Development of Soft-rot resistant Potato Using
Quorum Sensing
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ZAZEEH 1,000 59 cellulase 842 7}

< TS A ol 24, 44
FH O AEHAT 16S rDNA EA A3 Pectobacterium chrysanthemi, P.
carotovorum subsp. atrosepticum, P. carotovorum subsp. carotovorum, P.
carotavorum subsp. betavasculorum, P. carotavorum subsp. wasabiae X Erwinia
herbicola A EWUAToZ EAFHIT. EHHYAT FoAA P carotovorum subsp.
carotovorum R P. chrysanthemiZ7} AJA QA FEHT oz s glom thest A
Y FeEaE Vst FEHe AE JE AFSE P chrysanthemi PY35
g A 9 el FEY A3 FEW F4S T sk o F RTFFE o F

o HPARE A&

>

ox
o
>

-

1-2. A ST AXY BHEaL FAA £

E Ao = FEH T Pectobacterium carotovorum subsp. carotovorum LY34
o AEHEHELY F8 A8 cellulase @ A2 B39 A83F [-glucosidase
7b o 24 9 quorum sensing 71% AEd #E"E Aojgt Aol A mE
cellulase % [-glucosidase operong F2Y& At FEYH celC FHx2}F oln
el 2579 cellulase A vlustgow FU dFolA bglTPB, ascGFB,
bglEFIA®] [-glucosidase operons &2l 8tAth. celC ORFi= 1,116 bp® 371 aas
dzspsty 1 A °F 39 kDadl Ao® FAHUSW Pec LY349] 4F
cellulase-minus mutant= 24 F54% HYAd #4 23 wild typedt FAFE ¥
AEE 7MAE AL 2 u Peec LY34 CelCeE F24H o] nmeksl Qatz Azb
=3

3% 79 f-glucosidase operons F249 3 ZA¥} bg/TPBE 5557 bp= Al 7l
A} bglT (antiterminator), bglP (EIIBCA), bgiB (f-glucosidase)”} 3t1}¢] operon
< A3, ascGFBE 5618 bpZ Al /M A ascG (repressor), ascF (EIBC),
ascB (f-glucosidase)”} 3F19] operone #AlstH, bglEFIAE Al £/ PTSE
s3lsl= FAA bglE (EIB), bglF (EIC), bgll (EIIA)7} bglA (f-glucosidase)
AAket operons FASATH FHA A AR} 2 FF operon (bgITPB %
ascGFB)E  regulator® X313+ [i-glucoside utilization systemo|1=d o] ZFoll A
bglT+ positive regulator®4] antiterminator® #8392 ™ ascGE nagative
regulator2 4] repressor® 7}A| helix-turn-helix 7+Z& o] dAtt FAx A&
3t A3 3 =7 EF f-glucosidases family 1o &3ttt H4 €4S pH 7, 40T
FZollon, £ %S BglA® 55 kDa, Ww A= RF 53 kDaol 7HgaL, ol8d &

rﬂ oﬁ:-{
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SUMMARY

The object of this study was aimed to develop soft-rot resistant potato by
transformation using quorum quenching gene.

This study was planned to be preformed in a time span of 3 years for the
purpose of obtaining as many recombinant library as possible and for efficient
selection of excellent variants. Firstly, isolation of soft-rot bacteria and cell-wall
degrading enzyme genes from soft-rot bacteria were performed (1st year), and
isolation of autoinducer from soft-rot bacteria. Cloning of quorum-quenching
enzyme (gqge) genes and construction of binary vectors were done (2nd year).
Finally, soft-rot resistant potato by transformation using quorum quenching gene

was developed and investigated (3rd year).
The results subtitled as following :
Section 1. Isolation of soft-rot bacteria and characterization
- Isolation of soft-rot bacteria
- Sequence analysis of 16S rDNA from soft-rot bacteria

- Pairwise similarity between 16S rDNA sequences;

- Virulence test of soft-rot bacteria;

Section 2. Isolation of cell wall degrading enzyme gene from
soft-rot bacteria

- Cloning of celC from soft-rot bacterium
- Cloning of bgliTPB, ascGFB, and bglEFIA operon from soft-rot bacterium

Section 3. Isolation of autoinducer from soft-rot bacteria



- Bioassay of autoinducer

- Analysis of autoinducers

- Synthesis of HHL

- Cloning and characterization of [ux homologous genes

- Primary structure of exp gene

- Comparison of amino acid sequence with those of Luxl and LuxR homologues

from other sources

Section 4. Cloning of quorum quenching enzyme (gge) genes

and construction of binary vectors

- Isolation of quorum-—quenching bacteria

- Virulence assay

- Cloning of gge gene

- Primary structure of gge gene and comparison of amino acid sequence
- Expression of recombinant gge and enzyme activity

- Mechanism of quorum-quenching enzyme

- Construction of binary vectors

Section 5. Soft-rot resistant potato by transformation using
quorum quenching gene

- Evaluation of resistance to soft rot of potato varieties
- Establishment of conditions for the highest transformation rate of potato plants
- Introduction of genes to potato plants, genetic analysis and evaluation of

resistance to soft rot

The results were as following :

_10_



Section 1. Isolation of soft-rot bacteria and characterization

The soft-rot bacteria secret various cell well degradation enzymes. Cellulase
activity was detected easy on cellulase activity indicator agar plates. From
thousand cellulase activity colonies, cellulase active colonies were isolated form
various sources. The soft-rot Dbacteria, Pectobacterium chrysanthemi, P.
carotovorum subsp. atrosepticum, P. carotovorum subsp. carotovorum, P.
carotavorum subsp. betavasculorum, P. carotavorum subsp. wasabiae, and Erwinia
herbicola were isolated from potatoes showing soft rot symptoms.

PCR amplification of the total DNA from each soft-rot bacteria with
bacteria—specific primers produced a single amplification product of about 1.5 kb.
All clones were subjected to sequence analysis followed by online homology
searches.

16S rDNA sequence of P. chrysanthemi PY35 shared 94.8% to 95.9% with that
of P. carotovorum subsp. carotovorum, 94.9% with that of P. carotovorum subsp.
atrosepticum L1307, 95.6% with that of P. carotavorum subsp. betavasculorum
1201, 95.5% with that of P. carotavorum subsp. wasabiae 1.312, and 73.5% with
that of FErwinia herbicola 1.317. 16S rDNA sequences of four P. carotovorum
subsp. carotovorum strains are showed high similarity each other.

In the total of nine strains causing soft-rot disease, P. chrysanthemi is one of
typical soft-rot bacteria and secrets various cell well degrading enzymes. Potato
was inoculated with E. coli or P. chrysanthemi PY35. Plants inoculated with P.
chrysanthemi PY35 showed soft-rot symptoms. However, plants inoculated with E.

coli did not shown soft-rot symptoms.

Section 2. Isolation of cell wall degrading enzyme gene from

soft-rot bacteria

We have cloned third novel celC gene encoding cellulase and three bg/TPB,
ascGFB, and bglEFIA operon encoding [-glucosidase from Pectobacterium

carotovorum subsp. carotovorum LY34.

_11_



celC gene was characterized as following: the structural organization of the
celC gene (AY188753) consists of an ORF of 1,116 bp encoding 371 amino acid
residues with a signal peptide of 22 amino acids within the NH;-terminal region
of pre-CelC. The predicted amino acid sequence of CelC was similar to that of
Pectobacterium chrysanthemi Cel8Y (AF282321). The CelC has the conserved
region of the glycoside hydrolase family 8. The apparent molecular mass of CelC
was calculated to be 39 kDa by CMC-SDS-PAGE. The cellulase-minus mutant of
Pcc 1LY34 was as virulent as the wild type in pathogenicity tests on tubers of
potato. The results suggest that the CelC of Pcc LY34 is a minor factor for the

pathogenesis of soft-rot.

bglTPB operon was characterized as following: Sequence analysis of the
5557 bp cloned DNA fragment (accession number AY542524) showed three open
reading frames (bgIT, bglP, and bgiB) predicted to encode 287,633 bp, and 468
amino acid proteins, respectively. BglT and BglP ORFs show high similarities
with that of the Pectobacterium chrysanthemi ArbG antiterminator and ArbF
permease, respectively. Also, the Ilater contains most residues important for
phosphotransferase activity. The amino acid sequence of BglB showed high
similarity to various [#-glucosidases and is a member of the glycosyl hydrolase
family 1. The purified BglB enzyme hydrolyzed salicin, arbutin, pNPG, and MUG.
The molecular weight of the enzyme was estimated to be 53,000 Da by
SDS-PAGE. The purified f-glucosidase exhibited maximal activity at pH 7.0 and
40C, and its activity was enhanced in the presence of Mg%. Two glutamate

residues (Glul73 and Glu362) were shown to be essential for enzyme activity.

ascGFB operon was characterized as following: Sequence analysis of the
5,618 bp cloned DNA fragment (accession number AY622309) showed three open
reading frames (ascG, ascF, and ascB) that are predicted to encode 375,486 bp and
476 amino acid proteins, respectively. The AscG ORF shared a high similarity
with the E. coli AscG repressor. The AscF ORF shared 81% identity with the E.
coli AscF PTS enzyme Ilasc, while the AscB ORF was highly similar to [
—-glucosidases and is a member of the glycosyl hydrolase family 1. The purified
AscB enzyme hydrolyzed salicin, arbutin, pNPG, and MUG. It exhibited maximal

activity at pH 7.0 and 40C, and its activity was enhanced in the presence of

_12_



Mg2+ and Ca”. The molecular weight of the enzyme was estimated to be 53,000
Da by SDS-PAGE. Two conserved glutamate residues (Glul82 and Glu374) were

shown to be important for AscB activity.

bglEFIA operon was characterized as following: A third bgl operon
containing bglE, bglF, bgll, and bgl/A was isolated. The sequences of BglE, BglF,
and Bgll were similar to those of the phosphotransferase system (PTS)
components IIB, IIC, and IIA, respectively. BglF contains important residues for
phosphotransferase system. The amino acid sequence of BglA showed high
similarity to various [i-glucosidases and to a member of the glycosyl hydrolase
family 1. Sequence and structural analysis also revealed that these four genes
were organized in a putative operon that differed from two operons previously
isolated from Pcc LY34, bgiTPB and ascGFB. The transcription regulator for this
operon was not found, and the EII complexes for PTS were encoded separately
by three genes (bglE, bglF, and bgll). The BglA enzyme had a molecular weight
estimated to be 55,147 Da by SDS-PAGE. The purified BE-glucosidase hydrolyzed
salicin, arbutin, pNPG, pNPG6P, and MUG, exhibited maximal activity at pH 7.0
and 407C, and displayed enhanced activity in the presence of Mg2+ and Ca”’. Two
glutamate residues (Glul78 and Glu378) were shown to be essential for enzyme

activity.

Section 3. Isolation of autoinducer from soft-rot bacteria and

characterization

The plant pathogenic bacteria Pectobacterium (Erwinia) species cause soft-rot
disease and produce autoinducer such as N-acyl-L-homoserine lactone (AHL) and
its derivative molecules which mediate the cell-density—dependent expression of
target genes. The soft-rot bacteria were isolated and the produced AHLs were
identified by bioassay. Pectobacterium chrysanthemi, P. carotovorum subsp.
carotovorum, P. carotovorum subsp. atrosepticum, P. carotavorum subsp.
betavasculorum, P. carotavorum subsp. wasabiae, and Erwinia herbicola have been

isolated through assay of plant cell well degradation enzyme activity. We
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confirmed that some of them secreted two kinds, HHL and OHHL, of AHLs at
least using by TLC bioassay with Chromobacterium violaceum CV026.

Two prominent spots were visible by charring with C violaceum CV026 and
Rf values of these two spots were 0.76 and 0.59. The purified AHLs from soft-rot
bacteria were analyzed. The FAB mass spectrum of the purified spots displayed
each several [M+H] peaks. Comparison with the mass data of MALDI-TOF mass
spectrum indicated that peaks at m/z 200.2 and 214.1 corresponded to the known
HHL and OHHL. The HHL was synthesised for next experiment substrate. Also,
HHL was synthesised with homoserine lactone and hexanoyl chloride and
confirmed by the same method.

To 1isolate the [ux homologous genes from each isolated strains, degenerate
primers based on amino acids from two high conserved regions in [ux homologues
allowed amplification of approximately 350 bp DNA fragment. Finally, the 1.8 kb
fragments were amplified and cloned into pGEM-T Easy vector. [ux homologous
genes from isolated soft-rot bacteria were designated exp. The expl (luxl
homologous) of P. chrysanthemi PY35 is 639 bp in size and encodes a protein of
212 amino acids with a predicted molecular mass 24,612 Da. The expR (luxR
homologous) of P. chrysanthemi PY35 is 753 bp in size and encodes a protein of
250 amino acids with a predicted molecular mass 28,805 Da. [ux homologous genes
from the others isolated soft-rot bacteria were cloned.

For the comparison of amino acid sequence with those of LuxI and LuxR
homologues from other sources, the amino acid sequence of the Expl protein from
P. chrysanthemi PY35 was compared with the sequence of other LuxI
homologues. Expl of P. chrysanthemi PY35 shared 11.5% amino acid homology
with LuxI (AAA27552) of Vibrio fischei ATCC 7744, 61.8% with Expl of P.
carotovorum subsp. carotovorum L1101. The phylogenetic tree showed that the
ExpR of P. chrysanthemi PY35 is nowhere near the other ExpR. The amino acid
sequence of the ExpR protein from P. chrysanthemi PY35 was compared with the
sequence of other LuxR homologues. ExpR of P. chrysanthemi PY35 shared 14.7%
amino acid homology with LuxR (AAAZ27551) of V. fischei ATCC 7744, 58.1%

with ExpR of P. carotovorum subsp. carotovorum 1.101.

Section 4. Cloning of quorum—-quenching enzyme (gge) genes
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and construction of binary vectors

For the isolation of quorum-quenching bacteria, soil and plant samples were
serial diluted and spreaded. Individual colonies with different morphology and size
were obtained. Among them, the 16 isolates were able to grow on minimal
medium containing HHL. Analysis of 16S rDNA these strains were identified as
Bacillus cereus, B. anthracis, B. thuringiensis, Arthrobacter nicotianae,
Agrobacterium tumefaciens, and Bradyrhizobium japonicum etc.

To confirm the quorum-quenching activity, we inoculated P. chrysanthemi
PY35 as soft-rot bacteria and/or Ginseng endophytic bacterium Bacillus sp. GKO2.
The virulence assay showed that P. chrysanthemi PY35 inoculated potato slice
macerated, whereas Bacillus sp. GKO02 treatment succeeded to partly prevent P.
chrysanthemi PY35 infection. Bacillus sp. GKOZ2 inoculated potato slice did not
show soft-rot symptoms.

To isolate the quorum-quenching enzyme gene from each isolated strains, it
was found that conserved regions in several groups of metallohydrolases including
AHLases from Bacillus cereus group and A. tumefaciens. Based on these
observations, a PCR was performed using degenerated primers of the conserved
sequences to clone the AHL-degrading enzyme gene from quorum-quenching
bacteria. Finally, the 1.0 kb fragments were amplified and cloned and
characterized.

aiiA  homologous genes from isolated quorum—quenching bacteria were
designated qge. The qge of Bacillus sp. GKO2 is 753 bp in size and encodes a
protein of 250 amino acids with a predicted molecular mass of 28056 Da).
Comparison of the quorum-—quenching Bacillus qge genes with the Bacillus sp.
240B1 aiiA gene revealed high homology of 89 to 93% in deduced amino acid
sequence.

For expression of Qge protein, Bacillus sp. GK02 gge gene amplified by PCR
and subcloned into the 6x His tagging expression vector [pET22b(+)]. Upon
induction of E. coli BL21 (DE3) (pET22-qqe) with IPTG, a His-tagged protein
with a molecular mass of about 35 kDa was produced. The purified Qqe protein
effectively inactivated the HHL. After ten minutes of reaction time, HHL was
degraded to 70%.

To investigate the mechanism of quorum-—quenching enzyme, AHLs structural
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features suggest that there may be at least four types of enzymes that could
degrade AHL signals. Lactonase and decarboxylase could hydrolyze the lactone
ring at the positions marked as 1 and 2, while acylase and deaminase might
separate the homoserine lactone moiety and acyl side chain at sites 3 and 4,
respectively. To determine whether Qge of AHL-utilizing Bacillus sp. GK02 is an
AHL-lactonase or AHL-acylase, HHL was digested with Qge, and the reaction
products were analysed by HPLC and ESI-MS. The enzyme digestion of HHL
generated one product as determined by the HPLC analysis. The ESI-MS analysis
of the enzyme digestion of HHL and HHL revealed a quasimolecule M+H ion at
m/z 218, suggesting that the enzymic action with HHL (M+H ion m/z 200)
resulted in a mass increase of 18, corresponding to a water molecule. These
results suggested that gge encoded an AHL-lactonase that hydrolyzed the ester
bond of the homoserine lactone ring of AHLs.

To construct quorum-quenching enzyme (gge) genes into binary vectors, five
gqe genes containing about 0.65 kb from quorum-quenching bacteria successfully
were cloned into pCAMBIA vector controlled by a CaMV35S promoter and the
hygromycin phosphotransferase (AptIl) gene for resistance to hygromycin. These

clones were used for the transformation of potato.

Section b. Soft-rot resistant potato by transformation of

quorum quenching gene

In this study, we evaluated resistance to soft-rot in domestic inbred potato
varieties and we selected several susceptible varieties. We also established the
condition for the best transformation rates. Five gene constructs were introduced
to potatoes var. 'Jowon' and 'Superior’. Some clones were selected in the shoot
inducing medium containing 30 mg/¢ hygromycin. Selected clones were analyzed
through PCR and RT-PCR. Quorum—quenching enzyme genes were transferred to
potato via Agrobacterium-mediated transformation. Genetically stably confirmed
clones were infected by Pectobacterium carotovorum subsp carotovorum for
evaluating resistance to soft-rot. Some of tested clones did not show the

significant resistance to soft-rot compared with non-transformant. Two transgenic

_16_



potato was delayed soft-rot symptoms by Pectobacterium sp. But, we should
cultivate these clones in the field in order to evaluate agricultural triat and field
resistance to soft-rot and the other plant disease. In addition to, we can use these
clones as a parental stock for potato breeding program. The significant resistance
to soft-rot should be improved by next study in future.

_17_



Contents

Chapter 1. Introduction of the Research Project - 31
Section 1. Aims and necessities of the research and development - 31
1. AlmS Of the researCh and development ........................................................................ 31
2. NeceSSitieS Of the research and development ............................................................. 31

2_1. Potato as material fOl" transformation ..................................................................... 31

2,2. TeChnical aSpeCtS .......................................................................................................... 32

2,3. Economic and industrial aSpeCtS .............................................................................. 32
Section 2 Range Of the research and development ................................................ gg
Chapter 2. Research Trend in Korea and Oversea - 35
Section 1. Pathogenecity and signal molecules of bacteria - eeeeemeemeenees 35
Section 2. Research trend and problem of Korea and oversea « e eeeeeeeeeee 36
Section 3. Future prospect .................................................................................................. 37

Chapter 3. Research Constitutions and Representative

RESUILS ceeeerrreeesrersemmintiiiiiitiiiitiitiiitiiiiiitiitstsetsss s sssssatens 39

Section 1. Isolation of soft-rot bacteria and characterization :wwemeeeeseeeeeees 39
1. Il’ltroduction ........................................................................................................................... 39
2. Materials and Methods ...................................................................................................... 39
2,1. BaCteriaIS, plaSl’nidS, and media ................................................................................ 39
272. Recombinant DNA technique ..................................................................................... 39
2_3. EXtraCtiOn Of DNA from bacteria ............................................................................ 40

_18_



2_4. 165 rDNA al’lalySiS ...................................................................................................... 40

2-5. Activity assay of cell-wall degrading enzyme from soft-rot bacteria ------- 40
276. Virulence test Of Softfrot bacteria on potato ....................................................... 41
3. Results and DiSCUSSiOH ..................................................................................................... 41
371. ISOlation Of SOftfrOt bacteria ..................................................................................... 41
3-2. Sequence analysis of 165 rDNA from soft-Tot bacteria = 42
3_3. PairWiSG Slmllarlty betWeen 165 rDNA SEQUEIICES wwrrrrrerrressssnsssssnnsssnninsnanee, 45
374. Vimlence test Of Softfrot bacteria on plal’lt ......................................................... 45
4. COHCIUSiOn ............................................................................................................................. 46

Section 2. Isolation of cell wall degrading enzyme gene from soft-rot
bacteria .................................................................................................................. 47
1. Introduction ........................................................................................................................... 47

<Experiment I > Cloning of third celC gene, from Pectobacterium carotovorum
subsp. carotovorum 1.Y34 and its comparison to those of

Pectobacterium sp.

1. Introduction : EXperiment T T TRY PrR N 48
2. Materials and Methods : EXperiment I ........................................................................ 49
2-1. Bacterial strains and grOWth CONAITIONS rrerrreerrreesrrmesrrmesernertuiertiettitttinttntineiien. 49
2-2. Extracellular cellulase activity assay and purification «eeerereeerereeseneneeen: 49
2_3. Site_directed mutagenesis .......................................................................................... 49
2-4. ACthIty Stail’lil’lg on CIMC-SDS-"PAGE rooeeeerereremeneneniiiiiiies 50
3. Results and Discussion - EXperiment T T TR TR 50
3_1. ISOlatiOI’I and reStl”iCtiOH map Of the CelC foye] s S IR L LR L IR CIEL LI 50
3-2. Nucleotide sequence of celC [ s (S R e L L L L LI I LI LI 52
3-3. Amino acid sequence similarities between CelC and other cellulases - 53
3-4. Identification and characterization of celC gene product ««« e 57
4. Conclusion : EXperiment I T T PTRRRTIS 59

<Experiment II> Isolation of three bgl operon system in Pectobacterium
carotovorum subsp. carotovorum LY 34

1. Introduction : EXperiment II ............................................................................................ 61

2. Materials and Methods : EXperiment II ....................................................................... 62

_19_



2_1. Media and grOWth COHditiOl’lS .................................................................................... 62
272. COI’IStrUCtiOH Of Cosmid library ................................................................................. 62

2-2-1. Determining the approximate number of clones for a complete cosmid

h‘brary .......................................................................................................................... 62
27272. COHStrUCtiOl’l Of Cosmid library ........................................................................... 62
273. Screening Of FifgthOSide utilization SyStemS ....................................................... 64

2-3-1. Screening [i-glucoside utilization systems by PCR in cosmid library ‘- 64

27372. Screening and SubCloning .................................................................................... 65
274. DNA Sequencing and analysis .................................................................................. 65
2_5. Enzyme assay ................................................................................................................ 65
2-6. Construction high expression clones for the f—-glucosidases genes and

puriﬁcation Of the EIIZYTIIES *#rertsrrssers s ss s s sttt ettt sttt 66
2-7. Identification of f-glucosidase genes products by SDS-PAGE «eeeeeeeeeeees 66

<Experiment I -1> Isolation of bgI{TPB operon system in Pectobacterium
carotovorum subsp. carotovorum 1Y34
3. Results and Discussion : Experiment [[-1 wweerrmmmininiisiine, 67
3-1. Cloning and nucleotide sequence of putative bgl oOperon -« eweeeessresneenes 67

3-2. Structure of the putative bgl operon of Pcc LY34 and comparison to other

knOWn bgl 16)57S)1'0) 8 FS TR e L L R I LI T R ’70
373. Puriﬁcation and Characterization Of the Bng ....................................................... 71
3_4. Identification Of the bng product ............................................................................ 71
3-5. Identification of essential residues for [i-glucosidase activity ««eeeeeeeeeseeeess 71

<Experiment II-2> Isolation of ascGFB operon system in Pectobacterium
carotovorum subsp. carotovorum LY34
3. ReSUltS and DiSCUSSiOH : EXperiment 1172 .................................................................. 77
3-1. Cloning and nucleotide sequence of putative asc Operon -:w:wseeeeeeememnsenee 7

3-2. Structure of the putative bgl operon of Pcc LY34 and comparison to other

kHOWH R oR o151 40} 8 I IR L L 80
3_3. Purification and CharaCterization Of the ASCB ...................................................... 80
3-4. Identification of essential residues for [i-glucosidase activity «:eeeeeeeemseeeees 81

<Experiment II-3> Isolation of bg/EFIA operon system in Pectobacterium

_20_



carotovorum subsp. carotovorum 1Y34
3. Results and Discussion : EXperiment I[-3 e 86
3-1. Cloning and nucleotide sequence of putative bglA operon -« wwererseeeeeens 86

3-2. Structure of the putative bglA operon of Pcc 1LY34 and comparison to

other known ngA 1007 40) 8 IS IR L L R L L T 89

3-3. Purification and characterization of the BglA ...................................................... 91
3-4. Identification of essential residues for f-glucosidase activity e 94
4. Conclusion : EXperiment ] 1 R T T TP PR IR 98
Section 3. Isolation of autoinducer from soft-rot bacteria - 99
R 05 06 6 L6 ot [0) 8 HRRRRRRE R T T P P L PP O PP PP PP L PPEPPROPPED 99
2. Materials and Methods ...................................................................................................... 99
2-1. Isolation of autoinducer from SoOft—Tot bacteriq ::::-:r-sereerreerrrerememeemnianeiini., 99
2-2. Structural analySiS Of AULOINAUCET worreerreerrrrrrrmereererettetr sttt 99
2_3. Synthesis Of autoinducer .......................................................................................... 100
2-4. Cloning of quorum sensing related gene from soft-rot bacteria e 100
3. Results and DiSCUSSION rrerreerreeseressenssrsstesttettittttttitttttttetttttttiitttatttettettiettretaes 101
3_1. Bioassay Of autoinducer ............................................................................................ 101
3-2. Mass Spectrometry analysis .................................................................................... 102
3-3. ClOl’lil’lg and Sequencing of CXP GEIIES wrorrrsrsrssssstsstttstttiitiiit it 104
3_4. Structure Of autoinducer ........................................................................................... 104

3-5. Comparison of amino acid sequence with those of LuxI and LuxR
hOmOlOgueS from Other QOUTCES *reerreessressenesernsstnnsetettetttettittttttitttttiettesteeseaenes 1 10
4. Conclusion ........................................................................................................................... 112

Section 4. Cloning of quorum quenching enzyme (gge) genes and

ConStI‘uCtion Of binary VECLOTS rvrrrrrererreesrernneseetnusetetuttttitttiiitttaeenenes 113
1. Il’ltroduction ......................................................................................................................... 113
2. Materials and MethOdS .................................................................................................... 113
271. Screening Of quomquuenching bacteria ............................................................ 113
272' MOrphOlOgical CharaCteriStiCS Of bacteria ............................................................. 114
2_3. Bioassay Of AHL_degrading aCtiVity .................................................................... 114

_21_



2_4. Cloning Of the o e T2 <4< § LS B L L LR C I IR C IR O 114

2,5. EXDreSSiOl’l Of recombinant 0 e AR L L L I LI R R 115
2,6. EXpreSSiOn and purification Of the protein .......................................................... 115
2_7. COnStruCtiOl’l Of binary VeCtOrS ............................................................................... 115
3. Results and DiSCUSSiOH ................................................................................................... 116
3,1. ISOlatiOH Of quomquuenching bacteria ............................................................... 116
3_2. Virulence assay ........................................................................................................... 116
373. Cloning Of the @ GEIIE *+ewererrsrsrsesnt sttt 129
3-4. Primary structure of gge gene and comparison of amino acid sequence -+ 135
3-5. Expression of recombinant gge gene and enzyme activity «weeeeeeeeeemeeeees 135
3-6. Mechanism of qUOrUM-qQUENCRING ENZYIME w+wweesressesssssesssssmsssssissississisiississisinss 135
377' COHStrUCtiOH Of binary VECTOTS trrerreerreeseresensernsstettettiitittttttttettittittstantaenes 138
4. Conclusion ........................................................................................................................... 139

Section 5. Soft-rot resistant potato by transformation using quorum

quenching gene ................................................................................................ 142
1. Introduction ......................................................................................................................... 142
2. Materials and Methods .................................................................................................... 143
2-1. Screening of potato varieties resistance to SOft rot «reeeesseeesrem.. 143

2-2. Establishment of the condition for the highest transformation rate of potato
plants ............................................................................................................................. 144

2-3. Introduction of genes into potato plants, genetic analysis of transformants

and test Of reSiStance tO Soft rOt .......................................................................... 144
3. Results and DiSCUSSiOH ................................................................................................. 148
3-1. Screening of potato varieties resistance to SOft rot «reeeesssseesrr.. 148

3-2. Establishment of the condition for the highest transformation rate of potato
plants ............................................................................................................................. 151

3-3. Introduction of genes into potato plants, genetic analysis of transformants
and test Of reSiStance to Soft TOL  orereerererermereree sttt ittt et 157
4. Conclusion ............................................................................................................................. 163

Chapter 4. Aims Achievement and Contribution to Related

_22_



Fields ........................................................................................................... 164

Section 1 Attamablhty Of the research goal ........................................................... 164
Section 2. Contribution tO related fleldS ..................................................................... 164
Chapter 5. Application Plan of the Research Products - 166
Section 1 Necessity Of further research .................................................................... 166
1. TranSfOrmatiOn in Seed plant ........................................................................................ 166
2. Screening Of Site*SpeCiﬁC eXpreSSiOl’l promoter ........................................................ 166
3. Screening Of hlgh eXpreSSiOH promoter ...................................................................... 167
4. Inhibition of autoinducer synthesis in cell of phytopathogenic bacteria == 171
Section 2 Application to other research .................................................................... 171
1. Technical aSpeCtS .............................................................................................................. 171
2. ECOHOmiC and industrial aSDeCtS ................................................................................... 171
3. Application plan ................................................................................................................. 172
Chapter 6. Overseas Research Materials ................................................... 173
Section 1 Bacterial SpeeCh bubbles ............................................................................. 173
Section 2. Signal disturbance through mimics of autoinducer ««-wweeeeeeeeees 174
Chapter 7. References ................................................................................................ 176

_23_



xﬂ lxol-ﬁ?— 7HHE'|- jq.xﬂ_oq 7H_Q_ ............................................................................... 31
A1 A ATAGY EA L T QA s 31
L. QI TEZHHEQ] L] ottt 31
2. OATFETNHEO] T Q A wereererieesenieei e 31
2-1. A AZF ZFE A B ZA]L] ZERF v 31
D=2, T]E B ZTH e e 32
2-3. A+ AFQ B ST s 392
;(.“ 2 zé ?ﬂ?-ﬂpg-gq ]ﬁ'ﬂ ........................................................................................................ 33
xﬂ 2 ZJ— %LHQJ 7]%7]]13__,_1— z'aég- .................................................................................. 35
A 1A ATY AFTAGEAT B LA o 35
1.“2@5?1,“94 3%]_.@7%94 z:;—_]_j?g-jr,]. T,":"__ﬂ]z(a] .................................................................. 36
;(.“ 3 xé %l’.‘li ;ﬂuc]' ................................................................................................................ 37
Xﬂ 3 ZJ— ﬂ?‘ 7]]13___}- _"':z‘sg Lﬂ_g_jq. @jq. ................................................................... 39
A 1 A R FEH T B e 39
L A B s 39
D AT L HFH] e 39
2-1. A].%—EL_ZI_., %ﬂ.v/‘_\_u]}i, HHx] ......................................................................................... 39
-2, A ZTE DNA ] H oo 39
2-3. AT A1 Q] DNA SEEH o 40
24, EEZB IO 16S TDNA F-A] corriiiii 40



40
w41
w41

ol

ool

Mo
e

Nl

o
h3
‘wo
e
e

ﬂa
B

K

T

41

i

b3
‘mo
o
m-

42

9] 16S rDNA T,t_’_q

3-3. 16S rDNA & 7144 9]

45
45
46

ol

<
Mo

s

A

—

<
o)
=
mo
ol
o

<f

M
s

47

A2 4 3A

47

1.

ol

~

73

<AY 1> FEHTANA NMEL celC A% F2YY 3FF cellulase A

H]E_

1. /\1% (/élz;ﬂ D

48
49

49

49
49

oo
<

i
o]

T
o
il

50

50

50

ks
“

A

=]
=

3-1. celC A &
3-2. celC 7#}¢]
3-3. CelC o}7]

3-4. celC

52

|

7

53

o7

pozel

il o
=

—_—

0
o

59

)
T

<Adg II> FEHIA 3F5F f-glucosidase operon 2

61

1. /\1% (/\Elzg H)

62

2-1. A].%u}]x] 1;_; /@%5@

62

62

_25_



2-2-1. Cosmid library94 7&5110]] r_gg@ clone _}; Z—g_zé .............................................. 62

2-2-2. COSMIA [DIAry -3 weereereesessessssssesess sttt sttt s 62
2-3. I‘i*glucoside o]% /\]Z:‘%ﬂiﬂ %L&'J ............................................................................... 64
2-3-1. Cosmid libraryol /] PCRell €]3 f-glucoside ©]-& AJ2=8] o] EFAY e 64
2-3-2. S} AHE L GUDCIONING werereereeressesssessesssssssss st 65
2-4. DNA A7) A G 2 AT FA] 65
2-5. *6‘/\94 Agil_fﬂzj ,T_ET}\J ................................................................................................... 65
2-6. FA ALY TLHEE] HL ZJ A e 66
2-17. _lQr.;ﬂx]. AFE- 9] Q’?l ....................................................................................................... 66

<AdY II-1> F5¥it9] bglTPB operon 2]

3. AT T TF (G J[-]) e 67
3-1. bgl operon 24 % A7|H<LE TEA] e 67
3-2. bgl operon®] TZEA H AFEA] H] I e 70
3-3. BglB AR} AFFEFA B A e 71
34, bglB 7 ZF AFE SFQL cerrrrreirisii 71
3-5. L‘ifgluc031dase g]_ 4 ] :ézl: 0]—1:']5—_/,\_ _§_}-?l ............................................................. 71

<Ad I-2> FEWT9 ascGFB operon &¢

3. ﬁE_Tq_ t;]"l ey (/\Elﬁ‘j H_2) ................................................................................................... 77
3-1. asc operon 24 % A T] A G AT o 77
3-2. asc operonQ] TZEA] T OAFIE AL H] D ceeeereeseneseeses s 80
3-3. AscB A A BB B A] e 80
3-4. {‘i*glucosidase %/‘391 jé‘}r\‘ O}U].‘tﬂ' 33:_']-?_] ............................................................. 81

<A¥ II-3> FE54 79 bglEFIA operon 2

3. AT @ TE (AF] [-3) e s 86
3-1. bglA operon ZFZY D Q7] A G EA] e 86
3-2. bglA operon®] TFEEA] H A H] T e ]9
3-3. BglA A JA| L} AP BFBFA] B A coverreereie 91
3-4. B-glucosidase B4 9] D oFu] 1Al FHO] s 94



98

W
put

9

99
9

o
=0

PoEK
W
- =

R

—

99

99
100
100
101

i

—

X
ol

X/

X
<)
T

‘mo
ol
mH

—

pitd

—

Y
Al
il
;O.W
<
o)
3
,wo
1]
i

o
o

!

oF

0

—

X
oy

</

X

rd
o)
M)
‘mo
ol
mH

=0
B
K
T
T

101

3-1. ﬂiiﬂ%%@ﬂ bioassay

102

104
104
110
112

e

M
il

113
113

113
114
114

wir

114
115
115

g

—

ol
gl
el
o
,mo
‘wo
1
s

il

—

;o.ﬁ
<
7o
o
7O
‘WO
i
als

115
116
116
116
129
135

=

AFAARE WY T

A
nze)
10°
—
‘mo
1
Ak

_27_



135
135
138
139

T

—

ol

N

1o

g

—

NV
A
;O.w
=<
nze)
o
,WO
‘mo
e
i

e

—

S
olo
o
X

()
o

~NA
TOo
;OO
_—
o
it
alg

o~

W
put

142

@i %;g%zi?} %}x}.""uuu""“““u""uuu""“““u""uuu""“““u""uuu

8 A%

A

142
143

PoEK
my
T w

—

143
143
143

Hjn

K

~
;.oo

by A4 R

ek

9

=
T'ﬁ“%‘

<

H

Gl
fist
O

H

—~
;OO

143
144

2-1-3. #A 714

i

e
N
B

X
e
"
o
BK

o

144
144
144
144
145
145

D81, AJ TR B wovvvrererererererstsi s
2-3-2. v A &} i

2-3-3. ZAke] AEs =

K

~N

AL
o0

a
Mo

2-3-6. Agrobacterium 5%,

146
146

o
o

1

X7

X

oF
o)

(LS

alal

—

I
L ©
W

T

146
146
146
146
147
147
148
148

K

2-4. AR A 22

O

X
!

~
;OO

!
e
=K
£
fugt

el
T

~X

Mo
ol

K

ﬂ%

148

149
149

_28_



151
151

¥

gel
N

uny
00

o
oF
o

0

o
B

e
<
o
o)
alal
<

3-2. &2

151
154
154
156
156
157
157
158
159
160

A oA E

EEE

=
=

3 A A Agrobacterium 515 e

=
=

= o 8

3-3-2. §74 Tz ge

161
163

%0
TH
7o
ﬂo
—_—

mo
lfat

sl

o)
o W

164

RS B S ==,

™

164

164

A2 A BHEOF 7] WA NG 7] O oo

166

A5 A AT N A L A F

166

_;"L_

A1A

166

166

167
171

o
S

A2 A g A7

_29_



FI L] ZTH covvvesenrsersensetasessassssssssissnsissussisstasesstastsssssist e st ssass st s s s b eSS s08
A+ AFQA A ZTH e 171
BE - HE OF ottt 172
A6 A AT AL FAAA £ AYFE7]SH R e 173
;(-“ 13 23L °]‘g‘§l' A-]]ﬁg,] 7]1‘2"_1,]7-]]0]}5_ ................................................................ 173
A 2 A ASZEZED mimicsE T3 AT F GG ceevemerermemnn 174
176

A7 FLER

_30_



A2 R

F

oll

{7 )

o)

-0

K0

|

"0

el
mK
"
mjr
o

v

T

B!

A1 A

W] Wl gARe] au7t

71237 ol A opportunistic pathogen®l -84

$2]upehol A

;OL
Am

ol
ﬂ

BN
—_

Njo

o

il =1 Hl = 7]

9|

_g]

A2 vE At

olel 9] A= FEFHel

1 A5 fAl7E gA1E o) Ca

3

&

7]

o)
7o
o
—_

‘WO
]

als

—~

o
=)

~

o

B
T

X

Mo
Hin
7o
;OO

—_

ol

o

i

k]

B

pul

T’:ﬂo

A=)

[e)

A pathway
=

1
|

kel

&2 (autoinducer)

A2 over-expression®l] 2]

]

=
=

+ PR-protein, phytoalexin

ol o]

[}
A

o
o =

}_

A

]

Z
Tl

(e}
d
r& &3

z‘sj]—

3l autoinduce

u) 2] 5= o] o},

1

.

7@ o
9] key enzyme

3

™, ]2

23

==
=

A

!

ol
e
Hr

ofpy

)
o

]
—_—

N2

B
X
W
0
ze)

g
;OO

oF 104e] 7]7ko] 4o

R

fu

4

I

b1 9

o

il

41 A

R

=
Ao EFFE A

-

9
gul

21f A

o
T

[e)

PAAZT FE ABZA9 7R
7}A 1

F717F o9

722+ (Solanum tuberosum 1.)

dTNEe 28 A

[e)
©
=

[e]
h=)

2.
2-1.
EmA:T
E

oy

o e aele] o

N
o

_31_



ok

=)

g

]

d4o

| 2=z A5 de Asdl=

9]

s

B
N

2-2. 71&3

2824

Al A AT

R

1

22+ (Solanum tuberosum 1..)

ol 1824\ A E o]

—

X
o

&

A

9

qd= =4
Pectobacterium

A% Aol

AT 4
2y

[oig
=

2 sff oF

=
¥ s 3

Iz

=
]

o=

Q)
=

ol

R
R

o}

O

ol
‘WO
i
als

ﬁo
=y

oF
Nlo

ot

Altol 9

i

ol =<

A7y ok ® A

hul

]

= A

o] ¥

A B

Qolth. aenz 3

=

=

J o] T},

S
]

3

it

Aitol o
. B a4

o
A

=
]

o

of oj#9 1
2 o] FojA i

719, A5 Sol
Pseudomonas

1
=

e
ur

o7

A= kAl o] N
Al =t v ol

p

o

@ 4
o oA

A 2]

L
.

o
W

Hlo
w:
O

I+
N

g

2z ol

4

s/g ]

R

of gheir w7}

pud

3} cecropin -7 A

AAR ZFA EY

7 A=) JhEo] o] Fox i

5}

= Azdc,

S
3

]
A

R

i

k]
pad

=
o

o]

=

(5
jang
N
o
oR
<

~O

vl x| W3}

o AR Fxel v
of 2] ol

R

o

3

9

3l oF

o

=

_32_

94 =

o] =t AAZE d o all A AM AR

2-3. AA



sich. dach Ak AFAA wule BE
A g S kel golg el WAL T 2
ot o= wlg AAIH £ HEo] FAA BF 82 AsA
o] 53 9},

oji oot
o oY,
oy
2 oy
1o
| —1E
2
fr
0,
:’013
:013
o
4
)

Al 2Ad ATAE] FH

AAEAZS] F214 =9 L FAAEA

1%

& A% Agow AFE AEE &

A

9] cell-cell communication systemg £3dto] A % (population density)& 7+*|3]
W ME s AR (threshold)dl] =2shH FAA B U3 e
-2 Eda g 7|2 7F49 quorum sensing systemoll A 3SCE Hate] o] 3k
Bacillus sp.ol4 +2]3 A2 &42 acyl-homoserine lactonase (AHL-lactonase)

o 0H‘

J[m ]-'1
o

T quorum-sensing signal A9 A& HWEEZ< AHL lactone bondE 7+l ¢
o=zZx AHLS EZAsedT. ZAARE SAZ 2B dAFodAE Ao A
autoinducer (AD®E AA ¥+ quorum-sensing signal &2 <2 acyl-homoserine
lactonones 2], AAste] FAGFAT. FElgh v AHLs =45 E3E + 2

= 3 714 28 2AE BE 2 1 fdAE SRS o] Y SAS
ZAbEta o] FAASA I BT o] AEANE F4T v autoinducerE A&
of =¥l EalFAATE o] & Q1Aste] d, EH]3te] autoinducers A F A7
g Hdyte] 3ASs FAAA ¥ BAE staa g
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AlAATY AsHdeE2dd HAA

Quorum sensing &2 autoinductiont Aol A7) AAle]l MEX FE=E A
% 2= environmental sensing system= AW3}l7] ¢ HLoz2 WHIAL o
o] AN AEe] AlEiE HAANE T WA AsHAGELR 25
33t o] 270 = S Gram-negative  bacteria®l 4] 57
N-acylhomoserine lactones (AHLs) family”7} ©]o <3ttt o]E &A=
N-linked side chains® ZAo], 3-©4 2 X3} side chain W2l 3l o] 4ol EX3
skol EA) 5o wgl Aolslth. Quorum sensingS AEF FE9t A FHAA
W3 5= transcriptional activator proteine] <& Ex}Zo] Ao B9y diffusible
signal molecule (autoinducer)®] A& A& ol &3lt} o]# 3t signal moleculeS-S Al
Tt Az A FAalE o] ML 3 s oR Foo ZAET. A G o]2W
(threshold concentration/critical population density) ©]# 3 signalE< U@ 9] target
geneS 9 HALE %43sl7] 938 co-inducers® 2H-g& &k}

Autoinduction® marine symbiotic bacterium Vibrio (A} Photobacterium)
fischeriol Al 25 R 1% Q2™ bioluminescence =49 T4 9&S = AHLs
= Gram-negative marine bacteria V. fischeri 2 Vibrio harveyiol A =< 215 <S]
t}. V. fischeriol A, LuxI proteine &3] 34 ¥ += N-(3-oxohexanoyl)-L-homoserine
lactone (OHHL) =22 transcriptional activator protein LuxR$} A& 280 ol V.
fischeri lux operons &4 313t} Cell-cell communication deviceZX TG o7 7]

o

5 3= FAF regulatory  systemES Aol oJE]  Gram-negative

o X owg T e

Moy lo fE owE oo o

Gram-—positive bacteria®l| /] = WA = Ao Gram-negative bacteria®l] 4]
AHL-mediated (cyclic dipeptide-mediated) cell-cell signalling<  antibiotic
biosynthesis, virulence factors A4k exopolysaccharide biosynthesis, bacterial
swarming, plasmid conjugal transfer @ stationary phase®Z¢| o] T3} & At
7sS FA3de= 98S vt Pseudomonas aeruginosa®l cyclic  quinolones,
Xanthomonas  campestris®] low molecular weight substances, Ralstonia
solanaracearum®| fatty acyl methyl ester 2@ Pseudomonas aeurofaciens® tA
g4 & 714 butyrolactone 52 X3 T2 9 signal compoundE©] Utk AA

& quorum sensings &7 A Aol AREAL dolgk= Aol & AHEa 9l
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HYAd, iyl 2 FANTES X5 AEY Jasgs)
AHL 4 =325 Adste o=z d4#A Qvh dubdo=m AEd- Aol A
quorum sensing< growth inhibition, nodulation ¥ =2 A S
A% AdSs xHete o ofHY. HwA 1 7= 2
Pectobacterium 42 o8 F&go FE4Y TS dozith o] M pectate
lyases, polygalacturonases, cellulase % proteases®} Z<2 & 714 A& x2S 14
st 845 ATy Pectobacterium 45914 quorum sensing®l] 2]3] exoenzyme
kel =AM FEe Ao HAdw FrF S vl HEZA AEWolE ¥st
A Ho AFHS ZF 97t dojdtl. Cell-density <2]<& tissue macerating
enzymes Td-2 LuxRI homologs, ExpR % Expldl 93] 24 ¥t} Exoenzyme 4
ol ExpR % @diE AHL, OHHLS "9aA dyAx 2& Aot}
Exoenzyme A4S %3 expl mutants= A& 23S g ¢ Qvh. xF oz
expR mutant= AAZ <l &4 A 2 expR overexpressione &4 AR AT}
dojyt=d ExpRE exoenzyme synthesis®] repressord A o]t} Quorum-sensing
signal generation (expl) % response regulationo] o] 9= FHE0] F2Y HY
ow expl FAATE ZAE A olF FHAELS E carotovora expIlR AR} =2
A=A o] 9tk OHHL &4 3lol A ExpR protein 71%5 S pel (pectate lyase) 4=}
o] &4 E Agste= AowE UASHA

A2d=d-9 #

i
N
i

o A&y TAA

e BRAAESY] g&5e dHd2 AEo] ofd tE F S vAE, 25 oA
Ty = §F83 A8 A5 Eested A8 Fo] vE AEAREY = 2 A=
$ EFo2A9 olg&S 75 Ftl Jaynes 53 Casteel 5& oA wAEE=
Ftd SAAES 7 @A ES dsstele RS AFESe] AEoA M A7
e AN = AdE B bk o g §4 HEE 52 W TE T
ANA A o7z Fadk 8A4R AZtEAZY. MiEs SAAIE Vs %
3 %+ cecropin FEFOIEE 45 A FHAAE AEA FAHSse] A S
zt= HEo| =5 AR S 31a1A methionined} glycineS amino ¥'&3} carboxy
detel] 747y RAH R fAxE 24ste] SB-37¢lt W sha, el 3 kst
A FAHASRA Y FEHo] FdS vttt Had 8p Aok 53] ofw| 4t
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AR S WA THE AZE AFFY BEI =9l shivart SB-37HTH Hul 2
S7AS et BuEdet o]59 ®ie] 9 CaMV3sS promoterE Ab
f3le] 9 HAASAS EA3 A P solanacearumo] W3k A3 A dAlo] &
At =gk AFFAFe FHAZHE AAE shiva @A 229 cecropin B}
z

o] ofg] 7}A AEWA Ao diE] S FEo A4S HAFAS Wk ofeg
Rhizoctonia solani®} Phytophtora cinnamoniS X33 AA X o2 o3 &Y
NS etz AFAA EX4S HAY. Fraley 52 cecropin FHAS 2] &9
Jsto] 245 Zhe= fAeol=s NS & A5 %3 SB-37 #3AE pBII21
o }ol Agrobacterium tumefaciens GV 3111 SE (pTiB6S3SE)Z =<1 3k
= w48 8 AF F 5 AEolA SB-37 1A 1)
st o dAAE o] &3 western blotoZ wHulF o
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E. carotovora subsp. atroseptica (SZyW 3 A Ao @At E AFHAT)S ZAHA
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71 duAdo) A nFAe As At

A 34 doZ AW

Felvels Azl Al AdsteEor Ay hde] YdF o e dAomnw ¥
T gEe] v g AEHE Vgte] A8H e #UIRAE sSEUE AddA
o2 w@7|3tel Aol ol AEwofl FHE F= Aol whHstva dgE
ol#lg thF o] dgtew mAyE Jhe] g AyvF AFEAJY. 2y VA= FoF
el 7 2 ZAH2 AlEske mAdEo] Zze] FAEA M ZTIE AEsH] A
H4Q 2AS A= Aot &4e] w2 vAEolgte Algshe FAEo od
ol F¥ 2 el A AEse] F7|E 1 Z3E fFAE ok sh7] W ol
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9. WA s A4S RSl 8] AsHA
]

go Ao fu¥ JYRd, A 248 2SI dAw AAMH A6l =
ANHor SRR SHHQ BAXAL WE] Frhe Aol FoldkA 2
o A

A= Y FAAE Ao E AH EYAIA A
& == e ek WA 2 WEsEAs e A
BF 1 daades G R F B okyet T A PRTE dllk 162
Yol olE Aol olE FHEx AAAJ wrIgdAQ] Monsanto, Novatis,
DuPont, CibagGeigy, Dow Chemical, Agrevo gt oluz} #lx]3]AlF<l Calgene,
CropGenetics, DNA Plant Technology, EcoScience, Ecofer, Mogen International &
U721 QA AF oo o] FEof dA+d HTHFAE stal 2™ Novatis® Monsanto
Al A= 1998\ H-E "= San Diego % Saint Louisd] 59 &S 42} F#}8lo] Plant
Technology Research Institute® A #3te] o] Eof Ao ditf&dl FA& star Q)
= Aol Axl=e Aol BuEAQl AAolth v &o] W] USDA 4t A4 2 7
etd A 54U Max-Planck 2 &5F 74, Max-Planck 2 &2 2] A4,
=9 John Innes Center 5 =7} XA X o] Fof Ao &<l FAE st
UTh o] FofF A7e A FHEAVE dAE7IE st fElve Ao E BY
AT At GATFES FHEd A ool Fotrtr] wiitel ZIFAlE v AFAY
Aol AYPo g o]Fojxol & FoA A AFHA 7| = 3ttt

AA AT Ao R JhE dy AFSHe tiEA] WA AN ER
Bt-toxin A= O]%ff} A3 EFn A A=
=4 1} A A A A A

TR
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H 3 & d7 e =& {8z A5

1. A&

w A= vt ATl MAshs FEEE 2es s FEH S
o & HARFH Aewdde B A AEEaas ZHlgd ofste] 1
A e AAsa ols AAFS 16S rDNA FA e osle] ERFeA FAES 3%
om HFHow HAFTHA oste] FEHAS Aste] oF AF ARE AT
S BHoR gt

FEHES FEY Sl = AAREE TY 52 LB HiA o4 28T wj s}l

223tk Escherichia coli DH5a, BL21 (DE3)¢} recombinant E. colix 37C, LB
Al 9 A g FAAE Hbete] v sttt e A= Sigma®=FE Y3
or gL e FTEE AREEAT - ampicillin 50 xg/ml; kanamycin 50 ug/ml. Hj

A= Difco (Detroid, Mich), pBluescript I SK+ (Stratagene), pPGEM-T Easy vector
(Promega) ¥ pET22b(+) vector (Novagen)g Ab-83}%t).

2-2. A= DNA 7|9

Plasmid DNAYE alkaline AHZ®WH % QIAGEN Plasmid Mini Kit (Qiagen,
Chatsworth, CA, USA)E AH&atiom Algtas A, 17195 ¥, DNA A4, DNA
ligation & 24 7| 59 WS dvrAEl ¥ (Sambrook and Russel)ol 3}

At AEEA DNA modifying enzym

D
e e
Q
o
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we,
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Promega (USA) A& AM&319t}

2-3. AT X DNA F&4

ATFAEE A EY3F] genomic DNA extraction kit (iNtRON Biotechnology,

Suwon, Korea)& AF-&-3te] 23St

2-4. 16S rDNA 24

o3 FEHT 16S rDNA 245 918 16S rDNA specific primer @ PCR W ol
o& EAstAt. AFE3E 2579 primere 5 -CGG AGA GTT TGA TCC TGG-3'

2 5'-TAC GGC TAC CTT GTT ACG AC-3" 9om 15 kb fragmentE A3+
t}. PCR2 thermal cycler (DNA engine PTC-100, M]J research, Watertown, MA,
USA), Super-Therm DNA polymerase (JMR, Side Cup, Kent, UK) ¥ ©& Z73}
o A F313A Tt (1 cycle of 5 min at 94C for denaturation, 30 cycles of 30 sec at
94C, 30 sec at 55C, and 60 sec at 72C, and a final cycle of 727C for 5 min).
o] PCR 4FE2 0.7% agarose gelol A F2]35F 2™ gel extraction kit (NucleoGen
Seoul, Korea)& A}&3lo] &3 & DNA sequencing 3} th.

2-5. & Hasdyd &4

]
Mo
fol

R

2

¥y

Sh
==

By REuro A EHES & A< extracellular cellulases 2 pectate lyase 2
XS agar diffusion W & EAsIGTE B9 cellulase 4L cellulase
activity indicator medium [LB medium containing, 15% (w/v) Cellomix (RNA,
Seoul, Korea) and 1.5% agar (w/v)] g4 2135} 2™ pectate lyasest pectate
lyases activity indicator medium [LB medium containing 0.7% (w/v) sodium
polypectate and 1.5% agar (w/v)] 2ol Zelsdn. FA4HS Sotoz #&Es5 7] ¢

o

3 cellulasex= Congo red £9U-S pectate lyase= ¥3} 10% copper acetate &<

30 =3k A2skdnt
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2-6. T AAHFTLA

FEHTY AAHFT Age RETS AAEHEE FrHdeR AE & 7AA ®H
of FElvS HFTota 7l gt & HA JEE #EAEATH
3. 2% 4 n%F

FEY S I AAEZHEE 1,000 959 cellulase A S A= M-S £
st om o] FoA Aol wE& 9 dFE ALEAY (Fig. 1-1). o5 dF=

Fig. 1-1. Detection of cellulase activity colonies by agar diffusion method on the
cellulase activity indicator medium. The cells were incubated at 28°C for overnight.
A, E. coli as a negative control; B, isolate L101; C, isolate L201; D, isolate 1L305;
E, isolate L307; F, isolate L312; G, isolate L313; H, isolate L317; I, Pectobacterium
carotovorum subsp. carotovorum 1.Y34 as a positive control; J, Pectobacterium
chrysanthemi PY35 as a positive control.
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2 EHTOoZRE total DNAE 35l bacteria—specific
primers <& AR&3te] PCR 5%3 Z3 °oF 15 kb DNA ©3& A% o5 @¢H <
pGEM-T Easy vectore]l Z=Z43to] DNA sequencing?d A3+ Table 1-1 ¥ Fig.
1-2, 1-39 #Zt}. o]59 DNAE BLAST algorithm (Madden et al.) RDP database
(SIMILARITY_RANK program)® +2¢t A3} Pectobacterium chrysanthemi, P.
carotovorum subsp. atrosepticum, P. carotovorum subsp. carotovorum, P.
carotovorum subsp. betavasculorum, P. carotovorum subsp. wasabiae 2 Erwinia

herbicola 2 EH YT oz B A}

Table 1-1. List of the isolated soft-rot bacteria

Bacterial name Strain 16S rDNA

Pectobacterium chrysanthemi PY35 Fig. 1-2

P. carotovorum subsp. carotovorum LY34 Fig. 1-3

P. carotovorum subsp. carotovorum L101 Data not shown
P. carotovorum subsp. carotovorum 1.305 Data not shown
P. carotovorum subsp. carotovorum L313 Data not shown
P. carotovorum subsp. atrosepticum L.307 Data not shown
P. carotavorum subsp. betavasculorum 1201 Data not shown
P. carotavorum subsp. wasabiae L312 Data not shown
Erwinia herbicola L317 Data not shown
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| COGAGAGTTT CGATCCTGECT CAGATTGAAC GUTGHCGHCA GOCCTAACACD ATGCAAGTCD
Bl AGCGGCAGCE GUGGEAAGCT TOCTTOOCOG COGGOGAGDG GOOGACGLGT GAGTAATGTC
121 TGOGGATCTG CCTGATGGAG GLGGATAACT ACTGGAAACT GTAGCTAATA CCGRAATAACT
181 TOGCAAGACT AAAGTOGGES ACCTTOOGGE CTCACGCCAT CGGATGAACT CAGATOGCAT
241 TAGCTAGTAG GTGAGGTAAC GOCTCACCTA GHOGACTATC CCTAGUTGGT CTGAGAGGAT
0l GACCAGCCAC ACTOGAACTG AGACACGGTC CAGACTOCTA COGGAGGCAG CAGTOGGGAA
del TATTGCACAA TOOOGGAAAC CCTGATGCADG CCATGCOGCE TOTOTGHAAGA AGGCCTTCGE
421 GTTOTAAAGT ACTTTOWGCE GIGAGGEAAGG GAGCAGEGTT AATAACCCTG TTCATTGACE
481 TTACCOGCAG AAGAAGCACT GUCTAACTOC GTGOCAGRCAG COGCUGGTAAT ACGEAGLGTE
D4l CAAGCGTTAA TOGGAATGAC TOOGCGTAAA GUGCACGCAG GUUGTCTGTT AAGTTGGATG
G TOAAATOOOD GLOCTTAACT TOGGAACTGC ATTCAAAACT CACAGGCTAG AGTCTCGTAG
G6l  AGGOCGGTAG AATTCCAGCT GTAGCGGTGA AATOCGTAGA CATCTOCAGG AATACCLGTE
21 GCGAAGHCOE COCCCTORAC GAAGACTGAC GUTCAGGTOC GAAAGCHTOR GUAGCAAACA
Tal  GOATTAGATA COCTHEGTAGT CCACGCTGTA AACGATGTOR ATTTOGAGGT TOTGCCCTTG
1 AGGCCTGCGET TOCGGAGCTA ACGCGTTAAA TCOGACCHCCT CLGGAGTACT GUCGCAAGGT
901 TAAARACTCAA ATCGAATTGAC CUGGCCCCHC ACAAGCUGTE CAGCATOTEG TTTAATTCGRA
961  TOCAACGOGA AGAACCTTAC CTACTCTTGA CATOCAGCGA AGCCTOTAGA GATACGGGTE
1021 TOCCTTOGOE AGCCCTGAGA CAGGTCGCTGE ATGCCTGTOR TCAGCTOGRTE TTHTEAAATG
1081 TTOEETTGAR TOOCHCAACT AGCHCAACCT TTATCCTCTG TTOOCAGCAC TACTAG TS
1141 AACTCAGGOE AGACTGOCGD TGATAAACCE GAGGAAGHTG GUOOATCGACGT CAAGTCATCA
1201 TOGGECCTTAC GAGTAGGECT ACACACGTCC TACAATCGOOG CATACAAAGA GAAGCGACTT
1261 COCGAGAGCA AGCCEACCTC ATAAAGTOCG TOGTAGTCOG GATTOGGAGTC TOCAACTOGA
1321 CTCCATGAAG TOGCAATOGC TAGTAATCOGT AGATCAGAAT GCTACGETGA ATACGTTOCC
1381 GOOECTTGTA CACACCGECT GTCACACTAT GUGAGTCOGT TOCAAAAGAS GTAGETAGCT
1441 TAACCTTOOE GAGCUCGETT ACCACTTTGT GATTCATGAC TORGGTEHAAGR TOGTAACAAG
1601  GTAGCOGTA

Fig. 1-2. Nucleotide sequence of 16S rDNA from Pectobacterium
chrysanthemi PY35.
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| COGAGAGTTT CGATCCTGECT CAGATTGAAC GUTGHCGHCA GOCCTAACACD ATGCAAGTCD
Bl AGCGGTAGCA CAGAGAGCTT GCTCTOGOOT GACGAGCHGC GUACGGGTGA GTAATGTCTG
121 GGAAACTOCC TOATCGRAGED GHATAACTAC TOGHAAACGET AGCTAATACT GCATAACGTC
181 TTORFACTAA AGAGCUGCAC CTTOGOGCCT CTTGCCATCA GATGTOCCCA GATGHHEATTA
241  GCTAGTAGGT GAGGTAATOE CTCACCTAGG CGACGATOCC TAGCTGOTCT GAGAGGATGA
0l CCAGCTACAC TGCAACTIGAG ACACGETCCA GACTCCTACE CLAGGUAGTA GTCGRGGAATA
dil TTOGCACAATE GOCHCAAGCE TOATGCAGDT ATGOCGOGTE TOTGAAGAAG GUCTTCGGGT
421 TOTAAAGCAC TTTCAGOGOE GAGGAAGDDG GTGAGATTAA TACTCTCATC GATTGACGTT
481 ACCCGCAGAA GAAGCACTGG CTAACTCOCGT GUCAGCAGCC COGGTAATAC GUAGGGTGCA
D4l AGCGTTAATC GEAATGACTC GOCGTAAAGD GUACGCAGGC GOTTTOTTAA GTCAGATOTG
G AAATOOCCGA GUTTAACTTG GUAACTGCAT TTGAAACTGE CAAGCTAGAG TCTTGTAGAR
G5l GOGOCTAGAA TTCCAGGTCT AGIGCTGAAA TOCGTAGAGA TCTORAGGAAY TACTGGTOGE
21 GAAGCCGGCD COCTHGACAA AGACTGACTD TCAGGTOGCGA AAGCGTONE AGCARACAGD
Tal  ATTAGATACT CTOGTAGTOC ACGCTGTAAA COATGTCGAT TTOGAGGTTE THCCTTTGAG
] GOGTCGLCTTC CGCAGCTAAC GOGTTAAATC GACCGCCTOR CRAGTACGEC COCAAGLTTA
90 AAACTCAAAT GAATTCGACGE GUGCCCGCAC AAGCGCTHGA CUATOTOETT TAATTCGATE
961  CAACGOGAAG AACCTTACCT ACTCTTGACA TOCACAGAAT TOGGTAGAGA TACCTTAGTE
1021 CCTTOGGGAS CTOTGAGACA GUTGCTRCAT GUUTCTCOTC AGCTCOTGTT GTGAAATCETT
1081 GOOTTAAGTC CCGCAACGAG COGCAACTCTT ATCOCTTTOTT GUCAGCUGTT ClbCrnGiAd
1141 CTCARAGGAG ACTOOCAGTG ATAAACTOGA GERAAGGTOGG GATGHACGTCA AGTCATCATG
1201 GOCCTTACGA GTAGEGCTAC ACACGTOCTA CAATGLCGTA TACAAAGAGA AGCCACCTCD
1261 CGAGAGCAAG COGACTTCAT AAAGTACGTC GTAGTOCUGA TTGGHAGTCTE CAACTCGACT
1321 CCATGAAGTC GEAATCGCTA GTAATCGTAG ATCAGAATGC TACGOTGAAT ACGTTOCOGE
1381 GCCTTGTACA CACCGUCCGT CACACCATGD GAGTGGGTTG CAAAAGAACGT AGGTAGCTTA
1441  ACCTTOGOGA GEGCGCTTAC CACTTTGTGA TTCATGACTE CUGTGAAGTC GTAACAAGGT
1601  AGCOGTA

Fig. 1-3. Nucleotide sequence of 16S rDNA from Pectobacterium

carotovorum subsp. carotovorum LY 34.
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3-3. 16S rDNA @714 ¥E9 A5 vl £4

16S rDNA sequence ¥4 A3} P. chrysanthemi PY35+ P. carotovorum subsp.
carotovorum® W] 13} 94.8%-959%°] FAES 7HA AL Ao, P carotovorum
subsp. atrosepticum 13079} 94.9%, P. carotavorum subsp. betavasculorum 1201
9}= 95.6%, P. carotavorum subsp. wasabiae 1.3129}+= 95.5%, Erwinia herbicola
L3179} 735%9 FARE S 7FA1a Ut} (Table 1-2). P. chrysanthemi PY35% 4

39 P. carotovorum subsp. carotovorum ¢+ Aol w9 =9kl

Table 1-2. Pairwise similarity between 16S rDNA sequences

Similarity (%) with 16S rDNA sequence

Strain
PY35 LY34 L101 L305 L313 L307 L201 L312 L317

Pch PY35 100.0 94.8 95.6 95.6 95.9 94.9 95.6 95.5 73.5

Pcc LY34 100.0 97.7 97.9 97.9 97.2 97.0 97.9 73.8
Pcc L101 100.0 99.3 99.1 97.6 97.2 98.0 73.7
Pecc L305 100.0 99.1 97.5 97.6 98.1 73.7
Pecc L313 100.0 97.4 97.3 98.0 74.1
Peca L307 100.0 97.7 98.6 74.1
Pch L201 100.0 97.9 73.9
Pcw L312 100.0 74.0
FEhe L317 100.0

Pch, Pectobacterium chrysanthemi, Pcc, Pectobacterium carotovorum subsp.
carotovorum, Pca, Pectobacterium carotovorum subsp. atrosepticum; Pcb,
Pectobacterium carotavorum  subsp. betavasculorum, Pcw, Pectobacterium

carotavorum subsp. wasabiae; Ehe, Erwinia herbicola.

oA 9 #F FolA Pectobacterium carotovorum subsp. carotovorum
P. chrysanthemi7} A8 <l 2wt o g Felyglon tydslt AxyRafasre

o 71
Hl gkt FEH e AEHFAH R P chrysanthemi PY35S A L v =0

[e5
 Hr oy
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9 AWE Fig 143 2ok AQEFE $5Y 342 2 Ulgoy grion
AR E colit A WAL deiA ekgt,

Fig. 1-4. Comparison of healthy potato (a) infected with E. coli and the plant
infected with P. chrysanthemi PY35 (b) showing soft-rot.

4. A&

FEH S0 e AAZFEH 1,000 o1F9] cellulase A4S 7HA = AT
st own olFdA Aol & 9 #FE AIadth olE

16S rDNA 2 ZA3} Pectobacterium chrysanthemi, P. carotovorum subsp.
atrosepticum, P. carotovorum subsp. carotovorum, P. carotavorum subsp.
betavasculorum, P. carotavorum subsp. wasabiae 2 Erwinia herbicola =&Y Yt
o2 FAHEAY. FEHET 9 #F FoA P. carotovorum subsp. carotovorum 2
P. chrysanthemi?} A& %<l FEWHoR FelEon kst AXHEgITAE &
et FE5HAe AEHFAT R P chrysanthemi PY35S A L wf3=ol]
T AN FEH TS F Ut olE REYdFE olF9 AAARE AHESH

71l A2kt
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o] g 7}
7kt wet HHE AEEAS AE oz Eojof 2 Ay Agtsle] F
of ¥ty A g FHAEY] BAS 2HS olHH M Lo ¥kg-3)t
o fFHAe BdS - A4 AxEr A2 Vg AsEd A AATY
Aot 7|3 FEWI  Pectobacterium carotovorum subsp. carotovorum
LY349] AR MEUZ= <12 7]Zto] = acylhomoserine lactone (AHL) A€l HHL,

2
>
e

X
z
BN

2 EYAE FFsel AA FANE F

H -
A FAAE EFF oF 5% fAAS] BAS 2ATT olo] WEBAF}

it

H o kA A EAe AFEE
Frbs Fote] e AFdAel S st A FJd FYE - a9y
29 AT EAE F25499 A4S 7HAL o] = A A geth AF7HA
At so] oEA A5 ASEEAS 75 T AdA ddsteAd disiAe 2
A dA FArh B Fo tE Mol A HAAE AEstr] f8 A 4l
SEAS 9 wHEte 3lo] oy AFE B 4 (vesicle)o® WEAA FE&
A dES] Al A 7S AlEEde]l ol AL HA ot 784 A A
de7hA] ol 2 F gAY AEE U &4 A4S wof FalHE S BAT F
Re Aot
FE54W T2 Pectobacterium sp.ol X 8FF2 pectate lyases PelA, PelB, PelC,

PelD, PelE, Pell, PelL7} #H|€th= A& BHagh vyt itk F5W oA AF71A
o] RE o] ATE pectic enzymeo] I AFIF FHE o]Fo] gom cellulase,
hemicellulase®] w3 AF= A Ho|t}, &3l Pectobacterium sp.olA< [
-glucosidase operonell gt A= ofF A2 AAo|th wela B HAFPgA = P
carotovorum subsp. carotovorum LY34 genomic DNAZH-H cosmid library A3+
F A2 cellulase?! celC FHA 24 3F 79 [-glucosidase operong 23}
o 1 54& AT

>

2 AFoes F5H Mxdidase 52 282 cellulase ¥ 4 13
o} AB¥ f-glucosidase’t ¥ LA = quorum sensing 71%F FE3 #E=E Aozt

_47_



=

=3 o

o B8y AP BAE M2H A7 ARF Fuse o] Fedt
o}

meba] 2 2del= A 13 AF I2 v A3 HoA = 3 part® i3t A

<AY I> FEHTANAN MEZL celC FAA F2YH 3FF cellulase F+AR 4
3

ok R

<AE 11> FEHTANA 3FF B-glucosidase operon &
<AY II-1> FE9 T bglTPB operon £
<AY [I-2> FE¥TY ascGFB operon ¥
<Ag II-3> FEH T bg/EFIA operon ¥

<AY I> FEHTANAY ANE2E celC 3R 24

cellulase F A A A5 v

i)
w
ofN
il

1. A8 (238 D

Pectobacterium carotovorum subsp. carotovorum (Pco)v= $X9 Erwinia
carotovora subsp. carotovora (Ecc)® 7502 ™ Pectobacterium chrysanthemi
(Pch)@t A A& 589 oy T8 Aol o] MdEEL AEANEY Fx2E
gl 5 A FEHel Ax

S d#H9 pectinolytic enzyme,
cellulolytic enzyme 52 Al¥x® EHa4E dF EuF
=]

A= THel 7A@

o] 3 FAELS multiple enzymatic forme. & #1

S
o,

o7 dHA gom g&HoR AEAEHS EIT
Ewinia chrysanthemi (Ech) 3937+ 8% 2| pectate lyases PelA, PelB, PelC,
PelD, PelE, Pell, PelL& #H Fth FEHtA AF7bA dF&e] A= pectic
enzyme©| W3k A7} FHE o] Fo] %o cellulase and hemicellulaseo] th3F <
T AL Holth, Aw7A] Pch 3937914 2% 72| cellulase CelZe} CelY7} K15 9]
o Pcc SCC31939 4= 2FF2] CelV (family 5), CelS (family 12)7} R 3%t}

B Ao = Pectobacterium carotovorum subsp. carotovorum LY34o]A E <
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TAE 0] B2 e celA9t celB o9 A ZE cellulase FFAA celCE FEY3IaL 1
545 gt

2. Alg 2 4y (28 D

2-1. AE TS R WgFzA

E. coli XL1-blue® recombinant E. coli cell®& 293 A=A S TH3
(ampicillin, 50 pg/ml; kanamycin, 50 pg/ml; tetracycline, 10 pg/ml) LBolA AASAIZ
=

2-2. AR ES A 2 84 A

Cellulase geneE &3 E colidld 2 A4S A3 7] Yol A 22U
cellulase activity indicator medium [LB agar plates containing appropriate
antibiotics and 15% (v/v) Cellomix (RNA, Suwon, Korea)]ol Al A& A At} 37T
A 24N BEAZ vg FEA vlRe] WA ] halog: FA e As FHTeE A
st Ao

Z22AAE 98l pRYLI00E 73 E coli XL1-BlueE AKAZ1 o3 10,000 g,
10 min, 4C ZAA AAEHIA AL 45 NS 70% ammonium sulfate Yoz 3
AANHe™ HHES 10 mM Tris-HCl (pH 75)% FA41¢ thd urea &A1 3sholl A
Q-sepharose®l A fractiondl g th. thA] Aol 714 =& fractionS THA] FXA A
phenyl-sepharose columnolA AAsA T AAE 1 unitd B4 37CAA 15
g F85E 1 moled reducing sugarE $2FsF9th @484 S dinitrosalicylic acid

ol olshe] 44 4e shivh WA FEE Bradiord Wel ettt

2-3. ¥ dde] 4%

Pcc 1Y349 endo-14-f-D-glucanase® ¢ 3&3}sl= celC gene (1.9 kb)E

site~directed in vitro mutation 2 g AL&8FA T AFE3E primere E57AT 27-mer
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synthetic oligonucleotide primers 5’ -ATC ACC ACG TCC GCA GGG CAA AGC
TAC-3’" (forward)®} 5'-GTA GCT TTG CCC TGC GGA CGT GGT GAT-3'
(reverse)E, DI118A+ 28-mer primers 5'-CAA CTC CGC TTC CGC TGC CGA
CCT GTG G-3 (forward)®} 5-CCA CAG GTC GGC AGC GGA AGC GGA
GTT-3" (reverse), D245A+ 28-mer 5'-CAT CAG CAG CTA CGC CGC CAT
CCG CGT C-3’ (forward)®} 5'-GAC GCG GAT GGC GGC GTA GCT GCT GAT
G-3' (reverse)& 717 Ab&abdth 50 wo] WHE EFEl= pRYL00 DNA 1 gl 10
pmol®] Z+ primer 1 g, 2 mM dNTP &% 5 4, 10x Pfu DNA polymerase buffer
(20 mM MgCl, ¥3F) 5 w0, 25 U9 cloned Pfu DNA polymerase (Stratagene, La
Jolla, CA, USA) 1 wlE H718FA 1t PCR AHE S icedll A 5 &3 WHSAIZL & 1 w2
Dpnl restriction enzyme (10 U/D-& 7Fetal 7P Al &3 tb& 37CAA 1A 98
A7) & Dpnl treated plasmidE E. coli XL1-blued] & A A3A A} (Site-directed
mutagenesis kit, Stratagene, La Jolla, CA).

2-4. @9l d A7]FTHd AT AFL2EHEE A 84 Y

CMC-SDS-PAGE (carboxymethylcellulose-sodium dodecyl
sulfate-polyacrylamide gel electrophoresis)i= celC genes %3t E. coli XL1-blue
cell&< sonicationd & A5 A4S sample buffer (62 mM Tris-HClI pH 6.8, 10%
glycerol, 0.025% bromophenol blue, 5% [F-mercaptoethanol, and 2% SDS)¢} 1:1
(v/v)o.= E3star 95Tl A 33 A2l b CMC7F 3Ht¥l SDS-PAGE] #7]

9% % Congo redo] TAA 7] t}g gel AolA &A bandES AFH el
3. 23 9 & (AF 1)
3-1. celC 3R &8 € AAA=

Cosmid libraryell Al cellulase @$AddS A@3taL  subcloningd 23 19 kb
fragment (pRY100)S &3t cel genes HEF A&ttt o] clone?] DNA size,
orientation, A& AIFHLE g5ttt pRY100 - clone Ball, BamHI,
Sall, Clal, BstXI, Sacl®] Agdai F95 7FA2 Ao FHF 1.7 kb fragment

(pPRY200)Z 373k clones 7] B3+ clone celA, celBS T3] celCE WA
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t} Fig. 2-1). o]5¢ &A Hlu3t A& Fig. 2-29] <)

Npel  EcsllV
Nkl
celA )
J:ﬁ.ul]'l'.ll Iﬁ:e'l l.}ﬂll EeoRT
k|
celB ;
fal  FamHl Sal hal
| | | M Case
celC P Activity
[
e
pRY100 <
pRY 200 +

pRY 30 -

Fig. 2-1. Restriction map of celA, celB, and celC (pRY100) gene from
Pectobacterium carotovorum subsp. carotovorum 1Y34. The cleavage sites of
restriction enzymes Ball, BamHI, Sall, Clal, BstXI, and Sacl are shown in pRY100.
pRY100 was constructed by cloning a 1.9 kb Sau3Al fragment of Pcc LY34 DNA
into the BamHI site of pBluescript II SK+ vector. pRY200 (celC) was derived by
subcloning of the 1.7 kb fragment into the corresponding sites of pBluescript II
SK+. (+) and (-) represent the result of the test for CMC-degrading activity.
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Fig. 2-2. Detection of CMCase positive clones by the agar diffusion method. The
cells were incubated at 37C for 1 day. 1A, E. coli XL1-blue harboring pBluescript
II SK+ for negative control; 2A, pRY300; 3A, E. coli XL1-blue harboring cel5Z of
Pch PY35 for the positive control [21] 1B, E. coli XL1-blue harboring celA of Pcc
LY34 for the positive control [23] 2B, E. coli XL1-blue harboring celB of Pcc
LY34 for the positive control [22] 3B, E. coli XL1-blue harboring celC of Pcc
LY34.

3-2. celC FAAY 71N E

1.9 kb inserted fragmentZ 33+ pRY100E dideoxy chain-termination =59l
oaf BA1a A3} 3119 open reading frame (ORF)S 714 a1 9Jdth. Figure 2-3&
celC A9 A71M<ES el 1,116 bpE 371 amino acid residue® & & 3}35H
1 BxEe 41580 Daoldth. ATG initiation codon nucleotide position 3471 <l
gom I o= putative Shine-Dalgarno sequence¢l GGGASl &7} el =t}
ORF+= position 1,459 4 TAA stop codon®] £33t} First 22 amino acids (in
front of Ala23)el A& 2 ¢l prokaryotic signal peptide’} &8t (NHy-terminal
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region of pre-CelC, http://www.cbs.dtu.dk/services/SignalP/). celC genec] 23]
Pcc LY34 chromosomed] A 33+ AJA7IE &<l3st7] 93] internal primer (set
from the ORF region of celC, 5'-GCA CCA CGC AAC GCC TGC TGT TGG-3'
(forward) and 5'-GCA CGA GGT CGT CTT TGT TGC TGG-3' (reverse)E ©]&
sle] PCR %3 A3 s9d% % DNA fragmentE <18t = QQlth &, sjds+=
0.6 kb fragment DNA®S] A7IAES A A AGeelA dA ATt (accession
number AY188753).

3-3. CelC ot =X d 9 54

Pcc LY34 CelC9 olulxt A7IXE3 Pch PY35 Cel8Y, E. coli BesC,
Cellulomonas uda Cel¥ 454 G7IHES A3 Axp Z242F 27%, 61%, 28%
identityE X9 Fth Pcc LY349 CelA, CelB, CelC2l 54 ZALE 3 23 &
A Tl Felig cel FHAAYLAE ESHAL 1 AFsd o] Wkt

Pcc 1LY349] CelA, CelB, CelC9 ofu]lx=At HME 54 wuw Ax 424 Pch
PY35 (family 8)¢] Cel5Z, Pch PY35 (family 59 Cel8Y, Rhodothermus marinus
(family 12)9] CelA9} FAFSFA Y. wheElA Pec LY34+ 35/F9 Ao)3t familyEs 7FA
= AFavdas FHAAE JIAE Aoz AZHY (Table 2-1). SwissProt 2
GenBank database, NCBI Blast searchE %3] 4|3l cellulase family2l 35 %<
cellulaseE 9] phylogenetic treeE 2443t A= Fig. 2-49F 2th, Ao A9k ol
CelC protein& E. coli K129 BesC (P37651)9F 714 fAbstg T webA CelCE
family 89 &3t= ZHo =2 315}
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1 TCTCCATATCACEACCAGCGTABCET TETCECCCTAETOECCEA TABCCCACABERCT ATACGETAETCAATALL
TE ECGLTGATCEACAGCEAAMAAAGAECCTCGCTGTTCEGTTCCETTTCCETCATCCGCEAATCGEGTAT TRATAAT
151 CTCCGCET TEGABACATTTATTACETCEGCCATETGCCGT GRT GGEAACGCATCT GGEACECAT TRECGLAGCAT
226 DEEETETEEET&EEE&TE&TETEEﬁEEETT&EEETEETT;ETETTEEETEEETEETETEEEETEEEETE?EﬁTTE

301 TTCAGTCGCCETCGCCTGTCGECGEATEAAAGGEALT AACGCACCATGCCACGCET GETGLACT ACCTGATCCCC
1 30 H P K ¥ L H ¥ L I P

376 rCETTEETGTGEET ATGGRECTTCCCAGECCACCECRECCET OT GLEACT GEECABCOT GREAGCAGT ACAAACAG
(] T L L W L W s = 0O A& T & & ¥ C D WP & 8 E 0 Y K O

451 BhTThGATGhETEDEEAAEEAEEEETEETTEAThDETDTAEGBDGAAGAAAhTEADGhDETDEEAAEEEEAAEEG
-] H ¥ I & &~ E G R Y¥ I DT &5 T F HK T = E G 0O =

526 TAEEEEHTHTTETTTEETETEETEEEEAAEEATBEEETHATHTTTE&TEEHETEETHBAATEEAEHEA&#AEAAE
Gi ¥ &# H F F & L ¥ &4 N DR ¥ HF DFRL L O TE N N

B0l CTGTCCECARGLEATT TACG TECGLATETGECCELLT GLEETGT GEEEARAAAACAAAEA TAAGEAGT GEALCGETEG
BE L & & 6 0D L R & HL P & 8 L 8B EHNIEKDEKDODWWT ¥

BTG CTGEATCCCAACTCCECTTCCEATECCEACCTGT GGATCECCT ACAGCCTGET TEAGECTEGTCGACT GT GGA AL

1M1 L 0P H 2[A = 0 & 0O L W 1 & ¥ = L L F & B R L WK
o

751  BAGECGCECTATCABACAET TEGCACCECET TACTCECCCETATCECCAAAGAAGABETCETCAATAT TCCABGA

136 E & R ¥ 0T V¥ BE T & L L & R I & KEEUY¥ ¥ N I P G

B26 CTGEGCETGATGT TGETGECCERCAAART ARRCT TCECAGAGAAAGAGAGCT GGEGAT TAAMATCCCAGTTACETT
151 L & ¥ H L LFGEK?Y LF A&~ EIEKE W RL NP & ¥ L

oo CCGCCACAGCTGLTGECTCECTTTECGCCACTGAGCEAGACGT GEAAAECGATGCAGCGCACCACGLAACGCLTG
186 F P OLL &R F &P L E ETWLEK & HDRT T OFRL

gveE CTGETTEEAARCCELGECARAAGGLT TCTCECCTEATT GEET CATCT GEEAAASAGA TAMGEGCT GEEAGLLTEAT
211 L L ET & F KE G F 2 P DO W Y | ¥ 0KDIEKTGWYWOFP D

1061 MCCACCAAACCCAACATCERCABCT ACEACECCATCCECETCTATCTGT GEECABGEGA T GATGECCEACAGCARC

236 T TEKEF NI G E Y DK I R Y ¥ L ¥ & G HH & DS B
ik

1126 AAAEGRAAAACCEATCTAATCALAACAGTTTCAGCCAATOET TEAGCAGACGAT ALAGCAAEGTCTGCCGCCCEAL

261 K &G K T DL I KEOFOPH?Y OOT I KOGEGBLPPE

1201 mEARCCEACACCECGACAEGCACCET CACTERACAGEGAT CEET TEEGT TTTCCECTTCEETGET TECGATGETT
ZBE KT 0D T & T 6T ¥ T 606 2 ¥ 6 F 2 & 2 L L P H L

1276 TCTCGTCAGTCGEATECACTGECTACCCAACGACAGCGGLTGECCEACAACCCTCCGEGGEATEATECGTATTTC
211 ¥ R OE D A&SL & TOUFRIDODERLA&DMNPPIGEGDD & ¥ F

1351 TCCECCTCTCTAACGCTCTT TERTCAGEGAT GOEATCAOAAGCEET ATCGCTTCACTTCACAABCCCAACTTTTA
336 & & 2L TLF G&OGEWYWDOLUEKRYY RFT &2 0OIG 0L L

1426 CCGTCTCEGERCAGCCAATGCAT AACAACACCGT AAACTEECTRCECTTCCTCCCETT ATTACT GGT THET GEEC
361 F 58 R G & 0OC I T T F =+

1501 CGCAGGCATACAETGCEGAAAT CGCATCGLCAGAGCAATTTTTGAT GEAGCAGGT GCETCTEGEAGAAGCCABLA
1576 ACAMAGACGACCTCGTRCECCAATERCTT TATCEACT GGAGCT TATCGATCCAAACARCCCCGAGGT TATCGECG

1651 CCCEATTECERCTBGERCTRCET CAAGECGATCABGCCCABGETCETCAGCAACTHGACAAGCT GAAGGLGGET GIE
1726 CTCCCGACTETGLECACCTACCATCAGTOAGCCACCACGCT GEEACT GACGCAGGAT GECGET CECOAGCAATT A

1801 AECAGGLEECECTTECT GTCT ACCGECGEGCEL TAT GET GAAGECAAAGT GLAG TACGAT GLECTCTT TCACGELE

Fig. 2-3. Nucleotide and deduced amino acid sequence of the celC gene of Pcc
LY34 with its flanking region. The putative Shine-Dalgarno (SD) box is indicated.
-10 region and -35 region were underlined. The underline indicates signal peptide.
The conserved region of the glycoside hydrolase family 8 was boxed. Arrowheads

indicate exchanged residues by site-directed mutagenesis.
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Fig. 2-4. Phylogenetictree showing the evolutionary relatedness and levels of

homology between the CMCase amino acid sequences. The estimated genetic

distance between sequences is proportional to the lengths of the horizontal lines

connecting one sequence to another. Bootstrap values of the major branch points

are shown; they represent the number of times the group consisting of the species

to the right of that branch occurred among 100 trees. The sequences are of the

following proteins: CelB, Pectobacterium carotovorum subsp. carotovorum 1.Y34

(AF025769);

000095,

Trichoderma reesei 013454, Aspergillus oryzae O74705,
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Aspergillus niger Q12679, Aspergillus kawachii P22669, Aspergillus aculeatus
008468, halstedii ~ Q54331, Q59963,
Streptomyces rochei A2, 033897, Rhodothermus marinus Q60032, Thermotoga
maritima 008428, Thermotoga neapolitana CelC, P. carotovorum subsp.
carotovorum LY34 (AY188753) P37651, Escherichia coli K12; P18336, Cellulomonas
uda  Cel8Y, chrysanthemi  PY35  (AF232821); Q44416
Agrobacterium tumefaciens P37696, Acetobacter xylinus ATCC 23769; 067401,
Aquifex aeolicus P29019, Bacillus sp. KSM-330; P19254, Bacillus circulans WL-12;
P04955, Clostridium thermocellum NCIB 10682, P37699, Clostridium cellulolyticum
P37701,

Streptomyces Streptomyces  lividans

Pectobacterium

Clostridium josui Q59394, FErwinia carotovora atroseptica CelA, P.
carotovorum subsp. carotovorum LY34 085465, Bacillus agaradherans P07983,
Bacillus subtilis DLG; P15704, Clostridium acetobutylicum 044078, (Globodera
rostochiensis 77449, Heterodera glycines AAD45868, Meloidogyne
CelbZ, chrysanthemi PY35 (AF208495); P07103,

chrysanthemi 3937, 086099, Alteromonas haloplanktis.

incognita

Pectobacterium Erwinia

Table 2-1.

Pectobacterium carotovorum subsp. carotovorum and Pectobacterium chrysanthemi

Pairwise similarity between CMCase amino acid sequencesa of

CMCase Similarity (%) with CMCase amino acid sequences”

amino aci(tlj

sequences 1 2 3 4 5

1. CelC 100.0 8.4 5.0 17.5 30.9

2. CelA 100.0 20.3 34.4 7.4

3. CelB 100.0 11.7 5.0

4. CelbZ 100.0 11.7

5. Cel8Y 100.0
“Calculated with CLUSTAL W and the PAM?250 residue weight table.
"The sequences are from the following sources: CelC, from Pectobacterium
carotovorum subsp. carotovorum 1.Y34 (this study); CelA, Pectobacterium
carotovorum subsp. carotovorum 1LY34 (AF025768); CelB, Pectobacterium
carotovorum subsp. carotovorum LY34 (AF025769); Cel5Z, Pectobacterium
chrysanthemi PY35 (AF208495); Cel8Y, Pectobacterium chrysanthemi
PY35(AF282321).
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3-4. celC AR HES oz 54

celC 77 Abee] @fd EaFs SA43s7] 9l CMC-SDS-PAGE WHo=
=439 th Active protein band® ¢F 39,000 Da A= & 3% QE=H) predicted celC
gene product® 349 amino acids® /3= o] 39,064 Da2l estimated molecular
mass® AALE =4 signal peptide F-ES A LlstH AA @uid Ay o ¥
ot (Fig. 2-5 & Table 2-2). AA Pcc 1LY349] CelA, CelBS} HluLsle] & E3H5}o]
zymogram< Y A|SE T (Fig. 2-5).

CelCol ®A AAZE A7 As 2 el 7Zlsd Wo we AAsHY
SDS-PAGE #719&3 23 °F 39 kDa= uetutth 2 a4 =
oo HAZZ=E 40CHATE. o] A T4 pNPG, aviceld] gt €4 42 §
AT}t B-cellulose fibersoll thadt A% Ho]x gk},

Pcc 1LY34 CelC protein® predicted primary structurex=  Clostridium

N

thermocellum endoglucanase CelAS} At =4 catalytic amino acidE 33t
AT} C thermocellum CelA°l A catalytic residue®] € %7} high-resolution X-ray
crystallographyol] 98] Z<¢lEd=d Gludse] carboxylate groupe] [-1,4-linking
oxygen®| FA2ZA%S il o] proton donor HeE Fi= Aow )
Scissile glycosidic bondel]l 1% 3k Aspl52 &2 Asp2789] carboxylate group®] AWk
Al ZhrEslubgo #st= base® FA T o]l gt ofwwAbel d|FEt= Pec
LY34 CelColA Glub7, Aspll8, Asp245= Z}7z} A&}, dwla Fx-7]%5 A9
#H3Fe] Pec LY34 CelC? single-point mutant, E57A, D118A, D245AE A 2}3}¢]
a2 FE SAT A3 a2 o] gAY msiA e AS Edh Wb Pec LY34
CelC®] Glub7, Aspll8, Asp24b+ T4 Tk 93 sle 3oz FAHAUG
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Fig. 2-5. Detection of CMCase activities of Pectobacterium sp., CelC, and other
cel gene products of Pectobacterium sp. by CMC-SDS-PAGE. The sonicated
extract of cells for the intracellular cellulase and the supernatant of the culture for
the extracellular cellulase after centrifugation were loaded on a CMC-SDS PA gel.
After electrophoresis and protein reaction, cellulase activities were detected by
staining with Congo red and HCI solution. Lane 1, E. coli XL1-blue harboring
celC of Pcc 1LY34, lane 2, E. coli XL1-blue harboring ce/B of Pcc 1Y34, lane 3,
the sonicated extract of cells for the intracellular cellulase plus the supernatant of

the culture for the extracellular cellulase Pcc LY34; lane 4, cell extract of Pch
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PY35; lane 5, the supernatant of culture of Pch PY35; lane 6, E. coli XL1-blue
harboring cel8Y of Pch PY35, lane 7, E. coli XL1-blue harboring cel5Z of Pch
PY35, and lane S, the molecular weight standard marker, molecular weight
markers used were phosphorylase b (97,400), bovine serum albumin (66,200),
ovalbumin (45,000), carbonic anhydrase (31,000), soybean trypsin inhibitor (21,500),
and lysozyme (14,400).

Table 2-2. Comparison of molecular weights of the pre- and the processed forms
of CelA, CelB, CelC, Cel5Z, and Cel8Y of Pectobacterium carotovorum subsp.

carotovorum and Pectobacterium chrysanthemi

Molecular mass of protein form (Da)/number of amino acids®

Family Accession
Precusor Signal peptide Calculated Apparent member number
M.W." M.W.¢ M.W. M.W.

CelA 42,003/387 3,495/31 38,525/336 39,000500/- 5 AF025768
CelB 29,890/264 3,921/36 25,988/228 26,000500/- 12 AF025769
CelC 48,210/430 2,652/23 45,576/407 46,000500/- 8 AY188753
CelbZ  46,473/426 4,450/41 42,041/385 42,000500/~ 5 AF208495
Cel8Y 37,627/332 2,755/23 34,872/309 35,000500/~ 8 AF282321

“Molecular weight was calculated with the PC/GENE program.

"Protein of the primary gene product before signal modification.

“Hydrophobicity analysis of the signal peptide was determined with the PC/GENE
program.

Protein after post-translation modification of the primary gene product.

“Actual protein electrophoresed by using CMC-SDS-PAGE.

4. 28 (H¥ D

A EW AT Pectobacterium carotovorum subsp. carotovorum (Pcc) LY34+= 3%
F9 cellulaseE #4389 celC gene (AY188753)9] A F+Z% open reading
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frame (ORF)Z 1,116 bp® 371 amino acidE ¢353}3 pre-CelCe NHs-terminal
region®| A 22 amino acid®] signal peptideZ 7}A 1 A2t} CelCe predicted amino
acid sequencex Pectobacterium chrysanthemi Cel8Y (AF282321)¢} 7F& #AFstS
o} CelC+= 1 conserved region®] 54 &4 A3} glycoside hydrolase family 89l
&3t 1 B2 CMC-SDS-PAGE Wiel 2735kl oF 39 kDal Zo= 22l
Hom Peec LY349 43R cellulase-minus mutants 7FAF $593 HAdA A4 43

wild typed 22 HUAAL 7IA= AS B W Pcc LY3H4 CelCe= FE5H A9
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<AF 11> FEH A 3FF B-glucosidase operon ¥ 3
<AE II-1> F5H 79 bgITPB operon + g
<AY 11-2> FEHTY ascGFB operon #3

<Ag II-3> F5¥HT9 bglEFIA operon %2

frae] ZaA e 4™ Adolg hedEE ZaE g AE AEY &
ol #e o] endoglucanase?} f-glucosidase’t &5 o2 A&dE= dHo 71453
4 Agotk. Eae AR wANA  polysaccharide chaing  extracellular
endoglucanases®} exoglucanase?] &< 2ZF&o]| <23 EIH wpx]et A A [
—glucosidase’} A4 F4E cellobiose, cellodextring A* HFZ S Z glucose® &3l
t}. cellulose?] ©]2]3+ &5 A] #3]+= end product inhibition®] ]3] cellulase’} # &l

= AL FolErd I AldolA = arbutin, salicin® 2& aromatic glycoside®™
e =

==

Polymeric carbon source®] o] 3l
st A TR olEHTt. ATe dWlE o= phosphoenolpyruvate:carbohydrate
phosphotransferase system (PTS)E ©]&3}o] B4 o]&S A3l PTS system<
substrate translocationg 93] 7]Z 9] transport¥ phosphorylation ¥+-$-S 3k}, 3
PTS+ ot& trle] =4 7]5 X% 3gkth. PTSTE cytoplasmic proteins, enzyme 1 (ED),
histidine containing protein (HPr), substrate-specific enzyme II (EIl) S5¢ 2AE
TA stk PTS permeases (EIl complex)= 1-4 79 ¥ %= polypeptide chains
3} protein domain® § & subunit® TFAE Utk dwrH o R BB ES A XER

oA oto g o]lFE uw PTS transfer protein®l 2]3] phosphoenolpyruvate®=-&]
phosphoryl group2 €& o o]t}

2 Ao A AFES Pec strain LY34T 3F79 “doldt cellulase?! CelA, CelB,
CelCE AAsY ol53 AdF o Aoldt £/ f-glucosidase”’} &3 Aol F
EHel e ddet F7F9 f-glucosidase’t AT Aoz FAHEM 4 3FF

o] oligomer+: specific uptake systemel ¢
Els
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-glucosidase operon< bglTPB, ascGFB, bglEFIA operonS #glst 1 %24 =
dE FAst o2 FEH WAE 93 7Ix ARE A o

2. Al 2 WE (A3 1D

2-1. At&8ix] 2 A5=xA

 Pectobacterium carotovorum subsp. carotovorum LY34%= LB ¥ Ao A

FEH
T ASAAH ™ recombinant E. coli cell& LB brotholl Al 37°C wj kA F T}

ox

28

2-2. Cosmid library A3t

2-2-1. Cosmid library®] AAo] 23k clone & 2A

ofgl Ao 2] As}Y cosmid library2FEH A3 ok clone & A4S
N=In1-P)/In Q-f)

P : probability (expressed as a fraction)

f . the proportion of the genome contained in a single clone

N : the required number of cosmid clones

Erwinia sp. atroseptica (genome = 4.7 Mb) % 40 kb insert® AAFsto] 99% &&=

A oFe clones =& AAtstd oF 863 clone°] 9t

N = In (1-099) / In (1-[4x10" bases / 5.064x10° bases]) = -4.61 / -0.0053 =863
clones

2-2-2. Cosmid library 7

pCCIFOS™ WEE o] 839 Pec LY34 genomic DNAZFE cosmid library &
o} o] AZsPTt. WA genomic DNAZ FA}7] & shearingdt tF& DNA (100
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pg) FEE o] 12 ml tube (12.5-45% sucrose gradient in 20 mM Tris-HCl, pH
80 / 10 mM EDTA / 50 mM NaCl Z7)el loading?d tf2 fAEZZA (22 hrs
at 22°C in 25k rpm using SWi-41 rotor (Beckman))ollA #gl&tdtt. Z7|E 2 £ &
Sl th5 agarose geldlA 1 A7 E Q1A (Fig. 2-6). Zb fractionol Al ¢F 40 kb
o] z7]1¢] DNA ©8& 343 AL insert§ DNAZ A&tk pCCIFOS™ Mg
9} insert DNA®} ligation 4WFS ¥ lambda phage® in vitro packagingol A
packaging® % E. coli EPI300™ host strainel] 7+ AlZth. Plate %+ white colony
= Adslo] 384-well microtiter plateo] pickingdte] H. £33t} Cosmid library©ll A
860 clones Aw+élal BamHI-digested fragmentE *A}3 A ¥= Fig. 2-7¢]t). 23
oAl B A o] oF 38 kb 7|9 insert DNAS ##3E 4= QIQlch

¥ 10 1112 13 14 A/H 17 &

ATFWHIT 2 3 4 5 &

Fig. 2-6. Agarose gel electrophoresis size fractionation of sucrose gradient DNA
using 0.7% agarose gel. The gel was electrophoresed for 13 h in 0.5x TBE buffer

at 40V.
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Fig. 2-7. Agarose gel electrophoresis of randomly selected cosmid clones digested
with BamHI restriction enzyme. The gel was electrophoresed for 13 h in 05 x
TBE buffer at 40V. Lane 1, » DNA digested with HindIIl (Promega).

2-3. P-glucoside ©]& A 2de] &
2-3-1. Cosmid library°l Al PCRel ¢ 3 B-glucoside ©] & A|2=# o] &

384 well deep plate®] " 42 wellol A+ cloneE2 conical tubeo] Xo} vk
% cosmid DNAE &ttt w72 3 wellel 31+ clones% 23t th
E 42 3 well 4849 DNAE templateZ 3}o] PCR ZZ &t} o] u A&
8l primer= family 1 [-glucosidase region®] 323}l degenerate oligonucleotide
primer 5'-GCM AAY CAG GTK GAA GGH GC-3' (sense)®} 5'-TTB GCV CCY
AVN CCG TTY TC-3' (antisense)= A 2tste] Ab&3kgith. o] primers - database
ol A B-glucosidase?] high conservation regions I and II°] 7]|%E& 3} 53 %
A (50 ng of Pcc LY34 genomic DNA, Super-Therm DNA polymerase (JMR, Side
Cup, Kent, UK), 1.5 mM MgCl,, and 35 cycles of denaturation at 94C for 30 sec,
annealing at 55C for 30 sec, and extension at 72C for 2 min 30 sec)olA 33}
om of 1 kb® DNA fragmentE ##3ste] 7M1 EE 43t BLAST searchE

I
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E3lo] REA O family 1 fi-glucosidase +AAS gel&¢t}.

2-3-2. A A% & subcloning

Cosmid library® M9 minimal media®l 1 mM 4-methylumbelliferyl [
-D-glucoside (MUG)E &3t wiAA ¢ Z2Ue JFAHES 7FAh Cosmid
clone ¢ % subcloning ®H 22 cosmid DNAZ Sau3Al partial digestion®. & 2-5
kb DNA fragment® Aw&lil SK+Z BamHI 2 CIPE #2]3}al cloningdltith. ©]
subclone F &S 1 mM 4-methylumbelliferyl f-D-glucoside MUG)E  SH3F M9

minimal media®l A F3AZE 7R E F2YES Adstgrt.

2-4. DNA @714 <€ 2 454 &4

Subcloning® plasmid DNAZE dideoxy-chain termination method ¥l 23]

71948 #4183l BLAST networks &3he] 483 th

2-5. &40 Ased 54

[-glucosidase activity™=  p-nitrophenyl [i-D-glucopyranoside (pNPG),
4-hydroxyphenyl [(E-D-glucopyranoside (arbutin), 2-(hydroxymethyl) phenyl [
-D-glucopyranoside (salicin), 4-methylumbelliferyl f-D-glucoside (MUG)ES 7] & =
st FAS =AE ATt fi-glucosidase activity:= 7|2 & pNPGS Atg3stdom 1
unit= 1%°] 1 mole®] p-nitrophenol®] (-glucosidase®] 2l&] AAAEH=E Fo =z 3%
th RE BAZXAL 50 mM sodium phosphate buffer (pH 7.0), 40Tl A 83} th.
71 A2 salicing AF&A] f-glucosidase genes= $H+3t E. coli cell A3 %3S 0.8 ml
9] 30 mM salicin (in 50 mM phosphate buffer)o] ¥ 30&3F W% A1zl & 05
m2 1 M NaxCOsE #7718t WSS THA 7] s salicin®l 4] saligenin® 2 3}
9t 4e ZAHsA 7142 arbuting AHEE w01 meel 10 mM Mg”' 9 0.1 me
9] 30 mM arbuting #H7}ste] WESAIZI™H 05 mle] 1 M Na,COsE A elste] Hkg-&
FTHAIZ)

et

A1
ax

oo T
s

1o do
S Ao
o o

=] &
]

o

= 2 A pHE B-glucosidaseE A AT t}S A3 pH ®
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A= pH 409094 2Ee  WHeE
thermostability = =A3tAt). 4% F& o] 2o et J3g& 7= %

o™ Km, Vmax® =74 3}% )

2-6. +AA a1¢H R A

B FHzxe] aitdS 98] slE =& specific primerE A 2Fslal C-terminal
(His)s tagS 7}A = expression vector pET-21a(+) (Novagen)o]l Z243F 5 13 A
Ak A 05 mMo IPTGS H7bste] fiestlom 6412 wjFataith. vk &
MEE AR AXEE 10 mM Tris-HCI buffer (pH 7.0)° 23] A& 3t} Al
2% M EZ 4ColA] sonicationdt & F8&A AE]e] recombinant f-glucosidase (f
-glucosidases-His)E& HisTrap kit (Amersham)el loading3dtx 100 mM imidazole®
£Z319 . ©Al active fractiong ion exchange chromatography (Q-Sepharose
column/Pharmacia)®|l T 3#AFH o F4 F thA] 20 mM MOPS buffer (pH 65 %
pre—equilibrated3 Mono Q@ HR (Pharmacia) columne®l] E3A17# AAsgcr g%
B4 E sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)®l
BA3 A3 fA-glucosidase activityS 7F2 fractione single protein® WEFRTE 0]
u AFgSE A2 [i-galactosidase (116,000), bovine serum albumin (66,200),
ovalbumin (45,000), lactate dehydrogenase (35,000), restriction endonuclease Bsp 981
(25,000), fi-lactoglobulin (18,400), lysozyme (14,400)& A}-&3}% ).

2-7. AR HES FQ

SDS-PAGE+ Bio-Rad Mini-PROTEIN 3-Cell electrophoresis unit (Bio—Rad,
California, U.S.A)S A}&39th (0.75 mm gel in a vertical slab unit). Separating
gel 5 10% acrylamide®t 0.5% bisacrylamideE AF&3l% 2™ sonicated sample
< sample buffer solution (1:1 (v/v)Z 3tom 100VllA 718t t}. bglB gene
productE® MUG-SDS-PAGE°] 2J3}e] 3elstl=dl acrylamide geld] 1 mM MUG
and 15 mM Mg” =2 H7bste] 40Tl A 15-60 #3t bufferst A=A 59
A Wkg-Al 7l 3L B4 o] 9l fluorescent bandE transilluminator (312 nm)olAl <135}

At
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<AY 11> FEYHTAA 3FF B-glucosidase operon 2

<AE II-1> F5H 79 bgITPB operon + g

w
i
:;l
NE,
kl
bk

(A3 II-1)
3-1. bgl operon 29 E GrIAE B4

Pcc 1L.Y34 genomic DNA9] cosmid library 238 1 mM MUGE 373 M9 Hj =]
o 4] [-glucosidase activity® H.o]& cloneS A%}t Subcloningdte] 5.6 kb
insertE 7FA:= clones pAY100st ™ akith. o] pAY100s DNA #7]243 23}
HA =77} 5557 bp (accession number AY542524)55 2w 3709 ORFE *3slar
9= operon TEQT} ol A4S F24YE7] Y3 primer® 5-CGA TTC TTG
TAA CGG CTG GCA-3'" (sense), 5'-ATG ATG TGG CGA AAG AAC GG-3'
(antisense), and 5'-GAA GAG GGA GCC GAG GTG CTG ATT C-3’'(sense),
5 -ATA ATT CGA GTT ACA GGA AGG CGG C-3' (antisense), and 5'-CGA
TTG CCT GGA CGC GTA TTT TC-3' (sense), 5'-GGT AGT TCT GAT TAA
TCG ATG GAG G-3' (antisense)& At&3stdem PCR 5% A3 zH7F 1.3 kb, 2.8
kb, 1.8 kb fragment’} £Z ¥ Q12 pGEM-T Easy vectorol]l =43} ol&5& zHz}
bglT, bglP, bgIBZ W3ttt ol& X5 &Y% translational reading frames 7}
A3 ARt (Fig. 2-8).
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EvB H

PAYL  cmm— béIIT H bgl P

5000p
| I

PAY100

PAY110) e

Enzyne activity for substrate

PAY120 Salicin p\PG Arbutin MG
PAY130 + + + +
pAY140 _— - - - -
pAY150 — - - - -

Fig. 2-8. Physical map of recombinant DNA pAY100 carrying bglT, bglP, and
bglB genes of the Pectobacterium carotovorum subsp. carotovorum L1Y34. The
start of ORFs are showed by arrows. The cleavage sites of restriction enzymes EI
(EcoRl), C (Clal); EV (EcoRV), and H (Hpal) are shown. pAY100 was
constructed by cloning a 56 kb fragment of cosmid DNA (pAY1l) into the
pBluescript SK+ vector. pAY110, pAY120, and pAY130 were derived by cloning
the PCR products into the pGEM-T easy vector. [i-glucosidase activity
(BglB/pAY130) was determined using p-nitrophenyl B-D-glucopyranoside (pNPG),
4-hydroxyphenyl [(E-D-glucopyranoside (arbutin), 2-(hydroxymethyl) phenyl [
-D-glucopyranoside (salcin), and 4-methylumbelliferyl f-D-glucoside (MUG).
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Fig.

ATGBTCI'ATTAACCGCT GCGCAAAGAACGT ATGAGGAAACAGT ATAGAAAAGGT AAGT ATAGAT GGT CGTAAT GAATGGAT GATGAAGT WMTCGTCG:ATAAGATI’TGOGGB
GT CGCGT TGGCGATGCOGT TGATAATAATGT! TATTGATAGT GGCACGT TGT TTAGCT GAAACCATTCAATTGAAACGACGT TCCGTATTATAGT TAT TAAGCGACGAGAAACAA(
TAAAA(ETATGAAACT GAATATTTCGT CGCGT TTACGCAAAAAATTGAGCGATTTGGT GTTTTTACCCAACT TTGT TGCGCAACT GCCTAACAAAAACACAGT, ATG\AATGCAGTACTGCG
GTGAATGGGCGCT CGGGT GCGAT TCT TGT AACGGCTGGCAATAAAT AAAGAAAAT ACGT GTAAGCCGCACGCT TTTCTGT CGATCCGTATCACGT TTTTGTGTCATGCTTCTTGAGAAGA
TAAAw:AGATGETAGTTTAOCTGJCATTG:GBSXTG;I’T{;\CTG:GTAA@A%CAAAACCAGATG:TOGTTCTTGCTAL%I GTCTGGTTTTTTTGITT LLAGJ[)ET;I'TGAAA@IAT(KEAAG
~1ike sequence gl T>>

ATTG:CAAAATACT (‘AA(‘AATAATGT CGT TACCGT AATCGACGAAAACAATAATGAGT CGG'T TG’T GAT GGGACGCGGGCT GGGCT TCAAAAAGCACT CTGGCGATCTGCTGGACGAAACG
N E M GRGL GFKKMHSGDILTLDET
CTGRTTGAG’J(I)GT GT’ TTGT GATGRAATCC(IIEAACT GACGT CACGT CTACAGEAGT TGT TGT CAGAGATTCOSRTGGATGT CATCAGEA(%GORGACAAGATCATOCT GT’ T(mAAG

L E F K Q \ T T A D K
GATCGSTTGCCT GGGAAACT G:AAAACAGCGTCT ATATCT CTT TAAOGMTCACTG:CACT TTGCGATAGAGCGCCACAAACAGGGCGT aEATATCCGCAATGT TCT GCT ATmAATA
DRLPGKL QNS SWVY E RHKQGV DI

Oonserved sequence for PRDl

GCGCCTGTATCCAAAAGAATTCGCT GTWCT (IEAA(IZGCT GGATATTATTGA(IZA(I)GT TTGGCCGT GCGCTT, CCGG/-\AGATGAAGCCGGGT TTATT(IZT TTGCATTTGGT GAAC

K R P F A V G E L A

GCGCAG:TCGACAGCGAAATGDOG?AAGTACT GCAAATTACT AAAATCATGCAC-EAAATACT GAATATTGT AAAATATCAGZT TAATC’T aEATTATAACGAACAAGSGT TAAGT TATCAT
Q Q 1 Q E Q L DY NE Q

CGT TTTGI' GACACATTTGAAGT TCT TTGJGCAG:GGI' TAATAGBAAAAAGT ACGGTCT TTAGT GATGATGAATCATTACATGATGT GGCGAAAGAACGGT! ATCAACAGT CT T'I'I'TGZT GZ
F VTHL KFZFAQRTLI GKSTVFSDTD H DV AKERYQQSFTCTC

Conserved sequence for PRD2

GCGSAAAAAATACA(XIJGCACATTATTCAAAAGT ATCACT 'ACACGT TAACGAAGGAAGAGT’ TGATGT TCT TAAOSATTCATATTGAAOGCGT GCGTACAGAAGGT! CAGGATAAAATAGAA
A E K 1 Q Q HY T L T KEEL I E RV RTEGQD
OCAGST GATG}ZEAGT AATTTCT GTI' AATTTGCT TTTCGT CACAAAATAGCCGT AT GGCAAGGT, AAATGT ACT TG:ATACC-I?I' GAAAGTGAAAGAATAAAGTATGT C-XBAAAGT AAATTAT
D G

CAGATGAAGT ACGT TTTTATTGT TAGT GCGTAAGT CGCGCTGGCAAACAAACAGGAT TGTTACT GTTCAGGCTAGT CT CGGCGGGCAGGCAAAACCTAAATCGT TTTCTCAATGCGTATG
\T-1i ke sequence

GGGAAAAGCGATTTAGGT TTTTTTTTGI CTCAAACAGAACTGGCAATCTTAAATTATTGATATTTAAGT CTGT TTATATCCTAAATAATTCGAGT TACAGGAAGGCGGCAAGAAAGT GAA
TCCCGGT GAGCT TACT CGGGT AAGT GAT TCGGGT GAGCGAACGCAGACAAGGCACAT GTAGCT TGAAGT, ATGAGGQ\TATAGCATTAAGSAEAP}J?ATGSAATACAAA(IATTAG:AAG
RBS glP>M E Y K AL A S
TGAGATACTCGATGGT GT CGGCGGACGCGGCAACGT CATTAGCGT CATGCACT GCGCAACCCGATTACGT TTTAAAT TAAAAGATAACAAAAAAGCGGAT GCCGCGACGCTGAAGGATAA
DGV GGRGNVI SV MHCATRILREIKTILIKDNIEKIKADAATTLKTDN
EI'lB signiture sequence

CTCAGGCGT GATCATGGT CGT TGAAAGCGECGGGCAATTTCAGGT CCT! CGTAGG:AATCATGT TAGT GATGT CTATAACAGZT TGT TAGATATTTCTGGATTGACCGACAGGAO&EATTC
OG:GAATCATGAAGAMGBEGAEAAEAG%AASTATCT 'IQ'I'TCGCGCT TCATTGATATTATTTCT G_‘:AATATTTACCCCGI' TAATTGGBGT GATGZ:AG%GI’ %TATT'ITTAAEAGS
TTTTCT GG:ACT(‘A(DBT C'T GG(E:GT (EBT GI((ST TP&SATG?'I\" TGIAAAC@«GZGGAACCT ATAAAGT GC'T GIT TG:GG?AAG:GATG:ATTATITCTI' TTTCT TCCéGST AGT ATT(}AGIGC'T ATAOCG:
AGGSAAAAgGT 'TTG(SET G(LET AﬁTOCCATTTG\'II'YI'A’\CACATGGT AATT(XSET G%CAEGC\'I{%T G:XTC(IEATOCATGATTTCCGAAT'FI'TGET GCCA;I\'A(BCGGAATACA%TTATCAACAG:T GT, ATTT

T L
CCT GGG:ATTC(XEATTACCT TOATCAATTATG:CT CI' TCCG'I'I' ATTmTTATTTTCT ‘CGGCCTGGCTTGCT TCACGT CTGGAAAAACCGCT GAATGCCATCT! TC-I%TATTAATATOCG

A G TV L P L E Q E T F A S G L Q
GAGTG}:ACGGTTG’:CT CGCT GTTOQAAACCAACCATG:GAWGEACTCGRGTCG}AAGAGGGAG:OGAG}TG:TGATTCACGT CGGT ATOGATACGSTGAAATTGSATGGT OAGTATTT
T L FKTNHAI GLESETEGAEVL I H I DTV KL D GAQ
EITA signiture sequence

CAOOG:ACACATTAAAACCGECGATGT CGTGAAGCAGGGCGATCTTCT! GGT GBAGI' TTGATTATGAG}:GATTGAGAAAGZCG?CT 'ATGACACGACAACGCCCGT! CATTATCACCAATAG
I K T GDV YV K QGDL L Q A GYDTTTPV
CG?AGATTACGTTGATG'I'I’ CT GOCT ACCG:CGEAGA(‘ACCGT G@«GGARCAGGG:ACT TTAC'T GAOATTAATCCG:T GACATTGGAATTI’AOGACCCAATTmG}AGAAAAGATGAG:
Q E Q RBS bgl B>> S
CATCAGTTTCCGAAAGAATTCT TGT WGATC(IZAGC(‘AATCA(%TTGAA(II)@GT ATTTAACGSAC(}IZAAA(II?CT 'ATCGACGT! (EGATTTACA@CGCA%T ATTTTT
Q F P K E E L W Il _ AANOQOQVE GAYLTDGIKG GLSTSDLQPNAQ I F
Fanmily 1 hydrol ase signiture sequence

GGZGAGATCGTCACG:GT AOGCOGGG:GACAG:G}AATTAAAGATATCG:GATCGATTTTTAT(‘ATOGT TATCCCGAAGATATCGCGC’T CTTTGCTGAAATGGGCTTCAAATGCCTGAGA

E | R T P G D S G I K F AEMGTFKTCLR

AOCTOSATTG’JCT (IEACGCGT ATTTTCCC(IA(III)GATGAAACT (‘AGOCAAATGA(IIA@GT TGG(‘ATTTTAOSATC(IZT TGT TTGATGAAATGGCAAAGT AC(II,‘ATTCAGCCGT TG
DET QPNEAGL AF K Q

GTGACGCTGT CCCACT ATGAAATGDCT TATGGT CT G}T GAAGAATTACGGCGGCT G333AAGCCGT GAAACGATTACATTCT T(XEAG(XR:T ATGCT CGTTCmTATTCCAG(XR:T ATAAA

G K N G Q
GACAACGI’GAAATATTGGCTGACGTTCAACGAAATTAACTGOGQATTACATG:CCCATTTACCGGAATTGGTTTACCFACTGAGAGCAGTAAGOAGSACATTTATCAGH:GATTOATCAC

NV KY WL TFNE I G L PTESSK QDI Y QA H H
ORGCT TGT TGCGAGCGCTAAAGCGGT GAA(II‘AT(II‘ATGA(AT(‘ATCOCT GATG'J(‘AAAATCGK‘AATATGATGT Tm TC@TGT TCT. ATCOATTAGCCT (I‘AAAOCT GdSGATGT C
Q A A K AV | P K | F Y P Vv
ATGEAAACGATG:AGCAGAA(XXX)’EACTGGCTGT TTTTCGGOGATGT TCAAAGTCGAGGATACT AOOCT (XZATACACGAAGCGT TTC'T TTGCACAGAACGAGATTACGT TGACAGT AACG

T MQ QN RD WL F QSRGYYPAYTIKRFFAQNETI T
GAAGATGATCG}CAGT CGCTGAAAGAAACT ATCGATTTCAT'I'I'CT TTOAGTI' ACI' ACATGACX.‘-EAXZT GTGT! GACCACCGATGAAGAAGT GAACCT GAAAGI-II-I:GK‘AATA'I'I’TTGQAC
EDDRQS L KET G CVITT E VNL KARGNI
ATGST G:CGAACC@@TCT GGAAAGCTCT! GAATGS&BT TG@AGATCGACCCGSAAGG}CT GCGCTATTTGCTGAACT, ATCT GT, ATGAOCGT TACCAAAAACCGCTGT T(MTI'GT GGAA
N LESSEWGWOQI DPEGLIRYULTLN L R Y Q K P L F |

Fam ly 1 hydr ol ase signiture sequence
AAOGGT TTGBGI' GCCAAAGACAAACT TGAAAGT GATGGCAGQATTAAOGATGACI’ ATCG%TCAAATAOCT GAACGATCACCT GT/ ATCAAGT GGGT GAAGCGCT! C-IBAAGATGGCGT TGAG

G A K DKL E S D Q G E AL E
GT TATmT ATACCTGTT! GGGGG:CGATCGATCT G}T TAGT GOATO‘\AAAG:CGAAATGT CGAAAOGCT ACmT TTCATTTATG'T CGATOGT GATGATGAAmACGG(‘AOATTAG:G
Y T CWGUP I DL S S K A R Y R D D E N

E G
OSTCGEGTAAGAAAAGTI’ TCT ACT GSTATAAAGACGT TATTGCGA(‘ACAAGRCAGGT TTTGACATCT GOSQAAGAGT AATAGOGGT GT m@TAAGTTAAAA(I;ATTTCACT TATT
Q Q
CAAACGTTTTAATCATTAGT AATAGSTCGATAAGT CATTTATTTCT CT GGACGTCATTTTAAAATTATTCAATGAATGT TTTTAGAGGGAGAAAT GGTAGT TCTGATTAATCGATGCAGG

TAATGGT TTTTTAAAATTAGAAT CTAAGT TTTACCTAAAAATGATAACCGAAAAT GTACCT GTAATTAGT GGTAGGT GTATTTGT TTTTCCACATAGAATGACT TGGGATAGAACAT GGA
ACCCAACATCATATTGCCGATAATCACTAGTGAATTC

2-9. Nucleotide sequence of the Pectobacterium carotovorum subsp.

carotovorum 1.Y34 bgl genes and the flanking regions. The deduced amino acid
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sequences for each ORF are placed below the nucleotide of corresponding codon.
Putative Shine-Dalgarno sequences for ribosomal binding (RBS) are underlined and
labeled. Proteins are labeled at their respective start codons. The ribonucleic
antiterminator (RAT)-like sequences upstream of bglT and bg/P are indicated.
The signature sequence for PTS regulation domains (PRD1 and PRD2) of BglT
and for EIIA, EIIB of BgIP are underlined and labeled. The family 1 hydrolase

signature sequences are also underlined and labeled.

3-2. bgl operon?] TZEA %L FFA vu

National Center for Biotechnology Information BLAST e-mail serverZ o]-&3}o
Bgl proteindl Aol dE @l AS FALE AT Pec LY34 bgl operone P
chrysanthemi arb operon, E. coli bgl operon, B. subtilis bgl operon®} Aol =
ko o5 EF f-glucoside o83 o] Fo #HEJATE (Table 2-3).

ANA ORF (bglT)E 852 bpE TAHS 283 amino acidE 233t (Fig.
2-9) 58l3 ORF %ol ribosome-binding site’} $1%th. o] ORF 54 bp A Hrel
putative ribonucleic antiterminator (RAT) sequence”’} &3} th. o] AL terminator
gag & Aoew FAHEM BglG/LicT family9 antiterminatorel] ]3] FA == <1z}t
ol Aoz FAHHAY ATA 44 98] vE 2 region PTS regulatory domain
(PRD1 % PRD2)S YehaL Slth.

FHA ORF (bglP)& 1,902 bpE FA %o 633 amino acidE& & ststH (Fig.
2-9) o] ORF9Y start codon< bglT o 2HE ZH po/To| A A Z =B start codon
AW 8 bpoll putative ribosome-binding site, ATTAAGZ} Ut} o] @WMgL p
chrysanthemi, E. coli, and B. subtilis®] ArbF, BglF, BglP¢} =& 454 % 7IA 2
9lAtt (Table 2-3 & 2-4). BglP proteine 2% (residues 26 and 555)¢] potential
phosphorylation siteE 7}Ax2 2™ Et} phosphorylatione] #¢3}= cysteine9t
histidine residue® 7FAx  AAJAtk.  C-terminus (Hisb55) W putative
phosphorylation sitet= ArbF, BglFe}l vl-$- FA}st% =4l histidine residue &% &
s}9] 6 amino acid residue &A% FJAE AT (Table 2-4). &4 LA M A%
o] pglT %4l 155 bpell putative RAT sequence =A% &2l 5 ¢t}

AH A ORF (bglB)E bglP 49 35 bpollAl ARZFsle] 1,407 bpZE Al =] 468
amino acid® ¢33}et  (Fig. 2-9) Start codon A 8 bpel putative
ribosome-binding site, TGGGAG7} U1 th. BglB proteine %3 E-glucosidase$}t
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Hir

& A=A S 7ERH glycosides hydrolase family 19 <31t} (Table 2-3). P.

chrysanthemi ArbB¢} E. coli BglB protein®} ¢k 709] identityS 7IA= Ao & e
w
AN

3-3. BglB AA % B3ty 54

BglBe n#dE 93l 5'-GGA TCC ATG AGC CAT CAG TTT CCG A-3
(sense, containing a BamHI site as underlined) and 5'-AAG CTT GCT CTT TCG
CAG ATG TCA A-3' (antisense, containing a HindIll site as underlined,
C-terminal (His)stag)®] primerE ©]£3}l9] expression vector pET-2la(+)o] & =4
stk As 2 Wl 9] ASFe] column filtration, SDS-PAGE3FY] &bl single
bandE 15t o™ pNPGE 71d =2 3 0] 49 HALEE 40T HFFolsey
HA pHE 7 @9olgtl (Fig. 2-11B). &4 9] thermostability data:= o] &= A
preincubatingfi}oi R I A= e T—:Lé.\—oc}ol%oﬂ 3 GdgFos Zn*, Cu%, Hg”',

n”, Co™ & 284S Adagdoy Mg 9t Ca™'s 242842 S7HAZT (Table
2*5) 15 mM Mg*' ¢ 7}7} pNPGol tid Had<S we FUv (Fig. 2-11D). 4

A& AE salicin®} arbutin substrate®= 3 5} 91t}

3-4. bglB AR AHE &Y

ol
-

fi-glucosidase &/4& A&atA &3yl 98l MUG-SDS-PAGE W& A&3
St} crude cell extractions polyacrylamide slab gelell loading3dte] 7] &3k
4-methylumbelliferyl f-D-glucoside (MUG)® incubationd}¢] transilluminator (312
nm) st YEUE fluorescent bandE <23ttt (Fig. 2-10A). Predicted bgiB
gene product: 468 amino acid® TA 3}l 9] estimated molecular massi= 53,494
Dao.2 AtdETh 2 AdZA= oF 53000 Da A=2 YEY o] 24921 AL I} 2 7
=AY (Fig. 2-10B).

o
o

3-5. p-glucosidase &4 ¢ 5 oln x4t F<l

In vitro site-directed mutagenesis ®'H& F3}4 F-glucosidase &4 9] essential

_71_



residueZ &elatdvt. A 72 Agrobacterium f-glucosidase®] TFZZAA o] ol 9l
t} o] &4 9 Glu3ss residue’} nucleophile® Z}-83}e] glycosidic bond cleavage©l
Hodsts o dEA Udnk & AdelA= ol AMES HIR o ® BglBO two
conserved Glu residueZ alanine® ® Tt AFHS S8}t Site-directed
mutagenesisE ¢3¢t primer2 E173AE 93] 5 -GGC TGA CGT TCA ACG CAA
TTA ACT GCG CAT T-3' (sense)?} 5'-AAT GCG CAG TTA ATT GCG TTG
AAC GTC AGC C-3’ (antisense), E362AE 3] 5 -GCT GTT CAT TGT GGC
AAA CGG TTT GGG TG-3' (sense)®} 5'-CAC CCA AAC CGT TTG CCA CAA
TGA ACA GC-3' (antisense)E Ab-&3stel FEYsIAtt. =, EI7T3A % E362A (E,
glutamic acid; A, alanine. E173A and E362A; two glutamic acid of the 173rd, and
362nd position of BglB amino acid sequence were changed to alanine)E A 33d%
ot 2 A3 o] 3 mutantES pNPGE 7142 S v 2 F4hFAo] A2
glutamic acid7} &4 8Ao F23 IS = AR FAHAU (Table 2-4 &
2-6).

116.0
66 .3

45.

J5.

25.

18.4
14.4

{kDa)

Fig. 2-10. (A) Detection of Pectobacterium carotovorum subsp. carotovorum LY34.
fi-glucosidase in E. coli by SDS-PAGE. E. coli DHb5a harboring pAY130 was
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grown in LB medium. The sonicated extract of the culture was loaded on a
SDS-polyacrylamide gel at room temperature. After electrophoresis and protein
reaction, [-glucosidase activity was detected by using 4-methylumbelliferyl-fi
-D-glucoside (MUG) as substrate. (B) Electrophoretic analysis of the expressed [
—-glucosidase enzyme at various stages of purification. Separation was performed
on a 125% (W/V) SDS-polyacrylamide gel. Lanes: 1; Marker, 2; crude extract
from BL21 (DE3) containing pAY130, 3; crude extract from IPTG-induced BL21
(DE3) containing pAY130, 4; purified [i-glucosidase from HisTrap chromatography.
The gel was stained with 0.025% Coomassie blue R-250. Molecular weight
markers used were phosphorylase b (97,400), bovine serum albumin (66,200),
ovalbumin (45,000), carbonic anhydrase (31,000), soybean trypsin inhibitor (21,500),
and lysozyme (14,400).
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Fig. 2-11. (A) Effect of pH on the relative activity of BglB. Enzyme activity was
assayed at 37C for 30 min in sodium phosphate buffers of indicated pH. (B)
Effect of temperature on the relative activity of BglB. Enzyme activity was
assayed at pH 7 for 30 min at the indicated temperature. (C) Effect of time and
temperature on the relative activity of BglB. Enzyme activity was assayed at 37T,
pH 7 for 60 min at the indicated reaction time. (D) Effect of metal ions and
chemical reagents on the relative activity of BglB. Enzyme activity was assayed
at 37C.
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Table 2-3. Pairwise similarity (%) between bgl operon protein consisted of
antiterminator, PTS, and [-glucosidase

Antiterminator (BglT) PTS (BglP) B-glucosidase (BglB)
Sequence®
1 2 3 4 1 2 3 4 1 2 3 4
BglT 100 76.4 52.7 524 BglP 100 76.1 52.0 42.0 BglB 100 80.8 71.3 65.8
P26211 100 54.6 53.8 P26207 100  55.7 39.3 P26207 100 73.0 65.6
P11989 100 42.3 P0O8722 100 38.2 P11988 100 64.9
BAA11696 100 BAA06652 100 BAA06653 100

“Calculated with CLUSTAL W and the PAM250 residue weight table.

The sequences are from the following sources, BglT, BglP, and BglB from
Pectobacterium carotovorum subsp. carotovorum LY34 (1); P26211, P26207, and
P26206 from Pectobacterium chrysanthemi (2); P11989, P08722, and P11988 from
Escherichia coli K12 (3); BAA11696, BAA06652, and BAAO06653 from Bacillus
subtilis 168 (4).

Table 2-4. Regions conserved among bgl operon

Wi termireice (BgIT) FTS [BglP) frgleosidase [Bgll)
FHLN PRIZ ElLIE ElIL Lcidibase Pl eogphi e
1 I5LTIHCHEA  BFATHLEFEA B I SV EHCATRLEFELEL LAEN L I H L1 ETE FINLGALAANMNEDGY  LEIVIENGLL
E IBLITTHCHEA  BFTHLEFFA Ml 1SV IHCATHLEF R LeAEN L I LT FLYLLALARNNREGL  LEVENGLL
L ISLTIHOES FLATHLEFLE MIVELSHCATRLFFELEL LAEIL IHVE I FLVLUATARNEGL  LEIVIENGLL
O WSLTIHIMNEA  BFATHLEFEA RDEN | HOW TR BFE L M LAE JL IH I BT FLVLGAVARNMNEGL  LEIVENGLL
T . 6 mi ok ok gk, gk, &, dold

A, Pectobacterium carotovorum subsp. carotovorum 1Y34 B, Pectobacterium
chrysanthemi C, Escherichia coli K12; D, Bacillus subtilis 168; PRD1, N-terminal
PTS regulation domain of BglT,; PRD2, C-terminal PTS regulation domain of
BglT; PTS, phosphotransferase system of BglP; EIIB, N-terminal region of BglP;
EIIA, C-terminal region of BglP. The underlined amino acids "histidine” are

conserved residues in BglT. The underlined amino acids "cysteine” and "histidine”
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in RIIB and EITA of BglP, respectively. The glutamate (acid/base) and glutamate
(nucleophile) in BglB, which are shown in bold characters. Those highlighted with
an asterisk are conserved among all the proteins among all type of bgl operon

listed here. The accession numbers can be found in the legend of Table 1.

Table 2-5. Effect of metal ions on BglB

Ion (2 mM) Relative activity®
Mg?* 121
Ca®* 105
Cu?* 5
Co?" 15
Mn?* 72
Hg?" 0
7Zn%* 5

“The [-glucosidase (4 mU) was exposed for 30 min at room temperature to 2
mM concentrations of metal ions and then measured under standard conditions and
expressed relative to the activity measured on 5 mM p-nitrophenyl [
-D-glucopyranoside (100) without added ion.

Table 2-6. Specific activity and kinetic parameters for hydrolysis of [—glucosidase
by BglB, E362A, and E21A mutant

Kinetic parameter

Specific activity®

Km (mM) Vmax (mol min™")
BglB 0.25 35 553
E21A - - -
E362A - - -

“Micromoles of p-nitrophenyl B-D-glucopyranoside (pNPG) hydrolyzed min-1 mg
protein—1.

E, glutamic acid; A, alanine. E21A and E362A; two glutamic acid of the 21st, and

362nd position of BglB amino acid sequence was changed to alanine.
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i
o
[

I> FE29d oA 3%FF p-glucosidase operon +# &

<AY I1-2> FEH 79 ascGFB operon 3

3. 2% % n& (9 II-2)

3-1. asc operon 24 2L G7IAGEH

Pcc LY34 genomic DNA®] cosmid library 2%8 1 mM MUGZ 3 M9 Hi A
o A B-glucosidase activity H.o]+= T T2 clonegd Awslsit}. Subcloningdle] 5.6
kb insert® 74 & clone2 pAY2008t HHeAth pAY2002] insert DNAT single
EcoRI restriction site, BF& restriction sites (Hpal, EcoRV, Clal, SaclDE 7}A] 1L <}
Aok (Fig. 2-12). ©] pAY200= DNA <7I1&43 Az A =7|7F 5618 bp
(accession number AY622309)1 2™ 37§¢] ORFZE 7}% operon TZ{tt ol Z+z
S 2437 ¢33 primer® ascG, ascF, ascB Ztztel] W& 5'-TCT GCA ACC
TTA TGC TAC GGT GG-3' (sense), 5'-CAA CAC ACC GCT TAT CGC CTT
CAG-3’ (antisense)®} 5'-GGA CAT CCT GAC ACG TTG AAC ACC-3' (sense),
5'-CAG TTT CAC CGG CAG CAC GAT TCA CAC-3' (antisense), ¥ 5 -TGT
TTA CCA GCG TGC AAT TCT TCG-3' (sense), 5'-GAA GGC AAT ATC GGG
AAG CAA CTG-3' (antisense)E AH&3t1em PCR 53 A3 247 2.1 kb, 2.2 kb,
19 kb7t FZHYP ol5S 247 pGEM-T Easy vectorel F 243l ascG, ascF,
ascBZ WAt} (Fig. 2-12).
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H BV H CSl g1 =Y

o as|cG| L EI|S|CF| )| | as!:B |_

Enzyne activity for substrate

pAY220 Slicin p\PG Arbutin MG
PAY230 + o+ 4+

pAY250

pAY260

Fig. 2-12. Physical map of recombinant DNA pAY200 carrying ascG, ascF, and
ascB genes of the Pectobacterium carotovorum subsp. carotovorum 1.Y34. The
ORFs are shown by arrows. The cleavage sites of restriction enzymes H (Hpal),
EV (EcoRV), EI (EcoRI), C (Clal), and SII (Sacll) are shown. pAY200 was
constructed by cloning a 56 kb fragment of cosmid DNA (pAY2) into the
pBluescript SK+ vector. pAY210, pAY220, and pAY230 were derived by cloning
the PCR products into the pGEM-T Easy vector. [i—glucosidase activity
(AscB/pAY230) was determined using p-nitrophenyl f-D-glucopyranoside (pNPG),
4-hydroxyphenyl [(E-D-glucopyranoside (arbutin), 2-(hydroxymethyl) phenyl [
-D-glucopyranoside (salicin), and 4-methylumbelliferyl f-D-glucoside (MUG).

_78_



1321
48

1441
1561

1681
1801

1921

2041
1

3241
398
3361
438
3481
478

3601

3721
3841
3961
4081
4201
4321
4441
4561

Fig.

AAAGGTAACCNTGCGAACTGGCGTGCGGTATGAAAAACAAGATGTCGATTCGCTGGAAGCCAGTCTGGGCTGGCGCGTGCGTGGCAAGGTGGAATTCAGCAACAAAGCGTCTCTGCAACC
TTATGCTACGGT GGCGT GGGT GCGT GAATTAGC GGGCTCGATTCCAGCT T TACGGT GAAAGAT CACGT CGAT GGT GCAAACCGCCGT AT TGCGGT T GGGGA AGAACT
CGGTCGCGCAACTGTTGGTGTGCAGTGGCTTGCGGCAGAAAATCTGAATCTGTATTCCGAGGTCGGTAGCCGTTTCGGTCATCAGGATGGCGATCAAACGCGCTATAGCGTAGGCGTGCA
AP QNNVYP
GTGGCAATTCTAAGCCTGTTGCCGT GAAGAGCGGAT TTAGCT GCT GAAAGGGACAT TCGGCGT TAAAT GGGGT CTGAAACGACCCCGCAT CGCATT CAGGCGGGCT GGT TATTATACGGC
G N QI SDRVRLTETSLTFTLNDTIKT STFYGGDTLMATITLRNIVENTI MDSV
CCGTTCTGAATGGAAT CTCT GACCCGGAGT TCGGACAAGAACAGAT TGTCTTTCGAGAAATAGCCGCCGT CCAGCAT CGCGAT CAGGCGGT TAATCACT TCGT TGATCATATCGCTTACC
P D AT P 1 I G A DD L A K|
GGATCTTTGACGCTGGAGAGT GACGGCT TTAAAAAT GGGGCGGT GGGAAT AT CAT CGAACCCGACGACAGAAACGT CGT GCGGTACGGCAAT GCCAGCGT CATCCAGCGCT TTTATCGCG
G I A MDDNSALVYVASFSI RNDRTLTTI ALSGC CRZPTWKGK KV I L E
CCAATTGCCATATCGT CATTGCT GGCGAGAACGGCGCT GAACGAGAT CCGAT TAT CGCGCAGGGT GGTAAT GGCGAGCGAT CCGCAGCGCGGCGT CCATTTTCCTTTCACAATTAATTCA
DRV T I NAATLAEIKYGSLREI ATPSDILSGT I F AI ERWHGRA/I
TCCCGTACCGTGATATTTGCCGCCGT CAGGGCCT CTTTATAGCCGGAAAGGCGT TCGATCGCGGT CGGCGAAT CCAGT GAACCGGT GATAAAGGCAAT CTCTCTAT GGCCGCGT GCGATC
L H T ANY S S G K HDT CCI1I CH S HKRL KRNVWVVMI P QKHIKTETI 1 D
AAATGCTGCGTGGCGTTATAGCTGGAACCTTTGTGAITCGFAGCAA GSTGCAC G};GG{:TCEGGIGC"l:TAEGCgGT;I'TACGGTTAACCACCATGATCGGTTGCTTGTGCTTCTCGATGATGTCA
TCCATTTCATCCACGCTAAGAAAACGGGGATAGAT GATAAT CGCAT CGCAGCGCAACCCCAGCAGGAATTGAATCGCGGCTCTCTCTTCATCGGCGCTGT GTTTGCCATCAACCAGAATC
L QR GNU DETIL KKAAOQSTLTLENTFYSGNYTLTNTVVLGI CAS K S T A
AACTGACGCCCATTGTCCTCCAGTTTCTTGGCGGCCT GT GACAGCAGCT CGT TAAAATAGCT GCCGT TATAGAGCGT GT TAGT CACCACCAAACCAATACAGGCGGATTTGCTGGTCGCC
L NRAL L NPRYGTETEI AQY VL AKTETESTYGKGS LV RSV TAK
DNA bi ndi ng
AGGTTCCGTGCCAGTAAATTGGGCCGATAT CCCGT CTCCTCAATGGCCTGATAAACCAGCGCTTTGGTTTCTTCACTGGTATAGCCTTTGCCCGATAGCACGCGCGATACCGTCGCTTTT
Q M T S MP CGSVNFVQI MKCVKYGDYKTILNTCTRQ

helTx turn helix region
GATACGCCTGCTTTTTT CGCCACTT CCTGCATT GTCGACATGGGACAT CCTGACACGT TGAACACCTGTATCATTTTACACACTTTATATCCGT CATACTTCAAGT TGCATGTGCGTTGG
CTGCGCTCAAATACT CGGCCCAT CGTGGGCCTCGCCCTGAAGGGCCGCT GCAAGCAGCGTT CAAATCT GCTCCCGGCAGATTTGTCACCCGAAT CACTTACTTGAGTAAGCT CATCGGGA

TGCCTTCTCTTGCCGCCT GCCTGAAACT CGAATTATTTAGGATATGGACT GGCAGCAGGGT GAT GAGCGC; TATTCATGACGATCGTTAT
CACATAAATAAAATATTCATAACAAAT CTATTGAAATTGAATTCACATATAAACACTAT! CATGTGGAACCGGTTACCCATTAGCGTTT CATCACGTTATAGGGAGCAGGAATACCGGCAT

GAATACTTTCATAACT GTATGAAACTGAATAATAAAT GTGCGT GCATCAGGTAATGT CCCCGTTTCTAACGCGT TAAGCCGT TTGT TGAT TCAGGGAGAGCGT GCGCGAT TACGAGAGAT
-10 RBS

TIGTCTATCCATGTCAAAGAATTATGCGGCTGTATCCCGTTCGATCGT CGATGCCATCGGT GGTGCTGATAACAT CGCCGCCGT GACCCACTGTATGACCCGCCTGCGCTTTGT GCTTAAA
ascF>> M § K N Y A AV S R S I V DAI G G A D N | T R L R F V L K

ETIB signature sequence
GATAATGATGCAGCGAAT GT GGCCGAACT GAAGGCGAT AAGCGGT GT GTTGGGCGT CGTAAAAAACGATAACCAGT GCCAGGT CATTATCGGCAACACCGT TTCTCAGGCCTATGCCGAG
D NDAANVAETLTKAI SGV LGV V KNTDN c VI 1_G N T V'S A Y A E
GTGGT GAAGCT GCT GCCGGAAGGCGCGGCGGCGGAAAAAACGGT GCCGGT GAACAATAAAAT TACGCT GCGACGCAT TGGT GCGGGCAT TCTGGAT GCGCT GAT TGGTACGATGT CGCCG
i
CTCATTCCGGCGAT TATCGGCGGGT CGAT GGTAAAACT GCTCGCCAT GATCCT GGATAT GACCGGCATATTTGAGAAGGGCT CTTCCACGCT GACGAT TCTGAACGT GATTGGCGACGGT
L1 P A1 1 G S MV KL LAMI LDMTGI FEK S ST LT I LNVI GDG
GCATTCTTCTTCCTGCCGAT TATGGT GGCAGCATCTGCGGCGGT AAAATTCAAAACCAATAT GTCGCTAGCGAT TGCTAT CGCT GGGGT GCT GGT GCATCCGACGT TTATCGATTTGATG
AF FFLPI MV AAGSAAYVTEKTFTEKTNMSTLAIAI AGVYV LV HPTFI DLWM
GCAAAAGCGGCACAAGGGCAGCAGGT GGT GTTTATGGGGCT GT CCGT TACCGCGGT TAAGTACACCTACACCGT GATTCCGGCGCT GTGT AT GACCT GGATTCTGT CTTACATTGAAAAA

TGGGTAGATCGCATTACGCCTGCGGT CACCAAGAACT TCCTGAAGCCGATGT TAATCGT GCTGATTGCCTCTCCGATTGCCATCATGCTTATTGGCCCGATTGGAATCTGGATCGGTAGC
WV DRI T P AV T KNZFLK®PMLI VLI ASPI A1l ML I GP I G1 WI G S
GGTATTTCTGCTGT CGTCTACACCGT GCATGATTATCTGGGCT GGCTGTCCGT TGCCAT CATGGGCGCTATCTGGCCGCTGCTGGTAATGACTGGTATGCATCGCGT GTTTACCCCGACT
G I S AV VYTV HDYLlLGMWLSVAI MGAI WPTLLVYMTGMHTRYTFTPT
ATTATTCAAACCATCGCCGAAACGGGAAAAGAAGGCAT GGT GATGCCGT CTGAAATTGGCGCGAAT CTGT CGCTTGGCGGT TCTTCACT GGCGGT CGCCT GGCGCACCAAAAACCCGGAA
|
CTGCGCCAGACGGCGCT GGCCGCGGCCGCCT CGGCGATTGT TGCCGGGAT TTCTGAACCCGCACT GTACGGT GTAGCT TTGCGCCT GAAGCGT CCGCTGATCGCCTGTCTAATTACCGGT
L RQTALAAAASAI V L I T G

Di saccharide binding site(GISE Transfer of phospho radical

TTCATCTGT GGCGCCGT TGCCGGT AT CGGCGGGCT GGCCAGT CATTCAAT GGCAT CGCCGGGGCT GTTTACCAGCGT GCAATTCTTCGAT CCTGCGAAT CCGAT GAGCAT TGCCTGGGTG

| CGAVAGI GGLASHSMASTPGLTFTITI SV QFTFTUDGPANTPMS I
TTCGGCGT CATGATTCTGTCTGTCGTGATTTCTTTCTTCGT CACCTTGCTGCT GGGCT TTGAAGACAT TCCGGT AGAAGAAAAGCCGGAAGAGAAACGCGT GCAGGGT GATGATTTTTCC
F GV MI L SVV I SFFV TLLLGFTETDTI PV ETETKTPTETETKT RYQGTDTDF. S
GCBCCGCAACGCOCCACGAACACGAAT TARAT GAAGCACT AAGACGAAGGAGAAT AGCGT ATGT CTGCAT CAACAT TTCCCAACGGGT [TT TAT GGGGGGECCEGATT GCGRCCAATCAG
Q T RBS  ascB>> M S Q

e v U hymm Fa gnal e
GCAGAAGGCGCGT ACCT TGAAGGCGGT AAAGGGCT GACGACGGT AGATAT GATTCCCCACGGT GT GAAT CGT GCT GCCGGT GAAACT GGGGCAAGAACCGCGT TCGCGCT GCGCGAGGAT
G AYLEGG KTGLTTVDMI PHGVYNTRAATGETTGATRTATFALT RTETD
sequence
GAGTTTTATCCTAGCCAT CAGGCGATCGACTTCTATCATCGCTATAAGGAAGATATCGCGT TGAT GGCGGAAAT GGGGT TCACGGT GTTCCGTACCT CTATCGCCT GGAGCCGACTCTAT
E F Y P S H Al DFYHRYKETDI ALMAEMGTFTVFRTSI AWSTRILY
CCTAACGGGGAT GAGCT GACGCCCAACGCGGAAGGCAT CGCCTTTTATCGT GATAT GT TTGCCGAGT GCAAGAAAT ACAACAT CGAGCCGCT GGT GACGCT GTGCCATTTCGATGT GCCA
ATGCATCTGGT CACT GAATACGGCT CATGGCGT AACCGGAAAAT GGT GGAGT TCTTCGCT CGTTACGCCCGAACCT GTTT TGAAGCCT TTGACGGGCT GGT GAAATACTGGCTAACGTTC
M H LV T EYGSWRNTRTEKMYTETFTFARYARTT CEFTEAFTDGLVYVIKYWLTEF
AACGAAATCAATATTTTGCTGCATAGCCCATTTTCCGGCGCGGGT CTGGTCTTTGCCGAT GGT GAAAAT CAGGAGCAGGT GAAATAT CAGGCT GCGCACCAT GAACT GGT GGCGAGCGCG
N E I N1 L L HSPFSGAGTLVFATD E N E VK Y AAHHE LV A S A
CTGGCGACGAAGATTGCGCATGAGGT TAACCCGGAAAAT CAGGT CGGCTGTATGT TGGCT GGCGGT AATTTCTATCCGT GGT CGTGCAAACCGGAAGAT GT CTGGGCGGCGCT GAATAAA
TATCGTGAGAACCTGTTCTTTATCGACGT GCAGGCGCGCGGCACCTATCCGGCATATACCGGCCGGT TGT TTAAAGAGAAGGGCAT CACGAT TGCAT CAGAGCCGGGT GATGATGAGAT T
Y RENLF F 1 DV QARGT Y P AY'T R L F K E K | T 1 A S E P GDDE |
CTCAAGAACACGGTAGATTTTGT GTCCTTTAGCTATTACGCCTCTCGCT GCGCCT CGGCAGACAT GAACGAGCACAACAGCAGCGCGGCGAACAT CGT TAAAT CGT TAAAGAACCCGCAC
LK NTVDFVSFSYYASTRTCASATDTMNEHNS A ANIT VKSLKNTPH
ATCAAGGCGAGT GAAT GGGGT TGGGGAAT CGACCCTCTGGGCCT GCGGAT CACCAT GAATAT GAT GTATGACCGCT AT CAGAAGCCGCT GT TTCT GGT AGAGAACGGGCTAGGT GCGAAG
I 'K AS EWGWGI I DPLGLT RI TMNMMYDRY Q G L A

Fami |y 1 hydrol ase signature sequence
GACGAGATTAACGCACAGGGCGAGATTGAT GATGACTAT CGCAT CAGCTACCT GCGT GAGCACAT CAGCGCGAT GGCGGAT GCCAT CGGCGACGGAAT CCCGGT CATCGGCTATACCTCA
DE I N A G E I DDDGYURI SYLRETHTI S AMADAIGDGI PV I GY TS
TGGGGCTGTATCGATCTGGT TGCGGCTTCCACCGGT GAAAT GAGT AAACGCTATGGT TTCATCTAT GT CGAT CGCGAT GACCGT GGCGAAGGCACAT TAGCCAGAAAGAAAAAGAAAT CG
I
T CTACTCGT ATAAGAAAGT GAT TGCCAGCAACGGT GCCGATC GAGCT GAATGARAT AGT CTCGT TTAGCT ATTCTTGT TATAGCCCT CTAACGGT AACGT TTGGGGECTATTTTTTTA

W
CCCAGACATTT' TTGCCCAGATACAGGGAATATGAATTGTAGTCTTTTGCTTGATTTT CATGTTTAGTAATATTCATTATGATAATATC CATAATCGAGCAATAGTGAGCATTGTGGT
TTATTATCAAT! \TAATACCGT CATATAAACGC! AACACCATGA GTCAGTTGCTTCCCGATATTGCCTTCTTTCATGAACT CGCCAGGCT GGCCAGT CA(
TTACCGCGTTTT CGTTCTCTTACCGCCAATCAAATTGAAACCAAGCCA TCGTTTTGATCCGGT GACGGAAGCCGAT CGGGAAGCT GAGCGG! GTCATCCGTGAGCACATC
ACGCGCCATTA’ TTTG GCCTGAGTGGGGAAG(«CCCAGT CGTTGGGT TTTGGATCCCGGT TGAT 'GGCCCCGACCTTTCTTGTGTGGCTACCCC
GT GTGGGGAAC! ;CTTATCGGTCTGCTTGCACCATGAACGNGCCGTATGGGGATGATGA CCCCCCGTTTACC TTTTGGGCTGATGGT T

2-13. Nucleotide sequence of the Pectobacterium carotovorum
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1680

1800
1920
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2880
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3120
3240

3360
3480

3600
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subsp.

carotovorum 1.Y34 asc genes and the flanking regions. The deduced amino acid

sequences for each ORF are placed below the nucleotide of corresponding codon.

Putative Shine-Dalgarno sequences for ribosomal binding (RBS) are underlined and

labeled. Proteins are labeled at their respective start codons. The helix turn helix

region in AscG is underlined and labeled. The signature sequence and disaccharide
binding site for PTS of AscF are underlined and labeled. The family 1 hydrolase

signature sequences are also underlined and labeled.
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3-2. asc operon? TFEREA @ FE=AH Hluw

National Center for Biotechnology Information BLAST e-mail serverZ o]-&3}o
Asc protein®] Ao 9 wwAS xAstg T Pec LY34 asc operone E. coli
asc operon¥} FAMAO] ko™ Pcc LY34 AscF % AscB proteine PTS EII
enzymes¥ 6-phospho-fi-glucosidase® Z+Zt A& Ad o] Ut} (Table 2-7).

AWMA ORF (ascx)E= 1,128 bpE TA = o] 375 amino acid® ¥&3}sld (Fig.
2-13) ORF start codon AH 12 bpoll ribosome-binding site, CCTGAAZ} At} A+
T4 BEAd 93 Pec LY34 AscG proteine E. coli AscG, Shigella flexneri
AscG, Salmonella typhimurium STM30129] repressor protein® 67.2%, 65.5%,
37.83% At (Table 2-7).

FA ORF (ascF)& 1,461 bpE T4 ] 486 amino acidg& ¢338ls™ ©] ORF
E ascG9 start codon AW 466 bpoll A A 2= ™ start codon 8 bp A ¥l putative
ribosome-binding site, AGAGATT7} A At} (Fig. 2-13). & +AH 9std E
coli, Streptococcus pyogenes, and Streptococcus agalactiae®] EIl PTS protein¥
Absldth (Table 2-7 & 2-8). AscF @& 2] N-terminal phosphorylation site®
cysteined EA17F  FeHQtt  (Table 2-8). 1831  AscFE similarity 9
hydrophobicity pattern 212 % N terminus W& hydrophilic IIB domain®l =z
¢l central membrane-spanning IIC domainZ 7}A| & Ao 2 Hlt}

MHAA ORF (ascB)E ascF &% 30 bpell A Abzbsle] 1,431 bpE FAH o] 476
amino acidE ¢33}l start codon AH 8 bpol putative ribosome-binding site,
GAAGGAG7} 44t (Fig. 2-13). AscB proteine= 3 6-phospho-fi-glucosidase
9} =& AEAS JFA M glycosides hydrolase family 19 €38ttt (Table 2-7). E.
coli AscB®} Clostridium acetobutylicum CAC1408 proteins¥ =2 AEAS 7IA 1

AT

3-3. AscB A A¢ A3y EA

AscBel n¥rd S 98] 5'-GGA TCC ATG TCT GCA TCA ACA TTT C-3'
(sense, containing a BamHI site as underlined) ¥ 5'-AAG CTT GGC TCA GAT
CGG CAC CGT T-3' (antisense, containing a HindIll site as underlined,
C-terminal (His)stag)2] primerE ©]-83}] expression vector pET-2la(+)ol] F2Y
stk Als 2 Wl 9] ASFe] column filtration, SDS-PAGESFS] &bl single
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bandE <18t o™ (Fig. 2-14) pNPGIu6PE 7142 3 o] §49 HAH 2% 40T
Bolglen HA pHe 7 <o)t (Fig. 2-15B). €49 thermostability datat®
o2 XA preincubatingdle] FA3FATE 60TCAA 1083 DA estd S vl &4

3-4. p-glucosidase 49 FF ol =t &<l

In vitro site-directed mutagenesis W< E3}9] [i-glucosidase &4 2] essential
residues 213ttt A A 7MA| Agrobacterium B-glucosidased T+ZZAA o] Hol 3l
t}. o] &4 Glu3s8 residue’} nucleophile® 2+-83lo] glycosidic bond cleavage©l
Holsts Aoz A Jdu B Ao o]yd AMAS HlE o R AscB9 two
conserved Glu residueZ alanine® ® Tt AFHS S8}t Site-directed
mutagenesisE ¢ 3 primer®Z E182A, 5'-GGC TAA CGT TCA ACG CAA TCA
ATA TTT TGC-3' (sense)®} 5'-GCA AAA TAT TGA TTG CGT TGA ACG
TTA GCC-3' (antisense); E374A, 5'-CTG TTT CTG GTA GAG CAC GGG CTA
GGT GCG-3' (sense)?} 5'-CGC ACC TAG CCC GTG CTC TAC CAG AAA
CAG-3' (antisense)& At&3ate] ZmYstgich. =, EI82A 9 E374A (E, glutamic
acid; A, alanine. E182A and E374A; two glutamic acid of the 182nd, and 374nd
position of AscB amino acid sequence were changed to alanine)E A&ttt 1
A3} o] ¥ mutantE2 pNPGE 7|42 & uf g4l 225 =d ©] amino

acid’7} &4 F23% I8 = Aor FAHAY (Table 2-8 & 2-10).
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Fig. 2-14. Electrophoretic analysis of the purified [F-glucosidase. Separation was
performed on a 125% (W/V) SDS-polyacrylamide gel. Lane 1, marker, Lane 2;
crude extract from BL21 (DE3) containing pET-21a(+)/AscB, Lane 3; crude extract
from IPTG-induced BL21 (DE3) containing pET-2la(+)/AscB, Lane 4; purified B
—glucosidase from HisTrap kit (Amersham). The gel was stained with 0.025%
Coomassie blue R-250. Molecular weight markers used were [i-galactosidase
(116,000), bovine serum albumin (66,200), ovalbumin (45,000), lactate dehydrogenase
(35,000), restriction endonuclease Bsp 981 (25,000), [-lactoglobulin (18,400), and
lysozyme (14,400).
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Fig. 2-15. (A) Effect of pH on the relative activity of AscB. Enzyme activity was
assayed at 40C for 30 min in sodium phosphate buffers of indicated pH. (B)
Effect of temperature on the relative activity of AscB. Enzyme activity was
assayed at pH 7 for 30 min at the indicated temperature. (C) Effect of time and
temperature on the relative activity of AscB. Enzyme activity was assayed at 40C
(®), 50C (o), and 60C (a), pH 7.0 for 60 min at the indicated reaction time.
(D) Effect of concentration of Mg2+ on the relative activity of AscB. Enzyme

activity was assayed at 40C.
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Table 2-7. Pairwise similarity (%) of AscG, AscF, and AscB

) AscG AscF AscB
Sequence?
1 2 3 4 1 2 3 4 1 2 3 4
AscG 100.0 67.2 65.5 37.8 AscF 100.0 81.1 38.7 36.8 AscB 100.0 82.1 61.9 61.8
AAA69224 100.0 97.9 40.4 AAA69225 100.0 38.2 37.2 AA69226 100.1 62.1 60.3
AAN44228 100.0 40.1 AAM79011 100.0 81.6 AAK79376 100.0 67.3
AAL21888 100.0 AAM99677 100.0 AAM99984 100.0

“Calculated with CLUSTAL W and the PAM250 residue weight table.

The sequences are from the following souces, AscG, AscF, and AscB from
Pectobacterium carotovorum subsp. carotovorum 1L.Y34 AAA69224, AAA69225, and
AAAGB9226 from E. coli AANA44228 from Shigella flexneri 2a str. 301;AAL21888
from Salmonella typhimurium LT2; AAM99677 and AAM99984 from Streptococcus
agalactiae 2603V/R; AAM79011 from Streptococcus pyogenes MGAS315; and
AAK79376 from Clostridium acetobutylicum.

Table 2-8. Alignment of the regions surrounding the similar region of AscG,
conserved regions of AscF, and putative acid/base of some typical representatives

of glycosyl hydrolase family 1

fAmiel | Riprassor ) AmcF | PTS) AneH | Peglueost dasi )

Consurya ragion EI1IR Aeid s Sueluopht la
fimel HOEY AKKAGYSKATYERYL iwcF HIAANTHCUTALAFYLED: AR SLTFXEIKILLH LFLYEXGLG
AAARDZRE HLENAKRAGYSKATYERYL AAARTREG KISANTHCUTALAFY KD SSART2ZA  NLTFREINIMLH LFLYEXGLG
AAkA4220 HLENAKRAGYSKATYERYL AAMTTONE KIOAYTHCNTALALYLES SAKTOATA  NLTFREINMLLH LFINEXGLG
S4LZNARA HLINSAHAGY SKATYSRYL AAMTTRTT KIOHYTHCN TALALYLDS CACORZG0  NMTFSEINMILH LFINESGLG
SAFT4TIN 1IN CKLAGYSKATYSRYL CARLGIA3 KYORY THCHUTALAFSLHC: BARDSANG  SMTFSEIMMLLH LFYNESGLG
SACTR4AN 1ADN AKLARYSYATYSRYL CADRRZTR HIKSLIHCSTALAFTLAD: HAMOTGAE  SLTFREISMILH WFIVESGLD
NAMIZETON 1KY AKRARY APSTYSRY] CALDONAS KYKENTHC I TALAFOLKD: NAKDSTAT  SLTFSEINMLLH LFIYENGLD
NAMARTAA 1KY AKLAGYSYATYSRY] NAKTIATH KYKELTHCITALAFKLKD: DeR4na SLTFSEINMSLH LFIYENGLD

. ﬁ_ . ﬁ. ﬂ_ . ﬂﬁﬂﬂﬁ_ ﬂ_ . [ 1111 . ﬁ. ﬂﬂﬂﬂﬂﬁ. g . ﬁ. {11114

The sequences are from the following souces, AscG, AscF, and AscB from
Pectobacterium carotovorum subsp. carotovorum 1L.Y34 AAA69224, AAA69225, and
AAAGB9226 from E. coli AANA44228 from Shigella flexneri 2a str. 301;AAL21888
from Salmonella typhimurium LT2; AAF94711 from Vibrio cholerae Ol biovar
eltor str. N16961; AAC22480 from Haemophilus influenzae Rd KW20; AAMZ25700
from Thermoanaerobacter tengcongensis, AAMS6733 from Yersinia pestis KIM;
AAM7T9011 from Streptococcus pyogenes MGAS315;, AAM99677 and AAM999I84
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from Streptococcus agalactiae 2603V/R; CAB15963 from DBacillus subtilis subsp.
subtilis str. 168, CAD65296 from Lactobacillus plantarum WCFES1, CAD00985 from
Listeria monocytogenes AAK7T9375 from Clostridium acetobutylicum AAK79376
from Clostridium acetobutylicum AAKO05769 from Lactococcus lactis subsp. lactis

CAC95250 from Listeria innocua BAB04315 from Bacillus halodurans Q48409 from
Klebsiella oxytoca.

Table 2-9. Effect of metal ions on AscB

Ion (5 mM) Relative activity®
Mg”* 107
CaZ+ 111
Cu”’ 92
Co?* 88
M(r)12+ 86
Hg'2+ 0
Zn%* 87

“The [-glucosidase (4 mU) was exposed for 30 min at room temperature to 5
mM concentrations of metal ions and then measured under standard conditions and
expressed relative to the activity measured on 5 mM p-nitrophenyl [
-D-glucopyranoside (100) without added ion.

Table 2-10. Specific activity and kinetic parameters for hydrolysis of [i—glucoside
by AscB, E374A, and E182A mutant

Kinetic parameter Specific activity

Km (mM) Vmax (mol min™") (U/mg)
AscB 0.21 37 565
E182A ND ND ND
E374A ND ND ND

ND, no detectable
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I> FE29d oA 3%FF p-glucosidase operon +# &

<AY II-3> F5¥HT9 bglEFIA operon %2

3. 27 ¢ & (A8 1I-3)
3-1. bgIA operon 293 © F/IAEEA

Pcc LY34 genomic DNA®] cosmid library %8 1 mM MUGZ g3 M9 Hj A
o A B-glucosidase activityE H.oli:= T U2 cloneg A3t Subcloningdle
3.7 kb insert® 7FAE cloned pAY3008F ®MHslgTth pAY3009¢ insert DNA+E
single EcoRI restriction site, tF& restriction sites (Hpal, EcoRV, Clal, Sacll)Z 7}
Alal AATH (Fig. 2-16). ©] pAY300S DNA @714 % Az @A =717} 3,738 bp
(accession number AY769096)1 2™ 4712] ORFE 7}A operon TZ{t. ol 44
S F24Y37] Y3 primer® bglE, bglF, bgll, and bglAZ ZtZtoll tjsf 5'-TTC
CCC GAT TGC GCT ATT TAT G-3' (sense)® 5'-GAT GGA GCG CAG ATG
AGC AGA AC-3' (antisense), 5'-CGC TGT TGA GAT AAA AGC CGT AG-3’
(sense)9} 5'-CAC AGA AGC CGC GTT CAG CAG TTC-3' (antisense), 5'-CTG
ATT GTC GTC TCA TCC TTA ATC-3' (sense)®} 5'-CTC CAG CTC ATC
GCC ATT GGG GAA AAT ACG-3' (antisense), 5'-ATC CAG ACT GCT TTG
ATT GGT GCC-3’ (sense)?} 5'-AAC CCC GCT TAC ACA CTA CAT TCT-3'
(antisense) = AF&391 2™ PCR %319 pGEM-T Easy vectore] E=243sle] o] &
= 27 bglE, bglF, bgll, bglA® "4ttt (Fig. 2-16).
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300

PAY300
pAY310
PAYS20 Bzyne activity for substrate
PAY330 — Slicin p\NFG Abutin - MG
pAY340 + + + +

Fig. 2-16. Physical map of recombinant DNA pAY300 carrying bglE, bglF, bgll,
and bglA genes of the Pectobacterium carotovorum subsp. carotovorum 1Y34.
The ORFs are shown by arrows. The cleavage sites of restriction enzymes EI
(EcoRI), C (Clal), K (Kpnl), A (Apal), and S (Sacl) are shown. pAY300 was
constructed by cloning a 3.7 kb fragment of cosmid DNA (pAY3) into the
pBluescript SK+ vector. pAY310, pAY320, pAY330, and pAY340 were derived by
cloning the PCR products into the pGEM-T Easy vector. f-glucosidase activity
(BglA/pAY340) was determined using p-nitrophenyl f-D-glucopyranoside (pNPG),
4-hydroxyphenyl [E-D-glucopyranoside (arbutin), 2-(hydroxymethyl) phenyl [
-D-glucopyranoside (salicin), and 4-methylumbelliferyl fi-D-glucoside (MUG).
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Fig. 2-17. Nucleotide sequence of the Pectobacterium carotovorum subsp.
carotovorum 1Y34 bglEFIA genes and the flanking regions. The deduced amino

acid sequences for each ORF are placed below the nucleotide of corresponding

codon.

underlined and labeled. Proteins are labeled at their respective start codons. The

disaccharide binding site for PTS of BglF are underlined and labeled. The family

CCTCCTTTTTTATCACCAATAACGCGTGTAAGGATAAAAATATTCCCCGATTGCGCTATTTATGATCGCCTTCAAAAAAAAGTAAAAACAATATGAAACCGGTTG
CATATTATTTTTCGTCTTGCTTGAATAATAAAAAAACAGACGGT GAGGTGCAGTATGAATAAGATTTTACTCTGTTGCGCAGCAGGAATGTCTACCAGCATGCTG
bglE>> M N K | L L CCAAGMS T S ML
GTACAGCGGATGGAAAAGGT CGCCGAGCAAAAGGCGATCGCTGTTGAGATAAAAGCCGTAGGTTTTGAAGAGTTTAGTGAACTGATTGATGAATATGACTGTTGT
vV Q R M E K V A E Q K A | AV E | K AV G F E E F S E L | D E Y D C C
CTTTTGGGGCCGCAGATTAAGTATAAACTGCCTGAATTCAAAGTGATAGCT GACGAGAAAGAGAAGCCGATTGCGGTTATTAATATGGTTGATTACGGCATGATG
L L G P Q | K Yy K L P E F K V I A D E K E K P 1 A VvV 1 N M V D Y G M M
AATGGGGAGAAAGTCCTTAACGATGCCCTGGCGATGATCGCGTAATATAACGGGAGGAATAATGAGTAAATTAACCGAGTCATTATTCAGCGTTATCGAAAACCG
N G E K V L N D A L A M I A RBS bglF>> M S K L T E S L F s V | E N R
TATTAGCCCAATCGCGGCGAAACTTTCCAGCCAGCGTCATGTTGTTGCCATTAAAGATGGGTTCATTGCGTCAATGCCCTTTTTAATTGTCGGCTCTTTTATGAT
| s P I A A K L S S Q R H V VvV A | K D G F | A S M P F L | vV G S F M M
GTTATTCGCTCATCCGCCTTTTAGCCCGAATAGT GAATGGGCTTTTGCGCAGT GGTGGCTCGGGATGGT GGAACGCCACGGCGAACAAAT CATGATGCCCTACAA
F A H P P F S P N S E WAF A Q WWIL G MV E R H G E Q I M M P Y N
TATGACGATGGGCATTATGGCGGTGTATATCACCAGCGCTATCGCCTATAACCTGGCACAGAGCTATAAAATGAACGGTTTTATGGCCGCCAGCCTGGCGCTGAT
T M G | M A V Y | T s A | A Y N L A Q S Y K MNGF M A A S L A L M
GTCGTTTATGGTCGTTGCAGCGCCGCAAATCGATAAAAGTCTGCCGGTTGGGTCGCTGGGT GGCGAGGGGATTTTCACCGCGATTATCGTGGCGATCTATTCGAC
F M V. V A A P Q | D K s L P V G S L G G E G | F T A | I v A Y s T
GGAGCTGATGCATTTTTTGCAGAAGCACAATATTGGCATTCGCCTGCCAGAACAGGTACCGCCGAAAATCCGCCAGTCTTTCGATCTGCTCATCCCGATTCTTGC
L M H F L Q K H N | G | R L P E Q V P P K I R Q S F D L L | P 1 L A
CATTTTCCTGACGCTGTTCCCGCTTAGCCTGTTCATGCAGAGCCAGTTCGGCATGCTGTTGCCGCAGGCGATCATGGCCGTCTTCGCGCCGATTATCTCGGCATC
I F L T L F P L S L F M Q S Q F G M L L P Q A I M A V F A P | I S A S
CGATTCGCTCCCTGCCATCTTGATAGCGGTGCTGCTCTGCCACCTGCTGTGGTTTGCCGGGATTCACGGTGCCGTTATCGTCGGCGGCATTTTGCAGGCGTTCTG
s L P A I [ AV L L C H L L W F A G I H G A V | v G G | L Q A F W
GCTGACCAACTTAGGAATCAATCAGGAAGCGTTTAACGCGGGCGCCCCGATCACCAAAATTTTCATTGAGCCCTTCTGGCAGTTCTTCATTACGGT GGGCGGATC
G S

L T N L I N E A F N A A P I T K 1 F ol E P F W F F 1 TV
GGGGGCGACCATGGGGCTGGTTTTTCTCTATCTGCGCAGCCGTTCTGCTCATCTGCGCT CCATCGGCAAGCT GGCCGT GGT GCCGAGCATGTTCAACATCAACGA
L Y L R S R S A H L R s I G K L AV V P S M E_N | N E
Di saccharide

ACCGGTGATTTTTGGTTCACCCGTCGTGATGAACCCGCTGCTGTTCATCCCATTTATTACCGCGCCGCTGGTGAACGCCACCCTTGCCTATATCGCGTTAAAAAC
PV | F G S P V V. M N P L L F I P F I T A P L vV N A T L A Y | A L K T
binding site

CGATTTGGT GCATCGCGT CATTTCGCTTGCGCCTTGGACAACGCCGGGCCCGAT TGGCGCAGCCT GGT CTACGGGGT GGGACT GGCGT GCAGT GGT GCT GGT GGG
L VHRV I S L APWTT®PG®P I GAAWSTGWDWR AV V L V G
GGGACTGATTGTCGTCTCATCCTTAATCTATTACCCCTTCTTCAAAATGTATGAACGT CAGT TGATCGAACAAGAAGT GGGCACAGTAGAGGAGGCAGT CAGT GA
L I VV s s LI Y YPFTFKMYETZRZ QLI EQEV GTV ETEA AV S D
bgl 1 >>
TGCTCGATGAAACCACGATAATGGAATTGATTATTTAT GCGGGAGAGGCGCGCT CCAGCT CAAT GGAGGCGCT GAGCGCCGCCAGAAAATAT GACT GGGACAAGG

M L D E T T I M E L I | Y A G E A R S s s M E A L S A A R K Y D wW D
CTGAAGAACT GCTGAACGCGGCTTCT GT GGCGGCGCGCAAAGCCCAT CAAAT CCAGACT GCTTTGAT TGGT GCCGAT GAGGGCAGCGGAAAAAT CCCGAT CAATC
A E E L L N A A S V A A R K A H Q | Q T A L I G A D E G S G K I P
TGATTTTGGTTCACGCGCAAGATCACCTGATGAACGCGATGCTATGCCGT GAACT GGT GGAGGAGCTGATTCAACTGCATCGGGAAATCTCCTCCCTGAAACAGC
L I L V H A Q D H L M N A M L C R E L vV E E L I Q L H R E | S S L
TTATAAATTAATAATATGCAAACCT GAATAAGAAGGAAACAAGATGTCTGTTCAACAATTACCGAAAGACTTTCTGT GGGGCGGCGCGGTAGCGGCGCATCAAGT
L I N RBS bglA>> M S V Q Q L P K D E L W G G A V A A H Q V
Fami |y 1 hydrolase signature sequence

TGAAGGTGGTTGGGATCAAGGT GGCAAAGGCGT CAGCATCTGCGATGTCCTGTCCGGCGGCGCCCACGGCGTTGATCGTGTGATTACCGATGGTGTACAGCCTGG
G G WD Q G G K G VvV s 1 c bvVv L S G G A H G V D R V I T D G V Q P G
TGTCAGTTATCCGAATCATCAGGCGGTGGAGTTCTACTCCCACTATAAGCAGGACGTCGCCCTGTTCGCCGAAATGGGCTTTAAATGCTTCCGTACCTCGATTGC
S Y P NH Q AV E F Y S HY K Q DV A L F A E MG F K CF R T s | A
CTGGACGCGTATTTTCCCCAATGGCGATGAGCT GGAGCCGAAT GAGGCAGGCCT GCAATTCTATGATGACCTGTTCGATGAGCTGCTGAAATACAACATCGAGCC
w T R | F P N G D E L E P N E A G L Q F Y DD L F D E L L K Y NI E P
AGTGATTACGCTGTCTCACTTCGAGATGCCGCATCATTTGGTTAAGCAGTACGGTGGT TGGCTGAACCGTAAAGT GGTGGATTTCTTTGTTCGCTACAGCGAAGT
1 T L S HF E M P HH L V K QY G G WL NRK V V D F F V R Y S E V
GGTCATGAAACGTTACCAGTCCAAAGTGAAATACTGGATGACTTTCAATGAGATCAACAACCAGCGTAACTGGCAGTATCCGGTGTTTGGCTATTGCTGTTCCGG

M K R Y Q S K V K Y W M T F N E | N N Q R N W Q Y P V F G Y C C s G
CGTGATTTTTACCGATCACGACAAGCCAGAGCAGGCGATGTACCAAACGCTGCACCACCAGTTTGTCGCCAGT GCGAAAGT GGTGAAACTGGGT CATGAGATTAA
1 F T D H DK P E QA MY Q T L HHQF V A S A K V V K L G H E I N
CCCGAACTTCAAAATTGGCTGCATGCTGGCGCTGGTACCGATCTACCCGTGGTCATGCCACCCGGATGACGTGATGTTTGCACAGGAAGCGATGCGTGAACGTCA
P N F K |1 G C ML A L V P I Yy P WS C H P D D V M F A Q E A MR E R H
CCTGTTCGGCGACGTGCAGTTGCGCGGTTACTATCCGTCTTACATCCTGAAAGAGT GGGCGCGAAAAGGCTATCAGATTGATATGCAGCCGGAAGACGAACAGAC
L F G DV QL R G Y Y P s Y | L K E W A R K G Y Q | DM Q P E D E QT

GCTGCGCGATGGTTGCACGGACTATCTGGGCTTCAGCTACTACATGAGCAGCGCGGTGCAGCTGGCGGCAAAAGGCCAGAAAAAAGAAGATTCAATTACGGGCTT
Q Q
TGACGGCGGCGTGAAAAACCCGCATGTGAAGGCATCGGAATGGGGCTGGCAGATCGACCCGGTTGGCCTGCGTTATACGCTGAATAGCTTCTACGAACGTTATCA

GAAACCAATGTTCATCGTCGAAAACGGTTTTGGCGCGGTAGACAAGGTGGAAGCCGACGGCAGCATTAATGATGATTACCGCATCGAGTACCTCAAAGCGCATAT

Famlly 1 hydrolase slgnalure sequence

CGATCAGATGAAGAAGACCGTCGTGGAAGATGGCGT GGAGCTGATGGGCTATACCCCGT GGGGCTGCATCGACTGTGTGTCGTTCACCACCGGGCAGTACAGCAA
M K K T v VvV E D G V E L M G Y T P W G C I D C VvV S F T T G Q Y S K
ACGCTACGGTTTCATTTACGTGGATAAACACGACGATGGCACCGGCACCTTCAAGCGCTCGAAGAAAAAGAGCTTTGACTGGTACAAGAAGGTGATTTCCAGCAA
Y G F | Y v D K H DD G T G T F K R S K K K S F D W Y K K VvV I S S N
CGGTGCCGAGCTATAACGGCGATTGCAGAAAACGTTAGCCACAAAGCCGTGCTTAACCGCACGGCTTTTTCTTGTCAGTGTTAATCTCTTCCCCAAGATGAGCTC
A
TTATACACAAAGAATGTAGTGTGTAAGCGGGGTTGCCGTTATCCCCAGCGTAAGAAATTATGC

Putative Shine-Dalgarno sequences for ribosomal binding (RBS)

1 hydrolase signature sequences are also underlined and labeled.
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3-2. bglA oerond FTEEA 9 A4 ¥

National Center for Biotechnology Information BLAST e-mail serverZ o]-&3}o
Asc protein® Aol = @A S ZASFA Y. Pec LY34 BglE, BglF, and Bgll
proteine 22} Vibrio cholerae (D82219) phosphotransferase system component IIB,
Vibrio vulnificus YJ016 (BAC95664) phosphotransferase system component IIC %
E. coli (Q46829) phosphotransferase system [HA¥ 54 o] At}

Pcc 1LY34 BglA+ f[-glucoside®] ©ol& ¥ o] &dl #&HE Yersinia pestis KIME]
BglA % E. coli BglA%} FAFd ] Atk (Table 2-11). ©]& 3+ similarityol] <] A3}
o] Pcc LY34 proteine 7|5 % 2 Photorhabdus luminescens subsp. laumondii
TTO1%t E. coli®] BglAet A#AE 71 AT (Table 2-12). Putative operon
bglEFIAE= oA E83F Pceec LY349 bglTPB# ascGFB operon¥ti= Ao]dhs & 4=
ATt (Fig. 2-16).

AAA ORF (bglE)= 306 bpZ %] 101 amino acidE& ¢z stsl™ (Fig.
2-17) ORF start codon ™ 6 bpoll ribosome-binding site, GAGG7} A ATt A=A
FEAo o]t Pcc LY34 BglE proteine P. luminescens subsp. laumondii TTO1
CelA, V. cholerae phosphotransferase system IIB component, Clostridium
acetobutylicum phosphotransferase system IIB component¥® 2z}7z} 55.0, 54.0, 51.5%
similarity & 7FA1 3L 91Ut (Table 2-11).

FHA ORF (bglF)+ 1,314 bp= T4 5 o] 437 amino acidE %318t ©] ORF
= bglE 4+ FHk 16 bpolAd AlFEM  start codon 3 bp AHo|  putative
ribosome-binding site, GGAGGAZ} ATt (Fig. 2-17). s EA el osH V.
vulnificus YJ016 phosphotransferase system components IIC, P. luminescens subsp.
laumondii TTO1 CelB, Bacillus cereus ATCC 14579 diacetylchitobiose-specific IIC
oF sl AUt (Table 2-11 & 2-12). “1#|Y} single protein BglF= Pcc LY34
BglP$} AscFA % hydrophilic IIB  and ITIA domainse] E2]%<l  central
membrane-spanning IIC domain®] #2% % %9t} (Fig. 2-18A, B).

A A ORF (bgll)+= terminator bglF. bglle] 4 11 bpell Al Al Z}ste] 327 bp=
TFA o] 108 amino acidE ¢33t (Fig. 2-17) start codon ZAWol putative
ribosome-binding site?} #™ZE A Ut Pcec LY34 Bgll proteine= E. coli CFT073,
Yersinia pestis KIM CelC, P. [uminescens subsp. laumondii TTOl CelC¢
phosphotransferase system components ITA9} Z+Z} 529, 515, 495% similarityS 7}
A3 YAt (Table 2-11 & 2-12).

U A ORF (bglA):= bglF % 348 bpoll Al Al&Hsle] 1,443 bp= T4 o] 480
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amino acidE ¢33t o] ORF+= start codon 8 bp HHo| putative
ribosome-binding site, TAAGAAG7} At} (Fig. 2-17). &7 Aol 931d Y.
pestis KIM BglA, E. coli BglA, S. typhimurium LT2 BglA protein® ¢ 76% A&
Aol 9len. A-glycosyl hydrolases family 19 %38t} (Table 2-11 & 2-12).

R
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s L] L8 FET ] - - i = - | bt | 487 & 1n
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E] | 3 113 GAFT
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i Lk
“‘ﬂﬁl‘Tml'ﬁH
FFl
BULEFG | ETTE " e ETIC ‘' Era
1 161 1 437 10HE
B
4 EIIH £ 5 iim LT i1 4ET EITA L]
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- i_ 1 '
ARGE
Bo lF

AN EA R RERE
Fig. 2-18. (A) PTS EII Domains of BglP, AscF, and BglEFI from Pectobacterium
carotovorum subsp. carotovorum 1.Y34. Three EII complexes of BglP, AscF, and

BglEFI were from pAY100, pAY200, and pAY300, respectively. The numbers at
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the extremes of the putative EIIC domain represent the first and last amino acid
residues of the putative transmembrane region (EIIC). Disaccharide-binding sites
in EIIC domains were designated above the regions of the polypeptide chains.
Residues corresponding by homology to those important for phosphoryl transfer
(EITA and EIIB) and the putative disaccharide-binding site (EIIC) are indicated.
(B) Maps of the putative transmembrane proteins across membranes by SOSUI of
proteomics tool (http://sosul.proteome.bio.tuat.ac.jp/sosui_subunit.html). Respective
domains of EII complexes were shown. Designated numbers indicate the position

of the corresponding amino acid.

3-3. BglA Al A3 sta 54

BglAe mdS 13 5'-GGA TCC ATG TCT GTT CAA CAA TTA CCG-3
(sense, containing a BamHI site as underlined) and 5'-AAG CTT GTA GCT CGG
CAC CGT TGC T-3' (antisense, containing a Hindlll site as underlined,
C-terminal (His)stag)®] primerg ©]£3}9] expression vector pET-2la(+)o] & =4
sttt As 2 Wl 9] ASe] column filtration, SDS-PAGE3FY] b2l single
bandE #elatd o™ (Fig. 2-19) pNPGE 7| A2 g o] &4 HALEE 40T F
Zolglom HZA pHE 7 @¥olgtt (Fig. 2-20B). &4 9 thermostability data:= o
2 &%) A preincubatingdlte]l A3 60Tl 10823 X8 39w 2408
Aol 38% zAekglth (Fig. 2-20C). &49] divalent cationsell ¥ g&Fo=z Zn”,
Cu™, Hg”, Co”& &4284< Aoy Mg”, Ca’', Mn™ & E434
t} (Table 2-13). 15 mM Mg”>'¢] 77} pNPGell oleh H &4 &
2-20D).
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Fig. 2-19. Electrophoretic analysis of the purified [-glucosidase. Separation was
performed on a 125% (W/V) SDS-polyacrylamide gel. Lane 1, marker; Lane 2,
crude extract from BL21 (DE3) containing pET-21a(+)/BglA; Lane 3, crude extract
from IPTG-induced BL21 (DE3) containing pET-2la(+)/BglA; Lane 4, purified [
—glucosidase from HisTrap kit (Amersham). The gel was stained with 0.025%
Coomassie blue R-250. Molecular weight markers used were [i-galactosidase
(116,000 Da), bovine serum albumin (66,200 Da), ovalbumin (45,000 Da), lactate
dehydrogenase (35,000 Da), restriction endonuclease Bsp 981 (25,000 Da), [
-lactoglobulin (18,400 Da), and lysozyme (14,400 Da).
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Fig. 2-20. Effect of pH, Temperature, Thermal Stability, and Magnesium/Calcium
Ion on the Activity of BglA. (A) Effect of pH on the relative activity of BglA.
Enzyme activity was assayed at 40C for 30 min in sodium phosphate buffers of
indicated pH. (B) Effect of temperature on the relative activity of BglA. Enzyme
activity was assayed at pH 7.0 for 30 min at the indicated temperature. (C) Effect
of time and temperature on the relative activity of BglA. Enzyme activity was
assayed at 40C (e), 50C (o), and 60C (a), pH 7.0 for 60 min at the indicated
reaction time. (D) Effect of concentration of Mg® (m) and Ca® (OO) on the
relative activity of BglA. Enzyme activity was assayed at 40C.



3-4. p-glucosidase 49 HF ol =t &<l

In vitro site-directed mutagenesis W< E3}o] [i-glucosidase &4 2] essential
residueZ el vt. AA7A Agrobacterium f-glucosidase®] T+ZFZZAA o] o] 9l
t}. o] &4 9 Glu3s8 residue’} nucleophile® 2+-83lo] glycosidic bond cleavage®ll
Holats Aom defA vk & AdodM= oled AMS niE R BglA two
conserved Glu residueZ alanine® ® w3 AFHS S8}t Site-directed
mutagenesisE $13F primer® E178A, 5'-TGG ATG ACT TTC AAT GCG ATC
AAC AAC CAG C-3' (sense) and 5'-GCT GGT TGT TGA TCG CAT TGA
AAG TCA TCC A-3' (antisense) E378A, 5'-CAA TGT TCA TCG TCG CAA
ACG GTT TTG GCG C-3' (sense) and 5'-GCG CCA AAA CCG TTT GCG ACG
ATG AAC ATT G-3' (antisense)S AH&3dte]l =Yt =, E178A 3 E378A
(E, glutamic acid; A, alanine. E178A and E378A; two glutamic acid of the 178nd,
and 378nd position of BglA amino acid sequence were changed to alanine)E A&
sttt 1 A7 ol g mutantES pNPGE 7|E = P& v g8 A4y Ao
2 Ho} o] amino acid7} &4 Fo3 JaS s Aow FAYT (Table

2-12 & 2-14).
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Table 2-11. Pairwise similarity (%) of BglE, BglF, Bgll, and BglA of Pcc LY34

Sequence” 1 2 3 4
BglE 100.0 55.0 54.0 51.5
CAE15128 100.0 475 42.6
D82219 100.0 43.6
A96947 100.0
BglF 100.0 53.6 51.1 41.2
BAC95664 100.0 55.3 38.0
CAE15129 100.0 36.9
AAP09357 100.0
Bgll 100.0 529 515 495
AAN80414 100.0 49.5 50.0
AAMBAR27 100.0 425
CAE15130 100.0
BglA 100.0 80.7 76.2 76.1
AAMB86483 100.0 79.0 79.5
Q46829 100.0 9.4
AAL21926 100.0

Calculated with CLUSTAL W and the PAM250 residue weight table.

The sequences are from the following sources, BglE, BglF, Bgll, and BglA from
Pcc LY34; CAE15128, CAE15129, and CAE15130 from Photorhabdus [luminescens
subsp. laumondii TTO1; D82219 from Vibrio cholerae A96947 from Clostridium
acetobutylicum BAC95664 from Vibrio vulnificus YJ016; AAP09357 from Bacillus
cereus ATCC 14579; AAN8B0414 from E. coli AAMSB4827 and AAMSE6483 from
Yersinia pestisKIM; Q46829 from E.coli AALZ21926 from Salmonella typhimurium
LT2.
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Table 2-12. Alignment of the regions surrounding the homologous region of BglE
and Bgll, conserved regions of BglF, and putative acid/base and nucleophile of

some typical representatives of glycosyl hydrolase family 1

BulE HGL F HlG Byl Al Peglucomodis
El1B ELLC EILA deidibame  Nuelaophila
BelE CCAAOMSTS  HGL F FHIKEPYIFGSPY  Bgll VHAODHLMN  Bgla TFREINMD WF1YENGFG
CAERRI CCAAGMETS  BACOSRA4E FOIKEPY IFGSPY SANANER4  THADDHLMN  AAMAREAI  TFKEINKO LFIYENGFG
nazzen CCSAGMETS  CAENGE229  FMINEPLLFGSP1  AAMAEAZT  YHAODHLMY  O4RAZ0 TFREIXKD LFIYENGFG
ATIRI4T FCRAGMETS  4APDAIST FRIKEPYIFGLPT  CAERRIAN  VHAODDHLMN  SALZ2N92R  TFXEINKD LFIYENGFG
SALOOGRIA  VCHAGMETS  SAOODARANA  FRINEPYIFGVP]  CAGREEGO  THIODHIMT  AAKE43TE TRREISKD LFINENGFG
SAPROINT  CCAAGMERR  HTO2EA FHIKEPINFOAP]T  AALZN230  VHAOGDHLMT  HAZEAG TFHEIRKD IFYNENGLG
CADMNEG]  VCAAGMETS  RACEZAG4 FHISEPT IFGAPY SAFO4442  VHADDHLMT  CAENESRR  TFREIRKD IFINENGLG
SACAAIZZ  VCGACMSTS  AAMZIATE FHIKEFIIFGAPT  AAM4I0A2  VHAODDHLMT  P42973 TFREISMD LFINENGFG
[} ﬂﬂﬂﬂ_ [} ﬁ_ 1] . 1] ﬁ_ ] ﬁﬁﬂ_ ﬁ_ [ Ty . ﬁ_ pRE B

The sequences are from the following souces, BglE, BglF, Bgll, and BglA from
Pcc LY34; CAE15128, CAE15129, CAEI15130, and CAE14566 from Photorhabdus
luminescens subsp. laumondii TTO1; D82219 from Vibrio cholerae A96947 from
Clostridium acetobutylicum AAL00638 from Streptococcus pneumoniae R6;
AAP29103 from Bacillus anthracis str. Ames CAD00451 from Listeria
monocytogenes AAC66322 from Borrelia burgdorferi B31, BAC95664 from Vibrio
vulnificus Y]J016; AAP09357 from Bacillus cereus ATCC 14579; AAQOS81318 from
FEnterococcus faecalis V583, H70216 from Borrelia burgdorferi BAC95664 from
Vibrio vulnificus YJ016, AAM23871 from Thermoanaerobacter tengcongensis
AANS0414 and Q46829 from E. coli AAMS4A827 and AAMS6483 from Yersinia
pestis KIM,; CAG21150 from Photobacterium profundum AAL20239 and AALZ21926
from Salmonella typhimurium LT2; AAF94442 from Vibrio cholerae 01 biovar eltor
str. N16961 AAN43082 and AAN44371 from Shigella flexneri 2a str. 301; H82185
from Vibrio cholerae P42973 from Bacillus subtilis.
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Table 2-13. Effect of metal ions on BglA

Ion (6 mM) Relative activity
Mg* 106
Ca” 102
cu® 90
Co* 69
Mn?' 101
Hg”' 0
7n’' 56

“The B-glucosidase (0.05 nkat in 200 mL of 50 mM phosphate buffer, pH 6.2) was
exposed for 30 min at room temperature to different concentrations of metal ions.
The activity was then measured under standard conditions and expressed relative

to the activity measured on p-nitrophenyl-E-D-glucopyranoside (100) without
added ion.

Table 2-14. Specific activity and kinetic parameters for hydrolysis of [
—glucosidase by BglA, E378A, and E178A mutant

Kinetic parameter Specific activity

K, (mM) Vi (u/mg)
BglA 0.25 35 553
E178A ND ND ND
E378A ND ND ND

*The papameters were determined at 40C (pH 7.0).

"Micromoles of p-nitrophenyl [-D-glucopyranoside (pNPG) hydrolyzed min ! mg
protein .

“Micromoles per minute per milligram of protein.

ND, no detectable.
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4. 48 (A9 1D

d

Pectobacterium carotovorum subsp. carotovorum 1Y34 genomic DNA=H-E
cosmid library #| %3+ & [@E-glucoside utilization operon % bgl gene°| #HF = 3
F7F9 clones @3t}

7} clonegS 971ME 2 FHAALAS 3 A3 belTPB= 5557 bp= Al 71
A2 bglT (antiterminator), bglP (EIIBCA), bglB (fi-glucosidase)”} 3F1+e] operon
S Y¥Asta, ascGFBE 5618 bpZ Al /M A+ ascG (repressor), ascF (EIIBC),
ascB (fi-glucosidase)”} 3F+9] operone FAd3tH, bglEFIAE M T/ PTSE &
s3}5lE AR bglE (EIIB), bglF (EIIC), bgll (EIIA)7} bglA (f-glucosidase) 4
249} operons A AT bglHDJ= Al Mo FHAE 8119 operons HAdF=)
5olgt A2 bglD (f-glucosidase) A7} bglH (EIIBCA)®F bgl] (antiterminator)
Abole v A E A}, FHx B4 Ad 2 FF operon (bgiB, ascB)E regulatorE ¥ 3+
3l fi-glucoside utilization system©|$l+=t8] ©] oA bgiBE positive regulatorZ A]
antiterminator2 2}-83l% 2™ N-terminal region®| conserved region VVMGRG2
RNA binding region®] #elFqom MENS glucose ol 23] [-glucosidase A
A& ZA3E dimeric enzyme EAd #Hs= PTS regurator domain®! PRDI,
PRD2 region % phosphorylation®] #¢J3}t= histidine® A% &2l 1 7
operon (ascB)ol A& nagative regulator®4 repressor® A1 Ao
helix-turn-helix 7= o} )3T},

FAAEAS 3 Ay 3 FF (bglB, ascB, bglA)¢] PTSE 33t [f-glucoside
utilization systemo] &<¢lEHdE=d o] F bglEFIAYE £8d fF7 Ao 9sle] PTS
complx7} &5 3tE o™ PTS complexel] EIIA domain®] £AjstA &gow 2 7
operon (bgiB, ascB)ol A& st &=t o &l PTS complx’t ¢t5 3% gt ol &
FAAES] 14 FARAE B4 23 3F7F2 f-glucosidase= EF family 1
of &3ttt

FARX ) oM Pcec 1.Y349 bgiB, ascB, bglA F+HAAEL E. colidlAE o}A
T cryptic FAXR EAQFE Ao FHaydu. Hg AAE oo @
-glucosidases < A= p-nitrophenyl f-D-glucopyranoside (pPNPG),
4-hydroxyphenyl [E-D-glucopyranoside (arbutin), 2-(hydroxymethyl) phenyl [
-D-glucopyranoside (salicin), ¥ 4-methylumbelliferyl fi-D-glucoside (MUG)S 3l
stom HASAHL pH 7, HA Y 25E 40T F2o|len, Baae BglAx 55
kDa, U¥ A= 2% 53 kDaol 714, oleld &4aEe Mg” EA44 &) ol
o, Hg” Al s 2ol A=A
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1. A&

2 AP AldelA FEd vl AhFolA AAeeE FERETS W
sle] o]Eo] AASIE WU Hodls NG EL S EEsta EXEAS 9%
bioassay ¥%¥ %, Mass spectrometry 418 53 F2EA 2L 24728 AMES
A&l FAAEH gGgS stdlon HdAdd #Hoste AEAGEL A Hos= K
AzE F24ste] Fak ?Li% TR FEH Fazte] 4314 dBAAE
AT oleld AFAEE HtE R o] AHAFPoA WA HostE Aedd

S LB HlA], 28TolA wjgF & ARSI o NS paper discs (dia. 0.8
cm, Toyo Roshi Kaisha, Japan) % . DiscE Chromobacterium
violaceum CV026 ¥ HHL©] 3% soft agar(0.8%) FHol %%t Overnight v <F
T AFA utge] go] A E = Aes 284S UHEHWE FHeE 3}"”/} Hlj o of 7}
F o] 50 uM N-hexanoyl-L-homoserine lactone (HHL)% E3 T 28ColA A%
o7 ZestHA vttt v EF o whES w7 98] 95TelA 53 &
A F AIFs sEz Mg & g T3NS paper disc Fol EHIA L AA] HF

C. violaceum CV026°] F¥ soft agar FH o Ek

1

¢

[-‘O

2-2. REWFY NBATED FEEA

1A © 2 methanol:water (7:3, v/v)9] Z7}-& &= Cl8-reverse-phase TLC plate
% O] 'g‘:‘sl'oi MNe=4d (autoincucer)% E‘ﬂ ?5‘]' Iﬂ[— =23 §Lo] bioassayt}g o 2
Agrobacterium tumefaciens NT1 &2 C violaceum CV026 T+5 A A T#F= Al

L3ttt &% fractiong flow rate of 2.5 ml/min, acetonitrile/water 1:1 (v/v) %
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Ao w2  &lo]  analytical reverse-phase high-pressure liquid chromatography
(RP-HPLC; ODS Hypersil 5 um C18 column, 200 x 4.6 mm, Hewlett Packard)E
o] &3l He 3ttt AA W autoinducerE methanolell <9l % gas chromatography
(GC-MS) ¥ matrix-assisted laser desorption ionization time-of-flight
(MALDI-TOF Mass, Perspective Biosystems)Z ©]&3to] FZ2EX4S 33c}. &3
d NzEAY FxREAS A AAE waEAe 50 g HHL (2 mM final
concentration) & 28Coll A 1A17F A3ttt A & ¥&HS ethyl acetate® F=&
T AxeSnh HaAlAES A7 el ke F2E A s

2-3. ¥

]

WFe) AEAGEAY A

71de] dFSEE 98 HHL < shalvh

olFo] MEzEdEH APES 9%
© 2 L-homoserine lactone (1 mmol) in pyridine (10 m{)

$t4 HHL-S one-step ¥4

¥} hexanoyl chloride (1.5 mmol)& &3tale] 130Tl A 45 3+ RESAI AT 1 o5
ethyl acetateZ 7}sle] &A1Y, 2=E3 pyridined SHAHT. Aoz crude
product+ silica gel chromatographyol A/ AAstF o™ 1 &2 50% 4 E=A.

2-4. ¥

]
ok,
e

o AzdgeEd Y F+AA =Y

%‘li{%%@ AA FAA F2YE Y8 FEW oA ux-R homologueE o] &
393 o). uxI-R 4%} conserved amino acid sequencesS Hl® 2 2 degenerate
ohgonucleotlde primerE A %3}t Sense ¥ antisense degenerate oligonucleotide
primerg< 24 5'-CGS GTS GAY GCB GTK GCB TC-3' (sense) ¥ 5'-TGD
ACC ACT TCR TCR TGV GA-3’ (antisense)Z #|2tst9tt. PCR 3% [soft-rot
bacteria genomic DNA, Super-Therm DNA polymerase (JMR, Side Cup, Kent,
UK) under 30 cycles of denaturation at 94C for 30 sec, annealing at 50C for 30
sec, and extension at 72°C for 30 sec] & °F 350 bpel DNA ©HE AT} o] o
HE 97| E 84 BLAST searchE £3to] gelatgt). oleldk 7] DNA |7144

S vlErO 2 primer walking ¥ Z3Fo] upstream % downstream® unknown

o
regiong &5ttt 443 open reading frameo] F¢1E % specific primer® =%
3 & pGEM-T Easy vector (Promega, Madison, WI, USA)o] E=43 & &2lg}

A,
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e FE59Wr P chrysanthemi PY35S Akl HEAI AT #HAFe] ethyl acetate
ZE2 AATFF2 C violaceum CV0269}F bioassayst$itt. Fig. 3-1= FEHo| 7
¥ A ethyl acetate F& &9 bioassayE YERHTE ol2jdt FEW AN
bioassayS E3to] A #AFHM P. chrysanthemi PY357} quorum-sensing®l] o]
st AlsEds dHdte AS gust. 8 AAS P chrysanthemi®t P

carotovorum A= o] 3k quorum-sensing systemS 7}ATE AS 4 F QA

Fig. 3-1. Plate bioassay of potato extract with C. violaceum CVQZ26.
a, E. coli; b, P. chrysanthemi PY35.
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3-2. AzAEEZ

The TLC bioassay< AHL A&E&EZA &<l {833k, TLC bioassayolA P.
chrysanthemi PY359] ethyl acetate &% WA 7:3 methanol and water (v/v) &
gtollo] A Cl8-reverse—phase thin-layer geloll H# ZA/NE A7 ¢S ANsEHL 1
F=de] SAd wel ofFsdt. Adm EHlHE= olHd AFZEZH2 reporter

strain¢! C violaceum CV026% A gl&2 A &<toz A o] 7l (Fig. 3-3).

Fig. 3-2. Plate bioassay of autoinducers with C. violaceum CV0O26. A, negative
control; B, P. chrysanthemi PY35; C, P. carotovorum subsp. carotovorum LY34; D,
P. carotovorum subsp. carotovorum 1101, E, P. carotovorum subsp. carotovorum
L305; F, P. carotovorum subsp. carotovorum 1313, G, P. carotovorum subsp.
atrosepticum L1307, H, P. carotavorum subsp. betavasculorum 1201, I, P.
carotavorum subsp. wasabiae 1.312; ], Erwinia herbicola 1.317; K, HHL; L, OHHL.
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—

T FEg spote] C violaceum CV0262 &9+ ##o] 7bsstal o RfE 2
7} 076 2 0599t (Fig. 3-3). ol 717t spotE® methanold]l FZ3F U}
reversed-phase HPLCol A&glatdtt. A A3 A5 224 FAB mass spectrum®=
Algh A3 9o [M+H] peaks R F3th MALDI-TOF mass spectrumo] Fig.
3-49} 3-59 Ao peaks at m/z 2002 ¥ 214.1°] HHL®} OHHLYl 393t AL
2 UEy

ZA,
Kol
=]
1=
RN

Fig. 3-3. TLC bioassay of autoinducers with C. violaceum CV026. a, negative
control; b, HHL; ¢, OHHL; d, an ethyl acetate extract of the culture supernatant
of P. chrysanthemi PY35.
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283t7] 98 lux homologous geneE HIEo® 3
degenerate pnmere Abg3ke] PCR %3 23 350 bp DNA fragmentE 25t
ow AFWFAM A WHU R 1.8 kb ¢dF FHAE pGEM-T Easy vecto
o F2Y3te 1 AVIAES £Ae A3 Table 3-13% 2o

oll

3-4. AzAdgd #AA £

283 FAAE expR BWHWEAT. P chrysanthemi PY359  expl (luxl
homologous)®] =7]& 639 bpol® 212 amino acids ¢33tet9ew  predicted
molecular massE 24,612 Daolt}. Expl® calculated pl= 562%t P
chrysanthemi PY359] expR (luxR homologous)= 753 bp ©|™ 250 amino acidE ¢
5313} predicted molecular masst 28,805 Da¢l 1 th. ExpR9] calculated pli& 2.2
o} otE BEE 2979 Jux homologous genes Table 3-2¢F 3-3o] & oF3}5it).

HHL A Mw=1 99,25 = |

Fig. 3-4. Total ion chromatogram of the LC-MS (A) and spectrum of TOF-MS
(B) of the HHL.
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Fig. 3-6. Plate bioassay of AHLs with C. violaceum CVO26. a, negative control; b,
synthesized HHL; c, positive HHL; d, positive OHHL.

Table 3-1. List of [ux homologous genes from isolated soft-rot bacteria

Bacterial name Strain Genes Sequence
Pectobacterium chrysanthemi PY35 expl-expR Fig. 3-7

P. carotovorum subsp. carotovorum LY34 - -

P. carotovorum subsp. carotovorum L101 expl-expR Fig. 3-8

P. carotovorum subsp. carotovorum L.305 expl-expR  Data not shown
P. carotovorum subsp. carotovorum L313 expl-expR  Data not shown
P. carotovorum subsp. atrosepticum L.307 expl-expR  Data not shown
P. carotavorum subsp. betavasculorum 1.201 - -

P. carotavorum subsp. wasabiae 1312 expl-expR  Data not shown
Erwinia herbicola L317 - -
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Table 3-2. List of expl genes from the isolated soft-rot bacteria

Strain ORF Amino acids pl Mw
Pch PY35 639 212 5.62 24,612
Pcc LY34 - - - -
Pcc 1101 651 216 5.36 25,094
Pcc 1305 651 216 523 25,187
Pcc 1313 651 216 523 25,166
Pca L307 651 216 5.09 25,069
Pcb 1201 - - - -
Pcw L312 654 217 5.05 25,436
FEhe 1317 - - - -
Table 3-3. List of expR genes from the isolated soft-rot bacteria
Strain ORF Amino acids pl Mw
Pch PY35 753 250 8.89 28,805
Pcc LY34 - - - -
Pcc L1101 726 241 6.59 217,754
Pcc L1305 726 241 6.59 217,754
Pcc 1313 726 241 7.76 27,750
Pca L307 729 242 8.40 28,073
Pcb 1201 - - - -
Pcw L312 735 244 6.06 48,478
FEhe 1317 - - - -
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I ATGTTAGAAATAT T TEATO TGAGT T T TAGC TTAATO TCAAA TAACAALCTHLATAGG T
1 MLETITIFDVVS5F S S5LMOEMNNDMNIEKTLTDEYV
Bl TTTACACTACT AR AGGGACATT TAAGGAC TG TC TG ACTORACC G TCAACTGTATTAAL
e | FTLRKIGTFIEKDERLIDWTWVHNILCTIHN
121 GGCA TR AT T TEACGAGTATCATAATCAACACACCACT TACT TET TAGG TETC AAGGAA
41 cMEFDEYDNEHRTT?YLLIGVVEKE
181 GO TAATAT O TAC T TCAGAT TTATAGAAA TEAAATATOCCAACATCATTACTGEC
£l G K I I &8V EFI EMMME?YPEPFHNMITDG
241 ACGTTTTTTTCTTATTTOGACGGTATCAACATCCU G AAGGGAATTACATCGAATOC AGT
a1 TFFSYFDGINTIPETGHNTYTIESS:S
an CGGTTTT IO TOG A GG A TG TEAGAAATTTEA T TEGCACTCGTAACCCAGCTTGE
im & FF VDREDBERERYHRMNILTIIGTH ERMNPATL
d6l CTEACATTATTTCT TGO A TEATCAA TTACGCCAGAAAATCTCATTATGACGHGGATACTC
121 L TLFLAMI®NYAREKT CH?YDIGTI L
421 ACGATTGTCAGTC AT A TG TEACC T TG T TAAAACG TTCAGGC TRGCGCATTTCCATT
141 T I vs HPMLTLLEKBRSGWYERETL®SI
481 ATTCAGCAGGCET TATOGGAAA A A AGA A AT TTATC TR TECATC TECCCACTGAC
161 Il o0 L 5 EKODEEKTITYLULHILPTD
41  GATGAAAGCCGATACGCGCTEATOGAGCGCATTACAC AGA T AACT AACGCCGAA TOCGAG
181 oDESRY ALITERTITOQITMWNAESE
# 5 R A K APGVPEIL-NMMEWYVIGL 233
601 CAGCTTACGACC T T TT TR TG TCC A TRGC T TEATCAGE TTCAT T TCAACGCCTGA
20 oL TTLPLLYPLA®=
BR T AHKANILVVGELKKYWVNGIHF 213
66 GOCGEATAGCATOTTTGOCATTCAGCACGCCCAGTTTTTTCACAACG T TOCCRATATRAL
K Vv TS TTTI1T 6L I L AT EOGOYTKGM 193
721 ATTTTACTCTACTOG TG TRAT AL GAGAA TAAGTGCAATCTCCTCATAGGTTTTTCCC A
S AWYLIT EMNERGOOSFLDAET OLIEK 173
781 TACT GO AT AGAGAAT T TG T TTTCTC T T TG TRAGAAAAGATCGOCTTCCTRCAACT
S NMNEMNRESMERYLSTLIHKEHAZS 15
8] TeCTETTCTTTCT T T TCTACT CATC T TCG G TACAGAGAGETCAGT TTTTCAT GO GETGE
[ LLMOLEKDKMNMNODTITIEELETES 13
90 AT CAACAACAT TG AT TTATC T TTAT TATTC TRAATAATTTCTTCCAATTCTTCRT
ERYEEI MFSL AALMNNIGPDHLWYV 113
96]  TOCGETATTCTTCAATCATAAAAGACAA GG GGECCAGATTO T TACCCGGATCG TR AGTA
FTYGHNVI DY EKSLMNFIRSEFK 53
1021 CAAARETAT A A TTAACAA T TCG TAT TCTT TG AGAGATTAAATATTCTGEAAAACT
LK S I VLDDDWSFPSITEKNTIA 73
1081 TCAACT T AL TEA T AL AGATCATCA T CAGGAAAAALGAGAAATCTTETTGAT A
TL I VEPDIHODY NNNREKEYITDVWE 3
1141 COETCAGAAT T AL GG TCAA TA T TEATAGTTATTATTTCTCTARATATCAACCCACT
TPFY NST I VVDTPEKEERKIEKN®MTILY 33
1200 CCGTOGGATAATTEEAGATCAT CACAACE TOCG TCGG TTTCTTCTTGTTCATGATCAAAT
AY K PDGY 6 KLEKERESNILYMNIOGI TS 13
1261 AGECGTACT TG TOGC A TAGCC T TTTAAC T TTC T T TAAGATAGT TTTGTATTGTHE
N T FDWVHMSFSTITSM 1
1321 TATTGATGAAGTCAACGTTAGAGAATGATATAGACAT

Fig. 3-7. Nucleotide and deduced amino acid sequences of expl and expR from P.
chrysanthemi PY35. The start codons are underlined and the stop codons are
indicated by asterisk.

- 108 -



1 ATGTTAGAGATATTTEATO TAAATCACACC TTLTTOTCAGAAACGAAATCAGAAGAGCTA
1 M LETITFDYVMNMNHTILLZSETUEKTESETEIL
Bl TTTACCCTCAGAAAAGAGAC TT TAAAGA TCGACT AR T TOLGCC G TRCAA TG TACTGAT
21 FTLRKETTFIEKTDERLMN AWV CTD
121 AT AATTTEATCAGTATEATAATAATAACACGACT TATCTTTTTGGCATCAAAGAT
41 oMM EFDODY DNNNTTYLFGIEKTHD
181 AACACTGTTATCT O TAGT TTCAGAT TTAT TEAAACAAAATACTCTAACATCAT TACT GGG
i1 NT WV I s L RFIETEK?YPBMNMITDIDG
21 ACGTTTTTTCCTTACTTCAAGEAGATAAATATCCC TRAAGGTAATTATC TOGAATOGAGT
a1 TFFPYFKETIMNMTIPETGHMNTYILESS:S
M AGGTTCTTTETAGATAAATCACGAGC AR AGATATTCTCGO TAATCAATACCCAATTAGT
im ® FFVDKSHREAKDILOGHNE?YPI®S
d61 TCGATGTTGTTTCT T T A TGATTAATTACTC AAGGEACA A MGG TTATGATGRAATATAT
121 S ML FLSsEMINYSEDKGYDIGTIY
421 ACGATAGTGAGTCACTC TATCC TRAC AT AT TAAAACGC TC TR C TROGG AA T TCGCG T
141 T I v & HPMLTILEKRZSESEGWG I RV
481 GTOAACAAGG T T IO T AG A A AGCAAGAAACACTCTATTTEGTTTTTCTTCCCG TTGAT
161 VEOGLSEKETEHRWWVYLWYVFLPYDID
G41  GATCAGAATCAGGAAGCGTTOGC TCG TORTATTAACCG TAGCGGGACATTTATGAGCAAT
181 DENODEALARRINESTGTFMSEHN
0V PKITLOL 235
G001 GAATTCAAGCAGTGLCC TCTAAGGC TACC TRCCGCTAT TEC ACAGGCTTGATGAGCTET A
m ELKWPLEVYVPAAIT A0 A =
EvVvGeLETI AHKABMNILUYGEL KKV VN 215
661 ACTCAACGCrGAGC TRAT TRCA TG T TR AT TCAGGACGCC AAGT TTTTTCACAACTET
I HFKVTOSTIEKTIIGLTITI A&V ELY 195
T21 ToCCCATATEAAATTTTACC G TAC TG TTTTRATACCGAGAATAATCLCAACTTCCAGAT
TKGMSE 4% Y LI ENGRODSF I EK 17
T8l AGGTTTTACCCATAC TR CAG T AAAGGAT TTCAT TTCCTCLC TCRAGAGAATATTTCTT
NNLODKEKSEI MERCLSTIT I K E Y 156
1 TATTETTTAAT TG T T T TTACT T TCAATCATC TCTC TEC AAAGGGAGATGATTTTTTCAT
ADI LLdMOFTDEKIEKEETIFTDYVD 135
900 ATGCATCAATTAATAGC AT TEAAALG TG TCTTTTTTCTCTTCAATEAATOTATCAACAT
orY = 5DV I I 5L MALNDTGHTDH 115
961  CATCTGEATATGAGCTETOCACGATAATTCATAGCATAGCCAGATTETCGCCATCATCOGT
LvVFTY GMNITIHNYKEKSLDFTIEA 95
1021 AT A AT A TAT O G T T A T A TAT TATAT T TT T TAGACAGG TCGAATATCT TG
LoLRBRTHWNIVLSEKETWSFWPSI KMN T
1081 CAAGCTETAGTCE T TG T TAATAACCAGACTTTTCTCCC AAGAGAAAGGCGATATTTTAT
FsEALVYPDIHIODY KNEIEK?YIL®MNWV L
1141 TAAATGAGGC A A AN CAAC A A T A TATEC TEG TATTTGTTTTCTT TG TAGAGGTTAA
" EDPY S S5 T I I MESPNEKIEKNLYV 35
1201 CCCATTCA T O A TAAC TG AAA TAATEATCATT TCAGAGGGGTTTTTCTTATTC A48

M F 5 FKI1TGDYHDLMNEWMNFHIGEKTI 15
1261 CCATAAATCAGAAT TTRATG A TCL TAGTCATCCAGG TTTTCATTAAAATGACCTTTGA
VR ST 1T ES S S5 FLPGSM 1

1321 TTACCCTGCTTATTATTTCGC TOCTORAGAATAATGOOGACAT

Fig. 3-8. Nucleotide and deduced amino acid sequences of expl and expR from
Pectobacterium carotovorum subsp. carotovorum L1101. The start codons are

underlined and the stop codons are indicated by asterisk.

- 109 -



3-5. AZHAGEZD §AA AE9 A3un

P. chrysanthemi PY352] Expl @& 7| d& Luxl A% 992y HJSHuE
39tk P, chrysanthemi PY35% Expl:  Vibrio fischei ATCC 7744 Luxl
(AAA27552)¢} 11.5%, P. carotovorum subsp. carotovorum 1101 Expl®}+= 61.8%, P.
carotovorum subsp. carotovorum 1305 Expl®}= 61.3%, P. carotovorum subsp.
carotovorum L1313 Exple}+= 61.8%, P. carotavorum subsp. wasabiae 1312 Exple}+=
575%¢ wwzA AFAS JAa A%t 18]a Expl homologous protein©]
phylogenetic treeE ¥ ZA i} Fig. 3-9A¢t #t}

P. chrysanthemi PY35 ExpR® phylogenetic treeE & ExpRI} v 3to] ZHAl
39tk P. chrysanthemi PY35 ExpRE V. fischei ATCC 7744 LuxR (AAA27551)%}
14.7%, P. carotovorum subsp. carotovorum L1101 ExpR®} 58.1%, P. carotovorum
subsp. carotovorum 1313 ExpRe} 57.7%, P. carotovorum subsp. atrosepticum 130
ExpR$} 59.1%, P. carotavorum subsp. wasabiae 13129} 61.9% 2] whulz AEAd o
7FA a2 9d 2tk 18] 22 ExpR homologous protein® phylogenetic treeE 18 A3t
Fig. 3-9B¢} 2t} P. chrysanthemi PY35 ExpRE UE ExpRotsE A #AAEZ 7HA

AL A
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Expl (Pew L312)

Expl (Pee L301)

Expl (Pec L30)
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— Expl (Fca L107)

Expl (Pch PY35)
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Fig. 3-9. Phylogenetic tree showing the relationship of the Expl (A) and ExpR (B)

amino acids from the isolated soft-rot bacteria.

- 111 -
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61.8%2] wrulz AeAS 7l Ao P chrysanthemi PY35 ExpRE V. fischei
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2-2. 2T g9 53

oo ey EAL #dv A (Axiostar, ZEISS)olA #E3FAom 1%
phosphotungstic acid2 AF&3 Gram-staining 774 % transmission electron
microscope (JEM 1010, Jeol) S A+-&3+3itt.

2-3. &% H4A Az EARE =4
T FE8 Adesdgdsd 8 =SS e LB A, 28Tl A wjest
o A5 F3e 50 uM N-hexanoyl-L-homoserine lactone (HHL)S paper

discs (dia. 0.8 cm, Toyo Roshi Kaisha, Japan)ol| £#3tx C violaceum CV026<&
-3k soft agar (0.8%) FHol =Ath Overnight #I%F 3 paper disc F9 o] e
U+ purple colorg Hl7d o2 3slo] gt 3ho] A o5 Folsle] FEH HY

B AEzEdE ARE S48

2-4. T5W WYY ABEA Pd FAAY F=2Y
Ty WYl AEEd e 404 229L 98 AF Ak DNAYA AHLase

homologuesZ4-E] degenerate oligonucleotide primer 5-CAC YTR CAT YTT GAY
CAY GC-3 (sense) ¥ 5-ATC RAA TCC HGA VRA YGG C-3’ (antisense)E A
sl F2Yslgrt. 44 DNA fragment:® 300 bpth. PCR % [soft-rot
bacteria genomic DNA, Super-Therm DNA polymerase (JMR, Side Cup, Kent,
UK) under 30 cycles of denaturation at 94C for 30 sec, annealing at 50C for 30
sec, and extension at 72C for 30 sec] ¥ ¢F 300 bpe] DNA ©HE AT} o] &
HE d714L4EA BLAST search® Sato] &<lstltt. o]23 x7] DNA #7141 <
S vl" o & primer walking ®HS E3o] upstream ¥ downstream®] unknown
regiong &35ttt A3 open reading frameo] F¢1¥ % specific primer® =%
3l & pGEM-T Easy vector (Promega, Madison, WI, USA)e] Z243% 5 o3}
o]

AR
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2-5. &% WY Az EZ B3 FAAY LE

TEH HdAd 2HEEd 8 f3149 ORFE= EPF, 5-TCA TAT GAC AGT
AAA GAA GCT TT-3' ¥ EPR, 5-AAA GCT TTA TAT ATT CAG GGA
TC-3' (the Ndel and HindIll sites are underlined)& ©]&3to] FTEsldon F%
% E coli BL21 (DE3)Z host strain® 2 3}lo] Ndel, HindllI£ A&3 thg 6x His
tagging expression vector pET22b(+) (Novagen)® Ndel®t Hindlll %o
subcloning 3} 3 t}.

22
fols

2-6. #5% W44 EZEHEAY SEH AA

Az DNA qges 73 E coli cell® 30CoA IPTG inductiondt ¥ 4A]3F
i Fatdtt. SDS-PAGE #4S 98l AIXE 10 mM Tris-HCl (pH 7-0)¢llA
soniction¥t  Thg @M HA7|gEsA Y. IPTG-induced recombinant — cells®]
AHL-degrading activity:= A7] <933+  bioassay HHel  9s  EA35H%tT)
pET22-qqeS 33+ E. coli strain BL21 (DE3)< 50 pg/mé ampicillin $F-f LB ¥ A
oAl 37C, mid-log phase7t#] #jdatdrt HdL HFF %= 05 mM IPTGE FE3)
nomn 6A1Z v ettt vt F HMEE AR (6,000 g for 10 min)stA . &
A His-tag2 7}4 recombinant Qges HisTrap kit (Amersham)ol] 33ttt 100
mM  imidazole f€HCF QgeE elutiondtgdtt. &FAHNE  sodium  dodecyl
sulfate—polyacrylamide gel electrophoresis (SDS-PAGE)2 2 #2433 t).  Active
fractiong F&3}o] thA] ion exchange chromatography on a Q-Sepharose column
(Pharmacia)2 AA st AF AAGAZ F49 AEZE anion exchange Mono Q
HR (Pharmacia) column (pre—equilibrated with 20 mM MOPS buffer, pH 6.5.)°]
loading3l 91 th. Qge A& 714 fractione single protein peak® 3l SDS-PAGEO
s ¢«Ex& HAAstAh @A A2 Bradford Wl FaFAth

2-7. ¥8% AFAH AAFEAEE dg 75
Aol FAASAHL gusA (pCAMBIAL1301) gened gfp (pCAMBIA1302) gene,
CaMV35S promoter, hygromycino| # 342 2zt= hygromycin phosphotransferase

(hptll) genes 7}A| = binary vector pCAMBIA13013 pCAMBIA1302E 7|29 EH S
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overnight ¥l & Stow HAHH = o] FFE #EeAT} (Fig. 4-2). Table 4-4
& AHL-degrading bacteria® SZo]t} o]59] 16S rDNA 4 Z3}  Bacillus
cereus, B. anthracis, B. thuringiensis, Arthrobacter nicotianae, Agrobacterium
tumefaciens, and Bradyrhizobium japonicum (Table 4-4)& A =} t}.

wyelALEe A =

L)

. chrysanthemi PY35

= = P
of ¥ oy Axs A

quorum-quenching activity #+5& FANH7] Y& FEH
= A2 A AT Bacillus sp. GK023 ¢+ 2 &3tk s}
3G Th o] Al EA S Gram-positive, rot-shaped® Zo]7} ¢F 3-4 mm BEF o
LA L 28CATE (Fig. 4-4). P. chrysanthemi PY35ZS #AFAH] @ = HEUS
mj = o] HAsl oY Bacillus sp. GK029F €348 st9S W&

2%

H
[e]
| ottt (Fig. 4-3). olel@ Ade B3 FEgw 15d98d R ngze ¥

A =

EW P. chrysanthemi PY357F 7=kl 7Hd#gol A st WU AadEE4
< TAlFgoEA By BA FX7]ZR1 quorum sensing 712HE AT ER WS
Wbz e Aow FAHA
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Table 4-1. Similarity values of 16S rDNA sequences retrieved from the interior of

ginseng roots (Ganghwa, Geumsan and Jinan).

Closest relativespecies in the 16S rDNA sequence Similarity

Group Isolates Phylum database (Accession NO°) (%)
GangHwa
GH I GH1, GH7, GH13 HGCGPB?* Arthrobacter sp. AN4 (AJ551144) 98
GH I GH2, GH18 LGCGPB” Bacillus sp. FP1/2002 (AY124766) 99
GH 1II GH3, GH16 LGCGPB Bacillus sphaericus 205y (AF435435) 99
GH IV GH4, GH11, GH20 HGCGPB Kocuria carniphila CCM132T (AJ622907) 98
GH V GH5, GH9 Proteobacteria Rahnella sp. 3 (U90758) 99
GH VI GH6, GH14, GH17 HGCGPB Microbacterium phyllosphacrae DSM13468 (AJ277840) 98
GH VII GH8 Proteobacteria Pseudomonas sp. AEBL3 (AY247063) 99
GH VIII  GH10, GH19 HGCGPB Pseudoclavibacter helvolus DSM20419 (X77440) 99
GH IX GH12, GH21 LGCGPB Bacillus megaterium OM-B1551 (AF142677) 99
GH X GH21 LGCGPB Bacillus sp. R-6782 (AY422984) 99
GeumSan
GS 1 GS1 LGCGPB Paneibacillus polymyxa DSM36T (AJ320493) 99
GS I GS2, GS10 HGCGPB Uncultured soil bacterium clone 1245 (AF423215) 99
GS III GS3, GS6, GS9 LGCGPB Bacillus cereus ATCC14579 (AE017013) 99
GS IV GS4, GS18 Proteobacteria Erwinia persicinus LMG11254 (Z96086) 99
GS 'V GS5 LGCGPB Bacillus sp. KSM-P358 (AB073167) 99
GS VI GS7, GS15 LGCGPB Bacillus sp. Bchl (AF411118) 99
GS VII GS8 LGCGPB Bacillus megaterium KL-197 (AY030338) 99
GS VIII  GS11, GS17 Proteobacteria Pseudomonas sp. AEBL3 (AY247063) 99
GS IX GS12, GS20 Proteobacteria Unidentified bacteria (ABO04762) 99
GS X GS13, GS21 Proteobacteria Serratia plymuthica DSM4540 (AJ233433) 99
GS XI GS14, GS19 LGCGPB Bacillus flexus (AB021185) 99
GS XII GS16, GS22 HGCGPB Pseudoclavibacter helvolus DSM20419 (X77440) 99
JinAn
JA' 1 JA1, GS14, GS15 Proteobacteria Pseudomonas poae DSM14936T (AJ492829) 99
JA TI JA2, GS7 LGCGPB Bacillus cereus G9667 (AY138273) 99
JA TIT JA3, GS18 Proteobacteria Pseudomonas sp. AEBL3 (AY247063) 99
JA IV JA5, GS12 Proteobacteria Pantoea ananatis LMG20106 (AF364844) 99
JA'V JA6 Proteobacteria Serratia plymuthica DSM4540 (AJ233433) 98
JA VI JA8, GS17 HGCGPB Kocuria sp. oral clone AW006 (AF385532) 98
JA VII JA9, GS11, GS19 Proteobacteria Pantoea agglomerans LMG2565 (AF373196) 99
JA VIII  JA10, GS14 LGCGPB Bacillus sp. Behl (AF411118) 99
JA IX JA16 LGCGPB Bacillus sp. FP1/2002 (AY124766) 99
JA X JA20 Proteobacteria Pectobterium crotovora 1.MG2466 (Z96091) 99
JA XI JA21 Proteobacteria Unidentified bacteria (ABO04762) 99

“HGCGPB: high G+C Gram-negative bacteria (Actinobacteria)
PLGCGPB: low G+C Gram-positive bacteria (Firmicutes)

“Accession number of the nearest relative. When more than one sequence had the

same similarity, only the accession number of the first sequence in given.
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Table 4-2. Identification of cell-wall-degradation enzymatic activity by ginseng

endophytic bacteria (Ganghwa, Geumsan and Jinan).

Group Closest relative species in the 16S rDNA sequence ASPM* CDEA”
database (Accession NO) AFA HEA Cel Xyl Pel Prt
GangHwa
GH I Arthrobacter sp. AN4 (AJ551144) - - - - - +
GH I Bacillus sp. FP1/2002 (AY124766) ++ + + - - 4+
GH 1III Bacillus sphaericus 205y (AF435435) - - - _ _ _
GH IV Kocuria carniphila CCM132T (AJ622907) - - - - - +
GH V Rahnella sp. 3 (U90758) - - - - _ _
GH VI Microbacterium phyllosphaerae DSM13468 (AJ277840) - - - - - -
GH VII  Pseudomonas sp. AEBL3 (AY247063) + - - - - +
GH VIII  Pseudoclavibacter helvolus DSM20419 (X77440) - - - - - -
GH IX Bacillus megaterium OM-B1551 (AF142677) + + - - - +
GH X Bacillus sp. R-6782 (AY422984) - - - - _ +
GeumSan
GS | Paneibacillus polymyxa DSM36T (AJ320493) +++ e+t +++ A+t A+ A+
GS I Uncultured soil bacterium clone 1245 (AF423215) - - - - - _
GS I Bacillus cereus ATCC14579 (AE017013) ++ + + - - +
GS IV Erwinia persicinus LMG11254 (Z96086) - - - _ _ _
GS V Bacillus sp. KSM-P358 (AB073167) - - - - _ _
GS VI Bacillus sp. Bchl (AF411118) +H++ ++ ++ o+ A+t
GS VII Bacillus megaterium KL.-197 (AY030338) - - - - - +
GS VIII  Pseudomonas sp. AEBL3 (AY247063) ++ - - - - +
GS IX Unidentified bacteria (AB004762) - - - - - _
GS X Serratia plymuthica DSM4540 (AJ233433) - - - - - +
GS XI Bacillus flexus (AB021185) + + + - - +
GS XII Pseudoclavibacter helvolus DSM20419 (X77440) - - - - - -
JinAn
JA'1 Pseudomonas poae DSM14936T (AJ492829) +++ o+ - - - 4
JA 11 Bacillus cereus G9667 (AY138273) ++ + + - - ++
JA 1II Pseudomonas sp. AEBL3 (AY247063) + - - - - +
JA IV Pantoea ananatis LMG20106 (AF364844) - - - - - _
JA'V Serratia plymuthica DSM4540 (AJ233433) - - - - - -
JA VI Kocuria sp. oral clone AW006 (AF385532) - - - - - +
JA VI Pantoea agglomerans LMG2565 (AF373196) - - - - - -
JA VII  Bacillus sp. Bchl (AF411118) ++ + ++ ++ + o+t
JA IX Bacillus sp. FP1/2002 (AY124766) + + - - _ +
JA X Pectobterium crotovora LMG2466 (Z96091) - - ++ + + +
JA XI Unidentified bacteria (AB004762) - - - - - _

“ASPM, Antifungal
activity; HE, Hemolytic activity

substances produced by microorganisms: AF, Antifungal

bCDEA, Cell-wall-degradation enzymatic activity: Amy, Amylase; Cel, Cellulase;

Xyl, Xylanase; Pel, Pectinase; Prt, Protease

‘Symbols: -,

respectively

+
’

++
’

+++ indicate no, presence, moderate and strong activity,
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Table 4-3. In vitro inhibitory activity against root pathogens by ginseng

endophytic bacteria (Ganghwa, Geumsan and Jinan) a

Isolates Closest relative species in the 16S  Rhizoctonia Fusarium Phythium Phtophtora
rDNA sequence database solnar oxysporum ultimum capasica
GH2 Bacillus sp. FP1/2002 14.8 12.2 8.0° 8.0
GHS8 Pseudomonas sp. AEBL3 11.0 11.9 8.2 9.6
GH12 Bacillus megaterium OM-B1551 10.7 11.4 8.0 8.0
GS1 Paneibacillus polymyxa DSM36T 17.5 17.2 14.8 13.2
GS3 Bacillus cereus ATCC14567 15.1 15.3 11.0 8.0
GS7 Bacillus sp. Bchl 17.9 17.6 13.2 8.4
GS11 Pseudomonas sp. AEBL3 11.8 9.6 8.0 8.6
GS14 Bacillus flexus 12.4 12.0 8.0 8.0
JA1 Pseudomonas poae 16.9 13.2 12.5 8.8
JA2 Bacillus cereus G9667 14.9 14.8 10.6 8.0
JA3 Pseudomonas sp. AEBL3 114 12.0 8.8 8.5
JA10 Bacillus sp. Bchl 14.5 14.8 12.3 8.0
JA16 Bacillus sp. FP1/2002 11.7 12.0 8.6 8.0

The antifungal activity was estimated by measuring the diameter of the clear
zone (including paper disks, 8mm diameter) of growth inhibition.

bEight (8.0) means only paper disk diameter.
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Fig. 4-1. Phylogenetic placement of 16S rDNA sequences from the interior of

Ganghwa ginseng root. Numbers above each node are confidence levels (96)

in fixed nucleotide

1S

The scale bar

generated from 1000 bootstrap trees.

substitutions per sequence position (A) Ganghwa, (B) Geumsan ginseng, (C) Jinan

ginseng. HGCGPB, High G+C Gram positive bacteria;, LGCGPB, Low G+C Gram

positive bacteria.
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Fig. 4-2. HHL-degrading activity of various isolated species from soils and plants.
Top agar (0.8%) contained C. violaceum CV026 and HHL.

Fig. 4-3. Microscopy of Bacillus sp. GKO2 isolated from ginseng interior. A,
Optical micrograph after Gram-staining; B, Transmission electron micrograph.
Scale bar = 1 pm.
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Table 4-4. List of the isolated quorum-quenching strains

Bacterial name Strain Source 16S rDNA
Bacillus cereus SB09 Soil Data not shown
Bacillus cereus SB10 Soil Fig. 4-6
Bacillus cereus SB12 Soil Fig. 4-7
Bacillus anthracis SB16 Soil Fig. 4-8
Bacillus thuringiensis SB17 Soil Fig. 4-9
Bacillus cereus SB19 Soil Data not shown
Bacillus cereus PB29 Plant Data not shown
Bacillus cereus PB30 Plant Data not shown
Bacillus cereus PB35 Plant Data not shown
Bacillus cereus PB37 Plant Data not shown
Arthrobacter nicotianae GKO1 Ginseng Data not shown
Bacillus thuringiensis GKO02 Ginseng Fig. 4-5
Bacillus cereus GGO3 Ginseng Data not shown
Bacillus cereus GJ02 Ginseng Data not shown
Agrobacterium tumefaciens SB25 Soil Data not shown
Bradyrhizobium japonicum SB28 Soil Data not shown

Fig. 4-4. Soft-rot symptoms after treatment with Bacillus sp. GKO02. A, The slice
was inoculated with 2 0 Bacillus sp. GKO02; B, Bacillus sp. GKO02 and P.
chrysanthemi PY35 were mixed treatment; C, P. chrysanthemi PY35 infection on
potato slice. Inoculation suspension containing cells to 1x10° CFU and 48 h

incubation.
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TTTACTCHAG AGTTTGATCE TOGCCTCAGGA TOAACGCTOS COGCHTOCCT AATACATGCA
AGTOGAGCGA ATCEATTAAG AGCTTCGCTCT TATCGAAGTTA GOERGCGCACTE GLHTHAGTAAC
ACGTOLCTAY CCTGOCCATA AGACTOOGAT AACTCOGGGA AACCHGLECT AATACCGGAT
AACATTTTGA ACTGCATCGET TCGANATTGA AAGGCGHCTT COGECTGETCAC TTATGGATGE
ACCCGCGTCR CATTAGCTAG TTCGGTCGAGGT AACCGECTCAC CAAGGCAMCG ATGCGTAGCC
CACTTGAGAG GUTGATOGGE CACACTGOGA CTCAGACACE GOUCAGACTC CTACGCEAGE
CAGCAGTAGG GAATCTTCOR CAATGGRACGA AAGTCTCGACGE GAGCAACGIC CUGTGAGTEA
THAAGGCTTT COGGTCGTAY AACTCTGTTE TTAGRGAAGA ACAAGTCGCTA GTTGHAATAAG
CTOLCACCTT GACGGTACCT AACTAGAAAG CCACGOETAA CTACGTGCCA GCARCTGCTE
TAATACGTAG CGTERCAAGED TTATCOOGGAA TTATOGHGCG TAAAGIGOGE GUAGGTCGTT
TCTTAAGTCT CATGTGAAAG COCACTGCTC AACCHTOGAG GOTCATTGGA AACTOGRAGA
CTTCAGTGEA GAAGAGGAAA GTOGAATTOC ATCTGTAGCE GTHAAATOOD TAGAGATATE
CAGGAACACT AGTCGGCGAAG GCGACTTTCT GOTCTGTAAC THACACTCGAG CUGCGASAGT
CTOOEGGAGTA AACAGCGATTA GATACTCTCE TAGTCCACDC CUTAAACGAT CAGTGCTAAG
TETTAGARGG TTTCCGCCCT TTAGTGCTGA AGTTAACGCA TTAAGCACTC COCCTOGGEA
CTACGOOCGE AAGOCTGAAS CTCAAAGGAS TTGACGOGGE CUCGCACAAG COGTGGAGEA
TOTGOTTTAA TTCRAAGCAY COCGAAGAAC CTTACCAGGT CTTCACATCC TCTGAAAACT
CTAGAGATAG GLCTTCTOCT TOOGGAGCAG AGTGACAGGT GUTGCATCGET TGHTOGTCAGE
TCOTCGTCETE AGATGTTCGEG TTAAGTOCOE CAACTEAGIGE AACTCTTGAT CTTAGTTGCC
ATCATTAAGT TOERCACTCT AAGCTCGACTG CCGCTGACAS ACCGGAGGAY GOHTHEGEATE
ACGTCAAATC ATCATOOCCT TTATGACCTG GUCTACACAC GTGCTACAAT GLACGGTACA
AAGAGCTECA AGACTOCGAG GTOCAGCTAA CCTCATAAAS CCGTTCTCAG TTCOGCGATTET
AGGCTGCAAC TOMCCTACAT CGAAGCTGGAA TOGCTAGTAA TOGCGEATCA GCATGOC

Fig. 4-5. Nucleotide sequence of 16S rDNA from Bacillus sp. GKO2.
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COGAGAGTTT GATCCTGHCT CAGGATGHAAC GUTGHCGECG TOCCTAATAC ATGCAAGTCD
AGUCGAATOGA TTAAGARCTT GUTCTTATGA AGTTAGOGOC GERACGGCTGA GTAACACGTE
GOTAACCTOE CCATAAGACT GORATAACTC COGGAAACTG GOUCTAATAC CUGATAACAT
TTTCAACCHC ATGOTTOGAA ATTGAAAMIC GLCTTCHGCT GTCACTTATG GATHGACTCE
COTCGCATTA GUTAGTTEGT GARGTAACHS CTCADCAAGD CAACGATGOG TAGCOGACCT
GAGAGEGTCA TOGGOCACAC TOOGACTGAG ACACGGCCTA GACTCCTACT GUAGECAGTA
GTAGGEAATC TTCCHCAATE GACGAAAGTC THACGGARCA ACHOCGCGTE AGTGATGAAG
GCTTTOGOGT COTAAAACTC TOTTCTTAGG GAAGAACAACG TOCTAGTTGA ATAAGCTOGC
ACCTTGACHS TACCTAACCA GAAAGITACG GUTAACTACE TGCCAGCAGT COCGGTAATA
COTAGETOOE AAGCETTATC CORAATTATT CGUGCGTAAAG COCGCGCAGE TOGTTTCTTA
AGTCTGATET GAAAGCTCAC GICTCAACTG TOGAGGETCA TTOGAAACTG GLAGACTTGA
CTOCAGAAGA CEAAAGTEGA ATTOCATGTG TAGCUOTEAL ATGOGTAGAG ATATHGAGEA
ACACCAGTOS CGAAGGOGAC TTTCTGOTCT GTAACTEACA CTHARGCGCG AAAGCETOE
GAGCAAACAG GATTAGATAC CCTGOTAGTC CACGOCGTAA ACGATGAGTE CTAAGTGTTA
GAGLGTTTOD GUCCTTTAGT GCTGAAGTTA ACGCATTAAG CACTCCGCCT GUGGAGTACG
GEOGCAAGGT THAAACTCAA AGGAATTCAC GUOCGHCCCGE ACAAGCLGTE GAGCATGETE
TTTAATTCGA AGCAACTCGA AGAACTTTAC CAGGTCTTGA CATCCTCTEA AAACTCTAGA
GATAGEGCTT CTCCTTORGR AGCAGAGTGA CAGGTOGTGC ATGGTTETOR TCAGCTCGTG
TCGTGAGATE TTOWETTAAG TOUCGCAACT AGCHCAACTE TTGATCTTAG TTGCCATCAT
TAAGTTOOGC ACTCTAAGGT GACTOOCGGT GACAAACTOE ARGAAGCTGG GUATGACGTC
AAATCATCAT GUCCCTTATG ACCTOGGETA CACACGTGCT ACAATOCACT GTACAAAGAR
CTOCAAGACT GUGARGTEGA GCTAATCTCA TAAAACCHTT CTCAGTTCOE ATTGTAGGCT
GCAACTOGOET TACATGAAGT TOGRAATOGET AGTAATCOROG GATCAGUATE COGCRGTGAA
TACGTTCOCCG GLCCTTETAC ACACCGCCCG TCACACTACE AGAGTTTGTA ACACTCGAAR
TCGOTOOOET AACCTTTTTG GAGCCAGETD CCTAAGETCE GACAGATGAT TOGGHETEAAR
TCGTAACAAG GTAGCCGTA

Fig. 4-6. Nucleotide sequence of 16S rDNA from Bacillus sp. SBI10.
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COGAGAGTTT GATCCTGHCT CAGGATGHAAC GUTGHCGECG TOCCTAATAC ATGCAAGTCD
AGUCGAATOGA TTAAGARCTT GUTCTTATGA AGTTAGOGOC GERACGGCTGA GTAACACGTE
GOTAACCTOE CCATAAGACT GORATAACTC COGGAAACTG GOUCTAATAC CUGATAACAT
TTTCAACCHC ATGOTTOGAA ATTGAAAMIC GLCTTCHGCT GTCACTTATG GATHGACTCE
COTCGCATTA GUTAGTTEGT GARGTAACHS CTCADCAAGD CAACGATGOG TAGCOGACCT
GAGAGEGTCA TOGGOCACAC TOOGACTGAG ACACGGCCTA GACTCCTACT GUAGECAGTA
GTAGGEAATC TTCCHCAATE GACGAAAGTC THACGGARCA ACHOCGCGTE AGTGATGAAG
GCTTTOGOGT COTAAAACTC TOTTCTTAGG GAAGAACAACG TOCTAGTTGA ATAAGCTOGC
ACCTTGACHS TACCTAACCA GAAAGCTACG GUTAACTACE TGCCAGCAGT COCGGTGATA
COTAGETOOE AAGCETTATC CORAATTATT CGUGCGTAAAG COCGCGCAGE TOGTTTCTTA
AGTCTGATET GAAAGCTCAC GICTCAACTG TOGAGGETCA TTOGAAACTG GLAGACTTGA
CTOCAGAAGA CEAAAGTEGA ATTOCATGTG TAGCUOTEAL ATGOGTAGAG ATATHGAGEA
ACACCAGTOS CGAAGGOGAC TTTCTGOTCT GTAACTEACA CTHARGCGCG AAAGCETOE
GAGCAAACAG GATTAGATAC CCTGOTAGTC CACGOCGTAA ACGATGAGTE CTAAGTGTTA
GAGLGTTTOD GUCCTTTAGT GCTGAAGTTA ACGCATTAAG CACTCCGCCT GUGGAGTACG
GUOGCAAGGT THAAACTCAL AAGAATTCAC GUCCGHCCCGE ACAAGCLGTE GAGCATGTGE
TTTAATTCGA AGCAACTCGA AGAACTTTAC CAGGTCTTGA CATCCTCTEA AAACTCTAGA
GATAGEGCTT CTCCTTORGR AGCAGAGTGA CAGGTOGTGC ATGGTTETOR TCAGCTCGTG
TCGTGAGATE TTOWETTAAG TOUCGCAACT AGCHCAACTE TTGATCTTAG TTGCCATCAT
TAAGTTOOGC ACTCTAAGGT GACTOOCGGT GACAAACTOE ARGAAGCTGG GUATGACGTC
AAATCATCAT GUCCCTTATG ACCTOGGETA CACACGTGCT ACAATOCACT GTACAAAGAR
CTOCAAGACT GUGARGTEGA GCTAATCTCA TAAAACCHTT CTCAGTTCOE ATTGTAGGCT
GCAACTOGOET TACATGAAGT TOGRAATOGET AGTAATCOROG GATCAGUATE COGCRGTGAA
TACGTTCOCCG GLCCTTETAC ACACCGCCCG TCACACTACE AGAGTTTGTA ACACTCGAAR
TCGOTOOOET AACCTTTTTG GAGCCAGETD CCTAAGETCE GACAGATGAT TOGGHETEAAR
TCGTAAACAG GTAGCCGTA

Fig. 4-7. Nucleotide sequence of 16S rDNA from Bacillus sp. SB12.
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COGAGAGTTT GATCCTGHCT CAGGATGHAAC GUTGHCGECG TOCCTAATAC ATGCAAGTCD
AGUCGAATOGA TTAAGARCTT GUTCTTATGA AGTTAGOGOC GERACGGCTGA GTAACACGTE
GOTAACCTOE CCATAAGACT GORATAACTC COGGAAACTG GOUCTAATAC CUGATAACAT
TTTCAACCHC ATGOTTOGAA ATTGAAAMIC GLCTTCHGCT GTCACTTATG GATHGACTCE
COTCGCATTA GUTAGTTEGT GARGTAACHS CTCADCAAGD CAACGATGOG TAGCOGACCT
GAGAGEGTCA TOGGOCACAC TOOGACTGAG ACACGGCCTA GACTCCTACT GUAGECAGTA
GTAGGEAATC TTCCHCAATE GACGAAAGTC THACGGARCA ACHOCGCGTE AGTGATGAAG
GCTTTOGGGT COTAAAACTC TOTTOTTAGG GAAGAACAAG TOCTAGTTGA ATAARCTOGA
ACCTTGACHS TACCTAACCA GAAAGITACG GUTAACTACE TGCCAGCAGT COCGGTAATA
COTAGETOOE AAGCETTATC CORAATTATT CGUGCGTAAAG COCGCGCAGE TOGTTTCTTA
AGTCTGATET GAAAGCTCAC GICTCAACTG TOGAGGETCA TTOGAAACTG GLAGACTTGA
CTOCAGAAGA CEAAAGTEGA ATTOCATGTG TAGCUOTEAL ATGOGTAGAG ATATHGAGEA
ACACCAGTOS CGAAGGOGAC TTTCTGOTCT GTAACTEACA CTHARGCGCG AAAGCETOE
GAGCAAACAG GATTAGATAC CCTGOTAGTC CACGOCGTAA ACGATGAGTE CTAAGTGTTA
GAGLGTTTOD GUCCTTTAGT GCTGAAGTTA ACGCATTAAG CACTCCGCCT GUGGAGTACG
GEOGCAAGGT THAAACTCAA AGGAATTCAC GUOCGHCCCGE ACAAGCLGTE GAGCATGETE
TTTAATTCGA AGCAACTCGA AGAACTTTAC CAGGTCTTGA CATCCTCTEA CAACTCTAGA
GATAGEGCTT CTCCTTORGR AGCAGAGTGA CAGGTOGTGC ATGGTTETOR TCAGCTCGTG
TCGTGAGATE TTOWETTAAG TOUCGCAACT AGCHCAACTE TTGATCTTAG TTGCCATCAT
TTAGTTOOGC ACTCTAAGGT GACTGOCGGT GACAAACTOE ARGAAGCTEG GUATGACGTC
AAATCATCAT GUCCCTTATG ACCTOGGETA CACACGTGCT ACAATOCACT GTACAAAGAR
CTOCAAGACT GUGARGTEGA GCTAATCTCA TAAAACCHTT CTCAGTTCOE ATTGTAGGCT
GCAACTOGOET TACATGAAGT TOGRAATOGET AGTAATCOROG GATCAGUATE COGCRGTGAA
TACGTTCOCCG GLCCTTETAC ACACCGCCCG TCACACTACE AGAGTTTGTA ACACTCGAAR
TCGOTOOOET AACCTTTTTG GAGCCAGETD CCTAAGETCE GACAGATGAT TOGGHETEAAR
TCGTAACAAG GTAGCCGTA

Fig. 4-8. Nucleotide sequence of 16S rDNA from Bacillus sp. SBI16.
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COGAGAGTTT GATCCTGHCT CAGGATGHAAC GUTGHCGECG TOCCTAATAC ATGCAAGTCD
AGUCGAATOGA TTAAGARCTT GUTCTTATGA AGTTAGOGOC GERACGGCTGA GTAACACGTE
GOTAACCTOE CCATAAGACT GORATAACTC COGGAAACTG GOUCTAATAC CUGATAACAT
TTTCAACTOC ATGOTTOGAA ATTGAAAMIC GLCTTCHGCT GTCACTTATG GATHGACTCE
COTCGCATTA GUTAGTTEGT GARGTAACHS CTCADCAAGD CAACGATGOG TAGCOGACCT
GAGAGEGTGA TOGGUCACAC TOOGACTGAG ACACGGCCTA GACTCCTACA GUAGECAGTA
GTAGGEAATC TTCCHCAATE GACGAAAGTC THACGGARCA ACHOCGCGTE AGTGATGAAG
GCTTTOGOGT COTAAAACTC TOTTCTTAGG GAAGAACAACG TOCTAGTTGA ATAAGCTOGC
ACCTTGACHS TACCTAACCA GAAAGITACG GUTAACTACE TGCCAGCAGT COCGGTAATA
COTAGETOOE AAGCETTATC CORAATTATT CGUGCGTAAAG COCGCGCAGE TOGTTTCTTA
AGTCTGATET GAAAGCTCAC GICTCAACTG TOGAGGETCA TTOGAAACTG GLAGACTTGA
CTOCAGAAGA CEAAAGTEGA ATTOCATGTG TAGCUOTEAL ATGOGTAGAG ATATHGAGEA
ACACCAGTOS CGAAGGOGAC TTTCTGOTCT GTAACTEACA CTHARGCGCG AAAGCETOE
GAGCAAACAG GATTAGATAC CCTGOTAGTC CACGOCGTAA ACGATGAGTE CTAAGTGTTA
GAGLGTTTOD GUCCTTTAGT GCTGAAGTTA ACGCATTAAG CACTCCGCCT GUGGAGTACG
GEOGCAAGGT THAAACTCAA AGGAATTCAC GUOCGHCCCGE ACAAGCLGTE GAGCATGETE
TTTAATTCGA AGCAACTCGA AGAACTTTAC CAGGTCTTGA CATCCTCTEA AAACTCTAGA
GATAGEGCTT CTCCTTORGE AGCAGAGTGA CAGGTOGTGC ATGGTTETCA TCAGCTCGTG
TCGTGAGATE TTOWETTAAG TOUCGCAACT AGCHCAACTE TTGATCTTAG TTGCCATCAT
TAAGTTOOGC ACTCTAAGET GACTGOCGGT GACAAACTAL ARGAAGCTGD GUATGACGTC
AAATCATCAT GUCCCTTATG ACCTOGGETA CACACGTGCT ACAATOCACT GTACAAAGAR
CTOCAAGACT GUGARGTEGA GCTAATCTCA TAAAACCHTT CTCAGTTCOE ATTGTAGGCT
GCAACTOGOET TACATGAAGT TOGRAATOGET AGTAATCOROG GATCAGUATE COGCRGTGAA
TACGTTCOCCG GLCCTTETAC ACACCGCCCG TCACACTACE AGAGTTTGTA ACACTCGAAR
TCGOTOOOET AACCTTTTTG GAGCCAGETD CCTAAGETCE GACAGATGAT TOGGHETEAAR
TCGTAACAAG GTAGCCGTA

Fig. 4-9. Nucleotide sequence of 16S rDNA from Bacillus sp. SB17.
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3-3. %24 WAy 21583 va) §349 22Y
ey Bey 1523 B 494 2248 9dd 2e 949 AF Ak DNA

ol 4 AHLase homologues®| 7]%3%F degenerate oligonucleotide primer 5-CAC YTR
CAT YTT GAY CAY GC-3 (sense) ¥ 5-ATC RAA TCC HGA VRA YGG C-3
(antisense)E& AF&3le] PCR 533 A3} oF 300 bpe) DNA ©@#H S At} o] ©HA
S Y9U7IMEEA BLAST searchE S8t 1%t A3 Bacillus cereus group?]
AHLase (aiiA gene)$t 2 Al5oz #AWHFHIIT o]83 %7] DNA 4714 LS v}
Yo 2 primer walking #HS %39 upstream % downstream®| unknown region
S Fosdrt. 4A3 ok 1.0 kb9 open reading frameo] <lE Qo™  specific
primer2 %% & pGEM-T Easy vector (Promega, Madison, WI, USA)el| =4
A=

Table 4-5. List of gge genes from quorum-quenching bacteria

Amino

Strain ORF acids pl Mw Sequence
Bacillus SB09 753 250 493 28,060 Data not shown
Bacillus SB10 753 250 4.83 28,121 Fig. 4-11
Bacillus SB12 753 250 4.89 28,220 Fig. 4-12
Bacillus SB16 753 250 4.81 28,030 Fig. 4-13
Bacillus SB17 753 250 4.88 28,019 Fig. 4-14
Bacillus SB19 753 250 4.89 28,190 Data not shown
Bacillus PB29 753 250 4.83 28,117 Data not shown
Bacillus PB30 753 250 4.89 28,226 Data not shown
Bacillus PB35 753 250 4.83 28,125 Data not shown
Bacillus PB37 753 250 4.89 28,227 Data not shown

Arthrobacter GKO01 753 250 474 28,046 Data not shown
Bacillus GKO2 753 250 4.74 28,056 Fig. 4-10
Bacillus GGO3 753 250 4.89 28,161  Data not shown
Bacillus GJ02 753 250 4.88 28,193 Data not shown
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Fig. 4-10. Nucleotide and deduced amino acid sequences of the gge gene from
Bacillus sp. GKO02. The start codon is underlined and the stop codon is indicated
by asterisk.

ATCACAGTAAAGAAGCTTTATT TOG T CCAGCAGG TCGTTOTATG TTAGATCACTCTTCT
M TV EKKLYFWVPFAGRELCMLDHESS

CTTAACAGTACAT TAACACCAGGGAAAT TAT TAGAC T TACC GG T T TG TGTTATCTTTT:
VN STLTPGEKLLDLPVWYC?TYLL

GAGACTHAAGAAGGACC TATTT TAGTAGATACAGGTATOCCAGAAAGTCCAGTTAATAAT
ETEECGPFTITLWVDTIGHMPET®SA ATV NN

AL TT e T TTAACGC TACAT TTE TOGAAGGACAGE TTTTACT AAAAATCACTGAAGAA
EGLFNCGTTF FWVETGDODVLFPFIEKUMTEE

AT AGAA TG TEAATATTT TAAACCLCG T TR T TATRAGCCGRAAGACCTTCTTTATATT
ORI VNILEKEREVVGEYEPETDLILYI

ATTAGTTC T AT T AT TTTGATCATGCAGGAGCARATOOCGCTTTTATAAATACACTA
[ 5 S HLHFUDHACGDGHMNIDGAFTI NTFP

ATCATTGTACAGCGTOC TEAAT AT AGGCCAC AACATACTEAAGAATATATGARAG AL
[ T v 0O R A EY EAAODOHZSEETYMEKE

T AAA T T AT TTAAAC T ACAAAA TCAT TEAGG LA TTATGAAGTCL TACT AGGA
cCkKLPMLNY KITI I EGDYEWVYVPIDG

CTTCAATTATTETATACACCAGGACATAC TOC GGG ATCAGTOGC TATTCATTGAGACA
Vo LLYTPGHTPGHIOGOSLFTIET

GAGAACT TG T AL TETTAT TAACAA TCRA TG ACT G TATACAAAAGAAAATTTTCAA
ENSGPVLLTTIDAPYTUEKENMNTFE

AT A T AT T TG AT TTEATCC AGAAT TAGCTTTATCTTCAATTAAACETTTA
ODEVPFAGFDPELALUSSI KEREL

AAACAAG T T AT AAAA A A AR CAATTGTTTTCT TTOOGCATEATAT AGAGTAGT AL
K EVYV I KEEKPIWVFFIGHTDIET® OGQE

AAGCGATETAAAGTGATOCCTRAATATATATAG
Ko CKWVIPETYTI =
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I ATGACAGTAAAGAAACT TTATTTCATCCCAGCAGG TCL T TRCATGTTGGATCAT TCGTCT
1 MM TV K KLZYFIPAGRT CMILDHZSZS

Bl GTTAACAGTGOG T TAAC A GG A A TAT TAAACT THCC GG TET GG TETTATCTTTTG
21 VM e ALTPGEKLLNMLPYWCOCYLL

121 GAGACGAAGAAGG TCCTATTTTAGTAGACACAGG TATHCCAGAAAGTOCAGTTAATAAT
41 ETEETGPTILUYDTZ GMPEZ®SANV NN

181 GAAGCECTTTTTAACGCTACAT T TG T TCAAGGACAGA TCTTACCEA A ATCACTEAAGAA
£l EGLFNGTV FVWVET GDQTIULIPIEKMTEE

241 GATAGAATCOTGEAATATATTAAAGCGTOTAGCETATCAGCCGRGACGACCTTTTATATATT
&l DRI vNNILKRERWVGEGY EPDDLTLYI

M ATTAGTTCTCACT TACATTTTGATCATGRCAGCAGEAAACGGTOCTTTTACARATACACTA
10 [ = S HLHFUDHATGGNTIGAFTMNTP

a6l ATTATTCOTGCAGCEAACGGAATATCAGGCAGCACTTCATAGAGAAGAATATATEAAAGAA
121 I I v o BRTEVYEH AALHEEETYMWMEKE

421 TeTATATTAC G ATTTCAACT ACAAAATTATTCAAGGGGEATTATCAAG TR TACTAGET
141 ¢ I L PHLNY KI I EGDY EV VPG

481 GTTCAATTATTETATACGCCAGGTCATTCTOCAGECCATCAGTCGCTAT TCATTCAGACT
181 v o L LY TPGHSPGHIOOSLFTIET

G41 GAGCAATCCGGTTCAGTTTTAT TAAC AT TEATCCATCG TACACGASAGAGAATTTTRAL
181 EQ s G s vVLLTTITIDASYTKEWMNTFE

B0 GATCGAAG TGO T T AG AT TTEA TCCAGAATTAGC TTTATCTTCAATTAAACGTTTA
20 DEVPFAGFDPELALSZSEI KEL

Bl AT T A A A A A AN TTATTTTCTT TR TCATCATAT AGAGC AT AL
221 KEV YV KEKEIKZPTITIFFTGHTDTIET® QGE

721 AAGAGTTOTAGAGTETTCCCGGAATATATATAG
241 K s CHRVFPEYTI =

Fig. 4-11. Nucleotide and deduced amino acid sequences of gge from Bacillus
sp. SB10. The start codon is underlined and the stop codon is indicated by
asterisk.
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I ATGACAGTAAAGAAGCTTTATTTCATCCCAGCAGGTCO T T TATGTTAGATCATTCTTCT
1 MM TV K KLZYFIPAGRT CMILDHZSZS

Bl GTTAATGETACACT O GG A T T TAT TR AACT TACC TG TAT GG TG TTATCTTTTG
21 v e TLAPGNLLNMLPYWCYLL

121 GAGACAGAACGACGLECCTATTTTAGTAGATACAGG TATHCCAGAAAGTECAGTTAATAAT
41 ETEETGPTILUYDTZ GMPEZ®SANV NN

181 GAAGCECTTTTTAACGCTACAT T TG T TCAAGGACAGA TTTTACCEAAAATCACTGAAGAA
£l EGLFNGTV FVWVET GDQTIULIPIEKMTEE

241 GATAGAATCOTGEAATATATTAAAGCGTOTAGCETATCAGCCGRGACGACCTTTTATATATT
&l DRI vNNILKRERWVGEGY EPDDLTLYI

N ATTAGTTCTCACT TACAT T T TGATCA TG CAGGAGEAAACGGTOTTTTTACAAATACACTG
10 [ 5 S HLHFUDHAGGNIGYFTMTP

a6l ATTATTCOTGCAGCEAACGGAATATCAGGCAGCACTTCATAGAGAAGAATATATEAAAGAA
121 I I v o BRTEVYEH AALHEEETYMWMEKE

421 TeTATATTAC G ATTTCAACT ACAAAATTATTCAAGGGGEATTATCAAG TR TACTAGET
141 ¢ I L PHLNY KI I EGDY EV VPG

481 GTTCAATTATTETATACGCCAGGTCATTC TOCAGECCATCAGTCGTTAT TCATTCAGACT
181 v o L LY TPGHSPGHIOOSLFTIET

G41 GAGCAATCCGGTTCAGTTTTAT TAAC AT TEATCCATCG TACACGASAGAGAATTTTRAL
181 EQ s G s vVLLTTITIDASYTKEWMNTFE

B0 GATCGAAG TGO T T AG AT TTEA TCCAGAATTAGC TTTATCTTCAATTAAACGTTTA
20 DEVPFAGFDPELALSZSEI KEL

Bl AAACEAG T T T A A A A A AT TGO TTTTCTT TG TCATCATAT AGAGCAGTAL
221 K GV VvaKEKPILIVFFCGHTDTIEH® GE

721 AAGGCTTOTAGAGTETTCCCTHAGTATATATAG
241 K G CRVFPEYTI =

Fig. 4-12. Nucleotide and deduced amino acid sequences of gge from Bacillus
sp. SB12. The start codon is underlined and the stop codon is indicated by
asterisk.
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I ATGACAGTAACGAAACT TTATTTCATCCCAGCAGG TCL T T TATGTTGGATCATTCGTCT
1 MM TV THKLZYFIPAGRT CMMILDHZSZS

Bl GTTAACAGTGOG T TAAC A A A TAT TAAACT THCC GG T TG TETTATCTTTTG
21 VM e ALTPGEKLLNMLPYWCOCYLL

121 GAGACGAAGAAGG TCCTATTTTAGTAGACACAGG TATHCCAGAAAGTOCAGTTAATAAT
41 ETEETGPTILUYDTZ GMPEZ®SANV NN

181 GAAGCECTTTTTAACGGTACATTTOCAAAAGGACAGATTTTACCEAAAATCACTEAAGAA
£l EGLFNGIGTFAKT GDORTIULPIEKMTEE

241 GATAGAATTGTAACTATTTTAAAACGTOCAGGETATCAGCCAGATCATCTCCTATATATT
&l DRI VvVTI1ILKBEREACGYEPTDDLTLYI

N ATTAGT TG ACT TR AT T T TGATCA TR AGGAGEAAA TEGTOCTTTTTTEAATACTCTA
10 [ = S HLHFUDHATGGENTIGAFLMTP

d6l ATCATTATACAACGTCCTGAAT AT AR AGCHECAGCATAGAGAGGAATATT TGAAAGAG
121 I I I o8 A EY E A A OQOHEEETYLEKE

421 TeCATACTACCACGATTTAAACT ACAAAATTATTCAAGG TEATTATCAAG TG TACCTGET
141 ¢ I L PDLNY KI I EGDY EV VPG

481 GTTCEGTTATTETATACACCAGGACATTCTOCAGEGCATCAGTCATTATTAATTCAGACT
181 YV ARLLYTPGHSPGHIOOSLULTIET

G41 AN TOCG T TG TAT TAT TAAC AT TEATCCATC TTATACGASAGAGAATTTTRAL
181 EKSGPVLLTTIDAOSYTIKEWMNTFE

B0 GATCGAAGTACCGT T T oG AT TTCA T O AA T TAGCCTTATCTTCAATTAAACGTTTA
20 DEVPFACGFDS ELALSZSI KEL

Bl AAACAA T T A T A A A AT AT T TTTTCTTTRCACATCATATAGAAC AT AL
221 KEV VvV MEEIKPTIVFFTGHTDTIET® GGE

721 AAGGCATOTAAAGTETTCCCTHAATATATATAG
241 K G CKVFPEYI =

Fig. 4-13. Nucleotide and deduced amino acid sequences of gge from Bacillus
sp. SB16. The start codon is underlined and the stop codon is indicated by
asterisk.
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I ATGACAGTAAAGAAACT TTATTTCATCCCAGCAGG TCL T TUTATGTTGGATCATTCGTCT
1 MM TV K KLZYFIPAGRT CMILDHZSZS

Bl GTTAACAGTGOG T TAAC A GG A A TAT TAAACT THCC GG TET GG TETTATCTTTTG
21 VM e ALTPGEKLLNMLPYWCOCYLL

121 GAGACGAAGAAGG TCCTATTTTAGTAGACACAGG TATHCCAGAAAGTOCAGTTAATAAT
41 ETEETGPTILUYDTZ GMPEZ®SANV NN

181 GAAGCECTTTTTAACGGTACATT TG TTCAAGGACAGATCTTACC AR AR ATCACTGEAAGAA
£l EGLFNGTV FVWVET GDQTIULIPIEKMTEE

241 GATAGAATCOTGEAATATATTAAAGCGTOTAGCETATCAGCCGRGACGACCTTTTATATATT
&l DRI vNNILKRERWVGEGY EPDDLTLYI

N ATTAGTTCTCACT TACAT T T TGATCATGRCAGCAGEAAACGG TOCTTTTACAAATACACTG
10 [ = S HLHFUDHATGGNTIGAFTMNTP

a6l ATTATTCOTGCAGCEAACGGAATATCAGGCAGCACTTCATAGAGAAGAATATATEAAAGAA
121 I I v o BRTEVYEH AALHEEETYMWMEKE

421 TeTATATTACCGCATTTCAACT ACAAAATTATTCAAGGGEAT TATCARG TR TACCAGET
141 ¢ I L PHLNY KI I EGDY EV VPG

481 GTTCAATTATTETATACGCCAGGTCATTCTOCAGECCATCAGTCGCTAT TCATTCAGACT
181 v o L LY TPGHSPGHIOOSLFTIET

G41 GAGCAATCTGGTTCAGTTTTAT TAAC AT TEATCCATCATACACGASAGAGAATTTTGAL
181 EQ s G s vVLLTTITIDASYTKEWMNTFE

B0 GATCGAAG TGO T T AG AT TTEA TCCAGAATTAGC TTTATCTTCAATTAAACGTTTA
20 DEVPFAGFDPELALSZSEI KEL

Bl AT T A A A A A AN TTATTTTCTT TR TCATCATAT AGAGC AT AL
221 KEV YV KEKEIKZPTITIFFTGHTDTIET® QGE

721 AAGGCCTOTAGAGTETTCCCGGAATATATATAG
241 K G CRVFPEYTI =

Fig. 4-14. Nucleotide and deduced amino acid sequences of gge from Bacillus
sp. SB17. The start codon is underlined and the stop codon is indicated by
asterisk.
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3-4. &% HY9A AZER &3 FHAY 12 7+

aiiA homologous geneS! quorum-—quenching bacteriadl A & ® FHAAE gge=
B & A}, Bacillus sp. GK029 ggex ORF7}F 753 bp& 250 amino acidE <3 3}3}
H Exe 28056 Da, calculated plE 4.74%1t}. quorum-quenching bacteriaol Al £
2]8 gge gene°] Table 4-5 STt Bacillus qge genes Bacillus sp. 240Bl aiiA
gene?t FEdE vlagk A3 89-93% Wl At

A% 2

e

2484

i

3-5. #5¥ WA JdEz=4

TEH HAAd M5 EAE A ORF vhze] F#<21 EPF, 5'-TCA TAT GAC
AGT AAA GAA GCT TT-3" ¥ EPR, 5'-AAA GCT TTA TAT ATT CAG GGA
TC-3" (the Ndel and Hindlll sites are underlined)E ©]&3lo] FTE3gom =
% E coli BL21 (DE3)E host strain®.2 3}o] Ndel, HindllI= Awst t}8 6x His
tagging expression vector pET22b(+) (Novagen)® Ndel®t Hindll ¢4
subcloning 3} t}. His-tagged protein (Qge): ¢F 35 kDa®l EAHS 717 Aoz
gAH et AAE Qe protein> HHLS Falstd=dl e 102 % <F 70%9
HHLo] &3 ¥t} (Fig. 4-15).

3-6. #8% WA4 V52 2 /1%

AHLS +x24 E5EAL Holk 4F9 @kt o8 ®3l€ FHoltl Fig. 4212 9]
S 347 BAAAES AT 1 Fo A lactonase$t decarboxylases= lactone ring
9] positions 13 2& FAE ZHo]lH acylase®t deaminase= homoserine lactone
moiety 9} acyl side chain® sites 33 45 Z+z} 34 Holth, A4+Z2 3 (Dong and
Zhang, 2005)°] 98} lactone bond®} amide linkageE - UlFEIE =
acyl-homoserine lactonase (AHL-lactonase)® acyl-homoserine lactone acylase
(AHL-acylase)”} AHL 7|4d<& aAazrogy Fxxozm 13zttt AHL-utilizing
Bacillus sp. GK02¢ Qqge”’} AHL-lactonase &-& AHL-acylase Z}-&3F+=7}2 &<l
st7] 918l HHLS &4% &3] & 71 #3iitES HPLC % ESI-MSE &3to] &4
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sk St

HHL¥ HHL B AE&4HE2] ESI-MS #4243} quasimolecule M+H ion (at m/z
218)% Ho] FEd o]l HHL (M+H ion m/z 20002 &A% 7148 Ax=z 2
Aol 18 FT7He Ao YeERdth (Fig. 4-17). o] A= w]Fo] Ho} AHLE
homoserine lactone ring®] ester bond”} gge-encoded AHL-lactonase®] 2|3l 7}
Fu= Aow Felydr).
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Fig. 4-15. Time course inactivation of autoinducers by Qqe from Bacillus sp.
GKO02. The diluted protein and 50 pM HHL (H). The same volume of the
inactivated protein and HHL 50 uM (@).
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Fig. 4-16. Enzymatic inactivation of AHLs. AHL-lactonase hydrolyzed the lactone
ring of AHLs. AHL-acylase hydrolyzed AHLs to release the acyl side chain

moiety and homoserine lactone.
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Fig. 4-17. Analysis of HHL degradation product.
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3-7. FE% AZAY #AA FZJE8 9 7=

TEH O AYY A FEASS 3 ¥y FE5E& 9 H gusAs  7Hd
pCAMBIA1301¢} gfpE 713 pCAMBIAL302 WHE 7|2 o2 F2YS} ols &
- CaMV35S promoter, hygromycin®ll A& zt *E hygromycin

phosphotransferase (Aptll) geneS 7}A+= binary vectoro|tt (Fig. 4-18 & 4-19). 4
71 A9 Bacillus sp. GKO29lA #2]g 1 kbe9] 4% gge +##E pCAMBIAC
24957l Aol ZAzE AFEAY Eold HdEs s FHEA FERYOR
pBIN35S wWeEle] 243}t Binary vectore sense orientation @ % —TL%;}O%
electroporation (Gene Pulser II Electroporator, Bio-Rad, Hercules, CA, USA) #H o

= YEP mediume®l overnight ¥l %3+ A. tumefaciens LBA44049)] & 2 A 313t Zjiﬂr—t—
Fig. 4-20¢} #t}

c
Xbal+Sacl (_> cIpP <_>
foaeroac, —_ -

Xbal+Sacl
_

o ()

3

f

Subcloning3t FEHW A A FHAE 2 EE vector? pBIN35S vectore| cloning
7] 918l A Fig 4-18AdA HE= AT} o] a pBIN121 AlE<2] pBIN3SS vector; b,

Fig. 4-18. Strategy of gge gene into pBIN35S vector.

Xbal®t Sacl AasrzE A ¢, CIPHEE S8 Xbal® Sacl A3 e 57 -9
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X33t pBluescriptll SK+ vector; e, Xbal2}

22 f, 2582 A8 pBIN35SS vectorel] F

29 AFA F44 ligation B48S FASH Fig 4-18BolM = 7 dAE Ad4d9=

2 9 #7195 43 = A HA lane size marker, + WA laned

AAES £33 pBIN35SO uncut, Al WA laned FE4Y A3A §

E3e pBIN3SSE Xbalo 2 Ad, vl HA lane> T84 A FHA
pBIN35SE Xbal¢} Saclez Aahe A& yepd

O.

o
Ho

>

B H7 Y o
T

i

ot om lo
N
o
ox |o

3 ]

LI¥ Ik
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Msidn

LB 18
i g
g g
pCAMBIALZ qqe 4L v (T« PRI o -
LB HI%

Fig. 4-20. Construction of T-DNA containing gge gene for potato and Chinese
cabbage. The qge gene is regulated by the CaMV35S promoter. LB, left border;
RB, right border; nptll, hygromycin phosphotransferase gene; CaMV35S, CaMV35S
promoter; Nos, 3’ termination signal of nopaline synthase. lacZn, lacZn fragment;

gusA, [-glucuronidase; gfp, green fluorescence protein.

(¢3

2] < )
Aol EEldk AAHATY I T A st 16S rDNA A1 &4

cell-wall-degradation enzymatic activity 3%, Rhizoctonia solanil gk
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anti-fungal activitye &AstA T 53] WA wtol = thgst Alqto] o] 3l
A=t 53] FEAY BHo] Hol = AE AxE FHEasE EHshE v Al
ol EEFo AT E3F o] EAL Eo] FESO] YU Ao AEAEY
Wie JA5EA 2ad 7edae ds otk F5F we AAEE JIAWHATE Fol
= daAdEAS EHste AMuxE Exstn AqAed FEH 39 Ady S =
AAte] FEL 7|FAE] ¥ HAS A= ddo] e Aow FHHEG

wekA 12k 2 EFE YR Al @ Wi 7)Ee g2 HHLE 3 bl
Ao A 224 sk 28 7

ey

FE LB vl A 24zt wiF & v FHAS paper disc
Aol BEHE AT 2 o agar (0.8%), C. violaceum CV026, HHL 35 wijA] FHo
AT YAl overnight ®¢ F Setow AAPH= o] fFFE wHsH
AHL-degrading bacteria?l Bacillus cereus, B. anthracis, B. thuringiensis,
Arthrobacter nicotianae, Agrobacterium  tumefaciens, and Bradyrhizobium
japonicum< 2] A A 5153 )

FEH AsAddsd & vAdEe Iy o <) :
chrysanthemi PY35% g glste] ¥ A A=E B2 v. Bacillus sp. GK02<}

g4I e W

WAool 2 yetuA Fokn ol e Ade EEd FEH S
AGEZ B nAEo] FEH P chrysanthemi PY357F A2 A Agoll A #
H gt WA AadGEds Falgo=zA ¥ A 37122 quorum sensing 7|
28 AN ER HE FEeA] 2 Aoew FAHEY FEY YA NEEd B
A F2YS 98] AHLase homologuese] 7] %3} degenerate oligonucleotide

primerS AF&3te] PCR 523 A3 ¢F 300 bpel DNA ©@HE At} o] 3 %7
DNA 97| <9E vlE S22 primer walking "WH < %3] upstream % downstream
9] unknown region= <l &AS ¢k 1.0 kb9 open reading frame©] Q1%
o specific primer® SZ3 & pGEM-T Easy vector (Promega, Madison, WI,
USA)ol F 2433 aiilA homologous gene®l quorum-quenching bacteria®l A &2
H FHAE geeE BHEEAH FEH HAdAZ AT Fil A 12 FxE
ZAV3E A3 Bacillus sp. GK029] gge= ORF7} 753 bp® 250 amino acidE ¢33}
3t Exl#e 28056 Da, calculated pli= 4.7499th. Bacillus qge gene< Bacillus sp.
240B1 aiiA gene?} s/dS vlad Ay 89-93% WLl ANt FEH WG A

58Q B3 fAA9 B P T2THS 93 ORF wP2el 39 primers A43

=3
A3 thS 6x His tagging expression vector pET22b(+) (Novagen)® Ndel<}
oo subcloningd}1t}. His-tagged protein (Qge):= °F 35 kDa9| Ex}#S

7FA Aoz elxgdth AAE Qge proteing HHLS st Ag 1087 %
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°F 70%¢] HHLe] st FEW oA HAsEd i 718 A=
AHL-utilizing Bacillus sp. GK029 Qqe”’} AHL-lactonase << AHL-acylase’} 2}
gst=7kE eyl 98 HHLS &44 23 & 1 Z3i4t&S HPLC 3 ESI-MS
&  Botel  EAedth. HHLY HHL &4 ®sibEe  ESI-MS #4247
quasimolecule M+H ion (at m/z 218)& Ho] F%+=d o]+ HHL (M+H ion m/z
20008 &4 7iE A3E EAEke] 18 SUks o= yEehyt) o] AxE v F
o] Ho} AHL® homoserine lactone ring® ester bond’} gge-encoded
AHL-lactonase°l] o]a 7FrEais = Aoz SWATE o] FHA A= #8440
gelEo] FEH AFRAY HAIFAAEE HEHTS AFoR gusAS M
pCAMBIA1301¢} gfpE 717 pCAMBIAL302 MEHE 7|2 og F2YsAnt. 7] 2
@l Bacillus sp. GK02914 #2131 kbe] gge F372E pCAMBIA®] & =24 3}7]
Aol A a el &old Hes 93 TdA =Y o= pBIN3GS #Ete] F24 3t
2t} Binary vector:= sense orientation® 2 =3 Th oA FERYYE FHAES F
H AA A AR TS A% olF AFS Ao 5 FF gge

A4S HBHEd 22Ystel dozel A st
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1. A&

S A= AFgk npep o] Aol FEWE AAA A7) T EAoA I ol
g A el A AHAA FHFe] FaEs 7P 7] Wi 53], AAte] A g-ol=
el FHFdE B FS A= T8 Aoty ey okAl WA of
HaL ool oelg ¥ ofyet APE wek vig A AFAH FEFC S0 wWF A
=3 AAo|tt. ey 71E9 A (S, tuberosum)® 7S, 4 A (2n=4x)°l] o] ¥4
Pl Y HAAER wis E3 SFo] v ZEol vl g oY}t (Bradshaw
and Mackay 1994). welA w+<=A] (haploid)E F7]138te] &Fo] o] &3 74 (Ross

1986), BAAE 7)%S
Now Z7)o) AFets NAow AN 4B FDATA

GAA A B
Zwol A the 2HEd e w$ felshth (Ghislain et al 1997). fAbe FAAR o

%
<

To ZI7|AYEE ARZ Zo] o oJ¢kal (An et al. 1988; De Block 1988), H| L
A PAHZ o] & o] FoA= Ao dHA JAR AAE FAHE} AFARR o
2 BA g ol ATFAERE AEstet A golatA ol F
5 o837 Wwor AHAA A FFH A e $=2&9
24 T Azt o] B Aolg: Hol= o= d4#EA Ak (D'Amato 1975
De Block 1988; Dobigny et al 1996). 7#+e] ¢ 2 %% (De Block 1988)¢|1} 3] 7
%7} (Sheerman and Bevan 1988; Stiekema et al. 1988) 55 A &2 o] &3sto] 4
Aol o] &star glovt AR EE Ao wE AN FAHEE o] tE Wt
ofel FEdd WA E B zto]lE Holil 9SS High up Qlth. Syt AL
HIA AAE o] &3 FEAE AFEo] Hol Hauxi 9ot (Choi et al. 1996;
Joung et al. 1996; Youm et al. 2002) =3] dH =& a
2A vebd F de AAe AR 2oy FAHE 218 e Hie gRly
A gkar glvk A2/ sl elel A G A7 AR (Youm et al. 2002)= ol o
&5 3 9+ 'Desiree’ ¢ 22 dHF FFo F
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2. A 2 B9

2-1-1. A EF9 FE8YH AIAY A ¥ screening

2-1-2. &

Zpol| A H-e]st FEEW At (Pectobacterium carotovorum

1
=4

subsp. aarotovorum)?©|

¥ ARE 24

=
=

=FE F

z:s‘_]_—

°o]-&

=
=

A2 71W A=A

2-1-3.

(Pectobacterium carotovorum

D231 C AT UYL
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2-3. A A=A FAAEE FS AT WEF =4 75

2-3-1. A &A=
o FEEFoR AAE A ‘F9’ (Chubaek), “F4" (Namsuh), ‘4" (Jasim),
‘2% (Jopung), ‘=Y’ (Jowon) & 5 #F & AEZ o] &3St

2-3-2. WA S WPy

Azl FFE AL 23 rEs st A viAE AREsEd ol & wiA 9
7138 MS HiA| (Murashige and Skoog 1962)°o]™, M1 MbHujA &= el A~ A
A4 Qo] A AxE F71A717] A&l o] &3 Aom GAE FEekA Fal A
Ao A ALske] A Fatdek. M69F M7 A= indirect A #3}o] o] &3 Aow

AAZAE 1497 AY 2 §7] 6 ]/\1 HjFeto] A~ F7IAIZ o3 AlEskE
ﬂi% ‘IT7] 371 Yaf o] g3ttt A A ASE Agrobacterium tumefaciens LBA4404
CollA & mjksld o, LZ} A EA = 23+1CoA 16417 4 2Hdo =

2-3-3. &2 AEs £ FAASE

7} 2] ffi’é!ﬂﬁg Visser % (1989)¢] W3} Joung 5 (1996)o] HH S 38344
FRstAT A 22 TIWel A FAAZ o A AEAE HEpolEoA &
5 24 W+ XHHH"W]H 5047 BHAIZ vhy A FH Sk AREsEAh AHFH g
o a9 = 05% (v/v)e sodium hypochlorite
(NaOCl) &) 0.5 15%7& s5w 1 AEF F WIS 568 AHRSAT oy wE
AL el AAlste o] % ““éﬁﬂ o HA) & /‘}’QOP"% AEE Y FEES A
At 1 em®e @72 Adste]

il

A
A E719] A FrdEe] v AA JA"guder 55 %*—l/\lfl A A=A =T
H gt ALtk AHEE E71E Aves XA @2 AUNEAE °F 05 cm

Z’;ﬁ‘ 1Ee)
o] Aol2 Huste] A&ttt Wdd A A4S ¥
(Clontech, USA)= @ H3%H Agrobacterium. = 103t
AP a & vA= HEm FE acetosyringone®] &
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|
kanamycin®] F7}® AukejA] o] wjksie] AE = AES
01 mg/¢ GA; 20| H7lel AAF28x (MUM)

el
120 pmo. 2 A& WiF7ol N FAAAG AAZFAMANA F4H A
™

o [ g ﬂi:f o
2 et ol
o Imodo s 2
e U
N EOI' ot
rlo n 2, ol
o F rf = :
o o (=
=2 ! B
o> @

B > =2 oo Xl

fm g B
o

5
¢
N
2
i)
(i,
ofk

FAAE gAY 4
E] total DNA &8 Teresa & (1995)0] o]&3 WHS ti
Fstdt. ok 01 go o @A 9 228 15 ml micro centrifuge tube
FAA g2 43 L tissue grinder® ZZ S 34
staAth ol % 0.7 mee] A DNA F=8& ¢2k%8 9 [DNA extraction buffer (0.35 M
sorbitol, 0.1 M Tris base, 5 mM EDTA (pH 7.5) : nuclei lysis buffer (0.2 M Tris
base, 50 mM EDTA, 2 M NaCl, 2% (w/v) CTAB : 5% (w/v) sarkosyl = 25 : 25
DS 7tste] & e ve 65T FFxoA 6087 wrSA AT o]F 0.7 ml9
chloroform:isoamyl alcohol (24:1)2 ¥ vortex?d tS 10,000 rpme & 5&7F LA
wElste] AFode] FHg FiES 3aete] 2/3919] isopropanols 7hete] A H
DNAE 353ttt 35 %¥ DNA+ RNaseE A#sta A & %5 200 ng/il
2 Bt & PCR ¥HE9 FYP o ol &agitt Autd Aol FAHS oFs &4l
371 el A A3A AWk mAA el NPTIH Fd=be] Eolz el 2709 primer sets
(5" -CTG AAT GAA GTG CAG GAC GAG G-37 ¢ 5" -GCC AAC GCT ATG
TCC TGA TAG C-37)% AH&dsith. PCR SFWE2 94TolA 583t
pre—denaturationdt ¥ 94°Col A 20%37}F denature, 50Col A 203
72Co A 183t expansionste] 45 cycle A8k L, vpA SO =2 72T A 587F full
extension* At} ©] % 1.2% (w/v) agarose gelollA] A7 %31 Ao R 7|28

o,

2N
D)
Ko,
o
u
-

&
oft
QL
2

7} annealing, “12] il

2-3-5. A A EA9 FEHEE FAE A WS =4 7F

XA acetosyringone A2 FEE A3t 91ske] 25, 50, 75, 100 uM<]
acetosyringones Agrobacterium-= 2 EZA A ZAAZA uf AR o, e
A& 2AA Y AEsE (AEstE AAG/A G AT < 10009 FAdss (P4

AgE A G/AEF AT x 1000S A
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2-3-6. Agrobacterium %, Tl A7 2 2% ot

(]
=

A L& 3
AR AAETES 1R AoA 7MY =2 ARSSES B ‘=Y FFold
o} HE3 Agrobacterium FX+ Aswol A 05, 0.7, 1.0, 1.3 5 47FA o Fuje
AR 24, 48, 36 AZF, FwF 2=+ 23, 25, 27, 30C AP E FHY. = nE
2

2 =
o] o) A acetosyrmgone 75 uME &3] H7hekd .

2-3-7. A A A AEAY AR =Y &<

HAAsA A ¢3te] PCR 42 3kt primer Q7] ¥9S CaMV35S(S)
o] A9, GCT CCT ACA AAT GCC ATC A, CaMV35S(AS)9] 4%, GAT AGT
GGG ATT GTG CGT CASItl Terminator® AF-&3 NOS2| detectZ €3l NOS(S)
9] 49, GAA TCC TGT TGC CGG TCT TG, NOS(AS)9] 4<%, TTA TCC TAG
TTT GCG CGC TA®] 471 EE AbEstdtk. PCR ®bS Al =71 2%¢] primer
k8- Al F35|, pre-denaturatione 93Fe] 94°C, 5% WH3A]7l ¥ denaturationS 9 sf
o] 947, 20%, annealing, 50°C, 20%, 18 1l extensionS 93le] 72T, 189 4o
2 453] RkEETh ¥ 3 72T, 559 £ 2= full extentionAlF T

2-4. AAAEAZY FAA =9 2 FEARA 4

2-4-1. A HEA=RS FZAS

2-4-2. YAHEA 2L 9% PCR: 2dx I} T4

2-4-3. Y2 HAEA A& ¥ RT-PCR

RNA 2= QIAGENAFS] kitE o]l &3ttt WA, samples 3+ & (Sample
powder 100 mg) RLT buffer® 450 ul H7F3 & o} AAl vortexings] At}
QIA shredder spin column 2 ml collection tube setol]l oAl WHEo] =& lysate:s
231 13,000 rpmoll A 287F AR AT Columne Fe &4 A FHO &
714 o] wl IHAEo] ol A FAIFe] pipetting3F T 95-100% ethanol 0.5X
volumes $olA Wyl lysated] #7Fgk & 2 Qi) o]#fgk &3+E S RNeasy mini
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spin column collection sete] ¥ & YAFEZE 13000 rpmolA 15%3FA . RWI1
buffer 700 5 RNeasy column®] %2 % 13,000 rpmolA 15%7F A4l E2 sk
RPE buffer 500 = RNeasy columnol] %<& % ?J/EIEE]E 13,000 rpm, 15%7F &
%t RPE buffer 500 x5 RNeasy columnel] ¥ % 13,000 rpmol A 2#3F 94 &
2] stk RNeasy column% 15 m A FHol ¥& & 50 w02 RNase-free water=
RNeasy columne] ¥-& 3 13,000 rpmoll A 187 HdAEg3 & ¢ & RNA 4
S gaf 3 v yrEE ) (o]u, 30 ule] RNase-free water 5=7})

RT-PCRS INTRON Biotechnology pre-mix AF&WHel g} F3s9t}
RT-PCR wr$-5 93k whSolo] zAe 8 w9 RT-PCR pre-mix, 0.5 02 pimer
NOS (forward), 0.5 x2] primer NOS (reverse), 1 02| template, & 10 x2] ddH-0
o]ttt RT-PCRE =712 cDNA A& 93l 45TCoA] 30 WA Hom PCR wF
<2 9sto] 95C, 3E7F pre-denaturationr| 71§, 95Co| A 40%3t denaturation, 5
4Tl A 40%7F annealing, 72ColA 30%%F annealing*l 7] ZZA A 408 ¥HE-3h

72°Co A 387t elongation A Zt}.

2-4-4. 37 &G0l ANA FAARAAY =3 R & T4

Aok WA el A 4-6 F A% 71¢ 70 AEAS PYS A8 FRB FEE
of & AL § "t wuEetolEst I O]EE L2 £gA7 MgES 32 2E
of Aol &4elM &I 1 Uﬂ 1410174”} 7ol A 2 A =AlE B
st zel o) =

A2 HE 283 Pectobacterium carotovora subsp. carotovoraS 20+17T ol A
etk o] A3 F di FHRFE Aeto] 10" cfu-ml 19 FEE FAASH
A2 7MW A =AY JFstA T 7 FAEAs SAMG wi Aol FAA 7HAp
FAEA vtHE oF 457 W RS AREEAT ZIWel A T 0}71] Hj g 7=t
FAEA ] 7)o P A& ZE AAS WA F 10" cfu-ml B sl A gk At
S Hd EdaE g5 ol &ste 20w A FEFSAT HETH o"“jXﬂL HE 244
b, A8AIZE B T2AIZ & WA A E Wl oE 72 2F o Holg FATo=R
M AT
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3. 43 4

3-1. A FF F5¥ AR AR R #Fr

o,
i
ol
X
i

a4
42 F 504% A AEAe oS ol&s FEW AIAH HAoA A, =F
T FFol AFYS Bl v ) G 2 52 FEHAT ddE] A4
de & 5 AT T3 AA e FE kst Holith Feh AP0 ¥ FEY
5 AA gdd o T AeA A (severe)d H]&o] =9kt

Table 5-1. Test of resistance to soft rot of potato varieties by using leavs

Varieties YRates of PRates of infectioin according to the
infection(%) degree of infection (%)
og O W
Superior 89 45 32 12
Jopung 44 - 11 33
Jowon 89 56 22 11
Irish Cobbler 99 67 22 10
Jasim 43 6 15 22
Jaseo 78 41 28 9
Chubaek 67 34 11 22
“Rates of  infection Number of infected leaves/Total number of treated
leaves>100

PRates of infectioin according to the degree of infection :

leaves/Total number of treated leavesx100

‘S : Severe
UM : Medium
YW : Weak
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Fig. 5-1. Resistance to sot rot of potato leaves
Inoculated leaves were incubatd in growth chamber of 23+1C for 48

hours. Especially in the case of 'Superior’ and 'Jowon’, their leaves were very

susceptible to soft rot.

3-1-2. ZIHfFrAEAE o1& #3548 AA

7 S Al A 4530 wjFE VI A= AE ol &F FE AL AANA
= A, 2F 22 ATAS B v, ) dE, 2 AN o2 v o9k A
ojgler FUE T3t o AdAdS Bt

e
g
o

il

==

o), g, AN, z9e) ARst zAg T
Ay H

TRl el e 9
a7 el ME ge 22 28S 7R 739 wAE AREste] wjdd ,
A5el A 4FF BF 2 ARES BT 58, 29 FES 938%°] W$ we
ALstes Beloens 75 A A2 vgdd Aow Y7HIH.
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Table 5-2. Test of resistance to soft rot of potato varieties by using plantlets in

vitro
Varieties YRates of infection (%) Degree of infection
Superior 91+5.6 g
Jopung 37t4.6 oW
Jowon 89x7.1 S
Irish Cobbler 95+2.7 S
Jasim 38+5.3 “w
Jaseo 85x9.1 S
Chubaek 64+3.4 M
“Rates of infection : Number of infected leaves/Total number of treated
leaves*100

YS : Severe
‘M : Medium
YW Weak

Table 5-3. Regeneration rates of potato plants according to varieties and media

PRates of shoot formation (%)

Varieties o qium1 Medium2 Medium3 Medium4 Medium5 Medium6 Medium?

Superior 0 0 0 11.844.3 48.6%£9.3 0 0
Irish
0 0 18.7£3.1 78.4+6.4 0 0
Cobbler
Jaseo 0 0 0 0 27.9£3.1 0 0
15.9£2.3
Jowon P 29.7£3.4 28.8%£2.9 22.7+£2.7 93.8+£7.8 0 0

"PRates of shoot formation : Number of shoots/Number of explantsx100
PStadard deviation
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Fig. 5-2. Regeneration of potato plant 'Jowon’

st A Aol potoll AAs & 504 H A AEAL] ds AF st o] &
stk AFHT AL Tween-20o2 AdTA S

sodium hypochlorite (NaOCl) &<} Zrof ¥
SHTE 563 AHEAT. oju] RE AYe
g oARAE ARl AmE de] FEES AAGA

i x50 X AFat ek wjA e L 23+1TE FF7]E 1869 oz oF 65 o]

A whoyshel o,

3-1-4. A ELY I F=o W& A F5E A%

HEEde dE9 olAEAYTE (acetosyringone)S Agrobacterium® 94
AAE GAFAAA FAHE §&8 ETole Aoz g#A ded Aest 2F
Ate] wet 7 A EsHE o] F2 wASE o83kl 0-100 uM o] oA EA
g A3 45T BT 75 uMolA M =8 FHdd8%E S Btk

2 1o Ho

gl Lo
=

3-2. AA HE=A FEAGE S AT MF =4 7

Ay

3-2-1. 34 A& HUslE A3 AA oHMEAHHZ T
HEEAde dE9 olAEAYTE (acetosyringone)S Agrobacterium® HEA
Azs SASAIAA FAAT 588 ol Aoz dHA de=d 25 50, 75, 100

ﬂﬂ

N

=

uMe] opAEA" S Aed Ay 455 BT dEAGE SlojA = 75 uM H7t

A Vg e FEe wth
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Table 5-4. Effect of acetosyringone concentration on the transformation rates of
potato plants

Rates of transformation (%)
Varieties Conc. of acetosyringone (uM)
0 25 50 75 100

Superior ¥30.7£Y3.4 35.9+5.7 44.3+7.3 58.3+5.7  41.7%5.3

Irish
Cobbler

Jaseo 4.8+£1.7 7.2+2.1 18.9£2.9  28.9+4.8 13.6%£3.7
Jowon 31.4£3.6 54.6£6.9 47.3£4.8 87.9%5.3 67.8£5.9

19.3+£3.5 27.9+14.3 48.9%£54  65.9%6.3 49.8%+6.3

¥ Number of shoots/Number of explantsx100

" Standard deviation

Table 5-5. Rates of regeneration and transformation from potato leaves according

to acetosyringone concentration

Conc. of AS (uM) Rates of regeneraton” Rates of transformation”
1 43.8+7.57 31.4%3.67
25 58.3%£4.3 54.6%6.9
50 53.1+6.4 47.3+4.8
75 91.1+2.9 87.9£5.3
100 72.5x£4.0 67.8£5.9

YRates of regeneraton : Number of regenerants/Number of explants x 100
PRates of transformation : Number of transformants/Number of explants x 100
“Standard deviation

* Conc. of infection : Agrobacterium Agyp 0.7

* Temperature of co—culture : 23C

* Temperature of selection culture : 25T
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Fig. 5-3. Effect of acetosyringone concentration on the transformation rates of potato
plants

Fig. 5-4. Comparison of potato transformants on the media with and without
acetosyringone
Left : Transformants on the meidum with 75 pM acetosyringone

Right : Transformants on the meidum without acetosyringone
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‘_3?} AN =S 93 A Agrobacterium F=
7} A AEAR Aoy HAA AEsE P FAA}Go] FH
o o= Z—Vé Agrobacterium® HE BEE ZFolyr] 9te] AFS a3 A

Asooll A 0.7¢] T2 HFsAS W 7 =2 Awstey dAdges Bk

Table 5-6. Rates of regeneration and transformation according to Agrobacterium

concenration ('Jowon’)

Conc. of Agrobacterium a) Rates of
Rates of regenerants RS
(As0o) transformation

0.5 88.2+4.7% 9.4+2.6

0.7 91.1+£2.9 87.9£5.3

1.0 67.4+1.9 56.3+£3.7

1.3 45.3+3.2 33.3+1.8

“Rates of regeneraton : Number of regenerants/Number of explants x 100
PRates of transformation : Number of transformants/Number of explants x 100
“Standard deviation

* Conc. of acetosyringone : 75 pM

* Temperature of co—culture : 23C

* Temperature of selection culture : 25C

3-2-3. AAFTE FHYsE A% AA TS AT 2 2=
JAAS Al Agrobacterium®@} A A EA o] Fuld A AH 2= E
o A& st A, 7}y A8AIHE 25CAA M =2 AEskE 3

W7l flste] A
RS B
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Table 5-7. Rates of regeneration and transformation according to co—cultivation
time

Time of co-—cultivation . . b
Rates of regeneration Rates of transformation

(hours)
24 95.347.2% 31.4%3.6
48 91.142.9 87.9+5.3
36 57.1£6.1 40.8%2.9

YRates of regeneraton : Number of regenerants/Number of explants x 100
PRates of transformation : Number of transformants/Number of explants x 100
“Standard deviation

* Conc. Agrobacterium - Agoo 0.7

* Conc. of acetosyringone : 75 pM

* Temperature of co—culture : 23C

* Temperature of selection culture : 25C

Table 5-8. Rates of regeneration and transformation according to co—cultivation

temperature

Temperature of

o i Rates of regenerationa) Rates of transformants”
co—cultivation (C)

23 93.8+7.3% 47.442.5
25 91.14+2.9 87.945.3
27 78.0%2.6 67.5+6.8
30 55.343.8 33.742.8

YRates of regeneration : Number of regenerants/Number of explants x 100
PRates of transformation : Number of transformants/Number of explants x 100
“Standard deviation

* Conc. Agrobacterium - Agoo 0.7

* Conc. of acetosyringone : 75 pM

* Temperature of selection culture : 25T
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324 FAAR 4BAS 349 3 ne

wa A EZA ] 3dAbe] =dd FHA Al control® ol # FHAE =it
gastgon @A WA AN, S Aduge dez S5l nE
ba glet,

of

7h 3AAE F 0 AL A 2%

Table 5-9. Status of transformants number in vitro

. Multiplification
Selection culture Sub-culture
Gene constructs culture
Number of plants
Shiva-PAL 34 36 10
Shiva—-35S 78 43 10
RS3 45 27 10

FEREBR RS

mwﬂuﬂ iilii
1-..._ :Ii i .fr#mlf* !n f]“q':“' |

Fig. 5-5. In vitro propagation of putative transformants (Left : sub-culture, Right

multiplification culture)
3-2-5. Add FAAFA PCR &4
Z) % §_]-

ZARE S|P I R R e R S | = GMO detect®& PCR primerE ©]&3to] PCR3F %

A719Fse] A4 £9e Festg
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M + PC-C T1T2 T8 T4 T5 T6 -C T7 T8 T9 T10 Ti1 T12

<NOS>

<358>
- 195 bp

Fig. 5-6. PCR analysis of putative transformants

- 180 bp

3-3. AANEAZY FAA = £ FJAASA A

3-3-1. sto]azErte] Al FEo] HE FAAHE 24
G484 44 sfolazrloldl sx A4S A4 98l 0-30 ng/ £ o) ol
molol g T AWMAE EAst ARHES

A AFABAY AESGonD 30 /L7 ABAA FEAS A

Table 5-10. Rates of regeneration from potato leaves according to hygromycine

concentration
o ) Rates of Degree of shoot Degree of callus
Varieties Hygromycin(mg/L) .2 .
regeneration® (%) growth formation
Jowon 0 91.1+2.9” +H++ o+
10 54.3%£3.1 +++ ++++
20 32.6x2.1 ++ +
30 0 - -
Superior 0 43.2+£2.9 +++++ +++++
10 23.1£2.7 +++ +++
20 9.6+1.3 + +
30 0 - -

YRates of regeneration : Number of regenerants/Number of explants x 100

"Stanadard deviation
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Table 5-11. Rates of regeneration from potato leaves according to gene constructs

Degree of callus
formation

Degree of

shoot growth

Rates of
regeneration®(%)

Varieties Gene constructs

24.5+1.7%

#904

Jowon

32.9£1.9 +++ ++

#916

30.9+2.2 +++ +++

InV

31.1£1.7 ++ ++

Pinll

+++ +++

43.6+2.8

AMV

11.3£1.1

#904

Superior

++

8.6£3.2

#916

9.5+2.1 ++

InV

8.9x1.8 ++

Pinll

9.7£1.5

AMV

: Number of regenerants/Number of explants x 100

YRates of regeneration

"Stanadard deviation
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A §44 BAL oo Az Bx 4A47 =999
ol watel ZAFESITE ol flel SRR %A A

CEICEEJEVL S

7}. CaMV35S promoterE o] &3 PCR #4

Abg3E A promoter F9¢1 CaMV35S promoteri-9] ol Al primerE A %3}
of PCR W& Azl A%, Add dif2o AFoA 7lgiste= oF 189 bpol WEE
o1

[
S g YA
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Fig. 5-7. Analyis of PCR of transformants by using CaMV35S promoter
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Fig. 5-9. Electrophoresis of RT-PCR (NOS) of transformants confirmed by PCR
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Fig. 5-10. In vitro propagation of transformants
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Table 5-12. Test of resistance to soft rot by using in vitro plantlets

Length of necrosis® (mm)

Clones

time after infection (hours)

72
58.3+4.36
61.3+£6.58
27.4x1.51

48
55.5+3.67
54.3+£4.53
16.2£5.63
59.3+£2.34
22.4+5.43
49.6+£2.25

24
43.3+5.64

Control

38.5+3.32
5.4%1.32

#904

#916

65.3+2.65
29.0+4.32

40.3£5.43
9.0+4.32

InV
Pinll
AMV

61.4+3.62

37.6£5.30

YLength of necrosis

YStandard deviation
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Fig. 5-11. Resistance to soft rot of transformants in vitro
1: Non-infection, 2: Control, 3: #904, 4: #916, 5: InV, 6: Pinll, 7 AMV
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Table 4-1. Achievement of the research aims based on the annual plan
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Fig. 1-2. A eukaryotic host listens to bacterial AHL conversations. AHLs produced
by associated bacteria are detected by both the host and bacteria. The host
responds by altering many functions, including defences, metabolism and
production of AHL mimic compound. Systematic responses to the bacterial AHLs

can induce defenses in distant parts of the host.
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Fig.. 1-3. Molecular mechanics of AHL-mediated QS. AHLs are produced in the
bacterium by the AHL synthase and can diffuse from the cell to enter neighboring
bacteria. AHL binding to the receptor polypeptide leads to formation of active

dimers. The receptor dimers bind to specific promoter sequences in the bacterial

genome and activate transcription of sets of genes.
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