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V. 47 AL 243 2 &89 g a9
1. A7/ Az

oA Z&4d W WAE Hdl FaEAE Ve FeleE
bromelain A A} QAA-F2 cathelicidine A|E9 FdwIHE= (LL-37)E o] &
sto] FAA AEAE SHet ARE S aFE AHR U QA E +
bromelain &4+t djal&o] wWo] E&A & AAAG A antiproliferation,
AAE AAFE oA (Batkin et al, 1988; Munzig et al.,
1994; Grabowska et al., 1997)3}H, ddAd LA, <tdAL vB Fd z24A
A %5 (Engwerda et al., 2001) 9oz € olg¥+= Edo|t. A4 B F
omelain #& FAA L] A= 9ol A Q] o] Lo g

antimetastatic 2

o] %l br 2 AT oo A&
2 o]& FAAY 75N 4= AY gle AANId 2 75 A5
= gigloy B AFoae= delojZoz HE Eyg bromelain (BAAL) +%
A5 A& =9ste 1 7]5S A4S

o,

BAA1 3% Chinese cabbage 'OSOME'™| =38l vehd 7162 A7
A A)Fo FEHS FE6l= Pectobacterium carotovorum SSp. carotovorum
o disl AdAd S a7t dv= ARE AAY. AEWYT Pectobacterium
£2 oy #AZd FEH TS 2oy o Aol  pectatelyases,
polygalacturonases, cellulase % proteases?} &2 o8] 7}# A&EZ22S 4
ste 245 AT W, BAAL #AAY =REo2R AeAd Add Edo] 5
He frdske ol QS gAste] AvtAde] SHATL b oKl

Adele giAdorg Hojsts FAHEA (innate immune
system)% AAF dTAEE= (AMP; antimicrobial peptide)®] cathelicidin®
25E fdlg A9 LL-372 44T 23 o &FY A oA xE 5
25 D Aol gt dex Jduvl (Zaiou et al., 2003; Frohm et al.,
1999; Sorensen et al., 1997). ¥ AFE= 2002 Schmidtchen F©°| X.iLgh
cathelicidine A|€9] LL-37 FAAE A& Azlol =ste] @2 vzl 3
H91e A& AW Chinese cabbage 'OSOME'E $A43sta 71 7]5& B3
Aall LL-37 427 =98 w50 Al 2w v A F3 53
o el XAtk AE QoFstd v At



A1 A AA4E F#¥l Bromelain £A2 (BAALD) &8, A% 59

54 9 A A9

1. 31 efE 2 bromelain ¥ FH2E Feldt7] 93] NCBI data #4945 &
& gAe primer Brl (G'-ATGGCTTCCAAAGTTCAACTCGTG-3")3 Brd
(5'-TCAAGTTTCAGAAACCATCTT-3)E o]&3sl9 RT-PCR #A4%3 A3y z}
zte) 71339 oF 10650bpo & A ZEF 24 FEE 3L Q= full length
cDNAZ 1997 Muta 5°] 2318 bromelain ## #d2F9} 99% 4548 1Y
o} =3 ofm Al wlE = cystein protease®o] HEF U= wld
EssxxxRerxxxFaixxNeaxxxlegxxxNz motif7F A4 sk whehA] ofreit 2=
2 o BAAL AR A9 bromelaine papain subfamily % cathepsin L ©]

A

2. BAAL 379 ofrjicat widst ojn] B3 d {FAA el ASFE A4 6
Ak ASF A= NCBI A4 23 fojx] bromelain ¥

accession numbers A2} o]Fo=® U4l AFF AH A, A Ea
5ol bromelain ¥ FHAATE A FAHY AFSE UHARAE A & 7

AR

3. AE Bd binary vector T7E5& 95t plGI12IHMS GUS #dAE BamH 1
Z SacT Aol sl #AAg & 2 Ao FRJfE2FH s BAAL Fd=F

g AYNA FEI9

4, BAAL f3A9] dAASLE =W (Takasaki et al, 19970 Kuginuki et al.,
2001)-& o]&3stth Agrobacteriume A7 HiEe] HAPA-L callus =114
A g 10¥ S5 callus7t @A 7] AlAeATE ek AE S Al 23] A
A g 7158 callusoll A F-Aobrk @AW 7] A A8kl e 35 Aol ol A

= =& multi-shoot7} EAFAY. Z2 AFEL ALufx|o A Z73o] 7-8cm
AE = w7tA AAAAIZl 5 hygromycin 50mg/Le] Z8H MS hormone free
A2 &7A ¢3S FEge. 4" AAs e 74 ewsrFH e, 8-10°C,

4047t AAE F, JHEE fEsdyY. AEkd AAAlE Hedste] ARAAT



5. FAAZAANAN EdFdAte] FAEMS Y T1 BeAde x5 ASH
2 258A MW Ee] hygromycin 50mg/Lo] E3E 1/10 MSHIX| o] }235}e] E-g
Fd-e AHEgtth 9% 219 ¥, hygromycinoll st A3 AR 7544 A
2 Zes F Jdsu. A7 AFoZEH EHAAY EEbvE A4HE Fd
B65 Al ALde WA ASdAe Ade] WA wet A a e v

%ol 319 A Hel4o] ol ol% ABAM T2 FAE A5

A3 FAA] F - T2 L] sl FAAA ] WS 7

E o] &3l HPT, NPT 2 BAAl A2 Eo]d o

2 FE3 o Qe primer setE o] £35te] PCR 42 AAstyt oo 23 73
— O

=
QoA Fe dEARANAE FEHELS AL 5 Ao, AT A

A=
EAEA HPTe NPT F3AF 4HEo] &H¢lv), &gk BAAL #2349 PCR
204 936bpY FEFAES FAY + U4

7. ARG AEAAA BAAL 73] EE RS Fsty] #5kd, 74 Al
& AN 23 =99 BAAL FAA7F

8. Bromelain< cysteine protease®] gtz <
FEfol @z 7R 242 endo-protease -2 Lo} W
AdA iz HE] E2 48 Buh Hgt JAASAE 7H vjugk Fi)

O
endo—protease 49 AolE H AT}

9. A HALEE st HFwd o8 59 T1 267079 A4EFAE Hyg
S0mg/Le] 23 1/10 MSHjA ol "&atste] A4atadth A4 109 5, Hof, A%
4 34 AEE BAGs 1871A(72%)7F FAABAL LS st A olE 18714
(o]&t A=zolel HES HIARFH pot2 %74 B F 5-6v A=A g2
=, st ol AeAE & AAFTAHTE 539



10. 18704 = 37BA1(63-16-3, 64-10-2, 66-23-2)= non-transformants, 1170
(63-9-2, 63-9-3, 63-16-1, 63-16-2, 64-10-1, 64-10-3, 64-12-1, 64-12-3, 66-3-3,
66-23-1, 66-23-3)= =YY" FHAA7} heterozygotes, 470A(63-9-1, 64-12-2,
66-3-1, 66-3-2)= =J%H A A7) transgenic events©] St}

11 =FAxt R4 JAAdsAds sty fst 63-9-1, 64-12-2,
66-3-1 2 66-3-2255 zZtZt 4419 total DNAZ template® HPT¢ NPTI
primer @ BAAl 7 A} primerE o] &3}e] PCRWHES A8t o1 A7}

ARE 2984 LS frTIdE P AbEo] AZEH A %9ko Y} Transgenic

CR
eventsoll e =4 size?] DNA ©¥o] BE3] A&}

12. F2Hdg Zdodx BAAIFAAY wdEE &str] H8ted  63-9-1,
6-3-1 % 66-3-29] mRNAE ]85l RT-PCR ¥ realtime PCR¥4
S AAg AF B-actin primero] A= wild type plantsE F % ¥ E transgenic

eventsol| X T dst THA L AHEo] FEHUT

13. @A A A AN A mRNA leveldl A =A YEFE homod 58 ]85l Western
blot -+ j| S A3 A3 34 AEaF A= BAAL @A 33kDa 294 bhand
7F A& Ao wild type A EAAANE AESHA Fekrh

Ot

14, FAHSA A BAAL @¥d <& A }7] s ELISA®A 3% 23
B66-3-1A1F& & @ AdA 09%9 BAAIGHAR wf-9- & aWAdS ALkst

31 3T

n&

Hir

15. Microarray A @A Lo datas #A3 A3} B66-3-14 thEx2 &3 3.1
Hj o] #d WolE Hole fixeE & 200E UEEY. ol #AAEY 7F
S AH P protease FHE AR 671, stress FHE A A7 87, ribosomal #
AFAA7E 270, 2el3 FEAA g8 AR e Ve

16, WM& V|2 FE SA4ES st wWedw (P carotovorum  ssp.

carotovorum)S Bl Ee] 2x10%9F 2x10° CFU/mlel ==z A2 s dx



B63-9-13 B64-12-2A1Fl = FEF Aol A=A

A 2 A AA #dl Cathelicidin #+&A (LL-37) x4 93 nj5=9
Fited F2

1. &4 Felol= L1L-37 #AAF (Gene bank accession no. NM- 004345)¢] <
719lE AR ZEY primerE #4435k 3 @49 PCR ¥H&& A7l A3 114bpY]
A7 E S zbi= LL-37 3RS Lt}

2. LL-37 F4AE E coli AX L&A A7])7] ¢&l pET28 vectord] cloning sf
o] GST9 fusion A4 SDS-PAGE %*46& A7 PTG 93] FEH cellod A
8kDa 9] band”} “EFY:

3. E coli AIFAA LL-37 @ Ao] IHTAHS Hol=x= Lr|Ys 238 24
2 O AT E o8 FTEAHARE ARG 23 ¥ AT E coli DHboa

[ele] =

o} % AT Bacillus subtilis®) 7S 48 Ay i Ao AAH+= clear

zones & ¢ U

4. Agrobacteriums ©]-&35}¢] H“ir WS ZEAA dojzl FAASAE potdl
27 A A o, 8-10°C, 4047 A2A e 5 M=
e Este AAF2 (THE 53}9?\‘4.

5. =YFAA 5o] primer setE ©]-&3te] PCRUSS XS 23 FHAE =
Aslx] ZF& A EA A E 355 promoter F =9 PCR product’} A== ¢
kol T1 AEAEAAE 300bpol PCR productZt 5 ©w hygromycin
# A2} Eo] primer setE AR&3te]l PCR 3k A3} g2 AgA oA 713bpe ==
AEg A% ¢ UAUTh

6. 92 ABANA LL-37 HAAe) 2@ o¥F HAs7] slstel, 7 ABAA
Total RNA% #%she] RT-PCR ¥4& 448 2% 94 AdAoly =98
LL-37 #4470 43808 7152 dfstel A4dn 9ee sy w9

i

2 AGAE o] &3] Western blot 48 2Ask Ay 2 AstA|dr=
LL-37 @A 4kDa F 24 band’t AE&HA o dx2AEAAqAE AEH A
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Wit (I oxysporum.), &AW (C higginsianum) = EEX ST (R solani)
S Yol AAH L F AHR HEI Ay 2AE A SR AT ATl s A
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- LL-37 & Y& spectrum ¢ @g oo E# S Ho]l=d o]= bacteria® Al
FHd fA st LPSE F3AA Eistes Ao® BT Eg Adsdd
g AN E EAE AAFoRZN SRS FHEHE AELE Agsto
ALHYgueS A IAEME L, ogzz LL-37 2
Gram-positive ¢ Gram-negative 1831 #3%

£3% < 9= antimicrobial peptide A = ¢34 71X= At B

o)
AA

- AR cathelicidinAl & vfpeptide’t HHA A= o] HA+=d PR-39 &=

W ATE o= prolines Bel FH3t = I peptideRA AZAA, F9

a5 Helva g, vkl fFARE B2 protegrine] e B2 EdF WA oL}
2 SR

SABAZA A 3 @A AFFolv} (Lehrer and

- 7 W Iy s=e Oy 2 pAAskRe] A3 Murakami et al &
LL-37 ©] skin ¥ oY} Ao BE FuAz gy wdo] dvkal B
stk = B¢k spectrums HEo]= o peptide A A7} | &

V58-S AAekaL 9ltd (Murakami et al, 2002). 774222 EYglo] ks &
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SUMMARY

Section 1. Isolation of BAA1l gene encoding bromelain and breeding of

transgenic Chinese cabbage

1. Bromelain in pineapple is known as antiproliferation, antimetastatic and
inhibiter of cancer cell growth as results of animal clinical test and widely
uses. Muta et al. (1997) was reported bromelain gene was isolated. We
also isolated similar gene, BAA1l from pineapple plant by RT-PCR and this
gene contained start and stop codon is 1050bp. BAA1l gene is similar to
BAAZ21929 and T10516, which are 95% and 90% homologous respectively.
Cys proteinase motif in ORF region, Es3;xxxRs7xxxFg1xxNgaxxxlgexxxN7s,
which is only contained in Cathepsiin L. of papain subfamily, is also found

in BAA1 gene. Therefore, BAA1l gene might be one of papain superfamily.

2. Isolated gene was inserted into GUS removed plG121Hm digested with
BamH T and Sacl. This expression construction was transformed into
Agrobacterium and then plant tissues of Brassica rapa were infected. The
tissues were replaced on callus inducing media. The explant tissues were
placed onto the pre—incubation plates ensuring good contact with the media
and incubated under low light condition. After 2 days, the explants were
transferred onto selective media containing antibiotics and were incubated
under low light conditions for 7—-8 days. The plates were moved on normal
light condition and the explant were transferred to fresh selective media
plates every 3 weeks. The callus were incubated onto shooting media
containing antibiotics. Shoots formed from callus were excised, placed onto
rooting media containing 50mg/L. hygromycin and were incubated as above
until roots formed. Transgenic plants that rooted on kanamycin were
transferred to compost. After 40 days incubation of in 8-10C, flowering was

induced and to get self pollination seeds from transgenic plants.
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Transformation rate was 4%, which is higher then He et al. (1990)

transformation rate 2.5%.

3. 25 Seeds from transgenic plants (T0Q) were germinated on each selective
media containing hygromycin 50mg/L. Most lines were segregated 3:1 or
15:1 as Mendel's law but some of lines were not. We selected T2

generation seeds, which were segregated as 3:1 and these plants might be

single copy induced lines. Transgenic plants were analyzed by PCR with

3bS specific primer and BAA1 specific primer. T1 transgenic plants showed
300bp (35S specific primer and BAA1 specific primer) and 620bp (BL1 specific
primer set) PCR products but some plants were not because of segregation.
RT-PCR was used to confirm expression of transgene BAAI1 in transgenic

plants and transgene was detected in most plants.

4. T2 transgenic seeds from 18 T1 lines were germinated on selective
media containing hygromycin 50 mg/L. To select transgenic homozygote
lines, PCR was used with 35S promoter specific primer set, 35S promoter
specific primer and BAA1l gene specific primer, or NPTII primer set. The
results were that 63-16-3, 64-10-2, 66-23-2 lines were not detected, 11
lines such as 63-9-2, 63-9-3, 63-16-1, 63-16-2, 64-10-1, 64-10-3,
64-12-1, 64-12-3, 66-3-3, 66-23-1 and 66-23-3 might be heterozygotes
and other 3 lines such as 63-9-1, 64-12-2, 66-3-1 and 66-3-2 were
homozygotes. Bromelain gene expression was confirmed by RT-PCR and

realtime PCR.

5. Western blot analysis showed approximately 33kDa BAA1l protein in
transgenic plant when BAA1 antibody was used as a probe but the band
was not found in wild type plant. 0.9% BAA1l protein in total proteins
obtained from ELSA method was highly produced in B66-3-1 line.
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6. In comparison between homozygote line and wild type, 5.3% of total
genes, 2013 genes in homozygote line were expressed in 2 fold higher or
lower. 1352 gene in homozygote line were overexpressed more than 2

fold higher but 661 gene were down-regulated more than 2 fold lower.

7. The results of microarray analysis were that the expressions of 20
genes in homozygote line were 5 fold higher: 6 protease, 8 stress, 2
ribosomal related genes, and 4 unknown genes. In the further study, the
results of serin protease, lipase and cystatin related gene expressions
were analyzed by RT-PCR and realtime PCR and 10-15 fold up-regulated

in homozygote line than in wild type.

8. Serin protease, lipase and cystatin related gene were highly
up—regulated in BAA1l overexpressed 66-3—-1 line. These results might
imply transgenic plants sensitively respond to biotic stress such as plant
disease. To study biotic stress major disease of Brassica rapa., soft rot or
bottom rot was inoculated. Pectobacterium carotovorum ssp. was inoculated
under different concentrations to 63-9-1 and 64-12-2 transgenic lines and
then plants were incubated for 2days. Transgenic plants infected under
2x10* CFU/ml concentration were not showed any marceration or showed
low infection rates but high infection was showed in wild type plant. In
transgenic plants resistance ability was increased and BAA1l gene might

involve in disease resistance.

Section 2. Expression of a antimicrobial peptide gene (Cathelicidin LL-37) in

Chinesecabbageenhancesresistancetoboth fungal and bacterialpathogens
1. Cathelicidine LL-37 peptide gene was amplified by PCR, and constructed at E.

coli expression vector pET 28. As the result of examining the antifungal ability to

gram negative FE. coli DHba and gram positive Bacillus subtilis, the clear

_‘]6_



inhibition zone was found.

2. Plant infection vector VB2 with LL-37 gene was constructed, transformed into
Agrobacterium tumefacienciens LBA 4404 line, infected the cotyledon of cabbage
and raised 20 transgenic plants. Presence of HPT, 35S promoter, and LIL-37 genes

in four transgenic plants were confirmed by PCR analysis.

3. LL-37 mRNA was detected in four transgenic plants by RT-PCR analysis and
the expected 4kDa sized protein band was found in the four transgenic plants by
Western blot analysis.

4, To find out the resistance to the soft rot of transgenic cabbage which LL-37
gene is expressed, leaves of transgenic lines were inoculated with Pectobacterium
carotovorum ssp. carotovorum at the density of 2 % 10" and 2 x 10° CFU/ml
After 12 hours, tissues of the leaves of the wild type plant began to soften and
soft rot symptoms were found all over the leaves after 438 hours. However, in
transgenic lines except line B23, there was no soft rot symptom developed even

until 72 hours after inoculation.

5. Transgenic plant harboring LIL-37 gene showed 662, 75%, and 80% more
resistance to Colletotrichum higginsianum, Rhizoctonia solani and Fusarium

oxysporium, respectively than wild type plant.

Section 3. The effect of dietary supplementation of transgenic cabbage

containing bromelain on production of broilers

Bromelain, an extract from the pineapple plant and a proteolytic enzyme,
has been demonstrated to show anti—inflammatory and anti—bacterial
properties and usually consumed with food and medicines without tolerance

and adverse effects. Recently, it has been tried to define functions of
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bromelain on animal production and veterinary medical treatments. Never
the less, it needs more research works especially to know feeding effects
and methods, and economic analysis when bromelain is fed on livestock.

Therefore, the study was carried out to develop bromelain—producing
transgenic plant and investigate proper supplementation level of the plant

for broiler production.

1. Feeding Seoul transgenic cabbage and rear earth supplement(RE)
significantly increased the growth rate of broiler chicks compared with

control(P<0.05), while RE only improved feed conversion ratio (P<0.05).

2. The rear earth supplement clearly decreased abdominal fat content
compared with other treatments (P<0.05). Liver weight tended to be
decreased by all bromelain supplements and the length of the small

intestine of chicks to be shorten.

3. All treatments tended to increase HDL-cholesterol concentrations in the

serum of broilers but decrease LDL-cholesterol.
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A1y A0 2aA e 71

W5 (Brassica rapa 1.)= AAg i} &= 294 A= 134714 $2v
ghol] A H o] Aujs i vk AAH ez YAstd A4E2 wFE, Guls, BEE
2, AA 2 #F4 5 350% 3,000F°o= ®aso] Ax 3} o]# (U's triangle)
3 ds FP A4, 4504 AT BE AAE neln Ak Fa 44
gt A5 AEe w5 (B rapa 2n=20 AA), ¥ (Raphanus sativus, 2n=18),
SHlF (B oleracea, n=9, CC), wjF<} dmF7t wg® 3 (B napus,
2n=4x=38, AACC), "5 AR} g 7 (B juncea, 2n=4%x=36, AABB)
Tz FAH glon, oF Tl vYge FFor Y5 AlBsta vk =
ol A ul &= 4fﬂ AazE T sholm, F ofAl Adze] 1/4 A=E AHA
Shol o 4% haolX] @7 2400 ES AAer eaAE Fue gL A A

° L5 N AS o SAah dzstel o1& )
AN 4G 2 AAedew Sdd B o Mﬂ‘r U R FHAAE el
. o)

o

A2 BANEee wem ez 3¢ AR 7ﬂﬂlo}m} }L we¥jo] A

B2 @& Fdsta et o

& i) toxind Zro] HEH Q 2l

LA Ja) FasS HAE fdow EFET (Yun et al, 1997; Broekart et
al.,, 1990). o1& #9E T4 IdoAEHAH FHA9 v A Ao
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chitin 2 glucan® 7}5E3) S Adlsl= chitinase %
BugAvt Boller, 1987). &
A

o }
de ddse A7 delmd wwase Fm A% 3o add b

B2
lo

o

=

lo

o

o

lo

beta-1,3 glucanase®} Z2 =&

cystein—rich antimicrobial peptides (AMPs)® ©]%l2 defensins % lipid
o} 3t} (Broekart et al., 1997).
o] 5 peptide™ &2 alpa—helices®] ¢t ASE 98 27, 371 = 4719 o|s3t

5 ugE Zta v & g8 gwse 7 dMd 2= thaumatin like

transfer proteins (LTPs) % thionins 52 ¥

proteins (TLPs), ribosome inactivating proteins (RIPs) 2 HUAd#AH
PR-protein S°| At} (Leah et al, 1991; Van Loon, 1997). 15 ZdA
TLPs+ Thaumatococcus danielle®] o4 He]dk 15-26kDa® A7]1& 74
= Aeel= otk (Lin et al., 1996). o9 F&d& Hol= A== Hl9
osmotin (Stintzi et al., 1991) %559 zeamatin (Roberts et al., 1990), =
SolA B HAAdTFE TLPs S9o| o5 I5° ottt (Vigers et al,
1992). RIPst A%, Mot B FEA XA duldegdo] Agxow o3
S F= Ao=w o]u] PR-protein® FZAo] FAo dojydt} (Girbes et al.,
1996). 2=y dia g7 A FA5H PR-protein?] 752 ofz A =sA
sl A A ekgkoy, BYl AGAS] B ofshd, Weltol dlel e ARE F
of =49 dae sl B 159t (Linthorst, 1991; Yun et al., 1997). A+
7}A glucanase (Yoshikawa et al.,, 1993), chitinase (Broglie et al., 1991; Lin
et al., 1995), pathogenesis—related protein 1 (Alexander et al., 1993),
osmotin (Liu et al., 1994), defensin (Terras et al., 1994), thionin (Carmona
et al., 1993) 2 lipid transfer protein (Molina et al., 1997)52 =5}l =
g GMO A& Hdawol e AFAe] S HAAvke d3E HolFdr. 4

2o FEvlt; Bojdoz AYHE Holt FAAEFHE dg AMPstE ¥
spectrum® 7HA7] wjEd B2 FFo Wl AFAe] SXEv e Ba Hu
9)\‘:} (Anzai et al., 1989; Higgins et al., 1998; Yang et al., 1997).

< o Sulell A wjFo] ARkl deh A BY vjeh 2 AFAE T4
oz FAASY 7F, 75 AR ¢ 2 EAF 54, RNAY o9 73
o] e Ao], Ao dd gl EST Blal 4], microarray 7|8 & o] &%

FAALE G4 Fol BuraA AAH T 3

o =
WA B ATE g% 7 sl

rr

0_1_4

A7 o]},
2 bromelain #& BAAL 3

3
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Aot A Fd A FEtol= cathelicidin #E LL-37 FHAE o] &alo] &
|

=37
2Ag A=A 4L Soll W A Al SAAEE 8 2l A T

=
factor® 7|Fst=d Bo AHE Bo o LYYt ol Yl H S0 1
AEo A Azg d Ao Ak V) AMgSta e Ul T A ARG JE
zpolo] W WA AskEArt AT & o

omn o]w Z}X}Oﬂfﬂ cholera toxin B Y hepatitis virus ©] t)gr A S AArks)
/\

of I 3% g9 vt glow EvtE Zonlhuy GoA AR WAl gLk
w3 A7 B FHo] glo] mAgot AeAe ddAHAE Foto 28 v
S Aow BT} o monoclonal FAE AEoA ddA 7 T2 5= ATF
7h &ds] e glon, nlolef s ek FA FAA =S S8 F nlol
g 2A AEA7F Ay drt. delolE (Ananas comosus)S L #AR-EH AA o
el oA Wik kgEER Fol o] 8HAN e, 1876 o &&= o] bromelain
olghar dHAHA ofFow =PHo] AMRHTY] AlFsiTt F2 IclE =
7104 Ao] A= bromelaine @M A Bd &4 5 cystein protease® EHIFH=

protease?] EHFAIZA ookF 2 Uo|o]E FFoz AFdA Z Uy

Bromelain® 7)< (1) o &%
o
=y

A EHAsdEE 714 (3) &

=
2
e
B~
i
lo
oo
=
i
2
&
5=
o
AC)
tr
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# vb7k 7] wiolvh. Bromelain®] 4} 2}
AemA =z A 283709 ofmjxAto® A gl e wwld
v 2 9 J)#H wE M7 gE g3E Rol: Ao
bromelain®| glycosylation®d =] u}z}
(Khan et al., 2003). Bromelain ¢ &
Oz FrEE Ador B Hided FE AFH F AT Fo A 7t
wol] o] vt Bromelaind 440l =
A Apgstol= AA W WAel A7A deva Ba
amino acid 2 FAH Y@M RA thE dMA Zo] gAlzE Ho] a7 ¥
E4=Z QAJAd d7F ¢lo] bromelaing EH&9 ¢ e odFor HT #AAS
W 9t HZ Ko 52 monoclonal antibodyE oA @ Al =4
glycosylationo] dAdeje} fFAFStA o] FoH e AT Ko et al,
2003). o€ "¢ ¥4 eri 12 d?“ﬂ’ﬂ# i
7

N,

o e

k)

=
E
o
5
A ¥R o off mR

e

system= ©] 85}

E
sto] m P& dig dAF o] FHdoR uH %36& A welstth G
AgEE ABESE oY AEE5H 7E e 49 Axae
ZAst7] wEol v 2T aHSA A, vholE, wEo] T
H7F §A dede Aol 5AQolvh. olFA mj Aol g dabA Wojadom
WS- A3 H Ak (adaptive immune response)=
gt yoprt = AE2 wAEe] I
=



m
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53] A F#l FA peptide & F2 AA HAIAANA AL HE peptide®
2 15-459 amino acid & FA ¥ o] gJon HAA A A3 (net charge)
ol 22 = At} (Boman, 2002). ¥4 database o= &, A& % %
ghek o] & 7199 800 47| peptide’} HirEo] v}, FE o]E
o] AFAR doJAH o]F peptide 52 HrHEolo] AxZuo] F g3l
F3E BolYal e I7ke] Ae= A 7 FF°] peptide £ £Ad}
defensin (a -defensin ¥ B-defensin)® cathelicidine® Z5F¥ Fagk A
LL-37 o]t} & A2} o] 5 peptide 7} AojHw W= S4& B
v}t (Boman, 2002). A2 Aol A= o5 peptide®] F2 w-¢ 2% A
shA| Rk @50l A7IE o] F peptide FAAAEC] S7bskA Aok, 2 A& B9
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=

proline

FHE AT o=
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=

protegrin °o|#tE &

ol

(Lehrer and Ganz., 2002).
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SEof Bpfol A =

LL-37 o] skin % olg} 79 m= w4

1242 AL

] =

Z

A7 F

g,

o] peptide

Hol=
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o
A2 d dA4NEYE £ He
T 2 dFAEER AFATY L L HY
-Bromelain# A A & |- A A SR 9] #2532 54
z9lsl HAAZ wjF - FAAITO AN LA FA
o U $4 2 gA|- FAASRA Tl A bromelain® 4
B - RT-PCRAME 9] cloning%, 9714 |FEA
AR o) 0 LL-37 LL-37 %ﬁx}ﬂ W;{o}ﬁoﬂﬁﬂ ey 2 oy
(2004~ 1 oA m - 4] 249 pHCE system2- o] &
2005) peptide At 8] |_ pET system? ©]-£3}49] inductione 3¢
-HAASAE o] &3t ulE o B 3ho)
TE A A U ey ests 59
¥ - 52 94 29 3 B9
-BromelainfrAA S |- A AT 2Ed 2 hromelain % o]
EQE FEAS S =2 AE $4
o T &4 ¢4 #A i(;_] T
H 3 ) Hb‘éé}_/\}oﬂ U}E‘I— Xo/bbg bé‘]E ﬁ%xﬂ }?ja
EUSS |
—olA e LL-37 |- &34 ¢4 AT #X 2 54
2P| peptide $4x @A |- GFP 2 GUSZE 32 A4 Ti-plasmid
(2005~ | q a7 94 vectorg ©]-&ste] hCAPI8/LL37 F3AF 45
2006) - AAGAZ o] &3 |-TF Vectors Freeze-thaw®dH (Gelvin et
=5 o4 4% al. 1988)2 &38| Agrobacterium tumefaciens
LBA44040] 3 A=A
- bromelain®] &dsl= MFE AR 9 T3]
=
=
- dx2dy g v
-Bromelainf- A A& |- 243 SodA FEHAT] I d3F
Edet FAHE WS |- microarray A9 98k @d Wol €A
o A d9 - A AEAANAN FHA2 EY9E
_olxle _
A PEE S R PR Er
BB B ¥ 1) ‘6‘5‘ 1
(006 | PePtide 1 ST - gaddAe A4FA 44
al- =] © <. S _
goor) | TRAE S S gagasge aag
g 4 - ATHE R ATHTY FTAH A
-FAARA S o8 - oy maFe gFA 2
g J4dd FAASRANEAEY TEYT 4HEE 5%
el AAA o] &
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A2d=UHel 7/ d&

=7]oA E2]H bromelain (EC 3.4.4.24)& 19574 Hunters o] 9
¥, &4k (Ota et al, 1964; Murachi, 1970), At &
(Cooreman et al.,, 1976) =°] B 13t} Hausain® Lowe
(1970)= =7] 79 bromelain® Z-AH-Y<cysteine #F histidine FHE ofr] =
A Al Zo} cystein protease® E-FHE proteased EFA|R mlolo]=
Z7] 2 Hdo) uxre A gtk g Muta % (1997)& 3H¢1o)
=7] @ 4G cysteine protease H¥ U FAR Fx EA, Sawano
(2003) bromelain ¥ &4% 7He FAALS EYsto] £ colidl] EEA
71 44 sttt

ol &2 TA AAF-E AA of g Stell A W3E ok E-d 2 AR o ghon, 3l
o Z7ZYE F=3o]F bromelaine BZEAIA, AFAAMynott et al., 2002;
Manhart et al., 2002; Gaspani et al., 2002; Maurer 2001), 3}a A,

£, cytokines & 4 28 95 Ad 2AAA, 84 S F%

5T
=
o Ag

49 o)

o g to

=

o aLAl, ok

01

Ok 3L

O

=S
[e)

o
Lo,

ES ha =
o7x g7t A= 7)4\ o7 B9}t (Engwerda et al., 2001).
Bromelaine R% o]z 7|9ozrg FAGH /4= o H=d, A
Z7] 9 bromelain®] o]oFF o= dg| o] &5 oA QIT}. bromelaine @A &
o]

& 99 peroxidase, acid phosphatase, protease inhibitor 5 ¢]g &2

r& juc

FrEo] 7] ol vl Fals e FUME 2 FElld et AR vE aRE R
E}I’_ &9t (Manhart et al., 2002; Gaspani et al., 2002). %3+ papain, bromelain

1 ficin 57 22 cysteine proteasei= latexE A4tsl= B2 A4 5o &) 6}
AL 23 e AeRE dEA Ut ]% 54 BEFAES FE 4 d34dd 4
antiproliferation, antimetastatic 2 9AI¥ AASA S 237 o] AgHo=w

de] o] 853 v} (Batkin et al., 1988; Munzig et al., 1994; Garbin et al., 1994;
Harrach et al., 1994; Grabowska et al., 1997). Khan % (2003)2 9]
A g A ol v AFA o A glycosylation®] A &=of wpeh &g ]
v g}, ddbA o 2 bromelain & 9Hg A o] w9 Fof A& oy
7 Tt 54 T stve AlS Akl A Wl WA o] 7)Ao

Fo] 40% A=7F de W HA & AME FFEHIL FE AF F 1A T d o



oA 7HE Bo] o] "vk o E 54 F oy 351709 ofnjxgte® g
gudz o2 vl g diaagd BelsEo] AR = sv glvkal BaE 9l
t} (Mynott et al., 2002).
i, 5, 32 2 24 T T8 AhFo AAA 42 xdste FEY Hd9e
Axe] AHdR AEHE Ralste Adaio] A ot TAHA. FEH A
P ¢F 2R v FH
oA"Yy FEFHI
198D). oyt Fkug 9 AAEFZ st WS XA st ATt
ths o] Fo] A}t (Shimizu et al., 1962; Yoshikawa et al., 1989). F37tulzte
A A Fuztd og o EzFE FEHY WS FHIZ st =
AE = Aol 9a A} (Yamagishi et al., 1990; Nishi et al., 1970).

g9 ¥

ol Aol F3E 48 2937 fal, AE AA} 2w

pES

|

=)
[<]

al

91 PR-protein 2 phytoalexin %4 #H FHAAESL ol&sto] F-FHl o
of AgA Zx ABAE st uAsts A7 B §3 9} (Andres et al.,
2001; Tao et al., 2005; Ajay et al., 2005). ditg oz HAE9 &= %
R ATl g e, A& W o I, F=xd

F7F Ak o F AREOIY Az Ale] @Sk diF-Ee] 2 Al el 9

2 o
Aow 53], 3l g os 2= s&EY = 16-20% A=olH, B
= 70-80% AE7) o]t} (Kang ef al 1996; Bark et al 1996). ol 7
7o MYEE dAdsted A7t B2 =82 7o o, AgolA Ade
do7E WY giFio] Aot} Aolgts AHEF 1947 T4 24 94
Ao ek deBaryo] Aol osl Hl=A A EHo] My & FEdnt= A
o] AFH F, o] Wz gy B digk EAo] A gl
aey H2d setEAA AES A5F R AN A FHoR Qe w|
A el FAAC Wk A Ao FdHa Aol (Russell, 19915 Koch,

1981; Ogawara, 1981; Kang et al 1996; Bark et al 1996), A9} A& =
Ao Falgt A2 giA E29 e FpAon 53 A2 AESE &
Az shiz JAEE Ao Al JEo]l Ao dide]l ¥ vk (Taniguchi
and Kubo, 1993; Mitscher et al. 1987).

TAES HET EE AR A2 v JAYel maxor wWojstr] 9

o AAHAAA  (innate immune system)E FAFAAGEH, IAHANE=

al
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(antimicrobial peptide)= AA|FEol| A Aol o]27]7

o tiet Adx}2 Ho] oz W Fag HdS Fdal gt} (Brogden et al.,
2003; Scott and Hancock, 2000; Yang et al., 2004). JwHAEHEE | AES
sEOlV AEEFH 1 A= dAMEe] g A0 =R o] Zgslr] wiTo
e 2T g2 A, vteld s, 530l 5 2 Fwadrt s
el Aol EA ot} (Nagaoka et al.,, 2000; Frohm et al., 1999; Sorensen
et al, 1997, 2001). °]BA v @2 et €A wWolsdo= 4§ B ofy
g} AAHANS7 AL AW (adaptive immune response)S FAsE FA
AARzE AGor Yol FPEI =] AL vAEo] I peptideo] dldl
nAgEoe] e d5se NE We worm JEY JHAE AT 5+
o} 39t} (Turner et al., 1998).

G peptides FE AA WGAA A AHEEE peptide®A FE 15-45
709 amino acid @& FAHo] 9dow HAAACl Hd} (net charge)s UYo] &
=3l Y} (Boman, 2002). @A databased|&= &, A& 2 IFES X g o
g F 71499 8009719 peptide’} HiEo| (Yasin et al., 2000;
Niyonsaba et al., 2001). =2 o]&2 sty AFAZ LojA 1 o]E peptide
E2 dH o] Azt ZAgele] B &9E R k. A7k Ae=
A F 279 peptide E°] £A)6l+=1] defensin (o —defensin® B-defensin)
7 cathelicidin® 25 f#iek Mg LL-37 ]t} (Heilborn et al., 2003). <
& ATAI o] E peptide’t ZojHd AAQ S4E BT (Boman, 2002).
B33 FFA A= o|E peptided] ¥ WF 2F SAGAT FF5o] A7H
o] & peptide E°] =7}t &9t (Zaiou et al,, 2003). 7 dE R I95<

ks

FAl7]13l LL-37 ¥} defensin®] Wd AZE T S/t AL @& 4 ¢l

L

T sl
t}. o5 HF Staphylococcus aureus < bacteria®] AL 71Foh. LL-37
of #Ag7H 2 derE Aid #e A4t T @ds] I e

antimicrobial peptide$! LL-37 I defensin 59 Ho¥ F&7]dd tislol=

Aok A YA = AN Fo]2E W o]E peptideEo] Fo]>& W v P

ofd] Agslo] Aggtty A vk (Frohm et al., 1999; Sorensen et al.,

AAAANE A&S vt Rurt gled 948 59

Agad 4 d=es: A9AE =9 we o}
(

=
2 dyate A971A gt Aoz BuFAr) (Haynes et al., 1998; Daher et



al, 1986). & LL-372 9 7|52 3sto] BaddE 3= peptideolt)
(Tjabringa et al., 2003). LL-37% adenovirusE "7]A 2 3} mouse airway
o] overexpression A# ¥ A3 Psedomonas aeruginosa ZFaolH LPSE 5

ot AR5 AT} FadE AL Fels9tt (Bals et al., 1999).
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Z] Bromelain +3dA (BAA1)

[e]
o m
2o, AR wFe] 54 2 FA A

glefE Z7]dA E&8® bromelain (EC 3.4.4.24)2 1957'd Hunters ol <3l
e Ad o]& TAEE (Ota et al, 1964; Murachi, 1970), A 3lstz 54 2
of 4 (Cooreman et al, 1976) 5 °] X315t} Hausain?t Lowe (1970)&
Z7] +# bromelain® A F¢¢lcysteine I histidine FH 9] o}n| x4k Hjd-&
Zro} cystein protease® H-F 5= proteased EFA R FolojZe 7] & I
o BFERE EATY SHTh B3 Muta 5 (1997)2 FofE &7 2 FAdH
& cysteine protease ¥l 2 FHA} FE& A, Sawano & (2003)2 bromelain
#E 84S VHAE #AATEE BEEs E o colidl BN T dTFE A

TRAREL TAl AHFEH AA oAY oA RI7E FEEAdAa AL Eo]gton,
ol 22 HE FE5o]A bromelaine B FA3A, A G A( Mynott et al, 2002;
Manhart et al, 2002; Gaspani et al.,, 2002; Maurer 2001), &&* £ 34 3ozt
&, cytokines F4 % WG v HH =AAA, “’E%‘rﬁﬂ %“é & Y 9
FFogy Iyt 9= Aow BudAvt (Engwerda et al, 2001).

Bromelain® ®-§ o]l 7|do=iy Adfidiet E7]Fd= ol H=d,
A Z7] 7l bromelaino] ¢]eFF o2 de] o] & ol X3 St} Bromelain
2 B ga 9o peroxidase, acid phosphatase, protease inhibitor 5 < #
o Ffrxlo] A7 W @A FaTe sdAE 1 FEHdl we AR
Z29E ®Bogan sgvt Manhart et al, 2002; Gaspani et al, 2002).

O
1_.

R BN  R
e o 2

a&

o rlo

papain, bromelain ¥ ficin 53 #2 cysteine proteases latex= AJAtst=
ddAEd S5 545 25 e AR d#HA Ak ols
25 2 diAFo| A antiproliferation, antimetastatic 2 <HA| =

BH7E Qo] AgAow e o]&Ha vk (Batkin et al, 1988; Munzig et al.,

Bl
oX,
i
i
it

oX.
o
12
2
ol
=
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1994; Garbin et al, 1994; Harrach et al, 1994; Grabowska et al, 1997). Khan
s (2003)2 ol mIE T I o AFIAHANA glycosylation®] A=
of wel &9 ¥WEE Bevil vt dvbA 9 ® bromelain & 8ol wf$-
ol Fagoll Ao Y M F8% B F e AE AMSS R AA
el el AR gFom, HAFAH 40% A= A3 WaHA e AR FF
Hia, F2 43 5 N ol oA Jhd Bl ¥He] dv. E & 54 F
shvbe 3BI7HY olmxetter FAHE 99l = oE aidR &4 dAAARY
EalEo] A= &7 givkn Bt Mynott et al, 2002).

MF, F, B2 D A5 R AxFd AAH £48 xdss $EY ¥

e AT AEs} ATHE %61% St A nae) P dstel BUG. T

Aol olgly FEFWe W AL FFo] AFI HdAonk (Li 198L
Kikumoto, 1981). v}t &7twz 2 A A EF 3o o8te] HAdS SAAYY ste
A7} b o] Fo] T} (Shimizu et al, 1962; Yoshikawa et al,, 1989). &7k
el A F Fuzged oF o EElzdE FEH AL FHFAd 93t
o] #A5E= Aol WH AT (Yamagishi et al,, 1990; Nishi et al., 1970).

H 5o FEH AFAol I HES FA457] Hal, A= AV 2
A& PR-protein 2 phytoalexin A {4 #HW FHAAEE o] &5t FEFH e
AR FRA AEAS Ndstuxsts A7 2a 93 9dvh (Andres et al,
2001, Tao et al., 2005, Ajay et al., 2005).

kA, B Ao A= welefE el sl BAAL 7S ®2eske] #fAA
A ARG MFE St FEHA gt AFY T 2HE FAbE

r2

SN
i

7F. BAA1 +4A &4

1) Total RNA 4
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AEZXZ 01ges S8t Hg A4A F0l8 58 gAArEE G E o &3t

of AAALZ wHEFT. Zeoll AL AFAEES ARESY 1mlY
TRIzol-reagent (Iml TRIzol-reagent/50-100mg Z=2)7F &7 15ml YA #2 &
FEA Yol HojFa, AGuAdArt AAds] £ =g A2d 15870 FJAH.
1ml TRIzol-reagent®] W3] 0.2ml chloroform& Yo] 15% &
AA 5&EZF WAk & 11,000rpmo2 4°CAl A 1633 fdEE] 3o Lﬂ_IZE]_%O]
gl o FrE gEvsS Al FEZ 45T AEL 05ml9 isopropanol (Iml
TRIzol-reagent o)j—q— 0.25ml®] high salt precipitation solution (0.8M sodium
citrate/1.2M NaCD& 9ol 2 HojFi 2ol 1087t WAste] RNAS A
Aot olFA FE3% AES 11,000rpmo.2 4°CollA 1083 A Ee] st F5
S el RNA AEY ImlY 75% ethanolS %31 11,000rpmo =2 4°CeollA 6F
T YAEY Aok 2 e AEAE AASZ RNA A AT HAA 5-10
7 AxAZHG ebEo R 50ul-100ule] DEPC Al "o Helx,
spectrophotometer® RNA2S- A #ato] ALREHS

2) cDNA $4 2 RT-PCR &4

Total RNAE RNase H-Reverse Transcriptase (Gibco Superscriptll) protocol
of ug}l $3st o, first strand cDNAE Sug total RNAZYE A A
RNA template 5ug®l 50mM oligo-dT 1ul, 10mM dNTP l,ul DEPC water 10ul&
A7bste 17ul2 233 65°C incubatordl Al 57F ©AAAIZL 3, A5 Fof Wz
A7) 5x First strand buffer 412} 0.1M DTT 1ul, RNase Inhibitor (40units/ul)
1ul, Superscriptll RTase (200units/ul) 1plS #H7bste] HF H9 20ulz A%
T 25°Coll A 5, 42°CellA 1AIZE WEGA]Z]AL 72°Coll A 161 7HEste E4E
B stetddnh. " cDNA 2ulE F3¥o2 10« PCR buffer (200mM
Tris-HCI pH 8.4, 500mM KCD 5Sul®} 50mM MgCly 1.5ul, 10mM dNTP mix 1u,
Tag DNA polymerase (5units/ul) 0.4ul, forward primer (10uM), reverse primer
A0uM)ZE Z+2F 1A Fobelar W@ 38 1ul® FF Hy 50uE e & PCRE
At olw] ARE3 primert NCBI databaseZ%-EH ol AHZHE
(O'-ATGGCTTCCAAAGTTCAACTCGTG-3"), (O'-TCAAGTTTCAGAAACCAT
CTT-3"E gAdte] AL&3 . PCREFE2 94°Coll A 477t pre-denaturation Al
7 5, 94°CoAl 187t denaturation, 55°Coll A 1#7F annealing, 72°CollA 2%7F
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extension# A& 35eyclesE st o, wpxuto g 72°Col A 10E7F extensionS
NG PCR AHEL 15% agarose geldol AD%3 & ethidium bromide®
AMst bandE AT FTEAELS pGEM T-Easy vector (Promega)ell
cloningdte] @7 E& FASIAIL, FAAZ 44 Hlu= BLASTEA | o5}

o WA

3) Cloning

cDNA 9] 3’'-end®l A-tailinge] H+= 718 o] &35¢] plG121Hm vectord] %4
21
O]'/v\‘:]'.

7 Vector DNA<9] £1]

GUS #4258 =gstiar & plGI121Hm vectore] GUSH RS Al A S 23]
Agaa A2 Al BamHI (10units/ul) 0.5ul, Sacl (10units/ul) 0.5ul, 10x buffer
1.5ul, vector DNA 5ul (200ng/ul)E 931 Wt 75ulz 3HF F971 15ulz 3
ok 37°CA A 2A417F FoF whS-A17l B 0.8% agarose gel’dol Al EQ1dTt, Vector
DNAE gel=FH AF=sto & L’&@r Hh3-& SF3th. BAPA E & vector DNA
34ul, 10% buffer 54, BAP 154 2 @#% 95105 HHe] Zob 55CHA 147
&t WA AT

1}) Competent cell +H]

LB agar 31A [tryptone 10g/L, yeast extraction 5g/L, sodium chloride (NaCl)
10g/L, bato agar 15g/L]°l 50% glycerol stockEl® -80°C % A2 WEile] =
#=9 E coli DHha H#FZ streakingdted 37°CeollA 16417F Hob ajkgo)
Single colony®= Widt LB broth [tryptone 10g/L, yeast extraction 5g/L,
sodium chloride (NaCl) 5g/L] 10ml7} ©4% 50ml FEA 37°C, 200rpmo =
16417F Fob wjeksivh ulkel) 25mls 250mle®] LB brothe] Y3 37°CAlA
200rpm O 2 4A]7F EQt ODgo= 0.6°] = wi7hA] wj kst 5 &4 108 & 2
ot ZA o H afYd-S 200ml YA e o] ¥ 5000rpme = 4°Col A
108 ¢t d4dEE o A5 Hd £ JAd9 /‘ﬂE of wjelat 2 ke
e} Wil 4°Coll A 5,000rpme 2 102 &<t 33] whEste Y4 Ee ok =t
AA" AEo 10% glycerol2 400ul% %31 1.5ml tubed 50ul® #53t

;

Al

il

P
T

A

JE
HU



2, A A" L Yol WEAA -80°C 2 A2 WEae Easid.

}) plasmid vector®} insert DNA®] ligation

LigationS ¢8] GUS F4AxE AAT vector (pIGI21Hm) : insert DNA
(BAAL gene)?d] H]&o] 1 : 3 o] HEE FH|sla, T4 DNA ligase 10x buffer
lul, T4 DNA ligase (3 Weiss units/ul) 1ul, vector DNA (50ng) 1ul, Insert
DNA(20ng) 1plE& ¥i Uiz JF T35 1002 gE 5 42204 1677 9]
v Al H T

091.

#}) Electroporationg o] 83 A= 3t

-80°C &= A& W¥Eie REIANTE competent cellS 7AW dSd Yo =< =
ligatione vkl DNA 1-3ul¢} 41°]A electroporation cuvetteod] 43 & 1440V
2 A71548 7l J2dE8 AFHT e SOCHA! Imls #7bste] E3sh
o wWaE AlEF Wz 37°C A 1A]7F FoF wjdstgd . 2 ¥ kanamycin
50mg/Lg *3&3 LB agar ®AY] 839mM IPTG (Isopropyl-Thio—B-D-
Galactopyranoside) 10ul®} 50mg/ml X-gal (5-Bromo- 4-Chloro-3-Indolyl-B-D-
Galactopyranoside) 40ulS #i#] 9o @ojmegy A2 FuF ¥F FH, 37°Co
108 FA7E S 200us HFoz dojmyA =F s 37°C 279
A A S 1687 Bt wiEste] colonyE B I Th. white colony:E 25T colony
PCR analysisE 338} plasmide] Z7]& # #3531 ligation ++ kel
o] 2 NCBI database®FH o] BAALl gened primerE |83l LR =
PCRZ #4133

ul) plasmid DNA F3

colony PCRE F38lA & 12719 A5 & AWt plasmid DNAE +31
(e}

AR

£

oft

=
Single bacterial colony+ kanamycin 50mg/L& 3¢t LBHIA] tmlol| 7%t
37°C incubatordll A 200rpm© % shakingdle] 16A17F &<t wfkst gty wiok
Iml& 16ml FE| 533 4°CollA 12,000rpme = 187 Y488 3H4

AR celld] 27 9 GTE solution 1 [glucose 2.25g¢, 1M Tris-Hel (pH 8.0)
6.256ml, 0.6M EDTA 5ml per 250ml] 200uls #7tete] &33}5L solution 1T (0.2N

4

N4 o
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NaOH, 1%SDS) 200ulE H71st 3 tappingslth. &u¥lZ solution III (3M
potassium acetate pH 7.5) 200ulE #7}sle] tappingshil -20°Col| 5& &<k H3#
sk 5 4°CAlA 12,000rpme. 2 517 A4 &Y Tt AEsds UE FEA &
A, 3ul®] RNase (10mg/mDE #7}star 37°C &F-&7]0lA 3087 WA 5 PCI
(Phenol/Chloroform/Isoamylalchol, 25:24:1)% 500ul 931 2294 12,000rpm o =
5 B AAEZ s FE A 100% ethanol ImlE ZH7F&iA 308 &<
-20°C Y& B3k 3 4°C, 12,000mpmo. = 155 woF Y4dE 7] 34 plasmid
DNAE JAANZAY. -1 3 70% ethanol 500ulES ¥ 3 tappingdltal 12,000rpmo =

&
SEZF AARY M HF JAAES AFs HdF S0uldl 59 AHEEA
. 9 AASE Agrobacterium tumefaciens @5 JA

1) A E%3 vector 15

GUSHAAE Egatir 9+ plGI21Hm vector® BamHIZ Saclx glo] ¢ &l
GUSHAAE AlAS 3 1 9Ad 936bpe] BAAIFAAE AGAAT o] A=
3 H vector® E. colidl @AAS A7) & kanamycin 50mg/L-8 X3¢ LBHA|
A AEdE @Y colony2Z2HE plasmidS F331¢] insert DNAY #5%& &<l

At

2) Agrobacterium tumefaciens®| A A3

25 B vectortES Y&l W plasmidE Agrobacterium tumefaciens
LBA 44049 @AAg AZAT 28°ColA =9 FHow AFF Agrobacterium
tumefaciens competent cell LBA 4404+ dS9A =91 & plasmid DNA 1ul<}

21 0] A electroporatlon cuvetted] F9s9Y. 2 9 1440VE A7|=AE 718
A FAFE A7 = SOCHA] Imls Fste] EFs 5 dod Alddd 4
28°C oA 200rpmo = 1A &<k &ttt v FR S
¥3tst AB agar WA (stock I KsHPO, 3g, stock II: Nallb,PO; lg, NILCI lg,
MgSO0y4 - 7THO 0.3g, KCI 0.15g, CaCly 0.0lg, stock III: FeSO4 - 7THO 2.5mg,
glucose bg/L)l 200ulE A o2 WojmeEA =T sta1, 28°C F7]dA At
5 2-3¢ &9 g colonyE #HEsEY ) white colonye= 2+ colony PCR

W o R PAHGARE Flstar, & H dF¢ wj%LS kanamycin 50mg/1.°]

kanamycin 50mg/L-2
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HA7tel AB dA Ao HEe & 2-39 <ot 28°C incubatordl A 200rpm o= Hj
g, Mg AL 50% glycerols & HUlsle = A2 JdE 3 (-80°C)o A

a3l

DS 23 AARAEA K4

7H AEAR
Brassica rapa ('Osome’)¢] WZEA line ” A% (TAKI 1) ”
EAY AmZ ALY

o
ol
i
)
1>

ok

1}) Agrobacterium®] ¥j %

AL YE I (-80°C)o AHFH glycerol stcoks 7AWe] A A hygromycin
50mg/L)7F Z71e LB 3HE iAol streakingdto] 28°Cell AXF = il 4847 &
ob oF wikerivt. 4°Col AAS AL viss Adetr] s Y FAA
(hygromycin 50mg/L)7} A" LB A A 15mlol] 243 colonyE o)A Hj
Ao FFe T 28°C, 200rpmol A ODggooll Al 0.97F & wi7hA] e v stSd

) =A4EF 2D ovE

Hix QAo g (6cm x 4bcm)ol FAE Yol 53 sk 100ml H] A
75% ethanol 80mlS Y3 E|ME A4l & FAE 287 A5s9Y 1% Aold A
Ab g o] Sojgl= Wirdk 100mlv Ao EE 27 3 1587 &

7 EoldE vHAd BEHNE 7|5 184 33 FASAT v gez g
Hard Al &7 3Weo R wjas o] &d] A& % phyto agar 0.8%<] 1/10
MSH]A] (1/10 MS salts stock, 1/10 vitamins, pH 5.8)7} E°llE T &7]
g A 15-208 BE lemd 7HH o= 9FaAT. d53 FA= 22-25°Col A
16417 ddo 2 AAAGAE H3te] 747t m g

A
el 2% 08%9 ol HrlE MS-1¥iA (MS salts, MS
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vitamins, 200mg/L KH:PQ, 1mg/L 2,4-dichlorophenoxyacetic acid (2,4-D), 3%
(w/v) sucrose, pH 5.8)°] &H] g djIFP-2 1.5ml"4 FFola 7] A7]A|

GES F WA F ARG AT T Sk YES Ak wBEoA

A=A AGe Aoz A2 F, FoAA O%Eﬁ Bobr "ol Areld ¥
A 438 AAsEAY WSS S-TmmA R A& 5 3 e *]ﬁﬂﬂoﬂ 504

AR }deld o surgical tape® 5814 25°Co A 2421 7F Fob oF vik 5

n}) Agrobacterium® 74

Agrobacterium® %ol ODs= 097} HEE AT Z acetosyringone (3,
5'-Dimethoxy-4’-hydroxy-acetophenone, 10mg/mbD= X33 g3 MS-181%
(pH 5.2) 9mle}t Agrobacterium W% ImlE Abdld B2 Egst9dnt. & ARG
W= 10058 93 gAgdgEow At & AL 40rpme 2 3087 2 u)
Fatath Mg F AFow MAE Fste Wela, s 20083 FES 10
Abg3Le] wl=el W& Agrobacterium S-S Holdglth wjEe B
iAo 5084 UFo] A4S & gElEdFor 2Ed FH IAE
25°Cell A qF vl kst

ul) Callus+r = iAo A of vl &

B5-1wA] [B5 salts, B5 vitamin, 1mg/L 24-D, 3% (w/v) sucrose, 500mg/L
carbenicillin, 0.8% (w/v) agar, pH 5819 Ak#Elol] 4084 y<Est ). Callusi =
WA= surgical tape® B3l AAIS A3 25°ColA 16417 dA SR callus7t
T8 FEHES 1097 medivt wiso] S48 HAY, Qs A, '
v AE wjfo] FAEte] oA YR Lot FHsivha Hds

AR A &3k a A ol Aol ¥

B5-BZHl A [B5 salts, B5 vitamin, 3mg/l. 6-benzylamino purine (BA), 1mg/L
zeatin, 500mg/L carbenicillin and 50mg/I. hygromycin, 1% (w/v) sucrose, 0.8%
(w/v) agar, pH 58] callusE AthstAth A 1wld wsE 3088 Ydsts
oh At e 79 ol 13], 149 ol 2314 F 33] 5 AA A oH, AgNOs=
Hz Al 7d Eokwt AUbeklal, A4S FEE hygromycin 10mg/L&
Al Zo 2 10mg/LA =o7baAM HFAH o2 50mg/LAA Adsidact. 2859 A
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Aol = 218, 33 A= 1488 g Akglo] YLDt
A o= AerF 871w 339 At &

Az oy

il
|l skl

of) A< Ao A v g

ANzE callus=2FH Auste B5-0WA [B5 salts, B5 vitamin, 500mg/L
carbenicillin and 50mg/L. hygromycin, 1% (w/v) sucrose, 0.8% (w/v) agar, pH
5819 Ak 10l A &5 4-57014 Adstdh A4 F surgical tape® 58t 3
F7v wjeketgd s, 37 AUE 2ekA ge Az oAl s Bo-0ul Ao Al
B

Zp) &2 w Ao A ul ¢

Bo5-0uj Aol A AlAkst A9 HopgleE callusE @8] AlAT FB5-R [BS
salts, B5 vitamin, 1mg/L indole-3-hutyric acid (IBA), 500mg/L carbenicillin and
50mg/L hygromycin, 1% (w/v) sucrose, 0.8% (w/v) agar, pH 5.8]8] 2] A )}
At olw] WUHF F AL vk Ax ZgA Adstau. Bo-0mA A EE o] 3]
= A= AdeA & Bo-Rell &2 wi= wiAll AR} el AAE Wi A
et Hels A=A FEs FYsiav. 377 AvE BEEkA e Aes
callus7b Fold& 7HsAdo] e 4Axolnz e FEE Zeps A2 B5-Rl

Aol ZF

Adg A= = 1: DS ¥ F B Fol a5 gtk 2F57 Solds 8
7 &tk 7 WA AW AEAE TEad 23 2Ax0A WA AAD
5 oWe) yio] ¢hds BIEE A3 U BAvh 24 reEnd Fud w4y
A% 495 5AAE AR T uEBA T Ame] TYS H3 A9 B
& BUA 7 BIHES Stk AFHOR 1094% Ay LS WANL
27 A% WFLNA 718 T AHar.
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7} Total DNA €]

fFAAe] E=AHEE I total DNAS EEl&= CTAB (Cetyltrimethyl
ammonium bromide) W& °&stutt. FAASA # dix AEZFH AQAHG
05g8 A& HAAALE o]&ste] HAMsHA 8% 3L, DNA extraction buffer
[100mM Tris-HCI (pH 8.0), 50mM EDTA, 500mM NaCIl 400ul7} ¥37 1.5ml ¢
AEeE FE Zolxl 22& ¥ AstE 203 £3stAh. 1 ¥, 2x CTAB
buffer [2% (w/v) CTAB, 100mM Tris-HCl (pH8.0), 20mM EDTA, 14M NaCl,
1% pvp-40 (polyvinylpyrrolidine)] 200ulE #7lsle] e "Wyo=m Z3lslar
10% SDSE %3l 103] A% Hst® 4o & F, 65°C F2rxo 2087 #XA st
Al 5M potassium acetate (pH 7.5) 200ulE A 7lsta 508 A== Astz 4
= %, PCI [Phenol/Chloroform/Isoamylalchol (25: 24: 1)]E 700ul %31 303 4=
FetR Ao] Aol 12000rpm, 1027 94 3te] @eiAs EEsidc A
400 =5 A 15ml tube® &7 & &9 isoprophanols #F7}ste] -20°C
Fae 2087t RASIE YT 4°C9 12,000rpmell A 1687 A4 #e] 3Fo] DNA
AANZY A" DNAE 70% ethanol ImlE W31 A3 oS Ao A
5] AxA17]3L RNase (Img/ml) 2ul7} A7Fe TE buffer (10mM Tris-HCL, 1mM
EDTA, pH7.4) 50ulel F&3] 5 3 37°ColA 1412 WR] 5t AF&3ES]

M o oy

O

) =947 A4S 99 PCREA

BAAL gene?] = FE 218l 7] ¢35 PCRYHE-2 20nge] +3 DNAE A}
staiar, ofgfe} ol M FTFHY primerss #AS 77 ol&  SATh
Hygromycin A &4 H#42 (HPT) Eoldo® ZE35E primer set (forward
5'-GCGTGACCTATTGCATCTCC-3', reverse 5'- TTCTACACAGCCATCGGTCC
-3) 2 96°ColA 5837 pre-denaturation A7 3 94°Cel| A 30%7F denaturation,
58°Cel Al 30%7F annealing, 72°CollA 2%-7F extension® A= 30cycles &} o,
apxw o 2 72°Col A 5E-7t extensiong AA AT Kanamycin A 34 £-A A)
(NPTID  Bolde=m &% & < A= primer set  (forward
5'-GAGGCTATTCGGCTATGACTG-3', reverse 5'-ATCGGGAGCGGCGATAC
CGTA -3)% 94°CollA 4E87F pre-denaturation A7l & 94°Colld 187
denaturation, 58°Cel4] 1#7F annealing, 72°CelA] 287} extension®4 &

o

3bcycles dFom, mbAEo 2 72°Cell A 10E-7F extensions ST BAAL

o

i

oft
32
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Az HolAoer FEH & 4 A& primer set (forward 5'-ATGGCTTCCAAA
GTTCAACTCGTG-3', reverse 5'-TCAAGTTTCAGAAACCATCTT-3)Z 94°Cel
A 48-7F pre—denaturation A 7] 5 94°Coll A 137F denaturation, 55°Cell A 127
annealing, 72°ColA 2%-7F extension?}d & 3beycles® 3}l om, wmpx|ulo
72°CA A 1057t extension® AAISEG Y. AojR F% AHEL 1.5% agarose gel

Aboll 53 & ethidium bromide® 107t A4 35te] bandE 22514

) = E&AR FARA

PCR &4 98 #dx7F =9ld dZASAZTEH AT (THE 53
of Asd= 2584 hygromycin 50 mg/Lo]l 33 1/10 MSHlA| ol *]74sto] &
AAd A Edrdate] 28 Fde AR FAE84S AEE A

o

u}g} Pearson’s chi-square® ARSI o™, gfx|o] A Aolde AFL FEJ o

H3te] FUE 45

3) RT-PCR9l 9% BAAL #AA &g #A4

TR Z=]le] e FAASRA ] BAAL HHAY HAARE
2 =4 (02g)lA1 mRNAE #&3te RT-PCR #2418 sl #23 mRNAE
reverse transcriptase (Promega, USA)E Al&3le cDNAZ Agsta
spectrophotometer?] 9l&] dE4o® ZAS cDNAE F3Io= AL
RT-PCRel| AF&38 BAALl 329 primer set™ forward 5 -ATGGCTTCCAA
AGTTCAACTCGTG-3', reverse 5’ -TCAAGTTTCAGAAACCATCTT-3'= %
Aste] AbgEdtt, PCR &273& 94°Coll A 48-7F pre—denaturation A7l & 94°C
A 157F denaturation, 55°Coll A 1¥#-7F annealing, 72°Coll A 257t extension@
S Zocyclesz Fo, mxgo g 72°Col A 10E7F extensions 2 ASHS
RT-PCRS B%% 7| 2+F actin FAAE ol &3Att. B- actin A9
primer setv forward 5’ -ATGGTTGGGATGGGTCAAAAA-3', reverse 5'-TCT
TTAATGTCACGGACGATT-3'2 #Aste] o] &3ttt PCR WH& 94°Coll A
487V pre-denaturationA]Z1 % 94°CollAd 187t denaturation, 58°CollA 1&7F
annealing, 72°CAl A 1#7t extension ¥ S 30cycles® 3L 72°Col X H=3t
extensione A&k PCR A& L 15% agarose gelddl %3 & ethidium
bromide® 103t 9 A&to] Zzke] bandE #¢16tS]
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4) Endo-protease &4 7AA

HAASA To (T AEY endo-protease FHA 2 azo-casein (Megazyme
Ltd. Co) =l 9s] 2A%Avt. &2 100mge Iml phosphate buffer (100mM
sodium phosphate, 30mM cysteine, 30mM EDTA, pH 7.0)ol A4 wl3jd 3 247k
B9t 4°CAl A vortex 819 proteaseE FESIHY L, 4°CAl A 14,000 rpm o=
3083 HAsE & AES T 2% azo-casein® A 40°Coll A 24A4)3F wEX] S

G}, Z18]3 3ml trichloroacetic acid (5%, w/v) R 7}&le] ¥F&-S- AR A7l 3

&S 440nme] TR EE =A5te] protease FAS A ASA

FAASA (TOZFEH e3tdAde 71A, A2 (5°ColA 4643 5+ MEHA
A ZAAEZ (THE g53t9 A35g stk T1 AsES hygromycm 50mg/L o]
ZEE 1/10 MSHj Aol X|7dste] Aolde AMAE Edol &4, & 5-6u] Ax
THA AR & fjef o] A ¥ AAFA (T2)E I533 ‘jr

STAY AW HAE st T1 Ao 10 AF9 T2F3AE AFE 15-2084
hygromycin 50mg/Le] F&3 1/10 MSHj Ao X435kt A4 109

RS BAstY EYHAxY 28 AE (o] homo lineoldt AT HAdst
At A2E homo line2 WA =HH FE= &A & 4 561 A=7HA 444

A F ALAY F ANBA (TDE 554

2) Real-time PCRll 9% {HdA @& H4

Standard curve ¥ WA BAAl #7343k} reference® actin f- k2] &g
S AFsgry. 2 FAAS Fo AT 9 cDNA stock (5ng/pl)-S 508 & 435}
Fand 5pE 9t} A% PCRol= SmartCycler II (TaKaRa, Japan)$t SYBR
RT-PCR kit (Perfect Real Time)= ©]-83t31 0™, 558 DNA9 233 SYBR
Green I+ #AZ=dt= WS AHEsdY. A&d #o=HH standard curves ©]
&3] A dAFE AP o, ZF sampled dld] 2kE o R SAHFY S 3
THe A4 ol &stAnt &g ZF AlFwitt actin AR dHAZFES 12 EA
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stUaL, I gkell i BAAL #AALY] EHFS Atste] aHZ2 BASHA

2] S

091.

AASA ) B B

1) BAAL #AAe] &9 FHl

Bromelain 3 FAE 47| 93 FLLE& BAAFAAE] opn| =ik d g o] &3
of N-Zoded (MAEYGRVYKDNDEKMRRFC)¥ CZHH(CSYVRSNDESM
KYA -NH2)-& #4dsto o] &3t3d

2) A A=

At &9 300uge EZ) ol U FA} (subcutaneous injection)E 259 dHAX
150ug® F Wl 23 booster d3th B7] A FRE BV E ether2 F9 3,
A A bloodE FAIZ R 7 ol A2l A 30-60% WA 5 YA A
2AZF = SEY wAEY 10,000pmol A 1083 YAEE S & dods B
obr WAz Bttt whep e Rystmal ¥ 49 0.02% sodium azide (-
e Ha WA Bady dojxl A9 titer= ELISA (Enzyme Linked

Immunosorbent assay)ol| <&l 2-Qls}s3v)

3) Western blot ¥4

Western 412 BAAL FAA7E E5o] ddTFo] =& FAdsA} vFA
AgAe dowyFE total DAL FEEUTY. FEE TNAL 16% SDS
polyacryamide geldl <-&3ste] dwds g =
(Hybond ECL, Amersham Pharmacia Biotech)®l| blotting &9 th. Immunoblot<
BAAlol 3= A 9 alkaline phoshatase detection WH & o]-&35lo] HAZ=3}
Aot

4) dMAAFS 9 g ELISA &4
Indirect ELISA ®¥ oz A9 w3t + WA A (secondary antibody)
o EAE EoA AAst:E WHoR total @A BSAS PBSE o] &3}

200ug/ml= 7l &) welld 931, A2 A 2417 HES-31o] plateo] 38 ES
o O gS SFTE A W AMFESa blocking bufferEs welldl 715 Wil 315
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WA g & SRR A W AT 0.05% Tween 2002 E7]
anti-BAA1 antiserum-g 5009 8|4 % & wellol 100ul® 2 At D24 223
vkl SHFE A W AFEs A 0.05% tween 2022 HRP conjugated goat
anti-mouse IgM A& 10000 3 Agk & welld] 100ul® 931 0.06% tween—20
< & Fbetar A2 A 2A1 BRI & FRFR A A AHEAH 7)A
g &84S ZF welld] 100ul® @2 v, 37°CeolA 3027 wEAA 472 ¥
=3k 1} ELISA readerZ ©]-83te] 415mmollA 3 =5 =38y

al. A AZA 9 microarray A

1) Total RNA £+
Total RNAT RNeasy kit (Qiagen)& AH&3sto] JAHE uAAE (B66-3-1)7}
NZTEE vector/l AYHA ¥ wild type A ES 22 Ao dFste] A

$A7 % )pan AAsd FEe 2L Fom mol AL

2) Oligonucleotide microarray chip

B Ado] A}83 microarray chipS Arabidopsis 37k Oligochip (AgilentAh) &
AbEsE ) o] 5 37k chipdl= Arabidopsis subsets % transcript sequence gene
(3768571) 3 chip quality #<13} normalizationd $¥3te] control sample (225671)
= AAst). Agilent Arabidopsis whole genome 37k Oligochipoﬂ spotting &
o] 1= spot control 7 A 2 non gene spot= X&sle] = 4429070 9] spot
7b ZgEo] 9on o5 103719 column® 430719 row® Ao At
(http://www.nchi.nlmnih.go, http/www.agilent.com, http//www.nchi.  nlmnih.gov,
http://www.tigr.org/tigr, http://arabidopsis.org/ servlets)

3) Hybridization

Fluorescent target RNA labelling, array hybridization¥ washing TIGR
(http//www tigr.org) ol A 7]&3t WS o]&35 . H435= RNAQ Indirect
aminoallyl labelling= total RNA (20ug)¥ oligo-dT 18 (Qug)e 412 $o 10%
7V 70°Col A vk A7) Aol Z3Al sk S AARRSEE & 45u] volume©.
2 ste] 10mM DTT, 0.5mM<e] dATP, dCTP, dGTP, 0.2mM dTTP, 0.3mM dUTP
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¢} 400U Superscriptll (Invitrogen)E Y2 5, 3A]7F FoF 42°Co| A €A ZHt
RNAZ IM NaOH and 05M EDTAE Z7F 15ul® 4ol AlAS % 1M HCIE
15ulg el F3A1ZHE ¢cDNAE MinElute PCR kit (Qiagen)E ©]-&3to] A Al
10ul phosphate elution buffer (4mM phosphate buffer pH 86)%2 F #] 3435}
. Cy3 E+& Cyb monofunctional dye ester (Amersham Biosciences)® 10ul
DMSO®l o] AAldk cDNA (0.2M NaHCO; pH 9.0) 1ulE ¥t Cy dyeste
dark AEIZ 2o 1A7Fs<E cDNAS A3 & 4AM  hydroxylamine
hydrochloride &2 o] 3083 Fo] w2 AXAZ T Labelled cDNAsE
MinElute PCR kit (Qiagen)® At AFE39 Y. Slides® prehybridization
buffer (6% SSC, 0.1% SDS, 1% BSA)ZE 50°ColA] 14]7F-& <t prehybridizationA]
A, a8l3 SRS 29 9 9 ¥ A=A AHY Hybridizations2 413l
WA wild type T ¢cDNAE Cy32 2 hybridization A% 2™, transgenic line<
Cybe & st A" 54 cDNAs+ polyA DNA (2ug; Amersham)S & 5471
95°Col A denaturationdt %, SlideHyb buffer 1 (Ambion)e 391=

HybriSlip (Grace Bio-Labs)® Y%t} Arrays® humid chamberol| A 50°C
o2 16A17F §ESA171 %) buffer (1x SSC, 0.1% SDS)E o83l 50°Co| 4 st
H25 A2 01x SSCe=z i o woprh I & S/, isopropanols
o]-gsle] wmpxjwto g w9It} Arrayst  YAlste] dFAIFIZZ WoRx  Auto
scanner (Applied Precision)®] 9l 9.756um resolution® 2 Cy3 (59%nm) < Cyb

(685nm) 2.2 A=3tY

oL
&

bl

BN
Y

3

4) Hybridized slide glass scanning

Hybridizatione v}% DNA microarray slide glass© microarray scanners ©|
4310] scannings A F=d, Zb spotll A WAL (emission)H = Cy39t Cybe
fluorescence intensity= 23 |l Intensity e FX32 2329 pixel5o] 71A
31 Q& 16-bit TIFF image®] 343+ zkS #2271 2 S 2 microarray imagel
A e T Ae FALLE 0~656359 g2 7 ¢ dvk Hoig (65535) oo
2 39 intensitys= 24 A A detection IAE Bl =X 2A signal
ratio 4= o] &34 EFA ¥y Scanning Ao A Cy39 Cy59 intensity
B8-S 4357 Ysirdes PMT (Photomultiplier tube) ZHs Aoz 7%

3] k. PMTE slide glassellA] WASH = fluorescence intensity 7} @2 74 -%-9
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lo
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o224 F 714 channelsol A WAE = 33

ge-g A A} Scanning® imageE 4

A el gpoto]il 99 o]EAR <3k failed spot2 flagging

S Esle] EAgAA AlALACE Scannerd #A18& software (Gene Pix pro

S ol &M A FA gL vpolaRAZE o4 Trad F&

Ab&43Fe] intensity-based normalizatione ZA|SHA HE=d ZF spotell A dojA

A dlo]H = slide glass EWAA #AME &= background intensityoll ]38k glol

¥olgo] glomw AES intensity 42 spot? foreground intensityol A spot
F9] 9] background intensity 78 A3 o= AAkdio)

5) Spot intensity scatter plot

Signal intensityd #% 242 53] 992 intensity ratio (Cyb/Cy3)= X,
Y plot chart® XAE 9 Qo ol9} & chartE: Fold #9s FAAE &
olg = 2t} o]2)3k X, Y plot charts 448 o 2 scatter ploto] &} sl thHE
458 71 &7 e

6) Spot intensity M vs A plot

Grapholl AF&%  intensity ratio= raw signal intensityS AFRSIA] i
log-transformed intensityE AF&8tA] ¥t} Log-transformed intensityS A&}
£ ©]-fE raw signal intensity®] 7 0~655352] Fholl welx] Bl W 2AA
wEstal om e intensity (10000]8h) grto] W& A9 HHHom & 3k
o= A" YA FHrh = log-transformed intensityS AbEF o R 21dld]
scatter plotoll A spot® intensityE HAAZon 1=4 EAF
< deolHe #&9e o &olsiA & 4 = AAel Sdvh Z spotel diF log
differential expression ratio= M= log: R/GE AT F o™ spote log
intensity = A= 1/2 (logz RxGE XEAHY. (M2 minus® A=A M= log: R
- log:GE Yusty, AT adde] A=A A= logoR + log2Ge Yujsiy)). =48
Zafld A8 F A= MS Cybe Cy3 intensity ratioE log, Fei® A3t gt
S 2M M= 02 W7t glvb= Ae 9rs, M= 12 loge 1= 10|22 2wj7} <&
ZHatE AL oudtth. AE Cybet Cy39 intensityd #71& YeEE FAR
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A e ratios 7FA spoto]Eltal AR A= 29 Ao|E Kol spot logxw =
4uie] W] ztelE yEbdllvE A ongt o]eh o] M (Y axis) versus A
(X axis)E AF&3%F scatter plotS X vs Y scatter plotg 45252 7189 IHZ
X T 7}A channels& Ab&aA A4S A9 microarray®] datas 717 XA A
oz #4% £ e Y=z Wolgtar & + 3lth (Dudoit, Y. et al, 2000). M
vs A plot& 2] 7} differential expression levels €A &<ld 4= ¢lA &},
wek B4 A differential expression intensity7te] #AS HAAE 4 3
thi= Adol QT

7) dHAOlE B FAAEY A G

B66-3-17 iz = @dsta e A9 45 98 RT-PCR &4
S FPeI. 40uge total RNALS Life Technologies Superscript reverse
transcriptase protocolel 8] wel A& A A AT Primerd dA7)|M 49
microarray 2] A I wpEl 3} L= = FHAE NCBI databasedl A 7] <E 9]

AuE do] FAAFOIHA WAL FAskel FASY
A FAARAL MFE LR O AFH 2

1) AEHaAd] g 2 HJF

F54 (Pectobacterium carotovorum ssp. carotovorum) WAL F&2EH

A#As7ed As HEAERFH  Edtol ARgsiTh HHAATES NA
(Nutrient agar) Aol A 1-2¢7F sfeko A A& A Hif

dgds wE ¥, BAREAS o83 HFFEE 25 x 10° CFU/mI 3%
3= ODso= 0270 HE= 2439tk Ren 5 (20019 ol el 2oz 4
AE Wl o 2ol T agar sluryE 23519 HE T HAEAE
e w53 3, 1d 33 drdo2H AgEE FAAZH

2) WAWA 2 AGH AE ¥

HAE T 24A17F, 48417, T2A17F & WA AAARE EQlst). vhx
o2 ZvzZhel A FAAM v} 2L scale®2 AT 3t 519

% 449 scale®e
]

4
0= ®Wyto] = A (Ocm), 1= Wuko] 0.1-lem, 2= ®R{Eo] 1-25cm, 3= WyHo]
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25-bem, 4= Wwbo] 5-10cm, 5= Wko] 10cmeoldol7 vt AstA 28 A H+=

3) Yeast @3 vector 75 2 WHF AF 4

BAAl F4AE yeast &4 vector (YEP352)9] Sac 1 ¥ Kpn I site o =38}
o yeastd] FAAZ s1F Y. YEP352-BAAL vector® -3 yeast= AAHA
(PDB; potato dextrose broth 24g/L)el A 28°C, 180rpm<e. 2 2047+ EoF oA uj
kel & 200ml ¥ €3 12000rpmo 2 10% FoF fAEE s A=
I AAES 4 &#estd] &7 2x, JAAES 2E9 AEH E47]
(ultrasonic dismembrator)E ©]-&3A Al ZvE 343 A
JelE FlE] F Utk Nutrient broth #1A] & control®
Nutrient broth + 59, & & A&+ Nutrient broth + IAER Y53
o] Al 7}A A& ol 22z P carotovorum® colonyE HE38 & 28°C 180rpm o
= Hj sl A spectrophotometerE AF-83F] ODggooll 48] 12A17F &9t o] A4

& 239

s
HN -
A3
N
2
:\L
_0|L
2
n
el

=
!

3% 4% 42 nF

b

7k BAA1L #+Ax Fx284

D A +x &4

gl & 2 bromelain ¥ FAAE #2st7] ¢ NCBI data =28 33
A8 primer Brl &'-ATGGCTTCCAAAGTTCAACTCGTG-3")3 Brd (5'-T
CAAGTTTCAGAAACCATCTT-3")E o|&3std PCR &A% A3 ztzte] 7|3
oAl A eF 1050bp 2719 FFAMES AAY (Fig. 1. o5 ©@H e DNAZS gel=%
B FZ3}o], TA cloning vector (pGEM easy vector; Promega’b)dl cloning s}
A7 EE AR A3 JiA ZEH FA AeS TSI e full length
cDNAZ 1997d Muta 5°] &®3F bromelain ¥ {22} 99% JEdeS HY
ot (Fig. 2). £d8 #4425 BAAlSoZ Wualal, NCBI databasedl A A%54S
AAet Aal opu Ak Bl A BAA21929 F A XFeF 95%, T10516 2 A9k 90%
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Lo

AR 29tk (Table 1). BAAL #2349 ORF 99 Wl cystein &7]E
L35t = protease®=  oFP=AF levelol A Barrett §  (1986)°] 1H.313F papain
superfamily® &% 5 2t}

BAAl FAAS] ofv]at wjE-S o] -83}9] Hydrophobicity 4 % von Heijne
yoz FA%k 43 signalg 7HAE MEL Agoltl. Egh cystein protease
9 vl A BAAL AR NE Aol A WA= S L & Piu® o
Hi2qbo]l 7] gl @AY =& AFAE HQ AR HFo] E o
Lis9] o}m=ibe] BAAL FAAF 48 S FAsE bl 29 FXgdoz A
ZtAY), B% cystein protease= A TAE AASE7] & oA Uy d s
A A= Aol E s
o] At w8 proregion®] 8ol B g AEA 9 Aoj®ul ol AME

ez ]
3

A BEol wAS Sules Azs s

el

)

o

i

M fruit leaf root stem

®

Figure 1. RT-PCR analysis for isolation of gene encoding bromelain in

pineapple plant. Lane M; DNA ladder.

a3 pH F7Ao] 747l A o AAZIY dig B35 IS 3. A
A e 2 cystein proteased] N BT oln| Al wjdd B Ao FEE|gh

BAALF 2 AHE<Q]l bromelaine FaHAA w9 FAFSHH, 33kDa protease ©|
o} Wk proregion® ol w}l papain A9 cystein proteases= N 2l o
o] ofn|x=sbo] F GO AER FA S cathepsin BF ¢F 100719 ofn|xito =
TAEE cathepsin L ¢ subfamily® W& 4 Ittt (Fig. 3). &3 o}nxak s d
%o cystein protease®to] HES AdE H1E  EssxxxRemxxxFaixxNasxxxles
xxxN7 motif7} &4 §tt} (Table 2). webA ofn| x4l 22 B o BAAL w4

ZLe]l AFE-¢l bromelain< papain subfamily % cathepsin L ©] 1t}
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ETGHECTTCCAAAGTTCAACTCGTGTTTCTTTTCTTGITTCTCTGTGCGATGTGGGCTTCG 60
M ASKVQLVYFLFLTFTLTCAMUWAS
CCATCGGCAGCTTCTCGTGACGAACCCAATGATCCCATGATGAAGCGGTTTGAAGAATGG 120
P S AASRDEPNTDPMMEKTRTEFEEVW
ATGGCAGAGTACGGCCGAGTGTACAAGGACAACGACGAGAAGATGCGCCGGTTTCAGATA 180
M AEY GRVY YKDNUDTET KUMEBRTRTF EFQI
TTCAAGAACAACGTGAACCATATCGAAACCTTTAACAGTCGCAACGGAAATTCGTACACT 240
F K NNVNUHTETTFNSTZ RNGNIS Y T
CTCGGTATCAATCAGTTTACCGATATGACAAAAAGCGAATTTGTTGCTCAATATACCGGC 300
L 6 I NQ FTDMTI KSETFVAQY TG
GTATCTCTCCCACTAAATATCGAGAGAGAGCCAGTGGTGTCATTTGATGACGTAAACATC 360
vsLPLNTEREW®PVVSFDDVNI
TCCGCAGTGCCTCAAAGTATTGATTGGAGAGACTATGGTGCCGTAAACGAGGTCAAGAAT 420
S AV P QST DWRDYGAVNZEVKN
CAAAACCCCTGTGGTTCTTGCTGGTCATTCGCTGCAATTGCGACGGTGGAGGGAATCTAC 480
Q NP CGSCVWSFAAT ATV EGTIY
AAGATCAAAACAGGGTATTTAGTATCTTTATCGGAGCAAGAAGTTCTCGATTGTGCTGTT 540
K I KT GYLVSLSEQEVLDZ CAV
AGCTACGGGTGCAAAGGCGGCTGGGTGAACAAGGCCTACGATTTCATCATATCTAACAAC 600
S Y CKGGGWVNIEKAYDTFTTS NN
GGTGTGACCACCGAAGAAAACTATCCTTATCAAGCATACCAAGGCACTTGCAACGCCAAT 660
G VT TTEENYPYQAY QGTU CNAN
AGCTTTCCTAATTCAGCTTACATTACTGGTTATTCATATGTGCGAAGGAACGACGAACGC 720
S FPNSAYITTSGY SYVRUZRNDER
AGTATGATGTACGCTGTGTCGAATCAACCAATAGCTGCTCTTATCGATGCCAGTGAAAAC 780
S M MY AV SNQPTAALTDASEN
TTTCAATATTACAATGGCGGTGTGTTTAGTGGACCCTGTGGAACTAGTCTCAATCATGCC 840
FQYYNGGVF S GPCGTSLNUHA
ATCACCATTATAGGTTACGGGCAGGATAGCAGTGGAACACAATATTGGATTGTAAAGAAC 900
I T I I ¢Y GQ D S S GTQY WiIIT VKN
TCATGGGGTAGCTCATGGGGTGAACGTGGATACATCCGTATGGCGAGAGGTGTGTCTTCG 960
S ¥W&6S S WV G&&EURGY I RMARGV S S
TCTGGATTATGTGGAATCGCCATGGATCCTCTCTATCCCACTCTACAATCAGGGGCTAAT 1020
S ¢ L ¢66TI A MDPTELEYPTTLQSGAN
GTCGCAGTTATTAAGATGGTTTCTAAAACT{ZEQ 1053
VAV IXMVS KT =

Figure 2. Nucleotide and deduced amino acid sequences of a BAAl gene
encoding fruit bromelain in pineapple plant. Dark block; conserved region of

cystein protease, arrow,; primer region.
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gz 3a 2R AHE v papain familyE 27019 domains®] #o]di=d N

W} domaine & -helical?l #Hde] CE domaine B-sheet7} E3$Hetar dtt

Table 1. Homology analysis among 11 cysteine protease in papain superfamily

with amino acid level.

(%) Homologous

Gene BAA BAA BAA BAA BAA BAA BAA CAA CAA CAA
designation @ 21848 21849 21929 22543 22544 22545 22546 05487 08860 08861

BAA1 90 96 89 90 78 89 95 80 78 85
BAA21848 86 100 100 77 97 86 79 77 83
BAA21849 84 86 77 86 97 79 77 84
BAA21929 100 75 93 86 75 75 81
BAA22543 77 97 86 79 77 83
BAA22544 76 77 81 98 83
BAA22545 83 79 76 83
BAA22546 78 77 84
CAA05487 80 87
CAA08860 83

¥ BAA1; candidate bromelain gene isolated in this study

BAA21848, 21849, 21929; fruit bromelain gene of cathepsins in papain subfamily
(Muta E, et al. 2000). BAA22543, 22544, 22545, 22546; cystein protease gene
from pineapple (Muta E, et al. 1997). CAA05487, 08360, 08361; cystein protease
gene from pineapple (Robertson CE, et al. 2005).

o] domaindl ™ A site’} Cyset HE FAH] 42288 1

BAAL #3AA9 ofu| =it = Ciss# Horol SASHH o5 ofr] =it g o] &4
siteo] 3L 1% Cys o} Ak disulfide 28-S A= Aoz RE papainA 9
AR A BarE Y} (Trysellius et al, 1997; Rawlingsand 1994; Pernas et al.,
1998). &gt C = ddell= 2718 w9 fFArg BREG o] EAsH ol A
< o, BEvtE, 7|9, Arabidopsis 5 A E & <z v} (Chen et al, 2006;

_53_



Beers et al,, 2004; Oguchi et al., 2001, Domoto et al.,, 1995).

oA ek BAAL #7319 obu]4l midF ojn] By H FAA 7
F5 A4 a9k AEF A= NCBIL A4 23 doja bromelain &
AA9] accession numberE F A A} o] o2 Uil AT A 2,

o] bromelain #FH FHAATFLE ZA Fole 2EFoR UF A=
(e}

_I_/

CAAO8861 MASKVQLVFLFLFL@VMWASPSRASRDEPSDPMMKRFEEWMAEY GRVYKDN FQI 60
BAA1 MASKVQLVFLFLFL@AMWASPS SRDEPNDPMMKRFEEWMAEYGRVYKDND FQI 60
BAA21849 MASKVQLVFLFLFL@AMWASPSRASRDEPNDPMMKRFEEWMAEY GRVYKDD FQT 60
$kockokok Daokok Dkokokok kokokok
CAAO8861 REKNNYNHIETENSRNGNS @NREINAIMNN NN EF VAQY TG-VSBGL N TEREPYVSFDDVD 119
BAA1 HIWETEINSRNGNS @UBEaaNARININK SEFVAQY TG-VOBgl NIEREPVVSFDDVN 119
BAA21849 HIETENSENENSY@NBEIRNAIRINNEINK SEFVAQY TG-VIBRL NI EREPVVSFDDVN 119
dokskokok okskokskok ok Daokokokokokok Dokl Dok o Ddokokok DR kiR D Dekokokkokokokok |
CAAO8861 TSAVPQSIDWRNYGAVT SVKNHIP, AFAATATVESTYKIKRGYLISLSEQQVLI@A 179
BAA1 TSAVPQSIDWRDY GAVNEVKNQN SFAATATVEGIYKIKTGYLVSLSEQEVLE@A 179
BAA21849 ISAVPQSIDWRDYGAVNEVKNQNP SFAATATVEGIYKIKTGYLVSLSEQEVLIN@A 179
EEBEETEE T TS TN BN **:*::*****,**** ok koksok Ddokokokok
CAAO8861 VSYGODGGWVNKAYDET TSNKGVASAATYPYRKASQGQGTER INGVPNSAY ITGYTRVQSN 239
BAA1 VSYGOKGGWVNKAYDE T ISNNGVTTEENYPYQAYQG—T@NANSFPNSAY ITGYSYVRRN 237
BAA21849 VSY KGGWVNKAYDFIISNNGVTTEENYPYLAYQG——T“NANSFPNSAYITGYSYVRRN 237
Lok kk D kD kckekekok Dk DD EETIE % ckdokksokk kL ok %
CAAO8861 NERSMMY AVSNQPTAASTEAS-GDFQHYKRGVFSGPSGTSLNBIATTT IGYGQDSSGKKEW 298
BAA1 DERSMMY AVSNQPTAALTDAS-ENFQYYNGGVESGPEGTSLNBIATTTIGYGQDSSGTQYW 296
BAA21849 DERSMMYAVSNQPIAALIDAS ENFQYYNGGVFSGPEGTSLN] ITIIGYGQDSSGTKYW 296
ko k ckkk o Dkekk ] N Dok kD kokok | ckskokokok ckekokok [ ekekokokskk k| L Tk
CAAO8861 TVRNSWGASWGERGY IRMARDVSSSSGLCGIATRPLYP——TLQSGANVEVIKMVSESRSS 356
BAA1 TVENSWGSSWGERGY TRMARGVSSS-GLCGI AMDPLY P——TLQSGANVAVIKMVSKT-—— 350
BAA21849 IVRNSWGSSWGEGGYVRMARGVSSSSGVCGIAMAPLFP——TLQSGANAEVIKMVSET——— 351
sk Dkokokok D skekok ok Dk Dok skokoksk ok kokk DX :
CAAO8861 v 357
BAA1 -
BAA21849 —

Figure 3. Alignment and deduced amino acid sequences of the coding regions
of bromelain genes (CAA08861, BAA21849;, NCBI data, BAAI; Isolated in this
study). Putative signal peptide and active site domain are shaded. Regions of

cystein protease include EssxxxRsxxxFeixx NesxxxlgsxxxNyz motif.
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Table 2. Amino acid position of ERFNIN motif, 12 amino acid conserved

sequence and catalytic site of BAA1, CAA08861 and BAA21849.

Gene ERFNIN motif 12aa conserved sequence Catalytic site
BAAI E 3%k kR STHAk k P61k kN 64% % % [68% % N\ 72 78 SYTLGINQFTDMT?° (C 144 | 279
CAAO08861 ES}***R57***F61**N64***168***N7Z 78SYTLGINQFTDMT90 C144_H281
BAA21849 E53***R57***F61**N64***168***N7Z 78SYTLGINQFTDMT90 C144_HZ79
.05
0.0

AAB70820( Zea mays)
AAA50755(Alnus glutinosa )
48T‘\ AACA49455(Pseudotsuga menziesii )

70 L‘:CAB09697 (Hordeum vulgare)

CAA56844(Pisum sativum )

1000 926 CAA06243 (Oryza sativa )
818 P43156 (Hemerocallis sp. )
1000 [ P14518 (Ananas comosus)
968 L

BAA22544 (Ananas comosus )
P80884 (Ananas comosus )
BAA21849 (Ananas comosus )

763 T10516 (Ananas comosus)
969 BAA21929 (Ananas comosus )

—[BAA1 (Ananas comosus ) |

Figure 4. Phylogenetic tree of plant bromelain genes by Clustal W. The
number next to the nodes give bootstrap values from 1000 replicates. BAAL,
isolated gene in this study, BAA21929 and T10516; isolated from pineapple
(Muta E, et al. 2000).

A2 715 gk AR A e Aol 1 Ve dF & ¢ glov, F
%9 #AA aFe] VledeR EEHo] s heAE AAste v # 4
oA E2l® BAALILS FAREZHH F2l® accession number BAA21849,
T10516, BAA21929 29} 22 cluster® AT d&= Aol FdFHAH}

AN
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(Fig. 4). ol¢ g da=25 5 BAA21849, T10516, BAA21929 32 Tl

it

ANAM Eeld FHAREA cystein protease 48 717 @A E& 7]F0] = A
o2 Hiso] (Manhart et al, 2002) & AHdA Ao BAAL A= ol&

B fAE 7 5e vHE Aow FAEC

4. BAAL #4A %8 9248 % 5 $4

HE
i

;]

¥ hinary vector 752 ¢std pIGI21HMS GUS #AAE BamH 1
acl A elel ola] AAg 5 L YA HAQlfEmtH g BAAL #%F

= AUAMAY (Fig. 5). uwkebs BAAL A= 35S promoter®] A uj shof] @&

Ste® Atk M marker FAAE kanamycin AFA A (NPTID =

hygromycin A&AFA2 (HPT)E EFstaL o] A #3 AL 2 Al

& 2 9le Ao

F Aoz Azdy.

BAAl FA#e] dAASL dj5H (Takasaki et al, 1997 Kuginuki et al.,
2001)-& o]-&3stth Agrobacteriume A7 HiEe] APAL callus =114
A g 10¥ F5H callus?t 4 7] A &Sk (Fig. 6A). B3k &3k v 4
of 2872l Afult F7)FE callusoll A FABobrE FAHY] A&kl e 33
A kel M = B2 multi-shoot7} A SAT (Fig. 6B). o5 A2 Ax2E5L A4
SR A 2ol 7T-8cm AR 2 wW7FA A F, hygromycin 100mg/Lo]
Z8E MS hormone free BjA|2 &7 T2S FE9 0 (Fig. 6C). ¥<d 71A

FEJ A ¢FAFOH, 8-10°C, 40¥7t A2 F NIE FESSH

H~l

rir

Agtd A= Hedste] AASA (TDHE F5edv (Fig. 6D). 990d He= i
F FAASNE FHT ol Bt AYAH 2 W AYY A=AES FA8UH

(Halfhill et al., 2002; Li et al, 2003; Adamchuk et al., 1999).
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Sall Sac 11
oy [ |

— Bromelain gene ——

SP6 gt
Amp
p—

“==Start

(B)
BamHI Sacl
A\ v %
R NOS NOS NOS NOS 3
PRO SRl TER GUS TER == PRO TER ’
J y y —

© i}

\ [ \
NOS NOS N - NOS NOS ¢
B NPT II TER 358 PRO Bromelain 58 PRO TER

4 4 /
Intron

Figure 5. Ti-plasmid vector construct for overexpression of BAAIl gene.
Nos-p; nos gene promoter, Nos-t; nos gene terminator, HPT;, hygromycin
phosphotransferase gene, 355-p; Cauliflower mosaic virus 35S-promoter, LB;
left border, RB; right border. (A); BAAl gene cloned into pGEM-T Easy
vector (Promega), (B); GUS region was removed using BamH I and Saclin
plG121Hm binary vector and BAAl gene with 355 promoter was inserted into
the gus region. (C); The pIG121Hm binary vector harboring BAAL gene.

F 2 £°] antisense®, RNAIY & o|&a] A t=sstdad Ao 2ds
Alojete] A7tatgdAd-e 7h FAASAE Sgdekal Jvt (Shiba et al, 2000;
Takasaki et al,, 1999). o] A3 HlF FAHNSEL 2% o|=E Hil =3

ot B AFdAE olEe] Eiug FAAEAELHT 1687 A UERT. o=
A A A& Brassica rapa EFE o AEEEo wE L genotype%
Adbste] AFER7] gz AZdu. AFAes Z2rwFdE Wt %015}71
el Tl A F2m AMRStE 2

FAAE A 248 wFd =48 F dS AoE AEy. f"éé‘ﬁ%‘riﬂﬂ]’ﬂ
EHARY FAEAE 98 T1 SAHY 25 ATHEE 2684 Adstd]
hygromycin 50mg/L°] ¥3% 1/10 MSHjR| o] sk535te] Eo] FAks Ay H ko)

_57_



Figure 6. 'Osome’ (Brassica rapa L.) plants transformed with pIG121Hm
vector containing BAA1l gene. A; Callus formation, B and C; Multi-shoot
differentiation, D; Regenerated plants in rooting medium. E; Acclimation of

transgenic plants, F; Selfing to obtain T1.

Table 3. Chi-square analysis in T1 generation after transformation with BAAIL

gene in Brassica rapa.

Strain No. of plant )

Acc No. N Sowing No. X? - test p
o Resistant Sensitive
1 63 20 17 3 1.06 0.25< P <0.5
2 64 22 20 2 2.9:6 0.05< P <0.1
3 65 21 i 14 19.44 P <0.005
4 66 23 14 9 2.44 0.1< P <0.25
5 67 25 16 9 1.61 0.1< P <0.25

a)

Fourteen days after sowing in 1/10 MS medium containing 50mg/L
hygromycin.

g 21¢ ¥, hygromycind| g A&A A} A AR FAd ¢ UMY
. A7) ABonrE EgfAxe TenE SR 43 B AES A9
WA AFM s Al yAe] met APAda ghedd
ool glo] ol AFANA T2 TAE FS53A T (Table 3).
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=
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AR gHFARE AE AZEd EYE AS d9gdez Axs
integration H7| W&o =YH-Axe] copysrF - FL5H, TERANAS SA
71918 single copy® EQH= o] whgz ity & Agtelld AT FAA
AAE Foll single copyE EUE FAHEA = AT RE A A Fo] Al
#FE At Cho 5 (Cho et al.2004)9] H oM Agrobacteriume "HAz FA
A%k &90& A9 particle gun®¥ 2t} single copy® =9E F & &E0] =0

A ZEIE FAAe - FE2 7] & FAAA NS )
1 TIAEA9 gz 845 o] &3t HPT, NPT % BAAl #3d# Eo]4o
2 F3% F 9+ primer setE ©]&3td PCR ©4& dAstgY. 21 23 /4
E=95A g2 YRAEANAE SEFAES d& F o), 248 A
LA HPTe NPT #dAF 4AbEo] gls ) =38 BAAL #7428 PCR
Feg = AAvt (Fig. 7). webd F- A= "o A
2 3= BAAL FAA7F wiF Alsse obd

Q N %
O TR BT CAPTSL RN

713bp > HPT
o Q A A )
M WT ) S & S\ bb"\ 63‘,\ 65 o 65 A 66:5 663
700bp > NPT II
o Q o hY el
M WT o) S o N o> N o> N & o & n & 5 6 A
936bp > BAAL

Figure 7. PCR amplification of transfered genes (HPT, NPT, BAAI) in
transgenic chinese cabbage lines. The amplification products were separated
using a 1.5% agarose gel. Lane M; DNA ladder, Lane WT; PCR generated
from the DNA template of the wild type plant, Lane P; PCR product generated
from the DNA template of the plGl21Hm plasmid that contains the BAAI,
Lane 63-9~66-23; PCR products generated from the DNA template of

independent transgenic lines.
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4) fAA WA 2A
FAAH A2

Aol A BAAL FRAe] Fd oF5 FAst7] f5te], 7+ A%l
A total RNAZE FZ3le] RT-PCR 248 243 43 =3 BAAL #+4
AgH o2 mRNAZ AAHI &S Fe A 4,
BAAL #AAe] #d AE7F dAg zolE BHAvt (Fig. 8). o]49 4725 H
FlefERFH ¥ BAAL #4237 MiFAE el =] hdH oz ug

3 Aty @ 5 9

o Q 9% A" %
M W T 60’ 9 & o8 bb( N bb‘ 5\ 65 o 66 N bb 2 bb S

BAAI

Actin -—‘-—-h--

Figure 8. Analysis of BAAL expression in the transgenic chinese cabbage lines
by reverse transcription polymerase chain reaction. Total RNA was isolated
from each plant, and 0.5ug of this RNA was amplified with BAAIl-specific
primers. As a loading control, the samples were also amplified with specific
primers for the chinese cabbage actin gene. The amplification products were
separated using a 1.5% agarose gel. Lane M; DNA-ladder, Lane WT; PCR
generated from the cDNA template of the wild type plant, Lane 63-9~66-23;
PCR products generated from the c¢cDNA template of independent transgenic

lines.

5) Endo—-protease &4 7AA

Bromelain< cysteine protease?] E3AZ defx vy agr=z FAFSA Y A
e @l s a4 endo-protease 438 Sol &
Al Atz Bla] =2 &4 Bk 3 FEAASAE ol dWlust g3}
endo-protease /4 9] AlolE& HA} (Fig. 9).
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Figure 9. Endo-protease activity in transgenic chinese cabbage lines.

Total protein were extracted in phosphate buffer (100mM sodium phosphate,
30mM cysteine, 30mM EDTA, pH 7.0) from leaf tissues and protease activity
was determined by hydrolysis of azo-casein at pH 7.0, 40°C.

i

ol ZIAZFEH endo-proteases] o] =2 FAAZNANEZAA BAAL FAA

T gFo] Bk ek BAAL A7 AlE el 2 ghel whel AEd HE
Fagde Wyl 2dd Aom AZdEn E% endo-protease€ S serine
protease % cysteine protease T ¥ ETF Y protease #OZ FAHAIAE9
MERANA proteaseZte] Aa A& 45ﬂ d 2ol E Heole Aoz AZHEAz
vl Protease= AlZ ol A AL 2H& 4 iﬂ%, obr=At A T A& *ﬁ;éw)r

TEshs A Aedoen Wgs s AoR wapge] Wi gria ¢
# ATk (Yuh et al,2004; Alonso, 1995; Feller, 1994).

FAAZe] T1 H A
ol A hygromycinol WA-& 2 MAE WX ZEEH YEZ &4 F3AHS A
A B o-6m AEAA AAAZ FRo FaAE 3 AE F 104ARTE &

AZEA (T2)E 5390 (Fig. 11).

_6‘]_



A (Aa ) e To Generation (Transgenic plant)

N
: 2 Aa : 1 aa ------- T Generation (Segregation)
N
| Homozygote | AA :Aa:aa ------- T, Generation
\
| Transgenic event |
V.

B) B63-9 B66-23 Wild type

Figure 10. Selection procedure of homozygote trsansgenic lines with
hygromycin resistance. Transgenic plants were grown in 1/10 MS medium
containing 50mg/L hygromycin.

(A) Segregation pattern of a single gene per generation. Transgenic event was
investigated in T2 generation plants.

(B) Growth of T1 plants in hygromycin containing 1/10 MS medium indicates
segregation of hygromycin resistance gene that transferred into chinese
cabbage with BAAl gene. Deduced genotype is AA (B63-9 line) and Aa
(B66-23).
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Table 4. Segregation ratio of transgene in transferred hygromycin gene T2

lines.

Transgenic No.of plant @)

R atio of Allelic

T2 lines Resistant Sensitive
B63-9-1 20 0 ki
B63-9-2
B63-9-3

52 28 3:1
B 63151
B63-16-2
B63-16-3 0 20 0:20
B64-10-2 0 20 0:29
B64-10-1
B64-10-3

53 27 3:1
B64-12-1
B64-12-3
B64-12-2 20 0 20:0
B66-3-1 20 0 20:0
B66-3-2 20 0 20:0
B66-3-3
B 66 2 3 1 41 19 sl
B66-23-3
B66-23-2 0 20 0:20

T2 generation seeds were planted in 1/10 MS medium containing 50mg/L

hygromycin and checked resistance level at 14 days after germination.
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Figure 11. Growth and development pattern of transgenic event plants in the
field. A; Acclimation of transgenic plants in pot. B, C and D; Growth of

transgenic plants in the field.

T1 5A% #d F 1819 AEA=FEH dogxl T2 FAE 15-2084
hygromycin 50mg/Le] Z3H 1/10 MS wjR]d] FHAH oz uEs 5 ol AlS
2 AAAEE AT d3 (Fig. 10), Table 49 2o 184% F 63-16-3,
64-10-2, 66-23-2 59 34§ ALuiA Aol HAF F Zoprt AlAHUAN G=
28 dgdd o8 s EF IAEAT 63-9-2, 63-9-3, 63-16-1, 63-16-2,
64-10-1, 64-10-3, 64-12-1, 64-12-3, 66-3-3, 66-23-1 % 66-23-3 5 11452
At A Aol A A WS R AHSA Aete AAY ZFFEHdE Eo
ol & uAEAS Hole AAER EEHAU a8 63-9-1, 64-12-2
66-3-1 2 66-3-2 59 4452 A A dFg BE FA oA AAg A&

& EAY ol T E=dFAA dAdS oM mde] w9 nA

H AEL 63-9-1, 64-12-2, 66-3-1 % 66-3-2 54 AL F A} =k A
A oA ZEstn e AT HAeATds oledom & wf =dfA
Z+7F homo 38 % hetero FHZ FA Tt AE AR AATE SA3
7] 9aiA T3AU S S4 2 A Ads Falokwt 48  Id& Aoz Agdr

7) 3AAE Fdd A BAAL FAX 2l
T2 A =& WAZF hygromycin WAS 2l AF 63-9-1, 64-12-2,
66-3-1 3 66-3-2&=45H HPT, NPTII % BAAI f+d=te] =i Fs &9le 2
I, Ay FAAS FddA EdRdxse] AAHOR FAHO &7 Eo

1t



=
ek BAAlCl E=lid F2AGA = Foield Ao fAH dva &

N
T 3

Figure 12. PCR analysis of transgenic event lines. The amplification products
of the BAAI were separated using a 1.5% agarose gel. Lane M; DNA ladder,
Lane WT,; PCR generated from the DNA template of the wild type plant, Lane
P; PCR product generated from the DNA template of the plGl21Hm plasmid
that contains the BAAI, Lanes 63-9-1, 64-12-2, 66-3-1 and 66-3-2;

independent transgenic event lines.

o0

) BAAS FodA =) HAA dd AF 2

FAAS Foda A 63-9-1, 64-12-2, 66-3-1 L 66-3-2 AENA
g 97|98 RT-PCR 4% AAle 27 BAAL FHx9 &L A%
& AolE 2ot (Fig. 13D). Edt A% maker HPT 2 NPTII 7 #}<]
Z7]19 FAASA G FAE Td F4S 290 (Fig. 13A, B, O).

F ot
r:i i3
=

1

I (

(o §2 o2
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(A)

(B)

(C) 936bp—=>>

(D) 500bp =

Figure 13. Expression of BAAl gene in ftransgenic event lines. (A);
Hygromycin resistant gene, (B); Kanamycin resistant gene, (C); BAAl gene,
(D); Actin gene. The amplification products were separated using a 1.5%
agarose gel. Lane M; DNA-ladder, Lane WT; wild type plant, Lanes 63-9-1,
64-12-2, 66-3-1 and 66-3-2; independent transgenic event lines.

FAAdg SddA 63-9-1, 63-16-1, 64-10-1, 64-12-1, 64-12-2, 66-3-1 %
66-3-2, 66-23-1 AlFNA BAAL F+dAe BAZFS ¢7])9) 8] real-time PCRE

AAete] A ddn g AT (Fig. 14). A8 22 AlFoA BAAL
AR BHAFE AAG Ao]lE HHPowW o] F 66-3-1 AT thE AFH v
g B wf 2-30 =& WAFEE EAv. e @dEe] b 2e AZES
63-16-124 A 2719 Aol vt e Eidn 2oy 28 =
719 66A 5 AA TElH 66-3-1, 66-3-2, 66-23-19] ¥ Fe] Hol= A= &
T o T EdEA R fFARe] 23 F L m A= 22 Gl 93
2ol Hole Ao Aztdrt. FAAR FTddA A" ATES Ed4AA
7F tgH o s FAHY 2AHL UAYY ol& AFTEANA mRNAR HALE A=
o] @A SutaA HAHJEANE &7 98 BAAL F+4= F#H FAE AHE
sto] Western blot #4915 AAISAH FAd8 T ASEoM = 120kDa 2
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o4 BAAL T3 band7} % %Q vk (Fig 15). wekd shelol& #ehel BAAL
FAAL MFEAE el AYHOE AP mRNAZ AME 3, HFHoD o
ne

WA S S ool A0 e

-
-

o N

CT{threshold cysle)

e N & oo

A 6> A 2 2 A 2 A
WT 659 6’5’\ 65"\6 63‘A 6&,\') 66,") 66,") 66;)")

Figure 14. Quantitative RT-PCR analysis of RNA extracted from  transgenic
chinese cabbage lines and wild type control. CT values were calculated using
actin expression level as a control. Error bars show the standard error of the
mean for three replicate measurements. WT, Wild type plant of chinese

cabbage, 63-9-1~66-23-1; Independent transgenic event lines.

9) AR FoolA BAAL ©A AF 14

BAAL §-d7e @A olgalo] ELISAWA s J248 A%Ee BAAI
s AZetgh BAABAS] BAAL @vAe F  solublewhy o) 4
BAAL @do] Axet H& (%)= ARttt B66-3-1 AT F Bujde

A 09%<9 BAAIEHAZ v]$ =2 gHds it ok (Fig. 16). ol&
A= Western blot &AM E v =3t 435 29 opebx F G do] 30ug
o7 7FAs T BAAL @9 AL 300nge] FAIE A 2 F . o)d datw
zhall & o A 5 1g9 ¥ £ o2 FH BAALC]l FA S e @AY =
o
ES

5 E3
2 30-3hug Axeta & rt. o9k F-AEE A= Kang 5 (2004)0] Bagh
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Zelet toxin S Hulel] T

F

’\ 6’\ Q’\
WT @Y o b

Figure 15. Expression of BAAl gene in transgenic chinese cabbage T2 lines
visualized by immunoblotting. Anti—-BAAl raised in rabbit and Alkaline
phosphatase-conjugated anti-rabbit IgG were used as antibody. Lane WT,; wild
type plant, Lane 63-9-1~66-23-1; eight transgenic lines. All the lanes were

run with equal concentration of protein extract (20ug).

ELISA Quantification

% of TSP
coococooocooO

O —=MNWPLOO~N®OO©-—

5D |

Wild Type B64-12-2 B66-3-1

Figure 16. ELISA quantification of BAAl protein levels in the leaves of
transgenic event plants. Wild-type and two transgenic lines (B64-12-2,
B66-3-1) were investigated. Ahbsorbance was measured at 405nm. TSP; total
soluble protein.
t}. Microarray w45 53 JAAAA FAA @d G4

B66-3-1 A& A SAA FA= dd WHol AolE U8 microarray
45 AA8A DNA chip A&dl AH&E B66-3-1 A& 752 RNA,
qualityS checkdt 23} v]-9- Sz sAt (Fig. 17).
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(A) Transgenic B66-3-1

(B) R C W T B66-3-1

(cH R C

28s I

N
g

RNA peak image

5
=

Figure 17. Agarose gel and RNA peak image of mRNA isolated from
transgenic event line (B66-3-1) and wild type plant. (A); phenotype of
B66-3-1 line and wild type. mRNA was seperated in the 1% agarose gel (B)
and peaked bands (C). RC; RNA control, WT, Wild type plant of chinese
cabbage, B66-3-1; Transgenic event plant.

i8] A Total RNAS AHALE A 93] FFALZ H4 % dCTPF 28
3t cDNAE TAstY Arabidopsis 3 37000719l #AA= F4% oligochip
(Agilent co.)dll hybridizations A&ttt (Fig. 18). DNA chip 2¥¢] &4 34
£ scanning-2 &3t LoF spot9 signal intensity A deolH (M= log
(R-G), A= logz (R+G); R: w7HA G =4 plot)E AH&38}e] hybridization® plot
Ag FdEatr] g8 WehkE 2Astd M vs A ploteZ EAISATH (Fig. 19).
A3 Aatg dojx WE FHAAES EFE histogramO Z FAISF oM oA &
normalization®] £ data®l X =9 Rl HEsSI] 43 Z3e Agds &9l
Rt (Fig. 20). B66-3-1 A3 =729 microarray & F3 gz @&
dAWo]l FAAEE plote] Wbl whap gA e Az WA plotet =4 plot 7+



Figure 18. Hybridization image of microarray analysis in transgenic event line
(B66-3-1) and wild type by using Arabidopsis 37k oligochip.

(A) Raw data intensity M vs A plot

M ovs A plot

MlogR/6)
o]

(B) Normalized data intensity M vs A plot

hovs A plot

won o

AL1/2 ogdR-GE>]

Figure 19. Raw and normalized data intensity M vs A scatter plot. M; minus
(M= logoR-log2(), A; add (M= logoR+log2G), R and G; red dye and green dye.

(A); before normalization, (B); after normalization.
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ATEER AEY ¥WEE EAdvh plotd] A=E7F log 3.0~39 AlelE Hol&
cloneo] 471, log 2.0~2.9 B Z Ho]= cloneo] 76700t} ¥k log -2.0~-2.9
W9 clonee] 3671, log -3.0~-3.9 WY clone ©| 6712 velydtd (Fig. 2D).
plote] ekl me EAom Ay E uwf microarrayd AR&3E 7 FEzke] wd

Raw data intensity Histograph
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Figure 20. Raw and normalized data intensity histograph after microarray analysis.

B66-3-17 dixzA &9 #Hdx ddAWH= F 201371 (B3%)Y FHEAL

Frolgh FFoR AFHWoIE YEudY 28 o €d WolE
Hol= FAAE ¥ overexpression TAAES F 1352712 YEwY L 94
179671 FHdAES wd o] ropAnt (Fig. 21).

microarray ol A1
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Differential expression histograph
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Figure 21. Signal intensity ratio histogram obtained through microarray

analysis in between transgenic event line (B66-3-1) and wild type plants.

1) Overexpression A A}

Microarray A @A dolX dataEs #2435k A3} B66-3-194 =4 EF 31
w o] = WolE Holm fAAE F 2072 e olE {FAAEY VF
(e}

S A3 H Y protease B FARZF 671, stress #H - AA7F 870, ribosomal #
Ad27E 270, 2ea S8 AA e FAAE AR eyt (Table 5).

_72_



Table 5. Clones that are consistently expressed at higher levels in

BAAl-expressing plant (B66-3-1) than in wild type controls.

Clone ® Fold over

b st

aumber expression gene ID Description

33382 11.2 At1g20760.1 calcium-binding EF hand family protein contains

790 10.5 At4933666.1 expressed protein

927 9.4 At5g19580.1 glyoxal oxidase-related contains similarity to glyoxal
oxidase precursor [Phanerochaete chrysosporium]

23 6.0 At4g25780.1 pathogenesis-related protein, putative similar to gene PR-1 protein -
Medicago truncatula

16875 5.9 Atl1g75830.1 plant defensin-fusion protein, putative (PDF1.1) identical to
SP|P30224 Cysteine-rich antifungal protein 1 precursor (AFP1)
(Anther-specific protein S18 homolog) { Arabidopsis thaliana}

3537 53 At2240560.1 protein kinase family protein contains protein kinase domain

12650 4.6 At5g47970.1 nitrogen regulation family protein strong similarity to unknown
protein

39487 3.8 At5g38195.1 protease inhibitor/seed storage/lipid transfer protein (LTP) family
protein contains

30446 3.7 At2g39350.1 ABC transporter family protein

3999 3.6 BX821750 Arabidopsis thaliana Full-length cDNA Complete sequence from
clone GSLTSIL70ZF08 of Silique of strain col-0 of Arabidopsis
thaliana

1187 35 At2g38870.1 protease inhibitor, putative similar to SP|P24076 Glu S.griseus
protease inhibitor (BGIA) {Momordica charantia}; contains Pfam
profile PF00280: Potato inhibitor I family

3009 3.5 Atl1g63730.1 disease resistance protein (TIR-NBS-LRR class), putative domain
signature TIR-NBS-LRR exists

28132 34 At3g54620.1 bZIP transcription factor family protein contains

1074 34 At5g12120.1 ubiquitin-associated (UBA)/TS-N domain-containing protein

contains Pfam profile PF00627: UBA/TS-N domain

4 Clone numbers; Agilent Arabidopsis gene index reference numbers.

Y Gene ID; NCBI reference data from clone numbers.
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(continue)

Clone Fold over

number expression gene [D Deseription

19312 33 At5g06180.1 expressed protein similar to unknown protein (sp|Q9ZE28)

13470 3.3 At5g44420.1 plant defensin protein, putative (PDF1.2a) plant defensin
protein family member

4651 3.2 At3g46320.1 histone H4 nearly identical to histone H4 [Arabidopsis thaliana]

18638 3.2 Atlg64160.1 disease resistance-responsive family protein

4583 3.1 Atlg66270.1 beta-glucosidase (PSR3.2) nearly identical to G1:2286069 from
(Arabidopsis thaliana)

760 3.1 At5¢21105.1 L-ascorbate oxidase, putative similar to L-ascorbate oxidase
from {Nicotiana tabacum}

14261 3.1 At3g07080.1 membrane protein contains Pfam profile: PF00892 Integral
membrane protein

33508 3.1 At4g12530.1 protease inhibitor/seed storage/lipid transfer protein (LTP)
family protein similar to pEARLI 1 (Accession No. L43080)

12960 3.0 At3g05740.1 DNA helicase (RECQI1) identical to DN A Helicase
[Arabidopsis thaliana]

13327 2.9 At3g20610.1 non-race specific discase resistance protein, putative similar to
non-race specific disease resistance protein NDR1 [Arabidopsis
thaliana]

13333 2.8 At5¢53810.1 O-methyltransferase, putative similar to GI:2781394

1181 2.8 At5g41685.1 mitochondrial import receptor subunit TOM7

29319 2.7 At4¢12980.1 auxin-responsive protein

3290 2.6 At2¢21100.1 disease resistance-responsive protein-related / dirigent protein-
related similar to dirigent protein [Thuja plicata]

33735 2.5 At5g44030.1 cellulose synthase, catalytic subunit (IRX5) nearly identical to
cellulose synthase [Arabidopsis thaliana]

29796 2.0 AA394485 Arabidopsis thaliana mRNA

2) Downexpression & A}

B66-3-1e14 thxA &3 048 olste] Bd WolE Hole #FHA: & 9=
et o]lE f-AAke] 7leS AHHEE cytochrome P450, transcription factor,
2Ef 2B FAA 4] D 524 GTPEdH #3214, alcohol 7Hidlas

A7 522 eyt (Table 6).
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Table

6. Clones

that are

consistently expressed at lower levels

BAAl-expressing plant (B66-3-1) than in wild type controls.

in

Clone @

Fold down

b) L

e expression gene ID Description

37803 0.4 At5¢51900.1 cytochrome P450 family similar to cytochrome P450 86A1
(SP:P48422) [Arabidopsis thaliana]

32847 0.4 At3g02150.1 TCP family transcription factor, putative similar to transcription
factor PCF6 [Oryza sativa (japonica cultivar-group)]

36763 0.4 Atl1g02530.1 multidrug resistance P-glycoprotein, putative similar to multidrug-
resistant protein CJMDR1 GI:14715462 from [Coptis japonica]

18986 0.4 At5¢01410.1 stress-responsive protein, putative similar to ethylene-inducible
protein HEVER [Hevea brasiliensis]

29103 0.4 Atl1g80510.1 amino acid transporter family protein similar to amino acid
transporter system N2 [Rattus norvegicus]

7492 0.4 At5¢16120.1 hydrolase, alpha/beta fold family protein similar to monoglyceride
lipase from [Homo sapiens]

12091 0.4 Atlg72660.1 developmentally regulated GTP-binding protein

43144 0.4 Atlg58400.1 disease resistance protein (CC-NBS-LRR class)

18826 0.4 At1g09490.1 cinnamyl-alcohol dehydrogenase family / CAD family similar to
cinnamyl alcohol dehydrogenase, Eucalyptus gunnii

37499 0.3 At1g49630.1 peptidase M16 family protein / insulinase family protein contains
Pfam domain

34845 0.3 At5¢27360.1 sugar-porter family protein 2 (SFP2) identical to sugar-porter
family protein 2 [ Arabidopsis thaliana]

15020 0.3 At5¢56080.1 nicotianamine synthase, putative similar to nicotianamine synthase

[Lycopersicon esculentum ]

¥ Clone numbers; Agilent Arabidopsis gene index reference numbers.

Y Gene ID; NCBI reference data from clone numbers.
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(continue)

Clonz Hold doyvn ene ID Description

number expression

39997 0.3 At2g43550.1 trypsin inhibitor, putative similar to SPP26780 Trypsin inhibitor 2 precursor
(MTI-2) {Sinapis alba}

10213 0.3 At5¢04350.1 self-incompatibility protein-related similar to self-incompatibility [Papaver
nudicaule]

4457 0.3 At2829650.1 inorganic phosphate transporter, putative similar to brain specific Na+-
dependent inorganic phosphate cotransporter [Rattus norvegicus]

32181 0.3 At179950.1 helicase-related similar to BRCAIl-binding helicase-like protein BACH1
(GI:13661819) Homo sapiens]

17080 0.3 At2¢01110.1 thylakoid membrane formation protein

24567 0.3 TC275044 Arabidopsis thaliana AT4g32710 [AY060577

40712 0.3 At5¢07350.1 tudor domain-containing protein / nuclease family protein contains Pfam
domains PF00567: Tudor domain and PF003565: Staphylococcal nuclease
homologue

33441 0.3 At106120.1 fatty acid desaturase family protein similar to delta 9 acyl-lipid desaturase
GB:BAA25180 GI:2970034 (ADS1) from [Arabidopsis thaliana]

15516 0.3 At4e02510.1 chloroplast outer membrane protein, putative similar to chloroplast protein
import component Toc159 [Pisum sativum]

30506 0.3 At1g51440.1 lipase class 3 family protein similar to DEFECTIVE IN ANTHER
DEHISCENCE] [Arabidopsis thaliana]

7901 0.2 BX830692 Arabidopsis thaliana Full-length cDNA Complete sequence from clone
GSLTLS14ZH01 of Adult vegetative tissue of strain col-0 of Arabidopsis
thaliana (thale cress)

16748 0.2 TC271750 AB023042 Ca2+transporting ATPase-like protein {Arabidopsis thaliana; }

31345 0.1 At4e01610.1 cathepsin B-like cysteine protease, putative similar to cathepsin B-like

cysteine proteinase G1:609175 from [Nicotiana rustica]; contains an
unusually short, 5nt exon

3) Overexpression AA}a~9] wtal KA

Overexpression A} w0 34 o] HHWo)E Hol= FAALY d7|MLE e
NCBI database’l A A4stArh. F+dAE 2 RT-PCRE primers 742 /g 8to]
A% A3 B66-3-1914 thix+to] s @A Fe] =& FHAE Atlg75830,
At2g40560 2 Athg38195% cystein-rich antifungal protein, protein kinase,
protease inhibitor?} ## HAh (Fig. 22).
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Atlg75830 BNMI11537

At2g40560 CB261784
At5g38195 CK117631
NMI111695

BT004285
AY 080867
AK175255 NM12744
AAS586093 AVS811098
A A404802 NMI130199
BTO00672
AYO034915 NM17931
AT099556 NM12196
AK117363

AK117338
NM12878
NM10490
T 42644

AYO052236

NM11280

Figure 22. Semi-quantitative RT-PCR analysis of expression levels of
candidate genes identified by microarray analysis in the plants from transgenic
event line (B66-3-1) and wild type controls. Agilent Arabidopsis gene index
clone identity numbers are given.

Atlg75830; cystein-rich antifungal protein, At2g40560; protein kinase,
Atbg38195; protease inhibitor.

B66-3-13} =4 & A Atlg76830, At2g40560 2 AtHg38195 F At ¥
< ¢7]98 realtime PCR #2418 3¢ 43 gz = H|& B66-3-1414 10
Hj o] o] wEAolE Btk (Fig 23). wekA 53 Aol BAAIFAAE H-2
to] WA uwlel cystein-rich antifungal protein, protein kinase, protease

inhibitor#¥ FAAES] L& v G&& star = Aoz Az Ay,

oft
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16

0 Wild type
M Transgenic homo line

12 |

10 |

AACT(threshold cycle)

Atlg75830 A2pg40560 At5g38195

Figure 23. Quantitative RT-PCR analysis of RNA extracted from transgenic
event line (B66-3-1) and wild type control. Atlg75830, At2g40560 and
AtHg38195 were showed Agilent Arabidopsis gene index reference numbers,
encoding cystein-rich antifungal protein, protein kinase and protease inhibitor
respectively. CT wvalues were calculated using actin expression level as a
control. Error bars show the standard error of the mean for three replicate

measurements.

> m
0,

réd

ov

>

2 AlFARE 14T AFTE Aol L] &5, ZAPAA o
Z2HEI fAsE B63-9-1. B64-12-2 2 B66-3-1 AlE5S At HAA F3
2HE ARSI WFE V|FE FE S4S wEste BT (P carotovorum
ssp. carotovorum)S ISl 2x10'eh 2x10° CFU/mIS Hx= 3o Qo A
A&t 24A 7 T WHES 3HEC HX A FAEAT (Fig 24). ¢ 5%
7} 2x10' CFU/mIZ BESAE A5 dz2E9) diM 0%FE FEF4E 2
Ao e 2x10° CFU/mlIAE 99 Feg T8 & 9 A5 FET4L BY

o,
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Weter 2X107CFUWml  2<10% CFUANI
— : :

Wild type

B63-9-1

B64-12-2

B66-3-1

Figure 24. Transgenic plants expressing BAAl show enhanced resistance to
bacterial infection. The development of disease symptoms (tissue maceration)
caused by Pectobacterium carotovorum ssp. carotovorum stain was assessed

visually and scored as no maceration or maceration.

2 x 104 CFU/ml 2 x 106 CFU/ml
5 -
4 .
3 sf
o
g 2r
.(/]
N
|
| > Sl . N aN
WT .9 Ao WT .8 ad .o
| o8 oV g” o7 g g
1

Figure 25. Degree of symptom development of transgenic chinese cabbage
seedlings when those wild type controls were inoculated with Pectobacterium
carotovorum ssp. carotovorum. symptoms were assessed 48hrs after inoculation
and plants showing detectable maceration were scored as infected. Bar
represents standard error of 5 replicated plants.Disease index- 1, size of
symptom 0.1-lem, 2; 1-2.5cm, 3; 2.5-5cm, 4; 5-10cm, 5; over 10cm or plant

died, 0; no symptom,
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Zreluh B63-9-13 B64-12-2A| Bl A& 2x10" CFU/mI9 Fmol A FE:5-9)d oF
7rel =48 HYon o5 o] 2x10° CFU/mls =M E fAHd 281}
B66-3-1 AEdAE 2x10" CFU/mI®) FEZdAA FE&5do] As Holx @gte
™, 2x10° CFU/ml 24X AERYE Tz e FEF4L 1T (Fig.
24, Fig 25). WekA =43k BAAL +4AF AHE0] P. carotovorum ¢ 548 94
ste B66-3-10lA FE8eol tgh A3dAde] S8 Aoe= AZdnt

2) WA 524 oA 53

BAAl F4AF AHE0] P carotovorum ¢ AAS AAstE EZAXES 34

7] 98l BAAL F-AAE yeast ¥ WE(YEP352)2 Sacl/ Kpnl A9 A4
A=)

=]
o jnvitrodl A FHE FESES IHE S50 (Fig. 26).

]_
]_

ol

0

[

Notll 5° 3’ Sacl
; L BAA1 ; pGEM -T Easy vector (3018bp)
BstZ1 S N Ndel
Sacll l Sall
Sacl Sa:II Sa.lI Apal <«—origin
1 1
BsfX1 ' ' Xhull [{PI;«LI pBluescrip vector (2961bp)
FooR1 ./ \' Smal ¥bal €—ura3
1 1 1
T T
Sach KP'nI BamHI Sall

\ / YEP352 vector (5181bp)
< Amp —caci HBaal HLACZ>—< ura3 —

Figure. 26. Construction of yeast expression vector (YEP352) of BAAl gene.
BAA1 gene was constructed in Sac I and Kpn I site of YEP351 vector.

Yeastel Al A€ BAAL Al=

patterne AP 2 ZAbsk A3 wg A7 THE dizFd BlE] o] Aol
A H A (Fig. 27). ol& 232 49 Z v BAAL #3A AbEo] 9 A4
AaHol FE3H AYAde] FXd Aom Ao,
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Figure 27. Growth inhibition rate of Pectobacterium carotovorum Ssp.
carotovorum in nutrient broth medium containing extra and inter soluble
protein of recombinant (BAAl) yeast cell. A; Nutrient broth medium, B;
Nutrient broth medium containing extra soluble protein in yeast recombinant
cell, C; Nutrient broth medium containing inter (mediate) soluble protein in

yeast recombinant cell.
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Al 2 A QA G# Cathelicidin FAA (LL-37) =<
o] olgt njF9 Fy= FHA

1A 2
Qe on wAEe Vel AF @ A% 9@ A, Az Qe 7 ¥
A, el % w Som AT $7b Ak 1 F APt ABA wge

= R BE Al A g% Aow 53, A ZFHel fal A= F

259 3= 16-20% JEolH, WHale 70-80% AE7F olHdth (Kang et dl

1996; Bark et al. 1996). o|& X9 WA S 2t Aw7tA B =8

71&o] gom, Al AWE dov|e AAY dF-FEo] Adolvt Atolg=

AA 3 19417] S99 2 9w Ao f)st deBaryd] 1ol 9] H 24 AEY

o] X 93] fLdEve Aol J4FH F, oy WwHoR Iyad =44 e
[e)

O

Aol FaAa k. Ty HId gt FAles dFHoR Z7t
Abgeor Qlste mAE FHe FAAA WF AY FAAe FdEL Q)

(Russell, 1991, Koch, 1981; Ogawara, 1981; Kang et al. 1996, Bark et al. 1996),
AAet e B A T Amg oA =29 L deHoln 535 H2
de Hed AR e AAE2 Fdle] oA o] A4 tiite] Ha 3l
t} (Taniguchi and Kubo, 1993; Mitscher et al. 1987). 2 E&E& V| F% & v
Ax BEe HAd=9 Adel addgoz wolsr] #3 AAdYA  (innate
immune system)E A3A| A=W, FFHE = (antimicrobial peptide)® A%
EolA Aol ol277tA del EEst mAdsel g dapy wo] Fgow
g Fe3 dgs FEaigdtt (Brogden et al, 2003; Scott and Hancock, 2000;
Yang et al, 2004). T PEEE HAES TEOIY AEZREH 7 3= 49
ga FAoR gt A§e7] Wi g aFGAATER 2ESFAE A
T, wpol@l s, Fe] 5 o FEIAVE WA YEue= Aol 5Aolv (Nagaoka
et al., 2000; Frohm et al., 1999; Sorensen et al., 1997, 2001). o|& A m A E] o
g A wolgegoer Agd B oolyEt AAWUgukEI A g ukg

o3
(adaptive immune response)s ZAsH= FAAARE A&t} volrl 3t E

[UO

Lo

A 32



o] &3t peptide o thaf wABEo] WS F55t= RIEZF A
£ o] FAAE gAY = Avtial st (Turner et al, 1998). &
T4 peptide & T2 A WIAAAANM AEEH= peptide2A T2 15-4571¢]
amino acid 22 TFAEHo] dom AA A AF (net charge)x= Yol =i
2t} (Boman, 2002). A databasedl = &, H& % ZHES X339 A8 5 7|
22 800 <709 peptide’t Bir¥ o] Qtl (Yasin et al, 2000; Niyonsaba et al.,
200D. F2 ol&L e ATAR LolAH o] peptide £ HHE ot A
Zutd] ZAgsle] FF ZFIHE Bz vk 7o ALE =HA ¥ EFFe
peptide £9¢] £A5F=4| defensin (a-defensin® B-defensin) ¥} cathelicidin & = 5
B e A 1L-37 o]vk (Heilborn et al, 2003). 944 443 ols
peptide’} ZAo]H™ X WA F48 HYvt (Boman, 2002). 7374491 3 Foj A
= °]E peptide®] &L "¢ 2% EASAR dFo] A7|W °]E peptide E°I
S7hettkar ATk (Zaiou et al, 2003). 2 olE HY 935S FdA7Ia LL-37
¥ defensin®] #d AEE Sl Frket= e #EY £ vk olg2 EEF
Staphylococcus aureus < bacteria®] &84S 7t LL-379 #A&7]4 2 <
AFekA Aabe] ek A el #Fuks] e E 3 9 =4 antimicrobial peptide?]
LL-37 # defensin 59 B&¥ 27| Hol distol= A&s] A4 A= FA
7 Fol2& W olE peptideso] &ole W HrE g ol 2 AEFrtn
FA4%5 3 vt (Frohm et al, 1999; Sorensen et al, 1997). 1 ¢ o]EL

E AES dna Bart Hilsd A8 W deAEes 248
2 AT F d=s d99AE =% dtHelots "iste AQ7A
Aoz B3 HUt} (Haynes et al, 1998; Daher et al, 1986). & LL-372 <&
7155 o] "W AYS S peptideoltt (Tjabringa et al., 2003). 1L-37%
ZER

o B
n? 19

ol
i

e

&

adenovirusZ "IN AZ St mouse airwayol overexpression A]#A
Psedomonas aeruginosa Aot} LPSE Folstd dAs| ALV A=
A A3} (Bals et al., 1999).

whehA, & A= op27tA mA e FER e A FEol=
AAE o] &3te] FAAS wiFo S-S F3 AT AFAHe] F2HZ AA

_4

=

O

pics
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2% As 2 gy
7}, A Aetol= LL-37 AR &g

1) Coding region ¥4 2 &g

gt FeElol= LL-37 7% (Gene bank accession NM-004345)¢] < 7]w <&
AX (Fig. DEFH primerg #4389t (Table 1). #7443k primers] &Eol Al
84 EcoRV d92 Hrbete] A8t 242h] primers o] 83t @3 &)<,
2% agarose gel’dol A7) FEste] s & gel2HH DNA 9HS 37319
o HETAoZ FAA DNA ©HE 7F PCR 42 B8 dAdd full sized) 4
A FEskA (Fig. 2). PCR % AH=3 pGEM T-Easy vector®l cloningd}o

A7l de 2Aste] et

2) E. coli°l A fusion protein 5= 2 AA|

LL-37 #4xE5 E coliol ¥dA7)7] $18l], pET 28 vector® EcoRV sitedl
LL-37 FAdAE 7589 53 2d§& vectors BL21 celld] F&A8 s
o™, fusion protein® FEZ ¥8] kanamycin 50mg/L7} 233 LBujX oA
ODsoo= 0.6°] HE= 37°CAA et 3. 28]l IPTG 200ug/mleY] sE&
HArlsla 2L FAoR ALEste]l 4AA7F wiUslg Y. fusion protein®] A=
IPTG #=3% 1000mlE 5000x g o2 1027+ 943t AEZE 31, &%
buffer (10mM Tris-HCl, NaHoPOs, 8M Urea, pH 8.0)% =¢ & 220 247k
FA AT 2E5L 10000% go® 307 AAlste] dojxl 4EFE Ni-NTA
agarosed] #F8le] SEZ2A1Z T H] 5ol proteind AlAS7] 8] washing
buffer (10mM Tris-HCl, NaHsPO4, 8M Urea, pH 6.3)5 o]-&35te] 23] ol
o HFEAHOF fusion proteine elution buffer (10mM Tris—-HCl, NaH,PQs, 8M
Urea, pH 4.5)° <3l 3319
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aagcaaaccccagcccacaccctggcaggcagccagggatgggtggatcaggaaggctece 60
tggttgggcecttttgcatcaggctcaggectgggcataaaggaggcectcectgtgggectagagg 120
gaggcagacatggggaccatgaagacccaaagggatggccactccctggggcggtggtca 180
M K T Q R D G H S L G R w S
ctggtgctcctgectgetgggecctggtgatgecctectggeccatcattgecccaggtecctcage 240
L v L L L L G L v M P L A 1 1 A Q v L S
tacaaggaagctgtgcttcgtgectatagatggcatcaaccagecggtcctcggatgetaac 300
i K E A v L R A 1 D G 1 N Q R S S D A N
ctctaccgcctcctggacctggaccccaggcccacgatggatggggacccagacacgcca 360
L Y R L L D L D P R P 1F M D G D P D 1 P
aagcctgtgagcttcacagtgaaggagacagtgtgccccaggacgacacagcagtcacca 420
K P v S F T v K E T v @ P R 1 I Q Q S P
gaggattgtgacttcaagaaggacgggctggtgaagecggtgtatggggacagtgacccecte 480
E D © D F K K D G L v K R © M G T v T L
aaccaggccaggggctcctttgacatcagttgtgataaggataacaagagatttgeccotg 540
N Q A R G S F D 1 S C D K D N K R F A L
ctgggtgatttcttccggaaatctaaagagaagattggcaaagagtttaaaagaattgtec 600
L G D F F R K S K E K 1 G K E F K R 1 v
cagagaatcaaggattttttgcggaatcttgtacccaggacagagtcctagtgtgtgecccec 660
Q R 1 K D F L R N L v P R 1t E S =
taccctggctcaggcttctgggectctgagaaataaactatgagagcaatttcaaaaaaaa 720

Figure 1. The Nucleotide and deduced amino acid sequences of cathelicidin
antimicrobial peptide (hCAP) from human (Homo sapiens) (GeneBank Acc No.
NM-004345). C~-terminal region s LL-37 coding region
(NH'-LLGDFFRKSKEKIGKEFKRIVQRIKDFLRN LVPRTES-O OH).

Table 1. Primer sequences used to isolate hCAP18 (human cathelicidin

antimicrobial peptide) gene.

Name of primer Sequence of primer (5'-3") Base length
LL-A 5"CTGCTGGGTGATTTCTTCCGGAAATCTAAAGAGAAGATTGG-3' 41
LL-B S"TTAAAAGAATTGTCCAGAGAATCAAGGATTTTTTGCGGAATC-3' 42
LL-C 5"CTAGGACTCTGTCCTGGGTACAAGATTCCGCAAAAAATCC-3' 40
LL-D 5"CTGGACAATTCTTTTAAACTCTTTGCCAATCTTCTCTTTAGA-3' 42
LL-RV-S 5"CCCGATATCATGCTGCTGGGTGATTTCTTC-3' 30
LL-RV-AS 5"CCGGATATCCTAGGACTCTGTCCTGGGTAC-3' 30
Rol-A 5°“GGAGAGTGTGGTTGTAGGTTCAATTATTACTATTTTTGAAG-3"' 41
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LL-a s LL-B S
3 s M F PCR
P, . e <
3 LL-D 3 Lilg
LL-AD
5 5
3 s
LL-BC Second PCR
5 5
54 2
LD
2 3 Third PCR
3 5
Lol -

L LL-RV-§

LL-RV-AS

Figure 2. Polymerase chain reaction (PCR) strategies to isolate LL-37 coding

sequence.

7}) Fusion protein®] =<l

IPTG %3 cell B FE8FA &2 cell2FH fusion proteingd AA sl 20%
acryamide gels ©]-&3}o] SDS-PAGESH %, coomassie brilliant blue R2502.%
Aol T FHoiE At Western blot 415 8 &dd o
WmAg 2 F7Aow SDS-PAGER % nitrocellulose membraned] =7 TBST
(150mM NaCl, 256mM Tris, 0.1% Tween 20 pH 7.5) bufferdl 5% non-fat milk<
ol 22 2A17F Fot Agstdrl. 18l membraned LL-37%3 MAb
(Hycult Biotechnology Holland)S blocking buffer® 1:100.%2 &3t Azt
¥, TBST buffer2 4°CelA =it ®wASAnh. a2l 23 FA2 ELC
(Amersham Bioscience) IgG anti mouses 0.5% nonfat milk-TBST buffer®] %
o] AL 2A7t%ek A8 F membraned x-ray filmol 15% 71707 WA

# band3} 3%

3) g A4

Al 42 Minimal Inhibitory Concentration (MIC) Wil <& A3t
a% 4% Ecoli DH5a 9 2% 44T Bacillus subtilis KCCM 122488 9%
WA (Beef extract 3g, pepton bg, agar 15g per 1 liter)ol] wj%kste] Aojxl
colonyE PBS bufferel] s|Aste] Jguix e mdd 55 33k 2ela ZAH
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ler paperd] &3 wA Ao &8E=3 37°Co s=1F

fi
o Wekst % Fo) A AAHE zoned) 2712 A4

4) AER4E vector 5

oA Wetel= LL-37 FAx7F £3€ pGEM LL-37 plasmidE EcoRV ] A
Fdaiss Azt doR ©@HES Ti-plasmid VB2 vector® FEcoRV  sitedl
ligationsl gt wald L1L-37 #AAE 35S mosaic virusoll A f-2fgh dxd 2
& promoterd] &l& AR} wao] x| w)E s, A marker®E hygromycin A &
& Hol= HPTHAAe]™, Eg AEZ level2 <l 7H539 GFP 42 5o
WEzso Yrt 53 vectors LL-37999 primer® G7IWE S FAbstS
codong A3yt ¥ Ti-plasmid VB2-LL-37 vector® Agrobacterium
strain LBA 44040 A715A &) FAAS o & = AL JE (-80°C)0l
LI e

[‘_u
i
N
oL

U, LL-37 §A%9 3
D WSyl @ S FAAR

LL-37 FAAE AEAd =9dste] 2dA7]7] 93 dAAA SA4L A 1
oA 7)ee AEAE, Agrobacterium® ¥ B FAAS A SA Wyl 95|

s
2) PCR 2412 5% J2487 3ol 2w 24

7}) Total DNA %
FAASA ] f-F5 FdsrE] FAA 29" AE(T0OY  genomic

O

=t
DNA:= Zﬂlﬂoﬂ At 7o) CTAB (Cetyltrimethyl ammonium bromide) ¥-& °]-&
st F&351%

1}) PCR analysis
FAAZd AEASAA LL-37 428 EFAFE FR1et7] fste] ZE o]



25k A 06gel A& AFASE total DNAE FZ3F%th PCREFES 20ngd]
3 DNAE o]&3st3la, oftiet o]l Al T/ primers FA4std F333

HPT oprimer (forward 5'-GCGTGACCTATTGCATCTCC-3’, reverse 5'-TTCT
ACACAGCCATCGGTCC-3)E 96°Cell A 53t pre—denaturation A7l 5 94°Ce|
A 30%3r denaturation, 58°CellA 30%ZF annealing, 72°ColA 257t extension}
A& 30cycles 3FF o™, 72°CollA] 5#7F extensions AAleAtt. 35S primer
(forward 5'-TTCAACAAAGGGTAATATCCG-3', reverse 5'-CGAAGGATAG
TGGGATTGTGC-3") % 94°Col 4] 4%-7F pre-denaturation Al 7] & 94°CellA 17
7t denaturation, 58°CelA 13#7F annealing, 72°ColA 2%7F extension#7 S
35cycles 3 o™, 72°ColAq 10H-7F extensiong AAFAT LL-378dx= E
o] & el primer set (forward Rol-A: 5 -GGAGAGTGTGGTTGTAGGTTCAAT
TATTACTATTTTTGAAG-3', Rv LL-RV-AS: 5'-CCGGATATCCTAGGACT
CTGTCCTGGGTAC-3)E @At o] &atairtk. PCR Whe2Xs 94°CollA 487t
pre—denaturation Azl & 94°CollA 1&7F denaturation, 52°Col A 1#7F annealing,
72°Col A 2H-7F extension®} A2 3beycles® st oW, 72°Coll A w-x49} extension
S 22X g PCR AHEL 1.5% agarose geldol 9% s & ethidium bromide®

1027F 94 8ke] bandE #915H3]

) RT-PCR #4

FAASRAANA LL-37 #4x dHAZE FX457] A8 922 (0.2g)90A
mRNAZ 3% (Novagen, Inc., Madison, Wis. USA)%}tl. RT-PCRS ¢35l
mRNAZE reverse transcriptase (Promega, USA)E ¢cDNAZ A3s 3, LL-37+
AA Eo]AQl primer set (Fw Rol-A: 5'-GGAGAGTGTGGTTGTAGGTTCAA
TTATTACTATTTTTGAAG-3", Rv LL-RV-AS: 5'-CCGGATATCCTAGGACT
CTGTCCTGGGTAC-3)E5 &dste] o] &stgivh. PCREFES 94°CollA  487h
pre—denaturation A7l & 94°ColA] 1#7F  denaturation, 52°CelAd 187t
annealing, 72°ColA 2%7F extension?}d-& 3beycles® 3} om, mpx|ulo
72°Col A extensionsd A3+t B-actin primer (forward 5 -ATGGTTGGGAT
GGGTCAAAAA-3', reverse 5 -TCTTTAATGTCACGGACGATT-3)E o]&3l
94°Cel 4] 4%-7F pre-denaturation? 71 & 94°C oA 1¥#-3t denaturation, 58°C |

A 1#7F annealing, 72°C o4 127 extension #7383 30cycles® %3 a1 72°Coll
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A 57 extensions AAISAT. Aol FFH AEL 1.5% agarose gelldoll

5%t 5 ethidium bromide® 10%-7F A3 band& 213534

#}). Western blot 4]
Western w42 LL-37 427 E9i5o] Ao =& FA A
EA9 domEY total FNAE FE3Ie] A 1FoNA ZlEst Fd

34
o gAARA FHd 24

1) A EZHaAHd dg s A4

Az s AE A AT o WE fEdste HZL A3 (Xanthomonas
campestris pv. campestris) 2 FE54W (Pectobacterium carotovorum ssp.
carotovorum) BHETE FEINZTA ANV HE BHEHAEFEH E$do}
Abgsk el HAAT-S NA (Nutrient agar) HiX oA 1-297)F ajokelld A& A
T2 BaTE st A d8dYE HE T EFFEAE o835t HFFE

= 25x10° CFU/mIYl 4§38 ODgo= 020 HEE AT YT 5=

6 (10°, 10, 10° 10° 107, 10° CFU/mDE o] 5871 2 69719 44 2 ¢
dof) W@ Fepad wAPoR 4AE E F 2 P ATdGIe e,
HE uF 4 ZP2E AR Yol S THEA Fns FHom 2y
ato] 25°Ce] Aol WS AEE T 24A7E 4847, 27 B, WA
9 AAARE FAstAth. wAmom ztzhe] A toM T&E 2 scale®

gl sk ZH2be] scale2E 0= WHko] gl A (Oecm), 1= ®Hke] 0.1-1cm,

2= ®Wuko] 1-25cm, 3= WHko] 25-6cm, 4= W ko]

B A AgE ANEeSHWHd  (Fusarium oxysporum f. sp.), EHAET

(Colletotrichum higginsianum) 2 B2 -&WT (Rhizoctonia solani)< &&3%
A wgHVIed AE HYyHgdM Y wol AMEET WYTELS PDA

(Potato Extract 4.0g, Dextrose 20.0g, Agar 15.0g) #ix| oA 1-29 7} wjekale] At
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A=HE 05em < 0.2eme] A7]= Zepdio] 547] ® 69719 o FWle] 4H H
T A0 Azt &uFa Felag waod *%01 THetA] wEE FFor |
Aske] 25°C Adel FAS AT HEe F 7A7A wjd F =AM HA}

vhg-e Bastel Wutel 2718 5459

3) QA B MF R I A9

2 dgoMe F Hepel= LL-37S A E AXd =3t Hepol=o AA
oA HE Western 248 F3] Hdsta = JAASRAE ol &3ld Ivds 249
< T B AP o]&dd O 54 H O AT AACA wEE,
A4, AEE 59 4F5E st dA3AT (B coli ), FET 7Y Bacillusg
2% (Bacillus subtilis, Bacillus licheniformis), 2<% 2 3739 3xA o]y
TS w2elE Swphylococcus aurens(BA EEgTTT), Adlgtd oy} A€ G TS
T8b= Senatia marcescens, 2 9G5S L8 Gelidibacter sp. ¥ 7% % 6
TFE5 A&t Ao AMES dF= e AT mASd T

o
g

A Eokdtol NA (Nutrient agar)® Ko A 1-2U7F wjdste] oA & A+t
TR Y st A dgde wE F, B3FEAE o8t HFTEEE
25x10°CFU/mldl| 4-$3t= ODgo= 0.271 B 5= 243t A4319

A& ‘!TEHQ/] LL-37 peptide= FA A% 2 o

2,
R
ok
b
é
=
=
@
g
s
o
fri
Mo
2]
=)
=2
rjd
32
rir
8 W
M
lo
i
X

2 1087 943y *‘“Xﬂ‘ﬂoﬂ EA 8= peptideE EFE F
ERF=A o8 =AsAct. LL-37 fepol=rt £3E F99

50ugs 1.5mle] microtubed] &7 1 x 10" #59 ¥

of 4A17F "B sEATE 2H2E e H“J;b] s d¥8Le T /A iﬂﬂé}%‘:‘r. |

NA SAA Imle d7Fste] 9A17E AR <Fe =+ l"ﬁ:%ﬁ Eﬁ]oﬂ OD= 60041l A

] 50ule #Hd NA S92 1/100 2 1/1()002; EREES
o] NA LAMAN =L5te] 24N 7 E, colony o 935 TS doprortt
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3% A3 2 w2

7F LL-37 4 A 4+ &4 2 E.coli A9 &d

G Pelel= LL-37 §3d4 (Gene bank accession no. NM- 004345)¢] 4
Z1ME AR ZREEY primerE &45te 3 @49l PCR w38 Azl 23 114bp9]
F7IMEd Szt LL-37 #3825 fyAn (Fig. 3). PCR 5% AlE4& pGEM
T-Easy vectord] cloningste] @7|o<g-8 FAsH 23} Schmidtchen 5 (2002) 9]
B2gk @7] F oopm At wjdo] 100% YAsHATE (Fig. 4). &8s LL-37 #4
A e] opw) Al vl F Argl9-1e20, Arg23-Tle24, Leu3l-Val327l &4 3L
), o]& peptide 2% FHAAM 7triarl doy Ak oS dogivn 3
S+ (Magdalena et al. 2004).

M 100bp LL-37
S ———
=]
—
200bp
100bp — = 114bp

Figure 3. Gel electrophoresis of synthesized LL-37 coding sequence by PCR.
Lane M100bp; 100bp ladder DNA size marker (Intron, Korea), Lane LL-37;
PCR product.

_9‘]_



L i) LRI Enith
IR N ==
- f'«'é POENTHIGGNS " s}
= - Alaarns o a
gy #} mEEEy  v- @ — e
- =t RRestriction (EcoRI)
N T Blunt
e e
1 T4 DNA polymernse
kil ANTPe
Reaatre > 'r..:f
W ITNG y.ea)
—_ ~_
[ 3
“______.,.-— \""\“
R A T R S T R B o
|
BAMHI ";‘:.‘
Primer: GGN

Figure 4. Construction of fusion protein expression vector pET28-GL-37 for
expression of antimicrobial peptides GGN4/LL-37 coding region in E. coli
using pET28 vector.

2) E. colidlA LL-37 A A ﬂif_ _

L1L-37 43S E coli AF d@A7)7) £18 pET28 vectorel cloning &<
GST¢} fusion A7 SDS-PAGE -5-1 23 IPTGel 98 #=% celldlA 8kDa
229 band7} vtElgkch (Fig. 5). o1& Z2HE5 vlFo] & of YA ¢ 8kDa @z
2 pET28-LL379lA 44 ¥l  fusion proteinolgtzm & 4 v ofA
pET28-LL37o} A AlAFEE w28 Ni affinity chromatograph< ©]@&fo] A&
%, SDS-PAGE & Z= 8kDa % 30kDa Z7|& 7}% 5719 band’} el
(Fig. 5). ©]%& 30kDa #9 bande ¥] §e|3Ho2 Yed A2 HFsn
43d 8kDasl Z7]E 7H4 band’t EEZ YD @Y IAR E coli MEWA
Aoz guydg Aidstn Yot & F Jrh
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EDa M NI I L FI W1 W2 E1 E2

- 30KkDa

h

- SkDa

Figure 5. Purification of 6x His-tagged protein GL-37 from E.coli. 6x
His-tagged lysate of IPTG induced cells (BL21-pET28-GL-37) was purified by
Ni-NTA agarose chromatography. M; marker, NI; non induced cells, I, cells
induced with IPTG, L; lysate, FT; flow through, W, wash, E-eluates.

E coli MEAA LL-37 @¥do] Ja@&H & Hol=XE &7|Ys 178 &4
L O FHTE o8 FHEAHAR-E AESSH. E coli AEWAA AA T
LL-37%# ¢ fusion proteing ADD (Agar Disk Diffusion)®-& A3t 28 &
A1t E coli DH5o &} 1% FA v Bacillus subtilis®] A4S #2438 A3
Aol AAE = clear zoned & F AT (Fig. 6). old Zi=Z m]Fo] & of
in vitrodl A A4kst LL-37 9 AL E coli DHSa ¢+ Bacillus subtilis®| 1t
27 AJH

Figure 6. Antimicrobial activity assay of GL-37. A; Test of inhibitory effect of
recombinant GL-37 against Ecoli (DH5a), B, Test of inhibitory effect of
recombinant GL-37 against Bacillus subtilis. 1. negative control (1xPBS

solution) 2. positive control (ampicillin) 3. antimicrobial fused protein GIL.-37.
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c
) 4 1
hCAP 18 —-
SP6 T7
—{amr
— @—Start

(B)

5°-GGA GAGTGT GGT TGT AGG TTC AAT TAT TAC TATTTTTGA AGC
TeT GTATTTCCE TTT TTE TAA TAT GCA CET ATT'TCA TGT TTC AAA 3%

Figure 7. Cloning of the gene hCAPI8 under 35S promoter (A); hCAPI8 gene
was cloned at TA-cloning site of TA cloning vector (Promega) obtained from
PCR analysis, (B); Transcription enhance regulator region (TERR) obtained
from role gene encoding cytokinin synthesis (Gene Bank Accession No.

NM-004345), (C) Ti-plasmid VB2 vector construction.

v LL-37 f4#e] 2AA3A 54

B3 vector VB29| LL-37 #HElo| =7} coding® A=

15 Aol xet Adste] 35S promoterd) A Hj A ¢tAA o =m W 7}
EE 539 Y (Fig. 7). Ti-plasmid $HE w55 (Takasaki et al, 1997
Kuginuki et al, 200D <3 4% (Brassica rapa)dl =859t}
Agrobacteriume 79Azl AAAZ callus FEEHAAA HIE 109 =FHH
callus7t |4 = 7] A12sklar, AEsk wjA ol 237 A F7155 callusel
A Aozt FA Y] A AR o™ 33 A Fd = BL multi-shoot7} A
E e (Fig. 8A). o5 #AL AREL AsuiAdA 24l 7-8m BAE H W7t
2 AAA 7] $ kanamycin 100mg/Leo] ¥3%% MS hormone free Hj A= 274
<& FESIT (Fig. 8B). % 7MAT potdll &A £&AFHoH, 8-10°C, 40
A7 A2Ae & AFE FEHAT. AZE A= HeEstd AAFA (TD
2 d=35t4e} (Fig. 8C and D).

rﬁlﬁ

&
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Figure 8. Development of transgenic plant 'Osome’ (Brassica rapa) with LL-37
gene. A, Multi-shoot differentiation from callus formation, B; Regenerated

plants in rooting medium, C and D; Acclimation of transgenic plants.

FAABAEZ A8l fske] hygromycin o] AF4S Heol= TiA =A< o
Z HNEAZLEH total DNAE F=36}9] 358 promoter &°] primer set ¢ HPT,
LL-375 A A 5] primer setE& ©]-&3to] PCRYH-$-2 AAFAY. FAAE =4
A e A LA E 355 promoter 99 PCR product?} A=A &gk
o1} T1 AEA S = 300bpite] PCR product’t <159l 2™ hygromycin-

| primer setE AF&3Fo] PCR gt A3} FJAASA|ANA 713bpsY FEF4HE
S g ¢ Jdvh ok LL-37 7734 | primer setE AF&3to] PCRE <&

gk A3 220bpZdel A FEAES FAE o UMY (Fig. 9).

M WT P B21 B22 B23 B24

300bp >

35S promoter

M WT P B21 B22 B23 B24

713bp > HPT

M WT P B21 B22 B23 B24

220bp > LL-37
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Figure 9. PCR amplification of transferred genes for genes in transgenic
chinese cabbage lines. The amplification products of the BAAIl were separated
using a 1.5% agarose gel. Lane M; DNA ladder, Lane WT; wild type plant,
Lane P; VB2 vector plasmid that contains the LL-37, Lane B21~B24; PCR

products generated from the DNA template of independent transgenic lines.

A
&1

FBAAEAAA LL-37 A 28 AR5 Fdstr] fAsto], 2k AFedA
Total RNAE F&3dte] RT-PCR &4 A% 23 FAAGA AN =1
° 3

[
LL-37 #4247t A4Ho® 758 d3lstd AR e Fedstg

2) FAAe W

S

= o ¥4
AEA AN E LL-37 #822 28 A=s 79 H=d Hde ZAY (Fig
Al

A
10). E=3F JFAAGAAE o] &3t Western blot +4-& 4
AME LL-37 @A 4kDa F-2o A band’t HEHY oW g2 EANE A&
HA gt (Fig 11). wepa AAFH e LL-37 427 wiFAs Wl b A
2 EQl5o] Yo mRNAE AAtH oA, HFHox thagA
zel Aol A glycosylationo] ot HElo]=o] &AS HA A
Z+ T},

LL-37

Actin

Figure 10. Analysis of LL-37 gene expression in the transgenic chinese
cabbage lines by reverse transcription polymerase chain reaction. Total RNA
was isolated from each plant, and 0.5ug of this RNA was amplified with
LL-37 specific primers. As a loading control, the samples were also amplified
with specific primers for the chinese cabbage actin gene. The amplification
products of the LL-37 were separated using a 1.5% agarose gel. Lane M,
DNA ladder, Lane WT, wild type plant, Lane B21~B24; PCR products
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generated from the cDNA template of independent transgenic lines.

wWT B21 B22 B23 B24J

gy S

Figure 11. Western blot of transgenic plant Osome (Brassica rapa). Plant

proteins were transferred to 0.22 micron nitrocellulose membrane, for 2 hours
300mA, membrane was washed by first antibody-human antibody
hCAPI18/LL-37 (1:10 dilution) and second antibody-ECL rabbit anti-mouse IgG
antibody (1:2000 dilution). After reactions, membrane was blotted to X-ray film
in dark area. Lane WT: wild type plant, Lane B21~B24: transgenic plants
using LL-37 gene.

=

091.

AAH MFoNN Fitd FA mH

D 59 dat AFA S a3
HjFo A Aol o8 ¥Wa
ssp. carotovorum)a NAH
HAFEAE o] &3] To

wate B2W o (Pectobacterium carotovorum

1297 WG] AFsE AL BE F,

_
N
2
o2 o

L
off

o) Brs 597]9 A4 10° CFU/ml 2 49d 10! CFU/mIe.& 3] E A4

)=
HZEoto]l 2477, 48A12E, 2417t W A RE FA di ti2A BN =
HE F 12ARFEH 240 F27] AFsto] 2407 o= S¢o2 FEE
de AEE A= BAts

Bt 2 B23A
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(1orcsuna ) [1ram

Figure 12. Temporal development of soft rot in chinese cabbage ('Osome’)

plants when leaves were inoculated with Pectobacterium carotovorum ssp.

carotovorum. B21-B24; Transgenic lines.

=2
=1

1277 F
vk, et 94

.
1

1)
o] Bt (Fig. 13). wehbA

CENCESER P

KeN
=

#9 2= 10° CFU/mIe® HE39

= 10" 92 10°e

L.
s T

s
o

_ﬂo

to} (Fig. 13).
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| wotcFrusm

O=NWaM

Disease index
O=NUaARM

| WOFerusmi

!g::!_

Figure 13. Disease development in LL-37 transgenic chinese cabbage lines

O=NUWaR

which were inoculated with 104, 10° and 10° CFU/ml of P. carotovorum SSp.
carotovorum respectively. Disease scoring was conducted 3 days after
inoculation. RG; water, WT; wild type plant, T1~T4 ; LL-37 transgenic lines.
Disease index 1; size of symptom 0.1-1cm, 2; 1-2.5cm, 3; 2.5-bcm, 4; 5-10cm,

5; over 10cm or plant died, 0; no symptom.

FAAS AFTEAM Al e AFAY SNEHAE Ldotry] 3 AMEs

0{

Wt (F oxysporum.), @AY (C higginsionum) 2 LS SW (R solani)
S e A FF AR JFIFATE Fooxysporumol| A= dlZ2 A E Al B S|
AL B24 AES A9d B2l B2 2 B23oA Aol 3 a34=E 2
£3] B2l AFolA Huke] g AP AZHuE v AL S Bt
C. higginsianum®} Rhizoctonia solni 1A= FAAZ AEEAA R E H]
3 AFdS 2 shad g2AEAAE JE 64 Wkl AA YEL F AL
AT}t (Table 2, Fig. 14). o|¥ A% 2 & of, JAHE AFdA LL-37 FAA 4
B 93 ITHE o= HATEY FTEHS 1A Ao AztdEn



Table 2. Response of transgenic chinese cabbage plant with LL-37 against

several fungal pathogens.

Lesion size (cm) when inoculated with

Type of plant

Fusarium oxysporum f. sp. Colletotrichum higginsianum Rhizoctonia solani
WT 1.8 1.2 12.0
B21 0.2 0.3 0.2
B22 0.9 0.6 3.0
B23 0.7 0.1 6.0
B24 1.4 0.2 0.5

WT; Wild type, B21-B24; transgenic lines.

Figure 14. Enhanced disease resistance of transgenic chinese cabbage lines to
several fungal pathogens, F.O., Fusarium oxysporum, Ch.; Colletotrichum
higginsianum, R.S., Rhizoctonia solani. Disease assessed until 6 days after

inoculation.
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Table 3. Antifungal activity of recombinant fusion protein LL-37 produced in

E. coli. against several fungal pathogens.

Tested fungal pathogen Inhibition of fungal growth

Fusarium oxysporum f.sp. =

Colletotrichum higginsianum +

Rhizoctonia solani ++

* Inhibition of fungal growth was determined as described by Yun et al
(1996). About 50ug of antimicrobial peptide (LLI.-37) extracted from FE. coli and
diluted in 100u¢ distilled water was used for determination of antifungal
activity. The relative antifungal ratings were: +++, high inhibition (no hyphal
growth on disk); ++, slight inhibition surrounding the disk; +, just detectable

inhibition; -, no visible inhibition.

g v gLt o E.

proteing ©]-&ste] S-S AT I AEAd AH gES dddAs o
Ag-S EQTt (Table 3). o9 d#4=5H LL-373 9438 A= &

fato] g ageA A, vrold s, F3ol 5 1 g adrsl WA e

“hi= Schmidtchen 5(2002)9) Bl AR 4t.

T A¥L F/HAR AZedv WA Wddd LL-37 WEol=rt £F5ke] 44]
b ket Ao wNE 50uls Al NA NAMIA Imle H7bste] 9AIZE X RHaf <
g 5 BRFEACN OD=60091A ¢ AFLEE 54 27} Bicillus: 2¢F

£ AQsta o) Al AdE BAH(Fig. 15).
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E. coli

O Bacillus subtilis

@ Staphylococcus aureus
@ Serratia marcescens

@ Bacillus licheniformis

CFU (<1000

Gelidibacter sp.

NA HO WI-TF B2I-TF B22-TF B23-TF B24-TF

Figure 15. Effects of total (TF) fluid from the LL-37 expressing lines on A, B,
C, D, E, F, TF from wild type and transgenic plants, sterile distilled
water(H20) and NB were used as controls.

The initial bacterial concentration was 104CFU/ml, and there were three
replications per treatment.

F o AP BATH LL-37 Wekel=st Zste] 4N MFR Aoz
B 50uls F& NA dAmA = 1/100 2 1/10008-= 34 ste] NA aA A =
wate] 2442 7, colony 8 F48 43 A WA AP FAY 2R e

wth (Fig. 15). o= A& AMg &8 &< LL-37 peptide’t A48kl

T

o Ame xS MFe AR T Do) Be 99E £ Aow 4%
A, gsgon ¥ w A A4 LL-37 Peo=i ddAfee Fa
Med Bise vt € 5 Ak 0@ A B colid] # BHAA £4

Il
Sl Zefste] FdAde & AAME 2 A3E 2Ystdti(Table 4).
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Table 4. Antibacterial activity of recombinant LL-37

Tested bacterial pathogen Inhibition of bacterial growth

Escherichia coli 4+
Bacillus subtilis -
Staphylococcus aureus +
Serratia marcescens ++
Bacillus licheniformis -

Gelidibacter sp. ++

* Inhibition of bacterial growth was determined as described by Alan et al
(2004). About 30ug of recombinant LL-37 in 100 distilled was used for
determination of antibacterial activity. The relative antibacterial ratings were:
+++, high inhibition; ++, slight inhibition; +, just detectable inhibition; -, no

visible inhibition.
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A 3 A JFAAS w29 Aud A SA AA

Hedgole weolojZo A FHid BazA Z4FU ZH4(collagen)
T2 A%EAAY %
A5 ZEA € FFAIAEZA AFEFHo] stk HE2d#le Cysteine

3 oge @uMAS EEasts nad 9ForA Fi

protease®] FAEo|™ v Ee] perioxidase, acid phosphatase, protease

inhibitors, amylase and cellulase, calcium¥>:3F% o] 2 2™ (Pike R.N,, D.

ri

Bagarozzi Jr. and J. Travis. 1997). proteaset} Peptidases®} #2 7}
3 @ Aaolvh HEdEele papain®] Y UHE protease?} vFRIZFA| 2 whul A
& BTV B EAVE AAEHRER TR AR ERd

AA7HA &e %] Bromelain®] #2855 SRAGA Y L5tA 9 dE,
A5 ARE AT FAAY BxA, IAEdFT ARA, AXEW ANZF =
ojsto] Wiy = AW S A=A, FA A
Z WA, HAH AA Al AB5A, 2P 7
7l E = AW A85AS 2 &=7F W vkt

Hauglele] o]l A4y EAL ®BY F4d 240 AF EE ML

438 ZaA 58 MAANA AR 959 AEQ AEAG wduRAdS 2
& AAsL, 45

o]
T
dsiter Ailld maeds Adstes 23 v E=F FA8e] gle d4

A AHEEo] g AFEokIME SHAsAY Z]e
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FHEA FAE s Dol EA AAHL Aot

ek E AellM = FAAAES Zes oldste] Bl A AR

O

22 sl ARIREA AFd FAF + QE BAS ANAIA F9
ek Fo SN fA4 ARGl Folft WFE olgste MEdne Pyel
& HASHHD o F A5 Felstel ARl WAL IFE 2ARY

AAAgRE 24529 g5 (corn-soy diet)S F2 sl AxH ABE
HFAIR S o]&3ld o, AFSE7](Iweekol ), AFSH7](2-3weeks), AR5
(4-5weeks)AtR Q) oA g2ke ZhzZE 22% 20%F 19%°]H, Al A = 7t

z} 3,200kcal/kg, 3,100kcal/kg, 3,000kcal/kg ©] At

7

—_—

o
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£ A& 4= Transgenic cabage AF&83E v|asl”] 93le] Bromelain¥}
EE Aol A8l Bromelaine 4% 9358024 97F= 600CDU/mg
13l REA gl 4293 dda8o] e 2oz deld e 3 E(rear earth)
7F 10% %2 8 AERESA AlES AFEE AT Transgenic cabage® & +&

o
B FFgol A7 nideke-2ol A 2005

=

2
5

!

Seoul#% 7 OsomeE%2E 77|

W 5Ed dgste] 1089 88193 o]E 2X7F 40-50°CE FAH A=A
A dERAom oF 1Y Axst :AxH Transgenic cabage:s U3 =

715 H2edx &3 2% 243 Bromelaind &S FA435F93 oW Bromelain

32 Tablel.® Zt}

Tablel. Bromelain content of Transgenic cabage

Item Bromelain (CDU/kg)
Control (Seoul) 0
Transgenic Seoul 214,000=£6,280
Control (Osome) 0
Transgenic Osome 276,000=£7,400

E Adgd A AT BromelaindHel AAL ddHor AR et
Transgenic cabage #HA7lFTE& Ao & Transgenic cabage ©°l ¢t
Bromelain &#3 Fde oz HAUstg) olu] A2 +9 Bromelain 32

100,000cdw/kg=ol 9L A 2] W2 Table29} 32t
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Table 2. Experimental design

Treatments A7V (%, DM) zgﬁféZ;?j;?E
Control - -
RE—-100 0.05 —
Bromelain - 540
Seoul Transgenic 0.20% 536
Osome Transgenic 0.25% 552
2 = B

1) &A% (body weight gain; BWG)
A AANAFL 1938 Hole]E pen B2 F TS A3 pen E ol
g F2 Wro] HT MAAFLE AL, A T AMSEY] AT A week), A
71 A% (2-3weeks) B AHS$7] 2 F (3-bweeks) 2.2 UFo] AR SAsIA] ALS

EANAFAA AN B A&z, ANAFD wwse SAFe 24,

2) A} & 27 & (feed conversion ratio; FCR)
e 2FETFCR)IS HT A8 AFHS SAHSRE o] A=Es

3) Aol A 7+ L BFAAL A& G20
A3 T34 4 AT ATol B SAE pend =2 274 HAEste] 4

o], 574 W A 2 FAZ SASL AA T o vle= Avtedy

B
>
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n [
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ol

=4

LS|
ax

i)
M
flo

of Ak A kA Bl Abe A AJ4bst Total cholesterol, HDL-cholesterol,
triglyceride 548 A q& AR&ste] =k 548331tk LDL-cholesterole 2] 3
ZAstA] gl {LDL-cholesterol= Total cholesterol —-HDL-cholesterol-
(0.2xTriglyceride) }(Folch 5 1957)9] A4t o2 Ab&3t4

2 AgoA Aozl EE do]HE SPSS Program(2002)-& ]34
A st on, §994 AR A t7ke] FAAQ Aol LSD AAHE o
o AFFEEe BFE (PKB)oRE 59

M
ghef
M

of
oft
i)

cabage’t 719 Aibgel m A= FFEFE dotrr] st A

Aldd A Wl Transgenic cabage % Bromelain, S| EF A T1E T8
A A AEAHAF, ARLTEA HAE IS Table 3, 49 YWEAAR
A9 ANz Zrled "X g DF cholesterol®] ¥&l= Table 5, 69 e}
ATk

|
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Table 3. Effect of dietary supplementation of Bromelain and RE on
weight gain of broiler chicks

Treatments

Age (week) Control Seoul Osome

RE Bromlain . .
Transgenic ‘Transgenic

0-1 125.34£3.77  132.75%=2.41 122.010.87 125.00£6.33  125.54E3.72
2—3 744771257 739.98%1527  770.24=3.51 77418785  736.54=9.30

41-5 12002442390 1315674883 1249.86+8.96° 1249.86+8.96° 1244.05+8.46

0-5  2070.35135.04° 2188.411+12.78 2104.13121.23° 2149.04120.54® 2106.13+4.28"

Values are means*SE
Means for groups in homogeneous subsets are displayed.
AP yalues with no common letters are significantly different between RE

supplemental level(P<0.05).

Table 4. Effect of dietary supplementation of Bromelain and RE on Feed

conversion ratio (FCR) by broiler chicks

Treatments

Age (week) Control ] Seoul Osome
RE Bromlain . .
Transgenic ‘Transgenic

0-1 1.169x0.042  1.079x0.043 1.203£0.0567 1.143*0.098 1.144=0.080

2—3 1.369x0.007 1.341x0.018 1.363%£0.027 1.373x0.018 1.463=0.077

4-5 1.76610.032* 1.62610.028° 1.848+0.055° 1.74410.037® 1.7371+0.032®

0-5 1.609+0.017* 1.501£0.018° 1.637£0.021*° 1.588+0.034* 1.615%0.015°

Values are means*SE, Means for groups in homogeneous subsets are

displayed.
2P Values with no common letters are significantly different between RE

supplemental level(P<0.05).
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Table 5. Effect of dietary supplementation of Bromelain and RE on

carcass characteristics by broiler chicks

Liver/body weight Small Intestine

Abdominal fat/

Treatments — pody “weight (%) (%) (cm)
Contrsl 1.881+0.131° 1.814+0.059 160.19+3.78
RE 1.314+0.081" 1.806+0.063 162.94+5.45
Biremisin 1.745+0.118° 1.689+0.026 159.00+2.77
Seoul
cout 1.751+0.103" 1.739+0.040 159.75+3.01
Transgenic
0
Some. 1.773+0.110 1.841=0.046 154.88+2.98
Transgenic

Values are means*SE, Means for groups in homogeneous subsets are
displayed.

2P Values with no common letters are significantly different between RE
supplemental level(P<0.05).

Table 6. Effect of dietary supplementation of Bromelain and RE on total
cholesterol, the ratios of HDL—cholesterol to, the ratios LDL—cholesterol,

triglyceride in the serum of broiler chicks.

Total HDL/Total LDL/Total Triglyceride
Treatments
cholesterol (mg/dl) (%) (%)
Control 148.41+14.37 50.43%6.00 44.07=6.17 39.25*2.52
RE 137.25+9.70 53.76*t4.21 39.791+4.42 42.86£2.35
Bromlain 144.58*12.24 53.04+4.37 41.44+478 38.256*£2.25
Seoul
- 140.86=12.60 53.69*t5.09 40.70=5.18 38.560*t2.57
Transgenic
Osome
] 140.55+8.72 51.89*t3.67 41.73=3.47 43.63£1.91
Transgenic

Values are means*SE

Means for groups in homogeneous subsets are displayed.
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N

Z 577 AR SA19) A4 wkgell A Seoul Transgenic cabage?} oz o] 1|3l
A o] 3.8% molbHth 18y Osome Transgenic cabage % Bromelain®l 87
= §A9 AAEN} AARE S TS AAA AT A HE AYTE
gz vl 2z AFEL 57%, AHER S 67% B2 245 2Yv B2
e Hlgd mAE gLtz ¥ Seoul Transgenic cabage % Osome
Transgenic cabage®} Bromelain # &7l A v& ZAds AL 2dx7 #-9
2= A3, FE AgFaAME dz2Ted v& ¢ 30%AE FArET
7re]l FA= Bromelain#] 2] 77 o z+toll Hlal] st A¥dE B0 7oAt
I e dolx Osome TransgenicH 8771 tl&To B8 FolA= A
e BAAR FAAA Fox= vk €F cholesterol &S ozl Bl A

2]t 25 HDL-cholesterol2 %7}18}3L LDL-cholesterols #+4shs 43S HyAR &

mlm
o
30
i

rir
‘§32

4 . Bromelaing o] &% Atz A7AY &53 AR, BAQ B AR

E4b FoFFEoroll M E ofA7A FEETVF T2 HE oY A® WY AE
At 28tAe] A524 dF A}J‘lﬂi dom FAA nE] FF TAZ Qg
Tl oAl WY $87F glan, ordZn)d 2 FU)Ee vE S
o] Fol 4 7t glvk: A wFo] HEE ALgFo] st
Atk 2y o]9} e Bromelaine w3 ¥ shAY Bk olvg A
g T o okst= AR ol 7Y FRAAY FIIE AF vl <t
AAE AW 2 dig AFol) AAAL AHEE 2 AR T %
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2 QSA AEY G OJEES EY F ART AT JFEE 235FH AL
5 wAY FU%a T ddA ol&&E AT (Morrison, 1951;
Sunde, 1973). welA QFEHEY Almo] ZAE HUbshe AL 7134
SR AFEES FXAT L HAALES HEATIH FAAE didA
At 54E o= AE ZA2A7E 237 do Ed3 29 HANE Aa
Ha EES vsEdd o ugr F4d 98-S vk (Nielsen, et al,, 1991).

o

Abzel EmaAe] Hube AbRe Asted VEAS FEHEY,
(Bedford, 1995) AEALZOl ZaAZA] HzdEols H7kst Ag A
250mg/day 8] Holdk A@ oA =& aHE HYrh o)u caseing 25
3l7] 913k B] &2 bromelain: casein® 1:500% t}.

A3A qeEEA BREAEHS AEo Y FFolE o &3t Aikd &
A W 2 &3yt e Aew &A= Gallagher,
Kanekanian, and Evans, 1994). B 232 AAag = AA oA W3
A eka &84 RkgE FAA7E v 93-g dhth(Budaveri, 1996).
dibE ¢l @il EelEss v E BRAERE FEolY AEEA

g AAke]  Hetol==  FEgh
t}.(Fennema, 1996). 53] &3 = Bzdglo] Ao oF 40%

Awo} sgAe W gol Fa 2958

s B2

ﬁ

¢

o,
MU
=
(X,
o
B>
oty
AN
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ofo
s
rot
AN
42
rlo

Y o1
il
s
o
4
of
s
g :
[N
(¢}
8
g
o

(anti-inflammatory), -8 3. A &3} (coagulation—-inhibiting effects)E 7}#
= AoZ &8 A gdvhLotz—Winter H. 1990)

T @ d S EAT= B Jo st om = FHREA S of
Fo] ANLIHFE ZolE HEAZE AE5H(Jayaran, Ahluwalia, and
Cooney, 1991). A=o|A]=  E. coliol 93k AALE Hx|sl=dx= &7}
= Aoz Xyt (Mynott, Luke, and Chandler, 1996; Chandler and
Mynott, 1998)

Badaele dA 9 fibrinolytic activity® A7
Aol oA = M (Lotz-Winter, 1990). ot A ¥ 2] A4S A A7
and Batkin, 1988; Lotz-Winter, 1990)& %22 13 F-F o Ado] A
Ad W& Ao Basa 9t (Lotz-Winter, 1990).  H3F Zp=ol| A
BRANRS AT 998 Arode o FAHe S E colidl
s g H24 AAE 9WAsE 297F v (Mynott, Luke, and

—_—

a A HEesl gt

| Z(Taussig
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Chandler, 1996).

A FEAREA A E FAEeU AAdY e EHo] 5%
AEH AEE AIEYERE AHEE Afode Ad AR o|EES EY
RS By oy (Morrison, 1951), 4%} EAAE AT 4 dow ik
Hopoll A BEdaele &8 FAAL SIAE AL ¢ e 7715

AhE RS 9% wWete] d o SltH(Aiello, 1998).

(3) 7}=l 3+ Bromelain®] <F3A
BEzdAge HY E7E o]&d dFd we gA4A5HS A9 g

Aoz WaE Q3 (Lotz—Winter, 1989), H <} E7E o83 LD50A & o A

T HEREAQL 554 AR HaFHu g BRdEde fjFE

o] AF-A3t 28 (Taussig and Batkin, 1988; Lotz—Winter, 1990)3 %

o oﬂr,]_

L AN

==

.

m

Bzdgdle o
(Chandrasiri, et al.
gz o) &)

—_
<o)
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(>
!
%
cr%
=
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a)
=
o
=)
@)
o
o
=.
2 g
%
o,
D‘J
%
w
—
QO
Ne)
ot
off

o Sy

e A golile O%% 24 o] bri%] T JeH, acetylated SOy
protein®] X AFox T a3V vt H 3 E A Yeom, Kim,
and Rhee, 1994).

(4) Transgenic Bromelain®] 74 A4

b w o) AelA kAl e $ydx ETstal A A
Zle=E& o]&d WA FEoY EAZHEE AietE e AEE AEFE
Prt oofu e}y A &2b=ol o] Z7|7HA] B stA ikl o] &E A vt &
3] FAHEGelA e et BAAE S Fole Aol Fadt AP FAA
ANz} 7w 44 FE 7o E g Aol ARt

B 3= Bromelaing $H73F= Transgenic ¥l5E AAbslar o] & A}

ERAZA AL F5AS AR s Aolgod Aol A
Rl E FAE9 AT AR gefol @ Ao @tk mHy v}
FA%S 99 FAAL HIAA Y Argol ATHAL Y3 AA FAL 47
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4 SHEID 3 H#HZO00CS 7[HE

2 AFoA a&4Q W WAE {3 s VRS A E
2 bromelain @ €1 A5 cathelicidin &2 AE o] &3}lo] A A3 2] EH

E A% AFAE T3 EHE HHEUT

ol = 8 bromelaine cysteine protease?] ¥YEFEO 2 cathepsin L
subfamilyd] <38l Ao w A2l Eo o] &t Ui oA
antiproliferation, antimetastatic % HA¥ A4S oA (Batkin et al.,
1988; Munzig et al., 1994; Grabowska et al., 1997)3}H, &4 -84 &
oHzhg mi FHd 2AHAA 5 (Engwerda et al., 2001) o] &) A7 o]
S5 = E3tEdolt AF7tA] bromelain #E {12 £2 2 E coli W
Al LA Fol B oJoFF] A= Wol AR HASH, HAEA W =Y
o] A7l AT RS dAorh 2 AFeAE BAAL FHAE =
alet mAAE (B66-3-1)olA F-EHr (Pectobacterium carotovorum Spp
carotovorum)®l AGA FRARANE KA. WA O 2 Pectobacterium?; Y3
T2 dE FEe FEH SHE dod|eE ATLE pectatelyases,
polygalacturonases, cellulase 2 proteasess o 2 &Ex4S I3 845
AAET) o]E A= AEQ & (exoenzyme) A W o7 & W
Fo Fo] A vj§ FR3I 9oz LyA v}t (Andres et
al., 2001; Fuqua et al, 1994; Pierson et al., 1998). F& 4 1l
S B66-3-1 A AEL BAALS] =UHo] AE 14%4 endoprotease &
dol A Eol s 3u] o] e AFH}E Wt ole IAASAY Ax
Well o2 &2 protease’t = FrdAtel o8 &Aool TXH FFH
ol Aol FRH Aoz ALEH UL Microarray iAol A = B66-3-13%

22 =4 o] dH ol E Kol %A= cystein—rich antifungal protein,

2 814 o]

protein kinase, protease inhibitor 5o & F-EZHW ol A A S| =1

dekg 3t g Aoz AAEo A W3 yeastolA] A BAAL
gl FEHTY A AAAGAA wF 7)ol W Aol AAH
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FAAH T QN T AR e A
=
[

oo

il
peptide)= 2 nA Lo FW A3t A3 &HAS il A} (Broekaert et
al., 1997). £3] s& )4 AMP+= Cecropins (Van Hofsten et al., 1985) 3
magainins (Zasloff 1987)s 2% /7l ¢dA J&d A7%4S A@3+= 7A
o ABEH7 gYdle] Be AU Ha g AR HZ 5o 1
Ao W3t Axd WolfFd oz AAWAuSA o] fHE I
peptide® ¢1A @ AMPY cathelicidin®. 258 F#fs A3 ¢ LL-37
A A e Ao EA oA dSAE B Aol g
ad A Jqv} (Zaiou et al, 2003; Frohm et al, 1999; Sorensen et al
1997). ¥ Aol A= 2002 Schmidtchen 5©] 1.3138F cathelicidine 74
o] LL-37 F+dAE E coli AXe Aesdozw TAANA I 47 H
AT FHEAE Kl Ao vFo B ouwf wugEe] Freg
Atg et w3k LL-37 FdA= Agrobacteriums:
Bl gk A7
A A A T3
L& 72X 7ol At AEjol A
AA G BT T3A%S 4% 10° CFU/ml el Al 2473174
A kARt 2 & AR guke] A7) SUHEH AW 2
A% Western #24o|A%

Ag A vawg o GEshE g A A A4S 2ol E K

o,

rlo

il

ox 0 L8 OB Mo oo A o Y
» N i z o NI T
PErLifedgwiy

o off N (2
oo e w2 % g
4 = o to e N
- oh i b 2 1
o % g O
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4 ==y
S E M
= — o ok rjo‘\'_g
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rot Iz P
X fgﬁ vy ) o
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=

=
5 % magainin type? AMPE EvlEd L¢3
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solani 2 P. infestanss % Wt A3Ao] =AFHAvta B Eu}
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(Alan et al, 2001). H] = & Ao AH&d AMP= Aw7b4 €83 &
CRia T7HA &Y

TS AMP9} thE
AR 458 FTYE

2ol gk Weyte] wial Aol F2H ECF12 peptide =% vkt
v, w@Hl, Myb30 peptide =13t poinsettia 2 MSI-99 peptide =% %Ev}
E, poplar 2)E S°] HAEATt (Smit et al, 1998; Degray et al., 2001,
Li et al, 2001; Liang et al, 2002; Chakrabarti et al, 2003). o]& A}-&3%F
AMP 37 = dAAE Aol v=a, A9 THAAAY vEY, |
Aol Aolzh YA RE mh e FAATE LA A A B A AR o
SAHAG. wetA & AP A AFEE AMP LL-37'2 A EdA A3A

T FL2 2AE B4E =Y v A2 peptide ©]7] wiZol A

o,
=
B AR =ete] REAE HE A= 4 9= system®] o] &
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1. &AL 7R = FdoflZ F8 bromelain 2 A2 cathelicidin
FAAE o] £33l SA43 FAAL AEA=E E WYt It &
ol 83 4 Q)

3. Microarray+=24 oA WH&zo]E  HolE FHAAE
antifungal protein, protein kinase, protease inhibitor 52 ©o|-&3] W Hloj

712k Ao &&7s 3o

cystein-rich

nAE e X WojFgdom AW A ] o]&HE FHEA
peptide® 1A 3 AMPY cathelicidin® = F¥ 33 A3 LL-37
DA A vl Ao EA) oA AR B Aol g
& A Jqr} (Zaiou et al, 2003; Frohm et al, 1999; Sorensen et al.,
1997). - ¢lte A= 20024 Schmidtchen 5©] H.3L3b cathelicidine # <4
o] LL-37 FAdAE E. coli Aol *é%@gg BHAA 2 AT 2
g dAT AHEHE B o= vFe E W g LL-37

© HAEd AR FEAS B AYAY AEAS SAHs=H &

R

o

CLL-37 w4 =9 gEAS wjFol Al 2 Aatwatele] v

4
Welarate] Fxgge 2AehEH E85HM, ol ol&d FFHAs=
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