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SUMMARY

(P8 o)

Functional Lettuce Development by Fibrinolytic Enzyme Gene introduce
and Expression

1. Cloning and characterization of a gene for fibrinolytic enzyme from Bacillus

subtilis BB-1 isolated from black bean chung-kuk.

A bacterium producing five fibrinolytic isozymes was isolated from black bean chung
kuk. The bacterium was identified as Bacillus subtilis BB-1 by 16s rDNA sequence
homology search. A gene out of five fibrinolytic genes in the Bacillus subtilis BB-1
was cloned by shot-gun method. A Cla I DNA fragment of B. subtilis BB-1
chromosome was cloned in to pBluescriptII SK(-) and showed the fibrinolytic activity
to bacterial cells. The Cla I DNA fragment was sequenced and the sequences did not
show homology with gene for protease or fibrinolytic enzyme genes in other organisms.
The Cla I DNA fragment was reduced to 2,146 bp by activity—guided PCR cloning
method. The optimum pH and temperature of the enzyme were 50 and 37T,
respectively. Substrate specificity of the fibrinolytic enzyme was detected in skim milk,
casein, gelatin and blood agar plates. The activity of the enzyme was not detected with
these substrates. Taken together, this enzyme is a new fibrinolytic enzyme and may be

used to prevent thrombosis and arteriosclerosis.

2. Cloning of a fibrinolytic gene(BCF-1) from Bacillus subtilis BB-1 and its in

vitro translation

A fibrinolytic enzyme gene was isolated from Bacillus sutilis BB-1 by PCR method.
Primers for PCR cloning were designed according to pre-identified genes for fibrinolytic
enzymes from B. subtilis strains. The primer sequences are 5'-CGG ATC CGT GAG
AGG CAA AAA GGT G-3" and 5'-TGA ATT CTT AAT GTG CTG CTG CTT GTC



C-3" as concensus sequences of the fibrinolytic genes. The PCR product was 1,145bp
and the sequence homology was 99% with nattokinase gene isolated from Japanese
natto. The cloned fibrinolytic gene was in vitro transcripted and translated by using
Genelator' ™ transcription and translation kit. The in vitro expressed protein is a

monomeric protein and had fibrinolytic

3. High expression of a fibrinolytic gene(BCF-1) from Bacillus subtilis BB-1

The cloned fibrinolytic gene was reconstructed in Bacillus-E. coli suttle vector, pEB for
bulk—production. The fibrinolytic enzyme was purified by FPLC from the cloned B.
subtilis 168. The optimum pH and temperature of the enzyme were 7.0 and 37T,
respectively. The fibrinolytic enzyme did not show any activity toward to skim milk,
gelatin, casein and blood agar plate. The enzyme specific polyclonal antibody was
prepared in rabbit for further assays such as detection of the gene expression in plant
cells. This means that the enzyme may be used for health-care such as thrombosis
without any hamful effects in the blood vessel.

4. In vivo Biological Function of a Fibrinolytic Enzyme after Oral Adminstration

A fibrinolytic enzyme gene (BCF-1) was subcloned to the pEB vector which is high
expression vector in the Bacillus host. The enzyme was purified by using FPLC after
ammonium sulfate precipitation. The enzyme was oral-administrated to the rat and
checked the bleeding time, blood clotting time and fibrinolytic effect of the serum. In the
bleeding time retardation test, it was longer about 1.7 fold in the feeding rat than
without feeding. The serum of rat feeded with the enzyme had the fibrinolytic activity
from 1 hour to 3 hours after oral-administration. After 3 hours from feeding, the
fibrinolytic activity was decreased gradually. Also blood clotting time after bleeding was
longer than that of control rat. The enzyme could be detected at band of 30,000 Da in
the blood by western blotting. The enzyme was not harmful to the all internal organs of
the rats. Taken together, the enzyme originated from B. subtilis BB-1 can be a

candidate to develop the drug for thrombosis, arteriosclerosis and myocardial infarction.



5. Functional Lettuce Development by Fibrinolytic Enzyme Gene introduction and

Expression

The system for plant regeneration from cotyledon and primarry leaf explants of lettuce
was established, and highly regenerable lettuce cultivar was screened. Plant regeneration
efficiency was shown 91.2% from cotyledon and 85.7% from primary leaf explants in
variety 'Jungtongpogi’ of lettuce. Plant regeneration efficiency was also estimated with
various plant regeneration media in variety 'Chungchima’ of lettuce. KI medium showed
78% of regeneration efficiency from cotyledon and 81% from primary leaf explants.
Protoplasts of lettuce were isolated from mesophyll tissues with 1.2% cellulase R-10 and
0.3% macerozyme R-10 and cultured on KM8P/KMS8 medium using agarose—-embedding
method. Fertile plants were regenerated from protoplasts of lettuce. The vector was
constructed with fibrinolytic enzyme gene for lettuce transformation and transformed to
explants of lettuce using Agrobacterium tumefaciens. The gene expression of GUS was
shown on infected regions of explants. Transformed shoots containing fibrinolytic
enzyme gene were regenerated from explants on antibiotic selection medium containing
50 mg/ L hygromycin and expressed GUS gene. The fertile transgenic lettuces were
grown in glass house and confirmed fibrinolytic enzyme gene by PCR. The expression

of fibrinolytic enzyme was also confirmed by RT-PCR in transgenic lettuces.
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Table 1-1. Annual mortality trends by leading cause of death in korean

Cause 2001 2002 2003 04 eath
rate (%)
All reported deaths 242730 246,515 245817 245771 100
Malignant neoplasma 59,119 62,887 63,685 64,731 26
Cerebrovascular 35,354 37,134 36,495 34,091 16
diseases
Heart diseases 16,375 17,889 17,889 17915 7
Diseases of the liver 10,654 10,572 9,934 9,272 4
Diabetes mellitus 11,403 12,090 12,100 11,768 5
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Fig. 1-1. Mechanism of thrombosis and fibrinolysis.
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Black Bean 1kg

Washi{3 times)

Steamed

(at 20T for 10hrs) {at 100°C for 1hrs)

Fermentation
{at 40T for 48hrs)

Black bean Chung-kuk

Fig. 3-1-1. Manufacturing process of black bean chung-kuk.
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U A gHEL AL MAEY B £ FF

AzE SFHFTOEHE dd&fas Yibsol 53 nAES sty 9sto
Ao 1gs A2 gl dE, g4sta o]E LB agar plate (Tryptone 1.0%,
Yeast extract 0.5%, NaCl 1.0%, Agar 1.5%. pH 7.2. Difco)ol 0.1 mES =23 3
colonyZ £ 3a3tk 89 colonyZ 180x18mme] A& o] & LB broth 5 mlol] H
F3Fo] 37Tl A optical density (OD)7F 1.00] A X &ujst & fibrin plated] 20 wl
A AAHste] dd&ssel 7MY e MAESs Addsidn AdE pAdEe] A4S
StEn| A EH EAE (KCCM)o| o # 3t 16s rDNA sequenceel &3+ 42719 A%

Arlaze FAsAT

o. EEdFY dALATHEL S

SDS-fibrin zymography+ fibrinogen(Sigma, USA) &=7F 0.12% (w/ v)7} A
polyacrylamide & o] £33t & ZA| thrombin (1,000 unit/ m¢. Sigma, USA))S # 7}
o] A Z3F 12% fibrin—polyacrylamide geloll A =83t th. Z laneo] A -&3]% ]

Tt BT Mg Aesds AddE JF4% & AUdss HAAIS e SDSe
Tris—Cl (50 mM, pH 7.4)° 3A3F Bt HAste] dMdS 4354171 T Triton

X-100& A|Ast7] flste] datrm 1587 23] AHsnh oe o] ddEe]
S NS ¢E&9 (200 mM NaCl, 10 mM CaClz, 0.02% NaNz7} X3+l 30
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X Escherichia coli XL1-blue (supE+ lac- hsdR17 recAl F
proAB+ lacl Z AMI15) & A3+ 3L cloning ¥ subcloning vectorZ4] pBluescript II

SK(-) [Stratagene™1¢} pET-28a(+) [Novagen®] vectorS A}-&3}1th,

¥l. Chromosomal DNA$] ¥

IntRonAte] Genomic DNA Extraction kitE ©]-§3te] 2|3ttt SFollA s
u A ES OD7F 1.00] HA wjgst F A& #AZS 50 pl Pre-buffer (added 20 mg/ mé
RNase A)= &E A7l & 100 mg/ m¢ Lysozyme 3 S A7} 37ColA 1587F ¥H8-A]
Ak WS T 250 wb G-buffer(added 20 mg/ m¢ RNase A, 20 mg/ m¢ Protease K)&
7Y, 65TolA 1583F vFe A A Y wgo] Eu 5 250 w0 Binding bufferE 3713}
binding#| ZI ¥ chromosomal DNA &€ columns ©¢|&3lof DNAE &It}

AL Egt2v= B € dEAE
Plasmid DNA 32 AHAl= rapid alkaline lysisH¥ Spin column kit (IntRon,
Korea) & ©]| &3} 11, 2% plasmidE AF&3F & 2 HA3S Hanahano] ¢33 Ao u}

2t A8kl

o}. Agarose gel electrophoresis & #7 DNA 939 3
Gel electrophoresist TAE bufferE A}-83F Maniatis Bl wgko ™ agarose gel

Aol A B2 d DNAYH S Gals 9 gel elution WHEE ol &3] & 34385t}

A BAENEL 47 AL BA

Lo

Agar A2 71 g EA L Sanger? dideoxy termination methodol] ©h
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_28_



2k ABI 377A A& d714<E £4 71014 E4 5k

A 3=2dd €48
&

Sl & A A9 deletion mutationd] &3 A A =H
Ard ®J ddgas

Aol A 8ek start codond} stop codong e13l7] 9
3}o] deletion mutations A A E+A T} primerE Table 3-1-13 o] 5 Zo] ATG7} <)
T B9t g4 PCRel 98 Ml sizes: €9 67149 DNA®HAS d9low, 7t
DNAYHS A=RYste] dd&aAlasr A4S 2AEAT PCREF AFE¥E Perkin
Elner-2400 %71& %7] denaturation THA A 9

%, 72C 30Z°1A 30 cycleZ 2% F
A A8 AT

of\

=

ARl DNAA 2 72TColA 102 &<t
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Table 3-1-1. List of primers used in PCR

Number Sequence(5'-3") direction
BSF1 cct cag gat gaa gct tga agt gga t forward
BSF2 cct cag gat gga tgt gcec ggt caa a forward
BSF3 cct cag gat gga gct gta tat gtc t forward
BSF4 cct cag gat gca gat cgc caa ttt g forward
BSF5 cct cag gat gag aga cct cgg gaa ¢ forward
BSF6 cct cag gat gga aga tcc aaa ctc a forward
BSR tga att ctt aag atg tag ctg ttt c reward
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Fig. 3-1-2. Screening of bacteria having a fibrinolytic activity from black bean chung
kuk.

Fibrinolytic activity was showed by clear zones.

A: BB-1, B: BB-2, C: BB-3, D: BB-4, E: BB-5, F: BB-6, G: BB-7, H: BB-8,

I: BB-9
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Table 3-1-2. Fibrinolytic activities of bacteria isolated from black bean chung kuk.

Strain Fibrinolytic activity(%) Strain Fibrinolytic activity(%)
BB-1 400 BB-6 10

BB-2 324 BB-7 196

BB-3 100 BB-8 196

BB-4 100 BB-9 100

BB-5 30 Plasmin (lunit) 100
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COTATCATGCAAGTCGAGCGGACAGA TEGERAGCT TGCTOCCTGATGT TAGCGGEGRACGE
GTGAGTAACACGTGGGTAAGCTGCOTGTAAGACTGRGATAACT COGGEAAACCGGEGECTA
ATACCGGATGGT TGTTTGAACGCGCATGGTTCAAACATAAMA GG TGGCT TCGGCTACCACT
TAGAGATGGACCOGCGGCGEAT TAGCTAGT TGGTGAGGTAACGGETCACGAAGGLGACGA
TGCGTAGCCGACCTGAGAGGGTGATCGGCCAGACTGRGACTGAGACACGGCCCAGACTCE
TAGGGGAGGCAGCAGTAGGGAATCT TCCGRAATGGACGAAAGTCTGACGRAGRAACGCCG
CGTGAGTGATGAAGGT TTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGT
TOGAATAGGRCGGTACCTTGACGGTACCTAACCAGAAAGCCACGRCTAACTACGTGOCAG
CAGCCGOGGTAATACGTAGGTGGCAAGCGT TGTCCGGAATTAT TRGGCGTAAAGGGOTCG
CAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGECTCAACCGRGGEAGEGT CATTGGAA
ACTGGGGAACTTGAGT GCAGAAGAGGAGAGTGGAATTCCACGGTGTAGCGET GAAATGCGT
AGAGATGTGGAGGAACACCAGTGROGAAGRCGACTCTCTGETCTGTAACTGACGLTGAGS
AGCGAAAGCGETGEGGAGCGAACAGGATTAGATACCCTGGTAGTCOACGCLGTAAADGATG
AGTGCTAAGTGT TAGGGRGT T TCOGCCCOT TAGTGCTGCAGCTAACGCATTAAGCACTCG
GOCTGGOGAGTACGGT CGCAAGACT GAAACT CAAAGGAA T TGACGGGEGCCCGCACAAGT
GETGRAGCATGTGGETTTAATTCGAAGCAACGLGAAGAACCTTACCAGGTCTTGACATCCT
CTGACAATCCTAGAGATAGGACGTCOCCTTCEGGEGEEAGAGT GACAGGTGGTGCATGGTT
GTCGTCAGCTCGTGTCGTGAGATGT TGGET TAAGTCCCGCAACGAGCGCAACCCTTGATC
TTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGETGACAAACTGEAGGAAG
GTGGGGATGACGTCAAATCATCATGOCCOT TATGACCTGGECTACACACGTGOTACAATG
GAGAGAACAAAGGGCAGCGAAACOGOGAGGTTAAGCCAATCCCACAAATCTGTTCTOAGT
TOGGATCGCAGT CTGCAACTCGACT GOGTGAAGOTGGAATCGC TAGTAATCGCGGATCAG
CATGCCGOGETGAATACGTTCOCGGGOCT TGTACACACCGECCGTCACAGCACGAGAGTT
TGTAACGACCCGAAGTCGGTGAGGTAACCTT TTAGGAGCCAGCCGROGAAGGT GACA

Fig. 3-1-3. 16s rDNA sequence of the isolated BB-1 strain.
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Faritas Fwdiiis 200

(LI 3]

Bacilis saraphocns JCREA000

Baelfur awsollgaGeleas ATOCZXENT

— Eaciifer itchkesdforeedor ISMLS

—— Facillur sonordend NERLEB-12154

] apsarmenir AFSHSAIN

Favlller ocideponesiy AFS3T20H1

Backlr cvevicor ATCCI0HET
#arlivr alrafopliler DORI-ED

— Beciitnr assdrovorans M TR IESE0

Farilhas ciralaer AY03M084.1

arider colll DEMGRITT

EBmciifur dracoeroranr DERMER

Baclifer fasridionr DEMPIT
0l

Fig. 3-1-4. Phylogenetic classification of the isolated BB-1 strain.
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Y. B. subtilis BB-19] @d&3qsHaL 573
SFE ol gdte] Alxd HFZelAM 3 B subtilis BB-19] FHEHTHELE

[e)

stolslr] 93Fe] 12.5% fibrin—polyacrylamide gel’oll A A7 9%5S 2 A&t} Fibrin

Talss Ad w2 SdAMH odl gelide fibring 35k Coomassie

(

blue R-250 A FHUZA 48 7HA = 5579 L84 isozyme bandE
Fig. 3-1-59} #Zo] &Rl o, Hojk 571x] o]ife 9 aisE gdsta g4l

Bk 70, 45, 30, 25, 19 kDao] it}
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Lanc 1 Lance 2

116
i

T 7 17T 7

153

Fig. 3-1-5. Detection of fibrinolytic isozymes by 12% polyacrylamide gel containing
0.12% fibrin. The detection method are described in materials and methods.
lane 1 : standard marker

lane 2 @ zymography of fibrinolytic isozymes of B. subtilis BB-1
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o A8 EL FAAY 22 E VALY AA

JHAENELE MEJE vk AASE B osubtilis BB-12] genomic DNAZS ¢
ato] Clalo® 729 Awdt g 7.0~3.0 kbe] Alole] DNAWHY Clale & A F
Calf Intestinal Alkaline phosphatase (CIP) # 2]3} pBluescript I SK(-)Z& ligationA] #
E. coli XL1-bluedl F&AA3 AAvt Ampicillin® X-gal 283 IPTG7} =389 A4
Hi Aol A 2bghk oF 15000179 FHHsA FolA dAEHHS zt= o] cloneel
skl HAtH(Fig. 3-1-6). ©o] F L ZHE plasmidE 83+ insertE ¢ldlo] B A
°F 3.0 kb9l insert ©HE st olw (Clalez HkA] insert? size¢t vector
size7} f-AFst] vector®] multi cloning site (MCS)el ¥ BamHIS 2 Ah3st 2w}
6.0 kb?l 3t42] bandE AR om, A7IMEe ZAHL WA T7 primeret T3 primers
o] gsto] FWEFo R GUIMES Feletal glE F vA ALKH o8 AEE primers

FAste] FlFgeonr HFHoR FEH= ddcHdd o dAAS AVIMES 2

3-1-7, 3-1-8). o] A %3 DNAE BSF-102 ®W9s 9ttt BSF-1& GenbankE %3
HAE A3l BSF-1 FAAE 7€ 487 483

a
wolA ol AR AR FANYL BAY F Atk o FAAE A %1
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Fig. 3-1-6. Screening of a gene encoding fibrinolytic enzyme from genomic library
prepared from B. subtilis BB-1.
- The fibrinolytic activity was measured as described in materials and methods.

- Arrow indicates a colony containing fibrinolytic activity.
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bp
23,130
9,416
6,557
4,361

2,322
2,207

Fig. 3-1-7. Identification of cloned DNA segment containing a fibrinolytic enzyme gene

by restriction endonucleases.

M : Hindlll marker of & DNA

A : recombinant DNA(pBSK + insert DNA)
B : recombinant DNA digested with Clal

C @ recombinant DNA digested with BamH1
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Fig. 3-1-8. Nucleotide sequence of a gene encoding fibrinolytic enzyme cloned from B.

subtilis BB-1

h'l'.l%.l}ﬂﬂ' CATOEGTGA GAAGAGCT S
ETGGATTTTE AATTEGTGAL CTTEAGCTGEE
CGTGTOIGAL GTGTGACEST CTOEMRATIEA
CCAATCAMGA TTTGTCATTG AAGGAGIATE
MATATTATCC TCAGCTGETT GAGECAGTCT
CEGTOARAGA TTTHOOGEAAG CATCALCT GG
TGATTTATIT COGATATGAL MATGATTITE
AAFETGTATT GEGCAACATT GLAAGACTGCT
METMGATEGA GEAGTATATG TCTCAGRAGT
AGLLAGUET GETTETGTA CTGATTGEACGE
CTGTOGICGA CECACTTET TTCTTTALLA
GATTTTHOGEE GURATTGTGE
GACATTGME AGGEEAETEE
GACTCAAATT ECTOGOGTT
CGTCTATONG TOTGOATCAG CHTGATALCG
GAGACTETONG GAACAMOGCTG ATTGETTGTOE
ATTATTTAAT AGATATTGL CUGEAGETTG
GRACETIEA AGRAGTEATG GLAGITITAL
ALLGTTTAT COTATTHET CETGALMGAL
AAGGTGCATE AGRLGACAAC CTGERLLLLLG
CAGCAGTTAC AGTGTTTIC GETTOAGRAA
MATTETEGE GEALLAGETT CATALLGTTEL
AAGGTTTERS TCATTTAGAT ALAGTCATTG
CGAGATITAL CECTETRACA, TACACTE TG
AGACRATGA AXTAMGGTE CGCECTATA
CETAGACTATEG TEALET TS CCECGACE
CTGEAGTATA CGTTOCATIEE GAGGTGTGTC
BAGTGACGTA CALIGGALLL AGCATCTCTG
TTCCTTTCTT TGALLATATE CEGALLATCA
GITTAGGTTA TATTAOGETC @RCCAGOTGEE
EGTGAMET CELTCAGH: CTGCACLLLE
ATGMETGAL GACAGGTTTG CATGTCGACE
GETTEGTAGA CAACTEGAGAT ACTGTACT GG
CEATGATTA CATTGTGGAT TTGECTGEE
CGTCTHGEAAE ECTGEAGGAL ATCACTGAMG
MATTGTTAT CHGACGTEAD ALAEACTICL
CTACATCTTA AMCTETCTG TTAMGAGEGE
TAGCAGECAL GETTTTTCTT TACEGCAT AL
TITEE AL TIETTALMCL TTTACATT
ATGATTTCCA AATTAAGCAG ACALCCTTA
AACTGAATCT ACATALGTTA GAAMTTTTAT
MIRAGTCTT TGATTTCOALL AACATATACA
CACLATATTEG CMETETTAL CACATTALLE

TLTTCALT:A GCATCATIEYT TLTOOIACT
GICTGTTTTC GTTTAAMCALT CXGTTONENG
METTEAMT GEATETGAT CTTGTCATIE
CLEGTOANITT TTEACALTT ATCAGCTCAD
GCACECACTA CIEAGATTGAT ATILATUTEE
ATAMEGTIET GTADEEAE EEATET
GACALATIEG CGAEGTGAL ATTCAATTTE
ATAMGAGAC AETTCTGAT TTCATOILTG
CITGTOOGAL GTEEAMGET TATLLGTTAL
GITGETACAT TEGAALATT ACCGAXTET
ALCTTACLET TTCTGAGAM: GATATILALY
AEGCTTALG CTTTCTGGAD AAGT O
GTACATTLTC CEEAGAGAL ETaEnes
TATCOGGTGLT GOTTTATATT TTAGATGALE
ACGCTTEAT CMIIETCTE AULLATATGA
BACATGATGA GGACAMTATE AT MG
GCATTCALTG CIGACAGLTG ATATCTIOE:
ACTCATTAAL (AEALMITAT TTATCALHGL
GRUMITIEL CEGACGTTAC ATTGALTTA
TEAATGLCAS GTTOOOLETT GGACGTTTA
AGAGTACACT CGTTAATEGAA ATTTTLLATA
AAGCGAMIT COECUITAT AUGAGATTA
ACATTGALEA (AATITAATE CAAGANCTE
TATTTGATGA CATTLLTGAT GTATTOEE
ALLLGETT TTTCUETTE AACLTHELALS
GLGATTATTAL AATTGARATG CACTTICTTC
ALTAGCALALT CTATAACIGLT GALALTETTG
ATGTETTEA TATGAUGGTT GLAGATETC
AACGCAMET CCAMMTTTT TATGATGITG
CLACGALTTT GTOAEEEG GujEaais
GETCGACTTAS A MTCTC TACATTTTAG
ATATOLOCAG GETTCTTLTE GTECTEANT
TTATTGAEEA CAACTTTGAT ATCATTAALS
AAGGIGGALE OEIAIITI5 ACCATTGTOG
TEAAAGAATE GTATACAEE CLTTATTTGA
TGUMATOET CTTOGALET: ALAGLLACAL
ACAGCTTLTE ACAMGTITA TOOTTEECT
TAGGTTTAGA TTLLTCTTTG GTATAATTTC
GCETGTCGATA TATGAATTGA ALEITEATE
TTAMGETT TALGIATE CTTALEAAT
TEEMATCTGA TALGLOAGRA ATCALAGALY
CATGGAMGTA TTTTTCACAT GAGRATCAMD
CLGTTTLTCTT CAMCRCAG THEGATCA
Sac 1

see e < ATLTLAT
Cla 1l

- Gray boxes are start codon and stop codon for a fibrinolyutic enzyme.

- Cla 1 and Sac 1 sites are underlined.



#. BSF-19 deletion mutationd] &3 &4 &A4=H

-~

BSF-19] insertE® #|Z¥ primergE o] &3}lo] PCRo 23] Fig. 3-1-9 A%} #o] =
715 €9 A 3229 9tk (Fig. 3-1-9B). A29%H 7 clone?] A &a8e ZA}
sAdul A ATG (BSFFD9 TAA (BSFR) Abelell Al v clonette] 374832 o
AE AFig. 3-1-90) 22 Yelyton ymx F2E528 g4 gl
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bp
23,130
9.416
6,557
4,361
2,322
2,207

Fig. 3-1-9. Fibrinolytic activity of deletion mutants from BSF-1 gene.

A : deletion map of BSF-1, B : cloning of deletion mutants of BSF-1,

a : PCR product of BSFF1 and BSFR primers b : PCR product of BSFF2 and BSFR primers

¢ © PCR product of BSFF3 and BSFR primers d : PCR product of BSFF4 and BSFR primers

e . PCR product of BSFF5 and BSFR primers f : PCR product of BSFF6 and BSFR primers

C : detection of fibrinolytic activity of deletion mutants

a’: clon of PCR product of BSFF1 and BSFR primers, b " : clon of PCR product of BSFF2 and BSFR primers, ¢ " : clon of
PCR product of BSFF3 and BSFR primers, d " : clon of PCR product of BSFF4 and BSFR primers, e " : clon of PCR product
of BSFF5 and BSFR primers f : clon of PCR product of BSFF6 and BSFR primers
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vl BSF-1& &F& @59 483 €4 53 2 7|25 ZA+
ddgdfl g A BSF-1& 33 o579 &8 sS A7 fste] o
Z7-2A] pBluescript II SK(-) vectorE 7FA3l 9= XL1-blues AF-&3t9 & 7-83)

B3} 7| AE AL ztzt 2AE Ak Axe #Fo wjk A5 (Fig. 3-1-10, A)3}

&

enzymedS & F dArk. 7] AEo| A XA o= skim milk, casein, gelatin, blood
agarol Al A& EsANS HolA ZUt) (Fig. 3-1-11). 53] blood agar platedl] A #
A7F oA g AL B u 2 F4he A gydidoly g oA FAE

of Wl 1AHHe RS WAL 5 AL oz B HdH L ooz off
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Fig. 3-1-10. Fibrinolytic activity of the cloned gene (BSF-1) from B. subtilis BB-1.

A : culture supernatant

B : cell extract
a : XL1-Blue containing pBluescript II SK(-) vector

b : XL1-Blue containing BSF-1
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Fig. 3-1-11. Substrate specificty of BSF-1 enzyme in four substrates.

A : blood agar plate B : skim milk plate C : casein plate D : gelatin plate
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Fig. 3-1-12. Effect of various pH and temperature on the a activity of fibrinolytic
enzyme (BSF-1).
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Al 2 A PCR-method®l] €3t AL a4 A ZEY.

1. % 4
BoAdAE Ut 352 Axd dReA 2@ ndgee 5 o4e ¥
o

s &2 isozymeo] FQ1E 7o 71Ee] wrE W I

ot
A

3l PCR-methodell <Jd] Z2Y3lal o] & & HAAA S44S XAFsHaL

&7hsde HESIAT

2. 4 £ W9

7}. Polymerase chain reaction®] ¢ % DNAZZ

A249S ¢3 Chromosomal DNAE A 1ZoA E&3 AS A3 PCRY

25 Ade 9902 HE forward 5'-cgg atc cgt gag agg caa aac ggt g-3'¢
reward 5'-tga att ctt gtg ctg ctg ctt gtc c-3'Z Z+Z} 25merE A s 1L, olw] PCR
A2YE 939y forward primere] BamHl 1331 reward primere] EcoR1 #|3l&

%
2282 Adstatt =Z o AF83E Perkin Elmer-24009] #7A<& %7] denaturation
155

pud

m

Aol A 95T 305 At emn, 55C 30%, 72T 30%°lA 30cycles A A &
T SA= 72ToAM 10 &< AAste] S8t ol A2 § ABI 377A A
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. PCRAES 224

ore] Ao A AAFE PCR AHES pGEM T-easy(promega, USA) T2y WE o
2249 F primer AFA A9 H o R AU3 BamH1T EcoR10.2 Hwtsle] 23S 9
3] T7 promotor, RBS(ribosome binding site), initiator ATG siteE X &3} gl

Q] pET-28a(+)ol A=Y 3t}

o AW AAL 2 HY

oA AR dE dAGHEL TS T dolA S A3 Holx %7l
ol in vitrool A transcription®} translationg E3F @A AAS 93 E coli AE
oA F#lE ribosomes 7]¥Fe 2 RNA polymerase, amino acid, chaperome%s< %7}
AA gl Ade Fago7 wMdgvt s & intRonAte] Genelator™ transcription and
translation kitE AFE3}e] T7 promotor, RBS(ribosome binding site), initiator ATG
site7} E3E pET-28a(+) e @ e o] A ZgE DNA 2.0ug¥ genelator mixture 34440,
ImM IPTGE #7FA#] RNase free water2 % 45u0% A dle] FE3] A AL
o] & 37TelA 1A17FEt WA A wulde] wdS fibrin plate ol Al 2213} .

2. BHEAELY 2

In vitro translation® A5 % Laemmlis < Wil wet 2+7F 0.1% SDS7F EZ3h¥
12.5% acryamides %= 2] Separating gel® 4% acrylamide %] stacking gelS A&
3}l protein electrophoresis A171 ¥ Bio-image analyzer (FLA-3000, Fuji, Japan)el A

B g gl
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3. 494 4 n%

7t AL EAS FAAY) 229 € AVINEY 2F

dAdgdlaxs FEeA ABakstis B, subtilis BB-1 (KFCC 11344P)oll A <F 1,1kbp
719 FHAE PCRS S3te] EEatdon ol BCF-122 wHaithFig.
3-2-1). o] fFHAY AlFAY PSS 9] BamH1¥ EcoR14 sites 7HA+&

pET-28a(+)oll A1 =24 3&te] ABI 377A A% G7|4E BA7|0A Fr7IES 23

st A3} Fig. 3-2-2¥ #Zo] 1,145bpAa 7] 9] FAA= &ls et
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Fig. 3-2-1. PCR product of a fibrinolytic enzyme gene from chromosome of B. subtilis
BB-1.

M lane : Hindlll marker of & DNA

A lane : PCR product of B. subtilis BB-1 genomic DNA

_53_



1 TAGAACTAGT Li'allgl—&.lﬂi.l FARCALAAL (@TATEGEATC AGCTTHTTGET TTEGTTAM
51 GITATCTTT ACGATHETLT TCAGCAACAT GICTHECGECAG GUTTETEGEL, ARAGEAGTALC
1A AGALLAGLAL TACATTUTOG GATTTAALDL GACMTGEUGT @TATGAGTT Coidrsans
181 SAMGATGTT ATTTCTGALL AAGTERASL ETTCARLAG CAATTTAMGT ATGTTALOE
1 CEETTCAGES ACATTHGATE AAAMETET ALAAGAATTE AMLALIGATT CGAGEGTTES
am ATATGTEAL GRAGATCATA TTECACATEL ATATGOIEAL TCTGTTCCTT ATECATTTC
| TCAMATTAAL EICITHETE TTCACTOTOL AGETACACS @ETCTAMT TALLAGT AR
4 THETTATCGAL AETEGAATTG ACTCTTOTOL TECTGACTTA AMCGTCAGIG FEYERAGEEAAG
481 CTTOHTTOCT TOTGALACLY ACTTATACTA (@RACTGECAGT TCTCACETA OEATGIOEE
= CHETALTGATT @TGETCTTA ATAACTCAAT OEGTETTCTE EGTAETC CAAGETEEATE
[21)] ATTATATGOA GTAAAGTGE TTGATTCAAL AGGAGETAE: CAATATAGT FEATTATTAL
5] CHEATTHAG TEALTATTT COMCSATAT @ATGTTATC AAMCATHAET TTECTEALT
g | TACTHGTTET ACAETGCTGA AMMCAGTAGT THEATAAMT GITTOCAGRT GTATCGTTGT
TEl THEOTHOTHOA TG AMSTTCATE CGAMEACS, ACACAGTOG GETACTTTEE
B ALMTATCCT TCTACTATTG CAGTAGITED ETALACAGT AGCAATALY GAETTCATT
1] CTECAGETCA EETTOTGAGS TTEATETAAT @ETOCTHE GTGTOCATIC AMAGEACALT
5] TLCTHGAGE ACTTACGEETS CTTATAALE ACGTICATE @HACTICTE ACGT TR OEs
121 AGCAGCAGEYS CTAATTCTTT CTAUCALTT GACTTIGACA AT TOrGTEATOR
101 TTTAGAAGS ACTECAACAT ACTTTERAG CTCTTTCTAC TATIEGLALG FETTAATTAL

1141 CGTACAMGES [EACACATT AAGLATTINA TATCAAGETT ATCGATALT
EcoRl

Fig. 3-2-2. Nucleotide sequence of the cloned fibrinolytic enzyme gene from B. subtilis
BB-1.
- Gary boxes are start codon and stop codon of the gene.

- BamH1 and EcoR1 sites are indicated.
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natickinase : 132 ca 1323

Fig. 3-2-3. Homology search of the cloned fibrinolytic enzyme gene (BCF-1).
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o AgBN AA R A

dAdg&as FHAAHBCF-DE g el =it @d&alss A 43 A

Q1Z 9] protease® AT oA WAL EA0] hoste] Aol WHowm oS

WA fol AN A Bahe Ao PuEh
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Fig. 3-2-4. Fibrinolytic activity of in vitro transcription and translation product of the
cloned (BCF-1).

A : Control(Genelator™ in vitro transcription and translation kit)

B : in vitro transcription and translation product of the cloned gene (BCF-1)
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o A8 are &
in vitro transcription and translationo] <& WdAH IALHETLE
polyacrylamide gel2 ©]-&3}o] protein electrophoresisd 3

5t & Bio-image analyzerel A}
A% A3} oF 30kDa AR @Al gl EH A v(Fig. 3-2-5).

12.5%
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kDa
80.0

49.1

34.8

20.6

Fig. 3-2-5. SDS-PAGE of in vitro transcription and translation product of the cloned
gene (BCF-1).

M : protein size markers
A : Control(Genelator™ in vitro transcription and translation kit)

B : in vitro transcription and translation product of the cloned gene (BCF-1)
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ST EeE ddEaidol 3 Bacillus subtilis BB-1 (KFCC 11344P) =%

BH "AgEs FU4E PCREOl oa) azdstel fARe @/AGL FAg A3

AR F ol Wl WA B AFol &S A aLe] Aol A AE Alw

sters] ol wEbA] Genelator'™ in vitro transcription and translation kitZ ©]-839] Al¥

_61_



A 3Hd L&A ar FLd € &F

M
AC)

1. % 4

HA7MA = Bacillus 9] @& as FdAE 22 5 WFEAAAL =

97 kol o5t spxel FEAW] AFH o7k 9Tk 1 B dgow B A7
At gaga gl S5, GA%e Solgon RAFonA 47 A AAL @

7t A& EL FAAY dFEd A2 75
BCF-1 #d4E dd8eias oz 2dS 98] DNA @He] 5-end o Ndel,
3'-end®ll BamHI restriction siteE Z+Z} WA A Bacillus®}t E. coli®] shuttle vector
¢l pEB vector (BioLeaders, Korea)?] Ndel®} BamHI siteol]l ZA3}9] protease A o]
F3l B. subtilis 168 J & NA 7Y Q)

Y. B. subtilis 1689] electro—competent cell #| &

B. subtilis 168% nutrient agar platedl A 37T 12A17F ®#i<st & AAdE &
colonyZ X431 10 mle nutrient brotholl HZ3le] 37CA 12417F E<F vl %&+
th olF 5 mE FHstol 500 mee] A wiAe] thAl HFE - 37CeA " wi (150
rpm) A OD7F 0.57F 2 wi7hA] wistith. o] wjdedS 307 &<t daol BAs
aL, 4T, 5000 rpmell4 1027 94 Zeste] Feds Arsta YA
washing buffer (0.5 M sucrose, 0.01 mM MgCl2 - 6H20, 0.01 mM maleic acid, pH
655 7kstel FAstA o] #HAES 3 whEsta wpA . A M= 5mle] ice

[e)

washing buffer® HAES = 40 W 15 ml eppendorf tubeo] FF3Fe] -807TC 9l
Byt HA AR T

t}. Electroporation W 93 FAAS

pEB HE] dAgfETr FHAA7 AYE plasmid DNAZS B, subtilis 168
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competent celldl] 7}&te] ASo] 1087+ W3t} electroporator Gene pulser™ " II
(Bio Rad Co., USA)9] electric field strength (kV/ cm)9} resistance (Q), capacitance
(WF)E Mest & 239 cellS cuvetted] "] 37C 3L FXoA] 7123k expression
medium(4 X Penassay medium : 2 X washing buffer) 1 m2 718t N EZS HHA7
S|ttt 1§ 37T F&gxdd A 3AF FF wigdt the kanamycin (25 pg/
me)o] :EgHel LB wj#ol Ztsho] 37°Col A 24413t vl Fsto FHALARAE AU

A Z

ot

o] el M2 dAgahe FuHdS 4317 98te] kanamycin
(10mg/ m)o] E3% 10 mle Luria-Bertani brotholl HF3dFe] 37Tl A 12A17F &<t uj
Fatdnt o5 5 mE FAske] 500 mee] HAA| iAol thA] HES F 37CoA HNE Hy
F(150 rpm)etaA BEEARD v F4 7], BAI7], APE7I Wi S NS 3|45t
AAeko] gl

o

SDS-PAGE®] @92 H7]g5
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v, @AEHELY A R Guld 9
1) Ammonium sulfateo] 23 & 49 F=
ANzF w55 37 CollA 12413 ) 2
70% EBAZ F ATA 2447 FF FAAA 7 AAR e (13,000 g, 30 min, 4C)

3o A& HAAES 20 mM sodium acetate buffer (pH 5.2)0 €38l 5 buffer
2 FAS At B4 F oA 4] BEEie] JAAES AAS g Ao &
A2 ANE v GAGA N AREE AT

2) FPLCOl & axe AA R @9z <l

Ammonium sulfated] ¢J3] ¥ ShHE BHSTHFTE 4TA oA H A&
gale] d & AAI b 015 M NaCle] &89 50 mM phosphate buffer (pH
7002 =9l 3 FPLC systemolA] 0.15 M NaCle] 39 % buffer2 334271

superdex 200 HR 10/30 (Amersham pharmacia biotech, UK)& columng =3}o] &
T 05m AEY %507 gel filtrationdte] 7 AAFFoy, AAE wwWade W
A AL TS FZAE H Laemmlis el el wat 24 01% SDS7F ¥3ke

125% acryamides =2] Separating gel® 4% acrylamide 5 X9] stacking gelS Al
43to] SDS-PAGE gel el A BA€ dude HF FAsgch

ul, &) A =9} Western blot
sty @ dd8dass A B gl el 200 pg® AL H4
o Al W FAGE & wpAE FAE 53 5 FAgsta Ao dis $oke] dof
] 4Co| overnight A1 ¥ 3,000 rpmoll A 1083+ 94 £ 3
dS 29] polyclonal A2 A3 TE. Western blot2 Towbin 52 H¥H & o83}
o] A7]gdEo] Byt WAL nitrocelluse membrane (Millpore, USA)el 250 mA = 14]
7

7r transferdtdth, 1 & o] w8 pH 7.49 phosphate buffer saline (PBS)d] 5

B2 53] &3 F 1% skim milk7F ¥ PBS bufferel 1A% 30%%F blocking 3}

w

ol
wt o

AL
w
(@)
e
;

=8 v Sold wwel RIS AAANZAY. T F 1% skim milkE 8=

PBS bufferoll 1:5000 (v/v)e] ¥]$& 2 primary antibodyZ 343 % blotting &7]°] ¥
o] rotatorg ©] &3t AolA 16A17HE¢ EEWHA WSt vEEo] £ § PBS
bufferE o] &3] 1584 33 A2 ste] 1% skim milk7} £&% PBS buffer 2% 3}A|
Anti-Rabbit IgG (Sigma, USA)E 1:2000 (v/ v)& 3]4lste] 4AI7HEd -0 A
rotatorg ©]-&3sto] EEWHA WA Z T o] & PBS buffer® 1513 33 Al g 5 15
mg 4-chloro-1-naphtol, 45 m¢ Tris—-Cl (pH 7.4), 90 pl H.O.% FA ¥ @Al golo] 10%
A F SRFREA AFEAL dxste] A bandE Sotow #ESHH
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Ab BARE FF A
A Z¥ fibrin plateE 80TColA 30&%F d*elste] plasminogens =43t A7l

fibrin plate (plasminogen—free fibrin plate)®} <A A %2 fibrin plate

(plasminogen-rich fibrin plate)oll 4] FPLCeoll 23] <=4 E2d ALIHIALE WS4
7 1 B8] gAS Hw, FHAESY] plaminogen activator type?l A fibring A £33}
= dALHErH HES AL
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Fig. 3-3-1. Schematic diagram of recombinant plasmid, pEB-BCF-1.
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Fig. 3-3-2. Fibrinolytic activity of pEB-BCF-1.
A: Culture broth of B. subtilis 168 containing pEB vector
B: Culture broth of B. subtilis 168 containing pEB-BCF-1
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Fig. 3-3-3. Production of BCF-1 enzyme during the growth of B. subtilis 168 containing
BCF-1 gene.

A: growth curve of B. subtilis 168 containing BCF-1 gene

B: electrophoresis analysis of the culture supernatant of B. subtilis 168 containing BCF-1 gene

S1: 8 hours culture

S2: 10 hours culture

S3: 12 hours culture
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Fig. 3-3-4. SDS-PAGE analysis of the purified fibrinolytic enzyme, BCF-1.

M: protein size markers, C: purified BCF-1 enzyme
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Fig. 3-3-5. Western blot analysis of fibrinolytic enzyme derived from B. subtilis BB-1.
A: SDS-PAGE, B : western blot

m: western blot standard markers

a' culture supernatant of B. subtilis BB-1

b: culture supernatant of B. subtilis 168 containing BCF-1 gene

c: purified BCF-1 enzyme
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Fig. 3-3-6. Comparison of the fibrinolytic pattern of the fibrinolytic enzyme between
plasminogen-rich fibrin plate and plasminogen—free fibrin plate.
A: plasminogen-rich fibrin plate

B: plasminogen-free fibrin plate
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Fig. 3-4-1. Bleeding time of the rats orally administrated with the fibrinoly -tic enzyme
(BCF-1) for 3 days.

Each bar is the mean values * standard error (P<0.05).

I photographs of bleeding in the water

II: graphs of bleeding time

A: control, B: orally administrated
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Fig. 3-4-2 Fibrinolytic activities of serum from the rats orally administ -rated with
fibrinolytic enzyme (BCF-1).

I graphs of fibrinolytic activity

II: photographs of fibrinolytic activity

A: control, B: orally administrated
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Fig. 3-4-3. Blood clotting time of the rats orally administrated with fibrinolytic enzyme
(BCF-1).

Each bar is the mean values * standard error (P<0.05).

I: graphs of blood clotting time

II: photographs of blood clotting patterns

A: control, B: orally administrated

_84_



t}. Western bloto] 23 rate] B Ror] FAHLs3
ddgaflas AFFool o rate] A HEAEr HE AFE FAsH]
skl AFH, E2E serum 20 wWE FYPoRE 3§ &

al
Sl AzE Aol o3 A S B Ay dALHaLE HFHEA Ze

© A=l = U

P
br
o
e

—

HETol M= ofd WM=rE B A ko, P
e

o2 3ol A] 30,000 Dacll A oFF ke w7} A%

_85_



Western Blod.

S oavinod Ciral adminisTaton
[ro.
1
(1= ]
L -
= ]
n
n - —
"
- -

Fig. 3-4-4. Western blot analysis of fibrinolytic enzyme in the blood of rat orally

administrated.
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Fig. 3-4-5. Comparison of body weights of male and female rats orally ad -ministered
with fibrinolytic enzyme, BCF-1.

Each bar is the mean values * standard error (P<0.05).

I: male rats, II' female rats

—#— ! Control, m : orally administrated
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Table 3-4-1. Clinical signs of rats orally administered with fibrinolytic enzyme, BCF-1

Sizms ohserved Control Oral Adminisiration
Male
Appears normsal 558 &5
Weakening s e
Increase of locomotor activiry s wE
De e seee ol locommolor activity s w'E
Salivalion /s s
Soiled perineal region s s
Comtused sroumd s s
D swily s s
Female
Appears normal sis* /s
Wenkening LI {1
Increase of locomotor activity 'S /s
Decresse of locomotor activity WS Ws
Salivation s L=
Soiled perineal region 5 s
Contused woumd 5 s
Death 5 /s

* o, of animals with the sign’ Ho. of animals examined
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Fig. 3-4-6. Gross findings of necropsy in male and female rats orally ad -ministered

with fibrinolytic enzyme, BCF-1.

I : Male rats, II : Female rats

a: control, b: administered orally with fibrinolytic enzyme (1 mg/m{)

A: all of necropsy, B: lung, C: liver, D: heart, E: stomach, F: kidney, G: pancreas, H: testis,
H-1: ovary
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Fig. 3-5-1. Fibrinolytic activities of B. subtilis 168 containing pEB-BCF-1 cultured with
natural medium.

A: culture supernatant of B. subtilis 168 containing pEB-BCF-1 in the 2% Skim milk, B: 2% soy
bean, C: 2% barley, D: 2% wheat, E: 2% potato starch, F: 2% brown rice, G: 2% millet, H: 2%
corn, I: 2% soybean cake, J: 2% powdered malt, K: 2% rice, L: 2% black bean (all was added

with 1% bay salt)
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Fig. 3-5-2. Fibrinolytic activities and analysis of SDS-PAGE of production of BCF-1
enzyme in the natural media.

I : Fibrinolytic enzyme activities, II : Analysis of SDS-PAGE of production of BCF-1 enzyme in
the natural medium

M: Prestained SDS-PAGE standards markers, A: culture supernatant of pEB-BCF-1 in B. subtilis
168 in the LB broth, B: 2% soybean cake and 2% wheat mixture, C: 2% black bean and 2%
wheat mixture, D: 2% skim milk and 2% wheat mixture, E: 2% soybean cake and 2% black bean
mixture, F: 2% soybean cake and 2% skim milk mixture, G: 2%black bean and 2% skim milk

mixture (all added 1% bay salt)
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Fig. 3-5-3. Fibrinolytic activities according to culture time of B. subtilis 168 containing
pEB-BCF-1.

A: 2% skim milk and 2% black bean mixture (added with 1% bay salt)

B: LB broth
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Table 3-6-1. Nutritional components of MSO medium

ofN

=
T

&

A

£ (mg/ L)

CoCl2.6H20 0.025
CuS04.5H20 0.025
FeNaEDTA 36.70
Micro elements H3BOs3 6.20
Kl 0.83
MnS0O4.H20 16.90
NazMoOz.2H20 0.25
ZnS04.7TH20 8.60
CaClz 332.02
KH2PO4 170.00
Macro elements KNOs 1900.00
MgSO04 180.54
NH4NOs3 1650.00
Glycine 2.00
myo-Inositol 100.00
Vitamins Nicotinic acid 0.50
Pyridoxine HCI 0.50
Thiamine HCI 0.10

- 100 -



70% ethanole] 5°] = FEidH e-tubedl FFFAE Y 1EAE TE9
shaking 3+ % ethanols W&l 1, EBd 23 SF42 13 washing sttt A%
27F E010E= e-tubeol AAZA A Triton X-100°] vl EZ3tE 3% sodium
hyperchloride (NaClIO)E A% ¥il 3~5&4 % shakingdt ¥ &4S Wi, |
w3 2% THTE washings 3~53] A vrESQ. 30 A AFTAES
AT YAl A oF o]58% cold Aelg § FFFA ol vjx ¢l MSOuiA o] 3%
WA E AFEFAES FAOR Petri dish B 10702 3539t} Petri dishs

para filmo. 2 Zro} A& AlZl ¥ 26T wGA=Z &7 U e ol AlHT

3) MSO HJA] Ao Al AFF Ex} o}

A4 9 F FARRE P, A9 2L A 195 AFhe wolug e w5

ofN
i

=
>
.
2
by
>
>~l
_\L..:L
X

AAZHE 2 &2 A8t oA Az
(KN wj#], Table 3-6-2)

MS salt®} sucroseE AF#Hsto] 23 FHFA AA U E

o

]-8&3to] ol
cytokinin AlE¢l AEFTEX kinetin (2 mg/ L)¥ auxin AlEQ AETEZE NAA
(01 mg/ L= wiA o H7tetdch pH meterE o] €314 wiAE pH 5.7~58% A A
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Table 3-6-2. Nutritional components of KN medium

T 4 &% (mg/ L)
CoCl2.6H20 0.025
CuS04.5H20 0.025
FeNaEDTA 36.70
Micro elements H3BO3 6.20
Kl 0.83
MnSO4.Hz0 16.90
NasMo0».2H20 0.25
ZnS04.7TH0 8.60
CaCly 332.02
KH>PO4 170.00
Macro elements KNO3 1900.00
MgS0y 180.54
NH4NO; 1650.00
Glycine 2.00
myo-Inositol 100.00
Vitamins Nicotinic acid 0.50
Pyridoxine HCI 0.50
Thiamine HCI 0.10
Phytohormones Kinetin 2.00
NAA 0.10
5) 4+ AR HuUAES AeA AL wiA 24
G F 6AA B 4Fe ARE 29 ARE AgAAT A9
AE EFELS Fi#d(clean bench), B E A8 BY, ¢FH=
¥ o IR (filter paper), A, 3|F& Z To] Ha3dty, WA FHd o foil=
ol AiE A%E BAL B3 7 o] AFE olRAE An WF TRV o3
Ao AmAl s A FAh 6¢4A @ AF FHE AMOE Wopg uj x| A
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AAT wW 2] eFEY 4, 283 P (petiole) FHE e ALY B2
HA gow, A9 7 Uhe dAAE dAHAs A FE e daSHZE
o] &3te] 3t WS AFsGth AFHE A AAAES AEA AL wiAQl
KN #x]7} €990 A4 9 cem Petri dish ol 1709 10709 A9 ZHAAES
3-4-3 FEE X3t} Petri dish 745 il para filmo =2 A 16A3F 9
Eel 8AIZE oF HElR 2EW 26T+] 252 FA 5= vl Fdol A v e
6) 3 Alg AAAES AEA ALt A 24

¥ B2 ARgsl St 9ol foil= %
of ity 158 gYS 3 1 fd AvE qdHAE 23 Hi TRV 93

m{n

of Al S AEZ Forh 1094 ® JF FEE AMoR wold wjH oA
HWoko] oA flo] EelEa, AAF F& Z& ol&ste] A 19 HEH I
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Al By F=E 98l MSO wiAZF 5o = wigH oz &7 16A3F 8 AZH
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S zAE oW, 7)FEo] A} KN #ix ¢l vl BA8ke] 7 aed AE3E )
A g Ayt
Table 3-6-3. Plant growth regulators in various plant regeneration media

for lettuce

Media Plant hormone mg/ L mg/ L*
Kinetin 0.50 0.05
KI
IAA 1.00 0.00
Kinetin 0.50 0.05
SH IAA 0.10 0.00
Zeatin 0.00 0.05
BAP 1.00
MSD3
IAA 2.00
x KIa) =] ol
BAP 0.50
NB
NAA 0.04

O

e dEAES 94 050 mg/ L kinetin® 1.0 mg/ L IAAZ}F H7FE A3} vl Aol A X 4F3Fe] vl
74 Fo AHAES 0.05 mg/ L kinetin®t H7FE wixo] HZ T SHulA A= AHEAES WA
050mg/ L kinetin® 0.10 mg/ L IAAZ} H7Fg &3 wjxo) A xAste] wiF 129 3o 0.05 mg/ L

kinetin®} 0.05 mg/ L zeatin©o] H7Fg iAo &%t}
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Fig. 3-6-1. Seed germination of lettuce.

a) lettuce seedling after 6 days of sawing used as experimental material for cotyledon explant

b) magnification of lettuce seedling after 6 days of sawing used as experimental material for
cotyledon explant

¢) lettuce seedling after 10 days of sawing used as experimental material for primary leaf explant
d) magnification of lettuce seedling after 10 days of sawing used as experimental material for

primary leaf explant

2) A5 A ALY ARAZTH A At

A9 AlY BFolA A4 (Fig. 3-6-2a, 3-6-3a)8 & 154+ dAAS =
717V Aol A 2715 2 e AAEA 37 AR, 25 A= A A e
2717k 3= ¥ AAIL ¥ ®el AN AdH FoR callus7t 4 7]

Az 3F A AddAle] AV RE AegE Adw F9ol B callus7t ¥

A (Fig. 3-6-2b, 3-6-3b)F 2L o] 5 callusel A shoot”} A &3} 7] A=t} 4
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A= ARAANA AAG AEsHE shoot7d 7] AlASaL, 55 A= A3t

=
=
% shoot7} AwkA 1 39

HS

S

ofr

BEe 27 AFdY. 674 o
Q5] AR A0 (Fig. 3-6-2c, 3-6-30), G F TFAE B

I A3kl shootES AAH AlY AAAZFEH st callusE AAg v

@2 shoot

RSN

v AEsEEe] HIMEA &2 MSOMAZE 5o = Mg &AFA (Fig.

2d, 3d). MSO HiAoll A 353 v A1zl 5 Ej7b fid A3t

ool Bad B2 solid agentE FEEE Aol M & AAgHE (EA

o7 &l el Eolel &7 w3k A2 (Fig. 3-6-2e, 3-6-3e), 3ol &7

Metd A A=Az A A2 tHFig. 3-6-2f, 3-6-3f).

Fig. 3-6-2. Plant regeneration from cotyledonary explants of lettuce
variety) on KN medium.

a) Cotyledonary explants inoculated as 3-4-3 formation on KN medium

b) Cotyledonary explants after 3 weeks of culture

c) Plant regeneration from cotyledonary explants after 6 weeks of culture
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d) Shoots regenerated from cotyledonary explants on MSO medium for root induction after 7
weeks of culture
e) Acclimation of plant regenerated from cotyledonary explant in horticul -tural soil

f) Flowering fertile plant in pot, which is regenerated from cotyledonary explant
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Fig. 3-6-3. Plant regeneration from primary leaf explants of lettuce
(Chungchima variety) on KN medium.

a) Primary leaf explants inoculated as 3-4-3 formation on KN medium

b) Primary leaf explants after 3 weeks of culture

¢) Plant regeneration from primary leaf explants after 6 weeks of culture

d) Shoots regenerated from primary leaf explants on MSO medium for root
induction after 7 weeks of culture

e) Acclimation of plant regenerated from primary leaf explant in horticultural soil

f) Flowering fertile plant in pot, which is regenerated from primary leaf explant
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3) ZF A Aoty 3 AEA AEs} 2&

i

AEFEE AAN, 1FEAFU, FEE7] FAE MSO A
A odtel A9 A1Y AAAES AEA AR wiA A KN o)
Aol AGANA AAAEZHE FT F AEA ARs 285 v
gt (Fig. 3-6-4). °] & ATE7] FFoNA 43 2] AdAAF
15070 =55 137709 Aol A A ste o] 91.2%9 =2 A3t
HEES YE L, AllY AdAs 17070255 14670 9] A A ol A
AstE o] 857%9 w2 &S YEHdT T AAR ng5AS

W EEow Aol 522%, A1l 50.8%2 AEFE &S e}

=
)
K
ot

AEFAA 4 e B AGH AN Fz

of
35%, 30.3%°] A3t &S HAHTable 3-6-4).
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Fig. 3-6-4. Plant regeneration from primary leaf explants of lettuce.
a) Plant regeneration from primary leaf explants of lettuce (Jungtongpogi variety)

b) Plant regeneration from primary leaf explants of lettuce (Gohyangdukj

-jookmyeon variety)
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Table 3-6-4. Plant regeneration efficiency from cotyledon and primary leaf

in various varieties of lettuce

T ERE:
-
z z j;; ARzt ARs Adn Arsd Aws
hyE
S0 gua 5 xeen duA 5 ARA £ 180
-~
% %] m} 350 124 35.3 350 106 30.3
EET
300 157 52.2 250 127 50.8
T
AEE7 150 137 91.2 170 146 85.7

* A= 33 ¥hE AFe AA ANeEE Fakste]l dERSTH
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3} 585 A Fig 3-6-59 3-
A A1) AAAZYE AEA ALsE debdls 2otk 7o
A& AEA RSt E&2 23] vk AYS jHakste] Table 3-6-6
of Yetideh Al AEst £8&2 KI vjA ¢} SH A, NB Hl
Aol A ALl it 77%] =2 s &85 YERHAAL, MSD3 i
A= 1 Heh g W 61% £&8 YERUAT 18y 7)E9
A LA AEs wAZ AFEE KN 8] A](Table 3-6-6)°A4+= HA|m

-

FE AFoR AEA AEst &0 353%0H wrate] AFEgE RE
Hj Aol Al KN A Bty A vetskeh Avk 55 A19 diA=
B AE3 & KI wixe SH vzl A= Zh2E 81%9F 85%9]
AEst &5 A= =4 vedida, MSD3 ## ¢+ NB
fAlol A= 1 Boh v 61%9 67%9 &85 YERITE A1l
A& 71Eed AEA ARsh AR AREE KN #iAel A Al19

e e
flo

R A2a et gl 303%S1d Wkl ALEF W& w4
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Table 3-6-5. Plant regeneration from cotyledon and primary leaf of

lettuce (Chungchima variety) in various plant regeneration media

A A1
A AR 243 23}
OIS o o ARs o AR
A\ A L] A\ A H4H
SR -0 N 2075
T A T A
KI
190 148 78 197 159 81
Hj) %]
SH
190 145 76 200 170 85
Hj| %]
MSD
180 110 61 190 116 61
Hjj %]
NB
178 138 77 190 128 67
Hjj %]
* X E 23] WkE A HA NS et ey AT
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Fig. 3-6-5. Plant regeneration from cotyledonary explants of lettuce
(Chungchima variety) on various regeneration media.

a) Plant regeneration from cotyledonary explants on KI medium

b) Plant regeneration from cotyledonary explants on SH medium

¢) Plant regeneration from cotyledonary explants on MSD3 medium

d) Plant regeneration from cotyledonary explants on NB medium
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Fig. 3-6-6. Plant regeneration from Primary leaf explants of lettuce
(Chungchima variety) on various regeneration media.

a) Plant regeneration from primary leaf explants on KI medium

b) Plant regeneration from primary leaf explants on SH medium

¢) Plant regeneration from primary leaf explants on MSD3 medium

d) Plant regeneration from primary leaf explants on NB medium
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3. 35 dIZAZRE AL f=E R HEAE AR

7h A 2wy

D 35 9524025y 9344 295 A Aok Az

AP AFE =22 E 98 CPW 13M &8 Azxgor ZEHT
A7bE AleFEL Table 3-6-6°1 YEIATE AdFHAA E2&5 93
Ta BHS AE AxEe FARS celluloses &3AI7E= 1.2%
(w/ v) cellulase R-10 (YAKULT HONSHA, Japan)¥} A¥ 7+ &
A4S AASE 03% (w/ v) macerozyme R-10 (YAKULT
HONSHA, Japan), @4HstAIZ 0.01% PVPE CPW 13M&9d] ¢
filter Aafate] AL Waale] Badv AFAA AAL 2 E

&) 21% gradel sucrose € A& Az ).
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Table 4. Components of CPW 13M solution for protoplast

isolation
component parts per L
KHPO4 27.2 mg
KNO3 0.101 g
CaClz 1118 g
MgSOs. « TH20 0.246 ¢
KI 0.16 mg
CuSOy * 5H20 0.025 mg
Mannitol 130 g
pH 5.8
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FAA EFs A AloF Alx

A A wiekulx el KMSPHi A9 KMS wi#|o] ZAXE+=
Table 3-6-7¢ Yetom AFAAMS = o5 F WAE 74
ZF 212 4dol4 06% (w/ v) seaplaque agaroseo] HZIA|A A& =

AE i F
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Table 3-6-7. Nutritional components

of protoplast culture medium for

lettuce

Component parts KMS&P KMS8

CoCl2.6H20 0.025 mg 0.025 mg
CuS04.5H20 0.025 mg 0.025 mg
FeNaEDTA 36.70 mg 36.70 mg
H3BOs 3.00 mg 3.00 mg
KI 0.75 mg 0.75 mg
MnSO4.H20 10.00 mg 10.00 mg
NaxMo04.2H20 0.25 mg 0.25 mg
ZnS0O4.7H20 2.00 mg 2.00 mg
CaCly 453.00 mg 453.00 mg
KCl 300.00 mg 300.00 mg
KH3PO4 170.00 mg 170.00 mg
KNOs 1900.00 mg 1900.00 mg
MgSOq4 146.86 mg 146.86 mg
NH4NO; 600.00 mg 600.00 mg
Organic acid 140 mg 140 mg
KM vitamin solution 10 ml 10 me
Coconut water 20 me 20 ml
Fructose 6.25 mg 6.25 mg
Ribose 6.25 mg 6.25 mg
Mannose 6.25 mg 6.25 mg
Rhamnose 6.25 mg 6.25 mg
Cellobiose 6.25 mg 6.25 mg
Sorbitol 6.25 mg 6.25 mg
Mannitol 6.25 mg 6.25 mg
Casein 0.25 mg 0.25 mg
Sucrose 250 mg 20 g
Glucose 100 g 10 g
2,4-D 0.2 mg 0.1 mg
Zeatin 0.5 mg 0.2 mg
NAA 1 mg 1 mg
TDZ 0.1 mg 0.1 mg
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3 AT dFEA 22 2 AA
ol 1094 dF Al 19 °F 1 g = FielA chopping?

1.2% cellulase R-103} 0.3% macerozyme R-10°] H7l€ &4A8H
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E F oA pore size ZF 4] 100 et 45 umel A EH sieve:E

of-gste] &aHA ¥ A 2HES AA A dFEA AAS
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MEgA 23xel=g o] &3A ZEAA A test tubeell &3 F,
CPWISM €4S 5 ml F7Fste] 650 rpmell A 5% & A4l 24l
A AP AAE washingdth F5HS Wl dFZAA pelletol] 10
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4) 45 98 A A ES agarose-embedding ol < 3k wl %k
KMSP/KMS8 & A A wiFuj=lo] m 35x10°70] 9&2AA 5=
Z agarose- embedding A17A & FHIZ Z2dH 26T+]1 2%

CEERDSE RS

Ho

5 A3 AFAAEEREH AEEY F&
Agarose®l embedding® 9 Z A wjgFAd dFd HHo0 =2 A=
& KM8P/ KM8 AA 8= 1 mA H7ts] o] 4F dFAANEZH

B AEEdS fFEd,
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A

6) A3 43dAAEEFE microcolony, macrocolony, callus %
Agarose®l embedding® 9@ A wjgFAd dFd HHo0 =2 A=
& KM8P/ KM8 A Auf=#] 1 me# M7kl o 3 A2 uj<t

A5 ZFF microcolony, macrocolony, 9 %

rot

% macrocolony

it

= WAOE agarose=H-E Fojuo] KN HiAlo] &A Fo] 164
Bl e ek 8AIRE F AHlE 2HE 260+ 2EE FAEHE S

Ao wjgsle] HA callusES F=F )

7) A AFAAAEERY FEE callusEEFE AEA AE3}

NE AYAAEEZRE FEE callusEE25H AEA AE3F w A

) 9HAATE ARsH AAS P fE U A AT
Az g

AFAAZRH AR 4 JBASS HBI=po A7EA
e MSO HjAA el fEdeh et FrE AR 42
S2 Pyl A I ool B

ol AAT F deldE (Ede)7E 931 ol Edolel &A «3}

2,

| 22 solid agentE TEE=2 7

A Z L shtol &4 ddd A=Az A AT

444 2 12

D) A% 9gaAS2ny 424 AL

AEx4 2k 1 g5 1.2% (w/ v) cellulase R-103} 0.3% (w/
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v) macerozyme R-100] H7}¥ &4 8o ¥ room temperature
ol Al ok JElE 12A17F F<F incubation A1A YFHANES EH Pt
(Fig. 3-6-7a). +&]¥ AFAA = 33U v A3 Pt g
825 x 106719 AFAA Sl EelHArt. dFAA vl KMSP/
KM8 ®jxle]l mi%  35x10°7H¢] Q@A A BEZ  agarose-
embedding A17#A & AEHIE ZEH 26C+]1 2= w3t vjF

157 Fo 9844 Bdo] /MAEH AL (Fig. 3-6-7b), Wl 25 F9
F WA 2L Bt vY 45 F-o+= microcolonyES A PO

& Az KMSP&KMS wi#] 1

ne# F7bel FAT A7kl A

wE8te] colonyz AAsts HAHS FADd & AJH(Fig. 3-6-7d).

o
o2
i

A €S agarose-embedding WHozE Wl & 3do]l HH
i

HAA MEAES Fotor Feld/

e

A3t (Fig. 3-6-7e). 7} colonyE<S #Al O

w3k wjxl KN wix|(Table 3-6-8)% %A+ ¥ 3~457F Avd

&
3-6-7g). ME3E 2 AEAEZEE By F22 98 zF A=A
58 AEsER HILEA &S MSO HiAZ &AM Bes f%
P (Fig. 3-6-7h), o152 317 & HEZ &3 FJEoZ A

A (Fig. 3-6-71) Matd A AEAZR A FAAHFig 3-6-8).

- 123 -



Fig. 3-6-7. Plant regeneration from protoplasts of lettuce.

a) Protoplasts isolation from mesophyll tissue of lettuce

b) Protoplast division on KM8P/KMS8 protoplast culture medium after 1 week of
culture

¢) Microcolony formation from protoplasts after 4 weeks of culture

d) Colony formation from protoplasts after 8 weeks of culture

e) Colony formation from protoplasts to see by naked eyes after 3 months of
culture

f) Callus formation from protoplasts

g) Plant regeneration from protoplasts

h) Root induction of plants regenerated from protoplasts

1) whole plants regenerated from protoplasts
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Fig. 3-6-8. Flowering fertile plant, which is regenerated from protoplasts.
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8RS EL: AR AFY =4 2 2™

7h A 2wy

D ddgaza A A5 =4S 93 vector 75

CaMV35S promoter:= Hindll ¢ BamHI1 enzymeS o] &34
cloning 3% 3L, CaMV35S polyA terminatori= EcoR¥} Kpnlo =
2}A4]  cloningdl®] BamH¥ Sacl o &ALz A FAAC
BCF-1 4dA}el ligation 3}ttt promoter®} terminator® 7}FX
BCF-1 +#42& hygromycin B A &4 fFHd=xket GUS {425 7+
A3 9lE pCAMBIAL301  vectorel 4F9AIA  pCAMBIA:35S:
BCF::CaMV35S polyA A EA 9d vector® TR Y. vhzbr)A]
HIH O & kanamycin® A &S 7FA = pBIl21 vectore]l CaMV35S
promoter-BCF-1-nos terminator= ligation A7 pBI121::35S::BCF::

NOS A &4 24 vectorE T%3FAL}.

2) @HEEL FHAE T Agrobacteriums &F ZA o

N

rod
=
SFFAE 70% ethanol® 1%, 3% sodium hypochloriteZ 3~5
i A5 & HageE 3~53] & Ao 397 cold A & )

Al

N

138t AAmMAE A8 2R SogA Fe MS 7
2 oA (MS salt 44 g + sucrose 3%)°ll phytagel 0.25%% % 7}3s}
o] pH 57~58% =¥ olg iAo Hitd FTAE 1084 A

STt A4E FAE BB aFel 167 2WL &%

rr

280C2 fFAstH oAzt A AEe Tol 644 | AP 10
dA B AFE Abgskith A4l Ay Al 19e 05~1 mm=

&2 ], AAAE 150 pM e acetosyringonee] 8@ Agrobacter
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—-iumoll 25%-%F infectionA] 7l ¥, A7} E)UA] &S KNH|A]
(MS salt 44 g + sucrose 3% + phytagel 0.25%+ Kinetin 2 mg +
NAA 01 mgol A3 & 347+ co-culturedttl. Agrobacterium
strain< LBA44045 AH&3FSth 397t co—culture § 5 A A 9

7+ o FE #elsty] 98l GUS staining 2 A T

3) AL asr FHAAE Tt FEASA FF AT
34 7ke] co-culture ¥, FEA3 H AF AES A5 50 mg/ L9

hygromycin®} 150 mg/ L9 kanamycine] 27z} ZH7Fg A3 v =] (2

mg/ L kinetin, 0.1 mg/ L NAA)dl AAAZS X Asta, 25 o 4

)

AES L3 AEY A WA Z subculture 333t}

(o
[
——
fol
B~
Ho
X
e
i

e A

slel PJAASA 45 shoot

Sh

2] GUS staining

Agrobacterium infection 45 § shoot”7} A3} H o o]&
A E3E shoots= BCF FA#eF 7 reporter A AQ] GUS 4
25 ol gl FAAE FHE At A3t € shoots: HAA

e £33 GUS staining solution (25 mg X-GlcA-cyclohexylz
-monium salt, 1.38 g sodium phosphate, 0.05% Triton X-100/100
me)ell ©7F 36 Cell Al 12A]17Fo] ¢ incubation &}t

5) g aL FHAE T FEAGA FFo =AM o4

Aoty FAASA dF shoot= el FEMANMS salt 44 g

+ sucrose 3% + phytagel 0.25%+ NAA 0.1 mg)oll =7 & F=

R, o5 g elA Aol BEle] E2 gelling agentE 7l
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staining

ZAoA A e A5 PFAASA S punching sFe] U
leaf discE GUS staining &9 incubation 3t} GUS A=} 2
d ARE gelesi.

7) A A8 A3 A PCR, RT-PCR % wstern blotZ £3F 4§

)

EAl %5 PCR¥I RT-PCRES AR&3to] ERlstdct. & 3HA
AEer v FAH3E control AFEEE  cetytrimethylammonium
bromide (CTAB) WHOo=Z genomic DNAE #3235} Primer
sequence 5'~-CGGATCCGTGAGAGGCAAAAAGGTATGG-3'¢} 5~
TGAATTCTTAATGTGCTGCTGCTGCTTGTAC-3'% o] &3te] P
CRS &9 39t PCR 72 94T A 3#%F pre-heating 3 ¥,
94TCAA 18, 55CAA 18, 72CAA 1722 3Fo] 35 cycles ¥
AAow, o]ofal 72To|A 103t heatingstil 4TColA Ags &
agarose gel H7|F5o2 FAAE At =g, FAHE #
FFESE & 24 FAA AARE gRlstr] flaA
RT-PCRE 33ttt dad 438 AF=Z52E Kit (NucleoSpin RNA
Plant)E ©]-§38te] RNAS £ & F, genomic DNA PCROIA AH&
3l TYU3 primerE o] &3lo] RT-PCRS 33513tk RT-PCRoI A
primer= 75CelA 3%3F denature A7l 5, 42°Col A 1A%}, 75T
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T

7.89] phosphate buffer saline (PBS)o] 5&% 53] Az & 1

X

skim milk7} &% PBS bufferol 1A]7F 303t blockingslte] &2

ilie)

L3 do] RS AAAZT I T 1% skim milkE ¥

oo
ofr
o
rr

PBS bufferel] 1:5000 (v/ v)e] H]&Z primary antibodyE 3]

1
(ot

% blotting wellsoll 2o rotatorE ©]&3}o] A2oA 164 7+HE<t

ot

WA gt whgo] ¥y $ PBS bufferg ©]-&3ke] 15
A 33] AlHste] 1% skim milk7F 323HE PBS bufferell Anti-Rabbit
IgG (Sigma, USA)E 1:2,000 (v/ v)Z 3]4]8}o] 4A] st 2ol A
rotators ©]-83to] SEWA WHEAZ T o] & PBS buffer® 15%3F
3% A &A3% H 15 mg 4-chloro-1-naphtol, 45 m¢ Tris-Cl (pH 7.4), 90
pl HoOpE 3% B & Ao 1083 RESAIZ & S/HTEA AH

eta Axstol B4 E bandE Setow wEste] AR Zdsi

CARAY 9 3F

D @8 asr 32 A5 =4S 919 vector 75

Promoter$} terminatorE 717 BCF-1 % A& hygromycin B #
FA FAAet GUS #3125 7FA 3 9+ pCAMBIAL301 vectorel]
A A1#A pCAMBIA:35S: BCF:CaMV35S polyA A& w3
vectorE® &3ttt (Fig. 3-6-9). =% vectorE oJg 7}A A3k

TS ARESle] el WA Hindlllel EcoRIC = e 3

o
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g oF 2 kbAEe dHS 20 i (Fig. 3-6-9, lane 1), Hindll,
EcoRl, Xbal& A7 dS w ¢F 08kb HEe CaMV35S promoter
sizeE #<l 31 (Fig. 3-6-9, lane 2), BamHI¥ KpnlS A7 3&
= BCF-1 A% =Z7]el 1kb sized ZHHL A3t (Fig.
3-6-9, lane 3). Sacl®} EcoRIoA+= 270bp A X2l CaMV35S polyA
size?] APAE FAFo=A (Fig. 3-6-9, lane 4) &34 EH&

AaAh FA429 vector/l TFHEHASS &2 A
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EcoRl SaclKpnl BamHUXbal | Hindill

Lﬂ_;r BCF -Hh.-

-\-'\-\_ _-'-.

im T .I Ell '.'il | ; - it

BCF : 1100bp Inserted fragment Total size :2210bp
CaMV35s poly A : 270bp

L] 1 2 T i

.Gk CAMELE 1381
A4 kb

T kb Lane 1: total fragment (Hind /|/EcoRl)
Lane 2: CaMV35S (Hind lI/EcoRI/Xbal)
Lane 3: BCF (BamHI/Kpnl)

Lane 4:CaMV35s poly A (Sacl/EcoRlI)

F40 bp
125 by

Fig. 3-6-9. Construction of vector pCAMBIA::35S:: BCF-1::CaMV35S

polyA containing BCF-1 gene.
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Fig. 3-6-10. GUS gene expression on infection regions of lettuce explants.
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Fig. 3-6-11. Transformed lettuce regeneration containing BCF-1 gene.
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GUS staining

A3 FH shoot: BCF-1 #-# 2k} A reporter & 2Fel GUS

TAAE ol &5kl A FHE FAde W, el shootel

N GUS fraAte] BEe ey

h(Fig. 3-6-12).
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Fig. 3-6-12. GUS gene expression of transformed shoots containing BCF-1

gene.
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5 dHENaL FHAAE T3t DA e A 4A
d JAHA3A A5 shoot= ¥l FE=vIA(MS salt 44 g
+ sucrose 3% + phytagel 0.25%+ NAA 0.1 mg)o] =74 ¥gE F%=
SR, o] ES ugFH A Ao Belo] &2 gelling agentE 7%
o] MAzst] U HEA &A T £ F fE 2A4=

w71 ¢ ez Az (Fig. 3-6-13).
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Fig. 3-6-13. Transgenic lettuces containing BCF gene in glass house.
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staining

AN

2o A AT G AF PFAAEA AS punching 3Fo] L2
leaf discE GUS staining &l incubation 3lo] GUS A =}e] 2
d oAFE gdstArt (Fig. 3-6-14).
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Fig. 3-6-14. Expression of GUS gene on leaf disc of fertile transgenic

lettuces grown in glass house.
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A3 AFelA PCR 9 RT-PCRS &3 Fd&aas Fd4

N
=
ol

/M) HAAZA A3 lineEo] A positive controlol] A el oF
1.1kb9] sizedl Al bandE &3 vbH v FAAIA] HFolAe=
band”} #<l¥ x| gttt (Fig. 3-6-15). T3k dA A3 ¥ AF24

H ddgsias Fdxte] dAoiRE #elsty] feiM RT-PCR=
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Fig. 3-6-15. Confirmation of BCF-1 gene amplified by PCR in transgenic

lettuces.
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Fig. 3-6-16. BCF-1 gene expression confirmed by RT-PCR in transgenic

lettuces.
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Fig. 3-6-17. Western blot analysis of fibrinolytic enzyme.
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gl wolgo] =i Awst E&o] 7MY He FAvk FFY AEs &
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Al 61%S] &S YEYo] KN siA R 2% EA Yergth 43 945
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R-109] #2804 1243t incubationdle] B g & 825 x 10°7)¢] €

FAA S0l E At KMIP/KMS wlxol Al mé & 35 x 1007019 93

A %2 agarose-embedding WHOE wjk S wf, wF 1F Fo|
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A 8 HE(Fig. 4-1-1)33 Y. B. subtilis BB-17F A4kst+= €A

=

o

A'AE 60, 45, 30, 25, 19kDa®] 57HA1 &2 FlElon o= s o
oAz A e el W2 EFo] S Zlold AAHM E AE

< A "= 5310 53] &9 T (Fig. 4-1-2)° 3
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