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Isolation and Characterization of Carbofuran-degrading Bacteria,
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Abstract Carbofuran (2,3-dihydro-2,2-dimethyl-7-benzofuranyl N-methylcarbamate) is one of the most
frequently used insecticides in agricultural fields worldwide. Although carbofuran has excellent pest control
property, its excessive use causes soil and river pollution. To remove the pesticide from the environment,
bioremediation is considered the most inexpensive and efficient method. In this study, carbofuran
biodegradable strain was isolated from the agricultural land. Next, identification of the microorganism through
16S rRNA gene sequence analysis and optimization of culture condition were carried out. Finally, the
carbofuran degradation capacity of the strain was investigated through individual cultivation. As the result of
16S rRNA gene sequence analysis, the strain was identified as Bacillus amyloliquefaciens with 99.86%
homology and named B. amyloliquefaciens DYC2-1. Culture optimization of the DYC2-1 strain was operated
using different types of medium and culture conditions. The DYC2-1 showed the highest cell growth when
cultured in TSB medium at 30°C and 600 rpm. Based on these results, individual culture for carbofuran
degradation was conducted. The DYC2-1 strain was found to degrade about 100 mg/L (97%) of carbofuran
over 120 h. Considering B. amyloliquefaciens species commonly possess plant growth promoting ability, the
DYC2-1 strain is expected to contribute both soil remediation and enhancement of crop growth in the
agricultural field.
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Carbofuran  (2,3-dihydro-2,2-dimethyl-7-benzofuranyl N-
methylcarbamate)S 7}9HH| 0] E (carbamate) AlE 2] AFEA|
2A et AFaHE S, 8 L AR 5 uSs
ZHEo] FE Q5 AREE o) SO W (Trotter et al., 1991) ¥

o, A4 SolXME RIMsHA AREEo] $ith(Dias et al.,
2015; Mishra et al., 2020). Carbofuran A=A &4 W=
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S (Gupta 1994; Bretaud et al., 2000), acetylcholinesterase
9} butyrylcholinesterase 42 J#|3l= anticholinesterase
o= Qla] TRHF, 2F B ofFel vlg- XA Ao
2 dEA Jok(Mishra et al., 2020). Zf-s 5= B2 4
=& EA(LDs,=2 mg/kg in miceys 7HAH 53] EojA

o] FAdo] Fol FHol 290] dojd A5 TR i
g Jel2 mAE ZAo® WIEATHShin et al, 2012;

Dias et al., 2015). d¥+8 0 2 carbofuran 52F2] EY 373
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s EYo=zEH E2|gt carbofuran 28| Mt Bacillus amyloliquefaciens DYC2—19)

A4 2 QRS =xo uo Aoz A 9oyt
(Ecobichon, 2001; Dias et al., 2015; Mishra et al., 2020),
EY 2 3o 7750 I carbofuran k2] A&
o= Rlall &7l Aet AFS Zefeh <
bofuran®] 3}8H2] EAJ3} FAe] EAJo g HolxES &
3 7HgH oz &S WA Eth(Mishra et al., 2020). ©|<2}
A2 AR} AZEA do] FAR vl=elA = 20099
B carbofuran®] 7587|155 H7|8lal carbofuran®]
RE ARES A8 23 UTHEPA, 2016). A1 $-2lvetol
Me carbofuran ] FFRS G 7R AF FE 86
NE SE5]o] ATHMFDS, 2021).

-»]L g woF MERE R71Ee] fle 5] ARg]
7k ekl A& Ho| AV A dFEA mEt
A Ao e RS 7IEe] e F=Edd Y87
(0.0l mg/lLye #&3sh= & s§EAEFATAE(PLS)
AEE =Y, AlBesith oI5 & W5 5 97§
A& o sikeolld A ARsf AEe] FoE
Alell $1tHSong et al., 2021).

2 Yo Bl Y EY B dF FEA
3] carbofuran®] A& & wAI7F B ATk AF
1%%7&%101] T2, 20209 49 A=A f5
= S sA= 2687dg T 0}04 ZEoks w4 A3
AlFA, FHvk, A7, e SellA mgr% L
ol ysgkon 1 F HuEA = 873
mg/kg ©]3E 6l ©]id 3]3S 0.06 mg/kg9] CarbofuranO]
AZE T W stATHMEDS, 2021), @A) Thokg Wiy
& olgste] FREks Aojstke 7lEEe] /MEEY o
U, o7l e B3 FEskA AU Sdde] A<l

o7} 3= AR o),

nAES ]%6} ek Eolle o 9AIE AR
A= FAlE F 7] wiol] Y R AFe] Avke &
Ho] EA%iH(Bano and Musarrat, 2004; Parte et al., 2017).
Tgk W9 7|71 Heaggle] 7159 sdAE S O
2 0133}"4 Egl mAES FFdlTH HER 7H473A
o] §5te] oy TY Eoklr ZBEe W it
Carbofurans ellete PIMERS
Sphingomonas sp., Pseudomonas sp. 5-°] W2 o|n T}k
3l carbofuran ¥ mAEo] B % ckKamns et al.,
1985; Chaudhry et al., 2002; Kim et al., 2004). Carbofuran
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Achromobacter  sp.,

oY EL ) carbofuran hydrolaseS H-f-3t] car-
bofurane carbofuran phenol?} methylamine® 2 UX}H 2

2 Eafsha, wellibeg olxtR afsted oA tAte] o]
23} (Chaudhry and Ali, 1988). 53| carbofuranS- car-
bofuran phenol2 Z23li= carbofuran hydrolase %1 med
(N-methylcarbamate hydrolase) A= Achromobacter <

FEAM SolH o2 WHE=H], carbofuran hydrolaseE

| £49 277

ARE38led carbonyl®] ester bond2} methylcarbamic acid<]
amide bondS #¢] carbofuran 7-phenolZ #-aflsl= Aoz
d#x Jok(Kams et al., 1985; Tomasek and Karns, 1989).
EGAIA 7Sl E4E Boslshe med AN W
At A 3 F dT2HEH JHoEE g oR
7R e A @ E vk Itk (Nagvi et al., 2009). &
8k, Pseudomonas < dF52 carbofuran ETF o}
cadusafos, ethoprophos 5 717l FoFe] £af &4 w5t

3 2 4EA dtHKarpouzas and Walker, 2000;
Abo-Amer, 2012).

o]2 3} carbofuran ¥-3) M|AE 7FeHlE ME 352 0]

SrPHAM T tefe A ERD S WHehe dTER &
Agtet, F EgolA E2$ Pseudomonas sp. NI-101=
carbofuran 52 0.035 mg/day2] 52 40U oo &
As] wafsion, il AN A Ads FXA=
indole 3-acetic acid & siderophore®] AJAsl= o2 Y
S thBano and Musarrat, 2004). #H|7]& i@ =]o|A] &2
St Cupriavidus sp= 400 mg/Le] carbofuran %S 96A|
7k ool 98% H-af 5L, #-8l oA carbofuran2] Al
E 54 A F e exo-polysaccharide (EPS)E A
339 tHGupta et al., 2019). ©]¢} o] -3+ s E3
59 HeSAME BREY AAZE T2 Hg ol &
F E4E BH|ske #7E R sYwokl €8%

e nAES
o 2 HE FEletal #o] F14 54 B AS A3t
£ 8l ] Al 9 S-S Brkeidinh =3 3
2] wjFS Fol el carbofuran w3l 5-S H7FHAT

Alof

Carbofuran Sigma-Aldrich (Sigma-Aldrich, St, Louis,
MO, USA)ZHE Fus}3it}. Carbofurane GC-MS grade
acetone (Merck KGaA, Darmstadt, Germany)S ©]-8-3}¢]
10,000 mg/L F5=2 3|48 stockS 4°CE A4 E A9
B 5 Ao ARG

NEXMF Y =8 of

B oo Al BN EE AEdE 157 219 u
FH B g thdzk &Aoo 3hgeke A A
9% e ST WA HEES 1~2cem Zold F 5~
10 cm Zole] EF oF 50 g& AU AR AF 2 B
e HaE 23 AFES ol&sien AEE 4C
2 AAE WA Bt A3l 088 minimal

salt media (MSM)$} trace metal solution (TMS)2] FA-&



278 URIB - B - AN -

=32 22tk MSM - L% 7.5 g potassium phosphate dibasic
(Daejung Chemicals & Metals Co., Ltd., Gyeonggi-do,
Korea), 2 g potassium phosphate monobasic (Sigma-Aldrich,
St, Louis, MO, USA), 0.5 g magnesium chloride (Junsei
Chemical Co., Ltd., Tokyo, Japan), 0.5 g sodium chloride
(Daejung Chemicals & Metals Co., Ltd., Gyeonggi-do,
Korea), pH 7.5; TMS - L% 0.02 ¢ Ammonium molybdate
(Samchun Chemical Co., Ltd., Seoul, Korea.), 0.003 g cobalt
chloride hexahydrate (Wako Pure Chemical Industries, Ltd.,
Osaka, Japan), 0.05g boric acid (Daejung Chemicals &
Metals Co., Ltd., Gyeonggi-do, Korea), 0.03 g zinc chloride
(Daejung Chemicals & Metals Co., Ltd., Gyeonggi-do,
Korea), 0.01 g copper (II) acetate monohydrate (Sigma-
Aldrich, St, Louis, MO, USA), 0.02 g iron (II) chloride
(Samchun Chemical Co., Ltd., Seoul, Korea.). 3] %S
A7) A Wg B3E AlEE 2mm A (2.0 mm Test
Sieve; ChungGye sieve Co., Ltd., Korea)Z A &3l & ¢
2o &3 ol B S AASI B 250 mL 2] Z2)
230) 49mLe] MSM3} 500 uL. TMS, 10,000 mg/L car-
bofurans 500 uLE FH7}st] MSMC ®iA|& A|Zs AL,
EY ANE 5g& MSMC HiAo] #93 § F3} wig
(enrichment cultureyS A|2F3HATE. 25°CS} 120 ppme. 2 A
¥ e <k7] (shaking incubator, Vision Co., Korea)ol|A]
27 FeH AR At 2 & Fsh g S mLEs
A Zo] Azt 50 mLe] MSMC wljA|ol]l HE3le] A 7]
=% Y 2o 23]9] 7t ATl g A8k
s = 22| ¥ 33

&3} iF LAE Bt SFRTGM, USAKl 17104 <2t
7 8]4](serial dilution)dr ¥, 1:10002] 34A|FE 100 L=
R2A (Lab M, UK) HZhjA]o] &= (spreading)dte] 30°CE
ARE wE7IIA 12~15417F F_F AR sioiTh S<t
d $HFOE Hol= uAE FF(colony)S R2A 33|
Aol 4= (streaking)ste] Pl ES = EElotiTh &
28k carbofuran ¥-8lFF= 5 mLe] R2A A duli=]o] HE
ato] 15A17F Wil - 80% SEAIE &9 3:19] &=
TE F -70°CE AE AR WEael] Rassith 168
RNA 372 d714E £48 5 wend=Ee] $48S
el =4 H2lE aAE w24 (Macrogen Inc., Seoul,
Korea)ell 2|Z]sle] @7IMds EAsIth. viazA9]
sequencing *3'H-2 Tha3} 2t} Sequencing ¢ T3-S 213l
BigDye (R) Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems, Foster City, CA, USA)E AM-3HT} PCR2
DNA Engine Tetrad 2 Peltier Thermal Cycler (BIO-RAD,
Hercules, CA, USAYE 53l Z13J=m, 27F9} 1492Re] primer
£ |83t sequenceE HojWlt}. whgo] FuH HHgo|

FodahA] e dNTP B HHEES AlAsE -5 AZl
ABI 3730x] DNA Analyzer®| 293} sequencing 23-&
At

Carbofuran 23l 0|4 S2| iYL= % X35}

DYC2-19] iz HA3}t A2 15mLe] wgeS =
gkel 50 mL tubespin bioreactor tube (Sigma-Aldrich, St,
Louis, MO, USA)E ©]&-3te] a3t ¢4 R2A gHd
A ZHE DYC2-1 #59] 4 shtE R2A 7w
HEste] 30°C, 100 rpm ZACZ 1247 FoF AujdS
AT i 20 pLE 15 mLe] Al 7F & 50 mL
tubespin bioreactor tubeol] HE3Ict. Fehdro] =&
2% AEHHS7](bioreactor; Biosan, RTS-1C, Latvia)olA]
Aol o] Folzinh. Aol H8H BE wiUE1E Table 1
o Jepfom, BE e 23] ZA wkE AFS 3
st A3pEe] W FHAE PRISMI.O (GraphPad
Software Co., USA)E ©|-&3lo] T2 =243}t

Ws HAE DYC2-1 #F5 R2A H% wjx]o] g4 =
sto] 12~15A17F vl At JE592 10 mLe]
A A e] DYC2-1 #55 FE3te] 30°C, 150 rppm
AL Z 12~15M7F 59 Andsld). Carbofuran 3
ek vjeke 250mL f8 ZEkaIe] 971 50 mLe
A AFafRlelA] =3It WA 10,000 mg/L FEL
carbofuran 500 uLE R2A Hdulx] 50 mLoll #7lsle]
% carbofuran FEZ 100 mgLo 2 ZH3 & HF 4y
o] 2% (viv)ell algste Mugd-S HEste wde A%
Stk wgde 300Ce} 150 rppmo2 A E Aehjdr)
ANx 5UTF wiFS AASAAL, v 24417F it 10 mLe]
vkl & B2 3le] QUEChERS F30] o]-&31ith.

SoHEs 0lYE N
e
5

=3

S

ol
=l

t BN

S

QuEChERS &4

i W carbofurang FZE317] 98] QuEChERS-EN
WS ot AP R B33 Y 10mLo] & 50mL
conical tube®l| acetonitrile (Duksan Fure Chemicals, Co.,
Ltd., Gyeonggi-do, Korea)& 10, 15 ¥ 20 mLE ¥ 30%
59t vortexing 319tk T2 QuEChERS powder mix
[Chiral Technology Korea, Pure-Sep, Daejeon, Korea (Ma-
gnesium sulfate, 4 g, Sodium chloride, 1 g, Trisodium citrate
dihydrate, 4 g, Disodium hydrogencitrate sesquihydrate,
0.5 2)IE B ¥t -acetonitrile ol FA3 = 30% F<t
vortexing 3 22 4°C & 10,000 rppm o2 A H 1544
71004 1027 DA sk o] F 45 (organic
phase)> ZFz} 3 718F acetonitrile €719 2] 80% (8, 12
2 16 mL)E 10 mL syringe (Kovax-syringe, Korea)®} syringe
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Table 1. Cultivation conditions for optimization of DYC2-1 strain

Experiment Temperature (°C) pH RPM Media
1 25 7.0 1000 R2A
2 30 7.0 1000 R2A
3 35 7.0 1000 R2A
4 40 7.0 1000 R2A
5 30 5.0 1000 R2A
6 30 6.0 1000 R2A
7 30 7.0 1000 R2A
8 30 8.0 1000 R2A
9 30 9.0 1000 R2A

10 30 10.0 1000 R2A
11 30 7.0 200 R2A
12 30 7.0 400 R2A
13 30 7.0 600 R2A
14 30 7.0 800 R2A
15 30 7.0 1000 R2A
16 30 7.0 1200 R2A
17 30 7.0 1000 TSB
18 30 7.0 1000 R2A
19 30 7.0 1000 LB

20 30 7.0 1000 YPD
21 30 7.0 1000 MRS

filter 0.2 pm (Advantec, Toyo Roshi Kaisha Ltd, Japan)=
ARS8k oFteigint. oate FEAL -70°CE A E
A2 s Lol Basiivt.

H« o

EMII7] & EMUY

W gFZE 9] Gll= WZERH] (HypeCool, GYROZEN,
Korea)’} 4% Y4735 %7](HyperVac, GYROZEN,
Korea)S AHg-ate e8] AAG A 555 § FHO
g 7y FE2ES oME 20 uLE FEsl 1008 H=
NG Az 2™ )& thin layer chromatography (TLC)
BXo] o] &3}tk TLC silica plate (Aluminium HPTLC
Silica gel 60 F,s; plates, Merck, USA)Ye= 2352 ujz}
712 2 MZe] ZolE 717} Sem x 5em 22 5cm x 10 cm
2 Adstod Aol o]&sisitt. TLC AW &= w5
Z"“«] SN EA O 2= ethylacetate?} n-hexane®] H]
50:500% 42 §7E o8, carbofuran <l
8= F A7I8ME 24 75258 42 SHiE Az
1ol ARE-SFATE i W A ] B 2 A
412 AB Sciex 5500 triple-quadrupole mass spectro-
meter (AB Sciex, Toronto Canada)’} “J-2-El Agilent 1260
series (Agilent Technologies, Wilminton, DE)E ©]-&-3}5]t}.
717] AH-8 A% Osaka Soda CAPCELL CORE CI8
(150 mm x 2.1 mm, 2.7 pm, Shiseido, Japan)°|™, 0.1%

m> X o

o 4o o o
>~

formic acid (Sigma-Aldrich, St, Louis, MO, USA)9} 0.5
mM ammonium formateE X33t 484 0.1% formic
acid®} 0.5 mM ammonium formate”} 33 99% methanol
EAE o] ol&sidinh. ol FES 03mL/
min®] 2713 ARSI o, A 929 2w 40°CE A
A8t} Liquid chromatography tandem mass spectrometry
(LC-MS/MS)= carbamated] ZHi¥ &g =H4sl7] $l5)]
electron spray ionization (ESI) positive modeS A3},
U H-s- U E ¥ (multiple reaction monitoring, MRM)H:
20 2 A&3}9 . Collision cellolA collision energys =

Aste] 229 precursor/product ion pairsS AR, 7}
=& IIEE HOlE product iong A Fo|2(quantifi-
cation ion) .2, th30 2 =7 ZZE+E product ionS %
#J o] & (qualification ion)©- 2 A3t H7 717184 =
712 Table 20 YoM, E4 20N AHE 54 o]
23 HEE A7He Table 39 YeERJATE. E3 carbo-
furan ¥5F2 acetonitrileZ 3443k 0.02, 0.05, 0.1

02mgl &% ARE AxsATh 242e] Alg 2uLE
LC-MS/MSel| F=iste] AAde gelsta A7de 44
STk vl 28 A5 dPAEY dAFS A

|
. acetonitrileZ 1/1000 34 0} A
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Table 2. LC-MS/MS operating parameters for the analysis of carbofuran

LC conditions

Instrument

Agilent 1260 series (Agilent Technologies, Wilminton, DE) equipped with an AB Sciex 5500 triple-
quadrupole mass spectrometer (AB Sciex, Toronto Canada)

Column

Osaka Soda CAPCELL CORE C18 (150 mm x 2.1 mm, 2.7 pm, Shiseido, Japan)

Column Temperature

40°C

Mobile phase

99% methanol solution with 0.1% formic acid and 0.5 mM ammonium formate

Liquid flow rate

0.3 mL/min

MS conditions

Mode

Electron spray ionization (positive)

Table 3. Selected-ion of LC-MS/MS for carbofuran

Compound Molecular weight Exact mass

Precursor ion (m/z)

Product ion (m/z) Collision energy (eV)

Carbofuran 221.252 221.105

222.0 165.2 17

1 mLS 1008 3438}e] Axio Scope. Al (Carl Zeiss, Ger-
many)S.2 33t

L

an 3 o

2 16S rRNA XX} 7|

o 2 HjFE £ MSMC HHX]E
ol-g-3to] F| Y-S HAIEHALE YO E T
71219l A 9 carbofuran 3l ¥l A4S TS x*
A ZF%=E Fig. 19] Yepigith 13} g3kl o] &
olF4 W-LE SU3 wiRo F 2 o] Athel e AA)

A AR H=dste] 30°CoA] 24417 &
iit} UV@% 3 F &S SHAS F Aol
T 4719 2o A0 wigsit). 2eA
ARl A 5 o] 2717 7V & J4FE
Hog RH39, olE DYC2-1012k 3t}

o % Folen 3o M APYS W

H 2ol 12417kl A 0.3~0.6 mm =
481 THFig. 2A). B3k A7ko] A

(ol
¢

r
o

£CO=)
g ¥

o et 2ol L-/"M 4 AR} T AR g
2 Wse A% %%f'f % 99ich TheO= 100 mglLe)

mLe] R2A H/guljA]ol DYC2-1
T HEs HH%“*% 21843k} 100 mg/Le] carbofuran
o] 23t WX E 2o AAYste] FAMGS s}
%9 A E QuEChERS-EN H
S o]&st] F& ¥ TLC V4% AASINT o A3,
9] carbofuran 2~32] A7|7} 0AIZH
AZE 43s] smjslzl s & 5
%3] DYC2-1°] carbofuran #3ll%
QAR SRIF F U el

e

o o J
: =3
do 0
P =
i E
Hm{g

-

Mi’iE‘r(Flg 2B). ©]

o [e] o
& HFSL s

o "

Enrichment culture

|

Cultivation with Isolation

carbofuran (10 ml scale)

Thin layer —— Identification
Chromatography 165 rRNA

Analysis

l

Optimization of

solvent amount

for QUEChERS
Extraction

I |

Batch
cultrure

Main cultivation
(100 ml scale)

Optimization of
culture
conditions

lQ\ll—Z('hI{RS

extration

LC-MS/MS analysis

Fig. 1. Flow chart for isolation, identification and pesticide
degrading properties of carbofuran degrading bacteria from
agricultural field.

2+ DYC2-19] 16S rRNA F32F G7IME 42 T3l
1787 bp Zole] H7IMES oLt o5 =3 A

(neighbor-joining)°ll &JAst DYC2-1 #5¢] AEEH 9
A& AESAY. 2 A3 DYC2-12 Bacillus amylolique-
faciens DSM7, Bacillus subtilis KCTC13613, Bacillus
siamensis CR-5022} 99.86%%] 454 Yepslerd,
Bacillus nematocida B-16%} Bacillus subtilis NCIB3610 2!
Bacillus nakamurai NRRL B-410913= Z+zF 99.72%,
99.59%2] 454 YEeRo] Bacillus 4 52 A3
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A (B)

©

Bacillus sp. DYC2-1

Bacillus amyloliquefaciens DSM 77 (FN597644)
Bacillus siamensis KCTC 13613T (AJVF01000043)
Bacillus velezensis CR-502T (AY603658)

Bacillus subtilis NCIB 3610 (ABQL01000001)

Bacillus nakamurai NRRL B-41091T (LSAZ01000028)

Bacillus cabrialesii TE3T (MK462260)

Bacillus inaquosorum KCTC 134297 (AMXN01000021)

Bacillus stercoris JCM 300517 (MIN536904)

Bacillus vallismortis DV1-F-3T (JH600273)

Bacillus atrophaeus JCM 90707 (AB021181)

Bacillus tequilensis KCTC 13622T (AYT001000043)

Bacillus halotolerans ATCC 250967 (LPVF01000003)

Bacillus spizizenii NRRL B-23049T (CP002905)

Bacillus mojavensis RO-H-1T (JH600280)

Bacillus glycinifermentans GO-13T (LECW01000063)

| |
' 0.005 '

Fig. 2. (A) Colony morphology of B. amyloliquefaciens DYC2-1 on R2A agar media. (B) HPTLC chromatograms of the separated
spots on the TLC plate under UV365nm. STD, carbofuran 5000 mg/L; CNT 0 h, culture extract of R2A media with 100 mg/L of
carbofuran at 0 h; EXP 0 h, culture extract of DYC2-1 strain grown in R2A media at 0 h; CNT 96 h, culture extract of R2A media
with 100 mg/L of carbofuran at 96 h; EXP 96 h, culture extract of DYC2-1 strain grown in R2A media at 96 h. (C) Neighbor-joining
phylogenetic tree based on 16S rRNA gene sequences, illustrating the relationships of Bacillus sp. DYC2-1 with other Bacillus
species. Bootstrap values (expressed as percentages of 1000 replications) > 50% are shown at the branch points. Bar: 0.005
substitutions per nucleotide position.

th(Fig. 2C). DYC2-12] 16S rRNA 58} 471D 3} 714 B7] fete] oedet vl 2=, 27] pH, A& o
=& A5AS 1o Al e a5 7Fel, Bacillus amyloli- % (RPM), BIA] Z7& AA3}3(Table 1), MY 530
quefaciens DSM7 @<} variation ratio’} 7Fg @Al 274 7h 2700 mE 752 7S vlawsl] BT WA v =
HAk DYC2-19] 7 2 dubdo=r 434 e Lo wE 779 A4S 2A] 98l DYC2-1 #FE
Bacillus amyloliquefaciens 752 +3 34 2 Wsiel o 15 mLe] R2A dufz]o] HEsle] 25, 30, 35 2 40°CE
893 AESH ARE EE DYC2-1 455 Bacillus A8E 2 A=A 12417 F1t v AAlsHA
amyloliquefaciens®. ZF4 3 40| o]Fo T} oh #59] AEEE 2% AETRST]C WE Fed s
AE 3l ol Folhom wi 1417 mith 800 nmé] O E

B. amyloliquefaciens DYC2-1 2F°| L= 2% 5} AEe 8xs 245t 2 A3 vl 8217 3 30°C9]
Carbofuran 3 #5 DYC2-1°] A w2 dol Al ODgy #hol 0.72~0.922 7F¢ =& A4-& Btk v

0

_‘

rlo



282 URIB - B - AN -

(A)
2.0
-&-25°C
2 300C
$ s ]-e-3scC
< 157 5 wec
£
[
=
D
=
)
Q

Time (h)
©)
2.0
~5- 200 rpm

’% 400 rpm

o 1 5 -l —6- 600 rpm
< 17 -5 800 rpm
> ~5- 1000 rpm
b ©- 1200 rpm
|72}

=

)
=
=

)
®}

0 2 4 6 8
Time (h)

10 12

N
0z
ro
=)
w2t
o
oy
&

°

(B)
2.0
S ~©- pH 5.0
e pH 6.0
J 1.5 - -o- pH 7.0
$ . < pH 8.0
-5~ pH 9.0
% <~ pH 10.0
=
]
=
=
SH]
O

g

Cell density (Agy,)

Time (h)

Fig. 3. Optimization of culture conditions for maximizing cellular growth of the DYC2-1 strain. OD800 values were plotted for (A)
temperature, (B) pH, (C) RPM and (D) media. Round symbols represent optical density (800nm) and each value is the mean of
duplicates, and vertical bars indicate + standard error of the mean (SEM).

35°C % 40°C |l DYC2-1 #5= % 6A1ZH7HA] = ODyy
o] 0.64~0.702 o] HA Frlkeit 627 olFol=
0.48-0.592 723 R4S HSITHFig 3A). MAEL o]
&3 AL} oM e 53] ] dFo) 7 F
K23k 7107 &3t} Fenitrothion 5<F #-3l "|AE Bacillus
sphaericus NFol &= 30~35°CollA] Hll%F A 84.4~85.9%
9] fenitrothion #3828 Ho] 15°C the] 40 A= =2 &
385 HATHChoi et al., 2009). Pseudomonas putidia
PC1 #5% 10, 20, 37 2 45°CellA 22} 0.3, 0.6, 0,8 2
0.4 mg/day®] cadusafos F3l&S B3O, 20 & 37°C
A 5~64 o2 FUE cadusafosE &3] EstSith
(Abo-Amer, 2012). 5t WG FMF Methylosinus tri-
chosporium OB3b T+ 30°CollA HlE-s 7 a4 o
2 R ¢ JdE Ao® BIHA M (Rodrigues et al.,
2009), Bacillus % #%% 30°Col4 102 olU]e] 100 mg/L
9] carbofurang 98% °l’d Edlsle Ho® BT
(Onunga et al,, 2015). 23719 A7d3= 2 A3 A4
AR B EClA HA 9 FoF Bl &S VYERIARE &

o] FFo} 5ok ol vIgEel SR weh ot 2of &

T 9 t2A e £ e 0= o JHT) o
°2 DYC2-19] 7] pHoll w2 A4S vlwshr] fa =
7] pHZ 5.0, 6.0, 7.0, 8.0, 9.0 & 10.00Z %33 R2AH
A& o v IAIZ 30°C 21,000 rppm 271004
WS aS A3 pH 7.09] R2A AR oA ODgyy 7k
°] 0.96% DYC2-1 59 A7e| 7P 53 A= Yt
sk dRbd o2 SHA = Bacillus % 452 4 pH
01 7.0 & 8.0¢] ZHoNM A5o] 7 $-=3IAtHFig. 3B).
o2, AENs7]e] WHHETE 200, 400, 600, 800,
1,000 2 1,200 rpm= AR 8} wHkEwe)] wE #5220 A
AL vws] ®okth 2 A3 DYC2-1 &5 A3 1047
59 800 rpm Z70A 0Dy ol 0.02~0.81% =& AE
3784E JERHRIAL, 104]7F o] F-F-E] ODgy %01 0.70~0.87
ol 600 rpm ZZNA 7HF = MEAZRLS RAFIATh
(Fig. 3C). "FA|2t2.Z TSB, R2A, LB, MRS ¥ YPDZ 9]
g3t #Fe] A4S vws] 2 Az, TSB uiz|olA
ODy ol 1.822 74 ¥ AZAES HoF9on
R2A 9gujz] 2 MRS #jz|o A= B A E A4S HS
CHFig. 3D). W24 3} A3 DYC2-19] A wigzde
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E 2Rste 5o
S A&sta Ags FEs= WHoltH(Rejezak  and
Tuzimski, 2015). ¥¥F8 2 QuEChERS-ENH-S A9}
FEEME LR E£Fctd FE5 YA THGonzalez-
Curbelo et al., 2015), FFe] E-Fol w}ﬁr Zzﬁuﬁ%}sﬂ S
Hol] HQ3lt}. Carbofuran

QuEChERS FZ9l| Z a3t 34| %”H %k% 75_”3 a17] S8l
100 mg/Le] carbofurang &35+ R2A A= 10 mL
acetonitrile 10 mL, 15 mL ¥ 20 mL$} &E5tste] 747 &
S APt FE5& UukA9l QUEChERS-EN &40
uEh st on, 4sds LC-MS/MSE o]8-3te] A%
28 AAE 10mLe] acetonitrile® F3&3 A3}o
carbofuran &S 100%= AA3ke] 15mL 2 20 mLe]
acetonitriles AFESH AZ9] 34453} v Wt 15 mLY
acetonitrileS AFE39E o, carbofuran 3|F&E 99.7%E
10mLe] vi2 F=3F Aol vl Hdgkol 0.3% S
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7 5U& 10 mLe] acetonitriles ©]-&-3te] A3},

DYC2-19| carbofuran E5H
B. amyloliquefaciens DYC2-19] carbofuran #3]52S &
ofr 7] flaf 120~k AA wiFS T ATt 2F A7
¥ vjgS QUEChERS-ENYO R FE351] LC-MS/MS
£ 53 carbofurang FHFH oz I3 th(Fig. 4) =
9] carbofuran F=E 101.4 mg/LolAl 120 AIZF & 84.4
mg/LE ¢F 20%9] carbofurans E3&S HYom FF7t
27} BARoE wMElE 24-120A7F B9t o HE 43
mg/l. ¥ ashs Jo® Yelgth(Fig. 4A). °l& &3l
carbofuran®] HIYEZ E3)7F 254 dojdt= A& &
T A vhH AET9] carbofuran FEE Wi 24 AJ7F
HE] 48N 129 mg/lL7t Aoy T2A17HEH
W] FEA 7R = 45.6 mg/L7F 7HAskinh viA] W car-
bofuran®] FF F=+ 3.02mg/LE F 97%2] carbofuran
S sl e 24~12047F A= Y Wit 25 mg/L
A WEA sk 20E UERTHFIg. 4B). 3 i
tH] oF 308 =2 carbofuran 7483} 4.68] w2 714 &
B ogdk A3E F38] DYC2-19] carbofuran
er;e o= Bt AL & & AT Bacillus sp. &
carbofuran 3= plasmidol] 18] AE med FHAR]
carbofuran hydrolase °l| ]3| N—methylcarbamate Agto] 7}
FasfElo] 7] tiAl AHEQl carbofuran 7-phenol (2,3-
dihydro-2,2-dimethyl-7-benzofuranol)2 -3l 7} o] FfxIch
3 4 A )2 (Chaundhary and Ali, 1988; Topp et al.,
1993; Kim et al., 2004 ), DYC2-1 #5%= 783 AZE
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Fig. 4. Time-course carbofuran concentration in culture media of (A) non-inoculated control and (B) with Bacillus sp. DYC2-1. The
longitudinal axis indicates the concentration of carbofuran. Each value is the average of three replicates, and each bar indicates the

average and SEM.
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Fig. 5. Photographs of optical microscopy of sporangia and
vegetative cells of B. amyloliquefaciens DYC2-1 with x1000.
The image of the endospores was taken 60 hours after
inoculation under the same conditions as carbofuran degrada-
tion culture. Red arrows indicate the sporulating cells.

9} polyketide synthanse (PKS)E o|-&ste] ofz] A%
g opgt b S EEE sk A A £3
I W A E a3 e AeE HIEHATH(Seewald,

2010; Raaijmakers et al., 2010; chowdhury et al., 2015).
Kim 5 (2017), Park 5 (2019) A7 w=% Bacillus
velezensis GH1-13 ool 2 EAAEZ E29] 9 o}
A EXH(Indole-3-acetic acid, IAA)S AAFSIAL TRt A&
WA wrgeld ek 2325 ske =3¢ bacillomycin,
bacilysin, fengycm iturin, surfactin 59 A3 FAAES
AL 28 RIS Bacillus amyloliquefaciens FZB42

A E
= 94 dEEer 3 Aol e AE A FA

71E Ao2 HIEtHKilian et al., 2000). ©]xH DYC2-1
45 SRR T GAVSE FFEo] ABEYARY B

EH]eHE 202 n]Fo] Hol DYC2-1 @5 F3t H|S5=3 7]
%o she =4S AN Z1oR o FE7] wZel| ool

& a7l 99 Aow nan B aveld AU
Bacillus amyloliquefaciens DYC2-1 #-% d¥tdo= &
AR Bacillus & 4559 EX WAZAE FAsl2=
(Fig. 5) HIB=AAZ ARg-o] golsithe Axle] St &
AollA Lol AR AAE FRAMNEUES W, Bacillus
amyloliquefaciens DYC2-12 FHEAoNA tfksl 550
2 289 F S Zlolgt AAZI.
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