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SUMMARY

The gross production cost of agricultural crops in South Korea has reached $11 billion,
yet poor post—harvest management (PHM) makes almost $3 billion lost every year.
Therefore, the role of PHM has increased in agricultural industries in order to maintain
the quality of products, keep them from being lost, avoid their decomposition and retain
freshness to deliver safe products to consumers. There are several steps in PHM, which
includes — cleaning, sorting, quick cooling, storage, transportation and distribution. This

project is focused on handling before storage, the pesticide residue control.

In case of apple, its export in Korea reached $1000 million in the year of 2010.
However, apple exports to Taiwan was temporarily suspended due to the pesticide
residue detection and products that do not satisfy export customs clearance procedures
were caught in following years. This phenomenon remained a great concern to develop
an environmental—friendly method for removal of residual pesticides. Consequently,
preventing pesticide residue on agricultural products to meet the standards of any export

customs clearance procedures is indispensable.

Laccase is an enzyme exists in diverse organisms like higher plants, insects, bacteria.
Laccase belongs to a multi—copper oxidase that catalyzes biodegradation of lignin and
the oxidation of the other aromatic compounds such as polyphenol and diamine. Also, in
the presence of redox mediator, Laccase can catalyze the oxidation of non—phenolic
compounds. By considering its characteristic to possess broad substrate spectrum,

Laccase is known to degrads various chemical compounds containing imazalil.

Recently, a lot of attention has been given to bioremediation of organophosphates and
studies have shown that organophosphorus hydrolase (OPH) can detoxify certain
pesticides; Parathion, Methyl parathion and Methamidophos. In the same context,
cytochrome P450s, esterases, peroxidases and transferases have identified as enzymes

that can be used in bioremediation.

As a heme monooxygenase, Cytochrome P450s catalyze biodegradation of aromatic

and alicyclic compound, whereas the esterases break down the ester bond for
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detoxification of chemical compounds. Peroxidases destroy aromatic compounds by
catalyzing oxidation—reduction reaction when transferases such as Glutathione S—

transferase (GST) catalyze dehydrohalogenation of cyclic compounds.

The over—expression of these pesticide detoxifying enzymes i1s a common mechanism
by which pests become resistant to pesticides. Therefore, study of the enzymes;
cytochrome P450s, esterases, Glutathione s—transferase (GST) may help to identify the

most proficient enzyme that can be used in eco—friendly removal of residual pesticides.

Esterases hydrolase organophosphorus, carbamates, and pyrathroid pesticides by
transferring their ester group into alcohol and acid for lower pesticide toxicity. On the
other hand, GSTs, detoxify organophosphorus, organochlorine, and pyrathroid pesticides
by catalyzing the conjugation of endogenous xenobiotic alkylating agents and glutathione

to excrete them outside the cell.

Throughout this project, we obtained diverse gene library for pesticide degradation
enzymes and improved existing pesticide degrading enzymes using direct evolution
technique. Also, we constructed novel non—GMO Bacillus strain that can over—produce

pesticide degrading enzyme to remove pesticide residue on apple eco—friendly.

Among different Bacillus strains collected, one of the known pesticide degrade enzyme
Laccase was isolated and overexpressed in B. subtilis. The overexpressed B. subtilis
Laccase indicated that it has inner cell expression and remain stable at room
temperature. Also, its safety has confirmed along with the ability to degrade different

types of pesticides.
Moreover, organophosphorus hydrolase (OPH) gene isolated from Flavobacterium was

over—expressed in Bacillus and its ability to degrade pesticide was confirmed as well.

Newly designed synthetic gene circuit to develop counter selectable marker made
possible to cause site specific mutation on 5. subtilis genome without leaving any foreign

DNA behind.

It was also successful to express cytochrome P450, esterase, and GST in Bacillus, and
their pesticide degradation ability was confirmed through bioassay in the presence of

Clothianidin, Cypermethrin, Fenitrothion, Methidathion, and Fosthiazate. Further
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antifungal plate assay with Prochloraz and Tebuconazole assured that BMC21 and GST
were effective on degrading most of the pesticides. Finally, Tebuconazole containing
pesticide was sprayed on the surface of the apples along with BMCZ21 enzyme sample,
and pesticide residue analysis confirmed that Tebuconazole was not detected with
BMCZ21 enzyme treated apples. Therefore we concluded that products containing BMC21

enzyme is suitable for pesticide degradation on apple exports.
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— vy AE ¥AE A T AT O 2N B osubtilis, B. licheniformis 5 2%

FAE dgo AFEHo] HE 4 9l& kA d GRAS (Generally recognized as

safe) v Eo]w thekst WA S AYAFELTL 31 protease, chitinase, glucanase 5 U}
P

— EF, AR A AAA AAYE 54 A 60%E FEetal Qe 7MY S e Akl

rlr

2, purine nucleotide, vitamin, poly—r—glutamic acid, D—ribose, sweet—tasting

protein, polyhydroxybutyrate, streptavidin & ©st 21358 AFQE, oJokg =2 AAF

TTE FREAA %S

— AR A EAE A, X, g seEd T AE A A A S A Y
RBE 7hsato] AR $98 B EAAE Baciluss 71REC.Z Al #E L 9l

— Laccase (benzenedial : oxygen oxidoreductase, EC. 1. 10. 3. 2) & 1524=, &%, 4

Hglo} oA A %= multi—copper AFstaA® ZFAo T4 2l 1de] A wvks

& =3,

— Laccasetx Zg|dlE, WEAV|7F A3E BxdE tololyl 5 X5t FHT W

¥ 3R o] AbshE-S-of #oistar, Akst Y wiA| v AT A9 vldE=A 71H Y Al
stE Susts & FHS 71 HYAE A= Ao®E dHA s (I¥ 1), olF 7|HEe
Z Laccase”} imazalilS X33t tjoFst 3gdES Fajsttes Bt s (29 2)

=

- H& 74 EolAy #

TH

e
j&

ot WhS 58S 7FA laccases 29% S W EF IS
AN, HHstAY AFAard el g8, ARX AR el gl ad w2, AW, 74, okl Alx 5
therst S5 ARS 7hsE (2" 3).
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| ethyl benzene
H toluene O:[P EIISJ (ISIJ

benze ne T Phenanthrens EIHI{‘]H“II’IEIHI cﬂl"‘.ﬂ.
\ { ) Naphthalans Anthracans Tetrazens

Cl /CI cl cl ‘ : polycyclic aromatic hydrocarbons(PAH)
‘\\ ff \\{\ OH
cl ﬂ (ﬁ B % ? ol cl
Cl ol ci cl cl cl
Polychlorinated biphenyl (PCB) pentachlgrophenol
o OH
Cl Cl <>/C
ci l ' (of cl
Dot NO, xylene 2,4-dichlorophenol

13 1. Laccase®l] 93] Falu = IJTEE.
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W3 E laccases A

— "R YA AMEY A 102894 % laccases FEEsIF T, 10284 TEE laccases
vpA g A Mgy A 1689 IAHT oF 26l L =2 &4 & UEEl o, AFoA 30Y

ol wtstel e B0 HAH. Laccased ThEE 7805 ALoA 24 WS

F71 8ol oist tAdo] Hojt Aow Azbe,
Z Ay = 438 WE (pHTO1) E o] 839 laccasesS X

A o] A7 o]d Bt 91%lS (Cho, et al. 2011).

St laccase HEH #F9 a4 Wd AEE vwsfER A g 2 A
o] &3t FF9 APH L il

ek 3 g4 84S SHE 2 A3, 2 A" WA AHS o]
o] gAo] AdFow Ay = WEHE o] skl WSt a4 AR oF 104 o]t

= vEbd (28 12).
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Laccase activity

(A420)
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Fud
1

0 1
WT

intracellular extracellular

1% 8. Laccase? AMXE U == AX 9
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(0ZtY) M1anoe aseade

=

coth

Sup

1 ™ — =3
(0zpY) M1anoe aseade

cotA

Pellet

=+

[ay] ™) — =

(0Z YY) M1anoe asedne

coth

oA 2 ¥ Laccased

Ay
a-

Al

a9 9.
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coth coth
BS168 WES00MN
4 - OO0 hr
= O after 24 hr
? W after 48 hr
53 | Mafter 72 hr
- W after 125 hr
3
82
b
@
S1-
L% ]
I
—
0 T
WT

T4 10, vpdE A A" 1683 8719 Alxe] @i Fala4rh A" WBS8OON
La

o
TFol A9 Laccase Wd Hlw W 5d%<¢ A& BWAH Laccase T4 #AH
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00 day
2 010 days
Lk
15 . m 20 days -
= m 30 days —
o
g 1
L=
05 -
0
WT coth WT cotA
168 1028
4 - OWT
w i
£ 3 W cotA
S
X
x 1
0 - T T
%,
{j‘ﬁ ““{‘j} .-a.':\D D{Eﬂ "'«y@
% Q &+
&“ N
v &

% 11, vpAe A

1l

ey A 1687 10289142 Laccase w3 H]

e gy gl
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F'-.q- 1
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o |
<3 -
£
=2 -
=
g1 -
o
j':} T T  E—
WT cotA pHTO01l pHTO1
cotA
WT cotA pHTO1  pHTO1
|cntA-.
|:
| o -
4 i
.l P’
i - (B i,

% 12, B A

1o

A A8 (cotA) I AYA BFAAE (pHTO1) 9] Laccase W vl
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AR

il
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X
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=35
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A FHoA 2 laccase o]
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o] laccase A4S

B

B

ol
70
o

Lon_

22!

X
B

R

120A1 3744

1

accase~—
e (19 13).

19l |
5

el

7}

= WeEba.

)
el g e d4do] kA

A

ARe 2l

A

A

=
=

g d 3 dAAE )

1
T

— Laccase

T7F HuE 3l (Eggert, et al. 1996).
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fi%e)
pig
ol
R
il

BH

ﬁO
B
)
o

i
BB

indigo

H laccase”’} 3}

]

el

7}

o] <]

carmine¥} TSBelA 24A4]

laccase”} indigo carmine< %

Eal

=13
=

ot F71Q A3 E JHEd &4 (Organophosphours hydroase,OPH) & 3}

M
plo

O AFTA FoAM 7P wol ARgEAL

3]

= ol&

ke

1
T

J =384 8773} (bioremediation)

— Al

sl

& A

12] WSl &

*

o] g7 48t

22, =

= st

a4 (OPH)

= 7kl
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H

—_—
1o
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|

O 24 hr

W48 hr
m120 hr

i
|

Laccase activity (A420)
=t

WT cothA  pHIO1 pHTO1

13. =4 w8¥ 22 xHo|A e Laccase &4 574 2 A4 dHAA
(pHTO1) 3} & LA AE (cotA) #e] AR

rﬂ
0
[‘_8{_',
jus}
El
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Decolorization (%) .

s & 8 8 38

=

WT

cotA

pHTO1

pHTO1
cotd

1% 14. Laccase?) indigo carmine 3 &4
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— OPHE E%Un|AWEQl Pseudomonas diminuta MG$} Flavobacterium sp. ATCC27551
of|q FelEden, OPHE AN Ax didts ol&ste] F7194 == &l
st zl shele. ey iAol s AlEE T3 58] v el ME Y 5ok
A 3E T+ periplasm S 2 W& ¥ OPH 3Fe] o] folshx] o} Foks F5314]

7171 el Al AAS.

oA 7] A wpEde A BFA
A2 VIAZ G4l 4

skels (1" 15).

o
|\
o2
o
in)
i
g
-
N
=

>,
H
[>
2
2
o
i3
l-‘_|_|_[4
i
32
dlo
o
X

2. EARZ=2 o] &% Laccase B4 MF

— B273} (Directed evolution) 7|&<2 H24 ¢ald = AYAE 871 o

ol
ok
rlr
m
o,

|
M
>
o
o
AN

148 o] 83t laccased MFste 1, o] &) WA A38Y

>
[
juii)
o
4

— 23gde R vy Fasty 1A HiA|oA Fdew AgEdsl= Zlo] uhEA
3. Bromophenol blue, Indigo carmine, Tannic acid, ABTS & t&st laccase 7145
Abgatel A wiA oA GAs e A¥ 0.25 mM CuCly¢ 0.4mMe] ABTS7F &9
U= 1/3 TSA wix7F =gl 7Hg Addsive= 1S & =+ A%s (2% 16).

— vpAE A EE A laccase 4 AHE Clontech AR Diversify PCR mutagenesis kitE
°]-&3to error prone PCRS &3kl & A9 TdA A SR8t thdwel &=
Aatl&. ol & vl v A A Ao E9dsto] QoA Agd A= viA el

E ul-
d9e (2% 17). 7 A% BHo] $5d wolt HUd FrRUES FuT 5 AU

|
dlo
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WT COtA OPH

% 15, vpEE A EEl A 16894 HE A5 Uit e 2 3 Laccase

organophosphate hydrolase @42 &4 =4
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73 16, AW A Ao A Laccase @A =3
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— 9 A=38d wiF A Aol 53] Hols THI 10715 AW¥ste] laccase assays
ol MNF Ao ma B vl Hoks (Z™ 19). &

wild type?] AHt} oF 0.5~38] o] oA, ZF FH O laccase o] thfsH
WEY laccase 13872 opniAt S IS A¥, 2 FEHIHT A2 OE Fol

Eﬂo]j}. }\gﬁjﬁ—% :‘3:]_"?_8]' (:]_‘jé 20).

\=] =

T TR laccase B

[
N,
i
2,
X,
L
2
ot
N,
1h
:\l:,‘

o

z

3. non—GMO v} g

- 54 a2t 33dd 755 AFsh: WY random mutagenesis i 431384
71 & ©] &3t rational mutagenesis’} <. Random mutagenesis W< wild—type

FEol UV m 38 28 Aeisto] Ax dolH FA9E Sduol

i
ue
o
N
=
{0,
O/
ol

ofl
i)
tlo
N
4
2
it
re
o
2
N
)

Y,
(03
©

)
R=)
N
N,
[-‘11',
Ao
it
I
o
)
—
o
AV
=
ok
i)
o

daht Bwolrt 44 g0l 0.01% vHoR uj§ i fAskx 2 Sdwo]
7 oAEAN Al AE el EAFA ] FAZL HAT sl e wd
A5k FA2 A BEAWCAT A7 o)A Faldel dejr] Aze EAlel A

7IW A SHE Aol ES Al Rbg ol S @A ol Sl

1>
1o
5
=
=
=

— WA v oA 1EgE FHAST Tles T Tk %S, vy
comtetency S ©] 83 dAAE 7)|Z oA key regulator &S = Zo] ComK<.
ComK+ ComP—ComA two component systeme] 2] @&o] 7}

Aot e ol e dsFow Adstal ComK7F &4std 5= 4439

£o] F743 oled x2S Eato] PANG g0 dr)How F}

fol
i,
=
>
Ay}
[
=y
N

{1

= AFsd= (19 23).
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J H 2 0 4 W ' I i il ¥ 1 4 14 ' 164 W

| R L R T DT L EL PR L L e LT I LGS R R AT RS P TR Tk b Dt LR S 1 i
RAHL ¢ LR LR O R AL PR VTN T PR LA 2 L PN AT TRV R WAL SRLTE AL TS ¢ 174
EARZ ¢ TRV ALY TR LR R YTV TMELCTH LT FFIRLCYNGLY oL EVONENY YV TRMMELF YL d TR TEYE LG VTR WP NEMTLVENRALTRLI VYNGR I IO @ 176
LY | R TR T Y TN LI TR TG P B TLHonI LT PR o TR AT BEC LT TR T MRS TR LG Ve 10 1 17
Uyl R b e Ty it R = e TR TR e T
LGP o P SN TSR SR IR W AL S REL N 182 ¢ 151
LRV S Lo PSP TS PTERE VYT R LI RARALTRLETYRGLYGRETING ¢ 170
TV PR S AL RS T TS YT FRL T TS AT ERMAALTN LTI Ve L0 1 1T
bret G H R e s e A T R s s TS R U ey e L e et 1 e S R el
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1 ¥ b ¥ il ¥ Hi * H ¢ H ! ¥ 10 ¥ i ' 1] i
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PR LT TN L e LR 3L PR TF RN LV L YR WY KT TR LA L PR LTS AFALN YT LI C TR VLGN TLARBAGOG VNPT AN N, TRVIRRLAGRIL R

L] Foop o oo im £ i oW .. R oAl oM %

& LA R T L AT LR T TP TEINa L R PIRCTRF CHLAL VAT WYLERREE AR RS LA Y SaaH INSFORCRT AR ILENE TS e ¢ 418
R L (e U s a LRt T e A R R ) e b IANTTGFY RGNV TLINCOTCRR R rremenmers § 4
1 | HrHE e s R R R e e NPT TN =remee | 304
Al | R LT TR L L LR T T L T ma T LS T WY LSRR T LA TR SRR SANTTO TN LAREET A e v 1 MR
EA ¢ L LA TR LR PP LI L A PTROTRR LN ETRYLERRPUYAN L ATELA Y IA EARE TIPS SORTVANERT passasasss g 40§
EANE ¢ e LRt ot LA T et SRR B b T B g e R e R e LR
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Wild-type

UV or chemical mutagenesis

>

Mutant library

Production
Application

4
Screening:

M

Activity
Productivity
Growth

19 21. Random mutagenesis W9 B2 %
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Deletion Insertion
N [ Target | C — — I N[ ¢ }——o
N | marker | C —] [— N H Target H marker
Double crossover recombination
N | marker | C e — N H Target marker

19 22. Rational mutagenesis WH 2 A=
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B. Subtilis
(Active ComK)

B. subtilis
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7}. counter—selectable markerE 93 A FAA =2 AA

- XS 7R & Aw dAYAY V=S 8522 counter—selectable marker

(CSM) 7} B a3t 7)Eo AFgE AW CSM2 upp (Mol. Microbiol. 2002. 46: 25—36),
blal (Appl. Environ. Microbiol. 2004. 70: 7241-7250), mazF (Nucleic Acids Res.
2006. 34: e71), araR (Microbiology 2008. 154: 2562—2570) s°| S+=4 upp, blal,

araR 52 Asieol B8 54 mutation®] HQ3}7] wito] o] WS AFESH =AWl

i

Ae oAds] GMOSY. mazFe] Z-5-ole Axe dish SA4S 7H3 Q7] wjitel o
ARGt - @2 false—positive7} TA st detE EAWOlE 2V wlg- ol¥ R
b B ATeA o] 59 WAlE SHStIA FAAETA wol AMgHE HA V)&
A T FAR I EE ARESte] AR WS RS S
— 3 FAR 32E HE 44T, AMEAAES 5o AFelA thFetAl AREE Sl
CSM= 93 a4 32+ /Mde Aol gla. & A7olA CSM= g Az 4
s|l=E AAlEE. AR AAE AR 2 7 e Z2RES F JH9 repressor

— Repressor 12 @A Wasta Qlom X2 R E| 1o 283} Repressor 2 HdS ¢
#| 8k, o]= Repressor 29 ZAS W= T2 WE 27 KE reporterd THES FE35H9]
detection®] 7Fs3hAl &. ¢17]¢| inducer 1= ¥ol54 Repressor 19| 282 waj s}
o] repressor 29 WdSZ {53 W E Repressor 2+ L ERE 29 W3S s
o] reporterE detection &  §lS. reporterE detection dH7] $JEA+= TEHEEH 1
% repressor 27} AAEojopwt ok wpebA] o]Zlo] CSMo® A8 5= A H. & A
TolME ZERY lo& xylose® Wdo] fFE¥ & vl A YA xy/4A ZEEH
PxyDE, ZEXH 29+ IPTGE Wdo] FE¥H:+= spac X2 HEH  (Pspac) s,
repressor 1o= xyIR F+ZAE, repressor 2915 Jac/ +AAE reportero= 222

dAly = A FHAA (cap S AHESHS =
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Repressor 2

Promoter 2 | reporter

Promoter1 | repressor2 — Helper plasmid

repressor 1

|

Repressor 1

-

Inducer 1

O 240 AP 4 A BR EAR
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A2 @A 3ZE CSME AR 7Fedh Al o475 HAsA 5. v
A AMEg A 168 d55 HAawA A A7l f§iA=  tryptophano] Q3 =
tryptophan auxotroph (Trp—)%. ¢l 168 #F9Y pC F4A el 3708 7]
(ATT)7F AA€ Zo] el & A7olA 378 715 vhAl Adste] tryptophan 9
TS A 75 (TrpH) & A9 348 332 3|25 AFEsto] Alztstdls (27 25).

— WA Pxyli—lac] FHNE, vlewntolal A FH2 (neo) ¥ ATT 4717F 35 €
trpC F+7342F 55 ¥3F3F integration vector® A 23R L o] & Trp— 5o =Y
+. =% ¥WE{= single crossoverZ} dojuy AlEidel AdE. o37]o Pspac—cat 7}
HES xyiR 345 7k helper Z&An =g =%, o9 Aze #5& &
XylRel &Jaf Pxylell €& Lacle @do] SAlH L o]& card] WS
SRR Ze] 239 wiA A AeAl B, o17]ed xylosest FEESGHT
& xyloses XylRE Wallsto] PxylZ2%E Lacle #taS 453 a3 e Lacls
Pspac ZEREE]S] ZHgalo] care] WS AT webd SEEEIUZOAAN A
&A= in vivo recombination®] 23] Pxyl-Lacl 7FHIE 4 neo A7} AlAE o
of gk o] 3t in vivo recombinationo] o uwl FAWo|7F doju= Z1]l. in vivo
recombination®] dojd w wild—typeo] =014 &3} mutationo] H4d FELS &

Aok SARol7E dold 5 helper ZTFAUIEE A|ASH mpdes MEA 168

FHAE AAHN S & 4 903l tryptophan®] EZREHA| b2 Haw|A M E & A}

5ol FEEASS & & A (I™ 27).

rr
Py
o
il
27
o
2
~
S
)
Jo
2
_>|i
1o
N

— A FAR F2E o] L3t Trp+ v+ AZS 53] genome o= EA A7) 44
2 o5t o|Fof XY= AMES FHENEH el R AnAedA 58 d719 Al

Fot e

Oft

71 HE+= point mutation®= &°|sHA o] Fo|Xth= AH S 58
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-rrpC + xvlose
Ca

B. subtilis 168 (Tip)

Pt | jacl H neo

"

B. subtilis 168 (Trp™)

% 25, vpA YA AEE A 168 Trp+ o A&3y 22 %
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BS168 (Trp)  321-agattttatt---gattctcttc-340

|

BS168 (Trp™)  321-agattttattattgattctettc-343

72 26, vpA# A AMEEl A 168 Trp—9 Trp+ 579 trpC §42F G719 vl
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(A)

TSA (+ Neo)

(B) 9 -
2 -
=7
S5 5
= 4 4
E3- 3
S 2 2
1 - 1
{'— T T T T T T T T 1 {'— T T T T T T T T 1
24 56 78 2101112 245 67 8 9101112
Time (hr) Time (hr)

a9 27 vpAe A MER A 168 Trp—9F Trp+ 52 AA] (A) 9 HAElA]
(B)ellA1e] Growth. TSA (+Neo) = Yl evrto]alS 23Hst TSA #jxjo] CHPGI1 (—trp) <

tryptophang X¢abA] ¢k HAuA ), (B)olld s 12tv]= Trp— #5ol™ UE=
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— ™A deletion mutant #|ZH2 s @A Hajjgi

rO
S
&

o
(GT)7F AAD aprE A=} (aprE—) (28 28, A)E ¥831 ¢l= A7) integration
WE S A8 point mutant AZ-E Y= @A Falad nprE FAZE] AV
T= Ao} stop codon®] A71A & nprE §3# (nprE-) (19 28, B)E Xghstw

= 7&7] integration MEE A|2eA .

— U5 A7 Trp+ o+ AFY F HHO=Z Trp+ AprE—, Trp+ NprE—, Trp+

AprE— NprE— #FE5 A #slP L. AZE #3590 dwz Beagr g4 =43 4
# wild typeell B8] mutant 5 ZFAJo] 7FA3E ZAoF Hol mutant’} F wWEo] A

- glo BARAR g olgstol 54 9719 44, AA, point mutatione] ]}
ojFoATk 28 FWetd, Heowt AR AN 54 SA4 wh osze)
5 golsh ol Foldth: 2 FUHAL

- @S AA e BNA AR detd A4 §84 Tt e#E9 deletion

ol

mutantE =712 . WA FH4%9] deletion mutantE &7 Y3 €@43stE B

29 amyE FAAANA gFE2]l 47] (¢F 2 kb)7F AAY amyE §3A (amyE-) &

3= integration WEE AFES (I 30). ZA| wiA] AdelA Lex/s5d wr

o2 &3 amyE— mutantollX ©FstE Fajaie] @do] Algkle glsiily (O™
3}

3D, s&aLAHqNS (PCR)S olg3st amyE F34A7F AAEHASTS AR+

TR sl 5 ol g5t 19 amyE FAART Z A7]o FAAE LolstA Al
A = A=A Lol r] 95t FHF S YEY+= fengycin AT AH @A)
Aol pps LIHE (ppsABCDE) A o5 FAstE A= F312 Hubo] AAE <

A

== integration MEE A Z3AS (13 33). PCRE E3l pps Q¥ E0] 23]

— wEhA B Ao i Al dXYold 7|E2 Al AolA insertion, deletion

9 point mutation 5 X mutationg "¢ E&F o AT £ S

o
da

REEES
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(A) BS168AprE™ 243-tgaaaaagctgtaaaagaattg-264

(B)

v

BS168 AprE-  243-tgaaaaagct--aaaagaattg-262

BS168 NprE~  387-atctgctgcaaaaacagata-406

{

BS168 NprE- 3g7-atctgctgcataaacagata-406
stop

19 28. AprE— 4 NprE— FA#F2] d7144 vl
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— s
[

e
—

Protease activity

'

WESOIN B51463
Trp”

Bs163 B5163 B5163

T],P+ T],P+ Tl']]+
AprE- NprE- AprE-
NprE-

a9 29 AFE mutants®] ©@WE Felg s 24 HA
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amyE-3 amyt-R4
Eln)yE—FS a:myE-RS aE;E-FG EYE_ RG

BS168 —  ygA yegh Idh lctP
aﬂEFi amyE-R4
E-F5 N/ € .
any \ ar{rEE R6
BS168 AamyE  — g4 yegh ldh lctP

103 bp

a8 30, vpAE A AEY A amyE A AA 34 RAE
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9 31, 1A WA A BrEdE Balase] Qe x/md Hkg

1, negative control (B. subtilis 168); 2, amyE— mutant
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1% 32. PCR

amyE-  amyE-
F5/R4  F3/R6
1 2 ] 2

1 2
(BS168) (BS168 4 amyE)

amyE—

2.7 kb 0.8 kb
F5/R4
amyE—

3.1 kb 1.2 kb
F3/R6

< 53k vpA e A AdEl s 1689 amyE -3 AF deletion &

71

ol
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pps-F3 ppsA-FlppsA-RL ppsB-F1 ppsB-R1 ppsE-F1 ppst-R1 pps-R3
s—F_} 7 7 R ps-R2
pps ] P

BS168

=

ppsh ppsB ppsC ppsD ppst
38 kb

BS168 Apps

% 33, e A MER A pps @uEe] AA 2 B4R
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pps-F1/ pps-F3/ ppsA  ppsB  ppst
pps-R2 pps-R3 F1/R1  -F1/R1  -F1/R1
i 2 1 .3 P2 F 2 § 3

1 2
(BS168) | (BS1684pps)

pps—F1/pps—R2 | 39.8kb 2.0 kb

pps—F3/pps—R3 | 39.0 kb 1.0 kb

ppsA—F1/R1 2.6 kb -

ppsB—F1/R1 3.3 kb -

ppsE—F1/R1 3.7 kb -

13 34. PCRS %3 npA gy~ Mdg] A 1689 pps ¥ E deletion &<l
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a3
a

t}. Laccase ¥

non—GMO ¥
2191 CHPYGlel T8 &

¢ OPH ¥&dd 455

7} AtzlE]o] wjx| o] Ao] mElM oz up = A

— non—GMO Laccase ¥9d #5292 OPH
1B7] 98 thekst A=A AFAR AL

Q1 1—naphthol& ©] &3} 5.

HA7be HA& wix|el CHPYGlolA Z+ #5
non—GMO Laccase #¥@3d #52} laccase, OPHE

Y& YekY (29 37). Laccase, OPHE

AA] laccase’} HAHHENFS &
H7Vstal ABTSE 71282 319 non—GMO Laccase ¥}
A3t A7, non—GMO Laccase

1—naphthol®] &&=

o K

(19 35).

u}

T3 o

Wb ool 9 ABTS

A5 (2¥ 36).

o

Q]
AN = f

|

A

sh F77}
g0, 2

1=
= 714
A
A It

TPRATE A7
=
T

o+

7} non—GMO Laccase ¥}

e FEEoh A H&Ms el Z1o® Kol T a4yl o Balo AlvA &
7F S Aew A7

— A1&E non—GMO Laccase 3 w9 OPH #id 5ol el sekidlsa X
AbsEsls. ol 18l #HA WXl CHPYGIlell organophosphate insecticide?!
chlorpyrifosE #7}3te] clear zoned #Z3&l9e. 2 A3 OPH H3d 59
laccase, OPHE &7 #ddst 5l clear zoneo] YWERE (2§ 38). 181
laccase, OPHE ¥/ #2dg #57F OPH #dd #FHTt of 156WMAE H&
activity S UWEFH. ©]i= laccase®t OPH7F 5 &allol Qo] AyA avs yeds

Aoz oA,
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1.5 -

0 I I

—

A420time

cotA nonGMO
cotA
WT cotA nonGMO
cotA
\

1% 35. non—GMO Laccase #23 59 Laccase J2d #5 (cotA) 2 Laccase &4

H|
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a9 36. A vl A Aol 2] non—GMO Laccase &4 =4
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1% 38. Laccase %2 OPHE] organophosphote insecticide?! chlorpyrifosdp t3dl &<k

235 plate assay
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4, 2A ojFg S A% v A TIAANLE A

7h Z2RE WolAE o] &3 vl Pk Wy
— st R R §4% wuAe ANEE T S5 ALgHd. ey

At vlwste] upAe o= A

f
L)
ol
2
BN
i)
)
ojr
g
[H
i
ko
o
N

3 s
Aaho] =AZ Qlste] waw v o] bgAo] EA7F lon, W whwz o] A
Z 9] &FH] Al Alxzute] EActs @A Falasel ost FEl7F dojy= @do] glo,
HpA g Aol AJqkeEl el ojokLo] AlFzIQle] A st o 7F gla.
- 99 EAAE A3ty Y8t Bacillus thuringiensis cry =

subtilis 52 aprE TEEE T¥ rapA TEREHES X TEHE HolA 2 o]

A71FFez AT (29 40).
- 54 fazke] T TS Yokl 99 WolAlghe W ErhE T2 RE WHolAE
M. Bt cry ZREES] A9 e wEdlLEtelE ofdld (A3 ¥ (T)o]
ThHe UP dAYUES H7bste] sh9l fHxe 2ds 57

A Z3ka1, GFP (Green Flourescence Protein) & 2] ¥E willaA g ARE3}o] dhg ko)

A7l ZEEEH WolAE

-

Z7le ZREREE 23849 (29 41).
— A FHE ZTEREY PuryCyx W (Escherichia coli)¥ vRA# A~ AdEg] X~
168 =913k & LB A wijA|oA 73t 3PS Holx F2UE AWedS (1¥

42). Adte Z2UES LB wiA oA 24A17F wfjekst & GFPO WS HH4sle] &
&

K
L

o,

of -3t 7/ ZEEY WolAE A¥egla, A

)

I 2 REQl PR4KETE GFP &Alo] 20~308 o] =719 AS eldh (719 43).
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* Mutation position

P4 ET I
P5D EE
ARCL  — () )
ARC?  — R )& )|

AL —F—)—

TTrTrTTrTT

1l

AL — R )—
/ \

Modified aprE promoter | Modified cry promoter ~ aprE

Modified rapA promoter

1% 39, ZEIE WOlAS Erchs WL L4k



@ %
=)
=T
o4 -
2
2
]
&
S0.2 -
w
=
g, | I I
2
o 0 T T T T T T
WT p84 p5D ARCIARC2 AC1 AC2

(B) WT p84 p5D ARC1ARC2 AC1 AC2

T 40 thrE ZREE Yol o &8 WA FalEs B4 24 (A) @ U3
%
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251 bp Mutant B, 5' leader gfp
pAs4-gfp [T

31 bp Mutant P, 5" leader gfp

pUry-gfp

pUryCl-gfp  TATTTTTTATAAAATTTTTTTTGAAAAGTGCITGACA

pUryC3-gfp  TATTTTTTCAAAAAATTTTTTAGAAAAGGGGITGACA

pUryC4-gfp  TATTTTTTTTAAATATTTTTTTAAAAAACAGTTGACA
pUryC11-gfp TATTTTTTTAAAAATTATTTTCAAAAAGTAGITGACA
pUryC13-gfp TATTTTTITCAAAATTTTTTTTAAAAAGGTCITGACA
pUryC19-gfp TATTTTTTGCAAAAATTTTTTACAAAAGTACTTGACA

pUryC23-gfp TATTTTTTTGAAAAATTTTTTCGAAAATTCGITGACA
-35

O% 41 Z2RE WolAE E¢Ehe WE S R BAE
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No light light

< B. subtilis >

No light light

< E coli >

9 42, 32A #iF] Adelle] GFP &4 w®lw
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A485/0Dsoo

84



bl diz At

°©

Q.

°]3

[e)

=

Z PuryC133% PuryC23

wA o

o

==
5

ZRE HolA

Ay

, 4

pig

A

(18 44).

PuryC13 ¥ PuryC23 T EZREZE ALE

AprE &4Jo] 2u] o]
— gl o] Wl w7 o A

(Codon bias)o|&} gt

153

e FE

B

o FEo] e IERT wWol AR H=

o]% & (heterologous)

tRNA]

sh

Zz =7

0|

=
T

U tRNAZ2]
HAog Hol

-

R

Ay
-

GFPel

AFELE 9} A
ep

< (Fluorescence level)o] 4t
A7 A5 (2% 45, B).

SEED

£
g

hya
s i

2009) oA &

al.

(Kudla et
Aoz mol

| —

R

A

(Synonymous mutations) #Fo]B.#H 2 E A

14 et

<

45, A), mRNA =A}f o #]7}

A% (abundance) 7+9]
mRNA®] 2z}

A

N

ok

=

S

GFP 3%} otell AFE-RIE (usage) 7} SA|qh

| —

R

2871 9]

GFP 2rdo] ykekx|ut, 2871 9]

z ey

mRNA 2z} 7-%Z 71X

-

.

i

s
Sl

o
Jmo
Njo
ol
S

)

o
o

~

& g
=

b= dl Tagt

235
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19 44. Ury
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(Kudla et

o] A

= 002
0.7

0.5

Codon adaptation (CAl)

.
& - - - dm ow @
- . L]
e L L
Wi - el
B = # &
a i R e LI
& 4@ e ._....-n At - n- ™ .ﬂ-
E 8 B
R N L T .
. )4

0.1

2
&

)

=]
=

-6

=10

al. 2009)
87

Free energy (kcal/mol)
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-

a9 45, I+ Z9FH (A) 9 mRNA 23 % (B) 8} GFP



] ATGI |
e ATG E—
=D ATGI .
T7 promoter GFP

e ATGI ]
e ATG I
] ATGI ]

Bacterial GFP
promoter

- ATG | |

- ATG I

e ATG D | |
: 28

88

genes

genes

genes

B0

40
20
0
1 2 3 4 5 & 7 8 9 10 11 12
15
10
1 I ﬂﬂﬂ
D } l_| l_| .
23456?89101112
75
50
25
g+ L -
1 2 % 4 5 8 7 8 8 10 11 12
log, fluorescence
(F7h) oFst T2 RE o] o

. (Kudla et al. 2009)



— 5 ATE EUR B AFeAE 21 wmAel AprEe] A ZE F 117 obvwe

of o=l lolreeE Al e A MEg A 1680 #holBddE =

& GFP$} translational fusion WEE A&l =d (213 48) o] HEE ALgshd
OPH+ GFP$} fusion® HFE|E Wdo] 53 GFPO FHo] w2 WHolAlE EA35HH
fusion® o] &= OPHE L& ko] £ WHolA & g &= 9ls Aolg} 7|

— OPH® 7MAl == F 117 ofuleAte] o=
fusion el F2Y3ste] OPH-GFP glolBelgl & AlzalsdS.

2
&
s

gt el & skl GFP

— o] golrelgE vp e 2] =3 & GFP 3ol w2 WolAlE 14 A5

— AAE HolAES A O E methy parathionS 714 & sl OPH &484S =4 3%
A3 1.6-6 ¥ A& aagAol F7HESE (IF 49). wepd s do &3t
e gtolB Y E Bl dite &40 BEYS TVHE F ASS Flss.

ot v A BHAARS o] &% A 54E9 FTH
(1) multicopy Laccase & w5 A&

— multicopy Laccase W& 5 AZS 98] non—GMO Laccase & 59

ftlo
R
R
_O‘L‘
15
i

laccase T+ 0% laccase FAAE 3y o AYste] laccase A

% o
8
=
g
(@}
O
(®)
<
:Ll
i3
[‘.gl.'/
=1

9] laccase Ao Zol7} Q= Ao T Hol B oo u
&

H AlAE] 93t laccase FAAY] WE2 st AEHE ¢ o] whd

- A=A @AdgEE A% ax T FE A7 v Eelel wefske

ot
o8
t
rr

Cytochrome P450s, Esterases, Peroxidases, Transferases 5°] 3.
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I Promoter

= = = = 1= = =
a w I wn on 4 ©a
1 1 1 1 1 1 1

protease activity (A440)

=

90




Target gene

romoter R
P without stop

MCS | linker

—<Amy-back —< Marker Amy-front

19 48. GFP fusion WE S B2 %
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OPH activity (24410)

12

10

Ped

1 2
grT =

]

‘ ||I‘||
B

B 36 168 opd2

of ¢t OPH-GFP & gtolHeig] WHolAe] OPH &4 4.
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gz 8

[-F]
£
£40
Q
E 20 -
D —
= 8|2 8|2|2|8|% =
1FIE E
] % ] %
BSiGE 1028
1.2 3 4 5 6 71 8
W == P 1: BS168
ey » e e b 2: BS1 58 CD‘tﬂk
e o FB5168 coth coth
— 4 BS168 cotA cotAM1
— e — e d—
- R L. ™ 51028
-y B 1028 cotd
. ks - 7: 1028 cotA cothA
b W T e 51028 COtA COtAMT
~ i

1% 50. multicopy Laccase &3 #32 Laccase &4 =74 2 gz z

93



— Cytochrome P4502 heme monooxygenase@®, Was = X|H= 717 31359
A& F3] (biodegradation)E Zw|3lal, Esteraser o|AHZE AgS East=d 3
o1k, Peroxidasev Ab3l—3Hel Wh3g-& Fujsto] oy TR/ WIS F=S Falst
¥ dHe IFFEY dusEs AsATE AS®E BuHSlS. Trasnferases &
Glutathione S—transferase (GST)7} A&EX 3ol #Axd
g3tz 7182 Sl (Biodegradation 2013).

— Cytochorme P4502 4 thokAl, W& 714 B0y &vf tpr]sAH o=z <la o

Rre AEAC E AP A,

— Esterasew °|AHZE IS 7FA 3 e F71Q07, 7Hatdlo]| EA], I Aol =AY
o] SkAlE ThrER A AlA I Eolu Ao FEE Ao wH oFaE AsHAF.

— GST #Falldt 1A 4oy Aelr dapdor AstdgdS 73 W=
glutathione¥} 7 $HA|

F2 f71, §7192A, Helamolma otel tid AL ek,

Y
=
i
o
A
™
%
o
il
X
12
folr
i
Y
ol
>
N
s
PO
o
l
4
ani
2
%0
jil

=
12
sk
o
ol
rlr
fol
[
il
il
o
oX,
et}
[
ofy
X,
=N
K-
>
N
N
ox
X,
(o]
o,
A
N
jur)
=)
>,
i)
[
i)
N
)
o
Au)

% (B megaterium) 2 P450& AEE. vl Wzt g ol Ars 9 3k
T 7HA 71%5S 7% CYP102 (BM3) $F AEH|Zo| &, A Hal AlH o] &
CYP106 (BM—1) 3AXE 7FA 1 Q2. ZF FAAS 2 d9 g o=k il

AxEE ol gstel BaAsGi, 1 9d LT wud 4795 Fa st

rr

flo
T
=
>
i)
[
=
N
N
4
Au)

(72 51). BMC21& v e~ f7be g€ CYP102, BMC63
&9 CYP106 #3AE e,

94



i 253 4 5 &6 7

B5168

BS168 OPH
B5168 BMC21
B5168 BMC63
B5168 CYP6AL
B5168 E4
B5168 GST

ol G0 AN e ) D
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- w3k okAl AFAY FFY smass FolA FaEle Cytochrome P450

(CYP6ALD), G &E2 Esterase (E4), Hoge GSTE Ad¥aigly, 2t A=
v A s HHEE mEoR wby dexow e, Y A
2 9 v A B Ajadle] o) HIdsa, BE JEE U M7

Fall gls A3 OPH, CYP6A1S A|Qst YA dFoA ZF aiso] JEdEd
).

dlo

—

a3 5

[
re
re
-
1o,
=

>,
v
[
ik
r_|_|_[,
>,
[
juii)
o
o
oo
ol
2
o
i3
r_|_|_[,
>,
™
off
2
e
%
ofr
fol
o
!
1o,
off
12
a

A 292
FzEsEa (Chlorpyrifos) & FWAW 45 483 Jehis 471904 234 F
b QA A SR As HEYE A FAHD e F

Alolu, s2=2] s & WA A HHoRE AA AAHCR dY ALEH

)
=4
1
ro
G
i)
1o
[

——

e EZAE HUbstal 37TCA 39 ®EEsE &, LC-MSE 22
Ao, 1 AY laccase HHH #9F OPH ¢ o

o513, MEE A7t e

of A7 FArEolgt of AR M WEgo| AMES FREF LAV} 2,

22 EAS] FT37t el A, HiEek FEY WE FEAAE W

o F HoBle SREVYEATE A Qe Aol oA (1™ 52).

U[o
;
i
Mo
o
i
rlr

2l
©
il

— Z=ZHolYd (clothianidin) & %2 AlWA Fuox ARFHGEAQ ofMEFd &
£A4) A4S afste] 22 AES EZsla, oJATEO R Qe EFo| X Alo] o] = A

96



oo -t30a
I 213 .
- Medium
Jmome 2
L ==
oJozz Er. 2235 442 2 T3 T3z @z maT sos BT ram voge vaige VIRTO@ER O raTE AE M
mmame 125

Medium +

e =7 2.5 mg/ml chlorpyrifos

o m
..q[\ 12En .73 1

P12 s.ps 537 Gae oo W

2,30 184 f3.Es Aot

200 23 13 am TN T2 E3T mes 54z 5.2 O3 MO 238 TRE
B51l68
2 as :-;":.-"‘ e =ar TI TR 800 mER G547 Ga7 'S.3@ 'O§D vnay 'R OPRTE m ram2 1437 AR
B5168 +
2.5 mg/ml chlorpyrifos
L] 2 182 TI0 TN A1 mEl gIe gas voa e 22 Q@0 145 'AAT
& BS168 cotA + i
2.5 mg/ml chlorpyrifos A
& BS168 OPH ~+ T
/\\w _am 2.5 mg/ml chlorpyrifos
233 2.: = ' 1143 A0t NAAT

19 52. Laccase ¥ OPHY chlorpyrifosdp #3 LC—-MS ZA 3}
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12
s
S
:o{:r
)
32
T
2 L
T o
oF
o o
ofje
10
>~
>
o
il
o
N
Ko
N
A
o
fru
&
>
ol
O
T
an

— Ato]HHMER™ (Cypermethrin) & A AOlA GEF o] o] AAQus T34 v, &
w2 e AEE k= ATPases Adfisto] AAfe] o]27] ¢ o= &5 =29 sl
2 odA Azl B HAAC wol 0] Sl AR Iy ThsAel e Ui

Aol 2.

— 99 FREeUd 2 o R e goktdle $HRT Foktdle S

dotH S, AtolHHE-A ] tisiA= BMC219] 4do] 7k £3k3, OPH, CYP6AL,

Mix AgTFNME ofstAl &/do] vebd (2§ 54). webs] BMC21, OPH, CYP6AT,

Mix Ao A Aol s Ed e Had o A7y,

— HYE=R X2 (Fenitrothion) < A1743}stddE42l olEZHS Falsts otAE=H

e go]=e] EAAES A ste] 4l

HI7F @ WAl 2] Abe] o] 2 A 3

- AYERZA&] A, FF H7t F 7242 Ay #Ee A7 OPH A2 17F w3

= Wsk3la, CYPAL, E4, GST, Mix Aol % ofatA weghdjoz W 2& &l

5 (1§ 55). AYUERASL {F7]AA ko2 OPHel o

HEZ JyEZX o] FalEHA @AE YEhE 2o® A7tE.

— 99 SEEoYUY S o R Fokildls 45 ¢oks. BMC21, CYP6AL, E4,

GST, Mix A FolA AYUEZAES Fallst 2102 A8 (19 56). OPH A&7

AoA AE 7 el soks Rafst Zlow AAFAN, W §59 AMGES =4 o
)

B, o= OPHel & AYERA Y SAthAbEo] A4
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100 - 42| (Clothianidin)

EBD-
Z B0 -

40 -

| [

o 1 1

v @5 Q?‘ Gc_-, &
‘b&{,‘g

Death ra

t:P{\ Qf"’ Gq

1% 53, FEREotYde st soki3

olr

B 47
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100 . O] &|El (Cypermethrin)

il

DEP& @0‘2 GFL 2 Q":J W

A N
= O 9O

Death rate (%)

M2
—

—

C‘*

B 47

olr

19 54, AtolH W ER S tfgh g oka
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7
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100 . ADO]X| 2 (Fenitrothion)

1IATH

P Do N Lk A
C @ X PF S
E;d\\‘bcg G@\l\ﬁﬁ ©

N o T
e R e [

Death rate (%)

M2
—

—

B 43

olr

9 56. HYUEZX] 20 thdt Fokial
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— X AE|olA|O]|E (Fosthiazate) 9A] HIUEZ X3 2 7|20z 35S XAMAZL
ol= FYIMA AR AAFTAR AEA W iAol wAlE. f19 SREetyd
2o o R okl SAS gobE A¥, BMC21¥ GST A -ollA dAHA At
FEo] Yolx o]Fo] EAEOMAOEE Fafst Ao w2 oAAH (IH 57).

— WE A2 (Methidathion) 4] HUEZX 23 e 7]zor Z5S A7),

NEGOR FelA = ofn] FEZF M ARgo]l wxH. 919 SEREotYH I} e 7

Ho 7 Fokidls B4S Lol A3}, OPHE E4olA AFgEo] srolxlal o]&Fo] HE

25 e ZAow AE (19 58).

— ZEFEg= (Prochloraz) & W Alxze 44E0 o=2a12dHE9 AFAHS
AAlA Bt A e TEIEHEE AdAolER HAdwd AR e &2
Y (Fusarium solani) % FAVS SAIAEE (Fusarium oxysporum)©) 37Fe 1l
Al wfA] el A Ael e W T

= TSBeA #Etdet Fofiels FHIs sofs 4

ol M7k LA wiA el HF sk Aee] Av|E BN E. ENA S aadd

s
w
ﬂ
(@)
=2
>,
\)
=~
>,
L
o
olo
>
Ny
i

UEFojdlo] = (aprN) o} i # A~ AMEZ A9 Cytochrome P450 (bioD), +% <
Cytochrome P450 (CYP6A1), +%9] Esterase (E4), AW&Esiasr ol (lip),
A i BajlEaa (nprE) A TrelA s Aol A717F ok Eol=la, @A
fas ABdeal (aprE), R A w7bE 2l Cytochrome P450 (BMC21,
BMC63) A Folx= Aafjgke] dAstA Eo=%5 (¥ 59). ol =iz 3=
Z~, Cytochrome P450, Esterase, g|3dtolA] To] x2F2et=25 Easto] 24 Ao

of

M

Zole o= 7.

— H¥3F}= (Tebuconazole) & T 2F=2epx9} 72 7|20z HAT WAL A& st
T A0E A v ABRITHolN = LY Vs 4R TR S

— LC-MSE &3l Laccase &3 #F9 ®HF-FEel o

Bt wfekoiel]l 100 ug/mle] HF-IUES A7k § 37T elA 24413
HHS-Al71a LC-MS=E  gle A3, npdefAs MeglAs 168 vk ofyer 10289
Laccase Y& oA HFIUE J A7 AFRPAAY 25305 (2% 60).

off
©
M
:0{:1
ofr
o

— 250 ug/mle] ®H|FFIUZFo] H7IE CHPYGL uiR| o] = 2% PeroxidaseE * 83}
5. Peroxidase Tl FHslo] A ¥ = Z1 072 Hol Peroxidaseel 2@ HYF=
o] w#allE Aow AZE (19 61).
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M=El (Fosthiazate)
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= 80 -

Death rate (%

M2 = i
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100 1 TIE2tAL0]| £ (Methidathion)
E BD’ ]
2 60 -
< 40
A 20 - I
0 -
q~ 't:u
Q d‘!’ rﬁi" “1:"
Dﬂ:‘ ‘Eﬁc‘-' © g\b Dﬂ &

O™ 58, WEuA = tE sokEels A=ehA 44
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B5168 +
100 ug/ml tebuconazole

B5168 cotA +
100 ug/ml tebuconazole

D cwa e

1028 +
100 ug/ml tebuconazole

1028 cotA +
100 ug/ml tebuconazole

R i |

1% 60. Laccase? HYzZU}=E &

107
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CHRYG1 250 u
Tebuconazole

1% 61. Peroxidased HFFUZ=o] 3t 5

108




— eIt g o r ylto] HrylE 1A wiAeA Asge] A7]E AH
oz Bal g4 (aprN, nprE), Cytochrome P450 (BMC21, CYP6A1),
Esterase (E4), GST, Mix (CYP6A1 + E4 + GST)2] A& oA Ashge] controlel

Hlgl Eoj50o] o]50] soka WAl Aow AAE (1d 62).

=

L

olo] oS A AyES Huste] & VERE (3 2). BMC210] thekdt xokoj
o7 oAA,

3 Bal5S RYT, GSTE Fok Biso] =&

Y

— Cytochrome P450-2> M3 oA HdFHP 2 T3HE gduizdo] A gfog FHjEH -
= afjof g mESk BMC2ls #Ed A vy A 55 GMO #Fo|22 AxE 1
Ak & AFEE 7 QS 29 wekRE 24 HAS A AAF AFE flske] ol
F WAl A i FE
37CollA 1A13F Wb
Az SlH A=A dAndow HEIAS.

>
N
=
)
e
]
o
é
—+
-
="
@]
=
i><1
p_n
(@)
O
ftlo
O
p_n
X
X
N
)
of
ol
o
mlo
=
“
N
=

- Ax g5 g AHgE gAY g a4 £ F Ay i HSE A
sh=d o] &% 4 Q& triton X—1003 22 AW GA= 79, T4 5 Avjel F=
€ A sHerRY =T o oY b ZW EY dlseEs AT
(http://bric.postech.ac.kr/myboard/read.php?Board=news&id=112639). &4 o]

5ol m, ARsEsl Bold @

EAE o71E ¢ Qo] AE g E A AR Yol Hadh

— vpAE AT AZEAAE A7) FHT] e AT GAEE AFor AE7E aE o] A
Zodel | dido] wiA 2 xEE o] ME oA ddE G g2l 357t
7he . ol A7HEE e ol &3 AEIY WS AREE F Us. B spolA,
sigE, sigK & XA/l #ojets FAke dEo] dojud AEAAY SR

= BAEA oM AEZF A AVRTEE. ek ol#dt EdelE o8-8t Al

X
N

o] A v w=E2HY A4 As i

o

]

L0 44 T 5 9 29,
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E 2.7 520 FobRdHE
F3A A7
Chlorpy | Clothia | Cyper— | Fenitro | Fosthia | Methida | Prochlo | Tebuco
—rifos | —nidin | methrin| —thion | —zate | —thion | —raz |—nazole
WT - - - - - - - -
cotA + - — — - — _ n
OPH + + + — — + — n
BMC21 n.d + +++ ++ ++ + +4+ ++
CYP6A1 n.d - + + — — + +4+
E4 n.d - - + - ++ + +
GST n.d ++ + ++ ++ - — +
Mix n.d ++ + ++ — — — +
aprN T +
aprE +++ —
biol T —
BMC63 +++ |+
lip ++ _
nprE T +
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28%F 9 FHFek Balah Laccase FAXE x4 npal g Ao

Aoy Jurd wAe s Qe Laccaseo] tiek 54 B4 A3,
el Ea A Z A qE A E e Ao w9 kA o] FA L T
Laccase 100 | Zalazel g etgAdo] 53t thekdt 3stEd 2also] e
A g gl SHQISH AL vpa el A Eafof| A o] ey gl
s ek v E H8l AYddesE dsts v E A SFEA AT v
Flavobacterium® organophosphate hydrolase (OPH) FdA=
sleta o & FHAdsto] npAe oA HEs 1w soF FaAlEgd S &9l
rser TaAlaLrd MEFS Yst AaeEd AAE 75
AR =S Fote] 4o FUtE WHolA v g1
non—GMO vRA el A~ Als dAYd] 7<= /s st 1as FAAS
7=
counter selectable marker 7|%-& 98] A2 TAAFAA 2432 E
AABIR AL o] F o] &kl o FHAe EAS e VA i
HRA A Al B4 9x9 DNA g7 gl EdHolE doy=
non—GMO Ad71% A
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— vy oA AP A R f85t BMAS AAeY] 918kl Bacillus
thuringiensis 3 Cry TZ2REE X331, Aol B subtilis 32
aprE =¥ rapA TR REE X3slE= T2 HE Holx U o]E o] g3t
G g Ay N, 58 &4

— W%t B thuringiensis Cry X ZEE 2] A9 9o UP dgHEE

b

Egste ZRE wolA U olF ol§% wwd A A, 59

leais B Z49
WFE A A H 100 |- 24 dwAel AprEQ] 7/fA Z= FHe| 117 ofu]xAte] Zo]Zoino]

7N dolueiel g Aate] Aol AHHow Yehis A& Fa
— OPH 7|43 5 117] ofulaite] ol Edno] goluefel s Al=te}i
e e A3t oF 6w A @20l FvhE ol B

— Laccase, O Qe woks Fald 4 %= Cytochrome P450
Esterase, GST A5 AyAoZ Uy
ai 4l xA —upalel A ook wkbg ujA| oA 48A|7HEQF o Sl ok
o =ZF AL, 100 |= AlZ oA Hde = @l AdS A oz FHjE RS 2ol Az )

e sk Balee 4B A4S B3 g
Abp s oF - ZRZez, HEaugEe g Balvd 1A wx A A 27
Al Ealls | 100 | Fa 2
A% — BMC21, GST7F Hi¥-2 &l tidt el so] slas &l
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— Jeong H, Jeong DE, Sim YM, Park SH, Choi SK. 2013. Genome Sequence of
Lysinibacillus sphaericus Strain KCTC 3346. Genome Announc. 1: 625—626.

— Jeong H, Park SH, Choi SK. 2014. Genome Sequence of the Acrystalliferous
Bacillus thuringiensis Serovar Israelensis Strain 4Q7, Widely Used as a
Recombination Host. Genome Announc.. 2: 1—-2.

— Jeong DE, Park SH, Pan JG, Kim EJ and Choit SK. 2014. Genome engineering using

a synthetic gene circuit in Bacillus subtilis. Nucleic Acids Res. doi:

10.1093/nar/gkul380.

- = 9 =A St dde va 25

=tha] A 2013 = A=AP 3] Fr|stehd] 8 FANEAE, A

A

4

o

£

116



g Ajob, LA 2010-07—-04, TE =5 A5 Overexpression of Laccase in Bacillus
sutbilis, ¥3% A} Da—Eun Jeong, Seung—Hwan Park, Jae—Gu Pan, Eui—Joong Kim

and Soo—Keun Choi.

— gl 3] WA SIMB 2013 Annual meeting, &4 Sheraton San Diego, San Diego,
CA, USA. ¥A]: 2013-08—11, ¥E+=F A&: Development of a counter—selectable
marker system for genome mutation in Bacillus subtilis. %3 A} Da—FEun Jeong,
Seung—Hwan Park, and Soo—Keun Choi.

— st&os] WA 2013 International Meeting of the Federation of Korean
Microbiological Societies, & 4: The—K Seoul Hotel, Seoul, Korea, 4A]: 2013—-10—
17, @3 =% A& Expression of Bacillus spore enzyme CotA in Bacillus sutbilis, 2
¥ 2} Da—Eun Jeong, Seung—Hwan Park, Jae—Gu Pan, Eui—Joong Kim and Soo—

Keun Choi.

117



— S, iRkl WTO 7H, o8 webke] Aa799d (FTA) S Ad so2 et

—_
file)

27 F AOE otEHAN

A9 Agorel 5 S

oE
)

el
)
i

ju—

0
X
%o

Mo
)

)
HH
i

0

Jjo

s

Aglel o

AR HAE7] e 12 FE9

<)
Ho
&+

o

oF
W

o

S|
&

73

A 2] 2474 ol A
Al 38w o

S

sho] S

b 4

S

< = o
TFEFAES AL

%)
b R AAE A7

o3
=

™

o] o
T .

e

she

st

i

A 7F o

|
R

o] Eopel Al

=
=

-
R

P
g

B

_~

o] obl.

]

<R
o

%)

2 Ay el o
— =5 ii?ﬂ%i}o]b}mz‘j’- =}

P

re2HsdFe g3 (GTB. )

&yl (KISTI

il

A=

@ Az

[e)
T

o]g]o] (Sulfonylurea)

=
aT

aud

M=

<

(KISTI

],O

ol

(GTB)J )

Bacillus,

s

A
a

&l A

=

=29, =2

— Pesticides in the Modern World (2011)9] u}
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Achromobacterium, Sphigomonas, Arthrobacter sp.,°| & Eal2 + 2. v|AE

dual—species ZAaAlwS TFASA F71AA sl 7PE Eo] o] &E = methyl
parathione ¢ 3l 4 AU, @Y F5 oot FoF = SHAZE slof 8 2ol

ol mAEe FaAlwE olEdste] woks HAFHOR =3 onbEteaR FUIEAT]=

— Biodegradation (2013) ¥} Pesticides (2012)¢] w2, vy & O3] A A a7 &
& ok F3l Aol Fas S dfo] AEHA Aste] o], FoF ®allol] o=
8 A E+ lignin peroxidase, laccases, oxidases, esterases, glutathione S—transferases
(GSTs), cytochrome P450s S°| S+, €% sk #3 &4 < Phosphotriesterases
(PTEs) = #7107 &ote 7hitaiatAv sl5A17. methyl parathione]l thHet 7h4sf
FYo] A= §4E Flavobacterium sp.Z5E 2% OPH (opd gene), Plesimonas sp.
Z25E Hg¥d MPH (mpd gene). Pseudomonas moterlliZ5F¥ 2 ¥ HOCA
(hydrolysis of coroxon; hocA gene)”} B E 5. Estrasest= 71214, 7hutdo] EA,
P Aago|EA Fek] o AHE ATE JleEdlE S%. Oxidoreductasese AAE &
wAA ThE AR K71 FU9ES sk a4E, A AARCRE 4 AMEEHE 77
AaAl skl endosulfan®] #3do] #oIE. Endosulfan®] 3™ 31 HAl gARIE=R
endosulfan diol?} endosulfan sulfate7} 4 =+=tl], endosulfan sulfate= endosulfan}
v =3t 5A4S 7FH. endosulfane] €A3] F7|3¥® B QAW Pseudomonas
aeruginosa, Burkholderia cepaeia’7t °©1& &dllste] A5 dAAES wreo 4.
Cytochrome P450s< 3}8t&E2 9] AFstE Fu|sl= heme monooxygenase®, FW$|st
714 5old& 7HA #7104, ZhabHle| EA|, el Aol =A, DDT, 719884 AsiAl,
TREE EWEE T3 22 gord el =4ds uake Qe

— o o] Aol FFo] ;e laccase’t theFst g1 EAS FaEd 4 Qlvka th
T HuHS. Keum & (2004)2 wi7HAIQl 2,2,6,6,—tetramethyl—1—piperidinyl N—
oxy radical (TEMPO) <A A] @RS A Jaccase’} polychlorinated biphenyls
(PCBs) & #dlldttts A5 WEstsls. Tatsuo 5 (2006)2 FEWMA 2 laccases} i
MAZ ABTSE AH&3t] A=A Dymrons 24A1ZFHg<t 90% ol wEalskals.
Koschorreck & (2008) % Bacillus licheniformis®] laccases E.coliel|A W& ste] Hd
el HEAbs ARSI ZIAY ol AIE Whes sl AE RISkl o flel=

Koschorreck & (2009)2 a49 7lss 7IA387] 93l laccased] Qo= olel 914
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subtilisg welstal, o]59 XA ol&ste] d87F 507 90% EMH= A= s dia.
Huifang & (2013)2 &Y% Pichia pastorisolA TE8WHA Y laccaseE WA, HA
i 7] A Q1 vpd &
(2013)= 2F% wWARS (FEHA, e #HA) wgded frIdAA AFAQL

lindane¥} endosulfang #7}sted GC-MSE T3l weko] Fald A &Qlstd i, 30|

-

47Fste] chlorpyrifos®] &l =7t 718k 2ls #lekls. Ulenik

laccase$} A9l laccase(CotA) A ol&& Fdlletes 2= FsSls. T3k Al

laccase’} #33°] laccase®tt I g2 Ql AFA Fallads HIS.

o] 2Jo]% Mollania 5 (2011)<2 Bacillus sp. HRO3 {3l laccased WS F7HA17]

7] 918l directed point mutation= F5Fe] oA FFHET 9u] 2 S T EAHH]

= Y935, Gupta 5 (2010)2 B. subtilis®] CotA2] W2 712 Eo|Ad & 7Adstr] $l8hd

EA S 715 ol835to] CotA9] gholB e gfE Al#etlar, 714 ABTSSE SGZE °l&

sto] 1208 o) &do] F7tE #5E AadEE. A9 2S4S 7H laccasews &

AE A4S A, HYst= bioremediation Ay SOl A4 4 AS A,

AE 2l (MetGen) Abs AFA7Fg oA vhefatAl 2ol= a4as /dehs Xow, /4
HP S AZ laccases AAAG A& FEE AAbs] therd A Q5o F835ka 9l

& (REF A7) FA B A,

71214 3}g+E (Organophosphate, OP) & 234, Al xA)|, 7FaA, A5 2 Aygst
F71 Sofl FHLASHA AFEE o, o]= ALY 59 B EAE or|g. {7

sgEel AAE 72 a7 WY 5o BseE el AgEw o E gE fa
Aol MEH ol 23 A7t LT HE FAF AL olel EAE ol g3e] o5 ArpHo
Z 753 A7) el o A7) olFol A

R
32
dlo

H-710A 7FeEal &4 (Organophosphate hydrolase, OPH) &= #7194 3}3tES 7f54E
ehs G, ol AXF ddtelA THEATI A sk9ls. OPH ¥ galdoz A
Ab g0l w9 wekal (Mulbry, et al. 1989), thd+re] Alxzue] 714 e 54 =49
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d

S Ad] g% FAAD] BAZ Astel U1 HTFEY 2

a
1 & # (Rainina, et al. 1996). o]o &+, &% 9 A¥ %W (Shimazu, et al.

2001, Takayama, et al. 2006) 4 mIH oz Bdste] g3x oz {F7|AA IJFES
walsk At s Cho & (2004) 7hraalizh A o2 714 SRE9 g 7]
2 SolAdg Fol7] flste] FAE I ws Fa &Ado] 26H Hokd WEE dole. EE
OPHell ¢J& 7kralel Obse E3stdory drjststdor mUey 2 < 7] wWE
of A%F5oF A& nto]AdlA e AHE-E (Mulchandani, et al. 2001).

L

— Santos 5 (2014)2 B subtilis®} Pseudomonas putida®l dye—decolorizing
peroxidases (DyP)E E.coliolA & sle] 559 anthraquinonic dye2} 1759 azo dye

wallohsA dobR gk, 2443t RESAIZL A3, masel od 4 fdEso] &

i

1=
A,

Y=
o Apol7y ASS. B. subtilis 4R Y Pseudomonas &47F & S5 Helow, B
subtilis laccase @} Pseudomonas®) azoreductaseRUTHE 2~404] =2 45 YERSS.

— Pizzul & (2009)2 manganese peroxidase (MnP), laccase, lignin peroxidase (LiP),
horseradish peroxidase (HRP)9% soF&EdlsS ZAMISS. MnP9 MnSO, WHEoA]
glyphosate7} @3] Ea&| 523, laccaser= ABTS9 MnSO,, Tween 80°] &Agt uj
glyphosateE H&lsl9 2. LiP¥ glyphosateE #alsh#] £33, A4S He a4

mixtureE 22702 ©h& skl Helsto] olF EF207100% wlESs F16HE.
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