 reportershs @] 7ldolLl 2eAS YRR SHA Yu ©
Z] Wi} blue lightdollal A Az VEY 4 e FFE 72
olen] ¥ ThE reporter2E 7HRsdtA] S ¥ojA] wHY whyz e
ol% AR} MX oo ¢1x], nlolga] AEAN B2 UG BE
g BX Eg A FAY £ don N ohel JHNE Aoldls
Al BENY 4 s AEE 7RI Qo] AT AIEE reporter2 A
wol AHEE AL gith

whely 2 Aol el REx] dEAU RS AT AAR
& /iuaat ¥ FAAR] glojd FAAUAN YA ¥ E HE
Aew ohiet dals Pelold UA BEY 4+ Y= 3] A8l oFP
£ reporter® AMgdln Ay fAxRl ARA WY /KAxE ¥
zejgtoa 7|12 FAABA L gt Wlaste] Hoh BAHL
TgHoln HAL ANE o&sheu 9FE FAUrk & ATl A&
¥ GFPEAXE oYL WIAA BTE i AEd =UATSs U=
£ olu)al o] oyt ZE AR HEs T Fojm =Y
chromophore® HAsl= Al 719 ofuxat & 65| Serined
Threonine2. & 2|Ho e oby¥y cFPETl FYZE7} 6ui7 B
synthetic GFP(sGFP)& AHZ-3}4ict.

B o FojlAl= GFPE ¥ rbeS Z2RE U transit peptided ©l-&
stod ¥ X3 (cytoplasm)3} FA(chloroplast)ell ztz} ‘dHAHL
24 1318 08 Agrobacteriupo] ST ¥ PAAR 71&S HYUIL
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3 EARG ollzl gSalel HAx e FHE FEHOBA
=2 MEA dazie] wHTg vl BN B # |{AAE
deEMA 715 sHe Rzl gAY A7 ol g3} 3tdch =
%} rbeS Tp sequences] ©J¥F =AU dd % ¥¥ 23] 7|13& 2
232 Ba¥ol A7 rbeS Tp sequenced A3 vo] Y¥AAYRSIA
rbeS Tp sequenceol] &1t @AY targeting 3 ouly &3Ae] A
ubs| 22t st
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A2d dFNE e @ Wy

1. GSAu) Uy ubd Az g A2 UE 2NN A
B dFojA AFg3H= RE §-Axl= pSBl112] left border?} right
borderutiol A== sict.

7}, GFPE] MR Uy-& -4 (pSB-RG) |2}
Aut mARN FzA AP {ARE AL Y= pSBIoSe] H
rbcS ZLE RE|-sGFP FAXE =¢8lod pSB-RGE |25t

1}. gEA(chloroplast) 4¥-§ UtAl A2}

1) ¥ rbcS T2 RE]-transit peptide sequence®] £&]

¥ rbeS SAAE 7K 2% kAl pRR1Z ©lF @) Dr. Ray
Wu AYPAIZHE Hok wiol AME3lgTE. B rbeS EERE|-transit
peptide®] £2|& 93] pRRISZXE PCRE AABtch  pRRICIA
rbeSe] 52 mE x|Qo] 22718 7|2 F4E primer(Ps)E AL
3 rbcSe] R WA exon-intron HZA¥9 ol AREEL Neold] AMF
8 272 AW 29718 @712 F4™ oE U] primer(P)E
A 23t THE PCRE AlAlsto] oF 1.5kbe} DNAE F-FAIZUTH

2) B8] rbcS EERE]-transit peptide} sGFPe] A7 W AZ 22
A7 el

¥ rbcS X ZHE|-transit peptide®} sGFP2] A& 93 PCRE F
Zy 1.5kbe] DNA wHHz} sGFP RAXE XE§s A& utA
pSK-sGFPE 74z} AR BamHIZ} Neol 22 ¥7] Fwdsiglch AW
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PCRAHE-S- low-melting agarose gel2 E3l 1.5kbe} bandE& 2alsuol
g TR pSK-sGFPol] AZNES-S A3t pSK-RIGE #)|z}+5 et
d714d 4 T3 Hystach

3) Q& WHg GFPHAR ¥{ WA A% (pSB-RTG)

pSK-RTGEH-E] rbcS X E R E|-transit peptide-sGFP HES AjE
& BamI3} Notl & ol-&sto} ATkslglon i nAZH A2A AY
A SAAE 71A3 Qe pSBIOS of ANt A UHE GFPH
Axt R SurAQl pSB-RIGE A 2stgict.

th rbeS Tp 54 8L ¢ A A

1) rbeS Tp sequence S HolA| (nTp)e] 33

nTPe] &4-& 13l rbeS-Tp-sgfp?t VZE Qe pSK-RIGE FBL
2 AMestg3 PRE #1¥ primer A2} Al forward primerol= T
sequence?] M AlFdosye 5HA gixel A7l & HIIR
reverse primeroli= GFP M A|ZFOo2X¥ Tp sequenceZ 22 8H |
Q7] TE AAUYLZAN @A LY A fusion®E GFP FAH 4
Hoji= A ol4to] Y=E RE AME-S nsle A AL PCRE &
sto] o} 150 kbe] DNA ©HE & FE3|Z ol & nTpE FH3IACH

2) oTp7t =¥ ¥ FAARE A A|F

PCRo| &}31A] Z%FSl DNA §hH3} rbeS ZERE]-Tp7t $1X|E pET-RT
g Ztzt AP A Pstlz} Neolo 2 ARY vhE pET-RT&] Tp sequence
t]Al uTpS $1XA# pET-RoTE A 2stch RbeS T2 R2E-nTp-sgfpE
AZAs17] 918l pK-RTGE A|EL L BamHI} Neol £ FEts}o] rbes =
ZRE-TpE AAS L A2)o] pEl-RaT2H-E] rbeS-nTpE HXIAIA

ko]
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pSK-RoTGE A3}, I F o FAIHE SAEA U=
355 g TE]-bar-3° nos7t fIX|E o] Q& pSBI054] rbcS ZERE]
-uTp-sgfpE YXAA 2F 24k pSB-RalGE A%, Vsl HI|A
o YolE Mg Eslo] Tp sequencerfel A7 62| H7iet TS AAE §
g Tp EHolA (nTp)Y F7INEE ¥ HASIAT)

2. Az U 9] Agrobacteriumf 22| =4 E ¥l
7}. Triparental mating ¥

¥ FAATL WA Agrobacteriumf 22| EYE intermediate
vector (pSB11)& 7}A 3L Q= E coli DH5a 2} acceptor vector(pSBl)
& 71xa. ol:  Agrobacterium LBA4404x}oJo] conjugal straingl
E coli HB101 (pRK2013)2 3] HIM|& AWsl= triparental mating
wyog 4ysiodct

Triparental matingoll QtA Ztzte] I8 P Yel2 AH8s517]
9}3] DH5a (pSBG700)& LB + spectinomycin 50ug/ml(LBS) A ulA],
HB101(pRK2013)-& LB + kanamycin 50ug/ml(LBK) ZAujx|of z}z} =4
sted 37T uwiQTlolA BEFL Gt LBA4404(pSBL)= AB ¢
tetracyclin 10ug/ml(ABT)ZAux|o] =UgH¥ 28T ujQ71olA 3¢ &
o} wjorstet}. Triparental matingS $130 nutrient agarZLA|uix]o]]
ul @] LBA4404(pSB1)E =3} 2 #lo HBIO1(pRK2013)& =UTF
ujxe} o2 DH5 @ (pSBG700)E = 3t Al ZF-E& HHolE the 28T
wokrlolA sHEEet wiatstdrt. ¥ Hode A 7 &FE AB ¢
spectinomycin 50ug/ml + tetracyclin 10ug/ml(ABST) oA A|ufx] 400ulofl
ol ¥ ABSTILAMX|o] EW 5} 28Cuit7iolA 3¢ ¢ wige ¥
wx] glo] YAHEY Y F2UE A2 ABSTRAulx|o] SAFAUATH
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CHAI ]|

FXHEH REE H 24 =

= Avjeled HEH o PAHE Y F2Y E HERI2 Y
ARG LN 2] Agrobacterium] 28] £UF co-integrationg ¥l
s AuE AAsch

1}. Co-integration® Ez}lAn|= DNA £z

Plaspid DNAS] £2]& $3] w23 £4]& mini-prepdE AHESL
ot} (Li et al, 1995). ABST ZAJMXIojA vj¥ZE<l TUFEUE 3
3] YEP + spectinomycin 50ug/ml + tetracyclin 10ug/ml(YEPST) <jjul
Z 5 mlol] A% ¥ 28T, 200 rpol B 29 B¢ Y wjgstach 2
¥ 4T 4000 rpooA 58 S5 YAHELE T3 AR FolElg E2
o2 AIZELSE 93] Sol'n I (50mM glucose, 25mM Tris-Cl, pH 8.0,
10mM EDTA) 200ul®} 10mg/ml lysozyme 20ulE Y -£3jX|#Hcl. Sol'n
11 (0.2N NaOH, 1% SDS) 400ul & M 7}3la AHolFrhd dSoA 15&
Eqb WIA|ZIFE Sol’n III (5M potassium acetate 60ml, glacial
acetic acid 11.5ml, H0 28.5m1) 300ul Y3 8L ¥ d3olA 30&
ot =9t} 47C, 14,000 rpmo S 10837 HUA Easte] ¢ 700uls]
AE o1g 23 TS HEL9(pH 8.0) 400ulE A5t 22T Aol F
3 chloroform : isoamylalcohol(24:1)& H& Wo|&%F 28 o 4o
Z3 29 U 2N PAEUE HAIsIA A5 A& 500ul #3}
ot}l. -20Co] B@ZEel isopropanolg 500ul ¥ 7}t -20TC WdEAdol
1A ZHEQ DNAS A A TS 14,000 rpol 2 1087 Y4dEelE B3l
DNAE @oldl ¥ TE (pH8.0) 8-Y 60 uloj AT

t}. Co-integration® EeglAunj= DNAZ] AFtHA FehHQ

Agrobacteriat]oll Al co-integration® &ukAle] HE ¢z, el
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PNI=E-Ps I k=

0T HEE H EN T

3 SetAnj= DNAS ATE4 Sal [ 28 HEHE ¥ vz N3l
tl. t2FE2E pSBlIE W2 FEdle] HUEA Sal [02 FER S
A}e-stgtt. Sal 12 At pSB13} cointegrateol]A] A4 == DNA%H
Hg H]| 2R A = Eelan =7} Agrobacteriumijoi] A
cointegration ¥ ¢ && ZH3l4r}l. olu] cointegrated FRIAoJA =
5.3kb band7} AlElx]il 7.3kbe} 3.1kb band7t A2 BU-E Yo =S
A Az} U] Agrobacterium] 2] £9& ¥Istgct

3. AgrobacteriumS miZfAZ¥F ¥ FAARHA

2 47 4384 AR o PAAR vl FFH U 2L
A 272 X 1 o A ¥ FAAM it AY PP A 2%
o H2A Ay Ug % hd dF % ddel AT Wit Fd
e 4¥siach

FARFH o] AEAN A2A| AYE AR
E dRoAdEe Ay oARA AzxA AYY FAE AHSSIAT]
AQ P4 Ayd FAxtehe del 2AuPA] WL
dhent oflel B AV AEN sEAMAE AUy 5
115 gleh. whebd & AgdolAe APAMAA HAUH
ASHE AN & T YT AL F ARA MY
ZAR3& AAsldeh B2 AVY 8 AEAY M2A ANGYE AP
7] $13] A FolA TufFQd A2 A|Q) Bastaf-AE 0.5%= 2000 A}
o Agstgth tzTEE ¥E AN UL EHE AHESIA
th ZAsIA she Qo B S N ERS= EAIY thE 0.5%
Basta£o & <o M, ¥dlo] T vlE ¥ 17 ¥ BAYT Z

£
2
RAIR-2
o
uﬁ'."‘m‘z
o E

L 32
fr
N

2
dr o
i
it o
=
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a3
=
BN
oy
rr
(4

[+

| ZHog nf23 AE W PYAARAE o W
e B ¥ £ dAR 2] 25 dE& F|siT)

5. FAAYW o AEAN U =29 $3x ¥ ¢ £4
AAY B AEA U £¢ |38x ¥ 2 =18 /AR
(copy number)& @olE 7] $13)] southern #4-& 431t

7}. 8] genomic DNAS] & &]

SAoA BAEA W AENZRE 8| 0.5g9] d=ZE AqNF
2o @3 thg wRprpEat B& o] §3te] npalIsial A& genomic DNA
Hal Lolel DNAzol®ES(Molecular Research Center, Inc., DN128)& A}
£3lo]  genomic ~ DNAE  EelSiglrh g B Z3F
guanidine-detergent lysing €% 1.5 ml& 78t 587 A-2elA
2z} AMol=alr}. Chloroform 1.5ml& A7}ste] 2027t vortexingdtil
12,000z, 10237 Y¥AEsI 454 3¥ct A5l 1.5018] of
Er2-& H7F3to] genomic DNAS] AL RFE3II 500082 423 |4
Basle] ASelg AASI genomic DNA pelletitE @girh. Bd+
150ul & A 7}3}d genomic DNAE 0|3l glanidine-detergent lysing
g3z} ofekgo] 1 : 0.75 volume 4ol €9 1.5 ml HJStaL
5,000 427 dAEe¥ A59E AAstodch 95% AL 150l
A 7)8}o] 5,0008S 48 7¢oll genomic DNAE washingd}glch. DNA pellet
& eithe 8mM NaOH 50 ul H7}8ted genomic DNAE [o]3 0. 1M
HEPES 6ul & A7}l pHE 8.028 qygr].

L}. Genomic Southern-blot
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NEEXN:

g

Fluorometer(Hoefer)S ©|&3}o] genomic DNAS A3l 5Sugll
genomic DNAE #|3t&E AT AHtHSlod 0.8% agarose gelo] 100VE 84|t
A7ldEstgct. AJFEF otEa Mg 0.25 N HCle] 1583
shakingd}®] depurinationd}i 0.4 N NaOHo| 15%37t shakingd}eq
denaturationd}glt}. Capillary transfer WHO R ol7j2 AN E HE
Hybond N+ membrane(amersham)oj 0.4N NaOHZ 12A]ZF ¥ genomic DNAE
Ho|8l: membraned 2X SSC(20X SSC:175.3g NaCl, 88.2g sodium
citrate, pH 7.0)o] 1083t ZE¥AZcl ¥ genomic DNAZ} Ho|H
pmembraneS hybridization €¢§ ( 0.5 M NagPOs, pH 7.2, 1 % Bobine
Serum Albumin, 7 % Sodium Dodecyl sulfate, 0.1 mg/ml denatured
salmon sperm DNA)ojlA] 3x]Zt ¢t pre-hybridizationA]Zl JF, HrApAd
E9H4E HEAH GFP FARE probe2 AME3lo] 65TolA 12212
hybridization ¥®rg3}gith. GFP  fAz}o]l 2J3] hybridization®
membrane& washing €9 (1x}: 2X SSC, 0.1% SDS, 2X}; 1X SSC, 0.05%
SDS, 3x}; 0.5X SSC, 0.05% SDS)& AH&3lo] B|Sol4d ZAYUL AA3 L
-70CollA x-ray filmo 2 Zt3sle] WHS AHIST]

6. AR v AEA o TdRAA HE £
7}. Total RNA &] £&]

Aol AT 71 2E 134 FE 9 /g 79} daste] A3,
§2 7] @ uriapge 200C AQ@ HFIIL AHEE BE AE
0.1% diethyl pyrocabonate (DEPC)Z XA 2|3}e] fHF3tALL 0.1%
DEPC A 2|stal 2YE I /-2 AMRste] ALE-SHATL

Total RNA2] %] Chomczynski®} Sachhi?] acidic phenol *¥joi
wie} $=agstadch of 2-3ge] AE ZAE AA Asof dITk: HRpAL
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N=EH

ukg o] &3te] ulafdtz 10mlY F&F 35 E&NYE (4M guanidinium
isothiocyanate, 25mM sodium citrate pH 7.0, 0.5% sarkosyl )& A7}
3t = 2 Mo]&gr}. 1mle] sodium acetate pH 4.0& HF73iaL Hol&
the 10mle] B2 =E3AZ phenold Y F A& ¥ nld
chloroform: isoamyl alcohol (24:1)& H715t 4olFi 5, 000gol A
1027 A B3t ¥ 5ol 25lgrl. 532 isopropanol € 4
32 A MolE ¥ -20To)A 17t o] |7 F 4TolA 10,0008
1057 914 223t FE59g A A3l 500 ul®] DEPCE A2}t 5-F
42 HAES 59tk B3 M LiICIE Y& F 4TolA 1A o%
wh]SEa 14,000g0ld Q84 et ¥ AEde AAsiL A AA=S
S 70%2] WzE ethyl alcohol® Hol&E ¥ AzRAATh HE L
DEPC  Hz4$E AHisld @ Hd9& 5, s=E =&
spectrophotometer& o|-&3%to] &3 3tArt.

L}. Northern blot

2loflA} Helgt total RNAS] 10ug iodoacetamide (0.084g/100m1 ) 7}
289 1.2 % o}7}2A Mo A719E8l Southern-blotelld AT
capillary transfer “}H.2 % nylon membrane (Hybond-N+: Amersham) oi}
2 o]|x|Zit}. Membrane?] pre-hybridization, hybridization 9l washing
2 $lojA AZ% Souern-blot7t FYUY WP = 3dct

o

HAARA o] chy UH 74
AW thid whe BAsy] ¢l A ARY WA
32 ARY W A BN R g 2] @ ¥ vesternegH S A
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7b g3 uE & 9 BY

SAANY Pe A0} U ANl g che watAbdelM #ES
% 22 gof TN buffer ( 20 M Tris-HCl, pH8.0, 10 mM EDTA, 30 mM
NaCl, 2 oM PMSF) 500ul& Z}Z} Q3 2 ¢lollM 1x]tEet il &
2u12e AAR F 4T 14,000 rpnS 2 1087 94 Eejsie] A
2 2stgch UzIEL YRR e ey A B Y& Al
g3ty 229 thaAle Bradford §oo] dol FHE 595 nmollA
0.DE Z#3}3 bovine serum albumin® % 2 A%} standard curved ©}
£3to] PPt

L}, Western-blot #44

gollA] Ba® &34 AL 15% SDS-PAGEC]A 40mAZ oF 12|12
A7) |5stgch

PVDF membrane (Milipore Cat# IPVH 00010, 0.45 m)2 = chad S
Mo]5}7] 213l semi-dryblot (Phamacia)E o] &3}l 15 VoA 1A% &
o} blottingdtd . whyzo] Hold membrane-& blocking buffer (25
eM Tris-Cl, pH 7.5, 150 mM NaCl, 0.1% (v/v) Tween 20, 2.5% (w/v)
Bovine Serum Albumin)oil 3L 1A]ZF ®Hg-3tgirh. Blocking buffer&
A A 5t3l membraneS GFP A7t 2719 incubation buffer ( 25 mM
Tris-Cl, pH 7.5, 150 mM NaCl, 0.1% (v/v) Tween 20, 1% (w/v) Bovine
Serum Albumin)ollx 12417+ wy-g3tgith. Alkaline phosphataseZ} 432
slo] Qi 2 &7t BIHY incubation bufferoll A 127t g5
washing buffer (25 oM Tris-Cl, pH 7.5, 150 mM NaCl, 0.1% (v/v)
Tween 20)E H|Bol4 ZAYL AAY ¥ NBTS BCIPSE o| &3t AMZi-E
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£ 2 pembrnane “}oll GFP] W& T3

8 Confocal laser scanning microscopy(CLSM)& o]-&3%F GFPS] ¢y ol
Ax Ex3
B dFojME 7o) §3unA stolq 3] ol GFPe
AE Uolde] & sty AshA MEA o] U8 GFP |
JEAZ targetingA| 7 GFPE B 918l oid 7|22 2 47
28] CLSM (Carl Zeiss LSM410)-& AH&314ich.
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A3d a7y 23

1. GEAu e vt Al © Al gy kA A3

2 odie] AgHE JEFd  NHA(pSBI1)Y  Agrobacterium
tusefaciens 1BA4404(pSBl)= ¥ Komari group S ZHE] Foito} A}
g3tgct. o] Wk EFOoE  acceptor HHAIQl  pSBIES
Agrobacteriun®aqt ofU &} E colid|AE HAY 4 U= HA origing
7} 3 9lemn tetracycline A ¥4 {FAXE X¥3}a Vir B,C,GE 2}
2 WPSES TR SUAE LBAMOUo] AR Eeliu|Eoln
intermediate -&WHA] pSBI1 E coliolAdut BAY 4 e HA
origin3} spectinomycin XA FAAE EUSK= super binary L-ut
A Aavog 7]&e] UG ]3] Xt FgE Zolth

2 Aol Algshe BE R¥AH:s pSBI1Y] left border} right
borderiioll | 2}t¥ KAt}

7}, GFPS] ML W8 Nk (pSB-RG) =2}

pSB-RG ¥ rbcS 2 RE|0] sGFP RAAE AZY FHAZH
terminator S Pinll terminator& AHgstglen Ay npF2A A
23 HLAH SARQ bar RHAE CaW IS ZERESE MOS
terminatore] QZSIGT}H (Y 34). pSB-RGE ¥ rbeS TEREE A
L3t wof 23] GFP] UHE REY 4 o A U WHE &
ubA)Ql pSB-RTG (rbcS-Tp-sgfp)ete] LRHFE vl 4317 si8) A%
glgich, Al2A] A%8 fBxHbar gene)& AYutAE AHEHUI] o
Bof §AAY A EAE UE th2e Aot oA FAJR HE
AE A 2EY 4 dolM F&F 9 =AY ol /8517 o
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£9 4 & FEE 3 Aok

U}, dEx(chloroplast) UH-§ &4t =2} (pSB-RIG)

RuBisCo (Ribulose bisphosphate carboxylase/oxygenase)e= ¥¥/3
Zo] (0,8 D-glucoseZ W= Al 2N 2 O He T
23 o] AALE (07} THATE ¥AskeH EUEE AL Fulste
o]} Zxjof Uojuk= 5%1Ql Ribulose 1,5-diphosphate?} 2&%1e]
3-phosphoglycerate® E3Ee & Fultich o] s 870y 2 £
Tol M| (rbel) 2}t 8708] 2 AT (rbeS) 2 FAdEo] glem Ao
A 2 AvgAe] SAAE @SN A sta WAE D FS ATHIA
o] §Ax= Yo Exsiy AEAA URNY F ASAR o5, 2
AN o} A4sto] RuBisCoS HAUch oluf 2 AutATL 5
A2 oS 47712 olnjxate e AR N-Ukte] AAF|glE
transit peptide(Tp)oll 2J3lA o|ZEn @S] stromas] F2Hch.

2 dFo)E YolA st whido] gEAE Ad, 45 U
ZA NS Fasly]) 13 ¥ rbes ZERE[W Tp sequenced] sGFPE
AAsty AMgstsct olwl Tp o sGFPR-AxRE HAPolA T 712
e TSo] A 4= QE& translational fusion$P L& AA3IA
t}. B rbcS ZTEREH o SAXE 7R 19 E pRRIC 2 4-¥ PCRE &
s o} 1.5 kb®] rbeS-TpE #elste] AL mi 24 AxA Ad /2
AE 7} Q= pSBI05 of dAAste]l GEA UW§ GFPRAA ©F
L2ukael pSB-RTGE A 2stgrct (2 3C). 0] kAl translational
fusion vector2# F 9] olnjizito] AAHEE W Zoeg A
¥ AAZE DNASFN A714Q U 77t sl eie ofnjieit
oA AT N 4 AAE ZUY + 7] wWFe] transit
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peptide} sGFPAlo]e] AZAYSE FAHLE AVIMYE EMAEES A
sttt d7INE HAS AT AL Sanger@IINE AL ol 831A
on sGFPY] Az FEST HE 3'FBOE 60 base ol x| Aol 1770
8] |78 749 primer(5'GCCGTTCACGTCGCCGT3 )& A&}, ©]-&3todct.
A7l Ed E4ZA3} transit peptide?} sGFP] GdFNF$] W transit
peptide?] DNA 4-Fof A ¥t ohfg} ofulical f-EoH RF o 4iich
2 AAEUASS A 4 et

t}. rbeS Tp B4 %< ¢ A A%

1) rbeS Tp sequence E¢HolA] (nTp)] A%

¥ rbcS Tp sequence SQIHO|AE THE wj a3jord Al}eE 3
7, Tp sequenced E¢¥o|3} slrjelx MtAolM fusionE o] T8
¥ GFP2] ofu|ial ¥ ol A Ayg F2| wolo} M F
A, DNA 4-Zol42] W& X| oTp sequenceriol e} £ LEo] ¥4
2] wolo}l 3131 ARE Eddo|3} slriete WHEE oTpe] A
2 BAdo] opgEe] Tpet & Ao]7} glolob yrhe Helth ol A
o] 2H+g Fo] rbcS Tp sequence E@#olA] (uTp)e] #2H2 PCR 71
& o[ &% frame-shift mutation #d-& ol&siddth. o] WU &
shLke] @7)E Tp sequenced] Az Hgjof ¥} B2 AAYeRH A
Al @714 Qe shiftE Q3] RESE ofnlicite] XA 22 WA
SIEE st wpyo g 7)o AZ-FE AA A FdHo|d tax} &
L oo MY £ AEY MY REE Hslojop ¥l £ A7l
A @7] AA &%t frame-shift mutation®yZ of| 4}%]+= uTp sequence
Z7o) W 27 IEL] MAL HUAY OB FF LE] 8L
%] gtgo] YlY g7l Aslel &%t frame-shift mutationd & o}l&
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NEBEX : HEHI XK

sd3 128H oplHE d@rMd R ohulite) 24 a1 10 U4
Ehfolct

bcs TP

xbcS wlP

ATG GOC CCC TCC GTG ATG GOG TCG TCG GCC AOC ACC GIC GCT OCC TTC CAG
Met Ala Pro Ser Val Met Ala Ser Ser Ala Thr Thr Val Ala Pro Phe Gln

mmcoocacaamca:cmmcmcmmmca:m:mcm
mmymmmwmyvnvumyu-mmmwmm

GGGCI‘CAAGTCCAC!:GI:GG:ATGCOCGI‘CGCCCGC(BCTCC(BCAPCT@
Gly Leu Lys Ser Thr Ala Gly Met Pro Val Ala Arg Arg Ser Gly Asn Ser

Gssccrcaz\cmaca:caz;meocmoaccccwacmmmcm
mymmnvnmmmm-mmmmmmmmnm

AGC TTC GGC BRC GIC AGC AAT GGC GGC AGG ATC AGG TGC ATG CAG GOC ATG
Ser Phe Gly Asn Val Ser Asn Gly Gly Arg Ile Arg Cys Met Gln Ala Met

CAG CIT CGG CAA CBT CAG CAA TGG CGG CAG GAT CAG GIG CAG CAG GOC ATG
Gln Leu Arg Gln Gln Trp Ang Gln Asp Gln Asp Gln Val Gln Gln Ala Met

51
17

51
17

102
34

102
34

150
50

150
50

=12 1. Frame-shift mutationo] &J3] =5+ nTpe] H7] 4 o =

A

2k

2) rbeS Tp E¢¥olA| (uTp)®] hydrophobicity B
Frame-shift mutation'} 22 Tp S@¥olH (nuTp)E UEA HE &
e @7 alqlel el A olumicAte] Hyt ofj®rt. olm alp
sequenceZ2HE HEF ofmAty £XE g AA

"7l geg HAstAch ™ 2).

= &t
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Tpgl hydrophobicity sesssennms mTp_O_l hydrophobicny

@ 2. ¥ rbeS Tp2} mTpe] hydrophobicity Wl £

3) oTp =4 ¥ FAAWE A =%

oTPS] 33 %8 forward primerol= Tp sequence®] HY A|33
oz ug szl ¢ixo] @7 G& 78} reverse primerolly= GFP il
o A)zt8 o eHE] Tp sequenceB O 2 8] 7] TE AAYLEHN(D
g 3-2) im0y A fusionEE GFPY A4 Hdole Y o
ol QEH FE AR st AAste] PCRE T3 oF 150 kb
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oTp DNA ©FH & ZEE313 ol F ¥ FAAREL SAN=H AL oA
AzA AYd §H=2H (35S TERE]-bar-3’ nos)E 7IX| 3 9lE pSBI05
of rbeS T ERE|-uTp-sgfpE #F AAst] GS5A YV CFPHAx|
& SukAlQ] pSB-RuTGE A zstgon (21 3) @714 HUd24E
E3}o] Tp sequenceri®] A7) G2l H7ie} TS AAE % Tp EGNO
Al (uTp)e] FI7INEE BH3] At

2. A2} LU Agrobacteriuni2e] £ W el

Az GFP RAA Y SUMES triparental mating %ol &
8] AgrobacteriumE E=UE U mini-prepyel] s Eetiol=
DNAES Eea|3on Agrobacterial]ollA] co-integration®l >ubx|e] el
& 93], Eelzld ZefAnj= DNAE AUEL Sal [ o2 FAAE F
pSB13} cointegrateolr MAEE DNARHHS H|Z3EBEAM F Eatin]
=7} AgrobacteriumfollAl cointegration® &S %34t °]IEH
cointegrateol M= 5.3kb band7} Al2bA|L 7.3kbe} 3.1kb band7} Aj2
NS HeIgto B A cointegrationo] dAtiE FYHAZ-E YUY

4 it
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A pSB-RG
(rbeS-sgfp)

pSB11

B pSB-RTG
(rbcS-Tp-sgfp)

P g i pSBI11

C pSB-RG

(rbeS-mTp-sgfp)

pSB11

Rice rbeS promoter M

rbeS transit peptide @ 358 promoter
modified transit peptide - bar coding region
bososd sg/p 3" Nos

O 3. gSA oFPEd U AR UEg A
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NEEX: HES

3. Agrobacteriumg WIZAMER ] FHAR

B WAARE Agrobacteriurg WiZRAIZI B FAAYR YYo=
4851t} pSB-RGE] ¢+ % 185070, pSB-RTGY] 7= & 85071,
pSB-RoTGS] A= 2 890712 APAE FAAH AFcKE 1).
pSB-RGE] -9 % 1850708 78 AZF 10057, pSB-RTGE 3= ¥ 850
742 2 AZ 5137], pSB-RuTGe] Z-$-+= % 8907 AAF 56570
AP AS Austdey o|RL Zz 5%, 60%, 63%2] 12 Ay A3E
Jeligitr, 100%F 1x A9 100570(pSB-RG), 5137R(pSB-RIG), 565
70 (pSB-RaTG)2) elA F 3t $/38tA £d7t 45070 (pSB-RG), 224
70 (pSB-RTG), 2527H(pSB-RuTG)2] AHAE A ustaich ofe Hx AHS:
g A Ao tis] zZ 24%, 26%, 28%2] 2x} AgAzjoich 23 A
wix| ol A Blorsl AdEtA| AR embryogenic B AREE st AR
3} u)x]Ql MS-CPE &7 28T widAolA 12X 2t o2 Fuled/ gl
oo g zEIE fxstgch 1,23 Ay 2F upd 45071(pSB-RG),
2247} (pSB-RTG), 2527](pSB-RuTG)2] #yajA7} MS-CP xi&3} wixZ &
AR QR et AER= A 2A| 4dE< phosphinotricin
o] 4ug/ml Sl mixlelA AA¥F Azt 407H(pSB-RG), 1174
(pSB-RTG), 127H(pSB-RuTG)e] ®i7} A3 Hx & A e
MSOERRlell &7 1097 vidRt ¥ Ede] A& &II2 &KAFIUL 2F
¥ 242 &A A& Fof SIthE 2).
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X2, Agrobacterium-mediated transformation of rice

_ , Co-  First  Second ,
Plasmids Experiments L . Regeneration
_cultivation selection selection

pSB-RG 8 1850 1005 450 40
pSB-RTG 4 850 513 224 11
pSB-RaTG 4 890 565 252 12

4,

LA ¥ AEAY AMzxA ARd A

oAt mARA M2 ARy SRS AHEsE )
o 2o QurEQ YA AP FHAehE del 2APA] AL 5
FolAe] Autent ol FA ABY AEAN FEoME ALY +
3l & 7N ol mhetd 2 AgdodEe dudelA s
o z|EH v AEANE 24lolM o 3 @ I F A2A AP
AR A stk 83 ABH ¥ AEANY AzxA AYEE BB
7] 913} AlZollA TujZEel A XA BastagoAE 0.5%F 200u] A3}
of ARgslgdct diRTEE ¥ AWAIIA] A4S HEHE AEIA
t}, ZAAstnAl sh= Qe TL ek N BEzoz FEAY tlE 0.5%
Bastafolg ¢ AW, ¥wo] ZIF vl ¥ 157Y Hol AU A
3} R Qo] Mo g ulE AE b FAATA L obFY W

3t5 A ¥ 4 gladn 2 254 dg fASLTh
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5, §AAW v A5 U =9 SA4 %A 0 24
¥R W ABAY =gadx B @ =AY KBRS (copy
H

number) & etolx 7] £3)] southern E4& Z-8istect. pSB-RGZF =4
o RAAVNE GFP {AA =Y ARE HASI] #{B W genonic
DNAS AgtEA Xbalo 2 Fehsieln =W CFP F3=e] +4 "l
AJgrEL Spel L o]-8-3te] Awtsigl on| pSB-RTGS} pSB-RuTG7} 2t 7t =
¥ PAABAE= GFP S} £9] JE-E HAS}Y] $13] ¥ genonic
DNAS Q&AL Pstl o2 Aesldn QW GFP fA=te 2 HAL
RAEA KpnlE o3t Auisigdrh. =" GFP fAAte] o
probels GFPH-A=} #-{ 2l pSK-sGFPE Pstl o8 ARstH 0.7
kbo] GFP S8z} whg AMgstdrh =¢ fAxtel oyt 2348 ] B
23] BE, pSB-RGVF EQE FAABAY ZFf I 44 X(Xbal)o]
A BEo] EMH line BF GFP §ax1e] E¢1& A3 Sp(Spel)
oA o £ gl&o] line 1,2%= 1 copy, line 3, 5& 2 copy, line 6&
3 copy @ line 4= 4 copy®] GFP §AA7I EUENSS & + %itt.
pSB-RTG7} =18 FAAA ] ZF9E P(Pst])2 K(Kpnl)2 A 2ol A
HZo] BM¥ 2 line BF lecopy’t EUHAUSES HAY =+ alct
(3.3 4B). pSB-RulG7} E¢I® HAABN 7L 1Y 4C8 P(Pstl)
o] AgfollA HEo] EMH line BF GFP fAzt] =& Helstalal
K(Kpnl)ol A & 4 g15o] 1 copyolld 3copy7tAl GFP RAA7H =5
A& ¢ + Ak
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rbcS

s e —
PCNC 1 2 3 4 5 6
M SCIXIX X X SpXSpXSpXSpXSpXSp M

& 4, Southern blot analysis of (A) pSB-RG , (B) pSB-RTG, (C)

pSB-RmTG- transformed rice plants .

6. GFPe] XU EX @ 223 0y 32

B Ao 720l HHWuZ stolN BRI o 3%l GFPY
AEUelde] W g Bl A AR Uoll gaAd
GFP(pSB-RG) ! &ISa] |2 W7 GFP(pSB-RTG)E A5l oTpE
solal PAAD He AX U uE e U WA £ES ZA517] 4

3] CLSM (Confocal Laser Scanning Microscopy )& A&t
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7}. GFP7} ¢ ¥ FAAH A2 Confocal Microscopy T

rbcS X ERE|o] GFPE AAst WA W WA FE 3Y S
o4 B u}e} o] green chamel (2% 5B oA YAHY Hol
dasgon HAAY H=| e AL FE o] AUHA U
glth g 54 2}). GFPE MXEAe] w7 28] B4 focal
planeo] MEEHE EHYUS wle 2IYPo] M| o] EX
sl AETHERS S XaE QA B9 AEHe GFP7L LA
3 9SS & 4 gt ol= AMXUelEs F£F vaculoet organelleo]
AA B g7l WEel ¢ MEUY HAEILS T2 AHE IS AA
33 9es ¢ 4 gt} YUEHO T rbeS TEREE= green tissued
Ant Zgsle TEREE gdaA A B 7o) o3hd WL =
AoJME v wdsta glgol VA oY ¥F omxE
light-microscopeitollA] Ty olulx|(2g 5A,B )& TH3 2w
MEel morg FYI| & 4 otk

U, GFP7l £Q% BAAY v G232 2] Confocal Microscopy 3
GFP7} @A U Y = AT U Udd 3AdVNT 22 4
A iAol ols W AEA gle] ¢(blade) F-E& CLSMOE WU
AE AHEd, o 2IZE g% Al F(vesophyll cell)THE on
GFPS ¢S] U= LyA7 A$ (rbeS-Tp-sgfp) I 6 rbeS-Tp ollA]
¢} o] green channel (D), red channel (2} E) RS WAL Hygow
BHe Axe] o W AMEURY gFAEe]l JAUSTE  green
channelo| A WIAE 832 red channelollA] AP -9t o %] 3}
dcrt. o]AL FEANZHE greenzt red FHol FeEA] wiEolX
whzlA GFP7} A&s] GFAl ol #xXstn UdSE & + k. F
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INE==-PS IS

S
M
|

=

b RH BH

GFPE @Al U WHA AR gEA Ego] IHIHUAL
N&E Qe AEUos 22 A AL &S ¢ + ok
3% 6Fe] 79 green channel?} red channel & ¥ olmlX 8 H&F
A Uel F olmAst XA AFAe g3 vellsch o] RS GFP
A mus gSMZ A3¥ A UIAIE AoE  dEA
chlorophyl |25 E UeE red 8§33 JSANE £3¥ CFPEFE U
L green ¥Fo] MZ UARN AN AT PP Wch
AEAZ GFPE WA Hfe= 38 6 rbeS oA EXo] green
channel (A) o4 GFP7F aEE= A& ¢ £ Q3L red channel(B)¢]
g Ea)e] gE40] 23] autofluoresence’l red Fo] LIER4SL
AL THY 4 gloen green channel?} red channel & ¥# cg
S 573 green §W3 red ¥Fol 27| ThE AXIH Uehtz 9
RAE o 4t} ol &AL dHARNE L& red FHIH
GFPS] green HH2] X7t BYA St= A% &, GFP7E AEAS )
& o 4 = Aol tEold AFAEE M EZH] A
Qi ZztETE HEAJL ARSI U FTol YA WA U
A= vacuole o] AAIFHL AL & 4 itk FIFAZE MFErolM X
2 sHe Zro] wWrhe AMlE JSAXEM HAFA o WA 2
azol @ B 7z Bpslx ¢ oz AzHch UM alp
sequenceS GFP {-Axto] @Zste] PABUY Z-$(rbeS-nTp-sgfp)E
Bul XA ouwn vy gag Hola glon wadelA tis i
o7} alovy AEAY B joll GFP7F $1XstaL glgol WHHUTH
Y 6G,H 1). ol 2 dFolM TpS4 E4E i3l S| ulpe
frame-shift mutationol ]3] oim]i=4t o] wild type Tpet 3A u}
2 Ans oiEn 2 d3dd FEE gSAUel targeting’l

oY ¥ ol
H i o

fr

X85
al
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cleavage Ej& Tp2
A o oA og%;]«; 47Cyse} d8Meto] mTpe] 47Valzt
= el Axs targoting 317 Rst 423 i
HAsHAL o o al L
%ol QAME g e Slne HSTEE i;z]vmq Q¥
— green channel oj] A [ 2l o]:)gtqo
83< At

rbcS-sgfp

: wild type ca 2
llus, rb
' S- .
Ay gy A cS-sgfp: rbcS promoter-GFP -3
S
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rbcS-Tp rbcS-mTp

o™

] 3-6. GFP7} =¥ ®UAY u ¢l CLsM BH
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7. RARB ¥ BN U SYRAR Y B

rbcS-sgfp, rbcS-mTP-sgfpY rbeS-mTP-sgfp7t 2t7t = FAAH
W AlEA Uel GFP Azt Aal wAlAY HE +E& doth7]
I3} Northern-blot £4& AAslych tizT=AE ¥AARSA]
o Qe X}238145l rbcS TERE|-Tp-GFPE] EU L2 GFP7L G54
U} ¥ (rbeS-Tp)E W Ut TpE =Y UL rbes TERE LS o]
&3}0] GFPE A|XEAol L& (rbeS, rbeS-uTp)AlZ ¥ Qo2 PEef A
AgtAlol el e wlm BMstach.. AN RNA 10ugE
iodoacetamide (0.084g/100ml)7t Sojdl ol7t2A Ao A7|FFE
C}-2 capillary transfer 422 nylon menmbrane (Hybond-N+:
Amersham Phamacia) &% RNAE Ao]x|7l ¥ Southern 4 Al Al
0.7 kbe] GFP §-A=}5 probe® AMEsldrh EXF HA RNAZE A 3} A

& 2z08 WAPEIE HAs}s] ¢ste] GFP {FAAES probe
2 AMRE filterE deprobing £¢(0.01X SSC, 0.1x SDS)oll ¥ 10
B2t o] deprobing¥t ¥ W rbeS §AAR probing¥t Z =} A RNA
o) w4z e AR £F02 UHYE HAstgol Ax} A
Ae) GFP M 42 Hlm EMs) 2d (3% 7), Teol A% GSA
1) uge] HS (rbeS-Tp) ul$ & $F9 BB WIHAAT
aTp7t Q" A$ (rbeS-uTp)s WA 452 AZA ¥ (rbeS)2t ¥l
814 wEsEE o2 ueiyich
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rbeS rbeS-Tp  rbeS-mTp

[

v ~aumw-wwwlammnww“"

23 :“&wf ram Yor o w % i

n EES avs) & ’:-’

3% 7. Northern-blot& B3 £¢ {3zl Wy By

HE AES Y oA

HalpEolA wWad LWHAEY 4& FYALE Y] E435H7]
213 Phospho-Image analyzer(FLA 3000, Fuji)& o]-&, “Wails ZZw
ol 2]t Hakyg o]&3lgdcl. Phospho-lmage analyzer?] zl& #t
Ay Zo o] 23A EAH ARE phospho crystaldo] Pl
Imaging Plate(IP)o] k=Z&ZA|Z22H AlRo] EA|F0] Q& YAbsol
W&1A EH™ 1PY phospho crystale] W&H™ ofUx|g ol S=A
¥ 3 o] & FLA30009 o|A7t A&, EAMSHA "rl olaidt =N
HEE UPNES S BHE] FFY + AT AR AT Ed A
°ol& X3 ¥ 4 U&= FHE /X Acrlh. o] Phospho-Image
analyzer& o]|-&3lod 11 69 AE FHH o2 AT AYE W
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GFP2] @A o] 7% MEA G¥(rbeS)ol vjsh oF 108H(rbeS-Tp)
o WH37IE HE3 Tpdl EQHoA/ =48 F-F(rbeS-uTp) ¥l
¢ UdES Bociad 8).

1400
1200
1000
800
600

400 f

200

C St M B meSd bS5 B S S meS S S S
Tp1 T2 mTpt mTk mTpe  mTpd

1% 8. Phospho-Image analyzerZ o] &% ¥ 4h2o] L3 £4
C, Control: RG, rbcS: RTG, rbcS-Tp: RmTG, rbcS-uTp

9. dSA U =EYRAx] A Ud 4

B¢ Saxte]l il W@ Helsy] ¢ld ¥AA|ALY dS
0.2g ¥Eslo] YNAso] g the YriApgelA visf ¥ F 0.5019]
2% ¥2AG o] Lslo] WAL F&Fgch 4 v=2I2E ¥AA
Bnelx] ot WYEu e geo Ry F&Ad thidg AMRIIAS B4
zIEE &4 2" oyl GFP(CLONTECH)E AHgstglch 15%

SDS-PAGEE AlA¥} ¥ antibody& ©]-§3}] immuno-detection 3T
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ojm] &%t primary antibodyl ©oF¥% e GFPell TH¥ primary
antibody (CLONTECH)& ARL3E 5L secondary antibody+<
GAR-AP(Bio-Rad)& AH&3}% color reagent(NBT, BCIP)® 7 RWh$-3}
of @A

7}. GFPY] MXE @ GFA] of 8¥ vl 24

GFP ¢Ax}7} =% HAAMA (rbeS, rbeS-Tp, rbeS-mTp)o] T
2 uhg BAMe f3 83 3P o AEA] dozNy dyPEE F
23] U ¥ westernPEA g AAstch i Uy EMFEN @ o
ZFo A 27 kDao] Thiho] TAEQS(PC, 1Y 94) 78 thETol
Al wa" v band= glolemi(NC, 3% 9A) B A e
Ae o tixFe} QY 27 khad Aol FRepA THE
(rbcS1-6, rbeS-Tpl-2, rbeS-mTpl-4, 213 9A). AMIXEZF U (rbeS1-6,
a2 9A)z A o] URA(rbeS-Tpl-2, 2 9A)Y ZFE vzl £
A3}, AARHA A wEz AR v Uy o QoM E
MY el uls) QS U 4ye] FAA w0l FEHACH 2
A Tp SAFES 9 AW opE =AY ¥ Y BFE
(rbcS-uTp) HA FFoAL Wilo] VA3 Wgo| FAFULL ole
wild type®] TpE ofmlicit £Folx A3 WHsl o o] AEA
= targeting Ex £}y 2ol AEZAuUA ¢ E¢P¥ @9
2 &zstx ltka Als€cl 6FP #3217 248 FFMB|A (rbes,
rbcS-Tp, rbeS-mTp)e} ©hd 100uge] SHS W lightdlo 42 A<
FHEE g BelM R ulsigol d&FA Ude] BH
(rbeS-Tpl-2, 1% 9B) UV light3loll A GFP & el o3t 25%%
o] Fais] =t
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Ext(ug) 100 100 100 100 100 100 100 100 100 100 100 100 100

oy 3-2. gSA U =ofaxe s ud 24
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Ll 2y ghalge] g ula £

AEA whdzt @SN O 2P FEY UE £ AolE Bl
317] 93] Q=) o Ly A EE A% EHA5lY western-blotE
AStEATH Y 108). @4 thRF(PC, 2§ 10A)¢ Hla EX% B,
AZA WA (rbeS1-3, 13 10)9] B, dA] S YA oF 0.5%
£ AAElE Qee o 4 gz, @A o) Ud'(rbeS-Tp, ¥ 104)
o] AL AEA WA (rbeS1-3, 27 10A)3} vlaa) & of o 200 ¥
g wE $2g Begon o] Az thA gelg Coomassie blue &
A1 [Coomassie Brilliant Blue R250, 0.25g, methanol:H:0 (1:1 v/v),
90 mi, glacial acetic acid, 10 ml]&& Dag ANE Bl ¥
of 2 qlaich MEA wWHe AeE giyeg AE AERHo] 1F
sl AoR aalad o3 ¥ FAAR go| AHESh= ¥ Actl =
2REo)| GFP GAAE At Wo WA 7 (Actl)} GFA &
®(rbeS-Tp)2tel W o} wlastgch dSA W wEe B9
(rbeS-Tp, % 10B)2] A &34 A 2 ugdh GFP2] ¥t &F &
2§ oA ctiz(Lane 1, 1Y 10)2] 200 ngS v]23 = o] H]z=%r
o¥o] WHFH T glLo] WAE I ol AN &3 DAL o 10%5
Aeshe Rog Uiyt oy d&A Ul wEEe AR NE
AT FT AR EU-FAAY] AEA U oUd A dehds

EASS HAY 4 U FoE Hch & £ A2 Ul

08 o SAANE & £F02 ¢AsHA YA E © KET W
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rbeS-mTp rbcS rbeS-Tp
M PC NC 1 1 2 3 1 2
kDa
29—‘ m ke
Ext(ug) 0.03 10
B

18.4— !
14.3— &

I
b

a7 10, 4d el FJH ¥ 24
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t}. JEA U targeting® GFPY] N-Ugh ojm|ic4t HE £4

dutg o2 AlE RbeS TS AEA e REolA WEE ] HEA
2 Eo|7zt u] transit peptidefito] A Ut7}il mature THYATE
stromatfoll ] ZA&Ht} ¥ RbeS wHjA e Z-9, wulaEe] RbeS Y
Ae] N-ukgt ojn)ieat AP (Mazur and Chui, 1985)3 w]dte] S|
2 targeting® | transit peptide?] 47H%| Cysz} 48Hx} MetAlo]o]
AN &Y Row s 9ch(Kyozuka et al., 1993), & o] AHg-H
Tp-GFP fusion kh¥ide] ZH-9-L PCRE B¢ Azt £elab3 9 A
Az HP& B3 GHAE targeting® wl GFP N-ULHF-#]9 Tp
sequence Alojoll 27tH o g A 7§8] olm| ik (Met-Gln-Ala)o] HI}H
=& n¢Ech whyA dEENe B3 d8A U targeting® BF
Q 23 Q A BE thyA band?] X7} MEE UP B
5%t Bog n]fo] GFP7} FHS] FSA WE targetingH AUSE ¢
2 glgon AHAL] HeE: @SN AHRAU proplastidi®
targetingg 9 2g ¢ 4 AUddch ol2j’t Tp-GFP fusion ThA2]
targetingd] I At R E Haslsl H3 N-uwt Gyl Gyl
2)3] GFP2) N-¢t ofmicit & E4stgdct. N-Ueh |471ME 24
& o 229 A9 10 ug, YA FFE 40 ugd] TPE AHE3
SDS-PAGEX- PVDF membrane(MILLIPORE)¢]] transfer¥t %h¥ZS Ponceau
S g(Signa)o] @A ® & M F GFP bandikE =& Ulo] 71ZAY
Y GTA AN LEA Aol 2Esie AAlstddrt. @7IME &
NAZ T AL BF o4Y 471493 YUY Met-Gln-Ala-Met-Val 2|
ARE Rl So|dq Az e AME Tp-GFP fusion ThA 2
processingo] Yolutxl om Tp sequencet FHFAERE oh]z}

proplastidoll % THAlS targetingdtildS S X2 ¥eslact
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