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SUMMARY

CETL

Project Title

Development Of Natural Antibiotics for Bacterial Canker and Production for High

Quality of Citurs

Objective and Importance of the Project,

The purpose of this project is to development of natural antibiotics that is
non-toxic and non-accumulate in soil because which is easyly degradable by
microorganism in soil. On other hand chemical synthetic antibiotics are
non-degradable and accumulated in soil and then distrupted ecological system in
nature,

According to the existing studies to related to natural antibiotics production with
various microorgamis, it is revealed that is very difficult to commercial production
which is unstable and easily contaminatable. In addition, the development of natural
antibiotics for citurs are a little studied.

To accomplish this goal, we are screened for antibiotic producing microorganisms
and identified of the strains using sequence homolgy of 16s rRNA genes.

Also, we are analysis of molecular structure for antibiotic materials produced by

screened bacteria.

Scope and Contents of the Project

The goal of this project is to develop the microorganisms to antibiotic prodution
for bacterial canker treatment and determination to structure of antibiotic
materials.

To fullfill these goals, 35 microorganisms were screened from Gwang-ju city area
and study the following step.

Firstly, sequenced of screened microorganism of 16s rRNA genes and BLAST using NCBI
program and then identified.

Secondly, two strains among 35 microorganis, we are selected which are strong
antagonism against Xanthamonas species which is casure pathogen on bacterial canker
of the various plant.

Thirdly, the two selected strains are cultured on M9 minimal medium and purified to
antibiotic compounds using HPLC, TLC, GC/MS, and then determined the structure of

antibiotic compounds.



IV. Result of the Study

Selected two microorganisms have strong antagonism against Xanthomonas, identified
strains were Pseudomoans aeruginosa and named NO3 and NO4.

Both strains are produced the mono-rhamnolipid(Rha-C10-Cl10) and Dirhamnodilipid
(Rha-Rha-C10-C10) and methylated, respectively

Especially, Pseudomonas aeruginosa N0O4 produced 2-heptyl-4-hydroxyquinoline N-oxide
which is known to antibiotic qurum sensing material.

Finally, knock-out mutants are not produced the antibiotic compounds but also
pyocyanin that 1is blue pigment which is another qurum sensing material of
pseudomonas aeruginosa. And, this antibiotic compounds mixture are commerciallized

by A&M farm that is 2nd cooperative Team in this project.

V. Proposals for Application

Research results obtained from this project, such as Pseudomonas areuginosa NO3,
NO4 and their culture product monorhamnolipid, dirhamnolipid and its modified
methylated form and then 2-heptyl-4-hydroxyquinoline N-oxide, are used to natural
antibiotics and seed strains for agricultural antibiotics

Rhamnolipids are biosurfancts that are being used in a wide range of applications
such as biosurfancts, emulsifier natural “Green” ingredient 1in cosmetics,

detergents, shampoos, shoap, bioremediation and pecticide(antibiotics and fungcide)
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AF SF9dal, kS Gram negative(-) #+5F52] 16s rRNA A %}2] universal
sequence( forward primer“5 " -TGG CTC AGA ACG AAC GCT-3 7”7 and Riverse
primer “5 " -CCC ACT GCT GCC TCC CGT-377)E PrimerE A} 3}o] PCR
Amplified sequencing2 4885}9 2 (Solgent co. 2]&]), NCBI(National
Center for Biotechnology Information)2] BLAST2] databaseS ©]-2-3}o] 7] 4]
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#3901, Pseudomonas aeruginosaZ} t|F-o2 o|F3 AL}, Pseudomonas
oryzihabitans, Pseudomonas fluorescens, Fseudomonas reactans, Pseudomonas
putida, Pseudomonas extremaustralis, Fseudomonas veronii, Fseudomonas
nitroreducensso] Z}zZt 14F2 MW =9l 7 Pseudomonas veroniiZ} 2% 1wt
ook g el ozt ¥}y 7P wWol A Pseudomonas
aeruginosa®l| Al 7} 4519 2. (NO3, NO6, NO4, CIM), Eo|3}A| Pseudomonas
fluva NOB7-L& o]R o] Psedomonas putida® =5 HPW H#o=T A4EZ 71 F
Hg o2 dFct & 2= T2 #5758 Y2 Y= 2 TLC patterns

2 H"|IL 8t Flo|t}. Pseudomonas aeruginosa PAO1-S Pseudomonas <& 7h2d] 7}
P

o

3 ™= genomic DNA sequenceing ©] 1= AEU]EH (University of
Washington)oll 2&]3]A 2001¢of] = =93, Pseudomonas <& H-Lof|lA model
system@. 2 A& EH= #F o|tl. E 29| TLC patternsoflA] X.5%o| Pseudomonas
scruginosa POLS % 2R BF BAL A shou) ulstel 2 od7old B

g9 FFES A MO od FF BAL thULET AastL 9dn EY

= 1.
FAT Fom mrl SolHel whgo] dF AW F WHHAL B ATl
22| 8t Pseudomonas NO1 ~ N0O5, CJM, Bee, CaCl2 N036, N078%82 #+F52 F22]

TLC A7) HefolA] B o] Pseudomonas aeruginosa PAOlE.T} 3v4ZF2] EXE

o] FH|3S Ro{FErt. WM Pseudomonas oryzihabitansES H|EZ A2
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Table 1. Identification and antibiotic activity of isolated strain against Xanthomonas

Isolated Identification Strain(a) inhibitin zone (mm) |growth inhibition(b)
1 Pseudomonas aeruginosa CIM 18 ++
2 Pseudomonas aeruginosa NO1 10 ++
3 Pseudomonas aeruginosa NO2 9 +
4 Pseudomonas aeruginosa NO3 24 i+
5 Pseudomonas aeruginosa NO4 22 ++
6 Pseudomonas aeruginosa NO5 19 ++
7 Pseudomonas aeruginosa NO6 20 i+
8 Pseudomonas fluorescens NO7 7 ++
9 Pseudomonas reactans NO8 1 +
10 Pseudomonas aeruginosa C-1 15 ++
11 Pseudomonas aeruginosa K2 8 ++
12 Pseudomonas aeruginosa 57 16 ++
13 Pseudomonas fluva 67 22 +et
14 Pseudomonas aeruginosa ga80 18 ++
15 Pseudomonas aeruginosa ga78 16 ++
16 Pseudomonas aeruginosa ga82 13 +
17 Pseudomonas ni troreducens h-b-2 13 +
18 Pseudomonas oryzihabitans gab2 15 ++
19 Pseudomonas putida ga83 2 +
20 Pseudomonas veronii ga93 4 +
21 Pseudomonas sp. SL 2 N/D N/D
22 Pseudomonas sp. SL 3 N/D N/D
23 Pseudomonas sp. HS 1-1 N/D N/D
24 Pseudomonas sp. HS 1-2 N/D N/D
25 Pseudomonas aeruginosa HS 6-3 N/D N/D
26 Pseudomonas areuginosa HS 7 N/D N/D
27 Pseudomonas areuginosa HS 8-2 N/D N/D
28 Pseudomonas areuginosa HS 8-2-1 N/D N/D
29 Pseudomonas syringae CJW 7 N/D N/D
30 Pseudomonas areuginosa Bee 14 ++
31 Pseudomonas areuginosa 36 10 +
32 Pseudomonas areuginosa 79 8 ++
33 Pseudomonas areuginosa PACI 14 +
34 Pseudomonas areuginosa 99 N/D N/D

X growth inhibition zone: +++ strong inhibition,

++ medium inhibition,

a : Identufication of screended strains compare with NCBI BLAST

b ¢ Compair with Pseudomonas areuginosa PAOI

N/D :

Not determined
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N/D : Not determined
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Table 2 . Antibiotic activity and patterns of TLC of isolated strains
STRAIN INFO Lab name | Inhibition(mm) Thin Layer Chromatography
SL2 N/D N/D
Pseudomonas sp. sL3 VD VD
HS 1-1 N/D N/D
HS 1-2 N/D N/D
NO1 15
NO2 13
NO3 16
NO4 13
NO5 15
NO6 16
CJM 01 14
Bee 14
PAO1 14
C-1 10 N/D
Pseudomonas aerugininosa K2 9 "
CaCl2 16
36 10
78
79 8
81 11
82 11
HS 6-3 N/D N/D
HS 7 N/D N/D
HS 8-2 N/D N/D
HS 8-2-1 N/D N/D
Pseudomonas extremaustralis 84
Pseudomonas fluorescens NO7
Pseudomonas ni troreducens HB-S 0
Pseudomonas oryzihabitans 52 0
Pseudomonas putida 83 N/D N/D
Pseudomonas reactans NO8 0 _
Pseudomonas syringae CJw7 N/D N/D
Pseudomonas veroni i % 0
98 12
¢ TLC : Stained With 50% H2S04 solution.




Pseudomonas nitroreducens

sulfer

ga52
% Pseudomonas oryzihabitans

100 Pseudomonas putida

Pseudomonas agarici
cjw7

Pseudomonas syringae

ga63
Pseudomonas reactans
Pseudomonas extremaustralis

Pseudomonas fluorescens

0.005

Fig 1. Phylogenic tree of isolated antibiotics producing Pseudomonas sp.
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(0] 200 500 1000 2000 5000
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Fig 2. TLC patterns on the concentration of MgSO4 and antibiotic activity
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500 1000

(A-a) silica 214nm

(A-b) silica 365nm (A-c) silica WM

0o 50 100 200 500 1000

(B-a) C18 214nm

(B-b) C18 365nm (B-c) C18 WA

(C-a) BHEHAE

(c-b) 314 F B4

Fig 3. TLC patterns on the concentration of CaCl, and antibiotic activity

(gh) wied ¥ didEe A -7 YA BHE v
Pseudomonas aeruginosa NO3E 2| Aw|A|o]] vk T M|E(cell)ZES A A3}A]
42 212t MEE AT & 27 pH 2.0202 ZWEE The B3 spotd] W
51 ZAskTh B HAE 23 AWES AAKL HSAD pi 2008
23S uf o] HiE HAstArh(2H 4)
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Fig 4. Compair of TLC pattern and antibiotic activity
TLC pattern lane 1 : before centrifugation, lane 2 : after centrifugation
Antibiotic activity ppt before centrifugation, sup after centrifugation
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(A-a) silica 254nm

(A-b) silica 365nm

(B-a) C18 254nm

water Ethanol MeOH

Hexane

(A-c) silica anisa

(B-b) C18 365nm

(B-c) C18 anis

Fig b.

Xanthomonas sp.

effect of various solvent on the antibiotic activity against

(uh) =22 pHoll mE &7}

FHEdE FE3te] pHol wE TLCH Ae|R4ES 533 Z pH2lA
pH127t#] S¥3r Xlo|HE FHE F ¢ldcrh o] HAPL=E  Pseudomonas
aeruginosa NO37} 2Atsh= dEZ 2 pHoll F3E 2] oSS ¢ 4 ot}
(13 6).
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(A-a) silica 254nm (A-b) silica 365nm

(A-c) silica anisa

(B-a) C18 254nm (B-b) C18 365nm

(B-c) C18 anis

Fig 6. Effect of pH on the antibiotic activity against Xanthomonas sp.
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Fig 8. Effect of MPLC 1st liquid chromatography on the antibiotic activity

against Xanthomonas sp.

O MPLC 2nd liquid chromatography
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Fig 9. Effect of MPLC 1st liquid chromatography on the and patterns
of TLC and antibiotic activity
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Fig 10, Effect of MPLC 2nd liquid chromatography on the and patterns
of TLC and antibiotic activity

® High Performance Liquid Chromatography
MPLC ¥ TLCE MeOH : ACN : water = 50:40:10(C18) ZZALZ HI|s}o]
spot, BHEIAEE T3} 3,6,7,8,9,10,11 EFHol EAo
atr}l. o] £ whd spotlE Holx= 10 EE-E HPLC(High Performance
Liquid Chromatography)& E3}o] 2|3ttt 10H 2% HPLC 2272
HERE - opELIE- ¢ F =9 1 18 EY Iy ZFden

peak?] W3t= 214nmoll A HFESETH ™ 11).



VARG A, Wavalangth=214 nm (MF LCIDEF_LC 2005 0624 2022 519010101 .63

Fig 11. Patterns of HPLC of fraction number 10.

Fig 12. Patterns of HPLC of fraction number 10 and antibiotic activity

against Xanthomonas sp.

peak% D‘ﬂl%_]_':%- : O]'A']]EL]'O]E%] . % = 65 : 25 : 4§_
Zolon peak?] ®iZl:= 214nmofl A Felsiadch 7 A
21

=t

Lo ] A
o R e

g

Fig 13. Re-HPLC of peak number 5 and 6

(elution condition : 70%“~95% acetonitrile gradient).

_23_



FHAz) 28 1204 4& 23 [HI} 4HES ‘HWRF ‘13C NMR, “H-‘H COSY,
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1%
ol
=2,
32
a

(o}) Pseudomonas aeruginosa NO3 7} ZBAtst= 4522 FHAAs s

D & E3 4 A3 %= (MIC : Minimum Inhibitory Concentration)& Q
5}7] $18}d Pseudomonas aeruginosa NO3ol| A F+Z3t stA4E2H3} 7|89 7
Herg A BEAZ ARSIl QU streptomycint H]alsto] AHE AAIsHICt

7 sample?] X 10ug/nl 2 FUSH Z}7}2] samples U HE=HE F{Mslo

Mol 43RS A HE Tt spectrophotometer®. 600nm 0.DZrS &8st F]4

0] W2 W3E Tshact
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o2 1/2, 1/4, 1/8, 1/16, 1/32, 1/64, 1/128, 1/256, 1/5127}A] Z|A{s}adct.
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600nmofl 4] 0. DL S stle

o
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Figl4. Minimum inhibitory concentration of NO3 extracted antibiotics and streptomycin,

MIC &4 Z3} Pseudomonas aeruginosa NO3oi| A
MICZES 0.17ug/ml o] streptomycin®] MICZF
aeruginosa NO3of|A] =3 Antibiotics EZe| 28] FAx= 7Ist g FAES

By 14).

FZ35 Antibiotics S22
0
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2t of 581F2| rhamnolipidE dAtsts Ze® RN EArh  Pseudomonas
aeruginosa PAOl F-F= 2 o7 A} TLC Ao F 28] RhamnolipidS AAh
= ZloE HHEE AT & AFo HEH Pseudomonas aeruginosa NO42] &

Sh=
B2ag 24stazt stk

-

(1

~—

g =4 =2 FA

Pseudomonas aeruginosa N042] S}H4-E2 S FA3517] 9|5te] MIZF] Anfx] oA
1847 Wore ¥ Aeel stof A

w+ S A4t shsdnh M9 HAaniA| oA
o
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Methanolofl 5¢1%¥ Sephadex LH-20 column chromatographyS <=333}oitl. £
‘U2 = methanol & o835, FHEEE LEl= #4232 RP-TLC (90
21

N

methanol )2 monitoring StQFTH & 15). o]uf TLCE= cellium molybdate spray
reagent (10 g cerium sulfate, 2

5 g ammonium hepamolybdate, 100 ml sulfuric
acid, 900 ml water)& o|&3}o] =2

g5t
RP-TLC (90% hdeOH)

P-1
-

Fig 15. Patterns of Rf-TLC of fractions of the sephadex LH-20 column chromatography.

2% 1504 FAH P-1EHE 558 F, 60~80% Het&& &= &vl= C-18
Sep-pak cartridgeE ©]-83}o] solid phase extraction® 4385}l 2 2)
I8 1604 Hol= Hi2l Zo] RP-TLC AollA= T QU ZoZ UEILte
L} silica gel TLC (chloroform-methanol = 3:1) =4

=% UElych  oigld  chloroform-methanol = 3:1
preparative silica gel TLCE +3stddoen, 7 Az} P1-1 (13 mg)Z P1-2 (17

ne)S FAY 4 Adch ® A A3 2 176 =Alstgch
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RP-TLC Silica gel-TLC
(90% kdeDOH) (ChA=3010

|

821> Pi-1

®-py

> P1-2

Fig 16. Patterns of TLC of fractions of the C-18 sep-pak and Antibiotic test
(left : no 84 is pl-1, right : no 86-88 is pl-2)

Acidified pellet of calture broth

l

LH-20 column chromatography
| Eluted with MeOH

C-18 Scild phase extraction
| Eluted with 60~80% MeOH

Silica gel TLC

} CHC13:MeOH(3:1)

P1-1(13mg), P1-2(17mg)

Fig 17. Purification procedure of Antibiotic compounds from culture broth
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Fig 18. Profile of HPLC of compound sup4 fraction.
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Fig 19. UV spectrum of compound sup 4
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Sup(After acidifcfging)

[H-20 column chromatography

eluter with MeOH

Fr.1 Fr.I1
1 1
P1 Semi prep. HPLC
! 0DS column 10X150mm,
3ml/min, 60~80% MeOH
Sup4

Fig 20. Purification procedure for antibiotic compounds.

A E P1-12] 3L RE FHsly] 915ke] DMSO-dsoll o] 'H NMR, '%C
NMR, 'H-'H COSY, HMQC T HMBCE =R, sfAsielct.

'H NMR spectrum®] =3 9 3]A: 'H NMR spectrum (23 21)2 =43l
2} 5.2 ~ 3.1 ppm A}o]of] 77§2] oxygenated methine protono] HZE <l
o, o]& Fof 4.61 ppn®] 44 a-anomeric protono]iTi. E3ZF 239
U 2.26 ppmoll A F 7§2] methylene proton, 1.50, 1.45, 1.24 ppmoflA] 12
702] methylene proton, 1.08 ppmol|A] doublet methyl % 0.85 ppmol|A] F
7R8] triplet methyl protono] &= T}

o
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Fig 21. 'H NMR spectrum of Compound P1-1
BC NMR spectrum®] ZA W 3A: C NMR spectrum (2@ 22)L Z=A3sH

A3}, 173.2 2 171.0 ppmofld] 5 702] carbonyl carbon, 98.5 ppmol] A
anomeric carbon, 72.8 ~ 69.6 ppm X}o]ofl 67§2] oxygenated methine
carbon, 40 ~ 42 ppm Alo]olA 5 78] methylene carbon, 34.3 ~ 22.6
ppm A}o]oll A 12702] methylene carbon (9712] Z| 37} # =g oL} 31.8,
29.2, 22.6 ppm®] ElALE 52 intensityEHFE F Jie I A7 ABHA
21), 18.4 ppmollA] &t 7§] methyl carbon, 14.5 ppmollA] 5 7§2] methyl
carbono] ZA A FEE|ATE
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Fig 22. BC NMR spectrum of compound P1-1

'H-'H COSY spectrum?] Z& W 3]Al: 33IE P1-12] FLEILZE FHE35}Y]
2]3}d 'H-'H COSY spectrum (23 23)2 &3

78] acyl chainoflA] FE#isl= FEIRE T
oxygenated methine proton=&] correlation®} coupling constantE A4t

3t 22} a-rhamnose?d] £[&E gt 26 =R).
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Fig 23. 1H-1H COSY spectrum of compound P1-1

HMQC spectrum % HMBC spectrum® =3 W 3]A: HMQC spectrum (13
10)S ZAste] st A2}, BE proton-bearing carbon ('Jow)& FHE
= oladt}t. IESF HMBC spectrum (18 25)& ZA35lo] sfAst A3}, 5.17

ppm®] methine proton@ZFE F 7§2] acyl group?] carbonyl carbon@l
173.2 2! 171.0 ppm?] carbonoi], EZ} 3,92 ppm?] methine proton . ZEH-E
171.0 ppm®] carbonyl carbon?} rhamnose?| anomeric carbonol long-range
correlationo] A=tk o]& ZAZHE 'H-'H COSY spectrumol] #]5}o]
FEY FE72E AT 4 Agen, I A3} HUE Pl T

= 73 262} ol ARY 4 YAt
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Fig 26. Major 2D-NMR correlation of compound P1-1
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Fig 27. ESI-mass spectrum of compound P1-1
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Fig 29. 'H NMR spectrum of compound P1-2

BC NMR spectrum®] A W 3A: 3¢ NMR spectrum (23 30) A3
A3}, 173.1 ¥ 170.8 ppmollA] % 7§&] carbonyl carbon, 102.4 ¥ 97 4
ppmol| ] 7 70e] anomeric carbon, 77.8 ~ 69.2 ppm X}olofl 1070¢]
oxygenated methine carbon, 40 ~ 42 ppm A}o]oflX F 7§2] methylene
carbon, 34.5 ~ 22.6 ppm Afo]oll A 127§2] methylene carbon (97]8] I =
7} #EE oL} 31.8, 29.2, 22.6 ppme] ElAE 152 intensityE5-EH
T 0] 37 BAZ), 18.42F 18.3 ppmolAd F 7He] methyl carbon,
14.5 ppmoll A AA X F 7§8] methyl carbono] &= Tl
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Fig 32. HMQC spectrum of compound P1-2
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Fig 33. HMBC spectrum of compound P1-2
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Fig 34. Major 2D-NMR correlation of compound P1-2

@ Mass spectrum?®] Z3&
NMR EHEHogRy B FAsRIEo] 28l 340 Uehd upe} ol
dlrhamnollpld Ade IREE F Tl uwlElA] ole] S 25ty
mass & £ysigoen 1 2334%5 t}2-2} Zt}. ESI-mass spectrum (L
3 21)& positive modeo| A 8T Azt [M+NH;1'7} m/z 668. 304 s
of Bafol 650US & 4 Yotk olRA B YB He7zE 17

350 =A%}t vle} Zro] rhamnolipid R2= ZAA St}

o¥ T
i)
¥

x10 4 +ES| Scan (17.282-17.527 min, 47 scans) Frag=130.0V P1.d Subtract
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Counts (%) va. Mass-to-Charga (m/z)

Fig 35. ESI-mass spectrum of compound P1-2
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Fig 36. Chemical structure of compound P1-2(Di-rhamnolipid, Rha-Rha-C10-C10)

R Pseudomonas aeruginosa NOA % Rha-Cip-Cio-CHs 9} Rha-Rha -
Ci0-C1o-CHz &} Z+2 methylated
o] 3t rhamnolipide Al

TH = Atk sledct(Data not shown).
| cigt 343 Eulojiu]gl fungi, yeast,
algae W virus oE Ho] U= Zlo] ¢eA 2crh Rhamnolipidsi= T
27 wr EUEUL 8ol 2oz guA Aot
(th) 33tE sup 4°] 3Ptz sfA
@O NMR spectrum?] &% % J
yd Bd F3tE sup 4
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lo
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F O T FelElden, o]f FEFERE A4
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Aot a5t

A

'H NMR spectrum®] =& 9 3]A: 'H NMR spectrum (23 37)2 A3 4
Z}, 8.24, 8.11, 7.85, 7.55 ppmollA] 4702] aromatic methine protone]
ZEgd om o]52 coupling constantZF-E| 1,2-disubstituted benzenel.
= EE|gdct ESE 6.52 ppmoflA] methine proton, 2.94, 1.72, 1.39,
1.31, 1.24 (x2) ppmoflA] 6702] methylene proton, 0.82 ppmol|A] triplet
methyl protono| TEE|ic).
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Fig 37. 'H NMR spectrum of compound sup4

BC NMR spectrum®] &A @ 3A: *C NMR spectrum (23 38)S ZA 3L
23, £ Ee vl nLes ReHe RE ©AE BEY St gl

1:]

AL
AR=
=

t} 28 'H MR spectrumoll A &HEx|7} thA B33} alkyl chain®] A}
Z7Z0l2 A3 & 4 gdout ®C NMR spectrumS ZEE Az} 31.5,
31.3, 29.4, 29.1, 28.7, 27.5 ppmoflA] 6702] methylene”|2} 22.3 ppmoi| A
gt i methylZ|7} BE]o] alkyl chain®] Al&EZolE #8YE 4+ U
tl. 2 2ol 133.2, 125.6, 124.4, 115.6 ppmollA] aromatic methine
carbono] ¥ 2iT}
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Fig 38. BC NMR spectrum of compound sup4

'H-'H COSY spectrum®] =& 2 3]A: 'H-'H COSY spectrum (23 39)& =
Aste] sfAst Az}, 8.24, 8.11, 7.85, 7.55 ppmoflx] FRH 4742
aromatic methine protone] 1,2-disubstituted benzened &XA3}3, 2.94,
1.72, 1.39, 1.31, 1.24 (x2) ppmollX] A=A 67§2] methylene proton}
0.82 ppmoflA] &M methyl protono] alkyl chaing ¥A¥E 351

t}.
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Fig 39. 'H-'H COSY spectrum of compound sup4

o

HVMBC spectrum?] =4 @ 3]JA: HMBC spectrum (%! 40)2 =435l 3f
st ZA3}, 8.24 ppm?] methine protonl ZF-E 140.8 % 133.2 ppmd
aromatic carbonol], 8.11 ppm&] methine protonCZHE] 125.6 ppm2]
aromatic carbono]], 7.85 ppm®] methine protonS ZH-E] 140.8 W 124.4
ppm?] aromatic carbonol], 7.55 ppm®] methine protonS.ZHE 123.6

115.6 ppm?] aromatic carbono]] long-range correlationo] & E T} IE
3t 6.52 ppm?] methine protonS. ZH-E] 123.6 ppm?] carbonol], 2.94 ppm2]
methylene proton®. ZF-E| 157.3 ppm?] carbonof long-range correlation
o] ¥HE Tt ©|F 2D NMR dataZH-B FHEH= FR(IE 41)F IA=E
do[gido]A W FAAME sAsiglen, I Az E IRES
Pseudomonas aeruginosa®F-E] &£2|H H} 3= 2-heptyl-4-hydroxyquinoline
N-oxide®} mJ-$ 9a}3re oF 2= glalr} (*Machan, Z. A.: Taylor, G. W.:
Pitt, T. L.:; Cole, P. J.; Wilson, R. 2-Heptyl-4-hydroxyquinoline
N-oxide, an antistaphylococcal agent produced by Pseudomonas

aeruginosa. J. Antimicrobial Chemotherapy, 30: 615-623, 1992)
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Fig 40. HMBC spectrum of compound sup4
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fig 41. Major 2D-NMR correlation of compound sup4.

@ Mass spectrum®] &3 2 3

NMR ZHEMoZTHE 2 ZHAMIFELS 1,2-disubstituted benzene}
heptyl chain®® FgHo] USS & F ddem, oF ZAE
Pseudomonas aeruginosaji%iEﬂ =2 d} 9J&= 2-heptyl-4-hydroxyquinoline
N-oxide?} &d3t HIE2 FFHYUTE whetA ol HAE #sto] 2x}o]

Aol 2599 o 4 AUdrh. EF APl-mass (17 43)oM = A
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Fig 42. ESI-mass spectrum of compound sup4

Coronal6.5 CV3s
TEST2 59 (0.894) Cm (27:66) Scan AP+
2441 3e7
213.8
2229
p
260
2450
223 wal
261
2419 | amg 305.0 133
267.1
" 2389 359.3
J ” T T miz
220 240 260 280 300 320 340 360 380 400

Fig 43. API-mass spectrum of compound,
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Fig 44, Chemical structure of Compoind sup4(= 2-heptyl-4-hydroxyquinoline N-oxide)
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2-heptyl-4-hydroxyquinoline N-oxidesms G(+)of ti3t dHFEZZT

)

ot olu]gl Quinoline family®] UEOF Pseudomonas aeruginosa

RLcul
Qurum sensing signal =2 autoinducer &S F33It) = A

ol o oo
o o o

=
Pseudomonas A|E W=7} W& wis A FH[5HR] vyt Al dert &
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(t}) Antibiotic non-producing mutant 21

SIS S A= JF¢] Pseudomonas aeruginosa NOA= ZhdFjehd, zhorkAd
o, MRSA (methicillin resistant Staphylococcus aureus)ol 73838t 314 A S
27 Q) B deli RELS UT St SUAS 24| 2I5to] double
matingol] 2]%¥t transconjugantS A1wsteict
Peudomonas aeruginosa NO4 3= ®HAA| ampicillin, kanamycin, sufonamide,
chloramphenicol ™ erythromycin Sof 73&3dt A8t 7zt Ql8o] B 3 F
3} Falg g
E coli ccll8 N\ pir TF= mini Tns tet"(tetracyclin resistance) T=E
transposable element¢l Tn5 -kan"(kanamycin resistance)?] kanamycin # 8} 8-#
2} thAl tetracyclin resistance -F-AA}E thAH Zlolt}. mini Tnb+= conjugative
plasmid®. conjugation ratioZ} -2 o} gram 24d+2] knock-out mutant A1%fo]
ol o]-&F L glrt,
= dAFojM= 48F Peudomonas aeruginosa NOAS A1t em selection
marker = kanamycin (50ug/ml), FHFE E coli ccll8 A pir selection marker .
tetracycling ARS}oIT Mating BIH<S LB brothollA zt7] =jgt 483 1ml3}
2ol 100E EYUst F membrane filtration 3HQIT}. membrane filterES LB
agar plateo]] AX|X|ZI F 37Co|A sH=Ht vjjorsleit}t. membrane filterE 5ml
MgS0s0]] BEMA|ZI F serial dilutiond}o] kanamycini} tetracycline] ZE7}¥ LB
agar plated]A] A&t colony&& 12t A4 & Fol HazujR|oA Fd=4d B4
o] 22  knock-out mutantE X4stAtt. 1%} colony =04 871&] complete
stolct. transconjugant®] TiF-&E2 HEBFC] oldlem

knock-out mutantES el
oW conjugants 23]8 UFER o] ZyiEdrH 2 45).

Fig 45, Knock-out and enhanced mutant of NO4 strain,
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alginateql biofilmS A= FoZE AdHATE = cellg7l ASu=
N-Acyl Homoserine Lactones (AHLs) Y2 &0 F JH|5IX|qt cellF7}

stationary phaseol] =W3}AE|™ AlHs levelo| &e}7}aL olofule} ECIE

wH]35}3. polysaccharide

qurum sensing =3¢l pyoverdine, phenazine, pyocynin 3} rhamnolipid
4 biofilm 4878 levelo] AFgrt 2 AFoA Lozl Inh32t Inh7:=
pyocynin pigment®} rhamnolipidE ZZ4FSIA] ¢fgk=ul olo thzt dAF7}
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Fig 46. Morphological change of transconjugants,
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37 472] lane A-aollA] K= np2t Zro] WV 366nm ol A= NO4 wild type
2} knock out mutant A F+=FS(lane A-c)oA] bandE #& & 4 9l

3, wild type HE.CTF= knock out mutant =S4 Rf Fko] TthE 37) <]
A
o]

1% mutant &2 S4&

o

&) r

A3 2 H= vf- F7F stedvt. 2® 479 lane B-a, bollA H.i=niet 2
o] wild type(lane B-a) At%te]l 1702] band?t E.@I=|7t, knock out mutant

o FA FE=ollAE A band7t GATh e} wild type e =

_49_



o[rl
2

2 47] o]Ate] band”’}t R.gt}. ESE knock out mutant Af

£ RfZlel thE 4708] band7} #3 =it @A x[efo] wE ban
40%%AF, ninhydrin solution , anisaldehyde solutionof|X] wild type
2d FEEH 45 FE=oA F Y FRE bandE Hyow A
Aol 2 AA FE2FoIAM walrh o2t A= F bandE elution
o YaEd =G AP = vle stadrt.

q FEE ])\1 flof| Al ARERE JA AJokzp

=
Am T WHSE s ookm, AA WFEA BHE goth Iy knook

munt o] 454 $EES oY $2EY WAL Uohach 3 o
oT M7

=
= 47 "rt

_50_



a b cd a b ¢ d a b ¢ d

R
s .
L
D E F
Fig 47. Thinlayer chromatography analysis of crude extracts from P. aeruginosa NO4
Matrix © C18 silica glass plate
Solvent system . Chloroform : Methanol : Water =50 : 30 : 5

UV light 365nm
UV light 254nm
40% sul furic acid

Detection method A
B
C
D : Ninhydrin solution
E
F

Phosphomolybdic acid,
Anisaldehyde solution

NO4 wild type pH2.0 precipitate extract

NO4 wild type supernatant antibiotics

NO4 knock out mutant pH 2.0 precipitate extract
NO4 knock out mutant supernataut antibiotics

0.0 |T |

@ Knock-out mutant?] HPLC patterns
Knock-out, enhanced mutant®] HPLC patternS H|I5}7] ¢|5te] MI X|Aujx|of u)
orst vl AlSol8  diethly ether® F+&3! T}2 methnolol =9¢iT} membrane
filtration $ HPLCS 4=3¥5}aic},
8 48, 49, 50 W SlofA Ho] tjRToIM HH B/ peak(EHE)7}
knock-out mutantoflA]l= A}e}& A2t enhanced mutantolA]l= peak & o] ¢F 2w] Z

7FE] giet
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Fig 48. Patterns of HPLC NO4 wild type strain,

activation

Fig 49. Patterns of HPLC NO4 enhanced mutant strain,
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inhibition

Fig 50. Patterns of HPLC NO4 completed knock-out mutant strain,

Control
Activation
Inhibition

L

Fig. 51. Patterns of HPLC NO4 wild type, enhanced, completed knock-out mutant strains.
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@ Knock-out mutant?] target gene ¢l

SrA=2 AAES SHA] ESP= knock-out mutant INh32] target gened 1L
2]

—_

e

7] ¢35t inverse PCR (IPCR)S 4335ttt mutant 38 G4 DNAS Ha] &
&t THS AH|3YF 24 Narl, Sacl W Sphl© & Arvish t}»% self-ligationd}te] IPCRE&
4805199}, agarose gel electrophoresis ¥ single bandS =3}t pGEM-T easy
vectoro] ligation s}gTt) o] x§Z3¥ DNAE E coli DHSaol =¢I5tith X-gal +
ampicillin agar plateo]A] =}gF A AFAE A1HF & 2 2& plasmid DNAS
Holstoint., Held 2423 insert DA @7|ME2 HTHL primerE o] &5t 2}
5 DNA @7IME EA 7oA EAstadch dolRl @7]- QR NCBI BLASTolA ¢7]
Ared S v aste] FHelstgdth, Inserted DNAE 1134 nucleotide®  Pseudomonas
aeruginosa PAOl w++2] probable hydrolase 5-AX}2} 100%2] AEAdS Eoct o]
28t A3}= hydrolase geneo] NO4 #52] StFS2 Alxlte] £Q3 I8 Wty

Zo g AlgHT} (£ 3, I8 52, 53)

Table 3. Primer sequences used for inverse PCR reactions.

Narl - digestedgDNA Primer sequence 5° - 3’
IPCRprimerl (Tn5-Narl) CATTCAGGTCGAGGTGGCCCG
IPCRprimer2(Tn5-out2) CAGAACATATCCATCGCGTCCGCC

Sstil-digestedgDNA

IPCRprimerl (Tn5-Sstll) GTCAAAAGGACGATTTCGGTTTGG
IPCRprimer2(Tn5-out) GATCCCCGGGTACCGAGCTCGAATTC

Sphli - digestedgDNA

IPCRprimerl (Tn5-Sphl) GACATGCGGATGTTATTGTCGCTTGGG
IPCRprimer2(Tn5-out) GATCCCCGGGTACCGAGCTCGAATTC
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ATGACCCACGACCTGGCCGCCAGCGGCCTTCGCTTCGGCATCGAGGAAGAATTCTTCCTGCTCGATGCCTCCGACCTGGAC
ATCGTCCGCTCCGCCCCCGCCGGATTCGTCGCGGCCTGCCGTGACACGCTCGGCGAGCATTTCGCCGAGGAGATGTTCGAA
TGCCAGGTCGAGGTGGCCAGCCCGGTGTTCTCCACCCTGGCCGAGGCCGCGCGCTTCCACGGTCAGGCCCGGCAACGCCTG
GCGCATCTGGCCATGGACTTCGGCCTGCGCTCGCTCTGCGTCGGCACCCATCCCTTCGCCGACTGGCGGCGGGCGCGAAGC
AACCCGGCGGCGCACTTCGCCCGCCTGTTCGAGGACCAGGGGCGGGTGGCCCGGCGCAGCCTGGTCTGCGGCCTGCACGTG
CATGTGGAGATACCGCCGAGCCACGACCGCATGGCTGTGCTCCAGCGCGTGTTGCCGTGGCTGCCGCTGCTGCTGGCGTTG
AGCGCATCCTCGCCGTTCCGCGGCGGCCGGCGCAGCGGCCTGGCGAGCTATCGACGGGCACTCTGCGGCGAGTGGCCGAGG
ATGAACATTCCTCCTGCCTTGCCCGACGAGGACGCCTATCGCCGCCACCTGGCGCTGCTGCGCGAGACCGGCTGCATCCGC
GAGGATGGCCAGGTCTGGTGGATGATCCGGCCGTCATCCCATGTGCCGACCCCGGAGCTGCGTATCTGCGACGCCTGCCCG
CGCCTGGCCGACGCGCTGAGCCTGGCCGGGCTGTTCAGGGCGCTGGTGGGCGAAGCGCTGGGCGCGGACCCGCGTGCGTTG
CCGGTCGCGCGCGACGCCTGCCTGGAGGAAAACTACTGGCAGGCGCTGCGTTACGGTTGCGCCGGCCGCTATCTCGTCGAA
GGCCGCTGCGTAGGTGCCGGGGACTGGCTGGAAATGGCCTGGCGACAGTGCCGGCCGCAGGCCCGCCAGGGCAACGAATGG
GCCTACCAGCATGCCTGCGGGTTACTCGAAGAGACCTCCGCCGCCCGCCAGTTGCGGCGTTACCGGAGGTTGCGCGAAGCG
GGCCAGGAGCGCCATCCGGCACTGCGCCGGCTGGTGGAGGAGCTGCTGGAGGAAAATCTCCAGCCGGCCTTGGCCGGCGGA

Fig 52. Nucleotide sequence of target gene NO4 knock-out mutant strain,

>AE004091 Pseudomonas aeruginosa PAOl, complete genome
Length = 6264404 E-value = 0, Score = 1128, Bitscore = 2084.14, Identities = 1130/1131 (99%),
Positives = 1130/1131 (99%), Gaps = 0/1131 (0%) Frame = +0

I IU "U SEI 40 OU BU ?U SU QU
o+ Query  ATGACCCACGACCTBGCCGGCAGCGACCTTCAOTTCAGCATCGABRAAGAATTCTTCOTGCTCRATACC TCCRACCTARACATCGTCCGCTCCGECCTT
AEDD4091 ATGACCCACGACCTGGCCGCCAGCGACCTTCGCTTCGGCATCGAGGAAGAATTCTTCOTGCTCAATGCCTCCGACCTGRACATCGTCCGCTCCGCCCET
IUU 11U 12 U ISEI 140 1OU 150 17 U 180 190
o+ ouery GCCGGATTCGTCGCAACCTACCATGACACGE TCGRCAAGCATT TCRCCAAGGAGATATTCAAATGCCAGGTCAAGGTAACCAGCCCAATATTCTCCATT
AE004081 GCCGGATTCGTCGCGGCCTGCCGTGACACEE TCAECGAGCAT TTCGODGAGGAGATGTTCGAATGE CAGGTCGAGGTGACCAGCCCGGTGTTOTCOACE
"UU 1U U 3U 40 OU SU 70 SU QU
te Query 0 TGECCGAGECEACACECTTCOACGRTCAGALCOGACAACGCC TAROGCA TG TGGCCATAGACTTCRGCC TECRCTCAE TC TACATCAACACCCATOEE
AE004091 CTGGCCGAGGCCGCGCCTTCCACGRTCAGGCOCERCAACCOCTGRCGCATCTGGCCATRACTTCGGCCTGCGCTCGETCTGCATCAGCACCCATECE
SUU 310 3‘0 330 350 350 380 390
o+ Query TTCGCCGACTJGCGGCGGGGGCGAAGCAACCCGGCGGCGCACTTCGCCCGCCTGTTCGAGGhCCAGGGGCGGGTGGCCCGGCGCAGCCTGGTCTGCGGC
AEDD4091 TTCGCCGACTGGCGACGGECGCGAAGCAACCCAGCGACACACTTCACCCRCCTGT TCAAGRACCAGGRGCGGATAGCCCGACGCAGCCTAGTCTACAGE
4UU 4IU 4 0 430 4—‘!0 400 450 47 U 480 490
o+ Query CTGCACGTGCATGTGGAGATACCACCAAGCCACGACCACATRGE TATACTCCAGCGCATATTGECATAGCTECCACTAC TACTAGCAT TAAGCGCATCC
AEDD4091 CTGCACGTGCATGTGGAGATACCGCCGAGCCACGACCGCATGGCTATACTCCAGCGCGTGTTGCCATAGCTGCCACTGCTACTGGCGTTGAGCGCATCC
5UEI 510 520 530 540 550 550 5?0 580 590
o+ Query  TOGCCGTTCCGCGGCGGCCAGCGCAGCAACCTRANGAGCTATCRACGRACACTCTGOAACAAGTGACCAAGGATGAACATTCCTCCTACCTTACECRAC
AEQ04091 TCGCCGTTCCGOGRCGRCCERCECACCGECCTGRCCAGCTATCCACCGGCACTCTGOGE0GAGTCACCGAGGATGAACATTCCTCCTRCCTTGECCRAC
BUU [ IU B"U 530 BOU BBU B.’U ESU EQU
B+ Query CACGAGBCCTATCACCACCACCTAGAE0TACTECALBAGACOREE T G0ATOCA0AGRATAR00AGATC TEGTEAATGATCCBGCOGTCATCCCATATG
AE004081 GAGGACGCCTATCGCCGCCACCTGGCGC TGO TGCACGAGACCAGCTACATCCGCGAGRATGGCCAGGTC TGGTEGATGATCCGGCCATCATCCCATATG

?UU ?10 72 U .’SU 40 .'OEI .’BU U .’SU QU

o+ Query CCGACCCCGOAGCTGCGTATCTGCAACGCCTACCCAEACCTARCCRACEC GCTGAGCCTGGCCGGGCTGTTGAGGGC GCTOATORECAAAGC GCTGAGE
AEDD4081 CCGACCCTGGAGCTGCGTATCTGCGACGCCTGCCCGCGCOTGRCCGACGCECTGAGCCTGGOCGGECTATTCAGGECGC TGGTGGGOGAAGCGCTGGEC
B 10 B 530 540 ED E B 550 EQ

be Query GCGGACCCGCGTACGTTGCCGATCACAEACRACRCCTACC TOGARGAAAACTACTGACAGACACTRCATTACGAT TACAGCCAACCACTATCTCATCRAA
AE0D04081 GCGGACCCGCETGCETTGOCGETCGOGCGOGACGCOTGCD TGGAGGAMAC TACTGGCAGGCGOTGCGTTAC GGTTGCGCCGGCCGC TATCTCGTCGAA
oo oo B D EQ E B EQ

Ce Query GGCCGCTROGTAGATGCCGAGAACTAGCTGAAAATGRCCTAGE GAGAGTGCCGGCC GCAGRCCCGCCAGRGCAAC GAATGGGCCTAC CAGCATGCCTRE
AE004081 GGCCGCTGCGTAGGTGCCGGGRACTEGC TGGAAATGGCCTEGCGACAGTGOCGGOCGLAGGLCCGUCAGGGLAACGAATEGGCCTACCAGCATGCCTGE

1 UUU 1 UIU 1 U"U 1 U3U 1 U-‘!U 1 UOU 1 UBU 1. U?U 1 USU

e Query  GRGTTACTCGAAGAGACCTGCGCCGCCCGECAGT TAOCGEATTACCGRAGGT TACGCGAAGCRCGCCAGGAGCGCCATCCGACACTGORCCGECTGRTE

AE004091 GGGTTACTCGAAGAGACCTCCGCCGCCCACCAGTTGCGGCATTACCGGAGETTGCGCGAAGCGAGECAGRAGCGCCATCCGACACTACGCCGACTARTE
1,080 1,100 1,110 1,120 1,131

Le Query  GAGGAGCTGCTGGAGGAAAATCTCCAGCCGGCCTTGRCCGRE

AE004091 GAGGAGCTGCTGGAGGAAAATCTCCAGCCGGCCTTGACCRRE

Fig 53. Alignment of nucleotide sequence of target gene NO4 knock-out mutant strain,

@ enhanced mutant?] target gene
FoEd Aol of 29 3713 nutant®] target gene BI7IMEE U7 $ste
IPCREF A3} @7]Hde] Zol= 930 nucleotide® o]Foj#] glom o] {AHRI=
Pseudomonas sp. XP-M2 catechol 1,2-dioxygenase gene?} 100%2] A=A Hrt
o|#8t ZAI}= catechol 1,2-dioxygenase geneo] AS=2 Arte] 223 752

TS o 4= orH( a7 54, 55)

rir

(o]
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ATGACCGTGAAGATTTCCCAGACTGCCGATGTCCAGCGCTTCTTCGAAGAGGCCAGCGGCCAGCTCAACGAACGCGGCGATCCGC
GCACCAAGGCCCTGGTGCGGCGCATCCTCGACGACACGGCGAAGCTGATCGAAGAGATGCAGGTCACGCCCGACGAATTCTGGAA
AGCGGTGGACTACCTGAACCGCCTGGGCAGCCGCCAGGAAGCCGGCCTGCTGGCCGCCGGGCTGGGCCTGGAGCATTACCTGGAC
CTGCTGCTCGACGCCCAGGACGCCGAGGCCGGCCTCACCGGCGGCACGCCGCGCACCATCGAAGGGCCGCTGTACGTCGCCGGCG
CGCCGCTGAGCGATGGCGAGGCACGGATGGACGACGGCCGCGACGCCGGCACCGTGATGTTCCTCCAGGGCCGCGTCAGCGGTCC
CGACGGCCAGCCGCTGGCCGGGGCCATCGTCGATGTCTGGCACGCCAATACCCAAGGCACCTATTCCTACTTCGACAGCAGCCAG
TCCGAATACAACCTGCGCCGGCGCATCCGCACCGACGCCGACGGCCGCTACCGTGCGCGCAGCATCGTGCCGTCCGGCTACGGTT
GCCCGAGCGACGGCCCGACCCAGGAACTGCTCGACCGCCTCGGCTGCCACGGCCAGCGGCCGGCGCACATTCACTTCTTCGTCTC
GGCGCCCGGCCATCGCCACCTGACCACCCAGATCAACCTGGCGGGCGACCGCTACCTGTGGGACGACTTCGCCTACGCCACCCGL
GATGGGCTGATCGGCGACCTGCGCTTCAACGACGACCCCGCCGCGGCCCGCGACCGCGGCGTGGAGGGCGGACGCTTCGCCGAAC
TGGATTTCGACTTCCAGCTCCAGGCCAGCCCGGCACCCGCCGCCGAGCGCCGCAGCCAGCGGCCGCGGGCATTGCAGGGGGGA

Fig 54. Nucleotide sequence of inserted DNA of enhanced mutant target gene.

>EUS03129 Pseudomonas sp. XP-M2 catechol 1,2-dioxygenase gene, complete CDs
Length = 933 E-value = 0, Score = 915, Bitscore = 1690.8, Identities = 925/930 (99%),
Positives = 925/930 (99%), Gaps = 0/930 (0%) Frame = +0

10 30 50 GU 'U 80 QU

| b+ Query P\TGJ’\CC GTGH&G&TTTCCCP;G:"\G TGCCGATGTCCAGD GC TTCTTCRAAGAGROCAGCAGECAGC TCAACGAACGCGACGATCOGCGCACCAAGRCCCT
EUS503128 ATGACCGTGAAGATTTCCCAGACTGCCGATGTCCAGCGOTTCTTOGAAGAGGCCAGCGGCCAGCTCAACGAACGOGGCGATCCGCGCACCAAGGCCCT

100 110 120 130 140 150 160 1?0 180 190

te Qusry  GGTGOGROGCATCOTORACGAGACGE0GAAGE TRATCGAAGAGATGCAGGTCACGCCOGACGAATTC TAGAAAGCGGTGGACTACC TGAACCRCCTRR
| EU503129 GGTGCGGCGCATCCTCGACGACACGGCGAAGOTAATCGAAGAGATGCAGGTCACGCCCGACGAATTO TGGP\MGG GETGGACTACCTGAACCGCCTGE

AUU 2 IU 22| D 30 40 oU BU 80 AQU
b+ Query  GCAGCCGCCAGGAAGCCGGCCTGRCTRACCGCCEAACTARACC TERAGCATTACCTAGACCTGCTGCTCRAC GCCGAGGAC GCCGAGGCCRACCTOACE
| EUS03129 GCAGGCGCCAGGAAGCCGGCCTACTRGCCGOCGAACTAGGCCTRGARCATTACCTAGACCTGCTGCTCGACGCCCAGGALGCCGAGGCCGRCCTCACT
I Bl B a0 Bl 30 k] 350 370 30 B
te Query  GGCGACACGECACACACCATOMAAGGACCA0TATACGTOGCCGACGCACCA0TRAGCRATRRCAAGGCACGRATGAACGACGRCCACAACRCCAACAT
| EU503129 GGCGGCACGCCGCGCACCATCGAAGGGCCGCTGTACGTCGCCGGE GCGCCGC TGAGCGACGGCGAGGCACGGATGGACGACGGCCGCGACGCCGGCAC
a0 410 0 w0 0 80 0 0 a0
| e Qusry  OGTEATGTTOOTOCAGGGOCGOGTCAGCGGTCCOGACGGE CAGCCGCTGGCCGGGGCCATCGTC GATGTOTRACACBOCAATACCCAAGROACCTATT
EU503129 CGTGATGTTCOTCCAGGGCCGCGTOAGCGGTOCCGACGGOCAGCCGOTEGE0CGGGECCATOGTCGATGTOTGGCACGCCAATACCCAAGGCACCTATT

500 510 52 0 530 540 5::0 560 5r0 580

te Qusry  COTACTTOGACAGCAGCCAGTOOGAATACAACCTGOGCCGACGCATCOGCACCGACGCCGACGACCACTACCATEORGCAEAGCATCRTRECATCORED
| EU503129 CCTACTTCGACAGCAGCCAGTCCGAATACAACCTGCGCCGGCGCATCCGTACCGACGCCGACGGCCGETACCGTGCGCGCAGCATCGTGCCGTCCGGE

590 600 [ IU 620 330 340 550 660 6."0 630

te Query  TACGGTTGCCCGAGOGACGROECGACOCAGRAAC TACTOGACCGOCTCGGC TRCCACGRCCAGCGACCAACGCACATTCACTTCTTCATCTERRCRCE
| EU503128 TACGGTTGCCOGAGCGACGGCCCGACC CAGGF\AC TGCTCGACCGCCTC GGCCGC CACGGCCAGCGGCCGGCACACATTCACTTCTTCGTCTCGGCGCC

GQU 'UU T IU 30 50 ﬁU ?U '80

te Query  CGGGCATOGCCAC CTG.ACC-"'\CCGAGHTCMCCTGGCGGGCG&CGGCT&CCTGTGGG&C GACTTGRCCTACGCCACCOG0GATAGA0 TAATOGACGACT

| EU503129 CGGCCATCGCCACCTGACCACCCAGATCAACCTGGOGGGCGACCGOTACCTATGGRACGACTTCGOCTACGECACCCGCGATGGECTGATCGGOGACT
a0 800 810 820 830 T 550 880 8]0 580

| b= Query  TGCGCTTCAACGACGACCCCGCCGOGGCCCGOGACCGCGGEATGAAGGGCGAACGCTTCGCCGAACTGRATTTCGACTTCCAGCTCCAGGCCAGCECG

EU503129 TGCGCTTCAACGACGACCCCGCCGOGGOCCGOGACCGOGGEATGAAGGECGAACGCTTCGOCGAACTGGATTTCGACTTCCAGCTCCAGGOCAGCCOG

890 aoo ain ez20 230
b Query  GCACCCGGCGCOGARCGEOACAGCCAGCEROCACGAACATTACAGGRE
| EUS03123 GCACCCGCCGCCGAGCGCCACAGCCAGCEACCGEGAGCATTACAGRAE

Fig 55. Alignment of nucleotide sequence of inserted DNA of enhanced mutant target gene.
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3. A HSE B 2
A Ul 100 2]
ey stalen,

Enterobacter sp. 13%,

Pseudomonas sp. 3%,

sp. 2%, Xanthomonas sp. 4%, % 27%% el HFstAch &3 ZAzte ol FEof

FAx] 24FL 16s rRNA Az BAHS

Zrl.
Table 4 . 7+ o8 #]o 16s rRNA F-3-A} &
Name =5 3
Y 01 o 8-17 Enterobacteriaceae bacterium
Y 02 o3 82-20 Pseudomonas putida
Y 03 o 82-29 Pantoea agglomerans
Y 04 Wt 82-40 Pseudomonas geniculata
Y 05 U 82-47 Enterobacter endosymbiont
Y 06 o 82-49 Enterobacteriaceae bacterium
Y 07 Y3 82-63 Pantoea agglomerans
Y 08 Y3 82-86 Enterobacteriaceae bacterium
Y 09 o 87-7 Escherichia coli
Y 10 o3 87-30 Staphylococcus saprophyticus
Y 11 Y 87-37 Pantoea agglomerans
Y 12 Y 87-46 Enterobacter endosymbiont
Y 13 3 87-54 Enterobacter endosymbiont
Y 14 Y3 87-58 Enterobacter endosymbiont
Y 15 g 79e-17 Staphylococcus hominis
Y 16 o 13-2-3-2 Enterobacter endosymbiont
Y 17 2o 13-3-2 Enterobacter endosymbiont
Y 18 Ho B-2-1 Pantoea agglomerans
Y 19 Ho B-2-4 Pantoea agglomerans
Y 20 A7 G-33 Enterobacter cloacae
Y 21 A% 30 Pseudomonas geniculata
Y 22 Ef=g] 20-1 Enterobacter endosymbiont
Y 23 "= 5-1 Enterobacter cloacae
Y 24 a=1 Xanthomonas arboricola
Y 25 1= 1-2 Xanthomonas axonopodis
Y 26 "= 10-1 Xanthomonas sp.
Y 27 "= 12-3 Xanthomonas sp.
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