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SUMMARY

Title: Development of a diagnosis kit for detecting fungicide mancozeb
using Bacillus sp. CMBO03.

Ethylene bisdithiocarbamates (EBDCs) are globally one of the most widely
used organic fungicides, and include mancozeb, maneb, metriram, nabam, and
zineb. In Korea, EBDCs were first introduced during the 1960s and widely
used for the control of fungal diseases in agricultural products including fruit,
vegetables, and crops. EBDCs are of both environmental and toxicological
concerns, because a number of studies have reported that the degradation
product, ethylenethiourea (ETU), is carcinogenic. Toxicological concern on
EBDCs has prompted the study on the development of analytical method for
these fungicides to better monitor and trace them in agricultural and
environmental samples. One method used for the determination of EBDC’s is
to determine quantitatively CSq liberated from EBDC's by
spectrophotometrically measuring the absorbance of cupric complexes of
N,N-bis(2-hydroxylethyl) dithiocarbamic acid of CS; formed by decomposition
of hot mineral acid of EBDCs in the presence of SnCls. Gas liquid
chromatography (GC) and high performance liquid chromatography (HPLC)
methods with variable modifications have been also reported for the
determination of EBDCs and their degradation products(14, 19, 5, 25, 37,).
Enzyme-immunoassay method for the detection of thiram has recently been
presented. Most of these methods, however, are still time-consuming with
extensive sample preparation required.

For the isolation of EBDC fungicides sensitive microorganisms, we were
searching one hundred strains bacteria, fungi, yeasts and actinomycetes. And
then, we selected most rapid growth rate and sensitive strain to EBDC's
fungicide mancozeb by several test(growth inhibition test, growth rate
measurement test and etc). Through these screening of residues sensitive
strain, we could use these strains to develop fungicide residue rapid and
simple assay kit which could be more sensitive and simple assay method than

Taiwan agricultural research’s one. In this research, we used TTC(Triphenyl

_12_



tetrazolium chloride) reagent that changes color from white/yellow to red in
visible light range results from reduction reaction by dehydrogenases of cells.
By previously stated method, we could assay and detect of mancozeb
quantitatively. We isolated most rapid growth rate and sensitive strain to
EBDC’s fungicide mancozeb what is named Bacillus sp. CMB03 by 16sr RNA
sequencing method and given AF406633 accession number fo NCBI(National
Center for Biotechnology Information).

We defined maximum nedium, growth temperature, pH, aeration condition of
CMBO03. From the results of test which checked up relation of CMBO03 and
vegetables and mancozeb, we could validate that fungicides were collect over
70 % in perilla leave and lettuces of mancozeb treatment test. In addition, we
searched target inhibition enzyme to mancozeb of CMBO03 through the
dehydrogenases enzyme assay using TTC redox reaction in addition of
several TCA cycle intermediate substrates (citrate, oxaloacetate, fumarate,
malate, succinate). By enzyme assay of CMBO03 crude extracts using
substrate-enzyme reaction, malate dehydrogenase of CMBO03 have showed
sensitive inhibition to mancozeb. Also, for the development of more stable and
simple EBDC fungicide residue assay Kkit, we constructed microencapsulation
method of CMBO03 to alginate polymer and tested fungicide mancozeb residue
assay.

A simple method for the determination of ethylene bisdithiocarbamate
fungicide mancozeb was studied using a bioassay based on the inhibition of
triphenyltetrazolium chloride (TTC) reduction by mancozeb-sensitive bacterial
isolates. An isolate CMBO03 showed the most sensitive response to mancozeb,
giving IC50 value of about 0.1 wpg/ml, and based on 16S rRNA sequence
analysis was named Bacillus sp. CMB03. Dose-dependent growth inhibition
of CMBO03 by mancozeb suggested that a biochemical system of CMB03 can
be used as a bioassay method for the determination of mancozeb. TTC

reduction to formazan, a red color product, by CMB03 was examined as

biological reaction indicator responsive to mancozeb.

The bioassay method showed approximately 70 % recovery of mancozeb

spiked in lettuce and perilla leaf samples. Our method is suggested to be
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useful method for the determination of mancozeb in agricultural samples.
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A 2 A EBDCA Aol ZFA nAE A

1. A 2 Wy
7F AR

= Aol A AR

LB, AIA, YEM, PDA & "AE wlA o] A}83F Glucose, Agar, Yeast Extract,
Glycerol, Malt Extract, Tryptone, Potato Infusions &< BECTON DICKINSON
(US.AAL AES AHgstlen 7]eE AleF NaCl, K2HPO4, MgSO4 - 70,
FeSO4 - TH2O 52 First GradeE AFE-313.2™ mancozebs  Sigma(US.A)AF A2 T
Adsto] ARt

oy
1) EBDCA %54 vl Aze] ¥ 2 A

ORI

AFeF(1~5g) EYS A5 HF9 085 % NaCl &9dd H71e & F73] o
BkA) 71 F 1/1000M] 2 3] A dke] Z+E wjA|(LB, AIA, YEM, PDA)d| 2 92k(10
0~150u0)8 w2 shath 1247kl Al 36A17HE9F AR L% (25C, 30T, 37C)
oAl wlFst T T colonyE EEErt EEld 7 #FES dAux 2@ o
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Table 1. Culture mediums of microorganisms

YEM
ATA PDA
LB . (Yeast Extract
Components . . (Actinomyces (Potato Dextrose
(Luria-Bertani) ) Malt Extract
Isolation Agar) Agar)
Glucose Agar)

Glucose 10g 20g
Agar 15¢ 15g 15g 15g
NaCl 10g

Yeast extract bg 3g

Potatoe

infusions 1L

Glycerol bg

Sodium

propionate 4g
Neopeptone bg
Malt extract 3g

Sodium

caseinate 2g

K2HPO4 0.5g

Asparagine 0.1g
MgSO4 - TH20 0.1g
FeSO4 - TH20 0.001g

Tryptone 10g

) EBDCAH AatAlol gk #59 44 2 54 XA}

T #FES WFeE  EBDCAHA AwAle] txAQ] % °F mancozeb®] &
Astell A o] FAGHE a3 S AAdS JEde #F
agar plate test Wy A wjA]o A FA A AAHS FIf WA dAFE AL
st e BT (Bacillus thuringinesis) ¢ WA T 2 A3t Top agar
plate test:= plated]l 4ol 759 colony BAAEES S<to g #Hzsla FHolE
< YEM(Yeast extract malt) iLAWA]E o]&stlom LB HAwfA & AFE§-gh

A

A oA ARe AFEF Sy

et

o
TTC (Triphenyl Tetrazolium Chloride)E ©o]&3to] WA oJHE St

spectrophotometer = =43}t

TTCE Tetrazolium salt?] dFoZ AN Eaol o3t 3AntsS F3
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JAFA dHe A FH22S YERN Y spectrophotometer (484nm)ollA  FH =
o 43S wAE Ao delA vt B AFdAE olgt e TTCO AAS

ol-gsto] mAEe TS T WHAHES WIS Fal ¥ mancozeb W3
4 o5 st tH(Fig. 1.

37C, 150rpmeoll Al 3A17F &<t Hj <k

(Fresh condition)

A

A 2E v R o] FujFd-S 1/100 volumel = HE

7+7k o] %] mancozebs F

NS 1006 A 7Tere]
el B )%

A
250102 stop &S H71Eo]
484nmel| A E%L =3
(Stop £9: 05N HCI in 5% Triton)

Fig. 1. Diagram of mancozeb sensitivity (TTC) test

t}) Top agar plate test® %3 mancozebol W3k ZFAl ZA}
LB A )=o) 12A17F &9k vjFst 7k =55 0.85 % NaCl &4 A=A
3k F%(1/1000 ~ 1/10000)% 3] A] 3k

&
k-4
ZF7F vkttt 10002 sampleol] E ¥ Top agar® Sml 713 & LB A+
3

off

mancozebS FE=EE A3t 30&E3H

o FolE ta AA 2&olA 16413 &Sk wieke F platel @A ¥ colony

= st dxad} vlasks WS S8 mancozeb A olF-E 83

Z}) AAHfA] = o] &3 mancozeboll W3k 7HFEA FA}
LB A WA & o] &3] B3 #F5S A S E mancozebol o3t 174
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k)
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e
o%
o
=
5
i3l
okp

9] mancozeboll Wgt A AL

ERE FA 5 Schwanniomyces  occidentalis  ATCC26077,  Saccharomyces

cerevisiae var diastaticus ATCC 28338, Pichia stipitis CBS71269] 3%<& A}-&3}

Gar WAFE Streptomyces antimycoticus KCTCI7755 o] &390 FFol=
8

HA 6 straing o]-&3+gth

YPD wjA]o] Bacto-AgarE 0.7 % ¥5& H7}ela 50CE Wzhsh & 10 mly &
Ttk 2t #5529 mancozebs FH7bstal Z &3k thg 8] A1g vk 100440
NS 7kt & Top Agar Platings A A8 oW Schwanniomyces occidentalis

ATCC26077 o W3 S4&5%= dds Asd

TFE  Streptomyces  antimycoticus ~KCTCI775S A3 wix|=
ATA(Atinomyces Isolation Agar)¥] A Z A}&3}5i ).

w9z 7: 28°C, shaking incubatoroll A 150rpm & 2 18 A]ZHg<t &t}
(3) #3Folo 74 A

PDA(Potato Dextrose Agar)®l#|oll mancozebs @3t t}& FFo] strainZ ©|

Hata FANA FFolo 34 £E % A g wITHA.

m

Hi k2= 71: 28°C, shaking incubatorol Al 150rpm & 2 36~48A] b vl &}t

2) EBDCA Aol tgh H2AHA 5% (MIC) 2H4
Mancozebel ™ g MIC(Minimum Inhibition concentration)#t2 4F-g3l7] ¢4l
mancozeb®| 74 Z-=CMB03, CMB04, CMB05, CMB11, CMB26, CMB27,
CMB32, CMB52, CMB55, CMB61 & &3 diutelA A8%¥ B.T(Bacillus
thuringinesis)i <} Bl u3}oltop agar platingS 2 3] %t
Z} #FE5S LBLuria-Bertani) ¥ Aol A 37T, 10A17F & wjksl & 0.85 %
NaCl €402 1/1008A gAsta 37CelA 308 5 W&k oAl 1/10000
2 3A3% & 3 ml9 top agar®l] mancozeb & (0.05ppm, 0.1 , 02ppm)S A7}
3 100pte] TF 3 S H7b3 oS top agar platingS A3 Z} plate

37ColA 124135t wiFst & Colonyel =719} 5 ##Asto FAAEE =
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=

HE AAstn g A oAFES Fler] 9@ 16s rRNA

2. A3 g uF
Table 1 # 22 of2] 74A wjA & o]&ste] EF FolA 1000154 vAES
Lelste]l  EBDCAl At Al¢] thix A<l % mancozeb® EA|stellA 59 F

A E v #FES & UAAHS el TFES Top agar plate test WH

I HA iR A FA A AES T WAd dFE Addsiden BT
(Bacillus thuringinesis) ¢+ W@ A% AAJeto] 1 A3E ofdol #Zeo] Hels)
A Th.
7h 7o E8 ¢ EBDCAl Aol did A A
1) Top agar plate testZ %3} mancozebol|l W3+ 7HFA ZA}

wotgk 5 T EBDCA AotAlel wiztd ==azds At =2 wizt

e HEl= dFE0] A3 Z23E ool o] B
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N
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Fig. 2. Top agar plating of CMB03 on LB Plaste

with several concentrations mancozeb
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[

Fig 3. Top agar plating of Bacillus thuringinesis

on LB Plaste with several concentrations mancozeb
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Fig 4. Top agar plating of CMB04 on LB Plaste with

several concentrations mancozeb
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Fig 5. Top agar plating of CMB61 on LB Plaste

with several concentrations mancozeb
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Fig 6. Top agar plating of CMB05 on LB Plaste

with several concentrations mancozeb
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Fig 7. Top agar plating of CMB11 on LB Plaste

with several concentrations mancozeb
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Fig 8. Top agar test of CMB27 on LB Plaste

with several concentrations mancozeb

Fig. 2~87kA19] Aol A L4d=r CMB03, CMB04, CMB61, CMBO05,
CMB11, CMB27 % 67}1A #5%

flo

A EBDCA Al tiEAQl 5ok

L S

mancozebel] =& WA S BHoF1 ). CMB039 % 0.05 ppme &=l A
= controlZ} H]5=3k F9colony”’F TEE A2} colony sizew FIF AT

3t 0.1 ppme F =0l

=

rie

A= oF 10 %78 =9 inhibitions R F 2™, 0.2ppmel
M= colonyE Al #EE 4 Uk CMB042] 45 0.05 ppmel A colony &
A B + glen CMB61Y Z$%E 0.1 ppmZbA= colonyd] 7|9k 7HA4
Row 02 ppmel FEAME 99 %AE F2 A= yerWoen CMB05S
CMB119 2% 0.1lppm F=ANAEE colonye 7} #HAad o, 0.2 ppmolAdE
¢F 97 %9 inhibitions YEFWIT}
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2) AW} E ©]88 mancozeboll e+ 7THFA AL

I 0 ppm
[ 0.05 ppm
I 0.1 ppm
0.2 ppm

100 H

80

60

40 4

20

Cell growth (% of control)

CMB03 CMB04 CMB05 CMB11 CMB26 CMB27 CMB32 CMB52 CMB55 CMB61 B.T
Strain

Fig. 9. Growth inhibition rates of several mancozeb sensitive strains
E8¥ #FE5 F mancozebol =& AL Zh= FFE] 3 top agar
plate¢} A wjA] viFH S Fote] ERlst A= Fig. 99l HojFE A} 2o
CMBO03, CMB55, CMB52 5 37} 5+ 0.1 ppmelA <F 50~80 %]

Al &S HolFa glo] BTHU ¢ %2 %2 yeha Qo

3) 2%, AT 2 F332] mancozebol| thak 7H4A FAL

0 ppm 1 ppm 10 ppm 100pm

Fig. 10. Top Agar plating of Yeast with Mancozeb on YEM medium

Top Agar Plating 23+ Fig. 10914 YEld ZAA 9 1 ppm FEoAE= &2

%+ Colony <+ H]<=38ly Colony sizeZ} #43Fe] o]21dt A3= mancozeb 1
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ppm FEOIA = yeaste] T4 FFE VA= As FAF F U o7 2

HE EUYR yeastE Ao AR = A ofFE Felsy] HF F

1>
I
2

Growth Curve of Yeast
124 Schwanniomyces occidentalis ATCC26077
at 30°C
[ 1.0 —
o
c
8 o0sd
S
@
o 0.6 o
<
€ 0.4 -
:O
3
[=] 0.2
(@]
004" "
T T T T T T T T T T T T T T T T T T T
1hr 3hr 5hr Thr 9hr 11hr 13hr 15hr 17hr

T I M E

Fig. 11. Growth Curve of yeast Schuwanniomyces occidentalis ATCC26077

Yeast®] SA3F4e FigllelAl  yekd vkel Zo]  Schwanniomyces
occidentalis ATCC260772] 7% w59 T4 27 Al =3 vugdls 4
F Y% =g, mancozebol w3 ®wIZFHFo] UF grol (LAl 1/100) =

Tol AFEEF7le FAJE g Ao yEelyth $HH, thE yeast strainEXx BT

14

Ry
2
>
j=s)
==
o
0,
>
2
o
o
o)
=)
=
of
=
it
N
X
By

= A

Fig. 12. Growth of Streptomyces

antimycoticus KCTCI775
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th) Z3#o] ¢ mancozebel W+ A A

TT8 29

PDA #jA]o]| FX=®¥W=Z mancozebe &3 & 67l strain® FFo|E o|¥sla F

H =

W oolng WS 1 A%g oelst 2ol A

HAA ggele B4 £w R A

glsto] HER AT

strain 2

strain 3

strain 5

strain 6

control 0.1 ppm 1 ppm

3 ppm

Fig.13. Growth figure of 6 Strains fungi on several

concentrations mancozeb

o]4+2] 67l strain fungioll A strain 1 & 2, 2709 strain ©] mancozebel W]

A4 YEiE Rew o FA%E Y =g w2 B A7 3

Aol AgaA e AL ko] W
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. EDBCA ] W3 & A S A el s = (MIC)AHE
Mancozebell ™3 MIC(Minimum Inhibition concentration)3t< At 3}7] <3l

mancozebol] 7S Z2E=CMB03, CMB04, CMB05, CMBI11, CMB26, CMB27,
CMB32, CMB52, CMB55, CMB61 5 #FE3¥ tirtelA A&¥ B.T(Bacillus

thuringinesis) w9} W 13}ojtop agar platinggs 2AAs ZF AFES

LB(Luria-Bertani)®] A o] A %3t 3 Colonye] =719} &5 #&do] FAAL
£ XA ob& 2] mancozebel &3 S Al HAEE &elatr] ffs) Add
TFE= HWE2E mancozeb =4 stell A o] T4 st e, BT o
WA Rl xRl E. coli DH5at Hl AR S AAjste] 7 ARE ofgf &} 2ol
gttt

1) Top agar plating®] 2|3t HAAS A= FA

Table 2. Result of Top Agar Plating with several strains

Mancozeb (ppm)

Strains
0 0.05 0.1 0.2

CMBO03 100.00 98.55 50.11 1.24
CMB04 100.00 97.52 97.12 8.63
CMBO05 100.00 93.53 96.08 11.67
CMBI11 100.00 99.69 100.09 3.26
CMB26 100.00 82.63 80.85 3.47
CMB27 100.00 96.79 94.37 87.22
CMB32 100.00 100.52 94.38 17.72
CMB52 100.00 97.66 18.32 0.05
CMB55 100.00 97.58 48.01 0.39
CMB61 100.00 97.59 85.91 1.06

B.T 100.00 100.00 73.53 0.56

mancozebS A3k ATt A BTHY ¢ w2 AAYAE Hol =311 CMB52
= A9 80 %9 =2 AsNES UEUAG. olgst AE A} LAY BT
9} E.coli DH5a F w9} vluste] AF3d AFS F71=2 A&ste] 1 Az

g oelsh o] melF et

Table. 2614 HolF= niel o] CMBO03, CMB55 + w5+ 0.1 ppm?
i
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2) SAAA AT Aol o HLAFA B A}

—m— 0 PPM
—e—0.01 PPM
0.02 PPM
7| —w—0.04 PPM
1.2 1 0.06 PPM
1| —+—0.08 PPM -
1.0 0.1 PPM —
° 1] —*—o0.2pPPm ./
S o0s —— -t
= o
© | —
> 0.6 - *
o
g ]
(=] 0.4
o i
0.2
0.0 * —%
T T T T T T T
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Time (hrs)

Fig. 14. Growth curve of B.T containing various concentration of mancozeb

8- con trol
- 0 .4ppm
0.8ppm
2.0 ——gm— 1 .2 ppm
2. 0ppm
o 1.8 e—te== 1 0ppm
1.6
=
- 1.4
© 1.2 /
> 1.0
£
= 0.8
°
o 0.6
h S
a 0.4
" 0.2
O 0.0 == -
S0 L2 ————— e ————
0 1 2 3 4 5 6 7 8 9 10 11

T im e (hrs)

Fig. 15. Growth curve of E. coli DHba on several concentrations mancozeb
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o 0.1 PPM - /"/v/
o | . /’.*/' v—
(1] .
>
o 0.4 -
o
00
. T +
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Fig. 16. Growth Curve of CMBO03 containing various concentration of mancozeb

—m—0PPM
—®—0.01 PPM
14 0.02 PPM
] | —v—o0.04apPPm
0.06 PPM e
1.2
1 | —+—o.08pPm =//v
Y
104 0.1 PPM //
o 1 | —*—o0.2ppm P
= 0.8 //+
© " 1 / /
>o 0.6 -
o
Qe 1
: 0.4
o ) £
] / / /
E - L e

T T T T T T T T T T T T
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Fig.17. Growth curve of CMB27 containing various concentration of mancozeb
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Fig. 19 Growth curve of CIVIBS containing various concentration of mancozeb
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Fig. 14~19¢9 Z3}+= mancozebol =2 #4AS 2zt CMB03, CMB27,
CMB52, CMB55 18]12 CMN61 & 5 7FA] #5525 AAujfol A Agd=a 2
S Fd39 BT E coli DHoa F 7FA] w39 vluwste] HojFia 9t}
B.T= 0.1 ppm 9 A X mancozebE A &3 vj=|o| A SAI7F Tk A2 A%
S shAEsken 008 ppmol A= 447 FF S SAGE Aew yehd
EBDCAl AatAlol 3dsl wizgt oAE W=t vbdel] E coli DHSaE ]
ppme ¥ F%9 mancozeb oA %= FA ] wlx

o A o} Hl sz
Etio] EBDCA ZtAlel Wi RiZFgol @A Y&s A & 5 A

—

CMBO03< 0.02 ppm7FA+ control¥} H|S:dt &5 YERIAT, 0.04 ppmTF
Bl growth inhibitiono] 243t Z3FE Hol7] AlAEH 6A3F kA=
control Bt} Tha vh2 0.D600 valueE HAFA|WF 8A17F A HH-E &= control@} H]
szl ATk ) 0.06 ppmolAE 4AIZHMA = zero timed B]$23F O.D600 value
S bl 4A3F A3k 5E A dstr] Alzeke] 12413F A3 Al control#t H]
529 s yebdlth 2Eaz, 008 ppm # 0.1 ppmell A= 8413 A3 F5H A%
a7] AlFsEon, 0.2 ppmoll A= 12A1307hA] A dskA]l ksl o CMB039]
generation time °f 2702 AP o]HF AiE 7|22 CMB039]
2AFANEEE 02 ppmo 2 AAst= AA B AFE Aow ddd

I 99 37}A 75 CMB27, CMB52, CMB55 + mancozeboll tdle] nlw 3
o

e A4S Bk 35 CMB52 75 Top agar plated] A= 80 %ol &3f
= AAIAES BIAT AGEE7F UF =Y Y490S 2 AT A3 # 5

3 CMBO03, CMB61s ¢ BTw 59 Hlaste] 0.D600nmet O.D484nmell
Aol ge FAste] ols w5 AFAAEH} TTC formazans FA sk w7

g Aol 1 @RS oldsh ol tEhyglth

3) 0.D600nm ¥} 0.D484nm #kel AdaA ] 54

gH, 0.D600nm#k ¥ TTCe s SAst= 0.D48nmek e FddAE
ol 7] 93] 0.D600nm Fke]l 191 wiel 50 wE 5ml LB brothel HEs F
50+ ¥l mancozebs FH7FstATH @9 mld 0.D600 kel 0.01¥ A 5ml LB
brothel &3t & 30% $o| mancozeb= F 78R 2™, mancozeb #H7F
90minS w3} F 2 % TTCE 250u H71e & 30mins w3 e
O.D484nmoN A FJEE SA3t] TTCY #dES F3 FAH water insoluble
formazan®}-¢] #FAS Lolr 7] Y3 0.D484nmzkT OD600nmZES v 3% th.
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Fig. 20. 0O.D600 value of CMB03, CMB61 and B.T containing of
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21.  O.D484nm Value of CMB03, CMB61 and B.T containing several

concentration of mancozeb
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Table 3. Comparison of OD484nm and OD600nm value

Strain CMBO03 CMB61 B.T

mancozeb OD600nm OD484nm OD600nm OD484nm OD600nm OD484nm

0 ppm 0.2809 0.8391 0.1831 0.6434 0.0134 0.0491

0.004 ppm  0.2434 0.8713 0.1517 0.6022 0.0075 0.0324

0.006 ppm 01773 0.7483 0.1513 0.6133 0.0121 0.0322

0.008 ppm  0.1751 0.7309 0.1337 0.5617 0.0066 0.02495

0.01 ppm 0.1831 0.7734 0.1516 0.5060 0.0079 0.02495

0.02 ppm 0.1051 0.4482 0.1053 0.3850 0.0041 0.0143

0.04 ppm 0.0268 0.1004 0.0164 0.0617 -0.0041 -0.0015
0.06 ppm 0.0177 0.0517 0.0105 0.0413 -0.0034 -0.0031
0.08 ppm 0.0064 0.0218 0.0058 0.0307 -0.0062 -0.0036
0.1 ppm 0.0043 0.0162 0.0031 0.0222 -0.0064 -0.0056

CMBO03, CMB61% w59 BT < vHlste] 0.D600nm<} O.D484nmel A 2]

UEbth. CMB03% CMB61 5% A% % 0.04 ppm mancozebol Al BT =
&S Boy AREEE 2358 w2 0.1 ppm oAM= Fd

3 Wzet A4S YERWth. CMB03 & CMB61 F 5% BT ¥ E,coli$t
Hlaste] AAEES AR Ay CMB033 CMB61& % 24156 A3
3 whe AAHEE HolE W BT B E, coliv= 4XN7HA 719 A4S 84
e Aow vehfglen CMB033 CMB619 AAELEE nlaste] =2 u
CMBO03°] CMB61HEtH ©f mw& AgEEs HoForh okgel CMB03Y

=4

CMB61 ¥+ #F¢ B,TZ ¥ 13slo] mancozebS g st mANA 215

f 32

o] TAAEE FAFAHAS AAste] ARG A3 CMB032 FAH A Ad s
w2 Z241% Holiu} mancozeb 0.06 ppmolA w$ @& A8 BoFH (.08

2
N
32
o P

ppmF-E = CMB61E T ¢ & Z24S W

CMBO3T ¢} B,T¢} H]13te] mancozebs sE=E = * &3k top agar plating
AP BFANE 2AE AW A A HojFE npel o] CMBO3TF+
0.04 ppm 2] mancozeboll A <F 50 %2 AN LS EFWH L 0.02 ppmel A=

ok 20 % o 7Mhe AAES HolFo] wje ve AL Arrs 7k vl
74et #5524 EBDCAH #HE5oF Auh Kit2 AlE3tsE 2do A4E oz 7

Lts

e,

¢
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I
=
€& w7 A8 As Aok & Aol el A

it

KN
=

223 A3 CMB03 #52 EDBCAH A#AY AHFFF AL Kit Alxo] A
S22 HF AASAT T3 7T obdA AqHE Folsry] & I A

S HAAEAY. 16s tTRNA @714 E S A 8te] CMB03S Bacillus sp. CMB03
o= WHrE 3o, NCBI(National Center for Biotechnology
Information)®] AF4066332] accession number& +-¢] gk LT},
AF406633. Bacillus sp. CMBO03...[gi:15217162]
Bacillus sp. CMBO03 16S ribosomal RNA gene, partial sequence
gil15217162|gb|AF406633.1| AF406633[15217162]
LOCUS AF406633 1513 bp DNA linear BCT 21-AUG-2001
DEFINITION Bacillus sp. CMBO03 16S ribosomal RNA gene, partial sequence.
ACCESSION  AF406633
VERSION AF406633.1 GI:15217162
KEYWORDS
SOURCE Bacillus sp. CMBO0S3.
ORGANISM Bacillus sp. CMBO03
Bacteria; Firmicutes; Bacillus/Clostridium group;
Bacillus/Staphylococcus group; Bacillus.
REFERENCE 1 (bases 1 to 1513)
AUTHORS No,S.M., Bae,HW. and Chi,Y.T.
TITLE Direct Submission
JOURNAL Submitted (05-AUG-2001) Molecular Genetics Laboratory, Genetic
Engineering Department, Chonnam National University, 300
Yongbongdong, Bukgu, Gwangju 500-757, South Korea
FEATURES Location/Qualifiers
source 1..1513
Jorganism="Bacillus sp. CMB03"
/strain="CMB03"
/db_xref="taxon:168811"
rRNA <1.>1513
/product="16S ribosomal RNA”
BASE COUNT 391 a 345 ¢ 465 g 312 ¢t
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ORIGIN

1

61
121
181
241
301
361
421
481
o041
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501

ttggctcaga acgaacgctg gcggegtgee taatacatge aagtcgageg aatggattaa
gagcttgcte ttatgaagtt agcggecggac gggtgagtaa cacgtgggta acctgeccat
aagactggga taactccggg aaaccggggce taataccgga taacattttg aactgcatgg
ttcgaaattg aaaggcggct tcggcetgtca cttatggatg gacccgegte gceattagceta
gttggtgagg taacggctca ccaaggcaac gatgcgtagce cgacctgaga gggtgatcgg
ccacactggg actgagacac ggcccagact cctacgggag gcagcagtag ggaatcttee
gcaatggacg aaagtctgac ggagcaacgc cgcgtgagtg atgaaggctt tcgggtcgta
aaactctgtt gttagggaag aacaagtgct agttgaataa gctggcacct tgacggtacc
taaccagaaa gccacggcta actacgtgcc agcagecgeg gtaatacgta ggtggcaage
gttatccgga attattgggc gtaaagcgcg cgcaggtggt ttcttaagtc tgatgtgaaa
gcecacggcet caaccgtgga gggtcattgg aaactgggag acttgagtge agaagaggaa
agtggaattc catgtgtagc ggtgaaatgc gtagagatat ggaggaacac cacgtggcga
aggcgacttt ctggtctgta actgacactg aggcgcgaaa gegtggggag caaacaggat
tagataccct ggtagtccac gccgtaaacg atgagtgcta agtgttagag ggttteccgee
ctttagtgct gaagttaacg cattaagcac tccgcectggg gagtacggcec gcaaggctga
aactcaaagg aattgacggg ggcccgcaca agcggtggag catgtggttt aattcgaagce
aacgcgaaga accttaccag gtcttgacat cctctgaaaa ccctagagat agggcttete
cttcgggagc agagtgacag gtggtgcatg gttgtcgtca getecgtgtcg tgagatgttg
ggttaagtcc cgcaacgagc gcaacccttg atcttagttg ccatcattta gttgggcact
ctaaggtgac tgccggtgac aaaccggagg aaggtgggga tgacgtcaaa tcatcatgec
ccttatgacc tgggctacac acgtgctaca atggacagaa caaagggcag cgaaaccgceg
aggttaagcc aatcccacaa atctgttctc agttcggatc gcagtctgeca actcgactge
gtgaagctgg aatcgctagt aatcgcggat cagcatgecg cggtgaatac gttececeggge
cttgtacaca ccgcccgtca caccacgaga gtttgtaaca cccgaagtcg gtgaggtaac
cttttaggag ccagccgecg aaggtgggac agatgattgg ggtgaagtcg taacaaggta

gcegtatcgg aag
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3Fod A3l Bacillus sp. CMB03S ©]

2] kA8 %] L. medium, YT medium % LB medium< A}

=
derE AA

317] 9ake] 28°C, 37C,

2) #54 vIAEe) A% pH Y
AR VB HAANPRAE FYs

3) A4 MRS AR 8y

CMBO03¢] HAwA =, 7H we F24S Yetdle wixE A9etr] 18k
2 YT medium, L medium, LB medium< AF&3le] 2 2 nj %]
ZALE A A S T

A s T

il

i X] 24 & L medium+= polypeptone 10g/L, yeast extract 5g/L, NaCl 5g/L =,
YT mediumE Pancreatic digest of casein 8g/L, yeast extract 5g/L, NaCl 5g/L

2 LB medium+= Tryptone 10g/L, yeast extract 5g/L, NaCl 10g/LS &2 %A
= AT},

N fE LETHE 28T,
el A AL 2AE

tol 1 A3E Fig. 22¢F 230 =
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Fig. 22. Growth curve of CMBO03 on several temperature condition

—m— After 3hrs
—e— After 5hrs

After Thrs
124 | —v— After 9hrs
(]
2 09
©
>
£ 0.6 -
(=
= 4
o
©o
a 0.3 4 /
o i
0.0 -
O 28 37 50

Temperature (degrees centigrade)

Fig. 23. O.D600nm value of CMBO03 on several temperature after
3hrs, bhrs, 7hrs, Shrs culture
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ksl A=l AAAAEHES AFEE 0.D600nm #HS SAsE Aow %
AR ANEA 37T = 247 wiiE A& AGS Holxw dow E Fig
23 9] Ao M= 37T E vl 3417 F 30 % ol AFE B
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Fig. 25. O.D 600nm value of CMBO03 on several pH conditions
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Fig. 24. Growth curve of CMBO03 on several pH condition
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Fig. 249 25% vl A% WA o pHE 5-9Abolol A elale] mAZe] A<
wob A £AE A3 CMB03 MBSl wiekulA e pHE 7.00] g A
de Ao vpepsi,

ok A m AR H Ak ] g
Bacillus%: 7559 wjoko] A185+= 48], L. medium, YT medium}
LB mediums S AF&3te] CMB039 SA&EE=E XAt FH A wjA&E g

el 3 A=l

1.4 - —a— YT medium
2 1 —eo— L medium 4
] LB medium .
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Fig. 26. Growth curve of CMBO03 on several medium(YT medium,
L medium, LB medium)

Adtd 02 Bacillusd TTFELY WY A&Ee wiX2E HAuA A
NSMP medium ACS medium®t Bacillus thuringiensis medium 5©°] AF-&% 1,
A Z2E L medium® YT medium, LB medium S°] A& ETH E oo
Al CMBO3& SAA1ZE 4% 74 8% Fito] mME T4 7+ wAE A

2 sto] HAAE HAAsr YT
medium, L medium, LB medium& A}83 Z3 LB medium¥ L medium®l A
e 45 719 22 $4E5EE YT AA R LB mediume] B #H# o] A
F 2AE A e Ao #FEHol ¥ AT ddAE LB mediums #4 wjA]

= A5,

ol

gat Adolmz SHuAE FAo
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ol AF AE EIE CMB039 HA w&ZEAS Table. 4 9 #o] &4
A=

Table. 4. Optimum growth medium and conditions of CMB03 culture

LB medium temperature  Shaking velocity pH
Tryptone 10g
Yeast extract bg 37C 150rpm 7.0£0.2
NaCl 10g

oo

A 4 A nAEI EBDCA AarA|ete] wks-A3 xR/

F AREFY FEW 2A

el

oL

1. zﬂg =i ul—q‘j

7F A s
gt FEE8WME AFEE 778wl methanol, ethanol, n-buthanol,
acetone< HPLCES AH&3tow EDTA® DMSO+= First GradeE AF-83+%)

3o ARE AYSAEE AANEAN 570 AARCEEHE TU5

D) F=8&ve nAEe] g Asfo]F gl

EBDCAl zHisoF HAF=WHE g-str] flste ¢4 F5809 A&
of thadt AafjodFe} w2 Feldtr] 989  methanol, ethanol, n-buthanol,
acetone 1#] 32 EDTA(100 ppm)/DMSO2 %) =8 5 57F4 &0iE 44
vAER AaE CMB03 iAol 05 % ~4.0 %(V/V)e w2 H7hstal
o5 &ule] WAL 3 Aol FreE FAFSATH

_1

2) BAFE vAES g AsEd EAoR

HAF AEZT BEY AEL EAARE 2AEY] et A5 A
45em” x 45cm® 4 leaf, 27], W, A%, EvtE, $A:A 3= 45cmx1 disk,
=2} vks, A oRlX] B dAFS FAE FHe EDTA1000 ppm)/DMSO(2

rlo

%)r&d  2mlE #H7bste] 1% &<t vortex® FET FEHS CMB03 vl ol
=

Aol #H7betal Fig. 19 7l TTC test Ho® HAFS st mAE] 4%
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o] methanol, ethanol, n-buthanol, acetone 22|32 EDTA(100 ppm)/DMSO(2 %)
& 5 57 s A5 vAER AdE CMBO3 iAo 05 % ~
40 %(V/V)ol w=d= Hrtstar o5 &uje] wAEdd g Ao A%
£ zAbsle] 1 AE Fig. 2739 o] ®AIEHATH
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Fig. 27. Inhibition rate of CMBO03 to several concentrations solvents
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TEALS 4 % 5= sRAME #HFA HAES A A At Yl v
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a1, ethanol®} acetone 0.12] O0.D484nm < Hol °oF 875 % AE9 Asl&S o
Bl 92, buthanol 0.059] 0.D484nm #& Ho ¢F 94 % A= A&
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Aol F7bskal Fig. 13 22 WHoz ddds dsto] nAd=e AEANLI=E
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OD484nm Values
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Fig. 28. CMBO3 test for vegetable extracts with DMSO/EDTA solution
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o) AFEFe 24 g 01M NasHPOI dE 8918 Hrlste] 3475
A5 BAe FEZ AW AR WF AT wasm WA
0.5N HCI in 5% Triton X-100 4! methanol& A}-&3te] F43k= Wyo] gk

= A
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Fig. 30. 0.D484nm value of TTC test with various pH of LB

medium in 0.04 ppm of mancozeb
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B3 A3 pH 603 650HE AAHNCE colorrt AWEA Eaka p
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Az 27 $A velg oy pH 7.090 4= mancozeb

of tigk A& E7F 004 ppm &2 7HE EQkS WRE olYg v FoE &
¢toz A #BFH 71539 em 02 ppme $& FEAAME $eo = control?
red color?} A3 2E o]F = yellow colorE YERNO] v A= ] ul ] <]

A4 A% pH 249 Ao® HH T
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nAES o] &3 TTC test IFaof AE=oA TTCO HA w9 HAL
AR ZA AE9 JFpwoks Hetow A HE8H7] st 2 % TTC &
of o] H7bek& 50, 100, 200, 300 ¥ 500 ps o= Felata wAE wjgujA]
mancozebs FEEE AHgste] HEgAHS ZAEIR oM ol AEZE TAA
NBT (nitroblue tetrazolium)$t vl A& & gste] 1 A74E ofg et #o] eh
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Fig. 31. CMBO03 test with various concentration of mancozeb
in 50 and 100l of 2 % TTC

2 % TTCe o7FA Fell w2+ wbgA A4 3 100, 200, 3002 500 «l
M E 9o F red color ZFolE TR &= glRor 50uE H7H3e AL vl
A e red colorE WEMHS 50 e} 100 pt3d 7F3F 9+-8-9] inhibition rateE H]
aEE A 100 woll A= 0.04 ppmFEE Fete 2 thZT9F color 2folE FES
AE AR dWste] 2 % TTC HAAH7MES 100 W= FHskdrt
TTCe NBT® CMBO03#e] W34S FAMslE 23 TTCE W3 redot

e

4

_55_



yellow colorE HoFE= Wk NBTE blue 7} ofd ZMolA E& xS
Efl=d color A 7F A etA] ekar Mto] TTCHTE d A3 Wolx&= 4 &
o} S NBTE 1.0 %, 05 %, 0.

Qg 37HA = o FAS el dAA R Foke wd AolE: £<t
o8 TR Ersaloen 9Ae A% TTCOl Hl8) g3 364 o} I7/%
AMG Zek kitol] AME3l7]oll= FA3eE o2 goke] It

3) "] A& Suspension volumed] W2 TTC ¥4
A& CMBO039] suspension %< 100, 300, 400, 500 = z}7] 10 ml LB )
Aol 7} al 0.04 ppm mancozebS A @ dte] TTC WHAl-S ZAFSHI U

0.D484nm value

100 300 400 600
Suspension volume (zf)

Fig. 32. 0.D484nm value of CMBO03 with various volume of CMBO03

suspension in 0.04 ppm of mancozeb

CMBO03 suspension® volume® mancozeb 0.04 ppmoll A4 2]0.D484nm Fk=
HAE e HIE Fo] TS AT vkl O.D484nmgke] AW o w F
7betar TTC ®Egel 98k colore @A A AofA+= AS #AFT = ATt 3
27 CMBO3 suspension®] volume©] 100 wlo]do 2 F7lsh wjE Soto = F

ofe] Fd ZolE Y F fla #AEVF AEE] "otk 200 peell A= <t
© 2 HAZ7}s 3 mancozeb?d FEE 0.08 ppm, 300 ploll A HAE7Fs 3 FoFg
X 02 ppm L 400 woll M HE7Hs & 59 s 05 ppmeE K
o FE= dhH 100 wlol A= mancozeb® FE 0.04 ppmolAE Setow HA A

Z71% 93 02 ppmelAE A9k yellow color® UYERNO]  CMB03

of
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suspension(O.D600nm #ke] 1.0)¢] volume< 100 w7} #H A volumed! Ao = F
AE A
4) F 7HA wbEAAA ] TTC w373

o2} 7FA] ¥ %2 mancozebS A #]dte] TTC test® 3t w3 HF
0.5N HCI ¢ 05N HCI in 5 % triton X-100 stop solutione. & z}7] wr¢-S A
AN w2 ©] 5 7FA stop solutione] TTC whg-ol F= 432 0.D484nm

valueE ZAHAY Setoz B3l zAFS U

2

——0.5N HCI —=—0.5N HCI in 5% triton X-100

0.8 r
0.7
0.6 1
0.5 r
0.4 r
0.3
0.2

0.D 484nm value

0 0.01 0.02 0.04 0.06 0.08 0.1 0.2 0.5 1
Concentration of mancozeb (ppm)

Fig. 33. O.D484nm value of CMBO03 with two stop solution

in various concentration of mancozeb.
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Fig. 34. TTC test with 0.5N HCI in 5 % triton X-100 of stop solution

in various concentration of mancozeb.

Fig. 35. TTC test with 0.5N HCI of stop solution in various concentration
of mancozeb
Fig. 33914 Hol5=+= v} 05N HCI in 5 % triton X-100S Al&3t9S W

OD484nm #kol &A 3] =7 vebgen = @9 Fig. 34¥ 355 vushe] ®Hk
< u] 05N HCI in 5 % triton X-100 o] §<to = ©f AW colors: HAE
ok olyel HEREE o e ZAo® yeht 05N HCI in 5% triton X-100
o] Bt} A3 stop solution® & A ZHE T}

NAES o] &g AFEF FAYPAA DMSOS] whgol F+= 9% 2 HAF

T AFFF HAFZFEAE NS F Ade HAFEE XA $18H]

15, 2, 25 18]3 3 %= 239 mancozeb< 5 pug A3 A

Aol Aol FEaHS S A sA F wAE WA, F A e ellA
o]

T ARE oels gol welF k.
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Fig. 36. Effect of DMSO concentration for CMB03 and extracting
result with and without mancozeb.
Fig. 369 ZA3oA EWH mancozebs *|3tA] 22 JEjddA DMSOS s =7}t

15 %ellM = 1 % Kok, 259 3 %ollA= 2 % Bop vjdEdd ok A &o] &
bl ot 2 %ol A= 98¥ 15, 259 3 % Btk v A& dEbdeh W
Wo| mancozebd 5 pgA @ AYHE 2 % AM1FS5 % B} =& AHS
Hef Bl F£2 FEEA4E YERUGL B DMSO9 w57F 2 % odo=
S7betd 23512 DMSOAA 9] gde] M=o AdE Asjghs HeEhhlon
2 2 A9l A= DMSO9| HAwRsE 2 %= AAsalth

oFel dATAs=HEH CMB03E o83 TFeek A

Table. 53 o] &FA4sFA )

o

#7e AHzAe

B

it}

Table. 5. Optimum conditions of TTC test with Bacillus sp. CMBO03

Bacillus cereus CMBO03 : 100 ¢ (OD60onm value=1.0 suspension)

Medium pH : 7.0,

Medium volume : 10 ml

Extrat solution : 1000 ppm EDTA/2% DMSO 2 ml

Indicator solution : 2 % TTC solution 100 b

Incubate time : for 90 min at 37 C, at 150 rpm

TTC reaction time : for 30 min at 37 C, at 150 rpm in dark condition
Stop solution : 05 N HCI in 5 % Triton X-100 250
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2}, CMB03& ©]-§3 EBDCA #His9e] A=A &9

EBDCA wtAle] wze nAE CMB03e HA#AEdAE Fst7] 98k
o2 7}A] ¥ X9 mancozeb standard solutionS "] A& HY %Ful %] o]
TTC testE A AIsFe] spectrophotometeret ¢ AAIH O R HAALAZIAE %

Abstel 1 ARE olgleh 2ol e

Table. 6. Low detection limit of CMBO03 test by spectrophotometer.

Mancozeb Mancozeb 0O.D484nm value
Average S.D

(ug) (ppm) 1 2 3

0 0 0.481 0.494 0.478 0.484 +0.00
0.01 0.001 0.487 0.538 0.522 0.516 £0.03
0.02 0.002 0.459 0.496 0.540 0.498 £0.04
0.045 0.004 0.446 0.476 0.479 0.467* £0.02
0.06 0.006 0.447 0.433 0.458 0.446 £0.01

* Low detection limit

Table. 7. Detection limit of CMBO03 test by maked eyes examine.

Mancozeb Mancozeb Inhibition rate (%)
Average SD
(ug) (ppm) 1

0 0 0 0 0 0 10
0.2 0.02 18.90 14.14 10.56 14.53 +4.18
0.4 0.04 25.52 28.10 26.78 26.80 *1.29
0.6 0.06 37.73 32.94 30.30 33.66 £3.77
0.8 0.08 37.24 38.08 32.12 35.81 +£3.23
1 0.1 46.07 38.26 46.02 43.45 +4.49
2% 0.2 61.41 63.90 63.63 62.98 £1.37
5 05 85.15 88.08 89.13 87.45 £2.06
10 1.0 93.74 93.93 93.26 93.64 £0.35

* Detectable range 0.04%« ~ 0.2 ppm

Table. 63 70 Wb Aol A WojEuiel ko] CMB03S ©]83F TTC test

olr
ol
Rl

AF}E spectrophotometeroll &= HA 0.004 ppm (0.04pg) FF=7HA HE=7}
o Sote 2 H40.04~02 ppm WA AE7Hs s 716l CMB03S ©]

EBDCAl #F% 9 mancozebd] HAZZE A4S 004 ppme=2 A5

o
%
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ol FEg0, WA, WA 0 e A wpuy W gy 54

AT FEGO, BAA, AT WP L WS HAA w1

HashdA 1Y, 3¢, 79, 14, 21¥Y, 30¥ 3} 459wt} o] 59 pH#S
2R BRI E BFE T TTC testE AA 3 A3E Table. 8 o e}t

Table. 8. Stablity of TTC test solution at the storing process

pH value Room
Day EDTA/ 2% Stop LB. Face  TIC — mp
DMSO TTC solution medium change  reactivity
1 6.90 3.66 0.32 7.05 X @) 18
3 6.90 3.68 0.34 - X @) 15
7 6.80 3.69 0.35 - X O 185
14 6.80 3.59 0.35 - X @) 154
21 6.68 3.66 0.36 - X @) 18
30 6.70 3.68 0.35 - X O 13
45 6.80 3.67 0.34 - X @) 13
X: no changing O: normal

Table. 8 o HolF A3 o] FZEvw] EDTA/DMSO, HAA 2 % TTC,
stop solution 5& 459 0] Aux AL} 4TYH B e A o AAto|}
pHel W37 A ¢S ¥k olyel 459 74X A= ZA3 solutiond 2ol ¢l

A

of ZAH WAL 2NYLS AFS Fal & 5 AUtk AR WA

rr
(o]
z
2
(o

AR 2AS AAE AT Agerlel Aol e 34
37 ergtow] 4TdA W wwEW WANA ALE Absedth Ed B AT
o

44 W AE Bacillus sp. CMB03S #2]8la ¢k gk 314 d
M

SAF FFW EBDCA ool AA wrgd 9 FEuwe 2] A8
of Ak, Abst, W, Lol, EvhE, A9 el 4F 5 77HA BATeIA CMBO3
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Fig. 37. Recovery of CMBO03 test for mancozeb residues from

several vegetables and fruits
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CMBO03 B.t

Fig. 38. Recovery of CMBO03 and B.T test for mancozeb residues

with lettuce and perilla leaf
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TTCE o143 A= d44=s AT + A= o Ztste] TTCH
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NADH=¢ H3&S FAst= o= CMB03# CMB52, CMB61, B.T9

D-lactate dehydrogenase®] &4S =A &t

2) L-malate dehydrogenase €] EDBCAl A3tAlo] tidt 744 Ad
CMBO03, CMB52¢} CMB61 18] BT #¥5¢ D-malate
o] EDBCAH iAol digh IS oFE IRt ahdo vXx& o4&

2 %437 918l NAD'7b NADHZS| ®W#&e S48t fow o5 79

o

ehydrogenase 2.4~

L-malate dehydrogenase®] &S ZxA}slgdt).

3) CMBO03 dehydrogenase®] 7] ZZHo| w2 mancozebol W3k WA ZA}
TTC7F v &2 dehydrogenaseAl €2l &4l 23]A U] red formazan
S gAste ddel 71xske] MAES TCA cycledlel #oldts £45S o
° 2 CMB039 Z&A(crude enzyme)]S ©o]&3te] citrate, a-ketoglutarate,
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Fig. 39. NADH formation rates of D-lactate dehydrogenase of CMBO03,
CMB52, CMB61 on with and without mancozeb
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Table. 9. Inhibition rates of D-lactate dehydrogenase on formation rate of
NADH in reaction of crude extract of CMB03, CMB52, CMB61 with and

without mancozeb.

Strain CMBO03 CMB52 CMB61
Mancozeb
ppm 0 0.01 0 0.01 0 0.01
Inhibition
rates 76.9 % 0% 246 %

Fig. 39¢} Table. 9¢] Ao B Frhale] 0 ppme mancozeb HEE 7|2
2 CMB032 0.D340nm #©] CMB529F CMB61el| H]te] o] A& ke e}
Y JAIRE 0.0lppme mancozebs et S ASf-ole 2318 & F strain
of Hl3 0.D340nmzkte]l =LA FHAdh= vk CMB529F CMB61= CMBO3el H] 38}
HAA 3] A2 W3l (Inhibition rates: 0 % 9} 246 %)E Hol=d olzls Ay}

N

E o] CMB03¢] D-lactate dehydrogenase’} mancozeb®l| ZHAlo] 25 A

.

o 2

1. L-malate dehydrogenase ¢ EDBCAH 23Alo] o3 #A A3
CMBO03, CMB52¢} CMB61 18] BT 59 D-malate dehydrogenase &4
o] EDBCAH AztAlel digh iAS oFS glstay a4gddo] vAs IF
< 574371 918l NAD7F NADH=Z 9| ¥#&S S4ste 3oz o5 (59
hul

AItE ofefof #o] HolF

32
5

~|
il

L-malate dehydrogenase®] &4S ZA}s}o]
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Fig. 40. NADH formation rate of L-malate dehydrogenase of
CMBO03, CMB52, CMB61, B. T on with and without mancozeb,
which reaction were reacted with TTC

Table. 10. Inhibition rates of L-malate dehydrogenase on formation rate of

NADH in reaction of crude extract of CMB03, CMB52, CMB61, B. T with and

without mancozeb.

Strain CMBO03 CMB52 CMB61 B. T
Mancozeb

ppm 0 0.01 0 0.01 0 0.01 0 0.01
Inhibition

rate 25.2 % 88 % 127 % 275 %
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t}. CMBO03 dehydrogenase?] 7] & Z ol W& mancozebol] thdh W17HA A}
TTC7F v &2 dehydrogenaseAl €2l &4l 234 FUHo] red formazan

S FAs = A 71x38t mAES TCA cycledlol #ejsts a455

° 2 CMB039 Z&A(crude enzyme)S ©]&3}e] citrate, a-ketoglutarate,

succinate, fumarate, L-malate, oxaloacetates 67}# substrateE5< #7131

mancozebe] W3k EAE FAEH T

’ I cCitrate

0  0.01 0.02 004 0.06 0.08 0.10
Mancozeb (ppm)

Fig. 41. Measurement of enzyme activity with citrate on several

concentration of mancozeb
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’ B o-ketoglutarate

0.00 -_f

0 0.01 0.02 004 006 008 0.10
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Fig. 42. Measurement of enzyme activity with a-ketoglutarate

on several concentration of mancozeb

’ B Succinate
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Fig. 43. Measurement of enzyme activity with succinate on

several concentration of mancozeb
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’ I Fumarate

0 001 002 004 006 008 010
Mancozeb (ppm)

Fig. 44. Measurement of enzyme activity with fumarate on

several concentration of mancozeb

’ B L-malate

0 0.01 0.02 0.04 0.06 0.08 0.10
Mancozeb (ppm)

Fig. 45. Measurement of enzyme activity with L-malate on
several concentration of mancozeb
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’ I Oxaloacetate
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0.00 -
0 0.01 0.02 0.04 0.06 0.08 0.10
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Fig. 46. Measurement of enzyme activity with oxaloacetate

on several concentration of mancozeb
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TCA cycle intermediates

Fig. 47. Formation rate of TTC formazan on reaction with
several substrates without mancozeb
(1. citrate, 2. a—ketoglutarate, 3. succinate, 4. fumarate,

5. L-malate, 6. oxaloacetate, 7. D-lactate)
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Mancozeb in Tris pH 8.5

0.025
y = 0.20232x + 5.35942E "
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(@)
0.005 -
0.000 . T . T . T . T T T
0.00 0.02 0.04 0.06 0.08 0.10

Mancozeb (ppm)

Fig. 48. Effect of mancozeb solved in Tris buffer to O.D340nm value.

Fig. 489 Hol& nle} o] buffero]l mancozebs F=ERE E3Hs 44
340nme| A o] FaF el v # Al TS HoFt ©]= mancozeb®] NADH=
o] AstEl S =Ast= 0.D340nmzke] 9 ¥e YEMW 22 mancozebd F=7}
oA NADH= 9] conversion¥& A3 SA4s717F dEth= 55 7Hsst

A skt

0.1 ppm of mancozeb + 5mM NAD" in Tris pH 8.5

1.0
0 min : 0.2706, 30 min : 0.2619
302 2 7Kl 0.00872 #H: EBENM =
0.8 2= mancozeb2 NAD 'OlAl NADHE
BAA XN F S 28 HHF
Q
2 0.6-
©
>
o
Dg 0.4
R e T
0.2
0-0 T T T T T T T T T T T T
0 5 10 15 20 25 30

Time (min)

Fig. 49. Measurement of OD340nm value in Tris buffer with NAD"

and mancozeb
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Fig. 4994+ mancozebe] 0.05 ppm ©|oA &AEA JA|&o] Fastes
A4S &Adstr] $18 tris buffer (pH85)el 5mM<e] NAD 9 0.1 ppm<]
mancozeb3 H7}sle]  25CoA] 3087 ¥FSS A7 e OD340nm #S =A
ste] NADH=Z9] A3 ZAM] ¥ 23 mancozeb> NAD & NADH=ZE W 3lA|

714 e Ao YERSTH

ot

FEZEES AR HA3 714 (L-malate)S ©] 839 substrateE Yo]& A
H TTCE 7Fell Al & 278 28t g4 SAAEE SAHSA

Table. 11. Reaction procedure and time of each group(group a, b, c, d).

Group Reaction time and adding order of reagents

a Crude enzyme + L-malate ---> 20min reaction ---> TTC ---> reaction for 2 hrs

b Crude enzyme + TTC ---> 20min reaction ----> L-malate ----> reaction for 2 hrs

C TTC + L-malate ---> 20min reaction ---> crude enzyme ---> reaction for 2 hrs

d Crude enzyme + L-malate + TTC ------ > reaction for 2 hrs

L-malate : a group

value
o
-]
1

0.D,

0.4

(=]
N
P

o
o
|

0 0.01 0.02 0.04 0.06 0.08 0.10
Mancozeb (ppm)

Fig. 50. Measurement of enzyme activity with L-malate on several

concentration of mancozeb
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L-malate : b group

0 001 002 004 006 008 010
Mancozeb (ppm)

Fig. 51. Measurement of enzyme activity with L-malate on several

concentration of mancozeb

L-malate : c group

0.40
0.35 1
0.30

0.25

A value

0.20

8
o
-
(3]

1

D4

O 0.10-
0.05

0.00 -
0 0.01 0.02 0.04 0.06 0.08 0.10

Mancozeb (ppm)

Fig. 52. Measurement of enzyme activity with L-malate on several

concentration of mancozeb
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L-malate : d group

o - - -
-] o N »
1 N 1 N 1 N ]

O.D484 value
o o
> °

o
N
L

g
=)
[N

0 0.01 0.02 0.04 0.06 0.08 0.10
Mancozeb (ppm)

Fig. 53. Measurement of enzyme activity with L-malate on several

concentration of mancozeb

Fig. 50 ¥ Fig. 53 7kAel Yehd A#}ELS 25 CMB03 284 F==7%

L-malate®] W&o 2 7|d3 TTCE #H7bsh= AHS 2Edte] G490 S44%

2 =A% Aot} Fig. 509 A$ ZFE A L-malate® H7Fsk & 2087 37C

oA WFES Al thE TTCE #H7bstal thr

WES ste] FA% g vEbdth 2 59 mancozebell thEfA Bt AT g

S dea ged o#d A3 gEe Age Ad od Aoz Az
B

A

TAE 2EoA 2AE

©
A
N
M

= TTCS L-malate %F H7F3E Adejoll A 20E1ke] wks AJZE
AaE WFSAL 247k F7F WS A2 Aol %A
#ES Fig. 52 vehd Z4g5 2 2olg vehiA o

gkt 3 Z& A9 L-malate, TTCE BAlo H7F3 & ¥8-S A|F W Fig. 54

O
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=3t W o 2 FumarateE 7|22 CMB03 8499 Hk&S Table 129

ol Aajstel 1 AIE ofet o] A

Table. 12. Reaction procedure and time of each group (group a, b, c, d).

Group Reaction time and adding order of reagents
a Crude enzyme + Fumarate ---> 20min reaction ---> TTC ---> reaction for 2 hrs
b Crude enzyme + TTC ---> 20min reaction ---> Fumarate ---> reaction for 2 hrs
C TTC + Fumarate ---> 20min reaction ---> crude enzyme ---> reaction for 2 hrs
d Crude enzyme + Fumarate + TTC ---> reaction for 2 hrs

Fumarate : a group

-
H
J

-
N
1 "

-
o
1 "

o
[«
L

O.D484 value
o o
£ o
1 1

o
N
N

o
o
L

0 0.01 0.02 0.04 0.06 0.08 0.10
Mancozeb (ppm)

Fig. 54. Measurement of enzyme activity with fumarate on several

concentration of mancozeb
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Fumarate : b group

0.30
0.25
0.20

0.15

O.D484 value

0.05

0.00 -
0 0.01 0.02 0.04 0.06 0.08 0.10

Mancozeb (ppm)

Fig. 55. Measurement of enzyme activity with fumarate on several

concentration of mancozeb

Fumarate : c group

0.25

o

)

=}
1

value
©
o

$0.10

Oo.D

0 0.01 0.02 0.04 0.06 0.08 0.10
Mancozeb (ppm)

Fig. 56. Measurement of enzyme activity with fumarate on several

concentration of mancozeb

_78_



Fumarate : d group

0 0.01 0.02 0.04 0.06 0.08 0.10
Mancozeb (ppm)

Fig. 57. Measurement of enzyme activity with fumarate on several

concentration of mancozeb

Fig. 54%-€ 577pA 2] Aol HH FumarateE 7| 2= 283 CMB03 28
2o oJe] 71A ¥eZA F D group (Crude enzyme + Fumarate + TTC
reaction for 2 hrs)®] ¥hgZ7e A 7} o]2<l A3E HEFUTE Mancozeb
0 ppm A2l ¢ Hlwste] 0.02 ppm oA = oF 4u] HEo] GAAH &S Ve
t}.

feo] AFES EYE CMB03 Z&EA WHSe d group WHSZ718}o A

Fumarate®} MalateZ substrate® AF8-3F A438& 259t
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—e— Fumarate
—0o0— Lmalate
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-
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Fig. 58. Measurement of enzyme activity with L-malate
and fumarate on several concentration of mancozeb

(crude enzyme + L-malate / fumarate + TTC + mancozeb)

Fig. 58 uYed ZAxs B4 01 ppme mancozeb FXZolA 9]
inhibition ratioi= L-malate®} fumarate’} A2l #9214 mancozeb? %7} =
o}ZA 4% fumarate®] inhibition ratio’} L-malate Xt} Z3 =4 e
Mancozeb 0.1 ppm ©]3}le] F%o|A fumarate? inhibition ratio”’} L-malate]
inhibition ratio®.th ¥4 WEd olfr& th5d o] FAH T

1, Fumarate7m™%% hydrogen donorZ4 28% 28771 ¢lzld A H
fumarateE ©] &3t enzyme©] TTCE hydrogenS transferd & §17] wjEo =z
FSH

2, Mancozeb 0 ppmol A 2] formazan formation®] fumarate®} L-malateol A 7
o] HlzshAl Yty ol= fumarates ©]-83F TARFGOlA A WA o] ¢
B 3}o] single step hydrogen transferE & < §lSd % &3l formazan
formation®] H|5=3tA U427] YA+ dual enzyme systeme] 283 Hoz A
7+ T}

3, Mancozebs H7}skA] %3l isocitrate?} succinyl-CoA, Z1¥]3l pyruvateE
A ele TCA cycle intermediateSS substrate® ©]-§3F #F&-o] A L-malate2}
fumarate?ro] 4 7F53 formazanes FASH  oxalacetate®} succinate®

substrate® A}-&3F 3o A= fumarate®} malate®} Bt 1.8 %9 2.1 %<9
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formazan formation®] ¥ojytil YW A] intermediateS < =4 o] & 715353t
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1) Bacillus sp. CMB03 HAa]Ff S o] &3k zkFEoF =4 H

giwke A ek TTCE RAAZ BTHAES o] &3 tiwef SAH]
S FaE o] BTHT EBDCA AtAle] wzbsta A& %=7F whE Bacillus
sp. CMBO03 & Awsial o] o] HAAumdzd, HxASAN =, s
oFo] HE37 H AEE JFwoke] vy FEH gk S A4 E 4

Watel HFA o2 CMBO3 AAMFNE ol &8 BFsot 24WE snaad,

=~

2) CMBO03 alginate beadE ©] &3 {5 AW

Bacillus sp. CMB03 & 12A17F vt & A28 vjA =2 udkslar 3A|3F

rok
o
oo
wQ,
<
(@)
(@}
=
o

o] Z=7} wigS AAE & 3 9% sodium alginate solutions %7}
2 15 % 9/ s =83 wuksd 2 % CaClz &0 &aoe A3t
5] 27 bmm X9 alginate bead’t FAHEY. oA FYAHH beadE

Wattman papergE %3] A2 ¥ beadE 3|35to] Al&3tt)

3) Bacillus sp. CMB03 ] ¢t= 4]
] FF AL AFEShE Tl digk QA H Ao gk kA Ago] R

&
o
>~

>

o2k

o

sojof svl, AL§HE FFe Bl HAH wFH|of HFuR o
A el7] 99 v aE e dhel CMBO3 Mo HATALSL TR
Bovhgoe] AAbelR R A 7] R £H 6] o ARl td E£AHE A

sttt

4) Kite] AAA 49
AT R Mg ES ol&F IFwek MUd Kite] ALAAYL Hes
skl AA Ta7IA del Fol Aok

g, ARsE wRset 2497 A Kisel v 9 @4 ArF dRso
24298 722 @ 484 2 444 B34 D7)
D71Ee] AdsE CS2E AN B AolA AL Kitd wasle] AFol §

W #AF o EBDCA BRwol 4w Z4e
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CSe
AlgE 20g, =F 100 me, 23 HCI 20 m¢, SnCls; 5g< HCl 20 méol] =<1 &

AN

Aol 93 mancozeb TH A HH

S AdlZ three necked flaskell 7}akal, ZA] air inlet tubeE A3l F5HS
50 m¢/min.2 ¥F7]1E& Eoj¥drt. 7F¥E-2 heating mantles AF&3}e] flask 9
ANE7F L & 508 A% v AT ol mancozeb: 100C o] Ao A CS: gas

2 BaE =t o] gasE THT = dE FHA 9 10 % NaOH 10 mé2} benzene 5

&
20
0
X
X
2
A
x
>

mS Y3 gass TS M Aok (Z A5 10mg, diethanol amine
20gS ethanolg Z7Fs] 200 mlE2 @Fo] ZA)15 mE 71t wh$o] 45 5
Y A9 ethanol® Ao We 25 m¢ £F flaskol] Wro}l ethanol & E+4 7HA

A-g F 2417F o]l spectrophotometer/UV  435nmol A FF L& =A 5% T

-~

CMBO03 KitE o] &3 =
FAF NBY AAE daixd o A7E AE T 2 m EDTA/DMSO & &9

5o

i

4

Imin mixingA]7]32 10 m¢ LB brothol| ¥ =t} mancozeb =72 Hluslr] ¢
&l standardE FE=E = &3] 10 ml LB brothel ¥t} Al=9} standard o
B 5o CMBO3T S 100 £(OD600nm value=1.0)E 23l 37 C, 150 rpmolA]
90% FoF i T 2 9% TTC 100 wE H7Fstar dZzANA 30E5<k Au) s

AlZIth 30E & 250 ul stop solution & %Il spectrophotometer® 0.D484nm

EBDCAl AtAl bisof SAAAL AAAAE +-str] flste] CMB039|
HAufFe s o] &F FiFEef thol AU wAEY] REFH LS B
I FE 2 B AYES ¢5te] alginateE o] £3}e] bead capsuleE A Z
sto] & 1A sHe to] S B =S AL EHE sAA XS] Bist

A AR st IFE et S0 AR g e 5 3 7HH kel wisted]
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Fig. 59 Flow chart of Rapid Residues Assay method for Fruits and Vegetables
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45 cm®x4 leaf of vegetable sample + 2 ml EDTA/DMSO

l mixing for 1 min
10 ml LB broth + 100 ¢ CMBO03 suspensions
(0.D600nm value=1.0)

!

Incubated for 90 min at 37C, 150 rpm

l+ 2 % TTC 100 w0

Incubated for 30 min at 37C, 150 rpm
in dark condition

l + stop solution 250 uf

Examined by naked eyes or measure at 484nm

Fig. 60. Procedure of TTC test for EBDC’s pesticide residue
with bacillus sp. CMBO03 in vegetables and fruits

0 ppm 0.4 ppm 0.8 ppm 1.2 ppm 2.0 ppm 10 ppm

Fig. 61. Results of Rapid Fungicide Residues Assay using color formation

with CMBO3 culture method

2. CMBO03 alginate beadZ o] &3+ 7752k 72

Bacillus sp. CMB03 55 12413 wjFst & A28 X2 w3star 3A3F
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Lo

o] F7F wMl¥E HAE T 3 % sodium alginate solutiong H7}gkt). Ao B
E58E =957 93 glycerolE 15 % A &33 v &3] wwksia 2
% CaClz &0 Zggds HOEH sodium alginated] A3} sodium
jon(Na)< Ca” iono.2 WIAAFH Fig. 620] HolFE A3 o] F7 5mm
A x 9] alginate bead’} FAE ) o]E A A H beadE® Wattman papers %3l

71E ¥ beads 3dto] i Aol ARED o vk

N

Fig. 62. CMBO03 beads by microbial organism

immobilization system with alginate

0 ppm 0.4 ppm 0.8 ppm

1.2 ppm 2.0 ppm 10 ppm

Fig. 63. Results of Rapid Fungicide Residues Assay using color formation

with CMBO03 Alginate bead method

_86_



olg g WL HAMFAS HAY T, BEs= WHEY A 2S5
A FE, Ba 3 AR

s ovjmed o Sk Aol ¥ &

3. Bacillus sp. CMB03 2] <Fd4d

SFZEF ARl Ab&shE wtel tigh Q1A B A tigh ko] ghrEojof
st AgH = 5o FAdo] HE BAAEHo|oF stERE o3 AMRME XAlS
7] 9 22 oz o] CMB03 v d S B
G-2mo] Aol R Bl AW 7] B 2A4 Y o] el thek ALE Akl
A3}E Tabel. 1391 YR ATH

Table. 13 Injection test in mouses with cultured CMBO03 strain

S B AL Ao

CMBO03 HjoFed CMBO03 wjoke! CMBO03 ®jFe]  CMBO03 Hi %

EE
LA 10040 1/108] 4 10040 A 1000 1/1038] 4] 10040
EREE 512] 5v}e] 5712)
gEeR A 4 4 4
Ands  olaee o185 o1 g o1 ¢S
Tabel. 139] A#olA welFr} 0] CMB03 #F& w20l 47 2 B35
A FelE @ thg AR Yol BT AEsgon siRAsdE g *
Ao ojm g ool WAWA e Aoz nof FHA SA] Gk Aoz z
wHow F4stu Y.
. Kite] AAA 59
EBDCA #&i5ob A4 Kit A4 9 928 3o 9 & Y=g A4 A
AN 2R R FFAC Fuslolo shn] old @ AA TH L 9ol YA 3
duolof & AGES FRaT WAs Avsolor & olw, wd A4l ]
& AFEE nesolo} @tk ol @ ARFE dste] AA FA/YI Aol F
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o A%E ohele 2ol Aelstgt

1.6 y = 0.0029x — 0.0131
1.4 R? = 0.998
L1
§ 1
g 0.8
< 0.6
o 0.4
0.2
0
—0.2 100 200 300 400 500
Amount of CS2(ug)

Fig. 64. Standard Calibration Curve of Mancozeb by CS; method

09 r y =-0.86x + 0.6577
0.8 ¢ R? = 0.8224

0OD484nm value

0 0.1 0.2 0.3 0.4 0.5 0.6
Mancozeb Standard Con.(ppm)

Fig. 65. Standard Calibration Curve of Mancozeb by CMBO3 test
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Table 14. Comparison Residue Analysis of Mancozeb between CS; method

and CMBO03 test

Mancozeb ( ppm )
Sample ( 20g ) - - MRL ( ppm )
CSy A CMBO03 &4

Z 0.58+0.05 0.58+0.03

L #Aa 0.67+0.17 0.61+0.05

; RE 1.37+1.07 0.60+0.07 -
K= 1.37+1.03 0.62+0.04
Ak 1.43+0.24 0.51+0.04

N Gty 0.40+0.08 0.3520.07

4 =4 0.87+0.50 0.36+0.05 3.0
A% 0.91+0.42 0.25+0.06
B 0.65+0.37 0.27+0.10

o 2 0.55+0.39 0.24+0.14 3.0
) 0.42+0.02 0.24+0.10

% Standard calibration equation
y=0.0029x-0.0131(R*=0.998)
¥ Mancozeb(ug)=CSa(ug)*x1.77

A8 std CS:H ) W AE CMBO3E ©]83 TTC testd EF7F Alsel ot
TR HEo] MRL(AWAFSEH)ols= A vA# £tk CSES A
o] xFWA7F CMBO3 443 Bop w9 & ASR Hol I Wyo] w9 &
At AdAe] HAAE AL & 5 ATk wkHel CMB03E ©]438 TTC
test HE FAHLAE Wi AdAo] Fom AEea 1A S HAFAL
2) AisoF S AEd, H AAA B Bt

719 APstE CSH P wlwste] Aol Ao, EAATE FA6 w =
G 2 AAAA S AE A gy diste] 1 g S Hrhskalh

B oA e CMB03S ©] &3 FseF AAHE HaAEdA7)
F¢ro 2 0.04 ppm 7HA] A 7Skl AA Almel A% 0.1 ppm ©]3}e
RS GA AET F dom AdAHelY FHAE V&S] CS Bk
93 54& 2 gtk 2 A3E Fig. 663 670 ®oiF3it)

_89_



Fig. 66. Results of Rapid Fungicide Residues Assay using color formation with
CMBO03 test ( mancozeb : 0 - 1.0 ppm )

Fig. 67. Results of Rapid Fungicide Residues Assay using color formation

with CMBO3 test on agricultural sample
Fig. 662 A HAF A Zo] IFEeke F% 004 ppmolA o=+
Mz ApolE i E ¢ 9s ARE RIfelth Fig 679 Ads A2 ARl

mancozeb3 0.1ppm ¥ 05 ppm o2 A 3H(AZ: vjgFuj x| kS A, &
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